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The future networks will provide a new digital infrastructure to automate everything. The total 
number of Internet subscribers will continue to grow and Internet traffic will increase tremendously. 
The new applications can easily overload backbone networks, degrading the quality of service of other 
applications that use the same network resources. All this leads to an accelerated need for broadband 
interconnection of the Internet autonomous systems between more exchange points around the world. 

In this survey, the development of the Internet as interconnected telecommunication networks is 
presented. The interaction between the large number of autonomous systems by building transit and 
direct (equal-to-equal) connections is shown. The levels of Internet service providers (Tier 1, 2 and 3), 
Internet Exchange Point (IXPs) and Points of Presence (PoPs) are described. In addition, the trends 
and challenges in the future development of the Internet are discussed. The purpose of this survey is to 
present the Internet as interconnected networks, to provide a better understanding of the interaction 
between the particular autonomous systems and to point out the important trends and features of 
future telecommunications networks. 

Keywords – Internet, internetworking, transit and peering interconnection, autonomous systems, 
Internet service providers, future networks. 

Взаимосвързани IP мрежи - обзор (Сеферин Мирчев, Мирчо Мирчев). Бъдещите мрежи 
ще предоставят нова цифрова инфраструктура за автоматизация на всичко. Общият брой на 
абонатите на интернет мрежата ще продължи да расте и интернет трафикът ще нараст-
ва неимоверно. Новите приложения могат лесно да претоварят опорните мрежи, влошавайки 
качеството на обслужване на други приложения, които използват същите мрежови ресурси. 
Всичко това води до ускорена необходимост от широколентово взаимно свързване на авто-
номните системи на интернет мрежата между повече точки за обмен по целия свят. В този 
обзор е представено развитието на Интернет като взаимосвързани телекомуникационни 
мрежи, показано е взаимодействието между големия брой автономни системи, чрез изграж-
дане на транзитни и директни (равен с равен) връзки, описани са нивата на доставчиците на 
интернет услуги (tier 1, 2 и 3), Интернет точки за обмен (IXP) и Точки на присъствие (PoP) и 
са дискутирани тенденциите и предизвикателствата при бъдещото развитие на Интернет. 
Целта на този обзор е да представи интернет като взаимосвързани мрежи, да осигури по-
добро разбиране на взаимодействието между отделните автономни системи и да посочи 
важните тенденции и особености но бъдещите телекомуникационни мрежи. 

“The interconnection network is the heart of parallel architecture.” [39] 

Introduction 
Probably the most important characteristic of the 

computer network is its generality. The computer 
networks are built primarily from general-purpose 
programmable hardware, and they are not optimized 
for a particular application like making phone calls or 
delivering television signals. Today’s IP networks are 

multipurpose networks, which provide data services 
such as broadband internet access as well as telephony 
and video services and they support a wide and ever 
growing, range of applications [25]. 

Over time, the word "internetwork" was shortened 
in use to "internet" and the phrase "the Internet" was 
used to describe the entire global internetwork tele-
communication system [8]. 
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The internetworking has evolved as an answer to a 
few key problems: isolated LANs, duplication of 
resources, and an absence of network management 
[20]. The isolated LANs had created transmission 
problem between very different offices or 
departments. The duplication of resources meant that 
the hardware and the software had to be provided to 
every workplace or department, as did a separate 
support employee. The lack of network management 
meant that no centralized methodology of managing 
and troubleshooting networks existed. 

The Internet connectivity is achieved by passing 
pieces of data, called packets, from connected devices 
through networking equipment, known as routers, 
operated by one or more network providers until those 
packets are delivered to the desired destination [18]. 

In the survey, an attempt to present how the 
computer networks connect with each other using 
intermediary devices such as routers or gateway is 
made. It is shown that the future networks will need 
more interconnection bandwidth within and across 
more exchange points worldwide. Finally, the survey 
is concluded with a summary. 

Internetworking 
Unlike the telephone network, which for years in 

most countries is managed by a single company, the 
global Internet consists of tens of thousands of inter 
connected networks managed by service providers, 
individual companies, universities, governments, and 
others. Open standards enable this network of 
networks to communicate. This makes it possible for 
anyone to create content, offer services, and sell 
products without requiring permission from a central 
authority [1]. 

The concept of interconnecting different types of 
networks to build a large, global network is the core 
idea of the Internet and is often referred to as 
internetworking. Internetworking term explains how 
computer networks connect with each other using 
intermediary devices such as routers or gateways. 

A way in which a set of computers can be 
indirectly connected is shown in Figure 1. In this 
situation, a set of independent networks (clouds) are 
interconnected to form an internetwork, or internet for 
short. A node that is connected to two or more 
networks is commonly called a router or gateway, and 
it also acts as a switch — it forwards messages from 
one network to another. Note that an internet can itself 
be viewed as one network, which means that an 
internet can be built from an interconnection of 
internets. Thus, it is possible to recursively build 
arbitrarily large networks by interconnecting internets 

to form larger internet. The idea of interconnecting 
different networks is the fundamental innovation of 
the Internet and the successful growth of the Internet 
to global size and billions of nodes is the result of 
some very good design decisions [32]. 

Fig. 1. A set of independent networks are 
 interconnected to form an internetwork [32]. 

To connect heterogeneous networks and create an 
internetwork a simple hierarchy of the IP address is 
used to make the routing scalable. Even though each 
router does not need to know about all the hosts 
connected to the internet, it does need to know about 
all the networks connected to the internet. Today’s 
Internet has hundreds of thousands of networks 
connected to it [8]. 

Challenges to Internetworking 
There are several challenging fields such as 

dependableness, connectivity, network management, 
and adaptability and each of them is important for 
building effective internetwork, in which today's 
latency-sensitive loads require a response time of <60 
to <20 milliseconds [16]. 

When we try to connect multiple systems to 
maintain communication between different 
technologies, we face serious challenges. For 
example, many different sites may use different types 
of media or operate at variable speeds. 

Another essential challenge is reliable services that 
should be maintained in an internetwork. The 
individual users and the whole organizations depend 
upon consistent and reliable access to network 
resources. 

The network management should give centralized 
support related to the troubleshooting capabilities in 
the internetwork. The configuration, security, 
performance, and different problems should be 
addressed adequately for the internetwork to perform 
smoothly. 

Independent
network 

Independent
network 

Independent 
network 

Router or gateway
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The flexibility is important for network 
enlargement and new applications and services. 

Interconnection 
The interconnection is the connection (directly or 

indirectly by physical or logical means) of one network 
with another, allowing the exchange of information 
between them. 

The term “interconnection” refers to the various 
means by which network providers attach to and 
exchange traffic between one another, and is a 
collection of business practices and technical 
mechanisms that allow individually managed networks 
to connect together for this purpose [26]. There are no 
central authorities that manages Internet 
interconnection. The overall system is growing 
because of the many bilateral and multilateral 
decisions that various actors make in order to 
interconnect. In contrast to the telephone system, 
where interconnection is performed in a highly 
regulated environment, interconnection in the Internet 
remains a private sector matter [9].  

The topic of Internet interconnection is receiving 
increased attention as the Internet ecosystem continues 
to evolve. The networks of all types interconnect 
among one another, including those of Internet access 
providers, content providers, academic institutions, and 
commercial enterprises.  

It is important to note the difference between the 
two dominant forms of interconnection, which are:  

(1) transit – where access to every publicly 
reachable destination on the Internet is provided for a 
fee; and  

(2) peering – where customer traffic is exchanged 
between two networks and the access provided is only 
to each other’s network and customers [28]. Further, 

when two networks peer there can also be both 
“settlement free” (without requiring payment) and paid 
arrangements [24]. 

An essential feature of the telecommunication 
networks is that any subscriber can exchange 
information with any other subscriber on their 
provider’s network and on all other providers’ 
networks. This is known as ‘End-to-End connectivity’. 
The network terminal point means the physical point at 
which a subscriber is provided with access to a public 
communications network that performs switching and 
routing and is identified by a specific network address, 
which may be associated with a subscriber number or 
name. 

The relationship between End-to-End connectivity, 
network terminal point and interconnection is 
illustrated in Figure 2. The telecoms providers 
interconnect their networks to pass calls between their 
customers. The interconnection and the termination are 
necessary for the achievement of End-to-End 
connectivity. 

Network challenges based on interconnection 
The evolution and interworking of IP routing and 

optical transport is a critical success factor for many 
operators because it greatly determines the quality, 
reliability and cost-efficiency of their network and the 
services it delivers. 

The digital era of 5G and the cloud presents key 
opportunity for operators to reflect and reassess the 
present network and determine what improvements or 
changes are needed for the future applications, such as 
consumer broadband, and emerging market 
opportunities from digital enterprises, Industry 4.0 and 
smart cities [30]. 

Fig. 2. Interconnection and termination [12]. 
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The future-mode network must efficiently scale to 
support incremental traffic growth of existing services 
and new growth of emerging applications. Distributed 
peering and edge caching improve cost and 
performance of multimedia broadband applications by 
inserting content closer to users. The emerging digital 
edge cloud meets the reliability and latency objectives 
of 5G machine-type applications by distributing 
compute and storage assets. As a result, traffic is 
shifting from a predominantly north-south flow in the 
present mode to more horizontal east-west and 
upstream flows in the future mode (fig. 3). 

Autonomous systems 
The Internet is a global network based on the 

Internet (TCP/IP) architecture, connecting millions of 
hosts worldwide. The Internet is a network of 
networks. The autonomous systems are the big 
networks that make up the Internet. More specifically, 
an autonomous system (AS) is a large network or 
group of networks that has a unified routing policy 
[38]. Every computer or device that connects to the 
Internet is connected to an AS. 

Every AS controls a specific set of IP addresses, 
which is called their "IP address space". Most ASes 
connect to several other ASes. Typically, each AS is 
operated by a single large organization, such as: an 
Internet Service Provider (ISP), a large enterprise 
technology company, a university, or a government 
agency. 

An AS routing policy is a list of the IP address 
space that the AS controls, plus a list of the other 
ASes to which it connects [38]. This information is 
necessary for routing packets to the correct networks. 
ASes announce this information to the Internet using 
the Border Gateway Protocol (BGP) [4]. 

Each AS is assigned an official autonomous 
system number (ASN). ASNs, are unique 16 bit 
numbers between 1 and 65534 or 32 bit numbers 
between 131072 and 4294967294. They are presented 
in this format (fig. 4): AS(number). According to 
some estimates, there are over 90,000 ASNs in use 
worldwide. 

ASNs are only required for external 
communications with inter-network routers. Internal 
routers and computers within an AS may not need to 
know that AS's number, since they are only 
communicating with devices within that AS [23]. 

An AS has to meet certain criteria before the 
governing bodies that assign ASNs give it a number. 
It must have a distinct routing policy, be of a certain 
size, and have more than one connection to other 
ASes. There is a limited amount of ASNs available, 
and if they were given out too freely, the supply 
would run out and routing would become much more 
complex. 

The number of allocated ASNs exceeded 92,000 in 
the world as of August 2019 [34]. There are 778 
ASNs in Bulgaria. 

Fig.3. A future-mode network design based on interconnected mesh topology 
is capable of efficiently routing all traffic [22]. 
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Fig. 4. Example of autonomous system number [38]. 
AS is a group of networks and routers, subject to a 

common authority, using the same intradomain 
routing protocol and managing independently of other 
ASs [32]. A corporation’s complex internal network 
might be a single AS, as may the network of a single 
ISP. On fig. 5 a structure of the Internet with two 
autonomous systems is shown. 

At the bottom of the hierarchy, there are the stub 
networks that are customers of one or more providers, 
and up in the hierarchy are seen providers that have 
other providers as their customers. Some top providers 
have relationships with customers and peers, but they 
are not anyone's customers. These providers are 
known as the Tier-1 providers. 

Internet Service Providers. 
An Internet Service Provider (ISP) is an 

organization that provides services for accessing, 

using, or participating in the Internet. ISPs can be 
organized in various forms, such as commercial, 
community-owned, non-profit, or otherwise privately 
owned. 

Fig. 5. Common AS relationship [32]. 
Internet services typically provided by ISPs can 

include Internet access, Internet transit, domain name 
registration, web hosting and colocation. 

An ISP typically serves as the access point or the 
gateway that provides a user access to everything 
publicly 

The Internet is composed of thousands of ISPs that 
operate individual parts of the Internet infrastructure. 
ISPs engage in both formal and informal relationships 
to collectively and ubiquitously route traffic in the 
Internet. These relationships are usually realized in the 
form of business agreements that translate into 
engineering constraints on traffic flows within and 
across individual networks participating in the global 
Internet routing system. 

Figure 6 depicts a more realistic view of what the 
Internet infrastructure looks like. 

Fig. 6. Tiers 1 and 2 ISP interconnections [11]. 
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Inter-AS Relationships: Transit and Peering 

The Internet is composed of many different types 
of ASes, from universities to corporations, to regional 
ISPs and to nation-wide ISPs. Smaller ASes (e.g., 
universities, corporations, etc.) typically purchase 
Internet connectivity from ISPs. Smaller regional 
ISPs, in turn, purchase connectivity from larger ISPs 
with large “backbone” networks [17]. In the figure 7 
is shown an ISP X, directly connected to a provider 
(from whom it buys Internet service) and a few 
customers (to whom it sells Internet service) [3]. In 
addition, the figure shows two other ISPs (Y and Z) to 
whom ISP X is directly connected and exchanges 
routing information via Border Gateway Protocol. 

The different types of ASes lead to different types 
of business relationships between them, which in turn 
translate to different policies for exchanging and 
selecting routes. There are two prevalent forms of AS-
AS interconnection.  

The first form is “transit” - Internet access through 
other ISPs (Usually “Tier 1” or “Tier 2” ISPs). In the 
transit interconnection one ISP (the “provider” P in 
the figure) provides access to all (or most) 
destinations in its routing tables. The transit almost 
always is meaningful in an inter-AS relationship 
where financial settlement is involved. The provider 
charges its customers for Internet access, in return for 
forwarding packets on behalf of customers to 
destinations (and in the opposite direction in many 
cases). Another example of a transit relationship in the 
figure is between X and its customers (Ci).  

The second prevalent form of inter-AS 
interconnection is called “peering” - Two networks 
that agree to exchange traffic directly, bypassing other 
ISPs [15]. Here, two ASes (typically ISPs) provide 
mutual access to a subset of each other’s routing 
tables. 

Fig. 7. Common inter-AS relationships: 
transit and peering [3]. 

Peering is a method that allows two networks to 
connect and exchange traffic directly without having 
to pay a third party to carry traffic across the Internet. 

The Internet consists of over 25000 autonomous 
systems that independently route traffic [15]. Peering 
is often used as a method by which these systems can 
interact and exchange traffic, allowing it to flow from 
one end user, over the Internet, to another end user. 

This method is a necessity for interconnected 
companies, Internet service providers, content 
delivery networks and backbone service providers. 
Forming peering agreements with other networks and 
avoiding third-party involvement allows companies to 
[10]: Lower transit costs; Retain greater control of 
routing paths; Improve overall network performance; 
Increase redundancy by using multiple locations; 
Increase bandwidth capacity. 

A more accurate picture of the wide-area Internet 
routing system, with various types of ISPs defined by 
their respective reach. Tier-1 ISPs have “default-free” 
routing tables (i.e., they do not have any default 
routes), and have global reachability information. 

An alternative cost-reduction technique of 
cooperative IP transit is proposed in [7]. The 
cooperative IP transit utilizes team buying (tuangou). 
The savings come from two distinct but ubiquitous 
properties of the IP transit-pricing model: price 
subadditivity and burstable billing. The aggregate 
transit costs decrease due to the economies-of-scale 
effect of typical subadditive pricing as well as 
burstable billing: not all ISPs transit their peak traffic 
during the same period. 

Tiers of ISPs 
Each tier corresponds to the level of IP Network 

Access. An ISP simply provides access for using the 
internet. Most ISPs own part of the physical network – 
fibre, cables lines, etc. – while some do not. There are 
various arrangements for exchanging user traffic, but 
the three most critical categories are known as transit, 
peer, and customer [37]. 

• Transit – Transit refers to the service of allowing
network traffic to cross a computer network. In most 
cases, transit is paid for by smaller networks to 
achieve access to the rest of the internet. 

• Peer – Sometimes network owners see a mutual
benefit in allowing each other access to their 
respective networks. This is referred to as a 
settlement-free exchange, meaning neither party has to 
pay for the exchange of traffic. 

• Customer – This is the most straightforward
relationship. A network pays another network money, 
and receives internet access in return. 
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Any ISP may have a number of these types of 
arrangements at a given point. These relationships 
decide which tier they are categorized under [33]. 

Carriers with Tier-1 networks can reach every 
other network on the internet via settlement-free 
peering. Basically, they own enough of the physical 
network lines to carry most traffic themselves, and 
negotiate with other Tier-1 networks to get free access 
to their networks, and vice versa. 

They do not charge each other money, as in a 
transit relationship. The actual transit cost incurred by 
a particular provider is often roughly equal to that of 
another provider, and as a result, exchanging financial 
information is redundant. Some ISPs have a network 
peering policy that list other desired qualifications, 
e.g. similar geographic reach, or monetary stability. 

Some world-renowned Tier-1 carriers include: 
AT&T; CenturyLink; Deutsche Telekom; Sprint; 
Verizon. 

Tier-2 carriers peer with other networks, but also 
purchase IP transit for full access to the internet. 

Carriers with Tier-2 networks are the most 
common internet service providers. They peer with 
other comparably sized Tier-2 networks, but they are 
obligated to purchase access to larger Tier-1 networks. 

Just because an ISP is Tier-2 does not mean that 
their internet service is less effective. In fact, most 
Tier-1 networks prefer to deal with larger clients, 
leaving Tier-2 networks to focus on regional 
consumer and commercial internet access. Popular 
Tier-2 Carriers include: Comcast; Virgin Media; Cox 
Communications; CTS Telecom. 

Tier-3 carriers strictly purchase IP transit. They are 
usually last mile providers, meaning they connect 

consumers to the internet without a network of their 
own, servicing only the connection leading into 
customer’s home or office. Content providers have 
little control over this part. Tier 3 ISP networks can be 
artificially congested, poorly maintained, or throttled. 

Based on these relations the networks are 
commonly classified as Tier 1, 2, and 3 (Fig. 8). 

Internet Exchange Point (IXP) 
An IXP is a physical location through which 

Internet infrastructure companies such as ISPs and 
CDNs connect with each other [14, 27]. These 
locations exist on the “edge” of different networks, 
and allow network providers to share transit outside 
their own network. By having a presence inside of an 
IXP location, companies are able to shorten their path 
to the transit coming from other participating 
networks, thereby reducing latency, improving round-
trip time, and potentially reducing costs [2]. 

Points of Presence (PoPs) 
A point of presence (PoP) is a demarcation point, 

access point, or physical location at which two or 
more networks or communication devices share a 
connection [13]. 

The routers, switches, servers, and other devices 
necessary for traffic to cross over networks are all 
present at PoPs. Internet service providers and edge 
networks typically have multiple points of presence 
located near large IXPs at which they have peering 
agreements [40]. The proximity of points of presence 
and Internet exchange points is one very important 
factor in how quickly traffic is able to traverse the 
Internet. 

Fig. 8. A view of the Tier 1, 2, and 3 Internet networks [21]. 
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Content Delivery Networks (CDN) 
The need to have the “content” near to end-users, 

drives large CDN operators (like Google, Facebook, 
AWS, etc.) to peer with ISPs on IXPs and bring their 
equipment to the PoPs. On the other hand, this rises 
the need for them to make interconnections between 
the PoPs, and such interconnects should be 
independent of the transit providers. This leads to the 
tendency to have larger and larger share of the 
submarine (not only, but prevailing) cables to be 
owned and operated by such CDN operators (fig. 9). 

A recent study [41] states that by 2019 over 64% 
of submarine cables are owned and operated by CDN 
operators. 

Future networks 
Telecommunications infrastructure spans the 

globe, including terrestrial wired and wireless 
networks, submarine fibre optic cables and 
communications satellite coverage [19].  

The image (fig.10) depicts links on the internet 
network between edge routers using border gateway 
protocol [35]. The colours show communities of 
internet addresses and routes by their geographical 
region [36]. 

The International Telecommunication Union has 
estimated that in 2018 already 96% of the global 
population was living within the footprint of basic 
mobile cellular network services. There are now over 
400 active cables submarine comprising 1.2 million 
kilometres of fibre carrying approximately 99% of 
total global internet traffic (fig. 11). 

Currently, there are over 4980 (not including the 
Starlink) satellites orbiting the earth, with over 775 of 

those satellites used primarily for communications 
functions. These communications satellites differ 
widely in their ability to provide data throughput and 
in the quantity of network communications they 
provide, in part due to their design generation and 
their positioning above the earth’s atmosphere, as 
distance influences different service parameters, such 
as latency. This is the reason most are used for 
providing “last-mile” Internet access, rather than 
interconnects. 

The major future network research challenges will 
be [31]: 
 Low latency requires: New network architecture

with edge clouds close to the end user and
centralized clouds with flexible function split,
optimization of radio interface, radio access
network and core processing. Cloud-edge
computing is gaining more and more attention to
be a solution for this challenge [42]

 Use of network analytics, big data and artificial
intelligence/machine-learning, neural networks
and quantum computing to enable complex
network management and automation;

 Optimization of network protocols beyond the
today’s Internet protocol to meet new
requirements. IPv6, while still not prevailing over
IPv4, is a solution to this;

Technological advances in Dense Wavelength 
Division Multiplexing (DWDM) that gives greater 
and greater capacity of fibre cables -- as of today such 
technologies are nearing the Nyquist spectral limits of 
bandwidth on channels in fibres [43], [44]. 

Fig. 9. Used International Bandwidth by Source [41]. 
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Fig.10. Depicting the Internet in 2015 [36]. 

Source: ITU broadband maps 
Fig.11. Global submarine cable and broadband transmission map [6]. 

The future networks will be a new digital 
infrastructure for the “automation of everything”  
(fig. 12) [31]. Globally, the total number of Internet 
users is projected to grow from 3.4 billion in 2017 to 

4.8 billion by 2022. The devices and connections are 
growing faster than both the population and the 
Internet users (fig. 13) [5]. 

Source:  
"The Opte Project / 

 Barrett Lyon" 
(http://www.opte.org/),  

(2015)
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Fig. 12. The future networks will have exceptional features and parameters [31]. 

Source: Cisco VNI Global IP Traffic Forecast, 2017–2022 

Fig. 13. Global Internet Growth and Trends [5]. 
Conclusion 
Today, the growth of the bandwidth is driven by 

software-defined networking, 5G broadband cellular 
networks, software-defined interconnection, network 
functions virtualization and edge computing, which 
result in a combination of hybrid multicloud and dis-
tributed edge interconnected services [16]. This results 
in an accelerated need for interconnection bandwidth 
within and across more exchange points worldwide. 

In this article, the related works in the literature on 
future telecommunication networks, focusing on the 
global internetworking are surveyed. A state of the art 
survey about the Internet as interconnected telecom-
munication networks is presented. There is a large 
research community working in this field that try to 
cope with the trends and challenges in the IP networks 
interconnection [29]. 

The future networks challenges are described. By 
doing this, we hope to draw an approximate overall 
picture of the up-to-date status in this area. The pub-
lishing activity in the field of the IP networks inter-
connection is extensive, and the standardization of the 
Internet is an object of public organizations. The in-
terconnection in the Internet is determined by the pri-
vate sector. We hope that present survey can give a 
new direction to the research in this field. 
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