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[bookmark: _Toc534825941]INTRODUCTION
	Confidently enter the era of network technologies. Welcome! It's an amazing constantly growing environment that the human brain can barely even imagine. We are so deeply connected to that environment that we don't realize how it drastically changes our lives every day. Almost every person on the planet has a device connected to a local or the global network. Not to mention the percentage of us having multiple devices in our home, office, car, pocket (further referred as hosts). And we are so used to the network being a part of our lives that we don't really think about how it actually works. What's the primary and most basic use of a network? The simplest answer is allowing a simple communication between all these devices. And with the growth of the global network, in simple words these devices are no longer just two computers communicating between one another, using emails, web pages etc. Nowadays internet is implemented in our cars, household appliances and many, many more devices.

[bookmark: _Toc534825942]HOW COMMUNICATION WORKS
	In order to these devices being able to communicate to each other, they need to be "taught" a set or two of specific rules that will help the communication to go smoothly and most efficiently. And rather than developing a different set of rules for every single type of communication or data transfer, the network industry endorses major and common ones that will allow our devices to understand each other, talk to each other in a common language and basically communicate easily between each other no matter which point of the world we are transmitting or receiving from. These sets of rules and the models that describe them, in the network industry are called protocols. One of the most popular network protocols is the Internet Protocol (IP). Many protocols with different layers and functions are imbedded in the process of data transfer. In real life one of the main things that we need to know in order to successfully deliver a message (a letter, a parcel) is the physical address of the recipient. Similar to that in the networking world, a device sends a parcel (a packet of data) and needs to know the address of the correspondent so the parcel would be successfully delivered to the right location. The Internet Protocol is the one that handles the address labelling.

[bookmark: _Toc534825943]IPv4
	Network devices use binary for the addressing of data packets. Binary is a number system that consists in the digits 0 and 1, each of them called bits. The most common internet protocol used for network addressing is the IPv4. Each IPv4 address consists of a string of 32 bits. Each string is divided in 4 parts of 8 bits separated by a dot, with each part called an octet. An example of the address would look like this:
11000000.10101000.00000000.11111111
 	And for easiness in working with the numbers we can convert binary numbers into decimal. This way the address would look like this:
192.168.0.1
	Given that the IP address consists of 32 bits, this gives us approximately 4 billion addresses. But considering the speed that the number of hosts is increasing with, even 4 billion is not enough to hold them all. This is why the IPv6 protocol is presented.

[bookmark: _Toc534825944]A NEW GENERATION INTERNET PROTOCOL
	IPv6 is an address that consists of 128 bits. Which already gives us a number of IP addresses that we cannot pronounce equal to 2128.To try and visualize the amount it can be said that if earth's surface is 511,263,971,197,990 square meters then for every square meter we have 665,570,793,348,866,943,898,599 unique IP addresses.  From these numbers, it can be seen that with IPv6, it is possible to provide billions of addresses to each person and ensure that any device that has to be connected to the Internet will have a unique IP address.
	The address itself is separated in 8 portions of 16 bits and each portion this time is unofficially called a hextet (Cisco Systems, Inc., 2018). And because each hextet in binary is even longer than the octet, each of them is converted into hexadecimal value. That would represent the IP address in 8 portions of 4 hexadecimal digits. An example for an IPv6 address is:
[bookmark: _GoBack]FE80:CB02:0DFA:0000:0000:211E:0000:008C
	For further ease there are some rules that can be followed so the representation of the address would be even shorter. One of the rules is that every leading zero in the 4-digit portion can be eliminated.  That would mean that the mentioned above address would look like this:
FE80:CB02:DFA:0000:0000:211E:0000:8C
	Another rule for shortening the address is suppressing the whole zeros by replacing them with '::'. The specific thing here is that it can be used only once in the address. So the mentioned address can be written in one of both ways:
FE80:CB02:DFA::211E:0000:8C, or
FE80:CB02:DFA:0000:0000:211E::8C

[bookmark: _Toc534825945]ADVANTAGES, OR WHY DO WE NEED TO GIVE IT A CHANCE
· Developing this protocol and the substantially large IP address space there are many advantages that come with it. First of all approaches like NAT (Network Address Translation) used with IPv4 to translate unique global IP address to multiple private IP addresses are developed in order to conserve IP addresses. With IPv6 there is no longer need of NAT because of the tremendous amount of available unique addresses. Thus making hardware and software configuration of networks much more simple and elegant.
· Another advantage is on a home level in people's lives where every home or office uses a single network and every appliance and gadget inside the network has to have a unique IP address.
· Also in recent days with social applications gaining popularity there is a huge demand of peer-to-peer applications like multi-player online games, video calls, sharing files where data and media is streamed directly from host to host. This makes end-to-end connections between devices with unique IP addresses more needed. Here the large IP address space gives a more efficient and effective solution to the problem. 
· In a network that has multiple hosts IPv4 offers a way of automatic assignment of IP addresses to them. This is possible by using DHCP (Dynamic Host Configuration Protocol) which in most cases requires a separate server to hold not only the addresses but also the configuration parameters. In IPv6 there is such thing as plug-and-play autoconfiguration model (IPv6.com, 2019). It is a DHCPv6 serverless address configuration. Entire IPv6 prefixes rather than just an address are delivered to a device. This particular feature enables routers to easily autoconfigure their interfaces.
· There are new RFC (Request for Comments) documents about  the protocols in the data packets including DHCP, TCP, UDP,  DNS etc. With the improvement of IPv6 headers structure the TCP/IP protocols are also bettered. Some of the redundant fields of IPv4 headers are eliminated or made optional. The amount of recourses that a host or a router has to consume when processing a data packet is significantly  reduced which makes the frequency broadband wider. And even if the IPv6 addresses are four times bigger, the headers are only two times bigger than the IPv4 ones which means that the packet flow is much more elegant and easy to process and they do not contain a lot of unnecessary  additional information to slow them down.
· More sophisticated and reliable security system is embedded in the IPv6 protocol. The so called IPSec (IP Security) is a suite of protocols that interact with one another to provide secure private communications across IP networks. IPSec provides confidentiality, data integrity, access control, and data source authentication to IP datagrams (Cisco Systems Inc.).
· Many more advantages can be found in the IPv6 protocol such as better QoS (quality of service), better mobility features, better multicast and anycast abilities.

[bookmark: _Toc534825946]CONCLUSION
	IPv4 is a well established, stable and reliable protocol with a successful design which has proven to be so given its popularity since 1970. IPv6 is developed on this foundation and it's similar design features are an insurance for a smooth and successful transition between the two protocols. Incorporating new improved features and at the same time maintaining the compatibility with already existing base of IPv4 devices makes it so much easier and stable. A number of such transition mechanisms have been defined that allow for the two networks to co-exist till such a time that a complete migration to IPv6 is not possible. But that time is close so people need to embrace the future opportunities that it gives.
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INTERNET PROTOCOLS ASSIGNMENT PART 2
Design a hierarchical IP addressing scheme for Faculty’s networks. Choose a suitable network address to support more than 2000 users and future growth. The requirements are:
· IP addressing scheme to support:
 a) School of Applied Computing: 20 staff, lab301 – 60 pcs, Lab302 – 30 pcs, Lab303 – 36 pcs, Lab 304 – 45 pcs, Lab306 – 40 pcs, Lab308 – 140 pcs, Lab309 – 50 pcs and Lab310 – 18 pcs. 
b) School of Automotive Engineering: 25 staff, lab101 – 40 pcs, Lab102 – 25 pcs, Lab103 – 35 pcs, Lab205 – 40 pcs, Lab206 – 48 pcs, CAD lab – 20 pcs and Lab301 – 50 pcs. 
c) School of Engineering: 18 staff, lab201 – 20 pcs, Lab202 – 80 pcs, Lab203 – 65 pcs, Lab205 – 25 pcs, Lab404 – 45 pcs, Lab408 – 28 pcs, Lab409 – 80 pcs, Lab410 – 45 pcs. 
d) A Test centre – 20 pcs, 1 IP phone, a printer
e) An Open Access lab with 245 pcs and 5 printers
· Assign appropriate IPv6 address for 6 servers located at the University building. The servers are DNS, Email, Finance, Registry, File server and a Print server.
· Assign appropriate IPv6 address for the link between MP and ISP.


IP ADDRESSING SCHEME


 






















ASSIGNING IPV6 ADDRESSES TO: 
· The 6 servers located in the University building would have unique local addresses:
· DNS - FC22::1/7
·  Email - FC22::2/7
· Finance - FC22::3/7
· Registry - FC22::4/7
· File server - FC22::5/7
· Print server - FC22::6/7
· The link between the ISP and the MP is going to have a link-local address:
· ISP - MP - FE80::1/10
Microsoft_Office_Excel_Worksheet1.xlsx
Лист1

		UNIVERSITY

		Lab No		No of Hosts Needed		Network Address				First IP address				Last IP address				Broadcast address				Subnet Mask

		School of Applied Computing		2000		172.22.		0.0/21		172.22.		0.1		172.22.		7.254		172.22.		7.255		255.255.248.0

		School of Automotive Engineering		2000		172.22.		8.0/21		172.22.		8.1		172.22.		15.254		172.22.		15.255		255.255.248.0

		School of Engineering		2000		172.22.		16.0/21		172.22.		16.1		172.22.		23.254		172.22.		23.255		255.255.248.0
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Subnet Mask

Open Access 

Lab

250 252 172.22.0.0/23 172.22.0.1 172.22.1.254 172.22.1.255 255.255.254.0

Lab 308 140 142 172.22.2.0/24 172.22.2.1 172.22.2.254 172.22.2.255 255.255.254.0

Lab 301 60 62 172.22.3.0/25 172.22.3.1 172.22.3.126 172.22.3.127 255.255.255.128

Lab 309 50 52 172.22.3.128/26 172.22.3.129 172.22.3.190 172.22.3.191 255.255.255.192

Lab 304 45 47 172.22.3.192/26 172.22.3.193 172.22.3.254 172.22.3.255 255.255.255.192

Lab 306 40 42 172.22.4.0/26 172.22.4.1 172.22.4.62 172.22.4.63 255.255.255.192

Lab 303 36 38 172.22.4.64/26 172.22.4.65 172.22.4.126 172.22.4.127 255.255.255.192

Lab 302 30 32 172.22.4.128/26 172.22.4.127 172.22.4.190 172.22.4.191 255.255.255.192

Test Center 22 24 172.22.4.192/27 172.22.4.193 172.22.4.222 172.22.4.223 255.255.255.224

Staff 20 22 172.22.4.224/27 172.22.4.225 172.22.4.254 172.22.4.255 255.255.255.224

Lab 310 18 20 172.22.5.0/27 172.22.5.1 172.22.5.30 172.22.5.31 255.255.255.224

School of Applied Computing

Network Address First IP address Last IP address Broadcast address


Microsoft_Office_Excel_Worksheet2.xlsx
Лист1

		School of Applied Computing

		Lab No		Required No of Hosts		No of Hosts Needed		Network Address				First IP address				Last IP address				Broadcast address				Subnet Mask

		Open Access Lab		250		252		172.22.		0.0/23		172.22.		0.1		172.22.		1.254		172.22.		1.255		255.255.254.0

		Lab 308		140		142		172.22.		2.0/24		172.22.		2.1		172.22.		2.254		172.22.		2.255		255.255.254.0

		Lab 301		60		62		172.22.		3.0/25		172.22.		3.1		172.22.		3.126		172.22.		3.127		255.255.255.128

		Lab 309		50		52		172.22.		3.128/26		172.22.		3.129		172.22.		3.190		172.22.		3.191		255.255.255.192

		Lab 304		45		47		172.22.		3.192/26		172.22.		3.193		172.22.		3.254		172.22.		3.255		255.255.255.192

		Lab 306		40		42		172.22.		4.0/26		172.22.		4.1		172.22.		4.62		172.22.		4.63		255.255.255.192

		Lab 303		36		38		172.22.		4.64/26		172.22.		4.65		172.22.		4.126		172.22.		4.127		255.255.255.192

		Lab 302		30		32		172.22.		4.128/26		172.22.		4.127		172.22.		4.190		172.22.		4.191		255.255.255.192

		Test Center		22		24		172.22.		4.192/27		172.22.		4.193		172.22.		4.222		172.22.		4.223		255.255.255.224

		Staff		20		22		172.22.		4.224/27		172.22.		4.225		172.22.		4.254		172.22.		4.255		255.255.255.224

		Lab 310		18		20		172.22.		5.0/27		172.22.		5.1		172.22.		5.30		172.22.		5.31		255.255.255.224
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Lab 301 50 52 172.22.8.0/26 172.22.8.1 172.22.8.62 172.22.8.63 255.255.255.192

Lab 206 48 50 172.22.8.64/26 172.22.8.65 172.22.8.126 172.22.8.127 255.255.255.192

Lab 101 40 42 172.22.8.128/26 172.22.8.129 172.22.8.190 172.22.8.191 255.255.255.192

Lab 205 40 42 172.22.8.192/26 172.22.8.193 172.22.8.254 172.22.8.255 255.255.255.192

Lab 103 35 37 172.22.9.0/26 172.22.9.1 172.22.9.62 172.22.9.63 255.255.255.192

Staff 25 27 172.22.9.64/26 172.22.9.65 172.22.9.126 172.22.9.127 255.255.255.192

Lab 102 25 27 172.22.9.128/26 172.22.9.129 172.22.9.190 172.22.9.191 255.255.255.192

CAD Lab 20 22 172.22.9.192/26 172.22.9.193 172.22.9.254 172.22.9.255 255.255.255.192

School of Automotive Engineering

Network Address First IP address Last IP address Broadcast address


Microsoft_Office_Excel_Worksheet3.xlsx
Лист1

		School of Automotive Engineering

		Lab No		Required No of Hosts		No of Hosts Needed		Network Address				First IP address				Last IP address				Broadcast address				Subnet Mask

		Lab 301		50		52		172.22.		8.0/26		172.22.		8.1		172.22.		8.62		172.22.		8.63		255.255.255.192

		Lab 206		48		50		172.22.		8.64/26		172.22.		8.65		172.22.		8.126		172.22.		8.127		255.255.255.192

		Lab 101		40		42		172.22.		8.128/26		172.22.		8.129		172.22.		8.190		172.22.		8.191		255.255.255.192

		Lab 205		40		42		172.22.		8.192/26		172.22.		8.193		172.22.		8.254		172.22.		8.255		255.255.255.192

		Lab 103		35		37		172.22.		9.0/26		172.22.		9.1		172.22.		9.62		172.22.		9.63		255.255.255.192

		Staff		25		27		172.22.		9.64/26		172.22.		9.65		172.22.		9.126		172.22.		9.127		255.255.255.192

		Lab 102		25		27		172.22.		9.128/26		172.22.		9.129		172.22.		9.190		172.22.		9.191		255.255.255.192

		CAD Lab		20		22		172.22.		9.192/26		172.22.		9.193		172.22.		9.254		172.22.		9.255		255.255.255.192
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Lab 202 80 82 172.22.16.0/25 172.22.16.1 172.22.16.126 172.22.16.127 255.255.255.128

Lab 409 80 82 172.22.16.128/25 172.22.16.129 172.22.16.254 172.22.16.255 255.255.255.128

Lab 203 65 67 172.22.17.0/25 172.22.17.1 172.22.17.126 172.22.17.127 255.255.255.128

Lab 404 45 47 172.22.17.128/26 172.22.17.129 172.22.17.190 172.22.17.191 255.255.255.192

Lab 410 45 47 172.22.17.192/26 172.22.17.193 172.22.17.254 172.22.17.255 255.255.255.192

Lab 408 28 30 172.22.18.0/26 172.22.18.1 172.22.18.62 172.22.18.63 255.255.255.192

Lab 205 25 27 172.22.18.64/26 172.22.18.65 172.22.18.126 172.22.18.127 255.255.255.192

Lab 201 20 22 172.22.18.128/27 172.22.18.129 172.22.18.158 172.22.18.159 255.255.255.224

Staff 18 20 172.22.18.160/27 172.22.18.161 172.22.18.190 172.22.18.191 255.255.255.224

School of Engineering

Network Address First IP address Last IP address Broadcast address


Microsoft_Office_Excel_Worksheet4.xlsx
Лист1

		School of Engineering

		Lab No		Required No of Hosts		No of Hosts Needed		Network Address				First IP address				Last IP address				Broadcast address				Subnet Mask

		Lab 202		80		82		172.22.		16.0/25		172.22.		16.1		172.22.		16.126		172.22.		16.127		255.255.255.128

		Lab 409		80		82		172.22.		16.128/25		172.22.		16.129		172.22.		16.254		172.22.		16.255		255.255.255.128

		Lab 203		65		67		172.22.		17.0/25		172.22.		17.1		172.22.		17.126		172.22.		17.127		255.255.255.128

		Lab 404		45		47		172.22.		17.128/26		172.22.		17.129		172.22.		17.190		172.22.		17.191		255.255.255.192

		Lab 410		45		47		172.22.		17.192/26		172.22.		17.193		172.22.		17.254		172.22.		17.255		255.255.255.192

		Lab 408		28		30		172.22.		18.0/26		172.22.		18.1		172.22.		18.62		172.22.		18.63		255.255.255.192

		Lab 205		25		27		172.22.		18.64/26		172.22.		18.65		172.22.		18.126		172.22.		18.127		255.255.255.192

		Lab 201		20		22		172.22.		18.128/27		172.22.		18.129		172.22.		18.158		172.22.		18.159		255.255.255.224

		Staff		18		20		172.22.		18.160/27		172.22.		18.161		172.22.		18.190		172.22.		18.191		255.255.255.224
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No of 
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Subnet Mask

School of Applied 

Computing

2000 172.22.0.0/21 172.22.0.1 172.22.7.254 172.22.7.255 255.255.248.0

School of Automotive 

Engineering

2000 172.22.8.0/21 172.22.8.1 172.22.15.254 172.22.15.255 255.255.248.0

School of Engineering 2000 172.22.16.0/21 172.22.16.1 172.22.23.254 172.22.23.255 255.255.248.0

UNIVERSITY

Network Address First IP address Last IP address Broadcast address


