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PART 1


INTERNET PROTOCOL VERSION 6
This report has been written as an assignment to Internet Protocols course at T.S.D. University,
 London Campus




INTERNET PROTOCOL ADRESSING

Technologies are nowadays an integral part of our lives, on a daily basis we use computer, tablet and smartphone to communicate in different ways, starting from a simple phone call, ending up at a conference with multiple users. This kind of interaction is possible because every single device is connected to a network of other devices, and all these networks are connected together on the Internet that by definition is “the computer network which allows computer users to connect with computers all over the world” (Collins English Dictionary,2019). In order to work, this kind of communication must be based on a common language and common rules, which are summarized in established protocols or suite of protocols. Internet Protocol (IP) is part of a suite of protocols TCP/IP and it is a network protocol who allows different devices to communicate, this means that it ensures that a data from a source, could reach the right destination. This process is concretized through the addressing, in fact, every device in a network has an address that identifies it. So, whenever we want to forward a message from one device to another, we need to refer to the source address of the sender and to the destination one of the receiver. But, what is exactly an address with these specifics? In this context, I will define the concept of IP address that is a code of binary digit (bit), that can be expressed in decimal values in the case of Internet Protocol version 4 (IPv4) or hexadecimal values in the case of Internet Protocol version 6 (IPv6). 

IPV6

Both Ipv4 and Ipv6, have the same function and they are actively involved identifying devices in the network and establishing end-to-end communication on the Internet (Cisco Networking Academy, pg.2.3.1.1). IPv6 is the last version of IP addressing and it comes because of the necessity to have the largest amount of addresses available. In fact, IPv4 with his structure of 32 bits ensuring only 4,3 billion of addresses that resulted not enough because of the crescent request due to an increasing number of devices connected to the internet and above all in the perspective of a future increase of automation of our daily life. An IPv6 address is made of 128 bits ensuring 340 undecillions of available addresses, and it is represented as a string of hexadecimal digit, where “every 4 bits can be represented by a single hexadecimal digit, for a total of 32 hexadecimal values” (Rick Graziani,2017, Chapter 1). The hexadecimal notation for IPv6 result to be a very long string of characters that can be simplify following basically two rules:
· Omit leading 0s, by omitting the leading 0s from the final notation;
· Omit all 0 segments, by omitting all the four 0 sequences and substituting them with a double column (::), this operation can be used only one time in a string.
Using these two rules to reduce the hexadecimal notation for IPv6, we obtain the compressed format (Cisco Networking Academy, pg.7.2.2.3).
IPv6, unlike IPv4, does not have a subnet mask to identify which portion of the address represents the network and which one the host, but usually it has a fixed portion of 64 bits that represent the network, the prefix, and the other 64 bits the host interface ID (Cisco Networking Academy, pg.7.2.3.2). Like IPv4, there are different types of IPv6 addresses, that are identified by a small portion in their sequence who codify for a different kind of function, these areas are inside the prefix section and can be identified from the first bits of the address. So, it is possible to distinguish:
· Unicast Addresses
· Multicast Addresses
· Anycast Addresses
IPv6 does not have Broadcast Addresses but a multicast all-nodes can supply to the same function (Digital Guide,2017).

 Unicast Addresses is a kind of address that makes possible communication from a single sender to a single receiver (one to one), in this perspective, the address of the source has to be unicast address and the address of receiver it could be unicast or multicast. There are also different kind of Unicast Addresses for IPv6:
· Global unicast addresses: they have the same function of IPv4 public addresses, so they are available on the internet and they can be easily recognized because the hexadecimal string starts with 2001::/3
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· Unique Local Addresses: they have the same function of IPv4 private addresses, so they are not available as public addresses on the internet, the hexadecimal string starts with FD00::/8

[image: https://study-ccna.com/wp-content/images/unique_local_ipv6_address.jpg]
image source: https://study-ccna.com/wp-content/images/unique_local_ipv6_address.jpg

· Link-local addresses: they are a kind of unicast addresses confined to a single subnet, in fact, packet with a link-local address are not forwarded by a router, the hexadecimal string starts with FE80::/10
[image: https://study-ccna.com/wp-content/uploads/2016/01/ipv6_link_local_address.jpg]
image source: https://study-ccna.com/wp-content/uploads/2016/01/ipv6_link_local_address.jpg

· Loopback Address: it is a kind of unicast address represented by all 0 and a 1 in the end in its hexadecimal string (::1), it is generally used to test network application (Rick Graziani,2017, Chapter 4).

Multicast addresses for Ipv6 are similar to Ipv4 multicast addresses and basically, they operate to deliver a single message to a single destination or more destinations (one to many). A multicast address can only be assigned to the destination, never to the source, and his prefix is FF00::/8. Also for multicast, we have a further subdivision in:
· Assigned multicast: where a group of devices has reserved multicast address. This group of multicast address includes: All-nodes multicast group (FF02::1), that acts in the same way of broadcast for Ipv4, in fact in this process the message send is received and processed by all the interfaces that allow Ipv6 in the same link or network; All-router multicast group (FF02::2), in which all the routers receive and process the message and they send it to all the router Ipv6 allowed in the same link or network.
· Solicited-node multicast: mainly is working as an all-node multicast group with the advantage that is associated with a special Ethernet multicast address (Cisco Networking Academy, pg.7.5.2.1, 7.5.2.2).

Anycast Addresses, as the name suggest, is a kind of address who can be assigned to more the one interface in the same network, for which a message sent at an Anycast address will be delivered to the nearest interface. An Anycast address it cannot be distinguished by his syntactical structure because is similar to a unicast address(Cisco,2012).
 
From 2012 Ipv4 and Ipv6 coexist in the same network and the complete transition might take years. Any way network administrators have different kinds of techniques to ensure the migration:
· Dual stack device, that allows the coexistence of Ipv4 and Ipv6 running both protocol stack at the same time;
· Tunneling, where an Ipv6 packet is encapsulated in an Ipv4 packet, in this way it can flow in the network;
· Translation, where is used a translation system technique similar to NAT for Ipv4 that translate the message from one network enabled to Ipv6 to another enabled to Ipv4 and vice versa.
If we consider the increase of internet population and the consequent reduction of Ipv4 addresses, the migration to Ipv6 is now necessary and now it presents much less risk than a few years ago because it has been widely tested. It will also bring benefits and innovation, ready to respond to the request of an increasingly technological future.
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Resolving this part of the assignment, I assumed that the Test Centre, the Open Access Lab and the six servers are located in the main building: School of Applied Computing. 

For each building, I have also calculated a range of 2000 IPv4 addresses.

INITIAL FIXED LENGTH SUBNET MASKING

	Building
	Network
	1st usable address
	Last usable address
	Broadcast
	Subnet mask

	Building A
	172.16.0.0/20
	172.16.0.1
	172.16.15.254
	172.16.0.255
	255.255.240.0

	Building B
	172.16.16.0/20
	172.16.16.1
	172.16.31.254
	172.16.31.255
	255.255.240.0

	Building C
	172.16.32.0/20
	172.16.32.1
	172.16.47.254
	172.16.47.255
	255.255.240.0



	Building A
	School of Applied Computing

	Building B
	School of Automotive Engineering

	Building C
	School of Engineering





SCHOOL OF APPLIED COMPUTING

For the School of Applied Computing, I assumed that all the Laboratories, OAL and Server Room are connected with Staff Room through N1, N2 and so on. Staff room is connected with the Router through R1.



	Building A
	Network
	1st usable address
	Last usable address
	Broadcast
	Subnet mask

	OAL (252)
	172.16.0.0/23
	172.16.0.1
	172.16.1.254
	172.16.1.255
	255.255.254.0

	Lab 308 (142)
	172.16.2.0/24
	172.16.2.1
	172.16.2.254
	172.16.2.255
	255.255.255.0

	Lab 301 (62)
	172.16.3.0/25
	172.16.3.1
	172.16.3.126
	172.16.3.127
	255.255.255.128

	Lab 309 (52)
	172.16.3.128/25
	172.16.3.129
	172.16.3.254
	172.16.3.255
	255.255.255.128

	Lab 304 (47)
	172.16.4.0/25
	172.16.4.1
	172.16.4.126
	172.16.4.127
	255.255.255.128

	Lab 306 (42)
	172.16.4.128/25
	172.16.4.129
	172.16.4.254
	172.16.4.255
	255.255.255.128

	Lab 303 (38)
	172.16.5.0/25
	172.16.5.1
	172.16.5.126
	172.16.5.127
	255.255.255.128

	Lab 302 (32)
	172.16.5.128/26
	172.16.5.129
	172.16.5.190
	172.16.5.191
	255.255.255.192

	Test Center (24)
	172.16.5.192/26
	172.16.5.193
	172.16.5.254
	172.16.5.255
	255.255.255.192

	Staff Room (22)
	172.16.6.0/26
	172.16.6.1
	172.16.6.62
	172.16.6.63
	255.255.255.192

	Lab 310 (20)
	172.16.6.64/26
	172.16.6.65
	172.16.6.126
	172.16.6.127
	255.255.255.192

	Server Room (8)
	172.16.6.128/28
	172.16.6.129
	172.16.6.142
	172.16.6.143
	255.255.255.240

	N1 (4)
	172.16.6.144/30
	172.16.6.145
	172.16.6.146
	172.16.6.147
	255.255.255.252

	N2 (4)
	172.16.6.148/30
	172.16.6.149
	172.16.6.150
	172.16.6.151
	255.255.255.252

	N3 (4)
	172.16.6.152/30
	172.16.6.153
	172.16.6.154
	172.16.6.155
	255.255.255.252

	N4 (4)
	172.16.6.156/30
	172.16.6.157
	172.16.6.158
	172.16.6.159
	255.255.255.252

	N5 (4)
	172.16.6.160/30
	172.16.6.161
	172.16.6.162
	172.16.6.163
	255.255.255.252

	N6 (4)
	172.16.6.164/30
	172.16.6.165
	172.16.6.166
	172.16.6.167
	255.255.255.252

	N7 (4)
	172.16.6.168/30
	172.16.6.169
	172.16.6.170
	172.16.6.171
	255.255.255.252

	N8 (4)
	172.16.6.172/30
	172.16.6.173
	172.16.6.174
	172.16.6.175
	255.255.255.252

	N9 (4)
	172.16.6.176/30
	172.16.6.177
	172.16.6.178
	172.16.6.179
	255.255.255.252

	N10 (4)
	172.16.6.180/30
	172.16.6.181
	172.16.6.182
	172.16.6.183
	255.255.255.252

	N11 (4)
	172.16.6.184/30
	172.16.6.185
	172.16.6.186
	172.16.6.187
	255.255.255.252

	R1 (4)
	172.16.6.188/30
	172.16.6.189
	172.16.6.190
	172.16.6.191
	255.255.255.252








SCHOOL OF AUTOMOTIVE ENGINEERING

For the School of Automotive Engineering, I assumed that all the Laboratories are connected with Staff Room through N1, N2 and so on. Staff room is connected with the Router through R2.



	Building B
	Network
	1st usable address
	Last usable address
	Broadcast
	Subnet mask

	Lab 301 (52)
	172.16.16.0/25
	172.16.16.1
	172.16.16.126
	172.16.16.127
	255.255.255.128

	Lab 206 (50)
	172.16.16.128/25
	172.16.16.129
	172.16.16.254
	172.16.16.255
	255.255.255.128

	Lab 205 (42)
	172.16.17.0/25
	172.16.17.1
	172.16.17.126
	172.16.17.127
	255.255.255.128

	Lab 101 (42)
	172.16.17.128/25
	172.16.17.129
	172.16.17.254
	172.16.17.255
	255.255.255.128

	Lab 103 (37)
	172.16.18.0/25
	172.16.18.1
	172.16.18.126
	172.16.18.127
	255.255.255.128

	Lab 102 (27)
	172.16.18.128/26
	172.16.18.129
	172.16.18.190
	172.16.18.191
	255.255.255.192

	Staff Room (27)
	172.16.18.192/26
	172.16.18.193
	172.16.18.254
	172.16.18.255
	255.255.255.192

	Cad Lab (22)
	172.16.19.0/26
	172.16.19.1
	172.16.19.62
	172.16.19.63
	255.255.255.192

	N1 (4)
	172.16.19.64/30
	172.16.19.65
	172.16.19.66
	172.16.19.67
	255.255.255.252

	N2 (4)
	172.16.19.68/30
	172.16.19.69
	172.16.19.70
	172.16.19.71
	255.255.255.252

	N3 (4)
	172.16.19.72/30
	172.16.19.73
	172.16.19.74
	172.16.19.75
	255.255.255.252

	N4 (4)
	172.16.19.76/30
	172.16.19.77
	172.16.19.78
	172.16.19.79
	255.255.255.252

	N5 (4)
	172.16.19.80/30
	172.16.19.81
	172.16.19.82
	172.16.19.83
	255.255.255.252

	N6 (4)
	172.16.19.84/30
	172.16.19.85
	172.16.19.86
	172.16.19.87
	255.255.255.252

	N7 (4)
	172.16.19.88/30
	172.16.19.89
	172.16.19.90
	172.16.19.91
	255.255.255.252

	R2 (4)
	172.16.19.92/30
	172.16.19.93
	172.16.19.94
	172.16.19.95
	255.255.255.252






















SCHOOL OF ENGINEERING

For the School of Engineering, I assumed that all the Laboratories are connected with Staff Room through N1, N2 and so on. Staff room is connected with the Router through R3.




	Building C
	Network
	1st usable address
	Last usable address
	Broadcast
	Subnet mask

	Lab 409 (82)
	172.16.32.0/25
	172.16.32.1
	172.16.32.126
	172.16.32.127
	255.255.255.128

	Lab 202 (82)
	172.16.32.128/25
	172.16.32.129
	172.16.32.254
	172.16.32.255
	255.255.255.128

	Lab 203 (67)
	172.16.33.0/25
	172.16.33.1
	172.16.33.126
	172.16.33.127
	255.255.255.128

	Lab 404 (47)
	172.16.33.128/26
	172.16.33.129
	172.16.33.190
	172.16.33.191
	255.255.255.192

	Lab 410 (47)
	172.16.33.192/26
	172.16.33.193
	172.16.33.254
	172.16.33.255
	255.255.255.192

	Lab 408 (30)
	172.16.34.0/26
	172.16.34.1
	172.16.34.62
	172.16.34.63
	255.255.255.192

	Lab 205 (27)
	172.16.34.64/26
	172.16.34.65
	172.16.34.126
	172.16.34.127
	255.255.255.192

	Lab 201 (22)
	172.16.34.128/26
	172.16.34.129
	172.16.34.190
	172.16.34.191
	255.255.255.192

	Staff Room (20)
	172.16.34.192/26
	172.16.34.193
	172.16.34.254
	172.16.34.255
	255.255.255.192

	N1 (4)
	172.16.35.0/30
	172.16.35.1
	172.16.35.2
	172.16.35.3
	255.255.255.252

	N2 (4)
	172.16.35.4/30
	172.16.35.5
	172.16.35.6
	172.16.35.7
	255.255.255.252

	N3 (4)
	172.16.35.8/30
	172.16.35.9
	172.16.35.10
	172.16.35.11
	255.255.255.252

	N4 (4)
	172.16.35.12/30
	172.16.35.13
	172.16.35.14
	172.16.35.15
	255.255.255.252

	N5 (4)
	172.16.35.16/30
	172.16.35.17
	172.16.35.18
	172.16.35.19
	255.255.255.252

	N6 (4)
	172.16.35.20/30
	172.16.35.21
	172.16.35.22
	172.16.35.23
	255.255.255.252

	N7 (4)
	172.16.35.24/30
	172.16.35.25
	172.16.35.26
	172.16.35.27
	255.255.255.252

	N8 (4)
	172.16.35.28/30
	172.16.35.29
	172.16.35.30
	172.16.35.31
	255.255.255.252

	R3 (4)
	172.16.35.32/30
	172.16.35.33
	172.16.35.34
	172.16.35.35
	255.255.255.252
















SERVERS IPV6 ADDRESSING

	DSN
	2000::/3
FD00::/8
FE80::/10

	EMAIL
	

	FILE SERVER
	

	REGISTRY
	

	FINANCE
	FD00::/8
FE80::/10

	PRINTER SERVER
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