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IPv6, a shortage of Internet Protocol version 6 it is the latest version of the Internet Protocol. His main purpose is to allow all types of devices to communicate between each other, but also supports on locating devices over the internet, which is very useful nowadays with the multitude of users and possibility of lost, theft and so on. 
The first version of the Internet Protocol was IPv4, which was able to support 4.3 billion devices, unfortunately came to an end due to the continuous increase of the users, considering the fact that manufacturing new devices had a tremendous impact on the market, such as smart watches, tablets or security devices. The threat of running out of IP addresses made the IETF (Internet Engineering Task Force) build the IPv6, so the users would not worry about this issue. This protocol it is meant to host more than 300 trillion of addresses. (IPv6, n.d.)
Almost 45% of the world population is using the internet and this is not the end, the number will rise soon. Also, each user might use multiple IP addresses for his personal devices, so by creating this version is considered a win for the new era. (IPv6, n.d.) Even if IPv6 exists since 1990, could not have a big impact since it not possible to work concomitant with IPv4, but either way, the change will be inevitable in the future.
IPv6 is using 128 bits, split in 8 groups with 4 bits each. Each group is separated by colons “:”, for example 2021:0000:130A:0000:0000:09F0:876C:130B, but has different notations that simplify and accelerate the work of the people who are using them, such as students, programmers, software engineers, etc.
IPv6 it is well structured. Those 128 have been structured into three categories which are Global Routing Prefix – 48 bits, the Subnet ID – 16 bits and the Interface ID which has the rest of the 64 bits. What is the key of this protocol is that it can support enough subnets and host per subnet, for each network. (Network, n.d.)
This newest version is also easier to be used and provides also more security. Even if both protocols, IPv4 and IPv6 are still used simultaneous, IPv6 provides more beneficial support which I will enumerate into the below bullet points: 
· the management and delegation of IP addresses is easier. 
· the autoconfiguration of IP addresses also improved.
· IPsec build in. 
· more place for storage. 
· permits boarder mobile internet access.

The biggest block of IPv6 addresses was allocated to France Telecom and Deutsche Telekom, a block which was able to support 35,000 billion addresses and can be passed to the customers. (IPv6, n.d.)
As I learned during the first term at University, to be able to interpret the addresses faster, we need to convert the numbers from binary to hexadecimal, and this can be done into 3 steps as following example:

1. need to split the binary code into 8 blocks of 16 bits: 
0010000000000001 0000110010111000 1000010110100011 0000000000000000
0000000000000000 1000101000111110 0000000000000000 0000101001010011

2. second, split each block into 4 segments:
0010 0000 0000 0001 0000 1100 1011 1000 1000 0101 1010 0011 0000 0000 0000 0000
0000 0000 0000 0000 1000 1010 0011 1110 0000 0000 0000 0000 0000 1010 0101 0011

3. convert to hexadecimal from binary: 
2001:0cb8:ac10:0000:0000:8a3e:0000:0a53

To achieve step 3, the secret is to use Binary to Hexadecimal Key. This key has the conversion of each segment into number and once we know that the task become logical and easy to complete. 
However, once the conversion is successfully completed, we can still simplify the notation by using two methods called:

· “Zero Comparison” which means that instead of writing two groups of 4 zero’s consecutively, we can use the double colon “::”. If into the notation it is another group of zeros that is not consecutive, it will remain the same.
 
                     2001:0cb8:ac10::8a3e:0000:0a53

· “Zero Suppression” which means that if into the notation exists leading zero, we can remove it and continue with the rest of the notation. 

                             2001:cb8:ac10:0:0:8a3e:0:a53

Being an Internet Protocol more complex, IPv6 have more types of addressed, named Unicast, Anycast and Multicast. Their name is very suggestive and simple to identify. Into the follow steps I am going to write a short brief about each one of them to accumulate more knowledge. 

· Unicast – it is the most common type o address that people are using. It is the communication between only one sender and one receiver, so wherever is sent via Unicast, is delivered through a specific interface. An IPv6 Unicast identifies a single interface, of 64 bits. This type of address always starts with 2000.

· Anycast – can identify a group of interfaces, which means that this type of address is the communication between a single sender and the nearest receiver from the group.” Anycasting is designed to let one host initiate the efficient updating of router tables for a group of hosts.” (Rouse, n.d.)

· Multicast – it is the communication between a single sender and multiple receivers, which makes is the most efficient. The information is passed faster through the devices. “Well-known multicast addresses have the prefix ff00::/12..this means that the third hexadecimal digit, the Flag field, is always set to 0.” (Graziani, 2017)

During the research I found out that there are also some special IPv6 Addresses, but not very frequently used. All these addresses have specific types of identifying, as stated below. 
 
	Address Type
	Binary Prefix
	Hex Prefix

	Unspecified
	0000...0 (128 bits)
	::/128

	Loopback
	000...01 (128 bits)
	::1/128

	IPv4 Mapped
	00...01111111111111111 (96 bits)
	::ffff:0:0/96

	Unique Local Unicast (ULA)
	1111110
	fc00::/7

	Link-Local Unicast
	1111111010
	fe80::/10


(Table found on web) (types, n.d.)

“The wonder of IPv6 lies in its header. An IPv6 address is 4 times larger than IPv4, but surprisingly, the header of an IPv6 address is only 2 times larger than that of IPv4. IPv6 headers have one Fixed Header and zero or more Optional (Extension) Headers. All the necessary information that is essential for a router is kept in the Fixed Header. The Extension Header contains optional information that helps routers to understand how to handle a packet/flow.” (TutorialsPoint, n.d.)
A header is beneficial to control information better for a IPv6 packet. The header it is split into two categories “Fixed Headers” which includes the essential information and “Extension Headers” which includes the optional information.
· Fixed headers: has a size of 40 octets and it is classified in more fields.
· Version – the version of Internet Protocol
· Traffic Class – used for Type of Service and Explicit Congestion Notification
· Flow Label – help the router identify the packet needed
· Payload Length – tell the router how much information each packet has
· Next Header – indicates the Upper Layer
· Hop Limit – stop packets to loop infinitely 
· Source Address – indicated the address of the packet
· Destination Address – the address of recipient

· Extension Headers contains only the essential information. 
· Hop by Hop Options 
· Routing Header 
· Fragment 
· Destination Options 
· Authentication
· Encapsulating Security 

[image: ] 
(Picture created by the author)

As a conclusion, regardless the fact that IPv6 protocol have quite few more steps to be completed, in essence, is it way more powerful than IPv4 and each individual will have to do his research and to understand that into this continuous environment, this protocol is the future.
Once the theory has been understood, the practice can be completed easily. All we need is desire and lots of practice and patience. 
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School of Applier Computing
	LAB
	Network Address
	First Host Valid
	Last Host Valid
	Broadcast

	301 – 45pcs
	172.16.0.0
	172.16.0.1
	172.16.0.63
	172.16.0.64

	302 – 30 pcs
	172.16.0.65
	172.16.0.66
	172.16.0.127
	172.16.0.128

	303 – 30 pcs
	172.16.0.129
	172.16.0.130
	172.16.0.191
	172.16.0.192

	305 – 20 pcs
	172.16.0.193
	172.16.0.194
	172.16.0.255
	172.16.0.256

	306 – 35 pcs
	172.16.1.0
	172.16.1.1
	172.16.1.63
	172.16.1.64

	308 – 120 pcs
	172.16.1.65
	172.16.1.66
	172.16.1.191
	172.16.1.192

	411 – 30 pcs
	172.16.1.193
	172.16.1.194
	172.16.1.255
	172.16.1.256

	410 – 50 pcs
	172.16.2.0
	172.16.2.1
	172.16.2.63
	172.16.2.64

	412 – 36 pcs
	172.16.2.65
	172.16.2.66
	172.16.2.127
	172.16.2.128



School of Automotive Engineering 
	LAB
	Network Address
	First Host Valid
	Last Host Valid
	Broadcast

	101 – 25 pcs
	172.16.2.129
	172.16.2.130
	172.16.2.159
	172.16.2.160

	102 – 35 pcs
	172.16.2.161
	172.16.2.162
	172.16.2.255
	172.16.2.256

	103 – 30 pcs
	172.16.3.0
	172.16.3.1
	172.16.3.31
	172.16.3.32

	205 – 20 pcs
	172.16.3.33
	172.16.3.34
	172.16.3.63
	172.16.3.64

	206 – 55 pcs
	172.16.3.65
	172.16.3.66
	172.16.3.127
	172.16.3.128

	CAD – 10 pcs
	172.16.3.129
	172.16.3.130
	172.16.3.159
	172.16.3.160

	301 – 85 pcs
	172.16.4.0
	172.16.4.1
	172.16.4.127
	172.16.4.128



School of Architecture, Built and Natural Environment
	LAB
	Network Address
	First Host Valid
	Last Host Valid
	Broadcast

	201 – 54 pcs
	172.16.4.129
	172.16.4.130
	172.16.4.191
	172.16.4.192

	202 – 25 pcs
	172.16.4.193
	172.16.4.194
	172.16.4.255
	172.16.4.256

	203 – 30 pcs
	172.16.5.0
	172.16.5.1
	172.16.5.31
	172.16.5.32

	205 – 28 pcs
	172.16.5.33
	172.16.5.34
	172.16.5.63
	172.16.5.64

	404 – 35 pcs
	172.16.5.65
	172.16.5.66
	172.16.5.127
	172.16.5.128

	408 – 28 pcs
	172.16.5.129
	172.16.5.130
	172.16.5.191
	172.16.5.192

	409 – 60 pcs
	172.16.5.193
	172.16.5.194
	172.16.5.255
	172.16.5.256

	410 – 45 pcs
	172.16.6.0
	172.16.6.1
	172.16.6.63
	172.16.6.64



IPv4 addresses must be assigned depending on the number of users. It can be public address or private address, depending on the host. In this case, being a University network, I had to use a private network, B class, since should support more than 2000 users. B class addresses have up to 65,534 IP Addresses. 

[bookmark: _Toc49455024]Test Centre 

To build a network for 25 pcs, 1 phone, 2 printers and 1 video camera, but to have enough addresses for growth, I used 64 bits out of 256 which is maximum.
	Network Address
	First Host Valid
	Last Host Valid
	Broadcast

	172.16.7.0
	172.16.7.1
	172.16.7.63
	172.16.7.64
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For a lab with 240 pcs and 5 printers I used 256 bits. 
	Network Address
	First Host Valid
	Last Host Valid
	Broadcast

	172.16.8.0
	172.16.8.1
	172.16.8.255
	172.16.8.256




[bookmark: _Toc49455026]Assign IPv6 addresses 

For assigning IPv6 addresses for six 6 servers of the University I had to also use a private IP address which in this situation, every address starts with FD. 
I assigned the same IPv6 address for each server, but with different ending, called also duplicates, to allow the network to identify which device is what. 
1. DNS – fd6d:8bd3:200c:95a6:1a54:0000:0000:1111 
2. Email - fd6d:8bd3:200c:95a6:1a54:0000:0000:2222
3. Finance - fd6d:8bd3:200c:95a6:1a54:0000:0000:3333
4. Registry - fd6d:8bd3:200c:95a6:1a54:0000:0000:4444
5. File Server - fd6d:8bd3:200c:95a6:1a54:0000:0000:5555
6. Print Server - fd6d:8bd3:200c:95a6:1a54:0000:0000:6666
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To link a local address must be always used FE80::/64 in front. Into this situation I used FE80::1A54:0000:0000:1111
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