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[bookmark: _Hlk17536634]1. IPv6 Introduction.

Internet protocol version 4 (IPv4) become a standard in 1980, and it has been part of internet evolution almost 40 years now. Internet protocol version 4 (IPv4) provides for 4,29 billion or 232 32-bit addresses (Graziani, 2013), which at the time seemed enough. Since then, we had an explosion of new technologies, laptops, smartphones, tablets, etc. Now, IPv4 is depleted we use Classless Inter-domain Routing (CIDR) and Network address translation (NAT) whit private IPv4 addresses (Graziani, 2013), which is short term solution. Internet protocol version 6 (IPv6) on the other hand, provides for 2128 or 340 undecillion addresses (Graziani, 2013). But IPv6 is not just a bigger pool of addresses, the designers of IPv6 had the chance to improve IP and related protocols and did so in many ways.




2. IPv6 changes and improvements.

2.1 Expanded addressing capabilities.
Internet protocol version 6 (IPv6) expand 32-bit IPv4 address to 128 bits addresses, so it can support more levels of addressing groups, a greater number of addressable devices and simpler auto-configuration of those addresses. 
2.2 Simplification of the header format.
Some of IPv4 header fields are made optional or removed, to limit the bandwidth cost of IPv6 header and to reduce process cost of packet handling (Deering, S. Hinden, R., 1998).
2.3 Improved Extensions and Options.
Encoding of options is changed to make forwarding more efficient and much more flexible for adding options in the future (Deering, S. Hinden, R., 1998).
2.4 Labeling Capabilities.
A new option id added to label packets that are part of traffic for which the sender can request special handlings, such as real-time or non-default quality of services (QoS) (Deering, S. Hinden, R., 1998).



3. IPv6 representation and addressing types.

The most apparent difference between IPv4 and IPv6 is the address length, IPv4 whit it's 32 bits doted-decimal notation, IPv6 128 bits address written in hexadecimal notation. But there are many more differences between those two protocols, IPv6 adds new address types and changes to familiar IPv4 address types.

3.1 Representation.
As mentioned earlier, Internet protocol version 6 (IPv6) is represented as a string of hexadecimal numbers. There are three general rules when working whit integer-based systems:
“Rule 1: Base n number systems have n number of digits:
The base 16 (hexadecimal) number system has 16 digits. 
Rule #2: All number systems begin with 0.
Base 16 has 16 digits, starting with 0: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F
Rule #3: The rightmost column, or least significant digit, is always the column of 1s (ones).” (Graziani, 2013, C.2). 
[bookmark: _Hlk17634403]The preferred form for representing IPv6 address is x:x:x:x:x:x:x:x, where “x” is one to four hexadecimal digits for one 16 bit pieces called “hextet” of the 128-bit address. ( Hinden and Deering, 2006)
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Every four hexadecimal digits equal to 16 bits, 4 bit per hexadecimal digit.
[bookmark: _Hlk17813250]3.1.2 Shor format IPv6.

There are two ways to shorten IPv6 address omit leading zeros, omit all zero hextet and combination of the previous two ways. The first rule is deleting only leading zeros, being able to eliminate leading and trailing zeros address would be ambiguous.
Figure 2
Example omitting leading zeros:
	fc00:
	0000:
	0000:
	0000:
	0000:
	0000:
	0000:
	0001

	0:
	0:
	0:
	0:
	0:
	0:
	0:
	1


Or fc00:0:0:0:0:0:0:1

And the second way is to use “::" double colon to represent a single, continuous string of hextets consisting of all zeros.
Figure 3
Example omitting single contiguous string of all zero hextet:
	2001:
	0000:
	0000:
	0000:
	0000:
	d800:
	bff9:
	0001

	2001:
	:
	
	d800:
	bff9:
	0001
	
	


or 2001::d800:bff9:0001
[bookmark: _Hlk17813307]3.2 Addressing types.

[bookmark: _Hlk17634868]As Hinden and Deering describe in IP version 6 addressing architecture.: "This specification defines the addressing architecture of the IP   Version 6 protocol.  It includes the basic formats for the various types of IPv6 addresses (unicast, Anycast, and Multicast)" ( Hinden and Deering, 2006). This report will focus on the three basic formats (unicast, Multicast and Anycast) and it's variations.
[bookmark: _Hlk17813357]3.2.1 IPv6 Unicast.

Unicast can be divided into six different types:
	Unicast


	Global unicast
2000::/3
	Link-local
Fe80::/10
	Loopback
::1/128
	Unspecified
::/128
	Unique local
Fc00::/7
	Embedded IPv4
::/80



Unicast Addresses are used to identify the interface on IPv6 device uniquely, and packet send to this address is received by the interface assigned to this address. Like IPv4 source address in IPv6 source address must be a unicast address. (Graziani, 2013, C.4)
3.2.1.1 Global unicast.

Global unicast address (GUA) is the equivalent of public IPv4 address, GUA prefix range is 2000::/3. It's reachable and routable globally in IPv6 Internet. This type of addresses are made of 3 fields:

The general structure of GUA:
	Global routing prefix
	Subnet id
	interface id


· Global routing prefix is the network portion of the address assign by the provider (ISP) to a customer, similar to IPv4.
· Unlike IPv4 there is no need to borrow bits of the host portion to subnet an IP address, in IPv6 there is a separate field for subnet id.
· And like IPv4 host portion of IP address, interface id identifies the interface in the subnet.
There are three ways to configure a device whit unicast address:
· Manually configured.
· Stateless address configuration.
· Stateful DHCPv6.

[bookmark: _Hlk17813424]3.2.1.2 Link-Local unicast address

Link-local addresses are not globally routable, and it's confined to a single subnet. Therefore it needs to be unique only in the subnet (link). Because of that routers do not forward packets whit link-local addresses.


Figure 4
Link-local address structure:
	1111  1110  10xx  xxxx
	Remaining 54 bits
	Interface id



Fe800::/10
Internet protocol version 6 enabled devices create Link-Local address on startup, this is default setup on most operating systems, but it can be manually configured. To be considerate IPv6 enabled, the device does not have to have a global unicast address (GUA) but must have a Link-Local address.

[bookmark: _Hlk17813455]3.2.1.3 Loopback address

Similar to IPv4 127.0.0.0/8 IPv6 has it's own loopback address "::1", all 0s except the last bit which is set to 1.
Some of the properties of Loopback addresses are:
· This type of address can't be assigned to a physical interface.
· Packet whit loopback address (source or destination) must never be sent beyond the device.
· Routers can never forward a packet whit a loopback address.
· Device must drop packets whit a loopback destination address.

[bookmark: _Hlk17813480]3.2.1.4 Unspecified Address

This type of address is all 0s, it's used as a source address to indicate the absence of an address. An example of using Unspecified Address is a process called Duplicate Address Detection (DAD), this process to check if a link-local address is unique on the subnet.

[bookmark: _Hlk17813505]3.2.1.5 Unique Local Address
Unique local addresses (ULA) are similar to IPv4 private addresses, also known as private IPv6 addresses. The main use of it is in limited areas, such as within site, used for devices that do not need to access the Internet and do not need to be accessible of it.  Prefix for these addresses is fc00::/7 to fdff::/7. Some of the characteristics of Unique local addresses (not to be confused whit link-local address) are:
· They can be used for devices that never need access to or from the global Internet.
· Allow sites to be combined or interconnected whit out the need of addressing renumbering, because of the large address space address conflict is highly unlikely.
· They can be used just like global unicast addresses.

3.2.1.6 IPv4 Embedded

This final unicast address is IPv6 address used to help the transition from IPv4 to IPv6. IPv4 embedded address is IPv6 that carry IPv4 address in it, in the last 32 bits. The communication between IPv6 and IPv4 networks is possible whit a technique called tunneling. It embeds IPv4 address into IPv6 which if easy, IPv6 whit 128 bit has plenty of room for 32-bit IPv4 address. There are two types of IPv4-mapped IPv6 address, and IPv4-compatible IPv6 address, but IPv4 compatible is no longer used to help the transition to IPv6.



[bookmark: _Hlk17813550]3.2.2 Multicast addresses

Unlike Unicast (one to one), Multicast is used to send one packet to multiply destinations (on to many), the prefix for this group is ff00::/8. There are two predefined Multicast addresses Well-Known, the prefix for those is ff00::/12 it got its third hexadecimal digit, flag field set to 0. These addresses are similar to IPv4 well-known addresses in range 224.0.0.0 to 239.255.255.255 (Graziani, 2013). The second predefined address is a Solicited-node address, and it replaced the IPv4 broadcast address. It's automatically created for every unicast address on the device. Like Address Resolution Protocol (ARP) in IPv4, it's used in Layer3 to Layer2 address resolution.  






[bookmark: _Hlk17813567]3.3 Anycast address

This is an address that can be assigned to multiple devices, a packet sent to an Anycast address is routed to the nearest device according to the routing table. Global unicast and Anycast addresses share the same prefix, first planned to be used by services like "HTTP" and "DNS" it's still in development.

4. Conclusion

Internet protocol version 6 solves the biggest problem of IPv4. At the same time it introduces complications of its own. But as more and more specialists get involved solvents will be easier to find. As almost every transition, this one will not be easy in some places even not desirable, but it's the future of the global Internet.
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[bookmark: _GoBack]Part 2. IP addressing scheme for Faculty’s networks.

I`ve picked up class B IP 190.168.0.0 /16.

	Site
	host needed
	Network address
	First host IP
	Last host IP
	Subnet mask
	Broadcast address

	
	
	
	
	
	

	School of Applied Computing
	711/311
Future increase
	190.168.0.0/22
	190.168.0.1
	190.168.3.254
	255.255.252.0
	190.168.3.255

	School of Engineering
	406/104
Future increase
	190.168.4.0/23
	190.168.4.1
	190.168.5.254
	255.255.254.0
	190.168.5.255

	School of Automotive Engineering
	283/227 future increase
	190.168.6.0/23
	190.168.6.1
	190.168.7.254
	255.255.254.0
	190.168.7.255

	Router 1
	190.168.8.0/30
	190.168.8.1
	190.168.8.2
	255.255.255.252
	190.168.8.3

	Router 2
	190.168.8.4/30
	190.168.8.5
	190.168.8.6
	255.255.255.252
	190.168.8.7



	MP to ISP
	2001::1

	DNS
	fc00::9

	Email
	fc00::8

	Finance
	fc00::7

	Registry
	fc00::6

	File server
	fc00::5

	Print server
	fc00::4



