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1. Introduction 

Internet Protocol version 6 (IPv6) is the most recent version of the Internet Protocol (IP), the communications protocol that provides an identification and location system for computers on networks and routes traffic across the Internet. IPv6 was developed by the Internet Engineering Task Force (IETF) to deal with the long-anticipated problem of IPv4 address exhaustion. IPv6 is intended to replace IPv4.
  IPv6 is an Internet Layer protocol for packet-switched internetworking and provides end-to-end datagram transmission across multiple IP networks, closely adhering to the design principles developed in the previous version of the protocol, Internet Protocol Version 4 (IPv4). IPv6 was first formally described in Internet standard document RFC 2460, published in December 1998.

In comparation with Ipv4 on the Internet, data is transmitted in the form of network packets. IPv6 specifies a new packet format, designed to minimize packet header processing by routers. Because the headers of IPv4 packets and IPv6 packets are significantly different, the two protocols are not interoperable. However, in most respects, IPv6 is an extension of IPv4. Most transport and application-layer protocols need little or no change to operate over IPv6; exceptions are application protocols that embed Internet-layer addresses, such as File Transfer Protocol (FTP) and Network Time Protocol (NTP), where the new address format may cause conflicts with existing protocol syntax.

The main advantage of IPv6 over IPv4 is its larger address space. The length of an IPv6 address is 128 bits, compared with 32 bits in IPv4. The address space therefore has 2128 or approximately 3.4×1038 addresses.

In addition, the IPv4 address space is poorly allocated; in 2011, approximately 14% of all available addresses were utilized. While these numbers are large, it was not the intent of the designers of the IPv6 address space to assure geographical saturation [clarification needed] with usable addresses. Rather, the longer addresses simplify allocation of addresses, enable efficient route aggregation, and allow implementation of special addressing features. In IPv4, complex Classless Inter-Domain Routing (CIDR) methods were developed to make the best use of the small address space. The standard size of a subnet in IPv6 is 264 addresses, the square of the size of the entire IPv4 address space. Thus, actual address space utilization rates will be small in IPv6, but network management and routing efficiency are improved by the large subnet space and hierarchical route aggregation.

1.1
IPv6 Datagram Header
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Figure – 1 

Version 

· Protocol version identification. It contains value 6 to identify Ipv6.  
Traffic Class 

· Intended for the Quality of Service (QoS). It may distinguish various classes or priorities of traffic (in combination with other header fields, e.g. source/destination addresses). 

 Flow Label

· Identifies a flow which is a “group of related datagrams”.

 Payload Length 

· Length of the datagram payload, i.e. all the contents following the basic header (including extension headers). It is in Bytes, so the maximum possible payload size is 64 KB. 

Next Header

· The protocol header which follows. It identifies the type of following data – it may be some extension header or upper layer protocol (TCP, UDP) data. 

 Hop Limit 

· Datagram lifetime restriction. The sending node assigns some value to this field defining the reach of given datagram. Every forwarding node decreases the value by 1. If decremented to zero, the datagram is dropped and an ICMP message is sent to the sender. It protects the Ipv6 transport system against routing loops – in the case of such loop the datagram circulates around the loop for a limited time only.

 Source Address 

· Sender identification. It contains the Ipv6 address of the node who sent this datagram. Addressing is described in more detail in the next chapter. 

Destination Address 

· Receiver identification. This is the target – the datagram should be delivered to this Ipv6 address. 
1.2 Addressing IPV6

 
The address length has been increased significantly to expand the available address space. The Ipv6 address is 128 bits (or 16 bytes) long, which is four times as long as its predecessor. Addresses are written using 32 hexadecimal digits. The digits are arranged into 8 groups of four to improve the readability. Groups are separated by colons. So the written form of Ipv6 address looks like in next example: 

           2001:0718:1c01:0016:020d:56ff:fe77:52a3
Ipv6 supports three different address types for which the delivery process varies:

Unicast

· (individual) address identifies one single network interface (typically a computer or similar device). The packet is delivered to this individual interface.

 Anycast (selective) address 

· also identifies a group of network interfaces. But this time the packet is delivered just to one single member of the group (to the nearest one). 

Multicast (group) address 

· identifies group of interfaces. Data must be delivered to all group members
 1.2.1 Unicast Addresses 

This is the most important address type, because are the addresses identifying the common computers, printers and other devices connected to the network.
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Figure – 2 
Global routing prefix 
· is the network address in Ipv4 parlance. This address prefix identifies uniquely the network connected to the Internet. 
Subnet ID 
· is the identifier of a subnet. The end-network may be partitioned into to subnets (for example every building of some institution may hold separate subnet). This part of the address serves to identify individual subnets. 

Interface ID
· holds the identifier of single network interface. Interface identifiers are unique inside the same subnet only, there may be devices holding the same interface ID in different subnets. Internet standards request the modified EUI-64 (described below) to play the role of interface ID. In reality the address structure is even more simple, because all used to address schemes have the common length of the global prefix (48 bits) and subnet identifier (16 bits). In consequence the typical unicast address has the structure showed in Figure – 2

1.2.2 Anycast addresses 

Anycast is that there is a group of Ipv6 nodes providing the same service. If you use an anycast address to identify this group, the request will be delivered to its nearest member using standard network mechanisms.  An anycast address is hard to distinguish. There is no separate part of the address space dedicated for these addresses, they are living in the unicast space. The local configuration is responsible for identification of anycast addresses.

1.2.3 Multicast address 
Compared to anycast, multicast is a well-known entity. It is used in the contemporary Ipv4 Internet, mainly to transport video/audio data in real time (e.g., videoconferencing, TV/radio broadcast). Multicast in Ipv6 is just an evolution of the mechanisms already in use. There is a separate part of the Ipv6 address space dedicated to multicast. It is identified by the prefix ff00: :/8. So, every multicast address starts with “ff” which makes them easy to distinguish. The internal structure of the remaining 120 bits is shown in Figure – 3
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Figure -3 

1.3 IPV6 Required Addresses 

The required addresses for a common host are :

 • link-local address for every interface


 • assigned (configured) unicast and multicast addresses for the Interfaces


 • loopback address (::1) 


 • all-nodes multicast addresses (ff01::1, ff02::1)


 • solicited node multicast address 


• assigned multicast addresses (identifying groups to which the     node belongs)


      Router has more required addresses. It must support all the addresses obligatory for a node plus:


 • anycast address for all routers in the subnet for every interface on which it acts as a router 


• all assigned anycast addresses


 • all-routers multicast (ff01::2, ff02::2, ff05::2)

1.4 IPV6 Real-world Addresses 

Ipv6 address space has been partitioned into a few areas which have a fixed meaning. I will show that in Figure – 4 :
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Figure – 4 
2. Problem resolve 

I choose a private B class address, because we have a big number of devices and future grow – 141.131.41.8 

School of Automotive Engineering: 555 hosts
School of Applied Computing: 439 hosts
School of Engineering: 406 hosts
2.1 VLSM for 3 Buildings and networks:
	Name of the School
	Numbers Pc (real number +future grow
	Network address
	First Usable
	Last usable
	Broadcast address
	Subnet Mask

	School of Automotive Engineering
	555 +467
	141.131.40.0/22
	141.131.40.1
	141.131.43.254
	141.131.43.255
	255.255.252.0

	School of Applied Computing
	439+71
	141.131.44.0/23
	141.131.44.1
	141.131.45.254
	141.131.45.255
	255.255.254.0

	School of Engineering
	406+104
	141.131.46.0/23
	141.131.46.1
	141.131.47.254
	141.131.47.255
	255.255.254.0

	Network 1
	2
	141.131.48.0/30
	141.131.48.1
	141.131.48.2
	141.131.48.3
	255.255.255.252

	Network 2
	2
	141.131.48.4/30
	141.131.48.5
	141.131.48.6
	141.131.48.7
	255.255.255.252


2.2 School of Automotive Engineering

	Name
	First Host
	Last host
	No. of hosts 

	Staff
	141.131.40.1
	141.131.40.25
	25

	Lab 101
	141.131.40.26
	141.131.40.65
	40

	Lab 102
	141.131.40.66
	141.131.40.90
	25

	Lab 103
	141.131.40.91
	141.131.40.125
	35

	Lab 205
	141.131.40.126
	141.131.40.165
	40

	Lab 206
	141.13140.166
	141.131.40.213
	48

	CAD lab 
	141.131.40.214
	141.131.40.233
	20

	Lab 301 
	141.131.40.234
	141.131.41.28
	50


2.3 IPv6 Addressing scheme for the 6 servers located in the University 

	Name server
	IPv6

	DNS
	fc00::/1

	Email
	fc00::/2

	Registry
	fc00::/3

	Print Server
	fc00::/4

	File Server
	fc00::/5

	Finance
	fc00::/6

	MP
	2002::
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