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[bookmark: _Toc39608939]Part 1 : The research report of IPv6 benefits and deployment issues 


Abstract
The Internet Protocol Version 6 denotes to the coming version of Internet Protocol version 4 that is presently in the transition stage for its forerunner – IPv4. Keeping at bay the discussion about the requirement of shifting from IPv4 to IPv6 which derived from the depletion of IPv4 public IP addresses, the central point for this research paper concerns different types of IPv6 addresses. We further discuss the state of the IPv6 usage, managerial aspects and the transition from the IPv4 to IPv6 concepts. 
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[bookmark: _Toc39608940]Introduction
The internet can be defined as the interlinking of networks. Networks consists of thousands of billions of equipment which consist of mobile phones, routers, switches, personal computers, and very many other computer objects or the intermediary nodes. The increasing number of the internet enabled objects has come to a scale such that the present network infrastructure cannot support the home activities. However, some of the household devices for example smart phones and personal computers need an IP address for the them to get connected and operate as expected. 
[bookmark: _Toc39608941]Need for IPv6
The IPv6 use address space which is by far bigger than can be consumed by computer devices in the near future. This is one of the primary reasons for emergent of IPv6. Whereas IPv4 uses the 32-bit address. This can be used to allocate a total of 4,294,967,296 discrete IP addresses[1]. In the present IT world, 2.7 billion humans are linked to the internet and there are more than 10b internet-based computing objects in the entire world. These statistics give us a clear explanation as to why IPv4 has run out of spaces. If it were not for some of the technical solutions such as Network Address Translation and Dynamic Host configuration which help network users share a public IP address so as they connect to internet from the inside domain, we would have come to an end of IPv4 addresses very many years ago. However, the IPv4 routing has been challenging on daily basis. The IPv6 makes use of 128-bit address space. This can host up to 34*1037 IP addresses. Hence, reasonable to note that IPv6 address space is enough to support the need for IP addresses for now and the future. This is the core driver pushing the drift from IPv4 to IPv6.
[bookmark: _Toc39608942]Technical Background
IPv6 does not only provide lumpsum number of IP addresses which allows more objects to be identified uniquely on the internet, IPv6 also has a number distinctiveness when it comes to the underlying transmission and packet layout. The figure below outlines the difference between IPv4 header and IPv6 headers. 
[image: ][image: ]
[bookmark: _Toc39608943]IPv6 Address Format
Whereas IPv4 addresses makes us of the dotted-decimal, in which every byte has a range of 0 to 255, the IPv6 addresses deploy 8 groups 4 hexadecimal addresses which are separated by full colons. This is denoted as dddd:dddd:dddd:dddd:dddd:dddd:dddd:dddd (d is the hexadecimal value from A to F). such a notation is termed as string notation. These hexadecimals can be written in upper-case or lower-case for numbers. A leading 0 in the set of numbers can be removed.  For instance, we allowed to enter 0014 or 14 in a field of the 8 fields – both options are correct.
In case there are successive field of 0s the IPv6 address, the 0s can be represent as two colons (::). For instance 0:0:0:0:0:0:0:8 can be denoted as ::8; and ACB:765:0:0:7777:6666:2222:0 can be denoted as  ACB:765::7777:6666:2222:0. Note that this can be done only once an IPv6 address.  An IPv6 address written as ACB:765::7777:6666::00 is invalid because :: appears twice or more than once in the address. The good motive for this is if we had more than one recurrences, it will be a challenge to know the number of sets of 0s which are omitted in each part[2]. An address which is not specified is written as ::, because it has all the 0s. 
[bookmark: _Toc39608944]Types of IPv6 Addresses
i. [bookmark: _Toc39608945]Anycast address –anycast address is used to identify one or more host interfaces. It should be noted that we are not mentioning the term device since a device can have in excess of one interface. Fundamentally, the anycast address is a hybrid type of the unicast and multicast addresses. 
ii. [bookmark: _Toc39608946]Multicast – this represents a set of interfaces which have an interest in seeing similar traffic. Th first eight bits are switched of, for instance, they are switched to FF. The subsequent four bits forms the lifetime of address. The 0 is set to permanent whereas 1 is short term. The 1 is for an interface, 2 is for a connection, 5 is for a site and an 8 is for an organization. The E is global to indicate internet. 
iii. [bookmark: _Toc39608947]Unicast – the below are types of unicast IPv6 addresses. 
a. [bookmark: _Toc39608948]Global Unicast Address – these types of IPv6 addresses are alike to the public IPv4 addresses. These type of IPv6 addresses are reachable and routable on IPv6 internet. The Global Unicast addresses are developed to be summarized or aggregated for a well-organized routing set-up. Dissimilarto the present IPv4-based Internet, that is a combination of hierarchical and flat routing, IPv6-based Internet has been developed from its basis support resourceful, routing and tiered addressing. IPv6 global address scope defines addresses which are not loopback, multicast, link-local unicast and unspecified addresses. 
b. [bookmark: _Toc39608949]Local-Use Unicast Addresses – the local-use addresses don’t have the global space. These kind of IPv6 addresses can be reprocessed. Two kinds of local-use unicast addresses are:
i. Link-Local Addresses – these addresses are deployed among on-link neighboring interfaces and neighbor discovery procedures. These types of addresses exhibit a limited scope and how far they go. Routers processes the packets for local links but does not forward them to the nearby host. The link local addresses are mostly used by networking equipment to acquire the unicast site-local and the global addressing which are identified by the first ten bits which are set to 1111 1110 10 and subsequent fifty-four bits are set to zero. These addresses are deployed by the interfaces when in communication with the neighbor interfaces on same connection.  These addresses go through FE8:: through FEB::
ii. Site-Local Addresses – used among nodes which are in communication with other nodes in the same organization.They go through FEC:: via FFF::. This kind of addresses are used to represent a given company, organization or site. They can be used with a business enterprise without wasting public IP addresses.  
c. [bookmark: _Toc39608950]Unspecified address – represented as (:: or 0:0:0:0:0:0:0:0) is deployed to show  thatthere is no address. This corresponds to IPv4 address of 0.0.0.0. This unspecified address is characteristically deployed as the beginning address when the exclusive address hasn’t been specified. This address is not assigned to any node address nor used as the end address. 
d. [bookmark: _Toc39608951]Loopback address – it takes the form of 0:0:0:0:0:0:0:1 or ::1. It is normally assigned to the loopback interfaces enables the node to send network packets to itself. This is equivalent to IPv4 loop address of 127.0.0.1. any packet addressed to this address should not set out to a link nor forwarded by any IPv6 router[3]. 
e. [bookmark: _Toc39608952]Transition Address – this address is deployed to assist in transition from IPv4 address to IPv6 address. It allows synchronicity of IPv4 and IPv6 hosts. Under this, the below addresses are defined;
i. IPv4-Compatible address – the IPv4-compatible address is represented  0:0:0:0:0:0:a.b.c.d or ::a.b.c.d. where a.b.c.d is the dotted decimal illustration of the IPv4 public address. This kind of address is deployed by the IPv6/IPv4 interfaces which are in communication with IPv6 over an IPv4 IT infrastructure which deploys public IPv4 addresses like the Internet. 
ii. IPv4-mapped address – this address take the form of 0:0:0:0:0:FFFF:a.b.c.d or ::FFF:a.b.c.d. the address is used in representation of IPv4 address as a 128-bit address.
iii. 6 to 4 address – this address takes the form of 2002:aabb:cc:dd:Subnet ID:Interface ID, where the aabb:ccdd is a colon hexadecimal representation of the a.b.c.d address. This address is assigned to a node for 6to4 IPv6 transition technology. 
iv. ISATAP address – this is the type of 64-bit prefix:0:5EFE:a.b.c.d where the a.b.c.d is the private IPv4 address. This address is assigned to an interface for the ISATAP IPv6 address transition technology[3]. 
v. Teredo address – this is a public address which is represented by prefix of 2001::/32 and is usually allocated to the interface for the Teredo IPv6 transition technology. yonder the initial 32 bits, the Teredoare deployed to encrypt to the IPv4 address of the Teredo flags, server and the concealed version of the Teredo client’s UDP port number and external address.
[bookmark: _Toc39608953]Conclusion
Conclusively, with increased number of computer devices which need to access the internet, especially with the emergent of IoT, IPv4 cannot handle the billions of objects which have to connect to the internet[3]. This is the best time for the IPv6 to takeover. This is because the IPv6 has the capability to handle the millions of computing devices. 
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                   Part 2 : IP addressing scheme 

                                   


We assume that we have been allocated an IPv4 address of 172.16.202.8/22 and the table below shows number of hosts per department/VLAN

	Department 
	Number of hosts

	AppliedComputing staff
	20

	lab301
	60

	Lab302
	30

	Lab303
	36

	Lab 304
	45

	Lab306
	40

	Lab308
	140

	Lab309
	50

	Lab310
	18

	Automotive EngineeringStaff
	25

	lab101
	40

	Lab102
	25

	Lab103
	35

	Lab205
	40

	Lab206
	48

	CAD
	20

	Lab301
	50

	School of Engineering: staff
	18

	lab201
	20

	Lab202
	80

	Lab203
	65

	Lab205
	25

	Lab404
	45

	Lab408
	28

	Lab409
	80

	Lab410
	45

	Test centre
	22

	Open Access lab
	250

	Servers
	6

	MP and ISP Link
	2


Then IP addressing scheme to support school of computing will be as below;
	LabName/Number
	Network Address
	First IP address
	Last IP address
	Broadcast
	Mask

	Open Access lab
	172.16.0.0
	172.16.0.1 
	 172.16.0.254
	172.16.0.255
	255.255.255.0

	Lab308
	172.16.1.0
	172.16.1.1 
	 172.16.1.254
	172.16.1.255
	255.255.255.0

	Lab202
	172.16.2.0
	172.16.2.1 
	 172.16.2.126
	172.16.2.127
	255.255.255.128

	Lab409
	172.16.2.128
	172.16.2.129 
	 172.16.2.254
	172.16.2.255
	255.255.255.128

	Lab203
	172.16.3.0
	172.16.3.1 
	 172.16.3.126
	172.16.3.127
	255.255.255.128

	lab301
	172.16.3.128
	172.16.3.129 
	 172.16.3.190
	172.16.3.191
	255.255.255.192

	Lab309
	172.16.3.192
	172.16.3.193 
	 172.16.3.254
	172.16.3.255
	255.255.255.192

	Lab301
	172.16.4.0
	172.16.4.1 
	 172.16.4.62
	172.16.4.63
	255.255.255.192

	Lab206
	172.16.4.64
	172.16.4.65 
	 172.16.4.126
	172.16.4.127
	255.255.255.192

	Lab 304
	172.16.4.128
	172.16.4.129 
	 172.16.4.190
	172.16.4.191
	255.255.255.192

	Lab404
	172.16.4.192
	172.16.4.193 
	 172.16.4.254
	172.16.4.255
	255.255.255.192

	Lab410
	172.16.5.0
	172.16.5.1 
	 172.16.5.62
	172.16.5.63
	255.255.255.192

	Lab306
	172.16.5.64
	172.16.5.65 
	 172.16.5.126
	172.16.5.127
	255.255.255.192

	lab101
	172.16.5.128
	172.16.5.129 
	 172.16.5.190
	172.16.5.191
	255.255.255.192

	Lab205
	172.16.5.192
	172.16.5.193 
	 172.16.5.254
	172.16.5.255
	255.255.255.192

	Lab303
	172.16.6.0
	172.16.6.1 
	 172.16.6.62
	172.16.6.63
	255.255.255.192

	Lab103
	172.16.6.64
	172.16.6.65 
	 172.16.6.126
	172.16.6.127
	255.255.255.192

	Lab302
	172.16.6.128
	172.16.6.129 
	 172.16.6.158
	172.16.6.159
	255.255.255.224

	Lab408
	172.16.6.160
	172.16.6.161 
	 172.16.6.190
	172.16.6.191
	255.255.255.224

	Automotive EngineeringStaff
	172.16.6.192
	172.16.6.193 
	 172.16.6.222
	172.16.6.223
	255.255.255.224

	Lab102
	172.16.6.224
	172.16.6.225 
	 172.16.6.254
	172.16.6.255
	255.255.255.224

	Lab205
	172.16.7.0
	172.16.7.1 
	 172.16.7.30
	172.16.7.31
	255.255.255.224

	Test centre
	172.16.7.32
	172.16.7.33 
	 172.16.7.62
	172.16.7.63
	255.255.255.224

	AppliedComputing staff
	172.16.7.64
	172.16.7.65 
	 172.16.7.94
	172.16.7.95
	255.255.255.224

	CAD lab
	172.16.7.96
	172.16.7.97 
	 172.16.7.126
	172.16.7.127
	255.255.255.224

	lab201
	172.16.7.128
	172.16.7.129 
	 172.16.7.158
	172.16.7.159
	255.255.255.224

	Lab310
	172.16.7.160
	172.16.7.161 
	 172.16.7.190
	172.16.7.191
	255.255.255.224

	School of Engineering: staff
	172.16.7.192
	172.16.7.193 
	 172.16.7.222
	172.16.7.223
	255.255.255.224

	Servers
	172.16.7.224
	172.16.7.225 
	 172.16.7.230
	172.16.7.231
	255.255.255.248

	MP and ISP Link
	172.16.7.232
	172.16.7.233 
	 172.16.7.234
	172.16.7.235
	255.255.255.252
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