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DefinitionsDefinitions

wwAllocation and AssignmentAllocation and Assignment
wwAllocationAllocation
wwA block of address space held by an IR forA block of address space held by an IR for

subsequent allocation or assignmentsubsequent allocation or assignment

wwAssignmentAssignment
wwA block of address space used to address anA block of address space used to address an

operational networkoperational network

wwMay be provided to LIR customers, or used for anMay be provided to LIR customers, or used for an
LIR’s infrastructure (“self-assignment”)LIR’s infrastructure (“self-assignment”)
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DefinitionsDefinitions

wwAddressingAddressing

wwNon portable - ‘Provider Aggregatable’ (PA)Non portable - ‘Provider Aggregatable’ (PA)
wwCustomer uses members’ address spaceCustomer uses members’ address space

wwCustomer has to renumber if changing ISPCustomer has to renumber if changing ISP

wwOnly way to effectively Only way to effectively scalescale the Internet the Internet

wwPortable - ‘Provider Independent’ (PI)Portable - ‘Provider Independent’ (PI)
wwCustomer gets addresses independent from ISPCustomer gets addresses independent from ISP

wwCustomer keeps addresses when changing ISPCustomer keeps addresses when changing ISP

wwBad for size of routing tablesBad for size of routing tables

wwCustomer may be filtered, flap dampened...Customer may be filtered, flap dampened...
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Principles of AddressingPrinciples of Addressing

wwSeparate customer & infrastructureSeparate customer & infrastructure
address poolsaddress pools

wwManageabilityManageability
wwDifferent personnel manage infrastructure andDifferent personnel manage infrastructure and

assignments to customersassignments to customers

wwScalabilityScalability
wwEasier renumbering - customers are difficult,Easier renumbering - customers are difficult,

infrastructure is easyinfrastructure is easy
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Principles of AddressingPrinciples of Addressing

wwRouting protocolsRouting protocols
wwUse an IGP (OSPF, ISIS, EIGRP) for:Use an IGP (OSPF, ISIS, EIGRP) for:
wwCarrying network infrastructure addresses used byCarrying network infrastructure addresses used by

dynamic routing protocolsdynamic routing protocols

wwExamplesExamples
wwPoint to point addresses of backbone connectionsPoint to point addresses of backbone connections

wwRouter Loopback addressesRouter Loopback addresses

wwMinimiseMinimise what is carried in IGP for efficiency what is carried in IGP for efficiency
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Principles of AddressingPrinciples of Addressing

wwIBGPIBGP
wwCarry all other network prefixes in iBGPCarry all other network prefixes in iBGP

wwExamplesExamples
wwCustomer networksCustomer networks

wwRAS server address poolsRAS server address pools

wwVirtual web and content hostingVirtual web and content hosting

wwMail, DNS serversMail, DNS servers

wwIBGP can carry 100,000k prefixesIBGP can carry 100,000k prefixes
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Management - Simple NetworkManagement - Simple Network

wwFirst allocation from APNICFirst allocation from APNIC
wwInfrastructure is known, customers are notInfrastructure is known, customers are not

ww20% free is trigger for next request20% free is trigger for next request

wwGrow usage of blocks from edgesGrow usage of blocks from edges

wwAssign customers sequentiallyAssign customers sequentially

     20+%Customers/static Infrastructure   
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Management - Simple NetworkManagement - Simple Network

wwIf second allocation is contiguousIf second allocation is contiguous

wwReverse order of division of first blockReverse order of division of first block

wwMaximiseMaximise contiguous space for infrastructure contiguous space for infrastructure
wwEasier for debuggingEasier for debugging

wwCustomer networks can be discontiguousCustomer networks can be discontiguous

                     Customers Infrastructure     20%Infrastructure Customers

1st allocation 2nd allocation
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Management - Many Management - Many POPsPOPs

wwWAN link to transit ISPWAN link to transit ISP

Server

POP1

POP2
POP3
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wwPOP sizesPOP sizes
wwChoose address pool for each POP accordingChoose address pool for each POP according
to needto need

wwLoopback Loopback addressesaddresses
wwKeep together in one blockKeep together in one block

wwAssists in fault-resolutionAssists in fault-resolution

wwCustomer addressesCustomer addresses
wwAssign sequentiallyAssign sequentially

Management - Many Management - Many POPsPOPs

     Infrastructure

POP 1 POP2

loopbacks

Customer
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Management - Many Management - Many POPsPOPs

ww/19 minimum allocation is not enough for all/19 minimum allocation is not enough for all
your your POPsPOPs??
wwDeploy addresses on infrastructure firstDeploy addresses on infrastructure first

wwCommon mistakeCommon mistake
wwReserving customer addresses on a per POPReserving customer addresses on a per POP
basisbasis

wwDo not constrain network plans due to lackDo not constrain network plans due to lack
of address spaceof address space
wwRe-apply once address space has been usedRe-apply once address space has been used
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Management - Multiple ExitsManagement - Multiple Exits

wwWAN links to transit ISPWAN links to transit ISP

Server

POP1

POP2
POP3
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Management - Multiple ExitsManagement - Multiple Exits

wwCreate a ‘national’ infrastructure poolCreate a ‘national’ infrastructure pool

wwCarry in IGPCarry in IGP
wwEgEg. . loopbacksloopbacks, p2p links, infrastructure connecting, p2p links, infrastructure connecting

routers and hosts which are multiply connectedrouters and hosts which are multiply connected

wwOn a per POP basisOn a per POP basis
wwConsider separate memberships if requirement forConsider separate memberships if requirement for

each POP is very large from day one.each POP is very large from day one.

National 
Infrastructure

POP1 POP2 POP3
 20% 
free  
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Addressing PlanAddressing Plan

wwTo complete documentationTo complete documentation

wwFirst need a technical First need a technical PLANPLAN
wwDocumenting the architecture of the present andDocumenting the architecture of the present and

eventual goaleventual goal

wwIP addressing is fundamental part of  networkIP addressing is fundamental part of  network
designdesign

wwIP addressing ‘planning’ example to follow..IP addressing ‘planning’ example to follow..

A S I A   P A C I F I C   N E T W O R K    I N F O R M A T I O N   C E N T R E

Addressing PlanAddressing Plan

wwIdentify components of networkIdentify components of network
wwCustomer servicesCustomer services

wwISP internal infrastructureISP internal infrastructure

wwIdentify phases of deploymentIdentify phases of deployment
wwStarting off, 6 months, 12 monthsStarting off, 6 months, 12 months

wwIdentify equipment and topology changesIdentify equipment and topology changes
wwNeed for redundancyNeed for redundancy

wwNeed for increased scaleNeed for increased scale
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Network PlanNetwork Plan

wwStarting offStarting off
’ 

Leased line servicesLeased line services
 5-8 customers 5-8 customers

Dialup servicesDialup services
16 modems16 modems

Interconnected resilienceInterconnected resilience

UpstreamUpstream
ISPISP

15 hosts15 hosts
NOCNOC

operationsoperations

10 hosts10 hosts
Internal DNS,WebInternal DNS,Web

Mail serversMail servers

ISP InfrastructureISP Infrastructure

Customer servicesCustomer services   5 hosts5 hosts
Virtual web Virtual web 
  (http1.1)  (http1.1)
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Network PlanNetwork Plan

WAN point to point /30WAN point to point /30

5 hosts5 hosts

15 hosts15 hosts

10 hosts10 hosts

UpstreamUpstream
ISPISP

16 dialup16 dialup
modemsmodems

5-8 leased line5-8 leased line
customerscustomers

‘‘ipip unnumbered’ unnumbered’
to customersto customers

 one one loopback loopback interface per interface per 
  assigned router /32  assigned router /32 

‘‘ipip unnumbered’ unnumbered’
to to upstream ISPupstream ISP
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Addressing PlanAddressing Plan

ww

network-plan: network-plan: 
network-plan:network-plan:
network-plan:network-plan:

analogue dialup modems, vendor ‘x’analogue dialup modems, vendor ‘x’
LAN -web hosting (http1.1)LAN -web hosting (http1.1)
5-8 leased line customers (/28)5-8 leased line customers (/28)

network-plan:network-plan:
network-plan: network-plan: 
network-plan: network-plan: 
network-plan:network-plan:
network-plannetwork-plan::

LAN -NOC and Ops managementLAN -NOC and Ops management
LAN -mail,DNS, web servers internalLAN -mail,DNS, web servers internal
loopbackloopback router interfaces router interfaces
router WAN portsrouter WAN ports
router WAN ports (x 5 lines)router WAN ports (x 5 lines)

Initial addressing planInitial addressing plan

1616
  5  5
128128
1515
1010
 4 4
 2 2
 2 2

-numbers of host addresses (interfaces)-numbers of host addresses (interfaces)
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Network PlanNetwork Plan

ww6 months later6 months later
wwscale increasedscale increased

wwredundancyredundancy

60 dialup60 dialup
modems (2PRI)modems (2PRI)

30 leased line30 leased line
customerscustomers

11 hosts-11 hosts-
http1.1http1.1

8 hosts-8 hosts-
2ndary2ndary
ServersServers

25 hosts-25 hosts-
NOCNOC

16 hosts-16 hosts-
ServersServers

60 dialup60 dialup
modems (2PRI)modems (2PRI)

UpstreamUpstream
ISPISP

addedadded new  new router androuter and  
LAN for redundancyLAN for redundancy

added newadded new dial up dial up
 equipment equipment

replaced originalreplaced original
modemmodem

increased number ofincreased number of
leased line customersleased line customers

increased number of increased number of 
hosts on all LANshosts on all LANs
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Addressing PlanAddressing Plan

ww

network-plan: network-plan: 
network-plan:network-plan:
network-plan:network-plan:

2 PRI dialup modems, vendor ‘y’2 PRI dialup modems, vendor ‘y’
LAN -web hosting (http1.1)LAN -web hosting (http1.1)
30  leased line customers (pool)30  leased line customers (pool)

16/16/
5/5/
128/128/
15/15/
10/10/
4/4/
2/2/
2/2/

network-plan:network-plan:
network-plan:network-plan:
network-plan:network-plan:  
network-plan: network-plan: 
network-plannetwork-plan::

LAN -NOC and Ops managementLAN -NOC and Ops management
LAN -mail,DNS, web servers internalLAN -mail,DNS, web servers internal
loopbackloopback router interfaces router interfaces
router WAN portsrouter WAN ports
router WAN ports (x 8 lines)router WAN ports (x 8 lines)

Network plan at 6 monthsNetwork plan at 6 months

6060
1111
512512
2525
1616
66
22
22

-increases in hosts (interfaces)-increases in hosts (interfaces)

New hardwareNew hardware

2 PRI dialup modems2 PRI dialup modems
LAN-secondary serversLAN-secondary servers

network-plan:network-plan:
network-plan:network-plan:

0/0/
0/0/

6060
88

Changed descriptionChanged description
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Network PlanNetwork Plan

ww12 months total12 months total
wwsite redundancysite redundancy

wwgreater complexitygreater complexity

wwefficiencyefficiency
60 leased line60 leased line

customerscustomers
ipip unnumbered unnumbered

11 hosts11 hosts

8 hosts8 hosts

35 host35 host

240 dialup240 dialup
modems (8PRI)modems (8PRI)

UpstreamUpstream
ISP AISP A

240 dialup240 dialup
modems (8PRI)modems (8PRI)

40 hosts40 hosts

UpstreamUpstream
ISP BISP B

added new added new 
customer routercustomer router

redundancy of redundancy of WANWAN  connectionsconnections
now numbered links for BGP4now numbered links for BGP4

two pieces of two pieces of 
essential equipmentessential equipment
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Addressing PlanAddressing Plan

ww

network-plan: network-plan: 
network-plan:network-plan:
network-plan:network-plan:
network-plan:network-plan:

8 PRI dialup modems, vendor x8 PRI dialup modems, vendor x
8 PRI dialup modems, vendor y8 PRI dialup modems, vendor y
LAN -web hosting (http1.1)LAN -web hosting (http1.1)
60 leased line customers (pool)60 leased line customers (pool)

16/60/16/60/
0/60/0/60/
5/11/5/11/
128/512/128/512/
15/25/15/25/
10/16/10/16/
0/8/0/8/
2/2/2/2/
2/2/2/2/
4/64/6

network-plan:network-plan:
network-plan:network-plan:  
network-plan: network-plan: 
network-plan:network-plan:
network-plan:network-plan:
network-plan:network-plan:

LAN -NOC and Ops managementLAN -NOC and Ops management
LAN -mail,DNS, web servers internalLAN -mail,DNS, web servers internal
LAN-secondary serversLAN-secondary servers
router WAN portsrouter WAN ports
router WAN ports (x 8 lines)router WAN ports (x 8 lines)
loopbackloopback router interfaces router interfaces

Network plan at 12 monthsNetwork plan at 12 months

240240
240240
1111
10241024
4040
3535
88
22
22
1212

-increases in hosts (interfaces)-increases in hosts (interfaces)
-one year total-one year total
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Addressing PlanAddressing Plan

ww

network-plan: network-plan: 
network-plan:network-plan:
network-plan:network-plan:
network-plan:network-plan:

8 PRI dialup modems, vendor x8 PRI dialup modems, vendor x
8 PRI dialup modems, vendor y8 PRI dialup modems, vendor y
LAN -web hosting (http1.1)LAN -web hosting (http1.1)
60 leased line customers (pool)60 leased line customers (pool)

16/60/16/60/240240
0/60/0/60/240240
5/11/5/11/1111
128/512/128/512/10241024
15/25/15/25/4040
10/16/10/16/3535
 0/8/ 0/8/88
 2/2/ 2/2/22
 2/2/ 2/2/22
 4/6/ 4/6/1212

network-plan:network-plan:
network-plan:network-plan:  
network-plan: network-plan: 
network-plan:network-plan:
network-plan:network-plan:
network-plan:network-plan:

LAN -NOC and Ops managementLAN -NOC and Ops management
LAN -mail,DNS, web servers internalLAN -mail,DNS, web servers internal
LAN-secondary serversLAN-secondary servers
router WAN portsrouter WAN ports
router WAN ports (x 8 lines)router WAN ports (x 8 lines)
loopbackloopback router interfaces router interfaces

256256
256256
1616
10241024
6464
6464
88
44
44
1616

Can now determine subnet sizesCan now determine subnet sizes
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Addressing PlanAddressing Plan

wwAddressing plan for network-planAddressing plan for network-plan
wwdetermination of relative subnet addressesdetermination of relative subnet addresses

ww re-ordered re-ordered large to smalllarge to small according to relative subnet size according to relative subnet size

network-plan:     network-plan:     0.0.0.00.0.0.0 10241024 128128/512/1024     /512/1024     60 leased line customers (pool)60 leased line customers (pool)

network-plan:network-plan: 0.0.4.00.0.4.0 256256 16/60/24016/60/240         8 PRI dial up modems, vendor x        8 PRI dial up modems, vendor x

network-plan:network-plan: 0.0.5.00.0.5.0 256256 0/60/2400/60/240         8 PRI dial up modems, vendor y        8 PRI dial up modems, vendor y

network-plan:network-plan: 0.0.6.00.0.6.0 6464 10/16/3510/16/35         LAN -mail,DNS, web internal        LAN -mail,DNS, web internal

network-plan:network-plan: 0.0.6.640.0.6.64 6464 15/25/4015/25/40         LAN -NOC and Ops management        LAN -NOC and Ops management

network-plan:network-plan: 0.0.6.1280.0.6.128 1616 5/11/115/11/11         LAN -web hosting (http1.1)        LAN -web hosting (http1.1)

network-plan:network-plan: 0.0.6.1440.0.6.144 1616 0/8/80/8/8         LAN -secondary servers        LAN -secondary servers

network-plan:network-plan: 0.0.6.1600.0.6.160 1616 4/6/124/6/12         loopback        loopback router interfaces router interfaces

network-plan:network-plan: 0.0.6.1760.0.6.176 44 2/2/22/2/2         router WAN ports (x8)        router WAN ports (x8)

wwcumulative total 0.0.6.208cumulative total 0.0.6.208
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Addressing PlanAddressing Plan

wwAddressing plan for network-planAddressing plan for network-plan
wwdetermination of subnet masksdetermination of subnet masks

network-plan:    0.0.0.0network-plan:    0.0.0.0 255.255.252.0255.255.252.0      1024      1024  128/512/1024  128/512/1024  60 leased line customers60 leased line customers

network-plan:network-plan: 0.0.4.00.0.4.0 255.255.255.0255.255.255.0  256 256 16/60/24016/60/240 8 PRI dial up modems, vendor x8 PRI dial up modems, vendor x

network-plan:network-plan: 0.0.5.00.0.5.0 255.255.255.0255.255.255.0 256 256 0/60/2400/60/240 8 PRI dial up modems, vendor y8 PRI dial up modems, vendor y

network-plan:network-plan: 0.0.6.00.0.6.0 255.255.255.192255.255.255.192 6464 10/16/3510/16/35  LAN -mail,DNS, web internal LAN -mail,DNS, web internal

network-plan:network-plan: 0.0.6.640.0.6.64 255.255.255.192255.255.255.192 6464 15/25/4015/25/40  LAN -NOC & Ops management LAN -NOC & Ops management

network-plan:network-plan: 0.0.6.1280.0.6.128 255.255.255.240255.255.255.240 1616 5/11/115/11/11  LAN -web hosting (http1.1) LAN -web hosting (http1.1)

network-plan:network-plan: 0.0.6.1440.0.6.144 255.255.255.240255.255.255.240  1616 0/8/80/8/8  LAN -secondary servers LAN -secondary servers

network-plan:network-plan: 0.0.6.1600.0.6.160 255.255.255.240255.255.255.240 1616 4/6/124/6/12  loopback loopback router interfaces router interfaces

network-plan:network-plan: 0.0.6.1760.0.6.176 255.255.255.252255.255.255.252 44 2/2/22/2/2  router WAN ports (x 8 ) router WAN ports (x 8 )
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Addressing PlanAddressing Plan

ww  Addressing plan for network-planAddressing plan for network-plan
ww     connect to the Internet (full-time, part-time)?connect to the Internet (full-time, part-time)?

network-plan:   0.0.0.0network-plan:   0.0.0.0 255.255.252.0      255.255.252.0      YESYES   1024   1024    128/512/1024   60 128/512/1024   60 leased customersleased customers

network-plan:network-plan: 0.0.4.00.0.4.0 255.255.255.0 255.255.255.0 PARTPART  256   256 16/60/24016/60/240  8 PRI dial up modems..  8 PRI dial up modems..

network-plan:network-plan: 0.0.5.00.0.5.0 255.255.255.0255.255.255.0 PARTPART  256   256 0/60/2400/60/240   8 PRI dial up modems..  8 PRI dial up modems..

network-plan:network-plan: 0.0.6.00.0.6.0 255.255.255.192255.255.255.192 YESYES    64    64 10/16/3510/16/35  LAN -mail,DNS, web internal LAN -mail,DNS, web internal

network-plan:network-plan: 0.0.6.640.0.6.64 255.255.255.192255.255.255.192 YESYES    64    64 15/25/4015/25/40  LAN -NOC & Ops management LAN -NOC & Ops management

network-plan:network-plan: 0.0.6.1280.0.6.128 255.255.255.240255.255.255.240 YESYES    16    16 5/11/115/11/11  LAN -web hosting (http1.1) LAN -web hosting (http1.1)

network-plan:network-plan: 0.0.6.1440.0.6.144 255.255.255.240 255.255.255.240 YESYES    16      0/8/8    16      0/8/8  LAN -secondary servers LAN -secondary servers

network-plan:network-plan: 0.0.6.1600.0.6.160 255.255.255.240255.255.255.240 YESYES    16      4/6/12    16      4/6/12  loopback loopback router interfaces router interfaces

network-plan:network-plan: 0.0.6.1760.0.6.176 255.255.255.252255.255.255.252 YESYES    4    4 2/2/22/2/2  router WAN ports (x 8 ) router WAN ports (x 8 )
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wwAddressing plan completeAddressing plan complete
ww total planned for customer assignments /22total planned for customer assignments /22

ww total planned for ISP infrastructure /24 + /23total planned for ISP infrastructure /24 + /23

network-plan:    network-plan:    0.0.0.00.0.0.0 255.255.252.0      255.255.252.0      YES YES     10241024    128/512/1024     60 128/512/1024     60 leased line customersleased line customers

network-plan:network-plan: 0.0.4.00.0.4.0 255.255.255.0 255.255.255.0 PART PART 256 256 16/60/24016/60/240 8 PRI dial up modems..8 PRI dial up modems..

network-plan:network-plan: 0.0.5.00.0.5.0 255.255.255.0255.255.255.0 PART PART   256 256 0/60/2400/60/240 8 PRI dial up modems..8 PRI dial up modems..

network-plan:network-plan: 0.0.6.00.0.6.0 255.255.255.192255.255.255.192 YESYES        6464 10/16/3510/16/35 LAN -mail,DNS, web internalLAN -mail,DNS, web internal

network-plan:network-plan: 0.0.6.640.0.6.64 255.255.255.192255.255.255.192 YESYES        6464 15/25/4015/25/40   LAN -NOC & Ops managementLAN -NOC & Ops management

network-plan:network-plan: 0.0.6.1280.0.6.128 255.255.255.240255.255.255.240 YESYES        1616 5/11/115/11/11   LAN -web hosting (http1.1)LAN -web hosting (http1.1)

network-plan:network-plan: 0.0.6.1440.0.6.144 255.255.255.240 255.255.255.240 YES    YES    16      16      0/8/80/8/8 LAN -secondary serversLAN -secondary servers

network-plan:network-plan: 0.0.6.1600.0.6.160 255.255.255.240255.255.255.240 YES    YES    16      16      4/6/124/6/12 loopbackloopback router interfaces router interfaces

network-plan:network-plan: 0.0.6.1760.0.6.176 255.255.255.252255.255.255.252 YES    YES      4  4 2/2/22/2/2 router WAN ports (x 8 lines )router WAN ports (x 8 lines )

wwdetailed,detailed,  efficientefficient and  and accurateaccurate

Addressing PlanAddressing Plan
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Where To Get IP AddressesWhere To Get IP Addresses

wwAPNICAPNIC
wwhttp://www.http://www.apnicapnic.net.net

wwARINARIN
wwhttp://www.http://www.arinarin.net.net

wwRIPE NCCRIPE NCC
wwhttp://www.ripe.nethttp://www.ripe.net

wwMembership requiredMembership required

wwFees are charged for services by all Fees are charged for services by all RIRsRIRs
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Policy ReferencesPolicy References

wwAPNICAPNIC
wwhttp://www.http://www.apnicapnic.net/.net/docsdocs/add-manage-policy.html/add-manage-policy.html

wwARINARIN
wwhttp://www.http://www.arinarin.net/.net/regservregserv/IPv4services./IPv4services.htmhtm

wwRIPE NCCRIPE NCC
wwhttp://www.ripe.net/ripe/http://www.ripe.net/ripe/docsdocs/ripe-185.html/ripe-185.html

wwRFC2050: RFC2050: RIR Allocation GuidelinesRIR Allocation Guidelines
wwhttp://ftp.http://ftp.apnicapnic.net/.net/ietfietf//rfcrfc/rfc2000/rfc2050./rfc2000/rfc2050.txttxt
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Recommended ReadingRecommended Reading

wwClassless techniquesClassless techniques
wwCIDRCIDR
wwhttp://ftp.http://ftp.apnicapnic.net/.net/ietfietf//rfcrfc/rfc1000/rfc1517-19./rfc1000/rfc1517-19.txttxt

wwNetwork Addressing when using CIDRNetwork Addressing when using CIDR
ftp://ftp.ftp://ftp.uninettuninett.no/pub/.no/pub/miscmisc//eidneseidnes--cidrcidr..psps.Z.Z

wwVariable Length Subnet TableVariable Length Subnet Table
http://ftp.http://ftp.apnicapnic.net/.net/ietfietf//rfcrfc/rfc1000/rfc1878./rfc1000/rfc1878.txttxt

wwPrivate Address SpacePrivate Address Space
wwAddress Allocation for Private InternetsAddress Allocation for Private Internets
wwhttp://ftp.http://ftp.apnicapnic.net/.net/ietfietf//rfcrfc/rfc1000/rfc1918./rfc1000/rfc1918.txttxt

wwCounter argument: Counter argument: Unique addresses are goodUnique addresses are good
wwhttp://ftp.http://ftp.apnicapnic.net/.net/ietfietf//rfcrfc/rfc1000/rfc1817./rfc1000/rfc1817.txttxt
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Questions?Questions?


