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What is peering?What is peering?

• Interconnection of administratively 
separate networks for the purpose of 
exchanging traffic between the customers 
of each network

• Also known as Settlement-Free 
Interconnection (SFI)

• Nine networks can be defined as Tier 1 
(meaning that they can reach the entire 
internet through SFI)



Tier 1 NetworksTier 1 Networks

• Qwest (AS209)
• Verizon (AS701)
• Sprint (AS1239)
• AOL/ATDN (AS1668)
• NTT (AS2914)
• Level 3 (AS3356)
• Global Crossing (AS3549)
• Savvis (AS3561)
• AT&T (AS7018)



Tier 1 NetworksTier 1 Networks

• The concept of a Tier 1 network has 
been called a Marketing term by many

• Depending on the goals of the company, 
buying transit from a Tier 1 network may 
not be the best decision

• Tier 1 networks generally are not the 
source or destination of traffic



Tier 1 NetworksTier 1 Networks

• Goal : Increase peering as much as possible
– Tier 1 networks generally have very few peers, so 

by buying transit from one of these networks, there 
is a better chance that the source or destination of 
your traffic also pays one of them and would have a 
financial incentive to peer

– The drawback is that if a Tier 1 has congestion to or 
a network failure between another network that they 
peer with, there is no path of last resort and the 
traffic suffers



Tier 1 NetworksTier 1 Networks

• Goal : Ensure that traffic will reach destination
– Because by definition, a non-Tier 1 network must 

pay some other network to reach a portion of the 
internet, if a problem occurs with a direct 
connection, there is a backup path via another 
network

– Some Tier 2 networks are just as large as the 
smaller Tier 1 networks, they just don’t peer with 
one of the Tier 1s. 

– Because Tier 2 networks aren’t full peered, they 
generally have more peers, shorter as_paths and 
are therefore closer to many networks than Tier 1s



Private vs Public PeeringPrivate vs Public Peering

• Private Peering
– Each of two networks dedicates an interface 

for the exchange of traffic between only those 
two networks

– Also known as Private Network Interconnect 
(PNI)

• Public Peering
– Each network connects an interface to a 

shared switch fabric with the intent of 
exchanging traffic with multiple networks



Multi vs Bi-Lateral Public PeeringMulti vs Bi-Lateral Public Peering

• Multi-Lateral Peering Agreement (MPLA)
– One BGP session to a central server allows a 

network to get all the routes from all 
participating networks

• Bi-Lateral Peering Agreement
– A Network sets up individual BGP sessions to 

other networks that both sides agree to



Sample Bi-Lateral Peering AgreementSample Bi-Lateral Peering Agreement

• Both networks must operate a 24/7 NOC

• Neither network will point default route to the 
other

• Neither network will monitor the traffic of the 
other network

• Both networks will resolve faults on their 
networks in a timely manner and will report on 
these faults to the other network

• Neither network will be liable to the other for 
any loss or damages because of the peering



Peering vs Paid PeeringPeering vs Paid Peering

• Peering is commonly thought of as SFI
• Some networks have commoditized their 

set of customer routes and charge other 
networks that they don’t feel qualify for full 
SFI to be able to connect to their network 
and exchange traffic with their customers



North AmericaNorth America



Pre-SFIPre-SFI

• Before networks started exchanging traffic 
Settlement-Free, networks paid each other 
for the traffic that they exchanged, or they 
didn’t exchange traffic with each other

• Since early ISPs were Telcos, this model 
made sense to them



Commercial Internet Exchange (CIX)Commercial Internet Exchange (CIX)

• Established in 1991 by PSINet (now 
Cogent, CERFNet (now AT&T), and 
AlterNet (now Verizon)

• Goals
– Independent Interconnection point with no US 

Government involvement
– “No settlement” policy

• While many networks expect SFI today, this 
approach was controversial at the time



MAE-EastMAE-East

• Founded in 1992 by MFS (Now Verizon)
• Located in Washington DC
• Required purchase of local loop by MFS
• 10mb shared architecture
• Demand quickly exceeded supply
• Commercial exchange



MAE-WestMAE-West

• Founded in 1994 by MFS (now Verizon)
• Located in San Jose
• Required purchase of local loop by MFS
• Bridged to 10mb Ethernet
• Demand quickly exceeded supply
• Commercial exchange



Palo Alto Internet Exchange (PAIX)Palo Alto Internet Exchange (PAIX)

• Founded in 1994 by DEC
• Located in Palo Alto
• Vendor and carrier neutral
• Only original IX (pre-1995) in the US that 

is still relevant
• Expanded to all major US markets
• Commercial exchange now owned by 

Switch And Data



Equinix AshburnEquinix Ashburn

• Located in Ashburn, VA
• IX run by colocation provider
• Expanded to all major US markets
• Vendor and carrier neutral
• Largest Internet Exchange in the US
• Commercial exchange



Nap Of The Americas (NOTA)Nap Of The Americas (NOTA)

• Founded in 2001 by Terremark
• Located in Miami, FL
• Expanded to other locations, including 

international
• Vendor and carrier neutral
• Strategically important as a gateway to 

Latin America



Any2 LAAny2 LA

• Founded in 2005 by CRG West
• Located in Los Angeles (1 Wilshire)
• IX run by building owner
• 5th largest IX in the US despite being 

established only two years ago
• Commercial exchange (but cheap)
• Benefited by density of networks in 

building



North American IX Traffic LevelsNorth American IX Traffic Levels
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Largest NA peering locationsLargest NA peering locations



Major NA peering locationsMajor NA peering locations



International cable landingsInternational cable landings



Current state of peeringCurrent state of peering

• In the mid-90s, US IXs did not keep up 
architecturally with the traffic demands 
placed upon them

• IXs got the reputation of being congested 
and unreliable

• Large carriers started peering over PNIs in 
carrier neutral colocation facilities

• Many networks market the fact that they 
peer privately as selling points



Current state of peeringCurrent state of peering

• Due to the high costs of joining 
commercial IXs and the mergers and 
acquisitions that caused few networks to 
have significant amounts of traffic, most 
networks prefer PNIs

• IXs in the US will not grow significantly 
unless Telcos, MSOs and Tier 1s start 
trusting IXs again



Current state of peeringCurrent state of peering

• All “Tier 1” networks operate in the US and 
are very opposed to peering new 
networks, but it’s not unreasonable to 
achieve 50% peering if enough geographic 
diversity is budgeted for

• European networks commonly peer on the 
east coast and Asian-Pacific networks 
commonly peer on the west coast

• IXs run/funded by colo providers



EuropeEurope



DE-CIXDE-CIX

• Founded in 1995
• Located in Frankfurt
• Connections available from multiple 

locations
• Strategically important due to aggregation 

of networks from central and eastern 
Europe

• Commercial exchange



AMS-IXAMS-IX

• Founded in 1997, but in operation for a 
few years earlier

• Located in Amsterdam
• Connections available from multiple 

locations
• Largest IX in the world, both by traffic and 

by number of connected networks
• Non-profit exchange



London Internet Exchange (LINX)London Internet Exchange (LINX)

• Founded in 1996, but in operation for a 
few years earlier

• Located in London
• Connections available from multiple 

locations
• Created to keep UK traffic in UK
• Non-profit exchange?



IX GrowthIX Growth
��$#����
��	
�$#&��

'

"'

('

)'

*'

+''

+"'

+,
,

"

+ ,,- +,
,(

+,
,.

+,
,)

+,
,/

+,
,*

+,
,,

"''
'

" ''+ "''" "''- "''( "''. "'') "''/


���!"#�

 �����!"#�



European IX GrowthEuropean IX Growth
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• Combined European IXP peak traffic has risen from:
– 626 Gbps in Aug ’06  to 1.148 Tbps in Aug ‘07  
– 522 Gbps or 83% increase in past 12 months
– 4 IXs have 200 or more participants



European IX Traffic LevelsEuropean IX Traffic Levels
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European IX LocationsEuropean IX Locations



Largest EU peering locationsLargest EU peering locations



Major EU peering locationsMajor EU peering locations



International cable landingsInternational cable landings



Current state of peeringCurrent state of peering

• European IXs were able to keep up with 
the traffic demands of their networks (for 
the most part. Problems arose from router 
vendors not being able to provide large 
enough interfaces)

• As traffic grew, networks were forced to 
set up PNIs, but as larger interfaces 
became available, networks migrated back 
to IXs



Current state of peeringCurrent state of peering

• IXs in Europe are used more than in other 
parts of the world because there are more 
networks that are large enough that a few 
PNIs aren’t sufficient to exchange all the 
traffic that a network needs to

• Internet using populations and cable 
landings are denser than elsewhere

• Many large ISPs are attempting to charge 
for interconnections in their home markets



Current state of peeringCurrent state of peering

• Incumbent Telcos are mostly 100% 
peered to other European networks, but 
must pay to reach US-based Tier 1s

• Many larger US networks build to Western 
Europe to peer, but not many Asian 
networks build to Europe. Mostly because 
the direct route is very expensive, so to 
reach Europe, they need to cross the US

• IXs not run/funded by colo providers



Asia-PacificAsia-Pacific



Korean Internet Exchange (KIX)Korean Internet Exchange (KIX)

• Founded in 1995 by National 
Computerization Agency (NCA)

• Located in Seoul
• Designed to keep Korean traffic in Korea
• Surpassed by commercial exchanges 

founded by the major Korean ISPs, but still 
connected to them

• Non-Profit exchange



Hong Kong Internet Exchange (HKIX)Hong Kong Internet Exchange (HKIX)

• Founded in 1995 by Chinese University of 
Hong Kong, but in operation for a few 
years previously

• Located in Hong Kong
• Most connected networks use MLPA
• Designed to keep HK traffic in HK and 

Asian traffic in Asia
• Non-Profit Exchange



Japan Network Access Point (JPNAP)Japan Network Access Point (JPNAP)

• Founded in 2001 by NTT and IIJ, but in 
operation since 1997

• Located in Tokyo and Osaka
• Main draw is to be able to connect to OCN 

(owned by NTT)
• Commercial Exchange



Japan Internet Exchange (JPIX)Japan Internet Exchange (JPIX)

• Founded in 1997 by KDDI
• Located in Tokyo
• Successful due to its location, the KDDI 

Otemachi building
• Commercial exchange



Asia-Pacific IX Traffic LevelsAsia-Pacific IX Traffic Levels
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Largest Asian peering locationsLargest Asian peering locations



Major Asian peering locationsMajor Asian peering locations



International cable landingsInternational cable landings



Current state of peeringCurrent state of peering

• More than the US and Europe, Asian 
traffic tends to stay in country, sometimes 
as high as an estimated 95% in China and 
Korea

• There is a tendency by carriers to not peer 
with foreign networks and all but the 
largest networks in their home markets, 
but are more likely to in other countries, 
sometimes HK but more commonly the US



Current state of peeringCurrent state of peering

• Cost per MB in Asia is higher than the US 
and Europe due to the necessity of traffic 
to travel over undersea cables

• Asian networks *should* be more incented
to peer in their home markets to avoid 
costs and latency, but Asia (along with 
South America) is probably the region with 
the most protectionism

• Almost all networks are available on IXs



South AmericaSouth America



Nap Do BrasilNap Do Brasil

• Founded in 1989 as Fundacao de Amparo
a Pesquisa do Estado de Sao Paulo 
(FAPESP). Also known as PTT

• Located in Sao Paulo
• Initially funded by the government
• Carrier neutral
• Commercial exchange



CABASECABASE

• Camara Argentina de BAses de datos y 
SErvicios en Linea

• Founded in 1989
• Located in Buenos Aires
• Only allowed to advertise Argentine 

national routes
• Has no incumbents present since 2004
• MLPA required



NAP ChileNAP Chile

• Founded in 1997
• Located in Santiago
• Connectivity to NAP must be purchased 

from one of four providers
• Chilean government mandated that all 

ISPs must connect to NAP
• Only allowed to advertise Chilean national 

routes
• MLPA required



NAP ColombiaNAP Colombia

• Founded in 1998 by Camara Colombiana
de Informatica y Telecommunicaciones
(CCIT)

• Located in Bogota
• Original networks funded the NAP initially
• Very high Non Recurring Cost (NRC) to 

join, becomes a barrier to entry
• MLPA required



South American IX Traffic LevelsSouth American IX Traffic Levels
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International cable landingsInternational cable landings



Current state of peeringCurrent state of peering

• Cost per MB in South America is higher 
than the US and Europe due to the lack of 
availability of fiber both to and from South 
America as well as intercontinentally

• Most IXs only allow national routes to be 
advertised

• ISPs are very protective over their home 
markets



Current state of peeringCurrent state of peering

• Even large networks do not necessarily 
interconnect in their home markets, forcing 
traffic from one network to the other to 
travel internationally, most often Miami 
where they do peer semi-openly

• Unless mandated by the local government, 
incumbent ISPs do not connect to their 
local IXs

• Most NAPs enforce MPLA on their 
members



Current state of peeringCurrent state of peering

• NAPLA meetings hosted at LACNIC 
meetings are good forums, mailing list 
available as well, but low volume 
compared to other operating group mailing 
lists such as NANOG



Global Peering IssuesGlobal Peering Issues



Problems with ProtectionismProblems with Protectionism

Problems with this strategy:

In order to be effective, the core must be a closed group, so all newly-
formed ISPs join the periphery

Since both the number of
ISPs and the number of
customers are growing,
the growth rate of the
periphery will always
exceed that of any fixed
subset of the net.

The periphery is highly incented to minimize the amount
of transit which they buy from the core and to maxmize
the amount of peering which they exchange amongst themselves.

Core



Problems with ProtectionismProblems with Protectionism

The core continues to shrink…



Problems with ProtectionismProblems with Protectionism

The core continues to shrink:

Insufficient supply

Declining prices

Bankruptcies

Defections

Customer attrition

Sales moratoriums



Eyeballs vs ContentEyeballs vs Content

• Historically, there has been and continues 
to be a struggle classifying which type of 
traffic is more valuable, the end users that 
are requesting internet services or the 
providers of the services

• Chicken or Egg condition… without 
“eyeballs”, there is no need for content. 
Without content, what are the eyeballs 
supposed to do online?



Eyeballs vs ContentEyeballs vs Content

• The struggle basically boils down to 
economics. Both sides of the equation are 
trying to increase their profit margins, so 
as a network, if you can charge on both 
ingress and egress to your network, it’s a 
win-win for your network!

• There is no clear winner, but interestingly, 
which side has an advantage changes 
based on geography



Eyeballs vs ContentEyeballs vs Content

• In countries where transit costs are low (such as 
the US and western Europe), the eyeball 
networks seem to have the upper hand as the 
transit costs aren’t prohibitive to them and 
sometimes even offer paid peering alternatives

• In countries where transit costs are high (such 
as Asia and South America), content is deemed 
as more valuable because of higher costs 
associated with providing even local, but 
especially international service



Eyeballs argumentsEyeballs arguments

• ISPs or “eyeball” networks assert 
– with “hot-potato” routing (which is employed 

by most networks), they have to carry the 
payload of the traffic further than content

• Requests tend to be small packets while 
responses tent to be larger packets, hence 
creating a ratio inequality

– they have to spend significant capital to 
provide local infrastructure to their eyeballs



Content argumentsContent arguments

• Content networks assert 
– eyeball networks should be charging their end 

users appropriately to carry the content, not 
the content producers/providers

– they have to spend significant capital and 
operating expense to develop the content as 
well as host it

• space, power and cooling costs often exceed 
transit costs for content networks

– what about Content Delivery Networks 
(CDNs) that effectively “cold-potato” route?



Eyeballs vs ContentEyeballs vs Content

• The answer is that both sides of the 
equation are co-dependent on each other 
and both sides should focus on providing 
the highest possible service to their paying 
customers and leave the other side of the 
equation to their peers



Future Of PeeringFuture Of Peering



End of SFI?End of SFI?

• Some Tier 2s are attempting to charge for 
connectivity in their home markets, even to 
the Tier 1s

• If this takes hold, it’s not too far fetched to 
see either the Tier 1s react by depeering
these Tier 2s, or to reciprocate by 
charging these networks in their home 
markets as well

• Settlement based connectivity may 
become more common



Government RegulationGovernment Regulation

• In some markets, such as Australia, the 
government mandated that the incumbent 
needed to peer with the other large networks.

• The problem is that there wasn’t a set of criteria 
established, the networks were specified, so 
those networks are now refusing to peer with 
other networks and citing the same legislation 
that allowed them to get peering in the first 
place. 

• There is a lobby by some of the smaller 
networks to revise that legislation



Government RegulationGovernment Regulation

• In the US, internet interconnection is not 
regulated the same way that the public 
telephone networks are

• During some recent, large depeering
events, there have some rumblings by the 
US government that they are willing to get 
involved in these spats

• They also are responsible to approve and 
monitor some recent mergers as well



Network NeutralityNetwork Neutrality

• Broadband networks are proposing that 
they should be able to degrade quality of 
service based on application or origin of 
traffic

• Most other networks believe that eyeball 
networks shouldn’t be allow to discriminate 
traffic, bits are bits

• Hard to determine how this will end



Content Distribution Networks
(CDNs)

Content Distribution Networks
(CDNs)



CDN DiagramCDN Diagram



Limelight NetworkLimelight Network

Over 750 
peering 
relationships

1.5 Tbps
of egress 
capacity

4.3 Petabytes
of customer CDN 
content

1 Exabyte 
of traffic monthly



CDN FeaturesCDN Features

Serve content cheaplyDecrease 
latency/congestion

Objectives

100%5-99%Cache Hit/Miss

Full library20-100% of libraryContent

LAN inside datacenterBackbone or public 
internet

Network

Wherever content is 
hosted

Closest LocationDelivery From

Single/Few locationsDozens/Hundreds of 
locations

Network Locations

Serve content cheaplyDistribute content 
geographically

Designed For

DatacenterCDN



Why Peering With A CDN Is ‘Good’Why Peering With A CDN Is ‘Good’
• The traditional datacenter model is 

becoming obsolete and being replaced 
by Content Distribution Networks which 
store and deliver commonly accessed 
files and media in geographically 
intelligent locations

• This means a CDN’s peers use less of 
their own network to deliver bits to their 
end users



Questions?Questions?
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