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Vutacion del ecosistema ae Intemet

NSFNET T3 Network 1992

La era de la NSFNET (hasta 1995)

e Backbone monolitico

La era de los Transit (fin de 1990s-2000s)

e Jransits densamente conectados

J /
https://commons.wikimedia.org/wiki/File:NSFNET-backbone-T3.png

o Eyeballsy CPs en la periferia P N\

 Modelo de TIERs /TN~ NV,
Tier-2

La era del Contenido (2010s) Tior-3

e Dominancia de contenido multimedia Stub

e CDNs

* Red plana (flat)
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CONICET

Aparicion de CDNs e IXPs

Despliegue de CDNs

- CDNs de uso general
- Ascenso de las CDNs privadas
- Resultado: CPs densamente conectados (core)

IXPs

- Responsables aplanamiento de Internet

- Interconexion de ASes de diferentes tamanos
- CDNs generalmente en IXPs

IXPs+CDNs: Impacto en el trafico
- Reduccion del tratico hacia Transits
- Trafico Peer-to-peer
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Evolucion de |os Proveeqgores ge
Contenidos en el nUcleo de Internet
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Studying the Evolution of Content
Providers In the Internet Core

Traftic Measurement and Analysis (TMA) 2018
hitp://tma.ifip.org/2018/wp-content/uploads/sites/3/2018/06/tma2018 paper16.pdf

Studying the evolution of content
providers In [Pv4 and IPvo Internet cores.

Computer Communications, 145:54 -- 65, 2019

Esteban Carisimo, Carlos Selmo,
J. Ignacio Alvarez-Hamelin, Amogh Dhamdhere

T IRA
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\Vlotivaciones

Google and Netflix Make Land Grab On Edge Of Internet

Many of these deals are secret, but Deepfield Networks
knows of about 40 companies that are setting up their own
content delivery networks with service providers, according
to Craig Labovitz. But he’s bound by non-disclosure
agreements, and can’t name names.

Wired. Junio 2012

https://www.wired.com/2012/06/cdn/
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Seeking Alpha Portfolio People News Analysis

Apple, Microsoft And Facebook

Bring More Traffic To In-House
CDNs, Impacting Akamai's Media
Business

Oct.28.15 | Jubout: Akamai Technologies, (AKAM)

P Research analyst, streaming and online video

StreamingMedia £ (819 followers

Octubre 2015]  summen

e Akamai reported Q3 earnings and announced that revenue from their
media delivery business would be flat or down for Q4, year-over-year.

o Akamai suggested the reason they expect media growth rates to continue
to moderate in the "near term" was due to customers having "less traffic
growth overall."

e The cause of what Akamai is seeing is a result of Apple, Microsoft and
Facebook moving a larger percentage of their traffic to their in-house
delivery networks.

https://seekingalpha.com/article/3613736-apple-microsoft-facebook-bring-traffic-house-cdns-impacting-akamais-media-business
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APNIC

Get IP Manage IP Training Events Research Community

The death of
transit?

By Geoff Huston on 28 Oct
2016

Category: Tech matters ' Geoft HUS’[OH, Octubre 2016

Tags: I5Ps, data centres, B Is there light at the end of the tunnel for transit providers?

peering
| was struck at a recent NANOG meeting just how few presentations

12 Comments looked at the ISP space and the issues relating to ISP operations, and
how many were looking at the data centre environment.

https://blog.apnic.net/2016/10/28/the-death-of-transit/
https://labs.apnic.net/presentations/store/2017-05-25-death-of-transit. pdf

IEEE
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; Pertenecen los CPs al core de Internet?

* ., COmo identificarlos? ;Quiénes son? ;Desde cuando lo integran?

» ;Diferencias en el core por region?
» ;Como detectar CDNs en ascenso?

* VVincular la evolucion en la conectividad con estrategias de negocios
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Metodologia: Descomposicion en K-cores

Ny

--------

--‘------ﬂ-_

 Core de Internet: ASes densamente conectados
e ;COmMo detectarlos?: k-cores
* Kk-cores: shell-index dado por:

- el numero Y el grado de los vecinos
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Metodologia: Descomposicion en K-cores

<l >

K=1
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Metodologia: Descomposicion en K-cores

Sl >

X

X
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Metodologia: Descomposicion en K-cores

Sl >
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Metodologia: Descomposicion en K-cores

Sl >
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Metodologia: Descomposicion en K-cores

Sl >
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Metodologia: Descomposicion en K-cores

Sl >
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Metodologia: Descomposicion en K-cores

Sl >
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Metodologia: Descomposicion en K-cores

< >
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Metodologia: Descomposicion en K-cores

k=3
Conclusion

SIun AS pertenece al core K, entonces tiene conexiones con K
ASes gue tienen al menos K vecinos
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Metodologia: Descomposicion en K-cores

TOPcore: El maximo K obtenido en el grafo bajo analisis
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Dataset

Fuente de informacion

» Datos publicos brindados por CAIDA
« BGP dumps

Routeviews
RIPE RIS

o Campanas de traceroute (Ark)

Detalles

e (Granularidad mensual
e Desde 1999 hasta fines de 2017
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Analisis

1. Evolucion de algunos grandes CPs a lo largo de los anos
2. Diferencias por region

3. Otros miembros del core
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Analisis

1. Evolucion de algunos grandes CPs a lo largo de los anos
2. Diferencias por region

3. Otros miembros del core
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Siguiendo a Los 7 Grandes
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Basado en estadlstlcas de trafico
e Sandvine report

* PeeringDB
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Algunas limitaciones

CPs pueden tener mas de un ASN
* SOlo Nos enfocamos en los primarios

Caches

e E| contenido es frecuentemente servido
desde caches

e Caches en bajo las direcciones de los ISP

* Sin embargo, enlaces P2P necesarios
- Llenar caches
- Servir contenido dinamico
- Servir ISPs gue no desean tener un cache
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Evolucion a Los 7 Grandes
oct-2010
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Evolucion a Los 7 Grandes

core Ievlolultion Qf CPs in Ark-l;BGP dataset
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E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Evolucion a Los /7 Grandes

core Ievlolultion Qf CPs in Ark-l;BGP dataset
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E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Evolucion Amazon

core Ievlolultion Qf CPs in Ark-l;BGP dataset
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1. Lanzamiento DC en California

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Evolucion Amazon

core Ievlolultion Qf CPs in Ark-l;BGP dataset

1.0—

0.9 — Akamai 'vaVI ‘ ; r; |
o 0.8 ™= Amazon
S 0.7 — Apple \
O
= 0.6 Facebook
_&’ 0.5. — Google
(_EU 0.4 MSFT

Netfli

5 0.3 etriiXx
< 0.2

0.1

0.0

2007}
2016
2017}
2018

1. Lanzamiento DC en California
2. Expansion internacional (Brasil, Europa & Asia

N

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Evolucion Amazon

core Ievlolultion Qf CPs in Ark-l;BGP dataset

1.0—
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o 0.8 ™= Amazon ’
S 0.7 — Apple y\
O
= 0.6 Facebook |
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(_EU 0.4l MSFT

Netfli

5 0.3 etriiXx
< 0.2

0.1

0.0

2007}
2016
2017}
2018

1. Lanzamiento DC en California
2. Expansion internacional (Brasil, Europa & Asia
3. Creacion WHOIS para Amazon NS zone

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Evolution of Apple
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* Crecimiento marcado luego del 2014

 Desafecta contenido de Akamai [45]

* (Grandes transferencias por actualizacion de OS [40]
 Planea competir en el mercado de TV [47]

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Fvolution of Facebook

core evolutlon of CPs m Ark+BGP dataset
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e Crecimiento de usuarios de Facebook de 12M

a 350M
e Creacion del registro WHOIS de fbcdn.net

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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http://fbcdn.net

Evolution of Google

core evolutlon of CPs In Ark+BGP dataset
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 Alcanzd TOPcore antes de adquirir Youlube en
20006
 Sin CDN en aqguel tiempo, pero peers con TIER-1s

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Fvolution of Microsott

core Ievlolultion of CPs in Alrk-ll-BGPldaQsetl
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e Provee servicios web desde los 90s

e Ha sacado cierto contenido de Akamail

e Posee varios TIER-1 Transits desde 2000s: tales como
Level3 (AS3356), TATA (AS6453), Teletonica (AS12956)

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Evolution of Nettlix

core Ievlolultion Qf CPs in Ark-l;BGP dataset
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e (Gran fuente de trafico en EE.UU. desde 2011
n 2012 Netflix movid su contenido de Akamai a su CDN
despliegue de OCA llevo a disputas legales con ISPs

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Método de geolocalizacion de AS basado en RIR

Network Next Hop Metric LocPrf Weight Path
* 0.0.0.0/0 94.156.252.18 0 O 0 34224 3356 1
* 0.0.0.0/0 202.73.40.45 0 @ 0 18106 1
* 1.0.4.0/22 195.22.216.188 100 0 O 6762 174 4826 38803 56203 1
* 1.0.4.0/22 5.101.110.2 0 O 0 202018 6939 4826 38803 56203 1i
* 157.92.0.0/16 198.129.33.85 1 @ 0 293 27750 3597 3449 1
x 157.92.0.0/16 37.139.139.0 0 @ 0 57866 1299 19037 11664 3449 1
* 157.92.0.0/16 91.218.184.60 0 @ 0 49788 1299 19037 11664 3449 1
* 157.92.0.0/16 162.243.188.2 0 @ 0 393406 1299 19037 11664 3449 1
* 157.92.0.0/16 198.58.198.255 0 O 0 1403 1299 19037 11664 3449 1
* 157.92.0.0/16 195.22.216.188 100 0 O 6762 1299 19037 11664 3449 1

v v
Origin ASes

! '

Country-level

geolocation using cC —> RIR—>|(AS,RIR)

Netacuity

Full RIB downloaded from Routeviews: http://archive.routeviews.org/oix-route-views/2018.01/oix-full-
snapshot-2018-01-17-1400.bz2
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http://archive.routeviews.org/oix-route-views/2018.01/oix-full-snapshot-2018-01-17-1400.bz2
http://archive.routeviews.org/oix-route-views/2018.01/oix-full-snapshot-2018-01-17-1400.bz2

Consideraciones sobre la geolocalizacion

- CAIDA utiliza la base de datos
Netacuity desde fines de 2011

- Encontramos una demora entre la
activacion de un AS en una localidad
particular y su aparicion en los reportes
de Netacuity en esa localidad (/Netflix

@ Brazil)
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| imitaciones de la geolocalizacion

- Consideramos que los Big Seven
siempre tuvieron presencia en cada
RIR

- Extendemos la Iinformacion de la
geolocalizacion desde el primer

registro disponible (2011) a los anos
previos (1997-2011)
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leerenmas por RIR
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1. 2009: DCs en los US In 2011 Facebook reconoce su
2. 2010-2012: DCs afuera pobre QoE afuera de US
- EU, Asia & Braazl

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Dn‘ferences by RIRs

1.0 core evolution of Apple | ___ core evolution of Netflix _
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c
(@
Core regional usando Geolocalizacion

Apple and Netflix

+ Both have recently deployed CDNs
- Fairly similar evolution in each RIR

E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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1. Evolucion de algunos grandes CPs a lo largo de los anos
2. Diferencias por region

3. Otros miembros del core
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Otros CPs en el core

core evolutlon of CPs |n Ark+BGP dataset
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E. Carisimo, C. Selmo, J. |. Alvarez-Hamelin, and A. Dhamdhere. Studying the evolution of content providers in the internet core.In 2018 Network Traffic Measurement and Analysis Conference (TMA), pages 1--8, June 2018.
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Arrino al core
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Arrino al core
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Content Providers towards the core of the network Methodology People

Overview

This website goal is to examine the role of the Content Providers in the AS ecosystem after the widespread growth of private CDNs. There is
recent evidence that the core of the Internet, which was formerly dominated by large Transit Providers, has been reshaped after the transition to
a multimedia-oriented network, first by general-purpose CDNs and now by private CDNs, the so-called flattening of the Internet topology. To do
s0, this website based its methodology on k-cores, an element of graph theory, to define which ASes compose the core of the network and to
track the evolution of the core since 1999. Applying the k-cores technique this website provides two services: i) a graph gallery to visualize the
core evolution of big players throughout the years ii) an interactive analysis of our datasets to detect, for example, “up and coming'' ASes using
customized queries.

Graph Custom
Gallery Query

CONICET
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Visite: https://cnet.fi.uba.ar/TMA2018
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http://cnet.fi.uba.ar/TMA2018

. @ ] cnet.fi.uba.ar ) & 0O h m] n

Content Providers towards the core of the network Methodology People

Submit your query

From
Threshold

0.3

month: September § year 2007 &

To
Threshold

0.9
month: July ¥ year 2011 §

Maximum months of grow

12

[ ]
CONICET

28 FACULTAD A
ity (TRA SO

This website was developed by CoNexDat. This template has not been developed by us and it is available on GitHub.

Visite: https://cnet.fi.uba.ar/TMA2018
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Evolucion gel core en |IPvo

IPv4 and IPv6 TOPcore size comparison
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Esteban Carisimo, Carlos Selmo, J. Ignacio Alvarez-Hamelin, and Amogh Dhamdhere. Studying the evolution of content providers in IPv4 and IPv6 internet cores. Computer Communications, 145:54 -- 65, 2019.
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Evolucion gel core en |IPvo

core evolutlon of CPs: IPv4 vs |IPvo

Esteban Carisimo, Carlos Selmo, J. Ignacio Alvarez-Hamelin, and Amogh Dhamdhere. Studying the evolution of content providers in IPv4 and IPv6 internet cores. Computer Communications, 145:54 -- 65, 2019.
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Evolucion gel core en |IPvo
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Esteban Carisimo, Carlos Selmo, J. Ignacio Alvarez-Hamelin, and Amogh Dhamdhere. Studying the evolution of content providers in IPv4 and IPv6 internet cores. Computer Communications, 145:54 -- 65, 2019.
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Conclusiones

Grandes CPs desplegaron y manejan ASes densamente
conectados

Contenido se esta moviendo a CDNs privadas

* Prueba de crecimiento de CDNs privadas con estrategias
comerciales vistas
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Muchas gracias
por su atencion
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