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IXPs are essential elements in this process...
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. and each one offers different opportunities
to improve connectivity and traffic delivery



Before interconnecting to a given IXP,
it Is fundamental to understand the
benefits each |XP is offering



Estimating these benefits is a non-trivial task
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Estimating these benefits is a non-trivial task
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|IXPert: a platform to analyze data from |XPs
and understand their network benefits



|IXPert combines multiple data sources to
provide insightful information about IXPs
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|IXPert combines multiple data sources to
provide insightful information about IXPs
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Use case #1

A network operator needs to find better
connectivity to a given AS



ASN or AS Name

B

AS Name
Rede Nacional de Ensino e Pesquisa

AS Connections AS Reachables
24 7

Last Updated: 20251128 (g (TNsaad) BGP

Type

Lowest Latency (IXP)
Unknown
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IXPs where the AS1916 is connected

Originated Address
m o

Cone ASes Cone Prefixes Cone Address
Latency

el

IX.br Manaus

IX.br Belém 47
IX.br Aracaju 51
IX.br Belo Horizonte 51
IX.br Brasilia 5l
IX.br Campina Grande 51
IX.br Cuiaba 51
IX.br Fortaleza 51

117/

38

25

25

25

25

25

25

2,068

2,068

2,068

2,068

2,068

2,833

20

71

4,096

4,096

4,096

4,096

4,096

4,096

0 0 0 0 0 0 RTT =
unknown

3 1 6 1 100 1 RTT=
unknown

83 54 503 99 5,568 1.79M il
unknown

78 52 489 88 5,343 1.72M s
unknown

80 bs 478 87 5,197 1.79M RIT=
unknown

85 44 513 74 5,683 1.52M RTT =
unknown

85 53 513 84 5,683 1.84M RIT=
unknown

85 55 513 95 8,742 1.85M RTT =

unknown
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IXP Name

IX.br Manaus
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Originated Address Cone Address 0
0552 Coneene Latency
IPv6 . 24 |48

IX.br Manaus 39 17 80 20 0 0 0 0 0 0 RTT =
unknown
IX.br Belém 47 38 60 71 3 1 6 1 100 1 RTT=
unknown
IX.br Aracaju 51 25 2,068 4,896 83 54 503 99 5,568 1.79M il
unknown
IX.br Belo Horizonte 51 25 2,068 4,096 78 52 489 88 5,343 1.72M RTT=
unknown
IX.br Brasflia 51 25 2,068 4,096 80 53 478 87 5,197 1.79M RIT=
unknown
IX.br Campina Grande 51 25 2,068 4,896 85 44 513 74 5,683 1.52M RTT =
unknown
IX.br Cuiab 51 25 2,068 4,096 85 53 513 84 5,683 1.84M RIT=
unknown
IX.br Fortaleza 51 25 2,833 4,096 85 55 513 95 8,742 1.85M RTT =
unknown



IXPs where the AS1916 is connected

Originated Address
Originated Prefixes space

IX.br Manaus 17 80 20 0 0 0 0 0 0 RTT =
unknown
IX.br Belém 47 38 60 71 3 1 6 1 100 1 RTT=
unknown
IX.br Aracaju 51 25 2,068 4,896 83 54 503 99 5,568 1.79M il
unknown
IX.br Belo Horizonte 51 25 2,068 4,096 78 52 489 88 5,343 1.72M RTT=
unknown
IX.br Brasflia 51 25 2,068 4,096 80 53 478 87 5,197 1.79M RIT=
unknown
IX.br Campina Grande 51 25 2,068 4,896 85 44 513 74 5,683 1.52M RTT =
unknown
IX.br Cuiab 51 25 2,068 4,096 85 53 513 84 5,683 1.84M RIT=
unknown
IX.br Fortaleza 51 25 2,833 4,096 85 55 513 95 8,742 1.85M RTT =
unknown



IXPs where the AS1916 is reachable

IX.br Fortaleza

IX.br Rio de Janeiro

IX.br Sdo Paulo

France-IX Paris

France-IX Marseille

DE-CIX Frankfurt

SFMIX San Francisco

25

25

25

25

25

25

25

rT—

0

4,096
4,096
4,096
4,096
4,096
4,096

4,096

0




IXPs where the AS1916 is reachable

Seen By # Members

IX.br Fortaleza 0 25 0 4,096 0 1
IX.br Rio de Janeiro 0 25 0 4,096 0 1
IX.br Sdo Paulo 0 25 0 4,096 0 il
France-IX Paris 0 25 0 4,096 0 ik
France-IX Marseille 0 20 0 4,096 0 1
DE-CIX Frankfurt 0 25 0 4,096 0 1
SFMIX San Francisco 0 25 0 4,096 0




IXPs where the AS1916 is reachable

Prefixes Announced Seen By # Members
IXP Name

T IPv4

IX.br Fortaleza 0 25 0 4,096 0 1
IX.br Rio de Janeiro 0 25 0 4,096 0 1
IX.br Sdo Paulo 0 25 0 4,096 0 il
France-IX Paris 0 25 0 4,096 0 ik
France-IX Marseille 0 20 0 4,096 0 1
DE-CIX Frankfurt 0 25 0 4,096 0 1
SFMIX San Francisco 0 25 0 4,096 0




IXPs where the AS1916 is reachable

IX.br Fortaleza

IX.br Rio de Janeiro

IX.br Sdo Paulo

France-IX Paris

France-IX Marseille

DE-CIX Frankfurt

SFMIX San Francisco

0 25
0 25
0 25
0 25
0 25
0 25
0 25

4,096
4,096
4,096
4,096
4,096
4,096

4,096

I rT—

It is also possible to query for given prefix and
identify in which IXPs it is being announced
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Compare

RIB Comparator
RIB IXP1
B ufinet_melhor_formatado_v4_IN5k9JF_PYh1vOF.txt @® [XbrSioPaulo IXP
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ufinet_melhor_formatado_v4_IN5k9JF_PYh1vOF.txt

IXP1

IX.br Sdo Paulo
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RIB

E

ufinet_melhor_formatado_v4_IN5k9JF_PYh1vOF.txt

Compare

IXP1

IX.br Sdo Paulo




RIB Comparator

RIB

=] ufinet_melhor_format

RIB File Usage Consent

By uploading this RIB file you consent to our system processing and storing
the data for the purpose of analysis. Do you agree to allow us to use this
data?

Only this analysis

(J Remember this choice

Cancel ‘ | Agree




RIB Comparator

RIB IXP1
B ufinet_melhor_formatado_v4_IN5k9JF_PYh1vOF.txt @® [XbrSioPaulo IXP
ASes Prefixes Prefixes /24

0 20,000 40,000 60,000 80,000 0 500,000 1.00M 0 5.00M 10.00M
I 2 B 20:05- B 50017
] Y 26440 J 187396 B sso1

76230 1.00M 12.14M

M IX.br Sdo Paulo M Intersection RIB B 1X.br Sdo Paulo M Intersection RIB M IX.br Sdo Paulo M Intersection RIB

is 179.74% higher than IX.br Sdo Paulo is 394.74% higher than IX.br Sdo Paulo is 1248.76% higher than IX.br Sao Paulo
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Prefixes - Aspath
Comparison of AS paths for identical prefixes observed across
both the IXP and the RIB

187396
B 16777
I 143359
27220

[l Same Prefixes M Equal Length [l Shorter in IX.br Sdo Paulo

Shorter in RIB

ASes - Address space
Comparison of address space announced by identical ASes
across both the IXP and the RIB.

I -0

| ) 17347

P sss

8225

Il Same AS Count [l Same Addresses

M More in IX.br Sdo Paulo More in RIB
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Comparison of AS paths for identical prefixes observed across
both the IXP and the RIB
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Prefixes - Aspath

Comparison of AS paths for identical prefixes observed across
both the IXP and the RIB

187396

B 16777
I (3399

27220

[l Same Prefixes M Equal Length [l Shorter in IX.br Sdo Paulo

Shorter in RIB

ASes - Address space
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across both the IXP and the RIB.
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[ D 17347

P sss

8225
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Prefixes - Aspath
Comparison of AS paths for identical prefixes observed across
both the IXP and the RIB

How similar are the Prefix Paths?

187396
This CDF graph shows the redundancy of paths for prefixes common to both IX.br Sdo Paulo and RIB. It illustrates
- 16777 how frequently multiple paths exist for the same prefix, with higher redundancy indicating better network
resilience.
I 139
Prefixes - Path Redundancy
27220

[l Same Prefixes M Equal Length [l Shorter in IX.br Sdo Paulo

Shorter in RIB

o
(o)}

=
IS

ASes - Address space

Comparison of address space announced by identical ASes

Cumulative Proportion of Prefixes

across both the IXP and the RIB. 0.2 §
I 250 =
0
I 17347 0 0.2 0.4 0.6 0.8 1
P scs Degree of Path Redundancy
8225

[l Same AS Count [l Same Addresses

M More in IX.br Sdo Paulo More in RIB



Prefixes - Aspath
Comparison of AS paths for identical prefixes observed across
both the IXP and the RIB

How similar are the Prefix Paths?

187396
This CDF graph shows the redundancy of paths for prefixes common to both IX.br Sdo Paulo and RIB. It illustrates
- 16777 how frequently multiple paths exist for the same prefix, with higher redundancy indicating better network
resilience.
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0
I 17347 0 0.2 0.4 0.6 0.8 1
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M More in IX.br Sdo Paulo More in RIB



Use case #3

An |XP manager is interested in-identifying
ASes from a given region that are not
connected-orreachable at the regional IXP



IX.br Sao Paulo
Region
Sao Paulo

ASes v4 Geolocated
2565

/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

ASes reachable through IXP in IX.br Sdo Paulo

e | it o | e Ot 0 | okl S ter

951 (37.08%) 1417 (55.24%) 197 (7.68%) 8(2.26%) 3(0.12%)

Address space reachable through IXP in IX.br Sdo Paulo

- AddrssSpaoeNotln PrefnesMemberin NotRead\ablePrefnm
in Other

17440 (30.53%) 11875 (20.79%) 27804 (48.68%) 293(0.51%) 723 (1.27%)
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IX.br Sao Paulo
Region
Sao Paulo

ASes v4 Geolocated
2565

/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

ASes reachable th

951 (37.08%)

rough IXP in IX.br Sdo Paulo

ASes Member in Other IXPs | Not Reachable ASes in Other IXPs

1417 (55.24%) 197 (7.68%)

Address space reachable through IXP in IX.br Sdo Paulo

- AddrssSpaoeNotln PrefnesMemberin NotRead\ablePrefnm
in Other

17440 (30.53%)

11875 (20.79%)

27804 (48.68%)

8(2.26%)

293(0.51%)

3(0.12%)

723 (1.27%)
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/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

ASes reachable through IXP in IX.br Sdo Paulo

ASesMember  ASesReachable | ASesNotinIXP | ASesMemberinOtherIXPs | NotReachable ASesin Other IXPs

951 (37.08%) 1417 (55.24%) 197 (7.68%) 8(2.26%) 3(0.12%)
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IX.br Sao Paulo
Region
Sao Paulo

ASes v4 Geolocated
2565

/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

ASes reachable through IXP in IX.br Sdo Paulo

 AsesMember | Ase Reachabe |

951 (37.08%)

1417 (55.24%) 197 (7.68%)

Address space reachable through IXP in IX.br Sdo Paulo

- AddrssSpaoeNotln PrefnesMemberin NotRead\ablePrefnm
in Other

17440 (30.53%)

11875 (20.79%)

27804 (48.68%)

ASesNotinIXP | ASes Member in Other IXPs

58 (2.26%)

Not Reachable ASes in Other IXPs

293(0.51%)

3(0.12%)

723 (1.27%)
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IX.br Sao Paulo
Region
Sao Paulo

ASes v4 Geolocated
2565

/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

ASes reachable through IXP in IX.br Sdo Paulo

ASes Member | ASes Reachable

951 (37.08%) 1417 (55.24%) 197 (7.68%)

ASesNotinIXP  ASes Member in Other IXPs

58 (2.26%)

Not Reachable ASes in Other IXPs

Address space reachable through IXP in IX.br Sdo Paulo

- AddrssSpaoeNotln PrefnesMemberin NotRead\ablePrefnm
in Other

17440 (30.53%)

11875 (20.79%)

27804 (48.68%)

293(0.51%)

3(0.12%)

723 (1.27%)
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IX.br Sao Paulo
Region
Sao Paulo

ASes v4 Geolocated
2565

/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

ASes reachable through IXP in IX.br Sdo Paulo

e | it | e | et 0

951 (37.08%) 1417 (55.24%) 197 (7.68%)

Address space reachable through IXP in IX.br Sdo Paulo

- AddrssSpaoeNotln PrefnesMemberin NotRead\ablePrefnm
in Other

17440 (30.53%)

11875 (20.79%)

27804 (48.68%)

8(2.26%)
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3(0.12%)
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IX.br Sao Paulo
Region
Sao Paulo

ASes v4 Geolocated
2565

/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

ASes reachable through IXP in IX.br Sdo Paulo

951 (37.08%) 1417 (55.24%) 197 (7.68%)

Address space reachable through IXP in IX.br Sdo Paulo

17440 (30.53%)

8(2.26%)

e | it o | e Ot 0 | okl S ter

3(0.12%)

Address Space Address Space Notin | Prefixes Member in Other | Not Reachable Prefixes

11875 (20.79%)

27804 (48.68%)

293(0.51%)

723 (1.27%)
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IX.br Sao Paulo
Region
Sao Paulo

ASes v4 Geolocated
2565

/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

ASes reachable through IXP in IX.br Sdo Paulo

e | it o | e Ot 0 | okl S ter

951 (37.08%) 1417 (55.24%) 197 (7.68%) 8(2.26%) 3(0.12%)

Address space reachable through IXP in IX.br Sdo Paulo

- AddrssSpaoeNotln PrefnesMemberin NotReachablePrefnm
in Other

17440 (30.53%) 11875 (20.79%) 27804 (48.68%) 293(0.51%) 723 (1.27%)

CDF of ASNs by % of Address Space Shared with IXP

Fraction of ASes
o o ©
iy [o)) @© [

o
[N

=)
|
|
|

(=}

20 40 60 80 100

% of Announced Prefixes Shared with Route Server

—— IX.br S&o Paulo
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IX.br Sao Paulo
Region
Sao Paulo

ASes v4 Geolocated
2565

/24 v4 Geolocated
57119

ASes v6 Geolocated
2745

/48 v6 Geolocated
124324967

CDF of ASNs by % of Address Space Shared with IXP

Fraction of ASes
o o ©

o
5

100

% of Announced Prefixes Shared with Route Server

—— IX.br S&o Paulo

ASes reachable through IXP in IX.br Sdo Paulo

e | it o | e Ot 0 | okl S ter

951 (37.08%) 1417 (55.24%) 197 (7.68%) 8(2.26%) 3(0.12%)

Address space reachable through IXP in IX.br Sdo Paulo

- AddrssSpaoeNotln PrefnesMemberin NotReachablePrefnm
in Other

11875 (20.79%) 27804 (48.68%) 293(0.51%) 723 (1.27%)

17440 (30.53%)
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IX.br Sao Paulo n

Region
Sao Paulo

ASes v4 Geolocated

2565 2745
/24 v4 Geolocated
57119 124324967

CDF of ASNs by % of Address Space Shared with IXP

Fraction of ASes
°© o o
iy [o)) @© [

o
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ASes v6 Geolocated

/48 v6 Geolocated

e
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% of Announced Prefixes Shared with Route Server

— IX.br S&o Paulo

ASes reachable through IXP in IX.br Sdo Paulo

e | it o | e Ot 0 | okl S ter

951 (37.08%) 1417 (55.24%)

197 (7.68%)

Address space reachable through IXP in IX.br Sdo Paulo

-- AddepaoeNotln Prefm&sMemberin NotRead1abIePrefmes
in Other

17440 (30.53%)

11097

11802

19611

28165

11875 (20.79%)

_hosting J

government

27804 (48.68%)

___

CORIX NETWORKS

EMPRESA BRASILEIRA DE PESQUISA
AGROPECUARIA

Centro de Informatica e Automacao do
Estado de SC

Associacao Antonio Vieira - Unisinos

Wireless Comm Services LTDA

58 (2.26%)

3(0.12%)

293(0.51%) 723 (1.27%)

IX.br Fortaleza

IX.br Campinas

IX.br Florianépolis

IX.br Porto Alegre

IX.br Porto Alegre,
IX.br Goiania
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IX.br Sao Paulo n

Region

Sao Paulo

ASes v4 Geolocated ASes v6 Geolocated
2565 2745

/24 v4 Geolocated /48 v6 Geolocated
57119 124324967

CDF of ASNs by % of Address Space Shared with IXP
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% of Announced Prefixes Shared with Route Server

— IX.br S&o Paulo

ASes reachable through IXP in IX.br Sdo Paulo

e | it o | e Ot 0 | okl S ter

951 (37.08%) 1417 (55.24%) 197 (7.68%) 58 (2.26%) 3(0.12%)

Address space reachable through IXP in IX.br Sdo Paulo

-- AddepaoeNotln Prefm&sMemberin NotRead1abIePrefmes
in Other

17440 (30.53%) 11875 (20.79%) 27804 (48.68%) 293(0.51%) 723 (1.27%)

AS Type Name IXPs
999 @IETT®  CORIXNETWORKS IX.br Fortaleza
11097 =y EMPRESA BRASILEIRA DE PESQUISA T —

AGROPECUARIA

Centro de Informatica e Automacao do S
11802 government Estado de SC IX.br Florianépolis

19611 [ hosting J Associagao Antonio Vieira - Unisinos IX.br Porto Alegre

IX.br Porto Alegre,

28165 [ isp J Wireless Comm Services LTDA o
IX.br Goiania
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All of our data‘is-available through a
well-documented-API; facilitating
integration with other tools and fostering
research about IXPs



We are continuously adding features and IXPs
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We are continuously adding features and IXPs

Investigate the impacts of
peering and depeering on the

reachability of IXPs
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We are continuously adding features and IXPs

Investigate the impacts of
peering and depeering on the
reachability of IXPs

estimate the impacts of
outages to Internet users

{\5 Analyze IXP resilience and
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We are continuously adding features and IXPs

Investigate the impacts of
peering and depeering on the

reachability of IXPs

Analyze |IXP resilience and
° estimate the impacts of

outages to Internet users

Measure latency to reach
« ASes and prefixes and to

identify remote peering
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We are continuously adding features and IXPs

Investigate the impacts of
peering and depeering on the
reachability of IXPs

Analyze IXP resilience and
° estimate the impacts of
outages to Internet users

Measure latency to reach
ASes and prefixes and to
identify remote peering

Try it out! (beta version)

https://ixpert.info
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We are continuously adding features and IXPs

Investigate the impacts of
peering and depeering on the
reachability of IXPs

Analyze IXP resilience and
° estimate the impacts of
outages to Internet users

Measure latency to reach
ASes and prefixes and to
identify remote peering

Try it out! (beta version)

https://ixpert.info

(&) Questions?

Pedro Marcos - pbmarcos@furg.br

https://pedrobmarcos.github.io
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