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Internet in Africa circa 2007/2008

Only 5.3% of Africans with Internet
connection (2008)

+ But 1000%+ annual growth rate

Satellite connections predominant, cost
$3,000 - $5,000 per Mbps

+ SAT3/SAFE cable, some report paying
$4,500 - $12,000 per Mbps

An “Island Continent”

+ Only ~400,000km of of terrestrial
transmission network operational or
planned

+ Limited cross border interconnectivity s S

(a history by @stevesol

Crealive Cormors - CC - BY

Pollcy dlalogue focused on |mpOS|ng African subsea cable infrastructure 2008 (via Steve Song)
telecom-style accounting rate system to

the Internet. %PIF




+ The economic & performance leverage
point: Interconnection and traffic exchange

+ Initial focus on creating an IXP association

(07/08) Afican X mapcica 2008 7 KSRC)
+ 20+ IXPs in Africa “on paper”

+ Couldn’t find managers

+ Development projects gone fallow

Algeria

+ Little growth and few networks participating Mauriania

Mali | Niger

+ 2008 INET @ AfNOG: “African
Interconnection —the Value Proposition”

+ Right mix, right time .

http//:Root-servers.org - (~2009) Ocean




Taking a Systems Approach to

Interconnection in Africa

+ A multitude of efforts with
partners aimed at priming
the pump:

+ Local workshops & capac
building
Supporting new IX
development

Supporting existing IXPs
and adding value

Advocating in regional &
international policy forums

Engaging development &
funding organizations

Measurement & research

Policy
Makrs

e
Regul

Mission

+ + + + +

. influencer Grouping

Direct Influence Opps-

Intermediaries / Adt1
@ Influence Pathways

. Downstream “Targets”

+ AfPIF: The community glue
to sustain and build
momentum



The Killer: Information Asymmetry

+ in-far- ma-shan ( )a- si-ma-tre

+ *“...occurs when one party to an economic transaction possesses
greater material knowledge than the other party.”

Key Problem: "I manage my network and buy the Internet.”

Key Requirement : Increase knowledge & relationships
necessary to:

+ Negotiate better deals
+ Create peering opportunities

+ Create & sustain local and regional
traffic exchange

+ Catalyze growth
+ Attract new services




AfPIF-1: 2010 Nairobi, Kenya
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Beyond AfPIF
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Map showing ISOC ITE work from 2008 - 2019 (Excluding AXIS Capacity Building Workshops)

© ITE: 2008-2009

Blantyre, Malawi
Kampala, Uganda
Freetown, Sierra Leone
Sharm el-Sheikh, Egypt
Nairobi, Kenya

¥ Rabat, Morocco

ITE: 2010

Dar-es-Salaam, Tanzania
¥ Mombasa, Kenya
© Freetown, Sierra Leone
Maputo, Mozambique (P)

® ITE: 2011

¥ Maseru, Lesotho

¥ Kampala, Uganda

9 Biantyre, Malawi

9 Accra, Ghana

© Addis Ababa, Ethiopia
Douala, Cameroon

® ITE: 2012

¥ Kinshasa, DRC
Rabat, Morocco

Cape Verde

Senegal

‘Gambia '3'&:

Guine:

Bissau “* Guinea

Sierra Leone—

® ITE: 2013-2014

9 Malawi

9 Ghana

¥ Lesotho

9 oRe

¥ Tunisia

¥ Namibia - AXIS

¥ Burundi - AXIS

¥ Gambia - AXIS

¥ Swaziland - AXIS

© Gabon - AXIS
Tunisia

|
Cbte d'lvoire

Mauritania

 /

Tunisia

' — Dijibouti

Nigeria

..

Ghana

5
Sao Tome |
and Principe

® ITE: 2015

Maputo, Mozambique
Abuja, Nigeria
Harare, Zimbabwe

9 Lesotho - LIxP

¥ DRC - KINIX

¥ Kampala, Uganda (EACO)

Togo- Eq. )
Benin Guinga —-

Central African
L Republic
7 Somalia
D. R. Congo danda "
Congo Kenya
A Gabon | Rep/ "' Rwanda ' ’
i e Seychelles
urundi ' , Zanzibar
Tanzania'  ° ‘
o Commoros
[}

Zambia
Mauritius

Mozambique o 0

Zimbabwe
Namibia

' Botswana

) — Swaziland

South Africa 8) Lesotho

Legend

Technical/Best Practice
Workshops

¥ New IXP Assistance

® Technical Assistance/
IXP Equipment

IXP Meetings

® ITE: 2016

¥ Antananarivo, Madagascar
© Dar es Salaam, Tanzania
9 Ghana-GIX

®© ITE: 2017

¥ Accra, Ghana

¥ Kampla, Uganda (EAPF)
¥ Kinshasa, DRC

9 Kenya - KIXp

¥ Nigeria — IXPN

9 Tanzania - TIX

¥ Rwanda - RINEX

¥ Malawi - MIXP

® ITE: 2018

Zanzibar
Casablanca, Morocco
¥ Lagos, Nigeria
@ Harare, Zimbabwe
¥ AUC - Vic Falls
9 Angola

© ITE: 2019

Ouagadougou, Burkina Faso
¥ Lome, Togo
Maseru, Lesotho
Bujumbura, Burundi
Chad
9 DRC - KINIX
¥ Uganda - UIXP
9 Sudan - SIXP




African Union AXIS Project

" Spain
Portuzjal
hY
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Moroccio—

South
Atlantic
Ocean

Source: https://au.

T\ UZDEI

Tu,kme,,,sta Summary of AXIS Project:
;}gi{ O From 2012 - 2018
. U New partnership with the
African Union
O Trained over 1500 people
in 28 Countries
- Creation of at least 10
New IXPs
O Support of 8 IXPs to grow
into Regional IXPs
O Increased awareness on
the value of IXPs
O Policy work on cross-

border interconnection

CtPIF
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Key Value Builders




Content & the Globe Come to AfPIF

Africa had the fastest growing
Internet market but...

...many global providers had
limited understanding of the
market, and...

...nearly all content was hosted
outside Africa, with few local
caches.

ity!
Mutual opportun™y

Big push in early years to explain Aets Gogapy..
the African market and bring L g
content & global providers to
AfPIF

+ EPF 5and 7 critical

Tranks




Learning & Networking @ AfPIF

The Peering
Game @ AfPIF

Over 600
peering books
distributed

Peering book
translagced to Peer Connections @ AfPIF

French

Peering
Personals

Peering
Meeting tool . nono oo b 0N IR ul |

20102011201220132014 2015 2016 2017 2018

W Peering Personals Peering Bilaterals




Vision and Goals

TOTAL TRAFFIC ACROSS NAPAFRICA

Combined Throughput

+ Keep focused on the
horizon!
+ Why - An Africa that

creates & not just a
consumes the Internet

How — A self-sustainable
community of practice
within 10 years.

What - Community
ownership and buy-in

& » o _; \_—‘.3,, f'":; i %o

- CAPETOCARD -
FheeBY FIRRE
ETHE, l\nkﬂTY
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Infrastructure

Development




IXP Infrastructure

45 IXPs located in 41 cities
In 33 countries

Over 1000 Networks
connected

South Sudan EthioPia
- —c.b.;n.—..____ __’ Kenya'sigf':‘ e M oren etWO rks conn ected
‘ Q :Tanza' USIng flber
Angola f“a' J

o) i aa Q More IXPs in West, Central

Madagascar

Africa and Indian Ocean
" Islands

Source: https://www.af-ix.net %P":




DNS Infrastructure
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As of 2019-08-17, the root server system consists of 1011 instances operated by the 12 independent root server operators.

Source: https://root-servers.org ,F




Africa Data Centre Market

AFRICAN DATA CENTRE SPACE - MTDC - Qf_nl'_llg%i)'l:'op 5 DC markets (based on number of

.
(*estimates) 1. South Africa

2. Nigeria
Egypt
Morocco
Kenya

/ 30% of Africa’s DCs are in South Africa

20% of MTDCs are in West Africa

/ 15% of MTDCs are in North Africa

30% of African countries do not have dedicated,
commercial colocation facilities

O N IO D M H b oD 9 0
SIS AN e JIS RS R A RN A I . .
DM i R R I s Approx.. 55% of DC space is in South Africa

=—1000 SOM POWER MW

Source: Teraco Data Environments %P":




Submarine and Terrestrial Infrastructure
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Where are we?




AfPIF @ 10: o
Meeting from Cape Town to Casablanca

Nairobi, Kenya

Accra, Ghana
Johannesburg, South Africa
Casablanca, Morocco
Dakar, Senegal

Maputo, Mozambique

Dar es Salaam, Tanzania
Abidjan, lvory Coast

Cape Town, South Africa

Balaclava, Mauritius




Program Committee (PC)

PCis drawn from peering
community

There are two co-chairs

Inaugural PC established in
2016 with 3 yearterm —12
Members

Second PC commenced in
2019 — 12 Members (5 new)

PC charter

CtPIF




Established (informally) in
2012

Annual meetings

Secretariat established in
2019

Co-organizers of AfPIF

Key to the future of
peering Africa

CtPIF




Attendance & Fellowships

AfPIF g year Attendance
Women In Tech Fellowship Program

2010 2011 2012 2013 2014 2015 2016 2017 2018

H Fellows BWWomen M Total Attendees




Sponsors

Sponsors

2010 2011 2012 2013 2014 2015 2016 2017 2018

CtPIF

B Sponsors




Impact Beyond AfPIF




More peering at IXPs in Africa

African Route-collectors Data Analyzer

A.R.D.A IXP view v National view ~ Regional view ~ Towards ARDA 2.0~ Publications About Contact

PERCENTAGE OF ASNs ASSIGNED TO THE REGION VISIBLE AT ALL IXPs IN AFRICA

This webpage compares over the last month the number of ASNs assigned by Afrinic with respectively the number of peering and origin ASNs
visible at all African IXPs. Upon click, the user can download the respective lists of ASNs

Percentage of Peering ASNs Percentage of Origin ASNs

@ Origin ASNs NOT

Directly Peering visible at any
at any African African IXP
IXP @ Origin ASNs

ASNs Directly visible at African

Peering at an IXPs
African IXPs

@ ASNs NOT




Growing impact of local IXPs

D'ansng—Menaka
Aggregate - Traffic SWITCH BFIX
Sahel Reserve

Ouallam

Nla;ney

bits per second

00
0340 0400 0420 0440 0500 0520 0540 0600 0620 0840 0700 07:20 07:40 08:20 08:40 0900 09:20
From 2015/02/21 03:35:00 To 2015/02/21 09:35:00

[ ALINK Inbound Current: 569.24 Average: 571.15 Maximum: 604.7
B ALINK Outbound Current: 9.83 M Average: B.38 Maximum:  21.83 M
[l RESINA Inbound Current: 102.60 k Average: 102.42 Maximum: 2.6

Bobo-Dioulasso B RESINA Cutbound Current: 6.04 M x 7:3 Maximum:  35.

o [ 1PsYs/1TEL Inbound Current: 7.55 kA 1 226.97 Maximum: 7

B 1F5YS/1TEL Outbound current:  64.16 M Av 1 . Maximum:  66.
[ PAV/IPP/VIPNET/TELECEL Inbound  Current: .34 kA 2 Maximum: 766.63
B PAV/IPF/VIPNET/TELECEL Outbound Current: .93 Average: Maximum: 231.93
[ vTs Inbound current: 93.21 k Average: 43.33 Maximum: 3.0
B vTs outbound Current: .10 Average: .06 Maximum: 50.97
[ oNATEL Inbound Current: 3.60 M Average: e Maximum: 6.
B ONATEL outbound current: 6.65 M Rverage: A Maximum: 216.6
[H HQ-ORANGE Inbound Current: .65 M Average: .66 Maximum: 20.3
B HO-ORANGE Outbound Current: y Average: 405.37 Maximum: £24.7
B Total @ 1nbound Current: 1.43 6 42 M Maximum:
= Total B cutbound Current: 1.43 G Average: 25.42 M Maximum:

*Weekly' Graph (30 Minute Average) After the peering roadshow and technical workshop;

8.4 6 : T g : 7 5 Community was able to transition from layer 3 to layer 2 IXP in February 2019

il Topology change unlocked penned up traffic from 400 to 1.4Gbps

4.2 G
Peak traffic is at currently at about 7Gbps

2.1 6

Bits per Second

Saves operators over $120,000 USD per month

0.0 6
Mon Tue Wed Thu Fri Sat Sun Mon Tue

We have received requests from BFIX on support for;

Max Average Current *  New 10Gbps switch to meet growing demand
8129.6 Mb/s (81.3%) 5131.3 Mb/s (51.3%) 5814.8 Mb/s (58.1%)

8166.1 Mb/s (81.7%)  5085.9 Mb/s (50.9%)  5835.8 Mb/s (58.4%)




African IXPs: Peak Traffic

Source: African IXP Association (2019)
800 Gbps
700 Gbps
600 Gbps
500 Gbps
400 Gbps
300 Gbps
200 Gbps
100 Gbps -
2 6 10
0 Gbps * & ¢

1996 2001 2006 2011

v AFIX Benchmark Survey # EurolX Research ™ Michuki Mwangi Research

SePIF




Cross-border Peering of Carriers
2010 2014 w2

Number of Peering ASNs visible in one or more IXPs

Number of Peering ASNs visible in one or more IXPs

Peering ASNs
Peering ASNs

@ 0%-20%

©® 20%-40% ® 0%-20%

® 40%-60% @ 20%-40%

® 60%-80% © 40%-60%

@ 80%-100% @ 60%-80%
@ 80%-100%

2016

) o Number of Peering ASNs visible in one or more IXPs
Number of Peering ASNs visible in one or more IXPs

. 20%-40%
. 20%-40% Peering 20 (4.1%)
Peering A! 4 (1.4%)

- ® 0%-20%
® 0%-20% @ 20%-40%
@ 20%-40% 060%
@ 40%-60% © 40%-
® 60%-30%

@ 60%-80%
@ 80%-100% @ 80%-100%




Global and Regional Carriers - Open Peering

Number of Origin ASNs visible in one or more IXPs Number of Origin ASNs visible in one or more IXPs

Origin ASNs Origin ASNs

©® 0%-20% @ 0%-20%
@ 20%-40% ® 20%-40%
© 40%-60% © 40%-60%
@ 60%-80% @ 60%-80%
@ 30%-100% @ 80%-100%

100%

Number of Origin ASNs visible in one or more IXPs Number of Origin ASNs visible in one or more IXPs

20%-40%
Origin ASh 574 (1%) - 35;:"1 ASNs

y @ 0%-20% 16,298 (23.9%) @ 0%-20%
@ 20%-40% © 20%-40%
© 40%-60% © 40%-60%
@ 60%-80% ©® 60%-80%
@ 80%-100% @ 80%-100%

* SEACOM announced change of Entry of global carriers into the
peering peering at AFPIF-2015 African peering ecosystem %P'F




C
Global ASNs visible at IXPs in Africa

DISTRIBUTION OF NON-LOCAL ASNs

This view categorizes visible ASNs at an African IXP into Private ASNs, Reserved ASNs, local ASNs, External ASNs in the AFRINIC, RIPE, ARIN,
APNIC, and LACNIC region. Upon click, the user can download the list of ASNs and their corresponding groups.

Distribution of non-local ASNs at all IXPs in Africa

I Private ASNs [ Reserved ASNs | Local AFRINIC [l External AFRINIC
o

Number of ASNs

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Years

CtPIF




Looking Forward




But the work has just begun...

Progress has been uneven in Africa and participation in AfPIF has also been uneven
+ Needed goal: To get all countries and African service providers to AfPIF
+  Education and information sharing efforts still needed

Need to get data center space and community to collaborate with AfPIF
+  They are mutually dependent

Need to focus on creating a more robust content ecosystem in Africa. (Content, hosting,
distribution etc.)

+  80/20 by 2020. Still far from a reality for some networks, but not all

Need to refocus on policy and regulation
+  Still have cumbersome legal and regulatory environments in many countries
+ And new developments happening that might setback progress

Need more data about what is happening in Africa
+  Better key statistics and peering data
+  Funding needed for projects to maintain and grow data efforts




e L R L s sl =S G A ) [ S e 2

CtPIF

The future of AfPIF will depend on the community!




@
ThankYou!

Michuki Mwangi Karen Rose
Internet Society Zynia Digital
Mwangi@isoc.org Karen@zyniadigital.com




