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Mbtlvatlon

The university budd1ngs at Un1ver51dad de los
Andes are d1spersed all over the town S ‘;;-;-&

In 1990, ULA had 40000 students a compxiter
center, but no network *

Strong need to improve’ the comm_um fions both
inside the university and tc_) .J;he outs'lde world

The only fiber optic deployed in the country was
in a few basic 1ndustr1es_ a



Very limited resp:l,irces both ﬁnan01al and

human

p ‘*:.J
700 km by mountam road to the capltaT

Telephone communlca’uon out Of Marlda [0)%
terrestrial analog mlcmWave Otﬂy

Low teledensidity, m cell«phones

Experlence with radio ham technologles for
voice and packet radio
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Baekgroimd

o In 1987 first trials with. ke’c‘radlos using a TNC
(Terminal Node Controller) to connect a PC to a Ham

radio at 300 Bauds i the HF band

s. At"VHE (2 m) the

more stable propagation conditions allowed toy

transmission at 1200 Bauds later t

e saime year.

- In 1988 a VHF link between Merida and Caracas was
established by means of 3 repeating stations’
(Dlglpeaters) one leg was400 kmi-between a 4200 m
amsl station in Pico del Aguila @nd Ef'Junquito.

* In 1989 a gateway between. the:'VHF and HF bands
was established linking’ Venezuela with the outside

world



Backgroimd

+ In 1991 the first Inpernet connectlon with

packet radio at 1200 bit/s in the VHF band was
accomplished, latar increased at 9600 brtzfss

* By migrating to the' UHF band, where tfle
channel width allowed: for radio. maise is 100

kH, we were able to achleVe tranémmsmn
speeds of 19.2 kbit/s and later 56 kbit/s




Backgroimd
ey
Faced with the neelg;lfto deploy a computer
network, we concluded that despite our big.,,

technical hurdles the mam obstacle was the«Iﬁck of
trained people i

Established a pilot computer netw k
LANSs connected by modeims. . 1

Started training a group, G)f emhusmstlc students in
Unix, TCP/IP, and basgc- networkmg techniques

Realized that we did not have the means to
provide advanced training

.......

% ﬂf two




Backgroimd
LS,
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 The International (;entre for Theoretlcal Physics 1n
Trieste organized:in 1990 the First Internatle)?al
School on Compute.r, Networks, Wthh was,;

attended by a member of: our gmup

* Upon his return Prof. Luis N unez su'gﬁegted that
we did something s1m11ar in our msﬂtutlon
counting on the fact that the ne‘ed of training in the
whole region would helps us gettlng outside
resources -



Backgroimd
. 1.r,n.q _f;..,. "
* We decided that I YVOuld dedlcate my upcoming

Sabbatical Leave.to prepare the Latin: American

Networking School, Escuela Latmoamerlcanﬁ de
Redes, EsLaRed 92" .

 The time I was going to spend at_Bﬁ f"ioLeﬂ1n New
Jersey was cut short to make room far a stint at
SuraNet in College Park; Mayyland ‘working with
Dr. Glenn Ricart and then moving to the ICTP to
work on the preparation of the Second Computer

Networks School, held 10" 1992



Backgroimd
LS,
o
* With this experlengg, and the contacts acqulred we
organized EsLaRéd’92 durmg 3 Weeks 111

November 1992 . - IR

e 45 participants from 10 CDuntrles where tretmed n
hands-on techniques in computer_ net\ggxlés by 15
Instructors from Europe-and the: Americas

* The Organization of Amerlean States provided the
seminal financial supportthmugh Saul Hahn’s
Red Hemisférica Universitaria, which prompted
several other institutions to chip-in.



Backgroimd
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* The infrastructure. Plgepared for EsLaRed 92 left us
with an improved'network, connected: to:the,
Internet by an UUCP phone call made daily. #

Caracas, and a group of.-well tramed people

 The participants suggested that we m zFsLaRed
a biannual event, with Mérida as.the" permanent
venue, thanks to 1ts favorableaen\flronment

* One of the techniques coyered in our lab sessions
was wireless data transmission, of paramount
importance in places w1th low teledensity and
difficult terrain -
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ereless Computer Networks

* Packet Radio 1 i HF VHF and UHF

— Low speed (up-to 56 kbps) A
— Good range (up to 400 km) frd 3 ’*PH

* Spread Spectrum transnnssmn ;_--..__:
bands (915, 2400 and 5800 MH2)

_-;-.‘.

- Speed up to 54 Mbfs. 7%
— Ranges of up to 65 km _.
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-The umversﬂy network Red la wmad?a' goo‘ﬁ\"
- use of these technologies and 1n 1@95
. during a visit to ICTP I proposed this
solution t0 the communication needs of the
university of ILE-IFE in Nigeria. The
Computer Center LAN there was thus
connected by 915 MHz Spread Spectrum
links to the Physical Scieénces building and .
the Technology bulldmg *:#‘” +.

-



« We were not ab],e to held EsLaRed in 1994,
but we managed to organize it in 19955 4
1997, 1999, 2001 2003 and the 2005#
edition will be held in July -

e qt‘&,l 4

* QOur training efforts Where reé&éﬁlzed by
the Internet Somety, that had been holding
training workshops: m’“Enghsh since 1992,

later augmented with'a French version
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"’"*%’Iaa.tm Amencan Training

- Workshop

ISOC sponsored W&LC 08 in R10 de Janeiro,

with local supporf pr0V1ded by the Umvers1dade
Federal de Rio, where the Spanish and Portu@uese
training was orgamzed by EsLaRed , .

WA

WA

LC’99 merged w1th EsLaRed %anenda

LC’2000 was held at Umver&dad Autonoma

in Mexico City i

WALC’2001 merged Wlth EsLaRed 2001 1n
M¢érida



tin AIIL@I ican Training

et (W

WALC’2002 was hel@ﬁ In Santo Dommgo Domml_can
Republic )

WALC’2003 merged wﬁh o EsLaRed in Menda;f" rom
October 20 to 24

On January 2004 the UNESCO ULA Cl&ﬁ@%{ uter
networking chair was 1naug‘urated W.1th EsI’ARed in charge
of training activities

WALC’2004 was held in C’iuzcb P&,tu,

i,



Meanwhile, the mo fetﬁhfu%ﬁﬁ"%athered by the
training activities hélped securing resources for
our university netv{fork that led us to:*

Establishing the first Fiber Optic 11nks Wlth
multimode fiber in 1992 ;

Installing a Satellite connectlon to th@g};‘emet

Building the first monomode Fl'ber ‘WAN that
spans our city with a 100 M __"ff__js TDM

Deploying the first ATM~netw0rk in an academic
institution in Venezuela -

Installing Gigabit Ethernet over 50 km of SM fiber
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* Our efforts to wire ;t e 01ty Where Jolned )%
Fundacite Mérida; a government orgamzatlon that
provided support for a ereless network to gﬁan

the state of Mérida *

 The first links used packet radlo _te %qges at 19.2
kbps, but the advent of the;web ‘made mandatory
the quest for faster tech; 1010g;es

* We thus deployed a spread spec’trum network at
2.4 GHz, installing a base; station 1n a 3450 m
mountain overlooking the city and surrounding




While lookmg at the ¢ ltérna’trves for buil ding a
robust wireless back%)ne n July 1997 1 visited a
small startup, Splke Technologies, that had.an
experimental broadband network in Nashua New
Hampshire. By using MMDS frequen01es tfley
were able to provide full duplex 10 Mpg 0N a pair
of 6 MHz wide channels. But the iéal¥mtiovation
was a special patented base sta’uon multisector
antenna that allows forfup to 24 sectors with only 3
frequencies palrs A deal*was arranged to install a
base station in Mérida and a 90 km broadband
backbone to reach the town of Tovar




Sectored antenna ,

Frequency Reusablhty R
Long Range, 50 Km:
High Throughput, 10 Mblt/s Fiij’ﬁuplex
Upgradable 2ok o ".' 7

i
F i

Standards based
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" Bre padband Delivery System

PRIZM BDS utilizes
a patented, sectored
single aperture that
allows spectral
reuse of two channe|
pairs

Spectral efficiency of
this model results in
a ratio of 11:1



Repeater Site, 40 km away
Base Station with multisectored antenna at

3450 m altitude overlooking the city of M¢érida,

which lies at 1600 m.
Eleven Sectors, 15 degrees, 20 dB1 each

Three frequency pairs, 2.1- 2.4 GHz

]
"




Radlatlon Pattem File # 1130 8/25/99

Gain dB
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Spike Sub with 2 antennas




* Due to the rugged. ﬁ
topography, repetitlons

points where required to . -

serve neighboring ™ .
villages :
 We found a suitable
repetition point at 40 kn
from the base station, £ qt
allowed the extension‘of
the coverage to further 41
km '
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Frequency Plan
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e Currently 150 rgmote statlons pr0V1de
broadband conhectivity to schools, heaelsth
centers, libraries, *commumty centeré -é‘nd
government mstltutlons s '
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Ermarmo Pl@trosemolr

Director" b?” Jineeri

FUNDEM Unlversrdad de. Io;_s*Andes Merida, Venezuela
o B

Dear SUPERQuest Award}Wmner ;

Congratulations ! 2 '

| am pleased and honored to mform you that your g_dmpany
has been cited as a SUPERQuest Wrnner n the frr.‘St annual
SUPERQuest awards program :

June 5, 1998

i a&ﬂ_,

The panel of judges has chosen FUNDENI i Category
8 - Remote Access as the best in fhat.,partroular field of
nominees. 35

| speak for the entire panel of J_u_d'ges when | say that your
company has made a real contribution to the advancement of
communications technology. -




‘*""{:@Supercomm 98 Atlanta
GQO (15 .USA

During this eVent RETIEM was.,

awarded the best network prlze 1n ,f
the category of Remote AcceSs ;i

A-J

while Third Rail: Techno’lo‘ﬁ,""*‘
a Spike Technologles subSIdlary that
uses the same technology

got the Local Acc_e;ss prize.




Other s.talls of Ticensed systems

K e
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f,r'
e 1999 Caracas, V,enezuela |
9 cities), Mex1co Pem

e 2000 Argentma ( 2% gt
(Lima), Trinidad and Nlcaragua (Maﬂagua)

i

e 2001 Maracaibo, Venezuela S




Merida Fundacite Network
2.4 GHz DSS

Tueany ®

Obispo Caraccislo Paxra

g5 db Lors v Okmedo

O Schend:
La Arcdng e .{?gﬂddrrpr
Hangel/ Wbrervaronc
Andres Bella e
Alhert K 1 antecs
erin i .
Lani Campo FUNDACITE HMasquina Trancal Morte
Adriani i Mirida
Flna \ —  Trancal Sur
o e Trampa Fico Expeio —— Trancal Pueblos del Sur
(ipgll:]
Pirdo Iz Agu.;ﬁ*- Troncal Zona Panamericana
Salinas ® Casas de Ciencias
Sucre Libeyfidox Infocentras
P 4 Estacion Repetidora
M3 ‘
Mantia i Zona de Cobertura
Failad ‘l Red Fundacite-Mérida
[t tely 00
:.;a & Draruel Murcea
Guarague Caramid

N

Arzobiips Chacen

Padre
loguera

http://proxy.funmrd.gov.ve/trafico/

Pietrosemoli 33



IV

FUNDACITE LAN
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Meérida Atmospheric

Research Station (MARS) -8
Joint Venezuelan-German « ." |
project:

5.8 GHz, 16 km link

Pico Espejo. 4765 m
to Hechicera 1800 m




A web&f’aﬁi is-at P1c0£speyo pomted towards Pico
Bolivar (5000 alt1tud@)~ d can be seen at:

http://www-1mk.{zk. déflme/mlra/home html
with the details of thls research proj ect

MIRACAML  7:3L1:51 Z—JUL-2003
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Mesh ﬁhfﬁ'ﬁfks also kn@!wn as wad-hoc networks, are those in
which each node supplies connectwrty to adj acent nodes. |

They originated in the militagy?bi “have found civilian
applications for their abiligy to overcome some of the hurdles of
traditional wireless dep]p,yments like the need for LOS from
every client to the corrésponding base station and the
interference arising when several networks share the s@me
geographical area. They allow for a more robust sysfem
providing alternative path'to.a given station, while offering the
promise of increasing the avallable bandw1d1?h as: tjle number

of users increases. 2tk 31 S

Mesh networks three key advantages 1ncludé’ robustness,
higher bandwidth, and spatla.l, neus-‘e e

|.. L

™ Tty
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Co-operation between multiple radios using
existing standards

—Nodes leverage neighbors to route messages
across multiple hops

—IEEE 802.11 MAC
— Implemented today with standard 802.11 MAC
— MAC tuning to improve performance

— Mesh Routing to select network paths
— Several routing protocols standardized by IETF
— Dynamic Source Routing (DSER)
— Optimized Linlt State Routing (OLSR)
— Ad-Hoc On Demand Distance Vector (AQDV)
— Can be implemented in Layer 2 or 3




[ Overview

Example Mesh Routing Protocol:

Ad-hoc On-demand Distance Vector Routing
(AODYV)

n-dermand route discove
via local interactions e

—

x ﬁrﬁ:r:ediate nodes update r-::r;i‘:u(-ﬁ\._ ;-if, :

table with nest hop to active
destination

Route rephy send back
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* We succeeded iq-%urning fhe lrégion lack of

trained personnel Into an opportunity

» By focusing on manageable proj ectS'Wlthln
the framework of a Tongterm plan. we were

n‘nﬁ'u

able to overcome budget hm;tjcrt':léﬁ‘é‘

* Team work was essentlal 1o décomphsh our
goals, and helped securlng international
support s I
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