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The university buljldmgs at Un1ver31dad de los

Andes are d1spersed all over the town 2

In 1991, ULA had 40000 students, a comﬁﬁter
center, but no network

Strong need to improve' the comnﬁﬂméﬁﬁbns both
inside the university and tQ th,e outs'lde world

The only fiber optic deployed in the country was
1n a few basic 1ndustr1e_s* , :
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Very limited resf)urces both ﬁnanc:1al and

human

700 km by moun’[am road to. the ,capltfal

Telephone commumcatmn ou__t:@«

terrestrial analog mictowave éﬁfy
Low teledensidity, no cell phones
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Faced with the neejd. 'Eg deploy a computer
network, we conc¢luded that despite ourbig.,,
technical hurdles the maln obstacle Was the lﬁck of
trained people

Established a pilot computer netw,‘_;,;. Gwith

LANs connected by modems-.~.: =%

Started training a group, @)f enthusmstlc students 1n
Unix, TCP/IP, and bagl_c_,netwmﬂqng techniques

Realized that we did not have the means to
provide advanced training
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e The International (}entre for Theoretlcal Physics 1n

Trieste organized-in 1990 the First Intematlonal

School on Compute,r Networks Wthh Was}- 7

attended by a member of- our group. - :

& _"‘-.;1.

» Upon his return Prof. Luis Nunez %egted that
we did something similar in QU.I’ 1ns$ﬁut10n
counting on the fact that the ne‘ed of training in the
whole region would helps us gettmg outside
resources '




Background
* We decided that T WOuld dedlcate my upcoming

Sabbatical Leave. t() ‘prepare the Latin:Amerjcan

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

 The time I was going to spend at_B;i:f’?@}@fm New
Jersey was cut short to make room:far a stint at
SuraNet in College Park; Maagyland ‘working with
Dr. Glenn Ricart and then moving to the ICTP to
work on the preparation of the Second Computer

Networks School, held 1n 1992

_f 2
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With this experlcncc, and thc contacts acqulred we

orgamzcd EsLaRg¢d’92 during 3 Wecl%s ine,,
November 1992 Si- - 0 o

ek : :._;:p-

45 participants from 10 countrlcs whcrc trained in
hands-on techniques in computcr_ n.et\g@_fg,ks by 15
Instructors from Europe: and the: Amcrlcas

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

-
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* The infrastructure. P;repared for EsLaRed 92 left us
with an improved'network, connected to: the,
Internet by an UUCP phone call made daily; b
Caracas, and a group of.well tralned peopl@

» The participants suggested that we m@e FsLaRed
a biannual event, with Mérida as: thﬁ;permanent
venue, thanks to 1ts favorable*enwr(’)nment

* One of the techniques’ covered #h our lab sessions
was wireless data transmission, of paramount
importance in places with low teledensity and
difficult terrain R
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WrreleSS Computer Networks

» Packet Radio in; HF VHF and UHF
— Low speed (up- to 56 kbps) | _7'f TN
— Good range (up to 400 km) ' ’*
* Spread Spectrum transmls51011«“?:;'};‘;:5‘.'
bands (915, 2400 and 580() MH,z)
— Speed up to 54 Mbps ﬁ
— Ranges of up to 65 km -




The umversﬂy network Red la umad* goo‘ﬁ“‘
~use of these technologies and in 19"95 o

_during a visit'to ICTP I proposed this
solutiori t0 the' communication needs of the
university of {LE-IFE in Nigeria. The
Computer Centér LAN there was thus
connected by 915 MHz Spread Spectrum
links to the Physical Sciences bu11d1ng and .
the Technology bulldmg ‘4:"
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Evoluhon
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« We were not ab]ﬁ: to held EsLaRed in 1994,
but we managed to orgamze 1t m 1995, 3
1997, 1999, 200 I*and 200857, 4 7 #*”
 Our training efforts Where rec_,_f,‘-—:f%-
the Internet Society, that had been holdmg
training workshops fir Enghsh since 1992,
later augmented w1th a French version




ISOC sponsored WALC 98 in R10 de Janeiro,

with local support pr0V1ded by the Unlver81dade
Federal de Rio, where the Spanish and PGrt\:fguese
training was orgamzed ) EsLaRed:: -

WA

WA

LC’99 merged W1th EsLaRed _%@‘Merlda

LC’2000 was held at Umveréidad Autdénoma

in Mexico City &% B i

WALC’2001 merged w1th EsLaRed 2001 1n
M¢érida



- WALC’2002 was held in Santo Dommge
Dominican Repubhe s ...ﬁ.:

« WALC’2003 merged Wlth 6 ESLaRed 1n ‘Mérida
from October 20 to 24 . -/ s S

+ On January 2004 the UNEsce ULA-Ci
computer networking c'hanr W’as maugurated
with EsLaRed in charge ‘of tramlng activities
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Meanwhile, the m()m:eﬁfum gathered by the
training activities hél"f ed securing resources for
our university netv&ork that led us fo:*

Establishing the fitst Fiber Optic hnks Wlth
multimode fiber 1n 1992 aL

Installing a Satellite connectlon t_o_ th Jém,ernet

Building the first monomode F1béf WAN that
spans our city with a 180 Mbp§ TDM

Deploying the first ATM-nethrk in an academic
institution in Venezuela -

Installing Gigabit Ether;n;t over 50 km of SM fiber



- University Network: RedULA

-50 Kilometers Gigabit Ethernet SM fiber
49 clients nodes 2.4 GHz ®

7 clients nodes 915 GHz
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_ onnected to F.O
Hechicera



* Our efforts to wire t,fie c1ty Where Jomed by
Fundacite Mérida; ‘a government organlzatlen that
provided support for a Wl:reless network t@ sdian
the state of Mérida ™ -

* The first links used paeket radlo teeh@/@es at 19.2
kbps, but the advent of the; Webmade mandatory
the quest for faster teehnoleg;-\es

 We thus deployed a spread speetrum network at
2.4 GHz, installing a base station in a 3450 m
mountain overlooking the city and surrounding



While looklng at the p,ltéfrna’ttves for building a
robust wireless backbone, in July 1997 1 visited a
small startup, Splké Technologies, that had. an
experimental broadband network in Nashua, New
Hampshire. By using MMDS frequenc1es ’tfley
were able to provide full duplex 10 Mpsgn a pair
of 6 MHz wide channel§. Bt the. rea’i’%‘ffovatlon
was a special patented base statioh 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
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Broaﬁbénd Dthery System
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Sectored antenng: N
Frequency Reusablhty St A
Long Range, 50 km
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High Throughput, 10 Mblt/s, FultBu

Upgradable
Standards based
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| adb ancl Delivery System

* PRIZM BDS utilizes
a patented, sectored
single aperture that
allows spectral
reuse of two channel
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
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Installed in 1997




Radiation Pattern: wossee 0
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* Due to the rugged ﬁ &
topography, repetitlons
points where requited to . -

serve neighboring .
villages L.

 We found a suitable .-f:f. ,
repetition point at 40 ki, '~< " -':?7_
from the base station, that
allowed the extension‘of |
the coverage to further 4T_ ~
km -,




Frequency Plan
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e Currently 150 regnote statlons prov1de

broadband connectlwty to schools, heavgth
centers, libraries, commumty centers ﬁ‘fnd
government 1nst1tut10ns o éa”-



\ June 5, 1998
Ermanno P“retrosemoll..
Director 'o?&Eﬂjgmeerlng et

FUNDEM Umver3|dad de Ios Andes Merida, Venezuela |

Dear SUPERQuestAwar Wlnner 4
Congratulations ! = :

| am pleased and honoréd to mform you that your gﬁmpany
has been cited as a SUPERQuest Wlnner in: the frfSt annual
SUPERQuest awards program .
'-r_.wiﬂ“

-

The panel of judges has chosen FUNDE]\/I; in Category
8 - Remote Access as the best in- thakpaﬂlcular field of
nominees. f5e 5

| speak for the entire panel ofJudges when | say that your
company has made a real contribution to the advancement of
communications technology. - -
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: ﬁfé.;‘,j;__.upercomm 98 Atlanta

Geon..:°-f ,ﬁUSA

During this event RETIEM was,

awarded the best network prlze m
the category of Remote AcceSsl
while Third Rail’ Technolfff_' 5
a Spike Technologles subSIdlary that
uses the same technology

oot the Local Access prize.
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Distance:15.29km Clearance:5.00m PathLozs133.1d8 Ry 18,4848 (57 |-;

Tranzmitter Receiver

j | Hechicera

|F‘in::|:| Ezpejo

Meérida Atmospherlc \
Research Station (MARS)
Joint Venezuelan-German
project:

5.8 GHz, 16 km link

Pico Espejo. 4765 m
to Hechicera 1800 m




A Webéﬁhﬁivw}s at PlcoEspe}e pointed towards Pico
Bolivar (5000 fir altltudg)gnd,can be seen at:

http://www-1mk.{zk. deﬁmk2/m1ra/home html
with the details of th1s research proj ect

MIEACAML  7:31:51 Z2—JUL—2003




Mesh N‘éﬁxmrks also‘known as ad hoc networks, are
those in which each HQC],Q ,p_upphes connectivity to
adjacent nodes. - ;#,,

They originated 1n Il;{@ mlhtary, but haye found
civilian apphcatlons for their ability to overctame
some of the hurdles Qf traditional wireless " :
deployments, like the need for LOS from every client
to the corresponding base station and:the ixterference
arising when several networks share the same
geographical area. They aLlow for a more robust
system providing altematwe patﬁ to a given station,
while offering the promise of i increasing the available

bandwidth as the number 0t users increases.
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Mesh networking (also ac;alled "multl -hop" networking) is a
flexible architecture fgm moving data efficiently between
devices. In a traditiopal wireless LAN, multiple elients
access the network through a direct wireless link 107an
access point (AP); this'is a "single-hop" network:In a
multi-hop network, any device with a-radiedink ¢an serve
as a router or AP. If the nearest AP is con\ggstedydata 1S
routed to the closest low-traffic-node; Data’ dortinues to
"hop" from one node to the next it thls ma;nner until 1t
reaches 1ts final destmatlon A .f_.,q , ,j -

Mesh networks have some key advantages over their
single-hop counterparts. Fhree key advantages include
robustness, higher bandwidth, and spatial reuse

-



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 (DSR)
— Optimized Linlk State Routing (OLSE)
— Ad-Hoc On Demand Distance Vector (AOQDV)
— Can bhe implemented in Layer 2 or 3

L



| Overview

Example Mesh Routing Protocol:

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

Un-demand route discove ‘6’
via local interactions s ; : f .

ermediate nodes update rotings, ;
table with needt hop to active
destination

Route rephy send back




oy Advantages Of Mesh Networks
Reduced cost

— less wired infrastructure
— ease of installation

Extended range and coverage

— beyond wired infrastructure

Potential for energy efficiency

— low transmit power

Robusthess

— multiple (redundant) communication paths

Potential for performance improvement
— throughput and capacity
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* We succeeded 11y turnmg the reglon lack of
trained personnel into an opportumty

* By focusing on manageable proj jects Wlthm
the framework of a long term plan We were
able to overcome budget hmuaﬁéﬁﬁ‘

e Team work was essentlal ,io accomphsh our
goals, and helped securmg international
support =
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