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Conne
tivity in the South Ameri
an Internet

Flavio Junqueira Renata Teixeira

1 Introdu
tion

Understanding the reliability and performan
e of wide-area 
ommuni
ations is 
ru
ial to

the evolution of the Internet. Unfortunately, despite the explosive growth of the Internet

in other 
ountries, resear
h in this area has fo
used predominantly on the US. Most re
ent

resear
h e�orts have fo
used on four aspe
ts: network stability, routing, tra�
 patterns,

and topologi
al analysis.

Labovitz et al. present a study on Internet network stability both inter- and intra-

domain tra�
 [1℄. They observed a high level of path �u
tuation and a low MTBF for

individual paths. Chandra et al. de�ned a network failure model and derived values for

the parameters of this model [2℄. Based on these values, they evaluate several te
hniques

for over
oming network failures. In terms of routing, previous works assess the e�
ien
y

of the me
hanisms 
urrently implemented on the Internet. Savage et al. showed that the

path taken between a given sour
e-destination pair is many times suboptimal [3℄. Estrin

et al. [4℄ investigate the impa
t of routing poli
ies on Internet paths. A

ording to their

study, many paths are in�ated by �ve router-level hops or more. Other works address the

problem of estimating tra�
 demands. Fang et al. fo
us on tra�
 patterns among ASs.

The main 
on
lusion of their work is that a small per
entage of the �ows is responsible

for most of the tra�
 [5℄. Feldmann et al. des
ribe a methodology for deriving tra�


demands based on �ow-level measurements on ingress links [6℄. Finally, some resear
h

e�orts fo
us on observing topology 
hara
teristi
s. Gao proposes heuristi
s for inferring

AS relationships [7℄. Hu�aker et al., as part of the CAIDA e�ort on providing information

about the Internet stru
ture, are the only group we are aware of that measures the Internet

outside the US. They present a study of network 
onne
tivity in the Asia-Pa
i�
 region [8℄.

In this paper, we address 
onne
tivity in South Ameri
a. Our experimental framework

is similar to that adopted by Hu�aker et al. We analyze routing tra
es from sour
es inside

and outside South Ameri
a in order to investigate the behavior of 
ommuni
ation both

within and from outside the 
ontinent. In parti
ular, we examine the round-trip time

(RTT) and the routing paths between sour
es and destinations.

This paper pro
eeds as follows: Se
tion 2 des
ribes our approa
h for 
olle
ting and

pro
essing 
onne
tivity data. Se
tion 3 analyzes RTTs and routing paths for the di�erent

datasets. Finally, we present our 
on
lusions and suggestions for future work in Se
tion 4.

2 Methodology

In order to evaluate 
onne
tivity we observed tra
es to a set of destinations in South Ame-

ri
a from di�erent sour
es. We obtained data that spe
ify nodes in the path from sour
e to

destination and round-trip times (RTTs). This data is then extended to 
ontain geographi


and autonomous system (AS) information. Based on this information we determine ASs

that 
onne
t 
ountries in South Ameri
a, the RTTs between sour
e and destination, and

the lo
ation of nodes in the routing paths.



2.1 Data Colle
tion

We used data gathered from inside and outside South Ameri
a. We sele
ted one sour
e

in Rio de Janeiro, Brazil (GTA) and another in Buenos Aires, Argentina (HAB). The

Brazilian sour
e is a restri
ted-use ma
hine whi
h belongs to the Federal University of

Rio de Janeiro, whereas the Argentinian one is a tra
eroute server available through a CGI

interfa
e. The third sour
e is in Oregon, US. The Oregon sour
e is a skitter box maintained

by the CAIDA organization. This box probes daily several destinations around the world,

in
luding sites in South Ameri
a.

Table 1: Number of destination hosts per 
ountry.

Country Domain Su�x Number of Destinations

Argentina ar 26

Bolivia bo 22

Brazil br 198

Chile 
l 32

Colombia 
o 18

E
uador e
 12

Guyana gy 10

Peru pe 18

Paraguay py 21

Suriname sr 6

Uruguay uy 16

Venezuela ve 14

Overall 393

Table 2: Per
entage of destination hosts per domain type.

Domain Type Per
entage


om 40.04 %

gov 12.47 %

edu 9.2 %

net 3.72 %

others 34.57 %

First, we needed to build the list of destinations to probe from the two South Ameri
an

sour
es. To 
onstru
t the list, we used the google [9℄ sear
h engine spe
ifying domain names

ending with a South Ameri
an su�x, resulting a list of 456 destinations. A 
lose analysis

of the original list of destinations determined that 55 of those were not in South Ameri
a.

One destination was hosted in the Netherlands, and the rest in the US despite their South

Ameri
an domain su�xes. In addition to the destinations hosted outside South Ameri
a,

there were 8 destinations that were not rea
hable during the experiments. Therefore, we

dis
arded 14 % of the destinations in our original list. Table 1 presents the number of

destinations per 
ountry in the �nal list. Table 2 shows the distribution of destination

in the di�erent domain types. It is important to stress that a 
onsiderable number of

universities in South Ameri
a do not use the su�x .edu and hen
e fall into the others


ategory.

Initially, the list is randomized to avoid 
on
entrating the measurements to parti
ular


ountries at 
ertain times of the day. For ea
h destination on the randomized list, the
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sour
e in Rio de Janeiro performed a tra
eroute every 30 se
onds. The sour
e in Buenos

Aires is a tra
eroute server, to whi
h we issued a request every 30 se
onds from the same

randomized list. For ea
h pair of sour
e and destination, �ve tra
es were obtained. Our

�rst set of measurements from Rio, to whi
h we refer as GTA-01, were taken from 02/23

to 02/24. Unfortunately, these days 
orrespond to Carnaval, an important holiday in

Brazil whi
h we suspe
t may have a�e
ted tra�
 patterns. Thus, we 
ondu
ted a new

set of measurement from Rio between 02/28 and 03/02 
alled GTA-02. The dataset from

Buenos Aires is 
alled HAB-01 and was 
olle
ted from 03/02 to 03/05.

The CAIDAma
hine at Oregon uses a di�erent list of destinations. In the data provided

to us, there are 4038 destinations in South Ameri
a and only one tra
e per destination.

The tra
es were exe
uted on 02/06 and 02/07 and 
all this dataset CAIDA-01.

2.2 Data Pro
essing

The datasets have information on both RTTs and intermediate nodes in the routing path.

To 
ompute the distan
e between sour
e and destination, and between intermediate nodes

we need to have the latitude and longitude of ea
h node in the path. Using a set of tools

from CAIDA, it is possible to determine geographi
 and AS information about the routers

on a path. NetGeo is a system implemented using a 
lient-server ar
hite
ture whi
h returns

latitude and longitude of a router given its IP address. AS numbers are determined by

a fun
tion in the CoralReef perl library. Given a dump of a BGP routing table, get_as

returns the AS number for an IP address. The BGP routing table information utilized was

downloaded from the National Laboratory for Applied Network Resear
h (NLANR) [10℄.

The geographi
al information provided by the NetGeo server is based on entries re-

turned by WHOIS servers. The NetGeo server parses these entries looking for any pie
e

of information that indi
ates the origin of the IP address. This approa
h, however, is not

entirely a

urate. WHOIS entries often only identify the 
onta
t address of the 
ompany

to whi
h an address blo
k is assigned. This does not ne
essarily 
orrespond to the physi
al

lo
ation of spe
i�
 routers. Moreover, the granularity of the latitude and longitude is not

�ne-grained. In the best 
ase it refers to a 
ity and in the worst 
ase to an entire 
ountry.

Whenever it was possible to infer lo
ation data from other sour
es, su
h as web pages or

router names, we modi�ed the data manually.

Customer-provider relationships are also a sour
e of problems for the NetGeo data. If a

blo
k of addresses is assigned to a provider and a subset of those is assigned by the provider

to a 
ustomer, it is not possible for NetGeo to identify this relationship if there is no entry

for the 
ustomer in the WHOIS servers. We attempt to infer this information from other

means, in
luding browsing web pages and inspe
ting router names.

A problem shared by CoralReef and NetGeo is related to 1918 addresses [11℄. There

are three blo
ks of addresses assigned for private use, over whi
h the Internet Assigned

Numbers Authority (IANA) has no 
ontrol. These addresses are to be used in ma
hines

inside organizations and are not supposed to appear in any host 
onne
ted dire
tly to the

Internet. It is impossible to determine geographi
 information or AS number for these

routers sin
e these addresses are not assigned to any spe
i�
 organization. There are

paths, however, that in
lude routers with 1918 addresses. Usually this 1918 address appear

between two routers of the same organization. Therefore, it is possible to infer the data

for a router with an 1918 address from previous and next hops.

Finally, multi-homed networks introdu
e multiple entries in the routing table for the

same address pre�x. For addresses in multi-homed networks, the get_as fun
tion returns

an error indi
ating multiple origins. In most 
ases, it is possible to infer the AS number
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from the previous hop. However, this is not always a

urate be
ause the AS of the previous

hop may not be in the set of possible origins. In this 
ase, we 
hoose a random AS from

the set of possible origins.

In summary, the tools used to determine geographi
 and AS information are not perfe
t

due to limitations of the knowledge-base used by them. Consequently, it was ne
essary to

manually modify the datasets in order to in
rease the robustness of our results.

3 Results

In this se
tion we investigate 
onne
tivity from both outside and inside South Ameri
a

based on the datasets GTA-01, GTA-02, HAB-01, and CAIDA-01. First, we present the

round-trip time exhibited in those datasets and 
ompare the 
ountries in South Ameri
a

a

ording to this measurement. Then, we dis
uss the paths traversed by pa
kets to South

Ameri
a and their most important ASs.

3.1 Round-trip Time

Figure 1 shows the variability of round-trip time as a fun
tion of geographi
 distan
e for

ea
h dataset. The three graphs show a relatively high degree of RTT variability. Note

that tra
es originating in Rio (Figure 1(a)) have RTTs varying from 3 ms to 3000 ms,

and 90 % of the tra
es have RTTs less than 762 ms. In the tra
es from Buenos Aires

(Figure 1(b)) RTTs vary from 14 ms to 2800 ms, but only 41 % of them have RTTs shorter

than 762 ms. Figure 1(
) shows the dataset with the sour
e outside South Ameri
a. RTTs

from Oregon are more variable (the y-axis is in log s
ale), ranging from 97 ms to 16900 ms.

One interesting observation is that approximately 83 % of the tra
es from outside South

Ameri
a have RTTs less than 762 ms, more than double the per
entage of tra
es from

Buenos Aires.

Nevertheless, 
omparing absolute RTTs for the three di�erent sour
es is not a

urate

for a number of reasons. First, datasets GTA-01, GTA-02, and HAB-01 probe a di�erent

set of sites than those probed in CAIDA-01. Se
ond, the measurements were taken in

di�erent days, and even if taken in the same day it is hard to syn
hronize all the sour
es

to probe the same sites at the same time. Further, RTT is inherently related to distan
e,

hen
e tra
es from outside South Ameri
a should present higher RTTs. Another fa
tor that

in�uen
es the measurements is that the number of sites probed in Brazil is mu
h larger than

those probed for other 
ountries. Thus, measurements from Brazil present lower RTTs.

In order to over
ome some of this fa
tors, we randomly dis
arded tra
es to Brazil in

GTA-01, GTA-02, and HAB-01 datasets leaving only 26 destinations in Brazil. Sin
e all

the tra
es were 
olle
ted during weekdays, we assume that the tra�
 is similar. Instead

of 
omparing absolute values of RTT, we divide the shortest geographi
 distan
e between

sour
e and destination by the RTT between them. This measurement is the speed with

whi
h pa
kets are transferred. Figure 2 shows the 
umulative distribution of speed in

miles/ms for ea
h of the datasets. We also show the speed of light (186 miles/ms) that is

the theoreti
al maximum speed. We observe that CAIDA-01 has the highest speed, with

more than 65 % of the tra
es exhibiting speeds ex
eeding 10 miles/ms or more. GTA-01

and GTA-02 are the se
ond best with approximately 70 % of the tra
es with speed more

than 2.5 miles/ms. HAB-01 has the lowest speed, 75 % of the tra
es present speed less

than 2.5 miles/ms. We examine the reasons for this behavior in Se
tion 3.2.

Figure 3 
ompares the speed among the di�erent 
ountries in South Ameri
a for tra
es

with the sour
e in Rio. Sin
e the sour
e is inside Brazil, some of the tra
es within
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Figure 1: Round-trip time by distan
e for ea
h tra
es.

Brazil present small RTTs and hen
e high speeds: 33 % of those have speed higher than

10 miles/ms. The tra
es to Brazil also present the largest speed range � from 0.07 miles/ms

to 97.74 miles/ms. Note that for the majority of the other 
ountries the speed range is

small. This means that from Brazil to ea
h one of these 
ountries the ratio between geo-

graphi
 distan
e and RTT is approximately the same. The same behavior is observed in

the tra
es from Argentina as shown in Figure 4.

As seen in Figure 3 and Figure 4 the 
ountry that has lowest speed is Paraguay and

the one with highest speed is Venezuela. Paraguay and E
uador exhibit delays above

650 ms from Brazil and above 900 ms from Argentina. Suriname also has a minimum RTT

of 750 ms from Brazil and 1000 ms from Argentina. This minimum delay suggests that

these tra
es traverse a satellite link. AS data presented in the next se
tion 
on�rm that

Paraguay, E
uador, and Suriname are 
onne
ted to Brazil and Argentina via satellite links.

3.2 Routing Paths

In this se
tion we dis
uss the paths traversed by the tra
es from both inside and outside

South Ameri
a. In order to determine whether the paths to South Ameri
a follow the

shortest geographi
 path, we 
ompared the sum of the distan
e between ea
h hop (idist)

and the shortest distan
e between sour
e and destination (gdist). Figure 5 shows the ratio
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Figure 3: Cumulative distribution of speed (GTA-02).

idist/gdist for ea
h datasets. For the reasons dis
ussed in Se
tion 3.1 the datasets GTA-01,

GTA-02, and HAB-01 were modi�ed to 
ontain only 26 destinations in Brazil. A ratio of

1 means that idist equals gdist, i.e., the routing path used by the tra
e 
orresponds to the

shortest geographi
 path between sour
e and destination. A ratio of x means that the path

used in the tra
e is x times longer than the shortest geographi
 path.

Figure 5 shows that for 99.8 % of tra
es from Oregon idist is at most 4 times longer

than gdist. Paths originating in Rio, both GTA-01 and GTA-02, are at most 15 times

longer than the shortest path for 99 % of tra
es while paths from Buenos Aires are 55

times longer for the same per
entage of tra
es. Note that some tra
es from HAB-01 are

more than 128 times longer than the shortest path.

Figures 6 and 7 present the 
umulative distribution of idist/gdist for ea
h 
ountry. The

majority (95 %) of tra
es from Rio to destinations in Brazil follow the shortest path. This
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Figure 4: Cumulative distribution of speed (HAB-01).
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Figure 5: Cumulative distribution of distan
e adding up the geographi
 distan
e between

individual hops in the path versus the geographi
 distan
e from sour
e to destination

(overall measurements).

shows that inside Brazil there is good 
onne
tivity. Only 45 % of the tra
es from Buenos

Aires to destinations in Argentina have a ratio of 1. As in 3.1, Paraguay exhibits the

worst idist/gdist ratio. The longer paths experien
ed by Paraguay are one reason for the

lower speeds. In Figure 6 we observe a ratio equal to 1 in 80 % of the tra
es for Uruguay.

By examining the AS paths from Rio to Uruguay we dis
overed that around 80 % of the

tra
es go via Embratel, a Brazilian provider, straight to ANTEL1, the most important AS

in Uruguay (see Table 5).

The high ratio of the distan
e traversed by the paths to the shortest geographi
 distan
e

led us to investigate the paths with sour
es and destinations in South Ameri
a. Tables 3

and 4 present the per
entage of paths from GTA-02 and HAB-01 respe
tively that go to
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Figure 7: Cumulative distribution of distan
e adding up the geographi
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e between

individual hops in the path versus the geographi
 distan
e from sour
e to destination

(HAB-01).

North Ameri
a and Europe. Note that for tra
es originating in Rio 7 out of 12 
ountries

have 100 % of the paths going to North Ameri
a and 100 % of tra
es from Rio to Peru and

to Suriname go to both North Ameri
a and Europe. Tra
es with sour
e in Buenos Aires

exhibit similar behavior. We observed a sample tra
e from Buenos Aires to Porto Alegre,

in the south of Brazil. The path taken is: Buenos Aires, Paris, Frankfurt, Amsterdam,

Washington D.C., New York, São Paulo, and �nally Porto Alegre.

Table 5 presents the stub ASs and the last transit ASs for ea
h 
ountry based on data

from GTA-02. The results for the other datasets are similar. We obtained this information
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Table 3: Per
entage of paths that go outside South Ameri
a (GTA-02).

Country North Ameri
a Europe

Argentina 54.62 % 11.54 %

Bolivia 100 % 27.4 %

Brazil 0.46 % 0.46 %

Chile 99.4 % 30.36 %

Colombia 100 % 22.89 %

E
uador 100 % 33.9 %

Guyana 100 % 0 %

Peru 100 % 100 %

Paraguay 95.37 % 41.67 %

Suriname 100 % 100 %

Uruguay 17.95 % 10.26 %

Venezuela 100 % 53.73 %

Overall 42.9 % 17 %

Table 4: Per
entage of paths that go outside South Ameri
a (HAB-01).

Country North Ameri
a Europe

Argentina 20 % 16.15 %

Bolivia 89.33 % 65.33 %

Brazil 73.87 % 52.64 %

Chile 79.05 % 59.46 %

Colombia 100 % 58.02 %

E
uador 100 % 87.23 %

Guyana 100 % 13.51 %

Peru 100 % 70.59 %

Paraguay 96.52 % 82.61 %

Suriname 100 % 97.06 %

Uruguay 0 % 0 %

Venezuela 100 % 80.6 %

Overall 75.07 % 53.21 %

by 
onsidering the last AS in the AS path to be the stub AS and the se
ond to last to be

the last transit AS. This assumption, however, does not always hold be
ause of 
ustomer-

provider relationships and be
ause a stub in an AS path may also be a transit in another

AS path. Brazil has the largest number of stub ASs (37) before Argentina (14). Bolivia,

Guyana, and Suriname are servi
ed by only one provider: BolNet, Cable & Wireless, and

Interpa
ket respe
tively. Paraguay, Guyana, and Suriname have no lo
al provider. Even

though Paraguay has 8 di�erent stub ASs, approximately 90 % of them are registered in

the US and the remaining are registered in Brazil or Argentina. The main stub ASs in

Paraguay are Panamsat and SAT-TEL and in Suriname is Interpa
ket. These three ASs

provide Internet 
onne
tivity via satellite. This explains the RTTs presented in Se
tion 3.1.

Note that the majority of last transit ASs are in the US. The ASs outside South Ameri
a

that appear in most paths to South Ameri
a are UUNet (USA), Cable & Wireless (USA),

Fran
e Tele
om (Fran
e), and Teleglobe (Canada).

9



Table 5: ASs per 
ountry (GTA-02).


ountry Last Transit AS Stub AS

#ASs Main ASs #ASs Main ASs

ar 8 TASF/AR (35.16 %) 14 Advan
e/AR (19.53 %)

IMPSAT-AR (23.44 %)

Telintar/AR (19.53 %)

bo 3 AT&T/USA (72.41 %) 1 BolNet/BO (100 %)

Tele
om Italia (24.14 %)

br 10 RNP/BR (47.88 %) 37 Embratel/BR (42.87 %)

Embratel/BR (18.30 %)


l 10 CWUSA (29.17 %) 9 PROVDESERV/CL (26.19 %)

Ameri
atel/USA (16.67 %) RdC Internet/CL (19.64 %)

Entel/CL (16.67 %)


o 10 UUNet/USA (21.69 %) 11 IMPSAT-AR (18.07 %)

IMPSAT-BR (18.07 %)

Global One/CO (16.87 %)

e
 3 Interpa
ket/USA (49.15 %) 4 Cyberweb/EC (32.2 %)

UUNet/USA (25.42 %) Publi
om/USA (25.42 %)

IMPSAT-BR (25.42 %) IMPSAT-AR (25.42 %)

ECUANET/EC (16.95 %)

gy 2 CWUSA (59.15 %) 1 CWUSA-2BLK (100 %)

UUNet/USA (40.85 %)

pe 4 12956 (70.59 %) 4 Telefoni
a del Peru (76.47 %)

UUNet/USA (18.82 %)

py 6 UUNet (46.73 %) 8 Panamsat/USA (37.38 %)

CWUSA (23.36 %) SAT-TEL/USA (23.36 %)

sr 1 UUNet/USA (100 %) 1 Interpa
ket/USA (100 %)

uy 4 Embratel/BR (82.05 %) 2 ANTEL1/UY (83.33 %)

AS1797/UY (16.67 %)

ve 4 Sprint Inter./USA (53.73 %) 5 Global One/VE (53.73 %)

Sprint/USA (22.39 %) 2027(16.42 %)

Publi
om/USA (16.41 %)
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4 Con
lusion

In this paper we aimed to study 
onne
tivity in the South Ameri
an Internet. We have pre-

sented an analysis of four datasets with tra
es to destinations in South Ameri
a. The study


hara
terizes 
onne
tivity in terms of RTTs and both AS and routing paths. Based on this

information we have determined that all 
ommuni
ation from Brazil and Argentina to the

majority of the other 
ountries in South Ameri
a traverses North Ameri
an ASs. Countries

like Bolivia, Guyana, and Suriname have only one stub AS. Hen
e all the 
ommuni
ation

to those 
ountries depend on these ASs. We observed that Paraguay perform worst in both

speed and idist/gdist ratio. The reason for the worst performan
e is that Paraguay is 
lose

to both our sour
es, but it is only 
onne
ted to other 
ountries via satellite links, whi
h

present high RTTs, and all its paths go through the US, thereby having a high value of

idist. Suriname and E
uador, whi
h are also 
onne
ted via satellite, are lo
ated farther

from both our sour
es, thereby performing better a

ording to those metri
s.

Our study would bene�t from in
reasing the number of sour
es. In parti
ular, having

at least one sour
e per 
ountry would enable further analysis of 
ommuni
ation between


ountries and within ea
h 
ountry. Another important next step is to add other per-

forman
e metri
s like loss rate, 
ongestion, and bandwidth. Finally, a study of peering

relationships among South Ameri
an providers and with outside providers would further

the understanding of path sele
tion.
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