
� �
����
��	�

� �
�
�� � �
 
��� �
��
� ���
� ��
 
�

�

�� �� ��
��� ��� � �� �
� � 
�� �
� ��� �

! "#$
% &' #() * +
,- .#+* &"#-/ 0% &1% .%)

23 ���4 5
67�8 �
� �� �� �

9#: &*'* +(;%'%- &: </ ;%= >* "=

? � �8�A@
6B�4 C

! "#$
% &' #() * +
,- .#+* &"#-/ 0% &1% .%)

D



�
�
�� � �
 
��E�
��
FG

HI ��J� �4K�� �3
��K
LM 3K
N ��O ��J 7�4 ��

PI � ��3 Q
O 4K
R�N � �K �
� QK��O �4 �� S

HT� Q4 �VUW� 7�K�4 ��N O �K
O 3 �4 �3�

P@K4 U7K4�4K
X I K Q8 U7K4�4K
? K�4 ��N S

PI � �
Y3
Z�8
�� 
UKO 4 ��� QO 33 ���N � �K �N W� 7� S

HM 3K
N ��O ��J [
�� Q4 \K Q3 �� �J3

PI � �
W� 7�4� �3
N 3K
N ��O ��J �K83
L� �Q� �3
� S

]



^ �
 _
��

H` ��4
���M 3K
N ��O ��J 7�4 �S

HM 3K \
��J �
� �8
�4�O �K
O 3 �4 �3�

Hab
O 3 ���3 �4� QT34 �K8K QK
N �

HI ��J� �4K�� �3
��K
L? K�43
�

H? K�4 ��N �J �K
�� �� Q4 �O Q3
W� 7�

HM 3K
N ��O ��J [
�� Q4 \K Q3 �� �J3

HI K �J Q�� �K ��

c



�
� 
��
� �
�� �
�� �

� �
� �
d

HI K �� �83 �4 �3
efg
hifjk
eiO �4 �4K
� �3 �8 U�K
�4 6\�3
l ij
l fg
monp
hm gen
��4 �3

K �83 �38 Q
��4K
L� ��q �3
N 3K
N ��O ��J QK
J�4 �K ��K
L4 �3 �K�43 �� ��4 �3
O �4 �6

HM 3K
N ��O ��JO �4 �8K3
� �K4
JKr3 �4 �33 �4 ��3
st
O �4 �6

Hab
� �
O Q3 u

0v; w
x0v; w
yz{|z }~�� }:- .&% "�}"%( 0% &1% .%) � , �

-: &� y'% &#- .�
y� y| y| }�- "�&- ": #':*' += }: �}"%(�- "� �&- ": #':*� , �

-: &� y.**� �-: 1}�%-(( .%'% .}: �}"%(�%-(( .%� � �

�|� }�z �}�� }���
� "1"* �"

' . y�� �| y'%- yz y| }'� &#"( .#"1}"%(�%-(( .%� � �

' . y�� �� y� % " y{ y�}'� &#"( .#"1}"%( ~% ""'-� 1% "� �
�

-( y�� � y") : y� y| y| }-�� .#%=( <%* &) }"%( �% �� �* &1� ��

-( y�� � y") : y� y| y| y�,� }-�� .#%=( <%* &) }"%( �% �� �* &1� ��

HM 3K
N ��O ��J 7�4 �u
�3 ��3 Q3� � � � �[�� �J ��JK� � 3�44 Q3� 73 ����� �3 �� 53Y �K ��

�



� �
� ��
�� �

H? 3
JKN ��C3 �K�43 ���
�N 3K
N ��O ��J QK
J�4 �K ��� ��N hj�i�4 ��4 �
��  33 � 38838

��
�4� �5
� �� �3
6

Hab
� �
O Q3 u

PI K83
m i�
���
� �¡¡¢ £ �m i�
�¤ �¢ ¥�

m fp�
e�p�
¦ ¥�ie �3
L3 ��4K
73 ����� �3 �§ 5
¨ 6

HI K
r3 ��N 3K
L4 �3 \KK Q

P©�§ ª
« JK� �4 ��3� ��
a� �K
O 3 6

PTK �34 �� �ª
¬¬¬ QK
J�4 �K �
JK83
� LK �
©� � �8
a� �K
O 3 6

H? 3
JKN ��C� �Q�4� K
L�K�43 ��

P? 3
JKN ��C3
®¯ K
L¥�ie �K�43 �Q
� 3 Q
�°²±³
´ªK�4K
Lµµª
¶«· 6

P¸�K �Nº¹
» �
�¼ K �
W� 7�� �3
JKN ��C� �Q�4� ��½¯ 6

¾



� �
��� �

¿�À

_
G
� �
� �
�� �
�� �

� �
� �
�

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1

% routers recognizedÁ

P
osition in the P

ath

P
ercentage R

outers R
ecognized in a P

ath

HI � ��3
JKN ��C3 �K
�4K
L4 �3 �K�43 ��Y �3 �
��4 �� �� �4 34Y33 ��
�¼ K �
W� 7� 6

\
��� LK ��
�� Q� �N 3
O K �4 �K �K
L4 �3
M 3K
N ��O ��J 7�4 �6

Â



ÃÄ
� � �

Å�
�
� _
�
 �
�F� _�� G

HT3
��� �3 �3 �4 \3
�4 38

Pª
¬N 3K
N ��O ��J� QQ� 8 ��O 3 ��38
O �K 3
O K ��4�° µ±
��
©��VÆ
��
a� �K
O 3·

H2� ��34� K
L�3
�4 ���4 �K �
a�8 U�K
�4�

P© ��r @K
�4� utÇÈ � ��r3 �� �4 �3� ��4 �3
©� 6

P�� `3 u¹t®È
O � Q
�J Q� �� ��3� ��4 �3
©� 6

Pa� �K
`3 u¹®É t
Y3 
�3 �r3 �� ��
a� �K
O 3 6

P\
2 @K
�4� u» ¹®®
J Q�3 �4�K
L� �K �Q��3 \
2O �K
N �� �
N � �83
6

H¸OO �K b
���43 Q
� ½È®®® 4 ��J3 �K�43
� ��4K4� Q6

H23 ��7� b�K � ��4 ��J3 �K�438�4��34
��µ
¶¶Ê 6

HW� 74K
O K QK
N �3� L�K �
I ¸W�¸ �� T�O �344KK Q
6

Ë



�
 �

��

HI ��J� �4K�� �3
��K
L7�4 ��

PI K �
O �43
�p�igfpÌi��p�
eg�
hiK
L�N 3K
N ��O ��JO �4 �
��4 �3
�� �
K
L�K
O U�K
O

N 3K
N ��O ��J8 ��4� �J3� ��4 �3
O �4 �6

PÍp�
eg�
hi
Î g
epj
ÏQ
��3
� ��C388 ��4� �J3

X 3 �8 ª3 �8
N 3K
N ��O ��J8 ��4� �J3 6

HT� Q4 �VUW� 7�K�4 ��N

PI K �
O �43
Ð fg
hepj�j
Ð m genp�
ÑÒ Ó
��4 �3
L��J4 �K �K
L4 �3 Q
��3
� ��C388 �� U

4� �J3K
L4 �3
O �4 �
Y �4 ���4 �3
W� 76

HM 3K
N ��O ��J L�� Q44K Q3 �� �J3

P5� � 3 �K
LJK �
O K �3 �4� ��4 �3
N ��O �6

Ô



Õ 
���

��
� ��
�� Ö
Ã×�
�� �
Ø �� �
��
Ù��� 
� �

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

D
istance R

atio

Cumulative Distribution

 LibW
eb: D

ifferent sources

U
N

C
     

S
tanford

W
U

S
T

L   

HWL�K� �J3
��J QK
�34K
Úi��hj��ihei�
N 3K
N ��O ��J QK
J�4 �K �� 8 ��4� �J3 ��4 �K
��

3 b
O 3J4384K 3
� �
� QQ3 �6

Û



� ��
 
�

�

�
Ü
Ø Ý
�� ��
 
�

�

�
Ã� �
�� �

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

D
istance R

atio

Cumulative Distribution

U
S

−
U

S
 vs E

urope−
E

uropeU
C

 B
erkeley     

S
tockholm

,S
w

eden
B

ologna,Italy   

H\�3 �3
� �3 �
� �� � �
� QQ

° ��4 �K �� Q· �34YK ��� ��
a� �K
O 3
Y ��J ��
� �3
� �K�4 ��N

J ��J� �4K�� 6� K �
� �� � �
� QQ
W� 7�� �34 ��r3 ��38
��
�O �4 �6

DÞ



ß
�� �
�� �
� 
�Ý
�� �
����
��	�

� ß
�� �
��

0
500

1000
1500

2000
2500

3000
3500

4000
4500

1

1.2

1.4

1.6

1.8 2

2.2

2.4

2.6

2.8 3

G
eographic D

istance(km
s)

Distance Ratio

G
eographic D

istance vs D
istance R

atio

E
2E

−
P

ath
Intra−

IS
P

 P
ath

Ha�8 ª
a�8
O �4 ��� �3 �
�J ��K �3
J ��J� �4K��4 �� �
��4 �� UW� 7
O �4 �� 6

DD



� _ 
áà�Ø �
�
��
 
�

�

1
1.5

2
2.5

3
3.5

4
4.5

5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

D
istance R

atio

Cumulative Distribution

 D
istance R

atio vs N
um

ber of M
ajor IS

P
s in P

ath

1 IS
P

2 IS
P

s
3 IS

P
s

H\�38 ��4� �J3 ��4 �K
�33 �
�4K
��J �3
��3
��4 �3
�� � 3 �K
Lâg
ã jf
W� 7� ��
�

O �4 �
��J �3
��3 6�K3
�4 �����NN 3�4�� 
UKO 4 ��� QO 33 ���N S

D]



ä� à�
��� �
��
 
�

�

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

F
raction of P

ath w
ithin IS

P
 

Cumulative Distribution

 P
ath D

istribution across IS
P

s 

Internet2−
U

nivs 
S

printlink−
U

nivs
A

T
T

−
C

able M
odem

 

H� K �3 �
�¼ K �
W� 7�° �O ���4 Q
���· �33 �
4K
O 3 �LK ��
�K4 UO K4�4K
�K�4 ��N Y ��Q3

�K �3K4 �3 ��° W�43 ��34 ª
· O 3 �LK ��
�JK Q8 UO K4�4K
�K�4 ��N 6

H733 ���N �3 Q
�4 �K �� ��O � �
�� ��r3
� ��N �3 �
��R�3 �J3K ��K�4 ��N 4 �� ��K4 U

O K4�4K
X JK Q8 UO K4�4K
O K Q
�J �3� 6

Dc



Ø �
Å
Å
� �

G Ö
Õ 
���

��
� ��
��å
� _ 
áà�Ø �
�
��
 
�

�

HI ��J� �4K�� �3
��83
O 3 �8�K �u

P� K� �J3
� �8 �3
�4 ���4 �K �QK
J�4 �K �

° O �K b
���4� 4K
�34YK ����N �� 
�· 6

P534YK ��
�4 ��J4� �3

° � �
� QQ�34YK ���r� �� �N 3
W� 7�· 6

HW�4 �� UW� 7
O �4 ��� �3 Q3
��J ��J� �4K�� �3
�� W�43 � UW� 7
O �4 �� 6

HI ��J� �4K��O �4 �� �K ��
� QQ� 4 ��r3 ��3 �
� Q4 �O Q3 �
�¼ K �
W� 7� 6

HM 3K
N ��O �� �3 Q
O � ��8343 ��
����N u

P7�3
�3 �J3K
L@K4 UO K4�4K

X I K Q8 U7K4�4K
�K�4 ��N ��
W� 7�

PI � �
O K43 �4 �� QQ� 8343
J4
�� 
UKO 4 ��� QO 33 ���N S

D�



� �
�� �
��	�

� æ
�� _ �
� _� �
� �
��

HI K �� �83 �
� �
W� 7 �
�4K
O K QK
N � Y �4 �
ç
N 3K
N ��O ��J �K83
� 6�63 6JK QQ
�O �3
� QQ

�K�43 �� ��K �3
N 3K
N ��O ��J QK
J�4 �K �
��4KK �3
�K83
6

H¸
JK ��3
J438
N ��O ���� ç è
é çê ¹
ëì t
JK ��
� ��J�4 ��N O � ���K
LN 3K
N ��O ��J

�K83
�° ��J Q�8 ��N ��4 �� U�K83
JK ��
� ��J�4 �K �· 6

H` �3 ��K83
L� �Q� �3

° �· K
JJ� �� u

PM ��O ��
��  3
�� 
U8 �r �838
��4K
JK �
O K �3 �4� 6

P¸JK �
O K �3 �4
Y �4 �
í �K83
� ���í è

é íê ¹
ëì t
JK ��
� ��J�4 ��N O � ��� 6

P�343 ��
��3
�� � 3 �K
LJK ��
� ��J�4 ��N O � ��� ��4 �3
�3Y4K
O K QK
N � 6

H`K ��4 UJ��3
�J3 �� ��K u5K83
�Y �4 ���N �83
N �33
��4 �3
N ��O �
L� �Q6

D¾



�Ø �
Ö
ß�

� ���
ß
� �

À�
 
� �
�

2
4

6
8

10
12

14
16

18
20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

D
egree D

istribution of IS
P

−
G

eographic T
opology

N
ode degree

Cumulative Distribution

A
T

&
T

V
erio

IS
P

−
C

om
bine

HT� �� �
�¼ K �
W� 7� ��r3
�K �3
�K83
�K
Lr3 �� ��N �83
N �33 �
� ���N 4 �3 �
r� Q U

�3 �� Q34K
L� �Q� �3
� 6° 53Y �K ��� I ��J�N K·

Har3 �4 �3
JK � 
��384K
O K QK
N � K
L¶ W� 7� ����� �3Y3883
N �338 ��4 �� �4 �K �6

DÂ



� �
����� æ
� 
_� ��
Ø �� �
� �

�

0
1

2
3

4
5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 1

N
um

ber of G
eographic F

aults

Percentage of Communicating Pairs

F
ault T

olerance of IS
P

 T
opologies

G
enuity

A
T

&
T

P
S

I
IS

P
−

C
om

bine

H7� W534 ���4 �3 3
�4
L�� Q44K Q3 �� �J3
O �K
O 3 �4 �3� 6�3
N �338 ��4 �� �4 �K �K
L

7� W534
r3 ��  
� Q� �J38° r3 �� L3Y Q3
�r3�· 6

HM 3 �� �4�° ��5
7Q
� �34· ��8
r3 �� QK
Y L�� Q44K Q3 �� �J3 6° «¬î K
L4 �3
�K83
�� �3

Q3
�r3�·

DË



Ø � Å
Å
� �

G Ö
� �
����
��	�

� æ
�� _ �
� _� �
� �
��

HT� �� W� 7�8K
�K4 ��r3
�N KK8
L�� Q44K Q3 �� �4
�4 ��J4� �3
6\��� ��4 ��33r3 �

LK �4 �3
JK � 
��384K
O K QK
N � K
LÉ �
�¼ K �
W� 7� 6

HW� 7� 
��38K �
Î p�
l 4K
O K QK
N � �K ��
� QQ� ��r3 3443 �
N 3K
N ��O ��J L�� Q44K Q3 � U

� �J3° 4K Q3 �� �J34K µ
L� �Q� �3

· 6B75
ï Y3
�4 ��K �33 b
� �
O Q3
6

HW�
�K �3
J��3� �4 �
�� �K4 33
JK �K �
�J� QQ� r �� Q34K � �Q8
L�� Q44K Q3 �� �4

4K
O K QK
N �3� 6

DÔ


