goooon

HRN

gotbgbobooboobouobuoboboobobooboon
guoooobooogad

goog
oo ogoo

godg
gog

00210 20 160

ubobooooobobooboon



oOdz2000 000000

goboobooobooboooobooboooboobo
gobobobobooon

gooo

oooooooooooo iPoooooobobooboooooooboobobbOOoboOog
gbobobooobooobooboobouoobobooobobooboboobooobooboo
gbooobobooobobobobooboboooboboobobooboboobobo
gboobgoobobooboboobobooboboobobooboboboboobobo
googboobooooboooboboobooboobdw0bO0bObDO0bOO0bOo0OD
o) 0000000000000 0000D0000000000000N0N0NoNoNoonn
gobooooboooon

gooboooogioobooooboboooobobooogobboooooboooboobUoo
gboobooooooboboobobooobobbooboobobobobooboboo
gooobooogobobooobooogbooobooobooobobooboboboooo
gooboboobooooooobboooooboboooboboobooooboboboooooboobooo
gbobooboooboboboboooboboooooboboobooboooobobooooooboooboo
gooboboboooooobobbooobobboooobobboooooboboboooooboobog
gooobooogoboooobooboobobooobooboooboobooobooo
gbbooboobobobooooboboobooboboobobuobboooobobo
Oo000oooooo0oOooopooocooO0OoOoooooOogO oo booooooo
gbooboobooooobooooboboboooboboobooboboooboboo
gbooboobobobobooboobooobooobobooboooboboobobo
cooO0O0O0O000o0o0ooooOoOOooOoOoODOOOOYsODODOOO0O000OODbOO



0 O

1 0000

2 JU000o0ooooooboooobooon
21 ODO000OO0ODOOO0O0O0O0O0O ..o
22 ODO000OO0DOOO0OO0O0O ... s e

3 DOoOooooooon
3.1 OODOO0 .. e
3.2 0000000 .. e e e s s

4 000D
41 000000000 ... e s s
42 00000000000 ... e s e
43 0000000000 O00000 ..t e e
431 OUOOODO .. e e e e
432 OUOO0O0OO ... e

5 J0000oobooooboooobooooooooogooog
51 0000000000000 .. o s s
52 0000000000 ... e e s e

6 DU00OO00oooon

o

goog

10
10
11

13
13
13
14
14
15

26
26
29

36

37

38



|
© © N O U A WN RO

e R S N T T o e
© N O O~ W DN R O

[

I O 8
000000000 .. 00000 e e s 8
OOOO oo e e e e e e 11
BAOOOOOOOOOOOODO ... oo e e e e e e e e 17
BAODODOOOOOODO Q00000 . . ..ot e 18
I 19
0000000000000 (@oooOo ... e et et oo 20
Abilene-inspired DO OO0OO00O0O0O0O0O ... ... oo v v oo, 21
Abilene-inspired OO0 O00000O (200000 ... ... ... ... 21
AT RTOOOOOODOOOOOOO . ... e e e e e e 22
AT&TOODOODOODOODO (200000 ... .. it 22
000000000000 .. o000ttt ittt e 23
BAOUODDOOODDOOOOOOOOODO ... v vt e e s e e e e e 24
0000000000 0000000000 + « « « oo oo oo 25
000000000000 .. .. e e e e e e e e e e 31
000000000000 @O000 .. ...t d e e 32
D000O0000oo0oO@OoOn ... ..t e e 33
D000O00OooooooO@Oon ... . e e e e 34
BAOOODOODODODOOOOOOOoooooO ..o oo oo e 35






1 0O0dn

0000000000000000000000000000000P2PO0O000O0O
000000000000000000000000IPO0000OO00000000000
00000000000000000000000000000000000000 1(a)0
00000000000000000000000000000000000000000
0000000000 IPO0O0OOOO0O0O0OOO0O00ODOO0ON0OOOOOONONONODONno
0D0000000000000000 IPODO0ODOOOOOOOOOODOOODOOO
00000000000000000000000000000000000000000
D000 IPO000OO0O0OCOCOOOOO0OO0O0OOO0OOONOOOOOOOO0OOONODOOn
00000000000000000000000000000000000000000
0D00000000000000O0

0000000000000000000000000000000000000000
000 [1-3]00000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000.000000000x®})000000000000000
0000000000000000000000000000000000000 Resilient
Overlay Network§ RONDO [4] 000 0000000000000 000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000500000
0000000000000 0[50000NICE[6]O00O0 HMTP[7]000000000
0000000000000000000000000O(r) 0000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000 [8-110000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000

0000000000000000000000 IPO0O0O0DOOODOOOOOOOO
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000



gboooboooooboooboboobooobdoboobobooooboooboboooobooboo
gboobooobooboobobooboboobobooooooobobooobobo
goboobobgoobobooboboboboobobboboobobbooooboboo
gooobooboobobooobooboobobobobbobobboobooobooon
gobuodgbboooboobooobuooboooobgo
oooooboooOo0oOooooooo200000O0obODOoOOoO0OoOoOoOoOoOoboDbooO
goboobobooobuoobboobooboooboobbooboobboobooyg
judoobboobobooooo400bboooboobobooobbogbDboobobDobooboo
gohboooooooooobooooobobsS0b00bbb00oooooogoooooooooDo
oooooooooobooobobo0ooooooedbOObOOOOOODOODOOODO



2 J00bOO0OoOobobooobooon

21 DODOODOOOOoOOoOooOon

00000000000000000 IPO000OOOOOOODOOOOOOOOOOn
0000000000000000000000000000000000 Skype [121
BitTorrent [13[0 Veoh [14]0 00 0000000000000 O0000 (20000000
IPO00D0O00C0OO0O0OO0O0COODOOOODONOONONODODONONOODONONDONOoon
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
1(b)00IPODC0O0O0DOO0O0O0ODONONONODONONONONOONONONODOONONONOONONONnood
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0D0O00o0000O0O00ooon

22 DO0OODOOOOOOOOOO

0200000000000000000000000000000000O00O00O (O 2(8)
ooooOO0@zMm)coO0ooOODOO0OO0OOOOOOOOOOODOODOOIPDO
0000000000000 0000oooOO00OOoO2b)o0oonO 11/15 ~0.730
goo

gbooobgboooboobobobooboboboboooobobooooooboo
gooobbobooobooogobooobooboobobooooobobooobooon
00020 000000000000000COCOOOOO0O0O00OoooooooDoooO
goboogboooon

e 20000000 DOODOOLOOUODOODLOOODOODOOOOOODO
e JOUIDODOUODODOODOOODOODOODOODOODOODO
e JOUODODODODOODODOODODOODODODOODODOOD

gbooobobooboboobobooobobooboboobobooboboobobo
gboobooboooboooboobooooboobooboboboboobobo



ERAPE SR JER—

N E IO == PIL-5 IVERRAR
/ — IVERKAE AV VAl
< ‘ - 1)L/ F ‘ ‘

Z__ | I

(@00o00ooooUooooooon (py)OOoOoooooooooooo

O1oooobooobogoooo

@ )\ /- EPIL—4 @B -1 /—k © P-4

(@000U0ooooUoOooooo (pyOoOOooooooooooooo
020000000000

gooobooogoboooboooboooobboooboboobobooboobooobooon
gbobobobobobobobobobo

0000 2bo00000o000ooo0ooDooo0ooooooooDoboooo
oboobooboo

e 20000000 DOODOOOOOODOOUDOOUODOUODOUODOOUODDOO
e JOIODODOOO0ODOODOOODOODLDODODDOODDO
e OO OOUDOODLOODLODLOOODOOUDLODLOODLOLOOOODLOOOODObOODO

ooboobooobooooooobooboooboboobooooomwrbobbobboobDobOon
gooOoOoOoOOODOOODODODODOOOOOOOOOO0OO0O00O0O0OOOn 2b)oo
o00o00o0oOOobOoO0oO AOBOOODOOODOOOOD ACOBCOOOODOOOODO



gobooooooBCO IPOOOODOOOOOOOOOODOODOODOOODOO
goobooboooboboooboobooboooboooo

0000000000000 0000000000DOD0O0000000000O [1,15]00
oooooooopsjooooocoo0ooooooooooooooooooooOoooo
gbogbobooboboobobobooboboboobobooboboobobo
goobobooooboboboooobooboooobooobooooooobooooobooog
gbobooobobooboboobobooobobooboooobobobobooooon
gbooooboboboooooooboboboobobobobobobobob g
gooboooboooboboboboooboooooboooboooboooboooboboobooo
goboogbobooobooo

oo0ooOOooO00oOOoO00oDOOoO00o0ODOOO00bOOoOobDbOOoooo ABODO BCOUO
oO00DOOoO000DOOO0000ODOO00bOOooO0O0DOOoACO0ODOOObODbOOOO
googobooogobooobooboobbooooboobbobooboobooobooon
gboobobooboboobobuoboooboboobobooboboobooboboo
gobodbooboboobooobboobooobboobuoobboobooboon



3 Jooboooooog

ooob 2000000000000 0obo0oobooooooooooDbOooooDooOg
gobogboobbooboobouoobbooboobbooobuooboobbaoobdy
gbobgoobooobooooobooboboboboboobooo IPObODbODODODOD
gobbhooobobooobbDbod taceroute] DO OO0 O0DOO0OO0ODOOO0ODOOO
gboo0bo0ooO traceroute] D OO 0DODOO0DOOO0OOODOODOOtraceroute] D000
goboooooboooooomwrbboboboobboooooooDo

31 0000

ooboOoO0oo03000b00o0booobD AQOOOODOOODODADOOODODOOO
gboobobooobooboboooooboobooboobobooboboobobo
goood

e J0UD1:O0UDODLODLOOLODOO traceroute] OO ODOO
D000 AQO0ODOODOOOO traceroutel OO DO DOOOOO

Oo0o0 2:traceroute] D OO0 OO OOODO
OO00o0oO0DOoO0DoOoOonO taceroute] OO ODOOODOOODOOODOOODO BO
OO COtraceroute] 0O O0O0DOO0OOOOODOO

oOo0o0 3:00b0b00oooDon
OO000DO0OO0O0O AOBOOOO CO traceroute] OO0 O0DOO0ODODOOOOOODOO
traceroutd ] D O 00 D0O0D0OO0OD0ODOOO0ODOOOOOODOOO0OOOODODOO

oboob 4&000booooboobooogonog
gobooboobboooboobooobuooboobobooboobbooo

oboobos:gooooooboobooogonog
ooooboboboooooobooooooboboobo3gooboBOCODOOOOOOLOODO
ooooooooobobo400000bOO0O00OoooOoboDbObOOOoOOOoo
gbobooboobobooboooboboooboobooboobobooooobbooong
OBOOOOOOOOBCOOOODOOOODOOOOODCOODOODOOOODO
goocbbobogoooboooobouoobo Bboboboboboobogooooooo
ooooboOooAbDOOOOOOOOOO0OObOAOODOODODOOOOOLDDO
OO00OABOOOUOOOOODOOOOOOBOODODOOOOOODOODOOBDOO
gboobobooboboob ADODODODbObOOoDbOobO

10



A=/LA/SRAD A—)SU1)SAAD EICTFFE
1(A), 2, 3(B), 4(C), 5, 6(D)

traceroute/ \Jy b F—nr4/—k 8 IL—4

o30oooo

3.2 DO0O0OOooo

030000000000 bODADOODOOODOOODOOABOBCOCDOODOOO
gbooboboobobooboboobobooboboooo«yobooobobobo
000000000000000 w;04;0p,;,000000000000000000 AD
gbobobobobobobobobobo

00 wap = min(wag,wWsc,Wep)
000000 lgp =Ilap+lilgc+lcp

0000000 pap=1-(1-pap)(l—ppsc)(l—pcp)

goooooOobOo0oO0obbOOoOoosgoboOobOoOobDOobO12000DO00ODOOO 6
obobobobouobooboooooooooooooo ADOODbO0bOobOoboogooo
gbobobobobooboobooboooooooooooon
gboooboobooobooboobobobooboooboooboooobobooboooDoo
gboobobooboboobobouoobobooboboobobobooobobo
goooooooUdo@EUoooooOoUoUoooooUdO)-DoobooUgUoooooooo
gboobooboobooobbooobooobobooboooobooboboobobo
goooboooooobooogoboooobooogboooobooobooobooo
3000b0o0boooobooBOODODUOOOOD AQDODDODODOOADODOODO
ooooooobooooooobooBDODOOOO0ODOOOOODODOOOOODOOODOOA
oobooO0oobobOACO0O0ODOOOO0ODOOOO0ODOOObOOOObOOBCOUOODOOOO
000Oo000O0O00Oo00DOo0obOoOO0oOBOOUODOODODOBCOBDOOOODODOOO
goooobAb00ODOOOOOOODOODOODOOODODOOODOODOOOOD

11



goo

12



4 0OJO0OO

gboogboobobooobooogbooobooboboobooooobooobo
gboboboboboboboboobob

41 ODOO0O0OOO0ODOO0

gbooboooooobooobboobobobooobobooboboobooooon
gbobobooooon

BAOODODO [1el000000000COCCOCODODODOOOOOOOOODOODOOOODODO
000000000000 0000BAODOODODODODOOODODOOOOO BRITE[17]
oobooooooooogDb 17ibi1o000] 10000000 00O OoOboOoOoDOOO
oob0mO 102040000

00000000 waxmand OO [18]0 00000000000 0ODOOO00O0OO0OOOO
gobboooBAUUODDOUOODOOUODOOUODOOBRITEODOLDODOOODOOOO
oooooobboooBAODODOOODOODOO

Abilene-inspired0 000 [19]000000000000000O0OO0O Abilene0O0O0O
goo0o0ooboobooobooobboobboobbooboboooooobooboo
0000000000000 00000Co0o0O0ooO0 17000000 1740000

AT&T O0O0OD0 [20000000000 AT&TOOOOOODOOOOOODOOODOOOOO
52110000 13040000

gbooobooboooboooboboooobooooboboooooboobooobooboo
goobobobooooboobobooooobboboooooboobooooobooboooooobooo
0000000000000 00000O0O000DO0000D0ODO00 21000000
ooo

42 00OO0OO0OO0OOOODOOD

gboboobooooboobboooboobbooboobboobooobooobon
gobodbooobooboobobooboobbooboooboo

gboooboobogoboboooboooboobooboooboboooobobobooooboDbo
MOODOOOODDODODOOOOOoOOO0DOO000DO00Ry 00000000 0ODO0O0ODOO

13



(000D IPOOO000O0O0OD)IP(F 000000000000 »000000000n
0000004000000000000000

0000 +00000000000000 P(r)x nd(nd—1)000000000000
000000000000 0000000000000000000000000000
00000D000000000/000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000 »0000000000000000
0oo [ (L—MZ)DDDDDDDDDDDDMGD(MDDDD

Rmax r—1
M= E:( 7Mnd—UII<1—nTifi)> (1)

=1
JddddoooboooobOoo0doddddoooooooooooooaoan

Rmam

oM —
- = P(r)n <2nd—1—ndnd—1 >
| > A

r=1

goooooooooooooobooooooooob dooobObo0oooDbbooooo
goboooooobooooboooon

43 00O0O0OO0OOOODODbDODbDOO
431 00000

0406080100 00000BAOIODOOOOODODOOODOO Abilene-inspiredd O O
oogooboAT&T DO Ooooboogoboobooooboooooobooooboo
0000000000000 00000000000000D0D0O0O00D0ODOO fullmeshO O
goboooooooobooooboboooboooooooooobbooobooBADOOD
ooooopooooOoooooooOooooo (@omm)OoOCooOO0ooooooOoooo
gboobooobgooboboobooooobooboooboboobooooboobooboaooboo
gbooboboboobooboobobooobobooboooboboboobobo
00000000000 000ooDooo0o0O000o000oDooDoooooDoO (Woooo
gboooboboooboobobooooboogoobogoboooobobooooooobooon

14



Oo0o0ogggso70onli0opoo0o00O0O0O0U000oUon0 uuooooooo
gboobobooboooboboobooboobobooboooboobobobooobobo
gboobobooboboobobobobooboboobobooboboobobo
gooobooobogooboooboooooooboooobooooboobobooboobooo
gbogboboobobooboboobuoboobuoboobooboboobobo
gbooboboooboooboboooooboboooboooboboobobooobooboo
gobooboooobooboooboonooo

b BAODUOOUOOOOOODODODODOODODODUOOUOODODUODUODODODO
mUO0O00000000000000000b0000b0oboo0b0obobooobOooDg
gboobobgobooboboobooboobombobobooboooobobonboo
gbooboboobooboobooboboooobobooboboooobobooobooboo
gbooboboobobooobobooooboooboboooboobobooobobo
goooboobooooboboooooboooooboobooooboooobooon
gobogboobbooboobouoobbooboobooobooboobbaoobd
gboogboooobobooboobobooboboobobooboboobobooboo
gboboooboobooobobooboboooboobobooooobobobooobooboo
gobooboooobooboooboobooobooboon

obooobgoooooobobooboboooboboboboobOobOoooboO 120
Abilene-inspired] 0 0 0000000000000 O0O0O0O0O0O0BAOOOOOOODODOO
obooom=100000000000D000DOO00O0OO0ODO0OLOOODObOOODbOOD
oo0obOo0o000o0oz20b00000000000bOOO00oOoOOO0OO0obDoOooOooo
O0000D00D0D0000D0BAODODOUOOOOOADIlene-inspired D000 O0OOOOO
goooboobooooooobobboobooboboobobooboboobobbooo
gbogboboobobooboboobuobooobooboboooboobobo
gbooboboobobooboboobobooboboobobooboboooboboo
gboobobooboboooboobobooboboobobooboboobobo
gopboogooo

432 O0O0ODOO

gbobooboooboooooboobobooboooboooboobooooooboooDo
gbogboboobobooboboobobuobobbobuobobooboobobo
U0traceroute] DO O OO0 DODOOOOOOOOOO0OOtraceroute] OO DOOOOOOO
gbooboboooboobobooboboooboboobobooboboobobo

15



gobooobooobooboooooon

013000 1400BACOO00ODOOODOOOOOOODODOOODOOUODOOODDOO
gobooobooobooobooobooboboobbo muobbOoobbOoOoobo
gooobooboboobobooboobobobobboobooboobobooon
gooboooooooboooooooooboooobboooboobooBADDOOODO
gboobooboboooboboobuoobobuooooboboobobooboooobooboo
ooboboboooboobooooboBADODDODODODODODODUODUODODLDODOOOD
gopbooboooboobboooboon

16



Number of measurements
Number of measurements

Number of measurements

25000

20000

15000

10000

5000

900000
800000
700000
600000
500000
400000
300000
200000
100000

0

9.0x10"
8.0x10’
7.0x10’
6.0x10"
5.0x10’
4.0x107
3.0x10"
2.0x10"
1.0x107
0.0x10°

0

T T T T T

m=1 (simulation)

m=1 (analysis)

m=2 (simulation)

m=2 (analysis)

m=4 (simulation)

m=4 (analysis)

fullmesh

| sl —9—9—¢—9¢

0.1 02 0.3 04 05 06 0.7 08 09 1

Density of overlay nodes
(o000 171

0.1 02 03 04 05 06 0.7 08 09 1

T T T
(simulation)
(analysis)
(simulation)
(analysis)

4 (simulation)
m=4 (analysis)
fullmesh

333337
IR
NN PP

.|

Density of overlay nodes
()OO OO 1000

T T T T
m=1 (simulation)
m=1 (analysis)
m=2 (simulation)
m=2 (analysis)
m=4 (simulation)
m=4 (analysis)
fullmesh

< — h MEEFY P

0 0102 03 04 05 06 0.7 0.

Density of overlay nodes
(c)OoOoOoO 10000

09 1

U4 BAOODODODODODODOOODOO

17



dM/aod

oM /ad

oM/ ad

8000
6000
4000

2000

-2000
-4000
-6000

-8000

200000
150000
100000
50000
0
-50000
-100000
-150000

-200000

1.5x107
1.0x10’
5.0x10°
0.0x10°
-5.0x10°
-1.0x10’

-1.5x107

0.1 02 0.3 04 05 06 0.7 08 09 1

Density of overlay nodes oo
(o000 171

0.1 02 03 04 05 06 0.7 08 09 1
Density of overlay nodes
()OO OO 1000

0.1 02 03 04 05 06 0.7 08 09 1

Density of overlay nodes
(c)OoOoOoO 10000

05 BAODOOOODOODODO (200000

18



Number of measurements Number of measurements

Number of measurements

25000

20000

15000

10000

5000

0

900000
800000
700000
600000
500000
400000
300000
200000
100000

0

9.0x10"
8.0x10’
7.0x107
6.0x10"
5.0x10’
4.0x107
3.0x107
2.0x10"
1.0x10"
0.0x10°

T T T T T
(simulation)
(analysis)
(simulation)
(analysis)

0 01 02 03 04 05 0.6 0.7 0.8 09

Density of overlay nodes
(o000 171

RN

T T T
(simulation)
(analysis)
(simulation)
(analysis)

4 (simulation)
m=4 (analysis)
fullmesh

T
m=1
m=1
m=2
m=2
m=

e B

o 5

-Q..._a

0.1 0.2 03 04 05 06 0.7 O.
Density of overlay nodes
()OO OO 1000

8 09 1

T T T T
m=1 (simulation)
m=1 (analysis)
m=2 (simulation)
m=2 (analysis)
m=4 (simulation)
m=4 (analysis)
fullmesh

s . !555'!

=

P

0 0102 03 04 05 0.6 07 O.

Density of overlay nodes
(c)OoOoOoO 10000

8 09 1

Uedbobobobobouoboboonoo

19



8000

6000

4000

2000

dM/aod

-2000

-4000

-6000

200000

150000

100000

50000

oM /ad

0
-50000
-100000

-150000

1.2x107
1.0x10’
8.0x10°
6.0x10°
4.0x10°
2.0x10°
0.0x10°
-2.0x10°
-4.0x10°
-6.0x10°
-8.0x10°

oM/ ad

o7.gn

1 1 1 1 1 1 1 1 ’I
0 010203040506 07 0809 1

Density of overlay nodes oo
(o000 171

1 1 1 1 1 1 1 1 1

0 01 02 0304 05 06 07 0809 1
Density of overlay nodes

()OO OO 1000

0 010203040506 070809 1

Density of overlay nodes
(c)OoOoOoO 10000

000D00000oooDo (2ooooo
20



25000 T T T T T T T T T
+  simulation
analysis
}fé 20000 fullmesh |
(4]
£
o
Z 15000 | -
©
[}
£
S 10000 :
9]
o)
£
2 5000 | .
0 PO S A SN S a— s

0 01 02 0304 05 06 07 0809 1
Density of overlay nodes

O 8: Abilene-inspired D OO O0OO0OOO0OOOODO

3500 T T T T T T T
Abilene-inspired
3000 —

2500
2000
1500 |-
1000 |
500 |

oM/ ad

-500 -
-1000

_1500 1 1 1 1 1 1 1 1 1
0 010203040506 070809 1

Density of overlay nodes

0 9: Abilene-inspired 00000000 (200000

21



250000

£ 200000
Q
£
o
Z 150000
®©
[}
=
S 100000
o}
o)
E
Z 50000
0
O 10:
30000
25000
20000
15000
2 10000
Z 5000
0
-5000
-10000
-15000

T T T T T T T T T
+ simulation
analysis
L fullmesh ]

o=—0—9¢ h g hd 4 . 2 *—o
0 01 02 03 04 05 06 07 08 09 1
Density of overlay nodes

ATgTOODOOODOOOOOOODO

0 0102 03040506 07 0809 1
Density of overlay nodes

O11:ATRTOOOOO0O0000 (UOOoO

22



Number of measurements

900

800

700

600

500

400

300

200

100

1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1
Density of overlay nodes

122.0000000000000

23



1800

& 1600
(o))
3
S 1400
2
3 1200
5
£ 1000
£
5 800
E
5 600
S 400
=
2 200
0
25000
12}
(0]
(=)
S 20000
e
[]
x
[}
5 15000
b
£
2 10000
G
g
2 5000
=]
Pz
o

AN
|

m=
m=
m=

0.1 02 0.3 04 05 06 0.7 08 09 1

Density of overlay nodes
(@ooo0o 171

AN
]

m=
m=
m=

0.1 0.2 03 04 05 06 0.7 08 09 1

Density of overlay nodes
()OO OO 1000

O13:BAODOOOOOODOOOOOODO

24



1800 T T

m=
1600 |- m=

me me
1400 .
1200 - .
1000 | . .
800 | ]
600 [ X i
400 | .

Number of information exchanges

200 | . .
0 g 1 1 1 1 1 1 1 1
0 0102 03 04 05 0.6 07 0.8 09 1

Density of overlay nodes
(@ooo0o 171

25000 T T T T T T T T T
. —— m=1
% m=2 "! ..... n
S 20000 | ™ m=4 » -
S 3 "
x %
[} ‘.‘
§ 15000 - - o
= - m
£ E
2 10000 | . -
= .
3
S 5000 - i .
=] ¢
Z o

0 y 1 1 1 1 1 1 1 1

0 010203040506 070809 1

Density of overlay nodes
()OO OO 1000

0100000000000 00O000DO0OD

25



S bbb bbobobbobooboog

gbobobobooboobooobooboooooooobooobooooobooboooooooo
gbogboboobobooboboobuobooboboobobooboobooooboo
gbooboboobooboboobobooboboooobobooobboobobo
gboobobooboboooboboooobobooboboooboboboobobo
gboobooooboobboobobooboboboobooooooboboobobo
gobobobobooooooon

51 DO00O0O0O0DOOooOoooon

0D004200000000000000000000000000000000000
D000000000000000000000000000MO0000000r000
D00d000000000000AR000000000000000000000000
000000000 Rm,000000000000000P(r,d,h)000000d100
D000000000000000000000000 A000000000000000
D000 r000000000000()000000000000000000000
DO0DEDOOOO0OO0O0000000

0000 -0000000000 P(r,d,h)x nd(nd—1)00000000000000
D0000000000»k00000000000000000000000000000
D0DO000000000000(N000000000000000000000)—(00
DO000000000)/(000000000000000000000000000000
D0000000000000000000000000000000000000000
D0DO0000)0000000000000000000000000000000000
00000201000000000000 2hek=lngsh (1 2=y (1-24) (1- zb,)
D00000D00000000000000000000:00000000000000
N00D00000000000000 NH(n,d,h,i)0

MHd—ln—nh—i—i—l—i_ nd Cnd—1
nh nh nd —nh — 2
+<1_nd> <1_nd—1> n—nh—i—l) ®)
oooo

gooooopooooOoOooooooO0ooooooooooo@EoooooOoooo

hnh—1 nd—nh h h—1\ nd—nh—1
NIHn¢LhJ)z]:—<n i ne—n ”< n >71 na T
n—mnh—1

26



01000

m = m = m =4
n =171 2.3 2.2 2.1
n = 1000 3.0 2.8 2.7

O0)/(2x (DO0ODO0DO0oOoOoOoOooODoOO)OooOoooooooooooooooooo
goobooboobooooooboobobooooboobooooooboobooooooboooboooooooo
goboobooboobooboobooboobooboobg «gbooboobg
O0000000O0o000o0o0oo0oUoO0o0oooUnO H(n,h E)DODO

S 1G)

Hm hBE)=1—
(n, h, E) Y5

goobobobobobobobobobobo0 MOUDUODUODODOD

M:Riz <P(T,d,h)nd(nd—1)ﬁ(NH(n,d,h,i)H(n,h,E))) 4)
r=1 i=1
00000 oooooooobooooBADOODOOODOooooooo 1ooooo
0000 (4)0 P(r,d,h)ONH(n,d, h,)0000 H(n,h, E)00D0000D0000D00
ooboobJd0000000000000O000O0O0O0O0O0O0OO0O0ODO0OAx dO
gggbobgboooogbbooouobbooobobooobboooobboooobobo
gogoogo
hddODODOOOOODOOooooboooooobooooobooooobooooobo
0000000000000 00000O00000000000 Pyw(r,d,hOOOODOO
0000000000000 000000000000 Prandem(r)000OOO

Phub(rv d7 h) =~ Prandom(r) (5)

oobodb0OrxdOdbOoooooobboobbOoobooobOoobboooDooDOo
O00On>nd>nh00n>nh00nd>nh0000000 (3)00

NH(n,d,h,i) ~1—d (6)

27



ooboboboboboboboboobobob0 MmOOobOoDbUODbOoDODOD

Rmu.z

nh A\ (r=1)
V2 (P'"“”d“m(””d("d‘” - (1—925(‘“) ) ™)

O@0OJd00000000D00000000000OO

g nh A\ (r=1)

max o l

887]5 - Z (Prandom(r)n (2nd — (’I” + 1)nd2 — 1+ T’d) (1_d)r—2 (1 . aZ]_l(J)) )
r=1

0(7)O000Y,™ 1(;)00000000000000000000000000
0000000 AO0O00000000000000000O0O0O0OOOOOOOOOO0
000000000BADOOOOOOD AO0000O0O0O0OOOOR000000000
00000y, ™ ()0D000000000000000
BAOOOOOOOOOOOOOOOOO02n000000000:000000 k000

b0 k00ooooonog

m2

P(ki<k):1—ﬁ 9)

0000000,0000000000000000OOOD KODODOOOOO Pk)O

P(k) = Pki<k+1)—P(k; <k) (10)
. m*(2k+ 1)
R -

000000000000 0O000OOo0o0UoOooU0ooORn(l-AOO0DO0OOODODOO
000 KO

1—h = Pk <k) (12)
1—h = 1-22 (13)
K= g% (14)

0000000000000000000000000 nAh0000000000000
O™ 1()000000000000R(1-A)00000000000000000000

1=

28



oobO0200000000D00O0b0000O0

nh k'
Y Ui) = 2E=) nP(j)j (15)
=1 Jj=m

k,/
2 1
— 2E—nm ZZ L (16)
]+1

gooog

52 0DO00O0O0OO0ODOOO

0150 0BADO0O00OODOOOOOODOO 171000 p=010000DO0DOOCOOOO
gboobobooboboobobooboboobobobobooboboobobo
goodo0oooooO0UoOooooo0oUoOooDooOoY/sO00oOooU0UoooooOooo
0O000o0oDbDoOO000oDOoO0oooobDboOoOoobDoOoooDooOooo o3-0500D0DbOOO00O0O
gobobobooobobooboboobobooobobobobbooboboobobo
gooobooogobobooobooogbooobooobooboooboboboobooo
gboobobooboboboboooboobooboboooboboobobooboboo
gboobobobooboboobooobooboboooooboboooboboonoo
000000000 15hoooon 1000000 A=0.050 0000000000000
0000000 150000000000 0ADOO0O0O0O0O0ODOOODODOOO0OO0OOD
gooOoOooODOOOOOOO0OO0O000000Y3Oooooooooooooooooon
gobooobooobolo3bbdiboobobObbOObObOUObOObbOObObOObDOoOO
gbooboobooboboooobooooooboboobobooboboobobo
gobooboobboobooboboooboooo

oooo@ooooooobobOobooooooooooooooOoDOOD 16000000
gboboobobuooboboboobuooobobooboboboboooobooobobo
goopoopooooooOoUoooooooooooo (nboooooooooooooo
ooobooboboi1yoogddboooog AObOODOODOOODOODDOOODObD
gboooobooboooobobooobobooobobooboboooboboobobo
ooooo0ooooooooooooopoooD Gooooooo18sooOooooooO
gbogbobooboboobobuoboodobobooboboobobobooobobo
gogboobooobooooboboobbwm=100000000000000000000O40
gobooboooboboobooboboobooboon

01900000 A00D0O0DD (16)DO0O0ODOOOO0O0O0D0ODODODODODOOOOOO

29



0000000000100 00000000000000RO00OOO0OOK 01000
gbooboooboobooboboobbooooooboboooboobobooobobo
ooobobobobobuobob rO 0102000000000 0OOODODOOODOO

30



Number of measurements

Number of measurements

3500

3000

2500

2000

1500

1000

500

70000

60000

50000

40000

30000

20000

10000

:
333333 7
ARNNRR

hub JRALTIR

0 01 0.2

0.3 04 05 06 07 08 09 1
Density of overlay nodes

(@)n = 1710k = 0.1

T T
—+— m=1(
| —— m=1 (hub) _*.. |
---+--- m=2 (random) %
-==%--- m=2 (hub
[---=+--- m=4 (random) * 7
---x--- m=4 (hub)
L ke i
b /,‘---_“‘ *
*’ S
¥/ “w
- ¥ A
,'/’ IR T \\
A N
- K e \'J} -
R

0 01 02

(0) n

0.3 04 05 06 0.7 0.8 09 1

Density of overlay nodes
= 10000A = 0.05

15: 000000000000

31



1600

1400

1200

1000

800

600

400

Number of measurements

200

18000
16000
14000
12000
10000
8000
6000
4000
2000

Number of measurements

T T T
=1 (simulation)  ..-*" m
=1 (analysis) .M -
=2 (simulationy
=2 (analysisT |
=4 (simulation)
=4

(anglysis) |

0.1 02 0.3 04 05 0.6 0.7 08 09 1

Density of overlay nodes
(@n =1710h =0.1

=1 (simulation) T

=1 (analysisy___.--‘n.,- _
=2 (simulation)

=2 (andiysis) . .
=4

=4

(simulation) "
(aralysis) T
s

0.1 02 03 04 05 06 0.7 08 09 1

Density of overlay nodes
(b) n = 10000~ = 0.05

016:000000000C000 @#OOOO

32



1600

1400

1200

1000

800

600

400

Number of measurements

200

18000
16000
14000
12000
10000
8000
6000
4000
2000

Number of measurements

T T T
=1 (simulation) =
=1 (analysis) ™ JUCRERTES -
=2 (simulation)
=2 (analysisY |
=4 (simulation) -
=4

(anglysis) |

0.1 02 0.3 04 05 0.6 0.7 08 09 1

Density of overlay nodes
(@n =1710h =0.1

T T T
=1 (simulation)
=1 (analysish ™ -
=2 (simulation)
=2 (anaMysis)  ........ R .
=4 .
=4

T
m
m
m
m .
m=4 (simulationy”

(analysis) 1
[ ] R m

-------- m

0.1 02 03 04 05 06 0.7 08 09 1

Density of overlay nodes
(b) n = 10000~ = 0.05

O17:.00000000C0000 (moOooo

33



oM/ ad

oM / ad

2500

2000

1500

1000

500

-500

40000

30000

20000

10000

-10000

-20000

-30000

333
I
AR

0.2 0.4 0.6 0.8 1

Density of overlay nodes
(@n =1710h =0.1

0.1 02 03 04 05 06 0.7 08 09 1

Density of overlay nodes
(b) n = 10000~ = 0.05

018:000000000000 \uO0d

34



1200 T T T T
* _L

m=1
m=2
1000 Fm=4 u B
—
(9]
E 800 — 4
i —
e -
2 600 | - B
— ]
S} -
§ 400 | f i
[y
u
200 = A
O ' 1 1 1 1
0 0.2 0.4 0.6 0.8 1
Ratio of hub overlay nodes
(@ooo0o 171
7000 T T T T
m=1 < ﬁ
m=2
6000 "m=4 - B
—
£ 5000 - — 7
S
£
g 4000 - -
=] -
< [ ]
G 3000 Ll =
£ f
S
0 2000 [=m B
[
u
1000 F“”’Wﬂwﬂt 4
0s 1 1 1 1

0 0.2 0.4 0.6 0.8 1

Ratio of hub overlay nodes
()OO OO 1000

019 BAOOODOOOOOOODOOOOOODO

35



6 JOOoooooog

googoboooooboooboooobooooobooooboooobboboobooobo
gbboobdugoboboobobuooboobobooboobobooboobobon
gboobobooboboboooboboobobooobooboboooboobobo
gboboobooobooooobobboobooboboboobobooooooboooon
gbobobobooboobobooooobobobooboboobooboobobo
gbooobooboobooobooooooboboboboooboboobooboboooboobooon
gbogboboobobobobobobooboboobobooboboobobo
gobooboooboboobooobboobooboobobooboonboo

gbooobobooooobooboooboboobobooboboobooooboooboobo
gboobobooboboobobooboooobooooboboooboobobo
gboboboboboboboboboobooboobobobooooboobooo

36



HEN

gboogoboobooobobooouooobooboobobooboobooboobooboo
gbooboobobodgbuooobuoobobooboobobooboboooobobo
gboobobooboboobobuobobodoobooboboobobobooobobo
gboobobooooobobooboboooboboobobooboboobobo
gboobooboobooboboooooboobobobooboboboobobo
goboobooboboooboobbooogobboboooboobooboboooobooon
gobodgboooobgooon

37



Joad

[1]

[2]

[3]

[4]

C. Tang and P. MacKinly, “On the cost-quality tradeoff in topology-aware overlay path prob-
ing,” in Proceedings of ICNP 2003ov. 2003.

Y. Chen, D. Bindel, H. Song, and R. Katz, “An algebraic approach to practical and scalable
overlay network monitoring,” ifProceedings of SIGCOMM 200Aug. 2004.

C. Tang and P. McKinley, “A distributed approach to topology-aware overlay path monitor-
ing,” in Proceedings of ICDCS 200#ar. 2004.

D. Andersen, H. Balakrishnan, F. Kaashoek, and R. Morris, “Resilient overlay networks,” in
Proceedings of 18th ACM symposium on operating systems prinoipé&s2001.

[5] A. Nakano, L. Peterson, and A. Baver, “Scalable routing overlay netwoAGM SIGOPS

[6]

[7]

Operating Systems Revigvol. 40, pp. 49—-61, 2006.

S. Banerjee, B. Bhattacharjee, and C. Kommareddy, “Scalable application layer multicast,”
in Proceedings of SIGCOMM 200Aug. 2004.

B. Zhang, S. Jamin, and L. Zhang, “Host multicast: A framework for delivering multicast to
end users,” irProceedings of INFOCOM 2002une 2002.

[8] T. S. E. Ng and H. Zhang, “Predict Internet network distance with coordinates-based ap-

[9]

[10]

[11]

[12]

[13]

proaches,” irProceedings of INFOCOM 200dune 2002.

S. Ratnasamy and et al., “Topologically-aware overlay construction and server selection,” in
Proceedings of INFOCOM 2002une 2002.

P. Francis, S. Jamin, C. Jin, Y. Jin, D. Raz, Y. Shavitt, and L. Zhang, “IDMaps: a global
Internet host distance estimation servidEEE/ACM Transactions on Networkingol. 9,
no. 5, pp. 525-540, 2001.

Y. Chen, K. H. Lim, R. H. Katz, and C. Overton, “On the stability of network distance
estimation,"SIGMETRICS Performance Evaluation Revigal. 30, no. 2, pp. 21-30, 2002.

Skype Web Page. availablelatp://www.skype.com/

BitTorrent Web Page. available lattp://www.bittorent.com/

38



[14] Veoh Web Page. available lattp://www.veoh.com/

[15] M. Fraiwan and G. Manimaran, “On the schedulability of measurement conflict in overlay
networks,” inProceedings of Networking 200Mov. 2007.

[16] A. Barabasi and R. Albert, “Emergence of scaling in random netwoBsgncevol. 286,
pp. 509-512, Oct. 1999.

[17] BRITE: Boston university Representative Internet Topology gEnerator. availabtgpat
Ilwww.cs.bu.edu/brite/

[18] B. M.Waxman, “Routing of multipoint connectionsEEE journal on selected areas in com-
municationsvol. 6, pp. 1617-1622, Dec. 1988.

[19] L. Li, D. Alderson, W. Willinger, and J. Doyle, “A first-principles approach to understanding
the Internet’s router level topology,” iRroceedings of INFOCOM 2004Aug. 2004.

[20] N. Spring, R. Mahajan, and D. Wetherall, “Measuring ISP topologies with rocketfuel,” in
Proceedings of SIGCOMM 2002an. 2002.

[21] E. W. Dijkstra, “A note on two problems in connexion with graphéiimerische Mathematik
vol. 1, pp. 269-271, 1959.

39



