dobobobobuoobugbgobogoooon

goboboodg bob oo

1 ODo0Oon

gbobooboooooooboboboboboon
oooSsipO00DOOOO0DOODOOOObODOOO
gboobodgboooobboboboboobooodl
glgoooobobbobbooooboboobo
gboboobobooobobooobboobon
gbobooboobobboooooboobobooo

gboboobooobooboooooboooboon
gboooboolg200b0o0obobooboboooon
gboboboooobbobob20b0ooooog
goooboopooobooboobooboooboo
gobooobooosgooooooobooooon
gobobooboobooboobobobooobo
gobbooobooom4000dbobooobooog
goboobobooboooboobobooboaboo
goboobooooboobobooboobo
gbooobobobobbooobobooboog
oooooobobooobobboobomsubgon
goboboooobooboooboboooboo
ooi1io-040 00000000000

00000000000000000000000
000000000000000000000000
010003000000000000000000
00000000000000000000000
0000000000000000000001IPO
00000000000000000000000
00000000000000000000000
000000000000000000000000
[1]0 QSO0 [2)000000000000000
00000000000000000000000
000000000000000000000000
ALMOOOO0000O Narada3] 0000 00
0000000000000000000000
0D400000000000000000000
000000000Mm5000000000000

Rate
allocation [

. ““' T
[
Overl — 0
ro\Let?nay Applicationaware e -
9 rate allocation

Overlay
network
construction

| 5

Real
network

ﬂ!’ u PDA / Wireless
D E

U 1ggog

O00obOooooobobooooogog CORTH
O Collaborative Overlay Routing and Transmission
scheme considering Heterogeneity O O 0O O

2 00

CORTHOODOOOOODOO 200001000
gobgo20b0b0oboobbooboboboobo
gboboobooobobbobboobboooo
oooob1000400bo0oogoooooon
goooobogboobbooboooo

CORTHOOOOOOO 1000000000
CORTHODOOODOOODOOOODOOOD
goobobooobobboobuooboobooboo
ugbboboooooobooboonooono 10 -
gboooboboobobooboboooobooooo
goobobooobooboobooooobooo
ugbobobboobooobooboobooboon
gboboboboobobobobooboabooobon



- Application -
Host Application
Character R(?q. N
l, I API

- Overlay networking -

S.ID|Next hop||noku
A [ CD =
HostInfo B | D | A
% ;’
| | - Transmis§jon -
Scheduler
Rec

to local

Control
message
Tcp S¢gnd T
P upp | upq |
L] |
Bitrate, loss '

0 2: CORTHOOO

gooobooboobooboobooboon
gobbooooboooboooboobooboo 1l
gogogbooogboboooboooobboaboo
goboobooobbobboboboooboon
gogbobobooboobbobobobbobaon
gogbooboboooboobooboooboaon
goboboooboobooboobooboon
gooooo

gobbooobbooobbooboboobboon
ggbooboobbobbooboobooooon
gOoOoocobECOO0ODOOOODOODOODOOO
gobooboboooboobooboooboaon
gobobuooooobooboobooobaon
gooooobbobobbbbobbobooooogooa
gogbooboooobooboobooobooaon
goboopoooobooboooobooboon

CORTHOOOOOOOOOOOO0OO0OO00O
000000000000000020000000
00000000000000000000000
00000000000000000200000
00000 CORTHOOOOOOOOOCORTHO
UDP(TCP)/IP000000000000000OC
00000000000000000

CORTHOOOOOODODOODOOODDOO
gogboobobooobooboobooobaon
ooooooopooTCcpODOOOOOCODEC
gobooboboobooboobooboon
ooboooobobobbooboboooobboouro
gogbooboobobobobooboooboon

gopoDOooooOooocpUOODOODOOOOO
API000O0O0O0O0O0O0O0O0O0O00OOOOOO0O00
O TFRC4|0 000 TCPOOUOODOOOOOOO
obooooubpPpOO0ODbObODOODOODOOD
gboobouoooobobobooboobbooo
ubobobboobooobooboobooboon
gobobopooooooobobooooooood
ugbobobbooboobooboobooobooon
ubobobuoooobooboobooboon
gobobooobooboobuobooobooo
ugbobobboobooboobooboooboaoo
ubbobuoooooboobooboobooo

goobooboobbooboooo

ubooboouoboobooobooboon
000000000 /000boooooooooo
O0000O00ooooooooOogPbADDOO
ugbobobbooobooobuooooobooon
goobgoboooboboboobuooboobooboo
goooboobooboboobobooboooo
gboobooboobbooboobooboon
goooobogoogn

3 uooon

ugbooboooboooboboobooboon
goboooooooobmooboboobobonoo
ubbobooboooboobobooobooo
0000 ALMOOOOO0OO0ODOOOOOOOOOD
gbooboobooboobbooboobooon

3.1 OJogooobobooooboo

goooboooooooobooboobbooon
ooooooosrpooooooooooooooo
obooooIipOobobooboboobooboog
gooboboobooboobuooboobooo
OO0O00D00DO0ODOO0O0OO00O0 200HostInfoll O
000000000 OHoestinfoOOODOOOOOO
ubboboobobboobuoobooboon
ugbobobobooboobooboobooboon
goobobooboobobooboboobooon
ugboboboobooboooboobooboooboanoo
ubobobboobooobooboobooboon



100ms

\ Req( H» _
20’“‘5// ] Req(A,3)
ﬁ OV Req(A 3)
B % %1 00ms J

S.ID|Next hop
.\/ A [CD \/ e
Req(A1) E

T B [ D
(2) Route request to A

20+15ms

10+50ms E
(1) Flooding from A

U 3:00booboooboon

gobobooobobboobobbo11o0oo
goboobooobobobboobobooobooan
goboobobooboobooboooboaon
gbobobobboobooboboboobobobo

3.2 OUOOOoooboboOoooon

gododoouoooobooouoooood
ogooooooIibodooo Ibodddooonod
00000000000 IDOO0O00O0OO0OO00OO
gboootddouoouoooooooooooa
O00000000000000 IbO0O0O0O0O00O0
odoo0oodoooooooooooooooo
gbdboooooooooooouooooooa
odo0odoboooboooooooooooooa
odo0odobooobooooooooooooon
goodobooouoooooooouooooooa
odo0odoboooooooooooooooo
odo0odobooobooooooooooooo
Jddd0d0ooooooOo 3000000 AOO
oooooooooooo

od0odoodobooooooooooood
gbootddoooouoooooooooooa
Ooo0odoooobooooooooooooon
Ooo0odoodoooooooooooooon
gbdoboouooouoooooouooooooa
ooo0odoooooooooooooooooa
0 Widest Shortest Path Treedd WSPTOO OO OO
3000WSPTOOOODODOD AODODOODOOO
odo0odobooooooooooooooooa
oodoobooobooooo Ibodooooood
Oo0dodoooo IbDooooooooooood
OuserReqD OO0 ODO0OOWSPTOOOOODOOO
gbdbodoboobooouoooouooooooa
godoooboooooooooouooooooa

Receiver Sender Available Pipe’s transmission rate
Scheduling 2| bandwidth \
Rate feedback # of layers = | (dummy data)

== ey H

send =t
( Decapsulate i

Calculate loss
__and bitrate
TFRC operation

L1(PB)

‘ L1(PA) ‘
" Encapsulate ‘ A TR \‘
| with header | LO(PAY >

— time

Scheduling of layers

0400000

OO0000D00 20 RoutinginfoO0OOOOOOOO
goobobooobobboobuooboobooo
oobooobboooboobobooobioO lookup
OO00C0OO0O0DOO0OO RateControl D OO OO

3.3 Uuooobobooga

oo0ooOoooooooooooboDboobobooo
TCPOOOOOOO UDPOOODOOOOOODOD
0 TFRC4]000O0OO0O TFRCOOOOOOO
oooooOooooOooOooDooOoOooboOooooon
Oo0ooOoobooOooooobooood

0400 TFPRCODOOOOOOOOODOOD
00000000000 00DO0O00DOoOOooo
ooooooooOoooooboooboooooooo
ooooOoOoOooooOooooOoooboOooooon
oobooooooRrTTOOOO0ODOOUObDOOg
OoooOOoobDoOobooOoobooobooOooooo
0000000000000 0000O000ooon
000000000 (sendto) 0000000000
ooooooooobooooo

O400000000000DOOOOOOODO
0000000000000 00DO0o00ooooDO
OD0000D00O0OOverlayRoutingO OO OOOOO
oOoooooboOooDoOo IbboooboobOoboooo
goobooooboobuobobmiooboog
goboboooboboouobooboobooo2g
oooooOoooooOooDooOoOooboOooooon
OO000O0O0O0O0000ODoDoOoOoO0Oooooogoog
oooooOo0oboOoOoOoooooooboooooon
OOTFRCOOOODOOOOODOOOOODOO
0000000000 00O0O0O00ooOoOooooo
ooobooOoooOoOobOoOooboboOoOobooOooo
ooooooooooOoooDooOoooboooooo



gs5 00boooobo

gogoobooobuooboboobooboobo
gbobobooooon

4 0000

oooooooooooooooooooooon
gooboooooootuooououoouooooa
00000 Visual C++4 6.0 with DirectX SDK 8.0
oo0oooooooooooooooooon s5d
oon

oodddoooooooooooooooog e
oooosoHOODODOoOOoOOoOoOoooOooooood
000000000000 0Dummynet 0000
gododoooooooodooooooooda
oo0ooooooooooooooyooooog
godbooobooobooooooooouooooa
oo0oooooDooooooooooooooog
oo0oooooooooooooooooooog
goodbodoooooooboooooouooooa
ooooooooooooon

5 gu

gboooobobooobooboooooobo
gbobooooobobobooobobooooon
goboobobuooboobooboboobo
gboobooooobobobooobobooooon
goboboooboooboboboobooboboboobo
goboobobobooboobooboooboobo
gboboooboooooooooooooooogon
gbobobobobobobobobobobao
gbooboboobooooooboobobooo

07 0000000000000000
goon

[1] D.Andersen, H.Balakrishnan, F. Kaashoek, and R.
Morris,* Resilient Overlay Networks,” In Proceed-
ings of SOAP2001, 2001.

[2] L. Subramanian, I. Stoica, H. Balakrishnan, and
R.H. Katz,” OverQoS: Offering Internet QoS Using
Overlays” , In Proceedings of HotNets-I, 2002.

[3] Y.Chu, S.Rao, S.Seshan, H.Zhang,* Enabling Con-
ferencing Applications on the Internet using an
Overlay Multicast Architecture,” In Proceedings of
SIGCOMM2001, Aug. 2001.

[4] M. Handley, S. Floyd, J. Pahdye, and J. Wid-
mer,” TCP Friendly Rate Control (TFRC): Proto-
col Specification,” RFC 3448, Proposed Standard,
Jan. 2003.



