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Abstract TCP overlay network, which controls data transmission quality at the transport layer, is paid much attention as the users’ demand:
for diversified services in the Internet becomes large. In the TCP overlay network, a TCP proxy is a fundamental mechanism which splits ¢
TCP connection between sender and receiver hosts into multiple TCP connections at some nodes in the network and relays data packets fr
the sender host to the receiver host via the split TCP connections. It is expected to enhance the end—to—end throughput of the TCP connect
because of the reduction of the Round Trip Time and the packet dropping ratio of each split TCP connection, but performance degradatio
may happen due to the undesired interaction among the split TCP connections. In this paper, we introduce an analysis approach to estimate
end-to—end throughput of the TCP proxy mechanism in consideration of the performance degradation. We also discuss about the effectivene

of TCP proxy mechanism through our analysis results.
key words TCP (Transmission Control Protocol), Overlay network, TCP proxy, Analysis



1. O0DOoOaO

ADSLO FTTHOOOOUOUOOOOOODOOOOoOooooooo
goboooobooobooboobooboboboobobooo
gooboooboooboooobbobobbooooooboo
goooobooboooobooobooboooooooooooboo
gooooooooooooooboobooooopbooooo
goobooboobobobooooobooooboboboobooo
goooooboooooprObOOODOOOO0ODOOOODODOO
O IntServ[1]O DiffServ[2l00 00000 O0OOO DiffServO
gooobooooboobooboooboobbooboooboooog
goboooooooobotboboboooooooooooo
0000000000000 00000OliIntServO DiffServ O
goooobooobpooooboooobooooboooouDo
gooooobooobooobobobooobooooobo
gobooooooooobooboobbbooooobooboobo
000 0000 UCDN (Contents Delivery Networky 00 OO O
goboboooooooooobobooboboboobbooooo
0000000000ooooo Bluoooooooooog
gobooooobooooooobobboboooooboboboo
goboogooobobboobboooooobbooooo
gooooOoolrPOoOOO0OCOUOOODOODOUODOCOOUODO
gooOooooOoOoPOoOOCOOUOOOUOODODOOOoOO
gooobooooooobboobobobooooooobg
o000 TCPUOUOUOODOOOUOOO M4]UU0O0OUOooOOO
gooTCcPOOUO0OOOOODOUOOODOODUOOUOOOOD
oo00oooooog TCcPO0U0UODOUOOUOUODOOUOODOD
O (TCPOOOUOD0O)0UUODOUOUOOUOOOOOOOOOO
0000000000000 U0oOo (0 yoooooooTCcPOO
goooobooooobboobobooobooooboboboo
0000000000 0ooooooooooOooooooTCP
goobooobboooobobobobobboooboboooog
goooobobooooobooboboboooooboooooDo
gooooooooboooboobooboobbooooboboboog
000000000 oo0ooooooooooooon TCPO
goooooooooobuoooooooooobboboboobo
gooooooooooooooobooboooooooooboo
goobooobooooooobooboobobobooobobooooo
oooooo
TCPOOODODOUDODOODODOODOOOODOOOOOOOD
gooooooooooobooboobooboooobooooo
oooo k-8 ouoooooooooooouooon
000000oooooooooooooooo[s,6]l0000
goooooobobobobobbbobobobooboobooo
gooooooooobooboooooooobooboooboboo
oooooo([7,8JlboooooooooUUooOooUooOon
00000000000000000TCPOO0OOOOOOOO
Joooo TCPOOO00ODODOOOODODOOOOOOOOO
gooobooooobooobooobobboobobboobbo
goooocoooooooogo
joooooooTCPOODOODOODODOODOODODOODOOO
00000 TCPOOOODODOODOOODODOOOOODOODOO
goooobooooooodooboobooooobooboooD
gooooboodooooooboobooboobooobboboooo
000000000000 ooooogTCPODOUODOOODO
gobobooooboooboboooobooobooooboboooo
gooooooooobooboobboooooobobbooboo
gooboooboooobooboobobpobooboobbobDbo
gooboooboobooooooobobboobboboooboo
000000oo0oooooooo TCPOOO0ODOOOODOO
gooooooboooooboogog

2. TCPOOOOOUDOODOO
TCPOOODOOOOOOOOOOOOOOOOOOOOOO TCP

TCP connection

[ e ][
MAC MAC MAC || MAC || WMAC

Sender TCP TCP Router Receiver
host proxy A proxy B host

01 TCPOO0O00OOOOOOO

Connection A Connection B Connection C
wr 3= | 3= | N
&~ ¥ ¥ 2

Senderhost | TCP proxy A TCP proxy B Receiver host

SYN
oatat | e SYN
Buffering —————
SYN+ACK W SYN-ACK
,_/L DATA1
ACK+DATA1 m:h ACK+DATA1 | Buffering

ACK1 "ACK+DATA1
DATA2+DATA3] ACK1

\

ACK1

IACK2+ACK3 A
DATA2.3|PATAZ-DATAY i DATA2+DATA3
Buffering RCR2TACK3 EeAcKz*'ACKS
S DATA2,3
% Buffering ¢ ¢

FIN+DATAN
FIN+DATAN

f—AckN | FIN+DATAN
—

ACKN
. — ——
FIN+ACKN
M FIN+ACK
FIN+ACK

02 TCPOOOOOOODODOO

0000000000 0oUoUooooOo (TCPOODO)ODOO
00ooooOooo TcPOCOCOOOUDOOODOOUOODOOOO
ooooooooooooooobooooobooooooobobooo
ooooOooooOooooOTCcPOOOOOOOOOOOBOOOO
000o000oo0oooo0ooUoo 20001000000
OoooooOooooOooOo TCcPOOUOOOOO TCPOOOO
A,BO 2000000000000000000000COOO
oooo00ooooooooOo0oooOooo TCPOODODOO
OABCOOOOOODOOOODODOOOOO TCPOOOODOO
AOOO0OO0O0O0O0OO0OOOOO0OOOOOOOOoDO TCPOOO
OAO0OOOODOOTCPOOOO AOOOOOOOOOO TCP
ooooOO0o0 BOOOOOOOOOOOOTCPOOOO BOO
O TCPOUOOCOO COUOOOOOODUOOOOOOOOOD

gooTCcPOOOOOUODOUOOOOOOOOOODOOOOO
gobooooooooooobooooooooooboooooboo
000 ACKOOOOOOOOOOoOOOoOoooooooo ACK
00000 local ACKOOOO [QOOO0OO0OO0OOUOOODO
00000oooooo ACKOoOoooooooooTecPO OO
0O AODODO localACKOOOODODOOOOOOOODOOOOO
ooooOoooOooooOoOoO0o0OooOO0Oooo0OoRTTOOO
oooOooOoOoOopoooOooOoOoOoUOOoOoOoOoooO TCPOOO
000 BOOO COOODOOOOOOOOOOOOOOOOO
gbOoooooooooocoooono

ooooo TCPOOOOOOOOOOOOOOOOOOOO
0000 ACKOOOOOoOooooooooooooooooo
000000o0oU (020000 TCPOOUOD BOOOOOO
oooooooOooooOoOoOoboOoOOO0O T TCPOOOOOO
cOoooopooooooO0o0ooOooO00ooooooooooon
goooooOOoboOooooOO0o0oOooooooooooooo
O00O00O0OO0O0local ACKOOOOODOOODOODOOOOOO
gooooooooooooooooooOobobooboboboooo
00000000 ACKOOOOOOooooooooooo TCP
Oo0oo0oO0oUoooooooooooooooo TCPOOO
gooooooooooooooooooboooooboooobooo
gobooooooooobobooobooooooobooboooboooon
00000000 SYNOFINODOUOOODOOOO Olocal ACKDO
goooooooooooooooooooooooobooooo
oooooooooo

ooooTcPOCOO0O0O0O0O0O0OOOOOOOOOOOOOO
00000o00ooO lecalACKOOOODODOOODOOOUOOO
goooooooooooooOoOoooooboOoDbbobooooon
ooooo0ooooo000o0o00ooo0 TCPOOOOOODO



200

150

100 r

50 -

Normalized Throughput

2 4 8 16 32
Number of Connections
03 00oooooooobooooooooooooo

gooooooocooooooooo  TCcPOOOOUODOODO
0000000000000 (1)0000000000000
0000ooooo TCPOOODODOODOOOOOODOODODODOO
000000000 p. 000 ((2)0)0000 bO delayed ACK
gooopoooooooOoooDUOOooO sOoUDObOOODOOOOO
000 100 ACKOOOooOoooooT,opooooooopoooo
0000000mOd000000 EKODDOOOOOOOOOOOO0
0000000000 oouoo (RTHOOOOOO ppORTTy

oood
1

pr =

RTT, §§E+Jg-mml<L3 §%i>pu1+3m€)
= TCP_RHO(RTT}, pi, Tp, b) @)
pe = lélgngﬂpk %

030 32000000000000000000000000
00000 TCPOOOOOOOOOOOOOOOOOOOODO
0000 TCPOOOOOOOOOOO TCPOOOOOOOOO
00000000000000000000000000000
000000000000000000000 TCPOOOOO
0000000000000000000000000000
0000000000000000000000000000
000000000000000000000C0RTTOOO0O000O
100 [Mbps]10.000510.01[s]0 00 0000000000000
00000000000000000000000000000
00000000000 TCPOOOOOOO RTTOOOOOO
0000000000000 000000000

00000000000000000000 TCPOOODOO
00000000000000000000000000000
00000000000000000000000000000
00000000O0TCPOOOOOOOOOOOODOOOOO
00000000000000000000000000000
00000000000000000000000000000
0000002000000 4a00TCPOOOOOODOODO
00000000000000000000000 BOOOOO
00000000000000000000000000000
00000000000000000000000000000
AODOO0OO0O0O000000O000C0OO0OTCPOOOOOOO
000000000000 00000000000000000
0000000000000 000TCPOOOOOOOOOODO
000000000000000000000 BOOOOOOO
0000000000 O0000O0O0

000 4b)00000TCPOOOOOOOODNOOOOOOO
0000000 0000 local ACKODOOOOOOOODOODO
000000000000000000000000000 ACK
000000000000000 ADOOOOOOOOOO0OO
0000000000000000000 BO TCPOOOO B
00000000000000000000000000000
0000000000000000000000000000
000000000 0000 local ACKOOOOOOOOO OO
00000000 BOOOOOOOOOOOOOOOOTCPO
000 BOOOOOOOOOOOOOOOOOOOOOOOOO

TCP proxy

No relayed

data
/\ Connection B
m I~

Receive  Send
buffer buffer

Connection A

(@000 1

TCP proxy A TCP proxy B

Send Connection A Receive Connection B
buffer buffer

mmﬂm <A

il || R
Packet
L— Send dropping
~——— buffer

Advertised window =0

yooo 2
04 TCPOODOOOODOOOOODOODOOOOO

L | o000 L Il L |
Mem T ey T Temeny !
M(0) M(1) soe M) ese M(m)  M(m+1)
H(0) H(1)  HE@) H() ) H(n-1)  H(n)

8-y

|

L(i+1) L(n)
b(1) b(2) b(i+1) b(n)
(1) t(2) t(i+1) t(n)
p(1) p(2) p(i+1) p(n)

n : Number of Hosts / Routers

H(i) (0 <=i<=n) : Host(i=0,n) / Router (1<=i<=n-1)

L(i) (1<=i<=n) : Link between H(i-1) and H (i)

b(i), t(i), p(i) (1<=i<=n) : Bandwidth, Propagation delay, Packet

dropping ratio of L (i)
M(i) (0<=i<=m+1) : Position of TCP proxy

M(0)=0(Sender host), M(m+1)=n(Receiver host)
C(i) (1<=i<=m+1) : TCP connection between H(M(i-1)) and H(M(i))
RB(i) (1<=i<=m) : Receive buffer size of TCP proxy H(M(i))
SB(i) (1<=i<=m) : Send buffer size of TCP proxy H(M(i))

05 00000

O00000000O0OFreeBSDOO OOO OSOOOO0OO0OOO
O00O0o00oOoooooooo oooo ACKOoOooooo
oooooooooooobooooooooobobooooooDo
000 ACKOOOOOoOooooMuooooooooooo
oboooooooooooooooooooooboboooooo
oooooooo

goooooOoobo BOooOOOOOOCOOODOOOODODOD
ooooooOO0ooo0o0o00000000000 AODOOODOOO
oo0o0oo0O0oooOoOoOoO0oU0OOpP2oouooooooon
000000000 4a0000000ouooooooog

3. Jooooooo

31 00000

00000 5000000000000 OOOOOoOOO 10O
Jo0oooog TCPOOODODOOOODODOOOOOODOODOOO
go0o0d00o0ooobooobooooobooobooooooogo
Jododo0oooDO0oO0000O0oDOOoO0DUOOoD 200000
JoooooooTCcPOOUOUOODOOODOO local ACKO
gooddooboobooooboooboboooooooooooa
Joo00o0o0o0oo0ooooooooTCPOOODOOOOOOO
godddoobobo0od0o0o0o0o0ddo0ooobOoooobooa
00000 l10b000obopooooooooa

32 0000

321 0O O

n0000000000O0000000 TCPOOOODOODO
mOO0O00ODOO0ODO0ODOO0DOODOOOTCPOOOOOOODO
goo0ddbobOO0oo0o0ooOoboobOoo0obDOoOoooOoooon
OO0 p. 0000 OCOOOOOOOOOOOTCPOODOCODO
goo0dooooooooooooboooooooooooo
JodddoodbodoooOobobOoobooOooboooo
gdb0dd0oOdbooO0o0o0o0oOoboOoDoOobboDOooboooboa
pk[O](1§k§m+1)DDDDDDDDDDDDDDDDDDDD
00000 sx (1£k<m+1)0000000minicr<mt1 pr[0]



goooooooooooooooooboooboooDbooboo
00000 pef0]CO00DODO 4@U000O0OOO0O0OO
ooooooooooooooboooooOooOooooooboooo
0000000 O0O0DO pe[hlCODOO0ODODODOODODOO
0000000000000 ooU0UooooUoo ooo
O pe[h] 0 p. 00D0)DUOODODDOODOOOODOODOOOODOO
000oo0oooo0ORO AROOOOOOOOOODO

pelh — 1] = pe[h]

o1 | ©

3.22 0O a
oooTcpPOOOOODOOOOOOOOOOOOOOOOOOO
0000000000000 00D0O0000OD pel0jO00O
ooomOO0OO0OOOOKOOOOOOOOO C,0000000
gooooooooooboooooboooobobobobobobooooo
Oo0o0ooooO0Ooooooo@ooooooooooooo
oo p;[O]DDDDDDDDDkaDD RTT, 0000000
gooogd

pe = 1= (L= p(M(k—1)+1))- (1 - p(M(k — 1) +2)) -
o (1= p(M(K)))

M(k)=M(k—1)
- 1— H
i=1
M (k)
RTT =2 Y  t(i)
i=M(k—1)+1
000000 C,000000000000000000000
00000000000000000000000000 pg(0]
000000000000000000000000000000
POl = T P
000000000 ¢, 00000000 TCPOOOOOO OO
00 H(M(k)DOOOODODOOOO RB(k)DDODODDO0OO
00000000000000000 pe[0]0000000000
" RB(k)
pr [0] = RTT,
O00D000p[0]000 pf0]0 00000000000

pul0] = 1. = min (pi[0], L 10], 1 [0])

pem]——1§g§g+lpkm]

D000 4)000000000000000000000
gooooooooooo pe[h]DDDDDDDDDDDDDD
ooo c.oooo Cp+ 00000 0OC,+1 00000000
000000000000000000000000 p.[k]00
00000000 ¢, 000000000TCPOOOO0O0OCOD
00 H(M(1))D0DO0OO0O0D00000000000000
000000000000 TCPOOOODOODOO H(M(L))
00000000000000000000000 pofh—1]00
000000000000000000000 C.000000
0000 s 00000000 DOOO0DOO0ODOOO MIM/LIKDO
gooooooooooooooood RB,«(I)DDDDDD

—(K+1WK-+KﬁK+U}>

(1 =p)(1—pktt)
0000K =SB(1) + RB(1)Jp=pe[h—1]/s» 000000
OO000o0o00o00000b000 ;0000000 O0OoDOOO
afalsfsfsla)als

(1 =p(M(k—1) +1))

RBAU:nwn<RBﬂLK—pU

pi[h] = min <TCP_RHO(RTT1,p1,To,b),

. RB,(1)
b
M(o)ﬁﬂgl?gzwu) @, RTT,
000000000 Cr(2£k<m+1)00000AOODO

000000000000000000000 ¢,000000
000 pe[h] 0000000000 TCPOOODOOODODOOO
H(M(k—1)0000000000000000000000
00000000000000000 G, 000000000
00000000000000000000000000000
00000 G, 000000000000000 TCPOODO
0000000 H(M(k—1))00O0O00000000000
00000 0000000 p,;,0000000000000
C,.,00000000000000000000000 Cx0
000000000 pr;) 00000000000 0000
000000000000000000
SB(k—1)

pe 1= D Py Pro
=0

0000 py;yOpr;y 00000000000000TCPOOD
0000000 H(M(k—1))00O00O00000000000
000000 C,, 000000000 pp,[R)0000000
0000000000000000 ¢,0000000000 sy
0000000000000000 MM/UKDOOOO000000
0000000 j000000000000000000

pil=p)
— K41
psiy =94 177 ,
. -1
K+1 r

0000000 0K =SB(k—1)0p = pe_1[h]/s, 00000
O py0OOODODO0OO0O00000D000000 Cy—1 0000
0000000000000 0000D00O TCPOODOOOOD
000 HM(k—1)00000O00000000000000
Oo0Oo0oOooooo0o Ty00ooo0ooooo0og Gk
ocooooooooOoo NyOOOOOOOOODOO ooo
goooooboboOooOobooooD vOODOoDOooDoOoo
O0o000o0o0OoooOoooUoOon Gy, 0opoooog
oboobOooobooooobooooooboooboboooboOooo
0000000 ¢, 00000000000000000000O
goooooooboobobooobooDbOoDDbOD jOO00ODOOOO
pk(j):SkDDDD

T sk < j (0<j<SB(k—1))
0000000000000 0000 iy OOoOooooao
ooooooooo

_ N+ N

pk(f)_ Tf+Tl

oooo00oo0oo Ny, Ty, N, ;0 000000N, 000000
0Cy,n 00000000000 0O0OOO TCPOOODODOO
000 HM(k—1))000OO0000000000000000
gooooboooooa

Ny=j
OO0 O0Ofastretransmi 0000000000000 OOO
gooooooobooooooboboooboO0 RTT.—n 00O
gooooboooooooooobooooooboboobooooaon
oooooo0oonD Gk O0U0OO0O0DOOO0ODOOODOOO
oooobooOooooooTrT,00000O00O0O0O0O0O0O0O0
ooo

3 1
in |1, ———— To + -RTT}_
+mm< ’w(k—l)) ( + 2R k 1)

000 wk—-1)0000000 C,; 000000000
00000000000 G, 0000000000000
min(1,3/w(k—1))0000000 Cy,, 0000000000
00000000000000000([10]0000000N;O
000000 C,,00000000000000000000
00000000000000000



o

Lin1=0.0005 [sJiDwan=0.005~0.5 [s] Dianz=0.05[$]

Receiver
host

R1an1=0.00001;Pwan=0.00001~0.1 PLan2=0.01
10 [Gbps] 10 {10

900

800

700

600 -

500 .

400 |

Throughput [kbps]

300 *
analysis (5 [ms]) ----&--- o
200 | simulation (5[ms]) =
analysis (50 [ms]) -
100 - simulation (50 [ms])
analysis (500 [ms]) ----*---
simulation (500 [ms])

1le-05 0.0001 0.601
Drop Probability (WAN)
0Oy ODOOOOOOOOOOO0OO00oO

A

Pk—1
000000007, 00000000000000000000
k—100000000000000000000 00000
00000000000000000000000000000
0000000000000000000

1
— Pr—1

min(pi—1[h], sk)
00000000000000 G,0000000000 TCP
0000000000 H(M(k) 0OOOODOOOOO OO
000000000000000000000000000
K = RB(k) + SB(k)Op = pefh—1]/sppn 00000000
oooooo0ooo

" _ " "R
RBr(k):miTl(RB(k)’K_p {1-(K+1)p "+Kp })

(1=p)A=p"K+)

. 2z . . RB.(k)
pdﬂ—ﬂ%ﬂ(m;ﬂﬂu% R LB O RTH;)
pelh] = pm+1[h]

330 0 O

goocooobooooboobooooooboOooobooOoOoboboOoOoo
go0ooooooooooooOoOOoOoOOoOooooooobooon
o000 6000000000 0UOOODLAN1, DwaNn,Dran20
000000000000 Prant,Pwan,PLan2000000
0000000000000 00000o00n 30U enOno
001000000000000D000O0OU0O (DoOoooo)o
gooooooooooooOooboOoOooobobooooooooo
Oo0oooooooooooOoTcPO OO BOOOOOOO
0000000000000000000000OWANDOOO
goobOoooOoooooooooOoDboboOoooboooooboo
goooooobooooooooooooobooobooobooOooo
ooo
O700000WANOOOOOOOOOOOOOBOOOO
gooooooooOOoOODODO0OOOWANODODODODD 50
500500 [ms]0 0 000000000000 OWANOOOOO
000 5050ms]D0000O0OWANCOOOOO 00100000
oooooooooooODOOoO0oO0OWANDOOOOODOODODOO
O00000oU0ooooooooo0oOOLAN2O0C0O0O00
ooooboooooooooooobooobooobooooooo

7
SALZ
(|

ZTFATFFIN | YT FA

AT F AL VY7 Ly
P
.“,,4".. A

0.1

D_LAN2 5]

0.0001

08 OD0OOO0OODOOOOOOOOOOOOO

00000o0ooooooooooooo WANODOOOO 0.01
goooooooooboooooooooooobooobooboooo
OO0OWANOOOOOOOOOOOOWANOOOOOOOOO
gooooooooooooooboboOooboobobogboooboo
oooO0ooooooOO00O0oooooooOwANDODODOOO
O500ms)0000000000000OWANDOOCOO 0.0001
obooboooooooooooboo

goooooooooooooOoboboOoboooooooboooo
gooo0ooOooOoOo0ooooOooOOO00ooOb0OoOb0DOO WAN
oooooooooooooooboooobooobooooooo
oboooooooooooooooooOooboOoobooOooooon
0000000000 [ojoooooooooUoooooooo
0000000000 0000000000000 ACKOO
gooooooobooooooooooooobobooOoooOooo
O00o0o000o0oOoOooooOopojooooouooooooo
ooooooooooowAaANODOOOOOOOOOoooooo
ooooooooo

4, TCPOOOOUOOOODODOOOOO

Joo0o 3odoooooooooooTcPOOOOOODOO
Jgdodo0ooooOdoooboO0oobObOoOo0oobOooOooo
go0oo000oobooboooooboooooooooooooogd
oO0dooobooooooooooboooobooobooooo
O0d000OO00ddO0O0bOobOO0OO00O0bDObDbOoOoOobOoo
jdod0ddoDoooooooooooooooTecPOOOOO
gooooo0oobo0ooooooooooooboooooo
080060 TCPOOUO BOOOOODOWANDOOODOO
000 (Pwany =0.01) 0000000 (Dwan =0.05[s]))00
OO0 LAN2 00000000 O0DO0DOO0D000oDoooooa
OO0 400000000000 oooooooooooog
(X)OoooOooooUoooUoOooooTCPOOOO BOOO
jodddobod0dbOooOoobO0ob0oo0oboOoboOoOooo
Pran2 =0.010Dran2 =0.05[s]00000000OO0O0O0OO
godooooboooooboooooboboooooooboooo
000000 000ooooooo 409000000 ooo
joddddbdodoododobbo0obodo0ooooOooboooo
Jd0ooOO0o0o0obdod00o0odbDOooobOOoooooboooo
goodooooooooooooo
TCPOODOOOOOOODOOOOOOOOOOOOODODOO
goo2000000000000DLDO0ODODODODODODOOO
d00O0O0dO0O0OOdOO0oOoObDOobOO0oO0obOUoDOobDOoOoooooao
Jdo000oo0OoooooooOoo eonooo 8ooooooa
0000000000000 0d (Pwan = Proan2 = 0.010
Dwan =Dran2=0.05[s]))D0000OTCPOOOO BOO
Jdo0odoooboboobOooobObOo0oboobDoboOoOooo
J0d00000ooooooooooooooooaTcPOOO
O000d0oOobOoObOO00bOO0obOOoO0OobDoOoobOooOoOoooD
00000000 bOoODO0obOOoO0OobObOOoOooDooOOobOoOooo
godooooobobooobooooooboooooooooog
gOo0o0oo0o0ooooboooooooooooooooooan
jdbdddddodobooboOoobobO0o0obOooobOooOoooo



64 256 1024
Send Buffer Size [pkts]

4
409 16384

JOod0OO0ObOO0O0d0OOdbOoOoO0ObOoOO0O00ooOoOooOobobOoooo
goood0oooooooobooboooooooooooooo
000000000000 00ooo0o 800[kbpsjoOOOOO
0000000000 1 [Kbytes]0O 0000LAN2 O RTTO
0l[sjU0O00d0O00lCO0Ud00OO0OOOUOOOU lo0oOonoO
0000000000000 O0o0oooOo0O0O0O0O0n0 osano
0000o00oonO 64-128 [Kbhytesp OOOoooooooog
000O0oOooo 800kbpsjpOO OO OOOUOOOOOOOOO
JdddooooooopoooTCcPOODOODODDODOOODO
000000000000000000000 00 512 [Kbytes]
gooDooo0oooooboooboooooooboooooo
gOoddO0OoOOoOoOooObOOooObOO0bOOOD00oUoobDboboOooa
jdoodo0dooooooeounbboobUOoDooDOoDOOOn
Jdo0ooo0ooo0ooo0oOoooooo TCPOOOODOOOOODO
Oodobo0oooooooboooooobooooboooooooo
gododboooOob00o0bOobO0o0oooDoOooDoOoooo
dood0ood0oopoOoooboOoTCPOOOODODO
Jo000000o0o0o0obOO0ooo0oo0O0O00 100 10000
J0ooooooooooooood (Poavt = Pwant =
Pwane = Pran2 = 0.0000010Dran1 = Dwani = Dwan2 =
Dran» = 0.005 [s) 0 OTCPOOOO A~COOOO0D 10
0000000 0oooo0oOon0 10000000000 0
O0doo0ooobodooooooooooooooboooono
000000 DooooDoDoDOoOo0ORTTOOOODOD
goopoooo TCPOUOOO BOODOODOOOODOOO
Jod0odo0o0oboo0oooobobooooooooooooaa
0000000 2000000000000 O0OOOO0O0O
O (PLANI = Pwani = Pwano = 0.000010 Pran> = 0.010
Drani = Dwani = Dwana = Drane =0.005 [s]) D000
0000000000000 2000RTTOO0OOOOOOO
TCPUOODO BOOOOOOOOOOODOOOOOOOOOO
Jo000d0ddooD0odooOoOoO0bDO0DODoOooO LAN2O
gO0O0ddbOO0O0dO0dbObOO00d00bU0O00oUoOOoboOooa
000000000000 00000o00ooooooTCcPOOd
000000000000 0000000000 RTTOOOO
goooooooTCcPOODOO COODDODDODODOOODOOO
gob0O0d00OdbOOo0oO0O0oOoo0d0ddO0obOoOooooobooo
00000ooooooon TCPOODOODODODO RTTOODOO
goddoObOOOOO0bOO0ODOObOO0O0d0bDUOoOoOooobooooda
gddboboboodoooOooobooooooooobooo

5. 00O0O0ooooo

ooooobooOooooOoo TCcpPOOOOOOOOOOOOO
gooooooooooooboooooooboooboooboobooo
goooooooOooooOoobOoOooOoooooboooobOOoo
gooooooooooooooooooooOooOoOOoboooobon
oo00oooooooTCcpPOOOOOOOOOOOOOOOOO
gooooooooooobooobobOooooboboOOonoOooo
goooooooooboooobooooobooooooBboo
gooooboooooooooooboooooooooooooo

Duat Dvant Dwme | Dus
: 7

LAN1 AN
LY [

Sendery i a
host M= ==
@ \JitzjaxyA TQP proxy B TCP prgy C

Puai Pt Pame | Pue

10[Gbps]{ 10[Gbps] | 10[Gbps] |  10[Gbps] |

010 00000000000 2

01 0000000000000 o0ob0o0oO0o0oo0oo
000 (oooooooooon)

0000 |00000000000000 00 [Mbps]
59.494
108.53
59.494

goboo0o0ooooooooOooooOoDboobooo
00 (ooooooooooon)
[m]

0000000000000000 [Mbps]
1.860
2.299
3.008

02

oo

OUJ)D OO |O]m >

oo0oO0o0ooO0ooooOo0oooORTTOOOOOOOOOOO
obooobooooooooooOooboOobooooooobooooo
O0o0o0oooooooooooooooooooogTCcPOOO
o0o0ooooooooooooo TCcPOOOODOOODOOO
gbooooooocooooooooboo

g a

0odoooooooooobooobooooooooooooo
0o0odooooooooboooooooooooooooono
goobooooOobooobOooboboooooooobooo
googoooooo
0 0
[1] J. Wroclawski, “The use of RSVP with IETF integrated servicé®C 2210,
Sept. 1997.

[2] S. Blake, D. Black, M. Carlson, E. Davies, Z. Wang, and W. Weiss, “An archi-

tecture for differentiated serviceRFC 2475, Dec. 1998.

[3] S.Williams, M. Abrams, C. R. Standridge, G. Abdulla, and E. A. Fox, “Removal

policies in network caches for World—Wide Web documentsPriaceedings of
ACM SGCOMM'’ 96, 1996.

[4 DOO,0000,00000,TCPO0O0OOOOOODOOOOOOY)
00000000 000000000000 (B-7-49), Sept. 2002.

[5] A. Barkre and B. Badrinath, “I-TCP: Indirect TCP for mobile hosts,"Hro-
ceedings of 15th International Conference on Distributed Computing Systems,
pp. 136-143, June 1995.

[6] H.Balakrishman, V. N. Padmanabhan, S. Seshan, and R. H. Katz, “A comparison

of mechanisms for improving TCP performance over wireless linEEEE/ACM
Transactions on Networking, vol. 5, pp. 756-769, Aug. 1997.

[7] R. Cohen and S. Ramanathan, “Using proxies to enhance TCP over hybrid fiber

coaxial broadband access networkSgmputer Communications, vol. 20, Jan.
1998.

[8] P.Rodriguez, S. Sibal, and O. Spatscheck, “TPOT: translucent proxying of TCP,”

Computer Communications, vol. 24, no. 2, pp. 249-255, 2001.

[9] J. Border, M. Kojo, J. Griner, G. Montenegro, and Z. Shelby, “Performance en-

hancing proxies intended to mitigate link-related degradatid®=C 3135, June
2001.

[10] J. Padhye, V. Firoiu, D. Towsley, and J. Kurose, “Modeling TCP throughput:

A simple model and its empirical validation,” iRroceedings of ACM SIG-
COMM’ 98, pp. 303-314, Sept. 1998.

[11] G. R. Wright and W. R. Steven$CP/IP Illustrated, Volume 2: The Implemen-
tation. Reading, Massachusetts: Addision—Wesley, 1995.

[12] OO OO,000,0000,0000,TCPO0OD0O0OOOODOO
o0o0o0o0oo0ooO0oy000000ooo00oooooooooo
(IN03-136), Dec. 2003.



