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Abstract: Recently, Compound TCP is expected that it is the most promising transport layer protocol for
high-speed and long-distance networks. In our previous work, We have presented that the loss-based conges-
tion control mechanism performed by Compound TCP does not achieve fairness in throughput. In order to
solve this problem, we have proposed Compound TCP+. It decreases the loss window when it anticipates a
state where a packet loss may occur, without actual packet loss occurrence. Using simple simulation, we have
shown that Compound TCP+ connections have high fairness in wireless LAN. In this paper, we evaluate
the congestion control scheme of Compound TCP+ in wireless LAN. Furthermore, we implement Compound
TCP+ on a Linux kernel, and evaluate the performance of it in an experiment network environment and
show its effectiveness.

Keywords: Compound TCP, Fairness, Wireless LAN, Congestion Control

2012/5/22

Congestion Control Scheme of Compound TCP+ in Wireless LAN

0o0oooooooooooooooooooo TCP OO
O TCP NewReno 00O O0O0O00OOO0O0O0COOODOO

goog

1

a)
b)
o)

gooooooo

Osaka Electro-Communication University
dt11a001@oecu.jp
hisamatu@isc.osakac.ac.jp

nobori@isc.osakac.ac.jp

© 2012 Information Processing Society of Japan

00000000000000000000000000
0[00000000000000000000000
000000000000 Compound TCP [2], [3] OO
00000 Compound TCP 0000000000000
00000000000000000000000000



gogoooooood
IPSJ SIG Technical Report

ddddooooooooobobobobobbooooooad
JoooooooooooO0d Compound TCP O OO
gooooooooooobooboooboono 200
dddddoooooooobobobobooobooooooad
0000000000000 Compound TCP OO OOO
TCPOOODODODOOO ODOOO TCPOOOOOODO.
Compound TCP O 0O Windows Vista SP1 000000
ddddddooooooooooooooooon

O00O0TCPO0O0O0O LANDODOOODOGQOOOoOOO
ddddoooooooooobobobooooooooad
0000000000 oo0O000 doooooooo
O LANODOOOOOOOOO0OO0 Carrier Sense Multiple
Access/ Collision Avoidance (CSMA/CA) O TCPOOO
00000000 CSMA/CAOOOOOOOOOOOO
ddddoooooooooboboboboobooooooa
ddddooooooooobobobobooboobooooda
ddddooooooooobobobobobobboooooda
ogoo0ooooobboooooboooooooooon
000 ACKOODODOoDooooooooooooog
ddddoooooooooooooon

00000 d LANODOODODMOoooooooooo
000000000000000000000 [5), [6], [7]0
pj0000O000O0O0O0OOO0 MACOOOUOODOOOO
ddddoooooooboobobobbboobooooooa
O0000oooo0o0ooUooooOoOeoooooo
ddddoooooooooboboboboobobooooooa
ddddoooooooboooboboboobooooooa
ddddooooooooobobobobobooooooooa
dddddooooooooobobobooobooooooa
000000000 0OEnd-to-End ODOODOOOOODODO
ddddoooooooooboboboboooooooooa
dooooooooboobobobooboboobooooa
ddddoooooooooobobooobobooooooa
000000D0O00OO0ODOACKOOODOooOoooo
00oo0U0O00oO0oo0ooOoo [fjooooo0oooooooo
End-to-End 000 O00O0O0ODOOOOOO TCPOOODO
ddddooooooooooboooobooobooooa
dddddooooooooao

000 Compound TCP ODOODODOODOOOOOO
0oo0o 8], [90[§00000000000000000
O000Compund TCP OOODOODOODOODODODO
000 TCPRenoOODOOODOOODOOODOOODDOOO
ddddooooooobooobobobooobooooooa
O000O0© U00UCompound TCPOOODOODOOOO
oo yOUOOOOOOoooobobboboooboo
ddddooooooooooboboboobooooooa
ddddoooooooooobobobooobobooooooa
ddddooooooooooboobooobooooooa

© 2012 Information Processing Society of Japan

Vol.2012-DPS-151 No.20
Vol.2012-MBL-62 No.20
2012/5/22
000000 LANODOOO Compound TCPOODOOO
goboooobgoooo
0000100000000 LANOOQOOOCompound
TCPOOOODOODOODOODOOOOOODOOODOO
goboobobobboobuoobuoobbooboon
0000000000000 LAN ODO OO Compound
TCPOODODODODOOODOOOOODODOODOODOO
godlgpobooobooobooobooobbooon
goobobobooboboboooboobobobooo
OACKOODOOODoDoOoooooooooooooo
O0DOo0oDooooooodCompound TCP OOO
goodoobobobobbuoooooobobbbbooood
00000000 LANOO0O0OOCompound TCP OO0
000000000000 0000d Compound TCP O
000oooooooooTCeOooOoOoOoOoOooooon
0000 LANDOOOOTCPOOOODOOOOOOOOO
0000000000 LANDOOOOCompound TCP
goboobobobobooboobuoobobooboon
0000 Compound TCP+ 00000 [10]0 Compound
TCP+ O0O0Compound TCP OOOODOO0OODOOOOO
gobodobobobobuoobooboooobooboon
gobodobobobobuooboobouoobobooboon
goboobooobobuooboobooobobooboon
gobodobobobobuoobooboooobooboon
gobooboboobobooboobuoobobooboon
00 Compound TCP+ 000000 OCOOODOOOO
godbodbooobobooboobuooboboooboon
O0O0O0000dCompound TCP+O0000OO0OOODOOO
godbodbobooboobbooboboobooboon
goooobobobobboooooobobobobbboooog
O00oO0ooDoOoOooo LANODOOO Compound TCP+
gobooobobooboobdoobuooboboooboon
00oDooooDooooDooooDooOoO0 LANODOOO
goboodbobobobooboobuoobobooboon
gooobooboooooooboboboooooobo
Compound TCP+ 0000 LANOODOOOODOOOO
gobooooboobooooo
000000000000 000DbO0020000Com-
pound TCPOOOO0OO0OODOOOOOOOO LANOO
O00Compound TCP OO ODOOOODOODOODOODOO
000000003000 000000000 Compound
TCP+ 0O0OODODOOOODOD4000000000
000000 Compound TCP+0O00000O0O0O0O0OO
0000DO000O0o0O0ooDOoooO0 Compound TCP+ O
gobobooobooob s0boouboboboboogon
gooooood



gogoooooood
IPSJ SIG Technical Report

2. Compound TCP

00000000 Compound TCPOOOOOOOOO
0000000 LANOODOOO Compound TCP OO0
gboobooboboouooboooobobuoobo
goad

2.1 Compund TCP O0OOOO

Compound TCP OO0 O0OOO0OOOOOOOOOOOO
gddoooooooobobobobbbbooboooood
gddoooooooooobobbobobobbooooood
gbooooboooo10boobooooboooooo
0000000000000 00000000 swnd OO
goooood

swnd = cwnd + dwnd

OO000cwund OO0O0OOO0O0ODOCOOOOOOOO
OO0000000000dwund D0OO0O0O00OO0O0O0OOCO
00000000000000D0 0 Compound TCP 00O
coboboooooooooooooooboOooobooooo
coboboooooooooooooooboOooobooooo
coooboboooooocooboooooobooboooooooo
cobobobooooooooboooooooOooboooo
coooooobooooboooboooOoooon

uoboooooooooobooOooobooOobocoooooono
coooobOoo 200000000000O00C000
0000000000000 000000000 ACKO
coobooooooooooooOoooOobocOoobooooo
ooo

cwnd + 1

(slow start phase)
cwnd =
cwnd +

swnd
(congestion avoidance phase)

Compound TCP OOOO0OO0COCOOOO0OO0O0O0O0O0OO
gobooboobbooboobooboobboob
goboobobobobooboboobobooboo
oO0o00oo0oo0oo0oo0coO0oooooooCompound TCP
goboobobobobooboboobobooboo

cwnd

cwnd = (duplicate ACK s)

1. (timeout)

00 ACKOOOOOOoOOoooooooooooooooo
gooooooooOOooboooobooooogdCompound
TCPOOOOOOOOOOOOOOOOODOOOOOO
cooobooooooooboooooobocoobooooo
OO0000000000000 Compound TCP OOOO

© 2012 Information Processing Society of Japan

Vol.2012-DPS-151 No.20

Vol.2012-MBL-62 No.20

2012/5/22

000000 1000000000000 0Compound

TCPOOOOOOOOOOOOOTCPOOOOOOODO

gooo

gooboooooooooooooobooooooog

goooboooooooobooooooooooboooo

gooooooboooooboocooooooooboooo

gobooboooooooobooooooooboooo

goooooobooooooboooooooooboooo

gooooooooooboooobooboOobbObOOoOooooo

Ooo0oO0O000000ooooooooO0O00 D oo
oooooogo

swnd B swnd
baseRTT  RIT

Diff = < > -baseRTT (1)

O000ObaseRTT OO0 O0DO0ODOCOOODOODOOOO
RTTOO0O0OO0OOOODOODOOODDOOODOOO Diff
obooboboooobogo iIRTTOODODOOOOOO

dwnd + (a - swnd® —1)*

(Diff <)
(dwnd — ¢ - Diff)*

(Diff = )
O0000aedpB0k, ¢ 00Compound TCP OO OOOOO
gbobOyobobobobooobouoboooooobon
0000000000 oooooDfd yOOOOODOO
goddddooooooooooboboboobooooooa
00000000 Dyff 0 yOODOODDOOOODOO
godboboodboboooooooboooooooooo

doodooooobobobobobboooooooooo
goooao

dwnd =

(swnd * (1 — 8) — cwnd/2)*"
(duplicate ACK s)
dwnd =

(timeout)

00 ACKOOOOoOOooOoooooooooooooooo
gobooooobooooooocooooooooboooo
Oo0oO0O0000 Bdwnd (000 0<p<1)0000
gobooooooooooboooooooOooboooo
uboooboooobooooobooocooobOobooon
Compound TCP OO OO0OODOOOOOOCOOOOOOO
gobooooon

2.2 00 LANOOOO Compound TCP OOO0O
OO0 LANOOODOODOOOOoOOoooooooood
CSMA/CAOO00OO0ODOOOOOOODOOCSMA/CA
oooooo0ooooooooooooooooooon
ooooooooooooooooooooooDoooon
ooooooooooooooooooooooooon



gogoooooood
IPSJ SIG Technical Report

O0000000ooooooooooooooooon
000000ooooooooooooDoidCompound TCP
O000oDoo0ooooDooooo 10000000
0000000000000 oooon0 nO0D0OD0O0
O0000000oo0oo0ooooooooooooog
oooooooooooooon 1/ (n+1)OOODOOO
0000000000000 0000000000 nOO
O0000000ooooooooooooooooog
00 n/(n+1)000000000000O0OO0OODOO
Ooo0ooOo0ooo 100000000 1/(n+1) 0000
O0000o000oooooooooooooooooon
O0000o000ooooooDoooooooooooon
O0000o000Dooooooooooooooooon
OO0DACKOOOOOODOODOoOOooOoooooog
O0000o000oooooooooooooooooon
ACKOODOUODOOoooooooooo

Compound TCP OO OO0ODOODOOOODOOOOO
O00o00oo00oooooooooooooooooon
O00o000o0oooooooooooooooooog
0000 [oooo0o0ooo0oooooooooo
00000 ACKOOOOOooooDoo LANOOODOO
Compound TCP OOOOO0OOO0DODOOOOOOOOO
o0Do0oooooDoOoooTCPOOOODODOO
O00o0oo000oooooooooooooooooon
000000ooooooooooo0gooooACKOOO
oooooooo

Compound TCP O OO OO0 ACKOOOOO 300
O0000o000oooooooooooooooooon
O00o00o000oooooooooooooooooon
O0000o000pooooooooooooooooon
O0000o000ooooooDoooooooooooon
oooooooooooooooooooooooog
ACKOOOUODOOoooDooooooooooooo
OO000oo0o0Do ACKOoooooooooooo
Oo0o0ooooooooooooooooooog

Compound TCP 00000000 OOOOOOODOO
000DO000 1000000000DO000O0DO o
Oo0oooooooooooooDoO 10ooooooon
Oo0o0oooooooooooooooooooooon
Oo0ooooooooooooooooooooooon
ooooooooooloooooooooooooon
Oo00o0ooooooooooooooooooooon
Oo00o0ooooooooooooooooooooon
Oo000ooooooooooooooooooooon
O00o0oo0ooooooDooooooooooooon
O00o0oo0o0oooooooooooooooooon
Oo000ooo0o0oooooooooooooooooon
Ooooooooooooooooooooooooon

© 2012 Information Processing Society of Japan

Vol.2012-DPS-151 No.20
Vol.2012-MBL-62 No.20
2012/5/22

goooooobogon
3. Compound TCP+ OO OO0

Compound TCP+ 00000000 OOODOOOOO
gogboobobobobuooboobuoobboooboon
0000000000000 Compound TCPOOODODO
DOO00oOoOooQO Compound TCP+O00O0OODOOODODO
gooooooooooob oobbbbobobobbo
gogboobobobobuooboobooobboooboon
000000000000 Compound TCP OOOOODO
gogboobobobobuooboobuoobboooboon
goboobobobboobuooboobooooboon
O0O0000Compound TCP+ O0O0O0OOOODOOO O
gogboooboobboooboobuoobboooboon
g ooobobooobooboobobbooboon
OO0000o0O0oOoOoOoQooOoOooO ACKoooooooo
gboboooobobobooooooboboobooo
00 Compound TCP+ 0000000000 0O0OOOO
gboboboboooogooon

goboobgoboooobo obobOooobooboon
gbobooooooboo3sbobooooooboobooo
gogd

cwnd = [cwnd *2/3] (2)
cwnd = [cwnd —1/2] (3)
cwnd = cwnd (4)

00002 002 000000000000 dwnd=00
00000000000000000000000000
0000000000dwnd=000000000000
000000000000000000dwnd=0000
0000000000000000 (0 (2)000000
0 (0 (3))0000 (0 (4)00000000000000
000dwnd=00000000000000000 ACK
00000000000000000000000000
000000000000000000000000000
000000000000000 ACKOOOOOOOO
00000000000cwndx2/3000 (00 ACK O
00000000000000000000 cwnd x 1/2
000)00000000000000000000000
000000000000000000IRTT OO —1/2
oooooog

4. 0000

oooooooooOOoOoOOOO0O0O0OO0O00Compound
TCP+ OOOOOOOOOOOOOODOOOODOOOO
00000000 Compound TCP+ O0000O0O0O0OO
ooooooo



gogoooooood
IPSJ SIG Technical Report

_EfERRE

< i
% S
& . ~
~ ~~§~ ~s {

~
24 TR

XH
i
St
)\
T

e P 100 [Mbit/s]
- ’
PadliVd 60 [ms]
Y/& e
[l I
L

01 0obooooooooo

Fig. 1 Simulation model

01 00000oooooobooooo

Table 1 Parameters used in simulations
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Table 2 Parameters used for performance evaluations in ex-
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