[RIVFAF 4T, HH, HhAEEN 1)
(DICOMO2013) ¥ > RT 7 A FRk254ETH

oo ooogoognon
TCP OO UOO0o0ogn

oo oot

ooo oot

oo oot

gooooooooOo0OOO0OO0OO0O000000,TCPOO0O0O0O0O0O0O0OO0O0O0O0O00,0000000
goooooooooo0oU0O0.0ooooo,0ooo0o0o000 TCeOO0OOO DOOO,000000
gooogoooobo,boo0b00boobooboboboboboboboooobooboobooooooDoOoon
oooooo.ooooooooooobooooooooooooooobooog,ooo0o000000d
gooooooooooooo,00o0ob0oo0oOOooboboobO, 0000000 Ob0O0bOb0O0Oo0OoO
00000000000.0000,00000000 TCPOOOOOOOOOOOOOOOOOOO,
gboooooooboooooo,b0b0obooboooOo,obobobooboOobooobog.

A Method of Alleviating Congestion of TCP Stream on
Wireless Multi Hop Networks by Adjusting the Transmission Interval

FUMIHIRO NAKAHARA!

1. 0OOooo

gobooboooooooobooo,oc0o0ocoboo
coboooooooocoOobooooooOoocOoobooooo
cooooooobo. oocoooooboooooo, oo
coooooobooooOooooooooo,boboooboOoo
coooooooooo,booo00o0obcoboocoooo
coooooboooooooboobOoooo. oo,o0
cooooooboooboooooOo,0bcobobocoobooo
cooooooooocooobooooooboooobooooo
ooo.

gobooooooOoooobooooooOooOoooooono
cooooooooocoobooooooOoooobooooo
cooooo,0coboocoboooo0oobocobobocoobooo
0 (0o0ooo0)o,0000000D00000 (oo
ooo0)0o0o0oooUoooooOoooo. og, TICp
cooooooooocoobooooooOoboooobooooo
cooooooboooo,bo0oo000o0bocobobocoobooo
coooooobooobooooooooo,bobooboo

TERUAKI KITASUKA!

! pQOoOooOoOooDOoOooooo
Graduate School of Science and Technology, Kumamoto Uni-
versity

MASAYOSHI ARITSUGT!

#EfET/—F e/ —K

O

01 000000

ufi

ooooooooooooooooo vubpOOOOOO
gobo,0000c00oboocooooooooog.
00000000000,00 10000 [2,000 [3]
ubooooocooobooooobooboooboOooao
uooboooooo,bo0ooboooooboooooao
u,0b0oooocobooo0ooooboooboooogoon
0000 (Intermittent Periodic Transmit) 000000
0.00 Rangwala O [4)0, 000000000000
uoooboocobOooboooooooooboo,oo000
uoooo,0ocobooo0oooobooobooogoon
O Wireless Control Protocol (WCP) O, 0000000
oooooocobOooobooooooooo,booo0oo
OO0DO0O00O Wireless Control Protocol with Capacity
estimation (WCPCap) 00 0000000000000

— 530 —



Tk >
_—
THIVVIBEERE
(ACK)
A >

02 000000O0O000O0OOCOO0O00 00000000
00000 ACKOOoooooooooooooooooo

OAD0O0OO0O
EET/—F 5EE/—F
(O D)
- — — — Tk
. — > FSUVIREERE
- — & (ACK)
X e
x—p> X—b>
- — — -~
- — —

03 OD00000000000000000000

ate (%)
3

—

o . . . . . . .
60 80 100 120 140 160 180 200
Distance of the sending node (m)

Reception r

04 O0OO0OO0OOOOOODOODOOOOOOO

oooo.

oooo00o,0000 TCcepOOOOOOO0OO TCPO
ocooooooo,oo0ooboococoog,obocooooo
coboooooo.ooooboobobooobooboOooooo
coooooobooo,0bo0o0o00o0bcobobooobooo
cooooooobooocoooooooobooobooooooon.

2. 0DOOO0

ooooo,oo00000000000C0C0O0O0O0 TCP
cooooooooocoobooooooOoboooobooooo
oooo.

#E;T/—K 5BE/—K
0O )—»1 )—2 3
>
- —_— Tk
o — — =
< TCPHEIE
. T (TCP ack)
o — — = g — — =
o a . — > FYYIEEERE
—p-4 - X 7 (ACK)
X HR
= — =
AL 5=
- — —

(a) 00D0D0O0OO0O0 TCPack OOODOODOOOODOOOOO

#EET/—K L/ —K
(O)—~)—)—()
e > > b
A ===
- TCP BERE
- (TCP ack)
T A —_ - F— S HEEER
- = = — — 5l 7 7')1:CJE}2)EEEE
oA
A [ p—r— A
i p— il ~
A
- — 5

(b)) DODO0ODO0D0O0O0O0 AQOODODOOOOOOOOOOOOOO
O TCPack OOOOOOOOOOO

05 00000000 TCPackO OO

21 000OO0OO0OCOO0O0
TCPOOOOOOOOOODOODOOOOOOODOODOO
0,000000000000000000000O0 (TCP
ack) JO00O0O0O. 00000,0 10000000000
oooooooooo.oob 200000 300000
goboooobobooooooboocoooooooboooo
00000 ACKOOO,00000000000 500
oopoooooooooo o000 TCPOOOOOODOO
Oo00 TCPackDODOOO.
cooooo,b2000000000 COoOoOOO0OO
0O ACKOOOODOOO,00000000000,AD00
0. 0000o0ooocooooooooobooooobooon
u,0000000CcCcO0o00ooooooooooo. o
oooooo TcpO000oooooooooooooon.
oooooobo os3soboboocoocoo.o1000
uooooooobooooooocoobOoOsOoOoon,o
ooooobooo somdOoonoOoOoOoOoobOOoOogoon
010000000 n000 n+100000000O
0000000 0. 00000000 (oo0rnOOOO)
Onx3mO0O0O0,040 1000 UDPOOOOOOOO
ooooooo,0bo00oo0o0b0oocobooobooooon

— 531 —



52000

" Vegas with delay —+—
e ay e

51000 New R

50000 ---sc-semseore 5 Kt

ion pach

49000

48000

47000

Number of transmissi

46000

45000

44000

Delta (ms)

() 0000000

250 1

e
200 -

150

throughput (Kbps)

100 -

50

Delta (ms)

(by0DODOD

06 200000000000000O0000000 ADOOOOODODODODDODOOODOO

oo

00D00. 0000000000000000000, O
00000000000D000D00000.
000D0000000000,00000000000
00D000,00(1,[2,[3000000,000000
000D0000000000D000000000000,
00000000000000000000000000
000D000000000000. 0000,00000
000 TCPOOODOODO0OO 5()0000,000
00000 TCPackO0OOO,00000000,0 5(b)
00000000000DO0O0DO.

22 000OOO0OO0OOODO

000000 ADOOUOpDoOoooooo. gooo
oooOo,0000booO0obooo0ooboOoboooobooo
00,0000 AODODODOUOOoOooo.oooooooo
O AQ00O0OO0OODOOODODODOODOODOOOO.

0loooooooobboooooo,b100000
oooooo,0000ooooD 3om, 0000 300,
ocoooooOooooOoOoooOoOoooooobooooo
Ooo0.00000 2000000000000DO0OO
O0O,AD0 10pusO0 95 pus0O0 5us00, 100 us OO
900 ps 00O 100 ps OO, 000 1msO0O 10ms 00O 1
ms 0000000000000 OO00O0O0O0O0O0OO0O0O0
o0oo0eOODO. OO,0000000DO0,0000C0O
OO000D00O000O0oDoo TCPackOODOOOO. O
O,000000000O0obDOoOooOo0oboOoboooobooo
ooo.

O6() D000, A0000C0O0O0,00000000
Oo,0000000000oobooCocoo0ogo,ooogooo
Ooooooo. 0oo,06b 0000 ADOOOO
oo,0000oo00obooC0.oog,0ooboooo
ACKOOODOOOO,00000oooooooogoooo
ooo0oooOoOO0. 000, A0000Oooooo,oo
OO00O00O0ODOoOoOoOoo. og, TCP New Reno, TCP
Vegas 00, 00000000000 0DOOOCODOO

T
Number of transmissions —+—
Thoughput ---x---

ratio(%)

30

20 L L
0.01 0.1 1 10

Delta (ms)

07 OD0oOoO0o0O0oO0OOO0oO0ooOOOoOoooOoOooobooooon

01 000000000000000000000

ooog IEEE 802.11
gooooo 00oOooooo (NOAH)
TCP New Reno, Vegas
oooooo ioMOoO0O
oooooooo 30 m

O, A00000000000,00000000.

New Reno 0000, 00000000000000O0O
0000000O0bO0o0ooOOoDOoooO TOooo. 100 pws O
e0pusdo,00b00boboobooboooaon
0,0 2,000 (4%) 000 4,000 (10%) 00000000
oooooooo. oobodo, ADO0Ooooo,oog
0ooooooooooobo,00goooboobooooa
ooooo,0gbooooboooobooog,oooooa
00o00000ooo0o0oooooonD AdOoooooo.
ADD0O0OO0OODO0OOODOODOOO,0000000.
o00o,00000000 100%00000,A0000
00,0000 30 00o0boooboooooooooa
A, 00,A,00000,0000000 9%%0000
O0AO00OD0 1000 A, 00,000 A, 0000.

Ag+ Ay
~Bady o
0O (l)0000 A, 0000000000000OO00O. O
00,00o0ooooo Tece0OobOOoO0OOoOoOoOoOoOn
Jdodooo,A0d000000dO0Oooooooooog

Ay

— 532 —



02 000000000000000000D0O0

ooood IEEE 802.11
gooooo 00000000 (NOAH)
TCP Vegas
000 A:4MO00O
gooooo goo B:5MO00
ooo Cc:3M0O00
ooo A:5000
ooood ooo B:5000
ooo ¢c:5000
gooobooog 30 m

oooo00 A, 000,000000000000D0O0O
coooooooooo.

3. Ubooboon

ooooo,00000000 TCPOOOODODOOO
0,0000 A000O000OC0O0OO0OOOO0OOOODOO
oooo00 A, 0000,0D00000000000O0
ooooooooooooo.

3.1 0JDOODOO0OOOooogd
O0o0D0000DO0,000000000D0000 ns-
2(ver. 2.34) 00000000 IEEE 802.11 O OO0OO
000000000, IEEES2.11 ODDOODOODO
Chen O [5|0000O00O0.00O00O0DOOODOOOOCO
000000 DbOO0,000000,Db000DO0O0DOOd
00000,00000000000 NOAH (NO Ad-Hoc
Routing Agent)[6|0000. ODOOO0 AODOOOOOO
O,10 us 00 9 pus OO 5 ps 00, 100 us OO 900 ps
U0 100 pus00,1ms00 10ms OO 1msO00O000
000.0000000b00bO0obOo0oboooooD,oD1
o000 UoUUu. Dogog 25,9,
140 400000. 000000000D00O000O0O0O 20
0000000000 0OO0bODbO. ooboboobooog
gbobooogobo,070ob0o0b0obOobOonD 30m Q4
ooboodo,0db0b0o 1obooob oogoboobog s
OO0oooUo (0o A)oooo,0o0 s5000,000
600000 5000000 (000 B)OOOO,000
BO40000O0O0 900000 50000 (00O ©)
O0000. 0000 AUOODODOoOoDoooooooag
0000000, 000000D00D0DO0ODOODOOODOOg
000000DbO00O0O0bOO0o0bO0oDbO,0b00D0b0Oooag
00.0000000000,TCP VegasOOOO.

3.2 0000 AOO0DODOOOOOOOOOOOOO
oooood

A0D0O0O0OO0OOOOOOOOOOO0ODOOODOOOO

cobooooooooooboooobobo.obooboOooooo

EE/—K
5M/XA b

=

iE/— @ .
4M/3A bk . BE/—K
M Y i sseseaas p 26

0 1 2 3

J0— A ===

08 OD0O00OOoOoO0boOoOoOoooOoboOooobOoooobog

03 000000000 00000 Ag, Ay O Ag

A, Ay Ay
2000 95 us 600 pus | 347.5 us
ooooooobooo 5000 2 ms 4 ms 3 ms

(New Reno) 9000 2 ms 5 ms 3.5 ms
14000 2 ms 7 ms 4.5 ms

m] 2000 100 ps | 800 ps 450 ps

goooooobooo 5000 900 s 3 ms 1.95 ms
(Vegas) 9000 1 ms 3 ms 2 ms
14000 2 ms 6 ms 4 ms

oooooogo oooo 1 ms 4 ms 2.5 ms

00500000 14000000000,0 32000
90,000000000000000,010000.0
0000000000000000000000,000,
TCP Vegas 0 100000000 AD 9 us00000
00,0000000,03%000000000000
00,000,02100000000000,060000
000000000000,0000000000000
0.000000000000, TCP Vegas O 14 000
0000 AO 3000 00000 0000000, O
350,000 0000, 0 9,000 (3%) 0000000000
0,000000000000000000000000
0,0000000,000000000000000.0
0,59, 14000000000000,70s00000
0,7ms00000000000 20000000000
0000000,A0000000,000000000
000000000000000O000.

3.3 D0O0OO0OOOOOOOOoOon
O00000000000000000, A, Ay 00O,

oooooooo A, 003000.
oO0,00C00000000000,000000D0A0

o,ob0o0oboooocoooboboocoocooooo. oo

— 533 —




throughput (Kbps)

throughput (Kbps)

throughput (Kbps)

throughput (Kbps)

Number of transmission packet

Number of transmission packet

Number of transmission packet

160000

! Vegas with delay —+—
New Reno with delay ---¢---
Vegas without delay
New Reno without delay
150000 [ —
S ST L, SN sy
140000 [
130000 -
120000 -
110000 . .
001 01 1 10
Delta (ms)
300000 T T
Vegas with delay —+—
New Reno with delay -~
L Vegas without delay |
290000 New Reno without delay
280000 Y -
270000 [
260000 [ I\\
250000 A
240000 -
230000 -
220000 |
210000 L L
0.01 0.1 1 10
Delta (ms)
T T
Vegas i delay —+—
New Reno with delay ------
460000 - Vegas without delay 1
New Reno without delay
440000 —
T LY R
420000 g
400000 |- \
} LN
380000 - g
360000 [
0.01 01 1 10

Delta (ms)

(f) 1400000000000

09 14000000000000000000000 AODDODODOODOODOOODODO

! " Vegas with delay —r—
100 | New Reno with delay ------
Vegas without delay
New Reno without delay
0 | 1
T
70
60
50
40
0.01 0.1 1 10
Detta (ms)
(a) 50000000000
55 T
Vegas with delay ——
New Reno with delay
Vegas without delay
New Reno without delay
s0 | 1
a2y,
ol T
45 -
40 -
35
30 L
001 0.1
Detta (ms)
(C)QDDDDDDDDDD
:
Vegas with delay —+—
New Reno with delay ------
Vegas without delay
sl New Reno without delay 1
40 - 4
Ty p—
35
0|
0.01 0.1 1 10
Delta (ms)
() 140000000000
T T
140 |
Flow C
Flow A(Conventional method)
Flow B(Conventional metfod
Flow C(Conventional method)
120 |
100 +
80 |
60 |
40
0.01

Delta (ms)

() 000000

Number of transmission packet

90000 : T
Flow A —+—
Flow B
Flow C
Flow A(Conventional method)
80000 - Flow B(Conventional metfod 1
Flow C(Conventional method) ===
*
70000 T RIS it a2 T
60000 -
50000 |- 1
40000
30000 . L
0.01 0.1 1 10

Delta (ms)

(b) DOODOOODO

010 00000000D0O0O00D0O00 AOOOOOOOOOOOOOO0O0O0O0

— 534 —



450000

New Reno(Proposed method) ——

400000

350000

300000

250000

200000 -

Number of transmissior

150000 [

100000 -

50000 ¢

0

2 5 9 14
number of hop

() 0000000

" New Reno(Proposed method) —+—
o

Thoughput(kbps)

2 5 9 14
number of hop

(by0DODOD

011 0O00O0O00O0OO0O00ooOboOoooOobocoooOobooooOooooon

Proposed methiod ==
70000 - Conventional method ——1 —
60000

$ 50000 [

n pa

40000

30000

Number of transmissiol

20000

10000

Flow A Flow B Flow C

() 0000000

Proposed method ==
Conventional method ——1
100 -

60

Thoughput(kbps)

a0

20

Flow A Flow B Flow C ALL Flow

(by0DODOD

012 000O0O0OO0O0OO0O0O0OO0OO0OOO0OO0ODOOOODOO0O0O0

coooooooocooo,bocooooooooo,oo
00 A, 0000000.00,000000000000
oo0,00000 s0000000,000000000
00 TCP Vegas 0 50000000000, A, 000,
sdb0b0o0C0cOoOo,0boo0ooooboco0on 1o0o0O
coobooooooono.

A, 00000000000,00000000000
cooooooboooobooo,0000b0c0obob0oobooo
O00O0O0. 000000000 (New Reno) O 2,9, 14
000 0000000000 (Vegas) U 2,5000,0
ooO,000000o000cOoocOoobooo,boobooboo
cooooo,0oooocooooooooooooon,
cooooooooono.

ubooooooooooOooooooboooboooo
OOoo0oO0oO0O0D0O00000000 11000. TCP New
Reno, TCP Vegas 0O 0O0O0ODOOOOOO,000000
coooboobooboboo,0ocboo0boobooobooo,bo
oooo2000000000C00000O0O0CO0000
cooooooboo,coboooobobocobooboooboon
O.0bo0ooocooooobooobobocooboooooon
O12000. 000C0cO0OO0O000O,00000000
coooooobooobooooo,obobocobobooobooo
ooooO0,000 cooooOooooooooooo
ooo.

3.4 OO

0 400000000D0C0D0OOCOU0ODODOODOODOO
O00000o0,0000000b00ooooooDoooo
O0000U00oooooO. 0DoooooUoooooooo
O000o0ooooooooO,00ooooooooooo
O00.00D0000000oooo,2000 0000
TCP New Reno 0 TCP Vegas OO OO0ODO, 00000
ooo0ooooooo,0o0o00ooU0oooo,uoDo
0000o0o0oooOo0.0oooUooooDOoOoO,0oo
ooooooogo,opoo, TCP New RenoO OO, 00
00 40000,0000 2000,100000000
O0000.0000,NewReno 1400000000
o0o0000 200000000000 3000DOO
O0.00,TCPVegasO 10000000O0O0,000000
ooO0,2000005000000000,000000O
0,000000.000D0000000DOO00O0O0DOOO
oo00o0O,000000000,0000D0000 ACKO
O000o0ooo0ooooooooOOo,00ooooon
00000000000, 0000ooooooooooon
0,0000 AOODODOOOoOooooooooooog.

O000000oooooooo0OooOo.oooooo
ooo0o0oDOOo0oDoOo,00bDog roo000OCOO
goooooooo,oddogg 12500000000
oo, bogbuoobob,obbooboobboo

— 535 —



TCP eindow size

o 20 40 60 80 100 120 140 160
Time (s)

(a) DODO

T T
Flow A —+—
Flow B --x--
Flow C -2

TCP eindow size

(by0OOD

013 JO000ooooooooooo0ooD TCepO0OOO0OO0DOOODO

04 0000000000 O00O0O000000000

goood gooood
ooo

2000 92.3 % 100.8 %

ooooooooo 5000 94.1 % 95.5 %
(New Reno) ogooo 98.1% 97.0 %
14000 971 % 98.5 %

0 2000 94.0 % 100.2 %
goooooooo 5000 97.6 % 94.5 %
(Vegas) oooo 94.5 % 99.4 %
14000 96.7 % 971 %

oood A 93.2 % 101.9 %

gooooooo goo B 93.4 % 97.3 %
ooo cC 91.0 % 83.1 %

oooo 92.7 % 97.5 %

0oooooooo0. ooo,000 cooooooo
081%0000,0000000000.000000
coooooobooo,obooo0ooboobobooooo
OTCPOOODOOODOOO BOOO.000OO0ODOO
cooooooboooboo,00oo0obocoboobocoobooo
TCP Vegas D00 O0DO0O. TCP Vegas 0 O0OOOOODO
0000000000000 Round trip time(RTT) O
000000000 0oo0ooOO. O013()0ooo
000 000 A00O0OO0O0O0O0OO B,CcOoOoooOOO
000000 10s0 OO0 A,CODOOO,000 BO
oobodo,130s00 145s00000,200000
coooooooooo oooobobooooooooo
oooo00. 00,ACKO0000000,0000000
ooog,25msO000000C0O0O000O0O0O00O00OO,30
cooooooooocoobooOooooocoobooooo
coboooocooo.oobooboocobooOooooo
coooooobooooOooooooocoobooo,oo00o
coooooobooobOooooooo,ob0ocooOoo
cobooooooooooOooobobooboboOooo. oo
o,00ooo,bocooboocooboocoooboobooo,oo
oooOO0O0O000000000000, TCP VegasOOO
cooooooooocoobooooooboooobooooo

OO0000.000,TCP NewRenoOOODO,0000O
ooooooooooooooooooocooooooo.
oo,00b0o00ooooooco,oooocbocooooo
ooooobOoo0oO0oOo 4s000 0O 150s000000
oooo,00000000000c00oboboc0ooobooon.

4. 0000

000oo0,00000000000000000 TCP
uoooooooboooboooo. booooooao
O0000oo0o0o00bo0o00oD AcCKOoooooooo
uoooooobooobooo,0oboc0b0oo0oboooao
goooooo.

cOo,00000000000O00DO0O0O00000,d
gooooo,b0coboooooocobooobooogo
uoboobooooocobooo. ooooooooooo
uooooocobO,bo0oob00o0ooc0obooobooogo
ooooo,00oooooocooo,oocbcooooo
uoboobooooocoooo. ooooobooooooo
uoooo,0ocobooo0ooocoooobooogoon
oooooooo,0b0ooo0co0oooooo,ooo0o
gobooooooooobooooooocooon.

cooobooob,2000000000000000
oooooocobOoooboooooo,booobooooo
oooo,boocoooooooco,oooocbocooooo
OO0, TCP New Reno OO OOO0OOOOOO,0000O0
oobooooooooooocooobooon.

gooo

1] OOO,[0000000U0O0OUOObOOObOUOOOOO
00000000000 |,000ooDooooooooo
00, vol.103, no.458, pp.97-102, 2003.

2] 0OO0OO0OO0,000,[0D000O00O0O0OO0ODOOOOO
go0oooUoooOoooOoooOoooOoo J,00o0oo
000000, vol.J90-B, no.12, pp.1225-1238, 2007.

3] 00 00,00 00,00 00,000, [TCPOO
godoooooooooOoooOoooOoooo J,000
000000000000, vol.106, 10.478, pp.111-116,
2007.

— 536 —



(4]

5]

(6]
(7]

Sumit Rangwala, Apoorva Jindal, Ki-Young Jang, Kon-
stantinos Psounis, and Ramesh Govindan, “Understand-
ing Congestion Control in Multi-hop Wireless Mesh Net-
works”, Proceedings of the 14th ACM international con-
ference on Mobile computing and networking, pp.291-
302, 2008.

Qi Chen, Felix Schmidt-Eisenlohr, Daniel Jiang, Marc
Torrent-Moreno, Luca Delgrossi, and Hannes Harten-
stein, “Overhaul of IEEE 802.11 Modeling and Simu-
lation in NS-2”, Proceedings of the 10th ACM Sympo-
sium on Modeling, analysis, and simulation of wireless
and mobile systems (MSWiM ’07), pp.159-168, 2007.
No Ad-Hoc Routing Agent (NOAH),
http://icapeople.epfl.ch/widmer /uwb /ns-2 /noah
Lawrence S. Brakmo, Sean W. O’ Malley, Larry L. Peter-
son, “TCP Vegas: New Techniques for Congestion De-
tection and Avoidance”, Proceedings of the conference
on Communications architectures protocols and applica-
tions (SIGCOMM ’94) , pp.24-35, 1994.

— 537 —



