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Evaluation of Multiple Paths Distribution Method Based on Delay-jitter

YUKl KAWASHIMA, 2 HIROSHI MINENO,t SUSUMU ISHIHARAtt
and TADANORI MIZUNOftt

At present, mobile nodes have multiple network interfaces. In response to evolving system
requirements, we have developed and evaluated the Mobile IP SHAKE, designed to use mul-
tiple Internet-linked mobile nodes simultaneously in a mobile ad-hoc network. It disperses
traffic to multiple paths between mobile nodes and a correspondent node in the Internet. An
earlier evaluation of Mobile IP SHAKE revealed that the TCP throughput decreases due to
the out-of-order packets on the receiver when the delay-jitters of multiple paths are extremely
different. This paper proposes a new traffic distribution method that avoids the out-of-order
packets caused by the delay-jitter by not using paths with large delay-jitter. Results of
experiments show that the proposed method avoids the throughput degradation when the
delay-jitters of multiple paths are extremely different.
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Fig.3 Forecast of packet arrival time.

0oooo
DQUOODOOOC0OONDODOONOOOONOODn
00000000000 0000000000000
000000000000000000000000
00000000 3000000000000000
0000 30000000 10300000000
000000000 500000000000000
0:00000100000000000 70000
0O50000000000000000¢00000
DO0000D0D0O0 Qs bit)] D07 0000000
000 Qi [bit) 000 i 00000 Bi [kbps] 00
0t00000000000000000 50000
S [bit) 0000000000 O00O0 (1)@

Qip =Qi, —Bi(t—7)+ 5 (1)
000000 @, [bit]O B; [kbps] 000000
D000000000000000 d; (ms]0000
O0000000 50000000 D; [ms]0000
0oo (2)m

D, = 2 1000+ d, (2)

B;

00000000 ¢; 000000000003.40
oooooo

2.3 0000000000 OO0O0O0
SHAKEOODOOODOOOOOOOOOOD0OOO
000000000000000000000000
000000000000000000000002Y0
000000000000 00000000 16)0




Vol. 48 No. 2

goboooooooooooooboooooooo
goooboboooooobooocooooooooobo
goboooooboooooooooocoooooooon
015 000000000000000000 ackO
0000000000000 ackOOOODOOOOO
000000000 00000 ackOOOOOOOOO
goooboooooooooooooboooboooooo
goooooboooooooooocooooooon
goboodoobooooooo

SHAKEOOOOOOOOOOOOooOoooooo
gooobooobooooooooooboooooooo
gboooooobooboooobOoooooanon
gooooooooooooooboooonoooo
gooooboooooooooooooooooooo
gooobooooooooboboooooooooo
gooobobooooooooooboooooooo
goooooboooooooooooooo

gooooboobobooooooboooooooo
gboooobooboooooboooboooooboan
gooobooooooooooooooooboooon
gooooooooooooooooooooooo
gooooooo

3. oooooobooo

3.1 000000000000

HAOOOOOOOOOOOOOOODOOOoOooo
gooobobooooooobobooooooboboon
goboooooooooboooooooooa

gobobooooooooboobooooobooooon
goboooboooooboooobooooob 40000
gooooobooooooooooboooooooo
gooobooooooobooooooobooooboooo
OO000DO000000000000D000 Terminal
Profile 00000000 O0O0D0OO0O0O0ODOODO
goobobooooooooooboooooobooDo
gooobobooooooobooboooooobobDbo
gooobooooooooboboooobobooboon
gooobooooooooboooooooooooon
0O 0OMobile IP SHAKEOOOO TCPOOOOODO
oooOO0ODoOO0O0O0000D0000 End-to-End 00
goboodoooboocoobooooooo

gobooooooooobooobooooooooo
ooTcpoOoOoOOOOOOOOOOODOOODOOO
ooooooooooocooooooooono TCep
gooooooooooooooooboobooooooo
ooo0o

oooooooooobooooooooooooboboo 883

oooooooUoooooooUooooooooo
goooooooooOoooooooooooooo
00bQUDOOO0OD0OD0O0O000OOoOoOoooooooO
JoooooooooooOOoooOoooooooon
0000ooooooooooooooooooon
J000o0o0o0o0oooooooooooooooog
Joo0ooooooooooooogoooooooo
00oooo00ackdOO0OO TCPOOOODODODO
0000 End-to-EndO00000CO00O0OCODOO
goo

DQUOOOOOD0O0OOOOOOOOoOOOOoOOUo
gooooooOoUoooooooooooooooo
00oooo0o0oooooooooooooooon
Joooooo0oooooooooooooooon
joooo0ooooooooooooooooooo
oooooo

3.2 J00000O0O0O0O0OOOoOon

ooo0oooooopoooooooooooooo
goooooooooooooooTrecpooOoooO
gooooooooooooooooooooooo
ackJ0O0OOOO0OOOOO TCPOTCP TahoeO TCP
Renod TCP newRenoO OO O OOOOOOOOOO
0000000000 ackO 3000000000
Joooooooooooooooooooooon
00o0ooooooooooooooooooon
Oack020000000000000000000O
00000000000oo0oooo 3sooooon
goooooopoOoOooooOooOooooooooo
goooooooooOooooOooooooooooo
goo0ooooooooo3ooooooooooo
00ooooooooooooooo

O0OO0OO0OTCP Vegas 30000 ackOOOOODO
000000o0o0ooooooooooooooooon
00000000000000O0000TCP Vegas
000 TCPOUOOOOODODOOOOOODOOOOO
Joo0o0o0ooo0oooooooooooogooooo
00oooooooo3ooo0

3.3 0J00000O0DQJODODO

DQOOOOO0OOOOOOCOODODOOOO Delay-
JittertOOOOO0OO0O0OOODOOCOOOOOO DQJ

O0DQ-JitterDO0 DO DOOOODO

DQJUOODOOOOOOOOODOOOOD0nOooo
goooboooocobooocoboooobooobooobooo
goooooooooooooooo3boboobooa
gobooooboooobooboooooboobooooboboo
0000000000 +000000 B; [kbps)OO



884 goooooooo

000000000 S [byte] 00D 0¢ [ms] 000
goooooooooon (3)DDDDDDDDDD
Bi -t
Pi(t):LS.SJ 3)
004000 j0000 J; [ms] 0000000
gooooo Pi(Jj)DDDDDDDDDDDDDD
000 00000 j0000 J; [ms] 00000
gooooooooooooooo 3sgooooon
goooooooooooobooon (4)|:|[||]|:|DD
gooo

i:p,-(Jj) <3 (4)

DQJUDOODOODO0DODOODOODOng
000000000000000000000000
00000 DQODDODO0OD0OODNODONODO

0 (3)0000000 0000 J,000000
O0D0O0D0OHAODO j0000000000000
000000000000000000000000
00000000000000000000000220
000000D000000000000000000
000000000000000000000000
000000000000 000000

040 DQJOUDOODOOODOOOOODOO
0000000000000000 40000000
10000000000000 J, 00000000
00000000000000000000000 10
203040 4000000000000000000
030000000000000000 100000
000000000000000000000000
000000020000 J. 0000000000
0000000000000 00000000000
000000D00000000000

3.4 000000

3.3000000000000000000000

IE‘ =3yl Dst| ltl_é| 2 Dst|
13790

plnecicl
Ne—

ltl_l_\| #EER3 Dst|

~
-~
-~
-~
~

,ia J
v,

1L/

~~
~~o
~
~
-~

i

Py(J)=2 P, (Jq) =1 P;(Jq) =1
04 DO0O0ODOOODOOOOOOOO
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