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On Cache Invalidation Considering Data Update Intervals
in Ad Hoc Networks

Hideki HAYASHI' Takahiro HARAT Shojiro NISHIO'

"Dept. of Multimedia Eng., Graduate School of Information Science and Technology, Osaka University

In ad hoc networks, since network division occurs frequently, it is effective to replicate data items
for improving data accessibility. In this paper, we propose a method which invalidates cached data
items effectively in ad hoc networks where each data item is updated at inconsistent intervals.
In this method, each mobile host discards cached data items which have been updated with high
probability by considering their data update intervals. As a result, the proposed method reduces
the number of accessing invalid cached data items which have been updated and the number of

rollbacks caused by such invalid accesses.

1 0o0Oon

000000000000000000000
00000000000000000000000
000000000000 0000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000 (1,2, 10,11,12J0000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000 (0 1)0000000000000
00000000000000000000000
00000000000000000000000

goboboooooooobooooobooooo

010

0 O O IETF (Internet Engineering Task Force) O
goboboodooobobbooouobbbooog
gobobooooobooooobbooooooooo
00000000000 [7,8, 9, 13, 14, 15, 160
gobooboobooooooooooboboooobo
gooobooboobbooboobobobooag
oboooobOooooboooboboboooobo
goboboodoooobobbooouobbobooog
oobooOoooooooobooobooooooon
gobboobboobbooooboooooo
oooooboooooooooooooooooon
gogbdogubooboobooboobooobog
ooooooooooooboooboooooooon
goooooooobbbbbbbodogguo
oboooooboooooooon

000000 BUo000o0oooooooo


研究会Temp
データベースシステム

研究会Temp 
（２００３． １． ２３）

研究会Temp 
129－１

研究会Temp 
－1－


ggbgbogbaobobobooboboood
doooobooobbooobooboboooobo
gbobooooobogboooboboobaogan
gobobooooboobooboooooboooooono
gbgbobooooboobobobooooban
00 [40000000000000000000
gboobbooboooobobooooobon
gobooooooooooboboooobooooono
gboboobooboboooobobooobon
gobooOooobooobooooooooooobo
gboooboooboobooboobobob

goboooboboooooooobooooooooo
ooboooooboooooooobboooboobo
gbobobOooooooooooooogooboon
obooobooobooboooboboboooogon
oobooOooooooobooooooooooon
oobooooOooooboobooooooboooobo
oobooOoooooooooboooooocoooo
oobooboooboobobobobobobobgoon
00000000000oO0O elooooooo
ooboboooobobooooobooooooboooobo
oboboooooooooooboobooboobon
ooboboooooboooobooooooooooon
oobooboooooOooobooooboobooooo
uboobooboooboooboobooobooaon
oooooooobooobooooobooooboooon
goboobooooooboboooooboooobo
oobooooooooobooooboooooon
goboboooboooboooooooooono
oobooooboooooboooooooooon
goooooo

oooob20000000000000030
goboobobooooooboooboboo40000
oobooooooboooobobboboooooooobo
gobooboosboobooboogbooon
ooobooebOOOODObOOODOO

2 0JOodgdo

oobooobooobooooboobooooooo
oboboooooooboooooboooooono
ooboooooooooboobboooboobo
gooobooooboooboobogboooo

020

'3 ]
Y= @/\

G@/
0D1: 000000000

ooboooooooobooobobooobobooobon
ooooooooooon
goboboooooboooooooooooooo
oobooOooooooobooooboooooo
gooooooobooboooboooboboooobo
oobooOoooboooobooooboooooo
gboobOoobooboobooboobaon
oobooooooooooooboooobboooobo
gboboooooooooobooobooboban
oobooooboooooooooooobooooo
ubobooloooooobooobooboooon
ooboooobooobooooobooooooo
gobobOooobooooboooobooooooo
oobooooooooboboobooobboooobo
uoboooobooooooobooboooboooono
ooboboooooboooooboooobooooo
uobooobooooooboooooooooono
ooboooboooooooooboobooooDo
gobooOoooooooboooobooooooon
oobooooooobooooooooboooobo
obobobooooooooooboooooboooban
ooboooobooOooboboooooboooobo
oobooOoooobooooobooooboooon
ooboooooooooooboooobboOoooo
oobooOoooobooooobooooooooon
oooooooooooboooooooo
gboboobooboooooboooooon

e m0000000000M,;, M,,...
00000000 O00000O00

 M,,00

e n0OUIDOOD0OOODODOODODODLODN
D,,D2,...,0,00000000000000
goboboobooobooboobooboo

e OO0 M;(:=1,...,m) 00000000


研究会Temp 
－2－


coooooooooopooocoooooo
gbobooboobooooobooog

e JOUOOOODDDOOOODDLDDOOO
obooooobooooooon

e JODOOUOODOODOODOODOOODODOO
0000ooooobooooooooooooog
gooooooooo

o U DOUDOOODLOODLOODLOOLOOODOO
gobobooooboooobobooooood
gbogbooobobooboobobooboon
goooo

3 Uougoboon

ooboooboooboooooboooooboooon
oboooooboooooooboooboooon
oobOoooooOoooboboobboobboooobo
oboOoobooooooobooooboboooobo
ooocooobooooon

3.1 0ODOOgon

OO0 [p)000000000o0oooooooo
obooooOoooooooobOoobooooan
00000 p)000000000UoUooooo
oobooO0oooooooobooOoooooooooon
gbobooooobooobobobooonbgn
ooo

obooooo p;000000000PTTOO
obooobooboooooboonoo

tOj

pij' . f](t+tj)tdt (].)

0000p,0000 M;0000 D,000000
000te;0 D;0000000000000¢o0; >
000¢;0 D,000000000000000f(t)
0p,000000000000000000¢00
00000000000000000000 D,;0
00000000000000000000D;0
0000000000000000te; < 0OOPTT
000000000

PTTOO00000000 D, 00000000
00000000000000000000000

030

ooooobboooboobbooboon PTTO
ooooopTTOO0ODOOOODOOOOOO
gboboobooboboboooooboboaoan
ooooooooooooo00ddte; 0000
gboboobooaoboaboaoooon
gooooprrooboobOobooOooOobOon
gboooobooboooooboo

1.E-SAFT OO
ooooobooooboooooboooobo
ooooprroooOoooOoOoOoDOOOn
ooobooooboobooooobooooooo
gobooooooboooooooooboooon
ooooooooooboooobooobogon
ooboboooooooooooobooooooon
00000 E-DAFNTOOOE-DCGT OO0
gboooooooon

2. E-DAFNT OO
E-SAFTO0000000000000000
oboooooooboooboooboooooon
ooboooooooooooobooooooo
00000000000 E-DAFNTOOO0OOO
E-SAFT 0000000000000000
oobobooooooooooboooooooon
good

3. E-DCG*T OO

E-DAFNT 0000000000 00000
gobobooooboooobooooooo
oobobooooobooooooooooooon
gobooboooboobbobooobog 2
oobobooooobooooooobooooooon
o0oooo prTOOOO0OO0O0O0OOOO0OOO
obo200000000000000DO0OO0
goooboooooooobobobooooooon
ooooooobooooooon

3.2 00000000

ooboooobooooooboooooboobooooboo
dooboooooobooobooooobooooono
oboboooooooooooobooboobooboon
gobooobooooobooboobooobboooono


研究会Temp 
－3－


gboooobobooboooobooboboan
goooooobooo

Ooo0 p;,00000000000000000
oooooo y000ooooooooooon
googooo

/0 " i) dt 2)

gboboooooobogobobdaoooboba
000000000 «0000000O (2)000oo
000 «00000000000 D;00000
ooooooo0ooon0 p;000000000
oo000o0oooo0o0o0ooooooooo D0
gobobOoooobooobboooooooooobo
00o00oo0ooo0nD (20000 D; 00000
D000 «00000 ;0000000 D;00
O00oo0d ;00000000000 PTT
0000 (1)O0t, 000000000000
gbobobooooboobooboobooooobo
oobooO0oooooooobobooobooooooon
gbobooooooboobobooooboon
oobobOooboooboooboooooobooooon
gbbobobobooboooooooooobgoon
ooboOooooooooobobooooboogoon
goooboobooooboobobbooboo
gbogoboobooboboooboboooooa
oboobooobooobooooboooogo
gboobooogboobogboobooboon
goboobooboooboooboooobooobo
gboooobobooboboooobooboboan
gbooobooboooobooboooooboao
gboobodcdboboobooboboobo
gobobOooooooooooooooooooo
gbooooboboooobobooobogn
oboboooooooooooooboobooboon
gbobooboobooboboboboooooboon
oobb00OeO0O0O0O00O0O00DOO0OO0O0000OO0
goooboooboobooboooo

3.3 UOuodon

ooooooooboooooooooooooon
gboooooobooboo

oooooooooooobooooobooooo
uboobOoobOoobOoooooboooooann

0 4d

gboboobooboooobobobobooooon
oboooboooooboooobooooooo
gbobobooboobooboooban
goboooboooooooooboobooobooooo
gboboooobobobobooboboon
gobooOoooobooobooooboooooono
gbobooboobobooooobooooon
gobobooooooboooooobooooooo
goboobooboobooboobon
oooboooboooooboooooboooobooon
gbobooobobobobooboboboon
obooOoooboboooobooooboooooon
gobooboooboobooboobo

o O DODOO

e JOODOOOOODOODOOODO

gooooooooooooooooooboooon
oobboooooboooooboooboooooo
oobooboooooooooooooooobo
ooooooooboobooobooooooooooo
ooboOoooooboooooooooooooon
oboboooooooooooobooooooo
oobooOooooobooobooooooOooooooon
ooboooboooooooooobboooobo
obooooobooooboobooog

goooog

gbooobooboooogoboo

e JUDOODLOODOODOODOD

e OO OODLOODLOOOOOODO

oooooboooooooobooooooon
goboboooooboboooobboooobooon
ooboooboooooboOoobooooooooon
ooooboooobooooooobooboooonbo
oobooOoooboooooboooooboooooon
goboooobooooooooooboobooonn
oobooOooooboooooboooooooooon
gboooboobooooboooooboobooog

oobooooobooooobooobooboboooo
gobobOooooboboooobobooooobooooonon
oobooOoooobooooboooooooooo
gboooboobooooboooo


研究会Temp 
－4－


e JOODODOODOODOO
e JO0ODOOOOODOODOODODO

e JODOOO0ODOOODODOOOOOODODOO
ooo

4 0O0O0OO

goboboooboooobooooboboooogoo
obooooobooooooobon

4.1 0O0O0O0O0OOOOO

50x500 200000004000000 (M =
M,...My)0DOODOODOODOO0ODO0OO
000000000 10000000000000
00000000000 00D00D00000000
000000000 DO0OO0DO0D4000000
O (D=D;...Dy)00000D;0 M;0000
000000000000 00000000000
010000000000000000400000
310000000000000000D00000
00000000 M;00000 D;000000
0000p; =05x(1+40.001) 00000000
0000000000 Uk, 0000000000
ODo0oooo0o0o0

0000000D00D0O00O000D0O0D0O000n
000000000000 000000000000
00000000000 000000000000
0000000000000 0O0000O100,000
00000000000 000000000000
oDooQ

e JOODOOODO

oooooooooooooooooooog
oooooooooooboooooooo

e NUODOODODOOOOODOU

gobbooboobbobobobooboboon
oobooobooooboooboobooooo
goobooboobooooobooboon
ooooo

50

0.7 T T T

T
G -0-09-0 -G -6-0-0 -0 -0-0-0--0 -G -0-0--0--C-C M
_m

\
1 |
\

05

04

03

Data Accessibility

0.2 A

E-SAF, ——

no invalid:E-SAF, -~~~
E-D.

o1r no invalid:E-DAFN: &
E-DCG

no invalid:E-DCG" --o--
0 0.2 0.4 0.6 0.8 1

0200000000

0.18 T T T T
G -6-60--0--6-6-6-6--0--0-6-06-6-6--0--0-6-0-60--8
0.16 E-SAF, —— A
no invalid:E-SAF, -->--- !
E. +

/
0.14 F o invalid:E-DAFN: a »
/

- L3
0.12 | noinvalid:E-DCG" --o-- S

0.1 ,’ 4

0.08 | g TR
0.06 e ]

0.04 | =y |

The Rate of Accessing Invalid Replicas

0.02 | e B

U3 abl0000000000O00O0

4.2 o000

000U O 100000000000 0.050
glgbobooboooobooobooooboon
goboboobooboobobboo 200 30000
oobobOoooobooiob «O00boooooo
200000000000 30000000000
gobooobooooboooboooooboboooonon
oobooobooobooooooooobooooo
gbobooooooooboobobooobobooaon
oboboooboooooooboobooboooon
O000000 nmoinvalid 00000000000
obooooooboooobooboog

g20000000000D0C00D0000aO
ooboboooooobooooooobooooooon
goboobobooboboboobebOOODO


研究会Temp 
－5－


oobobooooooooboboooobooooooo
gobooOoooobooooboooooooooobo
oobooOooooOooobObooboooobbooobo
U0c0O00O000O0O00DOOODOOCOODOOODO
oobooOooobobooooboooobooooooo
000000000000000000E-DCG*
O0OO0OE-DAFNTOOOE-SAFF 0000000
oo00O0ooo0o00ooooOodE-DCGOO
ooboobooooobobooobbooobooobo
gobobOooooooooooooooooooo
oooooooooooooobo

Os30000b0b000bbo0b0obo0ogbabO
gobobOoooobooobbooooboooooono
oobooooboooobooooboooooobo
odbobbe0obOooobooobobooooo
oobooOoooboooboooobooboboooobo
gobobooooboooooboooooooooon
U0ac00000D0000D0O0DOO0O00ODO0O0DbO
goboooboooobobooboooooooobo
ooboboooobooooooooooooooo
gobooooobooooboboooooboooooooo
oobooobooooooboobooobboboboooobo
000000000000 E-DCGTrO0O00000
O0OO0OOE-DAFNTOOOE-SAFFO0O000O00
gooooooboooooooooooooooon

goboooboooobooooooboooboooo
O0c000000D0000DOO000DbO0O00DbO
goboboooooboooooooooooooobo
oobooOoooobobobObooboooobbooobo
oooobooobooooooooooboobo
oboboooooooooobooboboboon
gboooooobooobooboboooann
obobooooooooooobooboobooboo
ubOoobOooboobooboobobooan
ooo

4.3 0O0O00O0OO0OOO

OD00a0000700000 Ugg O 1000
40000000000000DOOODOOODOO
O000o00oo0o00oooooO0oo 400 50000
oboboboboboboboboboboobo
o0o0o0400000000000 0000

0 ed

PN
¥om
Vi

Fox

Data Accessibility
o
5

E-SAF, —— |
no invalid:E-SAF, ------
E-| M

no invalid:E-DAFN: =) 7
E-DCG, ——®-

no invalid:E-DCG" --0--
300

0 1 1
0 100 200

Average Update Period

400

04 00000000000000

0.3 T T

T
E-SAFT —+—
no invalid:E-SAF_ --%---
E-DAFN? -
no invalid:E-DAFN_ ~~8--
E-DCG, —®-
no invalid:E-DCG" --o--

o o
o i o N
L (9] N (4]
T T T
)
o
o
1 1

The Rate of Accessing Invalid Replicas

4
o
a

200
Average Update Period

400

o DO00bO0O0bOO00obOOooooooooog

obooooobobooooobobooo
04000000000000D0O0OO0DODOOO
oobooOoooboboooobooooobooooon
gooboooobooboobooboobooboaon
oooobooooboobooooooobooobo
goboooobooobooobooooobooboooonbo
obooboboooboobooboboobobobgoon
goboobooooboooobooboooboboobo
oobooooooooobooooboooooo
goboOboooboooobooooooooonn
oboooooboooobobooooon
gs0b00obooooboooooooooon
oobooOoooobooooboboooboooooo
gobooboooboooboooooboooooboo
oboboooooooboooobooboboobon
gobooOoooboooobooooboooooono


研究会Temp 
－6－


gbooooboboooboobooboboan
goboooOoobooobooobooooobo
gboooobobooooboobooboboan
goboOoooboobooobooooboboooobo
gbobooboboboooobogooobgan
gobobOoooboooobooooboooooobo
gbobooooobooobobobooobon
oboooobooboooobooooboooooobo
gbobooooobobobobobooboobon
gboboooooooooooboobobobon
gboooobobooboobobobobogn
gobobOooooooooboboooooooooo
gboboooobobooooboboboogn
goooooooo

5 U0

gboboboboooobgoooooobobo
ooooogd

5.1 U0OabO0O0O

gboobooboboobooobobooboobo
Uocd000000000cO0O0O0O0O0OO0OO00O0DOO
gbooobboboooooobbobooobooon
gobobOooobooooooboooobooooooo
gboboboboboboobobedbobOon
gobooboooobooooboobooboboooobo
gboboobpoboboboobooooogn
oobooOoooboooooooooboooooon
gboboobooooboboobooooooon
obooooOoooooooobooocbooooan
gbobooboobobobooboboooobogon
obobOo0oi00 «OobOobooobooboboon
goo

gobooboboooboooooooooooo
obobOooooboobo «00booboooboon
gbooooooboooobooboooobooan
obooboooooooooooboobobobon
bbb «00bOO0obO0ob00o0oboobobon
oobooobooooooobooboboobboooobo
gooood

g 7o

5.2 0OOOooboOO

gbooboooooboooboooboboooooa
00 f,()00000000000000000O0
gobbooooboobbooobooboboobo
000o0o0o0o0o0o0oobOoofo00o0ono
ooOooo0ooo0ooooo f;(pooboobo
gboboboooooooooboobobobaon
gbobooobooobobobooboboboon
00o00o0oooon f;¢)0oooboooooon
0o00oooooooooooooo f)o0o
obooobOoobooobooboobooboon
goo

gbobobooobooboooboboooooa
00000000000 00000000D0 f(¢)
gbobogboobgobobooboobobooon
00000 f;,¢)00000000000000O0
000o0ooooooooooooof@E oo
ooooo0oooOooboOooon f;(¢)0o000o
gobobooobooobooboobobobobo

5.3 UUoobobobooooboo

oobooobooooooooooooooon
gobooobboooboooooooboooonn
oobooOooooboooobooooooboooooon
gobooooooooooooooobooboooono
oboboooboooooooobooboooboooan
gobooOoooobooooboooooooooonon
ooboooobbode0obooooboooon
goboooobooooboooobooooonon
ooooo

6 Udd

goboobooobooooooobooooon
oobobooooobooobooooboooooo
gboooboooboooobooooooooooon
oooooooboooboooboooboooooon
obobOooooooooobooooobooooon
oobooooooooobooooboooooo
gbooooood

gobooooobooooooooboooboogoo


研究会Temp 
－7－


gbogoboobodboobdobiod «gbgoo
goooooooooooooobooooooo
gbooaobooobooobgooogan

000000 [fo0000000o0ooooo
oobooO0ooooooooboooobooooooo
gboboooobgoooobobobooonbgon
cO0000O0O0O0O0OOO0ODOOCOODOODOOOO
goooboooobooo

HEN

000000000000000000000
000000000 PPOO0O0O0ODOO00O0
00000200 COEDOODOONOODOO
0000000000000000000000
(B)(13780330) 000 0000000000000
0000000000

gogad

[1] D.J. Baker, J. Wieselthier, and A. Ephremides,
“A distributed algorithm for scheduling the acti-
vation of links in a self-organizing, mobile, radio
network,” Proc. IEEE ICC’82, pp. 2F6.1-2F6.5,
1982.

[2] J.Broch, D.A. Maltz, D.B. Johnson, Y.C. Hu, and
J. Jetcheva, “A performance comparison of multi-
hop wireless ad hoc network routing protocols,”
Proc. Mobicom’98, pp. 85-97, 1998.

[3] 0 0O0,“0000000000000000000
000000000000,” 0000000000
000 B, vol. J84-B, no. 3, pp. 632-642, 2001.

[4 0 00,“0000000000000000000
0000000000000000,” 000000
0000000 B, vol. J84-B, no. 7, pp. 13911395,
2001.

5] 0 00,“00000000000000000000
000000000000,” 0000000000
O (FIT 2002) 000, vol. 2, pp. 27-28, 2002.

[l 0 OO,0 00,00 OO0, “0000000OO0
obooooooooooobooooboobOoDboo
ooooooooo,”oooooboobooooooon
gooooooooooooooog, pp. 219224,
2002.

[7] M. Jiang, J. Li, and Y.C. Tay, “Cluster based rout-
ing protocol(CBRP),” Internet Draft, draft—ietf-
manet—cbrp—spec—01.txt, 1999.

0 8d

[8] D.B. Johnson, “Routing in ad hoc networks of
mobile hosts,” Proc. IEEE Workshop on Mobile
Computing Systems and Applications, pp. 158—
163, 1994.

9] Y.B. Ko, N.H. Vaidya, “Location-aided routing
(LAR) in mobile ad hoc networks,” Proc. Mobi-
com’98, pp. 66-75, 1998.

[10] S. Lee and C. Kim, “Neighbor supporting ad
hoc multicast routing protocol,” Proc. MOBI-
HOC’2000, pp. 3744, 2000.

[11] S. Lee, W. Su, J. Hsu, M. Gerla and R. Bagrodia,
“A performance comparison study of ad hoc wire-
less multicast protocols,” Proc. INFOCOM’2000,
pp. 565-574, 2000.

[12] M.J. Ng and I.T. Lu, “A peer-to-peer zone-based
two-level link state routing for mobile ad hoc net-
works,” IEEE Journal on Selected Areas in Com-
munications, vol. 17, no. 8, pp. 1415-1425, 1999.

[13] M.R. Pearlman and Z.J. Haas, “Determining the
optimal configuration for the zone routing proto-
col,” IEEE Journal on Selected Areas in Commu-
nications, vol. 17, no. 8, pp. 1395-1414, 1999.

[14] C.E. Perkins and P. Bhagwat, “Highly dynamic
destination—sequenced distance—vector routing
(DSDV) for mobile computers,” Proc. ACM SIG-
COMM’94, pp. 234244, 1994.

[15] C.E. Perkins and E.M. Royer, “Ad hoc on de-
mand distance vector routing,” Proc. IEEE Work-
shop on Mobile Computing Systems and Applica-
tions, pp. 90-100, 1999.

[16] E.M. Royer and C.E. Perkins, “Multicast opera-
tion of the ad-hoc on-demand distance vector rout-
ing protocol,” Proc. Mobicom’99, pp. 207-218,
1999.


研究会Temp 
－8－




