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A Categorical Research Method for Cache Invalidation Strategies in Mobile Computing Environments

WU Jing LU Xian-Liang REN Li-Yong ZHOU Xu
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Abstract Cache invalidation schemes are an attractive approach for mobile computing environment

. To affirm the

validity of mobile host’ cache content, servers periodically broadcast cache invalidation reports that contain

information of data that has been updated. In this paper, we reexamine the issue of designing cache invalidation

strategies and propose a categorical research method {or cache schemes. Based on this method, many improving

schemes can be constructed.
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2. B PFIELE ARSI EBIEEBHFNH K.

XEHTEBABENATEAUNEFE. ERAFTE
1.Ba?ﬁﬁlimiéﬁﬁﬁﬁﬁ%l‘é]@}hmia&&lhtﬁﬁ#e
BELE EHEFERS REANBEZENEFTR R6#
SEINRERBCREBENENER EXATE2. B8
REESIEMNRE HEXSERFFRAMBEFT R, ARE
TEMEERENEN.

EHit, b FARARFOBEER . BNBNITEXRENT
RKOMEFERERE BHEATUR T BRI ERT . ES
EXRIPHRUTRREETNEESTE:

1. “HFREM (stateful-based)” , REB[ TRBEHI KX
PRFNE, LB EEE R RS /AL LM ESHH
FHERP.

2. “ToIR BB (stateless-based)” , B E R EF T BB INE
PHASRERS BRI BEEFRAOXMR. T PO )R
& RBREHNEEFEE.
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EHEGF BEEPHE-BREEBEES KAEREEF
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2. AR EXHTRT REEBEBCLREFM T
S EMREPBERERE BERE EPTRESHEE
BERCEEZN AR EAB RS EIN; FI8C B ERE
TERFRBAREREEH B CREUETEFPEHEF
R EI A LR,

A B A BRI 5 7 S BE S AT S Y B 3T S A
BFFRER AL . ZXHESHRERSHRSEFRE
.

2.2 HEREiIRSN

S BFERBEREITAUT AN FEAT:

2.2.1 HEA RERGSTERCREEMHFMERE.
WREPMIERTRREN TS, id FEHIT L AHIFIRF,. TS
= AT B AT K (object, TS) ,object EH KFRIT R A
B 3 —HH A A R EHr (update invalidation)” , & /il
BRATFPTREORD: F—FHBHREA"T B EH (update
propagation)”, B P REMENEEFHEF . ERZEH
HAT FEPEECHK BEEEFHICR; U/ BEFH TR
AEEFANEFHEFHAE BREFRERRELSAR
ZHTHHER  SWEHEHHMEETR.
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(0,,0;,0,, TS X AR T PSMENA KN BB ESHER
—EMNEABBR, - IMEFETS.HAHRIX=1ER,
TS, <TSa<<TS;, T H 7 TSr B R E i, TS, >TS;. B &K
0.0 MREX. LR LEENBCLKKT XA B8 &S]
FH AR
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EX—AT AL MY TESTFERREOEE
RACF WG . — TP PR TR & B R K 85 " (Dual-Report Cache
Invalidation, DRCI) ; 5 — 1 #; 9 i J5 5 #& ” (Bit-Sequences ,
BS). 0 T LB AR SRS RAVE R — 1640 35 RV BE
FEAERETHF BB 2 6 ID MAH R 6 FH B mFR 1T
o

A1 #lFHER

ID{112|3[4(s5|6|7([819]10}11 (12|13 (14]15/( 16

TS |30(22(16]|12|28(24(32|42| 8 (26 ) 20 | 36 | 14 | 10| 18| 34

3.1 WHREZFXHEDRCD

W3R 45 B S %tk DRCI By AR in T BF R . OBk
BERERATHABRE, (d, TS) M (group-id, TS) ; @ %
BHE: FASHERES L OBRER/NMMMR . R E&H KA
BRI W ESS[T-wL TR HEEFHH Gd. TS
iR OEEE[T-WL, T1#E A % E H 4 (group-id, TS) 12
iv.E.o(W(We

FRASREBERYE REFEBER L E A, KX
— X kB 3T B K3 Rk %5 (Object Invalidation Report,
OIR) M A %k % 3% & (Group Invalidation Report,GIR) . %4 ¥
ENBKEHRE HEHHFAMT:

#B1 E(T-wL. THREREEFMEEE OIR #14)
1% . OIR F B EH . Z8 GIR $H group-id A8
B.

B2 HNATHRCEEORPHENZR.HHGR
PR RAHETER .

DRCI AL A A BT - EE P RET
RiE e —Eatia , TTEAE A OIR EHH B 17 EWTER £ T-
wL ZHL.EM B ORR M GIR B4 —REHEHF.ORR
T EAFFE GIR IR B, WA 4518 K Ay & 4 ;T GIR 0] LAfE
Skt e HEE. LRERIEHBFOFREHA
REEMT:

//T is timestamp of current report
//T" is timestamp of last valid report by mobile host
for every pair[O.u,t.41€OIR {
if(O.ats in the cache){
(T <ta)

remove object from the cache; }

}
if (T-T* >wL){
for every group in the client cache{
check the pair([G.a.Tia] in the GIR;
(T <Tw2)

remove all object in group from the cache;

}
for every object O€ Database{
if (O is in the cache)
use the cache’s content to answer the query;
else
submit request to server;

=T
TEBRITRIABARE ] 78 DRCI I .
Bl B T=44,L=4,w=2,W=6; X R TAER
mF.
G1=1{0,,0;,0;,0,},G;={05,06,0;,04} ,
G:=1{04,016,011,012} ,G¢={043,01,,0:5,046} .
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-OIR 4 .{(0;,32), (O4,42), (0;,36), (O,34),
44}

-GIR % :{(G,,30), (G;,28), (G;,26), (G,,18),44}

BB HENBE XD R L Ow B 528, ErF %29
W ERT R 44T HE , H B HIRIF R 0,,0:,05,04,04,0i3,
Ous.

BEMER OIRR, MBREEFFH 0;,0,,0,2, 0, WX £ 5
@.‘Pﬂ'FH’JXT%JQ Gl = {01 voz O3 -04) ,G= {05 yO6},Gs =
{04,010,01,},G4=1{043,0,,,04s} , /i B GIR, B[ A1 G, G
GREWNENZIZIZHEFN FLUBIEER TES G
MER (RATOTLAE B 0,05, O IR K ZD .

B35 05,04,0,:, 0T L ER TR RIL TR O
O0;.0:F 1 R FERR B K,

3.2 fIRF3ik(BS)

RLFPIE: BS (B AR AR M T AR QBRLEE - R ER
B9 IR K ist of ids, TS); @ REHE : RBRERBH L
@M L F/NFIAR - R & KN E 2 BRI,

FROLFI RF ST IBALFENIRE  EMRE RH AL
MHEBEETHBENTR, W "M ERRBEEN2HER
Sl.imkK/NANBFEIAE o ALRR BB R On, KK
g EAFETI A E B AR, AL E R 1R R TE
B B 2] 2 E X PR R BB R EH T s e E A 07
RRFERHBNAZ BRMREOBEN L BREET.

AT RAAREH KD IR - ERREHER.B
WEIEEFHIESRANES N=2, 7 BS Bk, R &7
B8 n AMAEN RO EFHF s TasTaeys 5 Tis, T, A T,
LT, 1<K X FFF) Bay B B A1 0A T — 248t , B
BB, TOFET T—AFR By BF N/2AL, RS H
BRHVOHOEBFHE kAL HNAEB FHFE kTN
“UVAHAL R TFHRESN L,0<i<Kn—1,B. 2%F N/2 L FS,
ERRE T B AH N/ 2V M REFH: FH B AF k
B3R TS Bacotr P k A1"BTTERY AL WAL 25 HEH T
BB, TOFESRIEELE — 1 Ma9 et B oh Tt /5
P Bo, KRN 2 THEEENREESR HEHENT.

//T is timestamp of current report
// T* is timestamp of last valid report by mobile host
f(To<T)
all objects are valid in the cache;
elsef
f(T*<T)
remove all object in the cache;
else{
using the bit sequence B, such that T, <T* <T,—,1<i<n
invalidate all the objects marked “1” in B;

)
for every object O€ Database{
if (O is in the cache)
use the cache’s content to answer the query;
else
submit request to server;

T =T,
$42 TERAILNRIA D60 T 85 R B8 K 88,
BH—1 BS % . KM mE 1 FR.
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1 fFPLhi

BRE P BE R EIR IR G M a2 237, B K36
37<<42, FrEl M BIREFRE - 0 T UK 1V, %A
8 B2 BJFH, H At in T :B.ABIN“ 17— B2 ER
B 9582 “17 AL F RSO B BJBSN 17 e FH84L;
B L AT A Ou X R K2 [F AT A O X R KM .

B FXRUT —HBHREZFRBRMH I ETR
T E RN AR T AT B3 AW
HEMERNKSHEFRET RO . FEUREHRS
R 32T Frig 9 BAR BRI TBOE TR AL . RITT — 5 1
TR RTIREOZR b, L) 5 5 &
HFE% R R YERE S 45, XT B 5 i B IR e o 9 R A7 77 Rtk AT
ERIT.
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