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Abstract Location-Based Services (LBSs) provide results to queries according to the location of
the client issuing the query. In LBS, techniques such as caching and prefetching are effective
approaches to reducing the data transmission from a server and query response time. However, they
can lead to cache inefficiency and network overload due to the client’s mobility and query pattern. To
solve these drawbacks, we propose a semantic prefetching (SP) scheme using prefetching segment
concept and improved cache replacement policies. When a mobile client enters a new service area,
called semantic prefetching area, proposed scheme fetches the necessary semantic information from the
server in advance. The mobile client maintains the information in its own cache for query processing
of location-dependent data (LDD) in mobile computing environment. The performance of the proposed
scheme is investigated in relation to various environmental variables, such as the mobility and query
pattern of user, the distributions of LDDs and applied cache replacement strategies. Simulation results
show that the proposed scheme is more efficient than the well-known existing scheme for range qguery
and nearest neighbor query. In addition, applying the two queries dynamically to query processing
improves the performance of the proposed scheme.
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of Al AIHE 9] Esd, MINDIST 4+
[26]& A&t HA A9 AN 7% sk Al
Y AIRERQ S;7F Addch 7B sk AdY A
OHEZ} Med Fof, o]F Fglo|dEE: Ao ¥y
Add Adg AadeEe 992 x3si= L Al
F 39L& M2E AWE H2UE S 2 AT
o] @, Spew & BF BE (ZY 29 HF I EE)L I
q A9 X vmA] AHy Mo 833l Aol
At} olF FEOIAEE Su oA Ul A8l AH ¢ d,
f, g8 A He HFHOE S, 2RE AL Ao
71 Ak AA (5 GA Btk o] S = 99 A9
AMAMFH A& dHlol& o F71g

H 243 A9z 99 gAY 4 Adg AadES
2 Ag RS ' £ 7HAT A2 Al vz
g AN Ee 9o AooiMe FYsith
3 24 el AGAFe] diF AN PHe 99 2
oot tdaoh J A Ao Me "o AN
MINDIST @4t o3 Addg 713 7i7ke AldE A
OUE 99, RE& NEE AHY HIUE S, oA
ME AQg 498 44 g3
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4.3 Al mA M=t

o)A LEHY SPAZ AYE wvjt} o|F Felo]
AEE MWERY A$ we ZHIY NE Fu g
£33l M& EolE I'E 743 Wi olF F&hol
Qe A Ao AFPF ME HelEo FAS A3
Ae Z83F A wA Azgke] asich B =FelA
= A 7Y A aA WEg AEth
1) Semantic least recently used(S-LRU): 71& LRU
Azre] HYo 2 Mz HolE MM 71 H2o F
zg Adg AIHREET FAFC T YA 713
L#E A AE JHAE e AdY AaHEE
o] Fy 2 A€
Semantic least frequently used(S-LFU): 71&
LFU A& wigloz e vIw3] IFxg AJdAE
AZREET X3 oA 78 BxHA gL
AllE HMIREES] Fy 2 nAgch e, AUE
AIREES Fyuu £& WEE 7IXH ZA SR
et
S-LRU$ S-LFU AZFEL 714 1A HA SPA
o] A& 1A Z3th a8ER, £ SPAA
A A AanEe Wiz AYAE FAA 2T
F 3l M3s 24 wA A=HPPR)S A ¢H3ich
3) Preference priority replacement(PPR): SPAA]

F N4 NEpE nHd A oA Ager

re] e Aug HNIUEEL 4 )8 22 A&

*& fAF.

2

~

oxl+(l-a)x f
Ornum , (2)

918 NEe G dig ge 44 yehdo
ARE HI9E S o Htd, Qune 29 FE, o
<osE AG4el U@ AFAE EEID W= [
Ay [Hozw FejoldEd A FHE 542
Ztzt 3T & Y7 W e, A At £ PPRAA
T AHEA et

4.4 gn2E 29

ARE =z v dneEe A My o
5 ZToldEgA FRE duFes e F 3
t}. o)F ZeloldEd dmEEe A9 EFFA w
A9 Ao M9 F = H9 Ay gnIFeE v
ol

g 3& olF FElo|dEdA rBY A Ae
Fa 2 24T 4 e Ad ¢ugEe B9t %
Zeto]dE7t SPAZ AYE writk Nl WA olF
FaoldES] AHAE AAG F 213 AU L[ E ol %

UF

el meMH AIHESY F 5 8 FeE 23S

Pref (Si)) =

A3 Mg 24 ¢2dF

AHE 7%
Fi : 2283 AIYE Fi : ZdA Mg
Ly : 22 54 logn: 22 #AA

A o5 FelolAEY 94X 9} 21 Ah(identifier) EH: Fu

Procedure:
if a mobile client is in a semantic prefetching area then
Check user’s identifier;
if Ly < NULL then
Fi« NULL;
else
for each prefetching segment Fi inlogfile Ls do
Fa <—UE, where Fie Ly;
iel
end for
else
if the server receives additional log message logm then
Update Ly;
end if
end if

a¥ 3 MY duEE

t}. o]F Zgo|dE7} SPAE Holgd o Myz HW
23 fAR logn & o3 MMl 23 #Hd LE
7821%kct,

a8 4 olF FEloldEY AdY 99 He A
2nEES Jehdd. 99 29 Q= As HolEY
AlHE AIIHEE vlaEoe] A7ER] Feel mdet A
2 02 AYE Igg A 9odn AjdE MIYE
499 B A= wel 99 A9 @Y FHe 44X
A Qorove I YA A Qremainger 2 VHFARDH
Qorobe BIL  Roger o AZEE, AHZ 83D
Qremainder & ARE A& Roger ol AFRCE 0]AS
@9 22 Hg HolEo S Z AFHY Spw Wl
A A A9 R E 48 F ok

ag 5 AdE F 23 A998 A7 A oF
oA e AHEEE ¢udES HAEY § 24
Ao @7} 83HW o)F FEoldET WA 'y Al
g AIREE 990 de o] XFHEAE &
3t B AWE AavEd XIEE Adg Az
HE oo 24 F Fe 27E WEd= 9 A
o F 24 AAES vk 18X goid, do AP
3 Iy AHE HIHEE F 7FF 77k AldY Al
HEESS 3o} $ME9] Fo AP SA¢H 79
A2E U Aol Ao AHE E3ste &FE 9
o] Ay AZREES A3 F A" AdY Az
HE gAie A% F He A& UASFdHe D A
e & 23 AAE Ferh



AA 71 MEl2A M Mg 7)nte] AlE

Aty 99 Fo A gngdF

A8 71E

Qi: 949 A9 Ri: Q9 A9 A3

Sit Agte Aawe

QOprove > 9} Aihe] FHs} dxzh= Ao F3
dYol o A HFw

Qremainder > TolX 22 % gl de) Az
Fgel A Ae He

Rouger - AN HQA 25} 438 #H

Snew: MEA HFH] 4B ATEY AaAE

Q8 0 29 R

Procedure:
Qi « EMPTY ;
if a mobile client issues (i then
foreach Si overlapped with Qi do
if Qi totally retrieves the resultin Si then
Qprobe <« Qi LRi mebe H
elseif (i partially retrieves the resultin Si then
Qi istrimmedas Qprobe and QOremainder ;
while  Qremainder! = NULL do
Riuger < Qprobe ;
Send Qremainder to the server;
Save the result of Qremainder 10 Rbuffer ;
end while
Snew €= Rouger, Ri < Snew;
add Swew to T';
end for
if (i does not retrieves the resuitinany Si then
Send O to the server;
Save the result of Qi to Snew;
Ri ¢ Snew;
add Swew to [;
end if

I 4 AdE 99 Zel A

5 45 "t

& ZdAe olf HAFH BAIAA thdd 2¥&
T3 Aldg ZaH3 JYe) o 4L 71Ee A
g A 718 A vz dcii4,19].

5.1 48 ¢

2 =FAA AGse A" Y 63 o] Fe
A, AA #EE Ik olF FTHOIUE FETH A
98z dy, zeHA Aey dE, 78 U
A4S Fdes Ay FRozm Uyt ojf Zelold
EE 99 49(RQ: Range Query)st 3 o A9
(NNQ: Nearest Neighbor Query)E AAsh= 2o A
47, AYeS BNste Ao B47], A7} A oA
GABEAE FRlste] A AE AAsta, A
Unx] A9g AAgels AA BEA, AN 25 QA
of e} Xz glolEg AAEE A AFA ) R
EEE2 A9 A BE F = My REe
olF SFo|JERZRE ¥ 21 AHdL HAsle 21

z#H A 71HE <188 53 F9 Ae 455

Aete 4 23 29 Mg ¢gndF

AR 7%

Qi: 3 23 Y Ri: 9 29 47

Count(Y): Y & 94 A whgh gt

Loo(Qi): AF o] Eeo|QES] AFE wigsis o
GetArea( S ): A5He AIHE §; o 49§ wgsh= g
GetShortestElement (X,Y): X 9} 714 717h¢ Y 9]

YkoldA Qi Ho 21 & WFHe Y2E glshe
priority_queue[ J: I" & Al%He] AZHE Ui F Loo( Q)9

7V 7HE DY AIRESS A eAdE AYske fgrz
CreateSemanticSeg(X,Y)X ¢ Y &} 99& Egah= A2

ARtE HaHES AdE ¥ 449 AR AavES ug g
4Y: 0 29 R

Procedure:
Criterion < ftrue;

if a mobile client issues Qi then
if 38iel’ suchthat (Loc(Qi) € GetArea(Si)) then

R: «GetShortestElement (Loc( (i), S );
end if
if Not3Siel sxhtem Lo Qi) € GetAra( Si))V (Ri = NULL)
then
for j=1 to Count(I") do
priority_queue{ ] <—GetShortestElement (Loc( 0i),I");
end for
while Criterion * (1< j < Count(priority_queue[]) ) do
Sk «—CreateSemanticSeg(Loc( O ), priority_queue[ j]):
Ri < GetShortestElement (Loc{ O: ), Sk );
if Ri# NULL then
Criterion €~ false;
add St to T';
end if
end while
end if
end if

a¥ 5 A9E H 21 A9 A

AZa, 21 9Yg s 21 E47), o)F 28]
JEgA Hed zeuy Med ZAse =dHd &
22 A7k RER FAHY 24 Mue ZgsHd
Mz #eslA] ke U AL Ao

£ =82 28 63 Zeo] ZEuy AanNEs(ZE
B3 Mol ZEAHQ A4S 8 Ay =
A'J(SPC: Semantic Prefetching Channel)o]gt= 1
9] MgAdol AME-ETh . JHg%th 7R = Alg (BSC:
Base Station Channel)& Z71 X @43 vz 2
Aol o 279 IS A3 A =, 3159
52 AN AFIUE olF ZEoQdEE od
SPAZIE BET + don, A& W& SPAJAE
drEEe FPd. & W ol WEI SPAY A
21 w4 §Fo wE x7) dolgl AL B3
AL 71Ee Hgo] st xsY Mude oF
golo|dES] 21 gido] EAdtiy ARJt B =
BollAE 74 54 oA AT F Je dAA &
< 1A o, My olF 2do|dEe] AR
FAY 4 e FES £99 Ay 5L B3}

P

me



456 ARSI ERA

zARY gz
A8

IEEMI%]%"E]Z}H 232 AFA |

A ojetuo] 2 Al 34 A Al 5 F(2007.10)

o
Age Za A A% A “g) oy
e i 79
P ERE: kG v AN san
. N | EEEECEE
N AA EG 49
Al s 2
AN A& > (Mg eol8T) BA 7|
EEREL
Id 6 4Y =29
3 Aoz 7pE e %9 49| % sk TOTAL QUERY_NUM 7} 2&
5.2 AIE30IM & SN AYE FARKsimilar) Zols TFH
AgoIHe) +0E A F 29) WARFES S (various) A F A f¥oE vtk FAE 2

Q.o 10000719 23U A 7k MIEYa 493}
=& 25709 SPA VEQA 9L FL54T =
g7 z+ SPAE E3AQ 20209 40070 d=2 F
Adn, o] B 4 Jdn =23 SPA I9&
A A3l FE WEYA(Overlay network)E2 A
sl o)F Zo|AdEE olFEF 99d) T
A 7P JEQZAS SPA UEYSIE A A}EsH]

JEe 089 £ A%
o A4S, e dos
shel AAE:

o5 FeeldESd

E AMg8le AZ EXE o83}
B2 09 &Y As e A&
9] o]gAL Fozl Ak FU
WEE SPAY ol waEl we(low) o|FAHE A=
298} E=&(high) °1548E 7IXe A2 E/3IAh
E 32 <547 %:.191 %ﬁ‘u z3og FAE Y 28

At 71HE Yt 9] o|F ZFgo|dd 2 HoFErh 2o o]FAo
Z3 AT 0 & 7 A= £E[27]E o|-83td LDD 2 A3 gL —r«] SPA“J 01%6}37_ AR 259 2
g FolA #H$(scattered)9} £ A$-(skewed)Z Hl g sl #¥ A9 o]F FHoJEE AHEHEH B
] gt} 2 =z A Med o83l AN F& EAHE @
Eojzl AL, 6 = 022 400788] LDDE SPA < F Aok ¥ o544 ok R g e
A 2R AT &9 Ao, 0= 082 4007 3 BY °l% E'-E}Ol?i.E_‘: Agd HA LFoz <
9] LDDE AAAZI. o)F Felo|dEE SPAAN F 3 gl gigiel Ao E3] $HEY & Ae EH
S Sy 39 =A% FEY gL oA A F E JHIAA £z Al Ayt AFE dold & it
X 2 vizidg 23
vl 7} 5 A A3
NUM_CELL Atzy Aol £ 100 x 100
NUM_SPA SPAS] ¢ 25
NUM_LDD LDDY 400
TYPE_LDD LDDY #3 4 5
TOTAL_QUERY NUM |39 # 100~2000
QUERY_NUM_PER_SPA | SPAY A9 & 10
CACHE_SIZE olF FelojdES] i Z7| 512kbytes
DATA_A_DOWN_SPC |d28= SPC AMdL 53 A$dve Adg =293 dolete] 37 D@aawn [SPC] | 100kbytes
DATA_B_UP_BSC 983 BSC AMde £ A= A9 dolele] A7) Db),[BSC] 3.75kbytes
DATA_B_DOWN_BSC | th&#= BSC Ade 58 d4He 29 23 dolgt?] 271 D(B)aunBSC) 3.75kbytes
DATA_C_UP_BSC 483 BSC Ade B3 A$=He 21 999 37) D(0)y[BSC] 10kbytes
LOCALITY_WEIGHT A E 0.7




AA 71w Q2o M Mg ZlEke] AME ZH A 7JHE o8 T 29 A 457

E 3 o)F 2ooldE 48 2%
Pz #H A B C D
o154 i < 5 E&
A A | w4 | ug | w4 | o
e oFHoE Fojd AT U WE oY Age
PEE £ n #AE A9 APRE AAE 49 C9
% FYAEE FAE FFY A I SHL
ARAT, e o154 Wl ARG A4 LA o]
oA AN Adzt 24T 4 Yok AT, ge
SPAE ol¥3WA e FR AYE FURe ¥
¥ Dol 0% FeoldEE TE A9 Hla L A%

£ 7HAA E3ih

53 85 3=

At PHESP)FH 71E 7IHSO)Y 4% B4 9%
ez AN AFEY HPEY A9 HFAEQSR: Query
saving ratio)¥ HEHYZ B35 ARE-3),

531 A9 APE

dutroz sFjA] HFE(CHR: Cache hit ratio)
o537 Zo] Airdoh
1 if catche hit

1 -
CHR = Zh(q,)xﬁy ha)= {0 if catche miss (3)

g e AYE, hign & A9 o A HE<
A AHJAAE YEW I, Q.2 WA FY $£5
ok g, A (3)e AL 7ol HEE 2FPa s
2 288 £ gtk dvksid, R A FHFo o
ot HPele A Aoy}l dAstd Fr1E9 vE
o] HAFNE ETsm AV 4FF Acz wds)
7] W&olch. wrebA, AQF 71He A HF 3L
3 ARAl AF BT ol veA Aoel diF ¥=
a#HF "ol HFZE(QSR: Query Saving Ratio)g& &=
Yk QSRS ool 2 (4} o] Alktech

05 =| h(g) ——nti) !
= - x
7 (Mg +R(g) | Qmom
h(g)= 1 if catche hit
%)= 0 if catche miss 4)

M(q) ¢} R(g)e NZE A9 ¢ 9 AE 990 =
A XY AZHES AR e A=Y 997 3
A o, AAA UAHE FE3 A=A ge i
7 499 HAE A FHoE AEE Aotk F,
AL A2 g o tste 23 AN FAREHE X
Aot F7HHA HIENA AMgo = dFdshe A 2
ole} HlHQ vl&L Ao Yoz EHIYCH

532 VEH=Z E4Y

B AoMe o}F ZEo|dET} ojH EY SPAR &

o7t Urke F¢ dojue SP7IEE SCrIdelA e
HESA BE A& B B4k o)F FHold
E7} SPAZ Eol71d SPCE AMEslY Z#HA Mg
HolelE wtx SPAE wud BSCE AMEStY 21 1
g A4l SPA oA S Fejel Aw AA)
g Aol 2+ Adukd, F4l vlgo] SsA ¢
e 28, do) Ao GRER A Qe TelA
A HE, REAQA Ao] g Ao ZIE 4] 9
8 WIEZ F3l7t dojdth FolA A% Aszp 4y
3lW, BSCE E8] Aol AE k. SP 71yelA

B VEYZ EY 4 v Zo] Addt

SPurafic = D{(a)down| SPC+ O -(1— QSR) - (D(b)up[ BSC]+
D(bYdown{ BSC])+ D(c)up[ BSC] (5)

D(@aon [SPClE ©HE33 SPCE A3 #$H
= Al zZgA dojete] %olx, Dby, [BSCISH
D(B)awn [BSClE H%Z BSCE B3 Add] A4==
A9 dolety] %3} g3 BSCE £3) A4ys 2
9 2% dlolete] ¥& 77 vebdth. Do)y, [BSCle
d¥3 BSCE B3 AWl A4 21 Ad9 4&
Fdeth Own e st SPAUSlA B4sts 37 2
9] Folt}.

SC 7I¥& o|F Eeol|UEI} SPAE Eol7tn )
£ 59kl ol VEYa Eys walEla] g o)
Efm EYL olF ZEo|IEY s Ao A
7b §1& w $AZch SC 7ol BE vEa E
HY Fe g 2o At

SCrafic = Onmum- (1- QSRY-(D(B)up BSC+ D(B)aw BSCT)  (6)

SPiagic B SCirapic & 4 Blms) ¥, SP 7|H&
SC 7IHET o €2 JESa EfgL 24 d ¢
P& & 5 Utk 2, SP 7PHe SC /e o
¥ QSR #g 712 4 Stk o A$olE SCryE
o o FHL vEYS EdYe 2H8 & Aok oA T
8, SP 7I'§& SPA9] &4 A F7H3d W EY=Z Y
e DA, SPAY YA FHAY xS A
g 5 7] WEA A Ao o) BAstE 714
2 HEZ EHRFEE £9 4 Uth whddl, SC 719
& old SPAS W&& FlAel A& fAISEE, A=
& SPAdAE A Ugo] AR ol WA 74
AsE zHE ¢ Aot

5.4 A|EYl0|M

9A, o5 ZEo|dEY A¥n A9 £F gshd
A 99 doet H o doo] i SPY SC 7MY
QSRzHe &tk 7 the o= LRU, FAR[23], S-LRU,
S-LFU, PPR¥} 22 tjddt A mal dAgFEe] g
QSRS Tl umiAgto g olE ZTloldlEe 43
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o el SPe}k SC 7IgelM e MENA Edfy & &
Asia A& EAg

541 o|% Zeo)QE #¥d] th QSR £

o] AojAME 1005-E 20007419l 949 A9t F
2 AYE AHEEA Y 7HA] o)F EFIIE F3
g SPg SC 71'ME9 QSR € 43 =3, LDD
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LDD(8 = 0)¢} &3 LDD(8=08)9 ¥ LDD AL A}
£319, A @A AFoEE PPRE ARRSTh

g9 Ao i3 QSR %L HAFE IY 78
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4 9tk olAL olF FHOIJE AAE HAeE §A
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#0)7 LDD% £d LDDE Hlmd w, £¥ LDD7}
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704 —~&—SP, 8= 0.8]
4
§ o0 5 .
8 50
2 —y— 8
§ w-//
§ ¥
8 »]
gy e
500 1000 1500 2000
# of query
(b) % B
90
—a—SC
80 —e—SP,0=0
—4— SP, 8 = 0.8]
_ 1o
[
G
o
£ =]
fu]
]
2 304
3
C 2]
10
R

|0I00 15'00 2000
# of query
(d ¥ D

84

a9 7 99 A9 Bee A9 2Ae



AR 71 qH 2o He 71ke] AldE zHy /EE o4 T 29 M 459

—a—SC {
1 —a—$P,0=0
& —“:SF: =08
7
704 7
4 - - m M ———
& &0 T
3 .
§ %1
i
£ «]
2
2 304
@
2
S
10 - - — -
T v T v
500 1000 1500 2000
# of query
(a) 8 A
90 =
o] —=—SC
—#—8P,0=0
70 -4-$P,0=08
x
aeo- _ A - A
o
= 50
COE Y B e
8 30
> -
3
G 204
10 —— =8
T T T T
500 1000 1500 2000
# of query
(c) ¥ C

90+ R
| —=—SC
80+ —#—8P,6=0
—~&—SP,8=0.8
— 704 _
[*4
& =1
£ »
£ u]
2
F®
-3
O 24
104 -
T T

# of query
(b) ¥ B
90 —_———
—a—SC
80 —H—SP,0=:]
—A—SP, 8= 0.8
70 —
T
§ oo
§ o]
g
3 40 4 . a N
s‘ 304 P L~ - i =
-
I S
1o->‘ - STk
.
v T v T
500 1000 1500 2000
# of query
(d #3 D

a9 8 F 23 Fod A9 29 AEE

< A2 A7) 2T #-be] A dAEch

38 Aol o|F ZHJEET R o)FAF FAG
e 54e2 o AFH AdY AaUES] A
AF 2R Ak 2¥ 9% 8 AdA 949 49
EE F 23 Art 2%E e dE RdEC
o] 2 R E vl A B (Q,60,Q,Q07F T
A% A2E Jehdth 29 99A £8 A9 olF &
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We(AF): Nom FARD): 0,0.,0.0,
wzad: 774

ofg: .

@ 99 A - BEESEE
a9 10 € I5HH B A o

Aogzde WAHE VEYA EfYL 99 oA
wAshe Efgec 84 adg oxezg a8 7(d9
82 SP 7I¥aMANE F A doe FF F&d
g MEYT Edy dgid 99 AR 10% =
2o QSRE 7MY o|HF ARz RE @ olF4d
SAFE Ao EAL NIRE £8 A9 olF FEJIE
EdaMe § 24 A9 Bfe, ¥ o)FAFH ¥
& As JiAE 73 DY oF FElJEENE
dd Aol Ao Bt} L QSR 4& F UsS
<& 4 St

542 MA) wA A=k B4

o] AolMe & w=FolA AR PPR, S-LRU, S-LFU
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