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Real-Time Monitoring and Buffering Strategy of Moving Object Databases on
Cluster-based Distributed Computing Architecture
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Abstract

LBS (Location—Based Service) systems have become a serious subject for research and
development since recent rapid advances in wireless communication technologies and
position measurement technologies such as global positioning system. The architecture
named the GALIS (Gracefully Aging Location Information System) has been suggested which
is a cluster—based distributed computing system architecture to overcome performance
losses and to efficiently handie a farge volume of data, at least millions. The GALIS consists
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of SLDS and LLDS. The SLDS manages current location information of moving objects and
the LLDS manages past location information of moving objects.

In this thesis, we impltement a monitoring technique for the GALIS prototype, to allow
dynamic load balancing among multiple computing nodes by keeping track of the load of
each node in real—time during the location data management and spatio—temporal query
processing. We also propose a buffering technique which efficiently manages the query
results having overlapped query regions to improve query processing performance of the
GALIS. The proposed scheme reduces query processing time by eliminating unnecessary
query execution on the overlapped regions with the previous queries.
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procedurelmprovedQuery(RANGE ¢Q)

// ¢Q : current Query

// pQ : previous Query

// ¢Q separate bQ(buffer) and iQ(improved)

// Cr @ coefficient of overlapped region ratio

begin

if(Overlap(pQ,cQ) is true) then

if(GetOverlappedRegion(cQ) > Cr) then
SeparateQuery(cQ, bQ, iQ);
resultImp = QueryToDB(iQ);
resultBuf = QueryToBuf(bQ);
resultSet = resultlmp + resultBuf;
StoreResult ToBuffer(resultimp);
return
endif

endif

// curQry does not intersect with Buffer

resultSet = QueryToDB(cQ);

StroreResult ToBuffer(resultSet);

end
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SELECT pos_x, pos_y

FROM galis

WHERE Contains(POLYGON((2464
3464,7464 8464,2464 8464)),0B]);

3464,7464
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procedure SeparateQuery(RANGE cQ, RANGE bQ,
RANGE iQ)
// seg_cQ : segment of current Query
// seg_pQ : segment of previous Query
// listPoint : list of point
begin
for (each segment of pQ) do
for (each segment of cQ) do
seg_pQ = GetSegmentFromRange(pQ);
seg_cQ = GetSegmentFromRange(cQ);
point = GetlntersectionPoint(seg_pQ, seg_cQ);
if (point is validate) then
Add point to listPoint;
endif
endfor
endfor
bQ = ChangePointsToRange(listPoint);
for (each vertex of cQ) then
point = vertex;
if (point is not contain from bQ) then
Add point to listPoint;
endif
endfor
1Q = ChangePointsToRange(listPoint);procedure
ImprovedQuery(RANGE ¢cQ)
// ¢Q : current Query
// pQ  previous Query
// cQ separate hQ(buffer) and iQ(improved)
// Cr : coefficient of overlapped region ratio
begin




84 HIZVYHALHES|=RX] | HM8A M2= 2006.09

if(Overlap(pQ,cQ) is. true) then
if(GetOverlappedRegion(cQ) > Cr) then
SeparateQuery(cQ, bQ, iQ);
resultimp = QueryToDB(iQ);
resultBuf = QueryToBuf(bQ);
resultSet = resultlmp + resultBuf;
StoreResult ToBuffer(resultimp);
return
endif
endif
// curQry does not intersect with Buffer
resultSet = QueryToDB(cQ):
StroreResult ToBuffer(resultSet);
end

<18 11> B F5B

23}

rir
10

IARE

Hr

SELECT pos_x, pos.y
FROM galis
WHERE - Contains(POLYGON((6000 7000,6000
3464,7464 3464,7464 8464,2464 8464,2464 7000)),0B));

<A 12> HEHYE FHE D6 +FE 2o oAl

5. 78 ¥ 45 Ht

51 73

NdE ZZ2EERIL oX e AFEHEZE
FESRTE. A e AFE= SLDS gEs
St Wl MEZ 71EH] KAIROS B0 EH)
OlA~E ALESIY NG AAY Sx o8 Y
A GloEtE TeElst=nl, 2 & F o= d
A NG g 2888510 A2 @a88, VUHA)
3 Oie 8% =8 BE, #88 AURE
s EHlgitt. LLDSE 5 el PCE +4
0] LDP master?}t LDP worker2 E&H3}
O F B J@3 199 2 G-l Y
opl, AXNEEE HES) 56 Geomania
9] GMS HIOIEMOIAE ARESIT}. GUIQIE #]
ol~E Bolol HOE ¥ 91 ZENE &
BBl User Interface ¥ HUEE AAH
o] UMl & ol AFEA $xst.

ol AF7 X0l AR S99 He
£ 40Km * 40KmEA M S8AY #Hy W
AMEBIYTE olSdA= AE8A Fe EEE
m Ol S3HA AR "A I 28
23lol SLDSe= EE g9gg gdsta,
LLDSE AAGEE Z PCol 1¥H xE, 2
H R TE EREAT. BAd S3o01= o8
AA Q) == 30042 QL F=E 30019
QoY ARE BAES M 30F NBRSR A
AE STYS ALGEE 4889 4841
&9 gojel AS BESIe Addd AMSS
QT AR I 40Km = 40Kme) & g9 g
o= o|EStes 2%, A olF AET E49Y
ZAKAAS NIHCE AAE o) SAIAH AR
7t @Y E O|EE= ARE gl ALE 43

Sttt
5.2 GALIS =2 EElQ 43 3¢

O8 132 B =EdA Ao BUHE
Al~"Eg B85t GALISOIA ololdl &9
A BEE HQl ALE LLDSAH AlZHE <
£ 4735l oA oot E 11322 4
Bty Aoistd LLDSO Z =EERH &
9 ATEHUE Wol Fudd FAIT A0
th 2 =59 dEs ojsdA BRE &
ol gudo ZAS Z k=71 wEst 9
AEE EH/E 4FHE &+ AUA AT

Rav b

<3" 13> otold Ho| a2l 2y



E22E (8 B4 HFE Px0IM2l oIS 24H Tio|EHo| 20| MARZY RLIEIZR R 71y 85

J8 4= d9 g9€ UBilE g 158} ol SFE 9 A +FE o
Ho =8 72 3l LDP master®t LDP HHE 7|HY ds BIIE HAg Z=2T0d
workerl®] #IPFHd EF HEFHZE Y £ Agstart. HEEE ol g9ds &2
9 HYE sl 1 EaWE OE ZAA ool et S FEEol s EEE U
Cloll met Zztel Mg Hodlel eI I HEHE JHE AMESH 8" 894
th Al ZA2002¢@ 1€ 1€ 1A} 18 1% e AEE UERUD AT AlL"o] H 9
HE 2006W 1€ 1€ 1A 12 1E7K)0) A P2 29 23, HHE JHd 9st
Aatsl d9dool thal LDP  mastert Zody, HA"EE old gHEo AWME
LDP workerlO] Z+Z+ 1924, 13949 &1 27 Bo1gh 4= QA St HEE 7HY
£ HEstgnh HEEIIE 8 HES S9Egs AAE

—

previous query region : {3000,4000),{800,9000) fares: 25000000)
current query region : (4464.5464),(9464,10464) [arca: 25000000)
averlapped query region : (4464,5464),(8000,3000) [area: 12503296}

1 improved Query Region : (25000000 p2] 50.01%
(8000,9000)
(9464,5464}

(9464.10464)
{4464,10464)

(8000.5464)
(4464,9000)

I8 14> g9 2o M| by

53 HEg 7199 85 87}

HEE /g 8 BAZ 95 1 1B 15> HEHY 7|HS B8 YN Ao MW

£ Imprvd ary 200604086, txt

Range Query Info ==
old : (4033,2883),(5655,5591) [area: 4392376]
neu = (4617,3682),(6385,6215) {area: 4478344]
ovlp: (4617,3682),(5655,5591) [area: 1981542]
Total Qry area: ([8870720 p2] 22.338

New Qry area :  [44783n4 p2]  hh.2u7
(5655,5591)

5
s
5
5
s
5z
5
5
5
5
5

13:55:14 SELECT = FROM workers WHERE Contains{POLYGON((5655 559¢1,5655 3682,6385 3682,6385
6215,4617 6215,4617 5591)),0BJ);

13:55: TOTAL RECORD COUNT : 25886
select operation receive 24086(21086) Item during 23.423s

o_rtold
SELECT = FROM workers WHERE Contains(POLYGOMN{ (4033 2883,2883 5655,5655 5591,5501

13:55:
2633)),08.1) ;
13:56:29 TOTAL RECORD COUNT : 45992

13:56:30 select operation receive 45992(45992) Item during 44.115s

13:56:31

13:56:31 m_rtNew

13:56:31 SELECT » FROM workers WHERE Contains(POLYVGON((4617 3682,3682 6385,6385 6215,6215
14617)),08J4);

13:57:18 TOTAL RECORD COUNT : 49366

13:57:31 select operation receive 49366(49366) Item during 60.200s
13:57:39 ===a=x Imprudqry END ====x=| |

Qg e HEg Iy 45 BIHE Y& 2 oA
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HHE 7Y 45 BAE Q8 Z=o
S E¥E A9 AYE HIY WS A .
28 mol 1¥x Ye ASE 2 ¥ § s
BA 29 W@ SBAD L AL D = 7
¥ ¥el, @9 ™o HEEH £ E A g s
5 87 8BS I8 163 2ol 71SHTh g :
HBE 718 45 BAE 938 old Adw LI
@ole mEsl HIZE o ANRES = L
A ST AR AY WA YRS ER) = % 75
of Y A HIBS 25%, 50%, T5%E = e os = o
O]E/\«] ];Hft]Eo] 7]@94 /\]».g.lc.,’..‘_:r’_oﬂ []:]-% Q_OJ ratio 30.30% 34.06% 46,19%
Y 8ol dPE ATES 22 SBSATH Overlapped Rangs
29 d99 AJ= 1Km * 1Km, 2Km = CIE 18> MEHT 718 MS BIH (2Km * 2Km)

Z2Km, 4Km * 4Km, 8Km * 8Km& RASE

Zds5iol 208 I8 17, 18, 19, 200 ztzd -
LEMRITH HHE 78S AISEA EUE I
~ - o) 16
AR curQry) 8 HHE 7¥HE AISE AR E ”
(impQry)oll mzt 2239 & ALHES LERY g E
_ < _ i
I e HHYE 7HE AISE 22 248 g 8
- . - &
ol AR A HIElratio)e ZHE IO g,
(=g
et LFERR T Qo). 2
0 25% 50% 7%
BeurQry 7.393 13,202 17.763
BimpQry 4,369 4.633 5.001
ratio 40.90% 654.91% 71.85%
—- Overlapped Range
T
£ <33 19> MEHY J|Y 45 B (4Km * 4Km)
g
7
3
& 25
Py
o
3 2w
=
. [
S0% 75% 2 15
BourQry 4.543 4.647 4.926 8
®impQry | 4.533 4,505 4053 g ®w
ratio 0.22% 9.51% 13.66% | ?§ 5
Overlapped Range &
o
= 25% 50% 75%
ag 2 7 Ms my
(1817 HHEY J1Y 45 B (IKm < 1Km) B curOry 8,704 11.287 19.959
®impQry 7.169 6,203 4.584
ratio 17.64% 45.04% 75.53%

COverlapped Range

<38 20> HEHY 71H 45 B7t (BKm * 8Km)
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diHE S3E J99 Hgol AZS

HEHY 71dHe 888 a9 4El(1mery):

HHAE 7¥HE ARSI 22 A9 Y
(curQryioll HIE =& AlZto] Az EolE=
AE L = Yut ol EFEE gYo] AA

T2 dagor sk "9 d9o] Bolx=

E OAF=Z25EE JIXA1d 9o st HloE
9 =7t AAEY dEd UEhE 21k
T olF o gYg sk st A9
20 HALES F, I Fosts g
g HelAlgto] T2 AL olSAA glol
EtY] X7 BUSA @) wEd 3=
FA9 wigol Halgd mEt &9 Ao
OlE8MA &Y T lcurQry, impQry) Al
2 18HoIR ¥k

2ol 4¥g 1Km * 1IKkmZ &F88 18
179 2% HAE V™o 9% X5 aol

1o

OAlSE Zpol=2 Uerdnh 89 g9 He g

Ha7Ed HHY JWE Ass 89 3

tloll Bes AL O¥R g2 7E

WA A9 Ao BRF A=
SAE o7t 7= AS ¥ = gon

8% Jonitt SFE vl E7E+E
HEHY gl 98 &9 ﬂﬂl TEHAIL &
&7t OFOAE AE " 218 B €
T+ At

6.4 &

GALISE FH4 9iuh de] o4 e
ols A 1 91X FHS WA AxF
2E ddchyl s EA" AL"ojnh
GALIS ZE2Eg TE&lE T 248 8
A g Foto gal 4= Al~"H 85
Het dds BAsATt. oo tiE HEH

s =8 TOIEBTE AIEE dA

<4 HEUEE JIdHeE RYste &4 kol 4
tl= FotE dAZ2E Adstd =k
S5 Hot 28E VhsstA sldn. Eig

AHE wmE E22Z4 9 A Z23E
TMO.Q} ZF =E7} HA8 of TMO B4
dol g&& mXIR FEA 5o ﬂxﬂ Al -8
ol éalc 2SHE A 4SIAT. £, o
d & AEl Al EEEHe E9d gt F

30.00%
70.00%
60.00% |
30.00%
40.00%
30.00%
20.00%

10.00%

Query Processing Time Decrease Ratio

0.00%

S50% 75%
Overlapped Range

COE 21> SHE H[80 IE HEHEY 7[Ho Hs
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ST
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