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Efficient Real Space Context Detection using AR Tree

Ryu Sato,!  JiNn Mitsuar, 2 SmicEya Suzukr,t?
OsAMU NAKAMURA? and  Jun MuRrarf?

There are some experiments to delivery content adjust for situation by detect-
ing real-space context. It is challenging to improve system resource efficiency for
detection of real-space context from sensing data (which is climate and delivery
place etc.) observed in a real-space since all of context awareness applications
is used.

This paper shows AR-tree which is a structure of a logical relation etween
each set in condition group which composes the definition of the real-space
context improve system resource efficiency with reducing the number of com-
pararison condition times to detect a real-space context. Simulation evaluation
run in an intended environment that there are an inclusion relation and a cross-
ing relation to other conditions in the condition group to define the real-space
context. As the result of evaluation, AR-tree improve system resource efficiency
for detection of real-space context compared with R-tree which is one of the
most famous.

FEMa T ¥ A ML, BEMICBOLTRKAZ L L 20T 3 204 DRNZRTIHEHRT
Hb, AVFXIALNTI T TV = avikED, EEEa YT XA 2V
BAIThbNT w3, £, FEIAIAZ—VRhEDERERS AT LY 2BV T, E
ZWaryFXFAMICUTERET 22y 7y RBINT 22 Lk D, HloMiEzED S
N EMREINTVS, ZOLE, EEEaVyTXIRAIELTUL, av7yyERELTH
3 1—FORYP, BEROREE, avy Ty YREET IR EPBEING. FEEM
aVFXA NI, EEEPSBENESNZ R v TS BRIET 22 EETH B,
FEMary T XA LOBHIE, TOXIBT V=2 aviERAIRTH B0, ZDOHHE
LIZEE R FED D> TH 22,

FEEa T XA ML, BEEE> BRSNSV I T—80, FOY—ERPLI—
FILRERINEEM Y T XA FOEMERIS, AHI0E2HNTZI LIk OBbE
N5, Ly v 77— RRRINICEIT2EEORETOMEERL, FFREREOMHEE .
BB EERT, X518, HIEEET A5 T -5 Th Y, AEERETEET 3
FMFF—RIET—F THBRE, RILDRRLZFT—I0oMREIND, Dk, FE
May 7Aool Eid, EEOMHED, HEOTDOWTNOEMEICEI »EANIL, f-o
7D ORI N D ERE BT 2|IMELF L v, o T, FEAEMa vy T A FoMitic
B 23RN, SRIOT—FICB I 2 HOBREMEMT LI LESZBIENTES,

GRICT —F B B HOMREZFRNT 2 Fikic, S~y v 7Rkl VT
Y TFEEDRH DL, INSDOFER, SZRILT I KB TERDEERET 2 BRICR)E
LTELRVEEYH D, BHOBR LD IR E 25605 5. Efvy €V 7FET
1, ° v ¥y /RoEMTEl L TuhnT—8 Z2RERNRETIEAICHRLTE R,
—J7, BEA VT v TFETIE, MRT =IO 6N, VT ABERD T — 5 I
E N BEA IR TE R,

DX R L, FEMa YT XA P OEHRE R T 5 M EA DRI 2 RS

11 BEREFRRRA R BOR - X 7 4 7 0F%ER
Keio University, Graduate School of Media and Governance.
12 BHERARER DL BB aeAH
Keio University, Faculty of Environment and Information Studies

(© 2010 Information Processing Society of Japan



BB R JR R 5

IPSJ SIG Technical Report

fbFzztickh, EEMary T XA MERET 2 70T 2 iR i 2 3R
% AR-tree 2% T 3. AR-tree 3% RILD T —F 1B 3 HOMRKRITE VT, MEBENE
DT =5 BT 2 BED e {, MBWRO F— P Z RIS 2 LB TE S0,
SRR M Z AR T 2 2 L3 TE D, AR IHET 570, BRI D0
flav T XA MOEREZREL, HEMaryTX A MORHIC»22FEE2 2L -3
VM & hRT,
AROMRERICTRT, FTHE 2 THREMa T3 A oMl 2% RL7T—F I8 %
HOMBRELESZ, TOLEEOMERZRRS, RIZHE 3 HiC©F 2 fi<m L 7 [E% ik
TEH e FEEZRET 2, FAHTREFEOELY T 2L —v a VICk hiFHlid 2
RBICHE CHITE LD ESBRDOIEL B2,

2. REHIAVTFAMOREICE T BRE

FEMayFX R FORBIZSRILT - ICB T 2 HOMEBERELEEAZ L L TES,
LRIGT —FICB T B HOBEREENT 2 FEIC, ElHey EV SRR EEEA VT
VIFEDH L. By Er I FEEIL, FRITGOT IR L DINZOWRITLDT—F TR
TFRETH S, LR~y ¥y VT3, Z-Ordering Curve® % Hilbert Curve®® 7 &
DT D 5. ZEFER e A2 2Ltk b, HARMHICHANEENDE %,
HAZRT T =Y ERERT T — YOO HRIC X DHRITE S 2D, HZRILT—FICE
B EOMBESRTE S, —F, A YTy FFEICE, R-tree® ® Rt-tree,
R*-tree”, Quad Tree® % EWH 2. %A v F oo v I FkzMHws 2 LIckD, KR
WNROT—=Z IR L THEINLIA VT RICED, T MBRROWRHMHZ L 2 &
MTELRLD, LRILT—F BT B HOBREZMFLTE S,

LL, ZRSDFHRIZERITLT— 2 ICB O THEED S 2R T 2BICRILTE 2w
HG03H D, WEOMR LD QIR 2 TRELS 5. i~y BV /FikTHE, v E
VO ROEMTHEG L T T — ¥ 2RBENR E T 2HGICHELLTERY (K1), 2
N, 2y Er T340 FERILAIIC BT, IEREThRLF—2 iy n, ERE
F—Y DMAEDLETEILRL TUIARSEVEDTH B, ZDGHE, BMBWRD T — 7 K
2y EVIETL D QIS 2720, TR TE R, ERFEIN v 22
M=y Er 7 7La) ZALEBELSFETEH, wihd vy Er 7B TIES Lo
THB7D, RUMEND S, —H, ZBA 77y 7Tkt RUBREBSROF—5
KRN LTA v T 7 ABHBIN GG IR TER Y (K2) ., Zd, v 77 A0

Vol.2010-SLDM-144 No.49
Vo0l.2010-EMB-16 No.49
Vol.2010-MBL-53 No.49

Vol.2010-UBI-25 No.49
2010/3/27

‘Z-Ordering Curve‘ ‘Hi\ben Curve‘

o o =
‘ mapping ‘ i m G

Fig.1 Examples of Division for Mapping to

B 2 R-tree 123\ > THEEHIH DRI I 72 B

Space Filling Curve Fig.2 Example of Multipath Search in R-tree

TRTCDOTFT—FEZMBEL LA TEALBVEOTHS, ZOHAE, A VT 7 ALK DBR
NEDTFT—FHHERKD ZEBTER VLD, T—IMREZNRLTE R, Ri-tree ¥
Rx-tree I2fRFEZ N5 R-tree 7> 5 R4 L ZBHHfZE1E, 7 — ¥ &I R-tree LAETH 2
720, WTNHAEWICHEUMEDSH 5. Quad Tree IFERMIFHEMARICL DA VT IV
75, ZEEFEM L FRORE?S %,

3. AR-tree DRE

FEEE VT FAMIERILT —F I T 2 OMREFELEZ L LB TE 508, WF
HRTRIIRLTELRCEALRH Y, WHOMK LD IR 2 WEERH 2 2 L%
82 TRz, ZORFEICH L, MRT—yHELoREEREMELTI I LIk, X
LT — ¥ TOMDMRERIZE T 2 BB % 331§ % AR-tree ZIRET 2, AffiiTlz
AR-tree IZX 2% RIGT — Y BRBOEEL L, AR-tree ZHEK T 27V 2) A L% B3,

3.1 FHHEORERERIC L DIRFEOMIEL

BROKEND S S, BEFEH0% EORMEBIRICER L, SAMOMIEIG % Mgl
THIEICED, WOLDOENEEIIET 2 EEEHTHFENT 2TFEEEZLS.

3.1.1 FEORERFREMERIL

W, TROFHN A BE2EZ5. 54 A, BOBRIZIRLISRTLIIC, RD 40D
HIHMETES, 1) ANB=0. 2) ANB#0. 3) AnNB=0. 4 AnB=0). 2T,
RITRTD, FUEDPRET2HE6%2KRL 320BBICEVT, —HOFEMHFDER LD i
KOO BRI 58560365, 1) ANB=0,A=B. 2) AnB=0,A= B. 3)
ANB=0,B= A. Thbb, EREOEMHEGIIENT, FIFEMALOBRICED, Fihk
M E FIFEGDE L VDR LoD, 2EOEMIEIDEIPERRL I ENTE S,
oC, FEEMa Y TX A FOEBREZBILT 2 &MEAORMBIREME L, HiKT 25
DR 2 Bl 2 2 £, EEEar T2 oMbzl cEs LWt 3,

(© 2010 Information Processing Society of Japan



TR TS
IPSJ SIG Technical Report

— FL_/ — _
AN Ei‘— VJB@*mu AN i;é @B@f%»'é‘\ AN i: @Bo)f%é An qu: @B@t%é
- - 11 1|1 1|1
110 1 1o - - 1] 0
0 1 0 1 0 1 -

010 ol o 0| o o] o
A = B HRL B = A HRL

) A = B WAL B
] 1 &M AB ORI L oEPEE (% 1, 5% 0 LED)
Table 1 Truth Table for Case of Relationship between A and B (1 shows true, 0 shows false)
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Fig.3 Relation between Condition in eq.1
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&R 3 Truth Table of eq.1 (left side: before construction, right side: after construction
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Fig.4 Example of Indexing by AR-tree
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IR % GEBERIEY U — D Root ZIHMIZ, Index Node 23R4I P & EN

SearchValue (AR-tree KEY_POINT)

if AR-tree is empty then
Value KEY_VALUE is not included any areas.
else
Let TOP_NODE be root of AR-tree.
do while TOP_NODE of tree is index
if area of TOP_NODE contains KEY_VALUE then
Continue loop on subtree whose top is inside child of TOP_NODE.
else if area of TOP_NODE and KEY_VALUE are disjoint then
Continue loop on subtree whose top is outside child of TOP_NODE.
end if
end while
Value is included areas which have data node.

end if

5 fHICA ) FMEADRET L TY X4
Fig.5 Algorithm for Search Matching Conditions with Value

0% i L, Data Node #% 925 £THE iKY, Data Node DFRLIZ, HIENRDSE
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Y =12 L TR OB FIRINICERA S 2 & TfT ). TORIGEI IR S N5 & oas
BIRE D RDBEOIET S, 22T, WENRDH B, Index Node R 5% A L L,
Index Node 23Ff 2= 2DFD I b, AILEEFN55M4%FiDF Index Node % Cy, fthrs
z Co LT5,
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IZiR%, 22T, KoMy Xa% ) = MEEOY 7YY — & NEW_AREA
Z T, AppendArea((SUB.)TREE, NEW_AREA) & E<.

AppendArea((SUB_) TREE NEW_AREA)

Let TOP_NODE be root of TREE.
begin routine AppendAreaToSubTree (TOP_NODE, KEY_AREA)
do while TOP_NODE is index
if area of TOP_NODE intersects KEY_AREA then
Do AppendArea(subtree which top is inside child of TOP_NODE, KEY_AREA).
Do AppendArea(subtree which top is outside child of TOP_NODE, KEY_AREA).
Break out of routine.
else if area of TOP_NODE and KEY_AREA are disjoint then
Continue routine with let TOP_NODE be outside child of TOP_NODE.
else if area of TOP_NODE includes KEY_AREA then
Create index NEW_INDEX as root with area of NEW_AREA.
Place TOP_NODE as inside child of NEW_INDEX.
Split subtree O_n into O_n_1 which is inside of area P_n and N
and O_n_2 which is outside of area P_n and N.
Append NEW_AREA to all data nodes for I_n and O_n.
else if area of TOP_NODE contains KEY_AREA then
Continue routine with let TOP_NODE be outside child of TOP_NODE.
end if
end while
Create index INDEX as root with area of NEW_AREA.
Place NEW_AREA as child of INDEX.

6 FfFoEM7 NI XL
Fig.6 Algorithm for Append New Condition

GBI, V) —D&KT —FICBHHT 2 SR L FiRSeHE (NewArea) 12X D, ¥i7:
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BT 25 RD AR-tree IZE T 3{EE D Index Node # A,, Index Node 25Ff> DD ¥
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T® Index Node R OEMZFEG L - &llE% P, A 2R B ETZ2H 7YY —% I,
Agp1 ZlREMETZY 7V V—% 0, LT 5.

WE, N ZBEMT20EE, P, IcwL, P,NN & P,NA, D2ODFEMICK BH77%
FMERDOMEEEZ 5D, > T, BMEFHIINT 24 v 77 A 2T 2 5151, 2
DDEM P, AN & P,NA, BIFE b EZUT I @WHED) . 4 202N ZFNDEEICD
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) I & O}, D4 T? Data Node IZ Dy %38/

Append area Dy
for all leaf of subtree
whose top is An

Create index node N Create index node N
to append area DN to append area DN

for subtree In for subtree On

N%
oo

(a) pattern 1

(b) pattern 2

B7 P,NA, & P,NN PERZGE 56 1) OFMF N 0Bk
Fig.7 Append Case 1 (P, N A,, intersects P, N N)
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(1) N % A, OHEFHHRA
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(2) A2 N®Co LT3
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Create index node N Append area Dy
to append area DN for all leaf
of subtree On’

for subtree On

(a) pattern 1 (b) pattern 2

B8 P,NA, &t P,NN DPHLESZVEA G5 2) OFM4 N OBk
Fig.8 Append Case 2 (P, N A,, does not intersect P, N N)

NY—=>2 N % A, DT Index Node & L CEINT %51
(1) Inp LT N ZiEm

Append area Dy Create index node N
for all leaf | to append area DN
of subtree In
for subtree In

(a) pattern 1

(b) pattern 2

B9 P,NA,» P,NN z&Uhes 56 3) OFMF N @k
Fig.9 Append Case 3 (P, N A,, contains P, N N)
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NR7—>1 N % A, Dl Index Node & L CGEINT %751k
(1) N %z A, OEFNHiA
(2) A ZNODCrET?
(3) On % 0,(0, CP,NN) & OO CP,AN) I, O, % Ay ® Co L L,
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(4) In & O, D2 T Data Node IZ Dy %z38/N

INP9—> 2 N % A, OF Index Node & L CEINT % 54k
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(1) In DATD Data Node I Dy %38
(2) OplcxfLTN Z&M

Append area Dy Create index node N
to append area DN
for subtree On

for all leaf of subtree Append area DN
whose top is An for all leaf
of subtree In

(a) pattern 1 (b) pattern 2

10 P, NA, » P, NN IZ&ENHH GH 4) OFME N OBENG%E
Fig.10 Append Case 4 (P, N A,, is inside of P,, N N)
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TR Y A A DOHIEA T RICDOZERNC AR L T3 T —F Th 5. “RIGDZERIC—k
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Fig.11 Input Data Set for Simulation Evaluation

UNIFORM fHBO%K : 100 ff, fABOYA X 11
[ S A R DA " RICDZEMIC— RIS L TV B F—FTh 5.

PARCEL fHEO%$ : 100 i, fHHOY A X 1 1.3, fHHROMEHE : 1
[EEH A XD —EMRE 22T CREL AL TV 7= Th 5, HKHRICOMHT 28
W%, BEOME E AT S L IR L TER L 72,

CLUSTER f#o%k : 100 8, Koy 4 X 11, R 5 &t
5 fEAF D JHFT e % RGNS —RRIC A &, ZRFhoRBpimzdul & LT, 20 fHDFEEs
FLENIC—RRICHHRT 2 L 91 L TER L 7.

AR-tree I X 2B LMWE L ERE2ERAICEFLEDD, R4 KD, RTOT—F 1Y
MZEBWT/ — FE 100 & /NS IR EZ R URROSIFRILTE T2 2 a5,
CONCENT, MIX IZE\WTIE, foF—4% X v MR, BERSHENE CRbsn T
VB2 EDPE RIS (Avg) XD B, MIX 2BV TIE, BERZ7 oIk 6%
LN T2 2 EDEHERZE (StdDev) Off 12.54 6 HiAHIL S, WL T, CONCENT
KBWTIE, R VIckh, BAREINT0EGAL, b VaElLInTwuin
BaDH 5 2 LR DM 25.21 S HiAalI S, —T5, BT — 8 OB, %
77— D% 100 W2 2HAVEEL 2, T, ZHT—7RAEPRZEL T84
12, Y =28 BEMT— 5 OBMEZEBDOY 7YY — %2R E L THRNIZT > 7272
Th5b., ULORRED, AR-tree 12 &k D BERNBENRAEMNICH LSEE I EBTETNRS
LS 2%, FHZ CONCENT, MIX 128\ T HBIE AR 2 B L 7.

R, MEFEOFRTROER L T EFED—DTH S R-tree LMK T 22 LT, AR-
tree 12X 2 7)Y AL OBERIFROBAMEZ R T, MBERIHEIE, MRICET 5 BN R%E
HRLRETHIETHRaRX P Z2RA—ICL, BRFEREZRKD 2 FTICEL R
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e nl % Rl (ms) i R R (ms)
Avg | Max StdDev Avg Avg | Max StdDev Avg
CONCENT 33.88 92 25.21 0.09 68.96 212 43.82 0.09
MIX 20.40 42 12.54 0.11 50.50 100 28.87 0.11
UNIFORM 62.56 100 34.72 - 38.39 111 22.20 -
PARCEL 43.90 99 29.62 0.01 56.35 106 29.81 0.01
CLUSTER 74.13 96 30.83 0.08 55.92 127 33.29 0.08

|4 AR-tree DR BN L 7= S HO NI % & R

Table 4 The Number of Comparison And Time to Search And Append about AR-tree

BHET 22 ETirot., BEBEF—F2y MIK 11 ISR L7 5z w7z, %8, R-tree
KB BREEIAT 287 A= (£ — FMERFT 258087 — & Of/ME & RBD) 13,
BT =8y PTEILROEOREZ KD THA L 7.

SR Z X 12 1IR3, =4+ v b CONCENT, MIX IZ8 T, AR-tree | R-tree
12, BRERICE T 2 5P R P 2e o 72, R-tree & [El—5&0F T 2 1TV, R-tree
BIROIEDBRL BB T X =7 2HO20, ZOFELD, AR-tree DMREFNEZ EH D
L2 EWTERESGPD. —H, T—%%v F UNIFORM, PARCEL, CLUSTER (3&&
Bz Rz niz®d, WEBIRICE D CIEIERI TR o %

5. YIa1l—YaviHiiiEROEER

AR-tree T EEBRE W THREZ RN T 2720, CONCENT & MIX IZBWT, &
WRIHEEZR LD, SEMERERIOZOTHL EEZ OGNS, £/, MIX & CONCENT
BT BRI L 7 R RIB O BER A0 8 7% 5 D%, Y Y —IZE1F % Data Node £ T
DIRSIESDEPH LD BRI NS, FFRFICT— S 2HALLBEDOY ) —DFR%E
K13 12md, K13 &b, MIX B2V ) —DBEI A DTN LT, CONCENT
TRRRELZFSDENRLNL,

¥/, MBICHWET—2IC, KNS OHRPBEZ T =¥ BEENTwiclzd L b
EiAoND, ERRHCT -y AL LBEOY ) —DIREK 13 IR TEYTH D, M&
D, ¥—%*%v b UNIFORM, PARCEL, CLUSTER I2EWVT, WINDFEKICb & EN
ROIGAIC A E L % 80 205 100 FTHEICH 5 Z L1005, I NHBRIEDS
HOLIENTERPSILBEREEZONS, iE>T, VY —D% Deta Node DIEI D7
ZTEBZMRY LT, EEEATVAMLITZ I EDSHBOTETH 5.,
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Fig.12 The Number of Comparison to Search with AR-tree and R-tree

Distibution of depth of ARtree

Distribution of depth of ARtree: Distribution of depth of ARtree:
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Fig. 13 Shape of AR-Tree after Data Insertion (Y-axis shows depth, X-axis shows number of data

node start from left)
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6. XEHESERDRE

ARETIE, ERMa v T XA O EIRINAIT) Hi7e kT — I #ETH 5 AR-tree
BRLIz, BEMAVTXAINOMBEZERILT—FICBIT 2 HROMBREEZ, FEgeRi>
5 ORI ZE RO T — 7y b2V Y S 2L — a VEBROMR, SRR
REFmHDIENTELI Lot £, BMENROT— 2y BV, W&l
BBHFET 2BEICIFmOAIRLZEBHTE L, 202 EiF, mHEKLL T 3EETED
—2TH 3% R-tree LA—F—% Xy b ZHOGTHEL 7L, R-tree R OMRRNLZ2E
DOENDNRIRA—FFAREZ LIGGL ) OPLTELI L TRENL,

S #%1% AR-tree IZB I} 54 Data Node DEZX ZNT v 2L B 2 L HETH 3.
AR-tree TILimBIEIfRIZ & D Index Node DB FRIRDER I N 2 7 &, [BEEE(ELEH T
&k, 22T, KENREEBEREEES 2 LIk D, Data Node DIES DFAEZI S T
#e, 323 HiTIHRRNIAFANY —v 2, WIDEZEZBBLGENT A2 LIk, S
ENG VAT HEIENTELEEZOND,
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