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Abstract The ALE specification of EPCglobal is leading the development of RFID standards,
includes the Event Cycle Specification (ECSpec) describing how long a cycle is, how to filter RFID
tag data and which reader is interested in. The ECSpec is a specification for filtering and collecting
RFID tag data. It is registered to a middleware for long time and is evaluated to return results satisfying
the requirements included in it. Thus, it is quite similar to the continuous query, It can be transformed
into a continuous query as its predicate in WHERE clause is characterized by the long interval. Long
intervals cause problems deteriorating insertion and search performance of existing query indices.

In this paper, we propose a TLC-index as a new query index structure for long interval data. The
TLC-index has hybrid structure that uses the cell construct of CQI-index with the virtual construct
of VCR-index for partitioning long intervals. The TLC-index can reduce the storage cost and improve
the insertion performance through decomposing long intervals into one or more cell constructs that
have long size. It can also improve the search performance through decomposing short intervals into
one or more virtual constructs that have short size enough to fit into those intervals.

Key words @ Query Index, Continuous Query, RFID, Data Stream

co] E=EL 2006 AR(ZSAHARR) Aoz AT EA G jkpack@pusan.ac.kr
AYg ol $YPE ATY(ALATFFANGTEAARD/AANERITZIEE M U3 A AGAVPLAFE SR ©
FARIE) bhhong@pusan.ac.kr
tou g e AR ARENET =834 0 2006d 59 18Y
suwook.seok @gmail.com AArgkE 0 20068 129 299
s o Runew AFETES



RFID e} dojete] A4 Ae)E 98 29 49 167

1.ME

EPCglobal2 RFID71&& AHE3tY A AAS =2/
73 FFst A% BE:INE AW Yon 53,
RFID ulEdo} Al2de] ZF 02 &7 Savantll]
gt Bae Wi 124 F4L F EFES AAEAo,
A viEdole] AeHojx EEF FH& & ALE
Specification[2]& AAStHT ALEE 3-8 ol&EaA o]
A3 n)E9o] Alole] <lEjFe)~gA  ECSpecd
ECReports® 393tz Utk ECSpece NEA A
o] fdsl= gl doleto]l g WA o], ECReportse
ECSpec®] A& 27 A AAE Rusly]) A%
Rejrt,

RFID ZHziE vEdoiz g 82 dolg
= AN VEYAY dolg 2EH3]F ¢ FAE B
4-& 70 e dlolghs RFIDHHZREH d&Ho
2 A #ME MR E9gle] RFID 9EH A
2802 HAFAT T8 HEYAINL riEdolz A
2 e Bl delels oA da3 belgs
TS Ay ] mEsfole]l ECSpecs BEd)
ECSpec ol#l ZUIZHE] ojd Bl tlcjetes EH
gl Huyke AAR g HAE XT3} Ark
o]2§ ECSpece 9A A1zt 7HA F<F AYEHE H
toletEe] sl ey 2 £3& wEHoz A3
o ZAiel ECReportsE AASHA ddk &, ECSpecd

U AL e B ASHOE FYyolo} s @k
A419) fAR S4E A A2 d&E B
Aoz Azishs PHoR A9 M2 Jel P A7
7 gl AT o Aol 4Ue ASAYE 49

gl AAIZte g ARglElE dlolel 2EYS dHazw 3
£ A7 BAUAE WA AaF £ UAxE Fivh
o] =RoME e diojele] oxt 2 £3& HAZE
o=z AMEsr 8, wl dojell i A&
ECSpecg 3 Ao M 71 TLC(Two-Level
Construct) 24318 APl ECSpecol 7HAT dYg)
%o](Predicate)= =24 AHFH e)2e] o3 Hd
o2 FAHE 2349 Fe] dt o)y AL o
I el s vl 21 AelE HATh 7)Ee Ao 4
Qe olgd 71 ztFe o] A A FBo] F4
3 AsE® AR IR 287} Fokshe BAEC) R
. o)#e AP A3 A3 TLC HdLe ag
= el & A7E JHRE 4 B T2 AR Y
9 M B F2E #HYsi AR ARldA 2
7t79] Hoe 4 Y 729 Zojro A e
dolg 7HAle HFoltt Adske AALe 7 AAE o
3 2719 HEs e 4 B2 FERE £2F A4
Fogs AR FZte) 2R Zol1 Y AF s Y

>
[
T
I
e
c ol
tlo
o~
i
tlo
o
lo

i

2 e

Bl
£ B
L

ot fe
u?‘.mg(,
o

>
iﬁE

nsl‘:
&L (o
£ fu
R =

X
x &

S
o (% fo £ fa
Bt
o,

g o #
&
i)
)
v
-
R
NI
o
2
2
fr
)
fo

o)

3t 7]

_%r(_r
fo
X

1 ECSpec HEE 13 d&2e] &
. 34 E 280N 24
EAAE 7ledtt 48X e
71&3a 5N F)E
Ao A7 4 7kt vtAe 2 63 2
& 2 g5 478 71edd

-
5 &
[

ﬁ?r{m
N
m&_‘
-

o o
&
o 2
o gt
4 ke

)
i

off
o
o
ro

M
a1l

2. RFID AlARIQ| Z Q| AMQla} HKE Q)

2.1 &9 Aol(query index) IR

7182 DBMS9 FoAgs AU doleks 33t
I o3 HolErEd] wiEl HAAHQA HAE FYste
walolgltk. AAQ dwlolek @AM ulolete] <ol
A7 Wil soletwjolxo RE dlolElE A
7bss] Aol 48 Al slolele] mE HAE $EiA
golels 943 Al =t Hasich AT DSMS
(DataStream Management System)$} Zo] 53l ©j
olel 2EFL Ase FAAMe WE&ZFY Helg
2ERL 25 AAPdE Ao BrMesich WA &
£ siZeAolAo] EdE Hole 2EdLEYE ¢
she ARE 4r] 8 WA DSMSH doE FE3ka,
A&Hoz Pgo] A& vjojg 2EYE Fae e
A EE Azt FYsks Waoz doE A
o} olu, AP vloje} 2EJS VAR e BYg 4
Aoz AMs7) ) A9 M 7ge] FAEA H
At

Ag Adse WEHL Fo 2HF £9E ol&
e Aoldth. @old 723 Aoid SQLY WHERE
Ao Jehs 28024 F T AL B8 5 3
£ Aoltk o}gie] CQL(Continuous Query Language)(5]
9] ofeljx] Hole “temperature BETWEEN 20 AND
30"5R2o] Hr 12 FZHFolA 20004 307A19] ¥
e e Aoz 83 sissith webA ofge o
9} 2o HoE A3y AT 4o AJA2 AL B
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SELECT Location FROM Environment [Range 1 Day]

WHERE temperature BETWEEN 20 AND 30
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2.2 ECSpec A2IE QI8 H&E| 20{9 54

ECSpece old gti21d 98z g1 dolgs 9
Aol W@ =213 =ui¥(Logical Reader Name,
o]3} LRN), ol A7t 7t4 F<¢t Hoets #3% A
o1#]¢] o3t HAM(ECBoundary Spec), o™ sj&& 7t
A g1 dolgEms AR AUA ] v o o
B (Filtering Pattern) $& X3 19 1& EPC-
global®) ALE Specificationol] A& ECSpecdl 4
£ Holu Ytk

9.5.1 ECSpec: Doord2PassThrough

Description: [ TOGG: Description of why included

Parameters:

readers DockDoord2

includeSpecinReports | I I

ECBoundarySpec:

startTrigger | [ stopTrigger |
riod 50 MS | duration [10mMs

stableSetinterval | | [

ECfeportSpec

reportName DockDoorPassThrough | reportSet [ ADDITIONS

reportfEmpty false reportOnlyOnChangs true

| output MEMBERS

fiter Urn:apc:pht:gid-96: 20, *. *

Lgreup

18 1 ECSpec? o

238 25 ]9 ECSpecd @&A9de F C
BE ¥ Aotk LRNE
HEL tagEPCE EIATH

QLY ¥
reader[DE E@‘G]-_T'_ o] 2}

SELECT epc FROM DataStream

[Range now, now+10]

WHERE readerID = DockDoor42 AND tagEPC = 20.*.*
REPEAT INTERVAL 50

3 2 Continuous Query® X &3 ECSpec

a3y 20 JeEh}Eo] ECSpecs A&A9e] FHZ
WE A =AY 01 °)FE £ readerlDS}
tagEPC7} Bt} readerlD$} tagEPCE A =HE 23+
9] B7te A o) readerlDE & AoiM ME Ed
230l BEAS 7hA]7] W&ol site Moz gHAC

urn:epc:pat:gid-96:20.300.4000 Matches the EPC for UltraWidget serial

number 4000.

Matches any UltraWidget’s EPC,
regardless of serial number.

urn:epcipat:gid-96:20.7.[5000-9999) | Matches any XYZ Corporation product
whose serial number is between 5000 and
9999, inclusive.

Matches any GID-96 tag

EEERSEE EER

urn:epcipatigid-56:20.300.%

Urhiepcipatigid-56:t. % .~

23 38 EPCglobal®] ALE Specificationol A Al
she o7 dEe) o Holxm itk o3 FHEE EPC
o] JElg EH3E= Aoz EPC ¥4 Fox GID-96

goletulo] 2 A 34 @ A 2 E(20074)
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geHlEo|n BT REo] gHE, 3jA} BEv} BHIE, A
£ gooh UEE, A8dWE Jov) BuER 748
t}. 97 g®e olgd EPCE FA43te ¥= FeA
A REL AN REo Heoz wAadch wEtAM
i B olRE HE F£E GID-96 Tl A
73S 9B ES A SMEE A9l 83uIETL .

Hoader Teneral nu\.wr SEE! Class Teral Nomber
Number
{Company) (Product) {Serial)
GID-96 |.__® | =z 1 24 1 _ 36 __ |
©O11 0101 260,435,455 16,777,215 | 68,719,476,735
(Binary Value) | (Mandecimal) | (Max dectmal) | (Max decimal }

¥ 4 96-bit EPC (GID-96)8) =%

o] =RoXE A7 HAdE FAsE HA HIES of
g} o] shle] 44 ALEH = Ao TATTH

b87 b&6... b60 b59 b58... b36  b35 b34... b0

urniepc:pat:gid-96:10.20.18] %%

- 1010. - - - 10100. - - -1

S, gl gl L B o0

e} o] WY o tagEPCe HAH 3“‘@"]
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© t2gEPC AA Z¢] Zolo} AN Ao BE
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Reader ID

0

2 4 [ 8 Tag€EPC

29 5 readerID, tagEPCE TAE 239 39 o

tagEPCE EPC7} wl-¢ & =#<21(288)& 7HAH o)
Blo] Felrl 20.xx8F Zol AL W= mE AF =
AANE wgste A7 2] W] A4 FEeIA
¢ 71 7o) E= EAo] 3ok
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bt 28 32E ogdld Bdsn Y Tz A¥
He lzCA ID #2Ed F9f IDE A,mah ke
g8tk VCR 41919 7M3 B8 F2E (%, 7, kv Iy)
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2¢] A4 o7 FHol FH9 I, € {1, 2, -, 29, |
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d = (0, 0)°] 7N E 971e] VCRTEE HolL itk
vi @ =il s @ v ©
VCR: 0 VCR: 1 VCR:2
© (.4 ©.
©.9 0.9 X ©0H a9 x 09 40X
Y1 @) v () Y ®
©, VCR: 3 ©. VCR:4 (o, VCR: §
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“;’r‘ ® o o ©
VCR: 6 VCR: 7 VCR: 8
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23 6 Max. Side Length = 49 = (0,0)] 7} 9
N VCR <

a8 7& 99 A9 Q1 €019 (3, 3, 11, 6)°o] A
9 o 29 oA HY 9719 VCRE o}&3ty £
A% BEg BoFa ok
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4 8 12 18 X
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SF9YE
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o} e s JHdoh

7 B pRo AHLe B R =77 29 A
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ol 3 BE Ho 0§ &3] FA=RE ¥
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1 g0 B9
B0l A o]

ReaderlD
(PattemP;nterval) ReaderID$} TagEPCE o]FolA= 2349 Interval —
TagEPC

SP1
(Short Pattern Interval)

TagEPCe] Holrt de] av|ivt #e

Interval == 239 2 Interval

LPI

(Long Pattern Interval) | Interval

) T= 1 o)) A =79 Fully Coverdhs 7V Interval v 279 B2

%2 W BT 729 4 Y 720 494

M EE Ax

4 2 7=

2 729 Y A 4 AS
AREREEA AR Y Hgol 3

gy | Y TR RE 1AL 97 B shedel 34 |- A 277 AAE A Ao A e shiel N EED
A7 gds oft dA9) A% $5
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& Fxo AduaA EAE AFIT 1 74 A4
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4.2 401 X
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e T 7HA B F2E A gz g £
TZ9 d#AHE =9 ID F2EE JMAY tagEPC
9} readerIDE o] FoIx & Al A gL WA =z
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18 72 1= 49 FHi 72 3reg Fe A
719 B3 7zEM PIY dolg ¥ N FUI 234
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PI= (qgid, tagEPC", readerID, width)2 E@®}. qid
£ A9 Aal tagEPC "= tagEPCY A4 74 &,
readerID= LRN, 28l1 widthe tagEPCel &) 73
A eld Hi BA e W go2 179 Zolg
Ebdict

4.3 714 2E Pxot 4 Fst P

SPIY] 28-S 9% /M £8 F+x& 2319 213

E 712} tagEPCE x&} 33 readerIDE y&hal

1o ogk

tloletwlo]l 2 A 34 A A) 2 F(20074)
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&38]Z 1 Insert

Algorithm Insert (QueryID qid, TagEPC k x, ReaderID vy, IntervalLength width)

begin
cellFitFlag = false

Vg e A BY T2 F7)ud A A9 M BY TR Y AU

if (width < minCellSize) then

InsertBy VirtualConstruct(qid, x, y, width)

else

wA RS 722 9d F3 e Ay 4 £ TEE £ A

for each cellSize in cellSizeArray do

if ( x % cellSize = zero ) and (width >= cellSize) then

InsertByCell(qid, %, y, cellSize)
x =x + cellSize
width = width — cellSize
Insert(qid, x, y, width)
cellFitFlag = true

end if

end for

rA BE T2 41 AW, PEA A

if (cellFitFlag is false) then

ol

FEE e} A7 xEY

fitX = x + minCellSize — ( x % minCellSize )

Insert(qid, x, y, fitX — x)
width = width — minCellSize
x = fitX
Insert(qid, x, y, width}
end if
end if
end

418 Z 2 InsertByVirtualConstruct

< 18]& 3 DecompositionWithVC

Algorithm InsertByVirtualConstruct
(QueryID qid, TagEPC " x, ReaderID y, IntervalLength width)

Algorithm DecompositionWithVC
(TagEPC " x, ReaderID y, IntervalLength width)

begin
M nervald ¥ oY RE MY Y 72 DE FEY
decomposedSet = D jonWithVC(x, y, width)
~A Dol AFete 7 £ F2Y 2o dEHE APy
for each vcID in decomposedSet do

if ( there is a node associated with vcID ) ¢hen
vcNode = GetNode(velD)
veNode.add(qid)
A3 DS =V BARA S A BYANUTY

else

CreateNewVcNode(vcID)
vcNode = GetNode(velD)
veNode.add(qid)
end if
end for
end
5 45 87}

o) FAME RN Adse A9 4 WA

begin

result = {}

while ( width >=0 ) do
Mnterval(x, y, width)y & ¥& 7Hs3 7 2 MHEE 22 E vy
virtualConstruct = FindMaximum VirtualConstruct(x, y, width)
& IDE A3 Ao Frrcky
velD = getVelD(virtualConstruct)
result.add(vcID)

end while

return result

end
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&318]E 4 InsertByCell

43182 7 PointQueryToCell

Algorithm InsertByCell
(QueryID gid, TagEPC F X, ReaderID y, CellSize cellSize)

begin
cellX =x / cellSize
celly =y
cellID = GetPeanoKey(cellX, cellY)
if ( there is a node associated with celllD ) then
cellNode = GetNode(celllD)
celiNode.add(qid)
g D9 =E7F B ¥E A$ GHA AT
else
CreateNewCellNode(cellID)
celiNode = GetNode(cellID)
cellNode.add(qid)
end if
end

432 F 5 StabbingQuery

Algorithm StabbingQuery(TagEPC x, ReaderID y)

begin
result = {}
e yE Ette 2E ME® T2 228 gAY qdE FEh
result += PointQueryTo VirtualConstruct(x, y)
P k)8 XEE ZE AT T2 228 B89 gidg TEYy
for each cellSize in cellSizeArray do
result += PointQueryToCell(x, y, cellSize)
end for
return result

end

38 E 6 PointQueryToVirtualConstruct

Algorithm PointQueryToVirtualConstruct(TagEPC x, ReaderID y)
begin

result = {}
resultVeIDSet = GetAllCoveringVeSet(x, y)
for each vcID in resultVeIDSet do
if ( there is a node associated with vcID ) then
vcNode = GetNode(velD)
result += vcNode.getAllEntry()
end if
end for
return result

end
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Algorithm PointQueryToCell(TagEPC x, ReaderID y, CeliSize celiSize)
begin
result = {}
cellX = x/ cellSize
cellY =y
cellID = GetPeanoKey(cellX, cellY)
if ( there is a node associated with cellID ) then
cellNode = GetNode(cellID)
result += cellNode.getAllEntry()
end if

return result

end
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