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Abstract:
efficiency, a trie tree and extended B tree based tag code filtering method is proposed. By analyzing the structural features of tag

Tag code filtering by EPC Patterns is one of the main functions of RFID middleware. In order to improve filtering

code and EPC Pattern, a layered searching structure is constructed with the EPC Patterns in the system, trie tree is used for express-
ing normal code sections of the EPC Patterns, extended B tree is used for expressing range forms. The search in layered structure is
conducted with the descending order of code segments, and searching process is also optimized based on bit vector section set. The
simulation tests show that the efficiency of our method to filter tag code suffers little effect by the change of EPC Pattern quantity

and can effectively reduce the data transmission delay to the upper application.
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i B sec 1) H5e/IME..

® SearchTrie(tr,s) ARG b s R trie B o,

IR A R B trie B9 A5

® FindCommonAncesior ( bt , nodel, node2) : $6. 3| B #}
135 /5 nodel , node2 BT 2y HeAH G

B TORTRAT 4 A ST A AR OGS

® RangePartition set ( Range> ranges , LinkList head ) :
T ZA X 4% o R R A SR 2
XSS, B X E— A =04 (start , end , pat-
tern ) 73 Sl DX (] (A A 0 A (¢ A DA B DX B X 1 1 pat-
tern ; IR IIMESE— P, KK head , BER T A TT
HRE—MNMICH start , end, patterns , next ) , patterns X
[8][ start-end ] Y pattern B4, next JEFE ] TN ICEKW)

BEF.

® ComputeVectorSections ( set{ Patterns ) patterns ) : R 4
RGN FRATHE patterns FIEXT R 1 18] B BEEE A

® CreateExtendBTree ( BTree bt , LinkList 1) : #4 1& 3 T
IXIRI A e B . dai A 2 B0 R IXC 18] 3 50RY 38 1 B
W be, LA K383 RangePartition PRV BEESR 1.

® CreateTrie ( Trie tr, set{ Pattern ) paitterns , int sec):
4 patterns [1] sec BB LR AL 1 e ).

® CombineWithTrie ( Trie tr, set{ Patterns ) patterns , int
sec) : 5 N J2H LIS BE wie WAHZE G AU LR 18] par-
terns TE sec 2 trie B WA FLRTER XS N AT 4

® CombineWithExtendBTree ( BTree bt, set { Patterns )

patterns ,int sec): 5 NEYE B WAHSS G N A
patterns Tt sec B X [B] (1) e KFNIR/MEZE , TFARILTE sec

JZ YT B R R R A A
® FindPatterns ( Node root , String epc, set { VectorSec-

sion) result ) : Tk B b5 25 2 i epe T & 1Y pattern FE 5.
root AT IREEFIBIAR T 05, result 2 R4
EEXI R B

#Hi£1 HE EPC X RFID #r & R RE £

void RangePartition( set( Range> ranges , LinkList head ) {
p = head;

,JE pattern

for each Range r in ranges dof

if (r.start) = p.end) p = p.next;

else if (r.end> p.end) 1
p . patterns = p .patlemsU r.pattern; p = p.next;

f

else
Linklist /n = new LinklistNode( ) ;
In.end=p.end;p.end=r.end;In.start=p.end + 1;

In.next= p.next; p.next= In.next;

i
f
Map<inl secID , int vec)
ComputeVectorSections( set( Paitern ) patterns ) {
for each pattern p in pattern list do {
find position i of p in pattern list
//m is the length of vector section
seclD = | i/m]; offset = i%m;
v = result . find(secID) ;
if(v) v=vlpow(2, offset) ;
else {
v = pow(2, offset ) ;
// result is the type of returning
result . add( secID , v) ;
I
!
return result ;
f
void CreateExtendBTree(BTree bz, LinkList 1) {
for each node n of { from the head to the tail do{
leaf = new LeafNode( ComputeVectorSections( n . patterns) ) ;
(nodel, i, tag) = Search( bt , n. start)
(node2,j, tag) = Search( bt , n.end);
if (node2 is ancestor of nodel) nodel.nodes| i = leaf;
else node2.nodes[ j | = leaf;

3
i

f
void CreateTrie(Trie tr,set{ Pattern ) patlerns ,int sec) {
if (#r ==null) tr = new TrieNode; TrieNode p = tr;
else{
for each pattern in patterns do {
for each char ¢ in pattern . get(sec) do |
if (c==°0"){
if (p.left==null) {n =new TrieNode; p.left=n; }
p=p.left; |
elsei
if(p. right == null) { n = new TrieNode; p . right =

p = p.right; |
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f
p-patterns = p. pattemsU fpattcm } sp=tr;
1
f
for each TrieNode n in Trie tr do
if (n.patterns! = null)
n. LeafNode = new LeafNode ( ComputeVectorSections ( n .
patterns) )3

f
f
Node CombineWithTrie( Trie tr, set{ Pattern) patterns ,int sec) {
String s = FindCommonPrifix( patterns , sec) ;
Node node = SearchTrie( tr, s)
return node ;
f
Node CombineWithExtendBTree ( Btree bt , set{ Pattern ) patterns , int sec )
{
int max = FindMax( patterns , sec) ;
int min = FindMin( patterns , sec ) ;
(nodel, i, tag) = Search( bt , max) ;
(node2, j, tag) = Search( bt , min ) ;
BTNode node = FindCommonAncestor( bt , nodel, node2) ;
return node ;
f
void FindPatterns(Node root , String epc , Map{int SecD ,int Vec) result )
{
LeafNode leaf = FindLeaf( root , GetSection( epc, 1)) ;
epc = RemoveSection( epe, 1) ;
if (leaf) |
V= 1{v| V¥ v1€ leaf. VectorSections \f v2 € result ,v1.SecID == v2.
SeclD,
v.SecID = v1.SecID, v. Vec = vl. Vec&v2. Vec| ;
if (result) {
FindPatterns ( leaf. p1, epc, V) ; FindPatterns ( leaf. p2,
epc, V)
FindPatterns( leaf. p3, epc, V) ;
f

|
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® {[HAHLZ Intel Pentium IV CPU(2.0GHz/2GB) ;

o F:VE R4 K Windows XP Professional ;

® JDK K] 1.6.0_03 iiA;

® BdE AR SQL server 2005 .

S5 v AR AR 28 G 5 R EPC BRI 5L T GID-
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PR g i 1) B 23 1.3 R %, 1T PKU Edge Server 1) T
REWARZENE AR — DR E RS

10

—-PKU EdgeServer
| —A— Singularity

[\0\‘_\‘\0

(o]

U)A

EPCs/Second(10°%/s)

S-S
(

o

-

2 3 4 5
Number of EPC Patterns/10°

B8 IRAEYR DAL HH B HhdR
K9 R T EAE EPC BEABER LT, PKU Edge
Server F1 Singularity Ab BEBR 2 2 65 #E 1) S 2 e E] L G
R IBEE EPC A5 B 1Y 1S 22, Singularity 40 2
P25 2 R TS 114 - 247 IF i) 9 BRI, S I A 25 I8 15 8K
1, 1 PKU Edge Server Ab BRARZE 4 i T8 FE 1t S 24 s [A] 38
KBGE FEAR YR E— DR RS

—4-PKU EdgeServer
—— Singularity

o
N

Delay Time/millisecond10?
o

\

1 2 3 4 5
Number of EPC Patterns/10°

B9 SPIIEIR R[] K HR
5 R%
AL EBWRGE T EPC A 1 bR 4 2 i 2ok vk
1% A XPR A G AS F1 EPC AN B 0 A, 25 1 T 3
T rie BEFIYJE B AR A ARSE b B8 TT %, R FH %07 ik



% O34 H

B 30— T Trie BEFIYJE B RFID $1%5 4 i i 96 07 505 133

TEUEHRAS 2 B 14 2803 52 EPC AR X B 78 A 1 B2 i ¢
/0N, REAS A SBEARR 17 L T2 10 A% i 80 1 S8 sk 2 ey
TGRAT it T B R R A A AR

RFID a5 % & 1 5 3 i A U7 5672, 5
TEI 5 BEAF I RE 1) — PR AL 3 A 5528 g TP S 43 i
% A ARSCHR B 98 T7 %, Ak A RFID H R
MR, R B AR S REB IR 17 EPC #22X
10 B HI PR RS AR PR T T 42 11, IR A SC & A 1 TET I] EPC
B TR AT IS E AR S L

S 30k

[1] EPCglobal. The Application Level Events ( ALE) Specifica-
tion, Version 1.0 [ S]. http://www. epcglobalinc. org/stan-
dards/ale/ale _ 1 _ O-standard-20050915 . pdf, 2005 .

[2] EPCglobal. The Application Level Events (ALE) Specifica-
tion, Version 1.1 [S]. http://www. epcglobalinc. org/stan-
dards/ale/ale _ 1 _ 1-standard-core-20080227 . pdf, 2008 .

[3] EPCglobal. The Application Level Events ( ALE) Specifica-
tion, Version 1.1.1[S]. http://www. epcglobalinc. org/stan-
dards/ale/ale _ 1 _ 1 _ 1-standard-core-20090313 . pdf, 2009.

[4] Gupta A, Srivastava M. Developing auto-ID solutions using Sun
Java system RFID software[ EB/OL]. http://java. sun. com/
developer/technical Articles/ Ecommerce/rfid/ sjsrfid/RFID .
html, 2005-11-21.

[5] Shawn R. Jeffery, Minos Garofalakis, Michael J. Franklin.
Adaptive cleaning for RFID data streams[ A ] . Proceedings of
the 32th VLDB Conference on very Large Data Bases[ C].
Seoul Korea: Morgan Kaufmann Publishers,2006.163 — 174.

[6] Arvind Arasu, Shivnath Babu, Jennifer Widom. The CQL con-
tinuous query language : Semantic foundations and query execu-
tion[ A]. Proceedings of the 32th VLDB Conference on very
Large Data Bases[ C]. Seoul Korea: Morgan Kaufmann Pub-
lishers,2006. 121 — 142.

[7] Li Yang, Rushi Vyas, Manos M. Tentzeris. RFID tag and RF
structures on a paper substrate using inkjet-printing technology
[J].IEEE Transactions on Microwave Theory and Tcehniques,
2007,55(12) : 2894 — 2901 .

[ 8] Jiang Shao-gang, Tan Ji.Research of data processing and filtra-
tion in RFID middleware [ J]. Computer Application, 2008, 28
(10):2613 - 2615.

[9] Fagui Liu, Yuzhu Jie, Wei Hu. Distributed ALE in RFID mid-
dleware[ A] . Proceedings of 4th IEEE International Conference
on Wireless Communications, Networking and Mobile Comput-
ing(WiCOM’08) [C].Dailan China,2008.1-5.

[10] Q Dong, A Shukla, V Shrivastava, D Agrawal, S Banerjee, K
Kar. Load Balancing in Large-scale Rfid Systems[ R]. UW-CS
Technical Report 1568 ( www. cs. wisc. edu/techreports/
2006/ TR1568 . pdf) ,2006.

[11] Feng Bo, Li Jin-tao, Zhang Ping, Guo Jun-bo, Ding Zhen-
Hua. Study of RFID middleware for distributed large-scale
systems[]] . Information and Communication Technologies,
ICTTA,2006(2) :24 — 28.

[12] EPCglobal. EPCglobal Tag Data Standards Version 1.4[S].
http: //www . epcglobalinc. org/standards/tds/tds _ 1 _ 4-stan-
dard-20080611 . pdf, 2008 .

EEE
B X B,1967 A A BIRSE BL
F BRI B TR T AR R 1 RFID
- AHSHA .

E-mail : zhaowen @ pku. edu. cn

XFFE B 1978 A, A, P, £
WFFE A B T AR 5 8% 42N RFID AHSE 47
K.

E-mail; liuxy @ sei . pku. edu. cn






