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SPQ: A Scalable Pattern Query Method over Data Streams
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Abstract  Pattern query over data streams possess high domain significance. It requires anti-
noise capability and real time processing. Meanwhile, in many cases, the query target pattern is
also scalable, which means it is comprised of sub-patterns, with some sub-patterns gained,
lost or even inverse. This paper presents a scalable pattern query (SPQ) method. It allows users
to define target pattern and set corresponding scalable constraints according to their knowledge
and concerns, finally the target pattern can be changed to scalable pattern. In the stage of query
evaluation, pattern stream is generated by pattern matching, and then scalable pattern query is
carried out on the pattern stream. From the perspective of recall ratio, precision ratio and

processing efficiency, the experimental results on real datasets show that SPQ is feasible and

flexible.
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&£ 1. Base patterns generation (A A4 ).
HiA: tp, error bound Eb,
i . Dictionary(bp) » Cover(bp)
H1[a] 4% 5% : probe index i,target index j, Set(bp);
1. Initialize Set(bp) with 7p, and order Set(bp) in as-
cending sequence;
for i <<Set(bp). size do
j=it+1;
for j<<Set(bp). size do

//compare with other bp

if bp; and bp; have already been compared

2.

3

4

5

6. j+-+. move to next target bp,; of Set(bp);

7 else bp; and bp; haven’t been compared

8 i,j < Pattern split(bp; .bp; ,Set(bp) ,Eb,) ;

9 if 7 does not change then i+ -+

10. generate Dictionary(bp) and Cover(bp) due to

Set(bp).

&k 2. Pattern split(bp;, bp;» Set(bp), Eb,)

BRI,

BN bp s bp;s Set(bp), Eb,

it . Set(bp). probe index i, target index j

HiR]AZ 4 . insertIndex s compareResult;

1. compareResult<—Similarity Compare(bp, ,bp; sEb,)
and keep the compared record;

2. if compareResult indicates bp; isn’t similar to bp,

3. j++; //move to next bp (base pattern)

4. else split bp; with compareResult,

replace bp; by bp,.. in ascending order;

record all the insert indexes;

if insertIndex™>i then j+-;

5
6
7. insertIndex <— find minimum insert index;
8
9 else if insertIndex<<i then //disturb record

10. i=1insertIndex, break to start a new pass;

RPN DR R (BVSPS B S YR e S
B kARG BB S 2 AR B 2 K
§ 75 1% Similarity Compare JRE 1 H I [8] &2 %% &
OChCk—h)). AT m DA B, AL R
8 W LB IG HEAT — AR 23 38 I — B R L D)
B MR E 25 E N Onh(m—1)(b—h)). LR
7 R — A 2 5 B B AR R B B0 . H 3 20 B IR
BOPARZ i HBAE 1R 2 X5 55 2 U0 A o 4
TR WAL IR AR — € RE W L LR PR L

SRR T A R 20 B0 i P 5 O HL e A R AR
i FARB PR AT — U B Rl BT LA T 5 2 2 i b 3
G JBE A BT A ) A S L L — i ] 50 A
JE R TT LU Y.
4.3 ETEEANENES

7 A AR L AT LR 3R 0K A 9 T oK 1 H B A
AT AN EE . XA E S L5 TR R A
B2 3R R - 1 HLAE J5 25 A3 30 A o m] gk A DE e — X
P 1 T AL e AR A A 2 T R AR S £ 9
HH A PUB AT 488 A ) (SPQ).

EX 6. % sp Fnal Mg, me FoRal fif
A 2 S I AN B U AT e A R R R

sp= 2 bp:Lme; ],

(€ R E =12, r)
Forp bp Ry EEREE e, SRy XTI Y W] il 4 2% 1

A R HAR R A L
FHRAAPRLE. SPQ [FIAF AL AR 14 L b R A 3
SIS B A PR E AR R B A — L8, T X A 3
5 1 SO ] i 4R 250 N F AR AR R A R S
WL 2] (e G e Y B B il ] — A
AR 0 Y B BASE SEL S A [) 4 ) o 4 2 F L HL3X
it iy 55 [ AR B W Y. BRI S 3 B
Bl E AR AL1—=2]B1](=C|C[1).H C
AT LMRIT 9 A R DL e DLEERE A AVBLD, U SPQ
AR AL1—2]B[1](—=A—D[A[1]DL1D].

&£ 3. SPQ generation(A] i 45 158 20 2 18] 4R .

Hi A : Dictionary(bp) . Cover(bp) . tp;

i . scalable pattern sp;

1. for every bp in Cover(bp)

2. if it corresponds to p in tp

3. bp. constraints<—p. constraints;

4. update sp with bp and scalable constaints;

A A m ARl B9k 1 2 A
Jr A BERE, — BE LT - R T . L 3
W5 —ili Cover(bp)  WIHBT[H] &2 242 B Ry OCkr) , Horp
R h R

5 AfRmEEEALE

] i 247 A 900 A BT DLAR AR AR A B AR X
T RS T L A ST B e K I Y K e
ST W7 3 2 e AL R P Pt e 5 G AT — K
AT 58 A BE A A DT IE T F0AE 50 5 328 T X A6
2 FP A FEABE S I e Ty o B A A7 D B 47 358 R
FIRES AL BR A A5 2R o 52 R TR 0 1Y 4 1A
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(1) 5 5 — LS b A8 o AR 25 0 {5 J2 R AR
RZE A A TR 25 B E . B 1k % g ST N
T PR o EB iR 2 BE. &ITIH S5 P A
FEARE 2 UHY O BT AE 1% 22 38 [ N - Bl 5080 A BT

(a) FE TR BT L

R HIR ~~ e s

PRIRTE | fH B 5
A _\J/\ accError<EB accError>EB
B \/\/' accError<EB accError<EB  accError<EB  wmp
D "/\ accError<EB accError<EB  accError>EB

FIE L R 5 B S AR B8 i R 25 B EL
RS A M H R HE o SCAREE I AT HUA

(2) GREAFEE AR L R, H BTG5 220 2
1 L 25K i 52 a1 s AR R A 8 3 A i D
JE Ui W VE PE 8 » 452 1k HE 0 S AR AR ET 7 ()
SR B He A g . LR 28 R M A R R
DNITA A 24 1y AR 2 5 B B S A B L TE
X T 2 38 1 i 2 R a5 A AT R AR

(3) 2 8 5 A6 2 1Y DB JHE AT R 58 18 (H BT A LE 4K
O3 SRR 22 B O M I 1R 22 (L IR IA A % 2
A L3 5 AT 06 A8 3 A IE B B 2 AT RE O M A
K.

H, \/\[\[—’\/\l\[—/\/‘

L NN NS
AL ;
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(b) 7B B

P 7 e A A 5 S C g 5 48 o A

HE 3 T FE A 2 A DG i, DG 2 9 A5 B e
S0 AT AR 5 AR R A A5 ok 5 48t il 5 LR
G E— bR PR AT IC 57 5 27 DT E A B o DU 2% 462 2 1Y
BB H R TR e E w, . Hp e A s
Bl B R S AT A A S C R, B e A — s B
W RS BE . IR 4 TR AR R R AR S L DA AR
Jo SEAT R0 AR I H R A 1 SR A AR A
DA B — 40 5 G Pt 555 (10 0L 30 21 %« 5 33 28 1) 23 5
WM IE SR K IR AE i . WL 7 (b)) Fi R X R
T 2R/ B 7 R X 2w ABDDBD, H. w, Hr [
B IC 5% T M DC A 8 2 1) 3% 52 s I Bl A R TE A
AN DE e s o 7 A5 5 30 AT 0 0 0 R e T
KL A TR AT [

Bk 4.
WA D

HiA: S: adata stream, EB: error threshold,

Base pattern stream generation(Fz{

Dictionary(bp) : the set of all base patterns
it . bps: base pattern stream
Jifa] A5 i errorArray| ]: distance errors for each bp,
len[ ]: numbers of compared points for bp;
isRecognized . recognize as a bp or not

1. initialize the interior variables;

2. for every new arriving data point d; ;

3.  for j<UDictinary(bp). size;

4. errorArray| j |+=isBelongToBP (d, ,bp; ) ;
len[j]++;
5. if len[j1<<bp;. size and errorArray[j]>EB
then
6. stop comparison for bp; ;
7. else if len[ j]==bp;. size and
errorArray j ][<=EB
8. add bp; to bps;

//maintain base pattern stream

9. isRecognized <—true;

10. if isRecognized = ={alse then

11.  join these data points after the bps as w;;

//none match, maybe contain noise data

TEFEE 4 P B B i i KN BE M | ST 5
2RI e 1 P AR RS B AT B O O, 53k 4
1 3 B A D T3 R BRI AW oy SO A5 IR Y
BAE X T 245947 B 20 5 - RS 25 Ak BRI 1)
A A RIAT PR FE I AL A2 2% 8 R OCLS ).
5.2 ETEARMEMBLN

FERE U b, SPQ J5 ik X 4% I e L 1l 471) 1 i
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BN :S: a data stream, EB: error threshold,
tp: target pattern, Eb,: matching error bound
it . MR: matching result with graphical information
Hi[E] 4% 4 : Dictionary(bp) : the set of all base patterns,
Cover(bp) : the base pattern cover,
SPQ: Scalable Pattern Query,
bps: base pattern stream,
counter; the appearance times,
pointer; denote the location of backtrack;
//Scalable Pattern Query Expression is focused below
1. base patterns generation(zp.Eb,) .
return Dictionary(bp) and Cover(bp) ;
//generate base patterns
2. SPQ generation with constraints mapping to
Cover(bp) ;
//Scalable Pattern Query Evaluation is focused below
3. initialize the other interior variables;
4. base pattern stream generation to generate bps;
5. for every bp in bps, compare it within SPQ
6.  when the type of the current bp is change, calcu-
late the counter for the prior bp;
7. if it meets the type and counter is within the SPQ
8. locate pointer to the first bp of the latest
same type in bps. update MR. continues;
9. else backtrack bps at pointer;
10. return MR;
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