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Abstract; With the increase of event flow generated from sensor kind electronic devices in 10T ( Internet
of things) and increasing demand of matching accuracy/confidence of more complex events, uncertain
complex event processing is becoming more and more been concerned. A large number of RFID or sensor
monitoring data exist in precision agriculture, but current hardware and wireless communication
techniques cannot support 100% confident data. One stream processing engine which can process
uncertain data in precision agriculture is needed. In this paper, a new type of complex event processing
engine PUCEP ( Provenance uncertain complex event processing) was proposed, in which probability flow
theory and data provenance management theory were added based on the existing flow processing engine
SASE. Sufficient approximate lineage query algorithm is used to calculate the probability of an event in
order to improve the efficiency of probability calculation of large amount of data and the pattern matching
was carried out by using the two fork tree and NFA. This optimized method can not only calculate the
probability of outputs of compound events but also improve the matching efficiency of uncertain complex
events, thereby reducing the computation cost and response time to a realistic degree. The experiment
uses sensor data acquired from an agricultural greenhouse and shows that this method is efficient in
processing complex events over probabilistic event streams.
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Fig. 1 Uncertain complex event query process
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Tab.1 Agricultural greenhouse probability atom event
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Tab.2 Part of complex event provenance management
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Fig.3 Sufficient approximate lineage query algorithm diagram
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[ FROM (input stream) ]

EVENT (event pattern)

[ WHERE ( pattern matching condition) ]

[ WITHIN {time window) ]

[ GROUP BY ({attribute_set) ]

[ HAVING (pattern filtering condition ) ]

[ RETURN <{output specification) ]
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1:for each e in eventstream |

2. if e triggers initial state then

3 if e. probability confidence then

4 Create Qtree; Qtree. state = initialstate ;
5: else

6 Discard e

7 end if

8. end if}

9. end for

10. for each childnode do

11. if e. timestamp — T, TimeWindow then

12 if e triggers Qtree to next state then

13, child node. leftchild = e; child node.
rightchild = e; e. probability =1 - e.
probability ;

14, update Qtree state;

15. end if

16. if confidence of each branch < threshold

of confidence then prune the branch

17. end if

18. end if

19 .end for

20 if Qtree. state = end then

21: Output all the events stored in positive nodes

from T, to end

22 . end if
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Tab.4 Greenhouse event identification
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Fig. 6 System throughput in different sequence patterns

K7 AT R AT A T

Fig. 7 Memory size in different sequence patterns

WX AT R R G L ROR o X T A& A sk
AW P51, PUCEP N HA W] AR, £1 & P
B 13 I A 2 &2 2% Ak, PUCEP 1) 10 #5432 i
2w U B AT RE SR O T 380, 3 T A AT
RE T F0 S 1 PR AT DE IE , A AT o S35, 2R Ak P T
R, AT R AL

(3) BIELAS 22 G2 A M R (4 R T

PO RS2 A 1R/ 20, il 3 151 8 AT LA i

K8 ARBMET RERF R
Fig.8 System throughput under different thresholds

>k Fl PUCEP 5335 19 3 iy 5145 5032 0 52 i 45K
G A ik R A R A 0 R e b T i SASE Y
552 BELRE AR /N, X R AR AN BHURK, Ui B SASE
LA T AL PN E M A T A

SRR, A SR H 1) PUCEP 5L 78 R 4E
A7 Ik P o A RIRE 3% 1 L ) D S5 5T, R A
UFRIVERE , N —E R LRI T ROE A S, AR
T, TAT 1] R g o 3 4 000 P B0 02 AR I R 4 RO
W, i A — 2 BT BEAT I

5 #&%RiE

R HEAR M K ) e P A R 1R 2 L I 25 a1
PR GE SRR, ¥ 2 38 U RN 8 M PR S
SR AR BCH 1 SO B, B A AT AR S R AT
FEQUC L, 25 FEIREEA R G0 R L, OF H R G 3k
A IE T, SRy b, A SO — 3 O T R A R Y
ANH 8 PRI e SR Ak 38y 35 PUCEP, i3 F 78 43 3 U
R AT AT 22 SRR K U R Bk
I BN J =R 1 Ak 2 v, 5 w8 B 5 1 R 42 4K
I 238 I HE AT B A ROR, O3 SR T Z U 55 NFA
HA4E A R 7 AT B 2R T i, 25 T B 25 0 i
MBI PG, XAl A R B P T Tk, e
S5 48 SR B 1 7 2 ARG A M I = R s o vh 2
AR o ASad I = U 0 B AR PR, AR SC
7 15 0B KA A I vh oy A () RO T i — 25
SCRGUEE o AR SCHBF ST T — N R R A, B AR
AR AR R — S BB SRS A LD
ORWRAE , 25 7% JE ] — 8 oAl B OGRS R 26 AL, 5
1 A R ARG A % S 1R 1 1 SN = A X DT
[WCReR S i e G S & O 2R S N
I, B ) BT B ST . D3 AR SO I 5 R
A 2 LT ) A, S B A HOl ) G BCE T BE A L
FPEL G, AN 76 QR UE 52 2% S 0 A 52 8 1 R — S0k
AR RT3 T A B 2 3 A Ao 1] 38 ) Ak — 4 T
o WLAMAR S IE 1Y 5 = 1 T 02 i T B 1) R0
1117 S B 24 o A 4 2 O 3 T i ) X ) Y, BE T
9 B T I R] IX[] 0 3 4 i A AR Y A DG B30k

& % x Wt

1 ARTIKIS A, ETZION O, FELDMAN Z. Event processing under uncertainty [ C] // Proceedings of the Sixth ACM International

Conference on Distributed Event-Based Systems, 2012:32 —43.
WU E, DIAO Y, RIZVI S. High-performance complex event processing over streams[ C] // Proceedings of the 2006 ACM SIGMOD

(3]

Internatinal Conference, 2006 407 —418.

(8]

A~

BRENNA L, DEMERS A, GEHRKE J, et al. Cayuga: a high-performance event processing engine[ C] // Proceedings of the 2007
ACM SIGMOD International Conference, 2007 :1100 — 1102.
EsperTech. Event stream intelligence: Esper & NEsper[ EB/OL]. (2008 —06 —03) http: / www. esper. codehaus. org/.



%5 1 IR A T RO T AR R RS VAR M S R e R 2 o A 253

10

11

12

20

21

22

YUAN Mei, MADDEN Samuel. ZStream: a cost-based query processor for adaptively detecting composite events[ C] // Proceedings
of the 2009 ACM SIGMOD International Conference, 2009 . 193 —206.
FABOOE , B , £ BT 55 A E AR BRI R SR [T]. 5P ,2009,32(1) : 1 - 16.
ZHOU Aoying, JIN Cheqing, WANG Guoren, et al. A survey on management of uncertain data [ J]. Chinese Journal of
Computers, 2009, 32(1): 1 -16. (in Chinese)
DALVI N,SUCIU D. Management of probabilistic data foundations and challenges[ C] // Proceedings of the 26th ACM SIGMOD—
SIGACT — SIGART Symposium,2007 ;1 - 12.
CHARU C, AGGARWAL S, YU P. A survey of uncertain data algorithms and applications[ J]. IEEE Transactions on Knowledge
and Data Engineering,2009,21(5) :609 - 623.
PEI J,HUA M,TAO Y F. Query answering techniques on uncertain and probabilistic data: tutorial summary[ C] // Proceedings of
the 2008 ACM SIGMOD International Conference, 2008 ; 1357 — 1364.
RYOO M S, AGGARWAL J K. Semantic representation and recognition of continued and recursive human activities [ J ].
International Journal of Computer Vision, 2009, 82(1) .1 —24.
ROMDHANE Rim, BOULAY Bernard, BREMOND Francois, et al. Probabilistic recognition of complex event[ C] //ICVS 2011,
LNCS 6962,2011. 122 - 131.
XU C, LIN S, LEI W, et al. Complex event detection in probabilistic stream[ C] // Proceedings of the 12th International Asia-
Pacific Web Conference, 2010: 361 —363.
KAWASHIMA H, KITAGAWA H, LI X. Complex event processing over uncertain data streams[ C] // Proceedings of the Fifth
International Conference on P2P, Parallel, Grid, Cloud and Internet Computing, 2010 521 —526.
SHEN Z, KAWASHIMA H, KITAGAWA H. Probabilistic event stream processing with lineage[ C] // Proceedings of the 26th
International Conference on Data Engineering, 20101 - 6.
WANG Yongheng, CAO Kening, ZHANG Xiaoming. Complex event processing over distributed probabilistic event streams[ J].
Computers & Mathematics with Applications,2013,66(10) :1808 - 1821.
ERLT . A CPS RGERY S e AL PRECRTFSE (D], Kb Wi K2 ,2014.
CAO Kening. The research on complex event processing for large-scale CPS[ D ]. Changsha: Hunan University, 2014. (in
Chinese)
RE C,LETEHNER J, BALAZINSKA M, et al. Event queries on correlated probabilistic streams[ C] // Proceedings of the 2008
ACM SIGMOD Conference, 2008 ;715 —728.
DALVI N,SUEIU D. Efficient query evaluation on probabilistic databases[ C] // Proceedings of the 30th International Conference
on VLDB, 2004 . 864 —875.
B ZE. N REFID A b & 2 di (AL FE R [ D] B ot : Bt #E L K%, 2012,
HU Jun. Complex event processing technology on uncertain RFID data [ D]. Nanjing: Nanjing University of Science and
Technology, 2012. (in Chinese)
Y O, E RS AR B I R BRI S SRR (1] L4 R ,2010,33(3) ¢ 373 -389.
GAO Ming, JIN Cheqing, WANG Xiaoling, et al. A survey on management of data provenance [ J]. Chinese Journal of
Computers, 2010,33(3) : 373 -389. (in Chinese)
CHRISTOPHER Re, DAN Suciu. Approximate lineage for probabilistic databases[ C] // Proceedings of the VLDB Endowment
(PVLDB 2008) , 2008 797 —808.
IR PG RS BRI, AF . REUMEROAE RIS R FARINT R [T]. R LA ,2015,46(1) :285 - 291.
NIE Juan, SUN Ruizhi, CAO Zhenli, et al. Preliminary study on event model in cyber-physical systems for precision agriculture
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(1) :285 —291. (in Chinese)


http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=20150140&journal_id=jcsam



