846 & 26 W D2 M- N 1 M = A < Vol. 46 No. 6
2019 4F 6 H COMPUTER SCIENCE June 2019

ERFHGENE THERBLEEART R

=EE # B HERE
(ERIHAEHHEZE FIK 400067)" (FR A% ENZE  F K 400044)7

i E MEXETEHARANAEX BFARALSFALAUBERSE—REBESENAEFARAAEL, L4 FHL
BHAF A LS HREMEAFTHF BT AL ETHRE T EEALENAN A SR ERE ATV T RS
M, ALEFHAENNEAREFHAPRNE AL CRZEMOFHELSI AN ERERLSER, BRI L FH
WHEAERNTRAAFHAALE —RTFALA AFRAHRAB LG BBMELEIR SR, FHA AN L0 52
kR, IBFEGEEN T ELEZHLFEWET 2RFAHRAZREER . FHFALREREREZT O R AR,
H Xt 7T — RS IFLELFHEMAGAT ICNYZHEAYRAFTER L THESIEL RO ALY AT
AL FHAR B T AT E A& F %0 % (PARALLEL-TCSEQ-DETECTION # @ %), 3 £ 2 F o 7
BB A, AP 2045 XM B 2K KASMHERAN TR B L L FHABHERG TS S0,

XEiE  CEP,TCN, 8 A4 2, F o1 m 42, 5 47

FEESES  TP391 XHkARiIZES A DOI 10. 11896/j. issn. 1002-137X. 2019. 06. 007

Study on Processing Technology for Complex Event Management Based on Multivariate Time Series Data
LI Zhi-guo' ZHONG Jiang® ZHONG Lu-man'
(School of Management,Chongqing Technology and Business University, Chongqing 400067, China)'

(College of Computer Science,Chongqing University, Chongqing 400044, China)?

Abstract As the amount of data becomes bigger and bigger.it is increasingly meaningful to combine different business
system data to mine potential values. The complex event processing technology abstracts the business data as an event
sequence,and describes the potentially valuable composite data as a specific event matching structure through the event
description method. Then the event detection engine detects the event sequence meeting the matching structure from a
large number of event flows,and finally outputs the data fusion results. However,in the traditional event description,
the input event flow of the event engine is a single atomic event type,the event predicate constraint contains a simple at-
tribute value comparison operation or simple aggregation operation,and the time constraint between events is simple.
This makes the traditional detection method cannot be suitable for some application fields in which the time is required
to be more accurate and the event predicate constraint is required to be more complex,such as medicine and finance. In
light of this, this paper designed a multivariate event input supported quantitative timing constraint representation model
based on TCN and predicate constraint representation model based on time-interval feature constraint,and proposed a
parallel detection algorithm for complex events(PARALLEL-TCSEQ-DETECTION). The method makes the complex
event detection more efficient. The analysis results based on 200 million records of 2045 stocks demonstrate the validity
and high efficiency of the proposed processing technology for the complex events.
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Fig. 1 Allen’s timing relationship representation(left) and time

interval with endpoint representation(right)
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Fig. 2 Predicate constraint representation model based on

time-interval feature
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Fig. 3 Detection model of basic complex event
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Common event flow split strategy and reasonable event flow split strategy
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Table 1 Experimental datasets
Stock_id Time_y m_d Time_h_m  Start_price  High_price Low_price End_price Volume Turn_volume 1D
SH1A0003  2007-01-04 10:04 131.987 132,111 131.978 132.052 5348 2317696 351630
SH1A0003  2007-01-04 10:05 132.075 132.075 132.048 132.056 6880 2916064 351631
SH1A0002  2007-01-04 10:05 2914. 094 2914. 292 2912. 305 2912. 305 502176 354594 816 293551
SH1A0001 2007-01-04 10:05 2769.156 2769. 343 2767.464 2767. 464 583550 368816128 117395
SH1A0002  2007-01-04 10:06 2766.337 2767.967 2765.544 2766.923 658206 409270272 117396
SH1A0003  2007-01-04 10:06 2911.113 2912. 841 2910.273 2911.738 576672 394981376 293552
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Table 2 Comparison results of processing capacity of detection modelsmodel
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Fig.5 Effect of number of input events on event detection efficiency
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Fig. 6 Effect of length of matched sequence on throughput
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Fig. 7 Effect of sliding time window size on performance

L7 HRT LUE Y B T Sl R g AR AL 46 32 DT
AP F 3 I K, R BOH R VSR FH T B £ .
TCSEQ-DETECTION fif ki Il 2% 28 4 90 °F B 4% & %, 1 IF- A7
#1: PARALLEL-TCSEQ-DETECTION B kA — =& 4 1k fiE
TRE AR AR I B BE G W B R D — 2D
K IATE B PERE LR W) /N T ARG 1 X F B T
TR i AN AW AT T 40 AL B, BAR A A Y
B I (R AR R (H A SR AL B RO R RN 2 i
TS 3G 3T (8 8 A G U 280 3 L B AR A D B vk T A

HRIE MEEFLEAMER, 2884 REHEZH
AWK, NRES R 5 R FHERAEMENE
X 22 2 VB AT A LB S NSk S e R R IR 55 A
30 R BB T L i gk B IR, AR SO SY T & 2% 5 1 A HE
AR TR M 52 4 Al S S0 Al A b i R A 38 e VR B B e i £



56 1Y

A A S A R B Y 22 TT N RO Ak B RIS 63

JUEE i Z [8] A A I P 2 SR B 2 I IR A SR G R L B A K
FEE AR RN G5 R LA B A Y R IR,

T o X ST 5 SR 43 AT RN AR SC AT A A b B R TT
VLA R 2 0 F T A B A Y 29 SO & 2% 1918 1A 2
R4 B I FLAG I G L R R I AT R R R R —
AR BI AR LM 10 52 2. R T 5] A TCN i
V] 249 S 0 2% 4 AT = 1] o Ak BT 56 R 0 2 L T AR B RRAE
BEAT AR 400 10 29 A R OR L BB A BUIR D A% 5L 2 1 R R T
PR IR, B 0 3R A S A A R A A A R R
BUA OGS T HE ARG ). ER R, B AR e A
¥ ¥ TCSEQ-DETECTION & X T ¥ BB A FRIRE A 3h
Bl E-NFA, 34 58 7 Xt A0 i 7 24 o0 F 52 2% 30 3] 29 52 1 40 31
LSS ATV X G NI A O &1 TR N OB L B 8N
PG B0, A SCER S T R T AR ) (R AT B 4 A DI 5
# PARALLEL-TCSEQ-DETECTION, & & 2 J+ T & Z2 & 1
ROR I MERE . (ERE, 2 A B R E A TR — P 8,
KA LA AR SO R R 0 R BB 2 2] R
22 N LA AR S B R N K 1 28 1 B0 Al v B Bl ) O i i
B s TE 00 B 4 A S5 A, DT IR 4TI R I AR
Uiki:

2 % X M

[1] CUGOLA G,MARGARA A. Processing flows of information;
From data stream to complex event processing [ J]. ACM Com-
puting Surveys(CSUR),2012,44(3):1-62.

[2] ETZION O,NIBLETT P,LUCKHAM D C. Event processing in
action[ M]. Greenwich; Manning.2011.

[3] WANG Y H,CAO K,ZHANG X M. Complex event processing
over distributed probabilistic event streams[ J]. Computers &
Mathematics with Applications,2013,66(10):1808-1821.

[4] DAYARATHNA M,PERERA S. Recent advancements in event
processing[ J]. ACM Computing Surveys(CSUR),2018,51(2):
33-69.

[5] XIAO F,ZHAN C,LAI H,et al. New parallel processing strate-
gies in complex event processing systems with data streams[]].
International Journal of Distributed Sensor Networks, 2017,
13(8):1-15.

[6] Kam P,Fu A W C. Discovering temporal patterns for interval-
based events[ C] // International Conference on Data Warehou-
sing and Knowledge discovery. Springer Berlin Heidelberg,
2000:317-326.

[7] ALLEN ] F. Maintaining knowledge about temporal intervals
[J]. Communications of the ACM,1983,26(11) :832-843.

[8] CHANDRASEKARAN S,COOPER O,DESHPANDE A, et al.
TelegraphCQ: continuous dataflow processing[ C]// Proceedings
of the 2003 ACM SIGMOD international conference on Manage-
ment of data. ACM,2003:668-668.

[9] ARASU A.BABU S,WIDOM J. The CQL continuous query
language: semantic foundations and query execution[]]. The
VLDB Journal— The International Journal on Very Large Data

Bases,2006,15(2) :121-142.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

PATEL D,HSU W,LEE M L. Mining relationships among
interval-based events for classification[ C] // Proceedings of the
2008 ACM SIGMOD International Conference on Management
of Data. ACM,2008:393-404.

WU S Y,CHEN Y L. Mining nonambiguous temporal patterns
for interval-based events[ ] ]. IEEE Transactions on Knowledge
and Data Engineering,2007,19(6) :742-758.

BRENNA L, DEMERS A.,GEHRKE ], et al. Cayuga: a high-
performance event processing engine[ C] // Proceedings of the
2007 ACM SIGMOD International Conference on Management
of Data. ACM,2007:1100-1102.

DEMERS A J,GEHRKE J,PANDA B,et al. Cayuga: A General
Purpose Event Monitoring System[C] // CIDR. 2007 :412-422.
GYLLSTROM D,WU E,CHAE H J,et al. SASE:Complex
Event Processing over Streams [ J/OL]. arXiv preprint cs/
0612128,2006.

DIAO Y, IMMERMAN N, GYLLSTROM D. Sase+ : An agile
language for kleene closure over event streams[ R]. Amherst,
UMass Technical Report,2007.

CUGOLA G,MARGARA A,MATTEUCCI M, et al. Introdu-
cing uncertainty in complex event processing: model,implemen-
tation,and validation[ J ]. Computing,2015,97(2) :103-144.
WANG F,LIU S,LIU P,et al.Bridging physical and virtual
worlds: complex event processing for RFID data streams[ C] /
International Conference on Extending Database Technology.
Springer Berlin Heidelberg,2006:588-607.

CHEN Q,LI Z,LIU H. Optimizing complex event processing
over RFID data streams[ C] // IEEE 24th International Confe-
rence on Data Engineering. IEEE,2008:1442-1444.

WU E.DIAO Y,RIZVI S. High-performance complex event
processing over streams[ C] // Proceedings of the 2006 ACM
SIGMOD International Conference on Management of Data.
ACM,2006.407-418.

ALVES D C,ALEXANDRE, et al. Embedded event processing:
U. S. Patent 9,712,645[P]. 2017-7-18.

AGRAWAL J,DIAO Y,GYLLSTROM D, et al. Efficient pat-
tern matching over event streams|[ C]// Proceedings of the 2008
ACM SIGMOD International Conference on Management of Da-
ta. ACM,2008.:147-160.

https://en. wikipedia. org/wiki/Esper.

VILAIN M B,KAUTZ H A. Constraint Propagation Algo-
rithms for Temporal Reasoning[ C]/ AAAL 1986.:377-382.
NEBEL B.BURCKERT H ]. Reasoning about temporal rela-
tions:a maximal tractable subclass of Allen’s interval algebra
[J1. Journal of the ACM(JACM) ,1995,42(1) :43-66.

LEE O J,JUNG ] E. Sequence clustering-based automated rule
generation for adaptive complex event processing[ J]. Future
Generation Computer Systems,2017.,66(9) :100-109.

LI Z G,ZHONG ]J. Summary of the Application of Data Science
in Domestic Management Studies [ J]. Computer Science, 2018,
45(9) :38-45. (in Chinese)

A E Bk BARR R E NS AT T i B gk ) ], 3
FHLREE.2018,45(9) :38-45.





