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Abstract Complex event processing technology extracts event sequences which satisfy the specific patterns (called
complex events) from continuous event streams. It processes a large sum of data in real time intelligently and has attrac-
ted the attention from both academia and industry in recent years, However, the state-of-the-art researches focus on sin-
gle-layer complex event detection, In fact, because business systems have different hierarchical needs of information,
events in system should be processed according to their hierarchies. Single-layer complex event detection cannot afford
to meet the needs of hierarchical information in different managerial hierarchies. To deal with such problem, in this
work,a hierarchical complex event detection model, hierarchical automata, was defined based on the concept of event hi-
erarchies and traditional nondeterministic finite automaton (NFA) model. Then we designed a more intuitive and effec-
tive EH-Tree structure and proposed hierarchical complex event detection (HCED) algorithm and its cost model. Final-
ly, taking throughput and memory consumption as indexes,massive experiments were performed to compare the spatial
and temporal performance of HCED algorithm based on EH-Tree and SASE algorithm based on NFA, The results testi-
fy that our HCED algorithm can perform hierarchical complex event detection effectively and efficiently, which fills in
the blanks of hierarchical complex event detection and indicates that our work can be a basis for further research of
complex event processing.
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3.1 EHER

EX 1(F M, even) FHHEHBEAPREEL, EEE
IEESMERFE A A MITA, otk E={a;t,0). EF,
a=/(ays*a,) REHE BHEX N R BIEE , B E 0T HET
B8, (o ) A JR G5 SR A (RT3 (o ) 9 BF R

EN 2 HEM, simple event) fRiABHERGEHS
WS, B E T MBI e t=c. tr=e. 11,

ENX 3(EZRF M, complex event) FHIRHHR il H Al
BAFEAEEFREEMEREEMPERNES. B2
HUERFE LRR T EHN—HBR AN,

TN A(BEE eHE 4, single-layer complex event) il
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PATTERN SEQ(Stock-+ a[ ], Stock b)
WHERE skip_till_next_match(a[ ],b) {

[symbol ]

and a[ 1]. volume >> 1000

and a[i]. price >> avg(a[..i—1]. price)

and b. volume < 80% * a[a. LEN]. volume }
WITHIN 1 hour

ignore ignore
7N N
take
State Edge Transition Function
al1] Begin a[1]. volume>>1000
Take ali]. symbol=a[1]. symbol A a[ {]. volume>>avg (al..

i—17. price) Aa[7]. time<Za[1]. time+1 hour

al ] Ignore —(a[ i]. symbol=g[1]. symbol A a[{]. volume=>avg(a
[..i—10. price)) Aa[:]. time<a[ 1]. time+1 hour

O5_begin V (—0afi]_take N —0a[i]_ignore)

b. symbol = a [ 1]. symbol A b. volume < 80% *

ala. LEN]. volume A b. time<Za[ 1]. time+1 hour

—(b. symbol = a[1]. symbol A b. volume < 80%
ala. LEN]. volume) A b. time<Za[ 1. time+1 hour
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(4)—- M OF5 55 (exit node)out; € N;,
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(5)E 5| K$ (indexing function)Y;:B; b {i+1,+,n},
EERK MG TR S ERT Wk B, Wh
Yi(&)=j,b BER K, B— T AL AB4 b AT LABERAER
K; 89518,
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in; RGN ] B9 2 Z B AR AR VT B B TR 4R 5 1145 8
out; FIR LRI NI B A T4 BRI IR, REIRE Y.
B {1, n} BRI E—E T B B RSIEE X
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NHA BRIEE WAL NFA R, 467K T NFA #2838
EEZHIL A, BB SR T NFA AR H S35 M 57 2. 3
PRBUE RS RS B E B AR, (BE
9 NHA 545 B 2540 2 R 20T BL B A2 ZE 20 T LA 1R)
D E T IAENARSSEER P HREFNER LG5
NHA 59 R R 8 17 55 7T LAS| A A R B A b, s DL R A ]
RIR BB 2R 2 TEF 51 (cycle detection) B B
SRR ) HE B 2% B L BC AR . O TR IX
S la) B, AR SO T T 3T NHA BAE £ U 2549 EH-Tree,
/< fF] EH-Tree #5005 6 B,

Ate] o1 T8}

[ C9eQO] [C@O]M,
1,[O00QQ0] [O®O|M: [OO®OO| M

[OOO]M,
&6 FHTF NHA#MEG EH-Tree 4544

4.1 bR

EH-Tree Z5# 248 R W50 (M, , --- . M, >, NFA fE#I 7]
VUBER n=1 ) EH-Tree GR ] EH-Tree 45 #9244 & 4
RNFE . 5{&% NHA 85 AR F, EH-Tree BB B & —
A M, (<<, 3B ANE — BT RN . HEWN
TEET R BIZAR S B H R SR, W B R R
R,

# 1 EH-Tree R0, G S R K3 B

3 % & & #3514

M aj) say3-dgs aypsayy IE\ (a;3)=2,IE1(a;4)=3
Mz az) »ag, Qgy 23 IE2(ay)=4,1E2(ayy) =5
M3 agy sdy; any [E3(ay,) =6

My agsaypa43+a45 Agy

Ms asq +as3 asy

Ms  agiragz 364 365 Qg3

EH-Tree 2544 1 5 R B — LT M, = (N:, B;,
TE: ,6:,IE; ,in; yout;) , 3L, M, & EH-Tree ##t, N, B3E
WHEHNES.B REVWAKNES, TE £% B (transition
edge) WEEE 0 RFEBH EREEBREBNES, IE RE5
i1 (indexing edge) HIEES , in; B A O3 &, our; H O3,

B T Lo, B — R sk, F RIPR IR SR A A
HAY 5 FFIC R R A B, B AR IR | AT AR e b i
MRET R VAN ES.
4.2 ¥

EH-Tree FJ97 5430 A F & (ay € NOFIHE T S (a; €
B, HBEGEAMIE, HFIAMEY S5 EAR
KR SR, HEEHME 7 iR,

node Event Transition Transition
Buffer Edge Edge
box Transition Transition | Indexing
Edge Edge Edge

P 7 EH-Tree 804 5 51 2 KOS5 H)

EH-Tree Byt sl A TAL IR o A4, W99 A X
IO AT X B0 SR AR (Partitioned Active Instance Stack, PAIS),
SHENTEPREFEFFENSEH DA TESELT,

EH-Tree {# GXF 5L B ShHLAE 1 &, H T3 E
HiF, BT IEER M ERHMRR M G>D W, 85 Sa;
(a; € B SRGIER TRV SANEBER IS (M, | [E: (a;) =
ky——3tRE. VSN E A R I, R VA X
TR, X FAEHEATE A RARE AL S AR a4 R
SRR BT BIRIRA . MR T R PSR, WA R A8
WA PRI, N RIS R R NS,

BT AR S ZBFEENFRR, B a5 <aw,j<
kBt EH-Tree f[r]— MW S Z HEENFXERE. 1
BRI - TERAON S a0 =in, R IR IE R
BCAIFFIR s R fE — T AR 998, MBIk O R = B
ZAE L TR AT B AN TT B L G0 SR B IR AR B e A R IR AR
B g SR AR LA BT IR,

4.3 &

MM AR S BT SRS EN, B EEE
F— EPA, A MR B BB S aE s P 028, T B
ZEREHEE N, JUE R R X BB Y m i b oy S et
AT,

EH-Tree IR EZEREXK AP AR R ERIE
B0 kR TE MEDA IE.. BBR5R5IAME
Sk 2 Y. RIGHENSEMHEELEEM EPA, @
BREREN, BTAERBAAERSIH. BRSARFER
IR ER .
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AR A Ni/B; B;
F8 R A& N;/B; inj ,i<j
ESi begin, take, ignore, proceed indexing

%E =1 1

EHEGEH i3 B

¥ TE XtRZWE ST kR, R SR
FURT SANEB LR, B —-FEBINHE KX NS
R0 ATRE T AN EFENR, EEX RN,
UM ARYE S5 75 30 B X B B9 5 B8 R BV AR AT I IR L B AR
LBRAE, HFEFHYREITEONRS. BT HAT A, 8—1
AN SARR T T ANERL. B0 AR
HEJE— A B AR F— M RENEBL,

BK A ShHERI R R BEGEES M, e -8B A
BB R M (i<<j) b, EH-Tree 8&313 IE MM KSR
BB S B S X R SR, B— T E (a5 €
BHEAE HAYAE — &R, RSB R o th R, 1
ZHEY ARSI AT BER MY, (a;) =, 4k M, ILAL
B G BB HE SR M, BB TR E. ATET AR
HE| AR R X R ARG —RIRA MR B
PR, (H R R M B B B T LUE S AR AT B A A K
ARG BN S A, SR S AT o 18 TN 7= 4R
HEATHL IR B A DL A 3

BT 5 BRI, R0 IE: LREICRESR M,
RSRAE R (precursor module) , Bi 8 M M, B9B T & a;
(a; € BOFFEMER MY, (ay) =5, M M, (I EBFTE
) B, B DG B a2 ¢ 1k G A g ) 4 (B DR 7S 2 MO B HORR
SR AR e By i 7 B3 A7 S AR BT 5

5 E-F EH-Tree 4\ ICH &%

HET NFA B L e, B DT B i o R AL B 1 1
B ML 8 VAT S run) £ HE R, NFA #—A4
BITEFIRE— NFA ETEAHRZ L FTE6, AT
He97 NFA g THAES Z N =4 8 — 44X, NFA f)—
MBATERBIR LT 3 TME—HE . IR A B X P S
3BTRS vh X ot B A AR (R EE R gk B NFA Fir
AR RARAS) L K 3T NFA b fpRES. 72 T EH-Tree #)
A UG B e, R 1] A Bk 2 LA R Bk TR bt e ) 45 R pg 4 R
TIETTEAIR AN S MR L FOR S 0 E F R 0B,

51 BEEOZAXR

ET NFA SRR E B N3 5% 1 Y i A B 55 1 A i (]
Ble tle.t=e to=e. 11 BIT LB FELEHTF] 7. togin A R BF
B O T, REHE e t<{r. tyn + T BEEAR LB TL BB A
AB A RIE O,

BELZEEMREAEXTE S, RIS T ERE
B R e B R B O, ENRERERE O e i< 4+ T, 3
RRERIEE TR A B E 2R AIE 0., NE 8 iR, i3
TEB A FRHE AR 2+ T,

M

M,

It b ;) 4 el

t+Ty n+1 >
4Ty G+ Ty

B8 A EHR S AT f A ] -5 b ) o O

A M, MIBREE KRR A (M, M, - M), SR
BREIEOSHA Ty Tes e T, B KT <o <CT, . IGHY
B e RE,HBTRIE N e. 1. X TFEEBFIEIR M, 1915
AT r AR My, My, »oo, M, B TF SR B 18] 53 50 28 11
Ly oo st s FUWT e S H B TR 3 1 B R AR IR0

e r<t,+T,
e t<it, +T.—

e. 1<t +Th

Bl e. t<<min{z, + T stir1 +Tomryoorsn +Thh . HH{F e FEIE
7B r FEHEREE O, R T EEER M, KiB1TE
BIEE A BR » A1, 30 T 200 FV G SRR H N B L AT Ok iE 17 32 41
5.2 EALEREE

53T NFA R IC B R A, & TR K A sl
M T ACAE S )4 B B B A R B F B R &M A sl
(B2 IR B BB , Bt 7E e 4788 = UT L I 75 2 5 R AR (A 1)
Blas A R Bt R 45 RV . P ER RFHRNEEN
WIRANE L 1 iR,

i1 s EERFMKNE D (Hierarchical Complex
Event Detection Algorithm, HCED)
Input:e:event,R:runs set
Output:R': updated runs set
1. for r€R do
2. if checkTimeWindow (e,r) then

3 if evaluatePredicate (e,r) then

4 r. buffer < r. buffer+e

5 r. state < r. state. TE

6. if 1, state is box then

7 create a new run r’

8 r'. state < r, state. IE

9 r’. preRun < r

10. R«R+r'~r

11, else if r. state is accept-state then
12. if r has precursor run then

13. "<, preRun

14. R« R+1"—r

15, else then

16. create a new match m according to r
17. R« R—r

18. end if

19. end if

20. end if

21, endif
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22. end for
23.R'<R

H—MERFEMG o KB, BT E 514 B 1T LB
£ RPWE—MNBITER r HFATER . &5t r FH4T8RIE
DA, 365 » MAPIRA ML T IR R B PEA , IR ~ B
4 B ] T 11 T ELBE 4% AT Bk ES , MIAE e A r R IX
P ELFRRERBN T —TREE 4—5 ), HoPER
B BAACRA R TR BT S RREZREHTAR
B AL,

BEFESE R r MARTT AR TR, MAFELL
55T - EEIA,

SR AT SRR T R, 06 25 Bk 5 B M R AR B R AT I
i e — R TFREMR BT -~ EMEEPRESE &
A BRERB A O3 5, R8I BT SE g
R " 58T r B3k 8 R R B IS e ST AT R A T
EHEPRA, BT ' B preRun R r BRRA, IFHE r A
BITEGIHER HBERGE 7—10FD).

TSR MY S BRI B i R B IT BE S AL
WRIEHE R P & SRS T EH preRun, W8 B Al
RN REBANEHABRNPEERBIEFEEERITH
) IR TE B AL AT R AR S5 SE U A, B IR R AR
MABITEMER B3 NB 1T S B4 PR T & T E 52 &
FRBEATER] v 13— 1447 INRIEF P RAE B EE SR NIE
e, MR B 22 R RESR, BRERNE BN EEH
Ko, B A DU B SE AR, 48 - A E(E B HE T 3R - NiBFT
SLBIEE R R (B 16—17 7).

B AEEHENBTEAE R, FEET - F6
Fik,

5.3 ERERENN

HEAD BB T P A MR B AR TR LR
IR FE AR AR TR, AR FHR K MMENE
BB AN HRES . I TN E BT E 52
[EFF4Y . 1 S8 5] A4 B O (partition window) BIHE:&:, H 3%
RTEFE EREE O F— T BT ERARELRNIAGEME, L
AN BB ANE, £ TRREREED,C XRAEM
e B TRV B B RS p BRI HOE P iR, R A
HHEOMINW=TCHWEN), Bi:EZESHPIRLHE
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Parameter Description Value used
S Event stream size 5000~ 25000
P Probability of meeting constraints 70%
H Layers of complex event hierarchies 1~5
L Length of the sequences in each module 3~5
T Time window size 100~ 250
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