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Abstract  With the development of data collection and data processing techniques, event detec-
tion has become increasingly vital in application areas such as object-tracking in IOT, network
monitoring, financial prediction, and telecommunication consumption mode detection, etc. Event
processing is supposed to be completed in one-pass of the data streams which are discarded after
pattern matching. Actually, historical streams maintain plentiful information which cannot be
simply discarded in many scenarios and some event detection queries are always subscribed over
both live and archived (historical) streams. Due to the lackness of event processing over live and
archived event streams, this paper addresses key issues of live- archived stream complex event
processing. Main works are as follows: (1)Due to large numbers of partial matches generated in a
sliding window, partial matches management methods named TPM and STPM are proposed.
With STPM, spatial and temporal information are kept into partial matches and the most recent
and possible updated partial matches are resided in main memory which can reduce pattern match
miss ratio and greatly alleviate external partial match loading I/O cost. (2) Optimization of com-

plex event processing algorithm over live-archived streams based on events selectivity is pro-
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posed. (3)Formal cost model of related methods are presented. (4) Based on the proposed partial

matches management methods , extensive performance comparison experiments in a prototype

CEP system are evaluated (experimental parameters include subwindow size, selectivity, match

ratio, hit ratio, etc). Experimental analysis verifies soundness and effectiveness of the proposed

methods.
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Queryl:

SELECT CarID_l, Timestamp_l, CarID_a, Timestamp_a

FROM LiveCar MATCH_RECOGNIZE(

PARTITION BY CHECKPOINT_RID

MEASURES CarID AS Car1D_],
Timestamp AS Timestamp_l

ONE ROW PER MATCH

AFTER MATCH SKIP PAST LAST ROW

), ArchivedCar MATCH_RECOGNIZE(

PARTITION BY CarID

MEASURES CarID AS CarID_a,
Timestamp AS Timestamp_a

ONE ROW PER MATCH

AFTER MATCH SKIP PAST LAST ROW

)

WHERE CarID_|=CarID_a

AND Timestamp_l — Timestamp_a <~ 30 min;
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Query?2:
SELECT min_tstamp_l, symbol_l, min_price_l,
initial_price_a, min_price_a, max_price_a
FROM LiveStock MATCH_RECOGNIZE(
PARTITION BY Symbol
MEASURES A.Symbol AS symbol _I,
MIN(B.Tstamp) AS min_tstamp_l,
MIN(B.Price) AS min_price_l
ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
INCREMENTAL MATCH
PATTERN SEQ(A; B+)
DEFINE
B AS (B.Price<< A.Price AND B.Price<~=PREV (B.Price) )
), ArchivedStock MATCH_RECOGNIZE(
PARTITION BY Symbol
MEASURES A.Symbol AS symbol_a,
A.Price AS initial_price_a,
MIN(B.Price) AS min_price_a,
LLAST(D.Price) AS max_price_a
ONE ROW PER MATCH
AFTER MATCH SKIP PAST LAST ROW
MAXIMAL MATCH
PATTERN SEQ(A; B+; C* D+)
DEFINE
B AS (B.Price<<A.Price AND B.Price<<=PREV (B.Price) )
C AS (C.Price>>=PREV(C.Price) AND C.Price<~=A.Price)
D AS (D.Price=>PREV(D.Price) AND D.Price>>A.Price)

)
WHERE symbol_| = symbol_a;
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SELECT (selected fields list)

FROM (streams or tables) MATCH RECOGNIZE (
[PARTITION BY]
[ORDER BY (field name) ]
[MEASURES (measure list) |
[ONE/AIl ROW PER MATCH]
[AFTER MATCH SKIP TO NEXT ROW/
PAST LAST ROW /-]
PATTERN (pattern description)
DEFINE (events constraints list)
[WINDOW (window specification) ]

)
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HL 2 R,
Bik2 WL -BELFFRNAIEL.
i‘FHAU’/\:PLv P/\v WLQRA

o i AR 19 S 2 CE
Lo X F 2w W A B A2 1 e,



546 s

¥ 1 2012 4

2. REMDE B XS R Py L InstL,

3. WAEAE ALK o MR B 2 InstL; J5 B 3
B RORS AL WL T — g

4. WFFAE, W e RS E B ZE InstL, J5 53 i

KRS

5. T TnseL; 19 3 52 3 7 18] IX H] R 45 5

6. A Roas X IO 14 550908 At 152 MR 3 P A S R 7 SR o
Rai By PASEBIIFTRA InstA s

7. T ID JEPE L XS24 InstL, F1 InstA; i
1T He B AR
CE.=InstL, I EoenID; AR ; plnstA;;

8. it CE:;

9. I W, BT —Fffe.

LLAA B35 BHAT 7 B RN E 6 s, 501k 1
AT AT U S I 3 8 9 A S PR A AT
BTG, Bk 2 vpoR NSEIE R TT 8. 25 S A )
B —A> P s fil ok — ARSI L) Py &
ZR ARSI, DA T U A B A Y E A4 A A A
LLAA B35 — UL R 45 LY g 52 30 I 02 A7 5%
B R LHIPTA B9 P52 080G I H R 0t 45 A O 2
Foxk S B T 5 R LSS AR B AR SR A R AR
B B A — ARk L Yl fad HL
A a5 B AR B R AR A BRI B — D SR IX A B
B Y R LR BT A (Y P o S0 ARG I R e s R 5
IR R Tnse L SE 05 B ATTREAT — S 29 3¢ & (AN
EventID; Ry %5) W) EEHAR AR £ J800] i i 9 52 J R
P SR G HEAT TR — S S I R S 1 Ak B

SRR

X EventID AR NP — 54
VA 37t
K6 LLAA B EHIT/REE

LLAA BRI R MARE. LLAA 535 AR i 2
TR R LR Y - (1) AL BESEIE iR Wb i B > 2
PR A 5 (2) BRI Tnst L, 05 L4 3 50 9 1) A A7 14X
W3 (3) A8 Tnst L X 7B D3 S b #EAT Pz I i £
s (D) InstL 55 InstA SHEATIE BRI -

Costiian =| Wi | X Cost + Ny, X Costgop +

N nstl.

InstL
> Costa X| Rai |4 Costp,ap, XNp  (2)
i=1

EIZAMN R Nlm-zLX Costrps N T A 53 &
RS B S i it b B S 9] fike e 7 P s U TR) A AR

N
Nstl.

i ZCOSZA X | Rai | JE T8 Inse L X4 R B9 D5 52 9
i=1
R W 2 Ao Costp, vap X Np Ry 55 B 3

ARSI 3 ) i IR 725 19 52 61 3 42 8 A 1 AR A
LLAA BBRERE N OCW, | X|R,|D.

LLAA B3 J& — Fp 3k T 52 B 3 b B 52 491 3K 3
fRAE L B AT St OB s B i A7 e — ek
RS W SE BB, A ik 2 53 A — A B0 i R & 2
PRI, S PR b BT A SEB A LLAA =5 2045
F8) 5 30 YA R PR 81 2 B 9 L i 30 ) S5 461 7 ) g s 9
T R = S € 2 A 2 & SR 7= N A = A
PRI 72 T 49 FRATT A 28 G o] A1) 5040 7D 38 45 1 RS
XM ER Sl LLAA B3k HE R EmE. A
SCHE A LLAA B3 f1 SCHRL6 ] i Lazy Pattern
Processing #P & 5 F fish & =X 1) A 1 kb B 7 %, B oG
FE S 1% R AL B, 1 A D 30— A 52 B 3 1 S 4]
J& o AR 7 s G AL B AE SCRRLE T s T X 2
SRR AR IR L 55— W DT SR I T In) JE ) T A S B
i SF (R FY A7 o I A BT 104 52 B 8 S 461 g A 00 3] psf
T B3 AN R B A7 DG C A s 3 b i S L H AR S
Ab P S B IR S ik & D3 sk A U 1) ) S5 81 R RE A
8 52 0 3 1A AT AT 7 PR O R A AR 2 S R
8 S A8 5 LA A S B 30 S 490 7 1) g s 3 1 B AL —
FE S DR D s U B AR S SR 1 S 4] A R TR A A
B, BT LA AR SCHY LLAA BCfE 2548 b Fn SCik (6] 4H
AR AFL PR Ao 380 T L) 2 S5 T 0 2 1) 7 At AT B
RN R —HE. 53 Ab A SO AT B A4 25 44 17 4iff it
B S R e ] 45 SR L T DL A PR b R AR S T
b 5 T A A A Ao T 1 R S R
4.3 ik LLAA &%

EX 6. L. 4~ PSR S,
P WEFEJE Selp E XN

RO i b DE RE A PRy S B B H o R IR R
/NEYEAE. FT UL Selp B, W) R BT R0 S UL T
P RSEpI B H B Z ;s Selp /N, S HILEL PR 52 i)
B E BN, Sedp H R W 7€ S5 AE B A I PAT TH R Cn i
e b s BN Selp (X G845 35 He 50K Sel 42
B AT RO 1 HARAE RO AR A

(1) #F Selp ) LLAA B4k

fE LLAA By, Selp ] LR oA 9 45 52 105 30
[ S A B2 RE A Selp, << Selp o W] Inst, DX
st AL B e B R A2 55 A el <
Selpl‘ s Insty D} Inst, 0] LYK 2D SE B3 B A £ 77 A
e 2t R DL IE B TH B el T P s O A A A
RSSO SR b G R R AT L o ke 2 A B
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RO T LA 68 T S AL 6 4 8 T L 3o
Y5 5 1 2 50 R A 6 R S R T
8 1 52 1 S0 91 B A ) 7

7 b SERELEO S W AT 3 A Pk
{5 T W, 68 60 7 e W7 10 DK ) R AT 6 A4 Py
5], Sely, << Sely, .7 EATE 2T 20 6 11 b e 4 52
S 7 b A B S8 98B T 5 2

Sel,, — Nowr g, = A\
FOIWLIHR, CWLUHRL B Bl B SR
SR D><] VRS —— W, ———
R B RIRIE] VIR
- R, — >

B 7 LLAA BEBURRIEZIF L FER B R

(2) #F 78 1 LLAA Bkt

AR AT BE B AT LA A 4 D s 8 5
T ALY W AELEZ A P LS2 ], HAEAS S5 6T 1
B O USRS 330 1 1] 3 5K A 2R SR G I 38 — A4S P s
il fih K — Wy s G T 18] 53R K S S B 2
P imt B3 oK . HLBA R BN PS5 [a] (4 Dy s
WEA A2 BRI W 8 R L SERER EAEAE T A
PSPy~ Pry s WV IR 2 19 &2 22 Rl
T BT T R DT SR IR BAR AT LAGE B 2
G A7 L — M Py S T R A A A g
S AR A S 4 8 T M AL a8
J3 52 Vs 8] DX ] Raz -Roas s Rai-Ras -Ras » BEAI1Z ]
HRAFAESS X I A0 R K Raz -Ras s Ray-Roas -Ras 41
SIAE R — A Kb BB ST A7 i R B AT DL B
i ) U7 [0 3 SR B AR RN A 1T

W AP oA W W

AR

F 8 HFTH DM LLAA Bkiir s EE

DRIt & AT M) P 552 491 ] £ 3R 4 4 1R T sl v
KI5y h A8 10 DL 1O A AT AR 2 - B A
SRR,

Un e 3 5 /NI B 115 A2 S R o 1Y
JE IR FLHAR G AR T 1 RN W AT B B
YA Dy S 3 77 1) 375 SR RTS8 384 00 w7 keF 1] 5 41 2R 5
7 e R RO AT e T BUBK 19 Bk S R
IEIR.

5138 1. 4~ NTEL- AL AF A,
— PP E X AR ER A T % T shd f

W NIk B B JOR S S AR LB F ) 1oy Toyeees
1,,»931% Liv Tipyseees Iiu%ﬁfﬂﬁ@]% l /I\¥T';ZT H
W % FLALY
| min{1;.equ.time) — I+ eqa.time| <T,

H  |min{1,.equ.time} =1, ;i1 .equ.time| =T,.
HA, i <k<(i+j), I .equm.time FRE i NIEB K
RSB I d5 J5 — A>T A A IS B 1 eca . time
FORGE ¢ IR BN B AR L 0 e Jg — A>T
F8) ERF [ 8K

FIHE 1 R W, B E i el 1 b B sk
eeatime [ S B 5 BA B /N e time 1R 5245 B I
[F] 2%

BT FHE IR LLAA 5k 3 fis.

Bk 3. HET T MM LLAA 55 (SLLAA)

WiA: Py Pas Wiy Ras Ty

< AU B 1) 52 A F A CE

Lo XWo s AT 2 2 FpE PLpg Rl 5

X BN E ORI PLIZ B Inst s v, KRB F)
FIORE M BT P E S5 R b X
2. MAETIH 1 HE T8 0 W, B9R/N
3. T B W Hh 9249 7 18] 73 50 0819 dc K X ] Ray =
[P, .Ry.Start Py, .Ry.End]

4. X Ry WA

5. AT R AT Pa Ry 5

6. R B RRS Y Pa LB Insta; H
AR5 B KRS Y Pa 52 BB Hh 1)
SR G PMa;

7. 2R R v g4 4 38 5

8. B Inser; W19 SE B0 5 Insea; P8 SE 6] £

Event ID J&YEFIFE @M b AMGE HE#AE
CE=Insti; < gomio ar,, npInsta s
9. i W R 2 R B Ak Fi A CE;
10. AEBRH B O WL B e
11. WS HT W o — 4 3958 N B 2 2 A4 =5 4 A0 o ]
2 1] Hi 3.
TR 3 b sl i 1 W 52 ) 3R 4wl o)
R TN F 8 0 Wy, o B2 2 R DL 5 1
F o AL HEAT 5 1 KN e I 52 3k 1 7 1]
TR AR [ Wy, | =1, 5 2% S5 104 00 5t 55 T
LLAA 3L iR B K (W [ = [WL LB
B A E 1Y S I 3 AL B 58 5 5 R AT DD SR O 0 b
B, D)5 % A G £ 1 247 w17 B[R 3 A0
SLLAA BEMAM BRI T -
Costiian=|W_ | X Cost, +nXCostrps +

E Costa X |Ra; | +C05t1’,‘>41"4 X Np+
ic1

C()Stwp[\/[ +C()Stw1)lg (4)
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L
&

HoAr 0 X Costrpp KA n A4 W sy, BT B2 BUEUIE E RO

v D) Costa X | Ry | WIEEA Wy, EHEFT Pt
=1

VLT PO A, SLLAA H5E 3k B A5 O @ «

maxieri,) [ Ra | D AT ULER, HE®EREFE T HEN
n, SLLAA BRI M e LLAA Z/MEZ.

PSR 30 3 38 B ROIR A 1 S ) 4 B kg BN
A 7 S U ) s o S T O S A I ) 5 B (R
02 % =B AR R RS R — B80ME |, 5 0K S i A g S 9
FARRA KRS HAEGABEERED W,
PR 43 DG e 45 SR 9% 47 82 O o LA Ji5 52 1Y) = 7
HEAT R L RS B

5 HELEREE

Wi 5 CHIE U 118 U 3 ) 7 T R AR e S ARG T )
HE 5 F SRR DR 7 AR R R B 3K f RO A 10 B
AL UC B 45 SR (partial pattern match results fij #%
hE) 25 2R, PMD . B INAE — BT RFID 1 52 i 4 i
W s, P @ C— 8 10h § 433 RFID
Bl i ALB.C M D By W) b % 8 2 30 0F T LU b
H—A 75 (SEQ) #i X P = SEQ(A; B; C; D)
C10h] AR BEH s % 10 K tumbling 270 (b P 5 — &
AN T A D AR U IR E Z7 o XK /N 2 [ E
. AE 22 vh X AP AF AR B R RS 2R PM = (A,
SEQ(A;:B) ,SEQ(A; B; C) } 1) S 4] , 33 £ 552 41| bifi %
SR P I HEHE AT R v 22 i X, Oy TR IR A AR
A0 1 0 R R — B L N I L Y R Y T
BB F D) o ) 2 2R AT AR R A S e
I3 R AT B E AT RS IR - B A e i
G0 [ A5 A7 7 i) 245 S A B ) A0, AT 3 AT X
SIS YA GRE DG A PGV L T3 Sk A A o ] 2 2R B
KA.
5.1 ETHEMNFEEREE
T BF A ) A [A] g5 R 48 B (Temporal Partial
Match Management, TPM) J5 ik Ul & 9 Ffzs. A (]
S5 A7 A B I TRD G 4 A R4 R 88 v XL G2
X H A 1 v ] 5 2R Y A AR B OB = A A
A TID AR ZS State , H[a] 45 5L 7= A (1) 15 [7]
Ts Ff o B A B ) T ) 38 3k — 4> BT 1 554 25
A Tl By b 1) 45 2R i AR 2 SR 4R AR A AL Hp
B B (8N (TID, State) , B i 75 15 45 ) % 17
Ry v ) 25 R S AR D S — BLAFREE N AE D X
IO F14 F ) 25 SR i H 52 24 S 1 02 v 1) 25 2R JC 80O 1k

IR v ) 25 2R G o DA — N A B SRR S A B
A~ G PR A 1k PMIR KX I X J) 9 o ] 45
ABUSNFSCHE R GE. 25 80 U HP 1) 25 F Mk 2 v 1) &4
SRR T IR 032 v 1) 45 2R AN A 2 o X U s
PMR K H A I AT AR S BB 4.

TID
State
(T, T
OtherAttri

B P=SEQ(A;B,C:D)

SEQ(A;B)
Y Vs Y ISEQUABC)

) g W2 ph X (PMB)
LS

VARG 7 PR
]

A9 LTI 25 Y v ) 45 R A8

TPM J& —Ff F) J o 8] 9 i 285 ¢ 2 87 BE o () 45
R T7 AT LA B S8R A i i, TPM
WA B HORE 7 AR A R IRD G SR DR B A T 2 S
PG RN RE R - R Ao S8 N S T A S 0 A
4 v (] 25 SR A Al REANTE N AF . TPM 5 2 31 v ] 45
RAFAE X (PMS) Hp 22 32 B, 330 5 25 17 o [ 45 2R 5
WP E B E. TPM X Fhodb ] 45 S 48 #7538
e a) 25 2R A ) R L A1 R e ] 2 2R T A AR
R R AN AL 3 Ca) v B BE SRR b i A A TR k-
SIS N T S o VA W E L T S
S BN e BT T SR B\ R 55
S5 1) JBC SR A O IR  AS T B 25 U7 [R) g S 1 v TR &5
EXFF B 3(b) ity g S =X, TPM AN ] 1.
oy IR 3 5 A 0 A A SO DR A A ] A
TEAR IR B 52 2 S50 0 RS HDW sh oK 1 3l ik
AT I, T A2 2R AR T AR AR i R Bl
R ) A B o S T R A A e T 45 R ) RS
YE, BT L TPM A TN 28556 22 8 B b () 25 R 2 AN 8
18 30 i 2 25 TR) 45 2R A 5 ) £ L
5.2 ETHEXRHFEEREE

BEX TPM 48 e [a] 25 3R (9 A A2, 2t Bk 3 1)
25 e 2 W) A JR) 45 B 48 B (Spatial Temporal Partial
Match Management, STPM) J5i, W&l 10 A7,

STPM J5 i v, v ] 45 2R i I 285 5C 3 DAL S 4
77 I e e AT

EX 7. WEERI SR R g — DR
P=SEQ(E, = Ei Ei1, v+ E) AR E A
E oo WS K AE W B ) 1) 9 B KAELR Az p(E,
|\ED Ry ERBISEAE RIS E o) BEV AR R AR5

(TID,|[(TID, | |(TID,
State)|| State) | | State)

i )
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TID 'I‘reeww
State P=SEQ(A;B;C;D)
(T, Ty
i AN OO0 eT0
— T A
RIS RS it SEQ(A;B)
SEQ(A;B;C)

Hlash *opr i 5 s e

P10 e bR 2 Y o ) 2 2R A

PERE. X TR B — A E 8B G<ln) Wy 1
e BT AR ZE R PML LR W ey & L
Weu = et+ At X p(Eqy | ED (5)

RV e ] 45 2RI S 9 SR TR B R X R A S T
AT 1] 8 K A= 1 B[] (] B 22 AL Wy IR BT
o ] 45 S B B 2 0 R R T Wy B ) 45 48 B
1R,

T#E 1. STPM.

LoXF = e

2. Wt PMBfELEE Y PM., ik

3 tmpState= PM, .State;

4. PM, .State= PM, .StateJ e.State;

5 W tmpState# PM, State;

6 [/ Treew,, i A—4i0 %

7. Won, =et+206 X p(Eqan [ED

8. Treew,, JInsert(Wpy ,e.TID,e.State)

9. R PMBKE| AR IR AR

10.  PMRWrite (AR, Treew, -PMB)

11. 4n7E PMB AR E M PM, 52K A2 7E H Hash

S {E
12. PMR.Write(e. TID,PMS) PMR Write (e. TID,
PMS);

13, AbFRT — ik

B e ARBTG5 )5 . B oA
PMB g AR E R PM, SER. INAETE )75 28
e PR R E] PM, I, i PM, R 25 K 588 (]
HFT B 0 REID B i P s 2 i )
R BB S Treew,, « 75 WA (5) 15
PM ) Wopn IFAE Treew,, flA—AB LK. /5 2
VEREIO L 7 — TID 19 fEFE Treew,, b BEXS I
25510 5 AE BN 1 10 Si B RE T RS 1 A 0, FE VA R
R AT DU i 5 A )2 2R RS RO AN 2 d BT
WM Treew,, I FMER W Treew, HAE.

L2 R A T AR 2 — T dR AR, YR
[ 45 3% P A IC B B AR I LR 4T — WA R 48 4

T Treew,, FHEAR 562 MONEI KB AR 1 o ] 45
REAT IR, AR I 2 H Treew,, Fid IR
A A 25 R OB RS A R ORI IRAE I Treew,,
A M BR R R AR Y IC SRR B PMS.

DI RS N N ¢l I Sl T 7 S S B U
PMR Write(e. TID, PMS) ¥ H iz A, 8 #5 HAR S F1
Treey,, .

ALER, STPM & —Fh g kA Jrik . Eh &
K I 25 A5 B AUIR AT B S5 1 1) 25 2R O B A v )
BERGE P IX DU g 52 < 104G DU 42 3t B8 15 1 i vh
U/ S A <R 0 A R I ). STPM [ AN
JEAE T JEAT v A 45 R A I, BT Hash B9 5340
124 v (] 45 2R I ) J T AT AL A AR
CINYSERvRo R ERE R =0 SRS | 5 2 Sl e )
STPM 1 % J5 o3& ] T 3% 2 8 X i v ] 25
L AL STPM [ Treew,,, BAR T REAAi T 21
TID AH 7] 430 5%  H B 5 52 2% S R A 0 %) 4 3 i 2
0 2 RS W7 W B 45, BT LA STPM 48 2 19 25 [\ 4K
Hr5 TPM H G s i 2 5.

6 LWHERSHM

S IR S R R O i AT T AN
- BRI AR B R G % R 2 A i
BRRGH C+ + LW, 4 P58l Visual Studio
2008, i FH 19 BB 22 2 O VR BUHE P2 My SQL Server
5.2, & G lid & : CPU & Pentium (R) E5200 Dual
Core 2.52 GHz, Wf£ h 2 GB RAM, #/E &R 4% N
Windows XP.

HY FAS S 3 B 8 B I A e 2 - B R B O
SR, O AR SR L AT SO T — A EE
RO L BELAEL 2 AL 1] 3 (b)) T 7 2 HIOAE 2 19 7 4k -
A AR SE A ) EE S BNk 2
e H — S8 20k B A A 19 S5 D s B
TN F) SPE #9— 22 /X, 24 2% v XN A REAT
it Ffr 175 K AR D B2 U P 308 3 42 I T O 4t 4.

®2 KWBH

28 Ui
NEg B R H
MRaiio s b 2 e Fe - Lt L Lo, 1]
P(BIA,AD A RAVRARAE A A B AR
Ruuiter S B R 2% v X
[Wsu | FH RN
Ns BE K
p B AR (SEQ)
AR SR 3 S B 18] 5 sk 9 ) X J)




it

Hl

e 2012 4

L
¥

SR P SCHEAR BT B S AL B A A .
SEH PR RE SR bR N AR L - AR S R R I Y CPU
FE 9 (4b B 58 S 3 14 B 1)) R0 K iy A K $X (missed
hit times).

S 1. ALAA 5 LLAA f CPU H:fig b #%.

112 i AS ] 9 7 2k - 25 S P A 7 33 i 1 g
PO, | T ALAA B AE 52 0 i A g 52 4 > B8
£ BBy m LLAA 5k HAE H AR 20 I s iz
11 BT LA T RE HL A B 27 FATTBR a1 52 B i AN
T3 52 RIS T 28 50 43 A A UBCHR AT » DS PG 32 1K
0.5, AR JN[E EH.

9000
5 LLAA
80001 | —A— ALAA
70001
é 6000}
~
= 5000}
E 4000
&
= 3000F
2000}
1000+
10000 20000 30000 40000 50000
LAE N NGNE X )
B 11 ALAA 5 LLAA f§ CPU P:#8 %

(Mgaio =0. 5, AR [ & {E)

M 11 /] LLE 2] ALAA (1) CPU F& 2% I 2 1L
LLAA & HFZFE R E ALAA &2 —FfE HWALE
2R - B A DN B 1 s 0 R AN s G R DU |
) Pasiiil LLAA & —Fb il & X E L - & 1 e =R
PRI J7 5 s R TEAFAE IR B RS P A il
K— IR U5 ) AL T ALAA B LLAA
SEVE R RBAH 22 B T LA i 2 52 0 M A a3 A1)
FEE LLAA.

KW 2. AAD LLAA Bk 5T s
LLAA 5351 CPU [h#K.

FEF R FEER LLAA 5 3% (Optimized LLAA,
OLLAA)PERE 3 220 A [ 3 5 Pk i i e, 76 4k -
2 A I B 5 ) AR B 0 1) A2 Ak % CPU #E
TR R LI 7R K/INA 1~5 7 i Ecs 48 1k
T Z A B FRATT R 8 T S B IE A B B L R O s
TR RERE L EA ) LLAA B35 JH S8 I I 25 3 H2 7
S T OLLAA B33 )2 Jy 50 3 3% 425 55 B 3. AL
K12 Al LFE H,OLLAA 7 CPU #£ %% [ & /b, H 5
PRI 2 ol P 2 1 S 49 185 19 5 % R AR A D il 2D 1 AN i
() P S FN P o 52 31 3R % e R A (H BB T

SRR B R B W R LLAA 5 OLLAAK R 3k
PEREZE 5 A/, T2 B IR IR D A il 4 19 T ke
9 J3E F2 AT IR 3 4R A B U B T 4R A B I O
AAGEAR K. AL Pr A0 B AR [y S 3 A 06 5 2 AT LA
TR PR e T TR ARAGT L T S I R I Y
D AT LG 3o — Sl AR R A

1.1 AA10000 PZZ2 OLLAA10000 NN LLAA20000 = OLLAA20000
(I LI.AA30000 EEEEE OLLAA30000 BXILLAA40000 BEEF OLLAA40000
CJLLAA50000 BR& OLLAA50000

5000

4000

3000r

2000r

B

AT IS 8] /ms

1000}

0 Ll 1§ WNHIERH |

0 0.1 02 03 04 05 0.9 1.0

0.6 0.7 038
VAR 38 1) 3 5 15

12 P LR £ LLAA 5 OLLAA 1§ CPU

PEGE L8 (| Wa, | =2000, Ng : 1~5 J5 , 20 3
selectivity 2y 1. 0)

I 3. AN LLAA /5 SLLAA Bk
PR L.

P2 S B K B A (1) LLAA B8 F0 SLLAA
B CPU MEBE 4. SLLAA (114 111 3% B
4338 500,1000,1500,2000,2500 F1 3000. 5 T i
71 ESOR S FRATTHR E0 08 O 10 32 2 A 1 Mo X
B 1 NI 13 AT LLE H, SLLAA Bk [ LLAA
FVLM CPU R #P 2 /0, 2 5 [N 2 SLLAA 1%
BB UIE AT DT ) = < N A S 0 5l )|
T SR UK G2 5 $ ) ALEL A 38 Sy s 3 1 ] X Ji] £
BT T AR AR £ - 2 2 &2 J Al 9 oF- 1
M) Jo7 B B9 2. B] 13 38 R WY, F 1 1A 3 HUF R 2

24 000

—B—-LLAA
—¥—SLLAA(500)
—%—SLLAAC1000)
—%— SLLAA(1500)
—7— SLLAA(2000)
——SLLAA(2500)
—6— SLLAA(3000)

20000

16 000

12 000

PATHF ) /s

8000}

4000

0

1 1 1 1
20000 30000 40 000 50 000

L EIINPNANE L (9]

LLAA 5 SLLAA fiy CPU #:#g Ho %5
(Rpusrer = 5000+ Myio=1)

10 000

& 13
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R N SLLAA 1 VE 58 56 M 4. A R i 0 7
T4 (B E — A B DX ] ) o 8] 5958 43 ChnAs 52 56
(9500,3000 D}, SLLAA A ik %] CPU 4 8 f5 1.
L S AT LA B P B A5 3 Y 25 2 )1 R 4R
AR 0 HE77 - FHP nT AR 6 R e i D s A #L45 BL  dn
7 RN ECHE TE Ai B SRR A5 B D BRUE
DX 55 L 25 6 ZR 0 XY A A A T LB 1) T
I ] 5 2 2R G0 9 R A BRI .
SEId 4. % LLAA 9 Ruw TERE LR
TERT Y 395 A 38 s R & — 808 28 of
DX AT AR o S IsF 1) B8R L Oy S IR A 2 S ARG T
HERCHE IR [5) B s Sk 7 SR U b 09 52 A S A 4 it
BOHE VR . Ruuseer A5 BE R /IS o B >4 B4R Ui ey 2 i A 5
PEAL S| BE 0] s Ry BT P BEAE A AS T 50088 3 1M
AT E K Buffer v (9 80408 V3RS 2 S8 A7 L[] i 77 52 3t
AR ERAE R S R R A H 75 2209 805 1M
BT AME X S RS R Rk TN
S AT Y R 1925 [0 35 KB, R 5853 e
2 W QUL T 19 25 (6] B AR U /b o i A 2 DG TC S A7 A )i
GHEFM A fE R HIE . R Rege it TR MRS
PERE S T RE. I 14 £ B/ Ry FBULZ 1)
B 1 S AR AR Ry W AT DAY 2D £ 45
135 A (. Ry NBETCHR K.

2 54 i K /1N10000
Y 44 9 K /h20000

100000 B U k7130000
E= K4l it K /10000

L, 80000F EEE Hln i K /N5 0000
£
= 60000
=
N~ N
£ 40000F

200004

00

0 2000 4000 60

ZEhIX K
Bl 14 LLAA BT TR R FIECEE R
CPU € (Mg,io =0.5)

LI 5. TPM 5 STPM 11y CPU ¥EE L %5,

LLAA 7£ STPM 5 TPM W Ff v i) 2 R 45 3
7 B rEREIIR AN 15 R, oh T RERH WE F
(] 25 S48 PR 850K L g P IR | Wsa, | = 5000,
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Background

Complex event processing (CEP) is a state-of-art data
processing technique which has been widely utilized in sce-
narios such as network monitoring, financial trend predic-
tion, RFID based object tracking, supply chain management,
telecommunication monitoring, etc. Both enterprises and ac-
ademia have been paying great attention to CEP. With the
emergence of Internet of Things(I0T), large amount of data
will be generate in a distributed environment enabling more
adaptation of online processing algorithms(such as CEP).

Generally, CEP is running on data streams with one-
pass scan of the event stream, data streams are discarded af-
ter CEP. However, as described in the introduction section
of this paper, many scenarios need to archive historical data
streams and CEP queries can be subscribed over both live and
archived data streams. So efficient integration of historical
stream access into CEP becomes increasingly important. In
this paper, we consider overall issues of CEP over live-ar-
chived streams (LA-CEP) including stream buffer mecha-
nism, event detection algorithms and optimizations and par-

tial pattern match management. With stream buffer mecha-

nism, recent buffer is introduced which caches the latest
events in memory before the events are archived. This mech-
anism provides the archived stream processor with freshest
data so data base access cost is reduced, further, streams can
be archived into database in batch size. Active and lazy event
detection algorithms for LA-CEP are proposed. Selectivity of
event types is used to optimize event stream join order and
the sliding window is divided into subwindows thus live
stream pattern match is carried out in subwindow unit, both
of the optimization techniques can reduce response time of
CEP efficiently. Spatial-temporal information based partial
match management method is proposed, with this method the
latest and the most probably updated partial match results are
kept in memory which can reduce data base access cost large-
ly and enable fast complex event generation.
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