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B RFHEMAAFE (Complex Event Processing, RiFRCEP) ¥k B £/ KIFH]
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A RE A RE R AN F A BIA R P IRERERE, B
R RRM. H, Flink$eft 7 & TH T2 22 FH 4403 EFIinkCEP.

Flink CEPZH {4 ¥% ¥4 B fE DataStream APIZ F, $24L T F T 52 X N\ HA:
R Pattern API, Jf:¥Pattern APISE S AR =N FHE M N7 E,
MY — N EHE R PatternStream, /5 8 PatternStream i select J7 1%
I AR A A S 2 A e ST AR A UL EC B AR T 8
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DL R 2 Flink CEPXt M. i Mavenfi i -

<dependency>
<groupld>org.apache.flink</groupld>
<artifactld>flink-cep-scala_2.12</artifactld>
<version>1.11.2</version>

</dependency>
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8.2 Pattern API

8.2.1 MAAR
8.2.2 &\
8.2.3 Hiz.
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8.2.1 MR

—MAEE AT U B G, ] DL PE S . BT DX E T 545
B RER RS, MR ] AR — A a2 . MR
AEERWIE DL T 2 BB, AN AT L 8 S il i L oy i A%
o BRI AT DO Hog SO T A R H 12 202 75 BT IR s 1
DA S AR i begin /7€ X T — MMk A start:

val start = Pattern.begin("start")

.where(_.getName.startsWith("start"))

(Flinkgw LA At (Scalafiit) ) B I TRZFHAR R



8.2.1 MMEIRT

1. & 1A

Pattern AP {1t 1) & ia] 58 3R 3k Hh 2% 1] BB QUL AL A o8, 45 B U
BRI B e SCRGIB R &R, BT BLRE LEC AL, tBa]
LfE € VL BC IR BVa . T AR starty ], 2848 [R] i IR REOR

(1) times/ik: 8@ VLA AT IREL
RN

start.times(4)

/I TCAE2. 34Kk

start.times(2, 4)

(Flinkgw LA At (Scalafiit) ) B I TRZFHAR R



8.2.1 MR

(2) optional/7i%: ¥z ARIC NI IER), BIZACE A AULEDS, 24 %
HE 5 IR UL
I B2 VLERAR, B AL

start.times(4).optional()
Il 24 VLHL2, 38%4Ik, ZLAAULHED

start.times(2, 4).optional()

(3) greedy/ii%: Rzt Anic AP AERT, Bz sUAE 58 Biida 8 IR E UL C
HITE DL T R AT REZ UL FC .

I VLEC2304¢%, I HAv B v e 2 UL

start.times(2, 4).greedy()
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8.2.1 MR

(4) oneOrMore5i%: Ay BILHL—IRENZ IR,

RN R 27

start.oneOrMore()

I Z A VLBELIR AR, AL
start.oneOrMore().optional()

(5) timesOrMoreJji%: f8/EULECIREC N A T IRELA b
/I VLBC2K B E 22 7K

start.timesOrMore(2)

RN VR EEIE2UN
start.timesOrMore(2).optional()
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&) 8.2.1 MR

(1) ARG
EARSAMF R AR < F WG B B e H A TR R S E R, K
Al | PRt e b e e S A =X S N T O AW LER VNI C AW 2 o S 2 P =B wh B U
subtype /5 2 4 54 .y SubEvent, fEwhereH 1 F ctx.getEventsForPattern /s
R I Amiddle U i i 4, IR R IR S HEAR R SR . R T N
TR 2R LA foo =k, H A 5 Z Ao a% ) S AT EEIE 5.0, iR middleds 12
X —FE. EFERE, X BB Ectx.getEventsForPattern /7 A2 5k B 2 Hii 42
IR S4F, I E IR BEIR K. Flink B 5 @ W3RN VS £ b % 7 i r
H, PAAXT 5 G B A 38 RSGRE i
middle.oneOrMore()
.subtype(classOf[SubEvent])
where(
(value, ctx) => {
lazy val sum = ctx.getEventsForPattern("middle").map(_.getPrice).sum
value.getName.startsWith("foo") && sum + value.getPrice < 5.0

}
)
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8.2.1 MR

(2) faj B oA
Z) S AE 4 7K E IterativeCondition3s, T RIS F4 A & 1 & 1k 4 b 2
mE WO FE . DUMUERLE T R A 2K Lfoo TSk S 4 2 g5 5
startfZ I .
start.where(event => event.getName.startsWith("foo"))

(3) HE&%M

Sa kM2 % As, 2 00FF Rwhere AR EHR S, TH
or JFVAIER AR A L MRS HUE R A 248K Llfoo TSk B g /N T
2. 00 FE M4 = B AmiddlefZ I .

middle.where(event => event.getName.startsWith("foo"))

.or(event => event.getPrice < 2.0)
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(4) {71264+

ST IEIAEE, 0] DLEE @15 1k S5 AF b LR 36 2 SR AR 45 1E R B =4
FlinkCEPH2 4L T until 5 vk e 12 1k 4, FEFEHIE, untily ik
HoneOrMore 57k —#2fd . an MK FHuntil 7 148 e 4% 1L & NiE 3] 5
2 Fx vend IR, 45 kR

middle.oneOrMore().until(event => event.getName() == “end”)
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8.2.1 MR

(5) AT 5AF

—MEFRE X — AT DL — N B AN, AR &R T RN 2 A
ISR R R . TEFIINKCEPH AT LIOGHIE A X H E SFIAS R 1 A0 3 2644, 53
JETEAGARIT . T AA SR A AR B T AN SR o TEAS T AT E , BT A VL SR
NAZAE RS L — AN — AN B, PR A BE B LA AS LR A4 T 5 AA 2T
3T SO VR UCIC A 2 ) BN DS EC S R e v A AR 3 — 20 T 1
%AF, RUFTEVLHC SRR 208 S UL 261 . BRIAIE LT, a0 2

B AR R 2K A

FlinkCEP#H2ft: | consecutive 72 H T 7€ AR5 2 1 P A% 203 254, A H
allowCombinations>K & X AEM & TEAa 4RI . LA BIACHS DL™ k& &R A =X A1,
NPEAEL I middledis & ™ i B kA, RGBT Y H A2 FR LAfoo Tk i) 5
A S Hmiddle sz

middle.where(event => event.getName.startsWith("foo"))

.consecutive()
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8.2.2 EEEI

H AR A B AR AL SR, DI S8 RN 41
R MR A SRR e LR BAE LRk AL, ERAGEAF, L
AR AR SR Z U AR AU R SR BIN R T . Bk 1 R SERIN =48 61,
%gﬁtﬁ—ﬁﬁﬁﬂﬁﬁﬁﬁﬁZE%%ﬁ%ﬁ,u&%ﬁﬁ%X—ﬁﬁﬂ

B\, BNEEBRXERL I — D HIEE Ak, MR
val start = Pattern.begin("start")
.where(_.getName.startsWith("start"))

5 WU AT AT RBIE S AR AN R ) Ao s R K
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1. ™A AR

SUTER P A A A G PG IS 08 7 A 42 R SO HE B, FRDAS tH AR AT A
W R R A, EFIINKCEPH Finext)7 vk S28l. R BCHDH Estart 2 5
R UL 2 B simiddle.

val strict = start.next("middle")

.where(event => event.getName.startsWith("foo"))

times(3)

FHMEHE, AT DUAE AN E— MR RS 7 — MRk A2, fEFlinkCEPH
notNext /7558, T FARAS R E i I start 2 5 R EUA B2 not.

val strictNot = start.notNext("not")

.where(event => event.getName.startsWith("foo"))
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2. GEAA SR

FOVF PR UL BC 5 2 8] B A VL RS B 54, AEFlinkCEP A H followedBy
JIESERL . F AR B E start i B TR AL imiddle, {E & A1 8] Al LA
A AVLEC A

val relaxed = start.followedBy("middle")

.where(event => event.getName.startsWith("foo"))

times(3)

FHRZHE, 8 R] PUREE AN LA AE P A VL A BB U [a) R AL S, 7
FlinkCEPt FnotFollowedBy /5 v: 28l . FEFENZ, B FEHIAFELL
notFollowedBy#Z5 W . T THI HARAS #H i 12 notAs B 7 15 T startF i wstart
Z I8 & AU HL -

val relaxedNot = start.notFollowedBy("not")

.where(event => event.getName.startsWith("foo"))
followedBy("middle").where(_.getPrice < 2.0)
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3. AR E i QBT

R 7€ T A AR B — 2B TS0k TS, SR VE A DT g 22 L LE U ) FE
£, {EFIinkCEPH @it followedByAny /5 i%SEHl. I I AR AR 4 =X
startFf5E Ximiddle A AR & e FA ik :

val nonDetermin = start.followedByAny("middle")

.where(event => event.getName.startsWith("foo"))
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4. ISR} 21

Al DA R — NI TR 20, 7E R E IS TR] N Bk B S K AR B ULEC A A
R, AEFIinkCEPH B within 77555, LU BUARASHILE # middle b Zi
FELOM Z N S8 AL T, 75 T AS P Ui g1

val strict = start.next("middle")

.where(event => event.getName.startsWith("foo"))
within(Time.seconds(10)
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WIS LB JUANERREM, BT n] Lsg Bt e X — R & K pattern.
B4, MApatternfEFH AR A T3k — D AR starty Sk FHt . 555,
B patternf Sk ™ HELE H L H A4 FR Ufoo Tk B3N it B,
patternifi ZE10F0 4 BIA RS 3k B2 PL_EO A% 092.0BL T By F4%
val pattern = Pattern.begin("start")
.where(_.getName.startsWith("start"))
followedBy("middle")
.where(_.getName.startsWith("foo"))

times(3).consecutive()
followedBy("end").where(_.getPrice < 2.0)
timesOrMore(2)
within(Time.seconds(10))
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FHEAHE AR begindi iz T2k, Rl — 2401 5 R
PTCERECRIE R, FIReHn, BSECnT DUl b i o sz
Aok, TR — M. 7ERIA A n] DLFs e s A A P = Ay
Aokt . MiZ% EE, BEaUn] DIEERE AR &0
N AR T B ICRCS 55 76 AL 02 T X DL
EHEATIC M. LR ARIGER T #i 4 gPattern i E L.

val gPattern = Pattern.begin(Pattern.begin("start")

.where(_.getName.startsWith("start"))

followedBy("start_middle")

.where(_.getName.startsWith("foo"))

)

.next(Pattern.begin("next_start")
where(_.getName.startsWith("buy"))
followedBy("next_middle")

.where(_.getPrice < 2.0)

).times(3).consecutive()

(Flinkgw LA At (Scalafiit) ) B I TRZFHAR R



8.2.4 ILig fF ki

T — MR, HREFAm e x4dE 2 RILE, SHEN, —

HAE TR BC B 2 R ILECH . O T $8i — A UL EC kB, T LUFR €

IT_E@E}: EJEJiﬁEH% FlinkCEP# L T AfterMatchSkipStrategy, 7 5FhBkit
WHE, Jralie:

(1) NO_SKIP: {E&E—kILECH A =wipkid . w7 DUE T iS5 2 Ut
Ao 5 Bkt S rE ANO_SKIP.
val skipStrategy = AfterMatchSkipStrategy.noSkip()

(2) SKIP_TO_NEXT: ZFVFE—"FHM4HGERIA 2 ULE. 7T LIE
o T AAY TR 2 VUG = Bkid SR ig 9 SKIP_TO_NEXT.
val skipStrategy = AfterMatchSkipStrategy.skipToNext()
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(3) SKIP_PAST LAST _EVENT: ZEFULEH46G1E S5 2 /i i BT A 58
srULHC. AT LUIES N ARG T 2 VURC 5 Bkl S oy

SKIP_PAST LAST_EVENT.
val skipStrategy = AfterMatchSkipStrategy.skipPastLastEvent()

(4) SKIP_TO_FIRST: EF{EVLACH UG EEHAETE & H 58 — IR K AE T
RGBT A #53 UL G, X H 75 E4E € — VA S fpatternName. 7 Ll
AL FE E UL 5 Bkid S 9 SKIP_TO_FIRST.

val skipStrategy = AfterMatchSkipStrategy.skipToFirst(patternName)

(5) SKIP_TO_LAST: EFfEVLECH IR /GEAETE € 5 f5 — IR K AEHT
RGBT A #53 UL G, X H 75248 € — VA S fpatternName. 7] DL i
AR TR E UL 5 Bk S ng 9SKIP_TO_LAST.

val skipStrategy = AfterMatchSkipStrategy.skipToLast(patternName)
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FEANEA N, JerE —AMULELfE BkId S, SR a i mT LUK H N 2lbegin

T WREHTEE, FlinkaBUACR UL S Bhd 5ng$a € INO_SKIP.

AR T VS5 i SEms N SKIP_TO_NEXT, oKL A 245

start I

val skipStrategy = AfterMatchSkipStrategy.skipToNext()

val start = Pattern.begin("start", skipStrategy)
.where(_.getName.startsWith("start"))
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8.3 f= T\ Y+

e P EBERNE BB A 5, ] O N H 2HAR S, DR
M AERIUCAC . A8 ZE SR A S B HS S5 452 =XAH DU B B S A 2008 7 S 1Y)
R SMARMEE S, g —PatternStream28 B I RIR, 52 VLR
HAF RIS R TIX—RA . H50E X — M Ainput, X 5 % A AT A
s&DataStreamti 7] LL & KeyedStream. EiF = K2, fii fHDataStreamif 3§
ITEEREERL. ZEE MR, 8EE ] DAkt e L —4
comparator, F TR HE A 28R [a] B RN FAEATHY . &5,
FlinkCEP$&1it / CEP.pattern/j i kA it =i, A an .

val patternStream = CEP.pattern(input, pattern)
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Gl if PatternStream /&,  FI AN F AR A 5 e OB M DL L 1 FHA44 7 51 5k
CLA {7t fEpatternStream ™1 . LI 5 7] L H PatternStream#i2 fit [ selectiHl
flatSelect 7 i Ml 21 (R 4 e 2 5 BUEE SR T

select /774 7 B N — ML FEE (select function) ANSH, AR
VLECH FHAE AR B . R E LL—Map([String, Iterable[IN]]>k
LB R RSP 8), Horbkey R R MBI A4 R, TivalueZ g 172248
FIHF K IterableZR A . B LR B ik [l — 4R . BN AY
e — MMEFER I E X, 1% )\ PatternStream - $2 5 H 5 152 K start A
f s endHH UL BC KA 7 41

def selectFn(pattern: Map[String, Iterable[IN]]): OUT ={

val startEvent = pattern.get("start").get.next

val endEvent = pattern.get("end").get.next

OUT (startEvent, endEvent)

}
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8.3.1 ILECE 12BN

R 7 2L flatSelect 7 v R IUVEHAF 51, 5 22 X —Mlatit FE &
o flatik £ 5k BBl ANt flatizt 3 p& £ fi F Collector{E ik
Bt B R Es, KRR T LR BT R ER SR . DU 22—
flatiZ PR E € X, %R e M\PatternStream - 2 HY ) 545 K start fl

endHIULEC 1 H4F 751 o
def flatSelectFn(pattern: Map[String, Iterable[IN]]): collector:

COLLECTOR[OUT] ={
val startEvent = pattern.get("start").get.next
val endEvent = pattern.get("end").get.next
for (i <- O to startEvent.getValue){
collector.collect(OUT (startEvent, endEvent))

}
}

(Flinkgw LA At (Scalafiit) ) B I TRZFHAR R



8.3.2 HBATEHE 412

ST T AR P S, SR BT R TR) AR T AR Frwithin g V2R S B B
A% 1, 5 AU o LR FH A PPt B 5, IR HA oA
I FAF . FlinkCEP#2 it T select’7 % MiflatSelect /72 RI-BUE RS FH4F, H
X — 77y ] DAE S X VT =28 1 [E) i S GRS o R T — BAR A A
flatSelect/7 144 e UL BL FH A SN FHAE, &% H getSideOutput J7 V44
f =4
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8.3.2 HBATEHE 412

Il G — A FHAER

val patternStream = CEP.pattern(input, pattern)
Il 5E X —~OutputTag i 4 Nlate-data

val outputTag = OutputTag[String](" late-data")

val result = patternStream.flatSelect(outputTag){
Il SEBGHE I A
(pattern: Map[String, Iterable[Event]], timestamp: Long, out:
Collector[TimeoutEvent]) =>
out.collect(TimeoutEvent())
}{ I FREUE & A
(pattern: mutable.Map[String, Iterable[Event]], out:
Collector[ComplexEvent]) =>
out.collect(ComplexEvent())
}
/1 i FH getSideOutput 45 & output Tag:Ks i i =544 44
val timeoutResult = result.getSideOutput(outputTag)
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WP EWAA, BATNFlIinkCEPUMr[ b B B I HAFE | — AT T #E.
— R, Yn 'S Flink CEPAR AL N FH AR P A ds an AP 3R

1. fi]#&—DataStreamH T B FH A . 8 FEH KN HEF ISR,
ZHFRSCRR BRI S, LS8 58 S a2,

2. it Pattern APIE X FH 0. H P o] DL H Pattern APIH AL 77K
H & X A B8 N3 R SR E SR

3. HICEP.pattern /7 =¥ AN AR S G G K. I Flink 21148 & X
U R N S A A AT R QUL BE, R S5 R DL AC ) S5
¥ %1 H PatternStreamizx 9] .

4. i H PatternStreamfjselect /7 ¥ EiflatSelect /v M UL L i) 544 7> 471 Hh £
HY 5 B i . IX B4R A4T 7 B 2 5 PatternSelectFunction H ¥ select /7
vk flatSelect 77 vk LA A& P 3 H S g aURE =k, 8ot 75 2 FH A4
TR R K H A
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N AN ZHR TR B 9 S FIInkCEP N H R 7P 3. NI &
SN X sl o — 26 P ) AT Celick) « AN TE#IZEAT A Corder)
DLR AT Cbuy) BIFE1d 3% -

Adam,click,1558430815185

Adam,buy,1558430815865

Adam,order,1558430815985

Berry,buy,1558430815988

Adam,click,1558430816068

Berry,order,1558430816074

Carl,click,1558430816151

Carl,buy,1558430816641

Dennis,buy,1558430817128

Carl,click,1558430817165

Ella,click,1558430818652
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AT 2 b 38 HS P A e v e SZ R SE R #RAE, JFoRe A P 44 PR
oy 55 W SK B TR A 3842l b o Se RS nR

import java.util

import org.apache.flink.cep.PatternSelectFunction

import org.apache.flink.cep.scala.CEP

import org.apache.flink.cep.scala.pattern.Pattern

import org.apache.flink.streaming.api. TimeCharacteristic

import org.apache.flink.streaming.api.scala.

I 7€ S N F AT BRI 2

case class UserAction(userName: String, eventType: String, eventTime:
Long)

I 5E S i A A RE 2

case class ClickAndBuyAction(userName: String, clickTime: Long,
buyTime: Long)
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object UserActionDetect {
def main(args: Array[String]): Unit = {
val env = StreamExecutionEnvironment.getExecutionEnvironment
env.setStreamTimeCharacteristic(TimeCharacteristic.EventTime)

val dataList = List(

UserAction("Adam", "click", 1558430815185L),
UserAction("Adam", "buy", 1558430815865L),
UserAction("Adam", "order", 1558430815985L),
UserAction("Berry", "buy", 1558430815988L),
UserAction("Adam", "click", 1558430816068L),
UserAction("Berry", "order", 1558430816074L),
UserAction("Carl", "click", 1558430816151L),
UserAction("Carl", "buy", 1558430816641L),
UserAction("Dennis", "buy", 1558430817128L),
UserAction("Carl", "click", 1558430817165L),
UserAction("Ella", "click", 1558430818652L),
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/1. BN F R

val userLogStream = env.fromCollection(dataList)
.assignAscendingTimestamps(_.eventTime)
keyBy(_.userName)

/2. A7 8 E

val userActionPattern = Pattern.begin[UserAction]("begin")
where(_.eventType == "click")
next("next")
where(_.eventType == "buy")

/I 3. 1 CEP.pattern 7 £ 5 5 X UL BC A S 42k

val patternStream = CEP.pattern(userLogStream, userActionPattern)

/4. H a5 R

val result = patternStream.select(new ClickAndBuyMatch())
result.print()

env.execute()

}
}
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/| ¥ Eselect/)y

class ClickAndBuyMatch() extends PatternSelectFunction[UserAction,
ClickAndBuyAction] {

override def select(map: util.Map[String, util.ListjUserAction]]):
ClickAndBuyAction = {
val click: UserAction = map.get("begin").iterator().next()
val buy: UserAction = map.get("next").iterator().next()
ClickAndBuyAction(click.userName, click.eventTime, buy.eventTime)

}
}
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TEIBATIXBARRY AT, FFESLESIFlink. 2R)5, BIEDUHE SR, a4

$cd ~
$mkdir FlinkCEP

$cd FlinkCEP
$mkdir -p src/main/scala
$vim src/main/scala/UserActionDetect.scala
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¥ b ARS & H FUserActionDetect.scalarf, 3 618 —pom.xmlxC
fF, RN N

<project>
<groupld>cn.edu.xmu.dblab</groupld>
<artifactld>simple-project</artifactld>
<modelVersion>4.0.0</modelVersion>
<name>Simple Project</name>
<packaging>jar</packaging>
<version>1.0</version>
<dependencies>
<dependency>
<groupld>org.apache.flink</groupld>
<artifactld>flink-cep-scala_2.12</artifactld>
<version>1.11.2</version>
</dependency>
<dependency>
<groupld>org.apache.flink</groupld>
<artifactld>flink-scala_2.12</artifactld>
<version>1.11.2</version>
</dependency>
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<!I-- https://mvnrepository.com/artifact/org.apache.flink/flink-streaming-scala -->
<dependency>
<groupld>org.apache.flink</groupld>
<artifactld>flink-streaming-scala_2.12</artifactld>
<version>1.11.2</version>
</dependency>
<dependency>
<groupld>org.apache.flink</groupld>
<artifactld>flink-clients_2.12</artifactld>
<version>1.11.2</version>
</dependency>
</dependencies>
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<build>
<plugins>
<plugin>
<groupld>net.alchim31.maven</groupld>
<artifactld>scala-maven-plugin</artifactld>
<version>3.4.6</version>
<executions>
<execution>
<goals>
<goal>compile</goal>
</goals>
</execution>
</executions>
</plugin>
</plugins>
</build>
</project>

(Flinkgw LA At (Scalafiit) ) B I TRZFHAR R



8.4 v Fi s3I

BB AR A I TP AT N TR A2 T 4T ljart .

$cd ~/Flink CEP
$/usr/local/maven/bin/mvn package

5 Fjarftl#E A2 4 Flinkiz 17

$/usr/local/flink/bin/flink run -c \

> UserActionDetect ./target/simple-project-1.0.jar

BT R AR R N RS R

5> ClickAndBuyAction(Adam,1558430815185,1558430815865)
6> ClickAndBuyAction(Carl,1558430816151,1558430816641)
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