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Abstract: With the advent of the big data era, massive volumes of user data have empowered numerous data-driven industry applications,
such as smart grids, intelligent transportation, and product recommendations. In scenarios where real-time data is crucial, the business

value embedded within data rapidly diminishes over time. Consequently, data analysis systems require high throughput and low latency.
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2 HAR AR wrrnd oo e

Stream processing systems in big data, exemplified by Apache Flink, have been widely applied. Flink enhances system throughput by
parallelizing computing tasks across cluster nodes. However, current research indicates that Flink has weak single-point performance and
poor cluster scalability. To improve the throughput of stream processing systems, researchers have focused on optimizations in designing
control planes, implementing system operators, and improving vertical scalability. However, there is still a lack of attention to the data
flow in streaming analysis applications. These applications are driven by event streams and employ stateful processing functions, including
low voltage detection in smart grids and advertising recommendation. This study analyzes the data flow characteristics of typical streaming
analysis applications, identifies three bottlenecks in optimizing scalability, and proposes corresponding optimization strategies: the key-level
watermark strategy, the dynamic load distribution strategy, and the the key-value based exchange strategy. Based on these optimization
strategies, this study implements Trilink based on Flink and applies it to various applications such as low voltage detection, bridge arch
crowns monitoring, and the Yahoo Streaming Benchmark. Experimental results show that the modified system, Trilink, achieves more than
a 5-fold increase in throughput in a single-machine environment and over a 1.6-fold improvement in horizontal scalability acceleration in
an 8-node setup, compared to Flink.

Key words: streaming processing; distributed system; performance optimization; big data system
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Froe il i, BMEIX 3 Pt 1) e S o e i I s i D)3 281 24 AT L AT i DI 7 388 17 8 (10 S 3 00 e S,
8 A BRI UE R E 3 5 2) 58 BRLUAE BRI R 48 8 B Hla N ik A, 8 & B ISR AL K3 5 3) PR
2D E 24 T P SRS 14 57 8 2 A PR AU P L R A, 3 P P P A SRR AT i/ SRS DI 6k (1137 53¢, 0K 3 i
B LIER 6 ZhA USRI A 2 A IR PR,

Ro BN AN A KI5

(L& fiah SR A & 5t

7E ] SE IR B IRALER E
JEH BRI EH B BRI Hm IR A e
BIMH GBI AT BE A SR e gD FEE T4

423 J:F ABS FIAMIE A W ER A S

W% KeyBy 57 71850 R S, BT 20 e S 5 R 208, 75 BEAS #5519 )5 FF A 1) Keyed State, [H 75 22
T 2o A L AT, BT Savepoint 58 BCIRAS (11584, 33X 23 5 BUIRSS K B [ AS A FH R EHE AU

MR ARG H H Checkpoint $2 {12545 A YK Z AL, Flink i) Checkpoint A 8K A Chandy-Lamport &
13125 i ——ABS (asynchronous barrier snapshot) 3%, Horb, b ] DU Gk B, P00 T 507, a2 il
i, 5 Chandy-Lamport 532 [ IR RIS N, ABS 535383 Barrier #4530 7 I 18] _E %123 JF, Barrier £y HLiE ()34
G T X 4 24w b BE R EGE AR — VbR R S . Barrier M Source B TIREUR RIS, 24— ME TS A
i N IR ) Barrier I, AR BCIRAS TR, JE4RSE ) TS 71 1% Barrier, PRIBAE RS, Al BRo 2040 i 1 BHL 28, 4k 28
T8, WP 10 BT ABS SRR i Horn .

W st
R W
KeyBy ProcessFunc
@ Barrier
O e Hdie

K10 T ABS BEMTh o B K

9T SEEAEAS Wi X 20 B L S T S8 OBRAEIR A A8 e, AR SR AT ABS HIEY Synce 84, Tl
RAEAE AR ARZS PR ES J5 3 76 717 A 8] BRIR S 22 48, AT ZEAS Hh 7 32 F A% 100 T 58 1l KeyBy 31 138 73 K SRS 1 3))
AWE. 2 Source H TR Sync #5841, &M KeyBy H & 1B RF 5k 1 5f e ic B ZE M aT@E %N 2
KeyBy H U EIR A AT A SO s ds 10 i, 265 RS RS 5 o 28 BORZS TR IR, JEARBR B A 20 18 58 1 FHZE.
EHARA b, A0 KeyBy K H G AR A B R B0 ABS Bk 1 — N5 51, 24797 5 03 8 i B B Bb
O, O A P2, Y BT T ER R B B AR A, AR AR AS I DR BR, AR R BTG I [ B 2E.
4.3 ETRENBIRHRER

AR Local Merge. Global Merge Al Ahead KeyBy iX 3 Fft 3 T B8 (1 30035 22 Be S0, 383 9 20 538 4
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KeyBy )4 i B £ 4, LA s 7 ik 2 A0 PR AR i B 3.

(1) Local Merge

Flink 4242 7E MapReduce ZifR iR AT e, il id AT HAT B TAE S LRSS IAT, AXXFES
AL T, 3 KeyBy 5 125l MapReduce H ) Shuffle it Bt, (E 432 #F Combine B HH 1T A EIE R &
Flink {7 Flink SQL " 3 #F Local-Global Aggregation'”), 3 H & fift e B4 A0 R ) 851, AS3E P T Fo 4 K 3l 2 37 =X
SRR AL AL R o, BT B B AR RS R, A REE AT 5 A AR St Local Merge 5.1, SCHFI 7 i A
PIA I TR A, T kD KeyBy B 0 0 25 4% S 24 &

Local Merge 5% = X1 43 ZIAS R A I (RS vh 43 0 5, SR G i SR I et () BBAAR 150 B8 R B S 1 i KA
DA ) 5 A5 36 TERA A /K AL 2R, ] 11 56 T-58 48 i B85 28 462 3R B (b) 7. Local Merge 511E 1] J5 K5 Hdi i, 2 4%
R [Vl 1] i 0P A O K ik, PR IR EUHE A 7. Local Merge B 3288 € #1. E€ SA1E s B0 A AR, e AR X LE
B A B B TR IR I A, A R AR B IR I 5, E R R A TR E B B S R, & A
SR R T AR B BRE 8 SR AT, T DATE B AN E SR b, TR B0 8 1 TS RS 4
P, BRSP4 2818 WK 7 Local Merge # 20 & 4514 I & F 5B,

|
|
:
! (a) KeyBy KeyBy
I
I
I
]

state

l Scnder ‘----*{ Partition }—-l Conncelor }—" Consumer |—'
-

1

1

1

(d) Ahead KeyBy:«.”

i | —— |_____.| Partition }_.l Connector }—'| Consumer ——

BT SR AE A Al 52 e s

% 7 Local Merge &3 il e 2644 S 3& FH 55

LN 5 S A TR

TE Y BEARE R fIRAEIR
JEHE PSRy ke it

JE 5 Bt /2 5E 15 AT Rl A 1 54

(2) Global Merge

FEA FRL A 0 %2 FH A 55 ey, RS 3 S L IS 08 & T IE 3 U, AN B et a4 R i HOIRAS, 7R AT A iy
RE. RRU RS AR W WSS 5 BOE I, KR T IEA S B A RRES. BIE &7 fi ol 51,
K 85 RAFAFAEA MRS th, FRRRIREAL IR A B 4 R RES h e RO L0l A5 oA, 4R R w] LU an g (&
17fi# Redisy 5% R B0 MySQLM™Z5 5B,



A % @€ Apache Flink 7 X547 5 A 49 & At AR K 17

Global Merge & —Ffr 5 T~ 1) B4 22 e R, Q045 A HIARZS AR A1 2 JRARZS FE 4%, Global Merge ATETT A1
[ A He B4, 38 S KeyBy iy SR (1) W 25 A 3, 2 TS B0 73 A &5 SRAE &5 39 B 38, il it 45 R R G R & R S
B4 PR B b, Qi 11 HE T SAE R B0 A H KK () TR, Global Merge HEM&E F T4 X 45 R & 0L
D E S A IR ZER L TERA 13 55, 4 RAEIR TR SERA I, 45 R AME R USRS AFAE A AT 58 &, 8 WEE =it
R REEG, R RATRGWRESE R BTN T H0 &, W W25, AHUIRES 52 FIRES R H
THREEM. ERAE B

(3) Ahead KeyBy

2 AL FR Gl 23 A7 2T 2 A S B IR, B T3 £ 4 A7 2T 2 A SR EE R oy B 2 AN 0 K HEAT A7
fith, KIS RETT LA A TR HE . WA B 8N, [AI0k KeyBy $5/E 7T DAt HE B 2094 B BAF Bt 47, il 11 2 T4
BB A e S (d) B, R S0 MBI IR 532k 213 J2 BA B0 1) X 28 A% 2 s A /2 [8] 8 47 7E 1), Ahead KeyBy it
FEHTFEV B AFHEAT KeyBy, I EAFEASIG INAR SR OA 18 00 T, 8 40 )5 S A ih B 8 KeyBy 87780 58
e, 10— %o — PR S5 ) 808 A i 2 R AR AE IR — T B s PO, AT AT DA i 4 P 28 $ 48 45 5. Ahead KeyBy 144§
PR BIAE )5 X B, 5 KeyBy 8R40 K BIA R F4E 559 s E2REL, PRy PLAZ 26 T ik i) 4384y
RS

A HEH Local Merge. Global Merge fll Ahead KeyBy iX 3 it 3 T 845 1 203 22 e 560, 3& F T A [H A =X
Bdm oA s, CLBLA P AR .

5 RELISEKEY

A TAELUE A Flink HEZE J93ERE, SCHLIEY B 7 ik 3 AN J7 T M se AL 5508 . SR &, A ST N BHR 7R 1 A
R, RIT KeyBy 57000 KRS LIy R . BPUKMEILH . 2T E B s e sing, 5 2R A3
FLIFANH S FE MR, TR T — &8 F B e b A v A B A AL B A, 4 12 Trilink st B A ; i s A
Flink RGLAAT &, S8l 7 JR B R 4 Trilink.

B

Kafka bl HiEas  ETHRME S b
K b 2k 11925

T LA [T
DataSource Reader Iij‘? 17"&];[ 27 KeyBy H— ST
| u\ " i'l

S L
DataSource Reader [E2H Zh# KeyBy
DataSource Reader FE%I?%E‘EHT> Zh# KeyBy H— £ ----

B 12 Trilink #E7H E

i

Trilink - Filnk 5281, HEAAEM W 13 Trilink REGAGEI TR, b iy &35 F E A

1) TR KA 28R 1T HISEBL R, A SCIE T Flink 324441 KeyedProcessFunction #f— 5 % KeyedWatermark-
ProcessFunction 2, % SZIHEA 1 KeyedStream #H/T 403, A0 & % I B3, AKALLR 50 3 4 oo /i vk

2) AT R AW SEI S B HE: 47 T TaskManager H KeyBy 184> & 5H& . B KFE. Sync IRE)E
Ui TC B E O, DU AL T JobManager H1 KeyBy SEESHRAZS . BHRIC R 537 1 835% . Sync WrAZS
BHAHCE & H PO,

3) T AE P EUE S B RIS A FE Local Merge 1 Global Merge, ' Local Merge i1 TaskManager "' ]
Local Merge 57523, Global Merge ifiiT {7 T TaskManager /1 A H IR A5 FIAL T JobManager H 4% Rtk A& #L
S

T R A, RGP AEAC B ORI ST, PRI DU S A L A AR R B (R SR b EL R BT R I e A
oAb FRHA A
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TaskManager TaskManager, - - m e e

TaskSlot| |TaskSlot

TaskSlot :

Task & #
N TR JobManager
T
vz i E &

Tt 2/ /
Bz N

Job EHL | 7 i

Client

B 13 Trilink RS 401K

6 RELWSFN

6.1 KB

SEHG T H AE T 0 BT VTG AR SCHR H 1 0 Ak SRS AT AR G 2k, [RIIRE 43 A U7 4 2 4R %o 4 B F o ik e 1) 5
Wi, BA K55 Flink J5A B SR B (14 14 e X L.

NS AR CAETE= b G TP

A& 1 (RQU). AL JG ) Trilink &%t 5 J5 4 Flink A LG, MERE RS AH Prie s, W YR SA e &2

i B 2 (RQ2). Trilink H BT 119 3 FRAHLHIZEPERE B2 A4 R B8R
6.2 LWIMNEEIWE

ARSCETE R SER IR SR 9 8 G i3S T RN AR B, [ A M3 B — A5 Intel(R) Xeon(R) Gold 5215 @
2.50 GHz /] CPU #1128 GB HI P47, M5 [ i 2 eh 25 142, M AT IEM 4%, 8 S HL#A#34#E Flink worker.
ZooKeeper. Kafka, i — & 1 NEERE Master, #5% Flink master I Redis, FT{# H HI#E RGERAERRA WnZE 8 52
IR BB A WA 7R

R KIIMFPAERA

EGGS AR A
(ON CentOS Linux release 8.0.1905
JDK 1.8.0_301
ZooKeeper 3.7.0
Kafka 3.1.0
Redis 6.2.6
Flink 1.14.0

2R I3 FHARG FE R ASE I 87 FH , AR SR L T00 S 85 42 F0 Yahoo Streaming Benchmark 1E AR 3%, 5 & 0 M A
Trilink A8t T~ Flink 1 GeoFlink 7E 77 M E FH/K P4 g i b g 42 H R MR Ed S T 3 3 sk W R 458l =2
T M AL it 15 A SR S B RO I A AR AN, O S5 . b, MR R TR M3 5T, 7 B DMIGHT A, = Al e Xt
M G2 it T R B AS AT 23 0 AT A O BE Tl it A v v S k. U8 T i A7 7E Katka o, HESOE & R ARk
FEIARAC LIRS R b ) S 4500 A B ), AT T 5 2 P i 2
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1T Kafka SCRFE AR, JLAHT IS 1S AR AR 1R £ £ b4 . 0K b 2o B 64T Toidk, LAVH R
SCHFRAF S, B A2 SR 3 i & ) T, DA/ SRR IR 72,

RS KT E AT B B AR oG FR R B, B H D 3 RO R AT BRI, S H il T Re R
FHREMA. £ KeyBy B T3 K SRS, A% SCOVEAS [R) 5K B 7R AN [A) U sUBOHE 20 A0 1% 0 T 1) S ab i f, DA R S 30
o3 %ot N P A ek 2 P S . R B K A 28 0 T B I B AT 4 SRS R, AR SO B R AR I
6.3 RFRAEMERERLNIR 51T

ATCAE 3 A [RIECH B8 B FH A4 tH 1 3 iR AR, HEER o AR AL B 5 & RS A i T4 4. B
PSR, SARALRTAH B, AT AR ZOK AL R AR E TAE S KL Lk, WITEBRIME T LeastKey f#5r KR0S, TELE M=
B BONBIE, B 28 S 1% ¥ Ahead KeyBy, EMF 2R LTI M 24 4E F0 Yahoo Streaming Benchmark 1, 4 7
PREFIR — B0, AT

SEER A5 R WA 14 s, FECT Flink, € H FAS I S SERD 7 i B AERATL 42.5 T3 427131 560 75, HEH BT Sy
JEF 8 T b, FrLEIE T E] 6.56 %, BEIFAE T 8 5 Frnk S 82%. A LL T 5Kk 1.24 %, /KFAT Y B 15
PO e, SR T 4.3 A%, BRI IS A AR T i B AR 37.8 T 4R B 510 7, HE BT Ay R A 8 1 AU,
Hr IR TR 5.4 4%, KB FAAEN T 8 f5EhER) 68%. LT EFRK 2.1 5, KT Ry A 300 5o, it
T 1.6 f. Yahoo Streaming Benchmark [{15#0 7 itk & ML 71.9 J5$-TH5 430.6 /3. B AT sy JE 2 8 17 A,
FHEIRFF 6.4 %, ISR FRAE T 8 (5HH R 80%. FHLLTJHE KA 2 %, KAl 143 B0 B kst #1274+
T 2.2 £ ##T GeoFlink, 3 iR R 1 BA LA ZEF0/KF9 R IE LG Trilink Y4460 H B2 0% FEERNIR,
B R AL bR o A H AR 50, BEE T SR R AR R K R R R M .

160 500 4000 [

140 I _ 3500 |
400 |
120 - 3000 |
350+ /

(=3
(=]
[\S]
W
(=1
S

(Ji%k/s)

2000

Fit g (Ji5k/5)
ES

e 8 250
e e
L 7 = 200 = =
60 N N o <] & 1500
) - 150 ¢ -
40 - ) _ : 1000
100 -
20 + 50 % "-H 500
0 0 0
L 27 4% 87 T 27 479 8799
(a) Flink (b) GeoFlink
— Rt o= Yahoo Bench i & w3 T 7 i
il (S NE S ol E T U TR Yahoo Bench [ EPERESY  — - — PRI R kL 24

14 Flink (f£), GeoFlink (FF) 5 Trilink (47) 7t 5 A9 @ P 5256

AT S, Trilink AT Flink 22 524t 7 i B8 b #E v Re. RVEELESEALIEHL R, Trilink B 58 704841
T A Flink, 55— 5T, MOKFRI R M BESRE, ARSCIR B RS TT 78 70 % 18 T 3 2 AL B8 A B4R Rt 1 3
AMEREM S Ab, T RS EI T BRI ALY R

R A, R Trilink f&, % B EAS IR 1 R G PERE nT 3 R 3R TS0 N B3, R RIE T, K HL R A
I SE T AR IR BE S e 2, JRAE Flink R G0k A 26 LG R T ER ARSI T4k &, T S BR G A I RT3 &
PR E TR, 5 — 7711, KeyBy 22 5 8 RIS AL A IX R 8 2% 05038 o0 A 7 K T 58 i AL o R ACFEL R
6.4 TREMERESRAR SiFE

T2 52 36 0 R R R S B AR 5% E R B, o B HH A 3 R AL B AR AT SR B R, DA AT RO RR A A
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AMRALSERE X T R GRS AR THIOBUR. M8 T Yahoo Benchmark, 5% F 546300 52 P 6 250408 370 56 388 P ik, HSRVE T
LR, 76 BT R AR B R H 2 e R 2 5 FLIR AR AR 5 oy, DR, P I — ERaR VR D £ 5 L Al
1E KeyBy BT 73 R HElE 1, 2R SO 7] 3 gt 72 A R 2N 7 A A 00 1) S b i B, DL SRR 5 i 7
HEARTRI BV SR FE SR K A 2R T B AR B AT e SRR, AR SCORVE B I R AR A kL B
6.4.1 KeyBy $# /AL g 5 74l

B TR IR TIRE, AS00 4 A F 21 KeyBy H 40 FLSRIEHEAT 578 510 L AR, 3= ZE0AR 4 Fh it =080 &
fidh 5, HE Key 1515041 A Key IR E M550 (FREIEH S0 4) Key RIS AEEIEH S
434G Key ¥I513 ABEARAESS) A Key 635250 4 A AR AR 214515

ASEEGYR A ES 3 TR AR H 1 S BRI R R AR, Seae g5 R an B 15 B, Flink A 195 T Hash 1977 U 7E 4 F3%
S TFHEIAE, BAR M AR ECE 0.26, X SEL 70% HIFSMNTEIN 8. Modulo S 7 Key %150 AN 71 %%
WM RERER 1, B1EJE 3 M FRARE 0.66. 0.41 F1 0.24. LeastKey 5RM&7E Key AE3 5] At 11 B BT 1 ()1t
I, AHARE FBE AR 51 73 A 3 5. LeastCount S AR B/ 7 40 A5 {5 BT, 5 LeastKey 3 &3
5 AR PSS BRI, 76 3 Fidn S EDERE 0.97 MRS

1.0 -

= EIN EN EN

I\ I
% 0.6 - % s % % %
3 = = = =
2 ER s N e
o2t EN = = =
BN N N E

0 Hash Modulo LeastKey LeastCount LeastCount

WithHistory

B Key fISt#5 500 R Key 99577 [ $ardE2)0 i 3 Key AR5 576
K 15 KeyBy sk s KR IE 5 f kg8t

E 4R Least SRBE R I L Hash Bi# Modulo SR 75, (HA77E 75 ZEER A0 43 BC IR 453805 140, BRITE A B
B 20 HEREH 5200, 24 Hash B34 Modulo i & {5 & BRI, ANFE Efd ] Least 5. LeastCount 75 7 15 B
KIS, IERGA SRS 5 LeastKey WA 3 257, BRI T 2351851 0 4ii 37 5t 1% ¢ LeastKey B A].

B3P, A SCMAR T Hash £ 4 FpoET00 BORIE T, IV B Rk 2. 45 a1 E 16 R, 75 Key FIEURE
A2 AT, BT 8  E1, LeastCountwithHistory 7t S 32 T FIFEHEMERERT 3 5L L. EH AR 34N
5T, M#T Hash SEBK, 4 FRoEms 500 H T B & PERE IR 3.

40r E Hash [¥ Modulo [ LeastKey [J LeastCount [4 LeastCountwithHistory
35¢ ]
3.0 7] )

=5t

D 2.5

M 2.0+

0
el
KR

Key MEHIN5 04 Key dEEI51 704 BAEAII S04 Key AEUEA 515041
K16 gk ks At B TR
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A5 4.2 5o, A SCHRHY T T AR IR SR TR AR BT o, WO R L SR BRI 3 L
2, 3503 FBERE I T AR (0 5. TRAAE SCHOR I (M o, BURIDEARA E— I AV AT o IR S
IR SR AT . BRI v, v ARG 7] (min) PY RO AL VO, FHARATE X a = 0.5, 4]
909 Modulo, SR RIS A0 A A6 R EE F, 3 S MO JR SE 1 AP 2 IR, 2% 9 . e R,
SIS £ MR AT R (0 5 B A SR U AR 0 5 ML BSRB F TR
R S I 53 . O B0 7 % BV A SR D 2 (TR
9 RRPEAL FAEL IS HR REAIR (055) M0

PR (YK /min) 0.1 1 5 10 30
SE B (112.%%) 130.1 128.4 76.2 61.8 478

TE (100075 %%) 101.2 97.2 72.7 70.5 68.1
SEH (20 s) 96.1 95.7 74.9 70.1 67.2
EH (5s) 82.2 83.1 81.9 80.3 75.4
A (0.6) 131.1 129.2 90.1 82.1 64.2

HIME (0.4) 130.2 128.7 85.4 89.2 78.8

6.4.2 HEFUKA LIRS 1EL

AR 3 PV PR AGE I 2 Y, 5%k 55 2 K A 26 A0 = B K 37 2 RO L P s L A e 22 S AT UK. T T 2%
FL AR AR B 70 A P, 1239 e B GUR AR T B0 BLP S, (BAE TAESSJUKNMLE, T P2 I S Fp 2
B S, AEAE AP AR PR A OB G, O T ORIESE R IR0 1, 55 25 IR BUAGE R 4 R, IX LA 1 S
B2 SR ARG E R TR 5L 70 5 E B AL RN 25%, 50%, 75% (50T BEAT I, R ZUKAIL T
IR P A it B, 2 TARSS BUKALE TR 5 DA, a3k 10 TAESS S8 SR A 2 5 dL 7 PR RE MK s,

£ 10 TSR GEIOKA LB LT LRI

o EL T L) 25% 50% 75%
Flink A5 2% (Ji%k/s) 425 28.2 13.6
Trilink# 4% (J5%%/s) 2443 241.8 228.5

T IS H TR A W B S 5% vy, A A B SR AP 0 4 S o, E T b A B R X 4 S 13 P 5 T, SR s T AT
% WKAL L T B 780 & AR TR 5, SFIATE 50% LAE. A Flink JRAE FARS PRI 44 53R G S M RE )
KM 5T B T AR SCHR H B /K A 2R AR AR AL B AT R0 S — ] 7.

6.4.3 BT BAH A B 2 H g WA 5 1AL

SEHGE AN [ 1 5 T B A 10 0908 22 450 SR (1) o ik B AT O 2% AL T 0 . D45 SRR B, Local Merge SR
AR 25 Hr A Flink Ji A SRS AL 58085 21 1.49%, T Global Merge R 1% Fll Ahead KeyBy 7R I§ AN 75 BLAE 0 £ H1
AL At . 3 I a2 B G 7 IO 2% Hh BE AT T RRE (W B0 ST 4, T DAFE 48 T B S IR IR BT o, B B B R B
3.92 {5 AL, 405 SCIET 17 Hod Se 4 s mE A RE DK i s
6.5 SLIiTe

ISPl AT AR Y 3 PR RE RS TR AL R G PERE. AHECT Flink, Trilink $#ALE M
HIRAT 5 AELLLE, 8 W AR FACTY RINELLLIEA T 1.6 50 L, 2IH TG KBS,

AW TR X B R A BTN T 4Bk FE KA 2%, RISt r KRBTSR R GETF 8. AHEL T Flink 155 oKk Ar
RN, A SRS S B KL LR A7 At 2 ) R, DR 1 B 38 25 () 4 LA B A 6 o B 58 3 R 4. 7E 23 )
FEAS b, MBS o I, W T AR, RA T BT — ARG LIRS, 8% 2 — AN RIEL. KA 2 8
AT (64 SLETEIEL). W RGATAEYEY — N E S, BRI N AE S BT B 2R R K, 8 B
) LU A, RO E R s, SR 2 o E S, RIS H A RUE E, X —K
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PG A E BRI, A2 AN A 18] o5 L AR KER 3 5 R, BATA X — I A A& T LA S2 1. 6 T HOT 4,
AR AL T, T O SR K AL, B A HORAL L HRO TR B ONIRAE SR, T I TR A
i, B E A AR A B DL BAR T SAT 5. TR, 7€ Trilink G0, [FRESCRE N-BRGOK AL ML, B N A Key JE3
[ — 7K i 2k, AT IS B2 (8] TF4 55 2R G 1 RE 18] (K 2201 . B K AL WL SE B it 1 — R S ity 421 77 5, FH P T
PAFE SR AN 5155 0 0] B R4, AT B vk e e] .

THILF T
(=R S I VS B )

E

KeyBy Local Merge Global Ahead KeyBy
Merge

B KeyBy K] Local Merge []] Global Merge [J Ahead KeyBy
K17 B A SR m L e sk

73— 77, FEEAT KeyBy 70 K SRS AE 26 il 5 VI e, 75 200 Key IRASHATIER, 74— € HITT4H. HbASC
AELNIARAE T 3 FAN R SRS, I AT AR B S 0 A i P 5 A A U 2 G 10 2 88, T B AR T3k
R IVENTA. 7R3 6.4.1 TSI lrh, AL B A 3 FBEEIN TR R EE DR, REPEREAIELT Flink,
VosRA 25 1 e

T H T AR B 2 KA 2 SRR IR L [ 4, (R AN SE R F B0 (0 P0G B 5 0 B 3, RO AR Rl BRI L
a7 2] SO ) A7 3068 P A o3 A7 1 DU EAT TN DA R Ak s b B R R K A 2R 2. (R, 4T KeyBy $1 287>
IR P e 2 T ROFAT TS, T REAEAE TR AE ) — BOVE 1), 5 8 AR A8 e 28 o3 A 3 B0 B s ok
KeyBy $ 3873 5 S0 1 22745 5 v 50— Fobk v .

7R &

ARG Sy BT L 20 AT L P B SRR AL, 38 I 43T 5 S 8 4 R I S P AE L I KSR R P )
M, B SR SRR R BT Sl SO BTRIEIR e LA T B T ik sems. 21 R R, 0@
W RIA R AE Flink AEZES000 T BR A RS0 Trilink. S250 45 FAR W, AHEL T Flink, Trilink - 552 82 F A0
HEMRAGEMERRTT 5 5L L, RN REF/KEY RIERFR] 1.6 500 R BT, 2000 LK.

AR A R A HE A7 R R B R IR s BT LA, RIS T Apache Flink U EE RG0S0, 1207 V5 FIAE
&R T HoAth oA i AR BEAE S, R J5 28 TR, A SCTARE S HARMESE | SEIl R B R 4.

KRR TAE T, 2R Trilink ISR AL S BT TE R R 2 4037 5t 2 Bon HEERE IR, AT RIFI AL
SVRE, KRR D s B AR B0 7S TR B K A 0 RS, 12 /K L ZR R RE A 1 B BRI Ak, TR T 1k
TR ) B A GE IR VR B vk, SR W A% R G S S TN A Sk (1 AR Ak, 1 Bl Y ST G BRI 43 B AN A E e s IR R
TR, B OR R GTE 3 s W I B8 i N, [ B 7 57 2R 0802 B 7 2887 2 B U
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