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Dynamic Resource Allocation Strategy for Flink Iterative Jobs

YUE Xiao-Fei', SHI Lan', ZHAO Yu-Hai®, Jl Hang-Xu', WANG Guo-Ren?

*(School of Computer Science and Engineering, Northeastern University, Shenyang 110169, China)
2(School of Computer Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Apache Flink, an emerging distributed computing framework, supports the execution of large-scale iterative programs on the
cluster, but its default static resource allocation mechanism makes it impossible to carry out reasonable resource allocation to make
iterative jobs complete on time. In response to this problem, that users should be relied on to actively express performance constraints
rather than passively retain resources. RABORP, a dynamic resource allocation strategy based on runtime prediction is proposed to
develop and implement a dynamic resource allocation plan for Flink iterative jobs with clear runtime limits. The main idea is to predict
the runtime of each iteration superstep, and then the initial allocation and dynamic adjustment of resources are performed at the time of
the iterative job submission and the synchronization barrier between the supersteps according to the predicted results, to ensure that the
minimum set of resources can be used to complete the iterative job within the runtime limit specified by the user. A variety of typical
Flink iterative jobs were executed under the dataset to carry out relevant comparative experiments. Experimental results show that the
established runtime prediction model can accurately predict the runtime of each superstep, and compared with the current state-of-the-art
algorithms, the proposed dynamic resource allocation strategy used in single-job and multi-job scenarios has improved various
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performance indicators.
K ey words: iterative job; runtime prediction; resource allocation; runtime limit; Apache Flink
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ARQZEEH T Fink EALEN P43 S FE GBI, e — R AN AR PR 28 0 2 1tk 41 5 73 21
XS 2R PERR AR AR R AE A28 U [R) AL B A P 3ok A2 AR R AE A MU SR FE A A (], 4% A 5K(2) 1 7
R A (1) 8 AT, AR BAT VRSB ), (2) B8 IUBOR 75 28 S 800 e BRI, AR IFAT VL I
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); (3) M5, ARFRZ X — A E R AN ); (4) X E, AR SR Al A ) (5) ek, AR —xt
—AE BN AR A5 10 [ 2 4. AR SCR A AR Sl /b - Fik (non-negative least squares, NNLS)SRFEAT R 245
FIIZR, P12 NNLS AHEE 6 B2 T B A 5330k T UPR UE RS o (R B 1) i oy AR 708, JE O 3847 I ] Tt
BRI, Jr A7 2 BB AR AT A% B A1 45 J7 T RN T, 5l A7 2 e S 005 1) — S T ML

(2) A:=HnlH

BT 40 E BRI 2 B A VA AR 2R A i S0 S 56 A0 20 A ) S B0 Sl b TR, AT BB TG VA AR A M A 41 5 e ik AX
VENV AT B BT RFAE . AR AR S B0 A RS 18 A B, 8l DA e Al ¥ DI 2R 508 v Jma i e SCRAT 4 o 1 3l 4 AR
AR SO R 2T (local linear regression, LLR)A A% Axt [0 b8 Bdb AT Al o, s v iy Al 2 il 8
Bn A () PR,

time=g(containers,scale)+¢ 3
AR AZ BB F 1) AR, 45 0 BB C RV FUREE S5 R (1) time i nT 425X (4) AT A5 7.

ZillK(C—conP:ainers )XK[S—?an )xtimq

n C —container S—scal

ZK( S 2T
1

e, K(u)=(2n)’5exp{—§u2}, K)o TR b6 5, T4 5 $di 41 £ 11 g(contaiiners,scale) (AL TE; n

FHF VI ZR B0 S B by dashil) o s Ak oK /N ) 7 5.

HAEHT LLR MREHAMEN, SEO R THME, mARH T/ME datdu, RAESHEE W
T AT I TR] RO A 28 X i of 75 24 B3R YN 5 4 v o /N FH o K 290 5 TR PR 15 o AT Pt ul.
33 HAARE

WIEs 3.2 W prak, B A (A (3 AT e 1) P P ASE B w3 5 2 nl A A E S H ] P b 7 R EE R Flink A4
NV R AT ] TR EAT 8. 75 T AU R Bl e 2 AR A 0 R, AE S Ha] 3w DL HE A M40l G 2k AR )33 AT 4y
fE. SR, 4 HE BN SR rst, SRR AT BRI AF i g . IR LL, SR T s R AR ) EdE Ot
$EEAHE Y, 70 VIR0 e 75 AT AL e sk ¥ RS AT I I T AR Y, DAR s JL RS . i, TR
Bl AR R TRk F T A, MOB Y B A AR AR AR Ol EAT

ASCH RS SCIGAEAE P A [l RS 2 (R REAT 3R FE, 0 3 % P AP A L 43 1 EAT K 728 B0 UIE R £ 3%
ZEg/NMAETY . Bk i, BOAE BTSSR IR I R 0 o b G R BT 26 1k ik AR IS AT R AR s ) e E RS, R R
AR IIEAR S5 R B K+2 B8RRI AT 45 R, TR A 3k AR b S B ek o B 20 4 KA SR EAT A8 IRAIE.
T B AN PR AR O, BT DAV 38 A 88 00 dee /N A R 1) 2 3T TE VAR D Bl 4, ek 2

4 FETF (TR BTN 8937 3R R 5 B SR A

AT R A AT IS AT I ) U £ 3 28 B 570 TE SR RABORP, & EZ AU FE AN B (1) AEBAR LR AT
IS HEAT BRI AW 40 3 e (2) AEIEARAE ML RAT LR v 1 0 I 3 73 P B8 0 AT
41 FERRESEEZE

RABORP 5l 1 SRR IS A b AE AN A 384T I 18] ) T 45 ROR AT BEIR IS, & IR L — Fh ST i)
BAL B 7 o T RABORP SIS HEAT B8 U 70 e AR AR A, JLOMIE SR it s AE BRI J 2 ), U R AEhs ik
P IE AR M Y2 AT I ) TR AR /N T3 A7 I R A o/ i

FEIEAA AR AT, RABORP SR £ 28 48 1] B U Se v (S I A, #55R RES 1 BT A7 B 20 D2 47 I [ £ T 000
EZ AN T IEARAE MV I R Fy doe /N 28 s . R, I8 20l 16 5 RE 6 A5 P A7 8 20 847 IR 1] By S0 81 2 A d />
(1 7% s BORAT W1 AR 0 e 37 C AN OB D Al ] 1) 7 s B As AT I ), I8 ANl V5 3.2 WA A e AT i
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(] B0 A5 20 A 0L T 170 1228 232 (19 7] 0 R ;.

8 8 8
7 =7 7
—_ c
=6 E6 £6
= =5 E °
= 4 |:>*.; 4 |::>7; 4
= Jlm i
&3 g 3 iy 3
9 2 2 2
1 1 1
0y 6 8 10 0y 6 8 10 0y 6 8 10
FToyRLY e as S FTArBCY arnz a4 T BCY arns 2 Ko

[--- Elsamme — Rkl O ks
7 RABORP 5 i BEAT B85 43 e 1) A 1o 72

HE LR T AEIEAAE AR RS I AT W40 B 05 oy T K B, 20 R v 56 v S o 7 T R 4 ) e /N R R K 7
A5V [ P9 B2 G 2 T IS AT I ) 1A A AR AR AR, W HX AN R R AR S, FR ) A AR AR P N I A ARG
T3 0], 5 sl A T £ 32 AT IRF ] 52 /) I 10 25 9 46

Bk 1 BN R AT I R ) 46 IR o e S

BN AATHRATINIEAAENL Job, ZATINER C, #IIAEHE KL scale, /D AEEEL X T KB4 Xma-

iy WIUR 2 T I 2528 5 X
1. fi=runtimePredictModel (Job,i) /3 3745 AN B 25 (1132 AT i 1) 00 A 74
2. fgm =20 Mo FTA R (I AT 6 ) B8 ) S5 AR
3. X={XminseoXmax} X0 BRGSO AR IR AR A A A
4. availSet={xe X[fioa(X,Scal€)<C} /i X FHFEBATH R C e E A A R 254k avail Set
5. If availSet=0 Then
6 Xie=min(availSet) /3 availSet A4 2, W3k 6 A g /N i & 28 5
7. Else
8 Xinit=argmine x(fiora(x,scale)) /115, LEFE X AL fio B/ R A8 4 2L
9. EndlIf

10. setlnitResource(Job,Xi,it)

11. Return Xipit

R AAE ML AR AR 43 BE 1 IR TT AR 0AT S5, Flink 3% AR Ui 25 7588 2 (] 1) ) 42 B Bt Ak it 265 5 (1) 5.
T (il Join A1 Reduce 55) AT 54 M40, fEXSL[m) B BRRG AL, AT —/MEP AT E O8I, FissEE
MIARTFIG, BT BT RS T BT R, (FHTE R b g REGR AT shuffle 403, BRI ek
A AL K %8 U5 BE 2, Sk ik RABORP #1325 A 1o it r DS B2 4RI 25 25 I DR 3t il 1 A2 k.

05 ) (1) 7] 20 B B ik, RABORP 52 T Jb L 45 781 42 18 20 (R 8 AT BoF [ TR0 {8 2 0 55 B PR 22 SR 1) 98 4R 18 4T
T TR (R A IS R 25 a2 ARV 23 AT (9 I T ) R AT 2 25 R4, o B Y T R 98 VR 20 TG I 00 2 TG V2 AL 33 AT I B,
W E R BRI BRI R /N AR A W R AR D B AT I TR T AE 2 RO AR g AT I R, ) ) R 4 R
BN A O EAT TEIERE G WAk DL B PR B0 T B ERAS B Gl A A, TR e 4 R IDIR 4R 22 BT

BV 2 IR T AE R D B B AR R B G R A FE I B AR LG T 1, SV 26 g s R D K ST S In N iB AT
R T U0 AR 2R P I R 5 46 R, T LR AT X A ot 35 sk L0 K KA St 3F Sk SR XTIZAT I BRIEAT #0 F8, AT 7]
A A7 0 AT AS o0 T %) R A B8 4 R 1) B R INT TRD T8, A T ) 3 4% 3 AT W] ) 7 fid K % R B 25 TR A [ i)
(S A, BRI A2 time>(C—T)x(L1+8K)+SKa B time<(C—T)x(L1—SK)—SKq I, 4 7E TT H 7% 4% 30 [ P9 3E AT 2R 40T 55
5 1R BRI AL I R S I Is AT I B
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Bk 20 ARE VTR [F) 25 B Bk Ak 1) 0% R 3 T T A vk

N IBATP AR Job, YENVIZATIS R C, dRe/NAIREL Xoin, BRI Xmax, WAL L 06, 24T
2D AP A scale, AT AR AL Xoow, TIBATHI ] T, AHXTFA SIS skey, HOXTHA TS SKyr.

Fvih: S A AL Xadapt-

1. fi=runtimePredictModel (Job,i,cs) /17T o6 Ji5 55 AR 5 (K38 47 I Ta) 00 A 784

20 Amn =20 fi Mreman: RIARE AT I 5] T FL 1) 575500

3. time=fremain(Xnow)  /Itimes IZAE NV TE P2 EL Xnow 1~ PRI 42 1 [8] 04 00 4

4. If time>(C-T)x(1+sky)+skgy Then

S. Xonow={ Xnowt L. Xmaxt M Xsnow: FIEAZEAEE X KT U A4 40 74

6 T35 Xonow T A5 6 41 58 J5 I AT I B 1) 7 25 41 A3 2 4E avail Set

7 avail Set={ xe Xsnowlfremain(X,scal €)<(C—T)x(1+sk;()+SKq}

8 If availSet=d Then
9. Xadapt=miN(availSet) //# availSet ANA 7%, R H BN 2828 51
10. Else

11 Xadapl = arg minxeX>mw(frermjn(Xl $ale)) ///ILTJH\]J; iﬁ% X>now EF"T% fremainﬁ:li/J\ ﬂg g%&ﬁ
12.  EndIf

13. Else If time<(C-T)x(1—sk;)-Sky Then

14. Xenow={ Xmins - - Xnow=1} 1M Xcnow: VIR a8 X PN T HarF s 748
15. /T3 Kenow TAFA 0 0 I I R 1) 70 32 21 A 25046 avail Set

16.  avail Set={xe X<nowlfremain(X,5cal€)>(C—T)x(1—SK;{)—SKar}

17.  If availSet=d Then

18. Xadapt=miN(availSet) //# availSet ANA 7%, RS B/ 25 4% 1

19. Else

20. Xadapt=Xnow /T3, HEFF L HPRFSA AL
21. EndlIf

22. End If

23. setTempResource(Job,Xagapt)

24. Return Xagapt
42 HERFRME

FHT58 3 7191 2H BRI AT I 1) ToUii e 20 0 N 2R 50 o 3220k 8 D7 s AR NV I AT 45 5, R TE v fRalE —
&L 1 B R BEAT IR, T HLXT T W 8 2 Bl S BB A R 4R ST IR 28 A T 3R AT SO (kAR N,
PageRank, 87 FH il B AT 1 AT A2 i 2 4 21 5 38 1K) 2 B A T0OM ), AFL S 7 I ] A B 00 AN [m] B0 il e bG kAT 4
TR AR R AE PR, i SR B I T ORI S 2 22 AT 3 AT IR TB) FUI00 110 28 5L, T T [l B AL Sk 43, /0BT 24
i ARG A 20 2k, PrCART LU PR G Bek 5 18 (1) B 0; (2) A — M lgsidls. 5% 3
BOR T AENGRBHE A LN, W JEAT & B 46 98 U5 23 Tic.

8% 3. NSRBI A N B 4R W R 43 Fo 5.

BN AT AR AR Job, 4TI IR C, /N EL Xmin, B K2 Xmax-

v WIUR 5 TC I 238 2 X

1. num=collecData(Job).count(-) //FRELIZ LG E

2. X={Xminy -« Xmax}

3. Ifnum==0Then //HIAEEIME



EBRK F @@ Flink 2R Lt 3h TR B R 995

4. xpr=max(availSet)  //ERIA L3R 1 R A A 5

5. Elself num==1Then //H4ME— 17 SL AT W HE K I 10) ok ) 5
6. If collecData(Job).runtime(-)<C Then

7. Xinit=XmintXmean)/2 11357 L UGZAENL B AL IBATIN PR C

8. Else

9. Xinit=(XmaxtXmean)/2 1A FURAAEN AR L1247 I FR C

10. EndIf

11. End If

12. setlnitResource(Job,Xi,it)
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5 U5 R
ARG N HII ISR 75, ARG BEAT X LS 36 SR 0T B4 H 10 5 V2 R0 LAt 7 VR 3R AT VPAL R0 L £
51 LWiKE

(1) SLHFRES

S0 TR A AR DB AR AN B4 Flink 1.8.0 TP HEAT 2B, KA JavadEAT 4. BT I 1 Flink 3 483 78
H1 20 AN BRT SR I KRS o A A A b, A4 1432 JobMananger () 3275 25 R 20 /37 & TaskManager
(AN A, 9 A TV 7 IR AR R HE . R4 R 110 A 8 R SR A I 7 2 000 i W3k 1 Rk 2,

K1 WAGERE S K2 WHARMHEESH
LR fi & S5 LR fit & 25
CPU Intel Xeon Gold 5118@2.30 GHz*2 BERS Centos 7.1
e 256 GB DDR3 2 400 MHz JDK g A Jdk1.8.0-181-Linux-x64
ks 400 GB SSD Flink i A 1.8.0
Y 2% 10 Gb/s Hadoop& Yarn ki A 273

TAVEREAE 5 A @ 2 AN WA RS JE = R G T ) BEAT VR MDA AT R AR 2 A 45 S 00 3R 8, b2
Ak, Sz b BT B AT B EACAE MBS 51 R T Flink-Gelly FEFD Flink F2atis A S 7l dh 4T SE B, S206 BRI A IR
RS P BRI A 5t E sk =0.05, ZEXS HA 5t B sky=15s.
(2) X ERE
PELEA KA K AR R b, EPELLT 2F0 3 25 U8 7 Be 5092 5 i B HH 1) RABORP S AT P BEXT L,
F 48 4202 1 Buml YA 5 Flink 28 4848 B 450325 Flink-QoSi2.,
o IBuml 5ARSCIfR U 1L B DIA DG, S0 5 Dy s A b B PAT R AE A 0] BRI AN B B AT AL, (H2 e
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o Flink-QoS FIASL [Pl vk J7 L350 FH - % Flink VBV A% 8 2 g N 95 U R L IR FE AR A3
SISV IZ AT I [ F W 80 R o1, 2% 5092 2l i 4 P AR [FVE ML T % QoS ISk A 35— H ¥,
KX T 43 BC 9 CPU NP9 A7 B 5 AT 38
(3) P FRxR
F FIB AT I R FH0 77 92 R AH DG S 36, A FH AH 61 34)1% 7% (relative average error, RAE)ME N ILIPM 4845, If:
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. L |SEBRE, - B, |
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ST 5.4 3 6 BRI 3AY B E CVFM Fabr: WEURAEH B B BRI S ks, e PR s i
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EEX LA 3 Bl AR AR B 016 Flink 7Bk, M T 2 B8R4, @45 5 Rl s STE AR A0 1 R LA
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o IUSHIEAE
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By BRI SO RR B IN ()32 A7 100X T At P s A M, U A 0 5 5 AR DRI S 36 28R P e

% 3 Benchmark 1EMV K H ¥4 4
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WikiPedia 5.74 . .
ConnectedComponent CcC Friendster 3116 150 iterations
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B 10 libos T B AT 45 AT, AR TAE S8k IS AT B I T ) RAE B 46 &%, ml L, AN A TAE £
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