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Abstract The default fault tolerance mechanism of Spark is setting the checkpoint by programmer.
When facing data loss, Spark recomputes the tasks based on the RDD lineage to recovery the data.
Meanwhile, in the circumstance of complicated application with multiple iterations and large amount
of input data, the recovery process may cost a lot of computation time. In addition, the recompute
task only considers the data locality by default regardless the computing capabilities of nodes, which
increases the length of recovery time. To reduce recovery cost, we establish and demonstrate the
Spark execution model, the checkpoint model and the RDD critically model. Based on the theory, the
criticality checkpoint management (CCM) strategy is proposed, which includes the checkpoint
algorithm, the failure recovery algorithm and the cleaning algorithm. The checkpoint algorithm is
used to analyze the RDD charactersitics and its influence on the recovery time, and selects valuable
RDDs as checkpoints. The failure recovery algorithm is used to choose the appropriate nodes to
recompute the lost RDDs, and cleaning algorithm cleans checkpoints when the disk space becomes
insufficient. Experimental results show that: the strategy can reduce the recovery overhead
efficiently, select valuable RDDs as checkpoints, and increase the efficiency of disk usage on the nodes

with sacrificing the execution time slightly.
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Fig. 2 Flow chart of checkpoint strategy
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MR E R R Sy KB R 7 B E 4 4~ RDD, L5
PRI T 0 43 DX, TCAe A 45 10 6 25 A5 I 1) i 3 T 8
I S PR 52 B ) S BT A R A T TS L R He . fHL ]
BAE T, LAGr X AR B RS20 8 I R s i i S R 2
AT 55 IR B FE Spark B2 8t AT K A 00 E
IS BEAE FE T 3 K. Pk, SR A L RDD SR i K
Ay Y BE A BAAL 43 X R K SRS A I AR A
3.1 Emi#EaE

FEF OGRS ROA TR B R IR TS
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1) A i RDD Z544 4% treeRDDs

i 3 7 Spark JE RS oA AW W AR A 38 DT AR
) DAG &, 3R I DAG Bl rf gi F1ii 915 2. DL 4
A RDDId #5268 %t RDDId. 338 i+ DAG
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2) 3KHL RDD ¥R JiF

WIS DAG B B A] 4K 15 . 55 B 3z 47 B i 48
KB R AR KBS i gt K A .

3) FKHL RDD 24 % {f

B AR A 1 A 1) RDD E A7 1E 0 A A5 05 1 72 X
(Kt [ RDD 25 K 4% K B E o SE 4K i) RDD 5
AGNZ I 52 RDD 43 i A0k A5 2 U

4) RDD 5 H

TES:PRIY Spark F45 AR 1) DAG A= iU
FH S ETA RDD MRS AR b, 8 4 i % 45
ARS8 A B P[] 5 B ) A5 S 4 P T 60 52 18 e ]

5) RDD K/

TEAE M PUAT i 72 3 3530 58 L — > RDD, R
AR H 2 A 43 X/ SR AL, 9 1 4R 4% 1% RDD 1y
RN

6) A B

g RDD SCHE A5, O RDD 38R 7.
3.2 REAREHEE

WH L 1R RS RDD A9 5 5 5 78 /5 )k 44
FrmfIa] A 2 £5 RDD A S 46 A a5 517 3 B 4 A
B E R IR RDD Z J5 %5 1 A4 i i RDD JF
AR A A R TT B B2 8 RDD Z i e Jm — Nk
R RDD 25 53y 25 9. ZEAF g0 47 1, 5 RDD Al
2,5 RDD R 2 A7k A i . i TR RDD £#
S TE G L 2 55 RDD 4L 55 45 Ui RDD, 2 AR 4l
T LAELE G T WA AN TG 255 18 7EAE ML R
A7 2o A v R AT R A S B X LY R A L 2 A
RDD, Jf 8 £ 24 1ij OC 8 & i K9 RDD. & $5 4 5 %
Ay 19 RDD, $h A7 6 £ 3 B B #R4F . K % RDD #
Oy AT 55 B e A A s N AR SR TR N A
SRIE 5 — A2 T AR 55 AT AR 55 T vi i 42
FEAE A A R A AG #A  H080 SC AR5 DL 21 HDES.

Bkl kA ERk.

BN G5B treeRDDs

Wi H KA S BN check pointlist.

VG AL : check pointlist<—new Array;

check point<—new Hash;

cutlist<—new List;

maxCR=<—0,

@ checkpointlist<—Null;

@ checkpoint(treeRDDs[i]);

® checkpointlist. add(treeRDDs[i]);

[« BRI EE 1A RDD Rk A k= /
@ while(C finished=1 &.&. T finished=0)
® for i=0 to newgenerateRDD. length do
candidateslist<—getnewRDD;
candidates[ i ]. cost <—getRDDCost
calculate(candidates[i]. CR);

©
@
®
©) if Ccandidates[i]. CR> maxCR) then
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() nextcheckpoint| j |<—candidates[i]; ®) for k=0 to recoveryRDDs. partitionnum—
() end if 1 do
@ end for ©® if (wideDependency(recoveryRDDs[i])
®  checkpoint(nextcheckpoint[j]); \ lost (recoveryRDDs[ i ])
@  checkpointlist. add (nextcheck point[j]) ; @ read (parentsRDD[j ]) ;
® [ BRI R OCHE B RDD &% & ki fr 2 » | [ 4RAE Ay MO 8 25 2R BT AT 3 X
® j++; ® end if
@  cutlist. add (nextcheck point[j ) ; ©) if ( = wideDependency(recoveryRDDs[ i ])
®  curtreeRDDs<treeRDDs. remove(cutlist) ; A recoveryRDDs[ i ], partition[ k])
O | * XSE¥IP treeRDDs 8545 * | (D) read (parentsRDD[ j |. partition[k]) ;
end while [ 484 S A HORE . 25 R 3 a3 X«

3.3 REAMEREE @ end if
TS L A [T S 4 R (8] [ B R A @ end for

SRR EATH S HRRA. AR S0 1 & 3% 0 Bk @  end for

R BV, AR AE — > I ) BR R A R AR @ end for

SO B R IC R I TR X R AL T L A B AR
8 TAETS s R B 3 ARG A i R A7 JE 07 18 s K 52
WMEE 2 Fios . am 0L - i Spark P75 A T
IR 5 T B R 2E 5, RDD 4b 470K & Wk 5 L A
o PR B PRAT IR A2 00 T A T Rl 9 G A A R AR
AT 26 AER: IO 2 5 AR A2 I SE . K6 S5 7 A9 R A 052
A A I BT DUAR 4 5 28 4G A i ) 3R P i A A
SR DT REAR R 52 RN ERAT T 4. 24 B4~ RDD 75
BRI AR R A A N EOR ST AT L i A
WAL s % B % RDD %8 KA A T Lo X
RDD B2 AWAE. 454 SEHORT . 8%k T RDD i B &7
A3 X, 5 52 BURT 5 B RDD (1 i A5 20 X B I A7 5 45
£ T RDD #8453 43 X, HAK & 1L 4t v T T 4
) R 52 M R A3 X A A B N A AT A

Bk 2. KA JUR R Sk

BN TS5 H B curtreeRDDs K 45 13 51 3%
checkpointlist \FF B K RDD recoveryRDDs,

W4k : parentsRDD<—new Hash;

checkpointRDD<—new Hash;

1,7 ,k<0;

recoveryworker<—assign. freeworker.

@ for i=0 to recoveryRDDs. length—1 do

@  parentsRDD<—getLineage (

recoveryRDDs[ i ], curtreeRDDs) ;
[ * FRIUH EAKE RDD 552 RDD * /
@  for j=0 to parentsRDD. length—1 do
@ check pointRDD<—get(check pointlist,
parentsRDD) ;

© reschedule (recoveryworker, checkpointRDD,
parentsRDD , curtreeRDDs).

[ % ARGE MG BEAT IR S« |
3.4 WERBEEX

B 5 AT 55 PRAT I 1) A 19 4 DR AT A G A R A2
F R Ok B2 H P A SR A A B R a I TE Y
PR AR B G AT RO B A0 2 M Bk ik 2 5 i e A R
S R KA A B s o K A P DR RE R B R
M) A T3] P P S SR s, AN [] 618 107 T 7 S A7k ) 4K 5
T AR A AR AT R A A B 2 PR AT T .
PR AT 2580 1) A A R O A T R KA T A A i AT
230F R GEE RE A R B e AR AR T U R L

XJ Spark 6 A gL HI T K A S AFEERE A
A A fit 1 A5 T AR 2 v I R S DT 5 28 (A1
R IR T BRI . PRI e T R A R R A
155 AT 58 B IR B AT 55 BT U8 0 BT A A A S
B AH A5 R A A O N2 3 S REIAS, BRI, 2 R 4
IR AT 2 AT 55 I B S T AT R IR A 4%
3 b B v AT BLAE L AT DR I A A R K
R EAT AL

Ko A T BRAAVE L AR A S R A AR B9 1 B R
FEATIAT. a5 3 R IE B 2 DA

1) YA 55 0 1 8 2% 00y 25 ) 32 BRI 76 38 0 A
A I B A A A R AT B DA R AT Y
23 ) 3K 5

2) FRGE U E R A AW B T, 20550 0 [E] R 4
INF E AT 7 BE.
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D Frdsm— i d S mEs AR e A
FIR) G A O B B8 AT 2o DB B A ER /N T A A R
XF RN B 5 3.

2) Rt e 51 2 45 SC B FE M /N B R B W HE 51
RS R AR B bR, HZE B B A A s
BRI FEATIE B A5 00, 24 P B 1Y B[R] 3] 15
INF 74 BB T A i 37 6 v A G A i 14T 77 R

Bk 3. KA AU B

FA KA RPN R check pointlist, X5 R w5 5
K A& K RDD [ ], 17 fif =5 ] = N & &
freecapacity.

s AL :candidates<—new Hash;

v<—RDD[i]. CR;

s<~RDD[i]. size.

D for j=0 to checkpointlist. length—1 do

@  if v>checkpointlistj]. CR then

® candidates. add (check pointlist[j]) ;

@  endif

® end for

© cancadidates. orderbyCR() ;

[ % R BB HEATHERE + |

@ for j=0 to cancadidates. length—1 do

® if (freecapacity<mincapacity \

cancadidates[ j]. size>>s)

©) clean(candidates[j]);

() checkpoint(RDDs[i]) ;

W) check pointlist. add(RDDs[i]) ;

[ s e 4 A3 ) I 2 /N RS A SR e <

@ endif

@ end for

@ if time=-execution

®  cleanall(candidates) ;

[+ B3k F Ge i HE ]«

@® end if

@ if task finished flag=true

@®  cleanall(checkpointlist) ;

[ T B P R A+

@ end if

4 RRETH
AR YR 38 A 52 5 PR AT LU B P A 5 R A A

A BB RE VKR R A B
A Bk,

4.1 SLWIRIE

LEIE A 1 GRS A 8 A TAE T it
BAERE RS 25 VE My Spark 1 Master Fil Hadoop )
NameNode. A& TAE 5 5 A1 68 1 AR, 8 A4
TAET A 1 AR 8.6 AN Y AR 1 A 1E
A R L Y A ECE R TR, m AT
ML 4 #% CPUL16 GB WAEF 4 4> T IR <, i 12
155719 S % CPUL 1 GB NAEFT T AN E IR K.

Tablel Configuration Parameters of Worker Node

*1 Worker TEEESH

Parameters Values
CPU Intel CORE i7/2. 2 GHz
RAM/GB 4
NIC/Mbps 1000
Hard Disk 200 GB/SATA3. 0(6Gbps)
0S ubuntu 12, 04
Spark Apache Spark 1. 4. 1
Hadoop Apache Hadoop 2. 6
Scala Scala-2. 10. 4
JDK Open]DK 1. 8.0 25

4.2 EFEgE1FA

X FARSCHR H CCM 5 g i A7 0 42, 5 30 H4 41
B 4E 1%k Bt WordCount, TeraSort , K-Means, PageRank
4 FVEIEAE MR #4753 B, Hth WordCount fE )k
8 4. 9 GB, TeraSort fE L H M 4. 5 GB, K-Means
iy N BCHE BVREAS 5500 4000 000, 4 B2 0 20, s HEAS
Bk 5,350 1 K. PageRank T/~ 4 A 3 000 000, 1%
3. 3K 2 AR R R R R S ABCh 1 m
PAT - AT RN EE 100 FPIFSCH] 1 A58 35 54 node3
ST L 3 Bl g 6K B B 8] Cexecution time, ET) L)
Ko 5 ARAR AL TR W AR LE Y in 2 1) [B] Caccelerate time,
AT) Fini#E bk Caccelerate rate, AR) B2 0. X 3 Ff
SREWE A3 R R A A 5K 1% (Without opt) , Tachyon #
2 5 Mg (Tachyon checkpoint) il CCM 3K W%

Table 2 Recovery Efficiency with Different Strategies in
Single Node Failure
F2 BRAYBELARERETHRERNE

Without Tachyon

Job Opt Checkpoint M
ET/s ET/s AT/s AR/% ET/s AT/s AR/%
WordCount 725 607 118 16.3 535 189 16.1
TeraSort 573 429 143 25.1 459 198 19.8
K-Means 452 345 106  23.6 303 148  32.9
PageRank 480 311 168 35.1 280 200 41.8
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TEFTA B CCM S VR b 58 JCIR ] #B
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BRI B o T B 2% AN A [A] 32 DA A S ] 268 Al
i R4 A A TR S /N 45 AN A IR S DR e A ARl
JE A [a] (1 B0 T 83k 4 08 A 38R TG W S ML e
[FIRE X T N AE AR G 1/O A28 1/0 1y
UL » FE A Ml 28 B AR AR IS AT A TR A o B 3~5
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Fig. 4 Disk I/O rate of different jobs on node3
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Fig. 5 The network I/O rate of different jobs on node3
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R T Ak R B S, A B R AT
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Pu BB R RSN W 4% T/O. TR b 7% 2 0G5
s BOECHE L T AE B ) RDD 2B il inf 1% B 46 A &, Y
W= AR T R B B G A 1/O. B B4 aT g, o
WordCount Hy#E#RE T/O T I i, HA 3 2678 Mk )
R B, K-Means 7F 100 s J5 # & 1/O A W] I 3%
I3 S BT Y LR AL AL 4 node3 R EZAT 55 L I
sk 57 S DT 2 v 2 BRI AR A s AT S K 2

XM Es 1O i & HIT 8 RN 5 AR i 2 B
T 55 047 BE A G, 1 T Spark B A 806 A s M 1
FE R AT RECRIIE Y S B PRAT AT 55 b BRAS M K3
PR 28 T/ O 32 %23 T 9 AR B Be o 53 A1 /N & 43 1)

38 T S node3 SRR 45 1/ O 3R

2 1O N4 B e B2 4 Hl. f IR 5 AT & L, X% 1 4 28
ANFEIFEL 2% 1/ O FF 85 A 228 K. Hrfr WordCount
PR 1 FEAR I B B Hfs & I A0 i B0 ds o R Ot G 1 2%
/O JF 5/

J3Ah R 2 AT A BRE R A B E T L A
SCHEH ) CCM 3R IE 19 K-Means A1 PageRank [1)
SN s O 24 T Tachyon B A6 A a0 % W&, T
WordCount il TeraSort 5 Tachyon 2518, X & X}
k. K-Means fi1 PageRank, WordCount 1 TeraSort
TR S AR R A 5 L R A f T S T lineage 4G
e A5 WA B A% A7 b 1R B R AKOUR B UT A A
It HATSR TR 89 5 5wk 52 4% B2 Al i A B0 19 R/ Al
Ky Gl — s I A A B B, B T R TR
LG AL b TA A A A B B AR B RDD | 3530 91
B AL 2 R 1 s [ PG g B3 S A TR X AN
(7] £ Ml =4 A5 610 A 28 b AN [).

4.3 KMESIEEHEE

h Tk — 2D A g A CCM S g, AT 2k
PageRank #47 P AR ML IE A 5 #5256 B8 1
FI SNAPS I8 (1 A5 1] &1 2046 4 L Bl 4 41 3% dn
% 3 IR,

PR A F O B B0 22 2 B R 2 A B0 s 4
Web-Google Ml Wiki-Talk 43 53548 1 ~10 ¥R X%
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SRR E , IF A nmon Y5 BAT B 8] FIAT: 55
K #E i 1R/, PageRank AT 55 18 21 8dl 5 40T
ffi F PageRank A 2 1A A A : 1) PageRank 3= %
M TFA [ E T — A R kAR %5 2)
PageRank J& 7158 4 RIS . (N XA A 0 R LT
TR R T R B . N T R R AR AT 55
PR A 7 » R O 7 A 08 T8 A T PN 77 1) B 2 19 45 1)
P UL 19 K dl & ) A oRE 7 A R F) A T 8
Table 3 Information of Datasets

x3 MKHIRETIR

Dataset Alias Nodes Edges
Web-Google Google 875713 5105039
Wiki-Talk Wiki-T 2394 385 5021410

Kl 6 K8 5 B A Spark N A7 F 48 fd A 7] 5K
W 114 G A A B 0 R RO R AT R L 18 15 L
H.r Web-Google fil Wiki-Talk # T ## Tachyon,
experience, CCM 43 |3 : 1) Tachyon i & ¥ 2
SR mS . B AL % 18 RDD A9 R B, B 24 3k 5 45 A 15
B, 1B $F fORT 2B B9 RDD i 47 R A 6 fF it 2)
Spark 23 5t 6 BUKE A 5 9 282 55 . A %5 J& RDD Ay 4
YRS 2 B B 2 1% 8 K A a5 B 328 5 58 4K i 19 RDD
HEAT R AAAFA# 5 3D SR A SCH A 356 7 OC HE B 1Y
o A A TR B T B Y R R A A N S R A BT A
() RDD S8 B i K AT 15 A AL i

i & 6 F T X E AN () £odfE 4, Wiki-Talk B A
BRI 3 FEORTS R B AN B R TR 18 R
IR 2 RE B2 B0 8 0l H BAT B OR B  A RR
N DR PRAT B D5 K XoF I A s A5 A7 i 3 1T 3
P T S 5 L il 22 338 s 9 L 326 AR S0 388 X G 2
SR [R) RS A M A /N T A R R A A 1R A
SEAETH I Z F A B PR R AT 55 552 B 1) TR] 52 Wi 45 /)8
B & AT 55 F i A AR 08 R ASEAN (], 15 I )OS [].L 4
B PR RN By R] 5 ik Y RE AR A G

TR AT B9 S80I B 5 AW A E A
& RDD T8 BY 15 B0 15 8 09 K A a5 R]
LR EAR 5 RDD (4 K /N Fil 5 4 B 48 AH
K PRt B HE R A A A i KU, AR DU T A L
J& RDD 4K 52 B % B AR K 1 48 9 RDD > 153X A
AIVR S FE I ARG, PRI, o Bk 28 RDD 3 47 A6 A o 1
VEPRAFER E A7 i B RA W B, @ s LT X T
A5 S B 1ML 48 1 RDD 5% 8 4G A o5 45 4 2
WA Y. N PageRank 553k b i HE 2 $c i 48 76
IR BL T o AR v A Y R R 2 1 &S AL

1200
—-— Web-GoogleTachyon
| —e— Web-Google experience
900 | —— Web-Googleccy
% —v— Wiki-Talk Tachyon
E I —<4 Wiki-Talk experience
= —»— Wiki-Talk
5 600} ccM
i
3
>
o300t
0 2 4 6 8 10
Tterative Numbers
(a) Execution time
480
[ Web-GoogleTachyon
400 - M Web-Google experience
m Web-Google ey
E 390 - Wl:kl:‘TalkTachyon
o E= Wiki-Talk experience B
@A B Wiki-Talk N
2 240} oo \F
£ "
& nk
g 1601 ; A
o § N
80 ¢ A
[ N
f A
A N

0 10
Iterative Numbers
(b) Checkpoint size
150

1 Web—GOOgleTachyon
Il Web-Google experience
120 | Web-Google ccyp
Wiki-Talk Tachyon
E= Wiki-Talk experience
0T mm Wiki-Talkeey 8

30 |

Checkpoint Storage Time/ms

2222

PSS

0 2 4 6 8
Iterative Numbers

—_
(=}

(c) Checkpoint storage time

Fig. 6 Efficiency of checkpoint algorithm with

different parameters

6 AT S T A A i U R TR AT AR

RDD 75 1 5t S04 2 2K 30 i st 75 22 EE 95 AH I
Xof IR 7 AR 5 R E AF i b BCHE 1940 RDD R
W X H AT G A s ERAE A b Y.
4.4 KEAMERE

38 o SIS AE T Y 2 BER (failure rate, fr) 4y
BIHUE A 0.125,0. 25,0. 375 M5 L0 T . % H Web-
Google 1 Wiki-Talk %t #5475 3] PageRank 7£ A [A]
YIRS AR T I AT R ] R 215

H &L 7 AT X F 2R R AN ) A 1 0 B 2R AL
T AN B BG I AT 55 PAAT R R B 2 33X



2870

ARV S KR 2017, 54(12)

TR TR A R OB 2 DA I AR AT
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Fig. 7 Execution time of different datasets with
different fr
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