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Abstract: The job execution mechanism of Spark was analyzed, task efficiency model and Shuffle model were estab-
lished, then allocation fitness degree (AFD) was defined and the optimization goal was put forward. On the basis of the
model definition, the progressive filling partitioning and mapping algorithm (PFPM) was proposed. PFPM established the
data distribution scheme adapting Reducers’ computing ability to decrease synchronous latency during Shuffle process

and increase cluster the computing efficiency. The experiments demonstrate that PFPM could improve the rationality of

workload distribution in Shuftle and optimize the execution efficiency of Spark.
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N (G ell,s]) A Bucket [MIEHEE, bk, (iHHH
V- 2s mapcounter 5E /. X T Mapper Z(4 7041
&% Bucket 4i'5 AT R, 19 2R ST W &
B=(Y.b,, > b, > b)), FoRAREHE M

TEAT S PATIERES, mapcounter B4 Uy i 31 5 4T
—IRBHR AT by, KIEZS Master, [ HH Master
SERCEAR ST i B RS AR, DR, HdRgeih
SR AR B IS (AR A SRS IR, 72 Map
FESSHRTEIIN, A ReAFImAERA 4 s 73 i .

2) SrIXHRE AR, ST A REE A e X,
A nxs W BR,, ., HT&/R Bucket 5
Reducer 2 [A] R SFF 5C 2R

br,  br, - br,
br,, br,, --- br,

BR = :21 '22 .2s Q1)
br;zl brnZ e brns

Hep, br e{0,13G elln], jells]), RE 1 FLR5H

j /I Bucket ELWLST 2% %5 i 1] Reducer, RS 0 WK
TN 7 A Bucket 545 i 1 Reducer TLHUF E R .

TEVIUEIRE T, BR, IWFTA JCHEIN 0, R4
BOKFIEHE n 4> Bucket 5 Reducer 7L C R, I
¥ BR, ANATEN n MICREERN 1o HTHA
Bucket H AL 2—/> Reducer, A7 DX LG A
Mi BR, RS RZAH - ANICRMEA 1. 1R Xk
I, 550 HC Bucket MAFF4cAF: Y b, =0, %

ierd

INER j A Bucket AR 5T Reducer WL X &
283t A eI EL, WAL Y bry =1, RIFTA Bucket

HBELWIRF FIAH MY () Reducer |
3) P . @ I F=(f 6, ), H
o S RS TN TR B 95O k(k e[1,n]) ) Reducer
O hr I s 5, i 208 10 B0 T AE B ook Hods
Setchcounter 56 18 fi I HHHR K 3 Bo e £ A AH TR,
REAC oy D% J3 BRI T AR 48 vH % Reducer T H7HUIT
B . Bl b HUn BRI T Reducer U
IPRISRESE, FE7> XN ST, KB Reducer
THELRE TR ) AR
4) MR R o 8 X = T0d] mri=<mts;rts;flag>,
FF32678 TAESY &5 i | Mapper &5 Reducer %W 2%
Fo H, mes; RoRAT AL AMBLH Map 554G
rts; 7T 5 i M) Reduce RS54y, flag WK
Map fE55 2 5 58 bR il . BRIk, BT TAE Y A
Mapper 5 Reducer XN ICFRA MR={mr ,mry,***,mrj} o
5) s HE 4. Master E4EP—AN<id rank>
(BAE N ARG ES, T3R8 Py SEAR AT i A2 i)
T E R HE, o, id RORT RS, rank
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FoRt4 o ES W SRRV I SRV G, B4
HARNHATTE K, SR HEE R, 5 R
P FAT 55 58 U S G WU AT HES ), A8 A i)
R B RN (AR S T . BRI R A ES
EEMHEB AT EEZES N, RN ES £E504
(ERST TIa VD% = R SO

JCEL A R W 0 TH 70 43 X WL SR IR S B 20 R
et AT SRR, Foh, R A2 o X
6 SRV I S A, g do R )3 5 G DX SR
E A S A A AR IE #1380 1T 40 DX SR ARV AR
75 DX LSRR RN 4 Ry s 70 A 42 1vF % Reducer 1)
Crf s, Ehpie s XU fdr, @it MR
KIRER . B hr B ) s A0 g 5 HE P 4% Reducer HE
J7, AT 2 T2 73 X 5 Reducer [P G &

43 HRIREE

Oy XA LI 3 E H S B 2 i
FIERIANX AP FEX, 1§ Reducer 5 Bucket )56 2 4%
H—X1 2, NI A e 825 R X8 70 e 5 Hefil
g3 XA R A 3 L AR W R PR

1) Wy RS, BN Y JE X Ak
Bucket, #RIAIX ¥ Bucket 2155 Reducer /M4 n
A, ¥ REX 1 Bucket 2084 no -

2) Mapper il tH 5 hash(key)mod(n + &) 343
HNHAR Bucket %5, #dw's /N T n, WIS
ABARX, ARUGIREEE A B 5 K551 n, W
RORFAR NI X, GhBHIT 25K 3).

3) 4T hash(key)mod(n + &) = n IA1H L, 4k4k
W hash(key)mod(nd) , ey X T iZ s BT iE
] Bucket i 5 I A E s

4) ERINX A Bucket %05 Reducer MM4AH
[F], 4254 R G 3 T 2R 2 5 R N U 5%
Z, AT Map 115558805 % Reducer RIFF4R %4
P, P REXTH) Bucket WIBFAENZBURCR, ACH
Ji BRI 73 DX 126 SRR 3 DX S B A TERAE

Iy X Y EER R E R R 5 1 o

BiE1 U XAk

WA BRNIX default,

¥ REX extension;
Reducer MU ;
WEAE key;
VRS,
1) bukNo«——1;//914E4k
2) default.creatBucket(n);

3) extension. creatBucket( no ),

4) bukNo= hash(key) mod (n+9 ),

5) if(bukNo<n) then

6) write(key, default{bukNo]);

7) else

8) bukNo= hash(key) mod (no);

9) write(key, extension[bukNo]);

10) end if

SR HEA DAY JE X @i, JF
AL B 53 W RS DI, Hdhs 5 N7 XAy
ATART D15 AR F 30 X e AN ) A S50 78 1 e
AN o Ak, SRR AT LG, KR Hdls 1
BN, A DEBIEHAY X X H
T R O3 AR SR SRR o B ) AR R 1A
J 45 o3 AT X BE Map AT 55 AT LR iz 20 Kok
PRI, 4 SR 20 A (A P IR LRSI , K i 2
e AR TR S B R I o AR XY R A
A NINESEER VS NN i E R
I, §7RE XK 3 BE AT BASE 5 34T & Reducer BRIAX
AR GE RN ], BEASE 0 Shuffle 208 (1) 4
MG I 1)
44 HRXIFEEZE

S5 o P AP RE VB A NN SRE R4S T
Iy IR S R e A R X B o e TAE, JFRL4
SR B 3 AR RS . R 4.3 WRIR, ¥
Jo& DX 58— H 7y XU A 1 R AT I LB E O AT R
Reducer BRI DX Hidfs b7 5w BRI IS TR], 3K FEAANAE
o3 X IR AR AT A R IR 4 SR B 0 A, S B KRR
JEd s 1 Map (E55 5B I & o X T i
R, KT A4 SR HHE 4 A IRORS A R A
Shuffle 22 AT R, K HATINHLE XL h Mapper
B A MES ARSI TR 5. BRE AR
Feiizsh, HoR A -2 50k WARYE Mapper #i5

(5 SE LI AT, I - Map fE55

SE Rl R — IR 3 X I, Map 145 19 5¢ 301 50 A
Master [FZvh R k. tbok, $7JEX Bucket
BANEC ns , Mo ACAHECh A, BRI, 4 ns BREL A
R o] 73 2 REFS £ 1) Bucket 208, 120 C,o

PN RIE T HOC IR A O E X, 1RIE K
R E0 P BV = R = R R SR - 3R

1) SRECYHTIN ] 5514 /5 A B Ay X
WS AR BR .
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2) AE7> DG HT B B AT A A A F Zbr’f =011

[ Bucket, JMAFFIESES bkList.

3) MRk s A B B, R bkList
R B R B HES.

4) M bkList " fiEHT C, A Bucket A %4
R bkcandi, F1¥ bkcandi FEATLE 7y X WL B2

oy X IR SRR A E R R U 535 2 o

k2 XL

WA 2REdE AT B;

Iy XSS HIFE BR;

it A%IEYR bkcandi;

1) bkList—new List<Bucket>; bkcandi<—new
List<Bucket>; //H]454L.

2) for i=0 to s—1 do

3) forj=0ton—1do

4) sum+=BR[ij];

5) end for

6) if sum==0then //Jiiii K53 Bucket

7) bkList.add(Bucket[i]);

8) endif

9) end for

10) bkList.sortBy(B);  //HR I 504 A HES

11) for i=0 to C,—1 do //H{HI C, > Bucket JH 7
ik DR

12) bkcandi.add(bkList[i]);

13) end for

14) return bkcandi,

45 HDEXMHEEZ

Wi kL 28 (progressive filling) Mg SR Bz K fx
ANOT O C R BRGS0 5% 0 Y00 T v
s BG4 Ch 22 v SEAR T DU 73 T AR AR A A o
Ti % e ASCRX— ARG I3 X L S0 DL e i
I VHELRE ) 22 5 (1) Shuffle Zi 43 1 1) 5.

BT 3.3 WO EE N B E X, R AR
L) Reducer HUE FEABUARFREGE 70 B, AT 3RA3 50
PG N, S s BN AT 2% . BRIk, e
PEAl Reducer [ITHELRE ) R BT SE SRR Y )
LA o H TS RE ) AT Uk SO URE A R o) 5 2R
Bi, REPRRR RN ZRE, WIS A%, £ Xt
REEA A0 00 20 PRI (R VP Ak T AN S 2 B e, M A
A aE Mg Ao DRk, BVRIEAEO T15
Reducer THHAE M HARME, KT ESdL 5 fE

HeF 1) Reducer JP41,  RI0] 43 X MR AL A (1) 43
BeAkds . ik, BERIAMRR ST X B AR
HER R VAL 7 28, BT 3 TP FR bR: 1) 1Mk
AT s (4.2 5 oEdR i b L HEF 5 ES);
2) YEiENL Map E55 1058 & 3L s 3) Reducer W4
W B . et B, A MR Kk
X, ¥ flag I E I Reducer TN fastRT, 5 flag
HJE I Reducer TENEE S slowRT; AR Ji £ k50 ds b7
s, PSS fastRT R slowRT HH O H7HL
B M rHEs) s SR, B fastRT WHER 45 538 N
3| slowRT, WA, &G, KEAHTE
5L HEP A ES ST IACESS, T AR e 244
FPEES RTC. HZVWIINE, RTC 5 ES AG A
[F#, KA RTC Z2HT Reducer A4, 1 ES
JEHET TAET s 5. T Reducer 5 TAETY
MARERRNICR, Kk, ik Reducer HARGk7K
W RE I HEA, BIRTRE ES 4 T Reducer
(WA, TSI IACE R4 R A .
R AR &S Iy L HE SR AOI BT 1
CHAPRHEE ), NEWSH 1:1D), Hiridt—
e m Tt R VS R B, D L HE R AR T sk
A BMEA S5 A, R LS S I S I ] 8 5 P 1)
R ERE D), MEEAHE AR R S EAE AT
IR Reducer [MPERERIL, R, I8k P34 InAL
SRRV I BE Reducer THH-AE 11 HEA 1K) 574 R
AR I HERRE T HLBEE S RoRe S, RERS
SYECES AR RTC HBF& X 1 WIvH 566 0 HE v 1f e
PEAT B IE, AT Ry 3k 2058 N R e ) IR 4L
P HARBE T RAF LA

PR 3.4 WA AR B R, 32
HP SO PR D A BV s 8 20 DX AR ) 38, AT
AR N Reducer 815 N V5T RE 7 15k 4
fic. HILM LD EAT,

1) SRECH IS [A] A4 R s 0 A1 70 DX B,
KR b EUR . MR BRI L AL,
SREN 3 DX i ide 2 R g ke 1) 3K bkeandi -

2) FEFEH AL ) B MR SR AT S HE P
£, ¥ Reducer UM RE I MUTHEY, HAaRES
RTC. R4 R o Ay X Wess 40 B, oA &%
Reducer T2 Fe#idli i, JKr Reducer 4% &7 Mo A
HIFHEAE R B84 RTD 1

3) XA Reducer, SRIUHAE RTC H5H IR S,
FZzR S M LA RTD MRS ME, B3R 1%.
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4) TRl %=, mHERI ER KK
Reducer, £ Reducer WAFREVFAIMISAT T,
bkcandi W i K T¥) Bucket 73 B %5 1% Reducer.

5) SOt S RTD, HELIR HMDE 4), H
# bkcandi " ITA Bucket 7} L 5E .

I3 XA SRR A E R R U 535 3 P

BiE3 XM E:

WA 2REAE A B;

Iy XSS FEFE BR;
EACITEDA ANl o

MR & MR;

P L4 ES;

Gy X ik gk 513K bkcandis
Reducer 5 1d;

Wit OB DX AR B BR;

1) RTC—new List<Reducer>; RTD<«—new List
<Reducer>;candi——1; //H]IE4L,

2) RTC fillBy(MR,F.ES); /3B 75 %4 RTC

3) RTD.fillBy(B,BR); /A4 4 Jey 5k 73 A fl 4y
DX S A P 78 S A RTD

4) while(bkcandi'=null)

5) for i=0 to rd.Length—1 do

6) ci=RTC.indexof(rd[i]);

7) di=RTD.indexof(rd[i]);

8) if candi<ci-di then

9) candi=i,
10) endif
11) end for

12) rd[candi].Load=compute(B,BR); // vt & 1%
Reducer 73 HC 15040 =

13) if rd[candi].Load+bkcandi[0]<A;. then

14) rd[candi].Load+=bkcandi[0]; //Z N WAT
TR AN

15) else

16) rd[candi].Load+=bkcandi fit(); //ZEFFEW
17 RENE K31 K Bucket

17) end if

18) update (RTD, BR);

19) end while

20) return BR;

FEIF X RS Sk, BRRGEFETHELRE ) HE44 A
Corfcdl w4 R 2 (FRitSERe ks KT
Sy ECEE 4D KT Reducer, 71 Reducer A

A thIHTEE T, R o X IR (i 4112 Hh e K
Bucket 7345 1% Reducer. MWIEAR FRE, B4
X W5 1) H bRl 2 3 5 Reducer il s HEA 51154
e DHEA G B, 1l 2 AR A, R
56835 V. Reducer T8 58 7 100 70 Bic
4.6 BIEFHEOW

B BRI A S 2R, I3 X9 RS
PRt Rk, DR HHOR B R T B4,
DRIy X R AN SR 2 FE R O(1) - 43 R I SHE I
SORREH 2 MEVEYE: 1) 2y X BLSEARRE BR 1103k )77 5
2) bkList S5 HT . 4y XIAERE BR 354 Con A
JCE, DRl P RIS TR AR O(Cn) 5 biList
LG THEF R MR, NTIEEE4 O(nlogn) -
TEA X5, RTC F1 RTD 46 HIHET 724l
KHMEHE L, IR REEN O(nlogn) s FLikdhiA
53 4 ATIRMIRE M PATIRECH Con , IR 4R
HO(Con), HH, C, RoRBFRIHIEM /3 IXEE, n
REHATELY) Reducer ML, TrELULIAMN &, AL
K XTI 505 BR 3 [T 053 DX WL SR A )
PAT D IRGEERE S RN 5T, YRy kA TAEY
MR, HFTE— AR R R ERAE, o] DL
SRR O[C;Zn] :

SR PR Ak T 2 2 e B8l BT oy (R A A 25
], L4 JR s 7 Al B ORI X SN FERE BR 3547
nxs DICE, X TEHEAIBAE Fo MR SGHER A
Di SLHE 4R ES, JOTEAE Y Reducer HUREA A o
HEERY TERE S WOE 8, I E AN 4, th T
TOHHE P R B TR B O TR SR, DA B A
TR BERRE E, HEE B AT BR ALY 8 MB
R ie], AR h U Fy MR SCHR A S HE
FeAl%& BAYE 1 MB A

SRR A TN 1 2R e . AR
FAEAAETTR I AT, JCBHE DA TR B,
AR AR, s T R AU S Tk
AR, DRISTEAR TR W] LRI AN T

H BRI LU, PFPM S0 H AT B
I IA) 2R, TEBTANIE ST 4, AUAE Master b /E
WA B AR TT RS . R, PFPM $53 58 423d NAT:
FH R MIAT TS .

5 SETHS HLE
ARG I S G BEAT LU PEAY B E AR
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P03 DX W SR R AT R
5.1 SKIIME

SCEIAEI R 1 5 MRS58 A 8 AN AR st r it
SRR, RS 281E A Spark [¥] Master F1 Hadoop I
NameNode. AL TAE fi i S aE I ANE, 8
ANTEAENT A T AN 0T s 6 AN ad Y AR 1 A
My gk, Hrdr, T AECE R 1R,
T R 4 B CPU %Y. 64 GB A AEFN 4 A
TIEW R, TMEATS W ST W CPUL 2GB
AR 1 ANSEIERM R o ARSS AT IS TR] 1) £ s R st 1
Spark M#EHIE, M AAAEHPR G 4% H nmon
SEM. fE Spark HEZE N, AE45MPATIE BEAR R, 18
WA JURD N 58 1 X AN T A SCHERf I #4145
AT IS T AT YT R DL, DAL, SESG /N Y
ERHE AT DA, A A S RE A WL 52 B VE ML AT (1) B8
Z 075

*1 LETREESH
ZH e
CPU Intel CORE i7/2.2 GHZ
RAM 4GB
NIC 1 000 Mbit/s
Hard Disk 200 GB/SATA3.0(6 Gbit/s)
oS Ubuntu 12.04
Spark Apache Spark 1.6.2
Hadoop Apache Hadoop 2.6
Scala Scala-2.10.4
JDK OpenJDK 1.8.0 25

SEI R ML Zipf Bt S A1 ) [ 2 Fh KA,
Hrp, Zipf 84 12 H 44T WordCount 1EN,
BN 8.6 GB, ARG 9 MR, AT ER
LT BOCR ¥ INbRHE Zipf 20,y BUE G
0.2~1.0 /N, s8R 0.1, y MIEBCK, FoR
Kol o A AR . A B EHE AR B T AT
PageRank 1FMl, 045 SNAP $2 4511 4 NMhrvES B 4L,
W 2 fror.

x2 ML EIE R
Bl 7% EPsE:id puik ¢
Cit-Patents 3774768 16 518 948
soc-pokec-relationships 1632 803 30 622 564
Wiki-Talk 2394 385 5021410
Web-Google 875713 5105 039

5.2 HRXERETEX

R4 4 W EERE, @ drEE R I o X
WL, B R S GG N, (el = S
F T RE I ULES, MR ENL AT RR
AT 3 AN TIR I UE S X B SRR A A,
BN AL et aicEds EREL AT
INFA] 4 AN 7 THTBEA T VR N PR 53-#7 o

1) ¥ ERENTL

DM RIS 1 2R YR, B, H
FEHEATY R R BN LE S8 . SER IR 2 NNy
A4 Zipf-0.3 A1 Zipf-0.7, 44T WordCount
YN, R e REO RN HAT AR 5, 4
A ST R KL, e 45 R B 4R,

x100
-8 Zipf-0.3
asl —e— Zipf-0.7
44t
=
i
£43
=
&«
42
4.1 L . . . L L
2 4 6 8 10 12
TRAK
(2) NEF R ABNIERE LR
%100
45
-8 Zipf-0.3
—e— Zipf-0.7
4.4}
=
=
£43
8
=
&
42
o o
41 . . . . . .
1 2 3 4 5 6 7 8
LR EL
(b) A R4 ELA e fB b gk

B4 ZHo s

HISEE A R T AR, ANFER AR, 57
JEARBOAE N 8 I TAUE « 7ERT 4 NI AL, BEE
PRERBUNIER, 2 DEAREE ML T I (5] 22
ik, IXIEHT TR AR, §REX Bucket [RIRE
B, srRCREolE ;s Mk TR Z R i, RE
i S HME IER R e E R % S m B

2017188-11



<144 - WA

38 %

¥ iR

RO ERE I I ULECEE , MRS R A T
IFI) o £E 5 2 AN A5, AV T IS ] BN T
FEALUE 2 N 1) PR R LR,
FEIEIEA T AR N 3 DR L 18043 e e Bt e
CET A G T T R D A w1 LM 7
BRAAARUEFAL: 2) § R REOL B E mAUE
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1T WordCount 1)V, & REIE N 8, TImaE R
Wik 4(b) iR o

H SR 45 R LU, 7EiT LR A e, fR
AT RIS R S, TR T I TR PR ik Ll
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N, JE BRI A AR i L B ok . FEK,
P55 P 1378 = AP RS LI .o W S8 7 G/ SN ]
Bucket JIAEIESIZR . BROAX MU EREG, - ieEds
HHEA ST R A I ZE S R, B X
BONEL, WURARERKM Bucket, AT LAKH>ECEEE B
HeA A TR, 1 S O LR Bucket (114K
PR N, B IER ZE ok, R
RCRAREIRGS . WAE S KA, /B0 E

h 4w, AENHATI TR, GRS N Bse £
WVERE AR, S REAREHAEAHEE, 4>
Pee At [ FAT S0 PR

3) PREREXT G Koy B A £ e

I3 DXL SR () e ¢ H (P4 o o gl /2 5
RO RE GRS, ANV TIN ] o SIEE0
B 5 A Zipf HHasEHAT WordCount 1EMY, BEATAENL
FRAT I ) R0 BB 2 2 AN 9 Th R 20 Ay e,
Spark IFFATESECN 16, PFPM [ R EBE N
8, ZMHCHHCK 4, VENVHATIAD LB 5 Frs,
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56400
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Zipffr%
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TRAEE N s B0 (Rt B 7 AT T AL,
Bt AR RAT R . WAL E S R, R
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il PFPM VAT LU i 7 o K B 5 1 o SR
(VCECEE, (H ok s A oA, HaEk
(S 1CiEpa MINBURPR o3y NI 2 el pei s N R N /A
MK R S TSR R (2, JFARECRAIE
Hduorhcse G 8, ik, PFPM /A TR03AT)
SR AR . WA AR LR, R
4t Spark VRNV TIN (] ETHESBCA WIS, 1T PFPM
(1 ETHERE N V02, XK LS Spark X T-Hdh
IIATREU AU R By, 1T PFPM. BERS (358 S 4 20
ATZEAE N, SERLHTHEEE AN S e, A5
FERE_EIHRR T 2R MUR oA fsem, Ak, X7
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HIE 6() T LA, A PR RE A 1Y ml i A
orie b, A4 Spark 73 FC s BT E W R, N
&4¢ Spark (151K 7> XIEHL], Bt 73 Fo B 5 st
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WAL PFPM 1K 7 & B, PEPM 7 Tk RES
s L (A oy e AR TR S Spark, 2 THEAT
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M. HPE 6(b)T LA tH, PFPM £E184T45 715 L1
BAE B EHS N TALSE Spark, H1iEW] PEPM (1) 4>
DS 7 5 R PRI AE G . ZRE X RS,
PFPM Sik4t i T e R s 85t o i o, Mgy
RS o P DB, Pk BT S ) 4
Pt 58T gD (B R A AR, X RN B
FHEBEAF RSN, AR 2
AL, EAFIME ) S, TR S5 RE
RIBAT,  WHEA RGBT BGE R 1) W 2451
5 P LB G S 1187 = A i W =% - A1 P S P =11 3
AT 2510 5 S L 5 P Y st PRI el L AN AH ]
53 *FEEKIE
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EPARRIFEAREE BRI K, AT Y
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% join Fl reduceByKey iX 2 A5 i i AE , AL,
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