HEILTR S KR DOI:10.7544/issn1000-1239.2020.20190286
Journal of Computer Research and Development 57(3): 542-561, 2020

>k

AR AR E K MRS 1 XA F S RE LRI

T o# F4HR IAER HAH
(TER MR F 2B e 330013)

(wangyann(@189.cn)

Coding-Based Performance Improvement of Distributed Machine Learning in

Large-Scale Clusters

Wang Yan, Li Nianshuang, Wang Xiling, and Zhong Fengyan
(School of Software s East China Jiaotong University, Nanchang 330013)

Abstract With the growth of models and data sets, running large-scale machine learning algorithms
in distributed clusters has become a common method. This method divides the whole machine learning
algorithm and training data into several tasks and each task runs on different worker nodes. Then, the
results of all tasks are combined by master node to get the results of the whole algorithm. When there
are a large number of nodes in distributed cluster, some worker nodes, called straggler, will
inevitably slow down than other nodes due to resource competition and other reasons, which makes
the task time of running on this node significantly higher than that of other nodes. Compared with
running replica task on multiple nodes, coded computing shows an impact of efficient utilization of
computation and storage redundancy to alleviate the effect of stragglers and communication
bottlenecks in large-scale machine learning cluster. This paper introduces the research progress of
solving the straggler issues and improving the performance of large-scale machine learning cluster
based on coding technology. Firstly, we introduce the background of coding technology and large-scale
machine learning cluster. Secondly, we divide the related research into several categories according to
application scenarios: matrix multiplication, gradient computing, data shuffling and some other
applications. Finally, we summarize the difficulties of applying coding technology in large-scale

machine learning cluster and discuss the future research trends about it.
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T X 2 A% o TE B X — L A I G T SRS SE LT mm
M 52 BIE O B B TR AR K. B/ 8 S 2 ik
EENIHE N 1N

FE— A3 A7 2 B e 35 T EAT 55 b L 5 A
TAEBEWEIN=5)HC=A"B. K& TI/ET
SURB A8 B B0 AT M 1 — 2k R/ W A 9 A

LN EL A e B o A/ R Y
A= 0 11
LA, 4. (4)
B=[B, B,].
RITT, SE PR T e 1 NS R W T 4 A K Gt
R OR
{AEBO AEBI}
C=A"B= . (5)
ATB, ATB,

PTE BT — Bl T 55 5 W ke S B IR Ak A 1
AVEATAEN i GE 1,2, A IR0 2 MRS T
S

A =A,+iA,,
B,=B,+i’B..

T UEWIZ T A B K R R 4L N
WA 44 TN SRS TR —AF R Y
PRI 38 3 — A B A A SR M Y 3 R R 3X D AT A
e b 2 N T AE 1 A 1,2, 3,4 0T A 4
B TAET A0 AT A5, W&l 8 /R 2l it ,
il 4 AT 8 3 S 04 AT ff At mT DUGIE Y.

MR HR w, T A4S ) .

(6)

C, 1° 1" 17 1°1[A!B,
C, 20 91 22 29 ||ATB,
= ) . (D
C. 30 3 3 3°||AIB,
z. 10 40 42 40 ||ATB,

(DI RBOE R TES SR i T e
ZH01,2,3. 4 AR F, b REAF A, KL iZE
P2 ] 306 ) R PR R © R — b ik S R (7
HEAT RCSR 3 AR E B T 2% 2 1 AT i A kL SR 7E
— P BRI BT 5 P 48 L Rk B T R A
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Data Assignment

Computation

Straggler
Worker 0 >
Worker 1 >
Master
' T K (Tt m T T Decoding
p AmAE2 A G TR 42 AT B2 AB A2 A'B, | oo s o,
Worker 2 ' B-B +2-B | , e 1o o B | v |
1 BB R ; Compute C=A'B |
: from C,, C,, C,, 54:
_________________________________ I using polynomial |
" A= ! . k interpolati '
v A=A A G g 13 ATB 3 ATB 3 ATB, s | PO
WOrker3 | 1 5 00 10 01 11
| B;=B,+3-B, )
i | rm e mmm e —mm e ——— -
=4 + | ~ o |
Wokerd| o A=A, +44, L C=A;B,+4 A B+ 4 A ;B +4 - A|B, H—>
orker \ B,=B,+4-B, | ..

Fig. 8 Illustration of polynomial code with 5 workers

K8 1A 5 A TAEY 21 2 DR R

WA RE FL A AR A% Yu B NNk, B T AT R
B R W L R R 1 A B A i S o R T DL R
— A~ 22 35 A A 7] B (RS2 — AN 15 Reed-Solomon
fith %) [) AL

HLRH 3 ZE A, B AN TR A5 0 #RR Il 4G
TR
C.,=A'B,=A!B,+iATB,+i’AB,+i°ATB,, (8)
Wk R Z WA =i A .

h(x)2AJB,+xATB,+2°A}B, +x2°ATB,.(9)

PR i 4 A TAE T S s SRR A C %
W PG EEMN R TR 4 A S AR E— 3 K
Z i,

Yu SN R F B ol 2 T
FE N A TAEN 05 1 58— A~ — i (10 4 B T 1 AT 55

1,
I H A B A AR A BB AR 6 A 1RO B )

L 43 T k5 L B

K,y mn=0(1). (10)

X A 22 3 2 g 5 1) = 220 2 Ak B S FE T

3 R O BT G B - R A B A A, T DL AR T
VEN 8 B ARAT i AR RIS R DAAE £ 88 1
PR A2 0 3 % 1 e 2 e B DA R i A S R L 3
e R A EE T —A MDS 4584, 10 AS J2& % LA T
(8 A IR AR AN R X R A 4 A S . 1 410, 38 ot ) ]

Z 0 B AR S A L T OB TR 7 A B R R K
H A B I IR S Sy — A 22 20 A L R R (R —
A RS i fif 4t 1] ) o I m] A ROR A 31X ik 5 s 28
AT ARG A B A o A 2 P TR ik 2 ] A 2.

Yu S NHER] T 2 30 G A 1 ek L d
EAEE BE LA E T EEHIE N T R (R E
AR SR [ B4 mm A HE R K A2 5 25 ) B 11
11T 5 28 i HH A DR /N IE S mn B THL I  F 42 1 B
22 31 2 2 A5 A St SR BERRE RE (9 TH ISR L IXRE
MATART AT S € I i 09 fie /M 2 A AR Y
TR Y AR T L i A e ) i o

5 22 T 4 A5 9 B At B Yo S NP SUFE SCRiR
(301 i 1 — ol i 1) 2 A1) 56 W, o o 2 9 22 39 5K
M A PTRER S BE LB T pmn+p — 1 BIK
5T AL M 9 2 T RS F) A o R T X R — SR
A m X p FEE A — A p X FEFE AR L AR
EJESR AN H 2 AN RE R T IC R 4 6 IR AR B XL
2N PR 1 23 ] BOAR T REAF A B 3 p P XFTT
R AHEZL pmn X IUR 5 G RR B LM G AT
P B AR 21 9 22 1T AR 1 R R 6 R R e AR
55 b A OGRS A5 2R S8 LT T LA skE B A b B2 A ofe
L IFHIEBT pmn By 0K S B X Bl i 55 5K
SEILT TR AT 00 A% e Al g T U7 1 L B AIL
2R G i 1 MIDS i 5% 2 7Y (4 77 vk 1A Bt 4 2
22 31 X 2 B 2 X 22 T B A 4T B R X p =1
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IESRZ SRV TRE S il N EUIE N DD V2 4 ¢ 3
SR T i ek M g 2 U G A L FE R BCR 2 9
FEL PN L F6 3 T T 4 1 2 5 s 1) e A K A2 1.
Bb RIS R A S % S — > AR T J] A0 84 Pk
(i) R , A AT S 1 ) SR W 9 e A R 2 I L T
PATEIX A AR 2 5 RLA.

5341 s Dutta 58 N5 RN 43 A 20 B 906 1 42 fit
TPl B g A1 3 55 s ——MatDot 4 £ . 1%
W 7 R S IR (L TG 1 SCHIRL 29 T B2 % 22 100X

. 24 ) 3T A i A T 1

R, 2T AT m® A AT 50 TR A
il MatDot 4 % K7 B 2m — 1 A58 AT 55 1 T4
A AH R X AR N A A Y A B T R R AR
WA B AN Dutta 25 AP R T — M T T
XF 55 CRIAE 2 i 158 vh X 55 J@ T e i i 1 19 11380
1R H0T F14) 44 T I e vk RO, Bl — i PolyDot 14, &
TEAEAE FIGE (5 29 T etk 1 30T 1Y) g 5 R B ofe 7
. — % PolyDot M ¥E 22 T =015 Al MatDot i 2 ] 48
AT SRR A (R R 3 AR 2 ) DG R
I ] MatDot #l1 PolyDot 4% BAE$E H T —Fhobs
n (n==3) > [ AH 36 1) 2 b B AR

24T BB 6 B g A R W 2 [A] 1Y X L, 3X
A 2 Bt SR WS 1) E A AR 2 38 L B AR FE A R B iR
HC=A"B. WK 5 iR AHE TAERENRA 1 4AE
WA N A TTAET W A R G b AT Y. H
o2 AN B N B R A p X om
p X AT AR B — A A B 43 1Y 5 R
ANGEARTR Y HAEAS TAE T 80 KRB 7R A M A7 4iff 2 A
+ .

Table 2 Comparison of Different Strategies for
Matrix-Matrix Multiplication
R 2 SEME-SE SR A R SR M H X EE

Limitation on
Coding Scheme Recovery Threshold

the Parameters

1D MDS Code N*£+m
n

Full MDS Code N —mn
Product Code m=n Cm—1 /N —(m—1D?>*+1
Polynomial Code mn

Entangled
nt+p—1
Polynomial Code pmnTp

MatDot Code m=n 2m—1

T340 SCHERL24 T 42t B 9 B T H 5507 05 20 T
TR R B — R A AR B RO A

FEAF X S8 AR RN E s BATY SR TR AR
BA T A5 BRI AN AT 1T B8R # 4 B RS\ R A9 AR
T O HAR Y SRS RN TSR A 2 AR R
M BB BN R AT YT R AR g (AR
A 2 AR b B T 33K 6 Sl R QPR Y 5 BT Y 2
e 2 %t T R B VR A IR 2. I Kiani 28 AU T
— R A BA YT Y 5 BE 0 Y e A U7 SR AT
J6 75 JEHE B -] i 3fe vk, JF A MDS 5% 5 FH T [
(/N AR R U b B, — A e L — > B
TAE 528 BUE B B P 43 45 R Kk 2 321 L X
Tt AR SR WS ARV — > O 3% 2L 9 A0 B AR AT AR
Fo 3 A AR A5 BT A0 T AR I 0 b 1 58 )L 4K
J&i » Kiani 88 A3 U e 12 R R FH 6 1 -
e % R T 3SR AT 55 T 2 — O Y %
TH A H R AT DLk — 25 A e ok s T B ] O 4
T D AR GE U G i 8T B 3 B 45 SR [A]
M7k A A R R, S U kM b T &
T A B ] s > T 2 67 0.

WA Xof T G Ae] ) P 4t BA S A 5 RE O X —
[7] 85 , Narra 25 ABY fl Ramamoorthy & AP 1 43
ik N CIE T Ty

3 RENATHERTSR

TE SR A AL A 2 21 5312 1 TC 29 AR Ak ) LA, A6
J% T B (gradient descent) J&fx H R AW FiEZ—,
SR R R S5 /IME B AT DU Sk B BE R R ko
AR A A5 B d /N A A5 K oK BORITASE B 2 B B
Xof T BE AR LA S D 0 R AR SOKE G Y R
3 SR R G Aefs JBE S B R RA RS B 5 A 2 B
3.1 HBWHBEERBAR

Tandon 5 AV W5 T 4340 2 R 58 v b 2 15
) e L A i B T A AT B B AR 2 LA A 2 I
HR 0 eI o TR R B 1 A A R R X L B
BRI RS BE SR TR 5 RO BT R R R D
15 7% [ 2 i — T Y & SO B SE il |, Tandon 55
BT — AT g T O 48 R R A
O, JBe7R 1A A B8 R AT 4 B AT DL R [R) A5 B R
T e 1 50 2R TS R A BT A A L A AT T AR T
VBT S A7 7R A8 48 1 R s AV R 0 e 4
BN T 5 (full stragglers) F135 438 BA 15 45 (partial
stragglers) i, HH 52 AT SR8 TR R K
F AR i B SR AT AT T 45 2R 5 3 4 BA 5
SEAR A SE AR AR Y i, BB CAREE LI Y R0



A R RO SO R A UL o S PR RE 4R i

551

A 1 L i SR T DA R 52 0 T O 4 AR B X o A
A5 BA Y A5 R 23 45 BA S RIX 2 Bl AL . Tandon 4§
a3 AR T — R g B 58 ok S AL A o ) 4R
AHE X F5E BA T A5 A 5 A

BEXS 98 4 35 BA T 81, Tandon 58 A5 #2119 4
18775 58 J2 1 gk A ) A T R S8 I AT 55 R S
(19 AL S ol ) AR SR e (S35 ) AR Y i M
GHD B b s %07 RAEA 2 A4 A1 11
i g T 5 SR R

Group 1 Group 2
1
Worker 1 Worker 2 Worker 3 Worker 4
D, D, D, D,
D, D; D, D;
D, D, D, D,
G
Master

D A A TAE A BB T 0 G D

AU R R AT RAT S0 0 1
25 A TP R AR AT AR S s+ D Ay

2) FITA 1 2H R 5 L R AR

3) YT TE B A TAE N AL iy H A
T 43 1A o B ) R B 2 A

B9 n="6,s =2 Bf A48 & 5241 XF 2 > 4wt A
A AR

Group 3
1
Worker 5 Worker 6

D, D,
D, Ds

G The Sum Gradient

D, D, of Training Data

D Uncoded Partition

! of Training Data

Fig. 9 Illustration of full stragglers for n=6,s=2
K9 n==6.,s=2 K1 full stragglers 34

%35 43 3 BA 1 5, Tandon 48 AP 41T —
ol 24 A5 e 55 A i B R 245 5 Ok B 5 2% T SRR
I8 3 1 2 A 758 53 A G A5 R 53 o Ak 2 — S TR S 4 BA
T AL BRI b B0OR G R 3 B TR T RO
Ak FSE T AR, b R G B M G A 114358 03 AT R
(n s o) ST ZHGRIT , B o (a>1) 3834
F5E AT TR B IE R R @ A

D HRER A LA AR B

a

B b AR G A R, H A A B R G i B

20 MBI A AR AN A

e, O R R 2 4> A Y 020 BE A SRS AR ) 5

3) AR TAET GHL (A, B /Y BT R4y
BE G+ DA G He, 3X — 23 BCJ5 288 s A>3 BT A
HA G

4 AL TAET S Worker ¢, B S50 PZT 5
JIT A B AR Gt A B, IR B AT A b R A A 6 B 3
SR AL BT B g 5 B, T AR S (AL B 23 iU B
KR — DL A B 375 51

NG b5 07 G v nl LU S RS AR R R ik
2 HB A3 BE B F N AL WA S8 AT L R

(1 0 4 AELZ PR i Ak 3RS /N 43 BSCHE ) T g 2
/A5 TR O 7R X — 2 B 7 SR B IR

ﬁﬁ%%ﬁﬂ%%ﬁﬁ%%?&iJ%ﬁ%ﬁ%é

F51 BA Y 05 58 R BEAS TE Y B AL BB A Rl

g 10 R =305 =10 =2 WO
TR 1 A AT A S R
Ye S5 NV T A5 A RLRS BE g Ay
% BT A B B A A A RGE A A 3 AT
TR AR T80 B TR 0 SEAS AU O T AT AR kb T A A
BE LA B 8 — e iy [ £ A, F) B 8 7 48 Fi ) £ 2
() B4 4 A P B E T X 8 S B0 (] 1 SR AR AT A
d_stm
= (1)
Hodr,n S TAET S 0% f B THENEE .4
R Ay BCLE A TAE 1 S 5 T W B, s i
BATT A A B m A AE T R X — AU E S T
SCHRL36 %t B F m =1 145
Ye % ANV HE— 2 45— Fp L 0 2 U
1 BB gAY T LSBT B AR AR A Y
S AU, v DL AR B T F B A9 32 AT B 1] /b g i
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Worker 1 Worker 2 Worker 3
D, D, D;
The Sum Gradient
D, D D, .
- N ’ ¢ of Training Data
C, [ "
' G D Uncoded Partition
c for C of Training Data
N,=V(D,) +V(D)} c Coded Partition
B,=V(C,)-V(Cy) ' of Training Data
N|=V(D|) +V(Dz) N3=V(D5) +V(D(,)
B,=V(C)2 +V(C,) v B,=V(C)2 +V(Cy)
G
Master
Fig. 10 Illustration of partial stragglers for n=3,s=1,a=2

K10 n=3,s=1,a=2 I AY partial stragglers SZ {5

T RW EEZIL TR T W RS AR AR e
FIR) 20 5, T SRR A B 1) i 1) AR B R 43 R o A TR
N RSS2 DN HEFE B RV, H T (n—s) Xn
BISERE V AT (n — ) X (n — ) W T30 B4 & T 36,
X —VE BT & G 7 2 ThRE A A AT s ALY
SR JF BT LU v s o (FE D) B8 52
R P DR 2 e 25K 53 Ah s mn X (n — s ) 1Y [
B W2 2 A

D B W5 m 91l n DK K0 Xn B ERALHE
P20 15

) MFIEEjeln].BHITH5V HH ) 5
AR 2Ty 0, For ¢ S — 2 RF 8 M (E, FE 4
(n—d))m.

PEST 1 AT LAGR RS BE 1) 5 F K 5, 1 T 2
PRBA TAET Sk 250 B d A0 748 1 F A
T S A 3 5 22 1 X 2 [a) B AR G AR L 8 A R o
R B BRI AR UL, AT LLAE B B9 — AT B AERAS
ZHi R H B AV I BUE R X 2k £ 015
FEHE— s A 2 . 88 5 AT DL GE i 4R 2 T AT AR R
AE SRS Z 15, T 2 B ) 2 PR H R, Ye
S NI G 5 5 28 BT R 3 1 A% AR AR #R T SCHR 36,
38-40 ] (1% G % T 58 Ok Ul B g A% SCHR [ 24 ] H 2L
KB WG m 92l n ASJEF T, Xk se e %
T A AT oK SCHR[38-40 ] H AN EE m =1 BY%F
GRAE O s AN SR V0B B 1) o B 2. R T AR AR Tl AL
SCHR[36,38-40 ] g fith Jy 28 A4 i AN BA 336 15 2 30
LER X IE A Ye 8 AV gy i EEH R
BB BT AE.

il o # A mpidpy 1A Python 7E Amazon
EC2 R/ Liz1T, Ye S ANV LB, 5 K 4 i Jr A

o A AT A 5 B AR RE T AR A Az A iR 2%, W] B is 47
B T 32 %6, 5 H G BB A B SCmk[ 24 ]rh
() Gt 5 7 ZEAHH BRIk /> T 23 %,
3.2 EMEERBAR

S i TSR 2 G B 5 T A IO A R AR R
T3 B2 i 14 1 o8 RS RS b SR S AR SIS A 1t 1Y
fiff DR ZEAE MR R B 1 T b R AT DA 32 Y 48] 4
1o 3 TR B Y 5T 2 A7 B A I k. Charles 58 AMY
P 0 T PR ) T PR B A B, LA DR TE PR A
M ARURE B ) 43 A 2 H 580 TR B T G ek D 1 0 A B ]
DA I 35 it 1 B 0 X 4 BT A B B A kL X — G A
Z, Charles 58 AW (8 F 6 50 PO B £ 66 B2 4 )
PA— 43 A 20 5 2 R0 B b 3 58 (LR B
— P, X 26 G it T T A3 A =X =0 L5
BRI R AT AT R At AT AR P S B L ) A O TE ST A
AR &2 [0 L, 3 B O 4 1 T 2 A 0L B A 1 i B
FR . —Fh B A Z2 0 i 18] 52 2% B 0% f A0 Al i B30
I — Tl A g M B 2 M S % BE I P i 6
P AT FE LU 2 FOR IR A b, 2 B g iy 2
AT VA O AT 5 O B AT R 2t
S BRI 55 055 1 A S Gk 42 ] 82 1 i 3
4y H &2 1% (fractional repetition code, FRC) , R ffi —
SE PO A B T B A5 s DAY R, R0 EE A i g LA
AR A SR S /iR 25 B B R R 25 AR, A A
21 Ty A2 O BA S A5 A 52 e, B ek 2 AT DL e
PR3 AR5 R0 A B BASY R TR X A ) AL
Charles 88 A"V & T 356 1 %5 it B HL I 01 8% 1) 6
15 (Bernoulli gradient code, BGC) # 1E I 4k D1 5%
FKf BE RS (regularized Bernoulli gradient code, rBGC) ,
TE R T — 8 2 A 1) B0OGT it BA Y A0 A 36 452 NP ¥ (7]
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R, 2 B 536 6 5 L 1Y) G i T 22 300 2 ) ) e A Y
P A 5 A A T A B ME L Ml T X BGC R rBGC
MR 22 20t 1 BT Y SRR, 3R BT A O B0 A T
TEZS 2 B2 LA LG FRC HORY 4 F- 24 1% 1 12 22 0 AR
P07 LAY 45 S 3R W, B0 B A 1) Ml A 02 A B 5 R
P11 1 0 i IR P B 2 B) A A — S I RUA O R

Raviv 45 M F] H 4 0 4 5% 3098 vh ) T 2%
TOHTO RS BE A , BN PR MDS 15, D) 34 B AE S50
5 L SUAE T  J ORI B B b 5 IRAT iR
AT AR B o M S5 M I b 2 — R B T X
b Z it ) R RV BT R B 4 A ) A — A S
RLAR Bt R B 115308 A B0 R 19 B SR B — S I L B
KA AR X A 7 0, 28 s R R G
F ) —F 53 s RG] LA ATAT s (s <<m) $EHE— A3
RLR fif e 5 58, LR 2 s PO 185 o 7 328 287 AR AIG
oo 5 s 4300 TAE T SRR 5 e A A i s AT R
(R ) 38 3 R TR 1 U — A 208 422 2 B T LA AR
B A AR B A, O HL 5K B A E R L 3 R T 1
CIRVRTE 2 2 S =

4 HWAGNATHIELE

B U L 2 ML AR 2 2T AR R 0 0T
LU E I B G P AR T 3 FR. Lee 55 AN TE
SCHRC24 TP e B T 76 04T HL AR 24 2 kb, g g ]
AL — 087 119 7 2R AT 450 A1 19 R A 6 25 ), A
1T B AR I AT HL 28 2% 20 540 3% v B3040 ok R 1 3 15 AR
A AT R 7R T 2 B0 R 1 8 BT 43 vl LR A AR A
AR A L CTAET 250 = ) AL T R 4
Tt ) R WAL 2 B 58 R T LA B IGGE AR AR O (y (n )
i, Horrs

ﬂm:mnfﬁﬁiﬁn%%ﬁmﬁﬁ.

Wl A2 14T B Bl AR

FAN UNFRE W B 2R 0 A R R
B2 1 AP BT E s A AL B4 y () ~n.
4.1 mIBREIRSEIEM B AEE T

T A AT 3 I L G 5 ] LAk 2 v ML 2 )
FRIF W38 AT P B8 B 3 BT 1 AL 2%, 38 2 ) FH RS 0 1
TFEYTT RUARA M T 5 4 5 mT DS 2 0k 20 43 A =X
T3 {5 TR R s, L SR TR T — R
MapReduce 1) 4 % HE 22, FK b 4% % MapReduce
(CMR),BTE r (r EN O MAF O AT AL 53D
BT S5 B 5 DU 2% N 1 45 s b - £
F1R9 388 175 67 A8 091 40 3 3k A 2 A O BB Y Y A

R WG 55 04T TUAR T A% S5 19 MapReduce
1 LI MapReduce f3 15 1 28 20 5094

MapReduce J&— R &Y, & S — R
PR 55 a SR A b 0 WA B9 46 R 47 70 A =X 4k 3.
MapReduce Y EEAE Ry 4, 61 20 o] i 45 1 | a7 B0 Pk A
PR A AN HE R AE SO R Ak 2R BL
5 2] FAE AR R 2 b BT B 5 B B AR T 32
2% & — A T oA B R 38 H MapReduce HE
AR VZRESR T BN R 3 BB Map,
Shuffle, Reduce, BT VF 2 115 15 55 L 40 20 AT
1E Map BB, 78 1A (B A 9 b A 4k 27 4 A
A SCOE S LA SR L AE Shuffle By Be, 4 T 2551
AR a0 TR O L TR SO DA N Sl EIR S
BRI — A 8 B AT . 5 )5 7 Reduce By
B K R B T A v T (B 5ty Je 2 45 2R

Z e’ 11 # i) MapReduce |73, [ FH 3 4~ if
BT 6 AN AU Fo~F R 3 AN pR L
SR 5 = IR R 3547 53 A 5. Nodee
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ASSCPEBES 1 AN 11 Ca) iF 7R Node, (i =1, 2,
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NEAR 0 g A 8 R SR T A 3 i ) 4% DY 4
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11Ch) iRz s B9 s AN J2 4 34> vh (A R AT 5 4%
2K 2 A P XOR 8525 R (B ER )
ZREL 510 2 AT a1 TR R AT B R K 4
L B SCE 3 =ML )5 Node, AT LI Node,
K G At A v s 2 B DN TR B2 B 7 SO 1 Y
TE I R I % G b 7 AR 38 R 0l 3 A TR
Pt BV IR TT SRS T 2 AR AR

TESCHR[43,46 192 A — it CMR J5 %&b, B4
Map {55 BT SEAE » DHE O 2 09 15 5 R
AT CRIE r TR 80, DU S RE 98 &k i 0 L
by A SR IR Y g S 2 30 S P, CMIR
SEBLT 1 r QESF AT S SR B0 1938 15 20, B .

1 1 1
Lewr () :7L\m(~u(lcd(r):7><I_L:@(ij. (12)
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Fs

Node,
(a) Uncoded MapReduce scheme

Fig. 11

ARR®
Needs Aﬁ

(b) Coded MapReduce scheme

MapReduce scheme

K 11 MapReduce HEZR

FESCHRL46 7P, Li 25 A58 1 fie /N Al GE 3 {5
HHUEEBELTARL (), ZTARYE CMR (55585

NN I (r)=L<*MR(r)Z@[%j.ii%ﬂ?Tif

BN - FMEEAE B L Z A0 — A £k
PEICZ B AT LAAHT R 4 rhoml F sk 58 3 R A 3
S T R A A8t L3 {7 4

Li 88 ANMT0RE SOk (43 ] b $2 1 4 1 JELARL .
F TeraSort, 2 1 T — #1943 75 =0 HE ¥ 55 1
“Coded TeraSort”, K K¢ % T Hadoop MapReduce
t TeraSort J #E (19 P4 A7 B 18], HE 7 A {2 Hadoop
MapReduce Fl Spark 55431 2T 5 R 5t i S A 3
HE R MERE RS . SVD M 2 BIE Bk 1R 2 0L
o 2 B R R OGP IR L O DUBCHE VR L 32 S
#. TeraSort T # /& X TB K/ EHE 17 HEF
M & 0 —Fh 53 . & Hadoop MapReduce H1 % H
) JEfE. 5 MapReduce $0 AT 1Y — i 45 #9 — 3k, 76
TeraSort AT FE o, B Ak 55 4 19 0B S0k oA
Hb A7 1) A B S S ) % B A ) Y R E ) IX
L SR 5 Tl — g3 D rb %) B A B s AR R B — A
R TR R BT A I B HEST L DA B 4
HEF 5 T 4w i TeraSort B FeA S 20 .

1) i AR B 53 31 AN AR A2 09 S A~ S
PFAA R TE 2205 O 1R 5 09 Il 55 44 19 A | DAOxE B s
B L5 TUAR.

2) BT SR TeraSort Y WL & 1 7 i 5 43
T 25 & 1Y i A SC A

3) BT U H T B R b Y 45 4 1k T
A s B 7 4 ) A o A BN L A B o R A
A5 1) 2 5 ] B 550 90 A 3 B 22 A 19 a5, DT R
T BRI

4) REAS T B U B Y G 5 i SC g RS
Reduce B Bt fir 5 19 #9550, IF 98 TeraSort 1)
Reduce i3 F2.
4.2 —MBEEMHOEDRSIHBFE

ey B TR 51 S i 82 2 43 A KR R R
RO FE I B ATH B I BCE TR R 2 ARk B
) — AN G B Song SF NV I T —Fh 5 G R
Sl g B AS ] (1 2490 2% 51 G 8 o Sk B0 Uk R R A — A
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