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Energy Consumption Optimization Data Placement Algorithm for MapReduce System
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Abstract: Driven by big data and cloud computing techniques, the scale of the IT expenditure grows continuously and energy
consumption problem has become more and more urgent. Study shows that the lower resource usage and the long idle time of network
nodes are responsible for this problem in a large-scale distributed system. This paper studies the energy consumption optimization of
MapReduce system. Traditional optimization approaches employ workload concentration, task live-immigration or dynamical power
on-off methods. But in a MapReduce system, a node not only executes tasks but also provides data, therefore cannot be simply shut down
for energy-saving while the tasks running on it are migrated. This paper presents an idea that a good data placement can optimize the
energy consumption of a MapReduce system. Based on this idea, the target of data placement which optimizes the energy consumption is
defined. Then the data placement algorithm achieving the target is proved efficient in theory. Finally, three MapReduce systems with
different data placement algorithms are deployed on the heterogeneous MapReduce system. Comparing the energy consumption of three

systems under the three typical CPU-intensive, I/O intensive and interactive jobs, the proposed data placement algorithm is proved to be

« FEETH: EKHRREI 461202088, 61433008); H [ {8 4 J5 R %3 42 (2013M540232); #UH ¥ o 45 24 AL 1 - 2R A& 0
FHIFAE 42(2012004211 0028); P e s A 3 AR 45 9 Fh 73 42(N130417001)
WA 1) 2014-06-11; &) ]: 2014-07-30; 5 FEfd1A): 2014-12-09

© PERREERSMROT  httpy/ www. jos. org. cn



2092 Journal of Sofiware ¥ At %3k Vol.26, No.8, August 2015

able to optimize the energy consumption of a MapReduce system. The optimization efficiency of the proposed approach is proved both in
theory and by experiment, demonstrating its ability to facilitate the applications of energy consumption computing and big data analysis.

Key words: energy consumption optimization; MapReduce; data placement; big data
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B e AEUAL B A, MapReduce F 40 1) dp FEHU A R R SN S 0G5 8 5 vH A Re AR IS Y ) B i, &
AN R A B A b B, L A BN ) A ] 3 e 54 A1 R BOE i e G N s R AR 0 G T A SR A Y 4% S A%
B, L BB Lk AN Y AU AT 55 AT T 8] AH ], 38 G 1 TR) A5 45 . Hod H b 38 ] DLUER v 08 U R T 26 400 0 A5 5 RE FE B
IR REHE. 25 18 BT 5560, B 0 2 1 5 S 400 2 1038 B, AT b A A 00 A0 40 2 ) 4 R 2500 4 /Nt I 1208 9 1% 1 A
T RE D7, IR, &A1 RUG 5 S0 4 10 18 S I TR A 4 33 T DR AIE AT 25 4R A T I ) AH 5 TR ikt S5 4 500 A7 =)
I B — A BE LA &5 R A s SR A P A AR A W R bR s AT R B bR, E RS R
& X

EX SR ESHIER). HHIRE B S5 IE B B m 4,5 — 02— AR b, WEE S T LR
TRA B={bg,b1,....by1},HeH m B AP H, T AR R IR SRR RPN 0 28 m—1 Btk g il

EX 6(BIBEE AT M), #71% MapReduce R 454 R FF & Ve.eC,

m. .

= )
7% MapReduce ¢ 1 503 A1 JR 745 5 50 & A P, o=g(c),m; 3 B FE A2
EX TEGREE A F1%). #71% MapReduce 7 4 I E A R FF A VeeC:
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KA F:—HH1 MapReduce £ 4afe4809 4038 B ik 2097

h(ci) — CO,» (10)

Shie) Yo,

k=1 k=1
% MapReduce 48K A b 7 £ HC4R (L6 28 -k 3L () BEMUBCHR 25 0445 16 ¢, b oot i b
L

A JR P 2 B 28 T U0/ A 45 B B 2 0 ES A28 285 B A o A2 B0 B 26

S A AT 26 0 R SR BRI AR 5 TR T 45 10 7 5 6 A H e G B I 46 A A1 240
o e A SR B T HEREU AL 00 1 b 253 A RE DAL 1 5045 46 5 H A :MapReduce 2 45 (0 5088 45
S5 2 T B (50 6 T

3 BEHREE

AT BEAE DU IR B A R B0, 0 1 1 BVE W LT MapReduce 2R 48 1 B0HE AT R i A2 T 3058 SCIR #icdts
A Jry H bR 18 56, A 304 B A R B E X
EX 8EBFERBEE). BEAREIE R’ m A B P 21 57 4 MapReduce R n A0 1L
Vb;eB,3!c;e C,c;/=(b;)(m>>n).
AR SCR 1 REFEARAL K B A R E208 R fofo AL AT BT 22 1 Gt A5 1R BUAR SR G {bo, b1 B } 53 L B
DT 207 2 S B (K19 s A {e1,0aenC ) FE T AN BN VD, € B, e CFF 1 RN il 2 4 2 (11), I B 4 B
b B LR A ¢ b

J
given b, and ¢; %) w, -0, €[0,w,] ©)

= (11)
and Vr e (j,n] i%Zw,(*oreE[O,wr] ©)

k=1
Sy R IR R 15 0 AT A ) 402 SR (12) o S A
;
i min(®,,@,,....0,) (12)
TEARAD)H AL w A ol 5 BRUZ R T IR UEA 3 U IS . ot B K, B S AN m 1T/ T o,
SSEAXA0)H i FIERHE H 4R A R, BT 0iz A X (12)5F @460 R w1 T w & IE /NG R,
2 (D)% h 1E /AN EBUSE B, FLEURE 5 St o 1E /N kAN e X Lis B ok
x%y=x—y|x/y| (13)
A3 H x Fly B4 1ENEL |4 18] T
A1) 0, 215 RUBEHLNFS £ AR 961 A A T 545 2
_jpx iwk,j >1
. =1

)

(14)
0, j=1

P e[0,1) 075 1 o, R AL L A — AT s 0 Im B LE & — AN = AW 2R 4k 1 2k, BB AL AR B o IR IS S 25 A
BORAT )R EE A R BN, BN EE 1 AT A B 2 A A AN S AF DO T BEATL P 2 0 1 S R 4
O SFPE  BRIE CRLAARAIE B LS 4.2 710). Rk, 2 S (14) 5 T BEH LU 1 i B o2

SoSEP BRI

SCUR 1. T B e DUAT B £k G A {Bo,bs. Bt}

2. ST A LTI RIS N {c1.c0,. . 00}

3 IE R Y {bo,by,. .. by} BRI TS L {cruca,en 0 AT RE— AN b, RIS ¢ 4LA,

PAT LK 4.
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PR 4 F7 by o R A )T R O, MIBAT S 58 5.

WU S, SML b SRR ¢ i

{5 3 17 A 24 3010 oo 0 D 24 3 (1) 7843 46 P, DRk S S50 b 24 50 (10 0 s COB T 88 e 0
AR 2 SR 360 7, 0 7 7 2 (1) P B 3 DRI 2 @, B R B A

o S AT F R T

3 1 SR R0 £,

Input:B,C.
Function f

1. FOR i=0 TO m—1
2. FOR;=nTO 1

3. IF i%jwk—oje[o,wj] HARADEIHED
k=1

4. distribute b; to ¢;

5. CONTINUE

6 END IF

7. END FOR

8. END FOR

B RAR T —ANMEIR o AT B AT R0 T %008 9 ANEARY {(bo,by,....bg} M TLE] 3 AT 1 {er,e0,05) L
RPN 0 F 8 ', 1T A 1 B 3 s o1 ST SR wi=1L S T p1=0;2 55 s B wy=3, i L
Pp2=0.7;3 54 FUWALE wy=2, %% LE p;=0.5.

o T 0 S HE L (0%6-0.5)¢[0,2], 97 LA £5(0)%3;(0%4-0.7)¢[0,31,5T LA £5(0)%2;0%1€[0,11,51 LA £(0)=1;

o NF 1 SHIE B (1%6-0.5)€[0,2], 57 LA fo(1)#3;(1%4-0.7)€[0,31, 51 LA fo(1)=2;

o XF 2 SHIEY(2%6-0.5)€[0,2]1, 5T LL £5(2)=3;

o XT3 EEHEI:(3%6-0.5)€[0,2], 37 LA £5(3)=3.

AR, mT DL 23 e G A O B B0 £ {ey,en,03) LU BE IR 2 5T AU T 4 YU, IR 3 5
AT 3 BB R 5510 15 1T 2 B, G AL A ST A AN R TR AR I A3 T R, M B B A B i K T
T AN EIST SRR A S 15 DUARAIE.

--o.s

s b
Bk WA mE NEw BENAIE)

Fig.1 An example of energy consumption optimizing data placement algorithm

BT BERE DAL K Bl A 5 Sk s

© PERREERSMROT  httpy/ www. jos. org. cn



KA F:—HH1 MapReduce £ 4afe4809 4038 H B Bk 2099

HHE AR ) SR AT B R A AT, R AT TE 5 SO S5 56 o iE BT 080 A S B 0T S 25 4 R R RN P R T
Wiy W) 20 % AL A B 1 B AN 23 5 e B A S (0 28 S AR KB PR B 22 00 AR 00 38 IR U )R I B
WAE D B A SO IR A P Hh/E MapReduce 5 48 H A J5), 45 £E DL Ll _FoBr BA S0 45 o, H d FIAER AL
P I BT J=, I8 4 B X B 4 D+d 7 MapReduce 22 88 H A Ja 52 23 ST 1 b ml A, R B4 R B AT T4R 11
(10 B2 2 AT B, 70 B D AR A (0 PR 55 v AT 4 B A ORI A R (K 4 P

4 IBIPIERR

A K B8 T VAR W RERE DAL (0 Ko Al Jm S0k o SBL T Kd An Jm B AR B AE D A A R ol i
MapReduce 54t H A AT 5 FF 15 B0 1 23 14 RO (R0 2 S 1k UE WSS BRSOV R 0 A Je) 5
(RIS P B S S — R b fy S I BCR AT SR SR fy JFUERT £y SETL T B0ahs 5 2 1t R AR B 48 2 1k 2 T
UEHA fo IR SEILZ H A5

X F- /] —A~ MapReduce % ¢, ] W 5040 A Ja 57025 o L fy 2 A5 25 A0, e 40 007 — 28 A e 1y 8080 A Jmy o2 15— 3L,
LR IS

EX IHERFBEEZMM). 43¢ MapReduce :24¢ C MHHAE BA7Vb;eB,Alc;e C fi(b)=~f2(by)=c;, W E
A JR 5L fi 5 4 S A

MDY T

AYR L. T B B DR R B 650 {bo,by, bt}

PR 2. T R LME RUBUT Ze M D A {c1,00,....00)-

AR 3. IEFI N R {en,ca, 00} HAE P38 T B P {bo,by,. . by} R RE— AN BB b, FIHT 8 ¢ MALA,

AT IR 4.

LA A b 5 o FE AXAD) T O, AT LB S.

WS, A5 b CAW TR EN {cr,c0,e.n0im 1 WSEHUH XS b; 153 BE. AT L3R 6.

YR 6. MIC b BRI A ;1 L

HR g Py AR 3 2 R,

Bk 2. B RS f.

Input:B,C.

Output:f B FIITCE b, 0 HCE| C FIIITE ¢; L.

Function f;

1. FORj=1TOn

2. FORi=0TO m-1

3. Ei%im—%emm]ﬁﬁﬁﬂnﬁﬂ%®
k=1

4 IF b; has been distributed to {cy,¢2,...,¢/-1}

5 cancel distribution of b,

6. END IF

7 distribute b; to ¢;

8 CONTINUE

9 END IF

10. END FOR

11. END FOR

So 5y FEWRIAN [ R B A R S Ao S 1R B DR 5 1K A e Y R AR TR Y AR S L IE SR
3 AL 4 TRIR T fo MSERCR SR T £y KA RCR AP RSSO LR T
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iF B

L SN PEUERR B R AT R EE fo 5y W6 B BRI S M s — B £y 5 f SR

K fo 5 fy (G S B RN =T 55 1) £k 1 gm i — 2L

FRL fo (DB 1~ B8 3 5 £y (D3R 1~D 38 3 —EL

M fo Bl fy I ER 4 — B0 TAER b Bl o IALE BT 2 A XA DT e O, H L KPR S 5 £ 1
L6 —3L

BT fo, 5058 @ A R FE 53 445, Bk, b, R o 7R3 2 A RADIREAT 0 B 6 T £y /5 EAE L0
5 R ARAOK I EDN D E 4. LB SR f LB 4D B 6 —SAF I RIEVEIEH R

B f R b, 571 A ¢ 4G AR A DB E @, b, 4R LB A L H {c),c, .01} TR —
AT LA S WUN T & B SRR IS U, £ PR S R ARADIIAE®.

i o5 fy WO AR SR S F g il — L0 6 5 Sy S

BARATREIE o 5 Sy S EE T AT B E R ) SEIT B A R B ARSKRIERR £ SEEL T HE A )R H
B EEUER £y SEIVBCEAT R H bR, i SRR ) T SR S AT T 4 L AR S B S IR O AT R B A2
BT T SO A R A T

2. SEAS TR BN R £ K AR bo,by,... b,y STTREIT S {cr 005000} b

K04 j=1 I5,0,=0,20 58 4 24 51 B2 T8 O 4R 1ok A -

i%iwk —o, =1%w, €[0,w] (15)

k=1

JTEA £ 4 BT (X B B0 1 5 0 1 7 2 L

S A Y 1 I AR B 5, U AR I B He T A BN A B TR { e, ncn TR B
YL L fy #a B B B bo,by, by ) YTEEI R G {100,000} L

G b, fl A,

3. Ko BN TP IE B A R S £ SR R A T

S B T T DA SRR AR R G AR I 5 ¢, SR K T ) I B B B T A B A ¢ I R R I
A FH B0 A 49 R B

o =1 IR B 1 ANEE S, £ KT B A R ¢ LA 2 AN E WD), SELSOR B AT

o Y1 WLRRG A j~1 AT, £ SEIEE A TE SKAE RGP A AT, ) SEI R A

2 BIRT SR ¢ BUBAR B m AN B 55 Sk [milen;| By B 55 5 — BAN S B FE en; it
BN ¢ B HGm 5 I o) B oftw,. 1 5600 THVRAT A ¢ 20 BLE ¢ B E AN ECH wyllen,c; IS0 845
L HAF SR U, TR RS LL py 2 BEALYISG AL 1 3 2 BB AR S it o, S BRI, BT, 75 45— AN K BE Sk [milen] 1
BB LT, e R B 43 T c; 0 B e BEAL I, AR ST j— 1 AN i K A

len; len;
0 1 0; wofotwi| .. |leni1| len; v (2leni 1l | m2 | mel
I | I
9 v —
J
len; = Z w, 0j=pjXW;
k=1

Fig.2 Data blocks which are distributed to ¢;
B2 R R o AR B

of B BAE AT R SRS Sy SCBU R T
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4. BYRAE I S EE 3.
B AT SR B Sy SR A P
g S0 7 A 50, B A A o PP A BT bR A v 45 R 4R 1 H AT R AL B B AP S SET) Ed
A J5 B AT LA DU 35 2 40 32 o (0 5030 B 4R I L b 23 A 8 R AN T 8 AR B0 A 2R (9) BT, T 24
(10) & T
nmi = nh(Ci) = na)i (16)
;mk ;h(ck) ;a)k
DRI b, 2R B S IR A5 AR 3 A 1, L R ) 2 T s B 301 m U R AT BE AL P B8 2 55525 Ik
B0, =1 N R 1 ANEERET A, ) B A IEARE IR o2 j>1 I, M {ci,ea,...o0pmr ) TRENLHBER
B P R I, 43 e B0t S BT ROl B R A BE AL
gE bR AT R Sy SR A A O
FHE B 2~TE B 4 W50, fy SEIE A 5 H AR XX fo 5y S84, DR f S 800 A0 )= H A,

5 SCIGISIE

B — 1 6 S s A R S0 75 Re i AL AR RE A0 B AR EEAT T ES E WA HX I AN RE B0 IE B A R S b &
B39 AR RS RS UE W B A1 SR BB AL MapReduce 2 48 K BEFE.  HE— 35 00 UE B0 A3 )= 553k 100 5 200 A
B o) HE A% AV A0 — S Hash 55092, 9176 5 ¥ MapReduce 22 ZEFA 5% b sxf JLBEREAL AL RO HEAT 20 BT 70 HL 3L
5.1 Eixxtit

FPE Hash 5L AT H R SIS AT J5) B A, 8 R Ak 3K 204 Y FH 1 MapReduce 48, — 2014 Hash 575X} LA
B A o W SRR ST L T B A R SR R B B — B Hash S92 28 00 AR Je 350 4 1 28R R v g
o PRI 1 —2 M Hash 5VEY & Ay

T o S5 7 A, 5 A BE % 9 B 01 B w2 45, 3L PP w2 88 4 AN B 4% OB T wimgn=min(w,
Wy W), S AR R G VA Y e AN A, BB 2 PP I e T MUY S5 A 2, K 10 8 B, 3
k=1 Wmin

BOHE ST AT AR TR RE ) ZE PR AR I R G, — B Hash S92 0] 52 2% B R ) 52 2% B AR K1
R R G AR 210 2 IR BT R )R 5 L.

o G —HIRAE by FERL BN T B AN B D 1T 3 b AL AN (8 e 7 2K By

—HUME Hash SRR R0RE RE SO Alog| NI(k A 50N A B8 AN BOAN 5 51 5 SOPRZd R A B 1
PN SR K — S0P Hash SVEFD fy. DR, AR 154 06 DUAS SCHR H IR 30 A1 Joy 5503025 o ARREAT B0 5 A P ik i) —
Pk Hash 8095 by FUHEAT H08 2 A S 2E 03 i —B0PE Hash 5% hy(k=1).

BT 56, AR SCER R RO AT R SR fy TR B B A SR IS I T R R AT B0 = A Pk N s i) — BUPE Hash 8532 &y,
s - AT B R A PR N (k= 1) 1 — S30HE Hash 5735 by, IR R 280 710 s B 380 P 86 I35 1 i A 3500 s AN 3
5D BENL 510 FE AN BE LR UEAE A0 P A 5 a5 20 1 PR X0 K /N K SO () AT 36 J B ATL IR 3 6] oy T 500 2 8 1
Wi 52 R AT B4 8 2 PP s, BRI T K B AR R RS 19 g, BEALERI 38560 — 301 Hash (4098 & AP 1L 52
AR /N B 3 AR T3 FRARLOGS L 1 S G 4 JE AR AR AR R AR S I AL B RE ) AL AR R AR by B B B
Hn] DAIE BT R A PR e 0 RS SRR B B I 2k G AR B B A SR B 3 vy LU BB 3(a)
12~V i T B 3(b) B U T8 3(c). o8 T 58 ot s, A 1488 ) PEARSON A 5¢ R B (BUE V8 [ 0 [-1,1]) 2k A7
MR N R 8] 21 OC Rk, PEARSON AH ¢ 2R 2011 46 % {5t 4K PEARSON AHSR RECK T 0 R
TRIEAMI S, /NF 0 R _ M 56 440 1 1] 40, 18 3(a) ) PEARSON A1 R H4 0.997 455 423, 3(b)2 0.971 928 44,
& 3(c) 2l 0.996 455 194. 18] 3 w1, i 28 42 75 A% LE AT PEARSON A58 22 80056 LU #SIGAIE 1 fy B Hcds 2 8 Pk
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WYFF 7y ELFT .

25000 25000 25000
;’% 20000 M" % 20000 A“A‘ % 20000 o
15000 15000 T VN 15000
10000 - & 10000 Ve = 10000 -
= 5000 - o 5000 | o = 5000
& & *},‘.‘# & 2
0 0 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
5 A FE A RIS BN REPSE (BLiNr
(a) FdsAn R SE fo (b) —&%: Hash (c) —%t Hash
CREEAT Bl 125 28 1P i) GEAT B 2 AP i, k=1)

Fig.3 Comparison of algorithms in data amount fairness

3 HPEHEEE AT

FLUR A SR (R B0 A ) B30 f B A (038 2 S D8 T 2R O 2 2 8015 U i) — B30k Hash 5503 hyhy Al
So FREEATRENLE, b FLAE IR A 380 A Pt AR AR T 00 B 45 AF A Fl i W R rp A X (1 6) T 20, B4 (i 38 A 1
P 1) 0 LA A0 A 0 1 (1) A P B AL Bt/ 55 by A2 AE 22 10T fo AU A PR T 1 B 4 7R T
TE FIFE B « AT 1A A3 % AR AT RAE IS r AR B BE 00,3 ol 508 A1 Jm) 5098 PR 4l 2 PP A 25 TG J L L i 1 4
ARG 13 2 fo,hy R by Y] PEARSON AHOC R H53 5120 0.996 390 657,0.995 222 71 F1 0.999 872 255,k HIME I
OSEHERSAR T fo,hy BE A SEPERS AL T £

g 25000 ) g 25000 ‘ g 25000
Z 20000 &4 5 20000 5 20000 -
£ 15000 = 5000 A E 15000 -
& e & s = P
= 10000 ” 2 10000 o~ = 10000 &
= = v = "
;@“ 5000 ;@“ 5000 ﬁ‘g E 5000 4"
gl 0 K 0 il 0 L
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
W AT Ak RO (< 10% B TR LA A 1 B (< 10% P W AT Ak RO (< 10% B
(a) HcHiAi R0V fo (b) —H* Hash (¢) —H: Hash
CRBEAT RO 5 2 P o) (BEAT B0 5 8 P i k=1)

Fig.4 Comparison of algorithms in data codomain fairness

K4 Sk A XL

PR, —E0E Hash 5535 by R ko A7 A5 AR G ARS8, V8 00 M 53k 5 a8 AS 4 3 BOK AR (0 I (HA R A
JR o Ak AR SO H PR B AT R S oo AE N s (KRS DT R Bl (K B 5 by A0 A AR TRDS 0 o A A B
Bs T by A ho SR A SCHR M PR S0 A 0 19 s B R A (K AR S A Ja 2~ AN 2 i A A A T 18 T
SO — A5 IRy I g ST B RS IS ) 20 A2 3 2 FOLH o 303 5, SO FOUMM 5% 45 o3 ) 2080 38 3 B 483 1Y
R AE AR IR R AU S (R O T BRI SO B — A e, I B P AR 2 1 AR A 22

fwJi, AR — Bk Hash 55305 iy wT LUGH G V8 0 K PR R A0 R e el o 2~ P e o (R 2 8 I 50
IS TR R0 20 i) A2 2 AR 8 AL 75 A i 5 20 1A R UL 0, T L 5 0 3K 28 S 0L 5 10EAT Hash 32 SR/ 1K 26 1 41
T R AT B B 23 Bl LSRG TR fo,hy R by X3 RIS AT IN TR 20 5502 455,308 A1 165s. AT WL, R0 1
ISR R DT i, 20 P S0 (R AT I TR I A SCH (M A SR 0 340, S B R R B AT A SCR
.
Lk LR VA — EUME Hash 5735 by AEE8 N T KR RE AT 5 LU A6 0 e A PR AR A 1 B HAT— 58

28
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PR A A AL ARYEE IF [ R 25 ] b () 453 2 3 DA 2040, 1 S5 30— B0t Hash A Bt A3 H T b B K 2045 1) MapReduce
REMASCHE H R EAR AT R f 1Bt RS RN AR A S BN I 4005 A, B AT I8 B e AR A0
e EA AT R B AR BRI T 1 SE RS o R FE AT 802 EALT Ay INIE N AR B SCRE R GERBE B9 K,
RG] (5> R AR I f 36 PR A5 32
5.2 SKIINE

AR A EE T Hadoop HDFS il MapReduce (1) 5 14 SEI0 B, R 48 th 6 /N 19 AUA B, B3 1/ JobTracker 15

I iHSEHLAE ) TaskTracker. & 2 38 T R G0 H 5 mifL .

Table 2 Heterogeneous environment for energy consumption experiments

F2 RMIBEAESRIAE

AL AR T 2900 T EHL
CPU Inter Core 15-2300 2.80GHz,100MHz 414,28 X fi5 45
JobTracker | K%Y 1 1 g 8GB
i 2 1TB
ERS TIEM £
THEAL W[ 7 2900 TH AL
CPU Inter Core i5-2300 2.80GHz,100MHz #h#i,28X 135 4
H 3 A A7 8GB
i 4 ITB
TaskTracker MR TIEH
AL AR 7B C3001 T HL
CPU Inter Core Pentium(R) 4 3.00GHz,200MHz 44, 15.0X 3545
K2 2 W A7 1GB
i 2 80GB
EES EENEES

HRAE 2 2 19256 2485, 3841 7E MapReduce 5 45 H % AN AT 45 & () WordCount(CPU % 4 1505 Sore(1/0
AR EDPUR MRBench(38 HL 3G 5, /AME Nk i 9 2 AT PHEEAT T 3005, W57 3L RERE R AL R Word Count
&b CPU B 42 I B, I 4 R A 1/O £ 8RR % Sort S —Fh 1/0 % 42 18 5 ;MR Bench J& 48 1. 018 5,5 /M)
b (obs) i H R M ARAT 555 1,3 Pz S0 B 2 AR ANE B, iH CPU B AR BT, 1O BRI AL .
TTH S35 AR 2 AR B 0t L BEREARAL IR, RAETBE T 3 A ARl MapReduce R4, I ik e 414 lig 17 1
TR 51, e R AN VR R i N A B 2R R i B A () S 5 S50 285 SRR AT 40, LA SR e s A
Jei e A b I A FE

P45 T Hadoop MapReduce #J73 T PiF MapReduce S 2R 45,53 il #x & LocalHadoop 1 NeoHadoop. =
# ¥ FT Hadoop 734 X 3 R 4,12 LocalHadoop Mk T J54E Hadoop MapReduce )38 F2 £ 4 7 in) 38 AT 45
A 4k B A% £ 5 ;NeoHadoop WU A% A A% SCHE 19 £ 48 A0 R 38 fp 0 208 384T A0 )/ . J AT 6 L Hadoop,
LocalHadoop F1 NeoHadoop AT A [FISIE I ERE . REFLILE . W45 15 05 5, DA S AR S48 H 1A 250 A Jed A
4k T Hadoop I fig #6. Hadoop,LocalHadoop 11 NeoHadoop it [X il W3 3.

Table 3 Differences of three systems which implement MapReduce
% 3 MapReduce 1] 3 FlSZHL RS 1 X 51

RGX MapReduce it AR R GRS B RSE R AA MBS Bk

Hadoop Hadoop MapReduce Hadoop DFS B AL 2 A/ 2%
LocalHadoop &[] Hadoop MapReduce Hadoop DFS BEHL 7 A Hhy
NeoHadoop  {& ) Hadoop MapReduce Hadoop DFS fo 1 A Hh
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53 RWHER

FATHE e b T Hadoop,LocalHadoop #1 NeoHadoop &7 B4 1) B #E ;B 5 LL 45 3 Fh R 451217 WordCount,
Sort A1 MRBench M ] (1 fE #, UE B A0 R4CR B 00 T8 — AN W L BT SO AR 25 1 T 3 ARG SR AR
#1V/O. MZ% 1/0 F1 CPU i Y {5 LA, el W) B0k Ao Jm) B9 b Ak MapReduce 5248 REFE 0 J5 DA A 15 2% 42 (141
HEE 4

Table 4 Measurement approaces of experimental results
R4 IR I TS
ZH LA 0 [ R IR
. e | ACHVHE IR LI KA GB/T17215-2003, 1) % 1% 22 {H+0.01~0.1W, T %
BeHE | Joule | RAVIIM |y 11 2 200w Ml RALBE L 1.55-35 20

Wi /0 | MB U 4 1 BT RURERD I Y A /O AR YEAT 5 AT I 1) B 1 23
i A RS DI LR 9 2% 1/O {ELTEAT: 55 AT I 1) 1) 52,5 HE M 75 4 2%

M 4% 1/0 MB | AT, o 355 DA B L 2

- RO RBUE e — = - e
CPU fi# | GHz BAS 0 s REAS DI CPU 3 A0 ] 36 B0 SR AR AT 55 AT I 1) _E 1) 52

F 4 PRI EE YRR A T 3 —1k, 1% Hadoop R A M= (H b B4 1,LocalHadoop ! NeoHadoop (1)l &
{H342 5 Hadoop & % Il 2 {F fry L. 451

L H 1.3 PR G ke Be B LS MR LR,

T 4G, B B BALT 1 PRI B A JR SR AN 2 e AT, L5 IR ECHE A BRSO 32 26 T o P P AT R,
P B AT R R A AR /N I PR BE AR BE SRR, 3 AN AR G IR B 2 2838 DUESHR R Ay o /I 467 ) T S 4
Pt P2 7 40 0 30927 U I TRARAN 2328 /) T 2 B M et i 194 8% 288 8 380 B U I TRIARAR 5 SR A e
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Fig.5 Comparison of average energy consumption and execution time of data loading of three systems
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Fig.6 Comparison of accumulated resource usage (normalized) in data loading of three systems
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Fig.8 Comparison of accumulated resource usage (normalized) of WordCount,
Sort and MRBench on three systems
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