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Abstract  With the rapid development of cloud computing, the explosion of IT resources brings
serious high energy consumption problems. To optimize energy consumption of MapReduce appli-
cations, we analyze resource consumption characteristics of Map/Reduce task and its relationships
with energy efficiency, and aim at finding a resource model that could provide guidance on how to
optimize energy-efficiency by using more reasonable resource allocation and task scheduling
approach. The paper proposes that the energy efficiency of task is irrelevant to the resource quantity
allocated to it, but relevant to a certain ratio of multiple allocated resources, and there exists a
best resource ratio that maximizes the energy efficiency. On the basis of these theories, firstly, a
universal resource and energy efficiency model is proposed, which proves the relationship between
best resource ratio and energy efficiency, then idle resource quantity and idle energy consumption
is quantified; Secondly, the MapReduce programming model is analyzed, then, universal resource
ratio model is adapted to MapReduce; afterwards, the paper derives the value of best resource

ratio of MapReduce task through an abstract producer-consumer model of data processing; finally,
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through experiments, the existence of best resource ratio is proved from perspectives of energy

efficiency and idle energy consumption. The MapReduce execution process is divided into phrases

on the basis of experiment results, and best resource ratio is also derived. The proposed best

resource ratio of task and its derivation could benefit the further study of resource allocation and

task scheduling algorithms, which enables energy efficiency optimization of MapReduce applications.
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FEGTUR 4y Ak B HE — 38 22 L) s R DA A A [
T8 ) A DR o AN ) T 3 R 5 e 0 T O A R
VAL A5 A 3 L2 TR R DTG 52 BAT: 55 1 g s AR k. 52
5 —1E W7 MapReduce J355 rfv . JoAT: 55 38 17 B 77 7E
— A YRR L A5 S [ B R ) AS A AE TR
A 3 RE AN [R) 17 3 RS R L X A BEUR L N AT:
S5 W B AR UR B B AN, 035 B CPU AR 45 3 5 Fif
YRR BT FAT 45 i CPU &b B8 48 114 5 B J2 )
28 0 W02 BB B 1 WA AT 55 e TR R L
“1:27(CPU FI M 48 3 W LD . 76 Z4F 5 o Be
FRATTT LA A A 55 1 R R 5T R 43 B >k 4 9 R L DA
KB WNHZAT 55 43 & B0 519 8 FLZ T B0 Bl %
155 CPU BE U IS o N7 3% 7] B 43 T 15 % 1 1) 6% % 5.
LA S AR R B L CPU ¥R AR 2 N 45 % I
MZAT: 55 ANE T43 K 45 1% 1 mi. AT RV 2 1 flig
17— 1O AR BAE 55 i), CPU 2380 25 I L 31X i)
A LAE BE — A~ CPU % 4 BT 55 45 1% 19 . AW

AR B 2 1 B R 43 TE FAT 55 R B AT 55 Y 0 T D
S R R AR IR LR — R A R BRI T . A
SCANE SCRIAE T e A B U L.
EX 8. FEAEW AL (Best Resource Ratio).
Y5 0E — TS5 H o 2000 B LR A5 A IC R
B ECAEL. YA o AR BT URET , TR R b R m e X F
() i () e 1 (1) (13)
HARTEOL T AL S5 ¢ W20 B AR IR Q (0 2
BRI ES R ERE, Vie[l.nl, r, (1) =
r (), AR() =0, () 3K B i KA. WL, Q (1) =
r () sy () s e, (O RERRIY 2 B BT IRT L 2200
SAS Hia FRE BATTE SOZ IR 0 B A TR L4y i
Fpeo™t seo TV RIRNTLGT /N A, A1 e R AT 55 AN AR T
B CPU MAMBE R AT M 48 s , Hofw 45T
PEHELLT m:n oo ' (CPU : Disk : Network).

4 MapReduce 3% JE Lk & 8Y

FI— 9 T AT 45 SRR B B R ALY e
RARSE TR 1 5 A W T U B RS L AR 5K 40 A MapReduce
AR PIAT Tt A A S 5T 2 R AE L DA B R AR AL B HT 3
MapReduce A1. MapReduce £\l (MapReduce Job)
BT B — A L AE 5 oo, Hadoop ¥
MapReduce fE 73 A7 T4T: 55 (Task) K A7, Horp
£ 4% Pi ZE AT 55« Map {T: 5% F1 Reduce fT: 55, fi F}
Map/Reduce £ 4. Map/Reduce T 552 8 3 19 & /)
BT AH AT R R A 2% K Map/Reduce T 55
A R F 9 3 B2 5 43 TBE AT 2% 49 AR 09 S5 /N B R
K. FATH Map/Reduce £ 55 #4770 M. 15 96, A
ORI B AR B 8 LA /E (Operation) (1 # 2,
Map/Reduce {T: 55 ] UL 73 fift Sy 5 1 2 52 AT 19 #2
1 S B VA 180 04 B0 3 AR A A 9% T 2% RRAE. LR
A543 TC 1) AR 2 o DL B A A Ry W DR TE 1Y) e />
BATT DAL BE S/ s ROt e S B e A, — 4 3%
(18 % P51 2% 4 AR AR DL 1 48 4 7T DLUE AE — 4> B Be.
25 b Frik s Map/Reduce 11 55 19 $i47 3o F2 2 B B 19
5 B Bod B W R ERE A AL, . ALBLC. D
ME & 5 DHAE A8 A5 55 WAy — 4> )7 51 “AB-
AB-CDE-CDE-AD” , T+ FH“AB”" R BEHM T
2WL.“CDE”REWMI T 2 “AD” A BT 11K,
By B2 90— Rl R 43, BRI 90 1 R — A B
B BT AR g AR E X

ENX 9. #AE(Operation). T4 48 A H
S I SRR BT RR O B AR AT 55 R i S B AR R
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AN —FhREAE LAY MapReduce %% H A5 70 65

(9 77 51 48 A HAT R 1 95 D 2R R AR o DA B IR 2
R, WA IATEI A L, ], Ve, 0, €
Ctyoty, Joi€ [ n]ot, W) v () =7 (1) B4 2
TH 2% BT IR 1 J5 - R T,

TENX 10. BBt (Phrase). 4% —4&E%LM
H IR SRR AR AR LA A T DL AE — A B B B
H AT T P A B 200 3 T % U S A (] 9 9% B DA o A AR
B BE AT [ L2y 0, 1o Ve, € Lnan 1i €

[Londee, e, W FiCe) =ri(e,) o r (e)=r (1), By
B B 4 L 1 J5 - BT,

H U S 10 AT, B Bt BE R 43 T 1Y o /D B
70, HAL & Z AR 1845 2 W IO 2 i i/ BRoe.
FATH F T A 2 9 b i B A T R U L 2R
PR AL 25 PR UR A DA S ki i O S e ] I G
FATTHIB B AR 38 35 A5 A8 o () 4 55 A8 s FH 48 A B
RAE 5519 ¢ B 2. BAgke L3 1.

F 1 EEE X5 MapReduce 7E ¥ H LG X

P TR 24 F ELBUPOE Wl F ik MapReduce %} % MapReduce % ik
EX2 I 7T FE4 ¢ mf %) RO =(ry (1) ary (1) s eer o, () W BERI S B ASHRAE Re= (b rk e iy
EX 2 4 T W U T4 ¢ B2 R = () sy (1) sy (1) Y Bx R =(F, vy oearl)
N3 CPU ¥t 5 W R0l R VOB HORZOREO) W B % LA b AR ook
EX 4 e iy 1% ¢ B2 V() =Co (1) y0y, (1) s oe 50, (1)) B B2 B D PRAE V”Z(vfsvé,"',vp
EXS CPU %t & 1555 ¢ B %) v (D) =X+ r. (D) MBS B 44 vt =k ert

. s () 4 . :
EX6 AR tE %5 ¢ it 2l 7D =X AT X s BB 5 & A HRAE 7= (DT X
A (D=7 (D) —r; (D Art=ri—rt
AR =D Ar (D) ARE =7 Art
i=0 i=0
oy s B 1% S . ) T, By BE R HLEE ke A $AfE .
EXT EWRRE AR Al ar, =j0 LD —=r (0)d GABBEREBENE A=) Gl—rb)
k=0
AR= > Ar; — S
;Zo AR Z;)Ai,

B8 1 ] 1, B B i 2 0k it B B0 T BT
PR RRAN— R R 5 — DB ik n
SRR B BE IR AN B, s Sz B B B I R AR A
BN IR RO TR R R A
BRETH 9056 « A BT A BT R AT B B R U L DU R
By B4 4 e 98 U5 AL 22 (8] 0 OB X TR B AL s
MEEIE.VRE[1,s], Vi€ [1on] 45 i =r W%
VeI R R 100 % BH FIRZS R 8 << s
WGEPE r B A 1B 58 53 R AT 77 AR s I BT T ¢
Bz I L Ve € [1.s], Fi€ [1an]ri=r.
Pt 3 A7 8 € L Map/Reduce £ 55 1 % {3 5%
L.

EMX 11. Map/Reduce {55 5% £ % J5 I (Best
Resource Ratio of Map/Reduce Task). & Map/
Reduce 11: 55 o1 2 A B Boty 180, 53 By B f & 2 A #
VAT 55 1) Joc A3 B R L S o G 5 0 B B ) e A
U5 LU 2H B ) S B B ) e R R Ll e A Y 4
VE B B A 0T U bE SR G A5 54 1Y B A U L o i
HAETH PR IR Y LR 5 BT 55 D B B
TC F18 5% 58t 2 i A D0 L D R A 55 0 0l R I 1
B L.

B B BT IR 43 e 50T v TG T AR 6 R AR BT 55
SIBCBE IR L PR L o R R A R B AR IR L SO K

Map/Reduce {55 & m BB 26 j BB (G €
[Lom DA s M EAEA N 5 SUXWEFE 3 B Bt I8 1Y A
TGS L L BI CPU R 28 R0 0 45 o ELIR Sy 4> 45 A R
A CPU B 25, CPU &40 ZU# 43 L i1 55 U8, B
U AHEGE AL e R IR H ol 12y s2 TE R Horp y
FORMERL IR = FoR MBI, 0 AL 55 B IR
P, WAES 58 7 A BOm B E R L. Q) &5 A
W B ER k D HRAE I B E R UR L.

Q=< :0z 5,0,

Q,=rcirgir,=1tyiz=agg(Q; Q] .+ .02) (14)

Qf=rtarkarh =12yt et

RERE agg OB 5 1 L il (1) ]

1K fi#—4~ Map/Reduce T 55 () J fE ¥ I L BT
T AL A B PR B B AR B R B A S S
R gy R A BT R L HE S R T AT S A
X5 R ASERAE L LG AL R0 & g AR 4.

5 RERELES

AR WF 5 AT i A BT U BL A B E T R LA %
KADHHY agg O MBI BUF 25, B T HAE 2
B GEUR A /N0 FATTIA RS T — AR L AR H
A7 N 1) PR U A 9 B AR — . R AL CPU
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Bl

Eie 2015 4

L
&

RAE 38 70 1) 4% 354730 3k N A A8 e B L 2 3 b B R E
PN A 38 40 B AR 1 B B (ki) — 3RO, IR0 A8 TR R
P D HEAE & B 058 T 98 U3t 22 (8] 1Y Ll R 0 2 2 45
VR e A BT IR L. DN IR 1] A1 B 58 A o 79 o T 9
T N AR A A R A e A s AR e A L R R A
A R E BT IEAT i B Y PRAT I ) B, BN ERAE A
[vi) B 220 7 0 D8 ok o AH AL BT 2 B A DR O
PERFIE R A 9. A1 %5 B4R A /Y CPU BEIR % 5k
BV r, FUROZE BT 30X 3 Fh BT 50TH 2% 5 AE L 4 H K
Gy 4 FhRT

EN 12, FEZE A (Operation Type). #AE
HT— T O A 7 B BRI 2B 7 5D — i BT IR 2
Hds GBI 98O M B, 9 & 22 1) 3 2ok N A R AT 4
I 0 A2 4 AR o, FRATT B % B A B AR O AR
H-H A L TN AR R B b AR
A 7 R A k) 5 Rdl 2 (kD A —
B FRATHE N AF B DA D a3 AR RO MBI L AE
— AR B A L T I B A A B
TH 2% 5 18 % 0O K As DA N A7 3T 1 T o 5% 905 A ok e 2
T8 1 A FRAE Y. X T AT B #R AR A7 76 DU Fh Al AE 1Yy
R A R B 07 2 AR SO R AR,
53R cdsenyde Flnc CHLE 1.

> vi s b EE
_CPU | g ift , _ CPU | WiE EEIN
cd n
Ak D EE D
Tl Wi CPU %4 2% Wi CPU
dc nc
i N BRI —>
i 0 R —

1 4 FhefEeay

R E-E AW A E TR R
IPO #:#I (Input-Processing-Output ModeD) @, & —
Fofrditt G 1 84 A R 2 B T A B AR B U L
eSS BEAAE A BB T . m% B E -
P B BT W I Or AR o IR A H
AN IEAT V55 J7 T A7 AE 22 FVRFAE. 6140, N A7 22 b X A)
PLEAT Z2 R8s 45 4 i BA 3 L ik 5 5 AT LA [m] B A7 7R
ZA T E A 5 IF BN AR 92 o X 0 1525 B0
AT RLSE [ 2D 8 5 20 1. X X SE R AE R AT 20 4 FT LAY
AN 22 B, B AT I B 2 S B T DL b
R AT - A R T — g i ) AL A
YRR TR - ), AT LA 4
O3 M e 4 BT AL R A 7 A T R R R B
FETE IR IR 7 B — A i 09 Lo ] 3 ARU(E B AT

TIE AT 55 1 G DAL A T AR A R o A2 o i B A = Ak
N - S B TR AT AT Y.

PR AE S Y 4 AR 2 R0 S 1 2 ) YOG
Fo € XERAERBLR g 1 90 Iy 5 Y SR A B4R 1Y B
HEVEIR L. B 9 AT 4 p & MapReduce i
TR A TR B 240 A7 1 0 U0 9% BRL T I T R R A
b N AF ST e B H Y A R AR B A S S AR A
ANERAE G O o) A 04, 4 W B AR k. B4R AR pow]
DA (3 0k 7

p=A(7F,7) (15

7O B BT IR A BT IR e B AR L AR
MR % 0 TRANAE s 7 O TH 28 BT I 1 08 2 4K
v e . HOW e 0 B % o NN AE TR L A TR
TR LLANAE R A LA B B 19 A ik i 4 BB .
A PR B U ) A R AR E .

EX 13, % (c function). 45 7E HE M B4
kAEEAE p=C(r o) oo BREIGR BHZAAE I ST B ().

t=1t(p)=1t(7,7) (16)

ENX 14. ¥AEWNALE (Memory of Phrase). f&
WA BRAEAT 3 I & MR/ N A BRAE R IZ N A
I B A & DR N AR RS R BARRE L B R A
PR NS TR e H O S OR A7 1T 55 A0 OC 19 £ 408 it
N e R TAEEHRAE & <e.

MAERAE ST AT LU Y 4 2 Y 1) #0498 A7 A
CPU Wt i . H A7 7 P 2% B¢ I3 5 % 5k 55 IR A7 0 2R
A R BT R ST Y A SR v G R v S 22
O ABE S R A B AL B R RO O ML LR
MB, #15E PRA T I 8] D 2R 22 o i) B s 4 B ML ) P

M

[:min(f?;,%)
M AT DL A R L g5 A A ek i RN R R R
BB 2 T BREC N

T(Fv?):

(17)

1, ¥r=r.
{O, rF£r,

(18)
7JO, r=r.
L,

SRR AT 1 5 R B ) R AR SR AR T 5 e
AR E R P AR ki Z B SCR A AAETEN
FE 2% 00, WA Az 7 25 R Bl 8 A o i AR 25 5
H BT LUR N B AR 0 — RV/NELE - A A TR
(A7t X 7E N A7 G i X0 1) A 7 5000 1 o 1

J6<{19alaﬂosy

XXX E
1=0,a=0,=1,7

@ IPO Model. http://en. wikipedia. org/wiki/TPO_Model
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A — R e L ) MapReduce WE I L AR 7Y 67

CECHR 0 DY AR ) B BHL 2 72 AR R vh X Ol =3
B 1 IR CECHE DN RA7 I ) 5 B 2.
WHAE p= (7o) BdRA ™ GRRA AR R 9%
G AR S B (R k) 43 391 Dk (0 ) 5 FRAT I5F (1]
e, W R 2 C19) B, B8 R AN 23k BHL 2E &S PR R

B . 7 B

tX(5—OXv)E[ —¢,,¢e] (19)
BAE AT BE s 2 I 2, a8 1 p AR de AN

ne. PR (1O P E 0 HEEAFE p MIERER L.
X (0—OX ) >e, AT CGRAWAE) 1Y
TV PP IE A S N R [P 45 X (0—0 X
D) <"—e, , I PRI G A A 1) 58 I K 1 B € ™
A s IR, 4 o BRBY 8 SR IR A i RV 9%
PR Z A ) 56 R AB X (18) H il 7 i 1 2 o ol 9% R

.1
MX (X' X7t —=x""" X@X7#)
XXXt

AUE N RAEREILEZ DR B 5 AAEKR
JINAE S B Ay A e A 8 DR LG B — S L A F

96430 20) A F S0 i ALK 5 % B I

1 O BI 5 947 Dy B8l i i i 2% of DX L p g
T A T AL B BECHE 8 A A A D e A % o X
I AT s U e —e. 15 1
MX QU Xt ="' XOX7) _
X7 KFOXFE

€[—e,e] (20)

1, r=r
J6<6,a1,[30,7{
O’ V‘i?"[
2D
jO, r=r.
9>9,a=0,B=1,7=
11, 7#r
ﬁ(Zl)%ﬁ/l\ﬁ/’ﬁﬂa(bfl d(jaa(bry )
=DM, v a.boe.d B RE 2 My B
PR BLR AT = =4
éazl,ﬁ:OHTj:
MX U Xt =37 " XOX7)
X' X7
F_MxXx""xe r=T
>—=——r, V= (22)
r M-+« jo’ P
%a:O,BZI HTJ"
MX QU Xrt ="' XOX7)
X X7
- 1—27 0, r=r.
L _X T XOte T (23
r M 1, r#r.

H 2 (22) R (23) AT LR AT 55 4 4 1 1 58 05
FE  He o 2 0 AT L o S 5 E
f e R B B B A B A B L R 5 8 B B
PRLE. BT BEM BT L 12y 2 Hop y RORBERL T
U= 2278 45 B IR B BERY &% S R AE BT IR L
Liyhezh Tayee? e ey ixts BT BERY 4 FH2EHL AT
A B S PR B IR B S8 CPU B
U D X FAT R ARAR " M 2" oy — T % 3K
TR A DY 2357 25 5 A B B iy i A 48 A 1) de A 9T
L.
y=upper_quartile (y',y" ==, y") (24)
T=upper_quartile (2',2%, 0,2
A y=0.0 y R/ NAER vt IO(E . [ HE 2. R
FI B4 5 (60 250K & i AR B E R 5 18 v Bl 2t A R
Z W EME, B Q2D 2220 iy A4 B iz it
ZEAY AR /NI — 7 22 0 BE B U AR RER A I O A
T MapReduce #ia 57 & — i B S B 5, 1/0
FXEF CPU 242 Fi e 95 U5

6 SLIGIGIE

2 7 5 ek S K 6 U A B U L AR R A A7 A 1
A HE I o 525 1 1 Map/Reduce fT: 55 (1 #24F
FEA B BE LA BAT: 55 19 S5 £ 92 18 EE AR BF 9% 7E B 5K
) MapReduce # 55 T #E47 . SCI IR BT 40 3% 2.

F2 LWIHE
i B

UAVEEBAS . 11 A2 B4 5 T 1 3 4 [
Jr#E#H Z900PC, CPU Inter i5-2300 2. 80 GHz,

R SGB P17 1B B4k . EBUR A5 b Fi
.

BER S CentOS 5. 6, Linux 2. 6. 18 N

MapReduce R A Hadoop 1. 0. 2

ETREETS JavaSE 6

Ty S 7 ik WA k29

F@ O REHF 1BRE L UBHEAr=19)
T 2 Ay B JK L (MB) /5 H- (Joule) 5
o SR Kt — R AT S 503 B L B Cwat).

cpulimit BRI CPU % &, cgroup R il 1% 3%
UCE SIS

MRBench . 3¢ 1.3z 5, B & JF & #3047 7N
PN » 5256 %% Hadoop MRBench i T J5 31 &
YEME ™ 8 97 & 03 3 Z AR, IF R AR %k
10C10 L AR SRR i 5 Ho A v AR 35— 20 5
WordCount ; CPU %5 2 B i 54, % 4% F1 1% 4%
1/0 f B 54% 5

Sort: 1/O BHERIH,

3R 3 R 4 0 R AT R AUl 250 MB,
500 MB, 750 MB, 1000 MB, 1250 MB, 1500 MB,
1750 MB #1 2000 MB A9 %5 5.

BRI TR

MapReduce i
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Bl

¥ 1 2015 4

6.1 REFRILFERIE

AR 300 Ao S 36 A TR W g A R L ) A AE
£ Map/Reduce fT: 55 $ AT B, JE 05 Z0 4T 55 %5 31 9%
CPU Bt r. (o) HEREGEVR A ra (o) FTN 28 03 5 i
r. () o B 20X B I BE R R (o). B4 s FEXT T AR
AR 55 T I [ N2 X W7 T () g (0 s, ()
(O TR ¢ B2 . () g (O R 7, () F = 425 7]
1 827K IF FBCE A R/ R B AR B K/ o A 4
AR AL AR S A — R 1R
X R E 2 R RER EE H At BE A% . FRATTAS [R] £ 20)
MRBench \WordCount F1 Sort W EER M T L iR
25 ) P s B RE SO A i B o B LA —
AR AP S A8 1 R SRR AE — Al AR X X
105
90
75

60
45

2% 31 9 BEUR L/ (MB/s)

60
50 30 40 50
1 CPUH 75 Bk /(MB/s)
(a) CPUI 3l SRR A S B Ui
I 205 30 21 1 B RV A K AR

PR 28 31 2 % PR/ (MIB/s )

10 60 80 100 120 140
T2 9 eI/ (MIB/s )

(c) e

20

70

AN TR SR A A AR X3 B A 7 B AN T ) 4
UE W RERL S 5% 5 LA oG

R T KB EAE TR FRAT L WordCount g il
HEAT T AN TR 25 R 52 5 - A A R R B AT —
AT S5 I e T PR A 5500 ) B U AT 55 7
H R B IRE F PAT. TRATIC RS W 8BRS
SERFRERL (WL X 6) B SeHs n A~ 55 50 B4l i 4% R
REAKAE BT 75 X [R) 25 53 B k28 B — 2R b i A 1Y B4
S RE R A AE R — A X ), LA A X R A 2S5
LA v () vy (o) oy (o) SRy A0 bR A8 = 48 1800 B
CUL L 2) 5 FH K B2 R8s 0 R /IS s e st T Jag 1 2031 5 A
R BEREK B3 S5 43 ) BB R S5 K A3 28
R R R/ AR LG A ) B

1051

90

P 2531 Bl B U R/ (MB/s)

20 30 40 50 60 70

CPUH 27 %t i 5 /(MB/s)
(b) TR
1401
> 120
~
jas) %
2 100f !
=
X 8ot
E}iﬂ
:gg 60
#
4ot
£
# ool
0 : 1 1 1 L _I 1 1
10 20 30 40 50 60 70
CPU/H 2% %t ¥ 48 /(MB/s )
(d) LA

Bl 2 CPU Bt fk i 45 5 U5k | 100 255 % U504k A0 RE IO 56 &R

W 2 B R AE 7o (0 sra () o, (O R B = 2
23 () Ay DL B W) — AN BRI 43 25 Y R AL T
— AR DX I, U B BE O (] Y AR TE — 4% A5 )
BRI, MAE— RS M HL BT S (xsy,2),

AREAT AT A T S ()

(y*yo) (z—z)=ab tc(x s Vo sZgsasbsc igﬂ‘jﬁ?

WO H AT LAHE DT B8 28R [] B 506 1 A B U5 LE A
Al LLEZ 2 IR, 9 A [A) 4 F WL m] 0 RE 28 (L
ORI SERAES IR BB, ol LA iZ B4 B
A LA (5] 1 8 A0 5 R AEL - DR b T 9 BT o 42 5% 9L 1L
A7 AE. 5 =4 =3 (8] o sl0VF A7 75 RE 28R i 1 o {HL
BRI 5 B PR AR F L n] LA IR R AR
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A — R e L ) MapReduce WE I L AR 7Y 69

T 32 FH 90 24 4 A PR 05 T AS BB S B 9 RE R R
(8. FRATAT LLE 2 P89 CPU i 47 28 L ol A5 % 4% 53 i
B T 27 T Of i B BE AT 1R A A HL X RE Al
WA TAEREIA BT A R . 25 TR, AN N 1
BB WA R B — BT 55 #0AF 72— A8 2 1Y
GEUR LL o (A5 AR BT R E T RERUE f k.
6.2 ZTHFIRFEBEIIE

ARSI M5 — A B 56 F B R B A A7 A A
REFE Y 52 1, S 56 7R SR FH BB R0 I BEE ff 2 25 i 28
PR O A R AT B 25 IR R DR A RE R 1 0 Bk R 4 T
REFE . 25 IR REFE 1O THIR 40 =0 (25)  Hi Ar.

T / —
E(T):JO ( Zp,x%)dt (25)
i=c.d.n 1 g

KO F T HEFS HRATEEL pespas pa 5390
Jy CPU &L M R 1y 28 I L R xS wm b po =
3TW. py=13W, p, =4 W.r/ (1) sri () sl (D535 Ky
W% ¢ 43 FC ) CPU g 5% 9 45 98 U5 i FRATT R A ]
R R AVE = T (E R o 7 el S
1000 Mbps  HUE i R IEAEALHiE Z k1000 MB/8s =
125 MB/'s, 5256 il #5152 B fie KAB A 95 MB/ s 5 1%
BN A | 7, | 5 R 4549 11 2580 Serial ATA 1. Oa,
B 1% i R AR AT 3K 150MB/s, S5 H ] hdparm
A5 1 28 0 S B e R B2 5 T Ol 128 MIB/ s i fH D
. CPU 5 KA 2Ry 100 %0, Jie K S5 4%
2.8GHz, 1L (BT HE, K=10"", f=
2.8%<10°Hz, w=1,P=12,C.=4,C,, =4, C,. =
64 bit, Cpro=2, |r [IZRITHE N 64 MB/s. 5250 i
CPU i Z& [ 2 &y 2. 8 GHz, W W] Fj CPU ffi H1 % 11y
S CPU B8 ¥ & 1Y 43 Bic. 3l 3 25 4T 55 40 Bic AN
[ CPU . @ % . M 4 % I &, W88 AT 55 1Y 38 17 B
[B]. AR SCHE BN R 3 Fiv s 1 11 b 5 5 40 PO SR M ik A 7

®3 FREZKRALEERS

g CPU ﬁ%ﬁ/(l\/{}ﬂ/s) T R Pt/ o) 28 9% P ik /
|7, |=64MB/s (MB/s) (MB/s)
1 0.25X |r.| 3.75 2.26
2 0.05X | r.| 7.50 4.52
3 0. 1% |r.| 15 9. 50
4 0.2X |r.| 30 19
5 0.4X |r.| 60 38
6 0.8X | r.| 120 76
7 0.4X |r.| 120 76
8 0.2X |r.| 120 76
9 0.1X |r.| 120 76
10 0.05X |r.| 120 76
11 0.25X |r.| 120 76

A5 2 A I B 0 18 R B Word -
Count. Jy T RAE 55 1) CPU i JH 4, 75 Map pR %L
R OE — AR B M AR E O O’ ) iz
FECPIAS n BB 0 3fe 1) . 43 B (25) 3+ 545 3 /Y
SLER LS RANIE 3 FrR.

§ 7.01 692 713 697 7.04 7.1

B3 KL SEFREAE R L

WL 3 Ffr s o Bl A S 0 g GG Ol SR ISR T
RERE ., Hh £k a2k, NI 3 () ] LA H 78 % UR
FO AR [) 155 B0 T & 25 PRI BE AR I AN Bill 5% I 5 1 15 KMo
R AK 23 PR RE AR R IR e 22 R A W R OG &R L TTT HLAE
BRZEVE B Y L A 4 S 50 1 A5 I RE RE AR [R]. MLET 3(b)
HET LA W R L & AR AR AR, 4 IR RERE L Rl 2
Ak, T AN R U D 7S PR R AR RN,
5B 2% CPU WS AE 0. 1X | r | A4 Y
CPU BPEHEZ T 0. 1 X [r. |, CPU H 73 Bt Z i ¥ I
125 /24 CPU BEi /A0 F 001X [ | 1 2 0 9 2%
IR CPU s 8.

6.3 MapReduce [} & % 5
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Background

Cloud computing (CC) is a new emerged and infrastruc-
ture shared computing method, in which, huge system pools
are connected together to provide computational resources
(such as data and software) on-demand via a computer net-
work. Many factors contribute to the demand for this type of
environment, However, the coming of CC era has also
brought a serious problem of computer power consumption.
CC is considered to be a green data management mode, but it
does not provide mature solutions to evaluate and reduce
energy consumption. Therefore, we still need an energy-
efficient way to achieve real “green computing”.

At present, there have been some studies on the optimi-
zation of energy efficiency, but these studies are not
completely effective for CC because of its distinctive features
(such as Shared-Nothing, migration of operations rather
than migration of data, MapReduce, high availability and
on-demand services). Therefore, it is necessary to introduce an

energy efficiency optimization solution special for CC. This

paper is a work of such topic; it focuses on the MapReduce
cluster and applications in CC. We propose, derive and prove
the best resource ratio of MapReduce task which could
provide the guidance to energy efficiency optimization based
on resource allocation and task scheduling.

This work is mainly supported by the National Natural
Science Foundation of China (No.61202088), named as
“Research on Energy-Consumption Optimization Approaches
for Cloud Database Systems”. The project aims to study an
optimization approach of “reducing idle power consumption
by reducing node’s waiting time” in cloud database system;
this paper focuses on the “energy-consumption optimized data
placement” part of the project. This work is also supported
by Fundamental Research Funds for the Central Universities
of China (N100704001). Our group has been working in the
area of massive data computing and energy-efficient compu-

ting for four years and has published many papers.



