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Abstract  With the approaching of cloud and big data computing era, large-scale data centers are
being deployed globally now-days. Nevertheless, the energy consumption of data centers remains
a daunting challenge. To address this issue, renewable energy such as solar energy is increasingly
integrated into data center power provisioning systems. Green data center, which can leverage the
sustainable renewable energy supplies to process massive scale big data, provides an attractive
solution for future sustainable IT. Nevertheless, the power profiling statistics collection may not
be possible or available during the period of the power shortage or failure, resulting in missing
data. A filling algorithm based on complete tolerance for incomplete big data is proposed to deal
with the missing data issue. Since the renewable energy supply exhibits intermittent and time

varying behavior, a discretization and weak-correlation based decision forest algorithm is
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proposed to classify big data in the context of energy supply, which can be used to direct power
supply mode for the purposes of optimizing data center operation efficiency and extending the
battery lifetime. Moreover, an incrementally updating classification model algorithm is proposed to
ensure that the classification model adapts to changing energy data. It can avoid the degradation
of classification accuracy and frequent charge/discharge of battery, which lead to a more stable
power provision for data center. In this work, we treat the power profiling and characterization in
large-scale green data center as the big data analytics problem and propose an energy big manage-
ment model, combining the techniques of filling incomplete energy big data, parallel classification
in energy big data and updating classification model. Comprehensive experiments are conducted
on a real data set. Experimental results show that our energy big management model can increases

the power assignment efficiency between solar power and utility, while enhancing load performance
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and service availability. Therefore, it can provide better service for green data centers.
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incrementally updating; big data
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YR 2 BNy e AR R ETE A& 5
B b oy AR R 5 SR 0 2ok R O 2R TR AR 1Y
BB & 22 18 R O Xk X r) BRSNS 15 1) R 4716
AT RIS AR BE N On Xk XrXe/j). Ho, ke 2l
S RAENF BN A AR e =2"—1, m Jff
TEBR AR S5 A A5 r o 4% 58 45 A 25 28 vh 9 2580
MR KB c B EM T HEMEAELNANE T H
a3 A X7 B 31T AT AT 55 4K
4.3 CIBD &EEHHFITRK

CIBD HER M EEH = F & . Be %8 & # 5 is
A7 A A N Map Hil Reduce 11 45 B9 347 LA K 5 A5
[E] Job 4155 347 3 J5 10 G # » DA 4 5 55 125 1) Ik 1]
s [ RCR. BT 5 R K 3 .

HDFS
[ Split ]| sy s ne e
(5t ] il AT Job1 — HDFS
d A | M b6
‘ ap Reduce ’@ Tob5 Job :>
Map Reduce
:> ‘ Map Reduce Job3 ‘ :>
ot LM Sy Reduee —>
_ :> ‘ Map Reduce ‘ Job4 /% F\»
Split
hiva sy | [ P Reduee 4
ReducefE 55 4T JobfE 55147 JobfE 553147
i A A Map
ReducefE45 347

B3 A58 5 KRB BOAMT 55 i

HP . 2GMN=FE 1 HDFS i3 BOS I , %
Pif th 2] HDFS #0247 AT i 72, ke e i S
BE i AT 55 51 TR o R R IR 1T L . Jobl
AT 55 243 B A 52 4 B %F THUT Jobl 75 &5, £
A~ MapReduce {T: 55 43 51 A5 0 5045 46 0 v J o i
FHYIE L. 28 Jobl 4355 Hi 1 P 3R J P B 2k 19 AN 58 4%
KR L S5 1 BRI 58 45 B0 LA R o8 & B0 43 i 4
ZZ 4 Job2 . Job3 Fl Jobd AbFH. Job2 115t 45 i1tk K@
PR B 2% KO8 1940 5% 1D, Job3 Jy 45 J8 1 Bk 2k % 3
ST BEIHER T Jobd 171 57 AR B 58 25 B8 1Y s P (ET
B, 3 AT 45 A2 AR TR Y s B JF 47 #4047, Job3 Al Job4

BT 45 AL SE 4 Tobb. Jobb 1 3T 347 2R i 52 45 4
BRI T8 B A M 13 45 Job7 ¥ A
FEAE ST A AR A 0 3 28 45 Job8. Job7 1 33 M 4l
56 A5 M A S I AM B 2R J& A Job8 1 B AR 41 i VB
) 450 23 UKD R 2R J P {HL T Job6 171 5% 25 Bk ke 3 i
B B . Job6 . Job7 il Job8 iX 3 A~ {F: 45 Al LA Jf:
T IAT.

5 BERAHEHITHE

0 rp o0 5 A A K BH R L R i 1 AT R
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b et 1, 9 R At ey ORI RR IR O XL X BERE R
s A B 28 ] AR 23 28 25 i 45 At e O =X
B Ay R 80 05 K B B 45 B g TR, T & T H H B it
2y o DT 3 A 54 T b R BB A i 1R A 110 K 5 I
HL o 7 A K A A i 1 TR B OR3P AL R L AR Sk
TE TR O BERE R B IR AT 40 2807 1.
501 BERAXHIEBH S LXEXBH KK

B AR KB 5 2 K B 1 48 B vy B iR 46
PO A% AR 58 1) 43 208 B0 Wk A0 0 LR AT b F I 2% WA
FIAS M. BEALAR AR 3 2R 0 i 7 42 2% A, T30
D 1 ) R AR PR, o M B A Y T A2 8 T LR
T AR 43 S ) AT R 1 AT A R AT
I BEHL AR AR 3 55125 1 003 FH T Ak B RE A R K

(1) BEHLARAR Y2,

AT BB B AR PR S R ST S5 R A A 2 RS 1Y
TE AR TN PSRRI AR S AR 2 BE AL IO T
AN JE M TR R A R AR D 2 R S s T B L AR
MR SIS, AR SRA HE S 5 23 28 I i 5 SR AL
R SE i AU 1 43 22 50

(2) B RmE 1. PG i iy PR SR N2 s k4.

et FH B HL AR ARORE R B H R 4T 2 28 I, DR SRR 1Y
AN AE — o TR RE 15 ) A 7 8 Y ) I [ 0% (gt
BRI ] | 2 ] 24 48 (45 080 A 8 R0CR (HEHR 32O
PRI I & 75 0 B4t v O 1 BB AR R 23 28 Z Wi L W% 45
G % BB TEN B T &1 U BB R A
BONAE A S

(3) WU TR 2 B HIUIb % 2L )& 1k

B0 R R B EE R 24 %2R
PE 0 2k R AT B B RE A e — e R AR A
4328 ) HE ifly 58 A a] S

(4) Wk S g 3+ 55 AH G AL B ATL Hh A 8 1 4.

TEREFE KRB 19 20 e ik Fe b i TR BHBE YA
Fa e P 2 S BUR PEE B O A — & B HLYE. &
T8 1Y JE MRS 7 % . RE AR B BE AR BRI 1Y 4 R UE
E T

PRI A SR 0 A DG MRS D 1) 7 125 TE A ik B
PLAHAE Y FT4R T . 2 £ 5 O 3l A TR M 21 AR G 1 Je /b
(0 J@ P TC 2 A 2 55 R A DT R I e S 2
() P8 A 1 % 8 TR SR AR X 3 38k ) 2 250G B PR IE B
BLARARBL AL 51 45 24
52 ETHHBHEXHRAREREEZRRE

BE T B HC A DG Y TR SR AR AR 73 28 7k (Discreti-
zation and Weak-correlation based Decision Forest
algorithm, fij /i DWDF 515 ) J& — Ffr ty Bl L 2% AR i
HEAT B 1Y T ) B8 AR KB 19 40 Sk

PRI E NS ROk £ | IO o T R A O
PEREPLANRE X 3 AN J7 ThT B0t B BL AR AR5 L LK
AL E A 4 FrR.

JE UG KRR
BT 8] $

HREREN
TR SRR R B TR M A 5
B, BIMH DL o 34 m, R ANEUT
e R S bootstrapfHIFf 3k
5 HdE Edataset

dataset &
/NN

BEMLIEEE2m N R E, 55
—> AR B mA J@ 1k, % 5 K

HaiJEIEA
4
IR ‘V _
H—  dataset N4y, Eﬁ%fiiﬁﬂf
53 B SR T A i
HRE AR EUEAN Kk ‘T/ricbl'l]\
Jrdataset HEER Y, RARIE
ERRRT R

Kl 4 DWDF %3k i f2
(D) I3 P S 2 1A~ %K
Ve R I Y D SR AR A H K s P A %o DWDE
VR FAL BEPR Y. 5 XTI e B m R0 PR SR AR
MAECT w9315 BEBLAR MO i AR P+ 20 UK
FATT 3 K P SRR e WU M A S BB E Ry
m=[log,d ]+1 @)
Hrh[log,d R log, d 1 I KEEH.
PR ECH 1 s 2 3 B RN HER L 2R
IR ] 20 A s AR R SR K H i 2k 2 B — e e
FR 3 AU - A S TR AR AR L 2R HE B R R AR, 25
BH XL R, 5 R A RS Reduce {5 £
H 2y )5 GBS B T 58— A B M i . A, X A
PR B H BE N
AX /node_num X re_num

T= ()

m
H b node_num Fl re _num 43 5~ =G 14 Data_




124 IR BB O A 58 5 BEFE ROR RN B a3 SR AT 5 2507

Node T g MM 4 T M5 — W& WY reduce 1T 55
Bsm RPN 43 A R U PER B T B E 43
BRI Ry P S p A5 H L S50 A MG S PR e SR AT i

(2) Bk iE 2 Ja .

B bk st R Mt JE T DWDF 8 3k b () i ib
FHIAAY 20 PR AR IR A R PRI L R B i 2
B Ua PR ND.

SRJE A AR U R PEAE B R b il SR i A e
H % 2 e M 1 S MR T R R (. SR PR A A A
SRR E ¢ JEPE B BRI K N

split_i_len = t— (3)

Horbsmax_i M min _i 5357 by 3% % S5 & P 19 5 R AE
R /MBS ¢ g B E BRI IXCTR) S 2 Ce g 1 4K 3 5
I 46 b B U 2 ) WU B )

SRJG - MR B DX R RE T 5 34 2 e P A O 2
MR G AN split_i_ j=min_i+j X
split_i_len,j=1,2,,t— 1. BN ES5{EBME
At 8 38 A5 S — R A A Al 3R S

TE T 73 2R REAE KA 1 D S L o 5 1
K BH B 1 st 1 SORF DG PR I 0] T ) DX ) 4
to=AXs. X AB T, R FHAE S &L S 18>
B R 43 BB T W R A (D B U
ANBCHE X TE) B T (£ H N T BE threshold _ 1
(threshold_1 2} At PIBIEIC S BB 5%0) 58 T B
A DX AR T 23 W, ¢ T B R AR (2D B LA
Bt INT BAE threshold _2 (threshold_2 K 2s, s N
K BH B8 3 11880 . 25 18 B0 0 19 52 B 1 L 32
[ Ar Sy /hmt. B0 A RS8R SRR —k A A
A 25 (L)W U 2 BB 1555 AN T 2 2R (2)
Wz B A~ 1.

(3) 555 A AL BEHLAh AL 8 V4.

TE 5T B HT 1A Y T4 5 . DWDF B3k 25 46 il £
PR AR/ T BUE N/ T 0 AR Rk 5
W2 IR ORIt Jm M ALIRTE ¥ A Ry i gk
o AR A I P A BB

TEAE A R B Ak B b R R AR b & i
2 Jai VAR A0 P 48 DA B 8 10 1 4% A o B Y
W KT EUE M . R A TF-IDF(Term Frequency-
Inverse Document Frequency) B A8 3115 5 #s 1
AR RH DG AR B2 7 L J P v s RIS M A DL B A
X

num

We=log ==X > (i_tag) )
icC

num_c

Hop i e HUs . C AT A S HURTER R . i_tag

P AL R A R A R R P 4 IR (L A
L i_tag WO, 5 W 0. nam g Jo £ B9 A%
num_c F B HUR VL.

X 2 M of BT AT R B A (R AR
TR J A A T T LR SR P A 6 A A A
PSS ) e o 5 P I B A OGP T A 5

Zi_tagx (v_i)?

iCN

W D Coi)? )

Hepoi h#ESEE. N AT ESBENES,
i_tag N PIALE M B AL &SR M 0 T
LS i_tag W1, B 0. v_i HELEE 1)
HMH.

PR PE A G W =W+ Wy, i3
JE S 55 B R P A M I A B EW . W R 0,
FIRANSENEMN R B 2m A BEHLRREE P 5 T
FEJE A S S /NI m A TR 1 1 R BE LSRR ()R
PETCAL , DI 25 31 55 A G AL BEA L AR & 4L B Y.
5.3 ETEHBEHEXHRERARE LR

AR SCARE H ) B B R O I PR AR AR R =
AU A R T AR PR R A ST D SR AR A . R A
A R R AR R Rl A A Bk 3.

L3, A HR R L.
A JE MR BG4 DS, S X 5 ¢, RE N, &Mk
m, PSRBT

i i - PSR PRAR DF
de_file<—describe(DS,t);
FOR i=1 TO T DO
dataset <—bootstrap(DS) ;
DF < Build_DecisionTree(dataset ,de_filesm,N) ;
END
RETURN DF;
Horp describe (DS, ¢) B8 95 AR P65 B4 4 M H R
PR R B B R YE SO de_files B ANIEAE BN
Sz )@ PE 1Y 7 B RS BUAME B WA AR de_ file H.
M bootstrap (DS) T X} J& th B4 4E bootstrap 4l
FE. 0 BRET Build_DecisionTree(dataset de_ file,
m s N 23 8 JH R SR B3 1 el 37— R SR
LT B A O Y R SR AR AR A O B 2
LR R WAL 4.

BHikd  HETREWREL.
WA AR AR DS AR S de_file, JRAERL m . B
fii N

Btk : PSR D_Tree
IF the size of data set c_num << N DO
R_attributes < getRandomAttr(DS,2m) ;
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W_attributes < get WeakCorrelation(R_attributes,
filesm) ;
A= getMaxGain(DS,W _attributes) ;
de_file<—update(de_file,A);
IF ACC THEN
Tree, DS_C<—divide(DS,A,k);
FOR EACH data sets ds_c¢ IN DS_C DO
Build_Forests(ds_cde_file.m N ;
END
ELSE
Tree, DS_N<divide(DS,A,t);
FOR EACH data sets ds_n IN DS_N DO
Build_Forests(ds_n.de_file.m.N) ;
END
END
ELSE
D_Tree<—returnCategory(Tree) ;

END

RETURN D_Tree;

Hor, getRandomAttr (DS, 2m) 1 55 M\ B8 )&
PEET, FEALRIER 2m ANE Ve, T getWeakCorrelation
(R_attributes, file,m) 71 ot LI 4y m ASHE & 1E
/B TEITCA. SR)G getMaxGain(DS, W _attributes)
Sxib B i R R A e M. T S S
update(de_ file, A) ¥ T 73 3L & 1 24 LA ik ¥
A

divide(DS. A k) ¥ B £ K 73 o b AT 53
O3V SE R BR TR divide (DS, AL o) A i) K 19 1
R X B ¢ O 7% 22 R MRy B X ]S L
returnCategory(Tree) i 3% & 8] Pt 56 4, H ik [8]
M R DS R GIRZ 1.

Build_DecisionTree (DS, de_ file,m, N) it i}
() 2 = BER OCh Xn)  Horfr b Syt S ) J M2

Build _ DecisionTree 8 3= [ I} 6] 5 2% B N
O(nX2mXxlog(2m)). Build_Forest 5.1 I} ] &
I O (X 2m X log(2m) X T/j). H , T g 432
FEAY v Y DR SRR A K B 2R dataser HEYIC SR
Bom Sy n (B SCHIERE R R A S oA K
V-6 AT AT AT 55 %L
6 WEFEHRRRANEE

8 TR 4 SRR BB AR B A R A ) —
AN ESOP IR B O b T T A B AR AR R B 1 B
P2 B AL o LLORAIE 2 B0 o0 78 53 F 1 55 .

B & I 8] ) HE RS i AL Y A A% DA SRR 85 R 3R i AR
25 T BUIr B RY 1 28 B0 Ok B 25 5 HLREFE K
KA B AR P A 2 HA B A i A SR S
LR £ 1 I [] R 25 8] 09 8 5 10 EL B Hp s B BT
JE P BERE R B A2 1 R By st 08 AN B AR R Bods
(A0 1 23 BE A5 N ) 09 300 300 170 AS BT T 3 TR O 7 2 R
PR XTS5 ) R A S AT I R AR A s R
6.1 EETMEREKREEFESLER

AR SCHR HY 4 TR TR 3R AR MRORIE (Incremental
Updating Decision Forest .3, fij i)k IUDF &),
K A TR 43 AR TR TG 3 A BSOS R L AN 1B B B
{14 ) 7.

TR AR R BT R R R g T R TR
AR vhr 26 A~ TR SRR 1) 53 2 o 1 256 L 6 23 2 e 1
AR PSRRI AR 10 5 98 5 45 07 15 i B30 2R A
I GRECHE B 3 A AR () 25 H 0 e SR R 8 AR 28 A
0T PR 3R AR AT 04 P SR AR AR 4 2B R R A
AN W B LA N A2 Ak Y BE AR B . 1 R B DR
ARG R 59k 5.

BiE S WS RAAL

HA R AR DF B8R 5 UDS a2 R E N

i th < BT AR AR DF

count=20;

FOR EACH decision tree T IN DF DO

accuracy < classi fy(T\UDS) ;
IF accuracy<< N THEN
count+—+;
DF <deleteTree(DF,T) ;
END
END
IF count %0 THEN
DF <= Build_Forest(UDS ,t,N,m,count) ;
END
RETURN DF;

o, classi fy(T,UDS) WAE 2P K p T X
SR ECHE S UDS 347 73 285 43 KI5 15 2 19 4 26
HEWRR S B N B an R e/ T B, )
deleteTree(DFE , T) ¥4 Xf b R 58 A% DA TR 3R 2% A b 531
k. TE A 50 52 BT A D SR IS a0 SR A e SR 1 5 B
T W@ Build_Forest (UDS ,t, N ,m,count) B 5t
A ST AR [R) B H A e S

Update_Forest BN R E 4 O (T X
n+nX2m Xlog(2m)), F i T by 432 HE Al 1 g
R E 0y UDS P il 8 m S n A5 o
R Y J M B T T e A I S 1 B 4 Y
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IR RBOCR KB O A 1 23 AR R R 3 I R SE R
By Ak,
6.2 WEERRRHKKEZHHITL

H0HE R 3 SR R FH BB 25 AN AR BB BE TR
B A riL o DRI 0 B AR DR 0 Hh 114 2 A 0 A 2L 6 e o 2
AR T O SRR AR Ry 22 R SR AL A
(7 phe SREARY F14 ol ) A 52 W) o DA 0k 3 i 465 8 1 2k
SRARMRIN AR AT LAIF AT AL BE 22 PR SEA , HAT: 550
FEUNE 5 iR,

JE s Kt 4R )

gyEsgmn J L

i)~ [l
S
Kﬁ&@ﬁigg wiRmE <

P BR PSR

P 5 R e SRR AR AT 55 U AR

P PR

7 EWHH

7.1 ZIWIME

(D L5,

A ISR T Hadoop 73 i X = iH P 5.
MK & B — > JobTracker 1% T 4~ TaskTracker
AR, H A JobTracker 1 37 43 ¥ AT & I ¥4 FF
TaskTracker 2047, L5 R H — & m g PC 1E
~iz 1T NameNode Fl1 JobTracker #f F2 /) £ 7 5
Master,19 & 38 PC /E ~hizfT DataNode fll Task-
Tracker EFEAY M AT A slaver, T8 % 20 >4 5
MAERE. LI B R E R 1 PR, BA-EE PC L
Bl 1 & BUNLE GBI BN A 2GB. &
200 GB. Hadoop “F & ¥t it B 1 0L 3 1.

(2) LR Kol

AR 52 55 1 UKL (0 5t P oo 19 H AR BE 1R O B
SRR AR . LSRR ) SRR B R A R TR LR 2.
FX $di 5 Gt gk e 854 b0 R ReFEEE 5O 1 T4
K@ ERE IR PE RS B a2k 3 Frs b @ P ik A=
th C B HUBTE N RiEL gt . L WK%,

* 1 Hadoop FEHIERER

A CPU W7 il 2 BIERG BT
. . . Windows 7/ Hadoop-1. 1. 2
o -
i P PC i5-2410M 8GB DDR3 750GB Ubuntu 12. 04 VMware-workstation 8
R L _ Windows 7/ Hadoop-1. 1. 2
Atz e y . )
Hl PC i5-2310M 4GB DDR3 200GB Ubuntu 12. 04 VMware-workstation 8
F2 EXHESEHEEHER
Data Set Records Attributes Size
1 FX_1 5253552 23 0.8GB
2 FX_2 7155030 23 1.2GB
3 FX_3 10507104 23 1.6GB
1 FX_4 14310060 23 2GB
%3 IXEEHRMESE
N J& YR ik
Ja& 1 44 i Ja 1 i B C N I
time T A B 1 ] A5 Vv
computel_power ( X 4) TR L IR, — 3 4 IR S 4
solar_power I B BE % v T 2% o
total_power JSRUIES Vv
computel_power_expected ( X 4) PREAT E 1 B TR (E (Rl 2 /i) L 3t 4 4> 4
solar_power_expected K BHAE & H T 2R A4 4 (Bl 2 /i) Vv
battery_expected EERTE NS R - NE TS VN D) Vv
computel_power_var ( X 4) TFEEAT A1 AR 2 /N 1) T AR AR 2% v
solar_power_var K BH B8 & v T BE AR o 22 8 3l B 100 Vv
battery_delta EER(LAZENER Vv
batteryCurrent FE L FEL 7 10] 2
batteryTemp GERILE 9 YR (e R R TN Vv
solar_output SR oK FHAE O Hh 4 o T R 4
Class S B oK PH 68 Jor FH st B H Vv

7.2 SLIGIEHR
(1) HURM fERf .
2 78 B 5 b HH AN 58 25 U B A7 A 2 HUE 1 RN

LR SECRN R A 3R L 258 45 2 BE AR DL X T B
FICJR P » 4 SECARI (B 115 $60 7 A S (R0 [ DO SR of
Bl s X T % S Jm 1 ol T 5 A0 R R R S A RE
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SAFAE—E Y22 5 o TR I SE0RM (B8 46 AT A9 B0 52 fE
VR ZEAE — € YU B A U SRR A DR G SR RN A R Y
HRAXIT .

Po= (D)t + D tag; (v, —o| =2 /S))) /n, (6)

Hp CERRBEHMBIESE N ERESBIESE 1 FER
B I A 7 B BUR M  ER EE U  = 1
W 2, =0. tag () N FIWr R EL . #7 x>0 5L =0,
M tag(x) =1, tag(x)=0. v, FmEL(H .0
IRAME A RN RECORSER I 1) S, Ron Bl j
(K77 22 CHL 92 110 R B4 4R b 30 2 /N i g i 7
ZAHD.

(2) G A UL .

3 AR R AR R A RO —
FEBR A S0 SR 0 43 A o i 220 R A 20N

p=(251)/N
Hor N RIRX G0 B8 0, R R IE# 43 R 256
KIS EAEL e KR 43BN EL
(3) H= &5 B
EE S R S S U o WA o R 2 A U
B AU M 23 [BIRCR 1 Hoad 2795 S A5 U5 [a)

(N

90

80r

-
=3
T

o
=4
T

FAMERR /%
5 3

-o— MEAN
-o- FE
[l o+ ERS
—A— CIBD

30 40 50 60 70 80
R /Y
(a) FX1

HAMIERR /%

-o- MEAN
30H -~ FE
-v— ERS
—— CIBD

10 20 30

10 50 60 70 80
BRRFR /%
(c) FX3

2 X HE AL 1Y AT: 55 A BE T 36 AR L AR SR
T 3 A Y R R ] 3 7 AR Y o SR A G
% B R RO I AR SRR AR B LA R
N o AT AL A

(4) PR 5 AR AR TR A= G I ]

TR SR ARG A BRI (1] 2 A5 2 T SR AR AR I )
RO SR FR 2 — o 2B U [R] B /D, D) e 36 AR MR AL
T I T 0 %8 i
7.3 KBS

S 1. HURMBR R AL

AT RN ) HERR RV O R WA L
Jofdi FHBE ML e& 20 Ko 48 FX A 16 8595 20 Jm M
F 7 2 A 28 T (R, DA T A5 31 AN [] a2 2R Y
e ROE B (B 2k R 10 E 70%) . H AT A1
IR R 2 (A 7 B 5 Mean based filling method
(MEAN)™) | Frequency Estimator based filling
method (FE)M1, Existed Rough Set based filling
method (ERS) ™, [A i A% 3¢ 43 51 % i MEAN, FE,
ERS FIA SCE A AN 58 4 KRB kb J5 ik CIBD 43
Tl UKD 2 AT 2 19 A 5E 45 20 4 L 3% IR X (6) 115 3
FMUERR A T A SE AN E A R 25 R AN A 6 BT

90

HAMERIER /Y

-o— MEAN
-v- ERS
—4— CIBD
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BRR /U
(b) FX2

FUAMER /%

-o- MEAN
301l & FE
-v— ERS
—A—- CIBD
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KA /Y
(d) FX4

200

6 58 A KB SR A R L
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S5 25 R WX T OB b ik % PR A S A
WAME R R Bk 20 B2 TR B X
FE T MRS 5 19 ERS JEH b Jy ik FL A SCEE g CIBD
Sk CIBD Bk 5840 B T 8088 48 i 3 15 B
AE A% Y Sk Bt ey SECRD 1 9 A 3. HLBE % BOHE AR A 1Y
PRON FXT 3] FXA) P bk ] . 45 51 2 % %k
Pt JE PEAR GBI 2R 70 Y0 ) 5080 0E 47 3080 2% A, AR
SCHYIE AN E AR A REIA 3] 50 %0 DA L, Fb HAth Oy ik B
A AL

SHY 2. BEAE REURE 42K,

AL 43 R P ER 43 5 — R A B A [R) o
AR ISR PSR R AR Bl DR SRR AN B e 1 AR AR T
G3 ABEBY I [B] (28 Ak J3 A AL vh 45 S5 A B0 A2 4k
DL Ry R 2R 0 A8 A s i B R AR AR 43 B ¢ X B
V) 264 3% ( 2 2 S sl 7 A R ) B[] ) 2 ) AR LA R
RHORIYFZW. 55 8By L HE 5 — 015 B f i
S BUR s = NI B € TR S W T S WO RV N
B RF R e SR w2 0 25 5l fk B BL A% Ak DRF
SR T SR s 3 1Y 55 A OC fk Bl PL 2k ARk WREF
SR DL R 25 6 WG 5 1Y) 8 B A G D SR AR Ak DWDF
R T RROR.

AL S 4 B NI AR J5 1) FXT ~ FX4 £ 4
LEHMIR 70 o MBI ZRE A2 T I 30 Yo/ A 4E. 4R
Ji 43 9 Bt AL A ST 0 RO AR AR B DR R AR AR 1 el i O
W 1, sk i Bl 24 (RS2 v node_num =
19,re_num =3, attribute_num=>5,A=16). @ 1Y
Sy SR A B IR 6,12, 18,24, 30,36, ik
B 20 S B 10 U, A SR T B Dy B 2 5
IRE R T aE R e 7~’ 9 FrRs.

SRR v IV RN DR 2 SN = RO S /N
i g B[R] 76 D SRR A B0 T3 — 15 (FE b3k 255
e Ry 24) . B TR SRR AN 000 3 A+ A Pl SR R A
F18y BN ] TR o (H Y PR SR S BOR T3 — (B B

600

500F

PRI RIS 1] /s

- FX1(0.8 GB)

100 -6- FX2(1.2 GB)

-¥ FX3(1.6 GB)

—— FX4(2.0 GB)

0 6 12 18 24 30 36 42
PESRIEAN /A

Pl 7 s ] il R SRR A B A2

20

—
[oe]

=2}

YRGS B S/ 104

-0-FX1(0.8 GB)
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e
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Sz
P9 o3 & i o 5 B e SRR A M0 22 Ak

RSB A B H I B R SR AR B ) Bk T
WG 45 K] 8 7 « TR R AR AR S i A BB e oK
BB BT 3 2. s s R E 9 TR, M He iR
BN BN F R —H (FE B IR SE5 T oy 24) B 43 2
Hify 2R o A B0 38 i — HOR G TR AE 42k
HERR R T [, X2t F o SRRANB0d 2 , 5 30e R A%
MR AL $LA T 3 B . DR b e 3R AR B R — B A
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Background

With the approaching of cloud and big data computing
era, large-scale data centers are being deployed globally
now-days. Nevertheless, the energy consumption of data
centers remains a daunting challenge. To address this issue.
renewable energy is increasingly integrated into data center
power provisioning systems. To optimize data center operation
efficiency, both power supply and workload power consump-
tion statistics are monitored and collected periodically and fed
back to the data center power management systems. However,
the renewable energy supply exhibits intermittent and time
varying behavior. Worse, the power profiling statistics
collection may not be possible or available during the period

when the power shortage or failure occurs. In this work, we

treat the power profiling and characterization in large-scale

green data center as the big data analytics problem and
propose methods and techniques that are suitable for handling
green data center energy data classification, missing data
interpolation and classification model update. The optimized
big data analytics capability increases the power assignment
efficiency between solar power and utility, while enhancing
load performance and service availability.

The research team has a proven track record of incom-
plete big data analysis and green computing. The tackled
problem addresses how to perform big data analysis in the
presence of unstable and unavailable data source. Prior
work, which published in MICRO, ISCA, HPCA and JCST,
has been funded by NSFC, Special Funding for Returned

Oversea Visiting Scholar, and US National Science Foundation.



