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Cloud computing and its key techniques
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Abstract: Cloud computing is a new computing model; it is developed based on grid computing. The authors introduced
the development history of cloud computing and its application situation; compared existing definitions of cloud computing and
gave a new definition; took google’s cloud computing techniques as an example, summed up key techniques, such as data
storage technology ( Google File System), data management technology ( BigTable), as well as programming model and task
scheduling model ( Map-Reduce), used in cloud computing; and analyzed the differences among cloud computing, grid

computing and traditional super-computing, and fingered out the broad development prospects of cloud computing.

Key words: cloud computing; data storage; data management; programming model

0 5%

z= 38 (Cloud Computing) J&—FhFT i $2 i fY T B H K
4y £ 33 B ( Distributed Computing ) | 3 47 31 & ( Parallel
Computing) 1 #%i18. ( Grid Computing) B K& &

BT, EE# R SR IBM R REAFT RS E Y
TR HInT D E AWS( Amazon Web Services) !
IBM FIS BRI AT B =7 1%, X0 BRI
WES T TERWEE. ANERFAEHLI S IHHEHTR
BERHBISE . BlInA R 4RI R 2 L R ERERESE, B
Fm B ¥ AR EG E T & (Academic Cloud Computing
Initiative) , #ESN = ERE &, NEXN = HHERMPIE, FAEE
MR 55 ) B die 25 AR AU B 0 1T 8 (Data Intensive Super
Computing, DISC) ' ATHF5T, A R b th %t = T A L4
RFF R

IDC IE BR, ARIF B RSE S ER K, B
2012 FFHTHAB T 35 420 2% 70, HEId I FARITED
BWE &, BB BERK B M 2012 £, A
TERTHE MRS 30 K 5Bk IT A 25% , #: Z 7E 2013
FEREEIT BN =402 —,

R AT, ZER KA R LA P R AR SE RS T, =it &
PR EERE.

SHEEETZHMARR, R 1R, oHHBEER
S0P ERERASSAEE T IZ AR

BEREARESLL] WHARE T %457 14,

s B H7:2009 - 03 - 14 ;& B H#A :2009 - 05 - 09,

EEE A : P (1986 - ), 58, LRBRM A BB A , EEBRIT 0 2 RS R R I

N BB, W, BRI T ST IS TR E 2P 3 D

WA BRAE 2 T EHF RS & L5l F
RPRTE R PR, 2B T IR PRAR , 2 P v
MREELTRER. BEABMRERN Ren " HRER
BEMAE =7 i, 5% P ol d MR AR, 5 7 FEM Y B
RBAZ gEN, 7T LUE Y W, B H AR P AL
5 RA ERIP LA e 4,

®1 mHEMERE

TR ISR 5o
R
BT TR B
KRB
DNA {5 B 2T
B TR BIT o
BT RAL T
SRRk
B R B
FERMEETT
5 0 B gl 4
BEEERRR
E-mail iR 5%
TELR LB PR
MR RRS

S

ETB ARGk

N3G

FRERBRPER ST BRKERN R, BEBHE
BATRER & SR HITER T HEEE L, [
i BEFERBGEIETE T 1000 277350, HET 34000 ZH R
S WET - MRFERERNLER" . BEBHEPHL

ML (1973 - ), %, - EEHIM



%98

Gae¥ 2 AL RERAR

2563

EREA F] TR RS AR 207 AR B &4 TR P, T
IR =k, e SR P,

BB Gmail . Google Earth ., Google Analytics 45 k45
BETHZHERSBETY . FRETZHERMHH
B A BLA BAF I MERED o ot LI A 3 A2k 1 1Y
—IBR B, K2 70% MTEL A P AU B =87 Ik
%o
1 ZitEdE X

HED, a2 HHBERESR HE L, SR o HHRENE X FEM
W L

D@REERARITETHE L. =itE# IT XM
FURS T RAR B S P, RF AP ER T AR S 1
HARBEMCHRU L EERIERANFER T, Bid
Internet FREXFEZ MRS

D MEZHERNE S HEE X sHERMi AR
( Distributed Computing) . 345314 ( Parallel Computing) 1 ¥
#1H (Grid Computing ) B % e , B T2k BaRL A ME I T
W seEt

RIS EHE LT HBENEXZE. 8“5 F T
WTFESL . mR—ALE K& W R 803 I8 (5 68 44 FF
RFEEUL /O RS ) BT IRT o X 26 1 100 B IR AT LU AR A
[l R BB A ER I E , IR R BRI FER R, X
B YRt phy S 5 4R 1A P 1 FRUIR 55 S5 i ( Service
Level Agreement, SLA) % Ff A i £} £ ( Pay-Per-Use, PPU) K
BMAFREH,

Xof b b3 SC, AT RA A B, SCRRL6 1 A SCRR (8 ] a4 i iy
XM Z AT EMHRE T it ERERS . SO
[6 1 FRE X EENTHHEM P A ES W E S B AT
AT BEARTIHE L Nl Internet FRIUIR S, SCHRL7 ]
MEIHER R RIS A S N E XL, TERAT =iHER
s, SCHRL8 14 s UM B = iH B IR EEH M A R4
HEN,EXT ZHENEEEH T, UREHEA, B
2, XS LEMUN I E X =, HATR, i bike
XTSI m B — SR BRAE , Bl S T H B A
TRARIE, B Y RAE, Al P RS, RGO BRI, R A5 355
SHEERBEFLU TR A

DEHBERGREN R RS . RSB SZANFIXHP
B, AP EE TR B BRG], ST LR TR IR
%o

D) HTARTRBMET Y. ZHERGEH KERAIT
BALH SRR PR AR BERS . FEE TR ISR
B, RGN BERIRM AR R IE I, =R L AT
ARSI T SRR T, INBERTTR T X
il SRARIE B (] S

3) T ik, AR U B R RE R T AR ),
ZRERLER R IR S . IR RGBSRy
RO RBCT R, AR ARG EH 1317,

HEERNEEER, ZIHEREREGEERNME
AL, AP s e LIRS BE W HTERF &
“TYRELEPAT R HCHHE R, AEHERGEEEX
Fi Map-Reduce &%,

5) G, BN R AR B L AL R 5 B A

o F A BB B R E S BORE ,

6) %5 ZRENE, P AT DS R B, LL3EAE R IR
BRI %

BT E IR X TS RIS (T AR
S AR, IR SEBIHL 4 r E R L

BRI & LR A XS HE R SR
R HHE R R TIRAG , B 43 R F DI (4 28 6 7 2358 Internet
BT3RS« 2 RIS A B AR A R T WL 7
B B R L , SRR T B AU, X
BT B AR E . B TR R 7 R A U U5
BTk, I EH AR R Y R B T
Ve P AR
2 mitEHREHK

ZHE R B 2, SR A L, B
BRI R . TERR TP IR I St
SLHEAE B SMEREAR, RS ET ASHEBHA,
W2 iR, A EEAE S AR, S E SR
BEER, SRR SRS, HAAI AR EIIR S
BB

%2 ZITESRHXEHEAR

sohm FRRA -
e B i 4,9]
PR TR A SCHRI 10]

AR OB 1L -12]
N ‘

BORREEAR sk 12 -13)
‘ SRR R 14 - 16]
R repises

FREAEA gk SRR 1]

BRI AR SCHRLTT]

EAEmER  EEEERA  OR12,17]

SRR SCH12,15-17]
R SCHRL 18]
L MR o190 -20]
HAHREA BHAEAR R 13,21 -22]
REUEHA 23]

2.1 HIEFHEER

FRIER W BT REMET M, Z RS X
B R TR , R A TR FRAE Y J7 2k SRR 3 500 19
RIS, B F— AR R 2 B A

TN, DR R G FER N R KEM P FER, T
HARBRPREERS . Bk, =BT ALHE
RS R IR A

ZHEMBEFEEER TEAARMIEF K GFS
( Google File System) 4] 2 Hadoop 7 & B AT+ & 1) GFS 17
53231 HDFS( Hadoop Distributed File System) [ ~¢7 &4y
IT )7/ AT IR AR =7 THRIR A %5 2 HDFS 1
BARFEEA

BN EER AR AR AR RN & Rt & e
BARFEAE BRI S MZ &M RIE A RSS2k VO BFEE
HH

LL GFS H |, GFS 22—~ KA 47 7 AL 95 A2 Al
RN RBUSHAAEGRE. ©F ARG REGE
BAGH N KEA P REFEN SR IRS .

GFS Fg B A A RS A LT X5, %k 3 Frm.



2564 3 AR %29 %
®3 CFS SEHNFTRXGRGENEK S D) BigTable 3 {4], BigTable ${iF % 3 i s\ ik i+ & —
SR B Google Z5H T4 F & X" “BigTable £ —F h T & B4 H
THRGE gy AN MR MHRTTBE O 5 57 B R 3 SR T L R 7
e MEH G BORWRA KOS BIUEECT AR B L 10353) B Petabyes)

St A WS BT AR,
by B B Riglable A1 SCHHEBEILRT HEAL , R AU A7 20, B

KEIAE

IHRK R IR SRR S

GFS Z 45— Master Fl K EHRIRS #HH4 AL, Master £
WO RGN TR JLEUE , A58 & s 8] AR IR i SO 4
PfE B SR E R B %, GFS PICYI4r 64 MBRY
B S i R

£ GFS ST R Ge , R FTUAR AR 1 7 2R SRAE SR 1)
WM, BEIRAERER RT3 MU L& SR . HT HIE
B i — Bk, X T B 1 TR B R B TR B &y Rt
13, 3 AR5 1 2RI R BT & 0 i T — 3R A

A i Master 32 BCHUHE , #5017 R B R #AE AR
Master N RGMIN. & F 3w A Master FREL B FREEBL 1L
BEEE  BEMBUIRS 2858 BT e,

GFS BRI EBRIAEENE SMEH RS I, WE
17 R

K1 BHEGESTEEIHR

B % PR AE 3R B Master 5 B , MEUREHIS TR
HIBR B4 , 46 B A R Bl A B I BB MR IE , & P iR
FEBEERERHES. A NEURNAEF THUER,
B FEIA & PR B R R RSG5 . B ook
[17].

LR, ST B BIR T AR I A GFS, HoAl 1T
T, A5 HEK  Hadoop F+ & B BA L 7E FF & A0 R 1 B8 15 58
TH, A ER—Mam MBI T HEEAR, U RS Z X
HBIMEER , X R R AR B EASNALE FR
%, YlnEE e SR e SR TR U RKRRE
AR EUE 2 WIS T E N SR B .

2.2 HBEEEHEAK

SRR AR EHIT AR 8T A P R
HIRSS . B, SRS S EOR D BB M A B £
R, anfl AR B R MU Ik 8RR E s, WE ST E
B AR BT B e 1 R R

SRR SRR MBI B H1T AR
3T, B H R R AR AR K F AR MR F SR, = PR
EHE MR EIEER. B, 2 RENEURE A
TR IR e g A e BB B RS, W RiR R &

JEFfE.
BRSO B EOR R A R REE SO [ 11 ]
$2 11 #9 BigTable $ifia & HE A o

w1 R RBP4 O U8 BRI, 40 T 4R T B0 O SE
BRAR L) e — 2 5 R ML IS AR SRR O IR BB AR A
f R A IR R

R B 2 IR AR R, BigTable 4 3 1 £ ¥ 1 77 8 45 M O
<row; string, column; string, time: int64 >—> string, BigTable
HFEATTRRE AT, 51, IR E B HAp e R iR — B
FIHRA A&, WE 2 fim.

Column_N 1 ...

T

1

1

1

1

1
-r=-r--

1

1

1

1

1

1

1

1

1

1

1

1

| S—_

1

1

1

1

1

1

1

1

-

1

1

1

1

| —

1

1

1

1

1

1

1

1
r—r-7

z
&
N—_
5
- l
%a | p—
-
;J
B
Q
Z
%
B
@]
x

T
1
1
1
1
]
T
1
1
1
1
1
1
1
1
R
1
1
1
1
1]
1]
1]
1]
1]
1]
1]
)
-

1
1
1
1
1
|
|
|
|
|
|
|
1
F—1

K12 BigTable [ 454
BigTable H i) HE W ¥ BT 0 F W F 85 HEF , BT
AR BPHEFR T . BT REB KLY 100 MEFAR.
AR BRE — A 64 SrRYEEE, RREAR AR R4, FIRES
THIHEE £ , BigTable R BUR PR 42 I 705 BRHRL BE #E1T o

BigTable AT FE = FEWHF I ENE
FURHE, N ERS S, 2 MR RRES . ERFSEAT
SIECIT AR BN AR R 5 8 L B S 8P4, B 3R m S, 9D
SRS TEREE 4D, A REERS,

FPRIEEHR Z5 M B = AT 4 R 1, BigTable R I =R W 2
TAREY T SRR E RS B, I 3 iR,

Hp % — %A Chubby file 7435 Root Tablet B\ &,
Root Tablet  HANAE —1~, 15 Ff/ METADATA tablets {7
BfER. , 5 METADATA tablets £ %42 User Table i B
(E¥=E

other User Table 1

METADATA —--z===c1
tablets / PSR R

Root Tablet
Chubby file ___'\Z

K3 BigTable 7RG FARNL B A5 B LS

L% P o B BRI BT, B SE M Chubby file H1ZR BX Root
Tablet B8 , 3 M H 2 BUAR 7 METADATA tablet () B {5
B 5% METADATA tablet 2B & BFEUER AL E/E
BB User Table i1 E , 85 MiZ User Table P32 HAREHR
BB R, G R BIRS & P e B iRBEdE. B
RIRSCRR[11],

XMEIRE MR BREERAFTH, BENARAEEH
SMBR o BN, XA B R B Join BRVESSER KR, RINEK
EINTDI > FE %, B BUBR 5E y string 28 B F 8L 55,
4K A9 DryadLINQ 28 451 )4 #8215 9 3F £t 2% . NET
2R RT3 ECR T & R A, B RERT Join #4770
1k,%43) T kb BigTable + MapReduce 5B $it ) Join 3 FIE 5
FARIBR AR



%9 haeE

ZHH AL AR A

2565

2.3 REFEH

HTHEAPEERRERZ =B RIS iEH P
REFI IR E RN R LW E W B, =it
B R REERLLA . UARIIER & B 2RI TR
FAESRAE AP MEREARBEHR,

T RESr R Al Map-Reduce™ 4 MR . BEKR
W IT ) FREM =7 R R A R A, SRR T
Map-Reduce (¥ EAEFF & 472 T H.

Map-Reduce AUAE—Fh4a A Y , [7] At 1 2 — P s 3
WIS WAL RS, Map-Reduce X P S BEAE B ANGE A T
SR, EZ R ERL TR cell processor LA K2 S HLEE I [H
BEA RIFR R,

BZHRBERE N TRE £S5 AFMRES . RS &I
TTUHIRTR . AT O g AR, (R 7 R AR RE S R M b
HE B A NRF, BT 88 A E MPATIE S, 2
Map-Reduce R EAIA KN R R 14 .

Map-Reduce f&—FAb 38 0 7 A XA B H0HE 48 ¥ g AR A
R R RFE Map 565U 38 E X & 20 B 5 i Ab B AR, 7
Reduce PR 8 & ANAT 33 43 HLBHE b 36 v () 45 SR 4647 19
#, AP HTESEE map Fil reduce BECRBE 4570 X I 3
TTHF, HTELRF FE1T Map-Reduce #F R, P A A THE
R AN ALK S A R B S B S BRI, RN E R e oy b 3R
ERNTERMURY SEEFENEES, B4 BHT
—~ Map-Reduce 2% i) BARHAT IR

Dfork "L T 1)fork

2) SHtmap 2) ﬁmreduce
5140 2"".

SRl

iR
SE3
peitois IE STC

BHE)C

Reduce

MapfhBE  HERH) B
4 Map-Reduce &7 1) BA 710 2
ME 4 T LVE L, 07— Map-Reduce )T HE LA
B AE WU AT 1 worker AT HLIAT VB H11H]
XH(FHT ) . £ 4> Reduce workers [F] B 217 . Hi ) A 45
R AT RIS T X MEH RWES RS T

LTINS Hise:

B SC RS AIFERR . TRAT Reduce A, #4E M Master 18715
K ESCAFALE AR B, Reduce fff F L7233 72 8 A, Ao [R] 3C
R BT AE T AR ERBT T BE

Map-Reduce AL A 1R5E 124 454 , 24 worker 5 &1 3E
FERET, R worker WA R IKTE RGN EFIER I
Wiz worker IFTHRLFIERSF HoAth worker EEFTIAT,H
AP IZTE B (5 B 85T Master XA A TE X S AL R
7 8o Map-Reduce {8 FI A5 2 5 ) 7 oAb 28 Master i 45 2%
T [B1 R, 24 Master H B IRES, AT DURIE B IE ) — e &
BEPEFE T EAEN Master F MR E S B K EE
7o BAERCER[12],

Map-Reduce {2 2y % 2 82 X B — F, 0 8R H 5
DryadLINQ'" & 53 5h— R H 47 i B4 X . (BB R TF. NET
g LINQ REEFIHEATR, R T EMREAIR

Map-Reduce fE 4 —MECARATH = HH B W EKE, £
WERGEPRA) A, HRETENIF A TR Hadoop H 4
SEE . FRAEIIR A T B, T T B AT M AT
BRSO G LS 24 T BT BRI T B R S
HkRE, Bt Map-Reduce 977 & T B, S IE(E 55 4% IR
BRI HEAR R ASE T M 77 RG S T HR
Sk—BeitE i EEZBITIE o 7351 % Map-Reduce (¥ ARz
MERELSMNO AT B dR—MRAT BRI,

3 ZitEmE ALt E X

3.1 RTESMEITEEEX A

lan Foster Y P4 i LAy : SCRPTE 3 7B AL 43 A Z B U
#H 47 ( Virtual Organizations ) [5] 222 Y IR, ¥ 5] f8 e 0] BB B9 22
G, FHEREI A R — s A L SUEUR TR I B A

o

&2

R AREREEE A B

T RGNS

ﬁ‘kgjﬂg

TR IR
6 i s

B s fE 6 s RN EHREE. BS5 BR,
SHEE—ME=E—EREEE, S TERERAUKRRN
SREMEHETEREEE &, AP EgRFNERE
HERFGRMAN AL RS, B 6 2, NERAE R
— MR IR, SRR AR T AR RIRTE 588, U4
MRS S S R IRA S S AR, &
R 4 Fim.

T EMMREE ™ 50— AT X PI7E T 9 IR
Ko DITBERAEFREEMEBEERR R, BITHES U
Be oL, BREIELSIBIEGMT R, MM
L LR YL, TR RS R IR S EE TR
F &A%, R ETAT % BT R T B A IR R b — b,
T W& TR BRI, RS T8 B i B e i 18] 5 s 17
e IR AR R — 847

PRAS R SR A0S R IR R AL, T == 138 Wik — 25 H



2566

it FAL R

529 %

BFETRIE AL, 15 A LB A , X R UL 45 BT A4, T A
DEREES . R, MERET R RAE—HNRIERLE(K
#23oh UNIX) Tz PR S T & i, FE & TP 4RI R L0
UL ERBEEFARS . FMRREREETTAF, =z E
RS A E B 750, M Z A 205 X
PRERZNARR . PRSI E R AR R B A T
HARZ RS RGTIR. 12 WR A AR 2 LR S5 %
PRl B . HoAl K BIA BB
F4 PRHEAMZHTEHEEXS

W o P
e SRR TR
- 2(0CSA) e
e n I
RS R, TR PO, IR T
P S o
W A PC S e
St W RS
e ARHIHA, S — A I,
i W R R
WAMERS: MRRMRE(NK  SRMERS M
R RBUCEAEVER MR
WREER AR i
5 LA B, (61 Al
R , 20
AWEE KBS ﬁﬁgggiﬁm
e I e, R
- RIS K3
AREEEA  EHEE WA, ARG

3.2 EHERESEFEZTEVAXR

BT ENI A RS, R —IFERE .
2008 4F 11 A 17 H, F#i— B TopS00™" 85 8 % A, T
“RoadRunner” 2 IBM 4 2£ [E Los Alamos [ H LB = @& 1
HEWRSE. EHWEHEHEXST 1. 026 PFLOPS,
RoadRuner 8 HE P 5 12960 4~ IBM PowerXcell 8i #ZbF
#s Ll & 6948 4~ 4340 T 71 Fr fi 55 #% L B) AMD Opteron 3 F o
TI R4 282425575 288 -~ IBM BladCener 32 |, RoadRuner
A 80 TB WINTF SMEMEA] 1.5 PB A B/ Panasas 77k, 5
F738 i 10 Gbps MLAK AT, FEREM 1 12300,

M TOP500 3 48 % T+ E WL HE 4 T AT LUE i, 2 501
MBI AN G REEREFESHELR, LUEBREEANE
DT BB A K. T E L BEE A .G, R
RSB RSNEERE . FRIBEZITTEIFERER, L8
SHERG. Hln, BEBHEIESR 1000 £ 72 5TH A 34000
ZERF R MELHN ELT" ARG,

4 #iE

TR BA] KR RS, MR A TR A B

B, SR TR R R BEREE R, B, D BERE, 42
v TR B PRI, J 3 0 R 0 R R 2 i AT O g — 1
ERAR AN, A8 TR BEE 0 B BERE AR 2 T — /D EUR
THRRERES o T2, 3t K RERE (A5 008 .o 1 R AR
B BRIER TR RERIER BT, AR RS AR 5
BRI ER AR AT B IR BE T A

W, R T 1 TH 3 B BT IR B Oy A SIS A R

T LA AR Rz PR A 55 S8 G B, 5 P A0 Al S5 4R 13 RE BE A

B R IROER S R
Fob, TEX IR O AT AL HL ) E ST b

Wo BHEAT LSRR F & B RS R4 2 M #1735, A

B {F R SR XA E RS
B RETT RN E S AR B R A2 TR, AR T

VASE o SR AR 2 BN, ¥ e o T B R
BG, BRATITECA RS AT EMR, HRE=IHE L

BREERKERE,

SE Wk

[1] VARIA J. Cloud architectures — Amazon Web services [ EB/OL].
[2009 — 03 - 01]. http: //acmbangalore. org/events/monthly-talk/
may-2008--cloud-architectures---amazon-web-services. html.

[2] BRYANT R E. Data-intensive supercomputing: The case for DISC,
CMU-CS-07-128 [ R]. Pittsburgh, PA, USA: Camegie Mellon Uni-
versity, Department of Computer Science, 2007.

[3] SZALAY A S, KUNSZT P, THAKAR A, et al. Designing and min-
ing multi-terabyte astronomy archives: The sloan digital sky survey
[ C]// Proceedings of the 2000 ACM SIGMOD International Confer-
ence on Management of Data. New York: ACM Press, 2000: 451 -
462.

[4] BARROSO L A, DEAN J, HOLZLE U. Web search for a planet:
The Google cluster architecture [ J]. IEEE Micro, 2003, 23(2): 22
-28.

[5] GILES J. Google tops translation ranking [ EB/OL]. (2006 - 11 -
06) [2009 — 03 — 06]. hitp: //www. nature. com/news/2006/
061106/1ull/news061106-6. himl.

[6] #EETEF} Cloud computing [ EB/OL]. [2009 —03 —10]. hitp: //
en. wikipedia. org/wiki/Cloud_computing.

[71 FEEHER. 442 zH5E?[EB/OL]. (2008 - 05 - 14)
[2009 -02 —27]. hitp: //www. cloudcomputing-china. cn/Article/
ShowArticle. asp? ArticlelD =1.

[8] VAQUERO L M, RODERO-MERINO L, CACERES J, et al. A
break in the clouds: Towards a cloud definition [ J]. ACM SIG-
COMM Computer Communication Review, 2009, 39(1): 50 -55.

[9] WEISS A. Computing in the clouds [ J]. ACM Networker, 2007,
11(4): 16 -25.

[10] GRIFFITHS A, METHERALL G. Cluster interconnection networks
[EB/OL]. (2000 —09 -01)[2009 —03 —03]. http: //www. grid-
bus. org/ ~ raj/csc433/ ClusterNets. pdf.

[11] CHANG F, DEAN J, GHEMAWAT S, et al. BigTable: A distrib-
uted storage system for structured data [ J]. ACM Transactions on
Computer Systems, 2008, 26(2): 1 -26.

[12] DEAN J, GHEMAWAT S. MapReduce: Simplied data processing
on large clusters [ C]// OSDI'04: Proceedings of the 6th Symposi-
um on Operating System Design and Implementation. New York:
ACM Press, 2004: 137 —150.

[13] NAGARAJAN A B, MUELLER F, ENGELMANN C, et al. Proac-
tive fault tolerance for HPC with Xen virtualization [ C]// Proceed-
ings of the 21st Annual International Conference on Supercomput-
mg. New York: ACM Press, 2007: 23 -32.

[14] GHEMAWAT S, GOBIOFF H, LEUNG P T. The Google file sys-
tem[ C]// Proceedings of the 19th ACM Symposium on Operating
Systems Principles. New York: ACM Press, 2003: 29 -43.

[15] Apache Hadoop. Hadoop [ EB/OL]. [2009 -03 —06]. http: //
hadoop. apache. org/.

[16] Yahoo. Yahoo! Hadoop tutorial [ EB/OL]. [2009 -02 —27]. http: //



%98

Gae¥ 2 AL RERAR

2567

public. yahoo. com/ gogate/hadoop-tutorial/ start-tutorial. html.

[17] YUY, ISARD M, FETTERLY D, e al. DryadLINQ: A system for
general-purpose distributed data-parallel computing using a high-
level language [ C]// Proceedings of the 8th USENIX Symposium
on Operating Systems Design and Implementation. New York:
ACM Press, 2008: 1 -14.

[18] PINAR A, HENDRICKSON B. Exploiting flexibly assignable work
to improve load balance [ C]// Proceedings of the 14th Annual
ACM Symposium on Parallel Algorithms and Architectures. New
York: ACM Press, 2002: 155 —163.

[19] GRAMA A, KARYPIS G, KUMAR V, et al. Introduction to par-
allel computing [ M]. 2nd ed. London: Pearson Education, 2003.

[20] YAN B Q, RHODES P J. Toward automatic parallelization of spa-
tial computation for computing clusters [ C]// Proceedings of the
17th International Symposium on High Performance Distributed
Computing. New York: ACM Press, 2008: 45 -54.

[21] KRSUL I, GANQULY A, ZHANG P ], et al. VMPlants: Provi-
ding and managing virtual machine execution environments for grid
computing [ C] // Proceedings of the 2004 ACM/IEEE Conference
on Supercomputing. New York: ACM Press, 2004: 7 -7.

[22] BARHAM P, DRAGOVIC B, FRASER K, et al. Xen and the art
of virtualization [ J]. ACM SIGOPS Operating Systems Review,
2003, 32(5): 164 -177.

[23] SAAB C B, AIRE X B, FOLLIOT B. Phoenix: A self adaptable
monitoring platform for cluster management [ J]. Cluster Compu-
ting, 2002, 5(1): 75 -85.

[24] RANGER C, RAGHURAMAN R, PENMETSA A. Evaluating Ma-

pReduce for multi-core and multiprocessor systems [ C]// Proceed-

ings of the 2007 IEEE 13th International Symposium on High Per-
formance Computer Architecture. Washington, DC: IEEE Comput-
er Society, 2007: 13 -24.

[25] KRUIJF M D, SANKARALINGAM K. MapReduce for the cell B.
E. architecture, CS-TR-2007-1625 [ R]. Madison, MI, USA: U-
niversity of Wisconsin-Madison, 2007.

[26] HE B S, FANG W B, LUO Q, et al. Mars: A MapReduce frame-
work on graphics processors [ C] // Proceedings of the 17th Interna-
tional Conference on Parallel Architectures and Compilation Tech-
niques. New York: ACM Press, 2008: 260 —269.

[27] ZAHARIA M, KONWINSKI A, JOSEPH A D. Improving MapRe-
duce performance in heterogeneous environments [ C]// Proceed-
ings of the 8th USENIX Symposium on Operating Systems Design
and Implementation. New York: ACM Press, 2008: 29 —42.

[28] FOSTER 1, KESSELMAN C, TUECKE S. The anatomy of the grid
enabling scalable virtual organizations [ J]. International Journal of
High Performance Computing Applications, 2001, 15(3): 200 -
222.

[29] BERMANF, FOX G, HEY T. The gnd: Past, present, and fu-
ture [ M]// Grid computing: Making the global infrastructure a re-
ality. England: John Wiley and Sons, 2003: 9 —50.

[30] Top 500 supercomputing sites. Top500 list-November 2008 (1 —
100) [EB/OL]. (2008 — 11 —17)[2009 - 03 - 05]. hitp: //
www. top500. org/list/2008/11/100.

[31] BUYYA R, YEO C S, VENUGOPAL S, et al. Cloud computing
and emerging IT platforms: Vision, hype, and reality for delivering
computing as the 5th utility [ J]. Future Generation Computer Sys-
tems, 2008, 25(6): 599 —616.

(L35 2547 W)

25
* BRI REEE|:
oo || @ BoUORBEEER N
— R
% 15 frerreeeeees ............ ............ .
= . . .
W ............ ........... ...........
5 ﬁ ...... ............ .....................
(o] - :
o] . ’ . +
0 * o 0% o O* @ Ya
-1.0 -0.5 0 0.5 1.0
Fri FIEEE

B2 Bk MUSIC 53k 148 a1

PR EIL R L3N 3R 1 FPom AR B 5 TR, &8
BEEEO. 20, RIS TR A = 0. 09, iR (13) —kERILE=
MESHERE.

Z, = (0.09/0.2)° =9.1% (21)

R, kiZHE R B ERAE 0%, fEki2HERE
REBE DL 40% FRWRE=EEEWMER Z, = 72.9%,
WhHingiaE 8 RALGEY: 50% kA g RAESGEH
B:50%

F1 HixEEEEEER

BRI JIIEERIN etk U =/ %
4R 30000 57400 100.0
—HER 12000 22960 9.1
PR 15000 28700 72.9

5 #iE

IR BN HE R SRR, 7] A &8> MUSIC 3
EE, RN RIEXES DOA MATHER, B RN TR
MUSICHEELEM AT HIRK R ZERAM, BEAEREER
Xo
SE WK
[1] PUSKA H, SAARNISAARI H, IINATTI J. Serial search code acquisi-

tion using smart antennas with single correlator or matched filter [J].

IEEE Transactions on Communications, 2008, 56(2): 299 -307.

[2] HIROTA A, ARAI H, NAKANO M. Direction-of-arrival estimation
system for multipath propagation in code-division multiple-access sys-
tems with synthesized virtual planar array using pilot signals [J]. IEEE
Transactions on Vehicular Technology, 2008, 57(4): 2153 -2161.

[3] ZHANGTT, LUY L, HUI HT. Compensation for the mutual cou-
pling effect in uniform circular arrays for 2D DOA estimations emplo-
ying the maximum likelihood technique [ J]. IEEE Transactions on
Aerospace and Electronic Systems, 2008, 44(3): 1215 -1221.

[4] SCHMIDT R O. Multiple emitter location and signal parameter esti-
mation [ J]. IEEE Transactions on Antennas and Propagation,
1986, 34(3): 276 —280.

[5] YEZF, LIU C. On the resiliency of MUSIC direction finding a-
gainst antenna sensor coupling [ J]. IEEE Transactions on Antennas
and Propagation, 2008, 56(2): 371 —380.

[6] LIB, PENG C Y, BISWAS S. Association of DOA estimation from
two ULAs [J]. IEEE Transactions on Instrumentation and Measure-
ment, 2008, 57(6): 1094 —1101.

[7] van TREES H L. Optimum array processing [ M]. New York: John
Wiley, 2002.



