HEEIF R R |

Innovation Development Strategy on Cloud Computing

pay

X/ IRfRE e

i SR s S

IERZTBAFITENSEEHEAZER £ 100044

(4 ] 54k, AR ERERNG R HIEAF B, ZHERT 7 LR FRARAs
AN EHELXE, LEMEEMET AN EATFE5 @GR, T T =560 B
WHEAR HEEX MFEAETE TRER ZH L4 TRAEFE T RER ARG
Je =t R RARIRE T A T Ak, b E i B4R R & B0 R kB T PaaS.
RAZRRA P Bk B EAES—FFZ RS

[ K425 =i F, HBHS, KHE

DOI 10.16418/j.issn.1000-3045.2015.02.005

1 =T ERY B R 5 HY 8]

TAE 20 20 60 4R AR, SR EPL A 29 - L
3 (John McCarthy) i 5 HRETI 1 —Fp 2y
T P25 20 AR, A AATTREAE S AH I K FUIREE
AR

Bt F ke IR) T, AT RA3E SR BT AT B T 5 B PRAR
R R, SR TSR OH T A0 B RO 557 Y
AR AT EA N AT BT B 7 931555
o TEMET SR, P B9 L& 22 2 AR 1Y
PR B W IG5 ity B W S 55 R A L R A A
AT B T X P AN P 5 2% () s RN AR i e
LIRSS o TP AT A B4 UL A5 i
PR , AT LN PLEBCE & T 1 4R A D145, A

* BB BRARE . LEBREFTFHEE RETE
(P01704) , B B ARIZESTIH (61370060)
EefsUr s B H5.2015E2 528 H

20154F - #30% - 21

o EUERIC 4 Rk 55 i PR I R, S A5 32 U e 1 il
%5

P B 35 L I0E A 57 AR Y A e AN K, R ) e
Web2.0 Y& A i, 25 A LA S B HOE <
B A 32 1 P i b S A TR D S R R AN IR 55 1Y)
Web b A Pl 1545 58 19 1T F A AR T R Ak
BRI, L BUAT L8 T A8 DOt S5 8 TR) REEAS T 9 2
FeanAL g it S i 28 /DA E LUR S U T 2 2N RE
T R e oK s SR AE RE ASZ IRT N A fiE
FOASE; IR A Ak PR 18 57 BRT N A RN 3 2
o X, MRS AR, RE R Eos v W ry it
SN R L RAT B R A S R | 5 Y
AL BREE T AIATABRE JJ o IXAPANER A M R 5 S8 T LA
18 R B o3 A A PR U B2 I, FUR: 2 I 9 iz
G PR TR 58

FHXT AR R i D7 58, FEAT K (Google) |



W H b (Amazon) 55 35 44 1T 4k K J1HE )
T, RS IR AN AR T i S DL R X
IR A R AR i e O R g Bk L 42
HE TR LLESIE Sy vh ot (48T 04 R M 3 SR
H——= 114 (Cloud Computing)'",

P B B R o N L o S
AT 43 AT 2SR A T R e
oY A HE AL RO A R B R 55 AF
MWESIR A IR T AR . =M A
2 7 — B ANWIERE . BT,
SEEEUN YU e i SELRVAS RPN O = & Sl
i e i B s AR 55 v, S FH P SR L AL 8
SR TR RE ) IR S I AEA =S R o 7EAE
AT B} [ FIATART Hl o5, FH P LB A —> AT LA
B 23 L A AL, LT DAV TR 2=, SE B
BT BE o T 9B — 2R R R 1 2 C
A 174 A R B [ R T A e EE AN S
PEZ MR OB SERET A R S, M &
GeHASTE e, P SR IR S P A R R
PPRAR 2 — 5 2R R R A v 23 T I
HAAFPOEL, LU = FREE R Rk
BOS FHARAT R (5 B AR R 3 T = ik
55 PRALRT 10 2= B s o0 T e 232 R 55
B FH P Ko S T R A 7 A B R 1 ) BRA T
HEARASIE S8 A AR N, PRI, Jn el i £ FH
B 110 22 4 P 23 IR 55 B A3 e AN T 2% P
M B RS = T T G 1 PR — o T
ISR R 75 TR L TE S N T 20 S R 1 )
s
2 EHEXBHARBHR

VI — R LA S b B O
SRR, R M 2O TR R f
R AR 7

2.1 EPMEEAR

HE R B A H T A i o B Al it mT
ST I T B U5 R FH 2SR A T Y LR AR
B, AT O R )VZ o RS R RSERY

B ZHERRTBEESXBERAHER |

VPR B R AR i S

FE FLAL B2 R iy A YR B B AT LGB i 5
1959 4, 78 B 7 ¥ 315 (Christopher Strachey)
KT — % 4 4 “Time Sharing in Large
Fast Computers” [ 22 AR 18 3CY, 33 f SC 35 9
PN R AR B ek . s i1
JUAE, MR AGE 1 TR R BT B . 20
22 60 AL, EI BRI ALES 2 B IBM 2y H
RBPLE I T —FrB PR IESRER . 20
122 70 4EA% )5 , IBM . HP 1 SUN 2543 w5
HERAA B AR 1A A 114 1o it b 17 4 4 5 i
5w AUNRU AL . AR R
fin FIE AR AN REAR Af- M3 75 , A5 e AL AR
1Y A e DEREAT BT i . 1999 4F , B4 (VM-
ware) A AR H T — B DRI R Ry rh
IR DR T 58, 3X BT RAE R A
A il PC IR 55 7 5 S B UL . X0
x86 ZLH I i S — K SAAL B AR A . K
FIALHL A P TE A A AT AU T 8T
1S Pl & . 2003 47, R FH 5 F e
A A S B0 Y T U5 2L A Xen HEHY , JF
TERE ThO P R T AT IR . Xen 11
FHE M A5 R 8L A B AR 14 A0F 5% RN FH B i 3
K o AE 2005 4EF12006 4F , ik CPU A= 77 Ry
SR (Intel) A SR LS 7] AMD XA
PESEA AL, 5354 SRR A i 4P B AR
M7 b o XTI F AR BAR T x86 HL A4 %) K 21
USRI RLRE L x86 A4 HY b Ly T KB 48L1E
PARAREEANEE G2 —.

Bt 2 T D4R, B R AR EVE T
— A AT S Y R . R AL AR
IR RG T AL O R R 2 — BT
IO 25 A 3T 550 R A A 3 U5 58 0 5 Rl &4
R B R . it R I T Bk R 50
T PR 5 Al S A P B A7 T YR A e 1y R e
— 19 HUBE UE b, MU B 2 1A SRl
Jith, Ay 1 )2 =S B R 2 IR S5 PR A 1 1

SRR AR 171



HEEIF R R |

Innovation Development Strategy on Cloud Computing

pay

S HE MBS AR BT A LY B L E
Z 12 A XU, PR R [m]— 9 B ML B L2
() AT LAAS 223 B K i 5 A LB & AR B D 7] o
W, A5 HEAUAE AR 1 22 35 15 2t a) FOH P ik
LA PERBRE LR UE . HAT, © AR Z U5 E X
HE AL FR G R PO A B ) 2 A TR R A TR
A 2E e B TS R R A i AT {5 He i 2 7
R T A A AR 1 22 A A RN R T i A ER
HE AL I B4R B 2 AL L S TS = Rk 55 e A3t 1 08T
Ao A

2.2 B

i PERETHRAILAY A AR B R R AR S T 3R
Bamy = 5 e . RN, B TAL G I AT dm AR AL Y
MR BOMAT P 9 5 P AN S o IR, B A 43
Tl B B B A RS ARG AT T G R A T
TEAL PR AR I WA TEPE B ST, B X5 Bk 2
AR, Google 22 FIME A& T — R i it I 7 i FE AR
%I MapReduce, 1FE N —F il e J5 Z€ , MapReduce
VARG R i DR T AL S 531 Ak RO K 4 I
AP e R S5 IR) A, [ Ak e DA oy Al R gy B i 1 T
BT B O i e T AR BT A T IR AR ROCRE AN
FY i),

B 2 v H S E 93K, MapReduce Y AS /&£
ORI i . AR Z 273 04T T AHSCHIIESE , X Ma-
pReduce #£47 T Mt . Pt ) MapReduce #8117,
*f Map F1 Reduce i #2 AT 1 O AL 5 36 W 2 4% 19
MapReduce J{474 2 X457 & HPMRY Xt Ma-
pReduce T HEALANIE 5 a5 AT 3 AN A2 B AT
P[] 280, In MR e R R 2 i F 5 8 T & T — > Sk
FNFERI TS AEZE Spark™, B8 B4 ) n] B ik 2]
PN H DL v 3k A RO R 52 5 X007 T il T3 5
., EFXF MapReduce A& G #EA7 i 5 L SE R
SI AT AR, ANATTIT K 1 S PR 228 4T MapRe-
duce FYIHRAAHEL Storm"™,

WFFEF LB X 2 A% 2 Ak B AR A5 AN ) 5 52
LT MapReduce ##1 , LUl T #EZAZ V-5 L
RO PRATRRY , AR R 27 i RHK e (Colby ) 48 A

20154F - #30% - 21

SCHL T — A3 F 2 8% F 5 19 MapReduce [ R 42
Phoenix"", £ X} GPU, & s BH 7 K% 5 Rl 1
HfFi ik (NVIDIA) 2\ Al 1) CUDA £ AR 7£ GPU |5
P — > MapReduce Z& 4t Mars!'?
2.3 BIEFHEEREA

R G2 T B ORB A A S, A
A LAXPAME AL R AR IR SS . s A IR T AR S
it RGEAE A T PR RE Y )R AEAE I, LA™
JEVESR PEMT Lo AR EAF S O SAAE B) Tl B
IECAINEIE

SRR JH P T A7 B 1 v T R s e R
AT B o3 A SO 2R B 2 R TUAR WA 7
=, BIA [ — G Bl A i 2RI, L in Google 11
GFS FIBul 123 ( Apache) ) HDFS #R 42 K FH = @Il Ax
SRR B TCAY . X — A a1 24 UH A S
PEr ik o BFXT IR, P98 35— ARSI RE A5
A5 P AARL I SR WS AEAS BEARA At v SE L AT T R
{RAFAERIAECH o Fein — 4% Google 4341 2304 5
4¢ Colossus!™, Ul GFS2 H (i J] HLFE- T 2 [ 452 R iy
(Reed Solomon Erasure Code ) 52 #iL 5 A% B A% 4%
AJEEAFA# . KB Azure - 5 SR FHIBEBR A4 AR Sk
FEARAT A LA, )i 45 (Facebook ) 7£ i Hadoop
YBR[ S T — L TR AT Y RAID 7748 o
SEYSFE T, ) R B | T SRS T 24 25%—
30%I1 HDFS 4L il £ fiff 25 ] )

SR g B D N €/ H DB L BV R 5 vy NG
PE TR, PRI , 23 AR A A e A P 2R
53 AR KPR A . FIFFAERR Y B KA R
J7 5 AT i 25 ) A Fn s 25 1 AR BSCH | 7 58 RS R
i, X EF X e — ) ml B TLA Y A iR A A R
BRI VO Pe . M4BT b4 LI (1) 35 T 51 17 i 5
AUy 43 A OB A7l FR GE 2 Google 23 F 11 Big-
Table F1 Apache [1Y) HBase.,
2.4 TEERAR

TE = ARG, B0t bt J2 = S 28
FE IR 2 A ST B BT o K T 1) i A it 3
W E BT TR TSR B, B 220 > iR



Ao i TR 14 ] AT S 5B v 0 O B BB R
FEo EFXTULIAIE, [ N AMEE RAH A 2
ZEXS T 2T BRE AR T AR Z R AR
M7 R

(D)8 . Harxr Fiayls
G R TE SR 1 H bR A5 X e 2
REASH (3 L B T FERE R , BN AEfif 5=
GE I ZBAT  IAE LA B0 4 35 VA 1l FH 3
S ANTHAE B FIEARAR D I e i . AL
Ak EEALRE CPU L F 15 RE AL RE AL -1
AE2 PR, LA i D IR 55 2 S REAFE [R]85
A 3 4 R S Bl A LRIV SR 45 i DVFS
(Dynamic Voltage and Frequency Scaling) J7
o HAELC AR T S AR HE CPU I
JE R, i L RE 2 75 3 07 11 2R 4 AR 1k | i7F
MSEE T HE. BT DVFS 1977 e AR # 2
I FH ) BEHL CPU 1425 PR B[R] B AR REFE -
X =B R G, AT A — - BRI LN
I KE SELAIL 1Y BE AR TR . AR, R T
DVFS 15 Be B RASHE BN H T 51 A
A ) 2 550 et

(2) IR 533 4. it M AR I T
WHEE A LRI IY . WFSR T IA 3R
S 38 3o K ABL R AR A i UL ) A A B AL I 2E
TR S5 #8364, i — 2o BEHLAL T 45 PRER
A5, AR )5 e (d AL AR BOCHLIRZS | ik
FWRERLCR . AR 4N (Werner) 25 A9 M fE
HE UL A5 A AR A T e S AR A T IR
FAE G . 2D LB G
R FH HE AL B AR i AR 2R e an el 3d it Bh 3
e 7 R T REAR IR AL HEAT T IR IE . dnd
JEAE T (Vinicius) 55 A "VEF X 2 UL AR BE
P T BB BT SRR S5
HALIRME ST BN SN L . Kusic 58 AP
Hy L T BR S5 47 4% 4l (Limited Lookahead
ControD) I AL R Mg H5- TR 55 a5 -

(3)#3E &) A% 22, MapReduce 14T

=\

B ZHERRTBEESXBERAHER |

23 Hadoop 145341 SCA'F 52 58 HDFS BRiA b
X REASFAE AR 3 A EIAS . = RIIAS Bk
H 300% 19 5 MBI E U o XL Y
R AT PR TR A B A SR v I B 1] BE Ay
eyl e, BrdE A R i WE s R WY
T8 o AL A R ) AN T SR W T LA AT ST A
RAGLREAE . WP A2 IR (Amur) 58 A PEFXF
MapReduce FEREHE H— 05 2508 10T LA A 4t
77 2BCE R R B A SR SRR AT T figs
ok O P AN 8 B s 500 A #8519 R S BT RE .
Pinheiro %5 A P i F8 5t 4 K s AU £t
O TFAF TR B AN B 5 B3R B aE H 19 .
Chen &5 AP HY T — >3 T8 [ Y B AS 77
FEOALTT RS . S A, AN [R] B IE mi A< Tk
R MG RGUMERE T AR E S . b
W TE B (Nedeljko) 25 A =3 i & 24 Ha-
doop 94T 55 1) BE FEL G B 43 Be 53 2 L (d 45
AT 55 V8 B2 5 s AL EAR ELEGR , BRI EA
FFTRERCR -

(4)F &L kM. SEIGRIAS
M FN IR 55 i He G R BB A OC I I3 — K
B A R Bl 5 OCHT RS . WESE R
AY DA A s TR LT R R S R R R
SREFEZ M B ALY, HAT, T A
B PR W 19 BIF ST S B T S R L AR )
SEPSHEA TR AN B T I ik T RE
FEEOCHDIR SR HE . A SR 3L T Bell-
man J7 75 P S An] Bk b — BB 0 E A B IR IR
BRATREY . Berral 55 NP 19— RERE
VRSSOV SRS RPN P R (Y ST N
RERTHE T, AU R GEAT A5 B A7 S AR Tl
M R Ge G FE 7/ 2 CPU 1 %, i 11 e ik 41 55
VPR . 29350 (Josep) 5 NP HY A
T REFEAN G204 T o b B ) LR ]
J7 AT REAE A B [ A& N nAT: 55 U B
£ XT MapReduce £ ¥ , < /K 224 (Cardosa)
25 NP H ik 23 e AL B AL, (7R

CLCE AN AN 173



HEEIF R R |

Innovation Development Strategy on Cloud Computing

pay

W ABOR RN . B AT I R SRS
25 PR AL AR SRS Tk B R
25 BitERE

TEBEE =T 0P R R Rk ik 22 1 4l
A NS 21 0. (BRI A
T LAk T A 4 AR AR AL SR I e AR
Tk oo AR ub P B 3 - v v i BOHE 192 4
A A R B DL AS B S B5OAR 22 N 2 0 B A
MWSEERF MR, BT, M8 Zaenmo
MR BHARHE) 2= R A i —

(D= A ebirbaR R LR, Xai
AT B R BRI ZH 20 7E 2009 4F 1Y RSA R 2%
B A ST I A R R PR AL 2 s A
(Cloud Security Alliance, CSA)®", iZHH L 1ET
A LE AR R S A BRAE SR . HAE 2009
12 A RAT T — = IR 55 14 28 4 S e
(R AIRM) ZE ™ Aa T =i ER
DRGSR 2 A s AR AL L) K AH G A5 BRAS AU 2 1]
BOBF SE R o FE20114F 11 H &AW T8 3 i =it
TR 55 114 22 4 92 R TV = T HR D Bl U 22 4 4
B ). ZTEET LA A BRI SIE 3 S E 4 14
AR = 2 AT TIR AR . EATHE T Y
AV FRE 2~ TR R G T I 114 22 4 XURS: O FL45
AR 9 22 A I o FE 2 1T T — DOl A2 A
AT RIS 3k 2 N A [ B 25 28 A v IR 35 R L 3%

AP S S S A O A o S S N TR0 e nea ol
2N FH 94 (Gartner) 75 2008 4F & A5 T — W5
GBI R BV, ik &g il =3t
SR 55 %l FH 35 A UG, TRTIG 25 RO i3z A AT
GRS € A A €/ I S VIR Lk S X5
DL R A 2 A7 P AV TE 19 22 A XU ) @2, 2010
A BRI ) 2% R A5 B 4E 4 WF 5% BF (European Net-
work and Information Security Agency, ENISA) M
Al ) £ R S AT 25 TS T BB A Ok 1 ey Ak R 22
7 RS . ENISA KA i =82 4 i

Cloud Computing Information Assurance Framework™

T8 ST FR GE A A P 23 ol 1 ks Ak R

BEZY 2015F - 5£30% - $£28

LRI AN B P A5 2 4= n) it
Q)= F 2o KRR FEX = TR I
Y £ APk, B N AMITSE 3 0 2= T 2 4 iy — 2t
R AR IEAT T AT . WFSY 2R Y.
CU I B A B P 850806 I L 2% SO XA ik
TE v, AR B AE B e E % S e TiHa, WA
R T ORIERE L2 4 FUT P BaRh . H R e T%5 Scak
FRAYIFTE AR TP e T SO R AL T
4n, 2009 4F IBM WFSE B IF K& T — R 58 A IR 25 i 4%
J7 %8 27 AL = N HAEAS AR 2 B RS
AL FRECHEDS . AR ARBEA TG EL , i nl i =
HP IS AE A A i SR 9 N ) A P AN AR
25T 2009 $2 H 1Y Cryptographic Cloud Storage™ 1
LT BT SCIIRS R TR MR LR KL
P i HEUE B AR . () BHRBR AR Y . =K
Pt B RNCR BP0 KB i) A= A BT . Roy 4507
TE = B 0 A2 S THRL B B | AR A B s
T F 22 53 B AR RO, B 1 T3 B R A
1 B RAEE Bt 8% L 0T ST XS 45 1 1 B S i
%, Bowers % A PVERXT 2 A B 04 A7 fit RIS FH Y
B, P Y — i B T v 17 BRURA A B T H R SRy
H P A O BBURAE B TR 2 i A il A o
G)AfE =i Bl EIHHAE ARSI A ST, LA
Al Ty ) P PR R IR 55 R SRR R
PR, Santos FF ANPHRH T —A1E = 1B
B o A5 R U P SRS T AR =X
PATERES B 0H P B RIALE AT 42 PE . Sade-
ghi 85 N a5 TR AR AT LU e s B s 1
BB PER SR PERIE . PE EFE AR, ST E AR
FEATAL A & B A5 = T F AR SE , v SC ) =
AR 55 ) SE 38 PR BE BRI UE . (4) LR R S5 H AR
MEZE . Zissis 5 N T —Fh&h & FH Bl ik
it %t H SR U ) PSRN B B SR AE BRI =3
PO %6 . T BUI AN E S =y fe it e 4
IR, IS ST R G 2 0 RRTE , 43 ) e i B
)2 EEmb B RO AR 55 P 5 RIAR 55 4% BRI AR 55 42
Pz R U TR [ AE N Y — M S



i 55K 22 Rl = 13522 A b HE S P44 22 9
KAFBGF I SIS A AELE . XS HEZR AT L,
R P A2 4 B AR I AR 343

AR EYF, EWNANET AL A n] R
AR SE MRS 2L, BORAR Z2 I ZH SURIBILAAI
A B b X 2 31080 %) 22 4 ] AR A 7 43 BT A
W5, (0 FE B CSA DU R AAR A3 ik SE 41 21
SRR T &5 H B0 X 2 TR 28 4 [R] A P il s
FE T 2= T H 522 4 n) B ) 26 fif e O 8
e Un i i = & Azure Bt B — FR AR N
“Sydney” (241l 5 W P AEIR S5 25 A0
Azure = 2Z [H] S2 0 BCAIE | DA e g 48011 Sk
1) 2 4 ] T
2.6 WIRIFAE

BEURVE BE Y B R S B S B R
FPEAEPERD , JOAS [ VR LA B 7 =X
P2 ERIR S R R S A £ R s o ( FE 2 B2
T AR RYIE AT EUE R AR | N 2%
TR B[] A5 2 B 2B 1, PRI 8 5L 2
—AHEH A2 NP [R]85,

(DATRFFGRAE. IR
i EAREC EAS HZ 2E h VE 3R SR
Ge A SR EEFR bR . Buyya S A
YR A HH T 1) T 3 1) 23 AR 2R 4 ) R T )
T3 00 G WS WO AR B 7 L 1R R A4 i
Tk R 53 TC A S I YR A R AR
T 2Z A PR L R UE BT IR AL ST . You
SN — R B T T AL Y = B R S
PC SR, IR T — B T B DA i A A 4
R A BT S 1 R P [ AR R
B A AL T 3 28 5 vh B AT S B IR AN T
S TR A S i — 5 TP AS AR (1) B YR
IR BESA

(2) IR S5 T2 A P s W iR . IS5
£ QoS (Quality of Service) J& i 2 JH F {5 JH]
TP ENR S W BRI bR . PR E T
QoS 4 ] J3£ 38 B LA f5 /N 58 W [R] B3¢ F5e 10 155

B ZHERRTBEESXBERAHER |

B4 HAR . HATE AR Z 3T QoS ny ik
% . LU Abdullah 25 A\ "EFSY T & T 7] &1
A3 2 P16 (Divisible Load Theory) 5 7 i,
AR A B [] 14 Y 3 [ 82, %1% Ha-
doop, Polo Fl K &5 Nl HE ARV 19 iz 4 7i2E
5 R A o 1] S 25 R A AR A5 A 9 TR
DAY S AT it 7 A B TR) Y 58 2 o

() AT RAN A FH B ARG R =it
B X5 T BN L R P A R R 11 B SRR Sl
oA G W BRI BB PR, O e B YR A
FZ IR B P v R A BRI A PR . S
A, 2SR FH A M 8 S s i ki UL AL
T ARAEAG & B IRAE PR BN [R5 . H
Q2 X a0 fn] o3 BOFRIE RS HE AL 20 Py R S AL
B TR R TRIF ST, 45 H i —Fh e Ak S5 3h 25
JEE B[R] 174 B IR 7 1. NI QoS
BRI U K, S AT T —
AT B G IEE BE SR XA R, R
SR AT RSE R T AR IR i
AT U5 A B A EAT 5 G A i g 337 i ] g
B
3 ZHEEREDR

MEAR A B PE, FATAE = THRR
K FEEREIU T I RIEEA,
3.1 mItEMRAEN

AT EB AR B 5 e A v T R T AT 5
AR 2RSS 2T AR AL T AR
A AN LUA IR Z AR Z M FH U =
TS T AT TRYERTT, AR AR R,
{H2 R I A 2R 5 £, RAT D R bR S
FNJYZ IRV IX F R TR AT
AW A e B Ml A DT AR XE S il . TE
QAR TE VL O AR AN B 1817, Bk, 25 31
NP EE PRI AR R B,
WA 5 GE— 1 AR R RS E AR UE .
PRI 6 0 BAERAENM: DL S = IR 55 1 AT
RN PE AN B AR, B RSLPESe i 2 2 IR 55 4

CLCE RN AN 175



HEEIF R R |

Innovation Development Strategy on Cloud Computing

pay

PERY Z [l 42 LA UELL e = IR S5 Sk S P =2
5] 8422 1R e

(EA— e, i R E S 2 52 Bl 1A
=l B v s B AR - = T3 - R Al ) 5 R
HAR-ZIE-SHELL)C I EX KA. X 2 WU BR
PRUERY ARG =T E PR br e TAEREA T
— BB
3.2 RITERIFKKETF PaaS

PSR 3 AR 55 R Y R BE At 22 4 RV AR 5%
(TaaS) . &A% Bl A% 55 (SaaS) FI-F- &5 B il 55 (PaaS)
TEAETRRTEAS o f A X AT & R4 b 4
B B TE) A8 4246 B, 523X SaaS J5U L5 B . TaaS
Sy P PR R TE PR A A R E BEES T A
P J34b, TaaS Wl HEJC L o 7] 7 SR 3R Ge S A
% il (Orchestration) fiE JJ . PaaS il Ji§ /= #Y i {7
FERHAEAE , Sy FH P S LR 55 A 4 A i JE I b
SR BT TR D R B AT S 4R A5 B
BTt 1 T H B P A7 B AR P I K i e
ARXERE IR AA . R, A B AR, 52y rh
I TEAR A 1Y JLAE R PaaS = o PaaS ¥
TR R B s . BN AT AR T
B _LEIEAT SaaS BAAT BT RO IT A, B A B T4 T
LA ARG (O BE AR, T RE AN B H AT RS AR A
PR RPER
33 BREZHEHAREIR

Bifi 5 = TR i, R A e A
R TSR IERE . HHT, REZEAIR 1 &
N ZHANE =, LA R AR R

A = RGP R A I, A
B Z R F A% D, (H X TR L T )
Pl Qi S8 b P 4 Al R = ) B Y SO U, B =
AT A 2= B AE P s 2SR Y
RS PRI AR 55 . AN = HE T
UG T3 .

H AT, B AR =I5 e B bR, T
VMdE FHAA = T HAL H IR G = 2l il
KBRS . RG] 6 iR 7

20154F - #30% - 21

g8, HHIB S5 T FE = (ATfE AT 4% AT &E)
A 2= (A ARNAS R E) e i, R
e ELIE WS [ 1 2 I 55 B A4 R 1 Ay i e a0 B 3%
REREG= Y.
3.4 EIMAEA—MZRS

I AT e st TR I PR 308 o 5 B R A R 7
Bt , (A =T RN AS AR . BEFE BT 2% 10 1T [7]
WY EDEROR B9 248, 28 i P % 7] DATE 2 diiis
ATEDE AN

ZE

1 IBM. Google and IBM announced university initiative to address
internet-scale computing challenges. [2007-10-8] http://www-03.
ibm.com/press/us/en/ pressrelease/22414.wss.
ML, MAEITE S ZIHE. [2009-10-10] http://www.chinacloud.
cn/show.aspx?id=2117&cid=17.

NS

3 Armbrust M, Fox O, Griffith R et al. Above the Clouds:
Berkeley View of Cloud. www.eecs.berkeley.edu/Pubs/ TechRpts/
2009/EECS-2009-28.pdf, Technical Report, Feb.2009.

4 Strachey C. Time sharing in large fast computers. International

Conference on Information Processing, 1959, 336-341.

wn

Zhang F, Chen J, Chen H et al. CloudVisor: retrofitting protection
of virtual machines in multi-tenant cloud with nested virtualiza-
tion. In Proceedings of the Twenty-Third ACM Symposium on
Operating Systems Principles. ACM, 2011, 203-216.

6 Luo S, Lin Z, Chen X et al. Virtualization security for cloud com-
puting service. International Conference on Cloud and Service
Computing, IEEE, 2011, 174-179.

A%, 8. —FhEsH 5 MapReduce F T RIERE. BML1E,
2009, 2(11) : 11-12.

BEE, TR, REFS HPMR SEH F NS HaITEXE
8. METF5ITE, 2008,25(9) :21-23.

9 Apache Spark™ s a fast and general engine for large-scale data

~

(o<}

processing. http://spark.incubator.apache.org/.

10 http://storm-project.net/.

11 Ranger C, Raghuraman R, Penmetsa A et al. Evaluating MapRe-
duce for multi-core and multiprocessor systems. IEEE 13th inter-

national symposium on high performance computer architecture,



2007, 13-24.

12 He B, Fang W, Luo Q et al. Mars: a MapReduce rrame-
work on graphics processors. 17th international confer-
ence on parallel architectures and compilation tech-
niques. 2008, 260-269.

13 Schneider D, Hardy Q. Under the hood at google and
facebook. Spectrum, IEEE, 2011,48(6) : 63-67.

14 Huang C, Simitci H, Xu'Y et al. Erasure coding in win-
dows azure storage. In Usenix annual technical confer-
ence, 2012,15-26.

15 Sathiamoorthy M, Asteris M, Papailiopoulos D et al.
Xoring elephants: novel erasure codes for big data.

VLDB endowment, 2013:325-336.

16 Wang Y, Deaver R, Wang X. Virtual batching: request
batching for energy conservation in virtualized servers.
18th international workshop on quality of service, IEEE,
2010, 1-9.

17 Vogels W. Beyond server consolidation. Queue, 2008, 6
(1):20-26.

18 Nathuji R, Schwan K, Somani A et al. VPM tokens: vir-
tual machine-aware power budgeting in datacenters.
Cluster computing, 2009,12(2) : 189-203.

19 Petrucci V, Loques O, Mossé D. A dynamic configura-
tion model for power-efficient virtualized server clusters.
11th brazillian workshop on real-time and embedded sys-
tems, 2009, 2.

20 Kusic D, Kephart J O, Hanson J E et al. Power and per-
formance management of virtualized computing envi-
ronments via lookahead control. Cluster Computing,
2009, 12(1): 1-15.

21 Leverich J, Kozyrakis C. On the energy (in)efficiency of
hadoop clusters. ACM SIGOPS operating systems re-
view, 2010, 44(1), 61-65.

22 Amur H, Cipar J, Gupta V et al. Robust and flexible pow-
er-proportional storage. 1st ACM symposium on cloud
computing. ACM, 2010, 217-228.

23 Pinheiro E, Bianchini R, Dubnicki C. Exploiting redun-

dancy to conserve energy in storage systems. In ACM

B ZHERRTBEESXBERAHER |

sigmetrics performance evaluation review, 2006, 34(1) :
15-26.

24 Chen X, Xu B. Storage optimization for energy-saving
based on hypergraph in cloud data center. International
journal of database theory and application, 2015, 8(4).

25 Vasi¢ N, Barisits M, Salzgeber et al. Making cluster
applications energy-aware. 1st workshop on Automated
control for datacenters and clouds. ACM, 2009, 37-42.

26 Goiri I, Julia F, Nou R et al. Energy-aware scheduling
in virtualized datacenters. international conference on
cluster computing, IEEE, 2010, 58-67.

27 Kamitsos I, Andrew L, Kim H et al. Optimal sleep pat-
terns for serving delay-tolerant Jobs. 1st international
conference on energy-efficient computing and network-
ing, ACM. 2010, 31-40.

28 Berral I L, Goiri I, Nou R et al. Towards energy-aware
scheduling in data centers using machine learning. 1st
international conference on energy-efficient computing
and networking, ACM, 2010, 215-224.

29 Berral J L, Gavalda R, Torres J. Adaptive Scheduling
on Power-aware Managed Data-centers Using Machine
Learning. 12th International Conference on Grid Com-
puting. IEEE Computer Society. 2011. 66-73.

30 Cardosa M, Singh A, Pucha H et al. Chandra exploiting
spatio-temporal tradeofts for energy efficient mapRe-
duce in the cloud. Technical report TR 10-008, universi-
ty of Minnesota, April 2010.

31 Cloud security alliance. https://www.cloudsecurity-
alliance.org/.

32 Gartner. Assessing the security risks of cloud computing.
www.gartner.com/id=685308.

33 European network and information security agency,
cloud computing information assurance framework.
http://www.enisa.europa.eu/activities/risk-management/
files/delivera-bles/cloud-computing-information-assur-
ance-framework/at_download/fullReport.

34 BBE, KE, KL It EREWR. K2R,
2011,22(1):71-83.

ELCE N AT 177



HEEIF R R |

Innovation Development Strategy on Cloud Computing

pay

35 Gentry C. Fully homomorphic encryption using ideal lattices.
international sympoisium on theory of computing. New York:
Association for computing machinery, 2009, 169-178.

36 Kamara S, Lauter K. Cryptographic cloud storage. 14th int’1
Conf. on financial cryptograpy and data security. Berlin, heidel-
berg: Springer-Verlag, 2010, 136-149.

37 Roy I, Setty S T, Kilzer A et al. Airavat: security and privacy for
MapReduce. 7th usenix symp on networked systems design and
implementation, 2010, 297-312.

38 Bowers K D, Juels A, Oprea A. Proofs of retrievability: theory
and implementation. The ACM workshop on cloud computing
security, New York: Association for computing machinery, 2009,
43-54.

39 Santos N, Gummadi K P, Rodrigues R. Towards trusted cloud
computing. Proc. of the workshop on hot topics in cloud com-
puting. San Diego, 2009.

40 Sadeghi A R, Schneider T, Winandy M. Token-based cloud com-
puting: secure outsourcing of data and arbitrary computations
with lower latency. Int’1 conf. on trust and trustworthy comput-
ing. Berlin: Springer-Verlag, 2010, 417-429.

41 I ELEELE N 9. [2014-07-28]. hitp://www.e-gov.org.cn/
wangluoanquan/news004/201407/151107 html.

42 Zissis D, Lekkas D. Addressing cloud computing security issues.
Future generation computer systems, 2012, 28(3) . 583-592.

43 Feng D G, Zhang M, Zhang Y et al. Study on cloud computing
security. Journal of software, 2011, 22(1) : 71-83.

44 Xu B, Wang N, Li C. A cloud computing infrastructure on het-
erogeneous computing resources. Journal of computers, 2011, 6
(8):1789-1796.

45 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. Future generation computer sys-
tems, 2009, 25(6) : 599-616.

46 You X, Xu X, Wan J et al. Ras-m: resource allocation strategy
based on market mechanism in cloud computing. fourth china
grid annual conference. 2009, 256-263

47 Xu B, Zhao C, Hu E et al. Job scheduling algorithm based on
berger model in cloud environment. Advances in engineering
software, 2011, 42(7) . 419-425.

48 Abdullah M, Othman M. Cost-based multi-qoS job scheduling
using divisible load theory in cloud computing. Procedia comput-
er science, 2013, 18: 928-935.

49 Polo J, Carrera D, Becerra Y et al. Performance-driven task co-
scheduling for mapreduce environments, network operations and
management symposium, 2010, 373-380.

50 Ke K, Anyanwu K. Scheduling hadoop jobs to meet deadlines.
IEEE international conference on cloud computing technology
and science, 2010, 388-392.

51 Hermenier F, Lorca X, Menaud ] M et al. Entropy: a consolida-
tion manager for cluster. The international conference on virtual
execution environments. 2009, 41-50.

52 Wei G, Vasilakos A'V, Zheng Y et al. A game-theoretic method
of fair resource allocation for cloud computing services. The
journal of supercomputing, 2010, 54(2) :252-269.

53 Londofio J, Bestavros A, Teng S H. Collocation games and their
application to distributed resource management.http://www.cs.
bu.edu/techreports/pdf/2009-002-collocation-games.pdf. Techni-
cal report, 2009.

54 FAL : ZITE= KR HY 57 IR B BAEH. [2011-03-10].
http://www.sharpcloud.cn/article-1053-1.html.

Development Trend and Key Technical Progress of Cloud Computing

Xu Baomin Ni Xuguang

(School of Computer and Information Technology, Beijing Jiaotong University, Beijing 100044, China)

Abstract As a new pattern of business computing, cloud computing is the development of grid computing, parallel computing,

distributed computing, etc. Its ultimate goal is to regard computing, service, and application as a kind of public facilities which
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are available to the public. Cloud computing is internet based distributed computing model where for enabling
convenient, on-demand network access to a shared pool of virtual resources and providing an elastic computing
services. Users can enjoy the service even he knows nothing about the technology and the professional knowl-
edge in this field. Cloud computing will bring a fundamental change in working methods and business models.
So, cloud computing is often regarded as the third revolution of IT industry, following the personal computer
revolution and the Internet revolution. With the breakthroughs of information technology and the rise of data
science, cloud computing has attracted great attention from industries, academia, and governments. Govern-
ment vigorously promotes the development of cloud computing and the innovation of cloud computing technol-
ogy and applications through pilot demonstration and other activities. For example, in 2012, the Ministry of Sci-
ence and Technology of China released the first ministerial-level cloud plan “12th five-year special plan of Chi-
na cloud science and technology development”. It has an important significance for speeding up the cloud com-
puting technology innovation and industrial development. IT giants have invested heavily in the layout of the
cloud service and are committed to the research and application of advanced cloud computing technologies.
Such as, in 2011, Baidu officially opened its cloud computing platform. It will continue to open IaaS, PaaS, and
SaaS cloud platforms. Services provided by Baidu include cloud storage and virtual machines, application exe-
cution engine, intelligent data analysis and event notification service, network disk, open API, etc. Researchers
focus on key technology breakthroughs, which solve some key science and technology issues, in cloud comput-
ing. For example, the key mechanism of cloud computing is to dispatch the computing tasks to resource pool-
ing. It enables a variety of applications to gain computing power, storage, and a variety of software services ac-
cording to their needs. To solve this problem, Xu et al. proposed for the first time an algorithm of job schedul-
ing based on Berger model. The algorithm establishes dual fairness constraint to judge the fairness of the re-
sources allocation in cloud computing. The paper firstly introduces the background of cloud computing and
problems faced by cloud service provider and cloud. There are a number of underlying technologies and servic-
es that make cloud computing possible. Some of the most important technologies are resource management, re-
source scheduling, virtualization technology, programming mode, energy-saving technologies, and data storage
management technology. These technologies are also explained in the paper. Meanwhile, many latest research
results on these technologies are introduced and discussed in detail. Such as, the energy consumption has be-
come the most important problem in cloud data center based on MapReduce framework. In this paper, we intro-
duce the latest research work from four aspects of component level energy-saving, server consolidation, data
replica management, and node startup and shutdown. Our latest research results are also introduced, namely, a
hypergraph-based power saving algorithm based on data replica strategy in Hadoop. The algorithm has certain
advantages such as fault tolerance and availability of data blocks. The energy efficiency is better than CS-k al-
gorithm in the same operating environment. The paper also draws out the possible future research directions on
some key technologies, such as cloud security technology and cloud resource scheduling. Finally, this paper dis-
cusses the hottest development features of cloud computing and helps the readers to understand the new trend
developments in cloud computing.

Keywords cloud computing, data science, big data
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