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Abstract: MapReduce’s current scheduling policies could not ensure the isolation between multi-tenant Tasks in the
cloud. A securely redundant scheduling policy based on dynamic domains partition was proposed. First, a kind of dy-
namic domain partition model was introduced in this policy. Based on the node’s current belief, security labels with the
conflict relationship between tenants, a computing node was partitioned into the conflict domain, trusted domain or
schedulable domain in this model. Second, through redundantly computing, two copies of each Task were assigned re-
spectively to its trusted domain node and its schedulable domain node (but not allow for its conflict domain node) in this
policy. And the integrity of the two nodes’execution environments and the consistence of their results on a small part of
original input data were verified. Accordingly, it decided whether the schedulable domain node was trusted. Finally, the
performance and security analysis in the prototype show its effectiveness.

Key words: cloud computing; MapReduce framework; dynamic domain partition; securely redundant scheduling

. (Job) B e A 1 S il R o) 1 2 ST 55 (Task, 7
= i Map H1 Reduce 2 M), 1 A (R4 — € 1Y
MapReduce #& Google BEHRII T4 db BiAs A TR I I 2 Map/Reduce 114573 Bt 45 AN A 41
(1 PFoR), EEEH AP fJobTracken) H RURSEG, X ELAT55 IF4T H % B B A Z 8
A TS fi(TaskTracker, AR node, WILUZH . P EEREATAL B )5 = A S 28 A 2R (B
HPLAS, WAL DA, P RACHIEE Key-Value E3) . Ir 4K, Y2 22wl ] MapReduce

WimBHA: 2013-08-20: f&EIHHA: 2013-11-10

EemB: EXRARREIES I H (61232005, 61073156, 61070237, 61170282); KRBl 50 #¥ it R R4 % B H
(2008BAH33B02)

Foundation Items: The National Natural Science Foundation of China (61232005, 61073156, 61070237, 61170282); The National
Science and Technology Supporting Program (2008BAH33B02)



5519

VRS 5EAE: ST 3837 1) MapReduce %420 4% I BER I +35-

il 545 4 | JobTracker
95 iMapft. %
," /tReducefT 45
14 '
TaskTracker et S i
v PR “ ‘:_‘_::\ TaskTracker
g e B i1
gl b Ry s R
2 |- w| AR :;
g b | [
- é VA |- | 2
. R ——— A
Nt | [ ]2 d
SR AR BRI IR R A R

Key-ValueJE R,

Key-ValueI& 3\,

Key-ValueJE 2,

1 MapReduce JFAT VI HAR R

BERALEE 1 B 2%, AFEM DR . St
B AR T ALES 5 25 . BEE bl ot B
FHE H AR R %, $241E L MapReduce 24 ZEAili ]
PRE AR AS 1R A A P TR 55 1) 5 3K B
TSR At

B/, ffH] MapReduce )z k%S ARG TN
A ZHEEREE P2 R 2RSS RS
) TF S/ 47 0 IR 45 1R SEAR, —ANFL P 2 — NS
MLk AN, AT k. SRR EAN D, BT
fEGEHEAE 224 oy, gl oi W RS B
FAR YR 55 VUi 5 JEAFAE H 5 2 A 2R T RIEE
PRPERH, 5, 7F MapReduce H 5 S0 RHR
T[RRI A T U B i R v, e mT RETHI G
W 22 4 e

D) AP X R Y Z5EF 0 R, H2 X HE
% Tx 5 Y BIAE55 Ty W] BEAE AN 21 3% [8] i 53 1 2]
[F]— AR SN, MFE— 77 (Tx 8 Ty) (5 B8
377 (Ty B Toe) % 5257 B 24

2) 7 X RS T WTRERE 70 2] — A Do
BT AN B, BB AN g T L
FERE T BT 45 R ol IR [N R 1)
S, N U Sy S EE AL X

3) F X RAFSS T T BERE 43 B2 — MR A
N, T s N PIEAEEAT AP Z AN T
MR IAESS Tz, 80 Z ATUUAIH Tz KRR Tx
HIVHRE AR, 20 (T4 R s .

SR, FEI ) 2 A %5 1) MapReduce F 5 AESE
oh, EH HTR R 8 B SR B S OCTE IRTAR 2 VR 1)
PLoede. ISR BT A A
(RS bE . SRR BRI S R AR 25 ) Y, e
AT BRI ) _Ead 22 4k o) LA 25 R AR /D

ASCIBHT 2 e T LUR 3 5.

1) $ett—Fhshas sl s BiA . @it g | ARk
R BRI RbR M, DL AR 4
e X3 PRI o S, R RN RES R4 A
S P AR SCIBR ) 5 ek A R Sl T A

2) P ML T AN 2 TR RS SR
W, AdE: COMME ShA R AR AT 4 5 1,
WREAMES I 2 ANRIA GRIAR 1 FIEIAR 2D [H 53
BC 25 55 FLAE MY DG IR 1 U 8 385 R AT {3 d 15 i (1
ANFOVF R M 1), AR UE PP 5 C R A 1T
AT 55 A2 9l RO 21 ) — /N Y A @it
S5 EIA 1 AE A5 80 fl BT RSB S A
DL e h B B A% B FR) 70N 3508 23 i N 1R o 5 45 kol
RBAE, 0 HOAT S5 BIAS 2 A2 BT f B AE S5
TR A R IR S, W RA— 5, W
B BEZATESS, Wk —20 WA i s m) L4k 2
SERCATT TS o INIARIE S VAL P AT S A S

R B ) B AL Y T Bl AT R R
MRS I 5

3) il fE Hadoop MapReduce il J& &% i sl
S P REDUNAN 22 At 3 AT RE T SR AT R



«36 .

-

pll

~ il 0535 %

2 HXIME

H#l, Hadoop MapReduce 15 5 3= 5y
3 R BET ARG R SR g (FIFO)P!, 3%
T 8RR A Z AT AL 1R I B2 5K B (capacity  sched-
uler) >V 1 5 - 5 43 I 2 SF P () 1 JEE SR W (fair
scheduler)'® . FLrfr,  JEF40 56 2 100 U8 S w42 AT
AR SE B G B B A B TR EOR) FH A
A FRY P JE SR A e 15 2 ARV A AT R BT
FAT R IR A, BT RO P
V%) VR 55 SR g6 a1 SR A M nT I R R U A
S, SIS . HbAh, A T b A R SR A
EAT 55 5 3 B EME I B4R 1% 0], Hadoop
A 2R PR —FhoT A R e, e IR AT S
RESE, W — M55 I HE W] B9 5 T [ S8 AT
SN G 20%), WHEE SR A%, e
JAE A KAESS, ZE FI AT, RS SE R
28, MRBGHER S5 5. LATE 5 28 i 5 5 T
[ AT I B AT 55 ERREE, ik A 8RR [ 26
Y Task ik 22 S I (R 1k REARAL im0 A%, il S )
U 2 VR A7 i R0 2 SR A A M A B B
NIER. H IR SR IR /D% 22 AV )

Wei W 2512080 28 ) MapReduce #2H— LT
TR AR Al e sens, ot T AR
ZACER BSOS UE B, H AR & DRUEE AL B2 1
SEHENE . EAE AN RAR S5 RIS T 2 AN
RO SRS B L 2 NI A ) —
ST, WA ORGP 55 23 AT R R s B E R Ve,
ST R Y AT U S PR 45 43 AR R BT
B AT 5515 ok 296 48 Ik 25 2t (DoS) 1) H 1175
TR LafArsd sk i TR R A1) B B AR AT 45 1D
5 LAY BB L 73 B v JE i E s 8t
RVE B4 IR e B B P SCRT ARSI 2 AT 5
RGBT OLR, g R
I REAFAERE IR 2 B, R R SERT0R
TR, HIFBA 4 W A i 3 sl 5 R 3
Bl FEANE R, LRk 5 SR 55 0 Bl 43X
ST 2P 0 o Roy 1M 455 o Sl — AN L T3 by
e 2 SR 22 73 BE AL DR BIL TR (1) %2 4 MapReduce %
gi——Airavat, f{i#55E T-HUKEHE 1% MapReduce
T, ARILAU Jobs) &1 nl {5, #nl LLORUESL
ot 4 1L P SR ) B AL DR SR R R AT . (2
Airavat 575 JE IR 2 W] CRUEAT 5538 AT ik B AN

[ B R B AL, T AN AT 55 T B R s sk FE v
(A T 22 4 B B v 1) 5. Song S 25Ut S 4y 90 4%
TS 2 Fhs AR B LI vl 45 175
K $EH T 3 Pl A EERIAL: 2R 1 PR % 4 (secure)
PR, S AT 25 45 v S U B0 s (— N
REREM, M HACY T m 12 A (SL) MK
THAR AL 2 475K (DS))s 5 2 FiRUK (risky)
R, Ve e T L, B s
FHAREPIRS ;56 3 Pl £ BB, 2250
I BLI E RR BREIE £ LA AL, <0 b secure 5
Y, =1 Jy risky Bi8Y); (HEIX 3 AMEIYER ] Aok
SRS e N R 2 AN o B = A = W NS = e 1 9 st
BB AIEN,  H B2 I S BVl 5 2k
W F o Bl A 2 PE i . A, EFXT MapReduc
14545 B O W ORI £kt 1) /8, Ruan A 2511
PEH — P IFAT 1628 2 UE SENLH R CRAE 1 b i H 25
BI5ERPE . HUANG C 2O — oK BTRE AT
BE B FE AR 25 A 10 7 kA il B AT % = AT N
(K75 . KHAN S MUV ) 45 R BT 0 AN 0] {5 24
B3 19 T R 7 7 VR B BT A5 4 I Se S PR IR AR
BENDAHMANE A ZUS5R ] B A5 22 05 0045 T
IR GRARUE VS 25 R e 3 o (HJR IR L T A
1 3= 2 H b g eV HAT 55 AT I AR TR R UE T
AP R £

1989 4F, Brewer D 25l MR —Fifrob [E Rl A58,
B L [F) I i e 2 i1 5L 2R 40 mh (P WL P R g 2k
PR . H T, B R R s < R 7
YRy BRIV B () 2 i 2 — BB gy, &ty
— BERIF ST SR A [ B ARSI 1 R B b 5 2R AR 4
2 A7k e s D 1) 2 o S s PO, s Bt 4
AR AN [ Y B A% 22 8] 1) o o B T, R St
Chen Y CPVEE I —Fh Ik v [FI RS R 5 4 ¢ R
RPN 22 450 38 SR, I 2k L e 4 0 R Ak
FERIN LSS B [H — SR b, Bk =3 Rig
(P RERUMLZ 0] = A A R S e A ). (H2, |
A W 2 L) R 2 U SR B A 1 R
BURAA A7 it Bl 1) 2 Ak ) i

Rk, DA R 1 2 SR B 1 AR R
5 BA G R B 2 G AT 5 AT i R (45 B 2 4
PRI, B A e A GO AR UEAE I 3R B 1T R
ANfE PR, B T R S I A R B L
R ATA B () 22 A 1) o IR 28 7 VR34 AT AEAE
MV I 2% RS = B 2 R 1 B 2 2 A bR S i)



5519

VRS 5EAE: ST 3837 1) MapReduce %420 4% I BER I <37~

Ao A SCHRS B R AN ), A AR I 2
MU VAT 25 AN S [ IR e 2 Be 2 ) — R R
AR MV SAR S5 A S B s — TR
A AT S B T RE s AT A R A E
F5 T

3 EESEXI SRR

VNS S e PN PO 0 Bl IO (i U RS DN
RKR AGAEER e AR e, DL AR
FUENPE IR 3 MitslRl) 3 SR, R AE M U 7
K153 S0P VMV OGER (b ok I8 BES R ] (5 4k
3.1 EAREE

EX 1 % (conflict) K FR: & 2 ML 2]
G ER, FRIZE 2 M ;1) w AE1E K& H I
VENV IR BEERE, HASAS B 500 7 (AR A ]I
Be 2 [F]— AN s, BUASA B0 B AT 55

PR — AN RIS AT A — AN E S B [FI,
TIRIE =BG E PR AR E A, X 24
FH P AN OO AEAS [ I 208 e AT T v AT 55 3 4y
B 21 R — AN RIS AT PEX 2 AL 2 (8]
KR (g, u) PRI RKFR, HIEM K RERAA
A R FR P, AHREER AT M. W1 Alice
BT A Bob AT Rl — A= THREREE 1 2 AN,
R EANEN %S B AAER G RS X R, B4
Alice 11 Bob #SANA B EATT % B AL T &5 fiAE
SERCH TS CRIVENED bR A5 5 AT A
A% L BRI IEAT, BOAABAI SO B &
PR H LSS PAT I R ) BRA £ A, )
(Alice #3147+ Bob 4UT)HjE T XA PR HR . Wi
(Alice HAT. Clark 2Aa) g TrpRGHR, WIFFA
M 4ES HH(Bob 4R4T. Clark 24 F) P RKR.
Wik, RETFEYG Y MR LR

=1 HE TR R 2 REBERIER S
ToERHE JEE VL
U (U1, Uz, o,Uy} L
J {1, I ) ik
T (T, T+, Ty} 1:45- (1 Map/Reduce 11.55)
N {N1, Noy =, Ny} 4474 14 (Task Tracker)
C CSUXU HLP 2 E) R 5K 2R
B {1,2,3,4} HLP O B AR RE
S {81, 82,°+,8, } PRSI EEM(H R E N C1<C2<B1<B2<B3<A1 S{k<t<f)
G {G1, Go,r+,G} THEEAY ST AR IR
GH GHES GXG AL EARIRZ )2 R L8 R R
L {Ly, Lo+ L Hbh, LS (S,6) VR RN AR A
D {Dc, Ds, Dr} S SRS 03 MR Do I Ds FIRIS 3k Dy OW RS E 7LD
jUser JUser: J=U SRURSR T AL BT i L
JjTasks JjTasks: J—2" ARERE TR VL AT 55
nJobs nJobs: N—2’ SREFE € VT AT IEARISAT IR
nUsers nUsers: N—2Y SRER A V1T 2 A VAL AL £
nLabel nLabel: N—L BRI T VST S5 BARIT 0 22 AR 2
nBelief ~ nBelief: UXN—B ARENFR B L AR 58 VST S A S AR
tCurDom  tCurDom: TX N—D SRURFE 37 A 2 AT 3 FORe s 3 O e s AE55)
nDoms nDoms: JX N—2° BRI T Y AT BRI S I O R sE L)
tNode tNode:TX D—N SRINFR AT 55 4 5 FC 1 LA R s 1 3 1 5100 0
: Eom 2 2°\(B) |EQ || B fz?ﬁf&%;i tﬁ;i ié;fmﬁ\ AR, LIRS B EEER, BRERAN 5 &)
5 ! SRS
PULY) {P(UJe, P(UJ)s, PUJry Horb:  SNREF P AREAENLR 3 ANERIG 5w PU, J)e, P(U, Js, P(U, Jyp, BRI 5y s

P(UJ):=E

IR AERRAIE




38 w oA

e

pll

535 %

B£E5 CANER 1 Ry, IF BARREAMESS AL A v
R AR B VR 8 B ST AT RS TR AL, K
AR AT 5 A U AT 45 T IR AL 2 [ A7 AE v
RKRo

EX 2 [F{EE (beliel): AT —ANTFET S
P 25— B (0] N (947 b 2 A5 v S R P 1R ml {5
Wl —RlE R, S0, R RIS M2 4R o
B VB R T E B s 2 BB [R) BN A2 AH DG T 2
ARG TR JE N, RIS AT IR EE 1 8 B F v 53 45
RIIEPEOLEE 4 ) VBN SRR IR PO E FF
RS N A BT AT A5, 75 B 1% A
2 A E B IR, TESE R T — M M5
IS ECET 2525 VPAl AN 3028 BB (8 /) AH DG4
RS AR X A — R T PTM ST AR
PUEAT BT E . R T E E AR SET AN ]
P IRIEAFAERE, HAEVENL j PR SE RN, RFILFE
Ju SPER BT p SRR b, P (€ [0,1]) BEHT A

(u,p)
b

b, "+ Ax@xV,x(1=b_""), V,>0
b.(u,p) — 1 1 1 1
l b " (1= AX@+ AX@XV,), V, <0

m-=r

Hrp, V=w,x , BUAW, €[0,1] KoRI2
Tom+r+1 '

YR 7 R P s S - 0 €10.25, 0.75]
AT LU AL L E S, AR S
RS RS Ae [0.5,1] Fat i 5070 S5
YEEYE AL AT IEMIGUE OMES, WP AT IR EE 1058
FEVEIGUE AT 1081 26 $L(MDS/SHA- 1) ¥ 2 4 1 F
XS IE PR A HLI 5B GBS TPM ) BNy 538
LA AR LR S 3R FEANRD), T TS5 45 L ) TR A 1 6
TIF AR 61 fiin N B4 119 36 ORI M AT 45 B 1 3
HUPEDLEE 4 37): m(0<m)R/R ey 75 p BAE
HEBATINW 2 T Bk 2 A5 TRk AT 55 %
i, A(O<r)RIRTBCL T 15 m p (HAESL HIgA7 iy
B IR 2 ANTE JE TS A . X A
ZE 5 p AP AR [RIRL A S Ah Y s A5 AT 3
15, VAR I S et

ik, RGEE SCT LR Y RN SRR
& B(WER 1 JhoR), (EELN: 4-TE€(0.75,1)),
3-TE€(0.5,0.75), 2-TE(0.25,0.5)F1 1-TE€[0,0.25])-

EM 3 2hi(label): fik¥Eil a4 AR,
X2 bR e RGN T SRR
HHbRC I 224 @, 2 B 4L 22 ZH(S)

AR EEA(G), H, 290 S FERIRIE
MUV IBAT IR EE (0 e 00 RS RSE 1 2 407
ALYy, TN C1<C2<B1<B2<B3<Al;
P RGN 2 PRI RN 5y, vl o R AR <“rp”
< “W7), BELREVIGHNEE, Briaird
FERF A B MBS TR AR
G- XA, BI— ANV RORT R bRl 2 M B AR IR
g “Ab3T”, “RE” 2, HAEMNTE T AL E
TE G P AFAE KBRS A I A, TR B3
1) AL E AR IR B A HME— 8 X (A SIEAE
“China”, “H[H"” HATZEGE X 2 MriD; 2)
WA R EAR R A AE I8 AL 0GR, B
AL Z R R S5, W L — A FER T
T R BEAR AR SL T A A S S E ClnEl 2 ).
BRI E X2 N2 5% Li=(S1,G1)s Lo=(S, G2)Z 1]
MEE KR

Pl 2 (B P T SUR A K R

WRB Li=S), G)EH L=(S, Gy, Ak
Li=Ly, MBACHENRESEHRNEL: $5=5 H
G, Gy; Hth, GAI G 2Y @ T AR R M E
4, W G={bR) = G ={bat, 4k, I,
N7

Bilhn: #5— NS A X bRidh Li=B1,{dk
W, WEEENY G, Liesl, {do,
b, EL, WP MRGEA BIRE RSN
L=(B1, {#db) (@1, {(#dt, HHE, WHrih
SRS RIS, Ly R0 Lo W 05 G R e S ) 2 /N 444
B Ly =Loo 45 RGATE WL 2 RN Ly=(B1, {
[, #hE}) (2B1, (PE, SE, W TE
M WU Ly R0 Ly Z AN R4, e Li<Ly. 3.3
RGN B I RN X AL 5 G R, DA e fF



5519

VRS 5EAE: ST 3837 1) MapReduce %420 4% I BER I ©39-

S T B0 R 1R 22 A BR 2 2 A il AR R A S 3
R 53 A

Rk, RGoKG I al oY s bRl 1 e A
SR EARA B, 8 L — e AR i A L
F 1), HT AR s 22 g@ k.

EX 4 FmgERIE (policy expression): s&47
RGH B AN 8 ) —Fh s B iR R A
X EANE 1 FIR), EHTE. HEE. 285,
DA s i B R IA 0. R RE A5 (&&)
(DA EAE S TR T 2RSS REHATLE
KIEL, AT R SR, IF AP 1Rk
o7 B I K = T R I AT R BT,
RRGALII B A 52 B > v SRR SE R,
Vg A A = RS ARG . i, RGNV i
ATl b A R 3% 114 SR SR CRAIE T A3 s mT 42
D] b of 2 25 3k i) oA 1 S s SR T B AT RS 41
B B AR RIA ARG . Bl Rk ARG E
L Alice Whii 2 5, Wi T Alice X ILEEAZE
Job AEH ISR )2 Aok, L isk: 1) W
) 2R BEs & L=(C1, {*FHE}), i1H Alice
ST AT AR T 25 2) W9 (0 hR S RES
W L=(C2, {#ENHEFUY L=(C2, {HAR}), 1
H Alice X5 s MEAEEAET 3. Ak, RGHEXS
MY HE MG R on K e P=(‘2°&&(C1, {1 E )| (3’
&&((C2, {FHEDI(C2, {HA})). WRAFH B
SR X SERRARIC ) 2 AN ETE R Alice X X )
FEAEREA 2, TEEY SUCUHTARIC (1) 2 AR 25 (C2,
(B3, AR A5 AT % 2o M ¢ R A b 28 A
TRFRE N, ZRE BRI 45 R 3T
(true), XE/RT A X WAL T Alice XF Job i JE 1
YAT K.
32 BRETEREBEZEMNARIR

Rkl deng RIA X ECnER 1 FroR)kRik
FE PSP A 1 51 s e Aok o IR R AL E)
AR /> B (1 B BRI (UL 3.3 A4 ), Bk
3 W 23k R 25 R o — AT AU T
W Bk, W3R 1 PR, BhaSsil o B AH G
BTG R B EATE: M EAWO). EVESO)
LA WHEATRESWN) M Z R
KA FITEESB) “EMBESWL). T
G (D) BRI S P(U, J)5 (AR
A BRI 1) BRAh, IR IE R 2 R IRK
FRAIH R LR ER CanEl 3 ),

B3 ZhAsR iR n R KRR

1) B—NHLP #E AT BEAN AT AN L ARFL P 2 18]
AR K R

2) gAML A RS FANMEN, 5 —AME
N ZieE T — AL

3) B MEML AT LRI R ZAMESS, [ ME
S siE T — M.

4) FF—MES LA G TANE T L, B
— ANV AT LR NS AT 2 MT 5

5) BN SR T AN e ARRE,
AN AR IR T4 AN R

6) EXREE—AHL, — AN A R —
AMEAERE, FEXANFEFLR, A S ST
ATDAAN]; B R —ANF P, B ARG R
AT AT LA 24

7) B AP RN, AN AT AR H
REXI 2 AN, RN 43 R o R R mT AT
LA

8) EIXtiE— ALY, A AR5 SRS G
P ANRRE I, AN AR R R 7 S

NEF—MHLF RN 3 ANk Semg, BE—A
K 4y SR & T — AN HL AR

10) BN R AR @ 1 g AN
SR, BNV AR AR AT AN P R
ek
3.3 . AESANATE SRR 5 SR RE RO AR N

HAE 3.1 95T 3.2 IR, R AAAL )
BRI B F R AR o, B
FUOSANFENL 22 255K, RGe¥ A REAMELE X
WIR 3 ANHHE

PRI 73 S P(U, J)er B TIPRKRES C
A, WG e S — R Sl ) o SR ik
3O 3.1 ) SR P A IS B R E .
filtu, AL Alice 5L Bob ARG R, Bl(Alice,
Bob)eC, [Af, #7 X PAlice, J)= ‘1'&&
(CL,L), WU Alice A7 R & AR J, 73 Bl gh
FEA IEAEIZAT Bob 1Rk H B A X @ M- 621



.40 . w o

Eixd 35 %

R AR IEAEIZAT Bob 1EMLIGBT A THE AT M. R
2, W% P(Alice, J,)=[J, MEKFE Alice N4
B e RN J, 73 BL 4 IEAEIE AT Bob VRNV B A3 V14
R XA SR R I A LU R T

R PSRRI 43 e P(ULT), eI L] 5 LI
— VR 5 ek ) S s 2 9 SR 4 SRR Y AT
JEPE, B PR A R AT 1R S L I ORI
FriA BETE B mirh i — PR R A AL P ARk
ARV A, L, P(Alice, J,) =7, I
I 7 BT AT A R Y s m T AP A mT R R 4 A, LA
PRV BRI A R . 48R, ARGt T DIAR Y
— SRR RAL T (CWARAT . UESR)IERSR,  Xh R Y
MU ER MO — D AR, W P(Alice, J,)s =
2°&& (C2, {TH]}), WK Alice A B4 B E L
J AL BAE P AR C2, 1 AL T
E T EAE AR DAk B 2 TR A, AR
FP NI 2 A

A R 93 SR P(U)ps [RIRERSIE 175 X
(R — i m A Sl K1) 0 S e 2 Xk 2 R mT A S
TICRVIE, WA 4 W JEME, HrhaxrRiaAh
ISR AT S /MBI, et SR AT
WRIB X EAT SR N, A X 22 s
AT BN, Eedn s ESRE A R R A
KA. % P(Alice, J,) =2°&& (C2, {h
[E}), W P(Alice, Jo)=1"&& (C1, LHRAFF A EK,
{H P(Alice, J,)r="3"&& (C2, {AL 5T HMFF & TR,
e3> H(C2, (At =(C2, {FE}), MilifRiE
RGN Alice MAENL J, #8145 3E 1 PTA5 17 55

T, MR E P Bk 3 A5k
W T R S HTIRES LA A R FE T AT 55
BB R o AR5 ORI — AN, R b R
Dev WG Dr8URESE Dy h TETRIL, i
SR EEIAENL R R A j € J, #E Bad i u=jUser(j)
EU, YuiRr BT EAT B xEN, 98 x (1241
REH: w X x UHEAESE nBelieflux) EB, x %4
br 2% rLable(x)EL , K M b 1E 76 35 17 1 Mk
nJobs(x)CJ %o RGNFL u Mk j 5 LI 3 AN
WA P(u)es Plun)ss Plun)r BB s Jm YL A2 1
WXy ks 2045 A, WlinDom(x, j)| =1, HH#T
RFEATSS N € Tasks(j), WK x skl s ¢
DRI — AN J LA an

ISRIGRI R AT x BRI TS ¢
ST K, Bl nCurDom(x, )=D¢» 24 HAU XS 15

Mox BIEFREA T AN SRS ndobs(x), R0
TE—"MENL > Endobs(x), I w’=jUser(’) 5 u
JETWRKIER, Bl (u,w)EC, HAT M x HuTL4)E
P nBelief{u, x), rLable(x)BEMWATFL ™ u (FI1EM j XF W
(IS8 73 S P(u, j)e WECAEL, B P(u, j)e =
true.

AIEEXI M 5 5 x WK1 AAESS ¢ (AT
{53 &, Bl nCurDom(x, ©)=Dr, 4 HAUH A x
AT LA JEYE nBelief(u, x), rLable(x)BEWSAER T u
(RIVENE 7 5% I (R RTA 1K) 23 SRl Pu, j)r RAEH EL,
Bl P(u, j)r=true, HAEFRBEATS ¢ A IR j XN
AT AT A5 41 55, B tNode(t, Dr)= LT,

EAEXI SN YA x BRI TS ¢ R
JEIT &, B nCurDom(x, )=Ds, 4 HAUSHT A x
AT LA JEYE nBelief(u, x), rLable(x)BEWSAER T u
(IR 7 6T . PR R 3K 0 SR P, f)s TRIMELA B,
B P(u, j)s=true, HATS: t B BLL T j RN —
TSR 4, Bl tNode(t,Dr)# (.

4 MapReduce 2R IAE RS

4.1 BEMERERFERRIZ

H 7, £ X6 MapReduce #3805 T B al LAy 4 LA
32K, 1 REEFLGE, WXk E
RO S EIR RIS IR A 2 R E G, /)
Bahi# L@ IR QA 100%) 3 M4 1R
S, ARRIGH LA W, LA 1 RBGEA S
BT A, W HMELLU A 3 RN B, B
i i % MapReduce 1] Job 1 J& s HH AFE (S ATAL
i, BB N E—HIRBPIEMEE R, HIER
GURAA XTI EE, LRGSR, STk
B ez B b g & tei, BuhdE A&k
IR IS R . ARSORBS I 24 Hbr i dh: © &k
G I 26 G V2 H H AR v 56 ZR A 7 2 [ KR )P
TEAT T A (¥ AT S MR B e A Jg i (RIS
1SS 1 28R @ B R bk fe ik
b FIRRRR I L A by, R B
HUTESS 1 4B 50 2 AN 3 22 n) BUE ik
AN EFERGE . RGN . 7R
45 th MapReduce 2 04 BE SRS 2 17, T IRISESS
HHAZ S 1) — SRR L

1) B SRmE AT SR A A A 5 B ), B SE
TEBEAORAT T AT 55 4 N B DLE A v 55075
0 M2 fr il 22 22e 19 7 IR PR ER B AT 45 4 AN ml A



5519

VRS 5EAE: ST 3837 1) MapReduce %420 4% I BER I c 41

A B FBAL T R, DRSS AT PR .

2) RGA IS BRI 2 I, BI RS
ST AR J5 A R R SR SR Al 2 b, SR Rk shas
SRR I, R AR R BB TR
PEH W TS5 e KRR, AR TR AL
LR, R GEAN S DRI HRAN B L P A1 R
JUARA FERIC . XAMBBEAE AT KUY 1 23805
AT

3) RGINM AL L w Al R MR IETE
AT ARG IG ) — 3, AREZ WA
Fo HURARI I 2% 2 R i AR G 9 T R AT
K A A 10 P 2% o 9N 4% o R o R it B 1)
LIy, W T ML 2P A RZ M, R
g Rl DUE I 2 b T BUORAIE P 2% 22 4 Clinin ),
90 2 A B 1) 22 4 AT v SEHE SR TR IR At B g S
Bl JEAETA SO R vals, Dot s
AL .

4) RGP RAT R E I PRI R RS
Iz, ATTHEAD RGATL SRR BRI A, i
RAT AR, WBE i Y 0 D REAG e A A
ARGURATIAE, Db Sy a5 2 25T
42 ETH;HTEX SR LR IEERE

N T SEBL B A H bR, RAE T RS oy
B, IR AR, R e ORI
SR, AZ SR ) T E o AR AR T LT T

HOG, 3 WIS AR B B R
Sk ) o SRS S B b 2R s R R AR 0 ARl Ay B
AT BPATH B IEA AR (B A YR
MRRAUSLEIGEAEEL . ReREEE R,
Forb ) 5 A A5 YT B 1) 2 A On AL G LS5O, B
DL J5Z SR 3 - 2h Atk 0 B A, it ml DR B —
ANRE R BT ST e AT ph SR sk R SR R
BRI R 7y, B R AF A R AR b R A 22 4 i oK
13 28 Rl

Ho, TR IE 2 MR RICRML T SAT S5
(]I 53 PCS () — AT B9 s ] e R I 22 4 KUK
U B IR SRS 53— Oy BN T B %K
A AN SCVF— M55 20 B2 e S8 o

PR, O T 13l AR 0 88 KA i el T
AR RATH AR R AR A2 AR 1Y R A A
MR LSBT F (BRREX 2 MY R
I R R L T R AR AN, ARSI S e
eIl )y RO R T AT 554 2 A4

RIAS, 23 AT BCER AT A R IR 2 AR A3 1R v 5
WAL N TR 2 AR R
ST, R 2 ROk IR IE .

1) PATIRES (1) 58 3 50 IE

o, X PPATHE R R A E TS
s fr e gt &4 R E, W Hadoop 1
JVM H &80 JAR A, F 4248 Task ¥ JAR £,
HDFS AT iR A7 S . FE, X T HATHEER
BUEJTVENT LAAT 2 B — iR I8 R Ao
2, BRI I R A S B 22 A LA (MDS B¢ SHA-1 45)
BRI RN ORAE B PAT ST AR I AR, IF kAT
T PR — SN EEBGAIE s 59— PR A 2 Ak S i (1)
TEAF (] {5 7 5 4k TPM 5 m] {5 I3 Btk TCM)
SCRFT G AR AR R SR R A AT A
B0 B RR B, I  Io A S 3 10 R s
PUHER AT — B LLEGAIE 3% 2 B VAR T
FH BRI, AE D5 S R R ST A R AT PR B 4
TR A S RN (BRI O &l i
PEEAE A 7 AL T I AR AR R, AN S o7 B ak
IR, E B E Oyl — AN AT A R EOME o
A5 A2 R HE T

2) BENLIEBUN A (Va) 5 NFEAT U 5

LT R L ATl

P T BAT IR (1 58 M 50 U B e CRAIE T T
M E IS AT B A2 BRI, AHIEARESRIIFT 508
A7 FE AR LB T A (UG Bk . DRIt
gt 4l AT IO UE NS AT DAAE — e R B b g
Jlro ASTEMERA TR P 3 BUAT 55 Jsm A (Wl Hadoop
FEMES BN A — M 64 MB) (1) 1/a >k
SERCI IR, A1 Task 1 SE b 52 B 76 JR A
(A7 B Can B =) A LL G (U 1/a) o SXARACAT PR kT
Ab: AT LAk SE A AR VHR R (1 VF B T
BRI, BN SERTIR SR G o H R I
FIH R R 50%, MEr* 1a ARG,
FIFH AR BE Va(in a=20 W, 10k 5%), #Hehaifi,
A Va @MW/, TSRS 7 R 03 U5 R FH 22 (1 5 2 %
ANy A DMEAIE S R E AR E A ek, B R
4t e LU 5 RME R0 UE T 5 4 R R
e i, FERRBER TR, B—AME L Job
M W 2RI 4> O () Task HATALFE . 3K Job 1)
23N n(in n=100)1 Task, FF Task Kl Va(ln
a=20) N, W) Job (1% H &5 A BL U E AN B R I
IRES N (1-1/a)'~0.6%, H B n gk, TEENg



c 42 . wofE A

Eixd 35 %

B HH A Job i 4 FpE B MR B2 K.
B b, RSB N (R K AT
RSO TR RFEERAMET U, Figh
RIEFPERIERSEERA ST O WEHET, a
HIBUE I Z AN T /U FIAK T 1/(1-INLO )
UeAh, BT RIA 2 PR IR 4 R AE e AR 5 3
A RURTRE SO R AT AE Tk, DRI A SRR 2SR AR
VENV5E BB 0 BT AT 4505 B (T E S50 RO AT B
TR R . NIRRT S5, 32 %2
VSR N R e NAe) i o SUWNI PR
UL by, NI EARGS A2 A TUR
M P AL FE (1 22 AR Cln b 4 Jior) .
REMM 1 FrafE B ET AFERERRI N
SR EAT A ORI ph o3 I A5 Sl P ko
TEMM 2 — AR Job I FTAT Task A fo
VIR 5 2 JE T SR (51 i X g T,
ZEMM 3 — AR Job KT 4T Task #
FERPAT 2 A TCR LA 4), B Job [f1454> Task
B A 2 ANEIAMI W, Kl 4 Task A FIEIA 1
FIEIA 2), 4353 £ ) Job JCIEM Al 54k & Y F1
WS 8 Z TR AT .
LMW 3.1 Task [KE5— P EIAREFREIA 1)
KR SE S BE R Job M WIAEE AL Y b, RN
K.

AFEHFRATR

Vel Toby i i

JobAJ{E 15

1/ N B

W R
Y

PR3t 4 R B

; 7 '\ Vo
; VII RS IITHE |

& 4 MapReduce %4 TUA I BE Mg 7R 7=

.-
-

1) WEIA 1T AR /Y ST B o
Hash B$AH E,, FFHACH A5 £

2) R Y EIAS 1A 0T BEHLIE ) N
(i Va) 5 NPAT IR TR, XA &5 3t
5 Hash &5 P,y FRHRASH Y £

LM 3.2 Task (15 2 MEIARFEFREIA 2)
P4 HE 2] Job B BB &0 Z vh, FR A W R EEK

1) fERIA 2 PATZHT, DA EE M Z
AT R RO R G B, JTARASH R
M TR R By 5 EEC Y 3811 E,
LI IE o

2) # E A E AR, BPAE T AL Z o] DL A2
T B 58 SRR CRIPAT PR IE B A Bl s 3L
O, W ARV Z $ATEIAR 2. —HEXFFE 1/a P
NEHE AT g R, WK ez 4 R L
GRS Oy FEERATH T A, Fl o 1Y R 58
O, 5 O X LLIGE .

3) 47 O M O A%, RIa] 52 15 A Z W] LA A2
SEREMTEER R AR B sy I8 D,
W5 Task T2 R FLLE VAT 2L Z, &R
WL BRI AT IR A Y EIA 1 58k, Y B
AT 25 8 5

LZEHMM 4 —HE Job I FT AT Task #B
LA BT IS 0P I/ R A3 e 1 e AT A — A

N Jobphgeh

__________________

Task AgZx 2

__________________________________ WEHiR:
JobAT i B
é'
[ wmwe |
WA EREIIE || 2 R |
O BE 1/ ey NBIHR) (f#fEReducef:55) |\




5519

VRS 5EAE: ST 3837 1) MapReduce %420 4% I BER I .43 -

FESSEIA, M HJE T Job LA T A,
SRR LT B XS Job BT U EAESE .

5 SLIGFIHR

5.1 ZT Hadoop MapReduce [RE!SCI]

JRAY R 4 ¢ 35T Hadoop 0.20.2 & E5CsE BT, &
PLJE{E Hadoop MapReduce [ JobTracker i & %3 Al
TaskTracker H 3G I 1 AH OG22 L], Wil 5 s
FEAFE PR, WA ST G
ZREH, WIS B BOHER A 7 TUR
WSS 6 MNFTIL AR, 1) LR Bk
F LA TGO E B VLS B e, DL
XVHET ST 22 PR AR IS B, IR 5
WS A BRI AL 22 AR AL R R IR
DIfess. 20 5 pfE AT L BT Z A T ER
56 UF 1 S5 HI09 A A B AR R A TR A S T B0 A
1) 2 APE B OL, e — Mk 58 s v SR B
BN EAERE . 3) PR R T P 3 240 57
RGP Z SR RGN E BAYEY, JFe
PEES IR o) SEm A PERIRAT ] . 4D BRI 43 S
PR H 3= B A7 T 60 AN [F) R 2 AVl 1R 388081 70 55 i 2
ST E U YED, DARARYE 2 An B . 1Y
AT AT B RN i 98 OC R B AE BEYL AR AL (1 £ 43
f¢ TaskTracker 4HPRA(E S, THE IR ) S0
FIRRE, TR PR o, ] (5 a0 B kA o
JIiFy ¥ € TaskTracker MUK 5o 50 BRI AR
P 32 B TN AT AT ST ORI R T A PAT B
55 o 4 R B RS A EAT VSRR e O kL 4
LT RAT R 6) ZATUAR T FERBELIN 3= B AR
FHP AN Job (R BEE RIS, FEI0AT I 52 SR
itz b, S5A R A e N AR Y sk 4
B ITFE S5 AR U P SR AT A5 Sl (fH AN e e 530
K43 ) TaskTracker H £, 5 Job HIMTS
Task A2 2 A EIAS M BCEARATT, Jfai = 55T
R 2 Mol EYE R RIS S5 R, YA T 5
AT
52 [HEESHR

Hadoop MapReduce SEHGAERFALHE Rl 4 4 A4~
W, Hh e — S ASIR(1.5 GB A%, 1.8 GHz
CPU) ML #% b [l I} 35 2 T JobTracker(JT) 15 mi Al
JobClient(JC) 15 i, ‘EAI /&1L VMWare Workstation
7.1 %357 Ubuntu 8.1(512 MB)IF) 2 ANEIINL: 4 3
HEAE M7100(3 GB A7, 3.5GHz CPU)HL#S L7371

(TT2). TaskTracker3 (TT3), ‘B IERZiET VMWare
Workstation 7.1 %237 Ubuntu 8.1(1GB)—/~kE
UL

i JobTracker )
W ozewe | | ooz | [oaeeEs]
| mEbs | | ERIRUR | | AERR
\F V A/ I
4 W A
ol f [ seesummnen: i
FEbLE iy e
{ JobClient
HPRE BRI
fde g B AR
""""""" [ TaskTracker | | TaskTracker |
Bl Wl

5 Hadoop MapReduce %4> TUAR YA & SN 5 2 S 0 R G 45 44

5.2.1 Rt Map/Reduce 1£ 48 B M 48 69 %@
FESEUGARTEIREE R, Y AT Bh A 3
X195, 0 BV SAT 5 AR A b B U N () 1 o 4
hn, #hear R R s HARMEL) Map/Reduce
RS ALK PATICRVESL, Wi RIS RIS
TR IX LTS ? 155G, WA Map/Reduce BBt
BT FA,  AUPAR AR b U J5E SR mes s Sk 1D Bk ] FF484
J5U K& Hadoop SCHCIR A ik B IF4T (k7 KB
B LU N B KIS DAy R ke A S e AS T S
Map/Reduce Ffi Bt I () JF-45,  J5BA /& Hadoop X1
MR 73 AT 25 K 5 i N Bl /N7 OGS — A Map
55 i N T8 0 N — AN E s B (BRI 64 MBD, 715
NER R 100 ANSEAR P, ZEH L) Map (1554
100 />,

6 25t T SR E R, o QO RIFFAS IR
B e R G hn e vk H RS B AR
& T IR —F B 3k fe 2 8 TR
@MapReduce (17 H &) o] oK 21 228, (HJ2
T AR B, AT IR K
PEEERE, HAMAIS TR TN, LA 20 AR
KIS TR SO A RIFD . XS R I Sms &
Jei(a FEHL 20), Map {155 ¥ B L[] 785 T 344
T 20%~30%, WIAESRMS B AT, 15 A0 B A A KL
4 900 M EHE (L 64 MB)I, Map 1145 Bt
I 320 s, TESRBSMES, INTHIFFE Y 415 s,
HEINZT 29% K TT4 ;. SRISIE UG, Reduce (1550 B



-44- w3

Eixd 35 %

NI TR S N EL LA, BEAAE 10% LA, WnAE Sng
1B ST, A7 A ER R N EL A A 100 B H A, Reduce
FELS B BERI T T4 14 s, AESRMS R, I
TFES A 15 s, AXBEIN 7% TFRY o I Rk S 2L
TR Reduce Task X o i) &5 BAATHOIIME RS, 1
I E R = o N i S SU N A S (P ik <
FINBHR ORI, Map BB A b gk i =,
Reduce 45t HEAT 40

450 = 415

,g‘ 400H "™ 1'%35[&]_'1\/131313‘:%

= = {2 Hij-Reduce (T 5

= 3501« {22k J5-Map{£:-55 323 320

= 300f[" &G -Reduce/E 55

3R 250 249

200 210

8 165

3 150 o 913.4

& 100} 75

g =2 3841 4953
100x64  300x64  500x64  700x64  900x64

M NBAER/NMB

6 S5 ST 5 Y Map/Reduce {1451 B 14 ik

AL UL, 22 A TUAR W B SR 23 25 MapReduce 1 5
PR —BEIN TR PR o (HE, anSnT DOk He A )
MapReduce FEHFRURL, i n] I BEVE ST UL 8K,
AR MY ST AORT R ST AR 2 R 8
PAFREOLT, W LUE 29k BT o BB 21 5 |
B BN AR 73 BT R A R I T
5.2.2 R AL TRANVN TR

WA Hadoop MapReduce AN EREF 1015
R HE VR T I B, R R RGP R
HTARSCRRG Z J5, BRI S U 8)
POl SPU IR N )12 TR =B R (MR SN}
BRI AT A5 S o BB F P kil 2 T FH ), Xt
A HEIE B T o S U D (R . AR 4.2
WY a EIEFETTVE, B T 4 TSRS BT,
FEWEAS UG T PR UE TSR FH 2 AN = T 5% (1) 2 4>
a {H.(20 F1 50) 415 F 1 CPU B S IR A o
W77, FPHEAE 10 AMENL, 7E5E—AME
PR 2 G BRI VRN A8 58 B IX BE (]

K 40 s WHK— R ASAT 21 CPU %25 %, It
HICPEMEEA AR, S0 HHR R SRS T,
CPU U5 I 23.5%, sEIsEnn, A A%
ETbe Blhn: a b 20 B, CPU % 5 RN 27.9%:
a J3 50 wF, HSRHEN 26.5%, (HIEAT LRI, B
FH oa HFEK, ARG RIS HZ M LT
PR/, RIS K ) E R Dk o

IEAR, SR 530 B R FH F A AT .
RPSAES C RN, WIAFAEMP S R WAL s
HRGEM P EER R LN, W RG T H
PRI SR AL s /N o (HE, W B SR [+
B HEASVE NV IR AR s A O, W& S8R G T H
(T S TR R AR ) S el PRI 5%

30

CPURE i T 3/%

—o— SR I HT
- SRIIN Jaa=20
—A— RN JGa=50

0 80 160 240 320 400 480
£ 553817 I [H/s

BT ISR CPU U

53 REMIH

TESEIR AR IR v, BU S T 3 ML (Allice
BT, Bob #T. Clark 2 H]), HE (Alice #17,
Bob HUT)EMRIKR. WK 2 Pior, AR A
TTI~TT3 W4 arRA, AL YR &AL 1)
R AT W25, Alice FrE2AC1ENL A 1)
BRI 5> AL T DL SEIR A s 1Rk A AT
S BB T HR BRI AL TT2 R A) A5 ST AN
TT3, HARHE A BOL S /U TT1. XA
55 3.3 A o MR 4.2 715 R R SRR 2
— 3.

=2 RAEPEFRAET SR EHIPASFFAEEL A YR 5 KEEHEER
- . " . g . NP P(Alice,A)s=2" && P(Alice,A)=3"&& P(Alice,A)c=1"&&
= AT . AE AT 4] ) o R
G AR TR S S e IRGT S = B e O e O s )
TT1 Bob:2; Clark:1 Alice: 1; Bob: 2; Clark: 3 Cl,p X X v
TT2 Bob:1; Alice: 2; Bob: 2; Clark: 3 C2,{*E7R} N X X
TT3 Alice:1;Clark:1 Alice: 3; Bob: 2; Clark: 2 B1,{ i, b5t} v v X

T X R M, N L



5519

VRS 5EAE: ST 3837 1) MapReduce %420 4% I BER I .45

AL, ARSCSRME T LR e R A 1YY
PR 3 Hee A, HARD TR .

1) A SCERBEAS SRAVFAG I SAT 55 43 e 5 T vh 58
BT R, AT 2 AN OCR I T AT S A R
IBATAE A — Y R (BB LA 1 13
(PIER 1 e A )iy, ATTERIE 2 R B 2 ANphge 6
FHL VAT 55 2 [0 (1 i 22 A 25

2) ASCHRMEAEX VAT S AT W I, 24T
G510 2 ANEIAS R J3 Flgh T A 30 R S 4y
R R AR AR S R T O BT ISR )
AT X EEBGAIE o X AEARRT AR 1A AT 25 2 Bl 45 ]
AE O 20 Bl T 4 1) P v Al PS4l st (RA S 1
BURTTRISS 1 R B0 EE 2 224 ), M RAE =
IRNBE A P U AT 45 S B RO s
TS 2 A2 AR

3) ASCHRMEAEX VAT S AT B I, 2Eskm]
A BB SR P B RSO BE AL BR (K /N 3540 (1/a)
BN UE B2 SR O R B A A T X LT, XA
AT LA 1 Task 20 FLE]—ANATREISAT T AT HE
RIS (AT 45 P A5 38/ 8 5 30 A (BB o s 30 T
51N 3 S A i), AT ARIE 2 B Bg
AR R T AT 45 5 B R WL P AT 55 2 I 1) %2
T

&, ARSCRME ] DU B R 2 2K
A 3 i) @ T B AE AT UM BGE TR, B
o HT R

O WTEFEHETB, mTEhEEES T
A, FEEEEIER 100%)IR AR IEE R, AL
M RO AT 7RG A R 5 1) 7 N AT 45 R —
SMEIOUE,  BENE LI = AR B VX A B T B

@ X EEAGE TR, BT REE N
MR ONT 100%) SR [FIESRIEE S, (HE prisdhl
W ARPAT AT A, ARSI AT 5 AT
IRBE (¥ 58 Bk B0 UE R AT A I e v o (HS, SRt
B FAAT S AT IR B A, I HALLL x%
RERIR IR 25 5, WA SR BT U 1/a i
NBEAT S5 RIGAUE, oI AT 55 B 15 (R
25IEF) 1-x/a% (W1 x=20, a=20 I} 99%), {HX}
TR IR N ALK E (n=100) 1T
55 R, LA I AR A A (1=x/a%)(1-1/a)" ' (4
0.617% , H WA IE SO N A-1/a)" & H 4
0.025%). BMTHBE 36 T — ML 50%A4T55
A, TCVER R R AT (1-Va) " (1—x/a%) ™

(49 4.7%). 1M H., — FE R [l R il 21,
SRS s AR AR AR, AL H AR AL 1R
(BN 5/ i LV g a6 7 2 A

@ XTI B TB REfE—BO A —H
R PERRI SR, LA R A ST b 5 AL
BRI T R AR R B e (15 A L CleRe Feka) 7 S T
fHHO, ZJaATTIHIRBHREE R . HAEIFAEB
O SRR, AR R R R SERHIE
BUHRGRET —BGRIE =G, —HEUoh
H QRS R T A A R AR, e fekerill
B, BERIGR T e RS IR Al B T B

6 HRiIT

ASCEFR H AT MapReduce 8 J3 508 TG VR fif v
BV E IR R AT (0 2 A A 1), $
H— B3 T2 AR e AU R TR E SRS . 1
Jg, eI TR A EAC G AR
BER, LU SRR G 3 ANk 4 5k
W, XA TS AT B AS IR S
VA BESRAT AT (5 R 4Y s PRUE R SR T SAT S
LA, RS VIR R 2 A — AN
W R, B TUARVEERGRAE, RIET
A KR R R B IR s A R AT 45 B AT ER
355 1) 56 BEAE R 0 (1 a) i N Bt (R o S 45 2R —
FMERGAE, AF AL AT ST 25 A8 T FE e s
FEASHA S (RS R P A T AT 45 R R A 45 )
(TS e PR . AN SO IS FH T Master/
Slave 73 Ai X ACBIAEM LMD M R S EAK
AR, KU B 15 R RN K
PRI, BE 2 AR AR, $E
AIE 48 ARSI, 522 S AT R Kl SR
WFFC U A SRR RIS AT SR

SR

[1] DEAN J, GHEMAWAT S. Mapreduce: simplified data processing on
large clusters[A]. Proceedings of USENIX 6th Conference on Symposium
on Operating Systems Design and Implementation (OSDI’04)[C]. Berkeley,
CA, USA, USA: USENIX Press, 2004.137-150.

[2] Hadoop tutorial[EB/OL]. http://public.yahoo.com/gogate/ hadooptuto-
rial/start-tutorial.html.

[3] Amazon elastic mapreduce[EB/OL]. http://docs.amazonwebservices.
com/Elastic-MapReduce/latest/DeveloperGuide/index. html.

[4] MATHER T, KUMARASWAMY S, LATIF S. Cloud Security and
Privacy: an Enterprise Perspective on Risks and Compliance[M]. USA,
O'Reilly Media, 2009.



© 46 . wofE

e 0535 %

(3]

(6]

(7]

(8]

(]

[10]

(1]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

Capacity schedulerlEB/OL]. http://hadoop.apache.org/common/docs/r0.20.0/
capacity_scheduler.pdf.

Fair scheduler[EB/OL]. http://hadoop.apache.org/common/docs/r0.20.2/
fair_scheduler.html.

ZAHARIA M, BORTHAKUR D, SARMA J S, et al. Job Scheduling
for Multi-user Mapreduce Clusters[R]. EECS Department, University
of California, Berkeley, USA, 2009.

TIAN C, ZHOU H, HE Y, et al. A dynamic mapreduce scheduler for
heterogeneous workloads[A]. Proceedings of 2009 8th International
Conference on Grid and Cooperative Computing(GCC’09)[C]. Lan-
zhou, China, 2009.218-224.

POLO D, CARRERA Y, BECERRA J, ef al. Performance-driven Task
co-scheduling for mapreduce environments[A]. Proceedings of 2010
IEEE/IFIP Network Operations
(NOMS)[C]. Osaka, Japan,2010.373-380.

KC K, ANYANWU K. Scheduling hadoop Jobs to meet deadlines[A].

Proceedings of 2nd IEEE International Conference on Cloud Comput-

and Management Symposium

ing Technology and Science(CloudCom)[C]. Indianapolis, Indiana,
USA, USA: IEEE CS Press, 2010.388-392.

LI X, JIA Z, JU L, et al. Energy efficient scheduling and optimization
for parallel Tasks on homogeneous clusters[J]. Chinese Journal of
Computers, 2012:35(3):591-602.

WEI W, DU J, YU T, ef al. Securemr: a service integrity assurance
framework for mapreduce[A]. Proceedings of the 2009 annual com-
puter security applications conference(ACSAC’09)[C]. Washington,
DC, USA, 2010.73-82.

ROY I, SETTY S T V, KILZER A, et al. Airavat: security and privacy
for mapreduce[A]. Proceedings of the 7th conference on networked
systems design and implementation(NDSI’10)[C]. Berkeley, CA, USA,
USA: USENIX Press, 2010.20-20.

SONG S, KWOK Y, HWANG K. Security-driven heuristics and a fast
genetic algorithm for trusted grid Job scheduling[A]. Proceedings of
19th IEEE international parallel and distributed processing sympo-
sium(IPDPS'05)[C]. Denver, Colorado USA, USA: IEEE CS Press,
2005.65-74.

RUAN A, MARTIN A. TMR: towards a trusted mapreduce infrastruc-
ture[A]. Proceedings of the 2012 IEEE 8th World Congress on Ser-
vices[C]. Hawaii, USA, 2012.141-148.

HUANG C, ZHU S, WU D. Towards trusted services: result verifica-
tion schemes for MapReduce[A]. Proceedings of 12th IEEE/ACM In-
ternational Symposium on Cluster, Cloud and Grid Computing
(CCGrid)[C]. 2012.41-48.

KHAN S M, HAMLEN K W. Computation certification as a service in
the cloud[A]. Proceedings of 13th IEEE/ACM International Sympo-
sium on Cluster, Cloud and Grid Computing (CCGrid)[C]. 2013.
434-441.

BENDAHMANE A, ESSAAIDI M, EL MOUSSAOUI A, et al. Result
verification mechanism for mapreduce computation integrity in cloud
computing[A]. Proceedings of International Conference on Complex
Systems (ICCS)[C]. Agadir, MAROCCO, IEEE CS, 2012.1-6.
BREWER D, NASH M. The chinese wall security policy[A]. Pro-
ceedings of the Symposium on Security and Privacy[C]. Los Alamitos,
Calif, 1989.215-228.

WU R, AHN G J, HU H, et al. Information flow control in cloud

computing[A]. Proceedings of IEEE 6th International Conference on

Collaborative Computing: Networking, Applications and Worksharing
(CollaborateCom)[C]. Chicago, Illinois, USA, 2012.1-7.

SHEN Q, YANG X, YU X, et al. Towards data isolation and collaboration
in storage cloud[A]. Proceedings of the 2011 IEEE asia-pacific services
computing conference(APSCC2011)[C]. DJeju, Korea, 2011.139-146.
KESARWANI A, GUPTA C, TRIPATHI M M, ef al. Implementation

of Chinese wall model in cloud computing for enhanced security[A].

[21]

[22]

Proceedings of IEEE International Conference on Emerging Trends in
Networks and Computer Communications(ETNCC)[C]. 2011.411-413.
CHEN Y, HUANG H, HUANG P, ef al. A practical Chinese wall
security model in cloud computing[A]. Proceedings of 2011 13th

[23]

Asia-pacific Network Operations and Management Symposium (AP-
NOMS)[C].2011.1-4.
ALMENAREZ F, MARIN A, DIAZ D, et al. Developing a model for

trust management in pervasive devices[A]. Proceedings of the 3rd

[24]

IEEE Int’l Workshop on Pervasive Computing and Communication
Security(PerSec 2006)[C]. Washington, USA, 2006.267-272.

LI X, GUI X. Research on dynamic trust model for large scale distrib-
uted environment[J]. Journal of softwar, 2007, 18(6): 15510-1521
ANDERSON R. Security Engineering: A Guide to Building Depend-
able Distributed System[M]. Indiana, USA: Wiley Publishing Inc.,
2008.

SAILER R, ZHANG X, JAEGER T, ef al. Design and implementation
of a TCG-based integrity measurement architecture[A]. Proceedings of
the 13th USENIX Security Symposium[C]. San Diego, CA, USA,2004.
223-238.

HAN W, LEI C. A survey on policy languages in network and security
management[J]. Computer Networks(COMNET), 2012, 56(1):477-489

[25]

[26]

[27]

[28]

EE BN
SEREE (1970-) , L&, ILIHHFN,
4, dbat KRl WA S0, E
BERE ST 0N = VRO e S R
s BERG S BRI Z 4. TEIHEE.

BIHTI (1939-) , 5, WiREERIN, SHEREEBTIT
s AERURE R BT, BRI 0 A =24 A RS
wh W E S .

Rpig EfEEH] (1968-) , T, WHTHAMA, WL,
JEHOR A BER Al A U0, ESEFFTT 1) A T S IR S
PAeeoes] U N VS AN A = NI - €1 TR R ) SN i
E-mail: wuzh@pku.edu.cn.

KA (1988-) , B, MpyIwmg A, fid, Fu
WEFIT ARG . Bl R R 4%

MR (1966-) , L, WALFIIA, 4, JEntK
FHET, FERFIT A m T EAREE 6 M a K
2z B R BOR SN T R4 PEREVEAT 5 1
W,



