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Three-way Decision Model Based on Probabilistic Graph
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Abstract Probability graph model is a general term for a class of graph patterns that express the probabilistic model,
and the problem of solving the loss cost by using the model has become a hot research hotspot. In this paper,the three-
way decision model was put forward based on probability graph and three-way decision theory. By analyzing the infor-
mation data set, the Bayesian network of the model is constructed. Then according to the interdependencies of the nodes
in the model, the conditional probability distribution function is calculated. And combining with the prior condition of
the data set and three decision-making cost loss function, its decision rules are established. The method to solve the

problem of cost minimization is given in probability reasoning decision-making. Finally,a teaching evaluation illustration
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was presented to verify the effectiveness of model.

Keywords Three-way decision, Probabilistic graph model, Bayesian network, Precise reasoning

1 35l%

MERBEFHARFR—BHEELT BRI E, T
2010 EBISL T =X YLk BS, 45 B T HLRESE 3 B M —
FEFRANE UMDY, BRI TR R R MIE
PR, SR e ISR Rl B3N T BB ARIR, M E B AR
DA SE #2325 B fE 4 B, SRB AL AR ok 3% A vk S I IR BB 4%
BAAMTEFAREER. EILES, ZXRKELE B E RS
LREHEWFTHHS. XEEI =TSR THHT
SRR SRS ; M TS H Bayes [REB IR T oM
R =X AN S ARG &I RHR BE TR TS
S PR IR 558 /A B XU 45 W8 PR AR U T 2R A 25 SR AR
YRR = S T BoR B AR RORLEE T BB/ MU B SR

MREHEMEAEBEARZAERLCROER, RS
L MES R R R B, AR E R S ERMAR

I HH:2015-04-19  iR4E H B 2015-05-23

R e R et R ER O T BT A R ITIE, M H
PLALSE EE RS R S SE M R RIEA T HEEHY
EAH REERE T AR THRREBR B AR R R
BT B R R S TSR R R, S
HNRY EIZESRE T ETRRERB OGS, 3R
G AR AT TRARRS,

=RRRERMRRGEIBE T ZHH. BREFK
B R AR BRI = SR ARG A ATHIE . A 3GE
A A BRI =3O M B T AR B = ST R AL,
HEEAEREENBRE RAEESB/MMH =20, 5
SE L3 SN 38 i) S 5 L B, DA T 78 B BB A M 3R e
Ja i B PP SRR TE T AR A A

2 EFiiR

EX VAR WX, V) B—HFEIER, X

AXFZERARBEES TR B (61273018), R4 H 0 5 RTHFHA B IR B

(132300410174) , VI BSE #F FFiHRI9 B (14A520082) , # & T &= S RME e R B (ZG14020) %8,
BELM(1963—), B, W+, ##F, TEHNF 0N A TE BB AU RS £ 338 , E-mail; xuezhanao@ 163. com; F AR & (1986 —), B, i+ 4,

EEBRTT EAMSE RN E ;X

AR(1989—) , 40, Bk A, EEBIFUTT M MRS S = S B A A TR s SRARME(1990—), 5 Bl 4

FERRF RS SRR IS B RF (1991, B B+, FEBR A IS T IR R

Ld 30 .



BRI X<a) AY<y} Rt R A FIMER K .
Flz,y)=P{X=xz,Y=y}
FRAZEEIERX VMR ER, REENEE XAY
BB A 2
BN 2R (X, VD FR R HBEHLE

XA P(Y=0,)=p,=2p; >0 Y,

e P(X— Y=y ) =AY =) py
Dil; P{X xt'Y y;} P{Yzy]} ?;

RFM Y=y, FTHREERS T, B SRR B B AR Bk
BB P(X,Y)=P(XOPY|X),

TE N 3(Bayes A i HME RRFFEIE R,
H=h FRBHEE, E=e TR —HIFEETER, LM AR E
ZET R4 H MR P(H=R RN TRER, IAE
EEBZ R, P(H=h|E=)RREM H=h HEBREE.
Bayes A i#id T AR B RMMEZ ML R.

) (e _ PCH=R)P(E=¢| H=h)
P(H=h|E=o)= B E =

TEX 4(Bayes 411 2 X EEMIERE X & Bayes
I TTLLSE X BN=(Bs,Bp), HF Bs 2 Bayes W% 44
M, HEXE X ERERIAE., 8—1T 8 o fE—X
NEX FH— IR, AEEREERNEREE:SE
FAB MDA INERTEENFNT SRR R R, &F
HE—FNT Rz Bl WEEZ, WK o Bx WA,
Bp 3 Bayes MR RIS MERE S, B, = {P(X; | par(X:)}.,
HA, par(X)FER x: BITE LT SR EE, P(X: | par
(XOOETE 2 —REERLIHEE, EHR o HEAN
A Gz B, B R« MARAHERER.

EXNS(EFRFOM # Q= {X, X} R REHRESE
A ANERNEBTES X HRBRTEE X k. £
A A={apas,an}XTRL 3 PR EHME R JELFIER

PR BRPEEFEARBRNRE, REAH EINER
1 fi5. B App sAme Fldne R H— DX RB THEE X BT RE
1730 apsap Mlan BEATH BIRYY s Aen s Any Fl A 2 B RR B
F X 3 EORBATH ap as May BT HEARH.

*1 wEAHMHE
e R & #H
VAT B X X<
ap App ApN
ag }\Bp )‘BN
ay Anp ANN
Xt A [T BT8R AR R B P 5 AT 7=k AR iR 2k

PRECH «

Rap | LD =2 Pr(X|[xz]) +Aen Pr(XC |[£]),

Rlas |[x]) =g Pr(X [z +FAsw Pr(XC | (=]

Ran | LxD)=anp Pr(X|[x D) +amv Pr(X | [z D

R Bayes JL3Eits, i T Be/NXBS B A g -

(P) B Rap | [zD<KRGs | [z2DH RGap I [zD <
Rlan |[z]) s W 2€ POS(X) ;

(B) 1R Rag | [z <RGap |[xDH R(as | [z <<
R(an|[2]) ] x€ BND(X);

(N) 18R Réany [z <R(ap |[[zD H R(an | [z <
R(ap |[z]), ] &€ NEG(X),

BEFLTEENTRER:

Arp<App <Anp sAnn <lArp <<Apn
(App —Aan ) (Anp —2Amp ) =>(Aay —Ann ) (Age —App)
TEBLT LB,

- (Aeny —Amn)
T Qen — e ) T Qe —App)

a= (Asv —Ann)
(Aev —Ann )+ CGne —Asp)

= (Aen —Ann)
ey —Anv ) +QAnp —App)

3 EFBERAN=SAEEABENA

MREER T ER TREMEY, TR EEREA A
Bayes M WEKFHE, B KEMESHIHETRNE
BRI HALHE T B — R R AR, (EELRF
REA R R A B R A B R BB BRI AR
RETRSEAM AT TIA =B R BB AN , Bl — 1
BAIPAG B SE B AR A R B B TR

MREEA R EFI AT Bayes W4 B A MR,
AR B2 ] AR R R R RS BRIT

(DEEEL—MSLERT LR 1 PR HE.

() NIRRT RTFIR A K 56 R X R F 15 &
HEE 1 PRARAFRERB LR,

QOEEHSRD, HEFATAMER 1 PRREEK,

(OARHARTT B SRR, DL K A fE) 39 s Aot 195 580
FIFBRRE.

FE—NEEFERE S, 2B RRA— T ERBT
BFHORE, A — TR T AN HRE, R E K
B R U R B RES %Y, BURE R TR R
S MEH RS LB AF R, TR LB BIRE S, [
B 1B

wagr | o) P E K

d 03 e 06
D) d 07 E) e, 04
)
E P P(,
(do &) 04 ) ((3) 0-21)
(do,e1) 0.1 e 02 0.8

1 RTHFIPMOBRER

7 HRERE R, XA R WV K E AL B it B
PIBHE SRR 2012 BE WA PER 172 A E#HTHE
Fit. EiElbReeA X YRTHREER A 2P % A
BEHTIEE, BEFEANARERIN R EIIHLE
RERSETHEAGH BRSNS IR .2 34K
B AERHAXTRET 85 S HEF . KFHET 60 SEH]
F 85 R RIF./NT 60 43, BEX 2014 4 7 A Bi%F
FEEFEEHPREARGHITRIT, BRWE 2 5.

£2 PRFEBHSH BN

X Pkl
MCOHF arw 2
HE 1% 32 46 8
A2 26 55 5

031-



%f 2014 £F 6 A (3 S NWEH RN AT RIES
HEE A2 A S SR B AT ITAR , BT RE B I 5 i
4k 136 AL 1BE 71 AL 3T 2 BE 65 A, RS
7E 425 UL BRI 89 N, AR TB LN 3 BT5l.

#3 WG HOLA A RN AD

PR P

A T rad
FEIE 2
srzm 37 28

Al AT B A B BRGR 4 A R IR B £+ D.E.S.GH
J Ay IR TR SRR B S A T S BB
BE.SERS” W HRRT @, LR A 22 BB
W THERIAINE . do.di 2 BT IEREXE R M F 28
B PEN 00 o) A RIRBEATEFI IR P B HHOR
B HMIEG WA MRS R BATRI A 50051050 XFRLAL
BRUEFE” BRI MR, m MR E AR LA B %
B MM g fl g TR, FREMEERN EYE
3FPYLSR AP RER O HE TR A ST B A — IR R I 4
BRER— M2 T RIS B 2 09 3 A UK T4, 2 %
B joj1 F jo. LA EAOMESR EIRIRY Sy 0, 3 1 W R ek 2
AEHUE B TEHIE S BAR E 3) ARER L DU R AR 5% A Bt ol HE
HRT SR EMNES . b TFRIERLER, B IH
SRR R AT IEAR , F = S PR AR AT 43 26 .

EX LDOFRFEMS x FTHZEBAS W LGORFHL
HEFE R BT A S8 AR

(P') ¥ LGo)>LG1) B LGo)>LGa) B, PIE BRI
WHBER BT, H 5o R

(B) M LGO>LG) B LG >LG) B, Al E SR
EFRENM—” R 5 Fows

(N ¥ LG)>LGo) B LGo)>L Gy i, H B AR
HRERBE"H 5. B,

X TR SR, MRS R T % T 80 BY &1l 43K 4k
F7, KRFRET 60 {H/NT 80 BRI H“RIF”, FH40/NTF 60
R 2", FEEFHE BRI, L) >Ls) B Lis)>
LBt BARM A FE” s L1 ) >L(so) H L(s1) >L(sp B, %
A RIF: Y L) >1L ) B Lisp) > L (s DT, BRI Y

AR E R A R, WS R RS SR
B3 MR R ESHE S RA MM R B R =
KRB BB 4 BTF,

R4 RBERNZSTPSERMN B

_ RERE
*EH — 53

o FART AR,

i EEAEIKE amerxamns,
2P ERARKS

REOUAMBS,  BREWELAL,

RAFE  MESHALTREE,  FATEANES,

7k R A — At s
wapy  TEEEEIRRE.  ABTREEIARE,

274 BAHAY 7 B

R EEE R, BRI U=, 2 ) EZZHF
TR ZBE BB SRS 2012 RFEMERE"HHER
P(Diji.g). MBIEHRMEER1S .

e 32 .

P(D|j1,8)=60P(D;j ,go)ZBZEIESJP(D,E,S,jl 80
Horb, 0 FRIA— LB AR RMRE B AD LER DA
FhEUEERD do #0 1 » 24 D BURRIER , 43 B Bayes P48 2R
SHARBITHE.

¥ DY d, B,

P(d, 1]1 +80)

:0§§P(do,E.S,j1,go)
ZHEE] gP(do)P(E)P(SIdo sEYP(j1 1S)P(go | E)
=0P(do)zEJP(E)P(go [E) %}P(Sldo SE)P(1 1S
=0P(dy){P(e;s ) P(go | e ) [ P(so | do se0 ) PG I50) +PCs |
dy 160 YP(Gy [5:) T PCsy | do s 0 )Py | 52) ]+ Ple ) Plgy |
e1) [P(soldoser) PGy 1s0)+Plsi [dyye )Pl s1)
+P(sy ldy»e YP Gy} 52)])
He TR 1 B IR AR RO A BRI BT 75
P(ds|j1180)
=gx0. 3{0. 6X0. 700, 4X0, 440, 5X0, 5+0, 1:X0, 3]+
0. 4X0. 2[0. 1X0, 4+0. 3X0.5+0. 6 X0, 3]}
=Xx0, 3X (0, 6X0, 7X0. 4440, 4X0, 2X0. 37)
=§X0.3X0. 2144
=0. 064324
X DXd K,
P(d | 1,800
=0%§P(d1 yEsS,j1580)
=0§§P(d1)P(E)P(S|d1 ZEYPG [SYP(go | ED
=0P(d, )ZE:P(E)P(go |E> ZS:P(SIdl SEYP(51|S)
=0P(d,){P(es)P(go | e ) [P(so |direo ) PGy ) s0)+
P(si|dysea)PGr ) s1)+P(sy | dyse )Py I s2) ]+
Ple)P(go|len)[P(so|drrer )Py [50)+P(si | dys
e )P |s1) +P(sy |dire )P |52}
=0. 76{0. 6X0. 7[0. 6X0. 44-0. 35X 0. 5-+0. 05 X0, 3]+
0.4X0.2[0.2X0.440. 4X0.54+0. 4X0. 3]}
=0. 7X6€0. 6X0. 7X0.43+0.4X0, 2X0, 4)
=0.7X6X0, 2126
=0. 148824

WA R — LA, B 6=1/(0. 06432+ 0. 14882)
5.

P(D|j1,80)=06(0.06432,0. 14882) = (0. 3018,0. 6982)

i, 22 T M GE TR T, vT ARG B R e
HEASR 0. 3018, “& 5 "I 22 0. 6982,

R | FAIRAM ek B Bl - R — W AR Y
EXREAM B WREE Q= {X, X} FHIRRIREN
HES R A= {ar,as,an } ST IR IER  EER FIfE 45 2
F o App ~Asp F Anp A3 BISTRE 2 JB T X (EIME) BY REUGBHAE ap .
asan WRERMIRE s Aon Aey FI A SR 2 BF X #hEE
(&5 B RIBIE ap vasan HRMAM TR . BIELIRE
O, A BBk BHER 5 BRFY.

#5  AREIPHH BT EEL

) R H %
Bk X ©
ap App=0.1  Apn=0.7
ay app=0.3  Agy=0.4
ay Awp=0.8  Agy=0.15




RARETRELK:
_ ey —Aav) _ Qe —Ann)
(/\pN _ABN ) + (ABP —APP ) ’B_ (ABN "“ANN ) + (ANP _ABP )

a

%
. (Apy —Ann)
T Qi —Asv) + Qe —App)

_ 0.7—0.4 _
0.7—0. H+(0.3—0. D

g= Ay —AnN)
(Aeny —Ann )+ (Ane —Agp)

_ 0.4—0.15
(0.4—0.15)+(0.8—0. 1)

HRAE = 3P R, 0T AT B LA T gedR

(P) # P(X|[x])=a, M| x€ POS(X);

(B) & p<P(X|[x))<<a»W & BND(X);

(N) # P(X[xH)<{B, M x€ NEG(XD.

G35 PN BB, B SHRBHES BE 4
M dy BIFCRAFIRE 3 Fh R e (BB @R B4k
EAFER R FOFATT. XBE do B dy MBEZHH 1,4 do
dy R RERE/ANT B WA BRI A KT o, B 4o
M d BPSEEARTTRERA R B RFIEAIREK. # do
R4 B, it di R BES PR BT, RB R
EOMERE X — PSR BT R AU B R B L dy R E)
T, T do R4 B IE R P8 B3 R SRR A 3
B X — IR RN B KB/ do M 4, FEd R4 2l
HREF, RECREAE" X —RRERIEN . BEAHAT
BEEIPL SRS R ANK 6 3.

®6 BRATHFRBHRFER

0.6

=0. 263

LN
RS R . = .

. w - WRAE  REAR

R, m RERE REFE  RERA
o RERE  AERE -

B =R RANAG  do R0 53 BHA R T di 2453 B IE R
B, HFR 6 AL AT BRI R RN RS R B
HRE AFRBEMRES, EUEHNEFEHD FEELHE
FIMERE , DUE TR R R AR 2K P

BRIE ASCUMREER YR, E S Bayes #fEH 7T
%, B4 = 3ORREARER XU SRR AT T 5T ok
BUSCIR) R T B MK HE . TR By, SE N BRI BRI R X
R BRI, R TTE N B R R RO,
TR 4T B9 BT = SCRIREISHEATY R . 8%
TAG IRl RE A, AR AN IR G L 2% 44 » 0o B R R A T B 4
i B BAER R R T R FOFIRET LN BB #
SEABLI = SR AT , T 7E — LR SLBRR A » AT BEJCIR16 2l —
L RE B AR SR B LA BRECH MBI B0 T B9 i F
RERBRITT L EFHTAETRE L,

2 & X W

[1] Li Hua-xiong, Liu Dun, Zhou Xian-zhong. Rewiew on decision-
theoretic rough set model[J]. Journal of Chongging University

of Posts and Telecommunications ( Natural Science Edition),

(2]

(3]

[4]

(5]

fs]

7]

[8]

(10]

(11]

2010,22(5) :624-630(in Chinese)

ZEARH XU, SRR . AR R R ST a5 (1], B KRR
KEEZER (R RBLENRD 2010, 22(5) :624-630

Yao Yi-yu. Three-way decision: an interpretation of rule in
rough set theory[ M/ Rough Sets and Knowledge Technology:
Lecture Notes in Computer Science, 2009 ;642-649

Liu Dun, Li Tian-rui, Miao Duo-gian, et al. Three-way decisions
and granular computing [ M. Beijing: Science Press, 2013 (in
Chinese)

XUE . FERE, BHWHE. =R E SR EIM]. JL5 Rl
Ak, 2013

Du Li-na, Xu Jiu-cheng, Liu Yang-yang, et al. Research on the
evaluation of venture investment based on the risk minimization
of three-way decision[J]. Journal of Shandong University(Natu-
ral Science),2014,49(8) :66-72(in Chinese)

FERRIE . SR AL XU 5F. 2T = PR RS B/ MU A XU 1
WG RRBTIELT ] (IR K224 (B2 R), 2014,49(8) : 66-
72

Zhang Li-bo, Li Hua-xiong, Zhou Xian-zhong, et al, Multi-granu-
larity cost-sensitive three-way decision for face recognition[ J].

Journal of Shandong University (Natural Science),2014(8):48-
57(in Chinese)

TR, 2R, R, F AR R SR E AN BR=ER
PRI ] AR K2R GHERR) , 2014(8) :48-57

Zhao Yue. Probability graph model learning theory and its appli-
cation[ M. Beijing: Tsinghua University Press, 2012 (in Chi-
nese)

BB MR EE R S e RO (M. JUR R R
#t,2012

Xu Jin, Yue Kun, Qian Wen-hua, et al. A probabilistic-graphi-
cal-model based approach for quality evaluation of graduate
student pools[J]. Journal of Yunnan University (Natural Scie-
nces Edition),2011,33(S2):299-304(in Chinese)

B®E,BR &30% % —FETHRERAMHREERRE
W TED] ZEAFER(ARBFR, 2011, 33(S2): 299-
304

Wang Yi-nan, Situaiton assessment using Probabilistic Graphical
Models[ D]. Beijing: Beijing Institute of Technology, 2011 (in
Chinese)

FiZm. ETFEREERMESMEITD] . b mE T %,

2011

Miao Duo-gian, Wang Yu. On the relationships between infor-
mation entropy and roughness of knowledge rough set theory
[I]. Pattern Recognition and Artificial Intelligence, 1998, 11
(1) :34-40(in Chinese)

HEW, THE. SRS PAEEE S ERBXRNITE
(J1. #E2IRH 5 A T8 6, 1998,11(1) : 34-40

Wang Wan-sen. The principle of artificial intelligence and its ap-
plication] M), Beijing: Electronic Industry Press, 2000 (in Chi-
nese)

ERH ATEEREERKGAIMIL 05 & F Tk B iR,

2000

Cheng Qiang, Chen Feng, Dong Jian-wu, et al. Variational Ap-
proximate Inference Methods for Graphical Models[]J]. Acta

.330



Automatica Sinica,2012,38(11):1721-1734(in Chinese)
ORI, R, . MESRAETLRY Py S T U ik [T .
B 3h1b24R,2012,38(11) :1721-1734

[12] Xiao Qin-kun, Gao Song. Application of Bayesian Network in In-
telligent Information Processing{ M. Beijing: National Defense
Industry Press,2012(in Chinese)
BRI, B, I RS R S E P R A (M. e
B B Tl i Wit , 2012

[13] Liu Dun, Li Tian-rui, Liang De-cui. Based on rough set three
policy decision analysis. M] // Jia Xiu-yi, Shang Lin, Zhou Xian-

zhong, et al, Three-way Decision theory and application. Nan-
jing: Nanjing University Press,2012;49-60(in Chinese)
XE, ERM, BER ETREHEBEN=XBORRET
(M] /B s—, Bk, Ak, 2. =Stk it S . i f
TR AR, 2012:49-60

(147 Jia Xiu-yi, Shang Lin, Zhou Xian-zhong, et al. Three-way Deci-
sion theory and application [ M]. Nanjing: Nanjing University
Press, 2012(in Chinese)
Hig—, kS, % Z30 R S M) B EaE
KegiRit, 2012

(LBF 137

[14] Gonzalez G C,Sharma P N, Galletta D F. The antecedents of the
use of continuous auditing in the internal auditing context [J].
International Journal of Accounting Information Systems, 2012,
13(3).248-262

[15] Rutgers Accounting Web[ OL. 2014. http://raw. rutgers. edu

[16] Overpeck ] T,Meehl G A,Beny S, et al. Dealing with data [J].
Science, 2011,331(6018) :639-806

[17] Gartner E S, 10 Critical Tech Trends for the Next Five Years
[EB/OL]. http://www. forbes. com/sites/ericsavitz/ 2012/10/
22/gartner-10-critical-tech-trends-for-the-next-five-years

[18] Gong Xue-qging,Jin Che-qing, Wang Xiao-ling, et al. Data-Inten-
sive Science and Engineering: Requirements and Challenges[]].
Chinese Journal of Computers, 2012,35(8):1563-1578(in Chi-
nese)
BER, &8, TR, JUEFREMNE S TR . F Rk
O] HEAER , 2012,35(8) : 1563-1578

[19] Chen C L. P,Zhang C Y. Data-intensive applications, challenges,
techniques and technologies A survey on Big Data[ J]. Informa-
tion Sciences,2014,275;314-347

[20] Manyika], Chui M, Brown B, et al. Big data; The Next Frontier
for Innovation, Competition, and Productivity [ R]. McKinsey
Global Institute, 2011

[21] Kelly J. Apache drill brings sql-like,ad hoc query capabilities to
big data[ EB/OL]. http://wikibon, org/ wiki/v/ApacheDrill-
Brings-SQI.-Like-Ad-Hoc-Query- Capabilities-to-Big-Data

[22] Melnik S,Gubarev A,Long J J,et al, Dremel; interactive analy-
sis of webscale datasets[]]. Proceeding of the 36th International
Conference on Very Large Data Bases,2010,3(1);330-339

[23] Gulisano V,Ricardo ] P,Marta P M, et al. Streamcloud: an elas-
tic and scalable data streaming system[]]. IEEE Transactions
on Parallel and Distributed Systems,2012,23(12):2351-2365

[24] Sqlstream [OL]. http: //www. sqlstream. com/products/server

[25] Bell G, Hey T, Szalay A. Beyond the data deluge[J]. Science,
2009,323 (5919):1297-1298

[26] Hey T,Tansley S, Tolle K. The fourth paradigm:data-intensive
scientific discovery[ R]. Microsoft Research, 2009

[27] James P A,Bruce H,Gabrielle L, et al. Data-intensive science in
the us doe;case studies and future challenges[]J]. Computing in
Science and Engineering,2011,13(6):14-24

[28] Lynch C. Big data: how do your data grow? [J]. Nature, 2008,
455(7209) .28-29

0340

[29] Divyakant A, Philip B, Elisa B, et al. Challenges and Opportuni-
ties with Big Data[ R]. Cyber Center Technical Reports, Purdue
University, 2011

{30] Deam J, Ghemawat S. Mapreduce: simplified data processing on
large clusters[ ] ]. Communications of the ACM, 2008,51(1);
107-113

[31] Tabealu[OL]. http://www. tableausoftware. com, 2014

[32] CCFREBERZBRE. PERBEBEERE=IEARAE S
[R]. http://www. ccf. org, cn,2013

[33] Chen Wei, Zhang Jin-cheng, Qiu R. A Survey on Computer-as-
sisted Audit Techniques(CAATs)[]]. Computer Science, 2007,
34(10) : 290-294 (in Chinese)

WRfh, AR, Qiu RO EHUM B F HHEAR (CAAT B 5 43k
(. HHEHLRREE, 2007, 34(10) : 290-294

[34] Simeon S, Michael H B, Arturas M. Visual Data Mining: Theo-
ry, Techniques and Tools for Visual Analytics[ M. Springer,
2008

[35] Geng B,Li Y, Tao D C,et al. Parallel lasso for large-scale video
concept detection[]J]. IEEE Transactions on Multimedia, 2012,
14(1):55-65

(367 Heer J, Mackinlay ] D, Stolte C, et al. Graphical histories for vi-
sualization: supporting analysis, communication, and evaluation
[I]. IEEE Transactions on Visualization and Computer Graphi-cs,
2008,14(6).1189-1196

[37] Thompson D, Levine J A, Bennett ] C,et al. Analysis of large-
scale scalar data using hixels[ C]// IEEE Symposium on Large
Data Analysis and Visualization (LDAV), 2011:23-30

[38] Chen Wei, Smieliauskas W. Study on Online Auditing Methods
in Cloud Computing Environments [ J]. Audit Research, 2012
(3):37-44(in Chinese)

BifE  Smicliauskas W. =IHHEEREE T B BK R 87 11 LB L 384F
[J]. #3H8F5T,2012(3) : 37-44

[39] Armbrust M,Fox A,Griffith R,et al. A view of cloud computing
[J]. Communications of the ACM,2010,53(4) ;50-58

[40] Sakr S, Liu A, Batista D M, et al. A survey of large scale data
management approaches in cloud environments[ J . IEEE Com-
munications Surveys & Tutorials,2011,13(3):311-336

[41] Lee G. Using in-memory analytics to quickly crunch big data
[J]. IEEE Computer Society,2012,45(10):16-18

[42] Nathan M, James W. Big data: principles and best practices of

scalable realtime data systems[ M. Manning, 2012



