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Multi-dimensional modeling method of uncertain data stream

LI Ming, ZHANG Weiming, LIU Qingbao

(Key Laboratory of Information System Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract ; Because of the emergence of uncertain data stream applications, the traditional multi-dimensional model based on precise and static

data is confronted with some new challenges. A multi-dimensional uncertain data stream model based on characters of uncertain data stream was

presented, such as dynamic, infinite, uncertainty and so on. This model introduced uncertain object to depict uncertain facts, and defined the time

dimension with multi-level time windows to reflect the dynamic and infinity of data stream. The basic algebraic operations and analytic algebraic

operations of the multi-dimensional uncertain data stream was defined formally, which gives theoretical support to multidimensional query and

analysis of uncertain data stream were provided.
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Tab.1 Examples of uncertain data stream

iy 7] i AR REE(C) RI{ERE
11:00: 05 W, S, 50 0.5
110005 W, S, 40 0.5
11:00:05 W, S, 44 0.8
110005 W, S, 37 0.2
11.10:10 W, S 23 0.3
11:10:10 W, Se 32 0.7
11.10:10 W, S, 53 0.4
W, S

11:10:10 42 0.6
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Tab.2 Facts in current time window

D i 7] VA EE(CC)

fi 11:00:05 W, 150, 0.5/ {40, 0.5}

£ 11:00:.05 W, {44, 0.8} 137, 0.2}

£ 11:10:10 W, {23,0.3}132,0.7}
153, 0.4} {42, 0.6}

i 11:10:10 W,

2 PR O HEAR I, LAl B R AN
SERTRRATR T I [RI AT 5, 2 52 f, 7S L
SR L3000 D S A S 2, T A I () 4 R v 4
JEE T LA B0 R 3R 5 S
3.3 ZEEE

AR AT T PN T 48 ) A JRE A TR A A
R, 0] DA — 20 g O BN I 1 2 A R
ESite

EX 10 AN 2 B i 2 4R B 3R O —



%5 4

R S5 AN E Bl 2 R 1 <177 -

ANPUTCL UMDS = {op M F ot o

D= 1A, 0, | H— YRR RS,
Wy s, PR E AE R, o, FOR I W) 4E E
B

DM =M1 sj<ql HERBEES;

3)F = {af, M} R ASH R 08 = S AR =

4a=1{A, li=1,n,t;7=1,- g}, H
A, FORTELERE D, FARIERAE R 5L Z (B AR G &R
TEREE M, F AT RS

EX A1 AN E B 2 4 S0 3208 o =
JCAH UMDI = { D, M, 1}, Horp D o4 )3 S0 46
G M FoRER B RS 1 RN E B S
S

TEG] 1 BT A S AR B R B T AT E B
NiE24 R

4 THEHRERSHERBIRE

AT AN E B 2 R AR AL
BRUE, LIS XS 22 2 A1 58 BUs T 0 0 B o X F

()3 b TE R, — R B i U AN E X 4, BT A
o S AR 1K T A AR ) A o HHiE 1 B AR 4 AR
i Vi (R

4.1 BERKBIRE

AN R B i 2 AR B ) A AR BERAE2RA
TR AREE W AEERAE, i R
BfE .

BN 12 PR X Ao o B il g 5
e R — S 29 AR I AT 1 O e R A, e R (] —
W RIS . W RRE T DU A4k
JE L aRAIFERE B b [ I SRR AR AT DAAE 4R 2 1Y
BB FEAT AR, PR LR IR N
0',,( UMDI) =UMDI' = (D' ,M',I") , Hr.

1)D" =D, Hrpmf [ 4L D, /Y BE I 4 Fif
IFIE] 7 1T W

2)M' =M;

3)Vfel, f=ta,,,a,,a,,m - m} #p
ERTHUEE EWEPEEAE, py (ay, -, 0a,,0,) =
true | fe I 45 p KTt EIIRFEEAE, A
KM, FATEE py XS my BEAT 250, W)
pu(m;) =tolpy(o) =true Noem | =m{, % f'=
(ay,,a,,a,mp, =, m ), LE m' FSLHECR
RO frels

AR 1 A i B (R S T 40°C A D st BD

puCIRBE) =40°C, JIS 4 4% B @ LA W I 45 R
fis Loy fo o L IR 0. 8

X T ANEA S B T, e R R A A2 B
F[R] AR A0 A S AGA , a1 235 R [l A — 2 2 4
WA A I , FoA TR PR Z R SL PR A
o, (UMDI) = U [UMDI' (1;) ~ UMDI' (1,_;)] U
UMDI' (t,) ,H:rp UMDI' (1,) 7= TEIS 20 1, B IE+E
gh L IXCRE AT LB A 8] ) HE S N W B 4
R

EX 13 BN X 2 4E A1 B I
TELE R Ja AR i R A e R AR
YRS ) e 11 7 22 A AN o 5 o S, ik ok
PO IS M 2 4B L . BOw e r] LIk
/A, (UMDI) = UMDI' = (D' ,M',I') ,JiH.,

1)D"=D,,D, /& D W)—"M4EE 14, R nt
il 22 4 A1 e BRI AR Y #5 D, e D, W
dom (D, ) 7% Ay R 31 [l A A7 PRUESF D 48 1

)M =M,;

3Ielf't, Vel EAEFERGY D, LRI LIS
B TEMBESIES L, W S5EM RS T,
HAXERE, BEf 7 =Agg(f) , felyo

Ak 2 v 22 ARSI S 455 B I [ 4 i
ELBVD, =D, e £ 5 LUK 5 S0 S
MOE 2o S g (N 71 POp VR TN E SRS el i
RGNS E 14 thgyih TR

XT3 22 AE BRI N R S B4R AR T R
g, (UMDI) = Q[ UMDI' (1;) = UMDI' (1;_,) ] U
UMDI' (t,) ,H:rp UMDI' (1,) 7R TR 2 1, Y458
EIL, AR FE R S 452 A b 0 A B )
4R

EX 14 BEERAFRBERGRE B2
AL GBI P RS 45 R . R E M A
YR IS [R] B 11 1Y) 22 2 A B i R0 Tt S 401, i s oA
REMEERI N 2B L0, K e, WRE
PREL, L, HERA W YEREJZ RGN, M, R A B EE
WEME, BEBETURR N Aggl ey, L, M, ]
(UMDI) =UMDI' = (D' ,M"',I") , Hrp .

1)D" =D, HHr dom (D',) 7 hy B & ¥ il i A7
PR Fsf 1) 4 5

2)M' =MU {M,} ;

3) MRS MR E X, TSR f, 72 1, |k
PG LS BATTEUL, [ RN —A~ 1 f 4
W EMRSLES L, B My =¢,(1,. M),
TVYSfyely, foo My SR — A ASH 2 X4, BT LA



- 178 - B BE K 2= 2 i

536 &

Lo My X R — DA EX RES, TR R R
Ip. M, = Uw,; ,w, 7R 1. M, AT BEEFLSEH],
WMy =0, (w,) .

TEG] 1 R o 4E ) AT I R (SR
A W nl DAAS B — 2B i AR F 5L, e 3 P

®3 HUMEBANBNELANRAEXES
Tab.3 Facts aggregated by location dimension

in current time window

1D s} ] HRECC)
f1 11.00.05 150, 0.5 {44, 0.4} {40, 0.1}
fi 11.10.10 153,0.41] 142, 0.6}

XA E 2 QBRI R R A E T DAk
NN Aggl @y, L M, 1 (UMDI) = LlJ LUMDI' (t,) -
UMDI' (t;_,) ] UUMDI' (t,), H++ LtJ LUMDI' (t;)
- UMDI' (1, ) ] s B A A2 AR i3 538
4.2 SREBIRIE

AN 8 B T 2 AR S T A S AL g
AR, B T Y R U B T g
BAE,

EX 15 ) EAE XS HAE R Y BUE T T
EHEZI A, W] URE SR A BOE B R A 58 il R
WUIRYEEE R D, UI R AR SEA R Hp, 2d, = a,
%D, =D-D,,q=(D, M), AN ESSR Y
A[FIRN Slice(UMDI D, ,p,) =, [Upk( UMDI) |,

TENX 16 JHERAE X A4 B BB T
T, AR FA AT URIR N pra<d, <b, %
D,=D,q=(D,, M), dom(D,) L KL P55 AF
P ZERYTEHE , ZHEAH0 & B D PR T %
7% Dice(UMDI,D, ,p,) =, o, (UMDI) ],

TEB) 1 rp 7 R s ) 4 B2 BR E 7 11:00:00
~11:05:00 X ja] 4, B p,:11:00:00 < d, <
11:05:00, AR 25 LAY S S210 ML Ny f, LS, o

FRge Ol e (Be) BRAE R 45 R v DL KR Oy
UMDI" = U [ UMDI' (t,) - UMDI' (t,_,)]
UUMDI'(0) , Herhr UMDI' (t,) HAEWS 20 ¢, BP0 R
(B .

EXNT i FARAESE M 4E A & Bl i
RIS, LME TP nl A ek & B Jdie
P s A, & FRHERER4ERE S D, AR
AR L =1 C e G KR B4R vT AR
N RollUp(UMDI D, ,I.) =Agg ¢, i ,M,](UMDI)

Feoe ) b s B2 /E v L3RR 2 UMDI' =
UL UMDI'(t;) = UMDI'(1,_,) JUUMDI'(0) , J

UMDI' (t;) JBS %) o, 1) L REERAEE R

2t D, =D, BRI U W RIAE Y 5

D AHRAEAE R TR B R A A AR, X R Y
SRR SR AR B BRI 4EJZ K L X
AHERE Lo

1 PUESFIIERAEX T 2 AT E
WAL BB

ER < X AT R A A 5 ST LU Y AR
VESE RATHIR Dy 22 A A0 5 B T S 9], e A MG
PR AR

5 #Hig

fe T —Fh Z4EAHE B R e e filid
B, PR R 5] AT AN E X R AT A
K v B AN 2 P, RIS 3 T R T ]
T 0 o ) 75 i o i ) 3,1 P TG B PR 4 7 4
W A RCEER 25 T 22 4EAN T E R A Y
B IAL IR S LI 2 R TR i 22 A Rl S (51 S A
LAY E o fe o R 2 4EAN B 2 s T i A
RAIE 8 ST SCRFANB 5 B0 L 14 22 4k 73 Hir B AR
PAEARBOR AT AR EARR Y AR Pib T
PE— AR X 22 4E A 5 2 BOE T T AR T
Ue RIETHRAL AL LA S 22 445 1) 55 ) /e JT 58
AR

2 3% 3Tk ( References)

[1] Cuzzocrea A. Data warehousing and knowledge discovery from
sensors and streams[ J]. Knowledge and Information Systems ,
2011, 28(3) :491 —-493.

(2] Jafae, a0, EEA, % R 80 & B AR BT 5
ZER )] TR ,2009,32(1) : 1 - 16.

ZHOU Aoying, JIN Cheqing, WANG Guoren, et al. A survey
on the management of uncertain data[ J]. Journal of Computer,
2009, 32(1): 1 —16. (in Chinese)

[3] ¥, mzA, ki, & Ao E B A B 1], 72
#2.2013,41(5) : 966 -976.

JIANG Tao, GAO Yunjun, ZHANG Bin, et al. Query
processing on uncertian data[ J]. ACTA Electronica Sinica.
2013, 41(5): 966 —976. (in Chinese)

(4]  ERWE, /0, 483, 4. A E £ A i SR OF
FE[I]. RIS K, 2013 ,49(7) 1460 - 1466.
WANG Yijie, LI Xiaoyong, QI Yafei, et al. Uncertain data
query technologies[ J]. Journal of Computer Research and
Development, 2013, 49(7) ; 1460 — 1466. (in Chinese)

[5] Suciu D, Olteanu D, Ré C, et al. Probabilistic
databases[ M]. US:Morgan & Claypool Publishers, 2011.



%5 4

2RI 28 AN R O 2 A A - 179 -

(6]

(7]

(9]

[10]

Codd E F. Providing OLAP to user-analysts: an IT
mandate[ R]. Technical Report, TR =9300011, 1993.
Arfaoui N, Akaichi J. Data warehouse: conceptual and logical
schema survey [ J ]. [International Journal of Enterprise
Computing and Business Systems, 2012, 2(1), 1 =31.
g, JR. PRGN 2 BRI [ T]. SRR
#%,2000,11(7) ;908 -917.

LI Jianzhong, GAO Hong. Multidimensional data modeling for
data warehouses[ J]. Journal of Software, 2000, 11(7) : 908

-917. (in Chinese)

Pedersen T B, Jensen C S, Dyreson C E. A foundation for
capturing and querying complex multidimensional data[J].
Information Systems,2001, 26(5) : 383 —423.

Bl B 22 2 AR TR A H A A S A AL LT i

WHFELD]. Kb - [ BTRR A AR K2 ,2006.

LU Changhui. Complex multidimensional data model
description [ D ]. Changsha: National University of Defense
Technology , 2006. (in Chinese)

Han J W, Chen Y X, Dong G Z, et al. Stream cube: an

architecture  for  multi-dimensional

analysis  of data

streams[ J ] .

Distributed and Parallel Databases, 2005,

[12]

[13]

[14]

[15]

[16]

18(2): 173 -197.

AR R B 2 4 AR S AR R R BESE [ D] K
- E BBk H AR A, 2010.

HOU Dongfeng. Research on key issues of data stream multi-
dimensional modeling and querying[ D]. Changsha: National
University of Defence Technology, 2010. (in Chinese)

XU E. B S A2 AR 5Ok D ] K
- BBk H AR A, 2006.

LIU Qingbao. Theory and method of fuzzy, dynamic multi-
Changsha
University of Defence Technology, 2006. (in Chinese)

Pei J, Jiang B, Lin X M, et al. Probablistic skylines on
uncertain data[ C]//Proceedings of ACM VLDB, 2007: 15
-26.

dimensional data modeling [ D ]. National

Hua M, Pei J. Continuously monitoring top — k uncertain data
stream: a probabilistic threshold method[ J].
Parallel Databases,2009, 26(1) : 29 —65.

Jin C Q, Chen L, Yu J X, et al. Sliding-window top - k
The VLDB Journal, 2010,

Distribute and

queries on uncertain streams[ J ].

19(3): 411 -435.



