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A Probabilistic- Graphical-Model Based Approach for Representing Lineages in
Uncertain Data
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Abstract  Analyzing lineage (or called provenance) of uncertain data is to trace the origin of un-
certainty based on the process of data production and evolution. To represent complex correla-
tions and their uncertainties among uncertain data objects, and then guarantee the correctness of
probability computations in lineage analysis theoretically, we study the method for representing
lineages of uncertain data based on Bayesian network, an important probabilistic graphical model.
Starting from the lineages’ Boolean formula and the uncertain data, we propose the method to
transform Boolean formulas into Bayesian network equivalently, and discuss the corresponding
probabilistic semantics and properties. Case studies and experimental results show that the pro-
posal in this paper provides an effective and extensible framework for representing data correla-

tion and evaluating uncertainties in lineage analysis.

Keywords uncertain data; lineage representation; probabilistic evaluation; probabilistic graph-

ical model; Bayesian network
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Attends Ewvents
1D person day prob 1D day event prob
11 Garcia-Molina Monday 0.8 21 Monday Reception 0.8
12 Garcia-Molina Wednesday 0.7 22 Tuesday Museum 1.0
13 Ullman Wednesday 0.6 23 Wednesday Banquet 0.9
EventRoster= Tyerson. event (Attends [><| Events) [ 2% 1) 45 1 EventAttendees= yerson (EventRoster) ] 25 ) 4%
1D person event prob & 1D person prob A

0.64 AGBDH=11A21
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0.54 A@33)=13A23

31 Garcia-Molina Reception
32 Garcia-Molina
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Banquet
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R R H R . A I, 78 CPT 53 R 256 4k
HE, FRATHG 20 LG i | 2505 18 6 45 T 2
Bl 5 | g5 E R LG B

(2) &2 Jm) LG v, By | &5 s Z 81 TEACTE I 25 4
Xt F x-relation H B §i A TG AL, TG #5% T B 45 0 0
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NET AW S R IT A . HE S fU T A i) AL FE Y
Hh A 25 2 HOAE B ST CanE 3 1 BT .

(3) X} T4 Je 24> x-relation W) % #: 4 #), 21>
ARG S H AL 7 45 MU Z 8] 5 (OR)”
PEER. B, B 5 iy LG &8 kR
11V 21—>11A2IFfI(11A21) V (12 A 23)—>41.

BN i HER HE B T DAG 2589 F CPT Gl i {5
A ALHE (Belief propagation) 5g 7. Wik, B TH

gt [E) 25 5 ) CPT AR BRAC 45 i B 2 fa] i 5k ”
KFRGRAME % SR 11 ] “ B F (Factor) " 2 5111
MRS 4 38 ) A S 4 fU UM R = 0 % 45 S HUE
19 BRI R B EE T DAG #4715 216 375 0 JUAR 4%

EX 4. WANLG HEEAAAE L FERIEE
A RERE S BOREUE Xl
P(A=a|Pa(A)=(a,as " »a,))=f s,

1, Ha=aVa, V- Va,
o H

HA . Pa(A)=A,, A, A, A SRS, G4,
Ay s@s s sa, €©{0,10 080 AA LA, ALY
U, P(A=a|Pa(A) = (a, sas s+ a,)) € {0,1}.

Bl 6. XtTERRFAE S LG AR E X 4,3
ﬁj 6} jE:;IJ % S( f(l)lRW.ﬁ.ﬁ’ f(l)lRAZL.H.ﬁ’ f(l)ZRWEW’
T sz S aons » BB A 45 4 69 CPT Wl 7
FR.

b

P(11=1)=0.2 P(21=1)=0.2 P(12=1)=0.3 P(23=1)=0.1
PA1=0)=0.8 P(21=0)=0.8 P(12=0)=0.7 P(23=0)=0.9
(a) Hr AN JGALA N &5 55 CPT
f&,,
11A21 11421 11 21 B 41 11a21 12423 I oo
~OR
AR | iy | At | iR frena AR | (AR | (AR ZRED (€]
€S
0 1 0 0 1 0 0 0 1
0 1 0 1 0 0 0 1 0
0 1 1 0 0 0 1 0 0
0 1 1 1 0 0 1 1 0
1 0 0 0 0 1 0 0 0
1 0 0 1 1 1 0 1 1
1 0 1 0 1 1 1 0 1
1 0 1 1 1 1 1 1 1

(b) A 45 R CPT (B4 2 ek 450

& 7

I T R Rk SRR S 1 R e 2. 1
TR 2. 2 o3 B4 TR DAG B A8 LAY
RS RS H Iy A 2 1 ik i R &
IR i v B Bl TA) AR B AR OC R 1 PGML, R ATTH
HHR M Z& DL i85 B (Lineage Bayesian Network,
LBND, Jy i & 73 #r 32 1 1 A3 & 0 BE 5 4 3 A Y
At

3 EOIFR

BtXSCRRL6 Trh iy 22 L S 451 RDAR SCIEL 1 A i A
e R s A 1 g R R KU A 2D Y

LGy CPT

(12 N 23)—>41, F T A I T PGM (1 ik R %R
J7: . LBN 5 DAG #1 CPT 4350 4n 1€l 6 FI&l 7 fir
A AT 4 B BT A A A LBN R T i R A A
). 75 BT AE R OT A 41 MR, RIS i 41 B
5 1(True) B B e K504 P(41=1), Bk T
LBN "] A5 3 40 3530 24 20 Cly 75 0 09 B, 3%
1120 T{E N 0 By BT A 50 .

P(41=1)=

DIDIIIDID DI PADPED - P(12)
1 21 12z 23 11A2112ZA23

P(23)+P(11A21|11.21)«P(12A23]12.23)-
P(41=1|11A21.12A23)=
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presented as Boolean formulas and the probabilities of con-
junctive query results were evaluated. Complex correlations
and their uncertainties cannot be represented by the logical
Boolean formulas, and there is no theoretical basis to guaran-
tee the correctness of result probabilities.

In this paper, we focused on the method for representing
lineages of uncertain data based on Bayesian network, an im-
portant and popular probabilistic graphical model, which is
adopted as the framework for representing and computing un-
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the lineage representation given in this paper, we can make
probabilistic computations from input uncertain data to the
result of data evolution, on which the current works focus.
Additionally and more generally, we can also make probabi-
listic inferences from the result to the participating inputs or
any marginal probabilities in the evolution process of uncer-
tain data.
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