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Motivation

Tracking moving objects (1/2)

@ Tracking moving objects is fundamental in several application contexts
(e.g. environment protection, product traceability, traffic monitoring,
mobile tourist guides, analysis of animal behavior, etc.)
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Motivation

Tracking moving objects (2/2)

@ Location estimation techniques have limited accuracy and precision
e limitations of technologies used (e.g. GPS, Cellular networks, WiFi,
Bluetooth, RFID, etc.)
e limitations of the estimation methods (e.g., proximity to antennas,
triangulation, signal strength sample map, dead reckoning, etc.)
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Motivation

SPOT framework

@ SPOT : a declarative framework for the representation and processing of
probabilistic spatio-temporal data with uncertain
probabilities [Parker, Subrahmanian, Grant. TKDE *07]

@ A SPOT database is a set of atoms loc(id, r, t)[¢, u]

@ Joc(id, r, t)[¢, u] means that “object id is/was/will be inside region r at time
t with probability in the interval [¢, u]”.

Example

A = loc(id;, a,3)[.5,.9] ‘1 e ¢

Az = loc(ich, b, 3)[.6, 1] b

As = loc(idy, ¢, 3)[.7, .8] I e
2 f g

0 2 4 6 8 10 12 14 16




Introduction
[e]e]e] ]

Motivation

Inconsistency in probabilistic spatio-temporal data

@ Recognizing process getting SPOT atoms not error-free

@ Data coming from different sensors may be inconsistent (i.e., entailing
that an object is in two places at the same time)

Ay = loc(idy, a, 3)[.5, .9] ©
A> = loc(idy, b, 3)[.6,1] B o) [7:8]
As = loc(idy, ¢, 3)[.7,.8] e 1 5
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Motivation

Inconsistency in probabilistic spatio-temporal data

@ Recognizing process getting SPOT atoms not error-free

@ Data coming from different sensors may be inconsistent (i.e., entailing
that an object is in two places at the same time)

Ay = loc(idh, a,3)[.5,.9] ©
Az = loc(ich, b, 3)[.6, 1] W) BN T AR
As = loc(id}, c,3)[.7, .8] bR

object id; cannot be at the same time with probability
greater than .5 in region a and with probability
greater than .7 in region c (disjoint from a)

0 2 4 6 8 10 12 14 16

@ Can we extract reliable information from inconsistent probabilistic
spatio-temporal databases?
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Contribution

Repairs

@ Two strategies for restoring consistency of a SPOT database D:

e S-repairs are maximal consistent subsets of D
@ PU-repairs “minimally” update the probability bounds of the atoms in D

D = {A1, Az, As}, where:

A1 = loc(idy, a,3)[.5, .9] “Maa (78
A = loc(idy, b, 3)[.6,1] " 611 |
As = loc(ich, ¢, 3)[.7, .8] o e i

b
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Contribution

Repairs

@ Two strategies for restoring consistency of a SPOT database D:

e S-repairs are maximal consistent subsets of D
@ PU-repairs “minimally” update the probability bounds of the atoms in D

D = {A1, Az, As}, where:

A = loc(id;, a,3)[.5,.9] “Mea
A = loc(idy, b, 3)[.6, 1] “Fr e
As = loc(ids, c,3)[.7, .8] ?l e

D' = {A, A>} is an S-repair for D

%0 2 4 6 8 10 12 14 16

@ PTIME algorithms for computing S- and PU-repairs
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Contribution

Repairs

@ Two strategies for restoring consistency of a SPOT database D:

e S-repairs are maximal consistent subsets of D
@ PU-repairs “minimally” update the probability bounds of the atoms in D

D = {A1, Az, As}, where:

A1 = /OC(id1 ,a, 3)[5, 9] 1 5001 : 1.3,‘,51‘ :
A = loc(idy, b, 3)[.6,1] " o1l ‘
As = loc(ich, ¢, 3)[.7, .8] o e i

b

D' = {A, A>} is an S-repair for D .
D’ = {Ar, Az, Ay} with A, = loc(id;, ¢, 3)[.5, .8] )
is a PU-repair for D

0 2 4 6 8 10 12 14 16

@ PTIME algorithms for computing S- and PU-repairs
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Contribution

Consistent Answers

@ Selection query (?id, r,?t,[¢, u]): find all objects id and times t such that
id is inside region r at time t with a probability in the interval [¢, u]
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Contribution

Consistent Answers

@ Selection query (?id, r,?t,[¢, u]): find all objects id and times t such that
id is inside region r at time t with a probability in the interval [¢, u]

@ An S-consistent (resp. PU-consistent) answer to a selection query is an
answer that can be obtained by every S-repair (resp. PU-repair)

D = {loc(idh, a,3)[.5, .9], 16 s -
loc(idy, b, 3)[.6, 1], 1§
loc(id, ¢, 3)[.7,.8]} Kl B c
Q = (?id, r,?t,[0.5,1]) 1 b
P [
(idy, 3) is a PU-consistent answer to Q, but not an S-consistent answer
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Contribution

Consistent Answers

@ Selection query (?id, r,?t,[¢, u]): find all objects id and times t such that
id is inside region r at time t with a probability in the interval [¢, u]

@ An S-consistent (resp. PU-consistent) answer to a selection query is an
answer that can be obtained by every S-repair (resp. PU-repair)

D = {loc(idh, a,3)[.5, .9], 16 s -
loc(idy, b, 3)[.6, 1], 1§
loc(id, ¢, 3)[.7,.8]} Kl B c
Q = (?id, r,?t,[0.5,1]) 1 b
P [
(idy, 3) is a PU-consistent answer to Q, but not an S-consistent answer

@ Deciding whether (id, t) is a consistent answer is
e coNP-complete for S-repair semantics
e PTIME for PU-repair semantics
@ Experimental evaluation of algorithms for computing PU-repairs and
PU-consistent answers.
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Outline

e SPOT databases
@ Syntax
@ Semantics
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Syntax

SPOT atom

@ Notation:

e IDis the set of objects identifiers
@ Spaceis agrid of N x N points
o T is the set of time points

@ An object can be in only one location at a time

@ A single location may contain more than one object

Definition (SPOT atom)
A SPQOT atom is of the form loc(id, r, t)[¢, u], where
@ id € ID is an object id
@ r C Space is a region in the space
@ t e T is atime point,
@ [¢,u] C [0,1] is a probability interval
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Syntax

SPOT database

Definition (SPOT database)

A SPOT database is a finite set of SPOT atoms

D = {loc(idy,d, 1)[.9,1]
loc(id, b, 3)[.6, 1]
loc(idy, ¢, 3)[.7, .8]
loc(idz, b,1)[.5, .9]
loc(ids, e,2)[.2, .5]
loc(ids, e, 1)[.6, .9]}
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Semantics

SPOT interpretation

Definition (Interpretation)

A SPQOT interpretation is a function / : ID x Space x T — [0, 1] such that for
eachid € IDand t € T, Y, gpace I(id, p, 1) =1

@ Forid and t, I*(p) = I(id, p, t) is a PDF over Space

I(idy,(3,6),1) = 0.4 I(idy, (7,5),2) = 0.5 I(id,
1(id1, (3,5),1) = 0.3 I(idh, (4,2),2) = 0.5 I(idh,
I(ids, (2,5),1) = 0.2 I(id2, (9,7),2) = 0.3 I(idb,
I(ich, (7,7),1) = 0.1 I(idk, (12,13),2) = 0.7 I(ich,
I(id2, (5,7),1) = 0.7 I(ids, (5,5),2) = 0.5 I(idh,
I(idx, (12,12),1) = 0.3 I(ids, (6,5),2) = 0.5 I(ids,
I(ids,(10,5),1) = 0.8

I(ids, (5,6),1) = 0.2

I(id, p, t) = 0 for all triplets (id, p, t) not mentioned above
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Semantics

SPOT interpretation

Definition (Interpretation)

A SPQOT interpretation is a function / : ID x Space x T — [0, 1] such that for
eachid € IDand t € T, Y, gpace I(id, p, 1) =1

@ Forid and t, I*(p) = I(id, p, t) is a PDF over Space

Example (Time point 1)

I(idy, (3,6),1) = 0.4 o

I(idy, (3,5),1) = 0.3 » i

I(idy, (2,5),1) = 0.2 2 SRS
I(id}, (7,7),1) = 0.1 I

I(ids, (5,7),1) = 0.7 i

I(ids, (12,12),1) = 0.3 B I el e
I(ids, (10,5),1) = 0.8 ==
I(ids, (5,6),1) = 0.2 ] ot g

I(id, p,1) = 0 for all triplets (id, p, 1) o——— e}
not mentioned above eid, mig, aid,
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Semantics

SPOT model

Definition (Satisfaction)

A SPQOT interpretation / satisfies SPOT atom loc(id, r, t)[¢, u] (denoted as
I'= loc(id, r, t)[¢, u]) iff 3=, I(id, p, t) € [¢, U]

Example (Time point 1)

I(idy, (3,6),1) = 0.4
I(idy,(3,5),1) = 0.3
I(idy, (2,5),1) = 0.2
I(idy,(7,7),1) = 0.1
I(ids, (5,7),1) = 0.7
I(ids, (12,12),1) = 0.
I(ids, (10,5),1) = 0.8
I(ids, (5,6),1) = 0.2
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eid, ®id, 4id,

D = {loc(idy,d, 1)[.9,1]
loc(idy, b, 3)[.6,1]
loc(idy, ¢, 3)[.7, .8]
loc(idx, b, 1)[.5,.9]
loc(id>, e, 2)[.2, .5]
loc(ids, e, 1)[.6, .9]}

N,
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Semantics

SPOT model

Definition (Satisfaction)
A SPQOT interpretation / satisfies SPOT atom loc(id, r, t)[¢, u] (denoted as

' loc(id, r, t)[¢, u) it S, I(id, p, t) € [¢, U]

Example (Time point 1)

I(idy, (3,6),1) = 0.4
I(idy,(3,5),1) = 0.3
I(idy, (2,5),1) = 0.2
I(idy,(7,7),1) = 0.1
I(ids, (5,7),1) = 0.7
I(ids, (12,12),1) = 0.
I(ids, (10,5),1) = 0.8
I(ids, (5,6),1) = 0.2
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%0 2 4 6 8 10 12 14 16
eid, ®id, 4id,

D = {loc(id, d,1)[.9,1]
loc(idy, b, 3)[.6,1]
loc(idy, ¢, 3)[.7, .8]
loc(idx, b, 1)[.5,.9]
loc(id>, e, 2)[.2, .5]
loc(ids, e, 1)[.6, .9]}

Definition (SPOT model)

N,

An interpretation / is a model for a database D iff | satisfies every atom in D
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Semantics

Consistency

Definition (Consistency)
A SPOT database is consistent iff it there is a model for it

1 N = D = {loc(idy,d,1)[.9,1]

i B c loc(id;, b, 3)[.6, 1]

o " b loc(idi, ¢, 3)[.7, .8]
Interpretation / is a model = ! loc(/dg, b.1)[5,.9]
. loc(ids, e,2)[.2, .5]

| ¢ - e loc(ids, e, 1)[.6,.9]

@ It can be checked in PTIME [Parker, Subrahmanian, Grant. TKDE '07]
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Semantics

Example of Inconsistent Database

aty = loc(id;, d,1)[.9,1]
at, = loc(idy, a, 3)|.5, .9] B mm—
ats = loc(ids, b, 3)[.6, 1] “ o
aty = loc(idy, c, 3)[. 7, 8] 1 a c
ats = loc(idz, b, 1)[.5, .9] N b
6 d e
2 f g
atg = IOC(Ids, C7 1)[57 8] UO 2 4 6 8 10 12 14 16
atio = loc(ids, e, 1)[.6, .9]

There is an inconsistency for object id; at time 3, for object id> at time 2, and
for object idz at time 1
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Outline

© Repairs
@ Repairing strategies
@ Checking and Computing Repairs
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Repairing strategies

S-repairs

@ Minimally modify the original database in order to restore consistency

Definition (S-repair)
An S-repair for a SPOT database D is a maximal consistent subset of D

at; = loc(idy,d,1)[.9,1]

at, = loc(id, a,3)[.5,.9] T —— Each S-repairs consists of

aty = loc(idy, b,3)[.6,11  “| 1T | -at

at, = loc(idy,c,3)[.7,.8] 7| a = -either at, and at; or at; and aty
ats = loc(idh, b,1)[.5,.9] " b = -ats

ats = loc(ics, €,2)[.3,.5] T = ! -either ats and at; or ats

at; = loc(ids, f, 2)[.5,.7] & . -either aty or atyo

ats = loc(ids, g,2)[.9, 1] | RS AR AN 5

aty = loc(ids, c, 1)[.5, .8] o i e.g. {at, ab, ats, ats, ats, aty}

2 4 6 8 10 12 14 16

atio = loc(ids, e, 1)[.6,.9]

N,
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Repairing strategies

PU-repairs

@ A probability-interval updated atom for a = loc(id, r, t)[¢, u] is
a = loc(id, r, t)[¢', '] where [¢/, U] D [¢, u]

Definition (PU-repair)

A PU-repair for a SPOT database D is a consistent SPOT database D/
consisting of a probability-interval update atom &' for each a € D and s.t.
Y acp =€) + (U — u) is minimum.

at; = loc(idy, d,1)[.9,1] at; = aty

at, = loc(ids, a,3)[.5,.9] — al, = loc(id;, a, 3)[.3, .9]
aty = loc(idi,b,3)[.6,1] “[— 12T | ak=ak

at, = loc(idy, c,3)[.7,.8] | a c at, = aty

ats = loc(ide, b,1)[.5,.9] " b 1 ats=ats

ats = loc(icz, €,2)[.3, 5] [T ! at}, = loc(id, e,2)[.1, .5]
atr = loc(ids, £,2)[5,.7) L%} at, = loc(idy, f,2)[.1,.7]
ats = loc(ids, g, 2)[.9, 1] i NEERY aty = loc(ids, g, 2)[.8, 1]
aty = loc(ids, c,1)[.5, .8] N : aty = loc(ids, c,1)[.45, .8]

2 4 6 8 10 12 14 16

atip = loc(ids, e, 1)[.6, .9] at{, = loc(ids, e, 1)[.55, .9]
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Repairing strategies

Properties of S- and PU-repairs

@ There are exponentially many S-repairs for a SPOT database
@ There are infinitely many PU-repairs for a SPOT database
@ An S-repair and a PU-repair for a SPOT database always exist

@ A repair for a SPOT database can be obtained by looking at one (id, t)
pair at a time
Given a SPOT database D, Diy; = {loc(id’,r', t')[¢',u'| € D|id" = id N t' =t}
be the set of atoms referring to (id, t)

Proposition (Repair modularity)

A SPOT database D' is an S-repair (resp. PU-repair) for D, iff
D" = Uigeip tet Dig» where Dy, is an S-repair (resp. PU-repair) for Dig .
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Checking and Computing Repairs

maximal Subset semantics

Theorem (Complexity of checking S-repairs)

Let D, D’ be SPOT DBs. Deciding whether D' is an S-repair for D is in PTIME.

@ Proof Hint: Ya € D\ D’ check that D’ U {a} is not consistent.
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Checking and Computing Repairs

maximal Subset semantics

Theorem (Complexity of checking S-repairs)
Let D, D’ be SPOT DBs. Deciding whether D' is an S-repair for D is in PTIME.

@ Proof Hint: Ya € D\ D’ check that D’ U {a} is not consistent.

Corollary (Complexity of computing S-repairs)
An S-repair for SPOT database can be computed in PTIME.

@ An S-repair for D can be computed as the union of S-repairs for Djy ¢
1) Dig, =0

2) scan Djy+ according to any total ordering, and for each a € Djy

2) if Diy, U {a} is consistent, then D}, , = D}, , U {a}
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Checking and Computing Repairs

Probability-interval Update semantics

@ Linear programming problem PULP(D, id, t) whose optimal solutions
encode PU-repairs for Djg ¢

Definition (PULP(D, id, t)))
minimize ) 2D s low; + up; subject to:
1) Va; = /OC(I'd7 ri, t)[ﬁ,‘, U,'] € Did,t
L — low; < Zper/ Vp < Ui + Up;
0 < low; < ¢
0<upi<1—uy
2) ZpeSpace Vo = 1
3) Vpe Space v,>0

@ v, represents the probability that id is at point p € Space at time t
@ Jow; and up; represent the probability-interval update of atom a;
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Checking and Computing Repairs

Probability-interval Update semantics

@ Let o be a solution of PULP(D, id, t).
Let Dig.¢(0) be the SPOT database obtained from Dy ; by replacing each
atom a; = loc(id, r;, t)[¢;, ui] € Dig,+ with the probability-interval updated
atom a; = loc(id, r;, t)[¢; — o[low;], u; + olupi]]

Theorem (Relationship between PULP solutions and PU-repairs)

For each optimal solution o of PULP(D, id, t), Dig +(c) is @ PU-repair for Di4 ;.
Moreover, every optimal solution o for PULP(D, id, t) one-to-one corresponds
to a model for PU-repair Di4 (o) for Dig 1, and vice versa.
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Checking and Computing Repairs

Probability-interval Update semantics

@ Let o be a solution of PULP(D, id, t).
Let Dig.¢(0) be the SPOT database obtained from Dy ; by replacing each
atom a; = loc(id, r;, t)[¢;, ui] € Dig,+ with the probability-interval updated
atom a; = loc(id, r;, t)[¢; — o[low;], u; + olupi]]

Theorem (Relationship between PULP solutions and PU-repairs)

For each optimal solution o of PULP(D, id, t), Dig +(c) is @ PU-repair for Di4 ;.
Moreover, every optimal solution o for PULP(D, id, t) one-to-one corresponds
to a model for PU-repair Di4 (o) for Dig 1, and vice versa.

Corollary (Complexity of checking PU-repairs)
Deciding whether D' is a PU-repair for SPOT DB D is in PTIME.

Corollary (Complexity of computing PU-repairs)

A PU-repair for SPOT database D can be computed in PTIME.
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Outline

e Consistent Answers
@ S- and PU-consistent selection query answers
@ Complexity of S- and PU-CQA
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S- and PU-consistent selection query answers

Selection queries

@ A selection query asks to find all objects id and times t such that id is
inside a given region r at time t with a probability in a given interval [¢, u]

Definition (Selection Query Answers)

(id, t) is an answer to selection query (?id, r, ?t, [¢, u]) w.r.t. SPOT database D
iff for every model M for D, M = loc(id, r, t)[¢, u].

D = {loc(ids, d, 1)[.9,1] g NN
loc(idy, b, 3)[.6, 1] 2l a c o o
loc(ids ¢.3)[.7. 8] 10 A Q= (?id, r,?t,[.75,1])
loc(idz, b, 1)[.5, .9] A L
loc(idh, €, 2)[.2, .5] ! d = e Answer: (id;, 1)
loc(ids, e, 1)[.6, .9]} B g

0 2 4 6 8 10 12 14 16

Who and when was in r with probability greater than .75?
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S- and PU-consistent selection query answers

S- and PU-consistent queries

@ X stands for either S or PU

Definition (X-Consistent Selection Query Answers)

Given a SPOT database D and a selection query Q = (?id, r, ?t,[¢, u]), (id, t)
is an X-consistent answer to Q w.r.t. D iff for each X-repair D’ for D, (id, t) is
an answer to Qw.r.t. D',

aty = loc(id;, d,1)[.9,1]

at, = loc(ids, a, 3)|[.5, .9] 16 - _ (i P

ats = loc(idy,b,3)[.6,1]  “[~ = GG 5 )
aty = loc(ids, c,3)[.7, .8] ?l a : . . 1 .

ats — loc(idb. b, 1)[5..9] 10 . ;(i/rc]fé\,NSe)rltsoaOPU consistent
ats = loc(ids, e, 2)[.3, .5] B 4

sy = W 1o )2 T i ‘ —— The set of S-consistent
ats = loc(idb, g,2)[.9, 1] | f | g answers is empty

aty = loc(ids, c,1)[.5, .8]

02 4 6 8 10 12 14 16

ato = loc(ids, e, 1)[.6, .9]
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Complexity of S- and PU-CQA

maximal Subset semantics

Theorem (Complexity S-CQA)

Deciding whether (id, t) is an S-consistent answer to selection query Q w.r.t.
SPOT database D is coNP-complete.

@ Membership: Use that S-repair checking, and checking whether (id, t) is
not an answer to Q, is in PTIME
@ Hardness: Reduction from SUBSET SuM

Set S=1{2,4,5} Space = {p1,p2, s, s} D = {at; = loc(id, {p1},0)[0, 0]
Constant C =7 ID = {id} at] = loc(id, {p:}, o)[é0 g]
T=0 at, = loc(id, {p-},0)[0, 0]
aty = loc(id, {p2}, 0)[10 4]
Q= (2id, {ps}, 2, [1,1]) at; = loc(id, {ps},0)[0, 0]
aty = loc(id, {ps}, 0)[% 3}

o (id,0) is notan S-CQAto Qw.r.t. Diff thereis S’ C Ssit. 3. o 51 =C

e R={at;,at, aty} is a repair for D s.t. (id,0) is not an answer to Q w.r.t. R
e R = {at, ab, at;} corresponds to subset {2,5}st.2+5=7




Consistent Answers
(o] 1}

Complexity of S- and PU-CQA

Probability-interval Update semantics

@ PTIME algorithm PU-CQAs

1) Compute the minimum cost o* of PU-repairs for Diy;+, by PULP(D, id, t)
2) Use o* to construct and solve two additional LP problems (defined below)
3) Decide whether (id, t) is a PU-consistent answer by using the optimal

values of these LP problems

Definition (PU-CQAY(D, Q, id, t) (resp. PU-CQAY(D, Q, id, t)))

Let o* be the optimal value of PULP(D, id,t), and Q = (?id, r,?t, [¢, u]).
PU-CQA‘(D, Q, id, t) (resp. PU-CQAY(D, Q, id, t)) is as follows:
minimize (resp., maximize) Zpe, Vv, subject to:

1) Va; = loc(id, r;, t)[¢;, uj] € Dig s
4 — low; < Zpen Vp < Ui + Up;
0 < low; < ¥;
O0<upi<1-uy

2) ZpeSpace Vo =1

3) Vpe Space v, >0

4) Za,-eD,-d,t low; + up; = o*

(in)equalities of PULP
plus
equality 4)
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Complexity of S- and PU-CQA

Probability-interval Update semantics

Lemma (Relationship between solutions of PU-CQA‘/“ and PU-repairs)

Every optimal solution o for PU-CQA‘(D, Q, id, t) (resp.,

PU-CQAY(D, Q, id, t)) one-to-one corresponds to a model for PU-repair
Dy ¢(0) such that the probability that id is in the query region r at time't is
minimum (resp., maximum), and vice versa.

Theorem (Exploiting PU-CQA?/PU-CQAY to compute PU-CQAa)

Let Dig+ be a SPOT database, and Q = (?id, r,?t, [, U]).

Let ¢* and u* be the optimal values returned by PU-CQA*(D, Q, id, t) and
PU-CQAY(D, Q, id, t), respectively.

(id,t) isa PU-CQA to Q w.r.t. Dig ¢ iff¢ < ¢* and u* < u
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Complexity of S- and PU-CQA

Probability-interval Update semantics

Lemma (Relationship between solutions of PU-CQA‘/“ and PU-repairs)

Every optimal solution o for PU-CQA‘(D, Q, id, t) (resp.,

PU-CQAY(D, Q, id, t)) one-to-one corresponds to a model for PU-repair
Dy ¢(0) such that the probability that id is in the query region r at time't is
minimum (resp., maximum), and vice versa.

Theorem (Exploiting PU-CQA?/PU-CQAY to compute PU-CQAa)

Let Dig+ be a SPOT database, and Q = (?id, r,?t, [, U]).

Let ¢* and u* be the optimal values returned by PU-CQA*(D, Q, id, t) and
PU-CQAY(D, Q, id, t), respectively.

(id,t) isa PU-CQA to Q w.r.t. Dig ¢ iff¢ < ¢* and u* < u

@ (id,f)isa PU-CQAto Qw.rt. Diff (id,t) isa PU-CQA Qw.r.t. Dig ¢

Theorem (Complexity of PU-CQA)

Deciding whether (id, t) is a PU-CQA to Q w.r.t. SPOT DB D is in PTIME
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Experimental evaluation for PU semantics

@ the density is the average cardinality of Dy (id € ID, t € T) (i.e., the
average number of times that an object was detected at a time point)

@ w is the average size of one side of the atom’s rectangles (i.e., w? is the
average number of points in the detection’s regions)
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g g 800
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400 600
400 /./ /
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M
o0 ¢ 0 Y T . . )
2 6 10 14 18 22 26 30 0 25 50 75 100 125
density size of sides of regions

Repair and CQA time vs. the density Repair and CQA time vs. w (d = 16,
(w =75, |Space| = 1000 x 1000). |Space| = 1000 x 1000).
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Other types of consistent answers

@ We interpreted selection queries under a cautious semantics: (id, ) is an
answer to query Q = (?id, r,?t, [¢, u]) w.r.t. D iff for each model M for D,
M = loc(id, r, t)[¢, u]

@ Optimistic semantics: just ensure that there exists a model M for D s.t.
M = loc(id, r, t)[¢, u].

@ Let us denote the type of consistent answers introduced so far as
S-consistent universal cautious answers.
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Other types of consistent answers

@ We interpreted selection queries under a cautious semantics: (id, ) is an
answer to query Q = (?id, r,?t, [¢, u]) w.r.t. D iff for each model M for D,
M = loc(id, r, t)[¢, u]

@ Optimistic semantics: just ensure that there exists a model M for D s.t.
M = loc(id, r, t)[¢, u].

@ Let us denote the type of consistent answers introduced so far as
S-consistent universal cautious answers.

@ Given a SPOT database D and a selection query Q, we say that (id, t) is
an X-consistent

- existential cautious answer to Q w.r.t. D iff there exists D' € Repx(D), such
that (id, t) is a cautious answer to Q w.r.t. D'.

- universal optimistic answer to Q w.r.t. D iff for each D' € Repx(D), (id, t) is
an optimistic answer to Q w.r.t. D',

- existential optimistic answer to Q w.r.t. D iff there exists D’ € Repx(D), such
that (id, t) is an optimistic answer to Q w.r.t. D'".
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at, = loc(icy,d, 1)[9,1]  atr = loc(idk, £,2)[5,.7] .| G
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at, = loc(idy, a, 3)[.5, .9] ats = loc(ids, g,2)[.9, 1]

(

( 12 a
ats = loc(idy, b, 3)[.6, 1] aty = loc(ids, c, 1)[.5,.8] 10
aty = loc(ids, c, 3)[.7, .8] atio = loc(ids, e, 1)[.6, .9]

(

(

(

b
ats = loc(ids, b, 1)[.5, .9] sf-| d
ats = loc(ids, e, 2)][.3, .5] Q = (?id, r,?t,[0.6,1]) 4
at; = loc(ids, f,2)[.5, .7] L :
°0 2 4 6 8 10 12 14 16

Answers:

S-consistent universal cautious: (

S-consistent existential cautious: {(ids, 1), (ids, 2), (id, 3)}
S-consistent universal optimistic: {(ids, 1), (idz, 1)}

S-consistent existential optimistic: {(ids, 1), (idx, 1), (ids, 2), (idi,3)}
PU-consistent universal cautious: {(ids, 1)}

PU-consistent existential cautious: {(ids, 1)}

PU-consistent universal optimistic: {(ids, 1), (ids, 2), (ids, 3), (id2, 1)}
PU-consistent existential optimistic: {(ids, 1), (id2, 1), (id>, 2), (ids,3)}
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Conclusions and future work

@ All the previous works on probabilistic spatio-temporal DBs assume that
the database is consistent

@ We introduced database repairs and consistent selection query answers
for SPOT DBs

@ We shown that some cases can be solved in PTIME
\[ S semantics | PU semantics |

Repair Checking PTIME PTIME
Consistent Answer || coNP-complete PTIME

@ We experimentally shown the feasibility of our approach



Conclusions and future work
°

Conclusions and future work

@ All the previous works on probabilistic spatio-temporal DBs assume that
the database is consistent

@ We introduced database repairs and consistent selection query answers
for SPOT DBs

@ We shown that some cases can be solved in PTIME
\[ S semantics | PU semantics |

Repair Checking PTIME PTIME
Consistent Answer || coNP-complete PTIME

@ We experimentally shown the feasibility of our approach
@ Interesting directions for future work are:
e Investigation of the complexity of different types of repairs (id/region/time
update)
e Complexity of checking different types of query answers
e Repairs and consistent answers in the presence of the spatio-temporal
integrity constraints (that we’ll present tomorrow morning)



Thank you!

... any question?
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