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Introduction and Motivation

QONCEPT

Goal: Reduce the number of manually specified constraints
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Classification of ESCL Cardinality Constraints

ESCL cardinality constraint:

[:3dca<+
where ¢ is cardinality specification, i is time interval.
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Classification of ESCL Cardinality Constraints ¢ 9N ¢ EPT

ESCL cardinality constraint:  Jj:3.a+«

where c is cardinality specification, / is time interval.

» Simple Cardinaltiy Specification: /: Jg,a «
where 0 € {=,<,>}, ne Ny,
e.g i:d=1a<, i:3dsab, i:3<gc

» Complex Cardinality Specification: e.g. i:3>4y=1a ¢,
I 3o1v(zan<s) ¢

=1 corresponds [1,1], > 4 corresponds [4,).
> 4/ < 8 corresponds to [4,8] = [4,00) N0, 8]
=1V (> 4A < 8) corresponds to [1,1]U[4,8]

Simple cardinality specifications are always valid.
Invalid cardinality specification: 7 : 3—j,>4, since [1,1]N[4,0) =0

=} 5 = = A
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Use of Cardinality Constraints for SO QONCEPT

1) Recognition of query unsatisfiability
2) Query suspension

3) Scan reduction

4) Query termination

5) Choice of join algorithms

6) Join introduction
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Assumptions QONCEPT

1)

2) Constraints are facts

3) Constraints involve <,> = (no <,>,#)
4)

All literals in a query body are positive

Atoms in the constraint heads are the same as the atoms in
the query body.

5) Constraints are valid and simplified

Example:

Query : Range 1h: h<« hV(bAk)
Constraints :  Range 1h: J—oy>ah <
Range 3h: <o b +
Range 30min: 3<a bl +

o = = = = 9ac
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Challenges QONCEPT

1) Arbitrarily complex query
2) Arbitrarily complex cardinality specifications

3) The query evaluation time does not coincide with the validity
time of the constraints

Example:
Query : Range 1h: h< LV (hAk)
Constraints :  Range 1h: J_py>ah <

Range 3h: <o b +
Range 30min: J<4 k5 +

Goal: Range 1h: J2h

o = = = = 9ac
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Range 1h: h
Range 1h:3_py>4 h

Range 1h: (/)
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Vv

Range 1h:3_oy>ah +

T~

Range 1h: (b Al)
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/
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Examplel

Range 1h: h

Range 1h: (hV(hAk))
Range 1h: h
Range 1h:3_5y>4 h <

Range 1h:3_py>4 h <

Range 1h: b
Range3h:3<3 h +

A
Range 1h:3<a b +

Range 30 min  Range 30 min

Range 30 min

Range 1h
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Range 1h: (hA\l)
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SEE QONCEPT

Range 1h: h

Range 1h: (hV(hAk))

/

Range 1h: h \ Range 1h: (b Ak)

Range 1h:3_5y>4 h + \

Range 1h: b A Range 1h: I3
Range 1h:3_py>4h Range3h:3< b+ Range 30min: 34 I3 +

Range 1h:3<a h + Range 1h: 3<1p

~.

Range 1h: 3¢, (<a.<12) (A B)

ca =0 =c¢ <a >a
B
0 0| =0 =0 =0
=d =0|=cd <ad >ad
<b =0 | <ch <ab =0V >a
>b 0| >ch| =0V =>b > ab

C\(£4,<12) =<4-12=<48
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Range 1h: (hV(hAk))
Range 1h: I
Range 1h:3_5y>4 h

\ Range 1h: (b A k)
Range 1h: |k A Range 1h: K
Range 1h:3_5y>4h < Range 3h:3< b + Range 30min: 3<4 I3 +
Range 1h:3<4 b+

|

Range 1h: 312 5

Range 1h: 3¢, (<a<12) (RN B)

l

Range 1h: 345 (b N ) <
Range 1h: 3¢ (o >4.<as) (hV (R AB))
ca
. ca, Vea, ca; N ea,
s, Vs, | Culcay.ca)VCilca, ca)V | (Culeay.ca,) ACu(Cayica,) )V
Cv(car:c8,) vV Cy(Car: CBs)
g, Aeg, | (Cu(carsca) ACy(cay,c,) )V

(Cv(ca,c8,) A Cu(cay. Ca,) )

(Cv(caycB;) NCy(cay:CBy) )
Cy(ca,cB,) NCy(cay:cB,)N
Cu(car;c8,) ACy(cas: CBa)

Cu(=2Vv >4,<48) = Cy(=2,<48)VCy(>4,<48)
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Range 1h: (hV(hAk))
Range 1h: I
Range 1h:3_5y >4 h

v Range 1h: (b A k)
Range 1h: h A Range 1h: K
Range 1h:3_5y>4h < Range 3h:3< h Range 30min: 3<4 I3 +
Range 1h:3<4 b+

|

Range 1h: 312 5

Range 1h: 3¢, (<a<12) (RN B)

l

Range 1h: 345 (b N )

Range 1h: 3¢, (=2 =a.<a8) (hV (R AB))
c ca =a <a >a
B

Cy(=2v >4,<48) =
=b —at+b |>bA<atb[>ath vt 24=49)
<b >aA <a+b <a+b >a
>b >a+b >b >a+b

Cu(=2,<48)vCy(>4,<48)
= (>2A<50)V (>4)
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Range 1h: (hV (hAk))
Range 1h: |
Range 1h:3_oy>4 h +

4 Range 1h: (bAk)
Range 1h: b A Range 1h: I3
Range 1h:3_5y=4h Range3h:3<0 b+ Range 30min: J<4 3
Range 1h:3<4 b +

Range 1h: J<12 b

Range 1h: 3¢, (<a<12) (RN hs)

Range 1h:3<ag (b N B)

Range 1h: 3¢, (=2 >a,<a8) (hV(hAB)) <«

Range 1h: 3(>a7<s0yv=4 (hV (R AK))
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Range 1h: (L V(khAh))
Range 1h: |
Range 1h:3_py >4 h +

Range 1h: (b Al)
Range 1h:3_5y>ah «

Range 1h: b
Range 3h:3<3 b +

Range 1h: 5

Range 30min : 34 I
Range 1h:3<4 b+

Range 1h: 3<12 3

Range 1h: 3¢, (<a.<12) (b A B)

Range 1h: 3<4g (b N B)

Range 1h: 3¢ (=2v>a.<a) (h V(R AL))

Range 1h: 350 <s0)v24 (L V (R AK))

l

Range 1h: 325 (hV (b AK)) +
(>2A <50)V >4 corresponds [2,50]U[4,00) = [2,00)
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Range 1h: (hV(hAh))
Range 1h: I
Range 1h:3_5y>a h

Range 1h: (hAl)
Range 1h: |
Range 1h:3_5y>ah Range3h:3<3 b+

Range 1h: k
Range 30min : 3<4 I3
Range 1h:3<4 h +

Range 1h: 3<12 l3

Range 1h:3c,(<a<12) (RN )
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D
27 /35



SEE

Range 1h: h

QONCEPT

Range 1h: (hV(hAh))

propagateCardSpecs
Range 1h: | v Range 1h: (hAl)
Range 1h:3_5y>a h
Range 1h:3_5y>ah

Range 1h: |
Range3h:3<3 b+

Range 1h: k

Range 30min : 3<4 I3
transformCardSpec

Range 1h:3<4 h +

Range 1h: 3<12 l3
Range 1h: 3¢, (<a<12) (R A ls) +

Range 1h: 3z (bAB) <+
Range 1h:3c,(—2v>a.<as) (hV (R AB))

Range 1h: 3(zap<s0)vza (hV (R AB))

simplify
Range 1h: 35 (hV (b Ak))

Range 1h:3: h+
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Properties of the algorithms QONCEPT

Termi- | Complexity Correct- | Complete-
nation ness ness
simplify v O(n) v v
transform- v 0O(n?) v v
CardSpec
propagate- v if m=1:0(n?) v v
CardSpec
fm>2:
0(24m—6 . n2m—2)

where m is the number of the atoms in the query body, and n
denotes the maximal number of simple cardinality specifications of
the cardinality constraints for the atoms.
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Results QONCEPT

Algorithm propagating of the ESCL cardinality constraints with
respect to StreamlLog queries such that

1) The query and constraints may be arbitrary complex

2) The query evaluation time does not coincide with the validity
time of the constraints

Proofs of the termination, correctness and completeness of the
algorithm, investigation of its complexity
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Future Work YORNUEEL

1) Propagation of ESCL cardinality constraints independently
from the assumptions

2) Propagation of ESCL causal, temporal, and data constraints
with respect to StreamlLog queries

3) Derivation of ESCL constraints from StreamlLog queries
independently from other ESCL constraints

4) Implementation and experimental evaluation of the whole
approach
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