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Motivations

Chase Algorithm

@ Sufficient chase termination condition

° D= {N(a),S(a)}
Vx [ N(x) — 3y E(x,y) ]

== 9%, y) [ S(X) A E(x,y) = N(y)]
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Motivations

Chase Algorithm

@ Sufficient chase termination condition

° D= {N(a),S(a)}
Vx [ N(x) — 3y E(x,y) ]

== 9%, y) [ S(X) A E(x,y) = N(y)]

@ chase(D,x) = {N(a), S(a), E(a,n1), N(n1), E(11,12)}
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Motivations

Chase Algorithm

@ Sufficient chase termination condition

e D={N(a),S(a)}

_ Yx[N(x) =3y E(x,y) ]
V(G y) [S(X) AE(x,y) = N(y) ]

@ chase(D,X) = {N(a), S(a), E(a,n1), N(n1), E(n1,m2)}

@ The chase produces a universal solution
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Motivations

Chase Algorithm

@ Sufficient chase termination condition

e D={N(a),S(a)}

_ VX [N(x) =3y E(x,y)]
V(% y) [S(X) AE(x,y) = N(y) ]

@ chase(D,X) = {N(a), S(a), E(a,n1), N(n1), E(n1,m2)}

@ Areas of application: query optimization, data exchange,
consistent query answering,. . .
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Motivations

A Non-terminating Chase Sequence

Vx [ N(x) — Jy E(x,y) ]

== Yooy [ E(xy) = N(y)]

D= {N(a)}

chase(D,¥) = {N(a), E(a,m), N(n1), E(n1,12), N(112), - - - }
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Motivations

A Non-terminating Chase Sequence

Vx [ N(x) — Jy E(x,y) ]

== Yooy [ E(xy) = N(y)]

D= {N(a)}

chase(D,¥) = {N(a), E(a,m), N(n1), E(n1,12), N(112), - - - }

@ Chase termination: undecidable problem (Deutsch et al.
[2008])
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Motivations

Weak Acyclicity

(Dependency Graph)

@ represent the flow of values
@ nodes are positions
@ special edges = indicates the generation of new null values

¥ Vx [ N(x) — 3y E(x,y) ]
VY [E(xy) = N(y) |

®/@
O
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Motivations

Weak Acyclicity

(Dependency Graph)

@ represent the flow of values
@ nodes are positions
@ special edges = indicates the generation of new null values

Example

Vx [ N(x) — 3y E(x,y) ]
V(x,y) [E(x,y) = N(y) |

—

Yy =
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Motivations

WA, SC, CStr, IR and SwA Relationships
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Motivations

Contributions

@ Introduction of new chase termination criteria

o WA-stratification (SC-stratification and SwA-stratification)
e Local Stratification

@ New rewriting technique improved by analyzing affected
positions
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Chase Termination Criteria

Chase Termination Criteria
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Chase Termination Criteria

C-Stratification [DeutschNR08,MeierSL09]

@ Builds a c-chase graph G:(x) = (X, E) representing how
constraints fire each other.
@ (r,r) € Eifry <¢ r (firing ry can cause r» to fire)
1) K Ky,
@ r <¢rnif: 2) Ko [~ ho(r2),
3) Ki = hao(r2).
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@ Builds a c-chase graph G:(x) = (X, E) representing how
constraints fire each other.
@ (r,r) € Eifry <¢ r (firing ry can cause r» to fire)
1) K- Ko,
@ ry <¢ o if: 2) Ko [~ ho(r2),
3) Ki = hao(r2).
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@ Builds a c-chase graph G:(x) = (X, E) representing how
constraints fire each other.
@ (r,r) € Eifry <¢ r (firing ry can cause r» to fire)
1) K- Ko,
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3) Ki = hao(n2).
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Chase Termination Criteria

C-Stratification [DeutschNR08,MeierSL09]

(C-Stratification)

A set of constraint X is c-stratified if every cycle in the c-chase graph is
weakly acyclic.

Y={r:Tx,y)ANT(y,x) =3z T(y,z) AN T(z,x)}

we have that r <¢ r and {r} is not weakly acyclic

Figure: Dependency graph Dep(X)

A
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Chase Termination Criteria

C-Stratification versus Stratification

@ C-Stratification @ Stratification
ry <c r if: r < rif:
1) Ky K, 1) Ky Ko,
2) Ko £ ho(r2), 2) Kz £ ho(r2),
3) K1 = hao(r2). 3) Ki = ha(r2).
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Chase Termination Criteria

C-Stratification versus Stratification

@ C-Stratification @ Stratification
ry <c r if: r < rif:
1) Ky K, 1) Ky Ko,
2) Ko £ ho(r2), 2) Kz £ ho(r2),
3) K1 = hao(r2). 3) Ki = ha(r2).

@ Stratification guarantees the termination of at least one
chase sequence.
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Chase Termination Criteria

Example: Stratification

r

rn: R(x)— 3y T(x,y) \
Y= n: R(x)— T(x,x) R >
I3 : T(X7y) A T(X7 X) - R(y) chase graph
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Example: Stratification

r
ri: R(x) — 3y T(x,y) \
Y= n: R(x)— T(x,x) R >
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ r; £ r; because
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Chase Termination Criteria

Example: Stratification

r

rn: R(x)— 3y T(x,y) \
Y= n: R(x)— T(x,x) R >
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ r; £ r; because

Q if Ki = {R(a)} then K = {R(a), T(a,m)} k= 15
(because T(a,a) € Ko)

S. Greco, F. Spezzano and I. Trubitsyna Stratification Criteria and Rewriting Techniques for Checking



Stratification Criteria and Rewriting Techniques for Checking Chase Termination
Chase Termination Criteria

Example: Stratification

r
ri: R(x) — 3y T(x,y) \
Y= n: R(x)— T(x,x) R >
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ 1 A r; because
Q if K1 = {R(a)} then K> = {R(a), T(a,m)} = r3
(because T(a,a) € Ko)
Q if Ky = {R(a), T(a,a)} then Ky = £ (K; universal solution)

4
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Chase Termination Criteria

Example: Stratification

rn
rn: R(x) — 3y T(x,y) \
Y= rn: R(x)— T(x,x) rp ——> 13
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ chase sequence r; — r» — r3 — ... is not terminating
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Example: Stratification

rn
rn: R(x) — 3y T(x,y) R\
Y= rn: R(x)— T(x,x) rp ——> 13
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ chase sequence r; — r» — r3 — ... is not terminating
D={R(a)}
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Chase Termination Criteria

Example: Stratification

rn
rn: R(x) — 3y T(x,y) \
Y= rn: R(x)— T(x,x) rp ——> 13
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ chase sequence r; — r» — r3 — ... is not terminating
D={R(a)}
D™Dy = {R(a), T(a,m)}
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Chase Termination Criteria

Example: Stratification

rn
rn: R(x) — 3y T(x,y) \
Y= rn: R(x)— T(x,x) rp ——> 13
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ chase sequence r; — r» — r3 — ... is not terminating
D={R(a)}
D™Dy = {R(a), T(a,m)}
Ds rz_}thz = {R(a)7 T(a7 771)7 T(a7 a)}
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Chase Termination Criteria

Example: Stratification

rn
rn: R(x) — 3y T(x,y) \
Y= rn: R(x)— T(x,x) rp ——> 13
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ chase sequence r; — r» — r3 — ... is not terminating
D ={R(a)}
D ™" Dy = {R(a), T(a,m)}
D; 22D, = {R(a), T(a,m), T(a,a)}
Dz »/3Ds = {R(a), T(a,n1), T(a, a), R(m)}
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Chase Termination Criteria

Example: Stratification

r

rn: R(x) — 3y T(x,y) \
Y= n: R(x)— T(x,x) rr _—>"
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ chase sequence r; — r, — 3 — ... is not terminating
D={R(a)}
D™Dy = {R(a), T(a,m)}
D; 282D, = {R(a), T(a,m), T(a, a)}
D, %42Ds = {R(a), T(a,m), T(a,a), R(m)}
Ds "Dy = {R(a), T(a,m), T(a a), R(m), T(n,72)}
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Chase Termination Criteria

Example: Stratification

rn
rn: R(x) — 3y T(x,y) \
Y= rn: R(x)— T(x,x) rp ——> 13
I3 : T(X7y) A T(X7 X) - R(y) chase graph

@ chase sequence r; — r, — r; — ... is not terminating
D={R(a)}
D™Dy = {R(a), T(a,m)}
D; 282D, = {R(a), T(a,m), T(a, a)}
D, %42Ds = {R(a), T(a,m), T(a,a), R(m)}
Ds "Dy = {R(a), T(a,m), T(a a), R(m), T(n,72)}

@ chase sequence r» — r; — r1 terminates

S. Greco, F. Spezzano and I. Trubitsyna Stratification Criteria and Rewriting Techniques for Checking



Stratification Criteria and Rewriting Techniques for Checking Chase Termination

Chase Termination Criteria

WA-stratification

@ Builds a firing graph T (X) = (X, E) representing how constraints fire each other.
@ (r,nr) € Eifry < ro(firing ry can cause r» to fire)

@ < nif: @ 1 <nif:
1) K" Ky, 1) Ky s K,
2) K2 U S B ha(r2), 2) Kz = ha(r2),
3) K1 US = hy(r2) and 3) Ky = ha(r2).
4) Null(S) N (Null(Kz) — Null(Ky)) = 0.
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Chase Termination Criteria

WA-stratification

@ Builds a firing graph T (X) = (X, E) representing how constraints fire each other.
@ (r,nr) € Eifry < ro(firing ry can cause r» to fire)

@ < nif: @ 1 <nif:
1) K" Ky, 1) Ky s K,
2) K2 U S B ha(r2), 2) Kz = ha(r2),
3) K1 US = hy(r2) and 3) Ky = ha(r2).
4) Null(S) N (Null(Kz) — Null(Ky)) = 0.

ri: R(x) — 3y T(x,y)
Y= rn: R(x)— T(x,x)

r3: T(x,y) A T(x,x) — R(y) r \
@ Ki ={R(a)} and K> = {R(a), T(a,m)} R
° S = {T(a7 a)} firing graph

@ r3: T(am)AT(aa) — R(m)
@ 13 is fired by ry, then we have r; < r3

S. Greco, F. Spezzano and I. Trubitsyna Stratification Criteria and Rewriting Techniques for Checking



Stratification Criteria and Rewriting Techniques for Checking Chase Termination
Chase Termination Criteria

WA-stratification

(WA-Stratification)

We say that ¥ is WA-stratified (WAStr) iff the constraints in every nontrivial
strongly connected component of the firing graph
X)) = (%, {(n,r)|n < r}) are weakly acyclic.
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Chase Termination Criteria

WA-stratification

(WA-Stratification)

We say that ¥ is WA-stratified (WAStr) iff the constraints in every nontrivial
strongly connected component of the firing graph
X)) = (%, {(n,r)|n < r}) are weakly acyclic.

Example

| \

Y={r:Tx,y)ANT(y,x) =3z T(y,z) AN T(z,x)}
is WA-stratified, but not c-stratified.
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Chase Termination Criteria

WA-stratification

(WA-Stratification)

We say that ¥ is WA-stratified (WAStr) iff the constraints in every nontrivial
strongly connected component of the firing graph
(X)) = (%, {(n,r)|n < r}) are weakly acyclic.

Example

| \

Y={r:Tx,y)ANT(y,x) =3z T(y,z) AN T(z,x)}
is WA-stratified, but not c-stratified.

Proposition

| \

CStr & WAStr and SC }f WASTr.

\
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Chase Termination Criteria

SC-stratification and SwA-stratification

Definition
Given a set of TDGs X, we say that ¥ is

@ SC-stratified (SCStr) if the constraints in every nontrivial strongly
connected component of the firing graph I'(X) are safe.

@ SwA-stratified (SwASHr) if the constraints in every nontrivial strongly
connected component of the firing graph I'(X) are super-weak acyclic.
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Chase Termination Criteria

SC-stratification and SwA-stratification

Given a set of TDGs X, we say that ¥ is

@ SC-stratified (SCStr) if the constraints in every nontrivial strongly
connected component of the firing graph I'(X) are safe.

@ SwA-stratified (SwASHr) if the constraints in every nontrivial strongly
connected component of the firing graph I'(X) are super-weak acyclic.

| A

Proposition

Let X be a set of WA-stratified (resp. SC-stratified, SwA-stratified) TGDs and
let D be a database. Then, the length of every chase sequence of X over D is
polynomial in the size of D.

v
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Chase Termination Criteria

SwA-stratification

Q@ WAStr ¢ SCStr ¢ SwASTtr,
@ for C € {WA, SC, SwA}, C ¢ C-Str and
©Q IR} SwAStr.
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Chase Termination Criteria

Local Stratification

New chase termination condition: Local Stratification (LS)
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Chase Termination Criteria

Local Stratification

New chase termination condition: Local Stratification (LS)
@ Combine <-relation of WA-Str, with SwA criterion,
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Chase Termination Criteria

Local Stratification

New chase termination condition: Local Stratification (LS)
@ Combine <-relation of WA-Str, with SwA criterion,

@ ensures the termination of all chase sequences in
polynomial data complexity,
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Chase Termination Criteria

Local Stratification

New chase termination condition: Local Stratification (LS)
@ Combine <-relation of WA-Str, with SwA criterion,

@ ensures the termination of all chase sequences in
polynomial data complexity,

@ SWA-Str & LS and IR & LS.
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

ri: N(x)— 3y 3z E(x,y) AS(z,y)
= n: E(x,y1) A S, y1) = N(y1)
130 E(x2,y2) = E(y2, %)
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

ri: N(x)— 3y 3z E(x,y) AS(z,y)
= n: E(x,y1) A S, y1) = N(y1)
130 E(x2,y2) = E(y2, %)

Py P2 P3 P4 P5
rn: Nx)—3y3zEx ,y )AS(z ,y )
Pe  P7 Pg Py P10
= I E(x1,y1)/\S(x1,y1)—>N(y1 )

Pi1 P12 P13 P14
3. E(Xg » Yo ) — E(yz » Xo )
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

4 P5

P1 P2 P3 P.
rn: Nx)—=3y3zEx ,y )AS(z ,y )

Ps  P7 Pg Py P10
= I E(X17Y1)/\S(X17Y1)_)N(Y1 )

P11 P12 P13 P14
r3: E(X Yo ) = E(Y %)

Move(r,y) = {p3,ps}
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

Psa  Ps

Py P2 P3
rn: Nx)—=3y3zEx ,y )AS(z ,y )

Ps  P7 Pg P9 P10
L= E(X,y )AS(X, ) = N(ys )

P11 P12 P13 P14
r3: E(X Yo ) = E(Y % )

Move(ry, y) = {Ps, ps, P10}
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

Psa  Ps

Py P2 P3
rn: Nx)—=3y3zEx ,y )AS(z ,y )

Ps  P7 Pg Py P10
= I E(X17Y1)/\S(X17Y1)_)N(Y1 )

P11 P12 P13 P14
r3: E(xy )2 )= E(2 X))

Move(ry,y) = {ps, Ps, P10, P13}
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

Psa  Ps

Py P2 P3
rn: N(x)—=3y3zEx ,y )AS(z ,y )

Ps  P7 Pg Py P10
= I E(X17Y1)/\S(X17Y1)_)N(Y1 )

P11 P12 P13 P14
r3: E(X Yo ) = E(Y %)

Move(ry, y) = {Ps, Ps, P10, P13, P2}
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

Psa  Ps

I N(p )—>3yE|zE(x ,y)/\S( Y )

= I E(X17Y1)/\S(X17Y1)_)N(Y1 )

P11 P12 P13 P14
r3: E(X2 7y2 )_>E(y2 , X2 )

MOVe(f1 )y)) = {p37p57p107p13)p2,p14}

S. Greco, F. Spezzano and I. Trubitsyna Stratification Criteria and Rewriting Techniques for Checking



Stratification Criteria and Rewriting Techniques for Checking Chase Termination
Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

Py P2 P3 P4 Ps5
rn: Nx)—3y3zeE(x ,y YAS(z ,y )

P P7 Pg P9 P10
= o E(x1,y1)/\S(x1,y1)—>N(y1 )

P11 P12 P13 P14

r3: E(Xg » Yo ) — E(yz » Xo )
Move(ry, y) = {ps, Ps, P10, P13, P2, P14}
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

Pq P2 P3 P4 P55
rn: Nx)—3y3zeE(x ,y YAS(z ,y )

P P7 Pg P9 P10
= o E(x1,y1)/\8(x1,y1)a N(y1 )
P11 P12 P13 P14
r3: E(Xg » Yo )_> E(yz ) Xo )
Move(r1,y) = {ps; Ps, P10, P13, P2, P14}

Then, we say that r; ~ ry
because the null introduced by ry (p3 and ps) is copied again in the head of rq

(p2)
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Chase Termination Criteria

Example: Super-weak Acyclicity marnetteog]

Analyzes nulls propagation through constraints

Py P2 P3 P4 Ps5
rn: Nx)—3y3zeE(x ,y YAS(z ,y )

P P7 Pg P9 P10
= o E(x1,y1)/\8(x1,y1)a N(y1 )
P11 P12 P13 P14
r3: E(Xg » Yo )_> E(yz ) Xo )
Move(r1,y) = {ps; Ps, P10, P13, P2, P14}

Then, we say that r; ~ ry
because the null introduced by ry (p3 and ps) is copied again in the head of rq

(p2)
The relation ~ is cyclic and X is not in SwA
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Chase Termination Criteria

Local Stratification

IDEA: testing the firing relation < from WA-stratification in the MOVE

construction

Example

|

Py P2 P3 P4 P5
rn: Nx)—3y3zE(x ,y )AS(z ,y )

P10

Ps  P7 Pg P9
Y= p: E(x1,51) AN S(x1,%1) — N(ys )

P11 P12 P13 P14

rs: E(x ¥ ) = E(Y2 , %)

and I. Trubitsyna Stratification Criteria and Re
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Chase Termination Criteria

Local Stratification

IDEA: testing the firing relation < from WA-stratification in the MOVE
construction

Example

P1 P2 P3 P4 P5
rn: Nx)—3y3zE(x ,y )AS(z ,y )

P10

Ps  P7 Pg P9
Y= p E(x1,51) AN S(x1,%1) — N(ys )

P11 P12 P13 P14

r: EQo ¥ )= E(Ye , X% )
D)

n
/N . .
r PR rs 2 3
Firing graph Trigger graph

{F1,F2, M3}not wa
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Chase Termination Criteria

Local Stratification

IDEA: testing the firing relation < from WA-stratification in the MOVE
construction

Example

P1 P2 P3 P4 Ps5
rn: Nx)—=3y3zE(x,y )AS(z ,y )

P10

Ps  P7 Pg Py
L= E(X,01) AS(Xi,y) = Ny )

P11 P12 P13 P14

rs: EQo ¥ ) = E(Y2 , X )

n £
MOVE(r1,y) = {ps, ps}
pio € MOVE(ri,y)asnr £
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Chase Termination Criteria

Local Stratification

IDEA: testing the firing relation < from WA-stratification in the MOVE
construction

Example

P1 P2 P3 Ps P55
rn: Nx)—=3y3zE(x,y )AS(z ,y )

P10

Ps  P7 Pg P9
L= r: E(G,y) AS(q,y) = Ny )
P11 P12 P13 P14
rs: EQo ¥ ) = E(Y2 , X )
n<r "
MOVE(H,}/) = {,Ds,ps} r r3
pio € MOVE(ri,y)asnr £

LS Trigger graph
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Chase Termination Criteria

Local Stratification
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Chase Termination Criteria

Limitations

Vx [ N(x) — 3y E(x,y) ]

== Y, y) [ S(X) A E(x,y) = N(y)]
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Constraints Rewriting Technique

Constraints Rewriting Technique
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Constraints Rewriting Technique

Constraints Rewriting Technique [GrecoS10]

@ |dea: rewrite X into an ‘equivalent’ set ¥ and verify the

structural properties for chase termination on ¢
@ introduction of adornments associated with predicates

Adn(3)

Base(5) Derived(s) out ()

In(3)

p - pb-b U pbeb 5 p@ U p% - pb U pY - p

Map(3)

Stratification Criteria and Rewriting Techniques for Checking

S. Greco, F. Spezzano and |. Trubitsyna
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Constraints Rewriting Technique

Rewriting Algorithm

N(x) — 3y E(x,y)

> = S(x) A E(x,y) = N(y)
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Constraints Rewriting Technique

Rewriting Algorithm

N(x) — 3y E(x,y)

> = S(x) A E(x,y) = N(y)

(]
=

n(x

N(x) — N°(x)

S(x) = S°(x)
E(x,y) = E®(x,)

S. Greco, F. Spezzano and I. Trubitsyna Stratification Criteria and Rewriting Techniques for Checking



Stratification Criteria and Rewriting Techniques for Checking Chase Termination

Constraints Rewriting Technique

Rewriting Algorithm

N(x) — 3y E(x,y)

== S(x) A E(x,y) = N(y)
@ Base(X) =
o In(x) = e Nb(x) — 3y EP(x,y)
N(x) — N°(x) o S°(x) A EPP(x,y) — NE(y)

S(x) = S°(x)
E(x,y) = E®(x,y)

S. Greco, F. Spezzano and I. Trubitsyna Stratification Criteria and Rewriting Techniques for Checking
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Constraints Rewriting Technique

Rewriting Algorithm

s - N =3y E(xy)
— S()ANE(x,y) = N(y)
@ Base(X) =
@ In(x) = o N°(x) — 3y E¥(x,y)

N(x) — N°(x) o S°(x) A EPP(x,y) — NE(y)
S(x) ~ 8°(x) ® Derived(x) =
E(x,y) = E™(x,y)

o

o
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Constraints Rewriting Technique

Rewriting Algorithm

N(x) — 3y E(x,y)

== S(0) A E(x.y) = N(y)
@ Base(X) =
0 In(X) = o N°(x) — 3y EM(x,y)
N(x) — N°(x) o S°(x) A EP(x,y) = NP(y)
S(x) — S°(x) o Derived(s) —

Ebor) = ERGy) o SP(x) A EY(x,y)  N'(y)
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Constraints Rewriting Technique

Rewriting Algorithm

N(x) — 3y E(x,y)

== S(0) A E(x.y) = N(y)
@ Base(X) =
0 In(X) = o N°(x) — 3y E®(x,y)
N(x) — N°(x) o S°(x) A EPP(x,y) — NE(y)
S(x) — S°(x) o Derived(s) —

E(y) = EZ(x,y) o SP(x)AEM(x,y) = N'(y)
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Constraints Rewriting Technique

Rewriting Algorithm

N(x) — 3y E(x,y)

== S(x) A E(x.y) = N(y)
@ Base(X) =
® In(x) = o N°(x) — 3y E®(x,y)
N(x) — N2(x) o SP(x) A EPP(x,y) — N°(y)
S(x) = S°(x) @ Derived(T) =
E(x,y) = E®(x,) b
e S

(X) A EP'(x,y) = N'(y)
e N(x) — Iy E"(x,y)
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Constraints Rewriting Technique

Rewriting Algorithm

s _ N() =3y E(x,y)
S(x) A E(x,y) = N(y)
@ In(x) = , @ Base(X) =
N(x) — N°(x) o Nb(x)— ay Eb(x,y)
b
2337) i ;(gxtn?:(x, y) ° S°(x) A EPP(x, y) — N°(y)
o Oul(s) = @ Derived(X) =
Nb(X)H A(X) ("] Sb( )/\Ebf(xvy)_>Nf(y)
N (x) = N(x) o N'(x) 3y E"(x.y)
- 8(x)
Y)
Y)
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Constraints Rewriting Technique

Rewriting Algorithm

Example

D ={N(a), S(a)}
chase(D, Adn(X)) = {
chase(D, Map(X)) = {
N(a) S(a)
(a) S(a) E(a, 1)
(m)  E(n,m2) NP(a) Sb(a) EP(a,n)
N'(m) E™(n1,n2)

2=2

N(a) S(a) E(a,m)
?’(?71) E(n1,m2)

S. Greco, F. Spezzano and I. Trubitsyna Stratification Criteria and Rewriting Techniques for Checking
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Constraints Rewriting Technique

Chase Termination Checking

@ Test chase termination criteria over rewritten constraints
Adn(%)

@ Adn(z) = {

Ne(x) — Ty E¥(x, )
8°(x) A E®(x, y) = No(y)

SP(x) A EP(x,y) — N'(y) ( )
N'(x) — 3y E"(x,y) @
PP } @

Figure: Dep(Adn(x))
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Constraints Rewriting Technique

Chase Termination Checking

@ Adn-T: class of sets of TGDs X s.t. Adn(X)isin T

T SCAdn—T for T € {WA,SC,CStr, IR, SwA, WAStr,...,LS}.

@ Rewriting technique is orthogonal to termination conditions
@ improves current chase termination criteria

S. Greco, F. Spezzano and I. Trubitsyna Stratification Criteria and Rewriting Techniques for Checking
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Constraints Rewriting Technique

Constraints Rewriting Technique

Figure: Criteria Relationships
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Constraints Rewriting Technique

Improving Rewriting Algorithm

Adn™T
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Constraints Rewriting Technique

A New Rewriting Algorithm

Example

r: R(x) = S(x,x)
Y= rn: S(x1,x) — 3z T(x2,z) A Q(x2)
r3: T(x1,%2) A T(x1,X3) A T(x3,x1) = R(x2)

@ Adn(x) ¢ LS

Rf(x) — S(x, x)
Sf(x1,x) — 3z T (X0, 2) A Qf (x2)
TH(x1, %) A T (x1,x3) A T (x5, x1) = R (x2)

Dt

@ chase(D, X) terminates for all database D

Adn(X) =

ezzano and |. Trubitsyna Stratification Criteria and Rewriting Techniques for Che:
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Constraints Rewriting Technique

A New Rewriting Algorithm

Adn™ algorithm improves Adn
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Constraints Rewriting Technique

A New Rewriting Algorithm

Adn™ algorithm improves Adn

@ testing of the <-relation during the generation of adorned
constraints,
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Constraints Rewriting Technique

A New Rewriting Algorithm

Adn™ algorithm improves Adn
@ testing of the <-relation during the generation of adorned
constraints,
@ the adornment f; is assigned in a more refined way (skolem
function),
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Constraints Rewriting Technique

A New Rewriting Algorithm

Adn™ algorithm improves Adn
@ testing of the <-relation during the generation of adorned
constraints,
@ the adornment f; is assigned in a more refined way (skolem
function),

@ cyclicity detection (Adn* returns a boolean value, cyc,
saying if there is cyclicity among the adorned constraints).
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Constraints Rewriting Technique

A New Rewriting Algorithm

s_ N N(x) — 3y E(x,y)
- E(xy) = N(y)
n<rnr

rp<n

and |. Trubitsyna Stratification Criteria and Rewri Techniques for Checki



Stratification Criteria and Re g Techniques for Checking Chase Termination
Constraints Rewriting Technique

A New Rewriting Algorithm

s_ N N(x) — 3y E(x,y)
T E(xy) = N(y)
n<rnr

rp<n

cyc = false
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Constraints Rewriting Technique

A New Rewriting Algorithm

Base(x) =
i o NP(x) — 3y EPf(x,y)
rh: EPP(x,y) — NP(y)

s_ N N(x) — 3y E(x,y)
T E(xy) = N(y)
n<rnr

rp<n

cyc = false

and I. Trubitsyna Stratification Criteria and Re
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Constraints Rewriting Technique

A New Rewriting Algorithm

Base(x) =

ry o EPP(x,y) — NP(y)
fn<n Derived(X) =
rp<n
cyc = false
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Constraints Rewriting Technique

A New Rewriting Algorithm

= 5 E(xy) > N()

n<rnr
rp<n
cyc = false

r - N(x) — 3y E(x,

%)

Base(x) =

rf o NP(x) — Jy EPfi(x,y)
e — NP(y)
Derived(X) =

and |. Trubitsyna
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Constraints Rewriting Technique

A New Rewriting Algorithm

= 5 E(xy) > N()

n<rnr
rp<n
cyc = false

r - N(x) — 3y E(x,

%)

Base(x) =

rf o NP(x) — Jy EPfi(x,y)
e — NP(y)
Derived(X) =
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Constraints Rewriting Technique

A New Rewriting Algorithm

= 5 E(xy) > N()

n<rnr
rp<n
cyc = false

r - N(x) — 3y E(x,

%)

Base(x) =

rf o NP(x) — Jy EPfi(x,y)
e — NP(y)
Derived(X) =

rd: EPh(x,y) — N (y)

and |. Trubitsyna
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Constraints Rewriting Technique

A New Rewriting Algorithm

ri: N(x) — 3y E(x,y) i bfy
Y = e — Jy E”(x,y)
r2: E(x,y) = N(y) A ,
ry: E®(x,y) = N°(y)
"< r Qgr/vez(z) = f
< 1 ry o EP(x,y) = Ni(y)
cyc = false
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Constraints Rewriting Technique

A New Rewriting Algorithm

ri: N(x) — 3y E(x,y) i bfy
Y = e — Jy E”(x,y)
r2: E(x,y) = N(y) A ,
ry: E®(x,y) = N°(y)
"< r Qgr/vez(z) = f
< 1 ry o EP(x,y) = Ni(y)
cyc = false
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Constraints Rewriting Technique

A New Rewriting Algorithm

ri: N(x Jy E(x i
== r; : Eéx:)y;}—)yN(if)J) r1: . 3y B ()
ry: EPP(x,y) — NO(y)
"< r Derived(X) =
e i EPh(x,y) — Nfi(y)
cyc = false ri: Nfi(x) — 3y Efe(x,y)
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Constraints Rewriting Technique

A New Rewriting Algorithm

Base(X) =

ry: N(x) — 3y E(x,y) i. Nb bfy
Y= r o N°(x) — 3y E*(x,y)

R E(xy) = N(y) L ,

rp: EP(x,y) = N°(y)
"< r Derived(X) =
<1 s EYh(x,y) — N (y)
cyc = false ri s Nf(x) — 3y Eff(x, y)
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Constraints Rewriting Technique

A New Rewriting Algorithm

Yy =

ri: N(x) — 3y E(x,y)
r: E(x,y) — N(y)

n<rnr
rp<n
cyc = false

Base(X) =

ri o NP(x) — 3y EPf(x,y)
5o EPP(x,y) — NP(y)
Derived(X) =

A e — Nfi(y)

i Nfi(x) — 3y Ef(x, y)

zzano and l. Trubitsyna
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Constraints Rewriting Technique

A New Rewriting Algorithm

Base(X) =
s N(x) — 3y E(x,y) ri: NP(x) — 3y EPfi(x,y)
r: E(x,y) = N(y) AN )
ry o E®(x,y) = N°(y)
H<nm D”er/ved(Z) = f
n<n r2“: HN‘(}/)
cyc = false ri s Nfi(x) — 3y Eff(x, y)

it Eff(x,y) — N2(y)

ezzano and |. Trubitsyna Stratification Criteria and Rewriting Techniques for Che:



Stratification Criteria and Rewriting Techniques for Checking Chase Termination
Constraints Rewriting Technique

A New Rewriting Algorithm

Base(X) =
s — N Nx) =3y E(x.y) ri Nb(x) — 3y EPfi(x,y)
rp: E(x,y) = N(y) ré' . EP(x, y) — NE(y)
Derived(X) =
n<r ré'i . Ebf (ny) s Nfi (y)
< n 7 ] »
: Nh Jy Efif2
cyc = false i (x) = 3y EN2(x,y)

i EN(x,y) — N (y)
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Constraints Rewriting Technique

A New Rewriting Algorithm

Base(X) =
s N N(x) — 3y E(x,y) ri: NP(x) — 3y EPfi(x,y)
r: E(x,y) = N(y) ré' . EP(x, y) — NE(y)
Derived(X) =
e % E%(xp) > NAG)
cyc = false i NA(x) — 3y En2(x,y)

i Eff(x,y) — N2(y)
i N (x) — 3y ERB(x,y)
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Constraints Rewriting Technique

A New Rewriting Algorithm

Base(X) =
s N N(x) — 3y E(x,y) ri: NP(x) — 3y EPfi(x,y)
r: E(x,y) = N(y) ré' . EP(x, y) — NE(y)
Derived(X) =
e % E%(xp) > NAG)
cyc = false i NA(x) — 3y En2(x,y)

i Eff(x,y) — N2(y)
i N (x) — 3y ERB(x,y)
iy ERB(x,y) — Ns(y)
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A New Rewriting Algorithm

Base(X) =
s N N(x) — 3y E(x,y) ri: NP(x) — 3y EPfi(x,y)
r: E(x,y) = N(y) ré' . EP(x, y) — NE(y)
Derived(X) =
e % E%(xp) > NAG)
cyc = false i NA(x) — 3y En2(x,y)

i Eff(x,y) — N2(y)

i N (x) — 3y ERB(x,y)
iy ERB(x,y) — Ns(y)
N’ (x) — 3y EB%(x,y)
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A New Rewriting Algorithm

Base(X) =
s - 1 Nx)— 3y E(x,y) i NP(x) — 3y EPi(x,y)
T n: E(x,y) = N(y) .

o rh: EP(x,y)  No(y)
Derived(X) =

r<r )

e i EPh(x,y) > Ni(y)

2= i N f

cyc = false r1m. N (x) — Jy E2(x,y)
g Eff(x,y) = N2(y)
ril: NB(x) — 3y E2b(x,y)
ry: ERB(x,y) = N5(y)

0={fs/h, fa/lo} NB(x) — 3y EBf(x,y)
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A New Rewriting Algorithm

Base(x) =
s i N =3y E(x,y) ri o NP(x) — 3y EPf(x,y)
ro: E(x,y) — N(y) ré : EbD(x,y) — NE(y)
Derived(X) =
2 z f r%: : E‘f’f1 x,y) — N:1f(y)
Gye = frue ri: N1(x) — 3y E'2(x,y)

i EfR(x,y) — N2(y)
i N2(x) — 3y ERB(x,y)
v ERB(x,y) — NB(y)
i Nis(x) — 3y Efi(x,y)
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A New Rewriting Algorithm

For every set of TGDs ¥ the function Adn™™ always terminates.

_

Theorem
For every set of TGDs % over a database schema R

(Map(R), Map(¥)) =g s (Adn** (R, ), Adn**(x))

v

Adn-T ¢ Adnt*-T, for
Te{WA,SC,Str,CStr, SwA, WAStr, ..., LS}.

A\
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Acyclic set of TGDs

Definition
A set of TGDs ¥ is said to be Acyclic (AC) if cyc is false.
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Acyclic set of TGDs

Definition
A set of TGDs ¥ is said to be Acyclic (AC) if cyc is false.

AdnH(X) =
L= rj . R%(x,z) — 3y TP(x,y)
rn: R(x,z) — 3y T(x,y) ry: T%(x,y) — RP(x,y)

r: T(x,y) = R(x,y) o TOh(x,y) — RPfi(x,y)

ri . RPf(x,z) — Jy TP (x,y)

\
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Acyclic set of TGDs

Definition
A set of TGDs ¥ is said to be Acyclic (AC) if cyc is false.

AdnH(X) =

L= rj . R%(x,z) — 3y T (x,y)
rn: R(x,z) — 3y T(x,y) ry: T%(x,y) — RP(x,y)
rz: T(x,y) = R(x,y) i TOh(x,y) — RPfi(x,y)

ri . RPf(x,z) — 3y TP (x,y)

\
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Constraints Rewriting Technique

Criteria Relationships

AC = Adn++WA = Adn++LS.

Figure: Criteria Relationships
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Conclusions

@ We proposed new sufficient chase termination criteria,
such as WA-Stratification and Local Stratification

@ We proposed new rewriting techniques which are
orthogonal to termination conditions and improves current
chase termination criteria.

@ Current work: extending Adn™ algorithm with EGDs
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Conclusions

Thank you!

Any questions?
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