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Views



View definition, view image, view instance

Let 0 and 7 be two database schemas.

m View definition (or simply view): A view definition V from ¢ to 7 is
a set of queries over ¢ indexed by 7:

V={Q|berT}
such that:
Vb € 7, arity(b) = arity(Qp)

m View instance: A view instance E is a database over 7.

m View image: Given a database D over ¢ and a view V from o to T,
the view image of D, V(D), is a view instance such that:

Vber,x €D, xe€b(V(D)) & xc QD)
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Example: view definition, view image, view instance
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Example: view definition, view image, view instance

w fo_, f
o= {b, f, W} V:{ Qg(X,y)ZXf—>Zf—>Z -y } T = {g,s}
Qs(x,y)=x+z—=>yAx#y
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Example: view definition, view image, view instance
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What happened there?
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What happened there?

m Myth 1
‘)({h' ?\9 because Aphrodite is the daughter of Uranus
. B e\{{;‘ “ And so is Cronus
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because Aphrodite is the daughter of Zeus
And Zeus is the son of Rhea
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What happened there?

m Myth 1
) 4{?@ because Aphrodite is the daughter of Uranus
{ 4 Q&d 7 And so is Cronus
. g
APHRODITE CRONUS

m Myth 2:
< } because Aphrodite is the daughter of Zeus
7@\ : And Zeus is the son of Rhea
RHEA APHRDITE

We failed virtual data integration — the two myths are incompatible
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Testing view consistency

PROBLEM : VIEW CONSISTENCY
INPUT : A view V from o to 7, a view instance E
QUESTION : s there some D over o such that V(D) = E?
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Testing view consistency

m Combined complexity:

PROBLEM : VIEW CONSISTENCY FOR LANGUAGE L
InpPUT . An L-view V from o to 7, a view instance E
QUESTION : s there some D over o such that V(D) = E?

m Data complexity:

Let V be a fixed view from ¢ to 7 in some language L:

PROBLEM : VIEW CONSISTENCY(V)
INPUT : A view instance E
QUESTION : s there some D over o such that V(D) = E?
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Example: how hard is testing consistency?
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Example: how hard is testing consistency?
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Example: how hard is testing consistency?

ngge(x,(y)): e(>(<7)y)
o={c,ep} V= { QCO‘Or(xﬁaI:ett;Iz . p?z,))/\ c(x,z) }
Qerror(X,y) =3z - c(x,z) A c(y, z) Ne(x,y)

Qerror Should show if there is a coloring error... but it is empty.
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Example: how hard is testing consistency?

Qedge(xvy) = e(X7y)

B - Qpalette(X) = p(x)
g = {C € p} V_ Qco\or(xs;az'p(zl))/\c(x’z)

Qe"o"(xvy) =3Jz- C(sz) A C(y’ Z) A E(X,y)

Qerror Should show if there is a coloring error... but it is empty.

The view instance is consistent iff the graph is 3-colorable! ‘




How hard is testing consistency?

Short answer: it's hard, even for simple languages and in data complexity.
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How hard is testing consistency?

Short answer: it's hard, even for simple languages and in data complexity.

Theorem [Abiteboul, Duschka]

There exists a fixed view V defined using conjunctive queries such that
VIEW CONSISTENCY(V) is NP-complete.

Our proof sketch easily extends to UCQ, RPQ, CRPQ...

The problem quickly becomes undecidable for more expressive languages.

Theorem [Abiteboul, Duschka]

There exists a fixed view V defined using Datalog queries such that
VIEW CONSISTENCY(V) is undecidable.

This also holds for context-free path queries, first-order queries...
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Certain answers
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Example: answering queries using views
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Example: answering queries using views

wf,f
o ={b,fw} V={Qg(x’”:HZ?Hy} T={f.g}
Qr(x,y)=x—=y
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Can we answer Q(x,y) = w(x,y) based on the view instance?

m w(Hera, Zeus)? — no clue Hera even exists...
m w(Athena, Ares)?  — possible, but no guarantee...

— she has to be the wife of some grandfather

m w(Rhea, Cronus)? . .
( ’ ) — Cronus is a candidate; could there be another?
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Answering queries using views

V : view from o to 7
Given: E : view instance over T
Q : query over ¢

m Certain answers:
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Answering queries using views

V : view from o to 7
Given: E : view instance over T
Q : query over ¢

m Certain answers under the exact view assumption:

cert3¥(E)= (] QD)

D | V(D)=E

m Certain answers under the sound view assumption:

certs&{?d(E) = ﬂ Q(D)

D | V(D)DE
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The problem(s) of computing certain answers

PROBLEM : CERTAIN ANSWERS

A view V from o to 7,

InpPUT : A query Q over o,
A view instance E and o € E

QUESTION : & € certgy (E)?
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The problem(s) of computing certain answers

m Combined complexity:

PROBLEM : CERTAIN ANSWERS FOR £ AND [/

An L-view V from o to 7,
InPUT . An L’-query @ over o,
A view instance E and & € E

QUESTION : @€ cert3y'(E)? U € certlyy(E)?

m Data complexity:
Let V be a fixed view from o to 7 and Q be a fixed query over o:

PROBLEM : CERTAIN ANSWERS(Q, V)

INPUT : A view instance E and u € E

QUESTION : T € cert33(E)? T € certlyy(E)?
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Example: how hard is computing certain answers?
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Example: how hard is computing certain answers?

Qedge(xay) = e(x,y)
g = {C7 e, p} V = Qpalette(x) = p(X)
Qco\or(X) =3z p(Z) A C(X7 Z)

LR

Can we answer Qerror() = 3x, ¥,z - c(x,2) A c(y,z) Ae(x,y)?

m Exact view: Qenror is certain iff the graph is not 3-colorable!

m Sound view: we can always invent more colors!

18 /36



How hard is computing certain answers?

Short answer: it's hard, even for simple languages and in data complexity,
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How hard is computing certain ers?

Short answer: it's hard, even for simple languages and in data complexity,

m cert™@ s closely related to testing consistency.

(it's usually equivalent to testing inconsistency)

m certU" is usually easier (but not strictly) than cert®act

Some results from [Abiteboul, Duschka'98]:

query

view cQ cQ* Datalog FO
cQ PTimMe/cONP  coNP  PTime/coONP  Undec.
Q7 PTivME/CONP  coNP  PTmvME/CONP  Undec.
Datalog CONP/Undec.  Undec. Undec. Undec.
FO Undec. Undec. Undec. Undec.

Complexity of answering queries using sound or exact views.
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Example: determinacy and rewriting

Qu(x)=3z- x5z
o={b,f,w} V= Qu(x)=3z-z 5% x 7 ={gf,sl,s2}

f f
Qer(x,y)=x =2z =y
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Qu(x)=3z- x5z
o={b,f,w} V= Qo(x)=3z-z 5% x 7 ={gf,sl,s2}

fof
Qer(x,y)=x—=2z—y
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Can we answer Q(x,y) = x = z —» z' =+ y based on the view instance?

Yes! Rhea is the grandmother of Athena.
And nothing else: possible and certain answers coincide.
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Example: determinacy and rewriting

Qu(x)=3z- x5z
o={b,f,w} V= Qu(x)=3z-z 5% x 7 ={gf,sl,s2}

f f
Qer(x,y)=x =2z =y

4"‘”\\/ P2y ?Q\/ P

CRONUS ZEUS RHEA HERA

B @ @

ATHENA ARES PHOBOS APHRODITE

fo,f .
Can we answer Q(x,y) = x = z —» z' =+ y based on the view instance?

There is no way to match husbands and wives...
Nothing is certain and every match is possible.
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Example: determinacy and rewriting (2)
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And nothing else: possible and certain answers coincide.

22 /36



Example: determinacy and rewriting (2)

o= {bf w} V={ Qulxy) =x =y } = {gf, w}

fo_f
Qer(x,y) =x >z =y

@8 ¢-@

RONUS RHEA ZEUS HERA

A
@:23:%" @ -

ATHENA ARES APHRODITE PHOBOS

fo,f .
Can we answer Q(x,y) = x = z = z' =+ y based on the view instance?

m Yes! Rhea is grandmother to Ares and Athena, and Hera to Phobos.
And nothing else: possible and certain answers coincide.

m Better yet: this is a static property of V and Q.

22 /36



Example: determinacy and rewriting (2)

o= {b.f,w} V—{ Qulxiyy=x =y } 7= {gf.w}

ng(X7y):X—>Z—)y

-

CRONUS RHEA ZEUS HERA

@ @€

ATHENA ARES

APHRODITE PHOBOS

fo,f .
Can we answer Q(x,y) = x = z = z' =+ y based on the view instance?

m Yes! Rhea is grandmother to Ares and Athena, and Hera to Phobos.
And nothing else: possible and certain answers coincide.

m Better yet: this is a static property of V and Q.

. f
m Q can be rewritten as R(x,y) = x = z % y over 7.
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Determinacy and rewriting

Let V be a view from ¢ to 7 and @ be a query over o.

m Determinacy: we say that V determines Q iff for any database D,
the certain answers and the possible answers to Q on V(D) coincide.

This is a static analysis property.
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Determinacy and rewriting

Let V be a view from ¢ to 7 and @ be a query over o.

m Determinacy: we say that V determines Q iff for any database D,
the certain answers and the possible answers to Q on V(D) coincide.

This is a static analysis property.

m Equivalent definition: V determines Q (denoted V — Q) iff:

VD, D’ ‘V(D):V(D’) — Q(D) = Q(D")
- N QD) € Q(D U Q(Do)
v(0) “ V(D) V(D) V(Do)
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Let V be a view from ¢ to 7 and @ be a query over o.

m Determinacy: we say that V determines Q iff for any database D,
the certain answers and the possible answers to Q on V(D) coincide.

This is a static analysis property.
m Equivalent definition: V determines Q (denoted V — Q) iff:

VD, D’ V(D) = V(D) = Q(D)=Q(D')

m Rewriting: A rewriting of Q using V is a query R over 7 such that:

¥D, | (D) = R(V(D))]

Remark: Assume V(D) = V(D’), then R(V(D)) = R(V(D")).
Thus Q(D) = Q(D').

The existence of a rewriting immediately implies that V — Q.
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Example: proving non-determinacy

o={a} V:{Qag(x,y):xiy} T ={as}

4
How to prove that V does not determine Q(x,y) = x —— y?

*—0—-0O0—0—0 } * o

as

—0O—0—0 v

e—0O0—0—0

| V(D) = V(D') but Q(D) = {(e,)} and Q(D') = 0|

24 /36
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Example: proving determinacy

o= {a} V=1 Qulxy)=x Dy | r={a}

4
How to prove that V determines Q(x,y) = x == y?

I—) By providing a rewriting of @ using V

‘ R(x,y) =3z - ax(x,2) A ax(z,y) ‘

Q(D) € R(V(D)) v R(V(D)) € Q(D) v

.é.-.—.\.
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On the relationship between determinacy and rewriting(s)

Let V be a view from ¢ to 7 and @ be a query over o.

Reminder: if there exists R such that Q(D) = R(V(D)), then V — Q.

What about the converse?

Assume VD, D' - V(D) = V(D') = Q(D) = Q(D')
— functional dependency between V(D) and Q(D)

Q,V ~ f: function induced by Q using V

f is only defined over view images.
A rewriting is any query over 7 that coincides with f on view images.

Does there always exist one?
Yes! certq v is always a rewriting.
But there can be more, as we have seen in previous examples.

Rewritings can differ in behavior and complexity outside of view images.




Example: different rewritings of varying complexity

Qgge(xv ZV)): e()(<’ )y)
o ={c,ep} V= Qo () =52 p() A c(x,2)
Qerror(X7y) =dz- C(X,Z) A C(y’ Z) A e(X7Y)
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Example: different rewritings of varying complexity

stge(xv ZV)): e()(<’ )y)
o ={c,e,p} V= Q@ (03 =52 p(2) A e, 2)
Qerror(

x,y) =3z c(x,z) N c(y,z) ANe(x,y)

[Q(x) = p(x) A Qerrr

Ri(x) = x € certqv(E) R>(x) = palette(x) A error()
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Example: different rewritings of varying complexity

Qgge(&{)): e(?’{)
o= {C, e, P} V= Qw\or(XT:t;lz . P?ZI;A c(x, z)
Qerror(xyy) =dz- C(X,Z) A C(y’ Z) A e(va)

[Q(x) = p(x) A Qerrr

Ri(x) = x € certqv(E) R>(x) = palette(x) A error()
(check if the graph is 3-colorable) (trust the view instance)

28 /36



Some problems around determinacy and rewritings

PROBLEM : DETERMINACY FOR LANGUAGES £ AND [/
INPUT . An L-view V and an L’-query @
QUESTION : Does V — Q7
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Some problems around determinacy and rewritings

PROBLEM : DETERMINACY FOR LANGUAGES £ AND [/

INPUT . An L-view V and an L’-query @

QUESTION : Does V — Q7

PROBLEM : P-REWRITING FOR LANGUAGES £ AND L'

INPUT : An L-view V and an £'-query Q@ st V — Q

QUESTION : s there a rewriting of @ using V satisfying P?
Example:

m Is there a rewriting that can be expressed in first-order logic?
m Is there a rewriting with PTIME evaluation complexity?

m Is there a rewriting that is monotone?



How hard is the determinacy problem?

Short answer: it's hard, even for simple query and view languages.
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How hard is the determinacy problem?

Short answer: it's hard, even for simple query and view languages.
m [Gogacz, Marcinkowski'16]: Determinacy is undecidable for
conjunctive queries and views.
m [Nash, Segoufin, Vianu'07]: Monotone rewritings of conjunctive
queries using conjunctive views can be expressed in CQ.
(Existence is NP-complete, using [Levy et al’95])

m [Afrati'l1]: Determinacy is decidable for chain queries and chain
views. Rewritings can be expressed in FO.

Some results over graphs:

m [Gluch et al’'19]: Determinacy is undecidable for finite RPQs.

m [F., Segoufin, Sirangelo'15]: Monotone rewritings of RPQ queries
using RPQ views can be expressed in Datalog.

(Existence is EXPSPACE-complete, using [Calvanese et al’02])
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Some open problems

QUESTION 1
In which language can we rewrite CQ queries using CQ views?
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Some open problems

QUESTION 1
In which language can we rewrite CQ queries using CQ views?

QUESTION 2
In which language can we rewrite RPQ queries using RPQ views?

QUESTION 3
Is determinacy decidable for chain queries and disjunctive chain views?
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One last example
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Example: disjunctive chain queries — the Chase

U:{a} V:{ Qz(x,y):x—a2—>y }
m={(2),(1,2)} Qualx,y) = (x > y)V (x T y)
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Example: disjunctive chain queries — a rewriting

2

U:{a} QQ(X7y):X—)y ]
T = {32 aio 323} V= Q1,2(X,y):(x_a>y)v(xa_>y)
» 91,2, d2, Q2,3(X,y):(xa_>y)\/(xa_>y)
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Example: disjunctive chain queries — homework

U:{a} Q2(X7Y):Xa—2>y ,
V=9 Qaloy)=(x-2y)Vix-y)

T = {32731,2,32,5} 2 5
Qs(x,y) =(x —y)V(x —y)

9
Can you prove that V does not determine Q(x,y) = x — y?
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Example: disjunctive chain queries — homework

U:{a} Q2(X7Y):Xa—2>y ,
V=9 Qaloy)=(x-2y)Vix-y)

T = {32731,2,32,5} 2 5
Qs(x,y) =(x —y)V(x —y)

9
Can you prove that V does not determine Q(x,y) = x — y?

| know a proof...
...and it's ugly...

If you think you have an elegant proof, come talk to me!
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Announcement

If you want to know more... come work with us!

1-year postdoc funding at Marne-la-Vallée

THANK YOU!
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