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Motivation

Answering Set of Queries

@ A Set of queries often involves repeated computation

@ parts of the same query
@ parts of different queries

@ Improve query-evaluation performance

@ by precomputing an appropriate set of intermediate results of the
queries’ evaluation (materialized views)

Web Sites

@ connected to relational databases
@ improve the performance

@ evaluate the queries on demand: too much time
@ compute every possible query in advance: too much disk space
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View Selection

DB

[Q ={Q,..., Qn}]—> Schema S

Instance D
—_—

7

New DB

(R={Ry,...,Ra} }|—| Schema V

Instance V(D)

—_

e R(V(D)) = Q(D),
@ the total time of getting the required results is reduced

@ V(D) fits into available disk space.
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@ Database Schema S:
PART(pName, wiD)

WAREHOUSES(wID, wLocation, wSupervisor)

SUPPLIER(sName, sLocation)

@ Database Instance D:

PART

View Selection Example

pName | wiID ‘

WAREHOUSES

SUPPLIER

engine

engine
wing
flap

1

1
2
1

[ wiD | wLocation | wSupervisor |[ sName [ sLocation

1
2

Seattle
Boston

M.J.
J.L.

Boeing
Airbus

Seattle
Paris
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View Selection Example

@ Database Schema S:
PART(pName, wiD)

WAREHOUSES(wID, wLocation, wSupervisor)

SUPPLIER(sName, sLocation)
@ Database Instance D:

PART

m \ WAREHOUSES || SUPPLIER
engine [ wiD | wLocation [ wSupervisor |[ sName [ sLocation |
engine 1 1 Seattle M.J. Boeing Seattle
wing 2 2 Boston J.L. Airbus Paris
flap 1

@ Bag Semantics:

multiple occurrences of tuples
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View Selection Example

@ Database Schema S:
PART(pName, wiD)
WAREHOUSES(wID, wLocation, wSupervisor)
SUPPLIER(sName, sLocation)

@ Database Instance D:

PART

m \ WAREHOUSES || SUPPLIER |
engine [ wiD | wLocation [ wSupervisor |[ sName [ sLocation |
engine 1 1 Seattle M.J. Boeing Seattle
wing 2 2 Boston J.L. Airbus Paris
flap 1

@ Q: q(XY) - SUPPLIER(X,Z), WAREHOUSES(W,Z,U), PART(Y,W)
Q(D)

Boeing | engine
Boeing | engine
Boeing flap
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View Selection Example

@ Consider a set of views V={ V4, V,}, where the definitions of Vi, V; are:

Vit vi(X,W) - SUPPLIER(X,Z), WAREHOUSES(W,Z,U)

Va: 1a(Y.W) - PART(Y,W)
V(D) :

W)
wiD || eneine | 1
- engine 1
Boein 1 -
wing | 2
flap 1
Database Instance D:
PART
[ pName [ wiD | [ WAREHOUSES il SUPPLIER |
g 1 [ wiD [ wlocation | wSupervisor |[ sName [ sLocation |
engine 1 1 Seattle M.J. Boeing Seattle
wing 2 2 Boston J.L. Airbus Paris
flap 1
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View Selection Example

@ Consider a set of views V={ V4, V,}, where the definitions of Vi, V; are:
Vi: vi(X,W) - SUPPLIER(X,Z), WAREHOUSES(W,Z,U)
Vo va(Y,W) - PART(Y,W)
V(D) :
VD)
wiD_| [ engine
i

flap

=N e

@ Consider a query R defined on V with definition:
R: r(X)Y) - vi(X,W), vo(Y,W)
R(V(D))
Boeing | engine
Boeing engine
Boeing flap
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View Selection Example

@ Consider a set of views V={ V4, V,}, where the definitions of Vi, V; are:
Vi: vi(X,W) - SUPPLIER(X,Z), WAREHOUSES(W,Z,U)

Va: va(Y, W) - PART(Y,W)

V(D) :
VD)
wiD_|[ engine [ 1
- engine 1
)
flap 1

@ Consider an equivalent rewriting R of Q using ) with definition:

R: r(X)Y) - vi(X,W), vo(Y,W)

\ R(V(D)) | | Q(D) |
[ sName | pName | [ sName | pName |
Boeing | engine | = | Boeing | engine
Boeing engine Boeing engine
Boeing flap Boeing flap
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View Selection Example

@ Assuming available disk space equal to 5 tuples:

@ we can precompute and store V(D)
o the query plan (R,V(D)) is more efficient than (Q,D)
o the tuple (V, R) is a solution for the given problem input
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View Selection Example

@ Assuming available disk space equal to 5 tuples:

@ we can precompute and store V(D)
o the query plan (R,V(D)) is more efficient than (Q,D)
o the tuple (V, R) is a solution for the given problem input

Is this an optimal query plan (i.e. an optimal solution)?
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View Selection Example

@ Assuming available disk space equal to 5 tuples:

@ we can precompute and store V(D)
o the query plan (R,V(D)) is more efficient than (Q,D)
o the tuple (V, R) is a solution for the given problem input

Is this an optimal query plan (i.e. an optimal solution)? NO

Enough space to store the result of Q
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Problem Definition

Query workload Q defined on a schema S, a database (instance) D

find and precompute offline a viewset V), defined on S, that when
materialized

@ would satisfy a given storage limit L
@ can be used to get equivalent rewritings of the queries in Q
@ the evaluation cost of the queries is minimized

P =(8,9,D,L): input of view selection problem

Bag-semantics

@ e.g. the instance of binary (bag-)relation ris {((1,2);2),((2,3);1))}

@ Language of Q, V and equivalent rewritings: CQs

@ Size of a (bag-)relation: number of tuples

The evaluation cost is increasing with the size of intermediate relations
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Related Work

@ Problem Specification [CG2000]:
o decidability for conjunctive queries under set semantics
@ Search space under set semantics [CHS52001]:

@ each view has number of subgoals that is at most exponential in the
size of the query workload

@ the number of the views required for an optimal solution is at most
double exponential in the size of the query workload

@ Search space under bag and bag-set semantics [ACGP2007]:

@ decision version of the problem under bag-, bag-set- (without
self-joins) and set- (without self-joins) semantics is in NP

@ each viewset is obtained by generalizations of subexpressions of
queries’ bodies
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Contributions

@ Restriction of the search space
o reducing the number of candidate viewsets
@ Further restriction (of the search space) for special cases:

o unique occurrences of the base-relations in the query
workload

o the workload contains only path queries (path-query
workload)

@ Algorithm that outputs at least one optimal solution

o LGG-VSB algorithm
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Preliminaries

@ The definition of a conjunctive query (or view) is a rule of the
form:

Q: q(X) - g1(X1), ..., & (Xn)

o Head: g(X) -
o Body: gi(X1),...,&(Xn)
@ Subgoals: gi(X;), with 1 <i<n
@ A chain query is a conjunctive query of the following form:

Q : q(Xo, Xp) == rn(Xo, X1), (X1, X2), - - ., ra(Xn—1, Xn)

@ Path query of length n (denoted as P,) is a chain query of the
following form:

Pn . q(XOaXn) = r(XO)Xl)a r(X17X2)7 .. ~>r(Xn717Xn)
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Queries’ Subexpressions

Query Workload: O = {Q1,Q2}

o Qi: q1(X,Y) - e(X, X, X,Y)
0 @: q(X,Y):-e(X,Y,Y,Y)

Viewsets:
o V= {Vig, Vio}:
V11 : V11(X, Y) o= e(X,X,X, Y)
V12 o V12(X, Y) = e(X, Y, Y, Y)

] V2 = {VQ}Z
V2 . VQ(Zl,ZQ,Z3) = 6(21,22722,23)
@ V3= {V3}Z

V3 : V3(Wla W27 W37 W4) - e(W17 W2: W3a W4)

@ the above viewsets give equivalent rewritings of queries in Q

@ ) is set of queries’ subexpressions
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Generalizations of Subexpressions

Viewsets:

o V= { Vg, Vi }:

\/112V11()<7 Y) o= e(X,X,X, Y)
e(X,Y,Y,Y

V12 . V12(Xa Y) - ( B 9 B} )
o V2 = {V2}3

Va1 va(21, 22, 23) - e( 41, 22y 22, Z3)
Qo V3= {V3}Z

V3 vs(Wi, Wa, W3, Wy) - e(Wh, Wa, W, W)

@ V3 is a generalization of V;

@ i.e. substitution from V3 to Va:
Wi — 21, Wo — 25, W3 — 2, Wy — Z3
@ V, and V3 are common generalizations of queries’ subexpressions

e.g.
Vo — Vi1 ‘ Vo — Vio
Zl—>X,Zz—>X,Z3—>Y ‘ Zl—>X,ZQ—>Y,Zg—>Y
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Generalizations of Subexpressions

Viewsets:

o V= { Vg, Vi }:
V11 o V11()<7 Y) o= e(X,X7X, Y)
Vig :via(X, Y) - e(X, Y, Y,Y)

oV, = {Vz}:
V2 : V2(ZlaZ2vz3) = 6(21722322723)

(] V3 = {V3}Z
V3 vs(Wi, W, W3, Wy) - e(Wh, Wa, W, W)

@ Vj is a generalization of V,

@ V, and V3 are common generalizations of queries’ subexpressions
e.g.
Vo — Vi1 ‘ Vo — Vio
Zl—>X,Zz—>X,Z3—>Y ‘ Zl—>X,Z2—>Y,Z3HY

V> is an least general generalization (or Igg) of subexpressions of the queriesJ
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Subexpressions do not suffice

@ Consider D={(e(a, a, a, a);1)}

° Vi = {Vu, Via}:
V11 : V11(X, Y) - e(X,X,X, Y)
V12 . V]_2()<7 Y) - e(X, Y, Y, Y)

Vi(D) = {(v1(a, a); 1), (vi2(a, 2); 1)} J

oV, ={Vx}:
Vo i vo(Zy, 25, Z3) - e( 24, 2>, 2>, Z3)

Vo(D) = {(wa(a, a,a); 1)} )

o V3= {Vg}:
Va o va(Wh, Wao, Wa, Wy) - e(Wy, Wha, Ws, Wy)

V3(D) = {(V3(a? a4, a);l) J
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Subexpressions do not suffice

@ Consider D={(e(a, a, a, a);1)}
and L = size(V,(D)) =1 tuple:

° Vi = {Vu, Via}:
V11 : V11(X, Y) - e(X,X,X, Y)
V12 . V:|_2()<7 Y) - e(X, Y, \/7 Y)

V1(P) = {(v11(a, a); 1), (vi2(a, a); 1)} = size(V1(D)) > L )
oV, = {VQ}Z
Vo i w2y, 25, 25) - e(Zh, 25, 25, Z3)
WVa(D) = {(v2(a, a,a); 1)} = size(V2(D)) < L J
o V3= {V3}Z
Vst v3(Wh, Wa, Ws, Wy) - e(Wi, Wo, Ws, W)
V3(D) = {(vs(a, a, a,a); 1)} = size(V3(D)) < L J
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Subexpressions do not suffice

@ Consider D={(e(a, a, a, a);1), (e(a, b, ¢, d);5)}
and L = size(V,(D)) =1 tuple:

° Vi = {Vu, Via}:
V11 : V11(X, Y) - e(X,X,X, Y)
V12 . V:|_2()<7 Y) - e(X, Y, Y, Y)

Vi(D) = {(vi1(a,a); 1), (vi2(a, a); 1)} = size(V1(D)) > L

oV, ={Vx}:
Vo i vo(Zy, 25, Z3) - e( 24, 2>, 2>, Z3)

Va(D) = {(va(a, a, a); 1)} = size(Va(D)) < L

o V3= {Vg}:
Va o va(Wh, Wao, Wa, Wy) - e(Wy, Wha, Ws, Wy)

V3(D) = {(ws(a, a, 3, 3); 1),(v3(a, b, ¢, d); 5)} = size(V3(D)) > L
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Subexpressions do not suffice

@ Consider D={(e(a, a, a, a);1), (e(a, b, ¢, d);5)}
and L = size(V,(D)) =1 tuple:

Is Igg always a better choice than subexpressions?

° Vi = {Vu, Via}:
V11 : V11(X, Y) - e(X,X,X, Y)
V12 . V:|_2()<7 Y) - e(X, Y, Y, Y)

V1(P) = {(v11(a, a); 1), (vi2(a, a); 1)} = size(V1(D)) > L

oV, ={Vx}:
Vo i vo(Zy, 25, Z3) - e( 24, 2>, 2>, Z3)

Vo(D) = {(w2(a, a,a); 1)} = size(V2(D)) <L

e V3= {V3}Z
Va o va(Wh, Wao, Wa, Wy) - e(Wy, Wa, Ws, Wy)

V3(D) = {(ws(a, a, a, a); 1),(vs(a, b, ¢, d); 5)} = size(V3(D)) > L
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... but Igg and subexpressions do

@ Consider D={(e(a, a, a, a);1), (e(a, b, ¢, d);5), (e(b, a, a, d);8)}
and L = size(V»(D)) =2 tuples:

Is Igg always a better choice than subexpressions? NO ]
° Vi = {Vu, Via}:

V11 . V11(X, Y) - e(X,X,X, Y)
V12 : V:|_2()<7 Y) - e(X, Y, \/7 Y)

Vi(D) = {(v11(a, a); 1), (vi2(a, a); 1)} = size(V1(D)) < L J
oV, ={W}:
Vo i wa(Zh, 22, 23) - e(Zh, 22, 20, Z3)
Vo(D) = {(wa(a, a, a); 1), (va(b, a,d); 8)} = size(V2(D)) > L |
o V3 ={V3}:

Va o vs(Wh, Wa, Ws, W) - e(Wh, Wa, Wa, W)
V3(D) = {(va(a, a, a, a); 1),(vs(a, b, ¢, d); 5),(vs(b, a, a, d); 8)} =size(V3(D)) > L ]
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Representative Set of Solutions

Representative is the set of solutions whose viewset can be
constructed by considering only:
Body

@ subexpressions of queries in the workload

@ least-general-generalizations of subexpressions of queries in the
workload

Head

@ the minimum number of required head variables

Theorem

The representative set of solutions contains at least one optimal
solution

The minimum number of head variables is defined using the shared
variable property
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Can we do better?
Let a view selection problem input P = (S,Q, D, L):
Proposition

@ if every relation in S appears at most once in a body of some query

in Q:

o sets of queries’ subexpressions suffice

Theorem
@ For path-query workloads:

o path-viewsets suffice

Proposition
@ For chain-query workloads (Q is a set of chain queries):

e chain-viewsets do not suffice
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How much do we reduce the search space?

Path query P; (of length 3):
Ps:q(X,Y) - edge(X, Z), edge(Z, W), edge(W, Y)

Path-viewsets:
@ V; = {Vs}, where:
Vs i w3(X, Y) :- edge(X, Z), edge(Z, W), edge(W, Y)
@V, = {Vo, Vi}, where:
Vo i (X, Y) - edge(X, Z), edge(Z,Y)
Viiwvi(X,Y) - edge(X,Y)

@ V3 = {Vi}, where:
Vi:vei (X, Y) - edge(X,Y)

@ The above viewsets give equivalent rewritings of Ps3

@ Consider the (integer) partitions of the length of Ps (partitions of 3):

{33 {21} {111
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How much do we reduce the search space?

Path query P; (of length 3):
Ps:q(X,Y) - edge(X, Z), edge(Z, W), edge(W, Y)

Path-viewsets:
@ V) = {Va}, where: — {3}
Vs :vs(X,Y) - edge(X, Z), edge(Z, W), edge(W, Y)
@ V, = {V,, Vi}, where: — {2,1;
Vo i (X, Y) - edge(X, Z)
Viiw(X,Y) - edge(X, Y)

@ V3 ={Vi}, where: — {1,1.1
s=1lah, :351 %’ o= edgeX Y)

,edge(Z,Y)

@ The above viewsets give equivalent rewritings of Ps3

@ For each viewset there is an integer partition that contains the lengths of
its views
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How much do we reduce the search space?

Path query P; (of length 3):
Ps:q(X,Y) - edge(X, Z), edge(Z, W), edge(W, Y)

Path-viewsets:

@ V) = {Va}, where: — {3}
Vs 1 w3(X,Y) :- edge(X, Z), edge(Z, W), edge(W, Y)

@V, ={V,, Vi}, where: — {2,1(}»
Vo i (X, Y) - edge(X, Z), edge(Z,Y)
Viiwvi(X,Y) - edge(X,Y)

@ V3 ={Vi}, where: — {1,1.1} ={1
=) V1:\{/51(X, ):-{ec}ige(X, Y)

@ The above viewsets give equivalent rewritings of Ps3

@ For each viewset there is an integer partition that contains the lengths of

its views

@ The number of path-viewsets is exponential to the number of subgoals of

queries in the workload
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@ Input: P={S,9,D,L}, where Q ={Q1, @2,... Qn}

@ Output: The representative set of optimal solutions

Step 1: Find all partitions of the subgoals of queries in Q

On Solving efficiently the View Selection Problem under Bag-semantics
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LGG-VSB Algorithm

@ Input: P ={S,Q,D, L}, where Q ={Q1,Q>,...Qn}

@ Output: The representative set of optimal solutions
Step 1: Find all partitions of the subgoals of queries in Q

Step 2: Combine the partitions (sets of subexpressions)

’ Q1 ‘ ’ @ ‘ ’ Q@n ‘
i-th partition of @ j-th partition of @ k-th partition of Qp
subexpressions of Q1 subexpressions of Qs Y subexpressions of Qp

N\ l .

’ Set of Subexpressions ‘

subexpressions of Q;

subexpressions of Q>

subexpressions of @,

No duplicate subexpressions in the set )
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LGG-VSB Algorithm

@ Input: P ={S,Q,D, L}, where Q ={Q1,Q>,...Qn}
@ Output: The representative set of optimal solutions

Step 1: Find all partitions of the subgoals of queries in Q
Step 2: Combine the partitions (sets of subexpressions)

Step 3: For every distinct set of subexpressions construct all possible
viewsets s.t. every view
@ is either a subexpression of query in Q or an Igg of subexpressions
of queries in Q, and
o has the minimum number of head variables
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Step 1:
Step 2:
Step 3:

Step 4:

LGG-VSB Algorithm

Input: P ={S,Q,D, L}, where Q ={Q1, Q... Q,}

Output: The representative set of optimal solutions
Find all partitions of the subgoals of queries in Q
Combine the partitions (sets of subexpressions)

For every distinct set of subexpressions construct all possible
viewsets s.t. every view

@ is either a subexpression of query in Q or an Igg of subexpressions
of queries in Q, and
o has the minimum number of head variables
For every viewset V that does not violate the storage constraint L:

@ construct the equivalent rewritings using V and compute the cost of
them
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LGG-VSB Algorithm

@ Input: P ={S,Q,D, L}, where Q ={Q1,Q>,...Qn}

@ Output: The representative set of optimal solutions

Step 1:
Step 2:
Step 3:

Step 4:

Step 5:

Find all partitions of the subgoals of queries in Q
Combine the partitions (sets of subexpressions)
For every distinct set of subexpressions construct all possible
viewsets s.t. every view
@ is either a subexpression of query in Q or an Igg of subexpressions
of queries in Q, and
o has the minimum number of head variables
For every viewset V that does not violate the storage constraint L:
@ construct the equivalent rewritings using V and compute the cost of
them
Compare the costs of the rewritings and output the optimal
solutions
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Future Work

More special cases

o e.g. Under which restrictions do the subexpressions suffice?
Optimization of the LGG-VSB algorithm
More complex classes queries:

@ queries with aggregation
e CQs with arithmetic comparisons

Adding more constraints:
@ view maintainance

View and index selection
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Thank You

On Solving efficiently the View Selection Problem under Bag-semantics

19 /19




