Reducing the Size o f Auxiliary Data Needed to Maintain Materialized Views byE xploiting Integrity Co nstraints byLubo mir Stanchev *

* e-mail: lp2stanc@uwaterloo.ca web -page: www. math.u waterloo.ca/~lp2stanc

Abstract

A data warehouse consists of materialized views , which contain derived data from several data sources . T he advantage o f using materialized views is that they contain the results of standard queries and therefore when such q ueries are posed, the data sources those queries are based on, which are usually costly to access because of their size and remoteness, don´t have to be accessed.

Ho wever in order for the materialized views to contain up-to -date data theyhave to be updated periodically. Such synchro nization o f the mater i alized vie ws with the data sources could be slo wif the later have to be queried for a correct update to be done - i.e. if just the data for the changes done to the data sources is insufficient. A way quer ying the data sources during materialized view update can be avoided is bystoring any data fro mthe data sources, which co uld be relevant to an update of the materialized views, on the data warehouse site. Such auxiliary data is stored in auxiliary views and has the characteristic that it makes the data stored at the data wareho use selfmaintainable , i.e. it can be updated correctlyfro m the log of changes done to the data sources.

In this paper we propose unique alg o rithms for keeping the size of such auxiliar y vie ws relatively small. T his is achieved b yusing the additional infor mation about the integrity co n straints that

hold on the data sources. More sp e cificallywe use an object-oriented model to d e scribe a database schema and a subset of OQL as o ur quer ylanguage. T he pr o posed in the paper algorithms produce auxiliar y vie ws that make a materialized vie w self-maintainable relative to the three possible oper a tions on a database: addition, deletion and object update.

1. Introduction

Generally, a data warehouse contains aggregated data derived froma number of data sources and is usually used b y On-Line Analytical Processing

(OLAP) tools and data mining tools for the pu r pose of decision making ( see figure 1).

2

T he data sources consist o f several databases,

usually containing huge amount of data. T he day-

to-daytransactions of a store-chain, for so me

p e riod of time, is a typical examp le of the kind of

data stored in the data sources. T he materialized

views on the other hand contain summar ydata,

compiled fro mseveral data sources. For example

the result of standard queries may be cashed onto

the materialized views in order to provide for

faster response time.

T he main challenge in implementing the

so presented architecture of a data wareho use is

maintaining the materialized views up to date with

respect to changes made to the data sources. For

example suppose that the materialized vie w V is

calculated fro mthe tables T

1 and T

2 in the data

sources via the follo wing relatio nal algebra quer y:

V = T

1

~ T

2

, where ~ stands for natural join. T hen suppose that T

1

is modified to T

1

’ . T hen V has to be modified to T

1

’ ~ T

2

, but in general it is impo s sible to calculate this new value of V, kno wing only the change made to the table T

1

and the old value for V . In other words to be able to calculate the new value of V we have to either quer ythe data so urces to get the updated state of the table T

1

or have so me infor mation about the integrityco n straints that hold on the data sources.

T he method we propose for updating a materialized vie wis b ystoring auxiliary views in the data warehouse. T o define what data those auxiliar yviews sho uld contain we need so me for mal definitions. Suppose that we have a dat a base schema

ÇB ) for ma set of auxiliar yviews relative to the

schema � , the database D

0

, the quer y Q and the set

of allo wed changes to the database D

0 if there

exists a quer y Q’ such that Q ( D

0

+ � ) = Q’ ( V

0 ,

V

a ,

� ),

for any �

� fro mthe allo wed set of changes. For

example if V

a

= D

0 then we can define

Q’ ( V

0

, V

a

, � )= Q ( V

a

+ � ) and therefore we will have

Q’ ( V

0

, V

a

, � )= Q ( D

0

+ � ) which sho ws that D

0

co n tains the set of auxiliar yviews needed to

update V

0

. Ho wever it turns out that it is possible

to find a valid set of auxiliar yviews V

a much

smaller than D

0

.

In this paper we present a way for

calculating small auxiliar yviews b yfor ming the

queries Q

a

= { Q

a,1

, Q

a,2

,..., Q

a,n

} (called the auxiliary queries ) fro m � and Q , such that

R

i

= Q

a,i

( D

0

), ( i =1 to n ) forma valid set o f auxiliar y

views. As well we give an algorithmfor

recalc u lating the auxiliar yviews V

a for D

0

, in

order to make them auxiliar yfor the updated

database i n stance D

0

�

�

¨� . I >. T he interpretation I assigns a subset of

¨�WR�HDFK

primitive concept, a total functio n over ¨�WR�HDFK

attribute and a predicate to each role. T he

interpretation of a description is gover ned b ythe

fo l lo wing rules:

ALL = { x Ç

¨‘

( all Pd D ) ={ x Ç

¨�_�

Á y Ç ¨� Pd I ( x , y ) -> y Ç D I }

( rc Pd ) = { x Ç

¨�_�

Ã

Ó Pd 2 D )

5. ALL < ( same Pd Pd )

6. if D < ( same Pd 1 Pd 2 ) then D < ( same Pd 2 Pd 1 )

7. if D < ( same Pd 1 Pd 2 ) and D < ( same Pd 2 Pd 3 )then D <

( same Pd 1 Pd 3 )

8. if D < ( same Pd 1 Pd 2 ) then D < ( same Pd 1

Ó Pd Pd 2

Ó Pd ) for

anypath description Pd

9. if C 1 <( ra Pd C 2 ) and C 2 <( same Pd 1 Pd 2 ) then C 1 <( same

Pd Ó Pd 1 Pd Ó Pd 2 )

10. if C 1 <( all Pd C 2 )and C 2 <( same Pd 1 Pd 2 ) and C 1 <( all

Pd Ó Pd 1 D ) then C 1 <( all Pd Ó Pd 2 D )

11. ifAis an attribute or the ID function then ANY < ( rc A )

12. if C 1 < ( ra Pd 1 C 2 ) and C 2 < ( rc Pd 2 )then C 1 <( rc Pd 1

Ó Pd 2 )

13. if C 1 <( ra Pd C 2 ) and C 2 <( same Pd 1 Pd 2 )and C 1 <( rc

Pd Ó Pd 1 D ) then C 1 <( rc Pd Ó Pd 2 D )

14. If C <( ra Pd 1 C 1 ) and C <( rc Pd 2 ) and C <( ra Pd 3 D ) and

C <( same Pd 2

Ó Pd 4 Pd 1 ) and C <( same Pd 2

Ó Pd 5 Pd 3 ) then for

Á Pd such that C 1 <( ra Pd

D ) it will be true that C <( same

Pd 1 .Pd Pd 3 )

15. if C <( ra Pd 1 D ) and C <( ra Pd 2 C 2 )and C <( same Pd 2 Pd 3

Pd 1 ) then C 2 <( ra Pd 3 D )

16. if D < ( all D 1 D 2 ) then D < D 1 and D < D 2

4

We haven’t prove that the above axio matizatio n is full, but we believe such full axio matizatio n e x ists. Ho wever the general problemof determining whether the subsumtio n C < D is a consequence of a set of sub sumtio n constraints is not decidable in our case, the reason being that so me of the above axio ms may be applied infinitelymanytimes for so me schemas. For an example o f a description logic dialect, which is decidable, see [10].

So far in the paper we have sho wn so me of the theoretical background behind the database model we will be using. In what follo ws in the next section a precise specificatio n of the problem of creating small auxiliar yviews will be given.

After that we will continue b ypresenting a met h odologyfor tackling the pro b lem.

3. ProblemSpecification

We are no wreadyto give a for mal definition of the problemwe will be solving in this paper.

Given an object-oriented database schema � ,

� we will denote b y Models ( � ) the set of all valid i n stances o f � . As well let changes be a predicate that holds tr ue only for the set of changes allo wed on an instance of � . Given a quer y Q over � � we will for mallydefine the predicate that deter mines if the set of queries Q a

for ms a set of auxiliar y queries as:

( auxiliar y_queries Q a

(

� Q,changes))

A ( Ã quer y

Q’ ) s.t. ( Á D Ç Models(

�WKHQ�4� ’� �

�

Q’( � �4�’� Q

a

(D))]

T he definition o f a valid set o f auxiliar y vie ws R

i

,

i =1 to n , relative to a database schema � , an

i n stance D Ç models ( � ), a query Q and a predicate

changes is:

( auxiliar y_vie ws n

i i

R

1

} {

=

,

� �’�4�FKDQJHV� A � Ã quer yQ’ ) s.t. ( Á � Ç FKDQJHV� �

�>LI

(

’�

Ç

0RGHOV�

�

�WKHQ�4� ’� �

� 4 � �

�4�’�

n

i i

R

1

} {

=

)]

We would like the auxiliar yviews R

i

= Q

a,i i

( D

0

) to be constructed in such a waythat

( auxiliary_views n

i i

R

1

} {

=

,

�

�’�

� �4�FKDQJHV� to hold.

T he queries we will wor k with are

r e stricted OQL queries of the for m(the main

reason for this restriction is to simp lifyour

reaso n ing):

select distinct [ AGR] X

1

. A

1

, ..., X

q

. A

r

fro m C

1 as X

1

,..., C

k as X

n

where E

1 and E

2 and ... E

s

group by

k p m p m p m

A X A X A X

k

. , ... , . , .

2 1 2 1

where C

1

, C

2

,..C

k are the classes over which the

quer yis executed, X

1

,X

2,

..,X

n are aliases for those

classes, n >= k (i.e. more than one cop yof one class

can participate in the q uer y), A

1

,A

2,

... A

r are

attributes of the classes with aliases X

1

,.. X

q

( q <= n ,

r >= q ) and with [] are bracketed optional

comp o nents, where AGR can be one of

SUM, AVG,MIN,M AX and COUNT . As well

E

1

,..E

s are conditions of the for m X

i

.Pd

1

={>,>=,<,<=} atomic value or X

i

.Pd

1

= X

j

.Pd

2

,

where Pd

1 and Pd

2 are path descriptions that start

at the classes X

i

’ and X

j

’ with aliases X

i and X

j

r e spectively( for so me i,j Ç [1..n]) and visit only

classes or subclasses in the set {C

1

, C

2

,..C

k

} . We

will also require that X

i

’<( rc X

i

Pd

1

) and X

j

’<( rc

X

j

Pd

2

) hold for the database schema over which

the quer yis executed. As well we wo uld like

k p m p m p m

A X A X A X

k

. , ... , . , .

2 1 2 1 to be a subset of

r q

A X A X A X . , ... , . , .

2 2 1 1

. An example of a

quer yover our example database schema is:

select distinct S. number, C.code, P.name, D. name

fro m SE CT as S, CLASS as C, DEP as D, PROF

as P

where S.s_class=C.ID and C.c_dep=D.ID and

S.s_prof = P.ID and D.group = "ART S" and

C.number>300 and P.age >=30

T his quer ywill return all sections that are taught

bya professor, who is 30 years o f age or older,

and are part of a course, with course number

greater than 300, which is taught at a department

which is part of the ARTS group of departments.

Another important decisio n for our future

discussion is ho w will the database be stored

physically. T here are several ways to implement

the physical storage of an object oriented

database. For the purpose of our discussio n we

will assume that we store a set of str uctures ( may

be organized in so me way: for example sorted,

hashed, or i n dexed byso me of the attributes or roles) for all objects of a particular class (primitive

co n cept) except for the classes corresponding to

sta n dard data type (i.e. integers, strings, etc.). For

objects having a reference to the later, we could

store the value for the type rather than an object

refe r ence. Each str ucture for an object consists of

the object´s ID together with the values of the

diffe r ent attributes/roles the object has. For

example an object of the class PROF in our

example database schema may be stored as:

{ ID =1, age = 43, teaches = {&2,&3}}. T his

corresponds to an o b ject with ID =1 fro mthe class

PROF, which has value 43 for the attribute age

and the value for the attribute teaches is the set of

objects with IDs 2 and 3 (i.e. the professor teaches

two sections that are represented b yobjects

ha v ing object IDs 2 and 3).

Before ending this sectio n we have to

d e fine the type of operations relative to which we

will make the data in the warehouse self-

maintainable. T hose operations can be expressed

bythe follo wing self-explainable prim i tives:

addobject object_id ( class , property 1 ={...},... property n ={...}}

delobject object_id ( class , property 1 ={...},... property n ={...}}

updateobject object_id ( class , property

1,old

={...},...

property

n,old

={...}, property

1,new

= {...},... property

n,new

={...}),

where italic font is used to represent the

param e ter s of the operations. Note that when

deleting an object we o nlyneed the object’s ID to

performthe operation. Ho wever, having

additional data for the object being deleted (or

updated) is useful for updating materialized views.

We will assume that the updates are done

in group s, called transactio ns (each transactio n

contains a set of operations). We will demand of

each group of operations co mbined into a

transa c tio n to have the propertythat when applied

to a database instance over a schema with certain

i n tegrityco nstraints, that those integrity

constraints continue to hold on the database

instance after applying all the operations fro mthe

transa c tio n.

T o summarize, in this sectio n we have

defined auxiliar yviews, relative to a database

schema, the set of queries that are allo wed on the

schema and the allo wed changes on an instance of

the database schema. As well we gave a for mal

definitions o f the set of queries o ur algorithmwill

support and the type of changes relative to which

we will keep the materialized views self-

maintainable. Having done this we are read yto

present a methodologyfor creating small auxiliar y

views.

4. The Algorithms

I magine we have the conjunctive q uer y Q :

select distinct

r q

A X A X . , ... , .

1 1

fro m C

1 as X

1

,..., C

k as X

n

where E

1 and E

2 and ... E

s

,

a database schema � , and the predicate changes

defined to allo wo nlyadditio ns and deletions of

objects, but witho ut allo wing more than one

o p eration on the same object in one transaction.

T he algorithmfor calculating the auxiliar yviews

rel a tive to this scenario is applying rules 1 to 6

co n secutively. T he rules are:

1. Draw an undirected graph with

ve r tices corresponding to the class aliases in the

from condition and draw edges between

vert i ces corresponding to class aliases involved

in the sa me where condition E

i a nd label them

with E

i

(in particular if only one alias is

i n volved in the condition draw a loop around

the corresponding vertex). Next delete all

vertices which have no edges connected to them

and whose corresponding class aliases do not

a p pear in the select clause of the query. After

that exa mine the subgraph consisting only of

vertices whose proper (non loop) edges are

l a beled with equality restrictions. If there is a

vertex in the so created graph, which doesn’t

have loops and removing it will not change the

number of connected co mponents of the graph

and whose corresponding class alias does not

appear in the select statement of the query then

remove the vertex and repeat the procedure.

At the end rewrite the query Q by removing

fro mits where condition all class aliases

corr e sponding to deleted vertices. T he proposed

pr o cedure gives an algorithm for removing useless

classes fro mthe from condition of the quer y( for

an illustratio n of applying this rule see example

2).

2. Start with one auxiliary view for

each class alias X

i that is part of the from

cond i tion of the query formed by applying rule

1 (we may have more than one auxiliary view

for a class) . Clearlythe set of auxiliar yviews

calc u lated in this wayis a valid set o f auxiliar y

views rel a tive to the q uer y Q , because it contains

all objects fromthe database D , which are relevant

to the quer y.

3. Apply projection of attributes and

roles to each auxiliary view, leaving only those

attributes and roles that participate in the

query Q . Then apply every selection in the where condition of Q of the form res ( X . Pd ),

where res is a predicate, X a class alias and Pd a

path description. T his is a generalization of a

rule in [7], which covers only SQL queries.

Infor mallyif so me o b jects don´t pass the where

condition of the quer y, then since we don´t allo w

for objects to be mod i fied, they will not influence

the value of the mat e rialized vie w V after a

transactio n is applied and therefore we don´t need

to store themin the war e house.

4. If there is a class X with exactly one

alias X’ , such that its key appears in the view V ,

and for every class Y

Ç { X i

} i=1 to n

, there exists a path d e scription Pd such that X<ra( Pd , Y ) then we can remove the auxiliary view for the class

X fro mthe set of auxiliary views. Since we dema nd that this rule is applied at most once, we will assume w.l.o.g. that this rule, if applied, is a p plied to the class C k

and its only alias X n

.

T his rule is a generalizatio n of a similar rule proposed and proven in [12]. Informallythe reason the auxiliar yview for X n

can be remo ved fro mthe set of auxiliar yviews is that for ever y object of the class C k

we can have at most one entr yin the view V . Moreover ever ytuple in V represents exactlyone object of the class C k

.

T herefore to add/remove a tuple fro m V we will need an object to be added/removed fro m C k

.

T herefore we can join the objects that are added/removed fro m C k

and pass the where conditions of the quer y Q with the updated values for the other auxiliar yviews (because

Á Y

Ã Pd , s.t. X < ra ( Pd , Y )) to produce the changes made to the materialized view V .

5. Let Pd be a path description such that the C i

<(ra Pd C j

) hold on the database schema

¨ V=V

1

-V

0

.

Proof of Theorem 1:

We first prove the follo wing lemma:

Lema 1 : Let Q be a conjunctive q uer yof the for m

sho wn in theorem1, but over a single class C , and

� be a set of changes on the objects of C , such that

� Ç changes ( changes is described in the theorem1

definition). T hen Q ( C

objects

+ � )= Q ( C

objects

)+ Q ( � ),

where we use C

objects to represent all the objects

belonging to class C .

Note 1. By Q ( C

objects

)+ Q ( � ) we denote the set of

objects that are in the union o f Q ( � + ) and

Q ( C

objects

), but are not in Q ( � - ), where � + denotes

the set of objects that are added and � - the set of

objects that are deleted in the set of changes � .

Proof: T he query Q has the for m

� proje c tion

(

1 selection

(objects)). Since in the eq uation

Q ( C objects

+ � )= Q ( C objects

)+ Q ( � ) both sides have the same projection of attributes, we can ignore the projections fro mour analysis, i.e. we can assume w.l.o.g. that Q has the for m

ê selection

(objects).

No w o Ç Q ( C objects

+ � ) is equivalent to � o

y � + and 1 selection

( o )= o ) (i.e. o pass the where condition of the quer y Q). But this is true if and onlyif it is true that

ê selection

( o )= o and o= ê

VHOHFWLRQ

( o )

È ê

VHOHFWLRQ

� - ), and o= ê

VHOHFWLRQ

( o )

Ç ê

VHOHFWLRQ ( C

objects

) and o= ê

VHOHFWLRQ

( o ) Ç ê

VHOHFWLRQ

� � + ) which is equivalent to o Ç Q ( C

obje cts

)+ Q ( � ).

q

( i) R

i,new

= Q

a,i

( R

i

+ - +

i C

m ) = because of lemma 1

Q a,i

( R i

)+ Q a,i

( - + i C

m ) = by the definition of Ri

Q a,i

( Q a,i

( C i,0

))+ Q a,i

( - + i C

m ) = because Qa,i is a conjunctive query over a single class Q a,i

( C i,0

)+ Q a,i

( - + i C

m ) = because of lemma 1 = Q a,i

( C i,0

+ - + i C

m ). q

(ii) case 1) rule 4 is not applied in forming Q a,i

Let C i,1

= C i,0

+ - + i C

m . T hen V

1

=

) } ({

1 ,

n i new i

R Q

=

= ( i ) ) )} ( ({

1 0 , ,

n i C i i a i

C Q Q

=

- + + m

= by the definition of Ci,1

Q ({ Q a,i

( C i,1

)} n i 1 =

) and

Q ( D

0

+ � )= ) } ({

1 0 ,

n i C i i

C Q

=

- + + m = by the definition of Ci,1

Q ({ C i,1

} n i 1 =

). T herefore we have to prove that

Q ({ Q a,i

( C i,1

)} n i 1 =

)= Q ({ C i,1

} n i 1 =

) which will be true if we can prove that ) )} ( ({

1 1 , , ,

n i i j i a

C Q Q

=

=

) } ({

1 1 ,

n i i

C Q

=

(*) for j =2,3,5 and 6, where Q a,i,j

is the quer ythat is created byapplying rules 1 to j to the auxiliar y view corresponding to X i

. Rule 1 onlyrewrites the quer y Q to an equivalent quer y with fewer classes if this is possible and therefore doesn’t affect our reasoning, i.e. we can assume w.l.o.g that it is not applied. Let’s denote b y R i,j the auxiliar y view produced after applying rule j to C i,1

. T he equation *holds for j =2 because rule

2 sets R i,2

= C i,1

, and therefore Q a,i,2

is the identity.

Byexecuting rule 3 to R i,2

, i =1.. n , we a p plyall the projections and so me of the selections fro m Q o n the objects of R i,2

, i.e. Q a,i,3 contains the same projections and a subset of the selections of Q and therefore * holds for j =3.

No wobserve that the tuples in Q a,i

’ ( C i,1

) are a subset o f C i,1

for i =1 to n , where Q a,i

’ is the q uer y

Q a,i

, but without the projections (this follo ws fro m the definitio n of Q a,i

). It follows that ) )} ( ({

1 1 , ,

n i i i a

C Q Q

=

is a subset of

) } ({

1 1 ,

n i i

C Q

=

because Q is a conjunctive quer y.

8

T o prove that *holds for j =5 we need to prove that ) } ({

1 1 ,

n i i

C Q

=

is a subset of

) )} ( ({

1 1 , 5 , ,

n i i i a

C Q Q

=

. Indeed let’s assume that t Ç ) } ({

1 1 ,

n i i

C Q

=

= ) )} ( ({

1 1 , 3 , ,

n i i i a

C Q Q

=

and t È ) )} ( ({

1 1 , 5 , ,

n i i i a

C Q Q

=

. T hen if t = Q ({ t i

} n i 1 =

), where t i

Ç C i,1

, there must exist g Ç [1, n ], such that t g

Ç Q a,g,3

(C g,1

) and t g

È Q a,g,5

( C g,1

), i.e. rule 5 was used to delete t g

fro mR g,5

. Now if class ( t g

) = C i since rule 5 was applied on t g

, it must be true that

V

1

<(same X i

’ . Pd’ X j

’ ) and C i

<(ra Pd C j

) for some path description Pd , where X i

’ is an alias for the class X i

and X j

’ is an alias for the class C j

.

T her e fore there exists h Ç [1, n ] such that class ( t h

)= C j

, t h

Ç Q a,h,3

(C h,1

) and t g

. Pd = t h

and t h

Ç Q a,h,3

( C h,1

) and therefore rule 5 could not have been applied on t g

and the path description Pd - contradiction.

case 2) rule 4 is applied in forming Q a,i

Let V

0

= Q (D

0

). T hen we have to prove that

V

1

= ) , } ({ 1

1 , 0

- + -

=

+ n C

n i new i

R Q V m holds in this case.

Since rule 4 was applied, as it says in the rule w.l.o.g. we can assume it was applied to the class

C k

and its only alias X n

. If we applycase 1) to the database D

0

without the class C k

we will get that

) } ({ 1

1 ,

-

=

n i new i

R Q = ) } ({ 1

1 1 ,

-

=

n i i

C Q . No wnote that since for ever yclass C i

, i < n there exists a path d e scription Pd such that C k

< ra ( Pd , C i

) it follo ws that for each tuple of C k

added during the update, exactlyo ne corresponding (relative to the path description Pd ) tuple will be added fro mthe other classes. As well for each deleted fro m C k

tup le exactlyo ne corresponding tuple will be deleted fro mthe other classes. As well since the keyo f the class C k

appears in V there will be a one to one correspondence between the tup les in C k

which pass the quer y condition and the tuples in V.

T herefore V

1

-V

0

= ) , } ({ 1

1 1 ,

- + -

= n C

n i i

C Q m

) , } ({ 1

1 ,

- + -

= n C

n i new i

R Q m , which is what we wanted to prove. q

(iii) We have to prove that ( auxiliary_views

’

1

} { n i i

R

=

,

� , D

0

, Q , changes ), i.e. that (

Ã query Q’ )

s. t. (

Á �

Ç changes(

�>LI�

’� � � Ç Models(

� ) then Q( ’� �

� 4 � �

’�

�

� ï î ï

í ì

+

=

- + -

=

=

otherwise R Q D Q used not is rule if R Q

V

n C n

i new i n

i new i

) , } ({ ) (

4 ) } ({

1

1 , 0

1 ,

1 m

where R

i,new

= Q

a,i

( R

i

+ - +

i C m ), i.e. a query Q´ with

the required propertyexists and it is the right side

of the for mula for V

1

. q

(iv) We have to prove that ( auxiliary_views

’

1 ,

} { n

i new i

R

=

, � , D + � , Q , changes ) (***). But since

R

i,new

=Q

a,i

( C

i,0

+ - +

i C m ), where C

i,0

+ - +

i C m is the set

of all objects corresponding to the alias X

i in D

0

� �

we can apply(iii) relative to the database schema

D + � � and the set o f auxiliar yview R

i,new to prove

that ( ***) holds. q

Í

If the quer y Q has aggregates, i.e. it is of the for m:

select distinct [ AGR] X

1.

A

1

,..., [AGR] X q

. A r from C

1

as X

1

,..., C k

as X n where E

1

and E

2

and ... E s group by k p m p m p m

A X A X A X k

. , ... , . , .

2 1 2 1

.

then o ur algorithm has to be modified. T heorem2 summarizes ho wr ules 1 to 6 can be used when we have aggregates.

Theorem 2.

Let � be a database schema,

D Ç Models ( � ) an instance of that schema and Q be a queryof the for m:

select distinct [ AGR] X

1.

A

1

,..., [AGR] X q

. A r from C

1

as X

1

,..., C k

as X n where E

1

and E

2

and ... E s group by k p m p m p m

A X A X A X k

. , ... , . , .

2 1 2 1

.

Let � � be a set of changes on D

0

, such

WKDW� � Ç changes , where the predicate changes

a l lo ws for addition/deletion of objects, but not

more than one operation on the same object. As

well let C

i,0 be the set o f all objects in D

0

belonging to the class corresponding to the alias X

i

of the quer y Q . Also let Q

c be the conjunctive

quer ycorrespon d ing to Q , i.e. the quer y Q ,

witho ut the group by line and without the

aggregations. As well let’s define R

i

= Q

a,i

( C

i,0

), for

i =1 to n , R

i,new

= Q

a,i

( R

i

+ - +

i C m ), and define

V

1

= ) } ({

1 , n

i new i input

R Q

= if rule 4 was not applied

in calculating Q

a,i and

9

V

1

= Q

input

( D

0

) J ) , } ({ 1

1 ,

- + -

=

n C n

i new i input

R Q m

othe r wise. T he definitions o f Q

a,i

, Q

input and Q

result

go as follo ws:

case 1) If Q contains min or max aggregates we

define Q

a,i

, i =1 to n’ , as the result of applying rules

1 to 5 consecutively except for rule 4, relative to

the database schema � and the q uer y Q

c

. In this

case Q

input

= Q and Q

result is the identity quer y.

case 2) if Q doesn’t co ntain min or max

aggr e gates we define Q

a,i

, i =1 to n’ , as the result o f

a p plying rules 1 to 5 consecutively, relative to the

GDWDEDVH�VFKHPD�

�

�DQG�WKH�TXHU\� Q

c

. As well we

define Q

input as the quer yQ, where each sum or

avg aggregate is sub stituted bya pair of sum - count

aggregates ( for example we substitute the quer y

select .... avg salary as avg_sal... with se lect ....

sum salary as sum_sal, count salary as count_sal

... ). Finally Q

result is defined fro mthe equatio n

Q = Q

input

Ó Q

result

.

T hen if ( D

0

+

� )

m ) for i =1 to n´

(ii) V

1

= Q input

( D

0

+ � ) and Q r e sult

( V

1

) =Q ( D

0

� � )

(iii) ( auxiliary_views ’

1

} { n i i

R

=

, � , D ,Q, changes )

(iv) ( auxiliary_views

’

1 ,

} { n i new i

R

=

, � , D + � ,Q, changes ), where n´ = n -1 if rule 4 is applied in for ming Q a,i and n´ = n other wise.

Note 1: T he operator

J for the expressio n

V

1

= Q inp ut

( D

0

) J ) , } ({ 1

1 ,

- + -

= n C

n i new i input

R Q m is d e fined as all the tuples in Q input

( D

0

) "plus" the co r responding additions fro m

) , } ({ 1

1 ,

+ -

= n C

n i new i input

R Q m "minus" the corr e sponding deletions fro m

) , } ({ 1

1 ,

- -

= n C

n i new i input

R Q m ( + n C

m denotes the a d ditions to the class with alias X n

in � and - n C

m - the deletions). By"plus"/"minus" we mean that when we calculate the result of "adding" to t

1

Ç ) , } ({ 1

1 ,

+ -

= n C

n i new i input

R Q m the tuple t

2

Ç ) , } ({ 1

1 ,

+ -

= n C

n i new i input

R Q m and then

"su b tracting" the tuple t

3

Ç ) , } ({ 1

1 ,

- -

= n C

n i new i input

R Q m , such that t

1

, t

2

and t

3

have the same values for the non-aggregate attributes the values for the aggr e gates attrib utes is calculated as sho wn in table 1. In the table value , value.c and value.s are the r e sult values

when updating a single count attribute and a couple of count and sum attributes respe c tively

(couples of count - sum attributes are created by the application of the quer y Q input

). As well in table 3 t i

.c and t i

.s ( i =1,3) are used to represent the respective values of the couple of count - sum attributes being processed.

single count attribute

if t

1

.c+t

2

.c-t

3

.c>0, value= t

1

.c+t

2

.ct

3

.c, other wise don’t add a tuple to V

1 a couple of count - sum attributes

if t

1

.c+t

2

.c-t

3

.c>0, value.c=t

1

.c+t

2

.ct

3

.c, value.s=t

1

.s+t

2

.s+t

3

.s, other wise don’t add a tuple to V

1

Table 1. Shows how the

J operator adds aggr e gated attribute values

T he proof of theorem2 follo ws. T he theorem adapts part of the mechanisms for managing a g gregate views presented in [11]. For a demo nstratio n of ho wthe theoremis applied in practice see example 3 in the next section. Several explanatio ns about the theorem are in order. First, if we have the aggregates min or max we applyall rules but 4 relative to Q c

, which yields o ne auxi l iar yview for ever yset o f objects in D

0 belonging to the same class alias. Since tho se views are auxiliar y, relative to the quer y Q c

and the for mula V

1

= V

0

+

¨9 is not used (rule 4 is not

applied), the materialized view together with those

auxiliar yviews will for ma self-maintainable set

of views relative to the quer y Q .

No win the case, when we don’t have the

aggregates min or max in the quer y Q , we shall

keep in the data warehouse the materialized vie w

for Q

input

( D ) rather than for Q ( D ). T he reason for

this is that when rule 4 is applied, we have the

for mula V

1

= V

0

+ ¨9 and we cannot directlyupdate

quer yresults containing sum and avg aggregate

attributes. Ho wever if we store a pair of sum -

count aggregated attributes for each sum and for

each avg aggregate attribute, then we can update

V

1 and the auxiliar yviews successfully. In the

case when we don’t have sum or avg aggregated

attributes, Q

input is defined as Q , i.e. we store the

materialized vie wfor Q ( D

1

). T he disadvantage

of our approach is that when we want to calculate

the result of Q ( D

1

) fro m the materialized view we

need to calculate the quer y Q

result

( V

1

). Ho wever

this can be done ver yfast because the quer y

Q

r e sult can be executed quicklyand as sho wn in

table 2.

10

Q

result value

input attrib ute(s) value o f

count

attribute value for Q

result

a pair of sum - count

attributes

corr e sponding to an

avg attribute

> 0 value o f sum

attribute /

value o f count

value

a pair of sum - count

attributes

corr e sponding to a

sum attribute

> 0 value o f sum

a pair of sum - count

attributes

corr e sponding to a

sum or avg attribute

or a single count

attribute

=0 the tuple doesn’t

appear in Q

result

other attribute N/A value o f the

attribute

Table 2. Shows how Q

result works

It can be easilyseen that the co ndition in the

the o rem Q

input

Ó Q

result

= Q holds. A characteristic of

the quer y Q

result is that it scans it’s single input

table onlyonce and returns the result tuples

contin u ously- i.e. it takes little time for the first

and next tuple of the result to be calculated.

Proof of Theorem 2:

Let’s define Q

agr

, such that Q

input

= Q

c

Ó Q

agr

, i.e. Q

agr

is the quer y with aggregates that can be applied

after Q

c is applied to reach the same result as if

Q

input is applied in the first place.

case 1) Applying theorem1 to the quer y Q

c we get

that 1.i ) R

i,new

= Q

a,i

( C

i,0

+ - +

i C m ) and 1.ii ) Q

c

( D

0

+ � )=

) } ({

1 , n

i new i c

R Q

=

. But then 1.ii) is equivalent to

Q

agr

( Q

c

( D

0

+ � ))= Q

agr

( ) } ({

1 , n

i new i c

R Q

=

) or

Q

i n put

( D

0

+ � )= ) } ({

1 , n

i new i input

R Q

=

)= V

1 and

Q

r e sult

( V

1

)= V

1

= Q

input

( D

0

+ � )= Q ( D

0

�ZKLFK proves ii). No w( auxiliary_views n i i

R

1

} {

=

, � , D ,Q, changes ) holds because V

1

=

) } ({

1 ,

n i new i

R Q

=

is a quer yfor calculating

Q ( D + � ) based on � , Q ( D

0

) and n i i

R

1

} {

=

. Finally to prove that ( auxiliary_views

’

1 ,

} { n i new i

R

=

, � , D + � ,Q, changes ) holds we can a p plythe same reasoning as in theorem1 for pro v ing (iv) .

case 2) We have two sub-cases

case 2.1) rule 4 was not applied in forming Q a,i

Applying theorem1 to the quer y Q c

we get that

1.i ) R i,new

= Q a,i

( C i,0

+ - + i C

m ) and 1.ii ) Q c

( D

0

+ � )=

) } ({

1 ,

n i new i c

R Q

=

. But then 1.ii) is equivalent to

Q agr

( Q c

( D

0

+ � ))= Q agr

( ) } ({

1 ,

n i new i c

R Q

=

) or

Q i n put

( D

0

+ � )= ) } ({

1 ,

n i new i input

R Q

=

)= V

1

and

Q r e sult

( V

1

)= Q result

( Q input

( D

0

+ � ))= Q ( D

0

+ � ) which proves ii). No w( auxiliary_views n i i

R

1

} {

=

, � , D ,Q, changes ) holds because

Q r e sult

( ) } ({

1 ,

n i new i input

R Q

=

) is a quer yfor calculating Q ( D

0

+ � ) based on � , Q ( D

0

) and n i i

R

1

} {

=

. Finallyto prove that ( auxiliary_views

’

1 ,

} { n i new i

R

=

, � , D + � ,Q, changes ) holds we can a p plythe same reasoning as in theorem1 for pro v ing (iv) .

case 2.2) rule 4 was applied in forming Q a,i

Lemma 2:

Q agr

( Q c

( D

0

)+ ) , } ({ 1

1 ,

- + -

= n C

n i new i c

R Q m )=

Q agr

( Q c

( D

0

)) J Q agr

( ) , } ({ 1

1 ,

- + -

= n C

n i new i c

R Q m )

Proof:

Note that t Ç Q agr

( Q c

( D

0

) +

) , } ({ 1

1 ,

- + -

= n C

n i new i c

R Q m ) , if and onlyif the value of the aggregate attributes of t were calculated b y adding the changes fro m ) , } ({ 1

1 ,

- + -

= n C

n i new i c

R Q m to Q c

( D

0

) and then applying Q agr

. Since Q agr

was applied, all the count aggregated attributes for t were greater than 0, because other wise Q agr

wo uld not have returned the tuple t as a result. But the last conditions are equivalent to t Ç Q agr

( Q c

( D

0

))

J

� Q agr

( ) , } ({ 1

1 ,

- + -

= n C

n i new i c

R Q m ) because all J does is to add the aggregate attrib utes and elim i nate the tuples having count aggregates o f 0, which proves the lemma.

q

Applying theorem1 to the quer y Q c

we get that 1.i ) R i, new

= Q a,i

( C i,0

+ - + i C

m ) and

1.ii ) Q c

( D

0

+ � )= Q c

( D

0

)+ ) , } ({ 1

1 ,

- + -

= n C

n i new i c

R Q m .

But then if we apply Q agr

to both sides of 1.ii we get Q input

( D

0

+ � ) = Q agr

( Q c

( D

0

+ � )) =

Q agr

( Q c

( D

0

)+ ) , } ({ 1

1 ,

- + -

= n C

n i new i c

R Q m )= lemma2

Q agr

( Q c

( D

0

)) J Q agr

( ) , } ({ 1

1 ,

- + -

= n C

n i new i c

R Q m )= Q input

( D

0

) J ) , } ({ 1

1 ,

- + -

= n C

n i new i input

R Q m = V

1

. As well

Q ( D

0

+ � )= Q result

( Q input

( D

0

+ � ))= Q result

( V

1

), which completes the prove of (ii). No w( auxiliary_views n i i

R

1

} {

=

, � , D ,Q, changes ) holds because

Q r e sult

( Q input

( D

0

) J ) , } ({ 1

1 ,

- + -

= n C

n i new i input

R Q m ) is a quer yfor calculating Q ( D

0

+ � ) based on � , Q ( D

0

) and n i i

R

1

} {

=

. Finally to prove that

( auxi l iary_views ’

1 ,

} { n i new i

R

=

, � , D + � ,Q, changes ) holds we can applythe same reasoning as in theorem1 for proving (iv) .

Í

So far we have onlylooked at the case

where object updates are not allowed. If we

a l lo wfor object updates, the above algorithms

have to be modified. One way this can be done is

to avoid applying r ules involving a path

description that passes through classes which

roles or attri b utes ( we will call them properties

fro mhere on) are allo wed to be modified. We

don’t claim that this is an optimal approach, but it

clearlywor ks.

More specificallywe classify the

prope r ties that are part of the quer y Q (see [12]).

Protected properties are properties that appear in

the select clause o f the QQL quer y, and therefore

are atomic attrib utes, but don’t appear in the

where clause. Exposed properties on the other

hand are properties which appear in the where

clause of the quer y Q . Updates taking place in

the same transaction will be considered as a

del e tion of an object follo wed b ythe addition of

an object with the same object ID, but different

p a rameter s. Updating protected attributes will

not influence the above algorith ms. T he reason

being that since none of the properties involved

in the where conditio n are updated, the set of

auxiliar yviews produced b ythe algorithms will

be valid. T he onlymodification is that since an

object may appear more than once in � , when

applying the for mulas V

1

= Q ( D

0

) +

) , } ({ 1

1 ,

- + -

=

n C n

i new i

R Q m or V

1

= Q

input

( D

0

) J

) , } ({ 1

1 ,

- + -

=

n C n

i new i input

R Q m the o b jects in the first

part of the right expressions may have to be

updated more than once.

As far as updating exposed properties

goes, rule 4 can not be applied altogether because

it relies on the fact that there are no object

mod i fications fro manyclass participating in the

quer y. As well rule 3 can not be used to do

s e lections on conditions containing exposed

pro p erties. T he reason is that if we allo w for

prope r ties of the where clause of the quer yto be

u p dated, then we don’t kno w which objects will pass the quer y condition after a transaction is

finished. Similarlyrules 5 and 6 can not be

applied if the path description Pd , that is part of

their precond i tions, passes thro ugh classes which

contain e x posed properties. T he reason is that

such exposed propertyallo w for an object in C

i to

be related to different object in C

j after the end of

a transaction (see the definition of rules 5 and 6).

No for mal proofs regarding object

u p dates is presented in this paper because we

b e lieve that the last 3 paragraphs give eno ugh

just i fication why the presented in them

methodologyworks. As well there is extensive

literature on the problemof object updates when

protected and exposed properties are involved

(for example see [12]). For an example of ho w

exposed properties can prevent us fro mapplying

so me of the rules see Example 3.

In this sectio n algorithms for calculating

the necessar yauxiliar yviews relative to a schema

� , quer y Q and predicate changes were presented.

Algorithms for maintaining those auxiliar yviews

and the corresponding materialized view were

described as well. A demonstration of ho w the

rules sho wn in this chapter can be applied in

pra c tice follo ws.

5. Exa mples

In this sectio n we will sho w several examples of

ho wthe methodologypresented in the previo us

section can be applied.

Example 1

Suppose we have our example database schema

� fro msection 2, the predicate changes � defined to include onlyaddition and deletion of objects, but witho ut allo wing two or more operations on the same object in one transaction, and our example quer yfro msection 3 rewritten as:

select distinct S. number, C.code, P.name, D. name fro m SE CT as S, CLASS as C, DEP as D, PROF as P, "ART S" as G, 300 as N, 30 AS A where S.s_class=C.ID and C.c_dep=D.ID and

S.s_prof = P.ID and D.group = G.value and

C.number> N. value and P.age >= A. value

What we have done is that we have presented the standard types as classes to comply with the dat a base model we are using. As well we assume that the classes for the standard types have a default attribute value containing the value of the type. Let’s assume as well that we are given that number is a keyfor the class SECT . T hen by applying theorem1, we have that R

PROF

R

DEP

and

12

R

CLASS

(see T able 3) is a valid set of au x iliar y views relative to

�4 and the predicate changes

at time 0 and that R 1

PROF

, R 1

DEP

, R 1

CLASS produce a

valid set of auxiliar yviews at time 1 ( we have

excluded the auxiliar yviews for the sta n dard

types because they are irrel e vant).

Time

Auxiliary

View

0 1

R PROF select distinct P.Id,

P.name

from PROF as P

where P.age >=30

and

P.teaches.s_class.c_d

ep.group=^ARTS~ select distinct P.Id,

P.name

from ( R

prof

� +-

PROF

) as P

where P.age >=30 and

P.teaches.s_class.c_dep.g

roup=^ARTS~

R DEP select distinct D.*

from Department as

D

where D.group

="ARTS" select distinct D.*

from (R 1

DEP � � +-

DEP ) as D

where D.group ="ARTS"

R CLASS select distinct C.ID,

C.code, C.c_dep

from CLASS as C

where C.c_dep in

R DEP and C.number

>300 select distinct C.ID,

C.code, C.c_dep

from (R 1

CLASS � � +-

CLASS )

AS C

where C.c_dep in R 1

DEP

and C.number >300

Table 3. Shows the auxiliary tables at time 0 and

at time 1 for example 1.

T he queryQ’ for calculating V

1 is:

Q’ = V

0

+

select distinct S. number, C.code, P.name,D. name

fro m R 1

,prof

AS P, R 1

,dep

AS D, R 1

, class

�$6�&� � +- sect

AS S where S.s_class=C.ID and C.c_dep=D.ID and

S.s_prof = P.ID, where V

0

is the materialized view at time 0. In this examp le rule 1 wasn´t applicable, we applied rule 2 to start with one auxiliar yview for each class, then rule 3 was applied to discard the irrel e vant, relative to the query Q , properties (like the property salary of the class PROF ), and we did all the necessar yselections (like P.age >=30 ).

We applied rule 4, because we can use the axio ms fro msection 1 to derive that SECT <( ra s_class

CLASS ), SECT <( ra s_class . c_dep DEP ) and

SECT <( ra s_prof PROF ) and as well we kno w that the attribute number , which appears in the view V is a key for the class SECT . Rule 5 can also be applied. Note that CLASS < ( ra c_dep

DEP ), and V<( sa me CLASS . c_dep DEP) are given to hold. T herefore we need to store in the auxiliar yview for the class CLASS , onlyobjects that relate to objects in the auxiliar y vie wfor the class DEP , i.e. onlyclasses that belong to a

d e partment in the ARTS group. Similarly, since we can deduce that PROF < ( ra teaches.s_class.c_dep.g_group G ) and V<( sa me

PROF . teaches.s_class.c_dep.g_group G ) we need onlythose professors, that are teaching sectio ns belonging to a class, part of a department fro mthe

"ART S" group of departments.

Example 2

No wto demonstrate ho w rule 1 can be used and ho wtheorem2 can be applied, suppose we have the quer y:

Q= select distinct count(S) as sect_count, D. name fro m DEP as D, COURSE as C, SECT ION as S where D=C.c_dep and C=S.s_class group by D on the same schema and allo wing o nlyprotected updates (i.e. updates on the attrib ute D.name ).

Since we have onlythe aggregate count we have case 2 of theorem2 and Q input

=Q, Q result

=identity.

No wusing the integrityconstraints we kno w we can applythe algorithm fro mrule 1 to rewrite the quer yas:

Q= select distinct count(S) as sect_count, D.name from SECT as S, DEP as D, where S.s_dep=D.ID group by D

We have gained the ad vantage that we have less base classes in the quer yand therefore we will end up with fewer auxiliar y views. T he corresponding auxiliar yviews at time 0 are: R dep

= select distinct

D.name, D.ID from DEP as D and at time 1 -

R 1 dep

= select distinct D.name , D . ID from (R

,DEP

+

� +-

DEP

) as D (again we don’t sho w the auxiliar y views for the classes corresponding to standard types). T o calculate V

1

= Q input

( D

0

) J Q input

( R ‘

DEP

, � + -

SECT

) we can calculate consecutivelyR + ’, R - ’ and

R’ temp

and R’ as sho wn in table 4. We need the aggregations for R + ’ and R - ’ because we have a l lo wed for more than one update on an object in this case.

R +’ Select D.name, count( S + .s_dep) as plus_count from � + sect

as S + , R 1 dep as D where S + .s_dep=D group by D

R -’ select distinct D.name, count(S - .s_dep) as minus_count from � � - sect

as S - , R 1 dep as D where S - .s_dep=D group by D

R’ temp

select distinct V.name,

V.sect_count+P.plus_count-M.minus_count as sect_count from R +’ as P, R -’ as M, V 0 as V where V.name=P.name and V.name=D.name

R’ select distinct name, sect_count from R’ temp where sect_count>0

Table 4. Shows V 1 = Q input ( D 0 )

� Q input ( R ‘

DEP ,

� + -

SECT

) is calculated

for example 2

Example 3

In this example we will demonstrate ho w we can

deal with exposed updates (i.e. the case where

update of exposed properties is allo wed). Suppose

we have the scenario fro mexample 1, but the

property c_dep of the class CLASS is exposed to

updates. T hen we cannot use rule 4 and we will

have an auxiliar y view for the class SECT . As

well we can not applythe selection C.c_dep in

R D EP in calculating the auxiliary for R CLASS

(b e cause c_dep is an exposed property) and the

same applies for the constraint on the class PROF .

In this case we will have the auxiliar yviews

sho wn in table 5 (co m pare them to those in table

3).

Time /

Au x ili

ary

view

0 1

R PROF select distinct P.ID,

P.name

from PROF as P

where P.age >=30 select distinct P.Id, P.name

from (R 1

PROF � � +-

PROF

) as

P

where P.age >=30

R DEP select distinct D.*

from Department as D

where D.group

="ARTS" select distinct D.*

from (R 1

DEP � � +-

DEP ) as D

where D.group ="ARTS"

R CLASS select distinct C.ID,

C.code, C.c_dep

from CLASS as C

where C.number >300 select distinct C.ID,

C.code, C.c_dep

from (R 1

CLASS � � +-

CLASS )

AS C

where C.number >300

R SECT select distinct S.*

from SECT as S

where S.s_prof in

R PROF select distinct S.*

from R 1

SECT � � +-

SECT as S

where S.s_prof in R 1

PROF

Table 5 Shows the auxiliary views for example 3

Note that we partiallyco mpensated the fact that

we could n’t applythe above rules b yapplying rule

5 to the class SECT .

T his concludes our examples. We didn’t

give examp les of all possible cases that can arise

fro mthe algorithms in sectio n 4, but hopefullythe

presented examples were sufficient to demo nstrate

ho wthe rules fro msectio n 4 can be applied. In

what follo ws in section 6 we will to uch o n so me

of the research done in the area of materialized

view maintenance and in sectio n 7 we will

me n tion areas of possible further r e search.

6. Related research

T he problemof materialized view maintenance is

relatively new ( mo st of the works o n this topic are

written in the past 10 years). An examp le of a

good survey paper on the problemis [5]. As far as

the problemo f producing self-maintainable vie ws

[6] and [8] give good algorithms. Regarding the

problemof self-maintainable views when working

with o b ject-oriented databases, as was the case in

this paper, [13] is a good reference.

A special class of object databases are

the semi-str uctured databases, where the objects

the database is co mposed of for ma graph, but

there is no database schema. An excellent paper

on the problemof self-maintainable views based

on semi-structured data is [1].

As far as exploiting integrityconstraints

in order to create small auxiliar yviews [12] is an

excellent source of reference and it is the base for

this paper. Ho wever it covers only ho w keyand

referential integrityco nstraints can be used in a

relational database model and explores only

conjunctive queries. As far as using fun c tional

dependencies when wor k ing with self-

maintainable views goes, [9] is a unique reference.

T he paper presents algorithms for d e ter mining,

whether a materialized view is self-maintainable,

with respect to a conjunctive quer y, the view’s

content and the functio nal dependencies that hold

on the database schema. T hat is, the paper only

gives algorithms for testing whether a particular

materialized vie wis self-maintainable witho ut

presenting an algorithmo f how the vie wcan be

updated efficiently if the self-maintainability test

fails.

7. Conclusion

In this paper unique algorithms for creating small

auxiliar yviews that solve the problemo f

mater i alized vie wmaintenance are presented. T he

uniq ueness o f the algorithms co mes fro mthe fact

that theyuse infor matio n about the integrity

co n straints that hold on the data to reduce the size

of the auxiliar yviews.

One weakness of this paper is that it

doesn’t explore the problemof co mpleteness.

T hat is, algorithms are presented and their

co r rectness is proven, but it is no t sho wn if tho se

a l gorithms co uld be modified to produce even

smaller auxiliar yviews, for examp le b yfurther

exploring the integrityconstraints that can be

d e duced to hold. In fact we have sho wn (o utside

this paper) that the presented algorithmfor pr o ducing auxiliar yviews when queries with

aggr e gations are involved can be optimized to

produce even smaller auxiliary vie ws, i.e. the

presented methodologydoesn’t calculate the

smallest poss i ble auxiliar yviews in all cases.

T hose findings, of ho w the presented algorithms

can be modified to produce even smaller auxiliar y

views, could be the base for a future paper.

Another weakness o f the paper is that no

cost model is presented - i.e. the extent to which

the proposed algorithms reduce the size o f the

auxiliar yviews in practice is not sho wn. One way

a cost model can be obtained is b yimplementing a

prototype software system, and experimenting on

it to evaluate the effectiveness of the proposed

algorithms in producing auxiliar yviews.

Finally, it is worth mentio ning that using

auxiliar yviews that make the data wareho use self-

maintainable is only one possibility when solving

the problemo f materialized view maintenance.

Another alter native is to relax the constraint of

self-maintainability, b ut still use auxiliar yand

allo was well for data to be fetched on demand

fro mthe data sources. A characteristic of such a

hybrid model is that it also allo ws integrity

co n straints to be exploited when deciding what

au x iliar ydata to be stored at the data wareho use

site and what data sho uld be fetched on demand

fro mthe data sources.

Acknowledgements:

I would like to express mysincere gratitude to my

advisor Prof. Grant Weddell and his colleague

Prof. Ken Salem(both for mthe University of

Waterloo) for their valuable input during the paper

writing and reviewing.

About the author:

Lubo mir Stanchev has a M.Sc. degree in co mp uter

science fro mthe University of Sofia , Bulgaria and

is currentlya Ph.D. student at the University of

Waterloo . His fields o f interest include

distributed, object-oriented and semi-str uctured

databases.

References

[1] S. Abiteboul , J. McHugh , M. Rys , V.

Vassalos , J. Wiener, Incremental Maint e nance

for Materialized Views over Semistructured Data ,

24th Internatio nal Co nference on Ver yLarge

Databases (VLDB), August, 1998.

[2] Alexander Borgida and Peter F. Patel-

Schneider, A Semantics and Co mplete Alg o rithm

for Subsumption in CLASSIC Description Logic.

J. of AI Research, 1:277-308, 1994

[3] Alex Borgid, On the relative expre s siveness of

description logics and predicate logics , Artificial

Intelligence v.82, pp. 353-367, 1996

[4] Alexander Borgida and Grand E. Weddell,

Adding uniqueness constraints to d e scription

logics , International Conference on D e ductive and

Object-Oriented Databases , pp. 85-102, 1997

[5] A. Gupta, and I. S. Mumick , Maint e nance of

Materialized Views: Problems, Tec h niques, and

Applications , Data Engineering B u l letin, 18(2),

pp. 3-18, June 1995.

[6] Ashish Gupta, H. V. Jagadish, I nderpal Singh

Mumick, Data Integration using Self-

Maintainable Views . 5th Internatio nal Conference

on Extending Database T echnology (IDBT ),pp.

140-144,March 1996.

[7] R. Hull and G. Zhou, A Framework fo r

supporting data integration using the materilized

and vi r tual approaches , SIGMOD 1996.

[8] N. Huyn, Exploiting Dependencies to Enhance

View Self-Maintainability , unpublished,

http://www-db.stanford.edu/pub/papers/fdvsm.ps,

1996.

[9] N. Huyn, Efficient View Self-Maintenance ,

Proc. of ACM Workshop on Mat e rialized Views:

T echniques and Applicatio ns, Montreal, Canada,

June 1996.

[10], ViatlyL. Khizder, David T oman and Grand

Weddell, Reasoning about Duplicate Elimination

with Description Logic , DOOD 2000, to be

published

[11] I. Mumick , D. Quass , B. Mumick,

Maintenance of Data Cubes and Summary Tables

in a Warehouse , SIGMOD 1997.

[12] D. Quass, A. Gupta, I.S. Mumick, and J.

Widom. Making Views Self-Maintainable for Data

Wa rehousing , Proc. of Fourth Intl. Conf. on

Parallel and Distributed Information Systems

(PDIS ’96), D e cember 1996.

[13] Y. Zhuge , H. Garcia- Molina, Graph

Structured Views and Their Incremental

Maint e nance , Proc. of the Fourteenth Internatio nal

Co n ference on Data E ngineering, Februar y, 1998.