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Global DB and Queries

incompleteness in the Artist(Name, Country) Movie(Title,Year, Genre, Director, Rating)

global database:
unknown values
due to the mappings

$ A(d,c), M(t,y,q,d,

return titles of movies
where director is an artist
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Compatible
Global Instances

Name Country Title Year Genre Director Rating
Fincher I Seven 1995 Thriller Fincher I 5
5 L g Leon 1994 Action '3 8.6
Name Country Title Year Genre Director Rating
Fincher GB Seven 1995 Thriller Fincher 1.0
Tarkovsky| Russia Leon 1994 Action | Tarkovsky| 8.6
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The Global Database I
an Incomplete Databas

What Is the global DB?
G=G(I,M)={J[J]lm I}

The global DB Is the set of all compatible instan
<zthe global DB is amcomplete DB
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Information integration



Possible Answers

return all movie titles

with their genres and directors
*’ Qt,g.d)$ A(d, ), M(t,y,9,d,1)

4 _ ] )
Artist Movie
Name Country Title Year Genre Director Rating
Fincher ! 1 Seven 1995 Thriller Fincher ! ) — G
I 5 L4 Leon 1994 Action 3 8.6
\ J

Possible answers:
Pos (Q, G) = { (Seven, Thriller, Fincher),

(FMJ, Action, Kubrick), o}
Inbnite answer

10



Certain Answers

return all movie titles

with their genres
* Q(t,9)$ A, c),M(t,y,g,d.1)
r _ . h
Artist Movie
Name Country Title Year Genre Director Rating
Fincher I Seven 1995 Thriller Fincher -
I 5 L4 Leon 1994 Action 3 8.6
\ J

1. Certaln answers:
Cert (Q, G) = {(Seven,Thriller), (Leon, Actioh)
all tuples contribute
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Certain Answers

return all movie titles

with their directors and ratings
* Q(t, d,r)$ A(d,c),M(t,y,g,d,r)

-

\_

Artist Movie
Name Country Title Year Genre Director Rating
Fincher I Seven 1995 Thriller Fincher -
I 5 L4 Leon 1994 Action 3 8.6

~N

2. Certaln answers:

Cert (Q,G) ={}

data IS spars&€zno answers

11



¥Problems with
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Tables with SQL Nulls

¥ Observation:
No result on integration of tables with SQL nul

¥ Problem:
How to integrate DBs that contain SQL nulls?

¥ Research directions:
Reconsider integration model by allowing SQL
nulls to be In
1) local DBs, 2)the global DB, 3) answers

13



lterated Integration

¥ Observation:

Integration result is iIncomplete

but there iIs no theory to support integration of
Incomplete databases

¥ Problem:
How to integrate databases that result from
Integration?

¥ Research Directions:
Allow local databases to be incomplete

14



Query Answers

¥ Observation:
- Cert (Q,G) = ! if the data is sparse
' Pos (Q, G) is always inPnite

¥ Problem:
What are reasonable answers?

¥ Research Directions:
Relax the certain answers semantics by allow
Incomplete answers

15



Aggregate Queries for
Information Integration

¥ Observation:
Lack of results on aggregate queries for
Information Integration

¥ Problem:
How to answer aggregate gueries over the glo
DB?

¥ Research Directions:
1) syntax, 2)semantics, 3) algorithms
for aggregate gueries over incomplete DBs

16



Four Research Direction

¥ SOL Nulls

¥ Iterative Integration

¥ Incomplete Answers

¥ Aggregate Queries



¥LAV Integration of
Tables with SQL Nulls



Query Evaluation Over

Tables with SQL Nulls

Artist Movie
Name Country Title Year Genre Director Rating
Polanski Poland Pianist 2002 Drama Polanski 8.5
! Poland Chinatown| 1974 Crime ! 8.5

Query:

ans(d) $ M(t, v, g, d, r), A(d, Poland)

Answers:
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Query Evaluation Over

Tables with SQL Nulls

I denotes SQL null

Artist Movie
Name Country Title Year Genre Director Rating
Polanski Poland Pianist 2002 Drama Polanski 8.5
! Poland Chinatown| 1974 Crime ! 8.5

Query: ans(d) $ M(t, v, g, d, r), A(d, Poland)

return all directors from Poland

Answers:

the truth value in SQL for:
1. d = Polanski =1 1= Polanskis OunknownO
2. d =1 One cannot join on !
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Integration Settings witr
Nulls Can be Inconsistet

Sound Conjunctive LAV Mapping:
RP(t,y,g, d)! | rcMtyg dr),A(d,-c)

Artist

Rotten Potatoes

NEnlE

Inconsistency due to joins an

Titl Year Genre Director
Pianis 2002 Drama !
\Y[e)Vi[<] \
Title Year Genre |Director| Ratin
Pianist 2002 Drama ! |

20




Inconsistency Can be
Detected Easily

Theorem:

For conjunctive sound LAV mappings
Inconsistency Is

' LoaSpace in the size of the local DH |

' Linear in the size of the mappingjgl|

21



Global Instances:
Standard Approach

| is treated like a regular constas&Z ! can occur anywhere in global instances

RP(t,y,g,d) ! | rc My, g, dr),Ad,-c)
Rotten Potatoes
Title Year Genre Director
Seven 1995 ! Fincher
Director Movie
Name Country Title Year Genre Director | Rating
Fincher British Seven 1995 ! Fincher !
Fincher ! Seven 1995 Thriller Fincher 8.6
! American Pop Star ! Comedy | Gabai 1.5
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Certaln Answers
Over Standard Global DE

Theorem:Under standard semantics, the combir
complexity of checking certain answers Is
| P-complete

Remark:The result already holds if one checks
whether @ Is a certain answer

Reminderin the classical case, combined comb
complexity of checking certain answers Is
NP-complete

23



Global Instances:
Restricted Approach

| is treated like a special consta®Z ! only comes from local database

RP(t,y,g,d) ! | rc My, g, dr),Ad,-c)

Rotten Potatoes

Title Year Genre Director
Seven 1995 ! Fincher
Director Movie
Name | Nationality Title Year Genre Director Rating
Fincher British Seven 1995 | Fincher 9.0
Fincher Russian Seven 1995 Thriller Fincher 8.6
2005 American Pop Star 2005 Comedy Gabal 1.5

24




Certalin Answers Over
Restricted Global DBs

Theorem:

Under restricted semantics, the combined

complexity of checking certain answers IS
NP-complete



Computing Certain
Answers on Global DBs

Theorem:

1. Standard and restricted global DBs can be
correctly represented by-tables
like In classical information integration

2. Under restricted semantics certain answers
can be computeas in non-null case

3. Careful modibcation aflassical query evaluation
givessoundalgorithmsfor standard semantics

26
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Components of
lterative Integration

¥ Incomplete sources
¥ Mappings
¥ Incomplete global database

¥ Query answers



Representation System

¥ Allow one to construct syntactic objects that
represent sets of databases

¥ Components of systems:
' languagéo describe representations

' mappindghat relates representations to sets (
databases:

Rep: T | = {Dy,...,Dp,...}

AL



Representation System
Examples

¥ Codd tables - non repeating nulls
¥ v-tables (variable-tables) - repeating nulls

¥ c-tables (conditional-tables) - repeating nulls +
local boolean conditions

¥ world-set decompositions -
c-tables with Pnite range for repetating nulls

30
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Representation System

Examples
¥ Codd ta Il
¥ v-tables Name | Phone bating nulls
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\_
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Representation System

Examples
Name | Phone| Age con
Mary I b3 (13" 30,33 |15 4
John 9 | 4 l 2 < | 4
Bob 5 | 5 l5< 1,
ils
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Z00 of
Representation System:

WSDs

v- tables
Codd tabl




Semantics of Integratiol
for Incomplete Sources

Gl)={J |thereis| | |, I "y J} = G(1)
| 1]
¥ Semantics is Incomplete DB for both complete
and iIncomplete sources

¥ Semantics is backwards compatible for
Incomplete sources that are singleton sets



Preliminary Results

1. Iterative Integration

' we proposedgeneral modetor integration of
Incomplete DBs that supports composition
LAV and GAV mappings

I we showed that for v-tables the model beha
similarlyto the classical case

33



¥Incomplete Answers
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Preliminary Results

2. Incomplete Answers

' we debne incomplete answers for iterative &
classical integration astables

' we showed that iIncomplete answers for

conjunctive LAV Iintegrations can be comput
by rewritings using views

3. Aggregate Queries [CKNTO0S8]

35



¥Aggregate Queries over
Knowledge Bases



Conclusions

¥ We saw limitations of the classical model and
proposals to overcome the limitations

¥ Next steps:
keep working on the presented research
directions
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