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Integration ⊇ Data Exchange ⊃ Query Answering

Data Federation

main task: query answering

Data Migration

main task: data translation



The difference is the level of:
(1) Materialization

(2) Constraint Enforcement

Data Federation

virtual
requirement:  on-the-fly, sound

Data Migration

materialized
requirement:  consistent at target



Global as View
Source: P. Atzeni [ICDE 2006]



Local as View
Source: P. Atzeni [ICDE 2006]



GAV vs. LAV
Source: Kambhampati & Knoblock [AAAI 2002]



SQL – GAV & LAV

➲ GAV::   R1 AS SELECT x,y,... FROM R11, R12
➲ LAV::    R11 AS SELECT x,y,... FROM R1, R2



Datalog - GAV

➲ GAV::   R1(x,y,...) :- R11(x,y,...) ^ R12(x,y,...)



Datalog - LAV

➲ LAV::    R11(x,y,...) :- R1(x,y,...) ^ R2(x,y,...)
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Ontologies

➲ Types (square)
➲ Properties (colored arrow)
➲ Axioms (dotted line)



Bridging Axioms



Logical Framework

➲ Main idea:
● Translation as entailment
● Inference as the implementation

➲ Data Translation  (⇨D ):

(∑→  ,  )⇨D      only if   (∑ →  ,   ) ╞ 

(∑ →  ,   ) ⇨D        ↔      (∑ →  ,   )  ├   → (∑ →  ,   )╞ 

➲ Query Answering and Translation (⇨Q ):

(∑ →  ,   ? )⇨Q ?     only if  (∑ →  ,   θ ( ? ))╞ θ ( ? )

 (∑ →  ,   ? )⇨Q ?    ↔   (∑ →  ,   θ ( ? )) ├ θ ( ? ) →(∑ →  ,   θ ( ? ))╞ θ ( ? )

  S   T

∑→
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Multi-Source Query Answering

➲ Target query:  
(fullname x ?y) ^ (phone x ?z)

➲ Answers from Source S
1
:

{y/John Doe, z/509-3333}
{y/James Doe, z/541-9999}
{y/Kathy U, z/206-2345}

➲ Answers from Source S
2
:

{y/J. Doe, z/509-3334}
{y/J. Doe, z/541-4444}
{y/J. Doe, z/541-9999}
{y/K. Unbehaum, z/206-2345}

➲ So now what?


1
  S

1   T

∑1→


2
  S

2

∑2→



So now what?

➲ Characterizing inconsistency:
● Eliminating redundancy

● Augmenting missing data

● Correcting wrong data
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Step 1:  Translation and Answering ☑

➲ ∑1: 
● ( :fname x fn) ^ ( :lname x ln) → ( :fullname x concat(fn,ln))  
● ( :telephone x t) → ( :phone x t) 

➲ ∑2: 
● ( :fullname x fn) → ( :fullname x fn) 
● ( :phone x t) → ( :phone x t) 


1
  S

1   T

∑1→


2
  S

2

∑2→



Step 2:  Reference Reconciliation 

➲ S1:  (candidate key)
● (fname x fn) ^ (lname x ln) ^ (fname y fn) ^ (lname y ln) → (= x y)

➲ T: (candidate key)
● (fullname x fn) ^ (bday x b) ^ (fullname y ln) ^ (bday y b) → (= x y)

➲ Reconciliation Rule as a form of logical weakening:
● ∑1:

● (fname x fn) ^ (lname x ln) ^ (fname y fn) ^ (lname y ln) ^               
     (dob x b) ^ (dob y b) → (= x y)

  S   T

∑→

fname, lname fullname
dob bday



Step 1 + 2:  Intertwining translation 
and reconciliation

➲ Target query: 
( : fullname x ?y) ^ ( : phone x ?z)

➲ Translation:
RULE:  ( :fname x fn) ^ ( :lname x ln)   → ( :fullname x concat(fn,ln))
RULE:  ( :telephone x t)  → ( :phone x t)
==============================================
Source query:  ( :fname x ?fn) ^ ( :lname x ?ln) ^ ( :telephone x ?t)  

➲ Reconciliation:
RULE:  (fullname x fn) ^ (bday x b) ^ (fullname y ln) ^ (bday y b) → (= x y)

➲ Query Weakening:
RULE: ( :dob x b)  → ( :bday x b)
====================================================
( :fname x ?fn) ^ ( :lname x ?ln) ^ ( :telephone x ?t)    ^ ( :dob  x ?b)



Step 2:  Reference Reconciliation 


1
  S

1   T

∑1→


2
  S

2

∑2→

S
1
{y/John Doe, b/8-29-1974, z/509-3333}
{y/James Doe, b/4-13-1970, z/541-9999}
{y/Kathy U, b/2-28-1977, z/206-2345}

S
2

{y/J. Doe, b/8-29-1974, z/509-3334}
{y/J. Doe, b/4-13-1970, z/541-4444}
{y/J. Doe, b/4-13-1970, z/541-9999}
{y/K. Unbehaum, b/2-28-1977, z/206-2345}



Step 3: Inconsistency 

➲ Redundancy

➲ Augmentation

➲ Incorrectness

{y/Kathy U, b/2-28-1977, z/206-2345}  +
{y/K. Unbehaum, b/2-28-1977, z/206-2345}
===================================

{y/Kathy Unbehaum, b/2-28-1977, z/206-2345}

{y/James Doe, b/4-13-1970, z/541-9999}  +
{y/J. Doe, b/4-13-1970, z/541-9999}

{y/John Doe, b/8-29-1974, z/509-3333}  ≠ 
{y/J. Doe, b/8-29-1974, z/509-3334}



Finally... future work

➲ Complexity:  expressiveness vs. computability
➲ Complexity:  open vs. closed worlds

H,AH,B H,BH,A

H,AH,B H,BH,A
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Thank you.


