
Distributed Knowledge Systems
Information Storage:  

Database, Knowledgebase, Information System

Information Retrieval:


Query Languages

Definition 1.

By Information System we mean a sequence  S = (X, A, V)  where:


X – Set  of  Objects


A – Set  of  Attributes


V – Set  of  Values of Attributes  [  V = 
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{Va : a 
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a : X  
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 Va   is a function for every   a 
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For example:

	
	Color_of_Hair
	Nationality

	X1
	Blond
	German

	X2
	Black
	Spanish

	X3
	Black
	Spanish


 

    Information System S

VNationality = {German, Spanish, Italian}


V = VNationality 
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 VColor_of_Hair 

Nationality (X1) = German ,   Color_of_Hair(X3) = Black

Information System is  incomplete  if there is  a 
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 A  such that  a  is a partial function.  (i.e. the value  a   is a missing value)
For example:

	
	Color_of_Hair
	Nationality

	X1
	Blond
	German

	X2
	
	Spanish

	X3
	Black
	Spanish



Color_of_Hair(X2) – not defined.

Function (attribute)  is called  total  if it is complete.
DATABASE

Flights (airline, departure_time, arrival_time, departure_airport, arrival_airport)

QUERY not local for database Flights

select * from Flights
where airline = “Delta”

and departure_time = “morning”

and departure_airport = “Charlotte”

and arrival_airport = “Warsaw”

and aircraft = “Boeing”

because of the attribute aircraft.  

(We do not have such attribute in our local database (above).  In that case, we can look for a remote database, which does contain such attribute, and next try to extract definitions of that attribute in terms of some of the attributes we do have in our local database)
Distributed Query Answering System (main steps):

· Search for a remote database containing attribute aircraft and the attribute value “Boeing”.

· If search is successful and there is a non-empty overlap between attributes in Flights and attributes in a new database, discover rules describing “Boeing” in terms of attributes common for both databases.

· Use these rules to approximate non-local query by a local query.  (replace aircraft = “Boeing”  with its definition based on the rules discovered)
· Resolve local query.



Semantics - when dealing with several remote databases (distributed information system) we need to take into consideration the fact that these databases may intend a different interpretation of the same attribute. For example, in a rural town in China there is a particular understanding of the attribute  height  and what it means a short, medium, and a tall person. On the other hand, the Chinese people that live in the mountains tend to be generally taller than the rest of the population. So, they may have a different interpretation of tall. 

S – information system


                         Interpretation J

J(t) = set of objects in S described by t.

Queries t1, t2 are equivalent if J(t1) ( J(t2).

Fact:

Some queries are handled easily by the Query Answering System (queries in DNF (disjunctive normal form - please see previous lecture for reference)). 

Fact:

Query Answering System is based on a set of axioms. If the set of axioms is complete and sound then each query term can be replaced by equivalent one which should be easy to process. 

 Example: Information system with hierarchical attributes.
	Name
	Age
	Height
	Sex
	Eyes

	John
	23
	Tall
	M
	Blue

	Claude
	35
	5.11
	M
	Green

	Robert
	27
	Tall
	M
	Hazel

	Nancy
	Teenager
	5.04
	F
	Blue

	Ingmar
	39
	5.07
	M
	Black

	Roberto
	31
	6.03
	M
	Dark

	Marcel 
	42
	Medium
	M
	Green

	Johanna
	21
	5.05
	F
	Blue

	Jurgan
	Teenager
	5.11
	M
	Hasel

	Tom
	Old
	6.00
	M
	Blue

	Albert
	Teenager
	5.09
	M
	Dark

	Mark
	24
	Medium
	M
	Brown

	Valerie
	25
	5.08
	F
	Hazel

	George
	Old
	Short
	M
	Green

	Gary
	31
	5.01
	M
	Black

	Peter
	Old
	Medium
	M
	Dark

	Rudy
	25
	6.03
	M
	Green

	Homer
	32
	5.09
	M
	Dark

	Jeff
	Adult
	5.11
	M
	Dark

	Julia
	24
	5.05
	F
	Hazel

	Karen
	Teenager
	5.08
	F
	Blue

	Steve
	29
	6.02
	M
	Brown

	Gerald
	32
	Short
	M
	Black

	Margot
	Teenager
	5.09
	F
	Dark

	Frank
	48
	5.10
	M
	Hazel

	Lauric
	21
	5.11
	F
	Green

	Donald
	26
	Tall
	M
	Hazel

	Adrian
	28
	5.09
	M
	Black

	Ronald
	21
	5.10
	M
	Brown

	Jean
	26
	5.07
	F
	Dark


 The Information System Table



 Information Systems, Queries, Axioms
Complete Information System S = (X, A, V).

	X
	a1
	a2
	a3
	a4

	x1
	0
	0
	1
	0

	x2
	1
	0
	1
	0

	x3
	1
	1
	2
	0

	x4
	0
	1
	2
	1

	x5
	0
	1
	2
	1

	x6
	0
	0
	1
	1

	x7
	1
	0
	1
	1


Query Language L(S) is built from the atomic statements:

{(a1, 0), (a1, 1), 
       (a2, 0), (a2, 1), 
        (a3, 1), (a3, 2), 
(a4, 0), (a4, 1)}.

values of a1 are:  0  and 1
for a2:  0 and  1       for a3: 1 and 2     for a4: 0 and 1
Example of S-Queries:



[[(a2, 1) + (a3, 2)] * (a1, 0)]




~[(a2, 0) * (a1, 0) + (a1, 1)]
Interpretation I of S-Queries:



I((a2, 1)) = {x3, x4, x5}  





I(*) =  (  

I(+) =  (  

I(~t) = X – I(t).

Query Answering System for S is based on Axioms of Boolean Algebra:

· (t1 + (t2 + t3)) = ((t1 + t2) + t3),  (t1 + t2) = (t2 + t1),  t1 + t1 = t1, t1 + 0 = t1, 

t1 + 1 = 1

· (t1 * (t2 * t3)) = ((t1 * t2) * t3),  (t1 * t2) = (t2 * t1),  t1 * t1 = t1, t1 * 0 = 0, 

t1 * 1 = t1

· (t1 * (t2 + t3)) = (t1 * t2) + (t1 * t3),  (t1 + (t2 * t3)) = (t1 + t2) * (t1 + t3),
t1 * (t1 + t2) = t1, t1 + (t1 * t2) = t1

· ~(t1 * t2) = (~t1) + ~( t2),  ~(t1 + t2)  = (~t1) * (~t2)

Query Answering Strategies

1. 
Null Values

Incomplete Information

Query Answering Strategy (for reachable queries):

1. Submit Query

2. Apply Chase-Algorithm to  IncompleteDB  (this is an algorithm for missing value imputation, so we can fill in the missing values) 

3. Find Certain and Possible Answers to the Query

2. Null Values

Incomplete Information

Query Answering Strategy (for reachable queries):

1. Submit Query

2. Discover new Knowledge (in the form of rules) from  IncompleteDB
3. Apply this knowledge to make  IncompleteDB  more complete

4. Find Certain and Possible Answers to the Query

3. Null Values

Incomplete Information

Distributed Databases (built independently)

Query Answering Strategy (for reachable queries):

1. Submit Query to a Local   IncompleteDB
2. Discover new Knowledge (in the form of rules) from local  IncompleteDB and from (some) of its Neightbors

3. Resolve Inconsistencies between these Rules  (different semantics, or conflicts between objects)
4. Apply the resulting consistent set of Rules to make local IncompleteDB more complete

5. Find Certain and Possible Answers to the Query
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Distributed


IncompleteDB
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- the  *  sign means (  (intersection)


the  +  sign means  ( (union)


the  ~t   means all objects X, which do not have interpretation t.





- the objects  x3, x4, and x5 are the ones that have a2 = 1





- give me all objects which do NOT have a value of a2 = 0  AND a1 =0  OR have a1 = 1





- give me all objects which have a value of a2 = 1  OR a3 =2  AND also have a1 = 0





DISCOVERY LAYER





b1 -> c2 * d1 * h1


f3 -> d1 * h1 * b1





KNOWLEDGE LAYER





b1 * c2 -> a3


h1 * b1 -> a2
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