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Problem Statement

o Increasing number of structured data
sources

o Interrelated data

o The user interacts with each information
source separately and combine data !

Alternatively :

o How do we extract the relevant data for
a given query 2




Solution

A System that:

o Provides a uniform query interface to
distributed structured sources

o Uses source descriptions to describe
data sources

o Generates executable query plans
o Returns the merged resulf set to the user

INFORMATION MANIFOLD

Information Manifold
Architecture

Information Manifold
World View

o A virtual global schema on which
the user can pose queries

Product {Model}
utomobile {Model, Year, Category}
“hCar {Model, Year, Category}
NewCar {Model, Year, Category}
UsedCar {Model, Year, Category}
CarForSale {Model, Year, Category, SellerContact}
Motorcycle {Model, Year}




Information Manifold
Source Descriptions
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Source Descriptions for
Auto Sources

Source 1: Used cars for sale.
Accepts as input a cat

v or model of car, and optionally a price range and a year range.

For each car that satisfies the conditions, gives model, year, price, and seller contact information
Source 2: Luxury cars for sale. All cars n this database are priced above 320,000

Accepts

input a category of car and an optional price range.

For cach car that satisfies the conditions, gives model, year, price, and seller contact information
Source 3: Vintage cars for sale (cars manufactured before 1950)

Accepts as fnput a model and an optional year range.

Gives model, year, price, and scller contact information for qualiying cars.
Source 4: Motorcycles for sale

Accepts as input a model and an optional price range.

Gives model, year. price, and seller contact information,

Source 5: Ca reviews database. Contains reviews for cars manufactured after 1990
fnput a model and a year

Outpu

s a car review for that model and year

Content Records of Auto
Sources

Source L: Used cars for sale.

Contents: Vi(¢) C CarForSale(c), UsedCar{c)

Source 2: Luxury cars for sale. All cars in this database are priced above $20,000
Contents: Va(¢) C CarfiorSale(c), Price ¢, p). p > 20000

Source 3: Vintage cars for sale (cars manufactured before 1950).
Contents: Vi(c) C CarforSale(c), Year(c,y), v < 1950

Source 4: Motorcycles for sale.
Contents: Vi(c) C Motoreycle(c)

Source 5: Car reviews database. Contains reviews for cars manufactured after 1990.
Contents: Vs(m,y,r) C Car(c), Model(c, m), Year(c, ), Product Review(m, v, r)




Capability Records of
Auto Sources

Desired Inputs Possible Qutputs

Source 1: Used cars for sale.
Selection Set
cay el (c), Cateaorsial, €
i

)
cars for sale. All cars in this database are priced above $20,000

fodel (<), Category(c), Year(e), Price(c), SellerContact(s

Source

Capabilities: ({Moel(c), Category(c)}, {Model(c), Category(c), Year(c), Price(c), SellerContact(c)},
{Price(c)), 1,3)
Source 3: Vintage cars for sale (cars manufactured before 1950).

Capabilities: ({Model(c)}, {Model(c). Category(c), Year(c), Price(c), SellerContact(c)}
{Price(c)}, 1,2)
Source 4: Motorcydies for sale.

Capabilities: ({Model(c)}, { Model(c), Year(c), Price(c), '
Source 5: Car reviews database. Contains reviews for cars

t(e)}, {Price()}, 1,2
after 1990.

Capabilities: ((my). {m.y.r). {).2,2)

Information Manifold
Plan Generator

i Query Reformulation Steps

Q) Ri(Z). ... Bu(Za). Cq

o Prune irrelevant sources
o Split query info sub goals
o Generate conjunctive query plans

o Find an executable ordering of sub
goals




° Step 1. Bucket Algorithm

Algorithm CreateBuckets(V.Q)
Tnputs: V
Q:Q(X) ¢

is a set of content descriptions, and  is a conjunctive query of the form
Ri(X1), ooy Ru(Xo), Co

Set. Bucket; 1o 0 for | <i<m
Fori=1,....n do
Tor cach V €V
Let V be of the form:
VF) € i), e Su(V). Oy
Forj=1,....ndo
I ;= S or It; and S are nondisjoint classes

d on th bles of 1 as follows:

Jth variable in X;.

that does not appear in Q or V.
Let
Qe Ri(X), ... W) Coy SHE)), -y Su(@(V)), ©(Cv)
If Satisfiable(Q) then add ©(V) to Bucket;.

End.

° Step 1. Bucket Algorithm

Given a query Q:

o Find a relevant source

o Create a bucket for this sub-goal
o Check source for Satisfiability

o Add information source to bucket
for this sub-goal

Example: Contents and
Capabilities

Source 1: Used cars for sale.
e sedCar(c)

gory(c)}. {Model(¢). Category(e), Year(c). Price(e), SellerContact(c)},

s database are priced above 320,000
» > 20000
1(6). Category(c). Year(c). Price(c). SellerContact(c)).

act(c)}, { Price(c)}.1,2)
ed after 1990




Bucket Algorithm:
Example

g(my.pir1) +  CarForSale(c,), Category(c,, sportscar). Year(cy. y), y > 1992

Price(ey, pr), Model(c, my), ProductReview(my. yy, 1)

v(c), Model(c, m), Category(c,t), Year(c, y),

CarForSale(c,), Category(cy, sportscar), Year(ey. yy). g1 > 1992,
Price(cy, 1), Model(ey, my), Productiteciew(my, yy, r1), UsedCar(c,), SellerContact(cy. s)

Source 1is added to bucket

Sou

ed because (y < 1950, y > 1992) is not satisfiable

Step 2. Finding an
Executable Ordering

o Considering all possible
combinations of information
sources, enumerate semantically
correct plans

Step 2. Algorithm for finding
an Executable Ordering

o Maintain a list of available
parameters

o At every point add to the ordering
any sub-goal whose input
requirements are satisfied

o Push as many selections as
possible to the sources




Step 3. Checking

Containment

o Minimize each plan by removing
redundant sub-goals

Experimental

Results

Query | Number of | Max. bucket | Plans Plans | Time per | Total time

sources size cnumerated | generated | plan (sec.) | (sec.)

20 1 7 1 0.55 0.55

10 1 7 1 0.56 0.56

1 60 2 26 2 0.85 1.70
0 P B 7 055 70

100 2 26 2 0.85 1.70

20 2 7 1 0.57 0.57

10 3 11 2 0.48 0.96

2 60 5 35 6 0.49 2.95
80 6 1 R 0.40 3.20

100 7 72 g 075 6.00

20 2 8 2 0.28 0.56

10 2 8 2 0.28 0.56

3 60 2 8 2 0.28 0.56
R0 6 19 6 0.22 1.32

100 0 120 10 0.2 2.20

Query 1: find fitles and years of movies featuring Tom Hanks
Query 2: find fitles and reviews of movies featuring Tom Hanks
Query 3: find telephone number(s) for Alaska Airines

Experimental
(cont.)

Results
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Conclusions

o A novel system that provides a DB-

like query interface to distributed
structured information sources

o Frees the user from interacting with

each information source individually

o Integrates data from multiple sources

and filters information

o Information Manifold applicable to

WWW and company-wide d-DB's

Open Questions

o How to automatically extract
contents and capabilities from
sources ¢

o Are there befter algorithms to
determine the relevant sources 2

o Scalability 2
o Overall Performance issues 2

Discussion Points

o A foundational paper in web-data
mining.

o Substantial impact on current
integration systems.

o Contents & capabilities at the core
of the system yet no proposed
generation algorithm.

o Experiments carried out on a very
small set of queries.




Questions 2




