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listed-price
 $250,000
 $110,000
   ...

      phone
(305) 729 0831
(617) 253 1429
  ...

   comments
Fantastic house
Great location
  ...

realestate.com

 PRICE    AGENT-PHONE     DESCRIPTION

Mediated schema

  <listed-price> $ 110,000</listed-price>
  <phone> (617) 253 1429</phone>
  <comments> Great location </comments>

  <listed-price> $ 250,000</listed-price>
  <phone> (305) 729 0831</phone>
  <comments> Fantastic house </comments>

If “phone” occurs in 
the name => 

AGENT-PHONE

If “fantastic” & “great” 
occur frequently in 
data instances => 

DESCRIPTION

Learned hypotheses

(a)

    price
 $550,000
 $320,000
   ...

 contact-phone
(278) 345 7215
(617) 335 2315
  ...

   extra-info
Beautiful yard
Great beach
  ...

greathomes.com

(b)
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<house-listing>
   <location>Seattle, WA</location>
   <price> $70,000</price>
   <contact><name>Kate Richardson</name>
                   <phone>(206) 523 4719</phone>
   </contact>
</house-listing>

<!ELEMENT   LISTING   (ADDRESS, LISTED-PRICE, CONTACT-INFO)>
<!ELEMENT   ADDRESS          (#PCDATA)>
<!ELEMENT   LISTED-PRICE   (#PCDATA)>
<!ELEMENT   CONTACT-INFO  (FNAME, LNAME, AGENT-PHONE)>
<!ELEMENT   FNAME              (#PCDATA)>
<!ELEMENT   LNAME              (#PCDATA)>
<!ELEMENT   AGENT-PHONE  (#PCDATA)>

(a) An XML house listing in a source S

<!ELEMENT   house-listing   (location?, price,contact)>
<!ELEMENT   location   (#PCDATA)>
<!ELEMENT   price       (#PCDATA)>
<!ELEMENT   contact  (name, phone)>
<!ELEMENT   name   (#PCDATA)>
<!ELEMENT   phone  (#PCDATA)>

(b)  The schema of source S (c) The mediated schema
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2.2 Schema Matching as Classification
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3. THE LSD APPROACH
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location: Miami, FL
comments: Nice area
contact: (305) 729 0831
location: Boston, MA
comments: Close to river
contact: (617) 253 1429
house-addr: Seattle, WA
detailed-desc: Fantastic ...
phone: (206) 753 2605
house-addr: Portland, OR
detailed-desc: Great yard
phone: (515) 273 4312

T(NaiveBayes)
(“Miami, FL”, ADDRESS)
(“Nice area”, DESCRIPTION)
 ...
(“(515) 273 4312”, AGENT-PHONE)

T(NameMatcher)
(“location”, ADDRESS)
(“comments”, DESCRIPTION)
 ...
(“phone”, AGENT-PHONE)

CV(NaiveBayes)
<ADDRESS:0.8, DESCRIPTION:0.2, AGENT-PHONE:0.0 >
<ADDRESS:0.3, DESCRIPTION:0.3, AGENT-PHONE:0.4>
  ...
<ADDRESS:0.2, DESCRIPTION:0.2, AGENT-PHONE:0.6>

CV(NameMatcher)
<ADDRESS:0.6, DESCRIPTION:0.2, AGENT-PHONE:0.2>
<ADDRESS:0.2, DESCRIPTION:0.5, AGENT-PHONE:0.3>
  ...
<ADDRESS:0.1, DESCRIPTION:0.3, AGENT-PHONE:0.6>
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Cross validate
by Naive Bayes

Cross validate
by name matcher

Mediated schema: ADDRESS, DESCRIPTION,  AGENT-PHONE

realestate.com: location, comments, contact                  
homeseekers.com: house-addr,  detailed-desc,  phone        

1-1 Mappings Provided by the User
location <=> ADDRESS, comments <=> DESCRIPTION, contact <=> AGENT-PHONE

house-addr <=> ADDRESS, detailed-desc <=> DESCRIPTION, phone <=> AGENT-PHONE

(a) (b)

(c)

(d)  

(e)

(f)

(g)

T(ML,ADDRESS)
   (0.6, 0.8, 1)
   (0.2, 0.3, 0)
     ...
   (0.1, 0.2, 0)

(h)

  
Learner Weights

   WNameMatcher   =  0.3

   WNaiveBayes      =  0.8  

ADDRESS

ADDRESS

(i)
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Prediction
ConverterName Matcher

Naive Bayes Meta-Learner

Name Matcher
Naive Bayes Meta-Learner

Meta-Learner

Prediction
Converter

Constraint
Handler

Domain constraints

Mappings

User feedback

area: Orlando, FL
extra-info: Spacious ...
agent-name: Mike Smith
work-phone: (315) 237 4379
area: Kent, WA
extra-info: Close to highway
agent-name: Jane Kendall
work-phone: (415) 273 1234
area: Portland, OR
extra-info: Great location
agent-name: Matt Richardson
agent-phone: (515) 237 4244
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area
area: Orlando, FL
area: Kent, WA
area: Portland, OR

extra-info
extra-info: Spacious ...
extra-info: Close to highway
extra-info: Great location

Name Matcher
Naive Bayes Meta-Learner

Name Matcher
Naive Bayes Meta-Learner

Meta-Learner

(a)

(b)

(c)
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3.3 The Base Learners
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4. EXPLOITING DOMAIN CONSTRAINTS
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Constraint
Types

Examples
Can Be Verified

With
Frequency At most one source element matches HOUSE.    Exactly one source element matches PRICE. Schema of target source

Nesting
If a matches AGENT-INFO & b matches AGENT-NAME, then b is nested in a.
If a matches AGENT-INFO & b matches PRICE, then b cannot be nested in a.

”

Contiguity
If a matches BATHS & b matches BEDS, then a & b are siblings in the schema-tree, and the elements
between them (if any) can only match OTHER.

”

Exclusivity There are no a and b such that a matches COURSE-CREDIT & b matches SECTION-CREDIT. ”

H
ar

d

Column
If a matches HOUSE-ID, then a is a key.
If a, b,  and c match CITY, FIRM-NAME, and FIRM-ADDRESS, resp., then a & b functionally determine c.

Schema + data from
target source

Binary Number of elements that match DESCRIPTION is not more than 3. ”

So
ft

Numeric
If a matches AGENT-NAME & b matches AGENT-PHONE, then we prefer a & b to be as close to each other
as possible, all other things being equal.

Schema of target source
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4.2 The Constraint Handler
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4.3 User Feedback
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5. LEARNING WITH NESTED ELEMENTS
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<contact>
   <name> Gail Murphy </name>
  <firm> MAX Realtors </firm>
</contact>
<description> 
     Victorian house with a view. Name your price!
     To see it, contact Gail Murphy at MAX Realtors.
</description>

d

name   
gail   
 ...
realtor   
firm 

name   gail   murphy   ...    realtor   firm 

d

AGENT-NAME OFFICE-NAME

gail     murphy max     realtor

d

name firm

gail     murphy max     realtor

tAGENT-NAME   
tOFFICE-NAME

gail
murphy
max
realtor  

td        OFFICE-NAME

tOFFICE-NAME         realtor

td        AGENT-NAME

tAGENT-NAME         gail

Edge Tokens

Tokens

Node Tokens
(a)

(b) (c)

(d) (e) (f)
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XML Classifier - Testing Phase
Input:     an XML element E        Output:  a predicted label for E
1. Create T, a tree representation of E. Each node in T represents a 
    sub-element in E.
2. Use LSD (with other base learners) to predict for each non-leaf & non-root
    node in T a label; replace each node with its label.
3. Generate the bag of text-, node-, & edge-tokens: B = {t1, t2, ..., tk}.
4. Return label c that maximizes P(c) * P(t1|c) * P(t2|c) * ... * P(tk|c).

XML Classifier - Training Phase
Input:    a set of XML elements S = {E1, E2, ..., En};
               the correct label for each Ei and each sub-element in Ei.
Output: the set of all text-, node-, & edge-tokens: V = {t1, t2, ..., tm};
               probability estimates for tokens P(ti|c) & classes P(c)
1. For each Ej:   (a) Create Tj, its tree representation.
                           (b) Replace Tj’s root with the generic root tR; replace 
                                 each non-root & non-leaf node with its label.
                           (c) Create the bag of text-, node-, & edge-tokens Bj for Tj.
2. Compute V, P(c) & P(ti|c) as with the Naive Bayes learner (see Section 3.3).
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