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Build a system 

that helps domain experts and developers

in the Ontology Matching process

(real-world ontologies and applications)

Objective
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Å Finding correspondences (mappings or agreements) 
between entities belonging to different ontologies (source 
and target ontologies)

Å mapping = (source entity, target entity, relation, similarity) 

Å alignment or matching = set of mappings 

Å mapping cardinality

Ontology Matching



11

Ontology Matching Methods
[Shvaiko & Euzenat 2005]

ÅConcept based

ïString based (e.g., edit distance)

ïLanguage based (e.g., tokenization)

ïConstraint based (e.g., types, cardinality)

ïLinguistic (e.g., vocabularies like WordNet)

ÅStructure based

ïTaxonomy and graph based (e.g., relationships 

among nodes), internal or external

ïModel based (e.g., logic techniques)

ÅInstance based
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Related Work

ÅClio [Hérnandez, Miller, Haas 2001]

ïNotable for database-specific constraints

ÅCOMA++ [Aumueller et al. 2005]

ïSchema and ontology matching

ÅFalcon-AO [Jian et al. 2005]

ïWinner of one of the most challenging tracks of 

the Ontology Alignment Evaluation Initiative in 

2007

ÅRiMOM [Tang et al. 2006]

ïPowerful ontology matching
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Land Use Code Scenario
Wisconsin Land Information System (WLIS)

ÅEach county (local authority) is divided into parcels and 
each parcel is given a code that describes its land use

ÅThere are 72 counties and hundreds of cities and towns 
in the state: each may have their own land use codes

[Wiegand et al. 2002]

Land Use Code

Land Use Code

Land Use Code

Land Use Code

Land Use Code
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Land Use Codes
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Need for Data Integration

ÅQuery: ñFind all the land parcels used 
for rail transportation purposes in the 
state of Wisconsin.ò

ÅNeed to propagate the query to all the 
local land use databases of the various 
counties and municipalities

ÅQuery has to be rewritten for each
database

ÅInstead: use a single ontology as 
mediator



ÅMapping the adult mouse anatomy 

ontology (2744 classes) to the NCI 

thesaurus describing the human anatomy, 

(3304 classes) 

ÅSeveral types of matching techniques are 

needed:

ïString similarity matching technique

ïDomain dictionary (UMLS metathesaurus)

ïOthers

Biomedical Scenario

16
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Synonyms:

Fibrocartilaginous joint, 

Symphysis, Secondary 

cartilaginous joint, é

Synonyms:

Synovial joint, 

Articulatio synoviale, 

Junctura synovialis, é
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Geospatial Domain Scenario: Wetlands
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Users

Name Measure Category Avg Yes No

Q1.1 familiarity land use classifications (LUC) 5 5 4 5 5 4.8

Q 1.2 frequency work with LUCs 2 3 3 2 4 2.8

Q1.4 yes/no work with one jurisdiction No No Yes Yes Yes 3 2

Q1.6 yes/no work with several jurisdictions Yes Yes Yes Yes Yes 5 0

Q1.7 frequency using multiple LUCs 2 3 4 1 3 2.6

Q1.9 difficulty understanding relationships 3 3 2 4 4 3.2

Q10 yes/no matching LUCs Yes Yes Yes Yes No 4 1

Q1.12 amount time to perform matching 2 3 4 3 3.0

Q1.13 amount accuracy achieved in matching 2 3 3 5 3.3

Q1.14 difficulty derivation of facts 2 5 2 2 2 2.6

Users

ÅHowever, users want to have control of 

the matching process

ïBe able to intervene

ïBe able to evaluate



Challenges

ÅUser and application requirements

ÅLarge ontologies (algorithmic), e.g., 

display of very large ontologies (30K 

nodes)

ÅCombination of matching strategies

ÅSoftware engineering and semantic 

engineering

ÅEvaluation (required by users and by 

peers), including third-party evaluation
21



22

Ontology Alignment Evaluation 

Initiative (OAEI)

Å Annual international competition to evaluate 

ontology alignment techniques

Å Multiple tracks, including:

ï Biomedical track

ï Conference track (15 ontologies)

Å ñSide effectò of the competition

ï Published ontology sets

Å Ontology set consists of two ontologies and correct 

mappings as determined by experts
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OAEI Competition
ÅResearchers can participate with only one 

ontology matching technique (per track)

ÅAlignment technique must be fully 
automatic, it cannot be manual or semi-
automatic

ÅCompetition provides an API

ÅUser interface not evaluated

ÅResults measured by 
ïRecall, precision, and F-measure (combines 

recall and precision)

ïRuntime

ïOther
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AgreementMaker
Ontology Matching System

ÅMotivation 
ïAutomatic methods are required to match large ontologies 

ïSeveral features of the ontologies have to be considered 

ïUsers need to trust the mappings and to be directly 
involved in the loop

ÅSystemôs capabilities
ïWide range of matching methods

ïCapability to smartly combine multiple strategies

ïMulti-purpose user interface to allow evaluation and 
manual interaction with the matchings

ïExtensible architecture to allow reuse and composition of 
the matching modules



26

User Interface



Visualization Panel

Control Panel

Model

Panel
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User Interface screen-shot

Video available at: www.AgreementMaker.org
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Å Template pattern

ï Structure initialization

ï Similarity computation (quadratic number of comparisons)

ï Mapping selection (threshold and cardinality 1-1, 1-N, N-M, 
n-*é)

Matcherôs Abstract Structure
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Å Modularization

Å Series & parallel composition

Matcherôs Architecture
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Implemented Matchers

Å First layer (conceptual)

ï BSM Base Similarity Matcher

ï PSM Parametric String-based Matcher

ï VMM Vector-based Multi-term Matcher

Å Second layer (Structural)

ï DSI Descendantôs Similarity Inheritance

ï SSC Siblingôs Similarity Contribution

Å Third Layer

ï LWC Linear Weighted Combination
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Å Concepts as documents in the vector space model

Å Documents as Term Frequency - Inverse Document Frequency vectors

Å Cosine Similarity between vectors

First Layer: Vector-based Multi-term 

Matcher (VMM)
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Structure Based Methods

ÅDescendantôs Similarity Inheritance 

(DSI)

ÅSiblingôs Similarity Contribution (SSC)

ÅBoth DSI and SSC utilize the results 

generated by the Base Similarity 

Method (concept based)
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Descendant's Similarity Inheritance (DSI) 

Method

ÅModifies the base similarity between two concepts by 
considering their ancestors

ÅFunction DSI_sim(C,Cǋ) computed as follows

where

ïMCP is the main contribution percentage (a value 
of 0.75 was found to work well).

ïparenti (C), i Ó0, is the ancestor A of C such that 
there is a path of length i (number of edges)
between C and A.
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Siblingôs Similarity Contribution (SSC) 

Method

ÅModifies the base similarity between two concepts 
by considering the similarity between their siblings

ÅFunction SSC_sim(C,Cǋ) computed as follows

where:
ïMCP is the main contribution percentage (a value of 

0.75 was found to work well).

ïN is the number of siblings of concept C

ïM is the number of siblings of concept C'
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Ontology Sets

Ontology set Depth

Number of concepts in 

the source ontology

Number of concepts in 

the target ontology Syntax

Relations between 

concepts and their parents

Wetlands 5 29 29 XML PART-OF

Weapons 6 153 213 N3 IS-A

People and pets 4 65 93 N3 IS-A

Computer Networks 5 90 89 N3 IS-A

Russia 5 86 87 N3 IS-A
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Experimental Results 

Wetlands

Algorithm Precision Recall

Base similarity 61.54% 44.44%

DSI 94.87% 68.52%

SSC 74.36% 54.70%

Similarity flooding 92.31% 55.57%

Similarity Flooding: [Melnik, Garcia-Molina, Rahm, 2002]
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Experimental Results

ÅPrecision and recall

ïDSI or SSC do at least as well as 
Base Similarity and Similarity 
Flooding

ïDSI was most often the winner

ÅRun time

ïDSI is usually best (Similarity 
Flooding is first in one case)
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Mappings Selection Module
Å Input:

ï similarity matrix SM

ï threshold value thÍ[0,1] (e.g., 0.7)

ï source and target cardinality constraints sc-tc (e.g., 1-1, n-m, n-*,*-*)

Å Output: set of mappings M that

ï maximizes overall similarity of the selected mappings

ï satisfies threshold and cardinality constraints
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1-1 Matching Optimization Problem

Even a simple scenario can be tricky!
1.0
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0.1
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1.0

Tot = 1.8

ÅThis is an optimization problem!

ïNamely, the Assignment Problem

ÅCombinatorial methods have been typically adopted

ïe.g., the Hungarian Method O(|SM|3) (too slow)

ïnot feasible on large ontologies because of memory usage

Tot = 1.1
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Run the Shortest

Augmenting Path

Algorithm (SAP)

Cut edges with 

weights lower 

than the threshold

Our Approach

ÅReduce the 1-1 Mappings Selection problem to the 
Maximum Matching in a Weighted Bipartite Graph
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ÅExperimentally shown to be better
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Maximum Matching vs Hungarian 

Method

Comparison of execution time
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ÅSignificant improvement in execution time

ÅEfficient memory usage (with 1GB limit of memory 
the Hungarian wonôt work on 3500x3500 matrices) 
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Maximum Matching vs Hungarian 

Method

ÅPerformance improves when the threshold value increases

Comparison of execution time with different threshold values
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Å Comparison with a gold standard G (if available)

ï Precision P = # correct mappings/ # found mappings

ï Recall R = # correct mappings/ |G|

ï F-measure = 2(P*R) / (P + R)

Å If gold standard G not available we consider quality 
measures

ï Similarity level

Å Local confidence

ï Alignment level

Å Distance Preservation

Å Order Preservation

Quality Evaluation



Quality Measures of a Matching Method

51

Similarity Level Selection Level

Local Quality of each 

row (or column) of 

the similarity table

Quality of a 

mapping

Global Quality of the 

entire similarity

table

Quality of the 

whole set of 

mappings

[Joslyn et al. 2008][Cruz, Palandri Antonelli, Stroe, 2009]
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Å Distance Preservation

ï F should not distort the ñdistanceò between concepts

Å Order Preservation

ï F should not distort the order of concepts

Global/Selection Level



Local/Similarity Level

ÅWe consider the combination of several 

methods applied separately

ïCan we do better with a combination of the 

different methods than with the best of 

methods?

ïMaybe we can if: 

ÅWe identify unreliable similarity values

ÅGive weights associated with perceived 

confidence

53
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Unreliable Similarity Values

Perceived Confidence
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1. The matching method compares features that are not available in 

the ontologies (e.g., label comparison of non-labeled ontologies) 

Ý all 0 similarity values

2. The matching method compares meaningless features (e.g., 

string comparison of numeric identifiers) Ý random similarity 

values

3. The matching method compares features that are identical for all 

concepts (e.g., structural comparison of non-hierarchical 

ontologies) Ý all 1 similarity values

4. Perceived confidence
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Local Confidence Evaluation

Å A local estimation of the reliability of the similarity values

Å For each source concept c, given the similarity matrix M, the set of 

target concepts T, and the target concepts mapped to c mM(c), then:
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Linear Weighted Combination (LWC)

2
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Å Real-world ontologies sets provided by I3CON 2004 and OAEI 
2008 initiatives

Å PSM is the most effective

Å VMM finds complex correspondences, but is less effective

Comparison of BSM + DSI, PSM, 

and VMM
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Comparison of Combination 

Strategies
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A Practical Example: OAEI 2009

Å BSM: Base Similarity Matcher

Å PSM: Parametric String-based 

Matcher (substring + edit-dist)

Å VMM: Vector-based Multi-term 

Matcher (TF-IDF + Cosine sim)

Å LWC: Linear Weighted Combination 

(local-confidence weighting scheme)

Å DSI: Descendantôs Similarity 

Inheritance (structural)

Å WordNet/UMLS: Dictionaries (lexical)


