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Objective

-

\_

Build a system
that helps domain experts and developers
In the Ontology Matching process
(real-world ontologies and applications)
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Ontology Matching

Finding correspondences (mappings or agreements)
between entities belonging to different ontologies (source

and target ontologies)

mapping = (source entity, target entity, relation, similarity)
alignment or matching = set of mappings

mapping cardinality
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Ontology Matching Methods
[Shvaiko & Euzenat 2005]
Concept based

String based (e.g., edit distance)
Language based (e.g., tokenization)
Constraint based (e.g., types, cardinality)
Linguistic (e.g., vocabularies like WordNet)

Structure based

Taxonomy and graph based (e.g., relationships
among nodes), internal or external

Model based (e.g., logic techniques)
Instance based
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Related Work

Clio [Hernandez, Miller, Haas 2001]
Notable for database-specific constraints

COMA++ [Aumueller et al. 2005]
Schema and ontology matching

Falcon-AO [Jian et al. 2005]

Winner of one of the most challenging tracks of
the Ontology Alignment Evaluation Initiative In
2007

RIMOM [Tang et al. 2006]
Powerful ontology matching
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Land Use Code Scenario
Wisconsin Land Information System (WLIS)

i
<

Land Use Code 1«

,| Land Use Code

Land Use Code

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

A There are 72 counties and hundreds of cities and towns
In the state: each may have their own land use codes

[Wiegand et al. 2002] 13



Land Use Codes

Heterogeneity of attribute names and values.

Planning Authority | Attribute | Code | Description
Dane County Lucode 41 Railroad, Transit.
City of Madison Lu_4_4 4112 Railroad switching and marshaling vards.
4113 Railroad terminal (passenger).
4114 Railroad terminal (freight).
4115 Railroad terminal (passenger and freight).
4116 Railroad equipment and maintenance.
4119 Other railroad transportation, NEC.
412 Rapid rail transit and street railway transportation.
Eau Claire County Lul PWR | Railroad.
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Need for Data Integration

Query:n F1 nd al | t he | an
for rail transportation purposes in the
state of Wi sconsin.o

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

Query has to be rewritten for each
database

Instead: use a single ontology as
mediator

15



Biomedical Scenario

Mapping the adult mouse anatomy
ontology (2744 classes) to the NCI
thesaurus describing the human anatomy,
(3304 classes)

Several types of matching techniques are
needed.:
String similarity matching technique
Domain dictionary (UMLS metathesaurus)
Others

16



String Similarity Matcher

Tooth

Molar Incisor

Lower Jaw Upper Jaw Lower Jaw Upper Jaw
Molar Molar Incisor Incisor

[

Tooth
Upper Lower
Jaw Tooth Jaw Tooth
Upper Jaw Upper Jaw Lower Jaw Lower Jaw
Incisor Molar Incisor Molar

]
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Dictionary Based Matching

Synonyms:
Synovial joint,

Articulatio synoviale,

Amphiarthrosis

int,
dary
nNoUusS

Joint Junctura synovialis, _ -é Joint
Fibrous Synovial Diarthrosis
Joint Joint
T UMLS T

Symphysis Synchondrosis _Synonyms:
Fibrocartilaginous jq

Symphysis, Secon

UMLS cartilag
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Geospatial Domain Scenario: Wetlands
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Users

Name Measure |Category Users Avg |Yes | No
Q1.1 familiarity |land use classifications (LUC) 5 5 4 5 5| 4.8

Q1.2 |frequency |workwith LUCs 2 3 3 2 | 4] 28

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 510
Q1.7 frequency |using multiple LUCs 2 3 4 1 3 | 2.6

Q1.9 difficulty understanding relationships 3 3 2 | 4 4| 32

Q10 yes/no matching LUCs Yes Yes|Yes|Yes| No 4 |1
Q1.12 |amount time t 2 3 4 3 3.0

Q1.13 |amount accuracy achieved in matchin 2 | 3|3 |5 33

Q1.14 |(difficulty derivatiomor races 2 5 2 2 2

However, users want to have control of

the matching process
Be able to intervene
Be able to evaluate

20



Challenges

User and application requirements

Large ontologies (algorithmic), e.qg.,
display of very large ontologies (30K
nodes)

Combination of matching strategies
Software engineering and semantic
engineering

Evaluation (required by users and by
peers), including third-party evaluation

21



Ontology Alignment Evaluation
Initiative (OAEI)

Annual international competition to evaluate
ontology alignment techniques

Multiple tracks, including:
Biomedical track
Conference track (15 ontologies)

iSi de effecto of the co
Published ontology sets

Ontology set consists of two ontologies and correct
mappings as determined by experts

22



OAEI Competition

Researchers can participate with only one
ontology matching technique (per track)

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

Competition provides an API
User interface not evaluated

Results measured by

Recall, precision, and F-measure (combines
recall and precision)

Runtime
Other

23
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AgreementMaker
Ontology Matching System

Motivation

Automatic methods are required to match large ontologies
Several features of the ontologies have to be considered

Users need to trust the mappings and to be directly
iInvolved in the loop

SystemoO0s capabilities
Wide range of matching methods

Capability to smartly combine multiple strategies

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

Extensible architecture to allow reuse and composition of
the matching modules
25



User Interface

File View Ontology Matching

Help

Global {(Source) Ontology

Local {Target) Ontology

—G-[OWL Classes Hierararchy ]

PageRange
Monogragph

—G-[OWL Classes Hierararchy

)

— (sotoon )
< Publication
56

:
3

—
i

(e )
(e )
e )

Collection
o{Academic )
PhdThesis

InCollection
InProceedings

-F'F'_F‘- _

-

Tech
Articl

)

i

[

2

OWL Properties Hierararchy

relatedResource

4l »

~Matchings Control Panel

Matcher selection: | (Test) All Zero Similarities

H-‘ (Viewderails:] (Match! :] Threshold | 50% B‘ Source relations | 1 B‘ Target relations | ANY B‘

| Name |Show/Hide |Threshold |S5-Relations |T-Relations | Input Matchers |Modified |Align Class | Align Prop | Performance(ms) | Found |Correct |Reference |Precision |Recall ||
User Manual Matching ™ 1% ANY ANY N/A 5 ™ M nNyA IN/A NJA N/A N/A e
Parametric String Matcher [ 50% 1 ANY NJA O [ ™M ss 2715 47 55.6%  31.9% p
Base Similarity [ 50% 1 ANY N/A = [ 4l 17 30 N/JA N/A N/A N/A 1,
User Manual Matching 4] 1% ANY ANY N/A " " M nNA 32 47 66.7%  4.3% I,
¥ z z Za o [ o 7 [ 7 Y Aim (Y (AR [
"""""""""""""""""""""""""""""""" 4B

[: New ) ( Copy ) [: Delete ) ( Clear All ) ( Reference Evaluation ) ( Quality Evaluation ) [: Export ) ( Import ) ( Tuning :]




Agreement Maker,

File ‘iew Matching Help
Glohal {(Source) Ontology

Local (Target) Ontology

“ {|[ Class/Property rlndiuriduals |

—G{OWL Classes Hierararchy

J

FageRange

Address

o Book

Monograph
Proceedings
Collection

o Academic
PhdThesis
MastersThesis

o Part
InCallection

Chapter

InProceedings

Unpublished

Lecturetotes

MatianPicture

Deliverable

TechReport

I

el

[ [ T

el = 1]

i) g"' T

b == 3z 5 =

3 Tl ] 5 m o
2|2 B||& =
Bl = =

Visualization

Panel

L]
-Matchings Control Panel

Descriptions Annotations

| -Descriptions

Model

Panel

EFmassrPrnperty [ Indniduals |

Descriptions Annotations

| -Descriptions

Matcher selection: |Base Similarity

|'| | View details | | Match! | Threshold Source relations EE Target relations EE

Inde: Mame

ShowHideThresholdS-RelationgT-Relationg Input Matchers

Ferormanceims)

Found

Correct

Reference

Precision

Recall

=]

User Manual Matching

1% AR AR TiA

Mdodifieddlign Clasiﬁlign Frop

[iAs,

1]

TiA,

IiA,

TiA

TiA,

F-leasuraClass QualiteFrop Guality
IA ) [

el

Control Pa

2
e
zk
m

| Clear all || Reference Fvaluation || Quality Evaluation || Export || Import || Tuning |




8 Agreement Maker E] @

File View Ontology Matching Ewvaluation Help
TS UTECHoT M- HUUE > = —
S — S {|["Properties | Individuals |

Chapter | Descriptions | Annotations
InProceedings —6 | -Descriptions ————————

Article ||URI identifier: (namespaceffloca
& —{Monagraph |[Iname)

T = |[http: ffoaei. ontologymatching. or
npublishe lecton " il|as2008/benchmarks/ 101 fanta
LectureNotes s

|| rdffDate
Booklet Booklet
- (Un_published |[Label: (rdfs:label)
Deverti | (Gooue_noee ) |
i o) |
—{ MotionPicture | - T— — | Deliverable
Conference — [ Mation_picture :
PAGE_RANGE L I [
|[ Properties | Individuals
J DATE 3|7 %
_C] || Descriptions Annotations
PERSON_LIST :

[

)

i)
@
=
o
=

l'
|
|
[

|

|

|

{P
o
o
E = & ﬁ
% :
=

| rDescriptions —————
{|URI identifier: (hamespacefloca
{[rame
,_ Publisher || http: ffoaei. ontologymatching. or
—G{OWLP ies Hi h J } ||a/2008/benchmarks/204/onto
roperties Hierararchy |
|
-
<]
[Matchings Control Panel -
Matcher selection: |Empty Matcher |V} } View details | I Match! | Threshold Source relations Target relations ‘
i Name 3 Show/HideThreshold/S-RelationgT-Relations Input Matchers ModifiedAlign CI Align Properties|Performance{ms) Found!Correct Reference|PrecisionRecallF-Measure Color
| Bimilarity O 5% |t ANY NiA ] v] vl NI 8aNA_ [NiA NIA NIA[NiA I | |
['ndant's Similarity Inheri... ] 75% 1 ANY Base Similarity L] v v A as[Nia  [NIA iR NIA  [NIA L
‘ u's Similarity Contributio... vl |75% 1 ANY Base Similarity [ ] v v INiA 8B[NIA [NIA IA MAA NA I
|| Matcher v] 1% ANY ANY MNiA v v v MNIA 1 [NIA NIA MNIA NIA NIA -
[T | i I
| Delete H Clear all H Copy H Edit Similarity Matrix H Reference Evaluation || Quality Evaluation || Save H Import l] Export ‘




Mat cher 6s Abstr ac

Template pattern
Structure initialization
Similarity computation (quadratic number of comparisons)

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

Source
Ontology
Similarit Similarit Mappings
Y Y °p .g Matching
Computation Matrix Selection
AR
—
= S Y
ihs g -
-
Target
Ontology
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Mat cher 6s Ar c hi

First Layer

Input
Ontologies

T T T T r I I I Y Y F LT T T T ETTTTIT T

Modularization
Series & parallel composition

S

Second Layer

Third Layer

Evaluation Matcher

Final Alignment
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Implemented Matchers

First layer (conceptual)

BSM Base Similarity Matcher

PSM Parametric String-based Matcher

VMM Vector-based Multi-term Matcher
Second layer (Structural)

DSI D e s ¢ e n dSannarity Isheritance

SSCSi bl SimiraysContribution
Third Layer

LWC Linear Weighted Combination

31



First Layer: Parametric String Matching (PSM)
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First Layer: Vector-based Multi-term

Matcher (VMM)

Concepts as documents in the vector space model

Documents as Term Frequency -

Cosine Similarity between vectors

Source Concept
Document

nmghbours

concepts
features

/,fIZI

|nd|v|duals

corpus of
documents

1

Inverse Document Frequency vectors

Target Concept
Document neighbours

Aept's

features

normalizer

~
-

L J

l

TF/IDF
similarity

final similarity

individuals
“— \normalizer
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Structure-Based Methods

Water Surface

Aquatic Bed

Reef

Water Surface

Aguatic Bed

Reef

Non-vegetated

Rock Bottom

Unconsolidated Bottom

Aquatic Bed

Reef

Agquatic Bed

Reef

Rocky Shore

Unconsolidated Shore
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Structure Based Methods

D e s ¢ e n dSanfartity Isheritance

(DSI)

St bliT ngdos Similarit
Both DSI and SSC utilize the results

generated by the Base Similarity
Method (concept based)

35



Descendant's Similarity Inheritance (DSI)
Method

Modifies the base similarity between two concepts by
considering their ancestors

Function DSI_sim(C, ¢ddmputed as follows

2(1- MCP) an (n+1- i)base_sim(parent(C), parent(C")))

MCP®ase sim(C,C') +
st ) n(n+l) 5

where

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

parent. (C), i OO0, is the ancestor A of C such that
there is a path of length I (number of edges)
between C and A.

36



DSI Method Example

A ANj

B BNj

DSI_SIM(C,C') =0.75° BASE_SIM(C,C'") +
+0.173 BASE_SIM(B,B') +
+0.08° BASE_SIM(A A) 37




St bli ngdos Similarity
Method

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

Function SSC_sim(C, ¢ddmputed as follows

MCPCbase_sin(C,C')+1_ I\:CPé max(base_sim(S,S),....base_sim§,S,))

where:

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

N Is the number of siblings of concept C
M is the number of siblings of concept C'

38



SSC Method Example

: €
OI0IONICICICIC
SIM(C,C") =0.75® BASE_SIM(C,C") +

+0.25/23 (MAX(BASE_SIM(D,D'"),BASE_SIM(D, E'),BASE_SIM(D, F")) +
+ MAX(BASE_SIM(E, D'),BASE_SIM(E, E'),BASE_SIM(E, F")))

\_/




Ontology Sets

Ontology set

Number of concepts in

Number of concepts in

Relations between

Depth the source ontology the target ontology Syntax concepts and their parents
5 29 29 XML PART-OF
6 153 213 N3 IS-A
4 65 93 N3 IS-A
5 90 89 N3 IS-A
5 86 87 N3 IS-A




Experimental Results
Wetlands

61.54%

44.44%

94.87% 68.52%
74.36% 54.70%
92.31% 55.57%

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

Precision and recall

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

DSI was most often the winner
Run time

DSl is usually best (Similarity
Flooding is first in one case)

42



Outline

Background and Motivation
OAEI Competition
AgreementMaker

Efficient Selection of Mappings

Automatic Quality-driven Combination
of Matching Methods

A Practical Example: OAEI 2009
Conclusions and Future Work

43



Mappings Selection Module

Input:

similarity matrix SM

threshold value th | [0,1] (e.g., 0.7)

source and target cardinality constraints sc-tc (e.g., 1-1, n-m, n-*, *%)
Output: set of mappings M that

maximizes overall similarity of the selected mappings

satisfies threshold and cardinality constraints

o 9

(@]

S T
T S T Sim @ @6
aob bo6 co do a boal 07
0.5 07 | 07 | o1 Select a |col 07 @ @6
election "
0.0 0.7 | 09 0.8 N b |c6] 09 )
07 J 08 ] o5 ] 01 b {djos | @ @0
c aol 07
0.0 0.0 0.9 0.6 @A
c |bol o8 0o
1.0 0.0 0.3 0.1 1l o3
e |ag 1.0 @

Similarity Matrix SM Mappings M




1-1 Matching Optimization Problem

ABBO
78R
AlLojos . . .y
) s o Even a simple scenario can be tricky!
o3fo
Greedy approach Optimal approach

0@
® " ®

/This IS an optimization problem!
Namely, the Assignment Problem
Combinatorial methods have been typically adopted
e.g., the Hungarian Method O(|SM|?) (too slow)
\ not feasible on large ontologies because of memory usage/

45




Similarity Matrix SM
Threshold value th
Source Concepts S
Target Concepts T

o 9

(@]

ad bd cb

Our Approach

Reduce the 1-1 Mappings Selection problem to the
Maximum Matching in a Weighted Bipartite Graph

T

0.6

0.8

1.0

0.1

0.1

1.0

0.7

0.1

0.8

0.1

0.6

0.1

th=0.6

Compute the Cut edges with

Run the Shortest

Bi\r/)\;erltﬁztg:aph weights lower Augmenting Path

G=(SCT,E) than the threshold / Algorithm (SAP)
Optimal 1-1

@ @

Worst case O(n (m + n log n))
Experimentally shown to be better
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Maximum Matching vs Hungarian
Method

Significant improvement in execution time

Efficient memory usage (with 1GB limit of memory
t he Hungari an wonot wor k or

Comparison of execution time Comparison of memory usage

MWBM == Hungarian MwBM == Hungarian

9000 1000
8000 ’ 900
7000 800 /
/ 700
6000 //,/’
/ 600
5000 ///"
500
4000 / /\/
400 /

3000
/ 300 j
2000 /
/ 200
1000 100 |

0 1 T

500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 OT 50 | w0 | 0 | 200 | 2500 | 3000 | 3500 | 400 | 450 | 5000
MWBM 1 3 8 24 41 69 99 153 233 308 MWBM 127 121 194 223 302 499 450 602 744 813
——Hungarian| 6 81 479 | 1515 | 3919 | 7934 —Hll— Hungarian 134 258 306 594 797 951
Size N of the similarity matrix NxN Size N of the similarity matrix NxN
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Maximum Matching vs Hungarian
Method

Performance improves when the threshold value increases

Comparison of execution time with different threshold values Comparison of memory usage with different threshold values
MWBM == Hungarian MWBM —ll— Hungarian
90000 450
80000 - — 400
B ——8 & & & & = 2
70000 350
60000 300
50000 250
40000 200

30000 150 x_“
20000 100

10000 50 M

ey

0 10% 20% 30% 40% 50% ?% 70% 80on R,% 0 10% 20% 30% 40% 50% 60% 70% 80% 90%

MWBM 5547 5069 4438 3851 3316 2765 2093 1492 792 MWBM 170 116 115 76 98 88 102 48 24

—ll— Hungarian 77038 78995 79519 78312 76945 77091 77050 79782 79943 —ll— Hungarian 384 384 383 383 383 383 383 383 383
Threshold value Threshold value
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Quality Evaluation

Comparison with a (if available)
Precision P = # correct mappings/ # found mappings
Recall R = # correct mappings/ ||
F-measure =2(P*R)/ (P + R)

If not available we consider quality

measures

Similarity level
Local confidence
Alignment level
Distance Preservation
Order Preservation

50



Quality Measures of a Matching Method

Local

Global

Similarity Level  Selection Level

Quality of each Quality of a
row (or column) of mapping
the similarity table

Quality of the Quality of the
entire similarity whole set of
table mappings

[Joslyn et al. 2008]
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Global/Selection Level

Distance Preservation

F should notdistorttheidi st anceo bet wee
Order Preservation

F should not distort the order of concepts

e / >

L
52
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Local/Similarity Level

We consider the combination of several
methods applied separately
Can we do better with a combination of the

different methods than with the best of
methods?

Maybe we can If:

We identify unreliable similarity values

Give weights associated with perceived
confidence

53



Unreliable Similarity Values
Perceived Confidence

The matching method compares features that are not available in
the ontologies (e.g., label comparison of non-labeled ontologies)
Y all 0 similarity values

The matching method compares meaningless features (e.g.,
string comparison of numeric identifiers) Y random similarity
values

The matching method compares features that are identical for all
concepts (e.g., structural comparison of non-hierarchical
ontologies) Y all 1 similarity values

Perceived confidence
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Local Confidence Evaluation

A local estimation of the reliability of the similarity values

For each source concept c, given the similarity matrix M, the set of
target concepts T, and the target concepts mapped to ¢ my,(c), then:

Z simyy(c, ) Z simp(c, c')
¢ € my(c) E’E[T—THM[C}}
ma(c) | | T — mp(c) |
S Selected
NS Not Selected
avg(S) - avg(NS) = confidence
0 1 2 3
ol Y oJ o] o] —o - 0 =0 @
1 0 1 0 0 — 1 - 0 = 1 Q/
2l o1 | 02 f o9 ] o© —> 09 - 01 = 08 ¥
3los | 04| 07 os] — 08 - 053 =027 @
55
al 1 1 1 1] — 1 - 1 = 0o @




Linear Weighted Combination (LWC)

o 1 2 3 0 1 2 3 0 1 2 3
Ofoo 1 01 L OO L Ol 1 oflos 1 o1 b 004 oid olos oaloold o)
Similarity 11001 000 00) 00) 10001 00bo00]o00o] 100 09)o00] 00
Matrices 2l0n L o5 (f05 Lol l+2los ) 05100 _oal*2lo5 o5 (lo7|0g]
S0 L0031 021 004 31001000040 011 3loolooloalol
420 1 00] 03] 01 4laodoojo3]o1] 410 ]o00]o03]o01
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2_i=1 Wi  average
Average
Weighted avg l
S0 S N S .
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Comparison of BSM + DSI, PSM,
and VMM

Real-world ontologies sets provided by IFCON 2004 and OAEI
2008 initiatives

PSM is the most effective
VMM finds complex correspondences, but is less effective

100,00/0 b WUO,UD/D -
90,0% ] 90,0%
80,0% B 80,0%
70,0% - B B ] B i 70,0% 1
60,0% ] ] B B | B i 60,0% 1
F-measure of the | | || | u || | F-measure (average
50,0% of serveral runs with  50,0%
best run different thresold)
40,0% - B B B B B | B i 40,0% 1
30,0% - B B B | | | B i 30,0% 4
20,0% - B B N ml Bm B B i 20,0%
10,0% B B | B B | B i 10,0%

0,0% - 0,0%

“Tlwep | PP | NET | RUs | 301 | 302 | 303 | 304 | avg WEP | PP | NET | RUS | 301 | 302 | 303 | 304 | avg
BESM+DSkhest | 986% | 93,2% | 66,7% | 80,0% | 39.5% | 72.0% | 62.5% | 92,6% | 75.6% BBSM+DSkavy | 98.6% | 932% | 66,7% | 800% | 39.5% | 720% | 62.5% | 926% | 75.6%
BPSM-best [ 100,0%] 971% | 90.9% | 794% | 865% | 71.1% | 56.:8% | 954% | 84.7% WPSMavg | 996% | 956% | 816% | 662k | 73.5% | 60.6% | 49.8% | 920% | 76,6%
OVMMbest | 96.6% | 97.1% | 86.8% | 81.7% | 83.3% | 60.2% | 41.1% | 918% | 79.8% OVMM-avg | 98.2% | 94.3% | 851% | 77,7 | 74.8% | 390% | 30,0% | 864% | 729%

Ontology set Ontology set



Comparison of Combination

Strategies

Ohest input matcher WINC-ave OLWC—max OLWC-min MLWCwelight avg

100, 0% —
90, 0% l =
0. 0% I = n 'I
0. 0% | =
B0, 0% E
F-measure 50, 0%F
40, 0% ]
30, 0%
20, 0%
10, 0%
0. 0%
WED 5 net Tus 101-301 101-302 101-303 101-304 avg
Ehest irput matcher | 98, 6% ad. 7% 33, % 79, Th 23, 2% 9. 2% 83, 0% 28, % 20, 6%
W LWC-avse 98, 5% 93, 2% 75, 0% 20, 9% 70, 8% 69, 2% 22, 5% 28, 5% 87, 3%
O LWC-mazx 98, 6% ad, 2% 92, 9% 58, 9% 24, 2% 6. 3% A5, 5% a0, 1% 21. 1%
O LWC-min 98, 5% 93, 2% 63. 6% 79, Th 35 1% 46, 2% G, 8% 21. 8% 69, 4%
B LWC—weicht ave 9. 6% 93. 3% 90, 9% 82, 9% 5. % £9. 9% T8, 9% 29, 2% 26, 2%

58




Outline

Background and Motivation
AgreementMaker
Efficient Selection of Mappings
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of Matching Methods
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A Practical Example: OAEI 2009

BSM: Base Similarity Matcher

PSM: Parametric String-based
Matcher (substring + edit-dist)

VMM: Vector-based Multi-term
Matcher (TF-IDF + Cosine sim)

LWC: Linear Weighted Combination
(local-confidence weighting scheme)

DSI : Descendant O0s
Inheritance (structural)

WordNet/UMLS: Dictionaries (lexical)



