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Semantic Modeling
Problem definition
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Inputs: Table and Ontologies

Table

object property
data property
subClassOf

Domain Ontology

Person

Organization

Place

State
name

birthdate
bornIn

worksFor state

name
phone

name
livesIn

City
Event

ceo
location

organizer

nearby

startDate

endDate
title

isPartOf

postalCode

Column 1 Column 2 Column 3 Column 4 Column 5
Bill Gates Oct 1955 Microsoft Seattle WA

Mark Zuckerberg May 1984 Facebook White Plains NY
Larry Page Mar 1973 Google East Lansing MI
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Table

object property
data property
subClassOf

Domain Ontology

Person

Organization

Place

State
name

birthdate
bornIn

worksFor state

name
phone

name
livesIn

City
Event

ceo
location

organizer

nearby

startDate

endDate
title

isPartOf

postalCode

Column 1 Column 2 Column 3 Column 4 Column 5
Bill Gates Oct 1955 Microsoft Seattle WA

Mark Zuckerberg May 1984 Facebook White Plains NY
Larry Page Mar 1973 Google East Lansing MI

Semantic Model: maps table to 
domain ontology
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Semantic Model = Semantic Types + Relationships
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Semantic Types

Column 1 Column 2 Column 3 Column 4 Column 5

Bill Gates Oct 1955 Microsoft Seattle WA

Mark Zuckerberg May 1984 Facebook White Plains NY

Larry Page Mar 1973 Google East Lansing MI

Person Organization City State

name birthdate name namename

Person
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Relationships

Column 1 Column 2 Column 3 Column 4 Column 5

Bill Gates Oct 1955 Microsoft Seattle WA

Mark Zuckerberg May 1984 Facebook White Plains NY

Larry Page Mar 1973 Google East Lansing MI

Person

Organization

City

State

name birthdate

bornIn

worksFor
state

name

name

name
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Subtasks of semantic modeling

Column 1 Column 2 Column 3 Column 4 Column 5

Bill Gates Oct 1955 Microsoft Seattle WA

Mark Zuckerberg May 1984 Facebook White Plains NY

Larry Page Mar 1973 Google East Lansing MI

Person

Organization

City

State

name birthdate

bornIn

worksFor
state

name

name

name

Identify column 
classes

Identify 
relationships

Entity link cell 
values
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Semantic Modeling 
Languages

Relational to RDF Mapping Language: https://www.w3.org/TR/r2rml/

RDF Mapping Language: https://rml.io/specs/rml/ 
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Languages to specify semantic models

R2RML

a language for expressing customized 
mappings from relational databases to 
RDF datasets (2012)

https://www.w3.org/TR/r2rml/

RML

a generic mapping language, based 
on and extending R2RML … adding 
support for data in other structured 
formats (2020)

https://rml.io/specs/rml/

https://www.w3.org/TR/r2rml/
https://rml.io/specs/rml/
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RML Example

Identify column 
classes

RML specification 
written in RDF (turtle)
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RML relationship mapping example

Identify 
relationships

Identify 
relationships

Entity link cell 
values
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Karma
Interactive system for semantic modeling

Szekely P. et al. (2013) Connecting the Smithsonian American Art Museum to the Linked Data Cloud. In: The Semantic 
Web: Semantics and Big Data. ESWC 2013. Lecture Notes in Computer Science, vol 7882. Springer, Berlin, 
Heidelberg. https://doi.org/10.1007/978-3-642-38288-8_40

Taheriyan M., Knoblock C.A., Szekely P., Ambite J.L. (2012) Rapidly Integrating Services into the Linked Data Cloud. In: 
Cudré-Mauroux P. et al. (eds) The Semantic Web – ISWC 2012. ISWC 2012. Lecture Notes in Computer Science, 
vol 7649. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-35176-1_35

https://github.com/usc-isi-i2/Web-Karma

https://doi.org/10.1007/978-3-642-38288-8_40
https://doi.org/10.1007/978-3-642-35176-1_35
https://github.com/usc-isi-i2/Web-Karma
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Interactive semantic modeling
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Learning Semantic Types 

Requirements:
Learn from a small number of examples

Distinguish string and numeric values

Scale to many semantic types

Person Organizatio
n

City State

name birthdate name namename

Person

name date city state workplace

1 Fred Collins Oct 1959 Seattle WA Microsoft

2 Tina Peterson May 1980 New York NY Google

Domain Ontology
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Textual 
Data

Learning Semantic Types For Text
Treat each column of data as a document

Apply TF-IDF Cosine Similarity



From Tables to Knowledge (KDD21): Pujara, Szekely, Sun, Chen

Numeric 
Data

Learning Numeric Semantic Types

Apply statistical hypothesis testing to 
determine which distribution fits best

Apply Kolmogorov-Smirnov Test
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Evaluation

Combined approach achieves 97% accuracy on the top-4 accuracy

Suggestions shown in KARMA GUI
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Determining relationships 

Construct a graph from semantic types and ontology

Person

Organization

StatePlace

name

name

name

name

birthDate

City

Event
bo

rn
In

worksFor

organize
r

ceo liv
es
In

state

locat
ion

loc
ati
on

bo
rn
In

liv
es
In

bor
nIn

live
sIn

loc
atio

n

location

subClassOf

location location

subClassOf

1+ε
1+ε

1+ε
1+ε

1+ε

1+ε

1+ε

1+ε

1/ε

1/ε

1

1

1 1

1

1

1

1
1
1

1

1

1

city

state

birthdatename

workplace

date

after semantic types are defined



From Tables to Knowledge (KDD21): Pujara, Szekely, Sun, Chen

Determining relationships
Select minimal tree that connects all semantic types

A customized Steiner tree algorithm [Kou & Markowsky, 1981]

Person

Organization

StatePlace

name

name
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Refining the semantic model

Person

Organization

StatePlace

name

name

name

name

birthDate
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Use the GUI to impose constraints on Steiner Tree Algorithm

date
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GRAMS
Inferring Semantic Descriptions of Wikipedia Tables

Binh Vu, Craig A. Knoblock, Pedro Szekely, Minh Pham, & Jay Pujara (2021). A Graph-based Approach for Inferring 
Semantic Descriptions of Wikipedia Tables. In ISWC 2021 - 20th International Semantic Web Conference.
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Challenges in Modeling Web Tables

• semantic model includes information not in the table
• Third President is in the table context

• n-ary relationships 
• position held P39 Human

Statement Political Party

Third Presidents of National Council (Austria)

Third President rdfs:label

position 
held (P39)

political party 
(P102)

start time 
(P580)

end time 
(P582)

P39
rdfs:label
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Main idea: entity linking
Challenges

• incomplete KG

• table/kg discrepancies
• multi-hop
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Approach

Semantic Description
Linked table

Candidate Graph

Contextual values

{ }
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Create a graph of cells 
and context

Martin

2006 2008 GruneEva

Thomas FPO2002

2013

2006

2008 FPO

Third President



From Tables to Knowledge (KDD21): Pujara, Szekely, Sun, Chen

Construct Candidate Graph: Discover Links

Martin

2006 2008 GruneEva

Third President

20132008 FPO

P582

P102

P39 P580

P39
Eva

P102

P580
P39

P582
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Group links from same source & target columns

Martin

2006 2008 GruneEva

Third President

Thomas FPO2002

2013

2006

2008 FPO

P39 P580 P582

P39
P580

P102

Second President

P102

P39

P39

P582

P39

P39

P39  : position held
P580: start time
P582: end time
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Construct Candidate Graph: Summarization

Martin

2006 2008 GruneEva

Third President

Thomas FPO2002

2013

2006

2008 FPO

P39

P39

P580 P582

P39
P580

P102

Second President
P39

P39

P582

Name Party

P39

P39  : position held
P580: start time
P582: end time
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Construct Candidate Graph: Summarization

2006 2008 GruneEva

Third President

Thomas FPO2002 2006

Martin 20132008 FPO

P39

P102

Second President

P39

P39

P582

Name PartyEntered Office Left Office

P39

P580 P582 P39  : position held
P580: start time
P582: end time
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Construct Candidate Graph: Summarization

2006 2008 GruneEva

Third President

Thomas FPO2002 2006

Martin 20132008 FPO

P39

P102

Second President

P39

P39

P582

Name PartyEntered Office Left Office

P39

P580 P582 P39  : position held
P580: start time
P582: end time
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Building semantic models from candidate graphs

• Candidate (n-ary) relationships from the candidate graph
• Candidate columns’ types from entities in table columns
⟹ Need to select the most appropriate relationships and types. 

Third President

P39
P102

Second PresidentP39
P39

P582
Name

Entered
Office

Left 
Office

P39 P580 P582

Human (Q5)

Party

Political Party 
(Q7278)

Organization 
(Q43229) 

Third President

P39
P102

Second PresidentP39
P39

P582
Name

Entered
Office

Left 
Office

P39 P580 P582

Party

Human (Q5)

Political Party 
(Q7278)

Organization 
(Q43229) 

Semantic Graph
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Collective reasoning problem

• Probabilistic Soft Logic (PSL)

• Define predicates

• Define rules
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PSL Predicates (examples)
CorrectRel(N1, N2, P): if a relationship is correct
• CorrectRel(Name, stmt1, P39)
• CorrectRel(stmt1, Third President, P39)
• CorrectRel(stmt1, Entered Office, P580)

CorrectType(N1, T): if a column type assignment is correct
• CorrectType(Name, Human)
• CorrectType(Party, Organization)
• CorrectType(Party, Political Party)

Third President

P39
stmt1

Name

Entered
Office

P580
P39

P39 : position held   P580: start time    P582: end time

Name

Party

member of 
political party 
(P102)

Human (Q5)

Political Party 
(Q7278)

Organization 
(Q43229) 
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PSL Rules (examples)
If a statement value is incorrect, then the statement’s qualifiers are also incorrect

Prefer fine-grained properties to high-level properties

Second PresidentP39
P39

P582Name

Entered Office

Second PresidentP39
P39

P582Name

Entered Office

location (P276) 
is parent of 

located in admin. 
area (P131) P131 P131

City State
P276P276

P131 P131
City State

P276P276
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Evaluation of GRAM
Collective reasoning is beneficial
• Avoids cascading errors from subject column detection phase
• Handles columns with multiple entity types, and n-ary relationships

MantisTable* and BBW* are modified to retrieve correct subject column

Synthetic 
tables

Wikipedia 
tables
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Entity Linking For Tables
Nguyen, Phuc, et al. "MTab4Wikidata at SemTab 2020: Tabular Data Annotation with Wikidata." SemTab@ ISWC. 2020.

Huynh, Viet-Phi, et al. "DAGOBAH: Enhanced Scoring Algorithms for Scalable Annotations of Tabular Data." SemTab@ 
ISWC. 2020.

Abdelmageed, Nora, and Sirko Schindler. "JenTab: A Toolkit for Semantic Table Annotations." (2021).

Cremaschi, Marco, Roberto Avogadro, and David Chieregato. "MantisTable: an Automatic Approach for the Semantic 
Table Interpretation." SemTab@ ISWC 2019 (2019): 15-24.
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Task Definitions

entity class property

Column Table Annotation 
(CTA)

Column Entity Annotation 
(CEA)

Column Property Annotation 
(CPA)

Usually solved together

class propertyproperty
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Typical CEA/CTA/CPA pipeline

Data 
Cleaning

Candidate 
Generation

Feature 
Generation

Candidate 
Ranking
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Data cleaning

• Fix broken unicode: https://ftfy.readthedocs.io/en/latest/

• Remove text in parenthesis/brackets

• Expand abbreviations

• Isolate units of measure

• Identify syntactic types: string, numbers, dates, …

• Identify main entity 

https://ftfy.readthedocs.io/en/latest/
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Candidate generation
Objective
• High recall
Lookup using multilingual labels/aliases
• Wikidata API: https://www.wikidata.org/w/api.php
• Wikipedia redirects and anchors
• Custom ElasticSearch index
Fuzzy query
• Progressive Levenshtein distance
• Two column indices [MTab4Wikidata]

https://www.wikidata.org/w/api.php
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Feature generation
Cell features

• String similarity

• popularity (pagerank, smallest Q-number)

• Wikidata embeddings

Row features (CPA)

• Candidates that respect properties are 
more likely to be correct

Column features (CTA)

• Instances of the column class are more 
likely to be correct

nova-like stars

constellation (P59)

[MTab4Wikidata]
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DAGOBAH: use embeddings as features

prefer clusters 
that contain 

candidates for 
more cells
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SemTab 2020
Semantic Web Challenge on Tabular Data to Knowledge Graph Matching

• Top system has an almost perfect score

• Many systems perform well

• All systems are heuristic

• Tables are synthetic (generated from Wikidata)

https://www.cs.ox.ac.uk/isg/challenges/sem-tab/2020/

Column Table Annotation (CTA)Column Entity Annotation (CEA) Column Property Annotation (CPA)

https://www.cs.ox.ac.uk/isg/challenges/sem-tab/2020/
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CEA/CTA/CPA open problems
Tables contain new entities

• NIL linking

• Suggest new entities

Tables contain new properties

• Suggest new properties

Table data more recent than KG, or 
table/KG contain errors

• Confuses identification of properties

https://en.wikipedia.org/wiki/2018_Colombian_presidential_election

new 
entities

new 
properties

new 
data

https://en.wikipedia.org/wiki/2018_Colombian_presidential_election
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Summary
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Summary
Semantic modeling

• Identify classes and relationships to describe tables

• CTA and CPA are the simple cases

• Wikidata brings new challenges: n-ary relations, multi-hop properties

• Early work focused on custom ontologies

• Recent work focused on large public KGs (Wikidata, DBpedia)

Evaluation remains a challenge

• Benchmarks with real tables are small (T2DV2)
• Large benchmarks are synthetic and biased (SemTab 2020)

• Heuristic systems perform very well
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