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Trendy Contemporary Graphical Representations

Abstract Meaning Representation (ca. 2014)
(Banarescu et al. 2013; Banarescu et al. 2014)

The boy wants the girl to believe him.

want-01

boy

believe-01
girl

instance

ARG0

ARG1

instance

instance
ARG0

instance

ARG1

Banarescu et al. (2014)
AMR captures “who is doing what to whom” in a sentence. Each sentence is represented
as a rooted, directed, acyclic graph with labels on edges (relations) and leaves (concepts).
(. . . )
AMR implements a simplified, standard neo-Davidsonian semantics (. . . ), using standard
feature structure representation (. . . ).
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Trendy Contemporary Graphical Representations

Trendy Contemporary Graphical Representations
Abstract Meaning Representations (AMR)

Abstract Meaning Representations (AMR)
Banarescu et al. (2013), but also Langkilde and Knight (1998)!
About 70 articles on the AMR research page.
178 entries on the AMR bibliography page.
About 360 articles on the ACL anthology (also in 2020).
Tutorial at NAACL-HTL 2015 (Schneider, Flanigan, and O’Gorma 2015): “The
Logic of AMR. Practical, Unified, Graph-Based Sentence Semantics for NLP”.

Schneider, Flanigan, and O’Gorma (2015)
AMR is a semantic representation aimed at large-scale human annotation in order to
build a giant semantics bank.
Practical, replicable amount of abstraction (limited canonicalization).
Capture many aspects of meaning in a single simple data structure.
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Trendy Contemporary Graphical Representations

Abstract Meaning Representation

The boy wants the girl to believe him.

want-01

boy

believe-01
girl

instance

ARG0

ARG1

instance

instance
ARG0

instance

ARG1

instancepw,want-01q ^ instancepb, boyq ^

instancepb2, believe-01q ^ instancepg, girlq ^

ARG0pw, bq ^ ARG1pw, b2q ^

ARG0pb2, gq ^ ARG1pb2, bq ^

Features
Concepts
Reentrancy (DAG)
Focus (and inverse relation)

The man at the hotel The hotel the man is at
man

hotelinstance
instancelocation man

hotelinstance
instance

location-of

All concepts drop plurality, articles, and tense and all mention of a term go to the
same variable
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Trendy Contemporary Graphical Representations

AMR Design

Limitations
No lexical relations (fruit/berry, buy/sell, kill/die)
No “deep treatment” of quantification and scope

About Quantification
Bos (2016)
Stabler (2018)
Pustejovsky, Lai, and Xue (2019)
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Trendy Contemporary Graphical Representations

Frames (ca. 2014)
(Kallmeyer and Osswald 2013; Löbner 2014)

John walks along the brook.
actor

mover name

region part-of
path

at-region

manner

locomotion

person John

path region region
brookwalking

DeDpeDjDwDpaDr1Dr2Db.locomotionplq ^ personppeq ^ Johnpjq ^ walkingpwq

^ pathppaq ^ regionpr1q ^ regionpr2q ^ brookpbq

^ actorpl , peq ^ moverpl , peq ^ nameppe , jq ^ mannerpl ,wq ^ pathpl , paq ^ regionppa, r1q

^ part ´ of pr1, r2q ^ at-regionpb, r2q

Kallmeyer and Osswald (2013)
[Frames] are to be understood as cognitive structures that represent the described situations
or state of affairs. In their most basic form, frames represent the type of a situation and
the semantic roles of the participants.
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Trendy Contemporary Graphical Representations

Frame Semantics

Frame
A (cognitive or linguistic) structure that represents a situation.

A frame is a data-structure representing a stereotyped situation (Minsky 1974, p.1)
I thought of each case frame as characterizing a small abstract ‘scene’ or ‘situation’,
so that to understand the semantic structure of the verb it was necessary to
understand the properties of such schematized scenes (Fillmore 1982, p.115)
I propose that frames provide the fundamental representation of knowledge in
human cognition (Barsalou 1992)
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Trendy Contemporary Graphical Representations

The Frame Hypothesis (Löbner 2014)

H1 The human cognitive system operates with a single general format of
representations

H2 If the human cognitive system operates with one general format of
representations, this format is essentially Barsalou’s frames

Representation as frames in the human mind of:
§ lexical linguistic expressions and their meanings
§ complex linguistic expressions and their meanings

Verb meaning frames go beyond “case frames”. For instance
§ Aspectual characteristics of the situation
§ Structured relations between semantic arguments

Decompositional approach to meaning (Osswald and Van Valin 2014)
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Trendy Contemporary Graphical Representations

Formal Representation of Frames
Frames as base-labelled feature structures with types and relations (Kallmeyer and Osswald 2013)

actor

mover name

region part-of
path

at-region

manner

l0locomotion l1

person John

path region region

l2 brookwalking

»

—

—

—

—

—

—

—

—

—

—

—

—

—

—

–

motion

agent 1

»

–

person
name

”

John
ı

fi

fl

mover 1

path

»

–

path
region v

”

region
ı

fi

fl

manner
”

walking
ı

fi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

ffi

fl

»

–

brook
at-region w

”

region
ı

fi

fl

part-of ( v , w )

Labelled attribute-value description language

(LAVD)

0 : motion ^
0 ¨ agent fi 1 ^
0 ¨ agent “ 0 ¨ mover ^
0 ¨ path : path^
0 ¨ manner : walking ^
1 : person ^ 1 ¨ name : John
2 : brook ^

x 0 ¨ path ¨ region, 2 ¨ at-regiony : part-of
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Trendy Contemporary Graphical Representations

Frame Semantics Limitations

Limitations
Limited amount of inference, but subsumption and AVS morphisms
Only existential quantification, no negation

About Quantification
Kallmeyer and Richter (2014)
Kallmeyer, Osswald, and Pogodalla (2017)
Richard (2019) (to be closely looked at. . . )
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Trendy Contemporary Graphical Representations

AMR and Frames

Focus
Structured information
About factual knowledge (“who is doing what to whom”, “described situations or
state of affairs”)
In spirit: database/knowledge representation

Common Features
Frame/AMR as models?
No explicit role for inference in description assessment
Caveats in negation and universal quantification modeling
No formal relation to other graphical database/knowledge representation formalisms
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Graphical Database and Knowledge Representation Formalisms

Conceptual Graphs
(Sowa 1976; Sowa 1984)

Example

smile

Girl:Mary sisterOf Boy

playWith playWith
Car

1
2

1

2

1

2

Chein and Mugnier (2009)
It is the synthesis of many works in AI, but its roots are mainly found in the following
areas: natural language processing, semantic networks, databases and logics, especially
the existential graphs of Pierce, which form a diagrammatical system of logics.

Clear distinction between ontological knowledge (concept and relation types) and
factual knowledge
Relations can be of any arity
CGs have a logical semantics in FOL

Sylvain Pogodalla Graphical Representation Languages and Logics November 24th, 2020 13 / 36



Graphical Database and Knowledge Representation Formalisms

Conceptual Graphs
(Sowa 1976; Sowa 1984)

Example

smile

Girl:Mary sisterOf Boy

playWith playWith
Car

1
2

1

2

1

2

Chein and Mugnier (2009)
It is the synthesis of many works in AI, but its roots are mainly found in the following
areas: natural language processing, semantic networks, databases and logics, especially
the existential graphs of Pierce, which form a diagrammatical system of logics.

Clear distinction between ontological knowledge (concept and relation types) and
factual knowledge
Relations can be of any arity
CGs have a logical semantics in FOL

Sylvain Pogodalla Graphical Representation Languages and Logics November 24th, 2020 13 / 36



Graphical Database and Knowledge Representation Formalisms

Conceptual Graphs
(Sowa 1976; Sowa 1984)

Example

smile

Girl:Mary sisterOf Boy

playWith playWith
Car

1
2

1

2

1

2

Chein and Mugnier (2009)
It is the synthesis of many works in AI, but its roots are mainly found in the following
areas: natural language processing, semantic networks, databases and logics, especially
the existential graphs of Pierce, which form a diagrammatical system of logics.

Clear distinction between ontological knowledge (concept and relation types) and
factual knowledge
Relations can be of any arity
CGs have a logical semantics in FOL

Sylvain Pogodalla Graphical Representation Languages and Logics November 24th, 2020 13 / 36



Graphical Database and Knowledge Representation Formalisms

Formal Semantics and Homomorphisms for CGs

Theorem
Homomorphism (between basic graphs) is sound (Sowa 1984) and complete (Mugnier
1992; Chein and Mugnier 1992) with respect to logical deduction, i.e., given two BGs G
and H, there is a homomorphism from G to H iff ΦpGq can be deduced from ΦpHq.

BGs: existential, positive, conjunctive fragment of FOL
Are there more expressive conceptual graphs?
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Graphical Database and Knowledge Representation Formalisms

Full Conceptual Graphs I

Example

t r t r t

t r t

 

 

Inspired from Peirce’s existential graphs
Sound and complete set of inference rules that cannot, however, directly lead to
automated reasoning (possibly requires to insert any graph)
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Graphical Database and Knowledge Representation Formalisms

Full Conceptual Graphs II

Example

Farmer owns Donkey

beats

 

 

I skip the DRT representations. . .
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Graphical Database and Knowledge Representation Formalisms

Peirce’s Existential Graphs
(Roberts 1992; Roberts 2009; Dau 2002; Dau 2003)

Example (Sowa 2006)

teaches

is a Stagirite

is a disciple of

is an opponent of

is a Macedonian

conquers the world

is a philosopher admired by Church Fathers

Sylvain Pogodalla Graphical Representation Languages and Logics November 24th, 2020 17 / 36



Graphical Database and Knowledge Representation Formalisms

“The Logic of the Future”

Example (Sowa 2006)
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beats
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Graphical Database and Knowledge Representation Formalisms

Conceptual Information Representation Language
Brachman and Schmolze 1985

Send him the messages that arrived yesterday (Sondheimer, Weischedel, and Bobrow 1984)
sex

further-constraint

message
completion-time

addressee

message

sendmail

ComputerUser Male

ComputerMail Arrival-mail yesterday

Brachman and Schmolze (1985)
KL-ONE is intended to represent general conceptual information and is typically used in
the construction of the knowledge base of a single reasoning entity. A KL-ONE knowledge
base can be thought of as representing the beliefs of the system using it. (. . . )
KL-ONE aspires to a bipartite view of the knowledge-representation task. Over the course
of its development, we began to tease out the distinction between KL-ONE constructs
whose intent was primarily for elaborating descriptions and those whose intent was for
making statements. In a sense, KL-ONE was beginning to divide into two different
formalisms—one for assertion and one for description.
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Graphical Database and Knowledge Representation Formalisms

Entity-Relationship Models
(Chen 1976)

A 40-year-old person works on the 2175-project for 20% of his time

Person

number-of-years

age

works for

percentage

percentage-
of-time

Project

number

proj#

Chen (1983)
There is a critical need for devising rules or guidelines for converting English descriptions
into ER diagrams. This motivates our research into the correspondence between English
sentence structure and entity-relationship diagrams.
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Reducing the Semantic Gap

About Knowledge Representation Formalisms I

Chein and Mugnier (2009)
The correspondence between knowledge about an application domain and an expression
in the KR formalism representing this knowledge must be as tight as possible.

Due to
the importance of natural language and schemas in the description of knowledge, a KR
formalism should allow the user to easily represent simple phrases in natural language
and simple schemas. The ability for describing such a correspondence, i.e., the natural
semantics of a formal expression, is a good empirical criteria for delimiting the usability of
the formalism.

Requirements
1 To have a denotational formal semantics: semantically equivalent knowledge bases

should lead to semantically equivalent results
2 To be logically founded: soundness and completeness
3 To allow for a structured representation of knowledge
4 To have good computational properties
5 To allow users to have a maximal understanding and control over each step of the

KB building process and use
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Reducing the Semantic Gap

About Knowledge Representation Formalisms II

Chein and Mugnier (2009)
[A KR system] should make it easy to enter the different pieces of knowledge (e.g., onto-
logical knowledge as well as factual knowledge)

and to understand their meaning and the
results given by the system, and also (if asked by the user) how the system computed the
results. Any computing system should have these qualities, i.e., should limit the semantic
gap between real problems and their formulation in a programming language. (. . . )
A way to limit the semantic gap is to use a homogeneous model—the same kinds of object
and the same kinds of operation occur at each fundamental level (formal, user interface,
implementation).
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Basic Conceptual Graphs

Basic Conceptual Graphs (BG)
Chein and Mugnier (2009)

Child: Paul

play3Person possess

Car attr Size:Small

1

2

1

2
3

1

2

Definition (Vocabulary)
A BG vocabulary is a triple pTC ,TR , Iq where:

TC and TR are finite pairwise disjoint sets.
TC , the set of concept types, is partially ordered by a relation ď and has a greatest
element denoted J.
TR , the set of relation symbols is partially ordered by a relation ď and is partitioned
into subsets T 1

R , . . . ,T k
R of relation symbols of arity 1, . . . , k.

I is the set of individual markers. ˚ denotes the generic marker and M “ t˚u Y I
denotes the set of markers. ˚ is greater than any element in I and elements in I are
pairwise incomparable.
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Basic Conceptual Graphs

Vocabulary and Ontologies I

Concept Type Set
J

Object

Painting Toy

Train BuildongBlock CuddlyToy

FluffyRabbit TeddyBear

RacingCar Firetruck

Car PieceOfFurniture

Table Chair

Action

play

Attribute

Color Sex Size

Location
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Basic Conceptual Graphs

Vocabulary and Ontologies II

Relation Symbol Set
T2

posses act

wash lookAt playWith playTogether

agt hold attr relativeOf

childOf

sonOf DaughterOf

parentOf

motherOf fatherOf

brotherOf sisterOf

T3

between act3

play3 give

Type of Individuals and Relation Signatures
Individual markers can be typed: τpmq P TC is the most specific type of m.
A relation symbol can specify the maximal concept type of each of its arguments
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Basic Conceptual Graphs

Basic Conceptual Graphs
Definition

Child:Paul

play3Person possess

Car attr Size:Small

1
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3
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Definition (Basic conceptual graph)
A basic conceptual graph (BG) defined over a vocabulary M “ pTC ,TR , Iq is a tuple
G “ pC ,R,E , lq satisfying the following conditions:

pC ,R,Eq is a finite, undirected, and bipartite multigraph called the underlying graph
of G and denoted by graphpGq. C is the concept node set, R is the relation node
set, the node set is N “ C Y R and E is the family of edges.
l is a labeling function of the nodes and edges of graphpGq that satisfies:

§ If c is a concept node, lpcq “ pτ,mq with τ P TC and m P I Y t˚u.
§ If r is a relation node, lprq P TR .

The degree of a relation node is equal to the arity of its type (i.e., its label).
Edges incident to a relation node are totally ordered and labeled from 1 to the arity
of its type.
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of G and denoted by graphpGq. C is the concept node set, R is the relation node
set, the node set is N “ C Y R and E is the family of edges.
l is a labeling function of the nodes and edges of graphpGq that satisfies:

§ If c is a concept node, lpcq “ pτ,mq with τ P TC and m P I Y t˚u.
§ If r is a relation node, lprq P TR .

The degree of a relation node is equal to the arity of its type (i.e., its label).
Edges incident to a relation node are totally ordered and labeled from 1 to the arity
of its type.
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Basic Conceptual Graphs

Basic Conceptual Graphs
Definition

Remark
A BG doe not need to be connected.
The empty BG GH “ pH,H,H,Hq is a BG.
As soon as a BG contains a relation node, it contains at least one concept node (no
0-ary relation).
The degree of a node can be different from the number of its neighbors.

Definition (Ordered set of concept labels)
The set of concept labels, defined over a vocabulary, is the set of pairs pt,mq such that
t P TC and m P M. It is the Cartesian product TC ˆ M and is partially ordered by

pt,mq ď pt 1,m1
q iff t ď t 1 and m ď m1
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Basic Conceptual Graphs

BG Homomorphism

Notation: An edge labeled i between a relation r and a concept c is denoted pr , i , cq.

Definition (BG homomorphism)
Let G and H be two BGs defined over the same vocabulary. A homomorphism π from G
to H is a mapping from CG to CH and from RG to RH

which preserves edges: @pr , i , cq P G , pπprq, i , πpcqq P H,
may decrease concept and relation labels: @n P CG Y RG , lHpπpnqq ď lG pnq.

actPerson PersonG
1

2

Child:Paul PersonplayTogether

motherOf

H

1

2
1

2

Child:Paul washK
2

1
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Basic Conceptual Graphs

Subsumption and Homomorphism

Definition (Subsumption relation)
Let G and H be two BGs defined over the same vocabulary. The subsumption relation ě

is defined by G ě H if there is a homomorphism from G to H. G ěi H if there is an
injective morphism from G to H.

t:m

r

s

H

t:m

r

t:m

s

G G ě H but H ě G

Proposition
ě is a preorder on the BGs (and it is not an order). ěi is an order on the BGs.
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Basic Conceptual Graphs

Irredundant BGs

Definition (Irredundant and redundant BG)
A BG is said redundant if it is hom-equivalent to one of its strict subgraph. Otherwise it
is said irredundant.

Example (G ě H and H ě G . G is irredundant and H is redundant)
G c1 r c2

H c1 r c2 r c1

Theorem
Each hom-equivalence class contains a unique (up to isomorphism) irredundant BG which
is the BG having the smallest number of nodes.

Proposition
Let G be the class of irredundant BGs defined over a given vocabulary. Then pG,ěq is a
lattice.
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Basic Conceptual Graphs

Elementary Generalization Operations I

Definition (Generalization operations)
The five elementary generalization operations are:

Copy Create a disjoint copy of a BG G . More precisely given a BG G , copypGq

is a BG which is disjoint from G and isomorphic to G .
Relation duplicate Given a BG G and a relation r of G , relationDuplicatepG , rq is a BG

obtained from G by adding a new relation node r 1 having the same type
and the same list of arguments as r .

Increase Increase the label of a node (concept or relation). More precisely, given a
BG G , a node n of G , and a label L ě lpnq, increasepG , n, Lq os the BG
obtained from G by increasing the label of n up to L.

Detach Split a concept into two concepts.
Substract Given a BG G and a set of connected component C1, , . . . ,Ck of G ,

substractpG ,C1, . . . ,Ckq is the BG obtained from G by deleting
C1, . . . ,Ck .
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Basic Conceptual Graphs

Elementary Generalization Operations II

Example (Duplication and simplification)

a b f

r
1

2

k

a b f

r
1

2

k

r1

2

k

duplicate

simplify
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Basic Conceptual Graphs

Elementary Generalization Operations III

Example (Detach and join)

I I I

detach

join
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Basic Conceptual Graphs

Elementary Specialization Operations

Definition (Elementary specialization operations)
The five elementary specialization operations are:

Copy
Relation simplify Given a BG G and two twin relations r and r 1 (relation with the same

type and the same list of neighbors), relationSimplifypG , r 1
q is the BG

obtained from G by deleting r 1.
Restrict Given a BG G , a node n of G and a label l ď lpnq, restrictpG , n, lq is the

BG obtained from G by decreasing the label of n to l .
Join Given a BG G and two concepts c1 and c2 of G with the same label,

joinpG , c1, c2q is the BG obtained from G by merging c1 and c2 in a new
node c.

Disjoint sum
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Basic Conceptual Graphs

Elementary Operations and Subsumption

Theorem (Homomorphism and generalization)
Let G and H be two BGs. The following propositions are equivalent:

1 G is a generalization of H
2 H is a specialization of G
3 there is a homomorphism from G to H, i.e., G ě H
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Basic Conceptual Graphs

Next to Come: Normal BGs

Example

t:m

r

s

H

t:m

r

t:m

s

G G ě H but H ě G

But we expect G and H to be “semantically” equivalent. . .

Solution in the next episode!
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