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Abstract

In this paper, we present a method for interpreting YARN structures as logical formulas in a modal first order logic with
temporality. YARN is a recent semantic formalism that aims to bridge the gap between graph-based and logic-based
semantic representations, providing a flexible and expressive framework for capturing the meaning of natural
language utterances. Our approach translates the elements of YARN structures such as predicates, features, into
corresponding logical constructs, allowing for an interpretation of the represented meaning. Given that YARN allows
underspecified scope, we associate to each YARN structure a set of possible logical interpretations. We account for a
range of semantic phenomena, extending beyond ambiguity to capture aspects of dynamic quantification as well.
This work contributes to the understanding of the expressive power of graphical semantic representations and their

relationship to formal logic.
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Introduction

Semantic formalisms represent a symbolic and ex-
plicit approach to capturing and manipulating the
meaning of natural language utterances. In con-
trast to task-oriented representations of semantics,
which are generally learned end-to-end using a spe-
cific or generic learning task (in the context of trans-
fer learning) and are naturally embedded in contin-
uous vector spaces, semantic formalisms provide
explicitly structured representations that aim to cap-
ture meaning in a systematic and interpretable way.

Semantic formalisms for Natural Language Pro-
cessing (NLP) include several advantages. First,
their support for compositionality, where the mean-
ing of complex expressions can be derived from the
meanings of their parts (Frege, 1891, 1893). Sec-
ondly, they allow enhanced explainability, as the
structured intermediate representations allows to
formalise reasoning in explicit terms, making part of
the process more transparent (Nguyen et al., 2025).
They also provide easier debiasing, since explicit
representations can be made “blind” to certain as-
pects of the data more systematically (Lobo et al.,
2023), and increased frugality, as on one hand se-
mantic representations can be reused across multi-
ple tasks rather than requiring task-specific learning
from scratch (Wein and Opitz, 2024), and on the
other hand, they tend to build on logical frameworks
that enable the use of efficient algorithms for rea-
soning and inference. Third, semantic annotations
have been shown to provide a useful complemen-
tary signal to LLMSs, for instance in under-resourced
languages (Wein, 2025) situations.

The expressivity of structures, relating to what
they can represent, provides the absolute bound

on the utility of any meaning representation. For
instance, when using AMR (Banarescu et al., 2013)
alone, which does not fully represent scope, auto-
mated natural language inference becomes prob-
lematic. Indeed, since two formulas with different
scope configurations may have the same represen-
tation, it is impossible to process them differently
when using AMR alone.

A tension emerges: the more popular formalisms
(which are also the ones for which efficient parsers
exist) tend to be the least expressive (Pavlova et al.,
2023b; Crouch and Kalouli, 2018), while more ex-
pressive formalisms, often based on extensions
of lambda calculus (Marsik et al., 2021; Amblard
and Retoré, 2014) or formal logic (Bos, 1996), are
more difficult to parse because of strong structural
properties. This implies that obtaining annotations
ffor such formalisms generally requires more work.

The introduction of the YarN formalism (Pavlova
et al., 2024) is an attempt at resolving this ten-
sion by providing a way to represent high-quality
structures in terms of semantic, logical, and even
syntactic and discursive properties, while maintain-
ing a permissive, scalable, and easy-to-annotate
framework for humans. YARN is not alone in ex-
tending and refining AMR: UMR (Bonn et al., 2024)
represents another such approach, similarly em-
ploying a second annotation level to capture higher-
level linguistic phenomena. We will be interested in
the theoretical properties of YARN structures, more
specifically in their expressive power.

Grounding graphical semantic formalisms in for-
mal logic has been explored for related formalisms
like AMR (Bos, 2016; Lai et al., 2020), using lambda
calculus. (Pavlova et al., 2023a) uses Graph Rewrit-
ing Systems for mapping two different semantic
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formalisms, bRT and AMR. The intermediate scope
constraint system we present here is similar to the
semantic formalism introduced by (Bos, 1996).

In this paper, we propose how to transform a
YARN structure into a set of logical formulas. This
provides a way to interpret YARN structures in a
logical framework, allowing us to bridge the gap
between representations of meaning in YARN and
logic formalisms. For the most logically inspired
formalisms like brT (Kamp and Reyle, 1993), there
are direct conversions to first order logic. How-
ever, given the possibility for underspecification
and ambiguity in YARN structures, and the far less
constrained structural properties, we will interpret
YARN structures as encoding a set of constraints
on admissible logical representations.

This is similar to other semantic frameworks such
as MRS (Copestake et al., 2005) or Predicate Logic
Unplugged (Bos, 1996). Note that since AMR does
not encode many logic relevant aspects such as
scope, it can be considered an underspecified for-
malism too. YARN is a superset of AMR and the
added features allow more control over the possi-
ble interpretations.

After introducing the YarN formalism in Section 1
and the logical framework we use in Section 2, we
present in Section 3 our main contribution: we pro-
pose an explicit translation from a YARN structure
Y to an intermediate representation consisting of a
pair (F, R), where F' encodes scope dependencies
as a labelled forest and R encodes flat predicate-
argument relations. We then define a constraint
system C(F, R) whose solutions characterize the
set of admissible trees compatible with the origi-
nal YARN structure, thereby making underspecifica-
tion explicit. For each admissible tree, we provide
a compositional interpretation function that yields
a modal first-order logic formula with temporality,
grounding YARN structures in a logical semantics.
We illustrate how the resulting framework captures
non-trivial scope interactions and dynamic quantifi-
cation phenomena on representative examples.

1. YARN

There appears to be a fine line between formalisms
that are harder to produce (logic-based) and oth-
ers that are harder to use for precise tasks (graph-
based). Bridging the gap between logic and graphs
for semantic annotation is the objective of YARN
(Pavlova et al., 2024; Pavlova, 2025).

From graph-based formalisms, especially AMR,
YARN adopts the absence of explicit variables in the
graphical form of the formalism, a visual approach
to annotation, and the use of a graph structure
to represent the predicate structure of a sentence.
From logical formalisms, YARN adopts the explicit
representation of scope through tree-like structures,

and the use of features to represent linguistic phe-
nomena and interaction with the predicate part.

YARN adopts a layer-based approach to semantic
representation, where there is no single “right” an-
notation for a sentence, but rather a set of possible
annotations, depending on the features modeled.
Layers (like tense, aspect, quantification, etc.) can
be added or removed depending on the linguistic
phenomena of interest. This allows for a flexible
representation of meaning that can adapt to differ-
ent tasks and requirements, as well as to annotator
expertise.

YARN does not make assumptions about the un-
derlying modeling of these phenomena and does
not commit itself to one particular logical framework:
in this sense, it is a “universal” formalism, like DRT.

We first present the formal definition of YARN. As
a linguistically inspired framework, YARN encodes
linguistic information that goes beyond semantics,
providing ways to model information that is irrele-
vant to the main concern of this paper. We thus
focus on a specific subset of elements of YARN
structures, which we define below.

1.1.

Following (Pavlova, 2025), a YARN structure is de-
fined as a nine-tuple:

Formal Definition

(S, V,F,D,E,C,L,H,I)
where:

+ Sis a set of vertices representing elementary
events

« V is a set of vertices representing predicates
and concepts

» F'is a set of vertices representing features
(tense, aspect, quantification, etc.)

» D is a set of directed edges between pairs of
vertices s1,s2 € S

» E'is a set of directed edges between pairs of
elements vy, v, € V

» Cisasetofdirected edges from avertexv € V
toavertexse S

» L is a set of directed edges from a feature
feFtoavertexveVoranedgeec E

* H is a set of directed edges meeting one of
two conditions:

— start at an F' vertex and end in an L or H
edge

— startatan L or H edge andendinaV
vertex or an E edge
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Figure 1: A YARN representation of sentence 1

» [ is a set of edges between pairs of elements
v1,02 €V

Intuitively, V,E give an AMR-like predicate-
argument graph, and F', L, H build a scope-bearing
feature structure that can be read as (a set of) op-
erator trees over that graph. D, C specify a higher-
level discourse structure. The V and E elements
represent the basic predicate structure of a sen-
tence, using PropBank frames for predicates in
AMR fashion, and English words for concepts. S ele-
ments represent elementary events, linked through
discourse relationships modeled by D edges, or
linked to V' nodes by C edges representing clauses
(as in “He said he loved it”). F' elements are fea-
tures allowing the representation of linguistic phe-
nomena like tense, aspect, and quantification. L
and H elements allow features to modify predica-
tive elements, with the iterative construction in H
enabling scope representation (an H element rep-
resents a modification of the element represented
by its target, inside the scope of the element repre-
sented by its source). I edges provide constraints
on the interpretation of V and E elements by spec-
ifying set-membership relationships.

1.2. Example

To illustrate YARN’s capabilities, let us annotate the
sentence:

(1) In the future, politicians won't like researchers
who signed a petition.

YARN structures are quite complex when decom-
posed and described in terms of their atomic ele-
ments, but they admit a more readable graphical
representation, as shown by Figure 1 (which repre-
sents sentence 1).

In this representation, there is one main event
taking place, represented by the S node s;, at the
top of the structure, which makes it the root. The
predicative structure represents the core meaning
of the sentence, consisting of V and E elements.
It corresponds to the black graph structure of the
figure. A reader trained in AMR will recognize the
structure as very similar to the graphical represen-
tation of AMR. The predicative structure can be
decomposed into V nodes and F edges, where V
nodes represent concepts (e.g. “like.01”), and FE
edges represent relations (e.g. “arg0”).

We now restrict the structure to express linguistic
phenomena through features and their interactions
with the predicative structure. This corresponds to
the colored edges and nodes in Figure 1. For fea-
tures, we show only temporality, negation, modality,
and quantification layers. The set of available lay-
ers is larger and can be found in (Pavlova, 2025).

The L and H elements specify feature interac-
tions. An L element directly links a feature to the
element it modifies, and has a label expressing
the kind of modification it performs. For instance,
the L edge linking the quantification feature to the
“politician” node expresses universal quantification
over a variable ranging over politicians. Note that,
even though we do not express it explicitly in the
graphical representation, we associate a unique
identifier to each node, allowing us to introduce a
variable for each quantified element.

H elements work in the same way; however, they
introduce scope. An H element either:

* links an existing L or H element to an element
of the predicative part, such as the edge la-
belled “exists” in Figure 1.

links a feature to an existing L or H element.
This represents linguistic phenomena taking

wide scope over other phenomena. Here, the

O fut ¢ . .
chain — Y "% shows the order in which

the modifications should be applied. This or-
dering represents an event that necessarily
will not happen in the future, i.e. an impos-
sible event. A different ordering of the same
elements, starting with the “not” feature, repre-
sents an event that will not necessarily happen
in the future, i.e. an event that might not hap-
pen.

As noted earlier, YARN structures can be complex,
and not all elements are relevant for the purpose
of this paper. We focus on a subset of YARN struc-
tures, restricting the features considered to those
relevant for logical representation: tense, modality,
negation, and quantification. Similarly, we do not
treat I elements in this work: as they represent
another type of relation between V nodes, we as-
sume we can treat them as F elements. A more
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precise treatment would require additional assump-
tions about the semantics we consider, which is
out of the scope of this paper. Another feature of
YARN that we do not treat in this paper is the possi-
bility to have H edges target £ edges, effectively
quantifying over relations. We leave this to future
work. The annotation layers we consider are suffi-
ciently rich to represent a wide range of linguistic
phenomena, but are not the only ones available in
YARN. Crucially, we do not treat the aspect layer,
which gives information about the internal temporal
structure of events, however, the < and O relations
we introduce in the logical framework of Section 2
are sufficient to represent such semantic informa-
tion (Kamp, 2017) , and thus the work presented in
this paper can be extended to treat aspect as well.
Finally, for simplicity, we only give a complete treat-
ment of annotations with a single root, but as we
will see in 3.5, our approach can be easily extended
to structures with multiple roots. Even though we
do not treat all features and phenomena that can
be represented in YARN, the ones we do treat are
sufficient to represent a wide range of linguistic
phenomena and are the heart of the logical expres-
sivity of YARN and its specification of quantification,
which is the main concern of this paper.

2. Modal first order logic with
temporality

We now introduce the logical framework we use as
a proxy for the semantics of YARN structures.

We take into account modalities, temporality,
negation and quantification features. We base
ourselves on standard first order logic, adding
modal operators (J and ¢ for necessity and possi-
bility respectively, following the syntax presented in
(Bratiner and Ghilardi, 2007). Formal interpretation
on modal subordination for semantics have been
long studied (Davidson and Harman, 2012; Black-
burn and Bos, 2003; Blackburn and Van Benthem,
2007; Qian et al., 2016).

The set of formulas we produce is defined as:

pu=A[T[L[p|-¢|(d1Ad2)]|(¢1V )]
0(0) | 0(8) | Vz ¢ | Fx ¢

With A the set of atomic formulas defined as:

tu=xlc
A= R(t,t) | P(t)

Where R represents a binary relation symbol, P a
predicate symbol, ¢ a constant and x a variable.
In order to treat temporality, we add to the set
of binary relations symbols two special temporal
relations following the standard approach studied in
(Kamp and Reyle, 1993), inspired by (Allen, 1983):

< for total temporal precedence and O for temporal
overlap, with the following axioms:

o Al: VaVy(z <y = —(y O x))

o A2: VaVyVz(z <y Ay <z —=x < 2)

* A3: Vz(z O z)

s Ad: VaVy(z Oy <y O x)

¢ A5 VaVy(z <y — —(z O y))

o AB: VaVyVeVt(z <y Ay O zAz <t —x <1)
o« A7: VaVy(zx <yVaz OyVy < x)

The variables in these axioms represents time
points or intervals. In order to model the relation
between events and the present moment, we also
introduce a special constant symbol now, repre-
senting the present moment.

This way we can represent temporality in a way
compatible with YARN structures, where temporality
features are anchored to events.

We now give two examples of formulas repre-
senting every day sentences using this framework:

+ “Maybe it will rain™: (e, now < e Arain(e))

+ “John did not see any friend”:
—Je,x,y,be < now A see-01(e) A john(z) A
person(y) A befriend(b) A arg0(e,z) A
argl1(e,y) A arg0(b,x) A arg1(b,y)

Note that we are using a Neo-Davidsonian (David-
son and Harman, 2012) framework, which comes
naturally from the fact that in YARN, we modify each
event with individual semantic phenomena.

3. Defining interpretations for YARN
structures

3.1.

We now turn to the main goal of this paper: ob-
taining interpretations as logical formulas for YARN
structures. As is the case with our example 1 an-
notated with the structure presented in Figure 1,
many YARN structures are ambiguous, as they do
not encode all scopal specifications. We represent
meaning as set of possible denotations, in line with
(Poesio, 1994).

Our approach works as follows: let Y be a YARN
structure. We transform Y into a pair (F, R), where
Fis a labelled forest (i.e. a set of labelled trees)
and R is a set of relations over concept nodes iden-
tifiers. This allows us to separate two independent
structures: scope dependencies (represented by
F) and flat relations between entities (encoded by
R). Now R and F' give rise to a set of constraints
C(F,R) over the set T, of trees with the same
nodes as F.

Overview
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We then obtain a set T of possible tree denota-
tions as trees over nodes of F' satisfying C'(F, R).
Finally, we define an interpretation function, de-
pending on R allowing us to convert every tree of
T to a first-order logical formula with modalities.

For a given YARN structure Y, each element of
the intermediate representation T unambiguously
defines a formula. The set of constraints C'(F, R)
represents both compatibility conditions for preserv-
ing scope indications that are already presentin Y
as well as coherence and linguistically motivated
conditions that we shall explicit in 3.3.

3.2. YARN into the forest

Let Y be a YARN structure. We transform Y into a
labelled forest F' representing every element of the
feature structure of Y.

First we introduce a unique identifier for each
node of the predicative part (VV elements), which
will be used as variables in the logical formulas
we produce. Here, for each node, we take the
first letter of its label, disambiguating “politician and
petition” by associating ¢ with “petition” but any
unique identifier would do.

This allows to represent the relation part R as
follows: we simply extract the set of relations
between concept nodes, which are represented
by V elements in YARN. We represent them
as a set of tuples (s,e1,e2) where s is the la-
bel of the relation (e.g. “arg0”), and e; and eq
are the unique identifiers of the source and tar-
get nodes of the relation respectively. Here R =
{arg0(l,p),arg1(l,r),arg0(s,r),arg1(s,q)}.

Now to build F' we reifiy every H and L elements,
representing them as nodes. An H or L element
that has a V node as a target is represented as
a node with label Qapel € p Where e is a variable
representing the target node, |ave the label of the H
or L element, and p the label of the target node. In
that case we say that Q).pe introduces the variable
e. For instance, the L element linking the quantifi-
cation feature to the “politician” node is represented
as a node with label Qv p politicians, which intro-
duces variable p. An H element that has a H or
L target is represented as a node with label Q|apel
where 3¢ is the label of the H or L element. For
instance, the H element (blue in Figure 1) linking
the “temporality” feature to the negation feature L
element (yellow in Figure 1 is represented as a
node with label Qtyre-)

Finally, we maintain information about the source
and target of H and L elements by representing
an H element h; that has another H or L element
ho as a source as a child node of the node rep-
resenting ho, and an H or L element h; that is
the target of another H or L element h, as a child
node of the node representing hs. Forinstance, the

’ Qo ‘ ’ Qv p politicians ‘
l
’ Q Future ‘ ’Q; q petition‘ ’Qg r researcher

[Q- Llike | [Qpas s sign]

Figure 2: The forest F' obtained from the YARN
structure of Figure 1

QFuture

e

’ Qv p politicians ‘

[

’ Q3 r researcher ‘

Q- 1 like

Q3 q petition

Q
b
)
&
V)
&
Q
3

Figure 3: A possible merging for the forest repre-
sented in Figure 2

O f . .
chain = M " is represented as a tree with

root node labelled @, which has a child node la-
belled Qsyture, Which itself has a child node labelled
Q- 1 like.

Note that we are conserving the scope informa-
tion already present in the YARN structure, as the
resulting forest is a direct encoding of the relations
between H and L elements of the original structure.
This achieves the separation of the two structures
we mentioned in Section 2, with F' representing
scope information and R representing relations be-
tween entities. Figure 2 shows the forest F' ob-
tained from the YARN structure of Figure 1.

3.3. From one forest to many trees

Remember that I’ encodes general quantification
and scope information, and R encodes relations.
We now introduce a set of constraints C'(F, R) over
the set Ty of trees with the same nodes as F. This
allows to describe how we can unify the different
trees in F' to make a single tree, that we will be able
to interpret as a formula. This step is necessary
because the original YARN structure does not en-
code all scopal specifications, and thus we need
to introduce constraints to obtain a set of possible
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trees that are compatible with the original structure.

Let T be a tree in Ty, the set of trees on V(F),
the nodes of F. We say that T satisfies the con-
straints C'(F, R) if and only if the following condi-
tions are satisfied:

* (Compatibility of scopes) For every pair of
nodes (e, e2) such that e, is a child of e; in F,
eo is a descendant of e; in T.

* (Locality of features) In T', every child of a node
that doesn’t introduce a variable is a child of
the same node in F.

+ (Participant before event) For every relation
r(e1,e2) in R, if e1 is introduced by a node n;
and e, is introduced by a node ns, ny is an
ancestor of n; and every node that is on the
path between n, and n; and that introduces a
variable e3 is such that there exists a relation
r’(es, e2) or (e, e3) in R.

(Compeatibility of scopes) condition plainly de-
scribes that we may not break the scope relations
already present in F' when building a tree T.

(Locality of features) condition describes that fea-
ture acting over other features do not modify wider
scope features.

(Participant before event) condition is a linguisti-
cally motivated constraint to restrict the number of
possible trees, and it may be relaxed. It says that
we introduce events after their participants, and
that we do not introduce any variable in the scope
of the event’s participants before introducing the
event itself, unless it is another event relating the
same participants.

T can be constructed by enumerating all possible
trees that satisfy the (Compatibility of scopes) and
(Locality of features) conditions. During the enu-
meration, at each step where we add a node, we
check if its ancestors satisfy the constraints (Par-
ticipant before event), and if it is not the case, we
discard all the solutions that can be obtained from
the current state. Figure 3 shows a possible tree
obtained by merging the two trees of the forest F
while respecting the constraints we just introduced.

3.4.

Having obtained the set T of trees over V(F') sat-
isfying C(F, R), we now define an interpretation
function allowing us to convert every element T of
T to a first order logical formula with modality.
Since T only represents the structure of a possi-
ble formula, we first need to enrich it with elements
of R in order to inject the full semantic content of
the structure. For each node of T', we compute
the list of relations in R that are between variables
introduced by this node or its ancestors. If this list
is not empty, we append a child node that contains

Interpretation of trees over formulas

QFuture

’ Qv p politicians ‘

I

’ Q3 r researcher ‘

Q- llike

I

Q3 q petition

]R argo(l, r) :: arg1(, p) \

QPast S S’Lg?’l

’ R arg0(s,r) :: arg1(s, q) ‘

Figure 4: The merging of Figure 3 enriched with
the relations in R

this list. Figure 4 shows the tree obtained after
adding these relation nodes. We write the result of
this operation Join(T, R).

Then we can define an interpretation function
[ - ]~ that allows us to convert every element of
T to a first order logical formula with modality. To
achieve this, we need a linear representation of the
trees, which will be the input of the function [ - ].
This representation is defined in Figure 5. S repre-
sents a tree, and each possible rule encodes the
type of the root node. For example, the root node
of the tree in Figure 4 is encoded by rule 5 (Q F).
Each possible node type of S includes an S, which
is a list of trees, to represent all child trees (except
nodes created with rule 2, since they are always
leaf nodes). A is a list of relations, which is used by
nodes of type R (rule 2). The symbol :: serves as a
separator between elements in both lists. The full
translation of the tree in Figure 4 is Join(T, R) =
(Qo (QFuture (Qv p politicians (Q3 r researcher
(Q- llike (Rarg0(l,r) :: arg1(l,p) = [])

(Q3 q petition
(Qpast s sign (R arg0(s,r) :: argl(s,q) == [])
RN RS NEINES )

The function [ - | is then defined for each rule
of the tree grammar. The full definition is given
in Figure 6. 7 represents the temporal context in
which the formula is evaluated, and it is used to in-
terpret temporal operators. This provides a unique
interpretation of every tree in T, and thus for the
original YARN structure Y given the solution to the
constraints C'(F, R) provided by T, by computing
[ Join(T,R) Jnow-

The result for the

tree of Figure 4
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S:=(RA) 2)
| (QvepF) 3)
| (QaepF) (4)
| (QoF) (5)
| (RQuepF) (6)
| (QoF) @)
| (QoepF) (8)
| (@-F) (9)
| (Q-epF) (10)
| (Qpast F) (11)
| (Qpast epF) (12)
| (Q@present F) (13)
| (Qpresent € F) (14)
| (Qruture F) (15)
| (QFuture € p F) (16)
F:=[]r (17)
| S F (18)
A:=]]a (19)
| (s,e,f) A (20)

In all rules where they appear, e and f are variable
names, p is a predicate, and s is a relation.

Figure 5: The grammar which defines the linear
representation of trees in T

[[Jal—T (21)
[ (s,e1,e2) zal ], — s(er,e2) A al ]+ (22)
[((lrlr—>T (23)
[t=fl-=0tl-ALS]- (24)
[Ral]- = [al] (25)

[Qvep f]-—Veple)=T[f]- (26)

[Qaep fl-—Je,pe) N[ f]- (27)
[Qofl-—-0(f]-) (28)
[Quepfl- = 0O@3eple) A f]-) (29)

[Qo £ = O f1-) (30)
[Qoepflr— 0Cv,p)ALf]r) (31)
[Q-f1- =~ f]) (32)
[@-epflr——Ceple) A1) (33)

[ Qrast f1r = Je;e <7 A S ]e (34)
[Qpastep f - — Je,ple) e <7 A[ f]e (39)

[ @present ] — e, 7 Oe A f e (36)
[Qpresentep f ] = 3e,ple) AT Oe A[ f]e (37)
[ Qruture f]r = 3e,7 <en[ f]e (38)
[Qruture ep f1r = Jesple) AT <en[ fle (39)

In rules 34, 36 and 38, e is a fresh variable name.

Figure 6: The definition of function [ - || for every
rule of the tree grammar

852

Figure 7: A consequence relation between two S
nodes modelled using - nodes

is [ Join(TR)  Juow = OFe,now <
e A (Vp,politician(p) = (3Ir,researcher(r) A
(=(3, like(l) A (3q, petition(q) A (s, sign(s) Ae <
s A arg0(s,7) A argl(s,q)) A argo(l,r) A
arg1(l,p)))))))

The other possible tree gives rise to the reading
where the “petition” ¢ variable is introduced before
the “researcher” r variable, which corresponds to
the reading where there is a specific petition whose
signing makes politicians dislike researchers, which
is a weaker but valid reading of the original sen-
tence. We now follow the approach of (Bos, 1996)
and define a semantic for YARN by defining the inter-
pretation of Y as the set of all pairs consisting of a
tree T'in T and the truth value of [ Join(T, R) ]..ouw-

In plain words, we interpret a YARN structure as
a set of possible interpretations together with their
truth values.

3.5. Extension to complex structures

In this section, we show how to extend the approach
we just described to YARN structures involving sev-
eral S nodes, linked together by elements of type D.
This is important, as many YARN structures involve
several S nodes, and we want to be able to obtain
interpretations for such structures as well. Remem-
ber that S nodes represent main events, and that
D represent discourse relations. Different YARN
substructures may share the same V nodes, thus
we can't treat them as independent structures, and
we need to take into account the relations between
them when building the forest F' and the set of
relations R. We will show how to treat the “conse-
quence” relation, which we model as implication.
We extend the forest building step of 3.2: we
first build a forest for each S node independently,
and then add a new node labeled Svar for each
S node, which introduces a variable representing
the event corresponding to this S node. Writing
a = bas —(a A —b), we add two Q- nodes, in the
configuration shown in Figure 7. Note that if we
wished to consider that the consequence relation
induces a temporal precedence phenomenon, we
could have done so by the mean of an additional
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consequence

(uant temp temp

Figure 8: A possible YArN structure for the sen-
tence “Every farmer who owns a donkey beats it”

QFuture node.

We can apply the same steps as before to obtain
a set of trees T, and then apply the interpretation
function to obtain a set of formulas. We only need to
update the grammar 5 to allow for the new elements
we introduce, and provide a suitable interpretation
forthem: S:= (SeF)and[Se f], = [ ]
As an example of the expressivity of this system,
we show how this allows us to obtain a correct in-
terpretation for donkey style structures. Such con-
structions are well known to pose profound chal-
lenges related to compositionality, quantification
and coreference (Kamp, 1981; Partee et al., 1984;
Kanazawa, 1994). Since YARN does not encode
a coreference resolution mechanism, the primary
aim of this example is to demonstrate that dynamic
quantification phenomena are naturally handled by
our approach, yielding correct interpretations for
such sentences without requiring any additional
machinery.

Consider the following sentence:

(40) If a man owns a donkey, he beats it.

We propose a YARN annotation for this sentence,
which is shown in Figure 8. For readability pur-
poses, we have duplicated the nodes correspond-
ing to “man” and “donkey”, but there is only one
occurrence of each node in the actual structure.
This is represented by the dashed lines in the bot-
tom of Figure 8.

Applying the approach presented in 3.2,
we obtain a forest F, represented graphically
in Figure 9. As for relations, we have R =
{arg0(o, m),arg1(o,d),arg0(b,m),arg1(b,d)},
where we introduced the variables m and d to
represent the “man” and “donkey” nodes respec-
tively, and o and b for the “own” and “beat” nodes
respectively.

Then, after applying the approach of 3.3, we ob-
tain a set of trees T, which is reduced to a single
tree T in this particular case. This tree is repre-
sented graphically in Figure 10.

Finally, using the rewriting system of Sub-
section 3.4, we obtain the following formula:

[ Join(T, R)

donkey(y) N own(o) A o O now A arg0(o,z) A
argi(o,y) A —3b(beat(b) A b O o A arg0(b,z) A

Jrow = ﬁﬂx,y,o(man(x) A

arg1(b,y)) | which says “There is no man and no

donkey such that that man owns that donkey and
does not beat it”, which is a correct interpretation
for the sentence 40.

Using the equivalences —3z, P(z) = Vz, ~P(z)
and -(A A —-B) = A = B, we can rewrite
this formula in a more natural form as follows:

Va,y,o| man(x) Adonkey(y) Aown(o) Ao O now A
arg0(o, ) A argl(o,y) = Fb(beat(b) Ab O o A
arg0(b, z) A arg1(b, y)))

Conclusion

YARN is a linguistic formalism grounded in logic,
both in its underlying motivations and in its formal
design. We have shown that YARN structures admit
a systematic translation into logical formulas. This
suggests that YARN can be regarded as a semantic
representation in the strict sense, in so far as truth
conditions can be extracted from its structures.

While the presence of structural ambiguity may
appear problematic at first, it can also be viewed
as an expressive feature, allowing for the repre-
sentation of complex quantificational patterns, by
describing a set of possible interpretations. This
is a natural way to account for the ambiguity of
natural language, and it allows to represent com-
plex scopal interaction, however, it is not the only
solution, and one may argue that the absence of
scope specification between two phenomena is not
always a sign of ambiguity, but rather a sign of in-
dependence between the two phenomena. In that
case, we could consider that a structure denotes
a single formula, and that the absence of scope
specification between two phenomena is a sign of
independence between them, which can be mod-
eled by other logical means (Hintikka, 1979), such
as the use of Henkin quantifiers (Henkin and Karp,
1965), or Independance Friendly Logic (Hintikka
and Sandu, 1989). This would allow to explore the
use of YARN as an interlingua for semantic repre-
sentation, which offer interesting perspectives for
symbolic NLP applications, notably due to its visual
characteristics.

The scope constraint system and the conversion
algorithm presented here are closely related to pre-
vious work, in particular that of (Bos, 1996), but our
approach differs in its algorithmic nature, the explicit
separation of scope and relation structures, and
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’ Q3 r man ‘ ’ Qpresent 0 OUN ‘ ’ S s ‘

I

’ QPresent b beat ‘

Figure 9: The forest obtained from the YARN structure of Figure 8

| Qpresent 0 own |
|
L ¢ ]

’ QPresent b beat ‘

Figure 10: The only possible tree obtained by merg-
ing the forest in Figure 9

our commitment to a specific logical framework.

We also introduce a linguistically motivated con-
straint to restrict the number of possible trees. Note
that we are only assuming logical interpretations for
the action of features at the very last step: as such,
providing alternative interpretations doesn’t require
any change in the previous steps. For instance,
evolving our interpretation for trees by adding a
context, as is done in (De Groote, 2006), would
only require a change in the definition of [ - . This
would allow to give a compositional interpretation
of YARN structure linked by discourse relation, with-
out needing to merge them into a single structure,
assuming they do not share nodes.

Ethical considerations

This study raises no specific ethical concerns be-
yond those inherent to semantic representation
itself. The primary limitations relate to ontolog-
ical bias in meaning representations, largely at-
tributable to the disproportionate prevalence of En-

glish in available linguistic resources and work.
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