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Abstract—Starting with a formal definition of the process of
scholarly editing, we further formalize it by exploiting Category
Theory. We then apply this formal model to automated Natural
Language Processing tools, highlighting the parallelism between
composition and associativity and linguistic tool pipelines. We
then discuss the notion of interoperability between tools. Finally,
we propose some future improvements to the proposed formal
model.
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1. INTRODUCTION

N our earlier papers [1]-[3], we defined a formal model to

describe the complexity of scholarly editing processes. The
model commences with the formalization of electronic docu-
ments, associated operations, and collections of documents at
specific temporal instances named base-spaces. Within this
framework, we emphasized that operations on documents
impact both linguistic and philological aspects.

The model outlines the evolution of documents as a group
of operations that boost their transitions from one base-space
to the next. Besides, the model presents the actors as the
entities (performers) accountable for executing the operations.
An actor is broadly defined and can be associated with either
a human agent or an automated tool, illustrating the diverse
range of contributors involved in the evolutive process of
documents.

In this paper, we review and refine our model by integrat-
ing the conceptual framework of Category Theory [4]. This
integration represents significant progress in advancing the
formalization of our model. The adopted strategy to connect
the proposed model to Category Theory relies on identifying
documents and operations as objects and morphisms within a
category. (Readers may refer to [5] for an earlier investigation
of this approach). In Sec. VII-B we will show a much deeper
link between our model and Category Theory, namely the
formal equivalence between the compatibility and interoper-
ability among operation with the composition and associativity
principles of Category Theory Furthermore, the introduction of
Category Theory also reveals two weaknesses of the proposed
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model: (i) the relevance of the evolution path for the scholars;
(i1) the need for tailored treatment of the role of the time.

Therefore, we introduce two categories and provide an
exhaustive investigation of their advantages and limitations.
In Sec. VI, we illustrate that combining composition and
associativity with the explicit time labeling of the base-spaces
generates a range of theoretical evolution paths for identical
objects. It’s essential to clarify that this aspect might be
misinterpreted as an indication of the unavailability of missing
or presumed sources instead of being correctly interpreted as
an outcome derived from a theoretical framework.

In Sec. VII, we limit the model to Natural Language Pro-
cessing (NLP) tools as operations. This decision is appropriate
because using NLP tools, such as deriving part-of-speech
tagging for a given text, has become an indispensable part
of the modern philological process.

Likewise, it is plausible to conclude that the duration re-
quired to execute an operation utilizing NLP tools is negligible
when compared with the decades or even centuries necessary
for philological tasks. This element allows us to neglect the
time labeling of the base-spaces and results in fundamental
importance in establishing the suggested category.

Finally, we discuss some implications and future develop-
ments of our formalization.

II. A BRIEF RECAP ON DOCUMENT FORMALIZATION

We will review some of the definitions and axioms outlined
in the paper [2].

An electronic text document indicated as D in (1), is a
conceptual entity that includes, at the very least, the following
components: (i) a content (c), (ii) a format (f), and (iii) a set
of para-textual layers {po ... pi}:

DzD(C’f7{p0""apk})a (1)

where, in (1), the content ¢ expresses the quantity of infor-
mation carried by D; f is the format used to formalize such
information, and the set {pg ... pi} represents additional para-
textual layers that add more details to enhance the understand-
ing of document D.
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A base-space %; is the term used to describe a collection of We note that we can reach D; through the intermediate

documents {Dy, D, ...
a specific time, 7.

, D,} that are accessed synchronously at

%‘r = %({Dl"-an};T) (2)

An operation op takes a subset of documents S, =
D;,...,D; < (D) as input and produces a new single
document D; € %.(D) as output, where 7 > t:

op({D1, ..., Dy}) = D; , (3)
S———— N——
§,C%,({D}) {Dj}=S .c%.({D})

where D; belongs to S ., a subset of %,({D}). Actors carry out
operations in (3). An actor denoted as ac can be a human or
an automated tool.

Fig. 1 shows a conceivable evolution of the document D;:

D ——— D;
N

X

~ .
Dy —— Dy
Figure 1: An Evolution graph from D; to D; and from D; to
D; (through Dy).

We conceptualize an evolution 7 as a graph whose nodes
correspond to the documents D, while the edges correspond
to the agents that perform the operations, However, the above
figure is only meant to illustrate the evolution graph. We know
from (3) that operations act on subsets of documents and
produce a new one. For example, the path D; N ; should be
written as {D;} 4 D;.

€ is a collection of evolution steps evy, (from source s to
target f). We formalize the elements evy, in Fig. 1 as follows:

evik = ({Di}, Di)x
evi = ({Dy}, D), “)
evij=({D;},Dj)q

The last concept we take from [2] is the total space,

designed to relate documents to their evolution steps'. By def-
inition, the total space & is a bundle obtained by relating each

document D; € %.({D}) to its evolution ev({Dj,...,D;}, D),
with {Dj,...,D;} € %; and D; € %;:
E=BxH. (5)

It turns out to be useful to write the bundles explicitly for
the evolution shown in Fig. 1. The elements of the bundles
are the following pairs b,>:

by = (Dy, evir) = (Di, ({Di}, Di)x)
by = (Dy, ev) = (D1, ({ Dy}, Dr).) (6)
bj = (Dj,evij) = (Di,({D;}, Dj)a)

A concatenation of steps, as it results from applying bundles in total spaces
defines an evolution path.
2 Again, ¢ stands for target.
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document Dg, D; 5 Dk—z> D;. We thus add the last bundle b;
to formalize this two-step evolution:

b) = (Di, evia) = (D, ({ Dy}, Dy).)
by
(D1, (D1, (D), 1)), D). )

by

)

III. ISSUES AND CONSIDERATION ON THE MODEL, PART |

We propose two categories in this paper. The first category
“uses” base-spaces and philological operations, see Sec. VL.
The second category “uses” documents and NLP tools as
morphisms. cf. Sec. VIIL.

To set the stage for our upcoming discussion on the success
and failures of these categories, we present some issues and
additional considerations related to the model described in [2].

A. Evolution of documents is the evolution of base-spaces

We defined the base-spaces as a collection of documents
%, that are synchronously available at a specific time, 7. We
also defined the operations as actions on a subset S, of Z;.
The first point to note is that S, constitutes a proper base-
space, since it is a collection of documents accessed syn-
chronously. The second aspect to consider is that equation
(3) can be understood as follows: operations transform one
base-space into another.

We rewrite the equation (3) here by making this aspect
explicit.

op(Dy,....D,)= (D} or
~— N——
S.C%,({D}) {Dj}=S .cB.({D})

op(S, € B,(D)) = (D;} where ®

{Dj} = S‘r - ‘%T({D}

The interpretation of (8) is as follows: the set %, contains m
documents, and the operation op takes a subset S, containing
n < m documents to produce a new single document D;. D;
belongs to another set %, containing at least D; which was not
on %,. We view D; as a subset S, of %, with one document:

D;eS.={Dj}

In the evolutionary perspective presented in [2], the base-
space %, originates from the base-space %; and may evolve
into a base-space %, with t <7 <t and:

B, + By + By ©)

Let us introduce a notation that will be useful later in this
article: a pair p, to identify the base-space % along with its
time label 1:

By — {t, B} := p;. (10)

Figure 2 shows the same evolution graph of Fig. 1 with the
pairs p as nodes:
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pe = {0 ADYY —— pp = {1 AD}}

Figure 2: An Evolution graph from p, to p,; and from p, to
py (through py).

Equation (9) in terms of (10) (and using the time labels of
Fig. (2)) reads:

Pt * Pr
Dt # pr # py
Dr # py

(1)

B. Bundles and available operations

This section takes advantage of the fact that we can apply
the evolutionary model to pairs p, = {t, #} and illustrates
the correlation that exists between total-spaces (bundles) and
available operations within a base-space.

We examine the process depicted in Fig. 3. Our primary
goal is to outline the requirements that oversee the feasibility
of condensing a two-step process (x, z) into a one-step process,

().

{t, Bat —— {7, B} —— (', Bc}

Figure 3: Evolution from %, to %¢

To see if it is possible to condense a two-step process into
a one-step process, we set the following initial conditions:

PBa =Dy} (12a)
pr = {t, B} (12b)
x(#4) = x({D4}) = Dp (12¢)
a(#a) = a({Da}) = D¢ (12d)

Then we apply (12¢) to (12b) to obtain the base-space Aj, its
bundle bp (using definition (5), equations (6), and (7))) and
the corresponding pair, p.:

bp = {Dg, ({Da}, Dp)x} (13a)
By ={Dp, Da} (13b)
pr = {1, #5} (13¢)
Similarly, we apply (12d) to (12b):
be = {D¢, ({Da}, Dg)a}- (14a)
B = D¢, Da) (14b)
P = 117, B, (14c)
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The base-spaces % and % contain {Dp, Da} and {D{., D}
respectively, since the evolution x : Dy — Bg and a : Dy —
B are certain.

Figure 4 is a graphical representation of (13) and (14):

/’
b ——

Figure 4: A graphical representation of (13) and (14).

(", )

{t’ QA {T’ ‘@B}

In the figure above 7 and ¢* may differ, while %p, %¢
certainly do.

Finally, we have to figure out when going from %p to %¢.
is possible, even at a different time ¢ > 7, cf. a) in Fig. 5 or
when g evolves to a different ¢, as in b).

{1, B2)

a) {t, %A}/—x; (t, B} —— 11, BE)
{12, 2%

b) {t,%A}/—x> (r, B} —— (', Bc)

Figure 5: Evolution graphs of p.. a) The operation “?” is «
shifted in time, identified by a’; b) “?” is a placeholder for
different operations whose number depends on the number of
documents in the base space, so that %¢ # (. In (15b) and
(15¢c) we use y and k.

The base-space # contains two documents, {Dg, D}, thus we
have three distinct subsets where we can apply operations:3

S ={Dp,Dys},S4 = {D4}, and S = {Dgp}

The corresponding operations are the following:

a'(S4) = DL (152)
¥(8 ) = Dy (15b)
k(S) = DX (15¢)

Operations k and y in (15c¢) and (15b) act on S and Dg,
respectively. They produce the documents DX ,D’é which are
different from each other and distinguishable from D{.

On the contrary, both operations (12d) and (15a) take {D4} as
input. We may assume that @’ is @ only applied at a different
time, 7 instead of ¢, so that D‘é = Dg’.

We move on to define the base-spaces that follow from (15):

BE = DE, Dy} = BE = {DE, Da) (162)

3This excludes the empty set S¢ = 0.
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B = DL, Dp, Dy} # B2 = (DL, Dy} (16b)

B, = \D}.. Dy} # B = (D¢ Dy) (16c)

As a result, if we apply y we follow the evolution graph
reported in Fig. 5 b), while if we use @’ we follow the graph
in a). The application of k is subtle: Depending on how k
handles input documents, k can produce either D¢, or another
document, D’é. However, the base-space created by k differs
fromPB%, again the path b).

C. Time labeling of base-spaces

The previous section focused on the evolution of base-

spaces, the second element of the pair p, = {t, 4}, while this
section concentrates on the time, the first element.
Whether philological or NLP, operations on documents take a
certain amount of time (years for the former, minutes for the
latter) to achieve the expected result. If we call the duration of
operation op A,,, the time labeling of the spaces is a s shown
in Fig. 6:

{1 = 1+ Ay, B

{t,Br) ——> {t1=t+A, B} —— {' =7+ Ay,e%’é}

x y

Figure 6: Time labeling of base-spaces evolving under op :
Ir=t+ Aop

IV. CATEGORY THEORY

Category Theory, [4], [6]-[9], is a branch of pure mathe-
matics that provides a framework towards an abstraction of
mathematical concepts and structures in various mathematical
disciplines. The essential notion of category includes a col-
lection of objects and a collection of arrows, which we call
morphism, to model the transitions among these objects.

A. Definition of a Category
A Category C consists of the following entities:

Objects: A collection of objects, Ob(C);

Morphism: A collection of morphisms;

Source and Target objects For every morphism f, two ob-
jects X = s(f), and Y = #(f) which we refer to as source
(or domain) and target or (codomain);

Composition: For every pair of morphisms f, g such that the
target of f is the source of g, #(f) = s(g), a binary
operation, called composition which we identity as go f,
see (17). In other words, let f and g be morphisms:

AL B B C with A = s(f),B = (f) = s(2), and
C = 1(g), then there must exist iz = gof from A to C which
is the composite of f and g such that A = s(h), C = t(h).

Notably, there can be a morphism k : A i> C,k+h.
h=fog (17)
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k#h C

Figure 7: Composition in Category Theory.

The composition of morphisms comes with two additional
axioms:

Associativity: Composition is associative. For all f, g, h
in Hom¢(X, Y) results, see Fig. 8:

ho(gof)=(hog)of=hogof, (18)

Figure 8: Composition is associative.

Identity: There must exist exactly one* identity arrow
which starts and ends on the same object. The identity

id,
morphism, X = X, can be composed, see (19) and Fig.
9:

foidy=f=idgof, (19)

idy C’:O—/>O@ idg
A B

Figure 9: Identity and Composition.

V. ISSUES AND CONSIDERATION ON THE MODEL, PART I

After we have presented Category Theory, let us proceed
to interpret the concept of associativity and identity morphism
within the proposed model.

A. Associativity of base-spaces and categories with “families
of morphisms”

In Category Theory, the composition of morphisms is as-
sociative by definition. In Fig. 10, we schematize a three-step
process useful to model associativity.

{t, B2} ——> {©. B} —— ', B} ——> {t", Bp)
B

Figure 10: Associativity from %, to %p

4If Idy can not be defined, we speak of semi-category.
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Unfortunately, we know from Sec. III (more precisely from
(16)) that, apart from time-shifting,  # zox and 8 # yo z.
However, even if we assume true the following equations:

a=zox (20a)
B=yoz (20b)
we have to check if the following statement
yoa=Box 21
is verified.
From (20a), z is « shifted in time:
x:{Ds} — Dp
@ : {Das} — D¢ if
{Da} c 22)

z:{Ds} — D¢ and, as a result:
Pc ={Dc, Dy}

Equation (20b) adds more restrictions on the available opera-
tions:

z:{#Bp} — D¢ but, using (22)
z2:{Da} = Dc. Using the y defined in (20b)
v :{D¢,Ds} — Dp we create the base-space
PBp ={Dp,Dc,D,}. In addition
B : {Pp} — Dp instantiates (at most)
PBp, = {Dp, Dg, Dy}
If (20b) has to hold, the base-space %}, must be the same as
PBp. This equality requires both y and g take only D, in input.
Since y acts on Dy, the left-hand side (LHS) of (21), combined
with (22) defines:

(23)

PBp = {Dp, Dy} 24)

Similarly, Since y acts on D,, the right-hand side (RHS) of
(21), combined with (23) instantiates:

PBp ={Dp, Dy} (25)

Associativity requires the following set of operations, {O}:

x:{D4} — Dpg from %y,
7:{Ds} = D¢ from Bp,7 =«
a :{Dy} — D¢ from Ay,
y:{Da} = Dp from PBc,y=p
B :{Da} = Dp from ABp.

As a final remark, we add that we may define categories

with “families of morphisms”: We substitute the definition of

Morphisms in Sec. IV-A with the following:

Morphisms For every pair of objects X,Y € Ob(C), a col-
lection (even empty) of morphisms (arrows), between
objects, Homg.

Utilizing this definition, it is no longer necessary for z and y

to be the same as « and S respectively. In theory, it might be
possible to find 7’ # @ and y’" # 8 which verify

{0} = (26)

a=7ox
B=y oz
so that both composition and associativity make sense.

http://innove.org/ijist/

Vol.9- No. 1-March 2025

B. Identity and semi-category

In this section, we focus on identity morphism Id, and
how its definition according to Category Theory disagrees
with the proposed model.

We rewrite (3) using the identity morphism Id, as the
operation:

ld( {Dj} )= D; , (27
—— N——
§:C%:({D}) {Di}=S c2:({D})
or according to (8):
1d{D; € #,({D}Y)} = D;. (28)

In (28), D; (on the LHS) belongs to the group of documents
at a given time ¢, which we labeled %,({D}). The identity Id,
by definition, does nothing on D;, and after its application, the
same D; (on the RHS) belongs to the collection of documents
at the time 7 = 7 > t, which we tag %.({D}).

Following the formalism of pairs {¢, 8}, introduced in Sec.
III:

Id : {t, B} — {r, P}, and p, # p:. (29)
——

~——
Pr Pr

p; differs from p, both for two reasons:

Time labeling: If we assume Id lasts for a time Af;; then
T =1+ At1y;

Collection of documents: %, = {D;} only, while D; is an
element of %, which may, in principle, contain many

other documents.
The result is that Id in (29) is not a valid identity morphism.
However, there is a different notion of category, where identity
morphism is not required. More precisely, a semicategory
is a category where the identity morphism is not defined.
Consequently, (29) does not hold. In semicategory, the identity
morphism is not required but may exist. In this case, the
identity morphism in a semicategory is an additional property,
not an extra structure.

VI. FIRST PROPOSED CATEGORY

In the evolutionary perspective presented in [2], the base-

space %, originates from the base-space %, at time ¢ < 7 and
evolves into a base-space %, at time ¢’ > T > t. According to
the same paper, subsets of documents S, C %t transform into
a single document D; € %, through appropriate operations.
This new 2, includes at least one document D; that does not
belong to Z.. Consequently, in the evolution path, we have
By + By + By
Even if in Fig. 1, the focus is on the evolution of D;, we know
that the real evolving objects are the base-spaces (better the
pairs p), as explained in Sec. III-A. The structure of the base-
space, which is a collection of documents, remains constant
while the number of contained documents changes.
To conclude, the most intuitive approach is to associate the
entities within the category with the base-spaces and the
operations between base-spaces with the morphisms. The
proposed category has “families of morphisms” instead of a
single morphism, which results more pertinent in the domain
of Philology.
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According to Sec. IV, we define a category C with the

following characteristics:

Objects: The collection of objects is represented by Ob(C)
and includes all base-spaces A that evolve, such as %;,
P, Py, #;, and so on, as the outcome of applied of
operations.

Morphisms: The set of all operations that make %;
evolve into Z;, as shown in Fig. 11, is denoted as
Homc(%,»,%j).

Figure 11: Morphisms from %; to %;.

Following the discussion of Sec. III, and according to (10) we
replace Fig. 11 with Fig.12:

opi

opy

pi = \ti, B} ———— t;, B}} = p;
Figure 12: Morphisms from p; to p;.

Performing the operation described in (3) (or the analogous
(8)) will increase the time labeling ¢ of the pairs (see Sec.
III-C) and send %; to %, (p; in p;), where %; and %, are
objects in C.

We rewrite here the definition of the identity morphism (29)

Id, : {t, By = {t + Atyg, By = {t,, BY=p' # p (30)

Since the identity morphism is not defined, the proposed
category is a semicategory, which is not a problem.

For base-spaces containing only one document, the identity
morphism can be defined as an extra property:

Id, : {t, B} — {t, B}y =p' = p, 3D

where ¢ is left unchanged.
For such types of base-spaces, even (19) holds, as explained
below.
If = (D} and f : D —» D’ is a morphism, then the
application of f on £ results in:

[, By - {t+ Aty, B'),

SN— ————
p )4

where %’ = {D’}. Composing the identity morphism with f
on p’ is equivalent of composing f with p:

1d,

Idy o f 1, BY D (1 + Aty B') = (1 + Ay, B)
is equal to
1d, f
fold, {t,B) — {t, By > {t + At;, B')

The identity morphism is defined and can be combined as
stated in Sec. IV-A.
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In addition, when we come to model composition, see (17), to
associativity, as shown in Figures 8 and 10(with base-spaces
A, B, and C), we find:

fi{t,AY = {t+ Aty, B)

g {t+ Aty, B} = {t + Aty + At,, C}, but

h:{t,A} - {t + At,, C},

(32)

since h = go f is a single operation, it increases the time ¢ by
Aty,.

Rules of composition are an integral part of the category
definition and we prescribe:

Aty = Aty + Aty

With this prescription, the two objects C are identical: same
time label and same contained documents.

While a formally sound category has been established, the
documents go through different evolutionary paths, as de-
scribed in Sec. III-B. This difference can have an impact on
the philological analysis of the text.

Below we use the formalism defined in Sections III and V to
analyze the following example: D4 is a Greek poem, Dp its
Latin translation, and D¢ is the paraphrase of Dp. Formally:

f: {D4} — Dp, with B = {Dp, D4} (33a)
—_——
DpePBy
g1 {Da} = D¢, with B¢ = (D¢, Dy} (33b)
——
DxeBg
h= go f: {DA} d Dc, with ﬂc = {Dc,DA} (33C)
——
DpePBy
Analogously for pairs:
f
pa ={ta,Da € Bat = {ta, Bp ={Dp,Da}} = pp (34a)
pp = {tp, Da € PBp) 5 {tc, Bc ={Dc,Da}} = pc (34b)
of
pa = {tg, Da € Ba) 2 e, Be = (D, DaY) = pc  (34¢0)

Finally, we apply equations (5), (4), and (6) to find out that the
albeit formally correct paths previously (f, g, and g o f) have
implications from the point of view of philological analysis.

E;, = {Dg} x ({Dg}, Da)s
E;. = {Dc} X ({Dc}, Dp)g

C

35
= {De} X (D iDs} X (Dsh, D) O
E,
E,. ={Dc} x ({Dc}, Dp)gos (35b)

In the equation (35), the contrasts between E and E’ lie in
the internal relationships among the documents. At time ¢,
scholars access different sources depending on the evolution
paths from A — C. In E’, only D, is connected to D¢, while
in E, D¢ is connected to Dp, and Dp to Dy. It is very different
for a scholar at #¢ to create the paraphrase D¢, having access

16



International Journal of Information Science & Technology — iJIST, ISSN : 2550-5114

to the original Greek poem (D,) and its Latin translation (Dg)
than to have access to only the Greek poem Dy.

After analyzing this simple example, we concluded that
although the proposed semicategory is formally correct, it
does not consider all the features associated with philological
research, including one of the most significant, namely access
to sources.

VII. A DIFFERENT APPROACH

The considerations of sections III and V made on the model
and the first proposed category suggest two clear types of
modifications to the model.

First, we focus exclusively on the documents, disregarding
the time labeling of the base-spaces. In this case, we have a
single base-space that contains all documents. This approach
provides the single base-space % an algebraic structure beyond
just being a collection of documents. The set 4 is an algebraic
structure with a trivial signature, meaning no relations or
operations are formally defined. However, it is necessary to
determine how documents are assembled and accessed by the
operations that determine their evolution. In other words, we
must specify both the arity of the operations and, if possible,
the relationships between the elements of the set.

Secondly, we add some restrictions to the model, as dis-
cussed in Sec. VII-A

A. Restrictions to the model

The main restrictions to the model are the following:

(a) NLP tools as automatic agents responsible for document
evolution. NLP tools operate on a time scale shorter
than that required by philological operations. This aspect
allows us to argue that input and output documents belong
to the same base-space;

(b) Unary operations:

Di(ci, fi, {p}) R Dj(cj, fi.{p}p-

Therefore, the subset S € 2 to which op applies, see (3)
consists of a single document;

(c) We also assume that the format f in (36) remains
unmodified during the process:

(36)

Di(ci £, {p)) = Dj(c b {p)))

This last assumption pertains to the notions of interoper-
ability and compatibility, see Sec.VII-B.

B. Tools Compatibility and Interoperability

Interoperability is commonly used in various fields, includ-
ing healthcare, [10], emergency management, citizen services,
and computer science, [11]. When discussing interoperability
in computer systems two terms frequently used are: synfactic
and semantic interoperability. Syntactic interoperability refers
to the agreement on data formats and communication proto-
cols, essentially the structural basis of interoperability.
Examples of agreed-upon data structures include XML, SQL
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dumps, and JSON. Semantic interoperability deals with agree-
ing on the meaning of exchanged data using available stan-
dards. This is of great importance for Language Resource and
Technologies (LRT) and several efforts have been made to map
different LRTs, [12]-[14].

In this paper, the term compatibility, specifically tool com-

patibility, will be used. Compatibility refers to the degree to
which tools share input/output features, such as file require-
ments and formats, MIME types, and linguistic information.
The higher the number of shared characteristics, the greater
the level of compatibility. Compatibility and interoperability
are closely related. Indeed, when the output features of a tool
fit the input characteristics of the next one, we assume these
two tools are interoperable and can be pipelined.
We focus on unary operations as in (36) that leave the format
f untouched. This approach ensures that both the read and
produced documents have the same structure (f), ensuring
syntactic interoperability. We take semantic interoperability for
granted.

Composition and associativity are the foundation of the
concept of interoperability. Consider we have a system with
3 operations, opy, op;, opz, which act on an initial document,
Dy, to produce the final Dj;. Operation op; takes input
document D; and outputs D;,;. The process from Dy to D;
is formalized as Dy 2n, Dy, D; o, D», and D) 22, Ds. A
prime sign (') suggests the unlikelihood of one operation’s
output being the exact input of another. However, if opy and
op; are compatible, meaning that D; and D’1 have similar
features such as format, exchanged data, and their meaning,
they can be pipelined.

This involves creating a new operation, op3, by composing
op; with opg, resulting in Dy o, D,. Similarly, op,
can be composed with op; to create op4, resulting in
D, 2, Ds. There are five interoperable operations, namely

0po,0p1,0p2,0p3,0p4, that can be associated in different
op, after ops opy after opg
ways such as Dy D3 or D) ———— Ds.

VIII. SECOND PROPOSED CATEGORY

In this section, we show that the notions of composition
and associativity in Category Theory map onto those of
interoperability. Section VII-B explains how two interoperable
tools (op;, opy) can be combined to create a more complex,
composite, tool (op, o op;) that produces identical results, as
depicted in Fig. 13.

Figure 13: Composition of linguistic tools. Cf. (17)

When we deal with multiple tools, the processing pipeline(s)
may take different paths. The final result can be achieved by
using either individual or composite tools® as in Fig. 14 and
15.

By atomic tools, we mean tools that go directly from A to B: A— B; by
composite, tools that need an intermediate C to go from A to B: A - C — B
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[ op3 oopy
opy op> op3

Figure 14: Associativity.

Figure 15: Associativity as an equation. Cf. (18).

Following Sec. IV, we define the category C as follows:

Objects: The collection of objects, Ob(C), comprises all doc-
uments (D;,D;,Dy,D; ...) that can be processed by a
linguistic application;

Morphisms: The set of any linguistic application which con-
sumes D; and produces D; as shown in Fig. 16 is denoted
as H()mc(Di, D])

Figure 16: Tools from D; to D;.

The identity morphism is defined as in (37):

Idy : X > X 37

Idy is a dummy tool that consumes and returns the same
document. There must be an identity morphism for every
document D;, see Fig. 17.

idp, C* D; D; Did,

Figure 17: Identities.

Equation (19) also holds. If f is a morphism,
f:D—>D

then
f Idpy
ldy of:D>D — D'
is equal to
ldp f ,
foldp:D— D> D
The identity morphism is properly defined and can be com-
bined, see Sec. IV-A. If we apply (18) to Fig. 7, with A, B,C
as documents, we have
f:A—>B
g:B—C, and
h:A—-C.

(38)

Since h = g o f is obtained by combining two interoperable
tools, the final object C is the same. From a linguistic per-
spective, it is rational to model operations around documents
and to disregard the temporal aspect. NLP tools operate on
a much shorter timescale than the philological operations:
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minutes opposed to years. As a result, we can ignore the time
aspect in the base-spaces and the various paths connecting the
documents. By doing so, we can create a unique base-space
and the corresponding evolution spaces:

% ={Dy, Dp, D¢}
€ ={({Dc}, Dp)g, {Dg}, Da) ¢, ({Dc}, Da)gor)-

The total space & includes the documents in % along with
their evolution paths. At t = #¢, scholars have access to all
sources.

Once interoperability is established for the tools able to
operate on a set of documents {D;, D;, Dy, D,,} € %, D; is
processed to obtain D,, in several ways: using #s (the dashed
line); either composing t4 with 73 (which is t, 0#,) or ¢ and 7,
and doing the same with t4, f,, and #;. Fig. 18 shows different
paths from D; to D,,.

(39a)
(39b)

'
Di\4‘>D/

Dy

Figure 18: Composition and associativity.

We write here the total space for D,,, E,:
Ep = ({D}, (D}, Didss, (4D}, Dy,
(Du}. Do),

IX. FINAL REMARKS AND OPEN RESEARCH PROBLEMS

This section analyzes the model restrictions presented
in Section VII-A. The different timescale of NLP tools -
prescription (a)- justifies the category proposed in Sec. VIII
rather than that in Sec. VI. It is because the approach in
Sec. VIII treats documents (both input and output) as part
of the same base-space. This perspective is valuable from an
evolutionary perspective since it makes all evolutionary paths
accessible to scholars.

The morphisms described in the second approach are unary
operations - prescription (b). These morphisms endow % with
an algebraic structure having a nontrivial signature: documents
which are directly connected by these operations and, together
with prescription (a), documents which are connected with
relations: for example, D; will be in relation with D, only if
both D; and D, are nodes in an evolution graph.

It is important to note that assuming NLP tools take only
one document in input is extremely restrictive. For example,
the modeling of a piece of software that reads a list of places
(D)) to identify them on a text (D) and produces an annotated
text (D3) is a binary operation:

op({Dy, D3}) — Ds3

In addition, [2]] postulated two binary operations: the union U
and the intersection N of two documents. The operations U and
N, (along with the empty document D, also postulated in [2[])
provide robustness to the model but make considering unary
operations insufficient. Consequently, the algebraic structure
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with which % is equipped must include at least binary
operations between documents:

x:DxD—D

Prescription (c) is the most restrictive because it requires
syntactic interoperability among different tools. In NLP this
is quite unlikely, see [15]-[17].

The chain Dy — Dj illustrated in Sec. VII-B

opo op1 op2
Dy— D3 = Dy — Dy — D, — D3,

should be rewritten like this:
Do(fo) = D3(f3) =

COI‘lVfO,fl

Do(fo) =5 Dy(fo) —— Dy(f1)
(40)

CUVLV/l,fz

Di(fi) 25 Da(fi) —> Dy(fo)
Dy (f>) RN Ds(f>),

where f; is the format of D; and confy_r. converts f; into f;
so that op; can read D;(f)).

Format converters operate on documents. Following Sec. VIII
format converters are proper NLP tools. This fact has two
consequences: (i) Homc(D;, D;) must be expanded to include
format converters; (ii) we have to prescribe composition and
associativity on any possible combination of tools and format
converters.

A more elegant solution is to treat the format change
as a functor from a category A whose documents have the
format f; to B whose documents have the format fz. The
functor should be prescribed on the objects of the category,
on morphisms (including identity), and their composition.

X. CONCLUSION AND FURTHER READING

Interoperability among linguistic tools is a relevant issue,

although whether this is a scientific or an engineering problem
is still open.
Software integration platforms such as GATE® [18], UIMA’
[19], [20], and Research Infrastructures, such as CLARINS,
DARIAH?, and H2IOSC!0 use syntactic and semantic inter-
operability for the (linguistic) services they provide to users.
Interoperability is also important in computational linguis-
tics. In [?], the authors describe how to design Language
Resources and NLP tools as web services to address the
needs of digital humanists. The authors used interoperability
to connect lexicons, semantic resources, and fine-grained text
management. Category Theory and Linguistics are closely
related. For example, [21], [22] use Category Theory and
Pregroups to model grammar and interactions among words.
[23], [24] define and update DisCoCat, a model that provides
compositional semantics for studying the meaning of sentences
in natural languages.

In this paper, we have used interoperability and Category
Theory to augment the evolutionary model presented in [2]

6https://gate.ac.uk/
7https://uima.apache.org/
8https://www.clarin.eu/
https://www.dariah.eu/
lOhttps://WWW.hZiosc.cnr.it/
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by endowing base-spaces with an algebraic structure con-
sisting of rules about operations on documents and relations
between them. It was made possible by defining a category
with documents as objects and NLP tools as morphisms.
Interoperability between language tools guarantees that the
axioms of composition and associativity are satisfied.

A second important aspect shown in the paper concerns
the short time scale of executing NLP tools compared to
the philological time scale. It was possible to affirm that the
base-space does not change the time labeling; the same base-
space is extended by including input and output documents.
Consequently, it is possible to keep track of all the evo-
lutionary histories of documents belonging to a base-space,
effectively solving the philological problem that made the
semicategory with base-spaces as objects and evolution as
morphisms unsatisfactory.
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