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Abstract: This paper describes the theoretical
design and implementation of a prototype semantic
machine of transparent intensional logic. Proce-
dural semantics of this logic causes that it can
be used in the field of logical analysis of natural
language. This higher-order logic works with partial
functions of the intensional typed λ-calculus what
allows us to remove the semantic ambiguities of
natural language. The analysis of sentences in
transparent intentional logic is performed in three
steps - type analysis, construction synthesis, and
type control. The semantic machine described in
this paper makes it possible to analyze sentences
in natural language in the first two of the above
steps, for the mentioned logical system. Since
transparent intensional logic examines the meaning
of sentences in natural language, there was no need
to focus on the syntactic level of analysis. The
parsing is performed using an external analyzer,
which has been carefully selected after comparison
with competing analyzers. At the end of the article,
the possibilities of the presented solution are com-
pared with the already existing semantic machines
processing the meaning of natural language sen-
tences into intensional constructions.

Index Terms: intensional construction, semantic
machine, syntactic analyzer

1. INTRODUCTION

PAVEL Tichý created transparent intensional
logic (TIL) in 1961 [20]. TIL is based on an

extended variant of the object-oriented λ-calculus
builds on the ramified hierarchy of types. Tichý’s
object base (defined to analyze natural language
expressions) consists of a set of individuals ι, a
set of truth values o, a set of time points τ , and
a set of possible worlds ω [19]. The intensions
are objects of type ((ατ)ω), which means function
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from some possible world in time point for any type
α.

The meaning of natural language expression is
represented by a construction. Construction is an
abstract and algorithmically structured procedure.
There are four basic kinds of constructions [8]:
• variable ‘x ’ – v -constructs a construction

(based on its valuation v ),
• trivialization ‘ˆ0X ’ – constructs X without any

change,
• closure ‘λxX ’ – constructs a function,
• composition ‘[XX ]’ – constructs the applica-

tion of a function to its arguments.
The logical system TIL is unconventional in

that it is not completely formally specified by
syntax, semantics and proof system. Montague
intensional logic (MIL) [18] is the competitive logic
for TIL. MIL has several drawbacks that TIL had
overcome, more at [2]. TIL’s extraordinary ex-
pressive power makes it a suitable basis for the
implementation of a semantic machine.

2. SYNTACTIC ANALYSIS

To successfully implement a semantic machine,
it is necessary to first perform a syntactic analysis
of sentences [10] and then examine the meaning
of a sentence using semantic analysis [9]. TIL
principles are applied at the semantic level, so
there is no need to implement own parser. An
existing tool used for parsing was selected after
comparing several efficient parsers.

Natural Language Toolkit (NLTK) [3] contains
a set of libraries that allow text classification,
tokenization, and grammatical analysis. An active
community of developers makes it an up-to-date
tool with significant usability potential. The disad-
vantage of NLTK is that it is intended more for be-
ginners in the field of semantic analysis and is also
not suitable for processing large amounts of data.
TextBlob [16] can be considered an extension
of NLTK, but its use is even more intuitive, due
to its simple interface. Like NLTK, it is slow and
unsuitable for larger projects. Apache OpenNLP
[15] can be used not only for the standard spec-
trum of text data analysis but also for creating
text corpora for generators and conversational
interfaces. Unfortunately, it is not a modern solu-
tion and therefore does not have the necessary
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development support. SpaCy [11] can be seen
as a successor to NLTK. Unlike NLTK, it is also
suitable for more complex business applications.
SpaCy is not only the fastest parser but also a
complex tool that has only one API for all types
of parsing. The disadvantage of SpaCy is that
it is primarily intended for text analysis in the
field of market research. A Python-based library
called Textacy [6] is based on SpaCy and is
as powerful as its predecessor. However, Textacy
focuses on additional tasks that are performed
before and after parsing (processing of various
types of documents, downloadable datasets with
data intended for further processing, calculations
for textual statistics, etc.).

The library Stanford Core NLP (SCN) [17]
was used to create our semantic machine. SCN
is a multi-purpose multiplatform parser, whose
biggest advantage is its scalability. Several of its
components can be integrated with NLTK, but
unlike it, it can process large amounts of data
very quickly (after SpaCy, this is the fastest of
the mentioned solutions). In addition to text pro-
cessing and generation, it also allows us to work
with conversational interfaces and can extract an
extraordinary amount of information from the ana-
lyzed text. As part of syntactic analysis, it provides
data obtained from grammar analysis, statistics,
and deep learning. The SCN was created by
an elite research institution and is therefore not
intended for commercial purposes but as a basis
for further research and experimentation.

2.1. Stanford CoreNLP

Based on the previous analysis, there are sev-
eral reasons why the SCN was selected as an
external tool generating input to semantic ma-
chine TIL: a freely available solution designed for
academic purposes, support for a large number
of natural languages, extensive project documen-
tation, active community of developers creating
regular updates, high flexibility and scalability of
the system, integration of various types of text
analysis, visualization analysis outputs, high anal-
ysis speed even with a large amount of input data.

The use of SCN is demonstrated in Fig.1, where
the output is in json format.

2.2. SCN dependencies

Since it was decided to use SCN, it is necessary
to understand data in its output. For the implemen-
tation of the semantic machine, it is important to
focus on tokens and basicDependencies. There
are some selected dependencies explained [5]
(later used in chaper 3-A):
• conj - conjunction,
• cop - copula,
• nsubj - nominal subject,
• det - determiner,

Fig. 1: Syntactic analysis of the sentence
„Eleanor was the queen” generated from Stanford
CoreNLP, more about tokens, basicDependencies
and enhancedDependencies at [17].

• dobj - direct object,
• neg - negation modifier,
• amod - adjectival modifier,
• advmod - adverb modifier,
• advcl - adverbial clause modifier,
• aux - auxiliary,
• poss - possession modifier,
• mark - marker,
• nmod - nominal modifier,
• nsubjpass - passive nominal subject.

3. SEMANTIC MACHINE OF TRANSPARENT
INTENSIONAL LOGIC

After syntactic analysis, semantic analysis of
sentences is the second step of the natural lan-
guage processing. Working with TIL, the output of
the semantic analysis is a sentence represented
as TIL construction.

Until now, it was created only one implemen-
tation of the TIL - its author is Aleš Horák [12].
His semantic machine is based on the Normal
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Translation Algorithm (NTA). NTA enables the
automated processing of texts in the Czech lan-
guage and conversion into their logical represen-
tation to cover the most frequent linguistic phe-
nomena. NTA consists of two steps - in the first,
a parser of Czech sentences is created, which (in
the second step) are semantically represented as
TIL constructions. The NTA parser, called SYNT
[13], generates outputs in the form of a tree of
grammatical dependencies from input sentences.
An evaluation is performed from the tree of gram-
matical dependencies, in which it proceeds from
the leaves towards the root, while in the inner
nodes the synthesis of values obtained from the
child nodes is gradually performed. The leaves are
evaluated using the Lexicon [14] tool. SYNT can
be considered as the only existing semantic TIL
machine.

TIL-Script [4] is a multiplatform declarative pro-
gramming language based on TIL syntax. Table
1 contains selected TIL types and logical objects
rewritten in TIL-Script.

TABLE 1: TIL syntax elements and their equiva-
lents in TIL-Script

TIL TIL-Script Description
ι Indiv individual
o Bool truth value
ω World possible word
τ Time / Real time / real number
∧,∨ And / Or conjunction / disjunction
⊃,≡ Implies / Equiv implication / equivalence
¬ Not negation
∀, ∃ ForAll / Exist universal / existential

quantifier

In TIL is natural language processing performed
in three consecutive steps [7] (shown in Figure 2):

1) type analysis - to each object of the sen-
tence is assigned its type,

2) creation of construction - construction repre-
sents the meaning of a sentence,

3) type control - verifying if the previous step
was correctly done (voluntary step).

The right side of the Figure 2 shown input
processing. The input is firstly sent to SCN which
provides syntactic analysis and return analyzed
sentence in form of json. Then the semantic ma-
chine in the module provide_type_analysis makes
a type analysis and saves all the recognized
types into a list. The list should be passed to the
module create_construction. After construction is
successfully created, it is printed on the output
of the semantic machine and the necessary data
are supplied to the module provide_type_analysis
(this part is a subject of future research).

3.1. Type analysis

The implementation of TIL semantic machine
starts with the type analysis. The analyzed types
extend basic atomic TIL types o, ι, τ , ω. The list of

Fig. 2: Semantic analysis of sentences in TIL [1].

types used in the provide_type_analysis module
and how to identify them via the SCN output is as
follows:

Individual ι - basic type in TIL. The individual
represents a specific entity that always starts with
a capital. SCN marks it as NNP - a proper noun,
singular (Figure 3).

Fig. 3: Assignment of individual type.

Truth value o - basic type in TIL. In the sen-
tence “The queen was old.” word “old” represents
truth value because it defines the state of the
“queen” in some world and time. The truth value
can be obtained as an independent component of
the nominal subject nsubj (Figure 4).

Fig. 4: Assignment of truth value type.

Attribute ((ιι)τ)ω - an extended type in TIL.
There is a need to find a dependency case, where
an individual is the dependent component and the
indicator ’s represents the independent compo-
nent. Then the dependency nmod:poss can be
found - the dependent component is the individual
and the independent component is the attribute
which is owned by the individual. If there is no
individual in the sentence, it is necessary to find
nmod:poss dependency directly (Figure 5).
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Fig. 5: Assignment of attribute type.

Property of the object ((oι)τ)ω - an extended
type in TIL. It is necessary to find the nsubj
relationship similar to the type proposition. The
object to which the type is assigned in this case
will not be the whole sentence, but only its verb
phrase (Figure 6).

Fig. 6: Assignment of property of object type.

Property of the property ((((oι)τ)ω)((oι)τ)ω)
- an extended type in TIL. To determine this type,
there should be a dependency amod, where the
dependent component presents property of prop-
erty and the independent component is property
assigned to the object (Figure 7).

Fig. 7: Assignment of type property of property.

Binary relation between individuals
(((oι)ι)τ)ω - an extended type in TIL. To determine
this type, there should be a dependency nsubj
or nsubjpass, where dependent component is
individual and the independent component is
a relation. Then dependency dobj with another
individual as the dependent component and
relation as the independent component should
be found (Figure 8).

Fig. 8: Assignment of binary relation type.

Binary relation in general (((oι)ι)τ)ω - an ex-
tended type in TIL. A variant of the previous type,

where the subject and object is not an individual,
but any type (Figure 9).

Fig. 9: Assignment of binary relation type.

Value τ - an extended type in TIL. An expres-
sion has this type when it is a cardinal number CD.
Value can be expressed by the special nouns as
weight, height, length, temperature, depth, width,
distance, speed, count, number... (Figure 10).

Fig. 10: Assignment of value type.

Property of the value ((τ)τ)ω - an extended
type in TIL. After identifying the value type in the
sentence, the dependency nsubj can be found,
where the dependent component is the value
and the independent component is the property
(Figure 11).

Fig. 11: Assignment of property of the value type.

All of the above-mentioned types have been
implemented in TIL semantic machine. Correct
type analysis is a prerequisite for the creation
of construction, which is discussed in the next
chapter.

3.2. Creation of constructions

In Figure 1 is a dependency root which is
in every analyzed sentence and the creation of
construction always starts from it. After the type
analysis is finished, a list of all found types of
lexical units is made. This list helps to determine
what type is assigned to the word at the root of
the sentence.

After identifying the type of the root of the sen-
tence, it is determined with which words the root
is related - this is a key property for building the
composition of the construction. In the sentence
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“Eleanor was the queen.”, The root of the sen-
tence is the word “queen”, which is a type property
of the object. This type is intensional, from which
it is possible to determine where the closure is
in the sentence. Subsequently, a related lexical
object “Eleanor” is found, which is of the individual
type. The resulting construction generated by the
TIL semantic machine looks like this:

λwλt [[[∧0queen w] t] ∧0Eleanor] (1)

The collisions arose during automated type
checking when the same word seemed to belong
to several categories of types. For example, in
the sentence “Eleanor had 10 children.”, the word
10 was identified as a number and should be a
value type. This is not true, the sentence says
that a particular individual has a certain property.
Between “Eleanor” and “children” is the nsubj re-
lationship, which is characteristic of property of the
object type and based on the relationship between
“10” and “children” it is obvious that “10” is a
property of the property type. Therefore, a basic
type check is performed between the lexical units
that are related to each other, which excludes the
possibility of inadequate type analysis.

The last step that needed to be processed in
the synthesis of constructions was the use of
logical connectives. The dependency conj was
used to identify the ∧, ∨, which are always in the
root node. Processing connectives allows us to
create semantic representations of very complex
sentences - e.g. the sentence “Louis VII was the
husband of Eleanor of Aquitaine, Constance of
Castile and Adele of Champagne.” is represented
by the following construction:

λwλt[∧0Louis_VII [[∧0Eleanor_of_Aquitaine
[[∧0husband w] t]]AND [∧0Constance_of_

Castile [[∧0husband w] t]]AND [[∧0Adele_of_
Champagne [[∧0husband w] t]]]]]

(2)
Mark and advcl relationships were used to

identify the implication ⇒ - there must be a mark
dependency between the dependent component
and the word “if” and there must be an advcl
relationship between the same dependent com-
ponent and the time, consequence, conditional or
purpose clause. The semantic representation of
the sentence “If Eleanor is the wife of Louis, then
she is the queen of France.” is represented by the
following construction:

λwλt[[∧0Eleanor [[∧0wife_of_Louis w] t]]
IMPLICATION [∧0Eleanor [[∧0queen_of_
France w] t]]]

(3)

The last logical object that needed to be pro-
cessed when creating the structures was the
negations in the sentences. A negation is in a

sentence if there is neg dependency between any
two words. The semantic representation of the
sentence “Eleanor was not a queen of Spain.” is
represented by the following construction:

λwλt[0Eleanor NOT [[0queen_of_Spain w] t]]]
(4)

The constructions 1, 2, 3 and 4 are examples of
outputs generated by the TIL semantic machine.

4. CONCLUSION

In this paper, we have presented a functional
implementation of the TIL semantic machine.
Worldwide, this is only the second implementation
of a semantic machine based on intensional log-
ical principles. It can therefore only be compared
with the Synt system (see chapter 3).

For example, the sentence “If Eleanor is the
wife of Louis, then she is the queen of France.”
is analyzed in the Synt system as

[\w[\t[Implies[’Eleanor ’wife_of_Louis@wt]
[’Eleanor ’queen_of_France@wt]]]

(5)
and in our TIL semantic machine as in equation

3.
Based on this comparison, it is clear that both

semantic machines generate the same output,
even though they use the different syntax (the out-
put generated from Synt is written in TIL-Script).

However, the presented solution also contains
certain shortcomings related to the fact that it
is not a full implementation of the TIL potential,
but only a prototype. This means that while it is
possible to analyze most of the Czech language
corpus through the Synt system, the use of our
TIL semantic machine is partially limited because
its development is still ongoing. Our TIL semantic
machine has one indisputable advantage over
the implementation of Synt - its source natural
language is English, which gives this tool the
potential for application in international research.
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