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Abstract

The number of approaches existing to enable a smooth interaction between Java and Pro-
log programs testifies the growing interest in solutions that combine the strengths of both
languages. Most of these approaches provide limited support to allow programmers to cus-
tomise how Prolog artefacts should be reified in the Java world, or how to reason about
Java objects on the Prolog side. This is an error-prone task since often a considerable
amount of mappings must be developed and organised. Furthermore, appropriate mappings
may depend on the particular context in which a conversion is accomplished. Although
some libraries alleviate this problem by providing higher-level abstractions to deal with the
complexity of custom conversions between artefacts of the two languages, such libraries
are difficult to implement and evolve, because of a lack of appropriate underlying building
blocks for encapsulating, categorising and applying Java-Prolog conversion routines. We
therefore introduce a new library, JPC, serving as a development tool for both programmers
willing to categorise context-dependent conversion constructs in their Java-Prolog systems,
and for architects implementing frameworks providing higher-level abstractions for better
interoperability between these two languages.

Keywords: Object-Oriented Programming, Logic Programming, Multi-Paradigm
Programming, Programming Language Interoperability, Separation of Concerns, Java,
Prolog

1. Introduction

Languages with a large market share benefit from healthy ecosystems featuring high
quality libraries and development tools. A good example is Java, with the added benefit
of a small number of language implementations. The absence of fragmentation simplifies
development efforts and helps ensuring tool and library portability. Languages with a much
smaller market share often lack the resources and number of users to develop, or justify
developing, a comprehensive set of libraries for common tasks. Instead, the scarce resources
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usually remain focused on those areas where these languages excel. In the specific case of
Prolog, this situation is aggravated by the large number of existing Prolog implemen-
tations and lack of strong standards, which severely hinders portability of libraries and
development tools. Notably, the ISO Prolog Core standard (ISO/IEC JTC (1995)) is a
minimal standard, the ISO Prolog Modules standard (ISO/IEC JTC (2000)) is ignored by
most language implementers (Haemmerlé and Fages (2006)), and Prolog language imple-
mentations diverge on most non-trivial aspects and even on some trivial ones (Schrijvers
and Demoen (2008)). This makes it not only attractive but often a practical need to tap
into other languages’ ecosystems when developing full applications where Prolog is used as
one of the main implementation languages.

Although work on interfacing Java with Prolog is often presented from the perspective
of combining the best features of both programming paradigms, from a pragmatic and more
industrial point of view, the programmer is often more interested in being able to reuse and
combine existing libraries. For example, adding a Java GUI on top of a Prolog application
or embedding a Prolog-based business rules implementation in a Java application.

To achieve this interoperability, several libraries and frameworks have been proposed in
the past to enable Java applications to call Prolog predicates and Prolog applications to ac-
cess Java’s extensive set of libraries. In Castro et al. (2012, 2013, 2014a); Castro (2014a) we
presented an oblivious integration approach to support the implementation of Java methods
in terms of logic predicates. We focused on attaining a transparent and semi-automatic
integration of Prolog within the Java language by providing a simple mechanism for infer-
ring appropriate mappings between Java and Prolog artefacts. In addition to predefined
mappings for typical scenarios, a customisation mechanism based on the use of annotations,
was provided.

Although we accomplished our objectives, our framework was difficult to extend to cus-
tomisation mechanisms not based on annotations. In addition, our implementation was hard
to maintain and evolve, mainly because methods dealing with artefact conversions (i.e., the
mechanism defining how an artefact in one language should be reified into the other) had
to analyse a considerable amount of conditions to infer the appropriate conversion. This
resulted in a high cyclomatic complexity in the implementation, aggravated by the fact
that, as discussed in Section 4, selecting the most appropriate conversion often depends on
a specific usage context. Furthermore, conversion algorithms were often tangled with the
main concern of the program.

In hindsight, we understood these problems resulted from the lack of a structured mech-
anism for encapsulating, categorising and applying context-dependent conversions between
Java objects and Prolog terms. The present work builds upon the difficulties we faced and
the lessons we learned. Its outcome is a framework, inspired to a certain extent by the de-
sign of the Gson library (Google Inc. (2012)), for dealing with context-dependent conversion
concerns between Java-Prolog inter-language artefacts.

This paper is structured as follows. In Section 2 we discuss the intrinsic complexity of
Java-Prolog interaction, revisiting an example from previous work. Sections 3 and 4 provide a
conceptual analysis of the interaction problem, together with an outline of a solution. Section
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5 describes the overall design and main components of our JPC1 library (Castro (2014d)).
Section 6 presents, using small examples, the core of our technique for categorising and
applying context-dependent conversions between Java objects and Prolog terms. Section
7 presents two small validations of our approach. Section 8 discusses the limitations and
strengths of our approach together with a discussion of relevant implementation issues.
Section 9 overviews other techniques that inspired our approach and related work. Section
10 presents our conclusions and outlines our future work plans.

2. Java–Prolog Interaction Complexity

In Castro et al. (2012, 2013), we illustrated with an example the inherent complexity
of mapping between Java and Prolog entities. We revisit in this section some details of this
example to explain the nature of our problem. Our case study modelled a city underground
system, with stations, lines connecting stations, and the underground as the objects of
discourse. It allowed to answer queries such as which stations are transitively connected, or
which are the stations traversed by a particular line.

To facilitate the mapping between Java and Prolog artefacts, we used Logtalk (Moura
(2003, 2009)), an object-oriented logic programming language implemented using Prolog as
a backend compiler. Logtalk is highly portable, allowing us to work with most Prolog imple-
mentations by using Logtalk as a intermediate layer. An outline of the Logtalk station(_Name)

parametric object (Moura (2011)) is shown in Listing 1. The implementation of the public
method connected/2 is shown on line 4. This method answers stations directly connected to
the receiver by means of the line object received as second argument. The method delegates
to the connected/3 method of the metro object (not shown here for brevity).

1 :- object(station(_Name)).

2

3 :- public(connected/2).

4 connected(Station, Line) :-

5 self(Self),

6 metro::connected(Self, Station, Line).

7

8 % other methods

9

10 :- end_object.

Listing 1: The station(Name) parametric object in Logtalk

Listing 2 shows an outline of the corresponding Station Java class. This class has been
implemented using JPL (Singleton et al. (2004)), a well-known library for Java–Prolog in-
teraction. This class defines how a Station instance should be represented on the Prolog
side by means of the method asTerm() (lines 5–7). In our example, a station is represented
in Prolog as a compound term using the functor station and an atom as single argument
representing the name of the station (line 6).

1JPC stands for Java-Prolog-Connectivity.
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1 public class Station {

2 String name;

3 ...

4 // mapping an instance of Station to a logic Term

5 public Term asTerm() {

6 return new Compound("station", new Term[] {new Atom(name)});

7 }

8 // mapping a logic Term to an instance of Station

9 public static Station create(Term stationTerm) {

10 String lineName = ((Compound)stationTerm).arg(1).name();

11 return new Station(lineName);

12 }

13 // mapping a Java method to a Logtalk method

14 public Station connected(Line line) {

15 Station connectedStation = null;

16 String stationVarName = "ConnectedStation";

17 Term[] arguments = new Term[]{new Variable(stationVarName), line.asTerm()};

18 Term message = new Compound("connected", arguments);

19 Term objectMessage = new Compound("::", new Term[] {asTerm(), message});

20 Query query = new Query(objectMessage);

21 Hashtable<String, Term> solution = query.oneSolution();

22 if(solution != null) {

23 Term connectedStationTerm = solution.get(stationVarName);

24 connectedStation = create(connectedStationTerm);

25 }

26 return connectedStation;

27 }

28 // other methods mapped to logic routines

29 ...

30 }

Listing 2: A Java class interacting with Prolog by means of JPL

The static method create(Term) (lines 9–12) does the opposite: it defines how a sta-
tion term defined on the Prolog side has to be represented as a Java object. It takes
the first argument of the term representing the station’s name (line 10) and uses it to in-
stantiate the station class (line 11). The method connected(Line) (lines 14–27) returns a
station connected to the receiver by means of the line received as a parameter. First a
term representing a Logtalk message is built on line 18. The arguments of this message are
an unbound variable and the term representation of the line object received as parameter
(line 17). Then an object message is built on line 19. Logtalk uses the ::/2 infix opera-
tor for sending a message to an object. Its left operand is the receiver (in this case the
result of invoking the asTerm() method) and the right operand is a Logtalk message with
its arguments. Thus, the query created on line 20 is interpreted in Logtalk as the message
station(station_name)::connected(ConnectedStation, line(line_name)).

Once the query has been constructed, we request its first solution on line 21. The binding
for the variable sent as first argument to the Logtalk method is collected from the solution
on line 23. This variable has been bound to a Prolog term representing a station. On line
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24 we create the Java representation of this station object and we return it on line 26.
As illustrated by this example, for each query, the programmer must write the necessary

code to convert multiple Java objects to a convenient Prolog term representation (e.g., lines
17 and 19) and to convert Prolog terms back to Java objects (e.g., line 24).

Larger applications often require writing a large number of (possibly context-dependent)
conversion routines. This is an error-prone activity that often produces ad-hoc conversion
code tangled with other aspects of the code. In the next section we discuss a conceptual
strategy for alleviating this problem, before looking into how to define inter-language con-
version functions between Java and Prolog in Section 4.

3. Inter-Language Conversion Functions

In this section we conceptualize the idea of inter-language conversion functions, on which
our JPC library will rely for achieving language integration between two different program-
ming languages.

3.1. Domains of Inter-Language Conversion Functions
Inter-language conversion functions act as gateways between representations of an en-

tity in different languages. Part of the definition of such a conversion function involves a
quantification of its domain and range (i.e., a description of the entities that the function
can accept and return). In other words, a conversion function f < Domain,Range > can
convert entities belonging to the Domain in one language into entities belonging to the
Target in the other language. Such domain and range quantifications should ideally be
accomplished taking into consideration the natural quantification mechanisms of each of the
two languages being integrated. In our case, this implies we should be able to quantify over
entities from both the object-oriented and the logic world, i.e. objects and logic terms.

In most object-oriented languages, the notion of classes plays a major role as a mechanism
for describing and categorising objects having similar characteristics (i.e., class instances)
(Taivalsaari (1996)). Although certain object-oriented languages provide additional mech-
anisms for quantifying over a set of objects (e.g., case classes in Scala (Odersky et al.
(2011)) allow using pattern matching over objects), the notion of classes can be considered
as the most widely spread mechanism. Therefore, for the sake of portability, we will assume
classes as our general mechanism for describing a set of objects from the object-oriented
world in the domain or range of conversion functions. For example, the domain or range
of a conversion function could be specified as all possible instances of types which are sub-
types of C1 and C2 (in object-oriented languages not supporting multiple implementation
inheritance, C1 or C2 may be interfaces).

On the logic programming side, types can also be employed to classify terms. For ex-
ample, in Prolog there are predicates (such as the var/1 or atom/1 predicates) that allow
to check the type (i.e., variable, atom, etc.) of a certain logic term. Nevertheless, in logic
programming it is more natural to quantify over terms by means of a more general term
that subsumes them. For example, a term hello(X), where X is a logic variable, subsumes
hello('Mary') or hello('Peter').
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From the discussion above, it follows that, depending on the language, there are two
portable mechanisms to quantify over artefacts in object-oriented and logic languages: types
and term subsumption. While types are applicable to both worlds, term subsumption is
applicable only to the logic world.

This implies that, from the point of view of the conversion direction and how their domain
and range can be quantified, we can distinguish four types of conversion functions:

f1 Object-oriented to logic functions, whose domain and range are quantified by types. For
example, a domain specified as all the subtypes of C1 and C2 and a range specified as
instances of compound terms.

f2 Object-oriented to logic functions, whose domain is specified by a type and their range
by a general term. For example, a domain specified as all the subtypes of C1 and C2

and a range specified as all the terms subsumed by hello(X).

f3 Logic to object-oriented functions, whose domain and range are quantified by types. For
example, a domain specified as instances of compound terms and a range specified as
all the subtypes of C1 and C2.

f4 Logic to object-oriented functions, whose domain is specified by a general term and their
range by a type. For example, a domain specified as all the terms subsumed by hello(X)

and a range specified as all the subtypes of C1 and C2.

3.2. Applying Inter-Language Conversion Functions
Although a programmer should be able to specify a concrete conversion function to apply,

in the sake of automation, a library accomplishing inter-language conversion operations
should define heuristics for determining which is the right conversion function to apply in
different scenarios.

As discussed before, the domain and range of each conversion function defined may
include a wide range of entities. While a concrete input entity is fixed at the moment of the
conversion, the resulting converted entity still needs to be inferred.

Unfortunately, we cannot assume that there is always a one-to-one mapping between
entities in the two languages. For example, while logic languages typically include a limited
amount of primitive types (e.g., integer, float and atom), object-oriented languages deal with
more primitive types (int, long, float, double, boolean, etc). Thus, the right conversion to
accomplish often depends on the context (e.g., an atom true may be translatable either to
the string 'true' or to the boolean true depending on the purpose of the conversion).

Therefore, a programmer (or a tool helping the programmer) may need to provide hints
to the conversion function on how to accomplish the proper conversion. A convenient mech-
anism for doing this is to further limit the range of a conversion function to the entities
expected as the result of the conversion. For example, if the conversion of a logic term is
intended to be assigned to the field of an object, then the concrete type of such field could be
suggested for guiding the conversion. Given that we will assume a statically-typed language
on the object-oriented side (in casu Java), such field type is available to, for instance, a
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tool providing high-level language integration support, which can provide such hints to the
underlying conversion library. One such tool is the LogicObjects Prolog-Java language
integration framework (Castro et al. (2013)), built on top of our lower-level Java-Prolog
inter-language conversion library JPC.

Since we are using types and terms to define the broad spectrum of entities in the range
of such functions, it is natural to also use types and terms to further delimit or guide the
range of such functions in concrete conversion operations. Therefore, a conversion function
could be parameterised, in addition to the source entity to convert, with either types (for
bidirectional conversions) or terms (for object-oriented to logic conversions), which denote
a subset of the range of the conversion function.

Also note that in the case of object-oriented to logic conversions, a programmer should
be able to constrain the expected result independently of how the range of the function was
specified. For example, a function whose range was specified as all the terms subsuming
hello(X) is compatible with the constraint that the result of a conversion should be an
instance of a compound term. The contrary is also true, a function whose range was specified
as instances of compound is compatible with the constraint that the result of a conversion
should be subsumed by a term hello(X).

3.3. Categorising Inter-Language Conversion Functions
At the start of this section we stated that the domain and range of conversion functions

can be specified either by means of types or logic terms.
A naive approach to find the most appropriate conversion function would be to traverse

all existing functions, searching for one whose domain and range are compatible with the
source entity to convert, and with the intended result. However, this approach would impose
serious limitations on the amount of converters that can be registered, since any conversion
operation may require to traverse the entire list of available converters. Furthermore, more
than one conversion function could be applicable to a conversion operation, if two or more
converters have overlapping domains and ranges. Therefore, a mechanism for categorising
converters in terms of their domains and ranges is required, so that they can be found
efficiently and prioritised in relationship to other converters.

Given that the domain of conversion functions can be specified using types, a natural way
to organise these functions is following the class hierarchy of the object-oriented language.
Note that a similar approach is used by the SOUL language. Although in SOUL there is
no need for inter-language conversion functions, since any object from the host language is
automatically reified as a logic term, it is possible to specify for any class how its instances
should be unified with a logic term, by implementing a special unification method in the
class (Brichau et al. (2007)). Given that SOUL runs embedded in a dynamically-typed
language, it is possible to add this method (even at runtime) to user or system classes.

The domain of conversion functions can also be specified using terms. In this case, a
natural solution could be to assert predicates in a logic engine relating logic terms to con-
version functions. These functions can, for example, be wrapped into a special kind of term
allowing its inclusion into a logic database. However, because of portability considerations
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we should not rely on the logic engine to support special terms wrapping objects, and an
alternative should be found.

As we will see later, the development of a concrete solution to the problem of how to
organise and prioritise conversion functions will be guided by the above considerations.

4. Inter-Language Conversions between Prolog and Java

In section 3 we identified inter-language conversions as a mechanism for reasoning over
objects on the logic side and interpreting logic terms as objects on the object-oriented side.
We distinguished four types of conversion functions that could be defined by a programmer.

4.1. Problem Analysis
The example of section 2 illustrated the complexity of writing programs that require con-

versions between entities of different languages. At first glance, adding conversion routines
directly into the classes whose instances must be converted may be a straightforward solu-
tion. This also has the advantage that such routines are polymorphic (i.e., the conversion
to accomplish depends on the actual receiver of the conversion message). However, tangling
the main concern of these classes with inter-language conversion routines is a violation of
the separation of concerns principle (Dijkstra (1997); Parnas (1972)) and hinders the overall
maintenance and evolution of a system. Furthermore, this approach is only suitable if the
programmer has access to, and can modify, the source code of such classes. Also, it does not
provide an appropriate solution for dealing with inter-language conversions that depend on
a particular usage context.

There are techniques that alleviate the separation of concerns problem without relying on
having access to the source code of the class. A simple approach may be moving the conver-
sion routines into a separate class. While this might work fine for reasonably small systems,
a disadvantage is that a programmer cannot execute polymorphic conversion methods, be-
cause such methods are no longer part of the class hierarchy of the object to be converted.
Therefore, an explicit binding between an object and its conversion routine, located in a dif-
ferent class, should be established (e.g., by means of the double dispatch pattern (Gamma
et al. (1995))). Although an ad-hoc infrastructure could be developed to facilitate this map-
ping (e.g., based on dedicated design patterns or reflection), such infrastructure may be not
that trivial to implement and maintain in larger systems.

Aspect-Oriented Programming (Kiczales (1996)) provides an alternative that allows to
encapsulate conversion routines into separate modules (aspects) and weave them into ap-
propriate classes using a quantification mechanism (e.g., by means of inter-type declarations
(Masuhara and Kiczales (2003))). This approach achieves a better separation of concerns,
but still does not provide a structured solution to the problem of context-dependent inter-
language conversions. With this alternative, that problem is just deferred to the aspect.

We argue that a suitable solution to the problem of inter-language conversion functions
should provide context-specific constructs for:

• Defining inter-language conversion functions.
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• Inferring the best target type of a conversion operation.
• (Optionally) instantiating conversion target types.
• Categorising conversion artefacts.
• Applying conversions.

In addition, an ideal solution should not rely on having access to the source code of classes
whose instances participate in conversion operations. In the remainder of this section we
discuss these desirable properties in more detail.

4.2. Defining Inter-Language Conversion Functions
A programmer should be able to define conversion functions that act as gateways between

representations of an object in another language. In Java, a conversion function can be
specified as a method receiving, among other parameters, the source object to convert and
returning a (reified) representation of this object in the target conversion language. Listing
3 shows a Converter interface declaring such a method. Note that in the rest of this paper
Type refers to the standard Java interface java.lang.reflect.Type.

1 public interface Converter<SourceType,TargetType> {

2 public TargetType apply(SourceType source, Type concreteTargetType, ...);

3 }

Listing 3: The Converter interface

As explained in section 3, we can observe in listing 3 that part of the definition of a con-
version function involves the quantification of its domain and range. Different quantification
mechanisms can be considered:

4.2.1. Type-Quantified Converters
Types are a natural Java mechanism for quantifying over objects. Therefore, the domain

and range of a converter function can be specified by means of types parameterising such
function. For example, the type parameters of the Converter interface define the domain of
the function (SourceType) and its range (TargetType). Note that these type parameters may
reference a concrete type (parameterised or raw) or a variable type with (explicit or implicit)
bounds quantifying over a set of types. For example, at the bottom of figure 1 we can see
a converter defining its domain and range by means of type variables. Its domain are the
classes C and D, since they inherit from both A and B (which are the upper bounds of the
type variable S). Its range is E and F, according to the upper bounds of the type variable T.

As illustrated by figure 2, a converter domain and range can also refer to concrete types.
In this case, the converter declares as its domain the class D and as its range the class E.

4.2.2. Term-Quantified Converters
Conversion functions can define Prolog terms as their domain (i.e., term-to-object con-

versions) or range (i.e., object-to-term conversions). Although terms can also be quantified
using (reified Java) types, this approach is not ideal since the number of types in Prolog
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Figure 1: Quantifying over variable types
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Figure 2: Quantifying over concrete types

is quite limited (e.g., specifying the domain of a conversion function as instances of a com-
pound term is, for most cases, too broad). An alternative is to declare what term instances
belong to a particular conversion function’s domain or range, by means of a more general
term that subsumes such instances.

More formally, Sterling and Shapiro (1994) define a term A as being an instance of term
B if there exists a variable substitution θ such that θ applied to B (denoted as Bθ) gives A,
so A = Bθ. A substitution is defined as “a finite set (possibly empty) of pairs of the form
Xi = ti, where Xi is a variable and ti is a term, and Xi 6= Xj for every i 6= j, and Xi does
not occur in tj, for any i and j”.

Based on these definitions, we could, for example, define the domain of a certain converter
as all the instances of the term hello(X), where X is an unbound Prolog variable. The terms
hello(mary) and hello(peter) will be included in this domain, while the terms chello(mary) or
hello(mary, peter) will not.

4.3. Conversion-Type Inference
As discussed in Section 4.2.1, the range of a converter may comprehend more than one

type (e.g., if the range is given by a variable type as illustrated by figure 1). In those cases,
a programmer should be able to select from such range a specific target type for a given
conversion operation (hence the concreteTargetType parameter in the converter method in
Listing 3). It may also be the case that the converter declares a single generic type as its
range, but that such type makes use of variable types (or wildcards) for some of its type
parameters (e.g., List<?>, where the unbounded wildcard ? stands for the family of all types)
or it is not parameterised (e.g., the raw type List). In this case, the programmer may
specify a concrete conversion target type (e.g., List<String>). Depending on the converter
implementation, type parameters of the conversion target type may influence the result of
the conversion. For example, a converter declaring as its range the type List<?> may convert
a Prolog list to the parameterised type List<String> in a different way than it would convert
the same term to the parameterised type List<Boolean>.

In case the target type of a conversion is not specified, or is overly general, it should be
possible to infer it by inspecting the source object’s properties. For example, a Prolog list
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of compounds with functor :/2 (e.g., [a:x,b:y]) may be typed as a Java Map. Furthermore,
a programmer should be able to customise this (inter-language) type inference mechanism
by registering new type inference functions. Such functions can be specified as a method
receiving an object representing an artefact in one of the two languages (e.g., Java or Prolog),
and returning the best type for the corresponding object or term in the other language.
Listing 4 shows a TypeSolver interface declaring such a method. Similar to converter functions,
the domain of type inference functions is quantified either by types (e.g., the type parameter
of the TypeSolver interface) or by terms. The range of these functions is implicitly specified
as the set of foreign language types (e.g., for Java-to-Prolog conversions, the range would be
the set of classes reifying Prolog types). Concrete examples are presented in Section 5.2.2.

1 public interface TypeSolver<T> {

2 public Type getType(T object);

3 }

Listing 4: The TypeSolver interface

4.4. Factories
Although a converter has access to the (explicit or inferred) target type of a conversion,

it may not know how to instantiate this type or how to obtain an existing reference. A
simple ad-hoc solution may be to initialise certain converters with a factory (or provider).
Then, the converter can delegate to such factory the instantiation of the object to return.
However, this is a repetitive problem that may spawn a certain amount of boilerplate code,
since converters could become polluted with factory-related code.

A better alternative consists of allowing the programmer to register factory functions thus
providing a transparent mechanism for instantiating required objects using registered facto-
ries (similar approaches are provided by dependency injection frameworks such as Google’s
Guice library (Vanbrabant (2008))). Factory functions can be specified as a method receiv-
ing a type and returning an instantiation of this type. Listing 5 shows a Factory interface
declaring such a method. Similar to converter functions, the factory domain is specified by
means of a type parameter of the Factory interface. Also like converter functions, a factory
domain can comprehend more than one type. Therefore, a programmer should be able to
specify the concrete type to instantiate (hence the concreteFactoryType parameter).

The range of a factory is implicitly specified as the possible set of object instances of the
types declared as its domain. We discuss in Section 5.2.3 our solution for the management
of user-defined factories.

1 public interface Factory<T> {

2 public <T> T instantiate(Type concreteFactoryType);

3 }

Listing 5: The Factory interface
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4.5. Categorising Conversion Artefacts
The conversion artefacts described before are functions (converter functions, type infer-

ence functions, and factory functions) that should be categorised according to their domains
and ranges. The goal of this categorisation is to allow the efficient lookup of the proper
function given a certain input and constraints on the range of the result. As discussed in
Section 4.2.1, in certain cases domains and ranges of conversion artefacts may be inferred
from their declaration. In other cases, as shown in Section 4.2.2, they are explicitly pro-
vided by the programmer. JPC’s categorisation approach will be presented in more detail
in Sections 5.3 and 5.4.

4.6. Applying Conversions
From a high-level point of view, the process of applying a conversion consists of the

orchestration of the distinct conversion artefacts presented in this section. This process has
as input an object to convert, optionally a hint guiding the conversion (e.g., the expected
result type) and having as outcome the converted object in a (reified) foreign language
representation (Figure 3).

new Station(“Oxford Circus”)

fromTerm(station(‘Oxford Circus’), 
[Station.class])

toTerm(new Station(“Oxford Circus”), 
[Compound.class])

Conversion Context

Factory 
Manager

Type Inference 
Manager

FactoriesType 
Solvers

Converter 
Manager

Convertersstation(‘Oxford Circus’)

Figure 3: The conversion context

Given that conversion artefacts (e.g., converter functions) may overlap their domains or
ranges, the implementation of this process should take into consideration delegation and
conflict resolution mechanisms too. A high-level view of our approach for the selection of
conversions will be shown in Section 5.4.5.

4.7. Context as Converter Discriminator
In Castro et al. (2013) we showed an example of how the best conversion of a Java

object to a Prolog term may depend on the objective of such conversion. A Java List can
be translated to either a Prolog/Logtalk list term or to an entity encapsulating predicates
over lists (a Logtalk list object or a Prolog list module). When the Java list would be used
as the argument of a predicate, its best representation is often a Prolog/Logtalk list term.
If intention is to invoke a Logtalk method on that list object, its best representation would
be the Logtalk object list.

This is not the only case where the usage context may determine the best conversion.
As mentioned before in this section, different converter functions (and other conversion
artefacts) may overlap their domains or ranges. Unfortunately, for those situations it is hard
or impossible to conceive a conflict resolution policy that would best suit all possible cases.
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However, distinct contexts may discriminate between converters using different policies, thus
alleviating this problem.

Hirschfeld et al. (2008) defines context as “any information which is computationally
accessible”. Therefore, any computationally-accessible value should be usable to discriminate
converters.

At an abstract level, we define a conversion context as a triple ctx = <CM,TIM,FM> where CM

is a Converter Manager, TIM is a Type Inference Manager, and FM is a Factory Manager. A
high-level view of these components is illustrated by Figure 3. As their names suggest, the
converter manager administers registered converters, the type inference manager administers
registered type solvers and the factory manager administers registered factories. A concrete
implementation of these managers is introduced in Section 5.2.

5. JPC’s Design

In this section we describe the design of the main components of our JPC inter-language
conversions library, which provides a structured mechanism for encapsulating, categorising
and applying context-dependent conversions between Java objects and Prolog terms. JPC’s
inter-language conversion features are inspired by the Gson library (Google Inc. (2012)),
which is a library for dealing with context-dependent conversion concerns between Java
and JSON (Crockford (2008)) artefacts. This discussion will set the ground for introducing
JPC’s features in Section 6.

5.1. A Prolog Virtual Machine Abstraction
A first important component in the design of our library is an abstract Prolog engine

that is able to answer queries employing our term representation. This abstract engine is
vendor-agnostic and thus requires a driver to connect to a specific Prolog implementation.
Drivers can be built on top of existing Java-Prolog libraries for the target Prolog engine.
These libraries are often made available by third parties. JPL, PDT Connector (Rho
et al. (2004)) and InterProlog (Calejo (2004a)) are three prominent examples.

As part of our Prolog engine abstraction, we provide a set of classes reifying Prolog data
types, inspired by similar JPL classes: For completeness, we list the main classes below:

Term : An abstract Prolog term.
Atom : A sequence of characters representing a Prolog atom.
Compound : A compound term consisting of a name and a list of arguments.
IntegerTerm : A Prolog integer term.
FloatTerm : A Prolog float term.
Var : A Prolog variable.
JRef : A Java reference term. A special kind of term wrapping a Java reference.

As in the JPL library, these term classes can be considered as a structured concrete syntax
for Prolog terms. In addition to term classes, other important classes are:
Query : The reification of a Prolog query.
Solution : One query solution. A map binding variable names to terms.
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A more detailed description of our abstraction of a Prolog virtual machine is outside the
scope of this paper.

5.2. The JPC Context
Our primary library class is a conversion context, modelled by the Jpc class. This context

encapsulates a bidirectional conversion strategy for a set of Java objects and Prolog terms.
We will make use of this context to show, in Section 6.6, an improved implementation of the
example discussed in Section 2. The main API of the Jpc class is summarised in Table 1.

Method Description
fromTerm(Term) Converts a term to a Java object

fromTerm(Term,Type) Converts a term to a Java object instance of a given type

toTerm(Object) Converts a Java object to a term

toTerm(Object,Class) Converts a Java object to a term instance of a given term class

getType(Object) Returns the inferred type of the object in an inter-language conversion

instantiate(Type) Returns a new instantiation of the given type

Table 1: Main Jpc methods

In order to facilitate the configuration of a Jpc instance, we provide a JpcBuilder class
with a straightforward fluent API for configuring its properties. As outlined in Section 4.7,
this configuration involves the registration of converters, type solvers, and factories. For
example, Listing 6 shows how to configure a builder to create a Jpc context that knows how
to convert objects from the example discussed in Section 2. The main API of the JpcBuilder

class is summarised in Table 2.

1 public static final Jpc jpc = JpcBuilder.create()

2 .register(new MetroConverter())

3 .register(new LineConverter())

4 .register(new StationConverter()).build();

Listing 6: Building a Jpc context with the JpcBuilder class

Method Description
register(JpcConverter) Registers a converter

register(JpcConverter,Term) Registers a converter associated to a term

register(TypeSolver) Registers a type solver

register(TypeSolver,Term) Registers a type solver associated to a term

register(Factory) Registers a factory

Table 2: Main JpcBuilder methods
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5.2.1. Implementing Converters
Our current implementation provides two separate interfaces for defining conversions

from Java to Prolog (ToTermConverter) and vice versa (FromTermConverter). Both interfaces
inherit from the common interface JpcConverter so they both can be registered into a context
with a single call to the method register(JpcConverter) introduced before in this section.
Behind the curtains, implementors of these interfaces are adapted by our framework, at
registration time, as instances of the Converter class shown in Listing 3.

The StationConverter class in Listing 7 implements both interfaces. It implements a
method defining the conversion of Station instances to (lines 6–8) and from (lines 10–13) a
Prolog compound term.

1 public class StationConverter implements

2 ToTermConverter<Station, Compound>,

3 FromTermConverter<Compound, Station> {

4 public static final String STATION_FUNCTOR = "station";

5

6 @Override public Compound toTerm(Station station, Class<Compound> termClass, Jpc

context) {

7 return new Compound(STATION_FUNCTOR, asList(new Atom(station.getName())));

8 }

9

10 @Override public Station fromTerm(Compound term, Type type, Jpc context) {

11 String stationName = ((Atom)term.arg(1)).getName();

12 return new StationJpc(stationName);

13 }

14 }

Listing 7: The StationConverter class

5.2.2. Implementing Type Solvers
As discussed in Section 4.3, when no type information is provided in a conversion, our

library will attempt to infer the best target type based on the actual source object to convert.
As an example, we mentioned that a Prolog list term with a certain structure may be

reified, by convention, as a map in Java. Listing 8 shows an extract of this type solver, that
implements the TypeSolver interface shown in Listing 4. It returns the Map class on line 12 if
it can conclude that the term looks like a map. If it is unable to assign a type to the term
it signals it throwing a UnrecognizedObjectException exception (line 14).

1 public class MapTypeSolver implements TypeSolver<Compound> {

2 @Override public Type getType(Compound term) {

3 if(term.isList()) {

4 ListTerm list = term.asList();

5 Predicate<Term> isMapEntry = new Predicate<Term>() {

6 @Override

7 public boolean apply(Term term) {

8 return isMapEntry(term);

9 }

10 };
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11 if(!list.isEmpty() && Iterables.all(list, isMapEntry))

12 return Map.class;

13 }

14 throw new UnrecognizedObjectException();

15 }

16

17 private boolean isMapEntry(Term term) {

18 ...

19 }

20 }

Listing 8: A type solver for a Prolog term representing a map

5.2.3. Implementing Factories
If a converter does not know how to instantiate a conversion target type (e.g., it is

abstract), it can ask the Jpc context for an instance of such type. For example, in Listing 8
we show that a Prolog list with a certain structure will be identified by the type solver as a
Map. But the type solver does not provide any mechanism to instantiate such an interface,
since its only responsibility is to give a hint on the appropriate conversion type. Assuming
that a registered factory can instantiate Java maps (Listing 9), a converter only needs to
invoke the instantiate(Map.class) in a Jpc context to obtain an instance of the desired type.

1 public class MapFactory implements Factory<Map<?,?>>() {

2 @Override

3 public Map<?,?> instantiate(Type type) {

4 return new HashMap<>();

5 }

6 };

Listing 9: A Map factory

5.3. An Embedded Prolog Database
JPC uses an embedded Prolog database running on the JVM and supporting the storage

of Java object references in addition to standard Prolog terms (Castro et al. (2014b)). This
component is currently not intended to be used directly by the programmer as it lacks many
of the features of a full Prolog system. However, several of JPC’s interoperability features
rely on it.

Behind the curtains, each JPC context maintains an instance of this embedded database.
It is employed for operations such as context-dependent mappings of arbitrary Prolog terms
to Java objects, or the association of converter functions to Prolog terms.

As an example of this functionality, in Section 4.2.2 we discussed that certain conver-
sion artefacts are functions whose domain and range can be specified by means of terms.
For those cases, this term has to be explicitly provided by the programmer since it can-
not be inferred from the definition of the conversion artefact. Therefore, our library al-
lows a programmer to specify such terms by means of artefact registration methods in the
JpcBuilder class (e.g., register(JpcConverter,Term) and register(TypeSolver,Term)). Internally,
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these artefacts are stored in the JPC embedded Prolog database associated with the reg-
istering context. For example, when a converter is registered as associated to a term, a
new fact converter(Term, Converter) is asserted in this database. The first argument of the
converter predicates subsumes the logic terms that should be converted to Java objects using
the converter specified as the second argument.

5.4. A Type-Based Categorisation Framework
In Section 4.2.1 we discussed that certain conversion artefacts are functions whose do-

main and range are specified by means of types. This section overviews how our library
accomplishes a type-based categorisation of these conversion artefacts. Most examples in
this section refer to conversion functions. Type solver and factory functions are subject to
a similar categorisation mechanism so we do not repeat the explanation for them.

5.4.1. Source and Target Type Inference
An advantage of a type-based categorisation is that the types defining the domain and

range of a conversion function (or other conversion artefacts) can be inferred from its decla-
ration. In Listing 3 we showed how a conversion function is modelled in our framework by
means of an interface declaring a method accomplishing the conversion. The first step of the
categorisation of a converter consists of inferring the types defining its domain and range
(SourceType and TargetType in Listing 3). This inference is not trivial, since a programmer can
provide the actual implementation of this interface (and the concrete type parameters) in a
class arbitrarily far from the Converter interface in the class hierarchy (figure 4). Java does

B extends A<String, Station, Compound>

Converter<Source,Target>Object

A<T1,T2,T3> implements Converter<T3,T2>
T1 = String
T2 = Station
T3 = Compound

(concrete converter implementation)

Source = Compound
Target = Station

Figure 4: Inference of the Source and Target Type of a Converter

not provide a straightforward mechanism for finding the parameter types of a generic class
(e.g., the Converter interface) given a descendant that defines such types (class B in figure 4).
Therefore, at registration time we need to traverse the converter class hierarchy until the
bindings of its variable types (Source and Target in figure 4) are resolved.

5.4.2. Categorising Converters
Once the domain and range of registered converter functions (or other conversion arte-

facts) have been inferred, these converters need to be categorised according to these types.
This section discusses our categorisation approach after discarding simpler alternatives that
we took into consideration at the beginning of our design.

17



A straightforward approach is to consider all registered converters as a single chain
of responsibility (Gamma et al. (1995)). Such a chain avoids coupling the sender of a
conversion request to a specific converter and allows more than one converter to handle
the request. Thus, a converter whose domain and range match the source object and the
expected conversion type, can either manage the conversion request themselves or may
delegate to the next converter in the chain (e.g., by throwing an exception). A simple
conflict resolution policy may be based on assigning weights to converters according to
some criteria (e.g., their registration order). However, this approach may result in serious
performance penalties in systems with a considerable number of converters.

To solve this performance problem, another approach could be to make use of a map
associating classes (the converters domains) to a list of suitable registered converters. Un-
fortunately, this approach does not provide a solution for managing inheritable converters.
A subclass of a class associated with a converter (by means of the map) will not implicitly
inherit such converter.

Instead, JPC features a mechanism to associate inheritable dynamic properties (e.g.,
converters and other conversion artefacts) to classes (e.g., the converter domain types). This
allows the categorisation of properties according to a type hierarchy, where these properties
are found in a similar way as static class properties (e.g., methods or fields) are resolved. In
addition, dynamic class properties are not global, but scoped to a specific JPC context.

In order to illustrate our approach, let’s first consider a simplified view of our problem,
purposely ignoring conflicts raised by converters with crosscutting domains. In this simplified
problem, no Java class can be the domain of more than one converter. The more general
case is discussed in Section 5.4.4.

Figure 5 shows an object-oriented hierarchy of animals (example loosely based on an
example from Odersky et al. (2011)). In this hierarchy, Object, Animal, Fish and Cat are Java
classes. Furry, HasLegs and FourLegged are Java interfaces. The auxiliary node Any denotes the
root of the hierarchy.

Cat

Any

Animal

Object

converter =
AnimalConverter

<Animal,Compound>

HasLegsFurry

Fish

FourLegged

converter =
 HasLegsConverter

<HasLegs,Compound>

Figure 5: A taxonomy of animals and their converters

The figure also illustrates a type-based categorisation of converters according to this class
hierarchy (note the converter properties associated to certain classes). Observe that our
library considers, in many aspects, both classes and interfaces as same-level categorisation
units. For example, one of the two converters shown in the figure (AnimalConverter) has the
class Animal as its domain and Compound as its range. The other (HasLegsConverter) has the
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interface HasLegs as its domain and Compound as its range. This categorisation is automatic,
the programmer only has to register a converter as shown in Section 5.2 and our library will
categorise it behind the curtains.

To keep our example simple, the illustrated converters only define one class as their
domain. Converters specifying multiple domain classes (as show in figure 1) would be asso-
ciated to all such classes.

5.4.3. Applying Conversions
The previous converter categorisation supports both non-conflictive and conflictive prop-

erty resolution scenarios. In the simplest case, assume we would like to find the right con-
verter for an instance of Fish. Since there is only single inheritance in the type hierarchy
of Fish, its converter is trivially found from the first ancestor defining such a property (i.e.,
Animal). However, if we are interested in the appropriate converter for instances of Cat,
distinct property resolution strategies may result in different values. For example, if by
convention super classes are looked up first, the appropriate converter is AnimalConverter.
Conversely, if interfaces are looked up first, the converter would be HasLegsConverter.

Although different alternatives exist to solve conflicts for ambiguous properties in multi-
inheritance hierarchies, unfortunately there is not a perfect one-fit-all solution (Knudsen
(1988)). Linearisation helps to solve this conflict unambiguously by defining a linear order
in which (super-)categories should be visited when querying a property (Ducournau et al.
(1994)). In JPC, linearisation is defined as a function mapping a type to a list of types
specifying a search path.

The default JPC linearisation function is inspired by the linearisation function used by
Scala (Odersky et al. (2011)) to solve conflicts between classes and traits. JPC uses a
left-first depth-first search, before eliminating all but the last occurrence of each category
in the resulting list (the main difference with the Scala algorithm is that the later uses a
right-first depth-first search). The bold lines in Figure 6 illustrate the resolution order of a
property starting from the category Cat.

converter =
 HasLegsConverter

<HasLegs,Compound>

converter =
AnimalConverter

<Animal,Compound>

Fish

FourLegged

Cat

Any

Animal

Object HasLegsFurry

Figure 6: Linearization: Left to right (classes first)

The linearisation function first finds this resolution order (left-first depth-first search):
[Cat, Animal, Object, Any, Furry, Any, FourLegged, HasLegs, Any] which is reduced down to:
[Cat, Animal, Object, Furry, FourLegged, HasLegs, Any] (eliminating all but the last occurrence

19



of a redundant category). As the figure shows, this algorithm has the property that an an-
cestor category will not be reached until all the descendants leading to it have been explored.

Alternative linearisation functions can be defined on a per context basis (e.g., right to
left search, looking at interfaces first). However, this discussion has been left out of this
paper due to space constraints.

Once a converter is found, its range is verified against the conversion target type provided
by the programmer. If the target type is in range, the converter is requested to accomplish
the conversion. Otherwise, the conversion is delegated to the next converter in the linearisa-
tion. A converter may also decide to delegate explicitly to the next converter by throwing a
ConversionException exception. For example, when attempting to convert an instance of the
Cat class shown in figure 6, the first converter found is the AnimalConverter associated to the
Animal class. If this converter throws a ConversionException exception, the conversion will be
delegated to the HasLegsConverter converter associated with the HasLegs class. If this converter
also throws a ConversionException exception, it would then be propagated to the caller of the
conversion routine, since there are no more converters available in the class hierarchy.

5.4.4. Dealing with Crosscutting Converters
This section refines our problem, assuming that converters may have crosscutting do-

mains. This implies that instead of the converter property being a single converter associ-
ated to a type (figure 6), its value is a composition of (potentially) multiple converters. We
consider a composition of converters as a simple converter. Hence, it follows the same rules
as our previous example assuming a single converter per class. For example, if a composi-
tion of converters cannot perform a conversion operation, it will be delegated to the next
composition of converters in the hierarchy (according to the defined linearisation function).

C1 implements 
Converter<X,A>

C3<T extends A> implements 
Converter<X,T>

C4 implements 
Converter<X,C>

C2 implements 
Converter<X,B>

Registration
order

Crosscutting
converters

Conversion
target classes

A

B

C

Figure 7: Converters with crosscutting domains

However, we still need to define a mechanism to resolve conflicts between converters in a
composition. Figure 7 illustrates such problem. We have defined four converters having the
same domain (the class X) and as range different classes in the class hierarchy on the right.
We illustrate our conflict resolution strategy on the scenario of a programmer wanting to
convert an instance of X to an instance of B. Although the actual implemented algorithm
may vary a bit for performance reasons, it is reduced to these steps:
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• Remove converters whose range is not compatible with the target type of the conver-
sion. This removes the converter C1. Although it can convert to instances of A (the
super class of B), we cannot infer from its declaration that it is able to convert to an
instance of B.

• Order the remaining converters according to the ‘distance’ of their range to the target
type. This means that a converter declaring as its range the exact target type of the
conversion is evaluated before any other declaring as its range a subclass of the target
type. In the same way, a converter declaring as its range a direct subclass of the
target type is evaluated before anyone declaring as its range a subclass deeper in the
hierarchy. According to this criterion, C2 and C3 should have priority over C4.

• In case of remaining collisions (e.g., converters with the same range distance to the
target type), order them according to inverse registration order (i.e., converters regis-
tered later have more priority than earlier converters). This implies the order C3, C2

and C4 (since C3 is registered after C2). Note that this policy allows programmers to
register converters that may override default converters.

• Iterate over the ordered converters attempting to execute the conversion operation.
If all available converters have been exhausted, throw a ConversionException exception
signalling a delegation to the next converter (also a converters composition) in the
hierarchy.

5.4.5. Context Dependent Conversions
This section puts together all the concepts previously described. We illustrate how

a context dependent conversion is accomplished by means of the orchestration of all the
conversion artefacts registered into a context.

fromTerm(aTerm,aType)

:Factory 
Manager

:Type Inference 
Manager

:Converter 
Managercontext:Jpc :Type 

Solver :Converter :Factory

inferType(aTerm)

inferType(aTerm)
inferredType

mostSpecificType(aType,inferredType)
targetType fromTerm(aTerm,targetType)

[converter cannot 
instantiate target] 

instantiate(targetType)

[ConversionException 
&& !convertersExhausted] 

[UnrecognizedObjectException 
&& !typeSolversExhausted] 

loop

loop nextConverter(aTerm, targetType)

loop
[CreationException && 
!factoriesExhausted] 

nextFactory(targetType)

instantiate(targetType)

nextTypeSolver(aTerm)

fromTerm(aTerm,targetType)

1
2

4

5
6

8

7

11

3

9

instantiate(targetType)

12

10

Figure 8: A context dependent conversion

Figure 8 shows a high level overview of this process. Note that this is a simplified view
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of the actual implementation. Many details (e.g., performance optimisations) have been left
out for the sake of conciseness. The figure depicts a conversion from a Prolog term to its
Java object representation (the inverse conversion process is similar). First a client of our
library invokes the method fromTerm(Term,Type) on a JPC context instance (1). The context
requests the type inference manager to infer the best conversion type for the term (2). The
inference manager iterates over suitable type solvers (3) until one can infer the conversion
type of such term (4).

Afterwards, the most specific type between the inferred type (if any) and the type pro-
vided by the programmer (if any) is determined (5). Once the best conversion target type
has been found, the conversion request is delegated to the converter manager (6). The con-
verter manager attempts to find a suitable converter (7). Once it is found, it is requested to
perform the actual conversion (8). If the chosen converter cannot instantiate the conversion
target type, it will delegate to the context the instantiation of such type (9). The context
will delegate the request to the factory manager (10). The factory manager will attempt to
find a suitable factory (11) and in case it is found the instantiation request will be delegated
to it. Once a converter succeeds in completing the requested conversion, it returns the re-
sulting object to the converter manager. The converter manager returns it to the context
instance and the context instance to the original invoker.

With this we have completed the description of the design and architecture of our li-
brary. The next section will show the features of our library in action by means of concrete
examples.

6. JPC’s Inter-Language Converters

JPC comes with a predefined catalog of converters that support a considerable number
of common conversions, to minimise the amount of code to be written when defining new
conversions. This section gives an overview of both pre-defined and custom conversions.

6.1. Primitives Conversions
In this section we illustrate how to convert between Java and Prolog primitives. In order

to facilitate the discussion, we consider a Java String also as a primitive, since it is the
natural equivalent of the atom primitive Prolog type.

The simplest way to use our library is by means of the toTerm(Object) and fromTerm(Term)

methods in the Jpc class (introduced in Section 5.2). Listing 10 shows a list of successful
assertions that illustrates some pre-defined conversions of Java types to Prolog terms.

1 assertEquals(new Atom("true"), jpc.toTerm(true)); //Boolean to Atom

2 assertEquals(new Atom("c"), jpc.toTerm('c')); //Character to Atom

3 assertEquals(new Atom("1"), jpc.toTerm("1")); //String to Atom

4 assertEquals(new IntegerTerm(1), jpc.toTerm(1)); //Integer to IntegerTerm

5 assertEquals(new FloatTerm(1), jpc.toTerm(1D)); //Double to FloatTerm

Listing 10: Primitives conversions from Java to Prolog

Pre-defined conversions of Prolog terms to Java types are shown in Listing 11.
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1 assertEquals(true, jpc.fromTerm(new Atom("true"))); //Atom to Boolean

2 assertEquals("c", jpc.fromTerm(new Atom("c"))); //Atom to String

3 assertEquals("1", jpc.fromTerm(new Atom("1"))); //Atom to String

4 assertEquals(1L, jpc.fromTerm(new IntegerTerm(1))); //IntegerTerm to Long

5 assertEquals(1D, jpc.fromTerm(new FloatTerm(1))); //FloatTerm to Double

Listing 11: Primitives conversions from Prolog to Java

Note that, f being our default conversion function from a Java object to a Prolog term,
and g our default inverse conversion function, it is not always the case that g(f(x)) = x,
where x is a Java primitive object. This is because there are more primitive types in Java
than in Prolog. Thus, distinct Java objects may be mapped to the same Prolog term.
For example, line 2 of Listing 10 shows that the default conversion of the Java character
c is the Prolog atom c. However, the default conversion of the atom c is the String "c".
Unfortunately, this is not necessarily always what the programmer expects or desires. The
next section describes how to give hints to our library regarding the appropriate conversion
that should be applied.

6.2. Typed Conversions
The Jpc class conversion methods can receive as a second parameter the expected type

of the converted object. Listing 12 shows examples of Java–Prolog conversions that specify
the expected Prolog term type. In line 1, the Integer 1 is converted to an Atom instead of an
IntegerTerm (as in Listing 10, line 4). This is because we specify the Atom class as the target
conversion type. In line 2, the String "1" is converted to an IntegerTerm.

1 assertEquals(new Atom("1"), jpc.toTerm(1, Atom.class)); //Integer to Atom

2 assertEquals(new IntegerTerm(1), jpc.toTerm("1", IntegerTerm.class)); //String to IntegerTerm

Listing 12: Typed primitives conversions from Java to Prolog

In a similar way, Listing 13 shows examples of Prolog–Java conversions that specify the
expected Java type.

1 assertEquals(1, jpc.fromTerm(new Atom("1"), Integer.class)); //Atom to Integer

2 assertEquals("1", jpc.fromTerm(new IntegerTerm(1), String.class)); //IntegerTerm to String

3 assertEquals("true", jpc.fromTerm(new Atom("true"), String.class)); //Atom to String

4 assertEquals('c', jpc.fromTerm(new Atom("c"), Character.class)); //Atom to Character

Listing 13: Typed primitives conversions from Prolog to Java

6.3. Multi-Valued Conversions
The default Jpc catalog of converters also provides conversions for multi-valued data

types such as arrays, collections, and maps. Listing 14 shows a conversion of an array object
with a string and an integer element: ["apple", 10]. Its result is a Prolog term list having
as elements an atom and an integer term: [apple, 10]. Alternatively, we could have used a
list instead of an array. We would have obtained exactly the same result by replacing line 1
by: Term term = jpc.toTerm(asList("apple", 10));
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1 Term term = jpc.toTerm(new Object[]{"apple", 10});

2 assertEquals(

3 new Compound(".", asList(new Atom("apple"), // equivalent to .(apple, .(10, []))

4 new Compound(".", asList(new IntegerTerm(10),

5 new Atom("[]"))))),

6 term);

Listing 14: Conversion of an array to a Prolog term

A slightly more complex example is illustrated in Listing 15. First, a Java map is
instantiated (lines 2–5). The default term conversion is applied on line 6, generating a
Prolog list with two key-value pairs: [apple:10, orange:20]. This result is tested on lines 8–9.

1 // LinkedHashMap preserves insertion order

2 Map<String, Integer> map = new LinkedHashMap<String, Integer>() {{

3 put("apple", 10);

4 put("orange", 20);

5 }};

6 Term term = jpc.toTerm(map);

7 List<Term> listTerm = term.asList(); // converts a Prolog list term to a list of terms

8 assertEquals(new Compound(":", asList(new Atom("apple"), new IntegerTerm(10))),

listTerm.get(0));

9 assertEquals(new Compound(":", asList(new Atom("orange"), new IntegerTerm(20))),

listTerm.get(1));

Listing 15: Conversion of a map to a Prolog term

6.4. Generic Type Support
Our library provides extensive support for generic types. Consider the example in Listing

16. A Prolog list term is created on line 1. We use a utility class (from Google’s Guava
library) to obtain an instance of the parameterised type List<String> (line 2). Then we give
this type as a hint to the converter (line 3) and we verify on lines 4 and 5 that the elements
of the Java List are indeed instances of String, as it was specified on line 3.

1 Term listTerm = listTerm(new Atom("1"), new Atom("2"));

2 Type type = new TypeToken<List<String>>(){}.getType();

3 List<String> list = jpc.fromTerm(listTerm, type);

4 assertEquals("1", list.get(0));

5 assertEquals("2", list.get(1));

Listing 16: Specifying redundantly the target parameterised type in a conversion

In the previous example, the type passed to the converter was redundant, since elements
in the Prolog list are atoms, which are converted by default to instances of String in Java.
Consider, however, Listing 17. The main change w.r.t. the previous example is that the type
we send as a hint is now List<Integer> (line 3). This instructs the converter to instantiate a
list where all its elements are integers, as demonstrated on lines 4 and 5.
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1 Term listTerm = listTerm(new Atom("1"), new Atom("2"));

2 Type type = new TypeToken<List<Integer>>(){}.getType();

3 List<Integer> list = jpc.fromTerm(listTerm, type);

4 assertEquals(1, list.get(0));

5 assertEquals(2, list.get(1));

Listing 17: Changing the behaviour of the converter with a parameterised type

6.5. Inference of Conversion Target Types
Listing 8 showed the implementation of a default type solver responsible of determining

if the best conversion type of a term is an instance of Map. Listing 18 shows a conversion
example that relies on such type solver. On line 3 we create a list term from two previously
created compound terms. We convert it to a Java map on line 4 and test its values on
lines 5 and 6. As expected, our library infers that the best Java type of the term should
be a Map. This is because the type solver finds that all the elements in the Prolog list
([apple-10, orange,20]) are compounds with an arity of 2 and with functor ‘-’, which are
mapped by default to map entries (i.e., instances of the Map.Entry class).

1 Compound c1 = new Compound("-", asList(new Atom("apple"), new IntegerTerm(10)));

2 Compound c2 = new Compound("-", asList(new Atom("orange"), new IntegerTerm(20)));

3 Term listTerm = listTerm(c1, c2); // creates a list term from a list of terms

4 Map map = jpc.fromTerm(listTerm);

5 assertEquals(10L, map.get("apple"));

6 assertEquals(20L, map.get("orange"));

Listing 18: Conversion of a Prolog term to a map

Alternatively, line 4 could be replaced by List list = jpc.fromTerm(listTerm, List.class);

This type hint explicitly given by the programmer has higher priority that the one inferred
by the type solver. In this case, the result would therefore be a list of map entries since the
Prolog list would be converted to a Java list (i.e., an instance of a class implementing List),
but the default conversion of each term in the list would still be a map entry object.

Note that we leave to the programmer the responsibility of providing enough information
(i.e., a target type) in case where ambiguities are possible. For example, the previous type
solver may answer false negatives if it cannot conclude something from the structure of
members in the list (i.e., the list term is empty). If the programmer always specifies the
intended conversion type the possible ambiguity disappears.

6.6. Custom Conversions
The previous examples employed only predefined converters. Using a custom conversion

context as defined in Listing 6, we revisit the Station class shown in Listing 2. Listing 19
shows a new implementation of such class. Using our library, the connected(Line) method
was reduced from 14 to 7 lines of code. In addition, the methods asTerm() and create(Term)

are not in the Station class anymore since they have been encapsulated into a converter
class. Note that terms are easily created according to a conversion context. In line 5, the
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last argument of the compound is an instance of Line. The conversion of this object to a
term is done automatically by our framework. Conversely, in Listing 2 (line 17), we were
forced to invoke an explicit conversion when we requested the term representation of the line
object. The same applies in line 6, where the Station instance denoted by the this keyword
is automatically transformed to its term representation.

A Query object is instantiated on line 7 from an object abstracting a Prolog engine.
Note that this object may (optionally) receive a context. The advantage of making a query
instance aware of a conversion context becomes clear on line 8. To better understand this,
recall from Section 5.1 that a Prolog solution is represented as a map binding variable
names to terms. On line 8, the invocation of the selectObject(String) method encapsulates
the original query in an adapter, where each solution of this query adapter is an object
whose term representation is given in the argument of selectObject, taking into account the
bindings of any variables in the solution. In our example, the solution object is expressed
as the Prolog variable Station, which has been bound to a term representing an instance of
Station. The conversion of this term to a Station object is transparently accomplished by
our library.

1 public class Station {

2 ...

3 public Station connected(Line line) {

4 String stationVarName = "Station";

5 Term message = jpcContext.compound("connected", asList(new Var(stationVarName),

line));

6 Term objectMessage = jpcContext.compound("::", asList(this, message));

7 Query query = getPrologEngine().query(objectMessage, jpcContext);

8 return query.<Station>selectObject(stationVarName).oneSolution();

9 }

10 }

Listing 19: A Java class interacting with Prolog by means of JPC

The previous example makes use of a deterministic query. The Query class (and query
adapters) interface also supports non-deterministic queries (i.e., backtracking over solutions).
Internally, this relies on the concrete implementation of the chosen JPC driver. As already
mentioned in Section 5.1, this discussion has been left out of the scope of this paper.

6.7. Term-Quantified Converters
In Section 4.2.2 we discussed that the domain of Prolog to Java artefact converters is, in

some cases, better quantified using terms.

1 class HelloConverter implements FromTermConverter<Compound, String> {

2 @Override public String fromTerm(Compound term, Type targetType, Jpc context) {

3 return ((Atom)term.getName()).getName() + " " + ((Atom)term.arg(1)).getName();

4 }

5 }

Listing 20: The Hello World Converter
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Listing 20 shows a straightforward implementation of the HelloConverter mentioned in that
section: it returns a Java String containing the name of the compound to convert, a white
space, and the compound first argument (line 3).

Listing 21 shows a concrete example of the registration and usage of this converter. In
line 3, we make use of the JpcBuilder class to register the HelloConverter converter. Note that
we pass both an instance of the converter and the term quantifying its domain (hello(_)).
This is internally translated to an assert in the embedded JPC Prolog database, where
the HelloConverter converter is associated to a domain term with functor hello/1. In line 6
we verify that the result of converting the compound term hello(world) is the Java String

“hello world”, as specified by the domain quantified converter.

1 JpcBuilder builder = JpcBuilder.create();

2 Compound helloCompound = new Compound("hello", asList(Var.ANONYMOUS_VAR));

3 builder.register(new HelloConverter(), helloCompound);

4 Jpc jpc = builder.build();

5 Compound helloWorldCompound = new Compound("hello", asList(new Atom("world")));

6 assertEquals("hello world", jpc.fromTerm(helloWorldCompound));

Listing 21: Applying a Term-Quantified Converter

7. Validation

Some additional examples, taken from two different case studies we implemented, are
presented in this validation chapter.

7.1. The Underground Case
Two important contributions of JPC are that it (1) reduces the amount of boilerplate

code needed when implementing inter-language conversion of artefacts and (2) eliminates the
amount of tangling introduced by such inter-language conversion code in the main business
code of an application.

We validate these claims by using JPC to re-implement the city underground system
described in Section 2. A glimpse of this implementation was already provided in Listing
19, where we observed a significant reduction in the required boilerplate integration code,
as compared to the same routine implemented using JPL shown in Listing 2. This reduced
amount of boilerplate code is due to the fact that JPC abstracts common querying patterns
into predefined features of the JPC library. For example, the operation of obtaining one
solution to a query and transforming it into an object (already discussed in section 6.6), or
converting all query solutions as a collection of Java artefacts.

In Listing 22 we revisit the Station class. The method nearby answers a list of all the
stations nearby the receiver. A goal is built on line 6, where the unbound variable Station

will be bound to a different nearby station for each solution. On line 8, the operation of
gathering all the solutions and transforming them to a Java list of stations is accomplished
in just one line of code.

27



1 public class Station {

2 ...

3 public List<Station> nearby() {

4 String stationVarName = "Station";

5 Term message = new Compound("nearby", asList(new Var(stationVarName)));

6 Term objectMessage = jpcContext.compound("::", asList(this, message));

7 Query query = getPrologEngine().query(objectMessage, jpcContext);

8 return query.<Station>selectObject(stationVarName).allSolutions();

9 }

10 }

Listing 22: Transforming multiple solutions to a list of objects by means of JPC

Table 3 summarises our observations. The lines of code (#LOC) metric has been ob-
tained ignoring in both the JPL and JPC library any error handling code and import state-
ments. In the case of JPC, we also assumed that the code configuring a JPC context is
present in the Metro class.

Class Line Station Metro
Method connects segments connected nearby stations lines line

#LOC in JPL 30 7 7 64 14 14 19 40 14 10
#LOC in JPC 18 6 6 29 7 7 7 28 7 5

#LOC in converter classes 12 12 7
#LOC in JPC + converters 30 41 35

#LOC in LogicObjects 10 1 2 14 2 2 2 9 2 1

Table 3: A comparison between JPL, JPC and LogicObjects in the London Underground case study.

First, observe the significant difference between the total number of lines of code between
classes implemented with JPL and with JPC. Part of this can be explained because the
conversion code has migrated from the domain classes to JPC converters, reducing in this
way the tangling of concerns. But before claiming that in addition to separating the concerns
we also reduced the number of lines of code the programmer has to write, we should include
in our metrics the code due to the JPC converters as well. Therefore, in order to make a
fair comparison, we also count the absolute number of lines of code of a class implemented
with JPC as the sum of the lines of code in that class and those in its corresponding JPC
converter. For example, the absolute number of lines of code of the Line class is 30, since
the implementation of the Line class took 18 lines of code and its converter 12.

Many interesting observations can be extracted from this experiment. In the Line class,
the absolute number of lines of code eventually remained the same 30 as for its implemen-
tation using JPL. This is due to the fact that the methods in this particular class do not
require to accomplish significant conversion operations (e.g., they just answer if a query has
a solution, or the number of solutions found).

The biggest difference (64 vs. 41) in absolute lines of code can be observed for the Station

class. This is because this class has several methods that demand the interpretation of Prolog
query results as Java objects.

Finally, the Metro class only shows a little reduction in absolute lines of code (40 vs. 35).
In fact, the actual reduction in absolute lines of code in this class is affected given that
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we also use this class as the container of the code configuring a JPC context. This is
because such JPC context configuration code should not be ignored in order to achieve a
fair comparison. Also note that the lines of code in the Metro converter (7) is smaller than
for the other converters (12) since we only need a unidirectional conversion operation (from
objects to Prolog terms) for instances of the Metro class.

Although further validation is required, based on this initial example JPC does seem
to provide a significant help regarding separation of concerns, while the actual reduction in
lines of code depends on the amount of inter-language conversion operations accomplished in
the routines implemented with JPC. The more complex the conversion operations required,
the more there seems to be a gain.

The last line in our table also includes some metrics for LogicObjects, a language
integration framework built on top of the lower-level JPC library. This illustrates how an
even greater impact on the reduction of boilerplate code can be accomplished by building
upon the notion of inter-language conversions. A full discussion of these LogicObjects
metrics can be found in Castro et al. (2013), from which Table 3 was adapted.

The validation in the next subsection also stems from a Prolog application that interacts
with Java using the LogicObjects framework.

7.2. The MapQuery Application
As a case study for illustrating the language integration features of the LogicObjects

language integration framework from the logic perspective, Castro (2014a) developed an
application for querying geographical data. This application, MapQuery (Castro (2014e))
allows a user to query and visualise geographical data with an RIA interface using logic.
Whereas querying about nodes (points of interest on the map), coordinates, and ways (routes
on the map described as a collection of nodes) is done essentially on the logic side, visualisa-
tion is done in a Java interface developed using the JavaFX library (Weaver et al. (2012)).

Since LogicObjects is built on top of JPC, it makes heavy use of JPC converters to
map logic terms to instances of Java classes and vice versa. For validation purposes, the
remainder of this section will focus mostly on how these converter functions were defined.
Castro (2014a) provides a more complete description of the full case study.

For this application we needed to define a default conversion context that can translate
between representations of the main artefacts in our problem domain (i.e., coordinates,
nodes and ways) in Prolog and Java. This conversion context is configured with bidirectional
converters for coordinates (code snippet 23), nodes (code snippet 24) and ways (code snippet
25).

The CoordinatesConverter converts between instances of a Java Coordinates class and a
Prolog compound term with functor coordinates/2. The conversion of a term to a Coordinates

instance (lines 5–10) consists of interpreting the arguments of the term as values of type
double (a longitude and latitude) and using them for instantiating the Coordinates class.
Since the default conversion of a FloatTerm (which is the class of the compound arguments) is
a Java double, there is no need to specify the required target type of the conversion. Also, no
casting is required to assign the resulting value to a Java object or, in this case, a primitive
type.
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The conversion of a Coordinates instance to a term (lines 12–15) consists of creating a
compound term with name coordinates having as arguments two integer terms corresponding
to the longitude and latitude of the Coordinates instance.

1 public class CoordinatesConverter implements ToTermConverter<Coordinates, Compound>,

FromTermConverter<Compound, Coordinates> {

2

3 public static final String COORDINATE_FUNCTOR_NAME = "coordinates";

4

5 @Override

6 public Coordinates fromTerm(Compound term, Type type, Jpc jpc) {

7 double lon = jpc.fromTerm(term.arg(1));

8 double lat = jpc.fromTerm(term.arg(2));

9 return new Coordinates(lon, lat);

10 }

11

12 @Override

13 public Compound toTerm(Coordinates coordinates, Class<Compound> termClass, Jpc jpc) {

14 return jpc.toCompound(COORDINATE_FUNCTOR_NAME, asList(coordinates.getLon(),

coordinates.getLat()));

15 }

16 }

Listing 23: The Coordinates converter.

The Node and Way converters are implemented in a similar way.
The NodeConverter converts between instances of Node and a compound with functor node/3.
The WayConverter converts between instances of Way and a compound with functor way/3.

1 public class NodeConverter implements ToTermConverter<Node, Compound>,

FromTermConverter<Compound, Node> {

2

3 public static final String NODE_FUNCTOR_NAME = "node";

4

5 @Override

6 public Node fromTerm(Compound term, Type type, Jpc jpc) {

7 long id = jpc.fromTerm(term.arg(1));

8 Coordinates coordinates = jpc.fromTerm(term.arg(2));

9 Map<String, String> tags = jpc.fromTerm(term.arg(3), Map.class);

10 return new Node(id, coordinates, tags);

11 }

12

13 @Override

14 public Compound toTerm(Node node, Class<Compound> termClass, Jpc jpc) {

15 return jpc.toCompound(NODE_FUNCTOR_NAME, asList(node.getId(), node.getCoordinate(),

node.getTags()));

16 }

17 }

Listing 24: The Node converter.
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1 public class WayConverter implements ToTermConverter<Way, Compound>,

FromTermConverter<Compound, Way> {

2

3 public static final String WAY_FUNCTOR_NAME = "way";

4

5 @Override

6 public Way fromTerm(Compound term, Type type, Jpc jpc) {

7 long id = jpc.fromTerm(term.arg(1));

8 List<Long> nodesIds = jpc.fromTerm(term.arg(2));

9 Map<String, String> tags = jpc.fromTerm(term.arg(3), Map.class);

10 return new Way(id, nodesIds, tags);

11 }

12

13 @Override

14 public Compound toTerm(Way way, Class<Compound> termClass, Jpc jpc) {

15 return jpc.toCompound(WAY_FUNCTOR_NAME, asList(way.getId(), way.getNodesIds(),

way.getTags()));

16 }

17 }

Listing 25: The Way converter.

Finally, once the converters have been defined, they should be registered into a conversion
context and such context should be configured as the default conversion context. This is
illustrated in code snippet 26.

1 Jpc context = JpcBuilder.create()

2 .register(new CoordinatesConverter(), new

Functor(CoordinatesConverter.COORDINATE_FUNCTOR_NAME, 2).asTerm())

3 .register(new NodeConverter(), new Functor(NodeConverter.NODE_FUNCTOR_NAME, 3).asTerm())

4 .register(new WayConverter(), new Functor(WayConverter.WAY_FUNCTOR_NAME, 3).asTerm())

5 .build();

6 Jpc.setDefault(context);

Listing 26: Configuring the MapQuery conversion context.

8. Discussion and Limitations

In this section we discuss some relevant aspects and limitations of JPC’s usage and its
implementation.

8.1. Performance Observations
Despite its advantages regarding the reduction of boilerplate inter-operability code and

proper separation of concerns, we are aware that our approach may not always provide
the best solution to all scenarios requiring Java–Prolog interaction. In particular, systems
with high performance requirements may prefer not to use all the inter-language conversion
facilities we have made available. This is often the case for frameworks attempting to provide
higher-level abstractions that simplify the developer’s work. However, our library does not
impose a particular abstraction level: In fact, JPC may be used exactly like the JPL library

31



without further additions, since our higher-level conversion constructs are entirely optional.
In any case, JPC’s high-level constructs could be employed to quickly prototype a system
requiring Java-Prolog interoperability. Afterwards, these constructs may be replaced, at
performance-critical spots, by the lower-level API. That being said, at the moment we have
not attempted to accomplish any performance improvement optimisation, since our focus has
been mostly oriented to the ease of use of our approach from the programmer’s perspective.
However, we do not discard such kind of optimisations in the future.

8.2. Traceability of Conversion Operations
Another limitation concerns the difficulty regarding the traceability of the converters em-

ployed in a given conversion operation. This may hinder the debugging and maintenance of
programs in certain scenarios. In particular, a frequent usage of converters with crosscutting
domains and ranges in multi-inheritance hierarchies may very well shift the complexity from
writing conversions to understanding whether a program is choosing the proper conversion.
These are advanced features that should be managed and used with care. In most cases,
programmers should favour non-crosscutting converters and should limit as much as possible
the categorisation of converters in multi-inheritance hierarchies. More inherently complex
problems can profit of the flexibility and customisability of JPC’s more advanced features.

Supporting multiple conversion contexts is another powerful feature that should be ac-
companied with a thoughtful design. Dealing with a great number of such contexts increases
the complexity for a programmer to foresee all their possible interactions, and to ensure that
programs use the right or expected converters in all possible contexts. Do note that the same
potential problem is present in other popular libraries employing the notion of a conversion
context (e.g., the Gson library (Google Inc. (2012))). As mentioned in Section 4.7, in certain
cases additional tool support to partly alleviate this problem can be developed. Particu-
larly, our LogicObjects library (Castro et al. (2013)) automatically considers as part of
the conversion context the semantics of a conversion (e.g., whether the result of a conversion
is intended to be a predicate argument or the receiver of a Logtalk method call).

8.3. Issues Regarding the Implementation
Our implementation being compatible with three open-source Prolog engines, made test-

ing a far from trivial endeavour. At the moment we have developed a set of abstract unit
tests that expect a concrete Prolog engine resource to be pre-configured by a test suite.
Therefore, for each different compatible Prolog engine we have a different test suite config-
uring how the available unit tests should run for that engine.

The support for our compatible Prolog engines was erratic at several times. This was
due to the fact that new versions of such engines sometimes introduced issues that affected
our interoperability layer. Luckily, for most cases this was almost always solved relatively
fast with the collaboration of the authors of such engines after the problems were reported
to them.
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8.4. Dependence on Other Libraries
As described in Section 2, certain aspects of our libraries (specially LogicObjects)

require Logtalk. However, the inter-language conversion features of JPC described in this
paper do not require it, since they are implemented as a pure Java library relying on an
embedded Prolog database. We do rely on Logtalk for implementing the Prolog-Java low-
level communication layer of JPC, whose explanation is out of the scope of this work. That
being said, JPC provides several optional abstractions that facilitate the interaction with a
Logtalk program (e.g., by means of the reification in Java of Logtalk objects).

On the Java side, we do have some runtime dependencies on well-known development
libraries such as Google’s Guava (Google Inc. (2013)). At the moment, our objective has been
to design and implement the most advanced possible interoperability features that simplify
the life of a programmer. This task often requires several convenient third party libraries,
which makes it hard to keep our library minimalistic with no external dependencies.

9. Related Work

Most techniques and abstractions employed by our library were not invented from scratch
but taken from existing tools in other domains. In particular, Google’s Gson library (Google
Inc. (2012)) and its notion of context were an important source of inspiration for accom-
plishing our two-way conversions between Java and Prolog artefacts. Gson is a high-level
tool for bidirectional conversions between Java objects and their JSON representation. Cer-
tain JPC components can be regarded as a re-implementation of Gson in the domain of
Java-Prolog artefact conversions. The idea of encapsulating factories to a certain context
was inspired from Google’s Guice library (Vanbrabant (2008)).

In addition, although our abstraction of a Prolog engine was only briefly discussed in
this paper, its core idea of decoupling a driver into a common API and an engine-specific
component has been extensively proven in scenarios involving applications interacting with
databases (e.g., JDBC (Fisher et al. (2003))). Some design aspects of this Prolog engine
abstraction were inspired on InterProlog (Calejo (2004a,b)) and the PDT (Rho et al.
(2004)) library. Many other Java-Prolog interoperability libraries follow a similar approach
(e.g., Hermenegildo et al. (2012); Denti et al. (2005); Tarau (2004); SICStus Prolog (1998)).
Concerning our classes reifying Prolog terms, most of them were inspired by the JPL library
(Singleton et al. (2004)).

The ATerm library (Brand et al. (2000); van den Brand and Klint (2007)) defines
a mechanism for maximal sub-term sharing for representing tree-like structures. We may
adopt a similar approach in the future to reduce the memory footprint of our term structures
if required.

The idea of storing references from the OO language in a Prolog database (cf. Section
4.2.2) can be found in some Java implementations of Prolog (e.g., Jinni (Tarau (2004)),
Prolog Cafe (Banbara et al. (2006)), LeanProlog (Tarau (2011))) and other embedded
logic engines (e.g., Soul (Wuyts (2001))).

The Soul language allows the programmer to customise not the term representation of
an object, but rather its unification mechanism (De Roover et al. (2011)). In a nutshell, the
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unification mechanism is opened up so that Java objects are not regarded as constants but
can be unified with structured logic terms of the right form. Although conceptually different,
from several practical aspects this is similar to mapping the object reference to a white box
term representation, with the important notable difference that an actual reference to the
original Java object is kept. A limitation of the Soul approach is that it requires a logic
engine embedded in the object-oriented language and supporting open-unification. These
requirements limit its portability to other Prolog engines with different architectures. In
addition, Soul’s approach does not provide a mechanism for context-dependent unification,
equivalent to our context-dependent inter-language mappings.

There are several techniques for automating the bi-directional conversions between tree-
like structures (e.g., XML documents) and artefacts from an object-oriented language. For
example, the JAXB library (Kawaguchi et al. (2009)) allows custom conversions to be in-
ferred using annotations present in the object-oriented code. However, although pre-defined
JPC converters provide some degree of transparency in simple conversion operations, our
library is not focussed on achieving a high level of transparency regarding such operations.
Nevertheless, one of the motivations behind JPC was to provide appropriate building blocks
to higher level libraries (e.g., LogicObjects) that do support such advanced features.

10. Conclusion and Future Work

The tool presented in this paper was originally designed as a portable library providing
convenient functionality for the Java-Prolog integration problem. We believe, however, that
it can be useful to programmers wanting to modularise and categorise conversion concerns in
Java-Prolog programs, given them a fine-grained control about how a Java object should be
represented and reasoned about on the Prolog side, and which is the best representation of a
Prolog artefact in Java. It can also serve as a convenient building block for helping architects
in building efficiently more sophisticated frameworks for integrating Java and Prolog.

This work profited from cross-fertilisation of ideas from several domains. We believe that
tool design and implementation requires an attentive observation of different domains where
a similar problem may exist, perhaps with subtle variations. As we have demonstrated, tool
building can be seen as an exercise of assembling a puzzle of abstractions, where most (if
not all) pieces can be adapted from, or inspired by, well-proven existing solutions.

Although the problems discussed in this paper are often found in programs dealing with
inter-language conversion routines, many of the techniques introduced here can be applied to
other scenarios. In fact, we have factored out as separate open source projects the modules
in charge of (1) creating and managing (type) categorisations (Castro (2014c)) and (2)
providing a general mechanism for categorising and applying conversions between arbitrary
objects (Castro (2014b)).

We also plan to extend support to Prolog compilers other than the currently supported
SWI-Prolog (Wielemaker et al. (2012)), YAP (Costa et al. (2012)), and XSB (Swift and
Warren (2012)) systems. In addition, we foresee the development of native drivers for
those engines based, to certain extent, on existing portable Logtalk libraries for managing
concurrent programming (Moura et al. (2009, 2008)).
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We would also like to continue the development of our embedded Prolog database de-
scribed in Section 5.3 towards a more complete embedded Prolog system. In that way, it
could be used in the future as a stand-alone component.

On the long term, we consider to apply this research to the exploration of logic-based
techniques for analysing, verifying, refactoring and transforming Java source code and other
software artefacts, in the style of Kniesel et al. (2007); Castro et al. (2010); De Roover and
Stevens (2014).
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