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Abstract. The paper presents one approach for developing a prototype of
a Component for CCA modeling in Virtual-Physical Space (ViPS). The re-
sults of the first prototype version of this Component are presented, in which
the spatial aspects of “things” are mainly modeled. A simple demonstration
example is reviewed and directions for future development are commented.
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Introduction

The Fourth industrial revolution (Industry 4.0) shares the under-
standing that the enormous potential of artificial intelligence, virtual re-
ality, the connection between the physical and virtual worlds, etc. could
be used to improve the quality of life of the people in the modern world.
The three closely related paradigms of the Internet of Things (IoT), Cyber-
Physical Systems (CPS), and Cyber-Physical-Social Systems (CPSS) are
considered to take a key role [1]. Due to the high level of complexity, the
creation of such systems requires extensive preliminary research, modeling,
and testing of the main interactions, scenarios, and services.

According to the National Science Foundation (NSF) [2] definition,
Cyber-Physical Systems (CPS) are designed to ensure the seamless in-
tegration of computational algorithms and physical components. Cyber-
physical-social system (CPSS) is a fusion of physical space, cyberspace,
and social space. In recent years, a reference architecture of Virtual Phys-
ical Space (ViPS) has been developed at the Faculty of Mathematics and
Informatics of Plovdiv University [3]. In its essence, it is a CPSS space ar-
chitecture that could be adapted to different application areas — e-learning
[4, 5] agriculture [6], tourism, smart city, etc.

There are different definitions of the context. We base our research
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on Dey’s definition [7], where context is any information that could be
used to categorize the state of identity. Identity could be a person, place,
or object which is believed to be associated with the interaction between
a user and an application, including the user and the application itself.
The formalization of context-aware systems is essential for their represen-
tation, design, and development. There are different formal methods such
as Model-based methods; Algebraic methods; Methods based on Process
Calculus; Logical methods; Network-based methods, etc.

Cyber-physical systems are dependent on both the surrounding world
and the changing of the current context. Due to the complexity of their de-
velopment, they require a long process of preliminary modeling, testing and
verification of the main functionalities, processes, scenarios and services.
The publication presents an approach to the development and testing of
a modeling component that is based on Process Calculus methods and in
particular on Ambient-oriented modeling.

Component for CCA modelling

The Virtual Physical Space (ViPS) is being built as a reference ar-
chitecture that could be adapted to various CPSS applications in different
application areas (domains). The ViPS architecture provides the virtu-
alization of real objects that are related to the considered domain. The
virtualization of the “things” is supported by the ViPS middleware, which
includes two main subspaces — the “Analytic Subspace” and the “Digital
Libraries Subspace”, as well as the “Event Manager” [8] and operational
assistants with different functionalities and responsibilities. The Analytical
subspace provides tools for digitizing and representing information related
to time, space, and location of objects. In this sense, the analytic subspace
is built from the following basic components:

e TNet (Temporal Net) provides an opportunity to represent the
temporal aspects of the “things”, events and locations;

e AmbiNet (Ambient Net) provides the ability to model the spa-
tial characteristics of “things” and events through context-aware
ambients.

The work with these components is supported by specialized inter-
preters implemented in ViPS, based on the official specifications of Interval
Temporal Logics (ITL) [9] and Calculus of Context-aware Ambients (CCA)
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10].

Therefore, the modeling of the processes and evaluating individual
plans in the Analytical Subspace requires the creation of a Component for
CCA Modeling into the scope of AmbiNet. In this report will present the
first version of this Component in which the spatial aspects of the objects
in the process of their interaction are considered.

According to the accepted definition, the base context is represented
as the ordered four items: (identity, location, activity, time). That is:

k = (identity, location, activity, time). (1.1)

Each change in these categories changes the context too. Consider
the multitude of different contexts in the following scenario K = {k1, ko,
ks, ..., ky}, as k; € K and k; = (ID;, LOC;, ACT;, TIME;), for each
=1, ..., n.

In real time, the Guards monitor changes in environmental parame-
ters, which automatically causes changes in the current context. In mod-
eling mode, it is necessary to simulate the change of the environment pa-
rameters, which will lead to a change in the context.

AmbiNet works in modeling mode. The ambients formalize identities
involved in the test scenario. Since they unify the processing of objects from
the physical and virtual worlds of the CPSS space, it is necessary to expand
their characteristics. By definition, Ambients represent separate identities
and their locations in relation to the Ambient hierarchy. Based on the
hierarchy each ambient has only one parent. The location in the hierarchy
is uniquely described by the parent ambient (if there is no parent, we write
“None”). Because the Ambients are mobile and can change their location in
the Ambient hierarchy, this structure changes dynamically. Furthermore,
each Ambient has a defined set of processes “P(a)”. Then, we can consider
the Ambient as the ordered triple items:

a = (Name, Parent, P(a)). (1.2)

In addition, it is necessary to indicate whether the identity repre-
sented by the Ambient is from the physical or the virtual world. For
physical identities, it matters whether or not they can change their loca-
tion in the real world. For example, the Museum represents an object from
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the physical world which is static. The static physical Ambients also have
a specific geographic location. Then we can expand the presentation of
Ambient with a few more characteristics. Thus the Ambient could be rep-
resented in AmbiNet as an ordered list (identity, parent, type, mobility,
location, processes):

a = (Name, Parent, Type, Dynamicity, Location, P(a)). (1.3)

The set of ambients represents identities. In the sample scenario
this could be A = {aq, as, a3, ..., an}, where a; = (ID;, PAR;, TY PE;,

In CCA, two ambients can exchange messages if they are in one
of the following relationships: “parent”, “child”, or “sibling”. Then, the
ambients “a;” and “a;” can communicate directly if they are in one of these
relationships. Otherwise, they pass the messages through the ambient
hierarchy.

(a = parent(b))OR(b = parent(a))OR(parent(a) = parent(b)). (1.4

Each change of the context can lead to a change in the ambient hier-
archy, or in the interaction between the ambients in the modeled scenario.
Therefore, in a simulation mode, the change of contexts is reflected in the
development of individual base scenarios for the corresponding application
area. These scenarios can be formalized through the relationships between
the CCA ambients which are represented in the conceptual model.

Due to the specifics and goals that it has to fulfill, the developed
component is part of the AmbiNet of the Analytical Subspace. Based on
the expected change of context information in the modeled application
area, the example base scenarios describe the processes of realization of
the expected functionalities of the identities. For the CCA-based model-
ing of these scenarios, an AmbiNet CCA Editor is developed to enable a
visual, and largely intuitive workflow which is consistent with the model
presented above. While this editor provides additional advanced function-
ality, it must support the requirements of the CCA formalism. Therefore,
the generated models must be able to be executed, tested, and verified by
the classic standardized CCA-Interpreter [11]. To provide the ability to
work in integrated domains, as well as to use and manage the additional
characteristics of ambients, it is necessary to create a Data module. It
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will store both the current information about the ambients and the appli-
cation domains in the context of these ambients. In addition, operational
information about the CCA editor’s work such as cca files, CSV data repre-
sentations, messages, etc. could be stored in this module. The development
of a 3D simulator will provide a clear visualization of the processes in the
modeled scenario. The generated and tested scenarios are stored in the
AmbiNet Repository in a form suitable for future use.

Data Module || Analysis 3D .
m*] Module D Tk e AmbiNet

S

AmbiNet CCA Editor

cca Parser Visuahzer
N\ /|

ccaPL Interpreter

CCA modeling Component

Figure 1. Structure of a component for CCA modeling.

Based on the presented model, a software application is being de-
veloped to support and facilitate the process of developing CCA models.
In the current version, the application implements the process of creat-
ing, storing, and reusing scenarios to model processes in integrated do-
mains. The additional capabilities for modeling in integrated domains and
analyzing the interactions between the identities (ambients) provide op-
portunities for pre-adjustment and optimization of the modeled scenarios
and processes. The Modeling Component embeds the standardized classic
ccaPL Interpreter, which ensures the correctness of the models in terms of
the formal CCA semantics.

To test and verify the operations of the Component we use base sce-
narios developed manually. The results obtained during testing confirm
and verify the correctness of the developed Component. Let’s consider
the following sample scenario: A student, through their personal assistant
(PA), communicates with the educational platform of Plovdiv University
“Paisit Hilendarski”, and with other units (ambients) that are part of it
(seminar hall, library, and others) in order to obtain the necessary infor-
mation and to allow the student to participate the upcoming lectures. The
student receives a bunch of materials such as lectures, books, textbooks,
articles, and other resources.

The modeling of the scenario is done through the developed CCA
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editor interacting with the other modules of the Modeling Component.
Initially, the modeler must select an application domain in terms of which
the CCA scenario will be implemented. In this case, a model will be
implemented in the applied area of “e-learning” (Fig. 2). Then, it should
create (or use previously recorded in the Data module) ambients processed
according to the semantics presented above such as:

e a1 (Student Phone, University, Abstract, None, None, P(ay));
e ay(University, Plovdiv, Physical, Static, loc_University, P(as));

e as(Library, University, Physical, Static, loc_University, P(a3)),
etc.
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B Create Smart Ambient oy
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Active Ambient: v

Parent Ambient Name: Iunwemty '_‘

(& Create Ambient ‘ | @ Cancel

Figure 2. Create ambients in educational domain.

As the next step in the implementation of the scenario, communi-
cation between the already created ambients must be carried out. This
happens by creating messages. The next stage of modeling is model gen-
eration. During this process, all ambients and messages are accessed, pro-
cessed, and converted using a special programming language (ccaPL). The

final result is saved in a file which is stored in a directory designated for
the generated CCA models (Fig. 3).

[ Create and Send Message L & | VNI il
Sender Ambient Name: | StudentPhone M| CCA Generator
Recipient Ambient Name: |classroom v Generate CCA (Version 1)
i . Generate CCA (Version 2)
Pass The Message To: v
|
Respond To: v J
[3) openccarie
Ambient Message: (Ghve me Exercise 1 © Cclose
NOTE: Create the whole CCA Model and as a last step generate the CCA file!
Q Create Message @ cancel

Figure 3. Create

messages and generate CCA model.
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Once the CCA file is generated, it could be executed using the clas-
sic “ccaPL” programming language interpreter. Before the execution, the
generated file could be visualized and edited in the CCA editor. Once the
CCA file is generated and the modeler has reviewed and/or edited it, it
can be moved to the final step of the scenario implementation — running,
testing, and verifying the CCA model using the “ccaPL” programming

language interpreter (Fig. 4).
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Figure 4. Generated CCA model and results of execution in the ccaPL interpreter.

The last step is an analysis of the achieved results. This is possible
with the help of the Analysis Module. It is developed to provide a set of
ambient and message statistics. The purpose of this model is to optimize

the created scenario (Fig. 5).

The already generated CCA models are stored in the Data Module
and could be used in subsequent modeling and optimization processes.
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Figure 5. Statistics provided by the Data Module.
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Conclusion

Building a Virtual Physical Space (ViPS) is a complex, time-consu-
ming, and financially risky task. The presented CCA modeling Component
prototype enables developers to create and test the designed scenarios in
the pre-development stage in a visual and intuitive environment.

The use of context expressions in CCA modeling enables the “captur-
ing” of the context and the implementation of certain possibilities related
to the behavior of the BDI agents involved in the modeled processes. Fu-
ture plans are to continue work on the considered Component, which will
allow modeling of processes not only in terms of spatial aspects, but also
in the conditions of a dynamically changing context-aware environment.
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