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Abstract. This paper1 proposes a smart-object community computing model based on
the conceptual integration of the Internet of Things (IoT) and the process automations,
and it is dubbed ‘process-driven IoT-community computing model.’ The proposed model
is a focal theory for devising a conceptual architecture to realize a ubiquitous community
computing system supporting process-driven collaborations of smart-objects over the
Internet of Things platforms. And, the devised conceptual architecture is revised from
the IoT framework announced via the ITU-T SG132 Y.2060 by integrating the concept of
process into the IoT-based smart-objects collaborations of the standardized framework.
In this paper we describe the details of the proposed model and its implications on the
IoT-based ubiquitous community computing systems and environments. Conclusively,
we strongly believe that the proposed model give a meaningful improvement in terms of
specifying and enacting the goals of IoT-based communities and societies. We also assume
that the process-driven ubiquitous community can be built-up statically, dynamically, or
autonomously over an IoT-based computing society.

Keywords: ubiquitous community computing model, the Internet of Things, Web of
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1. Introduction. Nowadays, we are in the midmost era of ubiquitous computing and
communications, which is radically transforming our corporate, community, and personal
spheres. The widespread use of mobile phones is the evident, and these little gadgets
have become an integral and intimate part of everyday life for many millions of people,
even more than the internet. This phenomenon is rapidly igniting a significant devel-
opment of future networks to take an important step farther by embedding short-range
mobile transceivers into a wide array of additional gadgets and everyday items, and by
enabling new forms of communications between people and things, and between things
themselves. So, a new dimension, anything connectivity, has been emerging in the world
of information and communications technologies characterized with anytime connectivity
and anyplace connectivity for anyone, and these three dimensions of connectivity have
been cluing in creating an entirely new dynamic network of networks—the Internet of
Things (IoT)[3]—as a future network.
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After all, the collaborative works of the IoT-related study groups and focus groups of
ITU-T like SG13, SG16, JCA-IoT, IoT-GSI, and others[5][6] have recently delivered the
conceptual idea and its architectural reference model[3] of the Internet of Things. That
is, the reference model of the Internet of Things is an architectural framework to build
a ubiquitous community and society computing environment, where is able to provide a
computerized situation or space formed by a group of smart objects (or so-called Things),
such as devices, sensors, actuators, and people as well, each of which may have various
computing capabilities and/or ubiquitous networking capabilities. However, they haven’t
delivered any feasible modeling methodologies to describe, control, and enact the goals to
be accomplished by a group of collaborative smart objects over the computerized situation.

Therefore, in this paper, we are especially trying to propose an advanced and new com-
munity computing model, which is called process-driven community computing model,
to describe, control, and enact the communities’ goals on the IoT-based infrastructures
and platforms. Imagine that a group of community-members (smart objects or Things)
on an IoT-based ubiquitous community conducts their own roles to accomplish the com-
munity’s goal in a fashion of process-driven collaborations. For the sake of realizing the
imagination, how do we revise the ITU’s standardized IoT framework? And how do we
integrate the concept of process-driven collaborations[1] into the standardized IoT concep-
tual architecture[5]? This paper gives a reasonable and feasible answer to these questions
by proposing a conceptual model to be applicable to implement such a process-driven
community computing system and environment.

2. Related Work and Scope. So far, there exist several ubiquitous community com-
puting models[6], such as context-aware community collaboration model[6], society collab-
oration model[5], member collaboration model[1], and so on, for building the IoT-based
ubiquitous computing environment. Using the context-aware community collaboration
model[6], we are able to define a community goal through a series of situations from the
initiating situation to the terminating situation in the corresponding community, and each
of the member objects fulfills its assigned role in a specific situation of the community.
Eventually, the community goal can be achieved if all of the member objects finish their
assigned roles. Additionally, those context-aware community collaboration models can be
classified into the three levels of intellectualized communities, like simple collaboration
model, dynamic collaboration model, and autonomous collaboration model, according to
the degree of intellectualization, the extent of which can be determined by considering
both the context-aware ability and the role-aware ability of the member objects.

Also, the context-aware community computing model uses the society collaboration
model to define a series of activities that are executable in a ubiquitous intellectual space.
The society collaboration model defines a specific society consisting of a group of smart
objects (or Things), each of which is called a society member including human, software,
and hardware components, like applications, services, sensors, actuators, and others. In
the specific society, a variety of communities can be organized, and each community be-
comes a virtual team to collaboratively achieve the targeted goal (or service) of the corre-
sponding community. Managing the member objects in the society and its communities is
described by the member collaboration model, and performed through a Member-fication

procedure of the member collaboration framework. However, the literature[3] still needs
some methodologies for the description and specification of a collaboration goal to be
achieved by a group of members in a specific IoT-community. So, in this paper, we focus
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Figure 1. Conceptual Architecture of the Process-driven IoT-Community

on proposing a procedural methodology for formally and graphically describing a col-
laborative process of roles to be performed by a group of members of a corresponding
IoT-community.

3. Process-driven IoT-Community Computing Model. In this section, we propose
a community computing model and its conceptual architecture that is revised so as to
integrate the concept of process-driven communities into the framework of the Internet
of Things. Before digging into the details of the proposed model, we start from the
basic concept of ubiquitous community computing environment as the platform of the
Internet of Things. Next, we simply introduce a meta-model of the proposed community
computing model, and formally and graphically define the process-driven IoT-community
computing model.

3.1. Process-driven IoT-Community. The IoT-based ubiquitous community comput-
ing environment is a computerized situation and society where a group of Things, including
smart objects like devices, sensors, actuators, and even people, is connected each other
through the Internet, and a partial group of the members is able to organize a collab-
orative community (statically, dynamically, or autonomously) to accomplish it’s goals,
and disorganize the community into the corresponding society after completing the goals.
In order to organize and manage this IoT-based ubiquitous community computing envi-
ronment, the ITU-T announced the standardized architectural framework of the Internet
of Things, and we try to advance the architectural framework with conceptually con-
verging the concept of process automation as a means for describing and enacting the
communities’ goals.

Figure 1 illustrates the proposed conceptual architecture that forms a process-driven
IoT-community computing environment based upon the ITU-T’s standardized IoT frame-
work [3]. As you see in the figure, the IoT-community computing environment is physically
configured by a group of devices, like sensors, actuators and others, on a ubiquitous com-
munications networking environment, and each of the configured devices may have the
embedded computing abilities with characteristics of smart objects, which are so-called
physical Things. Also, each of the physical Things is mapping to and communicating with
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Figure 2. Meta-model of the Process-driven IoT-Community Computing Model

one or more virtual Things in the information community to virtually match the roles
to the member objects to accomplish the goal of the community. However, in order to
accomplish the IoT-community’s goal, it needs a reasonable means to describe and specify
the procedural activities and the order of their enactments that should be performed by
the physical Things and the virtual Things of the corresponding community. In this pa-
per, therefore, we propose a modeling methodology to describe the procedural activities
and the order of enactments of the physical Things and the virtual Things in the IoT-
community computing environment, and the focal formalism of the proposed modeling
methodology is dubbed process-driven IoT-community computing model.

3.2. Meta-model of the Proposed Model. In this subsection, we construct a generic
meta-model to be used to build the process-driven IoT-community computing model.
Figure 2 depicts the generic meta-model in a form of the entity-relationship diagram, and
defines the major entity-types and their relationship, which are making up a ubiquitous
smart space like a ubiquitous society or community. In the figure, rectangles and arrows
imply entity-types and relationships, respectively, and all the major entity-types used
to form a process-driven IoT-community are process-driven goal, task (or role), smart
member, relevant data, and Things (physical & virtual). The following are the detailed
explanations of those four major entity-types :

• The process-driven goal is defined by a predefined or intended set of tasks or
roles, called activities, and their temporal ordering of executions. A ubiquitous IoT-
community computing system helps to organize, control, and execute the process-
driven IoT-community by defining the process-driven goal described in the process-
driven IoT-community computing model proposed in this paper. Conclusively, a
process-driven goal can be described by a temporal order of the associated activities
through the combinations of sequential logics, conjunctive logics (after task A, do
tasks B and C), disjunctive logics (after task A, do task B or C), and loop logics. And
the accomplishment of the process-driven goal implies that all the tasks (or activities)
are successfully committed according to the description of the corresponding process-
driven IoT-community computing model.

• The task is a conceptual entity of the basic unit of work (activity or role), and the
tasks in a process-driven goal have precedence relationships, each other, in terms of
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their execution sequences. Also, the task can be precisely specified by one of the
three entity types—atomic task, compound task, trigger task, repetitive task, and
gateway task like split, join, thread-split, and thread-merge. The compound task
represents the task containing another process-driven goal, which is called subgoal.
The atomic task is the task that can be realized by a smart object of virtual Things.
Particularly, the split-join pairs of gateway tasks control the execution flows of the
associated atomic and/or compound tasks.

• Themember is a conceptual entity type taking in charge of performing a certain role
in completing the corresponding process-driven goal. A member can be associated
with one or more Things (smart objects) that are embodied as either virtual Things
or physical Things. After all, the member will be bound with an actual Thing like
person, program, sensor, actuator, device, or service that can fulfill the designated
role, or be responsible for accomplishing the corresponding process-driven goal.

• Finally, the condition is a required entity-type to perform tasks of the process-
driven goal. There are two different types of conditions, relevant-data conditions
and transition conditions. The relevant-data conditions imply a set of input and
output data required to execute the task, while the transition conditions are needed
to select control-paths on the disjunctive gateway task or the loop gateway task.
Eventually, the relevant-data condition provides a communication channel between
the engine of the process-driven IoT-community computing system and the smart
object bound to the corresponding task. The transition condition itself is specified
by using the input/output relevant data.

3.3. Formal Description of the Proposed Model. Consequently, a process-driven
IoT-community computing model can be defined by capturing the notations of goals,
tasks and their control precedences, members, and relevant-data/transition conditions,
as explained in the previous meta-model. In this subsection, we define the basic concept
together with the formal description of the proposed model. Conclusively speaking, the
proposed model expresses implicitly and explicitly a variety of collaborative relationships
and perspectives embedded in the process-driven goal, and these embedded perspectives
are classified into two kinds of aspects—syntactic aspects and semantic aspects. We are
particularly focusing on the typical syntactic aspects, such as control flow perspective,
data flow perspective, resource perspective, and exception perspective. The following
[Definition 1] is a formal definition of the process-driven IoT-community computing
model, and its functional components for extracting the syntactic aspects.

[Definition 1] Process-driven IoT-community Computing Model (PICM) for formally defining the
ubiquitous community collaboration model. The basic PICM is defined by 8-tuple formula, Γ = (δ, ρ, γ, λ, π, κ, I,O),
over a set of A tasks (including a set of subgoal), a set of E ⊆ (A×A) edges (pairs of tasks), a set T of transition
conditions, a set R of relevant-data conditions, a set G of Things, a set P of members, and a set C of exceptions,
where, ℘(A) represents a power set of A:

• I is a finite set of initial input relevant-data conditions, assumed to be loaded with information by some
external process-driven goals before execution of the PICM;

• O is a finite set of final output relevant-data conditions, perhaps containing information used by some
external process-driven goals after execution of the PICM;

• δ = δi ∪ δo
where, δo : A −→ ℘(A) is a multi-valued mapping function from a task to its sets of (immediate) successors,
and δi : A −→ ℘(A) is a multi-valued mapping function from a task to its sets of (immediate) predecessors;

• ρ = ρi ∪ ρo
where ρo : A −→ ℘(R) is a single-valued mapping function from a task to its set of output relevant-data
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conditions, and ρi : A −→ ℘(R) is a single-valued mapping function from a task to its set of input relevant-
data conditions;

• γ = γi ∪ γo
where γo : R −→ ℘(A) is a single-valued mapping function from a relevant-data condition to its set of
out-degree tasks, and γi : R −→ ℘(A) is a single-valued mapping function from a relevant-data condition
to its set of in-degree tasks;

• λ = λa ∪ λp

where λp : A −→ P is a single-valued mapping function from a task to its members, and λa : P −→ ℘(A)
is a single-valued mapping function from a member to its set of associated tasks;

• π = πg ∪ πp

where, πp : G −→ ℘(P) is a single-valued mapping function from a Thing to its set of associated members,
and πg : P −→ ℘(G) is a single-valued mapping function from a member to its set of associated Things;

• κ = κi ∪ κo

where κi : E −→ ℘(T) is a single-valued mapping function from an edge to a set of transition conditions;
and κo : T −→ ℘(E) is a single-valued mapping function from a transition condition to a set of edges.

From these syntactical aspects of the proposed model, we are able not only to formally
describe the process-driven goal but also to extract the control & data flow perspectives
and the resource and policy perspectives. However, in order to properly treat the exception
perspective, we have to additionally supply the entity-types of exceptions, events, and
operational constraints, which should be linked with the task entity-type, to the formal
definition of the process-driven IoT-community computing model.

4. Conclusion. In this paper, we suggested a possible way of describing the process-
driven goal to be achieved by the ubiquitous collaboration community organized in the
infrastructure of the Internet of Things. That is, the paper has proposed a new method-
ology for formally describing the process-driven goal, which is dubbed the process-driven
IoT-community computing model. Also, we tried to revise the ITU-T’s standardized con-
ceptual architecture of the Internet of Things to integrate the proposed IoT-community
computing model. However, we couldn’t fully express the whole functionality to the pro-
posed model due to the page limitation. So, as one of the future works, we need to supply
some additional entity-types, like events, exceptions, and operational constraints entity-
types, to the proposed model.
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