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Abstract 

 
The Internet of Things (IoT) is an emerging technology that leads to a new era of Internet by enabling 
new forms of communications among physical devices, virtual objects and humans. In the IoT, 
enormous numbers of things will be deployed and capable of providing their functionality as IoT 
services. It is therefore important to describe and implement a collaborative process of tasks within an 
IoT service to be performed by a group of things. In this paper, we focus on the concept of abstract 
ubiquitous process that is to facilitate the IoT service realization, and its automatic composition based 
on data dependency. So we propose an algorithm that is used to automatically compose an abstract 
ubiquitous process that will be reified eventually as a concrete ubiquitous process in the process-driven 
IoT. We try to introduce the basic notion of the abstract ubiquitous process and essential entity types, at 
first, and then describe the details of the composition algorithm extracting a group of abstract ubiquitous 
processes from a service goal of the process-driven IoT. 
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1. Introduction 
During the past few years  we have witnessed the 
great growth of information and communication 
technology (ICT), which is radically changing 
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our corporate, community and personal spheres. 
The widespread use of mobile devices is the 
evident, and these little gadgets have become an 
integral and intimae part of everyday life for 
many millions of people. This phenomenon is 
rapidly igniting a significant development 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. So, a new dimension, anything 
connectivity, has been emerging in the world of 
ICTs characterized with anytime connectivity 
and anyplace connectivity for anyone, and these 
dimensions of connectivity have been cluing in 
creating an entirely new dynamic network of 
networks as a future network. 

The Internet of Things (IoT) is and emerging 
technology that leads to a new era of Internet by 
enabling new forms of communications among 
physical devices, virtual objects and humans. In 
the IoT, enormous numbers of things such as 
devices, sensors, actuators, and people as well, 
will be deployed as smart objects[1] and capable 
of providing their functionality—producing, 
consuming and sharing data—as web services. It 
is therefore important to describe and implement 
a collaborative process of tasks within an IoT 
service to be performed by a group of things. 

In this paper, we focus on the concept of 
abstract ubiquitous process to facilitate the IoT 
service realization, and its automatic 
composition based on data flows. So we propose 
an algorithm can be used to automatically 
compose a data-centric abstract ubiquitous 

process which can be realized as a concrete 
ubiquitous process in the IoT.  

2. Abstract Ubiquitous Processes 

This section introduces a basic concept of 
ubiquitous process that is to specify and realize 
an IoT serivce in the manner of process-driven 
collaborations among smart objects. Next we 
desribes notions of the composition of  abstract 
ubiquitous processes from a process-driven IoT 
service goal.  

2.1 Ubiquitous process and its 
conceptual overview 

The IoT-based computing 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 via the Internet. We can 
easily imagine that each of things in a society of 
IoT, will undertakes  assigned tasks that must be 
completed to achieve a specific service goal, and 
most of IoT services may require a series of tasks 
and their execution order. Ubiquitous process 
can be defined by business process in the IoT  
environment, and that is to describe 
process-driven collaborations of smart objects to 
accomplish an IoT service. 

Fig. 1[2] illustrates the conceptual overview 
of ubiquitous process in IoT environment is an 
extension of the figure from the ITU-T 
recommendation[3]. As you see in the figure, the 

Fig. 1. The conceptual overview of ubiquitous process in IoT environment 
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IoT computing environment is physically 
configured by a group of devices, like sensors, 
actuators and others, on a ubiquitous 
communications 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 one or more smart objects 
in the information world to virtually match the 
tasks, which are so-called activities within an 
ubiquitous process to the smart objects to 
accomplish an IoT service goal. Therefore the 
accomplishment of an IoT service goal implies 
that all activities are successfully committed 
according to the description of the ubiquitous 
process model. The question new arises: To 
achieve an IoT service goal, what should we do 
for developing an ubiquitous process? Fig. 2 
shows the development phases of ubiquitous 
process as an answer to this question. 

 

 
Fig. 2. The development phases of ubiquitous 

process 
 
We suppose that an ubiquitous process may 

be developed and implemented through 
processing phases of interpretation, composition, 
reification and execution, are represented by Fig. 
2. As the purpose of this paper is concerned, we 
will concentrate on the composition of abstract 
ubiquitous process based on data dependencies 
among activity classes.  

2.2 Composition based on data 
dependency 

In an IoT computing environment where the 
enormous of things which existing everywhere 
and will generate tremendous data that should be 
processed and analyzed in real time, there is a 
need to understand the context in highly dynamic 
IoT environments, and to select an appropriate 
service goal through the analysis on a situation 
within the IoT context. Especially in the case of 
process-driven IoT[2,4-6], an IoT service goal 
can be predefined in details at design-time or 
generated at run-time by sitaution analysis. 
Additionally, all service goals in process-driven 
IoT should be defined as a group of conditions 
that follows have to be satisfied for achieving 
success for IoT services.  
 
 Set of tasks that must be completed 
 Set of data that must be produced 
 Constraints that must be considered (e.g. data 

dependency, partial or total execution order of 
activities, specific predicates, etc.) 

 
Therefore, it is very complicated for 

composing well-formed abstract ubiquitous 
processes (AUPs) consist of proper combination 
of activity classes to meet these conditions for an 
IoT service goal. In this paper we consider only 
the concept of data dependency among that 
activity classes (ACs) as an abstract concept to 
describe activities at the semantics level. Each 
activity class is specified as input and ouput data 
classes (DCs) and its function[7]. Fig. 3 shows 
an example for activity class (AC). 

 

 
 

Fig. 3. The simple activity class  
 
Based on the concept of activity class, we 

explain the process, from interpretation of IoT 
context to data dependency based composition of 
AUPs. Firstly, gathered context information 
within the IoT environment may be interpreted 
as a process-driven IoT service goal into a set of 
tasks that must be completed by activity classes. 
Then, an initial state is defined by activity classes 
and data classes in accordance with tasks. Lastly, 
AUPs can be extracted through the composition 
algorithm based on the initial state and data 
dependencies among that given activity classes.  



168                                            Hyun Ahn et al.: Composition Algorithm for Abstract Ubiquitous Processes  

 

2.3 Formal definitions 

To explain the process of composition of an 
AUP, we define related concepts and functions.  

A service goal in process-driven IoT is 
represented as follows: 

 
  is a set of tasks that must be completed, 

written as , , … , ; 
 

An initial state given for composing AUP is 
represented by 〈 , 〉 
 
  is an inital set of activity classes that 

capable of enacting corresponding tasks, 
written as , , … , ; 

  is an initial set of data classes that is 
available at the initial time, written as 

, , … , ; 
 

An abstract ubiquitous process is represented 
by 〈 , 〉 
 
  is a set of selected ACs by the 

composition algorithm, where ; 
  is  a set of produced DCs by the 

composition algorithm, where ; 
 
In addtion, there are functions for composing 
AUPs based on data dependency.  

 
   

where   is a multi-valued 
mapping function from an initial activity class 
to a set of corrsponding tasks; and 

 is a multi-valued mapping function 
from a task to a set of initial activty class; 

   
where  is a multi-valued 
mapping function from a initial activity class 
to a set of input data classes; and  

 is a multi-valued mapping 
function from a initial activity class to a set of 
output data classes; 

3. Abstract Ubiquitous Process 
Composition Algorithm  

3.1 Problem description 
Based upon the basic definitions, we can 
consider an AUP composition problem which is 
defined by the function. 

						 , 	AUPs            (1) 
We assume that before start a composition of 

AUP,  and  are given by 
preprocessing that is to find initial ACs 
corresponding tasks of a service goal and 
available data classes at the initial time. The 
composition problem is similar to an AI planning 
problem is to find solutions that is guaranteed to 
generate a sequence of actions that leads to one 
of the goal states, but the AUP composition 
problem is not concerned about goal states 
because it is implicit in a service goal in 
process-driven IoT as a completion of all tasks. 

3.2 AUP composition algorithm 
The AUPs will be extracted by composition 

algorithm according to the following rules. 
 

 The Algorithm extracts AUPs as a set of 
sequences of ACs from an initial state (initial 
ACs, initial DCs). 

 In the phase of  discovering a possible 
sequence, a next AC is determined by 
available DCs including a set of output DCs of 
selected ACs, but also intial DCs.  

 If a next AC is chosen, then a group of ACs 
that has an same function as the selected AC, 
is exempted from this sequence.  

 
As an operational example, we try to 

compose AUPs from the intial ACs, 
, , … ,  and the initial DCs, 
. The details of the initial ACs within the 

operational example, are described in Table. 1. 
Consequently, the AUPs that will be extracted by 
the composition algorithm, are sequential and 
not optimized (no parallel branch and loop). 
Therefore The proposed algorithm is naïve and 
should be improved so as to deal with the 
optimization issues. 

 
Table. 1 The details of the initial ACs 

Tasks Intial  
ACs 

Input  
DCs 

Output 
DCs 
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