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a b s t r a c t 

Context: Business Process Model and Notation (BPMN) is the de facto standard for business process mod- 

eling. It was developed by the Object Management Group with support of the major organizations in the 

fields of software engineering and information systems. Despite its wide use, when it comes to repre- 

senting ubiquitous business processes, this business process modeling language is lacking. 

Objective: To address BPMN’s deficiency in representing ubiquitous business processes, we extend it and 

present uBPMN (or ubiquitous BPMN). 

Method: First, we analyze the modeling requirements for representing ubiquitous business processes. 

Based on the requirements, we conservatively extend the Meta-Object Facility meta-model and the XML 

Schema Definition of BPMN as well as extend the notation. The extension, that we call uBPMN follows 

the same outline as set by the Object Management Group for BPMN. 

Results: The proposed uBPMN not only allows for modeling ubiquitous business processes but also lays 

the groundwork for potentially deploying a variety of ubiquitous computing technologies. We illustrate 

all of uBPMN’s capabilities and benefits with real-life examples. 

Conclusion: uBPMN extends BPMN v2.0 with new capabilities to deal with ubiquitous computing 

technologies. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

Nearly a decade after its official introduction in May 2004, 

the Business Process Model and Notation (BPMN) gained the up- 

per hand in Business Process Modeling [8] , both in academia 

and business. As of June 2015, it was referenced in more than 

24,0 0 0 scientific publications and 300 patents as listed in Google 

Scholar/Patents. When compared to other business process mod- 

eling languages, numerous studies (e.g., [41,48] ) emphasize that 

BPMN may be considered as the de facto standard for business 

process modeling. Further still, it is supported by big names in the 

fields of information systems and software engineering (see Sec- 

tion 6.3 in [42] ). Last but not least, its groundbreaking features 
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motivated the appearance of many engines supporting it such as 

Activiti [47] , jBPM [57] and Oracle BPM [22] . 

Since its first release as v1.0 in May 2004, BPMN underwent 

three updates. Each update was introduced to allow BPMN to rep- 

resent new process characteristics that were not covered by the 

version that preceded. The changes are thoroughly described by 

the Object Management Group (OMG) in each new release (e.g., 

changes from v1.2 to v2.0 are available in [42, p. 479] ). Now, since 

its latest release as BPMN v2.0 in January 2011, Business Process 

Management has evolved a lot [15,24] . Particularly, many new pro- 

cess characteristics emerged that BPMN v2.0 cannot represent. For 

instance: 

• Example 1: The highway toll can be paid on the fly using the RFID 

(Radio Frequency IDentification) tag on the car windshield without 

stopping at any toll plaza. The problem here is that automatic 

identification and data capture of the RFID tag and content can- 

not be appropriately represented by BPMN v2.0. 

• Example 2: The taxi is assigned to the customer based on her/his 

current location. In this business rule, a mechanism to collect 
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and quantify the current location of the user and assign the 

most appropriate taxi to her/him cannot be represented by 

BPMN v2.0. 

• Example 3: After capturing a sample of the music playing, the 

song is identified and added to the customer’s music order. Here, 

the problem is that BPMN v2.0 cannot accurately describe audio 

collection and sampling. 

BPMN, in its latest release, offers five types of core modeling 

elements; Flow Objects, Data Objects, Connecting Objects, Swim- 

lanes and Artifacts [42] . When tackling the aforementioned exam- 

ples using the notation, many challenges arise. As such, what Flow 

Objects, Data Objects, Connecting Objects, Swimlanes and Artifacts 

can be used to accurately cope with the three business rules from 

the examples? One may suggest using the existing core modeling 

elements of BPMN v2.0. For example, one idea would be to repre- 

sent these new capabilities with Artifacts, such as Text Annotations 

(also core elements of BPMN v2.0). While this may appear to be a 

viable solution from a modeling and design point of view, severe 

problems arise when it comes to Verification and Validation (V&V) 

[64] of the process models, as Text Annotations cannot be vali- 

dated. Data Objects were introduced to deal with static data (e.g., 

file, database). A Text Annotation to indicate that Data Objects can 

handle dynamic data (e.g., sensor data) would be meaningless to a 

V&V algorithm. The same argument applies for the Flow Objects. 

Still, there will be additional difficulties, when the goal is to reach 

the transformation stage [19,20] . BPMN v2.0 falls short at describ- 

ing those business rules because it does not contain core modeling 

elements that can accurately depict them. 

The aforementioned examples that BPMN v2.0 cannot repre- 

sent are examples that are based on ubiquitous computing. Ubiq- 

uitous computing (frequently referred to as ubicomp) was coined 

by Mark Weiser around 1988 [66] . Ubicomp denotes the third era 

of modern computing where one person owns and operates mul- 

tiple computers (1 person, n computers). The first and the second 

were respectively mainframe computing ( n persons, 1 computer) 

and personal computing (1 person, 1 computer). While human- 

computer interactions are typically administered via keyboards and 

mice as well as display, printers, and speakers, ubicomp adds to 

these state of the art input technologies such as sensors (e.g., ac- 

celerometer, gyrometer, geo-locating sensors), cameras, and micro- 

phones [59] . Ubicomp leverages the fact that computers pervade 

our lives by proposing solutions that bridge the gap between vir- 

tual systems and the physical environment (i.e., Internet of Things 

– IoT [33] ). 

Ubicomp capabilities may provide the basis for solving many 

issues in business process management, particularly with respect 

to process improvement [69–71] , compliance [49] , and security 

[68] . When ubicomp elements are included in a business process, 

we use the term “ubiquitous business process”. A ubiquitous busi- 

ness process is a location-independent business process that turns its 

business environment into a source of data and/or a target of out- 

come with the least of human interventions [69] . Ubicomp capabil- 

ities include, for instance, Automatic Identification and Data Cap- 

ture (AIDC) [60] (e.g., location-tracking [36] , activity-sensing [17] ) 

(which helps to overcome media breaks [26] ), context awareness 

[1] , augmented reality [5] , sustainability [29] , and ambient intel- 

ligence [46] that can be included in business processes. In fact, 

many organizations have already adopted such ubicomp capabili- 

ties to cope with the changing business environments and to re- 

main competitive. For instance, UPS 1 overcomes media breaks be- 

tween the physical and the digital world through bar-code tags 

to update the status of packages transiting through its logistics 

1 http://www.ups.com/ . 

system. Netflix 2 and YouTube 3 use context awareness to recom- 

mend the most popular videos in the user’s location (i.e., one type 

of context). TryLive 4 proposes augmented reality solutions to allow 

its users to virtually try on apparel. Nest 5 thermostats support sus- 

tainability. Google Now 

6 enables ambient intelligence. However, as 

BPMN falls behind in representing these business scenarios, the or- 

ganizations have designed them on their own. Their designs are di- 

gressions from the standard, since details touching the process life- 

cycle such as conformance [54] and compliance [55] remain over- 

looked. No formal V&V and/or transformation initiative(s) can take 

place, because the required conditions are not fulfilled. The process 

personnel in a process-oriented organization are classified into five 

categories; process owner, process manager, process participant, 

process analyst and process engineer [16] . Note, process analysts 

and engineers have direct interaction with BPMN. So, imagine the 

organization (i.e., process owner) wants to deploy augmented re- 

ality in one of its processes. Here, the process analyst has to set 

the specification for the new process. The process engineer has to 

make the specification concrete. Then, the analyst should validate 

its conformance before deploying it for the process participant. 

In this case, there is higher risk of having more back-and-forth 

discussions between analysts and engineers because there is no 

standard medium for them to clearly understand each other. Still, 

imagine after a certain time, the organization pushes for an im- 

provement of the process and the initial team of analyst/engineer 

has changed. It would be a challenge for the new one to take over. 

Even with the old team being unchanged, the situation can also 

be challenging. This is analogous to writing code and coming back 

to it after time has passed. Even with comments in the code, it 

will take some time for the initial programmer to remember the 

details of the code before being able to weigh in with improve- 

ments. This problem can even be exacerbated in the case of a new 

programmer. Ultimately, without a clear-cut/common specification, 

the accessibility and use of process diagrams will only exist for the 

process analysts who created them. 

In the scientific literature, we can find several attempts to de- 

ploy ubicomp or one of its capacities in business processes. Jung 

et al. [32] make a proposition of service integration, while Giner 

et al. [31] take a model driven approach to harmonize the dy- 

namism of business processes and the complexity of ubicomp. 

While these two approaches attempt to tackle ubicomp as a whole, 

others focus on specific parts of it. For instance, the authors of 

[13,14,21] focus specifically on context awareness. Aoumeur et al. 

[3] and Zhu et al. [72] go even more specific and focus on one 

aspect of context awareness which is location awareness. A propo- 

sition of “Smart Business Processes ” by means of an RFID integration 

is discussed in [2] . 

Although the potential advantages of including ubicomp in 

business processes are discussed across all the foregoing refer- 

ences, the critical question of how to design ubiquitous business 

processes remains unanswered. The major obstacle is that BPMN 

v2.0 cannot represent the ubiquitous computing input technolo- 

gies. Consequently, it seems paramount to extend it. The present 

paper presents such an extension that we term “ubiquitous BPMN”

(or, in short, uBPMN). 

The remainder of this paper is organized as follows: In 

Section 2 , we summarize related work that extended BPMN in- 

side and outside the scope of ubicomp. Building on that, we 

enumerate the steps needed to coherently extend the notation. 

2 https://www.netflix.com/ . 
3 https://www.youtube.com/ . 
4 http://www.trylive.com/ . 
5 https://nest.com/ . 
6 https://www.google.com/landing/now/ . 
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