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Abstract 
Dynamic Condition Response (DCR) graph is an event-based process modeling language, 

effective in adopting constraints or rules inside a business workflow. The research questions 

aim to find out how modeling of smart home processes can be done by using the DCR graph 

as a language. Additionally, the research questions target to find the extent to which given 

processes can be modelled. Lab simulation of process was an effort to realize and formulate 

the processes in smart home. Further dividing processes into events helped us to provide events 

and its associated connections needed for modeling. In this research, tools and language of 

DCR graph were used to model event-based process of a smart home. As predicted, events 

derived in given smart home process were modelled using DCR graph. However, complex 

structure of processor inside the smart home´s server limited the modeling. Thus, conclusion 

is that the server architecture is capable of producing complex events and associated 

connections that are beyond the modeling capacity of DCR graph in recent context. 
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1 Introduction 
The introduction part of this thesis consists of the sections as explained below. The first section 

1.1 Origin of the thesis explains the motivation towards the thesis i.e. i.e. Modeling Smart 

Home Processes using the Event-Based Modeling Language & Tools of DCR graph. 

Explanation of goals of this thesis is presented in second section 1.2 Aim of the thesis followed 

by the 1.3 Research questions section. Proposed research questions are about what can be and 

cannot be modelled using the DCR graph. 1.4 Expected result section describes the outcomes 

that are aimed to be achieved. Finally, the overall thesis design and structure is explained in 

the last section 1.5 Structure of thesis. 

 

1.1 Origin of the thesis 
Brief description of my motivation for choosing this research topic will be presented here. This 

section will be explaining reasons behind choosing smart home processes and DCR graph as 

the modeling language. 

To understand the explanation for choosing smart home processes, understanding the 

importance of IoT necessary. IoT is becoming the future of Internet because of its large 

applicability, from everyday activities to various business domains(Haller, Karnouskos, & 

Schroth, 2009). IoT is famous for including everyday activities as its source and adapting 

accordingly for better output. As the IoT is comprised of many dynamic and event-based 

processes (Haller & Magerkurth, 2011), it is no exception that the businesses that are expanding 

their reach to IoT  are embracing smart home services as their product. Since objective of this 

research work is to match the tool for emerging business workflow (for e.g. smart home), 

locating an appropriate business workflow is first priority followed by finding and testing the 

relevant modeling tool. So, process related to smart home was chosen because it includes the 

challenges necessary for testing the modeling tool which will be described soon. 

Understanding the changes in the technology is vital for those business that depends on 

Information Technologies (IT). Making necessary changes with the use of appropriate tool is 

a competent decision. Now, to deal with the business workflows where the processes and 

activities are event-based and dynamic, a tool is needed that helps to improve the understanding 

of the workflow accordingly; a tool that is simple to use however dynamic to adapt necessary 

modification. DCR graph emerges as having potential capability of dealing dynamic and event-

based process (Mukkamala, Hildebrandt, & Slaats, 2013). DCR graph consist of four basic 



	2	

connection elements; dynamic inclusion, dynamic exclusion, condition and response 

(Hildebrandt, Mukkamala, & Slaats, 2011a). These connections are responsible for relating 

different events. As rules or constraints are treated by connecting elements in DCR graph, 

making further necessary changes is easy; just a matter of addition or removal of connection 

elements.  

Event-based workflow that can have many rules in different scenario (or dynamic in nature) 

and modeling tool that has features capable of dynamic addition and /or removal of rules in a 

workflow, enthuse us to use DCR graph (having dynamic inclusion and exclusion features) to 

model a real life smart home scenario (having events that can change dynamically).  

1.2 Aim of the thesis 
BPM, which stands for Business Process Modeling, has been an integral part of system 

engineering. Analyzing and simplifying the processes and activities inside a business is a 

difficult task (van der Aalst, 2007). Complexity increases with the increase in the size of 

business, activities and processes involved. BPM plays a vital role in this scenario by providing 

tools which help to analyze the activities and simplify the processes thus, enhancing the 

comprehensibility of technical process even to the non-technical business entities. BPM 

provides different tools that help to model the workflow of business, many of them are new in 

practice. With new ideas in business generating new workflow, change in tool is inevitable. 

Home automation is becoming popular nowadays while carrying new technologies such as 

advanced sensors, cameras, wireless system etc. So, finding new tool and testing it to address 

the modeling difficulties of new business workflow is the need of BPM (Aguilar-Saven, 2004). 

 

DCR graph is a language to overcome modeling difficulties mentioned earlier. Adding new 

constraints or rules in the smart home workflow is easy and flexible with DCR graph (Slaats, 

Hildebrandt, Carbone, & Völzer, 2016). As the events are represented by boxes and 

connections (relations) between them are by different arrows (condition, response, include, 

exclude and milestone), the legibility of the workflow is increased. Since smart home is 

adopting the concept of Internet of Things (IoT), the workflow might become complex. 

Modeling new business workflow with new BPM tool and hence analyzing the applicability of 

the tool is the primary objective of this research. 
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1.3 Research questions 
RQ1: - What types of events are more frequent in a smart home processes and how to model 

them using tools of DCR graph? What are the limitations of DCR graph in modeling of smart 

home process? 

The question is aimed to find out the events that are, first of all, frequent which ensures that 

occurrence of this type of activity is common and can appear at other processes as well. Thus, 

modeling the given processes is the main target. Additionally, pointing out the shortcoming of 

DCR graph, if any, while modeling smart home processes is another aspect to deal with. 

The research question is also aimed to find out whether the events that are more frequent are 

the ones that are not possible to model using DCR graph. To answer this question, 

understanding the type of workflow that is going to be used is necessary. For this, the recent 

advancement in the technologies related to selected smart home are to be understood. Then, 

next requirement will be to be acquainted with the tools that are going to be used for modeling 

the selected smart home scenario. 

A smart home process will be selected where a person is responsible for completing different 

basic tasks that are going to defined later. Here, each task will be divided into different goals 

and further detailed with the events necessary for goal accomplishment. After identifying 

events, roles for specific events will be assigned. Then the real smart home scenario will be 

simulated in the lab using available devices. After that, events and relations between events 

will be modelled using the DCR graph. To find the connection between events, basic 

connection features provided by DCR graph will be used such as condition, response, inclusion, 

and exclusion. Next steps will be logical grouping of events, also known as Nesting, and adding 

milestone wherever seems appropriate. This work will be followed and finalized by different 

example run which will be completed by setting specific goals. 

In this way, the activities that are frequent could be found. After simulating the scenario and 

running it, conclusion can be made about what cannot be modelled and why. 
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RQ2: - Which component of smart home cannot be modeled using the DCR graph? 

The purpose of this question is to find out the components of the smart home that consist of 

events that cannot be modelled and potentially can have events that cannot be transformed into 

process model using the DCR graph. 

Answer to this research question is expected to be based on the events and activities that are 

going to simulated. The more real the simulation is, the more detailed the answer will be. 

Answer to this research question depends on the formulation of events and assigned roles. The 

events and roles that were identified to answer the earlier research question will be helpful 

here. Again, based on the lab simulation that is targeted to mimic the real life smart-home, the 

aim is to find the events unlikely to modelled using DCR graph. Then, the resemblance between 

those events that cannot be modelled will be found. Thus, dynamic modules of smart home that 

is implausible to model using DCR graph will be concluded. 
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1.4 Expected result 
Event-based process modeling of selected smart home process could be the first expected 

outcome of this thesis work. Different aspects of smart home will be modelled by chunking 

single process into different events and assigning roles to them. Applying appropriate rules or 

constraints (condition, response, inclusion, and exclusion) afterwards will yield a complete 

model.  

After modeling the given processes, the events that are beyond the modeling with DCR graph 

will be identified successfully. In doings so, the possible events occurrence which will be based 

on the assumed task or goals will be deduced. The surmised events could be the ones that will 

not be possible to model using the DCR graph with the current features. 

 

1.5 Structure of the thesis 
Background related to this thesis are described in Chapter 2. This chapter describes 

technologies related to the modeling tool such as BPM, BPMN, etc. and background related to 

smart home processes such as IoT, smart home, ZigBee, Z-wave, etc. Chapter 3 details the 

tools that are going to be used for modeling smart home processes. Common elements of DCR 

graph such as inclusion, exclusion, condition, response, etc. will be described as well. Chapter 

4 is about the smart home process that is going to be modelled. In this chapter, finding of events 

related to the smart home scenario will be done. Modeling of the smart home processes using 

the DCR graph will be done in Chapter 5. Different stages of modeling will be illustrated in 

this chapter including modeling results as various example runs. Discussion, conclusion, and 

future work will be explained in Chapter 6, Chapter 7, and Chapter 8 respectively. 
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2 Background 
2.1 Business Process Engineering 
Business Process Engineering (BPE) is a technique of understanding the business workflow to 

boost business outputs by reducing operational costs and improving efficiency. BPE primarily 

focuses on analyzing current business workflow and suggesting the necessary improvements 

to achieve the business goals. Collecting necessary resources such as tools, human resources, 

etc.  and conducting researches is a part of BPE. Achieving short-term or long-term benefits is 

determined by the tools resources employed for engineering approach (Slaats et al., 2016). 

2.1.1 Business Process Re-engineering (BPR) 
BPR is the fundamental rethinking and radical redesign of business processes to achieve 

dramatic improvements in critical contemporary modern measures of performance, such as 

cost, quality, service, and speed, quoted from (O'Neill & Sohal, 1999). BPR encompasses the 

envisioning of new work strategies, the actual process design activity, and the implementation 

of the change in all its complex technological, human, and organizational dimensions, quoted 

from (Davenport, 1993).  

BPR technique was started in the 1990s to improve any organization by better understanding 

the business processes inside it (Office, 1997). Trends in collaborating IT as a tool for 

improving organization workflow eventually made BPR an emergent technique.  

BPR depends on what kind of changes the business wants. If the business doesn't need the 

radical changes (in a case where an organization is functioning well with available resources), 

there might not be the need of re-engineering i.e. any need of IT. But if all the resources 

available are not sufficient in accordance with the strategies within the organization, the need 

of new approach and resources is inevitable. Thus, the approach of re-engineering becomes 

imperative. However, BPR comes with some pitfalls for e.g. redesigning approach replaces 

many human tasks with automated IT techniques which ultimately results in layoff. So, 

determining whether the organization needed the re-engineering approach or small 

improvements are beneficial enough is a tough decision to make before adapting any BPR 

technique. 
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2.2 Business Process Modeling (BPM) 
BPR was a standard for process management for around thirty years since 1990 which was 

later restructured and renamed by BPM (Ko, 2009). The successor of BPR is considered as 

Business Process Management (BPM) technique. BPM is generally considered as the BPR 

technique with better utilization of IT resources.  

BPM is a technique of process management to make any organization efficient in terms of 

output and resource utilization. BPM focuses on enhancing the business workflow to adapt any 

modification, if necessary, at different time periods. The aim of BPM technique is to get the 

desired benefits from the business even in the period of strategic and process transformations. 

However, BPM is accused of ignoring the physical involvement and utilization of human 

resources; for e.g.  people´s perspective that alone can be a major factor to re-organize the 

business. 

Examples of BPM techniques are Cognition enhanced Natural language Information Analysis 

Method (CogNIAM), Event-driven process chain (EPC), Unified Modeling Language (UML), 

Extended Business Modeling Language (xBML), Formalized Administrative Notation (FAN), 

Business Process Model and Notation (BPMN), etc. Similarly, BPEL (Business Process 

Execution Language) and jBPM (Java Process Definition Language) are examples of 

programming language tools for BPM. 

 

2.3 BPMN (Business Process Model and Notation) 
OMG (Object Management Group) and BPMI (Business Process Modeling Initiative), merged 

in 2005, created a graphical tool to orchestrate business workflow for the purpose of business 

process management, so-called as BPMN. The aim of BPMN is to standardize business 

workflows (or processes) by using standard notations. These standard graphical notations are 

created to be understood by all business entities, whether they are business analysts or technical 

users. The result is improved communication between varied business entities. Hence, the 

communication gap between decision makers and implementers is very little. BPMN consists 

following categories of elements ("Business Process Model And Notation," January 2011). 
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2.3.1 Flow Objects 
They define the basic behavior of business process.  

Event:  

Something that is triggered and will give result during the cycle of a process. 

Activity:  

Generic term for business process that consist of different works. 

Gateway:  

Controls the flow of process by diverting or merging. 

2.3.2 Data 
Data explains what is needed (input) and what will be produced (output). 

Data Store:  

Stores information even after the execution of process. 

Data Object:  

Defines input activity and output. 

2.3.3 Connecting Objects 
Connecting Objects relate the flow objects. 

Sequence Flow:  

Shows the order of activities performance in a process. 

Message Flow:  

Shows message interactions (sending and receiving) between participants. 

Association:  

Links artifacts to the elements. 

2.3.4 Swimlanes 
Swimlanes are used for grouping elements in a business activity. 

Pool:  

Participant represented graphically. 

Lane:  

Sub-partition within a pool. 
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2.3.5 Artifacts 
Providing additional information to the process is what artifacts are responsible for. 

Group:  

Grouping of graphical elements. 

Text Annotation:  

Mechanism to provide descriptive information to the reader. 

Figure 1 below portrays the basic graphical symbols used in BPMN 2.0   elements.

 

Figure 1 Graphical symbol for BPMN 2.0 Basic elements 

	
2.4 Internet of Things (IoT) 
European Union funded project, IoT European Research Cluster (IERC), defines IoT as global 

network infrastructure having self-configuring capabilities where ´things´, physical or virtual, 

having unique addressing attributes which are based on standard communication protocol 

communicates (send and receive data) coherently within the information network. 

It is a well-known fact that Information Technology is always changing and becoming better 

than earlier, so is the applicability of Internet. Applications of Internet in various aspects of our 

life is increasing day-by-day. IoT is a trending technology because of its wide application areas 
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from everyday activities to industrial use. IoT is simply based on objects that we use regularly 

and activities that we perform on daily basis. The aim is to digitally incorporate these objects 

and activities as a part of us by giving them digital identity and establishing a communication 

interface. The purpose is to reduce the manual interference, hence maximize performance and 

efficiency. IoT holds a lot of potentials and have varied application capabilities. Some of the 

popular application domains are as pointed below. 

Ø Personal and social 

Ø Healthcare 

Ø Logistics and transportation 

Ø Smart Environment  such as office, home, etc. (Atzori, Iera, & Morabito, 2010) 

 

Among wide application domain, the interest is on Smart Environment. Home automation 

process based on IoT is taken. Although the processes are based on small application area of 

IoT, notion is that the dynamic infrastructure of IoT and DCR graph will open the possibility 

of seamless integration and easy adaptation even in the large-scale processes such as industrial 

automation. 

 

2.5 Smart Home 
Smart home is a usual traditional home consisting of digital technologies, making routine task 

seamless. Smart home is installation of different electronic devices and other households that 

can be controlled by the authorized user anywhere, anytime using various devices such as 

remote, mobile, computer, etc. based on wide selection of communication protocol such as 

internet or infra-red. A typical smart home consists of a communication protocol, smart 

devices, sensors, and a smart hub. Although the original intention of developing smart home 

was to control HVAC (Heating, Ventilation, and Air-Conditioning) and fire safety, the system 

has been eventually accepted in various fields; ranging from security and surveillance to energy 

management (Vujović & Maksimović, 2015).  

The use of smart sensors and advancement in Internet compels the smart home to step up in its 

capability. The concept like MavHome (Managing An Intelligent Versatile Home) (Cook et 

al., 2003) are already using the prediction based algorithms that monitors the user behaviors 

and acts upon it. The system captures and stores the user actions. With the help of its 

algorithms, the system customizes the actions performed by user, based on users´ routine 

behaviors; the concept also known as machine learning. The primary focus of applying 
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machine learning in a Smart Home is to increase the performance of the system that fits the 

user comfort while decreasing the operational cost. The architecture of Smart Home based on 

IoT is explained in Figure 2.  

User Application Layer 

Kernel Layer 

Agent Management Data Transportation 

Authentication and 

Authorization 
State Monitor 

Agent Layer Agents 

Interface Layer Appliance Specific Service Interface 

Resource Layer (Household appliances) 

Figure 2  Architecture of Smart Home based on IOT (Jie, Pei, Jun, Yun, & Wei, 2013) 

Bottom level Resource Layer contains the devices with RFID (Radio Frequency Identification) 

tag. Interface layer provides interface to its upper layer for modeling the resources into services. 

Agent Layer is for producers, consumers, and brokers of services. Kernel Layer is responsible 

for transporting data, managing agents, authorization, and authentication as well as monitoring 

the states. The topmost layer is the User Interface Layer that let the user choose device and its 

functions. 

 

2.5.1 Service for Smart Home: 
IFTTT 

If This Then That (IFTTT) is cloud-based task automation service that let users to create 

certain conditions, which if triggered, response will be executed (Lewis, Igict, & Zhou, 

2009). The service consists of different recipes that has different task automation 

capability from various channels (such as Facebook, Twitter, Evernote, Gmail and a lot 

more).  IFTTT runs on web and has application compatibility with iOS and Android.  

Generally, if this then that is called applet which consist of trigger and action. IF this 

is called trigger and then that is the action based on the trigger. Thus, overall task 

automation is actions resulted by the successful triggers. Trigger is what user gives as 

an input in the recipe and action is what user gets as an output. One example could be, 

if this (trigger = Motion detected) and then that (action = turn on light bulb). In this 

example, when a motion sensor placed inside smart home detects any movement (or 

motion) in the room, the specified light bulb will be turned on automatically. 
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There are several applets of IFTTT of which these are the most relevant in the modeling. 

Some of these applets of IFTTT will be added in the smart home process. 

Ø Notify me when my Smart Hub is offline. 

Ø If motion is detected, then turn on these 2 devices. 

Ø If motion is detected, then turn on these 3 devices. 

Ø Turn on my Philips Hue lights when I get home. 

Ø If motion detected in location, then send an email to  

Ø If motion detected in location, then send an SMS to 

Ø If brightness lower than, then turn on device 

Ø Active HomeMode as you arrive home. 

 
2.6 Z-wave 
Z-wave is a wireless communication protocol with the primary purpose of home automation. 

Z-wave stands out from ZigBee protocol in areas of applicability; essentially focusing in home 

and small commercial uses rather than large commercial uses. Z-wave operates on 900 MHz 

range; 868 MHz in Europe and 908 MHz in the United States (Mainetti, Patrono, & Vilei, 

2011). Devices based on 802.11 MHz standards might experience network traffic disturbance 

in communication because most of the devices are also operated in the same 802.11 MHz range. 

It is because Z-wave operates in lower frequency it will not be interrupted by general network 

traffic. Hence, network congestion is not usually an issue in case of Z-wave. 

Basically, devices based on Z-wave are of two types: controller and slaves (Amaro, Cortesão, 

Landeck, & Santos, 2011). Controlling device is responsible for taking instructions from user 

and sending the commands to the slave devices, whereas slave devices receive and execute the 

commands provided by controller. The Z-wave protocol layer is shown in Figure 3 (Mainetti 

et al., 2011). 
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Application Layer 

Z-Wave command classes 

Routing Layer 

Mesh network management & routing 

Transport Layer 

Framing, retransmission & ACK 

Physical Layer 

RF transceiver 

Figure 3 Z-Wave protocol layers 

 

2.7 ZigBee 
ZigBee is a Personal Area Network (PAN) that uses IEEE 802.15.4 based specification (J. Han, 

Choi, & Lee, 2011). ZigBee is used primarily in home automation, building automation, and 

smart metering and controlling (Wheeler, 2007). ZigBee is considered suitable communication 

protocol in home automation because of two primary reasons; security and power efficiency. 

ZigBee practices secure communication i.e. 128-bit encryption symmetric keys for secure data 

transmission in home automation. Because ZigBee uses low data transmission rate i.e. 250 

Kbit/s, devices based on ZigBee communication protocol are thus less power consuming (Jin-

Shyan, 2006; Lee & Huang, 2006). Furthermore, while providing communication platform for 

devices that are used in home automation, ZigBee is also responsible for delivering energy 

resources within the system in home automation. 

ZigBee uses Physical, Data link /Media Access Control (MAC) and Network layer of Open 

System Interconnection (OSI) model to create and maintain the communication network for 

devices. For sharing the application layer information such as command to turn on/off heater, 

ZigBee uses Application layer of OSI model.  
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Figure 4 Smart Home Energy Management System using IEEE 802.15.4 and ZigBee (Cunha, 
Koubaa, Severino, & Alves, 2007); explains how devices based on ZigBee communicate. 

	
ZigBee network is based on three types of devices; Coordinator, Router, and End Devices 

(Somani & Patel, 2012). Each device is responsible for individual role, such as Coordinator to 

start and manage network, Router to extend the network coverage, and End Devices to send 

/receive message. There are three types of data transfer transaction between the devices in the 

ZigBee as shown in Figure 5 below. Although it is not possible to establish ZigBee network 

without having at least one coordinator, addition of extra devices is optional and based on 

requirement. 

 
Figure 5 Data transfer transaction among devices based on ZigBee network 
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Figure 6 System design with remote control binding management (D.-M. Han & Lim, 2010) 

 

Figure 6 above illustrates a combined system design that consists of smart home system with 

remote control.  Sensing modules such as occupancy sensor, photo sensor etc. are responsible 

for detecting any motion activities inside home. These sensors can also be enhanced to detect 

temperature, light, smoke, and gas etc. Sensor sends information to the Smart Home control 

System. Here, Smart Home Control System consists of Relay module (actuator module) that 

performs device controlling as well as motor controlling. Similarly, Infrared module (actuator 

module) controls IR-enabled devices such as TV, AC using Infrared. Here, each device has 

different endpoints bound to corresponding endpoints in remote control. For e.g., endpoint 4 

(EP4) of room light, endpoint 5 (EP5) of AC heating and endpoint 6 (EP6) of Security system 

have connection to endpoint 1 (EP1), endpoint 2 (EP2) and endpoint 3 (EP3) of remote control 

respectively. 
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3 Methodology 
Methods that is useful for answering the research questions will be described in this chapter. 

Result and analysis will also be determined by the methods going to be used in this chapter. 

3.1 Addressing Research Question1 and Research 

Question2 
Approach of using DCR graph for modeling event-based processes will answer both the 

research questions that were formulated earlier. First, modeling the given smart home processes 

with DCR graph will answer the first research question RQ1. Similarly, the final example run 

and simulation going to be run will be valuable for addressing the second research question 

RQ2. In this way, answering research questions is primarily based on different stages going to 

be conducted while modeling with DCR graph. 

 

3.2 DCR graph 
DCR graph is a rule-based process modeling language with graphical User Interface (UI) that 

can be used both by end-users and experts to specify and describe business process or 

workflow. DCR graph promotes implementation of graphical notation, both at design and run-

time.  DCR graph helps to describe the order of activities and events instead of just states of 

actions and events. Thus, not only DCR graph describes transitions of business process but also 

the logics behind business workflow. Primary source of modeling in DCR graph such as events 

and roles, connecting elements, nesting, etc. are described further.  

3.2.1 Events and roles 
In DCR graph modeling, entire business processes are divided into different chunks of events; 

events are assigned to the actors who will be performing related roles. In this way, business 

workflow in DCR graph becomes combination of events and roles. Events are triggered and 

executed by actors having corresponding role. Because different roles can be assigned to single 

actor, particular actor can be associated to more than one event.  

3.2.2 States of events 
Events in DCR graphs can be in three states Included, Pending and/or Executed (Debois, 

Hildebrandt, Slaats, & Marquard, 2014; Hildebrandt, Mukkamala, & Slaats, 2011b). Events 

can be included or excluded relating to conditions and will be fulfilled if conditions are 

fulfilled. Pending events are basically responses that need to be executed or excluded in future. 
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Executed events are the events in which conditions were met and pending response were 

completed. 

3.2.3 Connection (or relation) elements 
In DCR graph, execution sequence of process, or order of process execution, determines 

various roles to be assigned to same actor. Actors performing different roles and completing 

task assigned to them will finally result in process completion. In some cases, certain rules 

have to be satisfied by previous event before executing next. These rules are defined and linked 

by different arrows, also known as connection. These connection elements are explained 

below. 

Condition and Response 

  
In DCR graph, connection elements such as Condition and Response characterizes constraints 

that occurs between events and has to be satisfied before /after the selected event is executed. 

Condition elements are represented by a straight line with arrow head and dot at the end point 

of it. Starting point of Condition represents the event that has to be executed (or performed) 

before executing next event which is further represented by end point of line. Condition 

blocks the upcoming event if the current event is not executed.  

Meanwhile, Response is more about the future event that must be performed immediately after 

completing the current event. Response is represented by a straight line with dot at the starting 

point and arrow head at the end point of the line. Starting point of Response represents the 

event after completion of which future event must be executed. Future event here is pointed by 

end point of the line.  

To illustrate the use of Condition and Response let us assume we have a process examination 

result which consists of three events check paper, grade the paper and submit the grade to the 

corresponding department. Again, we assume that all of the above-mentioned events are 

performed by a single actor examiner. Now, the sequence of process execution is as follows: 

examiner checks the paper submitted by the examinee, examiner gives the result in different 

grades and provide it to the related department for further process. From sequence of process 

execution mentioned earlier, three constraints have been derived as described below. 

Constraint 1 (C1): 

Paper should be graded after checking it. Although, the paper should not be graded before 

checking it. 
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Constraint 2 (C2): 

After checking paper, the result should be submitted to the corresponding department. 

Constraint 3 (C3): 

Before submitting the result to the corresponding department, the paper should be graded first. 

From the constraints above, we have following conditions and response. The condition and 

responses that going to be listed are in natural language. 

Conditions 

Ø Paper should not be graded before checking it. (from C1) 

Ø Before submitting the result to the corresponding department, the paper should be 

graded first. (from C3) 

Responses 

Ø Paper should be graded after checking it. (from C1) 

Ø After checking paper, the result should be submitted to the corresponding department. 

(from C2) 

As can be seen from above listing, if we have to describe the constraints between different 

events in DCR graph, we use a Condition and /or Response. 

Include 

  
Include connection is represented by a straight line with an arrow head and a plus sign at the 

end of the line. Event that needs to be included is pointed by end point of the Include line. 

When executing a process that is composed of different events, some event occurs only once 

and some repeatedly become part of the whole process. When an event becomes part of the 

process again, Include is used to describe the inclusion of that event in the process. 

Additionally, Include connection is used when activation of one event triggers the possibility 

of another event´s occurrence. 
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Exclude 

 
Exclude connection is represented by a straight line with an arrow head and a percent sign at 

the end of the line. Event that needs to be excluded is pointed by end point of the Exclude line. 

Contrary to use of Inclusion connection, Exclude is used to represent the events that occur only 

once in the entire process and never becomes the part of it again. Such exclusion of event from 

the process is illustrated using Exclude connection. Moreover, Exclude is required to precisely 

describe the scenario where activation of one event should block other event /events. 

Milestone 

 
Milestone connection is represented by straight line with an arrow head and a diamond sign. 

In a situation where some events must be executed before executing another one, blocking 

execution of later event before execution of current events is a good practice. If the first event 

is Included in the process and is a Response to other event then Milestone blocks the second 

activity relating to the first event (Westergaard & Slaats, 2013). In this way, execution 

sequence of process is intact and without unnecessary connection conflicts. 

3.2.4 Nesting 
When business process is large and complex, it contains large number of events. As a result, 

there might be lot of connection elements such as condition, response, include, exclude, etc. to 

relates events. Events that have similar logical pattern might contain similar connection 

elements with other events, which could decrease the clarity of process. DCR graph minimized 

the problem mentioned above by grouping similar events thus minimizing complexity of graph 

and enriching comprehensibility of process , feature known as Nesting in DCR graph (Slaats, 

Mukkamala, Hildebrandt, & Marquard, 2013). 
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4  Smart home process 
Devices going to be used for simulating the smart home process scenario will be explained in 

this chapter. By explaining working mechanism of smart light control system, the expectation 

is to describe the smart home scenario. Although detailed explanation of modeling will be 

presented in Chapter 5, defining processes and events will be done in this chapter. 

4.1 Devices in use  
Devices that are going to be in use are mostly products of FutureHome. They are sensors, hub 

and smart plugs and these devices will be using the Z-wave as a communication platform. 

Wireless communication to light bulb and heater is possible because of smart plugs. Technical 

specifications of devices are explained in following section. 

4.1.1 FutureHome Smarthub 
Model no. CUBE-1V0-EU acts as a gateway for all the products from FutureHome and other 

associated product with it. It uses 10/100 Megabyte (Mb) Ethernet (802.11n Wi-Fi) network 

and operates on EnOcean 868 Megahertz (MHz), Z-Wave 868 MHz radio. Power supply 

requirement is Alternating Current 230 voltage (V) 50/60Hz and its power consumption is 3.5 

watt (W). This device has two USB 2.0 interfaces and an Ethernet plug. 

 

 

Figure 7 Smarthub from FutureHome front view 
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Figure 8 Smarthub from FutureHome back view 

 

4.1.2 Motion, temperature and light sensor 
Here, device in use is a motion sensor from Fibaro based on Z-Wave protocol with model no. 

MSFS-001. It is a multi-sensor capable of measuring temperature, light intensity along with 

motion detection. The sensor has built-in accelerometer. It has varied sensor measuring range 

such as temperature range from -20C to 100C, lighting from 0 lx to 3200 lx and motion 

sensitivity up to 5 meters. It operates on battery (model no. CR123A). 

 
Figure 9 Motion, Temperature and light sensor from FutureHome 
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4.1.3 Smart plug 
Smart plug here is a wall plug from Fibaro (Model: FGWPF-102 ZW5) based on Z-Wave 

(868.42MHz) technology. It has a button that let the device to connect/disconnect to/from the 

network. It is capable monitoring power consumption of appliances connected in it. Power 

consumption is measured in watt (W) unit and accumulated consumption in kilowatt-hour 

(kWh) unit. Maximum load it can withstands is 2500W and voltage capacity of this device is 

230V, 50Hz. 

 
Figure 10 Smart plug from FutureHome 

 

 

 

4.2 Example of Light control system 
Basic working mechanism of light control system is that turning on /brightening light bulb 

when an object enters home and vice-versa should be automatic. Because of dynamic and 

random nature of human, light control system that is operating only on the basis of previously 

predicted human activities might not be suitable if there are activities beyond predictions. So, 

the light control system needs to be dynamically operative and adaptive based on the real-time 

environmental factors such as irregular presence/absence of human. More advance system 

includes analysis of external environmental factors for controlling light system. 
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Figure 11 Sensors working mechanism in brief; figure explains the effects of object (i.e. human) 
and external environment (i.e. sunlight) to the device (light bulb) inside home 

Figure 11 illustrates how advanced sensors can act upon not only the field-of-view but also the 

external environment. As can be seen in Figure 11(A), if sensors do not detect any motion 

within its field-of-view, then the light bulb remains turned off. Alternatively, if motion is 

detected within the field-of-view, then the light bulb is turned on, as shown in Figure 11(B). 

Use of advance sensor adds the ability to sense the external environment that could affect the 

field-of-view. As can be seen in Figure 11(C)), if the sensor detects the sunlight that is enough 

to provide light in the room, then the light is turned off /dimmed. But if sunlight is not enough 

to provide light in the room, the light bulb is turned on /brighten. 

As it has already been answered how light sources are turned on/ off in smart home, the 

remaining question is when? Answer to this question is the concept of preset delay time. Preset 

delay time is the default timing set by the sensor manufacturer for the system to remain idle or 

active. Most of the manufactures use fifteen minutes as a default delay time. When there is no 

activity inside the room or sensors´ field-of-view, the light source for e.g. light bulb waits until 
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the delay time by either dimming the light source or being idle. After crossing the delay time, 

the light source is automatically turned off. Similarly, if sensor detects any activity between 

the delay time, then light source is brightened or turned on again. 

 

4.3 Smart home scenario for modeling 
Figure below describe the scenario of smart home with placement of devices such as sensors, 

hub, server, light bulbs, heaters in different locations. User is assumed to be outside the home 

initially. Most of the working mechanism is based on the Light control system explained 

earlier. The effects of external factors such as sunlight is not going to be mentioned here. 

	
Figure 12 Smart home scenario with different devices placement in different locations 
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4.4 Processes and events 
Listed below are the basic processes that are encountered in smart home. All the processes and 

events going to be described are based on the Figure 12 illustrated above. Moreover, 

descriptions of processes are further presented in the form of lists of events in their order of 

execution. There might be some exceptions while executing a process. These exceptions are 

handled and managed by the server which is why they are described as Server oriented events 

just after the listing of events. To have a successful process execution, each event inside the 

process has to be completed (or executed) in the order as listed. 

4.4.1 Lights turn on when person enters home 
The aim is to activate the sensors responsible for detecting motion and turn on the light bulb 

and heater inside the living room. 

i. Person1 enters home through door. 

ii. Person1 goes near to the sensor. 

iii. Sensor1 which is located near main door detects motion, temperature and 

brightness of surroundings. 

iv. Data from Sensor1 is sent to Hub1. 

v. Hub1 receives data from Sensor1. 

vi. Hub1 sends data to Server1 for analysis. 

vii. Server1 receives data sent from Hub1. 

viii. Server1 returns feedback to Hub1. 

ix. Hub1 receives feedback from Server1. 

x. Hub1 sends command to Light bulb1. 

xi. Light bulb1 receives and execute command. 

xii. Heater1 receives and executes command. 

4.4.2 HomeMode is activated 
HomeMode is a profile that is inside the server which is activated when person enters home. 

The aim of this profile assumption is to send the notification to the user later.  

i. Sensor1 detects motion, temperature and brightness. 

ii. Sensor1 sends data to Hub1. 

iii. Hub1 sends data to Server1. 

iv. Server1 activates HomeMode profile (which is already set by user) and send 

command to Hub1. 

v. Hub1 receives feedback from Server1. 
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vi. Hub1 executes the command and sends the necessary command to the devices 

involved in HomeMode activation profile, as per below. 

(a) Turn on light bulb in the living room. 

(b) Turn on heater in the living room. 

(c) Turn on heater in the kitchen. 

(d) Turn on heater in the bathroom. 

4.4.3 Person enters to bathroom 
The aim is to turn on the bathroom lights and bathroom heater automatically when person 

enters bathroom. 

i. Sensor2 which is located inside the bathroom entrance detects motion, 

temperature and brightness. 

ii. Sensor2 sends data to Hub1. 

iii. Hub1 receives data from Sensor2. 

iv. Hub1 sends data to Server1. 

v. Server1 receives request from Hub1. 

vi. Server1 sends feedback to Hub1. 

vii. Hub1 send execution command to Light bulb2 and Heater2. 

viii. Light bulb2 receives and executes command. 

ix. Heater2 receives and executes command. 

4.4.4 Person leaves bathroom 
The aim is to turn off the bathroom lights and bathroom heater automatically when person 

leave the bathroom. 

i. Sensor3 detects motion. 

ii. Sensor3 send data to Hub1. 

iii. Hub1 receive data from Sensor3. 

iv. Hub1 send request to Server1. 

v. Server1 receive request from Hub1. 

vi. Server1 send feedback to Hub1. 

vii. Hub1 send command to Light Bulb2 and Heater2. 

viii. Light bulb2 receives and executes command from hub1. 

ix. Heater2 receives and executes command from hub1. 
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Server oriented events 

Idea is to take record of time when person enters to bathroom and leaves bathroom. In other 

words, the goal is to take record of how long person stays in the bathroom and how long ago 

did person leave the bathroom. If the time interval of person leaving the bathroom is >5 

minutes, then the bathroom light and bathroom heater will be turned off. If the time interval of 

person staying in bathroom (time interval between person entering to the bathroom and leaving 

the bathroom) is > 2 hours, then it can be presumed that something wrong happened to the 

person (especially applicable in case of elderly people) and send alert SMS and /or email 

notifications to the contact person or relatives. 

 

4.4.5 Person enters to kitchen 
The aim is to turn on the kitchen lights and kitchen heater automatically when person enters 

to kitchen. 

i. Sensor4 which is located inside the kitchen entrance detects motions, temperature 

and brightness. 

ii. Sensor4 sends data to Hub1. 

iii. Hub1 receives data from Sensor4. 

iv. Hub1 sends data to Server1. 

v. Server1 receives request from Hub1. 

vi. Server1 sends feedback to Hub1. 

vii. Hub1 sends feedback to Light bulb3 and heater3. 

viii. Light bulb3 receives and executes command from hub1. 

ix. Heater3 receives and executes command from hub1. 

4.4.6 Person leaves kitchen 
The aim is to turn off the kitchen lights and heater automatically when person leaves the 

kitchen. 

i. Sensor5 detects motion. 

ii. Sensor5 send data to Hub1. 

iii. Hub1 receive data from Sensor5. 

iv. Hub1 send request to Server1. 

v. Server1 receive request from Hub1. 

vi. Server1 send feedback to Hub1. 

vii. Hub1 send command to Light Bulb3 and Heater3. 
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viii. Light bulb3 receives and executes command from Hub1. 

ix. Heater3 receives and executes command from hub1. 

Server oriented events 

Just like light bulb and heater, kitchen oven can also be considered as an end device. In smart 

home scenario, the oven should be turned off automatically if there is no activity for a brief 

period of time. However, sometimes the person might intentionally put something inside the 

oven to cook it for more than 30 minutes and might come back later (after > 30minutes) to turn 

off the oven. In this case, turning off the oven after 30 minutes of inactivity (the person leaving 

the kitchen) is not possible. 

4.4.7 Person leaves home 
The aim is to turn off most of the devices automatically to save energy consumption after 

person leave the home. 

i. Sensor1 detects motion. 

ii. Sensor1 sends data to hub1. 

iii. Hub1 receive data from Sensor1. 

iv. Hub1 sends send request to Server1. 

v. Server1 receives request form Hub1. 

vi. Server1 sends feedback to Hub1. 

vii. Hub1 receive the feedback from Server1. 

viii. Hub1 sends command to lightbulb1 and heater1 in living room. 

ix. Lightbulb1 receives and executes the command from Hub1. 

x. Heater1 receives and executes command from hub1. 

4.4.8 AwayMode is activate 
AwayMode is similar to HomeMode but is activated when person leaves home. 

vii. Sensor0 detects motion, temperature and brightness. 

viii. Sensor0 sends data to Hub1. 

ix. Hub1 sends data to Server1. 

x. Server1 activates AwayMode profile (which is already set by user) and send 

command to Hub1. 

xi. Hub1 receives feedback from Server1. 

xii. Hub1 executes the command and sends the necessary command to the devices 

involved in AwayMode activation profile, as per below. 

(a) Turn off light bulb in living room. 
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(b) Turn off heater in living room. 

(c) Turn off heater in the kitchen. 

(d) Turn off heater in the bathroom. 

Server oriented events 

When a person leaves home and does not come for > 60 minutes, then AwayMode will be 

activated automatically. In AwayMode, all the heaters, lightbulbs, etc. will be turned off. The 

goal is to save energy. Person might irregularly enter and leave home. So, some condition 

should be inserted in AwayMode according to which device will be turned on /off. For e.g.  

from 10 AM to 4 PM (usual time for person to be away from home), all the end devices can be 

turned off. But in case of times other than 10 AM to 4 PM, person might be leave home for 

short period of time. So, turning off light bulb only would be practical. 
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4.5 Assumed server architecture 
Assumption of following server architecture is based on the events that were defined earlier 

inside the processes as Server oriented events. Through this server architecture, 

visualization of difficulties /exceptions that might be faced in process modeling can be 

obtained. Let us assume that server architecture of FutureHome server is as follows: 

Input 

 

Prosor	

Record and 

calculation 
 

Comparison 

 

 

Output / Decision / Command 

 
Figure 13 assumed server architecture from FutureHome; which consist of three major 
compartments: input, processor, and output.  

Sensor1 sending 
sensed data to 

server	

Sensor2 
sending sensed 
data to server	

Sensor3 
sending sensed 
data to server	

A	 B	 C	 D	X	

E	 F	 G	 H	 J	 K	
Processor	
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Sign notation: 

A = time record of entry motion detection 

B = time record of exit motion detection 

X = record of current time 

C = X - A 

D = X – B 

E = Record of brightness reading from sensor 
F = Record of brightness input from user (this is where user can set desired brightness) 

G = Record of temperature reading from sensor 

H = Record of temperature input from user (this is where user can set desired temperature) 

J = Record of motion detected location 

K = Record of location input from user 

 

As shown in Figure 13, the structure of the server is divided into three main divisions based 

on their working nature. They are as follows: 

1. Input: The input division of the server is assumed to take request coming to server 

directly. For better visualization of input to the assumption is that different sensors are 

communicating with the server directly instead of coming through Hub. In other words, 

though the sensor first sends the sensed data to the hub which is then forwarded to the 

server, different sensors are assumed as the source of input for the server. 

2. Processor: Processor of the server is responsible for complex task. Input data are useful 

for record keeping and calculation. Further comparison to be done are based on the 

earlier record keeping and calculation of input data. Hence, the processor is further 

divided into two sections as follows: 

a. Record and calculation: Responsible for keeping record of different events and 

performing calculation such as addition, subtraction, etc. 

b. Comparison: Responsible for doing all kinds of comparison from the recorded 

data. 

3. Output/Decision/Command:  Output section of the server is responsible for taking 

calculated and compared result from the processor and providing the results in the form 

of commands. 
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Figure 13 above is an example to describe working mechanism of assumed server. Here, we 

have three inputs from three different sensors Sensor1, Sensor2 and Sensor4 that are placed at 

entrance of living room, kitchen and bathroom respectively. 

Based on the data received from these sensors, the processor performs record keeping of these 

data and takes time stamps of the events which are denoted as A and B in the Figure 13 above. 

Time stamp of entry motion is denoted as A and exit motion is denoted as B. The assumption 

is that the server takes record of the current time (denoted as X) so that it can perform the 

comparison later. C and D represent the time person spent after the entry motion detection and 

exit motion detection respectively. Now, if it has been more than 120 minutes the person 

entered the bathroom (i.e. X-A >120) or if it has been more than 5 minutes the person left the 

bathroom (i.e. X-B>5) or if it has been more than 60 minutes the person left the home (i.e. X-

B>60), then decision such as send notification to the relatives, Turn off device (light bulb and 

heater) and Deactivate HomeMode are taken respectively. 

Furthermore, based on data received from the different sensor, processor inside the server takes 

record of current brightness and temperature of the surroundings, denoted as E and G 

respectively in Figure 13 above. User defined brightness and temperature are also recorded 

which are denoted as F and H in above Figure 13 respectively. When the current temperature 

is less than user defined temperature (i.e. E<G) or if brightness is less than the user defined 

brightness (i.e. F<H); decision such as turn on device (Heater and Light bulb) are taken 

respectively. Similarly, records of current motion detected location and user defined location 

are also kept inside processor. When the motion detected location matches with user defined 

location, user is notified with E-mail or SMS. 
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5 Modeling 
Process modeling of smart home is combination of different stages. Below is the description 

of how process that were divided into events can be expressed in DCR graph language. 

5.1 Stages of DCR graph modeling:  
The first stage of identifying events and assigning roles will be followed by second stage of 

adding connection elements (condition, response, include and exclude) for defining constraints. 

After initial marking of events, grouping of logically similar events will be done, also known 

as nesting. Adding milestone will further simplify the graph and final example run will act as 

result of modeling. 

5.1.1 1st stage: Identifying events and roles:  
The processes and events related to the smart home have already been identified and described 

in section 4.3 Processes and Events. Now, finding roles and assigning them to the relevant 

events is the next purpose. As actors can be human or non-human elements having distinct 

characteristics, the roles also vary. Human and non-human actors with their respective roles 

are responsible for executing the events assigned to them. These are the roles that have been 

considered in the DCR graph modeling.  

Person 

Presence of two persons Person1 and Person2 in the process modeling of smart home 

is presumed. Person1 is the user /owner of the smart home responsible for the activation 

of sensors other devices to accomplish different tasks. And Person2 is the relative 

/contact person of Person1 whose email /phone number is set by user in the system in 

case of emergencies. The system will notify Person2 about any kind of emergencies 

related to Person1 such as heart attacks and other diseases where Person1 might be 

unconscious. 

Sensor 

Wireless sensors had been placed in three different places, main entrance of home (or 

living room), bathroom, and kitchen. For the simplicity, two sensors were put on each 

location specially for motion detection. One acts as entry motion detection (Sensor1, 

Sensor2, Sensor4) and other as exit motion detection (Sensor0, Sensor3, Sensor5) in 

respective locations as mentioned earlier. These sensors are also responsible for sending 

the sensed data to hub. 
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Hub 

 The hub in use i.e. Hub1 has two basic roles, receiving data from different sensors and 

forwarding it to server, and receiving feedback from server and sending 

command/feedback to the different devices connected in the network. 

Server 

The central server is the one that communicate directly with the hub. Server receives 

data from hub and forward it to hub as a feedback. Hub1 in smart home system 

communicate with the server through Internet. 

Light Bulb 

Light bulbs were put in three different location as mentioned earlier. There are three 

Light Bulbs Light Bulb1, Light Bulb2, and Light Bulb3 in three different locations 

living room, bathroom, and kitchen respectively. Light Bulbs are connected with Smart 

Plugs which are connected to smart home network wirelessly. Light bulbs are 

responsible for receiving commands from Hub and executing these commands (turning 

on and off). 

Heater 

 Heater is based on the same working mechanism as Light Bulb. Heater1, Heater2 and 

Heater3 are placed in three different locations living room, bathroom and kitchen 

respectively. 

Events and roles defined earlier from the smart home process are illustrated in Figure 14. 
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Figure 14 1st stage: - Adding events and roles; text inside the box represents role (text on top 
of box) and name of the event (text below role) 
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5.1.2 2nd stage: Identifying relations (condition, response, inclusion and 

exclusion) between events 
Now, aim of 2nd stage of modeling is to find out the four primary relations between the events 

defined in 1st stage. The concern is to find connection between events; Conditions that has to 

be satisfied before executing events, Response needed to be performed after the events 

execution, events that have be included in order to complete the task and events that are no 

longer deemed necessary. Finding connection or relation between events is easier if constraints 

or restriction between them can be found. So, the effort is to point out relevant constraints in 

smart home processes. 

CONDITIONS 

Ø Before Sensor that is placed in living room (Sensor1) detects motion, temperature and 

brightness, Person1 should enter home. 

Ø Sensor1 should detects motion (including temperature and brightness) before sending 

sensed data to Hub1. 

Ø Sensor1 should send sensed data to Hub1 first before Hub1 forward received data to 

Server1. 

Ø Hub1 should receive data to Server1 before Server1 send back the feedback to Hub1. 

Ø Server1 should reply feedback to Hub1 before Hub1 is executed. 

Ø Hub1 should send relay command to Person1 (Receive notification about location) and 

Person1 (Receive notification about status) first and then only Person1 can Receive 

notification about location and Receive notification about status. 

Ø Hub1 should send relay command to end devices in the living room/bathroom/kitchen 

first and then only those devices (Light Bulb1 and Heater1/Light Bulb2 and 

Heater2/Light Bulb3 and Heater3) can be executed. 

Ø Sensor1/Sensor2/Sensor3 responsible for sending sensed data must be executed before 

end devices (Light Bulb and Heater) in living room/bathroom/kitchen respectively be 

executed. 

Ø Person1 should Receive notification about location and Receive notification about 

status before end devices (Light Bulb1 and Heater1 / Light Bulb2 and Heater2 / Light 

Bulb3 and Heater3) be executed. 

Ø Sensor1/Sensor2/Sensor4 must detect motion first so that Sensor1/Senso2/Sensor4 can 

be executed. 
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Ø Sensor0/ Sensor3/ Sensor5 cannot send sensed data if motion (Sensor0/ Sensor3/ 

Sensor5) has not been detected yet in their respective location. 

Ø When person enters home (living room), end devices (Light Bulb1 and Heater1) will 

be executed. Execution of these devices is condition to exit living room (exit motion 

detection on Sensor0/ entry motion detection on Sensor2/ entry motion detection on 

Sensor4) or entering bathroom or entering kitchen. 

Ø Light Bulb2 and Heater2 / Light Bulb3 and Heater3 should be executed before person 

exits from the corresponding place (Exit motion Detection in Sensor3 / Exit motion 

Detection in Sensor5). 

Ø If the person has entered and exited from the bathroom then before leaving home (Exit 

motion detection in Sensor0) or entering to kitchen (Entry motion detection in Sensor4), 

sensor responsible for sending exit motion detection in bathroom (Send sensed data in 

Sensor3) should be executed. 

Ø If the person has entered and exited from the kitchen then before leaving home (Exit 

motion detection in Sensor0) or entering to bathroom (Entry motion detection in 

Sensor2), sensor responsible for sending exit motion detection data in kitchen (Send 

sensed data in Sensor5) should be executed. 

 

Conditions that are described in natural language as above are then portrayed with DCR graph 

in Figure 15. 
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Figure 15 2nd stage: - adding conditions; yellow arrow represents Condition from (line starting 
point without arrow head) event to (line endpoint with arrow head and dot) event 
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RESPONSES 

Ø After Person1 enters home, Sensor in living room (Sensor1) must detect motion, 

temperature and brightness of the surroundings. 

Ø After motion is detected in living room (Sensor1) /bathroom (Sensor2) /kitchen 

(Sensor4), Person1 should receive notification about location of the motion detected 

and the status of the profile activated (such as HomeMode or CookMode). Additionally, 

end devices such as Light Bulb1 and Heater1 /Light Bulb2 and Heater2 /Light Bulb3 

and Heater 3 should also be executed (turned on) respectively. 

 

Responses that are described in natural language as above are then portrayed with DCR graph 

in Figure 16. 
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Figure 16 2nd stage: - adding responses; blue arrow represents Response to (line endpoint 
with arrow head) event from event (line starting point without arrow head but with dot) 
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INCLUSIONS 

Ø Once the entry motion is detected in Sensor1, temperature and brightness should also 

be detected in Sensor1. 

Ø When person is inside the living room the end devices in living room (Light Bulb1 and 

Heater1) will be executed. Once the devices are executed, person can exit living room 

(Exit motion detection in Sensor0) or enter to bathroom (Entry motion detection in 

Sensor2) or enter to kitchen (Entry motion detection in Sensor4). 

Ø After person enters to bathroom (Entry motion detection in Sensor2), sensed data (Send 

sensed data in Sensor2) should be sent to Hub1 as well was end devices in bathroom 

(Light Bulb2 and Heater2) should be executed. Once end devices in bathroom executed, 

person must exit (Exit motion detection in Sensor3) the room to do other activities. The 

data related to exit motion detection (Send sensed data in Sensor3) must be executed 

including the data forwarding to Hub1 afterwards. 

Ø Once the person exits the bathroom, the person can either leave the living room (Exit 

motion detection in Sensor0) or enter to kitchen (Entry motion detection in Sensor4). 

Ø After person enters to kitchen (Entry motion detection in Sensor4), sensed data (Send 

sensed data in Sensor4) should be sent to Hub1 as well was end devices in kitchen 

(Light Bulb3 and Heater3) should be executed. Once end devices in kitchen executed, 

person must exit (Exit motion detection in Sensor3) the room to do other activities. The 

data related to exit motion detection (Send sensed data in Sensor5) must be executed 

including the data forwarding to Hub1 afterwards. 

Ø Once the person exits the kitchen, the person can either leave the living room (Exit 

motion detection in Sensor0) or enter to bathroom (Entry motion detection in Sensor2). 

Ø If person exit the living room/home (Exit motion detection in Sensor0), data related to 

exit motion detection (Send sensed data in Sensor0) must be executed including the 

data forwarding to Hub1 afterwards. 

 

Inclusion relation that are described in natural language as above are then portrayed with DCR 

graph in Figure 17. 



	42	

	
Figure 17 2nd stage: - adding inclusion; green arrow representing Inclusion from (line starting 
point without arrow head and plus sign) event to (line endpoint with arrow head and plus sign) 
event 
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EXCLUSIONS 

Ø Same person (Person1) can enter home only one time in a cycle. 

Ø Once the Person1 is inside the living room, the person can leave the living room (Exit 

motion detection in Sensor0) or enter to the bathroom (Entry motion detection in 

Sensor2) or enter to the kitchen (Entry motion detection in Sensor4). But cannot do two 

or more than two of above mentioned activities at the same time.  

In other words, person can choose only one event out of three events at a time thus 

excluding two options. 

 

Exclusion relation that are described in natural language as above are then portrayed with DCR 

graph in Figure 18. 
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Figure 18  2nd stage: - adding exclusion; red arrow representing Exclusion from (line starting 
point without arrow head and percent sign) event to (line endpoint with arrow head and 
percent sign) event 
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5.1.3  3rd stage: Initial Marking 
Marking is a combination of different states of events such as included, pending, or executed. 

Starting the process flow can be done setting markings, which is also known as initial marking. 

As there is no requirement for setting default initial marking, event scan be set as pending (or 

required) or exclude events at the start for the completion of the tasks. For this, some events 

will be excluded and some requirements will be set for the task completion. 

For e.g. some of the events were marked as included (represented by plain boxes in figure next 

page) to execute events such as turn on the light and heater in living room and getting 

notification, and all the other events are excluded (represented by dotted boxes) initially. 

Further details are as follows: 

ü Excluded all the events initially except Person1 Enter Home, Sensor1 Detects motion 

(entry), Sensor1 Send sensed data, Hub1 Receive data and forward to server, Server1 

Receive data & send feedback, Hub1 Receive data from server and send command, 

Person1 Receive notification about location, Person1 Receive notification about status, 

Light Bulb1 Receive command & execute and Heater1 Receive command & execute. 

ü Sensor0 Send Sensed data is an excluded event and will be included when Sensor0 

Detect motion (exit) is executed, so the condition to Sensor0 Send Sensed data from 

Sensor0 Detects motion (exit) can be removed. 

ü Sensor3 Send Sensed data is an excluded event and will be included when Sensor0 

Detect motion (exit) is executed, so the condition to Sensor3 Send Sensed data from 

Sensor3 Detects motion (exit) can be removed. 

ü Sensor5 Send Sensed data is an excluded event and will be included when Sensor0 

Detect motion (exit) is executed, so the condition to Sensor5 Send Sensed data from 

Sensor5 Detects motion (exit) can be removed. 
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Figure 19  3rd stage: Initial Marking and combination of condition, response, inclusion and 
exclusion; dotted boxes representing excluded events whereas plain boxes representing 
included and initially marked events 
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5.1.4 4th stage: Nesting 
To simplify the graph, nesting of logically similar events was performed which was further 

categorized into six groups such as Detects motion (Entry), Person1 getting notified, Living 

room end devices, Bathroom end devices, Kitchen end devices, and Combining nesting. Nested 

events will be presented in tabular form, text and DCR graph model. The tabular form of 

description is divided into two parts; one part explaining the events and connections before 

nesting and other part afterwards showing the events and connections after nesting. The text 

after table is simply description of tables before nesting and after nesting. Similarly, the images 

after textual description are nested events represented in DCR graph. 

Detects motion (Entry) 

Table 1 Connection between events related to Detects motion (Entry) before nesting 

 

  

Connection Event 

From To 

Condition Person1 Enter Home Sensor1 Detects motion 

(entry) 

Condition Person1 Enter Home Sensor1 Detects temperature 

Condition Person1 Enter Home Sensor1 Detects brightness 

Response Person1 Enter Home Sensor1 Detects motion 

(entry) 

Response Person1 Enter Home Sensor1 Detects temperature 

Response Person1 Enter Home Sensor1 Detects brightness 

Condition Sensor1 Detects motion 

(entry) 

Sensor1 Send sensed data 

Condition Sensor1 Detects temperature Sensor1 Send sensed data 

Condition Sensor1 Detects brightness Sensor1 Send sensed data 
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Table 2 Connection between events related to Detects motion (Entry) after nesting 

 

Detects motion (Entry) event is the nesting of three events which are actually features of the 

Sensor1. We have three events as Sensor1 Detects motion (entry), Sensor1 Detects 

temperature, and Sensor1 Detects Brightness acting as sub-events inside the parent event 

Sensor1 Detects motion (entry).  

Ø Three Condition and three Response connections from Person1 Enter Home to Sensor1 

Detects motion (entry), Person1 Enter Home to Sensor1 Detects temperature and 

Person1 Enter Home to Sensor1 Detects brightness have been converted to one 

Condition and one Response connection from Person1 Enter Home to Sensor1 Detects 

motion nested (entry). 

Ø Similarly, three Condition relations from Sensor1 Detects motion (entry), Sensor1 

Detects temperature and Sensor1 Detects brightness to Sensor1 Send sensed data have 

been converted to one Condition relation from Sensor1 Detects motion nested (entry) 

to Sensor1 Send sensed data. 

Connection Event 

From To 

Condition Person1 Enter Home Sensor1 Detects motion 

nested (entry) 

Response Person1 Enter Home Sensor1 Detects motion 

nested (entry) 

Condition Sensor1 Detects motion 

nested (entry) 

Sensor1 Send sensed data. 
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Figure 20  Sensor1 Detects motion nested; out layer big box representing parent event and 
boxes inside the big box representing nested events. 

Person1 getting notified 

Table 3 Connection between events related to Person1 getting notified before nesting 

Connection Event 

From To 

Response Sensor1 Detects motion 

(entry) 

Person1 Receive notification 

about location 

Response Sensor1 Detects motion 

(entry) 

Person1 Receive notification 

about status 

Condition Hub1 Receive data from 

server and send command 

Person1 Receive notification 

about location 

Condition Hub1 Receive data from 

server and send command 

Person1 Receive notification 

about status 
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Condition Person1 Receive notification 

about location 

Light Bulb1 Receive 

command & execute 

Condition Person1 Receive notification 

about location 

Light Bulb2 Receive 

command & execute 

Condition Person1 Receive notification 

about location 

Light Bulb3 Receive 

command & execute 

Condition Person1 Receive notification 

about status 

Light Bulb1 Receive 

command & execute 

Condition Person1 Receive notification 

about status 

Light Bulb2 Receive 

command & execute 

Condition Person1 Receive notification 

about status 

Light Bulb3 Receive 

command & execute 

Condition Person1 Receive notification 

about location 

Heater1 Receive command 

& execute 

Condition Person1 Receive notification 

about location 

Heater2 Receive command 

& execute 

Condition Person1 Receive notification 

about location 

Heater3 Receive command 

& execute 

Condition Person1 Receive notification 

about status 

Heater1 Receive command 

& execute 

Condition Person1 Receive notification 

about status 

Heater2 Receive command 

& execute 

Condition Person1 Receive notification 

about status 

Heater3 Receive command 

& execute 
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Table 4 Connection between events related to Person1 getting notified after nesting 

Connection Event 

From To 

Response Sensor1 Detects motion 

(entry) 

Person1 getting notified 

Condition Hub1 Receive data from 

server and send command 

Person1 getting notified 

Condition Person1 getting notified Living room end devices 

Condition Person1 getting notified Bathroom end devices 

Condition Person1 getting notified Kitchen end devices 

 

Person1 Receive notification about location and Person1 Receive notification about status are 

sub-events nested inside parent event Person1 getting notified. These two events are the 

notifications sent to the Person1 (or user).  

Ø Two Response relations from Sensor1 Detects motion (entry) to Person1 Receive 

notification about location and Sensor1 Detects motion (entry) to Person1 Receive 

notification about status have been converted to one Response relation from Sensor1 

Detects motion (entry) to Person1 getting notified. 

Ø Also, two Condition relations from Hub1 Receive data from server and send command 

to Person1 Receive notification about location and Hub1 Receive data from server and 

send command to Person1 Receive notification about status have been converted to one 

Condition relation from Hub1 Receive data from server and send command to Person1 

getting notified.  

Ø Additionally, twelve Condition connection from person1 receiving notification to the 

end-device; Person1 Receive notification about location to Light Bulb1 Receive 

command & execute, Person1 Receive notification about location to Light Bulb2 

Receive command & execute, Person1 Receive notification about location to Light 

Bulb3 Receive command & execute, Person1 Receive notification about status to Light 

Bulb1 Receive command & execute, Person1 Receive notification about status to Light 

Bulb2 Receive command & execute, Person1 Receive notification about status to Light 
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Bulb3 Receive command & execute, Person1 Receive notification about location to 

Heater1 Receive command & execute, Person1 Receive notification about location to 

Heater2 Receive command & execute, Person1 Receive notification about location to 

Heater3 Receive command & execute, Person1 Receive notification about status to 

Heater1 Receive command & execute, Person1 Receive notification about status to 

Heater2 Receive command & execute, and Person1 Receive notification about status to 

Heater3 Receive command & execute have been converted to three Condition 

connection; from Person1 getting notified to Living room end devices, Person1 getting 

notified to Bathroom end devices, and Person1 getting notified to Kitchen end devices. 

 
Figure 21 Person1 getting notified; out layer big box representing parent event and boxes 
inside the big box representing nested events. 

Living room end devices 

Table 5 Connection between events related to Living room end devices before nesting 

Connection Event 

From To 

Response Sensor1 Detects motion 

(entry) 

Light Bulb1 Receive 

command & execute 

Response Sensor1 Detects motion 

(entry) 

Heater1 Receive command 

& execute 
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Condition Hub1 Receive data from 

server and send command 

Light Bulb1 Receive 

command & execute 

Condition Hub1 Receive data from 

server and send command 

Heater1 Receive command 

& execute 

Condition Sensor1 Send sensed data Light Bulb1 Receive 

command & execute 

Condition Sensor1 Send sensed data Heater1 Receive command 

& execute 

Condition Light Bulb1 Receive 

command & execute 

Sensor4 Detects motion 

(entry) 

Condition Heater1 Receive command 

& execute 

Sensor4 Detects motion 

(entry) 

Inclusion Light Bulb1 Receive 

command & execute 

Sensor4 Detects motion 

(entry) 

Inclusion Light Bulb1 Receive 

command & execute 

Sensor3 Detects motion 

(exit) 

Inclusion Light Bulb1 Receive 

command & execute 

Sensor0 Detects motion 

(exit) 

Inclusion Heater1 Receive command 

& execute 

Sensor4 Detects motion 

(entry) 

Inclusion Heater1 Receive command 

& execute 

Sensor3 Detects motion 

(exit) 

Inclusion Heater1 Receive command 

& execute 

Sensor0 Detects motion 

(exit) 

Condition Light Bulb1 Receive 

command & execute 

Sensor0 Detects motion 

(exit) 

Condition Heater1 Receive command 

& execute 

Sensor0 Detects motion 

(exit) 

Condition Light Bulb1 Receive 

command & execute 

Sensor2 Detects motion 

(entry) 

Condition Heater1 Receive command 

& execute 

Sensor2 Detects motion 

(entry) 
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Table 6 Connection between events related to Living room end devices after nesting 

Connection Event 

From To 

Response Sensor1 Detects motion 

(entry) 

Living room end devices 

Condition Hub1 Receive data from 

server and send command 

Living room end devices 

Condition Sensor1 Send sensed data Living room end devices 

Condition Living room end devices Sensor4 Detects motion 

(entry) 

Inclusion Living room end devices Sensor4 Detects motion 

(entry) 

Inclusion Living room end devices Sensor3 Detects motion 

(exit) 

Inclusion Living room end devices Sensor0 Detects motion 

(exit) 

Condition Living room end devices Sensor0 Detects motion 

(exit) 

Condition Living room end devices Sensor2 Detects motion 

(entry) 

 

Nesting of end devices in living room is performed by grouping the similar events. Living room 

end devices is the parent event of the sub-events Light Bulb1 Receive command & execute and 

Heater1 Receive command & execute. 

Ø Two Response connections; from Sensor1 Detects motion (entry) to Light Bulb1 

Receive command & execute, and Sensor1 Detects motion (entry) to Heater1 Receive 

command & execute have been converted to one Response connection; Sensor1 Detects 

motion (entry) to Living room end devices. 

Ø Two Condition connections; from Hub1 Receive data from server and send command 

to Light Bulb1 Receive command & execute, and Hub1 Receive data from server and 

send command to Heater1 Receive command & execute have been converted to one 

Condition connection; Hub1 Receive data from server and send command to Living 

room end devices. 
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Ø Two Condition connections; from Sensor1 Send sensed data to Light Bulb1 Receive 

command & execute and Sensor1 Send sensed data to Heater1 Receive command & 

execute have been converted to one Condition connection; from Sensor1 Send sensed 

data to Living room end devices. 

Ø Two Condition connections; from Light Bulb1 Receive command & execute to Sensor4 

Detects motion (entry) and Heater1 Receive command & execute to Sensor4 Detects 

motion (entry) have been converted to one Condition connection; from Living room end 

devices to Sensor4 Detects motion (entry). 

Ø Six Inclusion connections; from Light Bulb1 Receive command & execute to Sensor4 

Detects motion (entry), Light Bulb1 Receive command & execute to Sensor3 Detects 

motion (exit), Light Bulb1 Receive command & execute to Sensor0 Detects motion 

(exit), Heater1 Receive command & execute to Sensor4 Detects motion (entry), Heater1 

Receive command & execute to Sensor3 Detects motion (exit), and Heater1 Receive 

command & execute to Sensor0 Detects motion (exit) have been converted to three 

Inclusion connections; from Living room end devices to Sensor4 Detects motion (entry), 

Living room end devices to Sensor3 Detects motion (exit), and Living room end devices 

to Sensor0 Detects motion (exit). 

Ø Again, two Condition connections; from Light Bulb1 Receive command & execute to 

Sensor0 Detects motion (exit), and Heater1 Receive command & execute to Sensor0 

Detects motion (exit) have been converted to one Condition connection; Living room 

end devices to Sensor0 Detects motion (exit). 

Ø Similarly, two Condition connections; from Light Bulb1 Receive command & execute 

to Sensor2 Detects motion (entry), and Heater1 Receive command & execute to Sensor2 

Detects motion (entry) have been converted to one Condition connection; Living room 

end devices to Sensor2 Detects motion (entry). 



	56	

 
Figure 22 Living room end devices; out layer big box representing parent event and boxes 
inside the big box representing nested events. 

 

Bathroom end devices 

Table 7 Connection between events related to Bathroom end devices before nesting 

Connection Event 

From To 

Condition Hub1 Receive data from 

server and send command 

Light Bulb2 Receive 

command & execute 

Condition Hub1 Receive data from 

server and send command 

Heater2 Receive command 

& execute 

Condition Sensor2 Send sensed data Light Bulb2 Receive 

command & execute 

Condition Sensor2 Send sensed data Heater2 Receive command 

& execute 

Response Sensor2 Detects motion 

(entry) 

Light Bulb2 Receive 

command & execute 
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Response Sensor2 Detects motion 

(entry) 

Heater2 Receive command 

& execute 

Condition Light Bulb2 Receive 

command & execute 

Sensor3 Detects motion 

(exit) 

Condition Heater2 Receive command 

& execute 

Sensor3 Detects motion 

(exit) 

Inclusion Light Bulb2 Receive 

command & execute 

Sensor3 Detects motion 

(exit) 

Inclusion Heater2 Receive command 

& execute 

Sensor3 Detects motion 

(exit), 

Inclusion Sensor2 Detects motion 

(entry) 

Light Bulb2 Receive 

command & execute 

Inclusion Sensor2 Detects motion 

(entry) 

Heater2 Receive command 

& execute 

 

Table 8 Connection between events related to Bathroom end devices after nesting 

Connection Event 

From To 

Condition Hub1 Receive data from 

server and send command 

Bathroom end devices 

Condition Sensor2 Send sensed data Bathroom end devices 

Response Sensor2 Detects motion 

(entry) 

Bathroom end devices 

Condition Bathroom end devices to 

Sensor3 

Sensor3 Detects motion 

(exit) 

Inclusion Bathroom end devices Sensor3 Detects motion 

(exit) 

Inclusion Sensor2 Detects motion 

(entry) 

Bathroom end devices 

 

Nesting of end devices in bathroom is performed by grouping similar events. Bathroom end 

devices is the parent event of the sub-events Light Bulb2 Receive command & execute and 

Heater2 Receive command & execute. 
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Ø Two Condition connections; from Hub1 Receive data from server and send command 

to Light Bulb2 Receive command & execute, and Hub1 Receive data from server and 

send command to Heater2 Receive command & execute have been converted to one 

Condition connection; Hub1 Receive data from server and send command to Bathroom 

end devices. 

Ø Two Condition connections; from Sensor2 Send sensed data to Light Bulb2 Receive 

command & execute and Sensor2 Send sensed data to Heater2 Receive command & 

execute have been converted to one Condition connection; from Sensor2 Send sensed 

data to Bathroom end devices. 

Ø Two Response connections; from Sensor2 Detects motion (entry) to Light Bulb2 

Receive command & execute, and Sensor2 Detects motion (entry) to Heater2 Receive 

command & execute have been converted to one Response connection; Sensor2 Detects 

motion (entry) to Bathroom end devices. 

Ø Two Condition connections; from Light Bulb2 Receive command & execute to Sensor3 

Detects motion (exit), and Heater2 Receive command & execute to Sensor3 Detects 

motion (exit) have been converted to one Condition connection; Bathroom end devices 

to Sensor3 Detects motion (exit). 

Ø Two Inclusion connections; from Light Bulb2 Receive command & execute to Sensor3 

Detects motion (exit), and Heater2 Receive command & execute to Sensor3 Detects 

motion (exit) have been converted to single Inclusion connection; from Bathroom end 

devices to Sensor3 Detects motion (exit). 

Ø Similarly, two Inclusion connections; from Sensor2 Detects motion (entry) to Light 

Bulb2 Receive command & execute, and Sensor2 Detects motion (entry) to Heater2 

Receive command & execute have been converted to single Inclusion connection; 

Sensor2 Detects motion (entry) to Bathroom end devices. 
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Figure 23 Bathroom end devices; out layer big box representing parent event and boxes inside 
the big box representing nested events. 

 

Kitchen end devices 
Table 9 Connection between events related to Kitchen end devices before nesting 

Connection Event 

From To 

Response Sensor4 Detects motion 

(entry) 

Light Bulb3 Receive 

command & execute 

Response Sensor4 Detects motion 

(entry) 

Heater3 Receive command 

& execute 

Inclusion Sensor4 Detects motion 

(entry) 

Light Bulb3 Receive 

command & execute 

Inclusion Sensor4 Detects motion 

(entry) 

Heater3 Receive command 

& execute 

Inclusion Light Bulb3 Receive 

command & execute 

Sensor5 Detects motion 

(exit) 

Inclusion Heater3 Receive command 

& execute 

Sensor5 Detects motion 

(exit) 
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Condition Light Bulb3 Receive 

command & execute 

Sensor5 Detects motion 

(exit) 

Condition Heater3 Receive command 

& execute 

Sensor5 Detects motion 

(exit) 

Condition Sensor4 Send sensed data Light Bulb3 Receive 

command & execute 

Condition Sensor4 Send sensed data Heater3 Receive command 

& execute 

Condition Hub1 Receive data from 

server and send command 

Light Bulb3 Receive 

command & execute 

Condition Hub1 Receive data from 

server and send command 

Heater3 Receive command 

& execute 

 

Table 10 Connection between events related to Kitchen end devices after nesting 

Connection Event 

From To 

Response Sensor4 Detects motion 

(entry) 

Kitchen end devices 

Inclusion Sensor4 Detects motion 

(entry) 

Kitchen end devices 

Inclusion Kitchen end devices Sensor5 Detects motion 

(exit) 

Condition Kitchen end devices Sensor5 Detects motion 

(exit) 

Condition Sensor4 Send sensed data Kitchen end devices 

Condition Kitchen end devices Hub1 Receive data from 

server and send command 

 

Nesting of end devices in kitchen is performed by grouping similar events. Kitchen end devices 

is the parent event of the sub-events Light Bulb3 Receive command & execute and Heater3 

Receive command & execute. 

Ø Two Response connections; from Sensor4 Detects motion (entry) to Light Bulb3 

Receive command & execute, and Sensor4 Detects motion (entry) to Heater3 Receive 
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command & execute have been converted to one Response connection; Sensor4 Detects 

motion (entry) to Kitchen end devices. 

Ø Two Inclusion connections; from Sensor4 Detects motion (entry) to Light Bulb3 

Receive command & execute, and Sensor4 Detects motion (entry) to Heater3 Receive 

command & execute have been converted to single Inclusion connection; Sensor4 

Detects motion (entry) to Kitchen end devices. 

Ø Two Inclusion connections; from Light Bulb3 Receive command & execute to Sensor5 

Detects motion (exit), and Heater3 Receive command & execute to Sensor5 Detects 

motion (exit) have been converted to single Inclusion connection; from Kitchen end 

devices to Sensor5 Detects motion (exit). 

Ø Two Condition connections; from Light Bulb3 Receive command & execute to Sensor5 

Detects motion (exit), and Heater3 Receive command & execute to Sensor5 Detects 

motion (exit) have been converted to one Condition connection; Kitchen end devices to 

Sensor5 Detects motion (exit). 

Ø Two Condition connections; from Sensor4 Send sensed data to Light Bulb3 Receive 

command & execute and Sensor4 Send sensed data to Heater3 Receive command & 

execute have been converted to one Condition connection; from Sensor4 Send sensed 

data to Kitchen end devices. 

Ø Two Condition connections; from Hub1 Receive data from server and send command 

to Light Bulb3 Receive command & execute, and Hub1 Receive data from server and 

send command to Heater3 Receive command & execute have been converted to one 

Condition connection; Hub1 Receive data from server and send command to Kitchen 

end devices. 
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Figure 24 Kitchen end devices; out layer big box representing parent event and boxes inside 
the big box representing nested events. 

Combining nesting 

Because of nesting, events and connections that were not easy to understand becomes more 

comprehensive. Combining the nested events into the DCR graph will simplify the graph. The 

DCR graph after combining nesting is presented in Figure 25. 
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Figure 25 4th stage: Combining nesting 
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5.1.5  5th stage: Adding Milestone 
Two milestones have been put in the DCR graph modeling of smart home process as listed 

below. 

Ø Sensor1 Detects motion (entry) acts as the milestone for super event Person1 getting 

notified. As the event Sensor1 Detects motion (entry) is already included and response 

for the event Person1 Enter Home, another pending event Person1 getting notified that 

is included should be blocked until the earlier event is executed. This is where 

milestones have been used by replacing the earlier Response connection.  

Ø Again, Sensor1 Detects motion (entry) acts as the milestone for super event Living room 

end devices. As the event Sensor1 Detects motion (entry) is already included and 

response for the event Person1 Enter Home, another pending event Living room end 

devices that is included should be blocked until the earlier event is executed. This is 

where milestones have been used again by replacing the earlier Response connection. 



	 65	

 
Figure 26 5th stage: adding milestone; purple arrow representing milestone from (line starting 
point without arrow head and diamond sign) event to (line endpoint with arrow head and 
diamond sign) event 
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5.1.6  6th stage: Example run 
Now, four possible distinctive goals can be achieved which can also be considered as example 

runs. They are combinations of the processes and events that were mentioned earlier in 

modeling. All the example runs are assumed to be initiated from starting point i.e. by entering 

home first. In some cases, some task need to overlap other task as well for e.g. to go to bathroom 

or kitchen, person must go to living room first. 

A. Enter Living room (or Home) and exit. 

This completion of this task requires the combination of following events to be executed.  

1. Lights turn on when person enters home 

2. HomeMode is activated. 

3. Person leaves home. 

4. AwayMode is activated. 

 

(Details on the events above have not been provided here. It is because, the details are already 

listed and explained in Section 4.4 Processes and events) 
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Figure 27 6th stage 1st example run where person enters home and leave home 
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B. Go to Bathroom and leave home. 

1. Lights turn on when person enters home. 

2. HomeMode is activated. 

3. Person enters to bathroom. 

4. Person leaves bathroom 

5. Person leaves home. 

6. AwayMode is activated. 
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Figure 28 6th stage 2nd example run where person enters to bathroom and leave home 
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C. Go to Kitchen and leave home. 

1. Lights turn on when person enters home. 

2. HomeMode is activated. 

3. Person enters to kitchen. 

4. Person leaves kitchen. 

5. Person leaves home. 

6. AwayMode is activated. 
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Figure 29 6th stage 3rd example run where person enters kitchen and leave home 
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D. Go to Bathroom and Kitchen and then leave home. 

1. Lights turn on when person enters home. 

2. HomeMode is activated. 

3. Person enters to bathroom. 

4. Person leaves bathroom. 

5. Person enters to kitchen. 

6. Person leaves kitchen. 

7. Person leaves home. 

8. AwayMode is activated. 
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Figure 30 6th stage 4th example run where person enters bathroom and then kitchen, and leave 
home 

 



	74	

6 Discussion & Reflections 
Contributions and limitations of the thesis along with comparison of DCR graph with BPMN 

will be presented in this chapter. Personal experience and reflections on the thesis will be 

mentioned next. 

6.1 Discussion 
The aim of this thesis was to see how particular IoT processes (smart home process) can be 

transformed into an event-based process model. DCR graph was the language for modeling. 

Different tasks were created and divided into events and connections. Modeling of these task, 

then, was performed using DCR graph. Step-by-step modeling of the smart home processes 

yield the final model based on DCR graph. 

The main finding of this thesis is the final process model consisting DCR graph elements such 

as events, roles and connection etc. Final model also demonstrates some of the limitation of 

work which are mentioned in the topic below. 

6.1.1 Contribution of the thesis 
To the developers / BPM providers:  

Although this work was based specifically on Smart home processes using the DCR graph as 

a modeling language, the result should be generalization in other areas of IoT and BPM. Final 

model produced consist of events and roles, as shown in Figure 26, which is why modeling 

any process based on Smart home or IoT will be lot easier. This is why, primary communication 

between devices being modelled will be similar even in other processes. Similarly, Figure 15 

and Figure 16 details the connection between events using Conditions and Responses, which 

pinpoint the general constraint need to be added while modeling. Constraints being modelled 

are also applicable in modeling languages, which require adding controls or rules in different 

activities.  

To the end users: 

As can be seen by comparing Figure 19 and Figure 26, the concept of milestone and nesting 

in DCR graph helps to reduce the complexity of the model and increase the coherence. The 

model was comprehensive to the end user after adding milestones and nesting the events. 

Addition of any events, rules or any rules (condition, response, inclusion, exclusion, etc.) was 

straightforward. Addition of a box (representing event and role) and an arrow (representing 

connection between events) let anyone, such as end user or developer, modify the model 

without knowing much about the programming languages and coding.  
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6.1.2 Limitation of the thesis 
It is undeniable to accept that the thesis consists some limitations. The most important 

limitation lies in the modeling of presumed server architecture, as presented in Figure 13. 

Calculation and record keeping inside the processor of server, is responsible for limiting 

modeling. Despite the fact that the presumed server architecture could not be modelled, I 

believe this work could be the springboard for modeling the event-based processes and 

workflows. 

Despite the fact that there could be a lot of processes for modeling, this work was based on 

processes of smart home. As a result, the work was confined in modeling of workflows 

/processes in a context of small area of IoT (i.e. smart home). Use of resources such as sensors, 

hubs, end devices, etc. that are based on Z-wave technology only, frontier the testing capability 

of modeling tool. Applying processes that are based on other technologies such as ZigBee, Wi-

Fi, or Bluetooth, etc. could have put more lights on the modeling perspective. 

Performed example run of basic tasks, as illustrated in Section 5.1.6 6th stage: Examples run, 

repetition of similar task which were mandatory to include, produced no further insights. 

6.1.3 Comparing DCR graph with BPMN 
Although BPMN is a good tool to explain the business workflow, it lacks simplicity in adding 

business rules or constraints. Changes in a business constraint affect entire business workflow 

which is why it is not easy to update rules and regulations of organization that actually should 

be updated and changed time-to-time. Thus, this makes BPMN process to be less handy and 

prone to errors. But in case of DCR graph, addition of business constraints to business process 

is not difficult. Due to dynamic inclusion and exclusion features of DCR graph, addition 

/removal of unnecessary activities will not affect other activities. Hence, changes and updates 

necessary can be performed at desired time intervals without disturbing entire business 

workflow. 

Furthermore, end-user support is another thing that BPMN lacks. As the processes do not have 

much support to be modified, the end-user modification is almost excluded. Also, the process 

description is not easily understandable by end-user easily. But with DCR graph, end-user 

modification is equally simple as developer modifications. In DCR graph modeling, employees 

define business compliance rules and constraint which are then simulated to make workflow 

more logical to the real world. 
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6.2 Personal Reflection 
Personal learning in various aspects throughout this thesis work made me find this section, 

where I share my thoughts and experiences. 

Undeniably, it was a great opportunity for me to learn using (completely new and advanced) 

DCR graph language and explore it´s potential for modeling processes of new smart home 

technology. Being in the thesis requirements, I need to learn about smart home process related 

technologies and finding a way to model it using the tools decided (i.e. DCR graph). Coming 

from general programming language background, I knew from the start that, modeling would 

be bit different but interesting.  

Spending eighteen months on this work, which includes three months extension than 

predefined timeline, certainly, was not easy for me. But I do not regret spending time on this 

work. I was worried about finding the literature about the DCR graph and smart home at the 

beginning. It was because, the technology and tool being relatively new. But with the help of 

my respective supervisor (Christian Johansen), I learnt to find relevant literature and implement 

the ideas to my work. Although it might not be appropriate to mention this here, I must respect 

and thank my supervisor for his intellectuals that helped me overcome my academic obstacles 

specially during those initial phases. 

CPS lab (Cyber Physical System) being under construction, I along with my colleague had to 

think about the devices we might need for lab testing. It did not take long after we request the 

device, thanks to IFI and my supervisor. The real problem arrived when I had to create a 

network connection for the process simulation inside CPS lab. Due to security related issues 

with Ethernet connection, it was not possible to create simulated scenario inside the lab. So, I 

took the devices to my home, with the permission from my supervisor, and tested it. I had to 

cancel the plan to make an informative video that is supposed to be explaining the basic concept 

of smart home scenario and modeling. It was due to under constructing CPS lab, and mostly, 

lack of adequate time. 

I was able to simulate the process and events to some extents and started modeling on the base 

of it. I used online tool from Exformatics (http://www.dcrgraphs.net) for modeling, which was 

pretty straightforward to use. Although complexity increases as I tried to add more rules inside 

the process. Although the graph still some improvements, I learnt a lot about process modeling 

using this tool.  

After spending more 18 months for this research, not only I learnt about academic related to 

my work but also improved my academic writing skills. 
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7 Conclusion 
This thesis is about modeling the recent trends in event-based business process using the tools 

that is suitable for it. An event-based process scenario in smart home was modeled using the 

DCR graph. Focus was on the common activities that are more frequent in terms of occurrence 

inside the smart home. The communication between the devices inside the smart home scenario 

was modelled. Similarly, presence of human factor and how external element affects the 

working mechanism of devices was also modelled. 

A server architecture of a smart home processes was successfully designed and created. 

Complexity of server architecture was increased as assumption about the functionalities a smart 

home should contain increases. This results in the events which were complex and could not 

be modelled using the DCR graph.  

The processor of the server architecture consists of tasks and activities that could not model 

using the DCR graph. Most of the events created and will be created while doing calculation 

and comparison inside the processor of the server are beyond the modeling capabilities of DCR 

graph. In spite of events occurrence that cannot be modeled with DCR graph in the processor, 

events related to taking input and giving output were not difficult to model with the tool. 

Similarly, events generated by the processor that is responsible for keeping records looks easier 

to model from the outside. The probable events it will generate, are beyond the modeling 

capabilities of DCR graph. Other than the server, modelling of the events related to basic 

communication among devices itself including human factors was successfully conducted. So, 

the server was concluded as the source of producing current and probable events that cannot 

modelled, or at least hard to model, using the DCR graph modeling language. 

Some of the issues and difficulties have been found while modeling the chosen smart home 

process. As the entry motion and exit motion acts differently in activating /deactivating 

devices, two different events had to be created for the motion detection; one for entry motion 

detection and another for exit motion detection. Additionally, general understanding is that, 

events related to sensor are supposed to be nested together. The ambiguity is obvious, as the 

events are generated and related to the sensor itself, the events and connection between them 

should have been common. Thus, nesting that had been made do not match with the real-life 

scenario. Last but not least, another aspect of practical scenario that had to be neglected is, 

from my own experience, the accidental acts of user. It is obvious that sometimes user do no 

perform the task as planned. Unintentional and random events created by unpredictable human 

nature are limiting the full testing capabilities of modeling tool. If these events could not be 
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tested then conclusion cannot be made about whether the events could have been modelled or 

not. 

Conclusion about the modeling language being used is that, the tool it provided is still needed 

to be improved in some area. Such as, when events are executed, the next iteration to the same 

event is shown as executed already. This will not be the same in practical scenario. The devices 

being used are capable of functioning as long as they are turned on. Coherently, the events 

related to them should also be capable of running the iteration when certain task is completed. 

This mean, when event is executed, the event cannot be stated as the in same event for the 

entire life cycle. This applies specially in the scenario where certain devices such as server 

which are responsible for performing different task simultaneously. Although, use of four basic 

connection elements (condition, response, include, and exclude) to define process constraint is 

a landmark of DCR graph´s simplicity, addition of connection elements to define other business 

process constraints will definitely enhances the graphs capability to represent workflow more 

extensively.  
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8 Future Work 
I would like to take more real-life processes and activities and model them using the DCR 

graph language in future. Processes from different business workflows such as Hospital, 

Manufacturing company would be more exciting to model. It would be a good idea to see if 

final model produced earlier could fit, or a part of it, in any of above mentioned business 

workflow. 

Modeling tool that is suitable enough to model the server architecture could be another future 

works to look for. This will also generate an opportunity to test whether different modeling 

tools can be combined together in similar processes.   

The prospect of being able to model smart home process that is based on Z-wave technology, 

servers as a continuous stimulus for modeling the similar processes that are based on other 

technologies, such as ZigBee, Wi-Fi, Bluetooth, etc. 
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