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ABSTRACT 

Healthcare organizations are facing huge daily challenges which led them trying to give the best solutions 

in order to manage their resources and deliver a best quality of services. Business Process Modeling 

(BPM) is defined as the activity of representing processes of an organization, and it is frequently used by 

enterprises in industry. The recent adoption of BPM in healthcare organizations is dealing with the 

development of performance indicators in this domain to help healthcare providers structuring the 

interaction of information between systems and people. Moreover, there are a lot of available methods 

and tools for BPM that afford different manners to simulate models. Nevertheless in these process 

models, the resource handling is frequently missing or it is defined in a simplistic way. In consequence, 

the coupling of organizational and population models with process models for more global simulation has 

not been deeply investigated yet in the healthcare domain. In this paper, we present the application of 

BPM in healthcare sector, using the BPMN standard notation, coupled with a multi-dimensional agent 

based model (ABM) of multidimensional organizational network of resources and geographical 

positioned population on a territory. It is illustrated in the case of emergency department patient care. The 

objective is to propose a method that propose to model both population and patient healthcare processes. 

Then the models simulate a healthcare BPM connected to an ABM both implemented into a discrete event 

(DEVS) unified simulation, in order to prove the interest of simulation for the evaluation of performance 

in healthcare and the study of dynamic behavior of business processes coupled to population and 

allocation of health resources. 

Keywords: Healthcare organizations, quality services, Workflow, Distributed Simulation, performance.  

1 INTRODUCTION 

Healthcare system is known as a set of organizations, institutions, resources and people whose primary 

goal is to improve health services quality. This system has four components: request of care, offer of care, 

funding and piloting. Healthcare environment is characterized as a very dynamic work environment, in 

which clinicians rapidly switch between work activities and tasks. The process is partially planned, but at 

the same time driven by events and availability of resources (Dahl, Sørby, and Nytrø 2004; Clancy, 

Effken, and Pesut 2008). The dynamism and complexity of this environment led to the adoption of 

process oriented approaches and enterprise modeling to the management of organizational operations.  
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Recently, business process management (BPM) has become to be considered a key valuable asset in the 

healthcare domain (Kannry 2006). It is increasingly adopted by healthcare organizations because it helps 

improving healthcare processes by taking into account the increasing complexity in patient treatment and 

the continuous reduction of available resources (Antonacci et al. 2016).Various modeling languages have 

been developed to cover different aspects of Business processes and organizations. In this context, the 

Business Process Modeling and Notation (BPMN) standardized by the Object Group Management 

(OMG) plays a pivotal role. BPMN enables modeling problems on an abstract level and facilitate 

execution and re-usage and supports communication between domain experts and computer scientist 

(García-Rojo, Blobel, and Laurinavicius 2012). Its adoption in healthcare organizations help to facilitate 

the management of complex hospitals, otherwise it can be a good tool for improving the healthcare 

service quality by providing models in an explicit way and understandable for all participants. 

Nevertheless the resource management is not integrated in BPMN representation only roles are described 

while at simulation time the identification and allocation of resources is essential. 

In this respect the use of modeling and simulation approach can be considered important for healthcare 

processes, it helps and supports the decision making process, reduces cost that can occurs in the case 

wrong decisions haven’t been anticipated and as final objective provides a good quality of services. The 

use of this technique in healthcare management has founded to be promising for the improvement of the 

outcome and efficiency of care, because they allow to identify and test different potential service designs 

through quantitative evidence-informed analysis, which takes into account quality and safety issues, as 

well as the cost impact (Kelton 1996). Thus, we want to illustrate the use and application of modeling and 

simulation for modeling and analyzing healthcare processes in the case of emergency department (ED). 

The remainder of this paper is structured as follows: first a state of art of relevant contributions is 

presented, and then we justify our motivation. Section 3 provides conceptual models and overview about 

the methodology. We discuss our modeling and simulation model for ED and report our results in section 

4. Finally, conclusions and plans for future work are presented in Section 5. 

2 RELATED WORK 

Modeling and simulation in healthcare sector is thriving. Since data analysis alone cannot give insight 

into healthcare systems that are rapidly evolving into complex and dynamic systems of system (Gehlot, 

Matthew, and Sloane 2016). 

Many researchers argued the effectiveness of Modelling and Simulation in healthcare departments, such 

as: emergency departments, operating suits, nursing units, ambulatory patient care and ancillary services. 

Discrete event simulation (DES), system dynamics (SD) and agent-based simulation (ABS) are the main 

three approaches used when simulating healthcare systems (Jain et al. 2011). Agent based simulation is 

being early used in healthcare for studying the disease epidemic, which is considered as one of the main 

health problem leading to massive death. In order to well analyze the situation mathematical modelling 

techniques have been qualified as efficient for studying infectious diseases such as flu and others to 

predict their spreading and anticipate decisions about public health. These models help to identify 

precaution gaps and predict the outcome of the epidemic. In this case simulation ultimately helps to save 

lives. Whether ABS is little used in emergency departments compared to DES and SD, it proved a high 

utility for evaluating workflow and assessing patient diversion policies (Jain et al. 2011). We found many 

examples in the literature which provide simulation tools for improving quality services and reducing cost 

planning in emergency department. Through system dynamics (SD) applications in healthcare are not as 

common as DES (S. Brailsford and Harper 2008). They have a long history in the analysis of complex 

problems. Healthcare organizations began to use SD for the purpose of improving performance in 

emergency department. In (Royston et al. 1999),the initial aim was to expose the structure of the UK 

healthcare system by considering the interactions among its different parts.  
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In DES; entities such as objects that have attributes, experience events, consume resources, and enter 

queues, over time, have characteristics which determine their pathway through the network as the same 

way as patients have individual characteristics which determine their pathway through the hospital system 

(S. C. Brailsford 2007). In the same context, authors in (Norouzzadeh et al. 2015) show how modelling 

and simulation of internal medicine practice process can help on decision making. The results of 

simulation, based principally on patient waiting time were able to give an idea about improving resources 

utilization. Another example is given by Gűnal and Pidd in (Gehlot, Matthew, and Sloane 2016), which 

describes a DES model of the process flow of patients, that represents the multitasking behavior of 

medical staff (doctors and nurses), the only issue is that the ignorance of other possible factors like: 

doctors’ interactions with patients, other medical staff and their working environment lead to incomplete 

consideration of the problem (Jain et al. 2011). 

According to (S. C. Brailsford 2007) healthcare organizations can be hugely complex and therefore 

require a modelling approach capable of dealing effectively with complexity. The reason behind the use 

of BPMN is to provide for healthcare management people a standardized description which allows 

representing the system in a graphical way. The adoption of BPMN as a workflow in healthcare 

organizations can help facilitate the management of complex hospital process and improve the quality of 

healthcare as well. It is argued that healthcare processes are highly complex, but the uses of BPMN can 

reduce their complexity by providing a simplified understandable representation of the system. It gives a 

simplified overview of the behavior of the system and different resources which are contributing on the 

achievement of the process. Moreover, in BPMN process both human and non-human resources are 

typically considered available for executing required tasks. Though, one of the main challenges in 

healthcare organizations is resource management, so to overcome this limitation agent based modeling 

(ABM) is a suitable paradigm for simulating and modeling healthcare systems and applications where 

resources, data, control and services are widely distributed. Agent based modeling (ABM) has recently 

been used for a variety of applications. It offers various types of agents, models of their behavior and 

characteristics, through a range of architectures and components libraries. It represents objects and 

populations at an elemental or individualistic level which reflects behaviors of those objects through 

space and time. These models operate from the bottom up and sometimes generate emergent spatial and 

temporal patterns at more aggregate levels. 

In the present work we propose a new architecture that overcomes some limitations linked to BPMN 

modeling in healthcare sector. First, we give an overview about the architecture, then we study its 

feasibility in the case of emergency department (ED). For this, we propose a BPMN model of a patient 

pathway in ED which is quite simple but can represent from a high level description realistic case in 

France. This BPMN model has been created using using a BPMN editor then transformed into DEVS 

model according to (Bazoun et al. 2016) works. The chosen editor is SLMToolBox, a software tool 

developed by in the frame of European FP7 MSEE project. The SLMToolBox is used by enterprises 

willing to develop a new service or improve an existing one, within a single enterprise or a virtual 

manufacturing enterprise. It is used at the stage of “requirement” and “design” of the service engineering 

process.  

Discrete Event system Specification (DEVS) (Zeigler, Praehofer, and Kim 2000) is a formalism for 

modeling Discrete Events Systems. The hierarchical and modular structure of DEVS allows defining 

multiple models that are coupled to work together in a single and model by connecting their input and 

output through messages (Wainer 2009). In the same way, the resulting model can also be coupled with 

others models defining multiple layers in the hierarchical structure. In DEVS, atomic models define the 

behavior of the system, and coupled models describe the structure of the system. VLE (Virtual Laboratory 

Environment) software (Quesnel, Duboz, and Ramat 2009) implements DEVS and supports multi-

modeling, simulation and analysis. 
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On the whole, literature has shown modeling and simulation to be an effective tool used to improve the 

process and/or outcomes of healthcare systems (Norouzzadeh et al. 2015). It allows identifying and 

testing different potential service designs through quantitative evidence-informed analysis, which takes 

into account quality and safety issues, as well as the cost impact (Antonacci et al. 2016). However, the big 

challenge is still to choose the adequate simulation system according to healthcare indicators to follow.  

3 CONTRIBUTIONS 

According to section 2 we propose a new architecture that overcomes the different limitations regarding 

modelling and simulation in healthcare organizations.  

3.1 Healthcare Modeling and Simulation architecture: 

The proposed architecture has been initiated to be applied to a population subset of the “Nouvelle 

Aquitaine” region in southwest of France. On the one side, the population has been extracted from an 

open data source. On the other side, a healthcare resources database, available for french research 

institutes containing information about healthcare networks has been exploited to spot the selected 

resources in the chosen region. Interactions between the concerned population are described through 

BPMN diagram. In this context and in order to ensure interoperability between existing work in (Bazoun 

et al. 2016) and our architecture, we propose the reuse of a specific xml file that is generated by 

SLMToolBox and which provides the component of the BPMN diagram, this file is then transformed into 

DEVS model thanks to VLE. As recalled previously BPMN describes a process in a static way, so in 

order to take into account the dynamism of resources we propose to model relation between agents in a 

dynamic multilayer network structure. For this reason, we propose a mapping between pools in BPMN 

and layers in network architecture, each layer describes a level of connection between different resources. 

This method allows us the integration of different relationships between actors in BPMN that are 

represented with a Node in network representation. The DEVS diagram is then used for simulation. Final 

results would be compared to those estimated by experts in the beginning, with that we aim to improve by 

our architecture in order that it covers the various existing situations or structures in healthcare 

organizations thanks to BPMN and DEVS based modelling and simulation. We draw an overview about 

our architecture in Figure 1; next we will describe the health system in France. 

      Figure 1: Architecture for healthcare modeling and simulation 
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3.2 Healthcare structure in France: 

The French healthcare system is one universal social protection largely financed by government national 

health insurance. In its 2000 assessment of world health care systems, the World Health 

Organization found that France provided the “best health care” in the world. Otherwise, the system has 

two components which are: health care and health insurance. Health care is organized according two 

sectors: the primary health sector which deals with general health problems and the hospital sector.  

Except in the emergency that requires the hospital, French patient usually goes to family doctor, also 

called “generalist practitioner” or “referring doctor” and who redirects the patient to a specialist, hospital, 

or an approved health professional. French patients are completely free to use any doctor or hospital they 

wish. They may also, in some cases, go directly to a specialist either outside or within a hospital. They 

can choose public or private care by taking into account numerous factors including courtesy, length of 

appointment, waiting times, cost (in private domain), cleanliness, catering and privacy. 

Emergency department is the hospital service in charge of welcoming and taking care of the sick and 

wounded who present themselves or are brought by the emergency services (ambulance...). In some 

hospitals, there are specialized emergencies (maternity, psychiatry, cardiology...), Patients arrive in 

emergency departments without an appointment and sometimes at the same time (eg after a road 

accident), also they have to follow a lot of instructions which makes emergencies a very complex system. 

 

Figure 2: Healthcare organization in France 

3.3 Methodology: 

As healthcare processes are complex to manage and simulate, we propose here different steps followed   

for modeling and simulation. The objective at the end is to give the possibility to professional of 

healthcare to define the model by himself. So we have chosen a category of model that can be used by 

non-specialist of M&S. 
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Figure 3: Block diagram for modeling healthcare systems 
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The architecture in figure 2 is divided as below: 

Pre-Simulation: we define a conceptual model of emergency department (ED) using BPMN. BPMN is 

created using MSTB, each pool of BPMN describes a participant in the ED workflow; flow between 

pools describes different links between agents. 

Simulation: The process starts by transforming the BPMN model of ED to a formal model. Each agent is 

specified as an atomic model. BPMN model is then specified as a coupled DEVS model. DEVS is used 

for simulation which is run using VLE. 

Post-Simulation: we use R to process the results. R is a programming language for statistical computing 

and graphics. RStudio is used to visualize the simulation results and to conduct analysis.  

4 EMERGENCY DEPARTEMENT DEFINITION AND SIMULATION 

An emergency department (ED) is a clinical unit to treat patients with urgent need of medical care (Smith 

1999). It provides care for life-threatening and other emergency cases over 24 hours daily, 7 days a week. 

Therefore, such departments are highly frequented by patients and this frequency is continuously 

increasing (Weng et al. 2011). As a result, the performance of emergency departments faces recurrent 

problems such as overcrowding and congestion. These problems lead to negative effects such as 

decreased physician productivity, miscommunication between working staff, ambulance diversions (Paul, 

Reddy, and DeFlitch 2010), and dissatisfaction of patients who may sometimes leave without treatment 

(Saghafian et al. 2012). Moreover, it leads to high levels of stress, violence, decreased morals among ED 

staff, increased medical errors, higher mortality rates and high staff turnovers (Kuo, Leung, and Graham 

2012). For these reasons, modeling and simulation can be useful to overcome such problems.  

4.1 Emergency Department workflow: 

In order to apply the architecture described in the previous section, here we present a case study based on 

a workflow of patient pathway in ED. In this case, agents are specified in terms of a set of roles they play, 

in our case we have defined the following roles: 

1. Patient (P): Person who seeks for health care. 

2. General Practitioner (G): A family doctor, General Physician 

3. Emergency Practitioner (EP): Medical Doctor or Nurse who assesses the patient’s medical 

problems, and affects patient to the available doctor. 

4. Medical Specialist (MS): Doctor who is responsible of taking care of patient, providing 

prescriptions and defining whether a radiology assistance is required or not. 

5. Radiologist (R): Physician who adds value to the health care system by generating and 

interpreting diagnostic images. 

Figure 4 illustrates thanks to BPMN model the different steps followed by a patient received at an ED. 

This figure identifies also the decision tasks (Orange tasks T1 T2 T3 in figure 4) that are connected to the 

ABM social network model. 

The ABM represents the different organizational structures (Geography, Hospital Organizational 

Structure and Network, etc.). 
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Figure 4: BPMN model for ED Process Workflow  

In an ED, patient's’ care may depend not only on going to the nearest hospital, also arriving at the ED, it 

requires an appropriate allocation of human and material resources in order to increase its effectiveness 

and efficiency which led to reduce the patient waiting time. 

Nevertheless, management and availability of resources is not represented in BPMN as reported in 

(D’Ambrogio and Zacharewicz 2016). in that objective, we propose to model the resource allocation 

triggered by BPMN diagram as multiplex social networks in which agents interact through multiple 

interaction channels (layers). For this, the organizational DEVS models network used to implement agent 

models has been reusing the DEVS network structure defined in (Bouanan et al. 2016). For the purpose of 

this paper specific DEVS network classes have been built using VLE. 

A representation of a simplified patient resource allocation has been represented as DEVS based layered 

network as described in Figure 5. In the following the case of patient 0 (P0) is detailed. We can observe 

the patient is involved in 3 different networks layers that are graphically represented in grey. 

● Figure 5 (1) represents the network constituted by family doctors and hospitals connected to 

patients according to distance criteria defined at the setting of the model. We assume that every 

single patient is connected to one (G) and one or several (H). 

● Figure 5 (2) represents the organizational network of the Hospital. 

● Figure 5 (3) represent a kind of “yellow page” service, it means that the patient will find specific  

resources (Medical Specialist and Radiologist) in this network according to their proximity, their 

reputation (positive opinion of the resource according to social networks information) and the 

cost (public or private medical services may differ on the additional cost that can exist). 
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                 Figure 5: Sketch of the DEVS Model Organizational Architecture 

Overall, once a patient is affected by a health related issue. He launches an internal process (a pool of the 

BPMN process). He chooses one General Practitioner (G) or one Hospital (H) among the ones that are 

connected to him in proximity network (1). The choice can be based on the shorter distance or the 

availability. In the case of emergency department, the patient chooses H that creates a new connection 

with patient, emergency practitioners (EP0 and EP1), Medical Specialist (MS0 and MS1) and its internal 

radiologist R. In that case the search for the appropriate MS and EP is triggered in the ABM network 

according to their availability, number of patients, working time and the state of patient. After the 

examination MS may propose a radiology exam to his patient, generally the internal center. In parallel, 

the patient can search himself other alternatives based on specific criteria. Criteria can be distance from 

the patient’s home, price (with agreement so fully covered or in part covered), reputation etc. the third 

layer (3) describes the connection between the patient and the chosen radiologist.  

 4.2 Discussion: 

In order to study the feasibility of the architecture, we have implemented a simple case coupling the 

approach proposed by (Bouanan et al. 2016) with BPMN to DEVS (Bazoun et al. 2014). This approach 

has been based on the Model Driven Engineering (MDE) approach to transform automatically a network 

configuration into DEVS network. It implements a GraphLoader tool that instantiates DS-DEVS models 

from networks (graphs) by using nodes and links properties.  DS-DEVS is used for dynamic structure of 

DEVS and it preserves all the properties of DEVS (modularity and hierarchical decomposition). Also, we 

have proposed to study the case of a single patient who is connected in the initial state to all MSs and EPs 

available in the ED and destroying the connection with the radiologist. We study this simple case at first 

by taking into account only the availability criteria function. 
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                 Figure 6: Simulation results of active resources 

Figure 6 (layer 1) shows connections between patient P0, a Family Doctor (G) and the hospital (H), both 

two last depicted in color in the picture. In the described case, during the first Orange task (T1) of the 

BPMN model, the patient has selected regarding some emergency criterias the ED of H instead of G. 

Then, in Figure (layer 2), H that is connected to a set of resources (colorer in layer 2) has solicited an EP 

and a MS among its its connections at the time the BPMN model is reaching the dedicated task (T2). The 

result shows that MS1 and EP0 have been activated (among MS0 and EP2) and affected to take care of 

the patient based on their accessibility and availability. Then according to the following of the BPMN 

process, the search for a radiologist has been triggered in T3. One radiologist has been recommended and 

directly solicited by H (R2) in Figure 6 (layer 2) and two (R0 and R1) have been solicited directly by the 

patient in Figure 6 (layer 2). According to multi criterias evaluation (including distance from patient 

home, availability, cost and positive opinion), the radiologist R1 has been chosen by the patient thanks to 

the computing the previously enounced criteria. 

At the end, in this illustration, the simulation has permitted to identify and select resources to support the 

execution of the BPMN model. In detail, green agents represent all resources that have been serving 

patient P0 while blue agents that represents all solicited but unavailable or not selected resources for P0. 

5 CONCLUSIONS 

This paper presents a novel architecture based on business process and multidimensional network for 

modeling in healthcare sector. It uses BPMN to define the patient pathway process now connected with 

an ABM network. It defines and run the search for resources and their allocation based on a multi-layer 

different healthcare stakeholders networks exploration. The objective has been to study the impact of 

dynamic allocation of participant actors in BPMN healthcare pathways. 
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The proposed architecture has been evaluated for an Emergency Department in this paper, whose 

organizational complexity and dynamic nature can make them difficult to characterize. The simulation of 

the search for available resources in social networks to take care of the patient according to specific 

criterias is promising. In the study case we have taken into consideration a reduced set of criterias to 

select the resources including: proximity from patient, availability, random given price and opinion. 

These criterias have been used to evaluate different solutions such balancing resources recommended by 

the hospital regarding patient own choice for instance.  

As future work, the proposed solution will progressively integrate more real data from ED effective 

practices, as well as more demographic information of patients and staff, budget constraints. The BPMN 

pathway model will be confronted to specialist to become more robust, such as integrating possible 

situations and problems that can face the patient. the final goal will consist in giving the user the control 

on the BPMN model and on the resource networks description. It will permit observing thanks to 

simulation a territory regarding its capacity to handle population health issues. This question is crucial 

especially in the context of low population density zone and rural medicine (deserts in terms of medical 

care are a preoccupation in Europe these days).  
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