
Accepted Manuscript

Title: An Agent-based Model for Quantitatively Analyzing and
Predicting the Complex Behavior of Emergency Departments

Author: Zhengchun Liu Dolores Rexachs Francisco Epelde
Emilio Luque

PII: S1877-7503(17)30011-X
DOI: http://dx.doi.org/doi:10.1016/j.jocs.2017.05.015
Reference: JOCS 684

To appear in:

Received date: 4-1-2017
Revised date: 24-4-2017
Accepted date: 10-5-2017

Please cite this article as: Zhengchun Liu, Dolores Rexachs, Francisco Epelde, Emilio
Luque, An Agent-based Model for Quantitatively Analyzing and Predicting the
Complex Behavior of Emergency Departments, <![CDATA[Journal of Computational
Science]]> (2017), http://dx.doi.org/10.1016/j.jocs.2017.05.015

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.jocs.2017.05.015
http://dx.doi.org/10.1016/j.jocs.2017.05.015


Page 1 of 27

Acc
ep

te
d 

M
an

us
cr

ip
t

Journal of XXX xx (2017) 1–24

Journal

Logo

An Agent-based Model for Quantitatively Analyzing and Predicting
the Complex Behavior of Emergency Departments

Zhengchun Liua,∗, Dolores Rexachsa, Francisco Epeldeb, Emilio Luquea,∗

aComputer Architecture & Operating Systems, University Autonoma of Barcelona (UAB), Spain
bShort Stay Unit, Hospital Universitari Parc Taulı́, E-08208 Sabadell, Barcelona, Spain

Abstract

Hospital based emergency departments (EDs) are highly integrated service units devoted primarily to handling the needs of patients
arriving without prior appointment, and with uncertain conditions. In this context, analysis and management of patient flows play a
key role in developing policies and decisions for overall performance improvement. However, patient flows in EDs are considered
to be very complex because of the different pathways patients may take and the inherent uncertainty and variability of healthcare
processes. The agent-based model provides a flexible platform for studying ED operations, as it predicts the system-level behavior
from individual level interactions. In this way, policies such as staffing can be changed and the effect on system performance,
such as waiting times and throughput, can be quantified. The overall goal of this study is to develop tools to better understand the
complexity, evaluate policy and improve efficiencies of ED units. The main contribution of this paper includes: an agent-based
model of ED, a flexible atomic data monitoring layer for agent state tracing, and a master/worker based framework for efficiently
executing the model and analyzing simulation data. The presented model has been calibrated to imitate a real ED in Spain, the
simulation results have proven the feasibility of using agent-based model to study ED system.
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1. Introduction and related work

1.1. Introduction and motivation

Nowadays, many of the healthcare systems are large, dynamic, complex environments, especially Emergency

Departments (EDs). These EDs serve as the primary gateway to the acute healthcare system. They are struggling

to provide care to a steadily increasing number of unscheduled visits [1]. In recent years, EDs are suffering from

increasing stress due to a remarkable growth in demand, limited productivity, and reduced budgets which mostly lead

to overcrowding in EDs [2]. As a consequence, patient congestion and long waiting times in EDs are one of the most

common problems in public hospitals [3]. Moreover, patients expect that services are well organized from a customer
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