








 

 

 

 

 

 

  

  

  

  

  

  

  

  

  
  
  
  

  

  

  

  
  
  
  

  
  
  
  



  

  

  

  

  

  

  
  
  
  
  

  

  

  

  
  
  
  
  
  
  
  

  
  
  
  
  

  

  

  

  

  
  
  

  
  
  

  

  



  
  

  
  
  

  

  

  

  
  
  
  

  

  

  

  

  

  

  

  

  
  
  
  

  

  

  

  

 

 



  
  
  
  
  
  
  
  
  

  
  
 

 
  
  
  
  
  
  
  
  



  
  
  
 

 
  
  
  
  
  

  
  
  
  
  
  
  
  



























Input Data Real-Time 
Simulation Output Data

Feedback 

Initial/Current state
Historical Data
Process flow

Reports on near-future system 
performance

Reports on results of scenario runs





























Arti-
cle Source Country Scope 

Type of 
 simu-
lation 

Real-time 
imple-
menta-

tion 

Effec-
tive  

in DM 

Patient 
wait time 

 issue 

Actual  
hospi-

tal  

Simula-
tion 
 tool 

Data 
collection 

Model  
V & V 

[4] IEEE Germany OR N/A No Yes Yes Yes Arena 1 Partial-
ly 

[5] IEEE Portugal OR DES  No No  Yes Yes Arena 1 No 
[1] IEEE - ER DES No Yes Yes No Arena None N/A 

[17] IEEE UK ED DES No No Yes Yes DGHPSim 3 N/A 
[46] IEEE Japan OD DES No Yes Yes Yes Arena 2 Yes 

[28] IEEE US ED N/A No No Yes Yes Arena 1 Partial-
ly 

[24] IEEE US ED DES No Yes Yes Yes Arena 1 Yes 
[16] IEEE US ED DES No Yes Yes Yes Arena 3 Yes 
[27] IEEE UK Theatre DES No Yes Yes Yes Arena 2 Yes 

[15] IEEE Sweden ED and 
RD N/A No Yes Yes Yes N/A 2 N/A 

[42] IEEE UK OD DES No Yes Yes Yes Arena 0 N/A 

[42] IEEE Taiwan ED DES No No Yes Yes simul8 N/A Yes 

[36] IEEE Brazil Surgery 
Room N/A No Yes No Yes ProModel 3 Yes 

[37] IEEE - ED Agent 
based No Yes Yes No Jsim None No 

[47] IEEE Hong 
Kong AED DES No Yes Yes Yes Arena 3 Yes 

[12] IEEE Iran ED N/A No Yes Yes Yes Arena 1 Yes 

[14] IEEE Belgium Hospi-
tal DES No Yes Yes Yes Arena 1 N/A 

[45] IEEE Japan OD DES No Yes Yes Yes Arena 2 Yes 

[29] IEEE Israel ED N/A Yes Yes Yes Yes Arena 3 Yes 

[26] Spring
erLink USA ICU DES No Yes Yes Yes Process-

Model 3 Yes 

[44] Spring
erLink Ireland Hospi-

tal N/A No Yes Yes Yes simul8 3 N/A 

[23] Spring
erLink UK Hospi-

tal N/A No Yes Yes Yes Arena 3 N/A 

[38] Spring
erLink Canada OD DES No Yes Yes Yes Arena 1 Yes 

[34] Spring
erLink Sweden OR DES No Yes Yes Yes N/A 1 Yes 

[11] Spring
erLink USA Hospi-

tal N/A No Yes Yes Yes Arena 3 Yes 

[13] Spring
erLink Australia Hospi-

tal N/A No Yes Yes Yes Extend 0 N/A 

[41] ACM USA Phar-
macy N/A No Yes No No AutoMod 1 No 

[25] ACM N/A ED-IU DES No Yes Yes Yes N/A N/A N/A 

[18] ACM UK Hospi-
tal DES No No Yes Yes 

Micro 
Saint 
sharp 

3 Yes 

[20] ACM Norway ED DES No Yes Yes Yes Flexsim 1 Yes 

[3] ACM N/A Health-
care N/A No Yes Yes No N/A None N/A 

[35] ACM USA ED DES No No Yes No N/A None N/A 

[48] ACM N/A Health-
care 

All 
types No No No No No None No 

[40] ACM USA Hospi-
tal N/A No Yes No Yes Arena 1 Yes 

[10] ACM N/A ER DES No Yes Yes No Arena None N/A 































Creating a 
Simulation 

Model

Data 
Collection

Simulation 
Setup

Constructing a 
Conceptual 

Model

Model 
Validation & 
Verification

Output 
Analysis

Running Base 
Case & What-

if Scenarios

Data Input

Define 
Problem

Making 
Decisions

Taking Actions

Phase 1: Creation

Phase 2 : Execution



Data 
Input

Running Base 
Case & What-

if Scenarios

Output 
Analysis

Data 
Collection

Taking Actions

Making 
Decisions























Discharge

Cardialogy Ward

Test Labratories Cardiac 
Catheterization Lab

Consultation

Admission

Triage

ED



Business Process Management
(IBM Websphere BPM / Lombardi)

Simulator 
(Arena)

Real-Time Location System
(Ekahau)

Complex Event Processing
(IBM Business Events)

Patient Flow Monitoring (PFM)
Real-Time Analytics

(Internal)

Hospital Information Systems
Meditech, PulseCheck, 

MegaCare, Lab IS, Carillon IS…

Tags/Badges

Web Portal / 
Decision Support System

RTLS Map
(Ekahau)

Historical Performance 
Reporting

(IBM Cognos BI)

Messaging + HL7 support 
(IBM Message Broker)

Business Process Management
(IBM Websphere BPM / Lombardi)

Simulator
(Arena)

Web Portal /
Decision Support System





Business Process 
Model

Si
m

pl
ifi

ca
tio

n
1- Remove Data 
Structure, 
implementation Elements 
2- Remove System Pool
3- Remove messages
4- Flatten

Mapping Guidelines

Intermediate Model

1- Statistical Data
2- Resource Information
3- Probabilities
4-Additional Modules  

Co
nv

er
si

on

Simulation Model





Remove 
System Pool

Keep the Rest 
of the pools

Remove 
Implementati
on Elements

Business Process Model

Intermediate Model

Flatten











Lane to Resource





Start Node to Create Module End Node to. Discard Module





Intermediate Model

Activating Real-
Time Simulation

Activity to Create 
Module  

Activity to 
Process Module 

Gateway to 
Decide 
Module

Add Attributes 
and Measure 

Statistics

Arena Model
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Clinical 
Process 

Entire 
Process 

Load 
Initial 
State 

Bypass 
Warm-

up 

Run 
length 

Replication 
Number 

Fixed  
Scenarios 

Implement 
scenarios 

Validate 
Model 

1 Marmor 
et al. [29] Yes No No No 8 Hrs 100 Yes/2 No Yes 

2 Rozinat 
et al. [39] No Yes Yes Yes 2 Wks 50 No/4 No No 

3 This 
thesis Yes Yes Yes Yes 8 Hrs Automated No/13 No Yes 









Article / 
Source Country Scope 

Type 
of 

 simu-
lation 

Real-
time 

imple-
menta-

tion 

Effec-
tive  

in DM 

Patient 
wait time 

 issue 

Actual  
hospi-

tal  

Simula-
tion 
 tool 

Data 
collec-

tion 

Model  
V & V 

This thesis   Canada ED & 
CW DES Yes Yes Yes Yes Arena 2 Partial-

ly 
















