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What is systems engineering?
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Simple                                                            Complex

Industrial and Systems Engineering

1. Methods-based 2. Model-based

PDSA

Lean

Six Sigma
a. Computer 
simulation

c. Mathematical 
optimization

b. Probability and 
stochastic modelsetc etc

3.
User-centered design

Human factors
Socio-technical systems

One of most 
common 

quantitative IE 
methods
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Type of model Description Example(s)

Monte Carlo 

models

Randomness & complex logic, but no 

time dependencies

Gambling games

Statistical analysis

Discrete event 

models (DES)

System state changes at discrete points 

in time due to arrivals, departures, & 

other process logic

Manufacturing flow

Queuing models

Cellular automata 

models

Adjacency transitions (from 1 cell or 

geographic area to another)

Population growth

Disease spread (flu)

Continuous (CES) 

& mixed discrete-

continuous

System state is continuously changing 

(mixed models have discrete & 

continuous changes)

Oil refinery, inputs & 

withdrawals

Sauna temperature

System dynamics 

models (aka CES)

System interactions represented as 

continually changing relationships

Economy, money 

flows, policy studies

Agent based 

models

Entities in system act independently (as 

óagentsô) based on current system state
Human behavior

Types of simulation models

Quality and Productivity Lab Northeastern University, 2009
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What is a modelé?
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ÅAn artificial representation of the real world

ÅPerhaps idealized, simplified; hopefully useful

ά!ƭƭ ƳƻŘŜƭǎ ŀǊŜ ǿǊƻƴƎΣ ǎƻƳŜ ŀǊŜ ǳǎŜŦǳƭέ
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What is a simulation?

6



Northeastern University  © 2012www.HSyE.orgHealthcare Systems Engineering Institute

Simulation basic ideas
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Process Performance 
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Model accuracy - Simulation vs real data
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Observation unit simulation

Computer model
Real system

Pediatric clinic simulation

Change in process & model
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1. LƴǾŜǎǘƛƎŀǘŜ άǿƘŀǘ ƛŦέ ǉǳŜǎǘƛƻƴǎ όŎƘŀƴƎŜ ǘŜǎǘǎύ

2. Identify improvement opportunities

3. Identify critical process parameters

4. Optimize processes

5. Initial off-line starting conditions to fine-tune 
in practice

6. Demonstrate general process design concepts

7. Convince others of idea(s)

How is simulation used?

9
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Basic terminology
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ÅEntitiesςthings that flow 
through the model
- Patients, records, info, etc

ÅResourcesςthings that 
ŜƴǘƛǘƛŜǎ ƻŎŎǳǇȅ όΨǎŜƛȊŜΩύ 
- Patients, records, info, etc

ÅAttributes ςfeatures of 
entities
- Age, gender, acuity, # prior 
ǊŜŀŘƳƛǘǎΣ ƴŜǿκŜǎǘŀōƭƛǎƘŜŘΣΧ

Queue, seize, delay, release
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A simple patient flow model
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Patients

Check In

Receptionist

Prep for 

Provider

Medical Assistants

Provider

Provider

.2

Provider

.3

Provider

.4

Exam 

1A & 1B

Exam 

2A & 2B

Exam 
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Exam 

4A & 4B
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Example: Outpatient clinic flow
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Process Logic Analysis Results & Accuracy

Benneyan, 1997, An introduction to using computer simulation in healthcare, JrlSociety Health Systems, 5(3):1-15.

1
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Importance of replications
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Observation Unit Capacity Model
όŜǾŜǊȅ Řŀȅ ƛǎ ŘƛŦŦŜǊŜƴǘΧύ

(Click here to run)
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