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Modeling

Analytical
The model The optimized model

Y = f(x)

W Simulation
iterations m

World of Models

Real World
EMS @@?

The Problem Too expensive or The Solution

impossible
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Abstraction Levels and Approaches

e UPRRICTIINY W\ gregates, global feedback dynamics, ..

Less Details
Macro Level
Strategic Level 0 R&D Project Management O Ecosystem
0 Manpower & Personnel J Health Economics
Q Supply Chain
Middle Abstraction 0 Waste Management Q Traffic / Highways
Average Details 0 Transportation

Meso Level Q Electrical Power Grid

) 0 Computer Network
Tactical Level

Q Emergency Department Q Call center
O Warehouse _
Q Factory Floor Q Traffic / Crossroads
Low Abstraction O Pedestrian Movement
More Details
Micro Level

Individual objects, exact sizes, distances, velocities, timings, ...

Operational Level Y
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Abstraction Levels and Approaches

High Abstraction
Less Details
Macro Level

Strategic Level

Middle Abstraction
Average Details
Meso Level
Tactical Level

Low Abstraction
More Details
Micro Level
Operational Level

A

Aggregates, global feedback dynamics, ...

Agent Based
(AB)

Active objects
Individual
Behavior Rules
Direct or Indirect
Interaction
Environment
Models

System Dynamics (SD)
Levels (aggregates)
Stock & Flow Diagrams
Feedback Loops

Individual objects, exact sizes, distances, velocities, timings, ...
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System Dynamics

« Stocks, flows and their causal relationships.
Structure as interacting feedback loops

Potential
Adopters

Adoption
Rate
\/

> Adopters

&

+ from

Adoption

Advertising

+ ‘\
Advertising

Effectiveness

AN

&

% © 2004 XJ Technologies www.xjtek.com

Total

@ Population
Adoption J;/
from Word
of Mouth )
\r\ Adoption
+

Fraction
Contact

Rate

Bass Diffusion model in VenSim



Dynamic Systems

* Blocks (Integrator, Delay, Galin, ...).
Block diagram with feedbacks
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“Discrete Event”

* Entities and Resources (passive objects).
Flowchart blocks (Delay, Q, etc.) drive the model

h B
Teller /
— .~ Exit bank

Lines T ,\

Customers
arrive

N
/ Service
» at kiosk
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entity

Bank Kiosk model in Arena
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Agent Based

« Agents. Individual behavior rules.|Decentralized.

Communication with each other and environment

E ........................................... Agents

Beha\-/ior ii? ii? ii? % Environment
(Gridoearng) % % % -

)/ A

---------------------------------------------
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Examples

e UPRRICTIINY W\ gregates, global feedback dynamics, ..
Less Details

Macro Level
Strategic Level

Ecosystem

Competition in Paper Pulp Market

Alcohol Use Dynamics

Middle Abstraction
Average Details
Meso Level

L emergeney eparment |

Pedestrian Movement |

Adaptive Supply Chain

Low Abstraction
More Details
Micro Level
Operational Level

Y Individual objects, exact sizes, distances, velocities, timings, ...
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Correspondence Between SD and AB
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SD'AB

Potential
Adopter

“Buy it!”
Effectiveness y

exponential( Advertizing )
A

y A 4

Adopter

exponential( Contact Rate * Adoption Fraction )

<random agent>."Buy it!”

annn 4 Potential Adopters

Adopters

10,000 agents
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Correspondence Between DE and AB

DE

Request
resource

. \ . Y (Wait Resource)
Arrival Y Service
4
Resource
N
granted
I
» Delay —< Exit l (In Service)
I
I Finished
I

—_——_ e e e S Release

resource

Delete this agent
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Capturing More with AB Model

Normal process
—> Emergency process
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this agent /:




Which Approach to Use?

 If the problem fits well into the DE or SD
modeling paradigms and allows the
corresponding abstraction —
Use traditional approaches

 If the case your system contains active objects
(people, business units, animals, vehicles, or
projects, stocks, products, etc.) with timing, event
ordering or other kind of individual behavior —
You will benefit from applying AB approach

e Consider mixing different approaches in one
model
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* You can easily vary and adjust the level of
abstraction

* You can switch from one approach to another
e YOu can mix approaches
 All that on one solid object-oriented platform
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Multi-Paradigm Model Architectures

i)

k.,O‘/

Agents (e.g. customers) interact with other agents
(staff) in a Discrete Event flowchart
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System Dynamics Sub-Models inside
discretely communicating Agents

AV
X xR
%&MZ@Z&%

Agents live in an Environment modeled in
System Dynamics way
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Thank You!

e Questions?
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