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Overview

Why model? 3. ABCof ABM
* The Modeling Cycle * The agent
. The family of simulation modeling e Common concepts
* System Dynamics 4. SDvs. ABM
* Dynamic Systems * Comparison
* Discrete Event * Prosand cons
e Agent Based e Example models
e Hybrid 5. Modern methods
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Modeling: what and why?

The Model The Optimized Model

The Problem The Solution
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Modeling: what and why?

A modelis a simplified representation of the reality

* Why model? The reality is too complex to study!
— Problem solving under constraints: time, information, money, etc.
— Not all variables are of equal importance to the researcher

— Reflect the ‘implicit” assumptions, rules, and strategies we use to solve problems
‘explicit” in the model

* Modeling is so cool, it’s like a computer game! “Let us modelélw&ystem

first and think about the problems we want to anS\ge“’()T
pO*t
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Change, add,
validate method

Source: U. Berger

The Modeling Cycle

Assemble
hypotheses

Communicate

the model

Formulate the
question
Y s o Patterns !
e
Analyze the
model
Implement the

model

Chose model
structure

5/32

Choose modeling
method
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http://www-compsci.swan.ac.uk/~csulrich/index.html

Modeling Approach

The Model Analytical The Optimized Model
Y=g "

Simulation

The Problem The Solution

1. Try to solve the problem analytically
2. Try using experimental methods
3. Try using computer simulated numerical models

Source: A. Borshchev 6/32 Manar % JlD_D
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http://www2.econ.iastate.edu/tesfatsi/systemdyndiscreteeventabmcompared.borshchevfilippov04.pdf

The family of simulation modeling

Individuat-Centric

Continous .

.
ll—.-l_l_‘—-—

Discrete
Disaggregated

Source: AnylLogic 7/32 Manaf % Jlau;Dﬁ
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http://www.anylogic.com/multimethod-modeling

The family of simulation modeling

High Abstraction A ¥ regates, Global Causal Dependencies, Feedback Dynamics, ...

Less Details = = :
Macro Level Q Marketplace & Competition Q Population Dynamics
Strategic Level Q Ecosystem
Q Manpower & Personnel & ealth Ecoramics )
Q R&D Project Management
Abstgggﬁ Q Waste Management Q Traffic Macro Models
Medium Details Q Supply Chain Q Transportation QO Asset Management
Meso Level : :
Tactical Level Q (Call Center Q Electrical Power Grid
Q Emergency Department
. Q Factory Floor =~ Q Warehouse
Low Abslraction Q Traffic Micro Models
More Details Q Pedestrian Movement
Micro Level
Operational ° ComPUter Hardware Q Automotive Control SyStem
P32 A Individual objects, exact sizes, distances, velocities, timings, ...

Source: A. Borshchev
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http://www2.econ.iastate.edu/tesfatsi/systemdyndiscreteeventabmcompared.borshchevfilippov04.pdf

System Dynamics

“System dynamics is a perspective
and set of conceptual tools that

Adoption

[atoeed Rate o Mathematical Model
[ﬂow]v df Potentil Adipters ik = enable us to understand the structure
Adopters - Adoption Rate and dynamics of complex systems.
() i \_) d("j;g;‘;’g;ﬁ’; System dynamics is also a rigorous
Total pe——— modeling method that enables us to
Adoption Adoption * Populatlon e o : : :
Adoption from Advertising + build formal computer simulations of
+ from (B/‘ from Adoption From Word of Mouth | t d th t

mplex ms an m
Advertising Word of Mouth Adoption | . vion from Advertising = co -p €X systems a ' use B € o
+ \\ o ~__~ Fraction Advertising Effectiveness * design more effective policies and

Advertising Potential Adopters L.
: Contact organizations. Together, these tools
Effectiveness ; -

Rate Adoption from Word of Mouth .

Contact Rate * Adoption Fraction * allow us to create management flight
Potential Adopters * Adopters . :

, o \ simulators-microworlds where space

S Stocks, Flows and Their Causal Relationships / Total Population j , P
Structure as Interacting Feedback Loops and time can be compressed and

slowed so we can experience the

long-term side effects of decisions,
» Top-down approach .
speed learning,  develop  our

» Aggregate view, strong explanatory power — reflect mental models understanding of complex systems
 Uses stock, flows, loops and delays to represent the real world and design structures and strategies
* Widely applied in (but not limited to) managerial and policy studies for greater success.”

Source: A. Borshchev, Anylogic 9/32 Manar JlD_D
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http://www2.econ.iastate.edu/tesfatsi/systemdyndiscreteeventabmcompared.borshchevfilippov04.pdf
http://www.anylogic.com/system-dynamics

Dynamic System

“Dynamical systems theory is an
[constant] [integrator] y y y

Gravity Velocity Mathematical Model ) area : of mathema.tlcs used  to
-9.81 > > _ , describe the behavior of complex
d( Velocity )/dt = - Gravity
. B . dynamical systems, usually by
:lf 1 > 1[ Pos:tlon A Roritioniat=Yelocky employing differential equations or
[initial condition] S = %812(1 :C ‘:;"'"':'f ;;ooaf’"d Velocity <0) difference equations. This theory
[15] [integraion 4 4 -/ deals with the long-term qualitative
i behavior of dynamical systems, and
the studies of the solutions to the
/ [gain] equations of motion of systems
-0.8 [« that are primarily mechanical in
i Blocks (Integrator, Gain, Delay ...) _ -
Elasticity D Block Diagram with Feedback Loops nature; although this includes both

planetary orbits as well as the
behavior of electronic circuits and
the solutions to partial differential
equations that arise in biology.

* Used in electrical, mechanical, chemical and other engineering disciplines
* Variables have direct ‘physical’ meaning

* State variables linked by algebraic differential equations Much of modern research is
* More accurate but also more complex than SD focused on the study of chaotic
* Think of it as an “exact” SD approach systems.”

Source: A. Borshchev, Wikipedia 10/32 Manar % JlD_D
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http://www2.econ.iastate.edu/tesfatsi/systemdyndiscreteeventabmcompared.borshchevfilippov04.pdf
http://en.wikipedia.org/wiki/Dynamical_systems_theory

Discrete Event

- P PP In discrete-event simulation, the

[decision] [process] : .

[source] [sink] operation of a system s
Customers Need to T;Iler lines | o o Customers | represented as a chronological
Arrive see teller ISDe:rIV:'lCCe) Exit sequence of events. Each event
occurs at an instant in time and

us \ marks a change of state in the

decision , system. For example, if an elevator

[queue+delay] [ ] " i Tellors .V N P i

o U s is simulated, an event cou e

S | == Need "level 6 butt d", with th

L ATM | addtn. help 0000 eve utton pressed’, wi e

I[[I]O : [resource] resulting system state of "lift

T ' moving" and eventually (unless

one chooses to simulate the

D Entities and Resources (Passive Objects) failure of the lift) "lift at level 6"
Flowchart Blocks (Queues, Delays, etc.) drive the model

» Based on the concept of entities, resources and block charts describing
entity flow and resource sharing

* Passive entities

* The focus is on the ‘processes’ not the ‘agents’

Source: A. Borshchev, Anylogic, Wikipedia
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http://www2.econ.iastate.edu/tesfatsi/systemdyndiscreteeventabmcompared.borshchevfilippov04.pdf
http://www.anylogic.com/discrete-event-simulation
http://en.wikipedia.org/wiki/Discrete_event_simulation

Agent Based

“Agent Based Modeling (also sometimes
related to the term multi-agent system) is
an essentially decentralized, individual-
centric (as opposed to system level)
approach to model design. When designing
an agent based model the modeler
identifies the active entities, the agents
(which can be people, companies, projects,
assets, vehicles, cities, animals, ships,
products, etc.), defines their behavior (main
drivers, reactions, memory, states, ...), puts

Environment

@ AB Individual objects with local behavior rules drive the model ~ them in a certain environment, establishes
o g Objects interact with each other and environment connections, and runs the simulation. The
global behavior then emerges as a result of

e Bottom-up approach interactions of many individual behaviors. It
* Consist of agents that are autonomous, pro-active, reactive, Comb:”es elements of game theory,
spatial aware, able to learn and have social abilities, that ‘live’ in compiex SySte”_]S' emersence,
computational  sociology, = multi-agent

an environment and are driven by behavior rules defined by
‘state charts’

Source: A. Borshchev, Anylogic 12/32 Manar JlD_D
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http://www2.econ.iastate.edu/tesfatsi/systemdyndiscreteeventabmcompared.borshchevfilippov04.pdf
http://www.anylogic.com/agent-based-modeling

Multimethod approach — Hybrid models

S D Synchronous Agent
Rate
e® ' -
¢ Stgck 1\ .: X - . .Stogk B P N Time step (dt)
000090 00 %0% 0| | Decision
: I (depends on Rate)
Decision Rules :

Delay (depends on :
Rate and may change)

Think of stocks as if they contain discrete items.
Each stock becomes a state of agent’s statechart.
Transitions between states are governed by rates.

* Many problems can be models using both SD and ABM
* |tis possible to ‘re-conceptualize’ an SD model into ABM
 ABM allows us sometimes to refine the model and make it more ‘realistic’ and ‘useful’

Source: A. Borshchev 13/32 Manaf JlD_D
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http://www2.econ.iastate.edu/tesfatsi/systemdyndiscreteeventabmcompared.borshchevfilippov04.pdf

| Environment I

Initial :

ABC of ABM

.............

------

Final

* Building block: Agent

Simple State
Control is always located in one of the simple
states. States have Entry and Exit actions

Transition
Can be triggered by an external or internal
event, condition or timeout. Has Action

Composite State
A group of states with common behavior

History Pseudo State
Denotes last visited state in the composite state

- Branch Pseudo State

Specifies conditional branching of transitions

14732 Masdar 3 )20 o
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ABC of ABM




Common concepts in ABM

* Emergence: from chaos comes order!

— ABMs with few or no emergent outcomes tend to be less
useful (and less interesting!)

— However, don’t try to ‘impose’ emergence. Instead, look
for the adaptation rules that might lead to it.

e Adaptation: what decisions do agents make?

— Direct objective seeking: decisions maximize explicit
estimates of an agent’s future condition

— Indirect objective seeking: agents are given rules that
mimic observed behavior, which are presumably
contribute to their objectives

16/32 Masdar & a0 o
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Common concepts in ABM

* Interaction: local NOT global interaction

— Direct interaction: (example: wolf-sheep interaction in the
predator-prey model)

— Indirect interaction: through the environment
(competition between sheep for grass)

* Sensing: what information do agents have?

— Is it realistic to assume that the agent knows a certain
piece of information? Under what conditions?

— What is the effect of this “partial knowledge”?

17732 Masdar & a0 o
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Game of Life

 The Game of Life, is a cellular automaton devised by the British mathematician John Horton Conway in 1970.

* 2 simple rules lead to emergence of unpredictable, complex patterns

.(\>€Qo\ OC’L t=10 t=1 t=2
.  — If off you turn on if 3 neighbors on
| If on stay on if 2 or 3 neighbors on

3

o [o] A

=

t=3 t=4

Source: Scott E. Page 18/32 Manar % J:.D_D
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https://class.coursera.org/modelthinking/class/index

Game of Life

The Game of Life

Click on a cell to toggle its status

19,32 Masdar 2’0 o
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http://www.runthemodel.com/models/run.php?popup=1&id=174

SD vs. ABM: Bass Diffusion model
A SD AB

Adopters A Delay: :
: exponential Signal Event:
4+ .
@1 \RD Total Advertising “Good stuff - Buy it!”
Adoption Adoption 2/ Population Effackvaoaas
+ from from -
Advertising (B4 Word of Mouth = Adoption
+\\ —— + + ~e__~ Fraction
vertising ;
Effectiveness CoRr;ttzct Delay'

exponential( Contact Rate * Adoption Fraction )
To Random Agent: “Good stuff - Buy it!"
100 Agents Simulation Results (AnyLogic™)

1004
w-
SD Simulation Results (AnyLogic™) 601
10000 1 i
20-

o 1]

6000 1 0051152253354455556657758859
4000+ 10,000 Agents Simulation Results (AnyLogic'")
20001

10000 =T T
e Potentia\\' ‘.»"Addpter's

60001 Adopters %/
4000 + }1‘

,1
2000 L
_r‘/-f
L] L] L] L)

0 A ) L 1
0 1 2 3 4 ) 6 7 g 9

0
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SD vs. ABM: Bass Diffusion model

Agent’s local variable
. Time Purchased

AB

Delay:
exponential ( Advertising Effectiveness )

Time Purchased = Now

Influence vs Adopter
Time since purchase

Potential
Adopter

Signal Event:
“Good stuff - Buy it!"

Time Purchased = Now

0.03

| | Delay:
0.02 T l H exponential( Contact Rate * Influence( Now — Time Purchased ) )
0.01 1 } ' 1' ------ To Random Agent: “Good stuff - Buy it!"

10,000 Agents Simulation Results (AnyLogic™)

10000 -

8000 - o
Potential
60001 Adopters

4000 - < -
20001 /
0

21/32

Masdar 3 )2 0 o

INSTITUTE



SD vs. ABM: SIR model

= statechart

Percent of Susceptible, Infectious and Recoveread population

ﬂ color -
: A B -
. Infection
D:'"D 1 T :_ 1 [ 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
% : : : . . . : . . .
10 20 30 40 a0 =1 70 =11 a0 100
Susceptible B Infectious B Recovered Recavery

Save results and Finish

Stock & Flow Diagram of the System Dynamics Model

Susceptible InfectionRate  Infectious RecoveryRate Recovered
ﬁ

O————%——[

Yoo
/ \\

i,
% AveragellinessDuration

TotalPopulation

Infectivity @ InfectiousDS

ContactRate D
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SD vs. ABM: Predator-Prey model

~ - ~  SD
Nafarl?ty—\\ A/\ o SD Simulation Results (AnyLogic ™)
Hare ] ]
o = N
Births " ‘\' e o) I }f \ ,I/ - j: |
Ly Density g\ 11 »/, ."\ ]
vy NS, SN SNl LA A
L

Wx Area 0 I + Ll Ls L) .l' Ll L) L) I 1 L} ¥
| 0 5110 15 20 125 30 35 40 45 S0 55 60
Lynx ‘

L_Y“X %o Hares oo Lynx * 10
Births Deaths
Lynx Mortality
d( Hares )/dt = Hare Births — Hare Deaths  d{ Lynx )/dt = Lynx Births — Lynx Deaths 0.6
Hare Births = Hares * Hare Natality Lynx Births = Lynx * Lynx Natality 04
Hare Deaths = Hare Density * Lynx Lynx Deaths = Lynx * 0.2

Lynx Mortality( Hare Density
Hare Density = Hares / Area ynx Mortality( Hare Density )

Assumptions:

0 50 100 150

— Prey population have unlimited resources and die only when eaten
— Predators only die because of starvation and prey is their only source of food

— Predators can consume infinite number of prey
— No environmental complexity (homogeneity)

2332 Masdar 3 a0 o
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SD vs. ABM: Predator-Prey model

Hare:

Variable: Cyclic Timer:

. Location (R Births

exponential ( Hare Natality )

Delay:
Hare Life Expectancy

Signal Event:
“| ate you!"

If local density allows, Dead

create new Hare nearby.

Lynx:

Variable:

. Location

Cyclic Timer:

CR Births

exponential ( Lynx Natality )

Create new Lynx at the
same location.

Delete this agent

@
PORICE < . Delay:
Move to a Lynx Hunting Period
new location Found a Hare in the

- neighborhood (probabilistic)

To the Hare: "I ate you!”
J [resets this transition:]

|

Delay: Delay ,,,,,,,,,,,,, AP AN AT COAYEITE
Lynx Life Expectancy Lynx Hunger Death Threshold

Dead
Delete this agent

<< Animation and

Simulation Results (AnyLogic™):

AB

By using ABM,
some of these
assumptions
can be avoided!
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Which approach to use when?

* No ‘clear-cut’ answer exists. It depends on your objective and expected ‘resolution’.

)

* Agent based models are often harder to develop, verify, validate and document,
need more computational power to simulate and their results are more difficult to

interpret.

 Why bother? Remember: sometimes our objective is to (describe the behavior,
variability and the interactions among organisms, not merely the quantity of

whole populations).

System Dynamics Agent-Based
Modeling
Perspective Top-down Bottom-up
Main Building Causal loops Agent entities
block
Unit of Analysis | System structure Rules of agent behavior
Level of Aggregate system Individual agent behavior
Modeling behavior
System Pre-determined Evolvable
Structure
Source: S. Sgouridis Time Handling | Continuous Continuous or discrete

25132 Masdar § a0 o
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https://5c9aa59d-a-62cb3a1a-s-sites.googlegroups.com/site/ssgouridis/library/Theses-and-Reports/SgouridisDissertation0831v3.pdf?attachauth=ANoY7coHrHry-Xak6qm9mjHB7mkcpq5LYSZrTeIuoQbp5yygm6LVht4v8oGwvEVC4RY44d3xvWx4dn80R2ix3ztdeIV_bdDKm213tapM_ZilO6dNWukhuJYTykpN-X1spziwhlqxxNb3Nnr7Ao5pLO5Y-a1QEcyhWDFxKFsEugAp8DhyAKlITD7itZTsH-M5cYykLNZya1yGgReQqM6-Lzvfwei1ZICtm0fxIjsDEAclVCIYf9yZDyw670vCUWRYIsZXpOy9Ze3YQLv0uc_PzYsMJCk_KjQB-w==&attredirects=0

When to choose ABM?

When you have discrete, identifiable and
decentralized agents

When the agents are different or the
environment is heterogeneous

When interaction between agents is local

When agents are adaptive (and adapt their
adaptation rules)

When individual behaviors (and destiny) matters
When agents have spatial presence




Some applications of ABM

Complex Markets (stock, commodity, power, etc.)
Epidemiology

Social networks

Supply chain management

Ecological systems

Biology and evolution

Politics and war simulation




Modern methods

. . . \\
Modern simulation environment allows for W
creation of hybrid models and overcome the | mc;am,s..ga,,., -
limitations of the individual methods f g V0

System-dynamics implemented in object-oriented
programming languages (such as JAVA) allows for
creation of Object Oriented System Dynamics
models and gives birth to the concept of
“Dynamic System Dynamics”.

The model structure is not necessary rigid
anymore — can be controlled programmatically, it
can expand and shrink!

A complete SD model can be used as an Agent in
an ABM model.
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Multimethod Hybrid Model

System Dynamics Model of

Product Diffusion
Supply

|

Agent Based Model of
Supply Chain

Demand

System Dynamics
Maodel of Manufacturing




Multimethod Hybrid Model

The Three Modeling Methods Work Together: Consumer Market and Supply Chain Model

Show description >>
Agent based model of consumer market
System dynamics model of decision
Discrete event model of supply chain making inside agents

oy-oo :> )
e <

’ Run the model E

B bt

This Any Logic™ hodel is @ XJ Technologies www.anylogic.com
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Conclusion ?!

e ABM is another tool in your toolkit as a Systems Engineer

Experiment with other modeling
approaches and use the one
that fits best for or a
combination of them — smartly!

Challenge model boundaries and
resolution and usual thinking by
creating hybrid models!




Other useful resources

e MIT System Dynamics self-study course

*  MIT System Dynamics 1 course

*  MIT System Dynamics 2 course

 MIT Agent-Based Modeling course

« MIT Agent-Based Modeling course —AnyLogic version

* TU Delft Agent-based Modeling course

*  MIT Dynamic Systems 1 course

*  MIT Dynamic Systems 2 course

e University of Michigan Model Thinking course on Coursera

* runthemodel.com — AnylLogic’s proprietary online simulation model repository

e Forio Simulate — Cross-platform online simulation model repository

This presentation is based on “Agent Based Modeling — An Overview” by Ahmed Saif, Masdar Institute, 2010 and

“From System Dynamics and Discrete Event to Practical Agent Based Modeling: Reasons, Techniques, Tools” by
Andrei Borshchev & Alexei Filippov, XJ Technologies & St. Petersburg Technical University, 2004
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http://ocw.mit.edu/courses/sloan-school-of-management/15-988-system-dynamics-self-study-fall-1998-spring-1999/
http://ocw.mit.edu/courses/sloan-school-of-management/15-874-system-dynamics-for-business-policy-fall-2003/
http://ocw.mit.edu/courses/sloan-school-of-management/15-872-system-dynamics-ii-fall-2010/
http://www.cs.usask.ca/faculty/ndo885/Classes/MIT15879/Lectures.html
http://www.anylogic.com/mit-course-on-abm
http://ocw.tudelft.nl/courses/tpm-minors-and-electives/agent-based-modeling-of-complex-adaptive-systems-basic/course-home/
http://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-241j-dynamic-systems-and-control-spring-2011/
http://ocw.mit.edu/courses/electrical-engineering-and-computer-science/6-243j-dynamics-of-nonlinear-systems-fall-2003/
https://class.coursera.org/modelthinking/class/index
http://runthemodel.com/
https://forio.com/simulate/showcase/

