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Warning!

There are tons of literature on
agent based modeling. Most of it

Is about toy worlds like shown
here: fascinating to watch — but
not really practically useful. Y

-—

g fechnologies © 2002-2005 XJ Technologies www.xjtek.com



Modeling from different perspectives

System Dynamics Perspective Discrete Event Perspective
Key aggregate variables, Processes: sequence of
Global feedbacks operations, resources
0 K

Y

Individual parameters
and state variables,
Personal decisions

RERER

Agent Based Perspective
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From SD to AB: model of diffusion

Potential
Adopters

SD'AB

Adopters

Let us consider how an AB
model of product (or innovation)
diffusion can be built on the
basis of an SD model
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First step: disaggregate

Potential
Adopters

Adopters

Imagine stocks are not
tanks with liquid but boxes
with discrete items

SD'AB
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Think In terms of States...

|
SD 'AB -
. i Potential
ES@%?E?S' Adopters I Adopter
: |
|

Now look at the dynamics from
. e . . : Adopt
an individual item viewpoint —
you will distinguish between the
two states

J

-—

g fechnologies © 2002-2005 XJ Technologies www.xjtek.com



...and transitions

o SD 'AB

Potential v >

Adopters I\

: Advertizing
+ exponential .
Q @) P (Effectlveness)
\ 4
L Adoption ( Adopter )

Potential
Adopter

Adopters

Advertising Adoption from Ad is a
' N transition happening with
Hoevoned: a (stochastic) timeout
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Use direct interaction between agents

Potential
Adopters

Adoption

Rate

Adopters

-—

V >
JAN
Q @ + +
Adoption
+ from
Advertising @
+ +
Advertising

Effectiveness

SD'AB

Potential
Adopter

®
Adoption

from Word
of Mouth

N

Total exponential Advertizing “Buy it!”
Population Effectiveness
+ \ 4 \ 4
/ Adopter

\ Adoption
Fraction

Contact exponential( Contact Rate * Adoption Fraction )

Rate
<random agent>."Buy it!”

Adoption from WOM is
a) agents telling other agents “Buy it!”
b) Other agents reacting to this by
taking a transition

J
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Simulation results: few agents

+

Advertising
Effectiveness

Adoption
Rate
Potential v
2P 7 > Adopters
C) + + Total
B @ Population
+
Adoption Adoption
+ from from Word g
Advertising @ of Mouth

Fraction

1\ Adoption
+

Contact
Rate

10000 4
2000 4 Potential Adopters
Adopters
G000
4000 1
2000 1
l:l T T T T T T T 1
1] 1 2 3 4 5 G 7 g 9
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SD'AB

exponential( Advertizing

Effectiveness)
A

Potential
Adopter

“Buy it!”

y \ 4

Adopter

exponential( Contact Rate * Adoption Fraction )

<random agent>."Buy it!”

1004

a0 4 Adopters

=

100 agents
401
207
l:l I I I I I I I I I I I I I I | | 1
0051152253354 455556657 755859
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Simulation results: more agents

Potential v
Adoptets A > Adopters
@ + + Total_
@ Population
+
Adoption Adoption /
+ from from Word g
Advertising @ of Mouth \ Adoption
+ .
+ Fraction
+\
Advertising Contact
Effectiveness Rate

2000 4 Potential Adopters

Adopters
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e SD 'AB

Potential

Adopter
: Advertizing « o
exponential (E ffectiveness) Buy it!
\ 4 \ 4
Adopter

exponential( Contact Rate * Adoption Fraction )

<random agent>."Buy it!”

snnn 4 Potential Adopters

Adoters

10,000 agents

=




Capturing more with AB model

What if WOM effect of a
person depends on how
Person recent is a purchase

(adoption)?
Potential
- Adopter
Advertizing

Effectiveness) “‘Buy it!”

J

exponential (

v v

( Adopter )

exponential( Contact Rate * Adoption Fraction )

<random agent>."Buy it!”
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We can store individual information

Person

. Time Purchased

exponential (

Effectiveness)

Potential

- ( Adopter )
Advertizing

Time Purchased = Now

v v

“Buy it!”

Time Purchased = Now

Adopter

exponential( Contact Rate * Adoption Fraction( Now — Time Purchased ) )

<random agent>."Buy it!”

-
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No problem! We can
remember the time of
purchase in an agent’s
variable and let WOM

effect depend on it! )
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Same for Age — just
remember the birth date

Person
. Birth date

. Time Purchased

Potential

P Adopter
exponential vertizing “ Ay
- (Effectiveness Buy it!
Time Purchased = Now il 1 Time Purchased = Now

Adopter

exponential( Contact Rate * Adoption Fraction( Now — Time Purchased ) )

<random agent>."Buy it!”

-

g fechnologies © 2002-2005 XJ Technologies www.xjtek.com 13



We can maintain social networks

People only have a limited
number of contacts? We
Person can model any kind of
O sirth date social network!

. Time Purchased

Potential
Adopter

“Buy it!”

exponential ]
P (Effectlveness

Advertizing )

Time Purchased = Now 1 1 Time Purchased = Now

Adopter

exponential( Contact Rate * Adoption Fraction( Now — Time Purchased ) )

<one of my contacts>."Buy it!”

O Parents @) MyContacts O children
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We can model co-behaviors!

Need to model the

(changing) level of
Person education? Include another
@ Bithg Statechart concurrent to the

agent purchase behavior! )

Potential
- Adopter
Advertizing

Effectiveness) “‘Buy it!”

. Time Purchased

exponential (

Time Purchased = Now Time Purchased = Now

\ 4 \ 4

Adopter

exponential( Contact Rate * Adoption Fraction( Now — Time Purchased ) )

<one of my contacts>."Buy it!”

O Parents @) MyContacts O children

-
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Education

None

-

A 4

Elementary

!

y

HighSchool

il

A 4

Graduate

g
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Can you do that in SD? You can try...

Consider a population...
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... + Gender
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.+ Age

Male Children Female Children

Male Adult Female Adult

Male Middle Age Female Middle Age

Male Senior Female Senior
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Note that some of the
buckets are empty by

... + Education
definition...

Male Male Male Male
Adult § Adult @ Adult § Adult
EL HS H PhD
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... + Wealth

»
L

Poor 1

Rich

o
AN
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... + Has used our services within N months

Imagine we are interested
in selling a certain kind of

Services...
J
il Rinnnn i RinLannnn JiNEN RO 1NNR
1] RERREERER RNENR 1] RERRERRED AEEER END
NUNARRNEN NENRUNRER NODNEAREDE BDDMR NENNNEERN NENREENEEE EDDDD
AENNENNEE NENRUEREE NNNNANEEE NEREEEEEND NENRNENEN NER 0N NERRERNDDD
NUNENEREN NEN NN DNUNDDNNAN ERNDDENDDR NANNNNREN NER NN NEDREEDDD
NEN  UN NONRNRRED NRDEDDDDD NENNNNNEN DNORNNRNEE EEDEDDDDD
NENNNRNAN REDNDDNDD NENRNANED REDNRNNDD
ARNRREN RENRRERED AEREN RENRRANDD JiN0N B DDD HEDEDEINR
RNNRNEN RENREERDD ANNEN RRRREERNR INNER ER NEE ENEER
SUNNNNNEN NNNNDNRER DNURDDREAD DRDDDEDDDR Rlnnannnn ARRER RRENR
e NENNANREN NNNRNREED NDD NDDD LU SEREN RERRENDOR
(1] NENNNNREN NONNNANEE NER_ NDER B RO NONNNRNEN RERREENDDR
NENNNNREN NANDNREEE NRDEEDEDD i NER NEER NN NERREDEDD
RENNNANEN NEDENDEDD NEER NON NEDENDDEDD
RERNRRNER AUNEN WANNNANEN NEDREDERR B NERRNNNAN NERRNDENR
RERRNRENN L] ANNEN NRNRNRRER i NERRNRNEN RENRERRDD
NUNNNRNEN NRRRDRRDD (] L] NENNGNREN NRNRNNDDD DR @B
ANNRNEN NNNNNNREN NERDNRDND (1] NEE NORR NERRNNDDR HR. 0OD
ANNNNES NNANNNRAN NUNNNRNEN EERDDNR NAN ANEN NANNNNAEN NERREDDDR
NUNNNNNEN NONNNRRED NRRREDDDR RENRRERER EHENR Rlinannnn
NENNNRNEN HEDENDNDD i L
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... and finally:

 You may end up having more buckets in the
stock than there are people in the
region/city/country/world

* In this case agent based model will not only be
more compact and adequate, it will be even
computationally efficient

g fechnologies © 2002-2005 XJ Technologies www.xjtek.com
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Is AB a replacement for SD?

 No! There is a huge class of problems best modeled with SD
e But: there are problems best addressed with AB

 And: in many cases combined, multi-approach modeling is

the answer:
%0, 5 D< 4 System Dynamics Sub-Models inside
.vo‘, discretely communicating Agents
Application example: Supply Chain.
v\_,O,)
*z:s & ZSZX*
5 o
5. 4 z:z*kzi‘i Ry o | |
X * Agents live in an Environment modeled in

System Dynamics way
Application example: City Population
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Traditional tools: support one paradigm

Vet
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The challenge

e The increasing demand for global business
optimization have caused leading modelers to
look at AB and combined approaches to get
deeper insight into complex interdependent
processes having very different natures

—

 There is a request for platforms that would allow
for integration and efficient cooperation between
different modeling paradigms

-—
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AnyLogic

* 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

Ve
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AnyLogic example models

High Abstraction
Less Details
Macro Level

Strategic Level

Middle Abstraction
Average Details
Meso Level
Tactical Level

Low Abstraction
More Detalls
Micro Level
Operational Level

gz’ec/malaw © 2002-2005 XJ Technologies www.xjtek.com
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Aggregates, global feedback dynamics, ...

Urban Dynamics

Competition in Paper Pulp Market

Alcohol Use Dynamics

Adaptive Supply Chain

Subway station |

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

28



Lowest abstraction level: dynamic system

il cdnteliine < Design time view: differential equations
@.ﬂm (-g*sin (alphe) mutonega) /1 Run time view: charts and animation
omega 0 v

apendulum.al - AnyLogic
p yLog

© Fle Edit View Insert Draw Model Tools  Window  Help

o BHd |t LEX AL 0 o BeaFir b NI REBBRL(Rlex YEWBIiL L
A R=E R R R S S SR e
[ New Chart | [ig] Mew Chart ‘E&Animaﬁnml’enduhlm| 4/ b

- [B]x] % iNew Chast. - 1BIX] = vimation: pend... [E)E)K]

1.2

1_
0.81
0.6
0.4
0.24

0_

-0.24

0.4
0.6
0.8
_1_
e _1|2 T T T T T T T
7676.577  7878.57973.5 B80.58131.582 $383.584  8585.58586.5 §7.588 040302010 0102 0.3

M root.alpha [ root.omega M root.omega (root.alpha)

Flay... | ODE Time: 87. 150000 Step: 1 Replication: 1
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Pedestrian dynamics: Subway station

Subway Entrance Hall Model

Anylogic® Pedestrian Library Example

Lo intercity trains

[ I . = oLt [HTE*, &%\  Shop .

I - *-v' .
from intercity "“'w:. .
. '1_|__| trains ]'4 .
= =
LU put_viassenf 1 - out_via.scn == P
....“%‘E@g;g;._!—.ﬂ_)ﬁﬁﬁﬁ i — = M =
.............. e T a
.............. .‘ﬁ"]'.... ...DH#' ....:.‘*.@:Ef..snk_cm........ to line B g w_g .
.............. [T S TRy sk
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%ffﬁ-"ﬂﬁmﬁmﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ..ﬂlﬁﬁﬁﬁﬁﬁﬁﬁ i P [T .
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ"’“:'.....ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ . .g
= . . =]
from line B ". fromp line D = .,
A —— * . l;l_‘.
- . '—.'_'_I:l
-

Design time view:
chart defining pedestrian flows

from line C

This sample model is result of scientific and kechnical

. . Ru n tlme VIeW- > collabaration of ¥1 Technalogies and ATH campanies,
Inte raCtIVG pedeStrlan SI m u |atI0n The model is build on the kop of AnvLogic® Pedestrian Library,

©1992-2005 X1 Technologies {www.xjtek.com)

-—

g&c/malaw © 2002-2005 XJ Technologies www.xjtek.com 30



Discrete event. Emergency department

Current interarrival time= 123

olume [ editBax|

=
-

i

F_'_

h_1.—

-l- Em.ersencv_l?enartmsnt -

wmmy ™
o 0

i‘t'__

A DeS|gn time view: layout markup
V¥ Design time view: process flowchart

™

ysetrFsTimar entier_walkin maveToTriage o U

Qvoteme  PinteramivalTime
atientarnival IsWal |k“|
paslentirms sAmbalanceTrifge

I.—H:—u-@,,ﬂ_n_e-"n—

@aofur

ae
e
o seirsRiRnam? mav, g
| isDireghTul ﬁ ﬁ
.J_D T Cpeue by 4

network

B
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: 8
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[
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EERsom 123 048
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oo 15: 80
[
7]

i1

Ekoon ) 13
[
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na

[

E3%

i

il

]

i

1 T
BCLioom 3 814

i
DCLKom 51 0554
B b B0

183
1
Waphis, L 850
-

avrage=0.017
mac =20
Halqueue min =00
Feemagn=0.253
mae =60
Additional riormaton:
Severity percentages in neoming
flow ©
1=>0.0%
2= 4.225%
Jm> FLE21%
A w42 354
5 =3 D100
el o!pm lesng
the ED per-

temm 1743131
wdqu r/ambuisrce Mvt\!da\‘!ﬂuggd

R“. Mh‘
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e
mine 76607

avrage=113517
=208, 144

Run time view: process animation A
and statistics W

mn = £8.332
Fverage = 90.768
max = 166,315

|| Reset statsocs |
[ e
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SD+AB: Supply chain

Producer

%or ring

@ RawMaterialOnOrder

@ 5Suppliers
(O Bestsupplier

_—

Utilization

PRODUCTION

ProductionRate

@ FinishedGogds

%shipping

@ CustomerOrderBacklog

Discrete model of communication
with suppliers and customers

Ordering Threshold

Run time view: ordering pattern p>

Finished Goods Threshold

SD model of production process

< Design time view (Producer)

Adaptive Supply Chain

I this simplistic odel of 3 supply chain each producer makes same finished product from raw material supplied by anather producer, The production (madeler 35 System Dynamics
re unt o t o e th Iy, rawe materi

H
3

alls in Discrete (3nd the =nd co
A e rently preferre
ey = = ey T e
m [I [ﬂ [I |] m |] ﬂ v xjtek com @S
producer(: produ \/ producer 2 producerz-0
T ey (e ey — .
(4] Il (L] (Il 5
producerd-1 producer1-1 producerz-1 producer3-1 H o
=
=
U
ey ey =1 (s B 3
i il I 1 5

produceri-2 producerz-z produceri-z

E Producing @ 1009
: Producing @ 50%
B o raw material

) e

Legend:

i

=]
=]
=]
=l

Praducer)-3 Producert-3 Producerz-3 producers-d

Rawe material on order
Raw material inwentary

Customer order backlog
Finished goods
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Agent based: Alcohol use dynamics

> Design time view:
statechart defining individual person behavior

Run time view: control and intervened group
dynamics and financial outcome

v

Alcohol Use Dynamics: Effect of Intervention -

Two population groups of 1000 people sach are being compared: one with "natural” The interwention is simed both st preventing people fram starting using slochol and st conwincing
dynarnics of alcohal usage and addiction and anather one being intervened, The number  them ta quit, In this simple model we assume the initiation Fate of the intervened group is bwice

of newer users, recreational users, addicts and quitters is explored as well as the costs lower while the quitting rate - bwice higher, The difference in associsted healtheare costs and in the
sssocisted. Both groups start at age 0 and are simulsted until everybody dies. total number of man*years lived are displayed.

This AnyLogic (T modl is 2
Normal Group (c1 1992-200 %1 Technologies

i xftek o

# of peonle annual cost
1000 E0M
Total Cost:
750 37 $6 28M
S0 25M
Total Years:
250 1zM 559 22
0 o
o 10 20 20 0 E0 B0 0 20 a0 100 )
2 Tatal Cost Difference:

$-218M
Intervened Group [Initiation rate is made twice lower while guit rate - twice higher] Total Years Difference:

# of people annual cost 9891
1000

SoM

Tatal Cost:

$410M
j:: |::> Total Years:
65813

TEO

S0

250

a

ar
n 10 20 30 40 &0 L] 70 an 100

Legerd: [ vever user [ Recreational user [ oddice [ uiter o Cost age

-—

lechnologies © 2002-2005 XJ Technologies www.xjtek.com 33



Agent based: Competition in global market

Function body:

J/ Get root object
Model model {Model) {(Engine.getRoot{));

S/ RApply strategy to the existing company mills
for( int i=0; i<mills.size(); i++) |
Mill mill = mills.item{i);

| >

Design time view:
company strategy function

V¥V Run time view: geo based competition

visualization

Pulp Companies Competing in a Global Environment

‘ Show f Hide Description |

This AnyLaogic (TR radel is
() 1992-2005 %) Technologies
e xjlek, com

Al
il

=

if{ mill.behavicur.isStatekctive( mill.kehaviour WORKING ) |} {
if{ mill.costOfWood + mill.getProcessingCost() > price ) |
J/ Suspend unprofitable ring mill
mill.port.receive( "SUSE [
i
1 else if{ mill.kehavicur.isStatelkctive( mill.bkehavioyr . SOSFENDED 3 4 [
if{ mill.costOfWood + mill.getPFrocessingCost() < pri
/ Besume profitable suspended mill 5 g
mill.port.receiwve{ "RESUME™ ); 10 Dmpam;wtegy ety e
1 elae { 09
if i ] o0
if{ mill.technologylewvel < 4.5 ) [ s e el
// Beconstruct reconstructable unprofitable susg | |
: ; WOEACTSTRIAT™ | -
mill.port.receive({ "RECONSTIRUCTI™ }; - Company 1
1 else | m Strategy review period
ff Close unprofitable suspended mill that has bg —
£ natructed ¥ times but has not be § bl prgm el 2t
the mill at the region L
for({ int j=0; Jj<model.regicns.size(); j++ ) Compary 2
model.regicns.item(j).mills.remove({ mill ); 1'31 Strateqy rewiew period
f/ and unregister at the model .
model.mills.remove{ mill }; § e profit rate
L0 =
o 0 Comparry 3
" Strategy review period
T
£ prafit Fate
o Compary 4
M Strategy review period
L]
[ prafit Fate
—— Company 5
lnuq Strateqgy rewiew period
TR
HS profit rate
I Company &
M Strategy review period
=,
| profit rate

Cozt of wood =
=

in Eurasia

[¥] &,
ENEmtL
53
i
EZ Mo
RS il
& 7 W
& WA
il 3 1 2 0
£ ]
& i 53
‘é 3o =
i3 il Dernand and Price for Pulp
% i N & vl Manua Demand contral
RS Each bar is a mill: width = production capacity, Height = pulp first cost
Demand: 43.3
L il
S Price: 9,12 I
bl
A Mill is wiorking
A Millis suspended

e Mil is being reconstructed

o]

T
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System dynamics: Urban

dynamics

housingur

. .p.ren'iiun.'lH‘

< Design time view:
hierarchical OO

stock and flow diagram

-—

Run time view: P
“Flight simulator”

emiumHous

The purpose of the game is to see if your
aclions have their intended effect, and
atternpt to understand why they wark, or Fail.

Lo decide whal you want to
lish - groweth, improved econemic
being or whatewer you wish, You wil
be given a Few levers in the farm of job
training, housing and business development
programs, Use these ta accamplish your
goals. You can make a decision every 30
vears [you may vary this period).

" This AnyLagic (TH) modl is
(<) 1332-2005 ¥) Technologies
: wwe arjiek com
city around.

City programs

Law cact hausing: @:02 ’@
uforker housing: @
Fremium housing: o]
Slum demalition: [oo]
Urderemloyed ]nb: [p.o]
Underamplaysd tm [oo]
o]
Buginess cwnslru:liuu ’@
Business demontiam o]
oo}

Labor training:

Tax subsichy:

Time step: 30 yesrs
STEP
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Summary

e Choosing modeling approach and the level of
abstraction adequate to the goals of the
modeling project is a key to success

e Using a flexible, multi-paradigm platform
AnyLogic multiplies your capabilities and saves
significant amount of model development efforts
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Thank you!

 Questions?
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