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Capturing Multi-Level Hierarchies:
A Frequent Modeling Need

* We frequently have hierarchies of
environments and actors
— Region/Municipalities/Neighborhoods/Individuals
— Region/Municipalities/Schools/Children

* Asis widely recognized in multi-level modeling
(e.g. HLM), these hierarchies frequently exert
successive levels of influence

* Frequently these hierarchies are also
associated with their own structural and
dynamic complexities



One Example of Structural and
Dynamic Complexities
* Municipalities may be arranged in transportation
networks (road, rail, air connections)

* People may exhibit primarily contact patterns
within a given municipalities

* People may move between municipalities



AnyLogic Flexibility

* While certain AnyLogic elements are most
commonly associated with part of the project
hierarchy, we can use them in many places, e.g.

— Statecharts can be placed within “Main”

— Populations of other agents can be placed within
“Agents”

* Partly because of this flexibility, we can create
structural hierarchies in AnyLogic that parallel the
hierarchies in the world
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Hands on Model Use Ahead

Load Previously Built Model:
MinimalistNetworkABMModel

Suggest Saving as “HierarchicalCityPopulationModel”



One Example

* Main contains a population of Cities

— Arranged in one type of network

* City contains a population of Persons

— Arranged in another type of network



Initial State
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Copy “Person” Class
(Right Click on “Person” in “Project” Window and Choose “Copy”)
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Click Right on Project Name & Choose “Paste”
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Result
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Rename “Person
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Open “Main”
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Click on “population”
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Delete “population” (Right click & Choose
“Delete”, or Use “Edit” menu)
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Click (once) on “City” and
“Main” Canvas & D

Anylogic Professional
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Result
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Click on “city” in Main Canvas, set name to
“cities”, use “environment”&set replication to 10
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In “Advanced” tab in “Properties” window for

“environment”, make sure that “Network Type” is
“Distance Based”, and “Connection Range” is “250”
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Double-click on “City” in
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Adding a Municipal Population

Click (once) on “Person” and Drag into “City” Canvas & Drop
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Click on “person” in “City” canvas, set name to
“cityPopulation”&set replication to “uniform(10, 200)”.
Result:
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In “Environment tor other agents™ properties ot
“Properties” window for “City”, set “Network Type” to
“Scale free” and the “Width” and “Height” both to 75
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File Edit View Draw Model Tools Help
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Run the Model
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Change the Relative Size for Cities & People

Double-Click on “City”
Expand “Project” Window Hierarchy on left under “City” to get to “oval”(Under “presentation”
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Drag to Enlarge
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Recenter on Origin
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Model
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Now Move the Origin for Placin
Upper Left of City
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Centered View
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Add a Statistic at the City Level
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AnyLogic Professional
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Add a Function the “Person” canvas. Name it
“moveToRandomCity”. Set the “General” tab
properties as follows
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Set “Code” Tab for
“moveToRandomCity” as follows
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Add a Function to “Person™ canvas, hamed
“moveBetweenSpecifiedCities”. Set “General” tab properties a:
follows

4 Anylogic Professional =i =)
File Edit View Draw Model Teols Help
SB-2EHE : w Qv 3w | 00% (| @~ v &P Get Support... 2 ﬁ@
% Projects &2 = 0|/ &) Main al City @l Person 2 = O|| [ Palette 22 =0
4 by HierarchicalCityPopulationModel* éf' desiringlntercityMove A Giial aa 52
© city
[
Main ¥ @ Agent A
b4 () moveToRandomConnectedCity i 3
© Person Ch * Parameter
€3 Simulation: Main § Event
@moveBetweenSpeciﬁedCitIes :%g VEY
€ Dynamic Event
il () Variable
@2 | @ Collection
@ Function
X 2 Table Functi
( % dh & Table Function v
£ Properties 2 | & Progress =Y =0
(@ moveBetweenSpecifiedCities - Function
A
Name: | moveBetweenSp [¥] Show name Dlgnore
Visible (@ yes
(® Just action (returns nothing)
() Returns value
v Arguments
‘ Name Type 1
cityFrom City I
cityTo City
v

B B Time units: days



Code for New Function

= = — e
| = Properties &2 | 53 Progress e &

@ moveBetweenSpecifiedCities - Function

v Function body

cityFrom.remove cityPopulation(this);
cityTo.add cityPopulation():

/CiTylo.Cityropulation. add (myCione); not eqg

cityTo.applyNetwork()

w
}

» Advanced

» Description



Add an Event to the “Person” canvas.
Name it “desiringlntercityMove”

File Edit View Draw Model Te Help
B-BHE@ IV ABEX O-F-E | Q F|00% v
s Projects 2 = 08|/ &) Main al City @l Person 3
4 Qy HierarchicalCityPopulationModel*
O City
© Main
€9 Person
€3 Simulation: Main
<
£ Properties &2 | & Progress
% desiringintercityMove - Event
Name: desiringIntercityt| [¥] Show name
Visible: @ vyes
Trigger type: Rate v
Rate: 0.01
¥ Action

moveToRandomConnectedCity ()’

AnylLogic Professional

[[Jignore

v

& Get Support...
éé desiringlntercityMove

{z) moveToRandomConnectedCity

{9) moveBetweenSpecifiedCities

traceln("Person " + this + " would have moved at time”" + time())’

» Description

HierarchicalCityPopulationModel = ?2 o T =

Time units: days

X=...96

- O
% |63

[N Palette 22 =5 |

General e
B O Agen A
3 | @ Parameter
ws| % Event
= @ Dynamic Even
illa () Variable
| 8 Collection

@ Function
dh @ Table Function v

=~ =0



Run the Model. People Should Now
be Moving Around between the Cities

\; SingleAgentClassTwoPopulations : Simulation - AnyLogic Professional = ﬂ l

Dvpl @ | § ®| x1 (¥ G | @ @ [ root:Main vi® | D ¢ AnyLogic

Run: 0 {2 Running \ Time: 2.27 i Simulation: | ‘ D \ Memory: [IEEEN- < M | 29se




Extension O: City-Level Variability

* Different distributions for cities
— LogMeanlncome
— LogStdDevincome



Extension 1: Adding Name
Labels to Cities



Add “Name” Parameter to City

4 AnyLogic Professional = O
File Edit View Draw Model Tools Help
§-2E 9| of @O~ | @ ~[H# F G~ ;@ GetSupport..
% Projects 52 = O|| &) Main @) City 52 | &) Person = 5[ Palette 32
4 [3) HierarchicalCityPopulationModel* o9 connections A —— _—
@ City %
© Main @ @ Agent A
€ Person Gh | @ Parameter
€3 Simulation: Main = 4; Eiik

@ Dynamic Event
ila ;
cityPopulation [..] @name = ) Variable
(%) i Collection

@ Function
< P R S Y SRS 5 ¥ ¢ @ Table Function v
£ Properties §2 | & Progress =7 ¥ =0
@ name - Parameter
A
Name: ¥ name [¥] Show name [ ]Ignore
Visible: @ yes
Type: String v
Default value:
[]System dynamics array
w Value editor
Label: parameter
Control type: | Text v
Hide conditions:
Parameter Cond... Value bX3 o

B B Time units: days



Establishing a Text Field (

Label) for Cities

A} AnyLogic Professional - O
File Edit View Draw Model Teols Help
& -2 g D% | o X mO~-%~-m|s O c100% v K| @[50~ & Getsupport.. > 8
% Projects 52 = 8 || & Main @l City 22 | &) Person = O || & Palette 52 =8
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© Main @ | (O RoundedRect... [@ A
€ Person 3 O Oval &
€3 Simulation: Main .32 . < <) Arc
= un Pixel
il
cityPopulation [..] @ name ~ Text
T Image
i Group
- - - i View Ar
» 5 dh View Area v
£ Properties &2 | &3 Progress = v =0
Aa textName - Text
A
Name: | textName [Jignore [¥]Visible on upperlevel [Jlcon [JLock
Visible =, (@ yes
v Text
=, |<textName>
v Appearance
Color: = v
Alignment: =, = =
Font: SansSerif v|[10 v| pt
[Jttalic []Bold ¥

HierarchicalCityPopulationModel B RaNT A&

Time units: days



Set Dynamic “Name” Text Fie

File Edit View Draw Model Teols Help

a (] =
W2 EE

FTRLY IR ‘ &

= 08|/ &) Main @l City 2 | &) Person
4 hy HierarchicalCityPopulationModel*
O Gty
© Main
€ Person

% Projects &2

AnylLogic Professional

A g L v & GetSupport...

&9 connections
.,‘.

€3 Simulation: Main

<
£ Properties 2 | & Progress

Aa textName - Text

Name: | textName

Visiblee =, (@ vyes
v Text

2 this.name
v Appearance

Color: =

1
Ml

Alignment: =,

Font: SansSerif

[Jitalic []Bold

[[Jignore

ol black Y

|d Property

cityPopulation [..]

@ name

[¥] Visible on upper level [Jicon [JLock

v |10 v| pt

B [

Time units: days
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Establishing Collection (Array) of City Names

£l Properties 23 | &3 Progress i =0

© Main - Agent Type

[ LIfauic sLEps
~

v Advanced Java

Imports section:
Implements (comma-separated list of interfaces):

Additional class code:
String []JcityNames = { "Portland”, "Bangor", "Kennebunk”, "Mooselookmeguntic”, "Cariboo", "Augusta”, "Rockland”, "York", "Freeg
< >

[] Parameterized type

» Advanced

» Description



Setting the “Name” Parameters of
Successive Cities Upon Creation

A AnylLogic Professional - 0
File Edit View Draw Model Teols Help
S-2HE ba 3 w Qv ¥ | 4 100% @ | v &P Get Support... s Loy
%2 Projects &2 = O|| & Main 22 | @) City @l Person = B | R palette 52 =8
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e Image
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£ Properties 2 | 5 Progress = v =0

Qi cities - City

A
Name: cities Show name D Ignore
Visible: @ vyes
(0 Single agent (® Population of agents
Initial number of agents: 10
name: = cityNames [index]
+ Initial location
These settings are applied only if the "User-defined" layout type is set in the
"Environment for other agents" properties of the upper level agent.
X 0
¥: 0
- A ~ v

=] i Time units: days



Running

SingleAgentClassTwoPopulations : Simulation - AnyLogic Professional = =
0vpl @ | § & x1 | Gy | @ @ (3 root:Main vi® | ¥ Anylogic

Cariboo

Freeport

Run: 0 {2 Running | Time: 2.34 Simulation: | 0% | D i Memory: af 61 m | 1.7 sec



Extension 2: Extending
the Model with
Infection Spread

(Note that this does not

build on Extension 1)



£\

Hands on Model Use Ahead

Load Previously Built Model:

“HierarchicalCityPopulationModel”
Suggest Saving as

“HierarchicalCityPopulationModelWithinfectionSprea



Model Upon Opening

A AnyLogic Professional
File Edit View Draw Model Tools Help
B-CHG IV 4tBEX BO-F-a| 9 g s[oon V|| ¢~ |FEE
% Projects 52 ~ O || &) Person £3 | =
4 [gy HierarchicalCityPopulationModel® /I\ A
O City \
© Main
€9 Person
€ Simulation: Main
{9 moveToRandomCity
v
>

<
= Properties 22 | 53 Progress

@ income - Parameter

Name: income Show name [] Ignore
Visible: @ yes
Type: double v

Default value:

[] System dynamics array

= 2 v Value editor

HierarchicalCityPopulationModel

BE XA s

Time units: days

[n Palette 32

Presentation as &2
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m Pixel

Aa Text

@] Image
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v 3D

B 3D Window

[©] 3D Object
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In “Person”, add a Statec

A

Anylogic Professional

hart Entry Point

File Edit View Draw Model Tools Help
$-BEH@ ¢ 2% BO-H-m| s @ c[oon v|x| ¢ |EEE - @ oceswpor. [
s Projects 52 = O | &l Person &3 | @) Simulation @l Main = O || R Palette &2 =]
4 b’g HierarchicalCityPopu 2 Presentation ga &2
@ City
© Main % | (O RoundedRect.. @ A
£ Person 3 O Oval &
€ Simulation: Main @ infectionStatechart e | & Arc
I 2 G pixel
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(7) moveToRandomCity - Aa Text
S Image
1~y Group
% © View Area
v 3D
v B
< = op B 3D Window v
£ Properties 22 | & Progress =Y =0
© Person - Agent Type
A
Name: |Person [[Tignore
w Agent actions
On startup:
On destroy:
On arrival to target location:
On before step:
< > v

HierarchicalCityPopulationModelWithInfectionSpread B [ 1error(s) ﬁ B~ A

Time units: days



Add a “Susceptible” State

A AnyLogic Professional N
File Edit View Draw Model Tools Help
F-2HE 9|4 E X @mO-F~-\ | I c|100% v ¢~ ]h v & GetSupport.. - ° 3]
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B Image
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dh - 3D Window v
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] Properties 2 | 53 Progress = Y =2 H

@ color - Variable

Name: color Show name [ _]Ignore
Visible: C® yes
Type: Other v Color

Initial value: BLACK

» Advanced

» Description

< >

HierarchicalCityPopulationModelWithInfectionSpread B RaANT A Time units: days X=...00



Add an “Infective” State

A

File Edit View Draw Model Tools Help

S-BHG IV ABEX DO~
?‘.3 Projects 232 = O||&] Person £3 | &) Simulation
4 3 HierarchicalCityPopt
@ City
© Main
&9 Person

€ Simulation: Main

<
] Properties 2 | 53 Progress

@ Infective - State

Name: Infective

Fill color: Default
Entry action:

Exit action:

» Description

< >

HierarchicalCityPopulationModelWithInfectionSpread

v = ‘ & 4 &§(100% v
a Main
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Show name [ _]Ignore
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Presentation a8 2
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Add a

A

File Edit View Draw Model Tools Help

B-BEH@ : | W O ~-3-E|

%s Projects 52 = O|| &) Person 2 | &) Simulation
4 3 HierarchicalCityPopt

© city

© Main

&9 Person

@ Simulation: Main

@l Main

<
[ Properties £3 | &3 Progress

© Recovered - State

Name: Recovered

Fill color: Default v
Entry action:

Exit action:

» Description

]

Show name

4‘7- desiringIntercityMove

[Jignore

B Bl 2error(s)

AnyLogic Professional

¢~ P v - & GetSupport...

{9 moveToRandomCity

S
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Recovered” State
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Neaten Up (as Aesthetics Require)

A AnyLogic Professional - o IE3
File Edit View Draw Model Tools Help
B-2HE@ :<¢ | w Q¥ E| - | v @ GetSupport.. - N ¥ [
%s Projects 52 = O|| &) Person 2 | &) Simulation @l Main = O || [R Palette 52 =]
T S e nUsEE e
‘i ;erarchlcaICItyPopl ! I 2 Presentation 8a &2
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© Main {9 moveToRandomCity o ounded Rect...
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@ Simulation: Main 42 desiringIntercityMove L
= ) Arc
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Infective = R
' Aa Text
G Image
1~y Group
S ¥ View Area
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< = Bl 3D Window v
[ Properties £3 | &3 Progress 7Y =8
O Infective - State
Name: Infective [] Show name [ ]Ignore
Fill color: Default M
Entry action:
Exit action:
» Description
< >

=] [2¢ 2error(s) Time units: days



Add a "Recovery” Flow

Rate is 0.1 (implying mean residence time of 10)

A

File Edit View Draw Model Tools Help

Anylogic Professional

-2 HE | Qv ¥-E| 0 | v @& GetSupport.. - N 35|63
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Recovered View Area
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v 3
= e . ou [l 30 Window Y
T Properties §3 S Progress Y =0

& Recovery - Transition

Name: Recovery Show name [ | Ignore
Triggered by:  Rate v

Rate: (1/10.0)

Action:

Guard:

» Description

Bl B! 3error(s)

Time units: days



Add “Infectionlncidence” transition

A} AnyLogic Professional - x|
File Edit View Draw Model Tools Help
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Infective = R
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[ Properties £3 | &3 Progress 7 v =0
O Infective - State
Name: Infective [] Show name [ ]Ignore
Fill color: Default M
Entry action:
Exit action:
» Description
< >

=] [2¢ 2error(s) Time units: days



In “Agent” Properties for “Person”, Route
the message to the “infectionStatechart”

A AnyLogic Professional - 7 IE
File Edit View Draw Model Tools Help
F-2EH@: &Y w Q3| 100% =] - @ GetSupport... 3 |5
s Projects 2 = B || &) Person 2 | &) Simulation @l Main = B | R Palette 52 =08
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v Communication
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Message type: | Other v Cbject
On message received:
this.infectionStatechart.receiveMessage (msqg) ;
Forward message to:
Statecharts
[[] infectionStatechart
< > v

B B Time units: days



Add an “exposureTlransition™ to Spread Inftection
(This sends an “Infection” message every time unit)

A Anylogic Professional - o IE3
File Edit View Draw Model Tools Help
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Add a Variable called

This is of type “Color”, and should have initial value “Black”

A
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Visible: D vyes
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Set Color for “Infective” State to Green

A Anylogic Professional
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» Description
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Set Color for “Infective” Stat

A AnyLogic Professional
File Edit View Draw Model Tools Help
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Entry action: color=RED;
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» Description
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Set Color for “Recovered” State to Gray

A AnyLogic Professional = a ﬂ
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» Description
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Set the Formula for Person’s Oval “Fill
Color” Property to be “color”

A Anylogic Professional - o IE8
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Run the Model

The Infection Spreads locally, and a bit between Cities

SingleAgentClassTwoPopulations : Simulation - AnyLogic Professional = “
00 ~w»l | 8 ®| x1 (¥ G, | @ @ [ |root:Main vi® | D ¢ AnyLogic

Run: 0 {2 Running | Time: 13.50 ¢ | Simulation: | 3% ‘ %3 Memory: [IEE =< i} i 18.0 sec




SingleAgentClassTwoPopulations : Simulation - AnyLogic Professional
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Add a “meanRecoveryTime”
parameter to “Person”
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Set the “Recovery” Rate to the
Reciprocal of “meanRecoveryTime”
Note that need to Request up 2 levels
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Note that Experiments now have a

“meanRecoveryTime” parameter
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Request Creation of a New Experiment
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Call the new Experiment “RecoveryTime1l00”
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For this Experiment, Assume a
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!
-

AnyLogic Professional - 5 IES
ile Edit View Draw Model @ Tools | Help
&2 EH G & | of E X @O~ ~ | %" ° & GetSupport.. = 100% ' - | v 3 | 63
s Projects &3 = O/| & Person @ RecoveryTime10 @) RecoveryTimel00 &2 = 8| [ Palette 52 =0
4 Qy HierarchicalCityPopulationModelWith o D aaiatian oo oo
© city
© Main % | (O RoundedRect.. & A
R N— HierarchicalCityPopulationModelWithInfectionSpread @ O owl 2
ecoveryTime10: Main NBE:S I &9 Are
[© RecoveryTime100: Main Experiment setup page o <™
' Pixel
ila Text
Run the model and switch to Main view Gds Image
Ie ? Group
- View Area
3
|/~ 3D
v 3
< = ¢h [l 30 Window v
£ Properties 22 | & Progress =Y =0

& RecoveryTime100 - Simulation Experiment

A
Name: RecoveryTime10!| [|Ignore
Top-level agent: Main v
Maximum available memory: (684 v Mb
v Parameters
meanRecoveryTime: = 100
Paste from clipboard
¥ Model time
< > v
lierarchicalCityPopulationModelWithInfectionSpread B B Time units: days X=...61



Click on the original eExperiment { Simulation™)
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Create a 3 Experiment, called “Baseline”
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Set “Baseline” to Assume a

“meanRecoveryTime” of 200
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Run the Baseline Experiment
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Output from the Baseline Experiment
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Set the “Stop Time” for the Final Experiment to

“ OO”
5 (in the “Model Time” tab for the Properties of the experiment”)
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Do the same for the “RecoveryTimel0”
Experiment
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Do the same for the

“RecoveryTimel00” Experiment
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