Disaster Simulation: An AnylLogic
Agent-Based Simulation Approach

Example:
Flood simulation and evacuation
GIS Environment

Ali Asgary
ADERSIM
York University
2017



Lesson 1: Creating a base model

* Creating the agents
* Creating agents environment (GIS environment)
* Creating agent population
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Create a model

E! AnyLogic University
File Edit View Model Tools Help
> Model Ctrl+MN

Mew
= Open.. &y Agent Type
PY From the File m =% Recently Opened Mod > = Option List
Sav Ctrl+5 &  Dimension
h N d Save As... €% Experiment
C Oose eW an [ SaveAll Ctrl+Shift+5 (&  Java Class
—— i Java Interface
select Model =
Close Others )
Close Al ¢ Database table
Import »
L Export.. »
af  SYN 5
Exit
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e Use FloodModelVl &

Mew Model
as Model namewa

] Select the d i recto ry Maodel name: | FloodMaodelV1 | |
Location: | CGhlUsers\esousertModels Browse...

W h e re yo u WO u | d lava package: | flocdmedeha | .
I i ke to Save yo u r Model time units: | minutes v '

Ch\Users\esous elV1\FloodMedelV1.alp
model /ﬁmﬂﬂ!
days
o . ” weeks
* Choose “minutes

years

as your model tim/
units

* Press Finish

The following moq milliseconds
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Creating Flood agent

E! AnylLogic University
File Edit View Draw Model Tools Help

D"&ngﬁmﬂf | Eu-l'ui}"'ﬁ" | \,1 00%

% Proj.. 23| [@ Pale..| = B || & Main
v FloodMode " ‘

& Main Mew * [& Model Ctrl+MN
Ctrl+0

* Right click on your
FloodModelV1

Agent Type IA\S
Opticn List

m O d e I FloodMode . Dimension
Experiment
Java Class

OEE

LELETES:

* Choose New oo o
* Choose Agent

T Paste Ctrl+V

y p e Delete Delete
mt  Build E7

{2 Run

% Debug

i Export... > |

&= Create Documentation...

Open Model Folder

2 SUN » |
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E® New agent O *

¢ USe FIOO for the Step 1. Creating new agent type
Agent type name.

e Click Finish to

(®) Create the agent type "from scratch”
CO ntl n ue () Uze database table
° | have agent data stored in a database

will be used in flowcharts

Agent type name: | Flood

< Back Mext = Cancel
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Creating Property Agent

E! AnylLogic University
File Edit View Draw Model Tools Help

E-SE@IYY BO-%H-E|

% Proj.. 23| [@ Pale..| = B || & Main
v FloodMode " ‘

& Main Mew * [& Model Ctrl+MN
Ctrl+0

* Right click on your
FloodModelV1
model again

Agent Type IA\S
:*f  Option List
FloodMode . Dimension

Experiment

ose
Close Others
Cloze All

;  Java Interface

e Choose New

=

U0

(& Java Class
o

& Library
E

i Database table |
Collapse st  ——

Cut Ctrl+X

Copy Ctrl+C

* Choose Agent
Type e

Build F7
Run

Debug

Export... v

% L[ # O

Create Documentation...

Open Model Folder

=¥ SUN . |
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E® New agent O *

* Use Propertfor% ep 1. Creting new agent tpe

Agent type name. ——F——
. .. Agent type name: | Property
* Click Finish to N,

M () Use database table
CO ntl n u e ° \ | have agent data stored in a database

< Back Mext = Cancel
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Creating Person Agent

E! AnylLogic University
File Edit View Draw Model Tools Help

D'Dﬁwﬁmﬂf | Eu-l'ui}"'ﬁ" | \,1 00%

% Proj.. 23| [@ Pale..| = B || & Main
v FloodMode " ‘

& Main Mew * [& Model Ctrl+MN
Ctrl+0

* Right click on your
FloodModelV1
model again

Agent Type IA\S
Opticn List

FloodMaode =2 Dimension

Experiment

Java Class
ose

LELETES:

* Choose New oo o
* Choose Agent

T Paste Ctrl+V

y p e Delete Delete
mt  Build E7

{2 Run

% Debug

i Export... > |

&= Create Documentation...

Open Model Folder

=¥ SUN . |
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EW New agent O *

e Use Pesron for the

Agent type name. —

 Click Finish to .
Create the agent type "from scratch”
CO nt I n u e . () Use database table

| have agent data stored in a database

Step 1. Creating new agent type

Agent type name | Person|

[] Agent will be used in flowcharts

< Back Mext = } Finizh Cancel
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Creating Sensor Agent

E! AnylLogic University
File Edit View Draw Model Tools Help

D'Dﬁwﬁmﬂf | Eu-l'ui}"'ﬁ" | \,1 00%

% Proj.. 23| [@ Pale..| = B || & Main
v FloodMode " ‘

& Main Mew * [& Model Ctrl+MN
Ctrl+0

* Right click on your
FloodModelV1
model again

Agent Type IA\S
Opticn List

FloodMaode =2 Dimension

Experiment

Java Class
ose

LELETES:

* Choose New oo o
* Choose Agent

T Paste Ctrl+V

y p e Delete Delete
mt  Build E7

{2 Run

% Debug

i Export... > |

&= Create Documentation...

Open Model Folder

=¥ SUN . |
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EW New agent O .

[ Use Sensor fOr the Step 1. Creating new agent type
Agent type name. T

Agent type name: | Sensor |

* Click Finish to ® et e sgnt tpe “rom st

. () Use database table %
CO nt I n u e | have agent data stored in a database
[ ]
[] Agent will be used in flowcharts

< Back Mext = Cancel
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Creating the Environment

E! AnylLogic University

File

Edit View Draw Model

B-SE@II Y

?g Projects D. Palette &2

(GIS) for agents

Choose Palette Tab to open AnylLogic tools

E! AnylLogic University

File Edit View Draw Model Tools Help

B-2EB:

s Projects 2 | [ Palge
v FloodModelV1*
&9 Flood
&y Main
&3 Person
&9 Property
€9 Sensor
€3 Simulation: Main
&% Run Configuraticn: Main
G Database
FloocdMaodell

of 5

H > O

ER. ST
= O

= A R Q| R D

g

%

o

& | & | &
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* Agent Components
Parameter

Event

Dynamic Event
Variable
Collection
Function

Table Function

LHNOTOERG

Custom Distribution
E Schedule
Port
"2, Connector
o* Link to agents
* Statechart
/a Statechart Entry Point

i) State
‘; Transition

<> Branch

(@) Final State

®, Initial State Painter
(H) History State

Tools

Help

EED]G'

o




* To create a GIS map
as an environment
click on the Space
Markup tools

N

?3 Projects | [x Palette 2

Agent

1) Process Modeling Library
:i: Pedestrian Library

T Rail Library

=) Road Traffic Library

& Fluid Library

b System Dynamics

& Agent

@ Presentation

11 Space Markup

Space Markup

Contrals

".11 Statechart
“1 Actionchart
@» Connectivity
£y Pictures

If@ 3D Objects

Twy, (NITGl STate Foliier

(H) History State
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* Open Space Mark up tool and select GIS Map.

?g Projects | i Palette &3 = O
Space Markup B8

D | 2 path & ~

& "ﬂ_ Rectangular Mode &
s Polygonal Mode &

\-\ Point Node
= ;5 Attractor
& | = Pallet Rack
(== 0 €] Y

2 GISMap
o -

® GIS Pwint
# | °7 GISRoute Fid

A

GIS Region

JH;: E} Route Provider
* Pedestrian

= 1 Wall
|"1| E= Rectangular Wall
oy | @ Circular Wall
5 /" Target Line
b % Sarvica With Lines
S| 2 Service With Area

fg | i.i Rectangular Area

Sl % S %

A

% Polygonal Area &
‘_j,f? Escalator Group
iy Pathway Fd

e
£5 Ped Flow Statistics P
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Drag a GIS Map into your Main section of the

E! AnylLogic University

- X
File Edit View Draw Model Tools Help
BH-SHBIYY 4B EREO-%-myFig o [ %-|HE-: @ GetSupport.. | &alogin ~ @
2 Projects | [\ Palette &2 = O || & Main 2 | & Flood & Property @l Person @l Sensor = O || Properties i3 4 v = 0O
Space Markup B . @ map - GIS Map
®.g connections
D 7. Path @ A . Name:  map 2
% Tl Rectangular Node & 1 1 [ Visible on upper level  [JLock
fg| T2 Polygonal Node & Visible: (@ vyes
\.\ Point Node
- -$- Attractor & SR
& | 2 PalletRack & [ Show tiles
= e Tile provider: |Anylogic OSM v
& 65 Map
i @ GIs Paint ~ Routing
[ 2 GIS Route &) Routes are: (®) Requested from OSM server
ks GIS Region & O Loaded from PBF file
i @ Route Provider 7 () Straight lines
"""" ~ Pedestrian .
| ™) Wal 7 Routing server: AnyLogic v
"% | Em Rectangular Wall Fd Routing method: FESIESt v
o @2 Circular Wall & Road type: Car
/" Targetline ra
; .
P 12 Sarvice With Lines If route not found: (@) Create straight route
LM | 2% Service With Area O Show error dialog
irs} Rectangular Area Vi Sgic OSh = Shapefiles
Polygonal Area & T No items defined yet. Press "+" to add a new item.
y Escalator Group v
%y Pathway & < > &2
%5 Ped Flow Statistics & B Console 2 b4 %| =Y RE= | =~ > [ v = O ||/~ Center and scale
o #B Pedestrian Density Map <terminated> anylogic config [Java Application] C:\Program Files\AnyLogic 8 University\jre\bin\javaw.exe (May 6, 2017, v
- D= £ >
FloodModelV1 BE (Y a AN A Tmeter = 10px, ¥=362, Y=137
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* Changing Map — B
attributes  map - GIS Map

Mame: _ map [] Visible on upper level
2

e Change the name of your map if —7 - 7
you like. We leave unchanged .

. | AnyLogic O5M W
You can lock your map by checking
the lock box.

Routes are: (®) Requested from OSM server
i) Loaded from PEF file
() Straight lines

You can change the AnyLogic O5M

H . . . Routing server: AnylLogic W
Tile provider if you OSM classic
i e : O5M german Routing method: Shortest v
like. This is the list: OSM Humanitarian ~ fre outing method: N
LandSat
Road type: Foot w
Cycle map
\Jotraight fines If route not found: (®) Create straight route

You can also change the routing which is (O Show error dialog

used for agents movement in your R
model We use OSM server provided by Mo iterns defined yet. Press "+" to add a new itern.
. ’
AnylLogic server, using Shortest method i
and using road type Foot for now = Center and scale
Latitude, deg: 0 Longitude, deg: 0

We can add and use shapefile to ou
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Changing Map
. . [ Properties 3
attributes (continued) < - s

+ Center and scale

Change the IatitUde to: Latitude, deg:  37.90325 Longitude, deg;

37.90325 s e

= Appearance

Bordertolon || silver | w

Fill calor [ white | w

Change the Longitudeto: —7_,. -
55.95786 i 0 Width_ 1000

eight: 600

Change the Scale to 30000

30 only

[ ]Use custemtife URL

[] Use cuétom route provider

Increase the Width to
1000

Increase the Height to 600 |+ oecipton

utes and regicns generalization uses:
(®) Current map scale

() Absolute precision (reters): 1 D00

Ali Asgary, ADERSIM, York University, 2017

33.95786
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Your Model after these changes

¥ AnyLogic University — x

File Edit View Draw Model Tools Help

B2 EiY Y] mO-F -8 100% | % | \ @ Get Support.. . &alogin ~ G <3

% Proj.. 2 [ Pale.. | = O || & Main &2 | &) Fload @i Property ¢l Person @l Sensor @l Main = B || Properties 2 [ A =
A

2 map - GIS Map
v FloodModelV1*

A
& Flood [
& Main
€5 Person ~ Center and scale
€ Property
& Sensor Latitude, deg: 37.90325 Longitude, deg:  33.95786
& Simulation: Main Scale: 1. [30000 v
& Run Configuration: Main
8 Database ~ Appearance
FloodModell
o Border color: v
4)-aglya
Fill color: v
= Position and size
X 0 Width: 1000
¥ 0 Height: 600
~ Advanced
% 9% 2Dand30 (2D only (3D only
On click:
[JUse custom tile URL
[[JUse custom route provider
Routes and regions generalization uses:
> (®) Current map scale
= = (O Absolute precision (meters): 1000
) Console 2 R%l,.b}] @|=‘ ~M-= 8 P
<terminated> anylegic config [Java Application] C:\Program Files\AnyLogic & University'jrehbin'javaw.exe (May &, 2017, 1:11:14 AM) b Description v
< > -
0 items selected = 8K
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Determining the starting and ending
point of flood simulation

 We will add to GIS point in the river to
indicate the beginning and the end of our
river simulation.

 We make these point for simplification at
this time. In a more advanced model we can
change it
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* From the
Palette
Choose
space
Markup
and then
choose
GIS Point

E AnylLogic University
File Edit WView Draw Model Tools Help

T2 Projects | [ Palette &3 = 8 || & Main &
Space Markup e e
D | %2 path 2~
& T3 Rectangular Node Fa
s | 3 Polygonal Node e
= \-\ Point Node
o= 4. Attractor F
& 222 Pallet Rack 7
=2 || v Gls
: &) GISMap
9 ® GIsPoi
| 2GS Rﬂu’k Fid
ki GI5 Region &
o= 3 Route Provider
* Pedestrian
ol |y wall r
"= | Ea Rectangular Wall F
. £ Cireular Wall &
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* Drag a GIS Point in to the river as shown
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Drag another GIS Point to the other
end of the river as shown
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Creating the River

E® Anylogic University
File Edit WYiew Draw Model Tools Hel

B2l R Q]

?g Projects | [k Palette 3 = 8 || a
. . Space Markup L
* Using the GIS Route Tool we will D] > run =

create the river now. It is like
drawing the river

e
& Tl Rectangular Node &
e | [ Polygonal Mode F
- \-\ Point Mode

= (15 Attractor
]

=3

% %

oot Pallet Rack

* GlS

* Drag a GIS Route fro the space 7 b
markup to your map \ G o
hed
iy

-GS RﬂuE ?
GIS Double-click to activate draw

{3 Route Provider

w Pedestrian

o =y wall &
"2 | E3a Rectangular Wall e
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 Connect one head of your GIS Route to the first GIS
Point and the other end to the second GIS Point. When
connected it is shown by green dot color
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Now, you can double click on the GIS Route to
create new segments and align the rout to the
river as shown
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iﬁ Projects :% | |0y Palette - O

If these three GIS

& Flood
elements (gisPoint, " s

correctly connected @ P
they create a Q@ st an
network ). ] Foomtoder

You can expand

vour Model to see

the network.
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Add another GIS Point to represent the location
of our Flood level Sensor. Drag a GIS Point from
the Palette and put it somewhere in the river as
shown:
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* Add a GIS Region to your map by dragging a GIS
Region from the Palette to indicate the flood

evacuation safe area.

k% Anylogic University
File Edit View Draw Model Tools

elp
B-EHBIYY | s BHX BO-EB| i c[100% || @~ |FHED - ' & Get Support... . & login ~

s Projects | [ Palette 52 = /8 || &) Main £2 | &) Flood Property @l Person @l Sensor &l Main

Space Markup

D : Path
& T3 Rectangular Node

s Polygonal Node

™, Point Node -
= (5 Attractor & T 2 )
& oot Pallet Rack & “-“&f\
@3 | ¥ GIS .
f & GISMap
o ® GIS Point
@ | °2 GISRoute &
ko GIS Region &
d’f:. {3 Route Provider %)
¥ Pedestrian .
[ Wall & s .
e Rectangular Wall & S \\_,_,-'
5 Circular Wall & ‘\:
~ ” Target Line &
2 ; f
Service With Lines
0 Service With Area
i) Rectangular Area &
i Polygonal Area &

3% Escalator Group
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Adding and defining Agents populations

* Our Model should looks like this now.
* Our next step is to add agents population to the Main Tab

E AnylLogic University

File Edit View Draw Model Tools Help
B-SH@IY Y B QB mls
% Projects 2 | [ Palette = B | &l Main 2 | & Flood @ Property @] Person @l Sensor

v FloodModelV'1*
& Flood
w &3 Main
€5 Agents
w B Presentation
v (2 map

v \tI: network

Ifl‘ \.\-.____ =
; e

gisRoute ; S @
. -h"-\.

| v| - - @ Get Support... 5 login v

\‘/ gisPeint

\'/ gisPoint1
\5) gisPoint2

gisRegion

"J I' /‘rJ h-“-\
& Links to agents ¥ N /,"" " @

@ Property ;
] S.ensor . _ a N A < fa5ls
3 Simulation: Main %‘ e et S |
&5 Run Configuration: Main R !
j Database
FloodModel1*
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 Open the Main tab or window

E AnylLogic University
File Edit Wiew Draw Model
- MO~ -E| I g[00% ||

S H @
2 Projects 2 | [ Palette = 0O | gl Main 2 | & Flood @il Property @l Persen ¢4l Sensor

v FloodMeodelV1*
&9 Flood
w &9 Main
€5 Agents
w S Presentation flood
@ map
(%]

%# Links to agents

& Person

- P Get Support... &5 Logir

Tools Help
- | B h v

& Property
&9 Sensor
€9 Simulation: Main
£% Run Configuration: Main
[ Database % 1
FloodModel1*
@ \ agioglys
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* Click on your Flood agent and drag it to the

Main

E! AnyLogic University
File Edit

-2 EH B
%2 Proj.. 52| [ Pale..

Model  Tool
| ot

View Draw Help

@l Main 22 | & Flood

w FloodModel
€9 Flood
€ Main
€9 Person
€9 Property
€9 Sensor
€ Simulation: Main
&5 Run Configuration: Maii
D Database

ER.HTRE- 2N IS 100% | -

@l Property @l Persen @l Sens

10 You will have your agent population
For flood added to the mod

8 o ronnectinng
E! AnyLogic University
File Edit View Draw Model Tools Help

Br2HB S E mw Qv A

@ Get Support... &5 Lo

| #:i & o0x 2| - | EHIE D

FloodModell

5] Sensor

%5 Projects 2% | [ Palette = B | &) Main i § Flood @ Property Person

- FloodModelV1*
& Flood
v €9 Main
LE) Agents
v @ Presentation flood
 map
& Links to agents (%)
€9 Person
€ Property
€9 Sensor
£ Simulation: Main
&% Run Configuration: Main
G Database [%
FloodModell*

e
R
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Properties % ¥ = 0O

 Make sure agent

0! flood - Flood

population is selected. A
Mame: flood [+] Show name
* Look at the Property Dlignore
Window. (®) Single agent (O Population of agents
* Movement
° In this mOdeI We Initial speed: =, 1@ meters per second ¥
consider flood as a ST
Single agent. Place agent(s): DEtthEEgEHtHr‘Iir‘ﬂEtiDﬂ|DCEtiDr‘I

(O in the latitude/longitude

* Change the speed © nthe e
(velocity) of the river if ) the st et of map sesch
you like. It is 10 meter

=i ';-.':',}gisF'u:uint v E

Mone
e
per Second by defaul . A EEISEMHL\?
. * gisPoint2
e Select “in the node” for /= s " oeregon
Place agent(s) and Model/library: FlocdModelV1 (change..)
Visible: @ yes

choose gisPoint. This

[]Visible on upper level

means that flood will 7] Log'to database
. . Turn on medel execution logging
start showing from this —
point ’
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Add Sensor population

e Similar to Flood agent, drag a Sensor Agent into
the Main.

E! AnyLogic University
File Edit View Draw Model Tools Help

BE-2EHBRIID| LB E
s Projects &2 | [ Palette
w FloodModelV1*

&5 Run Configuration: Main
[:i Database

FloodModel1*
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* From the Palette choose B e s

File Edit View Draw Model Tools Help

Pictures tool and then select EIPORTLRCI0

s Projects | [3 Palette 3 = 0 || g M

Cloud. We use this to represent = ||
the hear of the river Flood. You
can choose whatever symbol |
o & |
you Ilke . o8 Patient  USAMap  Lomy
o
3
e
i,

LD - [

Lormy 2 Truck Fork Lift
Truck

e

..... = Ship Plane Fighter Jet
Y e @
1%y

~' | FighterJet  House Retail
i 2 Sto

)

y| & ‘
liil Warehou... Factory Cl I%
Ligh
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Add Property population

e Similar to Flood agent, drag a Sensor Agent into
t h e M a | n o ¥ Anylogic University

File Edit View Draw Model Tools/ Help
B-eH@IY YA
s Projects 51 | [ Palette = 0O || @l Main &2 | @ Flood il Property & Person &3l Sensor

v FloodModelV1*
&* Flood
€9 Main

[:i Database
FloodModel1*
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Change Property
population properties:

(1 Properties @2 - v = 0

i@ properties - Property

e Setthe name to . — S -
o _///>
properties Clignore

(O Single agent (@) Population of agents

 Choose Population of | ..
agents. Because we
have many houses
and buildings.

* Choose Initially
empty. We willadd | e, S
propertles {Z)in the node

programmatically.

(®) Initially empty
() Contains a given number of agents
(") Loaded from database

[

Initial speed: =, 1@ meters per second W

- Mo

 |nitial location

() in the first result of map search
Routing: =, Default | T2

¥ Statistics

w Advanced

e Leave the Place

Model/library: FloodModelV1 [(change...]
agent(S) at the agent Visible: @ vyes
animation [ visbe on upperleve
Optimize for: (®) Access by index (ArrayList)
() Add/remove operations (LinkedHash5et) W
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Add Person population

* Similar to Property agent, drag a Person Agent
into the Main.
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Change Person = =5
population properties: @ people - Person

ame: Y people ow name 8
* Setthenameto  ——— . 7 5'”
peop/e /:W@ Population of agents
. opulation is: (®) Initially empty
] Choose POpUIatlon Of gfnn:aijn:agix:rl nhumbernfagents
agents. Because we
have ma ny people- Initial speed: =, | 18 meters per second W
° Choose Initia”y + Initial location o - |
. Place agent(s): at the agent animation location
e m pty. We WI I I a d d gin the latitude/longitude
in the node
people ("¥in the first result of map search
programmatically. fosing S [ bt v| R 5
b Statistics
* Advanced
Moedel/library: FloodMedelV1 (change...)
° Leave the Place Visible: @ vyes
agent(s) at the agent [ Visible on upper level
. . Optimize for: (®) Access by index (ArrayList)
a n I m at I O n i) Add/remove operations (LinkedHash5et) W
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* Save your project.

* |In the next lesson we add agent population for

properties and people and define the behavior
and movements different agents.
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