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Agenda

e Multi-Method Simulation Modeling
* The Model Development Environment
* Discrete Event Modeling

* The Factory Model

e System Dynamics Modeling

 The Bass Diffusion Model

* Agent Based Modeling

* Disease Spread Model

* Supply Chain Model

* Railway Station Model

* Group Exercise

* Further Information

e Distribution of Simulation Software
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Multi-Method
Simulation
Modeling
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Modeling

The model The solution at the model level

) e ——
Py 1) 3

RISK-FREE SPACE
\fﬂ %k T —

The world of models

The problem The solution
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s s
Types of models

Boxes connected with lines Physical models

Municipel Court
Media Retation:
oo Chief Counsel

Mental models

Formulas on a sheet of paper _ _
Simulation models
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The most popular modeling tool is:

Input Output

Xl P Yl
il Person Date Amoun
2 |andrew Brust 15-hiar
X 2 |Bill Ryan 15-Mar @ Y
2 4 Bill Ryan 18-Mar & 2
5 |Carl Franklin 18-ar (3
& |Frans Bouma 16-Mar (&
7 |Mark Dunn 15-Mar (&
& |Raymond 15-Mar ()
X 9 |stephen Fort 18-Mar () Y
3 10 |Tobin Tit 17-har () 3

Analytical solution
(formulas and scripts)
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However...

* You can find an analytical solution if:
— The number of parameters is ‘manageable’
— Behavior is linear

— Dependencies are clear, easy to build a
mental model

e Butwhatif:
— Too many parameters
— Non-linear, non-obvious influences
— Time and causal dependencies
— Counter-intuitive behavior
— Uncertainty (stochastic system)

© The AnyLogic Company | www.anylogic.com 8



Example: Bank

* Asimplistic case:
— On average 10 clients per hour

— Only one teller at the counter
— Mean service time is 5 minutes

* We want to find out:
— Mean waiting time in the queue i
— [Other metrics can be derived from that one]

 |t'll take you a few seconds to find the analytical solution:

lb . ﬂ - arrival rate

Mean waiting time* W = ———— , where

1—/1b b - mean service time

* This holds only for a Poisson stream of clients (independent arrivals with constant rate)
and exponentially distributed service time.

© The AnyLogic Company | www.anylogic.com



B I——
Bank. Assumptions of the analytic approach

* What do these assumptions mean?
— Independent arrivals of clients — this should be an OK assumption
for the bank

— Exponentially distributed This is far from reality. The distribution
service time: is more likely of this shape:
'T‘ mean 1‘ mean
£ £ Check cashing, depositing
S 5
2 2 /\& More complex
o \ o transactions
o (T
Service time —> Service time —>
* Then the Internet search will suggest another formula:
2 2
 Ab?(A+C2)

, Where C b - coefficient of variation of service time

W =
2(1— Ab)

© The AnylLogic Company | www.anylogic.com 10



Bank. What if a bit less simplistic case?

e Letthere be several (K) tellers
— This is so-called “multi-server queue model”. The analytic solution™:

Pb gb
W = ( ) , where p = - system utilization,
(ko) (ko) SH(Kp) |
P= P Py, ,where P, = +
KIl-p) KIl-p) =
- probability of all - probability of
tellers being busy “no clients in the bank”

* This, however, is valid only for Poisson stream of clients and
exponentially distributed service time.

* And what if service time has a different distribution?
— Even for such a simple system there is no analytic solution

© The AnylLogic Company | www.anylogic.com 11



Bank model

* Inthe real bank the process is far more complex:
— Some transactions can be done only by some particular employees
— The client can be redirected to other employees
— The tellers may share resources, such as a printer or a copier

— Different employees may have different skills and performance
— Etc.

* The analytic solution probably does not exist

— Even if it exists, who will find it for you?

— Almost any change in the process makes the previous analytic solution
void

* The only analysis method for such systems that has
foreseeable complexity and guarantees the result is:
simulation modeling

© The AnyLogic Company | www.anylogic.com 12



s . L B
Simulation modeling Y1
Measure outputs
as the model runs X1— ‘/\
Identify input |dentify

parameters outputs (key Animate the system
(decision variables) metrics, KPIs) ¥ behavior
X Y
== 1 2
— — Perform what-if
X2—| 1

experiments
Build the model - describe the

system dynamic behavior /\‘
2 Compare scenarios

Fﬁ.ff.g.z# xn
weasve sk L]

> -
time e
Run the model — obtain a trajectory Ootimi
of the system state in time ptimize
* Dynamic simulation enables much more detailed analysis and can
solve problems that spreadsheet-based or LP-based analytics can’t
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Application areas
A
High abstraction level Aggregates, global feedback loops, influences, trends...
[minimum details
macro level ® Market and competition ® Social systems

strategic level] )
® Project and product management ® Ecosystems

® HR dynamics ® Health economics
Medium abstraction ® Energy supply networks ® Asset management
[medium d;f:itlesl ® Supply chains
tacrgiasﬂgs]l ® Healthcare ® Transportation ® Business processes

® Manufacturing ® Service systems

® Battlefield, command and control ®Warehouse logistics

Low abstraction level

(maximum details ® Pedestrian dynamics

Micro level ® Computer hardware _
icro leve ® Physical control systems
Operational level]

Y Individual objects, exact sizes, velocities, distances, timing...

© The AnyLogic Company | www.anylogic.com 14



Methods in simulation modeling

A
High abstraction level Aggregates, global feedback loops, influences, trends...
[minimum details
macro level / \
strategic level] / \
System
Dynamics

Medium abstraction

level K )

[medium details
meso level / \ Agent B-aSEd
tactical level] Modeling

Discrete Event
(process based)
Modeling

Low abstraction level

[maximum details \\ /
Micro level \ /

Operational level]

Y Individual objects, exact sizes, velocities, distances, timing...

© The AnyLogic Company | www.anylogic.com 15



System Dynamics Jay Forrester '50s

e Stocks, flows
— Interacting feedback loops

Sales
Potential \/
. A Clients
clients [\ >
+ +
@ D
Sales *

+ > Sales from

Advertlzmg Q

Advertizing
effectiveness

from Word of

MOE{ +‘\Adoption
+

Fraction

Contact
Rate

Bass Diffusion Model

© The AnylLogic Company | www.anylogic.com
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Discrete event modeling. G. Gordon ’60s

* Agents and resources. Flowchart diagram
— Queues and delays

LI A

[source] [decision] [queue+service] [sink]
ClientsArrive MeedToSeeTeller “ ‘ ServiceAtTellers ClientsLeave

o , —3

ﬁ@ Tellers
[ageés] ‘ i *
pé §

i [resources]

E @ yes
*no

QueueAtATM ServiceAtATM NeedAdditionalService

[queue] [delay] [decision]

Bank
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Agent based modeling

* We focus on individual objects and describe their local behavior,
local rules
— Sometimes, we also model the dynamics of the environment

Environment

© The AnyLogic Company | www.anylogic.com 18




B
When to simulate - the .circle of life

Simulation
/' Design
Modification Testing
Maintenance Fabrication
Operation Training
Vo

© The AnylLogic Company | www.anylogic.com
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D D .
Characteristics of a simulation model

Takes random (stochastic) behavior into account

May models each agent moving through a system

Handles complex interactions

Not all system details are modeled

Abstracts the system to an appropriate level

Compresses time

Can animate system explicitly or conceptually

© The AnyLogic Company | www.anylogic.com 20



Model input data

* On-line data

* Direct observation, time study

* Check sheets

* Analysis of similar process

* Review of manual documentation

e Short-term automated data collection methods

e Example: Lab test turn around time

© The AnyLogic Company | www.anylogic.com 21



B I——
Input data example: CBC turn-around time

Test Code: CBC
Test Name: Complete Blood Count

Collection Receive Result Result - Result -
Time Time Time Receive Collection
0000 0031 0045 14 45
0001 0012 0021 9 20
0001 0011 0029 18 28
0001 0010 0030 20 29
0001 0018 0032 14 31
0005 0023 0036 13 31
0008 0022 0048 26 40
0010 0030 0047 17 37
0013 0039 0049 10 36
0035 0039 0055 16 20
0100 0113 0122 9 22
0102 0123 0136 13 34
0120 0136 0156 20 36
0124 0133 0141 8 17

© The AnylLogic Company | www.anylogic.com 22



Input data example: CBC data histogram

Data Summary

fhumber of Data Points = 205

Min Data ¥alue =35

Max Data Walues = 548

Sample Mean = Z25.9
Sample 5td Dew = 12.9

Histogram Summary

Histogram Fatge = 4,5 to 59.5
Mumher of Intervals = 55

© The AnyLogic Company | www.anylogic.com 23



B D .
Input data example: CBC data — best fit function

Function 3gq Error
Ganms 0. 00416
Erlandg 0.00416

Trianmular 0. 00418
Lognormal 0. 00447

Weibull 0. 0045
Eeta 0. 00568
Normal 0. 00593
miform 0.00211
Exponential 0.0134

Poiszson 0.0273

Distribution Summary
Distribmtion: Ganma
Expression: 4.5 + GAMM(7.66, 3.19)
Scuare Error: 0.004161

Chi Square Test

Number of interwvals = 16
Degrees of freedom = 13
Test Statistic = 1.9
Corresponding p-walue = 0,216

© The AnyLogic Company | www.anylogic.com 24



Input data example: CBC data —use in the model

Simulation uses this probability density function {(4.5 +
GAMM( 7.66, 3.19)} each time a CBC is performed

Random number (x) drives the generation of a CBC time

Simulated time is statistically equal to actual time

Resulting
value is as
statistically

valid as the |
actual data \

Random number
between 0 & 1

© The AnyLogic Company | www.anylogic.com 25



Input data example: CBC data — bimodal?

Data Summary

umber of Data Points = 205
Iin Data Walue =2
Yax Data Walue = 54
Jample Mean = 13.6
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Distributions: Types

Triangular Uniform Exponential
Normal Discrete Erlang

Others: Beta, Gamma, Johnson, Weibull, Poisson,
Continuous, Lognormal, User Defined

© The AnyLogic Company | www.anylogic.com 27



Distributions: Typical uses

Triangular Distribution not known, but can estimate or
guess minimum, maximum, and most likely
Discrete Assignments such as attributes,
sequences, batch sizes
Weibull Time between failures

© The AnyLogic Company | www.anylogic.com 28



Distributions: Typical uses

Erlang &

Often used to represent the time it takes
Gamma

to complete a task

All values equally likely.

Uniform No information other than range available

Inter-event times in arrivals

Exponential
and breakdowns

© The AnyLogic Company | www.anylogic.com 29



Simulation modeling software

A partial list of tools and the modeling approaches they support

System Discrete event Agent based
dynamics modeling modeling
-t Mg
C'CK,OJ D%
AnylLogic Anylogic Anylogic
iThink Arena Academic tools:
PowerSim AutoMod ASCAPE
Stella Enterprise Dynamics NetLogo
VenSim ExtendSim RePast
FlexSim Swarm
PROMODEL
Simio
SimProcess

© The AnylLogic Company | www.anylogic.com
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The Model
Development
Environment

© The AnyLogic Company | www.anylogic.com



Graphical Editor — Selecting & Copying

(@ & w0 ~ @)% ~ |

Switch between
editor windows Zoom control

B) Aircraft Bl Missile ~ O Maximize/restore
= graphical editors
Controlled by a Statechart  —— Sbject to
add it to the

G [-r ? ------- : ——— selection
1 i -
Ctrl+drag (Mac OS:\'——7 i\ Normal |

Cmd+drag) to copy

the selected objects D
in the same window -

Right-Drag to move
the canvasinthe | |7 | Replace Battery | el Drag rectangle to

8
window j*\ it 1% select multiple

objects
4 [T

© The AnyLogic Company | www.anylogic.com
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Properties view

. . Name of the
* The Properties view allows | “iement
you to view and modify the RN Type of the % ~°8
i : (© delay - Del element
selected item’s properties s e -
(you SElECt an item by Mame: delay [¥] Show name
clicking it in the graphical Flignere
. . . . Type: =, @ Specified time
ed|t0r, Or In PijeCtS V|€W). () Until stopDelay() is called
Delay time: - | 15 | |seconds v|
Legend: Capacity: = | 1 |
— Static value Maximum capacity: =,
> Dynamically evaluated expression Agent location: = | i
* Advanced
=‘<___Small triangle indicates that you can
switch between design-time (static) Forced pushing: =
and run-time (dynamic) values Restore agent location on exit: =,
Eill color: = | T| Force statistics collection: =,
r Actions
‘ ¢ Advanced
b Description
Fill color: | line.isVisible() ? red : null -
4 k
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Running the Model

78 hnylogic Profesion

File Edit WView Draw Meodel Tools Help

B-CHBID| B0 X038 FQ < [10% || §

s Projects % | [ Palette :}ﬁ
a

Bass

> [ 1. Click Run button

- E¥ Simulation: Main
i €% ContactRateVariation: Main

© The AnyLogic Company | www.anylogic.com

€3 Bass Diffusion / Simulation
© Hump Yard / Simulation 2. Choose the experiment to run

€4  Bass Diffusion / ContactRateVariation

Pl B |9 C[x |§ G | & @ 8 fovemetees.. - [§ | D ¥ anviosic

Bass Diffusion 3. You will see the Presentation
window showing presentation

designed for the experiment

4, Click the button to run the model and
switch to Main agent type

Run: 0 ) 1dle | Time: - | Simulation: Stop time ot set | Date: - | [ Memory: (BRI 20 | T

34



Presentation Window

o [ o ] |
Bebl B |G O 25 (¥ G | @ @ (Glootvan < [fg | b ¥ Anylod

source queue sink

selectOutput 5

@za 2T1 11ﬂ
@ -

ATM
A

SEIVICE
o 3

tellers

535&
114

1
- |
I

e Queue lengkh: 1.

Z 1.5 1 0.5 0

2D Animation

P ——)
P —)

3D Animation

0%

20% -

WIRTHIN

20%:

15%:

10%

5%

0%

u] ] 0

il W aiting time distribution

Hh | m

i Time in swskem distribution

Right-Drag to move the

© The AnyLogic Company | www.anylogic.com

‘il wait TimeDistr
9 samples [0...9.746]. Mean=4.228 . h . d
" waitTimeDistr M £ x\ canvas in the window
Count 3 -
Mean 4_z28
Min 0 EJ
Max 9_746
Deviation 3.801
Mean confidence 2.715
Sum 32053
From To PDF (hits) CDF {cur
0 0.24 2 2 Inspect for
0.24 0.48 i z S
Kl i 0 model element
Run: 0 () Paused | Time: 29.61 | Simulation: Stop time ot set | Date: Oct 23, 20146:12:10PM | 1) Memory: [ = =0 |
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s
Major Toolbar Commands

 Toolbars and status bar can be customized

Bank : Simulation - : File
Bl | &G & ¥l N Gy | a} - L4 |root:Main - tl | . v | Executicn control
¥ Timescale
« Execution control 00 B Animation setup
A View
Only one ideiSplettjyed {Run from the current state: } T v Model navigation
atatlme, epending . i
on the mOdel state Pause. Events View
Make a step:
Terminate execution:
« Time scale @ & x1 [ G
) A A
Set real time mode at default scale: 4f Y
Decrease execution speed:

Real Time

mode only Select execution speed factor:

Increase execution speed:
Toggle Real/Virtual time modes:

© The AnylLogic Company | www.anylogic.com 36



B [
Code Completion Master

Intelli-sense mechanism:

The wizard looks as a list, containing variables, parameters, and
functions. You can simply select the name in the list, and it will be

inserted in the expression automatically.

2. Press
1. Start typing the Ctrl+space 3. The wizard listing all model variables
element’s name (Mac Os: and predefined functions appears
Alt-space)

ExposedRate=
Infectious*Con|

/|..

| o ContactRatelnfectious : double - Main

o connections: LinkToAgentCollectiondﬁ.genE\w 4
@ connectTolAgent a) : boolean - Agent

@ contents() : List<T> - Agent 4. Double-click the name or hit

@ contains(int id, double px, double py) : bed Enter to insert it into the equation

expression
\_

ExposedRate=
Infectious*ContactRatelnfectious

37
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File Edit View Draw Model

Tools I Help

B2 RO+ B E]

|?§ Projects | [i¥ Palette &7 = O
Agent ga 24
D & Agent
A * Agent Components

(Help also includes:

* Self-paced tutorials,

* Reference Guides on AnylLogic
Libraries (Process Modeling,
Pedestrian, Rail, ...)

* Java Documentation on all AnyLogic
(Iasses and functions

AnylLogic Help

Welcome

Exarnple Models

Search:

Scope: All topics

Help system supports
search mechanism

Contents

G el &

a

= B AnyLogic Help
[ Release Motes
[ Using Help
[ Basic Concepts
B AnyLogic User Interface
B AnyLogic Ul
El Welcome page
[ projects view
[ palette view
B Properties view
Bl Problems view
[ Other Anylogic views
[ Working with views

&~ w-B[& o

m

EI [ Graphical editor
Bl Graphical editor

Bl Graphical editor. Visible area a1
B Selecting shapes
B Copying, moving and deleting
B Muoving and zooming the diag
B Diagram grid
B Simultaneous work with sever:
EI Java editor
Bl AnyLogic toolbars
EI AnyLoaic statusbar
= Tutonials
@ Library Reference Guides
@ raq
@

Anylogic Help > Anylogic User Interface > Graphical editor

Aligning elements
You can align elements in the graphical editor.

To align elements, first, you should select them in the graphical editor, then right-click (Mac OS:
Ctrl+click) the selection and choose the required alignment command from the Align submenu.

o 0 u|
(€ parameterl
of Cut Ctrl+X @ i
Copy Ctrl+C i
Paste Ctrl+V i
= ¥ Delete Delete IiJ
Align » | |25 Horizontal Align Left
5 Horizontal Align Center
@ parameter2 S| Horizontal Align Right

Vertical Align Top
Vertical Align Center

F =

o Vertical Align Bottom

Please note that you can align elements of different types: presentation shapes, library objects,
parameter, function, database icons, etc.

You can not align statechart and actionchart elements since this may distort their structure and logic.

Let's illustrate all alignment commands by example of three shapes:

-

© The AnyLogic Company | www.anylogic.com
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Discrete Event
Modeling
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Event

* We consider only “important moments” in the
system’s lifetime, which are called events.

— Any change in the model may happen only as a result of
an event

* Examples:
— Customer arrives at the bank office
— Bill finishes processing
— Amount of raw material reaches the minimum level

* Event:
— Takes zero model time
— Causes changes in the model
— May schedule or cancel other events in the future

© The AnyLogic Company | www.anylogic.com 40



Time as event order — Discrete Time

 We consider only a
sequence of instant 7o gozans. & 7
“‘discrete” events, //
while nothing happens 1 v 12 16 time
In between

* No “continuous-time”
processes

@
~e
o
o
\

* Model time “jumps”
from one event to

another
This is Discrete Event Modeling

© The AnyLogic Company | www.anylogic.com 41



Discrete event modeling. G. Gordon ’60s

* Agents and resources. Flowchart diagram
— Queues and delays

LA EE

[source] [decision] [queue+service] [sink]
Clientshrrive MeedToSeeTeller * * * ServicedtTellers ClientsLeave

o = — a9
"i ‘ @% Tellers

/ g ;
[agents] [resources] '

T § ¢

yes
QueueAtATM Service AtATM N eedg.]dodition alservice
[queue] [delay] [decision]

Bank Office

© The AnyLogic Company | www.anylogic.com 42



The simple process based model

* Define the process with Process Modeling Library blocks with a
simple drag and drop

source

CAE —>@

queue

Arrivals defined by: Rate
Arrival rate: 1

Limited number of arrivals:
New agent: Agent
Location of arrival:

On exit:

/

del?r

/

/
/
/

Capacity: 100

On enter:

On at exit:

On exit:

Enable exit on timeout:
Agent location:

© The AnyLogic Company | www.anylogic.com

>

sink

3
N R
49 a5 1 45 459
/ .
/ ] N

I
I
I
I

Capacity: 1
On enter:

On exit:

Agent location:

Delay time: triangular( 0.5, 1, 1.5)

N\

On enter:

43



Process Modeling Library. Essential blocks (1/3)

Iconin . .
Description

graphical editor

o Generates agents. Is usually a starting point of a process

Source
model.

Disposes incoming agents. Is usually an end point in a process

Sink model.

Queue Stores agents in the specified order.

Delay Delays agents by the specified delay time.

Forwards the agent to one of the output ports depending on

SelectOutput .
P the condition.

Routes the incoming agents to one of the five output ports

SelectOutput5 . .
electbutpu depending on (probabilistic or deterministic) conditions.

© The AnyLogic Company | www.anylogic.com 44



Process Modeling Library. Essential blocks (2/3)

icon in Description
graphical editor P
> Simulates conveyor. Moves agents at a certain speed,
Conveyor 0O .
preserving order and space between them.
Split q Creates a new agent (copy) of the incoming agent.
Combine ’ Waits for two agents, then produces a new agent from them.
Batch E Accumulates agents, then outputs them contained in a new
agent.
Unbatch >ee Extracts all agents contained in the incoming agent and
L | outputs them.
MoveTo e =3[ & Moves an agent from its current location to new location.
> g

© The AnyLogic Company | www.anylogic.com
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Process Modeling Library. Essential blocks (3/3)

icon in Description
graphical editor P
RestrictedAreaStart o-{o
Using these blocks you can limit the number of agents in a
part of flowchart between corresponding
RestrictedAreaStart and RestrictedAreaEnd blocks.
RestrictedAreaEnd c}}c
TimeMeasureStart .;%"
TimeMeasurebEnd and TimeMeasureStart compose a pair of
blocks measuring the time the agents spend between them.
TimeMeasureEnd -}-:%
. omp Takes the incoming agents out of the process flow and lets
Exit . .
the user to specify what to do with them.
Enter =>o Inserts the (already existing) agents into a particular point
of the process model.

© The AnyLogic Company | www.anylogic.com 46



Parameters of Process Modeling Library blocks

* Simple static parameters:

Evaluated once, but may be changed during  Capacity = [ 100
the model execution

* Dynamically evaluated expressions

Delay time -2 | exponential( 1)

(dynamic parameters):
Evaluated each time they are needed, e.g. Condition .0 | agent.type == VIP
D each time the delay time, the speed or Speed ) | agent.cruiseSpeed
other property of an agent needs to be
obtained
The corresponding agent is accessible as
“agent”, etc. ¥ Actions
e Dynamically executed code pieces Onexit = | agentsetColor(red);
= (COde parameters): On enter = if( agent.airline == "AF")
Evaluated each time a certain event occurs agent.destination =
at the object: the agent enters/exits it, gatel’:

conveyor stops, etc.

© The AnyLogic Company | www.anylogic.com 47



I
Parameters. Examples

i L
Inter>—c> W.WO—@

N -

i

capacity (static) serviced
2

Delay time: 2 | uniform(2, 10)

Capacity: = | 5

Onenter: = | agentsetColor(blue); On exit: serviced++;

 To change a value of the static capacity parameter, call: delay.set capacity(20);
* You add a semicolon at the end of each line of Java code in code parameter
* You do not add a semicolon to the end of static/dynamic parameter expression
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Resources

L

SITTING ROOM
Hily JANNEX KITCHEN

6.34m x 2.53m
(20110 x 84)
4.55m x 2.72m —
(1411 x 811)
| ; pEER

STUDY
370mx2.35m |
(122x79)

ANNEX LIVING ROOM
4.86m x 3.58m
(1511 x11'9)
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Resource types

e Static (can’t move and can’t be moved): a room, a non-portable
equipment, a passage, etc.

Portable (can’t move on their own, but can be moved): a wheelchair,
portable xRay, etc.

* Moving (can move, carry portable resources): a doctor, a nurse, a
forklift truck, etc.
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PML blocks associated with resources

icon in Description
graphical editor P
. Defines a set of resources of the specified type: how many
ResourcePool b resources of this type exist in the system, what are they
attributes.
Seize Seizes the number of units of the specified resource required
by the agent.
Release Releases resource units previously seized by the agent.
Seizes resource units for the agent, delays it, and releases the
Service seized units. The block itself is a Seize — Delay — Release
sequence of blocks.
Assembles a certain number of agents from several sources
Assembler . .
(5 or less) into a single agent.
Sends a set of portable and/or moving resources to a specified
ResourceSendTo . ¢ . P / 8 P
T location.
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Agent flow at N:1 and 1:N connections

1
/
/
N |
I
- %) Q |
>/ ‘
@) W ( . .
Round Robin \
The “competing” ‘\
outputs are served in . (
round robin manner |
to ensure fairness '
I
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O
Fairness not
guaranteed!
SelectOutput ) C
T
) W C

F

Agents are sent to one
of the two output ports depending on
(probabilistic or deterministic) condition
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Network-based modeling

* The Process Modeling Library provides better support for certain
types of problems where layout is important

* There is a network of locations and paths between them
e Agents and resources move along the paths, route lengths matter

ER
j |
—_— L | L
7 o] cszm] | L0 = E (s
| ji%jﬂg Warehouse
g - _
STE | s ﬁﬂ
| W[ m“ | = : : ‘

K

Hospital department
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Animation of Process Modeling Library models

You can associate any object that contains agents with a
space markup shape (path or node) defining the
location of agent animations.

: Queue

Agent location: path Ve ———

Name: path

—0O  eeO—
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The Factory
Model

T \
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The Factory Model

|

Washing machine

bodies storage Conveyor to the assembly station

e
o \ A7

O
O Coooowe ®

gﬁGEDD

BO
5T

Packaging zone
OO O _
Assembly station

LOADIN 2
e iniilrrHIE

a~L

Loading zone

@ [2]
®o o PACKAGING
Aﬁﬁﬁj-' r—lj'/\

Conveyor to the packaging zone

Washing machine doors storage
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System Dynamics
Modeling
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System Dynamics Jay Forrester '50s

e Stocks, flows
— Interacting feedback loops

Sales
Potential \/
. A Clients
clients [\ >
+ +
@ D
Sales *

+ > Sales from

Advertlzmg Q

Advertizing
effectiveness

from Word of

MOE{ +‘\Adoption
+

Fraction

Contact
Rate

Bass Diffusion Model
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System Dynamics Jay Forrester '50s

e Stocks, flows
— Interacting feedback loops

The equivalent mathematical model:

d( Potential clients )/dt = - Sales

d( Clients )/dt = Sales

Sales = Sales from Advertizing + Sales from Word of Mouth

Sales from Advertizing = Potential clients * Advertizing effectiveness
Sales from Word of Mouth =

Clients * Contact Rate *
( Potential clients / (Potential clients + Clients ) ) * Adoption Fraction

Bass Diffusion Model
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System Dynamics excels at certain things...

U TS

Cause and Effect

* Representing Causality and relationships

e System dynamics allow you to represent non-physical
relationships too

* Morale -> Productivity, Advertising -> Perception,
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System Dynamics excels at certain things...

De

10

9

8

7

6
: @
>

4 4

3

2

1

Marketing

Market Share

ays
It takes time for certain effects

This can be from the nature of the elasticity between
variables or from the effects of other mitigating effects

Advertising -> Perception, Actions -> Reputation, Fame -> Perception
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System Dynamics excels at certain things...

Market
Share

Marketing
Expense

Revenues

Feedback Effects

* “Practically” unique to System Dynamics, but common in
the real world

* Alogic errorin excel
* Reinforcing Feedback Loops and Correcting Feedback
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Stock & flow elements

| i Palette i = B
System Dynamics ga 4
D [] Stock
& | = Flow
i i) Dynamic Variable
o 5 Link
DiscardR ate “ (% Parameter
28,784.541
o (& Table Function
- (R Loop
PotentialAdopters AdoptionR ate (3 gruductLiFeTime Q_;. Shadow
17,142,333 35,565,872 j= _ _
C e — fdopters, | & Dimension
+ .
N o
’." B A\FD “HQ‘:EH P -
Markat ord of Mouth *:’ Adopters B4 X
£ Saturation 10 p—
; AdopticriFromWom f \ e
®) 306 [N
:" AdoptionFromAd 0 - r
| 188 k6 +
i (* ContactRate f
| & 100 ]
AdEFfectiveness (O AdoptionFraction | g+ .
\ 11 0.025 0 5 10

TotalPopulation

@ demand

o adoptFraction
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Built-in functions

Mathematical functions
abs(x) cos(x) exp(x) floor(x) limit(min,x,max) log(x)
max(a,b) min(a,b) pow(x) round(x) sin(x) sgrt(x) tan(x) ...

Special system dynamics functions

delay() delayl() delay3() delaylnformation()
delayMaterial() forecast() npv() npve() smooth() ramp()

smooth3() trend() ...
x 4 delay( X, T, a )4
alr—
tim; T timg

See full list of functions in AnyLogic Help -> Advanced Modeling with
Java -> AnyLogic functions -> System dynamics functions
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The Sacred Book of System Dynamics Modeler

- BUSINESS
—— DYNAMICS

Systems

John 1), Sterman

Thinking and

Modeling for|
Complex Wprld

John Sterman
“Business Dynamics:
Systems Thinking and Modeling
for a Complex World”

2000. McGraw Hill, 1008 pages

http://www.anylogic.com/business-dynamics-book-models

Professional
Features

. Examples (101)
_ Models from The Big Book of Simulation Modeling' |

L To ool o

! Models from the 'Business Dynamics’ Book (50)
N mOaes (50
Chapters 4-8 (6
Chapter & (@

Chapters 10-11 {5
Chapter12 (5
Chapter13 (3
Chapters 15-16 {2
Chapter17 (3

Chapter 18 (5
Chapter19 (3
Chapters 20-21 {4
Appendices Aand B (4

Example Models

Ask Question/

Get Support

‘Business Dynamics’ Book Models

Adaptive Exp Random Walk
Bass with Discards

Faculty Aging Chain
Floating Goals

Inv-WF with Noise

Logistic Model

Monlinear Polya Process
Pink Moise Mormal

Price Discovery

S Model

Stock Mgtl

Adaptive Expectations
Capital Labor Coflow

Bass Model

Capital Vintaging Coflow

Bass Repeat Purch Flow
Commeodityl

First Order Neg FE

First Order Neg with Geal

First Order Pos FB

Hillclimb

Labor Learning Curve

Hiring Chain1
Labor w Layoffs

Market Growth 1
Nonlinear Population
Polya Process

Price Sector

SIR Model
Stock Mgt2

W25tage w DD FB Widgets
Widgete w Labor and OT Widgets w Mat [nv

Multiplier Simul Eqns

Monlinear Smoeothing

Inv-WF Noise Switch
Linear Population
Network Effect

Pink Noise

Pop and Carrying Capacity
Richards Model
SIR Model Threshold

Summary Statistics

Widgets w Backlog

Population Model

Sl Innovation Model

Stock Mgt 1st Order
TREND

Widgets w Labor
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Potential
Adopters

Adoption
Rate

Bass Diffusion
Model

O

Adoption
from
Advertising

+

Advertising
Effectiveness

A

C

> Adopters

®
Adoption

from Word
of Mouth

4_‘\ Adoption 2000 -
N

Total 000 4 Potential
Population Adopters

+ G000 1
/ 4000 1

Fraction

Adopters

Contact ] 1 z2 3 4

Rate
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Bass Diffusion

e SD classical textbook model of
product, or innovation diffusion

A population group is considered
to consist of Potential Adopters
and Adopters; all people behave
exactly same way

* Potential Adopters become
Adopters at Adoption Rate which
depends on advertising

© The AnyLogic Company | www.anylogic.com

 Advertising goes on all the time,
and every time unit it converts
Advertising Effectiveness part of
Potential Adopters into
Adopters

* |nitially:
* Potential Adopters = 100000
* Adopters =0

e Parameter values:
* Advertising Effectiveness = 0.011
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Agent Based
Modeling
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Agent based modeling

* We focus on individual objects and describe their local behavior,
local rules
— Sometimes, we also model the dynamics of the environment

Environment

© The AnyLogic Company | www.anylogic.com 69




Agents can be:

People: Vehicles, equipment:
consumers, habitants, employees, trucks, cars, cranes, aircrafts, rail cars, machines, ...
patients, doctors, clients, soldiers, ...

Organizations:
Non_mate ria| things: companies, political parties, countries, ...

projects, products, innovations, ideas, investments ...

« FiE st 0000 ™
% 250 Days Moving Avarage Price 03
me | asoBEFHE-FH e
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Statecharts

A : .
A timeout: 5 sec

( Showing Time )"‘

At 1timeout: 5 sec

\\—( Setting Alarm ) /

power < 0.5‘ 1power >1

( Suspended )

© The AnyLogic Company | www.anylogic.com

* The most powerful and
naturally visual construct

e Statecharts can be used to
define:

— object states / modes of
operation

— response to the external or
Internal signals and conditions

— event and time ordering
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Bass Diffusion — Agent Based version

|
Adoption
SD'AB .
Potential v > Adopters | Potential
Adopters 7\ P | Adopter
|
" " Total . ‘Buy!”
@ @ Population : AdEffecii Rate: Guard:
_ _ + ectiveness randomTrue(AdoptionFraction)
Adoption Adoption | A 4 A 4
+ from Q from Word i I
Advertising B of Mouth Adooti
ption Adopter
+ \+\ Fraction | p
+
Advertising Contact , Rate: ContactRate
Effectiveness Rate l
| <random agent>."Buy!”
|
|
10000 A I 10000
5000 Eg;er:gflsl Adopters I 80001 potential Adopters
P I Adopters
G000 - E000 4
4000- : 4000 10,000 agents
2000+ I 2000 4
I:I 1 1 1 1 I I | I I l:l I 1 1 1 I I I I
1] 1 2 3 4 5 & 7 g a I n 1 2 3 4 5 & 7 a 9
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Capturing more with AB Model

 Let the word-of-mouth influence of an adopter
depend on how recently he has purchased

!

i) TimePurchased :
Adoption Fractionvs ~ "TTTTTTRTRRRRRS Potential
Time since purchase Adopter
0.03 L Rate: AdEffectiveness “‘Buy it!”
A N
0.02 / \\ TimePurchased = Now TimePurchased = Now
ocory— T 1T T T —F/——--
/ Adopter
0 1 2 3 Rate: Contact Rate
<random agent>."Buy it!”
Guard:
10000 1 randomTrue(AdoptionFraction(Now — TimePurchased))
2000 1 Potential Adopters
a0 Adopters .
. « Can you build an SD
2000- model that captures
0 T T T T T T T T .
o it 2 3 4 5 & 7 & 9 such dynam|CS?
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B [
Which approach to use?

* [f the problem requirements fit well into the DE or SD
modeling paradigms — you can safely use these traditional

approaches

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

* Sometimes these requirements are at the sub-model level.
Then you can consider mixing different approaches in one
model and applying most appropriate technique where
needed
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Multi-paradigm model architectures

Agents (e.g. customers) interact with other agents >
(staff) in a Discrete Event flowchart E

AV
ASASY
K RIS

4 Agents live in an Environment modeled in
System Dynamics way
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Typical architecture of an AB model

Animfltion
EEIB0N s
[\ T | M—m—m———=
o= ) /| | D=
S - il r_,::] i ----- i.:.: £ I,
an\l-:;arrr;ittjllfosds -I"-\ "'"'“""’{ __-h“"‘."" l—"l-.. """""‘" ._I | II
N | )| i Name: people
.  Type: Person
Statecharts and events : Replication: 100000
Main |
people «-----------f---- Adding/removing people:
add_people();
remove_people( p);
Iterating through all people:
for( Person p : people ) {

}
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Space: Discrete

e 2D array of cells Rows by Columns
At most one agent per cell; to retrieve location: getR(), getC()
Movement: jumpToCell(), jumpToRandomCell(), etc.
Neighborhood models: Euclidean, Moore; getNeighbors()

_____________________
1

<« columns — o

O
- 0 =
E = n RN RN
C B m T
rows ] I B
i i (NSEW]  {N,NE,E,SE,S,
mn -

oL : SW,V\/A,NW]
. . I.________________JI _________ 1
= returns
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Space: Continuous

e Agent has (x,y, z) coordinates in 3D space

* Use agent API:

getX(); getY();
distanceTo( agent );

moveTo( x,y, z),
jumpTo(x,y);

stop(),
isMoving()' moveTo( 20, 30) moveTo( 15,50) stop()
timeToArrival();
setSpeed ( speed ); / *
e Define action: ii'
On arrival getX(y getY()

return the current position at any time
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Space: GIS

* Agentsin a geospatial environment defined by GIS map

e Use agent functions:
getlLatitude();
getlLongitude(),
distanceTo( agent );
jumpTo(x,y),
moveTo(x, y ),
stop();
isMoving();
timeToArrival();
setSpeed ( speed );

* Define action:
On arrival
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B R L N s
Network: connections and communication

 Every agent has a list of connections —other agents

— Use standard network types or define your own using API:
connectTo( agent ); disconnectFrom( agent );

— Access the collection of connected agents:
getConnections(); getConnectedAgent(i );

— Communication in network:
Send messages:
sendToAll(msg); sendToRandom(msg); sendToAllConnected(msg);
sendToRandomConnected(msg); send(msg, agent)
Define reaction in connections element: On message received

Connections = {1,2,3,4}

2 Connectlons 0,3,5
Y D ¢ L
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Network: Standard types

e Standard network types:
Random, Ring lattice, Small world, Scale free,

- ———— —— - —— -

Distance based (layout dependent) — ------------- .

* YOoUu can
— combine standard and custom networks
— re-apply standard network during run, etc.
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How many agents to simulate?

* If I need to model the US population do | need to
simulate 300,000,000 agents? Fortunately not!

« Two main "“model scaling” techniques are used:

— Same environment

— Agents represent
groups

b

— Same agents,

— Environment
scaled down
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FLU OUTBREAK

"",uf -i. ,

Disease
Spread Model
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B D DI
Disease Spread Model

* Inthe model each person has 3 possible states: Susceptible,
Infectious or Recovered (SIR). Initially all but a few people are
susceptible, and a few are infectious. Upon contact with an
infectious person a susceptible person will get the disease based
on a certain probability.

* The agents are placed in a continuous space. The contacts occur
between random agents.
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Pedestrian Modeling
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What are pedestrian models built for?

e At operatlng facility

* Ata preliminary project assessment
stage
— Assess the ability of a facility to

cope with a planned loading and
comply with safety requirements

At the stage of the design of a new
facility
— Assess alternatives, promptly

assess revisions, seek the best
solutions

During construction /maintenance

Increase a throughput capacity,
arrange queues

Optimize the operation of services
(number of personnel, working
hours)

Allocate signage

Assess the throughput capacity of a
facility at a planned increase of
loading

Optimize time schedules (for
example, train schedules)

Allocate advertisement, goods, retail
outlets

works at an operating facility * Safety

— Seek the least inconvenient — Plan escape routes
— Vulnerability assessment for
temporary routes

terroristic attacks and catastrophes
* Aswell as for presenting your project in a contest

— Pedestrian models enable to obtain high quality and convincing animation and
vividly demonstrate your offer
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Which facilities are modeled?

* Railway stations

In general all the facilities where the
arrangement of physical space for
pedestrians affects throughput
capacity, quality of service, and safet

* Metro stations

transport

* Airports
* Pedestrian passageways
e Shopping malls

Museums

“attractions”
[ ]

* Amusement parks
e Stadiums

Concert halls

events
°

* Street events (festivals, rallies, demonstrations)
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Theory. Pedestrian Model Types

Pedestrian Models
(active developments started since about the 1980s)

o .

Macroscopic Microscopic
(flows are simulated, (every pedestrian is presented as a specific matter)
no individual pedestrians are modeled)

/ N/

Gas kinetic model Continuous space Discrete space

(cellular automata)

Social Force Model (geometrical,
magnetic,...)

+ Agent-based model,

“intelligence”
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Cellular automata

Easy local rules

Fast-to-calculate

Can be well-calibrated

Poor animation

See Blue & Adler

29000
000

2010 000

Ol
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... L BN
Social Force Model

S target
* Newton mechanics
* Realism
* Relatively slow calculations
* Very realistic animation /f[z;';';ng
e Extended with higher level

Resultant force
decision making logic

‘\‘
+ See Helbing & Molnar  gepusion @
from other

pedestrians
¢ Repulsion from

walls and
obstacles
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How are pedestrian models built?

@ Facility plan/drawing @ Space markup

AlechriaViont

References to
markup elements

stairsUpIKEA

sourcelKEA G [ Stairs ]

stairsUpAuchan
sourcefuchan G

o st B

stairsUpMain - L
sourceMain Gi-m- - A
o - &=
stairsUpKinoStar fo0d stairsDownKinoStar oToExitKinoStar
sourceKinoStar @—- [ steirs T (Dnj Y iz B m
. . stairsUpOBIL ; stairsDownOBIL oToExitOBIL
Process description s @——a- - o8

stairsUpOBL2 stairsDownOBL2 iuTuBcltUB[l

L, stairsDownIKEA iuToEanKEA
airsDownAuchan oToExitAuchan
e b
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Space Markup elements

Walls D O
22

Target lines / pedestrian
appearance lines

e

Virtual corridors
(pathways)
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Process Description Basic Blocks

PedSource Creates pedestrians on PedService Sets servicing

a line, at a point or in

@ an area with a given ‘m
rate, according to a
time schedule, etc.

PedGoTo Sets up an objective or PedWait

PedSelectOutput PedSink
Divides a passenger
flow @

&&&&@

© The AnyLogic Company | www.anylogic.com

parameters (where
is a delay, the selection
of a queue, etc.)

Sets waiting
parameters (where to
wait, in relation to time,
until an event)

Deletes passengers
from the model
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Measurements and Statistics in Pedestrian Models

: - : PedFlowStatistics
» Metrics specific for pedestrian models

— Flow characteristics: the total number of ' %
passenger having passed through a \
section per a unit of time, >
the same quantity per a unit of length

— Density in a certain area:
the number of passengers per square
meter (average per a unit of time);
density charts

PedestrianDensityMap
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Individual Features of a Pedestrian

Since each pedestrian is modeled as an agent, individual features
can be adhered to them

Features built in a basic model:
— Comfortable speed
— Dimension (“diameter”)

These can be added to them:

— Individual targets (flight, platform, shop)
— Servicing class (first / business / economy)
— Citizenship (US/EU/other, ...)

— Servicing speed

* These features can be checked during the pathway of a pedestrian
throughout a process diagram and affect their behavior
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Groups

e Pedestrian behavior in groups considerably differs from that of

independent pedestrians

— Hold together; how to go (“in a rank”, “in a convoy”, “in a flock”)?

— The presence or absence of a leader (for example, a guide)

— Service: one pedestrian is serviced for all? (buys tickets for all, whereas
a security check should be passed by everybody)

— Does everybody stand in a queue? Where are those who are not
standing in a queue waiting?

PedSource Is able to set groups, sets initial PedGroupChangeFormation
G construction as well as default

behavior at servicing points Changes a group

formation type

PedGroupAssemble PedGroupDisassemble
Ej The same but out of the existing | Divides a group into individual
independent pedestrians

independent pedestrians
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Railway Station Model
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Group Exercise
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0 S ...
Instructions

1. Break into teams and select a team name
2. Review the details and performance metrics of the existing process

3. From the list of improvement options, select the ones you believe
will be the most impactful. Each option has a cost and the team has
a budget

4. Reconvene and a simulation model will be used to show the
outcome for each team's selections
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Further Information
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B D .
Steps For a Successful Project

* Follow a structured methodology
* Formalize the team

* Select the software

e Commit to the project

* Define success

* Consider key success factors

e Keep up with the industry
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Steps: Structured simulation methodology

Define the problem or objective

Develop a formal Simulation Specification

Model the real or proposed system

Gather model data

— Historical

— Observation / time studies
— Estimates

Verify and validate model

Run “what-ifs” & analyze results

Implement the changes!
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Steps: Define the objectives

* Communicate the written objectives

* Appreciate the unwritten objectives
— Upfront and unbiased planning
— Other methods have failed
— Validate someone’s ideas
— Justify something already done
— Provide a check and balance
— Try out a gee-whiz tool
— Visualize the process
— Develop a training tool
— Build a baseline for future use

© The AnyLogic Company | www.anylogic.com 104



Steps: Develop a Simulation Specification

* Objective and scope

* System Description

* Assumptions

* Deliverables

* Schedule

e Structure (approach, tool(s), animation)
* Interface, inputs, outputs
 Data collection strategy

* Validation methods

e Resource requirements
* Planned scenarios
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Steps: Model validation (ER example)

e Compare actual versus simulation
— Correlation study

* Comparison to direct observation. For emergency department, for
example:
— Arrivals (numbers, day, time)
— Patients in waiting room
— Patients in hallway

 Subject matter expert review

* Demo of model animation for the users
— Queues, paths, bottlenecks
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Steps: Formalize the team

* Project manager

* Process designers

* Process owners

* Process users

* Data sources

* Upper management
 Simulationists

e Simulation users
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Steps: Today's simulation tools

Easier to user interface
Industry-specific custom templates
Improved model build and run time
Used throughout system lifecycle

Numerous simulation applications
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D DU DI
Steps: Tool considerations

e Userinterface

* Flexibility

* Upgrade progression

* Data exchange

e Animation (none, 2D, 3D)

* Run-time license or viewer
* Object-oriented design

e Custom object and template development
e Continuous and/or discrete
* Optimization

* Customer care

e Market breadth

* Price
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B D ..
Steps: Commit to the project

Allocate S for software purchase and maintenance/support
— Initial software purchase ($1-25K)
— Annual software maintenance

— Higher cost software - % of purchase

— Lower cost software — purchase upgrade

 Attend offsite or uninterrupted training
— General appreciation-level
— Detailed simulationist-level

* |dentify the organization and person(s) responsible for simulation in the company
e Conduct a small pilot project
* Provide visible management support

e Maintain proficiency
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Steps: Define success

e Tangibles
— Results that drive decisions
— Verified improvement

* Intangibles
— Process understanding
— Team building
— Employee involvement
— Management visibility
— Success story
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Steps: Consider key success factors

* Start small & with a pilot project

* Build ownership of the model & results

* Bound the project through defined scope

* Use a hierarchical modeling methodology

* Spend enough time developing and communicating assumptions
* Get the help you need

» Target the lowest fidelity level possible

* Ensure management visibility

* Maintain momentum
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D DU DI
Steps: More key success factors

* Involve as many as possible as early as possible

 Take pictures or movies of the actual system and use them in discussions
* Collect more than process step data

* Develop descriptive (yet clear) graphics

* Validate the model with all constituents

* Consider the downstream user
— Interface tailored to user
— Reuse
— Documentation

* Develop the “believable baseline”
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Steps: Keep up with the industry

* Societies
— Institute of Industrial & Systems Engineers (www.iise.org)
— The Society for Modeling & Simulation International (www.scs.org)

— Institute for Operations Research and the Management Sciences
(www.informs.org)

e Conferences
— The Winter Simulation Conference
— INFORMS Annual and Analytics Conferences
— Some vendors have user conferences

* Books & Periodicals

— The Big Book of Simulation Modeling
— AnylLogic in 3 Days
— Conference Proceedings

e Searchthe web!
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http://www.iise.org/
http://www.scs.org/
http://www.informs.org/

