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Enterprise Library and
Enterprise-Wide Discrete Simulation

™M

AnyLogic™ provides the Enterprise Library, a discrete-event simulation library

containing objects you can use to rapidly simulate complex discrete-events systems like:

- Manufacturing processes with detailed shop floor layout

Simple and complex service systems (e.g. banks, airports, etc.)

Business processes with activity based costing

Logistics and supply chain models

The Enterprise Library allows you to create flexible models, collect basic and advanced
statistics, and effectively visualize the process you are modeling to validate and present

your model.

You can find models created with Enterprise Library in the AnylLogic™ examples pack,

including:
- Airport Terminal - Packaging line
- Billing Department - Warehouse And Flexible
Assembly
- Beverage Production - Multiple Call Centers

In this tutorial you will learn how to create models with the Enterprise Library in the

fields of manufacturing and business processes (with activity-based costing).

Note that there are several reference files available for this model representing the
milestones of the editing. You can use reference files if you experience any difficulties
creating a model and you would like to compare your model with the reference file.
Reference files are located under Examples \ Enterprise Library Tutorial
Models folder, and you can use Start Page to open those examples. Szart Page will appear

automatically once you close the model you are editing.

© 1992-2005 X]J Technologies  http://www.xjtek.com 7
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1. Getting Started with AnyLogic'™

This section contains general information about creating models with Enterprise Library.

You will learn how to create a new model and adjust its settings, how to use the library

stencil and connect objects to build a model.

1.1 How to create a new AnyLogic™ model

In this tutorial, you will create several models. This section briefly explains how to create

a new model and adjust model settings.

» How to create a new AnyLogic™ model

-] ey

My ModcLalp - Ayl ogic - [Modrl]
B Ol €k Yew et [raw Hodd ook Wndow feb
D SEd X i B&NE| e & = 5
I_F_‘ ® T Q0D 2| T
———————— i S S e B S 2 o = = S
mecel 3 X Mot |
18 Clses —
= (@ e_model 2
+ G Model
& Expariments
1
1
1
]
]
]
]
1
1
1
1
]
]
]
]
1
1
1
B ol [ 28 i L« — 1 Lf_l
Rty

- 15]=]
-ax
]

O Click the
New button

Genenal | At

Nama: | smvsation

Rt okt [my_model.Modkl

Selation speed

= Virtual time meds (Fastest soeed)

1™ Rzl tme mode (spechied speed)
el b ursts e smcone: [0

e

Wussber of rusw: 1

P oo

Nana  Vahat

O Adjust new

model settings

Once you clicked the New U button, a dialog box opens where you

can choose the folder and give a file name for your new model.

© 1992-2005 XJ Technologies  http://www.xjtek.com
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® You can create several alternative model settings. A group of model

© 1992-2005 X]J Technologies

settings is called an experiment, and experiments are displayed
under the Experiments item in the model tree.

Eéf Experiments
- % simulation

One experiment is created by default and named Simulation. Click
the experiment in the tree, and adjust model settings using the
Properties window.

|Properties 1 x
General |Add|t|0na| | ____________
! .
! O Root object
Mame: ISimuIation ! .
(main model
Root object: Imy_modeI.Main j .
= Simulation speed Ob]eCt)
(f' Wirtual time mode (Fastest speed)
€ Real time mode | (;pgciFieT:I ;p;ea) _____________________________ 9 Real or

IModel time units per second: I 1
1

) virtual time
~Multiple runs

Number of runs: I 1 @ Number of execution

model runs and

‘~Parameters

Name | ¥alue run parameters

0 Select the class that will be started once you click the Run [
button. By default, this property is set to Main, a single blank class
created automatically in the new model.

Project o X
| |

E{@ Model
i E@ oy _rnodel
H-Efl Main

If needed, you can rename the class. Click the class item in the
Model tree, and adjust its settings using the Properties window.

[Properties I
General | Image | Description
Class name; I Main -—- - mmmmm koo
Class name
Base class: I
Farameters:
Mame |Ty|:|e

® In real time mode, the model is executed regarding the physical
time, i.e., you specify how many model time units will be executed
in one second. Real time mode best fits to present model animation.
In virtual time mode, the model is executed not regarding physical

http://www.xjtek.com 9
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10

time—that is, as fast as possible. This mode best fits when you need
to run the model for a long period of time.

< this tutorial, we will mainly use Real time mode to observe

animation.

® A model can be automatically set up to be run several times to
vary parameters. This way, you can observe system behavior under
different conditions and automatically collect valuable statistics.

The additional simulation experiment properties tab allows you to
control model execution.

General | Addiional |

Model stop condition

¥ Stop at tmei; | 1000

Additional stop conditions: I

@ Model stop
condition
Add... || Change... H Remove
Frandom numbers generation
" Random seed (unique experimenti) _________________
% Fized seed (reproductible experiments)
Seed value: |1 9 Random
Humerical methods ﬂumber geﬂeratof
Differential equations: IAutnmat\(
control

Algebraic equations: Inutomat\c

Lol Lel Lol

Mized equations: IAutumat\c

Absalute accuracy: 0.000001
Relative accuracy: 0.000001
Time accuracy: 0.001

Fized time step: 0.01

O You can run the model infinitely or stop the model at the specific
time. Also, you can specify advanced stop conditions, like statistics
confidence interval, variable value condition, or any user-defined
condition.

@ If you use random numbers in the model, you can choose to
generate random numbers unique for each model run (this is useful
to collect statistics for multiple runs) or to generate the same
random numbers and thus obtain the same model execution across
runs (this is useful to run the model several times and see its
behavior).

© 1992-2005 XJ Technologies  http://www.xjtek.com



AnyLogic™ Entetprise Library Tutorial

1.2 How to use the Enterprise Library

You use the Enterprise Library by dragging the objects from the library stencil, setting

custom properties for the objects, and connecting objects together.

» How to use Enterprise Library

b Ol [t Wew [nsert [vaw Hodel ook Window b -ax
OFEd ELhAX AL 9 - REOE | e & = 5 7 W Aeh
[x] T wen R E 0% G A ) v
T TP 9o RRDARYOL D 3
Lbeariesl— — LEI T L wx” T T 7 .
L opnaric Systens Lbrary | ]| e | meskcation | pescrinon o Entefprlse
: Enterpriza Lirary . .
= e - o [ Library stencil
bl Buhy  Combina Ty [com. . arrpoge . erkerpriie_Morary. Dty
1 ..'. P aimesns
= = . Home. Within
Corwayor  Dulay Eropalf ot
___________ g | N
b - 155 D — ® To add an
Erewr [ old w o, canacity
) b tef bl inn . .
M- = e : object, drag it
L Mach Pt wirk ] snimationT yoe AUTOD 1 .
' smecianed e ' from the stencil
- = T dalyy scheckin wthond_schedule : )
[ @ | with the mouse
- . = o :
ek roaredFe st \_ o ____ L _______ :_ _________
i = gy ! © Drop the
gt M Ptk Phatsiek
R ' object where
o =3 b 1
ol ey ' you want
¥ - w—- 1
Brb G e :
- o I e bt O Change
Bebnaze Fr.l:.:;' :_-u-yq_! = e Object
[ &l )
[ La| | i .
Aty propetrties

Enterprise Library stencil shows all the objects in the library.

You can click any object in the stencil and drag it onto the
structure diagram.

©®  Once you have dropped the object onto the structure diagram, it
becomes selected and its properties are displayed in the Properties
window.

®  You can adjust object properties as your model requires. To adjust
properties at a later time, click the object to select it and modify
the properties you want.

© 1992-2005 X]J Technologies  http://www.xjtek.com 11
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1.3 How to connect objects

Objects need to communicate one with another, so you will need to connect one object
with another. You will have two options: connect instantly by dragging first object’s port

onto second object’s port, or by means of the special Connector tool.

» To connect objects

kg Cle £t Yew fnsert [row  podd Took  Window b _x
3 Fdd ALAX AL 9 BEREF | ke [ e - w[a]ideh oy
[x] BT R O ALY v A L] T v
LT e ehaoe REABVE LS 0F
Libearies X o Model | I U
Dyriaem Syshems Lieary T = |
Enkerprise Lbrary 1
= . = = !
nf..-n.- e Raurky :
R 1
1 e ittty ity .
S | ' @ Click the first
! |
£ S ' ! port
— ' |
5o ! 1
25 2 ' !
(] Held Litw 1 . SEf A1
oo L Bege
. | e
Mapch Plabrsiekc I'U»:t'.»l \ | LTIL
r~ [ 1
! | e e e e e e e e — e — - -
e : ® Drag it onto
1
P . g ! the second port.
[ & ' A connector
oot o 1
! appears.
Tt e Paode g 1
Sauwd 1
b '
Prsasal)  Cowsm Res =] !
Fow Ly : ﬂ
Wt B braies L« | 2
By 1
1
© You can also
use the Connector 7.
tool
®  To connect two near-by objects use drag method:
9 L
' O Click the first
1

! port to select it

(B) Drag the first port
onto the second port to

create a connector

©® For long or curved connectors, click Connector nlﬂ, click the first
port, and then click the second port.

12 © 1992-2005 XJ Technologies  http://www.xjtek.com
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1.4 How to create adrawing

For each model you can create an animation to visually represent your model. You can

create any animation you want. To create an animation you need to draw it using an

animation diagram.

» To create a drawing

S® Ble  Edt  View Insert Draw  Medel  Tools  Window  Help @ x
[apl=1"~ = DB X B &R ie 0D E |60 & e e W B
@ | B ERNEEn & ] T FQREO00WMN B¢l BEE B 6 -
Modz! T 2 /[ %2 Main ‘ 4 x
e todel = |
- 13 _reng and embedded |l _ L L L L L L L L L e e e e e e e e e e e ==

& Control

&) CraneMechanicsLine:

EEE Main .

[ Code Desiverd pomit
2, animatien €13 Crane and Embedded F 5 ]

& Sensors
=g Experiments
% simulation

e et

! Parameters

! Mass of the car 123 —F—
P Massofthe loadh 123 3y
i Cablelength: 123 —l—

} Disturbanca: 123 3
! Emergency stop: Brake:

s T P A TEEEE

4 | » =
15 Model [ &2 Lbraries | L4] | _’I_I
[ready I I | I I I

@ Create a new

animation

® Draw shapes
you want using

drawing tools

(1) To create a new animation for the class, click the New Animation

il toolbar button.

®  You can draw geometric shapes (lines, circles, rectangles etc.), add
images, user-controllable controls (buttons,
checkboxes etc.), indicators (charts, bar and arc indicators, text).
All the shapes can change the appearance at run time.

© 1992-2005 X]J Technologies  http://www.xjtek.com
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2. Bank Department Model

In this section we will create a simple service system of a bank department, consisting of
an automatic teller machine and teller lines. ATM provides people with a quick self-
service for cash. More complex transactions, e.g. paying bills, are completed by tellers,
allowing customers more time without inconveniencing those customers looking for
quick cash. We will apply activity-based costing in the example to see how much it costs

to serve a customer for the company, and what parts are wait cost and service cost.

2.1 Creating a new project

Create 2 new model as described in Section 1.1, “How to create a new AnylLogic™

model”. Rename Main class to Model. Using Sizulation experiment, specify that the
model is executed in real time mode and one model time unit will be executed in one
second. In this model we will consider a model time unit as one minute of a bank

department lifetime.

2.2 Creating a flowchart

Now we will create the flowchart of the system consisting of the ATM only. We will

create and connect several objects as shown below.

14 © 1992-2005 XJ Technologies  http://www.xjtek.com
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Create the flowchart

[BABank Kiosk 1 - Simple model - AnyLogic - [Model] _i® x|
SEP Ele Edt  Vew Insert Draw  Model Took  Window Help _ax
0 ZHA $hEX H8 9 [ Ara N G G o W B (Y
(HEHe | RBAGLE A A KT FQEIBO LR O e @
lodel 2 || g model ‘ a4 b s ||Properties 2 x
E-ii Classes | General | Replication | Description
| e R R
) Model ! Name: [k ® Source
E-& Experiments !
58 Gimulation : Type: [ com ., amvlogic.lb. entetprise_library.Sink
1 Parameters:
! Name | Value ]
! onEnter
1
1
R | ) DD ) R
1 |
' ' ® Queue
1 1
1 1
source queue delay sink
sann oo spicar 0
lo+c——oggec——o @ O O—%
nen w P st
E
! 1
P W — 1 |
' g © Delay
1
|
1
1
[
1
o __l N I S
O Sink
I Exclude from buld
[ Show name
Tl M Autocreate
{1 Model ‘@Uhraﬂas | l4] »

|Ready

© 1992-2005 X]J Technologies
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Add Source object. Source object generates entities with the
specified interarrival time. In our example, it models customer
arrival.

Please refer to Enterprise Library Reference Guide for the
description of all the Enterprise Library objects. You can find there
all object functions and their parameters.

Help

Enterprise Library Referencle

Enterprise Library Tutorial :

1
System Dynamics Tutorial :

|set's Manual

O Invokes Enterprise

Class Reference

Library Reference Guide

Reqister Product...

?

About AnyLogic..,

O To invoke AnyLogic™ Enterprise Library Reference Guide, click
the corresponding item on the Hejp menu.

Add Queue object to model a queue of customers waiting for the
moment they can be served.

Add Delay object. The Delay object models the ATM that is
spending some time serving the customer.

15
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® Add Sink object. This object indicates the end of the flowchart.

2.3 Running the model and observing behavior

We are ready to run the model created. Each model created with Enterprise Library
instantly has animated flowchart where you can see detailed current object status, for

example queue size, number of entities left and so on — completely in graphics!

» Run the model and open animated flowchart

B3 Bank Kiosk Model 1 - AnyLogic =18 x|

E Edit  View Insert Draw Model Took Window Help

N BEHY cLax AL - BenFirr AN BEEBED (R e FEW B S oW

= e = e T

| Eirnnt‘nmot‘ :. ab =

= .

z O Click the
El Run g

toolbar button

® Double-click
root in the

objects window

© Animated
structure diagram

window opens

[Ready Il Il [ |lo15 | Time: 13.000000 |[Step: 37 | [Replication: 1

®  Click the Run ® toolbar button. AnyLogic™ switches to run-time
layout.

® In the Objects window appeared double-click the topmost item in
the tree. If Objects window is not present, open it by clicking the

Model Root Object ﬁ toolbar button.

©® Once you double-click the topmost item, the window opens
showing you the animated flowchart of your model. You can
instantly see how many entities exited a queue, or are stored there,
etc.

16 © 1992-2005 XJ Technologies  http://www.xjtek.com
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N The reference model for this point is

guele

\ Bank Department 1 - Simple model.alp.

2.4 Defining model data

O 8 entities

exited the queue

O 2 entides are

stored.

Examples \ Enterprise Library Tutorial Models

Now we will define the data of our model, adjusting the properties of the objects created.

P Set up the object properties

B Bani Kiosk Model 1 - AnyLogic - [Model] =18 %]
SEY Ele Edt View Insert Draw  Model Tooks  Window Help _@x
D BH fhEX AL|oc GenFirrIRE |HHEE 0N |[Rle s Fawsidaw
R - - S| K|S wor "RIBOLAR O 0o w|d
Model 8 X/ g1 Madel | 4 b x |[Properties ax
Bl Classes =|| Generl | Replication | Description |
=l bank_kiosk_mode!
EMp Medel e e meem = Mamer Lomk— — — _ _ _ L _____]
Code ]
B¢ Experiments 1 Type: [ com.xj.anylogic.ib.ente o Source
% simulation 1
| Parameters:
| Name [Value
| onEnter
1
1
[
: R e H----=-=-----cp-===-+
, , ® Queue
L 1
cource aew delay sink
aann oo =ices aann
'—hq—ﬂnnnq—ﬂ @ = O=->8
e e s L arenans
i
1
1
b e e e e e mmmmm - B | | | QP —
© Delay
I~ Exclude from build
I# Show name
Tl | suto create
1 Model [ &2 Lbraries | 14| >

[Destroys the made!

© 1992-2005 X]J Technologies

Specify how often customers arrive.

You specify interarrival time in

the interarrivalTime object property:

http://www.xjtek.com

17



AnyLogic™ Enterprise Library Tutorial

|Prn|:uerties X

General | Replication | Description

Marme: | SOUrCE

Tvpe: |u:u:um.xj.an\;logic.Iil:u.enterprise_library.SoL

Parameters:
M ame: Walue
onExit —mmmm e | __
newE rtity Entity.class Q Type
generationT ype distibution | exponential( 0.67 )
firstésrivalTime 1] X for interarrival time
interarnivalTime exponential 0.67 ]

0 Specify that the interarrival time is an exponentially distributed
value with the mean of 1.5 time units. Note that exponential )
function accepts rate as the argument, so we use the rate of 0.67.

The exponential () function is the standard AnyLogic™ random
number generator. AnyLogic™ provides also other random number
distributions, like normal, uniform, triangular etc. Please refer to
User's Manual for the description of all the random number
generators. You can also see all the generator functions and their
parameters in AnyLogic™ Class Reference, see the Func page.

To invoke AnyLogic™ User's Manual or Class Reference, click these
items on the Help menu.

®  Set up the following properties:

Properties o x
| |

aGeneral | Replication | Description

Marne: | guels

Twpe: |u:u:um.xj.an\;logic.Iib.enterprise_lib

Parameters:

Mame Walue
onEnter

onE xitPreempted

onExitTimeout

ortE sit -8 ------ .
arE sit E O Set queue capacity
queveT vpe FIFO ! to 15 entities

capacity 15 1

entities T adnimate : all

O At most 15 customers will wait in a queue.

©® Change the Delay object properties:

18 © 1992-2005 XJ Technologies  http://www.xjtek.com
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|Pr0perties ax

General | Replication | Description

Mame: IATM _________ - — = ]

: = — O Name the
Type: Icom.X].anyloglc.Ilb.enterprlse_llbrary.Delay
object ATM

Parameters:

Mame Walue |

onEnter

onExit

delayTime tiangular( 0.8.1.1.3]) 77~~~ 7

capacity 1 @ Type

statsEnabled false triangular(0.8, 1, 1.3)

for delay time
O A transaction takes about 1 minute. Specify that processing time
is triangularly distributed with mean value of 1, min of 0.8 and max
value of 1.3 time unit.

Now you can run the model by clicking the Rz B button and observe its behavior.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ Bank Department 2 - Model data.alp.

2.5 Creating a model animation

Although the flowchart is animated, you may want to see the actual bank department
layout animated. That is also possible! Now we will draw the layout consisting of the
ATM and a queue. First, we will create the animation diagram, and second, we will

animate it.

Now we will draw the layout of our bank. You draw the layout in AnyLogic™ using the
animation editor. However, if you have existing image of the layout, you can simply

import this picture as the bank layout instead of drawing it by yourself.

© 1992-2005 X]J Technologies  http://www.xjtek.com 19



AnyLogic™ Enterprise Library Tutotial

» Draw queue and ATM

B3 Bank Kiosk 3 - Model animation - AnyLogic - [Model] =&
S Ele Edt Vew Insert Draw Model Iools Window Help - 8%
0 EHE ¥R BSOFIpbDPE |2 RSEEEE £ [ W B O
R N R A Y N s S i m e NN = e el e e oS ol
lode| 8 X[ Ggmodel 29, Model ‘ 4 b 5 |[Properties 2 x
=i Classes ]| Graphics ‘Desmptmn |
Sl bank_kinsk_model
1 Model Name: ATMarea
Code
-y animatian i 60 h
& Experiments
*-%& Simulation ¥ 94 -
Rotation: 0 den | rad
Width: &0 -
Helght: 50 -
Fill color: ATM.sizel) > 07 7
B |
Line widkh: 1 2
Visible:
Replcation:

18 Model [ &2 Lbraries |

I™ Lack aspect ratio

I™ Shaw name

I~ Exclude from build

[ready

20

O Click Polyline
toolbar button

O Click several
intermediate points

® Double-click
the last point

© 1992-2005 XJ Technologies

and click this first point

© Draw queue
path

O Draw ATM
rectangle

http:/ /www.xjtek.com
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< The starting point—that is, the point you click first to draw a

polyline—is important. By default, entities will be moving from the
point you draw first to the point you draw last.

Set up some properties for the queue path drawn:

|Properties n X|
Graphics | Palyvline | Description
Mame: I L R e
(A Specify
i I =il I j ATMqueue
¥ |4n | j name for the path
Raotation: |IZI deg | | rad
width: | 130 | =l
Heigh: | 140 | =
Fill eclor: |_NaFil -] | |
Line color: I_lvl I ﬂ
Line width: |1 [ |
Wisible: [false  —---------om-----
® Specify that the

polyline is invisible

® Hide the queue path. To do this, click the path and type false
in its Visible property.

® Draw ATM rectangle:

O Click Rectangle [
and draw a rectangle
depicting the ATM

Set up some properties for the ATM drawn:

! However, you can set animationForward property of the flowchart object to false to move entities in
the opposite direction.

© 1992-2005 X]J Technologies  http://www.xjtek.com 21
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|F‘r0perties o x
Graphics | Description |
Mame: I ATMarea e e o = - -
O Name the
= [-e0 | =
rectangle ATMarea
¥ |94 | [
Rotation: I 0 deqg I _____________ g Eal:i_ 1
whidkh: [e0 | | | ® Set run-time color
1
U for the sh:
Height: B | ' =] or the shape
1
Fill calar: II:I Iv| IATM.size() =07 Color.green ; Color,white j

® Type run-time color expression:

ATM.size() > 0 ? Color.green : Color.white

Note that ATM is the name of the Delay object we created. The
expression determines the rectangle color at run time. The size()
function returns the number of entities currently being processed.
The color will be green, if a customer is served at this time, and
white otherwise.

Color is the standard Java™ class, containing some predefined
colors like black, blue, cyan, magenta, red and so on, and also
allowing you to create any custom color.?

2To see the list of predefined colors, as well as the methods of the Color class that allows you to construct

custom colors, open http://java.sun.com/j2se/1.4.2/docs/api/java/awt/Color.html or see your locally

installed Java™ documentation.
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Now we are ready to animate the layout. This is done by setting up the animation

properties for the logic flowchart objects.

P Set up the animation properties

R
SEP Hle Edt  Vew Insert Draw Model Iook  Window Help - &X
0(ZHI s RaX AL |9 BenFipe D PE (DS E00(Ee s Fawaidmow
PEHe | RFERLE LS k] K T o FRIMOLAB O NG E G| D
lodel 2 X/ &1 Model | 4 b x ||Properties 2 x
EHid Classes | Generdl | Replication | Description |
-8 bank_kiosk_mode!
£ 6§ Model Name: [sink
[ code
S Experimerts Type: | comn.xi.anviogic.b.ente
+-%3 simulation
Parameters:
Name [Value
_______________________ OOl - o e e e e - =
| .
| O Animate
1
' the queue
1
1
source eI delay ELy
sann oo s sann
Ie>o—oggen—o@ic—o-e
e ws P rensss
L
I Exclude from build
I¥ show name
Tl | auto create
{1 Model ‘@Uhraﬂas | 14| 3

|Destroys the model
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Set up queue animation. To animate a queue, just specify the

gueue path:

|Pr0perties a x
General | Replication | Description

Mame: I quede

Type: Icom.xj.anylogic.Iib.enterprise_library.Queue

Parameters;
Marmne Walue |
ohE nter
onE sitPreempted
orE xit Tirneout
ondAE xit
onE xit
queueTrps FIFD [
capacity 15 1 0 Set up the
ehtitiezT adnimate all : path name
preemption falze :
tirnesoit false :
statsE nabled falze g
animations hape animation. ATMqueue
animationT ype A0 -~~~ =~-==-==-r~--=---- .
arirnationF onaard brue @ Spec1fy the

animation style

0 Choose animation.ATMqueue from the drop-down list.

® Many objects of the Enterprise Library support several animation
styles. For example, a queue can show its contents like a line of

http://www.xjtek.com
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items, a disordered heap of items, arranged items, and so on. For
more information on animation styles please refer to Enterprise
Library Reference Guide. AUTO animation style detects the style
automatically based on the shape you provided (for instance, a
rectangle or a polyline). In this case, the queue will be animated as
a line of customers waiting to be served.

Now you can run the model and observe its behavior.

» Run the model

B Bank Kiosk 3 - Model animation - AnyLogic =18
: Ele Edit VYew Insert Draw Model Iook Window  Help

D|BHS chEx AL BepsirrlIm UREEEO|E e > fEAwmisoow
e = R = A D S B e S

]| & root ‘Ehmmatiun‘ Bank Kiosk Model | U ! 4 x

: O Click the Run >
& button
___________________ ® Model starts

executing and

animation

© Click Stgp B
to stop
execution and
edit the model

[Play... I I [ Jlbrs |[Time: &5.554405 [step: 224 | [Replication: 1

®  Having started the model, you will see the animation window. Note
that when the ATM station is serving a customer, it becomes
green, and when it is idle, it is white. A statistics about ATM
utilization is probably worth collecting.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Bank Department 3 - Model animation.alp.

2.6 Collecting utilization statistics

With AnyLogic™, you can collect complicated statistics whenever you need them. The
objects of the Enterprise Library are already capable of collecting the basic statistics. All
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you need is to turn the statistics collection for the object on, as it is disabled by default to

speed up the model execution.

P Turn on statistics collection

[BRBank Kiosk 4 - Utilization statistics - AnyLogic - [Model] =18 x|

SEY Ele Edt View Insert Draw  Model Tooks  Window Help _@x

0| SHE $REX A8 9 B rp0 Dm0 0EE 0 R| e B e w e
R N B - LY e e S R N e e R

Model 2 X! 98 Model G Model ‘ ——————————— e Ax -

g ]| senerd ‘Rep\lcat\on | Description 0 C]_le the
- bank_Kiosk_mode!
tee: [ ATM object

- Model
Type: [ com.d.anylogic b enterprise_library. Delay

Code
B animation
B¢ Experiments
+.%3 Simulation

Parameters:

Marme Value ]
onk nter

onE it
delayTime: 08.1.1.3)
capacity 1
statsEnabled tiue
animationShape animation ATMarea 9 Turn on
animationType SINGLE

sauree queg aTM sk srinationFarmard e isti
o oo statistics

S AR schedule without_scheduls
le»o——omgen— 0 @0 —o-e = .
o e v bty collection

™ Exclude From buld

[+ Show name

¥ auto create

15 Model [ &2 Lbraries | 14 _,I—I

[Ready I I | I I

®  To turn on statistics collection for the object, select true value for
its statsEnabled property.

You can view the statistics collected as charts or numerical values. You can also plot

charts and display numerical values directly in the animation.

We will draw a utilization indicator in the animation.
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» Add ATM utilization indicator

(B Bank Department 4 - Utilization statistics - AnyLogic - [Model] =8|
S Ele Edt Vew Insert Draw Model Iools Window Help - 8%
BaRl=1" =] < d g & D e i G B W B i Y
i@ SR EBYE AR G R T HRIOO0O0OWMN e EE | B R M e
lodel 3 X[ Gaviodel | % Model | V. 1 x|[Properties ax_ ___ |
=8 %dzla b Al e [ O Click Bar
E1-&@ Model X — .
H o g | Indicator [z
BBy animation @ [ = =
& Experiments
*-%8 simulation FREEEETY I—L[ et
B et T e e e
; .
i T — @ Click to place
1 T
i vorer o new indicator.
1
: I~ Exelude from build Adjust itS SiZC
| ™ Prevent frame selection
i T and properties
BT
1
1
| jm——mm—mmmmmmm - -
ATM i1 : 9 Add text
| label
Lllgglll ol
o ATM gleue size ATM utilization
,,,,, HESCLECCRERERE Ccssa s CEEERYELEREREL
1
1
O Place a bar
. indicator for the
18 Model [ &2 Lbraries | 14| 3

[ready

queue size

(2]

26

Resize the indicator as necessar
properties:

| Propetties

Graphics  Bar Indicator | Descripﬁo‘n'I
|

Value ko indicate: IATM.getStatsUtiIization().mean() j
1
|
Orientation: & vertical :
| |
" Harizontal) [ S
| ! |
I¥lin walue: | a : ! :
| ! I
Max value: I 1 1 !
. 1
Walue color: I _I'l I ! 1 j
1
Scale color: | _|-| I j

y. Then set up the following

O Set min

value to 0

0 Set max

value to 1

@ Set up

the value to indicate

@ Set up the following expression as the value to indicate:

ATM_getStatsUtilization() .mean()

Here ATM is the name of the Delay object we created. Each Delay
object has a function that returns its statistics. This function is

called getStatsUtilization().

The mean() is the function that returns the mean value measured.

You can use other methods to get statistical values, such as min()

© 1992-2005 XJ Technologies
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and max(). You can find the list of all the methods in Class
Reference, see DataSet page.

For more information about the statistics measured by a Delay
object, please refer to Enterprise Library Reference Guide.

under the indicator created to place it.

|Properties a X|
Graphics | Text | Crescription
Text: | ATM utilization O Type the text
to be displayed
| =
Calor: | _I'I I j
Fant: AakhCc Choose |

® Add a bar indicator to observe the current queue size.

Properties o x
I |

Graphics  Bar Indicatar J_ Description |
pat

y O Sct up
Value to indicate: Iqueue.size() "I _
queue.size()
Ctierlation: % vertical as the value to indicate

€ Harizonkal

Min walue: IU L — L -
' 0 Set max value

Ma value: I 15 to 15
Walue color: @ I 'I

Scale color: IE I vl

Iv' shaw value

[" show scale

O The size() function of a Queue object returns the current
number of entities in the queue.

® Since the queue is set up to contain at most 15 entities, we set
the bar indicator max value to 15 as well.
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» Play with the model

B Bank Kiosk 5 - ATM animation - AnyLogic =18 x|

: Fle Edit Wew Insert Draw Model Took Window Help

0 EHd s onx AL 0 BRI rr AN AREERES (@ e FEwBIS o

P Do WS W Ok g K]]S o B lomm oo oo m oo -

|| G root ‘E.Ammatlun:EankK\oskMode\‘ 4 b x o To speed up the
=

simulation switch to

12poi

&

virtual time mode
i

sourge queue
=0 —oe=n;

a1 2m

1o

H ."....- H:W
033

[

5.0 058695
ATM queus size ATM utilization

[Flay... Il Il |[»|lors | rime: 84.531928 Step: 385 Replication: 1

©®  Switching to virtual time mode allows you to view simulation run at
its maximum speed. Therefore, you can simulate a long period of
time.

A The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ Bank Department 4 - Utilization statistics.alp.

This model demonstrated the basics of the Enterprise Library. Now we are ready to

create motre advanced model.

2.7 Adding teller lines logic

Now we will create another part of the system by modeling how the customers are
served by the tellers. We can model tellers using delays in the same way as we modeled
ATM. However, modeling tellers using resources is much more convenient. Resource is a
special unit that can be possessed by entity. Only one entity can possess a resource at a

time; therefore entities compete for resources.
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» Modify the flowchart

B3 Bank Kiosk 6 - Teller lines - AnyLogic - [Model] . =S
SEJ Ble Edt  view Insert Draw  Model ook  indow Help _Ax
afl=2" = | LA X BE |9 BEeRNFiIr DD E | QRS DD PR T )
Ry - K- - K S "RIBOLAR O oo w|d
Model 2 X/ gimodel | Btios | Ffine e |1 i L 1)
=l Classes T 2| sererl | mage | peseripion | SelectOutput
- bank_kiosk_mode! 1
5§ Model ! Class name: | Model
Code ]
B animation 1 Base dlass:
B¢ Experiments 1
% simulation | Parameters:
1 Hame | Type ]
1
1 == —————————————5 - - -—-—-—-—-—-—-----8§ ----
C ! ®ProcessQ
1 tellerLinds
\ o x sink
i 00 _ soe san
| TR O
\ . nesase
i i
h tellrs
cource se\ectOlﬁut m—y- S T=T=T=T=T=T=P=p=y= ;. - - - - - ————— [ -
N o © Resource
REH am queug
oo —
sen 0@
ws pr
=
HEK & F
I Exclude fram buld
F¥ | Shou name:
I Show object rectangle
s [ Public (exported from lbrar:
15 Model [ &2 Lbraries | L4] _»|_I R 2

|Ready
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Place SelectOutput object. SelectOutput object is a decision making
block. The entity arrived at the object is forwarded along one of
two output ports depending on the user-defined condition.

Set up the following properties:

| Properties o x

General | Replication | Description

Tame: I selectOutpot

Tvpe: Icom.xj.anylogic.lib.enterprise_library.SelectOutput

Parameters:

Mame Yalue

@ Leave the default

routing condition

onEnter !

arExitTrue !

orExitFalse !
uniform(] < 0.5 1

selectCondition

0O Leave the default uniform()<0.5 entity routing condition.
Thus number of customers competing for ATM and teller service
will be approximately equal.

Add a ProcessQ object. ProcessQ seizes resource units for the
entity, delays the entity, and releases the seized units.

Set up the following properties:

29
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|Pr0perties

o x

General | Replication | Description

Mame: I tellerlines

Type: |com.xj.anylu:ugiu:.lil:u.enterprise_library.PrncessQ

Parameters:
MName Walue |;
onEnter
fmmmmmmmmmmmm o -
queueType FIFD :
queueCapacity 20 |

entitiesT adnimated | a

preemption falze
tirmeot falze
delayTime triangular (2.5, 6.11] ------71

delapCapacity

100

O Name the object
tellerLines

O Set up the

queue size to be of

20 places

® Set up delay

tme

® We assume that service time is triangularly distributed with the
min value of 2.5, average value of 6, and the max value of 11

minutes.

Add Resource object. Resource object is storage for resource units.
It should be connected to resource seizing and releasing objects
(ProcessQ in our case).

Set up the following properties:

|Pr0perties X
General | Replicatidlm_ I e
1
Marme: Itellers )
Tvpe: Icom.xj.anylogic.lib.enterprise_library.Resource
Parameters:
Mame Walue
onSeizellnit == - -------—-- -
onR eleazellnit :
onGenerate :
capacity a!
newlnit Entity.class

@ Name the object
tellers

® Specify that this

resource object has only

four resource units

Run the model by clicking the Ruz ¥ button and observe the behavior of the modified

model.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ Bank Department 5 - Teller lines.alp.

30
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2.8 Animating tellers

Since the model changed, we need to alter the model animation as well.

» Modify the model animation

B Bank Department 7 - Tellers animation - AnyLogic - [Model] _l&x]
S® Ble  Edt  View Insert Draw  Medel  Tools  Window  Help @ x
0 EBHA % | dh @@:ﬂ@j}.ﬂ&------------- oo MW &t ad_
i @Hw | R@ERNE A IR Do RO 00WMN BE O BEE EHEE =S
Model 2 X ETeler BeModel | Gatoce | : 41 |[Properties ax
E-f Classes
s 0 - : [omaton
= bank_Kiosk_moded i 2| name: Sriniation)
E1-@ Model \ g I—L,
Code |
%y animation i 0 |
= Teller |
E-@ Experiments . e Roktien— == — = — = — — — = o — = — —
+-%& Simulation -[i \ !
! Scale: 1
| | i
""" i E woffse:  Jo
1 |
! ! ¥ offset: 0
| |
: : I~ Exclude from buid
1 I™ Prevent frame selection
il ~F RS - - - ---------

{1 Model \ & Ubraries | l<|

|Ready
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O Waiting

customers qucuce

O Activity area

© Resource unit

symbol

O Resource unit

locations

© Resource utilization
indicator

To animate the waiting customers queue, draw a polyline. Using

Polyline WA tool, draw the queue shape you like.

We will visualize the teller lines as a colored box. Draw a rounded

rectangle using the Rounded Rectangle O button. Choose the fill
color you like (the box shown in the picture has fill color with red
component of 204, green component of 255, and blue component
of 255). Add Teller lines text label inside the box.

To indicate where resource unit symbols will be placed, draw a

polyline using the Po/y//he‘*”\ button.

http://www.xjtek.com
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s . ™
Teller Lines
O S
O Polyline points will
— indicate resource symbol
locations
{
A "y

Name the polyline tellerLocations.

Properties n X|

Graphics | Palvling | Description

Mame: I tellerLocations

® We will draw tellers inside the activity box.

Using an image shape, we will show the teller idle or busy. To

create the teller picture, click /mage [ and place an image
shape.

Set up the following properties:

Properties o x
| |

Graphics | Image | Descripkion

Marne: | image

Create a resource visual appearance using a dynamically creating
group:

" O Create an image
- shape and add idle and
busy teller images

@ Create a pivot and add the image
shape to the pivot’s group

® The image shape should contain the idle and busy teller
pictures. Make sure that the shape is named image.
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© 1992-2005 X]J Technologies

Froperties

Graphics  Image | Description

Add idle teller picture using
Add... button below

Image index expression:

=

- o Tl -
images'l,Tn?Iler BUSY. PN = m - mmmmmm e m ko] )
' Add busy teller picture

| add..

Make sure Original size option

is selected

Make sure Index
expression is empty

Add the relaxed teller picture to the picture list. Image shape can
store multiple pictures and show one of them at run time
depending on the expression you write.

N The images you can use are Examples \ Enterprise Library

Tutorial Models \ images \ Teller Idle.png and Teller Busy.pnqg.

If Original size option is not selected, the picture is shown to fit the
rectangle of the image shape, and otherwise the picture is shown
without any distortions.

Image index expression controls which picture from the list is
shown. Make sure that the /mage index expression is empty.
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34

® Click Pivot & and click to add a new pivot. Enable dynamic
pivot creation. Dynamic pivots can be created and added onto the
animation at run time whenever needed. Later, we will associate

this pivot with the teller resource to animate tellers.

|Properties 7 x|

Graphics | Code | Description |

Mame: I ShapeTeller ----------7------------ .

Name the pivot

% -170 | | ShapeTeller

B -170 | =]

Raokation: ID I j rad

Scale: | I j

Line color: I_I'I I j

Visible: I

Replication: I

™ show name

[ Exclude From build

I¥ Customshapetemplate ~~ " T T T[T T T T T T T T Specify that the pivot

instances will be created

dynamically

To add the image shape created to the pivot group, right-click the
pivot and choose Add/Remove shapes from the popup menu.

E:ﬁ Bring Forward

4 [f  send Backward
I ﬂ Brirg ko Front
il

Send To Back. -

Tie LY Snap to Grid

| add/Remove Shapes |

Then click the image shape to add it to the pivot group. The shape
will be highlighted. To leave add/remove mode, click anywhere in
the animation.
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e

following properties:

| Froperties

Graphics  Bar Indicakar | Description |

Walue ko indicate: Itellers.getStatsUtiIization().mean() j

V¥ Show value

[ show scale

® To measure operator

Crientation: % Yertical

" Horizantal
Min walue: I 0
Mat valug: -
Yalue color: (== I =
Scale color: |_|,I I j

resource

Place a bar indicator to show operators utilization. Set up the

O Measure teller

resource utilization

O Set up the min value of

0 and the max value of 1

utilization,

we use

getStatsUtilization() function of the Resource object. Then
we use mean() function to obtain the mean value.

Now we will create a message class to represent teller resource units. We will assign

animation to the resource message class created.

B3 Bank Kiosk 7 - Tellers animation - AnyLogic - [Teller]

S[E] Fle Edt Vew Insert Draw Model Took Wwindow Help

» Create Teller message class to represent teller resources

0 EBEA X (e & EE: P [ 1x
=g FrE ot BS-n
Madel ' 2 X/ reter | 4bx
E-i Classes
g Tuport s
ERC ) bank_klws}\_mude\ Hpot =
5§ Model Inplements interfaces
-5 Cqde
B arjmation Constructor code
Teller shape.setup();
B Experiments setAnination( shape );
+-%8 Simulation toString() code

168 Model [ &2 Lbraries |

Additional class code
Model. Group.ShapeTeller shape = ((Model)Engine.getRoot(]).animation.new Shapel

woid setBusy{ boolean b ) {
shape. inage, sevlndsx( b 7
+

L:0);

(8]
- 8x
S B s
|Properties a x
General | Desciption |
Mame;
[Teler
Base dlass:
|Enuty \ |
Fields: !
Type |Mame | [Default |

I Exclude from build

[ready

I | 4

© 1992-2005 X]J Technologies

O Create
Teller message

class

@ Sclect Entity

as the base class

© Write the

animation code

@ To create a new message class, click the New Message Class
toolbar button. Name the message class Teller.

http://www.xjtek.com
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9 |Pr0perties o x
General | Description
Mame:
| -
|Te||er : Q TYPC Entity
Base class: | as the base class for the
Entit: ! -
| Entity | message created
Fields:
Type I ame Default |
e = Teller q 6 x
Import ;I
Tmpl. interf s | -
mplements interfaces ' Q Create
Constructor code :
shape.setup(); \ resource
setanimation( shape ]:I 1
toStringi) code 1 1 animation
1 1
Additional class code | ]
Model. Group. ShapeTelldr shape = |{Model)}Engine.getRaoot|}).anination.new ShapeTeller():
VL I __ I _____ i1 L__
woid gertBusy( boolean b ) {
shape. inage. setIndex( b 2 1 : 0 §: @ Set up
1 1
: resource
® Add a code to change animation

animation at run time

0 To create a ShapeTeller symbol instance, write the following
code:

Model ._Group.ShapeTeller shape =
((Model)Engine.getRoot()).animation.new
ShapeTeller();

This code creates a new dynamic pivot instance.

® To set up the animation, write the following code in the
Constructor code section:

shape.setup();

setAnimation( shape );

< The animation approach will be simplified in the next version of
AnyLogic™.
® To alter the appearance at run time, add the following function:

void setBusy( boolean b ) {
shape.image.setindex( b 2 1 - 0 );

}
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Now we will animate the flowchart by setting up animation properties of the flowchart

objects.

» Animate the model logic

[BRBank Kiosk 7 - Tellers animation - AnyLogic - [Model]

_(E(x]
SEJ Ble Edt  view Insert Draw  Model ook  indow Help _Ax
OB $REX (A9 BEEEirr0PE|L0EEDH (R S W OB o
PR SR EaRE A ¢ K] K|S wow "RIOLAR O o ew|d
Mode| 2 X/ G reler | Burrodel & Model | 4 b x |[Properties ax
=fid. Classes | seneral | Replication | Description |
5§ bark_kiosk_model
a@medel Ml 0 e e o1 - S - - )
codo O Animate
B animation Type: [ com.xj.anylogic.ib. enterprise_library
=] Teller
B¢ Experiments Parameters: customers quecuce
% simulation Name Value ]
onSeizelnit  ((Tellerjunit).setBusy...
orRcleaselinit (T eller)unit).setBusy. .
arenerale
- capaciy 4
saze newUnit Teller.class
statsEnabled e
i animalionShape  animation. tellerLocat...
animationType  SET
schedule withou_schedule
| _________________ L I,
@ Animate
tellers
I Exclude Fram buid
¥ show name
= ¥ #uto create
{1 Model ‘@Uhraﬂas | L4] »

|Ready
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Properkies

q x|

General | F.eplication | Descripkion

Marme: | tellerLines

Twpe: |cnm.xj.anylngic.Iib.enterprise_library.Prcu:essQ

Parameters:

hame W alue |;
onEnter

timenot falze :

delayTime triangular [2.5. B' 11]

delayCapacity 100 ,

statsEnabled false |

anirnations hapel animaliun_tellersllﬂ ueue

animationT yped QUEUE —— e -

http://www.xjtek.com

Specify the following animation properties for the ProcessQ object:

O Sct up queue

animation path

@ Sct up QUEUE

animation type
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®  Set up teller symbol and locations:

|Prnperties

General | Replication | Descripkion

Marne: I tellers

|
Type: Icom.xj.anylogic.Iib.enterprise_library.Resnurce i
Parameters: :
Mame Walue :l
on5eizellnit [T eller]unit). zetBusy(true); |
orReleazellnit ([T ellerjunit]_setBusy(false];
onlGenerate
Capacity 4
newlnit Teller.class ----------------4
statsEnabled true

animationShape

animation_tellerLocations

animationT ype

SET

schedule

without_gchedule

® Enable resoutce
statistics collection
as we will display

resource utilization

O Switch idle/busy
picture when the
resource unit is being

seized and released

@ Specify that
resource units are
messages of the class
Teller

® Specify resource
unit animation
locations by setting
SET animation style
and choosing the
polyline shape

® Resource units are messages being passed and received via
dedicated object ports. In this model, resources are messages of

Teller class.

Run the model by clicking the Run B button. Now you can see that tellers are animated.

To adjust the execution speed, use Decrease model speed . and Increase model speed B

toolbar buttons.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Bank Department 6 - Tellers animation.alp.

38
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2.9 Changing resource capacity at run time

Now we will add a slider to change the number of tellers at run time.

B3 Bank Kiosk 8 - Changing number of tellers - AnyLogic - [Model] _1& x|
SEQ Fle Edt Vew Insert Draw Model Took Window Help _Bx
sll=1= =" S X [da A BEEF prIaE s E00H(Ren Cawmido®
R Y= 0 R 0w QIO L AR : :
lodel 2 || g Model ‘
B Classes —7| General ‘ Tmage | Description |
- bank_kiask_moded
5§ Model Class rame; | Madel
[ Code
-8y animation Basa class:
o Teller
26 Experiments Parameters;
% simulation Name [Type ]
numberOFTellers inkeger T T T T T -~ -~
O Add new
tellerlines
o Model
muk
v (33,
" [ parameter
te\lers
sE\E[tOutput
source
vz,
e i "{kF
nen uueu; B | —
Wﬂ—rﬂ
wm 1 T
1
1
1
i b (6 SO 4 QSetup
I~ Exclude from build
¥ Show name resource
I~ Show object rectangle Capacity
T | = public ¢exported from ibrar
168 Model [ &2 Lbraries | K1} _>|_| ARG 2
[Ready I I 0 I I

@® Add a parameter representing the number of tellers. Name the
parameter numberOfTel lers and define it like this:

Parameter

Mame: | numberOfTellars
Type: I inkeger j
Defaul walue: | 4 j
" Dynamic " Global " Separator
9 | Properties o x|
General | Replication | Description

Marne! I kellers

Tvpe; Icom.xj.anylogic.Iib.enterprise_library.Resource

Parameters:
M armne Walue |
onS eizellmit ([T ellerjunit). setB usy(true);
onFeleazellnit ([T ellerjunit). setBusy(falze];
ohlenerate
capacity numberDfTellers  ----------- )
rewlnit Teller.class Q Speclfy
statsEnabled true the parameter
animationShape amimation_tellerLocations as the resource capacity
animationT ype SET
zchedule without_schedule
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» Add aslider to vary resource capacity

(B3 Bank Kiosk 8 - Changing number of tellers - AnyLogic - [Model] 18] x|
S Ele Edt Vew Insert Draw Model Iools Window Help - 8%
O EEd s hEx BA | BeREirr DA E |0 E D0 (R e b e e
PEe | SEEarE A5 ¢ K] i DEER@EEE -6
lode| 8 X[ Ggmodel 29, Model ‘ a4 b s ||Properties 2 x
E-i Classes —
2@ berk Mosk model 21| ame: animation
E-§ Model o —
Code B
-8y animation " ,ﬁ
B Teller
5@ Exporinerts Foton: [ [nd
*.% Simulation .&'
Scale: 1
"""""""""""""""""""""""""""""" Roffset: [0
Teller Lines ot [0
i I~ Exclude Fram buld o Add a slider
f I Prevent frame selection
; I~ Fip v-axis to vary resource
i T~ capacity
: 1
H |
H i |
: ATm |
| |
. L L e e e e e = — — - [ESEREEEEEE N _ _ _
LAt doous size ATH Utistion (2] Add slider
range labels
18 Model [ &2 Lbraries | |4] _>|_I
[Reay I I I I I I ] 4

@  Set up the following properties for the slider:

Properties oo
| |

Graphics | Slider | Descripkion | jmTTTTTTssommmm---
0 Seclect

numberOfTellers

‘Wariable name: I rumberofTellers j
as the value

Enable expression: I

Cirientation: " Vertical

%" Horizankal

Iin walue: I 1

O Set up the min

Max value: [4 value of 1 and the max

value of 4

® Add text labels displaying min and max values of the slider.

Run the model by clicking the Rxz B button. Now you can change the number of
tellers. Therefore, you can see how many tellers you need for the specific customer

arrival rate.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Bank Department 7 - Changing number of tellers.alp.
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2.10 Collecting customer time statistics

We want to know how much time customer spends in the bank department being served

and waiting for the service. We will collect time statistics using AnylLogic™ datasets.
g g AnyLog

B Bank Kiosk 9 - Customer wait and service time - AnyLogic - [Model] . =S
SEJ Ble Edt  view Insert Draw  Model ook  indow Help _Ax

afl=2" = | LDE X (BE |9 BERF I DD | S D00 R e W B

N T o e g
Model VB X Hcustomer K Model |?&Mudel | 4 b x |[Properties ax o Create
-
Bl Classes | seneral | 1 | Deseription |
5. bt o el | | e | orren StateTypes
B “‘ze'd \ Classname: | Model .
ode
B mi e | enumeration
Ee ot i Parsmeters:
Custamer || Hame | Type ]
- Teller | | = |DumberOtlelers. — Jntegsr - - — — — 4 - -
oabe StateT: = =
=t @ Create serviceTime
% simulation tellerLines
R sk dataset
-8

DR

1

1 o e

1

. BRI O

1 il

1 tellers

1

\ —
e

1

selectOutput
saurce A
wann e
el - -0 e - - - m e - - - - _———
4 g queus = =
I © Create waitTime
zeo 0@
[ ek dataset
HEK & F
I Exclude Fram buid
F¥ | Shou name:
I Show object rectangle
s ' Publ ted From I
B[S r _'I_I o e i )

[Ready I I | I I

® Create StateTypes enumeration by clicking the New

Enumeration ™ toolbar button. Define the following enumeration
elements:

|Properties X

General | Descripkion

Mame:

I StateTypes

Elements
SERVICE
WAITIMG
SERVICE_ATM

® Add a dataset to measure customer service time. Create

button. For the dataset, leave all properties by default.
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|Prnperties X

Genetal | Description

Mame:

I serviceTime
Tail size: ! @ Make sure the
1 . .
I | dataset is not timed
1

[” Phase [ Timed ™ Smooth

©® Add waitTime dataset in the same manner.

Now we will create a message class that is able to carry and count time.

» Create time-enabled message

B3 Bank Kiosk 9 - Customer wait and service time - AnyLogic - [Customer] 18] x|
Flle Edit Wiew Insert Draw Model Took Window Help _&x
O|SHE DX (4R BeEEiwpb0dE | 0EED R e b o w8 e
i@ e | ® @ e E S e e o e S - o oo oo oo ______-l___|
lode| | 2 X/ g podel [ Customer ‘@Mode\ | 4 b x| [Properties S8 0 Create
E-if: Classes ! General | Description
I -
- bk sk bl more =l ‘ Customer
E§ %“ie'd Inplensnts interfaces i"ﬁma! 1
- ode Customer
By animaion Comstrintar sods message class
2 serviceTime Base class:
waitTine rostring() cods [ Enticy =l
Customer !
= Teller Additional class code Figlds: e e e e o - i .
abe StateTypes J/tine of last update Type Name Default .
B¢ Experiments double tupdate = Engine.getTiue(); real walTime o ® Set Entlty as
- Simulation | T a
‘; double Update( Envmltem type ) { L e the base Class
double dt = Engine.getTime() - tupdate; //period duration '
if{ type == StateTypes.WATTING | |
waitTine+=dt; 1
else 1
serviceTime 4= dt; 1
tupdate = Engine.getTime() ; \
return dt; I
y 1
i | A
, © Add some
]
' message class
|
' parameters
1
1
1
]
O Add some
| T Exclude from buid
(ool | & raro | Ll ;r' message class
[Reacty I I L I I
code
9 |Properties o x

General | Description

MHEmrE: ' 0 Choose Entity as the
ICustDmer !

: base class for the message
Base class: 1

created

| Entity ' =]

©® Add message class parameters to carry time information:
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© 1992-2005 X]J Technologies

Propetties nx

General | Description

Marne:

I Cuskarner

Base class:
| Entity |

Figlds:
Tuwpe MHame Drefault |
real st T irme: 1}

real serviceTime a

waitTime and serviceTime fields will be incurred by the model
as the entity flows through the model.

Write the following code in the Additional class code section to
provide function that will incur waitTime and serviceTime:

double tupdate = Engine.getTime();
double Update( Enumltem type ) {
double dt = Engine.getTime() - tupdate;
if( type == StateTypes.WAITING )
waitTime+=dt;
else
serviceTime+=dt;
tupdate = Engine.getTime();
return dt;

}

This function is invoked after some activity took place. It adds the
time entity has spent at this activity to the corresponding dataset;
that is, this function collects entity time statistics.
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Now we can calculate the customer service time, as well as the customer wait time.

P Calculate customer service and wait time

B Bank Kiosk 9 - Customer wait and service time - AnyLogic - [Model] . =S
SEJ Ble Edt  view Insert Draw  Model ook  indow Help _Ax
(O EE A SE K (MBS (9 | BEeDE 02 E % RS E D[R] e s W B S
= - = E DY L o F R IE 0L AR e E @G
Mode| 2 X/ Ecustomer 3 Model | B o | 4 b x |[Properties ax
E-fli: Classes 2| General | Image | Description |
bk _Kiosk_modsl
o@Megel ]l 0 e oo Tl i = e = = = = = = = =
Code ]
B animation | Base class:
%" serviceTime |
B puskTine | Parameters:
Customer ! Hame | Type ]
- Teller | numberCf Tellers integer
wogbe StateTypes I
& Experiments e ____& o _____4d
*.-% simulation | tellerLines :
1 L] sink.
1 oo E=Y e
! BRI O
1 L e
i i
I kellers !
1
1
e T |
[e>o—o—&e 7 el St r----c g~ ———---—-"------1
REM o F queug ATM 1 e
oo |
zeo—0 @ '
wz LT e 1
)
i 1
S L R —
1
|
1 HEK & F
1
[ I Exclude fram buld
: I Show name:
I Show object rectangle
= [V Public (exported From library)
15 Model [ &2 Lbraries | L4] _»|_I

|Ready

44

| Praperties

a3 X

General | Replication | Description

Mame: I SOUFCE

Parameters:

Type: Icom.xj.anylogic.Iib.enterprise_libr$ry.5
1

MName

alue

anExit

rewE ntity

Customer.class

generationType

distribution

2]

Set the following properties:

Set the following properties for the Source:

| Properties

0 x

General | Replication | Descripkion

Marne: | tellerlines

Parameters:

Type: Icom.xj.anylogic.Iib.enterprise_lihrary.ProcessQ

Mame

Walue

onEnter

onE xitPreempted

onE #itTimeout

onS eizellnit

onEnterDelay

[(Customer)entity]). U pdate( WAITING 1

onReleaselnit

[(Customer)entity). Update[ SERVICE ];

’ @ Source

‘ O ProcessQ

O Set Customer
entity type

© 1992-2005 XJ Technologies

O Write this
code to incur the

entity cost
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©  Set the following properties:

| Properties X

General | Replication | Description

Marme: I queLe

: O Write this
Type! |cc-m.><].anylogm.I|b.enterpr|se_||brary.Queue : code to incur the
. | .
Parameters: entity cost
Hame Walue
onE hter

onE xitPreempted

ohERitTimeout
o tE Hit
onE xit [[Customer)entity). Update[ WAITING );

®  Set the following properties:

|Pr0perties a4 x
! Tt . .
General | Replication | Descripkion ! Q Write this
1
| .
Neme: [T : code to incur the
. .
entity cost
Type: Icom.xj.anylogic.Iib.enterprise_library.Delay : ty
Parameters: :
Marme Yalue : |
onEnter !
ohExit [[Customer]entity]. Update[SERVICE_ATM]:
delapTime triangular{0.8. 1. 1.3)
capacity 1
statsEnabled true
ahimationShape animation. customerPoint
animationT ype SINGLE
©®  Set the following properties:
|Pr0perties a XJ ______
zeneral | Replication | Ciescription Q Werite code to

incur the entity cost
Marne: |sink

Type: |com.xj.anylogic.lib.enterprise_library.Sink

Parameters:
Mame Walueg
anEnter service Time_add([[Customer)entity).servi...

0O Write the following code to add exiting customer time statistics
to the datasets:

serviceTime.add(((Customer)entity).serviceTime);
waitTime.add(((Customer)entity).waitTime);
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We want to display the statistics collected on the model animation.

» Add indicators to the animation

Bl bank Kiosk 9 - Customer wait and service time - AnyLogic - [Model] =18]x]

S Ele  Edt Vew Insert Draw Model Tooks Window Help -8x
a2~ = CEX|BA|0c BenRirp 0 AE DY EEH|Re eSS
=R e =R D N S @ W @6 e

Medd %Xl customer |Godel % Model | 4 b x| [Properties ax
EHiid: Classes —
(=)-{ffi bank _kiosk_mode! =l Hame: animation
B Model . _
[ code :
B8y animation W hd

%" serviceTime
7 waikTime

Rotation: - rad

- Customer

B Teller Seale: 1

b StateTypes

E--ﬁ_’ Experiments ; : X offset: 0
% simulation : Teller Lines ¥ offset: lﬂi
i : = Edudetombad T T T T T T 7T 0

I” Prevent frame selection Add customer
L service time indicator

7 i
Cutomer time: i
" Bafvie a1 il |
ATM H
i i i i ; ® Add customer
[ E

T gl s o 00 wait time indicator
© Add reset
Bl | © thvores | Ll = statistics button

[Ready I I | I I

O Set up the following indicator properties:

Froperties o x
| |

Garaphics  Bar Indicator | Description |

Walue to indicate; I serviceTime, meant) j

Crientation: &+ Verkical
" Hotizontal

Iin walue: I ]

IMaz walue: I 20

Yalue color: |_|'| I j
Scale color: |_|v| I j

v show value

[~ show scale
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®  Set up the following indicator properties:

Propetties o x
| |

Graphics  Bar Indicator ‘ Description |

Yalue to indicate: IwaitTime.mean() j
Orientation: &+ yertical
" Hatizontal
IMin walue: I ]
MMax value: | 15

‘alue color: |_|-.-| I j
Scale color: |_|v| I j

v show value

[ show scale

® We will add a button to reset the collected statistics after changing
the number of tellers, to collect some statistics for the new value
only.

Click the Button toolbar button and then click the animation
diagram to place it. Set the following button properties:

Properties a X|

O Type Reset
as the button label

Graphics  Butkon | Diescripkion

Label: | Reset !

Yariable name: I vl

Enable expression: I

Font: i AaEhCe Elamss | O Write the code that will
1
1

reset tellers and ATM

Event héndling code a] utilization statistics
tellers.resetitats();
ATH. resetitats(); R e T
! ® Write the code that will
serviceTime.reset();
wailtTime. reset()

reset time statistics

You reset statistics calling the special functions in the button’s
action code.

O The resetStats() function of a Delay object resets the
statistics collected by the object.

® The reset() function of a dataset resets the statistics collected
by the dataset.
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Run the model by clicking the Ruz B button. Time statistics is now collected. You may
click the Reset button to reset statistics.

< In this example, we reset statistics using a button. You also can reset statistics at
certain time, or as a reaction to any event using the Anylogic™ timer (see User’s Manual

for information about timers).

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ Bank Department 8 - Customer wait and service time.alp.

2.11 Activity-based costing

AnyLogicTM helps you understand, visualize, analyze and improve business processes,
and with the Enterprise Library, modeling and analyzing business processes has never
been so easy. With AnylLogic™ and the Enterprise Library, you can also make use of
activity-based costing to see how much the process really costs and where the cost comes
from, discover the options to reduce cost, improve efficiency, and provide better

customer service.

We will apply ABC in the bank department example to see how much it costs to serve a

customer for the company, and what parts are wait cost and service cost.

Since resource costs are usually measured per hour, first we will write a function that will

convert the per-hour cost to per-minute cost.
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P Write salary conversion function

B Bank Kiosk 10 - Activity-based costing - AnyLogic - [Model]

CEJ Bl Edt view Insert

PO EH $EX
[ W= T = L

-fii. Classes
E-fffp bank_kiosk_model
E1-@ Model -
Code !
%, animation!
2 servicecoht
7 serviceTfe
2" wakCast |
A7 waitTime
- !
7} UpdateldieCosts
- Customer
Teller
abe StateTypes
T-6 Experiments
+-%8 Simulation

{1 Model \ & Ubraries |

18] x]
Draw  Model Took  window el _&x
BEOEi 0P E|QHEELDR PR T )
éf-‘?né’ém L 0 - EE 0 R N0 0l el ol
& Model | %y tvocel | [ Customer | 4 b x |[Properties ax
2| General | Description |
___________________________________ —mer = = e — = — = — =~ - - -
Function type: | real hd o Cl’eate new
A mathematical
Type Hame ]
real peHour :
function
@tellersBusyTime
@tellersldieTime I —
@tellersBusyCost S s
@telersidieCost (), O -8
@tupdateldieCasts T LA Expression:
tellers perHour / &0 ;I
1
suur::w SE|eCtC_)\;§§.Ut Riﬂ\_l? :
le>o—o-=ler '
aen o queup o P T —— _———
oo sucar .
DLD%H 3 O Write
we g .
function
CprCSSlOn
KIl ;l_l
¥ static function
LI 5 = I Exclude from build

|Ready

© 1992-2005 X]J Technologies

Click the New Mathematical Function f. toolbar button. Name the
function toMinute.

2]

Specify the following function type, arguments and body:

result type

|Properties 1 x|
General | Description | ettt ~ |
' 0O Sclect real
Mame: ItDMinute |
1
T
1

Function type: I real

Arguments:
Type Mame [
real | perHour
T
1
H I S
O Add perHour
argument of type
real
Expression:
perHour / 60 ;I
1
@® Write functon

expression
[V Static

1
|_: Exclude From build

® Mark this

function as Static

http://www.xjtek.com
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@ Write the following

perHour / 60

expression:

® We specify the function as static—that means that this
function does not use any value specific to instances of the Model
class. Therefore, this function relates to the Model class and can be
called using Model .toMinute() notation. Otherwise, you would
need to get a reference to the specific instance of the Model class.

Now we will modify our message class to enable entities to collect cost statistics.

» Modify Customer message class

Bank Kiosk 10 - Activity-based costing - AnyLogic - [Customer]

=18 x|
fle Edit Vew Insert Draw Model Took  Window  Help _ax
BaRl=1" =] X dh L I & DI ) Do B
gEe|(sgdera i o § ik [] A
lode! 2 X/ Gmode! | Model | 5 Customer | 4 b 3 |[Properties X
-l Classes General | Description
Tuport -
5§ bank_kosk_mode! _— =l |
F & Model Tuplenents interfaces Name:
[ cade [ Customer
B8 animatian Constructar code
-3 serviceCost Base class:
serviceTime to3tring() code [ Entity |
%2 watCost N e
22 waitTime Additional class code ) !
£, toMinute /itime of the last update Type Name ] Default | 0 Add some
< UpdateldieCasts | |[double tupdate = Engine.gerTine() eal waiTime T o
Customer el seviceTme !0 m
Teller void Update( Emunltem type ) { ‘ c o €ssage class
abt StateTypes double dr = Engine.getTime() - tupdate:; //period duration feal Secelosh
B real wailCost 0
@ Experiments if( type == Stacelypes.WAITING ) { s parameters
"3 simulation waitTime += dt; real existenceCostPerH...  ModeltoMinute(1.5]
waitfost += drtexistenceCostPerHour:
+

18 Model [ &2 Lbraries |

else if{ type == StateTypes.SERVICE ){
serviceTime += dt;

) 1
else if{ type == StateTypep.SERVICE ATH ){
serviceTime += dt;

' |
tupdate - Engine.getTime ()¢

serviceCast += d*{existpnceCostPerHour + Model.busyCostRare);

serviceCost += dt*[existpnceCostPerHour + Hodel.ATHCostPerlUse);

I Exclude from build

O Add some

message class

[ready

50

| Propetties

n x|

General | Description

Mame:
I Custamer
Base class:
| Entity =l
Fields:
Type | Mame Diefault |
real wait T ime a
real zerviceTime a
feal ~ ~ Tsemvicelost g~~~ !
Y real waitCost 0 !
jfreal  evstenceCostPerour ModeltoMinue(15] |

© 1992-2005 XJ Technologies

code

Add message class parameters to carry cost information:
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serviceCost field will count how much it costs to the company
to serve this customer.

Note that besides service cost, wait cost is also considered.

existenceCostPerHour stands for how much it costs to hold a
customer in the system. We specify holding cost rate per minute.
Since holding cost is often specified per hour, we will use the
function toMinute() to obtain per-minute cost.

serviceCost and waitCost fields will be incurred by the model
as the entity flows through the model.

®  Double-click Customer in the tree to open its window and modify
the Update() function in the Additional class code section:

void Update( Enumltem type ) {
double dt = Engine.getTime() - tupdate;
iT( type == StateTypes.WAITING ){
waitTime += dt;
waitCost += dt*existenceCostPerHour;
¥
else iT( type == StateTypes.SERVICE ){
serviceTime += dt;
serviceCost += dt*(existenceCostPerHour +
Model .busyCostRate) ;
3
else if( type == StateTypes.SERVICE_ATM ){
serviceTime += dt;
serviceCost += dt*(existenceCostPerHour +
Model .ATMCostPerUse) ;
3
tupdate = Engine.getTime();
3

The function will now incur customer service and wait costs.
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Now we will add some auxiliary elements to accumulate customer and teller cost
information.

» Create cost accumulators

-

“EQ Fle Edt Vew Insert Draw Model Took Window Help _Bx

== IE AR ol T BEOEFIp DS E | 0E 66 |E] e b e w8

i @He | @AY E s RS R IE AR e B 0D A O Add Model
EEET | 40t | 7 | (1] v | 3 b | [Fropertes ' ax ode
Pt S EIREER os= | octeecn | class parameters

[}
Base dlass: [}
1

Parameters: |

el e L e L e L L S LS T — feme= — = = 4 =Fpr == == - - - - -
2 watTime | 1 numbercHTellers | inkeger (2] 1
£ toMinute 1 | busyCostRate I real{globaly Add Varlables
%1 Updateldiebosts @telerstusyTime idleCostRate redl (global)
Customer! | ATMCastPerlse real (global)
Teler 1! s SAEECHNG tellerLines
e StateTypes | OtellerseusyCost ¥ x sink.
g Experiments | 1o = ol — o m e ———— - === S - - - e i -———-
H N N tellersidieCost ->§
%3 simulation | o 9
! @tUpdateldieCosts rronT Add datasets
|
1
! selectoutput
\ saurce E
i SRR T |
| ' *0—0 "'SZF
i g E

O Define an

algorithmic function

MK s+ B
I~ Exclude From buld

I Shov name

™ Show object rectangle

|| publ ted fram b
18 Model [ &2 Lbraries | 14 _,,—I I¥ Public (sxported from lbrary)
e I I ] [ I

@ Create parameters defining busy and idle teller costs.

Define the parameters as following:

ame: | busyCostRate

Type: | real j
Default walue: I toMinute(s,5) j
 Simple " Dynaic o " Separator

We specify that a working hour of a teller costs $6.5 while idle
teller hour costs $4.0.

Mame: I idleCostRate

Type: I real j
Default value: I toMinute(4,0) j
 Simple " Dynamic i+ " Separator

Create ATM cost per use parameter. Define the parameter as
following:
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Mame: | ATMCostPerllse

Type: I real j
Default value: | 0.3 j
" Simple " Dynamic

Serving a customer at ATM costs $0.30.

Note that it is possible to associate resource cost with a resource
message by adding message class parameters and assessing
resource costs in onSeizeUnit and onReleaseUnit actions of the
ProcessQ object.

® Create timeUpdateCosts variable by clicking the Variable o
toolbar button and clicking the structure diagram. Create some
more variables named as following:

- tellersldleTime
- tellersBusyTime
- tellersldleCost

- tellersBusyCost
These variables will accumulate time and cost statistics for tellers.

©® Create datasets named as following:
- waitCost

- serviceCost

Make sure the datasets created are not timed; that is, 7/med option
is not selected for all datasets. These datasets will store wait and
service costs for each served customer.

® Create an algorithmic function to update tellers cost and time
statistics. Do it by clicking the New Algorithmic Function 1 button.
Name it UpdateCosts and change its Function type to void.

double dt = getTime() - timeUpdateCosts;
tellersldleTime += tellers.size()*dt;
tellersBusyTime += (tellers.capacity-
tellers.size())*dt;
tellersldleCost += tellersldleTime*idleCostRate;
tellersBusyCost += tellersBusyTime*busyCostRate;
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timeUpdateCosts

getTime();

Now we can calculate the total customer service cost, as well as the customer wait cost.

» Calculate customer service and wait cost

B Bank Kiosk 9 - Customer wait and service time - AnyLogic - [Model]

SEP Fle  Edt View

[apl=1"~ =

Insert

Draw

S X B9
i @Ew | 2@ EARRE L n & K]

Model  Tools  Windaw  Help

R OREN!

B rp0 Dm0 0EE 0 R| e B e w e
£C o B IE 0 R

Mode!

E-f Classes
E-fffp bank_kiosk_model
- Maodel
Code
B animation
R" serviceTime
A7 waikTime
Customer
B Teller
b StateTypes
& Experiments
*-%& Simulation

X

Sl customer G Model |?&Mudel |

{1 Model \ & Ubraries |

tellertines
v
oo s
£
£ v T
L
ol
tellers I
selectOutput | ]
sowce B =
fero—o-<

e LAST it
1 T

sink
e

DR

HEK & F

I Exclude from buid

F¥ | Shou name:

I Show object rectangle

[ Pubiic (exported from lbrary)

-18] x|
- ax
4 b x ||Properties ax
2| General | Image | Description |
Classname: | Model
Base class:
Parameters:
Hame | Type ]
numberCFTellers integer

O Modify tellers

to incur teller costs

® Modify sink

|Ready

54
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@  Set the following properties:

|Pr0perties a x
General | Replication | Descripkion y T Tttt
| ' 0O Add some
Mame: Itellers : code to incur

Tvpe: I com.xj.anylogic.lib.enterprise_library. Resource teller costs

Parameters;

Mame Walue !
onSeizellnit [(T eller]unit).setB usy[true):UpdateCosts(]:

onReleazelnit [(Tellerjunit)_setBusy(false]:UpdateCoste().- - - - - - - - -

onGenerate 9 Add some

code to incur

teller costs

@ Add the code shown in bold:

((Teller)unit).setBusy(true); UpdateCosts();

® Add the code shown in bold:

((Teller)unit).setBusy(true); UpdateCosts();

®  Set the following properties:

Properties o X
I |

General | Replication | Description | - - - ---ooo-oo o]

; O Add some code

Mame: I sink, :

Type: Icom.xj.anylogic.Iib.enterprise_librarv.Siﬁk
|

Parameters: !
Mame Yalue '
anE nker serviceTime_add{[[Customer)entity). servi._.

O Add the lines shown in bold to add exiting customer cost
statistics to the cost datasets:

serviceTime.add(((Customer)entity)._serviceTime);
waitTime.add(((Customer)entity) . .waitTime);
serviceCost.add(((Customer)entity).serviceCost);
waitCost.add(((Customer)entity).waitCost);
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» Add cost indicators onto the animation

B Bank Department 10 - Activity-based costing - AnyLogic - [Model] _1& x|
S Ele Edt Vew Insert Draw Model Tools Window Help _&x
OB sREX AL 9 BEOFIrPNPE DS EDE & BN S W B A e
@Hn SHEAXEAn @ (K] # i S FREIO000WMN BEEE EEE e e
odel B X | Hcusoner BiModel | G vocel | 4 x| [Propertiss 2
B Classes | Grashics BarIndicator ‘ Description |
5§ bank_osk_rodel
1§ Model value toindicate: [ serviceCast.mean() -
~[E Cods SIS o e e R bR - - T----
E_' animation I Crierkation; @ Yertical 0 Add
- :n; serviceCost 1  Hotizontal
W serviceTime . 1 .
55 waltCost & . s O customer wait
%" waitTime ]
T | Ve, Max value: 5 1
R ! : and service cost
Customer Teller Lines | : ¥alue color: | = ..
- Teler i indicators
e ' sclecor:  [mmmme] [ =]
@ Experiments Telers cog
% simulation 1 i St
i ] | I show scale
Lo _____ R,
) '
-~ i, 3 O Add tellers
- L i :
! + I cost indicator
Customer e Clbtomde cont |
g Servies wat  sdbvies bwar |
i 1 3
! 3
| :
1 :
o1 e e L d .
------------------------------------------------------ = © Reset statistics
168 Model [ &2 Lbraries | 14| _'I_I

[Ready I I LI I I

© Set up the following options for the customer service cost indicator:

Properties o x
| |

Graphics  Bar Indicator | Description |

Walue to indicate: I serviceCost.meant) ﬂ

Orientation: % Yertical

" Haorizontal

Min value: | i}

Max value: | 5

Walue calar: |_|v| I ﬂ
Scale color: |_|v| I j
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Set up the following options for the customer wait cost indicator:

Properties o X|
Graphics  Bar Indicatar | Drescription |

Walue to indicate: IwaitCost.mean() j

Crrientation: &+ Vertical

" Hotizantal

Min wvalue: I ]

Max value:! I 5

Yalue color: I_IvI I j

Scale color: I_lvl | j

® Add indicator to show the idle-busy teller costs relationship. Set up
the following options:

Properties o x
| |

Graphics  Bar Indicator | Description

alue ko indicate: ItellersBusyCost j
Orientation: % Vertical
" Harizonkal
M wvalue: | ]
Max value: I tellersBusyCost+tellersIdieCost

Walue color: |_Iv| I j
Scale color: |_|v| I j

[~ Show value

[~ show scale
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© Add the following lines to reset statistics:

Properties a x
| |

Graphics  Butkon | Descripkion

Label: | Reset

Yariable name: I j

Enable expression: I

Fonk: AsBbCc Chooze |

Event handling code ;I
tellers.resetitats();
ATM. resetitats();

serviceTine. reseti) ;
waitTime. reset(];
waitCost.reset(); :
serviceCost.reset(); 1
tellersBusyCost=0.0; :
tellersIdleCost=0.0; |
tellersBusyTime=0.02 :
tellersIdleTime=0.0; 1

Run the model by clicking the Rz B button. You will see statistics about customer
service and wait cost. Now you can see where the cost comes from and discover how to

improve efficiency and provide better customer service.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ Bank Department 9 - Activity-based costing.alp.
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3. Shop Floor Model

In this section, we will consider the model of a factory. The factory processes parts at a
processing station and then assembles a product from two parts of different types at
assembly machine. The part supply provides parts of different types independently—
each part interarrival mean time is 10 minutes. Parts are moved by a conveyor to the
processing station. The conveyor moves a part with the speed of 200 feet per minute;
each part occupies 10 feet on the conveyor. The processing station processes one part at
a time, and the processing rate is 20 parts per minute. Having been processed, the part is
moved by conveyors to the assembly station to finish processing. Two conveyors leading
to the assembly station, each moving red or blue parts only, have the speed of 300 feet
per minute. The assembly station processing rate is 20 assemblies per minute. Finally,

finished parts are moved by a conveyor, which has the speed of 300 feet per minute.

3.1 Creating a new project

Create 2 new AnyLogic™ project as described in Section 1.1, “How to create a new
AnyLogic™ model”. Rename Main class to Model. We will consider each model time
unit as a minute. Specify that the model is executed in Rea/ time mode, and Model time units
per second is 1, that means that one minute (one model time unit) is simulated in one
second in real time mode (you can also execute the model in virtual time with the fastest

speed).

3.2 Basic shop floor model

Now we will create a basic model, consisting of a part source, a conveyor and a
processing station. Later on, we will add an assembly station with upstream and

downstream conveyors.

Now we will create a class representing a processing station.
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P Create a processing station

: ik : O Create new
| 1 G RORoe CRAGYDE D D class Station
Madel : 2% G station | . | [Preperties ax
o | e e
Model : Toason, .
@ S 1 : S ® Click Port E]
i d:‘f:dul ! Saca e l
& Epmirets I Paeers: and create a port
%4 SySidalionEsperinent : =y Tye
' e i named in
| |
N | S TR N—
- o ! © Click Porr [u]
: ! | and create a port
1 b il |
om0, : named out
1 1 U U U R
. ' O Create class
] ]
: : parameters
| |
D e el [ = e o - e ek
X Wi e Delay
: [ St nasme
I F
o] e e 1 gy vy Sl e ey .
Randy @ Queue
® 1o create a new class, click the New Active Object Class & toolbar
button. Name the new class Station. Class structure diagram
opens automatically.
®  In the structure diagram, create in port.
| Properties 2 x
General ‘ Code | Description
Mame: [ |
[in [ O Name the
Message bype: -
=] port imn
Port bype:
Queugsizes T T T T T T TS TS ST ST T TS s TS T T T
O Leaveall
™ Has quaue propem'es by
™ Exclude From buid
1% shom nae default
0 To edit the port name, you can click the port and press F2.
® Create out port. Leave all properties by default.
O Parameters allow us to define processing time and queue size
individually for each station.
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. O Click Station in the project

|Properties a x

tree. The Properties window will

General | Tmage | Description [

show the class properties.

Class name: | Station

Base class: |
PAIAMELEISt — — — — — — — — — — — — — — —m — — e e e e m = ]

e | Tie @ Define rate parameter for

rate real {dynamic)
queuesize integer

station rate (items per minute)

® Define queueSize

parameter for output

queue size

® Select real as parameter type, and specify this parameter as
Dynamic in the parameter creation dialog. Type the default value of

20.
Marne: Irate
Tvpe: Ireal j
Defaulk walue: I 20 j
 Simple % D " Global " Separakor

By selecting Dynamic we specify that the parameter is dynamic;
that is, the expression you type for the parameter value for an
object of the Station class is reevaluated each time the parameter
is assessed. Therefore, you can specify dynamically changing
expressions for the parameter value, like random numbers, and
each parameter assessment will return the current expression
value; for example, next random number.

In our case, we define station rate to be a dynamic parameter,
because we suppose that rate can be changing over time.

® Queue size should be defined and used only once and need not
be reevaluated. Therefore, we use Simple parameter with the type
integer. Specify the default value of 2.

=) To assess dynamic parameters in your model, use parentheses

that depict the function call; for instance, rate(). To assess
simple parameters, just type a parameter name; for instance,
queueSize.
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© Create a Delay object and set the following properties:

| Progerties

T

General | Replication \ Description ]
1

T

Narme: | delay

delay name

Type: |com.xj‘anylogic‘Iib.enterprise_\ibrary.Delay

O Lcave default

Parameters:
Name Value iaiaiaiainl  piututateieieiededede e
onter 1 (B) Type
onExit :
delayTime 1/ratef) 1/rateQ)
capaciy e S .
statsEnabled tue \ G Capacity for delay tme
animationShape 1 .
arimationT ype AUTD i is 1 by default
arimationForward —true ;
schedule without_schedule 1

T

® Enable

statistics collection

0 Since station rate represents how many items are processed in a
time unit, this expression will evaluate processing time.

® We need the buffer object representing a “heap” of parts because
a situation when the part cannot be placed on the conveyor
immediately can occur.

Set up the following object properties:

|Properties 7 x|

General | Replication \ Description

62

Mame: | queus

Parameters:

Type: | com.xd.amyogic lib.enterprise_library. Queus

Marme:

Value

anEnter

onExitFreempted

onExitTimeout

onAE it

anExit

queueType

FIFO

capacily

queueSize

ertities T adnimate

al

Presmption

false

timeout

false

timeoutTime

1}

statsEnabled

false

animationShape

animationT ype

AUTO

animationFarward

true

O Leave default

queue name

O Select
queueSize
parameter

for queue size
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® To link queue size parameter to class parameter, right-click the
parameter row, choose Export to Owner from the shortcut menu,
then Select existing parameter.

Export Parameter to Owner. Step 1 of 2 [ x]

You are about to associate one of the parameters of the active object class 'Station®
with the parameter 'capacity' of the encapsulated active obiect 'gueue’. You should
now either creste & new parameter in the active objsct class Station' or select an
exizting parameter. ‘what would pou like to do?

" Create a new parameter.

& eiert an existing parameters
Select one of the options and click Mest'to continue.

< Back I Mest » I Cancel

Then select queueSize class parameter from the list.

Export Parameter to Owner. Step 2 of 2 [ x]

Select an exising parameter of the active object class 'Station’

| Parameter | Type ‘

Select 3 parameter and click ‘Finizh' to associate it with the parameter ‘capacity’ of the
active object 'queue’.

<gack [ Finsh | Cocel |

@ All the objects in the Enterprise Library have a unique appearance
in the diagram due to the distinguishing picture. You can create an
icon for your classes as well. To create an icon, right-click
Station class in the tree and select New /con. You can draw an
icon in the diagram appeared.
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Now we will create a flowchart of our basic shop floor model.

» Create the flowchart

op Floor 1 - Simple madel - AnyLogic - [Model]

Ef Ele Edt Vew Insert Draw Model Tooks indow Hel

O BEHd | $mEX HL EeOEFirDPE| DS @0 5Hh|E

D o | B M R S G - RS e - QIR R o S S - .
Gl Station (3 Model ‘ 4 b x |[Properties a x| 0 Double-click
S dasses —7| General | image | Description |
- urtitled | | Model
& W R L ——
e ation
5@ Experiments Base dass:
+-% MySimulationExperimer
_________________________ POrOmeters _ o oo o oo oo o |
1 Mame | Type ]
. ® Source
|
|
1
1
[ | S (1 (S
1 1
X ' © Conveyor
1 1
SOUICE, - station —
16 0—dpo—5 8 o—osd
nen accn pUETS
U 1
[ .
' O Station
1
|
|
1
1
1
————————— e e P ———— - =g — === =
I Exclude from buikd 1> Sink
¥ show name
J - ™ Show object rectangle
ol ‘ S oo | a1 _’|LI [¥ Public (exported From lbrary)
[ready Il Il I I I I V]

@®  Set up the following properties for the source object:

|Properties 2 x

General | Reglication | Description |~ == == === === === ====

O Set interarrival

Mame: | source

[}
i
[} : 1
Typs: Icnm.xj‘anylngic‘hh‘enterpr\se_hbrdlry‘Snurca tume to
Parameters: 1
Mame: Walue ;
o it |
newEniity Enlity.class 1
generationType distribution :
firstArrivalTime 1} I
interarrival Time 1 1
entitiesPerdmival 1
ativalshl ax Infivity
carwWaittOutput tue
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©  Set up the following properties for the conveyor:

|Pr0perties

7 x|

General | Replication | Description

Mame: I COnyeyar

Parameters:

Type: |com.xj.anvlngic.Iib.enterprise_library.Cu

Mame

Walue

onEnker

ondtE it

onExit

onlpen

onClose

length

zpeed

O Set speed
to 200

® Leave all properties of the station object by default.

© Leave all properties of the Sink object by default.

Click Run ® to start the model.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ Shop Floor 1 - Simple model.alp.
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3.3 Animating the model

P Create station animation

e
S Ele  Edt Vew Insert Draw Model Tooks Window Help _AX
0 |EEE | s hRx N9 GenEFirpr o R |[HDEES0(R e T e W idta
CEHe SREAGYE A g k] # S R EIO000MN TEDE B EE G e E
ladel 2| aiocel % Station | 4 b |[Properties ax
B%%Sj:iﬂgd i | HA-mE- -~ famdem - - - - - - T~~~ o
B 6 Model | . Create
Codey i | . .
£ B srimaton : | I
e ¥ animation
E1§ Station Fegtation: -] rad :
[ e diagram
-y animation Scale: 1
E@ Experiments
+-%8 MySimulationExperimer| % offset: a
_________________ Veffset:  Jo " 77 .
® Resize and

1
1
1 ™ Exclude From build
1

-1, I Prevent frame selection move dashed
I Flip y-axis
| J frame

© Create

station picture

Ru| B rl'
{1 Model ‘@Uhraﬂas | L4 ] -

[ShowfHide variable dependencies graph I I I I Il Il

V]

®  Resize the frame to be about 30 by 30 pixels and put the left top
frame corner onto the crosshair origin.

©®  Draw the station picture.

O Draw a rectangle about
20 by 25 pixels and set its run-time

color
width:  [z0 |
Height: B |

L ke Ll

Fil calor; [ EEE|=] [ dela sieet) > 07 Color.areen : Color white
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© 1992-2005 X]J Technologies

® Draw a utilization indicator using a bar indicator.
Set transparent fill color, turn off scale, set max value

to 1 and min value to 0, and set value to indicate
delay.getStatsUtilization().mean()

[Properties 1 x|

Graphics  Bar Indicator | Description |

Walue to indicate: [ delay getStatsiization]). meant) =l
Orientation: & yertical © Horizontal

Min value: [o

Ma walue: [1

Walue color: I I ﬂ
Scale colar: . - I j
¥ Show value

I™ Show scals

® Click Pivot
and place a point to indicate
the position of the patt being

processed

® Name the point

http://www.xjtek.com

partPoint

@ Create a polyline to display parts in the
output queue. Name polyline queuePath

and hide it at run time by setting I7sible to
false
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» Animate the station

il
Ef) Fle Edit Wew Insert Draw  Model Tooks  indow  Help _Bx
O SHE  fhEaX A9 BeOFirp0IE |0 DEEE6H R e - e w e s
=R A=A O E e S A e 6w
odel 2 %[ &1 station | 4 b x| |Properties 2 x|
B Classes ]| cenera ‘ Replication | Description |
- urtitled
= Madel Hames [ delay
~[E Code ittt - | o i -———
e R.mcaut:en . Type: | com.xj.anylogic.ib.enterprise_library.Dx 0 Animate thC
N 1 .
£ € Station Parameters: .
- ' e Ve \ Delay object
By animation X crEnter
=] @’ Experinents . i onErit
+-% MySimulationExperimer i oty Time 17 ralell
| capacty 1
! statsEnabled tue
: animationShape animation partPoint
Station o B . o B
h h Snimation ype ‘Animator. SINGLE .
o et e @ Animate the
=y
o-d 0|0z L schedule without_schedule .
in v ¥ out
ko nEEen Queue object

1|
168 Model [ &2 Lbraries |

™ Escclud from buid
I~ Show name

[V auto create

[ready

] 4

68

Set up the following animation properties for the Delay object:

Froperties 7 x
p

General | Replication | Description

Mame: | delay

Type: | com.xj.anylagic Ib.enterprise_library. Delay
Parameters: [

Name Walue ! 0 Select

onEnter ! _ _ -

onE it \ animation.partPoint
delayT 14 ! . .

=1l = i animation shape

capacity 1 N

statsEnabled tue [}

1

animationhape animation. partPoint

SINGLE
true

animationT ype ]

animationF orward

0 Set animation
style to SINGLE

schedule without_schedule
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®  Set up the following animation property for the Queue object:

|Properties 2 x|

General ‘ Replication | Description

Mame: | qUELE

Type: |com‘xi‘any\ogic‘hb‘enterpr\se_library.Queue

Parameters:

Name Walue
anEnter

onEsitPreempted

onE it T imeout

onAEE st

anksit

queveType FIFD
capacity queueSize

entitiesTodnimate  all

presmption false I . .
= = i O Set animation shape to
timeouTine ﬂ i animation.queuePath
statsEnabled fake \
animationShape animation.queuePath |
arimationType AUTO
animationFonsard — tue
» Create the model animation
il
S Ele Edt Vew Insert Draw Model Tools Window Help -8x
i0EHd Lx AL 9 BEDE 3 Lo W By th
=k =R i G FZEO00O0OWN e EE EEE Y e e
lodel e == = 8 X/ o rtodel |~~~ — = —— = —— = ———— ————— —— HPopartiss . = e e e e oo - B . .
T o — O Right-click
£ Model
® e x El Model and
=8y animation . =
- Gods create new
E-§§ Station Rotation; = | rad
[E code . .
%y animation Scales 1 animation
Er@ Experiments
% MysimulationExperimer X offset: 0
T : I
S “ """" e fombad ® Draw 2
| I Prevent frame selection
@l I Flp t-axis conveyor
=i | y
0.0 ]
[ |
1 :
I :
© Move the
station animation
here
4 | B -
1 Model [ &2 Lbraries | | ;l_l
ety I I I I I I ] 5

® Draw an upstream conveyor. First, draw a thick blue polyline as
the conveyor background, set the width of 15. Second, draw a thin
white polyline (set the width of 1) over the blue one; that will
represent the part movement path. Name the second (thin and
white) polyline cO.

©® The encapsulated animation of the station should automatically
appear on the model animation. If not, then you should add
encapsulated animation on the animation diagram by yourself and
choose Station in its Object property.
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» Animate the model

[B3 shop Floor 2 - Animation - AnyLogic - [Model] —18] x|
“EQ Fle Edt Vew Insert Draw Model Took Window Help _Bx
O|SHd| s hEX (HaE BEOPip 0 SE S0 0H(Ee e i
igEx | SJ/ERYE AR G ] GG I EO0 LGB T ORENORE: |
T ¢z 1cc:i ) Model | < b | [Froperties 2
EHifh Classes ]| Generd ‘ Image | Description |
- urttled
B Class name;  [Wodel
Code
BBy animation Base class:
“[E Code
&) Station Perameters:
- Experiments Mame [Type |
*- % MysimulationExperimer
R 5 R ) AN
' O Sectup
[
1
1 COnVCyOr
! . .
L animation
source conveyor station
. ,,, san
lle>c-qgpn—0 8 o—0>e
wen wrq nesase

MR L & E
I~ Exclude from build
I | Shor name

™ Show object rectangle

< [ >
|| ® public (exported from lbrary)
{5 odel [ &5 Lbrares | i} [ — _,,—I

[Ready I I LI I I

©  Set up the conveyor properties:

|Properties a X|
General | Replication | Description
MName:! I convyeyar
Twpe: I com. xj.anylogic lib.enterprise_library. &
Parameters:
M amne Walug |
orEnter 1 __L_ -
: 1
onALE st | O Set up the conveyor
1
E it : :
btk : animation path to CO
onQpen |
ohCloge :
length length of pl:lpl}lline
] 1
scale 1.0 L
- .
speed 200 \ ‘3 Select
1
Zpace 10 | 5y FRT
S o : length of polyline
accumulating true : from the drop—down list
animationShape animation.cl of length parameter

® Polyline length will be measured (in pixels) and set up as the
conveyor length. Note that scale parameter can be used to
convert pixel length to, for example, feet.
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Click Run ™ to start the model.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Shop Floor 2 - Animation.alp.

3.4 Different entity types

The factory works with two part types. We will visually depict them as red and blue parts.

Now we will create different entity types for each kind of parts, and set up the visual

appearance.

P Create classes for different part types

B shop Floor 3 - Different part types - AnyLogic - [BluePart] 18] %]
S Ele Edt Vew Insert Draw Model Tools ‘Window Help _Bx

[RaRl=1" =] 0 5 X

a0 BEeEEirp0IE|W0EED R e b w w8 A

= Y- ER [ oo -
Iods! 2 Xl Sl uodel Ligadel ﬂlueF.art_‘ __________________ 4 b e |[Properties ax ____ ]
g dasses | o ]| Gerera | Description o Create
=l ureitleg
= Medel Iny Name:
plements interfaces :
- Code [Fucrar BluePart
ek animation Constructor code
E§@ Station setColor( Calor.blus ) j Base class: message Cl?lSS
[ Code rostringi) code [Entity . =
By animation \
[ BluePart Additional class code Fields: L
Type [ Wame [ Defaul |
1

RedPajt
E-@ Experiments |
-8 MysimulgtionExperimer

< | &

1 Model [ &2 Lbraries |

@ Derive the
message from
Entity

© Set up entity
appearance in the

constructor code

O The same applies

Llll I Exclude from buid to the second

|Explores the model root object

© 1992-2005 X]J Technologies

I I [ ] I L message class

® 710 create a new message class, click the New Message Class b=d
toolbar button. Name the message class BluePart.

9 |Properties 7 x|

MName:
I BluePart

Base class:

[ Entity ' = O Sclect Entity as the

Fields: base class for the message

Type | Mame | Drefault | created
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O Entity class is defined in the Enterprise Library.

©® Change appearance using constructor code.

[ BIuePart| 1 F X

Inport ﬂ

Inplements interfaces

O Set blue entity

Constructor code color
setColor({ Color.blue );

toftring() code

Additional class code

0 To set the entity color, we use the setColor() function of the
Entity class. Entity message class has certain functions and
certain fields, like priority field. For more information about
Entity class, please refer to Enterprise Library Reference Guide.

® Create RedPart message doing the same as for BluePart
except setting color to red by typing setColor(Color.red);.

P Create the sources of different part types

[B8 shop Floor 3 - Different part types - AnyLogic - [Model] . =S
SEY Ele Edt View Insert Draw  Model Tooks  Window Help _@x
PO EH LA X = [ Al & R N
L EEIEE Y LY - R T BQREIMO AR v e @
Model B X Hpodel | ©BusPart G Model ‘ 4 b x |[Properties 2 x
=fid. Classes | General | Replication | Description
=-fff untitled
=€ Model Name: [ sourceRed
Code
B animation Type: | com..anylogic.lb.enterprise_iibrary. Soure
El-i@ Station
Ecode || e e e e e e e e e e e e e e e e e e e ——— ) _ Parameters: 1 _
B animation Nare Walue
D e e O Change the
~E= RedPart newE nlity RedPart.class L.
E = seneratoryge " dion existing source
~-%&# MysimulationExperimer e
fiestirtivalTime [
irteranivalTime 1 type
entitiesPerdrival 1
aiivalshlax infirity
station cantwaitbrOutput trug.
W sanm
sowcebive  Geme 0 B O—0
e e narEaRn
L] m|
¥
wn
1
1
1
1
| o o o e e mmm 2 . ______8 L _
® Add the
second source
I Exclude From build
¥ show name
4 1B = -
W futo create
{1 Model ‘@Uhraﬂas | L4] 3

[Ready I I I I I I

V]

O  Select RedPart as newEntity parameter for this source object.
Keep interarrival time of 1.

®  Select BluePart as newEntity parameter for this source object.
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Set interarrival time of 2.

Click Run " to start the model. You will see red and blue parts moving along the

CONVeyors.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ _Shop Floor 3 - Different part types.alp.

3.5 Diverting parts based on the part type

The assembly station will produce a product of two parts: red and blue. Therefore, we
need to sort the parts first and assemble the product from the parts of different types.

Now we will model how the parts of different types are diverted to different conveyors.

» Modify the flowchart

[B8 shop Floor 4 - Diverting parts - AnyLogic - [Model] 18] x|
SEQ Fle Edt Vew Insert Draw Model Took Window Help _&x
0 EH CEX AL |9 BERFirPIAE|NRE B0 e RS
@R (AR EarE s R K RIT0RAR O NE B0 D
lodel 2 X/ i Model |®Stat\or\ | 4 b x |[Properties 2 x|
eI %sses ]| Generdl | 1mage | Description |
L T TS T T T TTT T T T TS T T TS T
1
=@ “ie'd | Classname: | Model o Add
~H Code
1
-8y animation E: lass:
118 Station ! SelectOutput
Code ! Parameters:
B animation : Hame: | Tupe ]
[ BluePart
RedPart :
E-@ Experiments h
X8 MysimulationExperimer . I |
| 1
I convetorked sink. 9 Add two
sourceRed 1 1 wasn
rann TR0 —O—>8
(L ad conveyor station . Lz THTERARR conveyors

¥

W i
sourceBlue gPn— 8 o—o-d; u\]
E

s = i ¥ conveyerBlue skt
f . o
e P08
wra D

A Add the
second Sink

sl G S 3 11

™ Exclude From buld

I | show name

I™ Show object rectangle

< | &
{1 Model ‘gum,‘g; | 4] Llll [¥ Public texported From library)

ety I I I I I I ] 2
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o

(2]

Add SelectOutput object and set up the following properties:

| Properties

General | Replication | Descripkion

O Type

Mame: I seleckOubput

Parameters:

Mame

Walue

onEnter

arERitT e

onE itk alse

1
]
]
1
Tvpe: |cc-m.><j.anylogic.Iib.enterprisal_library.SelectOutput
1
1
1
1
|
1
1
|
1

selectCondition

entity instanceof RedPart

entity instanceof RedPart

as the route select condition

O This is a user-defined routing condition. It determines the type
of the entity about to exit and diverts red parts to the upper
conveyor, and blue parts to the lower. Current entity is accessed as
entity. Its type is determined by the instanceof Java™
operator. If the condition evaluates to true, the upper conveyor is
taken, otherwise the lower.

Name the upper conveyor conveyorRed and the lower conveyor
conveyorBlue. Set the conveyor speeds of 300.

Add the second Sink object. Leave object properties by default.

» Draw conveyors in the animation

[B8 shop Floor 4 - Diverting parts - AnyLogic - [Model] _1& x|
S Ele Edt Vew Insert Draw Model Tools Window Help -8x
0 EEA AKX A B gaE:r ) B o W B
R Y= a0 T X I000OWN T B EE e e E
i) 2 X | G vodel | G Station % Model ‘E\’H Station | 4 b x | Properties X
EHi Classes
% b urtied =l Hame: [ animation
=6 Model @ =
~[E Code § :l
%) animatian @ |
=1 Station
Code Rotation: ] rad
B animation
S | . e — — F——  S——
RedPart:
E-@ Experiments X offset: o
+ % MysimulationEsperimen| || 0 qeeememmememee
¥ offset: 0

< | »

168 Model [ &2 Lbraries |

™ Exclude From buld
I Prevent frame selection

I~ Flip V-axis

[ready

74
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2]

» Animate the conveyors

[B8 shop Floor 4 - Diverting parts - AnyLogic - [Model]

Draw the animation as shown in the following picture:

O Draw c1 conveyor

O Draw 2

conveyor as well

® To create the proper

direction, draw the conveyors

from left to right

-8 x|
Ef) Fle Edit Wew Insert Draw  Model Tooks  indow  Help _Bx
AEHG S LEX AA o BeaEirpIIE |[DDEE D[R] a B w B id el
@gEx R EarD s e @ IR KT RiIT0RAR OV NE B0
ol 2 X i Model | ol | 4 x| [Propertiss 2%
B Classes ]| cenera ‘ Replication | Deseription |
- ureitled
) Model Hame: [ conweyarRed
[ Code
-8y animation Type: | com.xj.anylogic.ib.enterprise_library.Cor
=1 Station
Code Parameters:
@) animation Hame VYalug ]
= Bluepart onEnter
RedPat o} ______ ] B iy ) I
E-& Experiments 1
it
%@ MysimulationExperimer 1 e o Set UP
i onlpen
Ch
conveyorfed  sink = - conveyor
length length of polyline
sourceRed .. Iy B 1
rane; ol = soale . .
095, cmeror soron 0 [ e e speed 100 animation
REA " T space 10
o—o D0 O
sourceBlug %v ¥ u F capacily 100
san e X conweyorblus  sinkl
8 = " wnan icd
= TP —O=>8 animationShape animation.c1
Ay DHTERARE arimationFonward e
1
1
@ Set up
conveyor
I™ Exclude from buid animation
[V Show name
«| | » v
52 v Auto create
168 Model [ &2 Lbraries | 14| _'l_I
[reacy I I 0 I

Set up the conveyor properties:
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| Properties

o x

General | Feplication | Description

: | 0O Set up the conveyor

' animation path to €1

O Set up the conveyor

length to be measured

automatically

Mame: I conveyorRed
Tvpe: | com. xj.anylogic, ib, enterprise_library, Ci
Pararmeters: [ -
MHame Yalue
onEnter
onétE i |
onE =it |
onpen | H
onClose ! '
length length of pc;l_l,lline
scale 1.0 '
speed 300 '
space 10 :
capacity 100 :
accumulating true :
animationS hape animation.c1

(2]

Now run the model by clicking Ruz ¥,

Set up the second conveyor in the similar way except set up
animation path to c2.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ Shop Floor 4 - Diverting parts.alp.

< To get a better view at run time, you can click Animation settings

and select Enable anti-aliasing option.

Animation Settings

—Refresh rate

& Adaptive
Allows to choose between smaath animation and Fast simulation
1
!
. { !
Smoath Mormal Fast
R e T
' & Fixed
1
| Explicit animation update rate (frames per secomd)
| !
|
: 1 10 200 30 Gyl
]
¥ Enable anti-aliasing
——— Cancel o

76

i

toolbar button

O Enable anti-aliasing

to get a better view
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3.6 Blocking the station

Whenever the downstream conveyor cannot accept entities, the station should stop. This

is known as a block condition. Now we will introduce station block ability.

» Add station block ability

b Do [t Yew oset (row bodel Took  Window e -

D BEE ADhAX AL 9 BaDF ]| ew B« o - wE ety
[x] Ko L EO%% QY . @ & T
- [ T @EE O e RO®RVML D =1
e 2 X g Station | + o | Propartes ¥
I oo | Geeral | Fepheaion | Descr
i wttien
& Modd Mame: [ delay
I || U ||t ot S —— I
= ¢ ot e B
s gm«m : Type: [ com.xl.arrriog. i erkerixise_lorary elay o SCt up the
[ Cexn | Paraimtens:
B an H Vaha .
Camm ! e Delay object
Ll : o 3] qussns.sixel] = 1 == ot .
© 35 swsmdstontrerient ' P T propetties
| canscty 1
] el nabled trum
1 aremahons hage anamatson paF et
I T snimationT yoe SINGLE
ey warFawed
1 schedn vaind_schochidn
delny ey
Al ao
. u—l-u @'Eyii-—«:gw P—
i | “;
1
1
® Set up the
Queue object
properties
™ Exchade from buld
F showrame
=
[ e L P
Funacly
©®  Block the Delay object whenever the queue becomes full.
|Properties R x
General | Replication \ Description
Mame: | delay
Type: [ com.sq.anylogic, b enterprise_library. Delay
Parameters: | -T==
Hame Valus [ ] (A) Type code
onEnter !
anxit if( queue.size() + 1 == queue.get_capacity() ) { block(): ] shown below
delayTime 1/1ate(]
capaciy 1
statsEnabled tiue
animationShape animation. partPoint
animationType Animator 5INGLE
animationFonward true

0 Type the following code as “on exit” reaction:
if( queue.size() + 1 == queue.get_capacity() ) block();

This code compares the current queue size obtained by
queue.size() function with the capacity of the queue; the
capacity property is obtained by get_capacity() function. Plus
one stands for the entity exiting the Delay object.
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=) In AnyLogic™, you can obtain the property value or set the

property value using functions get_x() or set_x(), where x is
the name of the property you need.

In our example, if the entity exits the Delay object and the queue
will be full with counting entity, the Delay object blocks itself by
calling its block() function. Blocking means that the Delay object
will not accept any entities for processing until its unblock()
function is called.

Unblock the Delay object once an entity exits the queue.

| Praperties 2 x|

General ‘ Replication | Description

Name: | queus

Type: | com.xj.anylogic.ib.enterprise_ibrary. Queue

Parameters: 00000 e e e e e e e e e e m m m m e mm————

Name  |Value

. O Type

anERiP.. ! delay.unblock(Q)
i
1

onExitT
onAtE kit
onEwit i delay.unblock():
queve... GQueueFIFD

as “on exit” code

capacity queueSize

preemp... -false

timeout - false

timeout... ;0

statsEn... itrue

ahimati... | animation.queuePath
animati... - Animator JUELE
animati... - tue

0O We unblock the Delay object when an entity exits queue, and
the queue now has a free place.

Note that we always call the unblock() function, even if the
Delay object is not blocked. It is valid to invoke the unblock()
function for the object that is not blocked. However, if you want to
know if an object is blocked, you can call the object's blocked()
function.

Now, having created the block behavior of stations, we can run the model again. Click

Run ® to start the model. Now the station will be blocked when the downstream

conveyor cannot accept entities.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Shop Floor 5 - Blocking the station.alp.

78
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3.7 Changing source rates interactively

Now we will make the source rate changeable. We will introduce the corresponding

control element in the animation to change the source rate interactively.

P Set source rate

[B3 shop Floor 6 - Changing source rates - AnyLogic - [Model] =18
Fle Edt View Insert Draw Model Took Window Help - Bx
=4" =] ] 9 g & D e i | B W B i O
LA Y e R LY e R L AR 2
lodel 2 X| g statior, g Model | 4 b x ||[Properties ax
=i Classes ]| cenera ‘ Image | Description |
- urtitled
Fl & Model a 0 foese T
I Cote FEE O Add a class
-8y animation Base class: |
= Station 1
& Code Parameters: parameter
BlusPart sourceRate real
RedPart
B¢ Experiments
&% MySimulationExperiny i i --- .
' O Modify
| -8
| el conveyorked source
sourceRed ] " g
sant 1 Gt 0>8
N dan  RENEE S O properties
e Cm 1 T
=& d
sourccBue OGP0 8 00 =
sane Wz | accn 254 conveyorBlue skl
e>o ! h - wann,
o L . om0 N R
| wrq s
, © Add Queue
1
1
1
b e e e mmmmmmm—____ & Ao I,
oy AR M
DAL+ W O Add Sink to
I~ Exclude from build
collect lost
I¥ | Show name
al D ™ Show object rectangle entities
T | 7 Public (exported from lbrary)
{5 odel [ &5 Lbrares | K| I ;l_l

[ready

Add the class parameter for the source rate. Click Model item in

the tree, and create the following parameter:

Properties

O Select real

General | Image | Description

@ sourceRate is the model

Class name: | Model

parameter and will be changed by

1
Base class: | :
] . . . .
Parsmeters; ) the animation slider we will create
Mame | Tvpe ]
sourceRate real L later on

for the parameter type, name the parameter

sourceRate and set the default value to 10.

Parameter

© 1992-2005 X]J Technologies
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Mame: I sourceRate

=
=

" Separator

Type: I real

Default value: I 10

& Simple ¢ Dynamic ¢ Global
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®  For both the Source objects, set the interarrival time.

For the upper Source object:

|Pr0perties a X|

General | Replication | Description

Mame: IsourceRed

Type: Icom.xj.anylogic.Iib.enterprise_library

Parameters:
Mame alue |
onExit [ AR . . .

: ; O Sct interarrival time to

riewE ritity HedPPrl_class
generationT ype distriht,lkion 1/sourceRate
first&rivalTime 1] g
interarrivalTime 1 / sourceRate
entitizsPerdirival 1
arrivalzhd ax irifitnity
carty aittdutput true

Set the same property for the lower Source object.

©® We add a queue to store the entities arrived until they can be
taken on the conveyor. Set the following queue properties:

Properties a x

General | Replication | Description

Mame: | queue

Type: |com.x].anylogic‘Iih.enterprise_hbrary.Queue

Parameters:

Mame: Walue
onE nter

onE sitPreempted
onE kitTimeout

CrAdEsit il itttk

on st ! O Set preemption
queueType Quevs FIFD !

capacity 100 1 to true

preemplion tiue |

timeout fake

timecutT ime o

statsE rsbled [

animationShape
animationT ype Animator. JUEUE

animationFarward tue

0 By enabling preemption, we specify that if the queue capacity
becomes exceeded, the arrived entity exits via outputPreempted
port on the top of the queue object. To accept those entities, we
will place a Sink object. For more information about preemption,
please refer to Enterprise Library Reference Guide.

® Place a Sink object and connect it to the outputPreempted
gueue port; that is, the left port on the top of the Queue object.

Name this Sink object lost.
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» Add rate controls to the animation

B8 shop Floor 6 - Changing source rates - AnyLogic - [Model] _i® x|

B Ele  Edt  View Insert Draw Model Took Window Help _AX
0 |EEE | s hRx N9 GenEFirpr o R |[HDEES0(R e T e W idta
i@ EHe | SEHEGEEA LR im i Ko X E000WN T @ BEE NME e
Mol B X g station | 6@itiodel iModel | 4 b x |[Properties a x|
i @é %‘jﬁided b | Tniane: T [emeren 0T
56 Model ‘ O Add soutce

1
I
Code .
& B peen , a = rate slider
B Station
Code . : rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr i Rogaton: [ <] rad
BB animation :
- BluePart SOL:rce ralte & Seale: 1
- RedPart 30 H < offset liﬂ
¥ offset: ]

@ Experiments
% MysimulationExperim

=gy

cl
- - ——— . . . t_ _ ] I Exdudefrombuid _ _ _ _ _ _ ______ ]
0 ™ Prevent frame selection 9 Add rate
c0 I Flip v-axis
: note
Quele #4
1
Lost# €2

© Add queue
area rectangle,
queue size and

4 (B -
15 Model [ &2 Lbraries | Kl _’|_I lost note

[Ready I I | I I

o U O Click Texr L

and place min and max notes

For the slider created, set up the following properties:

|Properties 2 x|

Graphics Shder‘ Description |

O Sclect sourceRate parameter

1
1
Label; [ slider 1
]
!

Wariable name: | sourceRate

Enable expression: |

1 .

o @ e e | O Set min value to 0 and max
1

Min valuz: [o ! Value to 30

Max value: [30
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S0Urce rE!te .20 I O Click Toxr T

30 H i and add a rate note:

@ Type “Source rate #”

during text note creation

as design-time value
To show the actual source rate value at run time, specify the text
note run-time property:

|Properties o x

Graphics ~ Text | Description

Text: | Source rate #
f———---1 L - -
: O Type
! ” ”
| Source rate” + sourceRate
1

[ "Source rate "+ sourceRate : =l as the deSIgn_tlme value
cot, [ | =]
Font: AaBhCe Choose

®  Using the same approach, add text notes for the current queue size
and lost entities counter:

O Add a queue area

rectangle

O Add a text note

for current queue size

® Add a text note

for lost entities counter

O Name the rectangle queueArea. Choose the fill color and line
style you like, for example turn off the lines and set orange fill
color.

O Type “Queue #” as design-time text, and specify the following
run-time text:

‘ I"Queue " + queue.size) j

® Type “Lost #” as design-time text, and specify the following run-
time text:

I “Lost " + lost. gebCounk() j
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» Animate the queue

B8 shop Floor 6 - Changing source rates - AnyLogic - [Model] _i® x|
SEP Hle Edt  Vew Insert Draw Model Iook  Window Help _ax
0|EHA | smEx ALl genFirrI P |ulE b0 |[Eex Fawmidtod
EHe SR ERLE LS G k] K T o FRIMOLAB O NG E G| D
Madel 3 X)) 98 model | 6 Station ) Model | 4 b x |[Properties a x|
E-ii Classes o General | Replication | Description |
- urtitled
1§ Model Mame: | queus
Code
B animatior, Type: | com.xianylogic b enterprise_lirary
El-G@ Station
Code Parameters:
BB animation Name Value ]
- BluePart onEnter
- RedPart orEsitPreempted
e arEtTineous
LES ondiEsit
Ry onEsit
) conveyorRed queueType FIFD
sourceRed " L capaciy 100
__________ e U LediesToAminate— al— — — — — — — == = —
.., q selechOmtpot
EL\ #—ﬂ station an e THTERARR
E m T preenpion e O Set up queue
] o—a & ¥
sourceBlus )3""“‘:}' G a = timeot false
s, e arcq i 4 conveyorBlue statsEnabled false H H
D\j #azk i animation. animation
1 w .
PO —O=>9
e Ut animationType Animator BAG tl
ez DA,
° animaonFomard e properties
I Exclude from buld
[ Show name
Tl | ™ Auto create
15 Model [ &2 Lbraries | l<| _»|_I
[ready I I | I I I

®  For the queue, set the following animation properties:

Properties o x
| |

General | Feplication | Description

Marne: I quels

Type: Icom.xj.anylogic.lib.enterprise_lihrarv.Queu

Paramebers:

Mame Walue |
onEnter

onExitPreempted

onExitTimeowt o _____L___]
ondtEst ! O Sclect queueArea
onE it | . .
vl Firg as the animation shape
capacity 100 :
entities T aénimate all :
preemplion true :
timeout false |
shatzEnabled falze !
animations hape animation_queuefrea
animationT ype Animator BAG
animationF anward true RSN -—-—-

O Select BAG

animation style

Now we can run the model and observe its behavior under different source rates. Click

Run ® to start the model.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Shop Floor 6 - Changing source rates.alp.
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3.8 Assembly station

Now we will create an assembly station. Before creating the station, we will create new
Product entity type.

P Create Product entity

sl
Ble Edt Vew Insert Draw Model Tooks Window Help - 8x
O|EEa | AbEx Hilocbepsiven ey H i@l B0 e nmidis g
@Ee (SR AR A G @ ] []x
lodel ' 2 x|[ 98 todel [ Product ‘ o % |[Properties 2 x
E-ig Dasses ! =[| General | Description
- urtitled 1 Iupore; 5| |
) AsserhblyStation | ||y 1oyenes incerfases Hame:
E- Model [[Product
coe Constructor code
B anknation setColor( new Color( 57, 181, 74 ) : Base clacs:
El-§@ Statidn tostring() code \ [ Erticy |
~[H ce | |
%y anknation Additional class code | 1 e —
2 Bluskat i Type | Mame | Defaul |
4 Produdk \ i
RedPart \
B¢ Experiments |
% MysimulationExperim |
1
1
1
1
|
|
e e e e e e e e e r e e e e e e e e e e e e e e - - -
4 (B -l -
Exclude from build
15 Model [ &2 Lbraries | Kl e e
[opens the animation window Il Il I I Il
[=d Product | 4k X
Inport AI

84

Tuplemnents interfaces

Constructor code

setColor( new Color( 57, 181, 74 )

toString() code

Additional class code

© 1992-2005 XJ Technologies

@ Create
Product

message class

@ Derive the
message from

Entity

© Change
entity

appearance

O Specifies the custom
dark green color with
red component 57,
green component 181,

blue component 74
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P Create an assembly station

TP Ele Edt Vew Insert_ Draw _Model Tools window _Heb _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ oo oo _______ =8 _ ___
O BSHd | s DAX (AL 9 BeRFireDdE RS EEH (R e W B s O Create
gEw | BREARNE K H & ] T o FR MO AB | Oy e E | .
model 0 B X)) g8 el [ Hodd | Bassentlysietion (3 AssemblyStation | 4 b x |[Properties ax ASSCmblyStaUOﬂ
— ———————
- Classes || Generl | Image | Description |
- urtitied ! class
£ ) AssemblyStation Class name: | AssemblyStation
Code
%, animation Sase BT = 1m ______
£ 6 Model [
o - @ Create
%y animation Hamel | Type ]
£ station rate | real (dynamic) patameters
~[H Code queueSize integer
-y animation
- = BluePart
prodit Ml 0000 e e e e e e e e e S e - -———
RedPart: 1
-6 Experiments || Assemblystation 9 Create three
*-% simulation |
1
I station pOftS
int S:S Fooe o0
_____ F S M | S 5
| .
' || ® Combine
T
|
1
[ N -
© Station
HEKr &
I Exclude fram buld
¥ Show name
¥ | Showobiect reckangle:
as [ Publ ted From b
B[S r _'I_I el

|Ready

I I I I I I | »

© 1992-2005 X]J Technologies

Define two assembly station parameters. Define a new parameter
rate of type real and specify that it is Dynamic. Define also
parameter queueSize of type integer (this will be a simple, not
a dynamic parameter).

|F‘roperties o x

General | Image | Description |

Class name: I Assemblystation

Base class: I

Parameters:
Mame | Type
rate real {dvnamic)
queuesize integer

Set the default value of rate of 20 and queueSize of 2.

You can name the ports inl, in2, and out. Leave default port

properties.
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4]

‘Prupsrties

nx

General | Replication | Description |

Mame: I combing

Parameters:

Type: Icom.x]‘any\oglc.l\h‘enterprlsefllbrary.Comblne

Hame

Yalue

onEnterl

orEnter?

onCombing

orExit

newEntity

Product.class

animationShapel

animationShape2

(6]

| Properties

1 x|

General | Replication | Descripkion

ame; | skation e

Tvpe: Iuntitled.StatiDn

Farameters:
M arme Y alua
rate rate '
queuesSize queueSize -

O Seclect Product

entity type

Set up the following properties for the Combine object:

Set up the following properties for the Station object:

par ameter

0 Station processing rate is

linked to the assembly station

(B) Queue size is linked to the

assembly station parameter

» Adjust AssemblyStation animation

(B3 shop Floor 7 - Assembly station - AnyLogic - [AssemblyStation] -8 x|
2 Ele  Edt Vew Inset Draw Model Iools Window Help _Ax
O(EHE *REAX AL 9 BernRireDdE (DS E0H(Eex FawEmidmow
igEx | SJ/ERYE AR G ] s FQEO 00N T e EE B EE WY e e
lode| 2 X[ 85, tode! | g Mol |@ | 4 b > |[Properties 2 x
- i Classes ]| Grahics ‘Desmptlun |
- urtitled
E6@ AssemblyStation - [ormaben |
L (| . < | - -
- B it 1 " ~ .
o ed | Otyect stakion = O Move the station
~H (Code I & 0 d . . . h
B animation 1
gl . " = animation in the
Code ! . N
B animation ! oo LI =] red animation area
BlusPart ! . [0 [
product ! i — - rectangle
- RedPart . =
- Experiments I Height: 25
%3 simulation ! Visible:
Replication:
; W original size
""""" I Lack aspect ratio
I™ Shaw name
I~ Exclude from build
18 Model [ &2 Lbraries | 14| 3
[Reay I I I I I I ] 4
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Now we can test the assembly station created.

» Add an assembly station to the flowchart

[B3 shop Floor 8 - Assembly station - AnyLodgic - [Model] =18
“EQ Fle Edt Vew Insert Draw Model Took Window Help - &x
sll=3== SR X (#A |9 BernRirpNdE (DS EEA|E e x D :
igE | SJERNE AR TR KT X EIEOLRD T ORENORE: |
lode! 3 X/ 95, Model | G assemblyStation | G Model ‘ b x

E-i Classes
% [ urtitled |
@ AssemblyStation
E-6@ Model
e e -———

-y animation | o :

= station | AssemblyStation
Code |
) animation 1
BluePart 1
£ Product |
RedPart 1
Erg Experiments lost |
%8 MysimulationExperimy . !
— |
corvevarRed \
et
sourceRed » 1
ey

e i ?‘;,4 station Semttougﬁi/mq assenblystation | e COIlVCVOt
i

2 - e
sourceBlue sEEn—0Epo—0 1 p—o-<;
s, wa netq

U £l
00X conveyorlue socq oy
oo q\f, E/j )

arcq

* ® One Sink

< D -
{5 odel [ &5 Lbrares | i} l -

[Ready I I LI I I

®  Add an assembly station and leave all properties by default:

|Propert\es a X‘

General ‘ Replication \ Description

Mame: I assemblyStation

Type: Iuntit\edﬁssemhlyﬁtatinn

Parameters:
Name Walue
rate 20
queueSize 2

®  For the conveyor created, specify the following:

Propetties o x
| |

General | Replication | Descripkiaon

Marne: I COMYEYOrE

Type: Icom.xj.anylogic.lib.enterprise_library.(:u

Parameters:

MName Walue |
onEnter
ondtE it

onExit

onJpen

O Set the speed
of 300

onCloze

length
speed 300

space 10
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©® Instead of two Sink objects, place just one. Check that it is named

sink.
. .
» Draw animation
sl
S Ele Edt Vew Insert Draw Model Iools Window Help - 8%

all=1=]= SEX (AL |9 BSTE i 0SE | DS e D50 |[R e W B Ao
PEe | SEEerE L 5§ k] DEE®EEE -6

lodel 2 x| o8 Model | 4 b x| [Properties 7 x|
e R e —
) AssemblyStation X L—LL
£ Model R RS EETEET TS L L
Code Vi | 0 Change the
- animation
=] Stati f l—Ll
) et = shape of the
-8y animation seale: 1
R conveyors

¥ offset: 0

[~ Prevent frame selection e Move the

™ Flip -axis

+-%8 MySimulationExperimer

assembly station

animation here

© Draw new
conveyor

segment

4| | »
{1 Model \ & Ubraries | L4] 3
[ready I I | I I I

®  Make cl and c2 the conveyors leading to the assembly station.

® Place the automatically appearing animation of the assembly
station here.

® Draw new c3 conveyor segment leading from the assembly
station.
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P Set up animation

B8 5hop Floor & - Assembly station - AnyLogic - [Model] . =S
SEP Fle Edt  View Insert Draw Model Toos window Help _@x

PO EHE | $REX AL BESEOE e 0S| %0 lEEa & [T W B A
C@He SREARLE A & N K T R IE0 L AR ERONeRoN L
Model 2 X 9 Model | G i Model ‘ 4bx
-l Classes —
=-{fp untitled |
@ AssemblyStation
E1-@ Maodel
Code
%y animatian
El§J Station
Code
- snimation
- BlusPart
- Product
= RedPart
@ Experiments Iost
%8 MySimulationExperim s

O Set up

animation

tnnvayurﬂed
e

sourceRed

wars.
e selectOutpu
e A5 station Fo assemhlyStetan
o =] - -

= 0 - O=»8

somcee PSSP —0Zp0—0 0 D—D*&F
XHRR S Mg conveyarBlus WTERER
>
!

4] | B =
{1 Model ‘@Uhraﬂas | L / :

[Stops the buid process I Il I Il Il

©®  Specify the following animation properties for the conveyor:

|Pro|:-erties n X|
General | Replication | Description

Mame: I conveyorl

Type: I com.xj.anyvlogic.ib.enterprise_library,

Parameters:
Mame Walue
onEnter
anduE it N T

= : O Select to measure the
onExi
1 .
onlpen ! length of the polyline
onCloze '
length length of polyline
zcale 1.0
speed 300 o ___ | ___
space 10 \ O Select ¢3 as the
- 1

capacly 100 ! animation shape
accumulating true \
animationShape animation.c3

We finished creating our shop floor model. Click Ruz B to start the model.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\_Shop Floor 7 - Assembly station.alp.
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3.9 Displaying throughput statistics

Now we will show throughput statistics.

» Show throughput statistics

- RedPart
@ Experiments
% MysimulationExperim

cl

50
0 c3 .
of
Queue #
e © =N

I™ Prevent frame selection

™ Flip ¥-axis

[B shop Floor 10 - Throughput statistics - AnyLogic - [Model] 18] x|
S Ele Edt Vew Insert Draw Model Iools Window Help - 8%
0|EEd CEX AL BeREip 0 PE W RS EO0H R e W o
AR NN ALY i
lodel | 2 X | (5 Model 28, Model | 4 b x ||Properties ax o Open Model
il Classes !
g wtes ! 2| ame: animation . .
E163 AssemtliyStation " | animation
Codd B
B animbtion . =
B Model L
~[E Code Rotation; | rad
B animation i
1§ Station : Source rate # Scale: 1
Code
%y animatian % offset: 0
luePart
¥ offset: 0

I~ Exclude from build

@ Draw the
throughput
indicator

© Place a
button to reset

statistics

< D B
{5 odel [ &5 Lbrares | i} — 2
freadty I I I [ I

90

2]

|Propart\es

Graphics  Bar Indicatar | Description | 1
|

' H

Walue ko indicate: | sink. getAverageRate()

Orientatian: = vertical  { Horizonkal

Min value: Jo

Max walue: | s mm——————
Yalue colar; E lﬁ
Srals calar: - | =

[ Show valus

[¥  Show scale

For the bar indicator, set up the following properties:

0 Show average

sink rate

0 Set max

value to 50

0 Type sink.getAverageRate() to display average exit rate.
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©®  Resize the button as necessary and set the button label.

|Properties x|
Graphics  Button | Description (i R
. O Type Reset
Label: [Reset |
as button label
Wariable name: | =l

Enable expression: |

Fank: AzBhCe Choose:

Ewent handling code ;I
sink.reset();

O Type

sink.reset()

Now we can run the model and see how the throughput statistics is collected. Click
Run # to start the model.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\ Shop Floor 8 - Throughput statistics.alp.
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3.10 Equipment Downtime

Equipment downtime and maintenance period can have a great impact on the factory
performance. You can simulate and analyze the equipment downtime consequences to

improve the performance.

Now we will introduce station downtime.

P Create station downtime

[B shop Floor 11 - Equipment downtime - AnyLogic - [Station] == x|
SEP Hle Edt  Vew Insert Draw Model Iook  Window Help - &X

all=1= =" SRx AL |9 BenEirp0PE|LEESE D[R] e s W e

EEAEE- A= O GRS e B IE O L BR \ DRONE:|
lodsl 2 X/} g rocel |G ocel (3 Station | 4 b x ||Properties ax
=i asses ]| Generel | Image | Description |
- urtitled
B @ Assemblystation Class name: | Seation
[ Code
Baanimation - — A o e e e e e e e e e e e e e mmmmm |— Baso-clagsim — I: _________ -
del .
hde © Modify
=8 aningation Mame | Tvpe )
- fode s resl i Station class
=1 Station queueSize inkeger
] Cos downtimenabled  boclean
) animation WITF el (dynanic)
@ downtine IR | eal (dynaric)
A BloePart R R S
= Product Station
[ RedPart o 9 Create
Erg Experiments sce 00
%8 MysimulationExperim in (=0 O O—1 @ O—Ogessart— Jout MTTF and
dste W=
| E
' MTTR
| % downtime
- parameters
.
Vo
e e e ey e e e W
|
' © Add a Hold
1
- o .
: LE R object to model
| I Exchude from buid .
| B downtimes
J [ 1 | showiohiect rectangle:
| 5
Brmleree Ty — o) Pty )
[reacy I I I I I O Describe
downtime
behavior with a
statechart

®  Double-click Station in the tree to open the structure diagram.
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® e create station parameters for mean time to failure (MTTF) and
mean time to repair (MTTR).

Properties

General | Image | Description

Class name: | Station

Base class: |

Parameters; 09w e e e e e e e e = = = = = === =

| Type

I
Name 1
rake |
queueSize |
downtimeEnabled 1
MITE

MTTR

veal (dynamic)
integer
bonlean
real (dynamic)
real (dynamic)

@ Enables or disables
downtimes for the station

O Mean time to failure

parameter

® Mean time to repair

parameter

O Create downtimeEnabled parameter of type boolean.
Specify true as the default value. This parameter will enable or
disable downtime for a station.

® Create MTTF parameter of type real and specify that it is
Dynamic. As a default value, we set up time to failure to be
exponentially distributed with the mean of 3 hours (180 minutes).
Note that we should specify rate for exponential () function,
and to obtain rate we use the inverse value (note that we use 1.0
instead of 1 because 1/180 will return 0 as both numbers are

integer).

Hame: | mTTF

Type: Ireal j
Default value: Iexponential(l.ﬂ,l'lﬁﬂ) j
 Simple & Dynamic ¢ Global ¢ Separator

http://www.xjtek.com
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® Create MTTR parameter of type real and specify that it is
Dynamic. As a default value, we set up time to repair to be
exponentially distributed with the mean of a quarter of an hour.

Mame: |wTTR

Type: Ireal j
Default value: IexponentiaI(I.D,I'IS) j
" Simple & Dynamic ¢ Global  © Separator

©®  The Hold object will block the input during downtime. Object is
named hold by default; keep this name as we will use it later on.

® We define downtime behavior visually with a statechart:

Station

SRACHP D”D”
n [0 O qﬂ@q—ﬂ%q—[]out

LEST hL v
U

O Click Statechart QE;

and then create a new

1
1
|
1
: statechart
1
1
1
1
1

O Double-click to open

the statechart diagram

94 © 1992-2005 XJ Technologies  http://www.xjtek.com



AnyLogic™ Entetprise Library Tutorial

Draw the following statechart:

Y

0
( Failure ) i

@® Once the statechart
enters Failure state,
the station input will be
blocked. Once the
statechart exits failure
state, the station input
will be unblocked

Entry action
hold.block():
Exit action
hold.unblock () ;

O Press F2 and rename
the default state to OK

O Set up that OK—fai lure transition
will be taken after MTTF time, if
downtime is enabled for the station

Fire:
IF\Fter tirmeout j

Timeout ;I
HMTTF ()

Guard

dovmtimeEnabled

bction

@ Set up that failure—0K
transition should be taken

after repair time

Fire:
IAFter timeaut j

Tineout ;I
MITR()
Guard

Aotion

Now the station will go down in a random time. To indicate downtime, in the animation

diagram we will draw a downtime indicator next to the station. The alternative approach

that can be easily implemented as well, is to change station run-time color to be red

during downtime.

© 1992-2005 X]J Technologies
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» Show downtime in animation

O Add a downtime

indicator as a red rectangle

@ Set up to show the
. aa oG indicator during
0.0 downtime only

visible: | holdblocked()

Now you can click Rz B to start the model execution. You will see the picture like the

one shown below:

"= Animation: Untitled - | Ellﬂ

Source rate 10.0

Queue 0

Lost O

N The reference model for this point is Examples \ Enterprise Library Tutorial Models

\_Shop Floor 9 - Equipment downtime.alp.
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4. Ophthalmology Department Model

In this section of the tutorial we will build a model of a typical ophthalmology unit.
Patients arrive to the department to undergo the ophthalmoscopy procedure. They are
held in the waiting room until some procedure room becomes available. Then patient
moves to this procedure room escorted by a nurse and waits for the ophthalmologist to
come and make an examination. The procedure is performed using an ophthalmoscope.
Ophthalmoscopes are stored in the storage room and brought by doctors to the
procedure room just before the procedure begins. Following the procedure, the doctor
transports the ophthalmoscope back to the storage room and returns to the staff lounge,

and the patient leaves the ophthalmology department.

We will construct our model using Enterprise Library advanced transportation.
Advanced transportation is a set of objects for defining and using complex networks
with resources. Entities can move along paths of the network and use resources located
in that network.

4.1 Creating a new project

Create new model as described in Section 1.1, “How to create a new AnylLogic™ model”.
Rename Main class to Model. Using Simulation in the Experiments tree, specify that the
model is executed in real time mode and one model time unit will be executed in one

second.

4.2 Creating a model animation

Now we will draw the model animation since the logical structure of the model is
generated from the animation you draw. To simplify drawing, we will add the model

layout first.

You can draw the department layout in AnylLogic™ using the animation editor, or you
can import any picture as the layout. The drawing approach is good for prototyping,
when you want to experiment with draft layouts. The image approach is excellent for

working with an existing layout.
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Now we will add the department layout.

» Add department layout

[B8 Ophthalmology Department 1 - Simple model - AnyLogic - [Model] _i® x|
S Ele  Edt Vew Insert Draw Model Tooks Window Help _AX

N BHE  ¥REX (AL 90 BenEir b0 PE |[LEEE D[R] e s W e
PEx | SR @8 Aa FIREC S 000V [ Te Dl DEE M6 =R

lodel LT %Mndell 4 b x| |Properties 2 x
B %5555 e - S - ————————-—--=-======—==—=———= = Gbies dmage| Dewrpion |- — — - -~ _ —
2 unit
S & vodel —_— O Create new
Cod
i I = animation
E-@ Experiments P Rt a Images:
+-%& simulation H _lY] imagesidepartment layout PNG
| [Cesa [T | [erkes ® Add layout
: [V Original size:
! —_—
15 Model [ &2 Lbraries | 141 _»|_I

[Ready I I | I I

o To create a new animation, click the New Animation il toolbar
button.

®  Add the department layout. Click the /mage [@] toolbar button, and
click the animation diagram to place a new image. Set up the
following properties:

|Prnperties X
Graphics Jmags_|D_eacanlLl:ul ____________________
: 0O Click
Image inqex EXpression:
I . ﬂ Add... button

| and navigate to
Images: !

images'l,dlepartment lavout.PNG
]

layout picture

| Add... Il Remaye || Emted

V¥ Original size -—-------=-----=—-—=———-1----——-

O Select
Original size
option

O Navigate to the layout picture of our system.
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N The layout picture we will use is Examples \ Enterprise Library

Tutorial Models \ images \ department layout.png

® To preserve necessary picture size, select the Original size
option.

Now we will draw the model animation. Drawing an animation, we define the network of

the advanced transportation model, where rectangles represent network nodes and

polylines— network links.

We will draw a rectangle for each department room and connect rectangles with polylines

playing the role of moving paths in our model.

» Draw model animation

[B8 Ophthalmology Department 1 - Simple model - AnyLogic - [Model] . =S
S® Ble  Edt  View Insert Draw  Medel  Tools  Window  Help @ x
0| EHE $ DX A B & Fre i 0 DA S E e 5 L e e _CowBidehody ___L___|
CEEa SR E GRS & e[ E e 200 0MN T O E e o @ Draw room
Madel LEI=T ) Mnde,l ’ 4 b x ||Properties ax .
G o aphics | pabine | pescrptin | locations (rectangles)
=-ff unit
E1 6§ Model Mame: polylines

Code
B animation
B¢ Experiments
+.%3 Simulation

{1 Model \ & Ubraries |

Rotation: 0 deg ~ | rad

@ Draw additional

s nodes (rectangles)

A —
_UﬂEm\Uﬁ_—m' -_——==

Height:

Fill color:

© Draw moving paths
(polylines)

——
Ll
—

I Lock aspect ratio
™ Shows name

Line width:

wisible:

Replication:

—I = Echiderom bl — — — — — — — 4

O Create network

i pivot group

. © Draw procedure

|Ready

© 1992-2005 X]J Technologies
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rooms location path

(polyline)

Ophthalmology department has the following functional areas:
waiting room, three procedure rooms, storage room for
ophthalmoscopes and private office spaces for medical staff
including staffroom and staff lounge.

Draw rectangles representing department rooms using the

Rectangle L drawing tool. Resize rectangles to fit into the
corresponding areas of the layout as shown in the figure below:
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O Draw a rectangle
representing the

=I\/'r'| waiting room
1 i
: .

O Draw the staffroom

® Draw the staff lounge

® Draw the storage room

' ' I ! | A Draw the

procedure rooms

0O Draw a rectangle representing the waiting room. Name it
waitingRoom.

©® Name the rectangle staffroom.
® Name the rectangle staffLounge.
® Name the rectangle storageRoom.

@ Draw three rectangles named procRooml, procRoom2 and
procRoom3 representing the procedure rooms.

®  To make moving in our model more sophisticated, we will also add
some additional rectangles to represent intermediate moving
destinations.
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O Draw

department exit

O Draw
intermediate

nodes

O Draw a rectangle representing the department exit. Name it
exit.

® Draw four additional rectangles standing for intermediate
network nodes and place them as shown in the figure. Name
rectangles upNode, leftNode, middleNode and rightNode
according to their location on animation.

Using the Polyline A drawing tool, draw polylines as shown in
the following figure.
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Polylines represent moving paths in the model. To define a correct
model network, connect adjacent nodes, namely connect:

leftNode with exit, waitingRoom, procRooml and
middleNode;

— middleNode - with waitingRoom, procRoom2,
storageRoom, rightNode and upNode;

- rightNode — with procRoom3 and upNode;

- upNode - with storageRoom, staffLounge and
staffroom.

< Note that all end points of polylines should necessarily be

inside the connected rectangles.

® Create pivot group and name it networkPivot. The logical
structure of the network will be constructed from the animation
elements added to the pivot group only.

Add all created shapes to the pivot group. Right-click the pivot
shape and choose Add/Remove shapes from the popup menu.

a

Bring Forward
Send Backward

Lk

&

ﬂ Bring to Fronk
Ty

1

Send To Back.
© Snap to Grid

| Add/Remave Shapes

Select Shapes

Then select all shapes, and click on the diagram to add them to the
pivot.

©® Draw a polyline connecting rectangles representing the procedure
rooms. We will use it later on.

Place polyline points inside the procRooml, procRoom2 and
procRoom3 rectangles. Set the following properties:
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| Properkies o x

Graphics | Palyline | Description

Mame: |procRoomslocation - - - 4o - -
b7 |-130 | =1
¥i | 110 | =1
Ratation: [0 dea|  =]rad

Width: | 180 |

O Name it
procRoomsLocation

Height: |10 I--_I. ______

|
=)
Fill calar: [_MaFil -] | =l
|
|

“ O Set custom line color

Line color: |-|'| I

Line widkh: |1 N —|» ______
I
1

“ ® Make polyline invisible

Wisible: I False

4.3 Creating entity message classes

We need to define new message classes for each resource available in our model. Also,
we will create a message class to represent patients. We will assign animation to the

message classes created to customize entities animation.

P Create message classes

B8 0phthalmology Department 1 - Simple model - AnyLogic - [Patient] . =S
S[E] Fle Edt Vew Insert Draw Model Took Wwindow Help
0 EBHA O X 4 A [ Al e
gH | FEWEREE W g IR s T 1w = © Create Patient
Mode| ! 2 X/| patient | 6 riodl | artedel | 4 b x |[Properties 2 x reate Fatien
E-fiid Classes =[| General | Description
i | Zupoze | | message class
1§ Model Tuplements interfaces Hlame:
Code [Patient

B’ animation Constructor code

[ Murse shape. setup () ; Base class:

[ Patient setdnination( shape ); |Enmty ———————— =F-=---1 e

£ PiocRioam enableRotation| false ): § 1
G crpeste e Pl Derive the message

.0 simulation Tvpe: | Name | Defaulk |
hadirional class code :
Model._Group.PatientShape shape =

{{Mode1)Engine. getRoot |} ) . anination.new PatientShape|);

from Entity

© Write the

animation code

O The same applies
to the Nurse and

ProcRoom message

I~ Exclude From bulld
U8 Model | & Libraries | 4 _»|_I

= ] ] T I ] classes
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® Create Patient message class by clicking the New Message Class

4 toolbar button. Name the message class Patient.

(2] Propetties o x

General | Descripkion

Marne:
| Patient

0 Sclect Entity as the
j base class for the
message created

Base class:
IEmky

Figlds:
Type Mame Default |

0 You need to derive messages from the Entity message class in
order to use messages with the Enterprise Library.

(3] Patient | 4b %
Inport ﬂ
Inplements interfaces : Q Create
1
Constructor c?de : resource
shape.setup() ; i ,
sethnimation( shape ) H :
enableRotation| false :J; : animation
toftring() code ] ]
1 1
Additional class code : ________________________________ ="
Model. Group. PatientShape shape = @ Set up
{ {(Model)Engine. getRoot() ) .anination.new Patientihape();
resource
animation

0O To create a PatientShape symbol instance, write the following
code in the Additional class code section:

Model ._Group.PatientShape shape =
((Model)Engine.getRoot()).animation.new
PatientShape();

This code creates a new dynamic pivot instance.

® To set up the animation, write the following code in the
Constructor code section:

shape.setup();
setAnimation( shape );
enableRotation( false );

® Create Nurse message class to represent nurse resource units. Do
it in the same way except the code you type in the Additional class
code section should be the following:

Model ._Group.NurseShape shape =
((Model)Engine.getRoot()) .animation.new NurseShape();
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Create ProcRoom message class to represent procedure rooms
resource units. Set Entity as the base class. Do not write any

animation code since these resources are static and we do not need
to animate them.

4.4 Defining the model network

Now we need to add objects describing the network and resources available in it. The
resources may be of three types: staff, portable and static. In our example, nurses and
doctors are staff resources, scopes are portable resources, and procedure rooms are the

static ones. Now we will define nurse and procedure room resources. We will define
doctor and scope resources later on.

» Describe the model network

[B8 Ophthalmology Department 1 - Simple model - AnyLogic - [Model] _i® x|
SEP Hle Edt  Vew Insert Draw Model Iook  Window Help _ax
OB | ¥ RE X | 9 if & OE P b G R . B =N ]
R A= R L s S o e A O @
ladel X/ Eratient | G Model | % ocke! | 4 b x |[Properties 2 x
EHi Classes | Generdl | Replication | Description
- unit
& Model Name: [ network
[ Code
i animatior, Type: | com.xl.anvlogic b, enterprise_ibrary hetwark
wese Il e e D Do~ o
[ Patient Parameters:
-4 ProcRoam Name Value ] 0 NCtWOI‘k
& Experiments pivot animation. networkPivot
~-%# simulation netncrklsvisile Talse
routingType minium foute length
speed 100
i SN | QY -]
selectResourceRule Closest resouice
entiySearchRule Longest waiting entity e NetworkResource
piiorlieswhieSeleclE e

) W © NetworkResource

I Exchude from build

I Show name

¥ #uto create
Gt [ @ tra | L 1 of

[Ready I I I I I

@® Create a Network object. Network object defines the network. Set
the following properties:
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|Prnperties o x

General | Replication | Description

Marne: I network,

1
Choose
Type: I cam.xj.anylagic.Iih.enterprise_ﬁibrarv.Netwark Q R i B
i animation.networkPivot

PEIEIERIS, ! as the network pivot group
M ame Walue .
pivok animation.networkPivot
nietworklsVisible falze
routingT ype minimunn route length
speed 100
scale 1
zelectResourceRule | Clozest resource
entitySearchFule Longest waiting entity
prionhiestwhileSelec.. . tue

0 Choose the pivot group containing shapes standing for network
nodes and links. Thus we associate the defined network structure
with this Network object.

® Create a NetworkResource object and connect it to the Network
object. NetworkResource describes resources of a particular type.
This one will describe nurse resources. Set the following object

properties:
|Properties n Xl
General Replicatiorﬂ Description | 177 .
| . @ Name the object nurses
Marne: |nurses !
Type: I com.xj. anylogic.lib. enterprise_library NetworkResource
P ters: T 7 - _
SramEers ! @ Set animation.staffLounge
Marne Walue h .
type Staff ! as the resources home location
homelocation anmimation. staffLounge
quantity 5 ittt - . .
newEntits [ e Specify that resource units

are messages of Nurse class

0 Specify the home location of the resource. A staff resource unit
returns there if it gets idle.
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(3]

© 1992-2005 X]J Technologies

Create a NetworkResource object describing procedure room
resources. Set the following object properties:

Properties ax
| |

General | Replication | [vescription Q Name the object procRooms
|

Marme: I procRooms

0 Set Static resource type

Tvpe: I com.xj.anylogic.Iib.enterpl:ise_library.NetworkResource
Parameters: :
MName Value
type Static ' 0 c---——-——o ]
visible false ' @ Set the resources location

hornel ocation animation.proch oomsLocation

quantity number of ptz on polyline

newE ntity ProcRoom.class g

zchedule withaout scheduls I - -

statsEnabled false ® Specify the number of

! resource units

(E) Specify that resource units are

messages of the class ProcRoom

® A static resource always resides at its home location. There can
be a number of resource home locations. In this case you need to
draw a polyline with points lying in the corresponding rectangles
and specify it as the object's homeLocation. Choose
animation.procRoomsLocation polyline created beforehand
for this purpose.

® Specify that the resource object has the number of resource
units equal to the number of points of the specified polyline.
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4.5 Creating a flowchart

Now we will create a flowchart of our model.

» Create a flowchart

B Fle Edt Vew

Insert

Draw

(B3 ophthalmology Department 1 - Simple model - AnyLogic - [Model]

Model  Tools

G T vC‘{EEJA

@ Source

18 Model [ &2 Lbraries |

exdtnit

1
1
network.
s '
: 1
1
5 FoRpoms |

rann,

1T ERARR

AR = Y 0L &R % i
lode| 2 XJ| =l ProcRoom | panent | Elnwse G Model |E.Mnda\ | 4 b x|[Properties £ 89
E-i Classes T - c——-——c———-—-—-—-—-=- =r Genzrd_l Eeplrating | Description |- — — — — — —
- unit I |
E1§ Model [ ! Name: [ ertertnit
Code | 1
BBy animation 1 ! Type: [ com.xi.anylogic i, enterprise_ibrary hetworker
= Murse 1 I
[ Patient \ 1 mmm==——----—--aq PR == == - - = - - ——=----
ProcRoom EIED Name Value
Bl Experiments s dest animation. waitingArea
*-%# simulation - netnork network
annter
ansit
sirk.

¥ Show name

¥ auto create

@O NetworkEnter

© NetworkMoveToWithQ

O Delay

O NetworkMoveTo

‘ O NetworkExit

“ @ Sink

[ready

108

Add a Source object. Set the following properties:

|Properties n x|
General | Replication | Diescripkion

Mame: Isource Tttt Tttt
1

Type: Icom.xj.anylogic.lib.enterprise_library.Source
1

Parameters: !

M e Walue !

onExit !

newE ntity Patient_class

generationT ype diztribution 1

firstdrivealTime 1] 1

interarrivalTime

exponential[ 0.5 ]

© 1992-2005 XJ Technologies

O Specify Patient as the
entity to be generated

O Set exponentially
distributed interarrival time

with 2 mean value
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® NetworkEnter object adds entities to the specified location in a
network. Set the following properties:

|Pr0perties

ax

General | Replication | Description

Marme: | enterlnit

Parameters:

Type: Icom.xj.anylngic.Iib.enterprise_libr:ary.NetworkEnter

h arne

W alue !

dest

network,

network

O Specify the location

@ Specify that entities are
added to network

0 Choose animation.waitingRoom as entities destination
location. Patients will arrive at the department waiting room.

® Specify the Network object describing the network, to which
new entities will be added.

©®  NetworkMoveToWithQ object moves the entity to the specified
location escorted by the staff resource unit. We add this object
since we need patient to move to a procedure room escorted by a

nurse.

| Properties

Mame: I movebhithurse

Farameters:

Twpe: Icom.xj.anylogic.Iib.enterprise_library.NetworkMoveToWithQ

IHame

Yalue |;

entities

{ Murse.class h

dest

animation. pmch ooml

ownE scort

releasebftetdove

ohErter

onExit

onExitPreempted

O Name the object
moveWithNurse

® Choose the type of

the escort resource

C) Specify the

destination

® Choose Nurse class as the escort resource type.

® Choose animation.procRooml. At this point, we will specify
that all patients are examined at the first procedure room only.
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Delay object delays entity for the specified time that stands for the
ophthalmoscopy.

Set up the following object properties:

|Prn|:-erties o x
General | Replication | Description
harne: | procedure 0 —m e e m e e oo b oo
O Name the object
Type: I com. xj.anylogic.ib.enterprise_library. Delay procedure
Paramekers:
Mame Walue
onErter
DnEH't_ : : @ Set up processing
delayTime triangularf 05, 1. 1.5 .
: room capacity of 5
capacity L] !
statsE mabled falze places

NetworkMoveTo object moves entity from the current location to a
new one. We add this object to model how patients are leaving the
department. Set up the following properties:

Properties o x
I |

General | Feplication | Description

O Name the object
moveToEXit

Mame: I maveToExit

Tvpe: Icom.xj.anvlogic.Iib.enterprise_lihrary.NetworkMoveTo

Parameters:
MNarne Walue |
dest animation.exit ——---------F----- )
anEnter 9 SpCCIfy the
onE it destination

@ Patients will move to the destination you specify. Choose
animation.exit corresponding to the unit exit.

The NetworkExit object removes entities from the network. Leave
all properties of the NetworkExit object by default.

Add a Sink object to finish the flowchart. Leave all properties of the
Sink object by default.
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4.6 Animating nurses and patients

Now we will create the resource symbols to customize the resources appearance.

» Draw resource symbols

SIS
S Ele  Edt Vew Insert Draw Model Tooks Window Help -8 X
0| EEHd s BEX (AL GenEiprDaE |08 E 30 (R x TewEidtaw
@SB E AR N G k] BB B M6 @]

model B X Hprackaom | E patient | E Nurse %) Model |§§Mmja\ | 4 b x |[Prperties ax
S Casses 2| Graphics | Code | Description |

- unit
1§ Model Hame: [Nurseshape
[ Code

B animation X -140 -

Patient ! vi 279 -
[ ProcRoom ¢ El o Draw
@ Experiments o Ratation: a v | rad
%8 simulation o | resource
greme et : Urecobr: (NS [ o] symbols
i | : ,
: ' Visible:
Repleation: [
™ show name
7l

™ Exclude from build

[¥ Custom shape template

{1 Model \ & Ubraries | L4]

[Ready I I | I I

® Draw the animation for patient.

! O Create p text label to

indicate a patient

® Create a pivot and add the text
label to the pivot group

then clicking the animation diagram. Set red text font of size 7.
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O Create a dynamic pivot.

[Properties o x
araphics | Code | Description |
Marne: | PatientShape  --------F--------- )
© Name the pivot
& | -180 | [ PatientShape
¥ | -z79 | |
Rotation: IEI I - | rad
Srale: I I j
Line colar: I_I'I I j
visible: |
Replication: |
[ show name
I™ Exclude from build
W Custom shape template | O® Enable dynamic

creation

® Name all pivots as shown in the pictures, as we will use those
names to animate the system.

Add the text label to the pivot group. Right-click the pivot, choose
Add/Remove shapes from the popup menu, then click the label to
add it to the pivot group. Then place the label right on the pivot

shape.

Do the same for the nurse symbol.

We have finished creating a simple model using AnylLogic™

A Create N text label to

indicate nurse resource unit

@ Create NurseShape dynamic
pivot, add the label to the pivot

group and place it over the pivot

" advanced transportation.

Now you can run the model by clicking the Rz B button. You can see that the model

behaves correct: patients arrive at the waiting room, then go to the first procedure room

escorted by a nurse and after some time leave the ophthalmology department.

. . !
To adjust the execution speed, use Decrease model speed £ and Increase model speed B

toolbar buttons.

112
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N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Ophthalmology Department 1 - Simple model.alp.

4.7 Adding room seizing logic

At this point, all patients are examined in the first procedure room only. Moreover,

several patients are examined in the same procedure room at the same time. Now we will

improve our model by adding room seizing logic. We will model procedure rooms as

static resources. Patients will move now to any of three procedure rooms. The room will

be occupied for the examination time so that no one else can be examined there at this

time.

» Modify the flowchart

[B8 Ophthalmology Department 2 - Room seizing - AnyLogic - [Model] . =S
SEJ Ble Edt  view Insert Draw  Model ook  indow Help _Ax
D BH fhEX AL|oc genFirrIRE |ANEE 0 |Rlex Fewsidtaw
AR - - RN KXo HREBOLAR & o0 |d
Model 8 X/ 98 tiodel 3 Madel | 4 b x| |Properties ax
=l asses o] General ‘ Replication | Description |
= urit
16 Model === mmmmm—m— - o amer Fseremom— — - — — - — — — =
Code \
B animation | Type: | com.xj.anylagic. ib.enterprise_library.Me
[ Murse \
Patient P Parameters:
souree: enterlnit
ProcRoom — el Hame Value ]
E-@ Experiments [o>o—cimt s staticResource ProcRoom.class
7 simulation o i
onEsitPreempted
arocedure onExiTimeaut
C L [l — = = === =======9
queueType FIFD
capariy 100
" entiiesTabnimate 4l
releaseRoom  moveToExit exitUnit S
LS —_ preemplion false
seas £
{h O—O B O—— i mO—0—9 timeout [
| HrEnsRR stalsE nabled false
| animationShapel
t-=-=———=---=-=-=--=-=--------5 T ammRienTe — T T EUTOT T T T T
— snmationForardd e
r\ustf DVDEE]DDMS
I~ Exclude from build
[¥ Show name
Tl auto create
1 Model [ &2 Lbraries | | ;l_l

[Ready
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® Add a NetworkSeizeQ object. NetworkSeizeQ object seizes static
resources. We add this object to model procedure room seizing by
a patient. Set the following properties:

| Properties i

fa
X

O Name the object
1
General | Replication | Pescription seizeRoom

Marme; I seizeFoom

Tvpe: I com.xj.anylogic. lib.enterprise_librapy MetwarkSeizen - - — - - - -
' ® Specify that resource

Parameters: :
Mame Value ' | units of ProcRoom class are
staticResource ProcRoom._class to be seized

®  Set up the following object properties:

| Properties ax

General | Replication | Description

Marme: I movewithurse

Type: Icom.xj.anylogic.Iib.enterprise_library.NetworkMoveToWithQ

Parameters:

Marme Walue gosse -ILI- q4--------

entities { Murze.clasz } ! Q Spec1fy the
dest location of last seized stalic resource destination
ownEzcort falze

releazebfteitdove  tue

0 Choose location of last seized static resource.
Now patients will move for the examination to the recently seized
procedure room.

©® NetworkRelease object releases previously seized static resources.
We need this object to release the procedure room after the
procedure. Set the following properties:

Properties 3 x
| |

General | Replication | Description

arme: I releaseRoom

Type: Icom.xj.anylogic.Iib.enterprise_librar}t.NetworkReIease Q Specifv ProcRoom as
i )
Parameters: : the resource to be released
MHame Walue !
statich esource ProcRoom._class

Run the model by clicking the Ruz # button.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Ophthalmology Department 2 - Room seizing.alp.

114 © 1992-2005 XJ Technologies  http://www.xjtek.com



AnyLogic™ Entetprise Library Tutorial

4.8 Adding doctor call logic

Now we will complete our model definition by modeling how ophthalmologist is called
to the procedure room to perform the examination. Ophthalmologist picks an

ophthalmoscope from the storage room on his way to the procedure room, and returns it
back after the procedure.

First, we will create special message classes for the new resources and describe these

resources using NetworkResource objects.

» Define doctor and scope resources

(B3 ophthalmology Department 3 - Calling a doctor - AnyLogic - [Model]

=18 x|
“EQ Fle Edt Vew Insert Draw Model Took Window Help _Bx
A BHE | AR (A9 BeoEirbnPE | EE @SS £ TR o W B i h i
AR - eaa-wak ol IR E 2 St S oy - i iy Ol Tl s> et e i
Iodel ] 8 X[ ¢ vodel G Model | 4 b x| |[Properties ax
EHifh Classes J ]| cenera ‘Reph(atmn | Description
- unit !
B @ Model! Hame: [seopes
code
68y anihation source enterUnit selzeRpory  movewithlurse Type: | com.xj,anylogic.ib. enterprise_library. NetworkResource:
-4 Docter ann arR wfu}
i m"’l:},—‘:‘" b Parameters;
wem Hame Walue |
type Portable
"""""" ™~ [amelocation — — — - animation-storagefloom T T~~~
newEnlily Scope_class
schedule without schedule
statsEnabled false
releassRoom  moveToExit exitnit B e
=5 onSeizeLinit
orReleaselinit
HmgEmE — — —— — — - - - - - - === -——=-
onllpdateSiats

18 Model [ &2 Lbraries |

I Exclude from buid
[V show name

IV futo create

[ready

© 1992-2005 X]J Technologies

http://www.xjtek.com

@ Create Doctor

message class

@ Create Scope

message class

© NetworkResource

O NetworkResource
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116

Create new Doctor message class — an entity representing an
ophthalmologist. Derive new message class from Entity:

Properties o X
I |

General | Descripkion

Mame:
I Dactar

Base class:

IEmky 4

0 To create a DoctorShape symbol instance, write the following
code in the Additional class code section:

Model ._Group.DoctorShape shape =
((Model)Engine.getRoot()) -animation.new
DoctorShape();

® To set up the entity animation, write the following code in the
Constructor code section:

shape.setup();
setAnimation( shape );
enableRotation( false );

Create Scope message class — an entity representing an
ophthalmoscope.

| Properties 1 x

General | Description

TMarme:

I Scope

Base class:

|Emwy |

Do not write any animation code for the Scope class since we do
not need to change the default entity appearance.
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© 1992-2005 X]J Technologies

Add a NetworkResource object to describe resources of the Doctor
type. Set the following properties:

Properties a3 x
| |

@ Name the object doctors

harmne: | doctars

Type: |u:-:rn.xj.anvlogic.Iib.enterprise_librarv.NetworkResource

Farameters;
Marne Walue |_ A _
type Staft : O Sct animation._staffLounge
homeL ocation animation. staffroom .
: as the resources home location
quantity 5
riewE ntity Ductolr. class

© Specify that resource units are

messages of the class Doctor

Add a NetworkResource object to describe a set of scope resource
units. Set the following properties:

|Pro|:|erties n x| _
General | Replicatinn:l Description O Name the
1
! object scopes
Mame: I SCOpES
Type: Icnm.xj.anylngic.Iib.enterprise_library.Netwnrka
Parameters: [Socoocoooocooooog -- )
Name alts | @ Specify that
bype: Portable resources are portable
homelocation animation.storageR oom
quiantity 5 [PPSR L __
riewE ity Scope.class ® Choose
I animation.storageRoom as
1
X the resources home location
]

® Specify that resource units are

messages of the class Scope
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Now we will add some objects to the flowchart to model doctor call.

» Modify the flowchart

B3 unit 4 - AnyLogic - [Madel] == x|
SEP Hle Edt  Vew Insert Draw Model Iook  Window Help - &X
PO EEHA ¥R X S 9 [ Al G G o W B (Y
G| AR @GR E A F A EK S IRIEO L AR e @
Iodel 2 X! Gatodel | Ethrse | Friodl | 4 b x| [Properties a x|
EHid Classes =] General ‘ Replication | Description |
- unit
E 6§ Model Namei [ returmscops
[ Code R e, e F---
;’Z'C:O Tmam" source ente:kmt seizeRpo movekhpurse Tope: | com.xf.anylogic ib.enteprise_librat 0 NetworkFetchQ
e i san -y oo 7, Parameters:
- [ Patient o o ol e Name Value |
[ ProcRoom e \ portableResouice Scope._class
~= Seape ' escort nlities { Doctorclass }
E--é_’ Experiments FetchScope procedure returnScope releaseE sconbiterMove true
% simulation 5 e [
00 @ O O O ownEscart true
& ¥ a5
e onEnter
+ onEit
1
releaseRoom  moveToExit edtunt B queueTypeFarEscon  (FIFD
. an rane
.
! INTERARR
retver @ NetworkReturn
.
Ny s: 5cof prot NS
doctaf®
I Exelude from buid
¥ show name
/| Auto create
{1 Model ‘@Uhraﬂas | 14| 3
[ready Il Il I I I I V]

® Create a NetworkFetchQ object. The object allows fetching the
portable resources by staff to a current location of the entity. Set
the following properties:

[Properties e e axl___
1 .

General | Replication |IDescription Q Name the Ob]ect
: fetchScope

Mame; I fetchScope '

® Choose Scope as the

Parameters: :
1
Mame Yalue \ | resource to be fetched
partableResource Scope.class '
escortE ntities { Doctor.class } !

releaseb scothfterMove  false

. @ Sect Doctor as the

: staff resource to fetch
1

onEnter

the scope

® Specify that escort
remains seized after

fetching the scope

® Choose Doctor as the type of the escort resource unit. If
needed, portable resource can be fetched by a number of staff
resources. See Enterprise Library Reference Guide for details.

® After resource has been fetched the escort is released or
remains seized. Since a patient need to be overhauled by a doctor,

118 © 1992-2005 XJ Technologies  http://www.xjtek.com



AnyLogic™ Entetprise Library Tutorial

the doctor stays to examine the patient.

NetworkReturn object returns the portable resources by staff. We
add this object since ophthalmoscopes should be returned by
doctors to the storage room after the procedure.

Set the following properties:
|Properties o x
General | Replication | Déscription
1
1
MName: IreturnScope !
Type: Icom.xj.anvlogic.lib.enterprise_library.NetworkReturn
Farameters: :_ ____________
M arne alue !
portableR esource Scope_class !
escorE ntities { Doctor_class }

releaseb scotdfterMove tue

owhE scort true
onEnter ! -
onExit i
queueTypeForEscort FI FD:

® Use previously used

staff to return the scope

@ Name the object
returnScope

© Choose Scope as the

resource to be returned

@® Sect Doctor as the staff

resource to return the scope

® An entity either can call a new staff to return the resource or can
use a previously seized staff. We specify that the same doctor that
has fetched the ophthalmoscope returns it to the storage room.

Now we will animate the doctors in the same way as we have animated nurses and

patients before.

© 1992-2005 X]J Technologies
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» Draw doctor animation

[BS ophthalmology Department 3 - Dpthalmoscopy procedure - AnyLogic - [Model] —18] x|
S Ele Edt Vew Insert Draw Model Iools Window Help _Ax

G EEA | s REX AL 9 BRI DRE DS G D& s s e
i@ SR EBYE AR G R e AR IOO0O0OWMN e EE | B ED M e

Iodel 2 /| o5, Model |@Mﬁde| | 4 b 3 ||Properties ax
=] % a?sj:i ’ ’ 'ﬁ ]| Grenhics Tt | Description |
E-&@ Model 1 Text:
Code . . . . [ . - . - -
[y animatian (:} 1
e o ISP, |
i ® Draw doctor
resource symbol
B¢ Experiments l—L[
i Simulation
Color: =
Fanti Asbe: ﬂl
18 Model [ &2 Lbraries | 14| _»l_l

[zoom

©® Draw the animation for doctor.

L O Create D text label

to indicate a doctor

@ Create a pivot and add the text
label to the pivot group
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O Create a dynamic pivot.

| Properties 0 x
Graphics | Code | Description |
Mame: |Doctorshape - ---f------oooooo-
O Name the pivot
& | -100 | [ DoctorShape
¥ |-279 | =]
Ratation: |o | | rad
e | | <]
Line color: [ — - =]
Wisible: |
Replication: |
I show name
I Exclude from build
[ Custom shape template ~ =~~~ """ "7 77T T T T T T

® Enable dynamic

creation

We have finished creating our model of the ophthalmology department. Run the model

by clicking the Ruz B button. Now you can see the doctors coming to the procedure

room with scopes to perform the patient examination.

N The reference model for this point is Examples \ Enterprise Library Tutorial Models
\ Ophthalmology Department 3 - Calling a doctor.alp
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5. Conclusion

This tutorial has shown you the basic steps of creating models of different natures — in
the fields of manufacturing, service and business processes. The Enterprise Library
allows you to create models of different natures where discrete events happen — for
example, parts processing during manufacturing or document processing during
document circulation. There are many other spheres where discrete event simulation can
be successfully applied. Moreover, in case you need to extend your model and go beyond
pure discrete event simulation, you can seamlessly use any other AnylLogic™ modeling
techniques in your model. For instance, you can use statecharts to describe complex,
non-trivial behavior. For more information about the modeling techniques and ways

AnyLogic™ supports, please refer to User’s Manual.
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