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1. A simple access control point

Process overview:. Passengers arrive to a passport
control point. They wait in line and show their passports

to any of two agents. Then, passengers move to the

boarding card control. After validating their cards, they
can proceed to the boarding door.

Assumptions: (a) Passengers interarrival times follow
an Exponential(0.5) minutes; (b) the time an agent
takes to interact with the passenger follows a
Triangular(0.4, 0.9, 1.5) minutes; (c) the time the airline
staff member takes to interact with the passenger
follows a Triangular (0.3, 0.4, 0.6) minutes; (d) the travel
time between each process is 15 seconds; (e)
passengers will wait in a single waiting line on a FIFO
basis; (f) there is no limit to the length of the waiting
lines.

15s 15s
Passengers Show passports | Show boarding 198 Passenger
Arrive to agents card to airline staff access door

Exponential Two agents - Triangular ~ One airline member - Triangular
(0.5) minutes (0.4, 0.9, 1.5) minutes (0.3, 0.4, 0.6) minutes




2. Create a new Model, Add Agent Type

EW rew Mode O *
New Model | This model will work best if each
Create a new model step represents 1 minute inside
1 the simulation.
Model name: | BasicModell / |
-
Location: | Chlsersh Alex\Models / | Erowse...
-
Java package: | basicmodell / |
Model time units: | minutes ~ Drag & Drop an Agent Type from

the Agent Pallete.

The following model will be created:

ChUsersh\ Alex'Models'\BasicModel 1" BasicModel.alp

Add Parameters and
Variables on new

Cancel Agent Type:

Passenger
E}] Main [ ¢1) Passenger & ] =iE E Properties
: i ssenger - Agent Type
Mame: |F'assenger | []lgnore

(3 parPathTime ip varMuminSys

+ Parameters preview

() varTimelnSys

parPathTime:




3.Parameters & Variables for optional use

We could define a parameter to fix the
value of the time in a path.

?g Projects | [ty Palette 53

| Show name

Agent : = e
D| @ agent a Main ¢i] Passenger i3 [ Properties &2 .

+ Agent Components - .
wl N— 7] parPathTime - Parameter
:k. £ Event
HE | @ Dynamic Event : Mame: | parPathTime
& © Varisble .:_.. connections

: g Visible: (@ yes

Py @E Collection -
=r @ Firichen Type: double W
b (_I% Table Function :
i} @h Custom Distribution I = Default value: = 15
@k | [ Schedule I *
i © Por ] System dynamics array

"2, Connector I =
e o* Linkto agents @I parpatthme @ VBrNUmInS}"S +* Value editor
[E] || = statechart
Iy /a, Statechart Entry Point i
e} = : abel: arPathTime
—| @ sute () varTimelnSys L
i (‘ Transition C I Tt
Oy <> Branch Bt t_‘,.pr. X i
fg| @ Final State

*, Initial State Pointer
(H) History State

But in our case, we will use connectors into
a Delay block, where Entities will wait those
15 virtual seconds, before proceeding to
the next step.

Our Variables will be used, as in the first
model, to obtain and print results. So for
now, lets go back to the Main tab, and
create the proposed model.




4. Implement your Model (1/2)

Drag & Drop the Source, Services (2) and Sink, change
their names accordingly and set up the defined parameters
on the first slide of this exercise

@l Main 2 | & Passenger = B || Properties 2 " £
A | §
e = " || @ Arrival - Source
Mame: Arrival | [#]5how name  []lgnore
Arrival Agents Staff AccessDoor Arrivals defined by: =, | Interarrival time =
‘@_ @ @ @ Interarrival time: ) exponential{ 8.5 ) minutes W

First arrival cccurs: =, | After timeout v |
Set agent parameters from DB: =, ]
Multiple agents per arrival: = []

Lirited number of arrivals: = T




4. Implement your Model (2/2)

@l Main 2 |a Passenger = O || Properties 2 | 2 =0
* || *@ Agents - Service
~
MName: | Agents | (A Show name  [] Ignore
.';. connections Seize; =, (®) (alternative) resource sets
() units of the same pool
Resource sets (alternatives): =
B con R
Arrival Agents Staff AccessDoor T
_Agents |k Add list|
a @7 @ @ Queue capacity: =, 188
Maximum queue capacity: = [
Delay time: = | triangular (0.4, G.Q_,“l_.ST minutes V_-_
Send seized resources: = O
Agent location (queue): =i | e}
Agent location (delay): — | et
@l Main &2 |a Passenger I = O || Properties 2 PR =0
* || @ Staff - Service
~
Mame: | Staff | [ Show name Dlgnore
.':. connections Seize: =, (®) (alternative) resource sets
(D) units of the same pool
Resource sets (alternatives): =
[@con R
Arrival Agents Staff AccessDoar =
— |60 Add list|
e @ @ @ Queue capacity: =, 100
Maximum queue capacity: =T
Delay time: =) ?r:i.angular‘ (8.3, 8.4, 8.6) |_minute§ v._




5. Add Delay (1/2)

'?g Projects | [i¥ Palette 53

Process Modeling Library

D
i i

N Agent Type Resource
= | Type

R = PR
- | | = Space Markup

o1
— =, j# By,
ﬁ Path Point Mode Rectangu... Polygonal
Q | Mode Mode
_ - ass

EF Attractor Pallet Rack

) + Blocks
! ! —

b ) €3] ® m
\tI: | Source Sink Delay ye
thire

-------- Select Select Hold Match
| Quiput CQuiputs

Now we already have a simulation to run, entities
have an arrival rate, processing time on the server
and a sink to close the cycle.

Still, entities are instantly going from the “out”
nodes to the “in” nodes. We must add a Path or a
Delay, where we can specify the time that it takes
for a passenger to go from one place to another (in
this case, a fixed time).

a Main E:E ] a Passenger

.'_:. connections

Arrival Agents Staff AccessDoor

o B B P

delay delayl / delay2




5. Add Delay (2/2)

B
i

| @3] Main &3 | @& Passenger = O || Properties 2 |

(O delay - Delay
Mame: | delay | Show name [ ]Ignore
Amival Agents Staff AccessDoor Type: =, (®) Specified time
() Until stopDelay() is called
|| Delay time: =3 15 Seconds v
dela S
: Capacity: =, 188
Maximum capacity: - O
Agent location: = Ei's

Once defined the waiting time, we must set a high
enough capacity, because if we leave only 1 (by
default), no other entity will be able to do that path
until the one in it reaches the exit.

Do this for every Delay block




6. Use Parameters in Main (1/2)

Now that we know how to input data, lets learn
how to substitute a number that appears several
times and can by compressed into a Parameter

inside the “Main” Agent screen.

ts Projects| [ Palette 2 = am a Main &2 !E] Passenger T |'E| Properties &4 | M3 =
- Agent oo s P o 1@ parPath - Parameter

oL =

D | © Agent Mame; | parPath | [ Sho
H > Agent Components ]

Ignore
(% Parameter

i # Event AccessDoar Visible: @ yes

it

| & Dynamic Event Type: double W

= | O Variable Default value: 15

Collection

4 @ [ System dynamics array
prer {@ Function
— E-:é Table Function » Value editor

@ @ Custom Distribution
— 7 [::!parpath Label: arPath

=Y Schedule | F

e o Port | Control type: Text v

i B o R S (1]



6. Use Parameters in Main (2/2)

Use that parameter instead of the numbers in

each Delay block.

| & Main 2 | @l Passenger = B || [C] Properties &3 i
~ |
o connections (© delay - Delay
. =l Mame: | delay
[+] Show name Dlgnure
Amrival Agents AccessDoor Type: = @® Specified time
() Until stopDelay() is cal
Delay time: <2 [Fpa rPath
delay = E
1 I’ Capacity: =, 188
i} [
@ Maximum capacity: = [ ]
parPath ion: s
@ Agent location: — v| R
¥ Advanced
| ¥ Actions
* Advanced
Agent type — ﬂ Main L

(@) Single agent () Population of agents

Model/library: Process Modeling

Remember to
change the
Agent Type
on the Delay

blocks so the
program can

find its way to
the
parameter!




7. Add Results

Time to revisit the

Reorder parameters and variables according to

Passenger Agent. what is needed, some can go in Main, others
must go in the Agent in question.
5] Main 5] Passenger §< | = | : [ Properties 523. =|_‘T 8 = B
&> connections @ varOutTime - Variable
Marme: varQutTime | ] Show r
Dlgnore
Visible: @ yes
@ e Type: double v
) varTimelnSys N
\.rarDutTime Sl
v Advanced
Access: public v
] Constant

Save in snapshot

[ Systern dynamics units:

Notice that it's no longer as seen in slide number

5, this is not unusual, as when you program, you

sometimes find better ways or improvements for
the system performance along the way.




. Show Results on console (1I2)

.& connections Multiple agents per arrival: =

Limited number of arrivals: |

Location of arrival: = [ Not specified |
AccessDoor T R b |

= Agent

New agent: = flblﬁassenggr v

Change dimensions: =[]

¢ Advanced

« Actions

passenger _
@ parPath On before arrival: ;

On at exit:

On exit: passenger.varInTi

024|678 [0
ottt 1 s « Actions

Tmeters = 10px
On enter:

passenger.varOutTime = time();
passenger.varTimeInSys = passenger.varOutTime - passenger.varInTime;
| traceln(passenger.varTimeInSys);

~ Advanced

.'::. connections Agent type: — :ﬂ_Pas_seng_er v |

@ Single agent (O Population of agents

Model/library: Process Modeling Library [change...
AccessDoaor Visible: @ yes

[Jvisible on upper agent

q

Log to database
Turn on medel execution logging

| Show presentation

» Description

passenger

(® parPath




8. Show Results on console (2/2)

A BasicModell : Simulation - AnyLogic Personal Learning Edition

D

o connections
“ not connected

Arrival Agentg S%aﬁ . AccessDoar

passenger
root passenger

@ ﬁgrPath 6

[ ]
336.95min 06/09/2021 05:36

1l =

P @ > .. w
& WioQ 150% @
Console ;{ | = | Events
9204761893810532 )
Z1E8348326574326
5193430618412966
02265248B1354067
05014271921083946
E735903778035872
B658177515833927
276179643608657
10919200909643223
5945893371349484
4694161520063937
01714051765 38937
9330002530178638
0618761632833866
29565175485 91364
1446116379826208
5520289294368013
6166322595809675
00754361B673594
O0BBI7IE32864187
B727695474775032
31088507685 15481
9061258671462156
6878652381320194
02609279195 44542
10125664725 01633

NNOOODOMNMPENONKEKERELOOOOOOORMMNLE

a

O

27.00 sec/sec EP5:2 FP5:39 Step: 2,304

Running: 21.16sec | 7% of 512M

X

.4

i 1 ®© @ El G @

4.. Running []

&




9. Add other simulations

E AnylLogic Personal Learning Edition [PERSOMAL LEARMIMG USE OMLY]

File

EEE § 5

Edit View Draw Model
Mew

Open..,

Recently Opened Models

Save
Save fs..,

Save 4l

Close
Close Others
Clase All

Import
Export...

SVIM

Exit

Tools  Help

Ctrl+0

Ctrl+5

Ctrl+5Shift+5

>

Model Ctrl+M

Agent Type
Opticon List
Dirmensicn
Experiment
Java Class
lava Interface
Library
Database table

-ﬂ Passer

e CO
.j

Adding a new experiment is basically adding a new
mode of simulation for the program.
We can change things as randomness, repetition,
speed, or others present in the properties when
selecting the new simulation on Projects.

Add an Experiment to
your model workspace.

™ New Experiment O *

Experiment

Select an experiment type, specify a name and choose a top-level agent.

Name: | FirstExperiment

Top-level agent: | Main L

Experiment Type:

Performs model runs with specified parameters, supports
virtual and real-time modes, animation, and model
debugging

€3 Simulation

2 Optimization
aparameter\fariation
€

G

G

%

ﬁi Reinforcement Learning

<

Simulation ~

Copy model time settings from:

Cancel

m
=



-10. A simple check in point

" Process overview: People arrive to an airport and go §
through the check in process to get their tickets. After LI
check-in the passengers proceed to the security check [
point.

" Assumptions: (a) Passengers interarrival times follow ‘
an Exp(1) min.; (b) passengers walk rate follows a
Uniform(2, 4) km/h; (c) passengers travel 50 m from the
terminal entrance to the check in station; (d) following
the check in process they must walk 65 m to the
security check point; (e) the check-in station has 4
people assigned to process customers, who wait in a
FIFO single line; (f) the check-in process follows a
Uniform(2, 5) to completion; (g) the simulation model
needs to be run for 24h.

50m 65 m
Passengers Show passports Security
Arrive to agents Check
Exponential {1} Four agents — Uniform

minutes (2, 5) minutes



11.

Create the model

Follow the same steps as before, Drag &
Drop objects into the model, connect them
via a connector.

We will use Delay blocks to account for the
time the passenger stays on the path.

_?2 Projects_! [\ Palette &2 | = O . awg‘ﬁ |a Passenger | \i = =
| ‘ Process Maodeling Library o P . =
| ( passenger \
IIB FS
L o o 6
N Agent Type Resource
—:,;.:— Type
1| - Space Markup
HH ~ Arival delay Passport delay1 Security
Path Point Node Rectangu... Polygonal e_ @ 6
— il Mode Mode \ @ @ J
8 -
"D;E“ i ooo
Attractor  Pallet Rack
ﬂ w Blocks
=S ® & ®© m
\CI( Source Sink Delay Queue
- O & e =3
’Hr' Select Select Hold Match
& Cutput CQutputs
- i 7 ) B
. a
[ Split Combine Assembler Move To




12. Agent Passenger

We create our Agent

called Pass_enger, and Don't forget the metrics you are using! (This
we add variables and example shows the number for a simulation
parameters that we need which each step equals 1 second)

to show results.

@l Main 3] Passenger 53 = (= E Properties &%
_* = " || @ varSpeed - Variable
/ @ parTotalAgentSpawn ) varTimeln \ Marne: | varspeed I | Show name [ |Ignore
Visible: @ yes

&) varTimeQut Type: double w

@ parTotal&gentDestroy

Initial value: =, unifum(9.5555,1.11111)

) varMeanTime
+* Advanced

varSpeed Access: public W

[]Constant

) varPassportRate
/ Save in snapshot

[]5ystem dynamics units:




13. First simulation

We can see how the simulation behaves, and we

must check that it is not doing anything funny, like

agents instantly skipping a block, travelling to fast,
or not generating enough entities at the source.

A~ BasicModel2 : Simulation - AnyLogic Personal Learning Edition

0 passenger
reob.passengen parfotaldgentSpsen = 1.0, parTotaldgentDestroy = 0.0 )
SOUNCe d&la11_.r S%WiGEE dﬂlql'fl sink
B, | 7, | ==
26 25 B 5 25 R T k] e R 21
[ — - e

With the simulation running we can set new
parameters/variables to get data from the
simulation on console.




14. Adding results

We must search for the Agent Actions on each block and

use this spaces to order the program to produce results, it

will be very helpful if you look first the example model, so
you can see how this coding part looks like.

A, BasicModel2 : Simulation - AnyLogic Personal Learning Edition

o connections
not connected '

@ passenger

source

dela1y

i
@321 121 A

service

inHn 1 & @ EB G ®

root.passenger| parTotalAgentSpavn = 321.0, parTotalAgentDestroy = 314.0 )

sink

+ Actions
( Onenter; )
On at exit:

On exit:

On remove:

== fo=]

e
18,958.23 sec 06/13/202105:15

n m:
-fh ® > ) ¥
:(— W o 125% @
| & |

WARNING [

9.766121183451162
11.694712062518875
14, 949734893090977

Events

156, 798]

119.177815750959127
141.01291283368234
179.88783834765923
223.71033916018075
9.55512885602161
22.784261294650822
10.588564438680205
39.010371688907526
£3 B15G7CIGARSCTRE
q

3.61 min/sec EP5: 59

Running: 101.53 sec |~ 10% of 512M

A-

Running

x

Q.

root.service.

3

FP5: 40 Step: 3,182

.

-
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