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1. Introduction to modeling and
simulation using Petri Nets
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Modelling and simulation

* Model - simplified representation of reality

« Simulation — uses the model to predict how parts of/ real world

evolve

« Mathematical models

— Continous time models

« Partial Differential Equation (PDE) from sciences (physics, chemistry, biology)

» Change is continous in time

— Discret event models

+ Change only at discret points in time (e.g Petri nets)
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TINA (TIme petri Net Analyzer Toolbox

« Toolbox hompage with news, tutorials and
software

Download software from

Unzip in an appropiate directory

Start (with) the visual editor simulator nd.exe
located In the bin subdirectory


https://projects.laas.fr/tina/papers.php
https://projects.laas.fr/tina/binaries/tina-3.7.0-amd64-mswin.zip
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Basic elements: places, transitions , arcs

# (:\tina-3.7.0\bin\firstr.ndr
File Edit View Tools Help

erd @ r@m XOo @
e o Selection
n
ool I tool ool tool
# attributes X

Place ™ ﬁ Place
attributes

label
; marking |1

oK | Defaultl Cancel
Transitio
n

O

MABleT
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#* C:\tina-3.7.0\bin\firstr.ndr
File Edit View Tools Help

[®®E

state space analysis
structural analysis
reachability checking
stepper simvilator

check net \

Simulation tool
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# C\tina-3.7.0\bin\firstr.ndr

File Mode Help

University of
South-Eastern Norway

Active
transition — the
input places # C\tina-3.7.0\bin\firstr.ndr

Input place —

pre conditions

. ile Mode Help
contain a

number of
token greater
or equal to the

Ingoing arc

weights of the

ingoing arcs 0

Outgoing arc

_/

Output place - \

By clicking on a active
transition — the transition fires
A number of token equal to the
weight of the ingoing arc (1) is
subtracted from the input places.
A number of token equal to the
weight of the outgoing arc (1) is
added to the output places.

If no transition is active, the
system has reached his final
(dead) state
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Simple model — enzymatic reaction

#* (C:/tina-3.7.0/bin/enzyme — O X
File Edit View Tools Help

(E&rar FOoE-—-27k XTEO ©

substrate docking undocking

\O/\B

enzynme substrate complex

enzyme

mADlST
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Simple model — simulation

£y,
active site products
\, \ substrate /

enzyme-substrate complex

# Cftina-3.7.0/bin/enzyme

File Mode Help I - ‘ P |“{ . J N I”J 3 I = # C:ftina-3.7.0/bin/enzyme

File Mode Help

# Ciftina-3.7.0/bin/enzyme

[Mlel=<l<]> 150

File Mode Help

[Mle[<[<[> =[]

substrate docking undocking

enzynme substrate complex

enzyme
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Modeling concurrency

File Edit View Tools Help

epd Fem -2k XODOAE @

Two substrates
can interact
with the same
enzyme — they
compete for
the active site

-

substrate 1 docking 1 undocking 1

substrate 2

docking 2 undocking 2

mADlST
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Buffer with limited capacity

A (C-tina-3.7.0/bin/b.ndr — O X
File Edit View Tools Help

(®33 FeEm—2k X000 ©

Capacity

input oirt buffer output port

&0 00O

Loading Unloading

mADlST
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Timed nets

# (C:/tina-3.7.0/bin/b.ndr

File Mode Help
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_delay
0.85 /-‘; minl -1 | +1 |max|

et

Manual
selection of the
next firing time

input ot~ [4.15.4.15

_oading
Ime 10 next Tiring —

deterministic — if the
transition remains active, it
1 fire | . .

Capacity

Unloading

mADlST

output port

| |
Current
simulation time

time shorter then 4,15 time units

Time to next firing — stochastic — if
the transition can fire now or at any
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Determinism vs stochastic

The player menu can be used to start, stop, rewind,
replay step by step any current simulation

By runing the
automatic simulation
a non deterministic
simulation can be
performed — if two or
more transition are
active simultaneously
the program selects
randomly which is
fired - the order of
firing is not preserved

# (:/tina-3.7.0/bin/b.ndr — ]

<<| < > | > >| | Rand

File Mode Help | M ‘ |«

Capacity

By manualy
firing the
transition, a
deterministic
simulation can
be performed —
maintaining the
same order of
firing each time

input port output port

Loading Unloading
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Special arcs - Life cycle example

The net models a
# (:/tina-3.7.0/bin/lcr.ndr — O % microorganism
File Edit View Tools Help POp!J'&tIOﬂ through
. ) its lifecycle
o t0 production t1 death
multiplication
Read arc the o . 0 .

contains the phases
of the lifecycle —

active as long
each phase
controls the

transition is

as the place eACding /
contains tokens [/ ’@ substrate
. producing processes that are

= O mife
‘ The lower part
microorgan . contains the_ r_nodel of
real entities  —

. dying microorganisms/
substrate/ products

Inhibitor arc - the transition is
inhibiated as long as the place
contains tokens
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Multiplication phase

# (:/tina-3.7.0/bin/lcr.ndr — O X
File Mode Help |M||¢_|<<|q|)|))|)|| Rand
t0 production t1 death

multiplication

As long as the token is
marking the multiplication
phase, the multiplying
transition is active and the
nicroorganism consumes
substrate and divide

producing

product

N

microorganis
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Transition to production phase

mARlST

# (C:/tina-3.7.0/bin/lcr.ndr — O X
File Mode Help | M| |< |<<| < > > ] 3 Rand
. t0 production t1 death
multiplication
®
multiglying
substrate
producing
roduct
30 a

microorganis

dying

When no
substrate token
are available,
the transition
t0 to the
production
phases is
activated
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Production phase

MABleT

# C-/tina-3.7.0/bin/lcr.ndr — O x
File Mode Help | M | |< |<<| < > | 3> | 3 Rand
A t0 production t1 death
multiplication
BROS

substrate

In the
production
phase, the
producing
transition is
activated and
product tokens
are generated

¢

microorganis
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Transition to death phase

# (C:/tina-3.7.0/bin/lcr.ndr — O X
File Mode Help | M | |< |<<| < > | »> | 3 Rand
t0 production t1 death

multiplication

® ;
multiglying . etrat
substrate

microorganisnts

As the number of
product token
reaches an fixed
threshold (30) the
transition t1 to
death phase is
activated

producing
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Death phase
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# (C:/tina-3.7.0/bin/lcr.ndr — O X
File Mode Help | M | |< |<<| < > 3> ] 3 Rand
A t0 production t1 death
multiplication

multiglying . betrat
substrate

(r—/

microorganisnts

producing

product

dying

MABleT

In the death phase,
the tokens from the
microorganism
place are removed
by the dying
transition
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2. Introduction to modelling and
simulation of food manufacturing
processes
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Modeling processing equipment

[515] [30,30] operation 2

operation 1 [30,30]

CIP

unclean WS

unload 2

unload 1

mb5o

mdo

mADlST
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Modeling transport equipment

« Belts, pipes, mii (30,40] m1o
conveyors OH
« Manipulator arms 'O

° AVG transport
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AVG

Input parts station Workstation2

I ]

f_—————:’

“'l-—-r—l—"

—

Workstation 1

]
f—_'L _:5
| (I

Workstation 3
T

Completed parts station

University of
South-Eastern Norway

Input parts station Workstation2

(=)

Completed parts station

wADlaT

23
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Modeling control

« Control loop

— sensors — observable outputs - sensor places

— control unit

University of
South-Eastern Norway

— efectors/enablers — controlable inputs — control
places or control transitions

Capacity

input oirt buffer output port

@—{—0———0

Loading Unloading

mADlST

mi [30,40

1 mlo

O

O

control

sensor
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Modeling robots
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p1

(e

p3 10
O\ p7
[3.3]
[10,10] [10,10]
t2 t3
p8
o4 [5.5]

O/

t1
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Robotic arm automation

p1
e p11
4
p3 t0 [43] 4 09
@; O
b > t7
p7
®

10.10] [10.10] 510

p13 |
@ t2 t3
p12

p8
O

t1
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AVG automatisation

Input parts station Workstation?2

s o

@ Zone3 O O Workstation 3

RS ]

R %i_!l." A

Completed parts station

Ion Mironescu, ULBS ©

University of
South-Eastern Norway

Input parts station Workstation2
Y _oHG |
2 ~OH
-QZonel 0
T C1 0
L] 2
Y C5
Workstation 1 C2
Zon O
2 Zone3
Q I (o}
C
O
. . E
9]
|
: S
C
Zone4 =
(A
C4 ¢

Completed parts station

mADlST

27
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Modeling human operators

Iceland [P[l:l:' g UNIVERSITATEA lSN' University of

operator! WP1
mit{ 10

10 ) m3
load2
clean WS
® mix2
mix1
[5{5] [30,30] operation 2
operation 1 [30.30]
CIP
operator! WP2

unclean WS

unload 2

unload 1

mbo

mADlST
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Modeling a complete manufacturing line

IK
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Simulating a complete manufacturing line
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3. Introduction to digital design
manufacturing processes
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Line layout

S\

University of
South-Eastern Norway
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Petri net model of the line

m7_B12_Ws2

m3_B4_T

WS2_op1

Load B3 B3

Unload B3 WS1_opt Load B4 B4 Unload_B4

[2.2)

110.10] Load B5  Unload_B5 m3_B5_WS2 [20,20]

Cap B9

AGV1_unloaded_B3

[2 2] Load_B9 T_B6_BY

md_B9_WS4 . . . " Y

Unload_B9

Unload_B&

[22] m4_M_B9 [3.B M_B6BI g [10.10]
4
B11 Load_B11 m6_WS4_B11 . . o659
[:l AGV1_B1_B3 Unload_B11 Ll » »
[240.250) L] . || . \'\.'.54 D — o
(28800 28800 [10.10] _op

B0 pp meMBI0 [

. U . . B8_B10 . Unload B8
[200.220) . AGV1_B3_B1 @ o 11 ms_B10_Ws4 . . . . . . M_BS_B10 .
AGV1_Loaded B1 AGV1_Docked_B1 UmoadﬁElad B10 T B8 _B10 m

A m5_B8_M B8 .
AGV2 loaded B2  [200.220] AGV2_Docked_B7
p - Cap_B8
. [10.10] . Load_B8
AGVZ_B2_BT

AGV1_Load

14
. . Cap_B10

7
m2_B2_AVG2 , 10 Load_B7 B Unload_B7 WS3_opt
1 AVG2_Unload .
. . | | Acv2.Load - L]
20.20] m2_AVG2 BT 10,10 1010] m2_B7_WS3 5_WS3_B8
Hoq0p  [18.99 AGV2_B7_B2 [ [10.10] S [6.6] _WS3
[10.10] \./ . ey
Yoload B2  AGV2 Docked B2 [180,200] AGV2_unloaded B7 @
1
8 @ B2 . Cap_B2
40

Load_B1

Load_B2 . 40

[
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Designing the operation of the line - Scheduling

Optimization problem represented by atriple a | B |y
— a The design of the resources
— 8 The running properties and constraints

— vy The target function to be maximised or minimised - a combination (weighted sum)
of completion time C;, flow time F;, Lateness L; Throughput U;, Tardiness T;,
Earlisness E;

is an NP problem for m>2

Intensive researched domain

need intensive mathematical support for solving
But

- modeling can qualitatively help understand and classify the
scheduling problem (a|B|vy)

- simulation can qualitatively and quantitatively validates the results
and algorithms
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Designing the command and control system

c
Cap_B3 ap_B4

00
m1_AGV1 apmmmw] m1_B3_WS1 [480480] m3_WS1.B4 [10 101040] m3_B4_T T

OO

Load B3 B3 Unload_B3 WS1_opt

[100,100] . AGV1_Unload

AGV1_Dockeg/B3

AGV1_unloaded_B3

m4_B9_WS4

B11 Load_B11 M6_WS4_B11
. AGV1_B1_B3 Unload_B11 |

OO

WS4 _op*
[28800,28800 [10.10] =
[200.220] . AGV1_B3 B1

[240,260]

Load_B4 B4 Unload_B4

Cap_B12

(2880028800, 99 [10.10] T B
Load_B12 B12 Unload_8§

Cap_B5

m3 B5 [10.10] WS2 gp
OO OO F—Ome

2.2] [10.10] Load B5 Unload BS m3_B5 WS2 [20,20]

[10,10)

Load_B6 .
Cap_B9

® Q2
[22] oad_BS T_86_B9 m4_B6_M

Cap_B6
()

Unload_B6

Unload_B9 B9 [22] m4_M_B9 3B M_B6_B9

[10.10]

. BIO [y miMBO B 88510 [ ] unioad 80
mS5_B10_WS4
Cap_BH T . .
AGVA1_Loaded_B1 AGV1_Docked_B1 _a — T.88_B10 e o .
. AGVA_Load o AGV2_loaded_B2  [200.220] AGV2_Docked_B7 o o7 o
Cap_B8
Cap_B10
- [60.60] . . . P . [10,10) - Load_B8
AGV2_B2_B7
4 3
7
m2_B2_AVG2 = 10 Load_B B7 Unload_B7
1
m1_B1_AGV . . . AGV2_Load AVG2_Unload . . . . .. . . .
: fog  [1518] AR 20.20] m2_AVG2_B7 10,10} [10.10]  m2_B7 Ws3 6 m5_WS3 B8
g
Unload_B1 - [o10] 9 . ap_B7,
tgload_B2
Cap_B1

AGV2_Docked_B2 [180,200) AGV2_unloaded_B7

1
. @ ? 0 B2 . Cap_B2
60 40
Load_B1 . Load_B2 . 40

28800,28800] [28800,28800]

mABlST



Iceland [P[I]:'

Liechtenstein
Norway grants

UNIVERSITATEA
‘ LUCIAN BLAGA
&~ —DIN SIBIU—

Recap

Introduction to modeling and simulation
using Petri Nets
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Basic elements: places, transitions , arcs
Simulation

Modeling concurrency

Timed nets

Determinism vs stochastic

Special arcs

Introduction to modelling and simulation of
food manufacturing processes

Modeling processing equipment
Modeling transport equipment

Modeling control

Modeling robots

Modeling human perators

Modeling a complete manufacturing line
Simulating a complete manufacturing line

Introduction to digital design manufacturing
processes

Designing the layout
Designing the operation of the line
Designing the command and control system



