3. Optimization problem based on
an undefined Petri net

Statement of the problem

Quality measurement

« Max/min objective/multiobjective function{ |
of a solution

 Definition of the structure of the feasible solutions.
« Constraints -» configuration of the solution space.

e Undefined Petri net:

1. Disjunctive constraint: only one simple alternative PN must
be verified.

_ 2. It Is a complement to the objective function. e idan
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3. Optimization problem based on
an undefined Petri net

Classical solution

Decomposition of the problem in n different cases
based on a simple alternative Petri net.

HERE 1 A Bler PROBLEM.
YOoUr OB 1S TO DIVIDE T

The proposed
methodology allows to
transform a compound
PN into a set of simple
alternative PN
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3. Optimization problem based on
an undefined Petri net

Classical solution

Decomposition of the problem in n different cases
based on a simple alternative Petri net

The disjunctive constraint is avoided.
It requires the solution of n optimization problems.

It requires a further stage of comparing the results.

If nis large...
(? 3’) ...Selection.
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3. Optimization problem based on
an undefined Petri net

Proposed methodology

Alternatives aggregation Petri nets

Transformation of an undefined PN into an AAPN.
Efficient exploration of a single solution space.

Solution of the problem by means of classical
methodologies (state explosion).

Heuristics / metaheuristics
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3. Optimization problem based on
an undefined Petri net

Alternatives aggregation Petri nets

Construction of an AAPN

Decomposition of a set of alternative Petri nets in:

Subnets

Link transitions

Aggregation and link of the subnets.
Application of the reduction rules.

Application of the simplification rules.
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3. Optimization problem based on an undefined Petri net

Alternatives aggregation Petri nets

R;

Tk
& EJ o

) g, Universidad,
EYLY UNIVERSIDAD DE LA RIOJA ‘%&"‘ﬁfﬁgm

O+



3. Optimization problem based on an undefined Petri net

1. Decomposition into subnets

Subnets

R;

Koy
—
D,

b

) Link transitions e Universideds %
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3. Optimization problem based on an undefined Petri net

1. Decomposition into subnets

Incidence matrix
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3. Optimization problem based on an undefined Petri net

1. Decomposition into subnets

Incidence matrix
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3. Optimization problem based on an undefined Petri net

1. Decomposition into subnets

Incidence matrix
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3. Optimization problem based on an undefined Petri net

1. Decomposition into subnets

o R .Rb
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Manufacturing
strategy pull.

1 route of AGV.

Undefined
structural
parameters

Lot sizes.



Ization problem based on an undefined Petri net
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3. Optimization problem based on an undefined Petri net

1. Decomposition into subnets

Incidence
matrices

24 compound
alternative PN.

Size of each
matrix = 78 x 54.
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3. Optimization problem based on an undefined Petri net

2. Aggregation of subnets

t1 t2 t3 t4 5 6 (7 8
/ 1 0 0 0 0 0 o0 1\ pl
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3. Optimization problem based on an undefined Petri net

2. Aggregation of subnets

RA

Step 1. Aggregation of R

t1 t2 t3 t4 5 6 (7 8
/ 1 0 0 0 0 0 o0 1\ pl
1 1 0 o0 0 0 0 0| p2
1 0 -1 0o o0 o0 -1 0 |ps3
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3. Optimization problem based on an undefined Petri net

2. Aggregation of subnets

The choice variable a, is associated to
the link transitions of R;.

t1 t2 t3 t4 5 6 (7 8
/ 1 0 0 0 0 0 o0 1\ pl

1 1 0 o0 0 0 0 0| p2

1 0 -1 0o o0 o0 -1 0 |ps3

o 1 1 o 0 0 o0 o0 |pa

o o 1 o0 0 -1 o0 o0 |ps
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3. Optimization problem based on an undefined Petri net

RA

TV LY UNIVERSIDAD DE LA RIOJA

2. Aggregation of subnets

R, R2

P1 ? It does not
b provide with
D3 new subnets.

It has three

link
transitions.
t9’ t10’ t11-




3. Optimization problem based on an undefined Petri net

RA

TV LY UNIVERSIDAD DE LA RIOJA

2. Aggregation of subnets

R

It does not
provide with
new subnets.

It has three
link
transitions.
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3. Optimization problem based on an undefined Petri net
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2. Aggregation of subnets

R

It does not
provide with
new subnets.

It has three
link
transitions.
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3. Optimization problem based on an undefined Petri net

2. Aggregation of subnets

R3

It provides
with a new
subnet.

It has two link
transitions.

t,c and t
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3. Optimization problem based on an undefined Petri net

2. Aggregation of subnets

It provides
with a new
subnet.

It has two link
transitions.

t,c and t
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3. Optimization problem based on an undefined Petri net

2. Aggregation of subnets

R3

It provides
with a new
subnet.

It has two link
transitions.
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3. Optimization problem based on an undefined Petri net

2. Aggregation of subnets

I

A

Basic Equivalent set of

o AAPN simple alternative
PN

Presents a choice
variable for every
link transition.
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3. Optimization problem based on an undefined Petri net
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Incidence matrix of the AAPN

t12 t13 t14 t15 t16

t11
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t1
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the link transitions:

Choice variables associated to
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3. Optimization problem based on an undefined Petri net

3. Reduction of the link transitions

Application of
the reduction
rule
{t., t,} reduced to t, by

associating the next function
of choice variables f,=a,+a,

{tg, t;,} reduced to t; by
associating the next function
of choice variables fg=a,+a,
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3. Optimization problem based on an undefined Petri net

3. Reduction of the link transitions

Application of
the reduction
rule
{t., t,} reduced to t, by

associating the next function
of choice variables f,=a,+a,

{tg, t;,} reduced to t; by
associating the next function
of choice variables fg=a,+a,

The incidence matrices are
reduced proportionally.
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3. Optimization problem based on an undefined Petri net

3. Reduction of the link transitions

In the incidence matrix of the AAPN there exist several identical columns:

1) Every identical columns can be reduced to a single one.

2) A function of choice variables is associated to the column which is equivalent to the reduced

transitions.
2 3 t4 5 6 t7 t8 9 t10 t11 t12 t13 tl4 t15 116
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Qa \ 1 1 o o o o |of lol o Jol lol o o o o 0\ p2
1 0o -1 o o o |1 ol o |2l lol o o o o o | p3
o 1 12 o o o ol lol o Jol lof] o o o o o | ps
o o 1 o o -1 fof ol -2 Jol lof] o o o o o |ops
o o o 1 o 1 |1 lol o |2l lof o o o 1 o | ps
WA = o o o _1 1 1 fofl lol o ol o] o o o o o |op7
o o~o o 1 o |of |1 o |of |2 o o o o -1 |ops
o 0 0 0 o0 0 10 1 0o 1 | po
/ o 0o 0 0 0 0 0 o0 1 1 o o o |pw
Qb o o o o o0 O o o0 o o0 o0 1 1 0o o o0 |pu
o o o o o0 O Oo o0 o0 ©0o 0 o0 1 1 0 0] p1
o o o o o o0 o 9o o0 0o o 0o 1 o 1 of p

Choice variables associated to
the link transitions:
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3. Problema de 3. Optimization problem based on an
undefined Petri net basado en una RdP indefinida
3. Reduction of the link transitions

In the incidence matrix of the AAPN there exist several identical columns:

1) Every identical columns can be reduced to a single one.

2) A function of choice variables is associated to the column which is equivalent to the reduced
transitions.
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TYLY UNIVERSIDAD DE LA RIOJA Py igeaidad

<



3. Optimization problem based on an undefined Petri net

3. Reduction of the link transitions

In the incidence matrix of the AAPN there exist several identical columns:

1) Every identical columns can be re

duced to a single one.

2) A function of choice variables is associated to the column which is equivalent to the reduced

transitions.
1 ©2 3 t4
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Choice variables associated
the link transition
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3. Optimization problem based on an undefined Petri net
4. Simplification of functions

R Application of
the rule of
simplification

t, are t;, are only
enabled when one of
the choice variables

of the associated

function iIs active.
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3. Optimization problem based on an undefined Petri net
4. Simplification of functions

R Application of
the rule of
simplification

t, are t;, are only
enabled when one of
the choice variables

of the associated

function iIs active.
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3. Optimization problem based on an undefined Petri net
5. Simplified AAPN

R Alternatives
aggregation PN

PN equivalent to the
original set of simple
alternative PN

) g, Universidad,
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3. Optimization problem based on an undefined Petri net

5. Simplified AAPN

Incidence matrix of the AAPN
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3. Optimization problem based on an undefined Petri net

3 y 4. Reduction and simplification

The number of link transitions is reduced from 741 to 92.
Equivalent transition Reduced transitions

P

A — — A — e

—
twawenined 1 A2 A3 R4 [R5 RE A7 RS RS R10AT A2 R13 AW RIS RIE RI7 18 RISA20 RN RZ2AZIRM
mrpawaams A1 A2 A3 A4 RS RE RT AR ARG RI0 AT R12 R13 B RIS RIE RTT AR AZ0RARZ2 AR
7 |6 53 EIC 1137 {156 £190 1220 1251 282 313 (344 1375 bA0G (437 LGH 1499 1530 (551 t592 tR23 1654 [E85 (716 (797 g}; - SIS 1 ra;masumuatﬁﬂft-m&‘m Iw‘ﬂmmﬁm?mmﬁm
1A 54 191 1128 1155 0130 £221 (252 E283 1314 1345 1376 10T 436 MBS (500 531 E2 S B IESS BEE P B NS 1 RDE D45 19E 07 238
155 152 118 10 (1 2221253 1264 135 45 377 8 3570 V55 1525 1555 EBT 17 1745 o ol tﬁﬂ:ﬁ:ﬁg:ﬁgﬁ?ﬁgﬁw"”ﬁ“ﬁmﬁﬁ T 0 8
| {501 1532166 | s 1251456 1487 LY
1471 IES7 1ESE (713 (750 w1l f I i \&H l‘ﬁd?lﬁ?ﬂ
1349 8379 410 b4 ] 7 15000 1504 1565 TG BT 1658 IEED 720 (751 137 137 73 0 1240 271 1302 |
K9S 1626 55T 1690 k72 752 tH7 M7 1178 1208 1364 (395 WIE ST 480 112 1543 174 705 1736 1767
1 1 | | 518 1550 158 |
Lo
w2

= 1753

24 liz4 0 mrmmmmmmmmmuﬁmmmwmmmmmumm
25 |5 151 98 4136 VIGE K197 1229 K258 290 (32 1352 1360 LA bAAS 1475 507 1539 569 KGO0 1631 1652 1S3 1724 1755

M6 126 162 139 1136 V67 1199 1229 260 (291 1322 153 1384 W WeE 7T 1601 1632 1653 1S4 17251756
1508 15013 15383 1570 |
127 127 853tmm?lﬂl‘BSlﬂJEE‘IWWWMWM?MHMMEHWMWEEWEW (Th 1 b I??t’l!-l 5l |mmmaﬁmsm7m‘m 1527 554
28 128 B4 101 1138 1185 1200 231 262 233 (324 1355 1366 417 t44E 1479 1510 £541 1572 te03 534 55 |E9S 12T 1758 [Tk ;q;ﬂ 451 492 T T 4740 £771
129 O WE | | 5% 47 57
W2 |2 B Nl BB |
82 183 1214 | rammummmrm 1517 16481578 4710 741 1772
: o - | 1524 1524 1555 1566
- fiiz] I (==1) 43 |13 73 06 mnmwmmmmmmmmwﬁamwwus-u!uammuM|m
_____ tM0 o - | M4 g @0 01 us:mes 1216 1247 K276 1309 (340 3T M2 | 1525 1557 1568
..... ur I | 1357 [ ] Maz | _ B33 A 495
1202 1202 e ,+1 000 RN NN S U NN N N N (S OO NN N B
413 ] I 3:l | C M5 W5 @ e 12480273 (30 |
1450 | | £450 I U SO A tes | 185 1186 1217 | IBIET2M033MEEMIE E2D IS BAE 13 T 7T
a1 | 1 [ ! WEF ] ] | 1527 {558 5 |
[= L0 ] 1 [T < -} 1420 1513 HIE | 146 i 1342 ! 1524 B2 e
LT/ L S N S - S 1 NN L - N R o 182 1 | I SN SS2EET  MSITE
T L ie] 295 wed | e 1575 [ 1156 |
| T
730 | ] {730 1435
61 761 HEE
W2 |1 IR 105 2 173 (204 1236 2561297 1308 1369 1360 u21 1452 1493 151 |515:5?s|ﬁmmasm 1700 1731 1762 [¥ T T
13 13 19 005 143 174 1206 1236 1267 1298 1329 1560 1351 1515 1545 1577 | 183
1422 uz:msansa LT eS L
1508 | 1500 79 1570 1188 ] 2 ] !
134 134 70 tlm 1237 (268 1293 [ | o tE : ! | L w1
(47T 14 175 1205 | 1330 1367 4352 1423 1454 1485 HRDS 16D (ETT P2 173 1764 4B I [ NTE T
Universidad
EY LY UNIVERSIDAD DE LA RIOJA _ AL,

~de Zaragoza,



3. Optimization problem based on an undefined Petri net

3 y 4. Reduction and simplification

Incidence matrix of the AAPN (Same information than in the original alternative PN).

Size = 99x125 versus 78x54 in the ones from everyone of the 24 alternative PN.

D Blocks associated to the subnets.
Columns associated to the link transitions.

Columns associated to the link transitions that rep resent work orders (push/pull).
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3. Optimization problem based on an undefined Petri net

Behaviour of the AAPN

Let us suppose that a¢,=1

By definition =0, i # ], 1<j<n,
(n = number of alternative PN).

a) Removing the transitions that
are not allowed to fire, a PN with
the same reachability graph than
the original alternative PN R, is
obtained. This behaviour is shared
for a basic and a simplified AAPN.

TYLY UNIVERSIDAD DE LA RIOJA Py igeaidad



3. Optimization problem based on an undefined Petri net

Behaviour of the AAPN

Let us suppose that a¢,=1

By definition =0, i # ], 1<j<n,
(n = number of alternative PN).

a) Removing the transitions that
are not allowed to fire, a PN with
the same reachability graph than
the original alternative PN R, is
obtained. This behaviour is shared
for a basic and a simplified AAPN.
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3. Optimization problem based on an undefined Petri net

Behaviour of the AAPN

Let us suppose that a¢,=1

By definition =0, i # ], 1<j<n,
(n = number of alternative PN).

a) Removing the transitions that
are not allowed to fire, a PN with
the same reachability graph than
the original alternative PN R, is
obtained. This behaviour is shared
for a basic and a simplified AAPN.
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3. Optimization problem based on an undefined Petri net
Behaviour of the AAPN

Let us suppose that a¢,=1

By definition =0, i # ], 1<j<n,
(n = number of alternative PN).

a) Removing the transitions that
are not allowed to fire, a PN with
the same reachability graph than
the original alternative PN R, is
obtained. This behaviour is shared
for a basic and a simplified AAPN.

b) According to the definition of
extended marking m.'(p,)=0

with 9 < k < 13 => the subnet R}
does not participate in the
evolution of the PN.

UNIVERSIDAD DE LA RIOJA %ﬁ:‘ig:::;:g




3. Optimization problem based on an undefined Petri net
Behaviour of the AAPN

Let us suppose that a¢,=1

By definition =0, i # ], 1<j<n,
(n = number of alternative PN).

a) Removing the transitions that
are not allowed to fire, a PN with
the same reachability graph than
the original alternative PN R, is
obtained. This behaviour is shared
for a basic and a simplified AAPN.

b) According to the definition of
extended marking m.'(p,) =0

with 9 < k < 13 => the subnet R,

does not participate in the
evolution of the PN.
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3. Optimization problem based on an undefined Petri net
Behaviour of the AAPN

Let us suppose that a¢,=1

By definition =0, i # ], 1<j<n,
(n = number of alternative PN).

a) Removing the transitions that
are not allowed to fire, a PN with
the same reachability graph than
the original alternative PN R, is
obtained. This behaviour is shared
for a basic and a simplified AAPN.

b) According to the definition of
extended marking m,'(p,) =0

with 9 < k < 13 = the subnet R

does not participate in the
evolution of the PN.
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3. Optimization problem based on
an undefined Petri net

New statement of the problem

Quality measurement

* Max/min objective/multiobjective function- of 2 solution

» Definition of the structure of the feasible solutions.
« Constraints -» configuration of the solution space.

 Alternatives aggregation Petri net:

1. Obtained from a disjunctive constraint but it is handled as a
non-disjunctive constraint.

_ 2. It is a complement to the objective function. e idan
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3. Optimization problem based on an undefined Petri net

Solution by means of a genetic algorithm

Steps of the classical methodology

1) Random selection of the initial set of feasible solutions.
2) Evaluation of the objective function for every feasible solution

3) Evaluation of the stop criterion.

4) Calculation of the quality of every solution. (N1}
5) Removal of the less apt solutions.

6) Obtention of the new generation of solutions from the
crossover of the surviving solutions.

/) Return to step 2.
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3. Optimization problem based on an undefined Petri net

Comparison

Optimization based on n alternative PN.
® n optimizations based on a single Petri net.

® Worst alternative PNs—» waste of time.

® Additional stage for the comparation of the results.

Optimization based on an AAPN
© 1 single optimization process, based on an AAPN.

© Computational effort focussed on the most promising
regions of the solution space.

® Larger size of the incidence matrices.

© It profits from the shared subnets.
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3. Optimization problem based on an undefined Petri net

Comparison

General characteristics
15 generations.

Population composed by 50 feasible solutions.

Adjustable parameters (mortality rate, mutation
rate, type of crossover, etc).

Option 1: 24 optimizations based on a
compound alternative PN.

Option 2: 1 optimization based
on a single AAPN.

) A». Universidad,
TYLY UNIVERSIDAD DE LA RIOJA ‘@dg Zaragoza.



3. Optimization problem based on an undefined Petri net

Comparison

Solution obtained from the AAPN
Quality of the solution

The value of the objective function is the 98.85% of the
value obtained from the process of 24 optimizations

Computational working time

The time needed to develop is the 10.07% of the time
needed to perform the 24 optimization (note: the stage
of comparing the results has not been included).
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3. Optimization problem based on an undefined Petri net

Comparison

Explanation of the results

Number of
explored
solutions

UNIVERY

Alternative (1 to 24)

The
computational
effort Is
focussed on the
most promising
alternatives

Generation (1 to 15)

Universidad
e Zaragoza




4. Conclusions

Methodology for decision taking based on

alternatives aggregation Petri nets

1. Decision problem based on a DES

2. Decision problem based on an undefined Petri net

Simple or compound alternative PN.

Representation by means of
AAPN or CPN.

3. Optimization problem based on an undefined PN.

4. Optimization problem based on an alternatives
aggregation Petri net.

Transforms a disjunctive constraint. .
Set of alternative PN

The AAPN is not unique. It depends on —»

Decomposition in subnets and
.. .. : link transitions
Efficient application of a classical methodology

- Equivalent to a coloured PN which allows the use of its software
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4. Conclusions

Methodology for decision taking based on

alternatives aggregation Petri nets

Open research fields
Increase the efficiency in the application of the genetic algorithm:
Data storage / Adjustable characteristics of the algorithm

Extend the analysis of the performance of the optimization based on
different representations of an undefined PN (compound PN, etc).

Extend the analysis of the performance of an AAPN obtained from
different sets of alternative PN (simple, compound, mixed).

Extend the aplication of this methodology to other metaheuristics.

Analysis the applicability to other problems and solve them:

Problem of the design of a PN (large number of undefined
structural parameters)

Problem of the preventive maintenance  (timed sequence of
decisions that modify the structure of the Petri net)

) ; Unjversi :
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