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Predmet

Plan semestra: Literatura:
a) Uvod

b) Definicia PS (spustite’nost’)

¢) Modelovanie

d) Zakladné vlastnosti (dosiah, ohranic.,)

e) Vlastnosti pokracovanie (Zivost’, cyklickost’)
f) Zmeny v definicii a analyza vlastnosti

g) Sekvenfna Sémantika

h) Sekvencna syntéza

i) Splnitel’nost’

j) Nesekvencna Sémantika

k) Nesekvencna syntéza
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. . . STU
Preco Petriho siete? FEI

Formalna sémantika

Procesy Specifikované v Petriho sietach maju jasnu a presnu definiciu, pretoze sémantika
klasickej Petriho siete a aj viaceré vylepSenia (farba - CPN, €as - TPN, hierarchia — HPN, reset,
inhibitor hrany ...) boli formalne definované.

Jednoducha a prirodzena grafika
Petriho siete su (maju aj) graficky jazyk. Vysledkom je, Ze Petriho siete su intuitivne a daju sa
lahko naucit. Graficky charakter podporuje aj komunikaciu s koncovymi pouzivatelmi.

Expresivita -- vyrazovost’

Petriho siete podporuju vSetky potrebné elementy na modelovanie procesu prace -- workflow.
VSetky konstrukty smerovania pritomné v dnesSnych systémoch riadenia workflow mozno
modelovat. Okrem toho skuto€nost, Ze stavy su zastupené explicithe, umoznuje modelovanie
mifnikov a implicitnych volieb.
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e ST
Chomsky hierarchy - expressivity: - . FEI

recursive enumerable,

context sensitive,
Expresivity

VSN
Analyzability

context free,

PN language

R- regular language

BCF — Bounded Context-free language
Peterson, J.L. - Petri Net theory and the modeling of Systems, Prentice-Hall, 1981
FSA < R < linear gramar < context free < context sensitive < recur. enu. S/27



L STU
Definicia FEI

A Petri net is formally defined as a directed bipartite graph composed of two disjoint sets of

nodes: places and transitions, connected by directed arcs. The standard tuple representation is
PN = (P, T, F), where:

(Carl Adam Petri in 1962)

P — places — miesta
I — transitions — prechod

P y .

F — arcs — hrany

t1
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. ce..2TU
DefInICIa . @ 92 @ FEI
Matematicka definicia 1 PS
P={p1, ... ,pn} P — places — miesta
T={t, ..., tm} I — transitions — prechody

:: ] -(I-P= ?_ ’) P L(JTT ?ﬁP)@ F — arcs — $ipky
C(PxT)u(Tx : . , , .
W: F — (Z+) W — weight function — vahova funkcia

M — marking — znackovanie
me: P — (Z/Z-) J
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Zakladné stavebné prvky

Matematicka definicia 1 PS Graficka interpretacia PS

P={p1, ... ,Pn}

p3
T={ts, .., tud oS @m
p2 N

PNT=0 PUT#®Q
FCPxT)u(TxP)
W: F = (Z+) t cumm
me: P — (Z/Z-) 2

Stvorec kruh 8/27



C, ce..2TU

Definicia «eee FEI
Matematicka definicia 1 PS Graficka interpretacia PS
T 0 ® @ E-E
T={t1, ,tm} .
PNT=90,PUT#J
FC(PxT)U(TxP) ’
W: F — (Z+) ] 2 4 —m 13
mo: P — (Z/ Z-)
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Definicia

Matematicka definicia 1 PS

P={p1, ... ,pn}
T={t1, e tm}
PNT= PUT#YJ
FCPxT)u(TxP)
W: F — (Z+)

mo: P — (Z / Z-)
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Matematicka definicia 1 PS

P={p1, ... ,Pn}
T={t1, ,tm}

PNT=0,PUT#Y
FCPxT)u(TxP)
W: F — (Z+)

mo: P — (Z/Z-)

o, cee.2TU
Definicia eeee FEI
Graficka interpretacia PS
t1
pl p2 - t2

t3

P={p1, p2}
T={t1, t2, t3}
F= {f1(p1.t1), f2(p1,t3), f3(p2,t2), f4(p2,t3), f5(t1,p2), f6(t2,p2), f7(t3,p1)}
W={f1:2, f2:1,13:2, 41, f5:1, f6:1, f7:1} ... (2,1,2,1,1,1,1)
m= {p1:0, p2:0} .... (0,0)
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LIiIsTU
Pre-set, post-set ce.. FEI
Matematicka definicia 1 PS Graficka interpretacia PS
P={p1, ... ,pn} ;
T={t1, ey tm} )
PNT=0,PUT#Q :
FCc(PxT)u(TxP) p P2 2
W: F — (Z+)
mo: P — (Z/Z-) e o1 021 5
T={t1, t2, t3}

F= {f1(p1.t1), f2(p1,t3), f3(p2,t2), f4(p2,t3), f5(t1,p2), f6(t2,p2), f7(t3,p1)}

W={f1:2, f2:1,13:2, 41, f5:1, f6:1, f7:1} ... (2,1,2,1,1,1,1)
={p1:0, p2:0} .... (0,0

m= {p1:0, p2:0} .... (0,0) 12/27



Pre-set, post-set

Mnozina vstupnych miest
Mnozina vystupnych miest

Mnozina vstupnych prechodov

Mnozina vystupnych prechodov
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PN pre-set, post-set

Nech PS definovana ako (P,T,F). Potom Vt € T
of = {p € P|(p,t) € F} — nazyvame preset
te ={p € P|(t,p) € F} — nazyvame postset

P e {p1,p2},
Teititats), | QO
I e {P1t1 p1t3,p2t2,p2t3,tlpz,tgpg,tspl} g 3

2

W:[2,1,2,1,1,1,1], \
mo — (4, 5)

t1 17



PN pre-set, post-set

Nech PS definovana ako (P,T,F). Potom Vp € P
op={teT|(t,p) € F} —nazyvame preset p
pe ={t € T|(p,t) € F} — nazyvame postset p

P e {p1,p2},
Teltylyts), Q@
F e {plth 1753,]92752,]?2?53,751292,?52]?2,753]?1}

w:[2,1,2,1,1,1,1], 34
mo — (4, 5)

t1 t2

opl = {{3} ple = {ta,13}



PN pre-set, post-set

Dalsie mozné definicie PS:
(P, op, p’, W, mO ); za predpokladu ze prechody nie su osamote

(T, Ot, t', W, mO ); za predpokladu ze miesta nie su osamote
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PN executability

Spustitelnost’

Prechod t z mnoziny prechodov PS (P, T,F,W,m) je spustitelny v
znackovani m vtedy a len vtedy, ak pre vSetky p z mnoziny miest presetov t
plati, Zze pocCet znacCiek v m(p) je dostatoCny ako je hodnota hran W(p,t).
Vpest : W(p,t) < m(p) alebo ot = {}

pre-set ot3:{p1,p2} W(p1,t3)=1, W(p2,t3)=1

post-set t3e:{p1} W(t3,p1)=1
m(p1) =4 > 1 =W(p1,t3) P\ 3

m(p2) =5 > 1 =W(p2,t3)

Potom po spusteni nove znac¢kovanie mg je dané:
m(t|>p)= m(p) — W(p,t) + W(t,p) Vpeet Ute

t1 t2
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Definicia |
P = {p1,p2}, T'={tytota},
F = {pit1, pltg, gtz,p2t3at1p2,t2p27t3p1}
W [2, 2,1,1,1, 1],
= (4,5)

I(t;) =4pi € P: (pi,t;) € W}...Vstupna
) ={pi € P: (tj,p;) € W}..Vistupna
I(t;)...w(ps,t;) =0

11 t2
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Pe{ppt, = Tefti,to izl

F € {p1t1, p1ts, pat2, pats, t1p2, tapa, t3p1 },
w:2,1,2,1,1,1,1], mo = (4,5)

Zadefinovanim vstupnej | a vystupnej matice O:

- I(p,t) dana suc¢tom W(p,t)
- O(p,t) dana suctom W(t,p)
- nedefinované F(p,t) a F(t,p) ako O pre la O

Definicia

11

12

Vstupna I(p,t) t1 | t2 | 3 Vystupna O(p,t) t1 | 12 | t3
pl1| 2 0 1 p1| O 0 1
p2| O 2 1 p2 | 1 1 0
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L t...STU

Definicia s eet FEI
Matematicka definicia 1 PS Matematicka definicia 2 PS
P={p1, ... ,pn} P={p1, ... ,pn}
T={t1, ,tm} T={t1, ,tm}
PNT=@,PUT#® PNT=@,PUT#®
Fc(PxT)u(TxP) : (P xT)— (N U {0})
W: F — (Z+) Grafeia i i P O:(TxP)— (N uU({0})
mo: P N (Z / Z_) raifiCka Interpretacia mO P N (N U {O})

, P2, p3, p4}




PN executability

ak ... IL.XT<mT" ... potom Spustaci vektor X: t1 t2 t3
stavova rovnica, vypocet spustenia 1 0! o0
mx(p) = m(p) — I(p,t) + O(p,t)

miy=m"+C.X"

mT >71-XT

(‘5‘)2(38%)'(@ gmpm
(3) = (3) 234

ml =mT+C-XT z
m? = (3)+ (725 °%)-(0) <
my = (3)+(3%) = (3) f 2

21/27



Definicia pre program

uim.fei.stuba.sk/predmet/b-dus/

Databaza PN editorov:

PNEditor , netgrif modeler, PEP tool, Viptool, PetriNetSimulator , LaTeX/Tikz , Graphviz

Eile
Zlu|a| Bz B | e «]C0] 8 ® %] [ Layour |#HE Exit VIPTOOT-0.0 0
o default B 1o | & 1o |
= FoldingOfLposToEpcs| %5 edotornel 3 = Incognito
$ & example:
¢ & model
¥ exaple2Mod) 0 op
-8 spacification grind beans and fill
¥ IpoUV.Ipo .
& lpoxv.lpo 1 digraph PN def {
¢ (& exampleCoffee 2
¢ & model . . i
B efteemode] 3 node [ class=place", shape=circle]
¢ &= specification 4 plip2ip3;
¥ Ipollipo 5 node [ class="static place”, shape=doublecircle]
1B Ipoz.ipo 6 sl
s Loor e off unlock e 7 node [ class="transition", shape=square]
8 t1;t2;
o - ¢ vt 9 node [ class="timed transition", style=striped fillcolor="black"
an an get watery labelfontcolor="blue" shape=box]
10 tml;
° 11
File Edit Draw Element |Roles Subnet Algorithms| Help 2 pl s t2
| P
and get water using glass-pot Elasa s 8 ] lo]Iml RN 5! 13 t1 ->pl
14 pl -> t1 [label="2"]
15 t2 -> p2 [arrowhead="normalnormal"]
16 t2 -> p2 [arrowhead="odot" ]
17
< = 18 ¥
R Ipoxvlpo © | 3 Ipol.lpo © ¥ IpoUV.lpo © | 1% Ipo2.po © g
E i
=] I
<] T | J=1 I Dl | |= I
[(log message ] t1 1?2
i
3 I IC|
Your model: newmodel.xml
= = &3
SErDREHE &0 &
O0OCOe® s, AT m +

ption 1in thread "main” java.lang.ArrayIndexOutOfBoundsException: ©

at org.pneditor.editor.RootPflow.<init>(Unknown Source)

& at org.pneditor.editor.Main.main(Unknown Source)



http://www.informatik.uni-hamburg.de/TGI/PetriNets/tools/complete_db.html
https://github.com/matmas/pneditor
https://builder.netgrif.com/modeler
https://sourceforge.net/projects/peptool/files/peptool/2.0beta4/
https://www.fernuni-hagen.de/sttp/forschung/vip_tool.shtml
https://play.google.com/store/apps/details?id=sk.stuba.fei.petrinetsimulator
https://edotor.net/

P ¢ {plap2\}7

Definicia pre program

T \E {tl\, tg,tz\g},

F e {pltiaplté7p2t57p2t57 t1p57 t2péa t3p{}7

W:[2,1,2,1,1,1,1],

(851)

~

n ... pocet miest .......cccceevee
m ... poCet prechodowv..............
mO ... poCiato¢né znackovanie
.. h cisel

| ... vstupna matica.................
. PxT ... nriadkov, m stlpcov

O ... vystupna matica..............
.. TXP ... nriadkov, m stlpcov

O:(1%6)

mo = (4, 5)

* txt
(48Db)

A A OO, LN

*.pflow (2.7kB)

<?xml version=“1.0“ encoding=“UTF-8" ?
><document>
. <subnet> ...
<place>
<id>1</id>
<x>53</x>
<y>-282</y>
<label>p2</label>
<tokens>2</tokens>
<isStatic>false</isStatic>
</place>

<transition>
<id>2</id>
<x>-56</x>
<y>-282</y>
<label>t3</label>
</transition>

<arc>
<type>regular</type>
<sourceld>1</sourceld>
<destinationld>2</destinationld>
<multiplicity>1</multiplicity>

</arc>

... </[subnet> ... <roles/> </document>

* dot (??kB)

digraph PN_def { fixedsize=true,

node [ class="place", shape=circle]

p1;p2;p3;

node [ class="static place", shape=doublecircle]
s1;

node [ class="transition", shape=square]

t1;12;

node [ class="timed transition", style=striped
fillcolor="black" labelfontcolor="blue" shape=box]
tm1;

p1->12
t1 -> p1
p1->t1 [label="2"]
t2 -> p2
t2 -> p2

}
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PS vztahy medzi prechodmi :::: STU
Elementarne struktury
Konflikt Hlavné elementy:
Kauzalita Miesta, Prechody, ZnacCky
Synchréonnost’
Subeznost Znacky reprezentuju dynamicku Cast' PS.

Modeluju zdroje alebo vykonavajuci sa program

Zamena (konf. & sub.)

Symetricky Sekvencia (sequence)
Asymetricky Rozdelenie (fork)
Vzajomne vylucCenie v subeznosti Synchronizacia (synchronization)
Vyber (choise)
Spojenie (merge)
Cyklus
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e ST
Chomsky hierarchy - expressivity: - . FEI

recursive enumerable,

context sensitive,
Expresivity

VSN
Analyzability

context free,

PN language

R- regular language

BCF — Bounded Context-free language
Peterson, J.L. - Petri Net theory and the modeling of Systems, Prentice-Hall, 1981
FSA < R < linear gramar < context free < context sensitive < recur. enu. 25/27



PN vztahy medzi prechodmi
Elementarne étruktL’Iry

e & @
e & @
a & @#
* & @
mw
MM -

c

F1 TG

: %

T2

COnCUrTEncy jednoduchy cyklus n-krat t1

O--O-H®

F3
nnnnnnnn

SN :\Z/: i\i

VAVAUEEER N ON f e S S

Confuson

model kapacity/zasobnik uloh t6

priorilyinkibi
i
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