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3 O00000o0oogggd
3.1 definition 1. PTNOOOODODODO

The quadruple PTO = (P,T,1,0) is said to be a place/transition net(P/Tnet)when P,T are non-
empty sets, PNT =0, I CPxTand OCT x P

godgd

P:Place, T:Transition, I:InputPlace, O:OutputPlace

P={p1,p2,.. ,pm }

T ={t1,ta....tn }

definition 1. 0 0 0000 0 OO O Basic Petri Net Concepts0 0000000000000 O0O0OO

:: Place/Transition Net Structure

definition

struct PT net_Str

(# Places, Transitions -> non empty set,

S-T_Arcs -> non empty Relation of the Places, the Transitions,



pl tl p2

P={p1, p2}
T={t 1}

I={[pl, t1]}
O={[t1, p2]}

01 P/T net PTO={P,T 1,0}

T-S_Arcs -> non empty Relation of the Transitions, the Places #);

end;

ODO00MPTrnet StrO0 0000000000000 0O0O0OOdefinition 1000000000O000O0O
:: definition 1

reserve PTN for PT _net_Str;

3.2 definition 2. O thin cylinder0 0 O O

Let A, B be sets. We call a set D a thin cylinder in A® when there exists a subsets By of B and a
mapping 7y from By into A such that By is finite and D = {n : n € ABand(Vz)(z € By = n(z) = n0(2))}.
We refer to the set of all thin cylinders in AP as C(A, B) = {D : D is a thin cylinder in AP}.

O00000O00O0O0O A0 BO thin cylinder 0 modeO0O0OOOOOO

:: definition 2_1

::'Thin cylinder mode::

reserve y for Function;

reserve z for set;

definition

let A, B be non empty set;

mode thin_cylinder of AB -> set means



mappi ng yo

0 2 thin cylinder D={y:y is a mapping B->A and (for all z)(z in Bo implies y.z=yo.z)}

y in it iff ex Bo being Subset of B,

yo being Function of Bo,A st

y in Funcs(B,A) &

for z

holds z in Bo implies y.z = yo.z;

correctness;

> ¥4

end;

000 thin cylinder 000000000000 O00O0O0 AQ BOOOOO thin cylinder 00O
thin_cylinders 00 00 OO

:: definition 2.2

::Function to generate all thin cylinders in A,B::

reserve D for set;

definition

let A, B be non empty set;

func thin_cylinders(A,B) -> set means

D in it iff ex d being thin_cylinder of A,B st d = D;

correctness;

> %44

end;

000 thin cylinder 0000000

3.3 definition 3. OlocOO0O0O

Let A, B be sets and D be a thin cylinder in AB. We put loc(D) = By(D).
thin cylinder O locus 000000000000



:: definition 3

::Function to obtain locus of thin cylinder::
definition

let A, B be non empty set;

let D be thin_cylinder of A,B;

func loc(D) -> set means

for y being Function holds y in D implies
ex Bo being Subset of B,

yo being Function of Bo,A st

for z

holds z in Bo implies y.z = yo.z

& it = Bo;

correctness;

> %44

end;

3.4 definition 4. O colored Petrinet0 O O O
A triplet CPN = (PTN,CS,p) is called a colored Petri net when PTN is a P/T net, CS is a

non-empty set, and t* # ) = p(¢,-) is a mapping C(CS,*t) — C(CS,t*).

CS CS
*t t*

G *t) G t*)

0 3 all thin cylinders(CS,*t),(CS,t*)

O00O0O000CSO Color Setd *t O Place 00O Transition 00 Arc 00000000 PlaceO O OOt
0 Transition 00 Place 00 Arc 0000000 Place 0000 p 00000 O0OOOOOOOOOOpOO
thin cylinder C(CS,*t) 0O C(CS,t*) 000000 OO colored Petri net CPN=(PTN,CS,p) 00000
gooon

3.5 definition 5. O color countd O O O

Let CPN be a colored Petri net. A mapping € from CS into Nat is said to be a color count of CPN.
Here, Nat = {0,1,...}. We put E = {e: € is a color count}.



CS(Color Set) 0 0 NAT={0,1,2,...} 0000 eO0Ocolor count 000000 Ocolor count 000000
E0OOD
3.6 definition 6. O colored stated O O O

Let CPN be a colored Petri net. A mapping m from P into F is said to be a colored state of CPN.
We put M = {m : m is a colored state of C PN}, whitch is the set of all colored states of CPN.

~yel | ow ~blue
r ed

O

I% —>

0 4 colored state

Place OO EDOO0O mO CPNO coloredstate 0000000 D0 O000ODODOOCS={red,yelloow,blue}
0000O0m(pl)=(0,1,0) 0000000000000

3.7 definition 7. O outbound transitiond O 0O O

Let CPN be a colored Petri net. An element ty of T is called an outbound transition
of CPN if tj = empty. We will refer to the outbound transitions of CPN colectively as
Ty = {t : tis an outbound trasition}.

te O Transition 0000000t =empty 0000t O outbound transition(D 0 ) 000000000
0 0 00O outbound transition 000000 TpO0O0O0O

3.8 definition 8. O connecting mappingd O OO

Let CPN1,CPN2 be colored Petri nets. Assum P1N P2 = 0, 71N T2 = (). The pair(O12,021)
is called a connecting mapping for CPN1,CPN2 if O12 C Tp1 X Py and Oz C Tys x P;. When we



CPN

pl tl

t1*=enmpty

0 5 an outbound transition

refer to the place elements linked by Oi2 to an outbound transition t9; € Ty, we use the notation
l(tg1) ={p:p € Prand (3f)(f € O12and f = [tg1,p])}. Similarly, for the set of places linked by Os1 to
an outbound transition tgy € Ty, we use l(tg2) = {p:p € Py and (3f)(f € Oz and f = [tg2,p])}. O

tl t?2

P1={pl}
T1={t 1}
CPN1 CPN2 | 1:en-pt y

Ol={[t1,pl],[t2, pl]}

WA

={p2}
OF O
pl p2

| 2=empt y
@2={[t2,p2],[t1,p2]}

Oo12={[t1, p2]}
Q21={[t 2, pl]}
(012, AR1)={[t1,p2],[t2, pl]}

0 6 connecting mapping (012,021)

000000 CPNOOOODOO12 CTyrxP 00 Og1 C Tyox Py 000 O12,091) 0 connecting map-
ping 00000000 Ooutbound transition 000 0 Otgy € Tpy D00 Oi(tgr) = {p:p € Prand (3f)(f €
Oz and f = [te1,p])}0 00 tgo € Tpo DO O DO I(tg2) = {p:p € Prand (3f)(f € Oz and f = [tgo,p])} O
ERERE



3.9 definition 9. O connecting firing ruled 0 00O

Let CPN1,CPN2 be colored Petri nets. Assume P1NP2=0,T1NT2 = . A pair (p12, p21) is called
a connecting firing rule for CPN1,CPN2 when p12(te1,-) is a mapping C(CS1,*tg1) — C(CS1,(te1)),
for all t91 € Tp1 and pay(tye,-) is a mapping C(CSy,*tge) — C(CSa,(tg2)), for all tgs € Tho.

000 CPNOOD CPN1O CPN2O000OO0OPINP2 =0,TINT2 =0 0000(p12,p01) 0
connecting firing rule 00 000000000000 tgy € Tpy 00O DO pra(ter,-) is a mapping
C(CS1,*tg1) — C(CS1,l(tg1)) DD D DDODOODODODO tee € Topo OO0 O poy(tes,-) is a mapping
C(CSa,*tga) — C(CSa,1(te2)) DD O DO

3.10 definition 10. O synthesisO 0 00O

Let CPN1,CPN2 be colored Petri nets. A colored Petri net SPN is called a synthesis of
CPN;,CPNy if SPN = (PLUP,, TiUTy, [{UI5,01 U0 UO12UOg1,CS1 UCSs, p1 + -p2 + -p12 + -p21),
where +- is a synthesis of mappings.

OO0 CPNOOO CPN1O CPN20OUOOOSPN = (P UP,, T1UTy, [;UI,01UO02UO12UO2;,CS1 U
CSa,p1+ -p2+pra+-p21) DOO0OSPNO CPN1 O CPN20 synthesis 0 00000000000 + 00
synthesis of mappings 00 0 O

3.11 definition 11. O a synthesis of {CPNg}aerd 000

Let {CPNy}aer be a family of colored Petri nets. Assume P, NPz =0 and T,NT3 = 0, for all @ # 5.
Given O, and pag , for all a # 3, we call a colored Petri net SPN a synthesis of {CPNy}qer if SPN =
BaerCPN,. Here SPN = (UyPo, UaT o, Uala, (UaOa) U (UagOap), UaCSa, (3 ®pa) + (O ®pas), for
all o # 3, provided (3D)(pas(ta, D) # 0 and pag/(ta, D) # 0 = 5 = p1).

{CPNy}aer D CPNOODOOOOD a#B0000 Ous and pag 0000000000 a# 4000
O PQOP[;:@DD TaﬂTQZQ)DDDDDDSPND synthesis of {CPN,}a,er 00000000000
000 a#B00000SPN = (UsPa,UaTa,Ualn, (UaOa) U (UapOap), UaCSay (3" ®pa) + (5 Bpas)
0000000 (rhoas(ta; D) # 0 00 pas(te,D)#0==p)000 DOOOOOO

3.12 definition 12. O cell Petrinet0 0 O O

Let X = {CPN,}aer be a family of colored Petri nets and for CPN,, € X, let N(CPN,) = {CPNg3:
Oup(t) # 0, for some t € Ty, # f}. We call a pair XPN = (X, N(-)) a cell Petri net.

000000 0OCPNaOCPNbO CPNODOODOOOOOab={[ta,pb]} 0 empty 00000000000
0000 XpPNOOOOOooooooooog

4 DO0OO

Mizar 0 0 000 O O colored Petri nets O synthesis 00 0000000000000 O0O0O0O0O0OOO
gobooobooooboooooooooboooobooooooooooooooooooooboOoon



CPNa=( PTNa, CS, p)
PTN=(P, T, 1, O
Pa={ pa}
Ta={Ta}
| a=enpty
______________ pa....... pb Ca ={[ta,pa],[th, pa]}
Cab={[t a, pb]}

CPNb
cell Petri net

O 7 cell Petri net
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0000000000000 000000D00DOMizar Ver. 7.8.03 (Win32/FPC)ODODOUDODOODOO
000 definitiond0 1200000000 (definitionlD 00000000 0OO)O

environ

vocabularies RELAT_1, NET_1, MCART_1, ARYTM_3, BOOLE, PETRI, OCPN, FUNCT_1,
FUNCT_2;

notations TARSKI, XBOOLE_O, ZFMISC_1, SUBSET_1, RELAT_1, RELSET_1, MCART_1,
DOMAIN_1, PETRI, FUNCT_1, FUNCT_2;

constructors RELSET_1, DOMAIN_1, MEMBERED, XBOOLE_O, PETRI, FUNCT_2;

registrations RELSET_1, SUBSET_1, XBOOLE_O, MEMBERED,

ZFMISC_1, NAT_1, FUNCT_2;

requirements SUBSET, BOOLE;

definitions TARSKI, XBOOLE_O,PETRI, FUNCT_2;

theorems RELSET_1, SUBSET_1, MCART_1, TARSKI, ZFMISC_1, RELAT_1, XBOOLE_O,

PETRI;

schemes DOMAIN_1;

reserve PTN for PT_net_Str;
definition

struct Colored_PT_net_Str

(# PTN, CS -> set, q —> set #);
1 :>x305

end;

definition
let PTN be PT_net_Str;
let CS be non empty set;
mode firing_rule of PTN,CS -> Function means
for t being transition of PTN
holds {t}*’ <> {} implies it in Funcs( thin_cylinders(CS, *’{t}),
1> *103

11



thin_cylinders(CS,{t}*’));
D> *103
correctness;

end;

reserve E for set;

reserve CPN for Colored_PT_net_Str;
definition

let E be non empty set;

let CPN;

e is a color count of CPN implies
1:>,143,309

e equals f.:(CS,Nat) & E equals {e};

end;

reserve E,M for set;

reserve CPN for Colored_PT_net_Str;
definition

let M be non empty set;

let CPN;

m is a colored state of CPN implies
1:>,143,309

m=7f.:(P,E) & M = {m};

end;

reserve T,P for set;
reserve CPN for Colored_PT_net_Str;

definition

12



let t be in T & P be in P &

> *398

t¥*> = {p : pin P & ex £ st (£ in [:T,P:] & £
t*x’ <> {} implies

To = {t : t is an outbound transition of CPN}

end;

reserve CPN1,CPN2 for Colored_PT_net_Str;
reserve PTN1,PTN2 for PT_net_Str;
definition

let CPN1 be Colored_PT_net_Str,

CPN2 be Colored_PT_net_Str,

PTN1 be PT_net_Str,

PTN2 be PT_net_Str;

012 c= [:Tol1,P2:] &

1 :>%143 *143,143
021 c= [:To2,P1:] &
1 :>%143 *143,143

Pl /¥P2={} &
T1/¥T2={} &

1:>,143 %143
tol in Tol implies
1:>%143
[012,021] is f.:(CPN1,CPN2) &
1> *309

)

[t,pDD} &

1.:(tol) is {p:pin P2 & ex f st f in 012 & f=[tol,pl} &
1.:(to2) is {p:pin P1 & ex f st £ in 021 & f=[to2,pl};

end;

reserve CPN1,CPN2 for Colored_PT_net_Str;
reserve PTN1,PTN2 for PT_net_Str;

13



definition
let CPN1 be Colored_PT_net_Str,
CPN2 be Colored_PT_net_Str,
PTN1 be PT_net_Str,
PTN2 be PT_net_Str;
for tol holds tol in Tol and ql2
1> *131 *143%395

for to2 holds to2 in To2 and 921 = f.:(C(CS2,*’to2),C(CS",1

Pl /¥P2={}&
T1 /¥ T2 = {} implies

[q12,921] is f.:(CPN1,CPN2);

end;

reserve CPN1,CPN2,SPN for Colored_PT_net_Str;
reserve P1, P2, T1, T2 for set;
definition

let CPN1 be Colored_PT_net_Str = (P1, T1, I1, 01);
1> *330

let CPN2 be Colored_PT_net_Str = (P2, T2, I2, 02);
1> *330

let SPN be Colored_PT_net_Str;

SPN is synthesis of CPN1,CPN2 implies
1> *309

SPN = (P1 ¥/ P2, T1 ¥/ T2, 11 ¥/ I2, O1 ¥/ 02 ¥/ 012 ¥/ 021,
CS1 ¥/ CS2, ql*q2*ql2*q21)

end;

reserve CPNa,CPNb,SPN for Colored_PT_net_Str;
reserve Pa, Pb, Ta, Tb for set;

definition

14

f.:(C(CS1,*’to1),C(CS1,1

i (tol))) &

i (t02))) &



let CPNb be Colored_PT_net_Str = (Pb, Tb, Ib, 0b);
1> *330

let SPN be Colored_PT_net_Str;

SPN is synthesis of CPNa,CPNb implies

> *309

SPN = (Pa ¥/ Pb, Ta ¥/ Tb, Ia ¥/ Ib, Oa ¥/ Ob ¥/ Oab ¥/ Oba,
CSa ¥/ CSb, qa*qb*qab*gba) &

for a<>b ex D (qab <> {} & gab’ <> {} implies b = b’);

end;

reserve CPNa,CPNb for Colored_PT_net_Str;

reserve Pa, Pb, Ta, Tb, X for set;
definition

let X be {CPNa};

> *398

CPNa in X implies

N.(CPNa) = {CPNb : Oab.t <> {}, t in Ta, a<>b} &
1:>,143 *143,143 *372

a pair XPN = (X, N(CPNa)) means a cell Petri net;

end;

4: This inference is not accepted

103: Unknown functor

131: No reserved type for a variable, free in the default type
143: No implicit qualification

305: Selector symbol expected

309: Mode symbol or attribute symbol expected

330: Unexpected end of an item (perhaps ";" missing)

372: "}" expected

395: Justification expected

VvV V VvV VvV VvV V V V V Vv VvV

398: Type expected
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