1 Hodnotenie

Sposob hodnotenia jednotlivych loh:
1. 3b: 1b za spravnu maticu + 1b za spravny vysledok + 1b za spravny zaver
2. 3b: 1b za spravnu maticu + 1b za spravny vysledok + 1b za spravny zaver
3. 4b: 1b za spustitelné postupnosti + 1b za nerovnice 4+ 1b za zakézané pokracovania + 1b za nerovnice

4. 4b: 1b za spravne oznacenie vrcholov + 1b za spravne vrcholy v strome + 1b za spravne urcenie omega znackovani
+ 1b za spravny cely strom

5. 2b: 1b ak st vetky Zivosti uréené spravne, 0,5b ak je jedna Zivost uréens zle, inak Ob
6. 2b: 2b za spravne riesenie

7. 2b: 1b za spravnu odpoved, 1b za spravne zvévodnenie



2 Druha Zapoctova pisomka Skupina A
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2.1 Zistite, ¢i ma dana siet na obrazku P-invarianty a ak 4no, najdite aspon jeden nenulovy
P-invariant. Na zdklade P-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net in the image has a P-invariant. If yes, find one non-zero P-invariant. Based
on the P-invariant make conclusions about the properties of the net. [3b]

transponovand incidenéna matica P-invariant zéver

-1 2 0 0 0 0
0 -1 1 0 0 0
0 2 0o -1 0 0 (2aaa2aaa) .y oy,
0 -1 0 0 1 0 aeN Siet je ohranicena
0 0O -1 0 0 1
0 0 0 1 -2 0

2.2 Zistite, ¢i ma dana siet na obrazku T-invarianty a ak 4no, najdite aspon jeden nenulovy
T-invariant. Na zdklade T-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net in the image has a T-invariant. If yes, find one non-zero T-invariant. Based
on the T-invariant make conclusions about the properties of the net. [3b]

inciden¢éna matica T-invariant zZaver
-1 0 0 0 0 0 0
2 -1 2 -1 0 0 0
8 (1] —01 8 _01 (1) ;a Nevieme rozhodniit, ¢ je siet reverzibilna
0 0 0 1 0 -2 0
0 0 0 0 1 0 a



2.3 K Petriho sieti napiste 2 spustitelné postupnosti minimélnej deky 3. K obom postup-
nostiam napiSte vSetky nerovnice, ktoré zabezpecuju ich spustitelnost. K Petriho sieti
napiSte 2 nespravne pokracovania minimalnej dlzky 3 a nerovnice, ktoré zabranuju
ich spusteniu. // For the given Petri net write 2 firing sequences of minimal length
3. For both sequences write all inequalities, that ensure their executability. For the
given Petri net write 2 wrong continuations of minimal length 3 and inequalities, that
prevent their execution. [4b]

Uloha 3

Spustitelnych postupnosti existuje ovela viac. Uvaddzame mozné riesenie.

Spustiteiné
postupnostit nerovnice
m Z tQC
totsty m + top — tac 2> tse
tolstrta m + top — tac + t5p — tsec > t7e
m+ t2p —toc + t5p - t5C + t?p —tre > toc
Nespravne
pokracovania nerovnice
tot1ty m +top — toe + t1p — t1e < t1c
tataty m + t2p —toc + t4p — tge < t4e

2.4 Nakreslite Strom pokrytia zo zadanej PS na obrazku. / Construct the coverability
tree for the given Petri net. [4b]

2.5 Urcte hladinu zivosti z PS z predchadzajicej ilohy. / Determine the maximal liveness
for transitions of the PN from the previous task. [2b]
prechod t3 je L1 zivy.

prechody ty4, t5 a tg st L2 zivé.
prechody t1 a to st L3 zivé.



vB
(1.0.00,0,0)
w0, vl, w2, vd}

vB
(0,0.0,0,1)
v, v1, w2, v, v3]

v18
(0.0,0,1,0)

{v0, w1, v2, vé, 5, vB}

[

p2 t3
12
pd t6
p3 15 vl
-
p5 t4
Uloha 4
v0
(1,0,10,00
it
v2 vl v3 vil
(1.0.w,0,0) —, (0,1.1,0,0) = (0,01,1,0) — (0,0.1,0,1)
{0, v1} v} w0, w1} {v0, v1, w3}
t 5
t
v4 vi0 vi2 vi7
{0.1.0,0,0) (0,0,1,0.1) (0,0.0,1,0) — (0,0,0,0.1)
w0, v1, w2} {w0, vi, v3} {0, v1, v3, vil} {v, v, v3, v11, v12}
t4
=1 15
v vi4 vi3 vi6
{0,0.12,1,0) 0.0,0.1] (0,0,0,1,0) (0,0,0,0,1)
w0, vl v2, v} {w0, v1, v3, v10, v13} {v0, v, v3, v10} {0, w1, v3, vi1, v12}
15 6
w7 vis
(0,0.w,01) (0,0.0,0,1)
{w0, v1,v2, v4, v3} {v0, v1, v3, v10, v13}

vd
(0,0,0,1,0)

e, w1, v2, vd, v5, vT}




2.6 Predpokladajme, Zze malé pismena abecedy, st nezaporné celociselné premenné. Vy-
jadrite nasledovny kus kédu pomocou Petriho sieti doplnenymi o read, reset a in-
hibitor hrany. // Assume that, lowercase letters, are non-negative integer variables.
Draw a Petri net from the following piece of code. [2b]

for (int j = 0; j < 5; j++) {

a+=3 ;

if (a > 9) {
break ;

}

j vacsie 3
10

O 10
. P O P P
for kontrola j wnutro for a+=3 pred if a vacsie 9 za for
[ —
/ J+_
Uloha 6

2.7 Mbze existovat Petriho siet, ktorej T-invariant m4 jediné kladné (teda nie nekoneéne
vela parametrickych) celo¢iselné riesenie (napriklad vektor (1,2,3)). Odpoved zd6vodnite.
// Is there such a Petri net, which has exactly one (that is it does not have infinitely
many parametrised solutions) positive integer solution of its T-invariant (for example
the vector (1,2,3))? Justify your answer. [2b]

Nie.

Dékaz sporom: predpokladajme, ze taks sief existuje. Vieme do nej pridat tolko znaciek, aby sa vietky prechody

z riesenia T-invariantu dali spustit (znackovanie neovplyviiuje T-invariant). Ked v tejto sieti spustime vsetky prechody

z rieSenia T-invariantu (d4 sa, lebo sme pridali znacky), dostaneme sa spit do povodného znackovania (z definicie T-

invariantu). V tomto znackovan{ vSak vieme opit spustif prechody z riesenia T-invariantu, tym pddom m4 T-invariant

dve riedenia - povodné a jeho dvojndsobok (v skutocnosti nutne nekonecne vela). Co je logicky spor a teda takito siet

neméze existovat.
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Zistite, ¢i ma dana siet na obrazku T-invarianty a ak ano, najdite aspon jeden nenulovy

T-invariant. Na zdklade T-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net in the image has a T-invariant. If yes, find one non-zero T-invariant. Based
on the T-invariant make conclusions about the properties of the net. [3b]

incidenénd matica

T-invariant

zaver

-1 0 0 0 1

OO O N

3.2

0 a
2a
0 2a
0 a—>b
0 a
1

b

aeNbeNANa<D

Nevieme rozhodntt, ¢ je siet reverzibilna

Zistite, ¢i ma dana siet na obrazku P-invarianty a ak ano, najdite aspon jeden nenulovy

P-invariant. Na zdklade P-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net in the image has a P-invariant. If yes, find one non-zero P-invariant. Based
on the P-invariant make conclusions about the properties of the net. [3Db]

transponovand inciden¢nd matica

P-invariant

zaver

-1 1
0 0
0 0
0 -1
1 0
0 -1

2 0 0 0

-1 1 0 0
0 -1 1 0
0 0 0 1
0 0 -2 -1
0 0 0 1

(2a+b b a a a b)
beN,aeN

Siet je ohranicen4



3.3 K Petriho sieti napiste 2 spustitelné postupnosti minimélnej deky 3. K obom postup-
nostiam napiSte vSetky nerovnice, ktoré zabezpecuju ich spustitelnost. K Petriho sieti
napiSte 2 nespravne pokracovania minimalnej dlzky 3 a nerovnice, ktoré zabranuju
ich spusteniu. // For the given Petri net write 2 firing sequences of minimal length
3. For both sequences write all inequalities, that ensure their executability. For the
given Petri net write 2 wrong continuations of minimal length 3 and inequalities, that
prevent their execution. [4b]

Uloha 3

Spustitelnych postupnosti existuje ovela viac. Uvaddzame mozné rieSenie.

Spustitelné
postupnostit nerovnice
m Z tSc
t3t1ty m+1t3p — t3c > t1c
t3tit1ty m+tgp — t3c +t1p — t1ic = tic
m + tgp — t3c + 2t1p - 2t1c Z t4c
Nespravne
pokracovania nerovnice
tstits m+tgp — t3c +t1p — t1e < s
tatite m +t3p — t3c + t1p — t1c < tac

3.4 Nakreslite Strom pokrytia zo zadanej PS na obrazku. / Construct the coverability
tree for the given Petri net. [4b]

3.5 Urcte hladinu zivosti z PS z predchiadzajicej tlohy. / Determine the maximal liveness
for transitions of the PN from the previous task. [2b]
prechod t3 je L1 zivy.

prechody t4, t5 a tg su L2 zivé.
prechody t1 a to st L3 zivé.



vB
(L0.0,0,0)
w0, v, v2, vd}

vB
(0,0,0,0,1)

{v0, v1, v2, v4, v5}

vig
(0.0,w,1.0)

{v0, v, vZ, v v5, vB}

pl

v4
(0,1.0,0,0)
w0, v1, w2}

vh
(0,0.,1,0)
{v0, vl, v2, v}

V7
(0.0.w,0.1)

{v0, w1, v2 vd v3}

9
(0.0,6,1,0)
v, v1, w2, w4, v5, ¥T}

p2 t3 p4
p3 t5 p5
Uloha 4

V0
(1,0,10,0)
it

vid
(0,0,0,0,1)
{v0, vi,v3,v10, v13}

vi0
(0,0,1,0,1)
{vw0, vi, v3}

vl3
(0,00,1,0)
{v0, v, v3, v10}

vi5
(0,0.0,0.1)

{v0, v, v3, v10, v13}

vil
(0,0.1,0.1)
{v0, v1, v3}

vi7
(0,0,0,0,1)
{0, v, va3, vi1, v12}

w16
(0,00,0,1)

V0, v1, v3, v, w12}



3.6 Predpokladajme, Zze malé pismena abecedy, st nezaporné celociselné premenné. Vy-
jadrite nasledovny kus kédu pomocou Petriho sieti doplnenymi o read, reset a in-
hibitor hrany. // Assume that, lowercase letters, are non-negative integer variables.
Draw a Petri net from the following piece of code. [2b]

for (int i =5 ; i > 0; i ) A
c +=3 ;
if (¢>9) {
break ;
}
}

i mensie-1

c vacsie 9 za for

pred for inicializacia kontrola i vnutro for =3

Uloha 6

3.7 Mobze existovat neohranic¢end Petriho siet s koneénym poétom prechodov s maximalnou
zivostou L1? Odpoved zd6vodnite. // Can an unbounded Petri net with a finite num-
ber of transitions, with maximal livenes L1 exist? justify your answer. [2b]

Nie.

Kazdy z kone¢ného pocétu prechodov sa vie spustit nejaky ohrani¢eny (koneény) poéet krat (L1 Zivost). Tieto prechody
teda mozu vyprodukovat iba nejaky ohraniceny, koneény pocet znaciek. Siet je teda ohranicend.
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4.2
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Zistite, ¢i ma dana siet na obrazku P-invarianty a ak d4no, najdite aspon jeden nenulovy
P-invariant. Na zdklade P-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net in the image has a P-invariant. If yes, find one non-zero P-invariant. Based
on the P-invariant make conclusions about the properties of the net. [3b]

transponovand inciden¢nd matica

P-invariant

zaver

1 -1 0 0 0 O

0 1 -1 -2 0 0
-1 0 0 0 1 0
0 -1 0 0 2 0
0 0 1 0o -2 2
0 0 0 1 0 -1

(OO—QaaOa)

Nevieme rozhodntt, ¢ je siet ohranic¢ena

Zistite, ¢i ma dana siet na obrazku T-invarianty a ak 4no, nijdite aspon jeden nenulovy
T-invariant. Na zdklade T-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net in the image has a T-invariant. If yes, find one non-zero T-invariant. Based
on the T-invariant make conclusions about the properties of the net. [3b]

incidenénd matica

T-invariant

zaver

1 0 -1 0 0
-1 1 0 -1 0
0 -1 0 0 1
0o -2 0 0 0
0 0 1 2 =2
0 0 0 0 2

o= O OO

0

a €N

Q2 O

[\
Q

10

Nevieme rozhodntt, ¢ je siet reverzibilna



4.3

K Petriho sieti napiste 2 spustitelné postupnosti minimalnej deky 3. K obom postup-
nostiam napiSte vSetky nerovnice, ktoré zabezpecuju ich spustitelnost. K Petriho sieti
napiSte 2 nespravne pokracovania minimalnej dlzky 3 a nerovnice, ktoré zabranuju
ich spusteniu. // For the given Petri net write 2 firing sequences of minimal length
3. For both sequences write all inequalities, that ensure their executability. For the
given Petri net write 2 wrong continuations of minimal length 3 and inequalities, that
prevent their execution. [4b]

Uloha 3

Spustitelnych postupnosti existuje ovela viac. Uvadzame mozné riesenie.

4.4

4.5

Spustitelné
postupnostit nerovnice
m > C.
CFD m+C, —C. > F,
CFDA m+C, —Ce+F,—F. > D,
m+Cp—Ce+E,—F.+Dp,—D.> A,
Nespravne
pokracovania nerovnice
CFC m+C, —Cc+ F, — F. < C,
CFF m+C, —Ce+ F, — F. < F,

Nakreslite Strom pokrytia zo zadanej PS na obrazku. / Construct the coverability
tree for the given Petri net. [4b]

Urcte hladinu zivosti z PS z predchddzajuicej tilohy. / Determine the maximal liveness
for transitions of the PN from the previous task. [2b]

prechody t4 a tg st L1 zivé.
prechody t5 a t7 si L2 zivé.
prechody t1, to a t3 st L3 zivé.

4.6

Predpokladajme, ze malé pismena abecedy, si nezaporné celociselné premenné. Vy-
jadrite nasledovny kus kédu pomocou Petriho sieti doplnenymi o read, reset a in-
hibitor hrany. // Assume that, lowercase letters, are non-negative integer variables.
Draw a Petri net from the following piece of code. [2b]

11



pl 2 pd
3
3
4 p> 15 pé
16 p7
Uloha 4

vl v
(1,0,0.0,0,0,0) : (0,0,0.0,1.0,0)
i {vi}

vl v3
(0,1,0.1,0,0,0) (0,0,0.0,0.0,1)
{wl} {v0, w2}

wé
(0,0,1.2,0,0,0)
{0, w1}

vB vh
(0,1,0,0,0,0,0) (1,0,0,t3,0,0,0)
{vl, v1, w4, v5} {0, v, vd}

v vil
(0.0,1,00,0,0,0) (0,0,0,,1,0,0) (0,0,0,6,1 t0,0)
{wl, w1, wd, v5, vE} {0, w1, vd, w5} v, vl, vd, w5 w7}

wo w10 vl2
(1.0,0,00,0,0,0) (0.0,0,,0,0.1) (0,0,0,e0,1,00,0)
w0, v1, v4, v5, v&, vB} v, v, v, V5, vT} w0, v1, vd, v&, w7, v11}

12

vl3
(0.0,0,,0.00,1)
w0, v, vd, w5, w7, w11}

wld
(0.0,0,2,0.t0,1)
v, w1, w4, w5, w7, v1l, v13}]




if(y >=3) {
a—= 1;
1 else {
a += 1;
}

X <3

Uloha 6

4.7 Ak ma siet P-invariant obsahujiici aspon jeden nulovy prvok, a vietky jej prechody
maju zivost aspoi na trovni L1, mozeme o tejto sieti s istotou povedat, Ze je neohrani¢ena?
Odpoved zdévodnite. // If we have a Petri net, whose P-invariant contains at least
one zero element and whose transitions have liveness at least L1, can we conclude
that such a net is unbounded? Justify your answer. [2b]

Nie. §

pokial mame siet, v ktorej sa spistanim prechodov pocet znaciek znizuje (stracajui sa), tak jej P-invariant bude

obsahovafv nulové prvky (strdcajice znacky ndm neumoznia zachovat konstantny ovdhovany sicet vsetkych znaciek v

sieti). Kedze sa vsak v takejto sieti znacky strdcajui a nepribidaji do nekoneéna, tak je ohrani¢end. Priklad takejto siete

je na obrazku.

Uloha 7

13



5.1

5.2

Druha Zapoctova pisomka Skupina D

p2

Uloha 1,2

Zistite, ¢i ma dana siet na obrazku T-invarianty a ak d4no, nijdite aspon jeden nenulovy
T-invariant. Na zdklade T-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net in the image has a T-invariant. If yes, find one non-zero T-invariant. Based
on the T-invariant make conclusions about the properties of the net. [3Db]

incidenénd matica

zaver

-1 0 0 1 0
2 -1 0 0 -2
0 1 -1 0 0
0 0 1 -2 0
0 0 0 0 1
1 0 0 -1 0

T-invariant
0 a
0 2a
031 2; a €N
-1 0
1 0

Nevieme rozhodntt, ¢ je siet reverzibilna

Zistite, ¢i ma dana siet na obrazku P-invarianty a ak 4no, nijdite aspon jeden nenulovy
P-invariant. Na zdklade P-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net in the image has a P-invariant. If yes, find one non-zero P-invariant. Based
on the P-invariant make conclusions about the properties of the net. [3b]

P-invariant

zaver

transponovand inciden¢nd matica

-1 2 0 0 0 1
0o -1 1 0 0 0
0 0o -1 1 0 0
1 0 0O -2 0 -1
0 -2 0 0 1 0
0 0 0 3 -1 1

(—a —a —a —a —2a a)

14

Nevieme rozhodnit, ¢i je siet ohranicena



5.3 K Petriho sieti napiste 2 spustitelné postupnosti minimélnej deky 3. K obom postup-
nostiam napiSte vSetky nerovnice, ktoré zabezpecuju ich spustitelnost. K Petriho sieti
napiSte 2 nespravne pokracovania minimalnej dlzky 3 a nerovnice, ktoré zabranuju
ich spusteniu. // For the given Petri net write 2 firing sequences of minimal length
3. For both sequences write all inequalities, that ensure their executability. For the
given Petri net write 2 wrong continuations of minimal length 3 and inequalities, that

prevent their execution. [4b]

t2

p3

h

t6 pG 2

t7 p7

Uloha 3

Spustitelnych postupnosti existuje ovela viac. Uvaddzame mozné rieSenie.

Spustiteiné
postupnostit nerovnice
m 2 tlc
t1tats m+t1p — t1e 2 toc
t1totats m+typ — tic + top — tae > tac
m+ tlp —tic+ t2p —tac + t2p —tac > tee
Nespravne
pokracovania nerovnice
t1t2t1 m 4+ tlp - tlc + t2p - t2c < tlc
t1t3ty m+ tlp —tic + t3p —t3c < t1c

5.4 Nakreslite Strom pokrytia zo zadanej PS na obrazku. / Construct the coverability

tree for the given Petri net.

[4D]

5.5 Urcte hladinu zivosti z PS z predchadzajicej tilohy. / Determine the maximal liveness
for transitions of the PN from the previous task. [2b]

prechody t4 a tg st L1 zivé.
prechody t5 a t7 st L2 zivé.
prechody t1, to a t3 st L3 zivé.

15
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vl vz
(1,0,0.0,0,0,0) : (0,0,0.0,1.0,0)
i v}

vl v3
(0.1,0,1,0,0,0) (0.0,0,0,0,0,1)
v} V0, w2}

v
(0,0,1,2,0,0,0)
fw0, w1}

wi
(0,1,0,00,0,0,0) (1,0,0,2,0,0,0)
w0, v1, vd, vs} w0, v, w4}

v vil
(0,0,1,0,0,0,0) (0,0,0,63,1,0,0) (0,0,0,63,1,0,0)
{wl, v1, w4, v5, vi} {0, w1, vd, v} v, v1, vd, vB, vT}

va vi0 vi2
(1,0,0,00,0,0,0) (0,0,0,w,0,0.1) (0,0,0,00,1,00,0)
{v0, v1, w4, v5, vB, vB} v, w1, va, w5, vT} w0, v1, vd, v5, w7, v11}

16

vi3
(0,0,0,63,0,0,1)
v, v1, vd, v, w7, v1l}

vi4
(0.0,0,02,0.00,1)
v, w1, wd, w5, w7, w11, v13}]



5.6 Predpokladajme, Zze malé pismena abecedy, st nezaporné celociselné premenné. Vy-
jadrite nasledovny kus kédu pomocou Petriho sieti doplnenymi o read, reset a in-
hibitor hrany. // Assume that, lowercase letters, are non-negative integer variables.
Draw a Petri net from the following piece of code. [2b]

if(x > 5) {
if(y > 5) {
a += 1;
} else {
a —= 1;
}
}
X 6 y
6
'- H — H H
6 T
6 X >5 y>5 a+=1
y<=5 a-=1 a
X <=5
Uloha 6

5.7 Pokial obsahuje strom pokrytia aspoii jedno miesto s oznaéenim w, a aspon jeden
prechod, ktory konzumuje znacky len z takychto miest, znamena to, ze takyto prechod
je L4 zivy? Odpoved zdévodnite. // If a coverability tree contains at least one place
with an w and at least one transition that consumes tokens only from such places,
are these transitions L4 live? Justify your answer. [2b]

Nie. 5

5 T(z, Ze v mieste moze byt neohranicene vela znaciek, neznamend, Ze sa nemoézu minit a uz nikdy nepribudnut spat.

Zivost takychto prechodov zavisi od zivosti prechodov, ktoré do miesta produkuju znacky. Napriklad v sieti na obrazku

je takyto prechod (¢3) len L3 zivy.

17



p1 t1

—O—L

t2

p3 t3

Uloha 7
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6.1

6.2

6.3

Druha Zapoctova pisomka Skupina E

O

p3 16 pe 15

Uloha 1,2

Zistite, ¢i ma dana siet P-invarianty a ak 4ano, nijdite aspon jeden nenulovy P-
invariant. Na zdklade P-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net has a P-invariant. If yes, find one non-zero P-invariant. Based on the
P-invariant make conclusions about the properties of the net. [3b]

transponovand inciden¢nd matica P-invariant zaver
-1 2 0 2 0 0
0O -2 1 0 0 0
8 _02 8 :3 } 8 (00 0 0 0 0) | Nevieme rozhodnit, ¢&i je siet ohranicend
0 o o0 o0 -1 3
0 0 1 0 0 -3

Zistite, ¢i ma dand siet T-invarianty a ak 4ano, nijdite aspon jeden nenulovy T-
invariant. Na zdklade T-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net has a T-invariant. If yes, find one non-zero T-invariant. Based on the
T-invariant make conclusions about the properties of the net. [3b]

inciden¢na matica T-invariant Zaver
-1 0 0 0 0 0 0
2 -2 -2 0 0 0 0
(2) (1) _02 _02 8 é 8 a € N,b e N | Siet nie je reverzibilna
0 0 1 1 -1 0 0
0 0 0 0 3 -3 0

K Petriho sieti napiste 2 spustitelné postupnosti minimalnej dfiky 3. K obom postup-
nostiam napiste vietky nerovnice, ktoré zabezpeéuji ich spustitelnost. K Petriho sieti
napiSte 2 nespravne pokracovania minimalnej diiky 3 a nerovnice, ktoré zabranuju
ich spusteniu. // For the given Petri net write 2 firing sequences of minimal length
3. For both sequences write all inequalities, that ensure their executability. For the
given Petri net write 2 wrong continuations of minimal length 3 and inequalities, that
prevent their execution. [4b]

Spustitelnych postupnosti existuje ovela viac. Uvddzame mozné riesenie.

19



pl

[ 3

t1

p2 2 t2
2
S )
..
t3 p3 4 pd p5
2
t5 2 pG 1o
p7 t7
Uloha 3
Spustitelné
postupnostit nerovnice
m Z t50
tst7ty m + tsp — tsc > trc
tstrt7ta m +tsp — tse + trp — tre 2> tre
m—+ t5p - t50 + t7p - t?c + t7p - 75'70 Z t20
Nespravne
pokracovania nerovnice
tstrts m+tsp — tse +trp — tre < ise
tstets m+1lsp — tse + top — toe < tse

6.4 Nakreslite Strom pokrytia zo zadanej PS na obrazku. / Construct the coverability
tree for the given Petri net. [4b]

tl p2 2 p4 13 pb 14 pd
pl t5 p3 t6 ps 17 p7 18
Uloha 4

6.5 Urcte hladinu zivosti z PS z predchddzajicej dlohy. / Determine the maximal liveness
for transitions of the PN from the previous task. [2b]

prechody ts, t3 a t4 st L1 zivé.
prechody tg, t7 a tg su L2 zivé.

20



v
(1,0,00,0,0,0,0)
Iy

s
(1,0.0.,0,0,0,0,0)
0, vi}

vl v3
(0,1,0,0,0,0,0,0) (0,0,0,1,0,0,0,0)
{wo} 0, v}

v vh
(1,000,0,0,0,0,0) (0,1.0,0,0,0,0,0)
{wl, v1, v2, v} {v0, vl v}

(0,0,0,0,0,1,0,0)
{wl, v1, v3}

vi3 vl vl vil v5
(0,0,w,1,,0,0,00 6 (0,0.00,1,0,0,0,0) ; (0,0,00,1,0,0,0.0) (0,0,.,0,0,1,0,0) (0,0,0,0,00,0,1)
w0, v1. w2, v, vB, va} {v0, w1, v2, v, vB} {0, vl w2, v} {0, v1, v2, v, vB} w0, w1, v3, v}
13 I

vz vld vl
(0,0,00,0,0,1,0.0) 4 (0,0,0,0.0,0,0,1) (0,0.00,0,0,0,0,1)
{v. w1, v2, vB, v, va} w0, v, v2, v, vB, v3, v12} w0, w1, v2, vB, vB. w10}

viE vis vi7 vis
0,000, 0,00, 100,00 (0,0,0,0,00,1 03,0y 4 {0.0,03,0,60,0,00,1) (0,0,60.0,t0,0,02,1)
w0, vl, v2, vG, vB, v, v12, w15} v, w1, w2, vB, vB, v, v12} {0, w1, v2, vE, w8, v, vi2, v15} {0, w1, v2, v, vB,v3, v12, v15}
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prechody t; a t5 su L3 zivé.

6.6 Predpokladajme, ze malé pismena abecedy, sii nezaporné celociselné premenné. Vy-
jadrite nasledovny kus kédu pomocou Petriho sieti doplnenymi o read, reset a in-
hibitor hrany. // Assume that, lowercase letters, are non-negative integer variables.
Draw a Petri net from the following piece of code. [2b]

x = 2;

while (x < 10) {
X += 3;

}

Uloha 6

6.7 Pokial je siet reverzibilnd, je zdroven aj ohrani¢eni? Odpoved zdévodnite. // If a
net is reversible, is it bounded as well? Justify your answer. [2b]
Nie.
Reverzibilita a ohrani¢enost st nezdvislé vlastnosti. Prilozend siet je reverzibilnd (spustenie prechodu t1 a #2 ju dostane

do rovnakého znackovania z akého sa spustanie zacalo), ale siet je zdroven neohrani¢end (prechod ¢3 generuje nekonecne
vela znaciek).
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7 Druha Zapoctova pisomka Skupina F

7.1

7.2

13

>
p4
3
p2
: 2
pl
Uloha 1,2

Zistite, ¢i ma danda siet T-invarianty a ak 4ano, nijdite aspon jeden nenulovy T-
invariant. Na zdklade T-invariantu urobte zaver o vlastnostiach siete. // Determine

if the net has a T-invariant. If yes, find one non-zero T-invariant. Based on the
T-invariant make conclusions about the properties of the net. [3b]

inciden¢nd matica T-invariant ZAaver
-1 0 0 0 0 0 0
1 -1 -1 0 0 0 a
8 (2) g 701 8 702 :3aa Siet nie je reverzibiln4
0 0 0 1 -3 0 —a
0 0 0 0 1 1 a

Zistite, ¢i ma danda siet P-invarianty a ak 4ano, ndjdite aspon jeden nenulovy P-
invariant. Na zdklade P-invariantu urobte zaver o vlastnostiach siete. // Determine
if the net has a P-invariant. If yes, find one non-zero P-invariant. Based on the
P-invariant make conclusions about the properties of the net. [3b]

transponovand inciden¢nd matica P-invariant zaver

-1 1 0 0 0 O

o -1 2 0 0 O

0 -1 0 3 0 0| (6a 6a 3a 22 2a 6a) | oo o0
0 0 0 _1 1 0 aceN Je onranicena
0 0 0 0 -3 1

0 0 -2 0 0 1

24



p3 p2

Uloha 3

7.3 K Petriho sieti napiste 2 spustitelné postupnosti minimalnej diZky 3. K obom postup-
nostiam napiSte vSetky nerovnice, ktoré zabezpecuju ich spustitelnost. K Petriho sieti
napiSte 2 nespravne pokracovania minimalnej dlzky 3 a nerovnice, ktoré zabranuju
ich spusteniu. // For the given Petri net write 2 firing sequences of minimal length
3. For both sequences write all inequalities, that ensure their executability. For the
given Petri net write 2 wrong continuations of minimal length 3 and inequalities, that
prevent their execution. [4b]

Spustitelnych postupnosti existuje ovela viac. Uvadzame mozné rieSenie.

Spustiteiné
postupnostit nerovnice
m Z t7c
trtsts m+trp — tre 2 tse
triststy m+ t7p —tre + t5p — ¢ > t5c
m—+ t7p - t7c + t5p - t5c + t5p - t5c 2 t4c
Nespravne
pokracovania nerovnice
trtsty m + trp — tre + tsp — tse < tre
trtetr m+ t?p —tre + tﬁp —toe < t7c

7.4 Nakreslite Strom pokrytia zo zadanej PS na obrazku. / Construct the coverability
tree for the given Petri net. [4b]

7.5 Urcte hladinu zivosti z PS z predchddzajicej tilohy. / Determine the maximal liveness
for transitions of the PN from the previous task. [2b]

prechody ts, t3 a t4 st L1 zivé.
prechody tg, t7 a tg st L2 zivé.
prechody t; a t5 su L3 zivé.
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p3 t6 15 t7y
)

t5 2 pd i3 pb
h 4
p2 4 pT

pl
p8 t8
t1
Uloha 4

vl
(1,0,0,0,0,0,0,0)
i

w2 vl

v3
(1,0,,0,0,0,0,0) (0,1,0,0,0,0,0,0) (0,0,0.1,0,0,0,0)
{v0, vi} v} {v0, vi}

w7 vb vd
(1,0.2,0,0.0,0.0) (0,1,.0,0.0,0,0) (0,0,0,0,0,1,0,00
{v0, v1, v2, vB} {v0, v, v2} {0, v1, w3}

vi3 Ve vl vi0 vh
(0.0,02,1,00,0,0,0) (0,0,0,1,00,0,0,0) - (0,0,00,1,0,0,0,0) (0,0,,0,0,1,0.0)
{v0, w1, v2, v, vB, va}

(0,0,0,0,0,0,0,1)
{v0, w1, v2, v6, vB}

{0, v1, v3, vd}

W0, v1, v2, vE}

v, v1, w2, vB, vB}

ta

l

vl
(0,0,00,0,0,0,0.1)
0, w1, v2, v, vB, v10}

viz
(0,0,00,0,0,1,0.0)

vld
(0,0,00,0,00,0,0,1)
{v0, v, v2, vB, v, v}

w0, vl w2, vB, vB, v, v12]|

viG

vis
(0,0,02,0,00,1,00,0)

{0,0,2,0,0.1,w,0)
(v, v1, v2, v6, vB, v9, v12}

vi7
(0,0,w,0,02,0,00,1)
{v0, v1, v2, vE, vB, v9, vi2, v15}

v18
(0,0,w,0,w,0,w,1)
w0, v1, v2, v6, vB. v, v12, v15}

{w0, v1, w2, v, vB, v3, v12 v15}
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7.6 Predpokladajme, Zze malé pismena abecedy, st nezaporné celociselné premenné. Vy-
jadrite nasledovny kus kédu pomocou Petriho sieti doplnenymi o read, reset a in-
hibitor hrany. // Assume that, lowercase letters, are non-negative integer variables.
Draw a Petri net from the following piece of code. [2b]

x = T;
while(x > 1) {
X —= 2;

}

Uloha 6

7.7 Pre klasické Petriho siete plati, Ze ak sa daju spustit postupnosti abc, abd a bac, tak
sa musi dat spustit aj postupnost bad. Plati to aj pre Petriho siete rozsirené o read,
reset a inhibitor hrany? Odpoved zd6vodnite. // If the sequences abc, abd and bac can
be executed in a classical Petri net, then the sequence bad can be executed as well.
Does the same hold for Petri nets with read, reset and inhibitor arcs? Justify your
answer. [2b]

Nie.

V priloZenej sieti je mozné vykonat postupnosti abc, abd a bac ale nie je mozné vykonat postupnost bad.
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