DUS
- diskretne
- udalostné
- systemy

NMarcek Stanisiav:
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Max Flow-Min Cut

Network flows in DAG

max flow—min cut -- > cut source from sink

The maximum value of an s-t flow is equal to the minimum capacity over all s-t cuts.
- Ford-Fulkerson (1956)

- Edmonds-Karp (1972) / Dinitz (1970)

- Karger-Stein (1993/96)
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Ford-Fulkerson

Capacity, Flow FG, Residual RG graph
Initial FG(edges=0) RG(edges=CG, back _edges=0)
Get paths from source to sink in RG (non zero)

- Update FG +(min on path); RG -(min on path) +(min on back_path_edges)
Greedy (chamtivy) alg. Once added path not erased/improved ... optimal?

Blocking flow !
-- add back_edges ... optimal ?!
O(IE[f)
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Synthesis from LPO

- Token Flow regions

- Classical regions //T

Rozdiely v alg.: pocCet vygenerovanych miest, rychlost

R.to-reﬂzg é]':’uhas, Towards Synthesis of Petri Nets from Scenarios, 2006 4/20



Synthesis from LPO

Specifikuj distibuciu token flow
X=(X1 1 X33 XK 35Xy, X5, X, X7,Xg,Xg; X 05X 115X 2%, 3=x14)

n-tica nezapornych celych cisel b
x1 x5

e
T x¥'x13 )&E‘,xm e a \
bl JjC

Vx10 Vx12

Znacky skonzumované z pociatoéného znackovania
Znacky vyprodukované spustenim prechodu, ktoré boli
skonzumované spustenim nasledovného prechodu
Znacky zostavajuce v finalnom znac¢kovani




Svnthesis from LPO
= NN
XXX+ X, = X+ X+ X,
XoT Xz3+X, 3

Nezaporné celociselné rieSenia homogénnej sustavy rovnic
definuju miesta
Konecény pocet prvkov bazy polyhedralneho kuzela



Synthesis from LPO

Specifikuj tok znadiek:

- Pridaj vrchol poC. znac. v, / / T

- Pridaj vrcholy kon. znac. v, .

- Specifikuj tok medzi vrcholmi (2.k+1)
- Vytvor rovnice pre rovnaké znackovania t:
— Konzumované je rovné pre Vt (nie pre v, )

— Vyprodukovane je rovne pre Vt (i pre v,)
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Synthesis from LPO

vyv, vb, by, vy, va, vpb,
LPO1 LPO2
inA 1
bl al
/ \ outA
inB 1 -1
b2 a2
outB 1
outvVo 1 1 S |
X, X, X, X, X Xs
cess 2TU
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Synthesis from LPO

1. Vstupny tok ... (konstruktor pocC. znac.)
2. Prirad index resp. poradie vrcholom
3. Pre v vrcholy pridad vstupny tok a vystupny tok

- scénar neuskut.

- scénar uskut.
Minimalizacia je v polynomionalnom Case?

TTSTU
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Synthesis from LPO
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outA
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X2 = X6+X8
X3 = X11

X1'|'X2 = X4'|'X5'|'X6+X7
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Synthesis from LPO

Co (ne)dokaZzeme vygenerovat' ?
Z coho sa generuje?
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Synthesis from LPO

O. Gallo, Aplikovanie Petriho sieti na navrh asynchronnych Cislicovych obvodov, 2014
R. Devillers a R. Tredup, Synthesis of Inhibitor-Reset Petri Nets: Algorithmic and Complexity Issues, 2022

R Bergenthum a J Desel a S Mauser, Synthesis of Petri nets from term based representations of infinite partial
languages, 2009

R Bergenthum a J Desel a J Kovaf, ILP2 Miner—Process Discovery for Partially Ordered Event Logs Using Integer
Linear Programming, 2023

W. Wu a spol, Petri Net Controller Synthesis for Discrete Event Systems Using Weighted Inhibitor Arc, 2001
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hodnota

Spojity/spojity

teplota v Case
(teplomer)

parameter

spojity/diskretny

S
o
=
o vzorkovanie
o
<
14— parameter
odditavanie ¢loveka
z teplomera
STU
FEI

hodnota

——

diskrétny/spojity ~

/T
/ ~—
7 narneranz teplota
= v Cass (senzor)

parameter

hodnota

diskrétny/diskrétny

parameter
¢ oddcitavanie ¢loveka

z displeja

Rano vstanem a obleciem sa podla toho aké je pocasie ...
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Design Flow

CAD nastroje. Ako a kde umiestnit a hlavne ako smerovat’ cesty.
HDL (hardware description language) — VHDL, Verilog, Tangram, Balsa

mwn
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STG - Signal Transition Graphs

Def. pozorovatelnych vstupov prostredia.

Def. pozorovatelnych vystupov prostredia.

Interné signaly def. nepozorované spravanie.

Fiktivne symboly pouzité na vnutornu synchronizaciu bez aktivity systemu.

3'1| Zz
zl
(a) (b)
c..3TU Y = X2 y==z
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STG

Bus Data
Transceiver DSr
P LDS
" o LDTACK
Device
DSr LDS 5
VME Bus
DSw
Controller |LpTack DTACK
DTACK=—

(a)

LDS,LDTACK: 4-fazovy protokol komunikacie.
D: signal pre zariadenie na pripojenie k zbernici.

ceece gTU DSr: indikator zadiatku Gitania
* e oo DSw: indikator zaCiatku zapisu
- ® @ @ F El

DTACK: potvrdenie signalu

b)
Cyklus pre Citanie

16/20



|drack+| |lds-‘ |dtack-|

INPUTS: dsr.ldtack
OQUTPUTS: dtack.lds.d

Cyklus pre Citanie

- ®
- @
L

nn

STG

dsw+ dtack-

ds+ Idtack-
Idtack+ lds+ Idtack-
d+ Idtack+ 1ds- dsr+ Idtack-

dtack+

dtack+ dtack-

INPUTS: dsw,ldtack

OUTPUTS: dmék,lds,d @ @ @ @

Cyklus pre zapis dsw- s

17/20



lds = d + esc
dtack = d
d = ldtack - cse

csc = dsr - (esc ™’ ldtack)
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dsr

ldtack

DSr

LDS

LDTACK

DTACK
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STG

PS: Korektna, ziva, bezpecna (k=1), s volnym vyberom (OhraniCenost)

STG: - rydza PS: Vp, € P:ep,Np,e = )
- miestom jednoducha: \v’pi7pj e P op; = op; Ap;® = D;®

Kompletnost stavu: ak 2 znaCkovania su rovnaké, musia mat spustitelné rovnaké prechody.

Konzistentnost’: kazdy signal ma 2 alternativy +/- a vyuziva ich.
Perzistentnost: bez hazardnych stavov ... ziaden signal nerusi iného spustitelnost mimo vstupnych signalov

mwn

| O. Gallo, Aplikovanie Petriho sieti na navrh asynchronnych Cislicovych obvodov, 2014 19/20



Chomsky hierarchy - expressivity

recursive enumerable,

context sensitive,
Expresivity

VS
Analyzability

context free,

PN language

R- regular language
BCF — Bounded Context-free language

: : : : S T U Ppeterson, J.L. - Petri Net theory and the modeling of Systems, Prentice-Hall, 1981
eeoeoe FEI FSA < R < linear gramar < context free < context sensitive < recur. enu. 20/20
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