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15-02532S Cast A

Zarazeni do ¢iselniku CEP:

BC

Podanim navrhu projektu uchazec€ stvrzuje, Ze:

« navrhovatel je v pracovnépravnim poméru k uchazeci nebo tento vztah vznikne nejpozdéji ke dni zahajeni rfeseni
grantového projektu;

* zavazuje se, Ze po uzavieni smlouvy o podporfe grantového projektu bude pinit vSechny povinnosti pfijemce
vyplyvajici ze zadkona €. 130/2002 Sb., zadavaci dokumentace a uzaviené smlouvy nebo vydaného rozhodnuti o
poskytnuti podpory;

« zajisti, aby FeSitel po uzavieni smlouvy o podpore grantového projektu plnil vSechny své povinnosti, zejména
odpovidal za odbornou Uroven feSeni projektu; nastane-li situace, ze podminky na strané fesitele ¢i pfijemce znemozni
fesiteli pokracovat v feSeni projektu v navrhovaném terminu a nedojde-li k ukonéeni projektu, pfijemce zajisti se
souhlasem poskytovatele jiného FeSitele, pokracovani feSeni projektu a jeho dokonéeni v souladu s uzavienou
smlouvou;

+ vSechny udaje uvedené v navrhu projektu jsou pravdivé, uplné a nezkreslené a jsou totozné s udaji viozenymi do
navrhu projektu pomoci aplikace, a ze navrh projektu byl vypracovan v souladu se zadavaci dokumentaci;

« vSichni spoluuchazedi, navrhovatel, spolunavrhovatelé a odborni i dal$i spolupracovnici uvedeni v navrhu projektu byli
seznameni s vécnym obsahem navrhu projektu i s finanénimi pozadavky v ném uvedenymi a se zadavaci dokumentaci;
« pfed podanim navrhu projektu zajistil souhlas vySe uvedenych osob s U€asti na feSeni grantového projektu
uvedeného v navrhu projektu;

* na jiny projekt s totoznou nebo obdobnou problematikou nepfijal, nepfijima a nepfijme podporu z jiného zdroje;

» obsah navrhu projektu, jehoz se v jinych typech grantovych projektt nebo v programovych projektech uéastni stejny
navrhovatel nebo spolunavrhovatel, je rozdilny od tohoto navrhu projektu a navrzené rozsahy praci umozni navrhovateli
nebo spolunavrhovateli fesit v§echny jejich projekty;

« souhlasi, aby udaje uvedené v navrhu projektu byly pouzity pro vnitfni informacéni systém poskytovatele a uvefejnény
v rozsahu stanoveném zakonem ¢. 130/2002 Sb. a zadavaci dokumentaci;

* v pfipadé uzavfeni smlouvy nebo vydani rozhodnuti o poskytnuti podpory na feSeni grantového projektu se bude pfi
jeho feseni fidit podminkami pro fe$eni grantovych projektt uvedenymi v Pfiloze 4 zadavaci dokumentace.

Kopie specialnich opravnéni podle zvlastniho pravniho predpisu (viz § 18 odst. (2) pism. b) zakona €. 130/2002 Sb.)
jsou pfilozeny, zahrnuje-li grantovy projekt €innosti je vyzaduijici.

Uchazec¢ potvrzuje, Ze byla zkontrolovana Uplnost a spravnost udaja.

Statutarni zastupce uchazece
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GRANTOVA AGENTURA CESKE REPUBLIKY Cast Abstrakt a Cile projektu

Navrhovatel: Mgr. Jan Komenda Ph.D.
Registracni &islo: 15-02532S

Nazev projektu: Modularni a Decentralizované Rizeni Diskrétnich a Hybridnich systéma s Komunikaci

Abstrakt - cesky

Diskrétni udalostni systémy reprezentuji dalezitou tfidu dynamickych systému s diskrétnim stavovym prostorem a diskrétni dynamikou
fizenou vyskytem udalosti. Pro velké systémy byly vytvofeny metody hierarchického, modularniho a decentralizovaného supervizniho fizeni.
Protoze feSeni modularniho a decentralizovaného supervizniho fizeni ¢asto neexistuje bez komunikace mezi supervizory, navrhli jsme
koordinaéni Fizeni jako formu decentralizovaného fizeni s lokalnimi supervizory komunikujicimi prostfednictvim koordinatora. V tomto
projektu budeme studovat nové vypocetné efektivni metody koordina¢niho supervizniho fizeni strukturovanych automatu s vicetroviiovou
strukturou komunikaci, a to jak logickych, tak téch vytvorenych diskretizaci. Stejné tak budeme studovat decentralizované supervizni Fizeni
velkych automatu, které nemaji apriori znamou strukturou ve formé synchronizovaného souc¢inu mensich automat(. Motivaci k navrzeni
novych efektivnich metod pro decentralizované fizeni automatll je zpozdéni nebo ztrata komunikaci a ztrata soucinové struktury diskretizaci.

cile projektu - cesky

(Tento text bude v pfipadé udéleni grantu uveden ve smlouveé o feseni projektu.)

Cilem projektu je navrhnout nova reseni problémt decentralizovaného supervizniho fizeni automatti s komunikujicimi supervizory.
Komunikace budou zalozeny na vicetiroviiovém koordinaénim fizeni. Budeme brat v ivahu i problém opozdéné a ztracené
komunikace a navrhneme robustni feSeni téchto problém.

Abstrakt - anglicky

Discrete-event systems represent an important class of dynamical systems with discrete state spaces and event-driven dynamics. For large
systems, methods of hierarchical, modular, and decentralized decentralized supervisory control have been proposed. Since a solution to
modular and decentralized supervisory control may not exist without communication between controllers, coordination control has been
proposed as a form of decentralized control with supervisors communicating via coordinators. In this project we will study computationally
efficient solutions to coordination supervisory control of large automata with product structure based on multi-level communication structure.
Both logical automata and those stemming from discretizations will be considered. Decentralized supervisory control of automata without a
priori known modular (product) structure will also be investigated. The motivations for investigating new efficient methods are that
communications are sometimes lost or delayed and the original product structure is often lost after discretization.

cile projektu - anglicky

The goal of this project is to propose new efficient solutions for decentralized supervisory control of large automata with communicating
supervisors. Communications will be based on multi-level coordination control. Robust solutions to problems of communication delays and
losses will be proposed.
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GRANTOVA AGENTURA CESKE REPUBLIKY Cast B - finanéni prostredky celkem
Uchazec: Matematicky tstav AV CR, v.v.i.
Navrhovatel: Mgr. Jan Komenda Ph.D.
Registracni &islo: 15-02532S

1. Celkové predpokladané uznané naklady na feSeni projektu ze v§ech zdroju financovani na jednotlivé roky jeho
feSeni

(finan¢ni udaje se uvadéji jako celoCiselné hodnoty v tisicich K&)

1.rok 2.rok 3.rok 4.rok 5.rok Celkem

Naklady ze vSech zdroju financovani 338 395 620 0 0 1353

2. Celkové predpokladané uznané naklady na feSeni projektu z jednotlivych zdroji za celou dobu jeho feSeni

(finanéni udaje se uvadéji jako celoCiselné hodnoty v tisicich K&)

Jednotlivé zdroje finanénich prostredki na fesSeni projektu tis. K&
Celkové grantové prosttedky poZadované od GA CR 1353
Podpora z jinych tuzemskych vefejnych zdroju (z jiné kapitoly statniho rozpoctu nebo rozpoctu 0

Uzemnich celkd), pokud existuje

Podpora z ostatnich vefejnych zdrojd (nepatficich do statniho rozpoctu nebo rozpoctd tizemnich 0
spravnich celkl), pokud existuje. (vefejné zdroje v CR i v zahrani¢i)

Podpora z nevefejnych zdroju (zahrani¢ni zdroje, neverejné tuzemské zdroje, vlastni neverejné zdroje), 0
pokud existuje

Celkem 1353

Mira podpory 100 %

3. Celkové naklady na fedeni projektu pozadované od GA CR

(finanéni Udaje se uvadéji jako celociselné hodnoty v tisicich K¢)

1.rok 2.rok| 3.rok| 4.rok 5.rok|
Ostatni provozni naklady celkem 142 199 264 0 0
Osobni naklady celkem 196 196 356 0 0
Naklady na FeSeni projektu celkem 338 395, 620 0 0




% GACR

GRANTOVA AGENTURA CESKE REPUBLIKY

Uchazec: Matematicky ustav AV CR, v.v.i.
Navrhovatel: Mgr. Jan Komenda Ph.D.
Registracni ¢islo: 15-02532S

Finanéni prostfedky pozadované od GA CR pro uchazede

Cast B - rozpis finanénich polozek

(finanéni Udaje se uvadéji jako celociselné hodnoty v tisicich K¢)

Ostatni provozni naklady 1. rok 2.rok 3.rok 4.rok 5.rok
Materialni naklady 5 5 5 0 0
Cestovni naklady 55 85 95 0 0
Naklady na ostatni sluzby a nematerialni naklady 15 30 40 0 0
Doplrikové (rezijni) naklady 67 79 124 0 0
Ostatni provozni naklady celkem 142 199 264 0 0

(finan¢ni udaje se uvadéji jako celoCiselné hodnoty v tisicich K&)

Osobni naklady (Podrobny rozpis v &asti B - osobni naklady) 1. rok 2.rok 3.rok 4.rok 5.rok
Mzdy navrhovatele a spolupracovnik 144 144 262 0 0
Mzdy technickych a administrativnich pracovnik 0 0 0 0 0
Ostatni osobni naklady (celkem) 0 0 0 0 0
Socialni a zdravotni poji$téni a SF (FKSP) 52 52 94 0 0
Osobni naklady celkem 196 196 356 0 0

(finanéni Udaje se uvadéji jako celociselné hodnoty v tisicich K¢)

1. rok

2.rok

3.rok

4.rok

5.rok

Naklady celkem

338

395

620

0

0

Naklady z dalSich zdroji pfedpokladané za celou dobu feSeni projektu

(finan¢ni udaje se uvadéji jako celoCiselné hodnoty v tisicich K&)

1. rok 2.rok 3.rok 4.rok 5.rok
Ucelova podpora - dotace z jinych tuzemskych verejnych zdrojl (z jiné 0 0 0 0 0
kapitoly statniho rozpoctu nebo z rozpo€th uzemnich spravnich celki)
Podpora z ostatnich tuzemskych verejnych zdroji (nepatficich do 0 0 0 0 0
statniho rozpoctu nebo z rozpoétli tzemnich spravnich celkd)




15-02532S Cast B - rozpis finanénich poloZek

Podpora z neverejnych zdroju 0 0 0 0 0

Mira podpory 100 %
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GRANTOVA AGENTURA CESKE REPUBLIKY ééStB'Zdﬁvodnénifinanénich poloiek
Uchazeg: Matematicky ustav AV CR, v.v.i.
Navrhovatel: Mgr. Jan Komenda Ph.D.
Registraéni Cislo: 15-02532S

Specifikace a zdlvodnéni nakladl pro 1. rok feSeni

Cast B - zdtivodnéni finanénich poloZek je nedilnou souéasti navrhu projektu a obsahuje v souladu s ustanovenim Zadavaci
dokumentace €l. 3.2. specifikaci a zdivodnéni vS§ech poZzadovanych nakladu ze vSech zdrojl

Materialni naklady:
Pozadované financni prostfedky na materialni naklady ve vysi 5 tis. KE budou uréeny na nakup drobnych kancelarskych potfeb.

Cestovni naklady:

Cestovni naklady budou uréeny na podporu spoluprace se zahrani¢nimi kolegy, tedy na financovani aktivni u¢asti na vyznamnych
konferencich a na kratké vzajemné navstévy.

Konkrétné pak nasledujici védecké aktivity budou podporovany z cestovného (v celkové vysi 55 tis. K&) v roce 2015:

« aktivni U¢ast na konferenci European Control Conference ECC 2015, Linz, Rakousko, 15-17.7.2015, 2015: 15 tis. K&

« aktivni U€ast na konferenci 54th IEEE CDC (prosinec 2015): 30 tis. K&

* pozvani zahrani¢niho hosta (védce) do Brna, jen ¢astecné z navrhovaného projektu (kapesné a ubytovani), asi 10 tis. K&

Naklady na ostatni sluzby a nematerialni naklady:

Polozka ostatnich sluzeb a nematerialnich nakladu ve vysi 15 tis. K€ je uréena zejména na financovani konferencénich poplatk(. Konkrétné
bude z této ¢astky hrazen konferenéni poplatek pro feSitele na European Control Conference ECC 2015: celkem asi 15 tis. K&.

Zdavodnéni osobnich nakladd pro jednotlivé osoby:

Planované mzdy vychazeji z procentualniho uvazku na feSeni grantoveho projektu a z platnych mzdovych tarifi v Matematickém ustavu AV
CR.

Pro prvni a druhy rok projektu:

Mgr. Jan Komenda, Ph.D. - 11 980 K¢ (odpovida ¢astce 39 920 KE/FTE, 30% Uvazku, kategorie: FeSitel)

Odpovidajici ¢astka na socialni a zdravotni pojisténi a SF (FKSP) tedy Cini asi 52 tis. K& ro¢né a celkové osobni (mzdoveé) naklady jsou pak
ve vysi 196 tis. KE ro¢né.

Pro tfeti rok feSeni projektu:

Mgr. Jan Komenda, Ph.D.- viz vySe.

RNDr. T. Masopust, Ph. D. - 9 820 K¢ (odpovida ¢astce 32 720 K&/FTE, 30% Uvazku, kategorie: B).

Odpovidajici ¢astka na socialni a zdravotni pojisténi a SF (FKSP) tedy Cini asi 94 tis. K& a celkové osobni (mzdové) naklady jsou pak ve vysi
356 tis. K& v tfetim roku projektu.
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GRANTOVA AGENTURA CESKE REPUBLIKY Cast B - osobni naklady
Uchazeé: Matematicky Gstav AV CR, v.v.i.
Navrhovatel: Mgr. Jan Komenda Ph.D.
Registracni Cislo: 15-02532S

Osobni naklady pro uchazece pro prvni rok feSeni

Mzdy odbornych pracovniki

Jméno Prijmeni Pracovni Givazek na feseni (v % |Pozadavky na mzdy od GA CR
uvazku)

Jan Komenda 30 %

144

Mzdy technickych a administrativnich pracovnik

Souhrny pracovni Uvazek technickych a administrativnich pracovniku (v % uvazku) Pozadavky na mzdy od GA CR

Ostatni osobni naklady (na zakladé dohod o provedeni prace nebo dohod o provedeni €innosti)

Jméno, pfijmeni, pfipadné oznaceni (s) u studenta

Pozadavky od GA CR
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GRANTOVA AGENTURA CESKE REPUBLIKY

15-02532S8

Cast C2

Predpokladané vysledky projektu

stC2

1a. ¢lanek v odborném periodiku impaktovaném (druh vysledku Jimp) 6
1b. ¢lanek v odborném periodiku obsazeném v databazi Scopus (druh vysledku Jsc) 1
1c. ¢lanek v odborném periodiku neimpaktovaném (druh vysledku Jneimp) 0
1d. ¢lanek v ¢eském odborném recenzovaném €asopise (druh vysledku Jrec) 0
2a. odborna kniha (druh vysledku B) 0
2b. kapitola v odborné knize (druh vysledku C) 0
3. ¢lanek ve sborniku (druh vysledku D) 12
4. patent (druh vysledku P) 0
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GRANTOVA AGENTURA CESKE REPUBLIKY

Uchazec: Matematicky ustav AV CR, v.v.i.
Navrhovatel: Mgr. Jan Komenda Ph.D.
Registracni &islo: 15-02532S

Cast D2 - bibliografie

Uplné bibliografické tidaje o nejvyznamnéjsich vysledcich védecké a vyzkumné éinnosti definovanych v aktualné platné

Metodice hodnoceni vysledkl vyzkumu a vyvoje

koéd druhu
Vysledek vysledku

Pocet citaci (bez
autocitaci) podle
wos

Impaktni faktor
c¢asopisu nebo
kategorie ERIH

Pocet citaci

v oborech Casopis je zafazen
NRRE v databazi SCOPUS

1 J. Komenda, J. H. Van Schuppen, B. Gaudin, H. J
Marchand. Supervisory Control of Modular Systems
with Global Specification Languages. Automatica 44
(4), 2008, 1127-1134.

imp

8

2.919

Ano

2 J.Komenda, J. H. Van Schuppen. Modular Control of J
Discrete-Event Systems with Coalgebra. IEEE
Transactions on Automatic Control 53 (2), 2008, 447-
460.

imp

2.7118

Ano

3 J. Komenda, T. Masopust, J. H. Van Schuppen. J
Supervisory Control Synthesis
of Discrete-Event Systems using a Coordination
Scheme. Automatica 48 (2), 2012, 247-254.

imp

2.919

Ano

4 J. Komenda, J. H. Van Schuppen. Control of Discrete- J imp
Event Systems with Partial Observations Using
Coalgebra and Coinduction Discrete Event Dynamic
Systems-Theory and Applications 15 (3), 2005, 257-
315.

14

0.771

Ano

5 J. Komenda, T. Masopust, J. H. Van Schuppen. J
Synthesis of Controllable and Normal Sublanguages
for Discrete-Event Systems using a Coordinator,
Systems & Control Letters 60 (7), 492-502, 2011.

imp

1.667

Ano

6 J. Komenda, T. Masopust, J. H. Van Schuppen. On J
Conditional Decomposability, Systems & Control
Letters 61 (12), 1260-1268, 2012.

imp

1.667

Ano

7 J.Komenda, S. Lahaye, J.L. Boimond .Supervisory J
Control of (max,+) automata: a behavioral approach
Discrete Event Dynamic Systems 19 (4), 2009, 525--

549.

imp

0.771

Ano

8 J.Komenda, J. H. Van Schuppen. Control of discrete- J
event systems with modular or distributed structure
Theoretical Computer Science 388 (3), 2007, 199-226.

imp

0.489

Ano

Celkové pocty vysledkt definovanych v aktualné platné Metodice hodnoceni vysledkd vyzkumu a vyvoje za poslednich 5 let

1a. €lanek v odborném periodiku impaktovaném (druh vysledku Jimp) 7
1b. ¢lanek v odborném periodiku obsazeném v databazi Scopus (druh vysledku Jsc) 1
1c. ¢lanek v odborném periodiku neimpaktovaném (druh vysledku Jneimp) 1
1d. ¢lanek v ¢eském odborném recenzovaném ¢asopise (druh vysledku Jrec) 0
2a. odborna kniha (druh vysledku B) 0
2b. kapitola v odborné knize (druh vysledku C) 3
3. ¢lanek ve sborniku (druh vysledku D) 19

10




15-02532S8

Cast D2 - bibliografie

4. patent (druh vysledku P) 0
5. uzitny nebo primyslovy vzor (druh vysledku F) 0
6. poloprovoz, ovéfena technologie, odriida, plemeno (druh vysledku Z) 0
7. prototyp, funkéni vzorek (druh vysledku G) 0
8. poskytovatelem realizovany vysledek (druh v vysledku H) 0
9. specializovana mapa (druh vysledku L) 0
10. certifikovana metodika a postup (druh vysledku N) 0
11. software (druh vysledku R) 0
12. vyzkumna zprava obsahujici utajované informace podle zvlastniho pravniho pfedpisu (druh 0
vysledku V)

Celkovy pocet citaci véetné autocitaci na vSechny prace podle Web of Science 64
H-index podle Web of Science 5

11
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GRANTOVA AGENTURA CESKE REPUBLIKY

Uchazec:

Navrhovatel:

Registraéni &islo:

Matematicky tstav AV CR, v.v.i.
Mgr. Jan Komenda Ph.D.

15-02532S8

Udaje o b&zicich, navrhovanych a ukon&enych projektech navrhovatele

Projekty v sou¢asné dobé podporované

Poskytovatel / nazev programu:

MSMT

Reg. ¢./ zafazeni do CEP

LH13012

Panel

Nezkraceny nazev projektu

Viceuroviiové Supervizni Rizeni

Celkova vySe podpory pro uchazece nebo
spoluuchazece

1337

Doba feSeni od-do (roky)

2013-03-01 - 2015-12-31

Pracovni Uvazek:

20

Nazev instituce, ktera podporu pfijima:

Matematicky Gstav AV CR, v.v.i.

Role:

resitel

Vztah k podavanému navrhu:

Projekt MSMT spoluprace s Univerzitami v Ann Arboru a v Detroitu (USA), kde studujeme
viceuroviové supervizni fizeni systému s explicitni modularni strukturou. Projekt je na
rozdil od podavaného navrhu zaméren na éisté logické automaty s danou souéinovou

strukturou a nestudujeme v ném problematiku opozdénych a ztracenych komunikaci. Na

| projektu pracuje Jan Komenda se spolupracovnikem TomaSem Masopustem, |

V soucasné dobé nejsou zadné projekty navrhované

Prehled hodnoceni grantovych projektti GA CR ukon&enych v poslednich tfech letech, u kterych byl
navrhovatel feSitelem nebo spoluresSitelem:

Registracni Cislo Hodnoceni

P103/11/0517 dosud nehodnoceno

12



Czech Science Foundation — Part PD1 (Brief CV)

Applicant: Jan Komenda

Date and place of birth: August 18, 1971, Oace, Czech Republic

CONTACT Institute of Mathematics, Czech Academy of Sagsnc

ZiZkova 22, 616 62 Brno, Czech Republic, E-maibmenda@ipm.cz, komenda@math.cas.cz
Education:

M.Sc. (Mathematics) - Faculty of Sciences, Masadykversity, Brno (1994)
Ph.D. (Control theory ad computer science) - Ursitérde Franche-Comté, Besancon, France (1999)
Ph.D. (Mathematics) Faculty of Sciences, Masaryk/éhsity, Brno (2000)

Employment:

May 1999- April 2001: postdoctoral researcher attidenatical Institute of Czech Academy of Sciences,
branch in Brno, Czech Republic
May 2001-August 2003: postdoctoral researcher at BWsterdam, The Netherlands

September 2003-present: researcher at the IestfuMathematics, Czech Academy of Sciences, bramch
Brno, Czech Republic

Short positions or long visits abroad:

2000 research stay at ENSMM, Laboratoire d'Automquetide Besancgon, France, (1 month)
2002 research stay at University of Illinois at &imb-Champaign (UIUC), USA, (1 month)

2006 invited lecturer at University of Angers , irca, (3 months)
2007, 2012 invited lecturer at University of AngelFrance, (1+1 months)

Scientific activities:
e Talks at many (>30) international conferences antvéisity seminars abroad (>20)

e Investigator of the postdoc grant GBR 201/03/P077, NWO (Dutch organization for scieatif
research) project Coalgebra and Control (COCONR122003, EU Esprit LTR project Control and
Computation, 1ISO-2001-33520, 2003, and GAAV KJB 19609 (2006-2008), GAR 103/11/0517.
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1. Introductory motivation

In this research program we propose to investige® methodologies for decentralized
supervisory control of large discrete-event systédisS), especially those that do not benefit fram a
a priori modular structure in a form of synchromizgoduct of local subsystems. DES are dynamical
systems with discrete state spaces and event-ddiyeamics meaning that the state changes are not
governed by differential or difference equations$ tather by asynchronous occurrences of discrete
events. This is a typical feature of technologsyaltems often referred to as man-made systems. The
emergence of networked embedded systems and smtsator networks stimulated further
development of supervisory control of DES, in jaitar hierarchical, distributed and decentralized
control of large scale DES. These arise in teadmoal systems either directly or as a result of
various discretization techniques for more compldwbrid (cyber-physical) systems, which are
characterized by the coexistence of both evenedridynamics of the discrete part and continuous-
time dynamics of the continuous part. Typical exEspf models for cyber-physical systems are
timed and hybrid automata. The former model allaméy for trivial continuous dynamics using
variables called clocks, while the latter model mans general (including nonlinear) continuous
dynamics.

Many control problems for hybrid systems are thealted safety control problems in which
inclusion of the system behavior in a prescribethabor called safety specification is to be
guaranteed. It is then natural to apply discrétpaof timed and hybrid automata and recast the
original hybrid control problem as a supervisoryittol problem. There is an inherent problem with
the very large complexity of verification and catproblems for DES coming from real-word
systems such as embedded systems and in particaots stemming from discretization of timed or
hybrid automata.

Decentralized control with several controllers reicg each only part of the observations
and controlling only part of the events is a pdssibpproach. Since a reasonable solution to
decentralized control may not exist without comnsation between controllers, coordination control
has been proposed as a form of decentralized atomiith supervisors communicating via
coordinators for modular DES in the form of synetowos product of local automata.

The main motivation of this research proposal oifutrther develop multi-level coordination
control so that it can be applied to decentralisegervisory control with communicating local
controllers based on modular overapproximationhBmnirely logical (Boolean) automata as well as
those obtained as a result of a discretizationieghpdn a given timed or hybrid automaton will be
considered in this project. This is motivated by tfact that in the case of timed automata,
discretizations (known as regional or zone Bookeatomata) do not preserve the modular structure of
large timed automata, which are often represenyethd synchronous product of local (component)
timed automata. More precisely, the synchronoudymrbof discretized local timed automata yields a
different result than the discretization of theglaitimed automaton defined as the product of local
ones. It is to be expected that discretization lofbrid automata does not preserve the modular
structure either.

In order to face this serious issue new computalipnefficient approaches to decentralized
supervisory control will be proposed based on meitel coordination control with hierarchical
structure of subsystems and coordinators on diffefevels. We will compare computational
complexity of two methods of multi-level coordimmat control: the top-down approach and the
bottom-up approach, both applied to decentralizgevisory control. The contribution of this prdjec



will then provide new solutions to decentralizegeswisory control of large automata without a pgrior
known modular structure in the form of a synchzedi product of smaller automata. The proposed
approaches to decentralized control will be impleteé in the open-source software package
libFAUDES developed by researchers from the Unityecs Erlangen.

2. Stateof theart
2.1 Supervisory control of logical automata

Supervisory control theory has been proposed [R\Va8% formal approach for control of
logical automata with partial transition functiotisat aims to solve the safety issue (avoidance of
forbidden states given by control specificationsyl @aonblockingness (avoidance of deadlocks) that
rise in nowadays technological systems. If conspécifications are given informally, software
engineers must translate them into control softwaaaually. This is a time-consuming and an error
prone process, and moreover, the produced softweeels to be verified using model checking
techniques. Due to the growing complexity of tedbgmal systems the risk of a human error is so
high that the design of supervisory controllers teabe automated. The ultimate goal of supervisory
control is to develop formal theory that enablesaatomated synthesis of controllers that are correc
by construction so that further verification is noéeded. More concretely, given a control
specification describing required behavior of thystem, one has to construct a supervisor that
observes a subset of events (yielding a possibtyapénformation about the state of the plantflan
selects actuators, that can control the executiosome controllable events in order to meet the
prescribed specification language, which specdigsroperty of the system such as certain state$ mu
be forbidden. The specification language is aclielve running another automaton (supervisor) in
parallel with the original system so that the sfiediproperty is met by the parallel compositiorttu#
plant with its supervisor. Not every specificatianguage can be exactly achieved, because there are
uncontrollable events that cannot be prevented fnappening by any supervisor and unobservable
event whose occurrences cannot be monitored dirbgtithe sensors. Therefore, properties called
controllability and relative closedness have bergroduced as necessary and sufficient conditions on
a specification to be exactly achieved by the ddsep (controlled) system. Moreover, if the
controller has only partial access to the eventhefsystem (only part of the events are obseryable
the additional property of observability is needed a specification to be exactly achieved by the
closed-loop (controlled) system.

Supervisory control is based on the algebraic thebformal languages and automata theory
for DES represented by automata and their extesskmrt also on linear algebra for DES represented
by Petri Nets [SB 01], [BA 92], and [GSB 04]. dppears that complex concurrent systems are
typically built in a compositional way as synchrasoor asynchronous compositions of smaller
components. A major problem is that the computali@momplexity of the centralized supervisory
control desigris often considered prohibitive, because the glsipalem has an exponential number of
states in the number of components. Therefore,dutapapproach to the supervisory control of DES
modeled by products of finite automata has beewdoted in [WR 88] that aims at compositional
(local) control synthesis. The system is composédooal components (subsystems) that run
concurrently (in parallel), i.e. the global systésnthe synchronous product of local components.
Modular supervisory control of DES has been furt@reloped by many authors, notably in [WL 02]
structural conditions are derived for local comgiotaof (global) supremal controllable sublanguages
In practice, specification languages are not decmaple, but are rather defined over the global
alphabet, which means that global specificationgleages are much more relevant than local
specification languages. The case of global smatifins has been considered in [GM 04]. As is
shown therein, it is sometimes possible to exjlat modular structure of the plant and to avoid the
manipulation with the global plant. Using a sturat condition, called global mutual controllalyilit
requirement that all shared events have to coabldl has been weakened in [KvS 08b] to the
assumption that events shared by two or more lsghsystems must have the same controllability
status in all these subsystems. Under these assmspt is still possible to compute the optimal
supervisor locally, i.e. without having to constrtiee global plant language. The modular approach



has been generalized to partially observed sysienj&vS 08a], where necessary and sufficient
conditions for local control synthesis to equalbglbcontrol synthesis are presented.

However, some systems do not benefit from explieitdular structure in the form of a
product of concurrent components. Decentralizecsigory control has been proposed in [CV 8],
and further developed in [RW 92] and [YL 02]. #& $imply based on the distribution of overall
actuator and sensor capabilities among several lomatrol agents called supervisors, which is
motivated by decreasing computational complexigchesupervisor can issue its own control decision
on enabling or disabling of an event based onwis (partial) observation of the system behavior,
which is formally given as a natural projectiontleé system’s behavior. The global control action of
the decentralized control architecture is thenmgilg a fusion rule on the local control actionsefkh
are many different control policies that are basedwo elementary ones, namely the conjunctive and
permissive (C&P) policy, and the disjunctive andigarmissive (D&A) policy. For any such a
decentralized control architecture, a correspondutgpn of coobservability has been proposed, which
together with controllability and relative closedseform necessary and sufficient conditions to
achieve a specification as the resulting behavigneclosed-loop system.

An interesting approach to ensure coobservabditya specification is to extend locally
observable events by communication among local rsigmes. There are decentralized control
problems that cannot be solved without enrichingally observable events via communication.
Decentralized control with communicated supervisargere an occurrence of transitions visible to
one supervisor can be communicated to other sigmesyihas been studied in [BL 00] and [RR 00]. A
more recent approach based on synchronization vaoth communication language is presented in
[RC 11] with several other recent references onttipec. Nowadays, there exist more advanced
architectures of decentralized supervisory conseth as with conditional decision (inferencing).[Y
04] or even multi-level inferencing [TK 08].

Almost all results available in the literature po® existence results, and there are only a few
papers providing constructive results, namely, htowcompute a controllable and coobservable
sublanguage of a specification that fails to sgtififiese properties. It is considered as a
computationally difficult problem, but the existenaf a set of local supervisors that enforce tletga
specification (meaning that the behavior of thetiled system is included in the specification) is
still decidable when nonblockingness is not reqlitamlike the general problem. If the marked
language of the controlled system has to be indudethe specification and nonblockingness is
required, then the existence of local supervisasstieen shown undecidable in [Th 05] and [Tr 04].

The term coordinator has first appeared in the DEE&ture in [LW 90]. Coordination control
approach has been recently developed for modul&, BE [KMvS 12]. Coordination control may be
seen as a reasonable trade-off between a purednulalized (modular) control synthesis, which is in
some cases unrealistic, and a global control sgighavhich is naturally prohibitive for high
complexity reasons. It is useful in the generalecaghere conditions for local control synthesis to
equal global control synthesis are not satisfied/@nthe composed system is blocking. The concept
of a coordinator is useful for both safety andrfonblockingness in [KMvS 14]. The complete closed-
loop then consists of the coordinator, its superyiand the local supervisors for the subsystems.
Necessary and sufficient condition, called cooddil controllability, for control synthesis usirfget
coordination control architecture has been studiedKMvS 12] together with a procedure for
computation of the supremal conditionally controléasublanguage of a given specification. We have
also extended coordination control for non prefosed specification languages [KMvS 14] and
partial observations [KMvS 11]. Multi-level coordition control with existential results for the top-
down architecture has been presented in [KMvS H8wvever, coordination control has only been
developed for automata with explicit modular (cament) structure, which is missing in decentralized
control that deals with monolithic plants. Notettha extension of coordination control to the gaher
framework of decentralized control is also neededstipervisory control of timed automata, because
untiming abstraction (known as region automatagdus preserve the concurrent structure.

An important issue of supervisory control is togakto account communication delays and
losses of communication. It is natural that comroation among supervisors as well as information
flow between observers and supervisors and betwaparvisors and actuators induces delays and
losses. Typically, supervisors may not observeottgirrence of an event until after some delay. More
seriously, the message may be damaged or lostsa tupervisor may never see its content, i.e. the



occurrence of an event. In the same way, a cod#&oaision of the supervisor may not reach the plant
in time for an effective control. Until recently,Has been commonly adopted that the communication
between a plant and its supervisor is instantaneousis so fast that delays do not affect control
decisions and can be neglected. The authfic 44] was the first to assume that there are delays and
losses in both parts of the supervisory controbidn communication from the plant to the superxiso
which is for sensing (observation), and in the camitation from the supervisor to the plant, whigh i
for actuating (control). It is assumed therein thase communications may be delayed or lost.

2.1 Supervisory control of hybrid and timed autcanat

Hybrid (sometimes called cyber-physical) systemmlmioe event triggered discrete-event dynamics
with time triggered dynamics driven by differeh@guations, a standard model for continuous time
systems. Typical examples of hybrid models are idyautomata (HA) [HK 95] that combine the
traditional finite automata with continuous dynamiaf the physical world. HA are finite automata
extended with continuous variables that evolveegitbontinuously in time or have discontinuous
jumps whenever a discrete event occurrs. In hybutbmata, sets of differential equations and
algebraic equations specify dynamics of the sysééreach discrete location, and finite automata
specify discrete changes of dynamics of the sy$tem one set of equations to another. This model is
useful for describing systems that interact witle gbhysical world such as embedded systems
encountered in many technological systems. Wheybad automaton stays in a location, variables
are updated continuously according to the diffeéabmtguations until a discrete transition is taken
the invariant condition of the location is violatedl discrete transition can be taken whenever the
associated condition (guard) is true. When thestt@m is taken from one location to another, the
differential equations belonging to the new desiima become effective immediately, and the
variables continuously evolve according to thoss aquations.

Timed automata (TA) of Alur and Dill [AD94] formnaimportant subclass of hybrid
automata in which all continuous variables are kdomeaning they have derivatives equal to 1. TA
are finite-state machines endowed with a set ofimoous variables called clocks that operate like
stopwatches and measure the time that has elajpsediseir last reset. Still it is a very generaidel
for timed DES because clocks can be read and tradires are used in definitions of discrete
transitions upon which some specified clocks asetréo zero. State reachability is decidable fag th
sub-class (unlike general HA), which makes TA w@portant formalism for verification. For real-
time discrete event systems both discrete and densanodels have been studied, where dense time
models are more popular, because they are moreagdec¢han discrete time models.

It is well known that timed automata have finitsitsiulation quotients under so-called region
equivalence relations on clock vector values. Thetignt automata are finite automata known as
region automata. Similar discretization technigo@ge been proposed for hybrid systems in [AH 00].
Unfortunately, TA also suffer from undecidabilitesults [AD 94] that have been established for
several fundamental problems such as checking wdli¢yg and inclusions of their behaviors (timed
languages) or checking universality, while non engsis and reachability are decidable. Moreover,
TA are not closed under complementation and thews chot exist a terminating determinization
procedure for nondeterministic TA. Supervisory cohhas been extended to timed automata using a
game-theoretical approach, where the existence cbraroller corresponds to the existence of a
winning strategy of the game [AMPS 98] and it isdhon corresponding region automata.

Conceptually much simpler models of timed systewres (max,+) automata, proposed by
Gaubert in [Gau 95]. Nondeterministic (max,+) auaten model an important class of TDES,
exhibiting both synchronization of tasks and resewsharing (choice) phenomena. (Max,+) automata
are weighted automata with weights (multiplicitiaterpreted as duration of events) in the so called
(max,+)-semiring. We have studied their supervismmtrol in [KLB 09a], where it is shown that for
control problems the use of nondeterministic (mpautomata is very limited, because rational {ini
state) controllers can essentially be obtained datyplants modeled by deterministic (max,+)-
automata. It is however known that not all (maxatijemata have equivalent deterministic ones. This
has serious consequences in supervisory cont{ohax,+)-automata and interval automata, which are
weighted automata in a semiring of real interv@itse results of [LM 06] and [KLB 09a] imply that



nondeterministic representations of concurrent {jalock) timed systems are not very useful for
supervisory control of weighted automata, becaasieral controllers cannot be obtained. This is a
major motivation for developing new techniquesdeterminization of weighted automata.

We have introduced deterministic synchronous prbdac[KLB 09b] over an extended
alphabet that may contain sequences of originahtevelhis product has been applied to modular
control of synchronous products of (max,+)-automatimg the coalgebraic framework in [KLB 12].
Sufficient conditions have been presented undeclwbiosed-loop behavior with local control equals
closed-loop behavior with computationally expengiabal control.

However, these results cannot be generalized tdaglo specifications that are not
decomposable and direct extension to coordinationtrol of weighted automata is also not
straighforward due to the fact that there might exast finite state observer (projected) automata f
(max,+)-automata. This is related to the determaiion issue of (max,+)-automata: for a non
deterministic (max,+)-automaton there does not ywexit a finite state deterministic one having the
same behavior [LM 06].

We have proposed in [LKB 14] synchronous productdeferministic (max,+)-automata,
which are nondeterministic (max,+)-automata capalblenodeling many realistic real-time systems
such as asynchronous circuits and represent anaalsotrade-off between expressive power and
tractability. This result of this product is betwsited for determinization, which is currently end
investigation.

3. Main goals of the project and our solution approach.

The main goal of this project is to propose efficient methods for decentralized
supervisory control of large systems that do have an a priori modular structurein a form of
synchronized product of local subsystems. It will be based on application of multi-level
coordination control to decentralized supervisooptool with communicating controllers. This will
bring new constructive results to decentralizedesuipory control of purely logical, but also timed
and hybrid systems for which discretizations dopreserve their modular structure.

3.1 Logical systems

The main idea of this project is that the initiablplem of decentralized control will be
transformed into a coordination control problem rmgvio modular over-approximation according to
natural projections on events observable by |mglervisors. This way efficient constructive
techniques of multi-level coordination control withierarchical structure of subsystems and
coordinators on different levels will help to contg@ controllable and co-observable sublanguage of
the specification language. However, we have omdyetbped coordination control based on the
notion of conditional decomposability that is relhtto standard (conjunctive and permissive)
coobservability and can hopefully be further refine For instance, it is mentioned above that
conditional (inference based) architectures hawnlpgoposed for decentralized supervisory control.
It is clear that these architectures will requineupdated form of the coordination control of mauatul
system that should be developed first so thatritbmapplied to these inference based architectires
particular, we will find a new notion of conditidndecomposability that will correspond to inference
coobservability (under mild conditions imposed ocally controllable and observable event sets) in a
similar way as decomposability is related to staddaobservability.

Once a more general coordination control framevisriteveloped, it will be extended to the
multi-level setting with hierarchical structure gfoups of subsystems and their coordinators and
applied to decentralized control by using modulaerapproximation. This overapproximation
consists in replacing the plant with the synchr@nproduct of its projection to alphabets of local
supervisors. The obtained constructive results pridvide new types of communication protocols,
where groups of subsystems communicate via aoatalis on different layers of the hierarchy. We
will compare computational complexity of two complentary approaches to multi-level control: top
down approach and bottom-up approach. In the teydapproach the coordination control design
starts at the top level by computing first a cooatlor on the high level and by (conditionally)



decomposing the specification in the top-down manfben a coordinator is computed for each
group on the low level. Finally, at the bottom leYecal supervisors must be computed for all
individual subsystems combined with the group cowidrs. Unlike the bottom-up approach no
supervisors are needed on the upper levels of thearbhy, because the specification has been
decomposed in the top-down manner with coordinatordifferent levels so that safety will be
guaranteed.

In a complementary, bottom-up approach, the contiputaproceed from the low lovel to the
high level, where the partial results computedhatlow level are reused. Both bottom-up and top-
down approaches have then their advantages andviecients and these will be compared with the
emphasis to their application to decentralizedtrobnSince it is well known that no (globally)
optimal solutions to decentralized control existgeneral, the optimality will be investigated with
respect to the associated coordination controllprod, where optimal solutions exist.

We will take into account communication delays dondses of communication. In the
centralized setting with a single supervisor thesaes are quite well understood, but it is soll the
case in modular and decentralized control. It is gan is to incorporate robust solutions to these
issues into our approach based on multi level doatidn control of modular and decentralized DES.

Last but not least, the proposed approaches tottatized control will be implemented in the
open-source software package libFAUDES, where oalimpinary results on coordination control
with one central coordinator are already impleménkgrstly, the extension of coordination contiml t
the multi-level setting with both bottom-up and 4i@vn approaches will be implemented and then
the corresponding constructive approches to desder@d control will lead to software tools for
computation of decentralized supervisors.

3.2 Decentralized control of timed and hybrid automata

Concerning timed and hybrid automata, the liteeatur their model checking is abundant, but
there are little works on supervisory control ahéid and hybrid automata, especially on their
decentralized control. Since it does not seemiplesso develop decentralized control for general
timed automata directly (we have done this onlythar class of (max,+)-automata in [KLB 12]), we
will apply decentralized control on correspondiegion automata. The only implementable approach
to control of TA is based on their discretizatiarseng well known region construction. Control ;A T
with complete observations is decidable, even thdhg size of region automata grows exponentially
with the number of clocks and the greatest timestam used in guards and resets. This renders
centralized control of little practical interest fiarge TA. Moreover, large scale timed automat ar
represented as synchronous products of many sntiafied automata, where the number of clocks is
often quite large. Unfortunately, discrete abstoast of timed automata (known as region or zone
Boolean automata) do not preserve the synchronwodugt. Indeed, synchronous product of
discretized local timed automata yields a differeesult than discretization of the large timed
automaton defined as the product of local oness b be expected that discretization of hybrid
automata does not preserve the modular structtiverei

Hence, modular and coordination control we havestiged (and are further developing) for
logical automata cannot be applied directly. Indte@ rely on the application of coordination cohtro
to decentralized control of monolithic plant. Icfawhat still remains from the modular structuftera
the discretization of a modular timed automatothesdistribution of events into local events ofdbc
timed automata (modules). It is then natural t@te modular structure on the discretized (region)
automaton based on overapproximation by the syncu® product to these local events. Note that
controllability of a solution computed for this e@pproximation will not be lost, because
controllability with respect to the overapproxinaaticlearly implies controllability with respect tioe
original region automaton without the modular stuoe that has in general smaller language. Once
we have created an auxiliary modular structureddgmentralized control problem will be transformed
into a coordination control problem. In order tohiewe a maximum saving on computational
complexity two generalizations of coordination gohtleveloped earlier in the project will be apglie
the multi-level coordination control with hierarchl structure of subsystems and coordinators amd th
novel framework based on the notion of conditiodatomposability corresponding to inference
conjunctive and permissive coobservability.



We will also investigate decentralized supervisoontrol of large automata stemming from
discretizations of hybrid automata, which will beetul for some control problems for hybrid systems,
where safety (avoidance of dangerous states) im#ie issue.

Finally, it is our plan to continue the investigatiof weighted automata and to apply new
modeling paradigms based on the nondeterministichspnous product of [LKB 14] to their
supervisory control. As we have mentioned, superyisontrol can only be efficient for deterministic
plant models, and therefore, we will investigatevredgorithms for determinization of (max,+) and
interval automata that will enable us to compugtiral projections and to introduce the cornereson
of the coordination control: conditional decompadkigband conditional controllability directly on
timed behaviors: formal power series. As a firgfpstowards this goal we have derived a language
based sufficient condition for determinization ohak,+)-formal power series. This condition is
known in Petri net literature as bounded fairn@sfuture approach is to impose this condition oa th
original (max,+) automaton by restricting the systebehavior so that bounded fairness holds (and
determinization can be done) on the restrictecesyst

4. Inter national cooperation and impact of the resear ch project

The applicant has established scientific coopanawth several research teams in Europe,
North America, and Turkey. The longstanding scfentooperation with Prof. J. H. van Schuppen
from TU Delft (formerly CWI, The Netherlands) oretbopic of control of logical DES has been very
fruitful as well as the cooperation with Prof. JBoimond and his team from Univesity of Angers
(France) on control of timed DES. Recently, new paration has been established with Prof. S.
Lafortune from University of Michigan (Ann Arbor, $A) and Prof. F. Lin from Wayne State
University (Detroit) on the topic of modular DES.

The plan is to further develop the existing coopens and to restart cooperation with Dr.
Hervé Marchand (INRIA Rennes) on modular contral aith Prof. K. Schmidt (Cankaya University,
Turkey) on hierarchical control (the results ofrarehical control are needed in coordination cdptro
and to create new cooperations with other teantsattegahighly active in control of DES and hybrid
systems, in particular with Prof. J. Raisch (TU IBg¢rand Prof. G.J. Pappas (University of
Pennsylvania), experts in discretizations of hyksigtems and their supervisory control.

The development of new efficient approaches to gy control of discrete-event and hybrid
systems with their implementation in new or exigtitools is a very important task of research
community in discrete event and hybrid systems.sétsystems and supervisory control problems can
be encountered in wide infrastructures or manufarguorganizations. Possible application domains
are among others: supervisory control and verificabf high-tech systems (e.g. complex printers,
avionic systems), hierarchical control of road rarkg; coordination control of autonomous vehicles.
Our approach also allows for updating controllersai modular way when changes occur in these
infrastructures, but still guaranteeing correctrafien (safety) of the whole system. The resultsave
planning to develop should contribute to the agpion of supervisory control techniques by offering
scalable methods and algorithms based on decesttatind coordination control architectures for
both logical and real-time systems.

5. Time schedule of the project

The project is planned for the duration of threarg. During the first year (2015) multi-level
coordination control developed just before the gubjtarted (2013-2014) will be further developed
and applied to the decentralized control of log@malomata without product structure. In particular,
results on robustness of multi-level coordinati@mtool with respect to communication delays and
losses will be established. Multi-level coordinatioontrol will be extended to the case of partial
observations, where local supervisors on the boléwal and supervisors for coordinators on différen
levels of the hierarchy can observe only propesstghof their respective event sets. Computational
complexity and resulting closed-loop languages ahliop-down and bottom-up approaches will be
compared. At the same time, determinization of (mpand interval-weighted automata will be
studied and newly obtained results on determironatvill be applied to synthesizing controllers for
these automata.



Second year will be mostly spent on generalizimgrdination control framework to cope with
inference based decentralized control and the naaireed results on coordination control will be
applied to decentralized control of plants witheobdular structure. Concretely, computation of
sublanguages of specification languages that angraltable and inference coobservable will be
investigated. Optimality (maximal permissiveneaith respect to coordination control framework
will be studied, especially in the case of partibservations, where no results on optimality of our
coordination control approach are known at all.

The third year will be devoted to the applicatidntloe results of the first two years to the
supervisory control of timed and hybrid automatadohon modular overapproximation of their
discretizations. Constructive solutions to the déedized supervisory control problems obtained
during the first two years will be applied to thesedular overapproximation (with synchronous
product structure). New results on multi-level abpation control of modular DES and the
constructive results on decentralized control b&limplemented iibFAUDES.

There are no formal delivrable documents planned this project, but publication at
prestigious conferences and in the top journalsipd below describing the above planned results
will play the role of delivrables. The estimatedwher of publications is given at a different pdtt o
this proposal. The expected distribution of thelgakions is four conference publications (D) every
year, during the first year one, second year twa the third year three journal publications (Jimp).
One publication in a Scopus journal (Jsc) is exgakdiuring the third year. Another type of deliveabl
is to extend the functionalities of the coordinatmontrol plug-in that is now part tbFAUDES to
multi-level coordination control and to decentratizcontrol.

6. Justification of financial means

The research team is formed by the applicant (nmaestigator) and his local collaborator Dr.
Tomas Masopust who is currently on leave in Germany he will work during the third year. Both
researchers have gained necessary qualificatioregperience in the field during their postdoctoral
stays abroad and subsequent longstanding intena&tooperations.

The requested budget is composed of personal dostdan Komenda (0.3 full time
equivalent, while the remaining 0.7 fte will be ghdiy the Institute of Mathematics of the Academy of
Sciences) and travel costs to be used for strengi®ur international cooperation and dissemimatio
of results at conferences that will be very impoirtr a successful run of the project. For thedthi
year, Dr. T. Masopust will join the team and hetpoag others with software implementation (0.3
fte). The financial support of this proposal witbwer travel costs for conferences and part of the
exchanges (in the form of short scientific work itg)s with colleagues from leading foreign
institutions. The dissemination of the researchlteamong the members of the scientific community
will be made mainly by participation in confereaand workshops and publication in the relevant
top quality journals. In particular, we plan to fgipate in the following meetings: IEEE Conference
on Decision and Control (CDC), European Control femnce (ECC), IFAC Workshop on Discrete
Event Systems (WODES) and publish in the followjagrnals: Automatica, IEEE Transactions on
Automatic Control, Systems and Control Letters,cibege Event Dynamical Systems: Theory and
Applications.
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