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Ing. TomaS Richta se ve své disertaci zabyvd ndvrhem a implementaci distribuovanych fidicich
systémti (DCS) na bazi diskrétnich udalosti. Konkrétné se zaméfil na problematiku dynamické
rekonfigurovatelnosti fidictho softwaru na uzlech s omezenymi zdroji, pouZzitelnymi v rdmci internetu
véci (IoT).

Néamét prace odpovida oboru disertace a je aktudlni. Problematika IoT a Industrial IoT je v soucasné
dobé vyznamnym tématem vyzkumu a vyvoje na mnoha pracoviStich. Specifickym tématem, které je
stdle aktudlni a zasluhuje pozornost, jsou metody a nastroje pro vyvoj fidicich aplikaci, které jsou
schopny rychle reagovat na ménici se poZadavky na funkcionalitu a strukturu fidiciho systému béhem
jeho provozu, a to idedlné€ bez nutnosti ho restartovat.

Doktorand na zakladé analyzy aktudlniho stavu poznani v rdmci tématu stanovil dil¢i cile: (1) Vyvinout
formaln€ definovany proveditelny specifikacni jazyk, pfimo interpretovatelny na uzlech s omezenymi
zdroji, (2) umoZznit dynamickou rekonfiguraci pouzitim vhodné komponentni architektury, (3) umoznit
zapojeni doménovych experti do vyvoje aplikaci pouZzitim vysokotroviiovych doménové specifickych
jazykd, které lze transformovat do komponentniho formalismu uvedeného vyse, a (4) umoZnit migraci
komponent v rdmci systému.

Jako zakladni formalismus jsou pouZzity vysokouroviiové Petriho sité, konkrétné Reference Nets. Autor
pocita s tim, Ze interpret podmnoziny tohoto formalismu bude zdkladni vybavou uzll distribuovaného
fidicicho systému. S vyuzitim tohoto formalismu definuje vicevrstvou architekturu, zahrnujici model
komunikacéni infrastruktury, model operacniho systému pro uzly distribuovaného systému a modely
jednotlivych komponent fidici aplikace. Celkovy model je pak simulovatelny a analyzovatelny v
prostiedi nastroje RENEW. Modely opera¢niho systému i jednotlivych komponent fidici aplikace pak
mohou byt po transformaci do odpovidajici podoby piimo interpretovdany na uzlech DCS. Operaéni
systém uzlu DCS umoziiuje komponenty aplikace instalovat, aktivovat, deaktivovat a odinstalovat.

Pro demonstraci moznosti modelovat fidici aplikaci vysokouroviiovéjSim jazykem nez Reference Nets
doktorand navrhl a realizoval prostiedky pro transformaci varianty workflow nets a konkrétniho
doménové specifikého jazyka (DSL) do podmnozZiny formalismu Reference Nets. Taktéz realizoval
transldtor z podmnoZiny Reference Nets do podoby, ktera je schopna béhu na uzlech DCS. Nakonec
autor predstavuje pripadové studie a experimenty, demonstrujici moznosti praktického vyuziti
navrzenoho konceptu.

Za originélni a hlavni pfinos diserta¢ni prace povazuji koncept operacniho systému na bazi Petriho siti,
schopného béhu na uzlech DCS na libovolné urovni fizeni, spolu s konceptem metody tvorby fidicich
aplikaci moduldrnim stylem.



Koncepce jednotlivych krokti v ramci navrhovaného pfistupu byla experimentdlné ovéfovana
prototypovymi implementacemi. Vzhledem k pomérné velkému casovému rozpéti, kdy byly jednotlivé
faze projektu feSeny, a vzhledem k posouvajicim se prioritdim vyzkumu v jednotlivych fazich (napf.
béhem zahranicni stdze) byla postupem casu vytvorena fada variant operacniho systému i souvisejicich
nastroji pro transformaci a interpretaci modeli. Jedna z prvnich variant opera¢niho systému,
umoziujici instalaci a potencidlné i rekonfiguraci systému, byla dlouhodobé tspésné provozovéna jako
soucdst systému fizeni vytapéni a osvétleni v domé autora tohoto posudku.

Diky tad€ verzi modeli a variant platformy neni vysledkem jeden kompaktni ndstroj, umoziujici end-
to-end podporu navrzené metodiky jako celku. Misto toho byl diraz kladen na navrh a experimetdln{
ovéreni dilé¢ich kroki s vyuzitim definovanych modeli a jejich transformaci. Vysledkem je v podstaté
vzor, ktery lze v piipadé potieby pfizpisobit pro konkrétni aplikacni oblast. Cile prace byly splnény.

Podstatné C¢asti predkldadané disertaCni prace byly publikovdny v osmi clancich ve sbornicich
mezindrodnich konferenci, specializovanych na fidici systémy, softwarové inZenyrstvi a Petriho sité.

Tyto publikace maji ohlasy formou citaci.

Disertacni priace pana Ing. TomdsSe Richty podle mého nédzoru odpovidd obecné uzndvanym
pozadavkim k udéleni akademického titulu Ph.D. a doporucuji ji k obhajobé.

V Brné dne 17.1.2022

Doc. Ing. Vladimir Janousek, PhD.
UITS FIT VUT v Brné
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Tomd4s Richta's dissertation deals with the design and implementation of distributed control systems
(DCS) based on discrete events. Specifically, he focused on the problem of dynamic reconfigurability
of control software on resource-constrained nodes applicable to the Internet of Things (IoT).

The topic of the thesis corresponds to the field of the dissertation and is ongoing. 10T and Industrial IoT
issues are currently an important research and development topic in many departments. A specific topic
that is still relevant and deserves attention is methods and tools for developing control applications that
are able to respond quickly to changing requirements on the functionality and structure of the control
system during its operation, ideally without the need to restart it.

Based on an analysis of the current state of knowledge on the topic, Tomas Richta set the following
sub-goals: (1) Develop a formally defined executable specification language directly interpretable on
resource-constrained nodes, (2) enable dynamic reconfiguration using an appropriate component
architecture, (3) enable the involvement of domain experts in application development using high-level
domain-specific languages that can be transformed into the component formalism described above, and
(4) enable component migration within the system.

High-level Petri Nets, specifically Reference Nets, are used as the underlying formalism. The author
envisages that the interpreter of a subset of this formalism will be a basic feature of the nodes of the
distributed control system. Using this formalism, he defines a multi-layered architecture, including a
model of the communication infrastructure, a model of the operating system for the nodes of the
distributed system, and models of the individual components of the control application. The overall
model is then analyzable in the RENEW tool environment. The models of the operating system and the
individual components of the control application can then be directly interpreted on the DCS nodes
after transformation into the appropriate form. The DCS node operating system allows application
components to be installed, activated, deactivated and uninstalled.

To demonstrate the ability to model a control application with a more high-level language than the
Reference Nets, Tomas Richta has designed and implemented the means to transform a kind of
workflow nets and a specific domain-specific language (DSL) into a subset of Reference Nets. He also
designed and implemented a translator from the Reference Nets subset to a form that is capable of
running on DCS nodes. Finally, the author presents case studies and experiments demonstrating the
practical applications of the proposed approach.

I consider the concept of an operating system based on Petri Nets, capable of running on DCS nodes at
any level of control, together with the concept of a method for creating control applications in a
modular style, to be the original and main contribution of the dissertation.



The design of each step in the proposed approach was experimentally verified by prototype
implementations. Due to the relatively large time span over which the different phases of the project
were addressed, and due to the shifting research priorities in each phase (e.g., during a foreign
internship), a number of variants of the operating system and associated tools for model transformation
and interpretation were developed over time. One of the first variants of the operating system, allowing
installation and possible reconfiguration of the system, was successfully operated for a long time as part
of the heating and lighting control system in the house of the thesis supervisor.

Due to the number of model versions and platform variants, the result is not one compact tool, allowing
end-to-end support of the proposed methodology as a whole. Instead, the focus was on the design and
experimental validation of the sub-steps using the defined models and their transformations. The result
is essentially a template that can be adapted to a specific application domain if required. The objectives
of the work have been met.

Substantial parts of the dissertation have been published in eight papers in the proceedings of
international conferences specialized in control systems, software engineering and Petri nets. These

publications have received feedback in the form of citations.

In my opinion, Tomas Richta's dissertation meets the generally accepted requirements for the academic
degree of Ph.D. and I recommend it for defence.

Brno, 17.1.2020

Doc. Ing. Vladimir Janousek, PhD.
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