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What is DES?



PhD program
➢All in English

➢Scholarship opportunities (100,000~20,000JPY/month)

➢Two calls per year

Application Deadline       Onine Interview       Program Start
1.   early December mid February April 1
2.    early June                       late August              October 1



Questions

• Supervisory control theory?

• Control theory?

• Murray Wonham?

→ this talk

→ similarities & differences

→ creator 



What is discrete-event systems (DES)?

• Dynamic system with
➢Discrete state set
➢Discrete and event-driven state transitions

• Examples: 



Why Supervisory Control of DES?

• Hybrid control

• Computers/networks

• Multi-agent path planning 
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Why Supervisory Control of DES?

• Hybrid control

• Computer/networks

• Multi-agent path planning 



Content
1. Create an automaton

2. Properties of automaton

3. Synchronous product of automata

4. Feedback control loop

5. Controllability

6. Optimal supervisory control design

DES model

DES control



Create an automaton



A printer
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DES model: automaton
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PyTCT



PyTCT

• Download → install → local use

• Download-free, install-free → browser-based online use 

https://omucai.github.io/PyTCT-docs/

https://jupyter.caikai.org



PyTCT
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PyTCT import and initialization



PyTCT create



PyTCT display_automaton



PyTCT information extraction



PyTCT information extraction



State transition as function



State transition function
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Multi-step transition



Strings



Strings



State transition function
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Automaton as dynamic system

· · ·

bell

Internal state 
transitions

Beeps when a 
transition enters 
a marker state



Automaton as dynamic system



Automaton as dynamic system



PyTCT simulate



PyTCT sample



PyTCT sample

(“Datascience” environment)



Properties of an automaton



Reachable



Coreachable



Trim



Nonblocking
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PyTCT reachable



PyTCT coreachable



PyTCT shortest path



PyTCT nonblocking



PyTCT trim



Synchronous product of 
automata



Printer and User
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Printer and User
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Printer and User
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Printer and User
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Printer and User
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Printer and User
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Synchronous product: definition



Synchronous product: definition



Printer and User
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Event blocking

0 1 2

0 1 2



Synchronously nonconflicting



PyTCT create



PyTCT create



PyTCT sync



PyTCT sync



PyTCT sync



PyTCT nonconflicting



Recap
1. Create an automaton (create)

2. Properties of automaton (trim)

3. Synchronous product of automata (sync)

4. Feedback control loop

5. Controllability

6. Optimal supervisory control design

DES model

DES control



Feedback control loop



Supervisory control theory



A printer with SOLD state
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A warehouse with traffic lights
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PyTCT create (controllable events)



PyTCT display_automaton (color)



PyTCT create (controllable events)



PyTCT display_automaton (color)



Specification: control requirement



Specification: control requirement
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Specification: control requirement
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Supervisory controller



Feedback control loop



Closed-loop system



Closed-loop system



PyTCT subautomaton



PyTCT subautomaton



Controllability



Closed-loop system
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Controllability
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Controllability



PyTCT is_controllable



PyTCT is_controllable



PyTCT uncontrollable_states



Optimal Supervisory Control
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Controllable subspecification



Largest controllable subspecification



How to compute 
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PyTCT supcon



PyTCT supcon



PyTCT conact



Recap
1. Create an automaton (create)

2. Properties of automaton (trim)

3. Synchronous product of automata (sync)

4. Feedback control loop (subautomaton)

5. Controllability (is_controllable)

6. Optimal supervisory control design (supcon)

DES model

DES control



Slides and codes are available:
caikai.org/invitation-scdes



Further reading
Books
• Wonham and Cai, “Supervisory Control of 
    Discrete-Event Systems”, Springer, 2019
• Cai and Wonham, “Supervisor Localization”, 
    Springer, 2016

Tutorial papers
• Cai and Wonham, "Supervisory control of discrete-event 

systems", Encyclopedia of Systems and Control, 2nd ed., 
Springer, 2020.

• Cai, "Supervispr localization", Wiley Encyclopedia of 
Electrical and Electronics Engineering, 2019

• Wonham, Cai, and Rudie, "Supervisory control of discrete-
event systems: a brief history", Annual Reviews in Control, 
vol. 45, pp. 250-256, 2018.
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Bonus
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Bonus



Bonus (remote lab to be available)



Thank you for listening
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