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Machine-Warehouse Example

WAREHOUSE
MACHINE

• A machine processing workpieces

• A warehouse storing �nished workpieces
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Machine

MACHINEMACHINE

Starts processing 
a workpiece

Finishes processing
a workpiece

(IDLE) (BUSY)

• Initially, the machine is IDLE

• Once it starts processing a workpiece it is BUSY

• Once it is BUSY it can �nish processing a workpiece (this event

must always be possible)

• The machine can process an in�nite number of workpieces
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Automaton for Machine

MACHINEMACHINE

Starts processing 
a workpiece

Finishes processing
a workpiece

(IDLE) (BUSY)

• States?

• Events and transitions?
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Automaton for Machine - States

MACHINEMACHINE

Starts processing 
a workpiece

Finishes processing
a workpiece

(IDLE) (BUSY)

IDLEstart BUSY

start

�nish
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Warehouse

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a 
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a 
workpiece

• The warehouse has a capacity of two workpieces

• Initially, the warehouse is EMPTY

• Synchronization: when the machine �nishes processing a workpiece,

the workpiece is stored in the warehouse

• At any time, the warehouse can remove a workpiece (if any)
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Warehouse

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a 
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a 
workpiece

• States?

• Events and transitions?
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Warehouse

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a 
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a 
workpiece

EMPTYstart HALF FULL

�nish �nish

removeremove
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

(Initial, Marked)

Parallel composition

{I ,E}

start
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

(Initial, Marked)

Parallel composition

{I ,E}

start

{B,E}start
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

(Initial, Marked)

Machine finishes 
processing a 
workpiece

Parallel composition

{I ,E}

start

{B,E} {I ,H}start �nish
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

(Initial, Marked)

Machine finishes 
processing a 
workpiece

Parallel composition

{I ,E}

start

{B,E} {I ,H}start �nish

remove
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

(Initial, Marked)

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Parallel composition

{I ,E}

start

{B,E} {I ,H}

{B,H}

start �nish

remove

start
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

(Initial, Marked) W
arehouse rem

oves a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Parallel composition

{I ,E}

start

{B,E} {I ,H}

{B,H}

start �nish

remove

start

rem
ove
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

(Initial, Marked) W
arehouse rem

oves a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Parallel composition

{I ,E}

start

{B,E} {I ,H}

{I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Parallel composition

{I ,E}

start

{B,E} {I ,H}

{I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove
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Concurrency and Synchronization

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Parallel composition

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start
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Concurrency and Synchronization - Plant

Graphical Description

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Parallel composition

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Note: When the machine is BUSY and the warehouse is FULL, despite

�nish is uncontrollable, the machine cannot execute it since �nish is not

executable by the warehouse.

This means that, by exploiting synchronization, and at plant level only,

we can prevent uncontrollable events from executing (by composing the

�right� automata). 17



Example 1: Supervisory Control - Requirements

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece
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Example 1: Supervisory Control - Desired Behavior

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

Can we control the plant in order to enforce such behavior? Can

you spot any problem?

19



Example 1: Supervisory Control - Desired Behavior - Problem

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

No problem. When the machine is IDLE and the warehouse is EMPTY, the

machine can start processing a workpiece. This leads to machine BUSY and

warehouse EMPTY which is still a desired behavior. 20



Example 1: Supervisory Control - Desired Behavior - Problem

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

No problem. When the machine is BUSY and the warehouse is EMPTY, the

machine can �nish processing the workpiece. This leads to machine IDLE and

warehouse HALF which is still a desired behavior. 21



Example 1: Supervisory Control - Desired Behavior - Problem

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

No problem. When the machine is IDLE and the warehouse is HALF, either the

machine starts processing a workpiece (leading to machine BUSY, warehouse

EMPTY) or the warehouse removes a workpiece from its storage (leading to

machine IDLE, warehouse EMPTY). Either way, they are both desired behaviors. 22



Example 1: Supervisory Control - Controllable Behavior

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR Problem.

When the machine is BUSY and the warehouse is HALF, either the the

warehouse removes a workpiece from its storage (leading to machine BUSY,

warehouse EMPTY) or the machine �nishes processing the workpiece (leading to

machine IDLE, warehouse FULL). The second case is not a desired behavior. 23



Example 1: Supervisory Control - Desired Behavior

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR Actual

Problem. When the machine is BUSY and the warehouse is HALF we cannot

prevent machine from �nishing processing the workpiece because �nish is

uncontrollable and it is executable in the plant.
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Example 1: Supervisory Control - Desired Behavior - Solution

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

Solution. We need to prevent the plant to get to that state. That is, we prevent

machine to start processing a workpiece when machine is IDLE and the

warehouse is HALF.
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Example 1: Supervisory Control - Controllable Behavior

Requirement 1: The warehouse stores at most one workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE
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(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

Actual controllable behavior (supremal controllable sublanguage).
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Example 1: Supervisory Control - Supervisor

Requirement 1: The warehouse stores at most one workpiece

Plant

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece
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MACHINE
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(Initial, Marked)
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W
arehouse rem

oves a workpiece

Warehouse removes a workpiece
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processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

Supervisor

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece
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Example 1: Supervisory Control - Supervisor

Requirement 1: The warehouse stores at most one workpiece

Plant

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE
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MACHINE
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(Initial, Marked)
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W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Supervisor

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

{I ,E}

start

{B,E} {I ,H}start �nish

remove

How can we synthesize this

supervisor automatically?
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Example 1: Supervisory Control - Supervisor

Requirement 1: The warehouse stores at most one workpiece

Plant

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE
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WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

Supervisor

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

WAREHOUSE

(HALF)

MACHINE
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Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

• Basically the supervisor here is the �intended part� of the system

• We would like to avoid computing it �by hand� (this case study is simple,

but what about a real one?)

We need formal methods!
29



Supervisor Synthesis: Work�ow

NATURAL LANGUAGE 
DEFINITION OF 
REQUIREMENT 1

...

ESSENTIAL 
REQUIREMENT
AUTOMATON R1

...
ESSENTIAL 

REQUIREMENT
AUTOMATON R2

ESSENTIAL
REQUIREMENT 
AUTOMATON RM

PARALLEL COMPOSITION

R := R1 || R2 || ... || RM 

(REQUIREMENT AUTOMATON R) 

NATURAL LANGUAGE 
DEFINITION OF 
REQUIREMENT 2

NATURAL LANGUAGE 
DEFINITION OF 
REQUIREMENT M

NATURAL LANGUAGE 
DEFINITION OF 
PLANT MODULE 1

...

PLANT 
AUTOMATON G1

...PLANT 
AUTOMATON G2

PLANT
AUTOMATON GN

PARALLEL COMPOSITION

G := G1 || G2 || ... || GN 

(PLANT AUTOMATON G) 

NATURAL LANGUAGE 
DEFINITION OF 
PLANT MODULE 2

NATURAL LANGUAGE 
DEFINITION OF 

PLANT MODULE N

FORMALIZATION OF PLANT MODULES FORMALIZATION OF REQUIREMENTS 

SUPERVISOR SYNTHESIS

ALGORITHM RUNS ON (G,R)

SUPERVISOR SYNTHESIS

UNCONTROLLABLE
(EMPTY SUPERVISOR)

SUPERVISOR 
(AUTOMATON S)
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Example 1: Supervisor Synthesis - Plant Formalization

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE
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WAREHOUSE
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MACHINE
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(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece
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processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a 
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a 
workpiece

MACHINEMACHINE

Starts processing 
a workpiece

Finishes processing
a workpiece

(IDLE) (BUSY)

MACHINE WAREHOUSE

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove
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Example 1: Supervisor Synthesis - Essential Requirement

Requirement 1: The warehouse stores at most one workpiece

LEGAL BEHAVIOR ILLEGAL BEHAVIOR

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a
workpiece

• States?

• Transitions?
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Example 1: Supervisor Synthesis - Essential Requirement

Requirement 1: The warehouse stores at most one workpiece

LEGAL BEHAVIOR

WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF)

EMPTYstart HALF FULL

�nish �nish

removeremove
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Example 1: Supervisor Synthesis - Essential Requirement

Requirement 1: The warehouse stores at most one workpiece

LEGAL BEHAVIOR

WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF)

EMPTYstart HALF

�nish

remove
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Example 1: Synthesis Algorithm - Tentative Supervisor

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

FREE PLANT BEHAVIOR

WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a piece

(EMPTY) (HALF)

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

(Initial, Marked) W
arehouse rem

oves a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

TENTATIVE SUPERVISOR

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(HALF)

WAREHOUSE

(HALF)

(Plant state) (Requirement state) (Plant state) (Requirement state) (Plant state) (Requirement state)

(Plant state) (Requirement state)

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R1

Estart H

�nish

remove

Parallel composition G‖R1

{I ,E ,E}

start

{B,E ,E} {I ,H,H}

{B,H,H}

start �nish

remove

start

rem
ove

(Tentative Supervisor)
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Example 1: Synthesis Algorithm - Removal of States

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

FREE PLANT BEHAVIOR

WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a piece

(EMPTY) (HALF)

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

(Initial, Marked) W
arehouse rem

oves a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

TENTATIVE SUPERVISOR

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(HALF)

WAREHOUSE

(HALF)

(Plant state) (Requirement state) (Plant state) (Requirement state) (Plant state) (Requirement state)

(Plant state) (Requirement state)

When

the machine is BUSY and the

warehouse is HALF, the machine is

prevented to �nish. However, at plant

level this is not permitted.

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R1

Estart H

�nish

remove

Parallel composition G‖R1

{I ,E ,E}

start

{B,E ,E} {I ,H,H}

{B,H,H}

start �nish

remove

start

rem
ove

(Tentative Supervisor)
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Example 1: Synthesis Algorithm - No more removals

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

FREE PLANT BEHAVIOR

WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF)

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

(Initial, Marked)

Machine finishes 
processing a 
workpiece

TENTATIVE SUPERVISOR

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(HALF)

(Plant state) (Requirement state) (Plant state) (Requirement state) (Plant state) (Requirement state)

Besides

�uncontrollable states�, we also need to

remove non-accessible and

non-coacessible states, if any (this

example has none).

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R1

Estart H

�nish

remove

Parallel composition G‖R1

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

(Final Supervisor)
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Example 2: Supervisory Control - Desired Behavior

Requirement 2: The machine can start only if the warehouse is empty

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

Let's see if we spot any problems
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Example 2: Supervisory Control - Desired Behavior

Requirement 2: The machine can start only if the warehouse is empty

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

No problem. When the machine is IDLE and the warehouse is EMPTY, the

machine can start processing a workpiece. This leads to machine BUSY and

warehouse EMPTY which is still a desired behavior.
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Example 2: Supervisory Control - Desired Behavior

Requirement 2: The machine can start only if the warehouse is empty

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

No problem. When the machine is BUSY and the warehouse is EMPTY, the

machine can �nish processing the workpiece. This leads to machine IDLE and

warehouse HALF which is still a desired behavior.
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Example 2: Supervisory Control - Desired Behavior

Requirement 2: The machine can start only if the warehouse is empty

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

No problem. When the machine is IDLE and the warehouse is HALF, either the

warehouse removes a workpiece from its storage (leading to machine IDLE,

warehouse EMPTY) or the machine starts processing a workpiece (leading to

machine BUSY, warehouse EMPTY). The second is an undesired behavior. 41



Example 2: Supervisory Control - Controllable Behavior

Requirement 2: The machine can start only if the warehouse is empty

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

However, in this state of the plant, since start is controllable, we can prevent the

machine from starting working a workpiece. Therefore, the desired behavior is

also controllable.
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Example 2: Supervisory Control - Controllable Behavior

Requirement 2: The machine can start only if the warehouse is empty

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

However, in this state of the plant, since start is controllable, we can prevent the

machine from starting working a workpiece. Therefore, the desired behavior is

also controllable.
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Example 2: Supervisor Synthesis - Essential Requirement

Requirement 2: The machine can start only if the warehouse is empty

LEGAL BEHAVIOR

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a
workpiece

Machine starts 
processing a
workpiece

Essential Requirement

• States?

• Transitions?
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Example 2: Supervisor Synthesis - Essential Requirement

Requirement 2: The machine can start only if the warehouse is empty

LEGAL BEHAVIOR

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a
workpiece

Machine starts 
processing a
workpiece

Essential Requirement

Estart H F

�nish �nish

removeremove

start
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Example 2: Synthesis Algorithm - Tentative Supervisor

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

(Initial, Marked)

Machine finishes 
processing a 
workpiece

TENTATIVE SUPERVISOR

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(HALF)

(Plant state) (Requirement state) (Plant state) (Requirement state) (Plant state) (Requirement state)

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

FREE PLANT BEHAVIOR

LEGAL BEHAVIOR

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a
workpiece

Machine starts 
processing a
workpiece

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R2

Estart H F

�nish �nish

removeremove

start

Parallel composition G‖R2

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

(Tentative Supervisor, also �nal)
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Example 3: Supervisory Control - Desired Behavior

Requirement 1,2: The warehouse stores at most one workpiece AND the

machine can start only if the warehouse is empty

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

Same desired behavior of Requirement 2

47



Example 3: Combining Requirements 1 and 2

Requirement 1,2: The warehouse stores at most one workpiece AND the

machine can start only if the warehouse is empty

Estart H

�nish

remove

Estart H F

�nish �nish

removeremove

start

ESSENTIAL REQUIREMENT 1+2

WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF)

Machine starts 
processing a
workpiece

ESSENTIAL REQUIREMENT 1

WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF)

WAREHOUSE WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF) (FULL)

Machine finishes 
processing a
workpiece

Machine starts 
processing a
workpiece

ESSENTIAL REQUIREMENT 2

Estart H

�nish

remove

start

What about this new requirement?
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Example 3: Synthesis Algorithm - Tentative Supervisor

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

(Initial, Marked)

Machine finishes 
processing a 
workpiece

TENTATIVE SUPERVISOR

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

WAREHOUSE

(HALF)

(Plant state) (Requirement state) (Plant state) (Requirement state) (Plant state) (Requirement state)

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

FREE PLANT BEHAVIOR

LEGAL BEHAVIOR

WAREHOUSEWAREHOUSE Machine finishes 
processing a
workpiece

Warehouse 
removes a workpiece

(EMPTY) (HALF)

Machine starts 
processing a
workpiece

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R1,2

Estart H

�nish

remove

start

Parallel composition G‖R1,2

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

(Tentative Supervisor, also �nal)
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Example 4: Supervisory Control - Desired Behavior

Requirement 4: If the Machine starts, then the warehouse must remove a

workpiece before the machine can start again.

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

LEGAL BEHAVIOR

ILLEGAL BEHAVIOR

Same desired behavior of Requirement 2 and 1+2
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Example 4: Supervisor Synthesis - Essential Requirement

Requirement 4: If the Machine starts, then the warehouse must remove a

workpiece before the machine can start again.

MACHINEMACHINE

Starts processing 
a workpiece

(NOT STARTED) (STARTED)

Warehouse 
removes a 
workpiece

Warehouse 
removes a 
workpiece

• States?

• Transitions?
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Example 4: Supervisor Synthesis - Essential Requirement

Requirement 4: If the Machine starts, then the warehouse must remove a

workpiece before the machine can start again.

MACHINEMACHINE

Starts processing 
a workpiece

(NOT STARTED) (STARTED)

Warehouse 
removes a 
workpiece

Warehouse 
removes a 
workpiece

Essential Requirement

NSstart S

start

remove

remove
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Example 4: Synthesis Algorithm - Tentative Supervisor

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

MACHINE

(BUSY)

WAREHOUSE

(HALF)

Machine finishes 
processing a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(FULL)

WAREHOUSE

(FULL)

MACHINE

(BUSY)

(Initial, Marked)

Warehouse removes a workpiece

W
arehouse rem

oves a workpiece

Warehouse removes a workpiece

Machine finishes 
processing a 
workpiece

Machine starts 
processing a 
workpiece

Machine starts 
processing a 
workpiece

FREE PLANT BEHAVIOR

MACHINEMACHINE

Starts processing 
a workpiece

(NOT STARTED) (STARTED)

Warehouse 
removes a 
workpiece

Warehouse 
removes a 
workpiece

MACHINE

(IDLE)

WAREHOUSE

(EMPTY)

MACHINE

(BUSY)

Machine starts 
processing a 
workpiece

WAREHOUSE

(HALF)

MACHINE

(IDLE)

Warehouse removes a workpiece

(Initial, Marked)

Machine finishes 
processing a 
workpiece

TENTATIVE SUPERVISOR

WAREHOUSE

(EMPTY)

(Plant state) (Requirement state) (Plant state) (Requirement state) (Plant state) (Requirement state)

(NOT STARTED)

MACHINE

(STARTED)

MACHINE

(NOT STARTED)

MACHINE

(STARTED)

MACHINE

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R4

NSstart S

start

remove

remove

Parallel composition G‖R4

{I ,E ,NS}

start

{B,E , S} {I ,H, S}start �nish

remove

(Tentative Supervisor, also �nal)
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Comparing Di�erent Requirements and Related Supervisors

Example 1

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R1

Estart H

�nish

remove

Parallel composition

G‖R1

{I ,E ,E}

start

{B,E ,E} {I ,H,H}

{B,H,H}

start �nish

remove

start

rem
ove

Supervisor

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

Example 2

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R2

Estart H F

�nish �nish

removeremove

start

Parallel composition

G‖R2

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

Supervisor

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

Example 3

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R1,2

Estart H

�nish

remove

start

Parallel composition

G‖R1,2

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

Supervisor

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

Example 4

Plant Automaton G

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Requirement R4

NSstart S

start

remove

remove

Parallel composition

G‖R4

{I ,E ,NS}

start

{B,E , S} {I ,H, S}start �nish

remove

Supervisor

{I ,E ,NS}

start

{B,E , S} {I ,H, S}start �nish

remove

What can we say?
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Comparing Di�erent Requirements and Related Supervisors

Example 1 Example 2 Example 3 Example 4 What we can say

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

{I ,E}

start

{B,E} {I ,H}

{B,F} {I ,F} {B,H}

start �nish

remove

start

�nish

rem
ove

remove

start

remove

Same plant G

Estart H

�nish

remove

Estart H F

�nish �nish

removeremove

start

Estart H

�nish

remove

start

NSstart S

start

remove

remove

Syntactically Di�erent

Requirements

{I ,E ,E}

start

{B,E ,E} {I ,H,H}

{B,H,H}

start �nish

remove

start

rem
ove

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

{I ,E ,NS}

start

{B,E , S} {I ,H, S}start �nish

remove

R1 is semantically dif-

ferent from R2, R1,2,

and R4, whereas R2,

R1,2, and R4 are se-

matically equivalent.

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

{I ,E ,E}

start

{B,E ,E} {I ,H,H}start �nish

remove

{I ,E ,NS}

start

{B,E , S} {I ,H, S}start �nish

remove

Same �nal supervisor

(same supremal con-

trollable sublanguage)
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