
 

 

Contents 

Notation ................................................................................................................xix 

1 Introduction....................................................................................................... 1 
 1.1 Hybrid Systems.......................................................................................... 1 
 1.2 Productive Systems.................................................................................... 5 
 1.3 The Hierarchical Control of Productive Systems....................................... 8 
 1.4 The Development of Hybrid Supervisory Systems.................................. 10 

2 Modelling of Hybrid Systems......................................................................... 13 
 2.1 The Choice of a Formalism...................................................................... 14 
 2.2 Introduction to the Petri Net .................................................................... 15 
 2.3 From the Petri Net to the Differential Predicate Transition Net .............. 18 
 2.4 Petri Nets and the Object-oriented Paradigm........................................... 21 
 2.5 The Object-oriented Differential Predicate Transition Net...................... 23 
  2.5.1 Modelling Classes and Objects..................................................... 23 
  2.5.2 Communication between Objects ................................................. 30 
  2.5.3 Communication with External Environment ................................ 35 
  2.5.4 Unfolding the OO-DPT net .......................................................... 36 
 2.6 Final Remarks.......................................................................................... 40 

3 Development of the Supervisory System....................................................... 43 
 3.1 The UML Diagrams and the OO-DPT net............................................... 44 
  3.1.1 Step 1: Modelling the Flows of Material ...................................... 47 
  3.1.2 Step 2: Specification of the Use Case........................................... 49 
  3.1.3 Step 3: Building the Activity Diagrams........................................ 50 
  3.1.4 Step 4: Specification of Classes and Objects................................ 50 
  3.1.5 Step 5: Building Sequence and/or Collaboration Diagrams ......... 53 
  3.1.6 Step 6: Building the OO-DPT Net of the Classes and the  
   Class Diagrams............................................................................. 55 
  3.1.7 Step 7: Verification of Consistency among Models ..................... 63 
   3.1.7.1 OO-DPT Net and Sequence (or Collaboration) 
    Diagram.......................................................................... 63 



xiv Contents 

   3.1.7.2 OO-DPT Net and Activity Diagrams ............................. 64 
 3.2 OO Relationships Applied to OO-DPT net.............................................. 68 
  3.2.1 Composition/Decomposition Relationship ................................... 68 
  3.2.2 Generalisation/Specialisation Relationship .................................. 70 
 3.3 (Local Control System + Plant) versus Controlled Plant ......................... 71 
 3.4 Final Remarks.......................................................................................... 72 

4 Hybrid System Analysis ................................................................................. 75 
 4.1 Formal Verification of Properties in Hybrid Systems.............................. 76 
 4.2 Petri Nets and Linear Logic ..................................................................... 77 
  4.2.1 Linear Logic versus Classical Logic............................................. 77 
  4.2.2 Reachability in Petri Nets and the Proof of Sequents in  
   Linear Logic ................................................................................. 79 
   4.2.2.1 Forward Reasoning......................................................... 79 
   4.2.2.2 Backward Reasoning ...................................................... 80 
  4.2.3 Linear Logic for the Search of Scenarios in Petri Nets................. 82 
  4.2.4 Linear Logic and the Object-oriented Paradigm........................... 84 
 4.3 Analysis Method for OO-DPT Nets ........................................................ 86 
  4.3.1 Main Features of the Method........................................................ 87 
   4.3.1.1 Decomposition of the Analysis Process ......................... 87 
   4.3.1.2 Introduction of Hypothesis ............................................. 87 
   4.3.1.3 Use of Linear Logic........................................................ 87 
  4.3.2 Overview of the Analysis Method................................................ 88 
  4.3.3 Reachability Property ................................................................... 90 
   4.3.3.1 Step 1: Specification of the Property Statement ............. 90 
   4.3.3.2 Step 2: Specification of the Set of Restrictions .............. 92 
   4.3.3.3 Step 3: Building the Static Collaboration Diagrams....... 93 
   4.3.3.4 Step 4: Analysis of the First Object................................ 93 
   4.3.3.5 Step 4.1: Analysis of the Discrete Dynamics ................. 93 
   4.3.3.6 Step 4.2: Elaboration of Hypotheses .............................. 97 
   4.3.3.7 Step 4.3: Analysis of the Continuous Dynamics ............ 98 
   4.3.3.8 Step 5: Analysis of Other Objects ................................ 100 
   4.3.3.9 Step 5.1: Analysis of the Discrete Dynamics ............... 100 
   4.3.3.10 Steps 5.2 and 5.3: Elaboration of Hypotheses and  
    Analysis of the Continuous Dynamics .......................... 102 
   4.3.3.11 Step 6: Building the Global Sequents........................... 103 
   4.3.3.12 Step 7: Verification of Hypotheses............................... 104 
  4.3.4 Safety Properties......................................................................... 104 
   4.3.4.1 Step 1: Specification of the Property Statement ........... 104 
   4.3.4.2 Step 2: Specification of the Set of Restrictions ............ 104 
   4.3.4.3 Step 3: Building the Static Collaboration Diagrams..... 105 
   4.3.4.4 Step 4: Analysis of the First Object.............................. 105 
   4.3.4.5 Step 4.1: Analysis of the Discrete Dynamics ............... 105 
   4.3.4.6 Steps 4.2 and 4.3: Elaboration of Hypotheses and  
    Analysis of the Continuous Dynamics ......................... 107 
   4.3.4.7 Step 5: Analysis of Other Objects ................................ 109 
   4.3.4.8 Step 5.1: Analysis of the Discrete Dynamics ............... 109 



 Contents xv 

   4.3.4.9 Steps 5.2 and 5.3: Elaboration of Hypotheses and  
    Analysis of the Continuous Dynamics ......................... 110 
   4.3.4.10 Step 6: Building the Global Sequents........................... 111 
   4.3.4.11 Step 7: Verification of Hypotheses............................... 111 
 4.4 Final Remarks........................................................................................ 111 

5 Application 1: HVAC System ...................................................................... 113 
 5.1 Description of the HVAC Systems ........................................................ 114 
  5.1.1 Controlled Object ....................................................................... 114 
  5.1.2 The Management System Requirements .................................... 114 
 5.2 Modelling the Supervisory System and the Controlled Object.............. 115 
  5.2.1 Step 1: Modelling the Flows of Material .................................... 115 
  5.2.2 Step 2: Specification of the Use Cases ....................................... 116 
  5.2.3 Step 3: Building the Activity Diagrams...................................... 116 
  5.2.4 Step 4: Specification of Classes and Objects.............................. 117 
  5.2.5 Step 5: Building Sequence and/or Collaboration Diagrams ....... 118 
  5.2.6 Step 6: Building the OO-DPT Net of the Classes and the  
   Class Diagrams........................................................................... 119 
  5.2.7 Step 7: Verification of Consistency among Models ................... 131 
   5.2.7.1 OO-DPT Net and Sequence (or Collaboration)  
    Diagram........................................................................ 131 
   5.2.7.2 OO-DPT Net and Activity Diagrams ........................... 131 
 5.3 Analysis of the OO-DPT Net................................................................. 131 
  5.3.1 Property 1 ................................................................................... 132 
   5.3.1.1 Step 1: Specification of the Property Statement ........... 132 
   5.3.1.2 Step 2: Specification of the Set of Restrictions ............ 132 
   5.3.1.3 Step 3: Building the Static Collaboration Diagrams..... 133 
   5.3.1.4 Step 4.1: Analysis of the Discrete Dynamics  
    (O1.20 - User Interface A)............................................... 133 
   5.3.1.5 Step 4.2: Elaboration of Hypotheses (O1.20 - User  
    Interface A) ................................................................... 134 
   5.3.1.6 Step 4.3: Analysis of the Continuous Dynamics  
    (O1.20 - User Interface A)............................................... 134 
   5.3.1.7 Step 5.1: Analysis of the Discrete Dynamics  
    (O2.12 - Controller Interface A) ....................................... 134 
   5.3.1.8 Step 5.2: Elaboration of Hypotheses  
    (O2.12 - Controller Interface A) ....................................... 134 
   5.3.1.9 Step 5.3: Analysis of the Continuous Dynamics  
    (O2.12 - Controller Interface A) ....................................... 135 
   5.3.1.10 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.7 - On/Off Controller A)............................................ 135 
   5.3.1.11 Step 6: Building the Global Sequents........................... 136 
   5.3.1.12 Step 7: Verification of Hypotheses............................... 136 
  5.3.2 Property 2 ................................................................................... 136 
   5.3.2.1 Steps 1 and 2: Specification of the Property Statement  
    and of the Set of Restrictions........................................ 136 
   5.3.2.2 Step 3: Building the Static Collaboration Diagrams..... 137 



xvi Contents 

   5.3.2.3 Step 4.1: Analysis of the Discrete Dynamics  
    (O1.20 - User Interface A)............................................... 138 
   5.3.2.4 Step 4.2: Elaboration of Hypotheses  
    (O1.20 - User Interface A)............................................... 138 
   5.3.2.5 Step 4.3: Analysis of the Continuous Dynamics  
    (O1.20 - User Interface A)............................................... 138 
   5.3.2.6 Step 5: Analysis of Object O2.12 – Controller  
    Interface A..................................................................... 138 
   5.3.2.7 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.7 - On/Off Controller A)............................................ 138 
   5.3.2.8 Step 5.2: Elaboration of Hypotheses  
    (O1.7 - On/Off Controller A)............................................ 138 
   5.3.2.9 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.7 - On/Off Controller A)............................................ 139 
   5.3.2.10 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.5 - Cooling Coil A) .................................................... 139 
   5.3.2.11 Step 5.2: Elaboration of Hypotheses (O1.5 - Cooling  
    Coil A)............................................................................ 139 
   5.3.2.12 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.5 - Cooling Coil A) .................................................... 139 
   5.3.2.13 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.9 - Zone A) ............................................................... 140 
   5.3.2.14 Step 5.2: Elaboration of Hypotheses (O1.9 - Zone A)..... 141 
   5.3.2.15 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.9 - Zone A) ............................................................... 141 
   5.3.2.16 Step 6: Building the Global Sequents............................ 141 
   5.3.2.17 Step 7: Verification of Hypotheses ............................... 142 
 5.4 Final Remarks........................................................................................ 142 

6 Application 2: Landing System.................................................................... 143 
 6.1 Description of the Landing System........................................................ 143 
  6.1.1 Controlled Object ....................................................................... 143 
  6.1.2 Requirements of the Supervisory System................................... 145 
 6.2 Modelling of the Supervisory System and the Controlled Object.......... 148 
  6.2.1 Classes and Objects .................................................................... 148 
 6.3 Analysis of the OO-DPT Net Models .................................................... 154 
  6.3.1 Property 1 ................................................................................... 154 
   6.3.1.1 Step 1: Specification of the Property Statement ........... 154 
   6.3.1.2 Step 2: Specification of the Set of Restrictions ............ 154 
   6.3.1.3 Step 3: Building the Static Collaboration Diagrams..... 154 
   6.3.1.4 Step 4.1: Analysis of the Discrete Dynamics  
    (O1.9 – Door HC) ........................................................... 155 
   6.3.1.5 Step 4.2: Elaboration of Hypotheses (O1.9 – Door HC) . 156 
   6.3.1.6 Step 4.3: Analysis of the Continuous Dynamics  
    (O1.9 – Door HC) ........................................................... 156 
   6.3.1.7 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.8 – Close Door EV).................................................. 156 



 Contents xvii 

   6.3.1.8 Step 5.2: Elaboration of Hypotheses (O1.8 – Close  
    Door EV) ....................................................................... 157 
   6.3.1.9 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.8 – Close Door EV).................................................. 158 
   6.3.1.10 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.7 – Open Door EV)................................................... 158 
   6.3.1.11 Step 5.2: Elaboration of Hypotheses (O1.7 – Open  
    Door EV)........................................................................ 158 
   6.3.1.12 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.7 – Open Door EV)................................................... 159 
   6.3.1.13 Step 5.1: Analysis of the Discrete Dynamics  
    (O2.12 – Close Door EC)................................................. 159 
   6.3.1.14 Step 5.2: Elaboration of Hypotheses (O2.12 – Close  
    Door EC) ....................................................................... 160 
   6.3.1.15 Step 5.3: Analysis of the Continuous Dynamics  
    (O2.12 – Close Door EC)................................................. 160 
   6.3.1.16 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.12 – Open Door EC) ................................................. 161 
   6.3.1.17 Step 5.2: Elaboration of Hypotheses (O1.12 – Open  
    Door EC) ....................................................................... 161 
   6.3.1.18 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.12 – Open Door EC) ................................................. 161 
   6.3.1.19 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.19 – Door EV Interface) ............................................ 162 
   6.3.1.20 Step 5.2: Elaboration of Hypotheses (O1.19 – Door  
    EV Interface).................................................................. 166 
   6.3.1.21 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.19 – Door EV Interface) ............................................ 166 
   6.3.1.22 Step 7: Verification of Hypotheses............................... 168 
 6.4 Final Remarks........................................................................................ 168 

7 Application 3: Cane Sugar Factory............................................................. 171 
 7.1 Description of the Cane Sugar Factory .................................................. 171 
  7.1.1 Controlled Object ....................................................................... 171 
  7.1.2 Requirements of the Supervisory System................................... 172 
 7.2 Modelling of the Supervisory System and the Controlled Object.......... 174 
  7.2.1 Activity 1: Modelling the Flows of Material .............................. 174 
   7.2.1.1 Refinement of [Reception] ............................................ 174 
   7.2.1.2 Refinement of [Preparation] ......................................... 175 
   7.2.1.3 Refinement of [Extraction] ............................................ 176 
   7.2.1.4 Refinement of [Sulphitation] ......................................... 176 
   7.2.1.5 Refinement of [Lime Addition] ...................................... 178 
   7.2.1.6 Refinement of [Heating]................................................ 178 
   7.2.1.7 Refinement of [Clarification] ......................................... 179 
   7.2.1.8 Refinement of [Evaporation] ......................................... 181 
   7.2.1.9 Refinement of [Crystallisation and Centrifugation]........ 182 
   7.2.1.10 Refinement of [Drying and Packing] ............................. 183 



xviii Contents 

  7.2.2 Examples of Classes and Objects ............................................... 185 
 7.3 Analysis of the OO-DPT Net Models .................................................... 190 
  7.3.1 Property 1 ................................................................................... 190 
   7.3.1.1 Step 1: Specification of the Property Statement ........... 190 
   7.3.1.2 Step 2: Specification of the Set of Restrictions ............ 190 
   7.3.1.3 Step 3: Building the Static Collaboration Diagrams..... 190 
   7.3.1.4 Step 4.1: Analysis of the Discrete Dynamics  
    (O1.13 – Conveyor 1 - Chopper)..................................... 191 
   7.3.1.5 Step 4.2: Elaboration of Hypotheses (O1.13 – Conveyor 1  
    - Chopper)..................................................................... 191 
   7.3.1.6 Step 4.3: Analysis of the Continuous Dynamics  
    (O1.13 – Conveyor 1 - Chopper)..................................... 191 
   7.3.1.7 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.76 – Chopper Interface) ........................................... 192 
   7.3.1.8 Step 5.2: Elaboration of Hypotheses (O1.76 – Chopper  
    Interface)....................................................................... 193 
   7.3.1.9 Step 5.3 – Analysis of the Continuous Dynamics  
    (O1.76 – Chopper Interface) ........................................... 194 
   7.3.1.10 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.74 – Table Interface)................................................. 194 
   7.3.1.11 Step 5.2: Elaboration of Hypotheses (O1.74 – Table  
    Interface) ....................................................................... 195 
   7.3.1.12 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.74 – Table Interface)................................................. 195 
   7.3.1.13 Step 5.1: Analysis of the Discrete Dynamics  
    (O1.7 – Table 1 and O2.7 – Table 2) ................................ 195 
   7.3.1.14 Step 5.2: Elaboration of Hypotheses (O1.7 – Table 1  
    and O2.7 – Table 2) ........................................................ 196 
   7.3.1.15 Step 5.3: Analysis of the Continuous Dynamics  
    (O1.7 – Table 1 and O2.7 – Table 2) ................................ 196 
   7.3.1.16 Step 7: Verification of Hypotheses............................... 196 
 7.4 Final Remarks........................................................................................ 197 

8 Conclusion and Research Topics ................................................................. 199 

A  Complementary Data about Application 2: Landing System ................... 201 

References ........................................................................................................... 213 

Index .................................................................................................................... 217 



http://www.springer.com/978-1-84628-650-6


