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APPENDIX A

Code of the simulator

/*_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  _/                                                                      _/

  _/                                                                      _/

  _/               Steam‑Boiler Simulator                                 _/ 

  _/                                                                      _/

  _/               file: systemControl.java                               _/

  _/                                                                      _/

  _/                                                                      _/

  _/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  *

  *  This is main() function for steam‑boiler simulator.

  *  

  *

  *  There are totally four files for steam‑boiler simulator.

  *    systemControl.java acts as main function;

  *    steamBoiler.java contains a class which simulartes steam‑boiler & the control

  *      program;

  *    equipment.java contains classes which simulate complementary physical units;

  *    messageQueues.java contains a class which acts as communication media 

  *      between the steam‑boiler and the equipment.

  *      

  *

  *  A initilization file named  init.dat contains the following constants of a 

  *  steam‑boiler system:

  *   QUANTITY OF WATER IN THE STEAM‑BOILER

  *    (1), C: maximal capacity , litre;

  *    (2), M1: minimal limit, litre;

  *    (3), M2: maximal limit, litre;

  *    (4), N1: minimal normal, litre;

  *    (5), N2: maximal normal, litre;

  *   OUTCOME OF STEAM AT THE EXIT OF THE STEAM‑BOILER

  *    (6), W: maximal quantity, litre/sec;

  *    (7), U1: maximum gradient of increase, litre/sec/sec;

  *    (8), U2: maximum gradient of decrease, litre/sec/sec;

  *   CAPACITY OF EACH PUMP

  *    (9), P: nominal capacity;

  *    (10), Q: initial water level, litre;

  *  I put all these constants in one line, using Tab as delimiter. If a line begin

  *  with #, that is a comment line.

  *

  *  doInit() function reads init.dat and constructs steamBoiler object and

  *  equipment object.

  *

  *  A steam‑boiler system was controlled by control files. Control files tell 

  *  simulator which failure situation we need to simulate and how many cycle the

  *  simulator will run and when to terminator simulator. Control files contain 

  *  following lines:

  *      comment lines;

  *      error_simulation_lines;

  *      cycle lines;

  *      shutdown line.

  *  Comment lines begin with '#'.

  *  Error_simlation_line begins with '<' followed error instruction.

  *    '<' means that equipment class simulate the error situation.

  *  Cycle line, such as cycle: 8, means that let simulate runs 8 times in current 

  *    situation. 

  *  Shutdown line asks the simulator to stop.

  *

  *  In initialization mode, if we need simulate error situation we need a control 

  *  file called init_control.txt. In this file we simulate qunatity of steam coming

  *  out of the steam‑boiler is not equal to zero or failure of the water level 

  *  detection unit. Those error condition will lead emergency stop.

  *

  *  In the other modes, if we need simulate error situation we need a control file

  *  called sim_sontrol.txt. In this file we simulate:

  *    (1), pump failure;

  *    (2), pump_control failure;

  *    (3), steam_level_measuring_unit failure;

  *    (4), water_level_measuring_unit failure.

  *  The program will run among normal mode, degraded mode, rescue mode, emergency 

  *  stop mode

  *

  */

import java.io.*;

import java.util.*;

public class systemControl {

    static steamBoiler sb;

    static equipment ep;

    static messageQueues mes = new messageQueues();

    /*

     * Read constants from initial file and construct steamBoiler object and

     * equipment object.

     */

    static void doInit() {

try {

    BufferedReader in = new BufferedReader(new FileReader("init.dat"));

    String line;

    while( (line = in.readLine()) != null) {

// if a line is not a comment line

if(line.charAt(0) != '#') {

    // read data into an array

    StringTokenizer st = new StringTokenizer(line);

    int iarray[] = new int[10];

    for (int i = 0; st.hasMoreTokens(); i++) {

iarray[i] = Integer.parseInt(st.nextToken());

    }

    /*

      C = iarray[0]; M1 = iarray[1]; M2 = iarray[2]; N1 = iarray[3];

      N2 = iarray[4]; W = iarray[5]; U1 = iarray[6]; U2 = iarray[7];

      P = iarray[8];  Q = iarray[9]; // initial water level

    */

    //construct steamBoiler object

    sb = new steamBoiler( iarray[0], iarray[1], iarray[2], 

  iarray[3], iarray[4], iarray[6], 

  iarray[7], iarray[5], iarray[9]);

    //construct equipment object

    ep = new equipment(iarray[8], iarray[5], iarray[9], 

       iarray[6], iarray[7], iarray[4]);

}

    }

}catch(IOException e) {

    System.err.println(e.toString());

}

    } //end of doInit()

    /*

     * control simulator according to control file

     */

    static void controlByFile(String filename) {

try {

    BufferedReader in = new BufferedReader(new FileReader(filename));

    String line;

    int cycleLoop;

    while( (line = in.readLine()) != null) {

// ignore comment line

if(line.charAt(0) == '#')

    continue;

// running simulator cycleLoop times

if(line.indexOf("cycle") != ‑1) {

    cycleLoop = Integer.parseInt(line.substring(7));

    for(int i=0; i<cycleLoop; i++) {

ep.processMessage(mes, "");

sb.processMessage(mes, "");

/* simulate cycle time but slow running  

   try{

   Thread.sleep(10);

   } catch(InterruptedException e) {

   System.err.println(e.toString());

   }

*/




    }

} 

// shut down the system

else if(line.indexOf("shutdown") != ‑1) {

    ep.processMessage(mes, "shutdown");

} 

// pass error condition to steamBoiler or equipement 

else if(line.charAt(0) == '<'){

    String line_sb = "";

    String line_ep = "";

    /*

      if(line.charAt(0) == '>')

      line_sb = line.substring(2);

      if(line.charAt(0) == '<')

    */

    line_ep = line.substring(2);

    ep.processMessage(mes, line_ep);

    sb.processMessage(mes, line_sb);

    /* simulate cycle time but slow running   

       try{

       Thread.sleep(10);

       } catch(InterruptedException e) {

       System.err.println(e.toString());

       }

    */

}





    }

} catch(FileNotFoundException e1) {

//do not simulate any error condition

} catch(IOException e) {

    System.err.println(e.toString());

}

    } // end of controlByFile()

    public static void main(String args[]) {

// construct steamBOiler object and equnipemt object

doInit();

/*

 * Initialization stage

 */


while(sb.getMode() == 0) {

    //if we need simulate error situation in initialization mode

    controlByFile("init_control.txt");

    //if we do not need simulate error situation in initialization mode   

    ep.processMessage(mes, "");

    sb.processMessage(mes, "");

    /* simulate cycle time but slow running  

       try{

       Thread.sleep(10);

       } catch(InterruptedException e) {

       System.err.println(e.toString());

       }

    */

}

/*

 * After initialization stage, check error situation from file:sim_control.txt

 */

controlByFile( "sim_control.txt" );

    } // end of main()

} // end of class systemControl

/*_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  _/                                                                      _/

  _/                                                                      _/

  _/               Steam‑Boiler Simulator                                 _/ 

  _/                                                                      _/

  _/               file: steamBoiler.java                                 _/

  _/                                                                      _/

  _/                                                                      _/

  _/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  *

  * Class steamBoiler is for simulating the steam‑boiler and the control program.

  *

  * steamBoiler is constructed according initialization file init.dat. It receive 

  * messages coming from the physical units, analysis the information and send 

  * messages back to the physical units. It runs in one of the five modes: 

  * initialization mode, normal modem, degraded mode, rescue mode, emergency stop

  * mode.

  * 

  *    ‑‑ req1.2.1 ‑‑

  *    ‑‑ req1.3 ‑‑

  */

import java.io.*;

import java.util.*;

public class steamBoiler {

    //   ‑‑ req1.3.2 ‑‑

    int C; // total capacity, litre

    //  ‑‑ req1.3.3 ‑‑

    int M1; // minimal limit, litre

    //  ‑‑ req1.3.4 ‑‑

    int M2; // maximal limit, litre

    //  ‑‑ req1.3.5 ‑‑

    int N1; // minimal normal, litre

    //  ‑‑ req1.3.6 ‑‑

    int N2; // maximal normal, litre

    //  ‑‑ req1.3.7 ‑‑

    int W; // maximum quantity of steam at exit of the steam‑boiler, litre/sec

    //  ‑‑ req1.3.8 ‑‑

    int U1; // maximum gradient of increase of the qauntity of steam, litre/sec/sec

    //  ‑‑ req1.3.9 ‑‑

    int U2; // maximum gradient of decrease of the qauntity of steam, litre/sec/sec

    float p; //throughput of the pumps

    static int q; // water level

    int v; // steam level

    int Vp = 0; // last cycle steam level

    int qc1; // calculated adjust water level, low limit

    int qc2; // calculated adjust water level, high limit

    int qc1next; // qc1 for next cycle

    int qc2next; // qc2 for next cycle

    int T = 5; // every cycle last 5 second

    // ‑‑ req1.10 ‑‑

    static int mode; //0‑initialization; 1‑normal; 2‑degraded; 3‑rescue; 4‑emergency_stop

    int NUMBER_OF_PUMPS = 4; // there are totally 4 pumps

    boolean STEAM_BOILER_WAITING;

    boolean PHYSICAL_UNITS_READY;

    boolean All_PHYSICAL_UNITS_OK;

    boolean PUMP_STATE[] = new boolean[NUMBER_OF_PUMPS];

    boolean PUMP_CONTROL_STATE[] = new boolean[NUMBER_OF_PUMPS];

    boolean LEVEL_FAILURE_DETECTION;

    boolean STEAM_FAILURE_DETECTION;

    boolean PUMP_FAILURE_DETECTION[] = {false, false, false, false};

    boolean PUMP_CONTROL_FAILURE_DETECTION[] = {false, false, false, false};

    boolean REPAIR;

    boolean PUMP_CONTROL_REPAIR;

    boolean PUMP_ON; //when open pump, set as true, otherwise as false

    boolean FIRST_OPEN; // true for open first time open, otherwise false

    boolean VALVE = false; // true for active valve

    boolean WATER_LEVEL_REPAIR = false; // true for water_level_repair cycle

    boolean doOnceOpen = false;

    boolean doOnceClose = false;

    boolean startStopFailure = false;

    /*

     *  Construct steamBoiler

     */

    public steamBoiler(int c, int m1, int m2, int n1, int n2, int u1, int u2, int w, int q0) {

C = c;

M1 = m1;

M2 = m2;

N1 = n1;

N2 = n2;

U1 = u1; 

U2 = u2;

W = w;

qc1=qc2=q0;

STEAM_BOILER_WAITING = false;

PHYSICAL_UNITS_READY = false;

All_PHYSICAL_UNITS_OK = true;

LEVEL_FAILURE_DETECTION = false;

STEAM_FAILURE_DETECTION = false;

REPAIR = true;

PUMP_CONTROL_REPAIR = true;

PUMP_ON = false;

FIRST_OPEN = false;

    }

    /*

     * get operation mode

     *

     * ‑‑ req1.10 ‑‑

     */

    public int getMode() {

return mode;

    }

    /*

     *  Program runs in initialization mode

     *

     *  ‑‑ req1.11 ‑‑

     */

    void Initialization(messageQueues mes) {

//  ‑‑ req1.11.0 ‑‑

if(!STEAM_BOILER_WAITING)

    return;

//  ‑‑ req1.11.5 ‑‑

if(q > N1 && q < N2) {

    //wait message PHYSICAL_UNITS_READY

    if(PHYSICAL_UNITS_READY) {

//  ‑‑ req1.11.5.1 ‑‑

if(All_PHYSICAL_UNITS_OK)

    { Normal(mes); return; }

//  ‑‑ req1.11.5.2 ‑‑

else

    { Degraded(mes); return; }

    }

    //send message PROGRAM_READY

    mes.writeBoilerQ("program_ready");

}

//  ‑‑ req1.11.1 ‑‑

if(v != 0)

    EmergencyStop(mes, "Steam out in Initialization mode");

//  ‑‑ req1.11.4 ‑‑

if(LEVEL_FAILURE_DETECTION)

    EmergencyStop(mes, "LEVEL_FAILURE_DETECTION in Initialization mode" );

mode = 0;


mes.writeBoilerQ("mode 0");

System.out.println("q: " + q +"N1 " + N1);

if(FIRST_OPEN)

    FIRST_OPEN = false;

//  ‑‑ req1.11.3 ‑‑

if(q < N1 && !doOnceOpen) {

    for(int i=1; i<=NUMBER_OF_PUMPS; i++)
    

mes.writeBoilerQ("open_pump "+ i);

    System.out.println("open_pump ");

    FIRST_OPEN = true;

    PUMP_ON = true;

    doOnceOpen = true;

}

//  ‑‑ req1.3.1 ‑‑

//  ‑‑ req1.11.2 ‑‑

if(q > N2) {

    mes.writeBoilerQ("valve");

    VALVE = true;

}

    } //end of Initialization

    /*

     *  Program runs in normal mode

     *

     *  ‑‑ req1.12 ‑‑

     */

    void Normal(messageQueues mes) {

//  ‑‑ req1.12.2 ‑‑

if(LEVEL_FAILURE_DETECTION)

    {Rescue(mes); return;}

//  ‑‑ req1.12.3 ‑‑

if(!LEVEL_FAILURE_DETECTION && !All_PHYSICAL_UNITS_OK)

    {Degraded(mes); return;}

//  ‑‑ req1.12.4 ‑‑

if( (q <= M1 && q >= 0) || (q >= M2 && q <= C) ) {

    //mes.writeBoilerQ("risk_limit");

    EmergencyStop(mes, "Risk minimal/maximal limit in Normal mode");

}

mode = 1;

mes.writeBoilerQ("mode 1");

System.out.println("Normal q: "+q+" N2: " +N2 );

if(FIRST_OPEN)

    FIRST_OPEN = false;

// ‑‑ req1.12.1 ‑‑

if(q < N1 && !doOnceOpen) {

    for(int i=1; i<=NUMBER_OF_PUMPS; i++)
    

mes.writeBoilerQ("open_pump "+ i);

    System.out.println("open_pump )");

    // for pump & pump controller do not respond commands

    if(startStopFailure) {

mode = 2;

//startStopFailure = false;

    }

    FIRST_OPEN = true;

    // these two boolean vars are used to ensure open_pump or close_pump

    // sent just once.

    PUMP_ON = true;

    doOnceOpen = true;

    doOnceClose = false;
    

}

//  ‑‑ req1.12.1 ‑‑

if(q > N2 && !doOnceClose) {

    for(int i=1; i<=NUMBER_OF_PUMPS; i++)
    

mes.writeBoilerQ("close_pump "+ i);

    System.out.println("close_pump");

    // case: pump & pump controller do not respond commands

    if(startStopFailure) {

mode = 2;

//startStopFailure = false;

    }

    // these two boolean vars are used to ensure open_pump or close_pump

    // sent just once.

    PUMP_ON = false;

    doOnceClose = true;

    doOnceOpen = false;

}

    } // end of Normal

    /*

     *  Program runs in degraded mode

     *

     *  ‑‑ req1.13 ‑‑

     */

    void Degraded(messageQueues mes) {

//  ‑‑ req1.13.2 ‑‑

if(REPAIR && !startStopFailure){

    Normal(mes); 

    return;

}

// case: pump & pump controller do not respond commands

if(startStopFailure )

    startStopFailure = false;

//  ‑‑ req1.13.3 ‑‑

if(LEVEL_FAILURE_DETECTION){

    Rescue(mes); 

    return;

}

//  ‑‑ req1.13.4 ‑‑

if( (q <= M1 && q >=0) || (q >= M2 && q <= C) ) {

    EmergencyStop(mes, "Risk minimal/maximal limit in Degraded mode");

}

mode = 2;

mes.writeBoilerQ("mode 2");

if(FIRST_OPEN)

    FIRST_OPEN = false;

//  ‑‑ req1.13.1 ‑‑

if(q < N1 && !doOnceOpen) {

    for(int i=1; i<=NUMBER_OF_PUMPS; i++)
    

mes.writeBoilerQ("open_pump "+ i);

    System.out.println("open_pump)");

    FIRST_OPEN = true;

    // these two boolean vars are used to ensure open_pump or close_pump

    // sent just once.

    PUMP_ON = true;

    doOnceOpen = true;

    doOnceClose = false;
    

}

// ‑‑ req1.13.1 ‑‑

if(q > N2 && !doOnceClose) {

    for(int i=1; i<=NUMBER_OF_PUMPS; i++)
    

mes.writeBoilerQ("close_pump "+ i);

    System.out.println("close_pump");

    // these two boolean vars are used to ensure open_pump or close_pump

    // sent just once.

    PUMP_ON = false;

    doOnceClose = true;

    doOnceOpen = false;

}

    } // end Degraded

    /*

     *  Program runs in rescue mode

     *

     *  ‑‑ req1.14 ‑‑

     */

    void Rescue(messageQueues mes) {

//  ‑‑ req1.14.1 ‑‑

if(!LEVEL_FAILURE_DETECTION) {

    if(All_PHYSICAL_UNITS_OK)

{Normal(mes); return;}

    else

{Degraded(mes); return;}

}

//  ‑‑ req1.14.2.1 ‑‑

if(STEAM_FAILURE_DETECTION)

    EmergencyStop(mes, "STEAM_FAILURE_DETECTION in Rescue mode");

//  ‑‑ req1.14.2.2 ‑‑

if(!PUMP_CONTROL_REPAIR)

    EmergencyStop(mes, "PUMP_CONTROL_FAILURE_DETECTION in Rescue mode");

//  ‑‑ req1.14.2.3 ‑‑

if( (qc1 <= M1 && qc1 >= 0) || (qc2 >= M2 && qc2 <= C)) {

    EmergencyStop(mes, "Risk minimal/maximal limit in Rescue mode");

}

mes.writeBoilerQ("mode 3");

mode = 3;

if(FIRST_OPEN)

    FIRST_OPEN = false;

//  ‑‑ req1.14.3 ‑‑

if(qc1 < N1 && qc2 < N2 && !doOnceOpen) {

    for(int i=1; i<=NUMBER_OF_PUMPS; i++)
    

mes.writeBoilerQ("open_pump "+ i);

    System.out.println("open_pump ");

    FIRST_OPEN = true;

    // these two boolean vars are used to ensure open_pump or close_pump

    // sent just once.

    PUMP_ON = true;

    doOnceOpen = true;

    doOnceClose = false;
    

}

//  ‑‑ req1.14.4

if(qc2 > N2 && qc1 > N1 && !doOnceClose) {

    for(int i=1; i<=NUMBER_OF_PUMPS; i++)
    

mes.writeBoilerQ("close_pump "+ i);

    System.out.println("close_pump");

    // these two boolean vars are used to ensure open_pump or close_pump

    // sent just once.
  

    PUMP_ON = false;

    doOnceClose = true;

    doOnceOpen = false;

}

    } // end of Rescue

    /*

     *  Program runs in emergency stop mode

     *

     *  ‑‑ req1.15 ‑‑

     */

    void EmergencyStop(messageQueues mes, String s) {

mes.writeBoilerQ("mode 4");

mode = 4;

System.err.println("Emergency Stop: " + s);

    } //EmergencyStop

    /*

     * This function reads messages from physical units, writes message to physical

     * units, and wirtes log file

     *

     *  ‑‑ req1.9 ‑‑

     *  ‑‑ req1.9.1 ‑‑

     *  ‑‑ req1.9.2 ‑‑

     *  ‑‑ req1.9.3 ‑‑

     */

    void handleMessage(messageQueues mes) {

try {

    //write log file in append mode   

    PrintWriter outWriter = new PrintWriter(new FileWriter("Logfile", true));

    // read message

    while(!mes.isEquipQEmpty()) {

String mesStr = mes.getEquipQMes();

// ‑‑ req1.17.2 ‑‑

if(mesStr.indexOf("steam_boiler_waiting") != ‑1) {

    STEAM_BOILER_WAITING = true; 

} 

// ‑‑ req1.17.3 ‑‑

else if(mesStr.indexOf("physical_units_ready") != ‑1) {

    PHYSICAL_UNITS_READY = true;

    System.out.println("physical_units_ready");

} 

// ‑‑ req1.17.4 ‑‑

else if(mesStr.indexOf("pump_state") != ‑1) {

    int pumpNo = Integer.parseInt(mesStr.substring(11, 12));

    String state = mesStr.substring(13);

    if(state.equals("open"))

PUMP_STATE[pumpNo‑1] = true;

    else

PUMP_STATE[pumpNo‑1] = false;

    // ‑‑req1.16.6 ‑‑

    if(PUMP_STATE[pumpNo‑1] != PUMP_ON) {

// write pump_failure_detection once

if(!PUMP_FAILURE_DETECTION[pumpNo‑1])

    mes.writeBoilerQ("pump_failure_detection " + pumpNo );

PUMP_FAILURE_DETECTION[pumpNo‑1] = true;

All_PHYSICAL_UNITS_OK = false;




    }

}

// ‑‑ req1.17.5 ‑‑

else if(mesStr.indexOf("pump_control_state") != ‑1) {

    int pump_controlNo = Integer.parseInt(mesStr.substring(19, 20));

    String state = mesStr.substring(21);

    /* 

       THE RELATIONSHIP BETWEEN PUMP AND PUMP CONTROLLER

       pump       pump controller    

       ___________________________________________________

       close      noflow

       ___________________________________________________

       open       noflow             (first time open)

       open       flow               (not first time open)

       ___________________________________________________

     */

    if(state.equals("flow")) {

PUMP_CONTROL_STATE[pump_controlNo‑1] = true;

if( (!PUMP_ON) || ( PUMP_ON && FIRST_OPEN)) {

    // pump controller failure in this situation

    // write pump_control_failure_detection once

    if(!PUMP_CONTROL_FAILURE_DETECTION[pump_controlNo‑1])

mes.writeBoilerQ("pump_control_failure_detection " + pump_controlNo );

    PUMP_CONTROL_FAILURE_DETECTION[pump_controlNo‑1] = true;

    All_PHYSICAL_UNITS_OK = false;

}

    }

    else {

PUMP_CONTROL_STATE[pump_controlNo‑1] = false;

if( PUMP_ON && !FIRST_OPEN ) {

    // pump controller failure in this situation

    // write pump_control_failure_detection once

    if(!PUMP_CONTROL_FAILURE_DETECTION[pump_controlNo‑1])

mes.writeBoilerQ("pump_control_failure_detection " + pump_controlNo );

    PUMP_CONTROL_FAILURE_DETECTION[pump_controlNo‑1] = true;

    All_PHYSICAL_UNITS_OK = false;



}

    }

} 

// ‑‑ req1.17.6 ‑‑

else if(mesStr.indexOf("level ") != ‑1) {

    q = Integer.parseInt(mesStr.substring(6));

    if( q<0 || q>C || q>qc2 || q<qc1 ) {

if( VALVE) 

    // ignore level check in this valve cycle

    VALVE = false;

else if(WATER_LEVEL_REPAIR ) {

    // ignore level check in this water_level_repair cycle

    WATER_LEVEL_REPAIR = false;

} else {

    if(!LEVEL_FAILURE_DETECTION)

mes.writeBoilerQ("level_failure_detection");

    LEVEL_FAILURE_DETECTION = true;

    All_PHYSICAL_UNITS_OK = false;

}

    }

    // make sure

    if(WATER_LEVEL_REPAIR) 

WATER_LEVEL_REPAIR = false;

} 

// ‑‑ req1.17.7 ‑‑

else if(mesStr.indexOf("steam ") != ‑1) {

    v = Integer.parseInt(mesStr.substring(6));

    // we use (Vp=‑10) as steam_reparied falg

    if(  ( (v<0) || (v>W) || (v>(Vp+U1*T)) || (v<(Vp‑U2*T)) ) && Vp != ‑10 ) {

// write steam_failure_detection once

if(!STEAM_FAILURE_DETECTION)

    mes.writeBoilerQ("steam_failure_detection");

STEAM_FAILURE_DETECTION = true;

All_PHYSICAL_UNITS_OK = false;

    }

    // trace steam level if not failure

    if(!STEAM_FAILURE_DETECTION)

Vp = v;

} 

// ‑‑ req1.17.8 ‑‑

else if(mesStr.indexOf("pump_repaired") != ‑1) {

    int i = Integer.parseInt(mesStr.substring(14, 15));

    PUMP_FAILURE_DETECTION[i‑1] = false;

    // ‑‑ req1.16.10 ‑‑

    mes.writeBoilerQ("pump_repaired_acknowledgement " + i );

    System.out.println(mesStr+ "i = " + i);

} 

// ‑‑ req1.17.9 ‑‑

else if(mesStr.indexOf("pump_control_repaired") != ‑1) {

    int i = Integer.parseInt(mesStr.substring(22, 23));

    PUMP_CONTROL_FAILURE_DETECTION[i‑1] = false;

    // ‑‑ req1.16.11 ‑‑

    mes.writeBoilerQ("pump_control_repaired_acknowledgement " + i );

} 

// ‑‑ req1.17.10 ‑‑

else if(mesStr.indexOf("level_repaired") != ‑1) {

    LEVEL_FAILURE_DETECTION = false;

    WATER_LEVEL_REPAIR = true;

    // ‑‑ req1.16.12 ‑‑

    mes.writeBoilerQ("level_repaired_acknowledgement");

} 

// ‑‑ req1.17.11 ‑‑

else if(mesStr.indexOf("steam_repaired") != ‑1) {

    Vp = ‑10; // means this cycle steam_repaired

    STEAM_FAILURE_DETECTION = false;

    // ‑‑ req1.16.13 ‑‑

    mes.writeBoilerQ("steam_repaired_acknowledgement");

}

else if(mesStr.indexOf("qc") != ‑1) {

    // read qc1 and qc2 from this String

    String twoQcStr = mesStr.substring(3);

    int sep = twoQcStr.indexOf(' ');

    qc1next = Integer.parseInt(twoQcStr.substring(0, sep));

    qc2next = Integer.parseInt(twoQcStr.substring(sep+1));
   

}

// write all these messages into log file

// do not write qc line

if(mesStr.indexOf("qc") == ‑1)

    outWriter.println(mesStr);

    }

    outWriter.println("end_receive\n");

    outWriter.close();

} catch(IOException e) {

    System.err.println(e.toString());

    System.exit(1);

}

    } // end of handleMessage()

    // check if all physical units OK

    void checkUnits() {

REPAIR = true;

PUMP_CONTROL_REPAIR = true;

for(int i=0; i<4; i++) {

    REPAIR = REPAIR && (!PUMP_FAILURE_DETECTION[i]) && (!PUMP_CONTROL_FAILURE_DETECTION[i]);

    PUMP_CONTROL_REPAIR = PUMP_CONTROL_REPAIR && (!PUMP_CONTROL_FAILURE_DETECTION[i]);

}

REPAIR = REPAIR && (!STEAM_FAILURE_DETECTION) ;

if(REPAIR) {

    All_PHYSICAL_UNITS_OK = true;

}

    } // end of checkUnits()

    // Program runs in one of these five modes

    void operation(int mode, messageQueues mes) {

if(mode == 0){

    Initialization(mes);

    return;

}

else if(mode == 1) {

    Normal(mes);

    return;

}

else if(mode == 2) {

    Degraded(mes);

    return;

}

else if(mode == 3) {

    Rescue(mes);

    return;

}

else 

    EmergencyStop(mes, "in Emergency Stop mode");

    } // end of operation()

    /*

     *  ‑‑ req1.9 ‑‑

     *  ‑‑ req1.9.1 ‑‑

     *  ‑‑ req1.9.2 ‑‑

     *  ‑‑ req1.9.3 ‑‑

     */

    public void processMessage(messageQueues mes, String errMes) {

// handle message from physical units, write log file

handleMessage(mes);

// check all physical units

checkUnits();

// operation

System.out.println("mode: " + mode ); //&

operation(mode, mes);

qc1 = qc1next; // active next cycle qc1

qc2 = qc2next; // active next cycle qc2

    } // end of processMessage()

}// end of class steamBoiler

/*_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  _/                                                                      _/

  _/                                                                      _/

  _/               Steam‑Boiler Simulator                                 _/ 

  _/                                                                      _/

  _/               file: messageQueues.java                               _/

  _/                                                                      _/

  _/                                                                      _/

  _/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  *

  *  Class messageQueues is communication media between the equipment and 

  *  the steam‑boiler

  * 

  *  Class messageQueuesm contains two vector which work as message queue. One for 

  *  the equipment the other for the steam‑boiler.

  *  The equipment writes messages to equipment_message_queue which will be read 

  *  by the steam‑boiler

  *  The steam‑boiler writes messages to steam‑boiler_message_queue which will be 

  *  read by the equipment.

  *  

  *

  */

import java.util.Vector;

class messageQueues {

    /* equipV is used to put messages which was sent from equipment

     * Those messages will be read by steam‑boiler

     */

    Vector equipV = new Vector();

    /* boilerV is used to put message which was sent from steam‑boiler

     * Those messages will be read by equipment

     */

    Vector boilerV = new Vector();

    // equipment write message to equipment_message_queue

    public void writeEquipQ(String mes) {

equipV.addElement(mes);

    }

    // check empty

    public boolean isEquipQEmpty() {

return equipV.isEmpty();

    }

    // steam‑boiler read message from equipment_message_queue and remove the message

    // from equipment_message_queue

    public String getEquipQMes() {

String s = (String) equipV.firstElement();

equipV.removeElementAt(0);

return s;

    }

    // steam‑boiler write message to steam‑boiler_message_queue

    public void writeBoilerQ(String mes) {

boilerV.addElement(mes);

    }

    // check empty

    public boolean isBoilerQEmpty(){

return boilerV.isEmpty();

    }

    // equipment read message from steam‑boiler_message_queue and remove the message

    // from steam‑boiler_message_queue

    public String getBoilerQMes() {

String s = (String) boilerV.firstElement();

boilerV.removeElementAt(0);

return s;

    }

} // end of class messageQueues

/*_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  _/                                                                      _/

  _/                                                                      _/

  _/               Steam‑Boiler Simulator                                 _/ 

  _/                                                                      _/

  _/               file: equipment.java                                   _/

  _/                                                                      _/

  _/                                                                      _/

  _/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  *  

  * This file contains class pump, pumpController, steamLevelMeasurer, 

  * waterLevelMeasurer, equipment.

  *

  * Class pump simulates pump.

  * Class pumpController simulates pump controller.

  * Class steamLevelMeasurer simulates steam level measurer.

  * Class waterLevelMeasurer simulates water level measurer.

  * Class equipment simulates all complementary physical units in a steam‑boiler 

  * system. It contains four pumps, four pump controllers, one water level measurer,

  * one steam level measurer.

  *

  * Functionalities of pump:

  *   1, build up with pump capacity, pump(int i);

  *   2, get pump capacity, getP();

  *   3, open, openPump();

  *   4, close, clesePump();

  *   5, check pump working state, isPumpOn();

  *   6, fail, pumpFail();

  *   7, rapair, pumpRepair();

  *   8, check pump function state, isPumpFailure();

  *

  * Functionalities of pumpController:

  *   1, build up with associated pump, pumpController(pump p);

  *   2, fail, pumpControllerFail();

  *   3, repair, pumpControllerRepair();

  *   4, check pump controller function state, isPumpControllerFailure();

  *   5, get water quantity pass through the pump associated this pumpController;

  *      if pumpController is not fail, water quantity is 70‑100% of P in 

  *      initialization mode, 10‑100% in normal, degraded mode.

  *      if pumpController is fail, water quantity is P for pump open, 0 for pump

  *      close.

  *

  * Funcitionalitues of steamLevelMeasurer:

  *   1, build up with maximal quantity of steam, maximum gradient of increase 

  *   of the quantity of steam, maximum gradient of decrease of the quantity of 

  *   steam, steamLevelMeasurer(int highestSteamLevel, int u1, int u2);

  *   2, fail, steamLevelMeasurerFail();

  *   3, repaire, steamLevelMeasurerRepair();

  *   4, check steam level measurer function state, isSteamLevelMeasurerFailure();

  *   5, get steam qunatity,getSteamLevel(int mode):

  *      if initialization mode, set steam as 0;

  *      assume exit steam level is 10‑100% of W

  *      if steam level measure is OK, exit steam should between maximum gradient

  *      of increase and maximum gradient of decrease.

  *      if steam level measure is not OK, exit steam should not between maximum

  *      gradient of increase and maximum gradient of decrease.

  *   6, minimal calculated quantity of exiting steam, vc1();

  *   7, maximal calculated quantity of exiting steam, vc2();

  *

  * Functionalities of waterLevelMeasurer:

  *   1, build up, waterLevelMeasurer();

  *   2, fail, waterLevelMeasurerFail();

  *   3, repair, waterLevelMeasurerRepair();

  *   4, ckeck water level measurer function state, isWaterLevelMeasurerFailure();

  *   because in simulation, water level is calculated from original water level, 

  *   water quantity from pumps, water outlet by steam, not from measuring. So we 

  *   move functionality of getWaterLevel to class equipment.

  *

  * Functionalities of equipment:

  *   1, build up with pump capacity, maximal quantity of steam, initial water 

  *   level, maximum gradient of increase of the quantity of steam, maximum gradient 

  *   of decrease of the quantity of steam, maximal normal quantity N2 of water,

  *   equipment(int P, int W, int Q, int u1, int u2, int n2);

  *   2, cope with messages, processMessage(messageQueues mes, String errMes);

  *   Functionality of processMessage():

  *    (1), read message coming from steam‑boiler, set up boolean value;

  *    (2), simulate error situation;

  *    (3), get pump, pump_control state;

  *    (4), get water level;

  *    (5), get steam level;

  *    (6), write message back to steam‑boiler;

  *    (7), write log file

  *   For water level:

  *     if no error water level is calculated from original water evel, water

  *     quantity from pumps, water outlet by steam.

  *     minimal calculated quantity of water qc1 is calculated by:

  *     qc1 = qa1 + pumpWater*cycleTime ‑ steamWater*cycleTime ‑ 

  *           U1*cycleTime*cycleTime/2; 

  *     qa1 is minimal adjusted quantity of water.

  *     qc2 = qa2 + pumpWater*cycleTime ‑ steamWater*cycleTime + 

  *           U2*cycleTime*cycleTime/2;

  *     qa2 is maximal adjusted quantity of water.

  *       qa1 = qc1 if the water level measurer failure

  *       qa1 = q   otherwise

  *       qa2 = qc2 if the water level measurer failure

  *       qa2 = q   otherwise

  *     if the water level measurer failure, water level is set as qc1‑1. (simulate

  *     error situation)

  *

  */

import java.util.Random;

import java.io.*;

/*

 * class pump simulate pump

 *

 *  ‑‑ req1.2.3 ‑‑

 *  ‑‑ req1.5 ‑‑

 */

class pump {

    //  ‑‑ req1.5.1 ‑‑

    int P; // pump capacity(litres/sec)

    //  ‑‑ req1.5.2 ‑‑

    boolean pumpOn; // ture for pump on

    boolean pumpFailure; // true for pump failure

    // constructor 

    public pump(int i) {

P = i;

pumpOn = false; // false as default

pumpFailure = false; // false as default

    }

    public int getP() {

return P;

    }

    //  ‑‑ req1.5.3 ‑‑ 

    public void openPump() {

pumpOn = true;

    }

    //  ‑‑ req1.5.4 ‑‑

    public void closePump() {

pumpOn = false;

    }

    public boolean isPumpOn() {

return pumpOn;

    }

    public void pumpFail() {

pumpFailure = true;

    }

    public void pumpRepair(){

pumpFailure = false;

    }

    public boolean isPumpFailure() {

return pumpFailure;

    }

} // end of class pump

/*

 *  class pumpController simulate pump controller

 *

 *  ‑‑ req1.2.4 ‑‑

 *  ‑‑ req1.6 ‑‑

 */

class pumpController {

    boolean pumpControllerFailure; // true if pump controller failure

    pump thePump; // the pump which this pump controller contorl

    public pumpController(pump p) {

thePump = p;

pumpControllerFailure = false; // false as default

    }

    public void pumpControllerFail() {

pumpControllerFailure = true;

    }

    public void pumpControllerRepair() {

pumpControllerFailure = false;

    }

    public boolean isPumpControllerFailure() {

return pumpControllerFailure;

    }

    public int getWaterThroughput(int mode) {

float openrate, modeFactor;

if(!thePump.isPumpOn() || thePump.isPumpFailure()|| pumpControllerFailure )

    return 0;

if(!pumpControllerFailure) {

    return  thePump.getP();

} else {

    /*

     * pump controller failure, for condition C, pc = 0 (pump close); 

     * for condition D, pc = P (pump open);

     *

     */

    if(thePump.isPumpOn())

return thePump.getP();

    else

return 0;

}

    }

} // end of class pumpController

/*

 *  class steamLevelMeasurer simulate steam quantity measurer

 *

 *  ‑‑ req1.2.5 ‑‑

 *  ‑‑ req1.7 ‑‑

 */

class steamLevelMeasurer {

    int V; //exit steam quatity, litre/sec

    int Vpre; // last time exit steam quatity, litre/sec

    boolean failure; // true if steam level measurer failure

    int W, U1, U2, va1, va2;

    int cycleTime = 5; //running once every 5 second

    public steamLevelMeasurer(int highestSteamLevel, int u1, int u2) {

W = highestSteamLevel;

failure = false; // false as default;

U1 = u1;

U2 = u2;

Vpre = 0;

    }

    public void steamLevelMeasurerFail() {

failure = true;

    }

    public void steamLevelMeasurerRepair() {

failure = false;

    }

    public boolean isSteamLevelMeasurerFailure() {

return failure;

    }

    public int getSteamLevel(int mode) {

float rate;

//Initialization mode set steam level as 0

if(mode==0)

    return 0;

/* assume exit steam level is 10‑100% of W

 * if steam level measure is OK, exit steam should between 

 *    maximum gradient of increase and maximum gradient of decrease.

 * if steam level measure is not OK, exit steam should not between 

 *    maximum gradient of increase and maximum gradient of decrease.

 *
 

 */

if( failure ) {

    do {

Random r = new Random();

rate = r.nextFloat();

V = (int) (rate * W);



    } while( V <= (Vpre + U1*5) && V >= (Vpre ‑ U2*5) );

    va1 = Vpre;

    va2 = Vpre;

    return V;

} else {

    do {

do {

    Random r = new Random();

    rate = r.nextFloat();

}while(rate < 0.1);

V = (int) (rate * W);

    } while( !(V <= (Vpre + U1*5) && V >= (Vpre ‑ U2*5)) );

}

va1 = V;

va2 = V;

Vpre = V;

return V;

    }

    public int vc1() {

int vc1;

vc1 = va1 ‑ U2*cycleTime;

va1 = vc1;

return vc1;

    }

    public int vc2() {

int vc2;

vc2 = va2 + U1*cycleTime;

va2 = vc2;

return vc2;

    }

} // end of class steamLevelMeasurer

/*

 *  class waterLevelMeasurer simulate water level measurer

 *  For convenient, we move functionality of getWaterLevel to class equipment

 *  because for simulation water level is calculated from original water level, 

 *  water quantity from pumps, water outlet by steam, not from measuring.

 *

 *  ‑‑ req1.2.2 ‑‑

 *  ‑‑ req1.4 ‑‑

 */

class waterLevelMeasurer {

    float waterLevel; // water quantity in steam‑boiler, liters

    boolean failure; // true if water level measurer failure

    public waterLevelMeasurer() {

failure = false; // false as default

    }

    public void waterLevelMeasurerFail() {

failure = true;

    }

    public void waterLevelMeasurerRepair() {

failure = false;

    }

    public boolean isWaterLevelMeasurerFailure() {

return failure;

    }

} // end of class waterLevelMeasurer

// simulate all complemenatary physical units 

class equipment {

    // The system contains four pumps

    //  ‑‑ req1.2.3 ‑‑

    pump pumps[] = new pump[4];

    // The system contains four pump controllers

    // ‑‑ req1.2.4 ‑‑

    pumpController pumpControllers[] = new pumpController[4];

    // The system contains one steam level measurer

    //  ‑‑ req1.2.5 ‑‑

    steamLevelMeasurer SLM;

    // The system contains one water level measurer

    //  ‑‑ req1.2.2 ‑‑

    waterLevelMeasurer WLM = new waterLevelMeasurer();

    int totalWater; // quantity of water in the steam‑boiler

    String mesNextCycle = new String("");

    int preSteamLevel = 0;

    int cycleTime = 5;

    int pumpWater; // water quantity comming from pumps

    int steamWater; // quantity of steam

    int qa1; // minimal adjusted quantity of water

    int qa2; // maximal adjusted qunatity of water

    int qc1; // minimal calculated quantity of water

    int qc2; // maximal calculated quantity of water

    int U1; // maximal gradient of increase of the quantity of steam

    int U2; // maximal gradient of decrease of the quantity of steam

    int N2; // maximal normal quantity of water

    //  ‑‑ req1.3.1 ‑‑

    boolean Valve; // Vavle for evacuation of water

    /* 

     *  For WATER_LEVEL_MEASURING_UNIT and STEAM_LEVEL_MEASURING_UNIT, there are

     *  two ways for failure:

     *  (1), value out of the valid static limits (0 and C, 0 and W)

     *  (2), value is incompatible with the dynamics of the sysem.

     *       For WATER_LEVEL_MEASURING_UNIT, that is value beyond qc1 and qc2.

     *       For STEAM_LEVEL_MEASURING_UNIT, that is either gradient of increase over

     *          U1 or gradient of decrease over U2

     */

    int errMode = 1; // 1: simulate error as (1); 2: simulate error as (2);

    int mesNo = 0; // how many piece messages sent by steamBoiler

    int mode = 0; // which mode the steamBoiler running

    boolean firstrun = false; // the system first time running

    boolean PROGRAM_READY = false;

    // ‑‑ req1.18.1.1 ‑‑

    // pump does not respond a commmand

    boolean pumpStartStopFailure[] = new boolean[4]; 

    // ‑‑ req1.18.2.1 ‑‑

    // pump controller does not respond a commmand

    boolean pumpControllerStartStopFailure[] = new boolean[4]; 

    int NUMBER_OF_PUMPS = 4; // there are totally 4 pumps

    // constructor

    public equipment(int P, int W, int Q, int u1, int u2, int n2) {

U1 = u1;

U2 = u2;

N2 = n2;

for (int i = 0; i < NUMBER_OF_PUMPS; i++) {

    pumps[i] = new pump(P);

    pumpControllers[i] = new pumpController(pumps[i]);

    pumpStartStopFailure[i] = false;

    pumpControllerStartStopFailure[i] = false;

}

SLM = new steamLevelMeasurer(W, U1, U2);

totalWater = Q; // initial water level

// fresh Logfile

try {

    PrintWriter outWriter = new PrintWriter(new FileWriter("Logfile"));

    outWriter.close();

} catch(IOException e) {

    System.err.println(e.toString());

    System.exit(1);

}

    } // end of equipment

    // quantity of water coming from pumps

     void getPumpWater(int mode) {

float pumpwater = 0;

for (int i = 0; i < NUMBER_OF_PUMPS; i++) 

    pumpwater = pumpwater + pumpControllers[i].getWaterThroughput(mode);

pumpWater = (int) pumpwater;

    }

    // quantity of steam water exiting the steam‑boiler

     void getSteamWater(int mode) {

steamWater = SLM.getSteamLevel(mode);

    }

    // quantity of water in the steam‑boiler

     int getWaterLevel(int mode) {

 int theWater = 0;// theWater‑this cycle water level, totalWater‑next cycle water level

// if steam level measurer failure, steam water quantity comes from 

// calcualate, otherwiase it comes form steam level measurer

if(SLM.isSteamLevelMeasurerFailure())

    steamWater = preSteamLevel;

else

    getSteamWater(mode);

// water quantity from pumps

getPumpWater(mode);

// if water level measurer is not failure, calculate water quantity

if(mode == 0 || mode == 1 || mode == 2) {

    qa1 = totalWater;

    qa2 = totalWater;

    theWater = totalWater;

    totalWater = totalWater + (pumpWater ‑ steamWater)*cycleTime;

}

// calculate qc1 and qc2

int va2 = (SLM.isSteamLevelMeasurerFailure() ? SLM.vc2() : steamWater);

int pa1 = 0;

qc1 = qa1 ‑ va2*cycleTime ‑ U1*cycleTime*cycleTime/2 + pa1;

int va1 = (SLM.isSteamLevelMeasurerFailure() ? SLM.vc1() : steamWater);

int pa2 = (pumps[0].isPumpOn() ? pumps[0].getP() : 0) + 

    (pumps[1].isPumpOn() ? pumps[1].getP() : 0) + 

    (pumps[2].isPumpOn() ? pumps[2].getP() : 0) +

    (pumps[3].isPumpOn() ? pumps[3].getP() : 0) ;

qc2 = qa2 ‑ va1*cycleTime + U2*cycleTime*cycleTime/2 + pa2*cycleTime;

// if water level measurer is failure, give error water quantity

if(mode == 3 || WLM.isWaterLevelMeasurerFailure()) {

    theWater = qc1 * 95 / 100;

    totalWater = (qc1 + qc2) / 2;

    if(!WLM.isWaterLevelMeasurerFailure()) {

theWater = totalWater;

totalWater = theWater ‑ steamWater*cycleTime;

    }

    qa1 = qc1;

    qa2 = qc2;

}

// For writing to log file

if(SLM.isSteamLevelMeasurerFailure())

    getSteamWater(mode);

return  theWater;

    } // end getWaterLevel

    /*

     *  This function reads message from steam‑boiler, handle error simulation,

     *  write messages back to steam‑boiler, and write log file

     *

     */

    void handleMessage(messageQueues mes) {

try {

    //write file in append mode  

    PrintWriter outWriter = new PrintWriter(new FileWriter("Logfile", true));

    //begin to run the simulator

    if(mes.isBoilerQEmpty()) {

firstrun = true;

for(int i=1; i<= NUMBER_OF_PUMPS; i++)

    outWriter.println("pump_number " + i);

outWriter.println("mode initialization");

    }

    /*

     *  handle message from steam‑boiler

     */

    while(!mes.isBoilerQEmpty()) {

String mesStr = mes.getBoilerQMes();

//  ‑‑ req1.16.1 ‑‑

if(mesStr.indexOf("mode") != ‑1) {

    mode = Integer.parseInt(mesStr.substring(5));

    if(mode == 0) mesStr = "mode initialization";

    else if(mode == 1) mesStr = "mode normal";

    else if(mode == 2) mesStr = "mode degraded";

    else if(mode == 3) mesStr = "mode rescue";

    else {

mesStr = "mode emergency_stop";

outWriter.println(mesStr);

outWriter.close();

System.exit(1);

    }

} 

//  ‑‑ req1.16.4 ‑‑

else if(mesStr.indexOf("open_pump") != ‑1) {

    int i = Integer.parseInt(mesStr.substring(10,11));

    if(!pumpStartStopFailure[i‑1])

pumps[i‑1].openPump();

    else {

pumps[i‑1].openPump();

pumps[i‑1].pumpFail();

mesNextCycle = "pump_failure_detection " + i;

pumpStartStopFailure[i‑1] = false;

    }

    if(pumpControllerStartStopFailure[i‑1]) {

pumpControllers[i‑1].pumpControllerFail();

mesNextCycle = "pump_control_failure_detection " + i;



    }

    // Water will pass pump 5 seconds later

    firstrun = true;




} 

//  ‑‑ req1.16.6 ‑‑

else if(mesStr.indexOf("close_pump") != ‑1) {

    int i = Integer.parseInt(mesStr.substring(11,12));

    if(!pumpStartStopFailure[i‑1])

pumps[i‑1].closePump();

    else {

pumps[i‑1].closePump();

pumps[i‑1].pumpFail();

mesNextCycle = "pump_failure_detection " + i;

pumpStartStopFailure[i‑1] = false;

    }

    if(pumpControllerStartStopFailure[i‑1]) {

pumpControllers[i‑1].pumpControllerFail();

mesNextCycle = "pump_control_failure_detection " + i;

pumpControllerStartStopFailure[i‑1] = false;

    }

} 

//  ‑‑ req1.16.2 ‑‑

else if(mesStr.indexOf("program_ready") != ‑1) {

    PROGRAM_READY = true;

} 



//  ‑‑ req1.16.6 ‑‑

else if(mesStr.indexOf("pump_failure_detection") != ‑1) {

    int i = Integer.parseInt(mesStr.substring(23, 24));

    // ‑‑ req1.17.12 ‑‑   

    mes.writeEquipQ("pump_failure_acknowledgement " + i + " ");

} 

//  ‑‑ req1.16.7 ‑‑

else if(mesStr.indexOf("pump_control_failure_detection") != ‑1) {

    int i = Integer.parseInt(mesStr.substring(31,32));

    // ‑‑ req1.17.13 ‑‑

    mes.writeEquipQ("pump_control_failure_acknowledgement " + i );

} 

//  ‑‑ req1.16.8 ‑‑

else if(mesStr.indexOf("level_failure_detection") != ‑1) {

    //  ‑‑ req1.17.14 ‑‑

    mes.writeEquipQ("level_failure_acknowledgement");

} 

//  ‑‑ req1.16.9 ‑‑

else if(mesStr.indexOf("steam_failure_detection") != ‑1) {


    // ‑‑ req1.17.15 ‑‑

    mes.writeEquipQ("steam_failure_acknowledgement");

} 

//  ‑‑ req1.16.3 ‑‑

else if(mesStr.indexOf("valve") != ‑1) {

    Valve = true;

}

outWriter.println(mesStr);

mesNo++;

    }

    outWriter.println("end_send\n");

    outWriter.close();

} catch(IOException e) {

    System.err.println(e.toString());

    System.exit(1);

}

// from initialization mode to normal mode

if(PROGRAM_READY) 

    mes.writeEquipQ("physical_units_ready");

    } // end of handleMessage()

    /*

     * When we read error situation from control file, we will simulate this 

     * situation. Say pump_failure 2, we get instruction for the physical unit 

     * to simulate pump 2 failure. In this cycle pump 2 fail and in next cycle

     * PUMP_FAILURE_DETECTION[1] will become true from false. And in next cycle,

     * physical unit will send pump_failure_acknowledgement.

     *

     * This function handle error condition from control file.

     */

   void handleErrMes(messageQueues mes, String errMes) {

       // ‑‑ req1.18.1.1 ‑‑  &  ‑‑ req1.18.1.2 ‑‑

       if(errMes.indexOf("pump_failure") != ‑1) {

   int i = Integer.parseInt(errMes.substring(13, 14));

   int errorMode = Integer.parseInt(errMes.substring(16, 17));

   if(errorMode == 1){

       pumpStartStopFailure[i‑1] = true;

   }
   

   if(errorMode == 2) {

       pumps[i‑1].pumpFail();

   }
   

       } 

       // ‑‑ req1.18.2.1 ‑‑   &   ‑‑ req1.18.2.2 ‑‑ 

       else if(errMes.indexOf("pump_control_failure") != ‑1) {

   int i = Integer.parseInt(errMes.substring(21,22));

   int errorMode = Integer.parseInt(errMes.substring(24,25));

   if(errorMode == 1){

       pumpControllerStartStopFailure[i‑1] = true;

   }

   if(errorMode == 2) {

       pumpControllers[i‑1].pumpControllerFail();
       

   }

  

       } 

       // ‑‑ req1.18.3.1 ‑‑   &   ‑‑ req1.18.3.2 ‑‑ 

       else if(errMes.indexOf("steam_failure") != ‑1) {

   errMode = Integer.parseInt(errMes.substring(14, 15));

   SLM.steamLevelMeasurerFail();

       } 

       // ‑‑ req1.18.4.1 ‑‑   &   ‑‑ req1.18.4.2 ‑‑ 

       else if(errMes.indexOf("level_failure") != ‑1) {

   errMode = Integer.parseInt(errMes.substring(14, 15));

   WLM.waterLevelMeasurerFail();

  

       } 

       //  ‑‑ req1.17.8 ‑‑

        else if(errMes.indexOf("pump_repaired") != ‑1) {

   mes.writeEquipQ(errMes);

   int i = Integer.parseInt(errMes.substring(14,15));

   pumps[i‑1].pumpRepair();

   pumpStartStopFailure[i‑1] = false;

       } 

       // ‑‑ req1.17.9 ‑‑

       else if(errMes.indexOf("pump_control_repaired") != ‑1) {

   mes.writeEquipQ(errMes);

   int i = Integer.parseInt(errMes.substring(22,23));

   pumpControllers[i‑1].pumpControllerRepair();

       } 

       // ‑‑ req1.17.11 ‑‑

       else if(errMes.indexOf("steam_repaired") != ‑1) {

    mes.writeEquipQ(errMes);

    SLM.steamLevelMeasurerRepair();

       } 

       //  ‑‑ req1.17.12 ‑‑

       else if(errMes.indexOf("level_repaired") != ‑1) {

   mes.writeEquipQ(errMes);

   WLM.waterLevelMeasurerRepair();

       } 

   } //end of handleErrMes()

    /*

     *  Write pump and pump controller information

     */

    void pumpInfor(messageQueues mes) {

for(int i = 0; i < NUMBER_OF_PUMPS; i++) {

    int j = i+1;

    /*  PumpFailure   IsPumpOn     PumpState

     *   F             T            open

     *   F             F            closed

     *   T             T            closed

     *   T             F            open

     */

    mes.writeEquipQ("pump_state " + j + " " + 

    ( pumps[i].isPumpFailure() ? 

      ( pumps[i].isPumpOn()?"closed":"open" ) :  

      ( pumps[i].isPumpOn()?"open":"closed" ) ) 

    );

    // pump controller information

    if(firstrun) { // first cycle of simulator running & open pump

// ‑‑ req1.18.2.1 ‑‑

if(pumpControllerStartStopFailure[i]) {

    mes.writeEquipQ("pump_control_state " + j + " flow");

    pumpControllerStartStopFailure[i] = false;

} else

    mes.writeEquipQ("pump_control_state " + j + " " + "noflow");

    } else // normally the logic for pump control state is the same as above

/* pumpController  pump    pump_control_state

 *     OK           ON        flow

 *     OK           OFF       noflow

 *   Fail           ON        noflow

 *   Fail           Off       flow

 */

mes.writeEquipQ("pump_control_state " + j + " " + 

( pumpControllers[i].isPumpControllerFailure() ? 

  (pumps[i].isPumpOn()?"noflow":"flow") : 

  (pumps[i].isPumpOn()?"flow":"noflow") ) 

);

}

    } // end of pumpInfor()

    /*

     *  Write water level information

     */

    void waterLevelInfor(messageQueues mes) {

int water_level;

if(Valve) {

    /* In initialization mode, if initial water level is above N2, the system

     * active valve for evacuation of water from steam‑boiler.

     * In this simulator, we set water level as N2‑1 after evacuation.

     */

    totalWater = N2 ‑ 1;

    water_level = totalWater;

    qc1 = water_level ‑ 12;

    qc2 = water_level + 12;

    Valve = false;

} else {

    water_level = getWaterLevel(mode);

}

// write qc1 qc2 information as: qc (qc1 value) (qc2 value)

Integer qc1Int = new Integer(qc1);

Integer qc2Int = new Integer(qc2);

mes.writeEquipQ("qc " + qc1Int.toString() + " " + qc2Int.toString());

/* If error simulation is as way (1), ie. value is out of static valid limit,

 * set water level as ‑1;

 * If error simulation is as way (2), ie. value is incompatible with the 

 * dynamics of the system, set water level as qc1‑1;

 * If no error simulation, write water level from getWaterLevel().

 */

Integer wf = new Integer( water_level);

String waterInfor = wf.toString();

if(errMode == 1)

    mes.writeEquipQ("level " + 

    ( WLM.isWaterLevelMeasurerFailure() ? "‑1" : waterInfor ) );

if(errMode == 2)

    mes.writeEquipQ( "level " +  waterInfor );

System.out.println("level " + 

   ( WLM.isWaterLevelMeasurerFailure() ? 

     (errMode == 1 ? "‑1" : waterInfor ) : 

     waterInfor)  );

    } // end of waterLevelInfor()

    /*

     *  Write steam level information

     */

    void steamLevelInfor(messageQueues mes, String errMes) {

// mode: normal, degraded, rescue       

if(mode != 0) {

    // write last cycle steam level

    //Integer psI = new Integer(preSteamLevel);

    //mes.writeEquipQ( "steam_previous " + psI.toString() );

    /* If error simulation is as way (1), ie. value is out of static valid 

     * limit, set steam level as ‑1; Otherwise  write steam level 

     * from steamWater.

     */

    Integer sI = new Integer(steamWater);

    String steamInfor = sI.toString();

    // ‑‑ req1.18.3.1 ‑‑

    if(errMode == 1)

mes.writeEquipQ("steam " + ( SLM.isSteamLevelMeasurerFailure() ? "‑1" : steamInfor ) );

    // ‑‑ req1.18.3.2 ‑‑

    if(errMode == 2) {

mes.writeEquipQ( "steam " + steamInfor );

    }

    // this steam level is next cycle previous_steam level

    if(!SLM.isSteamLevelMeasurerFailure())

preSteamLevel = steamWater; 

} else { // initialization mode

    //req. 1.11.1

    if(errMes.indexOf("v_emergency") != ‑1) 

// simulate steam level is not equal to zero

mes.writeEquipQ("steam 5");

    else

mes.writeEquipQ("steam 0");

}

    } // end of steamLevelInfor()

    /*

     *  Terminate the system

     */

    void stop() {

try {

    //write file in append mode  

    PrintWriter outWriter = new PrintWriter(new FileWriter("Logfile", true));   

    outWriter.println("shutdown\nmode stop");

    outWriter.close();

    System.exit(0);

} catch(IOException e) {

    System.err.println(e.toString());

    System.exit(1);

}

    } // end of stop()

    /*

     * read message coming from steam‑boiler;

     * simulate error situation;

     * get pump, pump_control state;

     * get water level;

     * get steam level;

     * write message back to steam‑boiler;

     * write log file

     */

    public void processMessage(messageQueues mes, String errMes) {

//set default value

mesNo = 0;

mode = 0;

PROGRAM_READY = false;

firstrun = false;

// stop the system

 
if(errMes.indexOf("shutdown") != ‑1) {

    stop();

}

// read message from steam‑boiler, handle error simulation, write message

// back to steam‑boiler, write log file

handleMessage(mes);


// handle error simulation

handleErrMes( mes,  errMes);

// write physical units message

// write pump and pump controller information

pumpInfor(mes);

// write water level information

waterLevelInfor(mes);

// write steam level information

steamLevelInfor(mes, errMes);

// first begin message

if(mesNo == 0)

    mes.writeEquipQ("steam_boiler_waiting");

    } // end of processMessage()

} // end of class equipment

APPENDIX B 

Code of the analyzer
 %_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

 %_/                                                                      _/

 %_/                                                                      _/

 %_/               Log File Analyzer for Steam‑Boiler                     _/ 

 %_/                                                                      _/

 %_/               file: steamA.lfal                                      _/

 %_/                                                                      _/

 %_/                                                                      _/

 %_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

%  Constants uesed in log file analyzer

  % N1: minimal normal quantity of water, ** req1.3.5 **

  n1(5000).

  % N2: maximal normal quantity of water, ** req1.3.6 **

  n2(6000).

  % W: maximal quantity of steam, ** req1.3.7 ** 

  w(50).

  % C: steam‑boiler capacity, ** req1.3.2 **

  c(10000).

  % U1: maximum increase of the quantity of steam in one cycle, ** req1.3.8 **

  u1(5).

  % U2: maximum increase of the quantity of steam in one cycle, ** req1.3.9 **

  u2(5).

  % u1 is U1*T; u2 is U2*T;

  p(75).

  % p is P*T for a pump;

  m1(3000).

  m2(8000).

machine steam_machine;

%  ** req1.2.5 **

%  ** req1.7 **

%  ** req1.17.7 **

%  ** req1.18.4.1 **

%  ** req1.18.4.2 **

%  This machine check steam_problem and calculate vc1 & vc2 

  initial_state ok(0, 0);

  from ok(0,0),

    on steam(V),

    where (V = 0),

    to ok(0,0), 

    sending va(0, 0);

  from ok(0,0),

    on steam(V),

    if (V > 0),

    where (u1(U1), u2(U2), Vc1 is V‑U2, Vc2 is V+U1),

    to ok(Vc1,Vc2), 

    sending va(V, V);

%%%%%%%%%%%%%% error simulation (2) & error simulation (1) V<0 %%%%%%%%%%%

  from ok(Vc1, Vc2),

    on steam(V),

    where (V >= 0, Vc1 =< V, V =< Vc2),

    where (u1(U1), u2(U2),  Xc1 is V ‑ U2 , Xc2 is V + U1),

    to ok(Xc1, Xc2),

    sending va(V,V);

  from ok(Vc1, Vc2),

    on steam(V),

    if (V >= 0, Vc1 > V),

    where (u1(U1), u2(U2), Xa1 is Vc1, Xa2 is Vc2, Xc1 is Xa1‑U2, Xc2 is Xa2+U1),

    to notok(Xc1, Xc2),

    sending steam_problem(Xa1, Xa2);

  from ok(Vc1, Vc2),

    on steam(V),

    if (V >= 0,  V >Vc2),

    where (u1(U1), u2(U2), Xa1 is Vc1, Xa2 is Vc2, Xc1 is Xa1‑U2, Xc2 is Xa2+U1),

    to notok(Xc1, Xc2),

    sending steam_problem(Xa1, Xa2);

  from ok(Vc1, Vc2),

    on steam(V),

    if(V < 0),

    where (u1(U1), u2(U2), Xa1 is Vc1, Xa2 is Vc2, Xc1 is Xa1‑U2, Xc2 is Xa2+U1),

    to notok(Xc1, Xc2),

    sending steam_problem(Xa1, Xa2);

  from notok(Vc1, Vc2),

    on steam(V),

    where (u1(U1), u2(U2), Xa1 is Vc1, Xa2 is Vc2, Xc1 is Xa1‑U2, Xc2 is Xa2+U1),

    to notok(Xc1, Xc2),

    sending steam_problem(Xa1, Xa2);

  from notok(Vc1, Vc2),

    on steam_repaired,

    to ok(Vc1, Vc2);

%%%%%%%%%%%%%  error simulation (1)  %%%%%%%%%%%%%%%%

  from ok(Vc1, Vc2),

    on steam(V),

    where (w(W), V >= 0, W >= V),

    where (u1(U1), u2(U2),  Xc1 is V ‑ U2 , Xc2 is V + U1),

    to ok(Xc1, Xc2),

    sending va(V,V);

  from ok(Vc1, Vc2),

    on steam(V),

    if (w(W), V > W),

    where (u1(U1), u2(U2), Xa1 is Vc1, Xa2 is Vc2, Xc1 is Xa1‑U2, Xc2 is Xa2+U1),

    to notok(Xc1, Xc2),

    sending steam_problem(Xa1, Xa2);

  from notok(Vc1, Vc2),

    on steam(V),

    where (u1(U1), u2(U2), Xa1 is Vc1, Xa2 is Vc2, Xc1 is Xa1‑U2, Xc2 is Xa2+U1),

    to notok(Xc1, Xc2),

    sending steam_problem(Xa1, Xa2);

  final_state Any.

machine level_machine;

%  ** req1.2.2 **

%  ** req1.4 **

%  ** req1.17.6 **

%  ** req1.18.3.1 **

%  ** req1.18.3.2 **

%  This machine check level_problem and calculate qc1 & qc2

  initial_state ok(0, 0, 0, 0, 0, 0, 0, 0);

  from ok(0, 0, 0, 0, _, _, _, _), 

    on level(Q),

    where (Qc1 is 0, Qc2 is Q + 300),

    to ok(Q, Q, Qc1, Qc2, 0, 0, 0, 0);

% check pump failure 

% Open is boolean value for open_flag, ie. when pump open, it is 1;otherwise it is 0

%

% 

flow


noflow

% open

OK (pc1=P, pc2=P)
broken (pc1=0, pc2=P)

% closed
broken (pc1=0, pc2=P)
OK (pc1=0, pc2=0)

%check pump 

  from ok(Qa1, Qa2, Qc1, Qc2, _, _, _, _),

    on end_send,

    to ok(Qa1, Qa2, Qc1, Qc2, 0, 0, 0, 0);

  from notok(Qa1, Qa2, Qc1, Qc2, _, _, _, _),

    on end_send,

    to notok(Qa1, Qa2, Qc1, Qc2, 0, 0, 0, 0);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_state(N, open),

    to ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, 1);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_state(N, closed),

    to ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, 0);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_control_state(N, flow),

    where (p(P), Open = 1, XPc1 is Pc1+P, XPc2 is Pc2+P),

    to ok(Qa1, Qa2, Qc1, Qc2, XPc1, XPc2, N, Open);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_control_state(N, flow),

    where (p(P),  Open = 0, XPc1 is Pc1, XPc2 is Pc2+P),

    to ok(Qa1, Qa2, Qc1, Qc2, XPc1, XPc2, N, Open);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_control_state(N, noflow),

    where (p(P), Open = 1, XPc1 is Pc1, XPc2 is Pc2+P),

    to ok(Qa1, Qa2, Qc1, Qc2, XPc1, XPc2, N, Open);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_control_state(N, noflow),

    where (Open = 0),

    to ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open);

  from notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_state(N, open),

    to notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, 1);

  from notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_state(N, closed),

    to notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, 0);

  from notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_control_state(N, flow),

    where (p(P), Open = 1, XPc1 is Pc1+P, XPc2 is Pc2+P),

    to notok(Qa1, Qa2, Qc1, Qc2, XPc1, XPc2, N, Open);

  from notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_control_state(N, flow),

    where (p(P),  Open = 0, XPc1 is Pc1, XPc2 is Pc2+P),

    to notok(Qa1, Qa2, Qc1, Qc2, XPc1, XPc2, N, Open);

  from notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_control_state(N, noflow),

    where (p(P), Open = 1, XPc1 is Pc1, XPc2 is Pc2+P),

    to notok(Qa1, Qa2, Qc1, Qc2, XPc1, XPc2, N, Open);

  from notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, _, Open),

    on pump_control_state(N, noflow),

    where (Open = 0),

    to notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open);

%%%%%%%%%%% end of pump_failure_check

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on level(Q),

    where (Q < Qc1),

    to notok(Qc1, Qc2, Qc1, Qc2, Pc1, Pc2, N, Open),

    sending level_problem(Qc1, Qc2);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on level(Q),

    where (Q > Qc2),

    to notok(Qc1, Qc2, Qc1, Qc2, Pc1, Pc2, N, Open),

    sending level_problem(Qc1, Qc2);

  from notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on level(Q),

    to notok(Qc1, Qc2, Qc1, Qc2, Pc1, Pc2, N, Open),

    sending level_problem(Qc1, Qc2);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on level(Q),

    where ( Qc1 =< Q, Q =< Qc2),

    to ok(Q, Q, Qc1, Qc2, Pc1, Pc2, N, Open);

  % return to beginning state

  from notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on level_repaired,

    to ok(0, 0, 0, 0, Pc1, Pc2, N, Open);

  % return to beginning state

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on valve,

    to ok(0, 0, 0, 0, Pc1, Pc2, N, Open);

%%%%%%%%%%%%%% error simulation (1) %%%%%%%%%%%%%%%%%%%%%

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on level(Q),

    where (c(C), Q >= 0, C>= Q),

    to ok(Q, Q, Qc1, Qc2, Pc1, Pc2, N, Open);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on level(Q),

    where (Q < 0),

    to notok(Q, Q, Qc1, Qc2, Pc1, Pc2, N, Open),

    sending level_problem(Qc1, Qc2);

  from ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open),

    on level(Q),

    where (c(C), Q > C),

    to notok(Q, Q, Qc1, Qc2, Pc1, Pc2, N, Open),

    sending level_problem(Qc1, Qc2);

%%%%%%%% calculate Qc1 & Qc2 %%%%%%%%%%%%%%

  from ok(Qa1, Qa2, _, _, Pc1, Pc2, N, Open),

    on va(Va1, Va2),

    where (u1(U1), u2(U2), Qc1 is Qa1 ‑ Va2 * 5 ‑ U1 * 5 / 2 + Pc1 , Qc2 is Qa2 ‑ Va1 * 5 + U2 * 5 / 2 + Pc2),

    to ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open);

  from notok(Qa1, Qa2, _, _, Pc1, Pc2, N, Open),

    on va(Va1, Va2),

    where (u1(U1), u2(U2), Qc1 is Qa1 ‑ Va2 * 5 ‑ U1 * 5 / 2 + Pc1, Qc2 is Qa2 ‑ Va1 * 5 + U2 * 5 / 2 + Pc2),

    to notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open);

  from ok(Qa1, Qa2, _, _, Pc1, Pc2, N, Open),

    on steam_problem(Va1, Va2),

    where (u1(U1), u2(U2), Qc1 is Qa1 ‑ Va2 * 5 ‑ U1 * 5 / 2 + Pc1, Qc2 is Qa2 ‑ Va1 * 5 + U2 * 5 / 2 + Pc2),

    to ok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open);

  from notok(Qa1, Qa2, _, _, Pc1, Pc2, N, Open),

    on steam_problem(Va1, Va2),

    where (u1(U1), u2(U2), Qc1 is Qa1 ‑ Va2 * 5 ‑ U1 * 5 / 2 + Pc1, Qc2 is Qa2 ‑ Va1 * 5 + U2 * 5 / 2 + Pc2),

    to notok(Qa1, Qa2, Qc1, Qc2, Pc1, Pc2, N, Open);

  final_state Any.

machine mode_machine;

% ** req1.10 **

% Machine checking the main text requirements.

  % ** req1.11.0 **

  initial_state mode(initialization/waiting, 0, 0);

  % Confirming program mode.

  from mode(Mode, Q, V), on mode(Mode), to mode(Mode, Q, V);

  from mode(Mode/Submode, Q, V), on mode(Mode), to mode(Mode/Submode, Q, V);

  % Getting new information.

  from mode(Mode, _, V), on level(Q), to mode(Mode, Q, V);

  % ** req1.11.1 **

  % If quantity of steam is not 0, must go to emergency stop

  from mode(initialization/adjusting, Q, 0),

    on steam(V), where (V \= 0),

    to mode(emergency, Q, V);

  from mode(Mode, Q, _), on steam(V), to mode(Mode, Q, V);

% 1.11 Initialization mode

% State pattern: mode(initialization/Submode, Q, V)

%   where Q is level of water and V is quantity of steam

  %  qc line does not make sense in initialization mode

  from mode(initialization, Q, V),  

    on level_problem(Qc1, Qc2), 

    to mode(initialization, Q, V);

  from mode(initialization/Submode, Q, V), 

    on level_problem(Qc1, Qc2), 

    to mode(initialization/Submode, Q, V);

  % After steam_boiler_waiting: decides whether to adjust level

  %  ** req1.11.0 **,  ** req1.11.1 **

  % If quantity of steam is not 0, must go to emergency stop

  from mode(initialization/waiting, Q, V),

    on steam_boiler_waiting, where (V \= 0),

    to mode(emergency, Q, V);

  %   ** req1.11.0 **, ** req1.11.2 **

  % If quantity of water is above N2, must open valve

  from mode(initialization/waiting, Q, 0),

    on steam_boiler_waiting, where (n2(N2), Q > N2),

    to mode(initialization/adjusting, Q, 0),

    sending expecting(valve);

  %   ** req1.11.0 **, ** req1.11.3 **

  % If quantity of water is below N1, must fill boiler

  from mode(initialization/waiting, Q, 0),

    on steam_boiler_waiting, where (n1(N1), Q < N1),

    to mode(initialization/adjusting, Q, 0),

    sending expecting(open_pump);

  %   ** req1.11.0 **, ** req1.11.5 **

  % Otherwise, must go immediately to ready mode

  from mode(initialization/waiting, Q, 0),

    on steam_boiler_waiting, where (n1(N1), n2(N2), N2 >= Q, Q >= N1),

    to mode(initialization/ready, Q, 0),

    sending expecting(program_ready);

  % While adjusting:

  % As soon as level gets between N1 and N2, it is OK to send program_ready

  %  ** req1.11.5 **

  from mode(initialization/adjusting, Q, V),

    where (n1(N1), n2(N2), N2 >= Q, Q >= N1),

    on program_ready,

    to mode(initialization/ready, Q, V);

  % If the water level is still above N2, OK to open valve again

  %  ** req1.11.2 **

  from mode(initialization/adjusting, Q, V),

    where (n2(N2), Q > N2),

    on valve,

    to mode(initialization/adjusting, Q, V);

  % If the water level is still below N1, OK to open pump 

  %  ** req1.11.3 **

  from mode(initialization/adjusting, Q, V),

    where (n1(N1), Q < N1),

    on open_pump(Any),

    to mode(initialization/adjusting, Q, V);

  % if the water level measurer break down

  %  ** req 1.11.4 **

  from mode(initialization/adjusting, Q, V),

    on level_failure_detection,

    to mode(emergency, Q, V);

  % if pump failure

  from mode(initialization/adjusting, Q, V),

    on pump_failure_detection(N),

    to mode(initialization/[pump_repaired(N)], Q, V);

  % if pump_control failure

  from mode(initialization/adjusting, Q, V),

    on pump_control_failure_detection(N),

    to mode(initialization/[pump_control_repaired(N)], Q, V);

  % if steam failure

  from mode(initialization/adjusting, Q, V),

    on steam_failure_detection,

    to mode(initialization/[steam_repaired], Q, V);

  % While sending program_ready:

  % Can send it again

  from mode(initialization/ready, Q, V),

    on program_ready,

    to mode(initialization/ready, Q, V);

  % However, when receive physical_units_ready,if all physical units operate

  % correctly,  must go to normal mode

  %  ** req1.11.5.1 **

  from mode(initialization/ready, Q, V),

    on physical_units_ready,

    to mode(normal, Q, V);

  % However, when receive physical_units_ready,if any physical units is defective,

  % must go to degraded mode

  %  ** req1.11.5.2 **

  from mode(initialization/[pump_repaired(N)], Q, V),

    on program_ready,

    to mode(initialization/[pump_repaired(N)], Q, V);

  from mode(initialization/[pump_repaired(N)], Q, V),

    on physical_units_ready,

    to mode(degraded/[pump_repaired(N)], Q, V);

  from mode(initialization/[pump_control_repaired(N)], Q, V),

    on program_ready,

    to mode(initialization/[pump_control_repaired(N)], Q, V);

  from mode(initialization/[pump_control_repaired(N)], Q, V),

    on physical_units_ready,

    to mode(degraded/[pump_control_repaired(N)], Q, V);

  from mode(initialization/[steam_repaired], Q, V),

    on program_ready,

    to mode(initialization/[steam_repaired], Q, V);

  from mode(initialization/[steam_repaired], Q, V),

    on physical_units_ready,

    to mode(degraded/[steam_repaired], Q, V);

% 1.12 Normal mode

% State pattern: mode(normal, Q, V)

%   where Q is level of water and V is quantity of steam

  % level_problem(Qc1, Qc2) line does not make sense in normal mode

  from mode(normal, Q, V),  

    on level_problem(Qc1, Qc2), 

    to mode(normal, Q, V, Qc1, Qc2);

  from mode(normal/Submode, Q, V), 

    on level_problem(Qc1, Qc2), 

    to mode(normal/Submode, Q, V, Qc1, Qc2);

  from mode(normal, Q, _, Qc1, Qc2), 

    on steam(V), 

    to mode(normal, Q, V, Qc1, Qc2);

  from mode(normal/Submode, Q, _, Qc1, Qc2), 

    on steam(V), 

    to mode(normal/Submode, Q, V, Qc1, Qc2);

  % Monitoring boiler.

  % Specification only says that program *can* adjust level

  % by turning pumps on and off, does not mandate how quickly, etc.

  % However, we can infer the following things:

  %  ** req1.12.1 **

  % OK to open a pump only when water level below N2 (maximum).

  from mode(normal, Q, V),

    where (n2(N2), Q < N2),

    on open_pump(Any),

    to mode(normal, Q, V);

  % OK to close a pump only when water level above N1 (minimum).

  from mode(normal, Q, V),

    where (n1(N1), Q > N1),

    on close_pump(Any),

    to mode(normal, Q, V);

  % Must enter rescue mode if water level measuring unit failed.

  %  ** req1.12.2 **

  from mode(normal, Q, V, Qc1, Qc2),

    on level_failure_detection,

    to mode(rescue/[], Q, V, Qc1, Qc2);

    %sending expecting(level_problem(Qc1,Qc2));

  % Must enter degraded mode if other units failed.

  %  ** req1.12.3 ** 

  from mode(normal, Q, V),

    on pump_failure_detection(N),

    to mode(degraded/[pump_repaired(N)], Q, V);

  from mode(normal, Q, V),

    on pump_control_failure_detection(N),

    to mode(degraded/[pump_control_repaired(N)], Q, V);

  from mode(normal, Q, V),

    on steam_failure_detection,

    to mode(degraded/[steam_repaired], Q, V);

  % If the water level reaches one of the limit values M1 or M2, must go to 

  % emeregency stop mode

  %from mode(normal, Q, V),

    %on risk_limit,

    %to mode(emergency_stop, Q, V);

  from mode(normal, _, V),

    on level(Q),

    where (m1(M1), Q =< M1),

    to mode(emergency, Q, V);

  from mode(normal, _, V),

    on level(Q),

    where (m2(M2), Q >= M2),

    to mode(emergency, Q, V);

  % Terminate the system

  from mode(normal, Q, V),

    on shutdown,

    to mode(shutdown, Q, V);

% 1.13 Degraded mode

% State pattern: mode(degraded/Expecting, Q, V)

%   where Expecting is the list of messages the system must receive

%   before returning to normal mode, and

%   where Q is level of water and V is quantity of steam

  % level_problem(Qc1, Qc2) line does not make sense in degraded mode

  from mode(degraded, Q, V),  

    on level_problem(Qc1, Qc2), 

    to mode(degraded, Q, V, Qc1, Qc2);

  from mode(degraded/Submode, Q, V), 

    on level_problem(Qc1, Qc2), 

    to mode(degraded/Submode, Q, V, Qc1, Qc2);

  from mode(degraded, Q, _, Qc1, Qc2),  

    on steam(V), 

    to mode(degraded, Q, V, Qc1, Qc2);

  from mode(degraded/Submode, Q, _, Qc1, Qc2), 

    on steam(V), 

    to mode(degraded/Submode, Q, V, Qc1, Qc2);

  % Going back toward normal mode

  %  ** req1.13.2 **

  from mode(degraded/[One_message], Q, V),

    on One_message suchthat repair_message(One_message),

    to mode(normal, Q, V);

  from mode(degraded/[X,Y|Z], Q, V),

    on Expected suchthat repair_message(Expected),

    where delete([X,Y|Z], Expected, Rest),

    to mode(degraded/Rest, Q, V);

  % As in normal mode:

  %  ** req1.13.1 **

  % OK to open a pump only when water level below N2 (maximum).

  from mode(degraded/E, Q, V),

    where (n2(N2), Q < N2),

    on open_pump(Any),

    to mode(degraded/E, Q, V);

  % OK to close a pump only when water level above N1 (minimum).

  from mode(degraded/E, Q, V),

    where (n1(N1), Q > N1),

    on close_pump(Any),

    to mode(degraded/E, Q, V);

  % If other units failed, must add to list.

  from mode(degraded/E, Q, V),

    on pump_failure_detection(N),

    to mode(degraded/[pump_repaired(N)|E], Q, V);

  from mode(degraded/E, Q, V),

    on pump_control_failure_detection(N),

    to mode(degraded/[pump_control_repaired(N)|E], Q, V);

  from mode(degraded/E, Q, V),

    on steam_failure_detection,

    to mode(degraded/[steam_repaired|E], Q, V);

  % Must enter rescue mode if water level measuring unit failed,

  % iff (steam measuring unit & pump controllers) OK.

  %  ** req1.13.3 **

  from mode(degraded/E, Q, V, Qc1, Qc2),

    on level_failure_detection,

    where (\+ member(steam_repaired, E)),

    where (\+ member(pump_control_repaired(N), E)),

    to mode(rescue/E, Q, V, Qc1, Qc2);

  % Must enter emergency stop mode if water level measuring unit failed

  % while steam measuring unit defective.

  %  ** req1.13.3 **, ** req1.14.2.1 **

  from mode(degraded/E, Q, V, Qc1, Qc2),

    on level_failure_detection,

    where member(steam_repaired, E),

    to mode(emergency, Q, V);

  % Must enter emergency stop mode if water level measuring unit failed

  % while pump controller is defective.

  %  ** req1.13.3 **, ** req1.14.2.2 **

  from mode(degraded/E, Q, V, Qc1, Qc2),

    on level_failure_detection,

    where member(pump_control_repaired(N), E),

    to mode(emergency, Q, V);

  %  ** req1.13.4 **

  %from mode(degraded/E, Q, V),

    %on risk_limit,

    %to mode(emergency, Q, V);

  from mode(degraded/E, _, V),

    on level(Q),

    where (m1(M1), Q =< M1),

    to mode(emergency, Q, V);

  from mode(degraded/E, _, V),

    on level(Q),

    where (m2(M2), Q >= M2),

    to mode(emergency, Q, V);

% 1.14 Rescue mode

% State pattern: mode(rescue/Expecting, Q, V)

%   where Expecting is the list of messages the system must receive

%   before returning to degraded or normal mode, and

%   where Q is level of water and V is quantity of steam

  % need to handle level_problem(Qc1, Qc2) line

  from mode(rescue/E, Q, V,_, _),

    on level_problem(Qc1, Qc2),

    to mode(rescue/E, Q, V, Qc1, Qc2);

  from mode(rescue/E, _, V, Qc1, Qc2),

    on level(Q),

    to mode(rescue/E, Q, V, Qc1, Qc2);

  from mode(rescue/E, Q, _, Qc1, Qc2),

    on steam(V),

    to mode(rescue/E, Q, V, Qc1, Qc2);

  from mode(rescue/E, Q, V, Qc1, Qc2),

    on mode(rescue),

    to mode(rescue/E, Q, V, Qc1, Qc2);

 % As in normal mode:

  % OK to open a pump only when qc2 is below N2 (maximum) 

  %  ** req1.14.3 **

  from mode(rescue/E, Q, V, Qc1, Qc2),

    where (n2(N2), Qc2 < N2),

    on open_pump(Any),

    to mode(rescue/E, Q, V, Qc1, Qc2);

  % OK to close a pump only when  qc1 is above N1.

  %  ** req1.14.4 **

  from mode(rescue/E, Q, V, Qc1, Qc2),

    where (n1(N1), Qc1 > N1),

    on close_pump(Any),

    to mode(rescue/E, Q, V, Qc1, Qc2);

  % Going back toward degraded or normal mode

  %  ** req1.14.1 **

  from mode(rescue/E, Q, V, Qc1, Qc2),

    on Expected suchthat repair_message(Expected),

    where delete(E, Expected, Rest),

    to mode(rescue/Rest, Q, V, Qc1, Qc2);

  from mode(rescue/[], Q, V, Qc1, Qc2),

    on level_repaired,

    to mode(normal, Q, V);

  from mode(rescue/[X|Y], Q, V, Qc1, Qc2),

    on level_repaired,

    to mode(degraded/[X|Y], Q, V);

  %  ** req1.14.2 **

  % If the steam measurer fail, go to emergency stop mode

  %  ** reeq1.14.2.1 **

  from mode(rescue/E, Q, V, Qc1, Qc2),

    on steam_failure_detection,

    to mode(emergency, Q, V);

  % If a pump controller fail, go to emergency stop mode

  %  ** reeq1.14.2.2 **

  from mode(rescue/E, Q, V, Qc1, Qc2),

    on pump_control_failure_detection(N),

    to mode(emergency, Q, V);

% 1.15 Emergency_stop mode

  %  ** req1.15 **

  % emergency stop

  from mode(emergency, Q, V),

    on mode(emergency_stop),

    to mode(stop, Q, V),

    sending end_send;

  % normal terminate

  from mode(shutdown, Q, V),

    on mode(stop),

    to mode(stop, Q, V),

    sending end_send;  

  from mode(Mode, Q, V),

    where (m1(M1), Q=< M1),

    on mode(emergency_stop),

    to mode(stop, Q, V),

    sending end_send;

  from mode(Mode, Q, V),

    where (m2(M2), Q >= M2),

    on mode(emergency_stop),

    to mode(stop, Q, V),

    sending end_send;

  from mode(Mode/Submode, Q, V),

    where (m1(M1), Q=< M1),

    on mode(emergency_stop),

    to mode(stop, Q, V),

    sending end_send;

  from mode(Mode/Submode, Q, V),

    where (m2(M2), Q >= M2),

    on mode(emergency_stop),

    to mode(stop, Q, V),

    sending end_send;

  % If the water level reach one of M1 and M2, go to emergency stop mode

  %  ** reeq1.14.2.3 **

  from mode(rescue/E, Q, V, Qc1, Qc2),

    where (m1(M1), Qc1 =< M1),

    on mode(emergency_stop),

    to mode(stop, Q, V),

    sending end_send;

  from mode(rescue/E, Q, V, Qc1, Qc2),

    where (m2(M2), Qc2 >= M2),

    on mode(emergency_stop),

    to mode(stop, Q, V),

    sending end_send;

  final_state mode(stop, Q, V).

% repair_message(level_repaired).

  repair_message(steam_repaired).

  repair_message(pump_repaired(_)).

  repair_message(pump_control_repaired(_)).

machine appropriate_messages;

% Makes sure that the different kinds of log file lines

% appear at the appropriate times

  % Initially, the software is receiving messages

  initial_state doing_send;

  % Any messages sent by the software are valid when it is sending

  %  ** req1.16.1 **

  from doing_send, on mode(M),

to doing_send;

  %  ** req1.16.2 **

  from doing_send, on program_ready,
to doing_send;

  %  ** req1.16.3 **

  from doing_send, on valve,

to doing_send;

  %  ** req1.16.4 **

  from doing_send, on open_pump(N),
to doing_send;

  %  ** req1.16.5**

  from doing_send, on close_pump(N),
to doing_send;

  %  ** req1.16.6 **

  from doing_send, on pump_failure_detection(N),

to doing_send;

  %  ** req1.16.7 **

  from doing_send, on pump_control_failure_detection(N),
to doing_send;

  %  ** req1.16.8 **

  from doing_send, on level_failure_detection,


to doing_send;

  %  ** req1.16.9 **

  from doing_send, on steam_failure_detection,


to doing_send;

  %  ** req1.16.10 **

  from doing_send, on pump_repaired_acknowledgement(N),

to doing_send;

  %  ** req1.16.11 **

  from doing_send, on pump_control_repaired_acknowledgement(N),
to doing_send;

  %  ** req1.16.12 **

  from doing_send, on level_repaired_acknowledgement,

to doing_send;

  %  ** req1.16.13 **

  from doing_send, on steam_repaired_acknowledgement,

to doing_send;

  % At the end of the sends, the software goes back to receiving messages

  from doing_send, on end_send, to doing_receive;

  % Any messages sent by the hardware are valid when it is receiving

  %  ** req1.17.1 **

  from doing_receive, on stop,



to doing_receive;

  %  ** req1.17.2 **

  from doing_receive, on steam_boiler_waiting,

to doing_receive;

  %  ** req1.17.3 **

  from doing_receive, on physical_units_ready,

to doing_receive;

  %  ** req1.17.4 **

  from doing_receive, on pump_state(N,B),

to doing_receive;

  %  ** req1.17.5 **

  from doing_receive, on pump_control_state(N,B),
to doing_receive;

  %  ** req1.17.6 **

  from doing_receive, on level(Q),


to doing_receive;

  %  ** req1.17.7 **

  from doing_receive, on steam(V),


to doing_receive;

  %  ** req1.17.8 **

  from doing_receive, on pump_repaired(N),

to doing_receive;

  %  ** req1.17.9 **

  from doing_receive, on pump_control_repaired(N),
to doing_receive;

  %  ** req1.17.10 **

  from doing_receive, on level_repaired,

to doing_receive;

  %  ** req1.17.11 **

  from doing_receive, on steam_repaired,

to doing_receive;

  %  ** req1.17.12 **

  from doing_receive, on pump_failure_acknowledgement(N),

to doing_receive;

  %  ** req1.17.13 **

  from doing_receive, on pump_control_failure_acknowledgement(N),

to doing_receive;

  %  ** req1.17.14 **

  from doing_receive, on level_failure_acknowledgement,
to doing_receive;

  %  ** req1.17.15 **

  from doing_receive, on steam_failure_acknowledgement,
to doing_receive;

  % At the end of the receives, the software is sending messages

  from doing_receive, on end_receive, to doing_send;

  final_state Any.

%%%%%%%%%%%%%%% pump_report(N), pump_control_report(N) %%%%%%%%%%%%%%%

%

% Ensure that we must get at least one report on pump state

% and pump controller state for each pump at each round.

% If not, reports a problem which is fielded by

% pump_(control_)problem_monitor.

machine pump_report(N);

%  ** req1.2.3 **

%  ** req1.5 **

%  ** req1.17.4 **

% We must get at least one report on pump state from each pump

% at each round, or else there is a problem.

  initial_state idle;

  from idle, on pump_number(N), to expecting;

  from expecting, on pump_state(N,State), to done;

  from expecting, on end_receive, to expecting,

       sending pump_problem(N);

  from done, on end_receive, to expecting;

  final_state Any.

machine pump_control_report(N);

%  ** req1.2.4 **

%  ** req1.6 **

%  ** req1.17.5 **

% We must get at least one report on pump control state from each pump

% at each round, or else there is a problem.

  initial_state idle;

  from idle, on pump_number(N), to expecting;

  from expecting, on pump_control_state(N,State), to done;

  from expecting, on end_receive, to expecting,

       sending pump_control_problem(N);

  from done, on end_receive, to expecting;

  final_state Any.

%%%%%%%%%%%%%%% level_report(N), steam_report(N) %%%%%%%%%%%%%%%

%

% Ensure that we must get at least one report on level state and steam state

% at each round. If not, reports a problem which is fielded by

% level_problem_monitor and steam_problem_monitor..

machine level_report;

%  ** req1.2.2 **

%  ** req1.4 **

%  ** req1.17.6 **

% We must get at least one report on water level from water level measurer

% at each round, or else there is a problem.

  initial_state expecting;

  from expecting, on level(Q), to done;

  from expecting, on end_receive, to expecting,

       sending level_problem(0, 0);

  from done, on end_receive, to expecting;

  final_state Any.

machine steam_report;

%  ** req1.2.5 **

%  ** req1.7 **

%  ** req1.17.7 **

% We must get at least one report on water level from water level measurer

% at each round, or else there is a problem.

  initial_state expecting;

  from expecting, on steam(V), to done;

  from expecting, on end_receive, to expecting,

       sending steam_problem(0, 0);

  from done, on end_receive, to expecting;

  final_state Any.

%%%%%%%%%%%%%%% pump_state(N), pump_control_state(N) %%%%%%%%%%%%%%%

%

% Ensure that the reports coming from the pump and the

% pump controller for each pump are as we would expect.

% If not, reports a problem which is fielded by

% pump_(control_)problem_monitor.

machine pump_state(N);

%  ** req1.2.3 **

%  ** req1.5 **

%  ** req1.17.4 **

%  ** req1.16.4 **

%  ** req1.16.5 **

%  ** req1.18.1.1 **

%  ** req1.18.1.2 **

  initial_state idle;

  from idle, on pump_number(N), to closed;

  % Respond to open/close commands.

  from closed, on open_pump(N), to open;

  from open, on close_pump(N), to closed;

  % Correct reports.

  from closed, on pump_state(N, closed), to closed;

  from open, on pump_state(N, open), to open;

  % Incorrect reports.

  from closed, on pump_state(N, open), to closed,

       sending pump_problem(N);

  from open, on pump_state(N, closed), to open,

       sending pump_problem(N);

  final_state Any.

machine pump_control_state(N);

%  ** req1.2.4 **

%  ** req1.6 **

%  ** req1.17.5 **

%  ** req1.16.4 **

%  ** req1.16.5 **

%  ** req1.18.2.1 **

%  ** req1.18.2.2 **

  initial_state idle;

  from idle, on pump_number(N), to noflow;

  % Respond to open/close commands.

  from noflow, on open_pump(N), to flow_next_cycle;

  from flow, on close_pump(N), to noflow;

  from flow_next_cycle, on pump_control_state(N, noflow), to flow;

  from flow_next_cycle, on pump_control_state(N, flow), to flow,

       sending pump_control_problem(N);

  % Correct reports.

  from noflow, on pump_control_state(N, noflow), to noflow;

  from flow, on pump_control_state(N, flow), to flow;

  % Incorrect reports.

  from noflow, on pump_control_state(N, flow), to noflow,

       sending pump_control_problem(N);

  from flow, on pump_control_state(N, noflow), to flow,

       sending pump_control_problem(N);

  final_state Any.

%%%%%%%%%% pump_problem_monitor(N), pump_control_problem_monitor(N) %%%%%%%%%%

% 

% Ensure that pump_failure_detection(N), etc. messages are

% sent at all and only the appropriate times.

%

% pump_problem_monitor has five main states:

%   ok:           pump is OK as far as we are aware.

%   unreported:   pump is not OK but problem has not yet been reported.

%   reported:     pump problem has been reported but not acknowledged.

%   acknowledged: pump problem has been acknowledged.

%   repaired:     pump problem has been repaired, but repair has not been acked.

%

% pump_problem_monitor responds to the following messages:

%   pump_problem: for problems detected by other machines in the analyzer.

%   pump_failure_detection:      sent by software. ** req1.16.6 **

%   pump_failure_acknowledgment: sent by hardware. ** req1.17.12 **

%   pump_repair_detection:       sent by hardware. ** req1.17.8 **

%   pump_repair_acknowledgment:  sent by software. ** req1.16.10 **

%

% pump_control_problem_monitor has five main states:

%   ok:           pump_control is OK as far as we are aware.

%   unreported:   pump_control is not OK but problem has not yet been reported.

%   reported:     pump_control problem has been reported but not acknowledged.

%   acknowledged: pump_control problem has been acknowledged.

%   repaired:     pump_control problem has been repaired, but repair has not been acked.

%

% pump_control_problem_monitor responds to the following messages:

%   pump_control_problem: for problems detected by other machines in the analyzer.

%   pump_control_failure_detection:      sent by software. ** req1.16.7 **

%   pump_control_failure_acknowledgment: sent by hardware. ** req1.17.13 **

%   pump_control_repair_detection:       sent by hardware. ** req1.17.9 **

%   pump_control_repair_acknowledgment:  sent by software. ** req1.16.11 **

%

machine pump_problem_monitor(N);

  initial_state idle;

  from idle, on pump_number(N), to ok;

  % Can receive pump_problem in any state.

  from ok,           on pump_problem(N), to unreported;

  from unreported,   on pump_problem(N), to unreported;

  from reported,     on pump_problem(N), to reported;

  from acknowledged, on pump_problem(N), to acknowledged;

  from repaired,     on pump_problem(N), to repaired;

  % Can report problem only if unreported or unacknowledged.

  from unreported, on pump_failure_detection(N), to reported;

  from reported,   on pump_failure_detection(N), to reported;

  % Cannot end send without reporting problem or acknowledging repair,

  % but otherwise can receive end_send.

  from ok,           on end_send, to ok;

  from reported,     on end_send, to reported;

  from acknowledged, on end_send, to acknowledged;

  % Should only get pump_failure_acknowledgement if has just been reported.

  from reported,     on pump_failure_acknowledgement(N), to acknowledged;

  % Should only get pump_repaired if failure has been reported and acked.

  from acknowledged, on pump_repaired(N), to repaired;

  % Should acknowledge repair on next round of sends.

  from repaired,     on pump_repaired_acknowledgement(N), to ok;

  final_state Any.

machine pump_control_problem_monitor(N);

  initial_state idle;

  from idle, on pump_number(N), to ok;

  % Can receive pump_control_problem in any state.

  from ok,           on pump_control_problem(N), to unreported;

  from unreported,   on pump_control_problem(N), to unreported;

  from reported,     on pump_control_problem(N), to reported;

  from acknowledged, on pump_control_problem(N), to acknowledged;

  from repaired,     on pump_control_problem(N), to repaired;

  % Can report problem only if unreported or unacknowledged.

  from unreported, on pump_control_failure_detection(N), to reported;

  from reported,   on pump_control_failure_detection(N), to reported;

  % Cannot end send without reporting problem or acknowledging repair,

  % but otherwise can receive end_send.

  from ok,           on end_send, to ok;

  from reported,     on end_send, to reported;

  from acknowledged, on end_send, to acknowledged;

  % Should only get pump_control_failure_acknowledgement

  % if has just been reported.

  from reported,     on pump_control_failure_acknowledgement(N),

    to acknowledged;

  % Should only get pump_control_repaired

  % if failure has been reported and acked.

  from acknowledged, on pump_control_repaired(N), to repaired;

  % Should acknowledge repair on next round of sends.

  from repaired,     on pump_control_repaired_acknowledgement(N), to ok;

  final_state Any.

%%%%%%%%%%%%%%% steam_problem_monitor, level_problem_monitor %%%%%%%%%%%%%%%

%

% Ensure that steam_failure_detection, etc. messages are

% sent at all and only the appropriate times.

%

% steam_problem_monitor has five main states:

%   ok:           steam is OK as far as we are aware.

%   unreported:   steam is not OK but problem has not yet been reported.

%   reported:     steam problem has been reported but not acknowledged.

%   acknowledged: steam problem has been acknowledged.

%   repaired:     steam problem has been repaired, but repair has not been acked.

%

% steam_problem_monitor responds to the following messages:

%   steam_problem: for problems detected by other machines in the analyzer.

%   steam_failure_detection:      sent by software. ** req1.16.9 **

%   steam_failure_acknowledgment: sent by hardware. ** req1.17.15 **

%   steam_repair_detection:       sent by hardware. ** req1.17.11 **

%   steam_repair_acknowledgment:  sent by software. ** req1.16.113 **

%

% level_problem_monitor has five main states:

%   ok:           level is OK as far as we are aware.

%   unreported:   level is not OK but problem has not yet been reported.

%   reported:     level problem has been reported but not acknowledged.

%   acknowledged: level problem has been acknowledged.

%   repaired:     level problem has been repaired, but repair has not been acked.

%

% level_problem_monitor responds to the following messages:

%   level_problem: for problems detected by other machines in the analyzer.

%   level_failure_detection:      sent by software. ** req1.16.8 **

%   level_failure_acknowledgment: sent by hardware. ** req1.17.14 **

%   level_repair_detection:       sent by hardware. ** req1.17.10 **

%   level_repair_acknowledgment:  sent by software. ** req1.16.12 **

%

machine steam_problem_monitor;

  initial_state ok;

  % Can receive steam_problem in any state.

  from ok,           on steam_problem(_, _), to unreported;

  from unreported,   on steam_problem(_, _), to unreported;

  from reported,     on steam_problem(_, _), to reported;

  from acknowledged, on steam_problem(_, _), to acknowledged;

  from repaired,     on steam_problem(_, _), to repaired;

  % Can report problem only if unreported or unacknowledged.

  from unreported, on steam_failure_detection, to reported;

  from reported,   on steam_failure_detection, to reported;

  % Cannot end send without reporting problem or acknowledging repair,

  % but otherwise can receive end_send.

  from ok,           on end_send, to ok;

  from reported,     on end_send, to reported;

  from acknowledged, on end_send, to acknowledged;

  % Should only get steam_failure_acknowledgement if has just been reported.

  from reported,     on steam_failure_acknowledgement, to acknowledged;

  % Should only get steam_repaired if failure has been reported and acked.

  from acknowledged, on steam_repaired, to repaired;

  % Should acknowledge repair on next round of sends.

  from repaired,     on steam_repaired_acknowledgement, to ok;

  final_state Any.

machine level_problem_monitor;

  initial_state ok;

  % Can receive level_problem in any state.

  from ok,           on level_problem(_, _), to unreported;

  from unreported,   on level_problem(_, _), to unreported;

  from reported,     on level_problem(_, _), to reported;

  from acknowledged, on level_problem(_, _), to acknowledged;

  from repaired,     on level_problem(_, _), to repaired;

  % Can report problem only if unreported or unacknowledged.

  from unreported, on level_failure_detection, to reported;

  from reported,   on level_failure_detection, to reported;

  % Cannot end send without reporting problem or acknowledging repair,

  % but otherwise can receive end_send.

  from ok,           on end_send, to ok;

  from reported,     on end_send, to reported;

  from acknowledged, on end_send, to acknowledged;

  % Should only get level_failure_acknowledgement if has just been reported.

  from reported,     on level_failure_acknowledgement, to acknowledged;

  % Should only get level_repaired if failure has been reported and acked.

  from acknowledged, on level_repaired, to repaired;

  % Should acknowledge repair on next round of sends.

  from repaired,     on level_repaired_acknowledgement, to ok;

  final_state Any.

machine sent_message_monitor;

% Records set of messages expected to be sent in next batch

% of messages sent, and ensures that they are.

  initial_state gathering([]);

  from gathering(Ms), on expecting(M), to gathering([M|Ms]);

  from gathering(Ms), on end_receive, to expecting(Ms);

  from gathering(Ms), on X, to gathering(Ms),

    where (\+ member(X, [expecting(_), end_receive]));

  from expecting(Ms), on Message,

    where (member(Message, Ms), delete(Ms, Message, Rest)),

    to expecting(Rest);

  % Special case for open_pump: any pump will do

  from expecting(Ms), on open_pump(_),

    where (member(open_pump, Ms), delete(Ms, open_pump, Rest)),

    to expecting(Rest);

  from expecting(Ms), on Message,

    where (\+ member(Message, [end_send|Ms])),

    to expecting(Ms);

  % All must be received by end of send

  from expecting([]), on end_send, to gathering([]);

  final_state gathering([]).

machine no_duplicates_monitor;

  initial_state sofar([]);

  from sofar(Sofar), on Message, to sofar([Message|Sofar]),

    if (\+ member(Message, [end_send|Sofar]));

  from sofar(Sofar), on end_send, to wait_end_receive;

  from wait_end_receive, on Message, to wait_end_receive,

    if (Message \= end_receive);

  from wait_end_receive, on end_receive, to sofar([]);

  final_state Any.

% Messages which must appear, besides pump_state and

%   pump_control_state, which are monitored by the machines

%   by those names.

machine needed_messages;

  initial_state after_end_receive;

  % A mode(X) message must appear between end_receive and end_send.

  from after_end_receive, on mode(X), to expecting_end_send;

  from expecting_end_send, on end_send, to waiting(yes, yes);

  % A level(X) line and a steam(X) line must appear between

  % end_send and end_receive.  When the machine is in state

  % waiting(L, S), and L is 'yes', then it is still waiting

  % for a level(L) line; if L is 'no', it has seen it.

  % Similarly for S.

  from waiting(yes, Steam), on level(X), to waiting(no, Steam);

  from waiting(Level, yes), on steam(X), to waiting(Level, no);

  from waiting(no, no), on end_receive, to after_end_receive;

  final_state Any.

APPENDIX C
Numbered requirements in the specification
1.2 Physical environment

The system comprises the following units:

1.2.1

‑‑ the steam boiler;

1.2.2

‑‑ a device to measure the quantity of water in the steam‑boiler;

1.2.3

‑‑ four pumps to provide the steam‑boiler with water;

1.2.4

‑‑ four devices to supervise the pumps (one controller for each pump);

1.2.5

‑‑ a device to measure the quantity of steam which comes out of the steam‑boiler

1.2.6

‑‑ an operator desk; (ignore in simulation)

1.2.7

‑‑ a message transmission system; (ignore in simulation)

1.3 The steam‑boiler

The steam‑boiler is characterized by the following elements:

1.3.1

‑‑ A valve for evacuation of water.

1.3.2

‑‑ Its total capacity C (indicated in litres).

1.3.3

‑‑ The minimal limit quantity M1 of water (in litres).

1.3.4

‑‑ The maximal limit quantity M2 of water (in litres).

1.3.5

‑‑ The minimal normal quantity N1 of water (in litres) to be maintained in the steam‑boiler during regular operation (M1 < N1).

1.3.6

‑‑ The maximum normal quantity N2 of water (in litres) to be maintained in the steam‑boiler during regular operation (N2 < M2).

1.3.7

‑‑ The maximum quantity W of steam (in litres/sec) at the exit of the steam‑boiler.

1.3.8

‑‑ The maxumum gradient U1 of increase of the quantity of steam (in litres/sec/sec).

1.3.9

‑‑ The maxumum gradient U1 of decrease of the quantity of steam (in litres/sec/sec).

1.4 The water level measurement device

The device to measure the level of water in the steam‑boiler provides the following information:

‑‑ the quantity q (in litres) of water in the steam‑boiler.

1.5 The pumps 

Each pump is characterized by the following elements

1.5.1

‑‑ Its capacity P (in litres/sec)

1.5.2

‑‑ Its functioning mode: on or off

1.5.3

‑‑ it's being started: after having been switched on the pump needs five seconds to start pouring water into the boiler

1.5.4

‑‑ its being stopped: with instantaneous effect

1.6 The pump control device

Each pump controller provides the following information:

‑‑ the water circulates from the pump to the steam‑boiler or, in the contrary, it does not circulate.

1.7 The steam measurement device

The device to measure the quantity of steam which comes out of the steam‑boiler provides the following information:

‑‑ a quantity of steam v (in litres/sec).

1.8 Summary of constants and variables

ignore in simulation

1.9 The overall operation of the program

The program follows a cycle and a priori does not terminate. This cycle takes place each five seconds and consists of the following actions:

1.9.1

‑‑ Reception of messages coming from the physical units.

1.9.2

‑‑ Analysis of information which have been received.

1.9.3

‑‑ Transmission of messages to the physical units.

1.10 Operation modes of the program

The program operates in different modes, namely: initialization, normal, degraded, rescue, emergency stop.

1.11 Initialization Mode

1.11.1

If the unit for detection of the level of steam is defective‑that is, when v is not equal to zero‑the program enters the emergency stop mode.

1.11.2

If the quantity of water in the steam‑boiler is above N2 the program activates the valve of the steam‑boiler in order to empty it.

*** For testing, set Q is above N2 (in init.txt)

1.11.3

If the quantity of water in the steam‑boiler is below N1 the program activates a pump to fill the steam‑boiler.

1.11.4

If the program realizes a failure of the water level dection unit it enters the emergency stop mode.

1.11.5

As soon as a level of water between N1 and N2 has been reached the program can send continuously the signal PROGRAM_READY to the physical units until it receives the signal PHYSICAL_UNITS_READY which must necessarily be emitted by the physical units. As soon as this signal has been recieved,

1.11.5.1

if all physical units operate correctly the program enter normal mode.

1.11.5.2

if any physical unit is defective the program enter degraded mode.

1.12 Normal Mode

1.12.1

As soon as the water level is below N1 or above N2, switch the pumps on or off.

1.12.2

As soon as the program recognizes a failure of the water level measuring unit it goes into rescue mode.

1.12.3

Failure of any other physical unit puts the program into degraded mode.

1.12.4

If the water level is risking to reach one of the limit values M1 or M2 the program enters the mode emergency stop.

*** For testing, set up M1 close to N1 (in init.txt).

1.13 Degraded Mode

1.13.1

As soon as the water level is below N1 or above N2, switch the pumps on or off.

1.13.2

Once all the units which were defective has been repaired, the program comes back to normal mode.

1.13.3

As soon as the program sees that the water level measuring unit has a failure, the program goes into mode rescue.

1.13.4 

If the water level is risking to reach one of the limit values M1 or M2 the program enters the mode emergency stop.

1.14 Rescue Mode

1.14.1

As soon as the water level measuring unit is repqired, the program returns into mode degraded or into mode normal.

1.14.2 

The program goes into emergency stop mode if it realizes that one of the following cases holds:

1.14.2.1

the unit which measures the outcome of steam has a failure;

1.14.2.2

the units which control the pumps have a failure;

1.14.2.3

the water level risks to reach one of the two limit values (qc1 <= M1, qc2 >= M2).

1.14.3

If qc1 < N1 && qc2 < N1, open pumps (Case 1);

if qc1 < N1 && qc2 < N2, open pumps (Case 2);

1.14.4

if qc2 > N2 && qc1 > N1, close pumps (Case 5);

if qc2 > N2 && qc1 > N2, close pumps (Case 6);

1.15 Emergency stop Mode

Once the program has reached the Emergency stop mode, the physical enviromente is then responsibel to take approrpiate actions, and the program stops.

1.16 Messages sent by the program

The following messages can be sent by the program:

1.16.1

‑‑ MODE(m)

1.16.2

‑‑ PROGRAM_READY

1.16.3

‑‑ VALVE

1.16.4

‑‑ OPEN_PUMP(n)

1.16.5

‑‑ CLOSE_PUMP(n)

1.16.6

‑‑ PUMP_FAILURE_DETECTION(n)

1.16.7

‑‑ PUMP_CONTROL_FAILURE_DETECTION(n)

1.16.8

‑‑ LEVEL_FAILURE_DETECTION

1.16.9

‑‑ STEAM_FAILURE_DETECTION

1.16.10

‑‑ PUMP_REPAIRED_ACKNOWLEDGEMENT(n)

1.16.11

‑‑ PUMP_CONTROL‑REPAIRED_ACKNOWLEDGEMENT(n)

1.16.12

‑‑ LEVEL_REPAIRED_ACKNOWLEDGEMENT

1.16.13

‑‑ STEAM_REPAIRED_ACKNOWLEDGEMENT

1.17 Messages received by the program

The following messages can be received by the program:

1.17.1

‑‑ STOP

1.17.2

‑‑ STEAM_BOILER_WAITING

1.17.3

‑‑ PHYSICAL_UNITS_READY

1.17.4

‑‑ PUMP_STEATE(n, b)

1.17.5

‑‑ PUMP_CONTROL_STATE(n,b)

1.17.6

‑‑ LEVEL(q)

1.17.7

‑‑ STEAM(v)

1.17.8

‑‑ PUMP_REPAIRED(n)

1.17.9

‑‑ PUMP_CONTROL_REPAIRED(n)

1.17.10

‑‑ LEVEL_REPAIRED

1.17.11

‑‑ STEAM_REPAIRED

1.17.12

‑‑ PUMP_FAILURE_ACKNOWLEDGEMENT(n)

1.17.13

‑‑ PUMP_CONTROL_FAILURE_ACKNOWLEDGEMENT(n)

1.17.14

‑‑ LEVEL_FAILURE_ACKNOWLEDGEMENT

1.17.15

‑‑ STEAM_OUTCOME_FAILURE_ACKNOWLEDGEMENT

1.18 Detection of equipment failures

1.18.1 ‑‑ PUMP

1.18.1.1

Assume that the program has sent a start or stop message to a pump. The program detects that during the following transmission that pump does not indicate its having effectively been started or stopped.

1.18.1.2

The program detects that the pump changes its state spontaneously.

1.18.2 ‑‑ PUMP_CONTROLLER

1.18.2.1

Assume that the program has sent a start or stop message to a pump. The program detects that during the second transmission after the start or stop message pump does not indicate that  the water is flowing or is not flowing; this despite of the fact that the program knows from elsewhere that the pump is working correctly.

1.18.2.2

The program detects that the unit changes its state spontaneously.

1.18.3 ‑‑ WATER_LEVEL_MEASURING_UNIT

1.18.3.1

The program detects that the unit indicates a value which is out of the valid static limits‑i.e. between 0 and C.

1.18.3.2

The program detects that the unit indicates a value which is incompatible with the dynamics of the system.

1.18.4 ‑‑ STEAM_LEVEL_MEASURING_UNIT

1.18.4.1

The program detects that the unit indicates a value which is out of the valid static limits‑i.e. between 0 and W.

1.18.4.2

The program detects that the unit indicates a value which is incompatible with the dynamics of the system.

APPENDIX D

Test cases
  _/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

  _/                                                                      _/

  _/                                                                      _/

  _/               Steam‑Boiler Simulator                                 _/ 

  _/                                                                      _/

  _/               test cases                                             _/

  _/                                                                      _/

  _/                                                                      _/

  _/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/_/

Case1.1:

cover requirements: 1.11.0, 1.11.1, 1.15,

    1.16.1, 1.17.2, 1.17.4, 1.17.5, 1.17.6, 1.17.7

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      2500

init_control.txt:

#This is an example of failure and repair simulation (for initilization mode)

# < means simulating failure or repair in equipment object.

< v_emergency

** notes:

Steam out at very beginning

Case1.2:

cover requirements: 1.11.0, 1.11.1, 1.15,

    1.16.1, 1.16.2, 1.17.2,1.17.3, 1.17.4, 1.17.5, 1.17.6, 1.17.7

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      2500

init_control.txt:

#This is an example of failure and repair simulation (for initilization mode)

# < means simulating failure or repair in equipment object.

cycle: 6

< v_emergency

** notes:

Steam out after several cycle

Case1.3:

cover requirements: 1.11.0, 1.11.2

    1.16.1, 1.16.2, 1.16.3, 1.17.1, 1.17.2, 1.17.3, 1.17.4, 1.17.5,       1.17.6, 1.17.7

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      6500

init_control.txt: ( not necessary)

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 5

shutdown    

Case1.4:

cover requirements: 1.11.0, 1.11.3, 1.11.4, 1.15

    1.16.1, 1.16.2, 1.16.4, 1.17.2, 1.17.4, 1.17.5, 1.17.6, 1.17.7, 1.18.3.1

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      2500

init_control.txt:

#This is an example of failure and repair simulation (for initilization mode)

# < means simulating failure or repair in equipment object.

cycle: 6

< level_failure 1

Case1.5:

cover requirements: 1.11.0, 1.11.3, 1.11.5.2

    1.16.1, 1.16.2, 1.16.4, 1.16.6, 1.16.10, 1.17.1, 1.17.2, 1.17.3,       1.17.4, 1.17.5, 1.17.6, 1.17.7, 1.17.8, 1.17.12, 1.18.1.2

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      2500

init_control.txt:

#This is an example of failure and repair simulation (for initilization mode)

# < means simulating failure or repair in equipment object.

cycle: 6

< pump_failure 1 (2)

cycle: 16

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 5

< pump_repaired 1

cycle: 4

shutdown

** notes:

This case is for pump failure

Case1.6:

cover requirements: 1.11.0, 1.11.3, 1.11.5.2

   
1.16.1, 1.16.2, 1.16.4, 1.16.7, 1.16.11, 1.17.1, 1.17.2, 1.17.3, 1.17.4, 1.17.5, 1.17.6, 1.17.7, 1.17.9, 1.17.13, 1.18.2.2

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      2500

init_control.txt:

#This is an example of failure and repair simulation (for initilization mode)

# < means simulating failure or repair in equipment object.

cycle: 6

< pump_control_failure 2 (2)

cycle: 16

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 5

< pump_control_repaired 2

cycle: 4

shutdown

** notes:

This case is for pump cotrol failure

*** notes:

requirement 1.11.5 will be covered in all normal mode test case.

Case2.1

cover requirement: 1.11.0, 1.11.3, 1.11.5.1, 1.12.1

   1.16.1, 1.16.2, 1.16.4, 1.16.5, 1.17.1, 1.17.2, 1.17.3, 1.17.4,           1.17.5, 1.17.6, 1.17.7

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 200

shutdown

Case2.2

cover requirement: 1.11.0, 1.11.3, 1.12.1, 1.12.2, 1.12.3, 

       1.13.1, 1.13.2, 1.14.1, 1.14.2 

1.16.1, 1.16.2, 1.16.4, 1.16.5, 1.16.6, 1.16.7, 1.16.8, 1.16.9, 1.16.10, 1.16.11, 1.16.12, 1.16.13, 1.17.1, 1.17.2, 1.17.3, 1.17.4, 1.17.5, 1.17.6, 1.17.7, 1.17.8, 1.17.9, 1.17.10, 1.17.11, 1.17.12, 1.17.13, 1.17.14, 1.17.15, 1.18.1.2, 1.18.2.2, 1.18.3.1, 1.18.3.2, 1.18.4.1, 1.18.4.2

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 8

< pump_failure 1 (2)

cycle: 6

< pump_repaired 1

cycle: 8

< pump_failure 4 (2)

cycle: 4

< pump_repaired 4

cycle: 8

< pump_failure 3 (2)

cycle: 4

< pump_repaired 3

cycle: 6

< pump_failure 2 (2)

cycle: 4

< pump_repaired 2

cycle: 3

< pump_failure 1 (2)

cycle: 4

< pump_failure 3 (2)

cycle: 4

< pump_failure 2 (2)

cycle: 9

< pump_repaired 3

cycle: 2

< pump_failure 4 (2)

cycle: 4

< pump_repaired 1

cycle: 8

< pump_control_failure 1 (2)

cycle: 5

< pump_repaired 4

cycle: 4

< pump_control_repaired 1 

cycle: 3

< steam_failure 2

cycle: 2

< pump_repaired 2

cycle: 8

< pump_control_failure 4 (2)

cycle: 5

< pump_control_failure 1 (2)

cycle: 5

< steam_repaired

cycle: 3

< pump_control_repaired 1 

cycle: 7

< pump_control_failure 3 (2)

cycle: 5

< steam_failure 1

cycle: 2

< pump_control_repaired 3

cycle: 7

< steam_repaired

cycle: 5

< pump_control_repaired 4 

cycle: 7

< level_failure 2

cycle: 4

< level_repaired

cycle: 6

< level_failure 1

cycle: 4

< level_repaired

cycle: 7

shutdown

Case2.3

cover requirements: 1.11.0, 1.11.3, 1.11.5.1, 1.12.4, 1.15,

    1.16.1, 1.16.2, 1.17.2, 1.17.3, 1.17.4, 1.17.5, 1.17.6, 1.17.7

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   4990    8000    5000    6000    50      1       1       15      2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 200

shutdown

** notes:

test for reach M1

Case2.4

cover requirements: 1.11.0, 1.11.3, 1.11.5.1, 1.12.4, 1.15,

    1.16.1, 1.16.2, 1.17.2, 1.17.3, 1.17.4, 1.17.5, 1.17.6, 1.17.7

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    6010    5000    6000    50      1       1       15      2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 200

shutdown

** notes:

test for reach M2

Case2.5

cover requirements: 1.18.1.1

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    6010    5000    6000    50      1       1       15      2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 5

< pump_failure 2 (1)

cycle: 40

< pump_repaired 2

cycle: 8

shutdown

Case2.6

cover requirements: 1.18.2.1

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    6010    5000    6000    50      1       1       15      2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 5

< pump_control_failure 2 (1)

cycle: 40

< pump_control_repaired 2

cycle: 8

shutdown

Case3.1 

cover requirements: 1.11.0, 1.11.3, 1.11.5.1, 1.13.3, 1.14.1, 1.14.2.2, 1.15,

    1.16.1, 1.16.2, 1.16.4, 1.16.6, 1.16.7, 1.16.8, 1.16.10, 1.17.2,       1.17.3, 1.17.4, 1.17.5, 1.17.6, 1.17.8, 1.18.1.2, 1.18.2.2, 1.18.3.2

init.dat:

#This is a sample initilization file

#C
M1
M2
N1
N2
W
U1
U2
P
Q

10000
3000
8000
5000
6000
50
1
1
15
2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 8

< pump_failure 1 (2)

cycle: 6

< level_failure 1

cycle: 4

< level_repaired

cycle: 7

< pump_repaired 1

cycle: 8

< pump_control_failure 4 (2)

cycle: 5

< level_failure 2

cycle: 4

< pump_control_repaired 4 

cycle: 7

< level_repaired

cycle: 7

shutdown

Case3.2

cover requirements: 1.11.0, 1.11.3, 1.11.5.1, 1.12.1, 1.13.4, 1.15,

    1.16.1, 1.16.2, 1.16.4, 1.16.6, 1.16.8, 1.17.2, 1.17.3, 1.17.4,       1.17.5, 1.17.6, 1.17.8, 1.18.1.2

init.dat:

#This is a sample initilization file

#C      M1      M2      N1      N2      W       U1      U2      P       Q

10000   3000    8000    5000    6000    50      1       1       15      2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 5

< steam_failure 1

cycle: 200

< steam_repaired 

cycle: 8

shutdown

** notes:

test for reach M1

Case3.3

cover requirements: 1.11.0, 1.11.3, 1.11.5.1, 1.12.1, 1.13.4, 1.15,

    1.16.1, 1.16.2, 1.16.4, 1.16.5, 1.16.9, 1.17.2, 1.17.3, 1.17.4,       1.17.5, 1.17.6, 1.17.8, 1.17.15, 1.18.4.1

init.dat:

#This is a sample initilization file

#C
M1
M2
N1
N2
W
U1
U2
P
Q

10000
3000
6010
5000
6000
50
1
1
15
2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 5

< steam_failure 1

cycle: 200

< steam_repaired 

cycle: 8

shutdown

** notes:

test for reach M2

Case4.1

cover requirements: 1.11.0, 1.11.3, 1.11.5.1, 1.12.1, 1.14.2.1, 1.15,

    1.16.1, 1.16.2, 1.16.8, 1.16.9, 1.17.2, 1.17.3, 1.17.4, 1.17.5,      1.17.6, 1.17.8, 1.17.14, 1.18.3.1, 1.18.4.1

init.dat:

#This is a sample initilization file

#C
M1
M2
N1
N2
W
U1
U2
P
Q

10000
3000
8000
5000
6000
50
1
1
15
2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 8

< level_failure 1 

cycle: 5

< steam_failure 1

cycle: 7

< steam_repaired

cycle: 5

< level_repaired 

cycle: 8

shutdown

Case4.2

cover requirements: 1.11.0, 1.11.3, 1.11.5.1, 1.12.1, 1.14.2.3, 1.14.3, 1.14.4, 1.15,

    1.16.1, 1.16.2, 1.16.4, 1.16.5, 1.16.8, 1.17.2, 1.17.3, 1.17.4, 1.17.5, 1.17.6, 1.17.8, 1.17.14, 1.18.3.1, 1.18.4.1

init.dat:

#This is a sample initilization file

#C
M1
M2
N1
N2
W
U1
U2
P
Q

10000
4990
8000
5000
6000
50
1
1
15
2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 18

< level_failure 1

cycle: 200

< level_repaired 

cycle: 8

shutdown


** notes:

test for reach M1

Case4.3

cover requirements: 1.11.0, 1.11.3, 1.11.5.1, 1.12.1, 1.14.2.3, 1.14.3, 1.14.4, 1.15,

    1.16.1, 1.16.2, 1.16.4, 1.16.5, 1.16.8, 1.17.2, 1.17.3, 1.17.4,       1.17.5, 1.17.6, 1.17.8, 1.17.14, 1.18.3.1, 1.18.4.1

init.dat:

#This is a sample initilization file

#C
M1
M2
N1
N2
W
U1
U2
P
Q

10000
3000
6010
5000
6000
50
1
1
15
2500

sim_control.txt:

#This is an example of failure and repair simulation 

# < means simulating failure or repair in equipment object.

cycle: 18

< level_failure 1

cycle: 200

< level_repaired 

cycle: 8

shutdown


** notes:

test for reach M2

