// Module of monitor which can repeatedly make sum of

//   a given vector which contains items of the double type   

// Internal private class describing "piece of work"

class Cl_part_work {

  public double[] data;      // reference to data vector

  public int beg_of_part;    // initial index of vector part

  public int end_of_part;    // first index behind the part

  public Cl_part_work (double[] par_data, int par_beg,

      int par_end) {

    data = par_data;

    beg_of_part = par_beg;

    end_of_part = par_end;

  }

  public boolean empty () {  // returns true for empty work 

    if (beg_of_part == end_of_part)

      return true;

    else

      return false;

  } 

}

// public class - monitor

public class Cl_parop {

  // inner static class for worker threads

  private static class Cl_worker extends Thread {

    private Cl_parop monitor_ref;    // reference to monitor

                                     //    instance

    private int my_id;               // num. of worker

    private double loc_result;       // local result

    public Cl_worker (Cl_parop par_monitor_ref, int id) {

      monitor_ref = par_monitor_ref;

      my_id = id;

    }

    public void run () {             // worker activity

      while (!monitor_ref.stop_workers) {

        /* worker requests a piece of work */

        Cl_part_work part = monitor_ref.get_work(); // blocking

        /* sum operation */

        loc_result = 0;

        for (int i = part.beg_of_part; i < part.end_of_part; i++)

          loc_result += part.data[i];

        yield();

        /* return of result */

        monitor_ref.inc(loc_result);    // blocking

        System.out.println(my_id +" " + loc_result);

      }

      System.out.println("worker " + my_id + " terminated");

    }

  }

  //  monitor's data members

  private double[] data;       // ref. to data vector

  private int n;               // num of workers

  private int barrier_cnt;     // counter of sync. barrier

  private int step;            // vector part length

  private double op_result;    // result of operation

  private int next_index;      // first index of first free part

  private boolean op_running;  // flag of running op.

  private boolean free_work;   // flag - there is still

                               //   a free part of vector

  private boolean op_command;  // flag - command, set when at least

                               // one worker is working

  private boolean result_ready;  // flag - set up by the worker

                               //   who last leaved inc() operation

  private boolean stop_workers;  // flag to finish workers

  private Cl_worker[] worker;  // references to worker threads

  // monitor's public methods - called from clients

  public Cl_parop (int n_proc, int par_step) { // constructor

    n = n_proc;

    step = par_step;

    free_work = false;

    op_command = false;

    result_ready = false;

    op_running = false;

    stop_workers = false;

    barrier_cnt = 0;

    worker = new Cl_worker[n];

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

      worker[i] = new Cl_worker (this, i);

      worker[i].start();

    }

  }

  // operation

  public synchronized double op (double[] v) {

    double result_instance;

    while (op_running) try {    // it blocks other clients

      wait ();

    } catch (InterruptedException e) {};

    data = v;                   // data setup for operation

    op_result = 0;

    next_index = 0;

    op_running = true;

    free_work = true;

    op_command = true;

    result_ready = false;

    notifyAll();                // it awakes waiting workers

    while (!result_ready) try {    // it blocks the calling client

      wait ();

    } catch (InterruptedException e) {};

    result_instance = op_result;

    op_running = false;

    notifyAll();               // it awakes waiting clients

    return result_instance;

  }

  // method to kill workers - use it only at the end of program !!!

  public double stop () {

    double[] tmp_data = new double[1];  // data for fictive operation

    tmp_data[0] = 1.0;

    stop_workers = true;

    return op(tmp_data);

  }

  public int get_n () {return n;} // returns num of workers

  public int get_step () {return step;}  // returns size of part

  // method to set size of part

  public synchronized void set_step (int par_step) {

    step = par_step;

  }

  // private methods - called from workers

  // method returns a descriptor of vector part to be processed

  private synchronized Cl_part_work get_work () {

    while (!op_command) try {   // it blocks workers before

      wait ();                 //   start of operation

    } catch (InterruptedException e) {};

    Cl_part_work part;

    int end_of_part = next_index + step;

    if (end_of_part >= data.length) {

      end_of_part = data.length;

      free_work = false;

    }

    part = new Cl_part_work (data, next_index, end_of_part);

    next_index = end_of_part;

    return part;

  }

  // method updates global result by adding a local result,

  //   moreover it synchronizes workers at the end of operation

  private synchronized void inc (double par_result) {

    op_result += par_result;

    if (!free_work) {

      barrier_cnt++;

      if (barrier_cnt == n) {  // last worker entering inc()

        op_command = false;

        notifyAll();

      }

      while (op_command) try {  // sync. of workers before

        wait ();              //   the end of operation

      } catch (InterruptedException e) {};

      barrier_cnt--;

      if (barrier_cnt == 0) {  // last worker leaving inc()

        result_ready = true;

        notifyAll();

      }

    }

  }

}

// Trida Program implementuje hlavni program ktery se startuje:

//    java Program

public class Program {

  public static void main (String[] argv) {

    int m = 100;

    int n_proc = 4;

    int step = 13;

    // vector construction and setup

    double[] array = new double [m];

    for (int i = 0; i < m; i++) array[i] = (double) i;

    // monitor construction

    Cl_parop monitor = new Cl_parop (n_proc, step);

    // first operation and print of results

    double suma = monitor.op (array);

    System.out.print  ("Result = ");

    System.out.println (suma);

    // second operation and print of results

    for (int i = 0; i < m; i++) array[i] += 1;

    suma = monitor.op (array);

    System.out.print  ("Result = ");

    System.out.println (suma);

    System.out.println("End of work: code " + (int)monitor.stop());

  }

}

/* Trida Message implementuje zpravu o pozadovane transakci */

public class Message {

  public int length;   // length of message

  public int[] info;   // info = key1, key2, value

  public Message (int par_length, int[] par_info){

    length = par_length;

    info = new int[length];

    for (int i = 0; i<length; i++) info[i] = par_info[i];

  }

  public Message (int par_length){

    length = par_length;

    info = new int[length];

  }

}

/* Trida Msg_port implementuje komunikacni port transakcniho serveru */

public class Msg_port {           // type of monitor

  private Message port_memory;    // buffer for the message

  private boolean empty;          // flag

  public Msg_port () {empty = true;}

  public boolean empty_port() {return empty;}

  synchronized public void write (Message request) {

    while (!empty) try {

      wait();                     // calling thread waits

    } catch (InterruptedException e) {}

    port_memory = request;

    empty = false;

    notify();                     // awaking of a waiting thread

  }

  synchronized public Message read () {

    while (empty) try {

      wait();

    } catch (InterruptedException e) {}

    empty = true;

    notify();

    return port_memory;

  }

}

/* Trida Row implementuje jeden radek tabulky (= jeden ucet) */

class Row {                     // monitor

  private boolean row_lock;     // lock of record (false - free rec.)

  private int key;              // key of record

  private int value;            // value of account

  Row (int par_key, int par_value) {

    row_lock = false; key = par_key; value = par_value;

  }

  Row () { row_lock = false;}

  void set_row (int par_key, int par_value) {

    row_lock = false; key = par_key; value = par_value;

  }

  int get_value () {return value;}

  int get_key () {return key;}

  synchronized boolean test_and_set_lock () {

    boolean old_lock = row_lock;  row_lock = true;

    return old_lock;

  }

  void release_lock () {row_lock = false;}

  void add (int income) {value += income;}

  boolean sub (int outcome) {

    if (outcome <= value) {

      value -= outcome; return true;

    }

    else return false;

  }

  synchronized void print_row() {

    System.out.println(row_lock + "  " + key + "  " + value);

  }

}

/* Public trida Table implementuje pole uctu */

public class Table {         // monitor

  private int[] state;       // 0 - running trns., 1 - done trns.

                             // 2 - aborted trns.

  private int n;             // num. of rows

  private Row[] vector;      // array of rows

  public Table (int par_n, int ini_value) {

    n = par_n;

    vector = new Row[n];

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

      vector[i] = new Row (i, ini_value);

    state = new int[3];

    state[0] = state[1] = state[2] = 0;

  }

  public int get_n () {return n;}

  public int find (int given_key) {

    int j=-1;

    for (int i=0; i<n; i++)   // key = index

      if (given_key == vector[i].get_key()) {

        j = i;  break;

      }

    return j;

  }

  public boolean test_and_set_lock (int row_num) {

    return vector[row_num].test_and_set_lock();

  }

  public void release_lock (int row_num) {

    vector[row_num].release_lock();

  }

  public void add (int row_num, int income) {

    vector[row_num].add(income);

  }

  public boolean sub (int row_num, int outcome) {

    return vector[row_num].sub(outcome);

  }

  synchronized public int sum () {

    int suma = 0;

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

      suma += vector[i].get_value();

    return suma;

  }

  synchronized public void inc_state (int index) {

    state[index]++;

  }

  synchronized public void dec_state (int index) {

    state[index]--;

  }

  synchronized public int[] get_state () {

    int[] state_rec = new int[3];

    for (int i=0; i<3; i++) state_rec[i] = state[i];

    return state_rec;

  }

  synchronized public void print_table () {

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

      vector[i].print_row();

    System.out.println();

    System.out.println ("state: "

      + state[0] + "  " + state[1] + "  " + state[2]);

  }

}

/* Trida Trn_work implementuje vlakno, ktere vyrizuje konkretni */

/*    transakci (prevod hodnoty z jednoho uctu na druhy).       */

/* Public trida Trn_serv implementuje ridici vlakno transakcniho*/

/*    serveru - zaklada omezeny pc. (=pc. procesoru) vlaken     */

/*    realizujicich jednotlive transakce.                       */

class Trn_work extends Thread {        // thread

  private int id_num;                  // number of transaction 

  private int key_from;                // key - source

  private int key_to;                  // key - destination

  private int trans_value;             // how many

  private Table tab;                   // which table

  public Trn_work (Table par_tab, Message msg, int par_num) {

    key_from = msg.info[0];

    key_to = msg.info[1];

    trans_value = msg.info[2];

    tab = par_tab;

    id_num = par_num;

    tab.inc_state(0);

  }

  private void print_trns (int mode) {

    switch (mode) {

      case 0:

        System.out.print("Trns " + id_num + " starts:  "); break;

      case 1:

        System.out.print("Trns " + id_num + " done:   "); break;

      case 2:

        System.out.print("Trns " + id_num + " aborted:"); break;

    }

    System.out.println("  " + key_from + "  " + key_to + "  " + trans_value);

  }

  public void run () { // run of transaction

    print_trns(0);

    yield();

    if (

        (key_from < 0) || (key_from >= tab.get_n()) ||

        (key_to < 0)   || (key_to >= tab.get_n()) ||

        (key_from == key_to)

       ) {

      tab.dec_state(0); tab.inc_state(2);

      print_trns(2);

      return;

    }

    int key_min;  int key_max;

    if (key_from < key_to) {

      key_min = key_from;  key_max = key_to;

    }

    else {

      key_min = key_to;  key_max = key_from;

    }

    int row1 = tab.find(key_min);

    if (row1 >= 0)

      yield();

    else {

      tab.dec_state(0); tab.inc_state(2);

      print_trns(2);

      return;

    }

    while (tab.test_and_set_lock(row1))

      yield();                  // active waiting

    int row2 = tab.find(key_max);

    if (row2 >= 0)

      yield();

    else {

      tab.release_lock(row1);

      tab.dec_state(0); tab.inc_state(2);

      print_trns(2);

      return;

    }

    while (tab.test_and_set_lock(row2))

      yield();                  // active waiting

    int row_sub;  int row_add;

    if (key_from < key_to) {

      row_sub = row1;    row_add = row2;

    }

    else {

      row_sub = row2;    row_add = row1;

    }

    if (tab.sub(row_sub, trans_value))

        yield();

    else {                               // abort

      tab.release_lock(row2);

      yield();

      tab.release_lock(row1);

      tab.dec_state(0); tab.inc_state(2);

      print_trns(2);

      return;

    }

    tab.add(row_add, trans_value);

    tab.release_lock(row2);

    yield();

    tab.release_lock(row1);

    tab.dec_state(0); tab.inc_state(1);

    print_trns(1);

  }

}

public class Trn_serv extends Thread {    // thread

  private Table tab;              // table reference

  private Msg_port port;          // port reference

  private final int n;            // num of processors

  private int id_counter;         // counter of created transactions 

  public Trn_serv (Table par_tab, Msg_port par_port, int n_par) {

    tab = par_tab; port = par_port; n=n_par; id_counter=1; 

  }

  public void run () {            // server run

    Message request;

    Trn_work worker;

    int[] state;

    while (true) {

      state = tab.get_state();

      if (state[0] >= n) {

        yield();

        continue;

      }

      request = port.read();             // blocking

      if (request.info[0] < 0) break;

      worker = new Trn_work (tab, request, id_counter);

      worker.start();

      id_counter++;

      yield();

    }

    while (true) {    // waiting for finishing all transactions

      state = tab.get_state();

      if (state[0] > 0)

        yield();

      else


break;

    }

  }

}

/* Trida Trn_gen implementuje proud transakci z okoli */

/* Public trida Program implementuje hlavni program */

/* Hlavni program se startuje:                       */

/* java Program p1 p2 p3 p4                          */

/*  -  p1  je  rozmer (jedine) tabulky databaze      */

/*  -  p2  je  pocatecni hodnota na kazdem uctu      */

/*  -  p3  je  pocet zpracovavanych transakci        */

/*  -  p4  je  pocet paralelne provadenych transakci */

/* Doporucene startovani pro prvni seznameni:        */

/* java 10 100 100 3                                 */  

class Trn_gen extends Thread {  //thread

  private int n_row;      // num of records in the table

  private int ini_value;  // initial value of every account

  private Msg_port port;  // port for requests

  private int n_trns;     // num of processed transactions

  public Trn_gen (int par_n_row, int par_value,

      int par_n_trns, Msg_port par_port) {

    n_row = par_n_row;

    ini_value = par_value;

    n_trns = par_n_trns;

    port = par_port;

  }

  public void run () {

    for (int i=0; i<n_trns; i++) {       // new message-request

      Message msg = new Message (3);

      msg.info[0] = (i*131)%n_row;       // random setting

      msg.info[1] = ((i+1)*323)%n_row;

      if (msg.info[0] == msg.info[1]) msg.info[1] ++;

      msg.info[2] = (((i+3)*113)%ini_value) + 1;

      port.write(msg);                   // blocking  op.

//      System.out.println("write");

//      try {

//        sleep((i + msg.info[2]) % 3); // random sleeping

//      } catch (InterruptedException e) {}

    }

    Message msg = new Message (3);         // the last message

    msg.info[0] = -1;

    port.write(msg);

  }

}

public class Program {    // the basic thread

  public static void main (String[] argv) {

    // conversion of program parameters

    int n_row = Integer.valueOf(argv[0]).intValue();

    int ini_value = Integer.valueOf(argv[1]).intValue();

    int n_trns = Integer.valueOf(argv[2]).intValue();

    int n_proc = Integer.valueOf(argv[3]).intValue();

    // creating of basic (stable) objects

    Table tab = new Table (n_row, ini_value);

    Msg_port port = new Msg_port();

    Trn_gen  gen = new Trn_gen(n_row, ini_value, n_trns, port);

    Trn_serv serv = new Trn_serv(tab, port, n_proc);

    gen.start();

    serv.start();

    try {

      serv.join();   // waiting for the server death

    } catch (InterruptedException e) {}

    int[] state = tab.get_state();

    System.out.println();

    System.out.println("Resulting table:");

    System.out.println();

    tab.print_table();

    System.out.println();

    System.out.print  ("Num of succesful transactions:    ");

    System.out.println( state[1]);

    System.out.print  ("Num of aborted transactions:      ");

    System.out.println( state[2]);

    System.out.print  ("Sum of accounts:                  ");

    System.out.println( tab.sum());

  }

}
