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// Synchronous.cpp

// programmed by Zhihua Lai 0405005 2004-10-25

// a 4-bit Synchronous Counter Implementation
#include <iostream.h>
    // standard stream, included to use “cout” in this case.
typedef int BIT;
    // a new Type represents 0 or 1
#define N_FF 4
    // Number of Flip Flops

#define HIGH 1

#define LOW 0

class Four_Syn_Ctr

{

  private:

BIT CK;  
    // Clock Pulse

BIT q[N_FF];
  // output state

  public:

Four_Syn_Ctr(void);
    // Constructor

static void reset(Four_Syn_Ctr&);
    // Set the counter to 0

static BIT jk(BIT,BIT,BIT,BIT);
    // static method to calculate jk flipflop

void increment_half_cycle(void);
  // within the half cycle (CK:0(1 or 1(0)

void increment(void);
    // one cycle

void print(void);

};

Four_Syn_Ctr::Four_Syn_Ctr(void)

{

  Four_Syn_Ctr::reset(*this);

}

void Four_Syn_Ctr::reset(Four_Syn_Ctr &syn)

{

  syn.CK=LOW;

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

  {

     syn.q[i]=LOW;

  }

}

BIT Four_Syn_Ctr::jk(BIT j,BIT k,BIT ck,BIT q_last)

{
/*

	Qn
	J
	K
	Q(n+1)

	0
	0
	D
	0

	0
	1
	D
	1

	1
	D
	1
	0

	1
	D
	0
	1


D—Could be 0 or 1 
This table is from the page 666 of Computer Organization and Architecture by William Stallings

*/
  if (ck==HIGH)

  {

    if ((j==LOW)&&(k==LOW)) return (q_last);

    if ((j==LOW)&&(k==HIGH)) return (LOW);

    if ((j==HIGH)&&(k==LOW)) return (HIGH);

    if ((j==HIGH)&&(k==HIGH)) return (!q_last) ;

  }

  return (q_last);

}

void Four_Syn_Ctr::increment_half_cycle(void)

{
/*

  From exercise 3, firstly construct a truth table,

  Then use karnaugh Maps to generate each expression for each inputs of flipflops.

  Ja=Ka=BCD

  Jb=Kb=CD

  Jc=Kc=D

  Jd=Kd=1

*/

  BIT j[N_FF],k[N_FF];

  (*this).CK=((*this).CK==HIGH)?LOW:HIGH;
  // Clock Pulse updates here.
  j[3]=(*this).q[0]&&(*this).q[1]&&(*this).q[2];

  k[3]=j[3];

  j[2]=(*this).q[0]&&(*this).q[1];

  k[2]=j[2];

  j[1]=(*this).q[0];

  k[1]=j[1];

  j[0]=HIGH;

  k[0]=HIGH;

  for (int i=N_FF-1;i>=0;i--)

  {

(*this).q[i]=Four_Syn_Ctr::jk(j[i],k[i],(*this).CK,(*this).q[i]);
// Update in a half cycle

  }

}

void Four_Syn_Ctr::increment(void)

{

  for (int i=0;i<2;i++)

  {

    (*this).increment_half_cycle();

  }

}

void Four_Syn_Ctr::print(void)

{
  // q[0] is the bit represented by the leftmost flipflop.

  for (int i=N_FF-1;i>=0;i--)

  {

    cout<<(*this).q[i];

  }

  cout<<endl;

}

int main(int argc,char **argv)

{

  (void) argc;

  (void) argv;

  // no parameters input for this program.
  Four_Syn_Ctr Test;

  Four_Syn_Ctr *p=&Test;
  // Class pointer p

  int i=0;

  do

  {

    (*p).print();

    p->increment();

  } while (++i<18);
  Test.reset(*p);
  // Reset the counter to 0

  p->print();
  return 0;
  // Successfully returns.

}
3/3

