
These states are
executed only during
the 1st iteration. 

These states are
executed during
all iterations.

#start

#read1

#read2

#init_comp

greater
    =1

equal
        =1

#finished

#load_add_l0 #load_add_l1

#load_add_r1 #load_add_r0

#sub_comp

1 0

1

0

The original control unit does not take advantage that the register file, in the data path can
be read and written at the same time. The new control unit architecture (mygcd), depicted in
Figure 1, exploits this specification to reduce the number of clock cycles per  iteration. 
Table 2 summarizes the improvements obtained with the new architecture.

Figure 1: mygcd architecture

The behaviour of the states in mygcd are the followings:
 -) #start: Initialization of  the system.
 -) #read1: The input data is written in reg(0). 
 -) #read2 : The input data is written in reg(1). The content of reg(0) loaded in cmp_l.
 -) #init_comp: The content of reg(1) is loaded in cmp_r.
 -) #load_add_l0: The content of reg(0) is loaded into add_l.
 -) #load_add_l1: The content of reg(1) is loaded into add_l.
 -) #load_add_r0: The content of reg(0) is loaded into add_r and cmp_l.
 -) #load_add_r1: The content of reg(1) is loaded into add_r and cmp_l. 
            reg(0) is set equal to reg(1).
 -) #sub_comp: The result of the subtraction is stored in reg(1) and cmp_r.
 -) #finished: This state is visited when the computation is completed.

Simulations. The system has been tested successfully, both in pre and post synthesis, with inputs 
from gcd16_large.txt input file. However, for graphical purposes, in the following we will show
only the computation of the gcd for 16 and 4. 
Slack and area for the synthesis of mygcd are reported in Table 3.
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Table 1: Register file organization

#0

#1

#2

#3

NOT USED

NOT USED

data_in(0) or 
min(cmp_l, cmp_r)
data_in(1) or 
subtraction result

1st iteration

All other iterations

Original mygcd

5 clock cycles 3 clock cycles

7 clock cycles 6 clock cycles

Table 2: Clock cycles optimization

Slack (ns)

          Area (nm2)

Original mygcd

Table 3: Synthesis comparison
for a clock period of 10ns

Files attached to report

3)conf_tb_siso_gen_dpctrlPost
Configuration for post syn. sim.

2)conf_tb_siso_gen_dpctrl
Configuration for pre syn. sim.

1)cmp_add_ctrl_mygcd_arch
Architecture for mygcd. 



Figure 2: Pre-Synthesis Simulation Input: 16,4 clock period 10ns

Figure 3: Post-Synthesis Simulation Input: 16,4 clock period 10ns
Flip Flop clear signal cannot be accessed 
from pre-synthesis simulation.
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1st iteration 6 clock cycles
2nd iteration 
3 clock cycles

3rd iteration 
3 clock cycles
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architecture mygcd of cmp_add_ctrl is

    -- definition of type state
    type state is (
        start,read1, read2, init_comp, load_add_l0,  
        load_add_l1, load_add_r0, load_add_r1,sub_comp, finished
    );
    signal current_state, next_state: state;

begin -- begin architecture

    seq : process(clk, reset)
    begin
        if reset='1' then
            -- reset action
            current_state <= start;
            req <= '1';
            ready <= '0';
        elsif(rising_edge(clk)) then
            current_state <= next_state;

            if (next_state = read1) or (next_state = finished) then
              req <= '1';
            else
              req <= '0';
            end if;
      
            if next_state = finished then
              ready <= '1';
            else
              ready <= '0';
            end if;

        end if ;
    end process ; -- end process seq

    new_state : process(current_state, equal, greater)
    begin
        case(current_state) is
            when start => next_state <= read1;
            when read1 => next_state <= read2;
            when read2 => next_state <= init_comp;
            when init_comp =>
                if equal= '1' then
                    next_state <= finished;
                elsif greater = '1' then
                    next_state <= load_add_l0;
                else
                    next_state <= load_add_l1;
                end if ;
                
            when load_add_l0 => next_state <= load_add_r1;
            when load_add_l1 => next_state <= load_add_r0;

            when load_add_r0 => next_state <= sub_comp;
            when load_add_r1 =>  next_state <= sub_comp;

            when sub_comp =>
                if equal= '1' then
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                    next_state <= finished;
                elsif greater = '1' then
                    next_state <= load_add_l0;
                else
                    next_state <= load_add_l1;
                end if ;
            when finished => next_state <= read1;
        end case ;
    end process ; -- end process new state

    outputs : process(next_state)
    begin -- process outputs
        sub <= '1';
        case(next_state) is
        
            when start =>
                -- nothing happens. It can be considered an init state of the system
                -- adder configuration
                add_l_sel <= '-'; add_l_en <= '-';
                add_r_sel <= '-'; add_r_en <= '-'; 
                
                -- cmp configuration 
                cmp_l_sel <= '-'; cmp_l_en <= '-';
                cmp_r_sel <= '-'; cmp_r_en <= '-'; 
                -- reg file configuration
                rd_addr <= "--"; wr_addr <= "--"; 
                wr_sel_en <= "--";
            when read1 =>
                -- read data from data_in port and writing 
                -- the content of reg[0] = data_in
                -- adder configuration
                add_l_sel <= '-'; add_l_en <= '-'; 
                add_r_sel <= '-'; add_r_en <= '-'; 
                -- cmp configuration 
                cmp_l_sel <= '-'; cmp_l_en <= '-';
                 cmp_r_sel <= '-'; cmp_r_en <= '-'; 
                -- reg file configuration
                rd_addr <= "--"; wr_addr <= "00"; 
                wr_sel_en <= "11";

            when read2 => 
                -- read data from data_in port and writing 
                -- the content of reg[1] = data_in
                -- load the left comparator register with reg[0]
                
                -- adder configuration
                add_l_sel <= '-'; add_l_en <= '-'; 
                add_r_sel <= '-'; add_r_en <= '-'; 
                
                -- cmp configuration 
                cmp_l_sel <= '0'; cmp_l_en <= '1'; 
                cmp_r_sel <= '-'; cmp_r_en <= '-'; 
                -- reg file configuration
                rd_addr <= "00"; wr_addr <= "01";
                wr_sel_en <= "11";

            when init_comp => 
                -- load the rigth comparator register with reg[1]

                -- adder configuration
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                add_l_sel <= '-'; add_l_en <= '-'; 
                add_r_sel <= '-'; add_r_en <= '-'; 
                
                -- cmp configuration 
                cmp_l_sel <= '-'; cmp_l_en <= '0'; 
                cmp_r_sel <= '0'; cmp_r_en <= '1'; 
                -- reg file configuration
                rd_addr <= "01"; wr_addr <= "--"; 
                wr_sel_en <= "00";

            when load_add_l0 =>  
                -- load left register of adder with reg[0]

                -- adder configuration
                add_l_sel <= '0'; add_l_en <= '1'; 
                add_r_sel <= '-'; add_r_en <= '-'; 
                
                -- cmp configuration 
                cmp_l_sel <= '-'; cmp_l_en <= '-'; 
                cmp_r_sel <= '-'; cmp_r_en <= '-'; 
                -- reg file configuration
                rd_addr <= "00"; wr_addr <= "--"; 
                wr_sel_en <= "00";

            when load_add_l1 =>
                -- load left register of adder with reg[1]

                -- adder configuration
                add_l_sel <= '0'; add_l_en <= '1'; 
                add_r_sel <= '-'; add_r_en <= '-'; 
                
                -- cmp configuration 
                cmp_l_sel <= '-'; cmp_l_en <= '-'; 
                cmp_r_sel <= '-'; cmp_r_en <= '-'; 
                -- reg file configuration
                rd_addr <= "01"; wr_addr <= "--"; 
                wr_sel_en <= "00";
                
            
            when load_add_r0 =>
                -- load rigth register of adder and comp left register with reg[0]

                -- adder configuration
                add_l_sel <= '-'; add_l_en <= '0'; 
                add_r_sel <= '0'; add_r_en <= '1'; 
                
                -- cmp configuration 
                cmp_l_sel <= '0'; cmp_l_en <= '1'; 
                cmp_r_sel <= '-'; cmp_r_en <= '-'; 
                -- reg file configuration
                rd_addr <= "00"; wr_addr <= "--"; 
                wr_sel_en <= "00";

            
            when load_add_r1 =>
                -- load rigth register of adder and comp lef register with reg[1]
                -- set reg(0) = reg(1)

                -- adder configuration
                add_l_sel <= '-'; add_l_en <= '0'; 
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                add_r_sel <= '0'; add_r_en <= '1'; 
                
                -- cmp configuration 
                cmp_l_sel <= '0'; cmp_l_en <= '1'; 
                cmp_r_sel <= '-'; cmp_r_en <= '-'; 
                -- reg file configuration
                rd_addr <= "01"; wr_addr <= "00"; 
                wr_sel_en <= "10";
            
            when sub_comp => 
                -- load rigth register of comp and reg[1] with sub result

                -- adder configuration
                add_l_sel <= '-'; add_l_en <= '0';
                add_r_sel <= '-'; add_r_en <= '0'; 
                
                -- cmp configuration 
                cmp_l_sel <= '-'; cmp_l_en <= '0'; 
                cmp_r_sel <= '1'; cmp_r_en <= '1'; 
                -- reg file configuration
                rd_addr <= "--"; wr_addr <= "01"; 
                wr_sel_en <= "01";

            
            when finished =>

                -- adder configuration
                add_l_sel <= '-'; add_l_en <= '-'; 
                add_r_sel <= '-'; add_r_en <= '-'; 
                
                -- cmp configuration 
                cmp_l_sel <= '-'; cmp_l_en <= '-'; 
                cmp_r_sel <= '-'; cmp_r_en <= '-'; 
                -- reg file configuration
                rd_addr <= "01"; wr_addr <= "--"; 
                wr_sel_en <= "--";
                
        
        end case ;

    end process; -- outputs

end mygcd ; -- mygcd arch
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configuration conf_tb_siso_gen_dpctrl of tb_siso_gen_top is
  for top 
    for tg: tb_siso_gen use entity work.tb_siso_gen(structure)
            generic map (word_length => 16);
      for structure
        for duv: siso_gen use entity work.siso_gen(dpctrl);
          for dpctrl
            for dp: cmp_add_dp use entity work.cmp_add_dp(behavioral);
            end for;
            for cn: cmp_add_ctrl use entity work.cmp_add_ctrl(mygcd);
            end for;
          end for;
        end for;
        for tvc: tvc_siso_gen use entity work.tvc_siso_gen(file_io)
            generic map (word_length => 16,
                         half_clock_period => 5 ns,
                         in_file_name => "gcd16Small.in",
                         out_file_name => "gcd16.out");
        end for;
      end for;
    end for;
  end for;
end conf_tb_siso_gen_dpctrl;
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configuration conf_tb_siso_gen_dpctrl of tb_siso_gen_top is
  for top 
    for tg: tb_siso_gen use entity work.tb_siso_gen(structure)
            generic map (word_length => 16);
      for structure
        for duv: siso_gen use entity work.siso_gen(flat_dpctrl_gcd_16_10);
        end for;
        for tvc: tvc_siso_gen use entity work.tvc_siso_gen(file_io)
            generic map (word_length => 16,
                         half_clock_period => 5 ns,
                         in_file_name => "gcd16Small.in",
                         out_file_name => "gcd16.out");
        end for;
      end for;
    end for;
  end for;
end conf_tb_siso_gen_dpctrl;
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