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use work.rtlpkg.all;
architecture archpipe of pipe is
signal intmp, outtmp: bit_vector(7 downto 0);
signal ptoe: bit;
begin
proc1: process

begin
wait until clk1 = ’1’;

intmp(7 downto 4) <= i(7 downto 4);
end process;

proc2: process
begin

wait until clk2 = ’1’;
intmp(3 downto 0) <= i(3 downto 0);

end process;

proc3: process
begin

wait until clk0 = ’1’;
outtmp <= intmp;

end process;

ptoe <= oe1 AND oe2;

g1: for j in 7 downto 0 generate
g2: if j > 3 generate

t1x: triout port map(outtmp(j), oe1, o(j));
end generate;

g3:  if j < 4 generate
t2x: triout port map(outtmp(j), ptoe, o(j));

end generate;
end generate;

end archpipe;
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component triout
port(

x: in bit; --input to buffer
oe: in bit; -- output enable
y: out bit; -- output

);
end component;
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architecture archcomp of comp is
signal a, b: bit_vector(0 to 8);
begin
proc1: process begin

wait until clk = ’1’;
a <= a_in;
b <= b_in;

end process;

aeqb <= ’1’ when a=b else ’0’;

end archcomp;
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architecture archmux of mux is
signal x, y: bit_vector(5 downto
0);
begin
proc1: process begin

wait until clk = ’1’;
x <= xin;
y <= yin;
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if sel = ’1’ then
qout <= x;

elsif sel = ’0’ then
qout <= y;

end if;
end process;

end archmux;
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use work.bv_math.all;
architecture behav of decode is
signal address: bit_vector(15 downto 0);
begin

address <= a & ”000”;

proc1: process begin
wait until clk = ’1’; 

promsel <= ’0’;
shadowsel <= ’0’;
periph1 <= ’0’;
periph2 <= ’0’;
sramsel <= ’0’;
eesel <= ’0’;
if valid = ’1’ then

if address >= x”0000” and address < x”4000” then
 if bootover = ’0’ then

promsel <= ’1’;
else

shadowsel <= ’1’;
end if;

elsif address >= x”4000” and address < x”4008” then
periph1 <= ’1’;

elsif address >= x”4008” and address < x”4010” then
periph2 <= ’1’;

   elsif address >= x”8000” and address < x”C000” then
sramsel <= ’1’;

else address >= x”C000” then
eesel <= ’1’;

end if;
end if; 

end process;
end behav;
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use work.bv_math.all;
use work.rtlpkg.all;

architecture archupdown of updown is
signal lower, upper, ul, count: bit_vector(0 to 7);
signal cequ, ceql, dir: bit;
begin
proc1: process

begin
wait until clk1 = ’1’;

lower <= ll;
end process;

proc2: process
begin

wait until clk2 = ’1’;
upper <= ul;

end process;

proc3: process
begin

wait until clk0 = ’1’;
–– implement counter
if reset = ’1’ then

count <= x”00”;
elsif preL = ’1’ then

count <= lower;
elsif preH = ’1’ then

count <= upper;
elsif (dir = ’1’) then

count <= inc_bv(count);
else 

count <= dec_bv(count);
end if; –– implement comparators & direction signal
if count = upper then

cequ <= ’1’;
else
 cequ <= ’0’;
end if;
if count = lower then

ceql <= ’1’;
else

ceql <= ’0’;
end if;
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if ceql = ’1’ then 
dir <= ’1’;

elsif cequ = ’1’ then
dir <= ’0’;

else
dir <= dir;

end if;
end process;

g1: for i in 0 to 7 generate
bidir: if i < 6 generate

bx: bufoe port map(count(i), outen, countio(i), ul(i));
end generate;

trist: if i > 5 generate
tx: triout port map(count(i), outen, countio(i));
end generate;

end generate;

ul(6) <= ul6;
ul(7) <= ul7;

end archupdown;
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component bufoe
port(

x: in bit; --input to buffer
oe: in bit; --output enable
y: inout x01z; --x01z output
yfb: out bit; -- feedback
);

end component;
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use work.int_math.all;
use work.bv_math.all;
architecture archserial of serial is
type states is (state0, state1, state2, state3, state4, state5, state6, 

state7);
signal state, nextstate: states;
signal match_cnt: bit_vector(1 downto 0);
signal bit_cnt: bit_vector(6 downto 0);

begin
fsm:
process begin

match <= ’0’;
case state is

when state0 =>
if data = ’1’ and (lock = ’0’ or bit_cnt = ”1111000”) then 

nextstate <= state1;
else 

nextstate <= state0;
end if;

when state1 =>
if data = ’1’ then

nextstate <= state2;
else 

nextstate <= state0;
end if;

when state2 =>
if data = ’1’ then

nextstate <= state3;
else 

nextstate <= state0;
end if;

when state3 =>
if data = ’0’ then 

nextstate <= state4;
else

nextstate <= state3;
end if;

when state4 =>
if data = ’1’ then 

nextstate <= state5;
else 

nextstate <= state0;
end if;

when state5 =>
if data = ’0’ then

nextstate <= state6;
else

nextstate <= state2;
end if;
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when state6 =>
if data = ’0’ then 

nextstate <= state7;
else

nextstate <= state1;
end if;

when state7 =>
if data = ’0’ then

nextstate <= state0;
match <= ’1’;

else 
nextstate <= state1;

end if;
––No ”when others” needed since CASE is completely defined.

end case;
end process;

mealy:
process begin

wait until clk = ’1’;
state <= nextstate;

end process;

counter:
process begin

wait until clk = ’1’;
if match = ’1’ then

bit_cnt <= ”0000000”;
else

bit_cnt <= inc_bv(bit_cnt);
end if;

end process;

synchronizer:
process begin

wait until clk = ’1’;
if bit_cnt = ”1111111” then

if match = ’1’ then
if match_cnt = ”11” then 

lock <= ’1’;
else 

match_cnt <= inc_bv(match_cnt);
end if;

else
match_cnt <= ”00”;
lock <= ’0’;

end if;
end if;

end process;

end archserial;
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entity pipe is
port( clk0, clk1, clk2: in bit;

oe1, oe2: in bit;
i: in bit_vector(7 downto 0);
o: out x01z_vector(7 downto 0));

end pipe;

use work.rtlpkg.all;
architecture archpipe of pipe is
signal intmp, outtmp: bit_vector(7 downto 0);
signal ptoe: bit;
begin
proc1: process

begin
wait until clk1 = ’1’;

intmp(7 downto 4) <= i(7 downto 4);
end process;

proc2: process
begin

wait until clk2 = ’1’;
intmp(3 downto 0) <= i(3 downto 0);

end process;

proc3: process
begin

wait until clk0 = ’1’;
outtmp <= intmp;

end process;

ptoe <= oe1 AND oe2;

g1: for j in 7 downto 0 generate
g2: if j > 3 generate

t1x: triout port map(outtmp(j), oe1, o(j));
end generate;

g3:  if j < 4 generate
t2x: triout port map(outtmp(j), ptoe, o(j));

end generate;
end generate;

end archpipe;
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Information: Macrocell Utilization.

                     Description        Used     Max
                 ______________________________________
                 | Dedicated Inputs   |    9  |    9  |
                 | Clock/Inputs       |    3  |    3  |
                 | Enable/Inputs      |    1  |    1  |
                 | I/O Macrocells     |    8  |   12  |
                 | Buried Macrocells  |    0  |    4  |
                 ______________________________________
                                          21  /   29   = 72  %

  Information: Output Logic Product Term Utilization.

                  Node#  Output Signal Name  Used   Max
                 ________________________________________
                 | 15  |  o_0_            |   1  |   9  |
                 | 16  |  Unused          |   0  |  19  |
                 | 17  |  o_2_            |   1  |  11  |
                 | 18  |  Unused          |   0  |  17  |
                 | 19  |  o_4_            |   1  |  13  |
                 | 20  |  o_7_            |   1  |  15  |
                 | 23  |  o_6_            |   1  |  15  |
                 | 24  |  o_5_            |   1  |  13  |
                 | 25  |  Unused          |   0  |  17  |
                 | 26  |  o_3_            |   1  |  11  |
                 | 27  |  Unused          |   0  |  19  |
                 | 28  |  o_1_            |   1  |   9  |
                 | 29  |  Unused          |   0  |   1  |
                 | 30  |  Unused          |   0  |   1  |
                 | 31  |  Unused          |   0  |  13  |
                 | 32  |  Unused          |   0  |  17  |
                 | 33  |  Unused          |   0  |  11  |
                 | 34  |  Unused          |   0  |  19  |
                 ________________________________________
                                              8  / 230   = 3   %
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entity comp is port (
clk: in bit;
a_in, b_in: bit_vector(0 to 8);
aeqb: out bit);

end comp;

architecture archcomp of comp is
signal a, b: bit_vector(0 to 8);
begin
proc1: process begin

wait until clk = ’1’;
a <= a_in;
b <= b_in;

end process;

aeqb <= ’1’ when a=b else ’0’;

end archcomp;
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  Information: Macrocell Utilization.

                     Description        Used     Max
                 ______________________________________
                 | Dedicated Inputs   |    9  |    9  |
                 | Clock/Inputs       |    3  |    3  |
                 | Enable/Inputs      |    1  |    1  |
                 | I/O Macrocells     |    7  |   12  |
                 | Buried Macrocells  |    0  |    4  |
                 ______________________________________
                                          20  /   29   = 68  %

  Information: Output Logic Product Term Utilization.

                  Node#  Output Signal Name  Used   Max
                 ________________________________________
                 | 15  |  Used As Input   |   0  |   9  |
                 | 16  |  Used As Input   |   0  |  19  |
                 | 17  |  Used As Input   |   0  |  11  |
                 | 18  |  Used As Input   |   0  |  17  |
                 | 19  |  Used As Input   |   0  |  13  |
                 | 20  |  Used As Input   |   0  |  15  |
                 | 23  |  Unused          |   0  |  15  |
                 | 24  |  Unused          |   0  |  13  |
                 | 25  |  Unused          |   0  |  17  |
                 | 26  |  Unused          |   0  |  11  |
                 | 27  |  aeqb            |  18  |  19  |
                 | 28  |  Unused          |   0  |   9  |
                 | 29  |  Unused          |   0  |   1  |
                 | 30  |  Unused          |   0  |   1  |
                 | 31  |  Unused          |   0  |  13  |
                 | 32  |  Unused          |   0  |  17  |
                 | 33  |  Unused          |   0  |  11  |
                 | 34  |  Unused          |   0  |  19  |
                 ________________________________________
                                             18  / 230   = 7   %
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entity mux is port(
clk, sel: in bit;
xin, yin: in bit_vector(5 downto 0);
qout: out bit_vector(5 downto 0));

end mux;

architecture archmux of mux is
signal x, y: bit_vector(5 downto 0);
begin
proc1: process begin

wait until clk = ’1’;
x <= xin;
y <= yin;
if sel = ’1’ then

qout <= x;
elsif sel = ’0’ then

qout <= y;
end if;

end process;
end archmux;
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  Information: Macrocell Utilization.

                     Description        Used     Max
                 ______________________________________
                 | Dedicated Inputs   |    9  |    9  |
                 | Clock/Inputs       |    3  |    3  |
                 | Enable/Inputs      |    1  |    1  |
                 | I/O Macrocells     |    7  |   12  |
                 | Buried Macrocells  |    0  |    4  |
                 ______________________________________
                                          20  /   29   = 68  %

  Information: Output Logic Product Term Utilization.

                  Node#  Output Signal Name  Used   Max
                 ________________________________________
                 | 15  |  qout_0_         |   2  |   9  |
                 | 16  |  Used As Input   |   0  |  19  |
                 | 17  |  qout_2_         |   2  |  11  |
                 | 18  |  Unused          |   0  |  17  |
                 | 19  |  qout_4_         |   2  |  13  |
                 | 20  |  Unused          |   0  |  15  |
                 | 23  |  Unused          |   0  |  15  |
                 | 24  |  qout_5_         |   2  |  13  |
                 | 25  |  Unused          |   0  |  17  |
                 | 26  |  qout_3_         |   2  |  11  |
                 | 27  |  Unused          |   0  |  19  |
                 | 28  |  qout_1_         |   2  |   9  |
                 | 29  |  Unused          |   0  |   1  |
                 | 30  |  Unused          |   0  |   1  |
                 | 31  |  Unused          |   0  |  13  |
                 | 32  |  Unused          |   0  |  17  |
                 | 33  |  Unused          |   0  |  11  |
                 | 34  |  Unused          |   0  |  19  |
                 ________________________________________
                                             12  / 230   = 5   %
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entity decode is port(
a: in bit_vector(15 downto 3);
rdwritebar, valid, bootover, clk: in bit;
sramsel, promsel, eesel, shadowsel, periph1, periph2: out bit);

end decode;

use work.bv_math.all;
architecture behav of decode is
signal address: bit_vector(15 downto 0);
begin

address <= a & ”000”;

proc1: process begin
wait until clk = ’1’; 

promsel <= ’0’;
shadowsel <= ’0’;
periph1 <= ’0’;
periph2 <= ’0’;
sramsel <= ’0’;
eesel <= ’0’;
if valid = ’1’ then

if address >= x”0000” and address < x”4000” then
 if bootover = ’0’ then

promsel <= ’1’;
else

shadowsel <= ’1’;
end if;

elsif address >= x”4000” and address < x”4008” then
periph1 <= ’1’;

elsif address >= x”4008” and address < x”4010” then
periph2 <= ’1’;

   elsif address >= x”8000” and address < x”C000” then
sramsel <= ’1’;

else address >= x”C000” then
eesel <= ’1’;

end if;
end if; 

end process;
end behav;
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  Information: Macrocell Utilization.

                     Description        Used     Max
                 ______________________________________
                 | Dedicated Inputs   |    9  |    9  |
                 | Clock/Inputs       |    3  |    3  |
                 | Enable/Inputs      |    1  |    1  |
                 | I/O Macrocells     |    9  |   12  |
                 | Buried Macrocells  |    0  |    4  |
                 ______________________________________
                                          22  /   29   = 75  %

  Information: Output Logic Product Term Utilization.

                  Node#  Output Signal Name  Used   Max
                 ________________________________________
                 | 15  |  eesel           |   1  |   9  |
                 | 16  |  Used As Input   |   0  |  19  |
                 | 17  |  periph2         |   1  |  11  |
                 | 18  |  Used As Input   |   0  |  17  |
                 | 19  |  shadowsel       |   1  |  13  |
                 | 20  |  Used As Input   |   0  |  15  |
                 | 23  |  Unused          |   0  |  15  |
                 | 24  |  promsel         |   1  |  13  |
                 | 25  |  Unused          |   0  |  17  |
                 | 26  |  periph1         |   1  |  11  |
                 | 27  |  Unused          |   0  |  19  |
                 | 28  |  sramsel         |   1  |   9  |
                 | 29  |  Unused          |   0  |   1  |
                 | 30  |  Unused          |   0  |   1  |
                 | 31  |  Unused          |   0  |  13  |
                 | 32  |  Unused          |   0  |  17  |
                 | 33  |  Unused          |   0  |  11  |
                 | 34  |  Unused          |   0  |  19  |
                 ________________________________________
                                              6  / 230   = 2   %
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entity updown is
port( clk0, clk1, clk2: in bit;

outen, preL, preH, reset: in bit;
ll: in bit_vector(0 to 7);
ul6, ul7: in bit;
countio: inout x01z_vector(0 to 7));

end updown;

use work.bv_math.all;
use work.rtlpkg.all;

architecture archupdown of updown is
signal lower, upper, ul, count: bit_vector(0 to 7);
signal cequ, ceql, dir: bit;
begin
proc1: process

begin
wait until clk1 = ’1’;

lower <= ll;
end process;

proc2: process
begin

wait until clk2 = ’1’;
upper <= ul;

end process;

proc3: process
begin

wait until clk0 = ’1’;
if reset = ’1’ then

count <= x”00”;
elsif preL = ’1’ then

count <= lower;
elsif preH = ’1’ then

count <= upper;
elsif (dir = ’1’) then

count <= inc_bv(count);
else 

count <= dec_bv(count);
end if;

end process;

proc4: process
begin

wait until clk0 = ’1’;
if count = upper then

cequ <= ’1’;
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else
 cequ <= ’0’;
end if;
if count = lower then

ceql <= ’1’;
else

ceql <= ’0’;
end if;
if ceql = ’1’ then 

dir <= ’1’;
elsif cequ = ’1’ then

dir <= ’0’;
else

dir <= dir;
end if;

end process;

g1: for i in 0 to 7 generate
bidir: if i < 6 generate

bx: bufoe port map(count(i), outen, countio(i), ul(i));
end generate;

trist: if i > 5 generate
tx: triout port map(count(i), outen, countio(i));
end generate;

end generate;

ul(6) <= ul6;
ul(7) <= ul7;

end archupdown;
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  Information: Macrocell Utilization.

                     Description        Used     Max
                 ______________________________________
                 | Dedicated Inputs   |    9  |    9  |
                 | Clock/Inputs       |    3  |    3  |
                 | Enable/Inputs      |    1  |    1  |
                 | I/O Macrocells     |   12  |   12  |
                 | Buried Macrocells  |    3  |    4  |
                 ______________________________________
                                          28  /   29   = 96  %

  Information: Output Logic Product Term Utilization.

                  Node#  Output Signal Name  Used   Max
                 ________________________________________
                 | 15  |  countio_2_      |   7  |   9  |
                 | 16  |  Used As Input   |   0  |  19  |
                 | 17  |  countio_0_      |   3  |  11  |
                 | 18  |  Used As Input   |   0  |  17  |
                 | 19  |  countio_6_      |   7  |  13  |
                 | 20  |  countio_4_      |   7  |  15  |
                 | 23  |  Used As Input   |   0  |  15  |
                 | 24  |  countio_5_      |   7  |  13  |
                 | 25  |  countio_3_      |   7  |  17  |
                 | 26  |  countio_7_      |   7  |  11  |
                 | 27  |  Used As Input   |   0  |  19  |
                 | 28  |  countio_1_      |   6  |   9  |
                 | 29  |  Unused          |   0  |   1  |
                 | 30  |  Unused          |   0  |   1  |
                 | 31  |  Unused          |   0  |  13  |
                 | 32  |  ceql_BEH_i27..  |  16  |  17  |
                 | 33  |  dir             |   2  |  11  |
                 | 34  |  cequ            |  16  |  19  |
                 ________________________________________
                                             85  / 230   = 36  %
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entity serial is port(
clk, reset, data: in bit;
match: buffer bit;
lock: buffer bit);

end serial;

use work.int_math.all;
use work.bv_math.all;
architecture archserial of serial is
type states is (state0, state1, state2, state3, state4, state5, state6, 

state7);
signal state, nextstate: states;
signal match_cnt: bit_vector(1 downto 0);
signal bit_cnt: bit_vector(6 downto 0);

begin
fsm:
process begin

match <= ’0’;
case state is

when state0 =>
if data = ’1’ and (lock = ’0’ or bit_cnt = ”1111000”) then 

nextstate <= state1;
else 

nextstate <= state0;
end if;

when state1 =>
if data = ’1’ then

nextstate <= state2;
else 

nextstate <= state0;
end if;

when state2 =>
if data = ’1’ then

nextstate <= state3;
else 

nextstate <= state0;
end if;

when state3 =>
if data = ’0’ then 

nextstate <= state4;
else

nextstate <= state3;
end if;

when state4 =>
if data = ’1’ then 

nextstate <= state5;
else 
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nextstate <= state0;
end if;

when state5 =>
if data = ’0’ then

nextstate <= state6;
else

nextstate <= state2;
end if;

when state6 =>
if data = ’0’ then 

nextstate <= state7;
else

nextstate <= state1;
end if;

when state7 =>
if data = ’0’ then

nextstate <= state0;
match <= ’1’;

else 
nextstate <= state1;

end if;
end case;

end process;

mealy:
process begin

wait until clk = ’1’;
state <= nextstate;

end process;

counter:
process begin

wait until clk = ’1’;
if match = ’1’ then

bit_cnt <= ”0000000”;
else

bit_cnt <= inc_bv(bit_cnt);
end if;

end process;

synchronizer:
process begin

wait until clk = ’1’;
if bit_cnt = ”1111111” then

if match = ’1’ then
if match_cnt = ”11” then 

lock <= ’1’;
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else 
match_cnt <= inc_bv(match_cnt);

end if;
else

match_cnt <= ”00”;
lock <= ’0’;

end if;
end if;

end process;

end archserial;
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  Information: Macrocell Utilization.

                     Description        Used     Max
                 ______________________________________
                 | Dedicated Inputs   |    0  |    9  |
                 | Clock/Inputs       |    1  |    3  |
                 | Enable/Inputs      |    0  |    1  |
                 | I/O Macrocells     |   10  |   12  |
                 | Buried Macrocells  |    4  |    4  |
                 ______________________________________
                                          15  /   29   = 51  %

  Information: Output Logic Product Term Utilization.

                  Node#  Output Signal Name  Used   Max
                 ________________________________________
                 | 15  |  lock            |   9  |   9  |
                 | 16  |  Unused          |   0  |  19  |
                 | 17  |  data            |   5  |  11  |
                 | 18  |  bit_cnt_0_      |   1  |  17  |
                 | 19  |  serial_0_sta..  |   4  |  13  |
                 | 20  |  bit_cnt_2_      |   3  |  15  |
                 | 23  |  bit_cnt_1_      |   2  |  15  |
                 | 24  |  serial_0_sta..  |   4  |  13  |
                 | 25  |  match           |   1  |  17  |
                 | 26  |  bit_cnt_3_      |   4  |  11  |
                 | 27  |  Unused          |   0  |  19  |
                 | 28  |  bit_cnt_4_      |   5  |   9  |
                 | 29  |  Unused          |   0  |   1  |
                 | 30  |  Unused          |   0  |   1  |
                 | 31  |  match_cnt_0_    |   8  |  13  |
                 | 32  |  bit_cnt_6_      |   7  |  17  |
                 | 33  |  match_cnt_1_    |   9  |  11  |
                 | 34  |  bit_cnt_5_      |   6  |  19  |
                 ________________________________________
                                             68  / 230   = 29  %
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