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VHDL

LIBRARY ieee;

VHDL

USE ieee.std_logic_1164.ALL;

ENTITY bad IS

PORT ( a,b,c

sel

oput

END bad;

. IN STD_LOGIC;
. IN STD_LOGIC_VECTOR (1 DOWNTO 0);
: OUT STD_LOGIC);

ARCHITECTURE behave OF bad IS

BEGIN

PROCESS (a,b,c,sel)

BEGIN

IF sel ="00" THEN

oput <= a;

ELSIF sel = "01" THEN

oput <= b;

ELSIF sel = "10" THEN

oput <= ¢;

END IF;
END PROCESS;

END behave;
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If Case ELSE WHEN OTHERS
Don't Care Synplify
VHDL
VHDL
LIBRARY ieee;

USE ieee.std_logic_1164.ALL;

ENTITY good IS
PORT ( a,b,c :INSTD_LOGIC;

sel :IN STD_LOGIC_VECTOR (1 DOWNTO 0);
oput : OUT STD_LOGIC);
END good;
ARCHITECTURE behave OF good IS
BEGIN
PROCESS (a,b,c,sel)
BEGIN
IF sel = "00" THEN
oput <= a;
ELSIF sel = "01" THEN
oput <= b;
ELSIF sel = "10" THEN
oput <= c;
ELSE
oput <= 'X’; -- removes latch
END IF;
END PROCESS;
END behave;
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VHDL
VHDL
sel[1..0]> j::unl
a—> I—_
un2
c=
b >
un3
If
If
Verilog HDL If
sell If sell
If Verilog
HDL

module priority (a,b,c,d,sell,sel2,sel3,sel4,oput);
input a,b,c,d,sell,sel2,sel3,sel4;

output oput;

always @(a or b or c or d or sell or sel2 or sel3 or sel4)

begin
oput = 1'b0;
if (sell)
oput = a;
else if (sel2)
oput = b;
else if (sel3)
oput = c;
else if (seld)
oput = d;
end
endmodule

Page 8

Altera Corporation



AN 101: Improving Performance in FLEX 10K Devices with the Synplify Software

Synplify

)

"Don't Care"

"don't care”

"don't care”

VHDL

"don't care”

VHDL

LIBRARY ieee€;

USE ieee.std_logic_1164.ALL;

ENTITY value IS

data : IN STD_LOGIC_VECTOR (15 DOWNTO 0);

<= data(0);
<= data(1);
<= data(2);
<= data(3);
<= data(4);
<= data(5);
<= data(6);
<= data(7);
<= data(8);
<= data(9);
<= data(10);
<= data(11);
<= data(12);
<= data(13);
<= data(14);
<= data(15);

=> dout <="'0";

PORT (
sel
dout : OUT STD_LOGIC);
END value;
ARCHITECTURE behave OF value IS
BEGIN
PROCESS(sel,data)
BEGIN
CASE sel IS
WHEN "00000" => dout
WHEN "00001" => dout
WHEN "00010" => dout
WHEN "00011" => dout
WHEN "00100" => dout
WHEN "00101" => dout
WHEN "00110" => dout
WHEN "00111" => dout
WHEN "01000" => dout
WHEN "01001" => dout
WHEN "01010" => dout
WHEN "01011" => dout
WHEN "01100" => dout
WHEN "01101" => dout
WHEN "01110" => dout
WHEN "01111" => dout
WHEN OTHERS
END CASE;

END PROCESS;

END behave;

Altera Corporation
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tep

care”

18.3ns tpp

19.6ns
"don't

VHDL

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;

ENTITY no_care IS

PORT (

END no_care;

data :IN STD_LOGIC_VECTOR (15 DOWNTO 0);
sel :IN STD_LOGIC_VECTOR(4 DOWNTO 0);
dout :OUT STD_LOGIC);

"Don't Care"

ARCHITECTURE behave no_care IS

BEGIN

PROCESS(sel,data)

BEGIN

CASE sel IS

END behave;
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WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

"00000"
"00001"
"00010"
"00011"
"00100"
"00101"
"00110"
"00111"
"01000"
"01001"
"01010"
"01011"
"01100"
"01101"
"01110"
"01111"

WHEN OTHERS
END CASE;
END PROCESS;

=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout
=> dout

=> dout

<= data(0);
<= data(1);
<= data(2);
<= data(3);
<= data(4);
<= data(5);
<= data(6);
<= data(7);
<= data(8);
<= data(9);
<= data(10);
<= data(11);
<= data(12);
<= data(13);
<= data(14);
<= data(15);

<='X; -- assigned a “don’t care” value.
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FLEX LE

LE

If

10 VHDL

10 VHDL

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;

ENTITY seq IS
PORT(a,b,c,d,clk,rst : IN STD_LOGIC;
sel : STD_LOGIC_VECTOR(3 DOWNTO 0);
oput : OUT STD_LOGIC);
END seq;

ARCHITECTURE behave OF seq IS
BEGIN
PROCESS(clk, rst)
BEGIN
IF rst ='1' THEN
oput <= "'1";
ELSIF clk="1' AND clkEVENT THEN
IF sel(0) ='1' THEN
oput <= a AND b;
ELSIF sel(1) = '1' THEN
oput <= b;
ELSIF sel(2) = '1' THEN
oput <= c;
ELSIF sel(3) = '1' THEN
oput <= d;
END IF;
END IF;
END PROCESS;
END behave;
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10
LE ELSE
LE
11 LE
11 VHDL
LIBRARY ieee;
USE IEEE.std_logic_1164.ALL;
ENTITY seq2 IS
PORT(a,b,c,d,clk,rst : IN STD_LOGIC;
sel : STD_LOGIC_VECTOR(3 DOWNTO 0);
oput : OUT STD_LOGIC);
END seq2;
ARCHITECTURE behave OF seq2 IS
BEGIN
PROCESS(clk, rst)
BEGIN
IF rst ='1' THEN
oput <="'1";
ELSIF clk="1' AND clkEVENT THEN
IF sel(0) ='1' THEN
oput <= a AND b;
ELSIF sel(1) ='1' THEN
oput <= b;
ELSIF sel(2) ='1' THEN
oput <= c;
ELSIF sel(3) = '1' THEN
oput <= d;
ELSE
oput<= 'x'; -- removes feedback
multiplexer
END IF;
END IF;
END PROCESS;
END behave;
FLEX

LAB
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GLOBAL
12 VHDL
GLOBAL
12 VHDL
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.ALL;
ENTITY gate IS
PORT (a,b ©IN STD_LOGIC;
cd : IN STD_LOGIC_VECTOR(3 DOWNTO 0);
oput : OUT STD_LOGIC_VECTOR(3 DOWNTO 0));
END gate;
ARCHITECTURE behave OF gate IS
SIGNAL clock : STD_LOGIC;
SIGNAL gclk :  STD_LOGIC;
SIGNAL count : STD_LOGIC_VECTOR(3 DOWNTO 0);

ATTRIBUTE black_box : BOOLEAN;

COMPONENT GLOBAL
PORT (a_in :IN STD_LOGIC,;
a_out :OUT STD_LOGIC);
END COMPONENT;
ATTRIBUTE black_box OF GLOBAL: COMPONENT IS TRUE;

BEGIN
clock <= a AND b;
clk_buf: GLOBAL PORT MAP (clock, gclk);

PROCESS(gclk)

BEGIN
IF gclk="1' AND gclk'EVENT THEN

count <=c¢ + d;

END IF;

END PROCESS;

oput <= count;

END behave;

Altera Corporation Page 13



AN 101: Improving Performance in FLEX 10K Devices with the Synplify Software

13 32
13

—* >

A
e
Y

—> —>
14
14 VHDL 1/4)

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.ALL;

ENTITY vhdl_bad IS
PORT (
ck :INSTD_LOGIC;
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14 VHDL 2/4)
rst . IN STD_LOGIC;
muxa  :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
muxb  :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
muxc  :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
muxd  :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
cin  :INSTD_LOGIC_VECTOR(31 DOWNTO 0);

sm_in 1IN STD_LOGIC_VECTOR(4 DOWNTO 0);
sm_out : OUT STD_LOGIC_VECTOR(4 DOWNTO 0);
c_out :OUT STD_LOGIC_VECTOR(31 DOWNTO 0);
muxout : OUT STD_LOGIC_VECTOR(7 DOWNTO 0)
)i
END vhdl_bad ;

ARCHITECTURE sm OF vhdl_bad IS

TYPE STATE_TYPE IS (s0, s1, s2, s3, s4, S5, s6, s7);
SIGNAL state: STATE_TYPE;
SIGNAL count : STD_LOGIC_VECTOR(31 DOWNTO 0);

BEGIN
c_out <= count;
PROCESS (clk, rst)
BEGIN
IF (rst ='1") THEN
state <= s0;
sm_out <= "00000";
count <= (OTHERS =>"'0";
muxout <= (OTHERS =>"'0");
ELSIF (clkkEVENT AND clk ='1") THEN
muxout <= muxa;
CASE state IS
WHEN s0 =>
IF (sm_in(4) ='1' AND sm_in(3) = '1I'AND
sm_in(1)="1" AND sm_in(0) = '1)THEN
state <= s6;
sm_out <="00110";
ELSIF (sm_in(1) = '1") THEN
state <= sb;
sm_out <="01110"
count <= count + "1",
ELSE
state <= s0;
sm_out <="11110"
muxout <= muxb;
END IF;
WHEN s1 =>
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Page 16

14 VHDL

IF (sm_in(4) ='1' AND sm_in(3) = "1 AND
sm_in(1) ="1' AND sm_in(0) = '1") THEN
state <= s7;
sm_out <="11111";
ELSIF (sm_in(4) ='1' AND sm_in(1) ='1) THEN
state <= s4;
sm_out <="10110";
count <=c_in;
muxout <= MuXxc;
ELSIF (sm_in(3) = '1') THEN
state <= s3;
sm_out <= "00011";
ELSIF (sm_in(4) = '1") THEN
state <= s2;
sm_out <="01101";
muxout <= muxd;
ELSE
state <= sl1;
sm_out <="00101";
END IF;
WHEN s2 =>
IF (sm_in(4) = '1' AND sm_in(2) = '1' AND
sm_in(0) ='1") THEN
state <= s3;
sm_out <="11111";
ELSIF (sm_in(0) = '1') THEN
state <= s2;
sm_out <="11010";
muxout <= muxb;
ELSIF (sm_in(4) = "1' AND sm_in(3) ='1' AND
sm_in(1) ='1") THEN
state <= sl,;
sm_out <= "01010";
count <= count-"1";
ELSIF (sm_in(4) ='1' AND sm_in(1) = '1) THEN
state <= s4;
sm_out <="10011";
ELSE
state <= s2;
sm_out <= "10100";
END IF;
WHEN s3 =>
IF (sm_in(3) = '1') THEN
state <= s2;
sm_out <="01011";

3/4)
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14
muxout <= Muxc;
ELSE
state <= s3;
sm_out <= "10100";
END IF;
WHEN s4 =>
IF (sm_in(4) = '1' AND sm_in(3) = "1 AND
sm_in(2) ='1' AND sm_in(0) ='1") THEN
state <= s2;
sm_out <="11101";
ELSE
state <= s4;
sm_out <="00111";
count <=c_in;
END IF;
WHEN s5 =>
IF (sm_in(3) = '1' AND sm_in(1) = '1' AND
sm_in(0) ='1") THEN
state <= s2;
sm_out <= "00110";
ELSIF (sm_in(4) ='1' AND sm_in(3)
state <= s7;
sm_out <= "00001";
ELSIF (sm_in(4) = '1' AND sm_in(3) ='1' AND
sm_in(2) = '1' AND sm_in(1) ='1' AND
sm_in(0) = '1)THEN
state <= s3;
sm_out <= "10100";
muxout <= muxd;
ELSE
state <= s5;
sm_out <= "00101";
count <= count + "1"
END IF;
WHEN s6 =>
state <= sl,;
sm_out <="10011";
WHEN s7 =>
state <= s7;
sm_out <="10011";
END CASE;
END IF;
END PROCESS;
END sm;

4/4)
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15 14
15 VHDL 1/5)
LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.ALL;

ENTITY vhdl_good2 IS

PORT (
clk :IN  STD_LOGIC;
rst :IN  STD_LOGIC;
muxa :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
muxb :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
Mmuxc :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
muxd :IN STD_LOGIC_VECTOR(7 DOWNTO 0);
c_in :IN STD_LOGIC_VECTOR(31 DOWNTO 0);

sm_in :IN STD_LOGIC_VECTOR(4 DOWNTO 0);
sm_out : OUT STD_LOGIC_VECTOR(4 DOWNTO 0);
c_out :OUT STD _LOGIC_VECTOR(31 DOWNTO 0);
muxout : OUT STD_LOGIC_VECTOR(7 DOWNTO 0)

);
END vhdl_good2;
ARCHITECTURE sm OF vhdl_good2 IS

TYPE STATE_TYPE IS (S0, s1, s2, s3, s4, s5, s6, s7);

SIGNAL state STATE_TYPE;

SIGNAL count : STD_LOGIC_VECTOR(31 DOWNTO 0);
SIGNAL count_en : STD_LOGIC;

SIGNAL count_id : STD_LOGIC;

SIGNAL count_ud : STD_LOGIC;

SIGNAL muxel : STD_LOGIC_VECTOR(1 DOWNTOO);

BEGIN
multiplexer:PROCESS(muxsel,muxa,muxb,muxc,muxd)

BEGIN
CASE muxsel IS

WHEN "00" =>
muxout <= muxa,;

WHEN "01" =>
muxout <= muxb;

WHEN "10" =>
muxout <= muxc;
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Altera Corporation

15 VHDL 2/5)

WHEN "11" =>
muxout <= muxd;
WHEN OTHERS =>
muxout <= muxa;
END CASE;
END PROCESS;

count: PROCESS (clk)
VARIABLE direction : INTEGER;
BEGIN
IF (count_ud ="'1") THEN
direction := 1;
ELSE
direction := -1;
END IF;
IF rst ='1' THEN
count <= "00000000000000000000000000000000";

ELSIF (clkEVENT AND clk = '1") THEN

IF count_Id ='0' THEN
count <= c_in;

ELSE
IF count_en ="'1' THEN

count <= count + direction;

END IF;

END IF;

END IF;

c_out <= count;
END PROCESS;

PROCESS (clk, rst)
BEGIN
IF (rst = '1") THEN
state <= s0;
sm_out <= "00000";
muxsel <= "00";
count_|ld <="'0"
count_en <= '0";
count_ud <="'0"
ELSIF (clkkEVENT AND clk = '1") THEN
count_|ld <="'0"
count_en <= "'0";
count_ud <="1"
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15 VHDL

muxsel <= "00"
CASE state IS
WHEN s0 =>
IF (sm_in(4) ='1' AND sm_in(3) ='1' AND
sm_in(1) ='1' AND sm_in(0) = '1") THEN
state <= s6;
sm_out <= "00110";
ELSIF (sm_in(1) = '1") THEN
state <= sb;
sm_out <="01110";
count_en <="1';
ELSE
state <= s0;
sm_out <="11110"
muxsel <="01";
END IF;
WHEN s1 =>
IF (sm_in(4) ='1' AND sm_in(3) ='1' AND
sm_in(1) ='1' AND sm_in(0) = '1") THEN
state <= s7;
sm_out <="11111";
ELSIF (sm_in(4) ='1' AND sm_in(1) ='1") THEN
state <= s4;
sm_out <="10110";
count_Id <= "1
muxsel <="10";
ELSIF (sm_in(3) = '1') THEN
state <= s3;
sm_out <="00011";
ELSIF (sm_in(4) = '1") THEN
state <= s2;
sm_out <="01101";
muxsel <="11"
ELSE
state <= sl;
sm_out <="00101";
END IF;
WHEN s2 =>
IF (sm_in(4) ='1' AND sm_in(2) ='1' AND
sm_in(0) ='1") THEN
state <= s3;
sm_out <="11111";
ELSIF (sm_in(0) = '1') THEN
state <= s2;
sm_out <="11010";

3/5)
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15 VHDL 4/5)

muxsel <="01";
ELSIF (sm_in(4) ='1' AND sm_in(3) = '1' AND
sm_in(1) ='1") THEN
state <= sl;
sm_out <= "01010";
count_en <="1';
count_ud <="'0";
ELSIF (sm_in(4) ='1' AND sm_in(1) ='1") THEN
state <= s4;
sm_out <= "10011";
ELSE
state <= s2;
sm_out <= "10100";
END IF;
WHEN s3 =>
IF (sm_in(3) = '1") THEN
state <= s2;
sm_out <= "01011";
muxsel <="10";
ELSE
state <= s3;
sm_out <= "10100";
END IF;
WHEN s4 =>
IF (sm_in(4) = '1' AND sm_in(3) ='1' AND
sm_in(2) ='1' AND sm_in(0) = '1') THEN
state <= s2;
sm_out <="11101";
ELSE
state <= s4;
sm_out <= "00111";
count_ld <="1"
END IF;
WHEN s5 =>
IF (sm_in(3) = '1' AND sm_in(1) ='1' AND
sm_in(0) ='1") THEN
state <= s2;
sm_out <="00110";
ELSIF (sm_in(4) ='1' AND sm_in(3) ='1') THEN
state <= s7;
sm_out <= "00001";
ELSIF (sm_in(4) ='1' AND sm_in(3) = '1' AND
sm_in(2) ='1' AND sm_in(1) = '1' ANDD
sm_in(0) = "1\ THEN
state <= s3;
sm_out <= "10100";
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15 VHDL

muxsel <="11"
ELSE
state <= sb;
sm_out <="00101";
count_en <="'1"
END IF;
WHEN s6 =>
state <= sl;
sm_out <="10011";
WHEN s7 =>
state <= s7;
sm_out <="10011";

5/5)

END CASE;
END IF;
END PROCESS;
END sm;
FLEX 10K
FLEX
FLEX
LUT
EAB
FLEX 10K
EAB
EAB
[ /0 EAB
[
[
[
[
[ EAB
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[ EAB

MAX+PLUS 1I Synplify
EAB

Synplify EAB

VHDL:

ATTRIBUTE altera_implement_in_eab : BOOLEAN;
ATTRIBUTE altera_implement_in_eab OF Ul: LABEL IS TRUE;

Ul EAB

Verilog HDL :

sqrtb sq (.z(sqa), .a(a)) /* synthesis
altera_implement_in_eab=1 */,

sqrtb EAB
16 19 EAB VHDL
] LE
||
||
FLEX 10K EAB

16

16 my_pack.vhd VHDL

PACKAGE my_pack IS
TYPE STATE_TYPE IS (s0, s1, s2, s3, s4, s5, serror);
END my_pack;
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17 LE

17 register.vhd VHDL
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE work.my_pack.ALL;

ENTITY registers IS

PORT ( next_state . IN STATE_TYPE;
temp_out :IN STD_LOGIC_VECTOR(3 DOWNTO 0);
clock, reset : IN STD_LOGIC;
out_state : OUT STATE_TYPE;
result : OUT STD_LOGIC_VECTOR(3 DOWNTO 0));

END registers;

ARCHITECTURE behave OF registers IS
BEGIN

PROCESS (clock, reset)

BEGIN

IF (reset = '0") THEN
result <= "0000";

ELSIF (clock = '1' AND clock’EVENT) THEN
result <= temp_out;
out_state <= next_state;

END IF;

END PROCESS;
END behave;

18
maclogic.vhd VHDL

18 maclogic.vhd VHDL 1/3)
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE work.my_pack.ALL;

ENTITY maclogic IS

PORT ( input :IN STD_LOGIC_VECTOR(2 DOWNTO 0);
in_state : IN STATE_TYPE;
next_state : OUT STATE_TYPE;
temp_out : OUT STD_LOGIC_VECTOR(3 DOWNTO 0);
Page 24
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18 maclogic.vhd VHDL 2/3)

clock, reset : IN STD_LOGIC);

END maclogic;

ARCHITECTURE behave OF maclogic IS

BEGIN

PROCESS(in_state,input)

BEGIN

temp_out <="0000";

CASE in_state IS

Altera Corporation

WHEN s0 =>
IF (input = "000") THEN
next_state <= si;

ELSE
next_state <= s0;
END IF;
temp_out <= "0000";
WHEN s1 =>

IF (input = "001") THEN
next_state <= s2;

ELSE
next_state <= si,
END IF;
temp_out <= "0001";
WHEN s2 =>

IF (input = "010") THEN
next_state <= s3;

ELSE
next_state <= s2;
END IF;
temp_out <= "0010";
WHEN s3 =>

IF (input = "011") THEN
next_state <= s4;

ELSE
next_state <= s3;
END IF;
temp_out <= "0011";
WHEN s4 =>

IF (input = "100") THEN
next_state <= sb5;
ELSE
next_state <= s4;
END IF;
temp_out <= "0100";
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18 maclogic.vhd VHDL 3/3)

WHEN s5 =>
IF (input = "101") THEN
next_state <= sO;
ELSE
next_state <= sb5;
END IF;
temp_out <= "0101";
WHEN serror =>
IF (input = "111") THEN
next_state <= sO;
ELSE
next_state <= serror;
END IF;
temp_out <= "1111";
WHEN OTHERS =>
next_state <= serror;
temp_out <= "1111";
END CASE;
END PROCESS;

END behave;

19
mac.vhd VHDL mac.vhd

19 mac.vhd VHDL 1/2

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE work.my_pack.ALL;

ENTITY mac IS
PORT( clock,reset :IN STD_LOGIC;
input :IN STD_LOGIC_VECTOR(2 DOWNTO 0);
outputs : OUT STD_LOGIC_VECTOR(3 DOWNTO 0));
END mac;

ARCHITECTURE behave OF mac IS
COMPONENT maclogic

PORT( input :IN STD_LOGIC_VECTOR(2 DOWNTO 0);
temp_out : OUT STD_LOGIC_VECTOR(3 DOWNTO 0);
in_state . IN STATE_TYPE;

next_state : OUT STATE_TYPE;
clock, reset : STD_LOGIC);
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19 mac.vhd VHDL 2/2
END COMPONENT;
ATTRIBUTE altera_implement_in_eab : BOOLEAN;
ATTRIBUTE altera_implement_in_eab OF Ul: LABEL IS TRUE;

COMPONENT registers

PORT(next_state :IN STATE_TYPE;
temp_out :IN STD_LOGIC_VECTOR(3 DOWNTO 0);
clock, reset  : IN STD_LOGIC;
out_state : OUT STATE_TYPE;
result : OUT STD_LOGIC_VECTOR(3 DOWNTO 0));
END COMPONENT;
SIGNAL temp : STATE_TYPE;
SIGNAL tempstate . STATE_TYPE;
SIGNAL temp_result : STD_LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
ul : maclogic
PORT MAP(input => input, temp_out => temp_result, next_state =>
tempstate, in_state => temp, clock => clock, reset => reset);
u2 : registers
PORT MAP( next_state => tempstate, temp_out => temp_result, clock =>
clock, reset => reset, out_state => temp, result => outputs);
END behave;
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Synp“fy FLEX 10K

FLEX 10K .
[ ]
= LPM
20
20
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— — —>
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PRN PRN PRN
—D Q D Q —»D QF—»
CLRN CLRN CLRN

FLEX 10K LUT

LE
21
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s

21

PRN PRN

CLRN CLRN

PR
PRN PRN PRN

—D Q D Q D Q——»
CLRN CLRN CLRN

Synplify syn_preserve

Synplify
Synplify syn_preserve
VHDL:

ATTRIBUTE syn_preserve : BOOLEAN,;
ATTRIBUTE syn_preserve OF signal_name : SIGNAL IS TRUE;
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Verilog HDL :

reg foo /* synthesis syn_preserve=1 */ ;

22 syn_preserve
22 syn_preserve
ENTITY split IS
PORT(clk :IN STD_LOGIC;
a,b,c,d,e : IN STD_LOGIC;
rst . IN STD_LOGIC;
data_out : OUT STD_LOGIC_VECTOR(1 DOWNTO 0));
END split;
ARCHITECTURE behave OF split IS
SIGNAL inter : STD_LOGIC_VECTOR(1 DOWNTO 0);
ATTRIBUTE syn_preserve : BOOLEAN;
ATTRIBUTE syn_preserve OF inter : SIGNAL IS TRUE;
BEGIN
reg: PROCESS(clk,rst)
BEGIN

IF rst ='0' THEN
inter <= "00";
ELSIF (clk = '1' AND clk'EVENT) THEN
inter(0) <= (a AND b AND ¢ AND d AND e);
inter(1) <= (a AND b AND c AND d AND e);
END IF;
END PROCESS;
data_out(0) <= inter(0); -- the registers inter(0) and inter(1) are
data_out(1l) <= inter(1); duplicates.

END behave;
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23 22 VHDL
23
S_DFF
28 LCELL L4_8000 D Q data_out [1..0]
cC>————lo z A_IN A_OUT 10 z — CLK
bC>—nn [ —{CLRN
12 —1PRN
13
G 90 G_ 90 G 96 L
e >
a—>
rst[>
(o]
S_DFF
D Q
ck—> CLK
L—CLRN
=1PRN
24 syn_preserve
24 syn_preserve 1/2)
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.ALL;
USE ieee.std_logic_arith.ALL;
ENTITY split3 IS
PORT( clk :IN STD_LOGIC;
a,b,c,d,e : IN STD_LOGIC;
rst :IN STD_LOGIC;
data_out : OUT STD_LOGIC_VECTOR(1 DOWNTO 0));
END split3;
ARCHITECTURE behave OF split3 IS
SIGNAL inter: STD_LOGIC_VECTOR(1 DOWNTO 0);
BEGIN
reg: process(clk,rst)
BEGIN
IF rst ='0' THEN
inter <= "00";
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24 syn_preserve 2/2)

ELSIF (clk = '1' AND clkEVENT) THEN

inter(0) <= (a AND b AND c AND d AND e);
inter(1) <= (a AND b AND c AND d AND e);

END IF;
END PROCESS;
data_out(0) <= inter(0);
data_out(1) <= inter(1);
END behave;
25
25
{__>data_out [1..0]
arC >
L2_8 LCELL L4_8000 S DFF SOFT
c—>—o z A_INA_OUT 10 z D Q A_INA_OUT
b—>—nn 11 CLK
12 CLRN
13 4 PRN
G 90 G 90 G 96 L

er—>
d—

rst —>

clk —

LPM

LPM Library of Parameterized Modules

LPM

Synplify LPM

VHDL
tdf
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26 Ipm_mult

VHDL
26 VHDL LPM 1/2)

LIBRARY ieee€;
USE ieee.std_logic_1164.ALL;
ENTITY mult IS
PORT( a :IN STD_LOGIC_VECTOR(3 DOWNTO 0);

b :IN STD_LOGIC_VECTOR(3 DOWNTO 0);

clock : IN STD_LOGIC;

p : OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END mult;

ARCHITECTURE a OF mult IS
COMPONENT my_mult

PORT ( dataa :IN STD_LOGIC_VECTOR(3 DOWNTO 0);
datab :IN STD_LOGIC_VECTOR(3 DOWNTO 0);
aclr ©IN STD_LOGIC := "0
clock :IN STD_LOGIC :='0%

sum . IN STD_LOGIC_VECTOR(7 DOWNTO 0) := (OTHERS => '0');

result : OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END COMPONENT;

ATTRIBUTE black_box : BOOLEAN;
ATTRIBUTE Ipm_widtha : INTEGER;
ATTRIBUTE Ipm_widthb . INTEGER;
ATTRIBUTE Ipm_widths : INTEGER;
ATTRIBUTE Ipm_widthp . INTEGER;
ATTRIBUTE Ipm_pipeline : INTEGER,;
ATTRIBUTE Ipm_type : STRING;

-- assign the appropriate attribute values

ATTRIBUTE black_box OF my_mult : COMPONENT IS TRUE;
ATTRIBUTE Ipm_widtha OF my_mult : COMPONENT IS 4;
ATTRIBUTE Ipm_widthb OF my_mult : COMPONENT IS 4;
ATTRIBUTE Ipm_widths OF my_mult : COMPONENT IS 8;
ATTRIBUTE Ipm_widthp OF my_mult : COMPONENT IS 8;
ATTRIBUTE Ipm_pipeline OF my_mult: COMPONENT IS 2;

ATTRIBUTE Ipm_type OF my_mult : COMPONENT IS "LPM_MULT";

SIGNAL tmp_result: STD_LOGIC_VECTOR(7 DOWNTO 0);

Altera Corporation

Page 33



AN 101: Improving Performance in FLEX 10K Devices with the Synplify Software

26 VHDL LPM 2/2)

BEGIN
ul: my_mult
PORT MAP (dataa => a(3 DOWNTO 0), datab => b(3 DOWNTO 0), clock
=> clock, result => tmp_result);
PROCESS(clock)
BEGIN
IF (clockkEVENT AND clock ='1") THEN
p <= tmp_result;
END IF;
END PROCESS;
END a;

27 Ipm_ram_dqg 64x 16 RAM
Verilog HDL

27 Verilog HDL LPM

/l lpm ram example

/i

/I define the black box here (pick a name, such as myram_64x16),

/I note that immediately after the port list, but before the semicolon ;'

/ the black_box synthesis directive is included with the Ipm_type specified
/I as "lpm_ram_dq", and other parameter values are set.

module myram_64x16 (data,address,inclock,
outclock,we,q) /* synthesis black_box Ipm_width=16 Ipm_widthad=6
Ipm_type="Ipm_ram_dq" */ ;

input [15:0] data;
input [5:0] address;
input inclock, outclock;
input we;

output [15:0] q;
endmodule

// instantiate the Ipm function in the
/I higher-level module myram,
module myram(clock, we, data, address, q);
input clock, we;
input [15:0] data;
input [5:0] address;
output [15:0] q;

myram_64x16 instl (data,address,clock, clock, we, q);
endmodule
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- - LPM MAX+PLUS II
“ MAX+PLUS II
Synp“fy Synplify
LCELL
Map Logic to LCELLs Synplify
LUT

MAX+PLUS I

Perform Cliquing Map Logic to LCELLs
EDIF
Synplify
Synplify EDIF
TDF
10% 15%
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MAX+PLUS Il

Page 36

Synplify EDIF
MAX+PLUS I

MAX+PLUS II

Synplify Map Logic to LCELLs
Synplify FLEX 10K
MAX+PLUS II
WYSIWYG NOT-Gate
Push-back
FAST
WYSIWYG
FAST

MAX+PLUS II

1. MAX+PLUSII

2. Project Name File Project Name
Synplify EDIF <
/< >.edf OK
s Synplify EDIF HDL

3. Compiler MAX+PLUS II

4. EDIF Netlist Reader Settings Interfaces
vendor Synplicity
5. Device Assign
OK
6.
Interfaces VHDL .vho

VHDL Netlist Writer
7. Interfaces

VHDL .vho VHDL
Output File [.vho] OK
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Altera Corporation

8. Global Project Logic Synthesis Assign

Global Project Logic Synthesis
EDIF LE FLEX
WYSIWYG Define
Style Define Synthesis Style
Advanced Options Advanced Opt
NOT-Gate Push-back
OK

9. Start MAX+PLUS 11

MAX+PLUS I

Synplify
Synthesis

ions

MAX+PLUS II ACCESS*™™ Key Guidelines Synplicity Synplify

software
I/0
FLEX 10K /0
IOE Input/Output Element
clock-to-output tco
Fast 110
LE
1/0 IOE
MAX+PLUS I Fast 1/10

Fast 110
[ MAX+PLUS I

IOE LE
[ MAX+PLUS I

/0

MAX+PLUS II
Fast 110

1. Global Project Logic Synthesis Assign

2. Global Project Logic Synthesis
Automatic Fast 110 OK
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MAX+PLUS I
tep tep tep
TRI
tco tco clock-to-output tco
clock-to-output TRI
tSU tSU tSU
fMAX fMAX fMAX

s

Altera Corporation

Timing Requirements Assign

Timing Requirements Assign

Global Project
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Syn pl |fy MAX+PLUS II

Synplify

Symbolic FSM  Finite State Machine Compiler

HDL Analyst

EAB
EAB

Symbolic FSM Compiler
Synplify Symbolic FSM Compiler

Symbolic FSM Compiler
FLEX
Symbolic FSM Compiler
28
Verilog HDL
28 Verilog HDL 1/3)

[* prep3 contains a small state machine */

module stmch1(clk, rst, in, out);
input clk, rst;

input [7:0] in;

output [7:0] out;

reg [7:0] out;
reg [3:0] current_state; // holds the current state

parameter // these parameters represent state names
start = 3'b000,
sa = 3b001,
sb = 30010,
sc = 3'b011,
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28 Verilog HDL

sd = 3100,
se = 3'b101,
sf = 3'h110,
sg = 3b111;

always @ (posedge clk or posedge rst)

begin
if (rst) begin
current_state = start;
out = 8b0;
end else begin
case (current_state)
start: if (in == 8'h3c) begin
current_state = sa;
out = 8h82;
end else begin
out = 8'h00;
current_state = start;
end
sa: if (in == 8'h2a) begin
current_state = sc;
out = 8'h40;
end else if (in == 8'h1f) begin
current_state = sb;
out = 8'h20;
end else begin
current_state = sa;
out = 8h04;
end
sh: if (in == 8'haa) begin
current_state = se;
out = 8h11;
end else begin
current_state = sf;
out = 8'h30;
end
sc: begin
current_state = sd;
out = 8'h08;
end
sd: begin
current_state = sg;
out = 8'h80;
end
se: begin
current_state = start;

Altera Corporation

2/3)

Page 41



AN 101: Improving Performance in FLEX 10K Devices with the Synplify Software

28 Verilog HDL

out = 8h40;
end
sf: begin
current_state = sg;
out = 8h02;
end
sg: begin
current_state = start;
out = 8h01;
end
default: begin
[* set current_state to 'bx (don't care) to tell the synplify software
that all used states have been already been specified */
current_state = 'bx;

3/3)

out = 'bx;
end
endcase
end
end
endmodule
Synplify MAX+PLUS II
fuax  75.18MHz 27
LE
Synplify Symbolic FSM Compiler

Page 42

MAX+PLUS II
27 LE

Symbolic FSM Compiler

state_machine

Synplify state_machine

VHDL:

SIGNAL curstate : STATE_TYPE;
ATTRIBUTE state_machine : BOOLEAN;

Synplify

85.47MHz fyax

ATTRIBUTE state_machine OF curstate : SIGNAL IS TRUE;
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Verilog HDL:

reg [3:0] curstate /* synthesis state_machine */ ;

Synplify
49 HDL Analyst

HDL Analyst  Technology view

Synplicity Design Constraint
.sdc
Synplify Project Window Add
Source Files
tcl add_file -constraint

define_clock < > {-freq < MHz> | -period < ns>}

define_clock sysclk -freq 33 MHz

define_reg_input_delay

define_reg_input_delay < > [-improve < ns>]
[-route < ns>]

define_reg_input_delay data_reg -improve 5 ns
< >

define_reg_input_delay
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HDL Analyst Log File Timing Report

define_reg_input_delay -improve
-improve Synplify

-improve

Synplify

define_reg_input_delay

define_reg_output_delay < > [-improve < ns>]
[-route < ns>]
AND 29 VHDL
29 AND
LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.ALL;
USE ieee.std_logic_arith.ALL;

ENTITY split IS
PORT( a,b,c,d,e :IN STD_LOGIC;
data_out :OUT STD_LOGIC);
END split;

ARCHITECTURE behave OF split IS
BEGIN

data_out <= (a AND b AND c AND d AND e);
END behave;
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30

FLEX

LE

30 LE

AND

b

LE

LE

e >

>
a—>

- [>data_out

b
define_input_delay

define_input_delay {<

define_input_delay b 5

> | -default} < ns>
[-improve < ns>] [-route < ns>]

31

31

Ao

LE

LE

>

b >

al—>

Altera Corporation
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Synplicity
syn_sharing
Synplicity
32 Verilog HDL
32 Verilog HDL

module share (a,b,c,d,e,f,sell,sel2,0put);
input a,b,c.d,ef;
input sell, sel2;
output oput;
reg oput;

always @(aor b orcordoreorforsell or sel2)

begin
if (sell)
oput = a + b;
else if (sel2)
oput =c + d;
else
oput =e +f;
end
endmodule
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33 32 Verilog HDL
33
a>
d
sel2 D—..ﬂ:‘/\ R
sell > d
——ge oput
e[ _d Adder
> Multiplexer 1

@

b[—> d\‘
d
e
d

a—=
—g
>
Multiplexer 2
Synplify
syn_sharing 34
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34 syn_sharing

module no_share (a,b,c,d,e,f,sell,sel2,0put); /*synthesis syn_sharing="off"*/
input a,b,c.d,ef;
input sell, sel2;
output oput;
reg oput;

always @(a or b or c or d or e or f or sell or sel2)

begin
if (sell)
oput=a+b;
else if (sel2)
oput =c +d;
else
oput=e +f;
end
endmodule
35 34 Verilog HDL
35
a
b Adder 1

sel2 [>——1
sell > ;I )

d

c>
}) ‘ i
Adder 2 S |

— e
d d

) > Muldplexer

f Adder 3
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HDL Analyst
HDL Analyst Synplify

HDL Analyst VHDL Verilog HDL
RTL Register Transfer Language
Synplify LUT
RTL
HDL Analyst

HDL Analyst
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HDL Analyst

2. Technology View HDL Analyst

3. Show Critical Path  HDL Analyst

View
Synplify

Show Critical Path

Show Critical Path

4. Filter Schematic

Filter Schematic

Filter Schematic

5. Filter Schematic
6. Show Critical Path
Synplify

40

-«
s HDL Analyst

Page 50
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Show Critical Path

HDL Analyst

HDL Analyst

Synplify

HDL Analyst

HDL Analyst

Synplify

Synplify
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MAX+PLUS II Assign
.acf
ACF
ACF
ACF
Assign
ACF ACF
Assign
1. Pin/Location/Chip Assign Pin/Location/
Chip
2. Chip Resources
3. Add OK
4. MAX+PLUSII Compiler Start
Synplify
Synplify EDIF MAX+PLUS II

36 Verilog HDL

36 Verilog HDL 1/2
module adder(cout, sum, a, b, cin);

parameter size = 1; /* declare a parameter. default required */
output cout;

output [size-1:0] sum; // sum uses the size parameter

input cin;
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36 Verilog HDL 2/2
input [size-1:0] a, b; // 'a’ and 'b' use the size parameter
assign {cout, sum} = a + b + cin;
endmodule
module adder8(cout, sum, a, b, cin);
output cout /* synthesis altera_chip_pin_Ilc="adder8@159" */;

output [7:0] sum /* synthesis
altera_chip_pin_lc="@17,@166,@191,@152,@15,@148,@147,@149" */;

input [7:0] a /* synthesis
altera_chip_pin_Ilc="adder8@194,adder8@177,adder8@70,adder8@96,
adder8@109,adder8@6,adder8@174,adder8@204" */;

input [7:0] b;
input cin;

adder my_adder (cout, sum, a, b, cin);
defparam my_adder.size = 8;

endmodule

37 VHDL

37 VHDL 1/2)

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_arith.ALL;
USE ieee.std_logic_unsigned.ALL;

ENTITY adder8 IS

GENERIC (num_bits :  INTEGER := 8) ;
PORT ( a,b : IN STD_LOGIC_VECTOR (NUM_BITS -1 DOWNTO 0);
result : OUT STD_LOGIC_VECTOR(NUM_BITS -1 DOWNTO 0));

ATTRIBUTE altera_chip_pin_Ic : STRING;

ATTRIBUTE altera_chip_pin_lc OF RESULT : SIGNAL IS
"@17,@166,@191,@152,@15,@148,@147,@149";

ATTRIBUTE altera_chip_pin_Ilc OF a : SIGNAL IS
"adder8@194,adder8@177,adder8@70,adder8@96,adder8@109,adder8@6,adder8@174,
adder8@204";
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37 VHDL 2/2)
END adders;
ARCHITECTURE behave OF adder8 IS
BEGIN

result <= a + b;
END;

EAB
EAB ROM RAM

LPM

EAB

LPM

LPM

Ipm_ram_dq

RAM

Ipm_ram_io

RAM

Ipm_rom

ROM

csdpram

RAM

csfifo

FIFO

altdpram

RAM

scfifo

FIFO

dcfifo

FIFO

EAB

- EAB
- Logic Family

33 26

EAB

FLEX 10K EAB
EAB

Altera Corporation

LE

FLEX 10K Embedded Programmable

LUT
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FLEX 10K EAB 20 LE
EAB 20 LE
EAB Y
EAB X Y
X Y
8 8
9 4
10 2
11 1
EPF10K20-3 8
x 8 EAB LE
EAB
27 LE
1EAB=20LE
EAB LE
LE 136 LE 40.0ns
EAB 4 EAB 29 LE 39.0ns
EAB 16 19
VHDL Verilog HDL
Synplify MAX+PLUS II
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