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Q.1. (51)

entity nor2 is

port (a, b : in bit; o: out bit);

end;

architecture single_delay of nor2 is
begin

0 <= a nor b after 4 ns;

end single_delay;

entity xor2 is

port (a, b : in bit; o: out bit);

end;

architecture single_delay of xor2 is
begin

0 <= a xor b after 7 ns;

end single_delay;

entity inv is

port (a : in bit; o: out bit);

end;

architecture single_delay of inv is
begin

0 <= not a after 4 ns;
end single_delay;

entity nand2 is

port (a, b : in bit; o: out bit);

end;

architecture single_delay of nand2 is
begin

0 <= a nand b after 5 ns;

end single_delay;

entity nand3 is

port (a, b, c: in bit; o: out bit);

end;

architecture single_delay of nand3 is
begin

0 <= not (a and b and c) after 6 ns;
end single_delay;




Q.2. (55)

entity FA is

port ( X, Y, cin : in bit;
S, cout : out bit);

end FA;

architecture struct of FA is

component nl port( a, b : in bit; o : out bit);
end component;

component n2 port(a , b: in bit; o : out bit);
end component;

for all: n1 use entity work.nand2 (single_delay);
for all: n2 use entity work.xor2 (single_delay);
signal m1, m2, m3 : bit;

begin

g0: nl port map (X, y, m2);

gl: n2 port map (X, y, ml);

g2: nl port map (m1, cin, m3);

g3: n2 port map (m1, cin, s);

g4: nl port map (m3, m2, cout);

end struct;
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The worst-case delay is 17 ns.



Q.3. (5.11)

entity adder8 is

port( a, b: in bit_vector (7 downto 0);
cin : in bit;

s: out bit_vector (7 downto 0);

cout : out bit);

end;

architecture struct of adder8 is

component compl port (X, y, cin :in bit; s, cout: out bit);
end component;

for all: comp1 use entity work.FA (struct);

constant n: INTEGER := 8 ;

signal m: bit_vector(6 downto 0);

begin

c_all: foriin O to n-1 generate

first: if i =0 generate
least: compl port map (a(i), b(i), cin, s(i), m(i));
end generate;

last: if i = n-1 generate
most: compl port map (a(i), b(i), m(i-1), s(i),cout);
end generate;

mid: if i > 0 and | < n-1 generate
rest: compl port map (a(i), b(i), m(i-1), s(i), m(i));
end generate;

end generate;
end struct;

The worst-case delay is 87 ns=17 +7 * 10



entity adder_test_bench is
end adder_test_bench;

architecture testing of adder_test_bench is
component comp8 port
(a, b: in bit_vector(7 downto 0); cin: in bit;
s: out bit_vector(7 downto 0); cout: out bit);
end component;
for all : comp8 use entity work.adder8(struct);
signal a, b, s: bit_vector(7 downto 0);
signal cin, cout: bit;
begin
al: comp8 port map (a, b, cin, s, cout);
a2: a <= "00000000",
"11111111" after 0500 ns,
"10101010" after 1500 ns,
"01010101" after 2000 ns,
"10101010" after 2500 ns,
"01010101" after 3000 ns;
a3: b <= "00000000",
"11111111" after 0500 ns,
"10101010" after 1500 ns,
"01010101" after 2000 ns,
"10101010" after 2500 ns,
"01010101" after 3000 ns;
a4: cin <="0',
1" after 2300 ns;
end testing;
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Q.4.

(5.13)

entity DLatch is
port ( d, c:inbit;  q: out bit);
end DLatch;

architecture struct of DLatch is
component nl port( a: in bit; o: out bit);end component;
component n2 port( a, b: in bit; o: out bit);end
component;
for g0: nl use entity work.nand2(single_delay) port
map(a, a, 0);
for g1, g2, g3: n2 use entity work.nand2(single _delay)
port map(a, b, 0);
for g4: n2 use entity work.nand3(single_delay) port
map(a, a, b, 0);
signal m0, m1, m2, m3, m4 : bit;
begin

g0: n1 port map (d, m0);

gl: n2 port map (d, c, ml);

g2: n2 port map (mO, c, m2);

g3: n2 port map (m1, m4, m3);

g4: n2 port map (m2, m3, m4);

q <= m3;
end struct;
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Q.5.

(5.14)

entity DLatch8 is

port( d: in bit_vector (7 downto 0);
c: in bit;

g: out bit_vector (7 downto 0));
end;

architecture struct of DLatch8 is

component compl port (d, c:in bit; g: out bit); end
component;

for all: comp1 use entity work.DLatch(struct);
begin

c_all: foriin O to 7 generate
rest: compl port map (d(i), c, q(i));
end generate;

end struct;
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Q.6. (5.17)

entity function_fis port (a, b, c, d, e: in bit ; f:out bit);
end function_f;

architecture configurable of function_f is

component nl port (w: in bit; z: out bit); end component;
component n2 port (w, X: in bit; z: out bit); end component;
component n3 port (w, X, y: in bit; z: out bit); end component;

for all: n1 use entity work.nand3(single_delay) port map
(w,w,w,2);

for all: n2 use entity work.nand3(single_delay) port map
(W,w,X,2);

for all: n3 use entity work.nand3(single_delay) port map
(W,X,y,Z);

signal i1, i2, i3, i4: bit;
begin
g0: n1 port map (d, i1);
gl: nl port map (e, i2);
g2: n2 port map (i1, c, i3);
g3: n2 port map (a, b, i4);
g4: n3 port map (i2, i3, i4, f);
end configurable;




Q.7. (5.20)

entity SRlatch is
port (s, r, clk: in bit; g, g_bar :buffer bit);
end;
architecture behave of SRlatch is
begin
process(clk)
begin
if(clk ='1"and clk'event) then
if (s="0"and r ='0") then

q<=0q;
else if(s ="1"and r = '0") then
q<="1";
else if(s ='0"and r="1") then
q<="0;
end if;
end if;
end if;
end if;
end process;
process(q)
begin
q_bar <=not q;
end process;
end behave;

entity jkflip is

port (j, k, clk : in bit; g, g_bar : buffer bit);

end;

architecture sr_struct of jkflip is

component SRIatch port (s, r, clk: in bit; g, q_bar : buffer bit); end component;
component inv port (i : in bit; 0: out bit); end component;
component and2 port (i1, i2 :in bit; 0: out bit); end component;
signal m1, m2, m3, m4, m5: bit;

begin

jand: and2 port map( j, g_bar, m1);

kand: and2 port map( k, q, m2);

msr: SRlatch port map (m1, m2, clk, m3, m4);

minv: inv port map (clk, m5);

ssr: SRlatch port map (m3, m4, m5, q, q_bar);

end sr_struct;




entity counterl is

port (en, clk: in bit; g: buffer bit; co: out bit);

end;

architecture struct of counterl is

component jkflip port (j,k, clk: in bit; q,q_bar: buffer bit); end component;
component and2 port(il,i2: in bit; o: out bit); end component;
signal g_bar: bit;

begin

jk: jkflip port map (en, en, clk, g, g_bar);

coand: and2 port map (g, en, co);

end struct;

entity counter8b is
port (en, clk: in bit; g : out bit_vector(7 downto 0); cout: out bit);
end;

architecture struct of counter8b is

component counterl port (en, clk: in bit; g: buffer bit; co: out bit); end
component;

signal m : bit_vector(6 downto 0);

constant n: INTEGER := §;

begin

c_all: foriin 0 to 7 generate

one: if i = 0 generate
first: counterl port map (en, clk, q(i), m(i));
end generate;

last: if i = n-1 generate
most: counterl port map(m(i-1), clk, q(i), cout);
end generate;

mid: if i<n-1 and >0 generate
rest: counterl port map(m(i-1), clk, q(i), m(i));
end generate;

end generate;
end struct;
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