Union College
ECE318/CSC318
Assignement 3 Solutions
Problem 1.
Code Listing:
LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
ENTITY nand_cct IS
PORT(
A,B,C,D : IN STD_LOGIC;
X : OUT STD_LOGIC);
END nand_cct;
ARCHITECTURE data_flow OF nand_cct IS
SIGNAL C_inv, D_inv, p, q, r: STD_LOGIC; -- internal signals in the
circuit
BEGIN
-- inverters
C_inv <= NOT C after 2 ns;
D_inv <= NOT D after 2 ns;
-- column of NAND gates
p <= NOT(A AND B AND C) after 4 ns;
q <= NOT(C_inv AND D_inv) after 4 ns;
r <= NOT(C_inv AND A AND B) after 4 ns;
-- output NAND gate
X <= NOT(p and q and r) after 4 ns;
END data_flow;
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Figure 1. Simulation Results for Question 1.

ABCD 0001, --> 1111 - A, B, and C change. X settles to a final value of 1 after 8 ns
since it is the top NAND gate that forces the output high.
ABCD

1111 --> 1101 – there is no change in X, i.e., stays at 1

Problem 2.
cout <= "001" when a = '1' else
"010" when b = '1' else
"100";

Problem 3.
(a)
F <= "11" when A(2) = '1' else
"10" when A(1) = '1' else
"01" when A(0) = '1' else
"00";
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(b)
with A select
F <= "00" when
"01 when
"10" when
"11" when

"000",
"001",
"010" | "011",
others;

Problem 4. The code in the assignment will not synthesize correctly and
will include latches. The code below is corrected.
library ieee;
use ieee.std_logic_1164.all;
entity counter is
port (reset, clk: in std_logic;
F: buffer std_logic_vector(3 downto 0));
end counter;
architecture hw_3 of counter is
shared variable C : std_logic_vector(3 downto 0);
begin
comb: process(F) is
begin
C := F;
for i in 0 to 3 loop
if C(i) = '1' then
C(i) := '0';
else
C(i) := '1';
exit;
end if;
end loop;
end process comb;
seq: process(clk,reset) is
begin
if (reset = '1') then
F <= "0000";
elsif (rising_edge(clk)) then
F <= C;
end if;
end process seq;
end hw_3;
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Simulation:

Figure 2. Simulation Results for Question 4.

The reset is synchronous, since it does not appear in the sensitivity list of the process. The
“for” loop implements the "increment" algorithm. From the simulation it is obvious that
this is a counter circuit, and the count changes on the negative edge of the clock. Notice
that the reset does not take effect until there is a negative clock edge.
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