COWP3211/ COVP9211 Conputer Architecture
Week 4 Tutorial Exercises (Solution)

QL. [Y4.4] Consider the construction of a register file with 8 registers,
where each register is 32 bits. Inplenent the nodel with tw processes. One
process reads the register file, while another wites tothe register file.
You can i npl ement the regi sters as signals declared within the architecture
and therefore visible to each process.

library | EEE
use | EEE. std_| ogi c_1164. al |
use | EEE. std_l ogi c_unsi gned. al |

entity g2 is
port (clk, reset : in std_logic
reg_num: in std_logic_vector(2 dowto 0);
reg_in : in std_logic_vector(31 dowto 0);
reg_out : out std_logic_vector(31 downto 0);
read wite : in std_logic);
end g2;

architecture behav of g2 is
type reg file is array (0 to 7) of std_logic_vector(31 downto 0);
signal reg_content : reg_file

begin -- behav

read_process: process (clk, reset, read_wite)

begin -- process read_process
if reset ="'1" then -- asynchronous reset (active high)
reg_out <= (others =>"'0");
elsif clk'event and clk ='1" and read_ wite = ‘1" then
reg_out <= reg_content(conv_integer(reg_num);
end if;

end process read_process;

write_process: process (clk, reset, read_wite)

begin -- process wite_process
if reset ="'1" then -- asynchronous reset (active high)
reg_content (0) <= (others => '0");
reg_content (1) <= (others => '0");
reg_content(2) <= (others => '0");
reg_content(3) <= (others => '0");
reg_content(4) <= (others => '0");
reg_content(5) <= (others => "'0");
reg_content(6) <= (others => '0");
reg_content(7) <= (others => "'0");
elsif clk'event and clk = "'1'" and read_wite = ‘0" then
reg_content(conv_integer(reg_num) <= reg_in;
end if;
end process wite_process
end behav;

@. [Y4.9] Inmpl enent and test a VHDL nodel for the state machinefor atraffic
controller described in the followi ng state table:

Current Next

State Input State Qut put
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00
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00
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l'ibrary | EEE
use | EEE. std | ogic_1164. all

entity g4 is
port(clk, reset : in std_logic
inl : in std_logic;



outl : out std_logic_vector(1l downto 0));
end qg4;

architecture behav of g4 is
signal current_state, next_state : std_logic_vector(1l downto 0);
begin -- behav

cur_state: process (clk, reset)

begin -- process cur_state
if reset ='1' then -- asynchronous reset (active high)
current_state <= "00";
elsif clk'event and clk = "1'" then -- rising clock edge
current _state <= next_state;
end if;

end process cur_state;

nx_state: process (current_state, inl)
begin -- process nx_state
case current_state is
when "00" =>
if inl ='0" then
next_state <= "01";
el se
next_state <= "10";
end if;
when "01" =>
if inl ='0" then
next _state <= "00";
el se
next _state <= "10";
end if;
when "10" =>
if inl ='0" then
next _state <= "00";
el se
next _state <= "10";
end if;
when ot hers =>
next _state <= "00";
end case
end process nx_state;

out |l ogic: process (current_state, inl)

begin -- process out_|ogic
case current_state is
when "00" =>
if inl ='0 then
outl <= "10";
el se
outl <= "00";
end if;

when "01" =>
if inl ='0" then

outl <= "01";
el se

outl <= "00"
end if;

when "10" =>
if inl ='0" then

outl <= "01";

el se
outl <= "00";

end if;

when ot hers =>
outl <= "00";
end case;
end process out_| ogic;
end behav;

@B. [Y5.3] You are part of a software group devel oping algorithns for
processi ng speech signals for a newdigital signal processing chip. Totest
your software your options are to construct i) a detail ed hierarchical nodel



of the chi p conprisedof gatel evel nodel s at the | owest | evel of the hierarchy
or ii) abehavioural | evel nodel of the chipthat caninpl enent the al gorithns
that you wi sh to use. Your goal is to produce correct code for a nunber of
al gorithms prior to detail ed testing on a hardware prototype. Howwoul d you
eval uate these choices and what are the tradeoffs

i n picking one approach over the other?

i) Advant age:

- Optimse design results
Di sadvant age:

- Slow design tine

- conpl ex Design

ii) Advantage;
- Fast design tine
Di sadvant age:

- Design optimsation depends on the tools

Q. [Y5.5] Consider the circuit shown bel ow. Construct a structural nodel
conpri sed of two conponents: a generic N-input AND gate and a two-i nput OR
gate. By passing the appropriate generic value we can instantiate the sane
basi ¢ AND gate conponent as a two-input or three-input AND gate
+++++++++H++H A A A
+

l'ibrary | EEE;
use | EEE. std_l ogi c_1164. al | ;

entity n_and is

generic (input_num: integer := 2);
port (n_input : in std_logic_vector(input_numl downto 0);
c : out std_logic);
end n_and;

architecture rtl of n_and is
begin -- rtl
nWay_and: process (n_input)
variable c_tnp : std_logic;
begin -- process nWay_and
c_tnmp :="'1";
for i in n_input'length-1 dowmnto O | oop
c_tmp := c_tnp and n_input (i);
end | oop; -- i
c <= c_tnp;
end process nWay_and;
end rtl;
++++++++++++++H+H+H R R

+

l'ibrary | EEE;
use | EEE. std |l ogic_1164.all;

entity or2 is
port (a, b : in std_logic;
c : out std_logic);
end or2;

architecture rtl of or2 is
begin -- rtl
c <= (a or b);
end rtl;
++++++++++++++H AR R

+

l'ibrary | EEE;
use | EEE. std_l ogic_1164.all;

entity g6 is
port (inl, in2, in3, in4, in5 : in std_|ogic;
c : out std_logic);



end @6;

architecture struct of g6 is

signal s1, s2 : std_logic;

signal and2_in : std_|l ogic_vector(1l downto 0);
signal and3_in : std_logic_vector(2 dowto 0);

conmponent or 2

port (a, b : in std_logic;
c : out std_logic);

end conponent;

conponent n_and

generic (input_num: integer);

port (n_input : in std_logic_vector(input_numl downto 0);
c : out std_logic);

end conponent;

begin -- struct

and2_in <= inl & in2;

and3_in <= in3 & in4 & inb;

and2: n_and
generic map (input_num => 2)
port map (n_input => and2_in,

c => sl);

and3: n_and
generic map (input_num => 3)
port map (n_input => and3_in,

c => s2);
or2_i: or2
port map (a => sl,
b => s2,
c => c);
end struct;

Q5. [VYE5.2] The goal of this exercise is to introduce trade-offs in
bui l ding nmodels at different |evels of abstraction and trading
accuracy for sinulation speed.

STEP 1 — 1 bit ALU

|'i brary | EEE;

use | EEE. STD LOd C_1164. ALL;

use | EEE. STD_LOG C_ARI TH. ALL
use | EEE. STD_LOG C_UNSI GNED. ALL;

entity aluis

Port ( a : in std_|ogic;
b: in std_l ogi c;
c_in : in std_|logic;
opcode : in std logic_vector(1l downto 0)
result : out std_logic;
c_out : out std_logic);
end al u;
architecture Behavioral of alu is
constant gate_delay: Tinme := 10 ns;
begin
pl: process (a, b, c_in, opcode)
vari abl e tnp: std_I ogi c;
variabl e tnp_cout:std_| ogic;

begin
tnp_cout:= (((not c_in) and b and a) or (c_in and (a or b)));

if (opcode—"OO") t hen
(a and b);
el Slf (opcode-"Ol") t hen
tnp := (a or b);



el sif (opcode="10") then

tnp := (((not c_in) and (a xor b)) or (c_in and (a xnor b)));
el se

tmp =" X';
end if;

result <= tnp after gate_del ay;
c_out <= tnp_cout after gate_del ay;
end process;

end Behavi oral ;

STEP 3 — 4 bit ALU

l'ibrary | EEE;

use | EEE. STD LOG C 1164. ALL;

use | EEE. STD_LOG C_ARI TH. ALL
use | EEE. STD_LOG C_UNSI GNED. ALL;

entity fourbit ALU is

Port ( a: in std_logic_vector(3 downto 0);
b : in std_logi c_vector(3 downto 0);
c_in: in std_logic
opcode : in std_| oglc vector (1 downto 0);

result : out std_| ogl C. vector(3 downt o O)
c_out : out std_ logic
end fourbit_ ALU;

archi tecture Behavioral of fourbit ALU is
signal coutO, coutl, cout2: std_| ogic;

component ALU

Port ( a : in std_logic;
b : in std_logic;
c_in: in std_|ogi

I

ic;
opcode : in std_logic_vector(l downto 0);
result : out std_|logic;

c_out : out std_logic);
end conponent;

begin
ALUl: ALU

port map (a=>a(0), b=>b(0), c_in=>c_in, opcode =>opcode, result =>resul t(0),
c_out => cout0);
ALU2: ALU

port map (a=>a(l), b=>b(1), c_in=>cout0, opcode =>opcode, result =>resul t (1),
c_out => coutl);
ALU3: ALU

port map (a=>a(2), b=>b(2), c_in=>coutl, opcode =>opcode, result =>result(2),
c_out => cout?2);
ALUA: ALU

port map (a=>a(3), b=>b(3), c_in=>cout 2, opcode =>opcode, result =>result(3),
c_out => c_out);

end Behavi oral ;

STEP 3 — 8 bit ALU

l'ibrary | EEE;

use | EEE. STD LOG C_1164. ALL;

use | EEE. STD LOG C_ARI TH. ALL;
use | EEE. STD LOG C_UNSI GNED. ALL;

entity eightbit ALU is

Port ( a: in std_|ogic_vector(7 downto 0);
b : in std_logi c_vect or(7 downto 0);
c_in: in std_logic
opcode : in std Ioglc vector (1 downto 0);

result : out std_|logic_vector(7 downto O)
c_out : out std_logic);
end eightbit_ALU;



architecture Behavioral of eightbit_ALU is
signal cout_connect: std_logic ;
component fourbit_ALU

Port ( a: in std_logic_vector(3 downto 0);
b : in std_logic_vector(3 downto 0);
c_in : in std_|ogic;
opcode : in std logic vector(1 downto 0);

result : out std | ogic_vector(3 downto O)
c_out : out std Togic);
end conponent;

begin
ALU | ow. fourbit_ALU
port map (a=>a(3 downto 0), b=>b(3 downto0), c_in=>c_in, opcode =>opcode,
result => result(3 dowmnto 0), c_out => cout_connect);
ALU high: fourbit_ALU
port map (a=>a(7 downto4), b=>b(7 downto 4), c_i n=>cout _connect, opcode
=> opcode, result => result(7 dowmto 4), c_out => c_out);
end Behavi oral ;

step 6 — Behavioural 8 bit adder
|'ibrary | EEE;

use | EEE. STD LOd C_1164. ALL;

use | EEE. STD_LOG C_ARI TH. ALL
use | EEE. STD_LOG C_UNSI GNED. ALL;

entity eightbit_ALUL is

generic (delay: tine := 10 ns);

Port ( a: in std_|ogic_vector(7 downto 0);
b : in std_logic_vector(7 downto 0);
c_in : in std_logic;
opcode : in std_logic_vector(l downto 0);
result : out std_l ogi C. vector(7 downt o 0)
c_out : out std_logic

end eightbit_ALUL;

architecture Behavioral of eightbit_ALUL is
begin

process (a, b, c_in, opcode)

variable tnp_result:std_|l ogic_vector(7 downto 0);
variable tnp_carry: std_logic_vector(8 dowto 0);
begi n

tnp_carry(0) := c_in;

for i in0Oto 7 loop
tnp_carry(i+1) := (((not tnp_carry(i)) and (a(i) and b(i))) or (tnmp_carry(i)
and (a(i) or b(i))));

end | oop;

case opcode is
when "00" =>
tnp_result
when "01" =>
tnp_result
when "10" =>
tnp_result
when ot hers =>
tnp_result := (others =>'X);
end case;

(a and b);
(a or b);

a+b+c_in;

result <= tnp_result after del ay;
c_out <= tnp_carry(8) after delay;
end process;

end Behavi oral ;



