Zaktad Cyberbezpieczenistwa, Instytut Telekomunikacji, Politechnika Warszawska, 2015.

Uktady Cyfrowe — laboratorium

Przyktad realizacji ¢wiczenia nr 6 (wersja 2015)
1. Wstep

1.1. Algorytm

Realizacja algorytmu wyznaczania wyrazdw ciggu F(n) w jezyku VHDL z
zastosowaniem podziatu projektu na moduty: FSM i Data Path.

Definicja 1. Niech bedzie dany ciag:
FO)=a, FO)=b;Fn)=Fn—-1)+ F(n—2)dlan > 1.
Dla F(0) = 0i F(1) = 1 bedzie to cigg Fibonacciego.

Uwaga 1. Fibonacci — Leonardo z Pizy zyt w latach 1170-1250. Jacques Philippe
Maria Binet (1786-1856) podat wzor jawny stuzgcy do wyznaczania n-tego
wyrazu ciggu:
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1.2. Sekwencyjna specyfikacja algorytmu w jezyku CPP

void fib ( int count , int x , int y ) {
int first =y , second = x ; // rejestry , multipleksery
while ( count--) // dekrementacja , poréwnanie z 0
{
int tmp = first + second ; // sumator
first = second ; // multipleksery
second = tmp ; // multipleksery
printf ( ,%d , ” , second ) ;
}
}

Uwaga 2. Implementacja ta ma ztozono$¢ czasowg 0(n). Istnieje inna, bardziej
efektywna metoda wyznaczania n-tego elementu ciggu, w czasie 0(log(n)).

1.3. Specyfikacja algorytmu w jezyku VHDL

library IEEE;
use IEEE.std logic_1l64.all;
use IEEE.numeric std.all;

entity fibonacci is
generic (N :integer :=16);
port (
clk, rst : in std logic;
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fibo s : out std logic vector (N-1 downto 0)
)i
end fibonacci;
architecture fib arch of fibonacci is
signal a :unsigned(N-1 downto O0);
signal b reg :unsigned(N-1 downto 0);
signal b _next :unsigned(N-1 downto 0);
signal c_reg :unsigned(N-1 downto 0);
signal c_next :unsigned(N-1 downto 0);
begin
process (clk, rst)
begin
if(rst='1")then
b reg <= to_unsigned(l, N);
c_reg <= to_unsigned(0, N);
elsif(clk'event and clk='1l"')then
Cc reg <= c next;
b reg <= b _next;
end if;
end process;
process(a, b _reg, c_reg)
begin
b next <= a;
c_next <= b reg;
a <= b _reg + c_reg;
end process;
fibo s <= std logic vector(a);
end fib arch;

Symulacja

Skrypt test_fibo.do

restart -nowave -force

add wave clk

add wave rst

add wave -radix unsigned fibo s
add wave -radix unsigned a

add wave -radix unsigned b reg
add wave -radix unsigned c_reg
add wave -radix unsigned b next
add wave -radix unsigned c next
force clk 0 0, 1 {50 ps} -r 100
force rst 1 0, 0 10

run 1000
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2. Implementacja

W implementacji doktadamy mozliwo$¢ swobodnego zdefiniowania wartosci
elementow poczatkowych F(0) i F(1) oraz liczby wykonanych krokow.

2.1. Modut Data Path

library ieee;
use ieee.std logic_1l64.all;

entity dp is
generic (

N : integer := 4
)

port (
rst, clk : in std logic;
first, second, count : in std logic_vector(N-1 downto 0);
first sel, second sel : in std logic;
first load, second load, counter load : in std logic;
comp_out : out std logic;
output : out std logic vector (N-1 downto 0)
);
end dp;

architecture dp arch of dp is

component mux is
generic (
N : integer :=4
)i
port (
sel : in std logic;
X, y ¢ 1n std logic vector(N-1 downto 0);
output : out std logic vector (N-1 downto 0)
)i

end component;

component reg is
generic (
N : integer := 4
);
port (
rst, clk, load :in  std logic;
input :in  std logic vector (N-1 downto 0);
output :out std logic_vector (N-1 downto 0)
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);

end component;

component add is
generic(
N : integer := 4
)
port (
X, Yy : 1n std logic vector (N-1 downto 0);
output : out std logic vector (N-1 downto 0)
)

end component;

component comp is
generic (
N : integer := 4

X :in  std logic_vector (N-1 downto 0);
output :out std logic
);

end component;

component counter is
generic (
N : integer := 4
)i
port (
clk, rst :in std logic;
input :in std logic vector (N-1 downto 0);
load :in std logic;
output :out std logic_vector (N-1 downto 0)
) ;

end component;

signal first reg, second reg, add out, counter r, first r, second r
std logic_vector (N-1 downto 0);

begin

bl: mux generic map (N => N) port map(sel => first sel, x => first, y =>
second _r, output => first reg);

b2: mux generic map (N => N) port map(sel => second sel, x => second, y =>

add out, output => second regq);
b3: reg generic map (N => N) port map(rst => rst, clk => clk, load =>
first load , input => first reg, output => first r);
b4: reg generic map (N => N) port map(rst => rst, clk => clk, load =>
second load , input => second reg, output => second r);
b5: add generic map(N => N) port map(x => first r , y => second r, output =>
add out);
b6: counter generic map (N => N) port map(rst => rst, clk => clk, input =>
count, load => counter load , output => counter r);
b7: comp generic map(N => N) port map(x => counter r, output => comp out);
output <= second r;
end dp_arch;

2.2. Komponenty modutu Data Path
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Multiplekser

library ieee;
use leee.std logic 1164.all;

entity mux is
generic (

N : integer :=4
);

port (
sel : in std logic;
X, Yy : 1n std logic vector(N-1 downto 0);
output : out std logic vector (N-1 downto 0)
)7
end mux;

architecture mux_arch of mux is
begin
output <= x when (sel = '0') else
2
end mux_arch;

Rejestr

library ieee;
use ieee.std logic_1l64.all;

entity reg is

generic (
N : integer := 4
) ;
port (
rst, clk, load : in std logic;
input : in std logic vector (N-1 downto 0);

output : out std logic vector (N-1 downto 0)
)i

end reg;

architecture reg arch of reg is
signal reg reg, reg next : std logic vector (N-1 downto 0);
begin
process (rst, clk)
begin
if rst = '1' then
reg reg <= (others => '0'");
elsif rising edge(clk) then
reg _reg <= reg next;
end if;
end process;

process (load, input, reg req)
begin
if load = 'l' then
reg _next <= input;
else
reg next <= reg reg;
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end 1if;
end process;

output <= reg reg;
end reqg arch;

Sumator

library ieee;
use leee.std logic 1l64.all;
use ieee.std logic_unsigned.all;

entity add is
generic (

N : integer := 4
)i

port (
X, Vy : in std logic_vector (N-1 downto 0);
output : out std logic vector (N-1 downto 0)
)i
end add;

architecture add arch of add is
begin

output <= x + y;
end add arch;

Licznik

library ieee;
use ieee.std logic 1l64.all;
use ieee.numeric std.all;

entity counter is
generic (
N : integer := 4
) ;
port (
clk, rst :in std logic;
input :in std logic vector (N-1 downto 0);
load :in std logic;
output :out std logic_vector (N-1 downto 0)
);

end counter;

architecture cnt arch of counter is
signal counter reg, counter next : unsigned(N-1 downto 0);
begin
process (rst, clk)
begin
if rst = '1l' then
counter reg <= (others => '0');
elsif rising edge(clk) then
counter reg <= counter next;
end 1if;
end process;
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process (load, input, counter reg)
begin
if load = '1l' then
counter next <= unsigned (input);
elsif counter reg = 0 then
counter next <= counter reg;
else
counter next <= counter reg - 1;
end 1if;
end process;

output <= std logic vector(counter req);
end cnt_arch;

Komparator

library ieee;
use ieee.std logic_1l64.all;
use ieee.std logic unsigned.all;

entity comp is
generic(

N : integer := 4
)

port (
X : in std logic_vector (N-1 downto 0);
output : out std logic

) ;

end comp;

architecture comp arch of comp is
begin
process (x)
begin
if x = 0 then
output <= '0';
else
output <= '1';
end if;
end process;
end comp_arch;

2.3. Modut FSM

library ieee;
use leee.std logic 1164.all;
use ieee.std logic unsigned.all;

entity fsm is
port (
rst, clk : in std logic;
comp, start : in std logic;
first sel, second sel : out std logic;

first load, second load, counter load : out std logic;
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ready : out std logic
);
end fsm;

architecture fsm arch of fsm is
type state type is (init, sl, s2, last);
signal state reg, state next : state type;
begin
process (rst, clk)
begin
if rst = '1' then
state reg <= init;
elsif rising edge(clk) then
state reg <= state next;
end 1if;
end process;

process (state reg, comp, start)
begin
ready <= '0';

first sel <= '0';
second sel <= '0';
first load <= '0';
second load <= '0';
counter load <= '0';

case state reg is
when init =>
if start = '0' then
state next <= init;
else
state next <= sl;
end if;
when sl =>
first load <= '1';
second load <= '1"';
counter load <= '1';
state next <= s2;
when s2 =>
first sel <= "1';
second _sel <= 'l1"';
first load <= '1';
second load <= '1"';

if comp = 'l' then
state next <= s2;
else
state next <= last;
end 1if;
when last =>
ready <= '1"';
state next <= init;
when others =>
state next <= init;
end case;
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end process;
end fsm arch;

2.4. Integracja modutéw FSM i Data Path

library ieee;
use leee.std logic 1164.all;

entity fib is
generic (

N : integer := 16
);

port (
rst, clk, start : in std logic;
x i, y i, c i: in std logic vector (N-1 downto 0);
ready : out std logic;
do : out std logic vector (N-1 downto 0)
);
end fib;

architecture fib arch of fib is

component fsm is
port (
rst, clk : in std logic;
comp, start : in std logic;
first sel, second sel : out std logic;
first load, second load, counter load : out std logic;
ready : out std logic
) ;

end component;

component dp is

generic (
N : integer := 4
);
port (
rst, clk : in std logic;
first, second, count : in std logic vector (N-1 downto 0);

first sel, second sel : in std logic;
first load, second load, counter load : in std logic;
comp_out : out std logic;
output : out std logic vector (N-1 downto 0)
)i
end component;

signal f load, s load, c_load, f sel, s sel, comp :std logic;
begin

fsm inst :fsm port map(rst => rst, clk => clk, comp => comp, start => start,
first sel => f sel, second sel => s sel, first load => f load, second load =>
s _load, counter load => c_load, ready => ready);

dp inst : dp generic map (N => N) port map(rst => rst, clk => clk, first =>
x i, second => y i, count => c i, first sel => f sel, second sel => s sel,
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first load => f load, second load => s load, counter load => c_load, comp out

comp, output => d o);

end fib arch;

3. Wyniki kompilacji i symulaciji

Modut FIB

dp:dp_inst
Ik
B 4 fsm:fsm_inst
counter_load =
first_load counter_load
first_sel clk first_load
rst > rst comp_out comp first_sel
second_load output[15..0] st ready [ sready
——— second_sel —— start second_load p——
x_i[1 5”0] > first[15..0] second_sel f——
y_i[15.0) > second[15.0
c_i[15..0][ = count[15..0]
>»d_o[15..0]
start [~
reqnd
req:3 muxb2

first_sel
first{15..01l
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counter_load [T

=

st
count[15..0] e

—

muxb1

output]15.0]

output{15..0]

outpu]15..0]

outpu15..0] X{15.4]

e output[15.0) Y1159

counterng

output{15..0]
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Brcomp_out

Modut FSM

clk @E——
comp [E———
rst ———
start[I———

state_reg

clk
comp
reset
start

init
last
s1
s2

first_load

Realizacja automatu

»ready

j>_‘:g|:>ﬂrst_load

[ second_load
»iirst_sel

J——(:>second_sel

>counter_load
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zs Source State Destination State Condition
o 1 init init (Istart)

2 init sl (start)

3 last init

4 sl s2
o 5 52 last (lcomp)
"r-é 6 52 s2 (comp)
z
b \_Transitions //\_Encoding J

Symulacja

Skrypt test_fib.do

restart -nowave

add wave -radix unsigned *

add wave /fib/fsm inst/state reg
add wave -radix unsigned \
/fib/dp inst/counter r /fib/dp inst/first r /fib/dp inst/second r
force clk 0 0, 1 {50 ps} -r 100
force rst 1 0

force start 0 0

force x 1 10#0 0

force y i 10#1 0

force c_ i 10#5 0

run

force rst 0 0

run

force start 1 0

run

force start 0 0

B o e

Literatura i materiaty pomocnicze:
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1. Plansze do wyktadu UCYF
2. Literatura podana na wyktadzie, ze szczegolnym uwzglednieniem rozdz. 6

ksigzki ,Programowalne uktady przetwarzania sygnatdw i informacji”
3. Dokument PDF: ,DE2-115 User Manual”

Opracowanie wewnetrzne ZCB IT, PW, grudzien 2015:
P. Sapiecha, P. Tomaszewicz



