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ZOUT

if (X>7) then
ZOUT <=A;
elsif (Y > 13) then
ZOUT <=B;
else
ZOUT <= C;
end if ;
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if (X > 13) then case X is

ZOUT <=A; when 0 to 12 =>
elsif (X < 13) then ZOUT <=B;

ZOUT <=B; when 12 =>
else ZOUT <=C;; X 13 X 13 13

ZOUT <= C; when others =>
end if ; OUT <=A;

end case ;
X 13
X 13

ZOUT

ZOUT B —

o A Y
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type STATE T is (STATEO, STATEl, STATE2, STATE3);
signal STATE, NEXT STATE : STATE T;

attribute fsm encoding : string;
attribute fsm encoding of STATE : signal is "one-hot";
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— Latency:

— Number of clock cycles from the first valid input till the
corresponding result available on the output of the pipeline.

— Throughput:

— A measure of how often the pipeline produces the valid output.
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ANIMATION EXAMPLE,
taken from:

A Systolic FFT Architecture for
Real Time FPGA Systems

Preston Jackson, Cy Chan, Charles Rader,

Jonathan Scalera, and Michael Val
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a AMD AM2901

library ieee;
use ieee.std_logic_1164.all;
use work.numeric_std.all;
use work.am2901 comps.all;
lentity am2901 is port(
clk, rst: instd_logic;
a, b:  inunsigned(3 downto 0);  -- address inputs
d: inunsigned(3 downto 0); -- direct data
I instd_logic_vector(8 downto 0); -- micro instruction
c_n: instd_logic; --carry in
oe: instd_logic; -- output enable
ram0, ram3: inout std_logic; -- shift lines to ram
gs0, gs3: inout std_logic; -- shift lines to q
y:  buffer unsigned(3 downto 0);  -- data outputs (3-state)
g_bar,p_bar:buffer std_logic; -- carry generate, propagate
ovr:  buffer std_logic; -- overflow
c_n4. buffer std_logic; -- carry out
f 0:  Dbuffer std_logic; -f=0
f3: buffer std_logic);  -- f(3) w/o 3-state
bind am2901;
N—
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Carchitecture am2901 of am2901 is

alias dest_ctl: std_logic_vector(2 downto 0) is i(8 downto 6);
alias alu_ctl: std_logic_vector(2 downto 0) is i(5 downto 3);
alias src_ctl: std_logic_vector(2 downto 0) is i(2 downto 0);

signal ad, bd: unsigned(3 downto 0);

signal g:  unsigned(3 downto 0);

signal r, s: unsigned(3 downto 0);

signal alu_out:  unsigned(3 downto 0);
begin

—instantiate and connect components
ul: ram_regs port map(clk => clk, rst => rst,a =>a, b => b, alu_out => alu_out,
dest_ctl => dest_ctl, ram0 => ram0, ram3 => ram3,
ad =>ad, bd => bd);
u2: g_reg port map(clk => clk, rst => rst, alu_out => alu_out, dest_ctl => dest_ctl,
gs0 => @s0, gs3 =>@s3, 4 => Qq);
u3: src_op port map(d =>d, ad => ad, bd => bd, q=>q,
src_ctl=>src ctl,r=>r,s=>59);
u4: alu port map(r=>r,s=>s,c_n=>c_n,alu_ctl=>alu_ctl,
alu_out =>alu_out, g _bar=>g_bar, p_bar=>p_bar,
C_n4 =>c_n4, ovr => ovr);
u5: out_mux port map(ad => ad, alu_out => alu_out, dest_ctl => dest_ctl,
oe =>0e,y=>Y);

—define f_0 and 3 outputs
f 0<="0"when alu_out ="0000" else 'Z";
f3 <= alu_out(3);

—

il 1 { L
end am2901;
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- Pipelin

ed AMD AM2901

library ieee;

use ieee.std_logic_1164.all;

use work.numeric_std.all;

use work.am2901 comps.all;
lentity am2901 is port(

clk, rst: instd_logic;

a, b:  inunsigned(3 downto 0);
d: inunsigned(3 downto 0);

I instd_logic_vector(8 downto 0);
c_n: instd logic;
oe: instd_logic;
ram0, ram3: inout std_logic;
gs0, gs3: inout std_logic;

y:  buffer unsigned(3 downto 0);
g_bar_q,p_bar_q:buffer std_logic;

f3: buffer std_logic);
k{nd am2901;

-- address inputs
-- direct data

--carry in
-- output enable

-- shift lines to q

ovr_q: buffer std_logic; -- overflow
c n4 qg. bufferstd logic; -- carry out
f 0:  Dbuffer std_logic; --alu out=0

-- alu_out(3) w/o 3-state

-- micro instruction

-- shift lines to ram

-- data outputs (3-state)
-- carry generate, propagate
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architecture am2901 of am2901 is
alias dest_ctl: std_logic_vector(2 downto 0) is i(8 downto 6);
alias alu_ctl: std_logic_vector(2 downto 0) is i(5 downto 3);
alias src_ctl: std_logic_vector(2 downto 0) is i(2 downto 0);

signal ad, bd: unsigned(3 downto 0);

signal g:  unsigned(3 downto 0);

signal r, s: unsigned(3 downto 0);

signal alu_out, alu_out_q:  unsigned(3 downto 0);
begin

—instantiate and connect components

ul: ram_regs port map(clk => clk, rst =>rst,a=>a, b => b, alu_out => alu_out_q,
dest_ctl => dest_ctl, ram0 => ram0, ram3 => ram3,
ad => ad, bd => bd);

u2: g_reg port map(clk => clk, rst => rst, alu_out => alu_out _(Q, dest_ctl => dest_ctl,
gs0 =>@s0, gs3 =>(@s3, 4 => Qq);

u3: src_op port map(d =>d, ad =>ad, bd =>bd, g =>q,
src_ctl=>src ctl,r=>r,s=>59);

u4: alu port map(r=>r,s=>s,c_n=>c_n, alu_ctl=>alu_ctl, No change
alu_out =>alu_out, g _bar=>g_bar, p_bar=>p_bar,
C_n4 =>c_n4, ovr => 0vr);

u5: out_mux port map(ad => ad, alu_out => alu_out _ (0, dest_ctl => dest_ctl,

0e =>0e,y=>Y);

—define f_0 and f3 outputs
f 0<="0"whenalu_out g =""0000"else'Z";
f3<=alu_out _Qq(3);

| 4 | L3
G e G
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Pipelined AMD AM2901

process (clk)

If (rising_edge(clk) then
alu_out_g <=alu_out;
g_bar_q<=g_bar;
p_bar_q<=p_bar;
OVr_Q <= 0vr;
c_nd q<=c_n4;

end if;

end process;
end am2901;

~
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