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library IEEE;
use IEEE.std logic 1164.all;

entity bmul32 is -- 32-bit by 32-bit two's complement multiplier
port (a : in std_logic vector(31 downto 0); -- multiplier

b :in std logic vector(31 downto 0); -- multiplicand

p 2 out std_logic vector(63 downto 0)); -- product
end entity bmul32;

architecture circuits of bmul32 is
signal zer : std_logic vector(31 downto 0) := x"00000000";  -- zeros
signal mul0: std_logic vector(2 downto 0);
subtype word is std_logic_vector(31 downto 0);
type ary is array(0 to 15) of word;
signal s : ary; -- temp sums
begin -- circuits of bmul32
mul0 <= a(l downto 0) & '0';
a0: entity WORK.badd32 port map(

mul0, b, zer, s(0), p( 1 downto 0));
al: entity WORK.badd32 port map(

a(3 downto 1), b, s(0), s( 1), p( 3 downto 2));
a2: entity WORK.badd32 port map(

a(5 downto 3), b, s( 1), s(2), p(5downto 4));
a3: entity WORK.badd32 port map(

a(7 downto 5), b, s(2), s(3), p( 7 downto 6));
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a4. entity WORK.badd32 port map(

a(9 downto 7), b, s(3), s(4), p( 9 downto 8));
a5: entity WORK.badd32 port map(

a(ll downto 9), b, s(4), s(5), p(11 downto 10));
a6. entity WORK.badd32 port map(

a(l3 downto 11), b, s(5), s(6), p(13 downto 12)),
a7: entity WORK.badd32 port map(

a(l5 downto 13), b, s(6), s(7), p(15 downto 14)),
a8: entity WORK.badd32 port map(

a(l7 downto 15), b, s(7), s(8), p(17 downto 16)),
a9: entity WORK.badd32 port map(

a(19 downto 17), b, s(8), s(9), p(19 downto 18)),
al0: entity WORK .badd32 port map(

a(21 downto 19), b, s(9), s(10), p(21 downto 20));
al l: entity WORK.badd32 port map(

a(23 downto 21), b, s(10), s(11), p(23 downto 22));
al?2: entity WORK.badd32 port map(

a(25 downto 23), b, s(11), s(12), p(25 downto 24));
al3: entity WORK.badd32 port map(

a(27 downto 25), b, s(12), s(13), p(27 downto 26)),
al4: entity WORK.badd32 port map(

a(29 downto 27), b, s(13), s(14), p(29 downto 28)),
al5: entity WORK.badd32 port map(

a(31 downto 29), b, s(14), p(63 downto 32), p(31 downto 30));

end architecture circuits; -- of bmul32

library IEEE;
use IEEE.std logic 1164.all;

entity badd3?2 is

port (a  :in std_logic vector(2 downto 0); -- Booth multiplier
b :in std logic vector(31 downto 0); -- multiplicand
sum_in :in std_logic _vector(31 downto 0); -- sum input
sum_out : out std_logic vector(31 downto (), -- sum output
prod :out std_logic_vector(l downto 0)), -- 2 bits of product

end entity badd32;

architecture circuits of badd32 is
-- Note: Most of the multiply algorithm is performed in here.

-- multiplier action
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- it+lii-1 multiplier, shift partial result two places each stage
000 0 passalong

I +b add

0 +b add

1 +2b shift add

0 -2b shift subtract

1

0

1

-b subtract

0
0
1
1
0
0
1

-b subtract
1
subtype word is std_logic_vector(31 downto 0);

0 pass along

signal bb s word;
signal psum  : word;
signal b_bar :word;
signal two b : word;
signal two_b_bar : word;
signal cout  : std_logic;
signal cin :std_logic;
signal topbit  : std_logic,
signal topout : std_logic;
signal ncl :std_logic;
begin -- circuits of badd32
two_b <= b(30 downto 0) & '0";
b_bar <= not b,
two_b_bar <= not two_b;
bb <= b when a="001" or a="010" -- S-input mux
else two_b when a="011"
else two_b_bar when a="100" --cin=1
else b_bar when a="101" or a="110" -- cin=1
else x"00000000";
cin <="1"when a="100" or a="101" or a="110"
else '0';
topbit <= b(31) when a="001" or a="010" or a="011"
else b_bar(31) when a="100" or a="101" or a="110"

else '0';

al: entity WORK.add32 port map(sum_in, bb, cin, psum, cout);
a2: entity WORK .fadd port map(sum_in(31), topbit, cout, topout, ncl);

sum_out(29 downto 0) <= psum(31 downto 2);

sum_out(31) <= topout;
sum_out(30) <= topout;
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prod <= psum(1 downto 0);

end architecture circuits; -- of badd32

-- bmul32  full combinatorial 32 X 32 = 64 bit two's complement multiplier

-- Booth two's complement multiplication using badd4 component

library IEEE;

use IEEE.std logic 1164.all;

entity add32 is -- simple 32 bit ripple carry adder
port(sum_in : in std_logic vector(31 downto 0);
bb : in std _logic_vector(31 downto 0);

cin : in std_logic;

psum : out std_logic_vector(31 downto 0);

cout : out std_logic);

end entity add32;

architecture circuits of add32 is

signal c : std_logic vector(0 to 30), -- internal carry signals

begin -- circuits of add32

a0: entity WORK fadd port map(sum_in(0), bb(0), cin, psum(0), c¢(0));

stage: for I in I to 30 generate

as: entity WORK . fadd port map(sum_in(1), bb(l), c(I-1) , psum(I),

c);

end generate stage;

a3l: entity WORK.fadd port map(sum_in(31), bb(31), ¢(30), psum(31), cout);

end architecture circuits; -- of add32

library IEEE;
use IEEE.std logic 1164.all;

entity fadd is -- full adder stage, interface
port(sum_in : in std_logic;

bb :in std_logic,

cin : in std_logic;

psum : out std_logic;

cout : out std_logic);

end entity fadd;
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architecture circuits of fadd is -- full adder stage, body

begin -- circuits of fadd

psum <= sum_in xor bb xor cin after I ns;

cout <= (sum_in and bb) or (sum_in and cin) or (bb and cin) after 1 ns;

end architecture circuits; -- of fadd

il a8l o 5 aad Lawgs 1) T aeo e bl lawgs das e plsil G yo 1) 0o Sldes

f°"‘ 00)5—‘ ‘) U—‘ C.:Lugwédml.:)) L?Lu‘)oé\sw.)‘ oo;

LIBRARY ieee;

USE ieee.std logic 1164.ALL;
USE ieee.std logic unsigned.all,
USE ieee.numeric std.ALL,

ENTITY testl vhd IS
END testl vhd,

ARCHITECTURE behavior OF testl vhd IS

—-Component Declaration for the Unit Under Test (UUT)
COMPONENT bmul32
PORT(

a : IN std_logic vector(31 downto ()

b : IN std logic vector(31 downto 0 )
p - OUT std _logic vector(63 downto ()
);

END COMPONENT,

—Inputs

www. ECA.1r




SIGNAL a : std_logic vector(31 downto 0) := (others=>"0"),
SIGNAL b : std _logic vector(31 downto 0) := (others=>"0"),

—Qutputs
SIGNAL p : std _logic vector(63 downto 0);

BEGIN

—Instantiate the Unit Under Test (UUT)
uut: bmul32 PORT MAP(

a=>a,

b=>b,

p==p

tb : PROCESS
BEGIN

—Wait 100 ns for global reset to finish

wait for 100 ns;

a<="11111111001111100000110011111100" after 5ns;
b<="01111111111111100000111100111100" after 5ns;

wait,; -- will wait forever
END PROCESS;

END;




Current Simukation
Time: 1000 ns
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‘timescale Ins / Ips
Yz
module BoothAlgo(A,B,Product);
parameter N=31;
input[N:0] A,B;
output{2*N:0] Product;
integer SC,i;
reg[2:0] AC;
reg[N:0] CB;
reg[N:0] BP;
reg[N+1:0] AP;
reg[2*N:0] Product,Mul;

/- init
always@(A,B)
begin

Mul=0;

AC=0;
AP[N+1:1]=A;
AP[0]=0;
BP=B;
CB=~B+1;
SC=0;
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Product=0;
V/

while(SC<16)
begin

Mul=0;

if (§C==0)
begin

AC[2:0]=AP[2:0];

AP=AP>>];

AC=AC>>2;
AC[1]=AP[0];
AC[2]=AP[1];

end
AP=AP>>2;
AP[N]=AP[N-2];
AP[N-1]=AP[N-2];

case(AC)
3'b000:
begin

end
3'b001:
begin

end
3'b010:
begin

Mul=0;
for(i=N+1;i<=2*N;i=i+1)
Mul[i]=Mul[N];
Mul=Mul<<(§C*2);
Product=Product+Mul;

Mul=BP;
Sfor(i=N+1;i<=2*N;i=i+1)
Mulfi]=Mul[N];
Mul=Mul<<(§C*2);
Product=Product+Mul;

Mul=BP;
Jor(i=N+1;i<=2*N;i=i+1)
Mulfi]|=Mul[N];

YA




end
3'b011:
begin

end
3'b100:
begin

end
3'b101:
begin

end
3'b110:
begin

end
3'b111:
begin

Mul=Mul<<(§C*2);
Product=Product+Mul;

Mul=BP<<I;
for(i=N+2;i<=2*N;i=i+1)
Mulli]=Mul[N+1];
Mul=Mul<<(§C*2);
Product=Product+Mul;

Mul=CB<<I;
for(i=N+2;i<=2*N;i=i+1)
Mulli]=Mul[N+1];
Mul=Mul<<(§C*2);
Product=Product+Mul;

Mul=CB;
Sfor(i=N+1;i<=2*N;i=i+1)
Mulfi]|=Mul[N];
Mul=Mul<<(§C*2);
Product=Product+Mul;

Mul=CB;
Sfor(i=N+1;i<=2*N;i=i+1)
Mulfi]|=Mul[N];
Mul=Mul<<(§C*2);
Product=Product+Mul;

Mul=0;
Sfor(i=N+1;i<=2*N;i=i+1)
Mulfi]|=Mul[N];
Mul=Mul<<(§C*2);
Product=Product+Mul;

Y4




endcase
SC=SC+1;
end
end
endmodule
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