Program 1: VHDL Code for Full Adder
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Program 2: VHDL Code for 16-bit Ripple Carry Adder (RCA)[image: ]
Program 3: VHDL Code for 16-bit ALU
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Program 4: VHDL Testbench Code for 16-bit ALU
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Testbench Output: 16-bit ALU Simulation Results
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case sel is

when "00"

Result <= Add_Result;

cout.

when "01"
Result
cout.

when "10"
Result
cout.

when "117
Result
cout.

when others
Result
cout.
end case;

end process;

end structural;

<= Add_cout;

<= Add_Result;

<= Add_cout;

<= A and B;

o

<= horB;
<o

>
<= (others =
PERETH

0
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1 Library IEEE;

2 uoe TEEE.STD_LOGIC_LIGA.ALL:
5

4 Bentity th_alu_lewic is

5 [ end th_alu_tehic;

c

7 B srcnitecture Dehsvioral of th_slu 1sbit is

o

s component alu_lbit

1w & Pore (

n & in $TD_LOGIC_VECTOR(1S downto 0):
12 5 in STD_LOGICVECTOR(1S downto 0):
IS el ¢ STOLOGIC_VECTOR(1 downto 0):
1a Result : out STD_LOGIC_VECTOR(1S dowito 0):
Is Cout  : out STOLOGIC

1 )

17 end component;

Is

1s signal & ST0_LOGIC_VECTOR (15 dommto 0) i (others = '0');
B signal B STO_LOGIC VECTOR (15 aowmto 0) i~ (others = '0');
2 Sigmal sel  : STO_LOGIC VECTOR(L dowito 0) i- “00°;
2 Sigmal Result : ST LOGLC VECTOR(1S domto 0);

2 signal Cour  : STO_LOGIC

2

25| begin

2

27 W alu_tsbit

28 H port map |

25 &

30 5

a1 sl a1,

52 Result - Result,

3 Cout > Cout

31 )

3s

3 O stinpros: process

37 begin

38

E - Test 1t 0D

a Ss+s-0

a & <= 0005

@ B <= 00057

@ sel <= 007

a vait for 10 ns;

as

% o

a7

as & <= w0005

as B <= 00057

50 sel <= 017

5 vait for 10 ns;

e
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Test 3: M
000A AID 000C = 0008
X7000A;

- xr000C”;

sel <= "107;

wait for 10 ns;

- Test 4 R
- 000A OR 000C = 000E
A <= x7DDDA";

B <= x7000C";

sel <= "117;

wait for 10 ns;

Test S: ADD with carry

FFFF + 0001 = 0000, Cout
ROFFFF;

- x00017;

sel <= "007;

wait for 10 ns;

- Test 6: SUB with borrow

-- 3 - 5= FFFE (16-bit 2's
A <= %0003
B <= %0005

sel <= "017;
wait for 10 ns;

- End simlation
wait;

end process;

end Behavioral;

-1

complenent)
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1 fbrary 1eees
use deee. sta_logic_1164.a1L;

2
3

4 Hentity full_adder is
s Pore(

6 Arin std_logic;

7 B:in std_logic;
s Cin:in std_logic;

s Suntout std_logic:
10 Cout:out std_logic

[P R

12| end full_adder;

13

14 architecture Behavioral of full adder is
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[ibrary ieee;
use deee. sta_logic_1164.a1L;

Pore(
Ain std_logic_vestor (15 downto 0) ;
B:in std_logic_vector (15 downto 0) ;

1
2
3
4 G ety e teie 12
s
6
7
s Cin:in std_logic;

i "

5

e M

E ’

5| " catsser pore 9,501, cin, 501,201
E i e e P HE I
B | T mi b ma B ) st )
N e e S A S
N vl YA i e A
Er v e Y

32 FA6: full adder port map(A(6],B(6],C(5],Sum(6],C(6]]:

33 £ull adder port map((7],B(7],C(6],Sum(7],C(7]]:
ES £ull adder port map(A(8],B(8],C(7],Sum(8],C(8]];

35 £ull_adder port map(A(9],B(9],C(8],5um(9],C(9]];

36 : full_adder port map(A(10),B(10),C(9),5un(10),C(10));
E full_adder port map(A(LL],B(11],C(10],5un(11],C(11]];
38 full_adder port map(A(12],B(12],C(11],5um(12] ,C(12]];
39 full_adder port map(A(13],B(13],C(12],5un(13],C(13]] ;
40 : £ull adder port map(a(14),B(14),C(13),5um(14),C(14))
a1 + full_adder port map(A(15),B(15),C(14),5un(15) ,Cout) ;
42

43 | end structural;

a1
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1 fbrary T
use EEE. 5TD_L0GIC_1164.AiL;

2
3

4 entity alu_lebic is
5 B pore (

6 A ¢ n $TD_LOGICVECTOR(1S downte 0):
7 | 5 in STD_LOGIC_VECTOR(1S downto 0)
°

sel in STO_LOGIC_VECTOR(1 downto 0] ;
s Result : out STD_LOGIC_VECTOR(1S downto D) ;
10 Cout ¢ out STD_LOGIC

1 )

12| end alu_lebit;

13

14 Barchitecture Structural of alu_lebit is

15

16 component rca_lebit

17 B Pore |

18 A :n STD_LOGIC_VECTOR(LS downto 0);
15 B in STD_LOGIC_VECTOR(LS downto 0] ;
20 Cin @ in STD_LOGIC;

21 Sun : out STO_LOGIC_VECTOR(LS downto 0] ;
22 Cout © out STD_LOGIC

23 )

21 end component;

25

26 signal B_modified : STD_LOGIC_VECTOR(LS downto 0 :
27 signal Add Result : STD_LOGIC_VECTOR(LS dowmto 0):
28 signal Add_Cout STD_L0GIC;

25 signal Add_Cin  : STD_LOGIC;

30

31 | vegin

32

33 -- For subtraction, complement B

ES B_uodified <= B when sel = "00" else

35 not B when sel = "0l else

36 (athers = '0');

E Add_Cin <='1' vhen sel = “017 else '0';

38 -- RCA perforns addition or subtraction

39 RCAL: rea lebic

w0 B pore map (

a1 A =,

42 B = B uodified,

43 Cin => Add_Cin,

a1 Sum > Add Result,

45 Cout => Add_Cout.

45 )

a7

48 -- Select the ALU operation

49§ process(a, B, sel, Add Result, Add_Cout]

s0 begin





