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80 - entity fulladder is
81 - port (a, b, cin: IN BIT; s, cout: OUT BIT);
82 - end fulladder;
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83 - architecture structural of fulladder is
84 - signal t1, t2, t3: BIT;

85 - begin

86 - t1 <= a X0R b;

87 - s <= t1 XOR cin;
08 - t2 <= t1 AND cin;
89 - t3 <= a AND b;

10 - cout ¢(= t2 OR t3;

11 - end structural;
M LTl el wriclked s L blo)l Cjsa K0 0 am g b Jloe I3 Ll
o S 0] ;}i Lol Y o o Sles oo oy p gl ool ool LS Jlae ol OVlasl g la s 5/ 0055 Lnn] G
AT LY oS oo obon) cond amee lan JEentity S0 jslae poge oS Cod comlee

12 - entity test fulladder is
13 - end test_fulladder;
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architecture tester of test fulladder is

component fulladder
port (a, b, cin:
end component;

IN BIT; s, couft: OUT BIT);

signal a, b, cin, s, cout: BIT := '8°;
begin

dut : fulladder port map(

a =» a,

b => b,

cin => cin,

s =» 5,

cout => cout);
a <= "1' after 100 ns, '68' after 200 ns, '1' after 300 ns,

'1' after 500 ns, '0' after 600 ns, 1" after 700 ns,

b <= "1' after 200 ns, 8" after 400 ns, '1' after 600 ns,
cin <= '1' after L4OO ns, '6' after 800 ns;

end tester;

ol ooy 03 )5] giluans (g3 ) wiged SO UL o

Q&.ﬁ\)guc‘jj‘)’.}c ‘sﬁjy];.ﬂl.kagaj;)gd&dg&c\ﬂ@%\.ﬁd\.ﬁtgd}m)

after 400 ns,
after 800 ns;

after 800 ns;

frest_fulladderfa
ftest_fulladder/b
Jrest_fulladdetfcin
Jtest_Fulladdert/s

Jtest_fulladderfcout

| wave 01-Fa.vhd
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entity fulladder is
port {(a, b, cin: IN BIT; s, cout: OUT BIT);
end fulladder;

a3 b3 al hi al bl al bl cin
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fadd fadd fadd fadd
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cout 53 52 =1 50

architecture structural of fulladder is
signal t1, t2, t3: BIT;
begin
t1 <= a XO0R b;
s <= t1 XOR cin;
t2 <= t1 AND cin;
cout <= t2 OR t3;
end structural;
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entity adderi4bit is
port (a, b: IN BIT_VECTOR(3 downto 8); cin:

IN BIT;

s :0UT BIT_VECTOR(3 downto @); cout: OUT BIT);

end adderbbit;
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architecture structural of adderibit is
component fulladdev port {(a, b, cin: IN BIT; s, cout: OUT BIT); end component;
signal t1, t2, t3: BIT;
begin
FAB: fulladder port map (a=>»a{@), b=>b(0), cin=>cin, s=»s(0), cout=>t1);
FA1: fulladder port map (a=>»a{1), b=>b{1), cin=>t1, s=>s{1), cout=>t2);
FA2: fulladder port map (a=>»a{2), b=>b(2), cin=>t2, s=>s(2), cout=>t3);
FA3: fulladder port map (a=>»a{3), b=>b(3), cin=>t3, s=>s5(3), cout=>cout});
end structural;

Zed e SO ol caiS e DIl oY Lol asms oy gl s ol sann, L 4 Su FoaiSaes 2l oS
oS oo Sl 3 53058 et @NTIEY S LS o)y amslel
antity test adderibit is
nd test adderibit;
o) Pl slazs > 5 oS Slml edSmen 6l ) el 5055 Sla i Al S b 0] B 0
.ru-n-l'lllo-;

irchitecture tester of test adderibit is

component adder4bit port (

a, b: IN BIT_VECTOR(3 douwnto 0});

cin: IN BIT;

s: OUT BIT_VECTOR(3 downto 8); cout: OUT BIT);
end component;

Sl LS b oS e bl 1) o] 5 aiged S0 aall 0) ee2,8 i i component S Glya |y o FoaSgex YL o5 0

(W*SHFJ)JQ)LJMJ&JM)Q I);)! J)S-Lo.ﬁ h&-ﬁg:ﬂL—lj@-‘-SJLQ-c1d!ddl‘]M

signal A_input, B_input, S _output : BIT VECTOR(3 downto 0};
signal C_input, C_output : BIT;

begin
P * a..\.._;fi-o.? j‘ -\.3.«;.1 -j.v °L7-.’.|
DUT : adderibhit port map ¢
a => A_input,
b => B_input,
cin => C_input,

s => S_output,
cout => C_output };

1509 ,8 s ._;LQ-JL'_?_“_..: JL@.:|

f_input <= "@161" after 160 ns, "0001" after 2606 ns, "1660" after 460 ns,
"1111" after 458 ns, "0111" after 550 ns, 0000 after 700 ns;

B_input <= "@811" after 158 ns, "0101" after 175 ns, 1180 after 228 ns,
1001 after 490 ns, "B111" after 500 ns, 0000 after 650 ns;

C_input <= *1' after 568 ns, '0' after 125 ns, '1' after 350 ns,
‘8" after 480 ns, 1" after 625 ns, '6' after 8606 ns;

end tester;
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frest_adderdbitfa_j...
frest_adder4bitfb_i...
Jrest_adder4bit/s_o... ) 1B [ FE = 1
Jtest_adderdbitfc_j...

Ttest_adderdbit/c_o...

@ Wave I 02 - 4bit Adder.vhd ‘
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entity fulladder is
port (a, b, cin: IN BIT; s, cout: OUT BIT};
end fulladder;
architecture structural of fulladder is
end structural;

:._.'—-:-.:-.‘ ¥ o..ljéc_? QJ; FEIY

entity adderkbit is
port (a, b: IN BIT_VECTOR(3 downto ©); cin: IN BIT;
s: OUT BIT_VECTOR(3 downto 8); cout: OUT BIT);
end adderhbit;
architecture structural of adderhbit is
end structural;

O-ITR SR UIL g P I e

entity adder_substractoribit is
port (a, b: IN BIT_UECTOR(3 downto B); mode: IN BIT;
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s: OUT BIT_VECTOR(3 downto 0); cout: OUT BIT);
end adder substractorsbit;

architecture structural of adder_substractoribit is

component adderhbit port (a, b: IN BIT_VECTOR(3 downto @); cin: IN BIT;
s: OUT BIT_VECTOR(3 downto B8); cout: OUT BIT); end component;

signal temp : BIT_VECTOR(3 douwnto 0});
begin

temp{B) <= b(8) XOR mode;

temp{1) <= b(1) XOR mode;

temp({2) <= b{2) XOR mode;

temp{3) <= b(3) XOR mode;

adder : adderibit port map (

a =» a,

b => temp,
cin => mode,
s =» s5,

cout =>» cout };

end structural;

Ol @y 2 (50555 Sl L 5 0 oo il | T )b b)) sl conl sos ) LL @ 005 Gyl gex (>ib 15 ) o
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entity test_adder_substractoribit is
end test_adder_substractorkbit;

architecture tester of test_adder_substractoribit is

component adder substractoribit port (a, b: IN BIT VECTOR(3 downto 8); mode: IN BIT;
s: OUT BIT_VECTOR(3 downto @); cout: OUT BIT); end component;

signal A_input, B_input, S output : BIT_VECTOR(3 dounto 0};
signal Mode_input, C_output : BIT;

begin

DUT : adder_substractorabit port map (
a => A_input,
b => B_input,
mode => Mode_input,
s => S_output,
cout => C_output };

A_input <= "M1111" after 50 ns, 1101 after 160 ns, 0111 after 220 ns,
"gee1" after 306 ns, 1010 after 450 ns, "0101" after 675 ns;

B_input <= "@108" after 100 ns, 1100 after 175 ns, 0101 after 300 ns,
"0011" after 350 ns, 1000 after 400 ns, 0000 after 450 ns,
"'ge10" after 5068 ns, 1110 after 575 ns, "0010" after 650 ns;

Mode_input <= '1' after 50 ns, '8" atter 133 ns, '1' after 207 ns,
"8' after 240 ns, '1° after 275 ns, ‘0" after 340 ns,
"1' after 460 ns, '0' after 475 ns, '1' after 550 ns,
8" after 600 ns, "1' after 650 ns, '0" after 750 ns;
end tester;
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Y=NOT(A) when

4
A +> Logic Unit —f',Lp Y mode=0"

else Y=AANDB

5 jeiws

Do sn VHDL 05 YL Jlas 6l )
(Test Bench) oo e VHDL o5 5l eslcll b cond lame SO Lol jlae (gl 7
VLY Tl 1) Lca._'J] ‘_qlLo-'l-"| Slalas 575 Diyge 3 g J.!L_A'S ‘) k_-r’L?r KUBEAY
S gjleans ModelSim jleslical LI, Lol> Jlae ¥
oS oo Latis (S5 3b) s 5 0055 gl ym om0 |y entity Lzl o jlop se Al amls a aalal o
entity logic_unit is
port (a, b: IN BIT_VECTOR(3 downto 6}); mode: IN BIT;
y: OUT BIT_VECTOR(3 dounto 0};
end logic_unit;

(osls aaled LS sz 0 2 VL aS L o) o jams) oS e colinnd anigd oSL oIl ) e T AL AL o el

architecture arch of logic_unit is
begin

y <= a AND b when mode='1' else HOT a;
end arch;
:rb-.:-'Sk_,-" alsw! u‘—?ifl’ T_"'L" =F 5598, éhb‘_jlj.b.) ‘_JLo.d c;';—r s laoms SO aaldl 30

entity test_logic_unit is
end test_logic_unit;

architecture tester of test_logic_unit is

component logic_unit port (a, b: IN BIT_VECTOR(3 dounto 0});
mode: IN BIT; y: OUT BIT_UVECTOR(3 downto 0};
end component;

signal a, b, y: BIT_VECTOR{3 downto 8});
signal mode: BIT;

begin

DUT : logic_unit port map
a =» a,
b => b,
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mode => mode,
Yy =>uy);

A input <= "1111" after 50 ns, "1101" after 160 ns, "0111" after 220 ns,
9861 after 3080 ns, "1010" after 4508 ns, "0101" after 675 ns;

B_input <= "6816868" after 108 ns, "11088" after 175 ns, "0101" after 300 ns,
08811 after 350 ns, "1000" after 400 ns, 0000 after 450 ns,
9618 after 560 ns, "1110" after 575 ns, "06168" after 650 ns;

Mode_input <= '1' after 50 ns, '0' after 133 ns, '1' after 207 ns,
‘8" after 248 ns, 1" after 275 ns, '8° after 348 ns,
'1' after 460 ns, '0' after 475 ns, "1' after 550 ns,
‘8" after 680 ns, 1" after 650 ns, '8° after 758 ns;
end tester;
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entity fulladder is
port (a, b, cin: INH BIT; s, cout: OUT BIT};
end fulladder;

architecture structural of fulladder is

end structural;

entity adderibit is
port {(a, b: IN BIT_VECTOR(3 downto 8); cin: IN BIT;
S: OUT BIT_UECTOR(3 douwnto 0); cout: OUT BIT});
end adderibit;

architecture structural of adderibit is

end structural;

entity adder_substractori4bit is
port (a, b: IN BIT_VECTOR(3 downto 8); mode: IN BIT;
s: OUT BIT VECTOR(3 downto 8); cout: OUT BIT);
end adder_substractoribit;

architecture structural of adder_substractorkbit is

end structural;

entity logic_unit is
port {(a, b: IN BIT_VECTOR(3 downto @); mode: IN BIT;
y: OUT BIT UVECTOR(3 downto @)});
end logic_unit;

architecture arch of logic_unit is

end arch;
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entity ALU 4bit is
port (A, B: IN BIT_VECTOR(3 downto 0); mode, operation: IN BIT;
¥: OUT BIT_VECTOR{3 downto 8); cout: OUT BIT);
end ALU_4bit;

S350s % w28 LAWY (g5 mmooe 3 23k, 2l ) dised Sy Al ool ) sse S ALY LB Bl

44

Dah e aiie OPEration
architecture arch of ALU_4bit is

component logic_unit
port {a, b: IN BIT_VECTOR{3 downto ©); mode: IN BIT;
y: OUT BIT_VECTOR(3 downto 8));
end component;

component adder_substractoribit
port {(a, b: IN BIT_VECTOR(3 downto 8); mode: IN BIT;
s: OUT BIT_VECTOR({3 downto 0); cout: DUT BIT);
end component;

signal ¥Y_logic , Y _arith: BIT_UVECTOR(3 dounto 0);
begin
Logic_part : logic_unit port map
a =» a,
b => b,

mode => node,
y => Y logic };
Arith_part : adder_substractoribit port map
a =» a,
b => b,
mode => mode,

cout => cout,
s => Y_arith };

y <= ¥_arith when operation="'8"' else Y logic;
end arch;
1) r’jy _;LQJLS“..: Q-‘ s r‘,.__f W"'lra s e SU a0l \_(P"'l)b ALU JJS.LQ.: R T _g"ﬁ as ol EX VI Q1 ;‘55 JL‘:-
i Silmdes e 0 b g > bl g oS Jlos!

entity test ALU_4bit is
end test ALU 4bit;

architecture tester of test ALU_4bit is
component ALU_4bit
port (A, B: IN BIT VECTOR(3 downto O); mode, operation: IN BIT;
Y: OUT BIT_VECTOR(3 downto 0}); cout: OUT BIT);
end component;

signal a_input, b _input, output: BIT VECTOR{3 dounto 8);

signal mode_input, operation_input, cout: BIT;
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begin

DUT : ALU_4bit port map

A => a_input,

B => b_input,

Y =» output,

cout => cout,

mode => mode_input,

85 sl 0550 ¢ b3 sal lllna ¢ 055 5 (sl ol e 4y s (Ll 35k

operation => operation_input };

a_input <= "1111" after 50 ns,

“1101"" after 168 ns, 0111 after 220 ns,

"peo1" after 360 ns, 1010 after 450 ns, "6161" after 675 ns;

b_input <= "9180" after 166 ns, "1100" after 175 ns,
“1001" after 350 ns, "1000" after 400 ns,
"pe18" after 560 ns, "1110" after 575 ns,

@101 after 360 ns,
"goee" after 450 ns,
"ge18"" after 650 ns;

mode_input <= *1' after 50 ns, '8 after 133 ns, '1' after 207 ns,
'8' after 248 ns, "1 after 275 ns, "0' after 340 ns,
1" after 400 ns, "0° atter 475 ns, '1° after 550 ns,
‘8" after 608 ns, 1" after 650 ns, 0" after 750 ns;

operation_input <= '1' after 100 ns, '0' after 208 ns, *1' after 300 ns,
‘8" after 490 ns, '1' after 500 ns, '0' after 600 ns,
'1' after 700 ns, '0' after 800 ns, '1' after 900 ns;

end tester;

Messages

frest_alu_4bitfa_input j0000
ftest_alu_4bit/b_input {0000

ftest_alu_4bitfoutput  |0000
frest_alu_4bitfmad...
ftest_alu_4bit/oper...
frest_alu_4bit/cout

obie 2 Sppm (s Gilote Sl dise S0
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entity D FF is
port (D, clk, reset: IN BIT; 0U: BUFFER BIT :="0");
end D_FF;

architecture bhv of D_FF is
begin

L P Y e LT '-.:.._,5),;_ L process So LJB o | Ol (L3,

3o 5w Gl cela b 2 10 (Gpmi) golasy STl e les (Clk) celo b Olpss 4 OMBCLLE !}'j'
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process {clk}
begin
if (clk'event AND clk='1") then
if (reset="1"}) then

g <= '8";
else
Q <= D;
end if;
end if;

end process;

end bhv;
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entity test D _FF is
end test D FF;

architecture tester of test D _FF is
component D_FF port (D, clk, reset: IN BIT; (: BUFFER BIT); end component;
signal d, clk, reset, q : BIT;
begin
DUT : D_FF port map {
D =>d,
clk =» clk,

reset => reset,
0 =>q };

d <= '1' after 40 ns, "0° after 110 ns, "1' after 175 ns,
‘0" after 270 ns, '1' after 330 ns;

reset <= '1' after 170 ns, '0' after 260 ns;
L S e 2ee adlalb O ) L 1) SWS Jode oS e oolina] Jlad aiem ag p S0 3l i cel b 23l el
00,8 e oleul adligh Ve Jljomp boele LS8
clock _generator : process
begin
wait for 50 ns; clk <= not clk;

end process clock generator;

end tester;

tle 2 Djpa (e Giletes 5l wse S0

Messages
frest_d_ffid
ftest_d_ffclk
ftest_d_fflreset
frest_d_ffiq

g Wave | [14] 07 - 4bkk Register.vhd |
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entity Reg_4bit is
port (I: IN BIT VECTOR(3 downto @); clk, reset, load: IN BIT;
Rout: OUT BIT_VECTOR{3 downto 08)});
end Reg_4bit;

sl eal aSlal il w618 L oLl andl as ol a5 gilae DBCLEF 5l s ¥ (2l) e

08 Uy )35 g _Do_. load_bar

load
X0 DO
D Q RO
X [ ) o)
X1
Ol o R1
I J Y1 c
X2 02
D Q R2
Iy ! Y2 c
X3
D3
D Q R3
Iv Y3 C

celo .»n"—{>

S3lse Load saSyl b anlen b

architecture arch of Reg_4bhit is
component D FF port (D, clk, reset: IN BIT; Q: OUT BIT); end component;

signal load bav: BIT;
signal R, D: BIT_VECTOR(3 downto 8});

begin
load _bar <= NOT load;
D{B8) <= (load_bar AND R{0)) OR (load AND I{6));
D{1) <= (load_bar AND R{1)) OR (load AND I{1));

D(2) <= {load_bar AND R(2})) OR (load AND I(2)});
D(3) <= {(load_bar AND R(3})) DR (load AND I{3)};
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B8 : D_FF port map ( D=>D(0), clk=>clk, reset=>reset, Q=>R{0) );
B1 : D_FF port map ( D=>D(1}, clk=>clk, reset=>reset, Q=>R{1) );
B2 : D_FF port map ( D=>D(2), clk=>clk, reset=>reset, Q=>R{2) )};
B3 : D_FF port map ( D=>D(3), clk=>clk, reset=>reset, Q=>R({3) );

Rout(8) <= R{0);
Rout (1) <= R{1);
Rout(2) <= R{2);
Rout(3) <= R{3);

end arch;
oS oo w2l ey oy g edaline 5 5055 JLRm Jlesl gl cnd Jaze S s o Slee Db gl sl o

entity test Req 4bit is
end test_Reg_4bit;

architecture tester of test_Reg_L4bit is

component Reg_kbit
port{I:IN BIT_VECTOR(3 downto 8); clk, reset:IN BIT;
R:0UT BIT VECTOR(3 downto 8));

end component;

signal i, v: BIT_UECTOR(3 dounto 0);
signal clk, reset: BIT :='8";
begin

DUT : Reg 4bit port map
(1 =>1i,
clk => clk,
reset => reset,
load => load,
R =>r });

reset <= '1' after 170 ns, '0' after 260 ns;

load <= *1' after 130 ns, '@" after 520 ns;

i <= "e1668" after 100 ns, 1106 after 17% ns, "0101" after 3600 ns,
"1001" after 350 ns, 10060" after 4860 ns, 0000 after 450 ns,
@018 after 500 ns, "1110" after 57% ns, 0010 after 650 ns;

clock_generator : process
begin
wait for 50 ns; clk <= not clk;
end process clock _generator;

end tester;
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Messages

B Jtest_reqg_4bitfi
- Jtest_req_4bitjr

< Jtest_reg_4bitfclk
< Jtest_reg_4bitfreset
< Jtest_reg_4bit/load
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library ieee;
use ieee.std logic 1164.al11;
use ieee.std_logic_unsigned.all;

bl std logic unsigned 4 BIT Glaw ol ) o8 o o lilll g S0 28l 0 5td logic a
SRl b b o2 )2 505 )5 (ooled 052 80) 10 o 00 jleds (i & aalsl jo allioe oodls g5 (0l b 52 5,5 sl oY &l
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entity counter Lkbit is
port (input: IH std_logic_wvector(3 downto B);
load, count, reset, clk: IN std_logic;

output: 0UT std_logic_wector (3 dounto B));

end counter_4bit;
23l e ] L) gjledan an (YU cemn®) s el Wl i 5 lds a8 R . e I WP L DN |
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architecture bhv of counter_4bit is
begin

counter : process (clk, reset)
variable temp: std_logic_vector(3 downte 6):= "0000";
begin

if {reset="1") then
temp := "0000";

elsif {clk'event AND clk="1'} then

if {load="1") then
temp := input;

elsif {(count="1") then
temp := temp + '1';

end if;
end if;
output <= temp;
end process counter;
end bhv;
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library ieee;
use ieee.std logic_1164.al11;
use ieee._std_logic_unsigned.all;

entity test_counter_4bit is
end test counter 4bit;

architecture tester of test_counter_u4bit is

component counter h4bit
port (input: IN std_logic_vector{3 downto 0});
load, count, reset, clk: IN std legic;
output: OUT std _logic_wvector(3 dounto 8));
end component;
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signal i, y : std_logic_vector(3 downto B8):= "0006";

signal clk, count, reset, load : std_logic:="8";

begin
DUT : counter_4bit port map

input =>» i,

output => y,

clk => clk,
reset => reset,
load => load,

count => count};

reset <= '1° after 75 ns, '0' after 178 ns, '1' after 920 ns.
load <= '1' after 280 ns, '8" after 3909 ns, '1' after 918 ns,
count <= '1' after 188 ns, '0' after 716 ns, "1’

i <= "0601" after 110 ns, "1101" after 266 ns,

clock
begin

wait for 50 ns; clk <= not clk;
end process clock;

. process

end tester;

85 sl 0550 ¢ b3 sal lllna ¢ 055 5 (sl ol e 4y s (Ll 35k

‘8' after 16816 ns;

‘8" after 980 ns;

after 848 ns;

"1111" after 525 ns;

ibioe 2) Dipe (s Sileae jl (Fend

| 4 Jtest_counter_sbitfi
| 4 [test_counker_ghbitfy

Jtest_counter_4bitclk
[test_counter_4bitfcount
ftest_counker_4bitfreset
Jtest_counter_4bitfload
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