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—— adder2.vhd

library ieee;
use ieee. std_logic_1164.all;

entity adder? is
port ( x, y : in std_logic;
s, ¢ : out std_logic);
architecture rtl of 2adder is

begin

s <= X XOr y,
¢ <= x and y;
end rtl;
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-- mux2l.vhd

library ieee;

use ieee. std_logic_1164.all;

entity mux?1 is
port ( a, b, s : in std_logic;
v . out std_logic);

end mux?21;

architecture rtl of mux?2l is

begin
process(a, b, s)
begin
if ( s ='0") then
y <= a;
else
y <= b;
end if;

end process;
end rtl;
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library ieee;
use ieee. std_logic_1164.all;

entity MUXZ?21 is

port ( a, b : in std_logic_vector(3 downto 0);
S . in std_logic;
y . out std_logic_vector(3 downto 0));
end MUX21;

architecture rtl of MUX21 is

begin
process(a, b, s)
begin
if ( s ='0") then
y <= a;
else
y <= b;
end if;

end process;
end rtl;
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1. VHDL o] ?

VHDL ( VHSIC ( Very High Speed Integrated Circuits) Hardware Description
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- Memory IC Type: MICOM, ASIC Memory, FIFO
- Logic Based IC Type: Gate Array, Embedded Array,
Standard Cell, Full-Custom IC.
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Fackage (optional)

Entity (design [/Q)

Architecture (design function)

) ) concurrent statements
Signal declaration

Component instantiation statern ent
Conditional signal assignment statem ent
Selected signal assignment staternent
Generate statement

Frocess statement

sequential staterments
“ariable declaration
Signal assignment
“ariable assignment
Procedure call

If, case, loop, next, exit return
Wait statement
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APA L g 27
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Configuration
Package
Package Body
Entity

Architecture
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library ieee;

use ieee. std_logic_1164.all;

entity mux?21 is

port (a, b : in std_logic_vector(3 downto 0);
S . 1n std_logic;
v . out std_logic_vector(3 downto 0));

end mux21;
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architecture rtl of mux21 is

begin
process(a, b, s)
begin
if ( s ='0") then
y <= a,
else
y <= b;
end if;
end process;
end rtl;

At AZF AH sk MUX212] of At}
o714 AsHA mt=2E AL Reserved word(d] 2ko])olt}, o]= VHDL F#& AF&3HA
T Al A Aok & ALFrolt)

library ieee;

use ieee. std_logic_1164.all;
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LIBRARY ieee;
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entity mux?21 is

port ( a, b : in std_logic_vector(3 downto 0);
S . 1n std_logic;
y . out std_logic_vector(3 downto 0));
end mux21;
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architecture rtl of mux2l is

begin
process(a, b, s)
begin
if ( s ='0") then
y <= a,
else
y <= b;
end if;
end process;
end rtl;
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( VHDLO| A}-23F £ (Altera VHDL Template)

1. Overall Structure

——  Context Clauses

—— Library Clause

-— Use Clause

—= Library Units

-- Package Declaration (optional)

-- Package Body (optional)

-— Entity Declaration

—— Architecture Body

- 11 -



2. Full Design : Counter

-— MAX+plusll VHDL Template

—— Clearable loadable enablable counter

ENTITY __entity_name IS

PORT
(
__data_input_name o IN INTEGER RANGE 0 TO __count_value;
__clk_input_name IN STD_LOGIC;
__clrn_input_name IN STD_LOGIC;
__ena_input_name o IN STD_LOGIC;
__1d_input_name :IN STD_LOGIC;
__count_output_name :OUT INTEGER RANGE 0 TO __count_value

);
END __ entity_name;

ARCHITECTURE a OF __entity_name IS

SIGNAL _ count_signal_name : INTEGER RANGE 0 TO __count_value;
BEGIN
PROCESS (__clk_input_name, _ clrn_input_name)
BEGIN
IF _ clrn_input_name = '0’ THEN
__count_signal_name <= 0;
ELSIF (__clk_input_name’ EVENT AND __ clk_input_name = '1’) THEN
IF __Id_input_name = 1’ THEN
__count_signal_name <= __data_input_name;
ELSE
IF __ena_input_name = '1’ THEN
ount_signal_name <= __count_signal_name + 1;
ELSE
__count_signal_name <= __count_signal_name;
END IF;
END IF;
END IF;
END PROCESS;
__count_output_name <= __count_signal_name;
END a;

-12 -



3. Full Design : Flipflop

-— MAX+plus I VHDL Template
—— Clearable flipflop with enable

LIBRARY ieee;
USE ieee. std_logic_1164.all;
ENTITY __entity_name IS

PORT

(
__d_input_name :IN STD_LOGIC;
__clk_input_name : IN STD_LOGIC;
__clrn_input_name : IN STD_LOGIC;
__ena_input_name : IN STD_LOGIC;
__q_output_name :ouT STD_LOGIC

);
END __ entity_name;

ARCHITECTURE a OF __entity_name IS
SIGNAL _ q_signal_name : STD_LOGIC;

BEGIN
PROCESS (__clk_input_name, _ clrn_input_name)
BEGIN
IF _ clrn_input_name = '0’ THEN
__q_signal_name <= '0’;
ELSIF (__clk_input_name’ EVENT AND __ clk_input_name = '1’) THEN
IF __ena_input_name = '1’ THEN
__q_signal_name <= __d_input_name;
ELSE
__q_signal name <= __q_signal _name;
END IF;
END IF;
END PROCESS;
__q_output_name <= __q_signal_name;

END a;



4. Full Design : Tri—State Buffer

-— MAX+plus I VHDL Template
—— Tri-State Buffer

LIBRARY ieee;
USE ieee. std_logic_1164.all;

ENTITY __entity_name IS

PORT

(
__oe_input_name o IN STD_LOGIC;
__data_input_name :IN STD_LOGIC;
__tri_output_name :OUT STD_LOGIC

);
END __ entity_name;

ARCHITECTURE a OF __entity_name IS

BEGIN
PROCESS (__oe_input_name, __data_input_name)
BEGIN
IF _ oe_input_name = '0’ THEN
__tri_output_name <= 'Z’;
ELSE
__tri_output_name <= __data_input_name;
END IF;
END PROCESS;
END a;

5. Architecture Body

ARCHITECTURE a OF __entity_name IS
SIGNAL __signal name : STD_LOGIC;
SIGNAL __signal name : STD_LOGIC;
BEGIN
-- Process Statement
—-- Concurrent Procedure Call
-— Concurrent Signal Assignment
—— Conditional Signal Assignment
-—  Selected Signal Assignment

-— Component Instantiation Statement

-— Generate Statement
END a;

- 14 -



6. Case Statement

CASE __expression IS
WHEN __constant_value =>
__statement;
__statement;
WHEN __constant_value =>
__statement;
__statement;
WHEN OTHERS =>
__statement;
__statement;
END CASE;

7. Component Declaration

COMPONENT __component_name

PORT(
__input_name, __input_name  IN STD_LOGIC;
__bidir_name, __bidir_name - INOUT STD_LOGIC;
__output_name, __output_name :OUT STD_LOGIC);

END COMPONENT;

8. Component Instantiation Statement

__instance_name: __component_name
PORT MAP ( __formal_parameter => __actual_parameter,
__formal_parameter => __actual_parameter);

9. Concurrent Procedure Call

__label: _ procedure_name(__actual_parameter, __actual_parameter);

10. Concurrent Signal Assignment Statement

signal <= __expression;

11. Conditional Signal Assignment

__label:
__signal <= __expression WHEN __boolean_expression ELSE

__expression WHEN __boolean_expression ELSE

__expression;

12. Constant Declaration

CONSTANT __constant_name : __type_name := __constant_value;

_15_



13. Entity Declaration

ENTITY __entity_name IS

PORT(

__input_name, __input_name o IN STD_LOGIC;
__input_vector_name : IN  STD_LOGIC_VECTOR(__high downto __low);
__bidir_name, __bidir_name - INOUT STD_LOGIC;

__output_name, _ output_name : OUT STD_LOGIC);

END __ entity_name;

14. For Statement

__loop_label:

FOR __index_variable IN __range LOOP
__statement;
__statement;

END LOOP __loop_label;

15. Generate Statement ( For Statement)

__generate_label:

FOR __index_variable IN _ _range GENERATE
__statement;
__statement;

END GENERATE;

16. Generate Statement ( If Statement)

__generate_label:

IF _ _expression GENERATE
__statement;
__statement;

END GENERATE;

17. If Statement

IF __expression THEN
__statement;
__statement;

ELSIF __expression THEN
__statement;
__statement;

ELSE
__statement;
__statement;

END IF;
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18. Library Clause

LIBRARY __library_name;

19. Package Declaration
PACKAGE __package_name IS
-— Type Declaration
—— Subtype Declaration
—-- Constant Declaration
—— Signal Declaration

—— Component Declaration
END _ package name;

20. Procedure Call Statement

__procedure_name(__actual parameter, _ actual parameter);

21. Process (Combinatorial Logic)

__process_label:

PROCESS (__signal_name, __signal_name, __signal_name)
VARIABLE _ variable name : STD_LOGIC;
VARIABLE _ variable name : STD_LOGIC;

BEGIN
-— Signal Assignment Statement
—-— Variable Assignment Statement
-— Procedure Call Statement
-— If Statement
-— Case Statement

-— Loop Statement

END PROCESS _ process_label;

- 17 -



22. Process (Sequential Logic)
__process_label:
PROCESS

VARIABLE _ variable name : STD_LOGIC;

VARIABLE _ variable name : STD_LOGIC;
BEGIN

WAIT UNTIL _ _clk_signal = '1’;

-— Signal Assignment Statement
-— Variable Assignment Statement
-— Procedure Call Statement

-- If Statement

—-— Case Statement

-— Loop Statement

END PROCESS _ process_label;

23. Selected Signal Assignment Statement
__label:
WITH __expression SELECT
__signal <= __expression WHEN __constant_value,
__expression WHEN __ constant_value,

__expression WHEN __ constant_value,
__expression WHEN __constant_value;

24. Signal Declaration

SIGNAL __signal _name : __type_name;

25. Signal Assignment Statement

__signal_name <= __expression;
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26. State Machine with Async. Reset

ENTITY _ machine _name IS

PORT(
clk :IN STD_LOGIC;
reset IN STD_LOGIC;
__input_name, __input_name  IN STD_LOGIC;
__output_name, __output_name :OUT  STD_LOGIC);

END _ machine_name;

ARCHITECTURE a OF __machine_name IS
TYPE STATE_TYPE IS (__state_name, __ state_name, __ state_name);
SIGNAL state: STATE_TYPE;

BEGIN
PROCESS (clk)
BEGIN
IF reset = '1" THEN
state <= _state_name;
ELSIF clk’ EVENT AND clk = 1" THEN
CASE state IS
WHEN __state_name =>
IF _ condition THEN
state <= __state_name;
END IF;
WHEN __state_name =>
IF _ condition THEN
state <= __state_name;
END IF;
WHEN __state_name =>
IF __condition THEN
state <= __state_name;
END IF;
END CASE;
END IF;
END PROCESS;
WITH state SELECT
__output_name <= __output_value WHEN __ state_name,
__output_value WHEN _ state_name,
__output_value WHEN _ state _name;
END a;
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27. State Machine without Async. Reset

ENTITY _ machine _name IS

PORT(
clk :IN STD_LOGIC;
__input_name, __input_name  IN STD_LOGIC;
__output_name, __output_name :OUT STD_LOGIC);

END _ machine_name;

ARCHITECTURE a OF __machine_name IS
TYPE STATE _TYPE IS (__ state name, _ state name, _ state name);
SIGNAL state: STATE_TYPE;

BEGIN
PROCESS (clk)
BEGIN
IF clk’” EVENT AND clk = 1" THEN
CASE state IS
WHEN __state_name =>
IF _ condition THEN
state <= __state_name;
END IF;
WHEN __state_name =>
IF _ condition THEN
state <= __state_name;
END IF;
WHEN __state_name =>
IF __condition THEN
state <= __state_name;
END IF;
END CASE;
END IF;
END PROCESS;
WITH state SELECT
__output_name <= __output_value WHEN __ state_name,
__output_value WHEN _ state_name,
__output_value WHEN _ state _name;
END a;
28. Subtype

SUBTYPE __subtype _name IS _ type_name RANGE _ low_value TO __ high_value;
SUBTYPE __ array subtype name IS _ array type name(_high index DOWNTO _ low_index);
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29. Type

TYPE __enumerated_type_name IS (__name, _ name, __name);
TYPE __range_type_name IS RANGE __integer TO __integer;
TYPE __array_type name IS ARRAY (INTEGER RANGE <>) OF __ type_name;

TYPE __array_type_name IS ARRAY (__integer DOWNTO __integer) OF __type_name;

30. Use Clause

USE __library_name.__package_name. ALL;

31. Wait Statement

WAIT UNTIL _ clk_name = '1’;

32. Variable Declaration Statement

VARIABLE __ variable_name : __type_name;

33. Variable Assignment Statement

__variable_name := __expression;

34. While Statement

__loop_label:

WHILE __ boolean_expression LOOP
__statement;
__statement;

END LOOP __loop_label;
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( VHDL2] 7] 24 el o2} MUX STD_LOGIC )

il

ojfl AR HE B dAE Fste] 7124 IrE 7 HEE syt B d
AE Sl A7l vt 39 28dS 7HAE AR Sa3 dojA L.
ex1) ex2)
—— =g 4 - =84
library ieee; library ieee;
use ieee. std_logic_1164.all; use ieee. std_logic_1164.all;
entity exl is entity exl is
port ( a, b, ¢ : in bit; port ( a, b, ¢ : in std_logic;
z : out bhit); z : out std_logic);

end exl; end exl;
architecture rtl of exl is architecture rtl of exl is
begin begin

z <= (a and b) or ¢; z <= (a and b) or ¢;
end rtl; end rtl;
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'"U’, -- Uninitialized

'X’, —— Forcing Unknown
'0’, —— Forcing 0O

'1’, —— Forcing 1

'Z', —— High Impedance
'W', —— Weak Unknown
L', —-— Weak 0

'H', -- Weak 1

r_r

—— Don't care
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ex3) ex4)

library ieee; library ieee;
use ieee. std_logic_l1164.all; use ieee. std_logic_1164.all;
entity mux41 is entity mux41 is
port ( a, b, ¢, d : in std_logic; port ( a, b, ¢, d : in std_logic;
sel ©in std_logic(1 downto 0); sel : in std_logic(1 downto 0);
v : out std_logic); y : out std_logic);
end mux4l; end mux4l;
architecture rtl of mux4l is architecture rtl of mux41l is
begin begin
y <= a when ( sel = "00" ) else with sel select
b when ( sel = "01” ) else v <= a when "00",
c when ( sel = "10” ) else b when "01”,
d when ( sel = "11"); ¢ when "10",
end rtl; d when "11";
end rtl;
exb)
library ieee;

use ieee. std_logic_1164.all;

entity mux41 is

port ( a, b, ¢, d : in std_logic;

sel : in std_logic_vector(l downto 0);
v : out std_logic);
end mux4l;

architecture rtl of mux41l is
begin
process(sel, a, b, c, d)
begin
case sel is
when "00" => y <= g
when "01" => y <= b;
when "10" => y <= ¢,
when others => y <= d;
end case;
end process;
end rtl;
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( 23 B33 Mux )

19 2-way 4X1 MultiplexorE 3 W AAS RAL. 284z 49 47171 27k 2]
Eo|3, £d%Ho] 2HEE A3+ ﬁﬁqt} 183 4-way 4X1 MultiplexorE 3 ¥
222 AAG BAL. oA HAAR

—— 2-way 4X1 Multiplexor —— 4-way 4X1 Multiplexor
library ieee; library ieee;
use ieee. std_logic_l1164.all; use ieee. std_logic_1164.all;
entity mux4l is entity mux4l is
port ( a, b, ¢, d : in std_logic_vector(1 port (a, b, ¢ d : in std_logic_vector(3
downto 0); downto 0);
sel : in std_logic_vector(l downto 0); sel : in std_logic_vector(l downto 0);
v : out std_logic_vector(l downto 0)); v . out std_logic_vector(3 downto 0));
end mux41; end mux4l;
architecture rtl of mux4l is architecture rtl of mux41 is
begin begin
process(sel) process(sel)
begin begin
case sel is case sel is
when "00" => y <= & when "00" => y <= &
when "01" => y <= b; when "01" => y <= b;
when "10" => y <= ¢; when "10" => y <= ¢
when others => y <= d, when others => y <= d,
end case; end case;
end process; end process;
end rtl; end rtl;

ool A std_logic> nine valuesE 7}FAal uhal Gy 7190 dy7p?
OAE ol &3tz gHol 4HE] 6719 S 7K MUXE g9l AAS A th
o] 7o o] AL MEst= Select WA= 3747E o oF dFA %,
a3 o] e/ide R 2709 @A don’t care® M@ dk zlo] @ldtAlz. F don't
carez A& A3+ FYrh 22X A =Z don't careZ A 2] A )
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exl)
library ieee;
use ieee. std_logic_1164.all;

entity mux4l is

port (a, b, c, d, e, f : in std_logic_vector(3 downto 0);

sel . in std_logic_vector(2 downto 0);
v . out std_logic_vector(3 downto 0));
end mux4l,

architecture rtl of mux41l is
begin
process(sel, a, b, c, d, e, f)
begin
case sel is
when 000" => y <= a;
when 001" => y <= b;
when "010" => y <= ¢;
when "011” => y <= d;
when "100" => y <= g;
when "101" => y <= f;
when others => y <= "-——-";
end case;
end process;
end rtl;

a8 A EEe) W8S glA 2. Architecture Body 9] whx] 2 F& ol FosiA BHAA L.

7"

when others => y <= "-——-"

ve &9 grog HYE Aol Y ———- 7 o]x] 2. o]A o] don't careR A3t AYYrh
std_logic®] nine values 2] 3d}1}9] don't care$d Y tt.

"U’, —- Uninitialized 'X', —— Forcing Unknown

'0’, —- Forcing 0 '1’, —- Forcing 1

'Z', —— High Impedance 'W’', —— Weak Unknown

'L, —— Weak 0 'H', —— Weak 1

r_r

—— Don'’t care

= o

o] nine values™ Standard Libraryol] g2 H o] JFUY. BE golrdy gIadegy]E ¢

B stdl164.vhdehs o] hsuyth o Holl Aoy dFUth

library ieee;
use ieee. std_logic_1164.all;
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ex2)
library ieee;
use ieee. std_logic_1164.all;

entity mux41 is
port (a, b, ¢ d : in std_logic_vector(3 downto 0);

enable : in std_logic;
sel : in std_logic_vector(l downto 0);
v out std_logic_vector(3 downto 0));
end mux4l;

architecture rtl of mux41 is
begin
process(sel)
begin
if (enable="0") then
case sel is
when "000" => y <= a;
when 001" => y <= b;
when "010" => y <= ¢
when others => y <= d;
end case;
else
y <= "0000";
end if;
end process;
end rtl;
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o

if-else < Uo7 22 JHE
if ( =7 ) then

TAA;
else

T34

end if;

if-else 7H< =280 2 322 =Xl Process woillA AU, 523 A3t
JU ot <dole] o= Fas A obdynrt Ar|7E B 8k
el Az 5 =

Enable 2157} 12 00002

glol B2 #]o A= SymbolZ o] loerm=w Wit Al 1 FEE welrlol A% VHDL
ANA = A7) Al 2 Z9 S ¥ F Advke A BAE] & AU Th
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£ & Decoder?} Encoderdll tisir Lolrr|Z sAEY 7|5S 223 A oxg
2] 325 xRV dolR AV E vigy U

ex3) 2-to—4 decoder

library ieee;

use ieee. std_logic_1164.all;

entity decoder is

port ( a : in std_logic_vector(l downto 0);
d : out std_logic_vector(3 downto 0));

end decoder;

architecture decoderl of decoder is

begin
process
begin
case a is
when "00” => d <= "0001";
when "01” => d <= "0010";
when "10" => d <= "0100";
when others => d <= "1000";
end case;

end process;
end decoderl;
decodergt= M2 Yz 23 E One-hot Coding©|dt+= 7Id 3 H|

A71E AAAT Performances= 5713 ot AES &+ IS AJYLL

M
et
por
o
i
ui
1Al
1o

P

a2

architecture name©] Y} entity name©| reserved word®} o]&o] dlol dtthi w2 =g XA
2. 1% reserved worde oW FHo] Q=X A E AT

abs access after alias all and architecture array assert attribute begin block
body buffer bus case component configuration constant disconnect downto else
elsif end entity exit file for function generate generic guarded if in inout
is label library Ilinkage loop map mod nand new next nor not null of on
open or others out package port procedure process range record register
RAM report return select severity signal subtype then to transport type
units until use variable wait when while with xor

ZF AL =S F5 AEo] XA Q. entity name©|Y architecture name®] ¢ o]&
S 7FAWA ¢F "Ave %ol andT ¢F HAIY andle ©E oHE JHAER s sh Al
el Y& 2E8A oA W&o ofyuz 1 dojyth Encoderel] thaiAl dobEAl
=



ex4) 4-to-2 decoder
library ieee;
use ieee. std_logic_1164.all;

entity encoder is
port ( a : in std_logic_vector(3 downto 0);
z . out std_logic_vector(l downto 0));

end encoder;

architecture encoderl of encoder is

begin
z <= "00" when a(0) = '1’
else "01” when a(1) = '1’
else "10” when a(2) = '1’

else "11";

end encoderl;

o714 a(0)ehar ke A

2 8 arl 4u|Eo|n=R 4ulEC] LSB(H39 ¥E)E il A
YUtk a@@)eletir grpd MSB(HAS HIE)E #ate AU o] &2 SHollA b
Aol A= 719star dFU7? Concurrent oA A& EH & o]l koA AW =
BAL. =g 32 7]2AQ Aol flod oy AF AA AWt dE wEe )
7 3E AU FE3sivha =7 1”4 ThA] A 2B Al Q. A3 =2 w7t obgduyd. <
oZE YR B Fo| ol FYTh A7F AAl o)A thE A= REAAR dH=d 7t
A= 8 JFAITH AAEE 7EA A L

_35_



( Increment, Decrement, H|X AP 3T )

252 Increment, Decrement, Hl|3 A%t 32 tsjr] dolr7|ZE sAFYTh
Increment™ 9SS $od +18 A o= YWHE AYUrh A ALUS 75 2

FEA Sz s RAGYH 2HS dETolok A S Ve Wil A

N l‘U[O

25l M &Ytk Decrements L Wl -19] 7]%S Fa3Urh o & Sx4A ¢]go] 30
3 7F43HHE Increment 45 £9 ¥ Fo]il, Decrementt 25 &% YUl wlav]=
ksl daE 2 dEES HluskE AR % ¢33 Folil b

exl)
library ieee;
use ieee. std_logic_1164.all;

use ieee. std_logic_signed. all;

entity inc is
port ( pc_in : in std_logic_vector(4 downto 0);
pc_out : out std_logic_vector(4 downto 0));

end inc;

architecture rtl of inc is
begin

pc_out <= pc_in + 1,
end rtl;

A7 ML A3} HP& 2T HRBA

Marme: Yalua: ’L QDD.$HS A00.0ns BO0.Ons B00.0ns
&= pc_in B 00001 00000 ooam X 00011 X 11111 X 00011
== pc_out B 00001 ooam ;K 00010 X 00100 K 00000 X 00100

g=o] 0, 1, 3, If, 322 Hof JFU FFS #FT o TA g He BRE 7Y 9
S o Ay Rolol gt SHIE Ql¥olm g OhollA 1fh7hA] E5F rujHofop apA|qk AL
a7l og& adE AR E B g gYo] v F e FES BT A
ok vk 2gar o] 9ol & F A= delayehe S =2 FUF A& 1E
o] 4HETL oy gt SH]ERQIZE? o] FHof tisfA urolop & ]It Intel®] 7]
U E Ut 18 o] SYEE 4H|E 7 77 BEojA RUIEE o] F=
S Sl E SHIES Fzte] Ayt ofreA HW 11111¢] J#HYYL. &9
0000022 e} AT e @ 2 1000000] 2 AJYh 18H o EF

Ly
oo R rlo 2 U o 12

o
)
=
[m
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AoshA] =k d= FES T 5 AL AYJYLE 23y dE FlagolA o] #S A=
A carry® L #HS B AJUT AFS dEA SRE 49, SHIE &8 olE A Fof
Qlg o] 4| E Fg o] 4n]EQ] ﬂi“ AAT AYYh 1

AA T thgoll Ay E ALU A
] = W& Signalelgte RS o] &3}
A 2 AJYre

A E AdUdh WF A28 v, v A3kl uls-

7 A AEHA ge TR gL,
use ieee. std_logic_signed. all;

AH&38E= Values7t signed #& ARESUE ondyn. o7 = 2%A 2 onl= AR
unsigned #< AFSSHOHH el gl &,

&2 Decrement 3|2 & o3 E718.
ex2)
library ieee;
use ieee. std_logic_1164.all;

use ieee. std_logic_signed. all;

entity dec is
port ( pc_in : in std_logic_vector(4 downto 0);
pc_out : out std_logic_vector(4 downto 0));

end dec;

architecture rtl of dec is

begin
pc_out <= pc_in - 1;
end rtl;
+ - 715 s urd gy,

N%E
a9 Adyes ged gy

qHeF signed package’b §ith¥ o9 A EF Y72

220.8ns

]
Name: Valle: L 200.0hs 400.0ns BO0.Ons 800.0ng
&= pe_in BOooot | 00000 I D
5 pc_out B 00000 11111 00000 X 00010 X 11110 X 00010

—— use leee. std_logic_signed. all;
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FHor A ¥ HAALS HEAL. 27t AG9A Yo eA?

ex3) less than ¥l A4k 3|2
library ieee;
use ieee. std_logic_1164.all;

use ieee. std_logic_signed. all;

entity less is

port ( a, b : in std_logic_vector(l downto 0);
z : out std_logic);

end less;

architecture rtl of less is
begin
process(a, b)
begin
if (a < b) then
z <="1%
else
z <= "0
end if;
end process;
end rtl;

F3 Bl V]S Bt less than®t 7127 old A ZAxQ. oy WIS

if (a < b) then -- b7} a®vt} =AGA

if (a > b) then -- a7} bR} A}AE

if (a <=Db) then -- b7} a®t} =AY Zhd
if (a >=b) then -- a7} bR} IAAY Zd
if (a = b) then —- a%} b7} Zgd

if (a /= b) then -- a%} b7} X ¢gHA

& 2 aBoRA 69 gug WAT + dFUTh
B Qe 99 67h Fuguth F83 29 gk 9 AW,

e pasl BRAsU A% F S

" AJueh
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( DFF2} latch )

S AY WA =g 32X AND, OR, NOT AlEES WA w9 1 tgol
NAND, NOR A°]EZ #]$-A Hutk AND, ORY 7]%5< 7F<H NAND9 NORZ AH
a7] |71 &g

ey A IR AE 2 Rl obdyrh 32 HAsHE o] F7] 934 = ANDY OR
Hth= NANDSF NOR Al°lEE 7FAaL AAlsks o] 7 HA 3 Ho e 3=y
YA 3|z el EH, PNP Junctiono] Al NMOS9 PMOSE 7HAaL AAE + U=
744 7189 de)7} Nand, Nor AlolEQUTH(RA A3 2714 Awald vy zlo] Holrtok
o FrdstAl AWstAEFUTh Tad Hol Ade FAHIERE FHI}= Aol =gl #H
AUt} Spice ToolS ©o]&3te] 773k Layout AAE @A A & AYYrl) NAND A
°]E and Al°lEd not AlPJEE &jA HAZ s =zlyrh 18y NAND, NOR, NOT
7F g Ze] 7]E9Yrh NANDY 29 PMOS F /& ¥HE=2 dZ33 NMOS + ME A
g2 73 Ze] NAND s|=z9yr) #Fu=z =i dA e 7182 Layout #4944y
thoufe] AW Zgo]l @ Aolg AL EAY AZto] ®o] AdAuE Aol wEd

th(?) 19 ASIC AACNA 7Hd 71&4 o= dotof st

= AL Eod72? olvlx DFF
olebi A AZE vl oAl AAAY QA BrEAFUT R R A
AZL YR o Re AAA QAN BE AL AZen AAS dof FUT. =0

Aeluzt He AU Fwgz,

Yol 744 Foasl AzElol sk Factor’l ¥l ZHA flgudh ofd o Be 4%

AARE 71221 47FA] 7 gy 1 Foll g 71?1 Area(yield and packaging cost)

=AZE AUtk L EAF e 3'2 WA o] AA A shE DFFS o]§shs AP

a3 A4 VHDL ZYS 3d HadS il synthesis®E 3tal YA logicl® 7dH AA%=
B vre 228 DFFez dAE AL #4938 5+ S AdUn. As 249 & 24

of At AAA arefsfor & 47bx] 240 disiA AW = vEd gEyth

€ Performance :

o

— Delay and cycle-time.

— Latency.

— Throughput ( for pipeline application).
€ Area ( yield and packaging cost).
€ Testability

€ Power
7] VA AR gojm Az thE Abgd Al disiA oo & dthd JojE EEe
slo] of&. b Aol Aol ojuwl? i EAl= &S AYYd. “Performance’} o w|?
“ghar A4 9o Awe ool Yoyt HW Al AU 1 WE 7] diskAl 8.
a8 e &7t obd A A FE Fe T AS A

Ak AlZroll DFF# latchol] zbololl thafiA] ot gduvte. FA#d tixtojv= A A &
oFg Aoli, A& AtEe 1 UidE Az ey o) gEdk o|EoA o= o]t

Avks AL gotol Funh awE 32 AAANY] 95 S VA S AdFUTh
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%3 32 (Combinational logic)
e 3z I: 5718 <A 3 & (synchronous)

A B2
(Sequential logic H&5718 <A 3 & (Asynchronous)
o] AZbS oldfietr] fsiA = 3 FETF Fololal A IE7F FAARIA dolol
Inputs : Combinational > Outputs
Circuit
z3 swe By Ax

I t —_—> > Outputs
nputs Combinational

—S Circuit Memory

elements

= FEE T

2% 32 g9 AZHAA EFo] oA i d= #AAQC] AA H4 A

5E AY 2A4He =32 2. v A I RE F8He

o] 719 el E vtA Av. F A 329 §1=", F9 ¥ g e Az

2 —’LFHEH ARG, A Sed X3 =g AUt F¥o] He Aol 0}143} | 5.2
2ol A= = WEtE o] Al 2§ =2 AZE Ay o] FEHE Aoth

oJ AL thA] F IHARE UrolXith 28 HAUF 5ojo s A FAA Y AsrREY 1

s Aed Qv Alzdlo]l  F7]¥(synchronous) A =g 3|2olth. B F7V]3

(Asynchronous) A 3= 42 ¥ A57F ®glste &Ad we dAlgE J3FS

S T Uk

Flip-flopelt latcht one-bit #l® 2] AAPUrh o] A= A =3 22o]= 7]

al

>
of

iz 08‘,

o] 228 ZYZFolgta 3l FFS edge-triggered memory devicedtil &t} o] &
< EHEFY e o9 Az #A ¥kl wEt vp# ] diiE gtk =380 9
4 W3 E EY A (trigger)BFil Yttt FFE &3] dA2gHe s gy}

H 5714 ¢4 3 ZoAs 28 F2E ARESHA etk Bls7|A A 3R A9 719

AARE FYo] gl ZHEF(atch) ol AY Al AA A A (time-delay element) & A}-& 3t
th o HlE7]1A A 32 AAE Eold FA wiEel AAVE 9 oy Ey
latchT™ level-sensitive memory deviced Ut 1 &2 &8-S AFE3FR] 7] &,
o] WslEl= FA| Alz=glo] A7 WEtd 4= QA wojof b= fEolx

Zelo] g B4 Azdel dF Wol mgS Zolx, WE/Y AZAAE WE 5

r
_ld
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=7 o7 W A4S dF SA4W 1 AAe S99 2
9 2] Azwze] WA WEAY 2R ool Aok gt
A% AzsE AR ARAE B4 ARot B S4E 2t BFE A2
AR Gk,

a3 s el B4 £4 AR AgHE 719 24t FASF S, WF
N4 #A Bz AgHE 719 A A AUk TRAFFE o] U, AXE 2
gol Ytk F @A MPHE B2 AL Azre) WAF FTARF T AAG@
T

o _11.),

A
o
kD
N
l
i
N

™

dgo] Hed Hes =3z 49 AAl

3
ShA AL v A S A 7 = S AYYTh  httpy/www.actel.com

S5 dA= EF DFFez 73d dAdUY e SHEFeE 782 ofvt 95 AY
o AAE 98l 1w ey JKFF, RSFF, TFF 5§ Td3staa 3t Logicol A
AAE AL ol &stAH H AdYTH
ex1) Rising Edge Flip—Flop ex2) D-Latch with Data and Enable
library ieee; library ieee;
use ieee. std_logic_1164.all; use ieee. std_logic_1164.all;
entity DFF is entity d_latch is
port ( data, clk : in std_logic; port ( data, enable : in std_logic;
a : out std_logic); y : out std_logic);

end DFF; end d_latch;
architecture behav of DFF is architecture behav of d_latch is
begin begin
process(clk) process(enable, data)
begin begin

if (clk='1" and clk’ event) then if (enable='1’) then

q <= data; y <= data;

end if; end if;
end process; end process;
end behav; end behav;

AR 7L FdskE. process woto] AndE Fdo] YT L.
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if (clk="1'" and clk’ event) then
q <= data;
o] T2 oW oud7te? THEFAA
eventE ©]-&3A FeAAE £d
O 1 W sHR e A& E st
if (clk='0‘ and clk’ event) then
q <= data;
Ae AL o]AEolUla. v AR HolZkA Hell A¥E vl =718

2
2
o

E
sl
g o

Marme: walue: J‘ 200.0ns f 400.0n= BO0.0Ons 300.0ns 1.
i clk 1]
= data 1 | | | L

- ¢ 0 |

SRl wEel 2ol el Wk FYo) Watks AL % + Awdd
=
Mame: “alue: L 200.0ns 400.0ns B00.0ns 800.0ns 1.0
i | = | 1 1 1 1
= ehahle

= data | |

—

o

A

|
U,

m&

dAAE Qo] wa gro] WATE AL X 5 A A

adol 2w A HolA @=dH Fold BAE 2 AJYh

ex3) Rising Edge Flip-Flop with Asynchronous Reset
library ieee;

use leee. std_logic_1164.all;

entity DFF is
port ( data, clk, reset : in std_logic;

a : out std_logic);
end DFF;

architecture behav of DFF is
begin
process(clk, reset)

begin

- 42 -



if (reset='0") then

q <="'0%
elsif (clk="1" and clk’ event) then
q <= data;
end if;
end process;
end behav;
AWE Aol e, E agEd

data — — q

clk —

T

rezet

ZEYUY. ot reseto] 0¥ o

=g
=2 H
< reseto] 1 wWigtal oS 7HAE 2 99 19S

ex4) Rising Edge Flip-Flop with Asynchronous Preset

library ieee;

use leee. std_logic_1164.all;

entity DFF is

port ( data, clk, preset : in std_logic;
a : out std_logic);

end DFF;

architecture behav of DFF is

begin
process(clk, preset)
begin
if (preset="0") then
q <=0
elsif (clk='1" and clk’ event) then
q <= data;
end if;

end process;

end behav,

C ddojol A if-else TFHo] Y%, oA
else if a1 2X]qt VHDL A = elsif
2 Ao Ay if 5 &9 if §o

3
2

preset j}

data —] — q

ol —

A A Mz e C Qdofel A
i #Uth e dlofst By Fosha .
A%AA B2 5 AUtk uFe] dANA =

_43_



ex5) Rising Edge Flip-Flop with Asynchronous Reset and Preset
library ieee;

use leee. std_logic_1164.all;

entity DFF is
port ( data, clk, reset, preset : in std_logic;

a : out std_logic);
end DFF;

architecture behav of DFF is
begin
process(clk, reset, preset)
begin
if (reset="0") then
q <="'0%
elsif (preset="0') then
q <="'0%
elsif (clk="1" and clk’ event) then
q <= data;
end if;
end process;

end behav,

Asynchronous Reset and Preset2 AlA®lo] AT = & o= AS &3 9gojof
gt t}. Asynchronous Reset and Preset® .t} Synchronous Reset and Preseto] ¢t
AAolE= AS &ar Jdojof Y. g Al #sH Asynchronous ResetS F2 o #
Aglel Reseto] 10 RE S FA A7= 76S Y. 2Z2AT A29 3] A
Aloll = Asynchronous Reseto] © o] Alg5351 g5y},

ex6) Rising Edge Flip-Flop with Synchronous Reset
library ieee;

use leee. std_logic_1164.all;

entity DFF is

port ( data, clk, reset : in std_logic;
a . out std_logic);

end DFF;
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architecture behav of DFF is

begin
process(clk)
begin reset
if (clk="1" and clk’ event) then :
if (reset='0’) then gnd —
q <= '0" data —
else clk
q <= data;
end if;
end if;

end process;

end behav,

Synchronous ResetS AH&32 =2 A4 QPG A Q] 3|2 o] %,

ex7) Rising Edge Flip—Flop with Synchronous Preset
library ieee;
use ieee. std_logic_l164.all;

entity DFF is

port ( data, clk, preset : in std_logic;
a : out std_logic);

end DFF;

architecture behav of DFF is
begin
process(clk)
begin
if (clk="1" and clk’ event) then
if (preset="0") then

q <=0
else
q <= data;
end if;
end if;

end process;

end behav;
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ex8) Rising Edge Flip—Flop with Asynchronous Reset and Clock Enable
library ieee;

use leee. std_logic_1164.all;

entity DFF is

port ( data, clk, reset, en : in std_logic;
a . out std_logic);

end DFF;

architecture behav of DFF is
begin
process(clk, reset)
begin
if (reset="0") then
q <=0
elsif (clk='1" and clk’ event) then
if (en ='1") then
q <= data;
end if;
end if;
end process;

end behav,

Asynchronous Reset? Clock®] Enable € W data®] A% Fto] q& assign ¥+ AYY
th 3 7HA dAE 4 S5t W7 VHDLS 333 Wl Wi g 25 A
HE T Adue ool AdFYh SErt AAg s2E golBy gl Al 1AS &Y
€% 4% dsYth REUSE 7@ 197} VHDLY Y.

ex9) D-Latch with Gated Asynchronous Data
library ieee;
use ieee. std_logic_l1164.all;

entity d_latch is .

port ( data, enable, gate : in std_logic; s :
q : out std_logic); data :]:"]_ |
end d_latch; gate r
enable
architecture behav of d_latch is

begin

process(enable, data, gate)

_46_



begin
if (enable='1") then
q <= data and gate;
end if;
end process;

end behav;

ol AL glal 9 o] Wate AS FAlsl Ay
W3k Aol ol et enableol 191 g oA datas} gate
= AlEdold ZddA & AR RIS vy

445 Uns

[ |
Mame: '__\f’alue: l 200.0ns ADD.IDnS E00.0ns 800 .0ns 1.0

= data 1 |
- g LT 1T 1T L
= 0 1 —‘

ex10) D-Latch with Gated Enable
library ieee;

use ieee. std_logic_1164.all;

entity d_latch is

port ( data, enable, data : in std_logic;
a : out std_logic);

end d_latch;

architecture behav of d_latch is

begin
process(enable, data, gate)
begin
if ((enable and gate)='1") then
q <= data;
end if;

end process;

end behav;

it % kel ol® o] MakEA F mw B AUtk 1 dolgrh
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ex11) D-Latch with Asynchronous Reset
library ieee;

use ieee. std_logic_1164.all;

entity d_latch is

port ( data, enable, data : in std_logic;
a : out std_logic);

end d_latch;

architecture behav of d_latch is

begin
process(enable, data, reset)
begin
if (reset="0") then
q <=0
elsif (enable='1") then
q <= data;
end if;

end process;

end behav;

2 SHEFS dAd e Lopr sk
2ol e wAl @ ddE 7137 e

Astt mw o to)et 44
52 APuan =Y v,

Arhebn A% AAHAEA AR AN wAE Ao vleld] e ¢
BHEHAT A7) A nRe] =Y WS Adm 94 mHAe

_48_

#UTh SUE A 2EE A

s A P 8 oA

% 7%5& HAE QOB o Ao A Foltol
€]

AUk Aol =



( VEDLS] xtE 3z AR )

VHDL® A=3d3 AAF, Signal®} Variable?} Constantol] thalA =4 2 AJY
t 2= WM& 2> VHDLY AudH AAIAY ol A7FA = std_logicH bit_logic L
231 Array?l std_logic_vector ¥Hg #jHFUTh thE QdojEx ¥ VHDLE B2 A3 S

AEF & P

VHDLAA A53 Arbe w9 A48 Fojd Asgo wah A8 = v A4t

T3 2z AolwojoF gt} §HA 7] (synthesizer)ol Wl M2 A Qs dHlolEdo] tE
HDL Z2x Alole] TdhAdo] 42e HAE doyy B A5y Wk 59 g

Wol EAEHAl "k olH g S HZAsH] flste] 87d IEEE 1076 VHDLS

| o] 1991 d ) IEEE 116424 tiAd 3 ze] A 7153 A5 g it TFo] A

ol o]2%l ) IEEE 1164+ tYX¥ 32 djsto] 9 7FA] gh(standard 9-valued logic)

b= ol & “std_logic” & Aee4aL, o] IEEE 1076 ¢ “bit” dS g3 A

o|t}. IEEE 107691+ VHDL®S] dojo tist &2 ofge doly e H z2+E Aile o

ol AsfA vk IEEE 107601+ HAE 329 HE(bit) 3 A4+ H AT

s°] Aem o5 bhite}t FFHo] FA 7hs s

IEEE 11642] “std_logic” < bite] ‘1" 3 0" ]9 Pull-up, Pull-downol] 333}

‘H (Weak-High), ‘L’ (Weak-Low)Z} ‘Z’ (high-impedance), ‘U’ (uninitialize),

‘X" (unknown), ‘- ‘(Don’ t care)sS Aol TLo=M tAY |2 FAER of

Yl Al2zEl Qe glo] 2o gt wieE 3] FAT

N

o] il

Om:<
i

of

ofl ot
-

S gojiy AYE 712, VHDLAA signal, variable, constant 53 #o] ojwdt zt
= A= AL AA(Object)BFal &b, ZE objecti= data type2 ztE=th. 2t object”}

ata type= Al Ed o)A E=Fols Welx &= A F(static) o]t

N
)
D)
rir
Q.

o

signal a, b : std_logic;
AA AA AA Z} 5 g (data type)

-1 VHDLOI A AF&3k= 37FA AA ol diaid WA Ao Ao
1. Signal(31 %)
ex) signal a, b, ¢ : bit;

c <= a and b;

2. Variable(A %)
ex) variable temp : bit;

temp = a and b;
3. Constant(Z5)

ex) constant pl : integer := 314;

g9 Al 7 ARG vhg Mgkl AASA FA B
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a7 vhge ofd dleld Bhgle] QA ofr] @l w ALk

—— Scalar Types
VHDL Data Types
Enumeration Type
Integer Type

Real, Floating—Point Type
Physical Type

{ Array Type

Record Type
1. € A48 (Enumeration type )
7182 o7 VHDLoA AFESt= iR A58 girE dA438 (enumeration type) ©]

t}. IEEE 10769 standard packaged] A ¥ o] d+= EAHY & 5 vS3 2

type boolean is (false, true);
type bit is ('0’, '1");

IEEE 1164°) std_logic v #Zo] dAFo =z o= Q.

TYPE std_logic IS ( 'U’, 'X’, '0’, '1’, 'Z’, "W', 'L, '"H’, =" );

U 27185 A 282 A Hl(Uninitialized) & €W ‘X' Unknownl. .24 TlX€ Zt
ol TE T 2L d¥ FEHE deido 00 7 1 gAE el sidste 'Z'E High
Impedance, ‘W', ‘L” , ‘H + Z+Z} Weak Unknown, Weak 0, Weak 124 Pull-up&<
Pull-down¥® ©l#g & veid, Foz - ‘& @4 Al =g H A3} Don't care®
Al ol &HET AAFE o] &5t AMEAE AAEA A5F Y Bt Jhssith B AF
o2 Hol" ZA$- 2id(encoding) WHE XA 4 Ay} QJdzd HHoZE 27 A

]j———

o]gt ®¥ (binary)¥} One-Hot Encoding©] %1t} One-Hot encoding -2 3 %
(FSM : Finite State Machine)ol Al FEl& e = 450 Bo] o] &5+

I 2e A5 Az

type state is (idle, receive, send);

9} o] AHo¥E A8EE  “state” ¢ 49 binary® One-Hot encoding H S W o]+ v}
= Z2HFY

type state is (idle, receive, send)

Bit2 Bitl BitO Bitl  Bit(
Idle - - 1 Idle 0 0
Receive - 1 - Receive 0 1
Send 1 - - Send 1 0
One-hot Encoding Binary Encoding

A Ao e o] IAE  “state” & 37HY £A4Z JFAEE Binary encodingdtd 2HE



N
N
)
fo
o
23

M One-Hot encoding3t:= 729 7t 4wt} 17he] HEE ddddle] 3R ER
gAY ZAA 207 dAA N 3] 2o PerformanceE 112 E wWl One-hot Codings o}

|3 WA Fol shutelrt. VHDLAIA & FHAHtype checking)?b A2 g o]lf 5 &7t
Aok e dAFES FE HF7] dEelda & o+ dv 4% A 5& g9
(assignment)®] A 7|&2Hom G7Por o]Fof ME tE F BYS HE Zo|Ai
H t27] wjEolth. g3 o] bit F3 std_logicB o] qFE] HS oS AyrA,

EO
rlo

Ll

Type bit is ( 0", ‘1" );

Type std_logic is ( 'U’, 'X’, '0’, '1’, 'Z’, '"W', 'L’, '"H', =" );

o} o] Aoy T Al1dES AR TFES st=d oA AZe ouE g &
o $FES AHT F gle Aol Fdsitt

Signal A : bit;

Signal B : std_logic;

A <= B;

2.. 449 (Integer Type)

IEEE 1076°] Aold A3 7122 HE F(bit-width)& 32HE=Z o] 3]

type integer is range —-2147483648 to 2147483647,

ArRe e Aol 7}&6}&1 20] B4 PHR olFoldth Ed AFFL Pl Ay
S e AR e A9 RWES Ak Wy FEd HE FL e A
T8 MAeE Aasl WIE AAAA AEHEE Beh. deel A E Signale 4
gigt ofolt},

Signal count : integer range 0 to 15;
Signal count : std_logic_vector(3 downto 0);

exl)
library ieee;
use ieee. std_logic_1164.all;

entity add is
port ( a, b : in integer range 0 to 15;

c : out integer range 0 to 15);
end add;

architecture rtl of add is
begin
c <=a+b
end rtl;
9ol A= 4HE Addergs AAG Aolth vh53 wluws] =
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ex2)
library ieee;
use ieee. std_logic_1164.all;

entity add is

port ( a, b : in std_logic_vector(3 downto 0);
c - out std_logic_vector(3 downto 0);

end add;

architecture rtl of add is

begin

c <=a+b
end rtl;
THES AEH 22 2 As 4 F Ak 22y IR A Vles FEE | v
E U9 Aitste AEvs Integer® WEEA AMESEE Alo] olFfel] EX =S F
Zoltt.

3. 2448 (Real, Floating—Point Type)

A4 (real type) 4 7FeshAl &tk Alagl EAFoly ofgd R 3R RAF F
of Abgd 4= 2t IEEE 10769 243 AHeole v ok

type real is range -1.0E38 to 1.0E38;
5Pl HEE WA A9 WAl AAW Sk AARE A2 A9 WAS I
AR A otk 2w WE AR Fe o] EEAY ol

4. Physical Type
e d9(unit)et Wi #BAIE Aod Aolw FA rhsskA &tk IEEE 10769+
Al kel gk Fol7k = v 2

time is range —2147483647 to 2147433647

units
fs;
ps = 1000 fs;
ns = 1000 ps;
us = 1000 ns;
ms = 1000 us;
sec = 1000 ms;
min = 60 sec;
hr = 60 min;
end units;
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HolA B 4 9%o] VHDLY FHA AIZF @9+ fs (femto second, 10E-15) o]t}
5. 9]¥ 49 (Array Type)

VHDLAIA w2 S AHEE = vk 4 A wjadPd el A5 diidd 47144 A4 3t
Ak 224 wiE S A ¥e FA47IE 8o UxAgE 329 V& dolE @ E  “bit
7o) olE W2 FER AFefstr] 9slA “bit_vector” S AMEsith & W& Ao|s)
AL “pit” o A A widolrt. MEF S Fo] & W 1 AV|E AASE B9 A

type byte is array ( 7 downto 0) of bit;
a9l MR 8- E =)o) blolE B “byte’ & Aold Rolth,
TYPE std_logic_vector IS ARRAY ( NATURAL RANGE <> ) OF std_logic;

"std_logic” o2 4 Y vidd “std_logic_vector’ & A3 Aot} ojuf gl =7
& AT IR G FHAoZA AadE AAT o I AV)E Aol AFEE = Y wld

Signal byte_a : byte;

Signal count : std_logic_vector( 7 downto 0);

6. @lZ= 3 (Record Type)
VHDLAAM = #lZ=8S Y3t} tAE g2 dz=dg AFE o= 7]Ao] WH
HEW 3 S o842 4 Ao v dz=go AFE oot}

type month_name is (jan,feb,mar,apr,may,jun,jul,aug,sep,oct,nov,dev);

type date is

record

day : integer range 1 to 31;
month : month_name;

year : integer range 0 to 4000;
end record;

constant my_birthday : date := (21, nov, 1963);
SIGNAL my_birthday : date;

my_birthday. year <= 1963;
my_birthday. month <= nov;

my_birthday. day <= 21, -- 5-bhit

-- my_birthday(0) : LSB
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-- my_birthday(4) : MSB

7. A3 (Subtype)¥} & W3 (Type Conversion)
VHDLAI A o] 3 & (subtype)S Aol & Ao &9 o= A28y AT 247
£ e A A5Ee Aeld ool
type big_integer is range 0 to 1023;

subtype small_integer is big_integer range 0 to 7,

“small_integer” & “big_integer” ¢ Aoz Aol ¥}
o] A% IAE “small_integer” ¢ vl 10-H]E =79l “big_integer” ¢ 3} 4-4]
EE AAEEE AEdves guEA F odolHye sES yehdo g o
VHDLo A 283 AA}type checking)d] 9AES HoFo),

type big_integer is range 0 to 1000;
type small_integer is range 0 to 7;

signal intermediate @ small_integer;
signal final : big_integer;

final <= intermediate * 5; —— type mismatch error

91l ofellA  “big_integer” ¢k “small_integer” ¥ W 21
2 33 A gk ol#)d A “smallinteger’ & HAAF o T Ao A F EHAX
(type mismatch) o8& a2 = <)

e
2
itk
o

type big_integer is range 0 to 1000;

subtype small_integer is big_integer range 0 to 7,
signal intermediate @ small_integer;

signal final : big_integer;

final <= intermediate * 5;

o

=

]

2 WS type castingS °] & & = o] Ff= VRAorw F Fo V2

of ghr}.
type big_integer is range 0 to 1000;

[*]

M
o°

[e]

I‘QL' EE

type small_integer is big_integer range 0 to 7;
signal intermediate @ small_integer;
signal final @ big_integer;
final <= big_integer(intermediate * 5);
vl A58 “std_logic_vector” B oz W3E 7] YElAE T tlolE Elole 7]E o]
A3 tt2rg 3 Wl 34 (type conversion function)E Al-g3loof v} & W3 I+
bi

AR deol7 wrEo] & 4 1oy IEEE 11649 AF& 9 7] A] (numeric_std, numeric_bit)
d= At “std_logic_vector” , “bit” Atole] ¥ WIS 93 FFE v HAIL Yo
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o J}Ed o) ol 43%% AFdrh IEEE 1164 dholnelele] 4% A4 § wa o
FE R M5 e QNS UM A4 Susl S oee dis A% Ak
g W g5 ol gl v Aotk

package my_type is
type big_integer is range 0 to 1023;
subtype small_integer is big_integer range 0 to 7;

end package;

library ieee;
use leee. std_logic_1164.all;
use ieee. numeric_std. all;

use work. my_type. all;

entity subtype_test is

port (

a : in small_integer;

b : in small_integer;

c . out std_logic_vector(9 downto 0) );
end subtype_test;

architecture behave of subtype_test is
signal t_int : big_integer;

begin

tint <= a + b;

¢ <= std_logic_vector(to_unsigned(natural(t_int), 10));

end;

el o= AS dHEE wolA AAS F8st & o]& 10 HE =79 “std_logic_vector

oltt. JH€A 2709 A4 ( “smallinteger” ) a, bE AAtse] ¢

=
o
rlo

AV g2 Aod “hig_integer” ¢l “tiint” EH ¥ std_logic_vector’ & W3}l
oFzt HAFEtAl HolA gk olefgh W3t Ao Alxwl HAQ} AR ThE EE Ako]] <lE

o @ W AF AW Ht FAClEE F old A E Bast vk

i)

¢ <= std_logic_vector(to_unsigned(natural(t_int), 10));
Numeric_std packageoll “d<=-unsigned W%+ 47} to_unsignedOZ A|&= il At} o] g+

9] argument’} naturale]l BE2 A2 Aol o2 RE A3 (natural) &2 type-casting

3}, Unsigned H o2 W3tsk ZAol= 2 integer’} o} natural® type-casting 3+ Z o]t}
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A48 < std_logic_vector® A3 W= d4F 7HA A JA Zoh whebA| to_unsigned()
s AFg3e] AFE 109E unsigned® W33 F hA]  type-casting )¢

std_logic_vector” ¢l Z#H X Ed] AZA3Z AHo|t} unsignedt IEEE 11642 numeric_stdel
oS3 o] AoFHo] Qom2 type-casting®] 7l&3ttt.

type UNSIGNED is array (NATURAL range <>) of STD_LOGIC;
type SIGNED is array (NATURAL range <>) of STD_LOGIC;

o] M3t HAS HH & & Q5o 2 y|EPoEHY AAH AFHL type-casting
AAIRE 71EFo] T2 A9 W3 FFE Aok drh. 2y “tlint <= a + b;” A

T UA
of o] 7]E o] e A (subtype)®l Ag-olle WS F38T Jart vk 919 dE
k2 Zo 0777kA 9] B E ZeE Tl “small-integer” 8 Y # o] 4
ER 95 & & F 4
2 9FY BHYS vA W ddsia dolrpllsdn. gx" AsvE 1 3 0 9
o IuE UE AUA ofyH dto] dIHEA(2)E i FQM), Evk(L), L
I AlEd o] FEE YElU 7] 9184 Don’ t care(-), Unknown(U), W2~ &
gl FHX) s T AJNA AAsoF skt Al A §- bit EbYeletal kil F2b
o] A% std_logic olgtal &712 8 gk VHDL o] AA A== std_logicel oigh +F
AL gtk ohwtk IEEE 10768 A& ul std_logic_1164 a}b Ae A ¥ o] X bitEhe=
ne

3

Olﬂ i
I

o ox

1 3 022 FAIFTGAY std_logice 1,0, Z, H, L, X 5522 A3 43}
in | ] out
inout - | buffer

9ol m1”lo] iEY XEE /M & A9t adolgta AZbgE Yk INYG OUT ZEE &

olaig + AS Aol AP BUFFER% INOUT# #Z& 9J&% XEZA assign®

54 A (destination) Sl & 4 Qi INOUT Z=¢ g dL2 od

A9t BAAS BF FA A}%%‘ 4 Atk Aol o]i= BUFFER E=

of ojn] F/F& Jxstia Jote ouE zZterh 19SS A8 2 INOUTZ BUFFERS]
T
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ﬁ

Signal2} Variable 12|35l Constant )

-4 Constantol] ol WA AHstAFYt Signal¥ Variable2] Aol & vA 3k H
—1‘?:01 Zolx E& vlus)] 7hHA AWstE Aol £5 Aolgt AZE Y

constant+= i7] of At B9 S FAS=H AFEEW VHDLO 73 A =ws
TFo] A FA4sAY ggst=d F=2 o] &3t constante] WYY 7S+ = F AMESAL
AT Var1ableJJr 22 7155 AHEY T constante] %7 Fe FA] Uid =W g W Oig
H e uE S itk oE EAW Po#S WA A T A& AMEsE A Ao

oAb we grea.

constant pl ' integer = 314;
constant length : integer := 345;
constant pi @ real := 3.1415119;

A7F 7HE ogoba AZbE = Fto] Signal?t Variabled Y th o] Hit wiio] WF B

e F 1] dud Aoje & &ar glojof gy

—

-2 Signald] A Lol At} signal® VHDL 34 Ao Wire(A)2 FA %Y, 72 3
Fol AAo ALgEHE 97 WEolg. A ZFAE AFEE YT

4 FE signalz AHSHUY XEE Aod o AHSHYH

port ( a, b : in bit;
z . out bit);
o] 71 Al a, b, z¥ port signal® AFEEHAFUTH JE=] Go7} signalz Ao gYt)

architecture rtl of and_1 is
begin

z <= a and b;
end rtl;

ol A A BH & 5 Qlo] XE A1ER Ho7F Hof 7] wiio
z <= a and b; i ¥ do] 7te@ Ul wkeF z = a and b, ¢ #©°] variable assign %t}

Hoollgl7 g Adyh

F WA E signals Aostil oRAES 7] A= HAABY F AFUT AHS BHHEE €AY
ow Aejatd HYrh 12} Assign®] WRol 2w tEyth
signal temp : std_logic_vector(3 downto 0) := "1100";
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A HAZ A¥bA <l signal? TALYUL. A= XE Aady FEE7] YA o]AS U
B signalo] gh= Eﬁﬂ% ARERY T (g 2E A Ed Ui Aads 7 glol
signalo]2tal &= Aol HEJYL})

HoAloidolghar X8 ol fE a, b, ¢, dEFE JHo] il FHo] zEtE LE 9]
dEUth 28y a9t bE gl edte gholl AFS st ¢} dE deiA feke ghol A%
S Ut e9 (5 dslA zete #d £¥8S sk 3271 doka FAIh

entity adder is
port ( a, b, ¢, d : in std_logic_vector(3 downto 0);
z : out std_logic_vector(3 downto 0));

end adder;
architecture temp of adder is

signal e : std_logic_vector(3 downto 0);

signal f : std_logic_vector(3 downto 0);

begin
e <= a + b;
f<=c+d
z <= e+ f;

end temp;

9 FEOA eok 7F UIF AadE FAHJFYT. 123l Process wollA = ARE Ve
gtk ohek 1 A "o A ko] vbE Y ¥ A 23 end processE BFUHE EE o] Fho)
AQHYT S dAle= 2 AFdA vtE o] dYgEte s & 7 AFsHH

of WF Aadelgtes Mds AMESEA AU Rl A iR AL
architecture®} begin Alelo] Eo]7tof gy}, o] ¢ REg| 2 variable process i ¢tell
A xt A8 4= Q131 process i3 begin Abolol Eo17toF duy

F

Variable2 processtt -3 &2 7789 (function® procedure)ol] A ¥+ A}& %™ variableo] AU+
%= processtt FEZZ R o Art fES ¥ wWgo|th variabled signaldt ol
VHDL @4 Aol w2z doz Fa== zlo] ofun, F3k <Ak Ao F2 A&t
variableo] /| A8 5= assign 7|&+ ¢ = o]al, ZA](immediately)#tE o E AT
signal?} M523k A1 WA S AR g
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—— 1¥0] a% bolal E¥o] co dY

variable tmpl, tmp2 : std_logic;

signal tmp3 : std_logic;

tmpl = '1’';
tmp2 = a and b;

¢ <= tmpl;
d <= tmp?2;

I #e 5#E W signal <= variable; @+ W2

tlo
>
o
=
k)

U dlAl= 399 and AlolES] FEeIT F AolHE A & de Aotk

exl) 393 and gate

library ieee;

use leee. std_logic_1164.all;

entity and_3 is
port ( a, b, ¢ : in bit;

7z : out bit);

end and_3;

architecture temp of and_3 is

begin
process(a, b, ¢)

variable temp : bit;

begin
temp = '1’;
temp = a and temp;

temp = b and temp;

temp = ¢ and temp;

z <= temp,
end process;

end temp;

architecture Woll process®} begin Alo]ol] variable tempE A 3H, temps
AN 235 A Bagg, ey AlaEdAE A 2 @S tempdll 7] E381HA]
o] A o] signal? variable®] wAIgE Zpololth. th5 dAE ZFAaL 1 A #}
71E vt} signal® £33 39

Aolt.

o i ol

g and AlolEolt}t. £H3| o8 = warnings HA =
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ex?)
library ieee;
use ieee. std_logic_1164.all;

entity and_3_1 is
port (a, b, ¢ : in bit;

z © out bit);
end and_3_1;

architecture temp of and_3_1 is

signal temp : bit;

begin
process(a, b, ¢)
begin
temp <= '1';

temp <= a and temp;
temp <= b and temp;
temp <= c¢ and temp;
z <= temp;

end process;

end temp;

o] % dAe] Aol
2 Aol

o
o
2
e

g o= A% signal?} variable?] ZFoldS oldfE 4

s dAE FEE
H|E Parity A= §]
oo} e IR Juok. 1 AolA
283l for loop —_rLE"O] AgE U o

Q

an,

Holzd o+ AdS Ayt o oA+ 8
3] 2o A signal¥ variable2 Aol ¥ AL
Zs] o & oA sk whE Yy

YA AP E=A AAE] B vgel 28 1Al
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ex3) AAA el Parity A= 3=
library ieee;

use ieee. std_logic_1164.all;

entity parity is

port ( word : in bit_vector(7 downto 0);
parity : out bit);

end parity;

architecture rtl of parity is
begin
process
variable result : bit;
begin

result = '0’;

for 1 in 0 to 7 loop
result := result xor word(i);

end loop;

parity <= result;

end process;

end rtl;
for loop < HE ojEg glo] odd + A&
ZFstE A sk Al "

for 5 in W% A2 to HEIE loop
statement;

end loop;

Wi

P 2

AU M AZA W9 2 F
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ex4)
library ieee;

use ieee. std_logic_1164.all;

entity parity is

port ( word : in bit_vector(7 downto 0);
parity : out bit);

end parity;

architecture rtl of parity is
signal result : bit;
begin
process
begin
result <= '0";

for 1 in 0 to 7 loop

result <= result xor word(i);

end loop;
parity <= result;

end process;
end rtl;

[+ Farity
( Counter (Up/Down, Ring, Johnson, Gray Counter) )
T2k 32 txEA 45+ Counter’t FH T Al+7](Counter)7F FAQNA = <AA 8.
Clock®] 1&& wro} by F7hstEA Haste 7o 713 328 2Py
st 7lsS 7hAA YA gidd] &8 HeUF sEsyth At HE &2 €85 U
AANAZL b3t A AT = A& AdUh 2 HEE Faglo] vied=2 AAT + 3l
< APy



exl)
library ieee;
use ieee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity upcount is
port ( clk, reset : in std_logic;
count_out : out std_logic_vector(5 downto 0));

end upcount;

architecture rtl of upcount is
signal tmp : std_logic_vector(5 downto 0);
begin
count_out <= tmp;
process(clk, reset)
begin
if (reset='1") then
tmp <= "000000";
elsif (clk='1" and clk’ event) then
tmp <= tmp + '1';
end if;
end process;
end rtl;

LA Y Ajzde] YAE AHE AT architecture®t begin Abeldl] &7yt @il

B & 3]2% ConcurrentshAl s 2tthal gz, 1814 count_out <= tmp; ¢} Process it
= F e FEo] concurrentdtAl F &Yt Process TEOIA vl T o2 tmpe] FLol
Z2A o YUk 22 count_oute] #o]l ZAF Ut

process W& &S ZF AHEFAY. reseto] 1o]2bd tmpe ko]l 0000000z ZAAEY
o} elsif 7ol A resete] 0¢]ar, o] s A oA 1 T7Fe S 7FAA HUoh

2 AL if el THBHH opF AT if Firo] AREE dAlE el A Wol Hkx.
if ... then >

o] At BYEF AW AR B Aol BEa. o BARF Fegueh

end if;

1 B Feel if FEAU

if ... then ...
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elsif ... ;

end if;

el dAe] A7 AHEE FE gt
if ... then ;

elsif e ;

ulh

else ... ;
end if;

2F BRE Fee TR,

ex?)
library ieee;
use leee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity upcount? is

port ( clk, reset, enable, load : in std_logic;
databus . in std_logic_vector(5 downto 0);
count_out : out std_logic_vector(5 downto 0));

end upcount?;

architecture rtl of upcount2 is
signal tmp : std_logic_vector(5 downto 0);
signal clkenable : std_logic;
begin
count_out <= tmp;
clkenable <= clk and enable;
process(clkenable, reset, load)
begin
if (reset='1’") then
tmp <= "000000";
elsif (clkenable="1’ and clkenable’ event) then
if (load='1") then
tmp <= databus;
else
tmp <= tmp + '1’';
end if;
end if;
end process;
end rtl;
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load”} 1°]9¥ databus® #< ZTdtA o] a8, <kt

R Bt A mguokvt aE A H
ek el obduyrh vhrt clkenablegh= o3 d AsE HHAPS AYHh
clkenable <= clk and enable; &3 219} enable 21% 2] and& ¥ Z©] clkenable 21 &
Ayt AE# e folZ gated clockel#til U}l o] AEE AE3 v+ TimingS 3L

dafoF duth 2% A oW glitch7t WS 7hsAdol vF BEFUTh

2 9] gated clocke AF&E7t2. Synchronous 322 @@L HFod7zta.

2R7F U5 grs AYYrh
t}S Asynchronous 3] Z& A9 5 At}

s | o |

mm=— enable 0

== clkenable 0 _—I m

NS

clkenable& 271 AANE o] ¥y 2 timing TAE WEEA

A ) Esfol gk
A gow o] gyt e glitch7t A A AYH

aA2e] B9 W2 AW Aol fidle. if i Hol E HOE if 7ol Bold F dvs

Al gaid = FAs BAlL. if 72 ol 5old & A= if w9 AL sy 2%
ARt A717F 2RSSk de B4 e AU 28y 439 S AHgse A
o] F& Aolet AAHUY. Hrldx ZAFsta s E A golx
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ex3)

library ieee;

use ieee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity upcount3 is

port ( clk, reset, enable, load : in std_logic;
databus

count_out

:in std_logic_vector(5 downto 0);
: out std_logic_vector(5 downto 0));
end upcount3;

architecture rtl of upcount3 is

signal tmp : std_logic_vector(5 downto 0);

std_logic;

std_logic_vector := "111011";
= "000000";

signal clkenable :
constant lastvalue :
constant initialvalue : std_logic_vector
begin
count_out <= tmp;
clkenable <= clk and enable;
process(clkenable, reset, load)
begin
if (reset="1") then
tmp <= initialvalue;
elsif (clkenable='1" and clkenable’ event) then
if (load="1") then
tmp <= databus;
elsif (tmp=lastvalue) then

tmp <= initialvalue;

else

tmp <= tmp + '1’;

end if;
end if;
end process;
end rtl;
Z7] Aok wpA s constantE & HAS FATE o] ke
Z. constant®] 9= FA3] ®BA|GL, %Z7] X7} 0olaL mpxY X7} 599
oA WPAW AAL B F JE A% T W Az BN
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ex4)
library ieee;
use ieee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity downcount is

port ( clk, reset, enable, load : in std_logic;
databus : in std_logic_vector(5 downto 0);
count_out : out std_logic_vector(5 downto 0));

end downcount;

architecture rtl of downcount is
signal tmp : std_logic_vector(5 downto 0);
signal clkenable : std_logic;
constant zero : std_logic_vector = "000000";
begin
count_out <= tmp;
clkenable <= clk and enable;
process(clkenable, reset, load)
begin
if (reset="1") then
tmp <= zero;
elsif (clkenable='1" and clkenable’ event) then
if (load="1" or tmp=zero) then
tmp <= databus;
else
tmp <= tmp - 1’}
end if;
end if;
end process;
end rtl;

Aol AR At Bz T ALEHAUT 4 o)
2z el dAE AR L+ Advhd WS 3

LR

lof =" 7} ApEH A= Ao v

= osfstrl e 4ar, WEst]
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exb)
library ieee;
use ieee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity updown_count is

port ( clk, reset, up_down, enable, load : in std_logic;
databus : in std_logic_vector(5 downto 0);
count_out : out std_logic_vector(5 downto 0));

end updown_count;

architecture rtl of updown_count is
signal tmp : std_logic_vector(5 downto 0);
signal clkenable : std_logic;
constant zero : std_logic_vector = "000000";
begin
count_out <= tmp;
clkenable <= clk and enable;
process(clkenable, reset, load)
begin
if (reset="1") then
tmp <= zero;
elsif (clkenable='1" and clkenable’ event) then
if (load="1") then
tmp <= databus;
elsif (up_down='1") then
tmp <= tmp + '1’;
else
tmp <= tmp - '1’;
end if;
end if;
end process;
end rtl;

grhe HEE up downold A2 Aol st 9E up down Yol ol| PrHe
HE wehln 001w te AeHe V%S FAFUL FAA e FRske 829
Yok 2AQ 75 A0 GolrAw A ols7t 4 Aole Bugyh

NS E B FHEE S FH/F AFUT 2 Fol ¥ AW o AR AG
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ex6)
library ieee;

use ieee. std_logic_1164.all;

entity johncnt is
port ( clk, reset : in std_logic;
count_out : out std_logic_vector(4 downto 0));

end johncnt;

architecture rtl of johnent is
signal tmp : std_logic_vector(4 downto 0);
begin
count_out <= tmp;
process(clk, reset)
begin
if (reset="1") then
tmp <= "00000";
elsif (clk="0" and clk’ event) then
tmp <= tmp(3 downto 0) & not(tmp(4));
end if;
end process;
end rtl;

$19] oA+ Johnson Counter® 7)< 3l ).
tmp <= tmp(3 downto 0) & not(tmp(4)); 7]l = E 7} ”‘4”3'% g3 & Ho
Hl&. tmpe SHIEYUYT tmpe] HA9 HlIES tmpd)7t gUH HIEE 73
Ytk note 1 RIES] Ao s HARYTh 0ol¥ 19 #s 7}13}% =y
SHIEo|B R Q%9 tmp HEL 3| SHEVL Hojof Yt &dte 7|58 ELEey
Yo & ¥Al= HEE Fgdvd= #2194 tmp(3 downto 0)7F 4B E]3L tmp(4)7} 14]
Eolug o] GHIEV} H= AdUH & FAle AZE HAZHE 73S o ofF &
U=

# EAYUT. AZE AA2HE TAL W F AYFUL 99 B wA & 5
o] FeEE 2FW NS o}F F8% AZE dAxHE FAY & AFUTh
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1428 Gray Countero]il oA8L 39 Hog 7

%+ 92 AQu

ex7)
library ieee;

use leee. std_logic_1164.all;

entity graycnt is
port ( clk, reset : in std_logic;
count_out : out std_logic_vector(2 downto 0));

end graycnt;

architecture rtl of graycnt is
signal tmp : std_logic_vector(2 downto 0);
constant zero : std_logic_vector = "000";
begin
count_out <= tmp;
process(clk, reset)
begin
if (reset="1") then
tmp <= zero;
elsif (clk="0" and clk’ event) then
case tmp is
when "000” => tmp <= "001";
when "001” => tmp <= "011";
when "010” => tmp <= "110";
when "011" => tmp <= "010";
when ”"100” => tmp <= "000";
when "101" => tmp <= "100";
when "110” => tmp <= "111";
when "111" => tmp <= "101";
when others => tmp <= "000";
end case;
end if;
end process;
end rtl;
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exy)
library ieee;

use ieee. std_logic_1164.all;

entity graycnt?2 is
port ( clk, reset : in std_logic;
count_out : out std_logic_vector(2 downto 0));

end graycnt2;

architecture rtl of graycnt?2 is
signal tmp : std_logic_vector(2 downto 0);
alias ¢ : std_logic is tmp(2);
alias b : std_logic is tmp(1);
alias a : std_logic is tmp(0);
begin
count_out <= tmp;

process(clk, reset)

begin
if (reset="1") then
c <=0
b <= '0';
a <= "0

elsif (clk="0" and clk’ event) then
¢ <= (not(a) and b) or (not(c) and not(b));
end if;
end process;
end rtl;

el oAM= alias @k AVIAE 7S AR AU L. tmp(2) WAl cE AR ST
@l Ut} Unixtt Linuxol A A3l aliase] 7153 24U t) alias 7152 AFE317] &
A octiAlel tmp2)ekar JHEstH gy 32 7S 98 LE olFo] Zud aliasE Al

=
goht AE Fo A Dile. 27] duhE 24 gow gy

1y

shuw B9 Moz sEsEA o
2EA AAsE U,

o gl weh Wy des]

b EFEAA AT 5 A8y ! o

=2l & # 4 2d 3 =9
9] Component?] 43 dAZAZ FAEH, AolE #woAd HE A" gz FAE 7
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X IE9 InterfaceE 7FadtA stu) st=dlo] T3 - 7H7ke 28 WAol AFF=E
o] st=glo] AN F= olgHtl A LH port maps ©]&35h= HAJYuh

library ieee;

use ieee. std_logic_1164.all;

entity ringent is
port ( clk, reset : in std_logic;
count_out : out std_logic_vector(3 downto 0));

end ringcent;

architecture rtl of ringent is
signal tmp : std_logic_vector(3 downto 0);
begin
count_out <= tmp;
process(clk, reset)
begin
if (reset='0") then
tmp <= "0001";
elsif (clk="0" and clk’ event) then
tmp <= tmp(2 downto 0) & tmp(3);
end if;
end process;
end rtl;
9o dAE 743 7159 4¥]E Ring Counteryd Utk 13 €A dojmA L.

e dAlE 0014 9997b4 AHeE AHSE fudud o dA: 23 Fastn 47
Utk B& $8o) H5d Fzetn Yzl =uzte.

ex10)
library ieee;
use ieee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity count999 is

port ( clk, reset : in std_logic;
out_3 : out std_logic_vector(3 downto 0);
out_2 : out std_logic_vector(3 downto 0);
out_1 . out std_logic_vector(3 downto 0));

end count999;
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architecture rtl of count999 is
signal tmp_d100 : std_logic_vector(3 downto 0);
signal tmp_dl10 : std_logic_vector(3 downto 0);

signal tmp_dl : std_logic_vector(3 downto 0);

constant zero : std_logic_vector := "0000";
constant nine : std_logic_vector := "1001";
begin

out_3 <= tmp_d100;
out_2 <= tmp_di0;
out_1 <= tmp_dl;
process(clk, reset)
begin
if (reset="1") then
tmp_d100 <= zero;
tmp_dl10 <= zero;
tmp_dl <= zero;
elsif (clk="1" and clk’ event) then
if (tmp_dl=nine) then
tmp_dl <= zero;
if (tmp_dl10=nine) then
tmp_d10 <= zero;
if (tmp_d100=nine) then
tmp_d100 <= zero;
else
tmp_d100 <= tmp_d100 + "1’;
end if;
else
tmp_d10 <= tmp_d10 + '1’;
tmp_d100 <= tmp_d100;
end if;
else
tmp_dl <= tmp_dl + '1’;
tmp_d10 <= tmp_d10;
tmp_d100 <= tmp_d100;
end if;
end if;
end process;
end rtl;

wor o] 2% FARGE AIUE 347 Bed AQUh & AZsAE AR A A
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C AAA H A 471A], A A AlSFZ(Design hierarchy) )

Modeling and synthesis

oelE AAst AlEd ol

A AHE A% BAE B Holm gue ]
ke AU 187 gew b 2HE Jddrt F @

4R TS AR w3l
L7} /\g7ud14r4_

eEe 27 PAL FAYUL Aol AFEA Fe olFi
o gEsl olsizh 957 el el s AU ol ARHE dere AAAe o
% 3 F@ AzE oby AFsA FAAW JerE

Time to Market. °]@ % Eoj2 Ho] JFU? o B HAAAEZC] F4 FFo
=27 W

31 glojob st WUtk W Wsketi Eele] Al ofF Faw weuch
sedlol AANA AR et A BT £ WA Quhg W A A
A7 4o st oAl FRFUL dE B4 A AU AN} dFUT 12
A Ut GA AARA S AL wE AAE @vhn FAT 224w o HA:
WA ol gk U A AEY ZRANE dvht we Yakshest s

o

= A
o] FastttE YUk AAdA AZ7tA. 8.5 TR /g7 F8.38 o] ofgdyrh
ddol= TRE A 7FAo] vAXA T 25L& a8/ F23% 247 ofygts iU
7F wke] Al A ol=7F o]Fe] T8 ofn Yy

o AAA el & 2B Az BATh
1. Performance :

— Delay and cycle—time

— Latency

- Throughput ( for pipeline application)
27178 vbE 3R] dso] vE A I RET $-ekal
AUt} Delayd ¢l 24k 433 T3 22d T3 )51 W2 (Area)¥} Delay
= wlEske #A7F dFyth "ol AAE Delayw #askil WA o] HolA W Delay+

al
Area S7HEUTE 48] AlF A Feo] E71A 9] AlZH(Latency),
Cycle-time

o

N
i
2y
M

%9 £ %(Throughput) & th2H4Ql Wakel A HA s oF Y
ot

old Hll #AE A AdFUY A sutE FHAoR
I

Latenc -
Y AASE e dE F& AZo

2. Area ( yield and packaging cost)

Aol Adgw e Arh gl AL AU adA F44 s2E A A
AL = fladd. =29 AVE =2d & Ao Jhed AdE Fole AL U
aFAR AARES HedoR Fole AL FA geUrh o @hE Eolv Ak T8
SHAIRE s A9 eyt obyet e 84k A7l gk
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3. Testability

ol  I2E AANYH 1
Ut suel szs HsaEd
VHDLZ Td& 3=E 27w
32 Synthesisst W 3|2 & H X

4 e Ad ohgyrh,

2 395 Zoo Ut} wlolazm ZZAA HolH B
Ytk 5VelM 35VE o]Re] tA] 33VE AEsiA 39E

Zolal U 99 £RE Fole AU A A 99 =V FE olF L JdFY

of Wl 7HH £a% BEHow odstuA Ul X 24F BF 25U 4 ot Hmg A
Aol gk & 7 FAsd ok Buth #7449 ex% AZed Coding styles:

3l &
A dAEoF Yt 12]al Softwared 9l Q4o AZEYoE AT F e F
o AYTE gl RS A4 AAs o g

X} 29§89 9 VHDLS AHg3lA AAE SoF d7ta? ofyd ¢ VHDLS &4 }
3L AFY7ZE? ASICH VHDL o= o3k Fal. o131 & W Az wAIch o ~
Aok st=AE FAH A AHAM thA] A AT o) Al= AAAe] 1A *ﬁ%‘%HOF fa}

Yt

VHDL(Very High Speed Integrated Circuit Hardware Description Language :
VHSIC Hardware Description Language)2 39 T 3l=9o] AA <¢dojo|t}.
703t = ERA Y e #olol(Layout) AR 71 80t HE A F7HA] AEsheE 2~
7)1 v €l (Schematic) AR 717} S48 4t 28 o= A4 7]|&S it 3= AA9 1%
o 7eA el 32 HAAE vFrld AestA &k & &9 Schematic & 25,000
w=l 30,000 7He] Ale]EE AASE A 2509 0] A o]4e] wEwo] HQstth Fo| gho] UF
o] EA%. oMY B EWHE Twof gt AL EEola 7t =Y 32 EJEE F
= Qs 7149 FAR ohel Al g

dstal 32 =Hzk ) A
}gto] A&y, UtE IJ2E 7HHLO} g 9o
]

o
T
A

Kol
2 713F Fo AL ofrjEn o]el sk
An]&o] HofsfA A s 7)ke] Aojx Ad EVhsd dEel oj2a T A
Mgl o2 T 55 AolEVF A ) ol o] f = VHDLO] g
AetA =AY
VHDLS x7]o] 3sl=9gloje] Al mEse wWaoz A&sts 489 Eﬁ‘%}
(Modeling)& 913 ol &@atqiom, 1980l $-vkoll= VHDLe] simulation®ll |3+ #
44 Aoz Abgslof i o2 o8 2% VHDL simulator’} 5788A ¥ Atk
VHDL simulator7} 5733 Algel4 VHDL ## CAD 3]A}zke] VHDLS #F33 93l
19879 IEEE°| A IEEE-1076°]2t= #FS WhEo] FdatAl vt ey o] AlA7FA =

o]
}\6] o] 3|

¢
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VHDL-E simulation® 2.2 AR EAA W sl=90] 4 (synthesis)S Y3+ A Aoz A}
S5 A= orh 1990 Zo VHDL #d AZEgo] 3A7F ®o] S43ta st=9lo] A
A 715E& 72 &4 Toole]l 7f¥tE vt 183l 1991d IEEEY A IEEE-11649] %+<S 4t
EQ o, simulation® %k oty TS Hs HA VS % %31}51 1o]2 VHDLS
AAEA HJk. 5 VHDLS &R F 2 A diF 2 A5 Ao o] 27712 A3},
AR D AAGAE 9% 27t A Waoz ALgH A

®
FLI

EL
;g )

9

% VHDLS 7FA|5L o2 A AATE AQI? gt A2 A
HA Azl A7 g AFGS AAGoF st FAS WE AJAE AASoF st} 1
st ol & EXH AR AAE v & Al ~El AFeK(System Specification)

Aok Frh AlAE AMFE AlLE BAE S S o

rﬁ

= Foloh Alzg] mda)e =g
THo ATEEZ Bx ok AlxEle] o EES TASE Aotk AlxE mdgo Exo
HA A A Ao ZA AFRT £ Q= Al E o)A E_n‘j:]% AR 7] 98 Aolth o =
1= AuAoa sde B4 Aowe Jve dasa GaaA S8 s e

(

"474]?49} AA oE Ao e AES W Ea) °P71 A = Hasieh Al 2Elo
& HZ =9 A4S el RTL(Register Transfer Logic) A A= #HASkA 71T},

gl HF EEE st=do tdoly RTLAAE Netlist2 A= §4 A4S
kAl €t o] TAA VHDLS 574 st=9lo] A4S WA wm 2719 Ao A A
3 Aol WA, &% 9 Timing &7 sk A FA Fu Hx AZE Az A
ol g wrEEhA] Fetd Alagle] sy RTLYES 9 34 A4S vA AAA &

olA] AA A&ETF(Design hierarchy)ol| tisfr dolH At
A28 AT, ta3 BA, HA dESelA S)p =
A gl (njo]ZE T ZAM|A|, RAM, ROM, UART &) a1
RTL @' (A AFE], ALU, 7}2E, MX %) ;,
d
Al

|

AolE ¥ (NAND, NOR, Flip-flop &)

Circuit #"¥ (Transistor, Resister %)

e A U Y|

¥ Layout 3

ASIC AA Z2AA = o= gl AAZE 7hssitt zb #Ezk &
ARk, AASE = 3= AA = Wgto] flo] Az vhE gzt Wk 34
Azgl o] 7Hg g dhdoltt 7 FAAARL Aol e kA, A #
th. ob2 VHDL ToolZ A28l & Aelstrl= ok 9l @ide daglss 7HA i
AAS 7= obd @AM o R ofHu= olvh Iy The A itk
a9 a2 A gz A BAE uE Ak ASS Beld drdeA 44
A = FEE ”?.E} A -7k dal e A F2 AAzEH dde] dAE F
2 831 vk 2 Zeqes A4ddu 49 duUne A48 Aol Aol Top-down
AAlelt. #2 ASIC Top-down A7 ¥4 & o] &3, Layout HF] 7]t Schematico.
2 AdAsE WAL Bottom-up A S AHEIH oW Hog AAE e AL A7 H
A #gen sl 2 ZrRAES AFstd AlxE dilE Aefsta 7] Simulation©]
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st v dAR Wit 7z RS AAT Aen o] dAdAM = EHs
o] & Aoty Al wokE oM Ztzhel e AAsa A Aot

gy rdst A AA A AA AAFS A s E AT

1. Design

1.1 Modeling

1.2 Synthesis & Optimization

1.3 Validation

Testl(Simulation) A Al dig HFAQ H2EE I3y

\
2. Fabrication : 39X 9 Ax AAS Y. FoA4 FAB.ol#aL 314 Q.
2.1 Mask Fabrication

2.2 Wafer Fabrication

Test2 : Ax AN HEZES FYG.

\
3. Packaging

3.1 Slicing

3.2 Packaging

Test3 : 3 4l PackagingS 3|oF . 1 QA9 H2E,

 /
4. Testing : 2 A& F HAEZE Emulationo] g3 gyt}.(o] H& % s dof )

A #A FolA 1. Designel Aol -89 #HAFAUrk FABo| #AE A

KeX
=
Q

o

AR B2 =wS & Aol A4y AlRke] Jhsstvtd sFE HAe. EXAE 6
717v 25 dEvs o] AW Jhesitd A T Vlsd dEiA st As
Lwol HAl® AR FA3R B2 AtE FA o= Aol VxA] RS & gl
wYyth CMOS Alx #4dL 4a 5yt 2#8A layout A S ol&fst=d o= Ar =
=°l Hyt

AFH-E = VHDLO A AAd &g J&drt 99 1H & ASICO #AE W&olA
b AEFEHE AAd #AE WEduth o9 dojutew HAY ThedAE UEdE

gAYt 2 dolFA L.
Modeling

Synthesis & Optimization
Validation

Modeling. ©]Z2 AAIE st DUk of9A AT AJA = AR @8 dzx*.
gy ojw| WAel AV A= & 71Z27F He A9
oA IHd AAXE AMesol sy}t Modeling abstraction®] &+ Al 71A 7} &’H
Ut} WA Architectural Level(F42 %] &2 RAd)d disir @A dolE-Alt)

aL glojok Al BE A9

=
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ol o= FAHR srdo] AlaFe] ofgA FHE o d=TtE Ved HEY =
28 7S AT olf= 4F Aad AAE dagEEe] ogA wFs=E Al
F7HATEA o5 dagFEl dF 7ted 4 A AM Adz EsheA dotr i
e w, 2P FAHL] 2 AA AACAM stEde] 7+ WA AA AN 5& 9
aHstaa & oo vjg FEsky] wWEdYrh o] oM E FAA FREGE ALE

Architectural Level?] AA7} £y 222 Logic Level(thA] @3 RTL Level)9
AAE FuUrt o] #Ee =g 32 AHAAA G 55 tholoasy ZEFUYrh Block
=5

diagramol| A st=4lo] o &5 d4% JEY ANs 2 dHog Hx 58 5

o =

3 ol 4= Q) o] WA= Boolean 2ol A RTL o] Z7]7}4 tpksl wlalog 7]
%3t = JdHyrth £3] RTL 297 S Data flow description©] 2F3L Hu o},

thS A 2 Geometrical LeveldUth, o] #@lloAe] 3y FE& netlist T8 w2 7}
frAbst G AlelE e EFHEFOIY s&A47e dE uix= RTL =2 7led

Component&°] Aoz AA% 3zz FaAFY}

VHDLAAM = AA Ao A ol Al 714 7|+ FEHE =2 &89 dg= 3Ly
t}A] @sH Behavioral Viewol A+ What to do?(F9 & 3=71?)¢ 7]<0]a Structural

Viewoll Al How to do?(19 7 st=71?)9 7= d Yt

o] Al 7FA o] 7w o] Z4zte]l 3A S Synthesis A& FH T
Architectural-level synthesis, Logic-level synthesis, Geometrical-level synthesis& <33t
Yt} Architectural-level synthesis macroscopic structure® 2% 3$tYt}l. macroscopic
structured £ ¥d E=ES 23Utk ALUY ROM Z2 £2& 2yt o AL F
2 Manual 2AE & o 2 A}2F Yt} Logic-level synthesis® microscopic structureZ
2AAUT 24 AlolES F35 dAg TP

2% synthesis(FA)ell tisiA =5 AAS] dolEAlth A5 IFAGH o|Z S thA]
AolE oy} RTL ¥R upfto] Fofok 3y}, Synthesis®t W19 wke] 2ol ofdy
o &2 F=9] Translation(H 9)¥ 5t oy} 3] 2] Optimization(#H A s}) 7]5S A

of 3 UG. S st ol AA AAY S =R F dal(Schematicel H] 3
10814 &), Time-to-market(Ad &3} AlZH<S GFA1Z = a1, Al&H 52 AAE 7}
skl s

ASICoI A9 A dAE Bvd A HAZ A9 4 (High-level(Architectural) synthesis)
S AAR ggoz =7 A (Logic synthesis)S AFYL. tg dAZE H2E &4
(Test synthesis) #8& A3, 71 5o =2 #olok-x 3/ (Layout synthesis)< A3 Yt
o714 HIZE Aol 32 HZEE faiA Yo F= 32 g FA4S T

)
lo

BEe AAAIL WEA ool st W e AUF ey 2
gol AFAEUT. 919 e ddsl oldstAd o ge 3
AU A7 AU AA G LEG Fo] grhi Az

N7 22 Fob AFIAAN L, o REE UF B
ol AREUT o REL o/ Hel AWelt olfi VHDLE A& Adae A}
= UR o e ugoletA olgsl sndA BHeta AETh

ME
> rlo
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( Adder, HAtzx}, F3X 3, Port map )
o

& A A 3R disiA ol Atk olAFEl = oAl FAoRE HAWS sha 7h

s Agetal = Syntax7lt e A thsiA FAA OS2 A ET

ol oA 7} Full-Adder$d Y th.

Aol dFo s ZsA FAAAT dFEEe] 52 syntax ZEE ALY 284 4
Mzko] T2 A FA1E AYYTh. entity name®]Y} architecture nameo] Z&Et2 F A

HH o oko]Z AR Wolm 2 WAl o2 7F FAE AYYL)

ex1) 1-bit Full-Adder
library ieee;
use ieee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity fa is
port( a, b, cin : in std_logic;
sum, cout : out std_logic);

end fa;

architecture rtl of fa is
signal s0, sl, s2 : std_logic;
begin
s0 <= a xor b;
sl <= a and b;
sum <= s0 xor cin;
s2 <= s0 and cin;
cout <= sl or s2;
end rtl;

signal s0, sl, s27} AF8% o]+ out port?] sum¥} couto] feedbacks 3]-&3}# &%7] wj
Ay Ui Alzgdolgta AW =% A Q. architecture 7% ¢l E o= HE 9 Delay
of ZFAaL YAINF WHEH o2 FaHYTE a xor bl A} gro] s01Hl ©] Fho] sum® 9
goz 717 9l e SAF o2 F8E Zo] ofyus AR sk mgAIL. El¥ o]
A7 7 ob 5 olul 7k floj Ay AwEkAl a xor bel Ay £33 A7te] omw FAAd] &=
b sl2ebar Azbelbd oF guyvh 1 A 8 A gbo] ofF Ae Fholgtwl oA &
o8 FPH = Bo| of et HHEA FRPUTY =g IR Tg FEolEE Y&

O
Ay, Z2Ad =g =2 & FxoA 8.
architecture F#& o|ZA IAHE A|x¥le & J3FE B4 F& AP

sum <= a xor b Xor cin;

cout <= (a and b) or ({a xor b) and cin);
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22 A9 synthesis7} A9 A &Aool FH=7F st Aol wAJYLE o)A hddt oA A=
= HAA3 @ AU 28 193 dgAs EAQGA R Eas sl2ad HAE 54 34
5 18 & e BEY

o] X BT + YHUTh £F FL Toololehd Fsa A FA 2
=13

Yok 919 dAl= vl ek oz upr x|

VHDL-2 Truth table?] JHZ2% ZQ &= AFYu £ Wyl ol YA hRrE
o] Eo] AYste EdUr AR ez E Fdgo] 7hsEyt
ol dAE =7 vHro] FAY A xe ez s JFAI

ex?)
library ieee;
use ieee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity fal is

port( a, b, cin : in std_logic;
sum, cout : out std_logic);

end fal;

architecture rtl of fal is
begin
process(a, b, cin)
variable temp : std_logic_vector(2 downto 0);
begin
temp = a & b & cin;
case temp is
when "000" => sum <= '0';

cout <= '0';

when "001” | "010” | "100” => sum <= '1’;
cout <= '0’';

when "011” | "101” | "110” => sum <= '0’;
cout <= '17;

when "111" => sum <= '1';
cout <= '17;

when others => sum <= '0’';
cout <= '0’';

end case;
end process;
end rtl;

ol A= AL Avde TEE

o
Kl
%0,
)y
i
A
td
[ lrl

A$E Truth table®] HEl=
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YERAFYY. Adderd] EE 457 o 285 AdFYrh 183l exle 45+ Signals
ARESE WEH ex2% variables A EE] AME I FUTE o 7| A= signaloly}t variableS A E
3|2 AAo F EAE HolA gHFYrh
a7 A7l QAakbel disiA AEEAlt o= Aol 4 E97F =2A &ar Qlojof &
ok $4 +9& 2% Astd 7] AAle e FH=E vbd F dEFY
T AL =S AL 71 QARG YL %, ABS, not 7} JFUTE xx= A5 A
3k AAz7E 92 9 AAAE integer type©lY floating point types A& = 9l
% + integer typeWt ZFedtuth I A= 9F H@ALkAtel 22 type
AUtk ABS+= Auighe] AMS st AMEE™ REE numeric 3 AAEARel A A
T AT
[e]

2 oo 2 oo
r_{

e

Ytk notv @@ AAAEA I AdAte =2 g Fold 3o, A3l

(E oo O X do W

2% yAMAE 2e data typeololoF 3l integer type EE
floating point type¢] 7}&3stil 1 A% I ALkAe} 22 data typeo] FojoF Yt
HA AL rem ) EE AL mod )] A folE 9% LEE AAA B integer typeo©]
olof 531 1 AF % integer type©lil 1 A% integer typeo] HTh A rem BE A9 F
S5 w25 o Ao AUz Bel dUlgs watth

A =97 =2 AL 9 AAAIE A +/-9] B E YERE AdkAfolth

=
~
FF
o, ®
B
Pt
to
it

$4 #9417t w0

rir
=1
o
of\
fo
rot
=
)
=
i)
[o
2
2
=2
>
B
>
=
El
%
T
2

ol A= a”AA & F %ol a
s <=(ax*hb)*(c=*de
r<=a=bh=*cxd} AR &

wFel 3w AL mol Fa g
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e HE £8 344 40 Adders AAH 24,
ex3) 4bit Adder
library ieee;

use leee. std_logic_1164.all;

entity adder4 is

port( cin : in std_logic;
a, b : in std_logic_vector(3 downto 0);
sum - out std_logic_vector(3 downto 0);
cout : out std_logic);

end adder4;

architecture rtl of adder4 is
begin
process(cin, a, b)
variable carry : std_logic;
begin
carry = cin,
for 1 in 0 to 3 loop
sum(i) <= a(i) xor b(i) xor carry;
carry := (carry and (a(i) xor b(i))) or (a(i) and b(i));
end loop;
cout <= carry;
end process,
end rtl;

ol o Al A= signald} variableS s Al AFEAFUTE o] 2o oA Aol HA|F

o]
o7 Yol AL2E I dFYY. A% for loop TFES AT 2 o] AdFY)

1% Loop ol tiaiAl zpASEAl Lol ATt loope &2k Aol elementE WHE-ZA 0
Z AHgslr] st FEolth loop w2 for loop ¥4 while loop 42 @<= loop &4 °]

0]
2R

for FZW= in W9 A% to W9IE loop
T2 A BT

end loop;
while =7 loop

A A2

end loop;
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loop
T2 A

end loop;

for loop ¥ X9 = #AsHAA HE g =23 w7 loopi el =
PRl A A Wby AEgth FERSsE oudt AARE HAEA| grofof HH
274 for loop® FEZWFETE ALREojof gt} to7t AMEEHW 14 FUtelAA FE
downto7} AH&E 14 ZFashdA 33

=
while (Z71) loopi< Z710] Fold loopdl E&HAQ &3 A&

S {5 =3k} while
loopit-¢] =72 ¥y 37 WEs] 24 A god =2 4 & F floen=z FoE g

@ loop w2 FH3] HEEE 2R JoopE WA Uo7] YA T exit ol H Q3 while
o A5 o] wHE 35Ut AR ] &S HAg-d= VHDL =8 #4de] 2 F gtk o
=)
n

w2 VHDL 3471+ while loop &3 @< loop 2 A4 &=

for 1 in 0 to 3 loop
sum(i) <= a(i) xor b(i) xor carry;
carry := (carry and (a(i) xor b(i))) or (a(i) and b(i));

end loop;
$o] A= while loop BHo] H.A}
while (i <= 3) loop

sum(i) <= a(i) xor b(i) xor carry;

carry := (carry and (a(i) xor b(i))) or (a(i) and b(i));

end loop;

a8 Ay ¢F 3 Aol 71X AdE=d process TEolY for loop ¥ YolE s B
A g e Holg FEE U EF50] YIRS oS A3l AHolth A Al o} F
A FAZF HA e Ed FR2oE 2d et gAY FH 2V FFEAE o)
= Aol FEE 37 & Aol

o= Exd

adder : process(cin, a, b)

oA ARESTh R FEFg L AREE 5 9l

183 process 23 ¢t 9 AL Sensitivity listz}al ok Z2AA FoA dHe] W
371 9ot b= Al Z3 glo)] Yo] Fojof Fhr)

a8 oS vEA MYFMA AAE HEA ojfd = FE A AR Wol ALE

%= Port mapg A& Aot} componentE o] A o] &3t=x] 2 Lol F AL
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ex4) 1bit A7FF7] A7
library ieee;

use ieee. std_logic_1164.all;

entity adder is
port ( a, b, c_in : in std_logic;

s, c_out : out std_logic);
end adder;

architecture rtl of adder is
begin

s <= ((a xor b) xor c_in);

c_out <= (a and b) or (a and c_in) or (b and c_in);
end rtl;

exb)
library ieee;

use ieee. std_logic_1164.all;

entity adder4 is

port ( a, b ©in std_logic_vector(3 downto 0);
c_in . in std_logic;
sum : out std_logic_vector(3 downto 0);
cout . out std_logic);

end adder4;

architecture rtl of adderd is

signal templ, temp2, temp3 : std_logic;

component adder
port( a, b, c_in : in std_logic;
s, c_out : out std_logic);

end component;

begin
ul : adder port map(a(0), b(0), c_in, s(0), templ);
u2 : adder port map(a(l), b(1), templ, s(1), temp2);
u3 : adder port map(a(2), b(2), temp2, s(2), temp3);
u4d : adder port map(a(3), b(3), temp3, s(3), c_out);
end rtl;
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[e]

94 Adder? componentE ©°]&3l5Urk 94 Adder. vhd 3+ o] A A= o] glojof o
‘45} 2o g g Agsol 7Y user Libraryel A= o] lojof i 0}‘4?1 o]
A& Packages} A AA o] & + &= JFHHh
adder 3 E2A Ygdo] a, b, c.inolil, =Ho] s, coutyyrh

1 @ adder port map ( a(0), b(0), c_in, s(0), templ);
AR AZAHA A= AS & F AFYUI? oA componentiﬂ 2 o237 24 oE
S 283 9 port signale] Ugd 9% £AUE AZAA7E BHS 99X 23 (positional
association mapping)°]gtal gt}
¥ component®] 2 o]F ¥} HA| o]FS 3, D
o] ztzte] A o]F => HA o]Fox AFrI= WS olF A (named association
mapping) °lZtil FUTh AH olFow AZAEY] wie] A A= FHFHH
Port maps &=+ A 93 schematic?] signal A7 AoZ HAWAE
Yt

Z 23 A& component ©] & WFEA] component Ao A AAdFE o]Fo]ojof gt}

tio
=
a
fr
re
ruﬁ

U0 =2 Pipelined adder 3] 2ol i SolgAlty AZHt; ofel& 3] 2= obdyt
ex6) Pipelined adder

library ieee;

use leee. std_logic_1164.all;

use ieee. std_logic_signed. all;

entity pipeadder is
port ( clk © in std_logic;
inbus : in std_logic_vector(7 downto 0);
outhus : out std_logic_vector(8 downto 0));
end pipeadder;

architecture rtl of pipeadder is
signal reg_a : std_logic_vector(7 downto 0);

signal reg_b : std_logic_vector(8 downto 0);

begin
outbus <= reg_b;
process(clk)
begin

if (clk="1" and clk’ event) then
reg_a <= inbus;
reg_ b <= (‘0" & reg_a) + ('0’ & inbus);
end if;
end process;
end rtl;
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signed packaget™ 4% 4HS X A3yt g o]

& ¢AFUZ? & 5o 1HE H3l7] IHEE

o] AAolx. oAES vEA A Ay ;e

Bl Aol A4d Adun. ALU 3= A =

< g F As AU 28 ZHsE A<

oA AAZR F&std & U+ 32 obdyrh

Sl WAL Fo] g Aol Aol iyt

reg_ b <= (‘0" & reg_a) + (‘0" & inbus);olA ‘ +
a9 A7IA gl wAs FAld A ¢ e
ex7) Pipelined adder

library ieee;

use leee. std_logic_1164.all;

use leee. std_logic_signed. all;

entity pipeadder is
port ( clk, sel : in std_logic;
inbus : in std_logic_vector(7 downto 0);

outhus : out std_logic_vector(8 downto 0));

end pipeadder;

architecture rtl of pipeadder is
signal reg_a : std_logic_vector(7 downto 0);

signal reg_b : std_logic_vector(8 downto 0);

begin
outbus <= reg_b;
process(clk)
begin

if (clk="1" and clk’ event) then
if (sel='1") then

reg_a <= inbus;

reg_ b <= ("0’ & reg_a) + ("0’ & inbus);

else

reg_a <= inbus;

reg_ b <= ("0’ & reg_a) - ("0’ & inbus);

end if;
end if;
end process;
end rtl;
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FAEA seloleh= 9= @AE sty Frhdro A hds giAl/MA 28 AAE
Ad5Ytl selo] 0] Adderd 71%5S 3831 10]W subtraction®] 71%5< 3T F+
Ut VHDLS o#Hua AZkstd oF gy, ks Wslo] ojg A v 328 AA
F JdFYL oA dax e 32E $83 EAl= 3 VHDLA F49 7HA HaE
T Uds AYY.

&+ 4bit BCD(Binary Coded Decimal) SlAl7]E AAFAIT A5 kst A 40 E 9]
Adderol A AAE S BCDZE WA 7)= 328 AA&] HAth o714 ALeH
it A7 Tl e AYUTh AV 254 HEse A%

25 a2 ARt Ayt AlZE AHEA A2E AAGHE UF Aol Bo] AY
o AE AR E wpivbAd Ay

BCD ® 7)ol tisfA g ¥ Azbs] Atk BCD W] o] 548 Fol17Ea?

0ol A 97kA o Ak AWkA <l adderst ZFU T #41= a(10), b(1l), c¢(12), d(13), e(14),
f(15)¢] AP UT aE ADA AHsd =HAFH7I?

gyt ave 102 YEbE YUY 108 o)X= 10109 Ytk A4 102 QG2 A A=
Oolaz Aol Ay 19Yth Ao A= AYE Zakd Yok 284 ax “0000".= A
g3t AYE 12 Agstd HUdh b, ¢, d, e, = ol oz Folshd g}

T g A = FS AYUT L5 A7IAYUE Aae R dFY T
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exy)
library ieee;

use ieee. std_logic_1164.all;

entity bcdadder is

port (s : in std_logic_vector(3 downto 0);
c_in : in std_logic;
s_out : out std_logic_vector(3 downto 0);
c_out : out std_logic);

end bcdadder;

architecture rtl of bcdadder is
begin
process(s, c_in)
begin
if (c_in="0") then
if (s="1010") then

s_out <= "0000";
c_out <= '"1';
elsif (s="1011") then
s_out <= "0001";
c_out <= '"1';

elsif (s="1100") then
s_out <= "0010";
c_out <= '"1';

elsif (s="1101") then
s_out <= "0011";
c_out <= '"1';

elsif (s="1110") then
s_out <= "0100";
c_out <= '"1';

elsif (s="1111") then
s_out <= "0101";
c_out <= '"1';

else
s_out <= s;
c_out <= '0’;

end if;

end if;
end process;

end rtl;
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C 4:4 multiplier, T Flipflop, 3-state buffer?] A )
Az A€ 2] HA2} shift dAAH

Q= d A= 4#4 multiplier, T Flipflop, 3-state buffer®] A 8]l =X =¥ 2] A A<}
Shift AA=HE FFAFHE. #4714 deird = 25 o AAsA b5 =5 st

WA o] dAle 7S BEAQ] dAdUY. o AATE & e FA4e Hsa dFY
o ey ool AAAS iFelgd old dAE VEor Y B T dudgEs
7L 829 3717} A3 2m7h wE H2s AAser & AU o) REL R}

HEA FE FRo] opdUth 4] 22z ATl i okt

exl) 4 x4 Multiplier
library ieee;
use leee. std_logic_1164.all;

use ieee. std_logic_signed. all;

entity multi is
port ( a, b : in std_logic_vector(3 downto 0);
prod : out std_logic_vector(7 downto 0));

end multi;

architecture rtl of multi is
signal p0,pl,p2,p3 : std_logic_vector(7 downto 0);
constant zero : std_logic_vector = "00000000";
begin
process(a, b)
begin
if (b(0)="1") then p0 <= ("0000" & a);
else p0 <= zero;
end if;
if (b(1)="1") then pl <= ("000" & a & '0’);
else pl <= zero;
end if;
if (b(2)="1") then p2 <= ("00" & a & "00");
else p2 <= zero;
end if;
if (b(3)="1") then p3 <= ("0’ & a & "000");
else p3 <= zero;
end if;
prod <= (p3 + p2) + (pl + p0);
end process;
end rtl;
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ex2) T Flipflop
library ieee;

use ieee. std_logic_1164.all;

entity t_ff is
port ( t, clk : in std_logic;

q : buffer std_logic);
end t_ff;

architecture rtl of t_ff is
begin
process(clk)
begin
if (clk="1" and clk’ event) then
if (t="1") then

a <= not(q);
else
a <= a
end if;
end if;
end process,
end rtl;

FZEA g buffer =2 AAAEFUL, feedbacks 3 &t ez AU
q <= q A7] AR S Z assign H7] Y= Wy Rz HAHF o o g

3FH H ol disiA dobE Atk ] Alo]EE Onel =AW Off7h o] 3l&2 A4
BHE HolFUth Totem-pole®] 745 otef& EdA2=E 7} 2dhe ™ High o] A
7hA AL RE 2 9)E E A ~E 7} X}"/}Q 4% Low AHe Asks 7k ey Sol
B2 FE EAA =YL AddE 45 A3 AdH S i I2E HHUY S =2 A9
A2 AEHE At $&ded B 29 A Adder A28 & JA . g
o 34 AolES Fas EAL &7 olyo]E A (output enable delay)e] &8 tjx
o o] 8 A < (output disable delay)Bt} Ztts= A gy}

A | Y C7} Higho]®™ Y = A o]
I: C7} Lowe]® Y = High Impedance

C

i

O

(ol

[*]

o] o] Ak® stal of
=
=]

A FASEA Ay A
A= 27k 2 7] %8t W 2

94 Aot =24 Ayg= Qe Asyrth
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ex3) Tri-state Buffer
library ieee;

use ieee. std_logic_1164.all;

entity tristate is
port (e, a : in std_logic;
v out std_logic);

end tristate;

architecture rtl of tristate is
begin
process(e, a)
begin
if (e='1") then
y <= a,
else
y <= '7';
end if;
end process;
end rtl;

o AHrel 7lEwt &1 dupd Aol f45Yth 971 ¢ Z 'E nine valuesol A
High ImpedanceE YElyY o},

ex4) Tris-state Buffer
library ieee;

use ieee. std_logic_1164.all;

entity tristatel is
port (e, a : in std_logic;
v out std_logic);

end tristatel;
architecture rtl of tristatel is
begin

y <= a when (e='1") else 'Z’;
end rtl;

ol® = when - else TS AFE3IH 327} HASHA RdE = o] AFYTh

AEH H o el Lot G

flo

ohe
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2
a |N\ v e’k 1o]¥l y <= a7} Ha
e’} 0°]" y+= high Impedance
e’} 17} 0o] 9] o= Unknown “}El

b (e std_logic®] nine valueE 7[R 2 2)

vE inout BER A elok BTk 1 o ft fnel 9uE A4 Bo1E

exb) Bi-directional Buffer
library ieee;

use ieee. std_logic_1164.all;

entity bidir is
port (v : inout std_logic;
e, a . in std_logic;
b : out std_logic);
end bidir;

architecture rtl of bidir is
begin
process(e, a)
begin
case e is
when 1" => y <= a;
when 0" => vy <= 'Z’;
when others => y <= 'X’;
end case;

end process;

d = deviced] @S2 inout 2= Uil buffer == AAFof st A

vl A gk o 2 shift counter®t @A 2E Q] A e BA] Lol r ATk
A ~E B R 32 AAA thFolof ANt o 7| A A MG A o= ol 2
o] SHIE #HXA| Yol tisfiA dolRAFUN. dA2HE dHolHe 27 Zhsafof gy
t}.
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ex6) 8 bit Register
library ieee;
use ieee. std_logic_1164.all;

entity registerl is

port ( enable, load, clk : in std_logic;
reset : in std_logic;
regin : in std_logic_vector(7 downto 0);
loaddata : in std_logic_vector(7 downto 0);

regout : out std_logic_vector(7 downto 0));
end registerl;

architecture rtl of registerl is
signal gatedclk : std_logic;
begin
gatedclk <= enable and clk;
process(gatedclk, load, reset, enable, clk)
begin
if (reset="1") then
regout <= "00000000";
elsif (gatedclk="1" and gatedclk’ event) then
if (load="1") then
regout <= loaddata;
else

regout <= regin;

end if;
end if;

end process;
end rtl;
reseto] 10]W R & 3|2 27] o R setfBUYth Bds] F A7F Holof . A~
HE A7 A3 g el Qa, AR gol 2Ed & dE 15 SRk u
2 Q1ge] F Az Ho] Yk wek Common busE /b1 ok Qo] sz F
23] bsstntn AZEY a9 ol £ 714.04 qee A3 Yeuth

22 Ao d=u glevdd webd dA2Y 9 ghe] 2 H U 32 dent o)
Shal Qloj® IS HR ojygA fFuynh XH l—%éﬁz} Alz=El s AABEE T gl
AHEE = B 27 dA =H Yyt
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ex7) Shift Register
library ieee;

use ieee. std_logic_1164.all;

entity shiftreg is
port ( enable, load, clk : in std_logic;
din . in std_logic;
regin : in std_logic_vector(7 downto 0);
mode : in std_logic;
regout : out std_logic_vector(7 downto 0));

end shiftreg;

architecture rtl of shiftreg is
signal gatedclk : std_logic;
signal tmp : std_logic_vector(7 downto 0);
begin
gatedclk <= enable and clk;
regout <= tmp;
process(gatedclk, din, load, mode, clk)
begin
if (gatedclk="1" and gatedclk’ event) then
if (load="1") then
tmp <= regin;
elsif (mode="0') then
tmp <= tmp(6 downto 0) & din;
else
tmp <= din & tmp(7 downto 1);
end if;
end if;
end process,
end rtl;

thd mode HFEY AHoltl. mode A€o wrtA shift

gle dAe 25 v Fio| )
N E AT A &F ARgS bl shift

lefte} shift righte] 7%

registerg& AAE =
tmp <= tmp(6 downto 0) & din; —-- shift left
tmp <= din & tmp(7 downto 1); —- shift right

3|25 Zavk WA ofF AR QA vhE 4 ok shift rotate®] 7leg FASHA T
T Ak

tmp <= tmp(6 downto 0) & tmp(7); —— shift rotate left

tmp <= tmp(0) & tmp(7 downto 1); -- shift rotate right
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( State Machine )

FSM(Finite State Machine)ol| tiajA <o} r A5 T)
1. A" =g AATE o A JEE A= A7]= FSME 451 FSMe
54 %3S state transition diagram B+ state transition table 522 &P U}

2. FSM< state 5 7193t A2 &5 state M52 HolE #HAste o9 &

State Machine2 = Al Mealy Machine¥} Moore Machine®. 2 4 ¥4t}
Hol A el A4 Yo o+ State Machine©] 3L, Moore

Mealy machine& %
Machine& %2 o] &x] Aejol gt ¢]#3}+= State Machines &3t}

rir

Mealy Machine o3} 3|29 &2 o] @A Stateo} ol we} A ¥ = S Do)

Input State State »| Output
> - — Output
™ Logic Memory ™ Logic
Current State
23 e oz 49an g 1dg olsaa L.
Input Next State Current State . | Output Logic
. Next . w . . —>
Logic Register »| (Combinatorial]| gutput

(Combinatorial. Stat (Sequential)
Current State

A A2 Moore Machineol] ¥]3] State 7} A+ AU}
M o] A== oldfstar HA| dAl=Z o]af sl & Al th
State Machine?] A A& oW 3|zl AAE AHsla Ae e FelEs WA FA )

© LGy VNG S NGy
1/0

Input Present Next Output
(X) State State (2)
0 SO SO 0
1 SO S1 0
0 S1 S1 0
1 S1 S2 0
0 S2 S2 0
1 S2 S3 0
0 S3 S3 0
1 S3 S0 1
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StateE HA3o =z Fole AL A

syt 2 S ofeie] A,

9ol e EE B3 HF Coding &Y< dok &Y
Al Zal ®AIAl Q. State Machine> #&-o]ahA =3
BA AL obefe] I Hlaws] HAIZE whgu

ex1l) Mealy Machinel
library ieee;
use ieee. std_logic_1164.all;

entity fsml is
port ( x, clk : in std_logic;
7z : out std_logic);

end fsml;

architecture rtl of fsml is
type state is (s0O, sl, s2, s3);

signal st @ state;

begin
process(clk)
begin
if (clk="1" and clk’ event) then
if (x='0") then z <= '0’;
else
case st is
when s0 => st <= sl;
z <=0
when sl => st <= s2;
z <="'0';
when s2 => st <= s3;
z <="'0';
when s3 => st <= s0;
z <="1%
end case;
end if;
end if;
end process;
end rtl;

o
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2 o)Al EAE g W AT

type state is (s0, sl, s2, s3);

signal st : state;

stateE MEE data typel® AoFdHFUYr) s0, sl, s2, s3& AR sl FoloF H
Uk AlE# ol Alol] z7]sksl7] s = BEEA] state ©AE Gold FojoF Tt o]
F-}o] state machine?] A 3sto] & FJ&FS v P Yk FFY %7 FEHlE <7 $130 reset
@G2tE F71el initial stateE RFEO] Folof Furh wb=Al 27| 3|2E WEY FE
Aol FFUTh

when s0 => st <= sl; z <= '0’;

ul 7hA1e] Aoy7E QAR & ZhAIRE o]sfst vhE FiES A olsivE 2 A

S0 Current StateE YEN AL SIS Next StateE YEFHUYTE S02 StateE S19] State
2 ®HUa 79 9 S 022 F83UL qriAe & W7t ez a2 Jds
ety 39 A3E wAT

Marme: walue: l 25.0ns S0.0ns 7alns 100.0ns 125.0ns 150.0ns
E (I 1 1 1 1 1 1
- clk 0 |
- 1

|
arst | B G0 RO B
- I 1 |_| |_| |_|

when s3 => st <= s0; z <= '1';
o] FeElol A 29| Fo] 1= Wit AL 2 F ¢

tio

AAU

Aol ARy 2ol 25 HPH A= 32 A o] 2w T A4dUn
FSMS A4S w FSMolA e AA e %7 3|2 RE(Synchronous)S %3 32 i
(Combinatorial) ¥ Feletea2x w2 329} 23 32| AAS GolaA & ¥ 7t ofy

gt AAel Aoy oF Aol EX tdsive FHS JHA R dFyTh

i

l‘

ex2) Mealy Machine
library ieee;

use leee. std_logic_1164.all;

entity fsm2 is
port ( x, clk : in std_logic;

z : out std_logic);
end fsm2;
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architecture rtl of fsm2 is
type state is (s0O, sl, s2, s3);
signal current_st, next_st @ state;
begin
comb : process(current_st, x)
begin
case current_st is
when s0 =>
if (x='0") then
z <='0";
next_st <= s0;
else
z <='0";
next_st <= sl;
end if;
when sl =>
if (x='0") then
z <="'0";
next_st <= sl;
else
z <="'0";
next_st <= s2;
end if;
when s2 =>
if (x='0") then
z <='0";
next_st <= sZ;
else
z <='0";
next_st <= s3;
end if;
when s3 =>
if (x='0") then
z <='0";
next_st <= s3;
else
z <='0";
next_st <= s0;
end if;
end case;

end process;
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Synch : process(clk)
begin
if (clk="1" and clk’ event) then
current_st <= next_st;
end if;
end process;
end rtl;
type state is (s0O, sl, s2, s3);
signal current_st, next_st @ state;
A2 data type s0, sl, s2, s3& Aolslil o] Aol gt stateE F+ /N2 A AFYTH
9] o Al= current state$} next stateE Titst77F ol fledH AT @A FHE
A k717 "ekA Hol dFUYTh 18a process TS §F JfAA T AR FeoldlE
Utk 2 719 processE 2T AHE glFUGUT Az®E HAHIE SSAE g 79
process B 5 719 process® state machineS T&3E Aol N Fvha Az
Ui @2 Z2AAN T2 A E A2 A ¥€F U state machinee] A A A= 27
WAl 378 Arrt A4gettta A4FUr (A B ome)

25 o)Hol= process woll #HES AMEFFUTE process wo TES 9% Aojm=

AzgeE ok ge FA eFh
Synch : process(clk)
begin
if (clk="1" and clk’ event) then
current_st <= next_st;
end if;

end process;

Aol = =7+ A5t process(clk) o714 clk”} sensitivity listg}taz AW 5yt
O] AL AFEEHA ¥+ WHE AdSUTh wait until FES o] &3] A sensitivity listES X
st WS e =2l As Y

tio

wait until 7% T8 Tl Q= sl webA WY thge] Wske o] 9l
w7k A= i 71ekal sy Th
Synch : process(clk)
begin
wait until (clk="1" and clk’ event);
current_st <= next_st;
end process;
oA B =8 Wsrh Q7] A7A = v dEYh 89 Wt Jod
current_st <= next_st;2 F& gt}

8 A= resetS 7FA 3 9lE state machine$ Y o}
AEEE WA FA
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ex3) State Machine -- Mealy Machine
library ieee;

use leee. std_logic_1164.all;

entity fsm3 is
port ( reset, X, clk : in std_logic;
z : out std_logic);

end fsm3;

architecture rtl of fsm3 is
type state is (s0, sl, s2);
signal c_state, n_state : state;
begin
Synch : process(clk, reset)
begin
if (reset='0") then
c_state <= s0;
elsif (clk="1" and clk’ event) then
c_state <= n_state;
end if;

end process;

comb : process(c_state, x)
begin
case c_state is
when s0 => z <= '0’;
if (x='0") then

n_state <= s0;
else

n_state <= sl;
end if;

when sl => z <= '0’;
if (x='0") then
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n_state <= s0;
else
n_state <= s2;
end if;
when s2 =>
if (x='0") then
<='17%
n_state <= s0;
else
z <='1"
n_state <= sl;
end if;
end case;
end process;
end rtl;

el A waa 27 BE W 2 5 92 AYYT Reset 715 AL AFY
o 23 DA stated] BFo] ofeh Fwdor Wtk AUtk dAzA

2 AZEY

o] dAl= o AASHA A AFH

comb : process(c_state, x)

9] process T state MFE 7|95t @A ~Hol| digh
Synch : process(clk, reset)

9] process T+ state W9 Holet ¥ el ZAS
HAF T

A= v ZEyoh

s G l 100.0ns 150.0ns 200.0ns

ﬁ 1 1 1 1
- clk ] |||| ||| |||||
= teset 1

- ¥ ]
v c_state | DO 0 At ag 0 x eyl

z : R BLy

type state is (s0O, sl, s2);

signal c_state, n_state : state;

$-#]+= State Machine?] /Hd& =¢3ste] dAAGFYY. ¢ Binary Coding2. 2 A%
o oS ZEy

A type AAE-S AHAE 3L constant®Z A 25k FHut)
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constant sO : std_logic_vector(1 downto 0) := "00";
constant sl : std_logic_vector(1 downto 0) := "01";

constant s2 : std_logic_vector(l1 downto 0) := "10";

signal c_state, n_state : std_logic_vector(1 downto 0);

128 X9k Binary coding 2 A A s+ A KT} state machineS AASE AHo] HZA 3l =
5 FUT A29S HAFH3E A7)E gagEo] Binary coding 2 thE state machine Z0]
o #ZEo] vk g

$-2 Moore Machined] tjsfA Yol == 325U},
Moore Machine : =3 322 Z3o] 83 Aol dAe e gz v AAHHY
=

i

Input¥ F#3IE 2 glitch7F @ @A g = Fdo] sy,

State State State
Input —» —> > +——» Output
Logic Memory Logic

\ 4

Current State

25 UE Mdom dokFAlt.

Next State Current State Output
Input—p . > —
Logic Next Register Logic Output
. - Stat . . .
(Combinatorial)| ®*@%€ (Sequential) (Combinatorial)
Current State

ZF oHA FHFYU7? AE state machineS A At HH o] A o] Mealy Machine?l %
olym Moore machinel A & & §1& w7} AdFYT YUF 7ido] ofgriar AZtshAlA
npAl L A g2 2 2ol AEwE dolFAl= Aol & A Ay

S dAE Moore Machine®. 2 A A& & At}

Reset='i/\\

010 001

111 101

stated] FHIEe] $A7F 2T UL oW Ao A sk v

2 23 werke F9us,

iy
Y
1o,
o2
oft
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ex4) Moore Machine
library ieee;

use ieee. std_logic_1164.all;

entity fsm4 is
port ( reset, clk : in std_logic;
phl, ph2, ph3 : out std_logic);

end fsm4,

architecture rtl of fsm4 is

constant sO : std_logic_vector(2 downto 0) := "110";
constant sl : std_logic_vector(2 downto 0) := "010";
constant s2 : std_logic_vector(2 downto 0) := "111";
constant s3 : std_logic_vector(2 downto 0) := "011";
constant s4 : std_logic_vector(2 downto 0) := "101";
constant s5 : std_logic_vector(2 downto 0) := "001";
signal c_state, n_state : std_logic_vector(2 downto 0);
signal tmp_ph3 : std_logic;

signal ph : std_logic_vector(2 downto 0);

begin
pl : process(clk, reset)
begin
if (reset="1") then

c_state <= s0;

elsif (clk="1" and clk’ event) then
c_state <= n_state;

end if;

end process;

p2 : process(c_state)
begin
case c_state is
when sO => ph <= s0;

n_state <= sl;
when sl => ph <= sl;
n_state <= s2;
when s2 => ph <= s2;
n_state <= s3;
when s3 => ph <= s3;
n_state <= s4;

when s4 => ph <= s4;
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n_state <= sb;
when others => ph <= sb;
n_state <= s0;

end case;
phl <= ph(2);
ph2 <= ph(1);

tmp_ph3 <= ph(0);

end process;

p3 : process(clk)
begin
if (clk="0" and clk’ event) then
ph3 <= tmp_ph3;
end if;
end process,
end rtl;

71 37H49] process FEO ASHAFUT 2] TzAN FEL olg3te] 47
7 FssAR ph3e SAANANA BAFES AADJGUL. AT FEAAst 3%
A& FAo ol g3t AAE s

e Aseld H phiz ph2 FENAAA B AL ¥ 5 A, ph3e el
AN BAE AL ¢+ AU

Mame: “alue: l 25.II:In5 ED.II:Ins ?E.Ililns 1EIEI.IEIn5 125.IElns
=

E reset i o I..—I
g ph3 1 | | L
w2 | o I i

s pht |0 Dal el fE il e i

aeken | D6 B2 KT N XE N NB AN 3o TN L2

110 — 010 — 111 — 011 — 101 — 001
6 - 2 - 7 - 3 — 5 — 12 H3+= AES C_stated] W32 & F AdHFYh

Ashs ggHelehs wUth 1eld BA HS 3Pk phld ph2st FelAeA
Mk AE 9 TgelA Hels AL,

FHAAE A Aol WS AT FE AYYh Y 2L AAE F AAR Ed
BAFU 27 2@ AAQUTh 28 oFAE ey,
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Lo 9o HHEE FAHoR HAAZ JAE HoFUrh

ex5) Mealy FSM
library ieee;

use leee. std_logic_1164.all;

entity fsmb is

port ( reset, clk : in std_logic;
data_in : in std_logic_vector(l downto 0);
data_out : out std_logic);

end fsmb;

architecture rtl of fsmb is
type state is (st0, stl, st2, st3, st4);
signal c_state, n_state : state;
begin
statereg: process(clk, reset)
begin
if (reset="1") then
c_state <= st0;
elsif (clk="1" and clk’ event) then
c_state <= n_state;
end if;

end process statereg;

fsm @ process(c_state, data_in)
begin
case c_state is
when st0 =>

case data_in is
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when "00” => n_state <= st0;
when "01” => n_state <= st4;
when "10” => n_state <= stl;
when "11” => n_state <= st2;
when others => n_state <= null;
end case;
when stl =>
case data_in is
when "00” => n_state <= st0;
when "10” => n_state <= st2;
when others => n_state <= stl;
end case;
when st2 =>
case data_in is
when "00” => n_state <= stl;
when "01” => n_state <= stl;
when "10” => n_state <= st3;
when "11” => n_state <= st3;
when others => n_state <= null;
end case;
when st3 =>
case data_in is
when "01” => n_state <= st4;
when "11” => n_state <= st4;
when others => n_state <= st3;
end case;
when st4 =>
case data_in is
when "11" => n_state <= st4;
when others => n_state <= st0;
end case;
when others => n_state <= st0;
end case;

end process fsm;

output - process(c_state, data_in)
begin
case c_state is
when st0 =>
case data_in is
when "00” => data_out <= '0’;
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when others => data_out <= '1';

end case;
when stl => data_out <= '0’;
when st2 =>

case data_in is
when "00” => data_out <= '0’;
when "01” => data_out <= '0’;

when others => data_out <= '1';

end case;
when st3 => data_out <= '1’;
when st4 =>

case data_in is
when "10” => data_out <= '1’;
when "11” => data_out <= '1’;
when others => data_out <= '0';

end case;

when others => data_out <= '0’;
end case;
end process output;
end rtl;

ex6) Moore FSM
library ieee;

use ieee. std_logic_1164.all;

entity fsmb6 is

port ( reset, clk : in std_logic;
data_in : in std_logic_vector(l downto 0);
data_out : out std_logic);

end fsm6;

architecture rtl of fsm6 is
type state is (st0, stl, st2, st3, st4);
signal c_state, n_state : state;
begin
statereg: process(clk, reset)
begin
if (reset="1") then
c_state <= st0;
elsif (clk="1" and clk’ event) then

c_state <= n_state;
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end if;

end process statereg;

fsm : process(c_state, data_in)
begin
case c_state is
when st0 =>
case data_in is
when "00” => n_state <= st0;
when "01” => n_state <= st4;
when "10” => n_state <= stl;
when "11” => n_state <= st2;
when others => null;
end case;
when stl =>
case data_in is
when "00” => n_state <= st0;
when "10” => n_state <= stZ;
when others => n_state <= stl;
end case;
when st2 =>
case data_in is
when "00” => n_state <= stl;
when "01” => n_state <= stl;
when "10” => n_state <= st3;
when "11” => n_state <= st3;
when others => null;
end case;
when st3 =>
case data_in is
when "01” => n_state <= st4;
when "11" => n_state <= st4;
when others => n_state <= st3;
end case;
when st4 =>
case data_in is
when "11" => n_state <= st4;
when others => n_state <= st0;
end case;
when others => n_state <= st0;

end case;
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end process fsm;

output - process(c_state)
begin
case c_state is
when st0 => data_out <= '1’;
when stl => data_out <= '0’;
when st2 => data_out <= 'l’;
when st3 => data_out <= '0’;
when st4 => data_out <= '1’;
when others => data_out <= '0’;
end case;
end process output;
end rtl;

% o] ge dAE A3 nas) BAe. 4R PR vy 4dEoz 7 nn

of W Mg e AesAg

& Azbeli= AFAA AREA @ FWAH I} Packageel e FEE A
FES FASUL the AL 7120 RRe Ug dge] @ AQuh 1 gy
B A Azgel 23 AdES A5UT
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( Package?} H->x =188 )

A717F AAgE T2 OE Al AFEE ¢ b A9 At dEAE s A
th ol el VHDLA = suth ol¥ 7do]l Reusezts 71 YUt} Package®t #ol
AbEE = s 3 Fadd HopA oy HAY 5T F de S dEYTh g ARt
°] 1 packageE ©]-&3% F A= Ao oy} HAAA RFIF AT & dFUHL

21 library®} packagedl walA Lol AFYTE librarye ol AAS HdA &9
(design unit) =, entity architecture, package 5& A &3to] QAo A& = Y=
s 4o A% A (directory)ghal B )

Package™ A58 (type), ¥4 (function), Procedure 5< 3+ &Aoo Rol A3t Aot}
Package: libraryel] £<% % b2 VHDL &AM uset&o o] &E&Z)

WA libraryell disiA ZobE-Alth. VHDL +74e] VHDL &4 7)ol <& siMe &34 A
44 libraryoll A&t wkef S8 AL library7t A= o] A &ow work library
o A= work librarye= @A 23 F<2A AL A As= F(directory) 2.2 VHDL Af
227} AFEEta Y A libraryE Zkt

Oll

= A A

IEEE Library

Package
|_std_logic_1164, std_logic_arith -

library& & B2 4ol package® 7ldo] AdFYth

library ieee; -- IEEE®}+ Library
use ieee.std_logic_1164.all; —— IEEE#}+= Library<o] E£35 0] 9+ std-11648F= package

Library®] &l oA 4zt robiAlt
IEEE Libraryol didid+= 2ol thFo HksUrh std_logic_1164, std_logic_arith & <]
packageZt EFFEl = dgolB Ut 1Eal ofH7AA vFo] HA &ge STD
LibraryW ol textiog}i= package’} AUt textiots ASCI U (18]l EF JE3)dA
AAY 2715 YalA AMEHE subprograme G2l AFUTh A7 EAAL Qe
Toololl A 3 W Zrolr e, 28]a ASIC F3FA7F A&3sk+= library’t syt ol A
Tools RE=w 3AM A AlF8te library YU Th o] A& AREA7E @ol Abgsles Fits
olEg® wE AojEm ¢4 ow I} #HF AJUT. IJALA AlFEE wiEe
Al AJUn aglar AFEAZE Aol s library7F AFUHTE o] A £l
AFUTE A77F Bo] ARgste g golBelgd o dAe we A

Re AdY 2FE AN Aztsjor &

ofr F{E

o

ol dsyn. A7I7E AR 2ol B

= AE WEs Aol & dart sy ol AS ZFAE (Visibility) &
D3yt 7hA Aol packagedt libraryulel A A= o] iAW Aeld RS A
25 AAss AYUY. delBdes Ases 7S HA Ferm R library
=& AREEe] ZhAE Al7Ia 7 HolEEEE JRAE Al B use THEOE

2}

YhReh bR
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packageE 7}Als} A7t

& £ [EEE#}+= LibraryE 7FA13 Alfl Yo}

library ieee;

o ANE B g AGHTIE JuE e ge TEL ALS
use leee. std_logic_1164.all;

o714 ieeetr= TholE g ©o]&S el L, std_logic_1164% package? ©]&& e
ohoall ol AL RE AL AR ATE vy,

g

e},

o

™
v

A

F2 o2 [EEE 7oz A4S d=d 3|2 AAod gojA IEEE glo]lH g7l wb=A
Eoj7bok dt AL obduth wel wEkME AV 7F AAS golE# gt x3Eo Qe
s|2% AAZ 7hs@dch A7F IEEE gtelB g & A5 AME3tE ol 7HE 7124

ghol B elgjo] 7] W& Pt

& dAE & HASL

use work. sample. all;

qroF Ab-g-3t#l = package’} work libraryol 1S A$-ole BER 7AE A2 Hart gl
°], use O 2 3T packages 7HAI3F AlFIY T work librar % A FPsE A
default 2 FolE#g 24 A AL BAsm AASE A2z oy Ao 2H3

F oo e Wy,

7 U2 packageol| thalA oAt
packageE #AAsteld A4S F2AS Apgsfor Ut 7 AL wk=A] A AHoF ok

packaget ZA F 7IAZ AU packaged] Aol E A (body)E TAHBEYL I
1A Aol gste oo A& = JE AHHAE HFsE Aoy, A7 EFY Y
Aololyp Rz o] o] E(procedure, function)o] <54 Th. HH 712 FAE d71A] A

A Ae Rxzagel FAA Ugo] ol d&Uth AL entity A3 Mg

-— package A<

package package_©| & is
25 4 (type) A
Bxzad A,

I= o

end package ©]&;

—-- package &
package body package_©] & is
g gk VHDL -4

end package_ °] &;

entityS} architecture®] AF§3} Wl Zatth Azbol AU packagee] B A o
A7 G4 FgHUt DA 27 ArsA =44 AQUth 28AY packaged
g5 4FF A A AAE /YT 5 e AU
e F shA] Aol B Fgth LTRIWS A48T o

A A48 Yrold Aza ALY

S AHgsA e W o] ¥ 7t
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package tristate is
type trivalue is ('0’, '1’, 'z’, 'x');
constant clk_h : time := 20ns;
constant clk_I : time = 20ns;

end tristate;

e FEe AZdFUn 99 H9E package wAE 7HAA Uk 99 A= A
SY9 g ddrtez o]FojAd glFULE o'l Aol package wAE 7HAA ZiL

] package Ao A& 7 9o+ package EAE 7FH Y
Sz ago] FORIAl oprolol g AU a1y dojoAM = FEE AEE
FYtl ALgx A E 98l VHDLAIA = function(34)3} procedureE AT = 2
FUT AT 2ol AAY] dRES mE A AY, Ve R 8 Jhed 22
A= Bosi AT = A== function(84)3 procedures AbE3F 4= A5Gyt
package oAl function®} procedure?] ol E s W FATh ofHl Ao B A&HE=AE g
WAt Hofol 3 ]t

]

_1

package logic is
function f_and2 (a, b : in bit) return bit;
procedure p_and2 (a, b : in bit ; y : out bit);

end logic;

package body logic is
function f_and2 (a, b : in bit) return bit is
begin
if (a='1") and (b='1") then
return ('1');
else
return ('0');
end if;
end f_and?;
procedure p_and2 (a, b : in bit; v : out bit) is
begin
if (a='1") and (b='1") then
y <="1%
else
y <=0
end if;
end p_and?;
end logic;
o dAE and2E library® 9= Aot} function¥ procedureE ©]-&3Fo] 3 7]#3} 3}
Ak 54 gholBelgdd ARE vs olAE SE5He] AR 5 AFH
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2 E g us AHRAEUT dolnd g A A golng
2o gol7t BagUrh oA &Y YgEe) wEu

library work;

use work. my_logic. all;

o AL A "yHEY vHEA @3 H7|AE XTI AAE stohd golH el 7HA S}
dastA &g AdYrh
o]A 9] function¥} procedureE o3l WHE 4o H =
y <= f_and2 (x1, x2);
Procedure®] 79+
p_and?2 (x1, x2, y); Y44y}t
st=o] &3 Procedured TEAA 71 & AolHL HEYH FE F(return value)o] 3}
Ul A5-= s AFESta o9 Y #s E8E 4T ProcedureE AFE-Y th

function f_and2 (a, b : in bit) return bit;

procedure p_and2 (a, b : in bit ; y : out bit);

oA BE functione return S 7FA 3 QHUTH o] B HEy Fi= LO] shuter
28 Jduyth. 2 ¥hde)] procedure?] A$-+ out REES /MR UL out REZ A A
A& obdyth

function f and2 (a, b : in bit) return bit; -- 2] A<
y <= f_and2 (x1, x2); - z;;jp_/llgl Abe
ghrol A9 vl kol return valued YTt =
yrtt bite] AS-dE @734 AHeE F IS
FaARe)

F2 P4E wol AEE AL ¥ £ 92 AUk

procedure p_and2 (a, b : in bit ; y : out bit); —- Procedure2| 7 2]

p_and2 (x1, X2, y); -— Procedure?] A&

a9 gl 9T n REWE ST & ARt o AL AT F 9 A
Aol & = A AYYTh Procedure?] 7 $-% in, out, inout EEE

procedure®] 79 o]AS H7|A oA AP Fx 9L ofyH architecture$t begin Af
o]t} process$t begin Ateldll Zd3 % AFYTE oo procedures o]&3tE A A
AARe] mhEoly AFdstA] oM gyt

function®} procedureo] A& %+ VHDL 38 B% £x @& o]ojoF gt}

process o] ofof HF=A] FaF Aol HE A ofbdyr},
5

g2 dAE 3 H FAY A9 logic_pkgdtE o]E9 YA E w5t

package logic_pkg is

- 114 -



procedure and_p ( a, b : in bit;
c : out bit);
function or_f ( a, b : in bit) return bit;

end logic_pkg;

package body logic_pkg is
procedure and_p ( a, b : in bit; ¢ : bit ) is

begin
if (a='1") and (b="1") then ¢ <= '1/;
else ¢ <= '0’;
end if;
end and_p;
function or_f ( a, b : in bit) return bit is
begin
if (a='0") and (b='0") then return '0’;
else return '1’;
end if;
end or_f;
end logic_pkg;
and$} orgte A AEgES AT AU vk o] A9 process & AHEEHA]
doks AdUeh gE Aol Yl ZEAA o] ok sy o As

¥ olgek7] A e dAE andor. vhd UL FEALFUD T3 g

entity and_or is
port ( al, bl, ¢l : in bit;
Z . out bit);

end and_or;

library work;

use work. logic_pkg. all;

architecture rtl of and_or is
signal temp_z : bit;
begin
process(al, bl, cl)
begin
and_p (al, bltemp_z);
z <= or_f (temp_z, cl);
end process;
end rtl;

&2
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function®} procedure®] W3 VHDL T%& WF=A] $£x12 02 o]Fojxlof st W&o
AU o]AS &8 v function¥ procedure?] ¢ X+ process ¢Fo|iu} thE procedure
U function ¢toll & 4 JdHYHh o]¥ F9-= 43 5 E(Sequential Call)olztar gy},

process(al, bl, cl)
begin
and_p (al, bl, temp_z);
z <= or_f (temp_z, cl);
end process;

Aol dAe 2 TE2 T4 AFHTH

N

e #a &2 FAEYor sty AL oldUn IEHe FEZRad g
process()¢} end process o] T7/FHoE AYdT + = 9 s Wi 5
(Concurrent Call)ol&gtar gk A @3skAbA process ¥ Yol AW ©2 procedurett
function Hrell vk EdYn MBA o2 FAAAZ v gy

entity and_or is
port ( al, bl, ¢l : in bit;
z : out bit);

end and_or;

library work;

use work. logic_pkg. all;

architecture rtl of and_or is
signal temp_z : bit;
begin
gl @ and_p (al, bl, temp_z);
g2z <= or_f (temp_z, cl);
end rtl;
pxg &R 5FEX ohUW Wa 5F9 ¥ A4 el gyt
A=)
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,d
EELI
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Zholl A} =Y procedures= 29 F7ko] Ab

functione wait & A& 4 §lo procedure™ wait S Ab

oo ofo
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T

= fledd

ES
T dEyd
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I~

function®] ®7l¥ 4% signal? constant’} 2 4 29 procedure?] w74 signal,
variable, constant’} 2 4 d&Huyd. AAZF HAHA o functione w/AWHSE
constant®] ™, procedure 74 %-°l+ mode”} function®} 7] in®|™H constant® 7}4 ¥ 3L out,
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ex1)

library ieee;

use leee. std_logic_1164.all;

entity clk is
port ( clk : in std_logic;

clk10, clk100, clk10000 : buffer std_logic);
end clk;

architecture rtl of clk is
signal count : integer range 0 to 7;
signal countl : integer range 0 to 49;
signal count? : integer range 0 to 49;
begin

process(clk)

begin

if (clk="1" and clk’ event) then
if (count >= 4) then

count <= 0;
clk1l0 <= not clkl0;
else

count <= count + 1;
end if;
end if;

end process;
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process(clk)
begin
if (clk="1" and clk’ event) then
if (countl >= 49) then

countl <= 0;
clk100 <= not clk100;
else

countl <= countl + 1;
end if;
end if;

end process;

process(clk100)
begin
if (clk100="1" and clk100’event) then
if (count2 >= 49) then
count2 <= 0;
clk10000 <= not clk10000;
else
countz <= count2 + 1;
end if;
end if;
end process;
end rtl;

A7 = A MY IntegerE AFE3G U IntegerZl AL He 59 &o]gUt) HE
2 7158t AR Integers AR w7l AT wjr BFUT Al Jie ZEAA Fo®
TAE AN Y& ZEUT shue] ZEAA ERF Ay EAEFU
process(clk)
begin
if (clk="1" and clk’ event) then
if (count >= 4) then

count <= 0;
clk10 <= not clkl0;
else

count <= count + 1;
end if;
end if;

end process;
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ex?)
library ieee;

use leee. std_logic_1164.all;

entity clk_gen is
port ( clk : out std_logic);
end clk_gen;

architecture rtl of clk_gen is
begin
process
begin
clk <= '1" after 25 ns,
‘0" after 50 ns;
wait for 50 ns;

end process;

end rtl;
raskA AAYREYT 2229 Max+Plusdl e ALS 8174 &S (e 254k
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ex3)

library ieee;

use leee. std_logic_1164.all;
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entity clk_gen is
port ( clk : out std_logic;

reset : out std_logic);
end clk_gen;

architecture rtl of clk_gen is
constant pulse_width @ time = 25 ns;
constant period : time = 50 ns;
begin
process
begin
clk <= '"1" after pulse_width,
"0’ after period;
wait for period;

end process;

reset <= '0’, '1" after 45 ns, 'O’ after 250 ns;

end rtl;
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exl1)
library ieee;

use leee. std_logic_1164.all;

entity segment is
port ( bed : in std_logic_vector(3 downto 0);
y : out bit_vector(7 downto 0));

end segment;

architecture rtl of segment is
begin

process(bcd)

begin
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case bed is

when ”0000” => y <= "11111100";
when "0001" => y <= "01100000";
when ”0010” => y <= "11011010";
when ”0011” => y <= "11110010";
when "0100" => y <= "01100110";
when ”0101” => y <= "10110110";
when ”0110” => y <= "10111110";
when "0111" => y <= "11100000";
when ”1000” => y <= "11111110";
when ”1001” => y <= "11100110";

when others => y <= "00000000";
end case;
end process;
end rtl;
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ex2)
library ieee;

use leee. std_logic_1164.all;

entity segment is
port ( num : in integer range 0 to 15;
seg : out bit_vector(6 downto 0));

end segment;

architecture rtl of segment is
signal seg_n : bit_vector( 6 downto 0);
begin
process(num)
begin

case num 1is
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when 0 => seg n <= "1111110";
when 1 => seg_n <= "0110000";
when 2 => seg_n <= "1101101";
when 3 => seg_n <= "1111001";
when 4 => seg_n <= "0110011";
when 5 => seg_n <= "1011011";
when 6 => seg_n <= "1011111";
when 7 => seg_n <= "1110000";
when 8 => seg_n <= "1111111";
when 9 => seg n <= "1110011";
when 10 => seg_n <= "1111101";
when 11 => seg_n <= "0011111";
when 12 => seg_n <= "1001110";
when 13 => seg_n <= "0111101";
when 14 => seg_n <= "1001111";

when 15 => seg_n <= "1000111";
when others => seg_n <= "1111110";
end case;
end process;

seg <= seg_n;

end rtl;
w2y GulE alA REE AFESHA] ZdFY Tk
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exl) 7]E= nd

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity clock is

port (clk, reset : in std_logic;

seg_sl, seg_s2 : out std_logic_vector(7 downto 0));

end clock;

architecture rtl of clock is

signal cnt : integer range 0 to 255;

signal sec : std_logic;

signal tlsec, tlOsec :

function seg ( display : integer range 0 to 255)

integer range 0 to 255;

return std_logic_vector is

variable segl :

std_logic_vector(7 downto 0);

segl :
segl :
segl :
segl :
segl :
segl :
segl :
segl :
segl :
segl :

"11111100";
"01100000";
"11011010";
"11110010";
"01100110";
"10110110";
"101111107;
"11100000";
"11111110";
"11100110";

when others => segl = "00000000";

begin
case display is
when 0 =>
when 1 =>
when 2 =>
when 3 =>
when 4 =>
when 5 =>
when 6 =>
when 7 =>
when 8 =>
when 9 =>
end case;
return segl;
end seg;
begin
process(clk, reset)
begin
if (reset = '1’) then
cnt <= 0;
sec <= '0";
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elsif (clk’event and clk='1") then
if (cnt>=49) then
cnt<=0;
sec <= not sec ;
else
cnt <= cnt +1;
end if;
end if;

end process;

process(reset, sec)

begin

if (reset="1") then
tlsec <= 0;
t10sec <= 0;

elsif (sec’event and sec='1’) then
if ( tlsec=9 ) then
tlsec<=0;
if ( tl0sec=9 ) then
tl0sec <= 0;
else
tl0sec <= tlOsec+1;
end if;
else
tlsec <= tlsec + 1;
end if;
end if;

end process;

seg_sl <= seg(tlsec);
seg_s2 <= seg(tl0sec);

end rtl;
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function seg

end seg;

process( )

end process;

process( )

end process;

seg_sl <= seg(tlsec);
seg_s2 <= seg(tlOsec);
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ex2) A ALA] A
library ieee;
use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity clockl is
port (clk, reset : in std_logic;
seg_sl, seg_s2 . out std_logic_vector(7 downto 0);
seg_ml, seg_m?2 : out std_logic_vector(7 downto 0);
seg_hl, seg_h2 : out std_logic_vector(7 downto 0));

end clockl;

architecture rtl of clockl is
signal tlsec, tl0sec : integer range 0 to 255;
signal mlsec, m10sec : integer range 0 to 255;

signal hlsec, hl0sec : integer range 0 to 255;

function seg ( display : integer range 0 to 255)
return std_logic_vector is

variable segl : std_logic_vector(7 downto 0);
begin
case display is

when 0 => segl = "11111100";

when 1 => segl = "01100000";

when 2 => segl = "11011010";

when 3 => segl = "11110010";

when 4 => segl = "01100110";

when 5 => segl = "10110110";

when 6 => segl = "10111110";

when 7 => segl = "11100000";

when 8 => segl = "11111110%;

when 9 => segl = "11100110";

when others => segl = "00000000";
end case;
return segl;

end seg;

begin

process(reset, clk)
begin
if (reset="1") then
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tlsec <= 0; tl0sec <= 0;
mlsec <= 0; mlOsec <= 0;
hlsec <= 2; hlOsec <= 1;
elsif (clk’event and clk='1") then
if (tlsec=9) then tlsec <= 0;
if (t10sec=5) then tl0sec <= 0;
if (mlsec=9) then mlsec <= 0;
if (ml0sec=5) then ml0sec <= 0;
if (hlsec=9) then hlsec <= 0;
if (h10sec=1 and hlsec=2) then hl0Osec <= 1;
else hl0sec <= hl0sec + I;
end if;
else hlsec <= hlsec + 1;
end if;
else m10sec <= ml0Osec + 1;
end if;
else mlsec <= mlsec + 1;
end if;
else tl0sec <= tl0sec + 1;
end if;
else tlsec <= tlsec + 1;
end if;
end if;

end process;

seg_sl <= seg(tlsec);
seg_s2 <= seg(tl0sec);
seg_ml <= seg(mlsec);
seg_m?2 <= seg(mlOsec);
seg_hl <= seg(hlsec);
seg_h2 <= seg(hlOsec);

end rtl;
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ex3) Stop Watch

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity timer is

port (clk, reset : in std_logic;

seg_sl, seg_s2 . out std_logic_vector(7 downto 0);
seg_ml, seg_m?2 : out std_logic_vector(7 downto 0);

seg_hl, seg_h2 : out std_logic_vector(7 downto 0));

end timer;

architecture rtl of timer is

signal tlsec,tl0sec :

signal mlsec,m10sec :

signal hlsec,hl0Osec :

function seg ( display : integer range 0 to 255)

integer range 0 to 255;
integer range 0 to 255;
integer range 0 to 255;

return std_logic_vector is

variable segl :

segl :
segl :
segl :
segl :
segl
segl :
segl :
segl :
segl :

begin

case display is
when 0 =>
when 1 =>
when 2 =>
when 3 =>
when 4 =>
when 5 =>
when 6 =>
when 7 =>
when 8 =>
when 9 =>

segl :

std_logic_vector(7 downto 0);

"11111100";
"01100000";
"11011010";
"11110010";
"01100110";
"10110110";
"10111110";
"11100000";
"11111110";
"11100110";

when others => segl = "00000000";

end case;
return segl;

end seg;

begin

process(reset, clk)

begin

if (reset='1") then
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tlsec <= 0; tl0sec <= 0;
mlsec <= 0; mlOsec <= 0;
hlsec <= 0; hlOsec <= 0;
elsif (clk’event and clk='1") then
if (tlsec=9) then tlsec <= 0;
if (t10sec=9) then tl0sec <= 0;
if (mlsec=9) then mlsec <= 0;
if (ml0sec=5) then ml0sec <= 0;
if (hlsec=9) then hlsec <= 0;
if (h10sec=5) then hl0sec <=
else hl0sec <= hl0sec + I;
end if;
else hlsec <= hlsec + 1;
end if;
else m10sec <= ml0Osec + 1;
end if;
else mlsec <= mlsec + 1;
end if;
else tl0sec <= tl0sec + 1;
end if;
else tlsec <= tlsec + 1;
end if;
end if;

end process;

seg_sl <= seg(tlsec);
seg_s2 <= seg(tl0sec);
seg_ml <= seg(mlsec);
seg_m?2 <= seg(mlOsec);
seg_hl <= seg(hlsec);
seg_h2 <= seg(hlOsec);

end rtl;
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exd) HFAQ1 HAA AA
library ieee;
use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity watch is
port (clk, reset, sel : in std_logic;
seg_sl, seg_s2 . out std_logic_vector(7 downto 0);
seg_ml, seg_m?2 : out std_logic_vector(7 downto 0);
seg_hl, seg_h2 : out std_logic_vector(7 downto 0));

end watch;

architecture rtl of watch is

signal ulsec, ulOsec : integer range 0 to 255;
signal tlsec, tl0sec : integer range 0 to 255;
signal mlsec, ml0sec : integer range 0 to 255;

signal hlsec, hl0sec : integer range 0 to 255;

function seg ( display : integer range 0 to 255)
return std_logic_vector is

variable segl : std_logic_vector(7 downto 0);
begin
case display is

when 0 => segl = "11111100";

when 1 => segl = "01100000";

when 2 => segl = "11011010";

when 3 => segl = "11110010";

when 4 => segl = "01100110";

when 5 => segl = "10110110";

when 6 => segl = "10111110";

when 7 => segl = "11100000";

when 8 => segl = "11111110";

when 9 => segl = "11100110";

when others => segl = "00000000";
end case;
return segl;

end seg;

begin

- 133 -



process(reset, clk, sel)
begin
if (reset="1") then
tlsec <= 0; tl0sec <= 0;
mlsec <= 0; mlOsec <= 0;
hlsec <= 2; hlOsec <= 1;
elsif (clk’event and clk='1") then
if (sel='0") then
if (ulsec=9) then ulsec <= 0;
if (ul0sec=9) then ulOsec <= 0;
if (tlsec=9) then tlsec <= 0;
if (t10sec=5) then tl0sec <= 0;
if (mlsec=9) then mlsec <= 0;
if (ml10sec=5) then ml0sec <= 0;
if (hlsec=9) then hlsec <= 0;
if (h10sec=1 and hlsec=2) then hl0Osec <= 0;
else hl0sec <= hl0sec + 1;

end if;
else hlsec <= hlsec + 1;
end if;
else m10sec <= ml0Osec + 1;
end if;
else mlsec <= mlsec + 1;
end if;
else tl0sec <= tl0sec + 1;
end if;
else tlsec <= tlsec + 1;
end if;
else ulOsec <= ulOsec + 1;
end if;
else ulsec <= ulsec + 1;
end if;

else
if (tlsec=9) then tlsec <= 0;
if (t10sec=9) then tl10sec <= 0;
if (mlsec=9) then mlsec <= 0;
if (ml10sec=5) then ml0sec <= 0;
if (hlsec=9) then hlsec <= 0;

if (h10sec=5) then hl0sec <= 0;
else h10sec <= hl0sec + 1;

end if;
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else hlsec <= hlsec + 1;

end if;
else ml10sec <= ml0sec + 1;
end if;
else mlsec <= mlsec + 1;
end if;
else tl0sec <= tlOsec + 1;
end if;
else tlsec <= tlsec + 1;
end if;
end if;
end if;

end process;

seg_sl <= seg(tlsec);
seg_s2 <= seg(tl0sec);
seg_ml <= seg(mlsec);
seg_m?2 <= seg(mlOsec);
seg_hl <= seg(hlsec);
seg_h2 <= seg(hlOsec);

end rtl;
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—— dec7.vhd

library ieee;

use ieee.std_logic_1164.all;

entity dec7 is

port ( bed : in integer range 0 to 15;

d

seg : out std_logic_vector(7 downto 0));

end dec7,

. in std_logic;

architecture arc of dec7 is

signal v : std_logic_vector(6 downto 0);

begin
process(bcd)
begin
case bed is
when 0 => y <= "1111110";
when 1 => y <= "0110000";
when 2 => y <= "1101101";
when 3 => y <= "1111001";
when 4 => y <= "0110011";
when 5 => y <= "1011011";
when 6 => y <= "1011111";
when 7 => y <= "1110000";
when 8 => y <= "1111111"
when 9 => y <= "1110011";
when 10 => y <= "1110111";
when 11 => y <= "0011111";
when 12 => y <= "1001110";
when 13 => y <= "0111101";
when 14 => y <= "1001111";
when 15 => y <= "1000111";
when others => y <= "0000000";
end case;
end process;
seg <=y & d;
end arc;
A A9y 298 AyaAlth dH2 bedot d, =
bedi= 0914 f74A1€] fiedo] SojFyrt. 2| &9
Ut ® 8 de AIMEY REE FASeE A
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—— sep.vhd

library ieee;

use leee.std_logic_1164.all;

entity sep is

port ( a . in integer range 0 to 59;
ten, one : out integer range 0 to 9);

end sep;

architecture a of sep is

begin
process(a)
begin
if (a<=9) then
ten <= 0;
one <= a;
elsif (a<=19) then
ten <= 1;

one <= a - 10;
elsif (a<=29) then

ten <= 2;

one <= a- 20;
elsif (a<=39) then

ten <= 3;

one <= a - 30;
elsif (a<=49) then

ten <= 4;

one <= a - 40;
elsif (a<=59) then

ten <= 5;

one <= a - 50;
else

ten <= 0;

one <= 0;
end if;

end process;

end a;
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—— clock.vhd
library ieee;

use ieee.std_logic_1164.all;

entity clock is
port ( clk : in std_logic;

clear : in std_logic;

g : out std_logic_vector(7 downto 0);
seg7 : out std_logic_vector(7 downto 0));

end clock;

architecture arc of clock is

signal cnt . integer range 0 to 5;
signal num . integer range 0 to 15;
signal hour . integer range 0 to 59;

signal min, sec : integer range 0 to 59;
signal h10, hl : integer range 0 to 9;
signal m10, ml : integer range 0 to 9;

signal s10, sl : integer range 0 to 9;

signal cnts . integer range 0 to 499999;
signal s_clk . std_logic;
signal m_clk . std_logic;
signal h_clk : std_logic;

component sep
port ( a ! in integer range 0 to 59;
ten, one : out integer range 0 to 9);

end component;

component dec7
port ( bed : in integer range 0 to 15;
d ! in std_logic;
seg : out std_logic_vector(7 downto 0));

end component;
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begin

s_s . sep port map (sec, s10, sl);
s_m : sep port map (min, m10, ml);
s_h : sep port map (hour, h10, hl);

s7 @ dec7 port map (num, s_clk, seg7);

process(clk, clear)
begin
if (clear="1") then
cnts <= 0;
s_clk <= "0";
elsif (clk="1" and clk’event) then
if (cnts >= 499999) then

cnts <= 0;
s_clk <= not s_clk;
else

cnts <= cnts + 1;
end if;
end if;

end process;

process(s_clk, clear)
begin
if (clear="1") then
sec <= 0;
elsif (s_clk="1" and s_clk’event) then
if (sec >= 59) then

m_clk <= "1
sec <= 0;
else

sec <= sec + 1;
m_clk <= '0’;
end if;
end if;

end process;

process(m_clk, clear)
begin
if (clear="1") then

min <= 0;
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elsif (m_clk="1" and m_clk’event) then
if (min >= 59) then
h_clk <= "1%;
min <= 0;
else
min <= min + 1;
h_clk <= '0’;
end if;
end if;

end process;

process(h_clk, clear)
begin
if (clear="1") then
hour <= 0;
elsif (h_clk="1" and h_clk’event) then
if (hour >= 23) then
hour <= 0;
else
hour <= hour + 1;
end if;
end if;

end process;

process(clk)
begin
if (clk="1" and clk’event) then
case cnt is
when 0 => g <= "01111111";
num <= hl10;
when 1 => g <= "10111111";
num <= hl;
when 2 => g <= "11011111";
num <= ml0;
when 3 => g <= "11101111";
num <= ml;
when 4 => g <= "11110111";
num <= sl0;
when 5 => g <= "11111011";
num <= sl;

when others => cnt <= 0;
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end case;
cnt <= cnt + 1;
end if;
end process;

end arc;
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component sep
port ( a . in integer range 0 to 59;
ten, one : out integer range 0 to 9);

end component;

component dec7
port ( bed : in integer range 0 to 15;
d :in std_logic;
seg : out std_logic_vector(7 downto 0));

end component;

WA sep.vhd®} dec7.vhdE WA AAAGFYY. 99 component HF#+S 1 H &
7l 918t 48 S Aol FEYYT. 23S ARESkE Fato]l "ol v FEYYT AR

He ool 2w g,

s_s : sep port map (sec, sl0, sl); —— x2| FEA]

s_m : sep port map (min, m10, ml); —— #¢| XA

s_h 1 sep port map (hour, h10, hl); —— A|7+¢] FEA|

s7 : dec7 port map (num, s_clk, seg7);
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process(clk, clear)

elsif (clk="1" and clk’event) then
if (cnts >= 499999) then
cnts <= 0;
s_clk <= not s_clk;

else
cnts <= cnts + 1;

end if;

end if;
end process;

Alehe FEdyoh
process(s_clk, clear)

elsif (s_clk="1" and s_clk’event) then

if (sec >= 59) then

m_clk <= '17;
sec <= 0;
else
sec <= sec + 1;
m_clk <= '0’;
end if;
end if;

end process;

process(m_clk, clear)

elsif (m_clk="1" and m_clk’event) then
if (min >= 59) then
h_clk <= '1';
min <= 0;

else
min <= min + 1,

h_clk <= '0";

end if;
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end if;

end process;
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process(h_clk, clear)

elsif (h_clk='1" and h_clk’event) then
if (hour >= 23) then

hour <= 0;
else
hour <= hour + 1;
end if;
end if;

end process;
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process(clk)

begin

if (clk="1" and clk’event) then
case cnt is

when 0 => g <= "01111111"; num <= hl0;
when 1 => g <= "10111111"; num <= hl;
when 2 => g <= "11011111"; num <= ml0;
when 3 => g <= "11101111"; num <= ml;
when 4 => g <= "11110111"; num <= sl0;
when 5 => g <= "11111011"; num <= sl;
when others => cnt <= 0;

end case;
cnt <= cnt + 1,
end if;

end process;
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