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6.1 X%

6.1.1 FE

HHE X — KRBT
CONSTANT H#4. FERE = RKEKL ;

CONSTANT FBT : STD LOGIC VECTOR :="010110" ; -- ¥n#fEfz K7
CONSTANT DATAIN : INTEGER := 15 ; - FEHR A

K)(/%fo%ﬁf



6.1 X%

6.1.2 A&

E N B — KRBT -
VARIABLE &4 - HIERE = VIwmE ;
|

VARIABLE a: INTEGER RANGE 0 TO 15 :--AAEaxE L AEE, B ETEEZ0Z]5
VARIABLE d:STD LOGIC := ‘1" ;--Z2Eax X A EZ A R R, ¥iinE 2L

AR R E R —SBCRIE AT -
Hir R g4 = Rk

K)(/%ﬁﬂﬁf



6.1 X%

6.1.3 55

SIGNAL 5 54 : Z#E2RA = WIu1E ;

HirfE 54 <= XA AFTER INA] &

PROCESS (a, b, c¢)
BEGIN

y <=a+ b ;

Z <=C - a ;

y <= b;
END PROCESS ;

K)(/%fo%ﬁf
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6.1.4 HEFHIETELERE

#*6-1 FSEZREMEIFANRERLE
55 SIGNAL A EVARIABLE

HAHE  HTEAN BT RE ST ﬁg;ﬂfﬁviﬁ&*)%%@&ﬁﬁ
i T
GG EEANESHEAREM A REeERE XN+ A H]
REE H
ITkEE AR RNEE A NE S RE S B RAE
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6.1 X%

6.1.4 HEFHIF S E5LERE

[ $%16-1]

ARCHITECTURE bhv OF DFF3 1S
BEGIN
PROCESS (CLK)
VARIABLE QQ : STD LOGIC ;
BEGIN
IF CLK"EVENT AND CLK = *"1° THEN QQ := D1 ;
END I1F;
END PROCESS ;
Q1 <= QQ;
END ; —
K X/% AL /fvlfé
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6.1.4 HEFHIF S E5LERE

[ 16-2]

ARCHITECTURE bhv OF DFF3 IS
SIGNAL QQ :- STD LOGIC ;
BEGIN
PROCESS (CLK)
BEGIN
IF CLK"EVENT AND CLK = "1 THEN QQ <= D1 ;
END IF;
END PROCESS ;
Q1 <= QQ;
END ; -
K X/% Iy %5



6.1.4 HEFHIF S E5LERE

[ %16-3]
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164 _ALL ;
ENTITY DFF3 IS
PORT ( CLK,D1 : IN STD_LOGIC ;
Q1 : OUT STD_LOGIC ) ;

END ;
ARCHITECTURE bhv OF DFF3 1S
SIGNAL A,B - STD LOGIC ;
BEGIN
PROCESS (CLK) BEGIN
IF CLK"EVENT AND CLK = "1% THEN
A <= D1 ;
B <= A ;
Ql <= B ;
END I1F;
END PROCESS ;
END ;

K SRR AP LXK
X
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6.1.4 HEFHIF S E5LERE

[ 1516-4]
LIBRARY IEEE :
USE IEEE.STD LOGIC 1164.ALL ;
ENTITY DFF3 1S

PORT ( CLK,D1 : IN STD LOGIC ;

Q1L : OUT STD LOGIC ) ;

END ;

ARCHITECTURE bhv OF DFF3 IS
BEGIN
PROCESS (CLK)
VARIABLE A,B : STD LOGIC ;

BEGIN
IF CLK"EVENT AND CLK = "1% THEN
A = D1 ;
B = A ;
Ql <= B ;
END IF;

END PROCESS ;
END ;



6.1 X%

6.1.4 HEFHIFE S E5LERE

[ 116-5])
SIGNAL inl, in2, el, ... : STD LOGIC ;
PROCESS(inl, in2, . . .)
VARIABLE cl1, . . . : STD LOGIC VECTOR(3 DOWNTO 0) ;
BEGIN
IF inl = "1" THEN ... — 5B 1 17
el <= ""1010" ; — B/ 2 47
IF in2 = "0" THEN . . . —— % 15+n 1T
cl = "0011" ; — & 30+m 17T
END IF:

END PROCESS;
FELFILE
Kx



[ %16-6])
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY mux4 IS
PORT (10, 11, 12, 13, a, b - IN STD_LOGIC;

q - OUT STD_LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
signal muxval : i1nteger range 7 downto O;
BEGIN
process(10,11,12,13,a,b)
begin

muxval <= 0;

iIf (a = "1") then muxval <= muxval + 1; end i1Tf;
iIT (b = "1") then muxval <= muxval + 2; end 1T;
case muxval 1s

when 0 => gq <= 10;

when 1 => q <= 11;

when 2 => q <= 12;

when 3 => g <= 13;

when others => null;
end case;

end process;
END body mux4;



[ %16-7]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY mux4 IS
PORT (10, 11, 12, 13, a, b - IN STD_LOGIC;

q - OUT STD_LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
BEGIN
process(10,11,12,13,a,b)
variable muxval : Integer range 7 downto O;
begin

muxval := O;

iIf (a = "1") then muxval = muxval + 1; end 1f;
iIT (b= "1") then muxval :-= muxval + 2; end 1T;
case muxval 1s

when 0 => gq <= 10;

when 1 => q <= 11;

when 2 => q <= 12;

when 3 => g <= 13;

when others => null;
end case;

end process;
END body mux4;
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6.1.4 HEFHIF S E5LERE
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[ 5]6-8])
Library I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY SHIFT IS
PORT (CLK,CO : IN STD LOGIC; —-HI#8pfngtirim A

MD : IN STD LOGIC_VECTOR(2 DOWNTO 0); —-BArEmissl+
D : IN STD LOGIC VECTOR(7 DOWNTO 0); —-fFim#& e
QB : OUT STD LOGIC_VECTOR(7 DOWNTO 0); --Ffi¥idEsH

CN : OUT STD LOGIC); —— A7 %

END ENTITY;

ARCHITECTURE BEHAV OF SHIFT 1S
SIGNAL REG : STD_LOGIC_VECTOR(7 DOWNTO 0O);
SIGNAL CY - STD_LOGIC ;

BEGIN
PROCESS (CLK,MD,CO)
BEGIN
IF CLK"EVENT AND CLK = "1" THEN
CASE MD IS
WHEN 001" => REG(0) <= CO :

REG(7 DOWNTO 1) <= REG(6 DOWNTO 0); CY <= REG(7);--iFi{(ifEIrE#

WHEN “010” => REG(0) <= REG(7): (P

e

KX/»% oy



C: AW

REG(7 DOWNTO 1) <= REG(6 DOWNTO 0); --BIESH LR
WHEN "011" => REG(7) <= REG(0);

REG(6 DOWNTO 0) <= REG(7 DOWNTO 1); -- BN AERE
WHEN **100"* => REG(7) <= CO ;

REG(6 DOWNTO 0) <= REG(7 DOWNTO 1); CY <= REG(0); --m#kfifg3 A

%
WHEN ""101" => REG(7 DOWNTO 0) <= D(7 DOWNTO 0); --in#
R
WHEN OTHERS => REG <= REG ; CY <= CY ; — R
END CASE;
END IF;
END PROCESS;
QB(7 DOWNTO 0) <= REG(7 DOWNTO 0); CN <= CY; o ZVA=E: Ifas!
END BEHAV;

K, SEEHLE
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6.1.4 HEFHIF S E5LERE

Narme: l EIIIIII.IIIIns 100z 1508 E.E!us E.E:us 3.E!us 3.E:us 4.E!us tl.E:us E.E!us E.E:us E.II!us Ei.E:us ?.E!us ?.5|us B.E!us

9= CLK | | |
=0 |
@eMD | o ) 101 | ]

&0 | 1001010 { 10000001

SDOE | oooom 1001010 ! 00110101 ! 0101011 | 11010110
= CN |

K6-7 fl6-8H i A TR £ i (MD="001"")
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6.2 X[l =75

6.2.1 =&J&it

[ 16-9])
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;

ENTITY tri_s IS

port ( enable - IN STD LOGIC;
datain - IN STD LOGIC VECTOR(7 DOWNTO 0);

S = TR E

Pl fi

dataout - OUT STD_LOGIC_VECTOR(7 DOWNTO 0O) );

END tri_s ;
ARCHITECTURE bhv OF tri_s IS
BEGIN
PROCESS(enable,datain)
BEGIN

IF enable = "1" THEN dataout <= datain ;
ELSE dataout <='"'77777777'"

END IF ;
END PROCESS;
END bhv;

l(XE@Uﬁ&%



6.2 ﬂﬁﬂl#u NS ERER NN ER N

6.2.1 =&1%t

enable = \L
datain[7:0] =1L LU O Gataout[7:0] ==

K6-8 SAL3AHEHITTHES (SynplifyZi&)

KX/%/Z%%?



6.2 X [n) fl =& H (s 5 IR(E

6.2.2 X [M) ¥ i vt

[ %16-10]
library ieee;

use i1eee.std logic 1164.

entity tri_state 1s

all;

port (control : 1n std logic;
inl: 1n std logic vector(7 downto 0);
q - 1nout std logic vector(7 downto 0);
X - out std logic vector(7 downto 0));

end tri_state;

architecture body tri of tri_state 1s

begin
process(control,qg,inl)
begin

iIf (control = "0") then
else q <= Inl; x<='
end 1f;

end process;
end body _tri;

‘L7 777777"

X <=q ;

.
b

Pl fi

K X/% Vi) /ﬂfé



6.2 ﬂﬁﬂl#u i o T E 1 A

6.2.2 X [M) ¥ i vt

[%16-11]

(LA E&B 4 [F] BB

process(control,qg,inl)

begin

iIT (control="0") then Xx <= q ; q <= "ZZZ7Z7777';
else q <= Inl; x <="Z77277777';

end 1f;

end process;

end body _tri;

I(X%%ﬁ%§
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6.2.2 X [M) ¥ i vt

Pl fi
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6.2.2 X |a) ¥ ¥ 1

S E
iﬂ’l[T:D]_,_}h[?:D] e [F:0] [0 | ]\ 70 OIS
control == L '

x_1[7:0]
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6.2.2 X [ ¥ H B vt

control —=
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6.2.3 =AML BRI

[ #16-12]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY tristate2 IS
port ( 1nput3, 1nhput2, 1nputl, InputO :
IN STD LOGIC VECTOR (7 DOWNTO 0);
enable - IN STD LOGIC VECTOR(1 DOWNTO 0);
output : OUT STD LOGIC VECTOR (7 DOWNTO 0));
END tristate2 ;
ARCHITECTURE multiple _drivers OF tristate2 IS
BEGIN
PROCESS(enable, 1nput3, 1nput2, inputl, inputO )
BEGIN
IF enable = 00" THEN output <= I1nput3 ;
ELSE output <=(OTHERS => "Z%);
END IF ;
IF enable = 01" THEN output <= I1nput2 ;
ELSE output <=(OTHERS => "Z%);
END IF ; (BT IO



6.2.3 =AML BRI

(¥ 50
IF enable = "10" THEN output <= I1nputl ;

ELSE output <=(OTHERS => "Z%);
END IF ;
IF enable = "11" THEN output <= 1nputO ;
ELSE output <=(OTHERS => "Z%);
END IF ;
END PROCESS;
END multiple_drivers;

I(X%%ﬁ%§



6.2 X [n M =&AL {E 5 I{E

6.2.2 XU [n) ¥ M vt
[%16-13] (F:: Maxplusl I ASZEA5))

library ieee;
use 1eee.std logic 1164._all;
entity tri2 is
port (ctl - In std logic vector(l downto 0);
datainl, datain2, datain3, dataing :
in std logic vector(7 downto 0);
q - out std logic vector(7 downto 0) );
end tri2;
architecture body tri of tri2 is
begin
q <= datainl when ctl="00" else (others =>"Z") ;
q <= datain2 when ctl="01" else (others =>"Z") ;
q <= datain3 when ctl="10" else (others =>"Z") ;
q <= datain4d when ctl="11" else (others =>"Z") ;

end body _tri;

{51 i
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6.2.2 XU n)¥m H i vt
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6.3 |FiEH)HEAR

[ 1516-14]
LIBRARY IEEE;
USE I1EEE.STD LOGIC 1164 _ALL;
ENTITY control _stmts IS
PORT (a, b, c: IN BOOLEAN;
output: OUT BOOLEAN);
END control stmts;
ARCHITECTURE example OF control _stmts IS
BEGIN
PROCESS (a, b, ©)
VARIABLE n: BOOLEAN;
BEGIN
IF a THEN n = b; ELSE n := c;
END IF;
output <= n;
END PROCESS;

END example;

e
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6.3 |FiEH)HEAR

2R6-2 8Z-3L L ILImAL AR HAHR
fa A W W

din0 dinl din2 din3 din4 din5 din6 din7 output0 outputl output2

X X X X x x x 0 0 0 0
X X X X xXx x 01 1 0 0
X X X x x 0 11 0 1 0
X X X x 0 1 1 1 1 1 0
X X x 0 1 1 1 1 0 0 1
Xx x 0 1 1 1 1 1 1 0 1
x 0 1 1 1 1 1 1 0 1 1
o 1 1 1 1 1 1 1 1 1 1
F: BREPFXTNER, RAVHDLAFH“—"1H.
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[ %16-15]
LIBRARY IEEE;
USE I1EEE.STD LOGIC 1164 ._ALL;
ENTITY coder 1S
PORT ( din - IN STD LOGIC VECTOR(O TO 7);
output : OUT STD_LOGIC VECTOR(O TO 2) );
END coder;
ARCHITECTURE behav OF coder 1S
SIGNAL SINT : STD LOGIC VECTOR(4 DOWNTO 0);
BEGIN
PROCESS (din)
BEGIN
IF (din(7)="0") THEN output <= "000" ;
ELSIF (din(6)="0") THEN output <= 100" ;
ELSIF (din(5)="0") THEN output <= "'010" ;
ELSIF (din(4)="0") THEN output <= ""110" ;
ELSIF (din(3)="0") THEN output <= ""001" ;
ELSIF (din(2)="0") THEN output <= ""101" ;
ELSIF (din(1)="0") THEN output <= 011" ;
ELSE output <= "111" ;
END IF ;
END PROCESS ;

END behav;
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6.4 BEFEESG]IT

AN
T

6.4.3 HEFEE N
1. PROCESS A — TG R 1E¥ & f)
2. PROCESSH i &) B A B B B F/ 4T 1847 WETE

PROCESS (abc)
BEGIN
CASE abc IS
WHEN **0000™" => so0<="'010" ;
WHEN ""0001" => so<=""111"" ;
WHEN **0010" => so<=""101" ;

WHEN ""1110" => so0<=""100"" ;
WHEN ""1111" => so0<="000" ;
WHEN OTHERS => NULL ;

END CASE;

END PROCESS; KX/%/Z‘,%"[%
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[ #516-16]
ENTITY mul IS
PORT (a, b, c, selx, sely : IN BIT;
data out : OUT BIT );
END mul;
ARCHITECTURE ex OF mul 1S
SIGNAL temp : BIT;

BEGIN
p_a : PROCESS (a, b, selx)
BEGIN
IF (selx = "0") THEN temp <= a; ELSE temp <= b;
END IF;

END PROCESS p a;
p b: PROCESS(temp, c, sely)
BEGIN
IF (sely = "0") THEN data out <= temp; ELSE
data _out <= c;
END IF;
END PROCESS p b;

END ex;
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6.5

[ 516-17]

AT IR

ARCHITECTURE dataflow OF mux 1S
SIGNAL seiect :

BEGIN
Select <=

X <=

WHEN
WHEN
WHEN

WHEN
WHEN
WHEN

O 0T Y WNEFEO

sO="0" AND s1=70’
sO="1" AND s1="0’
sO="0" AND s1="71’

select=0
select=1
select=2

ELSE
ELSE
ELSE

ELSE
ELSE
ELSE

INTEGER RANGE 15 DOWNTO Oj;

I(X%%ﬁ%§
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6.6.1 [ LER}

z <= X XOR y AFTER 5ns ;

z <= X XOR vy ;

B <= A AFTER 20ns ; --[Af &%
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6.6 1 E LER}

6.6.2 fL% AL
B <= TRANSPORT A AFTER 20 ns:-—- f&%%E R} fEz

A A
B B \
0 10 20 30 40ns 0 10 20 30 40ns
K6-15 [t A Sk B % A\ fa HH i 1K]6-1 645 57 2 B oy N\ By R Y T
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6-1. fI A &[G R ? A &R IERT?

6-2.8 &4 ? ZEVHDLS, § FH4AL?
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@ a4

6-8. Al FHIINMNEFF R G EE IR, &8 NN EREE, FEETERET.
EF1:

Signal A, EN - std logic;
Process (A, EN)
Variable B : std logic;
Begin
iIT EN = 1 then B <= A; end if;

end process;




®

Al
N

FEF3:

library ieee;

use 1eee.std logic 1164_all;
entity mux21l 1s

port ( a, b - 1n std logic; sel : In std logic; c
out std logic;);

end sam2;
architecture one of mux2l1l 1s

begin

1T sel = "0" then Cc := a; else C := b; end 1f;

end two; AR
KX/% DBl
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6-1. LB MFB B RIS FLER
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LIBRARY IEEE ;

USE IEEE.STD LOGIC 1164_ALL ;

ENTITY DECL7S IS

PORT ( A :- IN STD LOGIC_VECTOR(3 DOWNTO 0);

LED7S : OUT STD _LOGIC _VECTOR(6 DOWNTO 0) ) ;
END ;
e ARG E LEGRYRE. 006 QR RECkle-kS

BEGIN

PROCESS( A )

BEGIN

CASE A 1S
WHEN *"'O000" => LED7S <= "0111111" ;
WHEN *"'0001'" => LED7S <= "0000110" ;
WHEN ''0010'" => LED7S <= "1011011" ;
WHEN ''0011'" => LED7S <= "1001111" ;
WHEN 0100 => LED7S <= "1100110" ;
WHEN ''0101' => LED7S <= "1101101" ;
WHEN ''0110' => LED7S <= "1111101" ;
WHEN "'0111' => LED7S <= "0000111" ;
WHEN '*1000'" => LED7S <= "1111111" ;
WHEN **1001' => LED7S <= "1101111" ;

WHEN '"1010'" => LED7S <= "1110111" ;

WHEN "*1011' => LED7S <= "1111100" ;
WHEN '1100' => LED7S <= "0111001" ;
WHEN ''1101' => LED7S <= "1011110" ;
WHEN **1110' => LED7S <= "1111001" ;
WHEN ""1111" => LED7S <= "1110001" ;
WHEN OTHERS => NULL ;

END CASE : o
END PROCESS : KX/;%@%'%?

END ;
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[ [%16-19]
LIBRARY IEEE;

USE I1EEE.STD_LOGIC_1164_ALL;

USE 1EEE.STD_LOGIC_UNSIGNED.ALL;

ARCHITECTURE one OF SCAN_LED

1S

IN STD LOGIC;

1S

R(6 DOWNTO 0);--Bt#HIE S

- OUT STD_LOGIC_VECTOR(7 DOWNTO 0) );--{rsthifs S

: STD_LOGIC_VECTOR(2 DOWNTO 0);
INTEGER RANGE O TO 15;

CASE CNT8 IS

000" => BT
001" => BT
010" => BT
"011" => BT
100" => BT
101" => BT
110" => BT
"111" => BT

ENTITY SCAN_LED
PORT ( CLK :
BT
END;
SIGNAL CNT8
SIGNAL A
BEGIN
P1: PROCESS( CNT8 )
BEGIN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

END CASE ;
END PROCESS P1;

<=
<=
<=
<=
<=
<=
<=
<=

"*00000001™ ;
00000010 ;
00000100 ;
''00001000"" ;
*00010000"" ;
"'00100000"" ;
"'01000000"" ;
10000000 ;
OTHERS => NULL ;

A<=1,;
A <= 3 ;
A <=5 ;
A <=7 ;
A <=9 ;
A<= 11 ;
A <= 13 ;
A <= 15 ;
N K LB
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P2: PROCESS(CLK)

BEGIN
 w s ol Cloorm Y ENT - ANDmdlme= 1 = THEN
END IF;

END;

END PROCESS P2 ;

P3: PROCESS( A ) —— ¥ HLE

BEGIN

CASE A IS
WHEN O =>
WHEN 2 =>
WHEN 4 =>
WHEN 6 =>
WHEN 8 =>
WHEN 10=>
WHEN 12=>
WHEN 14=>

SG
SG
SG
SG
SG
SG
SG
SG

<= "0111111";

<=
<=
<=
<=
<=
<=
<=

WHEN OTHERS =>

END CASE ;

END PROCESS P3;

""1011011";
""1100110";
"1111101";
"1111111";
"1110111";
"0111001";
""1111001";

NULL ;

WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN
WHEN

CNT8 <= CNT8 + 1;

SG
SG
SG
SG
SG
SG
SG
SG

<=
<=
<=
<=
<=
<=
<=
<=

"'0000110";
"*1001111";
""1101101";
"'0000111";
""1101111";
1111100 ;
""1011110";
""1110001";

K SEEHH
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LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY DVF 1S
—— R —— e ——————] C
D : IN STD LOGIC_VECTOR(7 DOWNTO 0);
FOUT : OUT STD LOGIC );
END;
ARCHITECTURE one OF DVF IS
SIGNAL  FULL : STD LOGIC;
BEGIN
P_REG: PROCESS(CLK)
VARIABLE CNT8 : STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN
IF CLK"EVENT AND CLK = "1° THEN
IF CNT8 = "11111111" THEN
CNT8 := D; —-H4CNT8vHEvHinT, MALZIEDH R E S HE#sCNT8
FULL <= "1"; --[RIAdM#%s Hbsdifs 5 FULL S H A s HoF
ELSE CNT8 := CNT8 + 1; —-Flgks/EinlitE
FULL <= "0"; --H# HisEE S FULL K HEP
END IF;

END 1F; TR K)(/%uﬁﬁ




Z B

END PROCESS P_REG ;
P_DIV: PROCESS(FULL)
N ARTABLE CNT2 - SI1D LOGIC;
BEGIN
IF FULL"EVENT AND FULL = *"1* THEN
CNT2 := NOT CNT2; --wWR#HFrERSFULLA EHEY, Dtk e
fan HH HYU%
IF CNT2 = "1" THEN FOUT <= "1": ELSE FOUT <= "0";
END IF;
END IF;
END PROCESS P DIV ;
END;
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