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5.1 H# X &

5.1.1 H#

CONSTANT ‘&#4 #EHLR = FiEL

CONSTANT FBT : STD LOGIC VECTOR := "010110" ; --FXEIFAIRHELRER
CONSTANT DATAIN : INTEGER := 15 ; —— B UE BN E AR



5.1 ##FE XN R
5.1.2 &

VARIARLE T &%  #EHER = ¥l

VARIABLE & : INTEGER RANGE 0 TO 15 ; --TEIFNHEH, WETWEEI-15
VARIABLE d : STD LOGIC := ‘17; --TEJAFMNAWEEFEMTHEST, yinEEL

BEFEER 1= FiEL ;

VARIABLE ¥, v : INTEGER FANGE 15 DOWNTO 0; --9RIENTE M v HEHIEH
VARIABLE a, b : STD LOGIC VECTOR(7 DOWNTO 0) ;

¥ 1= 11 ; ——EHEHER{E
v 1= 2 + o ; —-mEFREANEE, v UEENTE
a = b --b [ a B8

al0 TO 5) 1= bi{z TO 7} ; -—{7 R EHTIE



5.1 H# X &

513 55
SIGNAL 54 #HHEEHR = vl

HirfE 542 <= Fi£®X AFTER H[EE; -- AFTERE CEHE

SIGNAL a,b,c,v,z: INTEGER :

PROCESS (a, kb, c)
BEGIN
Vv <= a + b ;
z <= C — a :
v <= b i
END PROCESS ;



5.1 H# X &

5.1.4 HEFTHESIREEZERE

*5-1 EESZE=EMEFRAIREDLE

iz X TR {5 SIGNAL &&= VARIABLE
EAFE | AR RE TS g BT IR A2 DR i T
EEWEE | EEAZHENNEEE T HEER | ReERE LR
AR | EEIZMBEA MR SR, FEN | STEMWE, T
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5.1 H# X &

5.1.4 HEFTHESIREEZERE

[F 5-11 {§2F = W E B0 7Rk wt

(51 5-2) R SRER FERET

ARCHITECTURE bhv OF DFF3 IS
BEGIN
PROCESS (CLK)
VARIABLE QQ : STD LOGIC ;
BEGIN

IF CLK'EVENT AND CLK = '1°
THEN QQ := D1 :

END IF;

Ql <= QQ;

END PROCESS ;
EWND

ARCHITECTURE bhv OF DFF3 IS
SIGNAL QQ : STD LOGIC ;
BEGIN
PROCESS (CLK)

BEGIN
IF CLE'EVENT AND CLK = '1°7
THEN QO <= D1 ;
END IF;
END PROCESS ;
01l <= QQ;
END ;




[i7] 5-3 {5 S48 AT PP AE B it

[ 7] 5-4] {F2Z & WEEH FREw T

LIBRARY IEEE ;:
USE IEEE.STD LOGIC 1164.ALL ;
ENTITY DFF3 IS
PORT { CLK,Dl : IN STD LOGIC ;
Ql : OUT STD LOGIC):
END :
ARCHITECTURE bhv OF DFF3 IS

SIGHNAL A,B -TD LOGIC »
BEGIN
PROCESS (CLK) BEGIN
IF CLE'EVENT AND CLK = '1°7
THEN

A <= D1 ;
B <= A ;
01l <= B

END IF;

END PROCESS ;
END :

LIERARY IEEE :
USE IEEE.STD LOGIC 1l1o4.ALL:
ENTITY DFF3 IS
PORT (CLK, D1 IN STD LOGIC:
Q1 : OUT STD LOGIC);
END ;
ARCHITECTURE bhwv OF DFF3 IS
BEGIN
PROCESS (CLK)
VARTABLE A, B
BEGIN
IF CLE'EVENT AND CLK = "1°
THEN A = D1 ;
E 1= A ;
01l <= B :

STD LOGIC;

END IF;
END FROCESS ;
END ;




5.1 # #8 X %

5.1.4 HEFTHESIREEZERE
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RO

5.1.4 HEFTHESIREEZERE
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5.1 #(%

[ 5-5]

RO

SIGNAL inl, inZ, el,

PROCESS (inl, inZ,

VARIABLE cl,

EEGIN
IF inl = "1" THEN
el <= "1010" ;
IF in2 = "0' THEN
cl 1= TOO11T™ .
END IF;

END PROCESS:?

-TD LOGIC

STD LOGIC WVECTOR(3 DOWNTO O]

- E 14T
. X

—— & 15+4n 9T

—— B 304m 4T

=
r



(5] 5-6]
LIBEAEY IEEE;
JSE IEEE.STD LoGIC 116d.ALL;
ENTITY muxd IS
PORT (i0, i1, 1iZ, 13, a, b : IN 3TD LOGIC;
q : OUT 3TD LOGIC) ;
END muxd;
ARCHITECTURE body muxd OF muxd IS
signal muxval : i1nteger range 7 downto 0O;
BEGIN
process (10,11, 12,13, a,b)
begin
muxval <= 0;
if {a = "1") then muxval <= muxval + 1; end if;
if (b = 1"y then muxval <= muxval + 2; end if;
case muxval 1is
when 0 == q <= 10;
when 1 == ¢q <= 11;
when 2 == g <= 1Z;
when 3 == q <= 13;
when others =»> null;
end case;
end process;
END bhody muxd;



5.1 2 8 X %

5.1.4 HEFTHESIREEZERE
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[5 5-7]
LIBEARY IEEE;
UZE IEEE.3TD LOGIC 1164.ALL;
ENTITY muxd IS
POET (10, 11, 1Z, 13, a, b
q : CUT 3TD LOGIC) ;

IN 5TD LOGIC;

end 1f;

END muxd;
ARCHITECTURE body muxd OF muxd I3
BEGIN
process (10,11,12,13,a,b)
variable muxval : integer range 7 downto 0;
begin
muxval = 0;
if {(a = "1") then muxval := muxval + 1;

if (b = 1"y then muxval
case muxval 1s

when 0 =»> g <= 10;
when 1 =» g <= 11;
when 2 =» g <= 12Z;

when 3 =» g <= 13;
when others => null;
end case;
end process;
END body muxd;

muxval + 2;

end 1f;
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5.2.1 FF:®
FHATIE TR
) 8L B A &
FRBT

[ 5] 5-8]
LIBRARY IEEE;

USE IEEE.STD LOGIC 11e4.ALL;
ENTITY SHET I3
PORT { CLK, LOAD : IN STD LOGIC;
DIN
pouT

IN 3TD LOGIC VECTOR ({7 DOWNTO 0);

OUT BTD LOGIC WECTOR{T DOWNTO O);

QB : OUT 5TD LOGIC };
END BHET;

ARCHITECTURE behav OF SHFT IS
SIGNAL REGSH
BEGIN

STD LOGIC WVECTOR({T DOWNTO 07

PROCESS (CLEKE, LOAD)

BEGIN
IF CLK'EVENT AND CLK = 'l THEN
IF LOAD = '1' THEN REGSE <= DIN;--H (LonD="1") &EFIHE
ELSE REGS(& DOWNTO () <= REG&(7 DOWNTO 1); END IF;
END IF;
END PROCESS;
OB <= REG8(0); DOUT<=REGS;

END behawv:



CLK
DIN
LOAD
Qb
REGS
DovT

5.2 VHDL ¥V SEH] 2 HAEvE NI

5.2.1 FRZHATMETIRERISM B AL T /481

SanN

o 1 L | L I T L I L1
4 10011011 Y 11100010
[ [
| I ! l | l [
F 00000000 Y 10011011 ) 11001101 ¥ 11100110 ¥ 11110011 ¥ 11111001 ¥ 11111100 ¥ 11111110 ¥ 11111111 ¥ 11100010 )
00000000

10011011 # 11001101 11100110 ¥ 11110011 § 11111001 § 11111100 11111110 11111111 §11100010 ¥

B 5-5

f 5-8

I T RRT T
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5.2.2 BALEA ] ERISAL AL FF 28 it
[ {5 5-9]

Library IEEE;
UsE IEEE.STD_LDGIC_llEﬂ.HLL;
ENTITY SHIFT I3

PORT (CLK,CO : IN STD LOGIC; —-BfflshfiriE i
MD  : IN STD LOGIC VECTOR(2 DOWNTO 0); —-TEirEzizHlF
D : IN STD LOGIC VECTOR (7 DOWNTO O) ——ﬁbﬂiﬁ%hﬁ’]ﬁ%@
OB : OUT STD LOGIC VECTOR (7 DOWNTO 0); ——fEfr#iiEf
CN : OUT STD LOGIC); —— Az %

END ENTITY;

ARCHITECTURE BEHAV OF SHIFT I5
SIGNAL REG : STD LOGIC WVECTOR ({7 DOWNTOS 0] ;
o LENAL CY © 3TD LoOGIC 7

S HENRY %gj:ﬁf
PROCESS (CLK,MD, CO)



5.2 VHDL X vH 6] R HAEIE AR

LR
BEGIN
IF CLK'EVENT &ND CLK = "1' THEN
CASE MD IS
WHEN "001" =» REG(0) <= CO0 ;
REG (7 DOWNTO 1) <= REG(6 DOWNTO 0); CY<=REG(7); -——miHBHELE
WHEN "0l0" => REG(0) <= REG(7);
REG(7 DOWNTO 1} <= REG(& DOWNTO 0); -- BB ERE
WHEN "011" =»> REG(7) <= REG(0);
REG(6 DOWNTO 0} <= REG(7 DOWNTO 1); -—- BB HTE
WHEN "100" =»> REG({7) <= C0 ;
REG (6 DOWNTO 0) <= REG(7 DOWNTO 1); CY<=REG(0); -—mridiEHEH%E
WHEN "101" =»> REG(7 DOWNTO 0} <= D{7 DOWNTO 0);-——I0E S
WHEN OTHERS => REG <= REG ; CY <= CY ; ——{FRFF
END CRSE;
END IF;
END PROCESS;
OB (7 DOWNTO 0) <= REG(7 DOWNTO 0); CN <= CY; . A TN=t Thax

EMD BEHAWV



5.2 VHDL #5248 B E

5.2.2 BAENK TR B AL & 728 K

LB VL TR

SaaN

Mame: l 500. Dns 1. Elu*s 15us 20us 2 5us 3. [Ius 35us  40us 4 Eus =3 I]us S55us BOus 6 5us 7. I:Ius fBus  8.0us
- CLK | | 1 1 L
g~ C0 | |
=MD | 000 101 H 001
0 |- 10011010 i 00000000
S 0B 00000000 f 10011010 I 00110101 b 01101011 H 11010110
- CN | |

B 56 1 5-9 P EAEFR AR ERETMD = <0017 )



5.2.3 MLRF ARG BT
[#Y5-10]

LIBERARY IEREE;

USE IEEE.STD LOGIC 1le4d4.ALL;

use IEEE.STD LOGIC UNGIGNED.ALL:
ENTITY CHNTC IS

PORT (DIN : IN STD LOGIC VECTOR({T downto 0);
CNTH : OUT STD LOGIC VECTOR(3 downto 0));

END CHNTC?

ARCHITECTURE BHY OF CNTC IS5

BEGIN

process (DIN)
VARIABLE @ @ STD LOGIC VECTOR(3 downto 0):

begin
QO = "0000";
FOR 1 in 0 to 7 LOOP --n £ LooP MBHTE
IF (DIN(n)='1') THEN Q:=0Q+1; END IF;
END LOOP;
CNTH<=0;

end process;
END BHYV:
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5.2 VHDL 524 R

5.2.3 pLRH UG BT
LOOPIERMBHEARETARMAM: [ Loor#58: 1 Look

i 15 6]
END LOOP [ LOOR RS 1:

(1) BAALOOPiEA]

LZ : LOOP
a = atl:;
EXIT L2 WHEN a >10 ; —-— HPaXxT 10 MEHTER

END LOOP LZ;

(2) FOR_LOOPiEH]

[LOOP ¥R 5+ ] FOR fBEHZFE, IN B EETEE Loorp
M 7 75 )
END LOOP [LOOP fF=]:



5.2 VHDL 524 R

5.2.3 pLRH UG BT

[ 5-11]

SIGNAL a, b, c : STD LOGIC VECTOR (1 TO 3);

FOR n INW 1 To 3 LOOFE
ain) <= bin) AND ci{n):
END LOOFE:

all)y<=bi{l) AND c({1):
alzy<=hi{2) AND c(2):
alii<=b(3) AND c(3);



5.2 VHDL BT 524 J HL B VR N iR

5.2.4 =&kt
[ 5-12]
LIBRARY IEREE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY tri_S IS
port { enable : IN STD LOGIC:
datain : 1IN STD LOGIC VECTOR({7 DOWNTO O):
dataout : OUT STD LOGIC WVECTOR (7 DOWNTO 0O} );
END tri s ;
ARCHITECTURE bhwv OF tri_S 15
BREGIN
PROCESS (enable,datain)
EEGIN
IF enable='1" THEN
dataout <= datain :
ELSE datacut «<="ZZZZ8%ZZ" ; END IF ;
END PROCESS:;?
END bhvwe



5.2 VHDL B it 561 R 1

5.2.4 =A%

[7:0] N

datain[7:0] —"Y

{20 M dataout[7:0]

El5-8 8 i =5 HEE



5.2 VHDL #5241 &1

5.2.5 XU |a)¥m BB i vE
[ 5-13]

library leee;

LR AR

use leee.std logic 1164.all;

entity tri state 1is

port (control : in std logic:

inl: in std logic vector(7 downto 0);

g ¢ 1nout std logic vector(7 downto 0);

¥ 1 out std logic vector(7 downto 0) );

end tri state;

architecture body tri of tri state 1is

begin

process (control,q,inl) begin

1f {control = '0') then x <= g
else g <= 1inl; ®K<="EZZEZZEE" ;

end 1if;
end process;

end body tri;



5.2 VHDL v SEH] R HAEIE AR

5.2.5 XU |a)¥m BB i vE

[ 5-14]
(LR (R B
process{control,g,inl) begin
if {control='0') then x <= q ; q <="ZEEZZZEE";
else g <= 1inl; ¥ <="EZEEZEEZZZE";
end 1f;
end process;
end body tri;



5.2 VHDL B it 561 R 1

5.2.5 X ¥m H BB i

[7:0]

lat

n7.0]
control

DI7:0] o
200 qpz.q)

ql7:0]

[7:0

s L B
'Mﬁ}

x_1[7:0]

E 50 {5 5-13 et e R
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5.2.5 XU |a)¥m BB i vE

Name- ,-."“-"E'“iL 500,0ns 1.Ellps 1.E:|JS E.D!JS E.ﬁ!hjs B.Dlps 3.5|JIS
o—1

= contral | O

= H7A[ iz Wz ) 7A

= int H43| 00 5B J§ = b 15 J 43

=g Hux| XX ) 56 4 =

= x H o i i

& 5-10 1) 5-13 B {7 B E
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5.2.5 X ¥m H BB i

—
control

in1[7:0] [F0] (70 0 7o L9 _TOmar—
q_tb_5[7:0] x_1[7:0]

70 _—a[7:0

Bl s-11 8 5-14 g a8
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5.2.5 XU |a)¥m BB i vE

Name:  all 500.0ns ’1-':|]|JS ’1.5|_|15 2.04s 2.5||_15 S'D.HS 3.595
= control T

= Hzz| f¥ 77 WY ¥ A

E= in HES| oo ¥ 56 FH = 4 15 ¥ 43
S HEs| V- X 56 1 = ' S A

= x Hzz| ¥ 77 KO e ¥ A

& 5-12 5] 5-14 BT B E



[ 5-15]

526 =&& LIERARY TEEE;
2% Bt USE IEEE.STD LOGIC 1164 .ALL;

ENTITY tristateZ I3
port { input3, inputZ, inputl, input
IN 3TD LOGIC VECTOR (7 DOWNTS O);
enable : IN STD_LGGIC_HECTGR{l DOWNTO 0} ;
output : OUT 5TD LOGIC VECTOR {7 DOWNTO 0) )
END tristatez ;
ARCHITECTURE multiple drivers OF tristateZ IS
BEGIN

T

PRCOCESS {enable, input3, inputZ, inputl, input0 )

BEGIHN

IF enable = "00" THEN output <= input3 ;
ELSE output <=({OTHERS =>TE"); END IF ;

IF =snable = "01" THEN output <= inputz ;
ELSE output <=({OTHERS =>TE"); END IF ;

IF enable = "10" THEN output <= inputl ;
EL3E output <=({0THERSZ =>"Z7; END IF ;

IF enable = "11" THEN output <= input0 ;
ELSE output <=({OTHERS =>TE"); END IF ;

END PROCESS?

END multiple drivers:



5.2 VHDL

5.2.6 =FHEHEBIIT

input3[7:0] ="
enable[1.0] =4
input1[7.0] ="

input2[7.0] ="
inputo[7 0] ==Y

9]

v SE B R HTEVE TR

L - y
—-'/ [7:0 [7:0] _[7:0)
un7_enable

output_1[7:0]

Es5-13 {5158 =R e 8ER

output{7:
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5.2.6 =& BLHBIXIT
[ 5] 5-161]

library ileee;
use ieee.std logic 1164.all;
entity triz is
port {(ctl : in std leogic wvector({l downto 0);
datainl, datainZ, datain3i, dataind
in std logic vector ({7 downto 0);
g @ out Std_legic_vector{? downto 0) |-
end triZ;
architecture body tri of triZz is
begin
q <= datainl when ctl="00" else others =T
others =T

{

<= datainz when ctl="01" else (others =>7
{
{others =>T

|
q <= datain3 when ctl="10" else
q <= dataind when ctl="11" else

end body tri;



Lo o

af ) 5
un17_q
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5.2 VHDL ¥ v 5241 K HAE 2 N

5.2.7 XLVl k& it B iR i e

& Rl —#H T Fl—{5 S BRI ERiE TE A FIHTET Rl — {5 SR A5 R 1E
PROCESS (CLK) PROCESS (CLK)
BEGIN EEGIN
IF RISING EDGE{CLK} THEN IF RISING EDGE{CLK} THEN
0l <= 0l + 1 ; 0l <= 0l + 1 ; END IF;
ELSIF FALLING EDGE (CLK} | END PROCESS ;
THEN PROCESS (CLK)
ol <= ol + 1 ; BEEGIN
END IF; IF FALLING EDGE(CLK) THEHN
END PROCESS ; 0l <= 0l + 1 ; END IF;

END PROCESE 7




5.3 i EA) N

5.3.1 #FEEAHK

[IHIERS: ] PROCESS [ ( IEES&HFE 1 1 [13]
[IHFE 1B B4 ]
EEGIN

MR 7 e 3 7 )

END PROCESS [HIEFES]

Ol
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5.3 JRFiER]H g

5.3.3 HEES

1. PROCESSH— TR TEHEH]

2. HEFEH HIIRFAE A B A BB AP R FAT W

PROCESS {abc)

BEGIN

CASE abc I3

WHEN "O0000" =
WHEN "0001" ==
WHEN "o001l0"™ =
WHEN "1110" ==
WHEN "1111" =>
WHEN OTHERS =X
END CASE;

END FPROCELS;

so<="010"
so<="111"
so<="101"
so<="100"
so<="000"
NULL ;



5.3 i EA) N

5.3.3 HEES

3. MIEE AT 2ITER]

[ 5-17]
ENTITY mul IS
PORT {a, b, <, selx, sely : IN BIT; data out - OUT BIT };
END mul;

ARCHITECTURE ex OF mul I3
wIGNAL temp @ BIT;

BEGIHN
p a : PROCESS (a, b, =elx) BEGIN
IF {(zelx = '0") THEN temp<=a; ELSE temp<=bkb; END IF;
END PROCESS p ar
p b: PROCESS (temp, o, sely) BEEGIN
IF (sely="07) THEN data out<=temp; ELSE data ocut<=c; END IF;

END PRCOCESS p b/
END ex;
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5.3.3 HEES
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5.4 FATWAEERITIE

datal <<= a AND b ;
datazZ <= o ;

[ 5] 5-181]

SIGNAL select : INTEGER BEANGE 15 DOWNTD O

WHEN sO="07 AND =s1=70" ELSE
WHEN sO="1" AND s1=T0" ELS3E
WHEN sO="07 AND s1=T71" ELSE

Select <=

WHEMN select=0 ELSE
WHEMN =select=]1 ELSE
WHEMN select=Z ELSE

M o=

O O o on W N O



5.5 IFEA)BAR

(1) Ir %14 Then
It Fr-1& 1]
END IF :

(3) IF %148 Then
IF 418 Then

END IF
END IF

(2) IF %14 Then
Iifi 18 )
ELSE
Iifi 18 )
END IF ;

(—1) IF 4%a] Then
[ilEae==]]
ELSIF 48] Then
i F1& )

ELSE
i s E]
EMD IF



5.5 IFEA)BAR

[ 5-19]
LIBEARY IEEE;
USE IEEE.STD LOGIC 11¢4.ALL;
ENTITY control stmts IS
PORT {a, b, ¢ : IN BOOLEAN; --a- b. c HEEXH BooLERN HiiE2EHR
Output @ OUT BOOLEAN) ;
END control stmts;
ARCHITECTURE example OF control stmts I3
BEGIN
FROCESS (a, b, o)
VARTABLE n: BOOLEAN;
BEGIN
IF a THEN n := b; EL=E n = <; END IF;
output <= n;
END FROCESS;
END example;



[ 5] 5-20]
LIBRARY IEEE;
T5E IEEE.STD_LGGIC_IlEﬂ.RLL;
ENTITY coder I3
FORT | din : IN STD LOGIC VECTOR (U TO 7);
coutput © OUT 5TD LOGIC VECTOR(0 TO 2
END coder;
ARCHITECTURE behaw OF coder IS
BEGIN
PROCESS (din) IS HENNY|

IF {din{7)="0") THEN output <= "000" ;

ELSIF {(din{&)='0") THEN output <= "100" ;
ELSIF {(din{(5)="0") THEN output <= "0l0" ;
ELSIF {din{4)="0") THEN output <= "110" ;
ELSIF {din{(3)="0") THEN output <= "001" ;
ELSIF {din{2)="0") THEN output <= "101" ;
ELSIF {din{l)="0") THEN output <= "011" ;

ELSE output <= "111" ;

END IF ;

END PEOCE:ZS |
END behavwv;



5.5 IFEA)BAR

T 5-2 Sk EffixiRinzgE A{HE

MM T
dn®  dinl  dn2  din3 dnd  dnS  dné  din7 outputd outputl output2
X X X X X X X 0 0 0 0
X X X X X X 0 1 1 0 0
X X X X X ( 1 1 0 1 (
X X X X ( 1 1 1 1 1 (
X X X 0 1 1 1 1 0 0 1
X X 0 1 1 1 1 1 1 0 1
X 0 1 1 1 1 1 1 0 1 1
0 1 1 1 1 1 1 1 1 1 1
B BN " WIEE, 20 VHDL B8 <~ (8
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5.6 FEHETH AR

[ 5-21]1 5T R S0 =&k 5 SR g
LIBRAREY IEEE ;

=R IEEE.STD_LGGIC_IIEQ.HLL ;

=R IEEE.STDLLDGIC_UNSIGNED.HLL ;

ENTITY CHNT10O IS

BORT (CLE - IN STD_LGGIC :

K_GR;KI,KE : DUT STD_LGGIC} :

EMND
ARCHITECTURE bhwv OF CHNT10O IS

SIGNAL Cl,C2 - STD_LDGIC_VECTDR{E DOWHTS 0)  ;
SIGNAL M1,MZ : STD_LGGIC H

BEGIN
PROCESS (CLE,C1]

BEGIN

IF RISING EDGE {CLK; THEN BETH
IF (C1="100") THEN Ccl<="000"; ELSE Cl<=C1+4+1; END IF;

IF (C1="001") THEN M1l<<=NOT M1; ELSIF (Cl="011") THEN Ml<=NOT MI1l;



5.6 =

% EW

ERAE B R

END IF; END IF;

END PROCELS;

PROCESS ({CLK, CZ2) EEETIN
IF FALLING EDGE {CLK} THEHN

IF (CZ2="100") THEN CZ2<="000"; ELSE Cz<=Cz+1;

IF {(C2="001") THEN Mz<=NOT Mz2; ELSIF

END IF; EN
END PROCELS;

b IF;

H B

(CZ2="011")

128

END TIF;

THEN MZ<=NOT MZ;

Kl <= Ml; Kz <= MZ; K OR <= M1 OR MZ;
END bhvw;

CLE D D B D | L 1 L J LJ LJ L
Kl I I | I | |
K2 I I I I | L
K OR | | [ | | L

E 5-17 A s0%RBEE R ER -4 HEE
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: up counter
1> clock modulus 3

q[2..0)1
cout

Inst3

B 5-18 TR FEH oM E

e ¢ 0 L g J g - g J J J LJ LJ 1
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5.7 {5 E %t By
5.7.1 [EHER

z == ¥ XOR v AFTER ISns ;

z <= ¥ XORE v ;

E <= & AFTER 20ns :—-[EFiEATHER



5.7 1 E %t B

5.7.2 f&HHER}

B <= TRANSPORT A AFTER 20 ns:—— {BEiZERTHER
A — A _
BD 10 200 A0 40ns . 0 10 200 A0 40ns
B 5-20 [E7 FERT & i T ] 5-21 &% AT S8y B o T

573 {iE §



5.8 VHDLHJRTLZERRD

5.8.1 1T hfiid
[ 45 5-22

MODULE counter up
Zlock ,reset,

Countery . .counterl

Cnt ff7..cnt f£f0

EIN ;
FIN ISTYPE
NoDE ISTYPE

Counter = [counter?..counter(];

Cnt = [cnt ££7..cnt ££0] 7

EOUATIONS

Cnt .CLE = clock ; Ccnt.AR = reset
cnt = cnt.FBE + 1 ; Counter = ont ;

END counter up

TCOMT
"TREGT

T

T



5.8 VHDLHJRTLZERRD

5.8.1 1T A#id
[ 5-23]
module DEFL (CLE,D, Q) ;
output ¢ ; input CLE, D; reg Q;
always @ ({ posedge CLE |
O <= D;
endmodule

ELSIF iclock =717 AND clock’EVENT) THEN
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5-4 YiHIfE S MAEMINEERE R, DLAMNA ERRFE A,
5-5 fFAREHRE? EHEEFEMAL? T HAESRERRE?

5-6 ZEVHDL¥ Y, AN FHEES (B BRMARTE, B2t 4, W
fA] SEER, 2
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5-9 Bt — P RAMEBRIERF, MABIER—NF RS RI8AL I HL .
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5-1 FEHH T Mas it
(1) SEEHM:
(2) ERARL:
(3) EHmANH2:
(4) SERHE3:

(5) SENES .




5-2 & 5 Pids it
(1) £ H M-
(2) SEHHAL:
(3) LR AR2:

(4) EEANEA3:
SE+ZR S H R H]: /KX _7C5EE+EXPERIMENTS/EXP30 FDIV,

ok |
EST ]

D 1 X 2 % 3 S 4 ¥ 5 ¥ & X T ¥ & ¥ 9 ¥ A » B x¥C ¥ D X E X F X
N |

B 5-22 AT RITIESL, & = SR o255 W
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[ 15 5-24]
LIBRARY IEEE; -- VoA BT B4 E4£3%
USE IEEE.STD LOGIC 1164.ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY COLOR IS
PORT | CLK, MD : IN STD LOGIC;
HS, ¥vS, R, G, B : OUT STD LOGIC }; —-
END COLOR;
ARCHITECTURE behav OF COLOR IS
SIGNAL HS1,vSl,FCLK, CCLE : STD LOGIC;

SIGNAL MMD - 3TD LOGIC VECTOR (1l DOWNTO O

SIGNAL F3 :© 5TD LOGIC VECTOR (3 DOWNTO 0O

SIGNAL CC : 3TD LOGIC VECTOR {4 DOWNTS 0] ;
SIGNAL LL : 3TD LOGIC VECTOR (& DOWNTS O]
SIGNAL GRBX :© STD LOGIC VECTOR(Z DOWNTO 1)

SIGNAL GRBY : 3TD LOGIC VECTOR (2 DOWNTS 1)

ITHRISE/ L, &,

;—— TR

-— 1TRIE/ mA 4

; —— BEFS RS
——- @RS

v B

SIGNAL GREP : 3TD LOGIC VECTOR(Z DOWNTS 1);

SIGNAL GRE :© STD LOGIC WVECTOR (3 DOWNTO 1;;

&P

|1k

£ Rt
£ Rt



B

BEGTHN
GRB (Z) <= (GRBP(Z) XOR MD) AND H31 AND V51;
GRBE(2) <= (GRBP(Z) HOR MD) AND H31 AND V51;

GRB({l) <= {(GRBP({1l) XOR MD} AND H31 AND V31;

PROCESS( MD ) BEGIN
IF MD'EVENT BND MD = '0' THEN
IF MMD = "10" THEN MMD <= "(Q0";
ELSE MMD <= MMD + 1; END IF; —— =FHEI,
END IF;

END FPROCESS;

PROCESS{ MMD ) BEGIN
IF MMD = "Q0" THEMN GREP <= GRBX; -— IRFEEEE
ELSIF MMD = "01" THEN GREP <= GREY; —— IEREERE
ELSIF MMD = "10" THEN GREP <= GREX XOR GREY; -- FAtH#A#RE
ELSE GRBP <= "00Q0"; END IF;

END PROCESS; BETFH

~N



PROCES3{ CLE ) BEGIN

B

IF CLK'EVENT AND CLK = '"1' THEN —- 13MHz 13 4

IF F3 = 13 THEN F3 <= "0000";
EL3E F3 <= (F3 + 1); END IF;
END TIF;
END FPROCESS;
FCLK <= F3(3); CCLE <= CC({4);
PROCES3{ FCLEK ] BEGTIH
IF FCLE'EVENT AND FCLEK = T1" THEHN
IF CC = 2% THEN CC <= "00000";
ELSZE CC <= CC + 1; END TIF;
END TIF;
END PROCESS;
PROCESSZ({ CCLE ISYHE NN
IF CCLETEVENT AND CCLE = T0T' THEN
IF LL = 481 THEN LL <= "000000000";
ELSE LL <= LL + 1; END IF;

END IF;

&K

Iy



%L

"

END BPROCESS;

PROCESS |

CC, LL

)

IF CC > 23 THEMN H31l <=

ELZE H31 <=

IF LL > 47% THEN V31 <=

T

ELZE W31l <=

END BPROCESS;

PROCESS(CC, LL)

IF <C < 3 THEN GRBX <= "111";

EL=-IF
EL=-IF
EL:IF
EL=-IF
EL:IF
EL:IF

EL:E

IF LL < &0

(0

(0

(0

0

cC

-

BEGIHN
0r; ——ATES
17; END IF;
'0r; ——BFHRE
T17; END IF;

BERE=IN

< & THEN GRBX <=

< 9 THEN GRBX <=

=

=

=

<

RBX

13
15
13

<=

THEN GRBX
THEN GRBX
THEN GRBX
THEN GRBX
"000";

THEN GEBY

==

n110";
"101";
"100";
"011";
"010";
"001";
END IF;

1111111;

- ﬁ%mmm

- B

&

"

~N



L

EL:TIF

EL:TIF

EL:TIF

EL=IF

EL=IF

EL=IF

LL

LL

LL

LL

LL

LL

O T S !

130
180
2410
200
360
420

THEI

THET

THET

THEI

THEI

THEI

EL3E GRBY <= "000";

END PROCESS;

HZ<=H31

END behav;

r

Wal=wi31

R<C=GEE (2)

<

GRBY

GRBY

GRBY

RBY

RBY

RBY

5k

<= "110";
<= "101";
<= "100";
<= "011";
<= "010";
<= "001";
END IF;
FE<=GEREB (3}

f

BE<=GREB (1) ;
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JEXP11_VGA_COLOR_LINE/.

(4) SER N A2:

(5) SEH A 3:

(6) SEI A &4

= 5-5 EMEiRL.
N = [ £T. o £F = = =i
E () () 0 () 1 1 1 1
G () () 1 1 (0 (0 1 1
B () 1 () 1 () 1 () 1
=560 B RERE I WEREL,
1 A . HEESFmilEE z: EEINMEFTEH

TR A : HESHMAkEE z2: EHANFFERH

2
30| HERE 1: HEEE TR 1 2: HEBTTED 2
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(1) 555 R,

(2) SERAES1:

(3) SERAES2:

(4) SLIATSA4:

AR KX 7C5EE+EXPERIMENTS/EXP32_ MULTI8X8/MLTL8X8°

FcEGE! )

Q15.0]

e s 'r:fll — - a[15.0] . T T e o L (1 R

L] i
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[ 5-25]

LIBRAERY IEEE;
USE IEEE.STD LOGIC 1led.ALL;
ENTITY REGSHT IS —— 16 I PiTF2F

FORT { CLK., CLR: IN 3TD LOGIC;
Do IN 3TD LOGIC VECTOR (S DOWNTO O);

Q o QUT 3TD LOGIC VECTOR (1> DOWNTO 0O j

END REGSHT;
ARCHITECTURE behav OF REGSHT IS

SIGNAL Rles :© 3TD LOGIC VECTOR (1> DOWNTO 0 ;

BEEGIN
PROCESS({CLE, CLE) EEGIN
IF CLR = "1" THEHN Rles <= "0ooo000o000oooooo";

ELSIF RISING EDGE(CLK} THEN

R16S (6 DOWNTO 0)<=R16S({7 DOWNTO 1); —— GiE{Es fi

R165 {15 DOWNTO 7)<=D; END IF; —— FERiAPEE 8 i

END PROCESS;
o <= R1l&Z;

END behawv;
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(1) 2% )m 3,

(2) SERAES1:

(3) SERAES2:

(4) LS4

R /KX _7C5EE+EXPERIMENTS/EXP32 MULTI8X8/MLTL8X8.

CLE | | | | l | L | I | I | | | I | I [
LD 1

Ao f__C6 A 00

B T { FD X
q 0000 ¥ TES0D ¥ EDCO ¥ SEED ¥ 2FT0 ¥ 1TB8 ¥ BASC ¥ C3AE  f

527 8 [ufs it zE R miEEE
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