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8.1 X%

8.1.1 H%

CONSTANT HH#E #HiFa = FiA

COMNSTANT FBT : STD LOGIC VECTOR := "010110" ; --BXEH AR
CONSTANT DATAIN : INTEGER := 15 ; —-F N EH AR



X B

i&l #

8.1.2 &

VARIARLE F &% : #iBLER = ¥15(H

VARIABLE a : INTEGER RANGE 0 TO 15 ; --FBaT ¥ hed, IEmEE0~15
VARIARBLE d : STD_LOGIC := ‘1’; --FEd¥LAFREPEMEELR, ¥iEsl

VAETABLE X, v
VARIABLE a, b :

¥ o= 11 ;
Vo= 2+ %
a = b

a{d DOWNTO 0) :=

BisFEEE = FiEd ;

INTEGER RANGE 15 DOWNTO 0; --4rR|EXTE x f0v HEaen
STD LOGIC VECTOR({7 DOWNTO D)
—— S B S
—-EEFEIME, vLERHTE
——b [0 a BE{E
b {7 DOWNTO 2) --fr R ELEUEE



Ll

8.1 %%

8.1.3 5

A

PROCESS (a, b, ¢} BEGIN
v <= a+ b ;

SIGHNAL f545: HEERM = ¥isE

Z <= C — a ;

v <= b ;
_ ‘ . END PROCESS ;
BirfES 8 <= FiAT, AFTER HTEE; -- AFTERZX§EiE
MEE ¥ <= wv,, v, AFTER T,, ¥, AFTER T»,..., ¥, AFTER T,
reset<= "1", '0" after reaet_period ;

DATA <= "0O1", "10" AFTER 40 ns, "11" AFTER 60 ns, "00" AFTER 65 ns;
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8.1.4 #HEHFHFESRESLZERE

F &1 F55FEMET TR ¥

bLEE AR 5 5 SIGNAL 8 VARIABLE

EX M= A F1ER i HI{F 5 &R A FieEn#E D i rEe T
& A TE 4 /N5 8 Y B4R 15 &TREIE H HEETE R L a5 A
7 TR BN REEAMESME, 78l i BINE(E, FCREAT
SVerilog#th | {FSMELELFIEHEAME ZF B {E A0 TRE ZE =M




i&l BAENT 5

8.1.4 #HEHFHFESRESLZERE

[ 3-1]

[ g8-2]

oo ——BLEES 5636 18[F]
ARCHITECTURE bhv OF DFF1 I3
BE=TIN
PROCESS (CLK)
VARTABLE Q1 : 53TD LOGIC ;

BEGIN
IF CLETEVENT AND CLE=T1T
THEN 1 := D; END IF;
Q<= 0l;

END PROCESS ;
END ;

.. - EES 55 3-6 H[F
ARCHITECTURE bhv OF DFFZ I3
STIGHNAL Q1 4TD LOGIC ;
BEGIN
PROCESS (CLE)
BEGIN
IF CLETEVENT AND CLE=T1T
THEN ©1 <= D; END IF;
END PROCESS
o= 0l;
END




i&l BAENT 5

8.1.4 HEFTHFSMELEZERHE

[# 2-3]

[# a-4]

co. ——BLEES 5] 3-6 £8[F]
ARCHITECTURE bhv OF DFF1 IS
SIGNAL A,B @ 3TD LOGIC ;

BE=TIN

PROCESS (CLK) BEGIN

IF CLETEVENT AND CLE="1" THEN

Ao<=D ;

B <= A ;

O <= B

END IF;

END PROCESS ;
END ;

.. —-LlL B3RS 5536 1H[F
ARCHITECTUREE bhv OF DFF1 IA
BEGIN

PROCESS (CLE)

VARTARLE A,B @ 5TD LOGIC;
BEGIN

IF CLETEVENT AND CLE=T1" THEN
A =D ;

B := A ;
<= B ;
END IF;

END PROCESS ;
END ;
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8.1.4 #HEHFHFESRESLZERE

~regl
PRE FRE FPRE
o @ Do Do {>Q
CLKC > > > D
ERA EMA EMA
CLR CLR CLR
B s-1 @l 83 B RTL BEERE
Q~reg0
FRE
[ ] —- D @ >0
CLKCo——>

EMA
CLR

EHa-2 DihEEEEE




8.1 HIEXH

8.1.4 #HEHFHFESRESLZERE

[3] 8-51]
PROCESS {inl, inZ, . . .} —— [ BT Sns+5 0T R B
VARIABLE cl, . . . : STD LOGIC VECTCR({3 DOWNTO 0)
EEGIN
el <= "l010" ; — B 3 %7
cl := "0O011" ; - F 1097
END PROCESS: ——fESns+2 80t HlE R TR

0l <= B ;



(15 8-61]
LIBEAEY IEEE;
J3E IEEE.STD LOGIC 1164 ALL;
ENTITY muxd IS
PORT {(i0, 11, 12, i3, a, b : IN 3TD LOGIC; g : OUT 3TD LOGIC):;
END muxd;
ARCHITECTURE body muxd OF muxd IS
signal muxval @ integer range 7 downto 0O;
BEGIN
process (i0,11,12,13,a,b)  begin
muxval <= 0;
if {a = "1") then muxval <= muxval + 1; end if;
if (b = "1"y then muxval <= muxval + 2; end 1f;
case muxval is

when 0 =»> q <= 10;

when 1 => 1 == %1; ab [ili] b 01 b 10 | 11 i i1}

when 2 == q <= 12; ta | L

when 3 =» g <= 13; . e _____J

when others => null; it (MNAUTUUUTUUUUTUUUUAARUUUUUUUUIRA T
end process; & T A LR A

END body muxd; 23 BEF kiR I e



[58-7]

LIBEAEY IEEE;

U3E TEEE.STD LOGIC 1164.ALL;

ENTITY muxd IS

PORT {10, 11, 12,

END muxd;

i3, a, b

ARCHITECTURE body mux4d OF muxd I3

BEGIN

process (10,11, 12,13, a, b)

variable muxval
begin

if {(a = "1") then
1f (b = "1") then

case muxval is

when 0 =» g
when 1 =» g
when £ =» g
when 3 =» g
when others

end case;
end process;
END body muxd;

muxval
muxval

muxval

i0;
il;
12;
13;
null;

0;

IN 5TD LOGIC: q : OUT 3TD LOGIC) ;

integer range 7 downto 0;

muxval + 1; end if;

muxval + 2; end 1f;

1 (] o ol b 10 b 11 X [ii]
| L
1 I 1___

FEs4 2/FEs-7iE 5T e
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[enable f—*ﬂ
[{5] 3-81 [datain[7:0] =L 10 O fataou[7:0] —

LIBREAEY TIEEE:
J5E IEEE.STD_LOGIC_llEQ.RLL;
ENTITY tri_S I5
port f{enable : IN 3TD LOGIC;
datain : 1IN STD_LOGIC_UECTOR{T DOWNTS 0} ;
datacut : OUT STD_LOGIC_UECTOR{T DOWWNTD O )
END tri s ;
ARCHITECTUEE bhv OF tri_s Ia
BEGIN
FROCESS (enable, datain) BEGIN
IF enable='1" THEN datacut <= datain ;
ELIE dataout «<="ZERZEERE" ; END IF ;
END PROCESS;
END bhwv;

Fss sfir= -'I_A*Eléﬁl—_lEEE%




i&z A 1 REL HA B B BR R T

8.2.2 X =)¥w O KWt vE

[7 Ul_gm]}
lat
m—— [0] | [Fop .
[‘[ﬁlj 8-9] I@E_?MDD]I = g[? 0 g7 jzel_tre 1o [re
library ieee; x_1[7:0]
! o7:0]

use leee.std logic 1164.all;
entity tri state is 86 # 8-9 HIFEHEE
port f{control : in std logic;
inl: in std logic vector (7 downto 0);
q : 1ncout std logic vector (7 downtoc 0};
¥ @ out Std_logic_vector{T downto 0) ) ;
end tri state;
architecture body tri of tri state 1is
begin
process (control,q,1inl) begin
if {control="0"} then =x<=q; else g<=inl; ¥<="EEZREREER"; end 1if;
end process;
end body tri;



ia.z & v B HH ) RO BV TT

8.2.2 X =)¥w O KWt vE

[ 8-10]
—— (Ll B34 [FF 8-93
process (control,q,inl) begin
if {control='0") then x <= g ; q <="EREREEEZ";
else g <= 1nl; x <="ZREEREEE";
end 1if;

end process;
end body tri;

control '“-:.1-———]\
ini[70] =070 [M AL

q_tb_5[7:0]

D B

¥_1[7:0]

e q[T0] =

B a7 # e 10 s e s



8.2.3 =R &HEK KT

npuB(7.0] ="
enable(10] -l
[input[7:0] = o [ ]

?Q[“L [0l [Foy

T L un?_eaéme L-
[ 8-11] |”LL.; :] oy output_1[7:0]

Ese @ s-11 HiRHIEer B

_ LIBERARY IEEE:;

ISR IEEE.STD_LOGIC_IIEQ.RLL;

ENTITY tristateZ IS
port { input3, inputZ, inputl, inputl

IN 3TD LOGIC VECTOR {7 DOWNTS O ;

enable : IN STD_LGGIC_UECTOR{l DOWHNTO 0);
cutput @ OUT 3TD LOGIC VECTOR {7 DOWHNTO O) 5,

END tristateZ ;

ARCHITECTURE multiple drivers OF tristateZ IS

BEE=IN
PRCCEZS {(enable, input?, inputZ, inputl, inputd } BEGIHN
IF enable = "00" THEN output <= input3 ;
ELSE output <= {QOTHERS =>TE'); END IF ;
IF enable = "01" THEN output <= inputz ;
ELSE output <= {OTHEERES =>"Z"}; END IF ;
IF enable = "10" THEN ocutput <= inputl ;
ELSE output «={OTHERS =>'Z"); END IF ;
IF enable = "11" THEN cutput <= inputl ;
ELSE output <= {(OTHERS =>'Z"); END IF ;

END PROCESS:;
END multiple drivers;

output] 7 0] "=



ia.z & v B HH ) RO BV TT

8.2.3 =&EZLHEEK KT
[ 8-12]

library ieees;
use leee.std logic 1l64.all;
entity triZ is
port {(ctl : in std logic vector{l downto 0);
datainl, datain?, datain3, dataind
in std logic vector (7 downto 0);
q : out Std_logic_vector{T downto 0) |
end triZ;
architecture body tri of triZ is
begin
q <= datainl when ctl="00" else |
q <= datainZ when ct£l1="01" else {others =>T
q <= datain3? when ctl="10" else |
q <= dataind when ctl="11" else |
end body tri;



$8.3 NI 8] U 44

8.3.1 #HEEAHEI

[HEFES: | PROCESS [ ( Hm
[H R BEEE 4T ]
EEGTN

T A 4 F v ]
END PROCESS [HEBFRS];

s

SEHE ) ] [I5]



i&s G 8] VA 4

8.3.2 HMBELHWHR

8.3.3 HEEMR
1. PROCESS A — TG FRIEHE A
2. BERR R BSR4 T XU
3. G5 A LLRZ/NHRE R IE 5 4R

4. — A HERRH RARVFBRE R T— M B B 1 R0 P2



8.4 FATWAEER]Y

datal <=

dataz <=
[ 8-131]

SIGHNAL select -
Select <= WHER
WHEN
WHEN
H o«= WHEN

T o T o N 0 B % TR o RSO

TTHEM
TTHEM

[
r

a AND b ;
o

s0="0" AND s51="0" ELSE
s0="1" AND s1="0" ELSE
s0="0" AND s1=T1" ELSE

select=0 ELSE
select=]1 ELSE
select=2 ELSE

INTEGER RANGE 15 DOWNTO 0O;



$8.5 | FiE A bR

IF 4{%4) Then --Z/4 (2]
IF  4{%f Then --Z& (1) YAt
IV 48 5] ELSE
END IF ; I 5 ]
END IF ;
IF 4-{%4) Then --Z&4 (4)
IF 4 {%%] Then ——2E8 (37 N v )
IF #:{%#5 Then ELSIF 4~{%4] Then
I 78 ]
END IF ...
END IF ELSE
iksat=gcy
END IF




8.5 IFEMMEA

(5] 8-14]

LIBREARY IEEE;

USE IEEE.STD LOGIC 1164.ALL;

ENTITY coder IS

output <=
output
output
output
output
output
output

POET | din
output
END coder;
ARCHITECTURE behav OF coder I3
BEGIN
PROCESS (din) BEGTIN
IF {din(7}="0"} THEN
EL3IF {(din{a)="0") THEN
EL3IF {din{5)='0") THEN
EL3IF {(din{4)="0") THEN
EL3IF {din{2)='0") THEN
EL3IF {din{Z)=T0") THEN
EL3IF {din{l)=T0") THEN
ELSE

END PROCESS ;

END behav;

output <=

"0on "
"100"
"010"
"110"
"go1”
101"
"g1l"
"111"

IN 3TD LOGIC WECTOR{O TO 7T);
OUT 3TD LOGIC VECTOR{(0 TO )

,

.
,

b

END IF

.
,



$8.5 | FiE A BER

# 82 sE3HUARBEERR (FRPH X AEE, HEEVHDL i “—” E.)

WA W
dind  dinl  din2  din3 dind  dind  ding  din? output®  outputl  output?
X % ¥ b A X X b A 0 o 0 0
X X X X X X 1 1 0 0
X % X b A X 1 1 o 1 0
X X X X 0 1 1 1 1 1 0
X % X 1 1 1 1 o 0 1
X X 0 1 1 1 1 1 1 0 1
X 0 1 1 1 1 1 1 0 1 1




8.6 {hE LERY

8.6.1 [EH R

B <= & AFTER 20ns ;--[EHETER

8.6.2 fEENZERT

E <= TRANSPORT A AFTER 20 ns;-- {5iiEA+iEaA

A
A

B
a 10 20 3a 4005 E

1] 10 20 30 40ns
8.9 Hetdgn A48 HH i A
FH (&5 RE et B HH i e B s-10 %Ikt 38l e

8.6.3 {iE &



$8.7 VHDL K XU k%

8.7.1 RTLIER

8.7.2 1T AR
8.7.3 FiEmfhd

8.7.4 ity



SR 5B

8-1 AXARED| AL A SRl B BX T

Al
S0 51 L;‘;: u
Lo oqlorTotlorodq Lo o+
- - Al
54 55 56 57
. . A2
58 59 L;x L:;B
Lo o+ Lo o o— -
- _ A3
SC 5D 5E SF
4‘3~4?EALFﬁLi5'-
B3 | B2 Bl |_Bo
B e-11 434 FEdd i

F15
A

=
e

oS
Bl
B3

=1 .- N
T

1

BEeg12 10850



K 5 wevt
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K 5 wevt

8-2 ‘K itE 2 F B i v

[#2-15]

WIDTH = 4 ; // “BW” KihEEHiE

DEPTH = 256 ; //SCFFEE 139

ADDRESS RADIX = DEC ; //HubbiiEsE &+

DATA RADIX = DEC ; /7 R R 2 A R i

CONTENT BEGIN OEELH A BEREFLLTHE,
00: 2 ; 01: 3 ; 02: 3 ; 03: 2; 04: 5; 05: 5; 06: 5; 07:
10: &8 ; 11: 9 ; 12: & ; 13: 8; 14: 5; 15: 5; 16:1Z; 17:
20:13 ; Z21:12 ; 22:10 ; 23:124; 24: 9;  25: 9; Za6: 9; 27:
30: 9 ; 31: 0 ; 32: 9 ; 33: 9; 34: 9; 35:10; 36: T; 37:
40: 5 ; 41: 5 ; 4Z2: 5 ; 43: a; 44: B; 45: 8; 4fa: 9; 47:
50: B ; 51: B ; 5Z2: & ; 53: 5; 54: aA; 55: 8B; 5HA: 5; 5T
60: 5 ; al: 5 ; 62: 5 ; 63: 5; 64:10; 65:10; 66:10; a7:
T0: 9 ; Y109 ; Y2 6 ; 130 8; 74 Ly 75: 5 M6: bH; T
BO: 3 ; Bl: 5 ; B&: 3 ; B3: 3; B4: 5; 85: m; Be: 7; BU:
90: A6 ; B1: & ; BZ: 6 ; 93: aA; 94: 5; 95: fA; BA: B; 97
100:12;101:12 ;102:12 ;103:10;:;104: 9; 105: 9;106:10;107:
110: 6;111: 5 ;112: 3 ;113: 3;114: 3; 115: 3;116: 8;117:
120: 6;121: 8 ;122 6 ;123: S;124: 3 125: 5;126: 6;127:
130: 5;131: 5 ;13&: 5 ;133: 5;134: 5; 135: 5;136: 0;137:

END ;

—H 5—7T

6; 08:
12;18:
O; 2B8:
Vi 38:
o; 48:
5; 58:
12; 6aB8:
5; 78:
o; B8:
d; 5a:
9;108:
gd;118:
d;128:
0;138:

g;
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Hardware: | ByteBlastesMV [LPT1)

4

| Mode
Read/wiie |

I T@a
RAM/ROM

| widh

b

j Scan Chan

| @1 EPEC10/5 (020F100D)

Dence:

B 8-15 In-Systern Memory Content Editor & MUSIC {EH I ##EZHL



L5 8-16]
LIERARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY F CODE 13

PORT [ INX IN STD LOGIC VECTOR (3 DOWNTO 0} ;
CODE OUT STD LOGIC VECTOR (3 DOWNTO 0);
H : OUT STD LOGIC;
TO QUT STD LOGIC VECTOR (10 DOWNTO 0O));
END;
ARCHITECTURE one oF F CODE 13
BEGIN
Search : PROCESS([INX) BEEGIN

-- FBEE, EXAE.. EHERNMER

CASZE INX IS

WHEN "oOOoo"™ =» TC«="11111111111" ; CoODE<="0000"; H<='0';-- 2047
WHEN "0OO01" =»> TC<="01100000101" ; CODE<="0001"; H<='0';-- 773;
WHEN "0010"™ => To<="01110010000" ; CODE<="0010"; H«='0';-- 91Z;
WHEN "0011" =» TC<="10000001100" ; CODE<="0011"; H<='0';--1036;
WHEN "O101" =» TC<="10010101101" ; CODE<="0101"; H<='0';--1197;
WHEN "0O110"™ => To<="1l0O1000010107 ; CODE<="01107; H«<='0O';--1290;
WHEN "0O111"™ => To<="10101011100% ; CODE<="0111"; H«<='0O';--1372;
WHEN "1000™ => To<="1l0O1l10000010" ; CODE<="0001"; H«<='1';--1410;
WHEN "1001"™ => To<="1l0O1110010007 ; CODE<="00107; H<='1';--1480;
WHEN "1010"™ => To«<="110000001107 ; CODE<="00117; H«<='1';--154Z;
WHEN "1100"™ => To<="11001010110" ; CODE<="0101"; H«<='1l';--162Z;
WHEN "1101"™ => To<="11010000100" ; CODE<="0110"; H«<='1l';--1668;
WHEN "1111"™ => To«<="11011000000" ; CODE<="0001"; H«='1';--17Z8;
WHEN COTHERS =»> TC<="11111111111" ; CORE<="0000"; H<='0';-- Z047;
END CA3E;

END PROCESS;
END;
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8-3 PSS I B R BRI

F 33 Pl BEERESHHRITEE
ey A B C D E F G H I J K L it M o
Data 1C 32 21 23 24 ZB 34 33 43 3B 42 4B 3A 31 A
Key F Q E 2 T u v W X T Z ¥ 1 2 3
Data 4D 15 2D 1B 20 icC 2A 1D 22 35 14 45 16 1E 26
Key 4 3 & 7 8 9 = = Y ] . ' .
Drata 25 2E 36 | 3D | 3E | 46 | OE | 4E 55 5D | 5B | 4cC 52 41 49
Key i [ Fl F2 F3 F4 E5 Fé F7 Fg F2? | F10 | F11 Fl2 KFD
Diata @b 54 03 (8] (] 0C 03 0B 23 O 01 02 Te o7 0
Key FP1 | EP2Z | EP3 | KP4 | EPS | EPs | KEF7 | KP2 | EP? | KPP | EP EFH KPP/ | KP* ENL
Drata 69 T2 TA | 6B 73 T4 a2 75 D Fa| 7B 79 44 | TC 69
Fey BESF | SPACE TAE CAFS | LSHFT| LCTREL LCUI LALT | ESHFT| RCTRL R CUL
Drata 13 29 oD b4 12 14 1F 1 % 14 27
ey R ALT APPE ENTEER | ESC IMSERT| HOME| PGUP | DELETE| PGDN | NUM
Diata 11 2F SA 16 T0 Gz D 71 T 77
Key TARROW| LARROW | DARROW | RARRCOW | EFEMN| SCROLL| FRENT SCEN FAUSE
Duata 75 &R T2 T4 =7-% TE 12 TC 14




[ 171
library isee;
use leee.ztd logic 1164.all;
use leee.std logic arith.all;
use ieee.std logic unsigned.all;
entity ps?2 PIANO is
port (clk, ps2clk, pesZdata @ in std logic;
keyocode @ cut std legic vector (7 downte 0);
keydown, keyup, datasrrer : out std logic);
end psZ PIANO;
architecture behave of psZ PIAND is=
zignal shiftdata, kboodereg: std logic vector (7 downto 0);
signal datacoming, kbclkfall, kbclkreg, parity, isfo @ std legic;
gzignal ont @ std loglic vector(3 downte 0);
begin
process(clk)  begin
if risging edgeiclk)] then kbclkreg<=psiZclk;
kbclkfall<=kbclkreqg and (not ps2clk) ;end 1if;
aend process;
process(clk)  begin
if rising edge (clk) then
if kbeclkfall=T1" and datacoming="0" and pszZdata='0" then
datacoming<="1"; cnt<="0000"; parity<=T07;
elzif kbelkfall="1" and datacoming="1" then E§7:Ei



1f cnt=% then
1t pelddata="1" then datacoming<=T0"; dataerror<=T07;
else dataerror<=T1"T; end if;
cnt<=cnt+1;
2lzgif cont=8 then
if peldata=parity then datasrror<=T0"7;
else dataerror<=T1T; end if;
cnt<=cnt+l;
algse shiftdata<=psZdata & shiftdata(7? downto 1) ;
parity<=parity =Hor psZdata; cnt<=cnt+l; end 1if;
end 1f;
end 1f;
end process;
process (clk) begin
if rising edge (clk) then
1t cnt=10 then
1f shiftdata="11110000" then i1sfeo<=T17;
eglsift shiftdata /= "11100000" then
1if igfo="1" then kevup<="1"; kevyvcode<=shiftdata;
elzse keydown<="1"; keycode<=shiftdata; end if;
end 1f;
elzse keyup<=T0"; kevdown<="0"; end if;
end 1f;
ehd process;

end behave;
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L7 8-15]
LTIBEAEY TEEE:
USE IEEE.STD_LDGIC_llE&.ALL;
USE IEEE. 3TD LOGIC UNMSIGNED.ALL;
ENTITY SQUl Is
PORT ( CIM,ADE : IN STD_LOGIC_VECTOR(? DCWHTO O ;

OT : OUT STD LOGIC ) ;
END SQUIL;
ARCHITECTURE BHY OF SQUIL Is
EEGIN
DROCESES (CIN) BEGINM
IF (ADR<CIN) THEN OT<="0" ; ELSE OT<='1" ; END IF;

END PROCEZS:
END BHY ;
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