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9.1 54

9.1.1 SEAKTER) L5
SE AR BH BT IR — AR R S5 44 «
ENTITY SEfk% 1S
[GENERIC ( Z=%4: HIERE );]
[PORT ( 0% ;]
END ENTITY 524£4;
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9.1 SR

9.1.2 8L Ui HER)

ZH AR U IEA) ) — R P ER W T
GENERIC([ ®#4& : #H#EXRM [ - wEH ]
{FEL  BERAwed]});
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9.1 SR

9.1.2 L5 Ui BHER)
= ey

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY andn IS
GENERIC ( n : INTEGER );: --EXKESE R HEERE
PORT(a : IN STD _LOGIC VECTOR(n-1 DOWNTO 0);--HXESERGIEEKE
c - OUT STD LOGIC);
END;
ARCHITECTURE behav OF andn IS
BEGIN
PROCESS (&)
VARIABLE int : STD LOGIC;
BEGIN
int := "1°%;
FOR i IN a"LENGTH - 1 DOWNTO O LOOP --{F¥fiEH)
IF a(i)="0" THEN int := "0";

END IE:
END LOOP:
C <=iInt ;
END PROCESS: EREL
END: Kx




9.1 524k
9.1.2 ZFt&1Hh 1 BHvEA)

[ %19-2]
L IBRARY IEEE;
USE I1EEE.STD LOGIC 1164 _ALL;
ENTITY exn IS
PORT(d1,d2,d3,d4,d5,d6,d7 - IN STD LOGIC;
gql,g2 : OUT STD LOGIC);
END;
ARCHITECTURE exn_behav OF exn 1S
COMPONENT andn —— 18 F %1 10- 1 o1 A 75
GENERIC ( n : INTEGER);
PORT(a : IN STD _LOGIC VECTOR(n-1 DOWNTO 0);
C - OUT STD _LOGIC);
END COMPONENT ;
BEGIN
ul: andn GENERIC MAP (n =>2) -- Z¥EEWGHER, & XKBETE, nR{EHN2
PORT MAP (a(0)=>dl1l,a(1)=>d2,c=>ql);
u2: andn GENERIC MAP (n =>5) -- EXREARE, nBEN5
PORT MAP (a(0)=>d3,a(1)=>d4,a(2)=>d5,
a(3)=>d6,a(4)=>d7, c=>q2);
END;



9.1 SEAA

9.1.3 ZE1& 18 B G vE )

[ %19-3]
LIBRARY IEEE; ——Fpf 4k oo
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC arith.ALL;
USE IEEE.STD LOGIC unsigned.ALL;
ENTITY addern IS
PORT (a, b: IN STD LOGIC VECTOR;
result: out STD LOGIC VECTOR);

END addern;
ARCHITECTURE behave OF addern 1S

BEGIN

result <= a + b;

END;

e
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9.1.3 ZE A& 1 B G vE )

[19-4]
LIBRARY IEEE; --MMEwT
USE ITEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC arith.ALL;
USE 1EEE.STD LOGIC unsigned.ALL;
ENTITY adders 1S
GENERIC(msb_operand: INTEGER := 15; msb_sum: INTEGER :=15);
PORT(b: IN STD LOGIC VECTOR (msb_operand DOWNTO 0O);
result: OUT STD _LOGIC VECTOR (msb_sum DOWNTO 0));
END adders;
ARCHITECTURE behave OF adders 1S
COMPONENT addern
PORT ( a, b: IN STD LOGIC VECTOR;
result: OUT STD _LOGIC VECTOR);
END COMPONENT;
SIGNAL a: STD_LOGIC _VECTOR (msb_sum /2 DOWNTO 0);
SIGNAL twoa: STD _LOGIC VECTOR (msb_operand DOWNTO O);
BEGIN
twoa <= a & a;
Ul: addern PORT MAP (a => twoa, b => b, result => result);
U2: addern PORT MAP (a=>b(msb_operand downto msb_operand/2 +1),
b=>b(msb_operand/2 downto 0), result => a);

END behave;
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9.1.3 &%
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9.1 SEZAA

9.1.4 ¥ 1% BHEf)

PORT ( ¥wH% : mHtEzl HdEcal
{3 4w AR SRR AL )

KX/;%Z%[&



0.2 kA

XA, A RSB AT N
55 TREFHTH DL AN [ ) 808 X%

\;%fffﬁff% R R )
%

- L
.Ewﬁs




0.2 ZEME

. ¥ 4k 6 — AR 1% 5 % K

ZERIR I TE AR AT

ARCHITECTURE #Zifgik4s OF SZik4 IS
[ E )]

BEGIN
[DhaefiidiE )]

END ARCHITECTURE £5#94%4;

KX/;%Z%[&



9.2 Lifik

2. &M AR 1 9]

3. R ERIEGEH

[mea  [eemwae
Fﬁf?‘i}ﬁm B ﬁ#@mﬁc}@
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9.3 ¥

9.3.1 K%

BRI )R R R BT
FUNCTION mi#4a (Z#3%) RETURN #E2RA k=]
FUNCTION B (SHEZ)RETURN  HdfE2RA 1S —— HRBUAE
[ a1
BEGIN
PiEa]
END FUNCTION E¥$i4;

K)(/%ﬁf%ﬁf



[ %19-5]
LIBRARY IEEE;
USE I1EEE.STD LOGIC 1164 .ALL;
PACKAGE packexp IS -— & XEFHE
FUNCTION max( a,b : IN STD LOGIC VECTOR) --5& XE%iE
RETURN STD_LOGIC_VECTOR ;

FUNCTION funcl ( a,b,c : REAL ) —-E X R H
RETURN REAL ;
FUNCTION "*" ( a ,b : INTEGER ) - X REE
RETURN INTEGER ;
FUNCTION as2 (SIGNAL inl ,in2 : REAL ) --EXEHYE
RETURN REAL ;
END ;
PACKAGE BODY packexp IS
FUNCTION max( a,b : IN STD LOGIC VECTOR) --&NXE$ik
RETURN STD LOGIC_VECTOR IS
BEGIN
IF a > b THEN RETURN a;
ELSE RETURN b;
END IF;
END FUNCTION max; ——ZEFFUNCT IONTE £
END: —-- 45 RPACKAGE  BODYiEH)

(&R IO



LIBRARY IEEE; -- BREUN HHSEH)
USE IEEE.STD LOGIC 1164 _.ALL;
USE WORK.packexp.ALL ;
ENTITY axamp 1S
PORT(datl,dat2 - IN STD LOGIC VECTOR(3 DOWNTO 0);
dat3,dat4 : IN STD _LOGIC VECTOR(3 DOWNTO 0O);
outl,out2 : OUT STD LOGIC VECTOR(3 DOWNTO 0) );
END;
ARCHITECTURE bhv OF axamp IS
BEGIN
outl <= max(datl,dat2); --HERMEESFRIFHFATREHAHER
PROCESS(dat3,dat4)
BEGIN
out2 <= max(dat3,datd); —— It P Bk 25 1A AV )
END PROCESS;
END;

K, SEEHLE



9.3 ¥

9.3.1 K%

dat4[3 0]

dat2[3:0]

dat1[3.0]

datS[S:D]>ET
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[ ]
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max.out2 POl B0
0] y :
out2[3:0]
[a:n]. [3:0],
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out1[3:0]
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[ %19-6]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164._.ALL ;
ENTITY func IS
PORT ( a : IN STD LOGIC VECTOR (0 to 2 ) ;
m - OUT STD LOGIC _VECTOR (0O to 2 ) );
END ENTITY func ;
ARCHITECTURE demo OF func 1S
FUNCTION sam(x ,y ,z - STD LOGIC) RETURN STD LOGIC IS
BEGIN
RETURN ( x ANDy ) OR z ;
END FUNCTION sam ;
BEGIN
PROCESS ( a )
BEGIN
m(0) <= sam( a(0), a(l), a(2) ) ;
m(l) <= sam( a(2), a(0), ad(d) ) ;
m(2) <= sam( a(l), a(2), a0) ) ;
END PROCESS ;
END ARCHITECTURE demo ;

K, SEEHLE



9.3 ¥

9.3.2 EEH MR

[%]9-7] (Maxplusl ISz A
LIBRARY I1EEE ;

USE IEEE.STD LOGIC 1164_ALL ;
PACKAGE packexp 1S
FUNCTION max( a,b : IN STD_LOGIC_VECTOR)
RETURN STD_LOGIC_VECTOR ;
FUNCTION max( a,b : IN BIT_VECTOR)
RETURN BIT_VECTOR ;
FUNCTION max( a,b : IN INTEGER )
RETURN INTEGER ;
END;
PACKAGE BODY packexp IS
FUNCTION max( a,b : IN STD LOGIC_VECTOR)
RETURN STD LOGIC VECTOR 1S
BEGIN
IF a > b THEN RETURN a;

- & XFEFF
--E X REE

--E X REE

--E X REE

—— & SRR Bk

€I WY



ELSE RETURN Db; END IF;

END FUNCTION max; ——ZE R FUNCT IONTE 4]
FUNCTION max( a,b : IN INTEGER) —— & X R HUAA
RETURN INTEGER 1S
BEGIN
IF a > b THEN RETURN a;
ELSE RETURN b; END IF;
END FUNCTION max; ——Z5RFUNCT IONiEf]
FUNCTION max( a,b : IN BIT_VECTOR) —— & X R ik
RETURN BIT_VECTOR IS
BEGIN
IF a > b THEN RETURN a;
ELSE RETURN b; END IF;
END FUNCTION max; ——ZEFFUNCTIONiE )
END: —--4Z5RPACKAGE  BODYiEA]

—— LUF 2 1AM ER R Hmax KR
LIBRARY IEEE ;

USE IEEE.STD LOGIC 1164 _ALL ;
USE WORK.packexp.ALL;

ENTITY axamp IS
P (BT



PORT(al,bl : IN STD LOGIC_VECTOR(3 DOWNTO 0);
a2,b2 : IN BIT_VECTOR(4 DOWNTO 0);
a3,b3 - IN INTEGER RANGE O TO 15;
cl - OUT STD LOGIC _VECTOR(3 DOWNTO 0);
c2 - OUT BIT _VECTOR(4 DOWNTO 0);
c3 - OUT INTEGER RANGE O TO 15);
END;
ARCHITECTURE bhv OF axamp IS
BEGIN
cl <= max(al,bl); --Xte&#max( a,b : IN STD LOGIC VECTOR)H]
W H
c2 <= max(a2,b2); --Xt#max( a,b : IN BIT _VECTOR) HJiH
c3 <= max(a3,bl3); --XE#max( a,b : IN INTEGER) WM
END;

K, SEEHLE




[%19-8]

LIBRARY IEEE ; -- EFPEE

USE IEEE.std logic 1164_all ;

USE IEEE.std logic _arith.all ;

PACKAGE STD LOGIC _UNSIGNED 1s

function "+" (L : STD LOGIC VECTOR ; R : INTEGER)
return STD LOGIC VECTOR ;

function "+" (L : INTEGER; R : STD LOGIC VECTOR)
return STD LOGIC VECTOR ;

function "+" (L : STD LOGIC VECTOR ; R - STD _LOGIC )

return STD LOGIC VECTOR ;

function SHR (ARG : STD LOGIC _VECTOR ;

COUNT : STD_LOGIC VECTOR ) return STD LOGIC VECTOR ;

end STD LOGIC UNSIGNED

LIBRARY IEEE : N EHRXEIN N

(&R IO



use IEEE.std logic 1164._all ;
use IEEE.std logic_arith.all ;

package body STD LOGIC _UNSIGNED 1s
function maximum (L, R - INTEGER) return INTEGER 1s

begin
iIT L >R then return L;
else return R;
end 1f;
end;

function "+" (L : STD LOGIC VECTOR ; R : INTEGER)
return STD LOGIC VECTOR 1s

Variable result : STD LOGIC VECTOR (L’range) ;
Begin

result := UNSIGNED(L) + R ;
return std logic vector(result) ;
end ;

end STD LOGIC_UNSIGNED ;

l(xﬁﬁﬁﬁ%%



9.3 ¥

9.3.3 R

FEFFfl: STD _LOGIC 1164
to_stdlogicvector(A)
to_bitvector(A)

to_stdlogic (A)

to_bit(A)

FEFA: STD_LOGIC_ARITH
conv_std_logic_vector(A, f7K)

conv_integer(A)
FEFFA: STD_LOGIC_UNSIGNED

conv_integer(A)

229-1 IEEEPE R AV P pR H 3R

Fbit_vector2R U KIARE#t Aystd_logic_vector

Histd_logic _vector##: Abit_vector
Hbit# ¥ plistd_logic
Histd_logickE #t ibit

BB integerib i iistd_logic vectorZSA, ALY

#istd_logic_vectori # g Hinteger

Fistd_logic_vector¥# integer

"W 4 @“/ﬁ’ﬁxﬁ‘
KX



9.3 ¥

9.3.3 R

[ %19-9]
LIBRARY IEEE;
USE IEEE. std logic 1164_ALL;
ENTITY exg IS
PORT (a,b : 1n bit vector(3 downto 0);

q : out std logic vector(3 downto 0));
end ;
architecture rtl of exg 1s
begin
q<= to_stdlogicvector(a and b);--¥f7 K & HE A & e g bn 1 32 55 47
RKEHHE
end;

I(Xﬁaﬁﬁ%f



9.3 ¥

9.3.3 R

[9-10]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD LOGIC ARITH.ALL;--#FEAFH 7 LEEFE
ENTITY axamp 1S
PORT(a,b,c - IN Integer range 0O to 15 ;
q - OUT std _logic vector(3 downto 0) );
END;
ARCHITECTURE bhv OF axamp 1S
BEGIN
q <= conv_std logic vector(a,4) when conv_integer(c)=8
else
conv_std logic vector(b,4) ;
END;

K ZoH




[%19-11]
LIBRARY IEEE;

USE I1EEE._STD LOGIC 1164 _ALL;
PACKAGE n_pack IS

SUBTYPE nat IS Integer range 0 to 255; — X —
Integeri] R
TYPE Bit8 1S array (7 downto 0) OF std logic;-- & X
— M EFERT

FUNCTION nat_to Bit8 (s: nat) RETURN BitS8;
End n_pack;

PACKAGE BODY n_pack IS
FUNCTION nat_to Bit8 (s: nat) RETURN Bit8 IS

VARIABLE Din: Integer range 255 downto O;
VARIABLE Rut: Bit8;

VARIABLE Rig: Integer :=2**7;
BEGIN
Din = s;
FOR 1 1n 7 downto O LOOP
IF Din/Rig > 1 THEN Rut(r) := "1%; Din := Din-Rig;
ELSE Rut (1):= "0"; END IF;
Rig := Rig /7 2; €AW



END LOOP;

RETURN Rut;

END nat_to BitS8;
END n_pack;

LIBRARY 1EEE; -- HI)" & X ¥R E A =51
USE IEEE._STD LOGIC 1164 _ALL;
USE WORK.n_pack.ALL ;
ENTITY axamp 1S
PORT(dat : IN nat; --FFEEIEREKEX
ou : OUT Bit8); --IEEFIEFAINENX
END;
ARCHITECTURE bhv OF axamp 1S
BEGIN
ou <= nat_to Bit8(dat);
END;



9.3 ¥

9.3.4 HIWTpREL

9.3.5 iI%

|
"+

PROCEDURE I 4 (Z%1%)

PROCEDURE EEH& (%K) 1S
[Vt ]
BIGIN
N 7184 ;
END PROCEDURE ¥ #242;



9.3 ¥

9.3.5 &
PROCEDURE prol (VARIABLE a, b : INOUT REAL) ;

PROCEDURE pro2 (CONSTANT al : |IN INTEGER ;
VARIABLE Dbl - OUT INTEGER ) ;
PROCEDURE pro3 (SIGNAL sig - INOUT BIT) ;

[ 5]9-12]
PROCEDURE prgl(VARIABLE value:INOUT BIT _VECTOR(0O TO 7)) IS
BEGIN

CASE value IS

WHEN *0000"" => value: ""0101"" ;

WHEN ""0101" => value: "*0000"" ;

WHEN OTHERS => value: ""1111" ;

END CASE ;

END PROCEDURE prgl ; K, LI




9.3 ?‘w‘%‘}?

935 &

[ 5]9-13]
PROCEDURE comp ( a, r - IN REAL;

m - IN INTEGER ;

vl, v2: OUT REAL) IS

VARIABLE cnt : INTEGER ;

BEGIN
vl := 1.6 * a ; -— R¥IaE
v2 := 1.0 ; -— JRAIIR1E
QL : FOR cnt IN 1 TO m LOOP
v2 = Vv2 * vl ;
EXIT Q1 WHEN v2 > vi; —— Hv2 > v1, BEHEIFFLOOP
END LOOP Q1
ASSERT (v2 < vl )
REPORT '"OUT OF RANGE" —— EHARRERE

SEVERITY ERROR ;

END PROCEDURE comp ; K)(/%Zﬁ#ﬁ



[ 519-14]
LIBRARY I1EEE;
USE ITEEE.STD LOGIC 1164 _ALL;
PACKAGE axamp IS HFEE E X
PROCEDURE nand4a (SIGNAL a,b,c,d - IN STD LOGIC ;
SIGNAL vy : OUT STD_LOGIC );
END axamp;
PACKAGE BODY axamp 1S ——d A E X
PROCEDURE nand4a (SIGNAL a,b,c,d - IN STD LOGIC ;
SIGNAL y : OUT STD_LOGIC ) IS
BEGIN
y<= NOT(a AND b AND c AND d);

RETURN;
END nand4a;
END axamp;
LIBRARY I1EEE; --EEF
USE ITEEE.STD LOGIC 1164 _ALL;
USE WORK.axamp.ALL;

ENTITY EX 1S

PORT( e,f,g,h : IN STD_LOGIC ;
X 1 OUT STD_LOGIC );

END;
ARCHITECTURE bhv OF EX IS
BEGIN
nand4a(e,f,g,h,x) ; 47T B R

END;



9.3 ¥

MO

9.3.6 EHLS

[ #19-15]
PROCEDURE calcu ( v1, v2 :© IN REAL ;
SIGNAL outl : INOUT INTEGER) ;
PROCEDURE calcu ( v1, v2 : IN INTEGER ;
SIGNAL outl : INOUT REAL) ;

calcu (20.15, 1.42, signl) ; - HAE - AEHiIHcalcu
calcu (23, 320, sign2 ) ; - WHE -AEHIIRE calcu

I(X%%ﬁ%§
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9.4 VHDL)

9.4.1 FERIFHZR
1. IEEE &
. LIBRARY STD ;
2.STD &
USE STD.STANDARD.ALL ;
3. WORK &
4. VITALA

KX/;%Z%[&



4
|—a
——

9.4 VHDLJE

9.4.2 FERIHIEL

USE FEX 2P 4 TH 4
USE FE& R4 ALL ;

LIBRARY IEEE ;
USE IEEE.STD_LOGIC_1164_.STD_ULOGIC ;
USE IEEE.STD_LOGIC_1164.RISING_EDGE ;

USE WORK.std logic 1164 _ALL;

I(X%ﬁﬁ%ﬁ



9.5 4

T g
s LR R FRF

& SR P — BB R S5 M0 R -

PACKAGE #EFE4% 1S -- HEFEHE
P2 U B 43

END FEFE4%;

PACKAGE BODY FEFFfE4& IS -- Ak

R A DL AA

END - a4;
BELFIE
Kx
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9.5 L

[ %19-16]

PACKAGE pacl IS - P E G
TYPE byte IS RANGE 0 TO 255 ; -- & X HHER A byte
SUBTYPE nibble IS byte RANGE 0 TO 15; - & X F2AInibble

CONSTANT byte ff : byte := 255 ; -- & X H Hibyte_ff

SIGNAL addend : nibble ; -- %€ X {55 addend

COMPONENT byte adder - & X Tttt

PORT(a, b: IN byte ;

c: OUT byte ;
overflow : OUT BOOLEAN ) ;
END COMPONENT ;
FUNCTION my_function (a : IN byte) Return byte ; -- X X &%
END pacl ; - ETEESER

KX/%/Z%%?



[ %19-17]
PACKAGE seven 1S
SUBTYPE segments i1s BIT _VECTOR(O TO 6) ;
TYPE bcd IS RANGE O TO 9 ;
END seven ;
USE WORK.seven.ALL ; —-- WORKZEERIAZFTFFHI,
ENTITY decoder IS
PORT (@nput: bcd; drive : out segments) ;
END decoder ;
ARCHITECTURE simple OF decoder 1S
BEGIN
WITH input SELECT
drive <= B"1111110" WHEN O ,
B**0110000" WHEN
B*1101101" WHEN
B*1111001" WHEN
B*0110011" WHEN
B*1011011" WHEN
B"1011111" WHEN
B**1110000" WHEN
B"1111111"™ WHEN
B"1111011" WHEN ,
B**0000000"* WHEN OTHERS ;

©CoO~NO UL WNPE

END simple ;



9.5 4

(1) STD_LOGIC_1164F&/11..

(2) STD_LOGIC ARITHRE)FH..

(3) STD LOGIC_UNSIGNEDFISTD LOGIC_SIGNEDFEFAL.

(4) STANDARDHITEXTIORE L,

KX/%Z%[&



9.6 FLE

Aic B e ) B — Rk S T
CONFIGURATION PFt'E44 OF SZ4K% 1S

Aic & 1 BH
END it & 4 ;

KX/;%Z%[&



0.7 VHDL X HE

0.7.1 ¥
R 5, 678, 0, 156E2(=15600), 45 234 287 (=45234287)
SE 1.335, 88 670 551.453 909(=88670551.453909), 1.0, 44.99E-2(=0.4499)
SIGNAL d1,d2,d3,d4,d5, : INTEGER RANGE O TO 255;
w dl <= 10#170#% ; -— (T#HIER, & 170)
Rk | d2 <= 16#FE# -— (hREfIRRS, FF1 254)
éﬁ@i d3 <= 2#1111 1110#; —— (CHHHIFER, %&T 254)
B 44 <= s#aTeH ; -— (R, &FT 254)
d5 <= 16#E#E1 — (FoSEEEIR R, ST2#11100004, ZT-224)
Z?g%é;g %%ﬁ) 60s (60FF), 100m (1002K), k (FRR&}), 177A (177%5E)

KX/%Z%[&



9.7 VHDL XCFF ]

9.7.2 FAF

(1) S R SE;S)CR , "BothSandQequalto1l', "X,
(2) B 74 e

datal <= B"1 1101 _1110" -— RIS, MRFAKEL9
data2 <= 0"15" —— J\IEHIEEA, NMRBAKERG
data3 <= X'"ADO" —— TNHEHIEHA, MRBEAKERL2
data4d <= B"101 010 101 010" -- —HEHIEEA, MREAKEFLL2
data5 <= "101_010_101_010" --FikfEiR, LB,
data6 <= ""0ADO" —RIBAETR ) X o et

KX/%/W#&



9.7 VHDL XC=F# ]

9.7.3 WRIRLT

EVEHIBRHAT: Decoder 1, FFT, Sig N, Not Ack, State0 , Idle

R HIFR RS -

_Decoder_1 -— BIRAIEE B

2FFT -- BIEH BT

Sig_#N —— FFFH# AR FRIRRE AL R
Not-Ack —— fFE-" ANBEBCN AR IR I
RyY RST -— WRFTHEE A REE T RIZ& <"
data_ _BUS —— R AR BT RIZk

return - R A] IR
Kx



9.7 VHDL XCFF ]

0.7.4 Thr
PR (RIZR)

SIGNAL a, b : BIT_VECTOR (O TO 3) ;

SIGNAL m - INTEGER RANGE O TO 3 ;
SIGNAL vy, z - BIT ;

y <= a(m) ; - AAHERTRERR
z<=b(3); - A EA T RO

KX/%Z%[&



0.8 Z{#=RA

Cﬁiiﬂ(Scalar Type) — SEHCERAL, BPCERA, H2SRA, I [R]2RAY

Cﬁé\? KA (Composite Type) —| A (Array) « B8 (Record)

@@%ﬂ(mcess Type)| 5 MRS A B SR M SR A T 2

Cﬁc{ﬁr%ﬂ(ﬁles Type) | FI TR0t % (i I K

KX/;%Z%[&



0.8 Z{#=RA

9.8.1 TilxE X HFmRA
1. % & %4
TYPE BOOLEAN 1S (FALSE, TRUE);
2. 4% # & £ A
TYPE BIT IS (*0", "1%);
3. 4% & AR

TYPE BIT_VECTOR IS ARRAY (Natural Range <>) OF BIT ;
4. %4 A
A
S. R A A
— 2147483647~ 12147483647

KX/;%Z%[&



9.8 %4

H
[\
7S
r
=

=
6. £# £ A
1.0 2 I AR
0.0 2 I AR
65971.333333 2 I AR
65 971.333 3333 5 E—17%4H0
8#43 . 6#e+4 J\REHIE S5
43_.6E—4 12 I AR

7. 2% % 24
string_ var :="abcd";

VARIABLE string var :

STRING (1 TO 7 ) ;

I(X%ﬁﬁ%ﬁ



0.8 Z{#=RA

8. &t iq] £ A _
TYPE time 1S RANGE —2147483647 TO 2147483647

units

fs ; —— K&, VHDLH 5/ IN [A] BT
ps = 1000 fs ; —— [ZFb
ns = 1000 ps ; —— P
us = 1000 ns ; —— T
ms = 1000 us ; —-- 2=
sec = 1000 ms ; -
min = 60 sec ; —— gy

hr = 60 min ; —— [Ff

end units ;

e

K ZoH



9.8

B R A

9. % £ A

PROCEDUER Readline (F: IN TEXT; L: OUT LINE);

PROCEDUER Writeline (F: OUT TEXT; L: IN LINE);

PROCEDUER Read ( L: INOUT LINE; Value: OUT std logic;

Good: OUT BOOLEAN);

PROCEDUER Read (L: INOUT LINE; Value: OUT std _logic);

PROCEDUER Read ( L: INOUT LINE; Value: OUT std logic_ vector;

Good: OUT BOOLEAN);

PROCEDUER Read (L: INOUT LINE; Value: OUT std logic vector;

PROCEDUER Write ( L: INOUT LINE; Value: IN std logic;

Justiaied: IN SIDE :=Right;field; IN WIDTH :=0);

PROCEDUER Write (L: INOUT LINE; Value: IN std logic _ vector,
Justiaied: IN SIDE :=Right;field; IN WIDTH :=0);

K)(/%ﬁf%ﬁf



0.8 Z{#=RA

9.8.2 IEEETHE X rEZHEN 5K &
1. 4% 1% 45 4= #& 32 £ A&l
2. 72438 £ T #HELA

TYPE STD_LOGIC_VECTOR IS ARRAY ( NATURAL RANGE <>) OF STD_LOGIC ;

K)(/%fo%ﬁf



0.8 P

9.8.3 AT E X ARHEL IR A
1. %7 5 # 4 £ 4 (UNSIGNED TYPE)  UNSIGNED'("*1000")

VARIABLE var : UNSIGNED(O TO 10) ;
SIGNAL sig : UNSIGNED( TO 0) ;

2. # #% % # 48 % A (SIGNED TYPE)
SIGNED" ('0101") ft%* +5, 5
SIGNED" (*'1011") ft% -5

VARIABLE var : SIGNED(0 TO 10);

KX/;%Z%[&
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9.8.4 FHRA
TYPE 41415 ARRAY ($041 1t ) OF B 2 0 .

TYPE stb IS ARRAY (7 DOWNTO 0) of STD_LOGIC ;.

TYPE x 1s (low, high) ;

TYPE data_bus IS ARRAY (0 TO 7, x)of BIT ;

TYPE i 41S ARRAY (i A T 154 RANGE <>)OF #7241 ; .

Kx/)%ﬁﬂﬁf



s
g

0.8 Z(#u3

9&4%%%ﬁ'

[ 159-18]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164_ALL;
USE TEEE.STD LOGIC UNSIGNED.ALL;
ENTITY amp IS
PORT ( al, a2 - IN BIT_VECTOR(3 DOWNTO 0);
cl, c2,c3 - IN STD LOGIC VECTOR (3 DOWNTO 0);
bl, b2, b3 - INTEGER RANGE O TO 15;

dl,d2,d3,d4 - OUT STD_LOGIC VECTOR(3 DOWNTO 0) );
END amp;
dl <= TO _STDLOGICVECTOR(al AND a2); --(D
d2 < = CONV_STD _LOGIC VECTOR(b1,4) WHEN CONV_INTEGER(b2)=9
else CONV_STD _LOGIC VECTOR(b3,4); --(2)
d3 < = c1 WHEN CONV_INTEGER(c2)= 8 ELSE c3; --3)
d4 <=cl1 WHEN c2 =8 else c3; --(4) '

K, SEEHLE
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[ 59-19]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164_ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY decoder3to8 IS
PORT ( i1nput: IN STD LOGIC VECTOR (2 DOWNTO 0);
output: OUT STD_LOGIC VECTOR (7 DOWNTO 0));
END decoder3to8;
ARCHITECTURE behave OF decoder3to8 IS
BEGIN
PROCESS (input)
BEGIN
output <= (OTHERS => "0%);
output(CONV_INTEGER(input)) <= "1°%;
END PROCESS;
END behave; KX/»%# 553
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[ 19-20]
FUNCTION To bit ( s : std ulogic; xmap - BIT = "0 ) RETURN BIT ;
FUNCTION To bitvector ( s : std logic vector ;
xmap - BIT = "0" ) RETURN BIT_VECTOR ;
FUNCTION To bitvector ( s : std ulogic vector ;
xmap - BIT = "0" ) RETURN BIT _VECTOR ;
TR # KB To bitvector i) sk Ei%
FUNCTION To bitvector ( s : std logic vector ;
xmap - BIT = "0" )
RETURN BIT _VECTOR 1S
ALIAS sv : std logic_vector(s"LENGTH-1 DOWNTO O ) IS s ;
VARIABLE result : BIT _VECTOR(S"LENGTH-1 DOWNTO O );
BEGIN
FOR 1 IN result®"RANGE LOOP
CASE sv(1) IS
WHEN "O"]°"L" => result(1) := "0°;
WHEN "1"]"H" => result(1) := "1°;
WHEN OTHERS => result(i) := xmap;
END CASE ;
END LOOP ;
RETURN result ;

END ;
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9.9.1 FHBAERT

#29-2 VHDLEAERFF) R
x) BAVERF I #E BAE Ry R A
+ il B
— YN B
& HE — A
* e OB S8 (BT S D
HARBAER / (53 RSB (BEEF S50
MOD lig s B
REM R B
SLL BRI BITE A /KRB — 4504
SRL A BITE AR /R — 404
SLA HBAARLER BITE /R — 4504

(F& T IO



(% ETO

HARBAER

REBAERTE

BT

TS BT

SRA HBAREGH

ROL WHEEH o

ROR WHEBI A
. S wen e mes e

ABS E

= EFTF

/= ANETF

< INTF

> XTF

<= INFET

>= ATFETF

AND 1=

OR 513

NAND IE [

NOR |2

XOR =¥

XNOR FEE

NOT E|3

+ 1E

i

BITE AR /R B — 4504

BITE AR /R B — 4 504

BITHE A /R B — 4 AH

B

B

AR e dm R A

A E PR R

M2 53ESA, Rt 1 — 454l
M2 5EHER, o0t 1 — 45l
M2E 53HEA, Tt 1 — 43
M2 5EHER, 0t 1 — 45l
BIT, BOOLEAN, STD LOGIC

BIT,
BIT,
BIT,
BIT,
BIT,
BIT,
R

A

BOOLEAN,
BOOLEAN,
BOOLEAN,
BOOLEAN,
BOOLEAN,
BOOLEAN,

STD LOGIC
STD LOGIC
STD LOGIC
STD LOGIC
STD LOGIC
STD LOGIC
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9.9.1 FHBAERT

#9-3 VHDLEAE TS 2K
BEER %k
NOT, ABS, ** e
*, |/, MOD, REM A
+H1E5), —(9)
+, —, &

SLL, SLA, SRL, SRA, ROL, ROR
—> /:9 <, <= >, >=

AND, OR, NAND, NOR, XOR, XNOR BRI &
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9.9.1 BRI

[19-21]

SIGNAL a , b, ¢ - STD LOGIC VECTOR (3 DOWNTO 0O) ;
SIGNAL d, e, f, g - STD LOGIC VECTOR (1 DOWNTO 0) ;
SIGNAL h, 1, j, k - STD LOGIC ;

SIGNAL I, m, n, o, p - BOOLEAN ;

a<=b AND c; --b. c HIGJGHalitlE, a. b. cHBIELIR FRARK KR 5 E

d<=e OR ¥ OR g ; -— BNMRERFORME, AHHES

h<=(i NAND j)NAND Kk ; -— NANDAE _ER =FpEAFH B —F, DAINFES
I<=(m XOR n)AND(0 XOR p); -- BIEFRAE, WBIANFES

h<=i AND j AND Kk ; —— PINERERTERZAND, A InfES

h<=i AND j OR Kk ; -— PDNBRERAR, KNS, REHER
a<=b AND e ; - BEHb 5 e RKEA—E, REHIR

h<=i OR I ; —— i MIBEERBEAISTD LOGIC, TSR A 2
-- fi /R E=BOOLEAN, HHTMARMHEIER, RBEE IR,
Y i



0.9 FAESRT
0.9.2 RAREIERT

=" &7 /=" &%)
> xh <> b 7)
[>=" o) l<=" 757
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9.9.2 KARBAEFT

[ %19-22]
ENTITY relational ops 1 IS
PORT ( a, b - IN BIT_VECTOR (0 TO 3) ;
m - OUT BOOLEAN) ;
END relational ops 1 ;
ARCHITECTURE example OF relational ops 1 IS
BEGIN
output <= (a = b) ;
END example ;
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9.9.2 KARBAEFT

[ 9-23]
ENTITY relational ops 2 IS

PORT (a, b - IN INTEGER RANGE O TO 3 ;

m - OUT BOOLEAN) ;

END relational ops 2 ;
ARCHITECTURE example OF relational ops 2 IS
BEGIN

output <= (a >= b) ;
END example ;

|(x5a§ﬁ%%



9.9 BAESRT

0.9.3 B AREAEST

29-4 B AREAE
%

Sk F1#:4E 4 (Adding operators)

KA AVESF (Multiplying operators)
75 #4E 4 (Sign operators)
JES#AERT(Miscellaneous operators)

AL EAE AT (Shift operators)

RE

HARBARRT R

+(n), —@8), &(GHE)

*, |, MOD , REM
+HIE), — (#)

**, ABS

SLL, SRL, SLA, SRA, ROL, ROR
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0.9.3 B RBRIESRT
1. & fo 4k H 4

[ 519-24]
VARIABLE a, b , ¢ ,d , e ,f - INTEGER RANGE O TO 255 ;
a:=b + c ; d :=e - F ;

[ #19-25]

PROCEDURE adding_e (a: IN INTEGER; b: INOUT INTEGER ) IS

b:=a+b:

K&ﬁﬂﬂﬁ



0.9 #AELRT

0.9.3 B RBRIESRT
1. K fo 4k H 4

[ 1]9-26]
PACKAGE example _arithmetic 1S

TYPE small _INt IS RANGE O TO 7 ;
END example arithmetic ;
USE WORK.example arithmetic.ALL ;
ENTITY arithmetic IS

PORT (a, b - IN SMALL_INT ;

c - OUT SMALL INT) ;

END arithmetic ;
ARCHITECTURE example OF arithmetic IS
BEGIN

c <=a+b ;

LTI
END example ; Kx



0.9 #AELRT

0.9.3 B AREAEST

2. KA E M

Cad> G G- Gons>

3. T HREN

2:=x4(—Y)
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0.9.3 B RBRIESRT
4. g A

[ $19-27]

SIGNAL a, b - INTEGER RANGE —8 to 7 ;
SIGNAL c - INTEGER RANGE O to 15 ;
SIGNAL d : INTEGER RANGE O to 3 ;
a <= ABS(b) ;

c<=2**d;

l(xﬁaﬁﬁ%%
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[ $51]9-28]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164_.ALL;
USE IEEE.STD LOGIC_UNSIGNED.ALL;
ENTITY decoder3to8 1S
port ( input: IN STD LOGIC VECTOR (2 DOWNTO 0);
output: OUT BIT_VECTOR (7 DOWNTO 0));
END decoder3to8;
ARCHITECTURE behave OF decoder3to8 1S
BEGIN
output <= '00000001'" SLL CONV_INTEGER(input); —— AL
iy g
END behave; KX/’%/E;%[&
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9-14. IaHAF B R ECEF Z R HR L, DMERSHH CHREHERE., FiHsn
H— B BIERBIAGE, JFH T H SR B O 250

function CONV_INTEGER(ARG: AGE) return INTEGER;
RAER KRG, FHERERNE N+ BEFEERH, R FHREH:
SIGNAL a, c : AGE;

c <= a + 20;

90-15. AR VLB vHeAr LLEAS, LR ME N 2PN EL L I8 AL FLA=[AT.. A0 FT
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PR T 7 R LSS R e, Bl ikE & E KRS 0 g 5k A 3 8 A b
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[ 1519-29]

LIBRARY IEEE; -- M EZHRKRITNEE T
USE 1EEE.STD LOGIC 1164 _.ALL;
ENTITY Songer 1S

PORT ( CLK12MHZ : IN STD_LOGIC; —--HRAMEE 5
CLK8HZ - IN STD_LOGIC; - HMEE S
CODE1 : OUT STD _LOGIC VECTOR (3 DOWNTO 0);-- {4
LE IR TN
HIGH1 : OUT STD_LOGIC; --H8EE/~
SPKOUT > OUT STD_LOGIC );--F=&iiH
END;

ARCHITECTURE one OF Songer 1S
COMPONENT NoteTabs
PORT ( clk - IN STD LOGIC;
Tonelndex : OUT STD LOGIC VECTOR (3 DOWNTO 0) );
END COMPONENT ;
COMPONENT ToneTaba
PORT ( Index - IN STD LOGIC VECTOR (3 DOWNTO 0) ;
CODE : OUT STD_LOGIC VECTOR (3 DOWNTO 0O) ;
HIGH - OUT STD LOGIC;

Tone : OUT STD_LOGIC_VECTOR (10 DOWNTO 0) );
END COMPONENT;

(R0



COMPONENT Speakera
PORT ( clk : IN STD LOGIC;
Tone : IN STD LOGIC VECTOR (10 DOWNTO 0);
SpkS : OUT STD LOGIC );
END COMPONENT;
SIGNAL Tone : STD LOGIC VECTOR (10 DOWNTO 0);
SIGNAL Tonelndex : STD LOGIC VECTOR (3 DOWNTO 0);
BEGIN
ul : NoteTabs PORT MAP (clk=>CLK8HZ, Tonelndex=>Tonelndex);
u2 - ToneTaba PORT MAP
(Index=>Tonelndex,Tone=>Tone,CODE=>CODE1 ,HIGH=>HIGH1) ;
u3 : Speakera PORT MAP(clk=>CLK12MHZ,Tone=>Tone, SpkS=>SPKOUT

)
END;

K, SEEHLE



[19-30]
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE IEEE.STD _LOGIC_UNSIGNED.ALL;
ENTITY Speakera 1S
PORT ( clhlk : IN STD_LOGIC;
Tone - IN STD LOGIC VECTOR (10 DOWNTO 0);
SpkS : OUT STD_LOGIC );
END;
ARCHITECTURE one OF Speakera 1S
SIGNAL PreCLK, FullSpkS : STD_LOGIC;
BEGIN
DivideCLK : PROCESS(clk)
VARIABLE Count4 : STD _LOGIC_VECTOR (3 DOWNTO 0) ;

BEGIN
PreCLK <= "0"; -- ¥CLK#41T16%%, PreCLKACLKH)164);%i
IF Count4>11 THEN PreCLK <= ®"1"; Count4 := "'0000';
ELSIF clk"EVENT AND clk = "1 THEN Count4 := Count4 + 1;
END IF;

END PROCESS;
GenSpkS : PROCESS(PreCLK, Tone)-- 11f7AJTE%iss
VARIABLE Countll : STD_LOGIC_VECTOR (10 DOWNTO 0);
BEGIN
IF PreCLK"EVENT AND PreCLK = "1" THEN

IF Countll = 16#7FF# THEN Countll := Tone ; FullSpkS <= "1%;
€I WY



ELSE Countll := Countll + 1; FullSpkS <= "0"; END IF;
END IF;
END PROCESS;
DelaySpkS : PROCESS(Ful ISpkS)-—¥#iHi 240, ERMk, M 8 LhEk

BA YN

H
VARIABLE Count2 : STD_LOGIC;

BEGIN
IF FUllSpkS*EVENT AND FullSpkS = *1° THEN Count2 := NOT Count2;
IF Count2 = "1" THEN SpkS <= "1°;
ELSE SpkS <= "0"; END IF;
END IF;
END PROCESS;
END;

KX/;%/ZW#



[ 5]9-31]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;
ENTITY ToneTaba

CODE
HIGH : OUT STD LOGIC;
Tone
END;
ARCHITECTURE one OF ToneTaba IS
BEGIN
Search : PROCESS(Index)
BEGIN
CASE Index IS —— PERDEEE,
WHEN "'0000" => Tone<="11111111111"
WHEN "'0001"™ => Tone<="'01100000101" ;
WHEN "'0010" => Tone<="'01110010000"
WHEN "'0011" => Tone<="'10000001100"
WHEN "'0101" => Tone<="'10010101101"
WHEN "'0110" => Tone<="'10100001010"
WHEN "0111"™ => Tone<="'10101011100"
WHEN "*1000" => Tone<="'10110000010"
WHEN "'1001" => Tone<=""10111001000""
WHEN "*1010" => Tone<="'11000000110"
WHEN "1100" => Tone<="'11001010110"
WHEN ""1101"™ => Tone<="'11010000100""
WHEN ""1111" => Tone<=""11011000000""
WHEN OTHERS => NULL;
END CASE;

END PROCESS;

END;

IS
PORT ( Index :

IN STD_LOGIC_VECTOR (3 DOWNTO 0O) ;

- OUT STD_LOGIC_VECTOR (3 DOWNTO 0) ;:

- OUT STD_LOGIC_VECTOR (10 DOWNTO 0) );

=

R, EHFENRER

CODE<=""0000"";
CODE<=""0001"";
CODE<=""0010"";
CODE<=""0011"";
CODE<=""0101"";
CODE<="'0110"";
CODE<="'0111"";
CODE<=""0001"";
CODE<="'0010"";
CODE<="'0011"";
CODE<="0101";
CODE<="'0110"";
CODE<="'0001"";

HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH

<="0%;-- 2047
<="0%;-- 773;
<="0%;-- 912;
<="0";--1036;
<="0";--1197;
<="0";--1290;
<="0";--1372;
<="1";--1410;
<="1";--1480;
<="1";--1542;
<="1";--1622;
<="1";--1668;
<="1%";--1728;



[ #19-32]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
USE ITEEE.STD LOGIC UNSIGNED.ALL;
ENTITY NoteTabs IS
PORT ( clk - IN STD _LOGIC;
Tonelndex : OUT STD LOGIC VECTOR (3 DOWNTO 0) );
END;
ARCHITECTURE one OF NoteTabs IS
COMPONENT MUSIC - - E R EHEROM
PORT(address : IN STD LOGIC VECTOR (7 DOWNTO 0);
inclock - IN STD _LOGIC ;
q - OUT STD_LOGIC VECTOR (3 DOWNTO 0));
END COMPONENT ;
SIGNAL Counter : STD LOGIC_VECTOR (7 DOWNTO 0);
BEGIN
CNT8 : PROCESS(clk, Counter)

BEGIN
IF Counter=138 THEN Counter <= "'00000000";
ELSIF (clk"EVENT AND clk = "1") THEN Counter <=

Counter+1; END IF;
END PROCESS;
ul : MUSIC PORT MAP(address=>Counter , qg=>Tonelndex,
inclock=>clk);
END;



[ 1%19-33]
WIDTH
DEPTH = 256 ;
ADDRESS RADIX = DEC ;
DATA RADIX = DEC ;

CONTENT
00:
10:
20:
30:
40:
50:
60:
70:
80:
90:

100:

110:

120:

130:

END

=

[EEN
GO ONOOWOOU WU O wow

- 91-

BEGIN
01: 3
11: 9
21:12
31:
41:
51:
61:
71:
81:

o 01 © 0100 01 O

101:12
111: 5
121: 8
131: 5

; 02: 3 ;
; 12: 6 ;

; 22:10
; 32:
; 42:
; B2:
; 62:
> 72:
; 82:
; 92:
;102:
;112:
;122:
;132:

=
GO WNOOWO 010 U1 ©

03:
13:
23:
33:
43:
53:
63:
73:
83:
93:
;103:1

4 5 --"ZH IR HEE

OWoOUTUIoON W

04:
14:
24 -
34:
44:
54:
64:
74:
84:
94:
0;104:
;113: 3;114:
;123: 5;124:
;133: 5;134:

01O O 00O WU Ul

05:
15:
25:
35:
45:
55:
65:
75:
5; 85:
5; 95:
9:;105:
3;115:
3;125:
5;135:

= =
OO UIO WO © Ul Ul

06: 5;07:
16: 12;17:
26: 9; 27:
36: 7; 37:
46: 9; 47:
56: 5; 57:
66:10; 67:
76 b; 77:
86: 7; 87:
; 96: 8; 97:
9:;106:10;107:
3;116: 8;117:
5;126: 6;127:
5;136: 0;137:

- 9; 29:

OO~NO1Two

- 6; 89:
- 8; 99:

- 8:;119:

8; 09:
12; 19:

1 1w

39:
49:
59:
69:
79:

8:;109:

OO UINUOITWO Ok

5:129:
0;
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[$19-34] -- TLC5510 RAEHEHIR B
library IEEE;
use IEEE.STD LOGIC 1164 _ALL;
entity ad5510 is
port( rst, clk : in std logic; --rst E{i;clkREEREA

d 2 in std_logic_vector(7 downto 0);-- 8{A/DE#E
Adck, ADoe : out std logic;-- Adck, Adoe;#ATLC5510/]CLKAIHKIOE
data > out std_logic_vector(7 downto 0);-- S{i##E
dclk : out std_logic ); -- BEmBYEES

end ad5510;
architecture ADCTRL of ad5510 is

type adsstates is (staO,stal); --EXH MRS E
signal ads_ state,next _ads_state : adsstates;
signal lock - std_logic;

begin

ads : PROCESS( ads_state) -- A/D FXREEGHIRESHL

BEGIN

CASE ads_state IS
WHEN sta0 => ADck<="1"; lock<="1"; dclk<="0";next_ads_state <= stal;
WHEN stal => ADck<="0"; lock<="0"; dclk<="1";next ads state <= sta0O;
WHEN OTHERS => ADck<="0"; lock<="0"; dclk<="1";next_ads state <= staO;

END CASE ;
END PROCESS;
PROCESS (CLK,rst) (BT D

KX/%/Z%%?



BEGIN
IF RST ="0" THEN ads_ state <= staO;
ELSIF ( CLK"EVENT AND CLK="1") THEN
ads_state <= next_ads_state; -- ZEN#LAR, BHRET RE
END IF;
END PROCESS;
PROCESS (lock,rst) -- S, fElocki) LA, BG83

BEGIN
IF RST ="0" THEN data <= (others => "0%);
ELSIF lock"EVENT AND lock="1" THEN data <= D ; END IF;
END PROCESS ;
ADoe <= "0°;

end ADCTRL;

[ #19-35]1 -- TLC5510H] 57 —PhRAE$E |71

lock <= clk; ADck <= clk; dclk <= not lock; ADoe <= "0°;
PROCESS (lock,rst) -- WH#HiET, 7Elockiy EFHE, RKeidir RS
BEGIN

iIT rst <= "0" then data <= (others => "0");

ELSIF lock"EVENT AND lock="1" THEN data <= D ; END IF;
END PROCESS ;

end logi; -
KX/% A4 Jff



[ 519-36]
LIBRARY IEEE;
USE I1EEE.STD LOGIC 1164.ALL;
USE 1EEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY RESERV IS
PORT(CLK, KEY1 : IN STD_LOGIC;--H%F (20MHz) FIRFE/ Boniathl i
TRAG : OUT STD LOGIC_VECTOR (9 DOWNTO 0) ;--33#45 15 e
DOUT : OUT STD_LOGIC_VECTOR (9 DOWNTO 0);--¥EHiH
ADIN  : IN STD_LOGIC VECTOR (7 DOWNTO 0) ); --A/DFRFHUEEHIA
END;
ARCHITECTURE DACC OF RESERV 1S
COMPONENT DPRAM  ——SRREEUE /4% FRAM
PORT ( address : IN STD_LOGIC VECTOR (9 DOWNTO 0);
inclock, wren: IN STD LOGIC ;
data : IN STD LOGIC_VECTOR (7 DOWNTO 0);

q : OUT STD LOGIC VECTOR (7 DOWNTO 0));
END COMPONENT;
SIGNAL Q1 : STD_LOGIC_VECTOR (9 DOWNTO 0):
SIGNAL MDO,DIN : STD LOGIC_VECTOR (7 DOWNTO 0):
BEGIN
PROCESS(CLK)
BEGIN

IF rising _edge(CLK) THEN Q1 <= Q1 + 1; END IF; —-4miaasitss
END PROCESS;
process(CLK, ADIN)
begin
if rising _edge(CLK) then DIN <= ADIN ; end if; -—RREUESTEZRAM
end process;
DOUT(9 DOWNTO 2)<=MDO; TRAG<=Q1; DOUT(1 DOWNTO 0) <= '00";

ul : DPRAM PORT MAP(data=>DIN, wren=>KEY1l, address=>Q1, gq=>MDO, inclock=>CLK);

END;
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9-3 BN AR (CRO)ERIZIT

(1) SEWHK: it —MES AT H AR . AEEE. 1BEAIIRKRE
CRCARER, %2> FIFPG AR 58 ) B A& = A Z 12 o

(2) szE R ¥: CRCEICyclic Redundancy Check R TLARH:, 2 —Fh¥i#E
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AR ERIRCRCIRIME), XHEFIRIER“BIZH”. CRCREW —BEFNGE
BRIERTE, BHEREARGEREESRZE; EHE RN, CRCIGHRFEMERS
WAL, BRRERLE, AErAICRCKREM, BREMER; RZ, MERR
e AR, AEEEUEKE R

K« LR



sdata: 127 )ff RIE(E B ; datald: sdataffJ3E3=5

error: RRAEEEfEE datafini: ZE BRI 58 s

rdata: ZWELEEEI) B K120 G %G BEHE;  ck: H8MES;

datacrc: Fin_E5AZCRCEZEAGML7TAICRCHY, TEAAREB Ki%, TEBRWBEBEERIL
hsend. hrecv: 4. MEFHERKETFES, WRMEELZEKE;

datafini
>
N CRCFZHG: > N CRCRH:
sdata datacrco datacrci rdata
H: (U RE AN ey
datald / :*}&@%ﬁ% hsend hrecv / K—Z%H*ﬁﬁ% error
> > > >
clk clk

%19-10 CRCHEHL JELF
Kx



[%19-371]
LIBRARY 1ieee;
USE i1eee.std logic 1164 _ALL;
USE i1eee.std logic unsigned.ALL;
USE 1eee.std logic arith_ALL;
ENTITY crcm 1S
PORT (clk, hrecv, datald : IN std logic;

sdata : IN std _logic _vector(11l DOWNTO 0);

datacrco : OUT std logic_vector(16 DOWNTO 0);

datacrci : IN std logic _vector(16 DOWNTO 0);
rdata - OUT std _logic vector(ll DOWNTO 0);

datafini : OUT std logic;
ERRORO, hsend : OUT std logic);

END crcm;
ARCHITECTURE comm OF crcm 1S
CONSTANT multi_coef : std logic vector(5 DOWNTO 0) := "110101";

-- ZWARE, MSB—EHR"1"
SIGNAL cnt,rcnt : std logic _vector(4 DOWNTO 0);
SIGNAL dtemp,sdatam,rdtemp - std _logic_vector(11l DOWNTO 0);
SIGNAL rdatacrc: std logic _vector(16 DOWNTO 0);
SIGNAL st,rt : std logic;
BEGIN
PROCESS(clk)
VARIABLE crcvar : std logic vector(5 DOWNTO 0);
BEGIN
IF(clk®"event AND clk = *"1%) THEN
IF(st = "0" AND datald = "1") THEN dtemp <= sdata; (BET IO



hsend <= "0"; st <= "1°%;

sdatam <= sdata; cnt <= (OTHERS => "0%);
ELSIF(st = "1° AND cnt < 7) THEN cnt <= cnt + 1;
= dtemp(11 DOWNTO 6) XOR multi_coef;

IF(dtemp(11) = "1") THEN crcvar
dtemp <= crcvar(4 DOWNTO 0) & dtemp(5 DOWNTO 0) & "0F;
; END IF;

ELSE dtemp <= dtemp(10 DOWNTO 0) & *0-°;
ELSIF(st="1" AND cnt=7) THEN datacrco<=sdatam & dtemp(11 DOWNTO 7);

cnt <= cnt + 1;
- St<:'0.;

hsend <= "1°%;
hsend<= "0°";

ELSIF(st="1" AND cnt=8) THEN
END IF;
END IF;
END PROCESS;
PROCESS(hrecv,clk)
VARIABLE rcrcvar : std logic vector(5 DOWNTO 0);

BEGIN
IF(clk*event AND clk = 1) THEN
IF(rt = "0 AND hrecv = "1") THEN rdtemp <= datacrci(16 DOWNTO 5);
rdatacrc <= datacrci; rcnt <= (OTHERS => "0%);
ERRORO <= "0~°; re <= "1°7;
; rcnt <= rent + 1;

ELSIF(rt= "1" AND rcnt < 7) THEN datafini <= "0";
rcrcvar = rdtemp(1l DOWNTO 6) XOR multi_coef;

IF(rdtemp(11) = "1%) THEN
rdtemp <= rcrcvar(4 DOWNTO 0) & rdtemp(5 DOWNTO 0) & "0%;
rdtemp <= rdtemp(10 DOWNTO 0) & "0F;

ELSE
END IF;
ELSIF(rt = "1 AND rcnt = 7) THEN datafini <= "17;
rt <= "0-;

rdata <= rdatacrc(16 DOWNTO 5);
IF(rdatacrc(4 DOWNTO 0) /= rdtemp(11l DOWNTO 7)) THEN

ERRORO <= "1%"; END IF;

END IF;
END IF;
END PROCESS;

END comm;
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