EDATIRSEH #FE
F12E

VHDLAI R 515



12.1 VHDLEE

12.1.1 FERIFRK
1. |EEEEE
2. STDjE
LIBRARY STD ;
USE STD.STANDARD.ALL
3. WORKE:

4. VITALEE



12.1 VHDLEE

12.1.2 ERIHE

USE FEA.

EFEL.0E2 ;
USE EZ .

¢
Fe4%.ALL ;

LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164.STD ULOGIC
USE IEEE.STD LOGIC 1164.RISING EDGE ;

USE WORK.STD LOGIC 1164.ALL ;



12.2 VHDLE A,

PACKAGE EFE%Z IS
EFEE B
END FEFESZ:;
PACKAGE BODY HEFEHE IS
EFaFiRBEST LB EAE
END THEFE%S;



12.2 VHDLE A,

(5] 12-1]

PACKAGE pacl IS -- EFEEFH
TYPE byte IS RANGE 0 TO 255 ; — EN#EHEEEDbyte
SUBTYPE nibble IS byte RANGE 0 TO 15 ; —- FENXFFEAInibble

CONSTANT byte ff : byte := 255 ; —— EXFEHbyte ff

SIGNAL addend : nibble ; -— E X fE=addend

COMPONENT byte adder —— BT

PORT( a, b : IN byte; c : OUT byte; overflow : OUT BOOLEAN) ;
END COMPONENT ;

FUNCTION my function (a : IN byte)Return byte ; —— ENXEE
END pacl ; — EFEEEHR

LTIERARY WORK ;
USE WORK.pacl.ALL ;



12.2 VHDLFEF 4,

[f12-2]
PACKAGE seven 1S5
SUBTYPE segments is BIT VECTOR(0 TO 6):

TYPE bcd IS EANGE 0 TO 9
END seven

USE WORK.seven.ALL ; —— WORKEEAZFTHEY
ENTITY decoder 1S5

PORT {(imput: in bod; drive : out segments);
END decoder :

ARCHITECTURE simple OF decoder IS5
BEGIN

WITH input SELECT
drive <= "1111110" WHEN

"
r

& ; "0110000™ WHEN 1 ,
"1101101" WHEN 2 , "1111001" WHEN 3 ,
"0110011" WHEN 4 , "1011011" WHEN > ,
»1011111" 'WHEN & 5 "1110000™ WHEN 7 ,
"1111111" "WHEHM H , "1111011" WHEN 9

"0000000™ WHEN OTHERS

"
r

END simple ;



12.3 VHDL 330 ) %b 78 15 BH

12.3.1 HF
BH 5, 678, 0, 156E2(=15600), 45 234 287 (=45234287)
SEH

1.335; 88 670 551.453 909(=88670551.453909); 1.0; 44.99E-2(=0.4499)
SIGNAL dl1,d2,d3,d4,d5, : INTEGER RANGE 0 TO 255; -2 & L AEHER

dl <= 10%170% : —— (Ti#wlERRs, FT 170)

d2 <= 164FE# ; —— (T7EElRR, ST 254)

a3 £ DRV IitnE: —— (Z##IFRR, BT 254) -t EREHER
dd <= 843764 ; —— (N\#RlFRR, FT 254)

d5 <= 164#R4E3 ; —— (T7ERIRR, FT16#A0004)

G <= conv_std logic vector (16#R4E3, 16); —-{REGHIZERIEstd logic vector

MEBENXTF (VHDLEZES B ANERZ IR E)
60s (60#F), 100m (1002£), k (FERE), 1772 (177%5E)



12.3 VHDL 330 ) %b 78 15 BH

12.3.2 F&HH

TYPE STD ULOGIC IS (

i IUI i IOI . I11I ;I_I ;ILI

IUI IKI IDI I1I IWI ILI IHI r_ 1 :I
r r F r F F r

"ERHOR™ , "Both 5 and § Egual o 1™ . "¥™ , "BRSCCT

datal
dataZ
data3
datad
datab
dataé
datab

BT 1101 11re”
o"15"

X"ADO"
B"101_010 101 010"
"101 010 101 010"
"101010101010"
"QADO"

—— RIS, CERHEKERL

—— JHHIEEE, AREEEE RS

—— FNHEFEEE, MRHEKERL2

—— TtwIEEH, MRFEAKERL2
——-FRIEEIR, B

——FRIEEH. XEALEEEB, EATHTRIZ
--RIEFHIR, #X



12.3 VHDL 330 ) %b 78 15 BH

12.3.3 RFFRIERARIN

Decoder 1 v EEL » Sig N , Not Ack , State0 , Idle
_Decoder 1 —— EIsAFRXFE

7415164 — I AT

Sig #N —— 75 “#7 AR AT IRTTRIE K
Not-Ack —— T “-7 NEERCNIRIR R AR
RyY RST —- WRFHEEFEER TRIZE « 7
data  BUS — MIRFTFPAER WU TR

return = %%iﬁj



12.3 VHDL 330 ) %b 78 15 BH

12.3.4 T4
IR (REI)

SIGNAL a, b : BIT VECTOR (0 TO 3):

SIGNAL m : INTEGER ERANGE 0 TO 3 :
SIGNAL ¥, Z = BIT ;
y <= a(m): — AAHEBEHETHRET

z <= bi{2): — WHEATHRESR



124 7 & FF

12.41 BRI
FUNCTION H#(%Z (Z#(&) RETURN #HIEEE Y
FUNCTION 44 (Z£4(3K) RETURN ##EER 1S i
[ VEHER T ]
BEGIN

IREEES ;
END FUNCTION &34 ;



124 7 & FF

12.41 H¥
[ 12-3]

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
PACERAGE packexp IS
FUNCTION max( a,b
RETURN STD LOGIC VECTOCR ;
—

--EXEFE

IN STD LOGIC VECTOR) ——EXRIE

FUNCTION funcl { a,b,c : REAL ) = =]
RETURN REAL ;
FUNCTION "*" ( a ,b : INTEGER ) --EXREE
RETURN INTEGER ;
FONCTION as2 (SIGNAL inl ,in2 : REAL ) -—EXBHE
RETURN REAL ;
END ;
PACEAGE BODY packexp IS
FUNCTION max( a,b : IN STD LOGIC VECTOR) -—iEFEH1E

RETURN S5TD LOGIC VECTOR IS5



124 7 & FF

12.41 K

BEGIN
IF a > b THEN RETURN a; ELSE RETURN b; END IF;
END FUNCTION max; A FUNCTIONIZ T
END; — £ PACKACE BODYIEMT]
LIBRARY TFEE; —— R E R R S5

USE IEEE.STD LOGIC 1164.ALL;
USE WORK.packexp.ALL ;
ENTITY axamp IS+
PORT (datl,datZ : IN STD LOGIC VECTOR(3 DOWNTC 0) ;
dat3,datd4 : IN STD LOGIC VECTOR(3 DOWNTO 0) ;
outl,outZ : OUT STD LOGIC VECTCR(3 DOWNTO 0} );

END;
ARCHITECTURE bhv OF axamp IS
BEGEIN
outl <= max(datl,dat2); --RTEREIERRREFTEEERED
PROCESS (dat3,dat4) BEGIN
out?2 <= max{dat3,datd); —— A PR &R R iE e

END PROCESS;
END;



124 7 & FF

12.41 K

[l 12-4]
LIBEARY TEEE;
USE IEEE.STD LOGIC 1164 .ALL ;
ENTITY func IS
FORT (a : IN STD LOGIC VECTOR (0 to 2):;
m : OUT STD LOGIC VECTOR (0 to 2});
END ENTITY func ;
ARCHITECTURE demo OF func IS
FUNCTION sam(x ,V ,2Z : STD_LDGIC) RETUEN STD LOGIC IS
BEGIN
RETURN (x AND y)OR ¥ :
END FUNCTION sam ;
BEEGIN
FROCESS (a) BEGIN+
m{0)<=sam({a(0}, a({l), a{2}))
m{l)<= sam{a(2), a(0), a(l})):
m(2)<=sam(a(l), a(2), a(0));
END PROCESS ;
END ARCHITECTUERE demo ;



124 7 & FF

12.4.2 EFH R [ 12-5]

LIBRARY IEEE :
USE IEEE.STD LOGIC 1164.ALL ;
PACKAGE packexp IS -—-EXERFA
FUNCTION max( a,b : IN STD LOGIC VECIOR) --EXEHH
RETURN STD LOGIC_ VECTOR }
FUNCTION max( a,b : IN BIT VECTOR) -—EXFEE
RETURN BIT VECTOR i
FUNCTION max( a,b : IN INTEGER ) -—EX[AHE
RETURN INTEGER i
END$
PACKAGE BODY packexp IS
FUNCTION max( a,b : IN STD LOGIC VECTOR) --EXMEZE
RETURN STD LOGIC VECTOR IS
BEGIN
IF a > b THEN RETURN a; ELSE RETURN b; END IF;:
END FUNCTION max: —- 4 R FUNCTIONIE B
FUNCTION max( a,b : IN INTEGER) ——E X FRE{F
RETURN INTEGER IS
BEGIN
IF a > b THEN RETURN a; ELSE RETURN b; END IF:
END FUNCTION max: --# RFONCTIONIE A
FUNCTION max( a,b : IN BIT VECICR) S PTG 4%3

BEETUEN BIT VECTOR IS
BEGIN



124 7 & FF

12.4.2 EFH R

IF a2 > b THEN RETURN a; ELSE RETURN b; END IF;
END FUNCTION max: -4 FUNCTIONIE Al
—-#FPACKAGE BODYIET

END:
LIBRARY IEEE : — TR EARSEHEHnaxfEE:
USE IEEE.STD LOGIC 1164.ALL ;

USE WOEE.packexp.ALLj:
ENTITY a=amp IS5
PORT (al,bl : IN STD LOGIC VECIOR (3 DOWNTIO 0O}
aZ,b2z : IN BIT VECTOR(4 DOWNTO 0):
a3,b3 : IN INTEGER RANGE 0 TO 15:
cl : OUT STD LOGIC VECTOR(3 DOWNTIO 0):
c2 : OUT BIT VECIOR(4 DOWNTO 0);
c3 : OUT INTEGER RANGE 0 TO 15):
END;
ARCHITECTURE bhv OF axamp IS
BEGIN
cl <= max(al,bl); —-#F#max(a,b : IN 5TD LOGIC VECTOR)HJRAH
c2 <= max(a2,b2); —-#E#max(a,b : IN BIT VECTOR)RIIEMA
c3 <= max(a3,b3); —-7EHmax(a,b : IN INTEGER) IR

ENLD;



124 7 & FF

12.4.2 EFH R

[ 126]
I I : -- EFE8
USE IEEE.std logic 1164.all :
USE IEEE.std logic arith.all ;
PACKAGE STD LOGIC UNSIGNED is
function "+" (L : 5TD LOGIC VECTOR : R : INTEGER)
return 5TD LOGIC VECTOR :
function "+" (L : INTEGEI R : 5TD LOGIC VECTOR)
return STE_LEGZC_?ECTER 2
function "+ (L : 5TD LOGIC VECTOR : R : S5TD LOGIC )
return STD LOGIC VECTIOR ;
function SHR (ARG : STD LOGIC VECTIOR ;
COUNT : STD LOGIC VECTOR )return STD LOGIC VECTOR ;

end STD LOGIC UNSIGNED ;



124 7 & FF

12.4.2 EFH R

-- UTEERFEaHF
LIBBARY IEEE ;
use IEEE.std logic 1164.all ;
use IEFE.std logic_arith.all ;
package body STD LOGIC UNSIGNED is
function maximum (L, R : INTEGER)return INIEGER is=s
begin
if L > R then return L; else return B; end if;
end;
function "+" (L : STD LOGIC VECIOR :; R : INIEGER)

return STD LOGIC VECTOR is
Variable result : 5TD LOGIC VECTOR (L'range):
Begin

result := UNSIGHED(L)+ R :

return std logic vector(result):

end ;

end STD LOGIC UNSIGNED i



124 7 & FF

12.4.3 HErR

12.4.4 178

PROCEDURE 1728 (BH3E) - HEE

PROCEDURE HiEH (58#1F) 15
(17 BREE ]
BIGIN —— AR
i FFiga) ;
END PROCEDURE 1124 ;

PROCEDURE prol (VARIABLE a, b : INOUT REAL):

PROCEDURE proZ (CONSTANT &al : 1IN INTEGER ;
VARIABLE bl : OUT INTEGER );

PROCEDURE pro3 (SIGNAL sig : INOUT BIT);



124 + &

12.4.4 IFE

[{5] 12-7]
FPECCEDURE prgl (VARIABLE wvalue :INQUT EIT_‘IECTDRI{D TG #3173 IS
BEGIN
CASE walue IS
WHEN "0000"™ => walue: "0101" ;
WHEN "0101" => walue: "0000" ;
WHEN OTHERS => wvalue: "1111" ;
END CASE ;
END PROCEDURE prgl ;



124 7 & FF

12.4.4 IFE
[{5] 12-8]

PROCEDURE comp(a,r : IN REAL; m
VARIABLE cnt : INTEGER ;

BEGIN

NLE 2= 1:86 ¥ a N2 = 1.0 ;
1 FOR cnt IN 1 TO m LOOP
W2 t= W E Nl

EXIT Q1 WHEN v2Z > vl;
END LOOFP Q1
ASSERT (v2 < w1l )

REPORT "OUT OF RANGE"
SEVERITY ERROR ;

END PROCEDURE comp -

IN INTEGER;

v, v

-— WANi5E

OUT REAL)

—— Sv2>vl, HKEEFLooP

- R RRE

TS
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12.4.4 IFE

[ 120]

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164.ALL;

PACEAGE axzamp IS ——HEEER

PROCEDURE nand4a (S5IGHAL a,b,c,d : IN 5TD LOGIC ;
SIGNAL y : OUT STD LOGIC }:
END axamp;

PACKAGE BODY axamp IS ——HIEFER
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 IEEE; --IHF
USE IEEE.STD LOGIC 1164.ALL;
USE WORE.axamp.ALL:;
ENTITY EX IS5
FORT( e,f,g,h : IN STD LOGIC ; x : OUI 35ID LOGIC }:
END;
BRCHITECTIURE bhv OF EX IS5
BEGIN
nand4s (e, £, g,h,x}) ; ——FfTEARE
END;



124 7 & FF

12.4.5 EHFITE

[ 12-10]
FROCEDURE calcu (vl, vZ : IN REAL; SIGNAL outl : INOUT INTEGER);
PROCEDURE calcu (vl, vZ : IN INTEGER; SIGNAL outl : INOUT REAL) ;

calecu (20.15, 1.42, signl); -- BHAF—EFHHIE calcu
calcu (23, 320, sign2 }; — FRE = EEIE calcu



125 HE R A

(1) AiRKHE

TYPE BOOLEAN IS (FALSE., TRUE);

(2) PEHERE

TYXPE BIT IS {"0", "1%};

(3) MRERE

TYFE BIT VECTCR IS ARRAY (Natural Range <> }OF BIT ;

SIGNAL a : BIT VECTOR(7 TO 0} :



125 FHE R A

(4) FrFRA
(5) BFA

(6) SEHRE

1.0 TEEAE | 65.971333_3333 T A
0.0 iR | 8443 6ketd Pt
65971.333333 [ 43 6E— 4 S
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(7) FRreERA

VARIABLE string var : STRING (1 TO 7 );

r !

string var := "a'b c d7 ;

(8) HfMERE

TYPE time IS BANGE — 2147483647 TO 2147483647

units

£x ; -- "k#h, vaDLO HEEE) R
ps = 1000 fs ; —— [

ne = 1000 ps = ém-ﬂ}

us = 1000 ns ; S ﬁfﬂ'?

ms = 1000 us ; -— Zf

sec = 1000 ms ; -

min = 60 sec ; FE 0

hr = 60 min ; — B

end units ;



125 HE R A

(9) XfrRE

PROCEDUER Readline (F: IN TEXT; L: OUT LINE);
PROCEDUER Writeline (F: OUT TEXT; L: IN LINE);
PROCEDUER Read ( L: INOUT LINE; Value: QUT 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 leogic;
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);



12.6 VHDL#/ERF£M7E 1% BH

12.6.1 ZBEBRIER

12.6.2 RARBIERF

!1] — !ll; lrll':l]-lr: "1[."1";' lrllr } lrr:llllr; lrll':lllr{ lTlIDlT;
12.6.3 HEARBIER

=121 BEABREFEE

F = % Al = oF - S e
1 FANEEF ( Adding Operator) + i - (R & (HE)
2 FINEEFF ( Multiplying Operator ) * 4 /s MOD : REM
3 TS {Ef (Sign Operator) +(E)» - ()
4 e fEf (Miscellaneous Operator ) ** , ABS
5 U {EF ( Shift Operator) SLL: SEL: SLA: SRA: ROL: RORE




12.6 VHDLEA/ERF#M7E i BH

1. KRAERIERF

[ 12-11]
PACKAGE example arithmetic IS

TYPE small INt IS RANGE 0 TO 7 ;
END example arithmetic ;
USE WORE.example arithmetic.ALL ;
ENTITY arithmetic IS«

PORT (a, b : IN SMALL INT; c : OUT SMALL INT):
END arithmetic ;
ARCHITECTURE example OF arithmetic IS
BEEGIN

e S=ask b;
END example ;



12.6 VHDL#/ERF£M7E 1% BH

2. KRERER

3. FFrouiERF

4. BEBRIER



12.7 VHDLEAE G40 78 1) BA

12.7.1 NEXTiEAf]

NEXT ; —— iEEETl
NEXT LOOPFZ ; —— B2

NEXT LOOPFFE WHEN &£ A ; -— BT,

[ 12-12]

L1 : FOR cnt value IN 1 TO 8 LOCP
sl : a{cnt _wvalue} := '0';
NEXT WHEN (b=c);
s2 : a{cnt value+ 8 }:= '0"';
END LOOPF L1;



12.7 VHDLEAE G40 78 1) BA

12.7.1 NEXTiEAf]

[ 12-13]
L x : FOR cnt value IN 1 TO 8 LOOP
51 : a{cnt value):="'0";
k = 0;

Ly o LOSEP

o R < e

NEXT L. x WHEN (e>f};
s3 : bB{kiB) = '0Q"';
k := k+1;

NEXT LOOP L ¥ -
NEXT LOOP L x -



12.7 VHDLEAE G40 78 1) BA

12.7.2 EXITiEH]

EXIT; —— ORI
EXIT LOOBPFFE; —— IEEEIL2

EXIT LOOPHFE WHEN &H3EiAT; —— iEOHET3

[ 51 12-14]
SIGHNAL a, b : STD_LOGIC_VECTGR (1 DOWNTO 0} ;
SIGNAL a less then b : Boolean;

a_less then b <= FALSE ; -— wiEE
FOR i IN 1 DOWNTO 0 LOOP
IF (a{(i)="1'AND b(i)="'0"') THEN a less then b<=FALSE; —— a > b
EXIT ;
ELSIF (a{(i)="0"' AND b(i)="1"') THEN a less then b<=TRUE; —— a < b
EXTIT;
ELSE NULL;
END IF;

END LOOP; —— % 1 AHEO Loopi Ea) Rtk Er



12.7 VHDLEAE G40 78 1) BA

12.7.3 WAITiEA]

WAIT; —— EEHET

WAIT ON {E23%; —— B2

WAIT UNTIL SEH4HEAT; —— B3

WAIT FOR R[A]FEIATL; —— A Te, BiFEFE
[ %] 12-15])

SIGNAL sl1,=s2 : STD LOGIC;

PROCESS EBEGIN

WAIT ON =s1,s2 ;
END PROCESS -



12.7 VHDLEAEA)#M 78 Ui BH

12.7.3 WAITiEA]

WAIT UNTIL clock ="1";

WAIT UNTIL rising edge(clock);

WAIT UNTIL HOT clock® STAELE AND clock ="1";
WAIT UNTIL clock ='1"'" AND clockfEVENT:

[ 12-17]
PROCESS BEGIN
WAIT UNTIL clk
WAIT UNTIL clk
WAIT UNTIL clk
WAIT UNTIL clk
END PROCESS ;

1 Yz ave <= aj;

] it ave <= ave + a;

o [ ave <= ave + a;

"1'; ave <= {ave + a)/f4 ;



12.7 VHDLEAE G40 78 1) BA

12.7.3 WAITiEA]

[ 51 12-18]
PEOCESS BEGIN
rst loop : LOOP
WAIT UNTIL clock ='1"'" AND clock’ EVENT;
NEXT rst loop WHEN (rst='1");
X <= a ;
WAIT UNTIL clock ='1'" AND clock’ EVENT;
HEXT rst loop When {(rst='1"};
y <= b ;
END LOQP rst loop ;
END PROCESS;

—— EFEHES

-- Wl Efi{ES st

- REMES, WATIERE
-- ZFEHES

- WEf{ES st
- REMES, MATIERE



12.7 VHDLEAEA)#M 78 Ui BH

12.7.3 WAITiEA]

[ 5] 12-19]
ROCESS BEGIN
WAIT UNTIL (RISING EDGE(clk) ): —-ZFR G

IF (reset="'1") THEN gqout<="00000000"; ELSE
CASE mode IS+
WHEN "01" => gout<=shift right & gout (7 DOWNTO 1) ; —--F%

WHEN "10" => gout<=gout(6 DOWNTO 0) & shift left; --ZF%

WHEN "11" => gout <= data; —— FATHER

WHEN OTHERS => NULL;

END CASE;

END IF; PROCESS BEGIN
END PROCESS; CLE<="0";

WAIT FOR 10 ns ;
CLE<="1";

WAIT FOR 10 ns ;
END PROCESS;



12.7 VHDLEAE G40 78 1) BA

12.7.4 TERFAREHR

"éﬁf
?H
e
2

HiES [ (EE= ]E
{ r [%ﬁﬁ%:}



[ 1220]

DACKAGE data_ types IS -- ENEFS
SUETYDE data_element IS INTEGER RLNGE 0 TO 3 ; -- EXLEERE
IYPE data_array IS ARRAY (1 TO 3} OF data element;

END data_types:

USE WORK.data types.ALL; --FIFHU BRI ESHNI{EEFEFEdata_types

ENTITY sort IS
PORT ( in _array - IN data_array; out_array - OUT data array):;

ERD sort;
ARCHITECTURE exmp OF sort IS
EEGIN
PROCESS (in_array) -- EEFE. Fdata_typesHEBES

PROCEDURE swap (data - INOUT data_array; low, high - IN INTEGER) IS
-- swapBi#£ Hdata. low. high

VARTAELE temp - data_element;

EEGIN -- FrieBRE I BrF e
IF (data(low) > data (high)) THEN -- #&R#E
temp -= data(low) ; datal(low) :=datalhigh};
data (high}) = temp ; EHND IF ;
END swap ; —- B swapELEF
VARIABLE my array - data array ; -- EEEEFELFENY array
EEGIN -— EEFHE
my array := in _array ; -- SR AEEMFERE
swap (my array,l,2);-—-my array. 1. 283 & FTdata. low. highfJZ$
swap (my_array, 2, 3); -- T ExFZAE, F2. B3nETE
swap my array, 1, 2); -- TEXEZRAE, Fl1. Rz EBERTE

Out array <= my Aarray;
END PROCESS;
ENLD exmp ;
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12.7.4 TERFAREHR

[ 1221])

ENTITY sort4

GENERIC (top
PORT (a,
ra, rh,

END sort4;
ARCHITECTURE

PROCEDURE sort2 (x,
VARIABLE tmp

BEGIN

IF x>y THEN tmp :=

END sortz;
BEGIN

PROCESS (a,

VARIABLE wva,

BEGIN

YA X
sort?(va,
gorts (vh,
gort (va,
zort (vo,
sortz (vh,
ra <= va:

i=

INTEGER: =3} ;
b, c, d : IN BIT VECTOR (0 TO top):
rc, rd : OUT BIT VECTOR (0 TO top)):

muxes OF =sort4 IS5

v THOUT BIT VECTOR (0 TO top)) is
BIT VECTOR (0 TO top):
X; X = ¥; ¥ = tmp; END IF;
by o, d}¥
vb, vc, vd : BIT VECTOR(C TO top):

¥hoa=ahy Weissite “Rd 2=l
)
vd) ;
vh) ;
vd} ;
vC)
rb <= ¥bh: rc <« wvop rd <= wd:

END PROCESS;

END muxes;
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12.7.5 RETURNiEH]

RETURN; -- BAIELL
RETURN FiEH.; -- 1BAIfE.2
[ 12-22]
FROCEDUBE rs (SIGNAL 5 , r© = IH STD LOGIC :
SIGNAL q , ng : INOUT STD LOGIC) IS
BEGIN
IF {( 5 ='1' AND r ='1') THEN
EEPORT "Forbidden state : 3 and r are gquual to '"1'7;
RETURN ;
ELSE g<= (s AND ng) AFTER 5 ns; ng<= (s AND g) AFTER 5 ns;
END IF ;

END PROCEDUEBE rs ;
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12.7.5 RETURNiEH]

[ 1223]
FONCTION opt {(a, b, opr :5ID LOGIC} RETUBN STD LOGIC IS
BEGIN
IF (opr ='1'}) THEN RETURN (a AND b):
ELSE RETUEN (a OR b) : END IF :
END FUNCTION opt



12.8 VHDLIFATiERJ%M7 Ve B

ARCHITECTURE #H#iF%® oF ZX{F® IS
IHERE T

T T

In]JAEH R
HFiTi5 0
END ARCHITECTURE il H

12.8.1 1715 5 EIEHR]
12.8.2 HiEH]

HiTE : srocx [ (BEPEZEH)
EOHA
#[EiHAE
BEGIN
HiTi5al
END BLOCE HiFE ;
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[ 5] 12-24]
ENTITY gat IS
GENERIC (1 time : TIME ; s time : TIME ) ; -- (S#HfE®) XEHNA
PORT (bl, b2, b3 : INOUT BIT) : — FHEFEERKROEX
END ENTITY gat :
ARCHITECTURE func OF gat IS

[

SIGNAL al : BIT : —- #HFEzRESIEX
EGIN

Blkl : BLOCK —- BEX BiFS5EEblkl
GENERIC (gbl, gb2 : Time) ; - EXRARRFEESEE
GENERIC MAP (gbl => 1 time,gb2 => s time); -- BEROSERE
FORT (pb : IN BIT; pb2 : INOUT BIT ): -- HeEdhREROES
PORT MAP (pbl => bl, pb2 => al ) : —— HEEig O E R A
CONSTANT delay : Time := 1 ms3 ; -- BEEHEN

SIGNAL s1 : BIT : -- BEESEX

BEGIN

sl <= pbl AFTER delay ;

pb2 <= 31 AFTER gbl, bl AFTER gb2 ;
END BLOCK blkl ;

END ARCHITECTURE func :



12.8 VHDLIATER)%b 78 1% BH

12.8.3 FHATEREFARIEHR]

HES (FEZERE)

[ 12-25]
PROCEDURE adder (SIGNAL a, b :IN STD LOGIC : —-i3iE & Hadder
SIGNAL sum : OUT STD LOGIC );
adder (al» bl: suml)} ; —-— HiTiH¥E1AH
- — TEH: 21« bl sumiBlAD AR EFa by sunPIEREEZE S
PROCESS( cl: c2) BEGIN —— HIFE AT
Rdder (cl» c2Zs 21) ; -— iR 32 R FEltkc1~ c2~ s1B00 Al

END PROCESS : — EFa b =umfIEESEE
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12.8.3 FHATEREFARIEHR]

[ 12-26]
PROCEDURE check (SIGNAL a : IN STD LOGIC VECTOR:; -- TrifRHd
SIGNAL error : OUT BOOLEAN ) IS -- BENE

VARIABLE found one : BOOLEAN := FALSE ; -- =G {E
EGIN

FOR i IN a'RANGE LOOP - AuEBafamumE#TER 0

IF a(i) = '"1' THEN —— EMakhy '1°

IF found one THEN -— Hfound oneAITRUE. MERAEMT—EL EM 1
ERROR <= TRUE; ——- EMT—ME A1 s £found oneAITRUE

RETURN: -- HRIiAE

END IF;

Found one := TRUE; -- ffafpE2&ZMT— 1"

End IF;

End LOOP;: —— Bz EIE

error <= NOT found one; -- MBZFH{E 1 WEWM, error BHEBETRUE
END PROCEDURE check:
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12.8.3 FHATEREFARIEHR]

CHBLK: BLOCK

SIGNAL sl1: STD LOGIC VECTOR (0 TO 0): -- HAEEBAERERERT
SIGHAL s2: STD LOGIC VECTOR (0 TO 1);

SIGHAL s3: STD LOGIC VECTOR (0 TO 2);

SIGHAL s4: STD LOGIC VECTOR (0 TO 3):

S5IGNATL el, eZ, 23, ed4: Boolean;

BEGT

Ui
[ T

Tl

L
i

Check (s1, el): —- HiTEERAA: xEE#HEM=1. el
Check (s2, e2}: -- HITHIEEAR, ZEEHEMs2. a2
Check (=33, e3): —— HTEBRAE, ZES#HENs3. e3
Check (=4, ed); —— HITHFERAA: xBEE#H:E0=4 . a4

END BLOCE;
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12.8.4 HRIEA]

fr=: ] For BREE v B{ETEE cENERaTE
1H AR
BEGIN
HiTiE A
END GENERATE [#15]

[T E: ] IF E{4GENERATE
15 EA
Begin
HITiET

- 4= O3 .
END GENERATE [1751]

=ixd, TO FEiER — #®EA 1 To s
Fi&T pownTo EitH - — EREAT . #15 DOWNTO
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12.8.4 4ERRiEH]

COMP

[@0] »——INPUT  OUTPUTp—————E[0]»

COMP
El, INPUT  QUTPUT

COMP
INPUT  QUTPUTH——B[T]

B 12-1 £pE B~ AItEERTE R
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12.8.4 4ERRiEH]

[ 1227]
COMPONENT comp
FORT (x : IN S5TD LOGIC: y : OUT 5TD LOGIC }:

END COMPONENT ;
SIGNAL a, b :5TD LOGIC VECTOR(O TO 7}

gen : FOR i IN a'RANGE GENERATE
ul: comp PORT Ma (x=>a{i}): yvV=>Db(1)):
END GENERATE gen;



[#t12-28)
LIBRARY IEEE;
USE IEEE.STD LOGCIC 11E4.ALL;
ENTITY 4_£f I3
PORT ( 4, eclk_s : IX 3TD_LOCIC,; gq. ng : OUT STD_LOGCIC);
END ENIITY a_f£1,;
ARCHITECIURE & _=a_£f OF 4_2£If 18
BECIN
hin p =a_£2 : PROCESS(CLX_S) BEEGCIN
IF clk s-'1" AND clk a'EVENT THEN g<—d; ng<-NOT 4; END IF,
EXD PROCESY,

END ARCHITECTURE a_s=a_£1;
LIBRARY IEEE;
TUSE IEEE.STD_LOCIC_1164.ALL,
ENTITY cnt_kdn _n is
GENERIC (n : INTEGER :— E)s
PORT (g : OUT STD LOCIC VECTOR (0 TO m=-1); 4im 1 : IN STD_LOCIC);
EXD ENTITY cnt_bin n,
ARCHITECTURE bahv OF ent Bin n IS
COMPONENT 4_££

PORT(d, eclk 8 : 1IN SID_LOGCIC, Q. B0 : OUT STD_LOGIC),
END COMPORENT 4_f£2;
SICKAL a : STD LOGIC VECTOR(O TO n);
EECIN

2(0) == in_1,;

g1 : FOR 1 IN 0 TO n-1 GENERATE

dff : 4 _£f PORT MAP (m(ivl), a(I), g(i). ali+l));

END GEXNERATE;
END ARCHITECTURE balv;
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12.8.4 HRiEA]

|" I I!'I‘]-.
=] il |=|1-l'q i
—D0 Q0}—4 — Do Qol—4
IR — clk —t Clk o—p Clk
1 . | 18 D B vy
s(0) FDII {{ s(1) FDI1 E/ L FDI N
b Ts(2) = sim)
ng ng g

132 6 fu —iAHTEEEF EE R
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12.8.5 REPORTiEA]
REPORT <FffmB> ;

[5112-29]

LIBEARY IEEE:;
USE IEEE.std logic 1164.ALL;
OUT std logic )

ENTITY RSFF2Z IS
g, QF

PORT { S, R

END RSFFZ;
ARCHITECTURE BEHV OF RSFFZ IS

IN std logic;

BEGIN
P1l: PROCESS (S,R)
VARIABLED : std logic;

BEGIN
IF (R='1" and S='1') THEN
REPORT " BOTH R AND S IS '1'"; ——JREH&{EE
ELSIF (R='1' and S='0') THEN D := '0';
ELSIF (R='0" and S='1') THEN D := '1°' END IF;

0 <= D; QF <= NQT D;

END PROCESS;
END BHWV;
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12.8.6 Wi5iEH]
ASSERT<IFEHFEIAT>
REPORT<HE{Z B>
SEVERITY<{EiZEHR> ;

2 12-2 FEMSERFR

Note (HIE) EELielERE . AILEREE
Waming { &) ESLtEEE AILERGEE
Error { §8i% ) EELEER . HiEmE
Failure {2} EELiEER . HiEEE
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12.8.6 WigiEH)

1. F¥rSER

[ 5] 12-30]
Pl: PROCESS (5,R)
VARIABLE D : std logic;
BEGIN
ASSERT not (R='1'and §='1")
REPORT "both R and 8 egqual teo '1'"
SEVERITY Error;
IF F= *'1"Y and 5= "0 THEN I :="'0";
ELSIF (R="0'" and S='1') THEN D := '1' ; END IF;
Q <= D; QF <= NOT D;
END PROCESS;
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12.8.6 WrsiEH [ 12-31]
LIBRARY IEEE;
2. #1‘%%—‘%/@ USE IEEE.std logic 1164.ALL;

ENTITY ESFFZ IS
PORT (S, R : IN std logic; o, QF : OUT std logic);
END RSFF2Z;
ARCHITECTURE BHV OF RSFFZ IS
BEGIN
PROCESS(E,S) BEGIN
ASSERT not (B='1"and 5="1")
REPORT "both R and S equal to " 1 '"
SEVERITY Error;
END PROCESE;
FROCESS (R, 5)

VARIABLE D : std logic := "0";
BEGIN
IF [(F="1"and §="0')}) THEN D :="0";
EL.SIF (R='0' and 8="1') THEND :="1"'; END IF;

«<=D ; QF <= HNOT D -
END PROCESS;
END ;



DX
12:5 ERFERRBEEERAEREL, LRSI O 30
KN, FES H— A OERRBAGE, B FEMEREH L
B

function CONV_ INTEGER(ARG: AGE) return INTEGER;

TBRAEZEFHZE, FARREREES A +7 BEFERRY, X7
THREHE:

SIGNAL a, c : AGE;

C<=a + 20;



