o H13E

VHDL#M5t




1

$13.1 VHDL,

13.1.1 FERFR

1. IEEEFE

LIBRARY STD ;
2. STD#E USE STD.STANDARD.ALL ;

3. WORKJE

4. VITALPE



1

13.1 VHDL,

13.1.2 FERHE

USE EE . EFAE.MBE ;
USE EE . BEFEE.ALL ;

LIBEFAEY IEEE ¢
USE IEEE.STD LOGIC 1164.3TD ULOGIC ;
USE IEEE.STD LOGIC 1164.RISING EDGE ;

USE WORK.STD LOGIC 1164.ALL;



$13.2 VHDLFEFA,

PRCKAGE MRFEAE Is -- EFAH
E R E REAES

END EFRE;

PACKAGE BODY BEHEE I3 -- BFaE

EEaEEHEEELs L EaENE

END TEFASH;



$13.2 VHDLFEFA,

[ 13-1]

PACKAGE pacl IS -- BEFagAiE
TYPE byte IS RANGE 0 TO 255 ; —- EHEELY byte
SUBTYPE nibble IS byte RANGE 0 TO 15 ; -- BT FHEM nibble

CONSTANT byte ff : byte := 255 ; - FALEH byte ff

SIGNAL addend : nibble ; -- FH¥{F%5 addend

COMPONENT byte adder -- EXE

FOET{ a, b : IN byte; c : OUT byte; overflow : OUT BOOLEAN) ;
END COMPONENT

FUNCTION my function {a : IN byte)Return byte ; -- R
END pacl ; -- BFEEEEHR



$13.2 VHDLFEFA,

[ 13-2]
PACKAGE s=Seven I3
SUBTYPE segments is BEIT VECTCR({0 TO 6 ;

TYPE bcd I3 RANGE 0 TO B
END seven ;

USE WOREK.seven .ALL ; - - WORK EERULEIT AR,
ENTITY decoder IS

.
f

PORT ({input: becd; drive : out segments);
END decoder ;

ARCHITECTURE simple OF decoder I3
BEGIN

WITH input SELECT

drive <= "1111110" WHEN O , "o0lioo0oo0"™  WHEN 1
"1101101" WHEN = "1111001" WHEN >
"0110011" WHEN 4 "1011011" WHEN 5
"1011111" WHEN & ., "liioooo™ WHENW 7
"1111111" WHEN &8 "1111011" WHEN 9

f

"ogoooaoo™  WHEM <OTHEES
END simple ;



$13.3 VHDLICEHE N

13.3.1 ¥=F

SIGHNAL d1,d2,d3,d4,d5, : INTEGER RANGE [ TO 255;--—2ETF ¥ hErHrEs)

dl <= 10#170# ; -- (+H##ER, FF 170)

d2 <= 16#FE# —-— (+A#EER, FF 254)

d3 <= 2#1111 1110%; —— (ZHEIEFR, BT 254 —REean
dd <= B#376# ; -- (NAHEER, FF 254

d5 <= 1lG6HA#ES ; —— (+7A#HEETR, FT 16$a0004)



$13.3 VHDLICEHE N

13.3.2 &

datal <= B"1 1101 1110" —- ZHHIEEE, AREEEEE o
dataZz <= O"15" —— JHEISEE, ARHEEEER 6
data3 <= ¥"ADO" —— TAEEISEE, U RHEEFER 12
datad4 <= B"101 010 101 010" —— THHIEHE, AREEEER 12
data5 <= "101 010 101 010" --FIEWIR, BB,

dataf <= "101010101010" —-FIRIETR. ZELEE B, EATTMT LR

datad <= "0ADO" ——FIEEIR, B



$13.3 VHDLICEHE N

13.3.3 FriRfF R F )

Decoder 1 ., FET . 5ig N Not Ack . Statel , Idle
_Decoder 1 -- BiahIFEFE
74L5164 AT
S1g_#N —— FFS “#7 TBERLDER R TR A
Not-Ack -— TS -7 DEERAER R EIAE B
RYY_RST_  FRRRETAER RS 7
data  BUS —- AR T REAT T Rl

return —— FwEiE



$13.3 VHDLICEHE N

13.3.4 Fir4

PRRAT Rk )

SIGNAL a, b : BIT VECTOR ({0 TO 3}

SIGHNAL m : INTEGEE ERAMNGE 0 TO 3 ;
SIGNAL v, z @ BIT :
y <= am); - R E R T RER

z <= b(3); - A EHTHRET



$13.4 T B R

13.4.1 BRI

FUNCTION B¥E (¥ #F)RETURN HiFLH EEY
FUNCTION MR#%E (ZHFE)RETURN HIELR I3 __FMiE
[ WEAEES ]
BEGIN
g E]

END FUNCTICN g,



[ 7] 13-3)
LIBEAREY TIEER;
UaE IEEE. STD_L':}GII:_llfo& ALL;

PACKAGE packexp IS --FHEFA
FUNCTION max{ a,b : IN STD LOGIC VECTOR) --FXEHEE
RETURN STD LOGIC VECTOR ;
FUNCTION funcl { a,b,c : REAL ) --FHREE
RETURM REAL ;
FUNCTION "*" { a ,b : INTEGER ) --E X REE
RETURN INTEGER ;
FUNCTION as? (SIGNAL inl ,inZ : REAL )} --FYXEHEE
RETURN REAL ;
END ;
PACKAGE BODY packexp IS
FUNCTION max{ a,b : IN STD LOGIC VECTOR) --FEXFEHE
RETURN STD LOGIC VECTOR IS
BEGIN
IF a > b THEN RETURN a; ELSE RETURN b; END IF;
END FUNCTION max; —— % FUNCTION & 4]
END; —— & PACKAGE BODY ¥5H)
LIBRARY IEEE; —— BRI F SC

2N



13.4 + B F

13.4.1 BRI

U3k IEEE.STD_LOGIC_llﬁQ.RLL;
USE WORE .packexp.ALL ;
ENTITY axamp I3
POET (datl,datZ : IN STD_LOGIC_UECTOR{B DOWNTD 0} ;
dat>,datd : IN STD_LOGIC_UECTOR{B DOWNTD 0} ;
ountl,outZ : OUT STD_LOGIC_VECTDR{B DOWNTO O) ) ;

END;
ARCHITECTUREE bhv OF axamp IS
BEGIN
outl <= max(datl,dat2); --FTEMEEE S EFTERERAIE
PEOCESS (dat3,datd) BEGIN
out? <= max(dat3,datd) ; — - I P o i i B 5 )

END PROCESS:
END;



13.4 + B F

13.4.1 ¥ [ 13-41]

LIBRAREY ITEEE:
I5E IEEE.STD_LOGIC_llEQ.RLL ;
ENTITY func IA
POET (a : IN 3TD LOGIC WVECTOR (0 to 23
m : OUT 5TD LOGIC VECTOR (0 to 23}
END ENTITY func ;
ARCHITECTURE demo OF func IS
FUNCTION sami{x ,¥ ,2 : STD LOGIC) RETURN 3TD LOGIC I3
BEGIN
RETUREN {(x BND vIOR v ;
END FUNCTION samm ;
BEGIN
FROCESS ({(a) BEGIN
mil)<= samia(l), af{ly, ai2));
mil)<= samiai(2), a{ly, ai{l));
mi2)<= samfa(l), a2y, ai{l));
END PRECOCESS ;
END ARCHITECTURE demo ;



13.4.2 EHRE
[ {7 13-5]

LIBEEARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL ;

PACKAGE packexp IS

g FUNCTION max( a,b :
RETURN STD LOGIC VECTOR ;

™

FUNCTION max({ a,b : IN BIT VECTOR)

EETUEN BIT VECTOR ;
FUNCTION max({ a,b :
EETUEN INTEGEE ;

EMDy;
PACKAGE BODY packexp IS

IN INTEGER )

FUNCTION max{ a,b : IN 3TD LOGIC VECTOR]

EETUEN 3TD LOGIC VECTOR 15
BEGTH

IF a > b THEN RETUEN a; ELSIE
END FUNCTION max;
FUNCTION maxi{ a,b : IN INTEGER)
EETUEN INTEGEE IS
BEGIN
ELSE

IF a > b THEN RETUEN a;
END FUNCTION max;

IN STD LOGIC VECTOR)

——ELEFE
——EXLREE

-- B LERHE
-- T X EHE

-— B X EHiE

END IF;
—— & FUNCTION i5 4]

-— T X EHE

RETUEN b;

RETURN b; END IF;
—— & FUNCTION 35 4]

ML



13.4 + B F

13.4.2 EHFRE

END;

-—#5 W PACKAGE BODY 15H]
LIBRARY IEEE ; — HUTFEREAESRE nax FEFE:
USE IEEE.STD LOGIC 1164.ALL ;

USE WORE.packeHp.ALL;
ENTITY axamp I3
PORT{al,bl : IN 3TD LOGIC WVECTOR(Z DOWNTO 0O} ;
az,bz @ IN BIT VECTOR ({4 DOWNTS 0O ;
a3,b3 : IN INTEGER EANGE 0 TO 15;
cl @ OUT 3TD LOGIC VECTOR(Z DOWNTC O ;
cZ : OUT BIT VECTOR ({4 DOWNTO 0} ;
c3 ¢ OUT INTEGEE EANGE 0 TO 15);

END;
ARCHITECTURE bhv OF axamp IS
BEGIN
cl <= max{al,bl}; --FE# max(a,b: IN STD LOGIC VECTOR) K1iEH
2 <= max(aZ,bz2}; --FE¥max{a,b : IN BIT VECTOR) A
c3 <= max(a3,b3); --FAH&E# max(a,b : IN INTEGER) HIiEH

END;



13.4.2 ERRH
[ {7 13-6]
LIBRARY IEEE ; -- BFAEE
USE IEEE.std logic 1164.all ;
USE IEEE.std logic arith.all ;
PACKAGE STD LOGIC UN3IGNED 1s
function "+" (L : STDh LOGIC WVECTOE ; E INTEGEE)
return STD LOGIC WECTOR ;
function "+" (L : INTEGEE; E : STD_LDGIC_?ECTDR}
return STD LOGIC WECTOR ;
function "+" (L : STD LOGIC WECTOR ; K @ 3TD LoGIC )
return 3TD LOGIC WECTOR ;
function SHE (ARG STDh LoOGIC WECTOR
COUNT @ 5TD LOGIC WECTOR jreturn STD LOGIC VECTOR

end STD LOGIC UNSIGNED ¢
- LTEEFEHE
LIBEAEY IEEE !
use IEEE.std logic 1164.all ;
use IEEE.std logic arith.all ;
package body STD LOGIC UNSIGMNED is
function maximum (L, E : INTEGER)return INTEGER 1= e



13.4 + B F

13.4.2 EHFRE

begin
if L. » BE then return L; else return E; end 1if;

end;
function "+" (L ATDh LoGIC VECTOR ; R o INTEGER)
return STD LOGIC VECTOR 1s
Variable result 3TD LOGIC VECTOR (L7 range) ;
Begin

result := UNSIGHNED{(L)+ E ;

return Std_lﬂgic_vectﬂr{reault};
end ;

end 3TD LOGIC UNIIGNED ;



134 v &

13.4.3 ¥R

\‘ D
13.4.4 I PROCEDURE 2 & (¥ %)

=

PROCEDURE I E (B4#) 13
[¥EBAER ST ]
BIGIN
Wi g8 5] ;
END PROCEDURE 13f24E;

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

PROCEDURE proZz (CON3ITANT al : IN INTEGER ;
VARTABLE bl : OUT INTEGER };

PROCEDURE pro2 (SIGNAL sig @  INOUT BIT):



13.4 + B F

13.4.4 iTF&

[ {7 13-7]
FROCEDURE prgl {VARIARLE value:INOUT EIT_‘-.FECTC'R{D T 7)1 I8
BEGIN
CASE wvalue IS
WHEN "0000" => walue: "0101" ;
WHEN "0101" => walue: "0000"™ ;
WHEMN OTHEES => wvalues: "1111" ;
END CASE ;
END FROCEDURE prgl ;



13.4 ¥ &

13.4.4 iTF&

[ 13-8]

FROCEDURE compi a,r IN EEAL; m
VARTABLE cnt INTEGEE ;
BEGIN
vl := 1.6 % a ; ve = 1.0 ;
2l ¢ FOR cnt IN 1 TO m LOOP
ve 1= wZd * oyl o

EXIT ©1 WHEN vZ > vl;
END LOCP 1
ASSERT (w2 < vl )
EEPORT "oOUT OF RANGE"

AEVERITY EERROR ;
END PEOCEDUEE comp

Fr

IN INTEGER: vl,vZ: OUT REAL)
—— MEHITE{E
—— HyZxvl, BEHIES LooP

-- WHERIRE

I:



[ 13-9]

LIERARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
PACKAGE axamp I3 1T REF T
PROCEDURE nandds (SIGNAL a,b,c,d : IN STD LOGIC ;
SIGNAL v : OUT STD LOGIC );
END axamp;
PACKAGE BEODY axamp IS - T TES
PROCEDURE nandds (SIGNAL a,b,c,d : IN STD LOGIC ;
SIGNAL v : OUT STD LOGIC ) IS
EEGIN
y<= NOT(a AND b AND c AND d;
RETUERN;
END axamp:;
LIERARY IEEE: --FEF
USE IEEE.STD LOGIC 1164.ALL;
T3E WORE.axamp.ALL;
ENTITY EX IS
PORT| e,f,g,h : IN STD LOGIC ; x : OUT STD LOGIC §;

END;
ARCHITECTURE bhv OF EX IS

EEGIN

nanddale,f, g, h, =1 ; --FriTiE IR
END ;



13.4 + B F

13.4.5 EHIE

[ {7 13-10]

PROCEDURE calcu (vl, vZ : IN REAL; SIGHNAL cutl : INOUT INTEGER) ;
PROCEDURE calcu (vl, w2 : IN INTEGER; SIGNAL outl : INOUT REAL);

caleu (20.15, 1.42, signl); - AHE—1EZE4#13#8 calcu
calcu (23, 320, signZ }; - HRAEZ1TE# IR calcu



—

$13.5 2 P5 R A

1. fi/REHE,

TYPE BOOLEAN IS (FALSE, TRUE;;

2. P ERA,

TYPE BIT IS ('07', "1");

3. P RERE,

TYPE BIT VECTOR I3 ARRAY (Natural Range <> JOF BIT ;



=

13.5 3 % &

4. FRFRE,

u

5. BHRA,

6. SEERA,

1.0 +IHEE S 65 571.333 3333 + i S

0.0 + i | VE a3 Gltetd SUHENE S
65971333333 + i E SR 43 6E—4 + i ] 1F S




=

$13.5 BPE R A

g I
7. FRERE.
VARIABLE string var : STRING (1 TO 7 };

string var := "a b c d" ;

8. ISR AY,

TYPE time I3 RANGE —Z147483647 TO 2147483647

units

f5 -— &Fb, VHDL B/ A 8] A
ps = 1000 fs ; -- FEFb

ns = 1000 ps ; —— TS

us = 1000 ns ; -— TEb

ms = 1000 us ; -- Efb

sec = 1000 ms -- b

min = 60 sec ; -— 47

hr = 60 min ; —— BT

end units ;



=

) 4 "_{
iﬁ 19:

$13.5

O. ICHHRAL,

PEOCEDUEE
PEOCEDUEE
PROCEDUER
Good: OUT
PEOCEDUEE
PEOCEDUEE
zood: OUT
PROCEDUER
PEOCEDUEE

Justiaied:

PEOQCEDUER

Justialied:

Eeadline (F: IN TEXT;
Writeline (F: QUT TEXT: L:

L: OUT LINE; ;
IN LINE} ;

Read ( L: INOUT LINE; Value: OUT std logic:
BOOLEAM) ;
Eead (L: INCOUT LIMNE; Value: oOUT Std_logic};

Eead (L: INCUT LINE; WValue: OUT Std_logic_ vector;
BOOLEAN) ;

Read (L: INOUT LINE; Value: OUT std logic vector;
Write (L: INOUT LINE; Values: IN Std_logic;
IN SIDE :=Right;field; IN WIDTH :=0};
Write {(L: INOUT LINE; Value: IN std logic  vector,
IN 3IDE :=Right;field; IN WIDTH :=0};



$13.6 VHDLEAE %

13.6.1 ZHEBIER
13.6.2 RERBIER

13.6.3 HARBIERF

#1310 BABERSEE

= Al

ke R

AR tER (Adding Operator )

FE{rietEfT (Shift Operator)

2 FARBRETT ( Multiplying Operator) *, /, MOD . FEM
3 FHSRERT ( Sign Operator) + (F), — (T3

4 BEBRIER (Miscellaneous Operator) #* . ARG

]

SLL, BFL. SLA, SRA, ROL. ROR




$13.6 VHDLEAE TS

1. SKAERIERF
[#)13-11]

PACKAGE example arithmetic I3

TYPE small INt I3 EANGE O TO 7T ;
END example arithmetic ;
USE WCRE.example arithmetic. ALL ;
ENTITY arithmetic IS

FORT {a, b : IN SMALL INT; < : OUT SMALL INT;:
END arithmetic ;
ARCHITECTURE example OF arithmetic I3
BEGIN

<= a + b ;
END example ;



$13.6 VHDLEAE TS

2. RIBAERT

3. FFSHIERT

4. JREBIERT



$13.7 VHDLIEASIE ] f 5t

13.7.1 NEXTiEH]

NEXT; -— BT A I,
NEXT LOOP FrS; - B HEE T A
NEXT LOOE FRS WHEN {3, - EFNEEE



$13.7 VHDLIEASIE ] f 5t

13.7.1 NEXTiEH]

[ 13-131
L ®x @ FOR cnt value IN 1 TO 8 LOOP
[ 13-12] ;1 : a{cnt_ﬁ.:alue]l = 07
ko= 0;
L1 : FOR cnt valus IN 1 TO 5§ LOOP L v : LOOP
51 : afcnt value) := '07; =2 : bik) = '0°7;
NEXT WHEN {b=c); NEXT L x WHEN {exf};
g2 1 aifcnt value + 8 )= "07; 53 1 b(k+8) = "07;
END LOOGE L1; k= k+1;

NEXT LOOP L ¥ ¢
NEXT LOOP L % :



13.7 VHDLEREL # G

13.7.2 EXITiER]

EXIT; -— BT E)E R,
EXIT LOOP FRS; -— B ZHAEE)TE
EXIT LOOP FR'S WHEN £{FFEAR; —— BE=#EafE



13.7 VHDLEREL # G

13.7.2 EXITiER]

[ {7 13-14]
SIENAL a, b o STD_LDGIC_VECTOR (1 DOWNTS O ;
STENAL a_leaﬁ_then_b : Boolean;

a less then b <= FALSE ; —— WHITE{E

FOR 1 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
EXIT;
ELSE MNULL;
END IF:

END LOOF; —— % i=1 BB [E LoOP B Sk Hh



$13.7 VHDLIEASIE ] f 5t

13.7.3 WAITIESR]

WAIT; -— B—inEaE)fE
WAIT ON &S5, -— B ZinEAE)E
WAIT UNTIL {3k, - BE=MZEHEDR
WAIT FOR BfialFEiE=; -- EMEEER, BiTFmEa)

[ 13-15)

SIGHNAL 51,32 @ 3TD LOGIC;
PROCESS BEGIN

WAIT ON 51,52 ;
END PROCEZS ;



13.7 VHDLEREL # G

13.7.3 WAITIESR]

[ 13-16]
(@) WAIT UNTIL %3 (b) WAIT OMN %t
LOOF
Wait until enable =71"7; Wait on enable;

E¥XIT WHEN ehable ="17;
END LOOP;



$13.7 VHDLIEASIE ] f 5t

13.7.3 WAITIESR]

WAIT UNTIL clock =717;

WAIT UNTIL rising edge (cloclk) ;

WAIT UNTIL NOT clock’ 3TABLE AND clock =71T7;
WAIT UNTIL clock =717 AND clock’ EVENT;



U Aumn 4

$13.7 VHDLIEASTEA)4M 5t

13.7.3 WAITIESR]

[ {7 13-17]

PEOCESS BEGIN

WAIT UNTIL clk =71T7; ave <= 4a;

WAIT UNTIL clk ="1"7; ave <= ave + a;
WAIT UNTIL clk ="1"7; ave <= ave + a;
WAIT UNTIL clk ='17; ave <= f{ave + a)/4 ;

END PROCEZS ¢



$13.7 VHDLIEASIE ] f 5t

13.7.3 WAITIESR]

[ {7 13-18]
PEOCESS BEGIN
rst loop @ LOOF

WAIT UNTIL clock ='1" AND clock’EVENT; -- Z&ItHES

NEXT rst_loop WHEN (rst=71"); -— flEAES rat

¥ <= a ; -- TEMES, AT ELEE
WAIT UNTIL clock ='1" AND clock’EVENT; -- Z&ItHES

MEXT rst_loop When (rst=T1"}; - fHMEfES rat

v <= b ; -- TEMES, tITHERRE

END LOOF rst loop ;
END PROCESS;



13.7 VHDLEREL # G

13.7.3 WAITIESR]

[ ) 13-19]
PROCESS  BEGIN
WAIT UNTIL (RISING EDGE{clk) );  —-F{Fite EHE

IF (reset=T"1") THEMN qout<="00000000"; ELSE
CASE mode IS
WHEN "01" => qout<=shift right & qout(7 DOWNTO 1);--G#
WHEN "10" =»> gout<=qout{f DOWNTO 0} & shift left; --X#¥

WHEN "11" =»> qout <= data; -— AT
WHEM OTHERS => NULL;
END CASE;

END IF;

END PROCESS;



$13.7 VHDLIEASIE ] f 5t

13.7.3 WAITIESR]

FEQCESS BEGIN

CLE<="0";
WAIT FOR 10 ns ;
CLE«<=T"1";

WAIT FOR 10 ns ;
END PEOCESS:



$13.7 VHDLIEASIE ] f 5t

13.7.4 FREFRAHEHA
1. IR

HEE [ ([HEE=> |LEHEFED
Uy [(BEEE= 1LEFEI 1;



[ 13-20]
PACEAGE data types I3 -- EMERFE
SUBETYPE data element I3 INTEGER RANGE 0 TO 3 : -- EMEEER

TYPE data array I35 &PRAY (1 TO 3) OF data element:

END data_ types:
W USE WORK.data types.ALL; --3THL\ EEBZEHEITEEREERFE data types

— ENTITY sort I3

i PORT ( in_array : IN data_array; out_array : 0UT data_array):
END sort;
ARCHITECTURE exmp 0OF sort I3
EEGIN
PROCESS (in array) -— HIZEHIE » 1% data_types AEENES

PEOCEDURE swap(data : INOUT data array; low, high : IN INTEGER) I3
—- swap RSN data. low. high

VARTAELE temp : data element:

BEGIN - - FiskmifE A iEaiFEThs
IF (data(low) > datalhigh)) THEN -- $#&il#iE
tenp := data(low)] data(low) := dataihigh):
datalhigh) := temp : END IF .
END swap ; -- H#F swap EEMSEH
VALRIAELE my array : data array : -- HEHEPEN TR uy array
EEGIN - - HIEFIS
WYy array := in array : -- FEHEiABEIEATER
swap (wy_array,l,2):;-- wy array. l. Z=MMHT data. low. highBIE0E
swap (my_array, 2, 3): - WEFEEEAAE, FE2 £ ITETR
swap (my_array, 1, 2): - (WEFEBEZARE, £1. £ :zoEEEETR

out_array <= Wy _array :
END» PROCESS:
END exmp :



[ 13-21]
ENTITY sortd is
GENERIC (top

FORT (&, b,
ra, rhb, rc
END sort4d:

INTEGER

=30

=, d : IN BIT VECTORE (0O To top);

, Ed 1 O

UT BEIT VECTOR (0 TO top)):

LECHITECTURE rmuxes OF =sortd IS

PROCEDUTRE =sortci

WARTAELE tmp

BEEGIN
IF x=x>v THEN
END sortz:
BEEGIN
PROCESS (a, b,
VARTIABLE wa,
BEGIN

wa 1= &) wh

(¥, v

INOUT BIT VECTOR (0O TO top))

BEIT VECTOR (0 TO top):

tp =

o, dl

wh, wo,

= h: w

Sorts (va, wo;
sorts (vh, wd):;

sSorts (wva, vhl;

sortd (vo, wd);

sort (vh, W)

ra <= wa; rh <= wh:

END PROCESS;

END muxes:

i=

X; ¥ 1= ¥; ¥ 1= Ltmp: EMND IF:

wd @ BIT WVECTOR (O TO top):

co1= oy owd 1= d:;

roo <= Wy  rd <= sd;



$13.7 VHDLIEASIE ] f 5t

13.7.4 FREFRAHEHA

2. BREOAH



$13.7 VHDLIEASIE ] f 5t

13.7.5 RETURNiEA]

RETURN ; —— B—MiERIER,
RETURN Fok7: —— FEWiEAE,



13.7 VHDLEARIER]#ME

13.7.5 RETURNiEA]

[ 13-22]

PROCEDURE r= (SIGHAL = r : IN STD _LOGIC ;
BIGNAL o , ng @ INOUT STD_LDGIC) Is

BEGIH

IF (g ='1" AND r ="1") THEN
EEPCRT "Forkidden state : = and r are quual to T177;
EETUEN ;
ELSE g<=f{= AND ng) AFTER & ns; ng<= (s AND ¢q) AFTER 5 ns;
END TIF :
END PEOQCEDURE r=s

[ 13-23]

FUNCTION opt {(a, b, opr :5TD LOGIC) RETURN &STD LOGIC IS
BEGIN
IF {(opr ="1") THEN RETUEN (a AND b) ;
ELSE RETURN (a OR L) ; END TF ;
END FUNCTION opt

ML= = A




13.8 VHDLIFATIE

13.8.1 4715 5 {H1EH]

13.8.2 HiEA]

H45S @ BLock [ (MR{FPFRER T

= HikiEA
A EIHEA
BEGIN
FATIEH]

END ELOCK HWRS ;



[ 13-24]
ENTITY gat IS
GEMERIC (1_time : TIME ; = time : TIME ) ; -- (S¥F%) LFEIHH
PORT (bl, b2, b3 : INOUT BIT) ; —— it {E g Ry HE S
END ENTITY gat ;
ARCHITECTURE func OF gat IS

SIGHMAL al : BIT ; -- FHEFERES al EX
BEGIN

BElkl : BLOCK —— BEX, BAFSEEblkl
GENERIC (gbl, gbZ : Time) ; -- EXHHRNEREERSE
GENERIC MAP (gbl => 1 time,gb2 => = time); -- RFmASEIETE
PORT (pb : IN BIT; pb2 : INOUT BIT ); —— HREET Ry U
PORT MAP (pbl => bl, ph2 => al ) ; —— BReF e umO PR BN
COMSTANT delay : Time := 1 ms ; - FEREEE N
SIGNAL =1 : BIT ; -- FEEESEX
BEGIN

=]l <= pbl AFTER delay ;

pbZ <= =1 AFTER gbl, bl AFTER ghkZ ;
END BLOCE blkl ;

END ARCHITECTURE func ;



13.8 VHDLIATIEH]

13.8.3 AT ER]

[ 13-25]
PROCEDURE adder (SIGNAL a, b :IN STD LOGIC ; ——HEE W adder
SIGNAL sum : OUT STD LOGIC J;
adder (al, bl, suml) ; —— FimEIER A
—— fitk, a1, bl. suml IR RIAET a0 b, sun BIREESEE
PROCESS { cl, c2) BEGIN —— FEIERAT
Adder (cl, <2, =1} ; —— IRFRARRIRA, it el <2, =1 Bl BIAT

END PROCESS ; — FF a b o BEREEE



$13.8 VHDLIH4T1E4]

13.8.3 AT ER]

[#]13-26]
PROCEDURE check (SIGNAL a : IN STD LOGIC VECTOR; —- foHAAEf
SIGNAL error : OUT BOOLEAN ) IS -- BEMT

VARIABLE found one : BOOLEAN := FALSE ; -— 1BTE{E

BEGIN

FOR i IN a'RANGE LOOP —— ISR a METE AT AT E

IF a(i) = "1 THEN — BBlapgm 1

IF found one THEN -= %found_one HrruE, MFRSARIT—MLL LRI 1
ERRCR <= TRUE; — EBT—"EERT 1", % found one 4 TRUE

RETURN; -- FHIHE

END IF;

Found one := TRUE; — TafEBBT— 1

End IF;

End LOOE; —— Bl a HEYE AR

error <= NOT found one; -- INFEEEEA 1Y TR, error RHFEE TRUE

END PROCEDURE <check;



$13.8 VHDLIFATIEA]
13.8.3 AT ER]

CHELK: ELOCK
STIGNAL s1: STD LOGIC VECTOR (0 TO 0); -- 132 AAREENA RS
SIGNAL =2: STD LOGIC VECTOR (0 TO 1) ;

SIGNAL =3: STD LOGIC VECTOR (0 TO Z2)

SIGENAL =4: STD LOGIC VECTOR (0 TO 3)

BIGHAL =1, =2, &3, =4: Boolean:;

BEGIHN
Check (=1, =1); — AR, KESEHE N1 o1
Check (22, 22); —— FTHARE A, XESHE N2, o2
Check (23, 23); - FITHRRA, XESEE =3, 3
Check (=4, =4); - HTHRRER, XESHE 4. o4

EMD ELOCK;
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13.8.4 ERiER]

[#F5: 1 For {B3FE v BYATSE GENERATE
14,84
EEGIN
HITiEH)
END GENERATE [R5 ;
[#F5: ] IF %1F CENERATE
17BH
Eegin
HITiER)

END CENERATE [#T9] s

FoEN,  TOo A -- &AL, 1 To 5
FHA A, pownTo FTLH, —— BT, 05 pownTo 1
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COMP

[#]13-27] [EO[>———INPUT  QUTPUT——B[0]>

COMP
CCOMPOMNEMNT Comp Eil) NPUT  OUTPUT )
PORT (x : IN STD LOGEIC

¥ @ OUT STD LOEIC ) ;

END COMPOMENT . TCDI'%P oUT

alr | ——{INPU UTPUT———B[7 >
SIGMAL & :5TD LOGIC VECTOR (O TO 7);
SIGMNAL b :2TD LOGIC WVECTOR{O TO 7); 13-1 Emiﬁﬁ%&g

8 -FEEIRY FREETE LR

gern @ FOR i IM afRANGE GENERATE
ul: comp PORT MA (x=>a(i), v=xb(1));
END GENERATE Jehs



[ 13-28]
LIEEARY IEEE:;
U3E IEEE.3TD LoOGIC 1164.4LL:
ENTITY d £ff IS
PORT [ d, clk = : IN 3TD LOGIC; o» ng : OUT 3TD LOGIC):
END ENTITY d £f:
ARCHITECTURE & r=s ff OF d ff I3
EEGIN
bin p rs £ff : PROCE3S (CLE 3) BEGIN
IF clk =='1' AND clk s'EVENT THEN qg<=d; ng<=NOT d:; END IF:
END FPROCEZS:

END ARCHITECTURE a r=s ff:
LIBEELRY IEEE:
U3SE IEEE.3TD LoOGIC 1164.4LL:
ENTITY cnt _hin n is
GENERIC (n : INTEGER = 6]
PORT (g ¢ OUT STD LOGIC WECTOE (0 TO n-1): in 1 : IN 3TD LOGIC):
END ENTITY cnt _hin n;
ARCHITECTURE behwv OF cnt hin n I3
COMNPONENT d £f

PORT(d, clk = : 1IN STD LOGIC: Q. NQ @ OUT 3TD LOGIC):
END COMPONENT d f£f:
SIGNAL = : 3TD _LOGIC WECTOR(O TO nj:
EEGIN

s(0) <= 1in 1;

g1 : FOR i IN 0 TO n-1 GENERATE

dff : d ££f PORT MAP (=s(i+l), =(I), giil, =(i+l)):

END GENEEREATE;
END ARCHITECTURE hehvw:



13.8 VHDLIATIEH]

13.8.4 “ERiEH]

i=n 7 iz 9 i=pq A0
——L0 &0 S | R L I— R ]
@ —h ok =Gl ke o—tlk
J'I_I'I_ =0 I
FOT1 (17 Foii | FOTT
=(2) I
e = _ L =N

ny ny

B 132 6fu Z#dhtaaEREE
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13.8.5 REPORTFE‘/FU REDORT <FRIH> ;

[ 13-20]
LIEBEAEY IEEE;
USE IEEE.std logic 1164.ALL;
ENTITY RSFFZ2 I3
PORT ( &, R : IN =td legic: Q, QF : OUT =td logic ):
END EEFFZ;
ARCHITECTURE BHY COF E3FFZ IS
EEGIN
Pl: PROCEZZ(3,R)
VARTAELE D : =td logic;

BEGIN
IF (R="1" and 5="1") THEN
REPORT " BOTH R AND & Ig '1'"; ——IR&EHEREE
ELZIF (R="1" and £='0"') THEN D := '0';
ELSIF (R="0" and 8="1"J) THEN D := T1' ; END IF;

Q<= D; OQF <= NOT D;
END PROCESS;
END EHV;



13.8 VHDLIFATIE

13.8.6 WiEiEn]

& 132 TENRRER

ASSERT<HEFFRAET>
REDPORT <H5EF S, >

SEVERI TY<fE1meu 8l |

Mote (33D RELEES, ALURITHEF
Warning {225 ) RE LSRR, ALURTHREF
Error ($E1R) RELEER, HiFhE
Failure (M) FELEES. HiFhE
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13.8.6 Wr=iEn)
1. T 5 B

[ 13-30]

pl: PROCESZ (S, R)
VARIABLE D : =td logic:
BEGZTH
AZBSERT not (R="1Tand 8=717)
EEPORT "both R and 8 equal to ™ 1 7"
SEVERITY Error;
IF R = 'l" and & = 0" THEMN D := T07;
ELSIF (R='0' and §='1') THEN D := '1' ; END IF:
Q<= Dy OQF <= NOT D:
END PROCESE ;



13.8 VHDLIATIEH]

[#)13-31]
13.8.6 Wr=iEn) LIBERARY IEEE;

USE IEEE.=td logic 1164.ALL;

AV Sl 1 [ =N
2. FTH S EA] ENTITY RSFFZ IS

PORT (8, R : IN =td legic; Q,QF : OUT std leogic):
END RSFFZ;
ARCHITECTURE BHV OF REFFZ IS
BEGIN
FROCESS (R, 2) BEGIN

ASZERT not (E="1"and S=717)
REPORT "both R and 8§ equal to ™ 1 ™"
SEWVERITY Error;

END PROQCEES;

PROCESS (R, 8)

VARTABLE D : =td logic := '07;
EEGIN
IF (R='1" and £='0") THEN D :="0';
ELSIF (R=70" and £="17) THEN D :="1"; END IF:

Q2 <= D ; QF <= MNOT D ;
END PREOCEZS;
END ;



13.8.6 Wr=iEn)
2. HITHI S 1EA]

-LEE

$13.8 VHDL 3473

-
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