EDAR ARSI #E
E10E

VHDLE A 1EA]



10.1 Ji Fr & A

10.1.1 TR{HEH]

10.1.2 IFi&A]

10.1.3 CASEi&EA]
ERFEE [ IEEE ]



10.1 X 7 & A

10.1.3 CASEiEHf]
[ 10-11]

LIBRARY IEEE;
USE IEEE.STD LOGIC 1l1éd4.ALL;
ENTITY EMPl IS

PORT | sel : IN INTEGER RANGE 0 TO 15 ;
z4,z3, z2,zl : OUT STD LOGIC VECTOR {2 DOWNTO 0) ;
END EMPl ;
ARCHITECTURE activ OF EMPl IS
BEEGIN
PROCESS (sel ) EEGIN
CRSE sel IS
WHEN 0 => z1 <= "010" ; —- 2 sel=0 BFiEAH
WHEN 1|3 => z2 <= "110" ; -- HFsel A1 3 FHEF
WHEN 4 To 7|2 => z3 <="011"; — Hsel A 2. 4. 5. 68 7 EIEF
WHEN OTHERS =3» zd<= "111" ; —— Hzel H a~15 FE—EREF
END CASE ;

END PROCESS
END actiwv ;



10.1 X 7 & A

10.1.3 CASEiEHf]
[#]10-2]

SIGNAL value : INTEGER RANGE 0O To 15;
SIGNAL outl : STD LOGIC ;

CASE value IS —— E/bU WHEN B| B 894 4E
END CASE:

CASE value IS

WHEN 0 => outl<= "1' ; —— waluez~15 F){g FEFHFE#H =,
WHEN 1 => outl<= '0" ; —— BEdEMT WHEN OTHERS 1BH]
END CLSE

CASE value IS
WHEN 0 TO 10 => outl<= "1°'; — HEEETS~10HEEFES
WHEN 5 TO 15 => outl<= '0';
END CASE:



[ ] 10-3]

LIBEFARY IEEE;

USE IEEE.3TD LOGIC 1164.ATLL;

USE IEEE.STD LOGIC UNSIGNED.ALL:

ENTITY alu IS

PORT | a, b : IN 3TD LOGIC VECTOR [V DOWNTO O);

Opeode @ IN STD LOGIC VECTCOR (1 DCWNTO O)
Result : OUT STD LOGIC VECTOR [V DOWNTO O) );

END alu;
ARCHITECTURE hehawve OF alu IS
CONSTANT plus : STD_LGGIC_?ECTGR{I DOWNTO Oy = h"00"™;
CONITANT minus : 3TD LOGIC VECTOR(1 DOWNTO 0y = h"01%;
CONSTANT ecqual : STD LOGIC VECTOR(1 DOWNTS 0O) = k"10";
CONSTANT not equal : STD LOGIC VECTOR(1 DOWNTO 0O) = kh"11";
BEGIN
PROCESS (opcode,a,b) BEZIN
CAZE opcocode IS
WHEN plus => result <= a + h; -- a. b0
WHEN minus => result <= a - b; -— a. b tBd
WHEN equal = -- a. bR
IF (& = h) THEN result <«— =x"01";
EL3E result <= =x"00"; END IF:
WHEN not equal == -- a. b EF

IF (a /= h) THEN result <= =z"01":
EL3IE result <— x"00"; END IF;
END CASE;
END PROCESS;
END hehawe;



10.1 Ji Fr & A

10.1.4 LOOPiEA]

WHILE & Loop
M 15 ]
END LOOD:



10.1 X 7 & A

10.1.5 NEXTi&H]

NEXT; - B—HMEEER
NEXT LOOP 175 —— E MBI
NEXT LOOP #55 WHEN FHFEEA, -— BE=AEAEREL
[ 10-4]

L1 : FOR cnt walue IN 1 TO 2 LOOP

=1 1 alcnt value) = T07;

NEXT WHEN (b=c);
sZ2 ¢ alcnt value + 8 ji= "0';

END LOOP L1;



10.1 i 7 & f)
10.1.5 NEXTiEH]

[ 10-5]

L ¥ ¢ FOR cnt value IN 1 TO 8 LOOP
=1 : af{cnt valuej:= '07;
k 1= 07
Ly ¢ LOOP
52 @ biky 1= T07;
NEXT L x WHEN (e>f):
53 1 bik+8) 1= "07;
k1= k+1;
NEXT LOOFP L ¥ 7
NEXT LOOFP L x 7



10.1 i 7 i& A)
10.1.6 EXITiER]
EXIT: -— BE—MEaRR

EXIT LOOP ff & —— B _HEaRE R
EXIT LOOP ¥F5 WHEN #HFiEA, —— B=MEAHR



10.1 X 7 & A

10.1.6 EXITiEA]

[#]10-61
SIGNAL a, b : STD LOGIC VECTOR (1 DOWNTO 0O);
SIGNAL a less then b @ Boolean:

a less then b <= FALSE ; -- wAEGE
FOR 1 IN 1 DOWNTO 0 LOOP
IF (af(i)="1" AND b(i)="0") THEN
a _less then b <= FALSE ? -—a > b
EXIT 7
ELSIF (a{i)='0' AND b(i)="'1") THEN
a less then b <= TRUE ; -—a <b
EXIT:?
ELSE NULL?

END IF:
END LOOP: —— ¥ i=1 FR[E Loor B A gELR &



10.1 X 7 & A

10.1.7 WAITEA]

WA IT: —— B EEER
WAIT ON {553, —— B _WEaEE
WAIT UNTIL %&HEFFiER, —— E=FEAIER
WAIT FOR Hf[EIFIED; —— B EAEL, BEEHET
[ 10-7]
SIGNAL 51,52 : STD LOGIC;
PROCES S
EEGIN

WAIT ON sl,32 4
END PROCESS



10.1 Ji Fr & A

10.1.7 WAITEA]

[ 10-8]
(a) WAIT UNTIL &5 (b} WAIT ON 5
LOOP
ailt until enable ='1"; Walt on enable;

EXIT WHEN enable ='1"';
END LOOP:



10.1 X 7 & A

10.1.7 WAITEA]

WAIT UNTIL {EE8=value : —— (1)
WAIT UNTIL {8 EVENT AND E8=value: —— (2)
WAIT UNTIL NOT EE’STARLE AND & B=value: -— (3
WAIT UNTIL clock =%v17;

WAIT
WAIT
WAIT

UNTIL rising edge (clock);
UNTIL WNOT clock’STARBLE AND clock ='17;
UNTIL clock ='1' AND clock’EVENT:



10.1 Ji Fr & A

10.1.7 WAITEA]
[ 7] 10-9]

PROCESS

EREGIN

WAIT UNTIL clk ='17;
ave <= a;

WAIT UNTIL clk ='17;
ave <= ave + a:

WAIT UNTIL clk ='1";
ave <= ave + ar

WAIT UNTIL clk ='17;
ave <= tave + a)/4 ;i

END PROCESS ¢



10.1 X 7 & A

10.1.7 WAITEA]

[#]10-10]
PROCES S
BEGIN
rst loop @ LOOP
WAIT UNTIL clock ='1" AND clock’EVENT; -- Z&ra{EE
NEXT rst loop WHEN [rst='1'); -- WMELES rst
X <= a ; -- TBUES, HATHERE
WAIT UNTIL clock ='1'" AND clock’EVENT; -- S#&ra{ES
NEXT rst loop When (rst='1"); -- WWEMES rst
v <= b ; -- REES, MITHERE

END LOOP rst loop !
END PROCESS?



[ 10-11]

LIBEEARY TIEEE:

USE IEEE. 8TD LOGIC 1164.ALL;

ENTITY shifter IS

PORT ( data : IN STD LOGIC VECTOR (7 DOWNTO 0O);

shift left, shift right: IN STD LOGIC;
clk, reset : IN STD LOGIC;
mode @ IN STD LOGIC VECTOR (1 DOWNTO 0);
qout @ BUFFER STD LOGIC WECTOR (7 DOWNTO O) J;

END shifter;

ARCHITECTURE behave OF shifter IS

SIGNAL enable: STD LOGIC;

BEEGIN

PROCESS

EEGIN

WAIT UNTIL (RISING EDGE(clk) );  ——SFF0rfp EHG
IF (reset = "1') THEN gqout <= "00000000";

ELSE CASE mode IS
WHEN "01" =»> gout<=shift right & gout (7 DOWNTO 1) ;--HTE
WHEN "10" =» gout<=qout (6 DOWNTO D) & shift left; —-Z1%

WHEN "11" =» gout <= data; —— FTINES
WHEN OTHERS => NULL;
END CASE;

END IF;

EMND PEROCESS:
EMND behave;



10.1 i & & AJ
10.1.8 R AREHR]
1. FEHEA

G ([(EEE= |ELBEFELX
[, [BEEdd= 1ZL&8FEL 1

(1) RFINAMINOUTH A I SESER S B H M d 2+ 5 eI KBS
(2) PATEAERE.

(3) REEFH INFINOUTH I KB SE IR 4R M K SE 2



[#]10-12]
PACKAGE data types IS —— EMTEFE
SUBTYPE data element IS INTEGER RANGE 0 TO 3 ; -— TEMEERE
TYPE data array IS ARRAY (1 TO 3 OF data element;
END data types;
USE WORK.data types.ALL; -—-FIHL LEVESH TIEERNREFE data types
ENTITY sort IS

PORT { in array : IN data array ;

out array : OUT data array);

END sort;
ARCHITECTURERE exmp OF sort I5
BEIHN
PROCESS (in array) —— HIEHIR, 1= data types ABREES

FROCEDURE swapi{data : INOUT data array;
—— gwap FIEEZ A7 data. low. high

low, high : IN INTEGER) IS
VARTABLE temp : data element ;

BEGIN —— FIEHEIAR T FERIFE IR
IF ({(data{low) > data{high)}} THEN --— #&ill#iE
temp := datailow; ; data{low) := dataifhigh);

datathigh) := temp ; END IE ; BT



10.1 X 7 & A

10.1.8 FREFAHESR]
1. A

#® B
END swap ; —— JHFE swap EMEEH
VARIABLE my array : data array ; —— EERHEFELEE my array
BEGIN —— #HEHG
my_ array 1= 1ln array ; -— HRAEEANEE
swap (my array,l,Z);-—my_ array. 1. Z =X T datas low. high BIEEE
swap (my array, 2, 3); — UEXBERER, F2. F3nEAH
swap (my array, 1, 2); — wERFEREA, F1. £z TEBRTR

out array <= my array ;
END PROCESS;
END exmp ;



[ 10-13]

ENTITY =ort4d
FENERIC (Ltop

EORET (&,
ra, rk,

EMND =sortd;

I=F

is

INTEGER :=3) ;

=, 4 : IN BIT VECTOR (0 TO top):
rc, rd OUT BIT VECTOR (0 TO topl);

ARCHITECTURE muxes OF =sortd IS

PROCEDURE =ortZ (2, v
VARTAELE tmp

BEGTIN

IF x>y THEN tmp =

END sortzZ;
BE=IN
PROCESS (&,
BE=IN

va 1= aj
sort? (va,
sort? (v,
sort? (va,
sort? (vo,
sort? (v,

ra <= wva;

=}
VARTAELE va,

TNOUT BIT VECTOR (0 TO top)) is
BEIT VECTOR (0 TO top);

¥: H = WP oW = Lmps END TF;

d)

Vi,

oy
vh, vd : BIT VECTOR(O TO top);
vh 1= b
Vi) ;
vdl ;
vl g
vdl ;
Vi) ;

rk <= vhk;

vo o= oy owd = d;

ro <= wo; rd <= wvd;

END PROCERS ;

END muxes ;



10.1 i 5 & AJ
10.1.8 FEFARIER

2. RECAH

FREORH SR AL, ARIZANE, R
RrREl—E R BHRENE, RBWSERGERMAE.



10.1 X 7 & A

10.1.9 RETURNIEA]

RETURMN ;
RETURN Fi£=;
[ 5] 10-14]
PROCEDURE rs (SIGNAL s

SIGNAL q ,
BEGIN

IF { 5 ='1" AND r ="'1"}
REPCORT "Forbidden state

RETURN ;
ELSE

J <= 5 AND ng AFTEER 5 ns
ng <= 3 AND g AFTER - ns

END IF 7
END PROCEDURE r= 7

- E—HEE)FED
- B_WEAHR

IN sTD LOGIC »
INOUT STD LOGIC) IS

sz and r are guual to

!l!'l'l;



10.1 Ji Fr & A

10.1.9 RETURNIEA]

[#10-15]
FUNCTION opt {(a, b, opr :STD_LDGIC} EETURN &TD LOGIC I3
BEEGIN
IF {opr ="17) THEN RETUERN i(a AND b):
ELSE RETURN {(a OR b)) ! END IF ;
END FUNCTION opt :



10.1 X 7 & A

10.1.10 NULLiEA]
NULL:

CASE Opcode IS

WHEN "001" => tmp := rega AND regb ;
WHEN "101" => tmp := rega OR regb ;
WHEN "110" = tmp := NOT redga :

WHREN OTHRERS => NWNULL ;
END CASE ;



10.2 VHDL HATiEH]

F471E B W A5 B 7 (Concurrent Signal Assignments)

H 2 1E T)(Process Statements)

HvET1(Block Statements)

115 S W /E1E T (Selected Signal Assignments)

TCAE 44 E Bl (Component Instantiations), F 5 AL3E 2 B i EE T
A B 7ET)(Generate Statements)

45791 #2108 F3ES) (Concurrent Procedure Callg)

LRCHITECTURE {4 oF ZHEE Is
i BB A
BEEGIN
HATEA]

END ARCHITECTURE EHI{E&Z



10.2 VHDL HATiEH]

10.2.1 FATE 5 EESR]
1. faj B SR ETE
BAEBIR <= REX

ARCHITECTURE curt OF bcl IS
SIGNAL s1, e, £, g, h : STD LOGIC ;
BEGIN

outputl <= a AND b ;

outputsz <= ¢ + d ;

g <= e OR £ ; h <= e XOR £ ;
END ARCHITECTURE curt;

51 <=

=)

n
r



10.2 VHDL HATiEH]

10.2.1 FATESMEEH]

2. KM ESBUETER

WEBY <= FiEX wHEN BEFH ELSE
FiEFH WHEN M{ESEY ELSE

FiE



10.2 VHDL HATiEH]

10.2.1 HATIESRIEER]
2. A5 5 IREEHR]
[ 10-16]

BNTITY mux I5
FORT i a,b,c

IN BEIT ;¢
pl,p2 = IN EBIT -
z : QUT BIT });
END;
ARCHITECTURE behv OF mux IS
BEGIN
Z <= a WHEN pl = "1'" ELSE
b WHEN p2 = '1" ELSE
c o ;

END;



10.2 VHDL HATiEA]

10.2.1 FATE 5 EESR]
2. KM ESBUETER

(0

= S LUT 5151
S LUT 0415 3
11
2= 9
= 13 T D>
12 0 10 '«
i
l ] z2 0

Bl 10-1 9] 10-16 B RTL =g El(Synplify &£5)



10.2 VHDL HATiEH]

10.2.1 H4T1R SETEH]

3. IEFfE S BEER

WITH BEHEEFIAFR SELECT
EAEBfrES <= FEX wHEN HEE
FiEX WHEN HEEE

FiEA WHEN 2EE{E.

UNAFRRFRCTRD WHEN OTHRERS 7



[4110-17]
LIBRARY IEEE;
I5E IEEE.STD_LDGIC_llEﬂ.RLL;
USE IEEE.STD LOGIC UNSIGHNED.ALL;
ENTITY decoder IS

BORT { a, b, o = IN 5TD LOGIC?
datal, dataz : IN 5TD LOGIC;
dataout > OUT 3TD LOGICT )7

END decoder;
ARCHITECTURE concunt OF decoder IS
SIGHAL 1nstruction : TD LOGIC VECTOR({Z DOWNTO 0} ;
BEGIN
instruction <= ¢ & b & a ;
WITH instruction SELECT
datacut <= datal AND dataz WHEN 000" ,
datal ©OR dataZ WHEN "OO17"
datal NAND dataz WHEN "010"
datal NOR dataz WHEN "O117M
datal HOR datas WHEN "100"
datal ENOR data:s WHEN "101" .
UNAFEFECTED WHEN OTHEERS ;

END concunt ;



10.2 VHDL HATiEH]

10.2.1 FATESMEEH]

3. IEFfE S BEER

WITH selt SELECT
muxout <= a WHEN oL, —— 01
b WHEN 2 TO 5 , —— 2833, @4
o WHEN &
d WHEN 7,
'%' WHEN OTHERS ;



10.2 VHDL HA4TiEA]

10.2.2 B iES)

HiRE : BLoCK [ (BEIFFTRET)]
03K, EH
LB 1H.EH
BEGIN
FHATIEH]

END BLOCK H#FES



[#]10-18]
ENTITY gat IS
GENERIC{1 time : TIME ; s time : TIME ) ; —— (Z##ZiB) EEHHA
PORT (bl, b2, b3 : INOUT BIT) ; —— EfiEe B OFE M
END ENTITY gat ;
ARCHITECTURE func OF gat IS

SIGNAL al : BIT ; —— HHEERES al EBX
BEGIN

BElkl : BLOCK -— HEY, HiRS&2Zblkl
GENERIC (gbl, gb2 : Time) ; —— ENXHBFRREERSE
GENERIC MAP (gbl => 1 time,gb2 => s time); -- RFHOSEETE
PORT (pb : IN BIT; pbZ : INOUT BIT };: —— HE P HEum O E
PORT MAP (pbl => bl, pbZ =»> al } ; —— Prefflum R A A
CONSTANT delay : Time := 1 ms ; —— REVEEIE N
SIGNAL s1 : BIT ; -—- REESEN
BEGIN

51 <= pbl AFTER delavy ;

phbe <= sl AFTEER ghbl, bl AFTER ghZ ;
END BLOCKE blkl ;

END ARCHITECTURE func ;



10.2 VHDL HATiEH]

10.2.2 B iES)

[ 10-19]

bl : BLOCK
SIGHNAL sl1: BIT ;
BEEGIHN
51 <= a AND b ;
bz : BLOCK
SIGHNAL sZ: BIT ;
BEGIN
32 <= ¢ AND d ;
b3 : BLOCK
BEGZIN
RoI= 32 ;
END BLOCK b3 ;
END BLOCE bz ;
v <= sl ;
END BLOCK bl ;



[ %] 10-20]
LIBRARY IREREE?
USE IEEE. std logic 1164.ALL;
ENTITY f adder IS
FPORT { ain, bin , cin : IN std logic:
sum, cout : OUT std logic );
END f adder;
ARCHITECTURE & ad OF f adder IS
SIGNAL sol, col, co2 : std logicy

BEGIN
h adderl : BLOCK -—FMEE ul
BEGIN
PROCESS { ain,bin )  BEGIN

s0l<=NOT{ain XOR (NOT bin)!); col<= ain AND bin:
END PROCESS:?
END BELOCE h_adderl;

h adder2: BLOCK - 0EE u2
SIGWAL soZ : std logics
- EZTI
BEGIN

soZ <= NOT{sol XOR (NOT cind)y ; coZ<=sgs0l and cin ; sum<=soZ;



10.2 VHDL3J

10.2.2 B iES)

& ER

END BLOCE h adderzZ;
orZ @ BLOCE
ERIN
FROCESS (coZ, col)
cout<= coZ OR col:;
END PROCESS?
END BLOCE orZ;
END e ad:

FAT 1R

--3k[7 u3

BREGIN



10.2 VHDL HATiEA]

10.2.2 B iES)

—— Y
B="T0) >—T=9> o
h_adderl.sol h_adder2 .s02 sum
[cin =
—L:
col cout

p

col

& 10-2 8] 10-20 B9 RTL EERE (Synplify &5 )



10.2 VHDL 3H#4TiEA]

10.2.3 FHATIEFE A HIER]

[ 10-21]
PROCEDURE adder (SIGNAL a, b :IN STD LOGIC ; --d 247 adder
SIGNAL sum : OUT STD LOGIC );
adder({al, bl, suml) ; -— FFTHEHERA
A ——TEM, al. bl. suml EIASREHNF a. b. sum FXEKEEE
PROCESS( cl, c2) : -— HEEFRIT

BEGIN

Adder{cl, c2, sl) ; —— I RWAE, £ cl. c2. s1 BIA5 A%

END PROCESS — F a. b. sum B XxEE2EL



10.2 VHDL 3H#4TiEA]

10.2.3 FHATIEFE A HIER]

[ 10-221
PROCEDURE check (SIGNAL a : IN STD LOGIC VECTOR; -— TEWHAE
SIGHNAL error : OUT BOOLERNW ) IS - BEMNR

VARIABLE found one : BOOLERN := FALSE ; -- WwHIERE

BEGIN

FOR i IN a'RANGE LOOP —— M RE a FAEBLE T EHRITIE il

IF a(i}) = '1" THEN —— EWMapFE "1

IF found one THEN -- 4 found one J§ TRUE, W EI T —PLLEH) "1
ERROR <= TRUE; -— EBMT—ALAEM'1", % found one J TRUE

RETURN ; -- HRITFE

END IF;

Found one := TRUE; -- f£aFE&xMNT—P"1"

End IF;

End LOOP; —— Bl a PEY H A

error <= NOT found_one; -—- MREFEM 1 #EI, error HHFHEE TRUE
END PROCEDURE check;



10.2 VHDL3J

FAT 1R

10.2.3 FHATIEFE A HIER]

CHELE: BLOCE

SIGNAL sl: STD LOGIC VECTOR (0 To 0); -- dEFAREELE T
SIGNAL s2: STD LOGIC VECTOR (0 TO 1);

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

SIGNAL s4: STD LOGIC VECTOR (0 TO 3);

SIGNAL =1, 2, &3, ed: Boolean;

BEGIN

Check (sl, el); -— IITHERA, XKEKRBHEH 1. el
Check (52, e2);: -— IITHERA, XEKRBHEH 2. e2
Check (83, e3); -— IITHERA, KEKRBHEH 3. e3
Check (54, ed}; -- HITHERR, <EBHEN 4. e4

EWND BLOCE:?



10.2 VHDL 3H#4TiEA]

10.2.4 Jui4HikER]

COMPONENT ni4&E IS
GENERIC (HEEF).
PORT (D4R,
END COMPONENT snif4:
itk « 4% PORT MRP
(08B =>] EEmOL,

-— FLHENEH

-~ JLAELE A



10.2 VHDL 3H#4TiEA]

10.2.5 ARKiEH]

[#75: ] ForR B EE v B{ETE GENERATE
i BH
BEGIN
HATEH]
END GENERATE [fF5] ;

[(fFE: ] IF %1 GENERATE
1 BH
Eeglin
HATEH]
END GENERATE [fF5]



10.2 VHDL 3H#4TiEA]

10.2.5 ARKiEH]

FiErd,  To  FTiEZL -— HEFE, 1 To 5
FiAX DowWNTO FiED ; —— #EFE, I 5 DOWNTO 1

[# 10-23]
COMEPONENT comp
PORT (x = TN sTD LOGIC
Voo OUT 5TD LOGIC -
END COMPONENT ;
SIGNAL a :STD_LDGIC_?ECTDH{D TO T
SIGHNAL b :STD_LGGIC_VECTGR(D TO T

gen : FOR 1 IN a’RANGE GENERATE
ul: comp PORT MA (xX=rail), y=>b{i)):
END GENEFATE gJen,



10.2 VHDL 3

10.2.5 ARKiEH]

FF ]

a[0] >———

COMP
INPUT  OUTPUT

a1 >—

COMP
INPUT  OQUTPUT

ED——

COMP
INPUT  OUTPUT

BI7D

& 10-3 “EREE=ER 8 M HERE B EEE R R



10.2 VHDL 3H#4TiEA]

10.2.5 A pRiESR]
[ 10-241]

LIBREARY IEEE;
USE IEEE.STD LOGIC 1164.ALL:

ENTITY Latch IS
PORT({ D, ENA: IN STD LOGIC;

@+ OUT 5TD LOGIC ) :

END ENTITY Latch :
ARCHITECTURE one OF Latch IS
SIGNAL sig save @ STD LOGIC;

BEGIN
PROCESS (D, ENA) EEGIN
IF ENA = '1" THEN =si1g save <= D ; END IF ;

Q <= 31g save ;
END PROCESS »
END ARCHITECTURE cCne:;



Lt 10-25]
LIERLRY IEEE:
TaE IEEE.STD_LGGIC_llE%.ALL:

ENTITY SHN74373 IS
PORT (D : IN 3TD LOGIC VECTOR| & DOWNTO 1 j:
OEN ,G @ IN STD LOGIC:
2 : OUT 3TD LOGIC WECTOR(S DOWNTO 1)):
END ENTITY SHN74373;
ARCHITECTURE twao OF 3N74373 I3
SIGNAL sigvec save STD LOGIC VECTOR(S DOWNTO 1):
BEGIN
PROCESS (D, OEN, & , sigvec save)
IF OEN = '0' THEN Q <= sigvec save;
EL2E Q <= MZIZEZZZZIZZI™M; END IF:
IF ¢ = '1' THEN Z3igwvec save <= D:
END PROCESZS;
END ARCHITECTURE two:
ARCHITECTURE one ©OF 23N74373 IS
COMPONENT Latch
PORT | D, ENA : IN 3TD LOGIC:
Q2 ¢ OUT 3TD LOGIC ):

BEGIN

END IF;

END COMPONEDNT:

SIGNAL sig mid : STD LOGIC VECTOR([ & DOWNTO 1 ):

BEEGIN
GelLatch @ FOR iMNum IN 1 TO 8 GEMNERATE
Latchx Latch PORT MAP (D (iNum) ,G,sSig mid (iNum) ] ;

END GENERATE:
Q <= sig wmid WHEN OEN = '0' ELSE
mETZZEZZIET: —-Y oEN=18T, Q&) ~oilEiBHEEESRT

END ARCHITECTURE one;



[ % 10-26]
LIBRAERY IEREE;
U5k IEEE.STD_LGGIC_llEQ.HLL;
ENTITY d_ff I
EORT 1 d, ClE_S > IN 5TD LoiGIc ;
o s ng - CUT STD LOGIC 5
END ENTITY d_ff;
RRCHITECTURE a rs ff OF d ff IS
BEGIN
bin p rs ff : PROCESS(CLK 5) BEGIN
IF clk s = "17 AND clk sTEVENT
THEN q <= d; ng <= NOT d; END IF;
END PROCESS;
END ARCHITECTUEERE a_rs_ff;
LIBEARY IEEE;
=R IEEE.STD_LGGIC_llEQ.HLL;
ENTITY cnt bin n is
FENERIC (n : INTEGER := &) ;
EORT (g : OUT STD LOoGIC VECTOR (0 TO n—-1);
in 1 : IN STD LOGIC );
END ENTITY cnt bkin n;



10.2 VHDL 3H#4TiEA]

10.2.5 A pRiESR]
B Em

ARCHITECTURE behw OF Cnt_bin_ﬂ Iz
COMPBONENT d_ff
FORT id, Clk_S >IN 5TD LOGIC;
Q, NQ : OUT STD LOGIC);
END COMEBONENT d_ff;
o IGHNAL 3 STD_LGGIC_UECTGR{D TS n);
BEGIN
5(0) <= 1in 1;
q_l : FOR 1 IN 0 TC n—-1 GEMNERATE
dff : d £f BORT MRP (s{i+l), s(I), gii}, s{i+1l)};
END GENERATE;
END ARCHITECTURE behw;



10.2 VHDLFH4TiER

10.2.5 ARKiEH]

=0 % =1 919 =191
0 Q0 (N ] | — (] | —
B = Ik = Ok —+ Clk
J_|_|_|_ s(0) FO11 F I FD11 : FD11
ng 5@_ g stn)

B 10-4 6 f #5132 EE



10.2 VHDL 3H#4TiEA]

10.2.6 REPORTIEA]
[45] 10-27]

LIBRARY TEEE;

USE IEEE.std logic 1164.ALL;
ENTITY R3FFZ I3

PORT {( 3, R : IN std logic;

@, QF @ OUT std logic };

END ERSFFZ;
ARCHITECTUEE BHYV OF RSFFZ IS
BEGIN

Fl: PROCESS ({5, R)

VARIABLE D : std logic;

BEGIN

IF (R="1" and S="1"J) THEN

EEPORT ™ BOTH R AND S IS "1'";
ELSIF R="1" and S='0") THEN D
ELSIF R="0" and $='1") THEN D

o <= D; QF <= NOT D;
END PROCERGS;
END BHVW !

— R LEER

'I'[:l'l';
T T -
177

END IF;



10.2 VHDL 3H#4TiEA]

10.2.7 Wri=iEHn]

ASSERT<HHEFIETH >

REPORT< HE{E B>

SEVERITY<fE 1=k B> ;

F®10-1 FAEXIKIRFR

Naote CIE1ED EEHEES. TLLEIT S E
Warning (ZH) e HEEE, A LLEITEE
Error ($51%) R LEEE, HiFmE
Failure (283 T HEEE. HiFmE




10.2 VHDL HATiEH]

10.2.7 WrgiEH]
1 P S5

[#]10-28 ]
Fl: PROCESS(3,R)
VARIABLE D : std logicy
BEGIN
ASSERT not (R="1l7and 3=717)
EEEORT "both R and 3 equal to " 1 ™0
SEVERITY Error;
IF R = 'l" and 5 = '0O" THEN D := '07;
ELSIF (R="0" and 5='1') THEN D := '1' ; END IF;
O <= D; OQF <= NOT D;
END PROCESS;



10.2 VHDL3J

10.2.7 Wi=iEH)

2. FHTWI EIEH

AT T8 A

[ 10-29]
LTERARY TEEE;
USE IEEE.std logic 1164.RALL;
ENTITY RSFFZ IS
BPORT (S, R IN std logic;
o, OF OUT std logic);
END RESFFZ;
ARCHITECTURE BHYV OF RBFFZ I3
BEGIN
FROCESS (R, 5) BEGTH
ASSERT not (E="1Tand 3="1")
EEBORT "both R and 3 equal to ™ 1 ™
SEVERITY Error;
END FPROCEZS;
FROCESS (R, 3)

VARIABLE D std logic := '07;

BEGIN

IF (R="1" and $="0") THEN D :="07;
ELSIF LR="0" and $="1") THEN D :="17; END
O <= D ; QF <= NOT D ;

END PROCEGS;
END

IE;



10.3 BH#HitE 2 XiEA]

1. 55K EME

NOT{clock STARBELE AND cloclk =717
(Clock’"EVENT AND clock =T717)

2. HEX A KB
'RANGE [(n)] 'REVERSE_RANGE[(n)]

SIGNAL rangel : IN 3TD LOGIC WECTOR (0 TO 7) ;

FOR 1 IN rangel'RANGE LOOE



10.3 BH#HitE 2 XiEA]

3. BUERE M

‘LEFT, 'RIGHT, ‘HIGH . 'LOW

FPROCESS {(clock, a, bj;

TYPFE obkj IS ARRAY (0 T2 15) ©OF BIT ;

SIGHNAL =elel, elez, ele3, e=led : INTEGER ;
BEGIN

elel <= ob] RIGNT ;

eleZ <= ob]'LEFT ;

ele3 <= obj] "HIGH ;

eled <= ob] LOW ;



[ 41 10-30]
LIBEARY IEEE;——PARITY GENERATOR
USE IEEE.STD LOGIC 1164.ALL;
ENTITY parity I3
GENERIC {bus_size : INTEGEER ::= & ) ;
EBEORT {input_bus - IN STD_LDGIC_HECTDR{bua_size—l DO TG O ;
even numbits, odd numbits : OUT STD LOGIC ) ;
END parity ;
ARCHITECTURE bkehave OF parity IS
BEGIN
PROCESS (ilnput bus)
VARTABLE Temp: 5TD LOGICY

BEGIN

Temp = "07;

FOR 1 IN input bus'LOW TO input bus'HIGH LOOPE
temp := temp XOR input bus{i) ;

END LOOEP ;

odd numbits <= temp ; even numblts <= NOT temp;

END PROCEGSZ;
END behave;



10.3 BH#HitE 2 XiEA]

4. BB LENGTH

TYPE arryvl ARRAY (0 TO 7)) OF BIT ;
VARTARLE wth: INTEGER;

withl: =arryl’' LENGTH; —— wthl = 8



10.3 A

5. F e Xtk

LIBRARY IEEE;

USE IEEE.STD LOGIC 11ed4.ALL;

ENTITY cnthuft I3

PORET{ Dir:
Clk,Clr, OE:
L, B:

oF
ATTRIBUTE
ATTEIBUTE
ATTEIBUTE
ATTRIBUTE
ATTEIBUTE
ATTEIBUTE

END cnthut;

5 & &R

ATTRIBUTE B4 . HriEzBER,;
ATTRIBUTE Bi4E oF MHEE - WHEER 15 E;

LIBEARY s=vnplifyy:
USE synplicityv.attributes.all;

IN 5TD LOGIC?
IN =TD LOGIC?
INCUT STD LOGIC VECTOR (0 to 1);

INOUT 5TD LOGIC VECTOR (3 downto 0) )7

EINNUM
EINMNLUM
BFINMNUM
EINNUM
EINMNLUM
FINNUM

QF
OF
)
QF
OF

s TEING;

Clk: signal is "1%;
Clr: s=signal i "2";
Dir: signal is "3V,
OE: signal is "11v;

0z

signal is "17,16,15,14";
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[ 10-31]

LIBEARY IEBEEE:;

UsE IEERE.ST D_LDGIC_1164 ALL;

UsE IEEE.STD LOGIC UNSIGNED.ALL:?

ENTITY SQUI1 IS
PORT { CIN,ADR : IN STD LOGIC WVECTOR({7 DOWNTO O):

OT : OUT STD LOGIC ;

END SQUIL;
ARCHITECTURE BHV OF SQUI1 IS

BEGIN
PROCESS (CIN) BEGIN

IF (ADR<CIN) THEN OT<='0" ; ELSE OT<="1" ; END IF:
END PROCESS;
END BHV ;
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[ 10-32]
LIBRARY IEEE; --FREMEL FPGA ITEED
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;

ENTITY FTEST2 IS
PORT (BCLK : IN STD LOGIC; --friEMEN#{ES clock2, 50MHz
TCLK : IN STD LOGIC; --fRHlsiZEif$ES
CLR : IN STD LOGIC; --EEMN#WGHLES
CL : IN STD_LOGIC; --% SPUL AFHEFH, CLAMETER S, A TR T4
——[iET el fEH], & SPUL EEFE, cL AMBEESIES,
--CL m B I WE B PR, 2 CL ik B P IS PR B P A 3
SPUL : IN STD LOGIC; -—-lsiel ik i=El
START : OUT STD LOGIC;--#IGHEHERES
EEND : OUT STD LOGIC; --H{KHEFZE SHEFEIERE T TSR
SEL : IN STD LOGIC VECTOR(Z DOWNTO 0); --Zr#EiEHikEEH
DATA : OUT STD LOGIC VECTOR(7 DOWNTC 0)); --8 fZ#(3E EE

END FTEST2;
&P



& bW
ARCHITECTURE behav OF FTEST2 IS

SIGNAL BZQ : STD LOGIC VECTOR(31 DOWNTO 0); -—-FriEvh%iss
SIGNAL TSQ : STD LOGIC VECTOR(31 DOWNTO 0); —-j#i 458
SIGNAL ENA : STD LOGIC: —— v B R

SIGNAL MA, CLKl, CLK2, CLE3 : STD LOGIC;

SIGNAL @1, @2, 3, BENA, PUL : STD LOGIC;

SIGNAL §$ : $TD LOGIC VECTOR(1 DOWNTO 0);

EEGIN

START <= ENA ;

DATE <=BZ0Q (7 DOWNTO 0) WHEN SEL="000" ELSE -- #FreESIZEE R 8 g
EZQ(15 DOWNTO 8) WHEN SEL="001" ELSE
BEZQ (23 DOWNTO 16) WHEN SEL="010" ELSE
BEZO (31 DOWNTO 24) WHEN SEL="011" ELSE-- #R/EHIZE T ES & fiiH
TSO(7 DOWNTO 0) WHEN SEL="100" ELSE--5THZE 4 EEE s i
TSQ(15 DOWNTO 8) WHEN SEL="101" ELSE
TSQ(23 DOWNTO 16) WHEN SEL="110" ELSE
TSO(31 DOWNTO 24)WHEN SEL="111"ELSE--H#HZETHEEE & KN
TSQ(31 DOWNTO 24) ; BETHR

BZH : PROCESS(BCLE, CLR) BEGIN —— R ERNZE N T3S, e s



& W

IF CLE = '1' THEN BZQ <= ( OTHERS=>'0" } ;
ELSIF BCLK'EVENT AND BCLK = '"1' THEN
IF EENA = '1' THEN ©BZQ <= BZ0Q + 1; END IF;
END IF;:
END PROCESS:
TF : PROCESS(TCLK, CLR, ENA) BEGIN —— R F T3S, A A RS
IF CLR = '"1' THEN TS§Q <= ( OTHERS=>'0" };
ELSIF TCLK'EVENT AND TCLK = '1' THEN
IF ENA = '1' THEN TSQ <= TSQ + 1; END IF:
END IF;:

END PROCESS;
PROCESS (TCLE, CLR)
EEGIN
IF CLR = '1'" THEN ENA <= '0!
ELSIF TCLEK'EVENT AND TCLE='1" THEN ENA <= CL ; END IF;
END PROCESS;
MA<=(TCLK AND CL) OR NOT(TCLE OR CL) ; —--Mk%HEE
CLEl<=NOT MA ; CLEZ<=MA AND ¢l ; CLE3<=NOT CLEZ; $5<=Q2 & Q3 ;
DDl: PROCESS({CLELl,CLR) EEGIN R



Z W

ITF CLE = '1'" THEN ol <= '0' ;
ELSIF CLEl1'"EVENT AND CLEl = '1' THEN ¢l <= '1" ; END IF;
END PROCESS?
DhZ: PROCESS (CLEZ,CLR) BREGIN
IF CLR = "1" THEN s <= Tor o
ELSIF CLEZ'EVENT AND CLEZ = '1' THEN QZ <= '1'" » END IF;
END PROCESS?
LO3: PROCESS (CLES,CLE] BREGIN
IF CLR = "1'" THEN o3 <= '0' g
ELSIF CLE3'"EVENT AND CLE3Z = '1'" THEN Q3 <= "1' » END IF:

END PROCESS:
PUL<="'1" WHEN SS="10"ELSE--Y ss=“10" B, PUL B HEF, TiFtEiEares 48

Qv o; —— i
EEND<='1' WHEN $5="11" ELSE --EEND H{EHEFR, FREEZ T, HEHFETE
0t o; - HEE, FoRTETE R, A CANRE A R R T

BENA<=ENA WHEN SPUL='1'ELSE--#r MBS H{FRETIES, spuL 2 1 B#ZE
PUL WHEN SPUL='0' ELSE --SPULy 0 FiRkFAN G TH,
PUL ;

END behav;
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