B R 5 FiEA)



3.1 VHDLE#EKR

3.1.1 BITRIBIT VECTOR#H!

TYPE BIT IS('0','1'};
TYPE BIT VECTOR IS ARRAY [NATURAL RANGE<>) OF BIT; —-BTIEMRHIZEHHER

SIGNAL X, ¥ @ BIT;
SIGNAL A, B : 5TD LOGIC VECTOR (3 DOWNTO 0O)

X <= "1' ; —— A BIT ERIIES x HE 1
i i) (R —-WEE, AG) A(2). A(l). AOVFEIZET 1. 1. 0. 1
B (2 DOWNTO 1)<= A(3 DOWNTO 2); -—--W{ESE, BQ)=A03).B(1)=A(2)

B(2 DOWNTC 0)<= X & ¥ & "17; —-Wi{EE. B2)=x. B(l)=v. B(0)="1"



3.1 VHDLE#EKR

3.1.2 STD_LOGICHISTD_LOGIC_VECTORZ:#H!

TYPE STD LOGIC IS ('U','X",'0","1','"2', "W','L","H','-"); ——-FILHMEE

TYPE STD LOGIC VECTOR IS ARRAY ( NATURAL RANGE <> JOF 3TD LOGIC ;

E : OUT STD LOGIC VECTOR ({7 DOWNTO 0}; —-TLRIEFMNEENE
SIGNAL A : STD LOGIC VECTOR(1 TO 4);

B <= "01100010" ; —— AL B WE{E s fr —i#FFH 01100010
B (4 DOWNTO 1) <= "1101" ; -—- WES, EFme(ar? "1
E {7 DOWNTO 4) <= A — HE¥pie)y=ET niz):, BiTET nily



3.1 VHDLE#EKR

3.1.3 BHRAINTEGER

SIGHNAL @ :@ INTEGER RANGE 15 DOWNTO O

il + I EE

35 TR

10E3 TR, FTr#EBIESR 1000
16#D94# TSRS, ST 73v#s/3E DoH
8E720# MRS, ST /EBIE 7200

2#11010010% HHPIEEH, ST - #FI% 11010010k

¢ ¢ BUFFER NATURAL RANGE 15 DOWNTO 0O;



3.1 VHDLE#EKR

3.1.4 f/REIEFREIBOOLEAN

TYPE BOOLEAN I3 (FALSE. TRUE]) ;

3.1.5 SIGNEDFIUNSIGNED2k#!

LIBRARY IEEE ;
UskE IEER.STD LOIGC ARITH.ALL 7

TYPE UNSIGNED I3 ARRAY ( NATURAL RANGE <> JOF 3TD LOGIC ;
TYPE SIGNED IS ARRAY ( NATURAL RANGE <> OF 5TD LOGIC ;



3.1 VHDLE#EKR

UNSIGNEDT ("1000™)

VARTABRLE wvar @ UNISIGHED{O ToO 10} ;
s IGNAL sig : UNSIGNED({5 DOWNTO O};

SIGNEDT {("0101") 3% +5, &
STENEDT ("1011") {5 -5

VARTABRLE wvar : SIGHNED(O To 10);



3.1 VHDLE#EKR

[ 3-1]

ENTITY COM
PORT(C,D
A, B

RCD

RLE

RM1

RMZ2

END ENTITY

ARCHITECTURE ONE OF COMP I3

BEGIN
R1 <=

LIBERARY IEEE ;
USE IEEE.STD LOGIC 1léd.ALL
UskE IEEE.STD LOGIC ARITH.ALL

E Ia

: IN UNSIGHED{Z DOWNTO O} ;
SIGHNED (3 DOWNTO O) ;
UNSIGNED (3 DOWNTO 0) ;
SIGNED (3 DOWNTO 0} ;
UNSTIGHNED (7 DOWNTO O) ;
SIGHNED (7 DOWNTO 0);

: IN

- ouT
- OoUT
= QT
s OUT

R1,R2 : CQUT

COME ;

S B

BOOLEAN

RzZ<=
RCD <= C+4+D; RAR <=
EM1 <= C*D; RMZ <=

END ARCHITECTURE ONE?

(BA>=B);

A+E;
L*BR;

REREBE"™"°

E 3-1

0100 %0010y o101 % 1111 X
(1101} ooo1r } oo1n 1001 ) 1011 X
(T 0100} 0010} o101 ¥ 1111 ¥
{1101y 0001 % 0011 % 1001 % 1011 %
sS ¥y 5 f B X & L
E &0 T B T
34 Y04 yoz X 06 ¥ 20 ¥ A5 X
F4__¥04 302X 06 ¥ DD ¥ 05 X
)

| | S L

7l 3-1 A EEEHE



3.1 VHDLE#EKR

3.1.6 HAmHie )RE

1. FRFEA
1.0 T3 A
0.0 Pt PN =t
: agis| PR
2. SERKF 65971 .333333 + 33
65 971.333 3333 Hi—115m
8#43 . 6fetd IR A
43.6E—4 Pt Py =t
3. FRIFRA

VARIABLE string wvar : STRING (1 TO 7 };

string ware = MNa b ed? 4



3.1 VHDLE#EKR

4. B [E] R

TYPE Time IS RANGE —2147483647 ToO 2147483647

units
fs
==
ns
us
ms
==t
i
hr

end units

r

1000 f£s
1000 ps
1000 ns
1000 us
1000 ms
6l sec

G0 min ;

f

r

f

r

f

—— &Fb, vHDL RIS /NET[E A
—— FEFb

—— D

—— TFb

—— ZFb

—— Fb

-

—— B¢



3.1 VHDLE#EKR

5. XHFRE

PERCOCEDUER Readline (F: IN TEXT; L: ©UT LINE};

PROCEDUER Writeline (F: ©UT TEXT; L: IN LINE);

EROCEDUEE ERead | L: INOUT LINE; Value: oUT Std_logic;
Food: OUT BOOLEAN) ;

EEOCEDUER Read (L: INOUT LINE; Values: OUT Std_logic};

EFEOCEDUEE Eead (L: INOUT LINE; Value: <UT Std_logic_ vector;
Good: OUT BOOLEAN, ;

EFEOCEDUER Read (L: INOUT LINE; Valus: 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 . WECEST,
Justiaied: IN SIDE :=Right;field; IN WIDTH :=0};



3.1 VHDLE#EKR

3.1.7 FIRRB AR

7 3-1  ATRAREUERERR.

R RS EETEE-
bit, bit vectors HELY
std logic, std logic wvectors s WL Ty
booleans true, false
naturales 0~2 147 483 647
integers —2 147 483 647~+2 147 483 647
signed. —2 147 483 647~+2 147 483 647
unsigned« 0~2 147 483 647
R P B (RE. AP EEXEEETTE
FHER (array) - AR ERHERNEMAES
FEA! (subtype) - HEELN &




3.1 VHDLE#EKR

3.1.7 BIERAZH R
% 3-2 |EEE BERBEIRERNE

B W e I HE~
FREEFZFH: STD LOGIC 1164
to_stdlogicvector(A) B bit_vector ZEEI¥# 7 std_logic_vector
to_bitvector(A) H std logic wvector ¥ #:4 bit_vector
to_stdlogic (A) FH bit F3# A% std logic
to_bit(A) B std logic ERIFEH AR bit KA

FTAEREFE: STD LOGIC _ARITH

conv_std logic vector(A, i) 4 integer ¥ AL std logic vector ZERY, A 2ELT.

conv_integer(A) 1% std_logic vector 18 Ak integers
conv_unsigned(A, {iIi%) ¥4 unsigned, signed, integer ZKEIFEH AT E (LAY unsigned £ E!
conv_signed(A, {i{) 5 unsigned, signed, integer ZERIEI HIEE K] signed ZEHY

FREEFEF £ STD LOGIC UNSIGNED

conv_integer(A) B std_logic vector ¥#2 FX integer




3.1 VHDLE#EKR

3.1.7 KRB LR

[ 3-2]
LIBERARY IEEE;
USE IEEE. std logic 1164 .ALL; --AERHAFHREZ to stdlogicvector( AV F LLIEFE.
ENTITY exg Is
PCRT {a,b : in bit wvector {3 downto 0}; ——FEEM a. b gyEriEzER
J t out Std_logic_?ector{E downto 0) ) ;
end: ;

architecture rtl of exg 1is

begin
g<= to_stdlogicvector{a and b) e ATl oy = e et N E e iy ity = = T e e

end;



3.1 VHDLE#EKR

conv_std logic vector F conv_integer.

[ 3-3]
LIBRARY IEEE;
-k IEEE.STD_LDGIC_llEQ.HLL;
USE IEEE.STD LOGIC ARITH.ALL; --iEEFHIFTRFH-HREMELTHERFE
ENTITY axamp IS
FORT({a,b,c : IN integer range 0 to 15 ;

s | = AT Std_l@gic_yect@r{B downto 03 ) ;
EMND;
ARCHITECTURE bhv OF axamp IS
BEGIN

q <= cmnv_atd_lagic_yectﬁr{aF4} when conv_integer{c}=8
el e conv_std_legic_vecter{br4} 2
EMND;



3.2 % HIBFiE R

3.2.1 WAEIEHR]

[% SREER] } [E’Eim{aiﬁﬁl J




3.2 VHDLE & H IR F1EH]

3.2.2 CASEiEH]
CASE <FixH> 13

END CABE ;

(5] 3-4] .

sel : IN INTEGER RANGE 0 TO

CASE sel IS«

WHEN 0 => z1 <= "010";
WHEN 113 => z2 <= "110";
WHEN 4 To 7|2 => z3 <="011";

WHEN OTHERS => zd4<= "111";
END CASE;

WHEN OTHERS => <|fiFiEG>;

When <AFEHRRF> => <AFEE>; ... ; <0FEA
When <EFEBIRRF> => JAFEE>; ... ; <JAFEE> ;

AEE [ |1AFE

——Hasel=08EF, HFPITHz109EE
——Hsel H1T3E kP

——HselX2. 4. 5, 6TTHTED
——Hsel A8 ~15FHFE—EHE®EF



3.2 VHDLE & H IR F1EH]

3.2.2 CASEiEf]
[ 5] 3-5]

SIGNAL wvalue : INTEGER BRANGE 0 TO 15;
SIGNAL outl : STD LOGIC:

CASE wvalue IS

WHEN 0§ =3 outlg<= "1'; ——value2~15EFREBFEHE
WHEN 1 => outl<= '0'; ——P&3EN TWHEN OTHERSiEG]
END CASE;

CASE wvalue IS
WHEN 0 TO 10 => outl<= '1'; ——EBETS~10MEEES
WHEN 5 TO 15 => outl<= '0';

END CASE;




3.2 VHDLE & B B FiEA]

3.2.3 PROCESSiEf]

[JHFERS: 1 PROCESS [ ( BIRMESE&HFE v 1 [I5]
[ JHFE1HHE B4 ]
EEGIHN

N prayr=yall

END PROCESS [IHTEITRS]:

3.24 HEBER &

SIGNAL a : STD LOGIC VECTOR (3 DOWNTO 0) ;--HEREN a¥ 4 TERIFERE
SIGNAL d : STD LOGIC VECTOR (1 DOWNTO 02 ;——EX dA 2 MEERE

a <= "1'& 0" & d (1) & "1' ; —-MERSHEHFE, FEERHHEREN 4

I-F“'ia & d = "101011") THEN ... -- TEIFSEaEFo I ERFER



3.2 VHDLE & H IR F1EH]

3.2.5 IFi&f]

(1) IF %f$45 Then -—28811 184

i 715 5]
END TF;
(2) IF 44 Then --ERI2iEHG]

ilEa=4c
ELSE
IR 18 a)

END IF:

(3) IF %f44 Then ——KRI3iEH]

IF 4kf5] Then

END 1IF
END IF



3.2 VHDLE & H IR F1EH]

3.2.5 IFi&f]

(4) IF %45 Then --3£&I4iEF)
INFFiEaE]
ELSIF 4557 Then
INFFiEa]
ELSE
IR FFiE )
END IF




3.3 IFiEH) 5§ FH

3.3.1 Dfilik#3KIVHDLH: R

3-6}

LIBRARY IEERE:?

USE IEEE.STD LOGIC 1164.ALL:;

ENTITY DFF1 IS
BORT {CLEK,D IN STD LOGIC;

0 2 OUT STD LOGIC

END;

ARCHITECTURE bhwv OF DFF1 IS
SIGNAL Q1 STD LOGIC;
BEGIN

PROCESS (CLK, Q1) BEGIN
IF CLK'EVENT AND CLEK="1"
THEN Ql<=D; END IF;
END PROCESS;
0 == Ql:;
END bhwv;

PRE

D[C_>—=——D
CLKC—>———
E

Pdf
CLR

D fill & #HEH E

Op———oq >0

3.2

cax | L J LJ LJ LJ L
D

E 3-3 DR R



3.3 IFiEH) 5§ FH

1. EFAERNREAMNESBIERBEVENT

<(EB4>"EVENT




3.3 IFiEH) 5§ FH

2. AEBFMIER) S

[ 3-7]
ENTITY COMP BAD IS
PORT( a,b : IN BIT: g : OUT BIT):
END;
ARCHITECTURE one OF COMP BAD IS
BEGIN
CMP: PROCESS (a,b) BEGIN —-— CMPEHEIHENFSIER, FE&556

IF a>b THEN qg<='1';
ELSIF a<b THEN qg<='0'; END IF:;-- E=FKEIHa=bilt, gfE{dE{E
END PROCESS;
END; i

i 4_@ comb~1
= =il
-0
. DCMP 1 _-j . comb~0
: D_ 0 %tch
FHE
L ] o e 1 |
i0—] Bl
LR

3-4 ) 3-7 & /58 RTL B E



3.3 IFiEH) 5§ FH

2. AEBFMIER) S

[ 5] 3-81

IF a>b THEN g<='1'; ELSE q<='0'; END IF;

CMP=0
=T e
a—>——] 3

= 3-5 {7 3-8 B RTL HIFHE




3.3 IFiEH) 5§ FH

3.3.2 R EMAEBERE R Dt & 23 FIVHDL# IR

FPRE

o————p of—_>0

CLKCo———)
EM[__>»———Ena

LR

RST >
3-6 SFEEEMENAI D fit k23

CLK

EX
RST

]

| J LJ L L

e S S

L

L

|
- L Gl

A 3-7

7l 3-9 Bk Fr



3.3 IFiEH) 5§ FH

3.3.2 R EMAEBERE R Dt & 23 FIVHDL# IR
[ 5] 3-9]

LIERARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY DFF2 1S
PORT {CLK,BS5T.EN,D : IN STD LOGIC: O : OUT 5TD LEOGIC }):
END;
ABRCHITECTURE bhwv OF DFFZ 15
SIGNAL Q1 : STD LOGIC:
BEGIN
PROCESS ({(CLK,Ql,RST,EN) BEGIN
I R5T="1"' THEN Ql<='0";
ELSIF CLK'EVENT AND CLK='l' THEN
IF EN='1l"' THEN Ql<=D; END IF;
END TIF:
END} PROCESS:;
2 <= Ql;
END bhwv;




3.3 IFiEH) 5§ FH

3.3.3 EAPFHRHKHIE

[ 5] 3-10]

LIBEAREY IEEE;+
USE IEEE.STD LOGIC 1164.ALL;
ENTITY LTCH2Z IS5
PORT (CLK,D : IN STD LOGIC; Q : OUT STD LOGIC):
END;
ARCHITECTURE bhwv OF LTCHZ 1S
BEGIN
PROCESS {CLKsx D) BEGIN
IF CLE='l' THEN Q <= D
END PROCESS;
END bhv;

END IF;

tl



3.3 IFiEH) 5§ FH

3.3.3 EAPFHRHKHIE

i — D—> —
= W | el U el
CLKEC ————— ™ . {M e gL LT L

F 3-8 EEGFHRER. ARMEREN L RIFEN FREE

[ 3-11]

PROCESS (CLK) BEGIN
IF CLEK="'1l"' THEN Q <= D; END IF:
END PROCESS;



3.3 IFiEH) 5§ FH

3.3.4 FREFEHFREHD

[ 51 3-12]

LTBRARY IERE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY LTCH3 .15
PORT (CLK,D,RST : IN STD LOGIC:
g ¢ OUT STD LOGIC )i

END;
ARCHITECTURE bhv OF LTCH3 IS
BEGIN
PROCESS (CLK, D, RST) BEGIN
IF RST='1' THEN Q<='0"';
ELSIF CLK = 'l' THEN Q <= D;
END IF;

END PROCESS:;
END bhv;

FRE

DC_—>—j0 o—1 >0

CLK[ >—e—e—qEna

CLR

RSTD—-—-—I
-9 ERGEENVEE

1 . 1
M -
Fa A EK



3.3 IFiEH) 5§ FH

3.3.5 IR A RIRIR 5N

[ 5] 3-13)
IF (CLK'EVENT AND CLK='l"') AND (CLK'LAST VALUE='0")
THEN Q <= D; ——HFRCLKR L 2 — IR L FHERIBREE
END IF:
[ 5] 3-14]

IF CLK='l'" AND CLK'LAST VALUE ='0' THEN Q <= D; END IF;

[ 5] 3-15]

IF rising edge (CLK) —EEFEREEELAITASTD LOGIC 1164FEFE
THEN Q1 <= D;
END IF;:



3.3 IFiEH) 5§ FH

3.3.5 IR A RIRIR 5N

[ 5] 3-16]
WREG: PROCESS BEGIN-
wait until CLK = '1'; ——FFHwaitiEE]
& <= D7

END PROCESS;

Gl : BLOCK (CLK'EVENT AND clk="1") begin
q<=GUARDED d; END BLOCK Gl;



3.3 IFiEH) 5§ FH

3.3.6 AR BB R

[ 5] 3-17])
ENTITY CNT4 IS
PORT (CLK : IN BIT; @ : BUFFER INTEGER RANGE 15 DOWNTO O0):;
END;
ARCHITECTURE bhwv OF CNT4 IS
BEGIN

PROCESS (CLK) BEGIN
IF CLK'EVENT AND CLK = '1'" THEN Q<=0+1; END TIF;
END PROCESS;
END bhv;




3.3 IFiEH) 5§ FH

3.3.7 A FEHHPVHDLEIA
[ 5] 3-18]

LIERARY IERE;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT4 IS
PORT (CLK : IN STD LOGIC; @ : OUT STD LOGIC VECTOR(3 DOWNTO O0)):
END;
ARCHITECTURE bhw OF CNT4 1I5
SIGNAL Q1 : STD LOGIC VECTOR(3 DOWNTO 0):

BEGIN
PROCESS (CLK) BEGIN
IF CLK'EVENT AND CLK = '1' THEN Q1<=01+1;
END I1E;
END PROCESS:;
g <= 01

END bhv;



3.3 IFiEH) 5§ FH

3.3.7 A FEHHPVHDLEIA

CLK 4 A A7 9%
[3:0] b _
S [1:4], (V4] T p3:o] Q[3:0)

un2_ql[1:4] Q[3:0]

A 3-11 4 friniEi$08% RTL B

Mame:  Value 500.0ns 1 ?“5 ! 5:”'5 . OF'S . 5}.15 : E,H'l's 3 E:!'J'S
=d

g—CLK | O

0 [Ho [oY1 X2 X3 Y« X5 X6 X7 Xe Yo XA B Yc )Xo XEXF Yo )Y X
»03 |0 | L
- 02 |0 | | |

wo (o T 1 T 1 1T
-0 o[ | | ] J 1 J 4 J4 I L

E 3-12 4 femEHEHEIfEnF



[ 5l 3-19] 3.3.8 #it—/ANLHHES

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT10 IS
PORT (CLK,RST,EN,LOAD : IN STD LOGIC;
DATA : IN STD LOGIC VECTOR(3 DOWNTO 0); ——4fuffim#l

DOUT : OUT STD LOGIC VECTOR (3 DOWNTO 0) —— it E{E Hidh
COUT : OUT STD LOGIC): —— v U Hi L
END CNT10;
ARCHITECTURE behav OF CNT10 IS
BEGIN

PROCESS (CLK, RST, EN, LOAD)
VARIABLE Q: STD LOGIC VECTOR (3 DOWNTO 0):

BEGIN+
IF RST='0' THEN { := (OTHERS=>'0');: --BE{uEBETH. +HFTFEE
ELSIF CLK'EVENT AND CLE='1' THEN —- Mt EH:G

IF EN='1"' THEN - EFRESEE MR
IF (LOAD='0'} THEN (Q := DARTA; ELSE --MABIEHHERE. miFms
IF Q<9 THEN Q :=0Q + 1; ——Jt# ] Fo. HEEM
ELSE 0 := (CTHERS=>»'0'): END IF: --SNIt#HEE
END IF;
END IF;
END IF:
IF 0="1001" THEN COUT<='1'; ELSE COUT<='0'; END IF:
DOUT <= Q;: —— I EFFEAERLERO

END PROCESS:
END behawv:



3.3 IFiEH) 5§ FH

3.3.8 &it—/NLHHESE

CLK

BN |

EST L

LOAD - u U L_J

DATA :( 3 Y 7 ¥ 8 X
povr 0 MO e NS XS NE (T K60 X0 X1 XS YAKNT §e X0 K0T e Xaxays Xe¥ooxt
couT L1 LT 1 1

313 8l 3-19 I TAEE R (Birss 2 Cyclone %7 EP1C3)




3.3 IFiEH) 5§ FH

3.3.8 &it—/NLHHESE
[ 5] 3-20]

SIGNAL Q : STD LOGIC VECTOR (3 DOWNTO O0);

REG: PROCESS (CLK, RST, EN,Q,LOAD) BEGIN
IF RST='0' THEN Q <= (OTHERS=>'0");
ELSIF CLK'EVENT AND CLK='1l' THEN
IF EN='1l' THEN
IF (LORD='0') THEN Q<=DATA; ELSE
IF Q<% THEN Q<=0Q+1; ELSE Q<=(OTHERS=>'0'); END IF;
END IF;
END IF;
END IF;
END PROCESS;
DOUT <= Q;
COM: PROCESS(Q) BEGIN
IF g="1001" THEN COUT<="1"; ELSE COUT<="0'; END IF;:
END PROCESS:




3.3 IFiEH) 5§ FH

3.3.9 SRS IHTRE I HISEI A F 1A R

[ 5] 3-211]

LIBEARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY SHET IS
PORT (CLK, LOAD : IN STD LOGIC; QB : OUT STD LOGIC;
DIN : IN STD LOGIC VECTOR (7 DOWNTO 0} ;
DOUT : OUT STD LOGIC VECTOR(7 DOWNTO 0) )»
END SHEFT;

ARCHITECTURE behav OF SHET IS
SIGNAL REG8 : STD LOGIC VECTOR (7 DOWNTO 0);

BEGIN
PROCESS (CLK, LOAD) BEGIN
IF CLEK'EVENT AND CLK = 'l1' THEN

IF LOAD = '1' THEN REGB <= DIN;--H (LoAD='1') ;iEZiFisiR
ELSE REGB (6 DOWNTO 0) <= REGS(7 DOWNTO 1); END IF;
END IF;
END PROCESS;
OB <= REGS (0); DOUT<=REGS ;
END behav;



3.3 IFiEH) 5§ FH

3.3.9 SRS IHTRE I HISEI A F 1A R

e @ F 1L T LT 1 &1L LTI 1 1 1 LT
114 S 4 106011011 ) § 11100010

LOAD N N M

QB [ | | | | [~ ]

REGE 00DDO0O0 % 10011011 { 11001101 % 11100110 X 11110011 ¥ 11111001 ¥ 11111100 { 11111110 § 11111111 % 11100010 )
DouT 00000000 §10011011 ¥11001101 ¥ 11100110 ¥ 11110011 ¥ 11111001 ¥ 11111100 11111110 }(11111111 § 11100010 F

E 314 8321 IR




3.3 IFiEH) 5§ FH

3.3.10 fLiusmpdas it
[ 3-22]

LIBRARY IEEE;
UsE IEEE.STD_LDGIC_1164.RLL;
ENTITY coder IS5
PORT ( din : IN STD_LOGIC_FECTGR(D TQ 1)
output : OUT STD_LOGIC_FECTGR{D TO 2)}):
END coder;
ARCHITECTURE behawv OF coder IS5
BEGIN
PROCESS (din) BEGIN
IF (din(7)='0'} THEN output <= "000";
ELSIF {din{6)="0") ‘THEN output <= "100";
ELSIF {din{5)="0") THEN output <= "010";
ELSIF (din{4)="0") THEN output <= "110";
ELSIF (din(3}='0') THEN output <= "001";
ELSIF (din(2)='0") THEN output <= "101";
ELSTE {din{ly="0%) “THEN ocutput «—=-"Q11";
ELSE outpub-<= "111"

END TIF;
END PRCOCESS;
END behavw;



3.3 IFiEH) 5§ FH

3.3.10 fRLsmigas it

=33 S8HKIZKMARUBEAR.

WA W b
din0 dinl din2 din3 din4 din5 diné din7 output0 outputl output2
X : X X X X X 0 0 0 0
X X X X X X 0 1 1 0 0
X X X X X 0 1 1 0 1 0
X : X X 0 1 1 1 1 1 0
X X % 0 1 1 1 1 0 0 1
X X 0 1 1 1 1 1 1 0 1
;.o 0 1 1 1 1 1 1 0 1 1
0 1 1 1 1 1 1 1 1 1 1

A FRR “x” FiEE, U VEDL PR ¢ - E.



3.4 VHDLEE)R1EH]

3.4.1 LOOPEHiEH]

(1) BALOOPiEH]
[ LOOPFRS: ] LOOP

o7+ 5]

END LOOP [ LOOPHREE 1;

L2 : LOOP

a := atl;

EXIT LZ WHEN a >10 ; —— Ha kKT 10 BTBEH{EER
END LOOP LZ;




3.4 VHDLEE)R1EH]

3.4.1 LOOPEHiEH]

(2) FOR_LOOPiEH]

[LOOP $ES: | FOR {BEEEE IN {BEROE®EE Loop
I 45 5]

END LOOP [LOOP FRS1:

WHILE #k{% LOOP
I =5 5]

END LOOF;



3.4 VHDLEE)R1EH]

3.4.2 NEXTiEA]

NEXT; —— FE—FEE T T,

NEXT LOOF B2 - BT E)E

MNEXT LOOP FRS WHEN &{FFiET; —— BEoimEEER
[ {5 3-23]

Ll = FPOR cnt wvalue: IN 1 TO 8 LOOP

51 : alcnt value) := '0';

NEXT WHEN (b=c):
54 & afont value 4 8 J):="0%

END LOCF L1;



3.4 VHDLEE)R1EH]

3.4.2 NEXTiEH]

[ 5 3-24]
L x : FOR cnt value IN 1 TO 8§ LOOP
51 : af{cnt wvalue):= '0';
k = 0;
Ty = 1ooP
52 = by == )y
NEXT L x WHEN (e>f);
a3 ¥ bikEg) == FQ';
k = kt1;

NEXT LOOP L y;
NEXT LOOF L X;



3.4 VHDLEE)R1EH]

3.4.3 EXITiER] EXTT: L B—iiEA
EXIT LOOP FRE; - B IE R T
EXIT LOOP $FS WHEN &{t®:iA, —— E=IEEE
[ 5] 3-25]

SIGNAL a, b : STD_LGGIC_?ECTGR (1 DOWNTOC 0);
SIGNAL a_less_then_b : Boolean;

a less then b <= FALSE; —— R E .
FOR i IN 1 DOWNTC 0 LOOP
IF (a(i)='1l"'" AND b(i)='0") THEN

a less then b <= FALSE; -—a > b

EXTT;

ELSIF {Qii}='ﬂ' AND b(i}="'1"') THEN

a less then b <= TRUE; —a < b
EXIT;
ELSE NULL; —-NULLEYINAAR{(NZEA TELSEEAMKA, =F a5 EmE:
END 1IF;

END LOOE; —— %1 =101iE Bl LoopiE o) & &5 b s



3.4 VHDLEE)R1EH]

3.4.4 WAITIEH]

WAIT ON 553, -- B—EE)E T

WAIT UNTIL &{&#FiED, —— BT a) i

WAIT FOR BT{E|3EiE=, -- BZFEa)iE I, #ITEHEY
[ 5] 3-26]

SIGNAL s1,s52 : STD LOGIC;

PROCESS BEGIN

WAIT ON sl,s2;
END PROCESS?



3.4 VHDLEE)R1EH]

3.4.4 WAITiER]

[ 5] 3-27]

(a) WAIT UNTIL &#j (b) WAIT ON %4
LOOP+

Wait until enable ='"1"; Walt on enable;

EXIT WHEN enable ='1"';
END LOCP,

WAIT UNTIL {5S=value ; B

WAIT UNTIL {55'EVENT AND {ES5=value: e g

WAIT UNTIL NOT {§973TABLE AND {ES=value; ez (A0



3.4 VHDLEE)R1EH]

3.4.4 WAITIEH]

WAIT UNTIL clock =T717;

WAIT UNTIL rising edge (clock) ;

WAIT UNTIL NOT clock’ STABLE AND clock =717;
WATIT UNTIL clock ='1" AND clock’ EVENT;

[ 5 3-28]

PROCESS BEGIN
WAIT UNTIL clk ="Y1"; ave €= a;

WAIT UNTIL clk ='1"; ave <= ave + a;
WAIT UNTIL clk ='1"; ave <= ave + a;
WAIT UNTIL clk ="1"; ave <= (ave + a)/4;
END PROCESS;




3.4 VHDLEE)R1EH]

3.4.4 WAITiEA]

[ 3 3-29]
PROCESS BEGIN

rst loop : LOOP#
WAIT UNTIL clock ='1' AND clock’ EVENT; —— EiEATEE
NEXT rst loop WHEN (rst='1'}; -- WlE {55 st
x <= a; -- TEAMES, HITIHERRE
WAIT UNTIL clock ='1' AND clock’ EVENT; —— R ES
NEXT rst loop When {(rst='1"'}; -- il Eu{ES st
y <= b; -- TEAHMES, HITIHERE

END LOOP rst loop:
END PROCESS;



[#]3-30]

LIBERARY IEEE;

USE IEEE.3TD LOGIC 1164.2LL;

ENTITY shifter I3

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

shift left., shift right: IN 3TD LOGIC;
clks reset @ IN 3TD LOGIC;
mode : IN -TD LOGIC WVECTOR (1 DOWNTO 0O ;
gout : BUOFFER 3TD LOGIC VECTOR (7 DOWNTO 0) ) ;

END shifter;
ARCHITECTURE hehawe OF shifter IS
SIGNAL enable: STD LizIC;

BEGIN
PROCESS  BEGIN
WAIT UNTIL (RISING EDGE(clk) );  --FiFiT#LHiG
IF [reset = '1l') THEN gout <= "O00000000;
ELSE CASE mode IS
WHEN "01" => qout<=shift right & gout(7 DOWNTO 1);--H¥E
WHEN "10" => gout<=cgout(t DOWNTO () & shift left; - - %
WHEN "11" => gout <= data; -- Firing:
WHEN OTHERS => NULL;
END CASE;
END IF;

END PROCESS;

END hehave;



3.4 VHDLEE)R1EH]

3.4.4 WAITIEH]

PEOCESS BREGIN

CLE<=T0T7;
WAIT FOE 10 ns ;
CLE«<=T1T;

WAIT FORE 10 ns
END PROCESS:




3.4 VHDLEE)R1EH]

3.4.5 GENERICZ# & \iEH]

GENERIC ([ H#&E : #ifpEs [ . &F{H ]
[ GEYE - HEEA [ RFEH I L )




3.4 VHDLEE)R1EH]

3.4.6 REPORTi&E®=
7] REPORT <SEFRfE> ;

[ 5 3-311]

LIBRARY IEEE;
USE IEEE.std logic 1164.ALL;

ENTITY RSFF2 IS
PORT ( S, R :

END RSFFZ;
ARCHITECTURE BHV OF RSFFZ IS

IN std logic; Q, QF : OUT std logic );

BEGIN
P1l: PROCESS (S,R)

VARIABLE D : std logic;
BEGIN

IF (R='1" and S='1"') THEN
REPORT " BOTH R AND § IS '1'"; ——iBE =8

ELSIF (R='"1'" and S='0') THEN D := '0';
ELSIF (R="0" and 5='1"') THEN D '17; END IF;

2 <= D; QF <= NOT D;

END PROCESS;
END BHV;



3.4 VHDLEE)R1EH]

3.4.7 WiSiEH)

ASSERT<& % FiE I
REPORT<HfE{H.E>
SEVERITY<fH 1=k &>

%= 34 MEMBERFR

Note ( @?E ) ?Eitlj%ﬁ{% 2., aJ L:’Ll@ﬂéﬁ'&
Warning (2£45) RS S, LUETHRF
Error ({5i%) IRETEeiEs. HiEmE
Failure (M) MELEIEE, HiFwE




3.4 VHDLEE)R1EH]

1. IR 5 15 A

[ {7 3-321
Pl: PROCESS {5.R)
VAETABLE D Std_li:lgi':}
BEGIHN
ASS5EET not (E="l"and 5=T71"7)
EEPORT "both R and 5 equal to T 1 ™"
SEVEEITY Error:
IF R = "1" and 5 = 0" THEN D := '0F7;
ELSIF (R='0" and S='1"') THEW D := '1" ; END IF:
0 <=:Di OF ¥= NOT D
END PREOCESS:;




3.4 VHDLEE)R1EH]

B 4] [ 3-33]

LIBEAEY IEEE;

2. FATH

ifllg

USE IEEE.std logic 1164.ALL;
ENTITY RSFF-2 IS

PORT(S, R : IN std logic; @, QF OUT =std logic):

END RS3FFZ;

ARCHITECTURE BHY OF REFFZ IS
BREGIN
PROCESZ (R, 3) BEGIN

ASSERET not (E="lTand 5=T1")
EEPCET "both R and 5 equal to ™ 1 ™7
SJEVEEITY Error;

END PREOCESS;

PROCESS (R, 5]

VARIARBLE D : std logic := "07;
BEEGIN
IF (R='1% and s="0"') THEN D i="07;
ELSTE: [R=T0F gid g=*12)0PHEN:E ='1" END: IF:

Q <= D ; QF <= NOT D
END PROCESS;
END ;

.
,



3.4 VHDLEE)R1EH]

3.4.8 W OIME &1/ MG BB

”ﬂ 3-341] DIN 0101 100310000001 01100010 ) GO000000 x11111111 %
LIBRARY IEEE; EHTHF s k2 X 3 X 0 X 8 3
USE IEEE.STD LOGIC 1164.ALL;
use IEEE_3TD LOGIC UNSIGHNED ALL:
ENTITY CHTC T3
PORT (DIN : IN 8TD LOGIC VECTOR{7 downto ) ;
CHNTH : ©OUT STD LOGIC VECTOR (3 downto 0));
END CHTC;
ARCHITECTUEE BHY CF CHNTC I3
BEGTH
process (DIN)
VARTABLE ¢ : 5TD LOGIC WVECTOR {3 downto 0);
begin
o 1= "Oopoo";
FOR n in 0 to 7 LOOP --n & LOOP KIEHEE
IF (DIN{n)="1"} THEN ¢:=0+1; END IF;
END LOOF;
CNTH<=0;
end process;

END BHV;

i
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