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3.1 VHDLZ(#ERA

3.1.1 BITHBIT VECTORZH!

TYPE BIT IS{'0",'1%);
TYPE BIT VECTOR IS ARRAY (NATURAL RANGE<>) OF BIT; —-BTIEMREHIZEHHLT

s IeNAL X, ¥ ¢ BIT;
SIGNAL A, B : STD LOGIC VECTOR (3 DOWNTO O}

¥ <= 1" ; —— M eIT ERMESBWE"L"
A<= "1101" ; —-MEE, AG). A2)- A AOVFEIZET 1. 1. 0.1
B({2 DOWNTO 1)<= R{3 DOWNTO 2); --W{ESF, BQ2)=A(3), B(l)=A(Q)

B(Z DOWNTO 0)<= X & ¥ & "1'; —-W{EF, BQ2)=x. B(l)=v, B(0)="1"



3.1 VHDL##ERAY

3.1.2 STD_LOGICHISTD LOGIC_VECTORZ#!

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

r

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

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

B <= "01100010" ; —— ®[L e W{E s fu —iHEF 01100010
E {4 DOWNTG 13 <= "1101" ; -- WESE. EFEIea)h 1
B (7 DOWNTO 4) <= A ; — EF e T a2y, B ET n1)



3.1 VHDLZ(#ERA

3.1.3 EBHRAINTEGER

SIGHNAL ¢ :@ INTEGER RANGE 15 DOWNTO O;

1 + I EE A

35 + i EE R

10E3 TR, ST SR 1000
16#Do# TR, ST v#EE E pon
8#720% MERIEER, SFT/AHTIE 7200

2H#11010010# iHEIES, ST THEE 110100108

¢ : BUFFER NATURAL RANGE 15 DOWNTO O;



3.1 VHDLZ(#ERA

3.1.4 Fi/REFEEXEIBOOLEAN

TYPE BOOLEAN IS (FALSE. TRUE]);

3.1.5 SIGNEDMUNSIGNEDZ#!

LIBREARY IEEE ;
UskE IEEE.STD LOIGE ARITH.ALL ;

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



3.1 VHDLEERA

UNSIGNEDT ("1000™)

VARIABLE war : UNSIGNED (O TO 10);
SIGHNAL sig : UNSIGNED{S DOWNTO 0);

SIGNED" ("0101™y {83 45, 5
SIGNEDT ("1011"yf£3F% -5

VARTABLE war : SIGNED{O TO 10} ;



3.1 VHDLE#E,

[ 3-1]

PORT ({C,D
oL B
RCD
RAE
RM1
RMZ2

BEGIN
Rl <=

LIBRARY IEEE
USE IEEE.STD LOGIC 1164.ALL ;
UskE IEEE.STD LOGIC ARITH.ALL ;
ENTITY COME I

R1,R2

IN UNSIGNED(3 DOWNTO 0 ;

IN

QOUT
OUT
QUT
QUT

SIGNED (3 DOWNTO O ;
UNSIGNED (3 DOWNTO O);

SIGHED (2 DOWNTO 0} ;

UNSIGNED {7 DOWNTO 0);

SIGNED (7 DOWNTO O ;

OUT BOOLEAN ) ;
END ENTITY COME;
ARCHITECTURE ONE OF COME I3

(C>D) ¢

RZ<={A>B] ;

RCD <= C+D; RAE <= A+E;
EM]1 <= C*D; RMZ <= A*B;
END ARCHITECTURE ONE;
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3.1 VHDLEERA

3.1.6 HAth¥ie XRE

1 FRRE
1.0 TR S
0.0 TR R
- y  ©5971.333333 TR A
2 SHRE 65 971.333 3333 5 _E—IT<FT
8#43. 6fe+4 SR R
43.6E—4 TR HIE S

3. FRFERRM

VARIABLE string var : STRING (1 TC 7 };

string var = "a b c d" ;



3.1 VHDLZ(#ERA

4. If[a) %Y

TYPE time IS RANGE —2147453647 TO 21474833647

units

£ —— K#), vHDL FREIE DT R
ps = 1000 fs ; -— R

ns = 1000 ps ; —— #fEb

us = 1000 ns ; —— b

ms = 1000 us ; -- 2

sec = 1000 ms ; —— i

min = &0 sec ; —— o

hr = &0 min ; —— B

end units ;



3.1 VHDLZ(#ERA

5. XXHRA

FEROCEDUEER
FROCEDUEER
FROCEDUER

FROCEDUER
FROCEDUER

FROCEDUER
FROCEDUER

FEOCEDUEER

Eeadline (F: IN TEXT; L: OUT LINE):;
Writeline (F: OQUT TEXT; L: IN LINE);
Eead | L: INOUT LINE; Valus: OUT Std_logic;
Food: OUT BOOLEAN) ;
Eead (L: INOUT LINE; Value: OUT Std_logic};
Eead (L: INOUT LINE; Value: OUT Std_logic_ Vedltor;
Food: OUT BOOLEAN) ;
Eead (L: INOUT LINE; Value: OUT Std_logic_ vector;
Write (L: INCOUT LINE; Value: IN std logic;
Justiaied: IN ZIDE :=Right;field; IN WIDTH
Write (L: INOUT LINE; Value: IN std logic vector,

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



3.1 VHDLZ(#ERA

3.1.7 BRI R
Rl A REIR SR

g EEY aem e RIRL{ETEE
bit; at_ vector ",
std logic, std logic vector <7, 07, 1, 2T
boolean true, false
natural 0-~2 147 483 647
mte ger -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 M ZEE RAAEEXHHETITE
#eHZER Carray) Alema iR S
F2ER Csubtype HiEELRFE




3.1 VHDLZ(#ERA

3.1.7 F¥ERBEE R
% 3-2 |EEE [FE2BitiamEEk

Eiboa LT BE
FR7EFEFF&: STD_LOGIC 1164
to_stdlogicvector{ A) B bit vector ZEFIFR A std logic vector
to_bitvector(A) H std logic vector FFHA bit vector
to_stdlogic (A) H bit 3232 AY std logic
to_bit(A) B std logic ZERIFE AL bit 255

FR7EFEFFH: STD LOGIC ARITH

conv_std logic vector(A, f71%) | 45F integer FHAY std logic vector 228, A FEE

conv_mte ger( A) 5 std logic vector ¥ AE mteger
conv_unsigned(A, {i74%) 4 unsigned, signed, mteger ZERFEH IS T ICH vnsigned 253
conv_signed(A, i) 4 unsigned, signed, nteger ZERVEHATETE Y signed ZEHY

FR7EFEFH: STD LOGIC UNSIGNED

conv_imte ger( A) H std logic_vector 35 AY mteger




3.1 VHDLZ(#ERA

3.1.7 BIERAFEI PRI

[ 3-2]
LIBRARY IEEE;
USE IEEE. std logic 1164.ALL; -—AERAFEEE to_stdlogicvector( A) R thiZFF &,
ENTITY exg 1=

PORT {(a,b : in bilt vector({3 downto 0}; ——FEEN a. b BIErEER

o - out Std_logic_yectar{B downto 0} ;

end ;
architecture rtl of exg 1s
begin

<= to_ stdlogicvector{a and b} r—— iR E IR R AT IR B R E R

end;




3.1 VHDLZ(#ERA

conv_std logic vector Fl conv_integer.

[#3-31]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 .ALL;
USE IEEE.STD LOGIC ARITH.ALL; --EEEPIFRH-EBRAMELTHEFE
ENTITY axamp IS
FORT({a,b,c : IN integer range 0 to 15 ;

d > OUT std logic vector (3 downto 0) };
END;
ARCHITECTURE bhv OF axamp IS
BEGIHN

q <= cmnv_atd_logic_vectmr{a,4} when cmnv_integer{c}=8
else conv_std logilc vector(b,4) ;
END;



3.2 VHDLE & FH B 7 E ]

3.2.1 R{EER]

{ﬁ STRAETE A J L@Eﬁﬂ'f&ﬁ%’lﬂ J




3.2 VHDLE & FH B 7 E ]

3.2.2 CASEi&EAH]

CASE <FIEI> I
When <IZFEEIIFIEE> => <BFEa>; ... ; <fiFE4a> ;
When <IZFEEIEIRIER> =» <BFEF>; ... ; <IfFEG> ;

WHEN OTHERS => <IfiFEa>;
END CRSE ;

[4)3-4] IEFEE [ IRFE ]

sel : IN INTEGER RANGE 0 ToO 15 ;

CASE sel IS

WHEM O => z1 <= "010" ; —— g =zel=0 BNEF, FHHITH z1 BRIMRE
WHEN 113 => z2 <= "110" ; -- Hsel A 133 FHEH

WHEN 4 To 7|2 => z3 <="011"; —— Y sel A 2. 4. 5. 6= 7 BIEH
WHEN OTHERS =»> zd<= "111" ; —— Hael H a—~15 FE—{HRIEF

END CASE ;



3.2 VHDLE & FH B 7 E ]

3.2.2 CASEi&EAH]
[ 3-5]

SIGHNAL wvalue @ INTEGER RANGE 0O TO 15;
SIGNAL outl : 5TD LOGIC ;

CASE wvalue IS

WHEN 0 =>»> outl<= T1" ; —— wvaluez—~15 FI{EFBIEHE,
WHEN 1 => outl<= "0" : —— [g3EI0T WHEN OTHERS 1B4T]
END CASE

CASE wvalue I3
WHEN 0 TO 10 => outl<= '1'; —— EFREF s~10 FIEEES
WHEN 5 TO 15 => cutl<= '0';

END CASE;



3.2 VHDLE & FH B 7 E ]

3.2.3 PROCESSiEf])

[IHFEFRS: ] PROCE=SS [ ( BIEESESHFT v 1 [13]
[ HFE N A BE 4 ]
REGIN

M e i v ]

END PROCESS [IHEFES];

3.2.4 FEBRER &

SIGNAL a : STD LOGIC VECTOR (3 DOWNTO 0) ;--EHEX a’h 4 TRITERE
SIGNAL d : STD LOGIC VECTOR (1 DOWNTC () ;--iEX dA 2z TEREWERE

a <= "1'& 0" & d (1) & "1 ; -mESHERE, FESREHERKES a

I-F”(a & d = "101011") THEN ... -- TEIFSHEaFA LI #EEFER



3.2 VHDLE & FH B 7 E ]

3.2.5 IFiEH)
IF  44A Then —-ZE#E2EH
IF 4#4al Then ——ZER 1B T] I P a]
I s E) ELSE
END IF ; I 518 =]
END IF ;
IF %8 Then —-2E8 1846
IF %#4a Then —— 27 3 1B 4] I FFEa]
IF %-a] Then ELSIF 4148l Then
it Fr-1& &)
END IF
END IF ELSE
it Fr-1&-a]
END IF




3.3 IFEA)f

L
&l

AR
i)

3.3.1 Dk 2SHIVHDLFE

END ;

ARCHITECTURE bhv OF DFF1 IS
SIGNAL @l : BTD LOGICT ;
BEGIN

FROCESZSS {(CLE, 0l) BEGIHN
IF CLE'EVENT AND CLE=T1T
END PROCESS ;
Q <=l ;
END bhvw;

[#]3-6]
LTIBRARY TIEEE ; PRE
p————o0 of—=——-T >0
USE IEEE.STD LOGIC 1164.ALL ; LK
ENTITY DFF1 IS ENA
CLR
FORT (CLE,D : IN STD_LQGIC ;
Q : OUT STD LOGIC }; B 3-2 DfdmestEE

cax | ML T LT LT LTIL
IR I S R

Bl 3-3 D flim2en FiER

THEN ©l<=D ; END IF;



3.3 |FER] ¥~

1. EAERNRE G S B R BEVENT

<{Z5&>"EVENT

2. AR E R P B
[ 3-7]

ENTITY COME BAD I5
PORT{ a» b : IN BIT; gq = QUT BIT Jh

END ;
ARCHITECTURE one OF COME BAD IS
BEEGIN
CMP: PROCESS (a,b) BEGIN -— CMP HRIHERIR S REN, T e55E

IF a>b THEN g<="1" ;
ELSIF a<b THEN qg<='0' ; END IF;-- BEFREED a=b B, g fEMEE
END PROCESS ;
END ;



3.3 |FER] ¥~

1. EAERNRE G S B R BEVENT

<{Z5&>"EVENT

2. AR E R P B

Cve-0 comb~-1
=14 —9 )
[ 15” 3'?] e —'—']E_E\ combe0
T —-
1 D~

ENTITY CoMP BAD Is
BORT({ a» b : IN BIT; g = oUT BIT

END ;

ARCHITECTURE one OF COMP BAD IS & 3.4 3.7 54 B RTL HEE
BEGIN

CME: PROCESS (a,b) BEGIN —-— CMP = SBIHERIRS L, Te55e

IF a>b THEN qg<='1" ;
ELSIF a<b THEN q<='0" ; END IF;-- FEFREED a=b B, g {EME{E
END PROCESS ;
END ;

qeldtch

1]
n—| BMA

]




3.3 |FER] ¥~

ChME~)
; comb—=1
=] —T -
CME~1 T0
—'—']'_“‘x cambe0
o
] bmﬂ—'—'—f >0
B 34 1l 3.7 255 58 RTL HESE
[ %) 3-8]
IF a>*b THEN og<="1" ; ELSE gqo=T0" ; EMND IF;

CMP-~0
> —
a_>—— a

B 3-5 ] 3-8 B RTL HEEEH




3.3 |FER] ¥~

3.3.2 FRIPEAAEBIMERE KDt X 2% VHDLI# IR

] S e R

CLK[o———>
EN—_»———Ema

CLR

HETI'I)—*—*—I
3.6 §HEEME R D Al m:s




3.3 IFiEA)Mf

L-D

ZN 1l

[ 3-9]

LIBRARY IEREE

USE IEEE.STD LOGIC 1164.ALL ;
ENTITY DFFZ IS

PORT (CLK,RST,EN,D : IN STD LOGIC; ¢Q

END ;
ARCHITECTURE bhv OF DFFZ I3
SIGNAL 1 - sTD LOGIC ;¢
BEGTIHN
PROCESS (CLK, ¢l,RST,EN) BEGIN
IF R3T="1" THEN Ql<=707;
ELSIF CLETEVENT AND CLE=TL1T
IF EN='1'" THEN Ql<=D; END
END TIF;
END PROCESS
Q <=9l ;
END bhwv;

r

THEN
IF;

OUT STD LOGIC ) ;

= S I I S I A B S A A N
[

ER | | L
RET

) T I

= 3-7 ¥ 3-0 BT R E
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3.3 IFEA)f

3.3.3 EABHFHNVHDLEER
[ 3-10]

LIBRARY TIEEE ;
USE IEEE.STD LoOGIC 11e4.ALL ;
ENTITY LTCHZ IS
FORT (CLK,D : IN 3TD LOGIC; @ : OUT 3TD LoOGIC);

END ;

ARCHITECTURE bhwv OF LTCHZ I3
BEEGIN
PROCESE (CLK, D) BEGIHN

IF CLE='1" THEN ¢ <= D; END IF;
END PROCEZSS ;
END bhwv;



3.3 |FER] ¥~

3.3.3 EABHFHNVHDLEER

CLK I
O

[ —
I g
Do o> L = ,;ul_l_'_
e | W mi—

E 3-8 EaRmifrasiRt. PElHEE M LR TS iR E

[ 4] 3-11]
FEROCESS (CLEK) BEGIN

IF CLE=T1" THEN ¢ <= D; END IF;
END PROCESZS




3.3 IFEA)f

ZN 1l

L-D

3.3.4 SO HIFBIF A FIVHDLI# IR
[45] 3-12]

LIBERFARY IEEE 7
USE IEEE.STD LOGIC 1164.ALL ;
ENTITY LTCH3 I8

PORT (CLK,D,R3T : IN 5TD LOGIC;

@ - OUT 5TD LOGIC )7
END ;

ARCHITECTURE bhv ©F LTCH3 IS
BEEGIN

PROCESS (CLK,D,R3T) BEGIN
IF R3T="1" THEN Q<=T0T;
ELSTF CLK = "1' THEMN ¢ <= D;
END IF;
END PROCESS
END bhwv;

f

FRE
D> D o >0

CLK»———Fw
CLR

HEﬂ::}—+—F——J

E 3-0 &R58E 0 BIEiTEes
ax | 1 — L

BST I ! I
D ‘ | [ 1 I R
Q M T

B 3-10 $ifFsmh B




3.3 |FER] ¥~

3.3.5 VHDLSZILH P BRI A R RGBT =

[ 3-131]
IF (CLK'EVENT AND CLK='1"') AND (CLK'LAST VALUE='0")
THEN ¢ <= D : ——TH{R CLK BIE A — iR b o R
END IF;
[ 4] 3-14]
IF CLK='1' AND CLK'LAST VALUE ='0' THEN ¢ <= D; END IF;
[ 3-151]
IF rising edge(CLK) —- EEFEAEIAIITH sTD LocIc 1164 EFE

THEN ¢l <= D ;
END IF;



3.3 |FER] ¥~

3.3.5 VHDLSZILH P BRI A R RGBT =

[ 3-16]
WEEG: PROCESS BEGIN
walt until CLEK = "1° : —FNFH wait BH
@ <= D ¢

END FROCEES;

51 : BLOCK (CLETEVENT AND clk=T1T) begin
J<=GUARDED d; END BLOCK G1;




3.3 |FER] ¥~

3.3.6 MM SO R

[#)3-17]

ENTITY CHNT4 IS
PORT ( CLK : IN BIT; ¢ : BUFFER INTEGER RANGE 15 DOWNTO 0J ;
END ;

ARCHITECTURE bhv OF CNT4 IS
BEGIN
PROCESS (CLK) BEGIN

IF CLE'EVENT AND CLK = "1" THEN (<=0+1 ; END IF;

END PROCESS ;
END bhv;



ZN 1l

L-D

3.3 IFEA)f

3.3.7 vrEAE F A VHDLEKRIE 7 3
[ 3-18]

LIEBERARY IEEE ;
U3E IEEE.STD LOGIC 1led.ALL ;
Usk IEEE.STD LOGIC UNSIGHNED.ALL 7
ENTITY CNT4 IS
PORT (CLK : IN 5TD LOGIC; ¢ @ OUT STD LOGIC VECTOR{Z DOWNTC 0));
END 7
ARCHITECTURE bhv OF CHNT4 I3
SIGNAL 1 @ 5TD LOGIC VECTOR (2 DOWNTO O);

BEGIN
PROCESS{CLK} BEGIN
IF CLK'EVENT AND CLK = "1" THEN @l<=0Ql+1; END IF;
END PROCESS ;
Q <= ol ;

END bhwv;



3.3 |FER] ¥~

3.3.7 THEAFEE A VHDLRIA

[
(4], T ppzo) op3:0)

[1:4]

un2 ql[1:4] Q[3:0]

B 3-11 4 friniEst3rss RTL HEE

Name:  Valy 500.0ns 1 0us 1 5us 2 0ps 2 5|18 3 0ps 3 5us
s o U U U U U0 T U]
g0 |Ho [0 X2 ) e s e 7 e e ya s Xc Yo XEXF X0 O G
-“»03 | 0 | L
@0 |0 ] | | _
wo (o T | 1 T 1 1 T
o0 (0o || | [ || 4 4 4 L4 J LJ L

3.2 A RN S TR



[ 3-10] 3.3.8 SZLHTHHES I VHDL X

LIBERARY IEEE;

UZE IEEE.S3TD LOGIC 1164.ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY CNT10 I3

PORT (CLE,R3T,EN,LOAD : IN 3TD LOGIC;

DATA : IN STD LOGIC VECTOR(3 DOWNTO 0); --4{ufiEHr
DOUT : OUT STD LOGIC VECTOR (3 DOWNTO 0); --1HEEHLH
COUT : OQUT STD LOGIC) ; —— L

END CHNT10;

ARCHITECTURE bhehswv OF CNT1O IS
BEGIN

PROCESS (CLE, R3T, EN, LOAD)
VARIAELE ¢ : 3TD LOGIC VECTOR (3 DOWNTO O);

BEGIN
IF RST='0' THEN Q := (OTHERS=>'0'); --B{u{fFat, ErdFeaa 0
ELSIF CLE'EVENT AND CLE='1l' THEN  --iSET$d R
IF EN='1' THEN - -t e S R, P
IF (LOAD='0') THEN ¢ := DATA; ELSE --FIBEEFHIESRFE. miFmns
IF Q<9 THEN 9 = 0 + 1; --1HE T o, #EEEN
ELSE © := [OTHERS=>'0''; END IF; --&WHEGE O
END IF;
END IF;
END IF;
IF Q="1001" THEN COUT-=='1l'; EL3E COUT<='0'; END IF;
DOUT <= Q; —— 1 e 0 1B i

END PROCESS;
END hehavw;



3.3 |FER] ¥~

3.3.8 LAV VHDL it

CLK

N

RST LI

LOAD L U U L_J

DATA :{ 5 Y d ¥ 0 -
DovT
CoUT L |1 1




ZN 1l

L-D

3.3 IFEA)f

3.3.8 SEHTHEAMIVHDL X T
[7] 3-20]

SIGNAL ¢ : STD LOGIC WECTOR({Z DOWNTO O) ;

REG: PROCESS (CLE, RS5T, EN,Q,LOAD) BEGIN
IF E53T="0" THEN ¢ <= (OTHERS=>'07) ;
ELS3IF CLE'EVENT AND CLE=T1" THEN
IF EN=T1" THEHN

IF (LOAD='0") THEN Q<=DATR; ELSE
IF <9 THEN Q<=0+1; ELSE Q<= {0THERS=>'0"); END IF;
END IF;
END IF;
END IF;
END PROCESS;
DOUT <= O;

COM: PROCESS(Q) BEGTIN
IF ©="1001" THEN COUT<=T1T"; EL3IE CoUT<="07; END IF;
END PEQCESS;



3.3 |FER] ¥~

3.3.9 & RSB REINS A A 5722 B it
[15] 3-21]

LIBEAEY IEEE;

USE IEEE.STD LOGIC 1164.ALL;

ENTITY SHET IS

PORT (CLE, LOAD : IN S5TD LOGIC; oB : OUT STD LOGIC

DIN : IN 3TD LOGIC WECTOR (7T DOWHNTO 0);
DOUT @ OUT 3TD LOGIC WVECTOR (7 DOWNTO Oy ) ;

END SHE'T;

ARCHITECTURE behav OF SHET I3

SIGNAL REGE : 8TD LOGIC VECTOR (T DOWNTD O ;

EEGIN
PRCCESS (CLK, LOARD) EEGIN
IF CLK'EVENT AND CLK = '1' THEN
IF LOAD = '1'" THEN REGH <= DIN;--8 (LOARD=T1') F&#HHiE
ELSE REGH(6 DOWNTO 0) <= REGE (7 DOWNTO 1); END IF;
END IF;
END PROCESS;
OB <= REGEH(0); DOUT<=REGH;

END behavwv;



3.3 |FER] ¥~

3.3.9 B IHAT B DRSO (LA A B

CLE I | | | J I I | | | J I I I | | | I [ | [
OIH |:: 10011011 }{ 11100010

LOAD M M M

QB [ | | | | I

DOUT 00000000 $ 10011011 £11001101 ¥ 11100110 § 11110011 11111000 F 11111100 ¥ 11111110 ¥ 11111111 ¥ 11100010 §

REGE F 0000000 10011011 11001101 11100110 311110011 11111001 % 11111100 ¥ 11111110 11111111 ¥ 11100010 %

B 3-14 #]3-21 BT 1EITFE




3.3 IFEA)f

L
&l
AR

[ 3-221]

3.3.10 fistgmtdasicit

LIBEAEY IEEE;

U3E IEEE.STD LOGIC 1164.ALL;

ENTITY coder I3

PORT | din
output
END coder;
ARCHITECTURE behawv OF coder
BEGIN
PROCESZ {din} BEGIN
IF (din{7)="0") THEN
ELSIF {din{a)="0") THEN
EL3IF {(din({5)='0"}) THEN
ELSIF {(din{d)="0") THEN
ELSIF {din{3)="0") THEN
ELSIF {(din{(2)="0"}) THEN
EL3IF {din{l)="0") THEN
ELSE

END PROCESS

EMND behavw:

I5

output <=

output
cutput
output
output
coutput
cutput
output

-:;::

"000"
100"
010"
110"
001"
"101"
011"
111"

IN 3TD LOGIC VECTOR(O TS 7);
OUT 3TD LOGIC VECTOR(O TO Z)

,

END

IF



ZN 1l

L-D

3.3 IFEA)f

3.3.10 fistgmtdasicit

33 843 B RBEEEE

WA T
din®  dinl  dinZ  din3 dind  dind  ding  din7 outputl  outputl outputZ
% x x % % % % O 0 0 0
b b A b A A A X 0 1 1 0 0
% X X X X O 1 1 o 1 0
% X X X o 1 1 1 1 1 0
z X X 1 1 1 1 0 0 1
X X 0 1 1 1 1 1 1 0 1
X 0 1 1 1 1 1 1 0 1 1
] 1 1 1 1 1 1 1 1 1 1

Fe RPE "R AR, EFEVHDLEBR "—" H. 755 #EHEBFHER



3.4 VHDLE BN FiEh]

3.4.1 LOOPHEIRIES]

(1) BALOOPIEH] -5
[ LOCPFRES: ] LOOP

TR 5 )

END LOOF [ LOOP RS ]:

LZ : LOOE

a = at+l;

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




3.4 VHDLEEMFiEna]

3.4.1 LOOPHEIRIES]

(2) FOR_LOOPiE#]

[LOCE 75 : ] FOR {HETEE IN {EHEEHTE Loor
I 5+ 5 5]

END LOOF [LOCEFRS];

WHILE % LOoOP

A 4+ 5]

END LOQE;



3.4 VHDLE BN FiEh]

3.4.2 NEXTiEf)

NEXT; -- B—fEE)E
MNEXT LOOE F53; - B fE e A,
- B G A A

NEXT LOOF RS WHEN &{FiER,

[ 7] 3-23]

FOR cnt_value TN 1 T B LioOP

L1l :
51 : afcnt value} := '07;
NEXT WHEMN (b=c) ;

. — 'I'I:IT:_

sz @ oaicnt value + 8 )

END LOOP L1;




3.4 VHDLE BN FiEh]

3.4.2 NEXTiEf)
[ 7] 3-24]

L ¥ : FOR cnt value IN 1 TO 8 LOCE
51 : afcnt value):= "07;
k = 0;
L v 1 LOOP
s2 1 bik) = "07;
NEXT L ® WHEN fex1f);
53 1 bik+8) = "07;
k= k+1;
NEXT LOOFP L ¥ ;
NEXT LOOFP L X ;
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3.4.3 EXITiEH] EXIT; -- BIE R
EXIT LOOP FRE; - B IE TR T
EXIT LOOP FES WHEN Z{tF:iA, —— E=FF R

[ 7] 3-25]
STGHNAL a, b STD_LDGIC_UECTDR (1 DOWNTS O ;
S TIGNAL a_less_then_b : Boolean;

a less then b <= FALSE ; —— wHE{E
FOR 1 IN 1 DOWNTO 0 LOOP
IF {(a{i)="1" AND bi{iy=T0") THEN

a less then b <= FALZE ; -—a > b

BEXIT ;

EL3IF {(a{i)='0" AND b{i)="1") THEHN

a less then b <= TRUE ; -—a < b
EXIT;
ELSE  NULL; --NULL RIIAf{EAT ELSEEEKAH, BEAIFEEINEE
END TIF:

END LOOP; —— & i=1 BB [E LooP B E) g 8 b i
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3.4.4 WAITER)

WAIT ON 55, -- B—fEE)E T

WAIT UNTIL & {FiE, —— B a2

WAIT FOR Bf{E)3EE=; -— BZFEa)iE I, BITEHEY
[ 7] 3-26]

SIGNAL =s1,52 @ 3TD LOGIC;

PEOCESS BEGIN

WaTT oN sl1,32 ;
END PROCESS ;
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3.4.4 WAITER)

[{7] 3-27]
(a) WAIT UNTIL &4 (b) WAIT ON&#
LOOE
Walit until enable =717; WMait on enable;
EXIT WHEM enable =717;
END LOOE;
WAIT UNTIL {5S5=value ; —— (17
WAIT UNTIL {55S'EVENT AZND {FS=value; —— (27

WAIT UNTIL NOT {§9°3TABLE AND {55 =value; —— (27
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3.4.4 WAITEA]
WAIT UNTIL clock =717;

WAIT UNTIL rising edge (clock);
WAIT UNTIL NOT clock® 3TABLE AND clock ='17;
WAIT UNTIL clock ='1" AND clock’ EVENT;

[ {7 3-28]
PREOCES S BE=IMN
WAIT UNTIL clk =T1T7; ave <= a;
WAIT UNTIL clk =T17; ave <= ave + a;
WAIT UNTIL clk ='1T7; ave <= ave + a;
WAIT UNTIL clk ="17; ave <= {ave + a}/4 ;
END PROCESS ;
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3.4.4 WAITER)

[ ) 3-29]
PROCESS  BEGIN
rst loop @ LOOP
WaIT UNTIL clock ='1" AND clock’EVENT; -- Z{FITiES
NEXT rst loop WHEN (rst="1"); -- WIS AES st
X <= a ; -- EEARES, HATHEESE
WAIT UNTIL clock ='1' AND clock’EVENT; -- Z{FITeES
NEXT rst loop When (rst="17); - FMEMNES rst
v <= b ; -- REMFES, AT ERE

END LOOP rst loop
END PROCESS;



[#]3-30]

LIEFARY IEEE;

TS E IEEE.STD_LDGIC_1154.ALL;

ENTITY =shifter I3

FORT [ data : IN STDh LOGIC WECTOR (7 DOWNTO 0O);

shift left, shift right: IN STD LOGIC;
clks reset : IN 3TD LOGIC;
mode : IN STDh LoGIC VECTOR (1 DOWNTO 0O);
gqout : BUFFER STD LOGIC VECTOR (7 DOWNTO O) );

END zhifter;

ARCHITECTURE behave OF shifter IS

SIGNAL enable: STDh LoOGIC;

BEGIN

PROCESS  EBEGIN

WAIT UNTIL (RISING EDGE(clk) );  --SFiFlffLtHin
IF (reset = '1']) THEN gqoukt <= "oooooooor;

ELSE CASE mode IS
WHEN "0O1"™ =» gout<=shift right & gout{7 DOWNTO 1) ;--H5fF
WHEN "10" => gout<=gout(f DOWNTO 0) & shift left; --ZfF

WHEN "11" => gout <= data; -— FFrTinEL
WHEN OTHER3 => NULL;
END CA3E;

END IF;

END PEOCESS;
END hehavwe;
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3.4.4 WAITER)

PEOCESS BREGIN

CLE<="0"7;
WATT FOR 10 ns ;
CLE«<=T1";

WAIT FOR 10 ns ;
END PROCESS;
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3.4.5 GENERICZ¥#i % XiEH]

GENERIC ([ ##¥r& : #iEL8 [ . &FH ]
[sEE - MiELEA L 8FHE ] Y ) ;
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3.4.6 REPORTiER
A REEPORT <FERFE> |

[ {7 3-31]
LIBRAREY TEEE:
USE IEEE.std logic 1164.ALL;
ENTITY RSFFZ IS
FORT ( 3, R : IN std logic; ¢, QF : OUT std logic );
END REFFZ;
ARCHITECTUREE BHWV OF RSFFZ IS
BEGIN
Pl: PROCESE (5,E)
VARTABLE D Std_ngiC;

EEGIN
IF (R="1" and 5="1") THEN
REPORT "™ BOTH R AND § IS '"1'"; --iREH@EERE
ELSIF (R="1" and S='0"') THEN D := '07;
ELSIF (R="0" and %="1") THEN D := "1" ; END IF;

¢ <= D; QF <= NOT D;
END PROCESS;
END EHV;
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ST
3.4.7 WigiEH ASSERT<H{SFEER>

REPORT< H s 5 B>
SEVERITY<fH1mh Al |

7 34 TUENEIEFR

Note (E#) BEHHES, AUNBITRE
Warning (E45) REHHES, ANETRE
Frror (§12) REHEES, BEEE
Failure (5H0) RELEES, BEEE
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[ 7] 3-32]
Fl: PREOCEZS (5, R)
WVARTABLE D Std_logiC;
BEG=IN
ASSEET not (E=Tl1"and 5=T71"7)
EEPORT "both R and 3 equal to T 1 77
SEVEREITY Error;
IF E = "1" and 3 = 0" THEN D := T0T";
ELSIF (R='0" and S5='1") THEN D := '1" ; END TIF;
O <= D; QF <= NOT D;
END PROCESS;
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2. 3T e 1P 259]

LIBREAEY IEEE;

USE IEEE.std logic 1164.ALL;
ENTITY ESFF: IS

PORT{53, R : IN std logic; o, OF OUT std logic):

END RSFFZ;

ARCHITECTURE BHY OF RESFFZ IS
BEGTIN
PROCESS (R, 3) BEGIN

AS553EET not (E="1"and 5="1")
EEPORT "both R and 3 equal to ™ 1 TF
SEVEREITY Error;

END PROCESS;

FPROCESS (R, 3]

VARIABLE D : std logic := '07;
BEGIN
IF (R="1" and 3='0") THEN D :='0"7;
ELSIF (R="0" and 5="1') THEN D :='1"; END IF;

w <= D ; QF <= NOT D
END PEOCESZS;
END ;

r
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3.4.8 3 PSR & LM BB B

| 3-
[1)3-34] pIr  fi0101100§10000001)01100010 Y 0000000 Y1111}
USE IEEE.STD LOGIC 1164.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL; B 3-15 #1334 B E B

ENTITY CHNTC I3
PORT (DIN : IN STD LOGIC VECTOR(T downto 07 ;
CNTH : OUT 8TD LOGIC VECTOR (3 downto 0));
END CHTC;
ARCHITECTUEE BHY OF CHNTC I3
BEGIN
process (DIN)
VARIABLE @ : STD LOGIC VECTOR (3 downto 0O);
begin
o = "Qooor;
FOR n in 0 to 7 LOOF --n & LOOE F{EHNEE
IF (DIMNin,="1") THEN ©Q:=0+1; END TIF;
END LooFE:
CHNTH<=0Q;
end process;

END EBHV:
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