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3.1 BImXNH

3.1.1 H#

CONSTANT ‘H#i4: A = ALK ;

CONSTANT FBT :STD LOGIC VECTOR :='"010110";
-- PRUERT SRR ARY
CONSTANT DATAIN : INTEGER := 15 ; - FHR A



3.1 BImXNH

3.1.2 &
VARIABLE ZEX - HIERA -= ¥HHE ;

VARIABLE a : INTEGER RANGE O TO 15 ;
- ABras R, IR

VARIABLE d : STD LOGIC = ‘1" ;
—AEras SRR SRR, WA R

o

075




3.1 BImXNH

3.1.2 &
HizZ g% = Rk ;

VARIABLE X, y:INTEGER RANGE 15 DOWNTO 0 ;--43 5 x€ X
A B Xy Ay HE AR AY
VARIABLE a, b:STD LOGIC VECTOR(7 DOWNTO 0) ;
X:=11;
y:=2+X; - BEREARE, y R E
a:=b --b [ alR A

a(0TO5):=b(2TO7);



3.1 BImXNH

3.1.3 §% SIGNAL g 5% : 3R = ¥ItH1dE
Hing 54 <= £E:, AFTER KA &;

PROCESS (a, b, c)
BEGIN
y<=a+b;
Zz <=cCc - a ;
y <= b ;
END PROCESS ;



3.1 BImXNH

3.1.4 #HEPHIE SE 5 R ERE

#3-1 5 5 5 ERMETEREEH) LR

{55 SIGNAL AAEVARIABLE
FEA HF1E N B MG 5iEL S R (W pei el sl o B L Y e A
&5 TEFEA g W) AR P H AT Ar] b 5 0 BE 3 HBEAE BT & R 3ERE R F

oAk FERERR M B 4 s 5 IRE SR AE



3.1 BImXNH

3.1.4 #HEPHIE SE 5 R ERE

[%13-1]
ARCHITECTURE bhv OF DFF3 IS
BEGIN
PROCESS (CLK)
VARIABLE QQ : STD LOGIC ;
BEGIN
IF CLK"EVENT AND CLK = "1° THEN QQ := D1 ;
END IF;
END PROCESS :
Q1 <= QQ;
END :




3.1 BImXNH

3.1.4 ##%

[#1]3-2]

u

i IEREInY

528 &R

ARCHITECTURE bhv OF DFF3 1S
SIGNAL QQ : STD_LOGIC ;

BEGIN

PROCESS (CLK)

BEGIN

IF CLK"EVENT AND CLK = "1°

END 1IF;
END PROCESS ;

END ;

Q1 <= QQ;

QQ <= D1 ;



3.1.4 #HEPHIE SE 5 R ERE

[%]3-3]
LIBRARY I1EEE ;
USE IEEE.STD LOGIC 1164 _ALL ;
ENTITY DFF3 IS
PORT ( CLK,D1 :- IN STD LOGIC ;
Q1L :- OUT STD _LOGIC ) ;
END ;
ARCHITECTURE bhv OF DFF3 1S
SIGNAL A,B - STD LOGIC ;
BEGIN
PROCESS (CLK) BEGIN
IF CLK"EVENT AND CLK = "1% THEN
A<=Dl1 ; B<=A ; 01<=8B,;
END I1F;
END PROCESS ;
END ;



3.1.4 MR IO SR S A R

[ 13-4]
LIBRARY IEEE :
USE I1EEE.STD LOGIC 1164.ALL ;
ENTITY DFF3 1S

PORT ( CLK,D1 : IN STD LOGIC ;

Q1 - OUT STD_LOGIC ) ;

END ;
ARCHITECTURE bhv OF DFF3 1S
BEGIN
PROCESS (CLK)
VARIABLE A,B - STD LOGIC ;
BEGIN
IF CLK"EVENT AND CLK = "1% THEN
A=D1 ;B :=A; Q1<=B ;
END I1F;
END PROCESS ;
END ;



3.1 BImXNH

3.1.4 #HEPHIE SE 5 R ERE
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3.1 BImXNH

3.1.4 #HEPHIE SE 5 R ERE

[ 113-5])
SIGNAL inl, in2, el, ... : STD LOGIC ;
PROCESS(inl, in2, . . .)
VARIABLE cl1, . . . : STD LOGIC VECTOR(3 DOWNTO 0) ;
BEGIN
IF inl = "1" THEN ... — B 1 17
el <= ""1010" ; — B 2 47
IF in2 = "0" THEN . . . —— % 15+n 1T
cl = "0011" ; — & 30+m 17T
END IF:

END PROCESS;



[#%13-6]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY mux4 IS
PORT (10, 11, 12, 13, a, b - IN STD_LOGIC;

q - OUT STD_LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
signal muxval : i1nteger range 7 downto O;
BEGIN
process(10,11,12,13,a,b)
begin

muxval <= 0;

iIf (a = "1") then muxval <= muxval + 1; end i1f;
iIT (b = "1") then muxval <= muxval + 2; end 1T;
case muxval 1s

when 0 => g <= 10;

when 1 => q <= 11;

when 2 => q <= 12;

when 3 => g <= 13;

when others => null;
end case;

end process;
END body mux4;



[%13-7]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY mux4 IS
PORT (10, 11, 12, 13, a, b - IN STD_LOGIC;

q - OUT STD_LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
BEGIN
process(10,11,12,13,a,b)
variable muxval : Integer range 7 downto O;
begin

muxval := O;

iIf (a = "1") then muxval = muxval + 1; end 1f;
iIfT (b= "1") then muxval :-= muxval + 2; end 1T;
case muxval 1s

when 0 => g <= 10;

when 1 => q <= 11;

when 2 => q <= 12;

when 3 => g <= 13;

when others => null;
end case;

end process;
END body mux4;
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3.1 HHEXR

3.1.4 iﬁi:_:ﬁl:l H@{%‘%M1E5,}E§mﬁ1ﬁ
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3.1 HHEXR
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[ %13-8]
Library IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY SHIFT IS
PORT (CLK,CO: IN STD_LOGIC; --IsHfigh i s A
MD : INSTD LOGIC_VECTOR(2 DOWNTO 0); --#% {7 5 20 355 11 7
D : INSTD LOGIC VECTOR(7 DOWNTO 0); --£5 Iz 47 i 5
QB :OUT STD_LOGIC VECTOR(7 DOWNTO 0); --#4v Frd i
CN : OUT STD_LOGIC); -- 3347
END ENTITY;
ARCHITECTURE BEHAV OF SHIFT IS
SIGNAL REG : STD LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL CY :STD LOGIC;
BEGIN
PROCESS (CLK,MD,C0)
BEGIN
IF CLK'EVENT AND CLK ='1' THEN
CASE MD IS
WHEN "001" => REG(0) <=CO0;
REG(7 DOWNTO 1) <= REG(6 DOWNTO 0); CY <= REG(7);-- i Uk 1R L2 85
(FEF )



($&_ETO

WHEN "010" => REG(0) <= REG(7);

REG(7 DOWNTO 1) <= REG(6 DOWNTO 0); - HIEH A
WHEN "011" => REG(7) <= REG(0);

REG(6 DOWNTO 0) <= REG(7 DOWNTO 1); -HIEH A
WHEN "100" => REG(7) <=CO;

REG(6 DOWNTO 0) <= REG(7 DOWNTO 1); CY <= REG(0); -7 it (7 fEEA A5 5
WHEN "101" => REG(7 DOWNTO 0) <= D(7 DOWNTO 0); --fn#f+

L2
WHEN OTHERS => REG <= REG ; CY <=CY ; R FF
END CASE;
END IF;
END PROCESS;
QB(7 DOWNTO 0) <= REG(7 DOWNTO 0); CN <= CY:; - A J

END BEHAV;



3.1 BImXNH

3.1.4 R IO SR A R

MNarre: l EIIIIII.IIIIns 1.II!us 1.E:us E.II!us E.E:us 3.[!us 3.E:us 4.I2!us 4.E:us 5.[!us E.E:us E.E!us E.E:us ?.E!us ?.5lus B.E!us
5= CLK | | |
= C0 |
@M | oo | 101 ! ]

&0 || 10011010 { 00000000

=05 | ooooom 10011010 ! 0010101 ! 00011 i 11010110
-z CN |

K]3-7 53-8 i AL RN LB i e (MD=""001"")




3.2 IFEA)HR

(1) IF 254#] Then

WP
(2) IF &%) Then END IF
WP
=S () IF %448 Then
WP —
S ELSIF Z/46) Then
(3) IF Z%4#5) Then I FPiE f]
IF /447 Then
ELSE
END IF IR 7 )
END IF END IF




3.2 IFiEAjfkR

[#13-9]
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY control _stmts IS
PORT (a, b, c: IN BOOLEAN;
output: OUT BOOLEAN);
END control stmts;
ARCHITECTURE example OF control _stmts IS
BEGIN
PROCESS (a, b, ©)
VARIABLE n: BOOLEAN;
BEGIN
IF a THEN n = b; ELSE n -=
END IF;
output <= n;
END PROCESS;
END example;




[ 53-10]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164_ALL;
ENTITY coder 1S
PORT ( din - IN STD LOGIC VECTOR(O TO 7);
output - OUT STD LOGIC VECTOR(O TO 2) );
END coder;
ARCHITECTURE behav OF coder IS
SIGNAL SINT : STD LOGIC VECTOR(4 DOWNTO 0);
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" ;
ELSIF (din(1)="0") THEN output <= "011" ;
ELSE output <= "111" ;
END IF ;
END PROCESS ;
END behav;



3.2 IFiEAjfkR

R3-2 8L-3L ML AR AR

i) A TR §
din0 dinl din2 din3 din4 din5 din6 din7 outputO outputl output?
X 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 X 0 1 1 1 1 1 0
X X X 0 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
0 1 1 1 1 1 1 1 1 1 1
F: RPKXNER, RENVHDLF R —"1H,



3.3 #HIEIEN] HYH

3.3.1 HEREIEAIHE

[FEAR 5 ] PROCESS [ (U5 524K )] [1S]
[ Ut B 3 0]
BEGIN
It - i 18 )
END PROCESS [ 255 51];
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3.3 #HIEIEN] HYH
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3.3 HREER AN
3.3.3 #FFEEE
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3.3 #HIEIEN] HYH

3.3.3 HFFEEE N
FEE U L7 TH R [

1. PROCESSA— T [RTEIEA)

2. PROCESSH i i +) B A BH 2 B e/ H

PROCESS(abc)
BEGIN
CASE abc 1S
WHEN *'0000" =>
WHEN "0001" =>
WHEN "0010" =>

WHEN ""1110" =>
WHEN ""1111" =>
WHEN OTHERS =>
END CASE;

END PROCESS;

so<=""010" ;

so<=""111" ;
so<=""101"" ;
so<="'100" ;
SO<:ll000ll -
NULL ;

[FEE)




3.3 #HFETEH AN

3.3.3 JFEE A
VR DA L7 T8 6 140

1. PROCESSH—RRTEH1ER]
2. PROCESSEPEm"ﬁ}?i%/@/ﬁ\ﬁ%ﬁﬁﬁﬂlﬁ)?/#

3. REFE DA b BURAR 5 AR R A 3

4. HERRVE A B R IFAT )

Pl




[%13-11]
ENTITY mul IS
PORT (a, b, c, selx, sely : IN BIT;
data_out : OUT BIT );
END mul;
ARCHITECTURE ex OF mul IS
SIGNAL temp : BIT;
BEGIN
p_a: PROCESS (a, b, selx)
BEGIN
IF (selx ='0") THEN temp <=a; ELSE temp <=D;
END IF;
END PROCESS p_a;
p_b: PROCESS(temp, c, sely)
BEGIN
IF (sely ='0") THEN data_out <=temp; ELSE data_out <=c;
END IF;
END PROCESS p_b;

END ex;



3.4 FHATiEAIHIfE

datal <= a AND b ;

data2 <= c ;

[13-12]

ARCHITECTURE dataflow OF mux 1S

SIGNAL select : INTEGER RANGE 15 DOWNTO O;
BEGIN

Select <= 0 WHEN s0="0" AND s1="0" ELSE
WHEN sO0=71" AND s1="0" ELSE

WHEN sO="0" AND s1="1" ELSE

<= a WHEN select=0 ELSE

WHEN select=1 ELSE

WHEN select=2 ELSE

OO T X WNFPF



3.5 {iEALh}

3.5.1 AL | A SRS Clnertial Delay) 14
PR RVESERS, AR T48
B AFAE B — P S I 2

Z <= X XOR y AFTER 5ns ;

Z <= X XOR vy ;

B <= A AFTER 20ns ; --[H% ZER R



3.5 {iEALh}

3.5.2 f(&HEmT T TR S I R TR A AR 2
(Transport Delay)

B <= TRANSPORT A AFTER 20 ns;-- fL#%E AR

A A

: : L

0 10 20 30 40ns 0 10 20 30 40ns

1&13-8 [E] 7 SiE e A A\ i H 1] 3-O % Fay SE H g A\ B HH B TE




3.5 {iEALh}

3.5.3 ffE S
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3.6 AR

3.6.1 FFmIKHIE iEA)
TYPE ##EKALZ IS HHEKA e L OF EARHIARA ;
5y TYPE ##EFEAIL IS HIERHE X ;

TYPE stl IS ARRAY ( O TO 15 ) OF STD LOGIC ;
TYPE week IS (sun, mon, tue, wed, thu, fri, sat) ;

TYPE m _state IS ( stO, stl, st2, st3, st4, st5 ) ;
SIGNAL present_state, next state : m _state ;

TYPE my_logicIS ('1*, 'Z', 'U', '0");
SIGNAL sl : my logic ;
sl<="'Z";

SUBTYPE R4 IS BEAHHEZRE RANGE 2R u[H;
SUBTYPE digits 1S INTEGER RANGE O to 9 ;



3.6 AR

3.6.2 — A RRARSHLETF T

1. iRBEER S

ARCHITECTURE .._.1S
TYPE FSM_ST 1S (s0, sl1, s2, s3);
SIGNAL current state, next state: FSM ST;



3.6 AR

3.6.2 —A FUIRZHLAT BT

2.

clk

reset

state_inputs

next_state

XA RIS
FSM: s machine
PROCESS current_state PROCESS
REG COM

K]3-10 —fIRASHL G W HE K

comb_outputs



3.6 AR

3.6.2 — A MRSHLRI B
3. FiITHEHIE
4. FHENIHEHTE

[ 1513-13]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY s_machine IS
PORT (clk,reset :INSTD_LOGIC;
state_inputs : INSTD _LOGIC VECTOR (0 TO 1);

comb_outputs : OUT INTEGER RANGE 0 TO 15);

END s_machine;

&



Z B

ARCHITECTURE behv OF s_machine IS
TYPE FSM_ST IS (s0, s1, s2, s3); --##Eaie X, RE/F5i
SIGNAL current_state, next_state: FSM_ST;-- ISR E X A FT KB HERE
BEGIN
REG: PROCESS (reset,clk) - N PR
BEGIN
IF reset ='1' THEN current_state <= s0;--# | 72 B E S
ELSIF clk="1" AND clk'EVENT THEN
current_state <= next_state;
END IF;
END PROCESS;
COM:PROCESS(current_state, state_Inputs) --FE#=41 &3 FE
BEGIN
CASE current_state IS
WHEN s0 => comb_outputs<=5;
IF state_inputs = ""00" THEN next_state<=s0;
ELSE next state<=sl,
END IF;

&



Z B

WHEN s1 => comb_outputs<= 8;

IF state_inputs = ""00" THEN next_state<=sl,
ELSE next state<=s2,
END IF;

WHEN s2 => comb_outputs<=12;
IF state_inputs = "11" THEN next_state <= s0;
ELSE next state <=s3;
END IF;

WHEN s3 => comb_outputs <= 14;
IF state_inputs =""11" THEN next_state <=s3;
ELSE next state <= s0;
END IF;

END case;

END PROCESS;

END behv;



3.6 AR

3.6.2 — A BRARZHLAG B
4. iHENIEIE

Marme: _Walue: | EDD.IEIna “I.E!us 1.E:IJS E.II!ua E.E:LIS 3.[!!15 3.5|u5 4.[!!15 4.5:[
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3.6 AR

3.6.2 — A BRARZHLAG B
4. iHENIEIE
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3.6.2 — A BRARZHLAG B
4. iHENIEIE
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3.6 AR

3.6.3 MooreZlIRAHL

% iH#H#EMoore B G IRAKTSHN
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LOCK: 0 -> 1
HLOCK{E = #i1F
EE WO B AR o
B EIADFE
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AT SEHA 51

EQC='0"' [FTE#
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[ 13-14]
LIBRARY IEEE;
USE IEEE.STD _LOGIC_1164.ALL;
ENTITY ADCINT IS
PORT(D : INSTD _LOGIC VECTOR(7 DOWNTO 0); --3k EH0809%5 #1187 £

CLK : INSTD LOGIC; REHL TAER 8

EOC :INSTD_LOGIC; FEEORSTE S, RESPR I EAER
ALE :OUT STD _LOGIC; -SRI T R B RS
START : OUT STD LOGIC; I IRE S

OE : OUT STD _LOGIC; ~HAEE IS EEIES

ADDA : OUT STD_LOGIC; - %%i@x_mﬁ%u%ﬁ%ﬂ% 5

LOCKO : OUT STD_LOGIC; -~ 2= i Hm B A s

Q : OUT STD_LOGIC_VECTOR(7 DOWNTO 0)); --8f7 55 %y !

END ADCINT,;

ARCHITECTURE behav OF ADCINT IS

TYPE states IS (st0, st1, st2, st3,st4) ; - X & RE&FRAE
SIGNAL current_state, next_state: states :=st0 ;

SIGNAL REGL : STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL LOCK : STD_LOGIC; -- ¥ J5 55 HBUFEN 2 5
BEGIN

ADDA <="'1";--4ADDA<='0", FR{EESFHANEIEINO; HADDA<="1", Wi &g
IN1
Q <= REGL; LOCKO0 <= LOCK ;
BT



COM: PROCESS(current_state,EOC) BEGIN --#l7E & RS H 5 R,
CASE current_state IS
WHEN stO=>ALE<='0";START<='0";LOCK<="'0";0OE<="0";
next_state <= st1; --08094] 454k,
WHEN st1=>ALE<="1"START<="1";LOCK<="0";0E<="0";
next_state <= st2; --J& KAk
WHEN st2=> ALE<='0";START<='0";LOCK<="0";0OE<="0";
IF (EOC="1") THEN next_state <= st3; --EOC=1F £ R
ELSE next_state <=st2; END IF ; --##R45W, He5Hy
WHEN st3=> ALE<='0";START<='0";LOCK<="0";0E<="1";
next_state <= st4;--J /3 OE Jay H & e 47 ) 2
WHEN st4=> ALE<='0";START<='0";LOCK<="1";0E<="1"; next_state <= st0;
WHEN OTHERS => next_state <= st0;
END CASE ;
END PROCESS COM ;
REG: PROCESS (CLK)
BEGIN
IF (CLK'EVENT AND CLK="1") THEN current_state<=next_state; END IF;
END PROCESS REG ;  -- Hif5 Scurrent_state¥ 4 HPIRSE S I 32 REG
LATCH1: PROCESS (LOCK) -- i #2H, ZELOCKI EAN, Wi IR
BEGIN
IF LOCK="1" AND LOCK'EVENT THEN REGL <=D ; END IF;
END PROCESS LATCH1 ;
END behav;



3.6 AR

3.6.3 MooreZlIRAHL

1.

% iH#H#EMoore B G IRAKTSHN
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3.6 AR

3.6.3 MooreZlIRAHL
2. EBEiHIEMooreB! FIRIRESH

[ #13-15]
LIBRARY IEEE;
USE 1EEE.STD LOGIC 1164 .ALL;
ENTITY MOORE1 1S
PORT (DATAIN :IN STD LOGIC_VECTOR(1 DOWNTO 0);
CLK,RST : IN STD LOGIC;
Q : OUT STD LOGIC_VECTOR(3 DOWNTO 0));

END MOOREL;
ARCHITECTURE behav OF MOORE1l 1S
TYPE ST _TYPE 1S (STO, ST1, ST2, ST3,ST4);
SIGNAL C_ST : ST _TYPE ;
BEGIN
PROCESS(CLK,RST) (T I



BEGIN
IF RST ="1" THEN C_ST <= STO ; Q<= "0000"
ELSIF CLK*"EVENT AND CLK="1" THEN

CASE C ST 1S

WHEN STO => IF DATAIN ="10" THEN C_ST
ELSE C ST <= STO ; END IF;
Q <= "1001" ;

WHEN ST1 => IF DATAIN ="11" THEN C_ST
ELSE C_ST <= ST1 ;END IF;
Q <= "0101" ;

WHEN ST2 => IF DATAIN ="01" THEN C_ST
ELSE C ST <= STO ;;END IF;
Q <= "1100" ;

WHEN ST3 => IF DATAIN ="00" THEN C_ST
ELSE C ST <= ST2 ;END IF;
Q <= '"0010" ;

WHEN ST4 => IF DATAIN ="11" THEN C_ST
ELSE C ST <= ST3 ;END IF;

Q <= "1001" ;
WHEN OTHERS => C ST <= STO;
END CASE;
END IF;
END PROCESS;
END behav;

<= ST1 ;

<= ST2 ;

<= ST3 ;

<= ST4 ;

<= STO ;
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[ 1513-16]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY MEALY1 IS
PORT ( CLK ,DATAIN,RESET :INSTD_LOGIC;
Q:OUT STD_LOGIC VECTOR(4 DOWNTO 0));
END MEALY1;
ARCHITECTURE behav OF MEALY1 IS
TYPE states IS (stO, st1, st2, st3,st4);
SIGNAL STX : states ;
BEGIN
COMREG : PROCESS(CLK,RESET) BEGIN --# & #H RS KR

IF RESET ='1' THEN STX <=STO;

ELSIF CLK'EVENT AND CLK ="1"THEN CASE STX IS
WHEN st0 => IF DATAIN ='1' THEN STX <=stl; END IF;
WHEN stl => IF DATAIN ='0' THEN STX <=st2; END IF;
WHEN st2 => IF DATAIN ='1' THEN STX <=st3; END IF;
WHEN st3=> IF DATAIN ='0' THEN STX <=st4; END IF;
WHEN st4=> IF DATAIN ='1' THEN STX <=st0; END IF;

WHEN OTHERS => STX <= st0;
(RN



END CASE ;
END IF;
END PROCESS COMREG ;
COM1: PROCESS(STX,DATAIN) BEGIN --%i H #5815 5 I HE R
CASE STX IS
WHEN st0 => IF DATAIN ='1' THEN Q <= ""10000"" ;
ELSE Q<="01010"; END IF ;
WHEN st1 => IF DATAIN ='0' THEN Q <= ""10111"" ;
ELSE Q<="10100"; END IF ;
WHEN st2 => IF DATAIN ='1' THEN Q <= ""10101"" ;
ELSE Q<="10011"; END IF ;
WHEN st3=> IF DATAIN ='0' THEN Q <= ""11011" ;
ELSE Q<="01001"; END IF ;
WHEN st4=> IF DATAIN ='1' THEN Q <= ""11101" ;
ELSE Q<="01101"; END IF ;
WHEN OTHERS => Q<="00000"" ;
END CASE ;
END PROCESS COM1 ;
END behav;
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3.7.1 =Z&1T#3
[413-171
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164_ALL;
ENTITY tri_s IS
port ( enable - IN STD LOGIC;
datain - IN STD LOGIC VECTOR(7 DOWNTO 0);
dataout : OUT STD LOGIC VECTOR(7 DOWNTO 0) );
END tri_s ;
ARCHITECTURE bhv OF tri_s IS
BEGIN
PROCESS(enable,datain)
BEGIN
IF enable = 1" THEN dataout <= datain ;
ELSE dataout <='7z7777777'" ; END IF ;
END PROCESS;
END bhv;
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3.7.2 MJnlym Kt
[#%]3-18]
library ieee;
use 1eee.std logic 1164._all;
entity tri_state 1s
port (control : i1n std logic;
inl: 1n std logic vector(7 downto 0);

\

{H

g - inout std_logic_vector(7 downto 0);

X - out std logic vector(7 downto 0));
end tri_state;
architecture body tri of tri_state 1iIs

begin

process(control,qg, inl)

begin

iIT (control = "0") then Xx<=q ;

else q <= inl; x<="772777777" ; end if;

end process;
end body_ tri;
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3.7.2 XXIn)sg KBt

[ 113-19]
(WA _E#&B 73 [F] B
process(control,q,inl)
begin
If (control="0")then x<=q;q<="Z2Z2ZZ2Z27277",

else q<=1Inl; x<="ZZ7Z72727Z7Z7'"; end if;

end process;
end body tri;
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3.7.3 =& BL WK

[%13-201]
L IBRARY IEEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY tristate2 IS
port ( Input3, 1nput2, 1nputl, InputO :
IN STD LOGIC VECTOR (7 DOWNTO 0);
enable - IN STD LOGIC VECTOR(1 DOWNTO 0);
output : OUT STD LOGIC VECTOR (7 DOWNTO 0));
END tristate? ;
ARCHITECTURE multiple _drivers OF tristate2 IS
BEGIN
PROCESS(enable, 1nput3, 1nput2, inputl, inputO )
BEGIN (B F IO



3.7 M =Z5 i 5 I H

"00" THEN output <=

<=(OTHERS =>

THEN output
<=(OTHERS =>

THEN output
<=(OTHERS =>

THEN output
<=(OTHERS =>

3.7.3 =B L BB
IF enable =
ELSE output
END IF ;
IF enable = 01"
ELSE output
END IF ;
IF enable = 10"
ELSE output
END IF ;
IF enable = 11"
ELSE output
END IF ;

END PROCESS;

END multiple drivers;

Input3 ;
"Z%);

<= 1nput2 ;
"Z%);

<= 1nputl ;
"Z%);

<= 1nputO ;
"Z%);
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[ %13-21]

library ieee;

use 1eee.std logic 1164._all;

entity tri2 is
port (ctl - 1In

datainl,

end tri2;

.

std_logic_vector(1l downto 0);
dataind :

datain2, datain3,
in std _logic vector(7 downto 0);
q - out std logic vector(7 downto 0)

architecture body tri of tri2 is

begin
q <= datainl
q <= datainZ2
q <= datain3
q <= datain4
end body_ tri;

when
when
when
when

ctl="00"
ctl="01"
ctl="10"
ctl="11"

else
else
else
else

(others
(others
(others
(others

)

=>"7Z") ;
=>"7Z") ;
=>"7Z") ;
=>"7Z") ;
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3.8 LOOPiEHA] 5GENERIC{EA]

3.8.1 LOOPiEH]

(1) HALOOPIEAI. 5. 00p
[ LOOP#75: ] LOOP

a:=atl;
h
U ] EXIT L2 WHEN a>10 ; -- Za kT 108 Bk tH /EFF
END LOOP [ LOOP#:5 1; END LOOP L2:

(2) FOR_LOOPiZEH].,

[LOOP#55: ] FOR ¥ A&, IN PEIFXRETER LOOP
i 55 )

END LOOP [LOOP#:5]; ==



3.8 LOOPiEA] 5GENERICEH)
381 LOOPHA

[#13-22]
LIBRARY I1EEE;
USE IEEE.STD LOGIC 1164 _ALL;
ENTITY p_check 1S
PORT ( a : IN STD_LOGIC _VECTOR (7 DOWNTO 0O);
y - OUT STD_LOGIC );
END p_check;
ARCHITECTURE opt OF p_check 1S
SIGNAL tmp : STD_LOGIC ;
BEGIN
PROCESS(a)
BEGIN
tmp <="0"%;
FOR n IN O TO 7 LOOP
tmp <= tmp XOR a(n);
END LOOP ;

END PROCESS;
END opt;



3.8 LOOPiEHA] 5GENERIC{EA]

3.8.1 LOOPiEH]

[ %]3-23]
SIGNAL a, b, ¢ : STD LOGIC VECTOR (1 TO 3);

FOR n IN 1 To 3 LOOP
a(n) <= b(n) AND c(n);
END LOOP;

a(l)<=b(1) AND c(1);
a(2)<=b(2) AND c(2);
a(3)<=b(3) AND c(3):;



3.8 LOOPiEHA] 5GENERIC{EA]

3.8.2 GENERICE ¥ &% i iEA)

SRR IE R IE R — R PSR T

GENERIC([ ®#4 : #¥Rf [ - wEfd ]
{ %8 @ BERE L - wweEd 1} ) ;



[ %13-24]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY andn IS
GENERIC ( n: INTEGER ); - X R ESE A HIERA
PORT(a: INSTD LOGIC VECTOR(n-1 DOWNTO 0);--f%EsBREIxEKE
c: OUT STD_LOGIC);
END;
ARCHITECTURE behav OF andn IS
BEGIN
PROCESS (a)
VARIABLE int: STD_LOGIC;
BEGIN
int :="1";
FORiINa'LENGTH -1 DOWNTO 0 LOOP --f¥i&H]
IF a()="'0' THEN int:="0";
END IF;
END LOOP;
¢ <=int;
END PROCESS;
END;



[ #13-25]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY exn IS
PORT(d1,d2,d3,d4,d5,d6,d7 : IN STD_LOGIC;
gl,g2 : OUT STD_LOGICO);

END;
ARCHITECTURE exn_behav OF exn IS
COMPONENT andn -~ F 51 10- 1/ Jo 44 1 FH 75 BH

GENERIC ( n: INTEGER);
PORT(a: INSTD_LOGIC_VECTOR(n-1 DOWNTO 0);
C:OUT STD_LOGIC);
END COMPONENT ;
BEGIN
ul: andn GENERIC MAP (n =>2) --2$i&#puatiaa), € XREERE, NREAN2
PORT MAP (a(0)=>d1,a(1)=>d2,c=>ql);
u2: andn GENERIC MAP (n=>5) -- EXKEZ &, nlf{E N5
PORT MAP (a(0)=>d3,a(1)=>d4,a(2)=>d5,
a(3)=>d6,a(4)=>d7, c=>q2);
END;



3.8 LOOPiEHA] 5GENERIC{EA]

3.8.3 Z¥iL i M HEA) GENERIC MAP(K)E)

[ ]3-26]
LIBRARY IEEE; ——fefl 4 ool
USE IEEE.STD LOGIC 1164._.ALL;
USE IEEE.STD LOGIC arith.ALL;
USE IEEE.STD LOGIC unsigned.ALL;
ENTITY addern 1S
PORT (a, b: IN STD LOGIC VECTOR;
result: out STD LOGIC VECTOR);

END addern;

ARCHITECTURE behave OF addern 1S

BEGIN
result <= a + b;
END;



[ %i3-27]
LIBRARY IEEE; =3 a7n
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD_LOGIC arith.ALL;
USE IEEE.STD _LOGIC unsigned.ALL;
ENTITY adders IS
GENERIC(msb_operand: INTEGER :=15; msb_sum: INTEGER :=15);
PORT(b: INSTD _LOGIC_VECTOR (msb_operand DOWNTO 0);
result: OUT STD_LOGIC_VECTOR (msb_sum DOWNTO 0));
END adders;
ARCHITECTURE behave OF adders IS
COMPONENT addern
PORT ( a,b: INSTD LOGIC VECTOR;
result: OUT STD_LOGIC_VECTOR);
END COMPONENT;
SIGNAL a: STD_LOGIC _VECTOR (msb_sum /2 DOWNTO 0);
SIGNAL twoa: STD_LOGIC _VECTOR (msb_operand DOWNTO 0);
BEGIN
twoa<=a & a;
Ul: addern PORT MAP (a => twoa, b => b, result => result);
U2: addern PORT MAP (a=>b(msb_operand downto msb_operand/2 +1),
b=>b(msb_operand/2 downto 0), result => a);
END behave;
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3-8. AW FHSMEFF R EHEIR, AN HEIRIE, FahEBERr.

P

P2

Architecture one of sample is

Signal A, EN : std_logic;

Process (A, EN)

_ _ variable a, b, ¢ : integer;
Variable B : std_logic;

begin
Begin
c<=a+b;
ifEN=1then B<=A; endif;
end;

end process;




3-8. AW FHSMEFF R EHEIR, AN HEIRIE, FahEBERr.

FF3:
library ieee;
use ieee.std _logic_1164.all;
entity mux21 is
port (a, b :instd _logic; sel : instd_logic; ¢ : out std_logic;);
end samz2;
architecture one of mux21 is
begin
Ifsel ='0"then c:=a;else c:=b; end if;

end two:
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[ $13-28]
LIBRARY IEEE ;
USE IEEE.STD_LOGIC 1164.ALL;
ENTITY SCHK IS
PORT(DIN, CLK, CLR :INSTD_LOGIC; --HB 473 NEHE AL/ TAER 81/ B A5 5
AB : OUT STD_LOGIC_VECTOR(3 DOWNTO 0)); -5l 45 5%y H!
END SCHK;
ARCHITECTURE behav OF SCHK 1S
SIGNAL Q : INTEGER RANGE 0 TO 8 ;
SIGNAL D : STD_LOGIC_VECTOR(7 DOWNTO 0); --8f7 £5:4 I 7 & %k (B 75
=E5H)
BEGIN
D <="11100101 ** ; --8{°7 fa Ko T & %k
PROCESS( CLK, CLR)
BEGIN
IFCLR="1"THEN Q<=0;
ELSIF CLK'EVENT AND CLK="1' THEN --B&h2lit, ) W40 B 24 mid A\ (4L
(BT



CASE QIS
WHEN 0=> IFDIN=D(7) THEN Q<=1;ELSE Q<=0;END IF;
WHEN 1=> IFDIN =D(6) THEN Q<=2 ; ELSE Q<=0; END IF;
WHEN 2=> IFDIN =D(5) THEN Q<=3 ; ELSE Q<=0; END IF;
WHEN 3=> IFDIN =D(4) THEN Q<=4 ; ELSEQ<=0; END IF;
WHEN 4=> IFDIN =D(3) THENQ<=5; ELSEQ<=0; END IF;
WHEN 5=> IF DIN =D(2) THEN Q <=6 ; ELSEQ<=0; END IF;
WHEN 6=> IF DIN=D(1) THENQ<=7; ELSEQ<=0;END IF;
WHEN 7=> IF DIN =D(0) THEN Q<=8 ; ELSEQ<=0; END IF;
WHEN OTHERS => Q<=0
END CASE ;
END IF;

END PROCESS ;
PROCESS(Q) -~ T I 5 SR ) i
BEGIN

IFQ=8 THEN AB<="1010"; --/RFIEAMIER, %rH “A”

ELSE AB<="1011"; --FPAIHRNIE R, it “B”

END IF ;
END PROCESS ;

END behav ;
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[]3-29]

LIBRARY IEEE ;

USE IEEE.STD_LOGIC_1164_ALL

ENTITY DECL7S IS
PORT ( A : IN STD _LOGIC_VECTOR(3 DOWNTO 0);

LED7S : OUT STD_LOGIC_VECTOR(6 DOWNTO 0) ) ;

END ;

ARCHITECTURE one OF DECL7S 1S

BEGIN
PROCESS( A )
BEGIN
CASE A IS
WHEN ""0000" => LED7S <= "0111111" ;
WHEN ""0001" => LED7S <= "0000110" ;
WHEN "'0010" => LED7S <= ""1011011" ;
WHEN "'0011" => LED7S <= "1001111" ;
WHEN "'0100" => LED7S <= ""1100110" ;
WHEN ""0101" => LED7S <= "1101101" ;
WHEN ""0110" => LED7S <= "1111101" ;
WHEN "'0111" => LED7S <= "0000111" ;
WHEN "'1000" => LED7S <= "1111111" ;
WHEN "'1001" => LED7S <= "1101111" ;

WHEN "1010" => LED7S <= "1110111" ;
WHEN "'1011" => LED7S <= "1111100" ;
WHEN "'1100" => LED7S <= "0111001" ;
WHEN "'1101" => LED7S <= "1011110" ;
WHEN "'1110" => LED7S <= ""1111001" ;
WHEN 1111 => LED7S <= "1110001" ;
WHEN OTHERS => NULL ;:
END CASE ;
END PROCESS ;

END ;
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LIBRARY IEEE;
USE IEEE.STD _LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY DVF IS
PORT ( CLK :INSTD_LOGIC;
D : INSTD_LOGIC_VECTOR(7 DOWNTO 0);
FOUT : OUT STD_LOGIC );
END;
ARCHITECTURE one OF DVF IS
SIGNAL FULL :STD LOGIC;
BEGIN
P REG: PROCESS(CLK)
VARIABLE CNT8: STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN
IF CLK'EVENT AND CLK ="'1' THEN
IFCNT8="11111111" THEN
CNT8:=D; --4CNT8WHHWET, IMAZIEDH RS IEL THEERCNTS
FULL <="1"; -- R AR EE S FULLEH 8 & P
ELSE CNT8:=CNT8+1; - M4ks/Emm 15
FULL <='0"; --HfH&EHFRERSFULLAEET
END IF;
END IF;
END PROCESS P_REG ;
P DIV: PROCESS(FULL)
VARIABLE CNT2: STD_LOGIC;
BEGIN
IF FULL'EVENT AND FULL ='1' THEN
CNT2 := NOT CNT2; - ¥ HArEF SFULL Y R, Dfilk 23 %r HBUR
IF CNT2="1' THEN FOUT <="'1"; ELSE FOUT <="0";
END IF;
END IF;
END PROCESS P_DIV ;
END;
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