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5.1 Ntk gzt

5.1.1 BH

CONSTANT % 4: FaERAE = XX

CONSTANT FBT : STD LOGIC_VECTOR :="010110" ;
—— FRERLRRAY
CONSTANT DATAIN : INTEGER := 15 —— BEHRAY

F1AIENLEBFBTHREIERAESTD LOGIC VECTOR, EET
“010110";

F20) 8 LEHDATAINRIEHERE REHINTEGER, B T15.,




5.1 Ntk gzt

5.1.2 TS

VARIABLE ZE4% : HERAE = YIHE1E ;
VARIABLE a : INTEGER RANGE O TO 15 ;
—-AeEare X AEE, BEEEZ0R5
VARIABLE d:STD LOGIC :='1';
--AEag X e EZ B R, YIERL
HinZE4 = Firc ;

VARIABLE X, y : INTEGER RANGE 15 DOWNTO O ;

——E X By B R A
VARIABLE a, b: STD LOGIC VECTOR(7 DOWNTO O) ;
X =11 ;
y =2+ X; -- BEREZABME, v WEEHELE
a:=b --bali{ (g
a(0TO5) : = b(2TO 7) ;




51 gtk EHE

5.1.3 5
SIGNAL §54%: HERA = ¥WmE ;
HirfE 54 <= REX AFTER HEE;

SIGNAL a, b, ¢, y, z: INTEGER ;

PROCESS (a, b, ©)

BEGIN
y<=a-+Db;
z<=c-a,;
y <=Db;

END PROCESS ;




5.1 XNtk igzst$

5.1.4 #EDHESET=EWE
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5.1 XNtk igzst$

5.1.4 HEHRBIESETLTERE
[#15-1)

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 ;

Ql <= QQ;
END ;




5.1 XNtk igzst$

5.1.4 HEFRBESETE=RE
[15-2]

ARCHITECTURE bhv OF DFF3 IS
SIGNAL QQ : STD _LOGIC ;
BEGIN
PROCESS (CLK)

BEGIN
IF CLK'EVENT AND CLK="'1"
THEN QQ <= D1 :
END IF;
END PROCESS ;
Ql <= QQ;
END :




[5]5-3]

LIBRARY IEEE :

USE IEEE.STD_LOGIC 1164.ALL ;

ENTITY DFF3 IS

PORT ( CLK,D1 : IN STD_LOGIC ;
Q1 : OUT STD _LOGIC ) ;

END ;

ARCHITECTURE bhv OF DFF3 IS
SIGNAL A,B : STD_ LOGIC;
BEGIN
PROCESS (CLK) BEGIN

IF CLK'EVENT AND CLK ="'1"
THEN
A <=D1;
B <=A;
Ql <=B;
END IF;
END PROCESS ;
END ;

DL D Q D Q D Q —QL> bl Db O o1

A

CLK .

K5-1 #I5-3RTLH K K5-2 Dfilt & 2% HL %




[5]15-4]
LIBRARY IEEE ;
USE IEEE.STD LOGIC 1164.ALL ;
ENTITY DFF3 IS
PORT ( CLK,D1 : IN STD_LOGIC ;
Q1 : OUT STD_LOGIC ) ;
END ;
ARCHITECTURE bhv OF DFF3 IS
BEGIN
PROCESS (CLK)
VARIABLE A,B : STD_LOGIC ;
BEGIN
IF CLK'EVENT AND CLK = "1"
THE
A=D1 ;
B :=A;
Ql <=B;
END IF;
END PROCESS ;
END ;



5.1 @tk iEzzxt

5.1.4 HEFHMESSTERE

[ #1]5-5]

SIGNAL inl1, Iin2, el, STD_LOGIC ;

PROCESS(inl, in2, ...)
VARIABLE c1, ...: STD LOGIC VECTOR(3 DOWNTO 0) ;
BEGIN
IFinl ='1' THEN ... — F 147
el <= "1010"; — P 247
IFin2 ='0"THEN . .. — ¥ 15+n T
cl :="0011" ; — % 30+m 4T
END IF;

END PROCESS;



[#]5-6]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY mux4 IS
PORT (i0, i1, 12,13, a, b : IN STD_LOGIC;
g : OUT STD_LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
signhal muxval : integer range 7 downto O;
BEGIN
process(i0,il,i2,i3,a,b)
begin
muxval <= 0O;
If (a="1") then muxval <= muxval + 1; end if;
If (b ="'1") then muxval <= muxval + 2; end if;
case muxval is
when O == g <= 10;
when 1 => q <= 1i1;
when 2 => g <= 12;
when 3 => q <= 13;
when others == null;
end case;
end process;
END body mux4;
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[#1]5-7]
LIBRARY IEEE;
USE IEEE.STD LOGIC_1164.ALL;
ENTITY mux4 IS
PORT (i0, i1, 12,13, a, b : IN STD_LOGIC;

g : OUT STD_LOGIC);
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
BEGIN
process(i0,il,i2,i3,a,b)
variable muxval : integer range 7 downto O;
begin

muxval := O;

If (a="1") then muxval := muxval + 1; end if;
it (b ="1") then muxval := muxval + 2; end if;
case muxval is

when O == g <= 10;

when 1 => g <= 1i1;

when 2 == q <= 12;

when 3 => q <= 13;

when others == null;
end case;
end process;
END body mux4;
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5.1.4 HEFHMESSTERE
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5.1 gt ibh#kigstg

5.1.4 H#HIERRESESTEKE
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[%15-8]
Library IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY SHIFT IS
PORT (CLK,CO : IN STD_LOGIC; --Br&rfnstfismA

MD : IN STD_LOGIC_VECTOR(2 DOWNTO 0); --B s HF
D : INSTD_LOGIC_VECTOR(7 DOWNTO 0); --£in#&# i KR
QB : OUT STD_LOGIC_VECTOR(7 DOWNTO 0); --#ir #iEHH
CN : OUT STD_LOGIC); - Az

END ENTITY;
ARCHITECTURE BEHAV OF SHIFT IS
SIGNAL REG : STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL CY : STD_LOGIC ;
BEGIN
PROCESS (CLK,MD,CO0)
BEGIN
IF CLK'EVENT AND CLK = '1' THEN
CASE MD IS
WHEN ""001" => REG(0) <= CO ;
REG(7 DOWNTO 1) <= REG(6 DOWNTO 0); CY <= REG(7);--H# R LB

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

REG(7 DOWNTO 1) <= REG(6 DOWNTO 0); --BREAER
WHEN "011" => REG(7) <= REG(O0);

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

REG(6 DOWNTO 0) <= REG(7 DOWNTO 1); CY <= REG(0);-- I EHR LK
WHEN "101" => REG(7 DOWNTO 0) <= D(7 DOWNTO 0); --in#&£% 5

WHEN OTHERS => REG <= REG ; CY <= CY ; it
END CASE;
END IF;
END PROCESS;
QB(7 DOWNTO 0) <= REG(7 DOWNTO 0); CN <= CY; —-BALEHI

END BEHAV;



Narme:

5.1 @tk iEzzxt

5.1.4 HEPHEFESSTEWME

EEIEI.IEIns 1.E!us 1.5|us 'E.E!US E.EII.IS 3.E!us 3'5.”5 4.[!us 4.5lus E.E!us E.E:us E.E!us E.Elus F.E!us F.5lus B.E!us

= (LK

= (1
= D
gl

o (f
= CN

[ |

o | 00f

B

(000000d
0010711

oomny |

B5-7 $15-8 iR EB T L (MD="001"")



5.2 A h)Fe = & € %12 F R 1A

5.2.1 Z=7&1INgit
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5.2 R 6)Fe = & & %15 F R4

[%15-9]
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 <="727272727777" ;
END IF ;
END PROCESS;
END bhv;



5.2 A h)Fe = & € %12 F R 1A

5.2.2 Wo)im &1t
[%]5-10])

library ieee;

use ieee.std _logic _1164.all;

entity tri_state is

port (control : in std_logic;
In1: in std_logic_vector(7 downto 0);
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 is

begin

process(control,q,inl)

begin

If (control = '0") then x<=(q ;

else q <=inl; x<="7227727777" ;

end if;

end process;

end body_tri;



5.2 A h)Fe = & € %12 F R 1A

5.2.2 Waim &t
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L1 E: | 1 | | | 1 |

= contral | 0O

B | H7Al I

=inl  |H43[ 00 ¥ 56 i E9

™ 1 Hoe [ i 56 i E9

= Ho | R I

K5-9 #5-10MF EH TR



5.2 A h)Fe = & € %12 F R 1A

5.2.2 Waim &t

[$15-11]

(RA_E# 4 [ _E 4T

process(control,q,inl)

begin

If (control="0") then X <=q; q <="'"2Z2Z2Z272777",

else g <=inl; x <="ZZZZ7777';

end if;

end process;

end body _tri;




5.2 A h)Fe = & € %12 F R 1A

5.2.2 Waim &t
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5.2 A h)Fe = & € %12 F R 1A

5.2.2 Waim &t

[7:0]

[7:0]

control -

x_1[7:0]
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K5-11 #I5-100% 54 R (SynplifyZZa)



5.2 A h)Fe = & € %12 F R 1A

5.2.2 Waim &t

control

in1[7:0]

F:0]  [70l N o (70 N [7:0]  [7:00

qtb 5[70]  x 1[7:0]

[7:0]

X[f:0] =

q[7:0] —=
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5.2.3 =SB

[#]5-12]
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY tristate2 IS
port ( input3, input2, inputl, 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?2 ;
ARCHITECTURE multiple_drivers OF tristate2 IS
BEGIN
PROCESS(enable,input3, input2, inputl, inputO )
BEGIN
IF enable = 00" THEN output <= Input3 ;
ELSE output <=(OTHERS == 'Z");
END IF ;
IF enable = 01" THEN output <= input?2 ;
ELSE output <=(OTHERS => 'Z");
END IF ;
IF enable = "10"™ THEN output <= inputl ;
ELSE output <=(OTHERS == 'Z");
END IF ;
IF enable = "11" THEN output <= inputO ;
ELSE output <=(OTHERS == 'Z");
END IF ;
END PROCESS;
END multiple_drivers;



5.2 A h)Fe = & € %12 F R 1A

5.2.3 =S ZHBEEEIT

inputa[7:0] ="

enable[10] =12 14

npub[7:0) = L0 ) ;
U [7:0 [7:0] [7:0] Dutput[?[j]::}
0 Un/_enable ,

AT output_1[7:0]

K5-13 #I5-12% xS 4R (SynplifyZa4H)
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5.3 |Fi& & ik

(D) IF %A Then
N5 5]
END IF ;
(2) IF %44) Then
i 58 )
ELSE
| E=x)
END IF ;
(3) IF %44) Then
IF &%) Then

END IF
END IF

(4) IF %&#4) Then

IR 78 A)
ELSIF £&444a] Then
JI 7R
ELSE
J 7 ER)
END IF




5.3 |Fi& & ik

[%15-14]
LIBRARY IEEE;
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:=Db; ELSE n :=c;
END IF;
output <= n;
END PROCESS;
END example;



5.3 |Fi& & ik

R5-2 8L-3LMILHBAHREER

o] A W W
din0 dinl din2 din3 din4 din5 din6 din7 outputO outputl output2
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 I 1 0 1 0
X X X X 0 1 I 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

E: RPH X HAER, REUVHDLF K" —"1H.




[%15-15]
LIBRARY IEEE;
USE IEEE.STD LOGIC_1164.ALL;
ENTITY coder IS
PORT ( din: INSTD_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;



2.4 ENT B #FL4E 4

5.4.1 HIZFEAIEN

PROCESSER S — R IEMSA W F
[3fE4r5: 1 PROCESS [ ( BUBE 5353k ) 1 [1S]
[BEFE Ui B 3843 ]
BEGIN
NI A 1)
END PROCESS [#fEfr51];
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2.4 ENT B #FL4E 4

5.4.3 #HEEES

OETFCPURIZEBAEIVHD LAT A5 EiafT 7 =
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2.4 ENT B #FL4E 4

2. PROCESSH Wi Fi&a) BFE H RN 7/ 3 TEIT W EHE

PROCESS(abc)
BEGIN
CASE abc IS
WHEN "0000" == so<="010";
WHEN "0001" == so<="111";
WHEN "0010" => so<="101";

WHEN "1110" == so<="100" ;
WHEN "1111" => so<="000" ;
WHEN OTHERS == NULL ;
END CASE;

END PROCESS;

3. MR BURME 5 KA 3)




5.4 & T #4554

4. HIEER A5 RIATER]

[#]5-161]
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 <= b;
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;



5.4 & T #4554

5.4.3 #HEEES

5. [f 5 ZZ N HIEREELZ

6. — A HERET R AVFIEN N — A 8ME 51 RPN FiZE




5.0 # i7& g4 &

datal <= a AND b ;
data2 <= c;

[#4]5-17]
ARCHITECTURE dataflow OF mux IS
SIGNAL seiect : INTEGER RANGE 15 DOWNTO O;

BEGIN

Select <= 0 WHEN sO="0" AND s1="0' ELSE
1 WHEN sO='1' AND s1="0’ ELSE
2 WHEN sO='0" AND s1='1"' ELSE
3;

X <= a WHEN select=0 ELSE

b WHEN select=1 ELSE
c WHEN select=2 ELSE
d;




5.6 15 & #& st

5.6.1 EBIER

z <= X XOR y AFTER 5ns ;

z <=XXORYy;

B <= A AFTER 20ns ; --[i#&Em R




5.6 1% A =& af

5.6.2 {EHLERT

B <= TRANSPORT A AFTER 20 ns;-- & iR

B B |

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

BI5-15 [&43 i 4 A g e & 5- 1 645 2 i g Ay tH e



5.6 1% A =& af

5.6.3 {FE &

VHDLITERNLGZ SR/ BIIARETHESHERE— 2
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5.7 2k Hia £ 15 &5 ik

5.7.1 E{KERIGH

ENTITY 52444 IS
[GENERIC ( S%i4: #iERA );]
[PORT (#wH*E );]

END ENTITY 5E444:




5.7 2k Hia £ 15 &5 ik

5.7.2 SHERZIRAIER

SR B4 (GENER I CIE) £ — i BB MU 38
O, 3 DA T SR E S P e T 8 3
5.

GENERIC([ ¥4 : $uERA [ : %EH ]
{;B82 - BEEA[:-&EE] Y ) ;




[ 5]5-18]
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY andn IS

GENERIC ( n : INTEGER ); --& R JE S m AR
PORT(a : IN STD _LOGIC_VECTOR(n-1 DOWNTO 0);--HZ5)g & &K
il R E A
c : OUT STD_LOGIC);
END;
ARCHITECTURE behav OF andn IS
BEGIN

PROCESS (a)
VARIABLE int : STD_LOGIC;
BEGIN
int :='1";
FOR i IN a'LENGTH - 1 DOWNTO 0 LOOP --ffIfiEn]
IF a(i)="0' THEN int :="'0';
END IF;
END LOOP;
c <=int ;
END PROCESS;
END;



[%15-19]
LIBRARY IEEE;
USE IEEE.STD_LOGIC 1164.ALL;
ENTITY exn IS
PORT(d1,d2,d3,d4,d5,d6,d7 : IN STD LOGIC;
ql,g2 : OUT STD_LOGIC);

END;
ARCHITECTURE exn_behav OF exn IS
COMPONENT andn - A5 10-2 (1) o4 18 75 BY

GENERIC ( n : INTEGER);
PORT(a : IN STD_LOGIC_VECTOR(n-1 DOWNTO 0);
C : OUT STD_LOGIC);
END COMPONENT ;
BEGIN
ul: andn GENERIC MAP (n =>2) --S$fL i gEn), w XREA
=, nE 2
PORT MAP (a(0)=>d1,a(l1)=>d2,c=>ql);
u2: andn GENERIC MAP (n ==>5) -- EXKEDLE, ni{{E N5
PORT MAP (a(0)=>d3,a(1)=>d4,a(2)==>d5,
a(3)==>d6,a(4)==>d7, c=>q2);
END;



5.7 2k Hia £ 15 &5 ik

5.7.3 SHEULEMFHER
GENERIC MAP(KEZXR)

[%15-20]
LIBRARY IEEE; --FrI A o
USE IEEE.STD LOGIC _1164.ALL;
USE IEEE.STD LOGIC_arith.ALL;
USE IEEE.STD LOGIC unsigned.ALL;
ENTITY addern IS

PORT (a, b: IN STD_LOGIC_VECTOR;

result: out STD LOGIC_VECTOR);
END addern;
ARCHITECTURE behave OF addern IS
BEGIN
result <= a + b;

END;



[#]5-21]
LIBRARY IEEE; --TME &t
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: IN STD_ LOGIC VECTOR (msb__ operand DOWNTO 0);
result: OUT STD_LOGIC _VECTOR (msb__ sum DOWNTO 0));
END adders;
ARCHITECTURE behave OF adders 1S
COMPONENT addern
PORT ( a, b: INSTD_LOGIC_VECTOR;
result: OUT STD_LOGIC_VECTOR);
END COMPONENT;
SIGNAL a: STD _LOGIC_VECTOR (Imsb__ sum /72 DOWNTO 0);
SIGNAL twoa: STD_LOGIC _VECTOR (Imsb_ 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;



5.7 2k Hia £ 15 &5 ik

5.7.3 ZIURERGER
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5.8 H#& #7424 & (DDS)&t

S, =Asinot=Asin(2r f_ t) (-1
0=2nf,,t (5-2)
AO=2mf, T, =%
= <t Loy Lo = fdk (5-3)
BAG = fout ’ BAe = 2N .fo_ut (5_4)
2N fclk fclk
_ Asin(0, , +A0)=Asin| =~ -(B, +B,,)|=Af, (B, +B,,)
Sout = Sln( k-1 + )_ S1n 2_N = 01 _1 + AB )| sin O _1 AB
(5-5)
O

B Ok 1 o . (5-6)
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RTFHEADDSEMKIF ASETTH
(1) DDSHH M= fout.

fout = E; 1A\Ie | fclk (5_7)
(2) DDSHIBRZE IR
fout — fz‘cﬁ (5—8)

(3) DDSHIMBIATIHH .

B e = 2"
fclk
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A3 0]
PLLZ0OM
R ———
ik ol CADDER3ZE
ik freguency: 20000 MHz I—'— Load DT ..0] —I—
Operation Mode: Marmal B3 I:I__ a0 =[E1.0] 3 pey | :
Clk |Ratio |Ph {dg) [ Td (nsd {DC (%) ; B[31.0] i
c0 |15/ | 000 | 000 | 5000 L inst2
o R SO
"-Iﬂ CYCanE ---------------------------------------------------------------- * :_I__ILI_TF:LI:I ............................ lj A_C__CL_K-----
e - ......................... datar@m ..........................
“'r »® - : AlE1.22]
B[17..0] W= 5 1{ i35, 0]
: X | GND | P> inclock 1. 0]
............................... : B[25.18] :

Kl5-19 DDS . vhdTiZE#



5.8 L ## 544 5(DDS)&t

[#]5-22]

LIBRARY ieee ; --I£JEHHIEROM

USE ieee.std_logic _1164.all;

LIBRARY altera_mf;

USE altera _ mf. Altera _mf __components .all;
ENTITY data _rom IS

PORT

( address : IN STD_LOGIC _VECTOR (9 DOWNTO 0);
inclock - IN STD_LOGIC ;
g : OUT STD_LOGIC_VECTOR (9 DOWNTO 0));

END data _rom;

init _file == "./data/LUT10X10.mif", --3TEHENI a4 K12
Ipm _hint => "ENABLE_RUNTIME_MOD=YES, INSTANCE_NAME=rom2",

END;




5.8 L ## 544 5(DDS)&t

[%15-23]
LIBRARY I1EEE; --32/7inyEssfi
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY ADDER32B IS
PORT ( A: INSTD_LOGIC _VECTOR(31 DOWNTO 0);
B:INSTD LOGIC VECTOR(31 DOWNTO 0);
S:OUT STD_LOGIC_VECTOR(31 DOWNTO 0) );
END ADDER32B;
ARCHITECTURE behav OF ADDER32B IS
BEGIN
S <=A+ B;
END behav;




5.8 L ## 544 5(DDS)&t

[%15-23]
LIBRARY I1EEE; --32/7inyEssfi
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY ADDER32B IS
PORT ( A: INSTD_LOGIC _VECTOR(31 DOWNTO 0);
B:INSTD LOGIC VECTOR(31 DOWNTO 0);
S:OUT STD_LOGIC_VECTOR(31 DOWNTO 0) );
END ADDER32B;
ARCHITECTURE behav OF ADDER32B IS
BEGIN
S <=A+ B;
END behav;




5.8 L ## 544 5(DDS)&t

[4]5-24] --32f; & FEastabh
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY REG32B IS
PORT ( Load : IN STD_LOGIC;
DIN : IN STD_LOGIC_VECTOR(31 DOWNTO 0);
DOUT : OUT STD_LOGIC_VECTOR(31 DOWNTO 0) );
END REG32B;
ARCHITECTURE behav OF REG32B IS
BEGIN
PROCESS (Load, DIN)
BEGIN
IF Load' EVENT AND Load = '1' THEN  -- B0 3skE, U@ ASIE
DOUT <= DIN;
END IF;
END PROCESS;
END behav;



5.8 A # # % % 4 & (DDS)4& 4t

[%4]15-25] rom_data.mif 1047 1E5Z % M, & THMATLAB/DSP
Builder4:px
WIDTH=10;
DEPTH=1024;
ADDRESS RADIX=DEC;
DATA RADIX=DEC;
CONTENT BEGIN
0:513;1:515;2:518;3:521;4:524;5 :527; 6 :530; 7 : 533;
8:537;9:540; 10 :543; 11 : 546; 13 : 549; 13 : 552; 14 : 555;
...... CB& EH 0838
1018 : 493; 1019 : 496; 1020 : 499; 1021 : 502; 1022 : 505; 1023 :
508;
END;
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5-1. BHSER, WIFSEAREES

5-2. 2%l BHGENERICii BHiE A MGENERICB S E A A I Ab, FF26
i1l BH

5-3. i OB INOUTRIBUFFERE 7] B[ &,

5-4. #AC <= A + Bf1, A. BFICHIEIERAIE R
STD_LOGIC_VECTOR, REREZHITINEEHE? W REAMBRT
5-5. VHDLHEW3FEIEXTE? VR B e TR S UL RAFRE T
5, 261 EEXN R 5B R,

5-6. BT E —FrEEHIRE R —BECRA M BIHEN ZIRED ? WREE, &
FEf?

5-7. IEXAIBIT. INTEGERHABOOLEANS B & X AEHEA FEH 2




] A

5-8. AI&H XBitFiBooleanEIEKE A o] B .

(1) fAEBitHBoolean® A X 7l

(2) T EZEEEN AR RE ?

(3) KRARBAERI S R A FhR R 2

(4) 1FEAIMRR R FRIE 2P R 2

5-9. AWM RS LRSS, LS HIE N 2 PN LB K 847 3k
A=[A7..AO0]FB=[B7..BO], #i=E D. E. F. JA=BFD=1; 24
A>BHEE=1; HA<BHF=1. F—MiFiTFREFENHW LRSS EIT T
%, NEHBAHRRBERFSITHRER T B oMt T 2R s
R, BISBIEER GRS R RAR RN EEBRER KA. X
Pt F R RIEFEABRETHE, 25 LUEEE.

5-10. ft2a2BEFEER? A BPERER?

5-11. 8 24? ZEVHDLHF, & HH4HAA?




] A

5-12. HFEER TEERIEFESTD LOGIC _UNSIGNED? ®R&—4.
5-13. FEVHDL& T, S FRBHEO(RA)ERMITE, BIIRHA?
5-14. W—MBALTTELIRBALE SHHEBRBME SR T ? 45X PR ER
FIVHDLFHIR .
5-15. AW FTESMEFTFRERWHIR, HANHEHERAE, Falixns
P
FEFPL:
Signal A, EN : std_logic;
Process (A, EN)

Variable B : std logic;
Begin
IFfEN =1 then B <= A; end if;
end process;




] A

FEF2:
Architecture one of sample is
variable a, b, c : integer;

begin
c <=a + b;
end;
2P 3:
library ieee;

use ieee.std logic 1164.all;
entity mux21 is
port ( a, b : in std_logic; sel : in std_logic; c : out std_logic;);
end sam?2;
architecture one of mux21 is
begin
ifsel ='"0"then c:=a:;else c:=Db; endif;
end two;




] A

5-16. WRIEHI4-23 %18 LB A Firas, SHNFIHEEE.
5-17. #%%15-12F KA FEA) 53 H AN FH PR E AR IA B 2R

5-18. EAW LM EERE? AeedaiiEfhfaRHEGE
F1? AHARR? s

5-19. Gk S ENKFERWMBER? IMRNAEETH THRES
R, WMEMNTEERERAESBHERRETRT?

5-20. At AR —FFATRUETE A AT LSRRy — VR ? N R 2 IXHE
(138, ZiER)EFFSCILBURS S Rl ?
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5-21. FRRVHDLIRBEHSGSERSH LAl X 25 725 2
FEF1:
architecture rtl of ex is
sighal a, b: std_logic_vector(3 downto 0);
begin
process(clk)
begin
If clk = "1"' and clk'event then
iIfq(3) /= '1" then g <= a + b;
end If;
end If;
end process;
end rtl,




EF2:
architecture rtl of ex is
signal a, b: std_logic_vector(3 downto 0);
begin
process (clk)
variable int : std_logic_vector(3 downto 0);
begin
If clk ='1" and clk’ event then
IfIint(3) /7= "1"then Int:=a+ b ; q<=int;
end if;
end if;
end process;
end rtl ;
ERF3:
architecture rtl of ex is
signal a, b, c, d, e: std_logic_vector(3 downto 0);
begin
process (c, d, e, en)
begin
ifen ="1" then a<=c; b<=d;
else a<=e¢e;
end if;
end process;
end rtl;



] A

5-22. ¥ TFEFEEN NYWHEN ELSEEA]:

PROCESS (a, b, ¢, d)
BEGIN
IF a= '0"' AND b="1"' THEN nextl <="1101";
ELSIF a='0' THEN nextl <=d ;
ELSIF b="1" THEN nextl <=c;
ELSE
Nextl <= "1011" ;
END IF;
END PROCESS;




] A

5-23. WA THREFAAAR, W—HREESE? 3Jim b EITr HE.

FEPl:
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY EXAP IS PORT (clk,a,b : IN STD LOGIC;
y : OUT STD LOGIC);
END EXAP ;
ARCHITECTURE behav OF EXAP IS
SIGNAL x : STD LOGIC;
BEGIN
PROCESS
BEGIN
WAIT UNTIL CLK ="1";
x<='0" y<='0}
IFa=bTHEN x<="'1%;
END IF;
IF x="1" THEN vy <="1";
END IF ;

END PROCESS ;
END behav;



FEF2:
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
ENTITY EXAP IS PORT (clk,a,b : IN STD_LOGIC;
y : OUT STD_LOGIC );

END EXAP ;

ARCHITECTURE behav OF EXAP IS
BEGIN

PROCESS

VARIABLE x : STD_LOGIC;

BEGIN

WAIT UNTIL CLK ="1";

X :="'0" y<="'0°"%

IFa=DbTHEN x :="1"

END IF;

IF x="1"THEN y <="1";

END IF ;

END PROCESS ;
END behav;
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&4 500 0 0001 {0010 0001 0i00 0101 {000 0114 1000 { 100§ 4010 1011 1100 § 100 )10 § 1111 0000 | oo
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[5]5-26])
LIBRARY IEEE ;

USE IEEE.STD_LOGIC_1164.ALL ;

ENTITY DECL/S IS

PORT (A : IN STD_LOGIC VECTOR(3 DOWNTO 0);
LED7S : OUT STD_LOGIC_VECTOR(6 DOWNTO 0) ) ;

ARCHITECTURE one OF DECL7S IS

END ;

BEGIN

PROCESS( A)
BEGIN

CASE A IS

WHEN "0000" =>
WHEN "0001" =>
WHEN "0010" =>
WHEN "0011" =>
WHEN "0100" =>
WHEN "0101" =>
WHEN "0110" =>
WHEN "0111" =>
WHEN "1000" =>
WHEN "1001" =>
WHEN "1010" =>
WHEN "1011" =>
WHEN "1100" =>
WHEN "1101" =>
WHEN "1110" =>

WHEN "1111" ==

LED7S <=
LED7S <=
LED7S <=
LED/7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=
LED7S <=

WHEN OTHERS == NULL ;

END CASE ;
END PROCESS ;
END ;

"O111111";
"0000110" ;
"1011011";
"1001111";
"1100110" ;
"1101101";
"1111101";
"0000111" ;
"1111111";
"1101111";
"1110111";
"1111100" ;
"0111001" ;
"1011110" ;
"1111001";
"1110001";
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[#15-27]
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY SCAN_LED IS
PORT ( CLK :IN STD_LOGIC;
SG : OUT STD_LOGIC_VECTOR(6 DOWNTO 0); --Btfsiilfs S
BT :OUT STD_LOGIC_VECTOR(7 DOWNTO 0) );--frisilfs S
END:;
ARCHITECTURE one OF SCAN_LED IS
SIGNAL CNT8 : STD_LOGIC_VECTOR(2 DOWNTO 0);
SIGNAL A : INTEGER RANGE 0 TO 15;
BEGIN
P1: PROCESS( CNT8)
BEGIN
CASE CNT8 IS
WHEN 000" => BT <= "00000001" ; A <=1 ;
WHEN 001" => BT <= ""00000010" ;: A <= 3 :
WHEN 010" => BT <= "00000100" : A <=5 :
WHEN 011" => BT <= "00001000" : A <= 7 :
WHEN 100" => BT <= "00010000" ; A <=9 ;
WHEN "101" => BT <= ""00100000" ; A <= 11 ;
WHEN "110" => BT <= "01000000" ;: A <= 13 ;
WHEN "111" => BT <= "10000000" : A <= 15 ;
WHEN OTHERS => NULL ;
END CASE ;
END PROCESS P1;
P2: PROCESS(CLK)
BEGIN
IF CLK'EVENT AND CLK = '1' THEN CNT8 <= CNT8 + 1;
END IF;
END PROCESS P2 ;
P3: PROCESS( A) — ¥
BEGIN
CASE A IS
WHEN O => SG <= "0111111"; WHEN 1 => SG <= "0000110"";
WHEN 2 => SG <= "1011011"; WHEN 3 => SG <= "1001111"";
WHEN 4 => SG <= "1100110"; WHEN 5 => SG <= "1101101"";
WHEN 6 => SG <= "1111101"; WHEN 7 => SG <= "0000111";
WHEN 8 => SG <="1111111"; WHEN 9 => SG <= "1101111";
WHEN 10 => SG <= "1110111"; WHEN 11 => SG <= "1111100";
WHEN 12 => SG <= "0111001"; WHEN 13 => SG <= "1011110";
WHEN 14 => SG <= "1111001"; WHEN 15 => SG <= "1110001"";
WHEN OTHERS => NULL ;
END CASE ;
END PROCESS P3;
END:;
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[#15-28]

LIBRARY IEEE;-- IFBMHES KERZMER I X, THERENSHEES-24.
USE IEEE.STD LOGIC_1164.ALL;

USE IEEE.STD LOGIC_UNSIGNED.ALL;

ENTITY DDS_VHDL IS -- ME&it
PORT ( CLK : IN STD _LOGIC; --R%Ztsh
FWORD : IN STD LOGIC_VECTOR(7 DOWNTO 0); --#iZRizHF
PWORD : IN STD LOGIC VECTOR(7 DOWNTO 0); --#frfdlE
FOUT : OUT STD_LOGIC_VECTOR(9 DOWNTO 0); --ABHIEZESHH

POUT : OUT STD_LOGIC_VECTOR(9 DOWNTO 0) ); --Z%{55H%H
END:;
ARCHITECTURE one OF DDS_VHDL IS
COMPONENT REG32B --B2 A
PORT ( LOAD : IN STD_LOGIC;
DIN : IN STD_LOGIC_VECTOR(31 DOWNTO 0);
DOUT : OUT STD_LOGIC_VECTOR(31 DOWNTO 0) );
END COMPONENT;
COMPONENT REG10B --1O0f1 B 758
PORT ( LOAD : IN STD_LOGIC;
DIN : IN STD_LOGIC_VECTOR(9 DOWNTO 0);
DOUT : OUT STD_LOGIC_VECTOR(9 DOWNTO 0) );
END COMPONENT:;
COMPONENT ADDER32B --32L ke
PORT ( A: IN STD_LOGIC_VECTOR(31 DOWNTO 0);
B: IN STD_LOGIC _VECTOR(31 DOWNTO 0);
S : OUT STD_LOGIC_VECTOR(31 DOWNTO 0) );
END COMPONENT; (ETn)



COMPONENT ADDER10B ——10f e
PORT ( A: IN STD_LOGIC_VECTOR(9 DOWNTO 0):
B:IN STD _LOGIC VECTOR(9 DOWNTO 0);
S : OUT STD_LOGIC_VECTOR(9 DOWNTO 0) );
END COMPONENT;

COMPONENT SIN_ROM --10f #uhk 1 Of7 £ #E 1IE 5215 5 HIEROM
PORT ( address : IN STD_LOGIC_VECTOR(9 DOWNTO 0);
inclock :IN STD_LOGIC ;
q : OUT STD_LOGIC_VECTOR(9 DOWNTO 0) );

END COMPONENT;

SIGNAL F32B, D32B, DIN32B :STD_LOGIC_VECTOR(31 DOWNTO 0);

SIGNAL P10B, LIN10OB, SIN10OB : STD_LOGIC_VECTOR( 9 DOWNTO 0);
BEGIN

F32B(27 DOWNTO 20)<=FWORD ; F32B(31 DOWNTO 28)<="0000";
F32B(19 DOWNTO 0)<="00000000000000000000" ;
P10B( 9 DOWNTO 2)<=PWORD ; P10B( 1 DOWNTO 0)<="00" ;

ul : ADDER32B PORT MAP( A=>F32B,B=>D32B, S=>=DIN32B );

u2 : REG32B PORT MAP( DOUT=>=D32B,DIN==>= DIN32B, LOAD=>CLK );
u3 : SIN_ROM PORT MAP( address=>=SIN10B, g==FOUT, inclock ==CLK );
u4 : ADDER10B PORT MAP( A=>P10B,B=>D32B(31 DOWNTO
22),S==LIN10B );

u5: REG10B PORT MAP( DOUT=>=SIN10B,DIN==LIN10B, LOAD=>CLK));
ué : SIN._ROM PORT MAP( address=>=D32B(31 DOWNTO 22), g==POUT,
inclock ==CLK);

END;



