Entity & A 1 Architecture Body &1 ¢4

1. Entity 8HF= AIS X A6t DA ols AIAES] 218 AZ = Hdote F20I0
IFee Stls ?let YEH d= 2ot NS Entity &40[ct) 8Tt 2tEte] 2 EE

0ll) entity and? is
port( a, b :in std_logic;

y :out std_logic );
end and?;

O J1A entity 2| OIS = €&0ot= 20l =2Iot=5 otAt. VHDL 2 entity B2 20l =AE
UM HIIE &= 220, 80| ANAE Al AR2AL SEE ?Ie 28 822 a 2
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2. Architecture Body = AIE XD 862X} ol= AIAE LIRS S&S MEEC=Z O

S =20ICH.
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0ll) architecture sample of and?2 is
begin
y <= a and b;
end sample;

entity I 0421 JH2l Architecture € Jt& = QUlt= A= 20| ot 0|12 Eoll &l 20|
OtLlct oIt 2 BFR O = =L Architecture 2 A
OIAHINIAIEE 2 &3 and HOIE 20 Uit e S&

MM (Object) 2t XAt2E (Data Type) & AHALXH Operator)

1. 28X (Object)2t VHOL Ol A at2 JtE = U= 42 LSHCH BHHME AU A0 2 FIO
HOost e, = NI E S AIESE 2ADtE Z2 ol 0F st
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VHOL &4 A0l Wire 2 &0l &0, 2r Component & HZ 0l AtE&= 20 & H=0|Ch
Signal EEHSl A0 = HLotI| fIHA= GUAMRL 201 '<='E AFEEHC
Qe H&E ASO HMA0l= Signal 2 AAH6t= Y Port 2 d5H= Z-0l UL Port 2
Signal &A0AS £OHE X0l LEHS F2, = Mode Ol st 2 L0

@ Port

m

0oll) port (&, b : in std_logic;
y ! out std_logic );
@ Signal & &i5t= &Y
Signal & & 212 Xli= architecture 2 begin AHOIOICt.

0ll) architecture sample of logic is

signal a, b : std_logic;

signal temp : std_logic_vector(3 downto 0) := "1100";
—— )| Y E M= Jls ="E ALSEHH
begin
end sample;
Signal A2 Al F2/& H2 YJ|& '<='&= 1 201 Al U&= 210] OFLICH Process &

LHOI A g0l CH & &l
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| &2 Process 20| ZLI= End process € 2t M HIZM 1 20|

tCt. OIS A delay 2t1) &tCH.
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ii ) Variable
Variable 2 process Lt 2Z 218, = function 3t procedure A AFZ &0 process
LIS OIMEt SS8 LHE B ==0ICt. Variable 2 Signal ot 20| Wire & & & Xl Z2H
Sythesizer Ofl 2IGHA DI AK2 PAEE IS GHH Al AIXIAH 2 &= 2401 2S0IC

Variable 0l AFEXl= HJISE= "='0ICt 0l JIs= 2ES BtU= Al AEC

@ Variable 8 A1 5t= gt
Variable 2 & A 2 Xl= process 2 process 2| Al& = LIEIHUW = begin AFO| O C}.

0ll) process(a, b)
variable temp1, temp2 : std_logic;
begin

end process;



CESt Variable 2 S Al gH0| CHY I XI2F process 2= WA LI2H 1 gfS AMAGH HEIC.
Variable 2| 22 process 2 QHOIAICH S 50D 20l &f2 2&061)| Kol A= process E

e L2201 &0l 2 gt= Signal Ol CH o OF &FCH.

iii) Constant

Constant = Z=J10Il &8t &2 gt= =RAot=0 AISotH, dHE =18t dtE += QlCh

O|I

CHII= A Al Variable ot Ot&IHXI 2 '="E ALZEHC.

@ Constant 2 & Qi5t= g

Constant 2| & A 2?IXl= loop, generate 2, SEZ 2 )& = generic HIA A =L
0ll) architecture sample of logic is

constant delay : integer := 5ns;

Begin
End sample;
2. XI5 &(Data Type)2 HHE™ 2o/o MENZOILI Z2UE

OISOl HLE St E XMelg =
=

@ Predefinde Data Type (0I0] E2|=l VHDL)
@ User-Definde Type (A2 Xt & 2J)

i) JIs® 28

@ Scalar Type(x=XHs)
TMNE0I2l=2120,1,2,3 - SS9 =& 1 =NME HE = A= ASE 0|0

Oldst =XHE 2 EOAl MEE2Z LHECH

A HE (Enumeration Type) BIT, BOOLEAN, CHARACTER, STD_LOGIC

M43 (Integer Type) INTEGER

Al2S (Floating Type) REAL




£2l& (Physical Type) UNIT : TIME, DISTANCE
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4@ Composite Type(&

sggz 0lest =Es M =80 = Ret o
22 0] JIXIE E80ot0 AtSot A2 [ AFZSHCH EE882 tHZEE 0t
HggozZ Lt
N8t& (Constraint Type) TO, DOWNTO
HEE (Array Type) BIT_VECTOR, STRING,

S2HEE (Unconstraint Type)
STD_LOGIC_VECTOR

Zl8t& (Record Type) RECORD
@ Access Type(HZ &)
HZE2 B Computer HH AWMLl Linked List 2 A& = UEE IS HA

E0H Lo HEE=2 AMSdIolEE gt EX 20 ot=AHEL=Z F2Eots
X 2= OFAMAl 1 XI&0| 0l Eotth

HAHS (Access Type) ACCESS, NEW

@ File Type

File Type 2 File 2 &0l 2&d = Data Type L2 M 2222 &
A

£
F2EHCH E8 0] (IR VHDOL 9 312 EE 0
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File ol =& M E4G}
2= S|, = Simulation Debugging OlAl 20| AIZ2EH £
A=2 MAGHH HO AFE6HX Z=CH el A Synthetic Code JF OFLI g+ =

O|oHAt. MY e HZEM 20l =E2EX0H= ted2 EO0l A2U KReldt|

oS (File Type) FILE

StCh. M JIM = Std_logic_1164

ANSEHE HAHE = Type ~iscle HIZHE AFS

Package 0l 8= LHES Oz SRULH
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NS S otLte| Data 2 SUHAM A A5H= 2A0ICH.

o) Type bit is ('0', '1');
Type boolean is (true, false);
i) @48 §+EO Hls Ot 201 AT QUL
0ll) Type integer is range —2147483647 to 2147483647;
Type byte is range —127 to 127;
i) A48 o AEO He HAl Otei 2t 2601 —1.0E38 0l A 1.0E38 DtXI #A3HE 0 UL
AEO| gDt £ A2 High o Low ct= Attribute £ AFE0HA LIEHE =& QUCH.
0il) Type real is range —1.0E38 to +1.0E38;

iv) 228 @ SCE2 A2 Hel 87 S92l SelXQl tIS LIEHHOH AFS XL 8IS
ootk @28 Jl= SR NE 8Hels g2 HAW 22 -2147483647 0l A
2147483647 DtXl OICt.

0il) Type time is range —1.0E38 to +1.0E38;

unit ps;
ns = 1000ps;
us = 1000ns;
ms = 1000us;

sec = 1000ms;

min = 60sec;
end unit;
v) ZEtE L AEE2 2 SR =XNE0IU HHEES olLZ 2HEX MEE £ U=

SAAOI0 'S AFEEH

-

0il) Type information is
record value : bit;
context : integer;
end record;
variable kk : information;
kk.value :="1";

kk.context := 9;
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oll) Type byte is array( 7 downto 0 ) of bit;

variable a : byte;

a:="01110000";
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Type S 2 CHA|

oll) Type bit_vector( natural range <> ) of bit;

Type string is array ( positive range <> ) of character;
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0ll) Type CELL;

0ll) Type LINK is access CELL;
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0ll) Type TEXT is file of STRING;

file INPUT : TEXT is in "std_input";

file OUTPUT : TEXT is out "std_output";
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el =clHAMKIE 8 AI2E 2L nand E2 nor S HE0HM AI2E HL ZEEHEQ|
SECX LAODZ 2SE AIESID ZE=A0l =2I0H0F SHCY.
H=2 =2l HAAXH(Local Operator) or, and, nor, nand, xor, xnor
o ZHH o A XH(Relational Operator) =, /=, >, <, >=, <=
=L S Al o AHRH(Adding Operator) +, -, &
! st o AFXH(Unary Operator) i+, =
=& (Multiplying) * /, mod, rem
)
! JIEH A AERE **, abs, not
e

S ™ T & (Behavioral Description) b A& E & (Structural Desciption)

VHDL Q] & 282 A9 o= 20 et 2 d8otHUL EEHM AISE 5= UL
1. &8 482 NSSEH H8 1 Process =0l 2[et EH 22 LF O &ICH
® Xt=S5EX H8(Data Flow Description)
2 =24, RTL =2 HAAE AIE06H0 2E 0 SESA012] 2HE LEtW=E 2=
et NS EH HE2 =2 2 XHel20A MAEXH, =282 =AMl S22t
S Al =&EICt

o1
) architecture data_flow of compare_logic is

begin

equal <= not( a(1) xor b(1) ) and not( a(0) xor b(0) );
end data_flow;

® Process 20l 2|8t Z8

N=SEXH H8 LYHB0 F43E HEOICH 329 JIsHE HEs JIsE 82
2Ne|BEHCZ J|=ot= HOICH Process 22 otE90 AlIARIE REEZ D|=ot=dl
HEloICH AIABI2 GIEAN S AN JUD, A =2 HHHE StHA
N=z2te| SAIZ2 Soll 2HE K XISHCE Architecture LU (44 JH2l Process 01 AS
= UM & Process 22 Hd X clE 6tXIL, Process & R &= =XtxclE St Lt
Process 22 Z A4S 2 HotE Sol S0t 0l Soll AZ S&S &ttt

begin
process(a, b) ——()ot9l a, b E XAl Set &Lt
begin
if a=Db then
equal <="'1"%
else
equal <='0"
end if;



end process;

end sample;

2. #AN HE=2 &M TEBU ot = 220 JrE JIhE E£80(2t & &= UL
SIEYN S ZAUAM ICAKNESE MR AO2 HAGIH AlAEIES RASBISO0] 0101 dAH =
Component € 0l23t0, 21 Component =2 M& HZ5t0 System 2 Jl=0otdle=
SAQICH XA HEE W= Generate 1 Generic 0] UCH.

(D Component &
Ol0l BAHIE Entity E 22L& 2tFol R2AE o2 K 6l= S0ICH 0|2 AFE6lD|
hAM = Component ZE HABHOF SHCF €8 Port map()0l2t I E AFR5H)
Component £ Atdllat AlZH0F StC.
0ll) entity nand_component is
port(
in1, in2, in3, in4 : in std_logic;
outl, out2 : out std_logic );
end nand_component:
architecture sample of compare_logic is
component nand2 —-- component nand2 & &1
port( a, b : in std_logic;
y : out std_logic );
end component;
begin
ul : nand2 port map( ini, in2, outl); ——nand2 & A&}, X ZE ghal
u2 : nand2 port map( a=>in3, b=>in4, y=>out?2 ); —-- 0|ES&& g4l
end sample;

02 port map A |AIXIZE Y 0IEZ2E A0 ULCH |AXNZES component 2 Z&Her [,
port signal 0| LIZ & |/IX=AUE HZEH, OS2 &2 port signal 0] LIE & {I X2

AP0l 222 '"HAIQIE => 'AMOIE'eZ HZEC O|SZE2 AE 0|22 H&ZL D]
20 Z2E2 =Ml S26ICH E& component 2 AFZ01D| M= AF=2E component Jt

&Y UHECI0 S=01 =0 QL00F L

@ Generate &
Generate 22 Component & BH2X O Z AIZol)| /M AFZSHCE Generate 22
d et Br= A eldt= if-
C

Cte= BIEMAH S 28 for-generate 21 ZTH & X240l
generate 20| ULt GIE =01 | 2! entity 0152 AMEMUCH AFE X 20 O

L= St
# for—generate &
0ll) entity nand_component_for_generate is

port ( a, b : in std_logic_vector( 3 downto 0 );
y : out std_logic_vector( 3 downto 0 ) );
end nand_component_generate:

architecture sample of nand_component_generate is
component nand2



port (a, b :in std_logic:
y : out std_logic );
end component;
begin
gl : foriin 3 downto O generate
ux : nand?2 port map ( a(i), b(i), y(i) )
end generate g1;
end sample;

@ if—generate 2

0ll) entity xor_component_if_generate is
port ( a : in std_logic_vector( 4 downto 0 );
prity_check : out std_logic );
end nand_component_generate;

architecture sample of nand_component_generate is
signal y : std_logic_vector( 3 downto 0 );
component xor2
port (
a, b :in std_logic;
c : out std_logic );
end component;
begin
gl :foriin 3 downto 0 generate —- g1, 92, g3, u4, ux = dl0I=0IC}h.
g2 . if i =3 generate
ud : xor2 port map (a(i+1), a(i), y(i) );
end generate g2;
g3 :if i < 3 generate
ux : xor2 port map ( y(i+1), a(i), y(i) );
end generate g3;
end generate g1;
parity_check <= y(0);
end sample;

@ Generic 2
Generic(&B3}) 0l 2t Entity LHOIl J1=3t0 Generic 2 DO
322 Ji==Lt 29| DIt OHOHH =0l 2o Z2E &I Sf
=2 AIEE = 2HleE &0, L2E= N2 0 U
Z It giCH L&t 0l Bla= AZ2EX0 et & HKZ2 L
?I8t BHH& =2t &S0l IS IS 0HIHA==0ILCH.
Generic 2l AtE2 AtEE Component 2| Entity ffl H X A AHZ 5t10 T2 Component £
OlAl Ol E OI=8&tCH.
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generic ( size : integer := 8);
port ( X, y : in std_logic_vector( size—1 downto 0 );

z : out std_logic_vector ( size—-1 downto 0) );

end nand_generic;

architecture sample of nand_generic is
begin
z <=xnandy;
end sample;

—— [ Generic 22 &2 = Component £ AI25t= Logic System | ——

entity nand_sys is
port( a, b : in std_logic_vector( 3 downto 0 );
¢ : out std_logic_vector( 3 downto 0 ) );

end nand_sys;

architecture sample of nand_sys is
component nand_generic

generic( size : integer );
port ( x, y : in std_logic_vector( size—1 downto 0 );

z : out std_logic_vector( size—1 downto 0 ) );
end component:

begin
ux : nandg generic map(4) port map( a, b, ¢ );

end sample;

entity nandx_generic is
generic ( size : integer );
port ( x : in std_logic_vector( size—1 downto 0 );
z : out std_logic );

end nandx_generic;

architecture sample of nandx_generic is

begin
process( x )
variable temp : std_logic;
begin
temp = x(0);
for lin 1 to size—1 loop
temp :=temp and x(i);
end loop;
z <= not (temp):
end process;
end sample;

—— [ Generic 22 &H & Component & AF26l= Logic System ] ——

entity nand_sys is
port( a : in std_logic_vector( 3 downto 0 );



b : out std_logic );
end nand_sys;
architecture sample of nand_sys is
component nandx_generic
generic ( size : integer );
port ( x : in std_logic_vector( size—1 downto 0 );
z : out std_logic );
end component;

begin
ux : nandx generic map(4) port map( a, b );
end sample;

1. =Xt Xcl22 Process & WOIA JI=&0H wait 2, if 2, case & & for—loop 20| ULt
JJefLh 229 Process 22 Yai X 2lstCh) 25t HQICH Ol =Xt X2l EFRE
2 Ot2 At
@ Process &
Process 22 21t 22 SA2=2 AIZSHLH HI0I=2 MEE D0, 2X8S
elAE= UK Process o YRAMSEZ LM, O XSO B3 442 [}
process 20| =8It Eat otLES| Entity LHOI 0421 JHQl Architecture I UE %=
Uz WX A Process & L& ofLE2| Architecture LHOI G JH2| Process 2=
ANEE = ULCH
[HI0I2 :] process [(ZXIAS 2|AE)]
begin
=XHelE;
end process [2IOIE];
@It
NSAHUF 20l 20| &0IH L= if (22) then 40| UL if 22 L&
AE L0 [Het ChES0 201 3JtXI2 s&2 & 5 UL
@ YUHA if 2
if 22 HEl S A (Multiplexer, Olot MUX & HJ|)E 0|26t0] S8z Z8&

(3]
= U2H, if 22 ot=/H 2E& 0 st Ol === &
oll) if (sel ='1") then
y <= a,
else

y <= Db;
end if;



CIE if 22 20 22 &Aoo MUX =22 EE8 £ QUL Us if 22 oA
el XAHE 2= ZRO0IC0H
o) if ( sel0 ="1") then
y <= a;
elsif (sell ="'1") then
y <= b;
else
y <=C;
end if;

@ JALTIF HEE if 2

01N 2 else 20| 2= if 20ICH HIIME If 20 M= 22401 ARNY BS = Ot
ol= else 20| 81992, else Ol HE &= %ES "F HOl &3 g 12 |SXIsHA
S0 Metd 282 22401 AXY e U1 & g2 XIEH0F 6t2 2 VHDL
SHEAIN JIDAXIDF WEZEECH Old8H IS AKXt HEE if 29| 0llJt Latch 2t
Flip/Flop OICt. Latch 2F Flip/Flop 2 Xt0l= if 2 =210 Level Trigger 0l 2| ol
EAH0| H3lE ™ Latch 0113, if & XA 0| /\|99| a5 =2 ot2 0 2o, = Rising
Edge Lt Falling Edge Trigger Ol 2Icll 20| B13tS ™ Flip/Flop OICH VHDL 0l A
Ol=2 H8ot)| ?o event 2t= 01|2t01§ INE=3=lI
oll) if clk'event and clk = '1' then —— Rising Edge Ol Al SZ6l= Flip/Flop
ag<=d;
end if;
if clk'event and clk = '0' then —— Falling Edge Ol Al SZol= Flip/Flop
q<=d;
end if;
if en="1"then —— Level Trigger 0l 2/ =& 3dt= Latch
qg<=d;
end if;
® Case &
Case 2 4! gtoll (et 22 A 8ISHLE Case 22| #=4! gi2 integer &, 2y st
22 ANSEEO| =2 MM, F2E} 22 JIsE0 st &H 0 =&otlh Case 22
When Q| gt Hlot] 2 X6t 1 2& =S £+=&8SHCH When 2 =412 02 g¢te 2
EEE s ' (E=)0letsE JISE AFZEHCTH

0ll) case sel is
when "00" =>y <= d(0);
when "01" =>y <= d(1);
when "02" => vy <= d(2);
when others =>y <=d
end case;
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S A While—Loop & 4!

= in B8 <l loop
=X Xel=; — B H203 Bi=
end loop [ &ll0I= |;
& [ d0I=2 ] : while 22 loop
=X Xl2; -—— 220 & MK 2=

end loop [ &l0I= ];
¢ [ 202 ] : loop
=X X2l = —— 2¢&t 8t=5

end loop [ &l0OI= 1;

@ For—Loop &4
For-Loop 22 S THLI | M ZD} L= 2A06HHA, ZIEU0 SLE A
Loop 20 S M =X Xel22 Bt Xlet EXHL= S Nz =
SMAZIX LOIOF &0, @& For—-Loop 8 FEZ 40 A2 S0 OF SHCF.
0ll) entity and_logic is
port (a, b : in std_logic_vector( 3 downto 0 );
y : out std_logic_vector( 3 downto 0 ) );
end and_logic:
architecture sample of and_logic is
begin
process( a, b)
begin
for I in 3 downto 0O loop
y(i) <= a(i) and b(i); —— B0 oAl 4 Bt=
end loop;
end process;
end sample;
@ While—Loop &4
While (Z2) Loop 2 X240| &0/H loop 0l SHAMR! =Xt Hel2
BFS 2SS While—Loop 29 X242 BI=2814) HEs| Z2EL X O*OCH
=ClEMEE g £ o802 FOo0F StLHEHE Loop 22 2 8t6| BH=E6 PEE
Loop € WA LE2D| fIoHA exit 20| %96}04 While 22| 322t 0|
gt=slaJF ol KX 22 320 = VHDOL =2I&&0l & = SiCh. 9| VHDL
g4 J|l= While-Loop 21 &= Loop %% X2 3Kl &=L



HEEHN Mel2 i =XHelEes
B

AN Z20AME LELHZ20MN SEEZ2 SOt
y)

o= = 2
20l otllet B X elelCt. MetMd StERAN 28 Jl=ot= VHOL 2 2& 2 S X 2l
JIBtE &0 JACHD 2 == ULt Architecture & LR Ul E8&l= 2 VHOL 2&2
Process 22 LHRE N2dtleE 2SIt &MU 225t S Xel=Z0ICH OlHds g
Hel2oe =A gal EI%(When~EIse)JJ SERN Hal 2| 2(With~Select)0l QUL
D ZAX HE Hel2 - =X X220 if 2 SALSHCH
signal_0lS <= III& 1 when (X21 1) else
oe 2 when (X214 2) else
I8 n-1  when (=21 n-1) else
& n;
0ll) entity logic is
port (a, b, ¢, d : in std_logic;
y : out std_logic );
end logic;
architecture sample of logic is
begin
y <= '0'when d='0" else
'0' when c="'1" else
'0' when (a='1") and (b="1") else
"1
end sample;
@ HEN HE Hel2 2 with 015t =AIgt0ll 2IaH EtEHGHHH, Case @1 R AHGHCE
with (==4!) select
signal_0IE <= W& 1 when (&4t 1),
ms 2 when (& EHgt 2),
& n-1 when (8&2t n-1) else
I+ n when others;

0ll) entity logic is

port ( x : in std_logic_vector( 1 downto 0 );

y : out std_logic_vector( 3 downto 0) );
end logic;
architecture sample of logic is
begin
with x select
y <= "0001" when "00",
"0010" when "01",
"0100" when "10",



"1000" when others;
end sample;
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