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Programmuble AND Plane Fix OR Plane

¢ >—|

e =

T
4
l
a
l

AND 21wm nion oy 21, 78 niwa

!
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CPLD and FPGA ? mmaY
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Field-Programmable Gate Array(FPGA)

(Look Up Tables) wi9'n NIX720 [1N2'7 7V 001N
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SPLDs CPLDs FPGAs
Equivalent gates 0~200 200 ~ 12,000 1000 ~ 1,000,000
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VHDL

VHSIC Hardware Description Language

VHSIC- Very High Speed Integrated Circuit
N'MI90 NININ JIXMT? NOWN DX XY 1700 1981 mavwa
NNANN T 7V '910N XN D7wIin 1985 mavwa
IBM, Texas Instruments, Intermetrics
IEEE 1076 |7nn 2xn 1987 nmivwa
DTV 1'n 2008 ,2002 ,1993 : nnwa
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nN"'YVNA NIYIN'YN 200N IR NIDY

TA72 nTh1'o NYVN7? now |, Xilinx Nnan v ni> — ABEL °
.TA%72 n™1'o nhvn? now , ALTERA nnan 7w — AHDL

NI'va? '1D'o DY 72X nwiIl NINS ,NTN2'ol n'¥7mr'o7 now — Verilog °
.NNINN [120N2

U7 '12'0 DY 72X D'YUPN D'PIN N7Y2 ,nthr'ol n'¥7in'o7 nosw - VHDL
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Design Flows — ]pnan Y70n

Simulation

> IND NINDIN NIY¥NINA N'¥7IN'0
Active HDL ,MODELSIM

INd NTN1'0 7D NIYXNNA N'0'01 N'X7IN'0 IX
ALTERA man 7w QUARTUS

IND NTNA'O '"7D NIYXNANA NANXI NTM'O
ALTERA n1an 7w QUARTUS

Simulation
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entity mux2tol is
port (DO,Dl:1in bit;
S: 1in bit;
Y:out bit);
end muxZ2tol;

architecture arc mux of mux2tol is
begin

Y<= (S and D1) or (not S and DO);

end arc mux;

muxZ2tol

b

D

st
SEB —=2Y

- v

D1

NOYNN NX INNN NIY' - entity
N>IYNN TIPON IRNN — architecture
DAI'DI NDYNN '2TN NN IXNN — port

NI7ITA IX NNOVF NIFNIR? NIA'YN 'R VHDL -2 :nwn
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Mux2tol Y

-D—D1S

entity mux2tol 1is
RoictatRO A DLk b e
S: in bit;
Y:out bit);
end mux2tol;

architecture arc mux of mux2tol is
begin

o L o R S e gl s g DhCh
end arc mux;

,SNIANINN 9IR2 MUX=n NN
MYNNA ORNY NITIES DY

entity mux2tol is
[oYop i ({ Bilvp ADE R4 bis, o5l
S: in bit;
Y:out bit);
end mux2tol;

architecture arc mux of mux2tol 1is
begin
with S select
Y<= D1 when '1' ,
DO when others ;
end arc mux;
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Operators

Gl i
operators

Multplying operators |*/  [Mod  [rem |
Sgnedoperator [+ |- | |
Addngopertor |+ |- & |
Shiftoperator __[s_|s1|sla s |

I - -2 R B
Reatonaloperation = [/= < [<=
I PO F R B
ogicaloperator [and_[or  [nand |
I [ N - S I
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LOGICAL OPERATORS

Operator Operand Type Result Type
2V vio TN

not, or, and, nor, nand, xor, xnor boolean, bit[_vector], std_logic[ vector] same type
Relational Operators
= =

equality any type Boolean
/= Inequality any type Boolean
< less than any scalar type Boolean
<= less than or equal to any scalar type Boolean
> greater than any scalar type Boolean
>= greater than or equal to any scalar type Boolean
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12 Arithmetic Operators

exponential numeric ** integer numeric

abs absolute value numeric numeric
* multiplication numeric * numeric numeric
/ division numeric * numeric numeric
mod modulus integer mod integer integer
rem remainder integer rem integer integer
+ unary plus + numeric numeric
- unary minus - numeric numeric
+ addition numeric + numeric numeric
- subtraction numeric - numeric numeric

MISCELLANEOUS OPERATORS
concatenation array or element & array or element array
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Shift Operators

Operator Operation Operand Type Result Type
sll shift left logical logical array sll integer same logical array
srl shift right logical logical array srl integer same logical array
sla shift left arithmetic logical array sla integer same logical array
sra shift right arithmetic logical array sra integer same logical array
rol rotate left logical array rol integer same logical array
ror rotate right logical array ror integer same logical array
SRL SLA RLL
shift right logical _ . shift left arithmetic s el ea
0—|(0(1|1]/0(1|0]|0 1 ol1/1]/0l1]0l0l1 «—0|(1(1(0(1(0|0 |1 |«
SLL SRA RRL
. shift left logical shift right arithmetic rotate right logical
0(11/(0 91|00 |1 === = 0(1(1/0[1](0|0 |1 = 0 (1T|1T 0100|155
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STTNIOT T DY 29N 2YNWIDINGA POn

Operator type _ Supported synthesizable

Logical NOT, AND, OR, NAND, NOR, BIT, BIT_VECTOR ,BOOLEAN, STD_LOGIC,
XOR , XNOR STD_LOGIC_VECTOR
Arithmetic +,-,%,/,*% ABS, REM, Integer,
MOD STD_LOGIC_VECTOR(with package
std_vector_(un)signed,numeric_std _unsigned )
Comparison =,/=,>,<,>=,<= BIT_VECTOR ,BOOLEAN, STD_LOGIC_VECTOR
Integer, character, string
Shift SLL, SRL, SLA, SRA, ROL, ROR BIT_VECTOR, STD_LOGIC_VECTOR
Concatenation & (““,,,) BIT_VECTOR, STD_LOGIC_VECTOR, string
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PORT =2 nINIX 211

i in [: [: out _

inout
buffer i ®
—j o
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out RXI ARMPA OV

entity SR FF 1is
port( S, R: in bit;
Q, P: out bit);
end SR FF;

architecture arc SRFF of SR FF 1is
begin

O == B oS

Phss Wadc Op
end arc SRFF;

O
2 .' : DO-V—'——DP

. N'X7'ONI7A NRAY 737

Cannot read output : "P"
Cannot read output : "Q"

['A' T¥N NNWN Y'OINT 710" X7 RIN 271 NRNP7 N X7, out RXIN
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buffer R2XM3 W1 - 1 WBR 1 ND

Skt A SOR R S
port( S, R: in bit;
Q, P: buffer bit);
end SR FF;

LGN ECTURE SSrCl SIEER o SIR E s
begin

Q <= R nor P;

Bl <=] S] eEme ;
end arc_ SRFF;

(o]
L= ;' . D°+—4——DP

NN'Y'] NNNIN KXIN 7Y RN
out X471 Buffer 2a10n

ANUNN 7Y M TN NI 710 XXM AR DX XNP7 Y2WOKRN buffer ailon nX'y win'y
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signal RIS WA - 2 IWBR 1N

S 1Ly S RINEERNES
elof ¢{ o g X4 sha Jeplid:
Q, P: out bit);
end SR FF;

architecture arc SRFF of SR FF
signal NQ,NP: bit;
begin
NQ <= R nor NP;
NP <= S nor NQ;
Q <= NQ;
P <= NP;
Sunie, Mehiser ARID w

o}
R, N o

I

| N\
is sD D A

NP

N2'MdI NXMP7 N1 Signal

YA N NRIY Nir'n' "2 12N7 TWONN 'N19 signal-a win'y

begin -n A7 architecture |2 272N Signal
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VTR A0
bit a10
1" 1x '0" w7 'na 'm'o oy 0D W 7an
dataBIT <=0"; — nnaIT

Boolean a10

"1'-1 '0'— 7 0% 0Dy nnmn atha'on Y70, true IX false 0y 72

boolean ny nnaiIT

entity big is
port(a,b:in bit;
f: out boolean) ;
end;

architecture arc big of big
begin

f<= a>b ;
end;

is

bit DY ANAT data <=true; - nnaIT

entity big is
port(a,b:in bit;
f: out bit);

end;

aehdive cutirewsmensn g o sloigesl S
begin

f<=""1"when a>b else '0}

end;
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character a10

JDI'ONNMIN IX NI'AI7 NIV N7V Y¥A7 [N" X7, 'POX TIpa 0DV 7270
data <="A’; — nnaIT

bit_vector a10
D'V 7Y YN XINL,NT 210

NN NMI90 NN D OX X7X ,NI'ONNMX NI7IYO K71 NIAIZ NI7IVO DT 210 DY Y¥17 TWON °
D101 7Y 7713 INIKA Y DN 220 nwn e

:NNAIT? DT AI0N NIX 7V NOnYn
Signal datal : bit_vector (7 downto 0); -- MSB &7 (7) "78nw v2

Data(7) Data(6) Data(4) Data(0)
MSB LSB

Signal data2 : bit_vector( 0 to 7); -- MSB X377 (0) "98nw 12
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N0 NN

AI0ZINN D70 7V IR DFTTIA 0'0' 7V NNWN Y¥a7 N1

.01IY D'0'00] NNYN YXA7 N1 72X ,0'"'YNA 1IN DY NN XD 7Thnn 1NMAa

Y<=(others => ‘0" ); mxipn nI¥a IX Y<=“00000000"; NNAIT? 21V OID'N

'D'OOT 190N Y¥a7 N1 Y<=“01000010"; nNaN nnYNN NX

Y<=b“01000010"; - MNI']] NNYN
Y<=x“42": - 19n'XT NOZNA NnNYN
Y<=0“102"; -~ 701N YN
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NITTIA N0 7Y Nnwin
Y(7)<=0"; Y(6)<=‘1"; Y(5)<=‘0"; Y(4)<=0"; Y(3)<=0"; Y(2)<=0"; Y(1)<=‘1"; Y(0)<=0’;

'D'M2102 DX T 7V DX NIY
Y<=( lol , 11) 1 IOI ; lol ; lol , 10) . 111 I lol );
(AlwN X7 2TON) DIP'™M '97 NaxN T 7V
Y<=(7=>0",6=>1,5=>0,4=>0,3=>0",2=>0,1=>1,0=>0);

(IX N71Y9 - | QI0I9IX) @ NXIZNA NIIXD
Y<=(6=>‘1",1=>1, others=>‘0"); Y<=(6 | 1=>‘1", others=>0");
D'?7N2
Y (7 downto 4 ) <=“0100" ; Y (3 downto 0 ) <=“0010" ;
NI'NYORX 117'Y
Y<=(7]10=>0,6|1=>1,2to3=>‘0 ,5downto 4=>‘0");
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(concatenation =MIwIY) & MNLVIBIND NIYD DY ANV

WY NIYYXNXA Y<=“01000010";

Y <={0} & (1] & IOI & (O) & IOI & (OI & (1’ & IOI;

Y <=0"& ‘1" & “0000” & ‘1" & ‘0’;

Y <= “0100” & “001” & 0’;

Y <= X(l4” & Olll” & IOI;

NNYnNn NNX yXx1]
NIXRNAIT
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MNP Y NIAYD - ANAIT

X(3)

X(2)

X(1)

S 4 A e/

K=

Y Y VY Y

X(0)

Y(3)<=X(0); Y(2)<=X(1); Y(1)<=X(2); Y(0)<=X(3);

Y <= (X(0), X(1), X(2), X(3));

Y <= X(0) & X(1) & X(2) & X(3);

Y(3)
Y(2)
Y(1)
Y(0)

niTTAa Nni'fa'o

nXI;p?

RILJALY)
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VYWY NIYXNNA YM0RI Y AT NINYD ANl

SRL SLA RLL
shift right logical - _ shift left arithmetic rotate left logical
00— |0(1(1T/0(1(0/|0 |1 0/1/1/0(1/0/0/1 |« +— 0(1/1/0/1/(0!0 |1 L«
A <='0" & B(7 DOWNTO 1); A <= B(6 DOWNTO 0) & B(0); A <= B(6 DOWNTO 0) & B(7);
SLL SRA RRL
2 shift left logical shift right arithmetic _ rotate right logical
o(1(1/0|(1|/0|0 |1 |=0 >~ 0(1|1](0|1|0|0 |1 = 0/1/1/0/1]/0/0 1
A <=B(6 DOWNTO 0) & '0'; A <=B(7) & B(7 DOWNTO 1); A <= B(0) & B(7 DOWNTO 1);
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Signal message : string( 1 to 10);

string 210
character 7w 71wn

:NNAIT? DT 210N NIXK 7V NNn¥n

- T77nnn 11N

1-n TN 7'nNn "7xnwN 1NN

Y<= “Ava Nagila” nnwn? nnart
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integer 210

J1'0 32,07 2107 IX' NTN2'ON 7D, 7TIAN 0 TAIM X7 DX

LDRINYD NI'UANMN NI7IVO NT 210 DY Y¥27 TWON °

2TI2 IMINA 70 N7 D712 DTONNMIR N71V9 I WD e

10N 190N '97 IX' NTNI'ON 72 17'RI 7T1IAN NNTAN 97 10N N' N'X7IN'oN Y7 ¢

NIRNAIT

Signal vall : integer range 0to 9 ;
15 71w 0 7w 7277 210" nanwnn P71 niraro 4 NIR? ¥ ntha'on "N

Signal vall : integer range -5 to 13 ;

15 7Y (-16) -n 0D 72" NnINwNN P71 2 -7 0'7wnn NU'YWa NIFro 5 NINY 1¥p' ntnaron '
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std_logic aion yTn

bit-n NX 2'nn Std_logic
bit_vector nX 2'nn Std_logic_vector
:N72AN WUNNYN? NMIX W, AT VTN WNNWUN7 ' »

library IEEE;
use IEEE.STD_LOGIC _1164.all;

.NT VTN 210 7V DA NI7VI9 |, bit_vector -1 bit 7y 17vow NI71von 7
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std_logic yT'nn 210 ¥ D'a17n 0axyn

prn a1 — "' e

prn 70 —'0' e

(M2mnixanowaZ) , (pm1) nnia nady — 'Z' e

(N?1TA NIXQ DWN X ) VTN NIYAINNNA ARXIND 727007 7200, yiT X7 = 'X' »
wana7'0' - L' e

wn 7'l - 'H' e

(v7n 'X') YN VIT X7 - 'W' .

DON’T CARE — -

(N71Ta nIxa oWl U ) nnwin nyXIaw 197 ninwn 7 W ,7nnikn X7 1y - 'U°
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AT VAN e
7’ 7’ 7’

‘0’ ‘0’ ‘0’ 7 ‘H’ ‘H
‘0’ 1’ X’ 7 X’ X
‘0’ 7 ‘0’ 7 ‘W’ ‘W’
‘0’ X’ X X’ r X
‘0’ v 0’ X’ ‘H X
‘0’ ‘H’ ‘0’ X X X
‘0’ ‘W’ 0’ X’ ‘W’ X’
1 1’ 1’ v ‘v ‘v
1 7 1 ‘v ‘H’ ‘W’
1’ X’ X’ ‘v ‘W’ ‘W’
1’ ‘v 1 ‘H ‘H ‘H’
1’ ‘H’ 1 ‘H’ ‘W’ ‘W’

out

VHDL 71m oax 1’ ‘W’ 1 ‘W’ ‘W’ ‘W’
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1'IDN7 YiInn 2NN = MIRANINN IR

(WHEN-ELSE) Conditional Assignment — nanin anwn

signal name <=  expression_1 when condition_1 else
expression_2 when condition_2 else
expression_3 when condition_3 else

expression_n; -- others

(WITH-SELECT-WHEN) Selected Assignment - nIN2) nnwn

with selection_signal select

sighal_name <= value_1 when choice_1 of selection_signal,
value_2 when choice_2 of selection_signal,
value_3 when choice_3 of selection_signal,

value_n when others;

VHDL 7vmax
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—_—
D
—_—
>
Conditional Assignment

library IEEE;
use IEEE.std logic 1164.all;

entity mux4tol is
port (D :in std logic vector (3 downto 0);
S :in integer range 0 to 3;
Y :out std logic );
end mux4tol;

architecture arc mux of mux4tol is
begin

Y<= D(0) WHEN S=0 ELSE
D(!) WHEN S=! ELSE
D(?) WHEN S=_ ELSE
D(3);

end arc mux;

Y

Emmm MUX 4->1 anart

w N = O

Selected Assignment

library IEEE;
use IEEE.std logic 1164.all;

entity mux4tol is
port (D :in std logic vector (3 downto 0);
S :in integer range 0 to 3;
Y :out std logic );
end mux4tol;

architecture arc mux of mux4tol is
begin
with S select
Y<= D(0) WHEN O ,
D(l) WHEN | ,
D(”) WHEN ” ,
D(3) WHEN others ; -- 3

end arc mux;

VHDL 71 °ax
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library IEEE;
use IEEE.std logic 11l64.all;

entity mux4tol is
port (D :in std logic vector (3 downto 0);
S :in integer range 0 to 3;
7} sout | STl ogic )
end mux4tol;

architecture arc mux of mux4tol is
begin

Y<= D(9) ;

end arc mux;

VHDL 7vmax



library IEEE;
use IEEE.std logic 1l64.all;

entity dmuxlto4d is
port (D :in std logic;
S :in std logic vector (1 downto 0);

Y :out std logic vector (3 downto 0));

end;
NV NIYYRNA-"R T

architecture arc dmux of dmuxlto4 is

begin

begin
Y<= “000” & D when S= “00” else
“00” & D & ‘0’ when S= “01” else
‘0’ & D & “00” when S= “10” else
D & “000”;
il AXR2R NYYRAA = T
architecture arc dmux of dmuxlto4d is
Y<= (*0","0’","0",D) when S= “00” else
(*0’,’0’,D,’0’) when S= “01” else
(*0’,D,’0’,70’") when S= “10” else
(D 14 O r 4 O 14 14 O ) r

architecture

D
D
D
D

DMUX 1 to 4 :maxT

Y(3) | Y(2) | Y(2) | Y(0)
Out | Out | Out | Out

- O
o -

N
-

TI912 ¥R D A T

arc_dmux of dmuxlto4d is

when S= “00” else '0';
when S= “01” else '0';
when S= “10” else ’'0';
when S= “11” else '0';

VHDL 7vmax
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Conditional Assignment A R Selected Assignment

S library IEEE;

library IEEE;
use IEEE.std logic 1l64.all;

use IEEE.std logic 1l64.all;

s e poxrthy (1A, S §: i hivis HCINEE 116/
port (A,S :in std logic; 0 _ =
~ ERp: outs., Stdigesgs, ) ;

F :out std logic );
. I ena

architecture arc buf of BUF is
begin
with S select
F<= A when 'l' ,
'Z' when others ;

end ;

architecture arc buf of BUF is
begin

F<= A when S='1' else 'Z';
end;

end;

VHDL 7vmax



37 Conditional Assignment

entity my decoder is
soct Thrmie: i b nIYDR STANT

F : out bit);
end my decoder;

archfiftecturevarcydgoder of myldlecodenis A
signal ABC: bit_vector (2 downto 0); <
begin .
ABC <= A & B & C; £ My_decoder —»—— F
F <= 'l' when ABC="000" or ABC="001" or ABC="100" else C ——
'O T ,.
end arc_deoder;
Selected Assignment
entity my decoder is
port (A,B,C : in bit; A F v £
F : out bit); n in in out
end my decoder; 0 0 0 0 1
- 1 0 0 i 1
architecture arc deoder of my decoder is 2 0 1 : -
signal ABC: bit vector (2 downto 0); 3 0 1 1 0
begin 4 1 0 0 1
ABC <= A & B & C; 3 1 0 1 0
WITH (ABC) SELECT B 1 1 a0 0
7 1 1 1 0
B L= 0 I amlacn, 40000 B0 & T LGN .,
'0" when others;

end arc_deoder;

VHDL 7vmax



(Full Adder) FA X% ason a7

S=ADBDCi l l

Co = AB + ACi + BCi e

entity FA is

port(A,B,Ci : in bit; < (o FA il
S,Co : out bit);
W nnx N7V A
architecture arc FA of FA is ci HEE Co l
begin in
S<= (A xor B) xor Ci; o o o o|FN
Co <= (A and B) or (A and Ci) or (B and Ci); o o 1 14
o 1 o 18
end; o 1 1 o |EB
, 1. 0 o 118
1 0 1 o|KB
1 1 o o KN
1 1 1 1 | KB

VHDL 7rrax
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PROCESS - 3"'7qnn

(Jw) 7'vo X7 IX (W) 7'wo ax¥na nirfn? 7210 nnn e
DY NN 77D NTA W )N e

701 MNIYNn T'?ﬂﬂﬂ , ] VN NXK NMIYN NI'Y'aan n'Yna NIK TUKD ¢
VXN NMYIAYN MNK NPV DINnNXnn

J¥' 2¥N7 ATIN XIN ,)'70NN qloa e
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TSN W SannT TIan

label: PROCESS (sensitivity list)
—— variable declarations

BEGIN

—— sequential statements

END PROCESS label ;

.0"'721'¥OIX DN variable onwnnl label owin o
.MINYN NIFYAINN TAXK TWND ,UXINN )'70NN ©
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library IEEE;
use . FEEEGEC Sheifh ¢ dscrianinig

entity and 3 is
port (A,B,C :in std logic;

Bl out=sudiiio gEfe=sybs

end and_ 3;

architecture arc and of and 3 is
begin

process (A,B,C)

begin

F <= A and B and C ;
end process;
end arc and;

A @
B @ F
cC @

And_3

: NININD TNX 'N'Y7 w0 ']"'thﬂ g
A, B,C

yx2' PROCESS X77 101N It nnaim
.AN'YUN NNIX DX
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? NI'YIA"IN NNR IR ANAITA 1'0) DN Yyt an

library TEEE; DIMYANN NN V'om X7 C NIKN nnam
use IEEE.std logic 11l64.all; 12'Y D' ON Y WNONN n71von ni'Hd
_ _ B -1 A NINIX2
entity and 3 1is - | ——— Valie * 200 ¢ N\ 400 0t + e o o+ gy
poLty LARENC _Ting L=CRNicaric) = STD_LOGIC | 1 ] i
F :out std_logic ); B STD_LOGIC 1 _ | =
end and 3; ar C STD_LOGIC | 1 il il [

-, wF STD_LOGIC | 1 | \r1—
architecture arc and of and 3 is \7
begin PoREE, Te

process (A, B) Csaias it
begin T — ——
F <= A and B and C ; b
end process; :
end arc and; i

.MNYN C NO'DN TWUKRD 2'an X7 F XXINN

- e o oo oo
Jlololol ol ol oo c

NNXA '"N'Y W' YWWNXD (N C-7 on'"nn ']"7:'\]'1:'1
.C-7 [ND'T |'yn QX . B IX A NIMY'aIn
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n'wa% QUARTUS atha'ontl aX2in'on "1 nion"nn

'NAD 72unn XN 17'80 0'oNt'Nn A'N?Iinon "D e

----- @ .0INwNn B IX AYwXD 71 C-7 nion'"nn

T '
== 4 ]/ j—. 7Y M'w7 2nnn N7 T 7Y e C
j B-1 A 7w AND N71Vy9 NXXIN

vom C 170 n'on"nnl IT n'van om?vynn QARTUS > ath'on 7D ¢
. DY NNyl

N INN7 N7APNNY Dnin
} RTL (Register Transfer Level)
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1"1“]17\ NN AN = NiANIND VNAKRDN

(F<=A and B :7wn?) 0'0Ivo Nnnwn 71091 YNNWN7 TWOX )'7nNN JiN2

:O'N2N D'RIOON NIVXNAXRA NIYY] 1"7nnn 11N NINNN
if-then-else o
Case-When o

.01 "AIv'NY variable D'INWNa wnnwn? NN

IR win'w
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if-then-else - "ann

if condition(s) then
STATEMENT1 ;

elsif condition 2 then

STATEMENT?Z

.
14

else

STATEMENTN
end if ;

.
4

D'YNNYN OX NONX ,'KINN 7¢ qwnn KN (e '72) elsif '8anin
end if; 7w NnIro 17 n'nNY "X UTN 'KIN XINY , else if -2
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when

when

when
when

end case;

Case-When - 2ann

case selection signal is

value 1 of selection signal

17 onlil eliieio fi | celile C (R TISSRgRiaHlE

value N of selection signal

others

statements 1

statements 2

statements N

default action

TTI2 )W NI Y ,0'TA7 1NN VAR ¢

D'YONN 0'DIYN 70 NN NIODT7 1Y °
1272 Dyo yoIn7arn 1w D e
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if-then-else

0
1
2
3

| DO |
ELCH °
[ Rl ]
o) |

library IEEE;
use IEEE.std logic 1164.all;

entity mux4tol is
port (D :in std logic vector (3 downto 0);
S :in 1integer range 0 to 3;
Y :out std logic );
end mux4tol;

architecture arc mux of mux4tol is
begin
process (D, S)
begin
if s=0 then y <= d(0);
elsif s=1 then vy <= d(l);
elsif s=2 then vy <= d(2);
else y <= d(3);
end if;
end process;
end arc mux;

MUX 4->1 :anart

Case-When

library IEEE;
use IEEE.std logic 1l64.all;

entity mux4tol is
port (D :in std logic vector (3 downto 0);
S :in 1integer range 0 to 3;
Y :out std logic );
end mux4tol;

architecture arc mux of mux4tol is
begin
process (D, S)
begin
case s is
when 0 => y <= d(0);
when | => y <= d(1);
when 2 => y <= d(2);
when others => y <= d(3); --or 3
end case;
end process;
end arc mux;

VHDL 711 2R
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library IEEE;
use IEEE.std logic 1164.all;

entity test is
port (A,B,C :in std logic;
Y :out

end ;

architecture arc of test is
signal net:std logic;
begin
process (A,B,C)
begin
net<=A or B;
Y<= net or C;

end process;
end;

SjiEsl WO KSR

TYNa signal NMIR3 2R N - 'MATOI "2'an N

A@— , INAN NNAITN N'YAaN NX NKM]

B@®—

net

NN7IN'00 NAXINY '9)

cCe

Signal name ' - W g 3 C a0 1]
wra ] I
ar ) | I
we |
nry e |

nr net

.N9I¥ND B IN A 7W "1'w7 T 21N 1'R Y XYIND C Atyan
2 T'A 91X NIy¥ann j1'Xk PROCESS-n 1Na Ni7von : na'o

(TN') "21apn [9INA NIYXYANN [0 )'70NN DIF0A 711 AT [N2'TA NINYN NINYAN 73

net NIX? |ND'T |'yn X1 DY
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IT 'A% QARTUS atn'on "D non"nn TXvY

net NIN DX |'K 17'XD ,N71V9N DX yxanl It n'van n7ynn QUARTUS ntnaon 7D

INX? N7apnnY nnin

Y RTL (Register Transfer Level)

(@)

A | > Y
- WY 7Y NAIAN NXRINN DY 7ol
.7'21 OR
i “at'l“;sat ’:I;'I;s SD.[IJ ns 160 '.D ns 24D.ID ns BZD.II:I ns 4DD.II:I ns 430 '.D ns EED.II:I ns 6-4EI.ID
5 A ......................... - | |
0 B B0 _ |
2 BO ’—|_
s g Y BY : |—|—|_
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1'7ann N2 variable NnINYN2 WIN'Y — ayaY nno

library IEEE; o
use IEEE.std logic 1164.all; Variable
.']'|7ﬂ:nn 1A 0'")'a NIYNY NINWN NN °

entity test is
port (A,B,C :in std logic;

iy B 70NN 1IN NYT'A YXIANN NI ¢
architecture arc of test 1is 1'I7nn INIX I7W VYO NINWND DIN *
begin )
process(A,B,C)
variable net:std logic;
. - = QY Nnwn °
net := A or B;
Y<= net or C;
nd.end REDCO22! A or B 7w 7Ovn NX N'T' 720 net N'1DINQ
e Y -7 InIX Yaynli

VHDL 7vmax
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NI

NI71vo 7w 7172 190N Yy¥27 C"WONN °
for NR'NY

label: for variable in range loop

end loop label ;

NniRNAIT

for 1 1in to loop
-- sequential statements
end loop;

foxks 5 sy downto loop
-- sequential statements
end loop;

VHDL 7rm 2R
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00202 "1'=n 190N NX NS0 NINY ANAIT

ENTITY count 11S

for AN nyxnna

PORT( d : IN BIT VECTOR (9 DOWNTO 0);
q : OUT INTEGER RANGE 0 TO 10);

VARIABLE num bits : integer range 0 to 10;

THEN
num bits + 17

END ;
BRNEEL T ECRUR e felicoun BN@Encemt , T8
BEGIN
PROCESS (d)
BEGIN
BT 6T S g = 7
EOR J SN SR S L OOE
I EhE)y = WER
num bits :=
END IF;
END LOOP;

o4 S snanplon s
END PROCESS;
END ;

ISERADEBEEE

O
TeTetele
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label: 1loop
-- sequential statements
exit when condition;

end loop label ;

loop
A(i) <= '0" ;
i = i+
exit when 1> Wl
end loop;

loop NN'N%

nNAIT

VHDL 7vmax
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loop NN17 ny¥nxa

ENTITY loop 1 IS

PORT( d : IN BIT VECTOR (9 DOWNTO 0) ; D9
g : OUT INTEGER RANGE 0 TO 10); <>—
END ; D8
>—
ARCHITECTURE arc_count OF loop 1 IS D7
BEGIN —»>-
PROCESS (d) D6 _>_Q3
VARIABLE i, num bits : integer range 0 to 10; > 5
BEGIN D5 IQ
idg=ie —»— D Q Q1
num bits:=0; D4
LOOP S T
IF d(i) = 'l' THEN D3 Q0
num_bits:=num bits+l; > I
END IF; D2
i:=1i4+1; —>—
exit when (i>9); D1
END LOOP; ——
DO
—>—

g<=num_bits;

END PROCESS;
END;

VHDL 7vrax
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while nx'1%

label: while condition
-- sequential statements

end loop label ;

While I < 10 loop
A(i) <= '0"' ;
i = 1i+41;

end loop;

nNAarT

VHDL 7vmax
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while AN niyxnxa

ENTITY while 1 IS
PORT( d : IN BIT VECTOR (
g : OUT INTEGER RANGE
END ;

ARCHITECTURE arc count OF while
BEGIN
PROCESS (d)
VARIABLE i, num bits
BEGIN
i:=0; num bits:=0;

while i< LOOP

DOWNTO () ;
TO ) 5
1 18

: integer range

IF d(i) = 'l' THEN
num bits := num bits+l;
END IF;
i:=i+1;
END LOOP ;

g<=num bits;

END PROCESS;
END;

to

SE88888888E
O
BAGE

VHDL 7vrax
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SIRDI9Y ADDYN TANT

port( A : in bit vector (¢ downto 0); A(0) o—
F : out bit); uo

END ; A(l) . j
And_2 ul
QY Chitt SEislEC! | AT NG e FICINS TS
Sish AR) o %
process (A) -

variable temp: bit; A(3) o
begin
temp:=A(0) ; 4
for i in 1 to 6 loop Al4) o
if(i < 4) then temp:= temp and A(i);
else temp:= temp or A(i); A(5) o
end if; us
end loop; A(6) o )
OR_2
F <= temp;

end process;
el B

VHDL 7vmax
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W20 NN

IN N'7V7 2NN [IYY NIN] YIN'Y DY NYY1 NDIYN 7Y 110120 IR
N

DVO'AN ,0"IN7 TVI VIYO 9179-9'7910 NI'N7 NI7ID' NIMANDA'O NIDYN
JIVW7 02NN 02X NNl

727 DA LINWT?D NIXYT ‘event INN NN D'T'NAXN 1AW attribute -2 wim'w
NP'T1A7 'RIN KIN clk’event 7un? .NINQ 'Y NP'TA7 'RAN DYDY
clk jlvun nixa 'n'vw

clk' and clk="1Y' 2ND'|IVYU N"7Y 7Y 'NIN *

Sk and c¢lk='0" WY N1
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I © >0 Qe —a Cresetn | ok | Q]
"1N22'0 OI9'N +~ ° NN dk —>—> "2IN21'ON OI9'N 0 | x I
1 | 1
entity d ff is oF
port (D,clk, resetN :in bit; f entity d ff is
Q :out Dbit ); resetN port (D,clk, resetN :in bit;
end ; Q) *sEeiEtes “loil ) 5
end ;
architecture arc dff of d ff is
begin architecture arc dff of d ff is
process (clk) begin
begin process (clk, resetN)
if clk'event and clk='l' then begin
if resetN ='0' then 0<='0"'; if resetN ='0' then 0<='0"';
else Q<=D; elsif clk'event and clk='1"' then
end if; 0<=D;
end if; end if;
end process; end process;
end; end;

VHDL 7vm 2R



TR T3 JKFF 22 NN oy o o s

o |

0| >3’

1

>
—»— K

CLR

Q

.—»—

M0 OIO'N
entity JK ff is
port (J,K,clk, resetN :in bit;
Q :buffer bit );
end ;

architecture arc dff of JK ff is

resetN —P—(])

begin
process (clk)
begin
if clk'event and clk='1l' then
if resetN ='0' then 0<='0";
elsif J="0' and K=‘'1' then Q0<='0';
elsif J='1' and K='0' then (Q0<=‘1l’;
elsif J='1' and K='1' then (Q<=not Q;
end if;
end if;
end process;
end;

0 x X x|
1 T o0 o EEECITEE
RN 0 |
1 T 1 0
0 T e e TR

MII'ONR OI19'N

entity JK ff is
port (J,K,clk, resetN
Q :buffer bit );

2 alig) " loalit 2
end ;

archiltectures arc 'difi FOENUK T s

begin
process (clk,resetN)
begin
if resetN ='0' then 0O<='0"';
elsif clk'event and clk='1l' then
if J='0"'" and K='1' then 0<='0’;
elsif J='1"' and K='0' then Q<=‘1’;
elsif J='1' and K='1' then (Q<=not Q;
end if;
end if;
end process;
end;

VHDL 7102k
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ek sl Tl e
0

clk —p—

%m0 N2 TFF %2 "N

D —>—

T

>

CLR

Q

x I
41 o EEURTUEE
(RN axn o
M0 OI19'R
entity T ff is resetN

port (T,clk, resetN :in bit;
Q :buffer bit );
end ;

architecture arc dff of T ff is
begin
process (clk)
begin
if clk'event and clk='1"
if resetN ='0' then
elsif T='1 then QO<=not Q;
end if;
end if;
end process;
end;

then

Q<="'0";

TN
0 X o

X
e . 1 o EERTTEE
1 e 1 avn 1oIn
IMII'OXR OIO'R
entity T ff is
port (T,clk, resetN :in bit;
Q :buffer bit );
end ;
architecture arc dff of T ff is
begin
process (clk,resetN)
begin
if resetN ='0' then Q <='0';
elsif clk'event and clk='1l' then
if T ='1' then Q<=not Q;
end if;
end if;
end process;
end;

VHDL

71 "R
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Clock edge detection

bit 210N NIX? D'A'XNN [IVYU T IX [IVY Nn"72v7 Niwnaan e
@l and clk='1l"‘
clk' and clk=‘0‘

‘H Ix ‘Z’, ‘U 2¥nn "12'w 1nd 0'901 D'axn 12 vl std_logic 2100 XIN NIXN QTWUKRD_ NI NN
'YW DT NX W19 11 axn?

"1'W NN X7 QUARTUS 7wn%7 , Nt napn7 ntha'onl n'x7m'on 22 7w miw nion"nn)
( 12¥n% Zaxnn

'ANNN DX [IVYW NU9Y7 2IMDY XIN NX7I'07 MWOKN [INNDS
if clk' and clk = 'l' and clk’ = '0'
.TA72 190 IX 1 -7 0-n '2'w NI7ann NN2IM NIYZ1191 WNNWA7 RN NP 2210 (NN
* if rising edge(clk)
* if falling edge(clk)
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2731220 YA 2%

IV DT IN N'7V7 01011010 DMAINE DM @
TIVI AIYOX ,N1'WO ,0I9'X : IND M7 'PTn 0P Qo °

N7 )D'"1ND1'OX IX (JIYW2 0"I17N)D™ND1'0 NIFN? D710 Npan 'PTn e
(pywa 0" n

NIN? N'X7IM'oN 727 NtN1'oN Y22 7w nion"nnn "2 71an7 27 o'wh vt e
integer 210N
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library IEEE;
use IEEE.std logic 1164.all;

entity Counter 0 to 15 is
port(clk ,clear: in std logic;
g: buffer integer range to ) 5
end;

architecture arc_count of Counter 0 to 13571s
begin

process (clk)

begin
if rising edge(clk) then
if clear='l' then
a<=U;
else
q<=qt+.;
end if;
end if;
end process;
end;

TP MDIVN N2 4 YR MM RN

OI9'X 0OV NN |IN] NNAITA
.'11N21'0

n'X7m'on "D 1on'n' 'R
IT N2'ND NIX? NTN1'ONI

Counter 0 to 15 Q

CWT T clear
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ST3MY STTNIVOTY STORDINOT 99D bR MOnNT

NNAY NYTIN 1A 15 W7 7Y I frx7imron Y7

¥ RUNTIME: Fatal Error: RUNTIME 0043 counter.wvhd (20): Value 16 out of xange (0 to 15).
e Clk STD _LOGIC 0to1 ||||||||||||||||||||||||||||||||||||
e clear STD LOGIC 0 [ ]

4 INTEGER range 0to 15 15 SRR TN AR ER £ EN ER D €0 £ ER S0 45 6D S5 S §E

15 7V 0-n N"IThn NIXa NN DX TR N2 niraro 4 1x7' QARTUS ntha'on ')

|
| - clear BO | |
| clk B0 |||||||||||||||||||||||||||||||||||||

5 > q uo v €D SEENED €5 €3 € €3 € O €3 €3 € €1 €13 €3 65 40 65 CR 6D €3 €D €2 €3
|

I‘|"l:l
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YA ne

15 77W% yar RIn AWKRD NAIMN NN 09X71 N'INN DINN DX ' TANY

library IEEE;
use IEEE.std logic 1164.all;

entity Counter 0 to 15 is
port(clk ,clear: in std logic;
g: buffer integer range to ) ;
end;

architecture arc count of Counter 0 to 15 is
begin Counter 0 to 15 Q
process (clk)
begin
if rising edge(clk) then

if clear='1"' then T T
q <= 0;
else @ clk clear

if g < then g <= gt+l;
else g <= 0; end if;
end if;
end if;
end process;

end;

VHDL 7vmax
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TMWPY 0N RTNAT AR PTAT? — NDOW T

0I¥1 DX 72N ,NMIN OTR? N'Wa W' D7 ,N'UNNMIN N71YD YX¥A7 [N X7 11071 210N NIX
.N71Y9N NX Y¥27 7011 |[EEE.std_logic_unsigned.all : n?'ann NX

library IEEE;
use IEEE.std logic_1164.all;
use IEEE.std logic unsigned.all;

entity Counter 0 to 15 is
port(cilk 7cllear:hin std logich
g: buffer std logic vector (3 downto 0));

NTNI'0I NIV71N'0 NIV NXXIN NNIX DX 7277)

NMV7IN'0 NXXIN

end;
architecture arc count of Counter 0 to 15 is Signal name
begin D-I:”{
e~ clear
rocess (clk
BgOC (clk) i
begin
if rising edge(clk) then
if clear='!l' then
g <= "0000";
else |
C.{ -t 3 :”5_ dear
end if; |
end if; Ir} dk
end process; §?§ "

end; |

BO

BEO

uo

. d-IIZIIZI . : E BIIZIIZI : : : 12IIZIIZI : x : 1E-IIZIIZI 5 ' : EIIIIIZIIZI : : R

PR L EEE PR PR B PR LR PR B L ET

=
B &8 A0 I 88 8 G S5 85 83 45 45 35 E1F § 80 S0 Sl N IR G5 SR ER AV A

QUARTUS- nTM'o 7D NXXIN
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sTn/sToyn BCD M — mnxT
B

I
X

entity Counter 0 to 9 is
port(clk ,;egetﬁ, u d: in std logic; vy 1 1
q: buffer integer range 0 to 9); Ny 1 0 9-% 711 0 Ty 9-n nvn IO
end;
architecture arc count of Counter 0 to 9 is
begin
process (clk)
begin
if rising edge(clk) then
if resetN ='0' then g <= 0; UD
elsif u d ='1' then ——» Counter_0_to_9 Q
if g = 9 then g <= 0;
else q <= g+l;
end if;
else -
if g = 0 then g <= 9;
else e 3 G~ P T
end if;
end if; clk resetN
end if;
end process;
end;

VHDL 7102k
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library IEEE;
use IEEE.std logic 1164.all;

entity Shift4bit is
port(clk ,clear, Din: in std logic;

g: buffer std logic vector(3 downto 0));
end; D Q3
D g2
architecture arc shift of Shift4bit is D Q1
begin fol)
U1 u2 u3 u4
process (clk)
e Din D— oap—a—p ap Mo ap—a—o a
if rising edge(clk) then g g ok ok
—)-CLR p{cLr pcLr p-{cLr
tE Cljffzooonfhen DFF DFF DFF DFF
11 ’ clk D
else
g<= Din & g(>5 downto 1); clear @
end if;
end if;
end process; ; -
oty Signal name T B v B0 A 3EOOC 400 0 d&D 0 ERD c B40 TR0
w clk | | B [ S L [
ar clear |
ar Oin
FHarg 0000 Ky 1000 L 1100 i 1110 i 1111 iy oooo

VHDL 7vmax



library IEEE;
use IEEE.std logic 1164.all;

entity ParallellToSerial is
port(clk ,clear, load: in std logic;
Sout : out std logic;
D: in std logic vector(7 downto 0) );
end;

architecture arc shift of ParallellToSerial is
signal Q: std logic vector (/7 downto 0);
begin
Sout <= Q(0);

process (clk,clear)
begin
if clear='1l' then
O0<=(others => '0'");
elsif rising edge(clk) then
if load= 'l' then

1 X X

MY SO ST WIN - STANT
8 lB lB lE lB lS lE lS

Sout
Q7 Q6| Q5[ Q4|1 Q3| Q2| Q1| QO > P>
<f—<
clk
< ]
9 o

else
Q<= '0' & (7 downto 1); 0 Ny 0 MM AT
end if;
end if;
end process; - 4
d Signal name (-7 TR 400 480 560 G40 Ta0 o 00 s80 60 LI [T X S R & -1 R v oqgon
end; & : : : : 2 d e 2 : 2 2 :
or clear
EHoarD 11010010
wok T | | | | [ | | | | | | =
ar load
ar Sout [
Har nooooono Y 11010010 5 01101001 b 00110100 o oo 11010 W [CIEEDT] A 000a0110 o 00000011 ] 0ona00a01 iy 000G
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(PIR MDY IRDA ) WD MW - ANT

entity RiseDetect is
port(x, clk: in bit;
y: out bit);
end RiseDetect;

architecture arc rise of RiseDetect
is
signal gl ,qg2:bit;
begin
process (clk)
begin
if clk'event and clk='1l' then
gl <= x ;
g2 <= @l g
end if;

end process;
y<= gl and (not g2);

end arc rise;

J

U1 U2
a1 oz
x B—p ol po ap——p{er—
d_ff d ff
clk B

Signal name  Type
o Clk bit 0

Value ! E CoEpm i Toodon Y ©oe0o ' vooE0o i votoog E ©odann o : ke L t LI

o it | D | |
gl bt |0 [ |
| wq2 bit |0 [

:ay bit |0 ]

D20 W ATAWN NYX7IM'0 YNIXT7 DNNTN
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210 2%PYNY 2TBIR 20N P2 1TIDN

entity RiseDetect2 is
PEEE (PN Gl g alin loikiep
y: out bit);
end RiseDetect2;

architecture arc rise2 of RiseDetect2 is
signal gl,g2:bit;

begin
process (clk)
begin
if clk'event and clk='1' then
ql <= x; Signal name  Type
g2 <= ql; o clk
end if; o X
y<= gl and (not g2); ar g
end process; ar g2
|

end arc rise2;

-N N2 DN Y
PROCESS

bit
bit
bit
bit
bit

JDIRAYN YIN'n? 1D ,0'1ND1'07 0'9IN'YN D'P7NN |2 TN9n7 alvn

.N'WA 7271 NTYI9N YX¥21 X7 DK, TN 7aun? nnairT?

B

- v

U1 U2
al a2
x B—p P Sk B er—
O ;
[:;ﬁ d_ff
clk [E
Value T . R ©os00 ©os00 o S L I e 111
0
0 | |
0 | |
]
]

N7 Nnwn Y
1'wa XTI IVYUN
Q1,02 v
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(%327 ) 93797 RN

NN NOoYN "1M'OKRN

0979 ,077 — NIX'Y'I NI0'D NDWN 707

N>WN? NIdYN NN [NXV] [NY N'IDOAIRTY'N MIIXA NIDAYN 1NN NN NidyvnNn D .

A 4 A 4 l

Top Level

n'775 nd>vn

v v l

no>ayvn nn

nd>ayvn nn

JN"72yny

077 |IIDNA nv

NN7NN NDWNN 7Y NIYNTN VNSI NI0DN NTAN
NI>IYN NN7 NdvNN 7N9

NOVYN NN 72 7w niwnNTh VNI NI0MDN NNTAN

N T2 NN DXl NoVN NN 707 N1dIN Namd .

n'x7i'ol
NIT'N'N NN 7D AN

NN70N NDIYN7 N'X7IN'01 NPT NDIN NXN
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9T PNIDNY VR AT

ul

D0 @»—] DO u2

sig
Mux2tol Y > D
S clk

QF—»>—oe v

D_FF
D1 @p— D1

SEL @

cdk @

Top Level - N71Ta NNX ND>YNY DIIYA D'A'DIN NX 12NV 197
N?'T2 QYWY ,NDYNIW 21 27 TIg ovpw aIRT? .1

Top Level noaynn 7w NIN'X'AI NI0MDNI entity 1 Tan?

D''M"9 signal ' 1anY

(Component Declaration) D*'n"190 02N 7V NIdINA 1'N¥NT

v d W N

port map NITIPO NIYXNKI D'"'N'19N D'2'DN 1IA'N, architecture -2 yixa
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DO

Mux2tol Y

library IEEE;
use IEEE.std logic 1164.all;

entity Mux2tol is

port (D :in std logic vector (1 downto 0);

S :in std logic ;

2%

20 D7 T aImn e

D Qi»—

_>_
D_FF
—>—{%§L

library IEEE;
use IEEE.std logic 1164.all;

entity D FF is
port (D,clk :in std logic;
Q :out std logic );
end ;

architecture arc dff of D FF is

Y :out std logic ); begin
end ; process (clk)
begin

architecture arc muxb of Mux2tol is if rising edge (clk) then
begin 0<=D;

Y<= D(0) when S='0' else D(!l); end if;
end; end process;

end;
VHDL 7vmax
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DMWRT NN

library IEEE;
use IEEE.std logic 1164.all;

ut
entity MuxDFF is u2
port (D :in std logic vector (1 downto 0); Do @»— DO
SEL,clk : in std logic; sig
Y: out std logic); Mux2tol Y > D QF—>—eo v
‘ - ’ D_FF
end; D1 @»— D1 — 1
S clk
architecture arc TOP of MuxDFF is

signal sig: std logic;

component Mux2tol
port (D :in std logic vector (1 downto 0); SEL ®
S :in std logic ;
Y :out std logic );
end component;

cdk @

:NNQN NOIX7 port map 7w NITIZ9 X777 TWON
component D FF
port (D,clk :in std logic;
Q :out std logic );

ul: Mux2tol port map (D, SEL ,sig );

u2: D FF port map (sig, clk, Y );

end component;

-] DIYOW YTON '97 ' 11NN YTOoW AINTY? AN

begin
ul: Mux2tol port map ( D => D, S => SEL , Y => sig ); Component
PR D T port map ( D => sig, clk => clk, Q =>Y );

end;
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22 YW 2VTATM 2NpPR - 2 STRANT

__________________

TopTest

|
: »> ! ® V1
|
: u3 |
v e L |
: S |
I |
: uil u2 4 I
u |
Din @ : > D . D Q > sig1 AQF : P
' D_FF |
ck ® > - -
I o b |
: sig2 :
| . |
| |
| ub |
S @ : A |
! '—p——|8 :
| |

_____________________________

'TANYT IN inout - DA ' TAN? MWORK (U2 T 7V AR NN KX 7TN) buffer -> 2Tar Y1 e

TN INIXT ' 712'0 9'0IN"71 out XXIND
(u3 -7 N0"DI U4 -n NXRY') inout-D 1TAI' Y2 o

"1' 79 nnwn NTIRO 21N 'R sig3 7710 ,0'"N"19 0'722'0 DNYTAM ¢
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library IEEE;
use IEEE.std logic 1164.all;

entity NAND 2 is
port (A,B :in std logic;
F :out std logic );
end ;

architecture arc nand of NAND 2
is
begin
F<= A nand B;
end;

QY MET 2°2%77 nawn .1

library IEEE;
use IEEE.std logic 1164.all;

entity BUF is
port (A,S :in std logic;
T geifs | gtel leogile W%
end ;

architecture arc buf of BUF is
begin

F<= A when S='1' else 'Z';

end;

D QpPr—

_>_

D _FF
1>
clk

library IEEE;
use IEEE.std logic 1164.all;

entity D FF is
port (D,clk :in std logic;
@ seu Shcel logile 9%
end ;

architecture arc dff of D FF is
begin
process (clk)
begin
if rising edge (clk) then
0<=D;
end if;
end process;
end;
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library IEEE;
use IEEE.std logic 1164.all;

entity TopTest is
port(Din,clk,s : in std logic;
yl : buffer std logic;
y2 : inout std logic;
y3 : out std logic);
end;

architecture arc top of TopTest is
signal sigl,sig2,sig3: std logic;

component d_ ff
port (D,clk :in std logic;
Q :out std logic );
end component;

component BUF
port (A,S :in std logic;
F :out std logic );

end component;

component NAND 2
port (A,B :in std logic;
F :out std logic );
end component;

begin
ul: d ff port map (Din, clk, vyl);
uz: d _ff port map (yl, clk, sigl);
1.3} 4 B port map (y2, S, y3);
uéd: BUF port map (sigl,sig2, y2);
u5: NAND 2 port map (S, sig3, sig2);
sig3<= '1';

end;

DOWRTT NOYRT N3N 2

T ] ¢ - - Tt b bt o R al
: TopTest > : ® V1
: u3 :
V3 ® ! < A :
| ML ch |
: ul u2 b :
_ |
Din ® > D > D Q p—sid] Al/l pZ T O
dk ® —> > - s ; :
! clk clk |
: sig2 I
| A :
|
: ub :
S ® > A I
: 1" —p—— B D" '
[ sig3 |
it SR (5 e 0 R YRGS _
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generic NYXAR2 Y9 12a» NN

entity entity name is
generic (generic list);

port (port list);
end entity name;

component component name
generic (generic list);
port (port list);

end component;

instance label: component name
generic map

(generic association list)
port map

(port association list);

21N> 0IY DMVNIS 7277 712'0 ,'770 2D INMA 'WIN'Y
N'X71N'0 DIIXT7 NTYN AT e
2N NINIX 2NN °

1'ANN
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1T
ul:AndNand

A(0) F
. u2:AndNand
AlT) sig

F1

O 0O w >

F2

A0 NIX DD D e
(N7 IXN 719'N DY) KXIN 2101 NO'IDN 7T 190N ' TA) generic NIYXNN] °
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entity AndNand is
generic (N : integer :=2;
GypC _Eleil CElpone . —INc= )2 == () ancISEEl nanc
port (A : in bit vector(N-1 downto 0);
T 2 ©the 91y 2
end;

architecture arc gate of AndNand is
begin
process (A)
variable Fout: bit;

begin
Fout:='1";
for i in to N-1 loop Niod
Fout:=Fout and A(i);
end loop;
if type gate='l' then
Fout:= not Fout ;
end if;
F <= Fout; niond
end process;
end;

YA 39209 TP 2l .1

NI'N7 710" AndNand 210
NAND IXN AND 2Wwvw .1
TV 1-n No'2DN '‘pTn 90N .2

N "o0n%?
=D,

tepe__gate ="0'

D,

tepe_gate="1"

N
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entity top AndNand is
port (A,B,C,D in bit;
F1,F2 : out bit);
end;

architecture arc top of top AndNand is
signal sig: bit;

component AndNand
generic (N integer :=2;
cyoe Eatas lodc g MIV) £ == 0 ancl FLIE sEmlel
port (A in bit vector (N-1 downto 0);
T B weiie 19l is)e
end component;

begin
ul: AndNand
generic map (N=>2 ,type gate =>'l")
port map ( A(0) => A, A(l) => B, F =>sig );

u2: AndNand
generic map (N=>3 ,type gate =>'0")

port map ( A(0) => sig, A(l) => C, A(2) => D, F =>F1 );

u3: AndNand
generic map (N=>1 ,type gate =>'1")
port map ( A(0) => D , F =>F2);

end;

O 0O w >

ul:AndNand

sig

"5 127 .2

u2:AndNand

A(0) F

fit

F1
r AQ2)

u3:AndNand

A©) F

F2
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generate NTIPD NYIRR 327 RN Y Npow

DIYN7 DInA generate NTIROI for X717 NIYXNAN] 012N 790W7 N1 »
120 NNIY

YUNnNwn [Nl 0O'A'ON 7¢) 0'A10 DNIX D'N'" 7 AYUKD YXan'! 7190Wn °
11NYN O TI'X QY D'NT NX'X'NI NO0'1DN NINIXA

. T1911 INYA' 0'AT DI'RY D'ADN IN DINIRN °
if NTIPO MO for NN72197 2%w% N .

label: for parameter in range generate 1'ANN
CoNC M Wel W SiEENCemen'®s
end generate label;
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B(3) AQ3) B(2) A2) B(1) A1) B(O) A(0)
Adder_4bit
B A B A B A B A
Cout €@ feo fa cijle o ra Gl o FA Cle o A e 0
S S S S
S(3) S(2) S(1) s(0)
entity FA is
RO AI'RN 97 12N INIXY FA QDN [Im e
S,Co : out bit); A,B N10'1D7 MaiNn W'k FAaoY D e
enc; NINWNY opTI'R DY C NIX?I S NN'NX'Y
architecture arc FA of FA is 0 17vin nx 1an ¢(0) nINY »

begin
S<= (A xor B) =xor Ci;
Co <= (A and B) or (A and Ci) or (B and Ci);

C(4) 7w 7nwin nX 72 Cout XxIn °

end;
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entity Adder 4bit is
port(A,B aligy 191LE  wEEiEerE (|
Cout out bit;
S: out bit vector (3 downto 0));

end;

architecture arc Adder of Adder 4bit is
signal C: bit vector (4 downto 0);

component FA
port(A,B,Ci: in bit;
S, Co out bit);
end component;

begin
C(0)<='0";
Cout<= C(4) ;

AdderGen: for i in to generate

downto 0) ;

N3N

un: FA port map (A=>A(i),B=>B(i),Ci=>C(i),S=>S(i),Co=>C(i+1));

end generate;

end;

B(3) A(3) B(2) A(2) B(1) A(1) B(0) A(0)
Adder 4bit
B A A B A B A
= €4 |co FA i CB) | o FA Ci €@ |, A Ci c@ |, o co) ¢
s s s s
S(3) 5(2) S(1) S(0)

'NINQN NDINN DX N9'7NNN NN nNT?O
u0: FA port map (A=>A(0),B=>B(0),Ci=>C(0),5=>5(0),Co=>C(1));
ul: FA port map(A=>A(1),B=>B(1),Ci=>C(),8=>S(1),Co=>C(?));
u2: FA port map (A=>A () ,B=>B(”),Ci=>C(?),5=>5(2),Co=>C(3));
u3: FA port map (A=>A(3),B=>B(3),Ci=>C(2),S=>S(3),Co=>C(4));
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entity and or is
e e S 2 5989 ARXT
HEIOUEWIOREH)
end;
A(0) o—
architecture arc of and or is x(0) _u0

O—
component and 2 A

port(a,b:in bit; S L
f:out bit); A(Z)O
end component; AL x(2) _u2
component or 2 AB)o T
port(a,b:in bit; - x(3) U3
f:out bit); A(4) o )
end component; OR_2 x(4) ud
signal x: bit vector (6 downto 0); A(S)O LRZ
begin - x(5) u5
x(0)<=A(0) ; A(6) o ) x(6) 4 F
F<=x (%) ; OR_2

gen gate: for i in to generate

and2: if i<3 generate
u and:and 2 port map (A=>x(i),B=>A(it+l),F=>x(i+l));
end generate and2;

or2: if i>” generate
u or:or 2 port map (A=>x(i),B=>A(i+l),F=>x(i+1));

end generate or2;

end generate gen gate;
end;
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Test Vector
Generation

Test Bench

Unit Under
Test
noyn
NPT

TOZYIMW

T 2V Nd>wn 21Ta7 X'n Test Bench T'7on
JIURXINN D' T2 'YX NINIX DTN

WIN'Y N D INYT
report, assert —Jon7 NIYTIN NITIZS .1
D'2'7NN N2 wait 7109 .2

7v NINIXR 771n7 0'oon 07109 .3
1107M'on
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Tom MTIPE

.D1IY 02X NIV ARINN NYTIN NI7Y7? D710 assert NTIRO

assert < boolean condition> report <message_string> severity <severity level>;
:2TON '97 4-n NNXR NI'N7 D71D' DiINN NAYTE o7 NN7WI NTINNNN Sfalse XIN 'RINN WUKRD °
NI NDININ NN NANT X'N note TWNXD note, warning, error, failure
failure -2 xY'N N'¥72mM'on OX Y ,NYAIZ NNIND NANT ¢

true 2¥NN 1Y XIN WK 0 0PN 'RINN- (NI070'DIXA) 1'7NN7 YINN NTION NX 2IND1 DX *
false axnY

J'7nN2 NnIvN nTIRONY [ATa y¥ann false 'Nann n'Ta- '70Nn N2 DX ¢

NON7 NN'Y7YW7 NXIN DIYN

report <message_string>
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wait MTIPD

D'INYN NINIRD TNX WYUK NYXINN n71Y9 - wait on
wait on <signal namel>, <signal name2> ...;

B IX A NINIXA '"1'WYT |nnn , NNalT
wait on A, B ;

D"'PNN 'XINN TWXKD ,NYX¥ANN N7Y9 - wait until
wait until <condition>;
VW N7 M0, anaIT
wait until clock' and clock="1" ;

n72YyoNn N"nwn - wait for
wait for <time value>;
nimw 11 100 mnn , nnart
wait on ;

Wait; NINMX7 [Nnn
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wait IR Y 2y

wait on <signal namel> until <condition>;
NNAIT
process
begin
wait on A, B until CLK = '1';
end process;

A7 '1'—% nnw CLK 7w 72wn DX 1 72K, B IXK A DINIXD TNXKA "' W IWKRD Y¥ANN )'70Nn
wait on <signal namel> until <condition> for <time value>;

NNAIT
process
begin
wait on A, B until CLK = '1' for ;
end process;

.100ns 7w N7 Mayw Ik 217 '1'— 7 nnw CLK 7w 0y OX 71 72X, B IXN A NINIRD TR Y'Y W' IWRD YXINN )'70nn
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Test Bench na“sns

Unit Under
Test Vector Test
Generation ndoyn
NPT

NZTIAN NDWNN |27 NP TN NOvnD aian »
.(port map) 1ann 'nn 775 DY N'YY)

D'722'0 X7X ,NIX'Y' IN NI0MD |'NX NPTIAN NDWNT7
NX D'RIPZI DY NINIX 077NN 12X DNAY 1272
JPT210 NdDIYNNN NIANN
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1 T2IN NN N'10IN n:1wxﬂ nna”

library IEEE;
use IEEE.std logic 1164.all;

use IEEE.std logic unsigned.all; clk clk
entity Counter 0 to 15 is clear Clear
port(clk ,ElgarT in std logic; TB_counter Counter_0_to_15
q: buffer std logic vector (3 downto 0); NpTIA NOYN N{?T21 NdYnN
end;
q 4bit q

architecture arc count of Counter 0 to 15 is
begin

process (clk)
begin

if rising edge(clk) then
JININ n1Invy [IVY AX"] NNAITA

if clear='l' then
q<="0000"; OI9'X NIX 7901 °
else
a<=q+1 ; N1INN 7w Q XXINN DX X7 °
end if;
end if;
end process;

end;
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library IEEE;

use IEEE.std logic_1164.all; ﬂP"f:n n’::1 n

entity tb counter is
end;

architecture arc tb of tb counter is
signal clk ,clear :std logic :='0"';
signal q: std logic_vector(3 downto 0);

component Counter 0 to 15
port(clk ,clear: in std logic;
q: buffer std logic vector (3 downto 0));
end component;

begin 1" clear pTA7 NpOONN DY DTIFO
u: Counter 0 to 15 port map (clk => clk, clear => clear, g=>q); 112 ‘0’2 71" 163ns TV 0 N Yy

clear <= 'l', '0' after 103 ns;
assert (Q /= "1111") report "0O-15" severity note;

T\M'T NINYN Q TWUNKD Q=15 AYTIn nNX'XIN

rocess
gegin 111"
clk<= '0"';
wait for S0ns;
clk<= '1"';

wait for 50ns;
end process;

process
begin
wait until rising edge(clk);
assert not(clear='1l') report "clear counter" severity note;
end process;
end;

clear="1’ ox, [IY¥ N'"72y2 pTIA
INYTIAN NN 2'¥N DI DT'Na
clear counter
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Signal name  Type Yalue
mr I ST 16 | 1% Q
mrclear | STD LG | 0

T arq STH k.| 6
o # EXECUTION:: NOTE
o ¥ EXECOTION:: Time:
o # EXECUTION:: NOTE
o ¥ EXECOUOTION:: Time:
o # EXECUTION:: HOTE
o # EXECOUTION:: Time:
o # EXECUTION:: HOTE
o # EXECOUTION:: Time:
o #

STOZLIMDT NIRIIN

D'72 N"'x7IM'o

400 ) 'ogon | ‘1200 ¢ ' ' oigo0 l toaoog ) toadon ! !oagon ' 'oE2o0 ! ' oEe00

[ G0 a0 8 0 060 D e IO E N O a8 a8 DO G0 D a0 IO O E

0NN V7S

clear counter

ns; Iteration: 1, Instance: ftb_cuunter, Process: line 31.

clear counter

150 ns; Iteration: 1, Instance: ftb_cuunter, Procezs: line .31.
o=15

ns,; Iteration: 2, Instance: ftb_cuunter, Process: line Z1.

C=15

ns,; Iteration: 2, Instance: ftb_cuunter, Process: line Z1.

FERNEL: stopped at time: 4 us
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State Machine — 2°ax» nwd»

NI 7' 9IND NIADIN NIDYN [IDNT7 NIYWONN D'AXN NN ©
JNIY NIXRYN' D7'VONN NDWN 7W N71V9 INNN QXN 7D e
AT IX N2YNN NIO'DA 17N A¥N7 A¥NNn 1ayn °
‘NMAIDNAN 2102 17N NDIVNAN XXIN °
.NIDNN 2¥N2 01X 17N XK¥Iin — MOORE a1on nadn .1
out = f( state )
NYIAN )IN2 XXIMN DX DMy 0'YN)

In=1;

.N2YNN NIO'D DA NAIDNAN AXNA 17N NDWWNN XR¥IN — MEALY aion mapn .2

out =f( in, state)
in=1/ou= NNIN NYIQ7 12YNd KXINN DX D'MYIN D'YINA
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S S o - G T - . Mealy ------ ﬂ
l !
l 0
I 4#
nputs Next State Current State
Next S.tate i Curren_t State » Output Logic P Outputs
— Logic Register
\, J v )

clk Rst

W [N2102 Next State XNan a¥n? NIyl Current State nadNN 2x¥n *

.12YNN NO'DAI 'NDIIN QXN 17N XA 2A¥NN °

N0'1D21 DA Mealy-2 17'XI Moore 2101 N11DN2 NAIDAN 7Y 'NDIIN QXN 17N XXIN °
JDynn
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98 library IEEE;
use IEEE.std logic 1164.all;

P ey Moore na1onY T

y: out std logic);

e PR 110 39701 AR 39300

type State type is (S0,S1, S2, S3);
signal CurrentState, NextState: State type;

begin
process (clk)
begin
if rising edge(clk) then
if clear='1l' then CurrentState <= S0;
else CurrentState <= NextState;
end if;
end if;

end process;

rocess (CurrentState, x)
iegin ' ____ Clear=1
case CurrentState is
when SO => if x='l' then NextState <= S1;
else NextState <= S0; end if;

when S1 => if x='l' then NextState <= S52;
else NextState <= S50; end if;
when S2 => if x='(' then NextState <= S3;
else NextState <= 52; end if; 4 Jtb. moore110/dk
¢ Jth_moore110/dear
when S3 => if x='0' then NextState <= S0; 4 ; 1 -7
else NextState <= Sl1; end if; _ﬂﬁ;ﬂ?‘wﬁ1n33 v
end case; "'... "ﬂ;}nﬂﬁelmﬂ.ﬁ.{ﬁ‘ Ho ..
e PIERS |  Jtb_moore110fuu/PresentState [No ...
y<='1l' when CurrentState = s3 else '0';

end arc moor;
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99 library IEEE;

Mealy nyon® T

entity mealyllO is
port ( clk,clear,x: in std logic;

e 110 739707 NR 9an

architecture arc mealy of mealyllO is
type State type is (S0,S81, S2);
signal CurrentState, NextState: State type;

begin X:O/y:]_
process (clk)
begin
if rising edge(clk) then
if clear='l' then CurrentState <= S0; O/O
else CurrentState <= NextState;
end if;
end if;
end process; 1/ 1/
process (CurrentState, x)
begin
case CurrentState is _\Clear:l 0/
when S0 => if x='l' then NextState <= S1; 1/0
else NextState <= S0O; end if;
when S1 => if x='l' then NextState <= S2;
else NextState <= S0; end if;
4 [to_mealy110/dk
when S2 => if x='0' then NextState <= S5S0; g ﬁUﬂﬂﬂﬂMkf
else NextState <= S2; end if; J féﬁmdrﬁék
end case; i iy

‘o [tb mealy110fumfy

______________________________________ 7 {tb_mealyL10fuwi/Pr... |52
y<='1l' when CurrentState = S2 and x='0' else '0'; 5 mi@ﬁﬂiﬂmﬂﬁéy:”

end arc mealy;

end process;
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Ta%a Current State @Y 57319757 2IRN

r-———Mealy—-——l

Inputs ! fiz=

State State

Register Output Logic

Outputs

INN DwY State - Current State NX ') ©
.TA72 TNX NINWN OV D2 NIDNN NX IXN? [N e
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Moore

entity moorell0 is
BOEE ( Cclk, clicaiamsdaa noikt#
WS b2 Mot ich) o
end ;

architecture moor of moorell(O is
type State type is (S0,S1, s2, S3);
signal State: State type;

begin
process (clk)
begin
if clk'event and clk = 'l' then
if clear='1l' then State <= S0O;
else
case State is
when SO0 => if x='1"' then State <= S1;
when S1 => if x='1' then State <= S2;
else State <= SO; end if;
when S2 => if x='0' then State <= S3;
when S3 => if x='0' then State <= S0;
else State <= S1; end if;
end case;
end if;
end if;

end process;

y<='1' when state=s3 else '0';

end if;

end if;

Mealy

entity AsynMealyllO is

end

port (

’

clk,clear,

528 aliy) lonlic g
y: out bit);

architecture mealy of AsynMealyllO is
type State type is (S0,S1, S2);
signal State: State type;

begin

end

end if;

process (clk)
begin
if clk'event and clk = '1' then
if clear='1l' then State <= S0;
else
case State is
when S0 => if x='1l' then State <= S1; end if;
when S1 => if x='1"' then State <= S2;
else State <= S0; end if;
when S2 => if x='0'"' then State <= S0;
end case;
end if;
end if;
end process;
y<='1l' when state=s2 and x='0' else '0';
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PR

NRXIN WAV " Arnatol n'x¥72in'o7VHDL now Tin'?" — oiny ‘701707 ©
(2012) , ¥ NMITNN; 1INY?
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