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HDL

* HDL — Hardware Description Language
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HDL. }Xo6anay mapLupyTbl
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Verilog HDL

module

endmodule




Verilog HDL

module top

endmodule

top




Verilog HDL

module top (

input clk,
input a,
input b,
output q

endmodule

clk

top




Verilog HDL

module top (

input clk,
input a,
input b,
output q

wire c;

endmodule

clk

top
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Verilog HDL

module top (

input a,
input b,
input clk,
output q

);

wire c;

assign c = a;

endmodule

clk

top
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Verilog HDL

module top (

input clk,
input a,
input b,
output q

wire c;

assignc=a & b;

endmodule

clk

top
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Verilog HDL

module top (
input
input
input
output
);

wire c;
assignc=a & b;

endmodule

clk,

o o

clk

top
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Verilog HDL

module top (
input
input
input
inout

);
wire c;
assignc=a & b;

endmodule

clk,

S
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Verilog HDL

module top (
input
input
input
output
);

wire [3:0] c;
wire [3:0] d;

assign c=d;

endmodule

clk,
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Verilog HDL

module top (
input
input
input
output
);

wire [3:0] ¢, d;
assign c = d;

endmodule

clk,
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Verilog HDL

module top (
input
input
input
output
);

wire [3:0] c;
wire [8:0] d;

assign q = d[3];
endmodule

clk,
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Verilog HDL

module top (
input
input
input
output
);

wire [3:0] c;
wire [8:0] d;

assign c = d[7:4];
endmodule

clk,
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Verilog HDL

module top (
input
input
input
output
);

wire [3:0] c;
wire [8:0] d;

assign g = d|c];
endmodule

clk,
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Verilog HDL

module top (
input
input
input
output
);

wire [3:0] c;
wire [7:0] d [0:24];

assign ¢ = d[14][7:4];
endmodule

clk,
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Verilog HDL

module top (
input
input [8:0]
input
output [3:0]
);

assign q = a[7:4];
endmodule

clk,
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Verilog HDL caHpapabl cMnatray popmarsl

wire [10:0] a = 7;

wire [10:0] b=11'd7;

wire [3:0] ¢ =4'b0101;

wire [3:0] d =8'h7B;

wire [47:0] e = 48’"hEFCA7ED98F;




Heri3ri Verilog HDL onepauuanapbl

Cnmson MakKcaT
{} BipikTipy (concatenation)
+-*/ ApndmeTtnka (arithmetic)
% Mopaynb (modulus)
>>= < <= KaTbiHac (relational)
! JlornkansbiK Tepictey(logical NOT)
&& Nornkanbik KOHE (logical AND)
| | NNornkanbik HEMECE(logical OR)
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Heri3ri Verilog HDL onepauuanapbl

CumBon

MakKcaT

Nornkanbik TeHAaiK(logical equality)

Nornkanbik TeHci3aik(logical inequality)

CankecTiK (case equality)

CanKecTik emec(case inecuality)

~y

butTti nusepcusa(bit-wise NOT)

&

Buttik KOHE (bit-wise AND)

buttik HEMECE(bit-wise OR)
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Heri3ri Verilog HDL onepauuanapbl

Cnmson MakKcaT
<< Confa *KbmKy(left shift)
>> OHfa Kblky(right shift)
<<< Linknaik confa »biaxKy(arithm. left shift)
>>> LUnknaik oHFa *blaxky(arithm. right shift)
?: YwTik onepatop(ternary)
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Verilog HDL 61t maHunynsymaceol

module top (

input clk,

input a,

input b, _a |
output q b

endmodule



Verilog HDL 61T maHunynsymaceol

module top (
input
input
input
output
);

wire [1:0] c;
assign c = {a,b};

endmodule

clk,

a,

b d
q b

clk

top
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Verilog HDL 61T maHunynsymaceol

module top (
input
input
input
output
);

wire [1:0] c;
assign c = {a,b};

assign g = c[0];

endmodule

clk,

a,

b d
q b

top

clk
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Verilog HDL 61t maHunynsymaceol

module top (
input
input
input
output
);

wire [1:0] c;
assign c = {a,b};

assign g = ¢;

endmodule

clk,

a,

b d
q b

top

clk
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Verilog HDL. Kocy »kaHe a3aunTy

module simple_add_sub (
input [7:0] operandA, operandB
output [8:0] out_sum, out_dif

);

assign out_sum = operandA + operandB;
assign out_dif = operandA - operandB;

endmodule
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Verilog HDL. JlTorMkanbiK *XaHe apndpmeTUKanblK,
bifbICyNap

module simple_add_sub (
input [7:0] operandA, operandB
output [7:0] out_shl, out_shr, out_sar

);

assign out_shl = operandA << operandB;

// mbican: operandA = 8b1010 1110 operandB = 8'b0000 0011 out_shl =8'b0001_0101
assign out_shr = operandA >> operandB[2:0];

//operandA = 8b1111 1100 out_shl =8’b1111 1111
assign out_sar = operandA >>> 3;

endmodule
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Verilog HDL. BUTTiK nornkansiK onepauuanap

module simple_add_sub (
input [7:0] operandA, operandB
output [7:0] out_bit_and, out_bit_or, out_bit_or, out_bit_not

);

assign
assign
assign
assign

out_bit_and = operandA & operandB; //8’b0011 1101 & 8b1010 0110 =8b0010 0100
out_bit_or =operandA | operandB; //8b0011 1101 | 8'b1010 0110=28b1011 1111
out_bit_or =operandA ” operandB; //8’b0011 11017 8b1010 0110 =8bh1001 1011
out_bit_not =~operandA; // ~8'b0011 1101 =8b1100_0010

endmodule
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Verilog HDL. bBynbaik norukanbik onepaumsanap

module simple_add_sub (
input [7:0] operandA, operandB
output out_bool _and, out_bool _or , out_bool not

);

assign out_bool_and = operandA && operandB; //8’b0011 1101 & 8’b1010 0110 =1'bh1
assign out_bool or =operandA || operandB; //8b0011 1101 | 8b1010 0110=1"b1
assign out_bool _not = loperandA; //18’'b0011_1101 = 1'b0

endmodule
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Verilog HDL. KoHBOoAOUUA onepaumanapsl

module simple_add_sub (
input [7:0] operandA,
output out_reduction_and, out_reduction_or, out_redution_xor

);

assign out_reduction_and = &operandA; //&8b0011 1101 = 1'b0
assign out_reduction_or = |operandA; //|8b0011 1101 =1'b1
assign out_redution_xor =”operandA; //"8b0011 1101 =1'b1l

endmodule

34



MynbTunnnekcop Verilog HDL

module mul (
input DO, Dy —}_
input D1,
input S,
output Y

: s ) —
\J

assignY=S7?D1:D0;

endmodule Y




Verilog HDL. CanbICTbipy onepauusnapbl

module simple_add_sub (
input [7:0] operandA, operandB
output out_eq, out_ne, out_gt, out_It, out_ge, out_le

);

assign out_eq = operandA == operandB;
assign out_ne = operandA != operandB;
assign out_ge = operandA >= operandB;
assign out_le = operandA <= operandB;
assign out_gt = operandA > operandB;
assign out_It = operandA < operandB;

endmodule



Verilog HDL. Tun reg

module top (

input

input [8:0]

input

output [3:0]
);
reg [3:0] c;

endmodule

clk,
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Verilog HDL. Tun reg

module top (

input clk,
input [8:0] a,
input b,

output reg [3:0] q// BbiIxoAHbIE CUTHAMBI U LUMHBI MOXKHO 00bABNATL KaK reg

);

endmodule
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Verilog HDL. bnok always

module top (

input clk,
input [8:0] a,
input b,

outputreg [3:0] ¢
);
always @(*) begin

q = la[7:4];
end

endmodule
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Verilog HDL. bnok always

wire [3:0]a, b, c, d, €;
reg [3:0]f g, h,j;
always@(*) begin
f=a+b;

g=f&c;

h=g|d;

j=h-e;

end
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Verilog HDL. bnok always

wire [3:0]a, b, c, d, e;
reg [3:0]f, g h,j;
always@(*) begin
j=(((a+b)&c)|d)-e;
end
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Verilog HDL.

reg [3:0] c;
always @(a or b or d) begin
if (d) begin
c=a&hb;
end else begin
c=a+b;
end
end

If-else
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Verilog HDL. Case

reg [3:0]c;
wire [1:0] option;
wire [7:0] a, b, ¢, d;
reg [7:0] g
always @(a or b or c or d or option) begin
case (option)
0:e=23;
1:e=b;
2:e=¢;
3:e=d;
endcase
end
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Verilog HDL moaynbaepiHiH, nepapxmacol

module and_3 ( module inv (
input a, b,c, input a
output vy output vy
); );
assighy=a&b&c; assigny = "~a;
endmodule endmodule
C y~not

a)—»Dy
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Verilog HDL moaynbaepiHiH, nepapxmacol

module top ( and_3:andgate

input a, b,c, o

invinverter

output vy

); = y~not
. >
y

wire nl;

and_3 andgate (
.a(a), .b(b),
.c(c), .y(n1)
);

inv inverter (

.a(nl1), .y(y)
);

endmodule
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JIorMKanblK KaknasiapMeH KaTTbify

Altera Cyclone IV EP4CE6 FPGA
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JIorMKanblK KaknasiapMeH KaTTbify

module top module top

( (
input [3:0] key_sw, input [3:0] key_sw,
output [3:0] led, output [3:0] led,

// Exercise 2: Change the code below.

// Exercise 1: Change the code below. // Assign to led [3] the result of XOR operation
// Assign to led [2] the result of AND operation // without using "A" operation.
// Use only operations "&", "|", "~" and parenthesis

assign led [2] = 1'bO;
assign led [3] = 1'b0;
endmodule
endmodule
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JIornMKanblK KaKknasiapMeH KaTTbify

1. Mapsbik agnoabliH [2] KOHE onepaumnAacbiHbIH,
HOTUXeCiHe TaFanblHAAHbI3.

2. OnepaTtopabl nanaanaHbam sKCKNO3UBTI
HEMECE (XOR) onepaunacbiHbIH H3TUMKECIHE
led [3] TaFrambIiHAQHDI3.



J1ormkansoiK anelv\eHTTepmeH YKaTTbIFY.
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ReTi cermeHT KepceTKiLl

/-CErMeHTHbIM MHAMKaTop

g

f

e

d

C

4-bit wuHa
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ReTi cermeHT KepceTKiLl
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ReTi cermeHT KepceTKiLl
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rReTl cerMeHTTI UHAMKaTopAa apinTepAl KepceTy
apPKbl/ibl aTTbIFy

module top module top
( (
input [3:0] key_sw, );
output [3:0] led,
output [7:0] abcdefgh, // Exercise 2: Display letters of a 4-character word
output [3:0] digit, // using this code to display letter of ChIP as an example
reg [7:0] letter;
); always @*
case (key _sw)
// Exercise 1: Display the first letters 4'b0111: letter = C;
// of your first name and last name instead.
assign abcdefgh = endcase
assign digit =
endmodule assign abcdefgh = letter;

endmodule
53



rReTl cerMeHTTI UHAMKaTopAa apinTepAl KepceTy
apPKbl/ibl aTTbIFy

1. MeTi cermeHTTi MHAMKATOPAA aTbiHbI3 6eH
TeriHi3aiH, 6ipiHWIi apinTepiH KepcCeTiH|i3.

2. KeTti cermeHTTI HAMKaTopaa CHIP ce3iH
KepCeTIH,|i3.



rReTl cerMeHTTI UHAMKaTopAa apinTepAl KepceTy
apKbl/ibl XaTTbIFY.
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