KoMOMHaUMOHHAaA Nnoruka
N ee onncaHue Ha A3biKe Verilog
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HDL

*HDL — Hardware Description Language
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HDL. MapwpyT npoeKTupoBaHuUA
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HDL. BbiOop

Verilog VHDL



Verilog HDL. UcTopus

*Verilog ObIN pa3paboTtaH KoMnaHnen Gateway
Design Automation B 1984 roay Kak oUpMeHHbIN
A3bIK O4N15 CUMYNALNU NTOTUYECKNX CXEM.

*B 1989 rony Gateway npuobdbpena KoMmnaHus
Cadence, U Verilog cTasn OTKPbITbIM CTaHOAPTOM
B 1990 roaoy nopA ynpasneHnem cooodLllecTsa
Open Verilog International.



Verilog HDL. UcTopus

*A3blk cTan ctaHgapTom IEEE B 1995 roay.

*B 2005 rogy sA3bIK ObINT pacinpeH ans
Yyrnopsaao4YnBaHuUs 1 nydllen noaaepKku
MOAOEeNnpoBaHNA U BepumKaLmm CUCTEM.

*OTU pacLUNPeEHUs Dbl 00beANHEHDLI B €ANHbIN
CTaHOapT, KOTOPbIN cenyac Ha3blBaeTCA
SystemVerilog(cTaHaapT IEEE 1800-2009).



KoMmOMHaUMOHHAA Nnoruka
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KoMmOMHaUMOHHAA Nnoruka
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Verilog HDL

module

endmodule
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Verilog HDL

module top

endmodule
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Verilog HDL

module top (

input clk,
input a,
input b,
output q

);

endmodule
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Verilog HDL

module top (

input clk,
input a,
input b,
output q

);

wire C;

endmodule
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Verilog HDL

module top (

input a,
input b,
input clk,
output q

);

wire C;

assign c = a;

endmodule
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Verilog HDL

module top (

input clk,
input a,
input b,
output q

);

wire c;

assignc=a & b;

endmodule
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Verilog HDL

module top (
input
input
input
output
);

wire c;

[/ ODTO KOMMEHTaPUN, OH HNYETO HE N3MEHSIET

assignc=a & b;

endmodule

@ MIET

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY

clk

top

17



Verilog HDL

module top (

input clk,

input a,

input b,

inout q // AByHanpaBneHHbIN CUrHamn, UCrnonb3yeTcs Ans BHELWWHNX KOHTAKTOB MUKPOCXEM

);
wire c;

/[ OTO KOMMEHTapW, OH HUYEro HE N3MEHSAET
assignc=a & b;

endmodule
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Verilog HDL

@ MIET

module top (
input clk,
input a
input b,
output q

);

wire [3:0] c; // 4-x npoBogHas WNHa
wire [3:0] d;

assign c =d;
endmodule
NATIONAL RESEARCH
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Verilog HDL

module top (

input clk,
input a,
input b,
output q

wire [3:0] ¢, d; // oObsaABrNEeHME HECKONBbKMX MPOBOAOB OANHAKOBOW pa3psiaHOCTH
assign c =d;

endmodule
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Verilog HDL

module top (

input clk,
input a,
input b,
output q

);

wire [3:0] c;

wire [8:0] d;

assign q = d[3]; // MO>XHO NPUCBOUTb HY>XHbI OUT.

endmodule
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Verilog HDL

module top (

input clk,
input a,
input b,
output q

);

wire [3:0] c;

wire [8:0] d;

assign ¢ = d[7:4]; // MOXXHO Ha3Ha4YNTb HYXXHblEe OUTbLI APYroMy rnpoBOAY.

endmodule
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Verilog HDL

module top (

input clk,
input a,
input b,
output q

);

wire [3:0] c;

wire [8:0] d;

assign q = d[c]; / MOXXHO Ha3Ha4nTbL HOMepP BuTa onpeaensieMomn LWMHON.,

endmodule

NATIONAL RESEARCH
UNIVERSITY OF ELECTRONIC
TECHNOLOGY



Verilog HDL

module top (

input clk,
input a,
input b,
output q

);

wire [3:0] c;

wire [7:0] d [0:24]; // maccuB 13 gaguaTunaT 8-OUTHbLIX LUWH
assign c = d[14][7:4]; // nogkntoyeHne 4 6UT U3 14 WINHLI MaccmnBa LLKH.

endmodule
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Verilog HDL

module top (

input clk,
input [8:0]a, // BXoOHbIE U BbIXOAHLIE NOPTLI MOAYNA MOTYT ObITb MHOMOPa3psaaHbIMU LUMHAMMU.
input b,

output [3:0]q
);

assign q = a[7:4];
endmodule
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dopmaTt onucaHusd ymcen
Verilog HDL

wire [10:0] a = 7; //32-x ODUTHOE OeCcATUYHOE YUCIO, KOTopoe byaeT “obpesaHo” oo 11
ouT

wire [10:0] b=11'd7; //11-Tn BUTHOE OECATUYHOE YUCIIO

wire [3:0] ¢ =4'b0101; //4-x BUTHOE ABONYHOE YNCIIO

wire [3:0] d =8'h7B; //8-Mun buTHOE LWIECTHaaUaTepPUYHOE Ynucno 7B

wire [47:0] e = 48’hEFCA7ED98F; //A8-mun DUTHOE LLIecTHaaLUaTepuyHoe Yncro
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OcHoBHbIle onepauunm Verilog

HDL

CunmBorn Has3Ha4deHune
{} KoHkaTeHauusa (concatenation)
+-7/ ApndmeTtunyeckue (arithmetic)
% Moaynb (modulus)
> >= < <= OTtHoweHuns (relational)
! INornyeckoe otpuuaHue (logical NOT)
&& INNornyeckoe U (logical AND)
| INNornyeckoe UJ1A (logical OR)
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OcHoBHbIle onepauunm Verilog
HDL

CunmBon HasHadyeHue

== INlornyeckoe paBeHcTBO (logical equality)

1= INNornyeckoe HepaBeHcTBO (logical inequality)

=== NpoeHTn4HOoCTb (case equality)

=== He ngeHTn4YHoCTL (case inecuality)

!

[TobutoBas nHeepcus (bit-wise NOT)

& [TobutoBoe U (bit-wise AND)

| [ToobutoBoe UJIN (bit-wise OR)




OcHoBHbIle onepauum Verilog

HDL

CumBorn Has3Ha4deHune
<< Casur Bneso (left shift)
>> Casur BripaBo (right shift)
<<< Linknnyecknun casur Bneso (arithm. left shift)
>>> Linknunyecknun casur snpaso (arithm. right shift)
?: TepHapHbIn onepaTtop (ternary)
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MaHunynsauum c outamm Verilog
HDL

module top (

input clk, top )
input a,
input b, N
output q b
);
clk
endmodule
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MaHunynsauum c outamm Verilog

HDL

module top (

input clk,

input a,

input b, a
output q

);

wire [1:0] c¢; // MHOrobuTHbIN curHan (LWwuHa)

assign c = {a,b}; // KoHkateHauu4 %

endmodule

NATIONAL RESEARCH
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MaHunynsauum c outamm Verilog

HDL

module top (

top |

input clk,
input a,
input b, a
output q b
);
wire [1:0] c; / MHOrobuTHbIN curHan (LnHa)

assign c = {a,b}; // KoHkateHauu4 %

assign g = c[0]; // ObpaLueHne k buty

endmodule
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MaHunynsauum c outamm Verilog
HDL

module top (

input clk, ( top )
input a,

input b, a c

output q ‘

);

wire [1:0] c¢; // MHOrobuTHbIN curHan (LWwuHa)

assign c = {a,b}; // KoHkateHauu4 %
assign q = c;
endmodule
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Verilog HDL. CnoXxeHue v BblYUTaHue

module simple_add_sub (
input [7:0] operandA, operandB //nBa BxoaHbIX 8-My DUTHBIX onepaHaa
output [8:0] out sum, out_dif // Bbixogbl onga apndpmetTnyeckmx onepaunm MMerT
OONOSTHUTENbHbLIN 9-1 BUT NepenonHEHUd
);
[/IMakcumanbHoe 8-Myn bUTHOEe BesHakoBoe Yncro 255. Npu cnoxeHun 255 + 255 nony4unTtcs 510 koTopoe
MOXXHO npeacTtaBUTb MMHUMYM 9-10 DuTamm.
assign out_sum = operandA + operandB;
assign out_dif = operandA - operandB;
[/Ecnn coenatb BbIXod cyMmmaTtopa 8-Mu OUTHLIM TO CITYYUTCSA NepeNosiHEHNE U pe3yrbTaT CroXeHna 255 + 3
OyneT paBeH 2.
endmodule
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Verilog HDL. Jlornyeckune u apudgpometTnyeckue
cABUTU

module simple_add_sub (
input [7:0] operandA, operandB //nBa BxoaHbIX 8-My DUTHBIX onepaHaa
output [7:0] out_shl, out_shr, out_sar //Beixones! ans onepaunn casura

);

//norn4yeckumn caBur BrieBo Ha 3Ha4YeHUE B operandB.
assign out_shl = operandA << operandB;

// NpUMeEp: Ha CKOMbKO caABUraTb onpeaensietcs 3-mMa butamm BToporo onepanaa. Hanpumep operandA =
8’b1010 1110 operandB = 8’b0000_0011 Toraa out_shl = 8’b0001_0101

assign out_shr = operandA >> operandBJ[2:0];

//apndmeTrnyeckuin casur BrnpaBo (CoxpaHeHne 3Haka yncna) Hanpumep operandA = 8’b1111_1100 Torga
out_shl=8b1111 1111

assign out_sar = operandA >>> 3;

endmodule
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Verilog HDL. butoBbIe nornyeckKkue
onepauun

module simple_add_sub (
input [7:0] operandA, operandB //nBa BxoaHbIX 8-My DUTHBIX onepaHaa
output [7:0] out bit and, out_bit or, out_bit or, out bit not

);

assign out_bit and = operandA & operandB; //8'b0011 1101 & 8'b1010 0110 = 8b0010 0100
assign out bit or =operandA|operandB; //8'b0011 1101 |8b1010 0110 =8b1011 1111
assign out _bit or = operandA” operandB; //8'b0011 1101~ 8b1010 0110 =8&Db1001 1011
assign out_bit not = ~operandA; // ~8'b0011_1101 = 8'b1100 _0010

endmodule

NATIONAL RESEARCH
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Verilog HDL. byneBble norn4yeckue
onepauunu

module simple_add_sub (
input [7:0] operandA, operandB //nBa BxoaHbIX 8-My DUTHBIX onepaHaa
output out bool and, out bool or , out bool not

);

assign out_bool and = operandA && operandB; //8'b0011 1101 & 8'b1010 0110 = 1'b1
assign out _bool or = operandA || operandB; //8'b0011 1101 | 8'b1010 0110 = 1'b1
assign out_bool not = loperandA; //18’'b0011_1101 = 1’b0

endmodule

NATIONAL RESEARCH
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Verilog HDL. Onepaunun cBepTKU

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

);

//Onepauyumn BLIMONHAKTCA Mexay OuTamum BHYTPM OLHOU LUNHbI

assign out_reduction_and = &operandA; //&8'b0011 1101 = 1'b0
assign out_reduction_or = |operandA; //|8'b0011 1101 = 1'b1
assign out_redution_xor = “operandA; //*8'b0011 1101 = 1b1

endmodule

NATIONAL RESEARCH
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MynbTunnekcop Verilog HDL

module mul (

input DO, Dy D__
input D1, g
input S,
output Y Dy —0
); 14
1

assign Y =S ? D1 : DO;

endmodule v
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Verilog HDL. Onepauun cpaBHeHUS

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
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Verilog HDL. Tun reg

module top (

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

output [3:0]q
);
// reg UCMONbL3YIOT NPY NoBeaeHYeCcKOM (behavioral) onncaHum cxemol. Ecniv pernctpy noCTosAHHO
npuceamBaeTcd 3Ha4eHne KOMOMHATOPHOM (TorM4yeckoun) pyHKLMN, TO OH BeOET cebst TOYHO Kak NpoBoL
(wire). Ecnu e peructpy npucesamBaeTcs 3Ha4eHne B CUHXPOHHOM NOruke, Harnpumep no poHTy curHana
TaKTOBOM YaCTOTbI, TO €My, B KOHEYHOM CYETE, OyEeT COOTBETCTBOBATL (PU3NYECKUI D-TpUrrep unu rpynna D-
TpUrrepoBs. D-TpUrrep — 3To IOrM4YeCcKNn 3NemMeHT CNOoCOOHbIVM 3anoMuHaTb 0OguH OUT MHopMaL M.
reg [3:0] c;

endmodule

NATIONAL RESEARCH
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Verilog HDL. Tun reg

module top (

input clk,

input [8:0] a,

input b,

output reg [3:0] q // BbIXogHbIE CUrHAMbI U LWKHBI MOXHO OOBbABMATL KakK reg
);
endmodule
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Verilog HDL. Bnok always

module top (

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

output reg [3:0] ¢
);
//TpuceoeHne B brioke always BO3MOXHO TONbLKO A5 curHanos tuna reg!!!!
always @(*) begin
q = la[7:4];
end

endmodule

NATIONAL RESEARCH
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Verilog HDL. Bnok always

//CBA3aHHbIEe MeXxay cODOWN BblpaXeHns rnpesparaTca B 06uLyto Luenb KOMOMHaLMOHHOW NOMMKN
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

NATIONAL RESEARCH
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Verilog HDL. Bnok always

//CBA3aHHbIE MeXay coODON BblpaXeHns npespartaTca B 06uyto Luenb KOMOMHaLMOHHOW NOMNKK
wire [3:0] a, b, ¢, d, €;

reg [3:0]f, g, h,j;

always@(*) begin

j=(((@a+b)&c)|d)-e;

end

NATIONAL RESEARCH
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Verilog HDL. If-else

//MOXHO onucbiBaTb MYIbBTUNSIEKCOPBLI C NOMOLLbIO if-else a He TepHapHOro oneparopa
reg [3:0] c;
always @(a or b or d) begin
if (d) begin
c=ad&b;
end else begin
c=a+b;
end
end

NATIONAL RESEARCH
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Verilog HDL. Case

//MHOroBXOA40BbLIE MYSLTUMNIIEKCOPLI U AeLundpaTopbl MOXXHO OMNUCLIBATbL Yepes3 case
reg [3:0] c;

wire [1:0] option;

wire [7:0] a, b, c, d;

reg [7:0]e;

always @(a or b or c or d or option) begin

case (option)

0:e=a;
1: e = b;
2:e=c¢C;
3:e=d;
endcase
end

NATIONAL RESEARCH
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Uepapxusa moayneun Verilog HDL

module and_3 ( module inv (
input a, b, c, input a
output vy output vy

); );

assigny=a &b &c; assign y = ~a;

endmodule endmodule
C y~not

aD—»Dy
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Uepapxusa moayneun Verilog HDL

module top ( and_3:andgate

. t Hl b! )

:)nurit:ut 3 ’ . = , inviinverter
); a >— 4 . y = y~not

b|_— g y

wire n1; § B | [ Dy
and_3 andgate (

.a(a), .b(b),

Uma nogknoyaemoro moayns (and_3, inv)
Ha3BaHue npunmuTuBa. Hanpmnmep, Ham MOXeT NOHaJ00bUTLCS 3 KoNuu
Moayns and_3. Torga Mbl CMOXeM MOAKII0YNTL 3 3K3eMnnspa Moayns

y .c(c), .y(n1)

inv inverter ( and_3, ncnonb3y4s pasnnyHble HaMMeHOBaHUA A451A NPOTOTUNOB (andgate_1,
an1), .y(y) andgate 2 ...)
); CumMmBON TOYKa, Nepeg HamMmeHoBaHMEM NopTa OTCbINaET K pearibHOMY
nopTy nogkntoyaemoro moaynsi. B ckobkax obo3HavaeTcs , kyaa éyayT
endmodule NOAKIIYATLCS CUTHAnbI B top-Moayse

NATIONAL RESEARCH
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YnpaxHeHue C nNorm4ecCKMmn
afileMeHTaMu

Altera Cyclone IV EP4ACE6 FPGA
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YnpaXHeHue C NNIorm4ecKumMmm
rﬁ“e%;MeHTaM M module top
(

(

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

. .

I/ 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

NATIONAL RESEARCH
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1.
2.

YnpaxHeHue C nNorm4ecCKMmn
afileMeHTaMu

[TpucBouTe led[2] pedynbTtaT onepaunm U
(AND).

[lpuceounTe Ied[3l]/lpe3yanaT onepauumn
nckroyvatotero NI (XOR) b6e3
MCMNosib30BaHMA ee onepartopa.



YnpaxHeHue C nNorm4ecCKMmn
anemMeHTamMu_____
5<% x

; lnI C krr"
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CemucermMeTHbI MHAUKATOP

7-CerMEeHTHbIN MHAMUKATOP

b
1

d e f g
1 1 1 0

C
1

4-bit wunHa
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CemucermMeTHbI UHOUKATOP

@ MIET
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CemucerMetTHbI UHOUKATO

SORP3 —~ ] 8 220R
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YnpaXXHeHue ¢ BbIBOAOM OYKBbI Ha
CeMUCerMeHTHbIN uHaAnKaTop

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 ChlP as an exa
mple
); reg [7:0] letter;
always @*
I/ Exercise 1: Display the first letters case (key_sw)
/[ of your first name and last name instead. 4'b0111: letter = C;
assign abcdefgh =
assign digit = endcase
endmodule

assign abcdefgh = letter;
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1.

YnpaXXHeHue ¢ BbIBOAOM OYKBbI Ha
CeMUCerMeHTHbIN uHaAnKaTop

BbiBeguTe nepsbie OyKBbI CBOENO UMEHU U
bamMnnmm Ha CEMUCErMEHTHbIN
MHOMKATOP.

BbiBeauTe cnoBo CHIP Ha
CEMUCETMEHTHbLIN MHOMKATOP.
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Cnacumbo 3a BHUMaHue.
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