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NMpeactaBneHmne gaHHbIX B SystemVerilog

// iBonyHOe 3HayeHue 8 ObLwnm cMHTaKCnC NpeacTaBaeHNS

4'b1000; LMppoBbIX gaHHbIX B SystemVerilog.
// WecTHaauatepnyHoe 3HaueHue 8

4'h8;

// BocbMepunuyHoe 3HaueHue 8
4'010;

// AecatnuHoe 3HauveHune 8
4'd8

-
B Verilog otaenbHbIM butam
T [Aommemmeneo
AAaHHbIX MOXXHO Ha3HAuUUTb YeTbipe
Pa3/INYHbIX COCTOSAHUA.
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CywecTByrouime TUnbl AaHHbIX

* reg — 3N1€MEHT XPaHEeHUS AaHHbIX, KOTOPbI CNOCObeH
COXpaHATb NPUCBOEHHOE 3HaUYeHMe (paboTaeT Kak
nepemMeHHas B A3blkax MPOrpaMMmnpoOBaHmnS);

* Wire — 31IEMEHT, KOTOPbIN MOXHO paccMaTpuBaTb Kak
COeANHEHMNSA Pa3INYHbIX 3/IEMEHTOB HE XPaHALLMX B cebe
3HaYeHUS;

logic — anemMeHT, KOTopbIN BbibMpaeTca aBToMaTn4yecku
(wire / reg) [ He pekOMeHA0BaH K NCMNOJIb30BaHMIO B
npouecce obyueHuns]
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Tunbl gaHHbIX B SystemVerilog

[lpmep ncnosb3oBaHUA reg

P |
reg clk;

=

L L L L]

endmodule
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Tunbl aaHHbIX B SystemVerilog

[Mpumep ncnonb3oBaHMa wire

module and_or_not_sv
y

input [1:0] key,
output [2:0] led

ire a = ~ key[0];
wire b = ~ kE:‘;"'_.‘l].;

12 assign led[@]

:ma; |
assign led[1] = a | b;
assign led[2] = a & b;

endmodulé

&



Tvn OnwucaHune Yucno
COCTOSIHUM
wire cnonb3yetca gna mogenmpoBaHua coegnHeHnm (tun Verilog) 4
reg Ncnonb3yetca B nocnepoBatenbHbix 610kax (Tvn Verilog) 4
logic 3ameHa B SystemVerilog ana reg n wire 4
bit DKBWBAJIEHT COCTOAAHUA formdeckoro Tuna (tun SystemVerilog) 2
integer | 32-pa3pAAHbIM 3HAKOBbIV TN ANA MOAEAVNPOBAHNA LeNblX Yncen 4
(tnn Verilog)
int DKBWBAJIEHT COCTOAHUA Lenomy uncay (tmn SystemVerilog) 2
byte 8-O6UTHbIV 3HAKOBbIW TUMN ANA MOAEAVNPOBAHUA LenblX Yncen (Tvn 2
SystemVerilog)
shortint | 16-6UTHbIM 3HAKOBbLIN TN AN MOAEANPOBAHMSA LEeNblX Yncen (Tmn 2
SystemVerilog)
longint | 64-pa3psaaHbIv 3HAKOBbLIN TUN AN MOAENNPOBAHMUSA LEeNbIX YNCEN 2
(tmn SystemVerilog)
real 64-pa3pAaHbIN HOMepP 4BOMHOU TOUHOCTK (TN SystemVerilog) 2
shortreal | 32-pa3spagHoe uncno ogmHapHoum TouHocTu (Tnn SystemVerilog) 2
time 64-6uTHOE uncno 6e3 3Haka, NpeacTaBaAtoLLEe BPEMS 4

mogenmpoBanumsa (tun Verilog)




BBEAEHWE B
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ApudmeTnueckmne onepartopbl

[MpegHa3HaueHbl AN BbINOAHEHNA 6a30BbIX MaTeMATUUECKUX GYHKL M

Ha/j nepemMeHHbIMN.

Onepatop | OnucaHmne

// Bo3BpallaeT 3HaueHuMe a natoc b

JononHeHue

y=a+b;

// Bo3BpallaeT 3HaueHve a MMHyC b BuiunTaHme

YMHOXeHune

y =a-b;

eieHne
// Bo3BpaluaeT 3HaueHne a, YMHOXEHHOe Ha b &

Mo moaynto

y=a*b;

Bo3BeaeHune B cTeneHb

// Bo3BpaluaeT 3HaueHune a, geneHHoe Ha b

y=a/b;
// Bo3BpaluaeTr Moayib a, AeNeHHbIN Ha b
y=a%b;

// Bo3BpallaeT 3HaueHVe a B cTeneHn b

y:a**b;
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[Mo6butoBble onepatopbl

// Bo3Bpallaet 3HaueHume He a
y = ~a;

// Bo3Bpauwjaet 3HaueHns aun b
y =ad&b;

// Bo3Bpalyaer 3HaueHne a uan b

y=al|b;

// BO3BpaLlaeT 3HaveHve a uan b
y=a”’b;
// BO3BpaLlaeT 3HaveHve a uan b

y=a~"b;

[lobuTtoBbIE ONEepaTopbl: eCAn onepaHa O4MH,
TO AatoT 1 6uUT,
ecan ABa, TO pa3pAgHOCTb pe3yibTaTa pPaBHa

ANnHe 6obliero onepaHAa.

_ Mo6utosoe HE (NOT)
“ Mo6utosoe M (AND)

“ Mo6uTosoe MW (OR)
A MobutoBoe ncknrouatowee NJ1N
(XOR)
~A MobutoBoe ncknrovarowee HE NN
(XNOR)




Mo6buTtoBble onepartopsbl. Mpumepsbl

module pobit_tb #()();
logic [3:8] a = 4'b1106;
logic [3:8] b = 4'b1018;

initial begin

$display("a = %b", a );

$display("b = %b", b );

$display();

$display("result a | b = ¥b", a | b );
$display("result a & b = %", a & b );
$display("result a ~ b = %", a ~ b );
$display("result ~(a ~ b) = %", ~(a ~ b) );
$display("result ~(alb) = %", ~(a | b ));
$display();

$display("result (a ~| b) = Operator '~&' is not supported by default™);
$display();

$display("resolt &a = %b", &a);
fdisplay("resolt |a = %b", |a);
$display("resolt “~a = %b", "a);
$display("resolt ~&a = %b", ~&a);
$display("resolt ~|a = %b", ~|a);
$display("resolt ~*a = ¥b", ~"a);

end
endmodule




HHEHHFHFAFHAFHRAFHFAFHRAFHFHRHFHFHFEHFEHFHH

vsim work.pobit tb -do "run -all; quit
Start time: 11:16:53 on Oct 24,2024
Loading sv_std.std

Loading work.pobit tb

run -all
a = 1100
b = 1010
result a | b = 1110
result a & b = 1000
result a ~ b = 0110
result ~(a ~ b) = 1001
result ~(a|lb) = ee01

result (a ~| b)

Operator '~&' is not supported by default

resolt &a = 0
resolt |a =1
resolt ”"a = 0
resolt ~&a =1
resolt ~|a = @
resolt ~"a =1
quit vsim work.pobit tb -do "run -all; quit”

vlog -work work .\pobit tb.sv




PenaunoHHble onepaTtopbl

// Bo3BpallaeT 3HaueHMe He a
y=a>b;

// Bo3BpalyaeT 3HaueHna amn b
y=a>=Db;

// Bo3BpallaeT 3HaueHre a uam b
y=a<b;

// Bo3BpaluaeT 3HaueHne HM a, Hn b
y =a <= Db;

// Bo3BpaluaeT 3HaueHmne HM a, Hn b
y=a==b;

// BO3BpaLlaeT 3HaveHne a uam b

y =al=Db;
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Ilchnonb3oBaHwWe onepaTtopos

OTHOWEHNA npeaHasHayYaeTca an4d

CpaBHEHUA 3HAYEHUNN ABYX Pa3HbIX

nepemMeHHbIX. Pe3yJ'IbTaT 3TOro CpaBHeHUA

BO3BpallaeT nnbo 3HaueHue fornyeckoe

‘1", nmbo "0" , npeacTtaBasatowee true

n false cooTBeTCTBEHHO.

Onepatop

OnucaHue

bonblie , yuem

bonbwe vnm pasHo

MeHblLue , uem

MeHbLe nan paBHo

PaBHO

He paBHO3HauHO



A3bIK onMcaHma annapatypobl
SystemVerilog

Jlormueckune oneparopbl

Jlornyeckne onepatopbl aHaAOrMyYHbl NOOGUTOBBLIM OnepaTopamu,
npegHa3HauveHbl 4N 06beanHeHMA onepaTopoB OTHOLWeHUA. B pesyabTaTe
CTaHOBWUTCA BO3MOXHbIM CO3aBaTb 601ee CNOXHbIEe BblpaXeHUs, KOTOpble
MOTYT BbIMOAHATE 60N€e O4HOro CpaBHEHMA.

// Bo3Bpawaet 1, ecam a paBHo b, U ¢ pasHo d
y — (a == b) & (C == d)’

// Bo3Bpawaet 1, ecam a paBHo b /1N a paBHO ¢

“ Jlornueckoe NJIN
oo

y=(a==b)|| (@a==0);

// Bo3Bpawaet 0, echm a paBHo b

y = I(a == b)’
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OnepaTtopbl caBura

Onepatop caBura TpebyeT aBYX apryMeHTOB.

[lepBbin - 3TO Ha3BaHWE CMIHaNa, KOTOPbIN HY>KHO CABUHYTb.

Bropown aprymeHT - 3TO0 KOAn4ecTBo 6BUTOB, Ha KOTOPOE HY>KHO CABWUHYTb.

[Mpwn nornyeckom casure Ha Tpebyemoe KoamMyecTBo buT, Bce nycTblie
NoO3MLMKM 3aMnoaHAOTCA 3HadeHnem Ob.

ApndmeTnyecknm caABUr COXpaHsaeT 3HaK CABUHYTOro CMrHana.

// CABMT curHan a BneBo Ha 3 6uTa
a=a<<3

> > Jlornyeckunun casur BNpaso
// CaBur curHan b Bnpaso Ha 8 6ut
b = b>> 8 ApudmeTmnyeckn caBuUr BJeBO
I

// CABWI cUrHan a BneBo Ha 3 6uta AEUPRIETYEEAN CIENT ETPEEE

C=C<<<3

Casur curHana d BnpaBo Ha 5 but
d=d>>>5;
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Onepatopbl KOHKaTeHaUWUN U perJinkaumnum

B o6ounx cnyyasax BbIxogHble AaHHbIE 3TUX ONEPATOPOB MMEOT
BEKTOPHbIN TUM. OgHAKO BXOAHble AaHHble AN 060UX 3TUX ONepaTopoB
MOryT 6bITb IN6O OAHOOUTOBLIMMW, INOO BEKTOPHBLIMU TUMAMMU.

OnepaTop KOHKaTeHauun obbeagmnHaeT gea nam 6onee CMrHaioB B
BEKTOP. bUTbl B BbIXOAHbIX aHHbIX COOTBETCTBYHOT MOPAAKY, B KOTOPOM OHMU
nepeyncneHbl BHYTPU CKOBOK.

Onepartop penankaumy NPUCBanBaeT O4HO U TO Xe 3HaUYeHmne
HEKOTOPOMY KOAn4ecTBy OBUTOB B BEKTOPE.

Heobxoammo ykazaTb CUrHaA UAM 3HAUYEHNE, KOTOPOE HY>KHO

PeENINLNPOBaTh, Tak N KOANYECTBO pa3, KOTopoe byaeTt ero penamumpoBaThb.

16
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OnepaTtopbl KOHKaTeHaUUn N penJvkauumn

// O6BbegnHNTbL CUrHaibl a U b B BEKTOP, NCNOIb3ys KOHKATEHAL MO
c = {a, b};

// TloBTOpPUTbL CUrHan “c” 3 pasa

d={3{c}

OnepaTtop KOHKaTeHauum

{n OnepaTtop penavkauum
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HenpepbiBHOE HazHaueHue

B SystemVerilog BO3MOXHO ncnoib30BaTh ABa pa3HbIX MeToha ANS
peanmsaunm HernpepbIBHOIO NpucBanBaHUA:

- ABHOE HerpepbIBHOE MPUCBOEHUE;

- HeABHOE HernpepbIBHOE NMpucBanBaHMe.

HenpepbiBHOE NpucBOeHme ncnoablyetca ambo ¢ logic Tmnom, ambo ¢

CeTeBbIMU TUMAMW, TAKUMWU KaK Wire.

18
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fiBHOe HenpepbIBHOE MNprcBoeHUe
|/|CFIOJ1b3yI-OT Karo4yeBoe C/10BO assign,

[Mone <repemMeHHaa> yKa3blBa€T NMA

assign <variable> = <value>;

CUTHana, KOTOPOMY MPUCBaMBAOTCA AAHHbIE.
None <3HauveHme> MoXeT ObITb

assign a = b; GUNKCUPOBAHHBIM 3HaUYEHMEM.

[Mpn HenpepbIBHOM NpUCBanBaHMeE, 3HAUYEHNE <MNepeMeHHOoN >
N3MeHAEeTCA BCAKMN pas, Koraa OAWH U3 CUTHANOB B MoJjle <3HayeHuve>

MeHAET COCTOAHUE.
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HeAaBHOe HenpepbiBHOE NpucBanBaHue

HesBHOe HenpepbIBHOE NpMCBaMBaHVe NOMELLLAETCA B onepaTop,
KOTOpPbI/ 06BABAAET CUTHAA. DTO MOXKET NMO3BONTL COKPaTUTb 0H6BbEM Koza.
[ns 3TOro Ncnonb3yrT CUMBOA = ANA NMPUCBOEHUSA 3HAUYEHUS CUTHANY

npv ero o6bLABAEHUN.

[lona <nepemeHHaa> N <3HayeHue>

<type> <variable> = <value>;

BbIMOJHALOT OA4HY U Ty e QYHKLUIO ANd
SIBHOTO M HEABHOIO HEMPEPbIBHOIO

logic a = b; MPUCBOEHMA.

B kauecTBe npuMepa NpmBeAeH KOA HESSBHOTO HEMPEPbLIBHOTO

NPUCBOEHWSA, KOTOPbIN MO3BOASET MPUCBOUTb 3HAUYEHME b curHany a.
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KombuHaunoHHbIe normyecKkue cxembil

,ﬂ,flﬂ MO4ENNPOBAHUA CXEMbI C TPEMA BXOAaMWU N BEHTUNAMUN UCMONIb3YHOT

KJAKOUEBOE C/I0BO assign Ans nepeaayn gaHHbIX Ha BbiBOg and out u

} AND_OUT

,D,J'IFI NOCTPOEHNA 6osiee CNOXHbIX KOM6I/IHaLI,I/IOHHbIX cxXeM, MO>KHO

nobutoBbin onepartop and (&) .

assignand out =a & b & ¢;

N>

NCNOJIb30BaTb CMECHb PA3/IMYHbIX NOOUTOBbIX onepartopos.

=
assign logic out = (a & b) | ¢; °
c 4D7 LOGIC_OUT
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BHYyTpeHHUMe nepemeHHble

module fulladder(

input  logic  a, b, cin, } ) >—~1>

output logic s, cout ); g >

ogic P, g; oD )
cout>
assignp =a " b;

p unl cout cout

Tt

assign g = a & b;

CnHTesn pOBaHHAA CX€éMa MOoAYyaA

assigns = p A cin;
fulladder

assign cout = g |(p & cin);

endmodule NOMHbIV CYMMATOP




NMpuopurer

" onepawm | navewe
— [Nobmosoropmamern
yMHO)KeHI/Ie, AeneHme, oCtaTtok

s Commamer Gomuename
R [y

A
S
%
®)
=
0

(o)

|/|CKJHOl-IaI-OLLI,ee NN, ncknrouarowee NJN-HE

Hun3kunm

YcnoBHut oneparop
CpaBHeHue Ha bonblue-MeHbLue

Ana onpepeneHna nopsagka orepaumuv, MCNOAb3YHOT NPUOPUTET:
Cout = G +P-Cin, a He Cout = (G +P)-Cin.
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YcnoBHbIN onepartop

Koraa Bblpa>keHWe, yKa3aHHOE B Moae <yC/ioBMe >, BbIUMCAAETCA Kak true,
TO BbIXOAHbIM AaHHbIM MPMCBANBAETCA 3HAUYEHME, YKa3daHHOe B noJse
<UCTUHA>.

Ecan ycnoBHOe BbipaXkeHune BblumncaseTcs kKak false, To BbixogHbIM

AaHHbIM MPNcBanNBaeTCA 3Ha4YE€HNE, 3aJaHHOE NOJIEM <JIOXKb >.

output = <condition> ? <true> : <false>

// TlpucBo€eHMEe a 3HaUYEeHUIO C, Koraa oHo bosbLue, yem b

a=c>b?c:b;
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YcnoBHoOe npuceBanBaHue

OnepaTtopbl YCIOBHOTO NpMCBanBaHUA
module mux2(

, , BbIOMPAIOT ONpeaeneHHbIN BbIXOA Cpean
input  logic [3:0]

, , APYrnX, NCXOASA N3 COCTOAHNA BXOAQ,
input  logic
Ha3bIBaeMOro YC/IOBME.

output logic [3:0] y )i

assigny =s?d1:do; Copep>xaHue moayns

endmodule

Onepatop 7 — Bblbupaer mexay

BTOPbIM N TDETbUM BblPa>XEHUAMMW.

[BYXBXOZ,0BOW MY/IbTUMIEKCOP
Echm s paBHo 1, Toy = d1, nHaue y =

[ —— . dO.

| y3:0] —> CuHTe3MpoBaHHasa cxeMa MOAYAA MUX2

y[3:0]
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YcnoBHoOe npuceBanBaHue

module mux4(
input  logic [3:0] do, d1, d2, d3,
input  logic [1:0] S,

output logic [3:0] Y);
assigny =s[1] ? (s[0] ?d3:d2):(s[0] ? d1:dO);

endmodule

YETbIPEXBXOA0OBOW MY/IbTUM/IEKCOP

Copep>kaHue moayns

Ecaun s[1] paBHaeTca 1, Toraa myabtunaekcop Boibupaert (s[0] 7 d3 : d2).

Boipa>keHue BbibmpaeT d3 nam d2 Ha ocHoBe s[0] (y = d3, ecim s[0] = 1w
d2, ecnn s[0] = 0).

NHaue, ecan s[1] = 0, BbibupaeT BTOpoOEe BbipaXkeHNEe, KOTOPOe AaeT Uau
d1, nan dO.
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YcnoBHOe npucBaviBaHne

S[0]
1 S[1] CuHTe3MpoBaHHaa cxema MOAYNA
1 mux4
d1 _ 1 \ﬁ
0\%\\
o o]
1 \‘
d3
1
a2 9 / e
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YcnoBHOe npucBaviBaHne

S[0]
1 S[1] CuHTe3MpoBaHHaa cxema MOAYNA
1 mux4
da1 _* \ﬁ
0\%\\
o o]
1 1
d3
| 1
a2 ©° / /

28
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YcnoBHOe npucBaviBaHne

S[0]
1 S[1] CuHTe3MpoBaHHaa cxema MOAYNA
1 mux4
a1 \ﬁ
0\%\\
o o]
| 1
d3
E| 1
a2 ©° / e
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KommeHTapuun u npobensl

KoMmmeHTapuuy, HauymHarowmecsa ¢ /*, MOryT 3aHMMaTb HECKOJIbKO
CTPOK, 4O CaeayroLLero 3Haka */.
KoMmmeHTapun, HauuHawowumeca ¢ //, NpoAo/nkarTca A0 KOHUA

CTPOKM.

SystemVerilog uyBCTBUTENEH K PErUCTPY CUMBONOB (MPOMUCHBLIM U
CTPOYHbIM ByKBaMm).

yl wn Y1 — 3710 pa3Hble curHanbl. Mcnonb3oBaHMe MHOXeCTBa
CUIHanoB, OTANYAKOWMUXCA TOJIbKO pPEeructpoMm CUMBOJIOB, BHOCUT

nyTaHULy.

30
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