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BcrynneHune

Ecnn cogepxatensHo npeactaBuTh cebe noseneHune
N3BECTHbIX TPUITEPOB N PErMCTPOB, TO OHO OyAeT BbIrNAAETb NMPUMEPHO TakK:
BCerpa, Korga <4To-To> MPonCXoauT,
3HaA4Y€HNs1 Ha BbIXOAAX <KaK-TO0> N3MEHSIIOTCS

CVHXPOHHDbIA TpUurrep/perncrp:
P> <yTo-TO>: NepefHnii PPOHT TaKTOBOIO CUrHana

P> <KakK-TO>: KaK 3aMuncaHo B Ta6J'II/ILI,€ 3HaYeHui

ACVHXPOHHBIA TpUrrep/perncrp:
P> <yTo-TO>. UBMEHEHNE 3HAYEHWNIT HA BXOJax

> <Kaxk-TO>: COXPaHAKTCA NN N3MEHAKOTCA COrnacHoO Ta6n|/||_|,e 3HAYeHN

Takoe onncaHne NoBeAeHNs aCUHXPOHHBLIX PErNCTPOB
NOOXOANT W AJ1s1 KOMOMHALMOHHBIX CXEM
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NMoanpepxka 3HaueHns X B npouenypax

ABHOE ncnonb30BaHmne
3Ha4YeHn4 X B KOAE MNoJaep >XBaeTCsa TONbKO B Cneayrownx cny4danx:

1. B npaBoii 4acTu npuceanBaHuii,
€CJ/IN K 3TOMY 3HAYEHMNIO HE NMPUMEHSAIOTCS HUKAKMe onepauumn

MoxHo Henb3s
x <= 2°bx0; X <= 2’bx0 + 1;
assign x = 2’bx0; assign x = 2’°bx0 + 1;

2. B Bblpa)keHUsx cny4aeB casex

MoxHo Henb3sa
casex(x) case(x)
2'b00: y = 0; 2'b00: y = 0;
2'bx0:y = 1; 2'bx0:y = 1,
default: y = 1'bx; default: y = 1'bx;
endcase endcase

Bce apyrmue sinbl ABHOro MNCrnojib30BaHNA 3Ha4Y€HNA X
ABNAKOTCA HENoOAAepP XBaEMbIMM
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Pearupyrowas npoueaypa

BCeraa, Korja <dTo-To> NPOUCXOuT,
3HAYEHNS Ha BbIXOJax <KaK-TO> U3MEHSOTCH

B V B nporpaMMHoli cemMaHTUKe:
> «Bcerjay = «npouenypa always>»
> «<YTO-TO> MPOUCXOANT» = KMNPOUCXOAUT COObITE (<4TO-TO>) »

P «3Ha4deHne N3MEHSAEeTCAY =

«BnokupytoLee,/HebnokupytoLLiee NpuceansaHme» t

[Mpoliecc, MelLWNii Takoe NoBefieHe, 3aNnCbIBAETCS CAeayoLLUM

obpazom:?
always @(<cmmcox cobuTu#>) <KOMaHZa>

Hns sscHocTn bynem Ha3bIBaTb TAKOW NMPOLIECC pearupytoLel npoleaypori

1 EcTb 1 gpyrue Buabl NpucBanBaHuii, HO MOXHO ObBOTNCE 1 6e3 Hux
2 Bonee TOYHO, <CIUCOK COBHTHA> OTHOCUTCS HE K MPOLecCy, a K <KoMaHue> —
HO B V NoAepKIBaeTCsl TOJIbKO Takast (hopma 3amnmncu, Ha Heli 1 OCTaHOBUMCS
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Pearupyrowas npoueaypa

always @(<cmmcokr cobuTHi>) <KOMaHZa>

[ToBeneHne: <koMaHma> BbINOJHAETCS
Nnoc/ie KaXK4oro BbIMOJHEHUst NHOOOro <cobuTus> U3 <cImckKa>
OcHoBHble BUAbI <COBHTHR>:

> <uMa TOUKRN>: U3MEHEHWE 3HAYeHNs B TOYKE

» posedge <uMs OZHOPA3PALHON TOUKU>: MONOXKUTENbHbIVE PPOHT
B OOHOPA3pAAHON Touke

» negedge <uMa OIHOPA3PALHON TOUKK>: OTPULATENbHbLIA (DPOHT
B O[JHOPA3PsSIAHOW TO4Ke

Buumanue! NonoxunTtensHbiMu dopoHTamMn B V TakXKe CHMTAtOTCS
N3MeHeHns 3HadeHnii 0 - X n X — 1, n otpuuatenbHbiMn — 1 — X' 1
X —=0

<CobuTusg> B <CImcKe> Pa3fenstoTcs 3ansiTON Uan CIOBOM or

Asbiku onucanus cxem, Brok 23 5/19



Pearupyrowas npoueaypa

Mpumep:
always @(x, posedge y or negedge z) b = a;
[MpucBamBaHue «b = a» BbINOJMHSAETCS KaXXAbIA pa3, KOraa B CUCTEME
NPOUNCXOAUT XOTst Obl OJHO U3 TPEX CODLITUNA:
P I3MEHSIETCS 3HaYeHne B TOUKE X
P HACTynaeT NONOXKUTENbHbI (DPOHT B OLHOPA3PSAAHONR TOYKE ¥

» HacTynaeT oTpuuaTeNbHblli PPOHT B OAHOPA3PAAHON TOYKE Z
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always M CMHXPOHHbIE PErncTpbl

Mpumep: noagepxrneaemoe onucanne D-Tpurrepa

reg q;
always @(posedge clk) q <= d;

O6wme TpeboBaHNA K MOJAEPKNBAEMOMY ONMUCAHNIO
CUHXPOHHOTO perucTpa (kak pearupyroieil npoeaypb)*t

Cnuncok cobbITuii: poBHO OQHO COOLITUE, 1 3TO CObbLITVE hPOHTA

N

Bce npucsausanust npoueaypbl HebnokypytoLie

w

Bbixoabl perncrtpa: BCe NnepemMeHHble B JIEBbIX YacTAX MpUCBaviBaHnl
Bxoapl perucTtpa:

&

P TaKTOBbIl: YKa3aHHbLIA B CNUCKe CObbITWI
P ocTanbHble: TOYKW, 3HAYEHMA KOTOPbIX UCMOJb3YIOTCS B Npoleaype

1 Takxe Heobxognmo cobntofaTh
BCe TpeboBaHUS MOALEPKKM OTAEbHbLIX NMPOLEAYPHBLIX KOMaHL,
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always M CMHXPOHHbIE PErncTpbl

YHyT1b Gonee HeTpuBMabHbI NpuMep:
reg [1:0] x;
reg y;
always @(posedge clk) begin
if (& a) begin

X <= 2;
y <=1;
end
else if(!'b) x <= a;
end
14
axdl 1L L] |
a |00 [01 100 [11 |00
bl |
x xx_ 00 [01 [10 [00
1 ... J
yOA*
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always M CMHXPOHHbIE PErncTpbl

YHyT1b Gonee HeTpuBMabHbI NpuMep:
reg [1:0] x;
reg y;
always @(posedge clk) begin
if (& a) begin
X <= 2;
y <=1;
end
else if('b) x <= a;
end

Tabnuua 3Ha4eHWld perncrpa:

Xy
00 01 10 11

0 OOy 0O1ly 10y 101
xy xy xy 101
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always M CMHXPOHHbIE PErncTpbl

Mpumep: nonnepxrneaemoe onucanne D-Tpurrepa ¢ aCMHXPOHHLIM COPOCOM

reg q;
always @(posedge clk, posedge rst)
if(rst) q <= 0;
else q <= d;
O6wme TpeboBaHMA K MOJEPXKNBAEMOMY ONMUCAHNIO
CNHXPOHHOTO pernctpa C AONOAHNTENbHbIMU aCNHXPOHHLIMK BXO4aMW

1. Cnucok cobbiTuii: HenycToli Habop cobbITuii hpoHTOB

2. Komanga npoueaypsbl:
if (<ycnl>) <romamma> else if (<ycm2>) <xomanzma>
else ... if(<ycnk>) <komMamza> else <kKoMaHZa>,
rae <ycal>...<yczmk> — Bblpa)keHus,

cooTBeTCTBYIOWME () BCEM CODLITUSIM CMICKA, KPOME OfHOMO:

> posedge x — X
> negedge x +— !z uam "x

3. Bce npucsauaHus npoueaypbl HebOKUpyOLLVe
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always M CMHXPOHHbIE PErncTpbl

Mpumep: nogaepkreaemvoe onncaHne D-Tpurrepa ¢ aCUHXPOHHbIM COPOCOM
reg q;
always @(posedge clk, posedge rst)
if(rst) q <= 0;
else q <= d;
O6wwme TpeboBaHMA K MOJEPXKIBAEMOMY ONMUCAHNIO
CUHXPOHHOTO pernctpa C AONONHNTENbHbIMN aCNHXPOHHLIMK BXOA4aMW

4. BbIXO,D,bI PErncTpa: NEpPEMEHHBLIE B JIEBbIX H4aCTAX I'IpI/ICBaVIBaHI/IVI

5. Bxoabl perucTtpa:
P TaKTOBbIl: YKa3aHHbIA B cnucke cobbITuii
N He UMEIOLLNII COOTBETCTBYIOLLErO BbIPAXKEHUS B LIENOYKE BETBEHWUNA
P [ONONHUTENbHbIE ACMHXPOHHbIE: OCTasIbHblE YKa3aHHbIE B CIVCKe CODbITUIA
P ocTanbHble: TOYKM, 3HAYEHMA KOTOPbIX UCMOMb3YIOTCS B Npoleaype
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always M CMHXPOHHbIE PErncTpbl

PacxoxaeHne Mexay nporpaMMHON CeEMaHTUKON npoueaypbl
N COOTBETCTBYIOLLMM CUHXPOHHBIM PErMCTPOM
C AONONHUTENBHBIMU ACUHXPOHHBIMY BXOLAMU:

» lMporpammHasi ceMaHTUKa:

P NopsiioK YC/IOBUIA B BETBAEHNSIX = MPUOPUTETbI ACUHXPOHHBLIX BXOL0B

P ACUMHXPOHHbIe BXOAbl «cpabaTbiBatoT»

TOJIbKO B MOMEHTbI (PPOHTOB COrNAacHO CMUCKY YCIOBUNA
> AnnapaTtHasli cCEMaHTUKa:

P eC/I HECKONBKO YCIOBU, COOTBETCTBYHOLLUX aCMHXPOHHBLIM BXOJaM,
BbINOJIHAOTCS OfJHOBPEMEHHO, TO MOBefeHVe He cneunudnmpoBaHo

P acUHXPOHHbIE BXOAbl «paboTatoTy BCerga
OT «BK/IOYaAKOLWEroy» (PpoHTA A0 «BbIKIHOYAOLErO»

Komnpomucc:

» B nporpamMMHoOi cumynsaumm
He «BKJ/OYATb» HECKOIbKO aCUHXPOHHbLIX BXOAOB OAHOBPEMEHHO
> B KomMaHAaax, onucbIBatoLLMX NEACTBME aCMHXPOHHbBIX BXOA0B,
NPUCBaNBaTb TOJIbKO KOHCTAHTHbIE BblpaXkeHUs
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always M CMHXPOHHbIE PErncTpbl

YHyTb 60nee HeTpuBMasIbHbLIW NpUMep:
reg [1:0] x;
reg y,

always @(posedge clk, posedge al, negedge a2)

if('a2) begin x <= 3; y <= 0; end
else if(al) y <= 1;
else begin x <= b; y <= x[0]; end

cdl L L L L] 1|
at{l__ ]
a2(1J |
b|10 [01 [00
x (X _I0 [0 [T [00
y gE------A | 1 [ -
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always M aCMHXPOHHbIE PErncTpbl
Mpumep: nonnepxreaemvble onucanns RS-Tpurrepa

reg q;
always @(s, r) if(s) q <= 1; else if(r) q <= 0;
always @(s, r) begin if(s) q <= 1; if(r) q <= 0; end

O6uime Tpe6oBaHUS K MOALEPIKNBAEMOMY OMUCAHULIO
ACUMHXPOHHOrO perucTpa

1.
2.

Cnuncok cobbITuid: HenycTo Habop cobbITUi CMEHbI 3HAYEHNUS

B cnucke cobbiTuii nepedncnerbl BCe TOYKN,
3HaAYeHNs KOTOPLIX MCNONL3YIOTCS B Npoueaype

Bce npucsausanust npoueaypbl HebnokypytoLlne
Bhixogbl pernctpa: nepemeHHble B NIEBbIX Y4acCTaX NPUYCBavBaHWiA

BXO)J,I:I perncTpa: ToO4KuW, 3Ha4eHNA KOTOPbIX NCNONBb3YHOTCA B
npoueaype

. Jna KaXk4oro BbIXOAHOIO paspsifia JOJKEH CyLLEeCTBOBATh

Habop 3Ha4YeHWli Ha BXoJaX, ANS1 KOTOPOro
HUKaKOe 3HaYeHne He NMPUCBaMBAETCA B 3TOT pa3psis
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always m KOMOMHALMOHHbIE CXEMBI

Mpumep: noanep)xBaemMoe onucaHue MyNbTUNIEKCOPA
reg out;
always @(in0O, inl, s) begin
out = 1’bx;
case(s)
1°d0: out = inO;
1°d1l: out
endcase

inl;
end

O6wme TpeboBaHUSA K MOJEPXKBAEMOMY ONMUCAHNIO
KOMOWHALUMOHHOW CXeMbl

1. Cnucok cobbITuii: HenycToli Habop COBLITWIA CMeHbl 3HaYEHUS!

2. Onsa kaxaoro paspsija Kaxkaol nepemeHHold,
BCTPEYAIOLLENCS B JIEBbIX YAaCTHAX NpUCBAUBAHWUI
> nnbo BCe NpucBaMBaHWs B 3TOT pa3psig OsokupytolLve,
» nnbo BCe NMpUCBanMBaHWUS B 3TOT pa3psih HeboKupytoLlne
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always m KOMOMHALMOHHbIE CXEMBI

Mpumep: noanep)xBaemoe onucaHue MyNbTUNIEKCOPA
reg out;
always @(in0O, inl, s) begin
out = 1’bx;
case(s)
1°d0: out = inO;
1°d1l: out inl;
endcase

end

O6wme TpeboBaHUS K MOALEP)KNBAEMOMY OMUCAHUIO
KOMOWHALUMOHHOW CXeMbl

3. BbMOﬂbICXGMbH NepeEMEHHbIE B JIEBbIX H4aCTAX HpMCBaMBaHMM

4. BXOﬂbICXEMbE TOYKWN, 3HAYEHNA KOTOPbIX Ha MOMEHT Ha4dasna
BbINMOJIHEHNA Npouedypbl NCMNONIb3YKOTCA B NMpUCBanBaHNAX

5. B cnuncke cobblTuii fonKHbI ObiTh NepeYnciieHbl BCE BXOAbl CXEMbI

6. [ns kaxkporo Habopa 3HaYeHW Ha BXO4AX AO/KHO BbIMOJIHATLCS
XOTs1 Obl OAHO MPUCBaWBaHNWE 3HAYEHUS B KaXKAblli BbIXOS
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always m KOMOMHALMOHHbIE CXEMBI

YHyTb 60nee HeTpuBMasbHbIW NpUMep:
wire [1:0] z;
wire u;
reg X, y;
always @(z, u) begin
x = 1’bx; y = 0;

case(z)
2°d0: x = u;
2°d3: begin y = !u; x = y; end
endcase
end

AnnapaTtHasi ceMaHTMKa — KOMOWHALMOHHAs CxeMa

co Bxogamu u (wupunbl 1), z (lWnpnHbl 2) 1 BbIXogaMu x, y (LWUpKHbI 1),

peanusytollas cuctemy yHKUUA co cnenyrollein Tabnunueli 3HaYeHNA:
Xy

60 01 10 11

z

u

0 o6 -0 -0 11
1 10 -0 -0 00
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KpaTtkoe 3apaHumne cnncka cobbiTuin

Cnuncok cobbITuil noasepKBaemoli pearnpytoLleli npoueaypbl, 3agatoLel
ACUHXPOHHBIVE PETUCTP NN KOMOWHALIMOHHYIO CXEMY, MOXKHO YCTPOUTL TakK:
nepevncnTb B TOYHOCTU BCE TOYUKM, BCTPEYAOLIMECS B MpaBbIX HacTaX
MPVUCBAVBaAHUIA 1 YCNOBUSIX BETBNIEHWI U KOMaH[ Bbibopa

[MepedncnsiTe 3TN TOYKN BPYUHYHO — 3TO JOAO U MPUBOAUT K OLUNOKAM:

» onucanu npoueaypy, Nporasiaeny To4Ky B NpaBoi HacTu
N He BKAKOYUIN €€ B CMUCOK = He NOAJAEPKNBAETCS

> nepedenanu npoueaypy, 106aBMB 3aBUCMMOCTb OT HOBOU TOYKH,
N HEe OBHOBUAW CMUCOK = He MOAAEPXKNBAETCA

PekoMeHayeMbli cnocob 3anucu pearupytoLLlein npoueaypsbl,
NO3BONSIIOLLNA 130eXKaTb Takux OLLKNOOK:
always @(*) <xoMaHza> nau always @ <womaHz;a>

©(*) n ©* = «cnucok cobbITii CMeHbI 3HAYEHNS ANt BCEX TOYEK,
BCTPEYAIOLLUXCS B MPaBbIX HacTsX NMPUCBANBAHUN U B YCIOBUSX <KOMAaHIH>»
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KpaTtkoe 3apaHune cnnucka cobbiTuin

Mpumep:
always ©@* begin always ©(z, u, y) begin
x= 1'bx;y = 0; x= 1'bx;y = 0;
case(z) case(z)
2'd0: x = u; 2'd0: x = u;
2'd3: begin _ 2'd3: begin
y = luy; - y = lu;
X=Y X=Y,
end end
endcase endcase
end end

Hebonbllas TOHKOCTb
MNepeMeHHas y SIBASIETCS BbIXOAOM W MPW 3TOM BKJIKOYEHA B CMNCOK COBbLITUIA

B 3Tom HeT HuM4ero CTPALWHOro: 3Ha4eHne y Ha MOMEHT Ha4dasla
BbINMOJIHEHUNA npouedypbl HE NCNONBb3YETCA HXA B OQHOM MpUCBanBaHUN,
a 3HA4YWNT, HE NOCbLINIAETCA Ha BXOA COOTBeTCTBerLLI,eM CXeMbI
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