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Cxembl 1 Bpems

Cop> KMOT-cxembi
Vcce

X>fN GND

KMOT-cxema — 3To Mofenb, ONUCLIBIOLLAsA COeAnHeHne “peanibHbIX’
TPaH3UCTOPOB, NPeobpasyloWnX HaMpsiXXeHe B “peansHOM’ BpemeHu

l

C®P3 — 370 Mofeb CO CTPOrMMM OrpaHUYEHNSMU, TPAHCAMPYeMas B
KMOT-cxemy, HO He yu4uTbiBatOLLasi Bpemsi

KombrHaumonHas cxema — 370 aHanor CP, bonee 6amskuii k “peansHocTu’”
U Mcnonb3yowmiics B obnactu undpoBoii CXeMOTEXHUKM
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Jlornyeckune BeHTNAN

Jlormyeckunii BeHTUAb — 3TO cxeMoTexHu4Yeckuii ananor P

Kak n @3, BeHTUIb copepXuT bynesy dyHKLMIO, HADOp BXOAOB 1 BLIXOL,

OcCHOBHbIE NoOrn4yeckne BEHTUAN:
Bydep %
= X =
Y Y =x&x Y =x1& X &Xx3& x4

Dy s 5
HE D
B Vy=x1&X2&X3 Xa
y=X x1

WJin Ncknrovatowee VI
y=x1Vx y=x1Dx
By e
y=x1Vx2VXx3 y=Xx1Dx2DXx3

X1 X1
= =

X3
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Jlornyeckune BeHTNAN

Ha BbIXo4e N nobom BXO4€ BEHTUNA MOXXHO OAOPUCOBATb KPYXOK,
O3Ha‘-IaIOLLI,I/II7I oTpuyaHue B COOTBETCTBYHOLWEM MeECTe

Kpy»xok Ha Bbixoge nobaensieT K Ha3BaHuio BeHTUNsA cydpdpuke “~HE"

Hanpumep:
N-HE NN-HE Ncknroyvatowee NJTN-HE
y=x1&x2=x1|x2 y=x1Vx=x1lx Yy=x1dx2=x1~Xx2

X1
X2

X1

A >y a2) >y

y

Yy=x1Vxx=x1—xx y=x1&Xx=x1—7x2 YyYy=X1®OX=x1~Xx
X X X
R =Py B
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KomMbuHaunoHHble cxembil

OnpepgeneHne KOMBUHALIMOHHON cxeMbl OTAMYaeTcs oT onpeaenerus CPI
(... opueHTUpoBaHHBIN rpagh ...) TONBKO TEM, HTO

BMecTo PO NCnonb3yoTCa NOrMYeCcKNe BEHTUN

Byneea cyHkuus, peannsyemas B BeplUNHAX KOMDOWHALNOHHOW CXEMbI, 1
Habop pyHKUNIA, peannsyemblii CXeMOI,

ONpeaensitoTcs B TOYHOCTU Tak e, Kak u gas CPI

Hanpumep, n3obpaxéiHbiMn CPI n KoMBUHALNOHHON CXeMOiA
peanusyroTCsl OANHAKOBbIE HAbopbl hyHKLMIA:

X e
.y 62
z €4

€1

OpuH 13 cmbicnoB (CEMaHTUK) KOMBUHALMOHHOM CXeMbl — 3TO
peanu3syemblii cxeMoii Habop byneBbIx PyHKUMA — HO Ha MpaKTUKe
NCMONB3YIOTCA U APYrUe CMbICIbI
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CeMaHTUKN KOMOMHALMOHHBLIX CXeMm

B 6s0ke 3 obcyxpanock “peansHoe BorsioweHne” 3Havennin 0, 1 B
annapaType: 3TO [Ba 3a[aHHbIX YPOBHS HaMNpsKeHUsl B YCTPORCTBe (HU3KWA 1
BbICOKNIA), N3MEHSIIOLLMXCS B PEASIbHOM BPEMEHN

Bonee To4Ho, 31O

> WHTepBanbl HanpskeHuii Iy, /1 Ha Bbixoae BeHTUNA: yposum 0, 1 +
MOrpPeLHOCTb (OT KOTOPOI HUKaK He N30aBUTLCSI B PEAIbHOM MUPE)
> 4yTb Donee WMPOKNE NHTEpBanbl HanpshkeHuii Jy, J1 Ha BXxoge
BEHTUNSA: MHTepBanbl Iy, /1 + noTepu npu nepefaye Hanpsi>keHns ot
OLHOMO BEHTUIA 4pPYromy
CeMaHTUKa KOMDWHALMOHHOW CXeMbl B TaKOl TPaKTOBKE DyneBbIX
3HAYEHNIA — 3TO OTODpaXkeHMe, OMUCHIBAIOLLEE COOTBETCTBUE MEXAY
UMpPOBLIMI CUFHANAMMU, MOCHIIAEMBIMU Ha BXOAbI CXEMbI, U CUFHAAaMM,
NoJly4aeMbIMU Ha BbIXOAAX CXEMbI
Mog crrHanom 3aeck NOHUMAETCs OTODpaXkeHne, ONUCHIBAIOLLEE HEMPEPLIBHOE
N3MEHEHNE YPOBHSI HAMPSKEHNSI B peasibHOM (ZelicTBUTENIbHOM) BPEMEHU
CeMaHTUKy Cxem B TaKoll TPaKTOBKE DyseBbIX 3Ha4YeHUii AN sicHoCcTu bygem

Ha3blBATb VIHTepBaJ'IbHOI7I
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CeMaHTUKN KOMOMHALMOHHBLIX CXeMm

MHTepBaJ'IbHaﬂ CEMAHTUKA NNOTMHYECKOro BEHTUNIA, COOAEPXKALLIETO d)yHKLI,VII'O

f(x1,...,Xn), YCTPOEHa TakK:
€C/M Ha BXOAAxX BEHTWJISi 4OCTAaTOYHO AOJIFO NOAAEPXKUBALOTCSA
HaNPs>XeHUS UHTEPBANOB J,,, ..., Jy,, TO HAMPS>XEHNE Ha BbIXOAE C

HEKOTOPOro MOMEHTA BCEraa NpUHAANEXUT UHTEPBaNY lr(q,, . a,)

NHTepBanbHasi ceMaHTUKa KOMBUHALMOHHOM CXEMbI CKNAAbIBAETCA U3
WNHTEPBAJIbHbIX CEMAHTUK COAEPXKALLMXCA BEHTUNEN TOYHO TaK XKe, Kak
cemaHTuka CPD cknagblBaeTcss U3 CEMaHTUK cogepkawmxcs B Helt P

/3meHeHmne Hanpsikenust curHana ot uxtepsana l,/J, go nHtepsana
h—p/Ji—p Ha3biBaeTCst hpoHTOM CUrHana:

» ot lp/Jo mo h/Ji — nonoxuTensHbim ppoHTOM (positive edge)

» ot hi/h po ly/Jo — oTpuuatenshbiv dpoHTOoM (negative edge)
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CeMaHTUKN KOMOMHALMOHHBLIX CXeMm

Mpumep:
X >oe>e-z
y
OTobparxeHne BXOLHOIO CUTHaNA X B BbIXOAHbIE CUTHANbI Y, Z B
VHTEPBaNIbHO CEMaHTUKE:

i

BpeMsi

= "HanpsiXXeHUs Ha BbIXOJAX COOTBETCTBYHOT HAMPSKEHAM Ha BXOAaX U
hyHKUUAM, COpEPKALLUMCS B BEHTUASAX
S~ — oTpuuaTenbHbli PpoHT Y~ — NONOKUTENHBIA PPOHT
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CeMaHTUKN KOMOMHALMOHHBLIX CXeMm

Mpun pa3paboTke CxeM HaCTO OKa3bIBAETCS HEBAXKHO 3HATb MOrPELHOCTU U
TOYHYI0 POPMY CUTHAMIOB B CXEME, U B CBS3U C STUM MNOHATUE CUTHAMA 1
CEMaHTMKa BEHTWUJIEN N CXEM YMPOLLAOTCS

[Mpumep Takoro ynpouieHus:
> VuTepBanbl HanpskeHuii Iy, Jo, [1 n J1 3ameHsiloTca Ha 3adaHHble
YPOBHUN Hanpsi>XeHus (6e3 norpeLUHOCTePi): 0, 0, 1, 1 cooTBeTcTBEHHO
> [lepexoapl oT ypoeHs 0 K ypoBH0 1 1 0bpaTHO M306paxkaroTCs ANHUAMY,
obosHavatowmmu, 4To HanpsikeHue otanygHo ot 0 u 1 (a kakoe umerHo,

HEU3BECTHO)

CurHan ¢ y4€TOM Takoro ynpoLLeHns siBASIETCS KYCOYHO-JINHENHbBIM
HEMpepbIBHLIM OTOBpaXKeHUeM, OMUCHIBAIOLNM U3MEHEHNE HAMPSIXKEHUS B

peanbHOM BpeMeHU

CeMaHTUKy CXeM C TaKoii TPaKTOBKOI DyneBbIx 3HaYeHuii Ans sicHocTn bygem
Ha3blBaTb TOYEYHON C 3afepXKKamu
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CeMaHTUKN KOMOMHALMOHHBLIX CXeMm

Mpumep:

x| o oz

OTO6pa)KeHVIe BXOOAHOIO CnrHasia X B BbIXOAHbIE CUTHaNbl ¥y, Z B TOYeYHol
CEMAHTUKE C 3a4EPXKKaMK:

1<

X

y

z

0
14
| . ~
2 |
0

BpeMs

"T—" — oTpuuaTensHblii ppoHT " — nonoXuTenbHbI PPOHT
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CeMaHTNKN KOMOMHALUMOHHBIX CXEM
Mpyn pa3paboTke CxeM Ha BLICOKMX YPOBHsIX abCTpakLuumu H4acTo Ans NpocToThi
cuynTaeTcst, 4To DPOHTbI CUrHAN0B MFHOBEHHbI
CurHan B TaKOM YNpPOLLEHN CTAHOBUTCS OTODPaXkeHWeM Clefytowero snaa:
» BpemeHHast OCb NOKpPbLIBAETCS OTKPbLITHIMW UHTEPBanamu
((x,y) ={z| x < z < y}) TaK, 4TObbI HENOKPBLITLIMU OCTANOCH TOJILKO
KOHEYHOE MU CHETHOE MHOXECTBO TOYEK

» Ha KaXX4oOM NHTEepBane CUrHan MMeEET NOCTOAHHOE 3HAYEHUE! Owmm 1

> 3HayeHust CUrHafNa Ha KaXK[OoW nape COCEAHUX WHTEPBAJIOB PasinyHbl
> ppOHT — 3TO 0CODOE 3HAYEHME CUTHANA B KAXKAOUW HEMOKPLITOW TOYKE:
> __ = dpOHT NONOKUTENbHbI
> = dpoHT oTpuLaTeNbHbIl
MoMeHT chpoHTa — 3TO MOMEHT HeCTabMNLHOCTU CuUrHaia: ecnm ot
3HAYEHUs1 CUrHANA B 3TOT MOMEHT CYLUECTBEHHO 3aBUCSAT 3HAYEHUS B APYruX
MeCTax CXeMbl, TO 3TU 3HAYEHUst MOTYT ObITb NPOU3BOJILHBI
CeMaHTUKY KOMBUHALMOHHBIX CXEM, OCHOBAHHYIO Ha TaKOM OMpenesieHnn

CUrHana, gnsa ACHOCTHU 6y,D,EM Ha3blBaTb MIHOBEHHOI TOYeYHOI
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CemaHTUKNn KombuHa LLMOHHbIX CXEM

Mpumep:

x| o oz

OTo6pa>KeH|/|e BXOOHOro CMrHana X B BbIXOAHbIE CUTHaNbl Yy, Z B MrHOBEHHO

TOYEYHOM CEMAHTUKE:

|
!

|
I

T

T

BpeMsi
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