1/4 NP knacc n NP-nonHble 3agayu

NP knacc u NP-nosnHble 3apauu

Bonpochkl u oTBeTbl Npo $NP, P$ u 1.4.

Y10 TaKoe Knacc $P$?

$P$ - Knacc 3aaav, pelaeMbix 3a NOIMHOMMUANbHOe (0T pa3Mepa BXxoaa) Bpems. MprMepbl Takux
3aflay: 3afa4a O CyLEeCTBOBaHUM NyTK B rpade, 3a4ava 0 B3aMHO NPOCTbIX YACAAX 1 T.4.

YTo Takoe nosiMHOMMUaJNIbHOEe BpeMA?

[0BOPSAT, 4TO anropuTm paboTaeT 3a NOMHOMMANbHOE BPEMS, €CNN BpeMSa paboTbl OrpaHNYeHo
CBEPXy MHOr04/1€HOM OT pa3Mepa BXxoha aaroputMa, 1o ectb $T(n)=0(n"k)$ ons HekKoTOpOM
KOHCTaHTbI $K$.

(Mpumepamn 3afay ABAAOTCA LENOYNCTEHHOE CI0OXKEHNE, YMHOXKEHME, AeNleHne, B3SThe ocTaTka oT
LeneHns, YMHOXEHNS MaTpuL, BbISCHEHWE CBA3HOCTU rpadoB, COPTUPOBKA MHOXeCTBa U3 $n$
yncen, HaxoXaeHre 3nnepoBa Uuka Ha rpadge us $ms$ pébep, obHapyxxeHne B TeKcTe ANnHoM $n$
HEKOTOpPOro C/10Ba, MOCTPOEHME NOKPbLIBAKOLLEro AepeBa MUHUMaNbHON CTOUMOCTN)

Y10 Takoe Knacc $NP$?

$NP$ - knacc 3apay, BepupnumpyemMbix (MPOBEPSIEMbIX) 32 MOJIMHOMMUAJIBHOE BPEMS.
AnbTepHaTUBHOE onpefieNieHne: Knacc 3aay, pellaeMbix 3a NoJIMHOMMANbHOE BPEMS Ha
HeZeTepMUHNPOBaHHOM MaLlunHe TbiopuHra. NMpruMepbl TaknxX 3a4ay: 3afaya O BbIMOJHUMOCTM
ByneBoi hopmybl, 3a4a4a 0 BEPLIMHHOM MOKPLITAM, 3aia4va O KJNKe U T.4.

Kak pokasaTb, YTO 3apayvya NpuHapneXxuTt Knaccy $NPs$?

CylwecTByeT ABa BapuaHTa:

1. MpuBecTy anropuT™ peLleHns 3aaaym, paboTaownii NOJIMHOMUANILHOE BPEMS Ha
HeAeTepPMUHNPOBAHHON MallnHe ThOpUHTa.

2. OnucaTb cepTUdMKaT 1 NPUBECTM aNropuTM BepUcmKaLum, paboTatowmnii NoJIMHOMIAIbHOE
BPeMS Ha JeTePMUHNPOBAHHON MaluHe ThlOpUHTa.

CepTMCbVIKaT - AonoJiHnTeNibHasA I/IHd)OpMaLI,I/IFI, no3soJidoLwas 6bICTpO PEWNTb 3aa4y. Ba)xHo
NMOMHWTb, 4TO Pa3Mep CepTI/ICpI/IKaTa NoJKeH 6bITb NONMHOMMAJIEH OTHOCUTENIBHO pa3Mepa camowm
3ajayn.

AnroputMm BepudmnKaLMK - NPUHUMAET Ha BXOL 3K3EeMI/ISp 3a4a4um U CEPTUGUKAT K HEMY, a
BO3BpallaeT oTBeT K 3agayve, 0 unm 1.
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F'pybo rosops, K knaccy $NP$ oTHocATCA Te 3adayu, NPaBUJIbHOCTb peLleHuns
KOTOPbIX MOXHO MPoBepuUTb OLICTPO (3a NonMHOMUanbHoe BpeMms). K knaccy $P$
H OTHOCATCS 3afla4”, KOTOPble MOXHO BbICTPO pewnTb. Janee paccmoTpum nogpobHee

3aJa4u, CBA3aHHbIe ¢ knaccoMm $NPS.

B TekcTe eCTb CnoBa, BblAe/IEHHbIE KypcunBoM. YbenunTtech, 4TO XOpOoLUOo NoHMMaeTe nx
3Ha4eHune, r|0p0|7| OHO CBA3aHO CO CMeXHbIMUN HayKaMW.

Kakue 3apaum Ha3sbiBaloTca $NPS$-TpyAHbIMU?

3T0 3a4a4m, K KOTOpPbIM CBOAMMbI BCe 3afia4n 13 knacca $NP$ 3a nosimHoMuanbHoe Bpems. MNpn 3ToM
He TpebyeTcs, 4Tobbl cCaMa 3agayva npuHaanexxana knaccy $NP$, oHa MmoxeT 6biTb 60onee CNOXKHON.

YTO 3HAYMT, 4TO OAHA 3a4a4Ya BOAMMA K APYro 3a NOJIMHOMMHaJIbHOe BpeMAa?

3TO 3HAYUT, 4YTO CyLieCcTBYEeT NoJIMHOMMNaIbHa4A (pyHKLI,I/Iﬂ, KOTOpas 0T06pa)KaeT 3K3eMNndap I'IepBOI7I
3aa4di B 3K3eMMNJIAp BTOpOI?I 3ada4un. Ecnm BxoaHas 3agava COOTBETCTBYET MNMOJIOXKUNTENbHOMY

pelweHnto, ToO N BbiIXOOHaA 3ada4a COOTBETCTBYET MOJIOXKNTEJIbHOMY peLleHNIo. Ecnn BxooHada 3ajava
COOTBETCTBYET OTpuUaTeSIbHOMY peLleHnto, ToO 1 pelueHne BbIXOOHOW 3a[ayu oTpuUaTeNbHO.

Kakue noaxopabl K pewieHuio $NP$-TpyaHbIX 3agau?

e [onHbI nepebop (Brute force)

e [pnbnnxxeHHoe peLleHne (C OLEHKON TOYHOCTM U C BEPOATHOCTbIO OLLMOKK)

e CTpemneHve K NoJMHOMMaNbHOMY peLLeHWIo B CpeiHeM (B Xy[LleM Cjlyvyae 3afila4ya oCTaeTcs
HepeLLlaeMon 3a NoJINHOMUaNbLHOE BpeMs)

Kakue 3apaym Ha3biBaloTca $NP$-nonHbIMK?

$NP$-TpyOHble 3afia4n, npuHagnexawme knaccy $NPS.
MpumMepbl: 3Sat, 3a4a4a 0 BEPLUMHHOM MOKPbLITUN (MHOXXECTBO BEPLUMH, TaKoe, Y4TO, Y KaXX4oro
pebpa rpada xoTs 6bl OAMH U3 KOHLOB BXOAUT B BEPLUMHY U3 HEro) u T.4.

Kak pokasaTtb, 4TO 3apaya apnsaerca $NP$-TpyaHon?

CylwecTByeT ABa BapuaHTa:

1. (MpakTuyeckn HMKOrga He ncnonb3yeTtcs) [lokas3aTb, 4TO BCe 3afa4m 13 Knacca $NP$
CBOOMUTCS K AaHHON. Takum cnocobom bbina onpeneneHa nepsas $NP$-TpyaHas (1 -nonHas)
3agava - Sat.
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2. (OcHoBHOM) JoKa3aTb, 4TO K A@aHHOWN 3afa4ye CBOAMTCS (3a NOJIMHOMMANbHOE BPEMS) KaKas-
HNbyab $NP$-TpyaHasa 3agada. OTcofa ciefyeT, 4TO BCe 3aadYu MOXHO CBECTU K AaHHOW, Tak
Kak ntobyto 3amavy n3 $NP$ moxxHo cBecTu K $NP$-TpyaHOM 3aaye, a ee B CBOK 04epelb K
OAHHOMN.

Kak poka3saTtb, 4TO 3apava asnserca $NP$-nonHon?

e [loka3aTb, 4TO oHa $NPS$-TpyaHas.
e [loKa3aTb, 4TO OHa npuHagaexut $NPS.

Obwan cxema n npodnema $NP=P$

F'mnortesa $NP=P$%

CywecTByeT runotesa $P=NP$ (ofHa U3 LieHTpasibHbIX NpobaeM Teopumn anroputmoB). MvnoTesa
rNacuT, YTO eCNIU peLlueHMe 3aAa4u MOXXHO ObICTPO NpoBepuTh, TO CaMy 3aAayvy MOXKHO
ObICTPO peLwwunTb. [MNoTe3y He MOTYT HU ONPOBEPrHYTh, HW A0Ka3aTb yxxe 6bonee 30 neT.

E JaHHaa npobrnema sBAAeTCS OAHOM U3 3ajay ThicAYeneTus. 3a ee pelleHue
MaTemMaTuyecknn MHCTUTYT Knasa Ha3Ha4vun npemuio B MUuInoH gonnapos CLLA.

O6wan cxeMma KnaccoB

NP Class (nonmHoMManbHO NnpoBepaemMbie)
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3apaywn cnoxwHee, yem MNP
M3 —NPC=pP» cnenosano 6bl - NP=P -»

Ho HM ogHo NPC=P He nokaz3aHo

Mpobnema nepebopa (=30 neT)
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ObpaTnM BHUMaHME Ha 3HaKN ==? Ha pucyHke. Ecam xoTa 6bl ogHa $NP$-nonHasa (MHayve rosops
NPC) 3apayva byaeT npuHaanexaTb Knaccy $P$, To BCe ocTanbHble 3a4ay4n 13 knacca $NP$ Takxe
ObynyT NnpuHagnexaTtb Knaccy $P$. FoBops Ha «s3blKe PUCYHKA»: U3 CUHEN CTPENIKU CAeAyrT CUHNE
MYHKTUPHbIE CTPEsIKN. IMEHHO TakK OOJHKHO AOKa3biBaTbCsA paBeHCTBO $NP=P$.

Ho Tem He MeHee, HK ogHon $NP$-nonHOM 3a4ayn, KoTopas NnpuHaanexana 6l knaccy $P$, He 6bino
HangeHo.

— ObnzaHoB AnekcaHap
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