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[B pabote] NP knacc u NP-nonHble 3apa4m

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.

py6o roesops, K knaccy $NP$ oTHOCATCS Te 3a4ayu, NPaBUIbHOCTb PeLUEHNS KOTOPbLIX MOXXHO
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npoBepuTb BLICTPO (3@ NoMHOMUanbHoe Bpems). K knaccy $P$ oTHOCATCA 3af@4M, KOTOPbIE MOXXHO
ObICTPO pewnTb. anee paccMoTpuM nofpobHee 3a4a4dn, CBA3aHHbIE C KnaccoM $NP$.

B TekcTe ecTb CN0Ba, BblAeNeHHbIe KypcnBOoM. YbeamTech, 4TO XOPOLLO NOHMMAaeTe NX 3HaYeHwue,
MOPON OHO CBSA3aHO CO CMEXHbIMU HayKaMMU.

Kakue 3apaum HasbiBaloTca $NP$-TpyAHbIMU?

9T0 3a4a4m, K KOTOpPbIM CBOAMMbI BCE 3afa4n 13 knacca $NP$ 3a nonnHommnanbHoe Bpems. Mpu 3ToM
He TpebyeTcs, 4Tobbl CaMa 3agadva npuHaanexxana knaccy $NP$, oHa MoxeT 6bITb 6onee CNOXKHON.

YTOo 3Ha4YMT, 4TO OAHa 3apa4vYa BOAUMa K Aperﬁ 3a NOJIMHOMUHAJIbHOE BpEMﬂ?

3TO0 3HAYWT, YTO CYLECTBYET NOJIMHOMMASIbHAsA PYHKLNA, KOTOpas oTobpaxaeT 3K3eMnasp nepson
32434y B 3K3eMnsp BTOPOM 3aaayn. Ecnm BxoHas 3agaya COOTBETCTBYET MOJIOXKUTEIbHOMY
pelleHunto, TO 1 BbIXOHAs 3afa4a COOTBETCTBYET MOJIOXMNTEbHOMY pelleHunto. Ecnm BxogHas 3aaayva
COOTBETCTBYET OTPULLATENbHOMY PELIEHUIO, TO U PELLEHME BbIXOAHON 3a/la4yn OTpULIATENbHO.

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

¢ NMonHbi nepebop (Brute force)

e MpnbnmxeHHoe peLLeHne (C OLLEHKON TOYHOCTM M C BEPOSITHOCTLIO OLLINOKM)

e CTpemsieHne K NOJIMHOMMWAIbHOMY PELUEHUIO B CPEAHEM (B Xy[LUEM C/lyYae 3aZlavya 0CTaeTcCs
HepeLLaeMon 3a NoJIMHOMUAIbHOE BpeMs)

Kakue 3apauv Ha3biBatloTca $SNP$-nonHbIMU?

$NP$-TpyoHble 3ada4um, NnpuHaanexawume knaccy $NP$.

Mpumepsbl: 3Sat, 3a4a4a 0 BEPLUMHHOM MOKPbLITUM (MHOXECTBO BEPLUVH, TAaKOE, 4TO, Y KaX10ro
pebpa rpaca xoTs 6bl 0AUH U3 KOHLL0B BXOAUT B BEPLLMHY W3 HEro) 1 T.[.

Kak pokasaTb, 4To 3apaya asnaerca $NPS$-TpyaHon?

CywiecTByeT [Ba BapuaHTa:

1. (MpaKTnyeckn HUKOrga He ncnonb3lyeTtcs) [lokasaTb, YTO BCe 3ada4m U3 kKnacca $NP$
CBOOMUTCS K gaHHon. Takum crnocobom bbinia onpeneneHa nepsas $NP$-TpyaHas (1 -nosHas)
3agada - Sat.

2. (OcHoBHOWM) [loKa3aTb, 4TO K AaHHOW 3afa4e CBOAUTCSA (3@ NOJIMHOMUANbHOE BpeMS) KaKas-
H1byab $NP$-TpyaHasa 3afadva. OTClo4a cnenyeT, YTo BCe 3a4a4M MOXHO CBECTU K AaHHOW, Tak
Kak ntobyto 3agavy n3 $NP$ moxHo ceecTtu K $NP$-TpyaHOM 3afaye, a ee B CBOKO o4epenb K
LaHHON.
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Kak poka3saTtb, 4TO 3apa4a asnsetca $NP$-nonHon?

e [lokasaTb, 4TO OHa $NP$-TpyaHas.
e [loKa3aTb, 4TO OHa npuHagnexxut $NPS.

Obwan cxema n npodnema $NP=P$

F'mnotesa $NP=P$

CywecTsyeT runotesa $P=NP$ (oaHa 13 LeHTpanbHbIX Npobnem Teopum anropntmos). FunoTesa
rIacUT, YTO eC/IN peLlueHUue 3a4a4U MOXKHO ObICTPO NpPoBepUTb, TO CaMy 3aAa4vy MOXKHO
ObICTPO pewunTb. [MNoTE3y HE MOTYT HM OMNPOBEPTrHYThb, HN AOKa3aTb y>xe 6onee 30 neT.

JaHHaa npobnema ABnseTCA OAHON U3 3aflay ThicAYeneTns. 3a ee pelleHne MaTemMaTn4eCcKumm
NHCTUTYT KN3s Ha3Hayu npemuio B MunoH gosnapos CLUA.

OOLwas cxemMa KJjlaccoB

(]

ObpaTnM BHUMaHME Ha 3HaKN ==? Ha pucyHke. Ecnmn xoTa 66l ogHa $NP$-nonHasa (MHayve rosops
NPC) 3apayva byaeT npuHaanexaTb Knaccy $P$, To BCe ocTaNnbHble 3aga4n 13 knacca $NP$ Takxe
OyoyT npuHagnexaTtb kiaccy $P$. FoBopsa Ha “A3blKe PUCYHKA": U3 CUHEV CTPESIKU CEAYIOT CUHNE
MYyHKTUPHbIE CTPENKN. IMEHHO TaK LO/MKHO AOKa3blBaTbCs paBeHCTBO $NP=PS$.

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

— ObnzaHoB AnekcaHap
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