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

Bonpockl u oTBeThbl Npo NP, P u 1.A4.

Y10 TaKoe Knacc $P$?

$P$ - Knacc 3aaay, peliaeMbix 3a NOSIMHOMMUANbHOeE (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 NOAMHOMMANLHOE BPEMS, eCnn BpeMs paboTbl OrpaHUYEeHO
CBEpXy MHOro4/JeHOM OT pa3Mepa BXxoAa aaroputMa, 1o ectb $T(n)=0(n"k)$ ons HekKoTOpOM
KOHCTaHTbl $k$. (MpuMepamn 3apay ABAAIOTCA LENOYNCIEHHOE CIOXKEHNE, YMHOXEHMNE, AeNeHNne,
B3ATME OCTaTKa OT AENEHUSA, YMHOXEHMNA MaTPUL,, BbIACHEHWE CBA3HOCTM rpacd)oB, COPTMPOBKA
MHO>XECTBa M3 N 4YMCe, Hax0XXAeHNE 3NNepoBa UMKa Ha rpade n3 m pébep, obHapyxeHune B
TeKCTe AJIMHOM N HEKOTOPOro C/I0Ba, MOCTPOEHNE MOKPbIBAKOLWErO AepeBa MUHMMaIbHOW CTOMMOCTW)

Y10 TaKkoe Knacc $NP$?

$NP$ - knacc 3amay, Bepuduumpyembix (NPoBepseMbIX) 3a NOJIMHOMUAJIbHOE BPEMS.
AnbTepHaTBHOE OnpeaeneHune: Kiacc 3ajay, peLlaeMblx 3a NoJMHOMMUANLHOE BPEMS Ha
HeAeTEPMUHUPOBAHHON MalLMHe ThlopuHra. MprMepbl Taknx 3af4ay: 3aadva 0 BbIMOJHUMOCTH
6yneBoi hopMynbl, 3a4a4a 0 BEPLUMHHOM MOKPbLITUK, 3a/la4a 0 KJIMKE 1 T.4.

Kak pokKasaTb, 4TO 3apa4a npuHaaneXxuT Kknaccy $NP$?

CyllecTByeT ABa BapuaHTa:

1. MpuBeCTV anropuT™ peLleHuns 3agayn, paboTaloLmin NOMHOMMANbHOE BPEMS Ha
HeLeTEPMUHNPOBAHHON MallnHe TbIOpUHra.

2. OnncaTb cepTUPUKAT 1 NPMUBECTM anropuT™M BEpUGUKaLMK, paboTatoLmMii NOANHOMUABHOE
BPeMs Ha AeTEePMUHUPOBAHHOW MallUnHe TblopuHra.

CepTudukaT - 1onoSHMTENbHAA NHGoPMaLMa, N03BoNALWLAaA ObICTPO pelwnTb 3aaa4vy. BaxHo
MOMHUTb, YTO pa3Mep cepTUdmKaTa A0/KEH ObITb NOJMHOMMUASIEH OTHOCUTENBHO Pa3Mepa CaMoii
3apaun.

AnroputMm BepudmrKaLMK - NTPUHUMAET Ha BXOL IK3EMMIAP 3a4a4um U CEPTUGUKAT K HEMY, a
BO3BpallaeT OTBET K 3afa4e, 0 nan 1.

Mpumep: 3aga4a 0 KInMke. CepTUUKaAT - MHOXECTBO BEPLUMH, 00pa3yoLWNX KNNKY. ANroputM
BEPUDUKALINN: NPOBEPUTL, YTO BCE BEPLLMHBI, NPUBEEHHbIE B CEPTUGMKATE, CBSA3aHbI Mexay cobon
(cnoxHocTb - $0(n"2)$
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py6o rosops, K knaccy $NP$ oTHOCATCA Te 3aayu, NPaBUIbHOCTb PeLLEHNS KOTOPbLIX MOXXHO
npoBepuTb BLICTPO (3@ NOSIMHOMMaNbHOE BpeMs). K Knaccy $P$ 0THOCATCS 3afia4m, KOTOPbIE MOXHO
6bICTPO pewnTb. Oanee paccmoTpuM noapobHee 3a4ayn, CBA3aHHbIE C kKnaccoM $NP$

Kakue 3apgaum Ha3biBaloTcAa $NPS$-TpyAHbIMU?

OT0 3aja4m, K KOTOpPbIM CBOAMMBI BCe 3aga4u 13 knacca $NP$ 3a nonnHommnansHoe Bpems. Mpu 3ToM
He TpebyeTcs, 4Tobbl CaMa 3agadva npuHaanexxana knaccy $NP$, oHa MoxeT 6bITb 6onee CNOXKHON.

YTO 3HAYMUT, YTO OAHA 3a/a4a BOAMMA K APYrol 3a NOJIMHOMUHaJIbHOE BpeMA?

TO0 3HAYUT, YTO CyLLECTBYET MOJIMHOMUANbHAA PYHKLMS, KOTopas 0Tobpa)kaeT 3K3emMnasp nepsoin
3a4a4v B 3K3eMNasp BTOPON 3agayn. Ecnm BxofHas 3aadya COOTBETCTBYET MOJIOXKNTENbHOMY
PELLUEHNIO, TO U BbIXOAHAs 3afayvya COOTBETCTBYET MOJIOXKMUTENbHOMY pelueHunto. Ecnim BxogHas 3ajava
COOTBETCTBYET OTPULLATENBHOMY PELLIEHMIO, TO U PELLEHME BLIXOLHON 3a4ayvu OTpMLATENbHO.

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

MonHbin nepebop (Brute force)

MpnbnmxxeHHoe pelueHne (C OLEHKON TOYHOCTM 1 C BEPOSATHOCTbLIO OLLIMOKN)

CTpemneHue K NOIMHOMUANbHOMY PeLLEHUIO B CPeAHEM (B XyALIEM C/lyvae 3afayva 0CTaeTcs
HepeLaeMon 3a NoJIMHOMMaNbHOE BpeMs)

Kakune 3aga4ym Ha3biBatoTCcst $NP$-nosAHbIMK?Y

$NPS$-TpyOHble 3agayun, npuHagnexatwme knaccy $NP$. Mpumepsbl: 3Sat, 3apadva 0 BEPLUMHHOM
NMOKPLITUN (MHOXXECTBO BEPLUMH, TaKoe, 4TO, Y Kaxxaoro pebpa rpaga xoTs 6bl 0ANH U3 KOHLIOB
BXOOWUT B BEPLUMHY M3 HEro) u T.4.

Kak pokasaTtb, 4To 3apava asnserca $NP$-TpynHon?

CylecTByeT ABa BapuaHTa:

1. (MpakTuyeckn HMKOrga He ncnonb3yetcs) [lokasaTb, 4TO BCe 3afa4mM n3 kKnacca $NP$
CBOOMUTCS K AaHHON. Takum cnocobom bbina onpeneneHa nepsas $NP$-TpyaHas (M -nonHas)
3afava - Sat.

2. (OcHoBHOW) [loKa3aTb, 4TO K JaHHOW 3afja4ye CBOAMTCS (3@ NOJIMHOMUAJIbHOE BpeMS) Kakas-
HNbyab $NP$-TpyaHasa 3agada. OTCofa ciefyeT, 4TO BCe 3aadn MOXHO CBECTU K AaHHOW, Tak
Kak ntobyto 3amavy n3 $NP$ moxxHo cBecTu K $NP$-TpyaHOM 3aaye, a ee B CBOK 04epelb K
LaHHOW.

Kak poka3aTtb, 4TO 3apava asnserca $NP$-nonHon?

e [loKa3aTb, 4TO OHa $NPS$-TpyaHas.
e [loKa3aTb, 4TO OHa npuHagaexxut $NPS.
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Obwan cxema n npodnema $NP=P$

Ckopo 3aecb byaeT obLlas cxeMa TOro, Kak B3aMOCBsA3aHbl Klacchl. A Takxxe 6yaeT HEMHOro Mpo
$NP=P$

CywecTsyeT runotesa $P=NP$ (oaHa 13 LeHTpanbHbIX Npobaem Teopum anropnTMOB, 3afa4a Ha
MWIMOH 0A1apoB). TnMnoTesa rnacuT, YTO eCNn pelleHmne 3agaqm MoXXHO BbICTPO NPOBEPUTD, TO
CaMy 3a4ady MOXXHO 6bICTPO pewnTb. FMNoTe3y He MOryT HM OMPOBEPTrHYThb, HN AOKa3aTb yxe bosee
30 ner.

[lononHUTEeNIbHO

HedopManbHoe onpeneneHue

Mpy6o rosops, kK knaccy $NP$ (HeneTepMUHUPOBAHHbLIE MOJIMHOMUAbHBIE) OTHOCATCA Te 3a4auun,
NPaBUNbHOCTb PELLEHNS KOTOPbLIX MOXKHO MPOBEPUTL BbICTPO (3a NonMHOMKabHoe BpeMs). K knaccy
$P$ 0THOCATCA 3a4a4M, KOTOPbIE MOXHO BLICTPO peLnTb.
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