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Bceku TecT HU AaBa e€IHO CBOMCTBO, KOETO IIIe HapedeM pesyiTaTa Ha Tecta. [IpoabmkeHueTo Ha
TOBA CBOMCTBO 11I€ HAPEYEM TECTOBOTO CBOMCTBO. BBIIPOCHT €, KaKBO MpEJICTaBIIsIBA TOBA
cBoiicTBO? Jlanu ToBa HE € CBOMCTBO HA ChCTOSIHUETO Ha cBeTa? OTroBOPBT € U J1a U He. AKO
B3EMEM MPOU3BOJICH MOJIEN Ha CBETa, TO OTTOBOPHT € HE, HO aKO U30epeM MaKCUMAaTHHS MOJIEI
Ha CBETa, TO TOraBa OTTOBOPHT € Ja. Mimame pa3znuvau Moieau. MUHUMATHHUAT MOJIEN € TO3H,
MIpU KOMTO CBETa 3HAE 33 MUHAJIOTO U 32 OBJICHIETO MUHUMAIHOTO, KOETO My € HyXHO. [Ipu
MaKCUMAaJTHHUSI MOJIEJI CBETa 3Ha¢ BCUYKO 3a MUHAJIOTO U 3a ObjaemeTo. [1pu To3u Mmozen, ako
XBBPJIUTE 3ap CBETA 3HAE KAKBO III€ C€ MaJHE U IOPH 3HAE BHE KAKBO Ie HanmpaBuTe. Hanpumep,
3HAE JIaJIu I1Ie XBBPJIMTE 3apa.
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BbBeaeHue

Hue ce onuTBamMe na pazdepem cBeta. 3a ja ro pasbepem, e u3noii3zBame tecrose. [Iprmep 3a
TECT €:

Axo HaTHCHaA APpBXKaTa Ha BpaTra — BpaTaTa 1€ C€ OTBOPH.

TecToBere ChaBPIKAT HAKAKBO YCIIOBHE (TIPEANOCTaBKa). B ciyyas yclioBHETO €, 4e CbM
HATHCHAJ JPBKKaTa Ha BparaTta. Korato ycioBHETO € U3IIbJIHEHO, TOraBa TeCTa € MPOBEICH U
TOraBa IoJiyuaBaMe pe3yJiTara Ha TeCTa, KOMTO € UCTHHA WU JIkka. B ciydas BpaTa ce oTBaps
WM HE CE OTBapsl.

Bceku Tect HE naBa eHO CBOMCTBO (pe3ynTara Ha TecTa). B ciydast cBOMCTBOTO € ,,Bpara €
3akmoueHa’. Hue He 3HaeM KakBa € CTOMHOCTTa Ha TOBAa CBOMCTBO BbB BCEKU €IMH MOMEHT, a
caMO B MOMEHTUTE KOI'aTo TECTa € MPOBEJIEH.

Hue e npenmonarame, e TOBa CBOMCTBO UMa CMHCHJI BbB BCEKU €ITUH MOMEHT H III€ C€
onmuTaMe Ja MPOIBJDKUM XapaKTEpUCTUYHATA (DYHKIUS HA TOBA CBOMCTBO M3BHH MHOXKECTBO Ha
MOMEHTHUTE KOraTO CM€ MPOBETH TecTa. Bb3MOXHO € TOBa CBOMCTBO /1a HE € TOTAJIHO U J1a HE €
neUHUPAHO BHB BCEKU €IMH MOMEHT. HampuMep, ako HIKOHM OTKpaJHe BpaTa, TO BHIIPOCHT
JTAJTH TSI € 3aKJIF0UeHa T'yOr CBOsI CMUCHI. TOECT, I1e ce omuTame J1a MPOIbIIKUM
XapaKTepuUCTHUHATa PYHKIIMS Ha CBOMCTBOTO, HO HE € 33ABJKUTEITHO Ja MOTYYHM TOTalTHA

GyHKIMS.

KakBa e uzesita B mpoabKaBaHETO HA pe3yliTaTa Ha TeCTa JI0 TECTOBO CBOMCTBO? AKO BH J1aM
enHo pe3eHue (Slice) oT kpacTaBwila, 1anu OMXTE MOTIIM OT PE3CHYETO J1a Bb3CTAHOBUTE IIsIaTa
kpacrtaBuia? PazOupa ce, craBa 1yma 3a MUCIIEHO B3CTAaHOBSIBAHE, a HE 3a (PU3UYECKO.



ToBa Bb3CTaHOBSBAHE HE € CANMHCTBCHO U IMPU HCT'O MOXKEC 1a CC MOJIyYaT pa3jIiniIHU OGGKTI/I.
Hampumep, oT pe3eH4eTo OT KpacTaBUIla MOXKETE J1a MTOJyIUTE HOCOPOT, KaTO CH IPE/ICTABsTE,
4e TOBa € pe3eH OT pora My. Pa3dupa ce, Hue 1ie ThPCHM IPOIBIDKEHHS Ha Pe3yaTara, KOUTO ca
MaKCHMAJIHO IIPOCTH, ECTECTBEHH U IOCTOBEPHHU.

NmariTe npeaBua, 4e pe3eHYCTO OT KpacTaBHIla € HElo PealiHo, JOKATO camaTa KpacTaBuIla €
HEIIOo BhoOpakaeMo U U3MHCIIEHO. AKO BH JIaM Jia BUJIUTE Is1aTa KpacTaBHIla, TO HA Bac IIC € BU
€ MO-JIECHO JIa CH s MPEJICTaBUTE, HO BUE MOJKE JIa CH MPEJCTABUTE 3/jpaBa KpacTaBHIa, a TS Jia Ce
OKa’ke M3THUIIAa OTBBTpE. ToecT, HUKOra BUe He MOoTy4aBare msuiata nHpopmanus. Bunaru
I0JIy4aBaTe caMo eHa 4acT (€AWH pe3eH HHPOpMaIus), 10 KOMTO TPsOBa J1a CH MPEJACTABUTE
Leans OOEKT.

Hexa cu 3agaem BbIIpoca KakBO MPEJICTaBIIsIBa TOBA CBOMCTBO (pe3yJiTaTa Ha TeCTa U HETOBOTO
IpoabJDKEHNE). B pa3smmyHn MOMEHTH OT BPEMETO CBOMCTBOTO € HCTHHA WJIH JIbXa. Berpekn
BCHYKO, TOBA HE € CBOMCTBO Ha BPEMETO, 3alI0TO CBOWCTBOTO HE 3aBUCH TOJIKOBA OT KOHKPETHHUS
MOMEHT, KOJIKOTO OT pPa3BUTHUETO Ha HCTOPHATA OKOJIO TO3H MOMEHT. Moske O TOBa € CBOWCTBO
XapaKTepu3npaIio CbCTOSTHUETO Ha CBETa (T.€. TOBA € MHOYKECTBOTO OT ChCTOSIHHSATA HA CBETA,
IIPU KOUTO CBOICTBOTO € HCTHHA).

Jlanu 3aBHCH CBOWCTBOTO OT MUHAJIOTO M OT ObjemeTo? OOMKHOBEHO TECTHT HE e MPOBEXKIA B
€/IMH KOHKPETEH MOMEHT, a IPOIbJKEHHE Ha U3BECTHO BpeMe. Toect, pe3ynrara oT Tecta
3aBHUCHU OT BPEMEBUS KOHTEKCT (OJU3KOTO MUHAJIO U OBJIeIIe B PAMKUTE HAa IPOBEXKJAHETO HA
TecTa). AKO B3€MEM TECTOBOTO CBOMCTBO, TO TO 3aBUCH OT MO-IIUPOK BPEMEBU KOHTEKCT U MOXKE
Jla HU Ka3Ba HEllo 32 JaJeYHOTO MUHAJIO U OBJeIle Ha CBeTa.

Hanpumep cBoiictBoTo: ,,B mucmMoTo nma 1o6pa HoBuHa“. ChOTBETHHS TECT €: ,,OTBapsiM
MMCMOTO U MPOBEPsBaM KakBO Muile B Hero*“. ToBa cBOWCTBO HU Ka3Ba Hello 3a Obaeniero. [1o
TOYHO, Ka3Ba HU KaKBO III€ MPOYETEM B IMUCMOTO, KOraTo o OTBOpHUM. J[anu ToBa € CBOMCTBO HA
cBeta? Jlanu cBera 3Hae KakBO MUIIIE B MMUCMOTO OIIIE TIPeIH 1a cMe 1o 0TBOpuiIn. OOUKHOBEHO
CH MUCJIMM, Y€ 3Hae, HO OM MOT'BJI € Jia He 3Hae. Hampumep, moBeueTo KOMIIOTHPHU UTPU HE CH
JaBatT TpyJa Aa U3UUCISIBAT €M CBSAT, @ Ce TPHKAT CaMO 3a Ta3u 4acT OT CBETA, KOSITO UTPaybT
BIDKJIa B MOMEHTa. AKO CBETa € TakaBa UIpa, TO TOH I1I€ PEIIN KAaKBO IMHIIIE B MUCMOTO YaK
KOTraTo ro OTBOpuTe. Jpyr nmpumep, HeKa )KMBOTa € TeJIEBU3MOHEH cepuai. Ako B 1354 cepus Bue
MOJTYYUTE TTUCMO U JIECET CEPUH MO-KHCHO I'0 OTBOPHUTE, TO KOTa CIIEHAPUCTA III€ PElTu KaKBO
nuiie B mucMoTo? Koraro nuiiie ciieHapus Ha cepusiTa KoraTo MmojiyyaBaTte MUCMOTO WITH KOTaTo
nuuie cepusita korato ro orsapsate? ToecT, BUxaare, 4e cBeTa MOXKe IIPEIBAPUTENIHO J1a 3Hae, a
MOJK€ U JIa He 3Hae MPeIBAPUTEITHO KaKBO 1€ Ce CIyYu B ObJeIe.

ITooGeH e u BBIIpOCHT ¢ MUHANOTO. Hampumep cBoiicTBOTO: ,,BbpHaAI CbM Ce OT MOYMBKA™ HU
naBa uHpopmaius 3a MuHanoto. CrorBeTHUA TecT e: [IpoBepsiBaM fanu ¢bM Ha MMOYMBKA WU B
KOMaHJMPOBKa U ClIe]] ToBa ce BpbiiaM. [Ipennonarame, ye ako cre ce BbpHAJIM OT [TOYMBKA U
OllE CT€ CU B KbIIM (HUKBJE Ipyrajie He CTe€ XOWIN), TO IPOAbDKaBaTe Ja CTe CE BbPHAIH OT
nourBka. ToecT, IpOABIKMXME CBOMCTBOTO 32 MOMEHTH, B KOUTO TO HE € TECTBAHO.

Hexka npeamnonoxum, ye 3a ObJ€IIETO Ha CBETa HAMA HUKAKBO 3HAYEHUE 1Al CTe C€ BbPHAIHU OT
MOYMBKA WM OT KOMaHAUpoBKa. Torasa nMa i CMUCHII CBETA J1a MOMHH To3U (akT? BeIipocsT,
KONTO BBJIHYBa HUCTOPUIIUTE € JIAJIM CBETa IOMHU MUHAIO0TO? J[anu e1HO UCTOPHUYECKO CHOUTHE €
OCTaBWJIO HAKAKBY JJOKYMEHTH WIU JAPYTH CIEIH 3a TOBA, e ce € ciiydmsno? OTroBopsT €, ue
MHUHAJIOTO MOKE J1a CE IOMHH, a MOKE U J1a HE CE IIOMHU.



B Ta3wm craTus me pasrieaaMe JABa MOJelia Ha CBeTa — MUHUMAJICH U MakcumalieH. [pu
MHMHUMAJIHHUS CBETHT IIOMHH MUHMMAJIHOTO OT MHHAJIOTO U 3Ha€ MUHUMAJIHOTO 3a OBIACIICTO.
[Tpu MakcuMaTHUS € 0OPAaTHOTO, TAM CBETHT IIOMHU BCHYKO OT MHHAJIOTO M 3Ha¢ BCHYKO 32
Obaemniero. TaM CBETHT 3Ha€ TOYHO KAKBO III€ CE€ CIIYYW U JIOPH 3HAe BHE (areHTa) KakBo IIe
HaIpPaBHTE.

KakBo Tepcum?

KakBo e naseHo u kakBo ce Tpcu? B Ta3u cratus me TepcuM obsicHeHue Ha cBeTa. [lpu
Reinforcement Learning umame eIuH areHT, KOMTO KMBEE B HAKaKbB CBAT. CBeTa € euH
opueHTHpaH rpad nogodeH Ha To3u Ha urypa 1. ATEHTHT ce IBUKH OT ChCTOSIHUE Ha
CBCTOSTHHE TI0 CTPEJIKUTE M ChOMpa HAKAaKBU Harpaau (rewards). 3a Hero Ie € MHOTO BaXKHO J1a
pas0epe cBeTa, 3a 1a MOKe Jla HaMepH Harpaaute. Fima MHOTO cTaTuu, KBAETO Ce MpeAroara, 4e
CBETA € JIAJICH M Ce ThPCH CTpaTerus, KosATo Ou Ouiia ycremHa B To3u cBsT (Hanpumep []). B tasu
CTaTHs 1€ IpeoaraMe, 4e CBeTa € HeM3BECTEH.
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Figure 1

Ha ¢urypa 1 Bp3MOKHUTE AEHCTBUA Ha areHTa ca OTOEIS3aHH ChC CTPEJIKH, & Bb3MOKHUTE
HaOII0/IeHNs ca OTOeNSA3aHU C pa3IMYHU HOMeEpa U I1BeToBe. Ha Bcsika cTpenka 6u TpsOBaio na
numa etuket (label), koiiTo 1a ka3Ba Ha Koe JAeHCTBHE CHOTBETCTBA Ta3M cTpeika. Ha Tasu durypa
eTHKETUTE ca U3IYCHATH, HO C€ BMKJIa, Y€ TIOHSIKOTa MMa e/IHa Bh3MO)KHA CTPEIKa, a MOHSIKOoTa
BB3MOXKHOCTHUTE Ca HAKOJKO (Tipu cberosinug 2 u 3). [lle mpeamnonarame, ye He BCUYKH JIEHCTBHS
ca Bb3MOKHH, KaKTO M Y€ UMaMe HeJeTepMUHUPAHU ITpexoau. ToecT, 1ie npeanoiaarame, 4e mpu
KOHKPETHO ChCTOSTHUE M KOHKPETHO JIEUCTBHE MOXKE U J]a HIMa CTpeJIKa C TO3HM €TUKET U3IU3alla
OT TOBa CHCTOSIHHE, KaKTO U Y€ MOXKE TaKHUBa CTPEJIKH J1a MMa MIOBeUe OT €/IHA.

ToBa, ye momyckame HeJCTEPMUHHPAHH [TPEXOIM O3HAUYABA, Y€ JAoMycKame ciydaiiHoct. B [3]
MoKa3axMe, 4ye UMa JiBa BUJa CIIy9aifHOCT — IPOTHO3UpyeMa M Henmporuoupyema. Tyk
U3M0JI3BaMe HEMIPOTHO3HMpYEeMaTa CIIyJaifHOCT (HEILO Ce CIIyYBa ¢ BEPOSTHOCT B MHTepBaa [0,
1]). Ta3u cay4aitroct ce uznon3sa omie u mpu NFA (nondeterministic finite automaton). Tam
HEIIl0 MOJKE J1a Ce CIIY4H, a MOXKE M Jla HE Ce CIIY4M, HO HEe 3HaeM C KaKBa BEpOSITHOCT IIIE Ce
cnyqu. [Ipu POMDP (partially observable Markov decision process) ce usnon3sa
NPOTHO3MpPYEeMaTa CIIyJaifHOCT (HEIO Ce CIIyYyBa ¢ TOYHO ompejesieHa BepositHocT). B [3]
A0Ka3axXMe€ €KBUBAJICHTHOCT MCXKAY YCTUPUTE BUIAa MOACIIN ()IeTepMI/IHI/IpaHI/ISI, MOICIUTE C
JIBETE CIIy4alfHOCTH U MoJiesla ¢ KOMOMHAIMATA OT JABeTe ciy4aitHocTn). ToecT, MoXkeM /1a
paboTuMm, ¢ KOWTO MOJIET HU € Hail-y00HO U HUE CMe U30pasii TO3H.



KasBame, ue umame Full Observability koraro Mmosxem 1mo ToBa, KOETO BHKIaMe Ja MO3HAEM KO ©
cberostareTo. ChOTBETHO, Ka3Bame ye umame Partial Observability B mpotusHus ciydvai.
Hamnpumep, ako Bmk1aMe HOMepa Ha ChCTOsIHHETO, ToraBa umame Full Observability, Ho ako
BIDKJIAME CaMo I[BETa, TOTaBa HEe BUKIaMe BCHUKo. Hampumep, ako BUXkIame ,,9epBEHO* HE
MOYEM J1a K&KEeM JIaJli CME B ChCTOSTHHE 4 I B 5.

AKo mMame Mojielia Ha CBETa, TO Ype3 Hero OMxXme MOTJIH Jia TpeacKaxeM Obaemero. Hanpumep
aKO CM€ B ChCTOSIHUETO 4 MOKEM J1a IPEJICKaXKEM, Ue CIIEBAIIOTO ChCTOSHUE 1Ie € 6. AKO cMe B
YEPBEHO ChCTOSIHUE, MOXKEM Jla MPEACKAKEM, Y€ CIIEABAILOTO 1€ € 3€JI€HO WM cuHbo. [1o
CHIIUAT HAUMH KaKTO MpeJCcKa3BaMe ObACHIETO MOKEM Ja MPEABUAUM U MUHAIOTO. TpsiOBa camo
Ja 00bpHEM MOCOKATa HAa CTPEIKUTE U MIJIOTO CTaBa Objeie. EMMHCTBEHUAT pobiieM e, 4e mpu
oOpblIaHe Ha CTPENKUTE OT JETEPMUHUPAH Ipad MOXKe Ja ce NOTyYd HeleTEPMUHHUPAH, HO HUE
n30paxMe Ja U3Moa3BaMe KaTo MOJCTH HeIeTEPMUHUPAHU Tpadu.

KakBo Hu € mageno? JlajeHa HU € KCTOPHATA 0 TEKYIIUs MOMeHT. ToecT ajieHa HU € peauiara
oT aeiicTBus (OUtputs) u Habmroaenus (INPUts mitu View).
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Tyk HOMepanusATa He II0Ka3Ba HOMepa Ha CTHIIKaTa, a HOMepa Ha MOMEHTA. BbB BCsAKa CTBIIKA
rMa JiBa MoMeHTa. B mbpBus ussexaame nudopmanus (ToBa € HalIETO IEUCTBUE), @ BbB BTOPHUS
BBBEXKJIaM€ KakBO BIKIaMe. ToecT, HoMepa Ha CTBIIKaTa 1ll€ € HOMEpa Ha MOMEHTA pa3JeIcH Ha
JBE.

[Ipeanountame na pa3aenum BpeMETO HE HA CTHIIKH, & HA MOMEHTH, 3apaJii CbOUTUHHUTE
MOJEJIN KbJIETO ChCTOSIHUATA 11I€ CE€ TPOMEHST B ONPEEICHN MOMEHTH. 3a €/1Ha CThIIKa
CBCTOSIHUETO I1I€ MOXKE J1a C€ IPOMEHH JIBa IIbTH, 3aII0TO B CTHIIKATA UMa JBA MOMEHTA.

MoMeHTHTE 1IE ca ABa BUAA — BXOISIIU U HU3XOIAIIHU, KOUTO € HApUYaMC OLIC UYCTHU U HCUCTHU
MOMCHTH.

Hexka orGenexxum, ue BXOJI0BETE U U3XOUTE I1I€ ca BeKTopH OT ckanapu. llle mpennonarame, de
Te3U CKaJlapy ca KpaiiHu. buxme Mornu aa ce orpaHMYuM 10 OyJeBU BEKTOPH, HO HAMA J1a TO
HalpaBKM 3a J]a W30erHeM M3IUIITHOTO Koupane (Bux [1]).

KbM ucropusita me 106aBuM OI1le 1 HEKOPEKTHUTE XOJJ0BE, KOUTO CM€ ITPOOBaJIK IIpeIu Aa
U3UIPAaeM MOPEIHUS CH XOI.

badi, az, V2, bads, as, Vg, ..., bady1, ac1, vt

Tyk enementa bad mMoxem J1a cv TO MHCJIMM KaTO CITUCHK OT HEKOPEKTHHU X0JI0BE WJIN KaTO
MHOYECTBO, 3aIl0TO Pejia, B KOWTO CMe MPOOBaIl HEKOPEKTHUTE X010Be, € Oe3 3HaueHue. 11l
CUMTaMe, Ye HEKOPEKTHHUTE XOJIOBE ca MPOOBaHH B ChIIUS MOMEHT, KOTATO € U3UTPaH
CHOTBETHHUS KOPEKTEH X0/ (3aTOBa crrchKa bad u ciemBariust ciie Hero KOpeKTeH X011 & UMat
€IHAKbB MHJICKC).

Ile(l)I/IHI/I].[I/Iﬂ: Kupot e Hapu4aMe UCTOPHUA, KOATO HC MOKE a 6’[:,[[6 MMPpOABIIKCHA.



Enna ncropus He Moxe n1a Ob/ie MPOABIKEHA, aKo € Oe3KpaiiHa WU aKo 3aBbPIIIBA ChC
CBCTOSTHHE, OT KOCTO HE M3M3aT HUKAKBU CTPEJKH. B [4] TakuBa ChCTOSHHS HAPEKOXME
,,BHE3aITHA CMBPT*".

JABOEeH Mo el

@urypa 1 e HanpaBeHa Ha 0a3aTa Ha CTaHAAPTHHUS MOJIEIN, KOUTO € 6a3upaH Ha cThIKU. Hue mie
U3I10J13BaMe IBOMHMSI MOJIeJI, KOMTO € 6a3upaH Ha MOMEHTH.
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Figure 2

Paznukara Mexay craHaapTHUS U ABOMHMS MOJIET € WIIIOCTpupaHa Ha ¢urypa 2. J[BoiHus Moaen
ce Mojy4yaBa OT CTaHJAPTHUS KaTO BCAKO ChCTOSTHUE OBJI€ 3aMEHEHO OT JIBE ChCTOSIHUSI U CTPEJIKa
MOMEXK 1y UM. BCUUKH CTpEIIKK, KOUTO €A BIM3AJIM B CbCTOSIHUETO, CEra 1€ BIX3aT B IPBOTO, a
CTPEJIKUTE KOUTO Ca U3JIU3AJIH OT ChbCTOSIHUETO, CEra LIe U3JIM3aT OT BTOpOTO. ETHKeTa, KOUTO €
OWJI Ha ChCTOSIHMETO CETa € €TUKET Ha CTPEJIKaTa MEX /Ty HOBUTE ChCTOSHUS. [Ipu qBOMHUS
MOJIETI CaMO CTPEJIKUTE UMAT €TUKETH, a ChCTOAHUATA HAMAT. Tyk cMe oTOensa3aIi HeUeTHUTE
CBCTOSIHHS C TO-MAJIKH KPBIOBE, 3a J1a MOAYEPTAEM, Ye UMaMe JIBa BUJIA ChbCTOSHUA.

W3riexna cskamr B TBOWHUS MOJICN ChCTOSHUATA Ca JIBA ITBTH MTOBEYE, HO TOBA HE € TaKa, 3aIl0TO
aKo JIB€ ChCTOSIHUSA Ca €KBUBAJICHTHH OT IJie/IHa TOYKa Ha OBACIIETO, TO TE Mora Jia ObaaT
oOenuHeHHu (cieTH) B e1HO. B cTangapTHHs Moien Morat Aa ObaaT 00eIMHEHN CaMO ChCTOSIHUS,
KOUTO ca €eKBUBAJIEHTHH OT IJIe/IHAa TOYKa Ha HACTOSIIETO U Ha ObemnieTo. ToecT, B cTaHAapTHUS
MOJIeJTT ChbCTOSIHHETO TPsIOBa Ja MOMHH HACTOSIIETO, IOKATO B JBOWHUS HAMA TaKaBa HYXKJa.
ToBa e enHa OT MPUUMHUTE, TIOPAJIU KOSATO BHBEXKAAMeE TO3U MoJien. B Tasu craTus 3a Hac 1ie e
MHOTO BaXKHO KakBa ¢ WH(OPMAIHATA, KOSITO MOYKEM JIa U3BJIEYEM OT ChCTOSTHHETO. ToecT, KakBO
MO3Ke Jia Kake ChCTOSIHUETO 32 MUHAJIOTO U 3a ObjemieTo. HacTosmero e 4acT OT MHHAJIOTO,
3aI[0TO TO BEYE CE € CIIYUUIIO.

B nBoitHIS MOJeN ChCTOSHHUATA e ca 1Ba BuIa. ChCTOSHUS CJIET BXOJ U CHCTOSIHUS CIET
nsxon. llle ru Hapuyame o1le YETHU U HEUETHU ChCTOSIHUA. [10-BaXkKHU ca YETHUTE ChCTOSIHUSA,
3aIl0TO TOBA Ca ChCTOSHHUATA, B KOUTO MUCIMM. B HeueTHUTE CHCTOSHUS HUE HE MUCIIHM, a CaMO
yakame J1a BUIUM KakBa nHpopmanus e Hu gajae cera. (Moxe aa npeamnoiarame, ue B
HEYETHUTE MOMEHTH MUCJIH CBETHT. Taka ce peayBaMe, B €IMH MOMEHT MUCIIUM HUE, a B
CJIeIBAIIMS MHCIIU CBETHT.)

Jla B3eMeM KaTo MpUMep CBETa, B KOWTO UTpaeM Iax Cpelry BboOpakaem MpoTUBHUK. Hamure
JIEHUCTBUS 1I1€ Ca BEKTOPH OT BHAA (X1, Y1, X2, Y2). Te3u Bektopu onucpat Hamus xo. Llle
BIKJIaMe X0Jla Ha IPOTHBHUKA U orieHkaTa (reward). Toect, Bxoja 1ie 0b/ie BEKTOp OT Buaa (X1,



Y1, X2, Y2, R). [Ipu ABOMHUS MO/IE ChCTOSHUSATA 1iIe OBbJAaT MO3UIIMUTE Ha IbcKaTa. YeTHHUTe
CHCTOSIHHS III€ Ca TE3H, MMPH KOUTO OeuTe ca Ha X0 (T.e. Hue cMe Ha xo.). KoraTo Hammms xo
3aBbpIIIBa UTpaTa (HAIpUMeEp MaT), TOraBa MPOTUBHUKA IIIE TPSOBA J1a UTpae HIKAKBB MPa3eH X0/
U J1a HY Jajie caMo olieHKara Ha urpata. T.e. Bektop ot Buaa (0, 0, 0, 0, R). To3u mpasen xo
TpsiOBa Ja MpeMUHE KbM HaYaTHATA MTO3UIUS, KOTATO UTpaTa 3a1oyBa OTHAYAIIO.

ITpu cranapTHUA MOAEN HELlaTa 1€ Ca MHOTO I0-CI0KHU. ToraBa CbCTOSTHUATA IIIE Ca CaMo
MO3HIIUHTE, IIPU KOUTO OENIUTE ca Ha X0, HO IIe TpsIOBa Jja ce MOMHHU OILE U X0/1a Ha
MIPOTHBHMKA JIOBEJ JI0 Ta3u MO3UIHUs. TOECT, ChCTOSHHATA IIIe Ca MOBEYe, 3al[0TO MO3UIIMUTE
KoraTto OeuTe ca Ha XOJ ca JiBa IIbTHU I10-MAJIKO, HO aKO BCSIKA OT TSIX MOJXKE J1a C€ MOJTy4H IO
cpeano 100 maumna (ot 100 paznuunu noszuun ¢ 100 pa3nuynu Xo/1a Ha IPOTHBHUKA), TOTABA,
KaTo TErJIUM YepTaTa Mojy4yaBame, 4e CTaHIapTHHUA Mozen e uMa 50 mbTH noBede ChCTOSIHUS.

Kakro xa3axme, pu cTaHAapTHHS MOJIE HACTOALLETO CE Hajlara Jia ce IOMHHU, a B JIBOMHUS HE ce
Hanara. /{a BuauM Kak CTOU BBIPOCHT € OBJIEIIETO. AKO UTPAeM IlIax Cpelly AeTepMUHUPaH
MIPOTUBHUK, TO TOTaBa U JABaTa MOJieNia HH JlaBaT AerepMuHupan rpad. Heka nomychem, ue
IIPOTUBHUKA € HEJIETEPMUHHUPAH U Y€ 32 BCSAKA MMO3ULUS MMa 110 HIKOJIKO Bb3MOXKHH X0/1a, KOUTO
TOI MOXe N1a u3urpae. ToraBa craHJapTHUS MOJIEN HU JJaBa HeleTepMUHUPaH rpad (€IuH Halll
XOJ1 BOJIU 10 HSAKOJIKO Pa3IMuYHU OTBETHU XOJa U CbOTBETHUTE UM MO3ULMH). [IBOMHUS MOsEN
IaK CH € IETEpPMUHUPAaH, 3al10TO HAIIUA X0/ BOJM JI0 €/1Ha onpenaeneHa no3uuus. Ot ta3zu
MO3ULUS U3IU3AT HIKOJIKO Bb3MOXKHU CTPEJIKU, KOUTO CbOTBETCTBAT HA Bb3MOXKHUTE OTTOBOPU
Ha IPOTUBHUKA (aKO MPOTUBHUKBT Oellle JeTePMUHUPAH IIeIIe 1a U3ITU3a CaMo eHa CTpeliKa. )

Bunaru nu aBoiiHUA Moze HU JaBa aeTepMuHupan rpad? He BuHaru, HO BUHAru MO>KeM Jia ro
CBEJIEM JI0 IeTepMUHUpaH. Jla cu mpeacTaBuM ChIllaTa Urpa, HO Cera HIMa Jia BIDKJIaMe X0/1a Ha
NPOTHUBHHKA, a CaMo IIe BIXKIaMme Kos ¢purypa e npemectui. Toect, Hama 1a Buwxkaame (Xz, Yo).
Cera, korato 3HaeM Kos € urypara, HO He U KbJI€ € IPEMECTEHa, I1Ie UMaMe HIKOJIKO Bb3MOXKHHU
no3uninu. EcrecTBeHO OM OUITO /1a MpeACTaBUM Ta3H Urpa C HeleTepMUHUpPaH rpad, HO MOXKEM Ja
T'O HAIPaBH U C AeTepMHUHHpaH rpad. AKO ChCTOSHUETO Ha CBETA HE € KOHKPETHA MO3UIIUS Ha
J'bCKaTa, a € MHOYKECTBO OT BH3MOXHU MO3UIIMHU, TOTABa HA KOHKPETHUS XO/I III€ OTroBaps eHa
€MHCTBEHA CTPEJIKa, KOSITO 1€ BOAM 10 MHOXKECTBO OT Bb3MOKHHU MO3ULIUU. TOECT, MpU IbPBUS
(HemeTepMUHMPAHUSI) BAPUAHT CBETA 3HAE HENIO MOBEYE 3a OBICHIETO, OTKOIKOTO MPU BTOPHSL.
[Ipu nerepMuHMpaHUs BApUAHT CBETA HE 3HAE KOS TOUYHO € MO3ULUATA. 3HA€ KOE € MHOKECTBOTO
OT BB3MOKHUTE TO3UIUH, & KOS € TOYHO MO3UITUATA I1I€ pa3depe Mo-KbCHO KOTAaTO TOBA MPOJIHYU
o Bxoja (o HabmoieHusTa). ToBa e Kato ¢ MUCMOTO. B ennHus ciydaii cBeTa 3Hae KakBoO
TMUIIE B TIMCMO, a BbB BTOPHSI CITy4ai I11€ PeIId KaKBO MHUIIE YaK KOraTo TH OTBOPHUII TUCMOTO.

MuHMMaJIeH Mo el

Enun 1BoeH Mojien Ha cBeTa Ile o HapuyamMe MUHUMAJIeH, aKo CBeTa 3Hae 32 MMHAJIOTO U
OB/IEIIETO CaMO TOJIKOBA KOJIKOTO My € HeoOxoanmo. [Ipu MUHNMAaTHIS MOZIET, aKo ABE
ChCTOSIHUS Ca €KBUBAJICHTHU CIIPSIMO OBJEIIETO, TO T€ ChBIAAAT. TOECT, He Ce MOMHHU HHIO OT
MHHAJIO0, KOETO HE HU € HY)KHO, 3a J1a onpeenum 0baenieto. OCBeH ToOBa, MUHUMAITHHS MOJEN €
nerepMuHupaH rpad. Toect, BCAKO HemIo 3a OBbAEIeTo ce pa3dpa yak Korato My jaoiiie
BpeMETO (KOraTo TO MOBJIHsE Ha HAOJII0IEHUETO, HO HE TI0-PaHo).



MuHuMalneH MoZiel He 3Hauu ¢ Hall-MaJjKko ChCTOSIHUS. CIpsIMO MUHATI0TO MUHUMAJTHOCTTA
NEHCTBUTETHO HaMalsiBa ChbCTOSIHUATA, HO CIIPSIMO OBJICHIETO O-CKOPO T yBeJIUYaBa (3a1ioTo
MpEeMUHABaMe OT KOHKPETHH Bb3MOKHOCTU KbM MHOKECTBA OT KOHKPETHU Bb3MOKHOCTH).

[Ipouenypara 1o nerepMUHHU3ALMS BUHATW MOJKE /1a C€ MPUJIOKU U BUHATK MOYKEM J1a IO y4YUM
nerepmuHupan rpad. Tosa, e rpada e ferepMUHUpPaH HE O3HAUABA, Y€ areHTa € AeTepMUHUPaH
WIN Y€ CBETa € IeTepMUHMpaH. 3a Ja ObJie areHTa AeTepMUHUPaH, TpsOBa 1a HIMA Pa3KIOHCHHS
B YETHHUTE CHCTOSIHUS, a 3a J1a ObJIe CBeTa JeTepMUHUPAH TPSOBa J1a HMa pa3KIOHEHHS B
HEYeTHHUTE CheTossHUA. ToBa, 4e rpada e JeTepMUHUpPaH 03HaYaBa, Y€ ChbCTOSHUITA 3HAST 3a
ObICIIeTO MUHUMATHOTO. (AKO JIB€ ChCTOSIHUS Ca PA3IMyYHH, TO T€ UMAT Pa3iInuHO MuHao. T.e.
pa3iIMYHY ca 3al[0TO UMaT Pa3JIMuHO MHHAJIO, @ HE 3al0TO 3HAST HElO MoBeue 3a ObACHIeTO.)

Tyk nox neTepMUHUpPAH areHT UMaxMe IPEeABU, Ye € IPUHYICH 1a Urpac I1eTEePMUHHUPAHO,
3al10TO UMa caMo €IMH KOpeKTeH XoJ. OOMKHOBEHO 0] AETEPMUHHUPAH areHT pa30upamMe TaKbB,
KOWTO Urpae AeTepMUHUPAHO 03 J1a € MPUHY/EH J1a IO IPaBHU.

ToTasieH mojeJl

Koraro enuH X0/ € HEKOPEKTEH CTpesKaTa 110 TO3U X0/ POCTO JIUIICA U TO3U XOJ] IPOCTO HE
MO3Ke Ja Obje HampaBeH. bruxMe uckanu areHTa fa Moxe J1a IpooBa HEKOPEKTHUTE XOJA0BU U
KaTo I'Ml MpoOBa HUIIIO J1a HE ce cay4d. T.e. Toi na momyun uH(opMaius, ye Xoa € HEeKOPEKTeH,
HO J1a OCTaHE B ChIIOTO ChCTOSTHUE.

Ta3u nen 1ie s HOCTUTHEM KaTo J00aBUM KbM BCSKO YETHO ChCTOSIHUE (IIPU KOETO Ma
HEKOPEKTHH X0JI0BE), IO €JHO JOIIBIHUTEIHO HEYETHO ChCTOsIHUE (BIK durypa 3). Benuku
HEKOPEKTHH XOJI0BE OT YETHOTO ChCTOSHUE 11I€ TH HACOYUM KbM HeueTHOTO. OT TaMm 1ie ce
BbpHEM 00paTHO C e[HA CTPeJIKa ¢ eTUKET ,,had*. To3u eTUKeT 11e € eMH CrelnaieH HOB
BEKTOp, KOWTO cMe 100aBWIIN 3a LIeITa U KOWTO 1€ oJydyaBaMe KaTo BXOJ CaMO KOraTo onuTame
HEKOPEKTEH XO[.
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Figure 3

Ha (I)I/Irypa 3 BE3MOXKHUTE XOO0BE Ca OTOECIISA3aHU ChC CTPCJIKH C UCPBCH, CUH U 3CJICH LBAT. B
CBCTOSHHUETO Sp MMA JJBa HCKOPEKTHHU X044, A B CbCTOSHHUETO S4 MMa CaMO €IUH. B cecTosHMETO
Sy HsIMa HEKOPEKTHH XOJ0BE 1 3aTOBA 34 HETO HE CME ,Z[O68.BI/IJII/I JOIIBJIHUTCIIHO HCUCTHO
CbCTOSAHHCE.

Ilo T0o3u HAuMH e MoJIydYuM €IuH TOTAJICH MOACII, ITPU KOWTO BCUYKH XO0J0BE€ MOrar aa ce
HpO6BaT, HO KOPCKTHUTEC XOAOBC PCAIHO MPOMCHAT CbCTOSIHUCTO Ha CBETA, JOKATO
HCKOPCKTHUTEC CaMO JaBat I/IH(l)OpMaHI/ISI, Y€ Ca HCKOPECKTHHU. TOGCT, mojrydaBaMe€ €AH HOB



TOTAJICH MOJCII, KOMTO OMIHCBa ChbIIUA CBAT KaTO NPCAUIIHUA MOACII, C Ta3H pa3jiuKa, 4
HCKOPCKTHUTEC XOJ0BE BCUEC MOrar Ja ce HpO6BaT.

MakcumaJjieH MojeJl

CJ'IG,I[ KaTo UMaM¢€ MUHUMAJICH MOJCJI, MOXKE O0u nma u Makcumaied. ToBa Tpﬂ6Ba Ja € Moaeiia,
npu KOHTO ChCTOSHHETO 3HA€ BCUYKO 3a MHHAJIOTO, BCUYKO 3a TOBAa KOU Ca KOPCKTHUTEC XOA0BC U
BCHUYKO 3a 6"b,I[CH_ICTO.

Jla 3HaeM BCHYKO 32 MUHAJIOTO € JIECHO, IIPOCTO KOraTo BhPBUM Ha3aj (Cpelly CTPEIKUTE) He
TpsOBa 1a uMa paskinoHenus. Toect, ako Mojena uMa popmara Ha IbPBO, TOTaBa ChCTOSHUETO
I1I€ 3Hae BCHYKO 32 MUHAJIOTO (TPBIBAMKK OT HETO HA3al IIe MOYKEM JIa Bh3CTAHOBUM IIsjIaTa
HUCTOPHUS).

Jla 3Hae ChCTOSTHUETO KO Ca HEKOPEKTHUTE XOJ0BE ChIO HE € TPYIHO, 3aIl[0TO TOBA € KpaiiHa
nH(popMaIus, KOSATO JECHO IIe T00aBUM.

3a 12 3HaeM BCHUKO 3a OBJICIIETO, TPSOBA J1a HIMa HeJleTepMUHUPAHOCT. ToecT, ako XBBbPIUM
3ap, TpsOBa J1a 3HaeM KakBo Iie ce najane. llle moctpoum mMozen, mpu KOMTO msara
HEJETEPMUHUPAHOCT 1II€ € KOHIIEHTPUpaHa B HAYAIHOTO cheTosiHue. Cren Kato uzdbepem
HAaYaJIHOTO ChCTOSIHUE (110 HEACTEPMUHHUPAH HAYMH) HATATHK BCUYKO III€ € IETEPMUHUPAHO.

Hexka B3eMmem ABPBOTO HA BCUYKHU JOCTUKHUMU CHCTOSAHUA. (TOBa € IbpPBO, aKO UMa
EKBMBAJICHTHH ChCTOSIHUS HE TH CiMBaMe B eHo.) Llle nerepMuHupame ToBa IpBO, Makap TOBa
MOCIICTHOTO J1a HE € 33AbDKUTETHO. OT Taka MOJTyY4eHOTO ABPBO ¢ MOTYYUM BCHUKH CTPATETHH
Ha cBeta. ToBa ca MOUIBPBETA, B KOUTO HAMA Pa3KJIOHEHHUS 110 HAOJIOIEHUETO, a Pa3KIOHEHHSTA
1o JieiicTBUsATA ce 3ama3BaT. Te3u pbpBera ca mHoro (the cardinality of the continuum). Ot
BCHUKHUTE TE3H JbPBETA MPABUM MOJIEN, KbIETO HAYATHUTE ChCTOSIHUSA 1€ Ca KOPEHUTE Ha
BCHUYKHTEC TC3U AbPBCTA.

TYK ayMmara CTparerua HE € MHOT'O IMOAXOJAIIO0 Aa CC€ U3I0JI3Ba, 3alll0TO Ka3BaME CTPaTErus,
Korato uMmamMe€ HsiIKaKBa ICII. TYK npearojarame, ue€ arcita uma 1eji, a CB€Ta HiMa 1eJl. Axo
MMPEANOJI0XUM, Y€ TCINUA CBAT CC OIMMUTBA Ada HHU ITIOMOT'HE WJIM JJa HU MOIIPEYH, TO TOBA 6ou Ouno
TBBPAC CTOUCHTPUYIHO. B’preKI/I TOBA, LIC IpcAIrojraraMe, 4€¢ B CB€Ta UMa arcHTH, KOMTO UMatT
CBOUTC LICIIN. TOGCT, CBC€Ta HAMA 1ICJI, HO BLIIPECKU TOBA PA3JIMYHUTE ITOBCACHUA HA CBETA LIC
Hapnu4YaM¢C CTpaTCruu.

CrnenoBaTenHO HalpaBUXME MOJIEN, KOMTO C€ ChbCTOM OT BCUUKM CTpaTeruu Ha ceera. Oule npenu
Jla 3aTlI0YHE JKMBOTA CBETa M30uMpa 1o CllydyaeH HauuH €Ha OT CTpaTeTuUTe CU U S ClIeBa J10 Kpast
Ha ’xuBOTa. MesTa e, omie npeau Aa 3aro4He Urpara Jia HAMUCIUM Kak Iie urpaeM. MoxxeM Ja
HaMHCIIUM, Y€ aKO TOW HU UTpae ¢ KOHA, HUE 1€ OTTOBOpUM ¢ odwuiiepa u T.H. EqHo TakoBa
HAMUCIISTHE TIPE/ICTaBIIsIBA CTPATETUS U CE M3pa3siBa C eIHO Oe3KkpaiiHo nbpBo. Te3u appBeTa ca
HEen30pouMOo MHOTO. MOXe /1a CM HaMHUCIIUM, Y€ I11€ UTPAeM H3IT0JI3BAUKH OTpeIeieHa
JIeTepMUHUpaHa nporpama. [1o To3u HauMH HUE MOXKE /1a CU HAMUCIIUM HAKOS U3UMCIUMAa
CTpaTerus, a Te ca caMmo U30pOMMO MHOTO.

HOJ’Iy‘-IeHI/ISIT MOJ€I € CKBUBAJICHTECH HA MOJI€J1a, OT KOHTO TPBrHaxme, 3al10TO BCIKa UCTOPUA,
KOATO € Bb3MOJKXHA IIPpU CAUHUA MOACII € Bb3MOXKHA U ITPU APYTHAL. HpI/I HOBHA MOJCII CBETA CC€



ABPIKU ACTCPMUHUPAHO, C U3KITFOYCHUC HA IBPBHUA MOMCHT, KOTaTO H361/1paMe Ha4YyaJIHOTO
CbCTOSAHHCE.

B To3m CBJT, aKO B3CMEM IIPOU3BOJIHO CBCTOAHUEC, TO TO 3HAC IIOYTH BCUYKO 3a 6T>I[CIHCTO, C
MU3KJIIIOYCHUEC HA TOBA, Y€ HC 3HAC KaKBO JICHCTBHUE IIIE H36€pe arelra. buxme uckamm ga
HaIrrpaBHUM MOJCII, IIpU KOHTO J0PHU U TOBa Ja CE€ 3HAC OT CbCTOSAHUETO Ha CBETA.

Tyk uma eaun npo6iaem. OOMKHOBEHO TIpeIoiaraMe, ue CBeTa € aJieH, a areHTa € POU3BOJICH.
Toecr, HsIMa Kak CBETa Jja 3HAE KAKBO III€ HAIIPaBH areHTa, 3al[0TO TOW CH HsIMa UJesl KO areHT
e My ce nagre. Cera 1ie nmpearnoaokuM, Y€ areHTa € GUKCHpaH U 9e CBETa OM MOT'BJI J1a 3Hae
HeIo 3a arenta. Hanpumep, cBeta 61 MOT'BJI J1a 3Hae, Y€ B OINpEJIeIeHa CUTYallks areHTa HiMa Jia
W3UTpae ONpEeIICH X0/, MaKap 4€ TO3H XOJ[ € KOPEKTEH 1 OM MOT'hJI Ja Obae u3urpan. ToBa, ue
oTpeJiesieH X0/1 HiMa Jia ObJIe M3UTPaH OT areHTa Iie T'o OTOEJIEKUM C JIMIICBAIIA CTPEIIKA B
rpada Ha Mojena.

Cera 111e IPEAIOIOKHUM, Y€ OIIe PEH Ja 3alI0YHE )KUBOTA CBETA U areHTa ca PEIIvIN Kak Ja
urpast. Toect, u30panu ca cBOsITa CTpaTeTus, KOATO IIE CIEABAT 10 Kpas Ha )KHUBOTA HA areHTa.
ToBa Moke 1a ce omnulIlle ¢ HapeJeHa ABOMKa OT JIBe OC3KpaliHU JIbPBETa HIIH Ype3 eANH Oe3KpacH
BT B IBPBOTO, 3aII0TO PE3yJITaTa OT MPWIAraHEeTO Ha JIBe (PUKCHPAHU CTPATETUH € CIUH
(bUKCUpaH IBT.

Taka noayynxme MakCHUMaIHUS MOJIEN Ha cBeTa. Toil ce ChbCTOM OT BCUYKH BH3MOKHU KHUBOTH
(TOBa ca MbTHUIIA B ABPBOTO HA JOCTHKUMUTE CHCTOSIHUS ). ENMHCTBEHOTO, KOETO HU JIUTICBA,
TOBa ¢ HH(pOPMAIIHMTA 38 HEKOPEKTHUTE X010BE. 3a 1esTa 1ie J006aBum mpumku (100ps), kakto
HaIpaBUXMe, KOraTo IpaBexMe Mojiesa Jia € ToTajleH. Tyk HAMa Ja MMoJy4uM TOTaJIeH MOJIEN,
3aI0TO 111e J0OaBUM MPUMKH CaMO 10 HEKOPEKTHUTE XO0BE, a HE [0 BCHUKH JIUIICBAIIN
crpenku. Taka nonyuaBame mMojesa nuzobpasen Ha purypa 4. (IIpu S, HIMa IPUMKa, 3aI0TO OT
TOBA ChCTOSTHHE HE M3JTU3aT HEKOPEKTHHU XOJI0BE)
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Figure 4

Ha ta3n (pnrypa c H306pa3eH caMoO €IMH XHUBOT, @ HC BCUYKHU Bb3MOXHHU )KWUBOTH, KOUTO Ca 4aCT
OT MaKCHMaJIHUs MOICII. Hac an HHTEPECYBa CaMO €IWH KMBOT U TOBA € JKUBOTA, KOUTO KHBEEM.
3aToBa MOXKe Aa npeamnojiaramMe, Y€ MakCuMaJHua MOACII CbABbpPiKa CaMO CIUH JKUBOT U TOBA €
KHBOTAa, KOWUTO HU HUHTCpPCCYBaA. ITo To31 HAUMH e 3al"y6I/IM CKBHUBAJICHTHOCTTA C
II'bpBOHAYAJIHUA MOJCII, HO IMOJYYCHUA MOACI € TOBA, KOCTO HU TpH6Ba, 3alI0TO APYTUTC
BB3MOXHHU )KMBOTH HE Ca Ba’KHH.

B taka momydeHus MakCMMaJIeH MOJIEN OT BCSAKO ChCTOSTHHE MOJKE J1a C€ Bh3CTAHOBH IIsIaTa
UCTOpHS U IOpHU 1ienust )KUBOT. [IpTuIara Hanpes u Hazas ca 6e3 paskinoHenus. [Ipumkure,
KOHMTO JJ00aBUXMe, HAMa Jia Th OpOMM 3a pa3KJIOHEeHHSs, 3alI0TO cuMBOJIa bad He ce cpeia npu
HaOII0IEHUSATA Clle]] KOPEKTEH X0A. TyK ChbCTOSTHUETO 3Hae KOU XO/I0BE Ca HEKOPEKTHHU, HO HE
3Hae KOM OT TAX areHra e npoosait. Ta3zu uHpopmaIs He € BaXkHa 3a CBETa, 3aIl[0TO OT Hesl He



3aBHCH HUTO MUHAJIOTO HUTO ObaemeTo. Pa3bupa ce, Tazu MHPpOpMALIUS € BaXKHA 32 areHTa,
3aII0TO TOW MOXKE /1a He 3Hae KOM XO/I0BE Ca HEKOPEKTHH 1 3aTOBAa MYy € ITOJIE3HO J1a 3Hae KOU
X0JI0BE€ Beue € mpoOBal.

3ak/iloueHue

OmnwutBame ce aa pa3dbepeM CBeTa, TOSCT Ja HaMepuM HeroBus Mojieln. [IpodiaemMsbT e, ue To3u
MOJIeJ BBOOIIIE HE € €IUHCTBEH. MOXKe J1a UMaMe HEJIOCTHKUMH U €KBUBAJICHTHH ChCTOSIHUS, HO
TOBa HE € mpobaeM. Moxe JJa UMa YacTH Ha CBETa, KOUTO HUKOTA HE CME MOCEIIABATIN U KOUTO
HUKOTa HsIMa Ja mocetuM. Hampumep, nMa 1in sxuBoT Ha Mapc? Crenr KaTo HUKOTa He CMe
XOJIWJIA TaM ¥ HUKOTa HsIMa J]a OTUIEM, TO TOBa € 0e3 3HaueHHe (TOeCT, TOBA HsAMA JIa Ce OTpa3u
Ha HaIIUs KUBOT).

Haii-cpiectBeHUAT npo0iem e, ue nMaMe MO/JIENH, B KOUTO CBETa 3Hae MOBeUe ¥ MOJEIU pU
KOUTO CBeTa 3Hae 1mo-majiko. Koit monen tTbpcum? OTroBOPHT €, 4€ ThPCUM MAaKCHUMAJTHHS MOJIET.
Toecr, HUE 11Ie ce CTPEeMUM MaKCHMAaJIHO Ja pa3depeM MUHAIOTO U MAaKCUMAIHO Ja MpeaIcKakeM
opaemero. Llle ce onurame na mpeackaxem JOpH U COOCTBEHOTO cu noBeaeHne. Hue cme vact
OT CBeTa U 3a Jia To pa3depeM TpsiOBa J1a ce onuTaMe Jia MpeICKaKeM J0pHU U COOCTBEHOTO CH
MIOBE/ICHHUE.

3a j1a onumeM MaKCUMaJIHUS MOJIE HUE 1€ N30I3BaMe TaKa HapeueHUs pasupeH Mozen. B
TO3H MOJIET 1€ PEACTaBUM ChCTOSHHETO Ha CBETA KaTO BEKTOP C O'POMEH Opoi KOOpAMHATH
(xmsau um jopu 6e30poiiHo MHOTO). OT TEOpeTHYHA TIeIHA TOUKa, T€ IIe ca 0e30pOoitHO
MHOT'0, HO Ha IIPaKTHKa I1e n30epeM caMo Hali-HHTEPECHUTE OT TSIX.

[IspBUTE KOOPAMHATH, KOUTO I1I€ CI0KUM BbB BEKTOpa ONMCBALL PAa3IIMPEHOTO CbCTOSHUE, TOBA
1€ € KaKBO BIKJame B MoMeHTa. [Ipu 1BoliHUSA Moien HaOII0AeHUETO He € (QYHKIUS Ha
CBbCTOSIHUETO Ha CBETA, 3all0TO, aKO CbCTOSHUETO € YETHO, TO MOXKE J1a UMa MHOI'O CTPEJIKHU C
pa3aM4HU HAOJI0IEHUS], KOUTO J1a BIU3aT B HETO. AKO ChbCTOSTHUETO € HEYETHO, TO ChOTBETHO
MO’K€E J1a UIMa MHOT'O CTPEJIKH, KOMTO J1a U31Iu3aT OT Hero. Tyk o6aue roBOpuM 3a MaKCUMAaTTHUS
MOJIE ¥ B HErO BUHArM MMa caMo €lHa BJIM3Alla U €/lHa U3Iu3aia ctpenka. Toect, mpu
MaKCUMaJIHUA MOJEI KAKBO BHKIAME B MOMEHTA CE OIIPEEs OT CbCTOSTHUETO HA CBETA.

K®M TOBa KOETO BMKJaM€ B MOMCHTA IIC I[0621BI/IM Ollle TECTOBUTE CBOMCTBA Ha pa3InuHnu
TectoBe. ToBa He ca pe3CHYCTAaTa OT KpaCcTaBrlla, KOUTO Ca HCHIO pCaIHO. TaBa ca H3MHCICHUTE
KpaCTaBHUIlKM, KOUTO HUC CMC U3MUCIINIIN HaA Oa3ara Ha PCATHUTE PE3CHYCTA. TOCCT, pasmInpCHUA
MOZCII HAMaA Ja € HEIIO p€aIHO, a € € HEIIO U3MHUCIICHO.

Bwrpoc: Ako umame Full Observability, ToraBa uma u Hyx/1a a 100aBsIMe TECTOBH CBOMCTBA
KbM BEKTOpa Ha ChCTOSIHUETO HA pasiupenus mojaen? Orrosop: Jla uma Hy»1a, 3aI10TO PU
Full Observability Hue 3Haem Koe € ChCTOSIHUETO Ha CBETa, HO TOBA € ChCTOSHUETO MPH HAKOU
Mojies1, KOWTo He € MmakcuManHuaT. Ako umame Full Observability ¢ makcumanen mozen, To
CBETa € TOJIKOBA €JICMEHTAPEH, Ue YakK HE € HHTEPECEH.

Kaxk ga m3mumcianm eqHo TectoBo cBorcTBO? IToMucaeTe ci 3a CBOMCTBOTO ,,3aKJIIOUCHA JIH €
Bparata‘“. [I[poOBame u nosyyaBame Ty ,,3aKJIIOYEHO, TY ,,0TKIIIOYEHO . MHOTO TPYyIHO € 1a
HampaBUM MOJEN U J1a pa3depeM Kora € 3aKJI0YeHO U Kora oTKiIoueHo. MHoro no-pa3oupaemMo
6u 6uI10, aKO JIOMyCHEM, Ye MaMe He €/lHa, a MHOTO BpaTH. Torasa TpsOBa 1a uMaMe ujaes npes

10



KOs1 BpaTa CMe 3acTaHaJld B MOMEHTa. B TO3u MOJies1 MOke HAKOM BPaTH Ja ca IOCTOSHHO
OTKJIFOYEHH, IPYTH MTOCTOSTHHO 3aKIIFOUYEHHU, & TPETH J1a IPOMEHST ChbCTOSHUETO CH 1O HIKAKBU
npaBuia. B To3u ciydait HsiMa aa 700aBUM KbM pa3sIIMpEeHUs MOJIET eJHa KOOpAUHATA, KOSTO /12
0Tpa3sBa €HO TECTOTO cBOMCTBO. Llle 1o6aBUM MHOTO KOOpAMHATH, 10 €/IHA 32 BCSAKA BpaTa
(kosiTo 1a OTpa3siBa CBOMCTBOTO HA BpaTaTa) M €Ha KOOPIMHATA, KOSTO Jia OTpa3siBa Mpel Kos
Bpara cMe B MOMeHTa. ToBa mpejctassiHe B [3] Oeliie HapeueHO TECTOBO ChCTOSHHE.

Hpez[ KOs BpaTa CM€ 3aCTaHaJIi B MOMEHTA CC€ OIIPCACIIA OT CHLOUTHHHHUTE MOACIN, KOUTO 1IIC
pasricaame B CiicaABaliaTra CTaTus.
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