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Pedepar

O0beKTOM HCCIIeI0BAHUS JAHHOTO MTPOEKTA SABJISIOTCS PAa3IUYHbIE allTOPUTMBI
CTOXaCTUYECKOT0 TMHAMHYECKOTO TPOrPaMMHUPOBAHUS HA TPUMEPE MHOTO3TAITHBIX
3a71a4 C BEPOSITHOCTHON HEONPEACIEHHOCTHIO PA3HOM CTENIEHU CIIOKHOCTH.

LesabI0 MpoeKTa CTaI0 3HAKOMCTBO CO CTOXaCTUYCCKUM JIMHAMHYECKUM
IPOrpaMMHUPOBAaHUEM, aHAJIU3 aJITOPUTMOB, IIPUMEHSIEMBIX B 3TOHM 00JIACTH U UX
peanu3arusl.

3aoauu npoekma:

1. M3y4uTh BO3MOKHBIE CIIOCOOBI PEIICHUS 3a/1a4 METOJIOM CTOXaCTHYECKOIO
JUHAMHYECKOTO MTPOrpaMMHUPOBAHUSL.

2. Pemuth 3THIMH criocobamMu psall y4eOHBIX U, €CIH MOTYYUTCS, PeabHbIX

3aj]1a4 Ha sI3bIKE IporpammupoBanus Python.

[Ipoananu3upoBath 3 (PEKTUBHOCTH PANTUYHBIX MTOIXO0JIOB.

4. CocTaBUTh MOCOOME C MPUMEPAMU PELICHUS 3a]1a4 METOJIOM

w

CTOXaCTHYCCKOTO IIPOrPaMMHUPOBAHHS.
PesyabTaTt nmpoekra:

CocrasiieHo nocooue u3 11 peméHubiX 3a1a4 ¢ OIPOOHBIM
OIMCAHHUEM KCIIOJIb30BAHHBIX MATEMATHYECKUX MOJEIEH 1
aHAJIM30M MPUMEHSICMBIX aJITOPUTMOB.
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OcHoBHBIE TCPMHUHBI U OIIPEACICHUA
1. Cnyuaiinasa éenuyuna — nepeMeHHas, 3HaYEHHE KOTOPOU HE U3BECTHO 3apaHee, HO
JUTsL KOTOPOW M3BECTHO MHOKECTBO BO3MOXHBIX 3HAUEHUN U BEPOSITHOCTHOE
pacnpeneseHue o 3TOMY MHOXKECTBY.

[Tpumep 1: nonOpachiBaHNE MOHETKH.

[TonOpaceiBaeTcs npaBuiibHast MoHETKa. [lycts X = 0, ecnu Bbinan opén. X = 1,
eciu BbInajia pemka. Toraa X — ciyvaifHas BeIMYKMHA, TPUHUMAIOIIAs 3HAUCHUE
0 ¢ BEpOSITHOCTHIO Y2 M 3HaUeHUE | C BEPOSTHOCTHIO V5.

[Ipumep 2:_ 6pocanue KyouKa.
Kunaercs npaBunbHas urpaijbHas KOCTb, KaXKJ1as FPaHb MOYKET BBIMACTh C PABHOM

BepoATHOCTHIO. [lycTh X — 3HaueHune Ha kyouke. Torna X — ciayvaitHas
BEJIMYMHA, PUHUMAIOIIas 3HaueHus U3 MHOXKecTBa {1, 2, 3, 4, 5, 6}, npuuém
KaXJI0€ U3 CBOMX BO3MOXKHBIX 3HAYCHUN X MPUHUMAET C BEPOATHOCTHIO 1/6.

[Mpumep 3: paBHOMEpPHOE paclpe/IeiCHUE.
Cryuvaiina BenuunHa X — IMPOU3BOJIBHO BRIOpaHHAS TOYKA Ha OTpe3ke [a, b]
BEIIECTBEHHON KOOPAMHATHOW MPSMOM.

2. Mamemamuueckoe oxcudanue Cry4aiuHol seiuyuisbl — CpPeIHee 3HAUCHHE
Cly4yaiiHOHN BETUYMHBL. ['OBOPS MPOCTBIM A3BIKOM, €CIIU MPEJACTABUTD, YTO
cllyyaiiHasi BeJIMYMHA — 3TO Pe3yJIbTaT HEKOTOPOTO SKCIIEPUMEHTA, TO Mar.
OXKHJIaHHUE - 3TO 3HAYCHHE, KOTOPOE MbI Oy/IeM MOJIydaTh B CPEIHEM, €CITH
pOBEIEM MHOKECTBO (KOJI-BO, CTpeMsiIeecss K OECKOHECUHOCTH ) HE3aBUCHMBbIX
9KCIICPUMECHTOB.

Oo6o3naucuue: E(X) — Mar. okuganue Ciay4aifHON BEIIMYUHBI X.
Oo6o3naucuue: E(X) — Mar. okuganue Ciay4aifHON BEIIMYUHBI X.

3. Aooumusnocme gyukyuu. I'oBopsT, uto ¢-us f obanaeT aqguTHBHOCTHIO
OTHOCHTEJIFHO OTICpaIliy @, €CIIN JJIs JTF0OBIX &, b, nexxammx B o0actu
omnpenencHus f, BeimonHsIeTCS:

f(a @ b) = f(a) @ f(b)

4. [lepexpewusarowyuecs 3a0aqu — 3aJ1a49u, PEIIAFOIINECS TIOCIICIOBATEIIEHO,
npr4EM JUIS PEeIICHUSI KaXKIOH 3a/1a4¥ MCIIOJIb3YIOTCS PE3yJIbTaThl, TIOTYyUCHHBIS
NPY PEIICHUN HEKOTOPBIX WIIH BCEX MPEABITYITUX 3a]1a4.

[Tpumep:_BoiunciieHue uynces PuOoHaYYH.

Fi=1F=1
Fs=F+F
Fa=F+Fs



Fn=Fn.2+Fn.1

. Hunamuuecxoe npocpammuposanue — METOJ] PELLICHUS 3a/1a4u, MyTEM pa30ueHus
€€ Ha MepeKpeIINBaIOIINECs N013a0auH.

Cmoxacmuueckoe npozpammuposanue — Kiacc METOJI0B PELIEHUS 3a1a4 B
YCIIOBUSAX HENOJHON MHGOpMAaLMK (HEKOTOPBIE TapaMeTphl 3a]1a4M SIBISIOTCS
CIIy4ailHbIMH BEJIMYMHAMH ).

Cmoxacmuueckoe OUHAMUYECKOE NPOCPAMMUPOBAHUE — CTOXaCTUYECKUN cr1oco0
penIeHus 3aa4u MyTEM JUHAMUYECKOr0 MPOrpaMMHUPOBaHuUs (CTOXaCTUYECKUN U
OJIHOBPEMEHHO IMHAMUYECKHUI METOJ).

GitHub — monmynspHast miardopma /st BBIKIIAABIBAHHS KO/Ia B UHTEPHET B
nyOIMYHOM WJIM IPUBATHOM JIOCTYIIE.



BBeaenue

Cmoxacmuueckoe npozpammuposanue

[ToTpeOHOCTH B CTOXaCTUYECKOM MPOTPaMMHUPOBAHUH MOXKET BO3HUKHYTH MPHU
pabore B caMbIX pa3HbIX o0nacTsax. [Ipobiema Heonpeaen€HHOCTH NapaMeTPOB
YacTO BCTPEYAETCS B SKOHOMUYECKUX, (DMHAHCOBBIX, HAYYHBIX U MHKEHEPHBIX
3aadax. Upes3BbIUaifiHO BaXKHO 0OpaIiaThCsa UMEHHO K CTOXaCTHYECKOMY
IPOrpaMMUPOBAHUIO TIPH PaboTe ¢ PEIICHUSMHU, Ha KOTOPbIE BIUSET
HeonpeneneHHocTh. [IpumedaTenbHo, YTO OOJBIIMHCTBO NPOOJIEM MPUHATHUS
peIIeHU# OTHOCATCS K 3TOMY THUITY.

TexHu4eckn cToXacTUYECKHE MPOTPAMMBI TOPA3/I0 CIOKHEE, YeM COOTBETCTBYIOIINE
JAeTepMUHUPOBaHHBIC aHANOTH. ClieI0BaTEIbHO, IPUIHHBI I OOpaIIeHus Ha
MPAKTHKE K CTOXAaCTUYECKUM MOJIEIISIM JIOJDKHBI OBITh OU€Hb BECKUMU. UTOOBI
MOHSTh, YTO TAKME IPUIMHBI ICHCTBUTENBHO €CTh, PACCMOTPUM HEOOIBIIION PHMED U3
kuuru P. Kall u S. Wallace «Stochastic Programming» , mokasbIBarormii
NPEUMYIIECTBA U HEJJOCTATKU CTOXaCTHIECKOTO MOJIX0/1A.

[TycTh y OM3HEeCMeHa ecTh 2 yyacTKa 3eMiid. Ha Ka)KaoM U3 HUX MOYKHO TIOCTPOUTH
BCIIOMOTaTeIbHYI0 HH(pacTpykTypy. Ecim Ha ygacTke mocTpoeHa BCIIOMOTaTEIbHAS
MHPPACTPYKTYpa, TO HA HEM MOXHO MTOCTPOUTH 3aBOJI TIO MTPOU3BOCTBY ILTIOMIEBBIX
MUIIeK. To ecTh C KaXkIbIM Y4aCTKOM 3€MJTU MOXKHO MOCTYIHUTH 3-MsI CIIOCOOaMHu: He
CTPOMUTH HAa HEM HUYETO, IOCTPOUTH BCIIOMOTaTEIbHYIO0 HH(PACTPYKTYPY,
HOCTPOUTH BCIIOMOTaTeIbHYI0 MH(PPACTPYyKTYpy U 3aBoJ. Takum oOpa3om, y
OM3HECMEHA eCTh 9 BapHaHTOB IOBEICHUS.
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[TpuOBLIb ¢ KaXI0TO U3 MOCTPOCHHBIX 3aBOJIOB cocTaBHT P. Korma crpoutcs
BCIIOMOTraTeIbHass HHQPACTPYKTYpa, p HEU3BECTHO. 3aBOJT MOXKHO TIOCTPOUTD YXKe
MOCJIe TOr0, KaK CTAaHET U3BECTHO P, HO TOTJAa €T0 CTPOUTEIBLCTBO OY/IET CTOUTH
nopoxxe Ha 10%. [Ipu 3TOM, 9TOOBI MOYKHO OBLJIO TOCTPOUTH 3aBOJI MOCIIE TOT0, KaK
CTAHET U3BECTHO [, Ha YYaCTKE YK€ IO KHA ObITh BCIIOMOTATE/IbHAS
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uH(ppacTpykTypa (Ha T0, 4TOObI HOCTPOUTH U UHPPACTPYKTYPY, U 3aBOJ IOCIIE
0oOBsIBIICHUS P, BpEMEHH HE XBAaTUT). B Tabiuiie npeacTaBieHbl HEHBI CTPOUTEIbCTB
MH(PACTPYKTYpPHI U 3aBOJIA ISl KAXJA0r0 U3 YYaCTKOB.

Tabn. 1
IToctpouts IToctpouts 3aBox | [loctpouTts 3aBOx
UHQPPACTPYKTYPY MI035Ke
VYyacrok 1 600 200 220
VYyactok 2 100 600 660

Jlemepmunuposannoe peuwierue

3avacTyro Takue MpoOJIeMbl pEIIatOTCs CIEAYIOUMM 00pa3oM: ONpeIeIUM cHavasa
caMoe€ BBITOJIHOE PeleHue JIJIsl KaKI0T0 U3 BOZMOXKHBIX 3HaUCHUM P (T. €. perum
3a/iauy ¢ napameTpom). HeciioxHo 3aMeTUTh, 4TO:

TaGmx. 2
p Howmep pemrenus
p <700 9
700 <p <800 4
p > 800 7

B kaxxziom cityyae Mbl CUUTAEM, 4TO P OMpeesieHa, T03TOMY HET CMBICIIA
nepermiaunBaTh 10% 3a cTpouTenbCcTBO 3aBoJa. Tenepp HalWIEM BEPOSITHOCTHOE
pacnpenenenue, 3anatomiee p. [Ipeanonoxum, Mbl TPOAHATU3UPOBATH UMEIOIIHECS
JAHHBIC W TIPUIILIU K BBIBOJY, YTO P MOXKET IPUHUMATh TOJBKO 2 3HaueHus: 210 u
1250, kaxxgoe ¢ BepoaTHOCThIO 0.5. PacnipocTpaHEHHBIM METO/IOM PEIICHUS TaKUX
3a/1ay SIBJISIETCS 3aMeHa HeOolpeAeIEHHON BEJIMUYUHBI Ha cpe/iHee U3 €€ BO3MOXKHBIX
3HA4YE€HUH, B3BEIICHHBIX 110 BEPOATHOCTH (T. €. Ha MaT. OXujaHue). Mat. oxkujianue
p paBuo 730. C mOMOIIbIO TAOJIUIIBI MBI BUIMM, YTO ONTUMAIBHBIM OYAET pEIICHHE
4 ¢ oxumaemoit npuoOsLIRI0: -700 + 730 = 30.

Cmoxacmuueckoe peuwienue

Ho nelicTBUTENBHO JIM 3TO pernieHue OyaeT onTuManbHbIM? MBI IPOBEpUM 3TO,
HaWJs1 MaTeMaTHIECKOE OKUIAHUE TPUOBUTH JIJIST KaXK0TO BO3MOXXHOTO BapHaHTa
noBeaeHus. [Ipuuém OyneM neicTBOBaTh MaKCUMATbHO 3(h(PEKTUBHO — €CITH HA
MOMEHT OOBSIBIICHUS P 3aBOJ] €1IE HE MOCTPOEH, Oy1eM NPUHUMAThH PELIEHUE,
CTPOUTH €T0 WU HET B 3aBUCUMOCTH OT TOT'0, OKYIIUTCS JIK €70 CTPOUTENIHCTBO WIIH
JUIIH YBETTUYUT YOBITKH OM3HECMEHa (B peabHOM KU3HU OM3HECMEH JCHCTBOBAI
OBbI TOUHO TAKXKE).



Ta0mn. 3

Pemenue 3artparel 1o | Joxon, Hoxon, Mar. Mar.
OOBSBIECHUS | €CIIU eciiu OKUJAHHE OKUJAHHE
p p=210 p=1250 npuObBLIN npuObLIN
(bopmyma) | (uror)
1 600 0 1250 — 220 | (0 +1030) / 2 | -85
= 1030 — 600
2 800 210 1250 (210 +1250) | -70
/2 - 800
3 100 0 1250 -880 | (0 +590) /2 | 195
=590 —100
4 700 210 1250 (210 + 1250) | 30
/2—-700
3) 1300 210 2500 — 220 | (210 + 2280) | -55
= 2280 /2 -1300
6 900 210 2500 — 660 | (210 + 1840) | 125
= 1840 /2 —-900
7 1500 420 2500 (420 + 2500) | -40
/2 —1500
8 700 0 2500 — 220 | (0 + 1620) / | 110
— 660 = 2—-700
1620
9 0 0 0 0 0

MpbI BUAMM, YTO MAaTEMATHYECKOE OKHUJIaHWE MPUOBLIN JTOCTUTAET MAKCUMYyMa TpU
pewienuu 3. Pemenue, KOTOpoe ACHCTBUTEIEHO MAKCUMU3UPYET MaT. OKUJIaHHE
paccMaTpuUBaeMOM BEJTMUYMHBI, HA3bIBAETCSI CTOXACTUYECKUM PEIICHUEM.
[IpumedarenbHO, 4TO e 2 pemeHus JalT OoJbIee MaT. OXKUAAHUE TPUOBLIH, YeM
MPEIIOKEHHOE N3HAYAIBHO. JTO MOKA3BIBAET IPEUMYIIIECTBO THOKHX,
CTOXaCTUYECKUX PELICHUM.

['maBHas npobiiema AETEPMUHUPOBAHHBIX PEIICHUH 3aKII0YAETCSl B TOM, YTO JII000€
13 HUX ONTHUMAJIBHO JIJIS KAKOM-TO KOHKPETHOM CUTYallMH, HO Yalle BCEr0 OYEHb
IJI0XO JJIsl BCEX OCTaJIbHBIX. B Halllem npumepe peiieHue 4 onTuMalibHO JJIs
mro6oro p u3 orpeska [700, 800). C apyroit CTOPOHBI, CTOXaCTHUYECKOE PEIICHUE
PEAKO OKA3bIBACTCS JIYUIIIUM PEIICHUEM, KOTOPOE MOKHO OBLIIO OBI MPUHSATH, €CITH
OBl MBI 3HAJIM, KAKUE 3HAUYCHUS IPUMYT CllydaliHble BeIUYUHbI. B HaleM npumepe
pelIeHus «HE CTPOUTh HUYEro» (¢ Mart. oxuganueM npuObuin: 0) U «TOCTPOUTH
cpa3y o0a 3aBoja» (¢ Mat. oxuganueM npuosu: -40) umerot 50%-yo BEpOSATHOCTD
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0Ka3aTbCsd CAMbIMU JYyYIIMMHU. B TO BpeMsl Kak BHIOpAaHHOE HAaMU PEIICHHE C MaT.
oxxuanueM: 195 nMmeeT HyJIeBYI0 BEpPOSITHOCTh OKAa3aThCsl CAMBIM JIYyUIIUM. 3aTO
TAaKO€ PELICHUE SBISETCSA ONTUMAIBHBIM C TOUYKH 3PEHUS TEOPUU BEPOATHOCTEM.
Tenepsp, koraa Mel MOKa3ajnd aKTyaJIbHOCTh CTOXaCTHYECKOIO MPOrPAMMUPOBAHHS,
pPaccMOTPUM JMHAMHYECKOE TPOrPaMMHUPOBAHUE.

Junamuueckoe npozpammuposanue

3amaun, KOTOPHIE MOKHO PEIIUTH C MTOMOIIBIO TMHAMUYECKOTO TPOrpaMMUPOBAHHUS
Y4acTO BCTPEYAIOTCS BO BCEX OOJIACTSAX, T/I€ UCIOJIB3YETCS MPOrPaMMUPOBAHUE.
BriepBble s CTONKHYJICSA C 9TOM TEMOU €11IE€ Ha IIEPBOM Kypce, IPOXOAA allTOPUTMBI U
CTPYKTYyphI AaHHbIX. Kiaccuueckue npumepsl 3a7a4 Ha JUHAMUYECKOE
IporpaMMHUpPOBaHUE — 3TO, HAIIPUMED, 3aj1a4a O PrOK3ake (e€ cToXxacTUuecKas BEpCHs
OyJZeT paccMOTpeHa B paboTe) U 3a1adya KoMMmuBospkEpa. Chopmynupyem oOuiue
MPUHIUITB JUHAMUYECKOTO TPOrpaMMUPOBAaHUS JIJIs1 y100CTBA TallbHEHUIIICH
paboTHI.

OnpenenuTs OTHOCUTEIHLHO MAITYIO KOJUIEKIUIO M0A3a1a4

[Toka3zarh, kak OBICTPO U MPABWIBHO peliaTh «0oJiee KPYIHbBIC)» MOA3aauu ¢ yUETOM
«0oJiee METKUX».

[Toka3ath, Kak OBICTPO U MPABWIHHO BBIBOJAUTH OKOHUYATEIBHOE PEIICHUE U3
peLIeHU BCEX oA3aaad.

OOBIYHO B KQYECTBE M0/[3a/1a4 OepyTCsl KOMMUU UCXOAHOM 3a/1a4i TOJIbKO MEHBIIIETO
pa3mepa, a Jajplle CTPOUTCS PEKYPEHTHOE OTHOLLIEHHE: HanpuMep, myctb N —
HEKOTOPBIM MapaMeTp, XapaKTepU3yIolui pa3mep 3a1auu (Ipsmo
IPOMOPUMOHAIBHBIN €MY), TOTJa MBI ONPEIEIIAeM, KaK pelnTh 3agaqy 11 N = n,
eciu Mbl 3HaeM pemienne s N = n — 1 (cuuras, KOHEYHO, YTO 3a]1a4ya MEHbILIETO
pa3Mepa — 3TO 1oj13a/1a4a OoJIbIIOoN 3a1aun). MOKHO 3aMETUTh, YTO ATOT MPUHIUI
OYEHb MOXO0kK HA MATEMATHYECKYIO0 HHAYKIUIO. J[€ICTBUTENBbHO, MBI OCYLIECTBIISIEM
nepexoo ot mara N = n— 1 k mary N = n, 94ro0bI HAyYUTHCS pemIaTh 3a1a4y JJIs
moboro N. 1 kak 1 B MaTeMaTHYeCKON MHIYKIIMK, HAM HY)XHa 0a3a, OT KOTOPOM
OyIyT OTTAJIKMBATHCA BCe mocieayromue mard. Haitném Hekotopoe No, Takoe 4To
npu N < np 3agaya He uMeeT cMmblia (00b19HO 310 0 Wm 1). ITpu N = ng 3amaya, ecnu
€€, KOHEYHO, BOOOIIE MOYKHO PEIINTh TMHAMUYECKUM IIPOrpPaMMUPOBAHUEM
CTaHOBHTCS TPUBHAIBHOMN U JIETKO pemraercs. Takum o0pa3om, 3Has pemienue s N
= No u ymes u3 pemenus 111 N = n — 1 nonyyats pemenue nias N = N, Mmoxxem
pemats 3aa4qy st moboro N 3a O(N * K), rae K — 3To Bpemsi, HeoOxomumoe Jtst
ocymecTBiIeHus rmepexoaa oT N — 1 x N. Takxe monagoourcs O(N * m)
JOTIOJIHUTENIbHOW MaMsITH JUIsl XpaHEeHHS PellleHUi oa3a1ay, Tie M — OlleHKa
maMsITH, HEOOXOIMMOM IS XpaHSHHsI PEIICHHUS caMOi OOJIBIION moa3aaaqu (s
BBIYHCIICHUS U XpaHEeHHsI 0a3bl 00BIYHO HYXHA HEOOJbIIasi KOHCTAHTA, KOTOPOH
MOKHO TIpeHeOpeds). [[7s mydiiel niuTioCcTpauy MPUHITAIIOB PaOOTHI
JTUHAMUYECKOTO IPOTPaMMHPOBAHUS B OOIIEM Cllydae B Hauajie MOETO IIPOEKTa
MOoAPOOHO PACCMOTPEH COOTBETCTBYIONIUN MTPUMED (3a/1a4a O B3BEIICHHOM
MHOXECTBE B yTeBOM Irpade). CTOUT TakKe CKa3aTh, YTO, KAK YKE BCKOJIb3b
3amMeyvasioch BbIIIE, JAJIEKO He Jr00ast 3aj1a4a MOXKET ObITh pelleHa JUHAMHUYECKUM
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porpaMMupoBanueM. VccneqoBaHuIo 3TOT0 BOIPOCa TaKKe MOCBALIEHA OJIHA U3
PacCMOTPEHHBIX B IpoeKTe 3a1a4 (moapooHee B TeopeTHUecKol 4acTu Ha cTp. X).

Cmoxacmuueckoe OuHamuyeckoe npopammupoéanue
Takum 00pa3oM, MPOEKT MOCBSIIEH IPUMEHEHUIO TMHAMUYECKOTO
IIPOIPAMMUPOBAHHUS B YCIOBUAX CTOXaCTUYECKON HEONPEACIEHHOCTH.



TpeboBanusi K NPOrPpaMMHOMY NMPOEKTY

Onucanue )ynkyuonanvoHovix mpeooganuil

1. Bpems paboThl KaxkA0i U3 MPOrpaMM He JOJKHO MPEBBIIATH 3 MHUH.

2. Jlns xaxaou pem€HHON 3a/1auyi HY>KHO MPEJICTAaBUTh BXOJHbBIE U BBIXOJHBIE
nanusie. [Iporpammel OynyT HamMcaHbl Tak, 4YTOObI BEIXOAHBIEC JAHHBIE
BBIBOJIUJIMCH B BUJI€ CBSI3HOTO TeKCTa WK Tabmuusl. loOutbes BoIBOAA
JTaHHBIX B B Ta0auipl B Jupiter Notebook moskHO, HarpuMep, ¢ ITOMOIILIO
oubaroTexu pandas.

3. TIporpaMmsbl 1OKHBI OBITH CHA0KEHBI OOMIIBHBIMU U TIOJIPOOHBIMU
KOMMEHTapHUsIMU, YTOOBI YIPOCTUTh MOHUMAHUE MPUHIIMIIOB UX (TIPOrpaMM)
paboTHI.

Onucanue nepynKyuonaibHbvlx mpedosanuil

1. Jlns toro, 4ToObl OblJIa BOBMOXHOCTH 3aITyCTUTh MPOTPaMMBbI, HA KOMIIBIOTEPE
TI0JIB30BAaTeIIs JJOJDKEH ObITh ycTaHoBeH Jupiter Notebook Bepcuu 5.7.0 u
BhIIIIE, a Takke Anaconda 3 2020.02 wiu Bbiire (TEOPETHUYECKU BCE MOKET
cpabotath u 6e3 Anaconda, Ho rapantuu Het). [Ipu 3TOM A1 IPpOCMOTpa
MH00BIX (halIOB MPOEKTAa HUKAKOTO CHEUAIBLHOTO MPOTPAMMHOI0
oOecrieueHust He TpeOyeTcs (eciu MPOCMOTpP OCYIIECTBISIETCS Ha Tuiatopme
GitHub).

2. Ilonwp3oBatenb (UUTATEND TOCOOUS) TOJIKEH UMETh ONBIT YTEHUS
MaTeMaTUYeCKON JINTepaTypsbl, 3HaTh CHHTaKCHC 361K Python, ymeTs untaTh
qyKOW KO U UMETh XOTsI Obl 0a30Bbl€ 3HAHMS 110 TUCKPETHON MaTeMaTHKe,
TEOPHUH BEPOSITHOCTEH, AIlTOPUTMAM U CTPYKTypaM JaHHBIX.
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Teopernyeckasi 4acThb

Jlanee kpaTko MpecTaBlieHa CTPYKTypa MPOEKTa, ONMMCaHbl PEIIEHHBIC 3a/1aud U
MpOaHAIN3UPOBAHHBIC MOJICIH.

0. 3adaua o 636euienHoOM HE3ABUCUMOM MHOIICECHIBE 8 NyMEBOM Zpade.
[TepBast paccMOTpeHHAs B MPOEKTE 3aj[aua — «3a/1a4a O B3BCIICHHOM HE3aBHCHMOM
MHOYKECTBE B IIyTEBOM Ipade» WILIIOCTPUPYET MPHHIIUI paOOThl JHHAMHYECKOTO
pOrpaMMHUPOBAHUS B O0IIEM Clydae.
3ameuanue o npumeHUMOCIU OUHAMUYLECKO20 NPOSPAMMUPOBAHUSL.

IIpuBenén npumep, WIUTIOCTPUPYIOLINN CIIy4dai, KOrAa JUHAMUYECKOE
pOrpaMMHUpPOBaHHE HENPUMEHUMO. Takke ObLT0 cHOPMYTHPOBAHO TOCTATOYHOE
YCJIOBHE TOT0, YTO 3a7a4y MOKHO PelaTh JHHAMUIECKAM IIPOrPaMMUPOBAHHEM
(Bce moCIeayONIMe 3a1a9H TOMY YCIOBHIO YIOBIETBOPSIOT): TOJKHA BBITOIHITHCS
aJTATHBHOCTD ()YHKIIMH, COITOCTABIISIONIEH 3a1aue (WK mo3aaaue) eé pelieHue,
OTHOCHTEIILHO OIEpalii KOMIIO3UIMH 1013a1a4. [ 0BOpsi MATEMaTHYECKUM SI3BIKOM,
nycTh f — pyHKIMS comocTaBsionias 3aaue €€ pemneHue, @ - Oneparus
xKommo3unun. Torma mist 1000 3agaun X (s koTopoi onpeaencHo (X)),
IpEeACTaBUMON B BUI€ KOMITIO3UI[MH KOHEYHOI'O YMCIIa ToA3a1ad Y1, Y2, ..., Yn
BBIIOJIHSICTCS

f)=fy1ey0 ... @ yn) =f(y1) ® f(y2) & ... @ f(yn)

To ecth TpeOyeTcs, 4TOOBI 00BEAMHEHNE PELICHHUH 013134 AaBaio KOPPEKTHOES
pelenne o0IIei 3a1aun (MHAYe TOBOPS, MPEABABIACTCS TPEOOBAaHUE K
KOPPEKTHOCTH MHAYKIIMOHHOTO MIEPEX0/1a).

Mooens |. 3amena cnyuaiinoii 6eauUUHBL MAMEMAMUYECKUM OHCUOAHUEM
Teneps MOKHO NEPEXOAUTH K CTOXaCTUUECKOMY THHAMUYECKOMY
porpaMMupoBaHuto. Mies nepBor paccMaTpuBa€MOM HaMU MOJEIN KpalHe
npocta. [Iycth 1ana HEKOTOpas 3a/1aya, KOTOPYIO TEOPETUUECKA MOKHO PEIIUTh
JUHAMHYECKUM MMPOTPaMMUPOBAHUEM, HO HEKOTOPBIE TapaMeTpPhI 3aJaHbl B HEW HE
YHUCJIaMU, 8 BEPOSITHOCTHBIM pacipe/iesieHueM (Takasi 3a/iadya Ha3bIBaeTCs
croxactuueckoil). Toraa nocuntaeM MaTeMaTUUYECKOE OKHUIAHUE 3TUX MAPAMETPOB
U TIOJICTaBUM HX B 3a7a4y (TaK JI€JIaeTCsl OUYEHb YaCTO, B KAUECTBE 3HAUCHUS
CIIy4aitHOW BeTMYUHBI OepETCs e€ MaT. oxKuaanue). To ecTb MBI OyaemM
HCIOJIB30BATh CPEIHEE, B3BECIICHHOE 110 BEPOATHOCTSIM 3HAUYCHUE ITUX MTAPAMETPOB,
YTO BBIMJISIAUT BECbMa pa3yMHO. Tak croxacThyeckas 3ajada npeBpaTuiach B
JIETEPMUHUPOBAHHYIO U €€ MOXKHO PEIIUTh OOBIYHBIM JTUHAMUYECKUM
nporpaMMupoBaHueM. OUeBUIHO, YTO CIIOKHOCTh aJITOPUTMA HUKAK HE U3MEHUTCS
HU 10 BPEMEHU, HU 110 MaMSITH.

1. Cmoxacmuueckan 3a0aua o prok3ake
3atem B paboTe MPUBEACHO PEIICHUE OJJTHOM U3 KIACCUYECKHUX 3a]ay Ha
IuHaMHuueckoe nporpammupoBanue (nanee [I1), paccMOTpeHHOM B CTOXaCTUUYECKOM
BapuaHTe (KOrJla HEKOTOPhIE MapaMeTPhI SIBISIOTCS CIy4YalHbIMHU BEJIMYMHAMMU).
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2. Azapmmuas uzpa

3. 3adaua uneecmuposanusn
B crnenyromux qByx paszgenax pemiarorcs u30paHHbIe 3a/auu U3 yueOHuka Xomau A.
Taxu «MccnenoBanue oneparnuit» (ri1. 15 BepoaTHOCTHOE TUHAMUYECKOE
MporpaMMHUpPOBaHUE). 3a1a4u TU UMEIOT YKOHOMUUYECKUN XapaKTep U UHTEPECHBI, B
MEPBYIO OYepeb, TOCTPOSHUEM MAaTEMAaTUUYECKUX MOJICNIEH, K KOTOPHIM MOKHO OBI
OBLIO MPUMEHUTh CTOXACTUUYECKOE TMHAMUYECKOE TPOrpaMMUpPOBaHUE (J1aiee
CAID).
4. KoeapHule 6ankoeckue 6Ki1adnl
PaccmoTtpena unTepecHast 3anava u3 kauru P. Kall u S. Wallace «Stochastic
Programmingy», koTopas BBITJIsie/Ia Kak caMasi OObIYHAs 3a/1aya Ha 3aMEHY
CIIy4alHBIX BEJIMYMH MaT. 0)KUJIAHUSIMH, HO B UTOTe TTOTpeboBasia O0IBIITNX
WHTEJUICKTYaIbHBIX YCUIIMUA U HECTaHAapTHOTO noaxoaa. He Oyny BnaBaThcs B
MOAPOOHOCTH (MX MOXKHO MTPOUYECTh B CAMOM MPOEKTE), CKAXKY JIUIIb, YTO MPUIILTIOCH
peanu3oBaTh Kiace 1yl paboThl ¢ TMHEHHBIM BBIPAYXKEHUEM OT IEPEMEHHOM,
KOTOPYIO MBI HE 3HaeM, HO XOTUM MaKCUMU3UPOBATh. Takke B X0J1¢ pabOThI HAJl
ATOM 3a/1a4ey MPOSIBUICS OJIMH BakKHbIM HenocTaTok I mepen knaccuueckon
PEKYypCHEN.
Mooens ||. Makcumuzayusa eepoamnocmu 0ocmuircenusn yeau
[Tpumino Bpems obpatutbes ko Bropoit moaenu CJII, paccmatpuBaemMoit B Moei
paboTe - MaKCUMM3AIUU BEPOATHOCTHU JOCTHKEHUS LeIu. J{o 3TOro Mbl 3aMeHsIN
BEPOSITHOCTHYIO HEONIPEAEIEHHOCTh MAaTEMAaTUYECKUM OKHUJIaHHEM (Ha KaKI0M
mare J[II BMecTo BenTn4unHbI, 3aJJaHHON €€ BEPOATHOCTHBIM PACIPEAEICHUEM, MbI
MOJICTABIISIIN €€ MaTeMaTuieckoe oxuaanue). Ho anroputMel ¢ HCoab30BaHHEM
MaT. OKUJAaHUN OPUEHTUPYIOTCS HA CPEJIHUE 3HAYEHUS, U, IO OOJIBIIOMY CUETY, HE
JaI0T HUKAKUX TapaHTui. /(€10 B TOM, YTO MBI HE YUUTHIBAEM, HACKOJIBKO U C KAKOU
BEPOSITHOCTBHIO PEAJIbHBIE 3HAYEHUSI MOTYT OTKJIOHATHCS OT HPOTHO3UPYEMBIX.
Hanpumep, nycts X - Takas ciydaiiHas BEJIWYHUHA, YTO:
P(X=1)=0.99,
P(X =1000) = 0.01
Torma EX =0.99 * 1 + 0.01 * 1000 = 10.99, u uMeHHO Ha 3TO 3HaYCHHUE MBI OyJIeM
"paccuuThIBaTh" B MporpaMmax, HaMCaHHBIX 1O MepBoi Moaenu. Ho npu 3Tom B
99% cirygaeB X = 1. Takum 06pa3oM, €CTh MOTPEOHOCTH B METO/IE, JAIOIIEM
OoJbIIIMe TapaHTHH.
Bce paccmaTpuBaeMble HAMU 33/1a4d CBOJATCS K MAKCUMU3ALUK (WA
MHUHHMMU3AIMHI ) 3HAYCHHS] HEKOTOPOil nepemeHHou. [IycTs Tpebyercs
MakcuMu3upoBaTh X. BeiOepem Xinf - HaMMEHbIIIEE YIOBIECTBOPAIOIIEE HAC 3HAUCHUE
X u Oyzmem craparbest MakcuMu3upoBaTh P(X > Xinf) - BEpOATHOCTH TOTO, 94TO X HE
MeHbIe, 9eM Xinf. B 0c00BIX citydasix (B 3a/1auax ¢ MOBBINICHHBIMA TPEOOBAHUSIMU K
"HaIEKHOCTH" PEIICHHS) MOKHO JIaxe MmoTpedoBath, 4To0bl P(X > Xint) ObuIa HE
MEHbIIIE HEKOTOPOTO 3HAYEHUS Pyish, M TOTJ1a aNTOPUTM JOJKEH OYyAET UCKATh
ctpareruto s goctrkeHust P(X > Xinr) > Puwish. AHaIOrHuHO B 3aa4e
MUHHMHU3AIUHU Oynem MakcuMu3upoBath P(X < Xgyp), e Xsyp - HanOosbiee
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YAOBJIETBOPSIOIIEE HAC 3HaUCHHE X. DTa MOJIENIb U HA3bIBAETCI MAKCUMUIAYUSL
8EPOSAMHOCINU OOCMUNICEHUS YU,

5. Hneecmuposanue npooonxcaemcs
3amadya UHBECTUPOBAHUS, B3aTas U3 yueOHuka Xomau A. Taxu «MccnenoBanue
oneparnuii» (ri1. 15 BepossiTHOCTHOE TUHAMUYECKOE ITPOrPaMMHUPOBAHUE) PEIIAeTCs C
HCTIOJIb30BAHMEM AIITOPUTMA, OCHOBAHHOI'O Ha MOJIEIM MAaKCUMU3AllUU JOCTHKEHHUS
npu6OsUd. CaMa 3a71a4a HeCJIOKHasl, HO OHA WUTIOCTPUPYET paboTy BeChMa CIIOKHOM
MOJIEJIN HA TIPAKTHUKE.
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HpaKTI/I‘IeCKaﬂ 4acTb
[TpoekT BBIMOIHEH B cpene pa3pabotku Jupiter Notebook — uacTpymenTe ais
CO3/IaHNE aHAIMTUYECKUX OTYETOB, a TAK)KE HAMMMCAHUS J1a0OPaTOPHBIX,
HCCIIEIOBATEILCKUX MU MPOCKTHBIX pa0dOT B 00J1aCTH KOMITBIOTEPHBIX HAYK,
o0JasiaroIieM MMPOKUM Ha0OPOM BO3MOXKHOCTEHN /ISl BU3yaIU3alluU TaHHbIX.
Hannas miargopma Ob11a BeiOpaHa [uist paboThl HaJ MPOEKTOM, MOCKOJIBKY B
oJHOM (aiine popmara Ipynb MoryT conepkaTbCs U PparMeHThI KOJIa, U BBIBO/T
pe3yibTata uX paboThl, M TEKCTOBbIC 3aMeTku. Koy nmumercs Ha si3pike Python,
naketT Anaconda mpeacTaBisieT OOJBIIOES KOTHYSCTBO CIICIUATLHBIX OUOIHOTEK,
o0eryarmux padoTy ¢ JaHHBIMU U CIIOKHBIMH MaTeMaTHYECKUMHU OTIEPAIUSIMHU.
Jlnst co3manust TeKCTOBBIX 3aMeToK B NOtebook ucnonb3yeTcs s3bIk pa3mMeTku
Markdown, ocHOBaHHBIN Ha cCUCTEME KOMITBIOTEPHOU BEPCTKU TeX, U Bce
OCHOBHBIC KOMaH/Ibl aHAJIOTUYHBI TakOBbIM B LaTeX. Takum o6pazom, Markdown
SIBIISIETCS] YIOOHBIM HHCTPYMEHTOM JUISI Ha0opa TEKCTa, COMIePIKaIIero O0IbIIoe
KOJIMYECTBO MaTeMaTHYECKUX cMMBOJIOB. Takoke Jupiter Notebook mpemocrassier
BO3MOXXHOCTh HAOMpaTh TEKCT HerocpeacTBeHHo Ha html. MHorma yno6Ho nmucars,
nenast BcraBku html 8 Markdown — 310 pacimpsier CrieKTp BO3MOXHOCTEH, XOTS U
MIOHMKAET YUTAEMOCTh UCXOJIHOTO KoJia 3aMeTku. [locie 3aBepmieHust paboThI ¢
daiiiom, oH MoxeT ObITh epeBeaéH B popmat pdf. Dta cucrema npencrasisiercs
O4eHb y1o0HOM 11 hopmaTa pabOThI, KOTJa PEIIaloTCs HE CBA3aHHBIE APYT C
APYroM U He OYeHb OOJIbIINE 10 00BbEMY 3a1aun. B mpoekTe KaxIyro 3a1aqy
npeaBapsieT e€ ycioBue, 00CyKIeHNE PEIeHNUs, TOCTPOCHUE MaTeMaTHIeCKOn
MoJienu, eciu HyHO. [locie kaxoit 3anaun OyayT NpeCTaBIeHbl Pe3yIbTaThI
paboThI MPOrpaMMBbl M KAKHE-TO BBIBOJIBI MIIM 3aMEYaHUs, €CIIM 3TO PEIICBAHTHO.

Taxum oOpaszom, ¢aiii ¢ 3a1auaMu IPEICTaBISIET COO0N TOKYMEHT opmaTa
ipynb, comepskariuii 00bICHEHUS IPUHIMITOB paOOThI, MATEMaTHYCCKHE MOJICIIH,
MIOCTAHOBKY 3a/1a4, MPEJIOKEHHUS U JI0Ka3aTeIbCTBA TUIIOTE3, HEITOCPEACTBEHHO
caM Koj 3aliporpaMMHUPOBAHHBIX 33124, BXO/IHBIE U BBIXO/JIHbBIC JaHHBIC, & TAKKE
HEKOTOPHIE BHIBOIBI.

B peno3utopuu npoekra 6yayt Haxonutbes 4 daitma: README ¢ kpatkoit
MOsICHUTENbHON nH(pOpMaIuei, Janabid oTuéT, Tasks.ipynb — daiin ¢ 3amavamu u
MaT. MOJICIISIMH, KOTOPBIH MOXHO OTKpPBITEH B Jupiter Notebook, uTo0sr 3amycTuTh
kox, u Tasks.pdf — atot e ¢aitn, konBepTupoBanHbIii B pdf st ynmoocTBa
POCMOTpA.
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IHepcnekTuBbI JajbHelIe padoThI
[IpoekT umeeT OOIIMpPHBIE NEPCIIEKTUBLI AalibHelen padoTel. Hanbonee
MHTEPECHBIM MPEICTABIAETCS MPOJODKEHUE HCCIIeI0BaHNUS MOJIEIH
MaKCUMM3alUU JOCTHKEHUS LIeJIH, TOUCK 00jiee ONTUMANbHBIX aJrOpPUTMOB.
[IpuBenéHHas B MpOEKTe 3ajjaya Ha 3Ty TEMY pellleHa IOBOJIbHO HAUBHBIM U
HEe3(PPEKTUBHBIM aJITOPUTMOM C SKCIOHEHIMATLHON aCUMIITOTUKOM MO0 BPEMEHH,
U CYILECTBYIOT PA3JIUYHbIE MPUEMBI, KOTOPbIE MOXKHO MTONPOOOBATH NPUMEHHUTD
JUIsL yCKOpEeHUs BpeMeHH paboThl. Hanmpumep, MOKHO MONPoOOBaTh UJITH OT KOHIA
B HAYaJIo ¥ 3alIOMUHATh Pe3yJIbTaT AJISl KQXKJI0ro dTamna (MoX0Kuil MpuéM momor
HaM JJOOUTHCS XOPOLIUX Pe3yIbTaTOB B CaMOii NepBoii 3a1aue mpoekTa). Ho mMbl
CTOJIKHEMCS C TOM ke MpoOJIeMOi, C KOTOPO CTOJIKHYJIUCH B 33/1a4€ O «KOBAPHBIX
OaHKOBCKMX BKJIa/1ax» - U C Ha4yajia, Mbl HE 3Ha€M, C KAKUMU YHCIAMU MBI
paboTaeM, 1 IPUXOAUTHCS MPUOETATh K Pa3IMYHBIM CJIOKHO PEaTn3yeMbIM
YXUILPEHUIM (MOKHO MONpo0oBaTh padoTaTh HE C KOHKPETHBIMH YHCIAMH, a C
KJ1accaMy, COJIep KallliMU JIMHEHHOE BBIPAXEHHUE OT HEKOTOPOW epeMEHHOM (CM.
paznen «4. KoBapHble 6aHKOBCKHE BKJIaAbD» B caMOM MpoekTe)). B obmem, Tema
CJIO’KHAsI M MHTEPECHAsl, © MHOTO 4Yero enié MOXKeT ObITh pACCMOTPEHO U
pEeaIn30BaHo.

Taxxke B kKauecTBe MPOJIOJKEHUS MMPOEKTa ObLIIO ObI OUYEHb UHTEPECHO
pPaccMOTpETh KaKyr0-TO OOJIBIIYIO 33/1auy U3 PEaIbHOM KM3HU, U TIOCMOTPETh,
Yero B Hel MOXKHO JOOUTHCS C TOMOIIBIO CTOXaCTHYECKOTO TMHAMUYECKOTO
nmporpaMMHupoBaHus. Mot HaydHBIA pyKOBOUTENb, XamucoB O. B., obemian
MOMCKATh JJII MEHSI TaKyIO 3a7]a4y, €CJIM Mbl PEIIUM MPOJ0JIKATh paboTy Hal
IPOEKTOM.
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