Jexkuusa No 5.
UcnmoJn30BaHMe HEYETKOM JIOTHKH
B YKCINIEPTHBIX CHCTEMAX



HUcnojan30BaHue HEUETKOM JJOTHKH
B 3KCIIEPTHBIX CUCTEMAX

OC00eHHOCTH HCUETKOM JJOTUKH

HanmoMHuM, 4TO HEYETKYIO JIOTUKY ITPEIOKUI JI.3a71€, KOTOPBIN
pacnpocTpaHui OyJIEBY JIOTUKY Ha JCWCTBUTEIBHBIC YHCIIA.

B OyneBoit noruke 1 npeacrapiseT ucmuny, a 0 — ooics.

To ke uMeeT MECTO U B HEUETKOU JIOTUKE, HO KPOME TOTO, 31€Ch
MCHOJIB3YIOTCS Takxke Ipoou Mexay 0 u 1 11t ykazaHusl «4aCTUYHOM
UCTUHBI. Tak 3amnmch

p(svicokuti(X)) = 0.75

O3HayaeT, 4To MpeaIoKeHNE «X — BBICOKHI», B HEKOTOPOM CMBICIIE Ha
TPU YETBEPTU UCTUHHO. TOUYHO TaK K€ OHO HA OJHY YETBEPThH JIOKHO.



OCoO0EHHOCTH HCUETKOM JIOTUKH

B HeueTKoM JTOrMKe onpeesieHbl 3KBUBAIEHTHI onepaui W, NJIN u
HE:

pl 4 p2 =min (pl, p2) (T.€. MEHBIIIEE)
pl UJIH p2 = max (pl, p2) (T.€. OOMIBIIICE)
HEpl=1-pl (T.€. «0OpaTHOE 3HAYECHUE))

T.o0., HEUEeTKHE CBEICHUSI MOKHO KOMOMHHUPOBATh HA OCHOBE CTPOTUX
JIOTUYECKUX MeTOAOB. [103TOMY HEueTKas JTIOruKa MOXET NPUMEHATHCS
B IIPAKTUYECKUX CUCTEMAX, HAIIPUMED, B CUCTEMAX TTOIEPIKKHU
MIPUHATHUS PEIICHUN.



OCoO0EHHOCTH HCUETKOM JIOTUKH

Cia0bIM MeCTOM B HEUETKOM JIOTHKE SBISCTCS PYyHKIIUS
IPUHAJJICKHOCTH, BepHee ee BhiOop. [Ipeanonoxkum, uto Ilerpy 35 mer.
Hackoabpko MCTMHHO MPEINOJIOKEHUE, YTO OH Mo000ou? PaBHa r ero

UCTUHHOCTH BenmunuHe (.5, MOCKOJIbKY OH IPOXKHUII IIPUMEPHO
MoJDKU3HU, uinu 0.6?
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KakoBa J10/kHaA OBITh (DYHKIIUS MIPUHAIICKHOCTH, KAaKOB JOJKEH OBITh €€
rpaduk (KpuBas WM mpsiMast)? .



IIpo0jieMma Bb10Opa GQYHKIUHA NPUHAAJIEIKHOCTH

JI1s1 mpeAnodTeHrsl OMHOTO BUA (PYHKIIMH APYTOMY HET CEPhE3HBIX
palMOHAJIBHBIX 000CHOBAHMH, TIOATOMY B PEAIbHOM 3a]1a4€ MOTYT
PHUCYTCTBOBATH JIECATKH U COTHU NMOAOOHBIX (DYHKLMH, KaxKaas U3
KOTOPBIX O HEKOTOPOU CTEIIEHHU SABJIAETCS IIPOU3BOJIBLHOM.

[ToaTOMY B IIPAKTUYECKHUX CUCTEMAaX, UCHOJIb3YIOIIUX HEUETKYIO JIOTHKY,
Hanpumep, B cucteMe REVEAL, npenycmarpuBaroTcs cpencTna,
MO3BOJISIFOIIME MTOJIB30BATENIO JIETKO MOJU(PUIIMPOBATH PA3INYHBIE
NPUHAJICKHOCTH W/WJIA YCTaHABIUBATh POpMY UX rpaduka.



IIpo0jieMma Bb10Opa GQYHKIUHA NPUHAAJIEIKHOCTH

CyleCTBYET CBBIIIE AECATKA TUITOBBIX (DOPM KPUBBIX IJIS 3aIaHUS
(PYHKIUN TIPUHAAICIKHOCTH.
HaunOonbiiee pacipocTpaHEHUE MOy YN

* TPEyroJibHas,
* TpareuengajibHas u
* rayccoBa ()yHKIIMHU MPUHAAJIEHKHOCTH.



IIpo0jieMma Bb10Opa GQYHKIUHA NPUHAAJIEIKHOCTH

TpeyronbHast GyHKLIMS MPUHAIICKHOCTH ONPECIISIETCS TPOMKOM YUCET

(a,b,c), u eec 3HAUCHHUE B TOUKE

MF(x) =3
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X BbIHUCIEACTCA COITIACHO BBIPA’KCHUIO!
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D, E OoCTANBHEE CIVHAAE.

1- hZx=c

ITpu (b-a)=(c-b) mmeem ciryuali CHMMETPUYHOU TPEYTOILHON (PYHKITUH
IPUHAIICKHOCTH, KOTOPas MOXKET OBITh OJHO3HAYHO 3aJ]aHa JIByMs
napamMeTpamMu U3 TPoukH (a,b,c).
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IIpo0jieMma Bb10Opa GQYHKIUHA NPUHAAJIEIKHOCTH

AHaJIOTUYHO JJIs 3aIaHus TparerenIanbHOu (QyHKIIUH
PUHAJICKHOCTH HE00X0[uMa YeTBepKa uucen (a,b,c,d):

. oa=x=h

ME(x) =4
1

r—c
d—c
0, B 0CTANBHLEE CAVYAA

cEx=d

[Tpu (b-a)=(d-c) Tpanenennanbaas GyHKIUAS MPUHAIICKHOCTH
IPUHAMACT CHUMMETPUYHBIA BHI.
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IIpo0jieMma Bb10Opa GQYHKIUHA NPUHAAJIEIKHOCTH

DOyHKIMS TPUHAIISKHOCTH TayCccoBa THIA (HOPMAIIBHOE
pacnpeaeeHNUe) ONUChIBAETCA (POPMYIIOi

2
M3 = ez{p{— [}[ _ E] ]

U OIlepUpyeT AByMsA napameTpamu. [TapameTp C 0003Ha4YaET LIEHTP
HEYETKOTO MHO>KECTBA, a ITapaMeTP g OTBEYAET 3a KPyTHU3HY (PYHKITUHU.
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I1po0iieMa B3BeINIMBAHUA OTACJIbHbBIX CBEACHUH

Emte onHoi npo0iieMol Npy UCIIOJIb30BaHUM HEUETKOM JIOTUKH SIBJISCTCS
npoOeMa B3BEIIMBAaHUS OTACIbHBIX CBEJCHUN U UX UCIIOJb30BaHUE B
«HEYETKHX MPaBUIIaAX).

HpCI{HOJIO)I(I/IM, 9TO UMCCTCs 1Bd HCUHCTKHUX IIPpaBHJIda C OJHHUM H TCM IKC
CJICACTBUCM.

IIpasuno 1: ecrua b mo C.

IIpasuno 2: ecaue HIIH T mo C.

[Tpu 5TOM M3BECTHBI CTEIICHU HCTUHHOCTH (OIPEASICHHOCTH) &, b, e u f:
p(a) =1; p(b) =0.8; p(e) =0.5; p(f)=0.4.

Torna u3 IIpasuna I cmenenv ucmunnocmu

p(c) =min (1,0.8) =0.8,

au3 IIpasuna 2 p(c) =max (0.5,0.4) =0.5.

Kakoe n3 3Tux 3HaueHuii P(C) BeIOpars? IlepBoe, BTopoe? A MOXKET

OBITh B35ITh UX CpeAHEE apuPMETUIECKOE? L0



Cxema Hlopraudda.
Ucnosb30BaHue KOA(P(PUIIUECHTOB YBEPECHHOCTH

[Hoptudd (E. Shortliffe) paspadoran cxemy, 0oCHOBaHHYIO Ha TaK
Ha3bIBAEMBIX KOA((PUIMEHTAX YBEPECHHOCTH, KOTOPHIC OH BBEJ IS
MU3MEPEHHS CTCIICHU JOBEPUS K JIFOOOMY JaHHOMY 3aKIIFOUCHHIO,
SBIIIOIIEMYCS PE3YJIFTaTOM MOJYYEHHBIX K 3 TOMY MOMCHTY
CBUJIETENILCTB.

Koy puumeHT yBepeHHOCTH — 3TO PA3HOCTh MEXKY IBYMS MEpaMMU:
KV Ih:el=M/][h:e]-MHHI[h:e], (1)
yi(e

KV [h : e] — yBepenHOCTS B rumnote3e h ¢ yueToMm cBUIETENBCTB €,

MJ] [h : e] — mepa noBepus rumoTese h mpu 3aJaHABIX CBUACTEILCTBAX
€,

MH]] [h : e] — mepa HemoBepus rumorese N mpu CBUIETEILCTBAX €.

KY moxet usmMensaTscs ot -1 (abconromuas n1oxcw) 0o +1 (abconromuasi
ucmuna), npuaeM 0 03HAYAET NONHOE HEZHAHUE. 1



Cxema Hlopraudda.
Ucnosb30BaHue KOA(P(PUIIUECHTOB YBEPECHHOCTH

Takum o6pazom KV — 3T0 pocToi crioco0d B3BEIIMBAHUS CBUICTEILCTB
«3a» U «IIPOTHUB.

3aMeTHUM, YTO MpUBeACHHAs (hOopMYyJsia HE TTO3BOJISIET OTAUYMUTh CIydai
npoTHBOpedanux ceuaerensctB (1 MJI, 1 MHJI 06e Benuku) oT ciaydas
HemocTarouHo nHbopmanuu (1 M1, 1 MHJI 06e Maiel), 4To HHOTAA
OBIBAET I0JIE3HO.

3ameTuMm Takxke, yto HU KY, au M /I, am MH/I, He SBIsIOTCS
BEPOSITHOCTHBIMHA MEPAMMU.

M/l nu MH/1 noqunHsAr0TCS HEKOTOPBIM aKCMOMAaM TEOPUU BEPOSTHOCTH,
HO HE SIBJISIFOTCSI BEBIOOPKAMK KaKOM-HUOYIb MOIYJISLUHA, U,
CJIEJIOBATEJIbHO, UM HEJIB35 1aTh CTATUYECKYIO HHTEepIpeTanuin. OHH
MIPOCTO MO3BOJISIOT YIIOPAIOUYUTH TUIIOTE3BI B COOTBETCTBUHU C TOU

CTEHEHbIO 000CHOBAHHOCTH, KOTOPas Y HUX €CTh.
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Cxema Hlopraudda.
B3BenmuBaHue CBMAETEILCTB

[HToptiudd BBEN HOpMyy YTOUHEHHUS 151 B3BEIIMBAHUS CBUJICTEIIBCTB.

DopmyJia yTOYHEHH S TT03BOJISIET HEMOCPEIACTBEHHO COUYETATh HOBYHO
HH(pOpMaIlUKU CO CTapbIMU pe3yibraTaMu. OHa IPUMEHSIETCS U MepaM
JIOBEPUS U HEAOBEPUS, CBI3aHHBIM C KAXKIIBIM ITPEANIOTI0KEHUEM.

®opmyia 11t M/I BRI AT CAEAYIONIMM 00pa3oM:

MIATh:el,e2l =M/ [h:el]+MA[h:e2]*(1-M/][h:el]), (2)
IJIe 3arsTas MeXay CBUACTEIbCTBaMU €1 u €2 o3Hadaer,

4TO €2 cienyeT 3a el.

AHaJI0TrMYHBIM 00pa30M YTOUHSIIOTCA 3HaueHus:t MH/].

CMmbica ¢opMyJibl COCTOUT B TOM, YTO 3(D(PEKT BTOPOro CBUACTEIbCTBA
e2 Ha runoTte3y h mpu 3ajaHHOM CBUIETEILCTBE €1 CKa3bIBaeTCs B
cMmenieHud M/[ B CTOPOHY MOJTHOU OMPENECIIEHHOCTU HA PACCTOSIHUE,

3aBUCAILIICC OT BTOPOI'0 CBUACTCIILCTBA.
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Cxema Llopriaudda.
dopmyJia YTOYHEHUSA

®opmyna (2) uMeeT ABa BaKHBIX CBOMCTRBA:

1. Ona cuMMeETPHMYHA B TOM CMBICJIE, UTO MOPSAJI0K €1 1 €2 He
CYyIIECTBEHECH.

2. Tlo Mepe HaKOTUIEHHS MOJAKPEIUISIOMINX CBUACTEILCTB M/ (1in
MH]J]) nBu>xeTcsi K ONpPEACICHHOCTH.

BepnHemcs k npumepy
IIpasuno 1: ecrua b mo C.
IIpasuno 2: ecaue HJIH f mo C.
[Ipu 5TOM cTenIeHH UCTUHHOCTH &, b, e u f:
p(a) =1; p(b) =0.8; p(e) =0.5; p(f)=0.4.
W3 Ilpasuna 1 cmenenwv onpedenennocmu P(c) = min (1, 0.8) = 0.8,
u3 Ilpasuna 2 p(c) = max (0.5,0.4) =0.5.
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Cxema Llopriaudda.
dopmyJia YTOYHEHUSA

[Ipumenss popmyiy (2) morydaem:

MJI [c : IIpasuno 1, IIpasuno 2] =
MJI [c : IIpasuno 1] + M/] [c : IIpasuno 21*(1 - M/ [c : IIpasuno I])
=0.8+0.5*(1-0.8) =0.9.

Wrtax M/ [c : IIpasuno 1, IIpasuno 2] = 0.9.

T.o. oObeHEHHAs Mepa IOBEPHUS OKA3bIBACTCS BBIIIE, YEM IPU YUETE
KQKJIOTO CBUJIETENBCTBA, B3SITOIO OTAEIIBHO.

DTO CONIACyEeTCA C HAlllE HHTYUIIUEN, UYTO HECKOJIBKO MOKA3BIBAKOIIMX
OJTHO Y TO K€ HAIIPABIICHUE CBUJICTEIILCTB MOAKPEIUISIOT APYT ApyTa.

KpoMe Toro, MOXXHO TIOMEHSTH MOPSJIOK MPUMEHEHUS ITPaBWiI | U 2, HO

Ha pE3yJibTaTaX 3TO HC OTPA3HUTCAI.
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Cxema Llopriaudda.
Hanxe:xHOCTh mpaBuJI

Cxema [HlopTnudda monyckaeT TakKke BO3MOKHOCTh TOrO, YTO MpaBuJa,
KaK M JJaHHbIC, MOTYT ObITh HCHAACKHBIMHU. ITO MO3BOJISICT OIUCHIBATh

0oJiee MUPOKUM KIAaCC CUTyaIUi.

Kaxknoe mpaBuiio cHaOkaeTcs «kKoagduyuenmom ociabnenusy (Yuciom
ot 0 7o 1), MOKa3bIBAIOIIIUM HAMEKHOCTDH MPaBUJIA.

Tak, ecnu B HaiieM npumMepe Mbl cHaOauM [/pasuno 1 ko3P dunimeHTom
ocnabnenus 0.6, a Ilpasuno 2 — koaddpunuentom 0.8, moayunm
CJIEAYIOIIEE:
M/ [c : IIpasuno I ] = min (1, 0.8)*0.6 = 0.48
MJI [c : IIpasuno 2] = = max (0.5, 0.4)*0.8 =0.4
IIpumenss popmyny ymounenus (2) nonyuaem.
MJI [c : IIpasuno 1, IIpasuno 2] =
MJI [c : IIpasuno 1] + M/] [c : IIpasuno 21*(1 - M [c : IIpasuno 1])
=0.48 +0.4*(1-0.48) = 0.48 + 0.208 = 0.688 . -



Cxema lllopriaundda.
Hanxe:xHOCTh mpaBuJI

YacTo BBOAAT TaKk HA3bIBA€MbI MOPOT YBEPEHHOCTH (11Y) — uucno om 0
oo 1.

Ecin KY HekoTOporo 3akiatoueHus MEHbIIE 3TOro uncnia (1Y), To Takum
3aKJIIOUCHUEM MOXKHO IIPEHEOPEYb.

BriBoabl.

[MTopTinudd npeanpuHsII HONBITKY TEOPETUUYECKOr0 000CHOBAHUS CBOECH
CXEMBbI, HO OHA 0Ka3aJach HE CJIMIIKOM YOEIUTEIbHOM.

OpnHako, 371eCh BaxkHO TO, 4To cxema [lloptiudda xopoio ceds mokazana
B MPAKTUYECKUX MPUIOKECHUAX, B YACTHOCTU B DKCIIEPTHOM CHCTEME
MY CIN u nocnenoBaBIIMMU 3a HEW IPYTUMU CUCTEMaMHU.
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