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AJATITAIIUSA HAUBHOT'O BAMECOBCKOI'O KJIACCU®UKATOPA K MEXAHU3MY
KJIACCU®UKAIIUM JIEKTPOHHBIX COOBIIIEHUI

bypnaxoe M.E., I'onybwix /].A., Ocunos M.H.
Camapckuii HayuoHanwbHblil ucciedosamenvckuil yrusepcumem um. C.I1. Koponesa, Camapa, PO
E-mail: knownwhat@gmail.com

PaccmarpuBaercst KinaccuuKaips JEKTPOHHBIX COOOIIEHNI KaK aIaTUBHBIMHM, TaK U HEAJANTUBHBIMU anroputMamu. Ocoboe
BHUMaHHE Y/IEISETCsI IIPUMEHEHHIO alroOpUTMa HAMBHOTO 0alieCOBCKOIO KIACCH(MKATOpa B PEILICHNHN 33/1a4H KiTaccu(HKarmm 01o-
KOB JiaHHBIX. [T0Ka3aHa BO3MOKHOCT peajlM3aliiy ajlfopUT™Ma TIPU PACCMOTPEHNH YIEMEHTOB B PAMKaX 3JIEKTPOHHOTO COOOILICHHsT
B KaUeCTBE HE3aBUCHUMBIX COOBITHIA C IPUMEHEHHEM allOCTEPUOPHOIO MPaBHJIa MPHHSATHS petieHnid. OnpesieneH mporecc 00yueHust
HAMBHOTO 0AleCOBCKOIO KilacCH(UKaTopa KaK TOJICUET BEPOSTHOCTH BCTPEUH TOTO MIIH HHOTO CJIOBA B WIEKTPOHHOM COOOIICHHH.
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Knroueswie cnosa: xnaccuduranus 3MEKTPOHHBIX COOOIICHUN, HANBHBIA 0alieCOBCKHUN KIacCH(UKATOp, TOCTOBEPHBII

6710k MH(pOPMAITUH, HETOCTOBEPHBIH OJIOK HH(OpMAaIHy.

BBenenue

B coBpemeHHbIX cucTemax nepeaayu nHGpopma-
LMY KpaliHe aKTyaJbHO CTOMT 3a/a4a, CBA3aHHas C
kinaccupukanuei OJIOKOB JaHHBIX W 3JEKTPOHHBIX
COOOIIEeHNH, TepelaloUXCs OT OTIPABUTENS K afl-
pecaty uepe3 pa3Horo poga cuctemsl (mail, web,
irq u T.4.). 1151 ee perieHus NpuMeHseTcss MHOXe-
CTBO KaK aJaNlTHBHBIX (MCKYCCTBEHHbIE HEHPOH-
HBIC CETH, UCKYCCTBEHHBIC IMMYHHBIC QJITOPUTMBI,
TCHETUYECKHUE aJlTOPUTMBI), TaK U HeaJalTHBHBIX
(MeTonbl rpa)oB cLieHapHEB aTakK, METOJIbI aHAJIN3a
CHUCTEM COCTOSIHUH, SKCIIEPTHBIE CUCTEMBI, METOJIBI
Ha creuu(UKaIMsIX, CATHATYPHBIE METObI) METO-
noB [1-11].

3ajgavya KiaaccHpUKALUU 3JIEKTPOHHBIX COOOIIe-
HUI B paMKax HHPOPMAIIMOHHOW CHCTEMbI CBOANUTCS
K OTHECCHMIO BXOJILET0 MOTOKA JAHHBIX K COOT-
BETCTBYIOLIEMY KJIaccy (HalpuMep, 10 pesieBaHTHO-
CTH, TI0 OTIIPABUTEITIO, I10 00BEMY U COACPKUMOMY).
HaunOonee akryaiabHBIM HanmpaBICHUEM B aHATU3E U
KJaccu(UKauu COOOMIEHUH CYMTAIOT Kinaccu(uka-
LUIO 110 UX COACP)KUMOMY, KOT/Ia MOKHO 0e3 3HaHUs
00 HCTOYHHMKE COOOILEHHS C ONPEICIICHHOW J0JeH
BEPOSITHOCTHU OIPEICIUTh, K KAKOMY KJlacCy OHa OT-
HOCHTCS, ¥ JIMOO OTHPABUTH COOOILICHHE Jalblle,
7100 OCTaHOBHTH €ro JBMKEHHE 10 MH(OPMALIMOH-
HOM cucrteme.

OnHa U3 OCHOBHBIX 3a]a4 Kiaccuukanuu 0J0-
KOB JIaHHBIX W DJIEKTPOHHBIX COOOILICHWI 3aKIo-
YaeTcsl B UX PaclpeleseHUH Mo JBYM Kilaccam J0-
ctoBepHOocTH [11-16]: nmocTtoBepHOW (aKTyalbHOM,
JICTUTUMHON W T.JI.) ¥, COOTBETCTBEHHO, HH(pOpPMa-
LMY HEJOCTOBEPHOM.

[Ipu 5TOM TIOA TOCTOBEPHOM (JETUTHUMHON) MH-
(dopmanueil moHUMaeTcsi HabOp JaHHBIX, KOTOPBIH
HE MpEeACTaBisIeT U3 ceds yrpo3sl i nHpopmanu-
OHHOW CHCTEMBI, B KOTOPOW MPOUCXOAUT €€ IHUPKY-
JSIUMS, C TOYKH 3PEHHS TOCTYIHOCTH, LIEIOCTHOCTH
1 KOH(UACHIMaTBHOCTH. B mpoTHBHOM ciyvae WH-
(dopmanusi Ha3bIBaeTCSl HEIOCTOBEPHOH (Heleru-
tuMHOM). [lpuMepom momoOHON KiaccupuKauuu
SIBIISIETCSl aHTHCIIAM-CUCTEMa WJIM MIPOrpaMMHO-arl-
MapaTHBIA KOMIUIEKC aHTHBUPYCHOM 3allMTHI, 3a/1a-
Ya KOTOPBIX TaKXKe CBOIUTCS K ONPEICICHUIO J0CTO-
BEPHOCTH BXOJSILETO B MHPOPMAILIHOHHYIO CUCTEMY
COOOIICHUS 110 €r0 COACPKUMOMY.

Kaxk Ob110 0TMEUEHO, CyIecTBYET OONBIIOE YHUCIIO
alaNTHBHBIX W HEAJANTHBHBIX AITOPUTMOB, CIOCOO-
HBIX KJIacCU(HULIUPOBATh OJOKH JNAHHBIX (ANMEKTPOH-
HBIE COOOIIICHHUS) IO COACPIKUMOMY, OJTHUM U3 KOTO-
PBIX SIBISIETCSl KJIACCHUYECKUI HaWBHBIM OailecoBCKHI

knaccudukarop (HBK), kotopelii B W3Ha4YaIpHOM
CBOEM OIpEJIeNICHHH HE aJalTHPOBaH Uil pelleHUs
33/1a4M KJIACCU(PHKAIINH IEKTPOHHBIX COOOIICHNI Ha
KJIacChl JOCTOBEPHOM M HEJJOCTOBEPHON HH(POPMAIIHH.
Jnst peneHust 3a1a4n KiaccH(pUKaUK 3IeKTPOHHBIX
COOOIICHUI OTHOCHTENTLHO MX COACPKUMOT0 Ha 000-
3Ha4YeHHbIE Kiacchl ¢ mpumeHenrneM HBK TpeOyercs
MIPOBEIEHUE TIpOLIEcca alaNTalluy aJlrTOpUTMA.

3axaua aganTanumu

Paccmorpum mpornecc amantanuun HBK k mpo-
Heccy KiacCH(UKAUU SIICKTPOHHBIX COOOIICHUH
M0 MX COAEPKMMOMY Ha KJlacc JIOCTOBEPHOH U He-
JOCTOBEpHOM nHpopMarmu. [ 3Toro paccMoTpum
0a30BBIli AIEMEHT — DJICKTPOHHOE COOOIIEHNE, TIPE/I-
CTABIIEHHOE B BUJIE BEKTOPA X, COCTOSIIEE U3 KO-
HEYHOTO YHCIa CIIOB X, ... X, :

)?=<X1...Xn>, (1)

rae X; ... X, — cioBa, BXOIAIIUE B JAHHOE COOOIIIe-
nue. [lycre C = {C;, C;} MHOXECTBO KJIaCCOB J10-
croBepHbIX (C|) 1 HEXOCTOBEPHBIX co0Omenui (C,).
Tora BepOATHOCTH OTHECEHHUS CIIOBA X B TOJAMHO-
sxkecTBo (kmacc) C; € C ecTh BEpOATHOCTD MOTaja-
HUS BCEX €70 CJIOB B JAHHBIN KJIACC!

p(C %) =pC | X,,... X,). )
Ucxons u3 teopemsl baiieca [17]:
p(C X, X,)=

p(CHp(Xy..s X, | C) 3)
(X, X))

B cuity TOro, 94TO BEpPOSTHOCTH MOSBICHHUS TOTO
WM MHOTO ciioBa X1 ... X, B COOOIICHHH X €CTb
COOBITHSI PaBHOBEPOSATHBIE, TO cooTHomeHue (3)
MOKHO IEpenucaTh CIeAyIONHUM 00pa3oM:

pC |X,..X,)=

: 4
PCHP(X, .. X, | C)). )

C apyroil cTOpoHbl, B CHIIy HE3aBUCHUMOCTH IO-
ABJIEHUS CIOB X ... X B COOOIICHMH X, 3HAYECHUE
p(X,...X,) ecTb Bemmunna noctosHHas (KOHCTaH-
Ta), KOTOpasi paBHa:

Q=pX,..X,). )

B HamieM ciydae Kaxkuo€e CIOBO U3 COOOIIEHHUS
X, YCIIOBHO HE3aBHCHMO OT JI00OT0 APYroro ciosa
X npu k # j, 10 ects
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(X, [C.X)=p(X, |C). (6)

C npyroil CTOPOHBI, YHUCINTENb 3KBUBAJICHTECH
COBMECTHOM BEPOSTHOCTH:

p(C,X,..X,), @)

KOTOpas, 1o ONnpeACJICHUIO yCHOBHOﬁ BCPOATHOCTHU,
6y,Z[CT HUMCETDb 3HAUYCHUEC

p(C;, X,...X,) =
p(CHpX; | C)..p(X, | C) =
= p(CH] [ p(X; 1 C).

J=1

®)

W3 To#t ke He3aBUCUMOCTH X, ... X yCIIOBHOE
pacnpeiesieHue 1o MoAMHOXKECTBY (knaccy) C, Mo-
JKeT OBITh BRIPAKEHO KaK

1 n
p(C | X, ...Xn)=§p(ci)]:[p(Xj 1C). 9

riae O paBHO 3HAUCHUIO, ITOIy9eHHOMY B (5).

Takum 00pazom, HBK o0benunsier uccnemyemyro
MOJIITb (B HAIIEM CITydae 3TO MOJEIb AJIEKTPOHHBIX
COOOIICHUH C HEIYCTHIM COIEPIKUMBIM) C ITPABIIIOM
pemieHuss (BO3MOXKHOCTBIO TPOBENCHUsSI ITpolecca
KJaccu(HUKAIUK 3JICKTPOHHBIX COOOIICHHI Ha KIlac-
Chl JIOCTOBEPHBIX U HEIOCTOBEPHBIX COOOIICHUH).
[ns ompeneneHUs: COOTBETCTBYIOILIETO Kiacca B
nporecce knaccudukanuu B HBK Beiaenstor takoe
MOHSITHE, KaK allOCTEPUOPHOE MPABUIIO IPUHSITUS pe-
LIEHUS — MO KOTOPHIM IMOHUMAIOT MPaBUJIO, MO3BO-
JISFOIIIEE OTIPENIEIUTEL HAauOoJIee BEPOSTHYIO TUTIOTE3Y
(perieHue OTHOCHUTEIBHO ONpeieicHus Kiacca) [18].

Jus mporecca knaccuuKanmud B COOTBETCT-
Buu ¢ HBK ompenenum dynkiuro-kiraccupukarop
classify(*), koTopas 111 MHOKeCTBa CIOB X1 ... X,
AJIEKTPOHHOTO COOOIINEHUSI X U3 KIJlacca 3JICKTPOH-
HBIX cooOmeHuit C uMeeT BUT

classify(%) =argmax, p(C)[ | p(X,|C,). (10)

Omnpenenum npouecc 0o0y4eHus: HAUBHOTO Oaiie-
COBCKOTO Kjaccu(uKaropa Kak MOJCYET BEpOsSTHO-
CTH BCTPEYM TOTO MJIM HMHOTO CJIOBAa B COOOIICHUH
X; €x. CToUT 3aMEeTHTh, YTO HAWUBHBIN OaiiecoB-
CKMH KIIACCH(UKATOP TPH KIACCU(PUKAIUN CO00-
LICHUS AeaeT NPEANOIOKEHHE, YTO pa3Hble CI0Ba
B TEKCTE Ha OJHY U Ty K€ TeMY IMOSBISIOTCS HE3aBU-
CHUMO JIpYT OT JpyTa.

[Ipoenmpyst (10) Ha 3aga9y KIaccupuKany deK-
TPOHHBIX COOOLICHHH IO KiIaccaM AOCTOBEPHBIX U
HEIOCTOBEPHBIX COOOIICHUH, TTOJTydaeM

classify(x) = arg max PO)[].P(a,|v,). (11)

IJIe MHOXKECTBO V' = {10CTOBEpHBIC COOOILCHUS, HEO-
cToBepHbIe coobmenns}; (V) — BeposTHOCTS TpH-
HAJTTeXHOCTH YIEKTPOHHOTO COOOIIEHHS KIaccy V; U3
MHO)KECTBA JIOCTOBEPHBIX M HEOCTOBEPHBIX COOOILIIE-
HUIA, V'; paCcCUMTHIBACTCS KaK YaCTOTA BXOXK/ICHHS KJTac-
ca V, BO MHOXKECTBO 00y4alOLIX BBIOOPOK; @; — i-0¢
CI0BO B SMEKTPOHHOM cooOmenny; P(a, | v;) — Be-
POSITHOCTB COZICPYKAHHS CJI0BA ¢; B JIEKTPOHHOM CO00-
LICHUHU [IPUHAIEKALIEM KIacCy V', PACCYMTHIBACTCS
UCXOJISl M3 YaCTOThI aHATM3UPYEMOTO CIIOBA, HAXO/ISIIIE-
rocsi B 00y4aroIeM MacCHBe JaHHBIX.

Takum oOpasom, mnporecc oOyuenuss HBK mo-
CTpPOEH MO MPHUHIMITY MOCTOSHHOIO (IO Mepe Io-
CTYIUICHHST HOBBIX OJIGKTPOHHBIX COOOIICHHH C
HCIIYCTBIM COACPKHUMBIM B KJ'IaCCI/Iq)I/IKaTOpe oT
MHQOPMAIIMOHHON CHCTEMbI HJIM OT TOJIb30BaTEIs)
OOHOBJIGHUSI YacCTOTHI CJIOB. AJTOpUTM Kiaccudu-
LIUPYET TOJBKO TE CJIOBA JIMOO HAOOP CIIOB, KOTOPHIC
paHee Npu aHaM3e He BCTPEUAIIHCH.

3aKiIoueHune

Takum oOpazom, HBEK paboraer B pamkax pe-
HICHUS 33J]auydl KJIACCU(UKAIUU IICKTPOHHBIX CO-
OOIIIeHNI M0 KjaccaM JIOCTOBEPHOCTH MHOXKECTBa
V, TO eCTh aJropuT™M aHAJIU3HPYET COOOIICHHUE IO
CJIOBaM, U3MEHEHHUE KOJINYECTBA KOTOPBIX BIIUSET HA
MEXaHU3M KJIacCU(UKAIUU Yepe3 BEPOSITHOCTHYIO
COCTaBJISIONIYI0, M 3THM PEIIacTCsl OCHOBHAS 3a/1a4a
Ki1accu(uKamuy OJIOKOB IAHHBIX U JIEKTPOHHBIX CO-
OOIIICHHH, UX PACIIPEIIEIICHUE IT0 COOTBETCTBYFOIIUM
KJIacCaM JIOCTOBEPHOCTH.
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NAIVE BAYESIAN CLASSIFIER ADAPTATION FOR E-MAIL CLASSIFICATION
MECHANISM
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Actually there are many difficulties for solutions of email classification problems. One is the problem of
content analysis for two classification groups containing reliable and unreliable data. There are known a
number of adaptive and non-adaptive algorithms that should help to solve described problem. Nowadays
naive Bayesian classifier algorithm is one of the most popular tool in the field of data classification
problem solution. This work is concerned on how to adapt naive Bayesian classifier mechanism for e-mail
classification, where e-mails are classified as reliable and unreliable information blocks. We determine
naive Bayesian classifier learning process as calculation the probability of one or another word meeting
into e-mails.
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