Knacuomnkaumsa ypes beunc
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TMNMYHU 3a0a4n

 Knacndpukayma Ha spam
— [la npeackaxkem ganun gaaeH email e spam

* MeguumHcKa gnarHosa

— [Mo AaAeH CNUCBK CbC CMMATOMM Aa NPeAcKaXKem aanu
nauneHT 6boneaysa ot bonect X nam He

* [lporHosa 3a Bpeme

— [lo papexHu TEMNEPATYypPa, BJIaKHOCT N ApP. Aa NMpedCKaxKem
AdN N yTpeE We Baiun



Teopuna Ha benc npn B3emaHe Ha
peweHna (Thomas Bayes)

* Umame aBa Knaca aaHuu (x1,y1), (x2,y2), ...,
(xn,yn) -




Teopuna Ha benc npn B3emaHe Ha
peLlleHuns

pl(x,y) — BepoATHOCT enemeHT (X,y) Aa
NnpUHagNexXun Ha Knac 1

p2(X,y) — BEpOATHOCT enemeHT (X,y) Aa
NPUHaANEXMN Ha Knac 2

Ako pl(x,y)>p2(x,y), TO (X,y) NpuHaaneXM Ha
Knac 1

Ako pl(x,y)<p2(x,y), To (X,y) npuHaanekmn Ha
Knac 2



BepoATHOCT

 Koda cbC cnBU U YEPHU TOMKU

000
9000

* BepoATHOCT Aa U3BaAMM CMBA TOMKa OT

bpou cuBY TONKH 3
KodaTa — P(cuBa) = ——— = =
bpou Tonku 7

° BepOFITHOCT Aad N3sagunm HepHada TOMKa OT

bpou 4epHU TONKHU 4
KodaTta — P(4epHa) = ———b = -
bpou Tonku 7




YcnosHa BepoaTHOCT (conditional
probability)

 Heka TOonKuTe ca pa3npegenexHun B Ase Kodu — Bucket A n
Bucket B

©0 O
o0 o0

Bucket A Bucket B

* PaboTtmm c ycnoBHU BEPOATHOCTU
— BepoaTHoOCT aa n3BaamMm cuBa Tonka ot bucket B -
1
P(cuBal|bucketB) = 3

— BeposTHOCT aa n3Bagmm cusa Tonka ot bucket A -
2
P(cuBal|bucketA) = "



N3uyncnasaHe

Ha yC/10BHa

BEPOATHOCT

P(cuBa | bucket B) =

P(cuBa u bucket B) =

P(bucket B) = %

P(cuBa | bucket B) =

1

P(cuBau bucket B)

P(bucket B)
1

7

P(cuBau bucket B)

P(bucket B)

\llwl\llb-\



[MpaBuno Ha bewnc 3a paboTa
YCIOBHM BEPOATHOCTU

* [MpaBMaOTO TPaHCPOPMMPA BEPOATHOCT
p(x|c) B p(clx):

p(x|c)p(c)
p(x)

p(clx) =



Knacnpumkauma c yCnoBHM
BEPOATHOCTM

* p(x,ylc1) up(x,ylcz) - BepoATHOCTM
enemeHT (x, y) Aa NpUHaANEXU Ha Knac Cq, Co

* plcilx,y) =

p(X, yY|ci)p(ci)

p(x,y)

* MpaBuno Ha bewuc 3a knacudpukauma (beicos
Knacndpukarop)

AKO p(Cl
Ako p(cq

x,y) > p(c;
X,y) < p(CZ

x,y) =>(x,y) € ¢
x,y) =>(x,y) € c,



Knacnpumkauma Ha JOKYMEHTU ypes3
HanBeH beunc

* Knacudpumkauma Ha AOKYMeEHTHN — email,
HOBWHU U Ap.

* lymu B AOKyMeHTa — npomeHaunsu (features)

 HamseH beiic (Naive Bayes) — pa3umpeHue Ha
bencosuna kKnacupuKaTop — nonynsapeH
anropmTbM 3a KnacupuKauma



[lonyCcKaHMA B aATOPpUTbMa HanBeH
bewuc

1. BCUYKM NPOMEH/IMBU Ca CTATUCTUUYECKMU
He3aBUCUMU — HaMp. B JOKYMEHT BCAKA AYMa MOXKeE
[la ce cpella eaHAKBO YeCcTO B KOMBUHaUMA C
BCUYKU APYrY AYMU

2. BcuuKKM npomeHNMBU ca € egHAKBa BaXKHOCT

Te3n ponycKaHMA He ca BEPHU BbB BCUYKM Cy4au,
Hanp.:

,8KyceH beKoH” B peKnamHu cbobuleHus ce cpella no-
4yecTo oT ,He30paesocsnoeeH beKoH"

BbnpeKku Te3un ,HauBHMN" JONYCKAHUA aATOPUTBMBT €
edbeKTUBEH 33 MHOIO NPAKTUYECKM 3a4a4mn



[Tpnmep 3a Knacudpumnkauma ypes
HanBeH beunc

* Knacnpumumpame TeEKCTOBU CHOOLLEHMNA KATO
obunaHu (knac 1) nnm HeobmnaHum (knac 0)

e ObyuntenHun gaHuu (training data set)
postingList=[

['my', 'dog’, 'has’, 'flea’, 'problems’, 'help’, 'please’],

['maybe’, 'not’, 'take', 'him', 'to', 'dog’, 'park’, 'stupid'],

['my', 'dalmation’, 'is', 'so’, 'cute,'l', 'love’, 'him'],

['stop’, 'posting’, 'stupid’, 'worthless', 'garbage'],

['mr', 'licks', 'ate’, 'my’, 'steak’, 'how','to’, 'stop’, 'him'],

['quit’, 'buying', 'worthless', 'dog’, 'food’, 'stupid’]

]

classVec =[0,1,0,1,0,1] #1 - o6bmaHo, O — He e 0b6MAHO



Ob6paboTBaHe HAa TEKCTOBO
cbobuweHune

* (Cb3paBame peyHUK c Aymu

>>myVocablList

['cute’, 'love’, 'help’, 'garbage’, 'quit’, 'l', 'problems’, 'is', 'park’,

'stop’, 'flea’, 'dalmation’, 'licks', 'food’, 'not’, 'him’, 'buying’,

'posting’, 'has', 'worthless’, 'ate’, 'to’, 'maybe’, 'please’, 'dog’,

'how', 'stupid’, 'so’, 'take', 'mr’, 'steak’, 'my']

* [IpoBepABame BCUYKKU AYMU B A3AEHOTO CboblieHne n dopmupame

BEKTOP. AKO AiymaTa NpUCHCTBa B PeYHUKA, BbB BEKTOPaA 3anucesame 1, B
npoTtuseH cay4dan 0. B pe3ynTtaTt ce nosiyyaBa BEKTOP BbB BUAA:

0,01000100010000000100,0,0,1,1,
0,0,0,0,0,0, 1]



N3uncnaBaHe Ha BEPOATHOCTU
. | _ p(W|cp)p(cp)
pleilw) = ===
AYMU B PEeYHUKA

* UN3suncnssame p(ci|w) n p(c,|w) n rn cpasHaBame
* Kak nsuucnasame p(c;|lw)?

, KbAETO W — BEKTOP C BCUYKHU

— p(c;) —6poi cpewaHma Ha Knac i (0bnagHo nnm HeobuaHo
cbobLeHme)/obL, 6pon cbobLeHUs

- pwlc;)) = p(Wo, wq, Wy, ...,wylc;) =
pwolc)p(wqlc)p(w;|c;) ...p(wylc;) - nopaau
HauBHOTO AONYCKaHe 3a HeE3aBUCUMOCT Ha
npomeHaAnBuTe (B cnyvyasa AymuTte B TEKCTA)



OYyHKUMA 33 N3YNCNABAHE Ha
VCNOBHU BEPOATHOCTH

[Mpebposasame bposa Ha cbobUW,EHUAMA 8b8 BCEKU KAAC
3a ecsaKo cvbobweHue om obyyumesnHume OGHHU:
30 8CeKU Kndac:

AKo 0adeHa cyma ce cpewia 8 cbobujeHuemo->ysenuyasame bpos 3a
ma3u oyma

Yeenuyasame bpos Ha Oymume
30 8CEKU Kndac:
3a ecsaKka oyma:

Pazoename b6posa Ha cpew,aHUSMa Ha dymama 8 Kaaca Ha obuwus
6pol Ha cpewaHusmMa Ha dymama (us4yucaasame ycio8HaA
geposimHocm)

Bpvwa ycs08HU 8epoaAmMHOCMU 30 8CEKU Krdac



[lpyro npuaoxeHue

* Pasno3HaBaHe Ha pbKonMcHa Ludpa

* Xy X, € {0,1} (YepHu/6enu nukcenn )

Y e {5,6} (NpeackasBame ganu undpara e 5 naun 6)



bencoB Knacupmnkatop

* 33 Aa U3NB/THUM KI'IaCM(I)MKaLI,MFITa, N3vncadaBame BepoOATHOCT:

argm}gxP(Y|X1,...,Xn)

— (Hanp.: KakBa e BEPOATHOCTTA M306paKeHme ¢ JafeHM
nucenn aa ndobpasssa umdppata 5?)



BencoB KnacnpukaTtop

* M3non3same npaBuio Ha beunc

P(Xy,..., X,[Y)P(Y
PY|Xy,...,X,) = (Xy-- -, X)) PLY)

P(X1,..., Xn)



BencoB KnacnpukaTtop

* [punarame npaBUAOTO NPU pasno3HaBaHe Ha uudpa:

P(Y:5|X1?"'}Xn) = P(Xlian|Y:5)P(Y:5)

P(Xy,.., XV = 5)P(Y = 5) + P(Xi, ..., X,[Y = 6)P(Y = 6)

P(Y:6|X1?"'}Xn) — P(XliaXn|Y:6)P(Y:6)

P(X1,.... Xa|Y =5)P(Y =5) + P(X1,...,X,|Y = 6)P(Y = 6)

*  M3uncnasame ropHuTe ABe BEPOATHOCTM U Knacudpuumpame Ha H6asa Ha
No-ronfiMaTta BepOoATHOCT



HanBHO gonycKaHe npu beuc

* Jlonyckame, 4e BCUYKU NPOMEHANBU X Ca HE3aBUCUMMU, T.e.:



NC

ObyyeHune ype3 HamseH be

* (Oby4yeHune Ha berncoBunA KNacUPMKaToOp C AaHHMU:

MNIST obyynTenHu gaHHu



ObyyeHne Ha HauBeH bencos
KnacnpukaTtop

 (Oby4yeHune Ha HauBeH bencos KnacndpuKaTtop:
— W3uncnasame BeposTHocTTa P(Y=v) KaTo 6pon 0byunTenHu aaHHw, 3a
KOnTo Y=V
_ Count(Y =v)
# records

— OueHaBame BepoaTHocTTa P(X.=u|Y=v) kaTo 6pon 0byunTenHu gaHHu,
3a KonTo Y=v npu X,=u
Count(X;=uANY =)

P =ulY =v) = Count(Y =v)




ObyyeHne Ha HauBeH bencos
KnacnpukaTtop

* B npumepa c pbKONUCHUTE UMPpPU 0OY4YEHMETO HaMMPaA CPEAHUTE
BEPOATHOCTU 3a pa3no3HaBaHe Ha umdpa 5 u undpa 6

PRyIY=5) PXIY=6)

IDEl

0.8

0.7

406

0.5

0.4




Knacndpumnkauma ypes beuc

Frediction: 5 with prob 1 Prediction: b with prob 9.997968e-001 Prediction: 5 with prob 8.632034e-001

0.6

10.4




Ob6obweHune

* [lpeanmctBa Ha HamBeH bencos
KnacudunKkaTtop

— OTHOCUTENHO NPOoCTa peanunsauymsa
— Oby4yaBaHe ¢ ManKo Ha 6poun AaHHU
— bbp3

* HepgocTaTbUMU

— ,ﬂ,OI’IyCKaHeTO 3d HE3AaBUCUMOCT Ha NPOMEH/TUBUTE
— He e NPUI0KNMO BbB BCUYKU C/1YyHa U



