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TODENNAKOISYYS (TN)

EHDOLLINEN TN:

P(® | A) “B:N TODENNAKOISYYS, KUN TIEDETAAN, ETTA A”
“B:N EHDOLUINEN TN ANNETTUNA A”

P® | A) =P(A B)/P(A), KUN P(A) >0

= P(A,B) =P(A) X _PE®B | A)




TODENNAKOISYYS (TN)

1. P(ARB) =PA)PER|IA) =P®) P(A|R) /KEDUSAANTOD

2. P(ARC) =PA B)P(C|A B) =PA) PRBR|A) P(C|A B)
// KETJUSAANTO

2. PA) =PA B) +PAB) // “MARGINALISOINTL”
4. P(A|B) =PA B) /P(B) // EHDOLLINEN TN.
5 Al®r = PlA|R) =PA) // RUPPUMATTOMUUS

6. ALB|Cc = PlA|B, C) =P | C)
// EHDOLLINEN RIPPUMATTOMUUS

# PERlIA) =P®)PAIR) /P(A) //BAYESIN KAAVA




TODENNAKOISYYS (TN)

¥ SATUNNAISMUUTTUWA (SM), ESIM. NOPAN SILMALUKU, ON
| MUUTTUWA, JONKA ARVO MAARAYTYY ALKEIS-
TAPAHTUMAN PERUSTEELLA

¥ SM X ON ALKEISTAPAHTUMAN FUNKTIO X : Q — X (Q).
¥ X(Q2) ON X:N ARVOJOUKKO: X (1) € X(2) KAIKILLA © € Q2

¥ ESIM.

KAHPEN NOPAN HEITOSSA ALKE!STAPAH’TMM!ENJO(/LKKO
ON Q = {(m, ) | mon € {1,2,3,4,5,6}}

SILMALUKUWEN SUMMA:  ® = (m,n) = X(0) = m+tn
X(Q) = {2,2,4,5,6,7#,82,9,10,11,12}
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TODENNAKOISYYS (TN)

MUUTTUAN NIMET  ARVOT
SOLULA PIENELLA

¥ SATUNNAISMUUTTWIEN ANLLWN MAARITELLA
IIX=)(

= ”X=)(,Y<5” T ”X>Y”

¥ EsSIM.

KAHDEN NOPAN HEITOSSA ALKEISTAPAHTUMIEN JOUKKO
ON Q = {(m,n) | m,n € {1,2,3,4,5,6}}

SILMALUKWEN SUMMA: 0 = (m,n) = X(0) = m+n
X(Q) = {2,2,4,5,6,7#,82,9,10,11,12}




TODENNAKOISYYS (TN)

¥ SATUNNAISMUUTTUIEN AVULLA VOIDAAN MAARITELLA

UASIA TAPAHTUMIA: A = “X=X" B = “x<4”
= IIX=)(,Y<5” By = ”X>Y”

¥ MUUTTUWILLA ON JAKAUMA:

Px = (P(x=2),P(x==2),P(X=4),...P(X=12))
=(1/36, 2/36, 2/26, 4/36, 5/26, 6/36, 5/36, 4/36, 2/36, 2/36, 1/326)

¥ EsSIM.

KAHDEN NOPAN HEITOSSA ALKEISTAPAHTUMIEN JOUKKO
ON Q = {(m,n) | m,n € {1,2,3,4,5,6}}

SILMALUKUWEN SUMMA: ® = (m,n) = X () = m+tn
X(Q) = {2,2,4,5,6,7#,82,9,10,11,12}
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FIOUTTUAT VS TAPAHTUMAR

TAPAHTUMIEN LASKUSAANNOT, KUTEN KETJUSAANTO,

PATEVAT MYOS MUUTTWIEN AVULLA MAARITELTY HIN
TAPAHTUMIN

EsSIM.

P(x=x, Y=y) = P(x=x) xPY=Y [ X=X)  V xy

USEIN LYHENNETAAN

P(xy) = Px) P(y|x) V x.y
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AT ES?

¥ PER|A) =P®) PA|R) /P(A)

¥ P(tila |havainto) = P(tila) P(havainto |tila) / P(havainto)

Interacting Galaxies Hubble Space Telescope + ACS/WFC - WFPC2

NASA, ESA, the Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration, and STScl-PRC08-16a
A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University)



AT ES?

¥ PER|A) =P®) PA|R) /P(A)

¥ P(tila |havainto) = P(tila) P(havainto |tila) / P(havainto)

Interacting Galaxies Hubble Space Telescope + ACS/WFC - WFPC2

NASA, ESA, the Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration, and STScl-PRC08-16a
A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University)




AT ES?

¥ PER|A) =P®) PA|R) /P(A)

¥ P(tila |havainto) = P(tila) P(havainto |tila) / P(havainto)

cting Galaxies Hubble Space Telescope + ACS/WFC - WFPC2
P » b F o .
e -3 ' ; g

NASA, ESA, the Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration, and STScl-PRC08-16a
A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University)



BT ES?

¥ PE|A) =P®) P(A|B) /P(A)

¥ P(tila|havainto) = P(tila) P(havainto [tila) / P (havainto)

) f \

“POSTERIORI” “PRIORI” “USKOTTAVUUS”

“ARSYTTAVA
NIMITTA)A”




AT ES?

¥ PER|A) =P®) PA|R) /P(A)
¥ P(tila|havainto) = P(tila) P(havainto |tila) / P(havainto)

¥ P(tila|havainto) = P(tila) P(havainto|tila) x ¢
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AT ES?

¥ P®|A) =P®) PMA|B) /P(A)
¥ P(tila |havainto) = P(tila) P(havainto |tila) / P(havainto)

¥ P(tila|havainto) = P(tila) P(havainto|tila) x ¢

]

P ViIAGRA |
- 1 VIAGRA $ 4. .91 Y%

10 VIAGRA $40.00
» 15 VIAGRA $(0.00

~©__INT PHARMACE:




BT ES?

P(B|A) =P(®) P(A|B) /P(A)
P(tila | havainto) = P(tila) P(havainto |tila) / P (havainto)
P(tila | havainto) = P(tila) P(havainto |tila) x C

P(tila | h1,h2) = P(tila|ht) P(h2|tila,ht) x ¢’

* ¥ ¥k ¥ ¥

P(tila | h1,h2,h=2) = P(tila | he,h2) P(hz|tila,h1,h2) X ¢~

ERITYISEN KATEVAA, )OS havainnot RUPPUMATTOMIA
TOISISTAAN ANNETTUNA tila:

P(h2|tilaht) = P(h2|tila), P(h=|tila,h1,h2) = P(hz|tila), jwe.




BT ES?

P(B|A) =P(®) P(A|B) /P(A)
P(tila | havainto) = P(tila) P(havainto |tila) / P (havainto)
P(tila | havainto) = P(tila) P(havainto |tila) x C

P (tila|h1,h2) = Pltila|ht) P(h2|tiladt) x ¢’

* ¥ ¥k ¥ ¥

P(tila | h1,h2,h=2) = P(tila | he,h2) P(hz |tilakihe) X C”
= P(tila) P(h1|tila) P(h2|tila) P(h=z|tila) x

ERITYISEN KATEVAA, )OS havainnot RUPPUMATTOMIA
TOISISTAAN ANNETTUNA tila:

P(h2|tilaht) = P(h2|tila), P(h=|tila,h1,h2) = P(hz|tila), jwe.




* ¥ ¥ %

AT ES?

P(tila | havainto) = P(tila) P(havainto [tila) / P(havainto)
Tila € {saLras,terve} // potilas sairas tai terve

Havainto € {pos,negl  // testi positilvinen tai negatiivinen
P(sairas) = o0.001 P(terve) = _0.999

P(pos | sairas) = 0.9 P(pos | terve) = 0.01

P(neg | satras) = _0.1_ P(neg | terve) = _0.99_
P(salras|pos) = ~2%
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TODENNAKOISYYSMALLINNUS

SPAM-SUODPATIN

BAYES-VERKOT
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KUINKA RIKASTUA




NAIVI BAYES

FROM: "MARGARETTA NITA" <MARGUERITESEBRINAQWMLE.COM>
SUBJECT: SPECIAL OFFER : VIAGRA ON SALE AT $1.38 !!!
X-BOGOSITY: YES, TESTS=BOGOFILTER, SPAMICITY=0.99993752,
VERSION=2011-08-29

DATE: MON, 26 SEP 2011 21:52:26 +0300

X-CLASSIFICATION: JUNK - AD HOC SPAM DETECTED (CODE = 73)

SPECIAL OFFER : VIAGRA ON SALE AT $1.38 !!!

COMPARE THE BEST ONLINE PHARMACIES TO BUY VIAGRA. ORDER
VIAGRA ONLINE WITH HUGE DISCOUNT.

MULTIPLE BENEFITS INCLUDE FREE SHIPPING, REORDER DISCOUNTS,
BONUS PILLS

HTTP://RXPHARMACYCVS.RU




ROSKAPOSTISUOPATIN:

SPAMICITY (Viesti, P):

Odds = P.Spam / P.noSpam
for each Sana in Viesti

AlV]

BAY

Odds = Odds * P.Sana_Spam(Sana) /P.Sana_noSpam(Sana)

return(Odds)

_Jos SPAMICITY(Viesti, P) >1, LUOKITTELE VIESTI SPAMIKSI
_Jos SPAMICITY(Viesti, P) <1, LUOKITTELE VIESTI HAMIKSI

.
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( TN, ETTA
YKSITTAINEN SANA

P(SANA[=VLagra
P(SANA[=VLagra

NAIVI BAY

PAM/ HA

hamw) = 0.0001

spa m) = 0.002

= “Viagra”.




SO0

P(SANA[=
P(SANA =

#

NAIVI BAY

PAM/ HA

ham) = 0.0002

spam) = 0.005




NAIVI BAYE

PAM/ HA

EH’DO LLINEN RI I'P'PMMATT'OM UUS”




NAIVI BAY

MUUTTUAT:
1. LUOKKA: spam/ham
| 2. SANA,
| 2. SANA,
ZESE.
JAKAUMAT:
P(LUOKKA=SPAM) = 0.5

P(SANA=Viagra| spam)=0.002
P(SANA;=Viagra | ham)=0.0001
P(SANA=4%| spam) =0.005
P(SANA =4#| ham)=0.0002
P(SANA=Ls| spam)=0.002
P(SANA=Ls| ham)=0.002

P(SANA=algorithm | spam) =0.0001
P(SANA;=algorithm | ham) =0.002

INT... It EEREE

e
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NAIVI 5

'y Ly:
1. P(spam) = 0.5 P(spam) P(SANA, =Viagra| spam)
2. P(spam | SANA=VIAGIA) =-—ommommommm e
P(SANA,=vViagra)
BAYESIN
RAAV AL




NAIVI BAYES

PAATTELY:

1. P(spam) = 0.5 P(spam) P(SANA, =Viagra| spam)

2. P(spamt | SANA =AAGIA) = -—ommommmm e
P(SANA, =VIagra)

P(SANA,=viagra) = P(spam) P(SANA, =Viagra | spam.)
+ P(ham) P(SANA,=vViagra | ham)




NAIVI BAYES

PAATTELY:

1. P(spam) = 0.5 P(spam) P(SANA, =Viagra| spam)

2. P(spamt | SANA =AAGIA) =-mommommmm o mm
P(SANA =vVLagra)

2. P(spam | SANA =Viagra, SANA,=1s)
P(spam) P(SANA =Viagra, SANA,=Ls| spam)

P(SANA =VLagra, SANA,=LS)

4. P(spam | SANA, =Viagra, SANA,=Ls, SANAs=algorithm)
P(spam) P(SANA, =Viagra, SANA,=Ls, SANAz=algorithm | spam)

e e e e e e e e e e e e e e f T T e e e G fe T C f G f T e G e o o G C G C G G o o G f f T T e e e G fi € T C f f G e G G e o o e f f T G e e e € fe Tt C e e e
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NAIVI 5

R EAATTELY: |
1. P(spam) = 0.5 P(spam) P(SANA, =Viagra| spam) |
15y P(spam | saNA, =VIAQYR) = |
| P(SANA, =VIagra)

2. P(spam | SANA =Viagra, SANA,=1s)
P(spam) P(SANA =Viagra, SANA,=Ls| spam)




NAIVI BAYE

PAATTELY:
4. P(spam. | SANA, =Viagra, SANA,=Ls, SANAs=algorithm)
P(spam) P(SANA, =Viagra, SANA,=Ls, SANA.=algorithm | spam.)

P(SANA =VIagra, SANA,=Ls, SANA.=algorithm)

P(SANA,=viagra, SANA,=Ls, SANA.=algorithm)
= P(spam, SANA; =VLagra, SANA,=Ls, SANA.=algorithm)
+ P(ham, SANA,=VIagra, SANA,=Ls, SANA.=algorithm)




NAIVI BAYE

PAATTELY:
4. P(spam. | SANA, =Viagra, SANA,=Ls, SANAs=algorithm)
P(spam) P(SANA, =Viagra, SANA,=Ls, SANA.=algorithm | spam.)

P(SANA =VIagra, SANA,=Ls, SANA.=algorithm)

P(evidensst)
= P(spam, evidenssti) // MARGINALISOINTI
+ P(ham, evidensst)

B o oo B o 2 28 e F bR = - = MR AR RS S S 2 s S S o8 S0



NAIVI BAYE

PAATTELY:
4. P(spam. | SANA, =Viagra, SANA,=Ls, SANAs=algorithm)
P(spam) P(SANA, =Viagra, SANA,=Ls, SANA.=algorithm | spam.)

P(SANA =VIagra, SANA,=Ls, SANA.=algorithm)

P(evidensst)

= P(spam, evidensst) // MARGINALISOINTI

+ P(ham, evidensst)

P(spam) P (evidensst | spam)
P(spam | evidensst) =--ommommommo e
P(spam, evidensst) +P(hawm, evidensst)
P(ham) P (evidensst | ham)

Pllhany fevidensst)y =———— .
P(spam, evidenssi) +P(ham, evidensst)

TS




NAIVI BAYE

PAATTELY:
4. P(spam. | SANA, =Viagra, SANA,=Ls, SANAs=algorithm)
P(spam) P(SANA, =Viagra, SANA,=Ls, SANA.=algorithm | spam.)

P(SANA =VIagra, SANA,=Ls, SANA.=algorithm)

P(evidensst)
= P(spam, evidensst) // MARGINALISOINTI
+ P(ham, evidensst)
P(spam) P (evidensst | spam)
P(spam | evidensst) =--ommommommo e
f 23490 S e AR 2
P(ham) P (evidensst | ham)
Pllhany fevidensst)y =———— .

P: ’ l I} | ;] ’ I I}

TS




NAIVI BAYE

PAATTELY:
4. P(spam. | SANA, =Viagra, SANA,=Ls, SANAs=algorithm)
P(spam) P(SANA, =Viagra, SANA,=Ls, SANA.=algorithm | spam.)

P(SANA =VIagra, SANA,=Ls, SANA.=algorithm)

P(evidensst)
= P(spam, evidenssti) // MARGINALISOINTI
+ P(ham, evidensst)

P(spam | evidenssi) P(spam) P (evidenssi | spam)

P(ham | evidensst) P (ham)P (evidensst | ham)




NAIVI BAYE

PAATTELY:
4. P(spam. | SANA, =Viagra, SANA,=Ls, SANAs=algorithm)
P(spam) P(SANA, =Viagra, SANA,=Ls, SANA.=algorithm | spam.)

P(SANA =VIagra, SANA,=Ls, SANA.=algorithm)

P (evidenssi) P(s|e) P(sS)P(E|S)
= P(spam, evidenssti) // MAR
+ P(ham, evidensst)

P(spam | evidensst)

P(ham | evidensst) P (ham)P (evidensst | ham)

TS




NAIVI BAYE

PAATTELY:

- P(SANA =Viagra, SANAs;=Ls, SANAz=algorithm | spam.) |

l

= P(SANA =vViagra |spam) // KETJUSAANTO
P(SANA,=ls| SANA,=Viagra,spam)
P(SANA:z=algorithm | SANA, =Viagra, SANA, = ls,spam)




PAATTELY:

!

= P(SANA, =Viagra |spam)

P(SANAz=algorithm |

AIVI BAY

P(SANA,=Is| S*H*—v‘tﬁ-gra-spaM)

1 /’

| P(SANA,=Viagra, SANA;=is, SANAs=algorithm [spam)

// KETJUSAANTO

;2_ ’ /SPam)

// RIPPUMATTOMUUS




AlIVI BAYE

P s oo LY: .

P(SANA =VIagra, SANA,=Ls, SANAs=algorithm | spam)

= P(SANA =vViagra |spam) // KETJUSAANTO
P(SANA,=Ls|spam)
P(SANA.=algorithm |spam)




=
W AIVI BAYE
clefelelcie

PAATTELY:

|
;

| P(SANA, =Viagra, SANA,=Ls, SANA3=aLgori’chm|spam)

= P(SANA,=Viagra|spam) WP(EL@

P(SANA =is|spam) [

P(SANA.=algorithm | spam.) P(ms|e) P(os)P(E|S)
P(SANA, =VIagra, SANA,=Ls, SANA.=algorit am)
= P(SANA,=Viagra | ham) // KETJUSAANTO

P(SANA,=Ls |ham)
P(SANAz=algorithm | ham)




AlIVI BAYE

PAATTELY:

- P(spam|evidenssi) /P (ham | evidensst)

= P(spam) / P(ham)

P(SANA =VIagra |spam) / P(SANA,=viagra | ham) >q

P(SANA,=Ls|spam) / P(SANA,=Ls | ham) —

P(SANA.=algorithm |spam) / P(SANA.=algorithm | ham) il
‘OSAMAA" RA" >

>1 => LUOKITTELE: ‘SPAM”
<1 =>LUOKITTELE: “HAM”
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AlVI BAYE
OO0

YHTEENVETO TOISTAISEKSL:

| ¥ TARVITAAN:

- “PRIORJAKAUMA” P(spam) = 0.

- “LUOKKAEHDOLULISET” JAKAUMAT

P(SANA;=Viagra | spam)=o.___ P(SANA=Viagra | ham)=o.___
P(SANA(=is | spam) = 0. P(SANA=Ls | ham)=o0.___
P(SANA =algorithm | spam) = 0. P(SANA=algorithm | ham)=o.___

¥ OLETETAAN ETTA P(SANA; | SANA;, spam) = P(SANA;| spam)
(EHPOLLINEN RUPPUMATTOMUUS)

¥ OLENNAISTA ON OSAMAARA P(SANA;=Viagra | spam.)

(OTETAAN NAIDEN TULO) P(SANA;=vViagra |ham)

== ERh i i o o =0 s o ol MR SR RS S i o o 8 o)



AlIVI BAYE

PSEUPOKOODINA:

SPAMICITY (Viesti, P):

Odds = P.Spam / P.noSpam

for each Sana in Viesti

Odds = Odds * P.Sana_Spam(Sana) /P.Sana_noSpam(Sana)

return(Odds)

PAATTELY:

P(spam | EVIDENSSI) /P (ham | EBVIDENSSI)

= P(spam) / P(ham)
P(SANA =Viagra | spam) / P(SANA,= vmgml he
P(SANA,=Ls| spam) / P(SANA,=is| ham) |
P(SANAs—aLgonthm| spam) / P(SANAg—aLg@m

A




oy
AIVI BAYE

PSEUPOKOODINA:

SPAMICITY (Viesti, P):

Odds = P.Spam PnoSpam
for each Sana in W

Odds = Odds * P.S%pa_Spam(Sana) /P.Sana_noSpam(Sana)
return(Odds) A X

e ——— S ——— e e -

= P(spam) / P(ham)
P(SANA =VIagra [Jspam) / P(SANA =Viagra ||
P(SANA,=Ls| spamt) / P NAs=Ls| ham)
P(SANA.=algorithm | spam) / P(SANA.=algori

= ————v —— P —————————— e e ———————— e —————— —_———— =
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PSEUPOKOODINA:

SPAMICITY (Viesti, P):

Odds = P.Spam / P.noSpam
for each Sana in Viesti

AlV]

BAY

Odds = Odds * P.Sana_Spam(Sana) /P.Sana_noSpam(Sana)

return(Odds)

_Jos SPAMICITY(Viesti, P) >1, LUOKITTELE VIESTI SPAMIKSI
_Jos SPAMICITY(Viesti, P) <1, LUOKITTELE VIESTI HAMIKSI
_Jos SPAMICITY (Viesti, P) =1, EN TIEDA

.
r‘;.—;:z—r‘t—r—r—r-r-rr—-r v v—r—
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AIVI BAYE

PSEUPOKOODINA:

SPAMICITY (Viesti, P):

Odds = P.Spam / P.noSpam
for each Sana in Viesti

Odds = Odds * P.Sana_Spam(Sana) /P.Sana_noSpam(Sana)
return(Odds)

e ——— S ——— e e -

_Jos SPAMICITY (Viesti, P) >1+0, LUOKITTELE VIESTI SPAMIKSI
_Jos SPAMICITY (Viesti, P) <1-5, LUOKITTELE VIESTI HAMIKSL—

* V\,Rtbo'-
MUUTEN, EN TIEDA : - V\,\,etr'l«wew loustANNUSTA i
asg™ stiw Luokittelut S?a.‘fw

., -

]:-r—-v—.-v:u—x—:r—r‘rﬁ— I R S e -~

\‘ Actallisew V"e,
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AIVI BAYES

PSEUPOKOODINA:

‘LOG (A*B) = Lo ((A) + Log(®B)

SPAMICITY (Viesti, P):

Odds = P.Spam / P.noSpam
| for each Sana in Viesti
| Odds = Odds * P.Sana_Spam(Sana) /P.Sana_noSpam(Sana)
| return(Odds)

KAYTANNON ONGELMA: ALI-JA YULIVUODPOT

Odds ARVOSTA TULEE HELPOSTI LILAN PIENI (LAHELLA NOLLAA)
TAl LUAN SUURL.
RATKAISWU:

RAYTA log(Odds)

. TS v e L b e L e e o e e e e s e o e e o e e e o e L ~— m—.

e e e e i e e e S
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AIVI BAYES

PSEUPOKOODINA:

‘LOG (A*R) = LoGg(A) + Log(B)
SPAMICITY (Viesti, P): |

logOdds = log(P.Spam / P.noSpam)

for each Sana in Viesti
logOdds =logOdds + log(P.Sana_Spam(Sana) / P.Sana_noSpam(Sana))

return(exp(logOdds))

KAYTANNON ONGELMA: ALI- A YLIVUODPOT
Odds ARVOSTA TULEE HELPOST! LILAN PIENI (LAHELLA NOLLAA) |
TAl LILAN SUURL.
RATKAISWU:

RAYTA log(Odds)

AP B P S B
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W AIVI BAYE
OO0

PARAMETRIEN OPPIMISESTA

% VAIKEA KEK.SUA PAASTA EHPOLLISIA TN:A.
¥ HUONOT ARVOT HUONONTAVAT FILTTERIN TOIMINTAA

¥ PAREMP| RATKAISWU:
1. KERAA (SO KASA SPAM-VIESTE)A
2. KERAA SO KASA HAM-VIESTE)A
2. ARVIOIP(SANA, = ) =0. LASKEMALLADATASTA
(VRT. LASKUHAR).)

¥ VAROTTAVA NOLLATOPENNAKOISYYKSIA!
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