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ࡦ . . .
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ࡦ +ȋŒɻɻǩ˨ƁŒʉǩȴȣ
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ࡦ . . .



DР˺ΓϑΉ̺

ࡦ cǩʻƟȣ Œ ɻƟʉ ȴǇ ȋŒŷƟȋƟƌ ƟȝŒǩȋɻ

ࡦ #ʞǩȋƌ Œ ƁȋŒɻɻǩ˨Ɵɫ ʉǞŒʉ ɠɫƟƌǩƁʉɻ
ɻɠŒȝࡷȣȴȣ࢙ɻɠŒȝ ȋŒŷƟȋɻ Ǉȴɫ ǩȣƁȴȝǩȣǊ ƟȝŒǩȋɻ

Spam filter binary classifier

Xi y 40,13
I spam non spanemail

Xz 42690,1
r n n



DР˺ΓϑΉ̺

ࡦ cǩʻƟȣ Œ ɻƟʉ ȴǇ ȋŒŷƟȋƟƌ ƟȝŒǩȋɻ

ࡦ #ʞǩȋƌ Œ ƁȋŒɻɻǩ˨Ɵɫ ʉǞŒʉ ɠɫƟƌǩƁʉɻ
ɻɠŒȝࡷȣȴȣ࢙ɻɠŒȝ ȋŒŷƟȋɻ Ǉȴɫ ǩȣƁȴȝǩȣǊ ƟȝŒǩȋɻ



ð̺ϫϺϑ

ࡦ ßŒɫʉǩʉǩȴȣ ȋŒŷƟȋƟƌ ƌŒʉŒ ǩȣʉȴ ʉǞɫƟƟ ɻƟʉɻࡩ
ࡦ ʉɫŒǩȣǩȣǊ ɻŒȝɠȋƟ
ࡦ ʻŒȋǩƌŒʉǩȴȣ ɻŒȝɠȋƟ
ࡦ ʉƟɻʉ ɻŒȝɠȋƟ

ࡦ xƌƟȣʉǩǇˈ ɫƟȋƟʻŒȣʉ ǇƟŒʉʞɫƟɻ

ࡦ üɫŒǩȣ ȴȣ ʉɫŒǩȣǩȣǊ ɻŒȝɠȋƟ

ࡦ üʞȣƟ ɠŒɫŒȝƟʉƟɫɻ ʞɻǩȣǊ ʻŒȋǩƌŒʉǩȴȣ ɻŒȝɠȋƟ

ࡦ DʻŒȋʞŒʉƟ ʞɻǩȣǊ ʉƟɻʉ ɻŒȝɠȋƟ
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ࡦ ßŒɫʉǩʉǩȴȣ ȋŒŷƟȋƟƌ ƌŒʉŒ ǩȣʉȴ ʉǞɫƟƟ ɻƟʉɻࡩ
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ࡦ üʞȣƟ ɠŒɫŒȝƟʉƟɫɻ ʞɻǩȣǊ ʻŒȋǩƌŒʉǩȴȣ ɻŒȝɠȋƟ

ࡦ DʻŒȋʞŒʉƟ ʞɻǩȣǊ ʉƟɻʉ ɻŒȝɠȋƟ

Isfhf.hn hanuacueunt pnineethesiJ EN
nickname heal home

I.li shd.wg Y good aassifea
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ࡦ ßŒɫʉǩʉǩȴȣ ȋŒŷƟȋƟƌ ƌŒʉŒ ǩȣʉȴ ʉǞɫƟƟ ɻƟʉɻࡩ
ࡦ ʉɫŒǩȣǩȣǊ ɻŒȝɠȋƟ
ࡦ ʻŒȋǩƌŒʉǩȴȣ ɻŒȝɠȋƟ
ࡦ ʉƟɻʉ ɻŒȝɠȋƟ

ࡦ xƌƟȣʉǩǇˈ ɫƟȋƟʻŒȣʉ ǇƟŒʉʞɫƟɻ
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ࡦ DʻŒȋʞŒʉƟ ʞɻǩȣǊ ʉƟɻʉ ɻŒȝɠȋƟ
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for example choose On
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īͩ˺ϫ ̤˺Η ̜̺ Ή̺˺ϘΗ̺̭ࡲ

ࡦ īǞŒʉ ƁŒȣ ŷƟ ȋƟŒɫȣƟƌࡲ

ࡦ īǞŒʉ ƁŒȣȣȴʉ ŷƟ ȋƟŒɫȣƟƌࡲ

ࡦ oȴʿ ȝŒȣˈ ɻŒȝɠȋƟɻ ƌȴ ʿƟ ȣƟƟƌ ʉȴ ȋƟŒɫȣࡲ

ࡦ `ɫŒȝƟʿȴɫȅ ȴǇ ß�+ ȋƟŒɫȣǩȣǊ ࡱ�ࢍ ĨŒȋǩŒȣʉࡪ ࢎࠁࠅࠆ߾
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ࡦ īǞŒʉ ƁŒȣ ŷƟ ȋƟŒɫȣƟƌࡲ
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ࡦ ĩ࢕ɻƟʉ ȴǇ Œȋȋ ɠȴɻɻǩŷȋƟ ǩȣɻʉŒȣƁƟɻࡷƟˇŒȝɠȋƟɻ

ࡦ D࢕ʉŒɫǊƟʉ ƌǩɻʉɫǩŷʞʉǩȴȣ ȴʻƟɫ ĩ

ࡦ ƀ࢕ʉŒɫǊƟʉ ƁȴȣƁƟɠʉ

ࡦ ƁȴȣƁƟɠʉ࢕* ƁȋŒɻɻ

ࡦ m࢕ɻƟʉ ȴǇ ƁȴȣƁƟɠʉ ǞˈɠȴʉǞƟɻƟɻ

ࡦ cȴŒȋࡩ ǊǩʻƟȣ ʉɫŒǩȣǩȣǊ ɻƟʉࡪ ɻƟȋƟƁʉ Ǜ ∈ m ʉǞŒʉ
ŒɠɠɫȴˇǩȝŒʉƟɻ ƀ ʿƟȋȋ

X set of emails
set offeature vectors
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ŒɠɠɫȴˇǩȝŒʉƟɻ ƀ ʿƟȋȋ

connect classifier
c email Oil

glam thenspray
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ࡦ m࢕ɻƟʉ ȴǇ ƁȴȣƁƟɠʉ ǞˈɠȴʉǞƟɻƟɻ

ࡦ cȴŒȋࡩ ǊǩʻƟȣ ʉɫŒǩȣǩȣǊ ɻƟʉࡪ ɻƟȋƟƁʉ Ǜ ∈ m ʉǞŒʉ
ŒɠɠɫȴˇǩȝŒʉƟɻ ƀ ʿƟȋȋ

class of all concepts

C all functions forumfeatureex CC vectors 0,13

c.EC
dataXiEXYicCx
XzEXyz CCxz

m EX y cClem
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ࡦ ĩ࢕ɻƟʉ ȴǇ Œȋȋ ɠȴɻɻǩŷȋƟ ǩȣɻʉŒȣƁƟɻࡷƟˇŒȝɠȋƟɻ

ࡦ D࢕ʉŒɫǊƟʉ ƌǩɻʉɫǩŷʞʉǩȴȣ ȴʻƟɫ ĩ

ࡦ ƀ࢕ʉŒɫǊƟʉ ƁȴȣƁƟɠʉ
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ࡦ cȴŒȋࡩ ǊǩʻƟȣ ʉɫŒǩȣǩȣǊ ɻƟʉࡪ ɻƟȋƟƁʉ Ǜ ∈ m ʉǞŒʉ
ŒɠɠɫȴˇǩȝŒʉƟɻ ƀ ʿƟȋȋ

e g tf linear functions forum
features sang
N o 3 UzoO l Vz 5 t 3 100
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ࡦ ĩ࢕ɻƟʉ ȴǇ Œȋȋ ɠȴɻɻǩŷȋƟ ǩȣɻʉŒȣƁƟɻࡷƟˇŒȝɠȋƟɻ

ࡦ D࢕ʉŒɫǊƟʉ ƌǩɻʉɫǩŷʞʉǩȴȣ ȴʻƟɫ ĩ

ࡦ ƀ࢕ʉŒɫǊƟʉ ƁȴȣƁƟɠʉ

ࡦ ƁȴȣƁƟɠʉ࢕* ƁȋŒɻɻ

ࡦ m࢕ɻƟʉ ȴǇ ƁȴȣƁƟɠʉ ǞˈɠȴʉǞƟɻƟɻ

ࡦ cȴŒȋࡩ ǊǩʻƟȣ ʉɫŒǩȣǩȣǊ ɻƟʉࡪ ɻƟȋƟƁʉ Ǜ ∈ m ʉǞŒʉ
ŒɠɠɫȴˇǩȝŒʉƟɻ ƀ ʿƟȋȋ
For a random email EX sampled from D

tix fC with highprobability



DϘϘΧϘϡ
cƟȣƟɫŒȋǩ˔Œʉǩȴȣ Dɫɫȴɫ
`ȴɫ ǞˈɠȴʉǞƟɻǩɻ Ǜࡪ ʉŒɫǊƟʉ ƁȴȣƁƟɠʉ ƀࡪ Œȣƌ ʉŒɫǊƟʉ
ƌǩɻʉɫǩŷʞʉǩȴȣ ࡩ3

ß(Ǜ) = Pr
ˀ∼3

[Ǜ(ˀ) ̸= ƀ(ˀ) .

DȝɠǩɫǩƁŒȋ Dɫɫȴɫ

`ȴɫ ǞˈɠȴʉǞƟɻǩɻ Ǜࡪ ʉŒɫǊƟʉ ƁȴȣƁƟɠʉ ƀࡪ Œȣƌ ɻŒȝɠȋƟ
è = (ˀ߾, . . . , ˀȚ)ࡩ

ß̂(Ǜ) = |{ˀǦ : Ǜ(ˀǦ) ̸= ƀ(ˀǦ)}|
Ț .

We want to minimize R h



DϘϘΧϘϡ
cƟȣƟɫŒȋǩ˔Œʉǩȴȣ Dɫɫȴɫ
`ȴɫ ǞˈɠȴʉǞƟɻǩɻ Ǜࡪ ʉŒɫǊƟʉ ƁȴȣƁƟɠʉ ƀࡪ Œȣƌ ʉŒɫǊƟʉ
ƌǩɻʉɫǩŷʞʉǩȴȣ ࡩ3

ß(Ǜ) = Pr
ˀ∼3

[Ǜ(ˀ) ̸= ƀ(ˀ) .

DȝɠǩɫǩƁŒȋ Dɫɫȴɫ

`ȴɫ ǞˈɠȴʉǞƟɻǩɻ Ǜࡪ ʉŒɫǊƟʉ ƁȴȣƁƟɠʉ ƀࡪ Œȣƌ ɻŒȝɠȋƟ
è = (ˀ߾, . . . , ˀȚ)ࡩ

ß̂(Ǜ) = |{ˀǦ : Ǜ(ˀǦ) ̸= ƀ(ˀǦ)}|
Ț .

don't know
how to compute

X Y _CQ

xm Ym Clem training

know to

TI I I compute



�Ж̺Ϙ˺̺͞ DϘϘΧϘ

Eè[ß̂(Ǜ)] = ß(Ǜ) .
y
Empirical
ennon

Generalization
e n non

5 Dm



ß�+ �̺˺ϘΗͮΗ͞
ß�+ ˈßɫȴŷŒŷȋࢍ �ɠɠɫȴˇǩȝŒʉƟȋˈ +ȴɫɫƟƁʉࢎ

+ȴȣƁƟɠʉ ƁȋŒɻɻ * ǩɻ ß�+࢙ȋƟŒɫȣŒŷȋƟ ǩǇ ʉǞƟɫƟ Ɵˇǩɻʉɻ
ȋƟŒɫȣǩȣǊ ŒȋǊȴɫǩʉǞȝ ɻࡱʉࡱ
ࡦ Ǉȴɫ Œȋȋ ƀ ∈ *, ε > ߽, δ > ࡪ߽ Œȋȋ ƌǩɻʉɫǩŷʞʉǩȴȣɻ ࡩ3

Pr
è∼3Ț

[ß(Ǜè) ≤ ε] ≥ −߾ δ ,
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