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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Êîððåêòíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Èíôîðìàòèâíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ

Ýëåìåíòàðíûé êëàññèôèêàòîð

Îïðåäåëåíèå

Ýëåìåíòàðíûì êëàññèôèêàòîðîì (ýë.êë.) ðàíãà r, 1 ⩽ r ⩽ n,
íàçûâàåòñÿ ïàðà (H,σ), ãäå H = (xj1 , . . . , xjr ) � íàáîð ðàçëè÷íûõ
ïðèçíàêîâ è σ = (σ1, . . . , σr) � âåêòîð, â êîòîðîì σt � äîïóñòèìîå
çíà÷åíèå ïðèçíàêà xjt , t ∈ {1, . . . , r}.

H(S) = (xj1(S), . . . , xjr (S)) � ïðèçíàêîâîå ïîäîïèñàíèå
îáúåêòà S

ýë.êë. (H,σ), âûäåëÿåò îáúåêò, åñëè H(S) = σ, ò.å. ôàêòè÷åñêè
çàäà¼ò êîíúþíêöèþ [[xj1(S) = σ1 ∧ . . . ∧ xjr (S) = σr]]
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Êîððåêòíûé ýëåìåíòàðíûé êëàññèôèêàòîð

Îïðåäåëåíèå

Ýë.êë. (H,σ) íàçûâàåòñÿ êîððåêòíûì äëÿ êëàññà K, åñëè íå
ñóùåñòâóåò äâóõ ïðåöåäåíòîâ Si è St, âûäåëÿåìûõ ýë.êë. (H,σ),
òàêèõ, ÷òî Si ∈ K è St /∈ K.

Îïðåäåëåíèå

Êîððåêòíûé äëÿ êëàññà K ýë.êë. (H,σ) ðàíãà r íàçûâàåòñÿ
òóïèêîâûì, åñëè äëÿ ëþáîãî k ∈ {1, . . . , r} è
H ′ = (xj1 , . . . , xjk−1

, xjk+1
, . . . , xjr ), σ

′ = (σ1, . . . , σk−1, σk+1, . . . , σr)
ýë.êë. (H ′, σ′) íå ÿâëÿåòñÿ êîððåêòíûì äëÿ K.
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Îïðåäåëåíèå
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êîòîðûé

1 âûäåëÿåò õîòÿ áû îäèí ïðåöåäåíò èç K è

2 íå âûäåëÿåò íè îäíîãî ïðåöåäåíòà íå èç K.

Ïðåäñòàâèòåëüíûå íàáîðû � îäèí èç âèäîâ êîððåêòíûõ ýë.êë.
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Àëãîðèòì ãîëîñîâàíèÿ ïî ïðåäñòàâèòåëüíûì íàáîðàì

Ïîñòðîåíèå àëãîðèòìà ãîëîñîâàíèÿ ïî ïðåäñòàâèòåëüíûì íàáîðàì
âêëþ÷àåò äâà ýòàïà:

Ãîëîñîâàíèå ïî ïðåäñòàâèòåëüíûì íàáîðàì

Íà ýòàïå îáó÷åíèÿ äëÿ êàæäîãî êëàññà K ∈ {K1, . . . ,Kl}
ñòðîèòñÿ ñåìåéñòâî CK ïðåäñòàâèòåëüíûõ íàáîðîâ

Ïðè ðàñïîçíàâàíèè îáúåêòà S äëÿ êàæäîãî êëàññà
K ∈ {K1, . . . ,Kl} âû÷èñëÿåòñÿ îöåíêà ïðèíàäëåæíîñòè S ê K

Γ(S,K) =
∑

(H,σ)∈CK

w(H,σ)[[H(S) = σ]],

Îáúåêò S îòíîñèòñÿ ê êëàññó ñ íîìåðîì

y∗ = argmax
y

Γ(S,Ky)
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Êîððåêòíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Èíôîðìàòèâíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ

Ïðåèìóùåñòâà è íåäîñòàòêè ãîëîñîâàíèÿ ïî
ïðåäñòàâèòåëüíûì íàáîðàì

Ïðåèìóùåñòâà

+ Êîððåêòíîñòü àëãîðèòìà îáåñïå÷èâàåòñÿ òåì,
ïðåäñòàâèòåëüíûå íàáîðû ãîëîñóþò òîëüêî çà îáúåêòû
¾ñâîåãî¿ êëàññà

+ Õîðîøàÿ èíòåðïðåòèðóåìîñòü ðàñïîçíàþùåãî àëãîðèòìà:

ãîëîñîâàíèå ïî êîíúþíêöèÿì
âû÷èñëåíèå îöåíêè áëèçîñòè îáúåêòà ê ïðåöåäåíòàì

+ Îãðàíè÷åíèå ðàíãà ýë.êë. ïîçâîëÿåò óñêîðèòü îáó÷åíèå
(íàïðèìåð, â àëãîðèòìå ¾Êîðà¿ íå áîëüøå 3 ïðèçíàêîâ)

Íåäîñòàòêè

- Ñðåäè ýê.êë. íåáîëüøîãî ðàíãà ìîæåò íå îêàçàòüñÿ
êîððåêòíûõ

- Â îáùåì ñëó÷àå ýòàï îáó÷åíèÿ ñâÿçàí ñ ðåøåíèåì
âû÷èñëèòåëüíî ñëîæíûõ çàäà÷
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Èíôîðìàòèâíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ

Ïðåäèêàòû íà ìíîæåñòâå îáúåêòîâ

B : M → {0, 1} � ïðåäèêàò íà ìíîæåñòâå îáúåêòîâ (ìíîæåñòâå
âåêòîðîâ çíà÷åíèé ïðèçíàêîâ)

Åñëè B(S) = 1, òî ãîâîðÿò, ÷òî ïðåäèêàò B âûäåëÿåò îáúåêò S

Íàïðèìåð, ýë.êë. (H,σ) îïðåäåëÿåò ïðåäèêàò

B(S) = [[H(S) = σ]]

Äëÿ êëàññà K îáîçíà÷èì:

PK = |T ∩K|, NK = |T \K|,
pK(B) =

∑
Si∈T∩K

B(Si), nK(B) =
∑

Si∈T\K

B(Si)

pK(B)︷ ︸︸ ︷
Si∈T∩K:
B(Si)=1

Si∈T∩K:
B(Si)=0︸ ︷︷ ︸

PK

nK(B)︷ ︸︸ ︷
Si∈T\K:
B(Si)=1

Si∈T\K:
B(Si)=0︸ ︷︷ ︸

NK
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Äëÿ êëàññà K îáîçíà÷èì:

PK = |T ∩K|, NK = |T \K|,
pK(B) =

∑
Si∈T∩K

B(Si), nK(B) =
∑

Si∈T\K

B(Si)

pK(B)︷ ︸︸ ︷
Si∈T∩K:
B(Si)=1

Si∈T∩K:
B(Si)=0︸ ︷︷ ︸

PK

nK(B)︷ ︸︸ ︷
Si∈T\K:
B(Si)=1

Si∈T\K:
B(Si)=0︸ ︷︷ ︸

NK
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Êîððåêòíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Èíôîðìàòèâíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ

Ëîãè÷åñêèå çàêîíîìåðíîñòè

Ïðåäèêàò íàçûâàåòñÿ ëîãè÷åñêîé çàêîíîìåðíîñòüþ, åñëè îí:

çàïèñûâàåòñÿ íà åñòåñòâåííîì ÿçûêå è îáû÷íî çàâèñèò îò
íåáîëüøîãî ÷èñëà ïðèçíàêîâ (èíòåðïðåòèðóåìîñòü)
âûäåëÿåò ïðåèìóùåñòâåííî îáúåêòû îäíîãî êëàññà
(èíôîðìàòèâíîñòü):

pK(B) → max, nK(B) → min,
pK(B)

PK
≫ nK(B)

NK

Â ëîãè÷åñêîì ïîäõîäå ÷àñòî îò çàêîíîìåðíîñòåé òðåáóåòñÿ
êîððåêòíîñòü (íåïðîòèâîðå÷èâîñòü): nK(B) = 0

Òàêæå ïðèìåíÿþòñÿ ¾àíòèïðåäñòàâèòåëüíûå¿ ïðåäèêàòû ñî
ñâîéñòâîì pK(B) = 0, nK(B) > 0, êîòîðûå òàêæå íàçûâàþòñÿ
êîððåêòíûìè
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Êîððåêòíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Èíôîðìàòèâíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ

Ìåòðèêè èíôîðìàòèâíîñòè ïðåäèêàòîâ

Îïòèìèçàöèþ èíôîðìàòèâíîñòè ïðåäèêàòà óäîáíåå îñóùåñòâëÿòü,
êîãäà åñòü îäíà ìåòðèêà IK(B) âìåñòî äâóõ:

pK(B) → max, nK(B) → min

Ïðèìåðû õîðîøèõ ìåòðèê èíôîðìàòèâíîñòè:

Ñòàòèñòè÷åñêàÿ èíôîðìàòèâíîñòü:

IK(B) = − lnhPK ,NK
(pK(B), nK(B)), ãäå hP,N (p, n) =

Cp
PC

n
N

Cp+n
P+N

,

ñîãëàñíî òî÷íîìó òåñòó Ôèøåðà, ïðè íåáîëüøèõ çíà÷åíèÿõ
âåðîÿòíîñòè hPK ,NK

(pK(B), nK(B)) îòâåðãàåòñÿ ãèïîòåçà
íåçàâèñèìîñòè ñëó÷àéíûõ èíäèêàòîðîâ [[Si ∈ K]] è [[B(Si) = 1]]
ïðè ðàâíîìåðíîì âûáîðå Si èç îáó÷àþùåé âûáîðêè T .
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Êîððåêòíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Èíôîðìàòèâíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ

Ìåòðèêè èíôîðìàòèâíîñòè ïðåäèêàòîâ (2)

Ýíòðîïèéíàÿ èíôîðìàòèâíîñòü (IGain):

IK(B) = Ĥ(PK , NK)− ĤB(PK , NK , pK(B), nK(B)),

ãäå Ĥ(P,N) = H
( P

P +N
,

N

P +N

)
� ýíòðîïèÿ âûáîðêè,

H(p, q) = −p log p− q log q,

ĤB(P,N, p, n) =
p+ n

P +N
Ĥ(p, n)+

P +N − p− n

P +N
Ĥ(P −p,N−n)

� ýíòðîïèÿ ñ èíôîðìàöèåé î òîì, êàêèå îáúåêòû âûäåëÿåò B(S)

Èíôîðìàòèâíîñòü äëÿ áóñòèíãà

IK(B) =
√
pK(B)−

√
nK(B)
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Êîððåêòíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Èíôîðìàòèâíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ

Ñâÿçü ðàíãà, êîððåêòíîñòè è èíôîðìàòèâíîñòè ýë.êë.

Ðàññìîòðèì ïðèêëàäíóþ çàäà÷ó Car Evaluation èç ðåïîçèòîðèÿ
UCI (6 ïðèçíàêîâ, 1728 îáúåêòîâ, 4 êëàññà).

Îòáåðåì ýë.êë. ñ èíôîðìàòèâíîñòüþ IGain âûøå ïîðîãà
I0 = 0, 002 (âñåãî: 3950 ýë.êë., èç íèõ 1631 êîððåêòíûõ ýë.êë.)
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Êîððåêòíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Èíôîðìàòèâíîñòü ýëåìåíòàðíûõ êëàññèôèêàòîðîâ

Êîððåêòíûå vs íåêîððåêòíûå ýë.êë.

Â ïðèêëàäíûõ çàäà÷àõ ñóùåñòâåííàÿ ÷àñòü êîððåêòíûõ ýë.êë.
èìååò áîëüøîé ðàíã, ÷òî óñëîæíÿåò àëãîðèòì è ïðèâîäèò ê
ïåðåîáó÷åíèþ (ïëîõî ðàñïîçíàåò òå îáúåêòû, êîòîðûå íå
âñòðå÷àþòñÿ â âûáîðêå)

Ñðåäè íåêîððåêòíûõ ýë.êë. ñóùåñòâåííàÿ äîëÿ äîñòàòî÷íî
èíôîðìàòèâíûõ, ñîãëàñíî îáùåïðèíÿòûì è òåîðåòè÷åñêè
îáîñíîâàíííûì ìåòðèêàì èíôîðìàòèâíîñòè

Êîððåêòíûå ýë.êë., êàê ïðàâèëî, ìàëîèíôîðìàòèâíû â ñëó÷àå
áîëüøîé çíà÷íîñòè ïðèçíàêîâ, ïîñêîëüêî êàæäûé ýë.êë.
âñòðå÷àåòñÿ â íåáîëüøîé äîëå ïðåöåäåíòîâ

Ïîïðîáóåì îòêàçàòüñÿ îò íåïðîòèâîðå÷èâîñòè ýë.êë. è
ñêîððåêòèðîâàòü âûäåëÿåìûå èìè îáúåêòû â ñîâîêóïíîñòè
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Ëîãè÷åñêèå êîððåêòîðû
Îáó÷åíèå ëîãè÷åñêèõ êîððåêòîðîâ
Ýêñïåðèìåíòû ñ ëîãè÷åñêèìè êîððåêòîðàìè

Àëãåáðàè÷åñêèé ïîäõîä

Ðåøàåòñÿ çàäà÷à ðàñïîçíàâàíèÿ îáúåêòîâ ìíîæåñòâà M íà
êëàññû ñ íîìåðàìè èç Y . Íà ýòàïå îáó÷åíèÿ ïî âûáîðêå T
ñòðîèòñÿ àëãîðèòì AT : M → Y

Â àëãåáðàè÷åñêîì ïîäõîäå (Æóðàâëåâ, 1978) ñòðîèòñÿ íàáîð
îïåðàöèé {B1, . . . , Bp}, äëÿ êîòîðîãî ìîæíî íàéòè ¾õîðîøóþ¿
êîððåêòèðóþùóþ ôóíêöèþ F : Rp → R è ¾ïðîñòîå¿ ðåøàþùåå
ïðàâèëî C : R → Y , R � ìíîæåñòâî îöåíîê :

M
AT−−−−→ Y

B1,...,Bp

y xC

Rp −−−−−−−−→
F (B1,...,Bp)

R

Àëãîðèòì ðàñïîçíàâàíèÿ � ýòî êîìïîçèöèÿ

AT (S) = C(F (B1(S), . . . , Bp(S)))
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Ýêñïåðèìåíòû ñ ëîãè÷åñêèìè êîððåêòîðàìè

Àëãåáðî-ëîãè÷åñêèé ïîäõîä

Ðàññìîòðèì â êà÷åñòâå îïåðàöèé ïðåäèêàòû {B1, . . . , Bp},
çàäàííûå ýë.êë., Bk : M → {0, 1}

Êîððåêòèðóþùèå ôóíêöèè åñòü âîçìîæíîñòü âûáèðàòü ñðåäè
áóëåâûõ ôóíêöèé

F : {0, 1}p → {0, 1}.

Ðàñïîçíàþùèå ïðîöåäóðû, ïîñòðîåííûå ïóòåì êîððåêöèè ýë.êë.,
íàçûâàþòñÿ ëîãè÷åñêèìè êîððåêòîðàìè

Êîððåêòíîå ðàñïîçíàâàíèå íà áàçå ïðîèçâîëüíûõ, íå
îáÿçàòåëüíî êîððåêòíûõ ýë.êë., îñíîâàíî íà èäåå
àëãåáðî-ëîãè÷åñêîãî ïîäõîäà, êîòîðàÿ ïðåäëîæåíà
â (Äþêîâà, Æóðàâë¼â, Ðóäàêîâ, 1996).
Çàðóáåæíûé àíàëîã � Logical Analysis of Data (LAD)
(Boros, Hammer et al., 2000).
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Îñíîâíûå ïîíÿòèÿ àëãåáðî-ëîãè÷åñêîãî ïîäõîäà

U =
(
(H1, σ1), . . . , (Hd, σd)

)
� íàáîð ýë.êë.

U(S) =
(
[[H1(S) = σ1]], . . . , [[Hd(S) = σd]]

)
� îòêëèê U íà îáúåêòå S

Îïðåäåëåíèå

Íàáîð ýë.êë. U íàçûâàåòñÿ êîððåêòíûì äëÿ êëàññà K, åñëè äëÿ
ëþáîé ïàðû ïðåöåäåíòîâ Si ∈ K è St /∈ K âûïîëíÿåòñÿ
U(Si) ̸= U(St).

Îïðåäåëåíèå

Áóëåâà ôóíêöèÿ F (t1, . . . , td), äëÿ êîòîðîé F (U(Si)) ̸= F (U(St)),
Si ∈ T ∩K, St ∈ T \K, íàçûâàåòñÿ êîððåêòèðóþùåé.

Îïðåäåëåíèå

Êîððåêòíûé íàáîð ýë.êë. U , èìåþùèé ìîíîòîííóþ êîððåêòèðóþùóþ
ôóíêöèþ, íàçûâàåòñÿ ìîíîòîííûì.
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Àëãîðèòìû ãîëîñîâàíèÿ ïî êîððåêòíûì íàáîðàì ýë.êë.
Ïåðâîå ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ëîãè÷åñêèõ êîððåêòîðîâ
ïðîâåäåíî â (Äþêîâà, Æóðàâë¼â, Ñîòíåçîâ, 2010).

Ïðîñòåéøèé ëîãè÷åñêèé êîððåêòîð

Íà ýòàïå îáó÷åíèÿ äëÿ êàæäîãî êëàññà K ∈ {K1, . . . ,Kl}
ñòðîèòñÿ ñåìåéñòâî WK êîððåêòíûõ äëÿ K íàáîðîâ ýë.êë.

Ïðè ðàñïîçíàâàíèè îáúåêòà S äëÿ êàæäîãî êëàññà
K ∈ {K1, . . . ,Kl} âû÷èñëÿåòñÿ îöåíêà ïðèíàäëåæíîñòè S ê K

Γ(S,K) =
1

|WK |
∑

U∈WK

1

|T ∩K|
∑

Si∈T∩K

[[U(Si) = U(S)]] (1)

Îáúåêò S îòíîñèòñÿ ê êëàññó ñ íîìåðîì y∗ = argmaxy Γ(S,Ky)

Â ñëó÷àå ãîëîñîâàíèÿ ïî ìîíîòîííûì êîððåêòíûì íàáîðàì ýë.êë. â
ôîðìóëå (1) âìåñòî [[U(Si) = U(S)]] áåð¼òñÿ [[U(Si) ≼ U(S)]], ãäå
(a1, . . . , an) ≼ (b1, . . . , bn) ⇔ aj ⩽ bj ,∀j ∈ {1, . . . , n}.
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ
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Îáó÷åíèå ëîãè÷åñêèõ êîððåêòîðîâ
Ýêñïåðèìåíòû ñ ëîãè÷åñêèìè êîððåêòîðàìè
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Γ(S,K) =
1

|WK |
∑

U∈WK

1

|T ∩K|
∑

Si∈T∩K
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Êîìïîíåíòû àëãîðèòìà ãîëîñîâàíèÿ ïî êîððåêòíûì
íàáîðàì ýë.êë.

Êàæäûé íàáîð U ∈ WK äëèíû d èìååò êîððåêòèðóþùóþ áóëåâó
ôóíêöèþ

F (t1, . . . , td) =
∨

Si∈T∩K

[[U(Si) = (t1, . . . , td)]]

Äëÿ ñåìåéñòâà WK êîððåêòíûõ íàáîðîâ ýë.êë. ôóíêöèÿ
âû÷èñëåíèÿ îöåíêè Γ(S,K) îáëàäàåò ñâîéñòâîì

Γ(Si,K) > 0, Si ∈ K,

Γ(Si,K) = 0, Si /∈ K,

ïîýòîìó ìîæåò âûñòóïàòü â ðîëè êîððåêòèðóþùåé â òåðìèíàõ
àëãåáðàè÷åñêîãî ïîäõîäà

Ñòàíäàðòíîå ðåøàþùåå ïðàâèëî äëÿ çàäà÷è ñ l êëàññàìè íàä
âû÷èñëåííûìè îöåíêàìè:

C(Γ1, . . . ,Γl) = argmax
y

Γy
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Ðåøåíèå îñíîâíîé çàäà÷è ýòàïà îáó÷åíèÿ
Ïîèñê êîððåêòíûõ äëÿ K íàáîðîâ ýë.êë. ñâîäèòñÿ ê ïîèñêó ïîêðûòèé
áóëåâîé ìàòðèöû (ìàòðèöû ¾ñðàâíåíèÿ¿)

(H,σ)

...

· · · [[H(Si) = σ]] ̸= [[H(St) = σ]] · · ·
(Si, St),
Si ∈ T ∩K,
St ∈ T \K

...

LK =

Óòâåðæäåíèå

Íàáîð ýë.êë. U = ((H1, σ1), . . . , (Hd, σd)) ÿâëÿåòñÿ (òóïèêîâûì)
êîððåêòíûì äëÿ K òîãäà è òîëüêî òîãäà, êîãäà íàáîð ñòîëáöîâ ìàòðèöû
LK , ñîîòâåòñòâóþùèé ýë.êë. (H1, σ1), . . . , (Hd, σd), ÿâëÿåòñÿ
(íåïðèâîäèìûì) ïîêðûòèåì ìàòðèöó LK .
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
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Ýêñïåðèìåíòû ñ ëîãè÷åñêèìè êîððåêòîðàìè

Ïðîáëåìà âû÷èñëèòåëüíîãî õàðàêòåðà

Ìàòðèöà LK , êàê ïðàâèëî, èìååò áîëüøîé ðàçìåð è ìíîãî
ïîêðûòèé. Äëÿ ñíèæåíèÿ âû÷èñëèòåëüíîé ñëîæíîñòè ïðèìåíÿþòñÿ
ñëåäóþùèå ïîäõîäû:

Ðàññìàòðèâàëèñü òîëüêî ýë.êë. ðàíãà íå áîëüøå rmax è/èëè
èíôîðìàòèâíîñòüþ íå ìåíüøå Imin (óìåíüøåíèå ÷èñëà
ñòîëáöîâ). ×àùå âñåãî rmax = 1

Ìàòðèöà LK ñòðîèòñÿ ïî ñëó÷àéíîé ïîäâûáîðêå è ñëó÷àéíîìó
íàáîðó ïðèçíàêîâ (ñòîõàñòè÷åñêèé àëãîðèòì, bagging)

Ïðåäâàðèòåëüíî îòáèðàåòñÿ ëîêàëüíûé áàçèñ íàèáîëåå
èíôîðìàòèâíûõ ýë.êë. Ïðèìåíÿåòñÿ boosting äëÿ èòåðàòèâíîãî
ôîðìèðîâàíèÿ ëîêàëüíûõ áàçèñîâ ñ õîðîøåé äèâåðñèôèêàöèåé

Îòáèðàåòñÿ íå áîëåå Nmax ðàçëè÷íûõ íåïðèâîäèìûõ ïîêðûòèé
ìàòðèöû LK ñ ðàñïîçíàþùåé ñïîñîáíîñòüþ áëèçêîé ê
ìàêñèìàëüíîé. Ïîèñê ïîêðûòèé îñóùåñòâëÿåòñÿ ãåíåòè÷åñêèì
àëãîðèòìîì.
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èíôîðìàòèâíîñòüþ íå ìåíüøå Imin (óìåíüøåíèå ÷èñëà
ñòîëáöîâ). ×àùå âñåãî rmax = 1

Ìàòðèöà LK ñòðîèòñÿ ïî ñëó÷àéíîé ïîäâûáîðêå è ñëó÷àéíîìó
íàáîðó ïðèçíàêîâ (ñòîõàñòè÷åñêèé àëãîðèòì, bagging)

Ïðåäâàðèòåëüíî îòáèðàåòñÿ ëîêàëüíûé áàçèñ íàèáîëåå
èíôîðìàòèâíûõ ýë.êë. Ïðèìåíÿåòñÿ boosting äëÿ èòåðàòèâíîãî
ôîðìèðîâàíèÿ ëîêàëüíûõ áàçèñîâ ñ õîðîøåé äèâåðñèôèêàöèåé

Îòáèðàåòñÿ íå áîëåå Nmax ðàçëè÷íûõ íåïðèâîäèìûõ ïîêðûòèé
ìàòðèöû LK ñ ðàñïîçíàþùåé ñïîñîáíîñòüþ áëèçêîé ê
ìàêñèìàëüíîé. Ïîèñê ïîêðûòèé îñóùåñòâëÿåòñÿ ãåíåòè÷åñêèì
àëãîðèòìîì.
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Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Ëîãè÷åñêèå êîððåêòîðû
Îáó÷åíèå ëîãè÷åñêèõ êîððåêòîðîâ
Ýêñïåðèìåíòû ñ ëîãè÷åñêèìè êîððåêòîðàìè

Ìàòðèöà ñðàâíåíèÿ äëÿ ïîèñêà ìîíîòîííûõ êîððåêòíûõ
íàáîðîâ ýë.êë.

Ïîèñê ìîíîòîííûõ êîððåêòíûõ äëÿ K íàáîðîâ ýë.êë. ñâîäèòñÿ ê
ïîèñêó ïîêðûòèé áóëåâîé ìàòðèöû (ìàòðèöû ¾ñðàâíåíèÿ¿)

(H,σ)

...

· · · [[H(Si) = σ]] > [[H(St) = σ]] · · ·
(Si, St),
Si ∈ T ∩K,
St ∈ T \K

...

L̃K =

Óòâåðæäåíèå

Íàáîð ýë.êë. U = ((H1, σ1), . . . , (Hd, σd)) ÿâëÿåòñÿ (òóïèêîâûì)
ìîíîòîííûì êîððåêòíûì äëÿ K òîãäà è òîëüêî òîãäà, êîãäà íàáîð
ñòîëáöîâ ìàòðèöû L̃K , ñîîòâåòñòâóþùèé ýë.êë. (H1, σ1), . . . , (Hd, σd),
ÿâëÿåòñÿ (íåïðèâîäèìûì) ïîêðûòèåì ìàòðèöó L̃K .
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Ëîãè÷åñêèå êîððåêòîðû
Îáó÷åíèå ëîãè÷åñêèõ êîððåêòîðîâ
Ýêñïåðèìåíòû ñ ëîãè÷åñêèìè êîððåêòîðàìè

Òåñòîâûå çàäà÷è

Íàçâàíèå l m n z
1. audiology 24 226 69 161
2. balance scale 3 625 4 20
3. breast cancer 2 699 9 90
4. car 4 1728 6 21
5. dermatology 4 366 34 192
6. house votes 2 435 16 48
7. kr vs kp 2 3196 36 73
8. monks-2 2 601 6 17
9. nursery 5 12960 8 27
10. soybean large 19 307 35 132
11. tic tac toe 2 958 9 27
12. optdigits 10 5620 64 914
13. letter recognition 26 20000 16 256
14. lenses 3 24 4 9
15. soybean small 4 47 35 72
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Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Ëîãè÷åñêèå êîððåêòîðû
Îáó÷åíèå ëîãè÷åñêèõ êîððåêòîðîâ
Ýêñïåðèìåíòû ñ ëîãè÷åñêèìè êîððåêòîðàìè

Ðåçóëüòàòû ýêñïåðèìåíòîâ

Çàäà÷à Ò* ÏÍ* ÌÎÍ* ÎËÊ1 ÎËÊ2 ÎËÊ3 ÎËÊ4

1. audiology 0.03 0.03 0.03 0.03 0.03 0.02 0.03

2. b. scale 0.25 0.2 0.19 0.18 0.23 0.23 0.25

3. b. cancer 0.046 0.044 0.057 0.061 0.059 0.065 0.059

4. car 0.061 0.032 0.033 0.013 0.027 0.022 0.011

5. dermat. 0.41 0.4 0.4 0.39 0.42 0.44 0.43

6. h. votes 0.07 0.05 0.07 0.05 0.06 0.07 0.08

7. kr-vs-kp 0.008 0.004 0.003 0.008 0.007 0.004 0.003

8. monks-2 0.37 0.55 0.42 0.04 0.44 0.56 0.36

9. nursery 0.027 0.003 0.005 0.002 � 0.0019 0.004

10. soybean l. 0.075 0.064 0.072 0.078 0.106 0.083 0.075

11. tic-tac-toe 0.011 0.002 0.005 0.028 0.002 0.001 0.007

12. letter r. 0.21 0.16 0.25 � � 0.23 0.25

13. optdigits 0.25 0.23 0.17 0.15 � 0.27 0.14

14. lenses 0.42 0.25 0.29 0.33 0.29 0.38 0.25

15. soybean s. 0 0 0 0 0.02 0.04 0
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Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Ëîãè÷åñêèå êîððåêòîðû
Îáó÷åíèå ëîãè÷åñêèõ êîððåêòîðîâ
Ýêñïåðèìåíòû ñ ëîãè÷åñêèìè êîððåêòîðàìè

Âðåìÿ îáó÷åíèÿ ëîãè÷åñêèõ êîððåêòîðîâ ñ ðàçëè÷íûìè
ñòðàòåãèÿìè ïîñòðîåíèÿ ëîêàëüíûõ áàçèñîâ

ÎËÊ1 � îäèí ëîêàëüíûé áàçèñ èç îäíîðàíãîâûõ ýë.êë.

ÎËÊ2 � îäèí ëîêàëüíûé áàçèñ ñòðîèòñÿ áóñòèíãîì íàä
ïðåäñòàâèòåëüíûìè íàáîðàìè.

ÎËÊ3 � ëîêàëüíûé áàçèñ ìîäèôèöèðóåòñÿ íà êàæäîé èòåðàöèè
êëàññè÷åñêèì ãîëîñîâàíèåì ïî ïðåäñòàâèòåëüíûì íàáîðàì.

ÎËÊ4 � ëîêàëüíûé áàçèñ ìîäèôèöèðóåòñÿ íà êàæäîé èòåðàöèè áóñòèíãîì
íàä ïðåäñòàâèòåëüíûìè íàáîðàìè.

nursery optdigits
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Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Çàäà÷è íà ñàìîñòîÿòåëüíóþ ðàáîòó

1. Ïîñòðîèòü ìàòðèöó
ñðàâíåíèÿ äëÿ ïîèñêà êîððåêòíûõ ýë.êë. âûáîðêè

K1 = {(0, 1, 0, 0), (0, 0, 1, 0), (1, 0, 0, 0)}
K2 = {(1, 1, 0, 0), (0, 1, 1, 0), (0, 1, 1, 1)}.

Ðàññìîòðåòü âàðèàíòû ñ ðàçëè÷íûìè îãðàíè÷åíèÿìè
íà ðàíã ýë.êë. è èíôîðìàòèâíîñòü (IGain)
2. Âûïèñàòü ôîðìóëó äëÿ êîððåêòèðóþùåé áóëåâî ôóíêöèè
ìîíîòîííîãî êîððåêòíîãî íàáîðà ýë.êë.
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Ñâîéñòâà ýëåìåíòàðíûõ êëàññèôèêàòîðîâ
Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Âûâîäû

Êîððåêòíîñòü ýë.êë. ÿâëÿåòñÿ ñóùåñòâåííûì îãðàíè÷åíèåì â
ïðèêëàäíûõ çàäà÷àõ: ìåøàåò èñêàòü èíôîðìàòèâíûå
ëîãè÷åñêèå çàêîíîìåðíîñòè, ïëîõî ñêàçûâàåòñÿ íà îáîáùàþùåé
ñïîñîáíîñòè è èíòåðïðåòèðóåìîñòè îáó÷åííûõ àëãîðèòìîâ

Èäåè àëãåáðàè÷åñêîãî ïîäõîäà ïîçâîëèëè ðàçâèòü íîâîå
íàïðàâëåíèå � àëãåáðî-ëîãè÷åñêèé ïîäõîä. Ëîãè÷åñêèå
êîððåêòîðû íà ïðàêòèêå èìåþò ðàñïîçíàþùóþ ñïîñîáíîñòü
ëó÷øå, ÷åì ïðîöåäóðû ãîëîñîâàíèÿ ïî êîððåêòíûì ýë.êë.

Îáó÷åíèå ëîãè÷åñêèõ êîððåêòîðîâ ñâîäèòñÿ ê çàäà÷å
ìîíîòîííîé äóàëèçàöèè. Îäíàêî èç-çà áîëüøèõ âõîäíûõ ìàòðèö
ðåøàòü ýòó çàäà÷ó ¾â ëîá¿ íå ýôôåêòèâíî, ïîýòîìó
ïðèìåíÿþòñÿ ðàçíîîáðàçíûå ýâðèñòèêè äëÿ óìåíüøåíèÿ
âðåìåíè ñ÷åòà.
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Àëãåáðî-ëîãè÷åñêàÿ êîððåêöèÿ

Âûâîäû
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Èäåè àëãåáðàè÷åñêîãî ïîäõîäà ïîçâîëèëè ðàçâèòü íîâîå
íàïðàâëåíèå � àëãåáðî-ëîãè÷åñêèé ïîäõîä. Ëîãè÷åñêèå
êîððåêòîðû íà ïðàêòèêå èìåþò ðàñïîçíàþùóþ ñïîñîáíîñòü
ëó÷øå, ÷åì ïðîöåäóðû ãîëîñîâàíèÿ ïî êîððåêòíûì ýë.êë.
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Âûâîäû
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