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Ôîðìóëèðîâêà çàäà÷è
"Supervised Feature Selection in Graphs with Path Coding Penalties and Network
Flows"[2013]

Ïðèçíàêè ïðåäñòàâèìû â âèäå ãðàôà:

∃ ãðàô G = (V,U),

V � ìíîæåñòâî âåðøèí, ñîîòâåòñòâóùèõ ïðèçíàêàì {1, . . . ,p}
U ⊆ V ×V � ìíîæåñòâî ðåáåð
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Ãðàô ãåíîâ è ìåòàáîëèçìû(ïðîöåññû) äðîææåé
èç ðàáîòû "Classi�cation of microarray data using gene networks"[2007]
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Ôîðìóëèðîâêà çàäà÷è

min
w∈Rp

[
L(w) + λΩ(w)

]
w ∈ Rp � èñêîìûé ðàçðåæåííûé âåêòîð âåñîâ

L : Rp → R � âûïóêëàÿ ôóíêöèÿ îøèáîê

Ω : Rp → R � ôóíêöèÿ ðåãóëÿðèçàöèè

Âîïðîñ

Êàê ó÷åñòü ñòðóêòóðó ãðàôà â ñëàãàåìîì ðåãóëÿðèçàöèè?
Êîíêðåòíåå, õîòèì, ÷òîáû ðåãóëÿðèçàöèÿ ïîîùðÿëà ïðèçíàêè,
îáðàçóþùèå ñèëüíî ñâÿçíûå ïîäãðàôû.
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Ãðàô ïðèçíàêîâ
G = (V,U), V = {1, . . . ,p}
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Ãðàô ïðèçíàêîâ
Ïîîùðåíèå ïðèçíàêîâ, îáðàçóþùèõ ïîäãðàô ñ íåáîëüøèì êîëè÷åñòâîì êîìïîíåíò
ñâÿçíîñòè
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Ñòðóêòóèðîâàííàÿ ðàçðåæåííîñòü â ãðàôå
íåâûïóêëàÿ ðåãóëÿðèçàöèÿ Huang, Zhang, and Metaxas [2009]

Îïðåäåëåíèå

ϕG(w) , min
J⊆G

{∑
g∈G

ηg | Supp(w) ⊆
⋃
g∈J

g

}
.

Supp(w) , {j ∈ {1, . . . ,p} : wj 6= 0} - ïðèçíàêè ñ íåíóëåâûìè
âåñàìè

G � ïðåäîïðåäåëåííîå ìíîæåñòâî ãðóïï ïðèçíàêîâ

ηg � ïëàòà çà âûáîð ãðóïïû g ∈ G

øòðàôóþùàÿ ôóíêöèÿ íå âûïóêëàÿ

NP-ïîëíàÿ çàäà÷à

ñòðóêòóðà íåíóëåâûõ w � îáúåäèíåíèå íåñêîëüêèõ ãðóïï èç G

Âèõðåâà Ìàðèÿ, ÂÌÊ ÌÃÓ Îòáîð ïðèçíàêîâ â ãðàôå



Ñòðóêòóèðîâàííàÿ ðàçðåæåííîñòü â ãðàôå
âûïóêëàÿ ðåëàêñàöèÿ è ðåãóëÿðèçàöèÿ Jacob, Obozinski, and Vert [2009]

ϕG ìîæåò áûòü ïåðåïèñàíà â ìàòðè÷íîì âèäå:

ϕG(w) = min
x∈{0,1}|G|

{
ηTx

∣∣∣ Nx ≥ Supp(w)
}
.

È åå âûïóêëàÿ LP-ðåëàêñàöèÿ:

ψG(w) , min
x∈RG

+

{
ηTx

∣∣∣ Nx ≥ |w|
}
.
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Ñòðóêòóèðîâàííàÿ ðàçðåæåííîñòü â ãðàôå
Ñòóêòóðû ãðóïï

Î÷åâèäíûå ïðèìåðû ìíîæåñòâ ãðóïï G, ïîîùðàþùèõ ñâÿçàííîñòü
ãðàôîâ:

âñåâîçìîæíûå ïàðû ñîñåäíèõ âåðøèí. íå ó÷èòûâàåò äàëüíèõ
ñîñåäåé;

âñåâîçìîæíûå ñâÿçàííûå ïîäãðàôû ðàçìåðà íå áîëåå L.
òðóäîåìêèå âû÷èñëåíèÿ;

âñåâîçìîæíûå ñâÿçàííûå ïîäãðàôû. òðóäîåìêèå âû÷èñëåíèÿ.

Âîïðîñ

Ìîæåì ëè ìû çàìåíèòü ñâÿçíûå ïîäãðàôû äðóãîé ñòðóêòóðîé,
êîòîðàÿ (i) ó÷èòûâàëà áû âñåõ ñîñåäåé (ñîñåäåé ñîñåäåé è ò. ä.) â
ãðàôå è (ii) ñâîäèëàñü áû ê áûñòðî âû÷èñëèìîé ôóíêöèè
ðåãóëÿðèçàöèè?
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Ðåøåíèå â ñëó÷àå îðèåíòèðîâàííîãî àöèêëè÷íîãî
ãðàôà (DAG)

1 Îïðåäåëèì G êàê ìíîæåñòâî âñåõ ïóòåé â DAG.
2 Îïðåðåäëèì ηg = γ + |g| (ïëàòà çà âûáîð ãðóïïû g).

ψG(w) = (γ + 3) + (γ + 3)
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Êðàòêî î òðàíñïîðòíûõ ñåòÿõ

Òðàíñïîðòíàÿ ñåòü (�ow network) � îðèåíòèðîâàííûé ãðàô
G(V,E), â êîòîðîì

êàæäîìó ðåáðó (u, v) ∈ E ïðèïèñàíà íåîòðèöàòåëüíàÿ
ïðîïóñêíàÿ ñïîñîáíîñòü δ(u, v) ≥ 0
âûäåëåíû äâå âåðøèíû: èñòî÷íèê (source) s è ñòîê (sink) t

Ïîòîê f : V ×V→ R � íåîòðèöàòåëüíàÿ ôóíêöèÿ, îïðåäåëåííàÿ
íà ðåáðàõ:

îãðàíè÷åíèÿ ïî ïðîïóñêíîé ñïîñîáíîñòè fuv ≤ δuv
ñîõðàíåíèå ïîòîêà

∑
(u,v)∈E

=
∑

(v,z)∈E
äëÿ ∀v ∈ V\{s, t}
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Êðàòêî î òðàíñïîðòíûõ ñåòÿõ
Ñâîéñòâà

Ïîòîê èäåò îò èñòî÷íèêà s ê ñòîêó t.
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Êðàòêî î òðàíñïîðòíûõ ñåòÿõ
Ñâîéñòâà

Ëþáîé ïîòîê ïðåäñòàâèì â âèäå ñóììû "ïîòîêîâ-ïóòåé".
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Êðàòêî î òðàíñïîðòíûõ ñåòÿõ
Ñâîéñòâà

Ëþáîé ïîòîê ïðåäñòàâèì â âèäå ñóììû "ïîòîêîâ-ïóòåé".
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Êðàòêî î òðàíñïîðòíûõ ñåòÿõ
Ñâîéñòâà

Ëþáîé ïîòîê ïðåäñòàâèì â âèäå ñóììû "ïîòîêîâ-ïóòåé".
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Êðàòêî î òðàíñïîðòíûõ ñåòÿõ

Çàäà÷à î ïîòîêå ìèíèìàëüíîé ñòîèìîñòè

min
f

∑
(u,v)∈E

cuvfuv

cuv ∈ R � ñòîèìîñòü êàæäîãî ðåáðà (u, v) ∈ E
íàõîäèò ñàìûé äåøåâûé ñïîñîá ïåðåäà÷è îïðåäåë¼ííîãî
êîëè÷åñòâà ïîòîêà ÷åðåç òðàíñïîðòíóþ ñåòü

ñóùåñòâóþò áûñòðûå àëãîðèòìû ðåøåíèÿ
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Ðåøåíèå äëÿ DAG

V′ , V ∪ {s, t},
E′ , E ∪ {(s, v) : v ∈ V} ∪ {(u, t) : u ∈ V}
ηg , γ + |g|
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Ðåøåíèå äëÿ DAG

Îáîáùèì âåñà ηg, èñïîëüçóÿ ñòîèìîñòè ðåáåð:

ηg , csu1 + (
k−1∑
i=1

cuiui+1) + cukt =
∑

(u,v)∈(s,g,t)

cuv
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Ñâåäåíèå ê çàäà÷å òðàíñïîðòíûõ ïîòîêîâ

Çàäà÷à îïòèìèçàöèè ìîæåò áûòü òðàíñôîðìèðîâàíà â
ýêâèâàëåíòíóþ çàäà÷ó î ïîòîêå ìèíèìàëüíîé ñòîèìîñòè:

ϕG(w) = min
f∈F

∑
(u,v)∈E′

fuvcuv | sj(f) ≥ 1,∀j ∈ Supp(w),

sj(f) ,
∑

u∈V′:(u,v)∈E′
fuj � ïîòîê, âõîäÿùèé â j-óþ âåðøèíó

È âûïóêëûé âàðèàíò çàäà÷è îïòèìèçàöèè:

ψG(w) = min
f∈F

∑
(u,v)∈E′

fuvcuv | sj(f) ≥ |w|,∀j ∈ {1, . . . , p}

Âàæíî

ϕG , ψG ìîãóò áûòü ïîñ÷èòàíû çà ïîëèíîìèàëüíîå âðåìÿ ñ
ïîìîùüþ òðàíñïîðòíûõ ñåòåé.
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Çàäà÷à êëàññèôèêàöèè ðàêà ãðóäè

Îïèñàíèå äàííûõ:

öåïî÷êè ãåíîâ ñ p = 7910 ãåíàìè.

n = 295 îïóõîëåé, 78 çëîêà÷åñòâåííûõ, 217
äîáðîêà÷åñòâåííûõ.

ãðàô ãåíîâ áûë ñãåíåðèðîâàí Chuang et al. [2007].

Äëÿ ïðåîáðàçîâàíèÿ ãðàôà â DAG, íàïðàâëåíèÿ ðåáåð
âûáèðàëèñü ñëó÷àéíî, öèêëû óäàëÿëèñü.
20% äàííûõ äëÿ òåñòà, 80% äëÿ 10-fold êðîññ-âàëèäàöèè.

Âèõðåâà Ìàðèÿ, ÂÌÊ ÌÃÓ Îòáîð ïðèçíàêîâ â ãðàôå



Çàäà÷à êëàññèôèêàöèè ðàêà ãðóäè
Ðåçóëüòàòû

Ridge Lasso Elastic-Net Ãðóïïû-ïàðû ψ(âûï)
error in % 31.0 36.0 31.5 35.9 30.2
error std. 6.1 6.5 6.7 6.8 6.8

nnz 7910 32.6 929 68.4 69.9
connect 58 30.9 355 13.1 1.3
stab 100 7.9 30.9 6.1 32

stab � ïðîöåíò ãåíîâ, ïîâòîðÿþùèõñÿ â ðàçíûõ çàïóñêàõ.

÷åì áîëüøå stab, òåì ñòàáèëüíåå àëãîðèòì.

Âèõðåâà Ìàðèÿ, ÂÌÊ ÌÃÓ Îòáîð ïðèçíàêîâ â ãðàôå



Çàäà÷à øóìîïîäàâëåíèÿ èçîáðàæåíèÿ

Ðåæåì èçîáðàæåíèå íà 10×10 ïåðåêðûâàþùèõñÿ ÷àñòåé

Àïðîêñèìèðóåì êàæäóþ ÷àñòü ðàçðåæåííîé ìàòðèöåé

Óñðåäíÿåì ïåðåêðûâàþùèåñÿ ïèêñåëè äëÿ ÷èñòîãî
èçîáðàæåíèÿ

Ìàòðèöà ïðèçíàêîâ � ðàçëîæåíèå ïî êîñèíóñàì ðàçíûõ ÷àñòîò
(DCT dictionary):
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Çàäà÷à êëàññèôèêàöèè ðàêà ãðóäè
Ðåçóëüòàòû

7 âèäîâ øóìà

ïàðàìåòðû îïòèìèçèðóþòñÿ íà ïåðâûõ òðåõ èçîáðàæåíèÿõ

σ 5 10 15 20 25 50 100
l0 37.04 33.15 31.03 29.59 28.48 25.26 22.44
l1 36.42 32.28 30.06 28.59 27.51 24.48 21.96
ϕG 37.01 33.22 31.21 29.82 28.77 25.73 22.97
ψG 36.32 32.17 29.99 28.54 27.49 24.54 22.12
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Ïðèâåò!
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