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Âîïðîñû

I Ìåòîäû ïîíèæåíèÿ ðàçìåðíîñòè. Ìåòîä ãëàâíûõ

êîìïîíåíò. Íåîòðèöàòåëüíûå ìàòðè÷íûå ðàçëîæåíèÿ.

I Äèàãðàììà Âîðîíîãî ëèíåéíûõ ñåãìåíòîâ. Ïîñòðîåíèå

ñêåëåòà ìíîãîóãîëüíîé ôèãóðû íà îñíîâå äèàãðàììû

Âîðîíîãî ñåãìåíòîâ.

I Îñíîâíàÿ ñõåìà ïîñòðîåíèÿ àëãåáðàè÷åñêèõ ðàñøèðåíèé.

Òðåáîâàíèÿ ê ñåìåéñòâàì îòîáðàæåíèé.
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Ñíèæåíèå ðàçìåðíîñòè

Ìåòîäû ñíèæåíèÿ ðàçìåðíîñòè:

I Îòáîð ïðèçíàêîâ � ïåðåáîð âñåõ ïðèçíàêîâ
I Add, AddDel
I Lasso, ëèíåéíàÿ ðåãðåññèÿ

I Ñèíòåç ïðèçíàêîâ � ïîñòðîåíèå íîâîãî íàáîðà ïðèçíàêîâ
I Ìåòîä ãëàâíûõ êîìïîíåíò
I t-SNE
I Àâòîýíêîäåð
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Ìåòîä ãëàâíûõ êîìïîíåíò

Èñõîäíûå ïðèçíàêè: f1(x), ..., fn(x)
Íîâûå ïðèçíàêè: g1(x), ..., gm(x), m ≤ n
Ëèíåéíîå âîññòàíîâëåíèå ïî íîâûì ïðèçíàêàì:

f̂j(x) =
m∑
s=1

gs(x)ujs , j = 1, ..., n, ∀x ∈ X

Òî÷íîñòü âîññòàíîâëåíèÿ:

l∑
i=1

n∑
j=1

(
f̂j(xi )− fj(xi )

)2
→ min
{gs(xi )},{ujs}
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Ìåòîä ãëàâíûõ êîìïîíåíò

Fl×n =

f1(x1) ... fn(x1)
... ... ...

f1(xl) ... fn(xl)

 ; Gl×m =

g1(x1) ... gm(x1)
... ... ...

g1(xl) ... gm(xl)


Ìàòðèöà ëèíåéíîãî ïðåîáðàçîâàíèÿ:

Un×m =

u11 ... u1m
... ... ...
un1 ... unm

 ; F̂ = GUT ≈ F

l∑
i=1

n∑
j=1

(
f̂j(xi )− fj(xi )

)2
= ||GUT − F ||2 → min

G ,U
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Òåîðåìà ìåòîäà ãëàâíûõ êîìïîíåíò

Åñëè m ≤ rkF , òî ìèíèìóì ||GUT − F ||2 äîñòèãàåòñÿ, êîãäà

ñòîëáöû U � ñ.â. ìàòðèöû FTF , ñîîòâåòñòâóþùèå m
ìàêñèìàëüíûì ñ.ç. λ1, ..., λm, à ìàòðèöà G = FU.
Ïðè ýòîì:

I U � îðòîíîðìèðîâàíà: UTU = Im,

I G � îðòîãîíàëüíà: GTG = Λ = diag(λ1, ..., λm),

I UΛ = FTFU; GΛ = FFTG ,

I ||GUT − F ||2 = ||F ||2 − trΛ =
n∑

j=m+1
λj .
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Ñèíãóëÿðíîå ðàçëîæåíèå

Ïðîèçâîëüíàÿ l × n-ìàòðèöà ïðåäñòàâèìà â âèäå ñèíãóëÿðíîãî

ðàçëîæåíèÿ:

F = VDUT

. Ñâîéñòâà:

I Vl×n = (v1, ..., vn) îðòîãîíàëüíà, V TV = In, ñòîëáöû vj �

ñ.â. ìàòðèöû FFT ,

I Un×n = (u1, ..., un) îðòîãîíàëüíà, UTU = In, ñòîëáöû uj �

ñ.â. ìàòðèöû FTF ,

I Dn×n äèàãîíàëüíà, D = diag(
√
λ1, ...,

√
λn), λj ≥ 0 � ñ.ç.

ìàòðèö FTF è FFT .
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Ñâÿçü PCA è ñèíãóëÿðíîãî ðàçëîæåíèÿ

Ïðè m = n:

I ||GUT − F ||2 = 0

I Ïðåäñòàâëåíèå F̂ = GUT = F òî÷íîå è ñîâïàäàåò ñ

ñèíãóëÿðíûì ðàçëîæåíèåì ïðè G = V
√

Λ:

F = GUT = V
√

ΛUT ; UTU = Im; V TV = Im

I ëèíåéíîå ïðåîáðàçîâàíèå U ðàáîòàåò â îáå ñòîðîíû:

F = GUT ; G = FU

Ò.ê. íîâûå ïðèçíàêè íåêîðåëëèðîâàíû
(
GTG = Λ

)
,

ïðåîáðàçîâàíèå U � äåêîððåëèðóþùåå.
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Ñêåëåò ôèãóðû

Ïóñòîé êðóã ôèãóðû A � çàìêíóòîå ìíîæåñòâî òî÷åê

S̃r (p) = {q : q ∈ R2, d(p, q) ≤ r} : S̃r (p) ⊂ A
Ñêåëåò ôèãóðû � ìíîæåñòâî öåíòðîâ âñåõ å¼ ìàêñèìàëüíûõ

ïóñòûõ êðóãîâ.
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Ñòðóêòóðà ñêåëåòà ìíîãîóãîëüíîé ôèãóðû

Òèïû âåòâåé ñêåëåòà ìíîãîóãîëüíîé ôèãóðû:

I îòðåçêè áèññåêòðèñ,

I îòðåçêè ñåðåäèííûõ ïåðïåíäèêóëÿðîâ,

I âåòâè ïàðàáîëû.
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Äèàãðàììà Âîðîíîãî ìíîãîóãîëüíîé ôèãóðû

Ñàéò ôèãóðû � âåðøèíà èëè ñòîðîíà ôèãóðû ñ

èíöèäåíòíûìè âåðøèíàìè.

ß÷åéêà Âîðîíîãî ñàéòà � ã.ì.ò. ôèãóðû, äëÿ êîòîðûõ ýòîò

ñàéò ÿâëÿåòñÿ áëèæàéøèì.

Äèàãðàììà Âîðîíîãî ìíîãîóãîëüíîé ôèãóðû �

îáúåäèíåíèå ãðàíèö ñìåæíûõ ÿ÷ååê Âîðîíîãî (áèñåêòîðîâ).
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Ïîëó÷åíèå ñêåëåòà èç äèàãðàììû Âîðîíîãî
Âåòâè ñêåëåòà îáðàçóþò âñå áèñåêòîðû ïàð ñàéòîâ, íå

ÿâëÿþùèõñÿ ñîñåäíèìè, è òîëüêî îíè, ò.ê.:

I Ñêåëåò ìíîãîóãîëüíîé ôèãóðû ÿâëÿåòñÿ ïîäìíîæåñòâîì å¼

äèàãðàììû Âîðîíîãî.

I Áèñåêòîð ïàðû ñàéòîâ, íå ÿâëÿþùèõñÿ ñîñåäíèìè,

ñîäåðæèòñÿ â ñêåëåòå ìíîãîóãîëüíîé ôèãóðû.

I Áèñåêòîð ïàðû ñîñåäíèõ ñàéòîâ íå ñîäåðæèòñÿ â ñêåëåòå

ìíîãîóãîëüíîé ôèãóðû.
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Ïåðåáîðíûé àëãîðèòì ïîñòðîåíèÿ äèàãðàììû Âîðîíîãî

I Ïîñòðîåíèå âåðøèí äèàãðàììû Âîðîíîãî
I Ïåðåáîð âñåõ òðîåê ñàéòîâ.
I Ïîñòðîåíèå êàñàòåëüíûõ îêðóæíîñòåé äëÿ òðîåê.

I Ïîñòðîåíèå áèñåêòîðîâ äèàãðàììû
I Îïðåäåëåíèå òèïà áèñåêòîðà äëÿ ñìåæíûõ ÿ÷ååê

äèàãðàììû.
I Òèï áèñåêòîðà çàâèñèò îò ïàðû îïðåäåëÿþùèõ ñàéòîâ.
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Çàäà÷à ñèíòåçà êîððåêòíîãî àëãîðèòìà

Ii � ïðîñòðàíñòâî íà÷àëüíûõ èíôîðìàöèé,

If � ïðîñòðàíñòâî êîíå÷íûõ èíôîðìàöèé.

Îòîáðàæåíèå, ðåàëèçóåìîå àëãîðèòìîì:

Ii
A−→ If

Ðàññìàòðèâàþòñÿ íåêîððåêòíûå çàäà÷è: ∃ ðåøåíèå, íî íå !

m∗ = {A|A : Ii → If }

Istr � ñòðóêòóðíàÿ èíôîðìàöèÿ (òðåáîâàíèÿ ê àëãîðèòìó),

îïèñàíèå ïîäìíîæåñòâà äîïóñò. îòîáðàæåíèé m(Istr ) ∈ m∗.
∀ àëãîðèòì, ðåàëèçóþùèé ∀ äîïóñò. îòîáðàæåíèå �

êîððåêòíûé.

Çàäà÷à ðàçðåøèìà ⇔ (Istr ) 6= ∅
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Àëãåáðàè÷åñêèé ïîäõîä

m(π) � ïàðàìåòðè÷åñêîå ñåìåéñòâî îòîáðàæåíèé.

Ïðîáëåìû:

I m(π) ∩m(Istr ) = ∅;
I m(π) ∩m(Istr ) 6= ∅, íî íàéòè êîððåêòíîå îòîáðàæåíèå

âû÷èñëèòåëüíî ñëîæíî.

Àëãåáðàè÷åñêèé ïîäõîä: êîððåêòèðóþùèå îïåðàöèè íàä m∗, ò.å.
âìåñòî A ∈ m∗, ñòðîèòñÿ A ∈ f (m∗)
Òðåáîâàíèå ê f :
f � ñâîäèò îïòèìèç. çàäà÷ó ê èçâåñòíîé, íî íå óñëîæíÿåò

m(π) íàñòîëüêî, ÷òîáû ïîèñê extr ñòàë íåâîçìîæíûì.
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