
Ìåòîä SVD
Ìåòîä SV D (Singular value decomposition) ìîæåò èñïîëüçîâàòüñÿ äëÿ

ñíèæåíèÿ ðàçìåðíîñòè èñõîäíîé ìàòðèöû ïðåäèêòîðîâ Xp×n íà îñíîâå
åå ñèíãóëÿðíîãî ðàçëîæåíèÿ ò.å äåêîìïîçèöè ïî ñèíãóëÿðíîìó çíà÷åíèþ.
Âñå ìàòðèöû èìåþò SVD, ÷òî äåëàåò åãî áîëåå ñòàáèëüíûì, ÷åì ìíîãèå
äðóãèå ìåòîäû,íàïðèìåð, òàêèå êàê ñîáñòâåííîå ðàçëîæåíèå.

Ðàçëîæåíèå ïî ñèíãóëÿðíîìó çíà÷åíèþ

Ðàçëîæåíèå ïî ñèíãóëÿðíîìó çíà÷åíèþ, èëè ñîêðàùåííî SVD, - ýòî
ìåòîä ðàçëîæåíèÿ ìàòðèöû, ïðåäíàçíà÷åííûé äëÿ ñâåäåíèÿ ìàòðèöû ê
åå ñîñòàâíûì ÷àñòÿì, ÷òîáû óïðîñòèòü íåêîòîðûå ïîñëåäóþùèå âû÷èñëå-
íèÿ ìàòðèöû. Ðàññìîòðèì äåéñòâèòåëüíóþ ìàòðèöó ïðåäèêòîðîâ Xp×n.
Åå ìîæíî ïðåäñòàâèòü ñëåäóþùèì îáðàçîì:

X = UΣV T (1)

Ãäå X - äåéñòâèòåëüíàÿ ìàòðèöà p×n, êîòîðóþ ìû õîòèì ðàçëîæèòü,
U - ìàòðèöà p× p, Σ (÷àñòî ïðåäñòàâëÿåìàÿ çàãëàâíîé ãðå÷åñêîé áóêâîé
Sigma) - äèàãîíàëüíàÿ ìàòðèöà p×n, à V T - òðàíñïîíèðîâàíèå ìàòðèöû
n× n.

Ðàçëîæåíèå ïî ñèíãóëÿðíûì çíà÷åíèÿì ÿâëÿåòñÿ îñíîâíûì ìîìåí-
òîì ëèíåéíîé àëãåáðû. Äèàãîíàëüíûå çíà÷åíèÿ â Σ-ìàòðèöå íàçûâàþò-
ñÿ ñèíãóëÿðíûìè çíà÷åíèÿìè èñõîäíîé ìàòðèöû X. Ñòîëáöû ìàòðèöû
U íàçûâàþòñÿ ëåâî-ñèíãóëÿðíûìè âåêòîðàìè, à ñòîëáöû V íàçûâàþòñÿ
ïðàâîñèíãóëÿðíûìè âåêòîðàìè X.

SVD ðàññ÷èòûâàåòñÿ ñ ïîìîùüþ èòåðàöèîííûõ ÷èñëåííûõ ìåòîäîâ.
Ìû íå áóäåì âäàâàòüñÿ â ïîäðîáíîñòè ýòèõ ìåòîäîâ. Êàæäàÿ ïðÿìî-
óãîëüíàÿ ìàòðèöà èìååò ðàçëîæåíèå ïî ñèíãóëÿðíûì çíà÷åíèÿì, õîòÿ
ðåçóëüòèðóþùèå ìàòðèöû ìîãóò ñîäåðæàòü êîìïëåêñíûå ÷èñëà, à îãðà-
íè÷åíèÿ àðèôìåòèêè ñ ïëàâàþùåé çàïÿòîé ìîãóò ïðèâåñòè ê òîìó, ÷òî
íåêîòîðûå ìàòðèöû íå áóäóò àêêóðàòíî ðàçëàãàòüñÿ.

Ðàçëîæåíèå ïî ñèíãóëÿðíûì çíà÷åíèÿì (SV D) ïðåäîñòàâëÿåò ñïîñîá
ðàçëîæèòü ìàòðèöó íà ñèíãóëÿðíûå âåêòîðû è ñèíãóëÿðíûå çíà÷åíèÿ.
SV D ïîçâîëÿåò íàì îáíàðóæèâàòü íåêîòîðóþ èíôîðìàöèþ òîãî æå âè-
äà, ÷òî è ñîáñòâåííîå ðàçëîæåíèå. Òåì íå ìåíåå, SV D ÿâëÿåòñÿ áîëåå
îáùèì ìåòîäîì.

SV D øèðîêî èñïîëüçóåòñÿ êàê ïðè âû÷èñëåíèè äðóãèõ ìàòðè÷íûõ
îïåðàöèé, òàêèõ êàê îáðàòíàÿ ìàòðèöà, òàê è â êà÷åñòâå ìåòîäà ñîêðà-
ùåíèÿ äàííûõ â ìàøèííîì îáó÷åíèè. SVD òàêæå ìîæåò áûòü èñïîëüçî-
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âàí â ëèíåéíîé ðåãðåññèè íàèìåíüøèõ êâàäðàòîâ, ñæàòèè èçîáðàæåíèé
è øóìîïîäàâëåíèè äàííûõ.Íàíåñåíèå SVD íà ìàòðèöó ïîõîæå íà ðåíò-
ãåíîâñêîå çðåíèå, âñêðûâàþùåå åå âíóòðåííþ ñòðóêòóðó.

Ðàññ÷èòàòü ðàçëîæåíèå ïî ñèíãóëÿðíîìó çíà÷åíèþ

SVD ìîæíî ðàññ÷èòàòü, âûçâàâ ôóíêöèþ svd ().
Ôóíêöèÿ ïðèíèìàåò ìàòðèöó X è âîçâðàùàåò ýëåìåíòû U , Σ è V T .

Äèàãîíàëüíàÿ ìàòðèöà Ñèãìû âîçâðàùàåòñÿ êàê âåêòîð ñèíãóëÿðíûõ
çíà÷åíèé. Ìàòðèöà V âîçâðàùàåòñÿ â òðàíñïîíèðîâàííîé ôîðìå.

Ðàññìîòðèì ïðèìåð êîä python ïðèâåäåí íèæå:

```

# Singular-value decomposition

import numpy as np

from scipy.linalg import svd

from pandas import Series, DataFrame

import pandas as pd

import openpyxl

import xlrd

#ÐÅÀËÜÍÀß ÌÀÒÐÈÖÀ

data_regru =pd.ExcelFile('Region_Data.xlsx')

tabledat =data_regru.parse('dat01')

X =DataFrame(tabledat, columns=['P10','P11','P14'])

X=np.array (X)

X=X[0:5,:]

#íîðìèðîâàíèå çíà÷åíèé ýëåìåíòîâ ìàññèâà X

SUMX=X[:,0] +X[:,1] + X[:,2]

X[:,0] =X[:,0] /SUMX

X[:,1] =X[:,1] /SUMX

X[:,2] =X[:,2] /SUMX

print('Ìàòðèöà X 5x 3')

print(X)

# Âû÷èñëåíèå SVD

U, s, VT = svd(X)
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print (' Ìàòðèöà U 5x5')

print(U)

print (' Âåêòîð ñèãìà 1x3 ')

print(s)

print ('Ìàòðèöà VT 3x3 ')

print(VT)

```

Ðóçóëüòàòû âû÷èëåíèé:
Èñõîäíàÿ ìàòðèöà X ðàçìåðíîñòè 5 × 3
[[1.33302589e-01 6.36527182e-01 2.30170229e-01]
[8.61978207e-04 7.19008264e-01 2.80129757e-01]
[1.03605170e-02 9.28260924e-01 6.13785594e-02]
[1.14442305e-02 6.63935713e-01 3.24620056e-01]
[5.72273019e-03 8.99575505e-01 9.47017645e-02]]
Ìàòðèöà U ðàçìåðíîñòè 5 × 5
[[-0.37801941 -0.31560143 -0.8678742 -0.06491401 0.00880982]
[-0.42664927 -0.35018496 0.36395208 -0.71122063 -0.23884095]
[-0.51203292 0.54959354 -0.00118095 0.2421771 -0.61409941]
[-0.40273896 -0.54960288 0.3278932 0.64694345 0.09842881]
[-0.50069487 0.41671314 0.0825707 -0.11298591 0.74570173]]
Âåêòîð Σ ðàçìåðíîñòè 1 × 3
[1.79066669 0.28696379 0.1123642 ]
Ìàòðèöà V T ðàçìåðíîñòè 3 × 3
[[-0.03548289 -0.97197862 -0.23237582]
[-0.14142311 0.2350659 -0.96163586]
[-0.98931313 0.00125831 0.14580106]]
Âîññòàíîâèòü Ìàòðèöó èç SVD

Èñõîäíàÿ ìàòðèöà ìîæåò áûòü âîññòàíîâëåíà èç ýëåìåíòîâ U , Σ è
V T .

Ýëåìåíòû U , s è V , âîçâðàùàåìûå èç svd (), íå ìîãóò áûòü óìíîæåíû
íàïðÿìóþ.

Âåêòîð s äîëæåí áûòü ïðåîáðàçîâàí â äèàãîíàëüíóþ ìàòðèöó ñ ïîìî-
ùüþ ôóíêöèè diag (). Ïî óìîë÷àíèþ ýòà ôóíêöèÿ ñîçäàñò êâàäðàòíóþ
ìàòðèöó ðàçìåðîì p×p îòíîñèòåëüíî íàøåé èñõîäíîé ìàòðèöû. Ýòî âû-
çûâàåò ïðîáëåìó, ïîñêîëüêó ðàçìåðû ìàòðèö íå ñîîòâåòñòâóþò ïðàâèëàì
óìíîæåíèÿ ìàòðèö, ãäå ÷èñëî ñòîëáöîâ â ìàòðèöå äîëæíî ñîîòâåòñòâî-
âàòü êîëè÷åñòâó ñòðîê â ïîñëåäóþùåé ìàòðèöå. Ïîñëå ñîçäàíèÿ êâàäðàò-
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íîé äèàãîíàëüíîé ìàòðèöû Σ ðàçìåðû ìàòðèö ñîîòâåòñòâóþò èñõîäíîé
ìàòðèöå p× n, êîòîðóþ ìû ðàçëàãàåì, ñëåäóþùèì îáðàçîì:

U(p× p).Σ(p× p).V T (n× n)(2)

Ãäå, íà ñàìîì äåëå, ìû òðåáóåì:

U(p× p).Σ(p× n).V T (n× n)(3)

Ìû ìîæåì äîñòè÷ü ýòîãî ïóòåì ñîçäàíèÿ íîâîé Σ-ìàòðèöû ñî âñåìè
íóëåâûìè çíà÷åíèÿìè, êîòîðàÿ ðàâíà p×n (íàïðèìåð, áîëüøå ñòðîê), è
çàïîëíèòü ïåðâóþ p × p ÷àñòü ìàòðèöû êâàäðàòíîé äèàãîíàëüíîé ìàò-
ðèöåé, âû÷èñëåííîé ñ ïîìîùüþ diag ().

êîä python ðåàëèçóþùèé (3):

```

# Singular-value decomposition

import numpy as np

from numpy import zeros

from numpy import diag

from numpy import dot

from scipy.linalg import svd

from pandas import Series, DataFrame

import pandas as pd

import openpyxl

import xlrd

#ÐÅÀËÜÍÀß ÌÀÒÐÈÖÀ Õ

data_regru =pd.ExcelFile('Region_Data.xlsx')

tabledat =data_regru.parse('dat01')

X =DataFrame(tabledat, columns=['P10','P11','P14'])

X=np.array (X)

X=X[0:5,:]

#íîðìèðîâàíèå çíà÷åíèé ýëåìåíòîâ ìàññèâà X

SUMX=X[:,0] +X[:,1] + X[:,2]

X[:,0] =X[:,0] /SUMX

X[:,1] =X[:,1] /SUMX
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X[:,2] =X[:,2] /SUMX

print('Ìàòðèöà X 5x 3')

print(X)

# Âû÷èñëåíèå SVD

U, s, VT = svd(X)

print (' Ìàòðèöà U 5x5')

print(U)

print (' Âåêòîð ñèãìà 1x3 ')

print(s)

print ('Ìàòðèöà VT 3x3 ')

print(VT)

#Âîññòàíîâëåíèå ìàòðèöû Õ èç ñèíãóëÿðíîãî ðàçëîæåíèÿ

# create m x n Sigma matrix

Sigma = zeros((X.shape[0], X.shape[1]))

# populate Sigma with n x n diagonal matrix

Sigma[:X.shape[1], :X.shape[1]] = diag(s)

# reconstruct matrix

B = U.dot(Sigma.dot(VT))

print(' Âîññòàíîâëåííàÿ èç SVD ìàòðèöà X 5x 3')

print(B)

```

Ðóçóëüòàòû âû÷èëåíèé:
Èñõîäíàÿ ìàòðèöà X ðàçìåðíîñòè 5 × 3
[[1.33302589e-01 6.36527182e-01 2.30170229e-01]
[8.61978207e-04 7.19008264e-01 2.80129757e-01]
[1.03605170e-02 9.28260924e-01 6.13785594e-02]
[1.14442305e-02 6.63935713e-01 3.24620056e-01]
[5.72273019e-03 8.99575505e-01 9.47017645e-02]]
Âîññòàíîâëåííàÿ èç SVD ìàòðèöà B ðàçìåðíîñòè 5 × 3
[[1.33302589e-01 6.36527182e-01 2.30170229e-01]
[8.61978207e-04 7.19008264e-01 2.80129757e-01]
[1.03605170e-02 9.28260924e-01 6.13785594e-02]
[1.14442305e-02 6.63935713e-01 3.24620056e-01]
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[5.72273019e-03 8.99575505e-01 9.47017645e-02]]
SVD äëÿ ïñåâäîîáðàòíîãî îáðàùåíèÿ

Ïñåâäîîáðàùåíèå - ýòî îáîáùåíèå îáðàòíîé ìàòðèöû äëÿ êâàäðàò-
íûõ ìàòðèö íà ïðÿìîóãîëüíûå ìàòðèöû, ãäå ÷èñëî ñòðîê è ñòîëáöîâ
íå ðàâíî. Îí òàêæå íàçûâàåòñÿ èíâåðñèåé Ìóðà-Ïåíðîóçà ïîñëå äâóõ
íåçàâèñèìûõ èññëåäîâàòåëåé ìåòîäà èëè Îáîáùåííîé èíâåðñèåé. Èíâåð-
ñèÿ ìàòðèö íå îïðåäåëåíà äëÿ ìàòðèö, êîòîðûå íå ÿâëÿþòñÿ êâàäðàò-
íûìè.Êîãäà A èìååò áîëüøå ñòîëáöîâ, ÷åì ñòðîê, òî ðåøåíèå ëèíåéíîãî
óðàâíåíèÿ ñ èñïîëüçîâàíèåì ïñåâäîîáðàòíîãî ïðåäñòàâëåíèÿ äàåò îäíî
èç ìíîãèõ âîçìîæíûõ ðåøåíèé. Ïñåâäîîáðàùåíèå îáîçíà÷àåòñÿ êàê X+

, ãäå X - ýòî èíâåðòèðóåìàÿ ìàòðèöà, à + - âåðõíèé èíäåêñ.
Ïñåâäîîáðàùåíèå âû÷èñëÿåòñÿ ñ èñïîëüçîâàíèåì ñèíãóëÿðíîãî ðàç-

ëîæåíèÿ A:

X+ = V D+UT (4)

ÃäåX+ - ïñåâäîîáðàòíàÿ,D+ - ïñåâäîîáðàòíàÿ äèàãîíàëüíàÿ ìàòðèöà
Sigma, à UT - òðàíñïîíèðîâàíèå U .

Ìû ìîæåì ïîëó÷èòü U è V èç îïåðàöèè SV D.

X = U.Σ.V T (5)

D+ ìîæíî ðàññ÷èòàòü ïóòåì ñîçäàíèÿ äèàãîíàëüíîé ìàòðèöû èç Σ, âû-
÷èñëåíèÿ îáðàòíîé âåëè÷èíû êàæäîãî íåíóëåâîãî ýëåìåíòà â Σ è âûïîë-
íåíèÿ òðàíñïîíèðîâàíèÿ, åñëè èñõîäíàÿ ìàòðèöà áûëà ïðÿìîóãîëüíîé.

Ïñåâäîîáðàùåíèå îáåñïå÷èâàåò îäèí èç ñïîñîáîâ ðåøåíèÿ óðàâíåíèÿ
ëèíåéíîé ðåãðåññèè, â ÷àñòíîñòè, êîãäà ñòðîê áîëüøå, ÷åì ñòîëáöîâ, ÷òî
÷àñòî èìååò ìåñòî. NumPy ïðåäîñòàâëÿåò ôóíêöèþ pinv () äëÿ âû÷èñëå-
íèÿ ïñåâäîîáðàùåíèÿ ïðÿìîóãîëüíîé ìàòðèöû.

Ìîæíî âû÷èñëèòü ïñåâäîîáðàùåíèå âðó÷íóþ ÷åðåç SVD è ñðàâíèòü
ðåçóëüòàòû ñ ôóíêöèåé pinv (). Ñíà÷àëà ìû äîëæíû ðàññ÷èòàòü SV D.
Äàëåå ìû äîëæíû âû÷èñëèòü îáðàòíóþ âåëè÷èíó êàæäîãî çíà÷åíèÿ â
ìàññèâå s. Çàòåì ìàññèâ s ìîæíî ïðåîáðàçîâàòü â äèàãîíàëüíóþ ìàò-
ðèöó ñ äîáàâëåííûì ðÿäîì íóëåé, ÷òîáû ñäåëàòü åãî ïðÿìîóãîëüíûì.
Íàêîíåö, ìû ìîæåì âû÷èñëèòü ïñåâäîîáðàòíîå ïî ýëåìåíòàì.

Êîíêðåòíàÿ ðåàëèçàöèÿ:

X+ = V.D+.UV (6)

êîä python, ðåàëèçóþùèé îáà ïîäõîäà
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```

#ÏÑÅÂÄÎÎÁÐÀÙÅÍÈÅ ÌÀÒÐÈÖÛ Õ pinv ()

# calculate pseudoinverse

print('Ïñåâäîîáðàùåíèå Õ ôóíêêöèÿ pinv ()')

C = pinv(X)

print(C)

#ÏÑÅÂÄÎÎÁÐÀÙÅÍÈÅ ÌÀÒÐÈÖÛ Õ SVD

# calculate svd

U, s, VT = svd(X)

# reciprocals of s

d = 1.0 / s

# create m x n D matrix

D = zeros(X.shape)

# populate D with n x n diagonal matrix

D[:X.shape[1], :X.shape[1]] = diag(d)

# calculate pseudoinverse

E = VT.T.dot(D.T).dot(U.T)

print('Ïñåâäîîáðàùåíèå Õ SVD')

print(E)

```

Ðåçóëüòàòû âû÷èëåíèé:
Ïñåâäîîáðàùåíèå ôóíêêöèÿ pinv ()
[[ 7.80424501 -3.02338988 -0.25030993 -2.60810422 -0.92244099]
[-0.06305332 -0.05119134 0.72811821 -0.22792657 0.61405303]
[-0.01947407 1.70111636 -1.77681224 2.31948786 -1.22431791]]
Ïñåâäîîáðàùåíèå ñ ïîìîùüþ SV D
[[ 7.80424501 -3.02338988 -0.25030993 -2.60810422 -0.92244099]
[-0.06305332 -0.05119134 0.72811821 -0.22792657 0.61405303]
[-0.01947407 1.70111636 -1.77681224 2.31948786 -1.22431791]]
SVD äëÿ óìåíüøåíèÿ ðàçìåðíîñòè

Ïîïóëÿðíîå ïðèìåíåíèå SVD äëÿ óìåíüøåíèÿ ðàçìåðíîñòè.
Äàííûå ñ áîëüøèì êîëè÷åñòâîì îáúåêòîâ, òàêèõ êàê áîëüøå îáúåêòîâ

(ñòîëáöîâ), ÷åì íàáëþäåíèé (ñòðîê), ìîãóò áûòü óìåíüøåíû äî ìåíüøå-
ãî ïîäìíîæåñòâà îáúåêòîâ, êîòîðûå íàèáîëåå àêòóàëüíû äëÿ ïðîáëåìû
ïðîãíîçèðîâàíèÿ. Â ðåçóëüòàòå ïîëó÷àåòñÿ ìàòðèöà ñ áîëåå íèçêèì ðàí-
ãîì, êîòîðàÿ, êàê ãîâîðÿò, àïïðîêñèìèðóåò èñõîäíóþ ìàòðèöó.
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Äëÿ ýòîãî ìû ìîæåì âûïîëíèòü SVD-îïåðàöèþ ñ èñõîäíûìè äàí-
íûìè è âûáðàòü âåðõíèå k ñàìûõ áîëüøèõ çíà÷åíèé â Σ. Ýòè ñòîëáöû
ìîæíî âûáðàòü èç Σ, à ñòðîêè - èç V T .

Ïðèáëèæåííûé B èñõîäíîãî âåêòîðà X ìîæåò áûòü âîññòàíîâëåí.

B = U.Σk.V Tk(7)

Â îáðàáîòêå åñòåñòâåííîãî ÿçûêà ýòîò ïîäõîä ìîæåò èñïîëüçîâàòüñÿ
äëÿ ìàòðèö âõîæäåíèé ñëîâ èëè ÷àñòîò ñëîâ â äîêóìåíòàõ è íàçûâàåòñÿ
ñêðûòûì ñåìàíòè÷åñêèì àíàëèçîì èëè ñêðûòûì ñåìàíòè÷åñêèì èíäåê-
ñèðîâàíèåì.

Íà ïðàêòèêå ìû ìîæåì ñîõðàíèòü è ðàáîòàòü ñ îïèñàòåëüíûì ïîä-
ìíîæåñòâîì äàííûõ, íàçûâàåìûì T . Ýòî ïëîòíàÿ ñâîäêà ìàòðèöû èëè
ïðîåêöèè.

T = U.Σk(8)

Êðîìå òîãî, ýòî ïðåîáðàçîâàíèå ìîæåò áûòü âû÷èñëåíî è ïðèìåíåíî ê
èñõîäíîé ìàòðèöå X, à òàêæå ê äðóãèì àíàëîãè÷íûì ìàòðèöàì.

T = V Tk.X(9)

Ïðèìåð íèæå äåìîíñòðèðóåò ñîêðàùåíèå äàííûõ ñ SVD.
Ñíà÷àëà îïðåäåëÿåòñÿ ìàòðèöà X ðàçìåðíîñòñòè 5× 3. SV D ðàññ÷è-

òûâàåòñÿ è âûáèðàþòñÿ òîëüêî ïåðâûå äâå ôóíêöèè. Ýëåìåíòû ðåêîì-
áèíèðîâàíû äëÿ òî÷íîãî âîñïðîèçâåäåíèÿ èñõîäíîé ìàòðèöû. Íàêîíåö,
ïðåîáðàçîâàíèå ðàññ÷èòûâàåòñÿ äâóìÿ ðàçíûìè ñïîñîáàìè.

Êîä python, ðåàëèçóþùèé äàííûé ïîäõîä

```

import numpy as np

from numpy import zeros

from numpy import diag

from numpy import dot

from numpy.linalg import pinv

from scipy.linalg import svd

from pandas import Series, DataFrame

import pandas as pd

import openpyxl

import xlrd
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#ÐÅÀËÜÍÀß ÌÀÒÐÈÖÀ Õ

data_regru =pd.ExcelFile('Region_Data.xlsx')

tabledat =data_regru.parse('dat01')

X =DataFrame(tabledat, columns=['P10','P11','P14'])

X=np.array (X)

X=X[0:5,:]

#íîðìèðîâàíèå çíà÷åíèé ýëåìåíòîâ ìàññèâà X

SUMX=X[:,0] +X[:,1] + X[:,2]

X[:,0] =X[:,0] /SUMX

X[:,1] =X[:,1] /SUMX

X[:,2] =X[:,2] /SUMX

print('Ìàòðèöà X 5x 3')

print(X)

# Singular-value decomposition

U, s, VT = svd(X)

# create m x n Sigma matrix

Sigma = zeros((X.shape[0], X.shape[1]))

# populate Sigma with n x n diagonal matrix

Sigma[:X.shape[1], :X.shape[1]] = diag(s)

# select

n_elements = 2

Sigma = Sigma[:, :n_elements]

VT = VT[:n_elements, :]

# reconstruct

B = U.dot(Sigma.dot(VT))

#print(B)

# transform

T1 = U.dot(Sigma)

print('ñîêðàùåííàÿ ìàòðèöà ðàçìåðíîñòè 5õ2 1 ñïîñîá')

print(T1)

T2 = X.dot(VT.T)

print('ñîêðàùåííàÿ ìàòðèöà ðàçìåðíîñòè 5õ2 2 ñïîñîá')
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print(T2)

```

Ïðè âûïîëíåíèè ïðèìåðà ñíà÷àëà ïå÷àòàåòñÿ îïðåäåëåííàÿ ìàòðèöà,
à çàòåì âîññòàíîâëåííîå ïðèáëèæåíèå, çà êîòîðûì ñëåäóþò äâà ýêâèâà-
ëåíòíûõ ïðåîáðàçîâàíèÿ èñõîäíîé ìàòðèöû.

Ðåçóëüòàòû âû÷èëåíèé:
ñîêðàùåííàÿ ìàòðèöà ðàçìåðíîñòè 5õ2 : 1 ñïîñîá
[[-0.67690677 -0.09056618]
[-0.76398663 -0.1004904 ]
[-0.91688029 0.15771344]
[-0.72117125 -0.15771612]
[-0.89657762 0.11958158]]
ñîêðàùåííàÿ ìàòðèöà ðàçìåðíîñòè 5õ2: 2 ñïîñîá
[[-0.67690677 -0.09056618]
[-0.76398663 -0.1004904 ]
[-0.91688029 0.15771344]
[-0.72117125 -0.15771612]
[-0.89657762 0.11958158]]
Scikit-learn ïðåäîñòàâëÿåò êëàññ TruncatedSVD, êîòîðûé íàïðÿìóþ

ðåàëèçóåò ýòó âîçìîæíîñòü. Ìîæåò áûòü ñîçäàí êëàññ TruncatedSVD, â
êîòîðîì íåîáõîäèìî óêàçàòü êîëè÷åñòâî æåëàåìûõ ôóíêöèé èëè êîìïî-
íåíòîâ, íàïðèìåð, íàïðèìåð. 2. Ïîñëå ñîçäàíèÿ ìîæíî ïîäîãíàòü ïðå-
îáðàçîâàíèå (íàïðèìåð, âû÷èñëèòå V Tk), âûçâàâ ôóíêöèþ �t (), çàòåì
ïðèìåíèòü åå ê èñõîäíîé ìàòðèöå, âûçâàâ ôóíêöèþ transform (). Ðåçóëü-
òàòîì ÿâëÿåòñÿ ïðåîáðàçîâàíèå X, íàçâàííîå T âûøå.

Â ïðèâåäåííîì íèæå ïðèìåðå äåìîíñòðèðóåòñÿ êëàññ TruncatedSVD.

```

from sklearn.decomposition import TruncatedSVD

svd = TruncatedSVD(n_components=2)

svd.fit(X)

result = svd.transform(X)

print(result)

```

Ðåçóëüòàòû âû÷èëåíèé:
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[[ 0.67690677 0.09056618]
[ 0.76398663 0.1004904 ]
[ 0.91688029 -0.15771344]
[ 0.72117125 0.15771612]
[ 0.89657762 -0.11958158]]
Ìû âèäèì, ÷òî çíà÷åíèÿ ñîîòâåòñòâóþò çíà÷åíèÿì, âû÷èñëåííûì âðó÷-

íóþ âûøå, çà èñêëþ÷åíèåì çíàêà íåêîòîðûõ çíà÷åíèé. Ìû ìîæåì îæè-
äàòü íåêîòîðóþ íåñòàáèëüíîñòü, êîãäà äåëî äîõîäèò äî çíàêà, ó÷èòûâàÿ
ïðèðîäó âûïîëíÿåìûõ âû÷èñëåíèé è ðàçëè÷èÿ â èñïîëüçóåìûõ áèáëèî-
òåêàõ è ìåòîäàõ. Ýòà íåñòàáèëüíîñòü çíàêà íå äîëæíà áûòü ïðîáëåìîé íà
ïðàêòèêå, ïîêà ïðåîáðàçîâàíèå îáó÷åíî äëÿ ïîâòîðíîãî èñïîëüçîâàíèÿ.

Ïðèìåð ðåàëèçàöèè ìåòîäà SVD äëÿ ñíèæåíèÿ ðàçìåðíîñòè

íà Python è R.
Â êà÷åñòâå èñõîäíûõ äàííûõ èñïîëüçóåì èíôîðìàöèþ îá îñíîâíûõ

ñîöèàëüíî-ýêîíîìè÷åñêèõ ïîêàçàòåëÿõ ðîññèéñêèõ ðåãèîíîâ çà 2018 ãîä.
Èñõîäíàÿ ìàòðèöà ïðåäèêòîðîâ èìååò ðàçìåðíîñòü 81õ16 â êà÷åñòâå âû-
õîäíîé ïåðåìåííîé èñïîëüçóåòñÿ íîìèíàëüíàÿ ïåðåìåííàÿ òèï ýêîíîìè-
êè ðåãèîíà. Â ðåàëèçàöèè íà Python ïåðåìåííîé "òèï ýêîíîìèêè": À-
àãðàðíûé; D-äîáûâàþùèé, P- ïðîìûøëåííûé; à ïðè ðåàëèçàöèè íà R
äîáîâëÿåòñÿ çíà÷åíèå: Ò-òîðãîâûé.

Êîä íà Python
Çäåñü èç èñõîäíîé òàáëèöû âûáèðàþòñÿ òðè ñòîëáöà P10,P11,P14 , à

âûõîäíàÿ ïåðåìåííàÿ P18 ïðèíèìàåò òðè çíà÷åíèÿ A,D,P

```python

from mpl_toolkits.mplot3d import Axes3D

import numpy as np

import scipy.stats as st

import matplotlib.pyplot as plt

from pandas import Series, DataFrame

import pandas as pd

from sklearn.decomposition import TruncatedSVD

result =pd.read_table('dan04.txt',sep='\s+')

print(result)

y=result['P18']
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X =DataFrame(result, columns=['P10','P11','P14'])

y=np.array(y)

X=np.array (X)

SUMX=X[:,0] +X[:,1] + X[:,2]

X[:,0] =X[:,0] /SUMX

X[:,1] =X[:,1] /SUMX

X[:,2] =X[:,2] /SUMX

#îïèñàòåëüíûå ñòàòèñòèêè

print('Îïèñàòåëüíûå ñòàòèñòèêè ïðåäèêòîðîâ')

for num in range(3) :

print('Íîìåð ïåðåìåííîé: %.0f' %num)

print('÷èñëî ýëåíòîâ ìàññèâà =',len(X[:,num]))

print('ñðåäíåå çíà÷åíèå =',np.mean(X[:,num]))

print('ñòàíäàðòíîå îòêëîíåíèå =',np.std(X[:,num]))

print('ìèí ìàõ =',np.min(X[:,num]), np.max(X[:,num]))

#ïîñòðîåíèå èñõîäíîãî ãðàôèêà 3 D

fig = plt.figure()

ax = fig.add_subplot(111, projection='3d')

xs = X[:,0]

ys = X[:,1]

zs =X[:,2]

ax.scatter(xs, ys, zs,c=y, cmap=plt.cm.nipy_spectral,

edgecolor='k', s=100)

ax.set_title("Èñõîäíîå ïðîñòðàíñòâî ïðåäèêòîðîâ"

,fontsize=14, fontweight='bold')

ax.set_xlabel('P10' ,fontsize=12, fontweight='bold')

ax.set_ylabel('P11' ,fontsize=12, fontweight='bold')

ax.set_zlabel('P14' ,fontsize=12, fontweight='bold')

plt.show()

# Ïðåîáðàçîâàíèå äàííûõ, óìåíüøàþùåå ðàçìåðíîñòü äî 2

svd = TruncatedSVD(n_components=2, algorithm = 'randomized',

n_iter=7, random_state=42)

X =svd.fit_transform(X )

print('Êîìïîíåíòû')
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print(svd.components_)

print('Âåëè÷èíà îáúÿíåííîé äèñïåðñèè')

print(svd.explained_variance_)

print('Ïðîöåíò îòêëîíåíèÿ, îáúÿñíÿåìûé

êàæäûì èç âûáðàííûõ êîìïîíåíòîâ.')

print(svd.explained_variance_ratio_)

print('Ñèíãóëÿðíûå çíà÷åíèÿ')

print(svd.singular_values_)

y = np.choose(y, [1, 2, 0]).astype(np.float)

plt.clf()

plt.cla()

plt.scatter(X[:, 0], X[:, 1], c=y, cmap=plt.cm.nipy_spectral,

edgecolor='k',s=100)

plt.title("Ñíèæåíèå ðàçìåðíîñòè ìåòîäîì SVD" ,fontsize=14,

fontweight='bold')

plt.xlabel("SVD1" ,fontsize=12, fontweight='bold')

plt.ylabel("SVD2" ,fontsize=12, fontweight='bold')

plt.show()

```

Ãðàôè÷åñêèå ðåçóëüòàòû:
Êîä R
Çäåñü èç èñõîäíîé òàáëèöû âûáèðàþòñÿ ÷åòûðå ñòîëáöà P10,P11,P14,P16

, à âûõîäíàÿ ïåðåìåííàÿ P18 ïðèíèìàåò ÷åòûðå çíà÷åíèÿ A,D,P,T

```r

library(gmodels)

library(lattice)

library(vegan)

library(grDevices)

library(reshape2)

library(ggplot2)

library(ggthemes)

load("xRegion.RData")

#ÔÎÐÌÈÐÎÂÀÍÈÅ data.frame ÎÑÍÎÂÍÛÅ
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Ðèñ. 1: Äàííûå â èñõîäíîì òðåõìåðíîì ïðîñòðàíñòâå
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Ðèñ. 2: Äàííûå â ðåäóöèðîâàííîì äâóõìåðíîì ïðîñòðàíñòâå
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�ÑÎÖÈÀËÜÍÎ-ÝÊÎÍÎÌÈ×ÅÑÊÈÅ ÏÎÊÀÇÀÒÅËÈ ÐÅÃÈÎÍÎÂ ÐÔ

xreg <-data.frame(P1=x$Pok_001,P2=x$Pok_002,

P3=x$Pok_003,P4=x$Pok_004,

P5=x$Pok_005,P6=x$Pok_006,P7=x$Pok_007,

P8=x$Pok_008,P9=x$Pok_009,P10=x$Pok_010,

P11=x$Pok_011,P12=x$Pok_012,P13=x$Pok_013,

P14=x$Pok_014,P15=x$Pok_015,P16=x$Pok_016,

P17=x$Pok_017,P18=x$Pok_018)

#xreg

#Ôîðìèðîâàíèå ôàêòîðà òèï ýêîíîìèêè ðåãèîíà

xreg_f <- as.factor(x$Pok_018)

#âûáîð èññëåäóåìîãî ïîäìíîæåñòâà ïîêàçàòåëåé ðåãèîíîâ

w=c(10,11,14,16)

reg.ekon <-xreg[,w]

sumreg <-rowSums(reg.ekon)

xreg_nor <-reg.ekon/sumreg

Y <-xreg_nor

#Ìåòîä SVD

library(svd)

X=Y

X <- as.matrix(X)

y.svd1 <-propack.svd(X, neig = 2, opts = list())

y.svd1$u

y_propack.svd <-data.frame(y1=y.svd1$u[,1],y2=y.svd1$u[,2])

y_propack.svd <-cbind(y_propack.svd,xreg_f)

#Ãðàôèê ðåãèîíîâ ïî êëàññàì â äâóõìåðíîì ïðîñòðàíñòâå svd 1

x11()

g4 <-ggplot(data= y_propack.svd, aes(x=y1,y=y2,colour = xreg_f),

colors = "Accent")

g4 <-g4 +geom_point(size=4)

g4 <-g4 +labs(title ="Ðåãèîíû â ïðîñòðàíñòå äâóõ êîìïîíåíò svd 1",

x="Êîìïîíåíòà 1", y="Êîìïîíåíòà 2",colour = "Êëàññû")

g4
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y.svd2 <-trlan.svd(X, neig = 2, opts = list(), lambda = NULL, U = NULL)

y.svd2$u

y_propack.svd2 <-data.frame(y1=y.svd2$u[,1],y2=y.svd2$u[,2])

y_propack.svd2 <-cbind(y_propack.svd2,xreg_f)

#Ãðàôèê ðåãèîíîâ ïî êëàññàì â äâóõìåðíîì ïðîñòðàíñòâå svd 2

x11()

g4 <-ggplot(data= y_propack.svd2, aes(x=y1,y=y2,colour = xreg_f),

colors = "Accent")

g4 <-g4 +geom_point(size=4)

g4 <-g4 +labs(title ="Ðåãèîíû â ïðîñòðàíñòå äâóõ êîìïîíåíò svd 2",

x="Êîìïîíåíòà 1", y="Êîìïîíåíòà 2",colour = "Êëàññû")

g4

```
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Ãðàôè÷åñêèå ðåçóëüòàòû:

Ðèñ. 3: Äàííûå â ðåäóöèðîâàííîì äâóõìåðíîì ïðîñòðàíñòâå 1
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Ðèñ. 4: Äàííûå â ðåäóöèðîâàííîì äâóõìåðíîì ïðîñòðàíñòâå 2
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