
Ìåòîä còîõàñòè÷åñêîãî âëîæåíèÿ ñîñåäåé (t-SNE)
Ðàññìàòðèâàåìûå íèæå ìåòîäû SNE (àíãë. Stochastic Neighbor Embedding)

è t − SNE (àíãë. t-Distributed Stochastic Neighbor Embedding), áàçèðó-
þòñÿ íà òåõ æå èñõîäíûõ äàííûõ (ìàòðèöà ïðåäèêòîðîâ X) è òîì æå
ôîðìàëüíîì ïðåäñòàâëåíèè ýòèõ äàííûõ, ÷òî è ìåòîä PCA. Ïðè ýòîì
èçìåðèòåëüíîé îñíîâîé òàêæå ÿâëÿþòñÿ ìåòðè÷åñêèå øêàëû.

Ôîðìàëüíûå îñíîâàíèÿ àëãîðèòìà

Êëàññè÷åñêèé ìåòîä SNE íà÷èíàåòñÿ ñ ïðåîáðàçîâàíèÿ ìíîãîìåðíîé
åâêëèäîâîé äèñòàíöèè ìåæäó òî÷êàìè â óñëîâíûå âåðîÿòíîñòè, îòðàæà-
þùèå ñõîäñòâî òî÷åê. Ìàòåìàòè÷åñêè ýòî âûãëÿäèò ñëåäóþùèì îáðàçîì
(1):

pj|i =
exp(−‖Xi−Xj‖ / 2 ·σ2

i )∑
k 6=i exp(−‖Xi−Xk‖ / 2 ·σ2

i )
(1)

Ýòà ôîðìóëà ïîêàçûâàåò, íàñêîëüêî òî÷êà Xj (j-àÿ ñòðîêà ìàòðèöû
ïðåäèêòîðîâ) áëèçêà ê òî÷êå Xi (i-àÿ ñòðîêà ìàòðèöû ïðåäèêòîðîâ) ïðè
ãàóññîâîì ðàñïðåäåëåíèè âîêðóã Xi ñ çàäàííûì îòêëîíåíèåì σ. Ñèãìà
áóäåò ðàçëè÷íîé äëÿ êàæäîé òî÷êè. Îíà âûáèðàåòñÿ òàê, ÷òîáû òî÷êè â
îáëàñòÿõ ñ áîëüøåé ïëîòíîñòüþ èìåëè ìåíüøóþ äèñïåðñèþ. Äëÿ ýòîãî
èñïîëüçóåòñÿ îöåíêà ïåðïëåêñèè:

Petp(Pi) = 2H(Pi)

ãäå H(Pi) -ýíòðîïèÿ Øåííîíà â áèòàõ (2):

H(Pi) = −
∑
j

pj|i · log2 pj|i ◦ (2)

Â äàííîì ñëó÷àå ïåðïëåêñèÿ ìîæåò áûòü èíòåðïðåòèðîâàíà êàê ñãëà-
æåííàÿ îöåíêà ýôôåêòèâíîãî êîëè÷åñòâà ¾ñîñåäåé¿ äëÿ òî÷êè Xi. Îíà
çàäàåòñÿ â êà÷åñòâå ïàðàìåòðà ìåòîäà. Àâòîðû ðåêîìåíäóþò èñïîëüçî-
âàòü çíà÷åíèå â èíòåðâàëå îò 5 äî 50. Ñèãìà îïðåäåëÿåòñÿ äëÿ êàæäîé
ïàðû Xi è Xj ïðè ïîìîùè àëãîðèòìà áèíàðíîãî ïîèñêà.

Äëÿ äâóìåðíûõ èëè òðåõìåðíûõ ¾êîëëåã¿ ïàðû Xi è Xj, íàçîâåì èõ
äëÿ ÿñíîñòè Xdr

i è Xdr
j , íå ïðåäñòàâëÿåò òðóäà îöåíèòü óñëîâíóþ âåðî-

ÿòíîñòü, èñïîëüçóÿ òó æå ôîðìóëó 1. Ñòàíäàðòíîå îòêëîíåíèå ïðåäëà-
ãàåòñÿ óñòàíîâèòü â 1√

2
:
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qj|i =
exp(−

∥∥Xdr
i −Xdr

j

∥∥2)∑
k 6=i exp(−

∥∥Xdr
i −Xdr

k

∥∥2) (3)

Åñëè òî÷êè îòîáðàæåíèÿ Xdr
i è Xdr

j êîððåêòíî ìîäåëèðóþò ñõîäñòâî
ìåæäó èñõîäíûìè òî÷êàìè âûñîêîé ðàçìåðíîñòè Xi è Xj, òî ñîîòâåò-
ñòâóþùèå óñëîâíûå âåðîÿòíîñòè pj|i è qj|i áóäóò ýêâèâàëåíòíû. Â êà÷å-
ñòâå î÷åâèäíîé îöåíêè êà÷åñòâà, ñ êîòîðûì qj|i îòðàæàåò pj|i, èñïîëüçóåò-
ñÿ äèâåðãåíöèÿ èëè ðàññòîÿíèå Êóëüáàêà-Ëåéáëåðà. SNE ìèíèìèçèðóåò
ñóììó òàêèõ ðàññòîÿíèé äëÿ âñåõ òî÷åê îòîáðàæåíèÿ ïðè ïîìîùè ãðàäè-
åíòíîãî ñïóñêà. Ôóíêöèÿ ïîòåðü äëÿ äàííîãî ìåòîäà áóäåò îïðåäåëÿòüñÿ
ôîðìóëîé 4:

Cost =
∑
i

KL ( Pi ||Qi ) =
∑
i

∑
j

pj|i · log
pj|i
qj|i

(4)

Ïðè ýòîì ãðàäèåíò âûãëÿäèò íà óäèâëåíèå ïðîñòî (5):

∂Cost

∂ Xdr
i

= 2 ·
∑
j

( pj|i− qj|i + pi|j − qi|j ) (Xdr
i −Xdr

j ) (5)

Àâòîðû ïðåäëàãàþò ñëåäóþùóþ ôèçè÷åñêóþ àíàëîãèþ äëÿ ïðîöåññà
îïòèìèçàöèè: Âñå òî÷êè îòîáðàæåíèÿ ñîåäèíåíû ïðóæèíàìè.Æåñòêîñòü
ïðóæèíû, ñîåäèíÿþùåé òî÷êè i è j çàâèñèò îò ðàçíîñòè ìåæäó ñõîäñòâîì
äâóõ òî÷åê â ìíîãîìåðíîì ïðîñòðàíñòâå è äâóõ òî÷åê â ïðîñòðàíñòâå
îòîáðàæåíèÿ. Â ýòîé àíàëîãèè, ãðàäèåíò � ýòî ðåçóëüòèðóþùàÿ ñèëà,
äåéñòâóþùàÿ íà òî÷êó â ïðîñòðàíñòâå îòîáðàæåíèÿ. Åñëè ñèñòåìó ¾îò-
ïóñòèòü¿, ÷åðåç êàêîå-òî âðåìÿ îíà ïðèäåò â ðàâíîâåñèå, ýòî è áóäåò èñ-
êîìîå ðàñïðåäåëåíèå. Àëãîðèòìè÷åñêè, ïîèñê ðàâíîâåñèÿ ïðåäëàãàåòñÿ
äåëàòü ñ ó÷åòîì ìîìåíòîâ:

X
dr
t = X

dr
t−1+η ·

∂Cost

∂ Xdr
+ α(t) · (Xdr

t−1−Xdr
t−2 ) (6)

ãäå � η ïàðàìåòð, îïðåäåëÿþùèé ñêîðîñòü îáó÷åíèÿ (äëèíó øàãà), à
α � êîýôôèöèåíò èíåðöèè. Èñïîëüçîâàíèå êëàññè÷åñêîãî SNE ïîçâîëÿåò
ïîëó÷èòü íåïëîõèå ðåçóëüòàòû, íî ìîæåò áûòü ñâÿçàíî ñ òðóäíîñòÿìè â
îïòèìèçàöèè ôóíêöèè ïîòåðü è ïðîáëåìîé ñêó÷åííîñòè (â îðèãèíàëå �
crowding problem). t−SNE åñëè è íå ðåøàåò ýòè ïðîáëåìû ñîâñåì, òî ñó-
ùåñòâåííî îáëåã÷àåò. Ôóíêöèÿ ïîòåðü t-SNE èìååò äâà ïðèíöèïèàëüíûõ
îòëè÷àÿ:
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- Âî-ïåðâûõ, ó t−SNE ñèììåòðè÷íàÿ ôîðìà ñõîäñòâà â ìíîãîìåðíîì
ïðîñòðàíñòâå è áîëåå ïðîñòîé âàðèàíò ãðàäèåíòà.

- Âî-âòîðûõ, âìåñòî ãàóññîâà ðàñïðåäåëåíèÿ äëÿ òî÷åê èç ïðîñòðàí-
ñòâà îòîáðàæåíèÿ èñïîëüçóåòñÿ t-ðàñïðåäåëåíèå (Ñòüþäåíòà), ¾òÿæåëûå¿
õâîñòû êîòîðîãî îáëåã÷àþò îïòèìèçàöèþ è ðåøàþò ïðîáëåìó ñêó÷åííî-
ñòè.

Â êà÷åñòâå àëüòåðíàòèâû ìèíèìèçàöèè ñóììû äèâåðãåíöèé Êóëüáàêà-
Ëåéáëåðà ìåæäó óñëîâíûìè âåðîÿòíîñòÿìè pi|j è qi|j ïðåäëàãàåòñÿ ìèíè-
ìèçèðîâàòü îäèíî÷íóþ äèâåðãåíöèþ ìåæäó ñîâìåñòíîé âåðîÿòíîñòüþ P
â ìíîãîìåðíîì ïðîñòðàíñòâå è ñîâìåñòíîé âåðîÿòíîñòüþ Q â ïðîñòðàí-
ñòâå îòîáðàæåíèÿ:

Cost = KL(P ||Q) =
∑
i

∑
j

pij log
pij
qij

(7),

ãäå pii è qii = 0, pij = pji, qij = qji äëÿ ëþáûõ i è j, à pij îïðåäåëÿåòñÿ
ïî ôîðìóëå:

pij =
pj|i+ pi|j

2n
(8),

ãäå n � êîëè÷åñòâî òî÷åê â íàáîðå äàííûõ. Ãðàäèåíò äëÿ ñèììåòðè÷-
íîãî SNE ïîëó÷àåòñÿ ñóùåñòâåííî ïðîùå, ÷åì äëÿ êëàññè÷åñêîãî:

∂Cost

∂ Xdr
i

= 4 ·
∑
j

( pij − qij ) (Xdr
i −Xdr

j ) (9)

Ïðîáëåìà ñêó÷åííîñòè çàêëþ÷àåòñÿ â òîì, ÷òî ðàññòîÿíèå ìåæäó äâó-
ìÿ òî÷êàìè â ïðîñòðàíñòâå îòîáðàæåíèÿ, ñîîòâåòñòâóþùèìè äâóì ñðåä-
íåóäàëåííûì òî÷êàì â ìíîãîìåðíîì ïðîñòðàíñòâå, äîëæíî áûòü ñóùå-
ñòâåííî áîëüøå, íåæåëè ðàññòîÿíèå, êîòîðîå ïîçâîëÿåò ïîëó÷èòü ãàóññî-
âî ðàñïðåäåëåíèå. Ïðîáëåìó ðåøàþò õâîñòû Ñòüþäåíòà. Â t-SNE èñïîëü-
çóåòñÿ t-ðàñïðåäåëåíèå ñ îäíîé ñòåïåíüþ ñâîáîäû. Ñîâìåñòíàÿ âåðîÿò-
íîñòü äëÿ ïðîñòðàíñòâà îòîáðàæåíèÿ â ýòîì ñëó÷àå áóäåò îïðåäåëÿòüñÿ
ôîðìóëîé 10:

qij =
(1 + ||Xdr

i −Xdr
j ||

2
)
−1∑

k 6=l (1 + ||Xdr
k −Xdr

l ||
2
)
−1 (10)

À ñîîòâåòñòâóþùèé ãðàäèåíò � âûðàæåíèåì 11:
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∂Cost

∂ Xdr
i

= 4 ·
∑
j

( pij − qij ) (Xdr
i −Xdr

j ) (1 + ||Xdr
i −Xdr

j ||
2
)
−1

(11)

Âîçâðàùàÿñü ê ôèçè÷åñêîé àíàëîãèè, ðåçóëüòèðóþùàÿ ñèëà, îïðå-
äåëÿåìàÿ ôîðìóëîé 11, áóäåò ñóùåñòâåííûì îáðàçîì ñòÿãèâàòü òî÷êè
ïðîñòðàíñòâà îòîáðàæåíèÿ äëÿ áëèçëåæàùèõ òî÷åê ìíîãîìåðíîãî ïðî-
ñòðàíñòâà, è îòòàëêèâàòü � äëÿ óäàëåííûõ.

*Àëãîðèòì*
Àëãîðèòì t − SNE â óïðîùåííîì âèäå ìîæíî ïðåäñòàâèòü ñëåäóþ-

ùèì ïñåâäîêîäîì:
Data: íàáîð äàííûõ X = (x1, x2, . . . , xn), ïàðàìåòð ôóíêöèè ïîòåðü:

ïåðïëåêñèÿ Perp, Ïàðàìåòðû îïòèìèçàöèè: êîëè÷åñòâî èòåðàöèé T , ñêî-
ðîñòü îáó÷åíèÿ η, ìîìåíò α(t). Result: ïðåäñòàâëåíèå äàííûõ Xdr(T ) =
(Xdr

1 , X
dr
2 , . . . , X

dr
n ) (â 2D èëè 3D).

begin
âû÷èñëèòü ïîïàðíîå ñõîäñòâî pj|i c ïåðïëåêñèåé Perp (èñïîëüçóÿ ôîð-

ìóëó 1)

óñòàíîâèòü pij =
pj|i + pi|j

2n

èíèöèàëèçèðîâàòü Xdr(0) = (Xdr
1 , X

dr
2 ...., Xdr

n ) òî÷êàìè íîðìàëüíîãî
ðàñïðåäåëåíèÿ (mean = 0, sd = 1e− 4

for t = 1 to T do
âû÷èñëèòü ñõîäñòâî òî÷åê â ïðîñòðàíñòâå îòîáðàæåíèÿ qij (ïî ôîð-

ìóëå 10)
âû÷èñëèòü ãðàäèåíò (ïî ôîðìóëå 11 ) óñòàíîâèòü Xdr(t) (ïî ôîðìóëå

6)
end
end
Ïðèìåð ðåàëèçàöèè àëãîðèòìà t− SNE 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"ïðèñâàèâàþòñÿ
çíà÷åíèÿ: À-àãðàðíûé; D-äîáûâàþùèé, P- ïðîìûøëåííûé; à âîò â ðåà-
ëèçàöèè íà R äîáîâëÿåòñÿ çíà÷åíèå: Ò-òîðãîâûé.

Êîä íà Python
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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.manifold import TSNE

result =pd.read_table('dan04.txt',sep='\s+')
print(result)
X =DataFrame(result, columns=['P10','P11','P14'])
X=np.array (X)

YT=result['P18']
y=np.array(YT)

XX1=result.query("P18 in [0]")
XX2=result.query("P18 in [1]")
XX3=result.query("P18 in [2]")

XX1 =DataFrame(XX1, columns=['P10','P11','P14'])
XX1=np.array (XX1)
XX2 =DataFrame(XX2, columns=['P10','P11','P14'])
XX2=np.array (XX2)
XX3 =DataFrame(XX3, columns=['P10','P11','P14'])
XX3=np.array (XX3)

SUMX1=XX1[:,0] +XX1[:,1] + XX1[:,2]
XX1[:,0] =XX1[:,0] /SUMX1
XX1[:,1] =XX1[:,1] /SUMX1
XX1[:,2] =XX1[:,2] /SUMX1
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SUMX2=XX2[:,0] +XX2[:,1] + XX2[:,2]
XX2[:,0] =XX2[:,0] /SUMX2
XX2[:,1] =XX2[:,1] /SUMX2
XX2[:,2] =XX2[:,2] /SUMX2

SUMX3=XX3[:,0] +XX3[:,1] + XX3[:,2]
XX3[:,0] =XX3[:,0] /SUMX3
XX3[:,1] =XX3[:,1] /SUMX3
XX3[:,2] =XX3[:,2] /SUMX3

#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]))

# Ïðåîáðàçîâàíèå äàííûõ, óìåíüøàþùåå ðàçìåðíîñòü äî 2
Mod_t = TSNE(n_components=2, perplexity = 18.0, early_exaggeration = 15.0)
X_t =Mod_t.fit_transform(X)
X_t.shape
XT =DataFrame(X_t, columns=['1','2'])
XT = XT.join(YT)

XT1=XT.query("P18 in [0]")
XT2=XT.query("P18 in [1]")
XT3=XT.query("P18 in [2]")

XT1 =DataFrame(XT1, columns=['1','2'])
XT1=np.array (XT1)
XT2 =DataFrame(XT2, columns=['1','2'])
XT2=np.array (XT2)
XT3 =DataFrame(XT3, columns=['1','2'])
XT3=np.array (XT3)

#ïîñòðîåíèå èñõîäíîãî ãðàôèêà 3 D
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fig = plt.figure(1, figsize=(10, 8))
ax = fig.add_subplot(111, projection='3d')

xs1 = XX1[:,0]
ys1 = XX1[:,1]
zs1 = XX1[:,2]

xs2 = XX2[:,0]
ys2 = XX2[:,1]
zs2 = XX2[:,2]

xs3 = XX3[:,0]
ys3 = XX3[:,1]
zs3 = XX3[:,2]

ax.scatter(xs1, ys1, zs1,c='g', cmap=plt.cm.nipy_spectral,
edgecolor='k',s=80,label='A')

ax.scatter(xs2, ys2, zs2,c='r', cmap=plt.cm.nipy_spectral,
edgecolor='k',s=80,label='P')
ax.scatter(xs3, ys3, zs3,c='b', cmap=plt.cm.nipy_spectral,
edgecolor='k',s=80,label='D')
ax.set_title("Èñõîäíîå ïðîñòðàíñòâî ïðåäèêòîðîâ")
ax.set_xlabel('P10')
ax.set_ylabel('P11')
ax.set_zlabel('P14')
ax.legend(loc='upper left')
y = np.choose(y, [1, 2, 0]).astype(np.float)
fig = plt.figure(2,figsize=(10, 8))
plt.clf()
plt.cla()

plt.scatter(XT1[:, 0], XT1[:, 1], c='g', cmap=plt.cm.nipy_spectral,
edgecolor='k',s=100,label='A')

plt.scatter(XT2[:, 0], XT2[:, 1], c='r', cmap=plt.cm.nipy_spectral,
edgecolor='k',s=100,label='P')

plt.scatter(XT3[:, 0], XT3[:, 1], c='b', cmap=plt.cm.nipy_spectral,
edgecolor='k',s=100,label='D')
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Ðèñ. 1: Äàííûå â èñõîäíîì òðåõìåðíîì ïðîñòðàíñòâå

plt.title("Ñíèæåíèå ðàçìåðíîñòè ìåòîäîì t-SNE")
plt.xlabel("SNE1")
plt.ylabel("SNE2")
plt.legend(loc='upper left')
plt.show()

Ãðàôè÷åñêèå ðåçóëüòàòû ïðåäñòàâëåíû íèæå
Êîä R
Çäåñü èç èñõîäíîé òàáëèöû âûáèðàþòñÿ øåñòíàäöàòü ñòîëáöîâ P1-

P16 , à âûõîäíàÿ ïåðåìåííàÿ P18 ïðèíèìàåò ÷åòûðå çíà÷åíèÿ A,D,P,T

```r
library(ggplot2)
library(ggthemes)
rm(list=ls(all=TRUE))
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Ðèñ. 2: Äàííûå â ðåäóöèðîâàííîì äâóõìåðíîì ïðîñòðàíñòâå
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load("xRegion.RData")
x[,1:2]
#ÔÎÐÌÈÐÎÂÀÍÈÅ data.frame ÎÑÍÎÂÍÛÅ
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, ind =x$IndexReg)
#xreg
#Ôîðìèðîâàíèå ôàêòîðà òèï ýêîíîìèêè ðåãèîíà
xreg_f <- as.factor(x$Pok_018)
ind_f <-as.factor(x$IndexReg)

#ÈÑÕÎÄÍÎÅ ÌÍÎÆÅÑÒÂÎ ÎÑÍÎÂÍÛÕ
ÑÎÖÈÀËÜÍÎ-ÝÊÎÍÎÌÈ×ÅÑÊÈÕ ÏÎÊÀÇÀÒÅËÅÉ
ÐÅÃÈÎÍÎÂ ÐÔ 2018 ã.

#P1 - Ïëîùàäü òåððèòîðèè,òûñ. êì2
#P2 - ×èñëåííîñòü íàñåëåíèÿ íà 1 ÿíâàðÿ 2019 ã., òûñ. ÷åëîâåê
#P3 - Ñðåäíåãîäîâàÿ ÷èñëåííîñòü çàíÿòûõ, òûñ. ÷åëîâåê
#P4 - Ñðåäíåäóøåâûå äåíåæíûå äîõîäû (â ìåñÿö), ðóá
#P5 - Ïîòðåáèòåëüñêèå ðàñõîäû â ñðåäíåì íà äóøó
íàñåëåíèÿ (â ìåñÿö), ðóá
#P6 - Ñðåäíåìåñÿ÷íàÿ íîìèíàëüíàÿ íà÷èñëåííàÿ ç
àðàáîòíàÿ ïëàòà ðàáîòíèêîâ îðãàíèçàöèé, ðóá.
#P7 - Âàëîâîé ðåãèîíàëüíûé ïðîäóêò â 2018 ã. , ìëí ðóá
#P8 - Èíâåñòèöèè â îñíîâíîé êàïèòàë, ìëí ðóá
#P9 - Îñíîâíûå ôîíäû â ýêîíîìèêå (ïî ïîëíîé ó÷åòíîé
ñòîèìîñòè; íà êîíåö ãîäà),ìëí ðóá.

#P10 - Äîáû÷à ïîëåçíûõ èñêîïàåìûõ ,ìëí. ðóá
#P11 - Îáðàáàòûâàþùèå ïðîèçâîäñòâà, ìëí ðóá
#P12 - Îáåñïå÷åíèå ýëåêòðè÷åñêîé ýíåðãèåé, ãàçîì
è ïàðîì, ìëí ðóá

#P13 - Âîäîñíàáæåíèå; âîäîîòâåäåíèå, îðãàíèçàöèÿ
ñáîðà è óòèëèçàöèè îòõîäîâ, ìëí ðóá
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#P14 - Ïðîäóêöèÿ ñåëüñêîãî õîçÿéñòâà , ìëí ðóá
#P15 - Ââîä â äåéñòâèå æèëûõ äîìîâ, òûñ. ì2
#P16 - Îáîðîò ðîçíè÷íîé òîðãîâëè, ìëí ðóá
#P17 - Ñàëüäèðîâàííûé ôèíàíñîâûé ðåçóëüòàò
äåÿòåëüíîñòè îðãàíèçàöèé, ìëí ðóá.

#P18 - Òèï ðåãèîíàëüíîé ýêîíîìèêè (A,D,P,T)
#ind - íîìåð ðåãèîíà

#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

#ÑÍÈÆÅÍÈÅ ÐÀÇÌÅÐÍÎÑÒÈ
#Ìåòîä t-SNE================================
library(tsne)
X=Y
X <- as.matrix(X)
xstr_nor.tsne <-tsne(X, initial_config = NULL, k =2, initial_dims = 16,
perplexity = 10, max_iter = 1000, min_cost = 0,
epoch_callback = NULL, whiten = FALSE, epoch=100)
summary(xstr_nor.tsne)

xreg_tsne <-data.frame(x1=xstr_nor.tsne[,1],x2=xstr_nor.tsne[,2])
xreg_tsne <-cbind(xreg_tsne,xreg_f)

#Ãðàôèê ðåãèîíîâ ïî êëàññàì â äâóõìåðíîì ïðîñòðàíñòâå t-SNE
x11()
g4 <-ggplot(data= xreg_tsne, aes(x=x1,y=x2,colour = xreg_f),
colors = "Accent")
g4 <-g4 +geom_point(size=4)
g4 <-g4 +labs(title ="Ðåãèîíû â ïðîñòðàíñòå äâóõ êîìïîíåíò t-SNE 1",
x="Êîìïîíåíòà t-SNE 1", y="Êîìïîíåíòà t-SNE 2",colour = "Êëàññû")
#g4 <-g4 + theme_fivethirtyeight() + scale_color_fivethirtyeight()
#g4 <-g4 + theme_stata() + scale_colour_stata()
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g4

#Ìåòîä Rtsne ------------------------------------------------------------------
library(Rtsne)
tsne_out <- Rtsne(X,dims=2,pca=TRUE,perplexity=8,theta=0.0)
tsne_out$Y

y.Rtsne <-data.frame(y1=tsne_out$Y[,1],y2=tsne_out$Y[,2])
y.Rtsne <-cbind(y.Rtsne,xreg_f)

#Ãðàôèê ðåãèîíîâ ïî êëàññàì â äâóõìåðíîì ïðîñòðàíñòâå Rtsne
x11()
g4 <-ggplot(data= y.Rtsne, 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 t-SNE 2",
x="Êîìïîíåíòà t-SNE 1", y="Êîìïîíåíòà t-SNE 2",colour = "Êëàññû")
#g4 <-g4 + theme_fivethirtyeight() + scale_color_fivethirtyeight()
#g4 <-g4 + theme_stata() + scale_colour_stata()
g4
```

Ãðàôè÷åñêèå ðåçóëüòàòû ïðåäñòàâëåíû íèæå
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Ðèñ. 3: Äàííûå â ðåäóöèðîâàííîì äâóõìåðíîì ïðîñòðàíñòâå
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