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On Dimensionality Reduction of Pattern Samples by Principal

Components Analysis and Clustering

Toshihiko OkADA and Shingo TowmiTAa

Abstract

Several methods for dimensionality reduction in the clustering procedures have been proposed.

This paper reviews that a method of dimensionality reduction by principal components analysis is

formed linear combinations of the features of given patterns, The main object of principal com-

ponents analysis is to find a lower-dimensional representation that accounts the variance of the

features. Moreover, the method of iterative improvement to minimize the sum-of-squared-error

criterion for clustering is described. And to show the usefulness of the above mentioned method,

the simulation for concrete pattern samples on a computer is excuted, and we can obtain the good

agreement with our theoretical results,
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Table 1 1-dimensional representation of samples in three dimensions

3-dimensional 1-dimensional

samples representation ||

3-dimensional 1-dimensional
samples representation

A1 (-4, 8, -2) | A1(0.62)
As(-4, 9, -3) A=(0.62)
As(-4, 10, 1) A3 (0.97)
Ai(-4, 11, 5) |  A4(1.33)
As(-5, 7, 1) As(0.88)
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Bs(3, 5, 0)| Bi(-0.3D
Bs(3, 6, -3) Bs (-0.45)
Be(3, 7, 5)| Be(0.19
B:(4, 4, 2)| B~ (-0.36)
Bs(4, 5, 1)| Bs(-0.36)
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A6 (0.81)
3) A7(1.16)
0) Ag (1.03)
1) Ap (1.03)
0) A10(1.00)
4) Apn(1.35)
6) A2(1.56)
2) Aj3(1.36)
0) A1(1.19)
1) A15(1.20)
1) B) (-0.26)

6, 2) B2 ( 0.03)
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1) Bs (-0.45)

I
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Bo(4, 6, -2) By (-0.50)
Bw(4, 7, 0) Bi(-0 28)
Ci1(2, -6, -4) Ci(-1.27)
Ca(2, -7, 1) Cz (-1 00)
Cs(2, -8, -3) Cs (-1.35)
Ci(2, -9, -5) Cs (-1.56)
Cs(3, -6, 2) Cs (-0.98)
i Ce(3, -7, -2) Cs (-1.33)
| C7(3, -8, 0)| C1(-1.26)
| Ca(4, -6, -1) Cs (-1.31)
| Co(4, -7, 3) | Co(-1.10)

C10(49 '89 4) % CaO('llO)

5) | Cu(-1.08)

Table 2 1-, 2-, 3-dimensional representation of samples in three dimensions

3 -dimensional 1 -dimensional 2 -dimensional 3 -dimensional
samples i representation , representatoin representation
A1(-5, 5, 0) |  A1(0.95 | A1(0.95 -0.28) A1( 0.95, -0.28, -0.71)
Az(-5, 6, 1)  A2(1.28) A=(1.28 0.3 Az( 1.28, 0.31, -0.37)
As(-5, 7, 2) |  As(1.6)  As(1.61, 034 As( 1.6], 0.34 -0.04)
As(-6, 5, 3)|  A4(1.83)  As(1.83, -0.14) |A«( 1.83, -0.14, 0.24)
As(-6, 6, 0)  As(1.12) | As(1.12, 0.34) As(1.12, 0.34, -0.86)
Ae(-6, 7, -1) Ae ( 0.94) } As( 0.94, 0.59) Ae( 0.94, 0.59, -1.24)
A7(-7, 5,-2)  Br(0.6) A7(0.64, 0.33) A7( 0.64, 0.33, -1.67)
As(-7, 6, -3)  As(0.45)  As(0.45 0.58) As( 0.45, 0.58, -2.05)
Ao (-7, 7, 1) Ao( 1.5  Ag(1.55 0.28) Ae( 1,55, 0 28, -0.65)
Awp(-8, 6, 0)  Aw(1.33)  Ap(1.33, 0.17) Ap(1.33, 0.17, -1.11)
By (-3, -6, -2) = B1(-0.54)  B1(-0.54, -0.90) B1(-0.54, -0.90, -0.89)
B2(-3, -7, -1) | B2(-0.35) = B2(-0.35, -1.15) |B2(-0.35, -1.15, -0.51)
Bs (-4, -5, 0)  Bs(0.15  Bs(0.15 -1.06) Bs( 0.15, -1.06, -0.33)
Bs(-4, -6, 1) B: (0.3 | Bs(0.34, -1.31) Ba( 0.34, -1.31, 0.05)
Bs (-4, -7. -4) ' Bs(-1.02) | Bs(-1.02, -0.90) Bs(-1.02, -0.90, -1.71)
Bo (-4, -8, -3)  Bs(-0.83) = Be(-0.83, -1.15) Be(-0.83, 1.15, -1.32)
Br(-5, -5, 0)  Br(0.25) . Br(0.25 -1.149) B7( 0.25, -1.14, -0.46)
Bs (-5, -6, 1) Bs(0.44) Bu(0.44, -1.39) Bs( 0.44, -1.39, -0.08)
Bo(-5, -7, 2)  Bo(0.63) Bg(0.63 -1.63) Bo( 0.63, -1.64, 0.30)
Bio(-5, -8, 3) Bo{0.82) = Bi( 0.82, -1.89) Bio( 0.82, -1.89, 0.68)
Ci(4, 7, 0)! Ci1(0.18 Ci (0.18, 1.29) |C1( 0.18, 1.29, 0.40)
C:(5, 5, 3), C2(072 C2(0.72, 0.76) |C2( 0.72, 0.76, 1.64)
Cs(5, 6, 2)| Cs(0.53) Cs(0.55, 1.0 Cs(0.53, 1.01, 1.26)
Ce(5, 7, 1) Ca(0.39) Cs4(0.34, 1.26) Ca( 0.3, 1.26, 0.88)
Cs( 6, 5,-3)  Cs5(-0.93) \ Cs (-0.93, 1.50) |Cs(-0.93, 1.50, -0.37)
Ce( 6, 6, -2) Ce (-0.61) = Ce(-0.61, 1.53) Co(-0.61, 1.53, -0.04)
Cr(6, 7, -1) Cr(-0.28) | C7(-0.28 1.56) C(-0.28, 1.56, 0.29)
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Cs( 7, 5, 1)1 Cs(-0.000 | Cs(-0.00, 1.14) [Cs(-0.00, 1.14. 1.18
Co( 7, 6, 0) \l Co(-0.19) | Co(-0.19, 1.39) Co(-0.19, 1.39, 0.80)
c(1, 7, -4) H Cio(-1.15) | Cu(-1.15, 1.98) [Cio(-1.15, 1.98, -0.65)
Di( 4, -6, 0)| Di(-0.73) D1(-0.73, -0.55) |D1(-0.73, -0.55, 0.72)
D2 4, -7, 1)11 Ds(-0.54) | Dz(-0.54, -0.80) D2 (-0.54, -0.80, 1.10)
Ds( 5, -5, 2) j Ds(-0.24) | Da(-0.24, -0.55) Ds(-0.24, -0.55, 1.53)
Di( 5, -6, 3)| Di(0.05 = Di(-0.05 -0.80) D1(-0.05, -0.80, 1.91)
Ds( 5, -7, 4) . Ds(0.13) Ds( 0.13, -1.05) Ds( 0.13, -1.05, 2.29)
De( 6, -5, - 1) Do(-1.12) | De(-1.12, -0.13) De(-1.12, -0.13, 0.59)
Di( 6, -6, -2)  Dr(-1.45) | Di(-1.45, -0.16) D7 (-1.45, -0.16, 0.26)
Ds( 6, -7, -3) |  Ds(-1.77) | Ds(-1.77, -0.19) Ds(-1.77, ~0.19, ~0.07)
D9( 7, -6, -4) Do(-2.06) | De(-2.06, 0.14) Dp (-2.06, 0.14, -0.33)
D 7, -7, -5) Di(-2.39) D1o(-2.39, 0.11) Dip(-2.39, 0.11, -0.66)
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Table 3 Clustering results for samdles in
Table 1

H Results for
Initial Partion ‘i‘ 1 -dimensional

1 represeusation
P ]l P2 l Ps :: P Ps ‘ Ps
— e ’4—_. RV USEL JNSRy . — = ! -
A1 . Az As Ci B: |A1, A
A A's As C: B: A2, Al
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B B2 Bs | Ce Bs |As
B4 Bs | Bs Cq By (AT
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Table 4 Clustering results for 1-, 2-, 3-dimensional representation of samples

in Table 2
Results for 1 - Resulls for 2- Results for 3-
Initial partition dimensional dimensional dimensional
representation representation representation

Py | P2 | Pg | mg Pr | P2 | Ps | Ps m[ Po | Ps | Po | Pi| Pa| Ps [P,
A1 | Az | As | Ay | D7 | Ay | Cs | Bs Ci| A1 | D1 | B Ci| A1 | D1 | B:
As | As | A7 | Ag Ds Az | Cs Bs Cs Az | De | B Csz Az | D2 | Be
Ay Ap| By Be Dy As Cr B7 Cs As D+ Bs Cs As D3 | Ba
Bs B Bs Bes Dp| Ad| Gy Bs Ce As | Ds | Bs Cs A+ | Ds | By
Bz | Bs | Bo | B As | Cn| Bp Cr | As | Dy | Be Cs | As | Ds | Bs
Ci C: Cs Cq As Bi*| By Cs As Dy | B7 Ce As De | Bs
Cs | Ce | CT | C8 Ag | Be*| A7*) Co | A7 | Bs*| Bs | C7 | A7 | D7 | Bz
Co | Co| D1| Ds Ap| Bs*| As*| Cio| As Bo | Cs | As | Ds | Bs
Ds | Ds | Ds i D¢ | Be*| Cj* Ag | Bin| Co| Ag | Dp | Be
D7 | Ds| Do Dy Di*| Cg* App De*| Co | Ay | Dy | B

Dg*| Cg* Ce* Ds*| Cyc

Dsg*| Cg* Ca*| Dy*

De*| Cg* | Ds*

Dy*
Ds* |
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