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Cmd> x <- run(10)^run(0,3)' # powers of run(10)

Cmd> setlabels(x,\
structure("@",vector("i^0","i^1","i^2","i^3")))

Cmd> x # 10 ny 4 matrix
             i^0         i^1         i^2         i^3
(1)            1           1           1           1
(2)            1           2           4           8
(3)            1           3           9          27
(4)            1           4          16          64
(5)            1           5          25         125
(6)            1           6          36         216
(7)            1           7          49         343
(8)            1           8          64         512
(9)            1           9          81         729
(10)           1          10         100        1000

Cmd> svdresults  <- svd(x,all:T)

Cmd> svdresults$values #just Sing values
(1)      1415.4       27.14      2.2961     0.41587�����������Z������������ ���	������
�	�������������	���������	 ��������� �����

x
��
��������	��?�
G
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Cmd> for(i,run(4)){
 left    <- svdresults$leftvectors[,run(i)]
 right   <- svdresults$rightvectors[,run(i)]
 tmatrix <- dmat(svdresults$values[run(i)])
 approx  <- left %*% tmatrix %*% right'
 print(approx, name:paste("Rank",i,"approximation"))

}
Rank 1 approximation:
             i^0         i^1         i^2         i^3
(1)    0.0017032    0.014251     0.12416       1.112
(2)     0.012818     0.10725     0.93436      8.3681
(3)     0.042422     0.35494      3.0923      27.695
(4)     0.099592     0.83328      7.2597      65.018
(5)       0.1934      1.6182      14.098      126.26
(6)      0.33293      2.7856      24.269      217.35
(7)      0.52725      4.4115      38.434      344.21
(8)      0.78544      6.5718      57.255      512.77
(9)       1.1166      9.3424      81.393      728.95
(10)      1.5297      12.799      111.51      998.68����������������	����Z��������	�d�������	��G
Rank 2 approximation: Better fit
             i^0         i^1         i^2         i^3
(1)     0.082063     0.34448      1.2546     0.98138
(2)      0.25314      1.0948      4.3149      7.9776
(3)      0.48224      2.1623      9.2793       26.98
(4)       0.7338      3.4394      16.181      63.987
(5)      0.97227      4.8188      25.054         125
(6)       1.1621      6.1929      35.933         216
(7)       1.2677      7.4541       48.85      343.01
(8)       1.2535      8.4951      63.839      512.01
(9)        1.084      9.2083      80.934         729
(10)     0.72351      9.4862      100.17      999.99
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Rank 3 approximation: Still better fit
             i^0         i^1         i^2         i^3
(1)      0.74505      1.1878     0.96351      1.0021
(2)      0.97771      2.0164      3.9968      8.0002
(3)       1.0892      2.9343      9.0128      26.999
(4)       1.1105      3.9186      16.016      63.999
(5)       1.0727      4.9465       25.01         125
(6)       1.0066      5.9951      36.001         216
(7)      0.94342      7.0417      48.992         343
(8)      0.91403      8.0633      63.988         512
(9)      0.94946      9.0372      80.993         729
(10)      1.0807      9.9406      100.01        1000
Rank 4 approximation: = LTR' = x
             i^0         i^1         i^2         i^3
(1)            1           1           1           1
(2)            1           2           4           8
(3)            1           3           9          27
(4)            1           4          16          64
(5)            1           5          25         125
(6)            1           6          36         216
(7)            1           7          49         343
(8)            1           8          64         512
(9)            1           9          81         729
(10)           1          10         100        10004�����������@���	������	��������

x
G
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Cmd> x # original matrix
             i^0         i^1         i^2         i^3
(1)            1           1           1           1
(2)            1           2           4           8
(3)            1           3           9          27
(4)            1           4          16          64
(5)            1           5          25         125
(6)            1           6          36         216
(7)            1           7          49         343
(8)            1           8          64         512
(9)            1           9          81         729
(10)           1          10         100        1000

Cmd> d <- sqrt(sum(x^2))/sqrt(10)

Cmd> scaledx <- x / d #divide each row by d

Cmd> scaledx # scaled matrix
             (1)         (2)         (3)         (4)
(1)            1     0.16116    0.019868   0.0022482
(2)            1     0.32233    0.079472    0.017986
(3)            1     0.48349     0.17881    0.060702
(4)            1     0.64466     0.31789     0.14389
(5)            1     0.80582      0.4967     0.28103
(6)            1     0.96699     0.71525     0.48562
(7)            1      1.1282     0.97354     0.77115
(8)            1      1.2893      1.2716      1.1511
(9)            1      1.4505      1.6093       1.639
(10)           1      1.6116      1.9868      2.2482

Cmd> sum(scaledx^2) # Column SS are all 10 as promised
             i^0          i^1          i^2          i^3
(1)           10           10           10           10

Cmd> svdresults1 <- svd(scaledx,all:T) # SVD of rescaled x

Cmd> svdresults1$values # singular values of scaled x
(1)      6.0089      1.9225     0.44084    0.051852

Cmd> svdresults$values # singular values of unscaled x
(1)      1415.4       27.14      2.2961     0.41587
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Cmd> for(i,run(4)){
  left    <- svdresults1$leftvectors[,run(i)]
  right   <- svdresults1$rightvectors[,run(i)]
  tmatrix <- dmat(svdresults1$values[run(i)])
  approx  <- (left %*% tmatrix %*% right') * d 
  print(approx,labels:F, \
  name:paste("Rank",i,"approximation"))}
Rank 1 approximation: Not good at all
     0.25452      1.7995      14.429      123.02
     0.31094      2.1985      17.628      150.29
     0.38296      2.7077      21.711      185.11
     0.47367       3.349      26.853      228.95
     0.58615      4.1444       33.23      283.32
      0.7235      5.1155      41.016      349.71
      0.8888      6.2842      50.387      429.61
      1.0851      7.6724      61.518      524.51
      1.3156      9.3019      74.583      635.91
      1.5833      11.194      89.758      765.29
Rank 2 approximation: A little better
     0.90039      2.2239      2.0124     -59.496
     0.94675      2.6162      5.4043     -29.382
       0.988      3.1052      10.079      14.125
      1.0217      3.7091      16.316      74.068
      1.0456      4.4462      24.398      153.49
      1.0571      5.3346      34.603      255.44
      1.0539      6.3927      47.214      382.96
      1.0336      7.6385       62.51      539.09
     0.99369      9.0904      80.772      726.88
      0.9319      10.767      102.28      949.36
Rank 3 approximation: Close except for column 4
     0.99753      1.0804      -0.109      6.1239
      1.0005      1.9833      4.2302      6.9364
      1.0017      2.9435      9.7789      23.401
      1.0017      3.9453      16.755      60.514
      1.0008      4.9728      25.375      123.27
     0.99968      6.0104      35.857      216.66
     0.99871      7.0421      48.419      345.69
     0.99839      8.0524      63.278      515.34
     0.99922      9.0253      80.651      730.61
      1.0017      9.9451      100.76       996.5
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Rank 4 approximation: Perfect fit with all 4
           1           1           1           1
           1           2           4           8
           1           3           9          27
           1           4          16          64
           1           5          25         125
           1           6          36         216
           1           7          49         343
           1           8          64         512
           1           9          81         729
           1          10         100        1000
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Cmd> irisdata <- read("","t11_05",silent:T)

Cmd> x <- irisdata[,-1]; xbar <- describe(x,mean:T) #col vector

Cmd> svdstuff <- svd(x - xbar',all:T) # resids from mean

Cmd> svals <- svdstuff$values; leftvecs <- svdstuff$leftvectors

Cmd> svals # Singular values 
(1)         25.1       6.0131       3.4137       1.8845

Cmd> rightvecs <- svdstuff$rightvectors

Cmd> xhat_2 <- svals[1]*leftvecs[,1] %*% rightvecs[,1]' +\
svals[2]*leftvecs[,2] %*% rightvecs[,2]' + xbar'

xhat_2
7\6666 ALC�� ��� �� � ��� ;7���	�@���������6666

Cmd> sum(vector(x - xhat_2)^2) # residual SS
(1)      15.205

Cmd> sum(svals[-run(2)]^2) # t_3^2 + t_4^2 (trailing sing vals)
(1)      15.205

Cmd> sum(svals[run(2)]^2)/sum(svals^2)
(1)     0.97769 97.8% of variability "explained"

Cmd> head(x,8) # first 8 rows of x
         SepLen      SepWid      PetLen      PetWid
(1)         5.1         3.5         1.4         0.2 Original
(2)         4.9           3         1.4         0.2 values of
(3)         4.7         3.2         1.3         0.2 x_ij
(4)         4.6         3.1         1.5         0.2
(5)           5         3.6         1.4         0.2
(6)         5.4         3.9         1.7         0.4
(7)         4.6         3.4         1.4         0.3
(8)           5         3.4         1.5         0.2

Cmd> print(head(xhat_2,8),format:".2f") #first 8 rows of xhat_2
MATRIX: Pretty good match of rank 2 approximation
       SepLen    SepWid    PetLen    PetWid
(1)      5.08      3.52      1.40      0.21 These are the
(2)      4.75      3.16      1.46      0.24 approximate
(3)      4.70      3.20      1.31      0.18 values of x_ij
(4)      4.64      3.06      1.46      0.24 computed using
(5)      5.07      3.53      1.36      0.20 the first two
(6)      5.51      3.79      1.68      0.33 principal com-
(7)      4.77      3.23      1.36      0.20 ponents
(8)      5.00      3.40      1.48      0.25

16



Statistics 5401                                                   Lecture 25                                                  November 4, 2005

� ��� - --- , ,,, � ��� 2 222 � ��� � ��� - --- � ��� � ��� � ��� / /// � ���
�

• head(x)
 ��������	����	�Z���

x
G

• head(x,n)
 ��������	��

n
	�Z���

x
G

• tail(x)
 ������������	�Z���

x
G

• tail(x,n)
 ����������

n
	�Z���

x
G

4��	����������� ����������Z���
�	��������������������������'Z�������'������	�@6666 �	�'�����'�
•
�����	������������<<<< =76666 > >>> =�����'�������������
�	���!����'�����'�����
•
�����	������������\<<<< =7\6666 > >>> =��
	���'������\6666 76666 #� ��� �� � ��� ;G
4����	��������	�����'

�< <<< =76666 > >>> =7� ��� �� � ��� ;>>>> =�\6 666 > >>> =7�	=� ��� ��\< <<< =
4������������<<<< =#\<<<< =7�	=� ��� ��������#���������	G
�����	�������<<<< =��<<<<�
Z������?��?��������\<<<< =��\<<<<�G
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Cmd> z_a <- x %*% rightvecs # PC's computed from X

Cmd> z_b <- (x - xbar') %*% rightvecs#PC's computed from resids���������
z_a
�	�<<<< =76666 > >>> =G

���������
z_b
�	�\<<<< =7\6666 > >>> =G

Cmd> head(z_a - z_b,3) #difference is constant
             (1)          (2)          (3)          (4)
(1)       5.5024       -5.327      0.63185     0.033352
(2)       5.5024       -5.327      0.63185     0.033352
(3)       5.5024       -5.327      0.63185     0.033352

Cmd> plot(z_a[,1], z_a[,2],xlab:"PC 1",ylab:"PC2", \
title:"Plot of PC's computed from original data",symbols:"\11")

Cmd> plot(z_b[,1], z_b[,2],xlab:"PC 1",ylab:"PC2", \
title:"Plot of PC's computed from residuals from mean",\
symbols:"\11")
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	��?����	�@�������\6666 ABC7DEF=FB\<<<< =>>>> =;�
6 666 7� ��� �� � ��� ;�\6 666 7̂�����	���'����a
7� ��� �� � ��� ;�DEF=FB\<<<< =>>>> =;�̂DB�EF=FI\<<<< =>>>> =;a7� ��� �� � ��� ;�\6 666 ABC�/ /// �
Z��	�//// ]\6666 #DEF=FB<<<< =>>>> =;7DB�EF=FI\<<<< =>>>> =;�����
�		�	
��'�Z���������	�@�����\6666
��\6666 ABCG
4���'������������'�������
•
���	������ �	������RPXN��� � ���

•
����RNcUPX��P��UW�V�PcVWX\6666 ABC��
���	���'�����	��� � ���

•
���RUUWU�/ /// 7\6666 #\6666 ABC����	���'�����	��������	�@�������G
!������	�������@�����	��'������

6666 7� ��� �	 			 �\6 666 ABC�/ ///
Z��	�//// 7\6666 #\6666 ABC�\6666 76666 #� ��� �	 			 G
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�������������//// ��	&����	'���G

Cmd> e <- x - xhat_2 # Fisher residuals, 150 by 4 matrix

Cmd> sum(e) # column sums and hence means are 0
         SepLen      SepWid      PetLen      PetWid
(1)  5.7732e-14 -6.2617e-14 -3.1308e-14  4.8628e-14

Cmd> sum(describe(e,var:T))/sum(describe(x,var:T))
(1)    0.022315 Like 1 - R^2

Cmd> sum(svals[-run(2)]^2)/sum(svals^2) # trailing sing vals
(1)    0.022315

Cmd> lineplot(1,e + run(0,3)',xlab:"Case number",\
title:"Shifted residuals from 2 PC fit of Fisher data",show:F)

Cmd> addlines(vector(0,150,?,0,150,?,0,150),\
vector(1,1,?,2,2,?,3,3)) # add 0 lines

!����?�������#����������� ����������		���'��������������#��
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��7��GGG�������	�������?���������������

�
Cmd> rowss <- vector(sum(e'̂ 2)) # Note the transpose

Cmd> lineplot(1,rowss,xlab:"Case Number",ylab:"RSS",\
title:"SS residuals per case vs case")

&�		������������ �����@���	�'��	���	����	��?�����������'������	��	��	�����̂������#�a������	�������	�Z���	�������������	�'�� ������������	�������	���	����G
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