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svd() ,����
���������*��%#��)���"��,

�����*
a
��)������ ���"���&���� &����%���&,

Cmd> x <- run(10);a <- hconcat(rep(1,10),x,x^2,x^3); a
 (1,1)           1           1           1           1
 (2,1)           1           2           4           8
 (3,1)           1           3           9          27
 (4,1)           1           4          16          64
 (5,1)           1           5          25         125
 (6,1)           1           6          36         216
 (7,1)           1           7          49         343
 (8,1)           1           8          64         512
 (9,1)           1           9          81         729
(10,1)           1          10         100        1000

Cmd> svd(a) # just get singular values
(1)      1415.4       27.14      2.2961     0.41587
�� ���##��� !"#����#"����� � LS������������*����� R�,��3������� ��������##����� !"#����#"������##��#����������#��!����� ������� �� ��
3��� ��+��������*���#�����)�� R�,

Cmd> results <- svd(a, all:T);results # get everything
component: values
(1)      1415.4       27.14      2.2961     0.41587 vector
component: leftvectors
 (1,1) -0.00079055     0.04376    -0.48416    -0.76645
 (2,1)  -0.0059493     0.13086    -0.52913   -0.067025
 (3,1)    -0.01969      0.2395    -0.44324     0.26814
 (4,1)   -0.046225     0.34536     -0.2751     0.33222
 (5,1)   -0.089767     0.42413   -0.073307     0.21842 10 by 4
 (6,1)    -0.15453     0.45151     0.11353    0.019917
 (7,1)    -0.24472     0.40319     0.23679     -0.1701
 (8,1)    -0.36456     0.25487     0.24789    -0.25845
 (9,1)    -0.51825   -0.017766    0.098213    -0.15193
(10,1)    -0.71002    -0.43902    -0.26085     0.24263
component: rightvectors
(1,1)  -0.0015222    0.067665    -0.59637    -0.79985
(2,1)   -0.012736     0.27806    -0.75857     0.58914 4 by 4
(3,1)    -0.11096     0.95185     0.26184     -0.1145
(4,1)    -0.99374    -0.10995   -0.018601   0.0064589
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����� !"#����#"�$����%������ � &����%%#������ �

������� "������#����R��)���%��%�������)�����$,
Cmd> L <- results$leftvectors; L' %*% L # left vectors orthonormal
(1,1)           1 -6.9389e-18 -1.1102e-16 -2.3592e-16
(2,1) -6.9389e-18           1  1.6653e-16  3.8858e-16
(3,1) -1.1102e-16  1.6653e-16           1 -4.4409e-16
(4,1) -2.3592e-16  3.8858e-16 -4.4409e-16           1

Cmd> R <- results$rightvectors; R' %*% R# right vectors orthonormal
(1,1)           1  4.0533e-17 -6.9218e-17  4.9043e-17
(2,1)  4.0533e-17           1  6.2095e-17  4.8526e-17
(3,1) -6.9218e-17  6.2095e-17           1 -1.4827e-16
(4,1)  4.9043e-17  4.8526e-17 -1.4827e-16           1

Cmd> L %*% dmat(results$values) %*% R' # reproduces matrix a
 (1,1)           1           1           1           1
 (2,1)           1           2           4           8
 (3,1)           1           3           9          27
 (4,1)           1           4          16          64
 (5,1)           1           5          25         125
 (6,1)           1           6          36         216
 (7,1)           1           7          49         343
 (8,1)           1           8          64         512
 (9,1)           1           9          81         729
(10,1)           1          10         100        1000
������ )��������+�"�� ��%��&"��������*)�����������%������)���
��$,
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a
� ����*��%#������,�"��&�for(...){...}

#��%��
%�� ��"��##��%%��*������ �� � ������ &������� !����� R�����3����
3������#���&+��� �*���#+��%��&"���

a,

Cmd> for(i,run(3)){ # loops over i from 1 to 3
J <- run(i) # integers 1 to i to be used as subscript
print(paste("Rank",i,"approximation"))
results$leftvectors[,J] %*% dmat(results$values[J]) %*% \
results$rightvectors[,J]'}

Rank 1 approximation
 (1,1)   0.0017032    0.014251     0.12416       1.112
 (2,1)    0.012818     0.10725     0.93436      8.3681
 (3,1)    0.042422     0.35494      3.0923      27.695
 (4,1)    0.099592     0.83328      7.2597      65.018
 (5,1)      0.1934      1.6182      14.098      126.26
 (6,1)     0.33293      2.7856      24.269      217.35
 (7,1)     0.52725      4.4115      38.434      344.21
 (8,1)     0.78544      6.5718      57.255      512.77
 (9,1)      1.1166      9.3424      81.393      728.95
(10,1)      1.5297      12.799      111.51      998.68
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Rank 2 approximation
 (1,1)    0.082063     0.34448      1.2546     0.98138
 (2,1)     0.25314      1.0948      4.3149      7.9776
 (3,1)     0.48224      2.1623      9.2793       26.98
 (4,1)      0.7338      3.4394      16.181      63.987
 (5,1)     0.97227      4.8188      25.054         125
 (6,1)      1.1621      6.1929      35.933         216
 (7,1)      1.2677      7.4541       48.85      343.01
 (8,1)      1.2535      8.4951      63.839      512.01
 (9,1)       1.084      9.2083      80.934         729
(10,1)     0.72351      9.4862      100.17      999.99
Rank 3 approximation (very good approximation)
 (1,1)     0.74505      1.1878     0.96351      1.0021
 (2,1)     0.97771      2.0164      3.9968      8.0002
 (3,1)      1.0892      2.9343      9.0128      26.999
 (4,1)      1.1105      3.9186      16.016      63.999
 (5,1)      1.0727      4.9465       25.01         125
 (6,1)      1.0066      5.9951      36.001         216
 (7,1)     0.94342      7.0417      48.992         343
 (8,1)     0.91403      8.0633      63.988         512
 (9,1)     0.94946      9.0372      80.993         729
(10,1)      1.0807      9.9406      100.01        1000
������ R� ��������+�"!��%��!�������#+�������%%��*������ ,� 
%�����"#���+�"!��� �*��##� ��� R��%%��*������ ��a�
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���������#�����)�� R�,
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y1
� &

y2�)�����
���+�,������� �������������&���,

Cmd> data <- read("","t11_05",quiet:T) # read JWData5.txt
Read from file "TP1:Stat5401:Data:JWData5.txt"

Cmd> groups <- factor(data[,1]); y <- data[,-1]

Cmd> y1 <- y[groups == 1,1]; y2 <- y[groups == 1,2]

Cmd> means <- describe(hconcat(y1,y2),mean:T);means
(1)       5.006       3.428

Cmd> svdstuff <- svd(hconcat(y1-means[1],y2-means[2]),all:T)

Cmd> s1 <- svdstuff$values[1] # first (largest) singular value

Cmd> r1 <- vector(svdstuff$rightvectors[,1])# its right sing. vector

Cmd> l1 <- vector(svdstuff$leftvectors[,1])# its left sing. vector

Cmd> beta1 <- r1[2]/r1[1]; beta0 <- means[2] - beta1*means[1]

Cmd> vector(beta0, beta1)
(1)     -2.0924      1.1028

Cmd> # Here is ordinary LS regression

Cmd> regress("y2 = y1")
Model used is y2 = y1
                Coef      StdErr           t
CONSTANT    -0.56943     0.52171     -1.0915
y1           0.79853     0.10397      7.6807

N: 50, MSE: 0.065806, DF: 48, R^2: 0.55138
Regression F(1,48): 58.994, Durbin-Watson: 2.3454
To see the ANOVA table type 'anova()'
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Cmd> plot(y1, y2, symbols:" \ 1",show:F) # sstart graph with points

Cmd> x0 <- vector(4,6) # x-values at ends of lines to be drawn

Cmd> addlines(x0, beta0+beta1* x0,show:F) # added line from ASVD

Cmd> addlines(x0, COEF[1] + COEF[2]*x0, linetype:3, \
 xlab:"y1", ylab:"y2", \
 title:"Best perpendicular LS (solid) and ordinary (dotted) LS lines")
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Cmd> stats <- tabs(y,covar:T,mean:T)

Cmd> compnames(stats)
(1) "mean"
(2) "covar"

Cmd> ybar <- stats$mean; sy <- stats$covar; N <- nrows(y)

Cmd> svdstuff <- svd(y - ybar',all:T)

Cmd> compnames(svdstuff)
(1) "values"
(2) "leftvectors"
(3) "rightvectors"
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Cmd> eigs <- eigen(sy) # sqrt of (N-1)*eigenvalues = singular valUEs

Cmd> hconcat(sqrt((N-1)*eigs$values), svdstuff$values)
(1,1)         25.1         25.1
(2,1)       6.0131       6.0131
(3,1)       3.4137       3.4137
(4,1)       1.8845       1.8845
�� ��� ��� .'�L�(�;�� ��� 8�� ��� �����#��� ���)(N-1)*eigs$values  
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Cmd> zc <- y %*% eigs$vectors # compute covariance princ. components

Cmd> tvals <- svdstuff$values # singular values

Cmd> left <- svdstuff$leftvectors # left singular vectors

Cmd> right <- svdstuff$rightvectors # right singular vectors

Cmd> ones <- rep(1,N)

Cmd> zc1 <- ones %*% (ybar' %*% right) + left %*% dmat(tvals)

Cmd> zc1 [run(5),] # 1st 5 case of PC's computed from SVD
            (1)         (2)         (3)         (4)
(1)      2.8182     -5.6463     0.65977    0.031089
(2)      2.7882       -5.15     0.84232   -0.065675
(3)      2.6134      -5.182     0.61395    0.013383
(4)       2.757     -5.0087     0.60029     0.10893
(5)      2.7736     -5.6537     0.54177     0.09461

Cmd> zc[run(5),] # first 5 cases of PC's computed from S
            (1)         (2)         (3)         (4)
(1)      2.8182      5.6463    -0.65977    0.031089
(2)      2.7882        5.15    -0.84232   -0.065675
(3)      2.6134       5.182    -0.61395    0.013383
(4)       2.757      5.0087    -0.60029     0.10893
(5)      2.7736      5.6537    -0.54177     0.09461
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