
����������	
���������
���
�����	���
�������	������
����������

��	�������	 �������!���	����	���"��
"����
�����#��$���

http://www.stat.umn.edu/~kb/classes/5401

Copyright© Christopher Bingham 2005

1

Statistics 5401                                                   Lecture 42                                                  December 16, 2005% %%% & &&& ' ''' ( ((( ) ))) * *** + +++ , ,,, - - -- . ... + +++ / /// ( ((( 0 000 1 1 11 * *** 2 222
3"�����������	�����������4�������	�������	���������	���5���6���
���	�78888 ��6���������6����������
�����	3��������	������69:����	����6�����������������4���
;��6������	�<=�<>�<?�999�<@����������A�B=CDCE

FD�<=�<>�999�<@�4��	�

FD�<=�<>�<?�999�<@�������		�	

����G5HIG��7D��������������	����	����9
G�����	4���������������J;��6������	�<=�<>�<?�999�<@����������A��	�KKKK �<=�<>�999�<@��4��	�KKKK ������		�	���	�7�	���LG5HIG
��������������	����	����

2

Statistics 5401                                                   Lecture 42                                                  December 16, 20055�4���MMMM �<=�<>�999�<@���������4����	����LG5HIG���	�7�KKKK �<=�<>�999�<@�NMMMM �<=�<>�999�<@�OB�PPPP D"QPPPP ��PPPP D"QPPPP �R6����R�6����6�����������	���9:������������6����������S����������
;��6������	�<=�<>�<?�999�<@��������7���A��	�MMMM �<=�<>�999�<@��

�����������������������	������
��7������T������6������������������
������	���		�����6�������������4���
LI5�UUUU D�V>WWWWX�6���	����������O��999�39
:�������������������������6����6��
����	����������	�4���������������
����9

3

Statistics 5401                                                   Lecture 42                                                  December 16, 2005G������	���������4���6����������6���������	���4����������A��
�	�KKKK �<=�<>�999�<@������������4���J����6����56�������������T
������	�<=�<>�<?�999�<@4��������QPPPPYZ�QPPPPY[�999�QPPPPY\��������<DO]PPPP _̀̂PPPP "̂QPPPPYàO���b̀PPPP "̂QPPPPYc̀d
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Cmd> stuff <- kmeans(data,kmax:8,kmin:3)
Cluster analysis by reallocation of objects using Trace W
criterion
Variables are standardized before clustering
Initial allocation is random
  k     Initial       Final Reallocations
  8      112.13      48.275      13
  8      48.275      45.473       2
  8      45.473       45.21       1
  8       45.21      43.191       2
  8      43.191      43.191       0 Criterion for K = 8
Merging clusters 3 and 7; criterion = 49.35
  k     Initial       Final Reallocations
  7       49.35       48.98       1
  7       48.98       48.98       0 Criterion for K = 7
Merging clusters 1 and 5; criterion = 58.154
  k     Initial       Final Reallocations
  6      58.154      58.154       0 Criterion for K = 6
Merging clusters 2 and 5; criterion = 67.406
  k     Initial       Final Reallocations
  5      67.406      67.406       0 Criterion for K = 5
Merging clusters 2 and 4; criterion = 80.383
  k     Initial       Final Reallocations
  4      80.383      80.383       0 Criterion for K = 4
Merging clusters 1 and 3; criterion = 101.71
  k     Initial       Final Reallocations
  3      101.71      101.71       0 Criterion for K = 3����	������	����	�����	�����4�
������	�9G�����������������	�������������4�����������	�����4���3O�9
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kmeans()
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Cmd> compnames(stuff) # the result is a structure
(1) "classes" N by kmax-kmin+1 matrix
(2) "criterion" vector of length k

Cmd> kmeansclass <- stuff$classes

Cmd> print(kmeansclass,format:"4.0f") # classes
MATRIX:   8   7    6   5   4    3 Clusters
 (1,1)    5    5    1    1    1    1
 (2,1)    7    6    5    2    2    2
 (3,1)    1    1    1    1    1    1
 (4,1)    3    3    3    3    3    1
 (5,1)    4    4    4    4    2    2
 (6,1)    1    1    1    1    1    1
 (7,1)    6    6    5    2    2    2
 (8,1)    8    7    6    5    4    3
 (9,1)    1    1    1    1    1    1
(10,1)    3    3    3    3    3    1
(11,1)    8    7    6    5    4    3
(12,1)    6    6    5    2    2    2
(13,1)    3    3    3    3    3    1
(14,1)    5    5    1    1    1    1
(15,1)    6    6    5    2    2    2
(16,1)    8    7    6    5    4    3
(17,1)    2    2    2    2    2    2
(18,1)    5    5    1    1    1    1
(19,1)    5    5    1    1    1    1
(20,1)    3    3    3    3    3    1
(21,1)    6    6    5    2    2    2
(22,1)    7    3    3    3    3    15���36��	������	��������	����9
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Cmd> split(run(22), kmeansclass[,5]) # 4 cluster membership
component: comp1 Cases in cluster 1
(1)           1           3           6           9          14
(6)          18          19
component: comp2 Cases in cluster 2
(1)           2           5           7          12          15
(6)          17          21
component: comp3 Cases in cluster 3
(1)           4          10          13          20          22
component: comp4 Cases in cluster 4
(1)           8          11          16

Cmd> split(run(22), avelnkclass[,3]) # compare w/ aver linkage
component: comp1 Cases in cluster 1
 (1)           1           3           4           6           9
 (6)          10          13          14          18          19
(11)          20          22
component: comp2 Cases in cluster 2
(1)           8          11          16
component: comp3 Case in cluster 3
(1)           5
component: comp4 Cases in cluster 4
(1)           2           7          12          15          17
(6)          21

Cmd> tabs(,avelnkclass[,3],kmeansclass[,5]) # confusion matrix
(1,1)          0          7          5          0 Ave Link 1
(2,1)          0          0          0          3 Ave Link 2
(3,1)          1          0          0          0 Ave Link 3
(4,1)          6          0          0          0 Ave Link 4

Cmd> tabs(,avelnkclass[,4],kmeansclass[,4]) # same, K = 5
(1,1)          7           0           5           0           0
(2,1)          0           0           0           0           3
(3,1)          0           0           0           1           0
(4,1)          0           5           0           0           0
(5,1)          0           1           0           0           0

Cmd> junk <- kmeans(data,avelnkclass[,3],start:"class")
Cluster analysis by reallocation of objects using Trace W
criterion
Variables are standardized before clustering
Initial allocation is predefined
  k    Initial      Final Reallocations
  4     88.734     88.734       05�	�����������������	KKKK�3"������	KKKK
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Cmd> for(i,run(6)){plotmatrix(z,symbols:kmeansclass[,i], \

upper:T,title:paste("Kmeans clusters with",9-i,"clusters"), \
xlab:"Canonical variable",ylab:"Can

Var",xaxis:F,yaxis:F,wind:i)}

 �6������
kmeans()
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Cmd> M <- 200; CRITERION <- rep(0,M)

Cmd> for(i,run(M)){ # cluster and save criterion
CRITERION[i] <- kmeans(data,kmax:4)$criterion;;}

Cmd> unique(round(CRITERION,3)) # 8 different criterion found
(1)     80.383      92.01     90.883     91.781      96.11
(6)     88.734     99.207      92.52 Different values found

Cmd> sum(round(CRITERION,3) == unique(round(CRITERION,3))')
(1,1)        184          3          3          5          2
(1,6)          1          1          1 Counts of each valueL�������������������6����6�������������	���9���������������9������6����	4���	����	������9
�9%'#6��R������4����6�6���������	"���������	�7�������������������"����9kmeans()������	�������
Cmd> junk <- kmeans(data,jwclass,start:"class",kmax:4)
Cluster analysis by reallocation of objects using Trace W
criterion
Variables are standardized before clustering
Initial allocation is predefined
  k    Initial      Final Reallocations
  4      85.84     80.383       4
  4     80.383     80.383       0:�����	�����������	����	���	�����
�
9���4�	������4���kmeans()�����������69
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Cmd> dataS <- standardize(data) # macro does not standardize

Cmd> CRITERION1 <- rep(0, M)

Cmd> for(i,run(M)){
CRITERION1[i] <- \

reverse(kmeansmac1(dataS,k:4,silent:T)$criterion)[1];;}

Cmd> describe(hconcat(CRITERION,CRITERION1),\
mean:T,stddev:T,min:T,max:T,median:T)

component: min Minima from kmeans() and and J&W kmeans
(1)     80.383     80.383
component: median Medians from kmeans() and and J&W kmeans
(1)     80.383     93.752
component: max Max from kmeans() and and J&W kmeans
(1)     99.207      123.7
component: mean Maxima from kmeans() and and J&W kmeans
(1)     81.354     93.566
component: stddev
(1)     3.3726     9.3496

Cmd> min(abs(CRITERION1-85.84)) # never hit 85.84
(1)      0.3755������6�6!����
9����6���������6��6����	�4�	�������	��

kmeans()95�46�3"�����������	��������9��	�9
Cmd> zclasses <- kmeans(z,kmax:4)$classes
Cluster analysis by reallocation of objects using Trace W
criterion
Variables are standardized before clustering
Initial allocation is random
  k    Initial      Final Reallocations
  4     57.628     8.8961      15
  4     8.8961     8.8961       0

Cmd> @junk <- kmeans(data,zclasses,start:"class")
  k    Initial      Final Reallocations
  4     88.734     88.734       0
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Cmd> results <- kmeans(x1,kmax:5,kmin:3) # K-means analysis
Cluster analysis by reallocation of objects using Trace W
criterion
Variables are standardized before clustering
Initial allocation is random
  k      Initial        Final Reallocations
  5       190.45       45.582      77
  5       45.582       35.884      19
  5       35.884       28.866      14
  5       28.866       28.386       5
  5       28.386       28.386       0
Merging clusters 3 and 5; criterion = 38.985
  k      Initial        Final Reallocations
  4       38.985       35.321       6
  4       35.321       35.252       1
  4       35.252       35.252       0
Merging clusters 1 and 4; criterion = 53.093
  k      Initial        Final Reallocations
  3       53.093       50.767       2
  3       50.767       50.748       1
  3       50.748       50.748       0:�����	������6�
�	���������	����
kmax:5
����T������	��������	����������������	�����	���������������
�����
9:�������	��6������	����6
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Cmd> tabs(,groups,results$classes[,1])
(1,1)        3        0        0       17        0 Group 1
(2,1)       20        0        0        2        0 Group 2
(3,1)        0       24        6        0        0 Group 3
(4,1)        0        0        9        0       19 Group 4�	�������6��	�����������	�����T"�����������	����6��	�������������	�������
���T"�����������	���6�	�����������T"�����������	
�4���T�����������	����	�����������
�	�������6�9
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4���������������	�7
Cmd> tabs(,groups,results$classes[,2])
(1,1)        3        0        0       17 Group 1
(2,1)       20        0        0        2 Group 2
(3,1)        0       29        1        0 Group 3
(4,1)        0        1       27        0 Group 4:���6����	���	T�������6�������
������	������������6���4����������9
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Cmd> tabs(,groups,results$classes[,3])
(1,1)       17        3        0 Group 1
(2,1)       22        0        0 Group 2
(3,1)        0       29        1 Group 3
(4,1)        0        1       27 Group 4 ���	�����������	������������������������	������������	�������������	"�	������9;�	�7�������������������4������	����	���	������	������
������	����6��������������	���6�6����������	�9
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