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cluster()'��&$����(������(��� � !�����"� #���$&$�)�����#��*!�"��� �++ $������$"$&$�)�����"�$ ��+���", ��+��
� !�����-
�(��������%��� �++ $������"+���($,��%�� �� ���(�,�&�! ����"+./01.203456.20-
�(����"� !,���"+ � �"7�+���$�' ��� �"7�+���",8��,9����($,-
cluster()
��":$�7:��(�"#$&�(�&$  $:�"+�#'��$&�"&$�����$";

�-"�#',��������<==== :($���$:���'����"�%� !��&$�'%����� ��,�������"+�"$�)���-�-"�#"�����<>>>> ?@,ABC$&D4EE4F43.14GH����!���$�,����"������:��""$�)����-�-"�#"�����<IIII ?@�ABC$&E4F43.14GH����!���-
�$�$�%�$!�����$"��cluster()��*!����"J�-
K#,�&�! ��cluster()'��"���L3.EEG.M30�",���!,�D05D1N21.F$�� !����G100-�(�� ������ ������� �$&� !�����������(�':��($"� �"�'������$�$�)���-�(�)$�"'$�"��$&�(�,�",�$+����� ���  �,:��(�(�%� !�$&�(�L14G014N5��(�,����"��$����� ����#���:��"�(�� !��������+�,���(�� �%� -
�(��������%��� $'��$"� ��+!��"����",�����,�#O...O�"��+!��"� ����-

>>>> P PPP Q QQQ P PPP R RRR P PPP Q QQQ S SSS T T TT U UUU T T TT V VVV W WWW X XXX Q QQQ
cluster(x, ...)�:(���x�$"���"�,��������<==== &�������",��,�Y���(��$ !�"�$&

x
�$���$���$%�,�'�",�"��$"�(���� ��$&�(�%����� ��-���!��������$ !�"���"��",,�%�,�����(�$ !�"�#�(����",��,,�%����$"-�$�!''�������",��,�Y���$"�!��cluster(x, standard:F, ...)-

Z��UUUU[9�UUUU\9�---�UUUU]9���(��$:�$&�(����",��,�Y�,�����<̂�$:�$&==== �&"$�
���",��,�Y�,_-�(�"&$��%��#�̀)�cluster()�$�'!����*!���,�!� �,��",����"��,AB?aUUUU AbUUUU Ba
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>>>> T TTT � ��� � ��� T T TT R RRR T T TT � � �� P PPP S SSS T T TT Q QQQ � ��� � ��� S SSS � ��� T T TT R RRR T T TT � � �� P PPP S SSS T T TT Q QQQ � ��� R RRR P PPP Q QQQ S SSS T T TT U UUU T T TT V VVV W WWW X XXX Q QQQ

cluster(dissim:d)�:(���,���""�#"�����<:��("J��!����(�� ���"��
d[i,j]�:��(jJi$&�(����01����"+ �(� &$&,���D4EE4F�43.14GH����!��$�,����"��-���(�$:̂�",�$ !�"_$&,�$����'$",��$�"$�)������"+� !�����,��",d[i,j]���(�,������ ����#$�,����"�����:��"$�)����

i
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j-
�$�'!����$"�  #������<d��������,���&��:����!� �,��",����"��-�(�����"���(���&d[i,j]?��aUUUU AbUUUU Ba

\	��(�"cluster(dissim:d)'�$,!����(������ !�����"+��
cluster(x,standard:F, ...)-

cluster(similar:s, ...)�:(���s���""�#"�����<:��("J��!����(�!''������"+ �$&s���E4F43.14GH�����<-�(�����s[i,j]�������!��$&�(����� ����#���:��"$�)����
i
�",

j-
cluster(similar:s)

���$�'!����$"�  #�*!�%� �"��$cluster(dissim:d)):(���
d
���$�'!��,�#d <- 2*max(vector(s))-s-�(�!��$&����� ����#�����<��'�����! �� #!��&! :(�"�(�$�)�������"+� !�����,���%����� �����(���(�"�����-�"�(������#$!��+(�!���AB$�
�AB
�$����!���(�

���� ����#$&%����� ���A�",�B�:(����AB���(������' ��$��� ���$"-8(�"
s[i,j]
���AB�2*(max(vector(s))-s)���(������<$&�!� �,��",����"���a�= === Ab�= === Ba���:��"�(�%���$��$&���",��,�Y�,%����� ��-
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� ��� W WWW Q QQQ T T TT � ��� V VVV P PPP � � �� � ��� � ��� � ��� � ��� � ��� S SSS � ��� � ��� X XXX � ��� � ��� � ��� T T TT V VVV

cluster()
	$!�$"��$ �(���(�%�$�$&

cluster()
!��"+7�#:$�,�����!�����Y�,�"�(����� �;

�0H�N1D�NEE4M30/.3�0E�0	.�3G/.3�0 
0.5452
nclust
���"��+���

nrows(x) min(9,nrows(x))
�!����$&� !������$�!�����Y�

method "average"�"complete"�
"single"�"median"�
"ward"�"mcquitty"�

"centroid"

"average"
++ $������%�� !�����"+���($,

keep "classes"�"crit"�
"distance"�"all"

�$"�������$�����!�"�,��%� !�

print F
T

F 
:��(

keep
T 
:��($!�

 keep

��$'�'��"��"+�$����'��"��"+
tree F

T
F 
:��(

keep
T 
:��($!�

 keep

�$,�",�$+����$����,�",�$+���
classes F

T
F 
:��(

keep
T 
:��($!�

 keep

�$� ������ ��$����� ������ �
standard F T

���",��,�Y�,�����&$��� !�����"+
reorder T F

��$�,���$:�$&
'��"��,� ������ �

IIII P PPP � ��� T T TT V VVV   S SSS � ��� � ��� X XXX � � �� Q QQQ � ���
K#,�&�! ���(�$" #����$"$&cluster()���$'��"����! ��������!�"�NULL���%� !�-	$!!��7�#:$�,keep�$�"�!���(���$��$&�(����! �������%�,�"����"$%�%����� �-�(�%� !�$&keep 

�($! ,��$"�$&
"classes"�

"crit"�"distance"�$�"all"�$��%���$�$&�$���(�"$"��&$��<��' ��
keep:vector("crit","classes")-
keep:"all"

���*!�%� �"��$
keep:vector("crit", "classes", "distance")-

8(�"#$!!��
keep
�$��%�)!��$"������cluster()���!�"��(��������%���$�$������<-8(�"#$!��%��$���(�"$"������cluster()���!�"�����!��!��:��(�$�'$"�"��distances�classes�",�$�criterion-

8(�"#$!!��
keep, '��"��,$!�'!���"$���  #�!''�����,-	$!��"���  &$���'��"��"+$&�(�� ������ �$��(�,�",�$+����#class:T$�tree:T����'����%� #�print:T&$�����$�(�$��'��"��,-
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� !����"� #����"���"$%�
� ��� � ��� � ��� S SSS � ��� � ��� S SSS T T TT V VVV   S SSS � ��� � ��� � ��� � ��� � ��� Q QQQ � ��� � ��� � ��� � � �� P PPP � ��� � ��� Q QQQ P PPP � ��� � � �� � ���

	$!��"!��"+
reorder:T
�$�(�"+��(�$�,���(��$:�$&�(�'��"��,� ������ ��$�(��$�)����̂�����_�"�(������ !��������$+��(��-�(��,$��5NG�&&����(�$�,���"+$&�$:��"�(�� ������ ��(�������!�"�,���

%� !�:(�"
keep:"class"

���"��+!��"�-
� ��� � ��� T T TT R RRR W WWW � � �� � ��� � ��� U UUU P PPP R RRR W WWW � � �� � ���

�(�$!�'!�&�$�cluster()��"$����#�$!",�����",��",��'�$��� #�����  !������,�#���!��:��(����  ���$&,���:($�����!��!����� ���-�(�,�����+�"�����,����",$����' ��$&��Y������",�&�$���%������"$��� '$'! ���$"�:��(���"�� ���[?@�����C9�� ���\?@�����C9��",� ��� �?@���
��C9��",%����"����������	 			[?�
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\C-���$�,���$:�$&x!��"+%���$�permute����!�����'��$�(��,���&�$�,�&&���"�'$'! ���$"���������� �,-
Cmd> setseeds(67871,32211)# done to allow recreation of results

Cmd> x1 <- vector(10+2*rnorm(3),15+rnorm(3),20+1.5*rnorm(2))

Cmd> x2 <-  vector(30+2*rnorm(3),28+1.5*rnorm(3),31+.5*rnorm(2))

Cmd> permute <- vector(5,3,2,8,6,1,7,4) # selector to mix up data

Cmd> x1 <- x1[permute]; x2 <- x2[permute]

Cmd> groups <- vector(1,1,1,2,2,2,3,3)[permute] # group ID

Cmd> x <- hconcat(x1,x2) # bivariate data matrix

Cmd> hconcat(groups,x) # population number and bivariate data
(1,1)           2      15.606      27.451
(2,1)           1      7.2295       29.53
(3,1)           1      9.9958      30.821
(4,1)           3      17.241       31.21
(5,1)           2      16.212      25.889
(6,1)           1      10.644      28.937
(7,1)           3      20.954      31.244
(8,1)           2      14.528      24.695

�"�"���!� � !�����"� #����$" #x1�",x2:$! ,���%�� �� ��"$��(�+�$!'"!����-
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� !����"� #����"���"$%�

Cmd> plot(x1,x2,symbols:groups,ymin:24,ymax:32,xmin:6,xmax:22, \
  title:"Small bivariate sample from a mixture of three populations")

Cmd> xs <- standardize(x)  # standardize x

Cmd> describe(xs,mean:T,stddev:T) # Check standardization
component: mean
(1) -3.3827e-16 -7.2164e-16
component: stddev
(1)           1           1

Cmd> # Create matrix to hold Euclidean distances

Cmd> n <- nrows(x); d <- dmat(n,0) # n by n matrix of 0

Cmd> # Fill it with distance

Cmd> for(i,1,n-1){ # loops over 1 <= i < j <= 8
for(j,i+1,n){

d[i,j] <- d[j,i] <- sqrt(sum(vector(xs[i,]-xs[j,])^2));;
}

}

Cmd> print(format:"7.3f",d)
d: Matrix of distances among the cases for standardized data
(1,1)   0.000   2.052   1.845   1.551   0.641   1.260   1.936   1.132
(2,1)   2.052   0.000   0.807   2.340   2.485   0.801   3.148   2.536
(3,1)   1.845   0.807   0.000   1.629   2.418   0.770   2.459   2.658
(4,1)   1.551   2.340   1.629   0.000   2.147   1.735   0.831   2.683
(5,1)   0.641   2.485   2.418   2.147   0.000   1.746   2.396   0.610
(6,1)   1.260   0.801   0.770   1.735   1.746   0.000   2.486   1.910
(7,1)   1.936   3.148   2.459   0.831   2.396   2.486   0.000   2.995
(8,1)   1.132   2.536   2.658   2.683   0.610   1.910   2.995   0.000
Pop #   2       1      1      3      2      1      3      2
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Cmd> cluster(x) # cluster using Average Linkage (default)
 Case  Number of Clusters
 No.   2  3  4  5  6  7  8
 ---- -- -- -- -- -- -- --
   1   1  1  1  1  1  1  1
   2   1  3  3  3  3  3  3
   3   1  3  3  3  6  6  6
   4   2  2  2  2  2  2  2 Class table
   5   1  1  4  4  4  4  4
   6   1  3  3  3  6  7  7
   7   2  2  2  5  5  5  5
   8   1  1  4  4  4  4  8

    Criterion        Dendrogram
              +                     
      2.3442  +-----------------+   
      2.1452  +--------+        |   
     0.91973  +--+     |        |   
     0.83119  |  |     |        +--+
     0.80388  |  |     +--+     |  |
     0.76965  |  |     |  +--+  |  |
     0.60954  |  +--+  |  |  |  |  |
 Cluster No.  1  4  8  3  6  7  2  5
              Clusters 1 to 8 (Top 7 levels of hierarchy).
              Clustering method: Average linkage
              Distance: Euclidean (standardized)�$���(���+!��"��$

cluster()
��

x�"$�xs�����!��cluster()�!�$���b���  #���",��,�Y��-cluster(xs,standard:F):$! ,'�$,!���(�����$!�'!�-
� ��� � ��� � ��� � ��� � � �� P PPP � ��� � ��� Q QQQ P PPP � ��� � � �� � ���

�(�&����'���$&�(�$!�'!����(�L3.EEG.M30����� �$&� !����������b�(�'-���(�$:�$����'$",��$�����-���(�$ !�"�$����'$",��$����+��"�(��++ $������%�� +$���(��:��(��� ������+�����(���+(�-�(��$ !�"(��,�"+���(�"!����$&� !��������(�����+�-
�(��"��#�"�(��$: ��� �,��",�(��$ !�" ��� �,)���(���"!����$&
�(�� !�����$:(��(�����������+"�,���(����+���:(��(�(������
�<��� #)� !�������(���������+�"b)?�b)�"�(����+�"+'�$����-���+���$����'$",��$�(������:(�"�(������"?�O� !�����O$&��Y��-���+�"b�?����(�&�"� ���+���:(��(�(�����)?�� !����$&��Y�"-����5NG�"�(�� ������ ���!��&��:������:$! ,�$"����$&"�9�-������'����"��,�#�(��$'�$��O+O�"�(�,�",�$+���-
8(�"�:$� !��������+���(���$&�(����+�,� !�������(���"��!�$&�(���9�$&�(��:$� !�����-K���!���(������$" #�������"�(���<��' ���(� ����$ !�"�:��((��,�"+O8O����!���(�������� !�������$����'$",��$���+�����&$���"#�++ $������$"�:��(��9���(�$!+(�
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�$����'$",�"+�$���(�����"�"$"b$�%�$!�$�,��-�&�(�,!��,nclust:7���#����"��+!��"���(� ����$ !�":$! ,(�%�(��,�"+O7O�",:$! ,�$����'$",�$���+����(����+�:��(�� !������&����(�&�������+�-
� ��� � ��� � � �� P PPP Q QQQ T T TT � ��� V VVV � ��� � ��� T T TT W WWW � ��� � ��� � ��� P PPP � ��� � ��� V VVV X XXX R RRR � ��� � ��� S SSS P PPP V VVV � ��� � ��� � � �� X XXX � ��� Q QQQ � ��� S SSS 
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���+����	 ��	��	��	��	��	��	��	
���+����	 ��	��	����	��	��	��	
���+����	 ��	��	����	��	����	
���+����	 ��	������	����	��	
���+����	 ����	������	����	
���+��������	 ����	������	
���+��������������	����	
���+������������������	

�"����  #̂�����+��_�(�������� !���������(�$"�����"+$&���"+ �����-�$+���$���+����������",�̂� !������ ��� �",� ���_���+�,�$&$���"�:
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�#$!�$%�!'�"�(�,�",�$+�������( �%� �$����'$",��$����+�"+�%�"����++ $������$"+$���$�(�"�<����+�-�(�'��"��,%� !�$&�(��������$"�����(���(�,������ ����#$����� ����#���:��"�(�� !�����
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�*!���,,����"������:��"������"� !����� ��� ?��	�",������"� !����� ��� ?
����	��(����
�̂aUUUU\bUUUU�a
\
�aUUUU\bUUUU�a
\_��	[�\?��̂-���

\
�-���
\_��	?�-����-�����-

�(��$' �%� ��:(��(�(�&�"� �:$� !�����̂� ����",� ���_������+�,�"�$��(���������$"%� !��-�������(��*!����$$�$&�(��%���+��*!���,,����"������:��"������"� !����������������	�",�($���"����	-
Cmd> J1 <- vector(1,2,3,5,6,8); J2 <- vector(4,7) # selectors

Cmd> sqrt(sum(vector(d[J1,J2]^2))/12)
(1)       2.34428(�"

order:T
���"��+!��"���(�'��"��,� ������ �����$�,���,�$�(��������"�(������ !��������,)���"�-������cluster()$!�'!�:(�"

reorder:T
��!��,;

�



� !����"� #����"���"$%�

Cmd> cluster(x,reorder:T)
 Case  Number of Clusters
 No.   2  3  4  5  6  7  8
 ---- -- -- -- -- -- -- --
   1   1  1  1  1  1  1  1
   5   1  1  4  4  4  4  4
   8   1  1  4  4  4  4  8
   2   1  3  3  3  3  3  3 Reordered class table
   3   1  3  3  3  6  6  6
   6   1  3  3  3  6  7  7
   4   2  2  2  2  2  2  2
   7   2  2  2  5  5  5  5

    Criterion
               +                     
       2.3442  +-----------------+   
       2.1452  +--------+        |   
      0.91973  +--+     |        |   
      0.83119  |  |     |        +--+
      0.80388  |  |     +--+     |  |
      0.76965  |  |     |  +--+  |  |
      0.60954  |  +--+  |  |  |  |  |
  Cluster No.  1  4  8  3  6  7  2  5
               Clusters 1 to 8 (Top 7 levels of hierarchy).
               Clustering method: Average linkage
               Distance: Euclidian (standardized)
�(�,�",�$+�����!"�(�"+�,��!��(��$:�$&�(�� ������ �(�%����"��$�,���,�$�(������%��#���+���  �(�������"���(� !��������,)���"�-

� ��� S SSS P PPP W WWW � ��� T T TT � ��� P PPP � � �� � ��� � � �� X XXX � ��� � ��� Q QQQ � ��� Q QQQ � ��� � ��� V VVV X XXX R RRR � ��� � ��� S SSS � ��� � ��� � ��� � � �� X XXX � ��� Q QQQ � ��� S SSS � ���
�(�%� !��$&�(��������$"$&&��� !�����$($:��"#� !�����#$!���!�  #
��#(�%�-���"+keep:"crit"�#$!��"��%��(���%� !��&$�!���"��7�"+%���$!�' $��-�!��,reverse()�$$�,���(��&�$�&�������+�̂�$��$�$&����_�$ ���̂�$'$&����_�$�(�#����"������"+-�(� ���%� !����(�,����"�����:��"�(� ����:$� !������(��������+�,-

Cmd> criterion <- reverse(cluster(x,keep:"crit")); criterion
(1)     0.60954     0.76965     0.80388     0.83119     0.91973
(6)      2.1452      2.3442

�



� !����"� #����"���"$%�

Cmd> stages <- run(7) # stage or merge number, 

Cmd> clustersleft <- 8 - stages # number of clusters at stage

Cmd> lineplot(stages,criterion,symbols:clustersleft,ymin:0,\
xlab:"Stage", ylab:"Criterion", \
title:"Merging criterion plotted against stage")

���+�����(����! �$&�(�������+�:(��(���"����$"�&�$��b���
� !������$�b�� !�����-�(�'$�"����� ���  �,:��(�(�"!����$&� !������&����(����+�"+̂�b�_-�(�������!����"��� )!�'�"�(�%� !�$&�(��������$"̂,����"�����:��"� !�����_:(�":�+$&�$��(�O�$�����O
"!����$&� !�����̂�_�����+����$�$$&�:� !�����̂�_�����+��-�(�����(��$��$&�%�,�"���(��#$!��� $$7�"+&$��"�����'��"+�$,���,�$"($:��"#� !������(������-
������:�#�$%��:�(�������"&$�����$"���$' $��(�L�.520E�"�(������������:��"�!������%����+��- ��+��(�"+��",�������(����+�"+$&�:$� !������(�����*!���&���'����$�'���,�$'��%�$!����+���",(�"��'$���� #$!+(�"$������+�,-

��



� !����"� #����"���"$%�

Cmd> J <- stages[-1]; changes <- criterion[J] - criterion[J-1]

Cmd> lineplot(J,changes,symbols:clustersleft[-1]+1,ymin:0,\  
xlab:"Stage", ylab:"Increase", title:\

"Increase in criterion from preceding to current stage vs stage")

�(�*!�"���#' $���,���(��"���������:��"�(��������$"��(��%�,���+�%�"���+��",�(��������$"��(��%�,���(�'����,�"+���+�-�(������ ��+��(�"+����:��"�(��������$"�����+��̂�b�?�� !�����_�$���+�
�̂�b�?�� !�����_��",�����"+�(����+��$&�:$� !������(��:����� ���%� #&���'����$�'���,�$�(�,����"�����:��"� !��������+�,��
'��%�$!����+��-�(� ��� �$&�(�' $���,%� !������(�"!����$&� !�������&$���(����+�-�(!���(�&����(���(�'��7�� ��� �,��!++�����(���� !�������+(����''�$'�����-

��



� !����"� #����"���"$%�
� ��� � ��� � ��� � ��� � ��� Q QQQ � ��� � ��� � ��� W WWW � ��� � ��� T T TT � ��� � ��� T T TT V VVV   P PPP � ��� R RRR P PPP � � �� � � �� � ��� S SSS V VVV X XXX R RRR � ��� � ��� S SSS � ��� � ��� � ��� � � �� X XXX � ��� Q QQQ � ��� S SSS � ���


&��"$" #�(�$!�'!��$����'$",�"+�$�(� ���&�:���+����$&�"������-8(�"
nclust:m
���"��+!��"���(��$��$�$&�(�,�",�$+����",�(���+(��$���$ !�"$&�(�� ������ ��$����'$",�$���+�"b�:(�"�(�������� !�����-�$�(�"+��'��"��,��$!����+��:��(�$���(�"�� !�����-

Cmd> cluster(x,nclust:4)
 Case  Number of Clusters
 No.   2  3  4
 ---- -- -- --
   1   1  1  1
   2   1  3  3
   3   1  3  3
   4   2  2  2
   5   1  1  4
   6   1  3  3
   7   2  2  2
   8   1  1  4

    Criterion
               +         
       2.3442  +--------+
       2.1452  +-----+  |
      0.91973  +--+  |  |
  Cluster No.  1  4  3  2
               Clusters 1 to 4 (Top 3 levels of hierarchy).
               Clustering method: Average linkage
               Distance: Euclidian (standardized)�(��(����$ !�"�$&�(�� ������ �����(��������(�&�����(���
�$ !�"�$&�(�&!  � ������ ���",�(�,�",�$+���+�%���(����!��!��$&�(��$'&�: �"��$&�(�&!  ,�",�$+����:��(��'�#�$ !�"��*!��Y�,$!�-�(������ !����� ��� ��� ���,#�(����+��$&� !������ ��� ��",� ��� �� !����� ��� ��
� ���,#�(����+��$&� !����� ��� �� ��� ��",� �����",� !����� ��� ��� ���,#�(����+��$&$��+�"� � !������ ��� ��",� ��� -
nclust:m
� �$�&&����:(�������!�"�,:(�"#$!!��7�#:$�,

keep-�(�� ������ ��",�������$"%���$�'�����"$" #�$�(����! ��&�$����+�"b�$"-
Cmd> cluster(x,nclust:4,keep:vector("class","crit"))
component: classes
(1,1)           1           1           1
(2,1)           1           3           3
(3,1)           1           3           3
(4,1)           2           2           2
(5,1)           1           1           4
(6,1)           1           3           3
(7,1)           2           2           2
(8,1)           1           1           4
component: criterion
(1)      2.3442      2.1452     0.91973

��



� !����"� #����"���"$%�
� ��� � � �� X XXX � ��� Q QQQ � ��� S SSS P PPP V VVV P PPP � � �� � ��� � ��� T T TT � ��� � ��� � ��� P PPP � � �� P PPP S SSS   � ��� S SSS � ��� P PPP Q QQQ P PPP � ��� � ��� Q QQQ

�������"�'' �����$"$&� !�����$�(�,����"&� �cbspots.txt����"�&$���,�$ $+[�̂��#_-
Cmd> spots <- read("","spots") # read from cbspots.txt
spots          50     20 format labels
) Density measurements on 19 identifiable spots on each of 50 electro-
) phoretic gels, each spot corresponding to a particular (probably
) unknown) protein.
)
) The data in each row was derived from the blood of a rat subjected to
) a treatment expected to affect its thyroid hormones.
) There were 10 treatments in all, including a control (treatment 2).
)
) Col. 1: trt = treatment number (1-10)
) Col. 2-20: density measurements on spots 1-19.
)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
)
Read from file "TP1:Stat5401:Data:cbspots.txt"

Cmd> groups <- vector(spots[,1],labels:NULL)

Cmd> print(format:"2.0f",Case_No:run(50),Group_No:groups)
Case_No:
 (1)  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22
(23) 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
(45) 45 46 47 48 49 50
Group_No:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3  3
(23)  4  4  4  5  5  5  5  5  5  5  6  6  6  7  7  8  8  8  8  8  9  9
(45)  9  9 10 10 10 10

Cmd> y <- log10(1 + spots[,-1]) # transform data������$!�'!�&�$�cluster()-�(�%��,,�,��$ !�"�$�(�� ������ �+�%�"+�(����!� +�$!'�������(�'̂� ��� � ��� � � �� � ���_-
�(����' ���Y�����:(��(���"��(���(��$�' ���,�",�$+���:$! ,(�%����$$���",�(�&!  � ������ �:$! ,�����#��-8�����"�������,�"�(�&�"� ���+���$�!��,

nclust:20.

��



� !����"� #����"���"$%�

Cmd> cluster(y,nclust:20,reorder:T) # cases will be reordered
 Case  Number of Clusters
 No.   2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20
 ---- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
  1   1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1
  2   1  1  1  1  1  1  8  8  8  8  8  8  8  8  8  8  8  8  8  1
  4   1  1  1  1  1  1  8  8  8  8  8  8  8  8  8  8  8  8 20  1
  3   1  1  1  1  1  1  8  8  8 11 11 11 11 11 11 11 11 11 11  1
  5   2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2
  6   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
  7   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
  8   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
  9   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
 10   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
 11   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
 12   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
 13   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
 14   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
 15   2  2  2  2  2  2  2  2  2  2  2  2  2 15 15 15 15 15 15  2
 43   2  2  2  2  2  2  2  2  2  2 12 12 12 12 12 12 12 12 12  9
 44   2  2  2  2  2  2  2  2  2  2 12 12 12 12 12 12 12 12 12  9
 45   2  2  2  2  2  2  2  2  2  2 12 12 12 12 12 12 12 12 12  9
 46   2  2  2  2  2  2  2  2  2  2 12 12 12 12 12 12 12 12 12  9
 47   2  2  2  2  2  2  2  9  9  9  9  9  9  9  9  9  9  9  9 10
 48   2  2  2  2  2  2  2  9  9  9  9  9  9  9  9  9  9  9  9 10
 49   2  2  2  2  2  2  2  9  9  9  9  9  9  9  9  9  9  9  9 10
 50   2  2  2  2  2  2  2  9  9  9  9  9  9  9  9  9  9  9  9 10
 23   2  2  2  2  2  7  7  7  7  7  7  7  7  7  7  7  7  7  7  4
 25   2  2  2  2  2  7  7  7  7  7  7  7  7  7  7  7  7  7  7  4
 24   2  2  2  2  2  7  7  7  7  7  7  7 14 14 14 14 14 14 14  4
 38   2  2  2  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  8
 39   2  2  2  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  8
 40   2  2  2  5  5  5  5  5  5  5  5  5  5  5 16 16 16 16 16  8
 41   2  2  2  5  5  5  5  5  5  5  5  5  5  5 16 16 16 16 16  8
 42   2  2  2  5  5  5  5  5  5  5  5  5  5  5 16 16 16 16 16  8
 16   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  3
 17   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  3
 18   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  3
 19   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  3
 21   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  3
 29   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4 17 17 17 17  5
 30   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4 17 17 17 17  5
 31   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4 17 17 17 17  5
 32   2  2  4  4  4  4  4  4  4  4  4  4  4  4  4 17 17 17 17  5
 20   2  2  4  4  4  4  4  4  4  4  4 13 13 13 13 13 13 13 13  3
 22   2  2  4  4  4  4  4  4  4  4  4 13 13 13 13 13 13 13 13  3
 26   2  2  4  4  4  4  4  4 10 10 10 10 10 10 10 10 10 10 10  5
 27   2  2  4  4  4  4  4  4 10 10 10 10 10 10 10 10 10 10 10  5
 37   2  2  4  4  4  4  4  4 10 10 10 10 10 10 10 10 10 10 10  7
 36   2  2  4  4  4  4  4  4 10 10 10 10 10 10 10 10 10 19 19  7
 33   2  2  4  4  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6
 35   2  2  4  4  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6
 34   2  2  4  4  6  6  6  6  6  6  6  6  6  6  6  6 18 18 18  6
 28   2  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  5

  

��
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Criterion
            +                                                         
    9.5263  +-----------+                                             
    7.2292  |           +--------------------------------------------+
    6.1127  |           +-----------------------+                    |
    5.3389  |           +-----------------+     |                    |
    4.8421  |           |                 |     +--------------+     |
    4.7849  |           +-----------+     |     |              |     |
    4.3116  +--+        |           |     |     |              |     |
    4.2362  |  |        +--------+  |     |     |              |     |
    4.1678  |  |        |        |  |     |     +--------+     |     |
    4.1118  |  +-----+  |        |  |     |     |        |     |     |
     4.041  |  |     |  +-----+  |  |     |     |        |     |     |
    3.7605  |  |     |  |     |  |  |     |     +-----+  |     |     |
    3.4842  |  |     |  |     |  |  +--+  |     |     |  |     |     |
    3.4541  |  |     |  +--+  |  |  |  |  |     |     |  |     |     |
    3.3835  |  |     |  |  |  |  |  |  |  +--+  |     |  |     |     |
    3.3675  |  |     |  |  |  |  |  |  |  |  |  +--+  |  |     |     |
    3.1754  |  |     |  |  |  |  |  |  |  |  |  |  |  |  |     +--+  |
     3.084  |  |     |  |  |  |  |  |  |  |  |  |  |  |  +--+  |  |  |
    3.0093  |  +--+  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |  |
Cluster No. 1  8 20 11  2 15 12  9  7 14  5 16  4 17 13 10 19  6 18  3
            Clusters 1 to 20 (Top 19 levels of hierarchy).
            Clustering method: Average linkage
            Distance: Euclidian (standardized)

�&#$!����&!  #�<���"��(���$�,���,� ������ �#$!��"����+$$,,�� 
$&�$����'$",�"�����:��"� !�����&$!",��%���$!����+���",�(�$��+�"� +�$!'�-K$�(�(�,�",�$+����",�(�� ������ ��($:�(��$"�� !������ ��� ?
���	������"��O��"+ ��$"O�$"�����"+$&���"+ �������+(�!'�$�(�&�"� ���+�&�$��:$� !������,����"���-�����'�����$$"�-
Z��9����:(���(�%� !��$&�(��������$"��+(��!++�����$!��(�"!�����
$&� !�����-����$cluscritplot()�"&� �mvgraphics.mac������(�)$�$&
' $���"+�(��������$"�",�(�"+���"�(��������$"�+��"�����+�-	$!��"
'�$%�,����(���(�%���$�$&�������$"%� !��$�����!��!��:��(�%���$��$�'$"�"�criterion����#�����!�"�,�#cluster()-
�������' $��$&�(��������$"�",�(�"+��$&�(��������$"�+��"�����+����� ���$�($����$%�-

��
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Cmd> info <- cluster(y,nclust:20,keep:vector("crit","classes"))

Cmd> N <- nrows(y) # sample size

Cmd> cluscritplot(info,N,values:T,\
title:"Criterion vs stage for ave. linkage clustering")

Cmd> cluscritplot(info,N,change:T,\
title:"Change vs stage for ave. linkage clustering")

�(����+�������:��(���+���:(�"�(��������b��?��� !�����-�(�
' $�$&�(��������$"���� &,$��"$�����%��#�"&$�����%��"�����$&,������"�"+�"�''�$'�����"!����$&� !�����-
�(�' $�$&�(��(�"+����#���$��(� '&! -�(�*!�"���#' $���,�����+�����(��(�"+��"�(��������$"̂� :�#��"�"������_&$!",,!��"+�(����+�
�$��b�� !��������$�'���,�$�(��������$"&$!",,!��"+�(����+��$��b���� !�����-�(�#��� ���  �,:��(�(�"!�������b����$&� !�����M0	N10�(����+�-�(����  ��<��!������+��� ��� �,:��(���:��7�%�,�"���(���(�"!����$&� !�������"����-�(������!�(���$"+���%�,�"���(���(�"!����$&� !�������"$� ����(�������!��$&�(������
$&�����"+$&��'�, #�"������"+,����"��������+���-
��������$�'����$"$&�(����!� +�$!'�:��(�(�� !�����������(�':(�"�(��������� !�������(�O�$�����"!����-O

Cmd> print(format:"2.0f",groups,Clusters:vector(info$classes[,9]))
groups:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3  3
(23)  4  4  4  5  5  5  5  5  5  5  6  6  6  7  7  8  8  8  8  8  9  9
(45)  9  9 10 10 10 10
Clusters: Average linkage clusters
 (1)  1  8  8  8  2  2  2  2  2  2  2  2  2  2  2  4  4  4  4  4  4  4
(23)  7  7  7 10 10  3  4  4  4  4  6  6  6 10 10  5  5  5  5  5  2  2
(45)  2  2  9  9  9  9�(�������!",�� �"�,� !�����̂� ��� �� ��� �� ��� �",� ���_�(���$�"��,�:��(�(�
$��+�"� +�$!'��̂+�$!'�������",��_-� !����� ��� ����,�!'$&+�$!'��

��



� !����"� #����"���"$%�
�",�-�(���$!�$&&$!��������$&+�$!'���7�!'� !����� ��� �:��(�(������"�"+� ���"����"+ ��$"̂� !�����$"�����"+$&���"+ �� ���"�_-�"$��,��$%��� !����� ��� �����"+ ��$"��$"�����$" #$&������- �$+��(����%���+� �"7�+�� !�����"+,$���'����#+$$,)$�$&���$%���"+�(�$��+�"� +�$!'�-
���������� ��$!�'!�&�$��(����+�:(�"�(�������� !�����;

Cmd> print(format:"2.0f",groups,Clusters:vector(info$classes[,6]))
groups:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3  3
(23)  4  4  4  5  5  5  5  5  5  5  6  6  6  7  7  8  8  8  8  8  9  9
(45)  9  9 10 10 10 10
Clusters:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  4  4  4  4  4  4  4
(23)  7  7  7  4  4  3  4  4  4  4  6  6  6  4  4  5  5  5  5  5  2  2
(45)  2  2  2  2  2  2

�+!�� #��(�����$�����!����� !�����"+�(�":��(��� !�����-��$!'�������",�����(� !������ ����� ����� ��� �",� ��� -",��<��'�&$������"�(�+�$!'��(����7��!'�(���"+ ��$"� !����� ��� ����($&�(�$�(��+�$!'����"���� #:��(�"$"�� !�����+�$!'�����",���"� !����� ��� ��",+�$!'�����",��"� !����� ��� -
"$�(��:�#�$�%� !����(�� !�����"+��:��(�O�$"&!��$"��� �O����$�����! ���$"$&�(����!� +�$!'��",�(�� !����"!�����-

Cmd> table <- tabs(,groups,info$classes[,9])

Cmd> setlabels(table,structure("G","C")) # labels w row & col numbers

Cmd> print(format:"3.0f",table)
table: Rows are groups, columns are clusters
     C1  C2  C3  C4  C5  C6  C7  C8  C9 C10
G1    1   0   0   0   0   0   0   3   0   0
G2    0  11   0   0   0   0   0   0   0   0
G3    0   0   0   7   0   0   0   0   0   0
G4    0   0   0   0   0   0   3   0   0   0
G5    0   0   1   4   0   0   0   0   0   2
G6    0   0   0   0   0   3   0   0   0   0
G7    0   0   0   0   0   0   0   0   0   2
G8    0   0   0   0   5   0   0   0   0   0
G9    0   4   0   0   0   0   0   0   0   0
G10   0   0   0   0   0   0   0   0   4   0��9��������$���:(��9�+$�"+$"�&#$!��$�,���(�+�$!'�̂�$:�_�$�(�����&����'$���� ���(���<��!��$!"��"��$ !�"��$"�(�,��+$"� -��9�� ��� �����7#�$�:�$������$

ordertable() '̂$���,�$:��'�+�_�$�����'���-��,$�������$"�� #+$$,)$�-

��



� !����"� #����"���"$%�

Cmd> ordertable <- read("","ordertable")
ordertable   macro dollars
) Macro to reorder rows and columns of a "confusion" table so that
) the diagonal dominates.
)
) Usage:
)  table <- ordertable(groups, clusters)
)  table <- ordertable(groups, classtable, nclust)
)   groups       vector of N positive integers identifying the group
)                each case belongs to
)   clusters     vector of N positive integers identifying the cluster
)                each case belongs to
)   classtable   N by m matrix of positive integers, intended to be
)                the matrix returned cluster(x,method:meth, 
)                keep:"classes")
)   nclust       integer, 2 <= nclust <= ncols(classtable) + 1.  This
)                defines a vector clusters = classtable[,nclust-1]
)   table        the reordered g = max(groups) by max(clusters)
)                confusion matrix tabs(,groups, clusters)
)
) The columns of the confusion matrix is first reordered from largest
) cluster to smallest.  Then rows are reordered in stages, so as to
) put the column maxima on the diagonal as far as possible.
)
Read from file "TP1:Macros:Mulvar:ordertable.mac"

Cmd> print(format:"3.0f",ordertable(groups,info$classes,10))
MATRIX: Rows are groups, columns are clusters
     C2  C4  C5  C9 C10  C8  C7  C6  C3  C1
G2   11   0   0   0   0   0   0   0   0   0
G3    0   7   0   0   0   0   0   0   0   0
G8    0   0   5   0   0   0   0   0   0   0
G10   0   0   0   4   0   0   0   0   0   0
G7    0   0   0   0   2   0   0   0   0   0
G1    0   0   0   0   0   3   0   0   0   1
G4    0   0   0   0   0   0   3   0   0   0
G6    0   0   0   0   0   0   0   3   0   0
G5    0   4   0   0   2   0   0   0   1   0
G9    4   0   0   0   0   0   0   0   0   0�(���($:��(����!��!������$"�� �:�  -�&�$:��",�$ !�"��$�((�%�"$"bY��$%� !��$" #:(����(�#����$"�(�,��+$"� ��(���",�������
'��&�������(-

��



� !����"� #����"���"$%�
�$�(�����:��(�(��� !�����$ !��$"-

Cmd> print(format:"3.0f",ordertable(groups,info$classes,7))
MATRIX: Rows are groups, columns are clusters
     C2  C4  C5  C1  C6  C7  C3
G2   11   0   0   0   0   0   0
G3    0   7   0   0   0   0   0
G8    0   0   5   0   0   0   0
G1    0   0   0   4   0   0   0
G6    0   0   0   0   3   0   0
G4    0   0   0   0   0   3   0
G5    0   6   0   0   0   0   1
G7    0   2   0   0   0   0   0
G10   4   0   0   0   0   0   0
G9    4   0   0   0   0   0   0

� ��� � ��� � ��� � ��� � ��� � ��� T T TT V VVV   � � �� � ��� P PPP V VVV � ��� � ��� � ��� R RRR W WWW � � �� � ��� Q QQQ � ��� � � �� T T TT V VVV � ��� P PPP   � ��� R RRR � ��� Q QQQ � ��� � ��� � ��� � ���
Z��9� $$7���:$$�(���++ $������%�� !�������($,��'' ��,�$�(���,������"+ � �"7�+��",�$�' ��� �"7�+�-

Cmd> info <- cluster(y,method:"single",nclust:20,tree:T,\
keep:vector("crit","classes")) #tree:T means print dendrogram

 Criterion  Single linkage dendrogram
            +                                                         
    6.6162  +-----------+                                             
    5.6339  |           +--------------------------------------------+
    4.0571  +--------+  |                                            |
      3.87  +--+     |  |                                            |
    3.6466  |  |     |  +--------------------------+                 |
    3.4067  |  |     |  +-----------------------+  |                 |
    3.1208  |  |     |  +--------------+        |  |                 |
    3.0093  |  +--+  |  |              |        |  |                 |
    3.0056  |  |  |  |  +-----------+  |        |  |                 |
    2.9679  |  |  |  |  +--------+  |  |        |  |                 |
    2.9129  |  |  |  |  |        |  |  |        |  +--+              |
    2.8421  |  |  |  |  +--+     |  |  |        |  |  |              |
    2.8172  |  |  |  |  |  |     |  |  |        |  |  +-----+        |
    2.7926  |  |  |  |  |  |     |  |  |        |  |  +--+  |        |
    2.7916  |  |  |  |  |  |     |  |  +-----+  |  |  |  |  |        |
    2.7668  |  |  |  |  |  |     |  |  |     |  |  |  |  |  +-----+  |
    2.6297  |  |  |  |  |  +--+  |  |  |     |  |  |  |  |  |     |  |
    2.5984  |  |  |  |  |  |  |  |  |  |     |  |  |  |  |  +--+  |  |
    2.4827  |  |  |  |  |  |  |  |  |  +--+  |  |  |  |  |  |  |  |  |
Cluster No. 1  5  9  4  2 13 18 11 10  8 20 16  7  6 12 15 14 19 17  3
            Clusters 1 to 20 (Top 19 levels of hierarchy).
            Clustering method: Single linkage
            Distance: Euclidian (standardized)

��
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Cmd> cluscritplot(info,N,values:T,\
title:"Criterion vs stage for sing. linkage clustering")

Cmd> cluscritplot(info,N,change:T,\
title:"Change vs stage for sing. linkage clustering")

�(�����"$� ����,�"��&�����$"$&�(�"!����$&� !������ �($!+(�̂:(���
�(�"+��������$�"������_�$��̂��++����(�"+���&$��&�"� '!�(_��+(�����"�"&$���,+!���-

Cmd> print(format:"2.0f",groups,Clusters:vector(info$classes[,9]))
groups:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3  3
(23)  4  4  4  5  5  5  5  5  5  5  6  6  6  7  7  8  8  8  8  8  9  9
(45)  9  9 10 10 10 10
Clusters:  Single linkage clusters
 (1)  1  5  4  9  2  2  2  2  2  2  2  2  2  2  2  6  6  6  6  6  6  6
(23) 10  7 10  6  6  3  6  6  6  6  6  6  6  6  6  8  8  8  8  8  2  2
(45)  2  2  2  2  2  2�(�����$" #���"+ �� !������ ��� �:(��(�$�"��,��:��(�"���!� +�$!'-��%�� !�����̂� ����� ��� �� ��� �� ��� �",� ���_�����"+ ��$"�-��"+ � �"7�+�$&��"#�� ,� $��$&��"+ ��$"�-
���������$�,���,�$"&!��$"��������&$��(����",�� !�����$ !��$"�-

Cmd> print(format:"3.0f",ordertable(groups,info$classes,10))
MATRIX:
     C2  C6  C8 C10  C7  C9  C5  C3  C1  C4
G2   11   0   0   0   0   0   0   0   0   0
G3    0   7   0   0   0   0   0   0   0   0
G8    0   0   5   0   0   0   0   0   0   0
G4    0   0   0   2   1   0   0   0   0   0
G7    0   2   0   0   0   0   0   0   0   0
G1    0   0   0   0   0   1   1   0   1   1
G6    0   3   0   0   0   0   0   0   0   0
G5    0   6   0   0   0   0   0   1   0   0
G10   4   0   0   0   0   0   0   0   0   0
G9    4   0   0   0   0   0   0   0   0   0

��
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Cmd> print(format:"3.0f",ordertable(groups,info$classes,7))
MATRIX:
     C2  C6  C5  C1  C4  C3  C7
G2   11   0   0   0   0   0   0
G3    0   7   0   0   0   0   0
G1    0   0   2   1   1   0   0
G9    4   0   0   0   0   0   0
G5    0   6   0   0   0   1   0
G10   4   0   0   0   0   0   0
G4    2   0   0   0   0   0   1
G6    0   3   0   0   0   0   0
G8    5   0   0   0   0   0   0
G7    0   2   0   0   0   0   0��������$�' ��� �"7�+�� !�����"� #���-
Cmd> info <- cluster(y,method:"complete",nclust:20,tree:T,\

keep:vector("crit","classes"))

 Criterion   Complete linkage dendrogram
            +
     13.03  +--------+                                                
    10.578  |        +--------------------+                           
    8.0279  |        +-----------------+  |                           
    7.9267  |        |                 |  +--------------------+      
    6.8612  |        |                 |  +--------------+     |      
    6.6204  |        |                 |  |              |     +-----+
    5.6254  |        |                 |  +--------+     |     |     |
    5.5654  |        +-----------+     |  |        |     |     |     |
     5.196  |        +--------+  |     |  |        |     |     |     |
    4.6902  +--+     |        |  |     |  |        |     |     |     |
    4.5724  |  |     |        |  |     |  +-----+  |     |     |     |
    4.5197  |  |     +--+     |  |     |  |     |  |     |     |     |
    4.1659  |  +--+  |  |     |  |     |  |     |  |     |     |     |
    3.9365  |  |  |  |  |     |  +--+  |  |     |  |     |     |     |
    3.8553  |  |  |  |  |     |  |  |  |  +--+  |  |     |     |     |
    3.8446  |  |  |  |  |     |  |  |  |  |  |  |  |     |     +--+  |
    3.5601  |  |  |  |  |     |  |  |  |  |  |  |  +--+  |     |  |  |
     3.537  |  |  |  |  |     |  |  |  |  |  |  |  |  |  +--+  |  |  |
    3.5343  |  |  |  |  +--+  |  |  |  |  |  |  |  |  |  |  |  |  |  |
Cluster No. 1 11 14  2 13 20 10  9 15  4  3 16 12  8 18  6 19  5 17  7
            Clusters 1 to 20 (Top 19 levels of hierarchy).
            Clustering method: Complete linkage
            Distance: Euclidian (standardized)

��
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Cmd> cluscritplot(info,N,values:T,\
title:"Criterion vs stage for comp. linkage clustering")

Cmd> cluscritplot(info,N,change:T,\
title:"Change vs stage for comp. linkage clustering")

ΩCmd> print(format:"2.0f",groups,Clusters:vector(info$classes[,9]))
groups:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3
(22)  3  4  4  4  5  5  5  5  5  5  5  6  6  6  7  7  8  8  8  8  8
(43)  9  9  9  9 10 10 10 10
Clusters:  Complete linkage clusters
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3
(22)  3  8  8  8  5  5  7  3  3  3  3  6  6  6  5  5  4  4  9  9  9
(43) 10 10 10 10  9  9  9  9�(�������� !������� ����� ��� �� ��� �� ��� ��",� ��� � ��� ��(���$�"��,�:��(+�$!'�-�(����$����'$",�$+�$!'���������",�-�(�����$"���"+ ��$"�� !����� ���

�$"�����"+$&��������"+�$!'�-
Cmd> print(format:"3.0f",ordertable(groups,info$classes,10))
     C2  C3  C9  C1  C5 C10  C6  C8  C4  C7
G2   11   0   0   0   0   0   0   0   0   0
G3    0   7   0   0   0   0   0   0   0   0
G10   0   0   4   0   0   0   0   0   0   0
G1    0   0   0   4   0   0   0   0   0   0
G5    0   4   0   0   2   0   0   0   0   1
G9    0   0   0   0   0   4   0   0   0   0
G6    0   0   0   0   0   0   3   0   0   0
G4    0   0   0   0   0   0   0   3   0   0
G8    0   0   3   0   0   0   0   0   2   0
G7    0   0   0   0   2   0   0   0   0   0

��



� !����"� #����"���"$%�

Cmd> print(format:"3.0f",ordertable(groups,info$classes,7))
MATRIX:
     C2  C3  C5  C1  C6  C4  C7
G2   11   0   0   0   0   0   0
G3    0   7   0   0   0   0   0
G5    0   4   2   0   0   0   1
G1    0   0   0   4   0   0   0
G6    0   0   0   0   3   0   0
G8    3   0   0   0   0   2   0
G9    4   0   0   0   0   0   0
G4    0   3   0   0   0   0   0
G10   4   0   0   0   0   0   0
G7    0   0   2   0   0   0   0

� ��� � ��� � ��� T T TT � ��� � ��� � ��� � ��� � ��� P PPP S SSS T T TT P PPP � ��� � � �� � ��� � ���
�(��($���$&%����� ���"'!��$�� !�����"+� +$���(���"(�%��'�$&$!",�&&���$"����!�����-8(�"#$!�"� !,�%����� ���(���(���� %��,$"$�� !�����#$!��#,� !���(��&&���$&$�(��%����� ���(��,$� !����-"#���'��(����"����7�"�$�� ����$���"&$�����%�%����� ��:�  !�!�  #
'�#,�%�,�",�-
"����($,�(�����$�������(� '&! ���$��' ����(�,����#�(�&����&�:'��"��'� �$�'$"�"��-����:��'' #�%���+� �"7�+�� !�����"+�$�(�&������$��� ���$"'��"��'� �$�'$"�"��-

Cmd> eigs <- eigen(cor(y)); eigs$values # 4 values > 1
 (1)      8.1623      3.7179      1.7374      1.1274     0.89645
 (6)     0.76408     0.56048     0.53438     0.36238      0.2947
(11)     0.20819     0.16422     0.12944     0.10691    0.080667
(16)    0.054977    0.050571     0.02898    0.018455

Cmd> princomps <- standardize(y) %*% eigs$vectors[,run(4)]

Cmd> describe(princomps,var:T) # variances = eigenvalues
(1)      8.1623      3.7179      1.7374      1.1274

Cmd> info <- cluster(princomps,nclust:20, \
keep:vector("classes","crit"),standard:F) # don't standardize

��



� !����"� #����"���"$%�

Cmd> cluscritplot(info,N,values:T,\
title:"Criterion vs stage for ave. linkage, PCs")

Cmd> cluscritplot(info,N,change:T,\
title:"Change vs stage for ave. linkage, PCs")

�(��!�'�����+���?��b���$����'$",�"+��(�"+�&�$���$�� !��������+(��!++������+(����"�''�$'�����"!����$&� !������ �($!+(�(����"$�� ���-
Cmd> print(format:"2.0f",groups,Clusters:vector(info$classes[,9]))
groups:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3
(22)  3  4  4  4  5  5  5  5  5  5  5  6  6  6  7  7  8  8  8  8  8
(43)  9  9  9  9 10 10 10 10
Clusters: Principal components average linkage clusters
 (1)  1  1  9  1  2  2  2  2  2  2  2  2  2  2  2  4  4  4  4  4  4
(22)  4  7  8  2  5  5  5 10 10 10 10 10 10 10  5  5  3  3  6  6  6
(43)  7  7  7  7  6  6  6  6

Cmd> print(format:"3.0f",ordertable(groups,info$classes,10))
MATRIX:
     C2  C4  C6 C10  C5  C7  C1  C3  C9  C8
G2   11   0   0   0   0   0   0   0   0   0
G3    0   7   0   0   0   0   0   0   0   0
G10   0   0   4   0   0   0   0   0   0   0
G5    0   0   0   4   3   0   0   0   0   0
G7    0   0   0   0   2   0   0   0   0   0
G9    0   0   0   0   0   4   0   0   0   0
G1    0   0   0   0   0   0   3   0   1   0
G8    0   0   3   0   0   0   0   2   0   0
G6    0   0   0   3   0   0   0   0   0   0
G4    1   0   0   0   0   1   0   0   0   1

��
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Cmd> print(format:"3.0f",ordertable(groups,info$classes,6))
MATRIX:
     C2  C4  C6  C5  C1  C3
G2   11   0   0   0   0   0
G3    0   7   0   0   0   0
G10   0   0   4   0   0   0
G5    0   4   0   3   0   0
G1    0   0   0   0   4   0
G8    0   0   3   0   0   2
G7    0   0   0   2   0   0
G6    0   3   0   0   0   0
G9    4   0   0   0   0   0
G4    2   1   0   0   0   0
" #�:$$&��� !������$�"��,�̂� ��� �",� ���_:��(+�$!'��",��$!�$&��������"� !����� �������"+�$!'�-�(��,$��"$�,$��:�  ���$�' ��� �"7�+��'' ��,�$�(�$��+�"� ,���-�(�����$"���"+ ��$"�� !����� ���-
���"��'� �$�'$"�"��(��"$���'�$%�,�(�"+�:��(�(���,���-
�$���:(����'�$��� #�(�M0EG�(����+(�'$���� #��,$"����$�'!��,�(�&�������
���"$"��� %����� ��&�$��(���,����",�"'!��(���$
cluster()-K#,���+"��(���%����� ������(� �"����$���"���$"�$&�(�$��+�"� %����� ���(��������'������(�7"$:"'$'! ���$"�-
&�$!�����(����"$�'$���� ��"�"#��� ���!���$"����!��:(�"#$!(�%�'��b,�&�"�,+�$!'��(�����"$"��,�$,$� !�����"� #���-

Cmd> groups <- factor(groups) # make sure groups is a factor

Cmd> manova("y=groups",silent:T)

Cmd> eigs <- releigen(SS[2,,],SS[3,,]) # relative eigen stuff

Cmd> z <- y %*% (eigs$vectors[,run(4)]) # compute canonical variables

Cmd> info <- cluster(z,nclust:20,keep:vector("classes","crit"), \
standard:F) # don't standardize

��



� !����"� #����"���"$%�

Cmd> cluscritplot(info,N,values:T,\
title:"Criterion vs stage for ave. linkage, CanVars")

Cmd> cluscritplot(info,N,change:T,\
title:"Change vs stage for ave. linkage, CanVars")

�$���� ����!�'�����+���?��b�:$! ,�!++���������(���+(�"!����$&� !������:(� ��"$�(���!�'�����+���?��b��!++�����(�����+(���+�$!'�,�"�O�!'��� !�����O-
Cmd> print(format:"2.0f",groups,Clusters:vector(info$classes[,9]))
groups:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3
(22)  3  4  4  4  5  5  5  5  5  5  5  6  6  6  7  7  8  8  8  8  8
(43)  9  9  9  9 10 10 10 10
Clusters: Canonical variables average linkage clusters
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  6  6  6  6  6  6
(22)  6  3  3  3  4  4  4  4  4  4  4  8  8  8 10 10  5  5  5  5  5
(43)  7  7  7  7  9  9  9  9

Cmd> print(format:"3.0f",ordertable(groups,info$classes,10))
MATRIX:
     C2  C4  C6  C5  C7  C9  C1  C3  C8 C10
G2   11   0   0   0   0   0   0   0   0   0
G5    0   7   0   0   0   0   0   0   0   0
G3    0   0   7   0   0   0   0   0   0   0
G8    0   0   0   5   0   0   0   0   0   0
G9    0   0   0   0   4   0   0   0   0   0
G10   0   0   0   0   0   4   0   0   0   0
G1    0   0   0   0   0   0   4   0   0   0
G4    0   0   0   0   0   0   0   3   0   0
G6    0   0   0   0   0   0   0   0   3   0
G7    0   0   0   0   0   0   0   0   0   2�����7�� #��(���� !������� ����,�<��� #�$����'$",�$�(�$��+�"� +�$!'��"!�����,�,�&&���"�:�#-� ��� #�!��"+�(���+(�%����� ��(� '�� $�-

��
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Cmd> print(format:"3.0f",ordertable(groups,info$classes,5))
MATRIX:
     C2  C4  C3  C5  C1
G2   11   0   0   0   0
G5    0   7   0   0   0
G10   0   0   4   0   0
G8    0   0   0   5   0
G1    0   0   0   0   4
G4    0   0   3   0   0
G3    7   0   0   0   0
G7    0   2   0   0   0
G9    0   0   4   0   0
G6    0   3   0   0   0

O�!'��� !����O� ����$"�����$&+�$!'���",��� ��� �$"�����$&+�$!'�����",
��� ��� �$"�����$&+�$!'�������",��",� ��� �",� ��� ���+�$!'���",�-
8�,$)!����:�  :��($" #���"$"��� %����� ��̂"$��($:"_��!�:$���:��($" #�-

Cmd> info <- cluster(z[,run(2)],nclust:20,\
keep:vector("classes","crit"))

Cmd> print(format:"2.0f",groups,Clusters:vector(info$classes[,9]))
groups:
 (1)  1  1  1  1  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3
(22)  3  4  4  4  5  5  5  5  5  5  5  6  6  6  7  7  8  8  8  8  8
(43)  9  9  9  9 10 10 10 10
Clusters:
 (1)  1  1 10  1  2  2  2  2  2  2  2  2  2  2  2  3  3  8  8  8  8
(22)  3  7  2  2  3  3  3  3  3  3  3  5  5  5  3  3  4  4  4  4  4
(43)  6  6  7  9  6  6  6  6


" #�:$� !������$�"��,�:��(+�$!'�-�(������"$��"+ ��$"�-
8���"+��"�$���,��$&($:�''���"��(����!� +�$!'�����#�������
' $��$&�(�&�����(�����"$"��� %����� ���+��"�����($�(��;
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Cmd> plot(z[,1],z[,2],symbols:groups, \
title:"Scatter plot of MANOVA can vars 1 and 2", \
xlab:"MANOVA Canonical Variable 1",ylab:"Canonical Var 2")

Cmd> plot(z[,1],z[,3],symbols:groups, \
title:"Scatter plot of MANOVA can vars 1 and 3", \
xlab:"MANOVA Canonical Variable 1",ylab:"Canonical Var 3")

Cmd> plot(z[,2],z[,3],symbols:groups, \
title:"Scatter plot of MANOVA can vars 2 and 3",\
xlab:"MANOVA Canonical Variable 2",ylab:"Canonical Var 3")

��"$"��� %����� ����'������ #,������"�,�#�(�,����"��+�$!'���&�$��%��#�(�"+� ����!�� �$(� '���'������(�$�(��+�$!'�-
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