Chapter 9 Cluster Analysis 集群分析
9.1 Introduction簡介
何謂集群分析(Cluster Analysis)?

簡單來說:

Cluster Analysis-find nature groups of the individuals (items)

詳細來說:

Data
	Item
項目
	Variable變數
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· We have 
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· We want to assign the individuals to a small number of groups. So that members within each group are similar but dissimilar from members of other groups.
將個人分成少數幾組使得同一組內愈相似愈好, 不同組愈不相似愈好
· Cluster analysis 又稱為 Q-analysis, typology, grouping, clumping, numerical taxonomy(在生物上用來分類動植物), unsupervised pattern recognition learning without a teacher, etc.

Cluster analysis與Classification 的不同
Classification分類
· Number of groups is known 組數已知
· Discriminant analysis derives a rule for allocating new observations

· Supervised learning監督學習
	Item
	Variable

	
	Group
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Cluster analysis集群分析
· Number of groups is unknown組數未知
· Cluster analysis forms groups on the basis of similarities or distances (dissimilarities)
· Unsupervised learning沒監督學習
	Item
	Variable
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9.2 Similarity Measures 相似性量數
· Many statistical procedures, such as cluster analysis, multidimensional scaling have as their starting point a matrix of distances or proximities (相似) pairs of items or variables(許多統計方法, 如集群分析, 多元尺度法…等, 都由兩兩變數或項目的相似性或不相似性矩陣為開始點)
· Many measures can be used to quantify similarity or dissimilarity (或 distance)
(許多量數可用來量化相似性或不相似性)

· 在選擇量數前，要先考慮data的特徵
· Data的特徵可分為三種:
1. Interval data:資料都是quantitative,數字有數量上的意思
2. Frequency count data:資料都是次數

3. Binary data :資料是0或1。(資料是0或1只代表類別，沒有數量上的意義)。

9.2.1 Distance and similarity measures for pairs of items 兩兩項目的
相似性與不相似性
Data有
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項目Item 
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Distance Measure 不相似性量數

For Interval Data 

· Euclidean distance歐式距離
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· Squared Euclidean distance平方歐式距離
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· city-block or Manhattan distance 城市街道或曼哈頓距離
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· Minkowski distance 明考斯基距離
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看課本 p.671-673 Example 12.1 (美22家水電公司事業)
	X1
	X2
	X3
	X4
	X5
	X6
	X7
	X8
	Company

	1.06
	9.2
	151
	54.4
	1.6
	9077
	0
	0.628
	Arizona

	0.89
	10.3
	202
	57.9
	2.2
	5088
	25.3
	1.555
	Boston

	1.43
	15.4
	113
	53
	3.4
	9212
	0
	1.058
	Central

	1.02
	11.2
	168
	56
	0.3
	6423
	34.3
	0.7
	Common

	1.49
	8.8
	192
	51.2
	1
	3300
	15.6
	2.044
	Consolid

	1.32
	13.5
	111
	60
	-2.2
	11127
	22.5
	1.241
	Florida

	1.22
	12.2
	175
	67.6
	2.2
	7642
	0
	1.652
	Hawaiian

	1.1
	9.2
	245
	57
	3.3
	13082
	0
	0.309
	Idaho

	1.34
	13
	168
	60.4
	7.2
	8406
	0
	0.862
	Kentucky

	1.12
	12.4
	197
	53
	2.7
	6455
	39.2
	0.623
	Madison

	0.75
	7.5
	173
	51.5
	6.5
	17441
	0
	0.768
	Nevada

	1.13
	10.9
	178
	62
	3.7
	6154
	0
	1.897
	NewEngla

	1.15
	12.7
	199
	53.7
	6.4
	7179
	50.2
	0.527
	Northern

	1.09
	12
	96
	49.8
	1.4
	9673
	0
	0.588
	Oklahoma

	0.96
	7.6
	164
	62.2
	-0.1
	6468
	0.9
	1.4
	Pacific

	1.16
	9.9
	252
	56
	9.2
	15991
	0
	0.62
	Puget

	0.76
	6.4
	136
	61.9
	9
	5714
	8.3
	1.92
	SanDiego

	1.05
	12.6
	150
	56.7
	2.7
	10140
	0
	1.108
	Southern

	1.16
	11.7
	104
	54
	-2.1
	13507
	0
	0.636
	Texas

	1.2
	11.8
	148
	59.9
	3.5
	7287
	41.1
	0.702
	Wisconsi

	1.04
	8.6
	204
	61
	3.5
	6650
	0
	2.116
	United

	1.07
	9.3
	174
	54.3
	5.9
	10093
	26.6
	1.306
	Virginia
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For frequency count data

一個公式(略)

For binary data
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· [image: image44.png]Distance(x,x;)



=[image: image46.png]b+c



  Euclidean distance
· [image: image48.png]Distance(x,x;)
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  Squared Euclidean distance
· [image: image52.png]Distance(x,x;)
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  size difference
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  Pattern difference
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  variance
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  Shape
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  Lance and Williams
Similarity Measure相似性量數
For interval data
略

For frequency count data

略
For binary data
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 Russell and Rao
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 Simple matching
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 Rogers and Tanimoto
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 Sokal and Sneath 1
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 Sokal and Sneath 2
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 Kulczynski 1
除了課本介紹這8個外，還有很多
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看課本p.676 Example 12.1
5個人有下面特徵:
	Individual
	Height
	Weight
	Eye color
	Hair color
	handedness
	gender

	1
	68
	140
	Green
	Blond
	Right
	Female

	2
	73
	185
	Brown
	Brown
	Right
	Male

	3
	67
	165
	Blue
	Blond
	Right
	Male

	4
	64
	120
	Brown
	Brown
	Right
	Female

	5
	76
	210
	Brown
	Brown
	Left
	Male


定義2元變數如下:
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	Individual
	Height
	Weight
	Eye color
	Hair color
	handedness
	gender

	1
	0
	0
	0
	1
	1
	1

	2
	1
	1
	1
	0
	1
	0

	3
	0
	1
	0
	0
	1
	0

	4
	0
	0
	1
	1
	1
	1

	5
	1
	1
	1
	1
	0
	0
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  (simple matching)
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2, 5兩個人最相似, 1, 5兩個人最不相似

5個人分成2組(1,3,4) , (2,5)
9.2.2 Distance and similarity measures for pairs of variables兩兩變數

     的相似性與不相似性
雖然通常要group是items,但有些應用也要group the variables
Distance Measures 不相似性量數 

同前面9.1

Similarity measures 相似性量數

For Binary Data
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除了前面9.2.1的8個測量binary data 的相似性量數外，課本又介紹一個
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[image: image101.wmf]i
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 4-point correlation coefficient 

除了此9個之外，另外還有很多。

看課本 p.677 Example12.3
沒有用前面的公式，而是直接用frequency to measure the similarities and cluster languages.

Table 12.3 11種語言數字1~10
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前面這些例子，在求出相似性或不相似性矩陣後，分組是採用很主觀的視覺印象
下面將介紹一些較不太主觀的clustering的方法。
	Two basic types of clustering methods
兩種類型的集群法



Hierarchical(階層式的)
	-start with matrix of distance(由不相似性矩陣開始) & from clusters by a series successive of agglomeration or division(由一連串的凝聚或分離形成集群)
-display with a tree dendrogram用樹狀圖展示


Nonhierarchical(非階層式的)

	-begin with initial partition of objects into 
[image: image105.wmf]k

 groups(開始隨便分成k組)
-objects can move in & out at different steps.(在每一步驟移入或移出)



9.3 Hierarchical Clustering Methods

這裡介紹Agglomerative Hierarchical Methods(凝聚階層式集群法)
I. Initially each individual in cluster of size 1 
    (剛開始1人1組)

II. At each stage, most similar pair of cluster are combined to from a new cluster.
(在每一階段, 最相似的兩個合併成一個集群)
III. At any stage, every cluster is a grouping of clusters formed at previous stage.
(在每一階段, 每個集群是前一階段集群的合併)
IV. Display results with a tree (dendrogram)
(用樹狀圖展示結果)
V. Choice of number final cluster is subjective.
    (最終cluster的個數的選擇是主觀的)。

在第一步將距離最近的兩個合成一集群後，還必須決定群與群結合的依據，計算兩群的分方很多，例如：

介紹三種linkage methods連結法
· Single(單一) A
· Complete(完全) B

· Average(平均) C
再加上
Wald’s method(華德法) D
A. Single linkage (nearest neighbor procedure)單一連結(最近鄰居法)
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 不相似性矩陣
Step 1: 
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 所以將5和3合併為(35)
Step 2:
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將有3和有5的行列去掉，加上
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所以將
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Step3:將有
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所以將2與4合成
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所以將(135)與(24)合併成(12345)
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Based on the tree diagram , 
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 may be appropriate number of clusters 
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B. Complete linkage (further neighbor procedure)完全連結(最遠鄰居法)
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Step 1:
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將2與4合併成
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將1和
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C. Average linkage 平均連結
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Step1:
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Step3:
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D. Ward’s method華德法
I. Initially each individual in cluster of size 1 
   (剛開始一個人一組)
II. At each step, compute the within cluster sum of squared Euclidean distance from the mean (or centroid).

(在每一階段, 計算集群內到中心點的歐氏距離平方和)
For the ith cluster :
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Then compute the total within cluster variation 
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III. Merge the 2 cluster for which the increase in 
[image: image164.wmf]ESS

 in minimized
(合併ESS增加最少的兩個集群)
EX:
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Step1:
       Cluster  Increase in 
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Step2:
AB的平均=
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Step3:

      BCD的平均=
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      ABC的平均=
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9.4 Nohierarchical clustering methods
這裡只介紹一種方法，稱為k-means method(K組平均法)
K-means的 K 指的是集群數，而means則是集群中心
k-means method

step 1 Partition the items into 
[image: image185.wmf]k

 initial clusters and compute the mean (or certroid) 

for each cluster
[image: image186.wmf](,1,2,,)
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.(將項目分成k群, 然後計算每群中心)
Step 2 Compute the squared Euclidean distance of each item from the group mean and 
reassign each item to the nearest group. (計算每個項目到每群中心的平方歐

氏距離, 然後重新分派項目到距離最近的組) If an item is moved from the   

initial configuration the cluster centroids (means) must be recalculated before
proceeding.(若有項目由起初設定組別移出, 則此集群的中心在進行到下

一步前要重算)
Repeat Step 2 until no more reassignments take place (重複步驟2直到沒有重新分派發生為止)
EX: 
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Step1:
若
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，先任意分成2組
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計算各組的平均
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Step2:
Compute squared Euclidean distances
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[image: image193.wmf]A

比較接近
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PS: 如果同時有2個Item，需重新assign時，先隨便reassign 其中一個item，再重新計算certroid 及disrance.
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Step3:
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不必再重新assign 3 
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Note: The resulting clusters are greatly influenced by 
· 
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· Selection of centroids (中心點的選擇)(可用mean, median,
[image: image205.wmf]L
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· Distance measures 不相似性量數[image: image206.png]
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