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 Linear Discriminant analysis-精神病例子
45 patients were examined by a psychiatrist (精神科醫師) and diagnosed as ill or well.  5 questions were then asked.

1. Have you recently felt that you were playing a useful part in things?

2. Have you recently felt contented with your lot? (對自己的命運感到滿足)

3. Have you recently felt capable of making decision about things?

4. Have you recently felt that you are not able to start on anything?

5. Have you recently felt yourself dreading (非常擔心) everything you have to do?

These were scored a 1-4 scale, where 1 is bad and 4 is good.  File “A:\psych.txt” contains the data.  You can import the data by selecting File-Import Data-From Files from the S-PLUS main menu. 資料夾按Browse 找到檔案所放的位置,檔案名稱File Name出現C:\chilo\mlab\mlab7\psych.txt 然後按確定。在Data set內輸入psych, 後再按OK。
> psych

   Col1 Col2 Col3  Col4 Col5  Col6 

 1  Ill    2    2    2    2    2

 2  Ill    2    2    2    1    2

 3  Ill    1    1    2    1    1

 4  Ill    2    2    2    1    2

 5  Ill    1    1    2    1    2

 6  Ill    1    1    2    1    1

 7  Ill    2    2    2    2    2

 8  Ill    1    1    2    1    2

 9  Ill    1    1    2    1    2

10  Ill    2    1    2    1    2

11  Ill    2    2    2    1    2

12  Ill    2    1    2    1    2

13  Ill    1    1    2    2    2

14  Ill    1    1    2    1    2

15  Ill    3    3    2    3    2

16 Well    4    3    3    3    2

17 Well    3    3    2    3    3

18 Well    3    2    2    3    2

19 Well    4    2    2    2    2

20 Well    2    3    2    3    3

21 Well    2    2    2    2    3

22 Well    3    2    2    1    3

23 Well    3    3    2    1    3

24 Well    2    2    2    2    2

25 Well    3    1    3    4    4

26 Well    2    2    3    1    2

27 Well    3    2    2    4    2

28 Well    3    2    2    3    3

29 Well    2    2    2    3    1

30 Well    3    2    4    3    3

31 Well    3    1    3    1    3

32 Well    1    2    2    1    2

33 Well    3    3    2    4    3

34 Well    2    3    2    4    3

35 Well    3    3    3    4    3

36 Well    2    1    2    3    3

37 Well    4    4    4    4    4

38 Well    2    1    2    3    3

39 Well    4    1    4    4    4

40 Well    3    3    2    2    3

41 Well    2    2    2    1    2

42 Well    4    2    2    2    2

43 Well    3    3    2    3    3

44 Well    2    3    2    2    2

45 Well    4    3    1    2    3
> names(psych)<-c("status","x1","x2","x3","x4","x5")

> names(psych)

[1] "status" "x1"     "x2"     "x3"     "x4"     "x5" 

We now compute the group means and variances:

> mean.ill<-apply(psych[1:15,2:6],2,mean)   #  group 1前面15個人
> mean.ill

  x1       x2  x3       x4       x5 

 1.6  1.466667  2   1.333333  1.866667

> mean.well<-apply(psych[16:45,2:6],2,mean)   #  group 2 後面30個人
> mean.well

  x1       x2       x3  x4  x5 

 2.8  2.266667  2.333333 2.6  2.7

> var.ill<-var(psych[1:15,2:6])

> round(var.ill,3)

    x1    x2   x3    x4    x5 

x1 0.400  0.343  0  0.214  0.086

x2 0.343  0.410  0  0.262  0.067

x3 0.000  0.000  0  0.000  0.000

x4 0.214  0.262  0  0.381  0.048

x5 0.086  0.067  0  0.048  0.124

> var.well<-var(psych[16:45,2:6])

> round(var.well,3)

    x1     x2     x3    x4    x5 

x1 0.648  0.124  0.172  0.228  0.179

x2 0.124  0.616  -0.057  0.110  0.014

x3 0.172  -0.057  0.506  0.241  0.207

x4 0.228  0.110  0.241  1.145  0.290

x5 0.179  0.014  0.207  0.290  0.493
Now compute the pooled variance:  # 
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> var.pool<-((15-1)*var.ill+(30-1)*var.well)/(15+30-2)

> var.pool

      x1          x2          x3        x4         x5 

x1 0.5674419  0.19534884  0.11627907  0.2232558  0.14883721

x2 0.1953488  0.54883721 -0.03875969  0.1596899  0.03100775

x3 0.1162791 -0.03875969  0.34108527  0.1627907  0.13953488

x4 0.2232558  0.15968992  0.16279070  0.8961240  0.21085271

x5 0.1488372  0.03100775  0.13953488  0.2108527  0.37286822
Calculate the coefficients of linear discriminant function.  # 
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> a<-t(mean.ill-mean.well) %*% solve(var.pool)
> a

        x1         x2        x3         x4        x5 

[1,] -1.29985  -0.6960287  0.2783689  -0.6938399  -1.369999
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The critical value:  #  
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> 1/2*(a %*% mean.ill+a %*% mean.well)
        [,1] 

[1,] -8.048508

所以 allocate 
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Identify individuals in the original data who classified as ill (T) or well (F):

> group<-a%*% t(as.matrix(psych[,2:6])) > -8.080641

> group

    1 2 3 4 5 6 7 8 9   10  11 12  13 14  15 16  17 18  19 20 21  22 23  24 25 26       19個T分類到group 1
[1,] T T T T T T T T T  T  T  T   T  T  F  F  F  F  F  F  F  F  F  T  F  T       26個F分類到group 2
     27 28 29  30 31  32 33 34  35 36  37 38  39 40 41  42 43  44 45 

[1,]  F  F  T  F  F  T  F  F  F  F  F  F  F  F  T  F  F  F  F

被分類到group 1 的人原本真正的group
> psych[group,1]

 [1] Ill  Ill  Ill  Ill  Ill  Ill  Ill  Ill  Ill  Ill  Ill  Ill  Ill  Ill 

[15] Well Well Well Well Well    # 有五個人被錯誤分到group 2
被分類到group 2 的人原本真正的group
> psych[!group,1]

 [1] Ill  Well Well Well Well Well Well Well Well Well Well Well Well Well

[15] Well Well Well Well Well Well Well Well Well Well Well Well    # 有1個人被錯誤分到group 1
The apparent error rate APER=(5+1)/(15+30)100%=13%.

Classify a new patient:  

> new.patient<-c(1,1,4,4,4)

> a %*% new.patient
        [,1] 

[1,] -9.137759
The patient would be classified as “Well” because –9.13<-8.08.

Linear Discriminant analysis-刈草機例子
課本Example 11.1.  Consider two groups in a city:
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, riding-mower owners, and 
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, those without riding mowers-that is, nonowners.  In order to identify the best sales prospects for an intensive sales campaign, a riding-mower manufacturer is interested in classifying families as prospective owners or nonowners on the basis of 
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= income and 
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= lot size.  The data are listed in Table 11.1.  先將用筆記本將課本所附光碟中的檔案T11-1開啟再存成mower.txt檔.  You can import the data by selecting File-Import Data-From Files from the S-PLUS main menu. 資料夾按Browse 找到檔案所放的位置,檔案名稱File Name出現C:\chilo\mlab\mlab7\mower.txt 然後按確定。在Data set內輸入mower, 後再按OK。
> mower

    Col1 Col2 Col3 

 1  60.0 18.4    1

 2  85.5 16.8    1

 3  64.8 21.6    1

 4  61.5 20.8    1

 5  87.0 23.6    1

 6 110.1 19.2    1

 7 108.0 17.6    1

 8  82.8 22.4    1

 9  69.0 20.0    1

10  93.0 20.8    1

11  51.0 22.0    1

12  81.0 20.0    1

13  75.0 19.6    2

14  52.8 20.8    2

15  64.8 17.2    2

16  43.2 20.4    2

17  84.0 17.6    2

18  49.2 17.6    2

19  59.4 16.0    2

20  66.0 18.4    2

21  47.4 16.4    2

22  33.0 18.8    2

23  51.0 14.0    2

24  63.0 14.8    2
> names(mower)_c("income","lotsize","group")

> names(mower)

[1] "income"  "lotsize" "group"
Compute the means and variances.

> mean.1<-apply(mower[1:12,1:2],2,mean)

> mean.1

 income    lotsize 

 79.475  20.26667

> mean.2<-apply(mower[13:24,1:2],2,mean)

> mean.2

 income    lotsize 

   57.4  17.63333

> var.1<-var(mower[1:12,1:2])

> var.1

           income    lotsize 

income  352.64386 -11.818182

lotsize  -11.81818   4.082424

> var.2<-var(mower[13:24,1:2])

> var.2

            income   lotsize 

income  200.705455 -2.589091

lotsize   -2.589091  4.464242
Compute the pooled variance.

> var.pool<-((12-1)*var.1+(12-1)*var.2)/(12+12-2)

> var.pool

            income   lotsize 

income  276.674659 -7.203636

lotsize   -7.203636  4.273333
Now compute the linear discriminant function (LDF):

> a<-t(mean.1-mean.2) %*% solve(var.pool)

> a

      income    lotsize 

[1,] 0.1002303  0.7851847

>  1/2*(a %*% mean.1+a %*% mean.2)

         [,1] 

[1,] 21.73876
線性分類函數 is 
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Plot the data and 線性分類函數.

> plot(mower$income,mower$lotsize,xlab="income",ylab="lot size",type="n")

> text(mower$income,mower$lotsize,as.character(mower$group))

> abline(21.73876/.7851847,-.1002303/.7851847)   #  abline(a, b)  a, b are intercept and slope
[image: image1.wmf]pooled

S


Identify individuals in the sample who classified as 
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, riding-mower owners(T)/
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, nonowners(F).

> mower.group<-a%*% t(as.matrix(mower[,1:2])) > 21.73876

> mower.group

    1 2 3 4 5 6 7 8 9  10  11 12  13 14  15 16  17 18 19  20 21  22 23 24       # 13個T , 11個F
[1,] F T T T T T T T T  T  T  T  T  F  F  F  T  F  F  F  F  F  F  F

> mower[mower.group,3]         # 被分類到第一組的, 有兩個原本是第二組的
 [1] 1 1 1 1 1 1 1 1 1 1 1 2 2

> mower[!mower.group,3]        # 被分類到第二組的, 有一個原本是第一組的
[1] 1 2 2 2 2 2 2 2 2 2 2
The apparent error rate APER=(2+1)/(12+12)100%=12.5%.
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