Kitakado’s Lecture Series

Clustering methods: Part (2) Exercise
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Example analysis: morphometric data of
horse mackerel
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Data preparation

library (tidyverse)
library (gridExtra)

tmp <- read.csv("Data/Morph_horsemackerel.csv",
header=T)

Species <- tmpS$SSpecies

V1l <- tmpS$BD/tmpSSL

V2 <- tmpSED/tmp$SL

Data <- data.frame (V1,V2)

Data.gg <- cbind(Data, Species)

Data <- scale (Data)

dim (Data)

[1] 175 2

clust.true <- ggplot (Data.ggq,
aes (x=V1,y=V2,col=Species)) + geom_point () +
ggtitle ("True")
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Clustering: k-means method with K=2 Q TR

Res.km2 <- Res <- kmeans (Data, 2, nstart=10)
clust.km2 <- Data.gg %>% mutate (Label=ResS$cluster) %>%
(

ggplot (aes (V1,V2,col=factor (Label))) + geom_point
+ ggtitle ("KM2")

grid.arrange (clust.true, clust.km2, nrow=1)
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Clustering: k-means method with K=3 Q TR

Res.km3 <- Res <- kmeans (Data, 3, nstart=10)

clust.km3 <- Data.gg %>% mutate (Label=ResS$cluster) %>%
ggplot (aes (V1,V2,col=factor (Label))) + geom_point () +

ggtitle ("KM3")

grid.arrange (clust.true, clust.km3, nrow=1)
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Clustering: k-means method with K=4 Q TR

Res.km4 <- Res <- kmeans (Data, 4, nstart=10)
clust.km4 <- Data.gg %>% mutate (Label=ResS$cluster) %>%
(

ggplot (aes (V1,V2,col=factor (Label))) + geom_point
+ ggtitle ("KM4")

grid.arrange (clust.true, clust.kméd4, nrow=1)
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Hierarchical clustering with “complete” linkage Q BB

Res.hc.comp <- helust (dist (Data), method="complete")
plot (Res.hc.comp, main="Complete Linkage",
labels=Species, xlab="", ylab="", sub="", cex=0.5)
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Hierarchical clustering with “complete” linkage with K=3, 4 Q BB

clust.hc3 <- Data.gg %>%
mutate (Label=cutree (Res.hc.comp,k=3)) %>%

ggplot (aes (V1,V2, col=factor (Label))) + geom_point ()
+ ggtitle ("HC3")

clust.hc4 <- Data.gg %>%
mutate (Label=cutree (Res.hc.comp, k=4)) %>%

ggplot (aes (V1,V2, col=factor (Label))) + geom_point ()
+ ggtitle ("HC4")

grid.arrange (clust.true, clust.hc3, clust.hc4,
clust.km?2, clust.km3, clust.kmd4d, nrow=2)
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Hierarchical clustering with “average” linkage Q BB

Res.hc.ave <- heclust (dist (Data), method="average")
plot (Res.hc.comp, main="Average Linkage",
labels=Species, xlab="", ylab="", sub="", cex=0.5)
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Exercise (1)

® Compare results of “complete” and “average” linkage in the hierarchical clustering.



Example analyses: Iris data (7 WV A T —
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® Sepal (A°< F)
® Petal (TEF})

head (iris, 3)

Sepal.Length Sepal.Width Petal.lLength Petal.Width

Species
1 5.1 3.5 1.4 0.2
setosa
2 4.9 3.0 1.4 0.2
setosa
3 4.7 3.2 1.3 0.2

setosa



Visual presentation of data Q Fromeay

library (GGally)
ggpairs(iris, columns=1:4, aes(col=Species))
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Dimension reduction by PCA Q B

Let us reduce the dimension of data from 4 to 2 so that we can draw the data on the
plain.

Data <- scale(iris[,—-5])

Species <- iris$Species

Res.pca <- prcomp (Data)

DF <- data.frame (Res.pca$x[,1:2],
Species=irisS$Species)

clust.true <- DF %>%

ggplot (aes (x=PCl,y=PC2, col=Species)) + geom_point () +
ggtitle ("True")

clust.true
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CIustering: K-means method with K=3

Res.km3 <- Res <- kmeans (Data, 3, nstart=10); Res.km3

K-means clustering with 3 clusters of sizes 50, 53, 47

Cluster means:

Sepal.Length Sepal.Width Petal.Length Petal.Width

1 -1.01119138 0.85041372 -1.3006301 -1.2507035
2 -0.05005221 -0.88042696 0.3465767 0.2805873
3 1.13217737 0.08812645 0.9928284 1.0141287

Clustering vector:

rr)r111111111111111111111111



SIRFEA

REBEAS

True

PC1

KM3

Species
* setosa o]
¢ vyersicolor O

* yirginica

-2-

-
- - :. ’
a® I
- " *
o g
2 -, . factor(Label)
L] -e *e
.:.0.2 se ™ =1
- e -
o '. ‘ .. - * 2
T, e
R SR -3
L] \'
-
..
0 2

PC1



Hierarchical clustering with “complete” linkage with K=3 Q BB

Res.hc.comp <- Res <- heclust (dist (Data),
method="complete")

Den <- as.dendrogram (Res)

COL <— ¢ ("red","blue", "green")

Label.col <- COL[Species] [order.dendrogram (Den) ]
Den %>% dendextend::set ("labels_colors",
value=Label.col) %>% plot ()
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clust.hc3 <- DF %>%

mutate (Label=cutree (Res.hc.comp, k=3)) %>%
ggplot (aes (PC1,PC2, col=factor (Label))) +

geom_point () + ggtitle ("HC3")

grid.arrange (clust.true, clust.hc3, nrow=1l)
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Kernel K-means method Q ERBLAS

library (kernlab)
Res.kkm3 <- Res <- kkmeans (Data, 3, kernel="rbfdot");
Res.kkm3

Using automatic sigma estimation (sigest) for RBF or
laplace kernel

Spectral Clustering object of class "specc"

Cluster memberships:

3333333333333 33333333333333
3333333333333 33333333332221
112111111112111121111222117I1
1111221111111 111111212222132
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Mixture models (1) Best model (G=2) Q By

library (mclust)
Res.mc <- Meclust (Data);
plOt (Res.mc, what="BIC")
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Mixture models (1 Continued) Best model (G=2)

plot (Res.mc, what="classification")



SIRFEA

QA ERmEiE

Tk L

15

00

Sepal Length

1.5 00

Petal Width

15



Mixture models (2) Model with G=3 Q FRmeay

Res.mc3 <- Meclust (Data, G=3);
plot (Res.mc3, what="classification")
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Mixture models (3) plots Q FRmea

clust.mc3 <— DF %>% mutate (Label=Res.mc3$class) %>%
ggplot (aes (PC1,PC2, col=factor (Label))) +

geom_point () + ggtitle ("MC")

grid.arrange (clust.true, clust.mc3, nrow=1)
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Example analyses: gene measurements

between healthy and deseased
o dividuale

EEEEEE



WL
QA FRBAY

Data preparation

Data consists of 40 tissue samples with measurements on a total of 1000 genes
(from Chapter 10, ISL). Among 40 tissues, the first 20 samples are from a healthy
group, while the second 20 samples are from a diseased group.

Data <- read.esv("Data/ISL_Chl0Ex1ll cancer.csv",
header=T)

ID <- colnames (Data)

Label <- c(rep("Healthy",20), rep("Diseased",20))
Data <- t (Data)

Data <- scale (Data)

dim (Data)

[1] 40 1000



PCA analysis O Emn

To reduce 1000 dimension data to 2 dimension data by PCA to show the information

of data.

Res.pca <- prcomp (Data)

DF <- data.frame (Res.pca$x[,1:2], Label)

clust.true <- DF %>%

ggplot (aes (x=PC1l, y=PC2, col=Label)) + geom_point () +
ggtitle ("True") + theme (legend.position="bottom")

clust.true
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MDS analysis Q FRmeay

Another methods for dimension reduction.

Dist.Data <- dist (Data, method = "euclidean")
Res.cmd <- cmdscale (Dist.Data, 2)

COL = c(rep("red",20), rep("darkgreen",20))
plot (Res.cmd, col=COL)
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CIustering: k-means method with K=2 and 3 QA Fpeas

Res.km2 <- Res <- kmeans (Data, 2, nstart=10)
clust.km2 <— DF %>% mutate (Label=ResS$Scluster) %>%
ggplot (aes (PC1,PC2, col=factor (Label))) +
geom_point () +
ggtitle ("KM2") + theme (legend.position="bottom")

Res.km3 <- Res <- kmeans (Data, 3, nstart=10)
clust.km3 <— DF %>% mutate (Label=ResS$Scluster) %>%
ggplot (aes (PC1,PC2, col=factor (Label))) +
geom_point () +
ggtitle ("KM3") + theme (legend.position="bottom")

grid.arrange (clust.true, clust.km2, clust.km3, nrow=1l)
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Hierarchical clustering with “complete” and “average” linkage ® =%

Res.hc.comp <- helust (dist (Data), method="complete")
Res.hc.ave <- hclust (dist (Data), method="average")
par (mfrow=ec (1, 2))

plot (Res.hc.comp, main="Complete Linkage",
labels=Label, xlab="", ylab="", sub="", cex=0.8)
plot (Res.hc.comp, main="Average Linkage",
labels=Label, xlab="", ylab="", sub="", cex=0.8)
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Hierarchical clustering with “complete” linkage with K=2

clust.hc2 <- DF %>%
mutate (Label=cutree (Res.hc.comp,k=2)) %>%
ggplot (aes (PC1,PC2, col=factor (Label))) +
geom_point () + ggtitle ("HC2") +
theme (legend.position="bottom")
clust.hc3 <- DF %>%
mutate (Label=cutree (Res.hc.comp,k=3)) %>%
ggplot (aes (PC1,PC2, col=factor (Label))) +
geom_point () + ggtitle ("HC3") +
theme (legend.position="bottom")
grid.arrange (clust.true, clust.hc2, clust.hc3,

nrow=1)
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Extra: world map
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library (maps)
str (world.cities)
'data.frame': 43645 obs. of 6 variables:
S name : chr "'Abasan al-Jadidah" "'Abasan al-
Kabirah" "'Abdul Hakim" "'Abdullah—-as—-Salam"
S country.etc: chr "Palestine" "Palestine"

"Pakistan" "Kuwait"

$ pop : int 5629 18999 47788 21817 2456 3434
9198 5492 22706 41731

S lat : num 31.3 31.3 30.6 29.4 32

S long : num 34.3 34.4 72.1 48 35.1

$ capital :int 000 O0O0O0O0OOO0O
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Extra: from fishbase database

EEEEEE



Data reading

#remotes::install_github ("ropensci/rfishbase")
#library (rfishbase)

DF <- read.csv("Data/Growth_tuna.csv", header=T)
Species <- DF$Species

Linf <- DFS$Linf

K <— DFSK

Data <— DF[,2:3]

Data <- scale (Data)

dim (Data)

[1] 193 2



True species Q FRmeay

clust.true <- ggplot (DF, aes (x=Linf, y=K,col=Species)) +
geom_point () + ggtitle("True")
clust.true
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Hierarchical clustering Q Frmeay

Res.hc.comp <- helust (dist (Data), method="complete")
plot (Res.hc.comp, main="Complete Linkage",
labels=Species, xlab="", ylab="", sub="", cex=0.5)
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Grouping Q FRmeay

clust.hc2 <- DF %>%

mutate (Label=cutree (Res.hc.comp,k=2)) %>%
ggplot (aes (Linf, K, col=factor (Label)))

+ ggtitle ("HC2")

clust.hc3 <- DF %>%

mutate (Label=cutree (Res.hc.comp,k=3)) %>%
ggplot (aes (Linf, K, col=factor (Label)))

+ ggtitle ("HC3")

clust.hcd4 <- DF %>%

mutate (Label=cutree (Res.hc.comp, k=4)) %>%
ggplot (aes (Linf, K, col=factor (Label)))

+ ggtitle ("HC4")

grid.arrange (clust.true, clust.hc2, clust.hc3,

clust.hcd4, nrow=2)

+ geom_point ()

+ geom_point ()

+ geom_point ()
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