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3. -
 

3.1  

2

3 60

 [11] 3 ER

 1  2

 

! Human Attribute : 

60

11 [11]  

! Bacteria : 60

N N=1254

[11]

%

 

! Context : 

2

3

[11,20,21] {N*(N-1)}/2 (=1254*1253 

=1571262) 1

 

 

Human Attribute 

!  ID int

•  Sex text

•  Age float

•  Host text

•  Material text

•  Target text

•  Latitude float

•  Longitude float

•  Country text

•  Family text

•  Rundate date

Bacteria 

!  ID int

!  Bacteria 1 float

!  Bacteria 2 float

!  Bacteria 3 float

!  Bacteria N float

Context 

{ Bacteria 1 (int) , Bacteria 2 (int) } 

{ Bacteria 2 (int) , Bacteria 3 (int) }

{ Bacteria 3 (int) , Bacteria 4 (int) }

{ Bacteria N-1 (int) , Bacteria N (int) }

 

 1 ER  

ID Sex Age Host Material Target Latitude Longitude Country Family Rundate
4489001 M 10 Human Feces V4 38.64699  -90.225  USA Daughter 7/25/2011  

4489002 F 49 Human Feces V4 -15.38  35.3  Malawi Mother 8/1/2011 

4489060 M 78 Human Feces V4 5.410833 -67.609 Venezuela Father 7/25/2011   

(a) 
ID Bacteria 1 

(Bacteroides)  
Bacteria 2 

(Prevotella)  
Bacteria 3 

(Clostridium) 
Bacteria N-1 Bacteria N

4489921 0.0499324 45.7239709 2.4636939  1.8676578 6.5054534 
4489910 0.689054 43.8654007 5.27736 1.8537779 0.00838 
4489371 1.4049097 39.9688861 6.0859655 1.1551756 0.059875  

(b) 

ID Bacteria 1 
(Bacteroides), 

Bacteria 2 
(Prevotella) 

Bacteria 2 
(Prevotella), 
Bacteria 3 

(Clostridium)  

Bacteria 3 
(Clostridium), 

Bacteria 4 
(Bifidobacterium) 

Bacteria 
N-2, 

Bacteria 
N-1 

Bacteria 
N-1, 

Bacteria 
N 

country 1 0 0  0 0 
latitude 0 0 0 1 0

sex 0 0 0 0 1  

(c) 

 2 : (a)  

(b) (c)  

 

3.2  
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! country

{country: Venezuela} 2

{Bacteria1: Bacteroides Bacteria2: 
Prevotella}

[11]  

! latitude

{latitude: 38.64699} 2

{Bacteria1: Bacteroides Bacteria2: 
Firmicutes}

[20]  

! sex

{sex: M} 2

{Bacteria1: Actinobacteria Bacteria2: 

Bacteroidetes}

[21]  

 3 -

5

2

 

1. 

2

 

2. 
-  

Data Collection 
Accumulating already-known 

data

Data Analysis 
Extracting unknown knowledge

Input2: 
Keyword

Output: 
Graphs

Analyst

Input1: Data

Human-Microbiome-Relations DB 

Context-based Bacteria Data Extractor

Bacteria Data Normalizer

Cluster Analyzer

Human-Microbiome-Relation Visualizer

Metadata Frequency AnalyzerSpecialists’ 
Knowledge

Context data 
(Bacteria species 

combination)

Web

Data Collector

 

(a) 

Context-based Bacteria Data Extractor
“country” “latitude” “sex”

Human-Microbiome-Relation Visualizer
Scatter Diagram Dendrogram Metadata Frequency

Metadata Frequency Analyzer

Input: Context
Data Collector

Clustering Algorithm 1 
(e.g. K-means clustering)

Clustering 
Evaluator

Cluster Analyzer
Clustering Algorithm 2 

(e.g. Hierarchical clustering)

Bacteria Data Normalizer
Y = ( X – Xmean) / XS.D. Y = ( X – Xmin) / ( Xmax – Xmin)

Analyst
Input2: 
Keyword

Output: 
Graphs

Input1: Data

Context data Human Attribute data Bacteria data

Human-Microbiome-Relations DB 

 
(b) 

 3 : (a) (b)  

(1) Context-based Bacteria Data Extractor : 

fextraction 

fextraction

fextraction

 

e.g. 

2 A={ai, 

aj} keyc

B={b1, b2, …, 

bx} fextraction

 

fextraction (keyc, A, B) {be | be = akeyc} 

(2) Normalizer : fnormalization 

fnormalization 2

#1: Y = (X – Xmean) / XS.D. #2: Y = (X – 

Xmin) / (Xmax – Xmin)

B

 # m
 

fnormalization 

 

fnormalization (m, be) {bn} 
(3) Cluster Evaluator : fclustering 

K-means

fclustering

C = {c1, c2, …, 

cx} g

%

%

K-means k=3

k=3

WPGMA  

fclustering
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fclustering (be) {C, g} or fclustering (bn) {C, g} 

!

= ×100 % !

× ×100(%)  
 

(4) Metadata Frequency 
Analyzer : fmining 

fmining fextraction fnormalization

fclustering

D={d1, d2, …, dy}

k g

keyh e.g. country, sex and age

 country

USA, Malawi, Venezuela

fmining

 

fmining

 

fmining (keyh, B, C, D) {k, dkeyh, g} or  

fmining (keyh, B, D) {k, g} 
(5) Visualizer : fvisualization 

fvisualization fclustering fmining

fvisualization

 

fvisualization (be, bn, C, k, dkeyh, g) screen 
 
3.3  

3.2

Numpy(http://www.numpy.org/)  

Scipy(http://www.scipy.org/) Matplotlib(http://matplotlib.org/) 

sqlite3

 

[11]

 

 2

metric = “eculidean”, method = 

“weighted” K-means k = 3   

 4

 

 
 4  

 

4.  

4.1 A: 

-  

-

 5  

60

 

2

2

centroid

2

 

4

4

USA Cluster 

1 USA

5(d)

Bacteroides Prevotella
Cluster 1 Bacteroides Prevotella

5(e) USA

A Bacteroides
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Prevotella
 

USA

Malawi Venezuela

-

-

USA

Malawi Venezuela

 

A

%

 

 

(a) 

  

(b) (c) 

 

(%) Bacteroides Prevotella
Cluster 1 26.186195 0.01122793
Cluster 2 2.3850325 24.0535318
Cluster 3 4.797647 1.90437364  

(d) (e) 

 5

- : (a) 

(b) (c) 

 (d)

(e) centroid  

 

4.2 B: K-means

 

K-means

 6  

%

% USA

6(a)

2

6(b), 

(c) Malawi Venezuela

2 USA

6(d),(e)  

USA

6(a) K-means

USA

K-means

 

A Malawi Venezuela

USA

Malawi

Venezuela

K-means

USA

1
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Malawi Venezuela

-

 

Malawi

Venezuela USA 3 k=3

2

 

 

 

(a) 

  

(b) (c) 

  

(d) (e) 

 6 K-means

: (a) USA

(b) 

K-means

(c) 

(d) Malawi

(e) Venezuela

 

5.  

USA

Bacteroides Prevotella
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