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• 𝑠 𝑥𝑖 =
𝑚𝑖𝑛 𝑑𝑙 𝑥𝑖 −𝑎 𝑥𝑖

𝑚𝑎𝑥 𝑚𝑖𝑛 𝑑𝑙 𝑥𝑖 ,𝑎 𝑥𝑖

• where 𝑥𝑖 : element in cluster 𝜋𝑘 𝑎 𝑥𝑖 : average distance of 𝑥𝑖 to all other elements in the cluster𝜋𝑘

•
𝑡𝑟𝑎𝑐𝑒(𝐵𝐶𝑆𝑀)

𝑡𝑟𝑎𝑐𝑒(𝑊𝐶𝑆𝑀)
∗
𝑁−𝑘

𝑘−1

• where BCSM is a between-cluster scatter matrix, WCSM is a within-cluster scatter matrix, N is the number of points in the data set, and k is

the number of clusters

•
1

𝑘
∑𝑖=1
𝑘 𝑅𝑖 where 𝑅𝑖 = max 𝑅𝑖𝑗, 𝑖 ≠ 𝑗, 𝑅𝑖𝑗 = (𝑆𝑖 + 𝑆𝑗)/𝑀𝑗. 

• 𝑆𝑖 is the sum of the average distances from each point in cluster 𝑖 to the centroid of its cluster, and 𝑀𝑖𝑗 is the distance between the two

cluster centers.

• ∑𝑠∈𝑆𝑀𝑖𝑛𝑀𝑎𝑥(𝑠 | 𝐶2, 𝐶3)

• C2 and C3 refer to the sets of configurations to optimize in Stage 2 and 3, respectively. Score set, S := {Silhouette, Calinski−Harabasz, 1 − Davies−Bouldin}. 

•

𝑓𝐸𝑁𝐶 : 𝑅
𝑁 × 𝑑 → 𝑅𝑁 × 𝑘

𝑓𝐷𝐸𝐶 : 𝑅
𝑁 × 𝑘 → 𝑅𝑁 × 𝑑

𝑙𝐴𝐸 = ∥ 𝑋 − 𝑓𝐷𝐸𝐶 𝑓𝐸𝑁𝐶 𝑋 ∥𝐹
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• 𝑎𝑟𝑔 𝑚𝑖𝑛𝑠 ∑𝑖=1
𝑘 𝑆𝑖

∗𝑉𝑎𝑟 𝑆𝑖
• 𝑆𝑖 {𝑆1, 𝑆2, . . . , 𝑆𝑘} {𝑥1, 𝑥2, . . . , 𝑥𝑛} 𝜇𝑖 𝑆𝑖

𝑉𝑎𝑟(𝑆𝑖) 𝑥

•

•

•

•

•

•

•

• 𝜙𝑖 = ∑𝑆⊆𝑁∖ 𝑖
𝑆 ! 𝑀− 𝑆 −1 !

𝑀!
[𝑓𝑥 𝑆 ∪ 𝑖 − 𝑓𝑥(𝑆)]

• 𝑁 𝑆 𝑣(𝑆)

𝑓𝑥(𝑆 ∪ 𝑖 )
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Methodology Scaled Score

Stage 1 Middle Dimension Stage 2 Final Dimension Stage 3 Clusters Silhouette Calinski-Harabasz Davies-Bouldin
Aggregated

Score

Autoencoder 16 Isomap 3 K-means 10 0.3971 1.0000 0.4191 1.0000

Autoencoder 16 Isomap 2 K-means 10 0.3983 0.9974 0.4188 0.9994

Autoencoder 16 PCA 2 K-means 10 0.3982 0.9963 0.4188 0.9992

Autoencoder 16 PCA 3 K-means 10 0.3950 0.9970 0.4173 0.9992

Autoencoder 16 MDS 3 K-means 10 0.3781 0.9765 0.3950 0.9929
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Feature Data Type Category
Factor Affecting

Investment

Number Employed in Household Numerical Demographic Occupation

Regular Working Hours Categorical Demographic Occupation

Employed Firm's Headcount Numerical Demographic Occupation

Annual Recurring Monthly Household Income Last Year Numerical Financial Income

Joined Public Pension Categorical Decision-making Traits Others

Status in Employed Firm Numerical Demographic Occupation

Regularity of Working Hours Numerical Demographic Occupation

Monthly Pre-tax Income Numerical Financial Income

Household Housing Security Deposit Numerical Financial Asset

Annual Household Expenditure Numerical Financial Expenditure

Cluster Discretionary Labeling: Profile

1 Typical Upper-middle Class

2 Non-affiliated Lower Class

3 Middle Class with Government Aid

4 Wealthiest

5 Frugal Middle Class

6 Self-employed Hard-Working Middle Class
7 Highly Risk-averse Poorest

8 Typical Upper Class

9 Typical Middle Class

10 High-expenditure Lower Class
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(출처: 코스콤뉴스룸)(출처: 마이데이터종합포털)
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