
 

, 

 

𝑚

𝑑  (𝑑 <  𝑚
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𝑋 ⊂ 𝑅𝑚 

𝑛 𝑋𝑆 = {𝑥1, … , 𝑥𝑘} ⊂ 𝑋, 𝑘 ≪ 𝑛,

𝑌𝑆 = {𝑦1, … , 𝑦𝑘} ⊂ 𝑅𝑑  𝑑 <  𝑚

𝑑 =  2

𝑠: 𝑅𝑚 → 𝑅𝑑

𝑠(𝑥) = ∑ 𝜆𝑖𝜙(‖𝑥 − 𝑥𝑖‖)𝑥𝑖∈𝑋𝑆

𝑠 𝑠(𝑥𝑖) =

𝑦𝑖 , 𝑖 = 1, . . , 𝑘. 𝜙: 𝑅+ → 𝑅

𝜆𝑖

𝑘 𝑠(𝑥𝑖) = 𝑦𝑖 , 𝑖 = 1, . . , 𝑘

Φ𝜆 = 𝑦

Φ 𝑘 × 𝑘 Φ𝑖𝑗 = (‖𝑥𝑖 − 𝑥𝑗‖); 𝑦

𝜆

𝜙𝑖𝑗 = (‖𝑥𝑖 − 𝑥𝑗‖) 𝜆𝑖 = (𝜆𝑖
1, 𝜆𝑖

2), 𝑦𝑖 = (𝑦𝑖
1, 𝑦𝑖

2)

[
𝜙11 ⋯ 𝜙1𝑘

⋮ ⋱ ⋮
𝜙𝑘1 ⋯ 𝜙𝑘𝑘

] [
𝜆1

⋮
𝜆𝑘

] = [

𝑦1

⋮
𝑦𝑘

]



, 

 

𝜆 𝑠

 

𝑁 {𝑥𝑖, 𝑦𝑖}𝑖=1
𝑁 𝑦𝑖

𝑥𝑖

𝑥𝑖

𝑠(𝑥𝑡) = ∑ 𝜆𝑖𝜙(‖𝑥𝑡 − 𝑥𝑖‖)𝑁
𝑖=1 , 1 ≤ 𝑡 ≤ 𝑁

𝜙𝑖(𝑡) = 𝜙(‖𝑥𝑡 − 𝑥𝑖‖ 𝑦𝑡

𝑦𝑡 = ∑ 𝜆𝑖
𝑁
𝑖=1 𝜙𝑖(𝑡) + 𝑒𝑡, 1 ≤ 𝑡 ≤ 𝑁

𝑒(𝑡) =  𝑦𝑡 − 𝑠(𝑥𝑡) 𝑦𝑡

𝑠(𝑥𝑡). 𝑒(𝑡)

𝑦 = Φ𝜆 + 𝑒

𝑦 = [ 𝑦1 … 𝑦𝑁]𝑇 Φ = [𝜙1 … 𝜙𝑁 𝜙𝑖 [𝜙𝑖(1) … 𝜙𝑖(𝑁)]𝑇 𝜆 =  [𝜆1 … 𝜆𝑁] 𝑒 =

[𝑒1 … 𝑒𝑁]

𝜙𝑖

𝑒𝑇𝑒

𝜙𝑖

Φ

Φ = 𝑊𝐴
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𝐴 1 𝑊 =  [𝑤1 … 𝑤𝑁] 

𝑤𝑖
𝑇𝑤𝑗 = 0 𝑖 ≠  𝑗

𝑦 = 𝑊𝑔 + 𝑒

𝐴𝜆 =  𝑔

𝑒𝑇𝑒 + 𝛽𝑔𝑇𝑔

𝛽 ≥ 0

𝑒𝑇𝑒 + 𝛽𝑔𝑇𝑔 = 𝑦𝑇𝑦 − ∑ (𝑤𝑖
𝑇𝑤𝑖 + 𝛽)𝑔𝑖

2𝑁
𝑖=1

𝑦𝑇𝑦

𝑒𝑇𝑒+𝛽𝑔𝑇𝑔

𝑦𝑇𝑦
= 1 −

∑ (𝑤𝑖
𝑇𝑤𝑖+𝛽)𝑔𝑖

2𝑁
𝑖=1

𝑦𝑇𝑦

𝑤𝑖

𝑒𝑟𝑟𝑜𝑟𝑖 =
∑ (𝑤𝑖

𝑇𝑤𝑖+𝛽)𝑔𝑖
2𝑁

𝑖=1

𝑦𝑇𝑦

𝑥𝑖 𝑤𝑖

𝑒𝑟𝑟𝑜𝑟

𝑠𝑡𝑟𝑒𝑠𝑠 =
∑ (𝑑(𝑥𝑖,𝑥𝑗)−𝑑(𝑦𝑖,𝑦𝑗))

2

𝑖𝑗

∑ (𝑑(𝑥𝑖,𝑥𝑗) )
2

𝑖𝑗

𝑑(𝑥𝑖, 𝑥𝑗) 𝑑(𝑦𝑖 , 𝑦𝑗) 𝑚

𝑑



, 

 

𝑦 (𝑑 = 2)
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𝒏 𝒎 𝒍

𝜙(𝑟) = √𝑐2+(𝜀𝑟)2 𝑐 =

𝜀 = 1

𝑁 = 200

𝑁 =

300

𝑑 = 2
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