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What’s a Margin
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Our Task-‐Maximal Margin
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Support Vector Machine



• A training algorithm that maximize the
margin between the training patterns
and the decision boundary.
• The solution is expressed as a linear
combination of supporting patterns.

SVM



What SVM Can Do
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How	  SVM	  Do



SVM-‐supervised	  learning
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SVM-‐supervised	  learning

• Direct space
𝐷	   �⃗� = 𝑤 ' 𝜑 �⃗� + 𝑏

• Dual	  space

𝐷 �⃗� = +𝛼-

.

-/0

𝐾(�⃗�-, �⃗�) + 𝑏
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SVM-‐direct space

𝑀∗ = max
:∥:∥/0

𝑀

subject to |E(FG)|
∥:∥

≥ 𝑀, k=1,2,…p

à	  	  	  𝑤 ∥ 𝑤 ∥= 1àM∥ 𝑤 ∥= 1

à min
:

∥ 𝑤 ∥2

s𝑢𝑏𝑗𝑒𝑐𝑡	  𝑡𝑜	  	  	  𝑦-𝐷 𝑥- ≥ 1, k=1,2,…p



Lagrangian Multiplier

find	  extrema	  of	  	  𝑓 𝑥, 𝑦 , 𝑠𝑢𝑏𝑗𝑒𝑐𝑡	  𝑡𝑜	  𝑔 𝑥, 𝑦 = 𝑐

à ℒ 𝑥, 𝑦, 𝜆 = 𝑓 𝑥, 𝑦 − 𝜆(𝑔 𝑥, 𝑦 − 𝑐)

à ∇F,_,`ℒ 𝑥, 𝑦, 𝜆 = 0



SVM-‐Lagrangian Duality

𝐿 𝑤, 𝑏, 𝛼 =
1
2 ∥ 𝑤 ∥c −+𝛼-[𝑦-

.

-/0

𝐷 𝑥- − 1]

subject	  to	  𝛼->=0,	  k=1,2,…p.

condition	  𝛼-[𝑦-𝐷 𝑥- − 1] = 0



SVM-‐Lagrangian Duality

𝐿 𝑤, 𝑏, 𝛼 =
1
2 ∥ 𝑤 ∥c −+𝛼-[𝑦-

.

-/0

𝐷 𝑥- − 1]

à𝐷 �⃗� = ∑ 𝛼-
.
-/0 𝐾(�⃗�-, �⃗�) + 𝑏

à𝐾 �⃗�g, �⃗�h = �⃗�g ' �⃗�h + 1
i
polynomial	  kernel

à𝐾 �⃗�g, �⃗�h = 𝑒𝑥𝑝 −𝛾 ∥ �⃗�g −�⃗�h ∥c gaussian kernel

à𝐾 �⃗�g, �⃗�h = 𝑘�⃗�g ' �⃗�h + 𝑐
i	  	  hyperbolic	  tangent kernel



Properties	  of	  The	  Solution
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Properties	  of	  The	  Solution

• Outliers or meaningless patterns are identified

• Sensitive to atypical patterns closed to the
decision boundary

• Insensitivity to limited computational accuracy



Issues

• Requires	  full	  labeling	  of	  input	  data

• 2-‐classes tasks

• Parameters	  of	  a	  solved	  model	  are	  difficult	  to	  
interpret



Experimental-‐handwritten digits

DB1
• 1200 clean images
• 600 for training
• 600 for test
• 16*16 pixels

DB2
• 9300 actual mail pieces
• 7300 for training
• 2000 for test
• 16*16 pixels



Experimental Results

• q: order of polynomial classifiers
• <m>: average number of support patterns per hypersurface
• N: dimension N of 𝜑 − 𝑠𝑝𝑎𝑐𝑒



Experimental-‐preprocessing

• q(DB1)=2, q(DB2)=4
• smoothing kernel is Gaussian with standard deviation



Experimental Results



Thanks!


