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Grade Distribution 

• Mean: 40.28 

• Stdev: 11.58 

• Median: 40 

• Max: 68 

• Min: 10 



Score per Question 
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TAs in charge 

• Q1: Jin 

• Q2: Di 

• Q3: Zhou 

• Q4: Jin 

• Q5: Jay-Yoon 

• Q6: Jay-Yoon 

• Q7: Manzil 

• Q8: Zhou 

• Q9: Manzil 

• Q10: Di 



Q1.1 

𝑓𝑠𝑎𝑚𝑝𝑙𝑒 𝑥 = 𝑓𝑡𝑟𝑢𝑒 𝑥 + 𝜖 



Q5 

 

 

 

 

 

• Decompose 𝑤: 𝑤 = 𝑤// + 𝑤⊥ 
• 𝑤// ∈ 𝑠𝑝𝑎𝑛 𝑥1, … , 𝑥𝑛 ,   𝑤⊥∈ 𝑛𝑢𝑙𝑙{𝑥1, … , 𝑥𝑛} 

• 𝑥𝑖 , 𝑤 = 𝑥𝑖 , 𝑤// + 𝑥𝑖 , 𝑤⊥ = 𝑥𝑖 , 𝑤//  

• minimize| 𝑤 | = minimize 𝑤//
2
+ 𝑤⊥

2 = ||𝑤//|| 

• 𝑤∗ = 𝑤// 



Q6 

• Primal Optimization Problem 
• minimize𝑥 𝑓 𝑥  
• Subject to 𝑐𝑖 𝑥 ≤ 0 for all 𝑖 

• General Process of Obtaining Dual Form 
• Write out the Lagrange dual formulation:  

• 𝐿 𝑥, 𝛼 = maximize𝛼 minimize𝑥 𝑓 𝑥 + 𝛼𝑖𝑐𝑖(𝑥) 
• Subject to 𝛼 ≥ 0 

• Take the derivative with respect to 𝑥, set it to zero. Solve it and plug 𝑥∗ back 
into the dual formulation. 

• The dual formulation becomes: 
• maximize𝛼𝑔(𝛼) 
• Subject to 𝛼 ≥ 0 

 
 



Q7 

• Log Partition function: 𝑔 𝜃 = log  exp 𝜙 𝑥 , 𝜃 𝑑𝑥
𝑥

 

 

• 𝛻𝜃𝑔 𝜃 =
 exp 𝜙 𝑥 ,𝜃 ∙𝜙(𝑥)𝑑𝑥
𝑥

 exp 𝜙 𝑥 ,𝜃 𝑑𝑥𝑥

=
 exp 𝜙 𝑥 ,𝜃 ∙𝜙(𝑥)𝑑𝑥
𝑥

exp(𝑔(𝜃))
=

 exp 𝜙 𝑥 , 𝜃 − 𝑔(𝜃) ∙ 𝜙(𝑥)𝑑𝑥
𝑥

=  𝑝 𝑥 𝜃 𝜙 𝑥 𝑑𝑥
𝑥

 

 



Q8 

• Check lecture videos 
• Sum of kernels is a kernel  Concatenating dimensions 

• Product of kernels is a kernel  Schur product theorem, Kronecker product 

• Cauchy-Schwartz 
• 𝑘 𝑥, 𝑥′ 2 = 𝜙 𝑥 , 𝜙′ 𝑥 2 ≤ 𝜙 𝑥 2 𝜙′ 𝑥 2 = 𝑘 𝑥, 𝑥 𝑘(𝑥′, 𝑥′) 



Q9 

• Hoeffding’s theorem: 𝑃 𝜇 𝑚 − 𝜇 > 𝜖 ≤ exp −
2𝑚𝜖2

𝑐2  

 

 

 

 

 

• P(No machine overloaded) = 1 - P(At least one is overloaded) 

• P(At least one is overloaded among M) ≤ M*P(single overloaded) 

 

 



Q10 

• Markov’s Inequality: 𝑃 𝑋 ≥ 𝜖 =
𝜇

𝜖
 

• Chebyshev’s Inequality: 𝑃 |𝑋 − 𝜇| ≥ 𝜖 =
𝜎2

𝜖2  

• Having at least 9 shoes is equivalent as having at least 10 shoes! 
• Improved bound: 𝑃 𝑋 − 𝜇 ≥ 𝜖 + 1  

 


