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LOGISTIC REGRESSION

• 𝑃 𝑦 = 1 𝑥,𝑊 = 𝜎 𝑊𝑇𝑥

• 𝑃 𝑦 = 0 𝑥,𝑊 = 1 − 𝜎(𝑊𝑇𝑥)

• 𝜎 𝑎 =
1

1+𝑒−𝑎

• 𝑃 𝑥 𝑊 = 𝑃(𝑥)

• MAXIMUM LIKELIHOOD SOLUTIONS FOR 𝑊:

• σ𝑖=1
𝑛 𝑦𝑖 LOG𝜎(< 𝑤, 𝑥𝑖 >) + 1 − 𝑦𝑖 LOG(1 − 𝜎(< 𝑤, 𝑥𝑖))



THE FORWARD MODEL

• 𝑥 ∈ 𝑅𝑑 , 𝑤 ∈ 𝑅𝑑 , 𝑦 ∈ 0,1 , 𝑓𝑊 𝑥 ∈ [0,1]

• 𝑓𝑤 𝑥 = 𝜎(< 𝑤, 𝑥 >)

• 𝑙 𝑦, ො𝑦 = −𝑦LOG ො𝑦 − (1 − 𝑦)LOG(1 − ො𝑦))

• 𝐿 = σ𝑛
𝑖=1 𝑙(𝑦𝑖 , 𝑓𝑤(𝑥

𝑖))



LOGISTIC REGRESSION (VISUALIZED)



MULTI CLASS LOGISTIC REGRESSION



MULTI-CLASS LOGISTIC REGRESSION

• 𝑥 ∈ 𝑅𝑑 ,𝑊 ∈ 𝑅𝑑×𝑘 , 𝑓𝑊 𝑥 ∈ 0,1 𝑘

• 𝑦 ∈ 0,1 𝑘 (ONE-HOT ENCODING)

• SOFT-MAX FUNCTION:

• SOFT𝑀𝐴𝑋 𝑦 𝑖 =
𝑒𝑦𝑖

σ𝑗 𝑒
𝑦𝑗

WHERE 𝑦 ∈ 𝑅𝑘

• 𝑓𝑤 𝑥 = SOFT𝑀𝐴𝑋(𝑊𝑇𝑥) WHERE 𝑊 ∈ 𝑅𝑑×𝑘

• 𝑙 𝑦, ො𝑦 = −σ𝑗=1
𝑘 𝑦𝑗LOG ෝ𝑦𝑗

• 𝐿 = σ𝑛
𝑖=1 𝑙(𝑦𝑖 , 𝑓𝑊(𝑥

𝑖))



PYTORCH



PYTORCH





CROSS-ENTROPY – INFORMATION THEORY

• WE CAN VIEW THE OUTPUT OF THE SOFTMAX AS

PROBABILITY DISTRIBUTION OVER 𝑘 LABELS

• CROSS-ENTROPY

• 𝐻 𝑃, 𝑄 = 𝐸𝑦~𝑃 − LOG 𝑄 𝑦 = −σ𝑃 𝑦 LOG(𝑄(𝑦))

• UNLIKE PYTORCH, IT RECEIVES TWO PROBABILITY DISTRIBUTIONS

SO THERE IS NO NEED FOR SOFTMAX



NON LINEAR MODELS?
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