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Outline

• Background

• Problem formulation and method

• Experiments



Online advertising and auto-bidding
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The process of auto-bidding



Problem Formulation
• The MDP of the auto-bidding problem

• State：𝒔 = (𝒃, 𝒇, 𝒗)
• Budget: 𝒃 = (𝒃𝟏, 𝒃𝟐, ⋯ , 𝒃𝒏)
• Feature: 𝒇 = (𝒇𝟏, 𝒇𝟐, ⋯ , 𝒇𝒎)

• Value: 𝒗 = 𝒗𝒊
𝒋
∈ 𝑹𝒏×𝒎

• Action：bid rate 𝒂𝒊 = 𝜶𝒊 
• 𝒃𝒊𝒅𝒊 = (𝜶𝒊𝒗𝒊

𝟏, 𝜶𝒊𝒗𝒊
𝟐, ⋯ , 𝜶𝒊𝒗𝒊

𝒎)

• Reward：Given 𝒃𝒊𝒅 = (𝒃𝒊𝒅𝟏, 𝒃𝒊𝒅𝟐, ⋯ , 𝒃𝒊𝒅𝒏) and the auction 

mechanism, auction result 𝒙𝒊 = (𝒙𝒊
𝟏, ⋯ , 𝒙𝒊

𝒎), reward 𝒓𝒊 𝒔, 𝒂 = σ𝒋𝒙𝒊
𝒋
𝒗𝒊
𝒋

• Transition:

• Given cost 𝒄𝒋, new budget 𝒃𝒊 = 𝒃𝒊 − σ𝒋𝒙𝒊
𝒋
𝒄𝒋

• New feature 𝒇 and value ෝ𝒗
• ො𝒔 = (𝒃, 𝒇, ෝ𝒗)
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Problem Formulation: tasks
• BCB：auto-bidding under budget constraint, basic task

• 𝒓𝒊 𝒔𝒕, 𝒂𝒕 =< 𝒙𝒊
𝒕, 𝒗𝒊

𝒕 >

• CSB：with CPA constraint，advanced task



Problem Formulation：data
• Feature 𝒇: 

• Personal information

• Consumption behavior information

• Value 𝒗：a higher value means a higher probability of clicking or 
consumption

• CTR：Click Through Rate

• CVR：Conversion Rate

• 𝒗 = 𝑪𝑻𝑹 ∗ 𝑪𝑽𝑹

• Category informantion and time information：

• Two discrete values for simplicity



Challenges and objectives
• Critical issues:

• How to ensure the simulation environment reflects the characteristics of 
real-world problems ？

• Trust the capability of generative model

• How to prove it？

• Experimental design

• the characteristics of real-world problems

• Value of impression opportunities varies with time and category 



Method

• The structure of the impression generative model

• Feature generation：Latent Diffusion Model

• Value prediction：cross-attention for information fusion
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Experiments
• Empirical results：visualization

• 3D-PCA visualization of impression feature



Experiments
• Empirical results： distribution of feature value



Experiments
• Empirical results： reflects the characteristics of real-world problems



Thank you for listening
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