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Problem setting

⚫We consider the following problem

⚫Examples
1. Classification with pairwise constraints.
2. Tuning the average performance of the policy under multiple scenarios and ensuring 

the performance of each scenario.
3. Optimizing the control policy under performance and safety constraints.
4. …

• 𝑓0 ⋅ is a non-convex and white/black-box function
• 𝑓𝑗(⋅) is non-convex/convex and white/black-box function



Related works



Proposed method

• Reformulate the problem as the following minimax problem over a 
probability distribution,

• Alternately  update 𝒘 and 𝒑 with stochastic zeroth-order method.

where 𝛽 > 0, 𝜆 > 0, 𝜑 𝒘, 𝒑 = σ𝑗=1
𝑚 𝑝𝑗𝜙𝑗(𝒘), 𝜙𝑗 𝒘 = max{𝑓𝑗 𝒘 , 0}

2
, Δ𝑚 ≔ {𝒑|σ𝑗=1

𝑑 𝑝𝑗 = 1 ,

0 ≤ 𝑝𝑗 ≤ 1}.



Proposed method

• Sample ℓ𝑖 uniformly, and 𝑓𝑗 according to 𝒑 ，and calculate 
their stochastic zeroth-order gradient w.r.t 𝒘,

• Obtain the stochastic zeroth-order gradient of ℒ w.r.t 𝒘,

where 𝜇 > 0 and 𝑢 ∼ 𝑁(0,1𝑑).



Proposed method

• Sample 𝑓𝑗 uniformly, and calculate the stochastic gradient w.r.t 𝒑,

• Sample a batch of 𝑙𝑖 , 𝑓𝑗 , and 𝑢𝑘 to reduce the variance

where 𝑀1 ⊆ [𝑛], 𝑀2 ⊆ 𝑚 , 𝑀3 ⊆ 𝑚 and 𝑞 > 0.



Proposed method

• Using momentum methods and adaptive step size to

where 𝑝𝑡+1 = 1 − 𝑎 𝑝𝑡 + 𝑎 Ƹ𝑝𝑡+1, and 𝑃Δ𝑚(⋅) denotes the projection operator.



Proposed method

• Algorithm



Proposed method

• Convergence analysis



Proposed method

• Experimental results



Proposed method

Thank you!


