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Motivation

Approach

Results
Scene Understanding: CityScapes (2-task) Scene Understanding: NYUv2 (3-task)

Many-Task Scenarios: MT10 and CelebA

Convergence Visualization on Toy Examples

Pareto Failure and Progress Examination

①

① Convergence: Conflict (  ) Imbalance 
(  ) vs Conflict (  ) Imbalance (  ).

② Individual Progress: Correlation with 
respective to conflict and imbalance 
issues.

③ Benefits of Imbalance Sensitivity: 
Adaptive imbalance ratio vs. 
adaptive conflict ratio.

③②

Imbalance issue is of more crucial for multi-task optimization.

CAGrad: max
𝑑𝑑∈ℝ𝑚𝑚

min
𝜔𝜔∈𝒲𝒲

𝑔𝑔𝜔𝜔⊤𝑑𝑑 𝑠𝑠. 𝑡𝑡. 𝑑𝑑 − 𝑔𝑔0 ≤ 𝑐𝑐 𝑔𝑔0

IMGrad: max
𝑑𝑑∈ℝ𝑚𝑚

min
𝜔𝜔∈𝒲𝒲

𝑔𝑔𝜔𝜔⊤𝑑𝑑 − 𝝁𝝁(𝒈𝒈𝝎𝝎⊤𝒅𝒅 − 𝒈𝒈𝝎𝝎 𝟐𝟐) 𝑠𝑠. 𝑡𝑡. 𝑑𝑑 − 𝑔𝑔0 ≤ 𝑐𝑐 𝑔𝑔0

min
𝜔𝜔∈𝒲𝒲

1 − 𝜇𝜇 (𝑔𝑔𝜔𝜔⊤𝑔𝑔0 + √𝜙𝜙 𝑔𝑔𝜔𝜔 ) + 𝜇𝜇 𝑔𝑔𝜔𝜔 2

CAGrad MGDA

Maximize the projected norm of the combined gradient across all 
individuals 

Convergence (CAGrad) and non-conflicting (MGDA) should be weighted 
with respective to imbalance

• We employ 𝝁𝝁 =  𝐜𝐜𝐜𝐜𝐜𝐜𝜽𝜽as the 
indicator of imbalance

min
𝜔𝜔∈𝒲𝒲

1 − cos𝜃𝜃 𝑔𝑔𝜔𝜔⊤𝑔𝑔0 + cos𝜃𝜃√𝜙𝜙 𝑔𝑔𝜔𝜔 )
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