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Multitask Optimization

▪ Multitask Optimization

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥𝑚∈𝒳𝑚
𝑓𝑚 𝑥𝑚 , 𝑚 ∈ [𝑀]

• Why? Assuming M problems share certain similarities, we use their solution distributions and surrogate 
models as transferable knowledge to accelerate convergence.

Solve 𝑀 optimization 

tasks simultaneously



Multitask Optimization

▪ Multitask Optimization

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥𝑚∈𝒳𝑚
𝑓𝑚 𝑥𝑚 , 𝑚 ∈ [𝑀]

• Implicit Transfer

• Unified evolutionary process for multiple tasks into a single or multiple populations.

• Explicit Transfer

Solve 𝑀 optimization 

tasks simultaneously

Ong, Yew-Soon, and Abhishek Gupta. "Evolutionary multitasking: A computer science view of cognitive multitasking." Cognitive Computation 8.2 (2016): 125-142.

Yuan, Yuan, et al. "Evolutionary multitasking in permutation-based combinatorial optimization problems: Realization with TSP, QAP, LOP, and JSP." 2016 IEEE 

Region 10 Conference (TENCON). IEEE, 2016.



Multitask Optimization

▪ Multitask Optimization

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥𝑚∈𝒳𝑚
𝑓𝑚 𝑥𝑚 , 𝑚 ∈ [𝑀]

• Implicit Transfer

• Explicit Transfer

• Map high-quality solutions from one task to another task.

Solve 𝑀 optimization 

tasks simultaneously

Feng, Liang, et al. "Evolutionary multitasking via explicit autoencoding." IEEE transactions on cybernetics 49.9 (2018): 3457-3470.

Wei, Tingyang, et al. "A review on evolutionary multitask optimization: Trends and challenges." IEEE Transactions on Evolutionary Computation 26.5 (2021): 941-960.



Multiobjective Multitask Optimization

▪ Multiobjective Multitask Optimization

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥𝑚∈𝒳𝑚
𝐹𝑚 𝑥𝑚 , 𝑚 ∈ [𝑀]

• Why? Assuming K multi-objective problems share certain similarities, we use their Pareto-optimal solution 
distributions and surrogate models as transferable knowledge to accelerate convergence.

Solve 𝑀 multiobjective 

optimization tasks simultaneously



Multiobjective Multitask Optimization

▪ Multiobjective Multitask Optimization

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥𝑚∈𝒳𝑚
𝐹𝑚 𝑥𝑚 , 𝑚 ∈ [𝑀]

• Implicit Transfer

• Explicit Transfer

• Tricks are generally compatible with single-objective multitask optimization.

Solve 𝑀 multiobjective 

optimization tasks simultaneously

Wei, Tingyang, et al. "A review on evolutionary multitask optimization: Trends and challenges." IEEE Transactions on Evolutionary Computation 26.5 (2021): 941-960.



Few-Shot Challenges in (Multiobjective) Multitask Optimization

▪ Few-Shot Challenges

• To conduct (multiobjective) optimization within limited evaluation budgets.

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳  𝑓 𝑥 ,  𝑪𝒎𝒂𝒙 = 𝑪

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳  𝐹 𝑥 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳 𝑓1 𝑥 , … , 𝑓𝑀 𝑥 , 𝑪𝒎𝒂𝒙 = 𝑪
“Few-Shot” means budget 

𝑪 can be really small.

Why “Few Shot”?

1. Real problems entail costly 

function calls.

2. Problems of other forms (multi-

objective) entails even more 

function calls.



Few-Shot Challenges in (Multiobjective) Multitask Optimization

▪ Few-Shot Challenges

• To conduct (multiobjective) optimization within limited evaluation budgets.

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳  𝑓 𝑥 ,  𝑪𝒎𝒂𝒙 = 𝑪

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳  𝐹 𝑥 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳 𝑓1 𝑥 , … , 𝑓𝑀 𝑥 , 𝑪𝒎𝒂𝒙 = 𝑪

• Limited evaluation budgets restrict the data/model-driven transfer strategies.

Wei, Tingyang, et al. "A review on evolutionary multitask optimization: Trends and challenges." IEEE Transactions on Evolutionary Computation 26.5 (2021): 941-960.

“Few-Shot” means budget 

𝑪 can be really small.

Limited samples cannot well capture the 

relationship between search spaces. 



Few-Shot Challenges in (Multiobjective) Multitask Optimization

▪ Few-Shot Challenges

• To conduct (multiobjective) optimization within limited evaluation budgets.

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳  𝑓 𝑥 ,  𝑪𝒎𝒂𝒙 = 𝑪

• 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳  𝐹 𝑥 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑥∈𝒳 𝑓1 𝑥 , … , 𝑓𝑀 𝑥 , 𝑪𝒎𝒂𝒙 = 𝑪

• Stagnated optimization tasks cannot serve as informative source tasks to those target tasks.

Gong, Maoguo, et al. "Evolutionary multitasking with dynamic resource allocating strategy." IEEE Transactions on Evolutionary Computation 23.5 (2019): 858-869.

Wei, Tingyang, and Jinghui Zhong. "Towards generalized resource allocation on evolutionary multitasking for multi-objective optimization." IEEE Computational 

Intelligence Magazine 16.4 (2021): 20-37.

“Few-Shot” means budget 

𝑪 can be really small.

The blue curve is stagnated and should 

not serve as source tasks to others.



Our Solution: Solve Multitask Optimization via Sequential Transfer (STrO)

▪ Sequential Transfer (STrO)

• To conduct optimization on the target tasks via information gathered in source tasks. 

• 𝑚𝑖𝑛𝑥∈𝒳  𝑓𝑀 𝑥 , 𝑔𝑖𝑣𝑒𝑛 {𝒟𝑆𝑚
}𝑚=1

𝑀−1  

Hou, Yaqing, et al. "Bridging the gap between theory and practice: Benchmarking transfer evolutionary optimization." arXiv preprint arXiv:2404.13377 (2024).

Multitask optimization can be modeled as a 

sequence of sequential transfer optimization!



Solve Multitask Optimization via Iterative STrO

▪ Multitask Optimization via Iterative STrO

 

Solve multiple optimization tasks evenly.

𝑚𝑖𝑛𝑥∈𝒳  𝑓𝑀 𝑥 , 𝑔𝑖𝑣𝑒𝑛 {𝒟𝑆𝑚
}𝑚=1

𝑀−1  

- Select one prioritized task

- Optimize this target task via other sources (STrO)

How to select the 

prioritized task?
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Iterative sequential transfer optimization can improve multitask optimizer

▪ Base multitask optimizer (F-invTrEMO)[1]:

▪ Optimize multiple multiobjective problems simultaneously through knowledge transfer via forward multitask 
surrogate model and inverse multitask surrogate model:

[1] Wei, Tingyang, et al. "Bayesian forward-inverse transfer for multiobjective optimization." International Conference on Parallel Problem Solving from Nature. Cham: 

Springer Nature Switzerland, 2024.
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Base Multitask Optimizer: F-invTrEMO

Initialization

Forward Multitask 

Modeling

Inverse Multitask 

Modeling

Input Solution 

Sampling

Solution Selection

UCB Acquisition Function

Function Evaluation

Termination

Inverse Multitask Model

Forward Multitask Model

Optimization Results per Task

Inverse Multitask Model



16

Multitask Optimization via Iterative Sequential Transfer on F-invTrEMO

Initialization

Forward Transfer 

GP Modeling

Inverse Multitask 

Modeling

Input Solution 

Sampling

Solution Selection

UCB Acquisition Function

Function Evaluation

Termination

Inverse Multitask Model

Forward Transfer GP Model

Solve one single task per iteration
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Multitask Optimization via Iterative Sequential Transfer on F-invTrEMO

▪ Forward Transfer GP Model:

• For source tasks 1, 2, …, K and a target task. We build K transfer GP models:

• 𝜆𝑖,𝑗  ∈ [−1,1] is a learnt kernel hyperparameter that can capture positive/negative correlations between source i and target j

• We select the target task with the largest function 

• Why?

• GP-UCB optimization regret can be bounded by

• GP-UCB with transfer, the regret can be bounded by

• Larger |𝜆𝑖,𝑡| stand for a tighter regret bound, meaning a more accurate GP model can be constructed [1]. 

[1] Min, Alan Tan Wei, Abhishek Gupta, and Yew-Soon Ong. "Generalizing transfer Bayesian optimization to source-target heterogeneity." IEEE Transactions on Automation 

Science and Engineering 18.4 (2020): 1754-1765

Detecting negative transfer

Less likely to occur negative transfer



Results

▪ Compared Methods:

• ParEGO

• F-invTrEMO

• F-invTrEMO-IST (ours)
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Iterative sequential transfer can improve sequential transfer optimizer in multitask optimization

▪ We directly use a sequential transfer optimizer to solve multitask optimization

• AMTEA

• Utilizing Gaussian Mixture Model plus transfer stacking to dynamically control the knowledge transfer from 
source to target.

Da, Bingshui, Abhishek Gupta, and Yew-Soon Ong. "Curbing negative influences online for seamless transfer evolutionary optimization." IEEE transactions on 

cybernetics 49.12 (2018): 4365-4378.



Iterative sequential transfer can improve sequential transfer optimizer in multitask optimization

▪ We directly use a sequential transfer optimizer to solve multitask optimization

• AMTEA

• Utilizing Gaussian Mixture Model plus transfer stacking to dynamically control the knowledge transfer from 
source to target.

▪ Under our framework, AMTEA can be directly used to solve a multitask optimization problem

• Can iterative target selection make AMTEA better for solving multitask optimization?



Results

▪ Compared Methods:

• ParEGO

• AMTEA

• AMTEA-IST (ours)
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Experiments and Results

▪ Problems:

• Hyperparameter Optimization Problems [1] 

• (HPO-1)

• XG-Boost on 3 machine learning classification tasks

• Credit Approval[2]

• Medical Diagnosis[2]

• Speech Recognition[2]

• (HPO-2) 

• XG-Boost in ‘gbtree’ mode on medical diagnosis problem

• XG-Boost in ‘dart’ mode on medical diagnosis problem

• Objectives?

• Classification error

• Model RAM (Important to consider during deployment)

• IAS – Interaction Strength of Features (A quantitative measure of model interpretability)

[1] Pfisterer, Florian, et al. "Yahpo gym-an efficient multi-objective multi-fidelity benchmark for hyperparameter optimization." International Conference on Automated Machine Learning. 

PMLR, 2022.

[2] Vanschoren, Joaquin, et al. "OpenML: networked science in machine learning." ACM SIGKDD Explorations Newsletter 15.2 (2014): 49-60.



25

Outline

❑  Background

❑  Multitask Optimization

❑  Multiobjective Multitask Optimization

❑  Few-Shot Challenges

❑  Solving Multitask Optimization via (Iterative) Sequential Transfer Optimization

❑  Instantiation 1: Iterative sequential transfer optimization can improve multitask optimization 

❑  Instantiation 2: Iterative sequential transfer can improve sequential transfer optimizer in multitask optimization

❑  Instantiation 3: Improved multitask optimization in multitask hyperparameter optimization

❑  Conclusions and Potential Future Work



Conclusion

▪ In few-shot settings, multitask optimization can be challenging.

▪ We solve it by modeling multitask optimization as a sequence of sequential transfer optimizer.

▪ A curated iterative sequential transfer strategy can enhance the performance on MTO based on both multitask 
optimizer and sequential transfer optimizer

▪ We call for the attention to the unification between two fields:

• Multitask optimization

• Sequential transfer



Further Directions

▪ We call for the attention to the unification between two fields:

• Multitask optimization

• Sequential transfer
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Thank you!
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