MTL-NAS: Task-Agnostic Neural Architecture Search
towards General-Purpose Multi-Task Learning
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 Integrating Multi-task Learning (MTL) and Neural Architecture Search (NAS) for further
improved performance of CNNS.

 Difficulty:

NAS is typically task specific, which encodes task prior into search space design [1, 2]:
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Therefore, it is difficult to design a search space that can adapts to any tasks for general-

purpose MTL (GP-MTL).
[1] Liu, et al., DARTS: Differentiable Neural Architecture Search. ICLR 2019  [2] Liu, et al., Auto-Deeplab. ECCV 2018.



Our Solution:

* For the Search Space, we formulates the GP-MTL problem as:
1. Single-task branches for each task which encodes task priors.
2. General feature fusing scheme across different branches [3].
» Those enables us to design a general search space for any task combinations.

» \We use the single-shot gradient-based methods (e.g., DARTS) as the Search Algorithm.
» \We imposes MinEntropy regularization on the architecture weights, which facilitates the
algorithm converges to a single model that can be directly used for evaluation.

Continuous Relaxation
— Fixed edges in single-task backbones
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[3] Gao, et al., NDDR-CNN. CVPR 2019.



* Our method is evaluated on various:
1. Task Combinations, i.e.,
Pixel Labeling Tasks: Semantic Segmentation + Surface Normal Prediction.
Image Level Tasks: Object Classification + Scene Classification.
2. Network Backbones, i.e., VGG-16 and ResNet-50.
» All the experiments demonstrate significant improvements w.r.t. SOTA GP-MTL.

VGG-16, Seg. + Normal Tasks | ResNet-50, Seg. + Normal Tasks VGG-16,
Obj. + Scene Cls. Tasks

Surface Normal Prediction Semantic Seg. Surface Normal Prediction Semantic Seg.
Err (|) Within ¢° (%) (1) (%) (T) Err (1) Within ¢° (%) (1) (%) (1) Object Scene
Mean Med. | 11.25 225 30 | mloU PAcc Mean Med. | 11.25 225 30 | mloU PAcc RecRate (%) (1) | RecRate (%) (1)
Single 156 123 | 464 755 865 | 335 641 | Single 162 136 [4L6 741 865 [ 345 655 | o T;;F_'Sl r';p. 05 T;?F_’S] T%?SS
Multiple 152 117 | 484 762 870 | 334 642 | Multiple 166 142 | 392 738 865 | 348 651 |\ w1 eel 378 712
C.-S. 152 117 | 486 760 865 | 348 650 | C.-S. 166 143 | 39.1 737 865 | 348 657 | crosssich | 332 652 | 340 703
NDDR 139 102 | 535 795 888 | 362 664 | NDDR 164 128 | 426 733 866 | 367 667 | NDDR 21 577 | 379 718
MTL-NAS | 126 89 | 59.1 833 912 | 376 679 | MTILNAS | 162 128 | 448 739 857 | 386 686 |MTLNAS | 348 670 | 382 725
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