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Background and Motivation

▶ The complexity and size of modern VLSI keeps soaring.
▶ It’s costly to obtain feedback from running EDA flows, which hinders the

expedition of hardware designs.

Figure 1: The scaling of VLSI development costs.1
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Background and Motivation

▶ To facilitate hardware design, many works have been raised to predict the metrics
of circuits without launching EDA flows.

▶ These works can be classified into two types:
• Analytical: Boolean complexity Analysis, design functionality analysis
• Machine Learning-based: Artificial neural networks, support vector regression, graph

neural networks

M. Nemani and F. N. Najm, “Delay estimation vlsi circuits from a high-level view,” in Proc. DAC, 1998, pp. 591–594.
S. Li et al., “Mcpat: An integrated power, area, and timing modeling framework for multicore and manycore architectures,” in

Proc. MICRO, 2009, pp. 469–480.
D. S. Lopera et al., “Early rtl delay prediction using neural networks,” Microprocessors and Microsystems, vol. 94, p. 104 671,

2022, S. Roy et al., “A learning bridge from architectural synthesis to physical design for exploring power efficient
high-performance adders,” in Proc. ISLPED, 2017, pp. 1–6.

N. Wu et al., “Lostin: Logic optimization via spatio-temporal information with hybrid graph models,” in Proc. ASAP, 2022,
pp. 11–18.
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Background and Motivation

▶ Logic synthesis gives a first look at circuit metrics like delay and area.

▶ During logic synthesis certain metrics are correlated.
• Collapsing Eq.(1) is a logic optimization technique that reduces delay but increases

area, while substitution works in the opposite way.
• Gate-sizing and buffer-insertion are strategies that trade off between delay and area

during technology mapping.

F = G · a + ¬G · b and G = c + d
Collapsing G into F results in
F = a · c + a · d + b · ¬c · ¬d

(1)

L.-T. Wang et al., Electronic design automation: synthesis, verification, and test. Morgan Kaufmann, 2009.
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Background and Motivation

▶ Multi-task Learning (MTL) solves related tasks simultaneously.

▶ Advanced mechanisms are exploited to share features, like:
• Linear combination of activations,
• Attention-based feature sharing.

Figure 2: An example of feature sharing in MTL.

R. Caruana, “Multitask learning,” Machine learning, vol. 28, pp. 41–75, 1997.
I. Misra et al., “Cross-stitch networks for multi-task learning,” in Proc. CVPR, 2016, pp. 3994–4003.
X. Xu et al., “Mtformer: Multi-task learning via transformer and cross-task reasoning,” in Proc. ECCV, Springer, 2022,

pp. 304–321.
S. Ruder, “An overview of multi-task learning in deep neural networks,” arXiv preprint arXiv:1706.05098, 2017.
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Background and Motivation

We propose ASAP, a multi-task learning model that predicts delay and area of RTL
design after logic synthesis simultaneously.

RTL CodesSynthesis Flow

Input Feature

Code 
Preprocessing

Multi-Task Learning
Model

Delay 
Prediction

Area 
Prediction

Figure 3: Our multi-task learning model.
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Overview of Our Model

Our model consists of the following parts:

1. A primary module that extracts synthesis-related features from RTL design and
synthesis sequence.

2. Attention-based feature-extraction and feature-sharing modules extract specific
features for delay and area and share them.

3. Ensemble prediction modules give the final prediction for delay and area.
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Figure 4: Overview of our model.
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Synthesis-related Primary Module

▶ The node features in GIN include node functionality (and or not), logic level, and
number of fan-in and fan-out.

▶ The LSTM yield embedding for synthesis sequence.
▶ The GIN updates node embedding ev by aggregating the neighbors’, Eq.(2).
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Figure 5: Primary module.

Figure 6: A cut being optimized.
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Synthesis-related Primary Module

▶ The node features in GIN include node functionality (and or not), logic level, and
number of fan-in and fan-out.

▶ The LSTM yield embedding for synthesis sequence.
▶ The GIN updates node embedding ev by aggregating the neighbors’, Eq.(2).
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Attention-based Feature-extraction

We use multi-head attention (MHA) mechanism to further extract specific features for
each task.

▶ The Q,K,V are the same so each branch extracts specific features for the
corresponding task.

▶ Multiple layers are stacked to get more specific representation.
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Figure 7: Feature-extraction.
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A. Vaswani et al., “Attention is all you need,” Proc. NIPS, vol. 30, 2017.
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Attention-based Feature-extraction

We use multi-head attention (MHA) mechanism to further extract specific features for
each task.

▶ The Q,K,V are the same so each branch extracts specific features for the
corresponding task.

▶ Multiple layers are stacked to get more specific representation.

 MHA

MLP

�
<latexit sha1_base64="Kfe2l2iGdo8ph/MEHW/TMNkFtOM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0UyPSQ==</latexit>

T(j)
i

<latexit sha1_base64="GweEde7PSI55Kg/lI3udtovQdrI=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5JUQZdFNy4r9AVtDJPppB07mYSZiVBD8FfcuFDErf/hzr9x0nahrQcGDufcyz1z/JhRqWz721haXlldWy9sFDe3tnd2zb39lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90XXutx+IkDTiDTWOiRuiAacBxUhpyTMPeyFSQz9IG5mX0uwuLd+fZp5Zsiv2BNYicWakBDPUPfOr149wEhKuMENSdh07Vm6KhKKYkazYSySJER6hAelqylFIpJtO0mfWiVb6VhAJ/biyJurvjRSFUo5DX0/mWeW8l4v/ed1EBZduSnmcKMLx9FCQMEtFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFGX4Mx/eZG0qhXnrFK9PS/VrmZ1FOAIjqEMDlxADW6gDk3A8AjP8ApvxpPxYrwbH9PRJWO2cwB/YHz+ALaMlWI=</latexit>

Q = T(j)
i

<latexit sha1_base64="PtnMuW7Ey7b4iepxcCzFA3/wV+E=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QtGNyxZ6gzaGyXTSjp1MwsxEKCFLN76KGxeKuPUR3Pk2TtoK2vrDwMd/zmHO+b2IUaks68vILS2vrK7l1wsbm1vbO+buXkuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug6q7fviZA05A01jogToAGnPsVIacs1D3sBUkPPT+rp5Q82Ujeh6W1SujtJXbNola2J4CLYMyiCmWqu+dnrhzgOCFeYISm7thUpJ0FCUcxIWujFkkQIj9CAdDVyFBDpJJNDUnisnT70Q6EfV3Di/p5IUCDlOPB0Z7arnK9l5n+1bqz8CyehPIoV4Xj6kR8zqEKYpQL7VBCs2FgDwoLqXSEeIoGw0tkVdAj2/MmL0KqU7dNypX5WrF7N4siDA3AESsAG56AKbkANNAEGD+AJvIBX49F4Nt6M92lrzpjN7IM/Mj6+AUxHmiQ=</latexit>

K = T(j)
i

<latexit sha1_base64="9nkCQ01JpEnlofrndJMiULe0hC8=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QtGN4KZCb9DGMJlO2rGTSZiZCCVk6cZXceNCEbc+gjvfxklbQVt/GPj4zznMOb8XMSqVZX0ZuYXFpeWV/GphbX1jc8vc3mnKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxteZvXWPRGShryuRhFxAtTn1KcYKW255n43QGrg+cl1ev6D9dRNaHqblO6OUtcsWmVrLDgP9hSKYKqaa352eyGOA8IVZkjKjm1FykmQUBQzkha6sSQRwkPUJx2NHAVEOsn4kBQeaqcH/VDoxxUcu78nEhRIOQo83ZntKmdrmflfrRMr/8xJKI9iRTiefOTHDKoQZqnAHhUEKzbSgLCgeleIB0ggrHR2BR2CPXvyPDQrZfu4XLk5KVYvpnHkwR44ACVgg1NQBVegBhoAgwfwBF7Aq/FoPBtvxvukNWdMZ3bBHxkf30Krmh4=</latexit>

V = T(j)
i

<latexit sha1_base64="hJ3ER57tqmHwTrCJNz0T7WmeJn8=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIdVOSKuhGKLpxWaE3aGOYTCft2MkkzEyEErJ046u4caGIWx/BnW/jpI2grT8MfPznHOac34sYlcqyvoyFxaXlldXCWnF9Y3Nr29zZbckwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11l9fY9EZKGvKHGEXECNODUpxgpbbnmQS9Aauj5SSu9+MFG6iY0vU3Kd8epa5asijURnAc7hxLIVXfNz14/xHFAuMIMSdm1rUg5CRKKYkbSYi+WJEJ4hAakq5GjgEgnmRySwiPt9KEfCv24ghP390SCAinHgac7s13lbC0z/6t1Y+WfOwnlUawIx9OP/JhBFcIsFdingmDFxhoQFlTvCvEQCYSVzq6oQ7BnT56HVrVin1SqN6el2mUeRwHsg0NQBjY4AzVwDeqgCTB4AE/gBbwaj8az8Wa8T1sXjHxmD/yR8fENVEmaKQ==</latexit>

T̂(j)
i

<latexit sha1_base64="WRikLF0rvvj+w9zsWTCnQrF4VMM=">AAACA3icbVDLSsNAFJ34rPUVdaebYBHqpiRV0GXRjcsKfUETw2Q6acdOJmFmIpQh4MZfceNCEbf+hDv/xkmbhbYeuHA4517uvSdIKBHStr+NpeWV1bX10kZ5c2t7Z9fc2++IOOUIt1FMY94LoMCUMNyWRFLcSziGUUBxNxhf5373AXNBYtaSkwR7ERwyEhIEpZZ889CNoBwFoXJHUKpWlvmKZHeqen+a+WbFrtlTWIvEKUgFFGj65pc7iFEaYSYRhUL0HTuRnoJcEkRxVnZTgROIxnCI+5oyGGHhqekPmXWilYEVxlwXk9ZU/T2hYCTEJAp0Z36xmPdy8T+vn8rw0lOEJanEDM0WhSm1ZGzlgVgDwjGSdKIJRJzoWy00ghwiqWMr6xCc+ZcXSadec85q9dvzSuOqiKMEjsAxqAIHXIAGuAFN0AYIPIJn8ArejCfjxXg3PmatS0YxcwD+wPj8AbH6mC8=</latexit>

T(j+1)
i

<latexit sha1_base64="usBHIvd/HU/voVC8Z/SDpjgL8hs=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJqqDLohuXFfqCNobJdNKOnUzCzEQoMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8eLGJXKsr6NwtLyyupacb20sbm1vWPu7rVlGAtMWjhkoeh6SBJGOWkpqhjpRoKgwGOk442vM7/zQISkIW+qSUScAA059SlGSkuuedAPkBp5ftJM3YSmd0nl/tQ+SV2zbFWtKeAisXNSBjkarvnVH4Q4DghXmCEpe7YVKSdBQlHMSFrqx5JECI/RkPQ05Sgg0kmm+VN4rJUB9EOhH1dwqv7eSFAg5STw9GSWVs57mfif14uVf+kklEexIhzPDvkxgyqEWRlwQAXBik00QVhQnRXiERIIK11ZSZdgz395kbRrVfusWrs9L9ev8jqK4BAcgQqwwQWogxvQAC2AwSN4Bq/gzXgyXox342M2WjDynX3wB8bnD5vMldI=</latexit>

Figure 7: Feature-extraction.
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Attention-based Feature-extraction

We use multi-head attention (MHA) mechanism to further extract specific features for
each task.

▶ The Q,K,V are the same so each branch extracts specific features for the
corresponding task.

▶ Multiple layers are stacked to get more specific representation.

 MHA

MLP

�
<latexit sha1_base64="Kfe2l2iGdo8ph/MEHW/TMNkFtOM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0UyPSQ==</latexit>

T(j)
i

<latexit sha1_base64="GweEde7PSI55Kg/lI3udtovQdrI=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5JUQZdFNy4r9AVtDJPppB07mYSZiVBD8FfcuFDErf/hzr9x0nahrQcGDufcyz1z/JhRqWz721haXlldWy9sFDe3tnd2zb39lowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90XXutx+IkDTiDTWOiRuiAacBxUhpyTMPeyFSQz9IG5mX0uwuLd+fZp5Zsiv2BNYicWakBDPUPfOr149wEhKuMENSdh07Vm6KhKKYkazYSySJER6hAelqylFIpJtO0mfWiVb6VhAJ/biyJurvjRSFUo5DX0/mWeW8l4v/ed1EBZduSnmcKMLx9FCQMEtFVl6F1aeCYMXGmiAsqM5q4SESCCtdWFGX4Mx/eZG0qhXnrFK9PS/VrmZ1FOAIjqEMDlxADW6gDk3A8AjP8ApvxpPxYrwbH9PRJWO2cwB/YHz+ALaMlWI=</latexit>

Q = T(j)
i

<latexit sha1_base64="PtnMuW7Ey7b4iepxcCzFA3/wV+E=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QtGNyxZ6gzaGyXTSjp1MwsxEKCFLN76KGxeKuPUR3Pk2TtoK2vrDwMd/zmHO+b2IUaks68vILS2vrK7l1wsbm1vbO+buXkuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ug6q7fviZA05A01jogToAGnPsVIacs1D3sBUkPPT+rp5Q82Ujeh6W1SujtJXbNola2J4CLYMyiCmWqu+dnrhzgOCFeYISm7thUpJ0FCUcxIWujFkkQIj9CAdDVyFBDpJJNDUnisnT70Q6EfV3Di/p5IUCDlOPB0Z7arnK9l5n+1bqz8CyehPIoV4Xj6kR8zqEKYpQL7VBCs2FgDwoLqXSEeIoGw0tkVdAj2/MmL0KqU7dNypX5WrF7N4siDA3AESsAG56AKbkANNAEGD+AJvIBX49F4Nt6M92lrzpjN7IM/Mj6+AUxHmiQ=</latexit>

K = T(j)
i

<latexit sha1_base64="9nkCQ01JpEnlofrndJMiULe0hC8=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QtGN4KZCb9DGMJlO2rGTSZiZCCVk6cZXceNCEbc+gjvfxklbQVt/GPj4zznMOb8XMSqVZX0ZuYXFpeWV/GphbX1jc8vc3mnKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxteZvXWPRGShryuRhFxAtTn1KcYKW255n43QGrg+cl1ev6D9dRNaHqblO6OUtcsWmVrLDgP9hSKYKqaa352eyGOA8IVZkjKjm1FykmQUBQzkha6sSQRwkPUJx2NHAVEOsn4kBQeaqcH/VDoxxUcu78nEhRIOQo83ZntKmdrmflfrRMr/8xJKI9iRTiefOTHDKoQZqnAHhUEKzbSgLCgeleIB0ggrHR2BR2CPXvyPDQrZfu4XLk5KVYvpnHkwR44ACVgg1NQBVegBhoAgwfwBF7Aq/FoPBtvxvukNWdMZ3bBHxkf30Krmh4=</latexit>

V = T(j)
i

<latexit sha1_base64="hJ3ER57tqmHwTrCJNz0T7WmeJn8=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIdVOSKuhGKLpxWaE3aGOYTCft2MkkzEyEErJ046u4caGIWx/BnW/jpI2grT8MfPznHOac34sYlcqyvoyFxaXlldXCWnF9Y3Nr29zZbckwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG11l9fY9EZKGvKHGEXECNODUpxgpbbnmQS9Aauj5SSu9+MFG6iY0vU3Kd8epa5asijURnAc7hxLIVXfNz14/xHFAuMIMSdm1rUg5CRKKYkbSYi+WJEJ4hAakq5GjgEgnmRySwiPt9KEfCv24ghP390SCAinHgac7s13lbC0z/6t1Y+WfOwnlUawIx9OP/JhBFcIsFdingmDFxhoQFlTvCvEQCYSVzq6oQ7BnT56HVrVin1SqN6el2mUeRwHsg0NQBjY4AzVwDeqgCTB4AE/gBbwaj8az8Wa8T1sXjHxmD/yR8fENVEmaKQ==</latexit>

T̂(j)
i

<latexit sha1_base64="WRikLF0rvvj+w9zsWTCnQrF4VMM=">AAACA3icbVDLSsNAFJ34rPUVdaebYBHqpiRV0GXRjcsKfUETw2Q6acdOJmFmIpQh4MZfceNCEbf+hDv/xkmbhbYeuHA4517uvSdIKBHStr+NpeWV1bX10kZ5c2t7Z9fc2++IOOUIt1FMY94LoMCUMNyWRFLcSziGUUBxNxhf5373AXNBYtaSkwR7ERwyEhIEpZZ889CNoBwFoXJHUKpWlvmKZHeqen+a+WbFrtlTWIvEKUgFFGj65pc7iFEaYSYRhUL0HTuRnoJcEkRxVnZTgROIxnCI+5oyGGHhqekPmXWilYEVxlwXk9ZU/T2hYCTEJAp0Z36xmPdy8T+vn8rw0lOEJanEDM0WhSm1ZGzlgVgDwjGSdKIJRJzoWy00ghwiqWMr6xCc+ZcXSadec85q9dvzSuOqiKMEjsAxqAIHXIAGuAFN0AYIPIJn8ArejCfjxXg3PmatS0YxcwD+wPj8AbH6mC8=</latexit>

T(j+1)
i

<latexit sha1_base64="usBHIvd/HU/voVC8Z/SDpjgL8hs=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJqqDLohuXFfqCNobJdNKOnUzCzEQoMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8eLGJXKsr6NwtLyyupacb20sbm1vWPu7rVlGAtMWjhkoeh6SBJGOWkpqhjpRoKgwGOk442vM7/zQISkIW+qSUScAA059SlGSkuuedAPkBp5ftJM3YSmd0nl/tQ+SV2zbFWtKeAisXNSBjkarvnVH4Q4DghXmCEpe7YVKSdBQlHMSFrqx5JECI/RkPQ05Sgg0kmm+VN4rJUB9EOhH1dwqv7eSFAg5STw9GSWVs57mfif14uVf+kklEexIhzPDvkxgyqEWRlwQAXBik00QVhQnRXiERIIK11ZSZdgz395kbRrVfusWrs9L9ev8jqK4BAcgQqwwQWogxvQAC2AwSN4Bq/gzXgyXox342M2WjDynX3wB8bnD5vMldI=</latexit>

Figure 7: Feature-extraction.
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Attention-based Feature Sharing

After specific features for each task are extracted, we further share them across tasks.

▶ The cross-task attentions are computed for task i w.r.t all tasks.
▶ Then they are merged to get the new representation of features.
▶ Multiple layers are stacked to improve sharing.

 MHA

 MHA

�
<latexit sha1_base64="Kfe2l2iGdo8ph/MEHW/TMNkFtOM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0UyPSQ==</latexit>

MLP

�
<latexit sha1_base64="Kfe2l2iGdo8ph/MEHW/TMNkFtOM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0UyPSQ==</latexit>

Concat

 MHA

A(j)
i

<latexit sha1_base64="i0O2CviYFbiG87ftkL72OJ4dp+0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuilJFXRZdeOygn1AG8tkOmnHTh7MTIQagr/ixoUibv0Pd/6NkzYLrR4YOJxzL/fMcSPOpLKsL6OwsLi0vFJcLa2tb2xumds7LRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2x5eZ376nQrIwuFGTiDo+HgbMYwQrLfXNvZ6P1cj1kvO0n7D0NqncHaV9s2xVrSnQX2LnpAw5Gn3zszcISezTQBGOpezaVqScBAvFCKdpqRdLGmEyxkPa1TTAPpVOMk2fokOtDJAXCv0Chabqz40E+1JOfFdPZlnlvJeJ/3ndWHlnTsKCKFY0ILNDXsyRClFWBRowQYniE00wEUxnRWSEBSZKF1bSJdjzX/5LWrWqfVytXZ+U6xd5HUXYhwOogA2nUIcraEATCDzAE7zAq/FoPBtvxvtstGDkO7vwC8bHN5jvlU8=</latexit>

Q = F(j)
1<latexit sha1_base64="NFRevfD0Ya4tKcKrQB9060bBmis=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QlEQly3YC7QxTKaTduxkEmYmQglZuvFV3LhQxK2P4M63cdJW0NYfBj7+cw5zzu9FjEplWV9GbmFxaXklv1pYW9/Y3DK3d5oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8oaXWb11T4SkIb9Ro4g4Aepz6lOMlLZcc78bIDXw/KSenv/gVeomdnqblO6OUtcsWmVrLDgP9hSKYKqaa352eyGOA8IVZkjKjm1FykmQUBQzkha6sSQRwkPUJx2NHAVEOsn4kBQeaqcH/VDoxxUcu78nEhRIOQo83ZntKmdrmflfrRMr/8xJKI9iRTiefOTHDKoQZqnAHhUEKzbSgLCgeleIB0ggrHR2BR2CPXvyPDQrZfu4XKmfFKsX0zjyYA8cgBKwwSmogmtQAw2AwQN4Ai/g1Xg0no03433SmjOmM7vgj4yPb9/+md4=</latexit>

K = F(j)
1<latexit sha1_base64="JKVjT5Zr9i7KH0mqlrDv3swJan8=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QlEQwU0Fe4E2hsl00o6dTMLMRCghSze+ihsXirj1Edz5Nk7aCtr6w8DHf85hzvm9iFGpLOvLyM3NLywu5ZcLK6tr6xvm5lZDhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gPKs374mQNOQ3ahgRJ0A9Tn2KkdKWa+52AqT6np9cpac/eJG6iZ3eJqW7g9Q1i1bZGgnOgj2BIpio5pqfnW6I44BwhRmSsm1bkXISJBTFjKSFTixJhPAA9UhbI0cBkU4yOiSF+9rpQj8U+nEFR+7viQQFUg4DT3dmu8rpWmb+V2vHyj9xEsqjWBGOxx/5MYMqhFkqsEsFwYoNNSAsqN4V4j4SCCudXUGHYE+fPAuNStk+LFeuj4rVs0kcebAD9kAJ2OAYVMElqIE6wOABPIEX8Go8Gs/Gm/E+bs0Zk5lt8EfGxzfWYpnY</latexit>

V = F(j)
i

<latexit sha1_base64="83yQI2bPOGIId2JzgZrmKwpfQPg=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIdVOSKuhGKArisoK9QBvDZDppx04mYWYilJClG1/FjQtF3PoI7nwbJ20Ebf1h4OM/5zDn/F7EqFSW9WXMzS8sLi0XVoqra+sbm+bWdlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAiq7fuiZA05DdqFBEnQH1OfYqR0pZr7nUDpAaenzTTsx+8TN2EprdJ+e4wdc2SVbHGgrNg51ACuequ+dnthTgOCFeYISk7thUpJ0FCUcxIWuzGkkQID1GfdDRyFBDpJONDUnignR70Q6EfV3Ds/p5IUCDlKPB0Z7arnK5l5n+1Tqz8UyehPIoV4XjykR8zqEKYpQJ7VBCs2EgDwoLqXSEeIIGw0tkVdQj29Mmz0KxW7KNK9fq4VDvP4yiAXbAPysAGJ6AGrkAdNAAGD+AJvIBX49F4Nt6M90nrnJHP7IA/Mj6+AT53mhs=</latexit>

Q = F(j)
i

<latexit sha1_base64="kbmkZnWuBEr8ggBCbjDaOerEkeM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiIyxbsBdoYJtNJO3YyCTMToYSs3Pgqblwo4tZncOfbOGkraOsPAx//OYc55/ciRqWyrC8jt7C4tLySXy2srW9sbpnbO00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPLrN66J0LSkN+oUUScAPU59SlGSluuud8NkBp4flJPz3/wKnXpbVK6O0pds2iVrbHgPNhTKIKpaq752e2FOA4IV5ghKTu2FSknQUJRzEha6MaSRAgPUZ90NHIUEOkk4zNSeKidHvRDoR9XcOz+nkhQIOUo8HRntqmcrWXmf7VOrPwzJ6E8ihXhePKRHzOoQphlAntUEKzYSAPCgupdIR4ggbDSyRV0CPbsyfPQrJTt43KlflKsXkzjyIM9cABKwAanoAquQQ00AAYP4Am8gFfj0Xg23oz3SWvOmM7sgj8yPr4BW1KZCg==</latexit>

K = F(j)
i

<latexit sha1_base64="oH2AGSJ/VYtC1p76Ps8XrgknUhA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiI4KaCvUAbw2Q6acdOJmFmIpSQlRtfxY0LRdz6DO58GydtBW39YeDjP+cw5/xexKhUlvVl5ObmFxaX8suFldW19Q1zc6shw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wntWb90RIGvIbNYyIE6Aepz7FSGnLNXc7AVJ9z0+u0tMfvEhdepuU7g5S1yxaZWskOAv2BIpgopprfna6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbY0cBUQ6yeiMFO5rpwv9UOjHFRy5vycSFEg5DDzdmW0qp2uZ+V+tHSv/xEkoj2JFOB5/5McMqhBmmcAuFQQrNtSAsKB6V4j7SCCsdHIFHYI9ffIsNCpl+7BcuT4qVs8mceTBDtgDJWCDY1AFl6AG6gCDB/AEXsCr8Wg8G2/G+7g1Z0xmtsEfGR/fUcKZBA==</latexit>

V = F(j)
i

<latexit sha1_base64="Sk6cftv37BkscY2pxmkmflnxi0E=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEuilJFXQjFAVxWcFeoI1hMp20YyeTMDMRSsjKja/ixoUibn0Gd76NkzaCtv4w8PGfc5hzfi9iVCrL+jLm5hcWl5YLK8XVtfWNTXNruynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3iR1Vv3REga8hs1iogToD6nPsVIacs197oBUgPPT5rp2Q9epi69Tcp3h6lrlqyKNRacBTuHEshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJiN5YkQniI+qSjkaOASCcZn5HCA+30oB8K/biCY/f3RIICKUeBpzuzTeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwT2KOCYMVGGhAWVO8K8QAJhJVOrqhDsKdPnoVmtWIfVarXx6XaeR5HAeyCfVAGNjgBNXAF6qABMHgAT+AFvBqPxrPxZrxPWueMfGYH/JHx8Q1jSpkP</latexit>

V = F(j)
i

<latexit sha1_base64="Sk6cftv37BkscY2pxmkmflnxi0E=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEuilJFXQjFAVxWcFeoI1hMp20YyeTMDMRSsjKja/ixoUibn0Gd76NkzaCtv4w8PGfc5hzfi9iVCrL+jLm5hcWl5YLK8XVtfWNTXNruynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3iR1Vv3REga8hs1iogToD6nPsVIacs197oBUgPPT5rp2Q9epi69Tcp3h6lrlqyKNRacBTuHEshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJiN5YkQniI+qSjkaOASCcZn5HCA+30oB8K/biCY/f3RIICKUeBpzuzTeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwT2KOCYMVGGhAWVO8K8QAJhJVOrqhDsKdPnoVmtWIfVarXx6XaeR5HAeyCfVAGNjgBNXAF6qABMHgAT+AFvBqPxrPxZrxPWueMfGYH/JHx8Q1jSpkP</latexit>

Q = F(j)
n<latexit sha1_base64="ctpXF/yPMx5tZCC24+U/BWuhF50=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiIyxbsBdoYJtNJO3YyCTMToYSs3Pgqblwo4tZncOfbOGkraOsPAx//OYc55/ciRqWyrC8jt7C4tLySXy2srW9sbpnbO00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPLrN66J0LSkN+oUUScAPU59SlGSluuud8NkBp4flJPz3/wKnX5bVK6O0pds2iVrbHgPNhTKIKpaq752e2FOA4IV5ghKTu2FSknQUJRzEha6MaSRAgPUZ90NHIUEOkk4zNSeKidHvRDoR9XcOz+nkhQIOUo8HRntqmcrWXmf7VOrPwzJ6E8ihXhePKRHzOoQphlAntUEKzYSAPCgupdIR4ggbDSyRV0CPbsyfPQrJTt43KlflKsXkzjyIM9cABKwAanoAquQQ00AAYP4Am8gFfj0Xg23oz3SWvOmM7sgj8yPr4BYwSZDw==</latexit>

K = F(j)
n<latexit sha1_base64="tL+YYpm1WmbrVuopmd+Cw++OYOs=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiI4KaCvUAbw2Q6acdOJmFmIpSQlRtfxY0LRdz6DO58GydtBW39YeDjP+cw5/xexKhUlvVl5ObmFxaX8suFldW19Q1zc6shw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wntWb90RIGvIbNYyIE6Aepz7FSGnLNXc7AVJ9z0+u0tMfvEhdfpuU7g5S1yxaZWskOAv2BIpgopprfna6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbY0cBUQ6yeiMFO5rpwv9UOjHFRy5vycSFEg5DDzdmW0qp2uZ+V+tHSv/xEkoj2JFOB5/5McMqhBmmcAuFQQrNtSAsKB6V4j7SCCsdHIFHYI9ffIsNCpl+7BcuT4qVs8mceTBDtgDJWCDY1AFl6AG6gCDB/AEXsCr8Wg8G2/G+7g1Z0xmtsEfGR/fWXSZCQ==</latexit>

A(j)
1<latexit sha1_base64="qLEALtZedaz0Fb8/kB9xrqyeK7c=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkpSBV1W3bisYB/QxjKZTtqxkwczE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOG3EmlWV9G4WV1bX1jeJmaWt7Z3fP3C+3ZRgLQlsk5KHoulhSzgLaUkxx2o0Exb7LacedXGd+55EKycLgTk0j6vh4FDCPEay0NDDLfR+rsesll+nAvk+qDyfpwKxYNWsGtEzsnFQgR3NgfvWHIYl9GijCsZQ924qUk2ChGOE0LfVjSSNMJnhEe5oG2KfSSWbZU3SslSHyQqFfoNBM/b2RYF/Kqe/qySypXPQy8T+vFyvvwklYEMWKBmR+yIs5UiHKikBDJihRfKoJJoLprIiMscBE6bpKugR78cvLpF2v2ae1+u1ZpXGV11GEQziCKthwDg24gSa0gMATPMMrvBmp8WK8Gx/z0YKR7xzAHxifP3B6lAs=</latexit>

A(j)
n<latexit sha1_base64="VXfVZQEnMfn0i1xTrRc58jAHNYg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyWpgi6rblxWsA9oY5lMJ+3YySTMTMQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45XsSoVLb9bRRWVtfWN4qbpa3tnd09c7/clmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43uc78ziMRkob8Tk0j4gZoxKlPMVJaGpjlfoDU2POTy3TA75Pqw0k6MCt2zZ7BWiZOTiqQozkwv/rDEMcB4QozJGXPsSPlJkgoihlJS/1YkgjhCRqRnqYcBUS6ySx7ah1rZWj5odCPK2um/t5IUCDlNPD0ZJZULnqZ+J/Xi5V/4SaUR7EiHM8P+TGzVGhlRVhDKghWbKoJwoLqrBYeI4Gw0nWVdAnO4peXSbtec05r9duzSuMqr6MIh3AEVXDgHBpwA01oAYYneIZXeDNS48V4Nz7mowUj3zmAPzA+fwDOXJRI</latexit>

Â(j)
i

<latexit sha1_base64="BQCxOgWNwVje+DUR89LKhpNa4ck=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkVdBl1Y3LCvYBTQyT6aQdO5mEmYlQQtz4K25cKOLWv3Dn3zhps9DqgQuHc+7l3nv8mFGpLOvLKC0sLi2vlFcra+sbm1vm9k5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74Mve790RIGvEbNYmJG6IhpwHFSGnJM/ecEKmRH6TOCKn0PMs8epvW7o4yz6xadWsK+JfYBamCAi3P/HQGEU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66fSDDB5qZQCDSOjiCk7VnxMpCqWchL7uzO+V814u/uf1ExWcuSnlcaIIx7NFQcKgimAeBxxQQbBiE00QFlTfCvEICYSVDq2iQ7DnX/5LOo26fVxvXJ9UmxdFHGWwDw5ADdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPmstGcXMLvgF4+MbvMuXEA==</latexit>

F(j)
1<latexit sha1_base64="Xnm984gU8E0bv0fDOITc0Ap6OSA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuilJFXRZFMRlBfuANpbJdNKOnTyYmQg1BH/FjQtF3Pof7vwbJ20WWj0wcDjnXu6Z40acSWVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBaFNEvJQdFwsKWcBbSqmOO1EgmLf5bTtji8yv31PhWRhcKMmEXV8PAyYxwhWWuqbez0fq5HrJZdpP7HT26Ryd5T2zbJVtaZAf4mdkzLkaPTNz94gJLFPA0U4lrJrW5FyEiwUI5ympV4saYTJGA9pV9MA+1Q6yTR9ig61MkBeKPQLFJqqPzcS7Es58V09mWWV814m/ud1Y+WdOQkLoljRgMwOeTFHKkRZFWjABCWKTzTBRDCdFZERFpgoXVhJl2DPf/kvadWq9nG1dn1Srp/ndRRhHw6gAjacQh2uoAFNIPAAT/ACr8aj8Wy8Ge+z0YKR7+zCLxgf30pSlRw=</latexit>

F(j)
i

<latexit sha1_base64="+q6VPP6KJ90BomrOo/XItpBNJ+Y=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuilJFXRZFMRlBfuANpbJdNKOnTyYmQg1BH/FjQtF3Pof7vwbJ20WWj0wcDjnXu6Z40acSWVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBaFNEvJQdFwsKWcBbSqmOO1EgmLf5bTtji8yv31PhWRhcKMmEXV8PAyYxwhWWuqbez0fq5HrJZdpP2HpbVK5O0r7ZtmqWlOgv8TOSRlyNPrmZ28QktingSIcS9m1rUg5CRaKEU7TUi+WNMJkjIe0q2mAfSqdZJo+RYdaGSAvFPoFCk3VnxsJ9qWc+K6ezLLKeS8T//O6sfLOnIQFUaxoQGaHvJgjFaKsCjRgghLFJ5pgIpjOisgIC0yULqykS7Dnv/yXtGpV+7hauz4p18/zOoqwDwdQARtOoQ5X0IAmEHiAJ3iBV+PReDbejPfZaMHId3bhF4yPb6C6lVQ=</latexit>

F(j)
n<latexit sha1_base64="znSxWnPnaIJUiapFJbKWPCQPA4U=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkCrosCuKygn1AG8tkOmnHTiZhZiLUEPwVNy4Ucet/uPNvnLRZaPXAwOGce7lnjhcxKpVtfxmFhcWl5ZXiamltfWNzy9zeackwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG19kfvueCElDfqMmEXEDNOTUpxgpLfXNvV6A1Mjzk8u0n/D0NqncHaV9s2xX7Smsv8TJSRlyNPrmZ28Q4jggXGGGpOw6dqTcBAlFMSNpqRdLEiE8RkPS1ZSjgEg3maZPrUOtDCw/FPpxZU3VnxsJCqScBJ6ezLLKeS8T//O6sfLP3ITyKFaE49khP2aWCq2sCmtABcGKTTRBWFCd1cIjJBBWurCSLsGZ//Jf0qpVneNq7fqkXD/P6yjCPhxABRw4hTpcQQOagOEBnuAFXo1H49l4M95nowUj39mFXzA+vgGocZVZ</latexit>

F(j+1)
i

<latexit sha1_base64="gBDu0urCvnZLJW9kvueLbxc4CxA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJqqDLoiAuK9gHtDFMppN27GQSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjlexKhUlvVtFBYWl5ZXiqultfWNzS1ze6clw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90mfntByIkDfmtGkfECdCAU59ipLTkmnu9AKmh5ydXqZvQ9C6p3B/bR6lrlq2qNQGcJ3ZOyiBHwzW/ev0QxwHhCjMkZde2IuUkSCiKGUlLvViSCOERGpCuphwFRDrJJH8KD7XSh34o9OMKTtTfGwkKpBwHnp7M0spZLxP/87qx8s+dhPIoVoTj6SE/ZlCFMCsD9qkgWLGxJggLqrNCPEQCYaUrK+kS7Nkvz5NWrWqfVGs3p+X6RV5HEeyDA1ABNjgDdXANGqAJMHgEz+AVvBlPxovxbnxMRwtGvrML/sD4/AGF3pXE</latexit>

Figure 8: Feature sharing module for task i at layer j.
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Attention-based Feature Sharing

After specific features for each task are extracted, we further share them across tasks.

▶ The cross-task attentions are computed for task i w.r.t all tasks.
▶ Then they are merged to get the new representation of features.
▶ Multiple layers are stacked to improve sharing.

 MHA

 MHA

�
<latexit sha1_base64="Kfe2l2iGdo8ph/MEHW/TMNkFtOM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0UyPSQ==</latexit>

MLP

�
<latexit sha1_base64="Kfe2l2iGdo8ph/MEHW/TMNkFtOM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0UyPSQ==</latexit>

Concat

 MHA

A(j)
i

<latexit sha1_base64="i0O2CviYFbiG87ftkL72OJ4dp+0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuilJFXRZdeOygn1AG8tkOmnHTh7MTIQagr/ixoUibv0Pd/6NkzYLrR4YOJxzL/fMcSPOpLKsL6OwsLi0vFJcLa2tb2xumds7LRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2x5eZ376nQrIwuFGTiDo+HgbMYwQrLfXNvZ6P1cj1kvO0n7D0NqncHaV9s2xVrSnQX2LnpAw5Gn3zszcISezTQBGOpezaVqScBAvFCKdpqRdLGmEyxkPa1TTAPpVOMk2fokOtDJAXCv0Chabqz40E+1JOfFdPZlnlvJeJ/3ndWHlnTsKCKFY0ILNDXsyRClFWBRowQYniE00wEUxnRWSEBSZKF1bSJdjzX/5LWrWqfVytXZ+U6xd5HUXYhwOogA2nUIcraEATCDzAE7zAq/FoPBtvxvtstGDkO7vwC8bHN5jvlU8=</latexit>

Q = F(j)
1<latexit sha1_base64="NFRevfD0Ya4tKcKrQB9060bBmis=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QlEQly3YC7QxTKaTduxkEmYmQglZuvFV3LhQxK2P4M63cdJW0NYfBj7+cw5zzu9FjEplWV9GbmFxaXklv1pYW9/Y3DK3d5oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8oaXWb11T4SkIb9Ro4g4Aepz6lOMlLZcc78bIDXw/KSenv/gVeomdnqblO6OUtcsWmVrLDgP9hSKYKqaa352eyGOA8IVZkjKjm1FykmQUBQzkha6sSQRwkPUJx2NHAVEOsn4kBQeaqcH/VDoxxUcu78nEhRIOQo83ZntKmdrmflfrRMr/8xJKI9iRTiefOTHDKoQZqnAHhUEKzbSgLCgeleIB0ggrHR2BR2CPXvyPDQrZfu4XKmfFKsX0zjyYA8cgBKwwSmogmtQAw2AwQN4Ai/g1Xg0no03433SmjOmM7vgj4yPb9/+md4=</latexit>

K = F(j)
1<latexit sha1_base64="JKVjT5Zr9i7KH0mqlrDv3swJan8=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QlEQwU0Fe4E2hsl00o6dTMLMRCghSze+ihsXirj1Edz5Nk7aCtr6w8DHf85hzvm9iFGpLOvLyM3NLywu5ZcLK6tr6xvm5lZDhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gPKs374mQNOQ3ahgRJ0A9Tn2KkdKWa+52AqT6np9cpac/eJG6iZ3eJqW7g9Q1i1bZGgnOgj2BIpio5pqfnW6I44BwhRmSsm1bkXISJBTFjKSFTixJhPAA9UhbI0cBkU4yOiSF+9rpQj8U+nEFR+7viQQFUg4DT3dmu8rpWmb+V2vHyj9xEsqjWBGOxx/5MYMqhFkqsEsFwYoNNSAsqN4V4j4SCCudXUGHYE+fPAuNStk+LFeuj4rVs0kcebAD9kAJ2OAYVMElqIE6wOABPIEX8Go8Gs/Gm/E+bs0Zk5lt8EfGxzfWYpnY</latexit>

V = F(j)
i

<latexit sha1_base64="83yQI2bPOGIId2JzgZrmKwpfQPg=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIdVOSKuhGKArisoK9QBvDZDppx04mYWYilJClG1/FjQtF3PoI7nwbJ20Ebf1h4OM/5zDn/F7EqFSW9WXMzS8sLi0XVoqra+sbm+bWdlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAiq7fuiZA05DdqFBEnQH1OfYqR0pZr7nUDpAaenzTTsx+8TN2EprdJ+e4wdc2SVbHGgrNg51ACuequ+dnthTgOCFeYISk7thUpJ0FCUcxIWuzGkkQID1GfdDRyFBDpJONDUnignR70Q6EfV3Ds/p5IUCDlKPB0Z7arnK5l5n+1Tqz8UyehPIoV4XjykR8zqEKYpQJ7VBCs2EgDwoLqXSEeIIGw0tkVdQj29Mmz0KxW7KNK9fq4VDvP4yiAXbAPysAGJ6AGrkAdNAAGD+AJvIBX49F4Nt6M90nrnJHP7IA/Mj6+AT53mhs=</latexit>

Q = F(j)
i

<latexit sha1_base64="kbmkZnWuBEr8ggBCbjDaOerEkeM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiIyxbsBdoYJtNJO3YyCTMToYSs3Pgqblwo4tZncOfbOGkraOsPAx//OYc55/ciRqWyrC8jt7C4tLySXy2srW9sbpnbO00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPLrN66J0LSkN+oUUScAPU59SlGSluuud8NkBp4flJPz3/wKnXpbVK6O0pds2iVrbHgPNhTKIKpaq752e2FOA4IV5ghKTu2FSknQUJRzEha6MaSRAgPUZ90NHIUEOkk4zNSeKidHvRDoR9XcOz+nkhQIOUo8HRntqmcrWXmf7VOrPwzJ6E8ihXhePKRHzOoQphlAntUEKzYSAPCgupdIR4ggbDSyRV0CPbsyfPQrJTt43KlflKsXkzjyIM9cABKwAanoAquQQ00AAYP4Am8gFfj0Xg23oz3SWvOmM7sgj8yPr4BW1KZCg==</latexit>

K = F(j)
i

<latexit sha1_base64="oH2AGSJ/VYtC1p76Ps8XrgknUhA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiI4KaCvUAbw2Q6acdOJmFmIpSQlRtfxY0LRdz6DO58GydtBW39YeDjP+cw5/xexKhUlvVl5ObmFxaX8suFldW19Q1zc6shw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wntWb90RIGvIbNYyIE6Aepz7FSGnLNXc7AVJ9z0+u0tMfvEhdepuU7g5S1yxaZWskOAv2BIpgopprfna6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbY0cBUQ6yeiMFO5rpwv9UOjHFRy5vycSFEg5DDzdmW0qp2uZ+V+tHSv/xEkoj2JFOB5/5McMqhBmmcAuFQQrNtSAsKB6V4j7SCCsdHIFHYI9ffIsNCpl+7BcuT4qVs8mceTBDtgDJWCDY1AFl6AG6gCDB/AEXsCr8Wg8G2/G+7g1Z0xmtsEfGR/fUcKZBA==</latexit>

V = F(j)
i

<latexit sha1_base64="Sk6cftv37BkscY2pxmkmflnxi0E=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEuilJFXQjFAVxWcFeoI1hMp20YyeTMDMRSsjKja/ixoUibn0Gd76NkzaCtv4w8PGfc5hzfi9iVCrL+jLm5hcWl5YLK8XVtfWNTXNruynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3iR1Vv3REga8hs1iogToD6nPsVIacs197oBUgPPT5rp2Q9epi69Tcp3h6lrlqyKNRacBTuHEshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJiN5YkQniI+qSjkaOASCcZn5HCA+30oB8K/biCY/f3RIICKUeBpzuzTeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwT2KOCYMVGGhAWVO8K8QAJhJVOrqhDsKdPnoVmtWIfVarXx6XaeR5HAeyCfVAGNjgBNXAF6qABMHgAT+AFvBqPxrPxZrxPWueMfGYH/JHx8Q1jSpkP</latexit>

V = F(j)
i

<latexit sha1_base64="Sk6cftv37BkscY2pxmkmflnxi0E=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEuilJFXQjFAVxWcFeoI1hMp20YyeTMDMRSsjKja/ixoUibn0Gd76NkzaCtv4w8PGfc5hzfi9iVCrL+jLm5hcWl5YLK8XVtfWNTXNruynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3iR1Vv3REga8hs1iogToD6nPsVIacs197oBUgPPT5rp2Q9epi69Tcp3h6lrlqyKNRacBTuHEshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJiN5YkQniI+qSjkaOASCcZn5HCA+30oB8K/biCY/f3RIICKUeBpzuzTeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwT2KOCYMVGGhAWVO8K8QAJhJVOrqhDsKdPnoVmtWIfVarXx6XaeR5HAeyCfVAGNjgBNXAF6qABMHgAT+AFvBqPxrPxZrxPWueMfGYH/JHx8Q1jSpkP</latexit>

Q = F(j)
n<latexit sha1_base64="ctpXF/yPMx5tZCC24+U/BWuhF50=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiIyxbsBdoYJtNJO3YyCTMToYSs3Pgqblwo4tZncOfbOGkraOsPAx//OYc55/ciRqWyrC8jt7C4tLySXy2srW9sbpnbO00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPLrN66J0LSkN+oUUScAPU59SlGSluuud8NkBp4flJPz3/wKnX5bVK6O0pds2iVrbHgPNhTKIKpaq752e2FOA4IV5ghKTu2FSknQUJRzEha6MaSRAgPUZ90NHIUEOkk4zNSeKidHvRDoR9XcOz+nkhQIOUo8HRntqmcrWXmf7VOrPwzJ6E8ihXhePKRHzOoQphlAntUEKzYSAPCgupdIR4ggbDSyRV0CPbsyfPQrJTt43KlflKsXkzjyIM9cABKwAanoAquQQ00AAYP4Am8gFfj0Xg23oz3SWvOmM7sgj8yPr4BYwSZDw==</latexit>

K = F(j)
n<latexit sha1_base64="tL+YYpm1WmbrVuopmd+Cw++OYOs=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiI4KaCvUAbw2Q6acdOJmFmIpSQlRtfxY0LRdz6DO58GydtBW39YeDjP+cw5/xexKhUlvVl5ObmFxaX8suFldW19Q1zc6shw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wntWb90RIGvIbNYyIE6Aepz7FSGnLNXc7AVJ9z0+u0tMfvEhdfpuU7g5S1yxaZWskOAv2BIpgopprfna6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbY0cBUQ6yeiMFO5rpwv9UOjHFRy5vycSFEg5DDzdmW0qp2uZ+V+tHSv/xEkoj2JFOB5/5McMqhBmmcAuFQQrNtSAsKB6V4j7SCCsdHIFHYI9ffIsNCpl+7BcuT4qVs8mceTBDtgDJWCDY1AFl6AG6gCDB/AEXsCr8Wg8G2/G+7g1Z0xmtsEfGR/fWXSZCQ==</latexit>

A(j)
1<latexit sha1_base64="qLEALtZedaz0Fb8/kB9xrqyeK7c=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkpSBV1W3bisYB/QxjKZTtqxkwczE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOG3EmlWV9G4WV1bX1jeJmaWt7Z3fP3C+3ZRgLQlsk5KHoulhSzgLaUkxx2o0Exb7LacedXGd+55EKycLgTk0j6vh4FDCPEay0NDDLfR+rsesll+nAvk+qDyfpwKxYNWsGtEzsnFQgR3NgfvWHIYl9GijCsZQ924qUk2ChGOE0LfVjSSNMJnhEe5oG2KfSSWbZU3SslSHyQqFfoNBM/b2RYF/Kqe/qySypXPQy8T+vFyvvwklYEMWKBmR+yIs5UiHKikBDJihRfKoJJoLprIiMscBE6bpKugR78cvLpF2v2ae1+u1ZpXGV11GEQziCKthwDg24gSa0gMATPMMrvBmp8WK8Gx/z0YKR7xzAHxifP3B6lAs=</latexit>

A(j)
n<latexit sha1_base64="VXfVZQEnMfn0i1xTrRc58jAHNYg=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyWpgi6rblxWsA9oY5lMJ+3YySTMTMQS8ituXCji1h9x5984abPQ1gMDh3Pu5Z45XsSoVLb9bRRWVtfWN4qbpa3tnd09c7/clmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43uc78ziMRkob8Tk0j4gZoxKlPMVJaGpjlfoDU2POTy3TA75Pqw0k6MCt2zZ7BWiZOTiqQozkwv/rDEMcB4QozJGXPsSPlJkgoihlJS/1YkgjhCRqRnqYcBUS6ySx7ah1rZWj5odCPK2um/t5IUCDlNPD0ZJZULnqZ+J/Xi5V/4SaUR7EiHM8P+TGzVGhlRVhDKghWbKoJwoLqrBYeI4Gw0nWVdAnO4peXSbtec05r9duzSuMqr6MIh3AEVXDgHBpwA01oAYYneIZXeDNS48V4Nz7mowUj3zmAPzA+fwDOXJRI</latexit>

Â(j)
i

<latexit sha1_base64="BQCxOgWNwVje+DUR89LKhpNa4ck=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkVdBl1Y3LCvYBTQyT6aQdO5mEmYlQQtz4K25cKOLWv3Dn3zhps9DqgQuHc+7l3nv8mFGpLOvLKC0sLi2vlFcra+sbm1vm9k5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74Mve790RIGvEbNYmJG6IhpwHFSGnJM/ecEKmRH6TOCKn0PMs8epvW7o4yz6xadWsK+JfYBamCAi3P/HQGEU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66fSDDB5qZQCDSOjiCk7VnxMpCqWchL7uzO+V814u/uf1ExWcuSnlcaIIx7NFQcKgimAeBxxQQbBiE00QFlTfCvEICYSVDq2iQ7DnX/5LOo26fVxvXJ9UmxdFHGWwDw5ADdjgFDTBFWiBNsDgATyBF/BqPBrPxpvxPmstGcXMLvgF4+MbvMuXEA==</latexit>

F(j)
1<latexit sha1_base64="Xnm984gU8E0bv0fDOITc0Ap6OSA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuilJFXRZFMRlBfuANpbJdNKOnTyYmQg1BH/FjQtF3Pof7vwbJ20WWj0wcDjnXu6Z40acSWVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBaFNEvJQdFwsKWcBbSqmOO1EgmLf5bTtji8yv31PhWRhcKMmEXV8PAyYxwhWWuqbez0fq5HrJZdpP7HT26Ryd5T2zbJVtaZAf4mdkzLkaPTNz94gJLFPA0U4lrJrW5FyEiwUI5ympV4saYTJGA9pV9MA+1Q6yTR9ig61MkBeKPQLFJqqPzcS7Es58V09mWWV814m/ud1Y+WdOQkLoljRgMwOeTFHKkRZFWjABCWKTzTBRDCdFZERFpgoXVhJl2DPf/kvadWq9nG1dn1Srp/ndRRhHw6gAjacQh2uoAFNIPAAT/ACr8aj8Wy8Ge+z0YKR7+zCLxgf30pSlRw=</latexit>

F(j)
i

<latexit sha1_base64="+q6VPP6KJ90BomrOo/XItpBNJ+Y=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuilJFXRZFMRlBfuANpbJdNKOnTyYmQg1BH/FjQtF3Pof7vwbJ20WWj0wcDjnXu6Z40acSWVZX0ZhYXFpeaW4Wlpb39jcMrd3WjKMBaFNEvJQdFwsKWcBbSqmOO1EgmLf5bTtji8yv31PhWRhcKMmEXV8PAyYxwhWWuqbez0fq5HrJZdpP2HpbVK5O0r7ZtmqWlOgv8TOSRlyNPrmZ28QktingSIcS9m1rUg5CRaKEU7TUi+WNMJkjIe0q2mAfSqdZJo+RYdaGSAvFPoFCk3VnxsJ9qWc+K6ezLLKeS8T//O6sfLOnIQFUaxoQGaHvJgjFaKsCjRgghLFJ5pgIpjOisgIC0yULqykS7Dnv/yXtGpV+7hauz4p18/zOoqwDwdQARtOoQ5X0IAmEHiAJ3iBV+PReDbejPfZaMHId3bhF4yPb6C6lVQ=</latexit>

F(j)
n<latexit sha1_base64="znSxWnPnaIJUiapFJbKWPCQPA4U=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkCrosCuKygn1AG8tkOmnHTiZhZiLUEPwVNy4Ucet/uPNvnLRZaPXAwOGce7lnjhcxKpVtfxmFhcWl5ZXiamltfWNzy9zeackwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG19kfvueCElDfqMmEXEDNOTUpxgpLfXNvV6A1Mjzk8u0n/D0NqncHaV9s2xX7Smsv8TJSRlyNPrmZ28Q4jggXGGGpOw6dqTcBAlFMSNpqRdLEiE8RkPS1ZSjgEg3maZPrUOtDCw/FPpxZU3VnxsJCqScBJ6ezLLKeS8T//O6sfLP3ITyKFaE49khP2aWCq2sCmtABcGKTTRBWFCd1cIjJBBWurCSLsGZ//Jf0qpVneNq7fqkXD/P6yjCPhxABRw4hTpcQQOagOEBnuAFXo1H49l4M95nowUj39mFXzA+vgGocZVZ</latexit>

F(j+1)
i

<latexit sha1_base64="gBDu0urCvnZLJW9kvueLbxc4CxA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJqqDLoiAuK9gHtDFMppN27GQSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjlexKhUlvVtFBYWl5ZXiqultfWNzS1ze6clw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90mfntByIkDfmtGkfECdCAU59ipLTkmnu9AKmh5ydXqZvQ9C6p3B/bR6lrlq2qNQGcJ3ZOyiBHwzW/ev0QxwHhCjMkZde2IuUkSCiKGUlLvViSCOERGpCuphwFRDrJJH8KD7XSh34o9OMKTtTfGwkKpBwHnp7M0spZLxP/87qx8s+dhPIoVoTj6SE/ZlCFMCsD9qkgWLGxJggLqrNCPEQCYaUrK+kS7Nkvz5NWrWqfVGs3p+X6RV5HEeyDA1ABNjgDdXANGqAJMHgEz+AVvBlPxovxbnxMRwtGvrML/sD4/AGF3pXE</latexit>

Figure 8: Feature sharing module for task i at layer j.
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Attention-based Feature Sharing

After specific features for each task are extracted, we further share them across tasks.

▶ The cross-task attentions are computed for task i w.r.t all tasks.
▶ Then they are merged to get the new representation of features.
▶ Multiple layers are stacked to improve sharing.

 MHA

 MHA

�
<latexit sha1_base64="Kfe2l2iGdo8ph/MEHW/TMNkFtOM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0UyPSQ==</latexit>

MLP

�
<latexit sha1_base64="Kfe2l2iGdo8ph/MEHW/TMNkFtOM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5idzCZjZmeWeQhhyT948aCIV//Hm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctLa0itEkkl6oTYU05E7RpmOG0kyqKk4jTdjS+nfntJ6o0k+LBTFIaJngoWMwINk5q9WTKre6XK37VnwOtkiAnFcjR6Je/egNJbEKFIRxr3Q381IQZVoYRTqelntU0xWSMh7TrqMAJ1WE2v3aKzpwyQLFUroRBc/X3RIYTrSdJ5DoTbEZ62ZuJ/3lda+LrMGMitYYKslgUW46MRLPX0YApSgyfOIKJYu5WREZYYWJcQCUXQrD88ipp1arBRbV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOm9eO/ex6K14OUzx/AH3ucP0UyPSQ==</latexit>

Concat

 MHA

A(j)
i

<latexit sha1_base64="i0O2CviYFbiG87ftkL72OJ4dp+0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuilJFXRZdeOygn1AG8tkOmnHTh7MTIQagr/ixoUibv0Pd/6NkzYLrR4YOJxzL/fMcSPOpLKsL6OwsLi0vFJcLa2tb2xumds7LRnGgtAmCXkoOi6WlLOANhVTnHYiQbHvctp2x5eZ376nQrIwuFGTiDo+HgbMYwQrLfXNvZ6P1cj1kvO0n7D0NqncHaV9s2xVrSnQX2LnpAw5Gn3zszcISezTQBGOpezaVqScBAvFCKdpqRdLGmEyxkPa1TTAPpVOMk2fokOtDJAXCv0Chabqz40E+1JOfFdPZlnlvJeJ/3ndWHlnTsKCKFY0ILNDXsyRClFWBRowQYniE00wEUxnRWSEBSZKF1bSJdjzX/5LWrWqfVytXZ+U6xd5HUXYhwOogA2nUIcraEATCDzAE7zAq/FoPBtvxvtstGDkO7vwC8bHN5jvlU8=</latexit>

Q = F(j)
1<latexit sha1_base64="NFRevfD0Ya4tKcKrQB9060bBmis=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QlEQly3YC7QxTKaTduxkEmYmQglZuvFV3LhQxK2P4M63cdJW0NYfBj7+cw5zzu9FjEplWV9GbmFxaXklv1pYW9/Y3DK3d5oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8oaXWb11T4SkIb9Ro4g4Aepz6lOMlLZcc78bIDXw/KSenv/gVeomdnqblO6OUtcsWmVrLDgP9hSKYKqaa352eyGOA8IVZkjKjm1FykmQUBQzkha6sSQRwkPUJx2NHAVEOsn4kBQeaqcH/VDoxxUcu78nEhRIOQo83ZntKmdrmflfrRMr/8xJKI9iRTiefOTHDKoQZqnAHhUEKzbSgLCgeleIB0ggrHR2BR2CPXvyPDQrZfu4XKmfFKsX0zjyYA8cgBKwwSmogmtQAw2AwQN4Ai/g1Xg0no03433SmjOmM7vgj4yPb9/+md4=</latexit>

K = F(j)
1<latexit sha1_base64="JKVjT5Zr9i7KH0mqlrDv3swJan8=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqJuSVEE3QlEQwU0Fe4E2hsl00o6dTMLMRCghSze+ihsXirj1Edz5Nk7aCtr6w8DHf85hzvm9iFGpLOvLyM3NLywu5ZcLK6tr6xvm5lZDhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gPKs374mQNOQ3ahgRJ0A9Tn2KkdKWa+52AqT6np9cpac/eJG6iZ3eJqW7g9Q1i1bZGgnOgj2BIpio5pqfnW6I44BwhRmSsm1bkXISJBTFjKSFTixJhPAA9UhbI0cBkU4yOiSF+9rpQj8U+nEFR+7viQQFUg4DT3dmu8rpWmb+V2vHyj9xEsqjWBGOxx/5MYMqhFkqsEsFwYoNNSAsqN4V4j4SCCudXUGHYE+fPAuNStk+LFeuj4rVs0kcebAD9kAJ2OAYVMElqIE6wOABPIEX8Go8Gs/Gm/E+bs0Zk5lt8EfGxzfWYpnY</latexit>

V = F(j)
i

<latexit sha1_base64="83yQI2bPOGIId2JzgZrmKwpfQPg=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIdVOSKuhGKArisoK9QBvDZDppx04mYWYilJClG1/FjQtF3PoI7nwbJ20Ebf1h4OM/5zDn/F7EqFSW9WXMzS8sLi0XVoqra+sbm+bWdlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAiq7fuiZA05DdqFBEnQH1OfYqR0pZr7nUDpAaenzTTsx+8TN2EprdJ+e4wdc2SVbHGgrNg51ACuequ+dnthTgOCFeYISk7thUpJ0FCUcxIWuzGkkQID1GfdDRyFBDpJONDUnignR70Q6EfV3Ds/p5IUCDlKPB0Z7arnK5l5n+1Tqz8UyehPIoV4XjykR8zqEKYpQJ7VBCs2EgDwoLqXSEeIIGw0tkVdQj29Mmz0KxW7KNK9fq4VDvP4yiAXbAPysAGJ6AGrkAdNAAGD+AJvIBX49F4Nt6M90nrnJHP7IA/Mj6+AT53mhs=</latexit>

Q = F(j)
i

<latexit sha1_base64="kbmkZnWuBEr8ggBCbjDaOerEkeM=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiIyxbsBdoYJtNJO3YyCTMToYSs3Pgqblwo4tZncOfbOGkraOsPAx//OYc55/ciRqWyrC8jt7C4tLySXy2srW9sbpnbO00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPLrN66J0LSkN+oUUScAPU59SlGSluuud8NkBp4flJPz3/wKnXpbVK6O0pds2iVrbHgPNhTKIKpaq752e2FOA4IV5ghKTu2FSknQUJRzEha6MaSRAgPUZ90NHIUEOkk4zNSeKidHvRDoR9XcOz+nkhQIOUo8HRntqmcrWXmf7VOrPwzJ6E8ihXhePKRHzOoQphlAntUEKzYSAPCgupdIR4ggbDSyRV0CPbsyfPQrJTt43KlflKsXkzjyIM9cABKwAanoAquQQ00AAYP4Am8gFfj0Xg23oz3SWvOmM7sgj8yPr4BW1KZCg==</latexit>

K = F(j)
i

<latexit sha1_base64="oH2AGSJ/VYtC1p76Ps8XrgknUhA=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiI4KaCvUAbw2Q6acdOJmFmIpSQlRtfxY0LRdz6DO58GydtBW39YeDjP+cw5/xexKhUlvVl5ObmFxaX8suFldW19Q1zc6shw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wntWb90RIGvIbNYyIE6Aepz7FSGnLNXc7AVJ9z0+u0tMfvEhdepuU7g5S1yxaZWskOAv2BIpgopprfna6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbY0cBUQ6yeiMFO5rpwv9UOjHFRy5vycSFEg5DDzdmW0qp2uZ+V+tHSv/xEkoj2JFOB5/5McMqhBmmcAuFQQrNtSAsKB6V4j7SCCsdHIFHYI9ffIsNCpl+7BcuT4qVs8mceTBDtgDJWCDY1AFl6AG6gCDB/AEXsCr8Wg8G2/G+7g1Z0xmtsEfGR/fUcKZBA==</latexit>

V = F(j)
i

<latexit sha1_base64="Sk6cftv37BkscY2pxmkmflnxi0E=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEuilJFXQjFAVxWcFeoI1hMp20YyeTMDMRSsjKja/ixoUibn0Gd76NkzaCtv4w8PGfc5hzfi9iVCrL+jLm5hcWl5YLK8XVtfWNTXNruynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3iR1Vv3REga8hs1iogToD6nPsVIacs197oBUgPPT5rp2Q9epi69Tcp3h6lrlqyKNRacBTuHEshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJiN5YkQniI+qSjkaOASCcZn5HCA+30oB8K/biCY/f3RIICKUeBpzuzTeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwT2KOCYMVGGhAWVO8K8QAJhJVOrqhDsKdPnoVmtWIfVarXx6XaeR5HAeyCfVAGNjgBNXAF6qABMHgAT+AFvBqPxrPxZrxPWueMfGYH/JHx8Q1jSpkP</latexit>

V = F(j)
i

<latexit sha1_base64="Sk6cftv37BkscY2pxmkmflnxi0E=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFiEuilJFXQjFAVxWcFeoI1hMp20YyeTMDMRSsjKja/ixoUibn0Gd76NkzaCtv4w8PGfc5hzfi9iVCrL+jLm5hcWl5YLK8XVtfWNTXNruynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3iR1Vv3REga8hs1iogToD6nPsVIacs197oBUgPPT5rp2Q9epi69Tcp3h6lrlqyKNRacBTuHEshVd83Pbi/EcUC4wgxJ2bGtSDkJEopiRtJiN5YkQniI+qSjkaOASCcZn5HCA+30oB8K/biCY/f3RIICKUeBpzuzTeV0LTP/q3Vi5Z86CeVRrAjHk4/8mEEVwiwT2KOCYMVGGhAWVO8K8QAJhJVOrqhDsKdPnoVmtWIfVarXx6XaeR5HAeyCfVAGNjgBNXAF6qABMHgAT+AFvBqPxrPxZrxPWueMfGYH/JHx8Q1jSpkP</latexit>

Q = F(j)
n<latexit sha1_base64="ctpXF/yPMx5tZCC24+U/BWuhF50=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiIyxbsBdoYJtNJO3YyCTMToYSs3Pgqblwo4tZncOfbOGkraOsPAx//OYc55/ciRqWyrC8jt7C4tLySXy2srW9sbpnbO00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPLrN66J0LSkN+oUUScAPU59SlGSluuud8NkBp4flJPz3/wKnX5bVK6O0pds2iVrbHgPNhTKIKpaq752e2FOA4IV5ghKTu2FSknQUJRzEha6MaSRAgPUZ90NHIUEOkk4zNSeKidHvRDoR9XcOz+nkhQIOUo8HRntqmcrWXmf7VOrPwzJ6E8ihXhePKRHzOoQphlAntUEKzYSAPCgupdIR4ggbDSyRV0CPbsyfPQrJTt43KlflKsXkzjyIM9cABKwAanoAquQQ00AAYP4Am8gFfj0Xg23oz3SWvOmM7sgj8yPr4BYwSZDw==</latexit>

K = F(j)
n<latexit sha1_base64="tL+YYpm1WmbrVuopmd+Cw++OYOs=">AAACBnicbZDLSsNAFIYn9VbrLepShMEi1E1JqqAboSiI4KaCvUAbw2Q6acdOJmFmIpSQlRtfxY0LRdz6DO58GydtBW39YeDjP+cw5/xexKhUlvVl5ObmFxaX8suFldW19Q1zc6shw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wntWb90RIGvIbNYyIE6Aepz7FSGnLNXc7AVJ9z0+u0tMfvEhdfpuU7g5S1yxaZWskOAv2BIpgopprfna6IY4DwhVmSMq2bUXKSZBQFDOSFjqxJBHCA9QjbY0cBUQ6yeiMFO5rpwv9UOjHFRy5vycSFEg5DDzdmW0qp2uZ+V+tHSv/xEkoj2JFOB5/5McMqhBmmcAuFQQrNtSAsKB6V4j7SCCsdHIFHYI9ffIsNCpl+7BcuT4qVs8mceTBDtgDJWCDY1AFl6AG6gCDB/AEXsCr8Wg8G2/G+7g1Z0xmtsEfGR/fWXSZCQ==</latexit>

A(j)
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F(j)
n<latexit sha1_base64="znSxWnPnaIJUiapFJbKWPCQPA4U=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkCrosCuKygn1AG8tkOmnHTiZhZiLUEPwVNy4Ucet/uPNvnLRZaPXAwOGce7lnjhcxKpVtfxmFhcWl5ZXiamltfWNzy9zeackwFpg0cchC0fGQJIxy0lRUMdKJBEGBx0jbG19kfvueCElDfqMmEXEDNOTUpxgpLfXNvV6A1Mjzk8u0n/D0NqncHaV9s2xX7Smsv8TJSRlyNPrmZ28Q4jggXGGGpOw6dqTcBAlFMSNpqRdLEiE8RkPS1ZSjgEg3maZPrUOtDCw/FPpxZU3VnxsJCqScBJ6ezLLKeS8T//O6sfLP3ITyKFaE49khP2aWCq2sCmtABcGKTTRBWFCd1cIjJBBWurCSLsGZ//Jf0qpVneNq7fqkXD/P6yjCPhxABRw4hTpcQQOagOEBnuAFXo1H49l4M95nowUj39mFXzA+vgGocZVZ</latexit>

F(j+1)
i

<latexit sha1_base64="gBDu0urCvnZLJW9kvueLbxc4CxA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkJJqqDLoiAuK9gHtDFMppN27GQSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjlexKhUlvVtFBYWl5ZXiqultfWNzS1ze6clw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90mfntByIkDfmtGkfECdCAU59ipLTkmnu9AKmh5ydXqZvQ9C6p3B/bR6lrlq2qNQGcJ3ZOyiBHwzW/ev0QxwHhCjMkZde2IuUkSCiKGUlLvViSCOERGpCuphwFRDrJJH8KD7XSh34o9OMKTtTfGwkKpBwHnp7M0spZLxP/87qx8s+dhPIoVoTj6SE/ZlCFMCsD9qkgWLGxJggLqrNCPEQCYaUrK+kS7Nkvz5NWrWqfVGs3p+X6RV5HEeyDA1ABNjgDdXANGqAJMHgEz+AVvBlPxovxbnxMRwtGvrML/sD4/AGF3pXE</latexit>

Figure 8: Feature sharing module for task i at layer j.
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Ensemble Prediction

▶ Usually, regression models like MLP are used to obtain the final prediction from
the features.

▶ Since the values of our data span across 3 orders of magnitudes, we use a classifier
and a set of MLPS to give predictions.

▶ The output of the classifier will decide which MLP will be used for the final
prediction.
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Figure 9: Ensemble prediction for task i.

10



Ensemble Prediction

▶ Usually, regression models like MLP are used to obtain the final prediction from
the features.

▶ Since the values of our data span across 3 orders of magnitudes, we use a classifier
and a set of MLPS to give predictions.

▶ The output of the classifier will decide which MLP will be used for the final
prediction.

MLP0

MLP1

MLP2

MLP3

4-Class
Classifier

Prediction-0

Prediction-1

Prediction-2

Prediction-3
0
1
0
0

0

1

0

0

Prediction
F(k2)

i
<latexit sha1_base64="UsNtEBQ8QnWMGtIouro75ym3vSQ=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2AR6qYkVdBlURCXFewD2hgm00k7dDIJMxOhxCz8FTcuFHHrb7jzb5y2WWjrgYHDOfdyzxw/ZlQq2/42CkvLK6trxfXSxubW9o65u9eSUSIwaeKIRaLjI0kY5aSpqGKkEwuCQp+Rtj+6mvjtByIkjfidGsfEDdGA04BipLTkmQe9EKmhH6TXmZfS7D6tjLzaSeaZZbtqT2EtEicnZcjR8MyvXj/CSUi4wgxJ2XXsWLkpEopiRrJSL5EkRniEBqSrKUchkW46zZ9Zx1rpW0Ek9OPKmqq/N1IUSjkOfT05SSvnvYn4n9dNVHDhppTHiSIczw4FCbNUZE3KsPpUEKzYWBOEBdVZLTxEAmGlKyvpEpz5Ly+SVq3qnFZrt2fl+mVeRxEO4Qgq4MA51OEGGtAEDI/wDK/wZjwZL8a78TEbLRj5zj78gfH5A9hYlfo=</latexit>

yi
<latexit sha1_base64="Kr9zKiAScfd9h9AHI+C+F2nCG10=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq8X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBjZI3d</latexit>

ci
<latexit sha1_base64="ablRka85tyJ/4pmKNmVk4OF7KYo=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQKuiy6cVnBPqApZTKdtEMnkzBzI5TQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJXe53nrg2IlaPOE14P6IjJULBKFrJ9yOK4yDM2GwgBpWqW3PnIKvEK0gVCjQHlS9/GLM04gqZpMb0PDfBfkY1Cib5rOynhieUTeiI9yxVNOKmn80zz8i5VYYkjLV9Cslc/b2R0ciYaRTYyTyjWfZy8T+vl2J408+ESlLkii0OhakkGJO8ADIUmjOUU0so08JmJWxMNWVoayrbErzlL6+Sdr3mXdbqD1fVxm1RRwlO4QwuwINraMA9NKEFDBJ4hld4c1LnxXl3Phaja06xcwJ/4Hz+AGB7kec=</latexit>

Figure 9: Ensemble prediction for task i.

10



Experiment Settings

▶ The designs are collected from EPFL15, ISCAS85 benchmark, prefix adders, and
compressor-tree multipliers.

▶ Number of layers of GIN and LSTM are 2.
▶ Numbers of layers of feature-extraction and feature sharing are both 2, with 4

heads in multi-head attention.

To test the ability of our model to generalize, we devise two scenarios:

▶ Transductive Testing: The model will be tested on unseen synthesis flows with
seen designs during training.

▶ Inductive Testing: The model will be tested on new designs.

L. Amarú et al., “The epfl combinational benchmark suite,” in Proc. IWLS, 2015.
M. C. Hansen et al., “Unveiling the iscas-85 benchmarks: A case study in reverse engineering,” IEEE Design & Test of

Computers, vol. 16, no. 3, pp. 72–80, 1999.
L. Flea, Iamflea/addercircuitgenerator: This script generates and analyzes prefix tree adders. 2021. [Online]. Available:

https://github.com/IamFlea/AdderCircuitGenerator.
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Experimental Results

▶ We evaluate the model performance by mean-absolute-percentage-error (MAPE)
with Linear Regression, CNN, LSTM, and LOSTIN.

▶ MTL baselines: 2-Ensemble, Self-attention, and Cross-stitch.

LR CNN LSTM LOSTIN 2Ea SAb CSc Ours

Transductive
Testing

Delay Prediction 23.37% 42.21% 80.27% 11.52% 1.32% 0.90% 1.34% 0.79%

Area Prediction 98.07% 63.58% 16.30% 10.85% 1.23% 1.06% 1.22% 0.83%

Inductive
Testing

Delay Prediction 26.33% 38.04% - 22.51% 7.78% 7.27% 12.35% 5.80%

Area Prediction 146.05% 74.57% - 25.78% 11.11% 7.63% 9.34% 5.84%
a 2-Ensemble baseline. b Self-attention baseline. c Cross-stitch baseline.

Table 1: MAPE Results Comparison with Baseline Methods.

C. Yu et al., “Developing synthesis flows without human knowledge,” in Proc. DAC, 2018, pp. 1–6.
C. Yu and W. Zhou, “Decision making in synthesis cross technologies using lstms and transfer learning,” in Proc. MLCAD,

2020, pp. 55–60.
N. Wu et al., “Lostin: Logic optimization via spatio-temporal information with hybrid graph models,” in Proc. ASAP, 2022,

pp. 11–18.
R. Caruana, “Multitask learning,” Machine learning, vol. 28, pp. 41–75, 1997.
X. Xu et al., “Mtformer: Multi-task learning via transformer and cross-task reasoning,” in Proc. ECCV, Springer, 2022,

pp. 304–321.
I. Misra et al., “Cross-stitch networks for multi-task learning,” in Proc. CVPR, 2016, pp. 3994–4003.
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Experimental Results

▶ We further validate our model on a dataset solely consisting of adders and
multipliers.

▶ Adders are of 4,8,16,32,64,128 bit., multipliers are of 4,8,16,32,64 bits.
▶ We compare the results in terms of normalized hypervolumn.

Table 2: Hypervolume Ratio of Delay and Area Comparison.

Design ADD32 ADD64 ADD128 MUL16 MUL32 MUL64 Averaged

LOSTIN [5] 0.705 0.704 0.826 0.873 0.693 0.352 0.692

2-Ensemble [7] 0.889 0.831 0.927 0.931 0.593 0.861 0.838

Self-attention [9] 0.814 0.859 0.835 0.802 0.870 0.939 0.853

Cross-stitch [8] 0.724 0.861 0.964 0.558 0.910 0.804 0.803

Ours 1.000 1.000 1.000 1.000 1.000 1.000 1.000
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Figure 10: An illustration of
hypervolume.
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Experiment Results

We can also look at the Pareto frontier given by the model on 16 and 32-bit multipliers.

Our model has better coverage than baseline methods.
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Figure 11: Pareto-frontiers comparison of baseline methods on 16 and 32-bit multipliers.
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