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Outline



Introduction



• Pre-routing timing prediction method directly estimates the timing information
without the need for time-consuming routing.

• This ”look-ahead” mechanism provides preliminary feedback for timing
optimization, potentially expediting the chip design process.
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Pre-routing Timing Prediction



• Before the machine learning era, we can use traditional timing prediction model,
e.g., Elmore’s model1, with only placement results and its accuracy is unsatisfactory
due to the absence of routing information.

• With the development of machine learning, many methods23 rely on deep neural
networks to extract timing path features and make predictions.

1Jorge Rubinstein, Paul Penfield, and Mark A Horowitz (1983). “Signal delay in RC tree
networks”. In: TCAD.

2Zizheng Guo et al. (2022). “A timing engine inspired graph neural network model for
pre-routing slack prediction”. In: DAC.

3Ziyi Wang et al. (2023). “Restructure-Tolerant Timing Prediction via Multimodal Fusion”. In:
DAC.
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Typical Pre-routing Timing Prediction Methods



However, collecting many data from the advanced node will be time-consuming.
Training with limited data results in poor performance. To solve this issue, we
propose a transfer learning framework that leverages data from previous node to
enhance the performance for the target node.
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Switching to New Technology Node



• Netlist data consists of two kinds of knowledge: node-dependent and
design-dependent. These two kinds of knowledge are highly intertwined in the
netlist graph, making it difficult to leverage the common and transferable parts
across different nodes.

• The arrival time values of different timing paths can vary dramatically, even by one
or two orders of magnitude, which poses significant challenges for the ML-based
regression model.

• The limited target node data makes the timing predictor susceptible to overfitting the
training designs, which hinders the broad application of the learned model.
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Potential Challenges



Method
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Overall Architecture



D

……

Message 
Passing

Endpoint-
wise Netlist 
Embeddings

Endpoint-
wise Layout 
Embeddings

…
D Q

CLK

D Q

CLK

Feature 
Concat

LayoutNetlist

• Inspired by Wang et. al.4, we first collect two types of input: the netlist graph H and
the layout image set X .

• The netlist H is constructed as a heterogeneous graph with two types of edges: the
net edge connecting a net’s drive pin and one of its sink pins, and the cell edge
connecting one of a cell’s input pins and its output pin.

• We first use a GNN and CNN to extract features from netlist and layout, respectively,
and then concatenate them.

4Ziyi Wang et al. (2023). “Restructure-Tolerant Timing Prediction via Multimodal Fusion”. In:
DAC.
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Multimodal Timing Path Feature Extractor



<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{
<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{
<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}
<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}
<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·
<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·
<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

<latexit sha1_base64="VVjuccHib9cj/Q2kC//EXdsUfDk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGxcKFewD2rFk0kwbmmSGJKOUof/hxoUibv0Xd/6NmXYW2nogcDjnXu7JCWLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6vMbz1SpVkk7804pr7AA8lCRrCx0kNXYDNUIr29qU96sleuuFV3CrRIvJxUIEe9V/7q9iOSCCoN4VjrjufGxk+xMoxwOil1E01jTEZ4QDuWSiyo9tNp6gk6skofhZGyTxo0VX9vpFhoPRaBncxS6nkvE//zOokJL/yUyTgxVJLZoTDhyEQoqwD1maLE8LElmChmsyIyxAoTY4sq2RK8+S8vkuZJ1Turnt6dVmqXeR1FOIBDOAYPzqEG11CHBhBQ8Ayv8OY8OS/Ou/MxGy04+c4+/IHz+QOrY5Ki</latexit>

MLPn

<latexit sha1_base64="03rwBEjbCKMBPEgFFjPDL7eYYms=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGxcKFewD2rFkMmkbmmSGJKOUof/hxoUibv0Xd/6NmXYW2nogcDjnXu7JCWLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6vMbz1SpVkk7804pr7AA8n6jGBjpYeuwGaoRHp7U5/0wl654lbdKdAi8XJSgRz1XvmrG0YkEVQawrHWHc+NjZ9iZRjhdFLqJprGmIzwgHYslVhQ7afT1BN0ZJUQ9SNlnzRoqv7eSLHQeiwCO5ml1PNeJv7ndRLTv/BTJuPEUElmh/oJRyZCWQUoZIoSw8eWYKKYzYrIECtMjC2qZEvw5r+8SJonVe+senp3Wqld5nUU4QAO4Rg8OIcaXEMdGkBAwTO8wpvz5Lw4787HbLTg5Dv78AfO5w+cO5KY</latexit>

MLPd

<latexit sha1_base64="gBB7hECHBfqFyaxkgopndKEWQfQ=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5JIUY9FLx4rmrbQhrLZbtqlm03c3RRK6O/w4kERr/4Yb/4bN20O2jqwMMy8x5udIOFMacf5tkpr6xubW+Xtys7u3v6BfXjUUnEqCfVIzGPZCbCinAnqaaY57SSS4ijgtB2Mb3O/PaFSsVg86mlC/QgPBQsZwdpIfi/CekQwz7xZ/6FvV52aMwdaJW5BqlCg2be/eoOYpBEVmnCsVNd1Eu1nWGpGOJ1VeqmiCSZjPKRdQwWOqPKzeegZOjPKAIWxNE9oNFd/b2Q4UmoaBWYyD6mWvVz8z+umOrz2MyaSVFNBFofClCMdo7wBNGCSEs2nhmAimcmKyAhLTLTpqWJKcJe/vEpaFzX3sla/r1cbN0UdZTiBUzgHF66gAXfQBA8IPMEzvMKbNbFerHfrYzFasoqdY/gD6/MH8s6SOg==</latexit>US

<latexit sha1_base64="JONiT0d2xLOOfQwPX4FHX3Y9iWg=">AAAB9HicbVBNS8NAFHypX7V+RT16WSyCp5JIUY9FLx4rNG2hDWWz3bRLN5u4uymU0N/hxYMiXv0x3vw3btoctHVgYZh5jzc7QcKZ0o7zbZU2Nre2d8q7lb39g8Mj+/ikreJUEuqRmMeyG2BFORPU00xz2k0kxVHAaSeY3Od+Z0qlYrFo6VlC/QiPBAsZwdpIfj/Cekwwz7z5oDWwq07NWQCtE7cgVSjQHNhf/WFM0ogKTThWquc6ifYzLDUjnM4r/VTRBJMJHtGeoQJHVPnZIvQcXRhliMJYmic0Wqi/NzIcKTWLAjOZh1SrXi7+5/VSHd76GRNJqqkgy0NhypGOUd4AGjJJieYzQzCRzGRFZIwlJtr0VDEluKtfXiftq5p7Xas/1quNu6KOMpzBOVyCCzfQgAdoggcEnuAZXuHNmlov1rv1sRwtWcXOKfyB9fkD9FKSOw==</latexit>UT

<latexit sha1_base64="tTMANfGebhJS1FamNynhYwW3z2E=">AAAB+nicbVBNT8JAFHzFL8SvokcvjcTEE2kNUY9ELx4xWiCB2myXLWzYbpvdrYbU/hQvHjTGq7/Em//GBXpQcJJNJjPv5c1OkDAqlW1/G6WV1bX1jfJmZWt7Z3fPrO63ZZwKTFwcs1h0AyQJo5y4iipGuokgKAoY6QTjq6nfeSBC0pjfqUlCvAgNOQ0pRkpLvlntR0iNMGKZm99nPPdvfbNm1+0ZrGXiFKQGBVq++dUfxDiNCFeYISl7jp0oL0NCUcxIXumnkiQIj9GQ9DTlKCLSy2bRc+tYKwMrjIV+XFkz9fdGhiIpJ1GgJ6dB5aI3Ff/zeqkKL7yM8iRVhOP5oTBlloqtaQ/WgAqCFZtogrCgOquFR0ggrHRbFV2Cs/jlZdI+rTtn9cZNo9a8LOoowyEcwQk4cA5NuIYWuIDhEZ7hFd6MJ+PFeDc+5qMlo9g5gD8wPn8AxBuUVw==</latexit>Un
S

<latexit sha1_base64="pj1fRkUIXSym2HOMRXyCt5uEUIY=">AAAB+nicbVC9TsMwGHTKXyl/KYwsFhUSU5WgChgrWBiLIG2lNkSO47RWHSeyHVAV8igsDCDEypOw8TY4bQZoOcnS6e779J3PTxiVyrK+jcrK6tr6RnWztrW9s7tn1ve7Mk4FJg6OWSz6PpKEUU4cRRUj/UQQFPmM9PzJVeH3HoiQNOZ3apoQN0IjTkOKkdKSZ9aHEVJjjFjm5PdZkHu3ntmwmtYMcJnYJWmAEh3P/BoGMU4jwhVmSMqBbSXKzZBQFDOS14apJAnCEzQiA005ioh0s1n0HB5rJYBhLPTjCs7U3xsZiqScRr6eLILKRa8Q//MGqQov3IzyJFWE4/mhMGVQxbDoAQZUEKzYVBOEBdVZIR4jgbDSbdV0Cfbil5dJ97RpnzVbN61G+7KsowoOwRE4ATY4B21wDTrAARg8gmfwCt6MJ+PFeDc+5qMVo9w5AH9gfP4AtNWUTQ==</latexit>

Ud
S

<latexit sha1_base64="AmMb4kR8M8KdRpO+CrenOLGXOFA=">AAAB+nicbVC9TsMwGHTKXyl/KYwsFhUSU5WgChgrWBiL1LSV2hA5jtNadZzIdkBVyKOwMIAQK0/CxtvgtBmg5SRLp7vv03c+P2FUKsv6Nipr6xubW9Xt2s7u3v6BWT/syTgVmDg4ZrEY+EgSRjlxFFWMDBJBUOQz0venN4XffyBC0ph31SwhboTGnIYUI6Ulz6yPIqQmGLHMye+zIPe6ntmwmtYccJXYJWmAEh3P/BoFMU4jwhVmSMqhbSXKzZBQFDOS10apJAnCUzQmQ005ioh0s3n0HJ5qJYBhLPTjCs7V3xsZiqScRb6eLILKZa8Q//OGqQqv3IzyJFWE48WhMGVQxbDoAQZUEKzYTBOEBdVZIZ4ggbDSbdV0Cfbyl1dJ77xpXzRbd61G+7qsowqOwQk4Aza4BG1wCzrAARg8gmfwCt6MJ+PFeDc+FqMVo9w5An9gfP4AtlmUTg==</latexit>

Ud
T

<latexit sha1_base64="HzGvJ9JTCysnvPErXw0aTYUKQ7c=">AAAB+3icbVBNS8NAFHypX7V+xXr0slgETyURUY9FLx4rNG2hjWGz3bRLN5uwuxFLyF/x4kERr/4Rb/4bkzYHbR1YGGbe482OH3OmtGV9G5W19Y3Nrep2bWd3b//APKx3VZRIQh0S8Uj2fawoZ4I6mmlO+7GkOPQ57fnT28LvPVKpWCQ6ehZTN8RjwQJGsM4lz6wPQ6wnBPPUyR5SkXmdmmc2rKY1B1oldkkaUKLtmV/DUUSSkApNOFZqYFuxdlMsNSOcZrVhomiMyRSP6SCnAodUuek8e4ZOc2WEgkjmT2g0V39vpDhUahb6+WSRVC17hfifN0h0cO2mTMSJpoIsDgUJRzpCRRFoxCQlms9ygolkeVZEJlhiovO6ihLs5S+vku55075sXtxfNFo3ZR1VOIYTOAMbrqAFd9AGBwg8wTO8wpuRGS/Gu/GxGK0Y5c4R/IHx+QMA85Rs</latexit>Un
T

• Each netlist contains two parts of information: the functionality information encoded
in the design specification and the standard cell information.

• For any path feature u, we further adopt two MLPs to disentangle the equal-sized
node-dependent features un and design-dependent features ud by:

un = MLPn(u) ∈ Rm/2, ud = MLPd(u) ∈ Rm/2.
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Disentangle Intertwined Features



<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{
<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}
<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·
<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

<latexit sha1_base64="tTMANfGebhJS1FamNynhYwW3z2E=">AAAB+nicbVBNT8JAFHzFL8SvokcvjcTEE2kNUY9ELx4xWiCB2myXLWzYbpvdrYbU/hQvHjTGq7/Em//GBXpQcJJNJjPv5c1OkDAqlW1/G6WV1bX1jfJmZWt7Z3fPrO63ZZwKTFwcs1h0AyQJo5y4iipGuokgKAoY6QTjq6nfeSBC0pjfqUlCvAgNOQ0pRkpLvlntR0iNMGKZm99nPPdvfbNm1+0ZrGXiFKQGBVq++dUfxDiNCFeYISl7jp0oL0NCUcxIXumnkiQIj9GQ9DTlKCLSy2bRc+tYKwMrjIV+XFkz9fdGhiIpJ1GgJ6dB5aI3Ff/zeqkKL7yM8iRVhOP5oTBlloqtaQ/WgAqCFZtogrCgOquFR0ggrHRbFV2Cs/jlZdI+rTtn9cZNo9a8LOoowyEcwQk4cA5NuIYWuIDhEZ7hFd6MJ+PFeDc+5qMlo9g5gD8wPn8AxBuUVw==</latexit>Un
S

<latexit sha1_base64="HzGvJ9JTCysnvPErXw0aTYUKQ7c=">AAAB+3icbVBNS8NAFHypX7V+xXr0slgETyURUY9FLx4rNG2hjWGz3bRLN5uwuxFLyF/x4kERr/4Rb/4bkzYHbR1YGGbe482OH3OmtGV9G5W19Y3Nrep2bWd3b//APKx3VZRIQh0S8Uj2fawoZ4I6mmlO+7GkOPQ57fnT28LvPVKpWCQ6ehZTN8RjwQJGsM4lz6wPQ6wnBPPUyR5SkXmdmmc2rKY1B1oldkkaUKLtmV/DUUSSkApNOFZqYFuxdlMsNSOcZrVhomiMyRSP6SCnAodUuek8e4ZOc2WEgkjmT2g0V39vpDhUahb6+WSRVC17hfifN0h0cO2mTMSJpoIsDgUJRzpCRRFoxCQlms9ygolkeVZEJlhiovO6ihLs5S+vku55075sXtxfNFo3ZR1VOIYTOAMbrqAFd9AGBwg8wTO8wpuRGS/Gu/GxGK0Y5c4R/IHx+QMA85Rs</latexit>Un
T

<latexit sha1_base64="cqXelXNIe3HqpgHFwy1zIf5JE98=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqMtiNy66qGIf0IYwmU7boZMHMxOlxHyKGxeKuPVL3Pk3TtostPXAwOGce7lnjhdxJpVlfRuFtfWNza3idmlnd2//wCwfdmQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXmzYyv/tAhWRhcK9mEXV8PA7YiBGstOSa5YGP1YRgnjRTN2k071LXrFhVaw60SuycVCBHyzW/BsOQxD4NFOFYyr5tRcpJsFCMcJqWBrGkESZTPKZ9TQPsU+kk8+gpOtXKEI1CoV+g0Fz9vZFgX8qZ7+nJLKhc9jLxP68fq9GVk7AgihUNyOLQKOZIhSjrAQ2ZoETxmSaYCKazIjLBAhOl2yrpEuzlL6+SznnVvqjWbmuV+nVeRxGO4QTOwIZLqMMNtKANBB7hGV7hzXgyXox342MxWjDynSP4A+PzB1dVlBA=</latexit>LCLR Node-
dependent

Feature 
Space

cap: 
46.08

…
……     7nm standard cell

cap: 
92.16

…

cap: 
0.061

…

cap: 
0.034

…
……     130nm standard cell

• Motivation: The netlist on the same node should share the same standard cells,
including the gate structures and their characteristics. On the other hand, the
node-dependent features should be distinguishable for netlists in different nodes.
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<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{
<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}
<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·
<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

<latexit sha1_base64="tTMANfGebhJS1FamNynhYwW3z2E=">AAAB+nicbVBNT8JAFHzFL8SvokcvjcTEE2kNUY9ELx4xWiCB2myXLWzYbpvdrYbU/hQvHjTGq7/Em//GBXpQcJJNJjPv5c1OkDAqlW1/G6WV1bX1jfJmZWt7Z3fPrO63ZZwKTFwcs1h0AyQJo5y4iipGuokgKAoY6QTjq6nfeSBC0pjfqUlCvAgNOQ0pRkpLvlntR0iNMGKZm99nPPdvfbNm1+0ZrGXiFKQGBVq++dUfxDiNCFeYISl7jp0oL0NCUcxIXumnkiQIj9GQ9DTlKCLSy2bRc+tYKwMrjIV+XFkz9fdGhiIpJ1GgJ6dB5aI3Ff/zeqkKL7yM8iRVhOP5oTBlloqtaQ/WgAqCFZtogrCgOquFR0ggrHRbFV2Cs/jlZdI+rTtn9cZNo9a8LOoowyEcwQk4cA5NuIYWuIDhEZ7hFd6MJ+PFeDc+5qMlo9g5gD8wPn8AxBuUVw==</latexit>Un
S

<latexit sha1_base64="HzGvJ9JTCysnvPErXw0aTYUKQ7c=">AAAB+3icbVBNS8NAFHypX7V+xXr0slgETyURUY9FLx4rNG2hjWGz3bRLN5uwuxFLyF/x4kERr/4Rb/4bkzYHbR1YGGbe482OH3OmtGV9G5W19Y3Nrep2bWd3b//APKx3VZRIQh0S8Uj2fawoZ4I6mmlO+7GkOPQ57fnT28LvPVKpWCQ6ehZTN8RjwQJGsM4lz6wPQ6wnBPPUyR5SkXmdmmc2rKY1B1oldkkaUKLtmV/DUUSSkApNOFZqYFuxdlMsNSOcZrVhomiMyRSP6SCnAodUuek8e4ZOc2WEgkjmT2g0V39vpDhUahb6+WSRVC17hfifN0h0cO2mTMSJpoIsDgUJRzpCRRFoxCQlms9ygolkeVZEJlhiovO6ihLs5S+vku55075sXtxfNFo3ZR1VOIYTOAMbrqAFd9AGBwg8wTO8wpuRGS/Gu/GxGK0Y5c4R/IHx+QMA85Rs</latexit>Un
T

<latexit sha1_base64="cqXelXNIe3HqpgHFwy1zIf5JE98=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqMtiNy66qGIf0IYwmU7boZMHMxOlxHyKGxeKuPVL3Pk3TtostPXAwOGce7lnjhdxJpVlfRuFtfWNza3idmlnd2//wCwfdmQYC0LbJOSh6HlYUs4C2lZMcdqLBMW+x2nXmzYyv/tAhWRhcK9mEXV8PA7YiBGstOSa5YGP1YRgnjRTN2k071LXrFhVaw60SuycVCBHyzW/BsOQxD4NFOFYyr5tRcpJsFCMcJqWBrGkESZTPKZ9TQPsU+kk8+gpOtXKEI1CoV+g0Fz9vZFgX8qZ7+nJLKhc9jLxP68fq9GVk7AgihUNyOLQKOZIhSjrAQ2ZoETxmSaYCKazIjLBAhOl2yrpEuzlL6+SznnVvqjWbmuV+nVeRxGO4QTOwIZLqMMNtKANBB7hGV7hzXgyXox342MxWjDynSP4A+PzB1dVlBA=</latexit>LCLR Node-
dependent

Feature 
Space

cap: 
46.08

…
……     7nm standard cell

cap: 
92.16

…

cap: 
0.061

…

cap: 
0.034

…
……     130nm standard cell

• Denote the set of all the node-dependent features as A = Un
S ∪ Un

T . Given any
node-dependent feature set Un (Un

S or Un
T ), the contrastive loss for the feature set can

be defined as:

LSet(Un) =
∑

u∈Un

−1
|Un| − 1

∑
m∈Un\{u}

exp(u · m/τ)∑
a∈A\{u} exp(u · a/τ)

,

LCLR =
1

|Un
S |
LSet(Un

S ) +
1

|Un
T |
LSet(Un

T).
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<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{
<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}
<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·
<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

<latexit sha1_base64="pj1fRkUIXSym2HOMRXyCt5uEUIY=">AAAB+nicbVC9TsMwGHTKXyl/KYwsFhUSU5WgChgrWBiLIG2lNkSO47RWHSeyHVAV8igsDCDEypOw8TY4bQZoOcnS6e779J3PTxiVyrK+jcrK6tr6RnWztrW9s7tn1ve7Mk4FJg6OWSz6PpKEUU4cRRUj/UQQFPmM9PzJVeH3HoiQNOZ3apoQN0IjTkOKkdKSZ9aHEVJjjFjm5PdZkHu3ntmwmtYMcJnYJWmAEh3P/BoGMU4jwhVmSMqBbSXKzZBQFDOS14apJAnCEzQiA005ioh0s1n0HB5rJYBhLPTjCs7U3xsZiqScRr6eLILKRa8Q//MGqQov3IzyJFWE4/mhMGVQxbDoAQZUEKzYVBOEBdVZIR4jgbDSbdV0Cfbil5dJ97RpnzVbN61G+7KsowoOwRE4ATY4B21wDTrAARg8gmfwCt6MJ+PFeDc+5qMVo9w5AH9gfP4AtNWUTQ==</latexit>

Ud
S

<latexit sha1_base64="AmMb4kR8M8KdRpO+CrenOLGXOFA=">AAAB+nicbVC9TsMwGHTKXyl/KYwsFhUSU5WgChgrWBiL1LSV2hA5jtNadZzIdkBVyKOwMIAQK0/CxtvgtBmg5SRLp7vv03c+P2FUKsv6Nipr6xubW9Xt2s7u3v6BWT/syTgVmDg4ZrEY+EgSRjlxFFWMDBJBUOQz0venN4XffyBC0ph31SwhboTGnIYUI6Ulz6yPIqQmGLHMye+zIPe6ntmwmtYccJXYJWmAEh3P/BoFMU4jwhVmSMqhbSXKzZBQFDOS10apJAnCUzQmQ005ioh0s3n0HJ5qJYBhLPTjCs7V3xsZiqScRb6eLILKZa8Q//OGqQqv3IzyJFWE48WhMGVQxbDoAQZUEKzYTBOEBdVZIZ4ggbDSbdV0Cfbyl1dJ77xpXzRbd61G+7qsowqOwQk4Aza4BG1wCzrAARg8gmfwCt6MJ+PFeDc+FqMVo9w5An9gfP4AtlmUTg==</latexit>

Ud
T

<latexit sha1_base64="/Nzzr1TPnozWpGzwuE6CrwUvjuA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqMtiXbhQqGAf0IYwmU7boZMHMxOlxHyKGxeKuPVL3Pk3TtostPXAwOGce7lnjhdxJpVlfRuFldW19Y3iZmlre2d3zyzvt2UYC0JbJOSh6HpYUs4C2lJMcdqNBMW+x2nHmzQyv/NAhWRhcK+mEXV8PArYkBGstOSa5b6P1ZhgntykbtK4vUpds2JVrRnQMrFzUoEcTdf86g9CEvs0UIRjKXu2FSknwUIxwmla6seSRphM8Ij2NA2wT6WTzKKn6FgrAzQMhX6BQjP190aCfSmnvqcns6By0cvE/7xerIYXTsKCKFY0IPNDw5gjFaKsBzRgghLFp5pgIpjOisgYC0yUbqukS7AXv7xM2qdV+6xau6tV6pd5HUU4hCM4ARvOoQ7X0IQWEHiEZ3iFN+PJeDHejY/5aMHIdw7gD4zPH0OVlAM=</latexit>LCMD

<latexit sha1_base64="FYUfQZ2I3m6w8g8lyaReDdZyCME=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEoSRS1I1QdOOygn1AG8pkMmmHTmbCzEQMIb/ixoUibv0Rd/6NkzYLbT0wcDjnXO6d48eMKu0439bK6tr6xmZlq7q9s7u3bx/UukokEpMOFkzIvo8UYZSTjqaakX4sCYp8Rnr+9Lbwe49EKir4g05j4kVozGlIMdJGGtm19HooTKCYz5B/hoN8ZNedhjMDXCZuSeqgRHtkfw0DgZOIcI0ZUmrgOrH2MiQ1xYzk1WGiSIzwFI3JwFCOIqK8bHZ7Dk+MEsBQSPO4hjP190SGIqXSyDfJCOmJWvQK8T9vkOjwyssojxNNOJ4vChMGtYBFETCgkmDNUkMQltTcCvEESYS1qatqSnAXv7xMuucN96LRvG/WWzdlHRVwBI7BKXDBJWiBO9AGHYDBE3gGr+DNyq0X6936mEdXrHLmEPyB9fkDLnCUiw==</latexit>

y = ab + cd

<latexit sha1_base64="y+NykBwOsLXTRdPzoV1fQIWmOAo=">AAACB3icbVDNS8MwHE3n15xfVY+CBIfgabQy1Isw9OJxgvuAtYw0TbewtClJKpTSmxf/FS8eFPHqv+DN/8Z0K6ibDwIv7/0eye95MaNSWdaXUVlaXlldq67XNja3tnfM3b2u5InApIM546LvIUkYjUhHUcVIPxYEhR4jPW9yXfi9eyIk5dGdSmPihmgU0YBipLQ0NA/TS4frgSKfIS934M8V+/nQrFsNawq4SOyS1EGJ9tD8dHyOk5BECjMk5cC2YuVmSCiKGclrTiJJjPAEjchA0wiFRLrZdI8cHmvFhwEX+kQKTtXfiQyFUqahpydDpMZy3ivE/7xBooILN6NRnCgS4dlDQcKg4rAoBfpUEKxYqgnCguq/QjxGAmGlq6vpEuz5lRdJ97RhnzWat81666qsowoOwBE4ATY4By1wA9qgAzB4AE/gBbwaj8az8Wa8z0YrRpnZB39gfHwDADeaDA==</latexit>

y = ab cd

Minimize Design-based
Feature Discrepancy

• Motivation: The design-dependent features represent the abstract logical
functionality of each netlist. For each design, we can opt for different technology
nodes for synthesis.
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Align Design-based Features



<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{
<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}
<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·
<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

<latexit sha1_base64="pj1fRkUIXSym2HOMRXyCt5uEUIY=">AAAB+nicbVC9TsMwGHTKXyl/KYwsFhUSU5WgChgrWBiLIG2lNkSO47RWHSeyHVAV8igsDCDEypOw8TY4bQZoOcnS6e779J3PTxiVyrK+jcrK6tr6RnWztrW9s7tn1ve7Mk4FJg6OWSz6PpKEUU4cRRUj/UQQFPmM9PzJVeH3HoiQNOZ3apoQN0IjTkOKkdKSZ9aHEVJjjFjm5PdZkHu3ntmwmtYMcJnYJWmAEh3P/BoGMU4jwhVmSMqBbSXKzZBQFDOS14apJAnCEzQiA005ioh0s1n0HB5rJYBhLPTjCs7U3xsZiqScRr6eLILKRa8Q//MGqQov3IzyJFWE4/mhMGVQxbDoAQZUEKzYVBOEBdVZIR4jgbDSbdV0Cfbil5dJ97RpnzVbN61G+7KsowoOwRE4ATY4B21wDTrAARg8gmfwCt6MJ+PFeDc+5qMVo9w5AH9gfP4AtNWUTQ==</latexit>

Ud
S

<latexit sha1_base64="AmMb4kR8M8KdRpO+CrenOLGXOFA=">AAAB+nicbVC9TsMwGHTKXyl/KYwsFhUSU5WgChgrWBiL1LSV2hA5jtNadZzIdkBVyKOwMIAQK0/CxtvgtBmg5SRLp7vv03c+P2FUKsv6Nipr6xubW9Xt2s7u3v6BWT/syTgVmDg4ZrEY+EgSRjlxFFWMDBJBUOQz0venN4XffyBC0ph31SwhboTGnIYUI6Ulz6yPIqQmGLHMye+zIPe6ntmwmtYccJXYJWmAEh3P/BoFMU4jwhVmSMqhbSXKzZBQFDOS10apJAnCUzQmQ005ioh0s3n0HJ5qJYBhLPTjCs7V3xsZiqScRb6eLILKZa8Q//OGqQqv3IzyJFWE48WhMGVQxbDoAQZUEKzYTBOEBdVZIZ4ggbDSbdV0Cfbyl1dJ77xpXzRbd61G+7qsowqOwQk4Aza4BG1wCzrAARg8gmfwCt6MJ+PFeDc+FqMVo9w5An9gfP4AtlmUTg==</latexit>

Ud
T

<latexit sha1_base64="/Nzzr1TPnozWpGzwuE6CrwUvjuA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqMtiXbhQqGAf0IYwmU7boZMHMxOlxHyKGxeKuPVL3Pk3TtostPXAwOGce7lnjhdxJpVlfRuFldW19Y3iZmlre2d3zyzvt2UYC0JbJOSh6HpYUs4C2lJMcdqNBMW+x2nHmzQyv/NAhWRhcK+mEXV8PArYkBGstOSa5b6P1ZhgntykbtK4vUpds2JVrRnQMrFzUoEcTdf86g9CEvs0UIRjKXu2FSknwUIxwmla6seSRphM8Ij2NA2wT6WTzKKn6FgrAzQMhX6BQjP190aCfSmnvqcns6By0cvE/7xerIYXTsKCKFY0IPNDw5gjFaKsBzRgghLFp5pgIpjOisgYC0yUbqukS7AXv7xM2qdV+6xau6tV6pd5HUU4hCM4ARvOoQ7X0IQWEHiEZ3iFN+PJeDHejY/5aMHIdw7gD4zPH0OVlAM=</latexit>LCMD

<latexit sha1_base64="FYUfQZ2I3m6w8g8lyaReDdZyCME=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEoSRS1I1QdOOygn1AG8pkMmmHTmbCzEQMIb/ixoUibv0Rd/6NkzYLbT0wcDjnXO6d48eMKu0439bK6tr6xmZlq7q9s7u3bx/UukokEpMOFkzIvo8UYZSTjqaakX4sCYp8Rnr+9Lbwe49EKir4g05j4kVozGlIMdJGGtm19HooTKCYz5B/hoN8ZNedhjMDXCZuSeqgRHtkfw0DgZOIcI0ZUmrgOrH2MiQ1xYzk1WGiSIzwFI3JwFCOIqK8bHZ7Dk+MEsBQSPO4hjP190SGIqXSyDfJCOmJWvQK8T9vkOjwyssojxNNOJ4vChMGtYBFETCgkmDNUkMQltTcCvEESYS1qatqSnAXv7xMuucN96LRvG/WWzdlHRVwBI7BKXDBJWiBO9AGHYDBE3gGr+DNyq0X6936mEdXrHLmEPyB9fkDLnCUiw==</latexit>

y = ab + cd

<latexit sha1_base64="y+NykBwOsLXTRdPzoV1fQIWmOAo=">AAACB3icbVDNS8MwHE3n15xfVY+CBIfgabQy1Isw9OJxgvuAtYw0TbewtClJKpTSmxf/FS8eFPHqv+DN/8Z0K6ibDwIv7/0eye95MaNSWdaXUVlaXlldq67XNja3tnfM3b2u5InApIM546LvIUkYjUhHUcVIPxYEhR4jPW9yXfi9eyIk5dGdSmPihmgU0YBipLQ0NA/TS4frgSKfIS934M8V+/nQrFsNawq4SOyS1EGJ9tD8dHyOk5BECjMk5cC2YuVmSCiKGclrTiJJjPAEjchA0wiFRLrZdI8cHmvFhwEX+kQKTtXfiQyFUqahpydDpMZy3ivE/7xBooILN6NRnCgS4dlDQcKg4rAoBfpUEKxYqgnCguq/QjxGAmGlq6vpEuz5lRdJ97RhnzWat81666qsowoOwBE4ATY4By1wA9qgAzB4AE/gBbwaj8az8Wa8z0YrRpnZB39gfHwDADeaDA==</latexit>

y = ab cd

Minimize Design-based
Feature Discrepancy

• To align the design-dependent features, we optimize the Central Moment
Discrepancy (CMD) between the feature sets from different nodes, which can be
formulated as:

LCMD(Ud
S ,Ud

T) =
1

b − a

∥∥∥E(Ud
S)− E(Ud

T)
∥∥∥+

∞∑
k=2

1
|b − a|k

∥∥∥ck(Ud
S)− ck(Ud

T)
∥∥∥ ,

where [a, b] is the interval that bounds Ud
S and Ud

T, E(·) denotes the expectation and
ck(·) is the k-th order moment.
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Design-based Discrepancy Loss



(a) (b)

• To predict highly variable timing information and prevent overfitting, we propose a
Bayesian-based timing prediction model that can be formulated as:

log p(y|G′,N ) = log

∫
p(y|G′,W)p(W|N )dW,

where N represents the overall distribution for all the timing paths and W denotes
the model parameters.
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Bayesian-based Timing Prediction



• With a variational posterior distribution q(W|G′) only conditioning on single timing
path input, we can derive the evidence lower bound (ELBO) by:

log p(y|G′,N ) = log

∫
p(y|G′,W)p(W|N )dW

= log

∫
p(y|G′,W)

p(W|N )

q(W|G′)
q(W|G′)dW

= logEq

[
p(y|G′,W)

p(W|N ))

q(W|G′)

]
≥ Eq [log p(y|G′,W)]− KL(q(W|G′)||p(W|N ))).

where the first term is the log-likelihood with the variational posterior, while the
second term is the KL divergence between the variational posterior and the prior
distribution.
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Evidence Lower Bound



MatMul

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{ <latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}
<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="jW9JLZAIsBxFZZG6OL0K66i4oHM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWw2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemElh0HW/ndLa+sbmVnm7srO7t39QPTxqmTTXjPsslanuhNRwKRT3UaDknUxzmoSSt8PR3cxvP3FtRKoecZzxIKEDJWLBKFrJ77EoxX615tbdOcgq8QpSgwLNfvWrF6UsT7hCJqkxXc/NMJhQjYJJPq30csMzykZ0wLuWKppwE0zmx07JmVUiEqfalkIyV39PTGhizDgJbWdCcWiWvZn4n9fNMb4JJkJlOXLFFoviXBJMyexzEgnNGcqxJZRpYW8lbEg1ZWjzqdgQvOWXV0nrou5d1S8fLmuN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx/b+I67</latexit>·

<latexit sha1_base64="gz3+nZPnoFQDauxAd/lVKqz7KsA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbSbt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxupn7rEbQRsbrHcQJ+xAZKhIIztFK3i/CEQZilkwfVK1fcqjsDXSZeTiokR71X/ur2Y55GoJBLZkzHcxP0M6ZRcAmTUjc1kDA+YgPoWKpYBMbPZjdP6IlV+jSMtS2FdKb+nshYZMw4CmxnxHBoFr2p+J/XSTG88jOhkhRB8fmiMJUUYzoNgPaFBo5ybAnjWthbKR8yzTjamEo2BG/x5WXSPKt6F9Xzu/NK7TqPo0iOyDE5JR65JDVyS+qkQThJyDN5JW9O6rw4787HvLXg5DOH5A+czx+tcpId</latexit>

un

<latexit sha1_base64="D5ryr1E94ND78Du33D9A7W6r+b0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv3A7lKy2Wwbmk2WJCuU0n/hxYMiXv033vw3pu0etPXBwOO9GWbmhSln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0zRWiLSC5VN8SaciZoyzDDaTdVFCchp51wdDvzO09UaSbFgxmnNEjwQLCYEWys9OgnWdUnkTTn/XLFrblzoFXi5aQCOZr98pcfSZIlVBjCsdY9z01NMMHKMMLptORnmqaYjPCA9iwVOKE6mMwvnqIzq0QolsqWMGiu/p6Y4ETrcRLazgSboV72ZuJ/Xi8z8XUwYSLNDBVksSjOODISzd5HEVOUGD62BBPF7K2IDLHCxNiQSjYEb/nlVdK+qHmXtfp9vdK4yeMowgmcQhU8uIIG3EETWkBAwDO8wpujnRfn3flYtBacfOYY/sD5/AH+XpB8</latexit>

µ(·)

<latexit sha1_base64="vqWuqMwB23KIURuHifD3Q5PeBQk=">AAAB9HicbVDLSsNAFJ3UV62vqks3g0Wom5JIUZdFNy4r2gc0oUwmk3boPOLMpFBCv8ONC0Xc+jHu/BunbRbaeuDC4Zx7ufeeMGFUG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWqMGlhyaTqhkgTRgVpGWoY6SaKIB4y0glHtzO/MyZKUykezSQhAUcDQWOKkbFS4D/QAUdVH0fSnPfLFbfmzgFXiZeTCsjR7Je//EjilBNhMENa9zw3MUGGlKGYkWnJTzVJEB6hAelZKhAnOsjmR0/hmVUiGEtlSxg4V39PZIhrPeGh7eTIDPWyNxP/83qpia+DjIokNUTgxaI4ZdBIOEsARlQRbNjEEoQVtbdCPEQKYWNzKtkQvOWXV0n7ouZd1ur39UrjJo+jCE7AKagCD1yBBrgDTdACGDyBZ/AK3pyx8+K8Ox+L1oKTzxyDP3A+fwAUAZGp</latexit>

⌃(·)

<latexit sha1_base64="jFJT6vCHORvQoioQbgcFw/w4Xc8=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4xkUcCC5kdZmHC7MOZXpVs+A8vHjTGq//izb9xgD0oWEknlarudHd5sRQabfvbyq2srq1v5DcLW9s7u3vF/YOGjhLFeJ1FMlItj2ouRcjrKFDyVqw4DTzJm97oeuo3H7jSIgrvcBxzN6CDUPiCUTRSt4P8CT0/bU56912nVyzZZXsGskycjJQgQ61X/Or0I5YEPEQmqdZtx47RTalCwSSfFDqJ5jFlIzrgbUNDGnDtprOrJ+TEKH3iR8pUiGSm/p5IaaD1OPBMZ0BxqBe9qfif107Qv3RTEcYJ8pDNF/mJJBiRaQSkLxRnKMeGUKaEuZWwIVWUoQmqYEJwFl9eJo2zsnNertxWStWrLI48HMExnIIDF1CFG6hBHRgoeIZXeLMerRfr3fqYt+asbOYQ/sD6/AGy4JKm</latexit>

W1
q

<latexit sha1_base64="oSoBaQFkHZ/QjPuqEXB+9I930bU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF8FLBPOAZBNmJ73JkNmHM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJLyyura/n1wsbm1vZOcXevrqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7wauI3HkBpEYV3OIrBDVg/FL7gDI3UaSM8oeenjXH3vnPTLZbssj0FXSRORkokQ7Vb/Gr3Ip4EECKXTOuWY8fopkyh4BLGhXaiIWZ8yPrQMjRkAWg3nV49pkdG6VE/UqZCpFP190TKAq1HgWc6A4YDPe9NxP+8VoL+hZuKME4QQj5b5CeSYkQnEdCeUMBRjgxhXAlzK+UDphhHE1TBhODMv7xI6idl56x8entaqlxmceTJATkkx8Qh56RCrkmV1AgnijyTV/JmPVov1rv1MWvNWdnMPvkD6/MH2kiSwA==</latexit>

WK
q

<latexit sha1_base64="5zXWgd2mUyoJ/PMFg17h3Fv5FSg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy223bpbhJ2J0II/RVePCji1Z/jzX/jts1BWx8MPN6bYWZeEEth0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPdCajhUoS8iQIl78SaUxVI3g4mtzO//cS1EVH4gGnMfUVHoRgKRtFKj70xxSyd9r1+ueJW3TnIKvFyUoEcjX75qzeIWKJ4iExSY7qeG6OfUY2CST4t9RLDY8omdMS7loZUceNn84On5MwqAzKMtK0QyVz9PZFRZUyqAtupKI7NsjcT//O6CQ6v/UyEcYI8ZItFw0QSjMjsezIQmjOUqSWUaWFvJWxMNWVoMyrZELzll1dJ66LqXVZr97VK/SaPowgncArn4MEV1OEOGtAEBgqe4RXeHO28OO/Ox6K14OQzx/AHzucP31OQdw==</latexit>

ŷ1

<latexit sha1_base64="G4mQATWiOZBEWjYzxauJmDOvqgw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clgv2QNpTNdtMu3WzC7kQoob/CiwdFvPpzvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWDzhOuB/RgRKhYBSt9NgdUszGk95dr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nBE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oxKNgRv8eVl0jyrehfV8/vzSu06j6MIR3AMp+DBJdTgFurQAAYRPMMrvDnaeXHenY95a8HJZw7hD5zPHwbKkJE=</latexit>

ŷK
<latexit sha1_base64="ej5kp0Gnvw74fGQGb42fNe/soKU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lX98uGy1rgt4ijDCZzCOXhwDQ24hya0gMEEnuEV3pzEeXHenY9Fa8kpZo7hD5zPH7Svj9M=</latexit>

ŷ<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

Concatenation
<latexit sha1_base64="jW9JLZAIsBxFZZG6OL0K66i4oHM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWw2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemElh0HW/ndLa+sbmVnm7srO7t39QPTxqmTTXjPsslanuhNRwKRT3UaDknUxzmoSSt8PR3cxvP3FtRKoecZzxIKEDJWLBKFrJ77EoxX615tbdOcgq8QpSgwLNfvWrF6UsT7hCJqkxXc/NMJhQjYJJPq30csMzykZ0wLuWKppwE0zmx07JmVUiEqfalkIyV39PTGhizDgJbWdCcWiWvZn4n9fNMb4JJkJlOXLFFoviXBJMyexzEgnNGcqxJZRpYW8lbEg1ZWjzqdgQvOWXV0nrou5d1S8fLmuN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx/b+I67</latexit>· Monte Carlo Sampling

<latexit sha1_base64="fLL2280HgQzdIJSEyX9MfBzO5OI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaWDabTbt0swm7s2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAmuwXW/ndLK6tr6RnmzsrW9s7tX3T9o69Qoylo0FanqhkQzwSVrAQfBupliJAkF64Sjm6nfeWRK81TewzhjQUIGksecErCS7wN7gjDOzeQh6ldrbt2dAS8TryA1VKDZr375UUpNwiRQQbTueW4GQU4UcCrYpOIbzTJCR2TAepZKkjAd5LObJ/jEKhGOU2VLAp6pvydykmg9TkLbmRAY6kVvKv7n9QzEV0HOZWaASTpfFBuBIcXTAHDEFaMgxpYQqri9FdMhUYSCjaliQ/AWX14m7bO6d1E/vzuvNa6LOMroCB2jU+ShS9RAt6iJWoiiDD2jV/TmGOfFeXc+5q0lp5g5RH/gfP4AnkqSEw==</latexit>

ud

…

• We use Gaussian distribution to approximate the variational posterior:

Wq ∼ N(µ([un,ud]),Σ([un,ud])).

• In addition, the prior distribution is modeled as:

Wp ∼ N(µ(ũ(N )),Σ(ũ(N ))),

where ũ(N ) ∈ Rm is a dummy timing path feature that represents the true
distribution of all the timing paths within the whole technology node N .
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MatMul

<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{ <latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}
<latexit sha1_base64="Q3ZFHU8Hsd5v0kzobS0LsgWpHuE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB55yjW4=</latexit>{

<latexit sha1_base64="5a3jtcUqnyUp6j2FJhbbgZl2/AM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvctq7b5Wqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD6F6jXA=</latexit>}

<latexit sha1_base64="jW9JLZAIsBxFZZG6OL0K66i4oHM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWw2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemElh0HW/ndLa+sbmVnm7srO7t39QPTxqmTTXjPsslanuhNRwKRT3UaDknUxzmoSSt8PR3cxvP3FtRKoecZzxIKEDJWLBKFrJ77EoxX615tbdOcgq8QpSgwLNfvWrF6UsT7hCJqkxXc/NMJhQjYJJPq30csMzykZ0wLuWKppwE0zmx07JmVUiEqfalkIyV39PTGhizDgJbWdCcWiWvZn4n9fNMb4JJkJlOXLFFoviXBJMyexzEgnNGcqxJZRpYW8lbEg1ZWjzqdgQvOWXV0nrou5d1S8fLmuN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx/b+I67</latexit>·

<latexit sha1_base64="gz3+nZPnoFQDauxAd/lVKqz7KsA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWDbbSbt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxupn7rEbQRsbrHcQJ+xAZKhIIztFK3i/CEQZilkwfVK1fcqjsDXSZeTiokR71X/ur2Y55GoJBLZkzHcxP0M6ZRcAmTUjc1kDA+YgPoWKpYBMbPZjdP6IlV+jSMtS2FdKb+nshYZMw4CmxnxHBoFr2p+J/XSTG88jOhkhRB8fmiMJUUYzoNgPaFBo5ybAnjWthbKR8yzTjamEo2BG/x5WXSPKt6F9Xzu/NK7TqPo0iOyDE5JR65JDVyS+qkQThJyDN5JW9O6rw4787HvLXg5DOH5A+czx+tcpId</latexit>

un

<latexit sha1_base64="D5ryr1E94ND78Du33D9A7W6r+b0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv3A7lKy2Wwbmk2WJCuU0n/hxYMiXv033vw3pu0etPXBwOO9GWbmhSln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS0zRWiLSC5VN8SaciZoyzDDaTdVFCchp51wdDvzO09UaSbFgxmnNEjwQLCYEWys9OgnWdUnkTTn/XLFrblzoFXi5aQCOZr98pcfSZIlVBjCsdY9z01NMMHKMMLptORnmqaYjPCA9iwVOKE6mMwvnqIzq0QolsqWMGiu/p6Y4ETrcRLazgSboV72ZuJ/Xi8z8XUwYSLNDBVksSjOODISzd5HEVOUGD62BBPF7K2IDLHCxNiQSjYEb/nlVdK+qHmXtfp9vdK4yeMowgmcQhU8uIIG3EETWkBAwDO8wpujnRfn3flYtBacfOYY/sD5/AH+XpB8</latexit>

µ(·)

<latexit sha1_base64="vqWuqMwB23KIURuHifD3Q5PeBQk=">AAAB9HicbVDLSsNAFJ3UV62vqks3g0Wom5JIUZdFNy4r2gc0oUwmk3boPOLMpFBCv8ONC0Xc+jHu/BunbRbaeuDC4Zx7ufeeMGFUG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWqMGlhyaTqhkgTRgVpGWoY6SaKIB4y0glHtzO/MyZKUykezSQhAUcDQWOKkbFS4D/QAUdVH0fSnPfLFbfmzgFXiZeTCsjR7Je//EjilBNhMENa9zw3MUGGlKGYkWnJTzVJEB6hAelZKhAnOsjmR0/hmVUiGEtlSxg4V39PZIhrPeGh7eTIDPWyNxP/83qpia+DjIokNUTgxaI4ZdBIOEsARlQRbNjEEoQVtbdCPEQKYWNzKtkQvOWXV0n7ouZd1ur39UrjJo+jCE7AKagCD1yBBrgDTdACGDyBZ/AK3pyx8+K8Ox+L1oKTzxyDP3A+fwAUAZGp</latexit>

⌃(·)

<latexit sha1_base64="jFJT6vCHORvQoioQbgcFw/w4Xc8=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4xkUcCC5kdZmHC7MOZXpVs+A8vHjTGq//izb9xgD0oWEknlarudHd5sRQabfvbyq2srq1v5DcLW9s7u3vF/YOGjhLFeJ1FMlItj2ouRcjrKFDyVqw4DTzJm97oeuo3H7jSIgrvcBxzN6CDUPiCUTRSt4P8CT0/bU56912nVyzZZXsGskycjJQgQ61X/Or0I5YEPEQmqdZtx47RTalCwSSfFDqJ5jFlIzrgbUNDGnDtprOrJ+TEKH3iR8pUiGSm/p5IaaD1OPBMZ0BxqBe9qfif107Qv3RTEcYJ8pDNF/mJJBiRaQSkLxRnKMeGUKaEuZWwIVWUoQmqYEJwFl9eJo2zsnNertxWStWrLI48HMExnIIDF1CFG6hBHRgoeIZXeLMerRfr3fqYt+asbOYQ/sD6/AGy4JKm</latexit>

W1
q

<latexit sha1_base64="oSoBaQFkHZ/QjPuqEXB+9I930bU=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegF8FLBPOAZBNmJ73JkNmHM71qWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dXiyFRtv+tnJLyyura/n1wsbm1vZOcXevrqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7wauI3HkBpEYV3OIrBDVg/FL7gDI3UaSM8oeenjXH3vnPTLZbssj0FXSRORkokQ7Vb/Gr3Ip4EECKXTOuWY8fopkyh4BLGhXaiIWZ8yPrQMjRkAWg3nV49pkdG6VE/UqZCpFP190TKAq1HgWc6A4YDPe9NxP+8VoL+hZuKME4QQj5b5CeSYkQnEdCeUMBRjgxhXAlzK+UDphhHE1TBhODMv7xI6idl56x8entaqlxmceTJATkkx8Qh56RCrkmV1AgnijyTV/JmPVov1rv1MWvNWdnMPvkD6/MH2kiSwA==</latexit>

WK
q

<latexit sha1_base64="5zXWgd2mUyoJ/PMFg17h3Fv5FSg=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy223bpbhJ2J0II/RVePCji1Z/jzX/jts1BWx8MPN6bYWZeEEth0HW/ncLa+sbmVnG7tLO7t39QPjxqmSjRjDdZJCPdCajhUoS8iQIl78SaUxVI3g4mtzO//cS1EVH4gGnMfUVHoRgKRtFKj70xxSyd9r1+ueJW3TnIKvFyUoEcjX75qzeIWKJ4iExSY7qeG6OfUY2CST4t9RLDY8omdMS7loZUceNn84On5MwqAzKMtK0QyVz9PZFRZUyqAtupKI7NsjcT//O6CQ6v/UyEcYI8ZItFw0QSjMjsezIQmjOUqSWUaWFvJWxMNWVoMyrZELzll1dJ66LqXVZr97VK/SaPowgncArn4MEV1OEOGtAEBgqe4RXeHO28OO/Ox6K14OQzx/AHzucP31OQdw==</latexit>

ŷ1

<latexit sha1_base64="G4mQATWiOZBEWjYzxauJmDOvqgw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Clgv2QNpTNdtMu3WzC7kQoob/CiwdFvPpzvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWDzhOuB/RgRKhYBSt9NgdUszGk95dr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nBE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oxKNgRv8eVl0jyrehfV8/vzSu06j6MIR3AMp+DBJdTgFurQAAYRPMMrvDnaeXHenY95a8HJZw7hD5zPHwbKkJE=</latexit>

ŷK
<latexit sha1_base64="ej5kp0Gnvw74fGQGb42fNe/soKU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7EyGE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu5nfeeLaiFg9YpZwP6IjJULBKFqp0x9TzLPpoFpz6+4cZJV4BalBgeag+tUfxiyNuEImqTE9z03Qz6lGwSSfVvqp4QllEzriPUsVjbjx8/m5U3JmlSEJY21LIZmrvydyGhmTRYHtjCiOzbI3E//zeimGN34uVJIiV2yxKEwlwZjMfidDoTlDmVlCmRb2VsLGVFOGNqGKDcFbfnmVtC/q3lX98uGy1rgt4ijDCZzCOXhwDQ24hya0gMEEnuEV3pzEeXHenY9Fa8kpZo7hD5zPH7Svj9M=</latexit>

ŷ<latexit sha1_base64="JXzBjyZgmsI8ags2tosNzBng8sY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALFFjzg=</latexit>· · ·

Concatenation
<latexit sha1_base64="jW9JLZAIsBxFZZG6OL0K66i4oHM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWw2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemElh0HW/ndLa+sbmVnm7srO7t39QPTxqmTTXjPsslanuhNRwKRT3UaDknUxzmoSSt8PR3cxvP3FtRKoecZzxIKEDJWLBKFrJ77EoxX615tbdOcgq8QpSgwLNfvWrF6UsT7hCJqkxXc/NMJhQjYJJPq30csMzykZ0wLuWKppwE0zmx07JmVUiEqfalkIyV39PTGhizDgJbWdCcWiWvZn4n9fNMb4JJkJlOXLFFoviXBJMyexzEgnNGcqxJZRpYW8lbEg1ZWjzqdgQvOWXV0nrou5d1S8fLmuN2yKOMpzAKZyDB9fQgHtogg8MBDzDK7w5ynlx3p2PRWvJKWaO4Q+czx/b+I67</latexit>· Monte Carlo Sampling

<latexit sha1_base64="fLL2280HgQzdIJSEyX9MfBzO5OI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaWDabTbt0swm7s2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemAmuwXW/ndLK6tr6RnmzsrW9s7tX3T9o69Qoylo0FanqhkQzwSVrAQfBupliJAkF64Sjm6nfeWRK81TewzhjQUIGksecErCS7wN7gjDOzeQh6ldrbt2dAS8TryA1VKDZr375UUpNwiRQQbTueW4GQU4UcCrYpOIbzTJCR2TAepZKkjAd5LObJ/jEKhGOU2VLAp6pvydykmg9TkLbmRAY6kVvKv7n9QzEV0HOZWaASTpfFBuBIcXTAHDEFaMgxpYQqri9FdMhUYSCjaliQ/AWX14m7bO6d1E/vzuvNa6LOMroCB2jU+ShS9RAt6iJWoiiDD2jV/TmGOfFeXc+5q0lp5g5RH/gfP4AnkqSEw==</latexit>

ud

…

• To construct a representative ũ, we can simply use the mean of all the
node-dependent features to represent the node information.

• For the design-related information, we can collect all the design-dependent features
in both the source preceding technology node and the target advanced technology
node.

• The final ELBO objective is formulated as:

LELBO(y,G′,N ) =
1
K

K∑
i=1

log p(y|G′,W i
q)− KL(q(W|G′)||p(W|N )).
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Training Objective



Experimental Results



Table: Statistics of the dataset (edp stands for endpoint, en and
ec denote net edge and cell edge, respectively)

Benchmark
Input information

tech node #pin #edp #en #ec

train

smallboom 7nm 694441 61764 488052 423344
jpeg 130nm 1527166 39783 1150173 749294

linkruncca 130nm 186546 17796 151617 84393
spiMaster 130nm 99507 4739 75718 44917

usbf_device 130nm 48104 4777 37557 21706

test

arm9 7nm 44469 2500 33065 29287
chacha 7nm 35687 1986 25117 23083
hwacha 7nm 1357798 61313 985057 922085
or1200 7nm 1165114 172401 844443 658961
sha3 7nm 794720 60323 552021 485596

Avg
train 7nm&130nm 511153 25772 380623 264731
test 7nm 679558 59705 487941 423802

• Four 130nm netlists
and one 7nm netlist
for training, and five
7nm netlists for test.

• All designs are from
Freecores and
Chipyard.

• Cadence Genus for
synthesis and
Cadence Innovus for
placement, timing
optimization, routing
and static timing
analysis.
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Benchmark Statistics



Table: The evaluation results on 7nm netlist data.

Baseline DAC23-AdvOnly DAC23-SimpleMerge DAC23-ParamShare DAC23-PT-FT Ours
R2 score runtime R2 score runtime R2 score runtime R2 score runtime R2 score runtime

arm9 0.603 2.546 -2.069 2.546 0.567 2.546 0.837 2.546 0.864 2.621
chacha 0.624 1.188 -1.983 1.188 0.568 1.188 0.726 1.188 0.890 1.234
hwacha 0.170 5.229 -2.203 5.229 0.499 5.229 0.818 5.229 0.828 5.400
or1200 0.156 14.257 -6.037 14.257 0.240 14.257 0.209 14.257 0.682 14.793
sha3 0.425 1.690 -4.741 1.690 0.195 14.257 0.284 1.690 0.785 1.725

average 0.396 4.982 -3.407 4.982 0.414 4.982 0.575 4.982 0.810 5.154

• Our method outperforms all the baselines with a significant margin.

• Only training with limited 7nm data achieves poor performance, indicating the
necessity of massive training data belonging to the same distribution as the test data.

• Our method is effective in handling the distribution shifts in the 130nm and 7nm data
and is capable of transferring the knowledge to different technology nodes.
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Comparison with SOTA timing prediction works



• Both modules are effective.

• These two modules lead to
different improvements on
different designs.

Table: Ablation study on the number of
130nm designs. J, L S, and U denote jpeg,
linkruncca, spiMaster, and usbf_device,
respectively.

J L S U arm9 chacha hwacha or1200 sha3 average
✓ 0.496 0.394 0.649 0.363 0.631 0.507
✓ ✓ 0.312 0.773 0.470 0.616 0.599 0.554
✓ ✓ ✓ 0.564 0.821 0.804 0.531 0.673 0.679
✓ ✓ ✓ ✓ 0.864 0.890 0.828 0.682 0.785 0.810

• When we increase the number of 130nm
data, the timing prediction performance
improves consistently.

• Our method is effective in transferring
the knowledge in different nodes.

23 / 26

Ablation Studies



Conclusion



• We propose a novel transfer learning framework that leverages abundant data from
previous technology node to enhance learning on the target technology node.

• Our method first disentangles the timing path features into node- and
design-dependent parts and aligns them separately.

• We use a Bayesian machine learning-based model to predict the arrival time of each
timing path, which can handle its high variability and generalize to new designs in
the test set.
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Conclusion



Thanks!
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