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Motivation



ILT
Inverse Lithography Technology (ILT) treats the mask as a pixel-wise image and optimizes
the mask shape to compensate for optical diffraction in order to get a better print image.

ILT Algorithms:
• MOSAIC1

• Neural-ILT2

• Levelset-GPU3

1Jhih-Rong Gao et al. (2014). “MOSAIC: Mask Optimizing Solution With Process Window Aware
Inverse Correction”. In: Proc. DAC, 52:1–52:6.

2Bentian Jiang et al. (2020). “Neural-ILT: Migrating ILT to neural networks for mask printability
and complexity co-optimization”. In: Proc. ICCAD, pp. 1–9.

3Ziyang Yu et al. (2022). “A GPU-enabled level-set method for mask optimization”. In: IEEE
TCAD 42.2, pp. 594–605.

Inverse Lithography Technology
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• Memory Limitation: The mask/target pixel image exceeds the capacity of main
memory for storage.

• Computation Limitation: Simulation or optimization processes are computationally
intensive.

Lithography defects:

Slicing
Boundary

Stitching
Error

Design Pattern On-Wafer Image

Lithography

Visualization of lithography defects after mask stitching.

Problem Of Full Chip OPC
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The meshing partition strategy of DAC’224, ASPDAC’235, TCAD’236.

ILT

Tile Layout Optimized Tile

However, the boundary error remains undiscussed.

4Haoyu Yang, Zongyi Li, et al. (2022). “Generic lithography modeling with dual-band
optics-inspired neural networks”. In: Proc. DAC, pp. 973–978.

5Haoyu Yang and Haoxing Ren (2023). “Enabling scalable AI computational lithography with
physics-inspired models”. In: Proc. ASPDAC, pp. 715–720.

6Guojin Chen et al. (2023). “DevelSet: Deep neural level set for instant mask optimization”. In:
IEEE TCAD.

Previous Works
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FuILT: Full Chip ILT System



Full Chip ILT System:

…
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…Full
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<latexit sha1_base64="1hhYSAo8LRvRpt0kOxh8cV9AGz8=">AAACIXicbVC7TsMwFL0pr1JeAUYYLAqIoaqSCkHHSCyMRaIPqa0qx3Vaq3YS2Q5SFXVj5RdY+A8mFgYQ6ob4GdyWoRSOZfv4nGvZ9/gxZ0o7zqeVWVpeWV3Lruc2Nre2d+zdvZqKEklolUQ8kg0fK8pZSKuaaU4bsaRY+JzW/cHVxK/fUalYFN7qYUzbAvdCFjCCtZEi+xBaIACDhj74EEA6d2ZmTaECIzM6hrlQgBIU0OlE6dh5p+hMgf4S94fkvfLzfXpMHiode9zqRiQRNNSEY6WarhPrdoqlZoTTUa6VKBpjMsA92jQ0xIKqdjrtcIROjNJFQSTNDDWaqvM3UiyUGgrfVAqs+2rRm4j/ec1EB+V2ysI40TQks4eChCMdoUlcqMskJZoPDcFEMvNXRPpYYqJNqDkTgrvY8l9SKxXdi+L5jZv3qh5MkYUDOIIzE+kleHBtQq4CgUd4gTd4t56sV+vDGs9KM9Zsh334BevrG5yjnTc=</latexit>

P1,2,. . .
<latexit sha1_base64="1hhYSAo8LRvRpt0kOxh8cV9AGz8=">AAACIXicbVC7TsMwFL0pr1JeAUYYLAqIoaqSCkHHSCyMRaIPqa0qx3Vaq3YS2Q5SFXVj5RdY+A8mFgYQ6ob4GdyWoRSOZfv4nGvZ9/gxZ0o7zqeVWVpeWV3Lruc2Nre2d+zdvZqKEklolUQ8kg0fK8pZSKuaaU4bsaRY+JzW/cHVxK/fUalYFN7qYUzbAvdCFjCCtZEi+xBaIACDhj74EEA6d2ZmTaECIzM6hrlQgBIU0OlE6dh5p+hMgf4S94fkvfLzfXpMHiode9zqRiQRNNSEY6WarhPrdoqlZoTTUa6VKBpjMsA92jQ0xIKqdjrtcIROjNJFQSTNDDWaqvM3UiyUGgrfVAqs+2rRm4j/ec1EB+V2ysI40TQks4eChCMdoUlcqMskJZoPDcFEMvNXRPpYYqJNqDkTgrvY8l9SKxXdi+L5jZv3qh5MkYUDOIIzE+kleHBtQq4CgUd4gTd4t56sV+vDGs9KM9Zsh334BevrG5yjnTc=</latexit>

P1,2,. . .

 Patch 
<latexit sha1_base64="Cy9w5+ql8ctZkgNhlU/ihb6wVXc=">AAACAHicbVDLSsNAFL3xWesr6sKFm2ARxEVJRNSdATcuK5i20oYwmU7aoZMHMxOhhGzc+CFuXCji1p2/oCt/xZWT1IW2Hhju4Zx7mXuPnzAqpGl+ajOzc/MLi5Wl6vLK6tq6vrHZFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfnhd+64ZwQePoSo4S4oaoH9GAYiSV5Onb3RDJgR9kZaUya+ReRvPc02tm3SxhTBPrh9Tsg+u7s6+3j4anv3d7MU5DEknMkBAdy0ykmyEuKWYkr3ZTQRKEh6hPOopGKCTCzcoDcmNPKT0jiLl6kTRK9fdEhkIhRqGvOos1xaRXiP95nVQGp25GoySVJMLjj4KUGTI2ijSMHuUESzZSBGFO1a4GHiCOsFSZVVUI1uTJ06R5WLeO60eXVs12bChRgR3YhX2w4ARsuIAGOIAhh3t4hCftVnvQnrWXceuMNq6wBX+gvX4Dh0ubsg==</latexit>

Pi
<latexit sha1_base64="Cy9w5+ql8ctZkgNhlU/ihb6wVXc=">AAACAHicbVDLSsNAFL3xWesr6sKFm2ARxEVJRNSdATcuK5i20oYwmU7aoZMHMxOhhGzc+CFuXCji1p2/oCt/xZWT1IW2Hhju4Zx7mXuPnzAqpGl+ajOzc/MLi5Wl6vLK6tq6vrHZFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfnhd+64ZwQePoSo4S4oaoH9GAYiSV5Onb3RDJgR9kZaUya+ReRvPc02tm3SxhTBPrh9Tsg+u7s6+3j4anv3d7MU5DEknMkBAdy0ykmyEuKWYkr3ZTQRKEh6hPOopGKCTCzcoDcmNPKT0jiLl6kTRK9fdEhkIhRqGvOos1xaRXiP95nVQGp25GoySVJMLjj4KUGTI2ijSMHuUESzZSBGFO1a4GHiCOsFSZVVUI1uTJ06R5WLeO60eXVs12bChRgR3YhX2w4ARsuIAGOIAhh3t4hCftVnvQnrWXceuMNq6wBX+gvX4Dh0ubsg==</latexit>

Pi

Tiles of 
<latexit sha1_base64="Cy9w5+ql8ctZkgNhlU/ihb6wVXc=">AAACAHicbVDLSsNAFL3xWesr6sKFm2ARxEVJRNSdATcuK5i20oYwmU7aoZMHMxOhhGzc+CFuXCji1p2/oCt/xZWT1IW2Hhju4Zx7mXuPnzAqpGl+ajOzc/MLi5Wl6vLK6tq6vrHZFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfnhd+64ZwQePoSo4S4oaoH9GAYiSV5Onb3RDJgR9kZaUya+ReRvPc02tm3SxhTBPrh9Tsg+u7s6+3j4anv3d7MU5DEknMkBAdy0ykmyEuKWYkr3ZTQRKEh6hPOopGKCTCzcoDcmNPKT0jiLl6kTRK9fdEhkIhRqGvOos1xaRXiP95nVQGp25GoySVJMLjj4KUGTI2ijSMHuUESzZSBGFO1a4GHiCOsFSZVVUI1uTJ06R5WLeO60eXVs12bChRgR3YhX2w4ARsuIAGOIAhh3t4hCftVnvQnrWXceuMNq6wBX+gvX4Dh0ubsg==</latexit>

Pi
<latexit sha1_base64="Cy9w5+ql8ctZkgNhlU/ihb6wVXc=">AAACAHicbVDLSsNAFL3xWesr6sKFm2ARxEVJRNSdATcuK5i20oYwmU7aoZMHMxOhhGzc+CFuXCji1p2/oCt/xZWT1IW2Hhju4Zx7mXuPnzAqpGl+ajOzc/MLi5Wl6vLK6tq6vrHZFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfnhd+64ZwQePoSo4S4oaoH9GAYiSV5Onb3RDJgR9kZaUya+ReRvPc02tm3SxhTBPrh9Tsg+u7s6+3j4anv3d7MU5DEknMkBAdy0ykmyEuKWYkr3ZTQRKEh6hPOopGKCTCzcoDcmNPKT0jiLl6kTRK9fdEhkIhRqGvOos1xaRXiP95nVQGp25GoySVJMLjj4KUGTI2ijSMHuUESzZSBGFO1a4GHiCOsFSZVVUI1uTJ06R5WLeO60eXVs12bChRgR3YhX2w4ARsuIAGOIAhh3t4hCftVnvQnrWXceuMNq6wBX+gvX4Dh0ubsg==</latexit>

Pi

Parallel Processing

Gradient of Tiles

 ILT Optimization step 

Macro-level 
Stitching

<latexit sha1_base64="YwexLLhXycrUOrpo8PN7GECsorM=">AAACDHicbVDLSsNAFL3xWVsfUZdugkUUKSGRoi4DblxWaNpCm5bJdNIOnTyYmQgl9APcuPYv3LhQxK0f4M6fEaepC209MNwz59xh7j1+wqiQlvWpLS2vrK6tFzaKpc2t7R19d68h4pRj4uKYxbzlI0EYjYgrqWSklXCCQp+Rpj+6mvrNW8IFjaO6HCfEC9EgogHFSCqpp5c7IZJDP8jySmVWn0x6mV0xTbNS7Waj7qm662XLtHIYi8T+IWXHgYcvelyq9fSPTj/GaUgiiRkSom1bifQyxCXFjEyKnVSQBOERGpC2ohEKifCyfJmJcaSUvhHEXJ1IGrn6+0WGQiHGoa86pyOLeW8q/ue1UxlcehmNklSSCM8+ClJmyNiYJmP0KSdYsrEiCHOqZjXwEHGEpcqvqEKw51deJI0z0z43qzd22XEdyFGAAziEE7DhAhy4hhq4gOEOHuEZXrR77Ul71d5mrUvarMI+/IH2/g20rp3v</latexit>

T1,...,4k⇤
<latexit sha1_base64="YwexLLhXycrUOrpo8PN7GECsorM=">AAACDHicbVDLSsNAFL3xWVsfUZdugkUUKSGRoi4DblxWaNpCm5bJdNIOnTyYmQgl9APcuPYv3LhQxK0f4M6fEaepC209MNwz59xh7j1+wqiQlvWpLS2vrK6tFzaKpc2t7R19d68h4pRj4uKYxbzlI0EYjYgrqWSklXCCQp+Rpj+6mvrNW8IFjaO6HCfEC9EgogHFSCqpp5c7IZJDP8jySmVWn0x6mV0xTbNS7Waj7qm662XLtHIYi8T+IWXHgYcvelyq9fSPTj/GaUgiiRkSom1bifQyxCXFjEyKnVSQBOERGpC2ohEKifCyfJmJcaSUvhHEXJ1IGrn6+0WGQiHGoa86pyOLeW8q/ue1UxlcehmNklSSCM8+ClJmyNiYJmP0KSdYsrEiCHOqZjXwEHGEpcqvqEKw51deJI0z0z43qzd22XEdyFGAAziEE7DhAhy4hhq4gOEOHuEZXrR77Ul71d5mrUvarMI+/IH2/g20rp3v</latexit>

T1,...,4k⇤

<latexit sha1_base64="7Fg52EBcFY/VDyH9KUO9Ec0iIrM=">AAAB8XicbVDLSsNAFL2pr1pfVZeCDBZBXJRERF0W3LisYNpiG8tkMmmHTiZhZiLU0E9w58aFIm79GzfiZ/gHTlMX2nrgcg/n3Mt9+AlnStv2p1WYm19YXCoul1ZW19Y3yptbDRWnklCXxDyWLR8rypmgrmaa01YiKY58Tpv+4HzsN2+pVCwWV3qYUC/CPcFCRrA20nVHs4gqNLg57JYrdtXOgWaJ80Mqtd3i3X3w8VXvlt87QUzSiApNOFaq7diJ9jIsNSOcjkqdVNEEkwHu0bahAptBXpZvPEL7RglQGEsTQqNc/d2R4UipYeSbygjrvpr2xuJ/XjvV4ZmXMZGkmgoyGRSmHOkYjc9HAZOUaD40BBPJzK6I9LHERJsnlcwTnOmTZ0njqOqcVI8vnUrNrUGOIuzAHhyAA6dQgwuogwsEBDzAEzxbynq0XqzXSWnBmmTYhj+w3r4B4/yUYQ==</latexit>⇥k⇤<latexit sha1_base64="7Fg52EBcFY/VDyH9KUO9Ec0iIrM=">AAAB8XicbVDLSsNAFL2pr1pfVZeCDBZBXJRERF0W3LisYNpiG8tkMmmHTiZhZiLU0E9w58aFIm79GzfiZ/gHTlMX2nrgcg/n3Mt9+AlnStv2p1WYm19YXCoul1ZW19Y3yptbDRWnklCXxDyWLR8rypmgrmaa01YiKY58Tpv+4HzsN2+pVCwWV3qYUC/CPcFCRrA20nVHs4gqNLg57JYrdtXOgWaJ80Mqtd3i3X3w8VXvlt87QUzSiApNOFaq7diJ9jIsNSOcjkqdVNEEkwHu0bahAptBXpZvPEL7RglQGEsTQqNc/d2R4UipYeSbygjrvpr2xuJ/XjvV4ZmXMZGkmgoyGRSmHOkYjc9HAZOUaD40BBPJzK6I9LHERJsnlcwTnOmTZ0njqOqcVI8vnUrNrUGOIuzAHhyAA6dQgwuogwsEBDzAEzxbynq0XqzXSWnBmmTYhj+w3r4B4/yUYQ==</latexit>⇥k⇤

<latexit sha1_base64="rrZZnILc1Jd/iq106TMm/KjMiVc="></latexit>g1,. . . ,4k⇤<latexit sha1_base64="rrZZnILc1Jd/iq106TMm/KjMiVc="></latexit>g1,. . . ,4k⇤

Gradient 
of  

<latexit sha1_base64="Cy9w5+ql8ctZkgNhlU/ihb6wVXc=">AAACAHicbVDLSsNAFL3xWesr6sKFm2ARxEVJRNSdATcuK5i20oYwmU7aoZMHMxOhhGzc+CFuXCji1p2/oCt/xZWT1IW2Hhju4Zx7mXuPnzAqpGl+ajOzc/MLi5Wl6vLK6tq6vrHZFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfnhd+64ZwQePoSo4S4oaoH9GAYiSV5Onb3RDJgR9kZaUya+ReRvPc02tm3SxhTBPrh9Tsg+u7s6+3j4anv3d7MU5DEknMkBAdy0ykmyEuKWYkr3ZTQRKEh6hPOopGKCTCzcoDcmNPKT0jiLl6kTRK9fdEhkIhRqGvOos1xaRXiP95nVQGp25GoySVJMLjj4KUGTI2ijSMHuUESzZSBGFO1a4GHiCOsFSZVVUI1uTJ06R5WLeO60eXVs12bChRgR3YhX2w4ARsuIAGOIAhh3t4hCftVnvQnrWXceuMNq6wBX+gvX4Dh0ubsg==</latexit>

Pi
<latexit sha1_base64="Cy9w5+ql8ctZkgNhlU/ihb6wVXc=">AAACAHicbVDLSsNAFL3xWesr6sKFm2ARxEVJRNSdATcuK5i20oYwmU7aoZMHMxOhhGzc+CFuXCji1p2/oCt/xZWT1IW2Hhju4Zx7mXuPnzAqpGl+ajOzc/MLi5Wl6vLK6tq6vrHZFHHKMXFwzGLe9pEgjEbEkVQy0k44QaHPSMsfnhd+64ZwQePoSo4S4oaoH9GAYiSV5Onb3RDJgR9kZaUya+ReRvPc02tm3SxhTBPrh9Tsg+u7s6+3j4anv3d7MU5DEknMkBAdy0ykmyEuKWYkr3ZTQRKEh6hPOopGKCTCzcoDcmNPKT0jiLl6kTRK9fdEhkIhRqGvOos1xaRXiP95nVQGp25GoySVJMLjj4KUGTI2ijSMHuUESzZSBGFO1a4GHiCOsFSZVVUI1uTJ06R5WLeO60eXVs12bChRgR3YhX2w4ARsuIAGOIAhh3t4hCftVnvQnrWXceuMNq6wBX+gvX4Dh0ubsg==</latexit>

Pi

Tiles of 
<latexit sha1_base64="N+yofXqynMn04Q22VDwB9dU1ZXc=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASr4KokItplwI3LCqYttCFMppN27OTBzEQoIRtx61e4caGIWxd+hDv/xknqQlsPDPdwzr3MvcdPGBXSNL+0ysLi0vJKdbW2tr6xuaVv77RFnHJMHByzmHd9JAijEXEklYx0E05Q6DPS8ccXhd+5JVzQOLqWk4S4IRpGNKAYSSV5+l4/RHLkB1lZqcxauZfd5Lmn182GWcKYJ9YPqdvNj/vsED+0PP2zP4hxGpJIYoaE6FlmIt0McUkxI3mtnwqSIDxGQ9JTNEIhEW5WHpAbR0oZGEHM1YukUaq/JzIUCjEJfdVZrClmvUL8z+ulMmi6GY2SVJIITz8KUmbI2CjSMAaUEyzZRBGEOVW7GniEOMJSZVZTIVizJ8+T9knDOmucXll127GhRBX24QCOwYJzsOESWuAAhhwe4RletDvtSXvV3qatFW1aYRf+QHv/BndHmuU=</latexit>

Pj
<latexit sha1_base64="N+yofXqynMn04Q22VDwB9dU1ZXc=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASr4KokItplwI3LCqYttCFMppN27OTBzEQoIRtx61e4caGIWxd+hDv/xknqQlsPDPdwzr3MvcdPGBXSNL+0ysLi0vJKdbW2tr6xuaVv77RFnHJMHByzmHd9JAijEXEklYx0E05Q6DPS8ccXhd+5JVzQOLqWk4S4IRpGNKAYSSV5+l4/RHLkB1lZqcxauZfd5Lmn182GWcKYJ9YPqdvNj/vsED+0PP2zP4hxGpJIYoaE6FlmIt0McUkxI3mtnwqSIDxGQ9JTNEIhEW5WHpAbR0oZGEHM1YukUaq/JzIUCjEJfdVZrClmvUL8z+ulMmi6GY2SVJIITz8KUmbI2CjSMAaUEyzZRBGEOVW7GniEOMJSZVZTIVizJ8+T9knDOmucXll127GhRBX24QCOwYJzsOESWuAAhhwe4RletDvtSXvV3qatFW1aYRf+QHv/BndHmuU=</latexit>

Pj<latexit sha1_base64="gkM6g6smHlSXzvCL8KejJmU46Hk=">AAAB+XicbVC7TsMwFL3hWcorwMgSUZCYqgQh6BiJhbFIpK3UVpHjOq2p85DtVKqsbKz8AQsDCLGy8xFs/A1OygAtR7J8dM698vEJUkaFtO0vY2l5ZXVtvbJR3dza3tk19/ZbIsk4Jh5OWMI7ARKE0Zh4kkpGOiknKAoYaQfjq8JvTwgXNIlv5TQl/QgNYxpSjKSWfNNUvQjJEZWqmfvqLs99s2bX7RLWInF+SM1tfNyrY/zQ9M3P3iDBWURiiRkSouvYqewrxCXFjOTVXiZIivAYDUlX0xhFRPRVmTy3TrQysMKE6xNLq1R/bygUCTGNAj1ZxBTzXiH+53UzGTb6isZpJkmMZw+FGbNkYhU1WAPKCZZsqgnCnOqsFh4hjrDUZVV1Cc78lxdJ66zuXNTPb5ya67lQogKHcASn4MAluHANTfAAwwQe4RleDGU8Ga/G22x0yZjdcAB/YLx/A/1pl9E=</latexit>

Pj
<latexit sha1_base64="gkM6g6smHlSXzvCL8KejJmU46Hk=">AAAB+XicbVC7TsMwFL3hWcorwMgSUZCYqgQh6BiJhbFIpK3UVpHjOq2p85DtVKqsbKz8AQsDCLGy8xFs/A1OygAtR7J8dM698vEJUkaFtO0vY2l5ZXVtvbJR3dza3tk19/ZbIsk4Jh5OWMI7ARKE0Zh4kkpGOiknKAoYaQfjq8JvTwgXNIlv5TQl/QgNYxpSjKSWfNNUvQjJEZWqmfvqLs99s2bX7RLWInF+SM1tfNyrY/zQ9M3P3iDBWURiiRkSouvYqewrxCXFjOTVXiZIivAYDUlX0xhFRPRVmTy3TrQysMKE6xNLq1R/bygUCTGNAj1ZxBTzXiH+53UzGTb6isZpJkmMZw+FGbNkYhU1WAPKCZZsqgnCnOqsFh4hjrDUZVV1Cc78lxdJ66zuXNTPb5ya67lQogKHcASn4MAluHANTfAAwwQe4RleDGU8Ga/G22x0yZjdcAB/YLx/A/1pl9E=</latexit>

Pj

<latexit sha1_base64="EAHo7CrUYWOjOgEVFJRy9dkFpjU=">AAAB+XicbVC7TsMwFL0pr1JeAUaWiILEVCUIQcdIDDAWiT6ktqoc12lNHSeynUqVlY2VP2BhACFWdj6Cjb/BTRmg5UiWj865Vz4+QcKoVK77ZRWWlldW14rrpY3Nre0de3evIeNUYFLHMYtFK0CSMMpJXVHFSCsRBEUBI81gdDn1m2MiJI35rZokpBuhAachxUgZqWfbuhMhNaRKX2U9fZdlPbvsVtwcziLxfkjZr37c6yP8UOvZn51+jNOIcIUZkrLtuYnqaiQUxYxkpU4qSYLwCA1I21COIiK7Ok+eOcdG6TthLMzhysnV3xsaRVJOosBMTmPKeW8q/ue1UxVWu5ryJFWE49lDYcocFTvTGpw+FQQrNjEEYUFNVgcPkUBYmbJKpgRv/suLpHFa8c4rZzde2a/7kKMIB3AIJ+DBBfhwDTWoA4YxPMIzvFjaerJerbfZaMGa3bAPf2C9fwPvj5fI</latexit>

Gj
<latexit sha1_base64="EAHo7CrUYWOjOgEVFJRy9dkFpjU=">AAAB+XicbVC7TsMwFL0pr1JeAUaWiILEVCUIQcdIDDAWiT6ktqoc12lNHSeynUqVlY2VP2BhACFWdj6Cjb/BTRmg5UiWj865Vz4+QcKoVK77ZRWWlldW14rrpY3Nre0de3evIeNUYFLHMYtFK0CSMMpJXVHFSCsRBEUBI81gdDn1m2MiJI35rZokpBuhAachxUgZqWfbuhMhNaRKX2U9fZdlPbvsVtwcziLxfkjZr37c6yP8UOvZn51+jNOIcIUZkrLtuYnqaiQUxYxkpU4qSYLwCA1I21COIiK7Ok+eOcdG6TthLMzhysnV3xsaRVJOosBMTmPKeW8q/ue1UxVWu5ryJFWE49lDYcocFTvTGpw+FQQrNjEEYUFNVgcPkUBYmbJKpgRv/suLpHFa8c4rZzde2a/7kKMIB3AIJ+DBBfhwDTWoA4YxPMIzvFjaerJerbfZaMGa3bAPf2C9fwPvj5fI</latexit>

Gj

…

<latexit sha1_base64="E48tpL23vFkNskVBxkaEN/mmhTM=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclRkVdWfBjcsKTlvoDCWTpm1o5kFyRyjD/IYbF4q49WfciT9jZupCWw+EHM65l5ycIJFCo21/WkvLK6tr65WN6ubW9s5ubW+/reNUMe6yWMaqG1DNpYi4iwIl7yaK0zCQvBNMbgq/88CVFnF0j9OE+yEdRWIoGEUjeZkXUhwLzFp53q/V7YZdgiwS54fUr7/OSrT6tQ9vELM05BEySbXuOXaCfkYVCiZ5XvVSzRPKJnTEe4ZGNOTaz8rMOTk2yoAMY2VOhKRUf29kNNR6GgZmsoio571C/M/rpTi88jMRJSnyiM0eGqaSYEyKAshAKM5QTg2hTAmTlbAxVZShqalqSnDmv7xI2qcN56JxfufUm24TSlTgEI7gBBy4hCbcQgtcYJDAIzzDi5VaT9ar9TYbXbJmNxzAH1jv39/hlLo=</latexit>

P
<latexit sha1_base64="E48tpL23vFkNskVBxkaEN/mmhTM=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclRkVdWfBjcsKTlvoDCWTpm1o5kFyRyjD/IYbF4q49WfciT9jZupCWw+EHM65l5ycIJFCo21/WkvLK6tr65WN6ubW9s5ubW+/reNUMe6yWMaqG1DNpYi4iwIl7yaK0zCQvBNMbgq/88CVFnF0j9OE+yEdRWIoGEUjeZkXUhwLzFp53q/V7YZdgiwS54fUr7/OSrT6tQ9vELM05BEySbXuOXaCfkYVCiZ5XvVSzRPKJnTEe4ZGNOTaz8rMOTk2yoAMY2VOhKRUf29kNNR6GgZmsoio571C/M/rpTi88jMRJSnyiM0eGqaSYEyKAshAKM5QTg2hTAmTlbAxVZShqalqSnDmv7xI2qcN56JxfufUm24TSlTgEI7gBBy4hCbcQgtcYJDAIzzDi5VaT9ar9TYbXbJmNxzAH1jv39/hlLo=</latexit>

P
<latexit sha1_base64="QYa7Tx7W72RPtEA/HmNJaAly288=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASLIC5KIqLuDLjQZQX7kDaEyXTSDp08mJkIJWTjxg9x40IRt+78BV35K66cpC609cBwD+fcy9x7vJhRIU3zUyvNzM7NL5QXK0vLK6tr+vpGU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS84Vnut24IFzQKr+QoJk6A+iH1KUZSSa6+1Q2QHHh+WlQq03M3pVmWuXrVrJkFjGli/ZCqvX99d/r19lF39fduL8JJQEKJGRKiY5mxdFLEJcWMZJVuIkiM8BD1SUfREAVEOGlxQGbsKqVn+BFXL5RGof6eSFEgxCjwVGe+ppj0cvE/r5NI/8RJaRgnkoR4/JGfMENGRp6G0aOcYMlGiiDMqdrVwAPEEZYqs4oKwZo8eZo0D2rWUe3w0qraDRsKlGEbdmAPLDgGGy6gDg3AkME9PMKTdqs9aM/ay7i1pI0rbMIfaK/feT2bqQ==</latexit>

Gi
<latexit sha1_base64="QYa7Tx7W72RPtEA/HmNJaAly288=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASLIC5KIqLuDLjQZQX7kDaEyXTSDp08mJkIJWTjxg9x40IRt+78BV35K66cpC609cBwD+fcy9x7vJhRIU3zUyvNzM7NL5QXK0vLK6tr+vpGU0QJx6SBIxbxtocEYTQkDUklI+2YExR4jLS84Vnut24IFzQKr+QoJk6A+iH1KUZSSa6+1Q2QHHh+WlQq03M3pVmWuXrVrJkFjGli/ZCqvX99d/r19lF39fduL8JJQEKJGRKiY5mxdFLEJcWMZJVuIkiM8BD1SUfREAVEOGlxQGbsKqVn+BFXL5RGof6eSFEgxCjwVGe+ppj0cvE/r5NI/8RJaRgnkoR4/JGfMENGRp6G0aOcYMlGiiDMqdrVwAPEEZYqs4oKwZo8eZo0D2rWUe3w0qraDRsKlGEbdmAPLDgGGy6gDg3AkME9PMKTdqs9aM/ay7i1pI0rbMIfaK/feT2bqQ==</latexit>

Gi

Full-chip ILT system overall workflow

• Multi-level Partition: Macro-level meshing; Micro-level recursive partition

• Distributed Optimization: Server-Worker strategy; Multi-GPU pipeline

• Multi-level Stitching/Healing: Micro-level gradient fusion; Macro-level mask
healing

Full Chip ILT System
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Macro-level Partition
On top of parallelism, macro-level partition will handle memory bound first by cutting
the whole design layer into grids of large patches.

m∗,n∗ =argmin
m,n

m×n∑

i

(HPi + WPi),

s.t.
m∑

i

HPi < HP + H′max

n∑

i

WPi < WP + W′max,

Size(Pi) + Size(Gi) ≤ MemSize.

(1)

Pi represents the i-th patch and Gi denotes the gradient of i-th patch, H′max/W′max
represent the max overlapping length, HP/WP and HPi/WPi denote height/width
of the patch.

Macro-level Partition
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Micro-level Partition
At the micro-level, we start handling each patch while considering the computational
capability of GPUs.

We slice each large patch into four tiles and repeat recursively until each tile
satisfies the mentioned GPU computation limits.

T1, ...,T4 =

[
T1[sh×sw] T3[sh×sw]

T2[sh×sw] T4[sh×sw]

]
(2)

At each level, a tile is further sliced into “�” grid of four smaller tiles with
overlapping rate R.

Micro-level Partition
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Server: distribute the workload to each worker and gather the gradients from the
workers.
Worker: workers are responsible for computing the tile gradient by adapting the
one-time ILT forward and backward process.

Worker 1

<latexit sha1_base64="7QHT++7z1blO6rBK8C84Yzo1Abs="></latexit>

T k
4k

<latexit sha1_base64="7QHT++7z1blO6rBK8C84Yzo1Abs="></latexit>

T k
4k

Partition
<latexit sha1_base64="kxoKbovjEJcKkOMJqNlj5h2I6Xo=">AAAB73icbVDJSgNBEK1xjXGLevTSGBRPYUbE5Rbw4jGCWSAZQk+nJ2nS0zN21whhyE948aAEr/o53vwGf8LOctDEBwWP96p4VRUkUhh03S9naXlldW09t5Hf3Nre2S3s7ddMnGrGqyyWsW4E1HApFK+iQMkbieY0CiSvB/2bsV9/5NqIWN3jIOF+RLtKhIJRtFKjhSLihvTbhaJbcicgi8SbkWLZ+Rip7+Sk0i58tjoxSyOukElqTNNzE/QzqlEwyYf5Vmp4QlmfdnnTUkVtjJ9N9h2SY6t0SBhrWwrJRP09kdHImEEU2M6IYs/Me2PxP6+ZYnjlZ0IlKXLFpkFhKgnGZHw86QjNGcqBJZRpYXclrEc1ZWhflLdP8OZPXiS1s5J3UTq/84rla5giB4dwBKfgwSWU4RYqUAUGEp7gBV6dB+fZGTlv09YlZzZzAH/gvP8AgWyTSA==</latexit>⇥k
<latexit sha1_base64="kxoKbovjEJcKkOMJqNlj5h2I6Xo=">AAAB73icbVDJSgNBEK1xjXGLevTSGBRPYUbE5Rbw4jGCWSAZQk+nJ2nS0zN21whhyE948aAEr/o53vwGf8LOctDEBwWP96p4VRUkUhh03S9naXlldW09t5Hf3Nre2S3s7ddMnGrGqyyWsW4E1HApFK+iQMkbieY0CiSvB/2bsV9/5NqIWN3jIOF+RLtKhIJRtFKjhSLihvTbhaJbcicgi8SbkWLZ+Rip7+Sk0i58tjoxSyOukElqTNNzE/QzqlEwyYf5Vmp4QlmfdnnTUkVtjJ9N9h2SY6t0SBhrWwrJRP09kdHImEEU2M6IYs/Me2PxP6+ZYnjlZ0IlKXLFpkFhKgnGZHw86QjNGcqBJZRpYXclrEc1ZWhflLdP8OZPXiS1s5J3UTq/84rla5giB4dwBKfgwSWU4RYqUAUGEp7gBV6dB+fZGTlv09YlZzZzAH/gvP8AgWyTSA==</latexit>⇥k

<latexit sha1_base64="7fv07devzvzB55kxpKxxAKUf2xc="></latexit>

T 1
1

<latexit sha1_base64="7fv07devzvzB55kxpKxxAKUf2xc="></latexit>

T 1
1

<latexit sha1_base64="FXVOWphxfIjvDaP5OPjApDuJ9w4="></latexit>

T 1
2

<latexit sha1_base64="FXVOWphxfIjvDaP5OPjApDuJ9w4="></latexit>

T 1
2

<latexit sha1_base64="+qE3rxoALqNeZtwVzKqHDHvUuoE="></latexit>

T 1
4

<latexit sha1_base64="+qE3rxoALqNeZtwVzKqHDHvUuoE="></latexit>

T 1
4

<latexit sha1_base64="KStOp/8GtVVIcDKTuPcxZcDaUkM="></latexit>

T k
1

<latexit sha1_base64="KStOp/8GtVVIcDKTuPcxZcDaUkM="></latexit>

T k
1

Worker 
<latexit sha1_base64="em0BOQBkYDFRurrVeoc/KkD7IvU=">AAACBnicdVBLSwMxGMzWV62vqkcvwSJ4KEu23T5OWvDisQXbCtulZNNsG5p9kGSFsvQueNW/4U28Cv4K/4U/wXSroKIDIcM3k0wyXsyZVAi9GbmV1bX1jfxmYWt7Z3evuH/Qk1EiCO2SiEfi2sOSchbSrmKK0+tYUBx4nPa96cVC799QIVkUXqlZTN0Aj0PmM4KVHnXYsFhCJrKQbVcgMq1aFaGaJtVm3W7Y0DJRhtL5azVDe1h8H4wikgQ0VIRjKR0LxcpNsVCMcDovDBJJY0ymeEwdTUMcUOmm2UPng2xzxNhz0yy1nEWWs7w5PNH+EfQjoVeoYGb+fl+KAylngaedAVYT+VtbDP/SnET5TTdlYZwoGpJlkJ9wqCK46ASOmKBE8ZkmmAimfwLJBAtMlG6uoCv66gH+T3oV06qbdscqtc7AEnlwBI7BKbBAA7TAJWiDLiCAgjtwDx6MW+PReDKel9ac8XnmEPyA8fIBZLWYsw==</latexit>

i
<latexit sha1_base64="em0BOQBkYDFRurrVeoc/KkD7IvU=">AAACBnicdVBLSwMxGMzWV62vqkcvwSJ4KEu23T5OWvDisQXbCtulZNNsG5p9kGSFsvQueNW/4U28Cv4K/4U/wXSroKIDIcM3k0wyXsyZVAi9GbmV1bX1jfxmYWt7Z3evuH/Qk1EiCO2SiEfi2sOSchbSrmKK0+tYUBx4nPa96cVC799QIVkUXqlZTN0Aj0PmM4KVHnXYsFhCJrKQbVcgMq1aFaGaJtVm3W7Y0DJRhtL5azVDe1h8H4wikgQ0VIRjKR0LxcpNsVCMcDovDBJJY0ymeEwdTUMcUOmm2UPng2xzxNhz0yy1nEWWs7w5PNH+EfQjoVeoYGb+fl+KAylngaedAVYT+VtbDP/SnET5TTdlYZwoGpJlkJ9wqCK46ASOmKBE8ZkmmAimfwLJBAtMlG6uoCv66gH+T3oV06qbdscqtc7AEnlwBI7BKbBAA7TAJWiDLiCAgjtwDx6MW+PReDKel9ac8XnmEPyA8fIBZLWYsw==</latexit>

i

Server

Gather
Gradient

Load Data
Patch

Server-Worker strategy

Compute 
Loss 

Gradient
Derivation

Load
Data

Workload 
Pipelining

Within Each GPU Communication

Gather

Compute 
Loss 

Gradient
Derivation

Load
Data

Gather

Loop 
<latexit sha1_base64="zUdkLlU81+Ucobxv+/jJ2RWDsxY=">AAACBnicdVDLSgMxFL1TX7W+qi7dBIvgQspMaaftyoIbly3YB7RDyaRpG5p5kGSEMnQvuNXfcCdu+xv+hZ9gZlpBRS8kOZxzbm5y3JAzqUzz3chsbG5t72R3c3v7B4dH+eOTjgwiQWibBDwQPRdLyplP24opTnuhoNhzOe26s5tE795TIVng36l5SB0PT3w2ZgQrTbXYMF8wi3apXLEtZBbNtBJQs+tWHVlrpnC9hLSaw/zHYBSQyKO+IhxL2bfMUDkxFooRThe5QSRpiMkMT2hfQx97VDpx+tDFID36YuI6cTK1cpWOTPZadYEutH+ExoHQy1coNX+/L8aelHPP1U4Pq6n8rSXkX1o/UuOaEzM/jBT1yWrQOOJIBSjJBI2YoETxuQaYCKZ/gsgUC0yUTi6nI/rKAf0POqWiZRfLLavQqK+ygiycwTlcggVVaMAtNKENBCg8whM8Gw/Gi/FqvK2sGWPdcwo/ylh+AqIbl3o=</latexit>

i
<latexit sha1_base64="zUdkLlU81+Ucobxv+/jJ2RWDsxY=">AAACBnicdVDLSgMxFL1TX7W+qi7dBIvgQspMaaftyoIbly3YB7RDyaRpG5p5kGSEMnQvuNXfcCdu+xv+hZ9gZlpBRS8kOZxzbm5y3JAzqUzz3chsbG5t72R3c3v7B4dH+eOTjgwiQWibBDwQPRdLyplP24opTnuhoNhzOe26s5tE795TIVng36l5SB0PT3w2ZgQrTbXYMF8wi3apXLEtZBbNtBJQs+tWHVlrpnC9hLSaw/zHYBSQyKO+IhxL2bfMUDkxFooRThe5QSRpiMkMT2hfQx97VDpx+tDFID36YuI6cTK1cpWOTPZadYEutH+ExoHQy1coNX+/L8aelHPP1U4Pq6n8rSXkX1o/UuOaEzM/jBT1yWrQOOJIBSjJBI2YoETxuQaYCKZ/gsgUC0yUTi6nI/rKAf0POqWiZRfLLavQqK+ygiycwTlcggVVaMAtNKENBCg8whM8Gw/Gi/FqvK2sGWPdcwo/ylh+AqIbl3o=</latexit>

i

Loop 
<latexit sha1_base64="jNCz0Z816EZlVByo5Mve5mdtuhE=">AAACCHicdVDLSgMxFE3qq9ZX1aWbYFEEZZiptdZdwY3LivYB7VAyaToNzWSGJCOUoT8guNWdH+DKnbj1L/wGN36CaatQXweSHO45Nzc5XsSZ0rb9ClMzs3PzC+nFzNLyyupadn2jpsJYElolIQ9lw8OKciZoVTPNaSOSFAcep3WvfzrS61dUKhaKSz2IqBtgX7AuI1ib0gXbd9rZnG0d5o9KhSL6TRzLHiNXhg/34i3arbSz761OSOKACk04Vqrp2JF2Eyw1I5wOM61Y0QiTPvZp01CBA6rcZPzUYWt8NKXvucloRvFgah+iHePvoG4ozRIajc3T9yU4UGoQeMYZYN1TP7VR8S+tGetuyU2YiGJNBZkM6sYc6RCNUkEdJinRfGAIJpKZnyDSwxITbbLLmIi+ckD/k1recopW4dzJlU/ABGmwBbbBHnDAMSiDM1ABVUCAD27ALbiD1/ARPsHniTUFP3s2wTfAlw9N+ZqD</latexit>

i + 1
<latexit sha1_base64="jNCz0Z816EZlVByo5Mve5mdtuhE=">AAACCHicdVDLSgMxFE3qq9ZX1aWbYFEEZZiptdZdwY3LivYB7VAyaToNzWSGJCOUoT8guNWdH+DKnbj1L/wGN36CaatQXweSHO45Nzc5XsSZ0rb9ClMzs3PzC+nFzNLyyupadn2jpsJYElolIQ9lw8OKciZoVTPNaSOSFAcep3WvfzrS61dUKhaKSz2IqBtgX7AuI1ib0gXbd9rZnG0d5o9KhSL6TRzLHiNXhg/34i3arbSz761OSOKACk04Vqrp2JF2Eyw1I5wOM61Y0QiTPvZp01CBA6rcZPzUYWt8NKXvucloRvFgah+iHePvoG4ozRIajc3T9yU4UGoQeMYZYN1TP7VR8S+tGetuyU2YiGJNBZkM6sYc6RCNUkEdJinRfGAIJpKZnyDSwxITbbLLmIi+ckD/k1recopW4dzJlU/ABGmwBbbBHnDAMSiDM1ABVUCAD27ALbiD1/ARPsHniTUFP3s2wTfAlw9N+ZqD</latexit>

i + 1

Computation

Multi-GPU Pipeline

Distributed Optimization
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Once we have the gradients g1,...,4k∗ of all small tiles T1,...4k∗ partitioned from large

patch Pi, we will fuse the gradient matrices back to a large gradient map G(t)
i in

the iteration t.

Tile 1 Tile 3 In Tile 1

In Tile 2

In Tile 3

In Tile 4

<latexit sha1_base64="/te2qxNeuyx2iG31zp3yJ6268Os="></latexit>

rL = r
4X

i=1

Li/4 ⇡
4X

i=1

rLi/4,

=
1

4
(rL1 + rL2 + rL3 + rL4),

=
1

4
(g1 + g2 + g3 + g4).

<latexit sha1_base64="/te2qxNeuyx2iG31zp3yJ6268Os="></latexit>

rL = r
4X

i=1

Li/4 ⇡
4X

i=1

rLi/4,

=
1

4
(rL1 + rL2 + rL3 + rL4),

=
1

4
(g1 + g2 + g3 + g4).Tile 2 Tile 4

<latexit sha1_base64="iGQyt3SD9auTWL+8lD3RQ+s0HL8=">AAACLXicbVDLSsNAFJ34rPUVdelmsChCoSQ1qMuCXbisYB/QhDKZTtqhkwczE6GE/JAbf0UEFxVx6284SYOP1gsD55x7LnfucSNGhTSMmbayura+sVnaKm/v7O7t6weHHRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1JzdZv/tAuKBhcC+nEXF8NAqoRzGSShrozTNoexzhZDQw08RKYfWb13Nu2+Uq/DFdLJisjA/0ilEz8oLLwCxABRTVGugv9jDEsU8CiRkSom8akXQSxCXFjKRlOxYkQniCRqSvYIB8IpwkvzaFp0oZQi/k6gUS5urviQT5Qkx9Vzl9JMdisZeJ//X6sfSunYQGUSxJgOeLvJhBGcIsOjiknGDJpgogzKn6K8RjpHKQKuCyCsFcPHkZdOo187Jm3VmVRrOIowSOwQk4Bya4Ag1wC1qgDTB4BM9gBt60J+1Ve9c+5tYVrZg5An9K+/wCDQGmPw==</latexit> g1

4
+

g2

4

+
g3

4
+

g4

4

<latexit sha1_base64="iGQyt3SD9auTWL+8lD3RQ+s0HL8=">AAACLXicbVDLSsNAFJ34rPUVdelmsChCoSQ1qMuCXbisYB/QhDKZTtqhkwczE6GE/JAbf0UEFxVx6284SYOP1gsD55x7LnfucSNGhTSMmbayura+sVnaKm/v7O7t6weHHRHGHJM2DlnIey4ShNGAtCWVjPQiTpDvMtJ1JzdZv/tAuKBhcC+nEXF8NAqoRzGSShrozTNoexzhZDQw08RKYfWb13Nu2+Uq/DFdLJisjA/0ilEz8oLLwCxABRTVGugv9jDEsU8CiRkSom8akXQSxCXFjKRlOxYkQniCRqSvYIB8IpwkvzaFp0oZQi/k6gUS5urviQT5Qkx9Vzl9JMdisZeJ//X6sfSunYQGUSxJgOeLvJhBGcIsOjiknGDJpgogzKn6K8RjpHKQKuCyCsFcPHkZdOo187Jm3VmVRrOIowSOwQk4Bya4Ag1wC1qgDTB4BM9gBt60J+1Ve9c+5tYVrZg5An9K+/wCDQGmPw==</latexit> g1

4
+

g2

4

+
g3

4
+

g4

4  

<latexit sha1_base64="Xtu6LLyeSyRBPlbf4mWsJqq11Ys=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklKUZcFXbisYB/QhjCZTtqhkwczE6GErNz4K25cKOLWb3Dn3zhpI2jrgYFzz7mXO/d4MWdSWdaXsbS8srq2Xtoob25t7+yae/ttGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGV7nfuadCsii8U5OYOgEehsxnBCstueZR3xeYpEO3lqW1DJ2hn7qe165ZsarWFGiR2AWpQIGma372BxFJAhoqwrGUPduKlZNioRjhNCv3E0ljTMZ4SHuahjig0kmnZ2ToRCsD5EdCv1Chqfp7IsWBlJPA050BViM57+Xif14vUf6lk7IwThQNyWyRn3CkIpRnggZMUKL4RBNMBNN/RWSEdQ5KJ1fWIdjzJy+Sdq1qn1frt/VK47qIowSHcAynYMMFNOAGmtACAg/wBC/wajwaz8ab8T5rXTKKmQP4A+PjG1KNmGk=</latexit>g2

2
+

g4

2

<latexit sha1_base64="Xtu6LLyeSyRBPlbf4mWsJqq11Ys=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklKUZcFXbisYB/QhjCZTtqhkwczE6GErNz4K25cKOLWb3Dn3zhpI2jrgYFzz7mXO/d4MWdSWdaXsbS8srq2Xtoob25t7+yae/ttGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGV7nfuadCsii8U5OYOgEehsxnBCstueZR3xeYpEO3lqW1DJ2hn7qe165ZsarWFGiR2AWpQIGma372BxFJAhoqwrGUPduKlZNioRjhNCv3E0ljTMZ4SHuahjig0kmnZ2ToRCsD5EdCv1Chqfp7IsWBlJPA050BViM57+Xif14vUf6lk7IwThQNyWyRn3CkIpRnggZMUKL4RBNMBNN/RWSEdQ5KJ1fWIdjzJy+Sdq1qn1frt/VK47qIowSHcAynYMMFNOAGmtACAg/wBC/wajwaz8ab8T5rXTKKmQP4A+PjG1KNmGk=</latexit>g2

2
+

g4

2  

<latexit sha1_base64="s1SgnB8JmzUuc5tm7ZzeCvuoVIA=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEpSi7os6MJlBfuANoTJdNIOnTyYmQgldOXGX3HjQhG3foM7/8ZJG0FbDwyce8693LnHizmTyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWV++54KyaLwTo1j6gR4EDKfEay05JqHPV9gkg7cs0lanaBT9FPXsto1y1bFmgItEjsnZcjRcM3PXj8iSUBDRTiWsmtbsXJSLBQjnE5KvUTSGJMRHtCupiEOqHTS6RkTdKyVPvIjoV+o0FT9PZHiQMpx4OnOAKuhnPcy8T+vmyj/0klZGCeKhmS2yE84UhHKMkF9JihRfKwJJoLpvyIyxDoHpZMr6RDs+ZMXSatasc8rtdtauX6dx1GEAziCE7DhAupwAw1oAoEHeIIXeDUejWfjzXiftRaMfGYf/sD4+AZUJZhq</latexit>g3

2
+

g4

2

<latexit sha1_base64="s1SgnB8JmzUuc5tm7ZzeCvuoVIA=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEpSi7os6MJlBfuANoTJdNIOnTyYmQgldOXGX3HjQhG3foM7/8ZJG0FbDwyce8693LnHizmTyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWV++54KyaLwTo1j6gR4EDKfEay05JqHPV9gkg7cs0lanaBT9FPXsto1y1bFmgItEjsnZcjRcM3PXj8iSUBDRTiWsmtbsXJSLBQjnE5KvUTSGJMRHtCupiEOqHTS6RkTdKyVPvIjoV+o0FT9PZHiQMpx4OnOAKuhnPcy8T+vmyj/0klZGCeKhmS2yE84UhHKMkF9JihRfKwJJoLpvyIyxDoHpZMr6RDs+ZMXSatasc8rtdtauX6dx1GEAziCE7DhAupwAw1oAoEHeIIXeDUejWfjzXiftRaMfGYf/sD4+AZUJZhq</latexit>g3

2
+

g4

2  

<latexit sha1_base64="OobPUuEcH9zePyQy4Bww4MfqDzg=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEpSi7os6MJlBfuANoTJdNIOnTyYmQgldOXGX3HjQhG3foM7/8ZJG0FbDwyce8693LnHizmTyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWV++54KyaLwTo1j6gR4EDKfEay05JqHPV9gkg5ce5JWJ+gU/dRnWe2aZatiTYEWiZ2TMuRouOZnrx+RJKChIhxL2bWtWDkpFooRTielXiJpjMkID2hX0xAHVDrp9IwJOtZKH/mR0C9UaKr+nkhxIOU48HRngNVQznuZ+J/XTZR/6aQsjBNFQzJb5CccqQhlmaA+E5QoPtYEE8H0XxEZYp2D0smVdAj2/MmLpFWt2OeV2m2tXL/O4yjCARzBCdhwAXW4gQY0gcADPMELvBqPxrPxZrzPWgtGPrMPf2B8fANPbZhn</latexit>g1

2
+

g3

2

<latexit sha1_base64="OobPUuEcH9zePyQy4Bww4MfqDzg=">AAACBnicbVDLSsNAFL2pr1pfUZciDBZBEEpSi7os6MJlBfuANoTJdNIOnTyYmQgldOXGX3HjQhG3foM7/8ZJG0FbDwyce8693LnHizmTyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWV++54KyaLwTo1j6gR4EDKfEay05JqHPV9gkg5ce5JWJ+gU/dRnWe2aZatiTYEWiZ2TMuRouOZnrx+RJKChIhxL2bWtWDkpFooRTielXiJpjMkID2hX0xAHVDrp9IwJOtZKH/mR0C9UaKr+nkhxIOU48HRngNVQznuZ+J/XTZR/6aQsjBNFQzJb5CccqQhlmaA+E5QoPtYEE8H0XxEZYp2D0smVdAj2/MmLpFWt2OeV2m2tXL/O4yjCARzBCdhwAXW4gQY0gcADPMELvBqPxrPxZrzPWgtGPrMPf2B8fANPbZhn</latexit>g1

2
+

g3

2  

<latexit sha1_base64="02lskkxSdvWeiRA5nIOW6BESsv0=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklKUZcFXbisYB/QhjCZTtqhkwczE6GErNz4K25cKOLWb3Dn3zhpI2jrgYFzz7mXO/d4MWdSWdaXsbS8srq2Xtoob25t7+yae/ttGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGV7nfuadCsii8U5OYOgEehsxnBCstueZR3xeYpEPXztJahs7QT13La9esWFVrCrRI7IJUoEDTNT/7g4gkAQ0V4VjKnm3FykmxUIxwmpX7iaQxJmM8pD1NQxxQ6aTTMzJ0opUB8iOhX6jQVP09keJAykng6c4Aq5Gc93LxP6+XKP/SSVkYJ4qGZLbITzhSEcozQQMmKFF8ogkmgum/IjLCOgelkyvrEOz5kxdJu1a1z6v123qlcV3EUYJDOIZTsOECGnADTWgBgQd4ghd4NR6NZ+PNeJ+1LhnFzAH8gfHxDU3lmGY=</latexit>g1

2
+

g2

2

<latexit sha1_base64="02lskkxSdvWeiRA5nIOW6BESsv0=">AAACBnicbVDLSsNAFL3xWesr6lKEwSIIQklKUZcFXbisYB/QhjCZTtqhkwczE6GErNz4K25cKOLWb3Dn3zhpI2jrgYFzz7mXO/d4MWdSWdaXsbS8srq2Xtoob25t7+yae/ttGSWC0BaJeCS6HpaUs5C2FFOcdmNBceBx2vHGV7nfuadCsii8U5OYOgEehsxnBCstueZR3xeYpEPXztJahs7QT13La9esWFVrCrRI7IJUoEDTNT/7g4gkAQ0V4VjKnm3FykmxUIxwmpX7iaQxJmM8pD1NQxxQ6aTTMzJ0opUB8iOhX6jQVP09keJAykng6c4Aq5Gc93LxP6+XKP/SSVkYJ4qGZLbITzhSEcozQQMmKFF8ogkmgum/IjLCOgelkyvrEOz5kxdJu1a1z6v123qlcV3EUYJDOIZTsOECGnADTWgBgQd4ghd4NR6NZ+PNeJ+1LhnFzAH8gfHxDU3lmGY=</latexit>g1

2
+

g2

2  

<latexit sha1_base64="8d2OlVCNOX1OXPOdor0JMeYynTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzThFP6aR5CFn1FjpIep7/XLFrbpzkFXi5aQCORr98ldvkLAsRmmYoFp3PTc1/oQqw5nAaamXaUwpG9EIu5ZKGqP2J/NTp+TMKgMSJsqWNGSu/p6Y0FjrcRzYzpiaoV72ZuJ/Xjcz4bU/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/zeMowgmcwjl4cAV1uIMGNIFBBM/wCm+OcF6cd+dj0Vpw8plj+APn8wf1Q42a</latexit>g1
<latexit sha1_base64="8d2OlVCNOX1OXPOdor0JMeYynTQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzThFP6aR5CFn1FjpIep7/XLFrbpzkFXi5aQCORr98ldvkLAsRmmYoFp3PTc1/oQqw5nAaamXaUwpG9EIu5ZKGqP2J/NTp+TMKgMSJsqWNGSu/p6Y0FjrcRzYzpiaoV72ZuJ/Xjcz4bU/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHqX1dp9rVK/zeMowgmcwjl4cAV1uIMGNIFBBM/wCm+OcF6cd+dj0Vpw8plj+APn8wf1Q42a</latexit>g1 

<latexit sha1_base64="f8jVKebh//I5mvNOqnloQXYgTLo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzThFP6aR5CFn1FjpIerX+uWKW3XnIKvEy0kFcjT65a/eIGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqIRdi2VNEbtT+anTsmZVQYkTJQtachc/T0xobHW4ziwnTE1Q73szcT/vG5mwmt/wmWaGZRssSjMBDEJmf1NBlwhM2JsCWWK21sJG1JFmbHplGwI3vLLq6R1UfUuq7X7WqV+m8dRhBM4hXPw4ArqcAcNaAKDCJ7hFd4c4bw4787HorXg5DPH8AfO5w/5z42d</latexit>g4
<latexit sha1_base64="f8jVKebh//I5mvNOqnloQXYgTLo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCHjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAejm5nffkKleSIfzThFP6aR5CFn1FjpIerX+uWKW3XnIKvEy0kFcjT65a/eIGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqIRdi2VNEbtT+anTsmZVQYkTJQtachc/T0xobHW4ziwnTE1Q73szcT/vG5mwmt/wmWaGZRssSjMBDEJmf1NBlwhM2JsCWWK21sJG1JFmbHplGwI3vLLq6R1UfUuq7X7WqV+m8dRhBM4hXPw4ArqcAcNaAKDCJ7hFd4c4bw4787HorXg5DPH8AfO5w/5z42d</latexit>g4 <latexit sha1_base64="2w7Da88bSXCZzV4q5aSkTIeo/W8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FPXisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMr2f+4xMqzWP5YCYJ+hEdSh5yRo2V7of9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2repdVOt39UrjJo+jCCdwCufgwSU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/2x42b</latexit>g2

<latexit sha1_base64="2w7Da88bSXCZzV4q5aSkTIeo/W8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FPXisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMr2f+4xMqzWP5YCYJ+hEdSh5yRo2V7of9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2repdVOt39UrjJo+jCCdwCufgwSU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/2x42b</latexit>g2 

<latexit sha1_base64="5YrDhZw7vCcUblGdhYZenVF5OVw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCHjxWtB/QhrLZbtKlm03YnQil9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IJXCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMkmmGW+yRCa6E1DDpVC8iQIl76Sa0ziQvB2Mrmd++5FrIxL1gOOU+zGNlAgFo2il+6h/3i9X3Ko7B/lLvJxUIEejX/7sDRKWxVwhk9SYruem6E+oRsEkn5Z6meEpZSMa8a6lisbc+JP5qVNyYpUBCRNtSyGZqz8nJjQ2ZhwHtjOmODTL3kz8z+tmGF75E6HSDLlii0VhJgkmZPY3GQjNGcqxJZRpYW8lbEg1ZWjTKdkQvOWX/5LWWdW7qNbuapX6TR5HEY7gGE7Bg0uowy00oAkMIniCF3h1pPPsvDnvi9aCk88cwi84H9/4S42c</latexit>g3
<latexit sha1_base64="5YrDhZw7vCcUblGdhYZenVF5OVw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCHjxWtB/QhrLZbtKlm03YnQil9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IJXCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMkmmGW+yRCa6E1DDpVC8iQIl76Sa0ziQvB2Mrmd++5FrIxL1gOOU+zGNlAgFo2il+6h/3i9X3Ko7B/lLvJxUIEejX/7sDRKWxVwhk9SYruem6E+oRsEkn5Z6meEpZSMa8a6lisbc+JP5qVNyYpUBCRNtSyGZqz8nJjQ2ZhwHtjOmODTL3kz8z+tmGF75E6HSDLlii0VhJgkmZPY3GQjNGcqxJZRpYW8lbEg1ZWjTKdkQvOWX/5LWWdW7qNbuapX6TR5HEY7gGE7Bg0uowy00oAkMIniCF3h1pPPsvDnvi9aCk88cwi84H9/4S42c</latexit>g3 

<latexit sha1_base64="OAfj7/UlDMTlMaSTcXNxi7cUc9w=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLgiBuhAr2AW0ok+mkHTqZhJmJGEJE8FfcuFDErX/hzr9xknahrQcu93DOHebe44aMSmVZ30ZhYXFpeaW4Wlpb39jcMrd3WjKIBCZNHLBAdFwkCaOcNBVVjHRCQZDvMtJ2xxeZ374jQtKA36o4JI6Phpx6FCOlpb651/ORGrlekneqkus0rdwfx0d9s2xVrRxwnthTUgZTNPrmV28Q4MgnXGGGpOzaVqicBAlFMSNpqRdJEiI8RkPS1ZQjn0gnyS9I4aFWBtALhC6uYK7+fpEgX8rYd/Vktqec9TLxP68bKe/cSSgPI0U4nnzkRQyqAGZxwAEVBCsWa4KwoHpXiEdIIKx0aCUdgj178jxpnVTt02rtplauXz5O4iiCfXAAKsAGZ6AOrkADNAEGD+AZvII348l4Md6Nj8lowZhGuAv+wPj8AcZ8l4Q=</latexit>

M (x, y)
<latexit sha1_base64="OAfj7/UlDMTlMaSTcXNxi7cUc9w=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLgiBuhAr2AW0ok+mkHTqZhJmJGEJE8FfcuFDErX/hzr9xknahrQcu93DOHebe44aMSmVZ30ZhYXFpeaW4Wlpb39jcMrd3WjKIBCZNHLBAdFwkCaOcNBVVjHRCQZDvMtJ2xxeZ374jQtKA36o4JI6Phpx6FCOlpb651/ORGrlekneqkus0rdwfx0d9s2xVrRxwnthTUgZTNPrmV28Q4MgnXGGGpOzaVqicBAlFMSNpqRdJEiI8RkPS1ZQjn0gnyS9I4aFWBtALhC6uYK7+fpEgX8rYd/Vktqec9TLxP68bKe/cSSgPI0U4nnzkRQyqAGZxwAEVBCsWa4KwoHpXiEdIIKx0aCUdgj178jxpnVTt02rtplauXz5O4iiCfXAAKsAGZ6AOrkADNAEGD+AZvII348l4Md6Nj8lowZhGuAv+wPj8AcZ8l4Q=</latexit>

M (x, y)

Gradient fusion on the overlapping area.

Micro-level Stitching & Boundary Healing
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After obtaining the masks of large patches with inner boundaries fixed, we also
need to tackle the stitching boundary of these large patches.

Considering the huge patch size, we only apply a small healing box M on the
boundary area to heal stitching errors.

Vertical CrossoverHorizontal

Stitching 
boundary1

0

Healing 
Box

Macro-level boundary healing strategy. The healing box is the ILT lithography area. We add a mask
on the gradient ∂L

∂M during backward propagation. The dark blue area is 1 where the gradient is
kept, and the light blue area is 0 where the gradient is neglected.

Macro-level Stitching & Boundary Healing
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Boundary 

Healing area

(a)

Healing effect

Healing area

(b)

Visualization of healing effect. The left figure is the overlapping area without macro-level healing.
The right figure is the same area after macro-level healing. This crop is from our Metal-1 layer
result.

Macro-level Stitching & Boundary Healing
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Experimental Results



The benchmark used in our experiments is from an actual GCD design which
generated by OpenROAD7 in FreePDK458 process design kit.

Table: Benchmark Details

Bench #Polygons
Bounding Box

(nm × nm)
Total Area

(nm2)
Average
Degree

Metal 5043 80528 × 80192 1675692925 5.8
Via 5411 73696 × 68992 22861474 4.0

Poly 1126 73696 × 68992 88904249 5.1
Pimplant 1830 80528 × 80192 3892569599 4.0

7OpenROAD (n.d.). https://github.com/The-OpenROAD-Project/OpenROAD.
8FreePDK45 (n.d.). https://eda.ncsu.edu/freepdk/freepdk45/.

Benchmark Details
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Table: Comparisons of EPE, PVBand, L2 Loss and Runtime

Bench
DAC’229

w/o. Macro Boundary Healing
FuILT

w/o. Macro Boundary Healing
FuILT

w. Macro Boundary Healing

#EPE PVB (nm2) L2 (nm2) RT (s) S(×107) #EPE PVB (nm2) L2 (nm2) RT (s) S(×107) #EPE PVB (nm2) L2 (nm2) RT (s) S(×107)

Metal-1 24668 120961048 224397927 2956 83.16 1243 66938717 158733917 3179 43.27 1221 66810974 154685729 4563 42.80

Via 127 6520380 9851354 1827 3.66 10 6445143 7931745 1902 3.38 10 6432513 7815421 2741 3.36

Poly 164 40238769 43742084 1831 20.55 59 32249748 31708247 1936 16.10 53 32055284 30297295 2836 15.88

Pimplant 4885 76507491 58102567 2837 38.86 1674 76389450 56955213 3174 37.09 1668 76310462 56664328 4475 37.03

Total 29844 244227688 336093932 9451 146.23 2986 182023058 255329122 10191 99.84 2952 181609233 249462773 14615 99.07

Ratio 9.99 1.34 1.31 1.00 1.46 1.00 1.00 1.00 1.08 1.00 0.98 0.99 0.97 1.54 0.99

9Haoyu Yang, Zongyi Li, et al. (2022). “Generic lithography modeling with dual-band
optics-inspired neural networks”. In: Proc. DAC, pp. 973–978.

Result Comparison
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(a) Speed-up visualization with the multi-GPU
mechanism.

14.9%

Compute (ILT)

18.4%

Communication

66.7%

Lithography

(b) Time breakdown of complete flow.

Time consumption analysis of Full Chip ILT System.

Runtime Breakdown
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(a) DAC’22Yang, Li, et al. 2022 (b) Ours

Visualization of printed on-wafer image: large scale patterns and local boundary error areas.

Visualization Result
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(a) DAC’22 Yang, Li, et al.
2022

(b) Ours (c) Target Image

Visualization of the Via layer printed image. The figure compares via optimization result with the
target image.

Visualization Result
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Conclusion



Main techniques:
• Recursively layout partitioning & Gradient stitching

• Distributed Optimization with pipeline

• Incremental re-optimization using healing boxes.

Main Contributions:

1 Solve the boundary stitching error in full-chip ILT.

2 Show the full-chip ILT result in a metal layer.

3 Present gradient stitching instead of mask stitching.

Conclusion
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THANK YOU!
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