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2 / 40 I Placement is an essential step in the physical design flow, it assigns exact locations for
various circuit components within the chip’s core area

I Typical placement objectives include total wirelength, timing, congestion, and power
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Global Placement and Legalization

c3

<latexit sha1_base64="ttnAodULSv03Adc6W3pIZi9sRts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBKt6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6YP3LfqnsVt05yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa2LqlerXt3XyvVKHkcBTuEMKuDBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDpcY17</latexit>

c4

<latexit sha1_base64="Vbdeq+nar9AJtaICHStdGTmv71g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2xQH5Qrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNa9eu7qvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDq9Y18</latexit>

c5

<latexit sha1_base64="wYaG5uUgMxsLOmYOPiUr6oYylYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIix4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK92zQGJQrbs1dgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn1WuOuXmlW8ziKcAbnUAUPrqAJt9CCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHseY19</latexit>

c1

<latexit sha1_base64="km1/RZPmc+yvGtjCB+UjVXnaLH0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSA+t7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wvb6vVeo3eRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHvg42X</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(a) Global Placement

c1

<latexit sha1_base64="km1/RZPmc+yvGtjCB+UjVXnaLH0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSA+t7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wvb6vVeo3eRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AHvg42X</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

c3

<latexit sha1_base64="ttnAodULSv03Adc6W3pIZi9sRts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBKt6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6YP3LfqnsVt05yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa2LqlerXt3XyvVKHkcBTuEMKuDBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDpcY17</latexit>

c4

<latexit sha1_base64="Vbdeq+nar9AJtaICHStdGTmv71g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2xQH5Qrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNa9eu7qvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDq9Y18</latexit>

c5

<latexit sha1_base64="wYaG5uUgMxsLOmYOPiUr6oYylYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIix4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK92zQGJQrbs1dgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn1WuOuXmlW8ziKcAbnUAUPrqAJt9CCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHseY19</latexit>

(b) Legalization
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Mixed-Cell-Height Legalization

Objectives
I No overlapped cells.
I Cells aligned with layout power lines.
I Cells entirely placed within assigned fences.

Preserve Global Placement Quality
I Minimize cell displacement.

δi = |xi − x′i|+ |yi − y′i|,

Sam =
1
|H|

∑
h∈H

1
|Ch|

∑
ci∈Ch

δi.
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Multi-row Global Legalization [Li+, DAC’2018]

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c3

<latexit sha1_base64="ttnAodULSv03Adc6W3pIZi9sRts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBKt6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6YP3LfqnsVt05yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa2LqlerXt3XyvVKHkcBTuEMKuDBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDpcY17</latexit>

c4

<latexit sha1_base64="Vbdeq+nar9AJtaICHStdGTmv71g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2xQH5Qrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNa9eu7qvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDq9Y18</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(a)

c4

<latexit sha1_base64="Vbdeq+nar9AJtaICHStdGTmv71g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2xQH5Qrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNa9eu7qvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDq9Y18</latexit>

cu

<latexit sha1_base64="2qGRF+Ip1TFU5AA+vDT2cLFK6Iw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3SQbni1twFyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+3LmlevXd3XK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP02Ijb0=</latexit>

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

cu

<latexit sha1_base64="2qGRF+Ip1TFU5AA+vDT2cLFK6Iw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3SQbni1twFyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+3LmlevXd3XK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP02Ijb0=</latexit>

cu

<latexit sha1_base64="2qGRF+Ip1TFU5AA+vDT2cLFK6Iw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3SQbni1twFyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+3LmlevXd3XK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP02Ijb0=</latexit>

cu

<latexit sha1_base64="2qGRF+Ip1TFU5AA+vDT2cLFK6Iw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3SQbni1twFyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+3LmlevXd3XK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP02Ijb0=</latexit>

c3

<latexit sha1_base64="ttnAodULSv03Adc6W3pIZi9sRts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBKt6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6YP3LfqnsVt05yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa2LqlerXt3XyvVKHkcBTuEMKuDBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDpcY17</latexit>

(b)

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

c3

<latexit sha1_base64="ttnAodULSv03Adc6W3pIZi9sRts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBKt6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6YP3LfqnsVt05yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa2LqlerXt3XyvVKHkcBTuEMKuDBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDpcY17</latexit>

c4

<latexit sha1_base64="Vbdeq+nar9AJtaICHStdGTmv71g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2xQH5Qrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNa9eu7qvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDq9Y18</latexit>

cu

<latexit sha1_base64="2qGRF+Ip1TFU5AA+vDT2cLFK6Iw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3SQbni1twFyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+3LmlevXd3XK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP02Ijb0=</latexit>

(c)

Target Cell GP Location
Local Legalized Cell

Candidate Insertion Points
Power/Ground Rail

I Local Cell Search: Find a target cell (unlegalized) and its surrounding legalized cells
within a window.

I Insertion Interval Evaluation: Find possible intervals to insert the target cell and
caused displacement.

I Target Cell Legalization: Place the target cell at the interval with min displacement.
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Runtime Scales of MGL
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GPU vs. CPU

Control
ALU

ALUALU

ALU

Cache

DRAM

(a)

DRAM

(b)

Grid
Block0

Block1

Block2

BlockM

…

Block0
Thread0

ThreadN

Thread1

Thread2
…

(c)

I CPU is talented at complicated control logic and instruction set.
I GPU comes with massive computing units and simple control units.
I GPU also support multi-level thread hierarchy.
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Our Proposal: Heterogeneous Global Legalization
Global Placement

1 2 … N

Cell Grouping

Unlegalized Cell in Group

Fetch Batch

GPU Legalization

CPU Legalization

N
ext B

atch

Legalized Group

Complete

N
ext G

roup

Fetch Group in Order

Legalized Cells
Unlegalized Cells

I We observe large fraction of cells (> 90%) can be easily legalized.
I Minor cells are hard to legalize that requires iterative search, lift and replace.
I GPU handles massive easy-to-place cells and leave few stubborn cells to CPU.
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Key Kernel Functions

Local Region Search

Bin1

Bin4

Bin2

Bin5

Bin3

Bin6

Bin0

Bin7

(a)

Bin1

Bin4

Bin2

Bin5

Bin3

Bin6

Bin0

Bin7

(b)

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

c3

<latexit sha1_base64="ttnAodULSv03Adc6W3pIZi9sRts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBKt6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6YP3LfqnsVt05yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa2LqlerXt3XyvVKHkcBTuEMKuDBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDpcY17</latexit>

c4

<latexit sha1_base64="Vbdeq+nar9AJtaICHStdGTmv71g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2xQH5Qrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNa9eu7qvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDq9Y18</latexit>

cu

<latexit sha1_base64="2qGRF+Ip1TFU5AA+vDT2cLFK6Iw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3SQbni1twFyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+3LmlevXd3XK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP02Ijb0=</latexit>

c5

<latexit sha1_base64="wYaG5uUgMxsLOmYOPiUr6oYylYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIix4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK92zQGJQrbs1dgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn1WuOuXmlW8ziKcAbnUAUPrqAJt9CCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHseY19</latexit>

c6

<latexit sha1_base64="lfSNFf889wnvhFob/fgI4D3U97k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JI/TgWvHisaGuhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdM/6l/1yxa25c5BV4uWkAjma/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0n7vObVaxd39UqjmsdRhBM4hSp4cAUNuIUmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/t/Y1+</latexit>

c7

<latexit sha1_base64="h5PJugLEPEBfcUyP6IuTYwZewn4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIpR4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK92zQGJQrbs1dgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn12tVdvdKs5nEU4QzOoQoeNKAJt9CCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHvgY1/</latexit>

(c)

(a) Bin extraction; (b) Local cell search on bins that touch the given search window; (c) Extracted region with
local cells.
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Key Kernel Functions
Interval Evaluation

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(a) Local Cells

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(b) Interval I0

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(c) Interval I1

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(d) Interval I2

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(e) Interval I3

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(f) Interval I4

(a) An example search window with 2 local cells; (b) Bottom row interval with c1 and c2 pushed to right; (c)
Bottom row interval with c1 pushed to left and c2 pushed to right; (d) Bottom row interval with c1 and c2 pushed
to left; (e) Top row interval with c1 and c2 pushed to left; (f) Top row interval with c2 pushed to right.
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c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(a) Local Cells

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(b) Interval I0

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(c) Interval I1

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(d) Interval I2

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(e) Interval I3

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

(f) Interval I4

(a) An example search window with 2 local cells; (b) Bottom row interval with c1 and c2 pushed to right; (c)
Bottom row interval with c1 pushed to left and c2 pushed to right; (d) Bottom row interval with c1 and c2 pushed
to left; (e) Top row interval with c1 and c2 pushed to left; (f) Top row interval with c2 pushed to right.
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GPU Local Region Search

Block i

0
1

…
N-1

Threads

Placed Cell 0
Placed Cell 1

…
Placed Cell N-1

Cell Search Assignment

0
1

…
0

SyncThreads

Wi

<latexit sha1_base64="LWDeOW6vCklkkCuTUwROi+335a8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRii4LblxWsA9oQ5hMJ+3QySTMTIQa8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcU3EqCe2SmMdyEGBFORO0q5nmdJBIiqOA034wuy38/iOVisXiQc8T6kV4IljICNZG8u36KMJ6SjDP+rmfsdy3G07TWQCtE7ckDSjR8e2v0TgmaUSFJhwrNXSdRHsZlpoRTvPaKFU0wWSGJ3RoqMARVV62CJ6jc6OMURhL84RGC/X3RoYjpeZRYCaLmGrVK8T/vGGqwxsvYyJJNRVkeShMOdIxKlpAYyYp0XxuCCaSmayITLHERJuuaqYEd/XL66R32XRbzav7VqPtlHVU4RTO4AJcuIY23EEHukAghWd4hTfryXqx3q2P5WjFKndO4A+szx9WV5N8</latexit>

(a)

Block i

0

1

…

N-1

Threads

Row 0

Row 1

…
Row N-1

Window Refinement

New Row 0

New Row 1

…
New Row N-1

SyncThreads

Wi

<latexit sha1_base64="LWDeOW6vCklkkCuTUwROi+335a8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRii4LblxWsA9oQ5hMJ+3QySTMTIQa8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcU3EqCe2SmMdyEGBFORO0q5nmdJBIiqOA034wuy38/iOVisXiQc8T6kV4IljICNZG8u36KMJ6SjDP+rmfsdy3G07TWQCtE7ckDSjR8e2v0TgmaUSFJhwrNXSdRHsZlpoRTvPaKFU0wWSGJ3RoqMARVV62CJ6jc6OMURhL84RGC/X3RoYjpeZRYCaLmGrVK8T/vGGqwxsvYyJJNRVkeShMOdIxKlpAYyYp0XxuCCaSmayITLHERJuuaqYEd/XL66R32XRbzav7VqPtlHVU4RTO4AJcuIY23EEHukAghWd4hTfryXqx3q2P5WjFKndO4A+szx9WV5N8</latexit>

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

c3

<latexit sha1_base64="ttnAodULSv03Adc6W3pIZi9sRts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBKt6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6YP3LfqnsVt05yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa2LqlerXt3XyvVKHkcBTuEMKuDBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDpcY17</latexit>

c4

<latexit sha1_base64="Vbdeq+nar9AJtaICHStdGTmv71g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2xQH5Qrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNa9eu7qvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDq9Y18</latexit>

cu

<latexit sha1_base64="2qGRF+Ip1TFU5AA+vDT2cLFK6Iw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3SQbni1twFyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+3LmlevXd3XK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP02Ijb0=</latexit>

c5

<latexit sha1_base64="wYaG5uUgMxsLOmYOPiUr6oYylYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIix4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK92zQGJQrbs1dgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn1WuOuXmlW8ziKcAbnUAUPrqAJt9CCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHseY19</latexit>

c6

<latexit sha1_base64="lfSNFf889wnvhFob/fgI4D3U97k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JI/TgWvHisaGuhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdM/6l/1yxa25c5BV4uWkAjma/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0n7vObVaxd39UqjmsdRhBM4hSp4cAUNuIUmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/t/Y1+</latexit>

c7

<latexit sha1_base64="h5PJugLEPEBfcUyP6IuTYwZewn4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIpR4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK92zQGJQrbs1dgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn12tVdvdKs5nEU4QzOoQoeNKAJt9CCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHvgY1/</latexit>

c1

<latexit sha1_base64="pEKryJykqmMI2JzE1qc0BsRAbGQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYo8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2zgDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/FsO5nQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atVr+9rlUY9j6MIZ3AOl+DBDTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+s5jYk=</latexit>

c2

<latexit sha1_base64="VEWkxvnkLJglPypFb97iPBSVYIQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VJJS0WPBi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz0wAa1QansVt0FyDrxclKGHM1B6as/jFkaoTRMUK17npsYP6PKcCZwVuynGhPKJnSEPUsljVD72eLUGbm0ypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2naEPwVl9eJ+1a1atXr+7r5UYlj6MA53ABFfDgGhpwB01oAYMRPMMrvDnCeXHenY9l64aTz5zBHzifP+ftjXo=</latexit>

c3

<latexit sha1_base64="ttnAodULSv03Adc6W3pIZi9sRts=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSL0VBKt6LHgxWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6YP3LfqnsVt05yCrxclKGHI1+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa2LqlerXt3XyvVKHkcBTuEMKuDBNdThDhrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwDpcY17</latexit>

c4

<latexit sha1_base64="Vbdeq+nar9AJtaICHStdGTmv71g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD2xQH5Qrbs1dgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtqXNa9eu7qvVxrVPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDq9Y18</latexit>

cu

<latexit sha1_base64="2qGRF+Ip1TFU5AA+vDT2cLFK6Iw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpgQ3SQbni1twFyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+3LmlevXd3XK41qHkcRzuAcquDBNTTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP02Ijb0=</latexit>

c5

<latexit sha1_base64="wYaG5uUgMxsLOmYOPiUr6oYylYs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIix4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK92zQGJQrbs1dgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn1WuOuXmlW8ziKcAbnUAUPrqAJt9CCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHseY19</latexit>

c6

<latexit sha1_base64="lfSNFf889wnvhFob/fgI4D3U97k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JI/TgWvHisaGuhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdM/6l/1yxa25c5BV4uWkAjma/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0n7vObVaxd39UqjmsdRhBM4hSp4cAUNuIUmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/t/Y1+</latexit>

c7

<latexit sha1_base64="h5PJugLEPEBfcUyP6IuTYwZewn4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIpR4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK92zQGJQrbs1dgKwTLycVyNEalL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn12tVdvdKs5nEU4QzOoQoeNKAJt9CCNjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHvgY1/</latexit>

Wi

<latexit sha1_base64="LWDeOW6vCklkkCuTUwROi+335a8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRii4LblxWsA9oQ5hMJ+3QySTMTIQa8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcU3EqCe2SmMdyEGBFORO0q5nmdJBIiqOA034wuy38/iOVisXiQc8T6kV4IljICNZG8u36KMJ6SjDP+rmfsdy3G07TWQCtE7ckDSjR8e2v0TgmaUSFJhwrNXSdRHsZlpoRTvPaKFU0wWSGJ3RoqMARVV62CJ6jc6OMURhL84RGC/X3RoYjpeZRYCaLmGrVK8T/vGGqwxsvYyJJNRVkeShMOdIxKlpAYyYp0XxuCCaSmayITLHERJuuaqYEd/XL66R32XRbzav7VqPtlHVU4RTO4AJcuIY23EEHukAghWd4hTfryXqx3q2P5WjFKndO4A+szx9WV5N8</latexit>

Wi

<latexit sha1_base64="LWDeOW6vCklkkCuTUwROi+335a8=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRii4LblxWsA9oQ5hMJ+3QySTMTIQa8iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8O6fXTcU3EqCe2SmMdyEGBFORO0q5nmdJBIiqOA034wuy38/iOVisXiQc8T6kV4IljICNZG8u36KMJ6SjDP+rmfsdy3G07TWQCtE7ckDSjR8e2v0TgmaUSFJhwrNXSdRHsZlpoRTvPaKFU0wWSGJ3RoqMARVV62CJ6jc6OMURhL84RGC/X3RoYjpeZRYCaLmGrVK8T/vGGqwxsvYyJJNRVkeShMOdIxKlpAYyYp0XxuCCaSmayITLHERJuuaqYEd/XL66R32XRbzav7VqPtlHVU4RTO4AJcuIY23EEHukAghWd4hTfryXqx3q2P5WjFKndO4A+szx9WV5N8</latexit>

Row 0

Row 1

Row 2

Row 3

Refine

(b)

GPU local region Wi extraction. CUDA thread management for (a) local cell search and (b) search window
refinement, where each thread block is responsible for the search window of one target cell.
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I0
<latexit sha1_base64="LZW+NxHCBJHR3YRz01asB2GAL/E=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkXoqsxUQZcFN7qrYB/QDiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05fiy4No7zjQobm1vbO8Xd0t7+weFR+fikraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpv5nSlTmkfy0cxi5oVkJHnAKTFW8vohMWNKRHo/HziDcsWpOQvgdeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWDzUj/RLCZ0QkasZ6kkIdNeugg9xxdWGeIgUvZJgxfq742UhFrPQt9OZiH1qpeJ/3m9xAQ3XsplnBgm6fJQkAhsIpw1gIdcMWrEzBJCFbdZMR0TRaixPZVsCe7ql9dJu15zL2v1h6tKo5rXUYQzOIcquHANDbiDJrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBofyR7A==</latexit>

I1
<latexit sha1_base64="KpmmDQgxVHciUisffFdhwG8t0P4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkXoqsxUQZcFN7qrYB/QDiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05fiy4No7zjQobm1vbO8Xd0t7+weFR+fikraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpv5nSlTmkfy0cxi5oVkJHnAKTFW8vohMWNKRHo/H7iDcsWpOQvgdeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWDzUj/RLCZ0QkasZ6kkIdNeugg9xxdWGeIgUvZJgxfq742UhFrPQt9OZiH1qpeJ/3m9xAQ3XsplnBgm6fJQkAhsIpw1gIdcMWrEzBJCFbdZMR0TRaixPZVsCe7ql9dJu15zL2v1h6tKo5rXUYQzOIcquHANDbiDJrSAwhM8wyu8oSl6Qe/oYzlaQPnOKfwB+vwBo4CR7Q==</latexit>

I2
<latexit sha1_base64="5LetGhxR2HU7L2dduyMl8/GzoqA=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkXoqsxUQZcFN7qrYB/QDiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05fiy4No7zjQobm1vbO8Xd0t7+weFR+fikraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpv5nSlTmkfy0cxi5oVkJHnAKTFW8vohMWNKRHo/H9QH5YpTcxbA68TNSQVyNAflr/4woknIpKGCaN1zndh4KVGGU8HmpX6iWUzohIxYz1JJQqa9dBF6ji+sMsRBpOyTBi/U3xspCbWehb6dzELqVS8T//N6iQluvJTLODFM0uWhIBHYRDhrAA+5YtSImSWEKm6zYjomilBjeyrZEtzVL6+Tdr3mXtbqD1eVRjWvowhncA5VcOEaGnAHTWgBhSd4hld4Q1P0gt7Rx3K0gPKdU/gD9PkDpQSR7g==</latexit>

Ik
<latexit sha1_base64="Un2R1GLpzDHCLGMFlJ5vaFd1oIQ=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkXoqsxUQZcFN7qrYB/QDiWTZtrQTGZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05fiy4No7zjQobm1vbO8Xd0t7+weFR+fikraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpv5nSlTmkfy0cxi5oVkJHnAKTFW8vohMWNKRHo/H0wG5YpTcxbA68TNSQVyNAflr/4woknIpKGCaN1zndh4KVGGU8HmpX6iWUzohIxYz1JJQqa9dBF6ji+sMsRBpOyTBi/U3xspCbWehb6dzELqVS8T//N6iQluvJTLODFM0uWhIBHYRDhrAA+5YtSImSWEKm6zYjomilBjeyrZEtzVL6+Tdr3mXtbqD1eVRjWvowhncA5VcOEaGnAHTWgBhSd4hld4Q1P0gt7Rx3K0gPKdU/gD9PkD+2iSJw==</latexit>

Batch GPU Blocks Parallel Interval Evaluation Batch Cell Legalization

Illustration of GPU legalization kernel.
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Discussion: Why CPU Do Better on Stubborn Cells?

I In CPU, insertion interval candidates are handled in Queue structure such that each
possible interval will be evaluated.

I Complicated data structure is not available on GPU, we therefore limit the max # of
possible intervals.

I When there are no available interval to place a cell, CPU implementation can increase
the window size and perform legalization iteratively, which is extremely costly for GPU.
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Performance Evaluation of HGL
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I MGL evaluated on CPU with 8 Thread.
I HGL evaluated on GeForce GTX1660Ti.
I HGL achieves comparable legalization performance with 2× speedup over 8T CPU

even we are only using very low end GPU.
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Efficiency Study
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(c) Runtime Breakdown-Kernel
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Summary and Future Work

I Discuss the opportunity of high performance legalization on GPU-CPU heterogeneous
platforms.

I Proposed HGL algorithm with GPU legalization kernels, CPU global legalization and
task scheduling.

I Reduce CPU-GPU communication overhead.
I Optimize memory usage.
I Smarter scheduler for concurrent CPU GPU execution.
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Thank You
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