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Introduction



<latexit sha1_base64="LuyRiAqmEzNfJF1gIS3ssAKYpyw=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgKiRaH8uiG5cV7APaUCbTSTt0ZhJmJkIJ/QU3LhRx6w+582+ctFlo9cCFwzn3cu89YcKZNp735ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa55LnnF4NqzXO9OdBf4hekBgWag+pnfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hE6sMURQrW9KgufpzIsNC66kIbafAZqyXvVz8z+ulJroOMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0VkTFWmBgbT8WG4C+//Je0z1z/0q3f12uNmyKOMhzBMZyCD1fQgDtoQgsIjOEJXuDVEc6z8+a8L1pLTjFzCL/gfHwDzz+NcQ==</latexit>
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<latexit sha1_base64="kD2zMeaXoJMYdKaCxT4v9rnESno=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hK/TgWvXisYGuhDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1NaW9/Y3CpvV3Z29/YPqodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Gk9vcf3yiSrNYPphpQgOBR5JFjGCTS55bvxhUa57rzYFWiV+QGhRoDapf/WFMUkGlIRxr3fO9xAQZVoYRTmeVfqppgskEj2jPUokF1UE2v3WGzqwyRFGsbEmD5urviQwLracitJ0Cm7Fe9nLxP6+Xmug6yJhMUkMlWSyKUo5MjPLH0ZApSgyfWoKJYvZWRMZYYWJsPBUbgr/88irp1F3/0m3cN2rNmyKOMpzAKZyDD1fQhDtoQRsIjOEZXuHNEc6L8+58LFpLTjFzDH/gfP4AzbqNcA==</latexit>

0.25
<latexit sha1_base64="RyVENgbJQZnpS1EbAtGWX0OGpv4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikaI9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91wepf73SeqNIvlo5klNBB4LFnECDa55Ll+Y1itea63AFonfkFqUKA1rH4NRjFJBZWGcKx13/cSE2RYGUY4nVcGqaYJJlM8pn1LJRZUB9ni1jm6sMoIRbGyJQ1aqL8nMiy0nonQdgpsJnrVy8X/vH5qokaQMZmkhkqyXBSlHJkY5Y+jEVOUGD6zBBPF7K2ITLDCxNh4KjYEf/XlddK5cv1rt/5QrzVvizjKcAbncAk+3EAT7qEFbSAwgWd4hTdHOC/Ou/OxbC05xcwp/IHz+QPQwY1y</latexit>

0.18
<latexit sha1_base64="2tiU7Jfb+atTX90SNN4TR96imZQ=">AAAB63icbVDLSsNAFL2pr1pfVZduBovgKiRSH8uiG5cV7APaUCbTSTt0ZhJmJkIJ/QU3LhRx6w+582+ctFlo64ELh3Pu5d57woQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxyyXP9y0G15rneHGiV+AWpQYHmoPrVH8YkFVQawrHWPd9LTJBhZRjhdFbpp5ommEzwiPYslVhQHWTzW2fozCpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7Eh+Msvr5L2hetfufWHeq1xW8RRhhM4hXPw4RoacA9NaAGBMTzDK7w5wnlx3p2PRWvJKWaO4Q+czx/MNY1v</latexit>

0.15
<latexit sha1_base64="Z+vtZmPf7JI/qnwxSDfRHKAR3w8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0i0qMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCoreNUEdoiMY9VN8SaciZpyzDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8lz/clCtea43B1olfkFqUKA5qH71hzFJBZWGcKx1z/cSE2RYGUY4nVX6qaYJJhM8oj1LJRZUB9n81hk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrZy8X/vF5qopsgYzJJDZVksShKOTIxyh9HQ6YoMXxqCSaK2VsRGWOFibHxVGwI/vLLq6R94fpXbv2hXmvcFnGU4QRO4Rx8uIYG3EMTWkBgDM/wCm+OcF6cd+dj0Vpyiplj+APn8wfJLY1t</latexit>

0.13
<latexit sha1_base64="kfNhaM+moJIUuzopJRwPVsH58a4=">AAAB63icbVDLSgMxFL1TX7W+qi7dBIvgqsxI8bErunFZwT6gHUomzbShSWZIMkIZ+gtuXCji1h9y59+Ymc5CWw+EHM65l3vvCWLOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJJLfu3gyrNfvlQKvEK0gNCrSG1a/BKCKJoNIQjrXue25s/BQrwwin88og0TTGZIrHtG+pxIJqP813naMzq4xQGCn7pEG5+rsjxULrmQhspcBmope9TPzP6ycmvPZTJuPEUEkWg8KEIxOh7HA0YooSw2eWYKKY3RWRCVaYGBtPxYbgLZ+8SjoXde+y3nho1Jq3RRxlOIFTOAcPrqAJ99CCNhCYwDO8wpsjnBfn3flYlJacoucY/sD5/AHQwI1y</latexit>

0.09
<latexit sha1_base64="bNyInJTOTxRBu/Rb9SdPiDkfLaE=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVrR6LXjxWsB/QLiWbZtvQbHZJZoWy9Dd48aCIV3+QN/+NabsHbX0Q8nhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38389hPXRsTqEScJ9yM6VCIUjKKVmm7VrV31yxX7z0FWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bLzslZ1YZkDDW9ikkc/V3R0YjYyZRYCsjiiOz7M3E/7xuiuGNnwmVpMgVWwwKU0kwJrPLyUBozlBOLKFMC7srYSOqKUObT8mG4C2fvEpaF1WvVr18uKzUb/M4inACp3AOHlxDHe6hAU1gIOAZXuHNUc6L8+58LEoLTt5zDH/gfP4AQkWNrg==</latexit>

0.065
<latexit sha1_base64="bbiRSKZbem6209WsorjBoaoKO5w=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeiF48V7Ae0S8mm2TY0m12SWaEs/Q1ePCji1R/kzX9j2u5BWx+EPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M72Z++4lrI2L1iJOE+xEdKhEKRtFKTbfiXlb7pbL95yCrxMtJGXI0+qWv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/Nl52Sc6sMSBhr+xSSufq7I6ORMZMosJURxZFZ9mbif143xfDGz4RKUuSKLQaFqSQYk9nlZCA0ZygnllCmhd2VsBHVlKHNp2hD8JZPXiWtasW7qtQeauX6bR5HAU7hDC7Ag2uowz00oAkMBDzDK7w5ynlx3p2PRemak/ecwB84nz85Ko2o</latexit>

0.032
<latexit sha1_base64="PHYb+BdqK0pyWkkIGu8B1yxtWU8=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48R3CSQLGF2MpsMmZld5iGEJd/gxYMiXv0gb/6Nk2QPmljQUFR1090VZ5xp4/vfXmltfWNzq7xd2dnd2z+oHh61dGoVoSFJeao6MdaUM0lDwwynnUxRLGJO2/H4bua3n6jSLJWPZpLRSOChZAkj2Dgp7AmLRL9a8+v+HGiVBAWpQYFmv/rVG6TECioN4VjrbuBnJsqxMoxwOq30rKYZJmM8pF1HJRZUR/n82Ck6c8oAJalyJQ2aq78nciy0nojYdQpsRnrZm4n/eV1rkpsoZzKzhkqyWJRYjkyKZp+jAVOUGD5xBBPF3K2IjLDCxLh8Ki6EYPnlVdK6qAdX9cuHy1rjtoijDCdwCucQwDU04B6aEAIBBs/wCm+e9F68d+9j0Vryiplj+APv8weCfY6A</latexit>µm

<latexit sha1_base64="U3KGpTsoClcnwiXms5jgdXmWcTA=">AAACIXicbVDLSgNBEJz1bXxFPXoZDIJe4m4Q9Rj0oEcFo0I2htlJrxmc2VlmeiVh2V/x4q948aCIN/FnnDwOvgoaiqpuuruiVAqLvv/hTUxOTc/Mzs2XFhaXllfKq2uXVmeGQ4Nrqc11xCxIkUADBUq4Tg0wFUm4iu6OB/7VPRgrdHKB/RRait0mIhacoZPa5cMQoYf5cVeklGuVSugJ7Bch3R4ZYYXqmJ4wBFvsjiSuipvaTrtc8av+EPQvCcakQsY4a5ffw47mmYIEuWTWNgM/xVbODAouoSiFmYWU8Tt2C01HE6bAtvLhhwXdckqHxtq4SpAO1e8TOVPW9lXkOhXDrv3tDcT/vGaG8WErF0maISR8tCjOJEVNB3HRjjDAUfYdYdwIdyvlXWYYRxdqyYUQ/H75L7msVYP96t75XqV+NI5jjmyQTbJNAnJA6uSUnJEG4eSBPJEX8uo9es/em/c+ap3wxjPr5Ae8zy8CqqQF</latexit>

Chip complexity (# of Gates/cm2)
<latexit sha1_base64="OytxVpHiAtHzQ2IGNtgVtFTmpjo=">AAAB+XicbVDJTgJBEO3BDXEb9eilIyHxRGYMbjeUgx7RyJIwE9LT9ECHniXdNUQy4U+8eNAYr/6JN//GBuag4EsqeXmvKlX1vFhwBZb1beRWVtfWN/Kbha3tnd09c/+gqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3rE391ohJxaPwEcYxcwPSD7nPKQEtdU3TAfYE6dmVU8K169uHSdcsWmVrBrxM7IwUUYZ61/xyehFNAhYCFUSpjm3F4KZEAqeCTQpOolhM6JD0WUfTkARMuens8gkuaaWH/UjqCgHP1N8TKQmUGgee7gwIDNSiNxX/8zoJ+JduysM4ARbS+SI/ERgiPI0B97hkFMRYE0Il17diOiCSUNBhFXQI9uLLy6R5WrbPy5X7SrF6k8WRR0foGJ0gG12gKrpDddRAFI3QM3pFb0ZqvBjvxse8NWdkM4foD4zPH/0Qkpk=</latexit>

59% CAGR

<latexit sha1_base64="wZv3P5lCAViP3z+Qnzve0pnyMas=">AAACBHicbVC7TgJBFJ3FF+Jr1ZJmIiGxkewSfJQohZZoBEzYDZkdBpgw+8jMXSPZbGHjr9hYaIytH2Hn3zg8CgVPcpMz59ybufd4keAKLOvbyCwtr6yuZddzG5tb2zvm7l5ThbGkrEFDEco7jygmeMAawEGwu0gy4nuCtbxhbey37plUPAxuYRQx1yf9gPc4JaCljpl3gD1AUraOysdOMXXw9F07v7xJO2bBKlkT4EViz0gBzVDvmF9ON6SxzwKggijVtq0I3IRI4FSwNOfEikWEDkmftTUNiM+Um0yOSHFRK13cC6WuAPBE/T2REF+pke/pTp/AQM17Y/E/rx1D78xNeBDFwAI6/agXCwwhHieCu1wyCmKkCaGS610xHRBJKOjccjoEe/7kRdIsl+yTUuW6UqhezOLIojw6QIfIRqeoiq5QHTUQRY/oGb2iN+PJeDHejY9pa8aYzeyjPzA+fwDu1JcE</latexit>

20-25% CAGR

<latexit sha1_base64="7AU8YPjIHjtUQenBtwzDQq081NU=">AAACOXicfVC7SgNBFJ31bXxFLW0Gg2AVd0XUUrTQMqIxgWwMs5O7yZDZnWXmrhiW/S0b/8JOsLFQxNYfcPIofOGBgcM553LnniCRwqDrPjoTk1PTM7Nz84WFxaXlleLq2pVRqeZQ5UoqXQ+YASliqKJACfVEA4sCCbWgdzLwazegjVDxJfYTaEasE4tQcIZWahUrvlSdzA8145mPcIuZX6IqpKcMweR0h45EHuXXu/l/iQtkYZjneatYcsvuEPQ38cakRMaotIoPflvxNIIYuWTGNDw3wWbGNAouIS/4qYGE8R7rQMPSmEVgmtnw8pxuWaVNQ6Xti5EO1a8TGYuM6UeBTUYMu+anNxD/8hophofNTMRJihDz0aIwlRQVHdRI20IDR9m3hHEt7F8p7zLbItqyC7YE7+fJv8nVbtnbL++d75WOjsd1zJENskm2iUcOyBE5IxVSJZzckSfyQl6de+fZeXPeR9EJZzyzTr7B+fgEhImt+A==</latexit>

log
# of Gates/cm2

# of Gates/Sta↵

<latexit sha1_base64="XruXQKSLr//FVoDNx+/CFLYa4Rg=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7Aroh6DCnqMYB6QhDA76SRDZmeXmV41rPkULx4U8eqXePNvnDwOmljQUFR1090VxFIY9LxvJ7O0vLK6ll3PbWxube+4+d2qiRLNocIjGel6wAxIoaCCAiXUYw0sDCTUgsHl2K/dgzYiUnc4jKEVsp4SXcEZWqnt5psIj5hegRE9Ra9ZPGq7Ba/oTUAXiT8jBTJDue1+NTsRT0JQyCUzpuF7MbZSplFwCaNcMzEQMz5gPWhYqlgIppVOTh/RQ6t0aDfSthTSifp7ImWhMcMwsJ0hw76Z98bif14jwe55KxUqThAUny7qJpJiRMc50I7QwFEOLWFcC3sr5X2mGUebVs6G4M+/vEiqx0X/tHhye1IoXcziyJJ9ckCOiE/OSInckDKpEE4eyDN5JW/Ok/PivDsf09aMM5vZI3/gfP4ATP+UCQ==</latexit>

Design Gap

<latexit sha1_base64="3jbrUHtArE6Ivoa7vbzcAGpPrlM="></latexit>

Manpower (# of Gates/Sta↵-month)

The continuously growing design productivity gap 1

1SEMICO Research Corp. SoC Silicon and Software 2018 Design Cost Analysis: How Rising Costs
Impact SoC Design Starts 2018

Introduction
Design Productivity Gap
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module Module(a, b, c)
input a;
input b;
output c;
always @({S0, S1}, a, b)
case ({S0, S1})
    2’b00, …
    ….
endmodule Vendor 

SRAM

Technology

<latexit sha1_base64="swP/P/ON/+ZA9ltgibn5CXh/NTw=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWARXJVEirqSghuXFewF2hAmk0k7dDIJMydiDcFXceNCEbe+hzvfxulloa0/DHz85xzOmT9IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0kinKmjQRieoERDPBJWsCB8E6qWIkDgRrB8Prcb19z5TmibyDUcq8mPQljzglYCzfPuwBe4C8Vfj5lMKwKHy74lSdifAiuDOooJkavv3VCxOaxUwCFUTrruuk4OVEAaeCFeVepllK6JD0WdegJDHTXj65vsAnxglxlCjzJOCJ+3siJ7HWozgwnTGBgZ6vjc3/at0Moksv5zLNgEk6XRRlAkOCx1HgkCtGQYwMEKq4uRXTAVGEggmsbEJw57+8CK2zqnterd3WKvWrWRwldISO0Sly0QWqoxvUQE1E0SN6Rq/ozXqyXqx362PaumTNZg7QH1mfP9eVlh8=</latexit>

Vdd

<latexit sha1_base64="swP/P/ON/+ZA9ltgibn5CXh/NTw=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWARXJVEirqSghuXFewF2hAmk0k7dDIJMydiDcFXceNCEbe+hzvfxulloa0/DHz85xzOmT9IBdfgON/W0vLK6tp6aaO8ubW9s2vv7bd0kinKmjQRieoERDPBJWsCB8E6qWIkDgRrB8Prcb19z5TmibyDUcq8mPQljzglYCzfPuwBe4C8Vfj5lMKwKHy74lSdifAiuDOooJkavv3VCxOaxUwCFUTrruuk4OVEAaeCFeVepllK6JD0WdegJDHTXj65vsAnxglxlCjzJOCJ+3siJ7HWozgwnTGBgZ6vjc3/at0Moksv5zLNgEk6XRRlAkOCx1HgkCtGQYwMEKq4uRXTAVGEggmsbEJw57+8CK2zqnterd3WKvWrWRwldISO0Sly0QWqoxvUQE1E0SN6Rq/ozXqyXqx362PaumTNZg7QH1mfP9eVlh8=</latexit>

Vdd

<latexit sha1_base64="sdprvp9Z++CfuuN9rVLjv91LgJc=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1JMUvHisYD+gDWWznbRLN5u4OxFL6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoZuq3HkEbEat7HCfgR2ygRCg4Qyu1uwhPmDUnvXLFrboz0GXi5aRCctR75a9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXVTAwnjIzaAjqWKRWD8bHbvhJ5YpU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDKz8TKkkRFJ8vClNJMabT52lfaOAox5YwroW9lfIh04yjjahkQ/AWX14mzbOqd1E9vzuv1K7zOIrkiByTU+KRS1Ijt6ROGoQTSZ7JK3lzHpwX5935mLcWnHzmkPyB8/kDdMyQPg==</latexit>

V

Core

Overview of the VLSI FLow
(Tools and flows have steadily increased in complexity) Design quality is not scaling

<latexit sha1_base64="QUW8P9VQG3pT8wqvcxniX8jmKQQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKfOQW9OIxgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSV69fjkoV9yqOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVH1rqq1h1qlcZvHUYQTOIVz8OAaGnAPTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8f6qaNgw==</latexit>

1995
<latexit sha1_base64="ZFlgQhUpELY9Kik9+M8WT2u9Kdo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mWoh6LXjxWsB/QLiWbZtvQJLskWaGU/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd5nfeWLa8Fg92mnCAklGikecEptJNYzxoFzBVbwAWid+TiqQozkof/WHMU0lU5YKYkzPx4kNZkRbTgWbl/qpYQmhEzJiPUcVkcwEs8Wtc3ThlCGKYu1KWbRQf0/MiDRmKkPXKYkdm1UvE//zeqmNboIZV0lqmaLLRVEqkI1R9jgacs2oFVNHCNXc3YromGhCrYun5ELwV19eJ+1a1b+q1h/qlcZtHkcRzuAcLsGHa2jAPTShBRTG8Ayv8OZJ78V79z6WrQUvnzmFP/A+fwDJNo1t</latexit>

2000
<latexit sha1_base64="1ygBg6c+GVz2AetW5jBwFZrFvwk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9ktrXosevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C7zu09UaRbJRzOLqS/wWLKQEWwyqea6jWG54lbdBdA68XJSgRytYflrMIpIIqg0hGOt+54bGz/FyjDC6bw0SDSNMZniMe1bKrGg2k8Xt87RhVVGKIyULWnQQv09kWKh9UwEtlNgM9GrXib+5/UTE974KZNxYqgky0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2RD8FZfXiedWtW7qtYf6pXmbR5HEc7gHC7Bg2towj20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8A0MqNcg==</latexit>

2005
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• Incomplete, fabricatable prototypes over fully featured models

• Collaborative, flexible teams over rigid silos

• Improvement of tools and generators over improvement of the instance

• Response to change over following a plan

Key Points

• Incomplete, fabricatable prototypes→ Full RTL implementation model

• Improvement of tools and generators→ Parametric chip generator

• Response to change→ Available tape-out candidate for any product deadline

Introduction
Agile Hardware Manifesto [Lee et al. 2016]
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RISC-V Implementations

Introduction
RISC-V Implementations
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• Infrastructure

• Bluespec System Verilog [Nikhil 2004], ROHD 2, Chisel [Bachrach et al. 2012],
PyMTL [Lockhart, Zibrat, and Batten 2014], SpinalHDL 3

• Mamba [Jiang, Ilbeyi, and Batten 2018], FireMarshal [Pemberton and Amid
2021], Dromajo [Kabylkas et al. 2021], ChiselVerifyer [Dobis et al. 2021]

• Hammer [Wang et al. 2020]
• ...

• Methodology

• BOOM-Explorer [Bai et al. 2021]
• ...

• Platform

• OpenPiton [Balkind et al. 2016], Chipyard [Amid et al. 2020], CHIPKIT
[Whatmough et al. 2020]

• ...
2Rapid Open Hardware Development (ROHD) Framework (2021).

https://github.com/intel/rohd
3SpinalHDL: A Language to Describe Digital Hardware (2020).

https://github.com/SpinalHDL/SpinalHDL

Introduction
Contribute to Agile Methodology
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Design Space Exploration



Initialization

Construct a model

Sweep the design space

Get Pareto-optimal 
microarchitectures

Start

End

(a)

Initialization

Construct/Tune a model

Terminate?

Sample

Get Pareto-optimal 
microarchitectures

Start

End

N

Y

(b)

(a) Offline design space exploration flow. (b) Online design space exploration flow.

Design Space Exploration
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Domination Criterion
For an n-objective maximization problem, a
vector of objective values y′ is said to
dominate y if

∀i ∈ [1,n], y′ ≥ y;
∃j ∈ [1,n], y′ > y,

(1)

Hence, we denote y′ � y. Otherwise, y′ � y.

Pareto-optimal Set

Given Y = {y1,y2, ...,yn}, the Pareto-optimal
set is to be defined as
P(Y) = {yi ∈ Y | yj � yi,∀j ∈ Y \ {yi}}.

<latexit sha1_base64="SvEw9j+G6/nNSZebhlvQwRvlSiI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfAeMvQ==</latexit>

0 <latexit sha1_base64="S9Cu8AKFnK6I/8lMB82XcUuy6Gc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9b3+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6C/oRqFEzyaamXGp5QNqZD3rVU0YgbfzI/dUrOrDIgYaxtKSRz9ffEhEbGZFFgOyOKI7PszcT/vG6K4bU/ESpJkSu2WBSmkmBMZn+TgdCcocwsoUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQJI2q</latexit>y1

<latexit sha1_base64="AXHDfzJfI2psFexzj7c34ZbJEOI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+0m/1i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3oX1fpdvdK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8RqI2r</latexit>y2
<latexit sha1_base64="PBX92+sYmd4CvVtMeb5p9fdcv4Q=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBxnAnQS2DNpYRzQckIextJsmSvdtjd04MR7Dxr9hYKGLrr7Dz37hJrtDEBwOP92aYmedHUhh03W9nYXFpeWU1s5Zd39jc2s7t7FaNijWHCldS6brPDEgRQgUFSqhHGljgS6j5g6uxX7sHbYQK73AYQStgvVB0BWdopXZuv4nwgEmZaUB1oiIUAZP0FnDUzuXdgjsBnSdeSvIkRbmd+2p2FI8DCJFLZkzDcyNsJUyj4BJG2WZsIGJ8wHrQsDRkAZhWMnlhRI+s0qFdpW2FSCfq74mEBcYMA992Bgz7ZtYbi/95jRi7F61EhFGMEPLpom4sKSo6zoN2hAaOcmgJ41rYWynvM8042tSyNgRv9uV5Uj0teGeF4k0xX7pM48iQA3JIjolHzkmJXJMyqRBOHskzeSVvzpPz4rw7H9PWBSed2SN/4Hz+ALKul6E=</latexit>

Pareto-optimal Set
<latexit sha1_base64="A+LnW/mUh6sNxC+Xf8QP/A0ahrc=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxA8hRkJ6jGoB48RzQJJCD2dmqRJT8/QXSPGIfgrXjwo4tX/8Obf2FkOmvig4PFeFVX1/FgKg6777SwsLi2vrGbWsusbm1vbuZ3dqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pz+5civ3YM2IlJ3OIihFbKuEoHgDK3Uzu03ER4wvYpCoRhCh94CDtu5vFtwx6DzxJuSPJmi3M59NTsRT0JQyCUzpuG5MbZSplFwCcNsMzEQM95nXWhYqlgIppWOrx/SI6t0aBBpWwrpWP09kbLQmEHo286QYc/MeiPxP6+RYHDeSoWKEwTFJ4uCRFKM6CgK2hEaOMqBJYxrYW+lvMc042gDy9oQvNmX50n1pOCdFoo3xXzpYhpHhhyQQ3JMPHJGSuSalEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w/O5ZV2</latexit>
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Overview of Pareto-optimal Set

Design Space Exploration
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Tag Data

I-CacheI-TLB

I-cache/MMU

Fetch/Pre-decodeBranch Predictor
RAS

Fetch BufferIFU

INT PRF

FP PRF

Reorder
Buffer

Addr Calc
ALU FPU

Addr Calc

Store Data
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MUL
DIV

BR FDiv

L2
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MSHRLine Fill Buffer

D-TLB

Tag Data

D-CacheD-cache/MMU

STQ LDQLSU

Decoder Decoder Decoder

MEM Issue 
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FP Issue Queue
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Queue

ISU

……

I-cache/MMUIFUDecoder ISU LSU D-cache/MMUROB PRFFetch

Overview of RISC-V BOOM [Asanovic, Patterson, and C. Celio 2015; C. P. Celio 2017; Zhao et al. 2020]

Design Space Exploration
RISC-V BOOM
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Table: Microarchitecture Design Space of BOOM

Design Boxes TotalFetch Decoder ISU IFU ROB PRF LSU I-cache/MMU D-cache/MMU
sub-design-1 1 1 1, 2, 3 1, 2, 3 1, 2, 3, 4 1, 2, 3 1, 2, 3 1, 2, 3, 4 1, 2, 3, 4

15633
sub-design-2 1 2 4, 5, 6 4, 5, 6 5, 6, 7 4, 5, 6 4, 5, 6 1, 2, 3, 4 1, 2, 3, 4
sub-design-3 2 3 7, 8, 9 7, 8, 9 8, 9, 10 7, 8, 9 7, 8, 9 5, 6, 7 5, 6, 7
sub-design-4 2 4 10, 11, 12 10, 11, 12 11, 12, 13 10, 11, 12 10, 11, 12 5, 6, 7 8, 9, 10
sub-design-5 2 5 13, 14, 15 12, 13, 14 14, 15, 16 11, 12, 13 10, 11, 12 5, 6, 7 8, 9, 10

Design Space Exploration
RISC-V Microarchitecture Design Space
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Table: Components I

Index Fetch Decoder LSU 1 I-cache/MMU D-cache/MMU
Width Width LDQ STQ Sets Ways I-TLBSets I-TLBWays Sets Ways RP 2 MSHR D-TLBSets D-TLBWays

1 4 1 8 8 64 4 1 32 64 4 0 2 1 8
2 8 2 6 6 32 8 1 32 64 4 0 2 1 32
3 3 12 12 32 4 1 16 64 6 1 2 1 8
4 4 16 16 64 1 1 16 64 4 1 2 1 32
5 5 12 12 64 8 1 32 64 2 0 4 1 32
6 20 20 64 8 2 16 64 4 1 4 1 32
7 24 24 64 8 2 32 64 4 1 8 1 32
8 22 22 64 8 2 32 64 8 0 8 2 32
9 28 28 64 8 1 8 2 32

10 32 32 64 8 1 8 1 32
11 28 28
12 36 36

1 LDQ and STQ are shored for load and store queue entries, respectively.
2 RP is shorted for a replacement policy. Specifically, 0 denotes LRU, and 1 represents Pseudo
LRU.

Design Space Exploration
RISC-V Microarchitecture Design Space
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Table: Components II

Index ISU 1 IFU 2 ROB PRF 3

MEM.DW MEM.IW MEM.QE INT.DW INT.IW INT.QE FP.DW FP.IW FP.QE Tag FBE FTQ Entries INT FP
1 1 1 8 1 1 8 1 1 8 8 8 16 32 52 48
2 1 1 6 1 1 6 1 1 6 6 6 14 30 42 38
3 1 1 10 1 1 12 1 1 12 10 12 20 34 62 58
4 2 1 12 2 2 20 2 1 16 12 16 32 36 80 64
5 2 2 12 2 2 20 2 2 16 10 14 30 64 70 54
6 2 2 14 2 2 24 2 2 20 14 20 36 60 90 74
7 3 1 16 3 3 32 3 1 24 16 24 32 72 100 96
8 3 2 16 3 3 32 3 2 24 14 21 30 96 90 86
9 3 2 20 3 3 36 3 3 28 18 30 36 90 110 106

10 4 2 24 4 4 40 4 2 32 20 32 40 108 118 118
11 4 2 28 4 4 44 4 4 36 22 36 44 128 128 128
12 4 2 22 4 4 36 4 2 28 24 40 48 132 138 138
13 5 2 24 5 5 40 5 2 32 20 35 40 136 146 146
14 5 2 26 5 4 44 5 4 36 26 45 50 130
15 5 2 28 5 5 48 5 5 40 120
16 140

1 DW, IW, and QE are shorted for dispatch width, issue width, and queue entries.
2 FBE and FTQ are shorted for fetch buffer entries and fetch target queue entries, respectively.
3 INT and FP are shorted for the number of integer and floating-point physical registers, respec-
tively.

Design Space Exploration
RISC-V Microarchitecture Design Space
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Overview of BOOM VLSI Flow
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Problem Formulation



Our Solution Encoding

Microarchitecture embedding is defined as a combination of candidate values for each
component of a microarchitecture, as shown in Table 1, Table 2, and Table 3.

Our Optimization Target

Performance, power, and area (PPA) are three optimization targets.

• Microarchitecture embedding is denoted as a feature vector x.

• A better microarchitecture has higher performance and lower power and area.

Problem Formulation
Microarchitecture Embedding
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Our Problem
Given a design space D = {x1, x2, ..., xn}, experiment f maps the design space D to PPA
metric value space Y = {y1,y2, ...,yn}.
The microarchitecture design space exploration is to find X ⊆ D, whose objective values
are P(Y) as far as possible.
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0 <latexit sha1_base64="S9Cu8AKFnK6I/8lMB82XcUuy6Gc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9b3+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6C/oRqFEzyaamXGp5QNqZD3rVU0YgbfzI/dUrOrDIgYaxtKSRz9ffEhEbGZFFgOyOKI7PszcT/vG6K4bU/ESpJkSu2WBSmkmBMZn+TgdCcocwsoUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQJI2q</latexit>y1

<latexit sha1_base64="AXHDfzJfI2psFexzj7c34ZbJEOI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+0m/1i9X3Ko7B1klXk4qkKPZL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3oX1fpdvdK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8RqI2r</latexit>y2

<latexit sha1_base64="A+LnW/mUh6sNxC+Xf8QP/A0ahrc=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxA8hRkJ6jGoB48RzQJJCD2dmqRJT8/QXSPGIfgrXjwo4tX/8Obf2FkOmvig4PFeFVX1/FgKg6777SwsLi2vrGbWsusbm1vbuZ3dqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pz+5civ3YM2IlJ3OIihFbKuEoHgDK3Uzu03ER4wvYpCoRhCh94CDtu5vFtwx6DzxJuSPJmi3M59NTsRT0JQyCUzpuG5MbZSplFwCcNsMzEQM95nXWhYqlgIppWOrx/SI6t0aBBpWwrpWP09kbLQmEHo286QYc/MeiPxP6+RYHDeSoWKEwTFJ4uCRFKM6CgK2hEaOMqBJYxrYW+lvMc042gDy9oQvNmX50n1pOCdFoo3xXzpYhpHhhyQQ3JMPHJGSuSalEmFcPJInskreXOenBfn3fmYtC4405k98gfO5w/O5ZV2</latexit>

Dominated Set

<latexit sha1_base64="pn6mtfWpG0BRJecSBXoNlxvwRZA=">AAACAHicbVDLSsNAFL2pr1pfURcu3ASL4KokUtRlsRuXFe0D2lAm02k7dJIJ8xBLyMZfceNCEbd+hjv/xkmbhbYeGDicc++de08QMyqV635bhZXVtfWN4mZpa3tnd8/eP2hJrgUmTcwZF50AScJoRJqKKkY6sSAoDBhpB5N65rcfiJCUR/dqGhM/RKOIDilGykh9+6inyKNK6loIEinnjjOdGWnfLrsVdwZnmXg5KUOORt/+6g041qGZghmSsuu5sfITJBTFjKSlnpYkRniCRqRraIRCIv1kdkDqnBpl4Ay5MM9sMVN/dyQolHIaBqYyRGosF71M/M/rajW88hMaxVqRCM8/GmrmKO5kaTgDKghWbGoIwoKaXR08RgJhZTIrmRC8xZOXSeu84l1UqrfVcu06j6MIx3ACZ+DBJdTgBhrQBAwpPMMrvFlP1ov1bn3MSwtW3nMIf2B9/gCdT5cT</latexit>

Current Solution

<latexit sha1_base64="ssMSfneKZb4tQGqHAOgfpF2Febo=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UgWIU7CWpniI1lRPMBSQh7m0myZO+D3TkxHGn8KzYWitj6M+z8N+4lV2jig4HHezPMzPMiKTQ6zre1tLyyurae28hvbm3v7Np7+3UdxopDjYcyVE2PaZAigBoKlNCMFDDfk9DwRtep33gApUUY3OM4go7PBoHoC87QSF37sI3wiEkFEEHRu1DGqX416doFp+hMQReJm5ECyVDt2l/tXshjHwLkkmndcp0IOwlTKLiESb4da4gYH7EBtAwNmA+6k0wfmNATo/RoP1SmAqRT9fdEwnytx75nOn2GQz3vpeJ/XivG/mUnEUEUIwR8tqgfS4ohTdOgPaGAoxwbwrgS5lbKh0wxbtLQeROCO//yIqmfFd3zYum2VChXsjhy5Igck1PikgtSJjekSmqEkwl5Jq/kzXqyXqx362PWumRlMwfkD6zPHz3tltU=</latexit>

Better Solution?

<latexit sha1_base64="G0TbfS0+QzLLBI4t00YKLkdmaYc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUG8GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5LDjMw=</latexit>

?

Where is the Pareto-optimal Set?

Problem Formulation
Microarchitecture Design Space Exploration
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Evaluation



• Dataset of 15, 633 RISC-V BOOM microarchitectures

• Contest Benchmarking Platform

• Evaluation Metrics

• Onling Ranking Platform

Evaluation
Benchmark Suite
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<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="UO1+T1ZIwyD6xgLiVRa5HfS+GCU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07Irpeqt6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys1PLc65rv98sVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/dorOrDJAkVS2hEFz9fdEhmOtJ3FoO2NsRnrZm4n/ed3URFdBxkSSGirIYlGUcmQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQ/OWXV0nrwvVrbvW+Wqnf5HEU4QRO4Rx8uIQ63EEDmkDgEZ7hFd4c6bw4787HorXg5DPH8AfO5w+6GY3u</latexit>

0.9611
<latexit sha1_base64="0d5261yvU6vCARfCzzMl/Czlq6E=">AAAB7XicbZDLTgIxFIbP4A3xhrp000hMXJEZAuiS6MYlJnJJYEI6pQOVTjtpOyZkwju4caExbn0fd76NBWah4J80+fKfc9Jz/iDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK1loghtEcml6gZYU84EbRlmOO3GiuIo4LQTTG7n9c4TVZpJ8WCmMfUjPBIsZAQba7Xdslup1wbFkoWF0Dp4GZQgU3NQ/OoPJUkiKgzhWOue58bGT7EyjHA6K/QTTWNMJnhEexYFjqj208W2M3RhnSEKpbJPGLRwf0+kONJ6GgW2M8JmrFdrc/O/Wi8x4bWfMhEnhgqy/ChMODISzU9HQ6YoMXxqARPF7K6IjLHCxNiACjYEb/XkdWhXyl69XL2vlho3WRx5OINzuAQPrqABd9CEFhB4hGd4hTdHOi/Ou/OxbM052cwp/JHz+QOz643q</latexit>

0.0265
<latexit sha1_base64="8/H6RdSBZXsaxyWSedl7+6OoHag=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgaZmVvI5BLx4jmAckS5idzCZDZmeXmVkhhPyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXkAiuDcbfTm5re2d3L79fODg8Oj4pnp61dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBNM7hZ+54kpzWP5aKYJ8yMykjzklBgr9b0Krtdxza2Uq3hQLGEXL4E2iZeREmRoDopf/WFM04hJQwXRuufhxPgzogyngs0L/VSzhNAJGbGepZJETPuz5c1zdGWVIQpjZUsatFR/T8xIpPU0CmxnRMxYr3sL8T+vl5qw7s+4TFLDJF0tClOBTIwWAaAhV4waMbWEUMXtrYiOiSLU2JgKNgRv/eVN0r5xvapbfiiXGrdZHHm4gEu4Bg9q0IB7aEILKCTwDK/w5qTOi/PufKxac042cw5/4Hz+AH/Bj2U=</latexit>

1508807.5460
<latexit sha1_base64="Gq1nEtvb54nXx4UWwiDjk1LTCNo=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmLiabMVFI9ELx4xkY8IG9ItXWjodjdt14QQ/oUXDxrj1X/jzX9jgT0o+JJJXt6bycy8IBFcG8/7dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdDvzW09MaR7LBzNOmB+RgeQhp8RY6RFjD2O3fFkt94olz/XmQKsEZ6QEGeq94le3H9M0YtJQQbTuYC8x/oQow6lg00I31SwhdEQGrGOpJBHT/mR+8RSdWaWPwljZkgbN1d8TExJpPY4C2xkRM9TL3kz8z+ukJrz2J1wmqWGSLhaFqUAmRrP3UZ8rRo0YW0Ko4vZWRIdEEWpsSAUbAl5+eZU0L1x85VbuK6XaTRZHHk7gFM4BQxVqcAd1aAAFCc/wCm+Odl6cd+dj0Zpzsplj+APn8wd+PY7b</latexit>

11011.3573
<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="Zdb79L+zknig4R9axIVCooBH2pQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldlr1quNCql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIUfjMM=</latexit>

6
<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="Z1eWTJZFJ10LLMR4O6YzJu1NUzU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz04Ln9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aVTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ22TAFTIjJpZQpri9lbARVZQZG07JhuAtv7xKWhdV77Jau69V6jd5HEU4gVM4Bw+uoA530IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A+tgjPg=</latexit>

10

<latexit sha1_base64="6nBsmRCb7nSlunhZRO6HmUET1ZM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07KrRdtb0YvHCvYD2qVk02wbm02WJCuU0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet5NbW9/Y3MpvF3Z29/YPiodHTS1TRWiDSC5VO8SaciZowzDDaTtRFMchp61wdDvzW09UaSbFgxknNIjxQLCIEWys1PTc6mWl2iuWPNebA60SPyMlyFDvFb+6fUnSmApDONa643uJCSZYGUY4nRa6qaYJJiM8oB1LBY6pDibza6fozCp9FEllSxg0V39PTHCs9TgObWeMzVAvezPxP6+TmqgSTJhIUkMFWSyKUo6MRLPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgr/88ippXrj+lVu+L5dqN1kceTiBUzgHH66hBndQhwYQeIRneIU3RzovzrvzsWjNOdnMMfyB8/kDzEqN+g==</latexit>

0.9389
<latexit sha1_base64="t/N7KhFgwFbSzD0axSXrIY9rfsw=">AAAB7XicbZDLSgMxFIbPeK31VnXpJlgEV2WmFHVZdOOygr1AO5RMmmljcxmSjFCGvoMbF4q49X3c+Tam7Sy09YfAx3/OIef8UcKZsb7/7a2tb2xubRd2irt7+weHpaPjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa387q7SeqDVPywU4SGgo8lCxmBFtntfyKX63W+qWyg7nQKgQ5lCFXo1/66g0USQWVlnBsTDfwExtmWFtGOJ0We6mhCSZjPKRdhxILasJsvu0UnTtngGKl3ZMWzd3fExkWxkxE5DoFtiOzXJuZ/9W6qY2vw4zJJLVUksVHccqRVWh2OhowTYnlEweYaOZ2RWSENSbWBVR0IQTLJ69Cq1oJLiu1+1q5fpPHUYBTOIMLCOAK6nAHDWgCgUd4hld485T34r17H4vWNS+fOYE/8j5/AKxTjeU=</latexit>

0.0224
<latexit sha1_base64="67Nfc5uu0+K8eCuYnO6b93MDjEg=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiQ1ProrunFZwT6gDWUynbRDJ5MwMxFK6G+4caGIW3/GnX/jtM1CWw9cOJxzL/feEyScKe0431ZhbX1jc6u4XdrZ3ds/KB8etVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjO9mfvuJSsVi8agnCfUjPBQsZARrI/Vcr1ZzLmr2ZbXq9MsVx3bmQKvEzUkFcjT65a/eICZpRIUmHCvVdZ1E+xmWmhFOp6VeqmiCyRgPaddQgSOq/Gx+8xSdGWWAwliaEhrN1d8TGY6UmkSB6YywHqllbyb+53VTHd74GRNJqqkgi0VhypGO0SwANGCSEs0nhmAimbkVkRGWmGgTU8mE4C6/vEpaVdu9sr0Hr1K/zeMowgmcwjm4cA11uIcGNIFAAs/wCm9War1Y79bHorVg5TPH8AfW5w9/7I9l</latexit>

1499039.5220
<latexit sha1_base64="7eSiCG91AdbKaxe94RbdmuBEudM=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmLiadMlKB6JXjxiIkiEDemWLjR0u5u2a0I2/AsvHjTGq//Gm//GAntQ8CWTvLw3k5l5QSK4Nhh/O4W19Y3NreJ2aWd3b/+gfHjU1nGqKGvRWMSqExDNBJesZbgRrJMoRqJAsIdgfDPzH56Y0jyW92aSMD8iQ8lDTomx0qOHq7jq4upFvV+uYBfPgVaJl5MK5Gj2y1+9QUzTiElDBdG66+HE+BlRhlPBpqVeqllC6JgMWddSSSKm/Wx+8RSdWWWAwljZkgbN1d8TGYm0nkSB7YyIGellbyb+53VTE175GZdJapiki0VhKpCJ0ex9NOCKUSMmlhCquL0V0RFRhBobUsmG4C2/vEraVde7dGt3tUrjOo+jCCdwCufgQR0acAtNaAEFCc/wCm+Odl6cd+dj0Vpw8plj+APn8wd5pY7Y</latexit>

10202.0257
<latexit sha1_base64="GPYET4G/mUi9Dhd3JPmO0Io8IG4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07Irpeqt6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLS1TRWiTSC5VJ8SaciZo0zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys1PLc66rv9csVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/dorOrDJAkVS2hEFz9fdEhmOtJ3FoO2NsRnrZm4n/ed3URFdBxkSSGirIYlGUcmQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQ/OWXV0nrwvVrbvW+Wqnf5HEU4QRO4Rx8uIQ63EEDmkDgEZ7hFd4c6bw4787HorXg5DPH8AfO5w+1iY3r</latexit>

0.9410
<latexit sha1_base64="y8iI41cOfTwdRJiLhFPJzywaoJw=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozpV6WRTcuK9gLtEPJpJk2NpMMSUYoQ9/BjQtF3Po+7nwbM+0stPWHwMd/ziHn/EHMmTau++0U1tY3NreK26Wd3b39g/LhUVvLRBHaIpJL1Q2wppwJ2jLMcNqNFcVRwGknmNxm9c4TVZpJ8WCmMfUjPBIsZAQba7XdqlurXQzKFQtzoVXwcqhAruag/NUfSpJEVBjCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iwKHFHtp/NtZ+jMOkMUSmWfMGju/p5IcaT1NApsZ4TNWC/XMvO/Wi8x4bWfMhEnhgqy+ChMODISZaejIVOUGD61gIlidldExlhhYmxAJRuCt3zyKrRrVe+yWr+vVxo3eRxFOIFTOAcPrqABd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/JHz+QOt143m</latexit>

0.0225
<latexit sha1_base64="basfMT0vmVeYz0FJT8w1uknO+QQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0hK03osevFYwX5AG8pmu2mXbjZhdyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmBQlnSjvOt1XY2t7Z3Svulw4Oj45PyqdnHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G07uF332iUrFYPOpZQv0IjwULGcHaSAPXq3q1hmt7nucMyxXHdpZAm8TNSQVytIblr8EoJmlEhSYcK9V3nUT7GZaaEU7npUGqaILJFI9p31CBI6r8bHnzHF0ZZYTCWJoSGi3V3xMZjpSaRYHpjLCeqHVvIf7n9VMd3vgZE0mqqSCrRWHKkY7RIgA0YpISzWeGYCKZuRWRCZaYaBNTyYTgrr+8STpV263btYdapXmbx1GEC7iEa3ChAU24hxa0gUACz/AKb1ZqvVjv1seqtWDlM+fwB9bnD3mcj2E=</latexit>

1525471.5550
<latexit sha1_base64="xjOmQ6M60+TWDwmYj3jaseiUG2c=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0iktPZW9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLOlHbdb6uwsbm1vVPcLe3tHxwe2ccnbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek9u533miUrFYPOhpQv0IjwQLGcHaSI+e69brTq1erQzssuu4C6B14uWkDDmaA/urP4xJGlGhCcdK9Tw30X6GpWaE01mpnyqaYDLBI9ozVOCIKj9bXDxDF0YZojCWpoRGC/X3RIYjpaZRYDojrMdq1ZuL/3m9VIfXfsZEkmoqyHJRmHKkYzR/Hw2ZpETzqSGYSGZuRWSMJSbahFQyIXirL6+T9pXjVZ3KfaXcuMnjKMIZnMMleFCDBtxBE1pAQMAzvMKbpawX6936WLYWrHzmFP7A+vwBoXyO8g==</latexit>

10099.7964

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5
<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5
<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2
<latexit sha1_base64="NClVRSE0bvWrsiNfZZbNnCBIvCw=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHYJQY9ELx7RyCOBDZkdZmHC7OxmpteEEP7AiweN8eofefNvHGAPClbSSaWqO91dQSKFQdf9dnIbm1vbO/ndwt7+weFR8fikZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38799hPXRsTqEScJ9yM6VCIUjKKVHiq1frHklt0FyDrxMlKCDI1+8as3iFkacYVMUmO6npugP6UaBZN8VuilhieUjemQdy1VNOLGny4unZELqwxIGGtbCslC/T0xpZExkyiwnRHFkVn15uJ/XjfF8NqfCpWkyBVbLgpTSTAm87fJQGjOUE4soUwLeythI6opQxtOwYbgrb68TlqVslcrV++rpfpNFkcezuAcLsGDK6jDHTSgCQxCeIZXeHPGzovz7nwsW3NONnMKf+B8/gD1/Yz/</latexit>

26
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5
<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="v5/5VzQNOVSO5iMp9d7HTEFtVfI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx6r2FpoQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+1q9X664VXcOskq8nFQgR7Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nr90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/yMyyQ1KNliUZgKYmIye5sMuEJmxMQSyhS3txI2oooyY8Mp2RC85ZdXSbtW9S6q9bt6pXGdx1GEEziFc/DgEhpwC01oAYMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP/L1jP0=</latexit>

24

<latexit sha1_base64="8bvqLSZDCuJWJ/elWnc3cCP7eaE=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY5ELx7RyCOBDZkdZmHC7OxmpteEEP7AiweN8eofefNvHGAPClbSSaWqO91dQSKFQdf9dnIbm1vbO/ndwt7+weFR8fikZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38799hPXRsTqEScJ9yM6VCIUjKKVHiq1frHklt0FyDrxMlKCDI1+8as3iFkacYVMUmO6npugP6UaBZN8VuilhieUjemQdy1VNOLGny4unZELqwxIGGtbCslC/T0xpZExkyiwnRHFkVn15uJ/XjfFsOZPhUpS5IotF4WpJBiT+dtkIDRnKCeWUKaFvZWwEdWUoQ2nYEPwVl9eJ61K2bsqV++rpfpNFkcezuAcLsGDa6jDHTSgCQxCeIZXeHPGzovz7nwsW3NONnMKf+B8/gD5BY0B</latexit>

28

<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="hJtRFzd92sEokDaT4OWCGoaseNg=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHaRqEeiF49o5JHAhswOvTBhdnYzM2tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1Fjp4aLSK5bcsjsHWSVeRkqQod4rfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7plJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb+8SpqVsndZrt5XS7WbLI48nMApnIMHV1CDO6hDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AHxcoz8</latexit>

32
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="hJtRFzd92sEokDaT4OWCGoaseNg=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHaRqEeiF49o5JHAhswOvTBhdnYzM2tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1Fjp4aLSK5bcsjsHWSVeRkqQod4rfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7plJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb+8SpqVsndZrt5XS7WbLI48nMApnIMHV1CDO6hDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AHxcoz8</latexit>

32
<latexit sha1_base64="qjx5Wi/1Ezam6+aUF3Y4Q+9B0Xg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9ovltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpias+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrauyd12uNCql2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIgnjMU=</latexit>

8
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="hJtRFzd92sEokDaT4OWCGoaseNg=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHaRqEeiF49o5JHAhswOvTBhdnYzM2tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1Fjp4aLSK5bcsjsHWSVeRkqQod4rfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7plJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb+8SpqVsndZrt5XS7WbLI48nMApnIMHV1CDO6hDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AHxcoz8</latexit>

32

<latexit sha1_base64="g4IliRzYuAsBqhitxkmbqmFZrwE=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEI5ELx4xkY8ENqRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3M79zhNVmknxYKYx9SM8EixkBBsrta/KdbdWHRRLbtldAK0TLyMlyNAcFL/6Q0mSiApDONa657mx8VOsDCOczgr9RNMYkwke0Z6lAkdU++ni2hm6sMoQhVLZEgYt1N8TKY60nkaB7YywGetVby7+5/USE9b9lIk4MVSQ5aIw4chINH8dDZmixPCpJZgoZm9FZIwVJsYGVLAheKsvrxObmHddrtxXSo2bLI48nME5XIIHNWjAHTShBQQe4Rle4c2Rzovz7nwsW3NONnMKf+B8/gDBro3z</latexit>

2.8075
<latexit sha1_base64="y+tWEtd/zgUn9AqVXH/qYncJlAU=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCozpTgui25cVrAXaIeSSTNtbCYZkoxQhr6DGxeKuPV93Pk2pu0stPWHwMd/ziHn/GHCmTau++0UNja3tneKu6W9/YPDo/LxSVvLVBHaIpJL1Q2xppwJ2jLMcNpNFMVxyGknnNzO650nqjST4sFMExrEeCRYxAg21mq7Vdev+YNyxcJCaB28HCqQqzkof/WHkqQxFYZwrHXPcxMTZFgZRjidlfqppgkmEzyiPYsCx1QH2WLbGbqwzhBFUtknDFq4vycyHGs9jUPbGWMz1qu1uflfrZea6DrImEhSQwVZfhSlHBmJ5qejIVOUGD61gIlidldExlhhYmxAJRuCt3ryOrRrVe+qWr+vVxo3eRxFOINzuAQPfGjAHTShBQQe4Rle4c2Rzovz7nwsWwtOPnMKf+R8/gC4fY3t</latexit>

0.0727
<latexit sha1_base64="LdLgAszr5Vzm3BNtcsWlnWhPeVM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiS1D90V3bisYB/QhjKZTtqhk0mYmQgl9DfcuFDErT/jzr9x2mahrQcuHM65l3vv8WPOlHacbyu3sbm1vZPfLeztHxweFY9P2ipKJKEtEvFIdn2sKGeCtjTTnHZjSXHoc9rxJ3dzv/NEpWKReNTTmHohHgkWMIK1kfq18k31qlK3667rDIolx3YWQOvEzUgJMjQHxa/+MCJJSIUmHCvVc51YeymWmhFOZ4V+omiMyQSPaM9QgUOqvHRx8wxdGGWIgkiaEhot1N8TKQ6Vmoa+6QyxHqtVby7+5/USHVx7KRNxoqkgy0VBwpGO0DwANGSSEs2nhmAimbkVkTGWmGgTU8GE4K6+vE7aZdut2ZWHSqlxm8WRhzM4h0twoQ4NuIcmtIBADM/wCm9WYr1Y79bHsjVnZTOn8AfW5w+Bh49m</latexit>

6295347.7110
<latexit sha1_base64="OFHlI25AyzSsuWkU1GOez1Zv9po=">AAAB8XicbVDLSsNAFL2pr1ofrbp0M1gEVyGxD10W3bisYB/YhjKZTtqhk0mYmQgl9C/cuFDErX/jzr9x2mahrQcuHM65l3vv8WPOlHacbyu3sbm1vZPfLeztHxwWS0fHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k9u533miUrFIPOhpTL0QjwQLGMHaSI+Veq1WtytuxR2Uyo7tLIDWiZuRMmRoDkpf/WFEkpAKTThWquc6sfZSLDUjnM4K/UTRGJMJHtGeoQKHVHnp4uIZOjfKEAWRNCU0Wqi/J1IcKjUNfdMZYj1Wq95c/M/rJTq49lIm4kRTQZaLgoQjHaH5+2jIJCWaTw3BRDJzKyJjLDHRJqSCCcFdfXmdtC9tt25X76vlxk0WRx5O4QwuwIUraMAdNKEFBAQ8wyu8Wcp6sd6tj2VrzspmTuAPrM8fj2uO5g==</latexit>

36556.3131
<latexit sha1_base64="1ifQebGlMuepn1ZIyKnEn+Yw0vI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVYvdY9OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044uZ37nSeqNJPiwUwTGsR4JFjECDZWal9V/brvD8oVt+ougNaJl5MK5GgOyl/9oSRpTIUhHGvd89zEBBlWhhFOZ6V+qmmCyQSPaM9SgWOqg2xx7QxdWGWIIqlsCYMW6u+JDMdaT+PQdsbYjPWqNxf/83qpifwgYyJJDRVkuShKOTISzV9HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3urL68Qm5l1Xa/e1SuMmj6MIZ3AOl+BBHRpwB01oAYFHeIZXeHOk8+K8Ox/L1oKTz5zCHzifP9Jpjf4=</latexit>

2.8788
<latexit sha1_base64="Oa8l6kSfKGyB3YY6W9Z/kSd9Sl0=">AAAB7XicbZDLTgIxFIbP4A3xhrp000hMXJEZQoAl0Y1LTOSSwIR0SgcqnXbSdkzIhHdw40Jj3Po+7nwbC8xCwT9p8uU/56Tn/EHMmTau++3ktrZ3dvfy+4WDw6Pjk+LpWUfLRBHaJpJL1QuwppwJ2jbMcNqLFcVRwGk3mN4u6t0nqjST4sHMYupHeCxYyAg21uq4ZbdRrwyLJQtLoU3wMihBptaw+DUYSZJEVBjCsdZ9z42Nn2JlGOF0XhgkmsaYTPGY9i0KHFHtp8tt5+jKOiMUSmWfMGjp/p5IcaT1LApsZ4TNRK/XFuZ/tX5iwoafMhEnhgqy+ihMODISLU5HI6YoMXxmARPF7K6ITLDCxNiACjYEb/3kTehUyl6tXL2vlpo3WRx5uIBLuAYP6tCEO2hBGwg8wjO8wpsjnRfn3flYteacbOYc/sj5/AG6CI3u</latexit>

0.0872
<latexit sha1_base64="5F82OLD8/OZ/wKxoaJRbFy97JHE=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCoZLVV3RTcuK9gLtEPJpJk2NJMZkoxQhr6GGxeKuPVl3Pk2ZtpZaOsPgY//nMM5+f1YcG0w/nYKa+sbm1vF7dLO7t7+QfnwqK2jRFHWopGIVNcnmgkuWctwI1g3VoyEvmAdf3KX1TtPTGkeyUczjZkXkpHkAafEWKtfx+4lvrmsYlzHg3IFW8iEVsHNoQK5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWsyhJyLSXzm+eoTPrDFEQKfukQXP390RKQq2noW87Q2LGermWmf/VeokJrr2UyzgxTNLFoiARyEQoCwANuWLUiKkFQhW3tyI6JopQY2Mq2RDc5S+vQvui6tartYdapXGbx1GEEziFc3DhChpwD01oAYUYnuEV3pzEeXHenY9Fa8HJZ47hj5zPH2c6j1U=</latexit>

6013093.0060
<latexit sha1_base64="qc+HJAAAtO1IRYM14tGXF7JoaHE=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB05LVqj0WvXisYD+wXUo2zbah2eySZIWy9F948aCIV/+NN/+NabsHrT4YeLw3w8y8IBFcG4y/nMLK6tr6RnGztLW9s7tX3j9o6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsY38z89iNTmsfy3kwS5kdkKHnIKTFWeqjiGvZc7F2c98sV7OI50F/i5aQCORr98mdvENM0YtJQQbTuejgxfkaU4VSwaamXapYQOiZD1rVUkohpP5tfPEUnVhmgMFa2pEFz9edERiKtJ1FgOyNiRnrZm4n/ed3UhDU/4zJJDZN0sShMBTIxmr2PBlwxasTEEkIVt7ciOiKKUGNDKtkQvOWX/5LWmetdutW7aqV+ncdRhCM4hlPw4ArqcAsNaAIFCU/wAq+Odp6dN+d90Vpw8plD+AXn4xt+b47b</latexit>

40801.0153
<latexit sha1_base64="hOnlXyGdQBZ4psXr3QEaQQ6Yc/k=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyG4OMW9OIxgnlAsoTZyWwyZnZmmZkVwpJ/8OJBEa/+jzf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCyW3md56o0kyKBzONqR/hkWAhI9hYqV2rXtdcd1CuuFV3DrRKvJxUIEdzUP7qDyVJIioM4VjrnufGxk+xMoxwOiv1E01jTCZ4RHuWChxR7afza2fozCpDFEplSxg0V39PpDjSehoFtjPCZqyXvUz8z+slJrzyUybixFBBFovChCMjUfY6GjJFieFTSzBRzN6KyBgrTIwNqGRD8JZfXiU2Me+iWr+vVxo3eRxFOIFTOAcPLqEBd9CEFhB4hGd4hTdHOi/Ou/OxaC04+cwx/IHz+QO0Co3q</latexit>

2.9200
<latexit sha1_base64="9H+WyiTiw8IRK+5OXPAlQyUiWcE=">AAAB7XicbZDNTgIxFIVv8Q/xD3XpppGYuCIzhohLohuXmAiSwIR0SgcqnXbSdkzIhHdw40Jj3Po+7nwbC8xCwZM0+XLuvem9J0wEN9bzvlFhbX1jc6u4XdrZ3ds/KB8etY1KNWUtqoTSnZAYJrhkLcutYJ1EMxKHgj2E45tZ/eGJacOVvLeThAUxGUoecUqss9pe1av7fr9ccTAXXgU/hwrkavbLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ16EkMTNBNt92is+cM8CR0u5Ji+fu74mMxMZM4tB1xsSOzHJtZv5X66Y2ugoyLpPUMkkXH0WpwFbh2el4wDWjVkwcEKq52xXTEdGEWhdQyYXgL5+8Cu2Lqn9Zrd3VKo3rPI4inMApnIMPdWjALTShBRQe4Rle4Q0p9ILe0ceitYDymWP4I/T5A63gjeY=</latexit>

0.0711
<latexit sha1_base64="TT9bZtLSazwcRWRKjTXKEUQeJDA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0hK+nEsevFYwdZCG8pmu2mXbjZhdyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmBQlnSjvOt1XY2t7Z3Svulw4Oj45PyqdnXRWnktAOiXksewFWlDNBO5ppTnuJpDgKOH0MprcL//GJSsVi8aBnCfUjPBYsZARrIw1qzVq94Xl21as7w3LFsZ0l0CZxc1KBHO1h+WswikkaUaEJx0r1XSfRfoalZoTTeWmQKppgMsVj2jdU4IgqP1vePEdXRhmhMJamhEZL9fdEhiOlZlFgOiOsJ2rdW4j/ef1Uh00/YyJJNRVktShMOdIxWgSARkxSovnMEEwkM7ciMsESE21iKpkQ3PWXN0m3art127v3Kq2bPI4iXMAlXIMLDWjBHbShAwQSeIZXeLNS68V6tz5WrQUrnzmHP7A+fwCKvY9s</latexit>

5856744.2460
<latexit sha1_base64="OwBVgdfRA1pw9qcLS4A1C5vQbIE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0g0ar0VvXisYD+wDWWz3bRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgoQzpR3n2yqsrK6tbxQ3S1vbO7t75f2DpopTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC0e3Ubz1RqVgsHvQ4oX6EB4KFjGBtpMfzi2vHsauu5/XKFcd2ZkDLxM1JBXLUe+Wvbj8maUSFJhwr1XGdRPsZlpoRTielbqpogskID2jHUIEjqvxsdvEEnRilj8JYmhIazdTfExmOlBpHgemMsB6qRW8q/ud1Uh1W/YyJJNVUkPmiMOVIx2j6PuozSYnmY0MwkczcisgQS0y0CalkQnAXX14mzTPbvbS9e69Su8njKMIRHMMpuHAFNbiDOjSAgIBneIU3S1kv1rv1MW8tWPnMIfyB9fkDkNeO5w==</latexit>

35900.8144

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......
<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......
<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......
<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>

......

<latexit sha1_base64="94E60c19X51Y7XUrIpAA1D778ak=">AAAB63icbVDLSgNBEOz1GeMr6tHLYDB4CrsS1GPQi8cI5gHJEmYns8mQeSwzs0JY8gtePCji1R/y5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzfz2E9WGKfloJwkNBR5KFjOCrZMiVEGVfqnsV/050CoJclKGHI1+6as3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNbp+jcKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNb8KMySS1VJLFojjlyCo0exwNmKbE8okjmGjmbkVkhDUm1sVTdCEEyy+vktZlNbiq1h5q5fptHkcBTuEMLiCAa6jDPTSgCQRG8Ayv8OYJ78V79z4WrWtePnMCf+B9/gCMdI1F</latexit>. . . . . .

<latexit sha1_base64="49UIG//Cy8XLvPLjGRI34lnHAWg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0mkqMeiF48V7Ae0oWy2k3bpZhN2J9IS+le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFco+t+W4WNza3tneJuaW//4PDIPi63dJwqBk0Wi1h1AqpBcAlN5CigkyigUSCgHYzv5n77CZTmsXzEaQJ+RIeSh5xRNFLfLvcQJpg1QIWxiqhkMOvbFbfqLuCsEy8nFZKj0be/eoOYpRFIZIJq3fXcBP2MKuRMwKzUSzUklI3pELqGShqB9rPF7TPn3CgDxyw3JdFZqL8nMhppPY0C0xlRHOlVby7+53VTDG/8jMskRZBsuShMhYOxMw/CGXAFDMXUEMoUN7c6bEQVZWjiKpkQvNWX10nrsupdVWsPtUr9No+jSE7JGbkgHrkmdXJPGqRJGJmQZ/JK3qyZ9WK9Wx/L1oKVz5yQP7A+fwDO7ZTz</latexit>

Performance
<latexit sha1_base64="Rp4WF8AQVsMd4xKFwjQMmCbqr88=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7E7WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxupn7rAbQRsbrHcQJ+xAZKhIIztFK3i/CEWT1+BD3plStu1Z2BLhMvJxWSo94rf3X7MU8jUMglM6bjuQn6GdMouIRJqZsaSBgfsQF0LFUsAuNns5sn9MQqfRrG2pZCOlN/T2QsMmYcBbYzYjg0i95U/M/rpBhe+ZlQSYqg+HxRmEqKMZ0GQPtCA0c5toRxLeytlA+ZZhxtTCUbgrf48jJpnlW9i+r53Xmldp3HUSRH5JicEo9ckhq5JXXSIJwk5Jm8kjcndV6cd+dj3lpw8plD8gfO5w+zZJIh</latexit>

Power
<latexit sha1_base64="Vy3JTs4WNtv9d06ETfTZ+LENYo8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6rLqxmUF+4B2KJn0ThuayQzJHbEM/Qw3LhRx69e4829M21lo64HA4Zx7yL0nSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rEbQRsXrAcQJ+xAZKhIIztFKni/CE2bVNTHrlilt1Z6DLxMtJheSo98pf3X7M0wgUcsmM6Xhugn7GNAouYVLqpgYSxkdsAB1LFYvA+Nls5Qk9sUqfhrG2TyGdqb8TGYuMGUeBnYwYDs2iNxX/8zophld+JlSSIig+/yhMJcWYTu+nfaGBoxxbwrgWdlfKh0wzjralki3BWzx5mTTPqt5F9fz+vFK7yesokiNyTE6JRy5JjdyROmkQTmLyTF7Jm4POi/PufMxHC06eOSR/4Hz+AKkJkYM=</latexit>

Area
<latexit sha1_base64="Rqm9+IuS1xXWZRO0EmbzN0F2tMU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUY9BLwoeIuYFyRJmJ51kyOyDmd5gWPInXjwo4tU/8ebfOEn2oIkFDUVVN91dfiyFRsf5tnIrq2vrG/nNwtb2zu6evX9Q11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDX94M/UbI1BaRGEVxzF4AeuHoic4QyN1bLuN8IRp/f7xjlZFAJOOXXRKzgx0mbgZKZIMlY791e5GPAkgRC6Z1i3XidFLmULBJUwK7URDzPiQ9aFlaMgC0F46u3xCT4zSpb1ImQqRztTfEykLtB4HvukMGA70ojcV//NaCfauvFSEcYIQ8vmiXiIpRnQaA+0KBRzl2BDGlTC3Uj5ginE0YRVMCO7iy8ukflZyL0rnD+fF8nUWR54ckWNySlxyScrkllRIjXAyIs/klbxZqfVivVsf89aclc0ckj+wPn8AJSeTWg==</latexit>

VLSI Time
<latexit sha1_base64="uNkZOvHXR3Vywe77JKvjqoqSKog=">AAACC3icbVC7SgNBFJ2NrxhfUUubIUGwCrsiahkUwUaIYB6QhDA7e5MMmZ1dZu6KYUlv46/YWChi6w/Y+TdOHoUmHhg4nHMvd87xYykMuu63k1laXlldy67nNja3tnfyu3s1EyWaQ5VHMtINnxmQQkEVBUpoxBpY6Euo+4PLsV+/B21EpO5wGEM7ZD0luoIztFInX2ghPGB6I7iOmOZ9gcAx0UCvQh+CQKjeqJMvuiV3ArpIvBkpkhkqnfxXK4h4EoJCLpkxTc+NsZ0yjYJLGOVaiYGY8QHrQdNSxUIw7XSSZUQPrRLQbqTtU0gn6u+NlIXGDEPfToYM+2beG4v/ec0Eu+ftVKg4QVB8eqibSIoRHRdDA6FtdDm0hHEt7F8p7zPNONr6crYEbz7yIqkdl7zT0sntSbF8MasjSw5IgRwRj5yRMrkmFVIlnDySZ/JK3pwn58V5dz6moxlntrNP/sD5/AEfhJu9</latexit>

Microarchitecture Embedding

Overview of the dataset, each PPA values of a microarchitecture is obtained from Figure 6

Evaluation
Dataset
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• Get started w. the contest benchmarking platform

1 pip3 install iccad −contest

• Contest solution implementation: Python3.5+

Evaluation
Contest Benchmarking Platform – Solution Implementation
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Listing: Template of the Solution Implementation

1
from iccad_contest.abstract_optimizer import
AbstractOptimizer

3 from iccad_contest.design_space_exploration import
experiment

5 class YourAlgorithm(AbstractOptimizer):
primary_import = "iccad_contest"

7
def __init__(self, design_space):

9 #
# b u i l d a w r a p p e r c l a s s f o r an o p t i m i z e r .

11 #
# p a r a m e t e r s

13 # −−−−−−−−−−

Solution Implementation I

24/45



# d e s i g n _ s p a c e : < c l a s s "
M i c r o a r c h i t e c t u r e D e s i g n S p a c e ">

15 #
AbstractOptimizer.__init__(self, api_config)

17 # do w h a t e v e r o t h e r s e t u p i s n e e d e d
# . . .

19
def suggest(self):

21 #
# g e t a s u g g e s t i o n f r o m t h e o p t i m i z e r .

23 #
# r e t u r n s

25 # −−−−−−−
# n e x t _ g u e s s : < l i s t > o f < l i s t >

27 # l i s t o f ‘ s e l f . n _ s u g g e s t i o n s ‘
s u g g e s t i o n ( s ) .

Solution Implementation II
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# e a c h s u g g e s t i o n i s a m i c r o a r c h i t e c t u r e
e m b e d d i n g .

29 #
# do w h a t e v e r i s n e e d e d t o g e t t h e p a r a l l e l

g u e s s e s
31 # . . .

return x_guess
33

def observe(self, X, y):
35 #

# s e n d an o b s e r v a t i o n o f a s u g g e s t i o n b a c k
t o t h e o p t i m i z e r .

37 #
# p a r a m e t e r s

39 # −−−−−−−−−−
# x : < l i s t > o f < l i s t >

41 # t h e o u t p u t o f ‘ s u g g e s t ‘ .

Solution Implementation III
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# y : < l i s t > o f < l i s t >
43 # c o r r e s p o n d i n g v a l u e s w h e r e e a c h ‘ x ‘ i s

mapped t o .
#

45 # u p d a t e t h e m o d e l w i t h new o b j e c t i v e f u n c t i o n
o b s e r v a t i o n s

# . . .
47 # no r e t u r n s t a t e m e n t n e e d e d

49 if __name__ == "__main__":
# t h i s i s t h e e n t r y p o i n t f o r e x p e r i m e n t s , s o p a s s

t h e c l a s s t o
51 # ‘ e x p e r i m e n t _ m a i n _ e n t r y ‘ t o u s e t h i s o p t i m i z e r .

# t h i s s t a t e m e n t must b e i n c l u d e d i n t h e w r a p p e r
c l a s s f i l e :

53 experiment(YourAlgorithm)

Solution Implementation IV
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Listing: Data structure Definition of the Design Space

descriptions = {
2 "sub−design−1": {

"Fetch": [1],
4 "Decoder": [1],

"ISU": [1, 2, 3],
6 ...

}
8 }

10 components_mappings = {
"Fetch": {

12 "description": ["FetchWidth"],
"1": [4]

14 },
"Decoder": {

Key Data Structure I
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16 "description": ["DecodeWidth"],
"1": [1]

18 },
"ISU": {

20 "description": [
"MEM_INST.DispatchWidth", "
MEM_INST.IssueWidth"

22 "MEM_INST.NumEntries", "
INT_INST.DispatchWidth",

"INT_INST.IssueWidth", "
INT_INST.NumEntries",

24 "FP_INST.DispatchWidth", "
FP_INST.IssueWidth",

"FP_INST.NumEntries"
26 ],

"1": [1, 1, 8, 1, 1, 8, 1, 1, 8],
28 "2": [1, 1, 6, 1, 1, 6, 1, 1, 6],

Key Data Structure II
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"3": [1, 1, 10, 1, 1, 12, 1, 1, 12]
30 },

"IFU": {
32 "description": ["BranchTag", "

FetchBufferEntries", "
FetchTargetQueue"]

"1": [8, 8, 16],
34 ...

},
36 ...
}

Key Data Structure III
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Listing: Benchmarking Platform Help Menu

1 $ python3 random−search−optimizer.py −h

3 usage: random−search−optimizer.py [−h] [−o OUTPUT_PATH]
[−u UUID] [−s SOLUTION_SETTINGS] [−q NUM_OF_QUERIES
]

5 ICCAD’22 Contest Platform − solutions evaluation

7 optional arguments:
−h, −−help show this help message and exit

9 −o OUTPUT_PATH , −−output−path OUTPUT_PATH contest
output path specification

−u UUID, −−uuid UUID universally unique identifier (
UUID) specification

Contest Benchmarking Platform Help Menu I
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11 −s SOLUTION_SETTINGS , −−solution−settings
SOLUTION_SETTINGS solution submission
specification

−q NUM_OF_QUERIES , −−num−of−queries NUM_OF_QUERIES
the number of queries specification

Contest Benchmarking Platform Help Menu II
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Listing: Example Command of Benchmarking Platform

$ python3 random−search−optimizer.py −o output −u "00
ef538e88634ddd9810d034b748c24d" −q 20

2 ...
[INFO]: summary for the solution, the best Pareto
hypervolume: 37.59654046710655, the best Pareto
hypervolume difference: 66.67984662813456 cost:
164902.3422778734.

4 ...

Example Command of Benchmarking Platform I
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• Pareto hypervolume

• Overall running time: the total time of algorithms including VLSI flow runtime cost.

• A final score is calculated based on Pareto hypervolume and overall running time

Evaluation
Evaluation Metrics
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Pareto hypervolume [Bai et al. 2021]

PVolvref(P(Y)) =
∫

Y
1[y � vref][1−

∏
y∗∈P(Y)

1[y∗ � y]]dy, (2)

0
<latexit sha1_base64="yvdzdUBQiZRbuXUMfwlJb0Afo7Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2k3bpZhN2N0Ip/QdePCji1X/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ6cEv9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzH+lCrDmcBZqZdqTCgb0yF2LZU0Qu1P55fOyJlVBiSMlS1pyFz9PTGlkdaTKLCdETUjvexl4n9eNzXhtT/lMkkNSrZYFKaCmJhkb5MBV8iMmFhCmeL2VsJGVFFmbDhZCN7yy6ukVat6F9Xa/WWlfpPHUYQTOIVz8OAK6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/rqOMzA==</latexit>

f1(x)
<latexit sha1_base64="YB+dK2COfGMM9pFQG5/hupazXE4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuK+ix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Ar7XvnpvF8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0qhWvVqneXZTq11kceTiBUyiDB5dQh1toQBMIPMAzvMKbI50X5935WLTmnGzmGP7A+fwBlK2OeQ==</latexit>

f2(x)
<latexit sha1_base64="feABHLPJNNcsYY6Edb0HiHySRwE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuK+ix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1Ar71fLTeb9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippVSterVK9uyjVr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDljSOeg==</latexit>

(a)

<latexit sha1_base64="cqUb+64oYs4zDVtzVs1id4zEn2E=">AAAB+3icbVDLSgNBEJyNrxhfMR69DAbBU9iVoB4DIniSCOYBSQizk04yZHZnmenVhGV/xYsHRbz6I978GyePgyYWNBRV3XR3+ZEUBl3328msrW9sbmW3czu7e/sH+cNC3ahYc6hxJZVu+syAFCHUUKCEZqSBBb6Ehj+6nvqNR9BGqPABJxF0AjYIRV9whlbq5gtthDEmd0oHJVpVT6DTbr7oltwZ6CrxFqRIFqh281/tnuJxACFyyYxpeW6EnYRpFFxCmmvHBiLGR2wALUtDFoDpJLPbU3pqlR7tK20rRDpTf08kLDBmEvi2M2A4NMveVPzPa8XYv+okIoxihJDPF/VjSVHRaRC0JzRwlBNLGNfC3kr5kGnG0caVsyF4yy+vkvp5ybsole/LxcrNIo4sOSYn5Ix45JJUyC2pkhrhZEyeySt5c1LnxXl3PuatGWcxc0T+wPn8ARIOlHs=</latexit>

Norm. Power

<latexit sha1_base64="CbkQWitkERdObJbggJZFfVa/3t0=">AAAB+3icbVDLSgNBEJyNrxhfMR69DAbB07Iroh4DIniSCOYByRJmJ73JkNkHM72SsORXvHhQxKs/4s2/cZLsQRMLGoqqbrq7/EQKjY7zbRXW1jc2t4rbpZ3dvf2D8mGlqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3nkBpEUePOEnAC9kgEoHgDI3UK1e6CGPM7mMV2rQOKrCnvXLVsZ056Cpxc1IlOeq98le3H/M0hAi5ZFp3XCdBL2MKBZcwLXVTDQnjIzaAjqERC0F72fz2KT01Sp8GsTIVIZ2rvycyFmo9CX3TGTIc6mVvJv7ndVIMrr1MREmKEPHFoiCVFGM6C4L2hQKOcmII40qYWykfMsU4mrhKJgR3+eVV0jy33Uv74uGiWrvN4yiSY3JCzohLrkiN3JE6aRBOxuSZvJI3a2q9WO/Wx6K1YOUzR+QPrM8flT6UKQ==</latexit>

Norm. Perf.

<latexit sha1_base64="at5MezoqmYomsfCo19TBtMFyXTk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCCB5bsLXQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAjGNzP/4QmV5rG8N5ME/YgOJQ85o8ZKTbdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpvHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ffO6MwA==</latexit>

0

<latexit sha1_base64="f4LTgHkjZdc1ate/QsaakYDhYiU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GVBBJcV7APaECaTaTt0Mgkzk0II/RM3LhRx65+482+ctFlo64FhDufcy5w5QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSWcJ9SI8FmzECNZG8m17GMQ8VFlkrjyb+65v152GswBaJ25J6lCi7dtfwzAmaUSFJhwrNXCdRHs5lpoRTue1YapogskUj+nAUIEjqrx8kXyOLowSolEszREaLdTfGzmOVBHOTEZYT9SqV4j/eYNUj269nIkk1VSQ5UOjlCMdo6IGFDJJieaZIZhIZrIiMsESE23KqpkS3NUvr5PuVcO9bjQfm/XWfVlHFc7gHC7BhRtowQO0oQMEZvAMr/Bm5daL9W59LEcrVrlzCn9gff4AAT2T6w==</latexit>y1

<latexit sha1_base64="n4hjqhkYhlieFTq5HvvIqSeuPoE=">AAAB+XicbVBPS8MwHP11/pvzX9Wjl+AQPI12DPU4EMHjBDcHWylpmm1haVqSdFDKvokXD4p49Zt489uYbj3o5oOQx3u/H3l5QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikp+JUEtolMY9lP8CKciZoVzPNaT+RFEcBp0/B9Lbwn2ZUKhaLR50l1IvwWLARI1gbybftYRDzUGWRufJs7jd9u+40nAXQOnFLUocSHd/+GoYxSSMqNOFYqYHrJNrLsdSMcDqvDVNFE0ymeEwHhgocUeXli+RzdGGUEI1iaY7QaKH+3shxpIpwZjLCeqJWvUL8zxukenTj5UwkqaaCLB8apRzpGBU1oJBJSjTPDMFEMpMVkQmWmGhTVs2U4K5+eZ30mg33qtF6aNXbd2UdVTiDc7gEF66hDffQgS4QmMEzvMKblVsv1rv1sRytWOXOKfyB9fkDAsGT7A==</latexit>y2

<latexit sha1_base64="Aq+oDoISLptUFgdBc+qJKjrNtsI=">AAAB+XicbVBPS8MwHP11/pvzX9Wjl+AQPI1Wh3ociOBxgnODrZQ0zbawtClJOihl38SLB0W8+k28+W1Mtx5080HI473fj7y8IOFMacf5tipr6xubW9Xt2s7u3v6BfXj0pEQqCe0QwYXsBVhRzmLa0Uxz2kskxVHAaTeY3BZ+d0qlYiJ+1FlCvQiPYjZkBGsj+bY9CAQPVRaZK89m/qVv152GMwdaJW5J6lCi7dtfg1CQNKKxJhwr1XedRHs5lpoRTme1QapogskEj2jf0BhHVHn5PPkMnRklREMhzYk1mqu/N3IcqSKcmYywHqtlrxD/8/qpHt54OYuTVNOYLB4aphxpgYoaUMgkJZpnhmAimcmKyBhLTLQpq2ZKcJe/vEqeLhruVaP50Ky37so6qnACp3AOLlxDC+6hDR0gMIVneIU3K7derHfrYzFascqdY/gD6/MHBEWT7Q==</latexit>y3

<latexit sha1_base64="RKBwhBtS9oX0QIVzy4MJpmCA2Fg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GVBBJcV7APaECaTSTt0Mgkzk0IJ/RM3LhRx65+482+ctFlo64FhDufcy5w5QcqZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclf4vSmViiXiSc9S6sV4JFjECNZG8m17GCQ8VLPYXPls7jd9u+40nAXQOnFLUocSbd/+GoYJyWIqNOFYqYHrpNrLsdSMcDqvDTNFU0wmeEQHhgocU+Xli+RzdGGUEEWJNEdotFB/b+Q4VkU4MxljPVarXiH+5w0yHd16ORNppqkgy4eijCOdoKIGFDJJieYzQzCRzGRFZIwlJtqUVTMluKtfXifdq4Z73Wg+Nuut+7KOKpzBOVyCCzfQggdoQwcITOEZXuHNyq0X6936WI5WrHLnFP7A+vwBBcmT7g==</latexit>y4

<latexit sha1_base64="mgHc6NKLMY5LIvRqQpDOf4TJhbo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1kQwWUF+4A2hMlk0g6dTMLMpBBC/8SNC0Xc+ifu/BunbRbaemCYwzn3MmdOkHKmtON8W5W19Y3Nrep2bWd3b//APjzqqCSThLZJwhPZC7CinAna1kxz2kslxXHAaTcY38387oRKxRLxpPOUejEeChYxgrWRfNseBAkPVR6bq8in/pVv152GMwdaJW5J6lCi5dtfgzAhWUyFJhwr1XedVHsFlpoRTqe1QaZoiskYD2nfUIFjqrxinnyKzowSoiiR5giN5urvjQLHahbOTMZYj9SyNxP/8/qZjm69gok001SQxUNRxpFO0KwGFDJJiea5IZhIZrIiMsISE23KqpkS3OUvr5LORcO9blw+Xtab92UdVTiBUzgHF26gCQ/QgjYQmMAzvMKbVVgv1rv1sRitWOXOMfyB9fkDB02T7w==</latexit>y5

<latexit sha1_base64="KhZoQT39iMVITB/L/jwA97R5xg4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgKiQi6rIigiupYB/QhjKZTtqhk0yYuVFL7Ke4caGIW7/EnX/jtM1CWw8MHM65h3vnBIngGlz32yosLa+srhXXSxubW9s7dnm3oWWqKKtTKaRqBUQzwWNWBw6CtRLFSBQI1gyGlxO/ec+U5jK+g1HC/Ij0Yx5ySsBIXbvcAfYI2Y1UkYMvTHLctSuu406BF4mXkwrKUevaX52epGnEYqCCaN323AT8jCjgVLBxqZNqlhA6JH3WNjQmEdN+Nj19jA+N0sOhVObFgKfq70RGIq1HUWAmIwIDPe9NxP+8dgrhuZ/xOEmBxXS2KEwFBoknPeAeV4yCGBlCqOLmVkwHRBEKpq2SKcGb//IiaRw73qlzcntSqV7ldRTRPjpAR8hDZ6iKrlEN1RFFD+gZvaI368l6sd6tj9lowcoze+gPrM8fBZ6T3Q==</latexit>

Norm. Area

(b)

(a). An example overview of the Pareto hypervolume in the two dimensional space (b). An example
overview of the Pareto hypervolume in the three dimensional space, i.e., power, performance, and
area.
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Final Score

score = PVolvref ·


α− ORT− θ

θ
,ORT ≥ θ

α+ |ORT− θ
θ

|,ORT < θ

, (3)

α is an ORT score baseline, equal to 6, and θ is a pre-defined ORT budget,
equivalent to 2625000.
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Overview of the online ranking platform.
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Online Ranking Platform
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Ranking list

• The online ranking platform will be maintained after the contest.

• Everybody can register and participate in solving the problem.

• Evaluation according to fixed frequency.

• Address: http://47.93.191.38/

Evaluation
Online Ranking Platform
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