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一种通用快速准确的预训练模型评估方法

扫码关注，获取最新资讯



多种了解渠道

•公众号推送（快速了解大致内容）

• Live报告（快速了解技术细节）

•论文（完整了解全部内容）
• https://arxiv.org/abs/2102.11005

•代码（快速在项目中使用）
• https://github.com/thuml/LogME

https://arxiv.org/abs/2102.11005
https://github.com/thuml/LogME


自我介绍

•清华大学软件学院机器学习组
• 2020级博士研究生
•师从龙明盛老师
•研究领域：迁移学习
•个人主页 youkaichao.github.io
• 知乎、谷歌学术、邮箱……

•◀2019智源live
• 领域适配前沿研究--场景、方法与模型选择

youkaichao.github.io
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迁移学习范式

• AlexNet是深度学习流行的原因？
•用数据说话
• 顶会论文摘要中包含deep的比例

• 2012年，很少有deep

• 2012年开始增长

• (很少有人发现)2014年的拐点

• 2014年的重磅论文
• Rich feature hierarchies for accurate object detection and 

semantic segmentation, CVPR 2014 (citation over 1.5w)
• Decaf: A deep convolutional activation feature for generic 

visual recognition, ICML 2014 (citation over 4k)
• 都是迁移学习

https://youkaichao.github.io/about

https://youkaichao.github.io/about


迁移学习范式
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预训练模型选择

•选择哪一个预训练模型更好？

• https://pytorch.org/hub/
• https://pytorch.org/vision/stable/models.html

https://pytorch.org/hub/
https://pytorch.org/vision/stable/models.html


预训练模型选择

•选择哪一个预训练模型更好？

• https://huggingface.co/models

https://huggingface.co/models


预训练模型选择

•预训练模型评估流程

•寻找实用的评估指标
• 通用
• 快速

• 准确



寻找实用的评估指标

•通用
• 应用场景广

•快速
• 用时间来衡量

•准确
• 与实际指标的相关性



如何衡量评估指标的准确性

• Problem Setup
• M pre-trained models with a dataset
• Ground truth transfer learning performance
• Assessment score

•线性相关系数？
• 数值无直观含义

• 无法处理非线性情况（s 与 log s）

•评估指标的目的
• 模型选择

•好的评估指标
• 基于逆序对个数

<latexit sha1_base64="sFG0KrROdr8p+mqqbtmO/+smCjY=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsICURUTeFoi5cVrAPaGKYTCft0MkkzEzEEPIJbvwVNy4UcevSnX9j0mah1QMXDufcy733uCGjUhnGl1aam19YXCovV1ZW19Y39M2tjgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd8UXud++IkDTgNyoOie2jIacexUhlkqPvWz5SI4xYcpnCBrSS2r1DD2Hs0AMrdRLaMNPbhKcVR68adWMC+JeYBamCAi1H/7QGAY58whVmSMq+aYTKTpBQFDOSVqxIkhDhMRqSfkY58om0k8lDKdzLlAH0ApEVV3Ci/pxIkC9l7LtZZ36+nPVy8T+vHynvzE4oDyNFOJ4u8iIGVQDzdOCACoIVizOCsKDZrRCPkEBYZRnmIZizL/8lnaO6eVI3ro+rzfMijjLYAbugBkxwCprgCrRAG2DwAJ7AC3jVHrVn7U17n7aWtGJmG/yC9vENAgKb7w==</latexit>

D = {(xi, yi)}ni=1

<latexit sha1_base64="zmiF0LNCgg7DWLFXro0LJThEpME=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclUREXUnRjctKn9CGMJlO2mlnJmFmIpTQlRt/xY0LRdz6De78GydpF9p64MLhnHu5954gZlRpx/m2lpZXVtfWCxvFza3tnV17b7+pokRi0sARi2Q7QIowKkhDU81IO5YE8YCRVjC6zfzWA5GKRqKuxzHxOOoLGlKMtJF8+6jmU3gNa/4Qdik3G4mC9Vyq+8Oib5ecspMDLhJ3Rkpghqpvf3V7EU44ERozpFTHdWLtpUhqihmZFLuJIjHCI9QnHUMF4kR5af7GBJ4YpQfDSJoSGubq74kUcaXGPDCdHOmBmvcy8T+vk+jwykupiBNNBJ4uChMGdQSzTGCPSoI1GxuCsKTmVogHSCKsTXJZCO78y4ukeVZ2L8rO/XmpcjOLowAOwTE4BS64BBVwB6qgATB4BM/gFbxZT9aL9W59TFuXrNnMAfgD6/MH5XSW1w==</latexit>

Si > Sj =) Ti > Tj



Kendall Tau

• Kendall Tau系数

• sgn 函数取值1 / -1
• 顺序对：

• 逆序对：
• 𝜏 = 1 ： (perfect)

• 𝜏 = −1： (bad?)

• 一般来说，
• 理想情况： consistently 𝜏 = 1

•加权Kendall Tau系数
• 关注S或者T大的(T,S)对

<latexit sha1_base64="9Z6QbgDgm97OKmIu5OB1rpHT/7s="></latexit>

⌧ =
2

M(M � 1)

X

1i<jM

sgn(Ti � Tj)sgn(Si � Sj)

<latexit sha1_base64="TYi9VMeImKpedHFm/yDluW+zxOM=">AAACGXicbZDLSsNAFIYn9VbrLerSzWAR6sKSiKgboejGZaVXaEuYTKft2MkkzJyIJfQ13Pgqblwo4lJXvo1J2kVt/WHg5zvncOb8biC4Bsv6MTJLyyura9n13Mbm1vaOubtX136oKKtRX/iq6RLNBJesBhwEawaKEc8VrOEOb5J644EpzX1ZhVHAOh7pS97jlECMHNNqA3uESPfluFB1OD7BVef+GM/QSkorCb3Cds4x81bRSoUXjT01eTRV2TG/2l2fhh6TQAXRumVbAXQiooBTwca5dqhZQOiQ9FkrtpJ4THei9LIxPopJF/d8FT8JOKWzExHxtB55btzpERjo+VoC/6u1QuhddiIugxCYpJNFvVBg8HESE+5yxSiIUWwIVTz+K6YDogiFOMwkBHv+5EVTPy3a50Xr7ixfup7GkUUH6BAVkI0uUAndojKqIYqe0At6Q+/Gs/FqfBifk9aMMZ3ZR39kfP8CmMmeFg==</latexit>

sgn(Ti � Tj)sgn(Si � Sj) = 1
<latexit sha1_base64="4acB0iQfW9P2/eW8eoY+C7IaF4Y=">AAACGnicbZDLSsNAFIYnXmu9VV26GSxCXbQkIupGKLpxWekV2hAm00k7djIJMydiCX0ON76KGxeKuBM3vo1J20Vt/WHg5zvncOb8bii4BtP8MZaWV1bX1jMb2c2t7Z3d3N5+QweRoqxOAxGolks0E1yyOnAQrBUqRnxXsKY7uEnrzQemNA9kDYYhs33Sk9zjlECCnJzVAfYIse7JUaHmcFzENef+BM/Q6phWU3qFi1bWyeXNkjkWXjTW1OTRVBUn99XpBjTymQQqiNZtywzBjokCTgUbZTuRZiGhA9Jj7cRK4jNtx+PTRvg4IV3sBSp5EvCYzk7ExNd66LtJp0+gr+drKfyv1o7Au7RjLsMImKSTRV4kMAQ4zQl3uWIUxDAxhCqe/BXTPlGEQpJmGoI1f/KiaZyWrPOSeXeWL19P48igQ3SECshCF6iMblEF1RFFT+gFvaF349l4NT6Mz0nrkjGdOUB/ZHz/AhISnk0=</latexit>

sgn(Ti � Tj)sgn(Si � Sj) = �1
<latexit sha1_base64="ni5WSik4COignPKlwhG+gjCMH3k=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUlE1JUU3bis9AltCJPppJ128mBmIpRQ3Pgrblwo4tavcOffOEm70NYDF86ccy9z7/FizqSyrG9jaXlldW29sFHc3Nre2TX39psySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Y1uM7/1QIVkUVhX45g6Ae6HzGcEKy255mHNZega1dwh6jLfR/X8WXeHRdcsWWUrB1ok9oyUYIaqa351exFJAhoqwrGUHduKlZNioRjhdFLsJpLGmIxwn3Y0DXFApZPmJ0zQiVZ6yI+ErlChXP09keJAynHg6c4Aq4Gc9zLxP6+TKP/KSVkYJ4qGZPqRn3CkIpTlgXpMUKL4WBNMBNO7IjLAAhOlU8tCsOdPXiTNs7J9Ubbuz0uVm1kcBTiCYzgFGy6hAndQhQYQeIRneIU348l4Md6Nj2nrkjGbOYA/MD5/AITvlPE=</latexit>

Si > Sj () Ti > Tj
<latexit sha1_base64="sTpUYmzPoWnaGj+4vuHAQm9cN50=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJUZEXUhUnTjstIntMOQSTNt2syDJCOUUtz4K25cKOLWr3Dn35hpZ6GtBxJOzrmXm3u8mDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5DRokgtE4iHomWhyXlLKR1xRSnrVhQHHicNr3hbeo3H6iQLAprahRTJ8C9kPmMYKUl1zyougxdo6o7QB3m+6imn1f6HhRcs2iVrCnQIrEzUoQMFdf86nQjkgQ0VIRjKdu2FStnjIVihNNJoZNIGmMyxD3a1jTEAZXOeLrCBB1rpYv8SOgTKjRVf3eMcSDlKPB0ZYBVX857qfif106Uf+mMWRgnioZkNshPOFIRSvNAXSYoUXykCSaC6b8i0scCE6VTS0Ow51deJI3Tkn1esu7PiuWbLI48HMIRnIANF1CGO6hAHQg8wjO8wpvxZLwY78bHrDRnZD378AfG5w+B3ZTv</latexit>

Si > Sj () Ti < Tj<latexit sha1_base64="eN/sS16gbOeSbqE1jSalBf+aEoU="></latexit>

Si > Sj =) Ti > Tj (with probability
⌧ + 1

2
)

<latexit sha1_base64="enobbk3r9kXYPacKUQxvHZEtM3s="></latexit>

Si > Sj ^ Sj is large =) Ti > Tj (with probability >
⌧w + 1

2
)



暴力搜索
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•完成整个finetune流程
• 超参数调优、模型训练（L 时间长）

• 得到ground-truth评估指标（J 𝜏! = 1，选择准）

• 应用范围广（J 通用）

•具体时间
• 对两个超参数（学习率与L2衰减系数）各自进行7次grid search
• 为了评估一个模型的迁移效果，需要 49 * 1hr ≈ 50 hr



LEEP/NCE

conv1

conv2
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Pre-train

•不更新预训练模型，建模类别关系
• 没有训练过程（J 时间极短）

• 选择效果较差（L 实验测得𝜏!较小）

• 应用范围受限
• L只适用于有监督预训练模型迁移到分类任务的场景

•评估过程中引入不必要的预训练模型的fc
• LEEP/NCE与预训练fc相关，迁移性指标与预训练fc无关

x

"𝑦 y

LEEP/NCE



LogME设计思路
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Pre-train

•不更新预训练模型⇒时间快J

•只使用预训练模型的特征提取器
• 可适用于任何方式训练的预训练模型J

•问题转化
• 如何衡量预训练特征f与标注y的关系
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LogME



LogME设计思路

•如何衡量预训练特征f与标注y的关系
• 概率密度p(y|f)

• 关系建模 y=wTf

•点估计
• 训练得到最优w*，计算p(y|f, w*)

• 容易过拟合（本身就是一个监督学习问题，有超参数）

•分布估计
• 利用w的分布p(w)，遍历w的可能取值

• 文献中称为evidence

• posterior = $%&'$%())* ∗,-%)-
'.%*'/0'

<latexit sha1_base64="lHyRuM4U2y2H0HQchgTILNBHN/g=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VoUUoiom6EolBcVrAPaEKZTCbt0MmDmYklpP0IN/6KGxeKuHXhzr9x0nahrRdmOJxzL/fc40SMCmkY31puaXlldS2/XtjY3Nre0Xf3miKMOSYNHLKQtx0kCKMBaUgqGWlHnCDfYaTlDG4yvfVAuKBhcC+TiNg+6gXUoxhJRXX146iUjGpleAUtGkgYlYZl9SVwBGsnUGHLR7LP/dQdw2FXLxoVY1JwEZgzUASzqnf1L8sNceyTQGKGhOiYRiTtFHFJMSPjghULEiE8QD3SUTBAPhF2OjlqDI8U40Iv5OopZxP290SKfCES31GdmUcxr2Xkf1onlt6lndIgiiUJ8HSRFzMoQ5glBF3KCZYsUQBhTpVXiPuIIyxVjgUVgjl/8iJonlbM84pxd1asXs/iyIMDcAhKwAQXoApuQR00AAaP4Bm8gjftSXvR3rWPaWtOm83sgz+lff4AXn+b7Q==</latexit>

p(y|F ) =

Z
p(w)p(y|F,w)dw



LogME具体推导——一元回归

•概率图模型

• evidence p(y|f,𝛼, 𝛽)

<latexit sha1_base64="W4NsZ3UdMd3JSqHJ0nbSZyXsADw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8nfrNJ6YNV/LBjlIWJtiXPOYUrZMaHRTpALulsl/xZyDLJMhJGXLUuqWvTk/RLGHSUoHGtAM/teEYteVUsEmxkxmWIh1in7UdlZgwE45n107IqVN6JFbalbRkpv6eGGNizCiJXGeCdmAWvan4n9fObHwdjrlMM8sknS+KM0GsItPXSY9rRq0YOYJUc3croQPUSK0LqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyB9/kDjSePHQ==</latexit>↵
<latexit sha1_base64="ZOARUCS6WTMkfnwpQ7R31hfCNOk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiwK4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHnBeMzw==</latexit>

F

<latexit sha1_base64="bGDTOKyV7GDRZrDob8GdoO8hXfo=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoQUsioi6LblxJhb6gScNkOmmHTh7MTJQQ8g1u/BU3LhRx68qdf+Ok7UJbD1w4nHMv997jRowKaRjfWmFpeWV1rbhe2tjc2t7Rd/faIow5Ji0cspB3XSQIowFpSSoZ6UacIN9lpOOOr3O/c0+4oGHQlElEbB8NA+pRjKSSHL2aOBRagvrQ8pEcYcTS26zy0G9Cz6HH0HKJRP30xMyqjl42asYEcJGYM1IGMzQc/csahDj2SSAxQ0L0TCOSdoq4pJiRrGTFgkQIj9GQ9BQNkE+EnU5eyuCRUgbQC7mqQMKJ+nsiRb4Qie+qzvxuMe/l4n9eL5bepZ3SIIolCfB0kRczKEOY5wMHlBMsWaIIwpyqWyEeIY6wVCmWVAjm/MuLpH1aM89rxt1ZuX41i6MIDsAhqAATXIA6uAEN0AIYPIJn8AretCftRXvXPqatBW02sw/+QPv8AW4mnKw=</latexit>

yi ⇠ N (wT fi,�
�1)

<latexit sha1_base64="B7fUqCAdlQp1h/X7NSf6fq9tvIA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFfI6p</latexit>

�
<latexit sha1_base64="IKyPjLKye36w45lJYuoHVfX9mvI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRimhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD5luNAA==</latexit>w

<latexit sha1_base64="kqaWhWkGpN+GGGd2tveNu9R1hT0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6WONAg==</latexit>y

f1

<latexit sha1_base64="yXRD1nNzvOEXT3QL/r3an1h8lPY=">AAAB6nicbVDLSgNBEOyNrxhfUY+KDAbBU9gVRY9BLx4TNA9IljA7mU2GzMwuM7NCWHL06MWDIl79iHyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9NRogitkohHqhFgTTmTtGqY4bQRK4pFwGk96N+M/foDVZpF8t4MYuoL3JUsZAQbK92Fba+dL7hFdwK0SLwZKZQOR5Xvx6NRuZ3/bHUikggqDeFY66bnxsZPsTKMcDrMtRJNY0z6uEublkosqPbTyalDdGKVDgojZUsaNFF/T6RYaD0Qge0U2PT0vDcW//OaiQmv/JTJODFUkumiMOHIRGj8N+owRYnhA0swUczeikgPK0yMTSdnQ/DmX14ktbOid168qNg0rmGKLBzAMZyCB5dQglsoQxUIdOEJXuDV4c6z8+a8T1szzmxmH/7A+fgB38yRPQ==</latexit>

fi

<latexit sha1_base64="ku66BbFSgTNHNiM6GnrHv8zPKFM=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTAo7LN8pFN2SOwFaJN6MFMtH4+r34/G40il8trsRSQSVhnCsdctzY+OnWBlGOB3l24mmMSYD3KMtSyUWVPvp5NYROrVKF4WRsiUNmqi/J1IstB6KwHYKbPp63svE/7xWYsJrP2UyTgyVZLooTDgyEcoeR12mKDF8aAkmitlbEeljhYmx8WQhePMvL5L6ecm7KF1WbRo3MEUODuEEzsCDKyjDHVSgBgT68AQv8OoI59l5c96nrUvObOYA/sD5+AFp+ZGJ</latexit>

yi

<latexit sha1_base64="/q3ywKtyqrX0Ydj+Rnx0XMH2GKc=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTBp2WL5TKLoldwK0SLwZKZaPxtXvx+NxpVP4bHcjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTya0jdGqVLgojZUsaNFF/T6RYaD0Uge0U2PT1vJeJ/3mtxITXfspknBgqyXRRmHBkIpQ9jrpMUWL40BJMFLO3ItLHChNj48lC8OZfXiT185J3Ubqs2jRuYIocHMIJnIEHV1CGO6hADQj04Qle4NURzrPz5rxPW5ec2cwB/IHz8QOG/pGc</latexit>

y1

<latexit sha1_base64="RD1xn04MC7WlxqBn+M6h5pMV2R8=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTBp2vHynUHRL7gRokXgzUiwfjavfj8fjSqfw2e5GJBFUGsKx1i3PjY2fYmUY4XSUbyeaxpgMcI+2LJVYUO2nk1tH6NQqXRRGypY0aKL+nkix0HooAtspsOnreS8T//NaiQmv/ZTJODFUkumiMOHIRCh7HHWZosTwoSWYKGZvRaSPFSbGxpOF4M2/vEjq5yXvonRZtWncwBQ5OIQTOAMPrqAMd1CBGhDowxO8wKsjnGfnzXmfti45s5kD+APn4wcx5pFk</latexit>

yn

<latexit sha1_base64="f5WwfCooovRbr/S+1EhRe7/x4ok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9ZX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBf0I1Cib5tNRLDU8oG9Mh71qqaMSNP5mfOiVnVhmQMNa2FJK5+ntiQiNjsiiwnRHFkVn2ZuJ/XjfF8NqfCJWkyBVbLApTSTAms7/JQGjOUGaWUKaFvZWwEdWUoU2nZEPwll9eJa2LqlerXt7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBsQo3m</latexit>

fn

<latexit sha1_base64="b52UVNSP/m4xByFNerwItvPLsM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPZlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBPUI3T</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>



LogME具体推导——一元回归

•概率图模型

• evidence p(y|f,𝛼, 𝛽)

<latexit sha1_base64="W4NsZ3UdMd3JSqHJ0nbSZyXsADw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8nfrNJ6YNV/LBjlIWJtiXPOYUrZMaHRTpALulsl/xZyDLJMhJGXLUuqWvTk/RLGHSUoHGtAM/teEYteVUsEmxkxmWIh1in7UdlZgwE45n107IqVN6JFbalbRkpv6eGGNizCiJXGeCdmAWvan4n9fObHwdjrlMM8sknS+KM0GsItPXSY9rRq0YOYJUc3croQPUSK0LqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyB9/kDjSePHQ==</latexit>↵
<latexit sha1_base64="ZOARUCS6WTMkfnwpQ7R31hfCNOk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiwK4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHnBeMzw==</latexit>

F

<latexit sha1_base64="bGDTOKyV7GDRZrDob8GdoO8hXfo=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoQUsioi6LblxJhb6gScNkOmmHTh7MTJQQ8g1u/BU3LhRx68qdf+Ok7UJbD1w4nHMv997jRowKaRjfWmFpeWV1rbhe2tjc2t7Rd/faIow5Ji0cspB3XSQIowFpSSoZ6UacIN9lpOOOr3O/c0+4oGHQlElEbB8NA+pRjKSSHL2aOBRagvrQ8pEcYcTS26zy0G9Cz6HH0HKJRP30xMyqjl42asYEcJGYM1IGMzQc/csahDj2SSAxQ0L0TCOSdoq4pJiRrGTFgkQIj9GQ9BQNkE+EnU5eyuCRUgbQC7mqQMKJ+nsiRb4Qie+qzvxuMe/l4n9eL5bepZ3SIIolCfB0kRczKEOY5wMHlBMsWaIIwpyqWyEeIY6wVCmWVAjm/MuLpH1aM89rxt1ZuX41i6MIDsAhqAATXIA6uAEN0AIYPIJn8AretCftRXvXPqatBW02sw/+QPv8AW4mnKw=</latexit>

yi ⇠ N (wT fi,�
�1)

<latexit sha1_base64="B7fUqCAdlQp1h/X7NSf6fq9tvIA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFfI6p</latexit>

�
<latexit sha1_base64="IKyPjLKye36w45lJYuoHVfX9mvI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRimhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD5luNAA==</latexit>w

<latexit sha1_base64="kqaWhWkGpN+GGGd2tveNu9R1hT0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6WONAg==</latexit>y

f1

<latexit sha1_base64="yXRD1nNzvOEXT3QL/r3an1h8lPY=">AAAB6nicbVDLSgNBEOyNrxhfUY+KDAbBU9gVRY9BLx4TNA9IljA7mU2GzMwuM7NCWHL06MWDIl79iHyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9NRogitkohHqhFgTTmTtGqY4bQRK4pFwGk96N+M/foDVZpF8t4MYuoL3JUsZAQbK92Fba+dL7hFdwK0SLwZKZQOR5Xvx6NRuZ3/bHUikggqDeFY66bnxsZPsTKMcDrMtRJNY0z6uEublkosqPbTyalDdGKVDgojZUsaNFF/T6RYaD0Qge0U2PT0vDcW//OaiQmv/JTJODFUkumiMOHIRGj8N+owRYnhA0swUczeikgPK0yMTSdnQ/DmX14ktbOid168qNg0rmGKLBzAMZyCB5dQglsoQxUIdOEJXuDV4c6z8+a8T1szzmxmH/7A+fgB38yRPQ==</latexit>

fi

<latexit sha1_base64="ku66BbFSgTNHNiM6GnrHv8zPKFM=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTAo7LN8pFN2SOwFaJN6MFMtH4+r34/G40il8trsRSQSVhnCsdctzY+OnWBlGOB3l24mmMSYD3KMtSyUWVPvp5NYROrVKF4WRsiUNmqi/J1IstB6KwHYKbPp63svE/7xWYsJrP2UyTgyVZLooTDgyEcoeR12mKDF8aAkmitlbEeljhYmx8WQhePMvL5L6ecm7KF1WbRo3MEUODuEEzsCDKyjDHVSgBgT68AQv8OoI59l5c96nrUvObOYA/sD5+AFp+ZGJ</latexit>

yi

<latexit sha1_base64="/q3ywKtyqrX0Ydj+Rnx0XMH2GKc=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTBp2WL5TKLoldwK0SLwZKZaPxtXvx+NxpVP4bHcjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTya0jdGqVLgojZUsaNFF/T6RYaD0Uge0U2PT1vJeJ/3mtxITXfspknBgqyXRRmHBkIpQ9jrpMUWL40BJMFLO3ItLHChNj48lC8OZfXiT185J3Ubqs2jRuYIocHMIJnIEHV1CGO6hADQj04Qle4NURzrPz5rxPW5ec2cwB/IHz8QOG/pGc</latexit>

y1

<latexit sha1_base64="RD1xn04MC7WlxqBn+M6h5pMV2R8=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTBp2vHynUHRL7gRokXgzUiwfjavfj8fjSqfw2e5GJBFUGsKx1i3PjY2fYmUY4XSUbyeaxpgMcI+2LJVYUO2nk1tH6NQqXRRGypY0aKL+nkix0HooAtspsOnreS8T//NaiQmv/ZTJODFUkumiMOHIRCh7HHWZosTwoSWYKGZvRaSPFSbGxpOF4M2/vEjq5yXvonRZtWncwBQ5OIQTOAMPrqAMd1CBGhDowxO8wKsjnGfnzXmfti45s5kD+APn4wcx5pFk</latexit>

yn

<latexit sha1_base64="f5WwfCooovRbr/S+1EhRe7/x4ok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9ZX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBf0I1Cib5tNRLDU8oG9Mh71qqaMSNP5mfOiVnVhmQMNa2FJK5+ntiQiNjsiiwnRHFkVn2ZuJ/XjfF8NqfCJWkyBVbLApTSTAms7/JQGjOUGaWUKaFvZWwEdWUoU2nZEPwll9eJa2LqlerXt7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBsQo3m</latexit>

fn

<latexit sha1_base64="b52UVNSP/m4xByFNerwItvPLsM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPZlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBPUI3T</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>



LogME具体推导——一元回归

•概率图模型

•如何选择𝛼, 𝛽的值？
• 无需grid search！

• 交替优化

• 求得最大化对数证据(LogME, log maximum evidence)

<latexit sha1_base64="W4NsZ3UdMd3JSqHJ0nbSZyXsADw=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8nfrNJ6YNV/LBjlIWJtiXPOYUrZMaHRTpALulsl/xZyDLJMhJGXLUuqWvTk/RLGHSUoHGtAM/teEYteVUsEmxkxmWIh1in7UdlZgwE45n107IqVN6JFbalbRkpv6eGGNizCiJXGeCdmAWvan4n9fObHwdjrlMM8sknS+KM0GsItPXSY9rRq0YOYJUc3croQPUSK0LqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyB9/kDjSePHQ==</latexit>↵
<latexit sha1_base64="ZOARUCS6WTMkfnwpQ7R31hfCNOk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiwK4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WDGSfoR3QgecgZNVaq3/VKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pbvyhXb/I4CnAMJ3AGHlxBFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHnBeMzw==</latexit>

F

<latexit sha1_base64="bGDTOKyV7GDRZrDob8GdoO8hXfo=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoQUsioi6LblxJhb6gScNkOmmHTh7MTJQQ8g1u/BU3LhRx68qdf+Ok7UJbD1w4nHMv997jRowKaRjfWmFpeWV1rbhe2tjc2t7Rd/faIow5Ji0cspB3XSQIowFpSSoZ6UacIN9lpOOOr3O/c0+4oGHQlElEbB8NA+pRjKSSHL2aOBRagvrQ8pEcYcTS26zy0G9Cz6HH0HKJRP30xMyqjl42asYEcJGYM1IGMzQc/csahDj2SSAxQ0L0TCOSdoq4pJiRrGTFgkQIj9GQ9BQNkE+EnU5eyuCRUgbQC7mqQMKJ+nsiRb4Qie+qzvxuMe/l4n9eL5bepZ3SIIolCfB0kRczKEOY5wMHlBMsWaIIwpyqWyEeIY6wVCmWVAjm/MuLpH1aM89rxt1ZuX41i6MIDsAhqAATXIA6uAEN0AIYPIJn8AretCftRXvXPqatBW02sw/+QPv8AW4mnKw=</latexit>

yi ⇠ N (wT fi,�
�1)

<latexit sha1_base64="B7fUqCAdlQp1h/X7NSf6fq9tvIA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vRAN7Vdrbt2dg6wSryA1KNDsV796g4RlMUrDBNW667mpCXKqDGcCp5VepjGlbEyH2LVU0hh1kM+PnZIzqwxIlChb0pC5+nsip7HWkzi0nTE1I73szcT/vG5mopsg5zLNDEq2WBRlgpiEzD4nA66QGTGxhDLF7a2EjaiizNh8KjYEb/nlVdK6qHtXdffhsta4LeIowwmcwjl4cA0NuIcm+MCAwzO8wpsjnRfn3flYtJacYuYY/sD5/AHFfI6p</latexit>

�
<latexit sha1_base64="IKyPjLKye36w45lJYuoHVfX9mvI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRimhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD5luNAA==</latexit>w

<latexit sha1_base64="kqaWhWkGpN+GGGd2tveNu9R1hT0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6WONAg==</latexit>y

f1

<latexit sha1_base64="yXRD1nNzvOEXT3QL/r3an1h8lPY=">AAAB6nicbVDLSgNBEOyNrxhfUY+KDAbBU9gVRY9BLx4TNA9IljA7mU2GzMwuM7NCWHL06MWDIl79iHyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9NRogitkohHqhFgTTmTtGqY4bQRK4pFwGk96N+M/foDVZpF8t4MYuoL3JUsZAQbK92Fba+dL7hFdwK0SLwZKZQOR5Xvx6NRuZ3/bHUikggqDeFY66bnxsZPsTKMcDrMtRJNY0z6uEublkosqPbTyalDdGKVDgojZUsaNFF/T6RYaD0Qge0U2PT0vDcW//OaiQmv/JTJODFUkumiMOHIRGj8N+owRYnhA0swUczeikgPK0yMTSdnQ/DmX14ktbOid168qNg0rmGKLBzAMZyCB5dQglsoQxUIdOEJXuDV4c6z8+a8T1szzmxmH/7A+fgB38yRPQ==</latexit>

fi

<latexit sha1_base64="ku66BbFSgTNHNiM6GnrHv8zPKFM=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTAo7LN8pFN2SOwFaJN6MFMtH4+r34/G40il8trsRSQSVhnCsdctzY+OnWBlGOB3l24mmMSYD3KMtSyUWVPvp5NYROrVKF4WRsiUNmqi/J1IstB6KwHYKbPp63svE/7xWYsJrP2UyTgyVZLooTDgyEcoeR12mKDF8aAkmitlbEeljhYmx8WQhePMvL5L6ecm7KF1WbRo3MEUODuEEzsCDKyjDHVSgBgT68AQv8OoI59l5c96nrUvObOYA/sD5+AFp+ZGJ</latexit>

yi

<latexit sha1_base64="/q3ywKtyqrX0Ydj+Rnx0XMH2GKc=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTBp2WL5TKLoldwK0SLwZKZaPxtXvx+NxpVP4bHcjkggqDeFY65bnxsZPsTKMcDrKtxNNY0wGuEdblkosqPbTya0jdGqVLgojZUsaNFF/T6RYaD0Uge0U2PT1vJeJ/3mtxITXfspknBgqyXRRmHBkIpQ9jrpMUWL40BJMFLO3ItLHChNj48lC8OZfXiT185J3Ubqs2jRuYIocHMIJnIEHV1CGO6hADQj04Qle4NURzrPz5rxPW5ec2cwB/IHz8QOG/pGc</latexit>

y1

<latexit sha1_base64="RD1xn04MC7WlxqBn+M6h5pMV2R8=">AAAB63icbVDLSgNBEOz1GeMr6lGRwSB4Crui6DHoxWMC5gHJEmYns8mQmdllZlYIS45evXhQxKv/kO/w5jf4E84mOWhiQUNR1U13VxBzpo3rfjlLyyura+u5jfzm1vbObmFvv66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLjN/MYDVZpF8t4MY+oL3JMsZASbTBp2vHynUHRL7gRokXgzUiwfjavfj8fjSqfw2e5GJBFUGsKx1i3PjY2fYmUY4XSUbyeaxpgMcI+2LJVYUO2nk1tH6NQqXRRGypY0aKL+nkix0HooAtspsOnreS8T//NaiQmv/ZTJODFUkumiMOHIRCh7HHWZosTwoSWYKGZvRaSPFSbGxpOF4M2/vEjq5yXvonRZtWncwBQ5OIQTOAMPrqAMd1CBGhDowxO8wKsjnGfnzXmfti45s5kD+APn4wcx5pFk</latexit>

yn

<latexit sha1_base64="f5WwfCooovRbr/S+1EhRe7/x4ok=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9ZX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBf0I1Cib5tNRLDU8oG9Mh71qqaMSNP5mfOiVnVhmQMNa2FJK5+ntiQiNjsiiwnRHFkVn2ZuJ/XjfF8NqfCJWkyBVbLApTSTAms7/JQGjOUGaWUKaFvZWwEdWUoU2nZEPwll9eJa2LqlerXt7XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gBsQo3m</latexit>

fn

<latexit sha1_base64="b52UVNSP/m4xByFNerwItvPLsM0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPZlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVL+9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBPUI3T</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

...

<latexit sha1_base64="78L7YWuJHZKGaYKT1UAovUkSYVU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseiF48V7Qe0oWy2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemAqujed9O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hodua3nlBpnshHM04xiOlA8ogzaqz04Lpur1zxXG8Oskr8nFQgR71X/ur2E5bFKA0TVOuO76UmmFBlOBM4LXUzjSllIzrAjqWSxqiDyfzUKTmzSp9EibIlDZmrvycmNNZ6HIe2M6ZmqJe9mfif18lMdB1MuEwzg5ItFkWZICYhs79JnytkRowtoUxxeythQ6ooMzadkg3BX355lTQvXL/qXt5XK7WbPI4inMApnIMPV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBOfI0q</latexit>

<latexit sha1_base64="vRHSOinBaEG+6QeZdvdopar0wt4="></latexit>

(↵⇤,�⇤) = argmax
↵,�

L(↵,�)



LogME具体推导——更多场景

•多元回归
• 每一个维度分别计算LogME，再求平均

•分类问题（K类）
• 采用softmax输出，则evidence无解析表达式

• 转化为K个二分类问题，二分类问题视作0-1回归

• 等价于回归one-hot labels



LogME具体流程

计算复杂度

对于常见情况

计算次数约1012
CPU频率GHz
计算时间约103秒

不够快！

计算瓶颈：
第9行矩阵乘矩阵，矩阵求逆



LogME算法优化

计算瓶颈：
第9行矩阵乘矩阵，矩阵求逆

加速方法：充分利用第4行分解结果

不需要矩阵求逆
矩阵-矩阵乘法à矩阵-向量乘法

总体复杂度从四次方降低为三次方

<latexit sha1_base64="xmhDu5/zF0rZ7hkhqhEesedauY8=">AAACEnicbVDLSgMxFM34rPU16tJNsAiKUGZE1I1QFYqCiwp9QactdzKZNjTzIMkIpfQb3Pgrblwo4taVO//GTNuFth64cDjn3uTe48acSWVZ38bc/MLi0nJmJbu6tr6xaW5tV2WUCEIrJOKRqLsgKWchrSimOK3HgkLgclpze9epX3ugQrIoLKt+TJsBdELmMwJKS23z8BJfYAd43AV8i4+w41IFuNgqF7Vede70Sx7gaqucbZs5K2+NgGeJPSE5NEGpbX45XkSSgIaKcJCyYVuxag5AKEY4HWadRNIYSA86tKFpCAGVzcHopCHe14qH/UjoChUeqb8nBhBI2Q9c3RmA6sppLxX/8xqJ8s+bAxbGiaIhGX/kJxyrCKf5YI8JShTvawJEML0rJl0QQJROMQ3Bnj55llSP8/Zp3ro/yRWuJnFk0C7aQwfIRmeogG5QCVUQQY/oGb2iN+PJeDHejY9x65wxmdlBf2B8/gB0/Zo2</latexit>

A = ↵I + �FTF = V ⇤V T

<latexit sha1_base64="FNqmFmlM/qIBf8M47InybAppB6o=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIIihF0R9SKIXjx4UDAqZELone0kg7MPZnrFsOQ7vPgrXjwo4k28+DdOYg6+CgaKqmp6usJMK0u+/+GNjI6NT0xOTZdmZufmF8qLSxc2zY3Emkx1aq5CsKhVgjVSpPEqMwhxqPEyvD7q+5c3aKxKk3PqZtiIoZ2olpJATmqWA3HiwhHwfS4Ib6mIFLR7olgXoLMO8E0uQiTgwqp2DBuiV2qWK37VH4D/JcGQVNgQp83ym4hSmceYkNRgbT3wM2oUYEhJjb2SyC1mIK+hjXVHE4jRNorBaT2+5pSIt1LjXkJ8oH6fKCC2thuHLhkDdexvry/+59Vzau01CpVkOWEivxa1cs0p5f2eeKQMStJdR0Aa5f7KZQcMSHJt9ksIfp/8l1xsVYOdqn+2XTk4HNYxxVbYKltnAdtlB+yYnbIak+yOPbAn9uzde4/ei/f6FR3xhjPL7Ae8909DIJ+/</latexit>

⇤ = diag{(↵+ ��)}

<latexit sha1_base64="QJQ5KEmNpZBHN7NEzFSa+qgJB7A=">AAACA3icbVBPS8MwHE3nvzn/Vb3pJTgEL45WRL0IUy8ePEzYusHWjTRNt7A0LUkqjDLw4lfx4kERr34Jb34bs64H3XwQeHnv90h+z4sZlcqyvo3CwuLS8kpxtbS2vrG5ZW7vODJKBCYNHLFItDwkCaOcNBRVjLRiQVDoMdL0hjcTv/lAhKQRr6tRTNwQ9TkNKEZKSz1z76qbHttjeAmdzp2O+Si7O916qWeWrYqVAc4TOydlkKPWM786foSTkHCFGZKybVuxclMkFMWMjEudRJIY4SHqk7amHIVEumm2wxgeasWHQST04Qpm6u9EikIpR6GnJ0OkBnLWm4j/ee1EBRduSnmcKMLx9KEgYVBFcFII9KkgWLGRJggLqv8K8QAJhJWubVKCPbvyPHFOKvZZxbo/LVev8zqKYB8cgCNgg3NQBbegBhoAg0fwDF7Bm/FkvBjvxsd0tGDkmV3wB8bnDw9Jld8=</latexit>

A�1 = V ⇤�1V T

<latexit sha1_base64="9WpI2exxJirIt20W41xX9NXqE8w=">AAACGXicbVDNSsNAGNzUv1r/qh69LBYhHiyJiHoRqoJ48FChTQttWjabTbt0swm7G6GEvoYXX8WLB0U86sm3cdP2oK0DC8PMN3z7jRczKpVlfRu5hcWl5ZX8amFtfWNzq7i948goEZjUccQi0fSQJIxyUldUMdKMBUGhx0jDG1xnfuOBCEkjXlPDmLgh6nEaUIyUlrpF67KTHtkjeNOpwSG8gKYDzfadzvtoYpiOdsyxfahR6BZLVtkaA84Te0pKYIpqt/jZ9iOchIQrzJCULduKlZsioShmZFRoJ5LECA9Qj7Q05Sgk0k3Hl43ggVZ8GERCP67gWP2dSFEo5TD09GSIVF/Oepn4n9dKVHDuppTHiSIcTxYFCYMqgllN0KeCYMWGmiAsqP4rxH0kEFa6zKwEe/bkeeIcl+3TsnV/UqpcTevIgz2wD0xggzNQAbegCuoAg0fwDF7Bm/FkvBjvxsdkNGdMM7vgD4yvH422m6E=</latexit>

A�1FT y = (V (⇤�1(V T (FT y))))



实验——人造数据

直观感受LogME随着特征质量的变化情况



实验——有监督预训练、分类任务

• 9个数据集，10个预训练模型
•横轴迁移准确率，纵轴评估指标
• LogME的𝜏!在大部分任务上是最高的
•大部分情况下𝜏!≈0.7/0.8，选择准确率85%/90%



实验——有监督预训练、回归任务

• dSprites数据集，10个预训练模型
•横轴迁移指标（MSE↓），纵轴LogME↑
• 只有LogME能处理回归

• MSE与LogME有明显负相关，结果符合预期



实验——无监督预训练模型

•分类回归任务均能完美预测预训练模型的好坏
•预训练模型的排序是任务相关的



实验——自然语言处理

• GLUE benchmark中的七个任务
•四个最受欢迎（下载量最大）的预训练模型
• HuggingFace Model Hub上面report的准确率
• LogME完美预测了五个任务上的预训练模型排序



实验——耗时分析

• LEEP/NCE耗时接近下界，但是不准确、适用范围窄
• LogME的简单实现，效果好，但是耗时较长
•优化之后的LogME，耗时接近下界

• 不到一分钟

• 加速3000倍



LogME使用

•安装依赖项
• torch, numpy, numba

•准备好特征f和标注y
• 注明是否是回归问题。分类时y是整数，回归时y是小数

•调用函数即可得到score
• 根据score大小选择最好的预训练模型（LogME最大的模型）

•调用者无需计算𝜏!
h7ps://github.com/thuml/LogME/blob/main/LogME.py

https://github.com/thuml/LogME/blob/main/LogME.py


总结与展望

•有理论保障的方法一般来说计算速度慢
• LogME的加速算法使得它既有理论保障又速度快
•可能的应用场景

• 预训练模型选择

• 预训练过程中early stopping（e.g.自监督学习）

•可能的改进方向
• 检测、分隔等复杂任务的模型选择

• 稍微牺牲时间效率，换取更高准确性

耗时少

准确性高

理想
情况

暴力
搜索

LEEP
NCE

LogMELogME
(无优化)



Q&A

游凯超

2021.3.10


