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L(W ) = E⇠f(W, ⇠)
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Compute an estimate of gradient 

Wt+1 = Wt � ⌘trL̃t(Wt)
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QUALITY/PREDICTIVE 
PERFORMANCE
R(W ) = E(x,y)⇠DL(W ; (x, y))
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The one true theorem
R(W ) = RS(W ) +R(W )�RS(W )

<latexit sha1_base64="iIIndcUErKvnpq/lUnF4cDmzhsM=">AAACK3icbVDLSsNAFJ34rPUVdelmsAgVsSQiqAuh2I3L+ogttCFMppN26GQSZiZCCf0gN/6KIC6suPU/nLRZ9OGBgcM55zL3Hj9mVCrLGhlLyyura+uFjeLm1vbOrrm3/yyjRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD79cyv/FChKQRf1KDmLgh6nIaUIyUljyz1g6R6mHE0odhuXECb+CU4D1m0uls5Gwh4Jklq2KNAReJnZMSyFH3zI92J8JJSLjCDEnZsq1YuSkSimJGhsV2IkmMcB91SUtTjkIi3XR87BAea6UDg0joxxUcq9MTKQqlHIS+TmaLynkvE//zWokKrtyU8jhRhOPJR0HCoIpg1hzsUEGwYgNNEBZU7wpxDwmEle63qEuw509eJM555bpi31+Uqrd5GwVwCI5AGdjgElTBHagDB2DwCt7BFxgZb8an8W38TKJLRj5zAGZg/P4Bpf2mNg==</latexit><latexit sha1_base64="iIIndcUErKvnpq/lUnF4cDmzhsM=">AAACK3icbVDLSsNAFJ34rPUVdelmsAgVsSQiqAuh2I3L+ogttCFMppN26GQSZiZCCf0gN/6KIC6suPU/nLRZ9OGBgcM55zL3Hj9mVCrLGhlLyyura+uFjeLm1vbOrrm3/yyjRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD79cyv/FChKQRf1KDmLgh6nIaUIyUljyz1g6R6mHE0odhuXECb+CU4D1m0uls5Gwh4Jklq2KNAReJnZMSyFH3zI92J8JJSLjCDEnZsq1YuSkSimJGhsV2IkmMcB91SUtTjkIi3XR87BAea6UDg0joxxUcq9MTKQqlHIS+TmaLynkvE//zWokKrtyU8jhRhOPJR0HCoIpg1hzsUEGwYgNNEBZU7wpxDwmEle63qEuw509eJM555bpi31+Uqrd5GwVwCI5AGdjgElTBHagDB2DwCt7BFxgZb8an8W38TKJLRj5zAGZg/P4Bpf2mNg==</latexit><latexit sha1_base64="iIIndcUErKvnpq/lUnF4cDmzhsM=">AAACK3icbVDLSsNAFJ34rPUVdelmsAgVsSQiqAuh2I3L+ogttCFMppN26GQSZiZCCf0gN/6KIC6suPU/nLRZ9OGBgcM55zL3Hj9mVCrLGhlLyyura+uFjeLm1vbOrrm3/yyjRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD79cyv/FChKQRf1KDmLgh6nIaUIyUljyz1g6R6mHE0odhuXECb+CU4D1m0uls5Gwh4Jklq2KNAReJnZMSyFH3zI92J8JJSLjCDEnZsq1YuSkSimJGhsV2IkmMcB91SUtTjkIi3XR87BAea6UDg0joxxUcq9MTKQqlHIS+TmaLynkvE//zWokKrtyU8jhRhOPJR0HCoIpg1hzsUEGwYgNNEBZU7wpxDwmEle63qEuw509eJM555bpi31+Uqrd5GwVwCI5AGdjgElTBHagDB2DwCt7BFxgZb8an8W38TKJLRj5zAGZg/P4Bpf2mNg==</latexit><latexit sha1_base64="iIIndcUErKvnpq/lUnF4cDmzhsM=">AAACK3icbVDLSsNAFJ34rPUVdelmsAgVsSQiqAuh2I3L+ogttCFMppN26GQSZiZCCf0gN/6KIC6suPU/nLRZ9OGBgcM55zL3Hj9mVCrLGhlLyyura+uFjeLm1vbOrrm3/yyjRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD79cyv/FChKQRf1KDmLgh6nIaUIyUljyz1g6R6mHE0odhuXECb+CU4D1m0uls5Gwh4Jklq2KNAReJnZMSyFH3zI92J8JJSLjCDEnZsq1YuSkSimJGhsV2IkmMcB91SUtTjkIi3XR87BAea6UDg0joxxUcq9MTKQqlHIS+TmaLynkvE//zWokKrtyU8jhRhOPJR0HCoIpg1hzsUEGwYgNNEBZU7wpxDwmEle63qEuw509eJM555bpi31+Uqrd5GwVwCI5AGdjgElTBHagDB2DwCt7BFxgZb8an8W38TKJLRj5zAGZg/P4Bpf2mNg==</latexit>

R(W ) = E(x,y)⇠DL(W ; (x, y))
<latexit sha1_base64="fdHE9PesMCcaUT60AOzgcAd1ePA="></latexit><latexit sha1_base64="fdHE9PesMCcaUT60AOzgcAd1ePA="></latexit><latexit sha1_base64="fdHE9PesMCcaUT60AOzgcAd1ePA="></latexit><latexit sha1_base64="fdHE9PesMCcaUT60AOzgcAd1ePA="></latexit>

RS(W ) =
1

n

nX

i=1

L(W ; (xi, yi))
<latexit sha1_base64="u/F9M4iA8YbSms4eD+uZEpzHri0="></latexit><latexit sha1_base64="u/F9M4iA8YbSms4eD+uZEpzHri0="></latexit><latexit sha1_base64="u/F9M4iA8YbSms4eD+uZEpzHri0="></latexit><latexit sha1_base64="u/F9M4iA8YbSms4eD+uZEpzHri0="></latexit>



QUALITY/PREDICTIVE 
PERFORMANCE

The one true theorem
R(W ) = RS(W ) +R(W )�RS(W )

<latexit sha1_base64="iIIndcUErKvnpq/lUnF4cDmzhsM=">AAACK3icbVDLSsNAFJ34rPUVdelmsAgVsSQiqAuh2I3L+ogttCFMppN26GQSZiZCCf0gN/6KIC6suPU/nLRZ9OGBgcM55zL3Hj9mVCrLGhlLyyura+uFjeLm1vbOrrm3/yyjRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD79cyv/FChKQRf1KDmLgh6nIaUIyUljyz1g6R6mHE0odhuXECb+CU4D1m0uls5Gwh4Jklq2KNAReJnZMSyFH3zI92J8JJSLjCDEnZsq1YuSkSimJGhsV2IkmMcB91SUtTjkIi3XR87BAea6UDg0joxxUcq9MTKQqlHIS+TmaLynkvE//zWokKrtyU8jhRhOPJR0HCoIpg1hzsUEGwYgNNEBZU7wpxDwmEle63qEuw509eJM555bpi31+Uqrd5GwVwCI5AGdjgElTBHagDB2DwCt7BFxgZb8an8W38TKJLRj5zAGZg/P4Bpf2mNg==</latexit><latexit sha1_base64="iIIndcUErKvnpq/lUnF4cDmzhsM=">AAACK3icbVDLSsNAFJ34rPUVdelmsAgVsSQiqAuh2I3L+ogttCFMppN26GQSZiZCCf0gN/6KIC6suPU/nLRZ9OGBgcM55zL3Hj9mVCrLGhlLyyura+uFjeLm1vbOrrm3/yyjRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD79cyv/FChKQRf1KDmLgh6nIaUIyUljyz1g6R6mHE0odhuXECb+CU4D1m0uls5Gwh4Jklq2KNAReJnZMSyFH3zI92J8JJSLjCDEnZsq1YuSkSimJGhsV2IkmMcB91SUtTjkIi3XR87BAea6UDg0joxxUcq9MTKQqlHIS+TmaLynkvE//zWokKrtyU8jhRhOPJR0HCoIpg1hzsUEGwYgNNEBZU7wpxDwmEle63qEuw509eJM555bpi31+Uqrd5GwVwCI5AGdjgElTBHagDB2DwCt7BFxgZb8an8W38TKJLRj5zAGZg/P4Bpf2mNg==</latexit><latexit sha1_base64="iIIndcUErKvnpq/lUnF4cDmzhsM=">AAACK3icbVDLSsNAFJ34rPUVdelmsAgVsSQiqAuh2I3L+ogttCFMppN26GQSZiZCCf0gN/6KIC6suPU/nLRZ9OGBgcM55zL3Hj9mVCrLGhlLyyura+uFjeLm1vbOrrm3/yyjRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD79cyv/FChKQRf1KDmLgh6nIaUIyUljyz1g6R6mHE0odhuXECb+CU4D1m0uls5Gwh4Jklq2KNAReJnZMSyFH3zI92J8JJSLjCDEnZsq1YuSkSimJGhsV2IkmMcB91SUtTjkIi3XR87BAea6UDg0joxxUcq9MTKQqlHIS+TmaLynkvE//zWokKrtyU8jhRhOPJR0HCoIpg1hzsUEGwYgNNEBZU7wpxDwmEle63qEuw509eJM555bpi31+Uqrd5GwVwCI5AGdjgElTBHagDB2DwCt7BFxgZb8an8W38TKJLRj5zAGZg/P4Bpf2mNg==</latexit><latexit sha1_base64="iIIndcUErKvnpq/lUnF4cDmzhsM=">AAACK3icbVDLSsNAFJ34rPUVdelmsAgVsSQiqAuh2I3L+ogttCFMppN26GQSZiZCCf0gN/6KIC6suPU/nLRZ9OGBgcM55zL3Hj9mVCrLGhlLyyura+uFjeLm1vbOrrm3/yyjRGDi4IhFoukjSRjlxFFUMdKMBUGhz0jD79cyv/FChKQRf1KDmLgh6nIaUIyUljyz1g6R6mHE0odhuXECb+CU4D1m0uls5Gwh4Jklq2KNAReJnZMSyFH3zI92J8JJSLjCDEnZsq1YuSkSimJGhsV2IkmMcB91SUtTjkIi3XR87BAea6UDg0joxxUcq9MTKQqlHIS+TmaLynkvE//zWokKrtyU8jhRhOPJR0HCoIpg1hzsUEGwYgNNEBZU7wpxDwmEle63qEuw509eJM555bpi31+Uqrd5GwVwCI5AGdjgElTBHagDB2DwCt7BFxgZb8an8W38TKJLRj5zAGZg/P4Bpf2mNg==</latexit>

R(W ) = E(x,y)⇠DL(W ; (x, y))
<latexit sha1_base64="fdHE9PesMCcaUT60AOzgcAd1ePA="></latexit><latexit sha1_base64="fdHE9PesMCcaUT60AOzgcAd1ePA="></latexit><latexit sha1_base64="fdHE9PesMCcaUT60AOzgcAd1ePA="></latexit><latexit sha1_base64="fdHE9PesMCcaUT60AOzgcAd1ePA="></latexit>

RS(W ) =
1

n

nX

i=1

L(W ; (xi, yi))
<latexit sha1_base64="u/F9M4iA8YbSms4eD+uZEpzHri0="></latexit><latexit sha1_base64="u/F9M4iA8YbSms4eD+uZEpzHri0="></latexit><latexit sha1_base64="u/F9M4iA8YbSms4eD+uZEpzHri0="></latexit><latexit sha1_base64="u/F9M4iA8YbSms4eD+uZEpzHri0="></latexit>

( <latexit sha1_base64="TK8g9n5XiaXsnWi9xS+QLR2XYgw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccqxhaaWDbbabp088HuRimh/8OLBxWv/hhv/hu3bQ7a+mDg8d4MM/OCVHClbfvbWlpeWV1bL22UN7e2d3Yre/v3KskkQ5clIpHtgCoUPEZXcy2wnUqkUSCwFQyvJ37rEaXiSXynRyn6EQ1j3ueMaiM9eI0sRO+Kh6EkXt6tVO2aPQVZJE5BqlCg2a18eb2EZRHGmgmqVMexU+3nVGrOBI7LXqYwpWxIQ+wYGtMIlZ9Prx6TY6P0SD+RpmJNpurviZxGSo2iwHRGVA/UvDcR//M6me5f+DmP00xjzGaL+pkgOiGTCEiPS2RajAyhTHJzK2EDKinTJqiyCcGZf3mRuKe1y5pzc1at3xZplOAQjuAEHDiHOjSgCS4wkPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHafWSDQ==</latexit><latexit sha1_base64="TK8g9n5XiaXsnWi9xS+QLR2XYgw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccqxhaaWDbbabp088HuRimh/8OLBxWv/hhv/hu3bQ7a+mDg8d4MM/OCVHClbfvbWlpeWV1bL22UN7e2d3Yre/v3KskkQ5clIpHtgCoUPEZXcy2wnUqkUSCwFQyvJ37rEaXiSXynRyn6EQ1j3ueMaiM9eI0sRO+Kh6EkXt6tVO2aPQVZJE5BqlCg2a18eb2EZRHGmgmqVMexU+3nVGrOBI7LXqYwpWxIQ+wYGtMIlZ9Prx6TY6P0SD+RpmJNpurviZxGSo2iwHRGVA/UvDcR//M6me5f+DmP00xjzGaL+pkgOiGTCEiPS2RajAyhTHJzK2EDKinTJqiyCcGZf3mRuKe1y5pzc1at3xZplOAQjuAEHDiHOjSgCS4wkPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHafWSDQ==</latexit><latexit sha1_base64="TK8g9n5XiaXsnWi9xS+QLR2XYgw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccqxhaaWDbbabp088HuRimh/8OLBxWv/hhv/hu3bQ7a+mDg8d4MM/OCVHClbfvbWlpeWV1bL22UN7e2d3Yre/v3KskkQ5clIpHtgCoUPEZXcy2wnUqkUSCwFQyvJ37rEaXiSXynRyn6EQ1j3ueMaiM9eI0sRO+Kh6EkXt6tVO2aPQVZJE5BqlCg2a18eb2EZRHGmgmqVMexU+3nVGrOBI7LXqYwpWxIQ+wYGtMIlZ9Prx6TY6P0SD+RpmJNpurviZxGSo2iwHRGVA/UvDcR//M6me5f+DmP00xjzGaL+pkgOiGTCEiPS2RajAyhTHJzK2EDKinTJqiyCcGZf3mRuKe1y5pzc1at3xZplOAQjuAEHDiHOjSgCS4wkPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHafWSDQ==</latexit><latexit sha1_base64="TK8g9n5XiaXsnWi9xS+QLR2XYgw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccqxhaaWDbbabp088HuRimh/8OLBxWv/hhv/hu3bQ7a+mDg8d4MM/OCVHClbfvbWlpeWV1bL22UN7e2d3Yre/v3KskkQ5clIpHtgCoUPEZXcy2wnUqkUSCwFQyvJ37rEaXiSXynRyn6EQ1j3ueMaiM9eI0sRO+Kh6EkXt6tVO2aPQVZJE5BqlCg2a18eb2EZRHGmgmqVMexU+3nVGrOBI7LXqYwpWxIQ+wYGtMIlZ9Prx6TY6P0SD+RpmJNpurviZxGSo2iwHRGVA/UvDcR//M6me5f+DmP00xjzGaL+pkgOiGTCEiPS2RajAyhTHJzK2EDKinTJqiyCcGZf3mRuKe1y5pzc1at3xZplOAQjuAEHDiHOjSgCS4wkPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHafWSDQ==</latexit>

( <latexit sha1_base64="TK8g9n5XiaXsnWi9xS+QLR2XYgw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccqxhaaWDbbabp088HuRimh/8OLBxWv/hhv/hu3bQ7a+mDg8d4MM/OCVHClbfvbWlpeWV1bL22UN7e2d3Yre/v3KskkQ5clIpHtgCoUPEZXcy2wnUqkUSCwFQyvJ37rEaXiSXynRyn6EQ1j3ueMaiM9eI0sRO+Kh6EkXt6tVO2aPQVZJE5BqlCg2a18eb2EZRHGmgmqVMexU+3nVGrOBI7LXqYwpWxIQ+wYGtMIlZ9Prx6TY6P0SD+RpmJNpurviZxGSo2iwHRGVA/UvDcR//M6me5f+DmP00xjzGaL+pkgOiGTCEiPS2RajAyhTHJzK2EDKinTJqiyCcGZf3mRuKe1y5pzc1at3xZplOAQjuAEHDiHOjSgCS4wkPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHafWSDQ==</latexit><latexit sha1_base64="TK8g9n5XiaXsnWi9xS+QLR2XYgw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccqxhaaWDbbabp088HuRimh/8OLBxWv/hhv/hu3bQ7a+mDg8d4MM/OCVHClbfvbWlpeWV1bL22UN7e2d3Yre/v3KskkQ5clIpHtgCoUPEZXcy2wnUqkUSCwFQyvJ37rEaXiSXynRyn6EQ1j3ueMaiM9eI0sRO+Kh6EkXt6tVO2aPQVZJE5BqlCg2a18eb2EZRHGmgmqVMexU+3nVGrOBI7LXqYwpWxIQ+wYGtMIlZ9Prx6TY6P0SD+RpmJNpurviZxGSo2iwHRGVA/UvDcR//M6me5f+DmP00xjzGaL+pkgOiGTCEiPS2RajAyhTHJzK2EDKinTJqiyCcGZf3mRuKe1y5pzc1at3xZplOAQjuAEHDiHOjSgCS4wkPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHafWSDQ==</latexit><latexit sha1_base64="TK8g9n5XiaXsnWi9xS+QLR2XYgw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccqxhaaWDbbabp088HuRimh/8OLBxWv/hhv/hu3bQ7a+mDg8d4MM/OCVHClbfvbWlpeWV1bL22UN7e2d3Yre/v3KskkQ5clIpHtgCoUPEZXcy2wnUqkUSCwFQyvJ37rEaXiSXynRyn6EQ1j3ueMaiM9eI0sRO+Kh6EkXt6tVO2aPQVZJE5BqlCg2a18eb2EZRHGmgmqVMexU+3nVGrOBI7LXqYwpWxIQ+wYGtMIlZ9Prx6TY6P0SD+RpmJNpurviZxGSo2iwHRGVA/UvDcR//M6me5f+DmP00xjzGaL+pkgOiGTCEiPS2RajAyhTHJzK2EDKinTJqiyCcGZf3mRuKe1y5pzc1at3xZplOAQjuAEHDiHOjSgCS4wkPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHafWSDQ==</latexit><latexit sha1_base64="TK8g9n5XiaXsnWi9xS+QLR2XYgw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccqxhaaWDbbabp088HuRimh/8OLBxWv/hhv/hu3bQ7a+mDg8d4MM/OCVHClbfvbWlpeWV1bL22UN7e2d3Yre/v3KskkQ5clIpHtgCoUPEZXcy2wnUqkUSCwFQyvJ37rEaXiSXynRyn6EQ1j3ueMaiM9eI0sRO+Kh6EkXt6tVO2aPQVZJE5BqlCg2a18eb2EZRHGmgmqVMexU+3nVGrOBI7LXqYwpWxIQ+wYGtMIlZ9Prx6TY6P0SD+RpmJNpurviZxGSo2iwHRGVA/UvDcR//M6me5f+DmP00xjzGaL+pkgOiGTCEiPS2RajAyhTHJzK2EDKinTJqiyCcGZf3mRuKe1y5pzc1at3xZplOAQjuAEHDiHOjSgCS4wkPAMr/BmPVkv1rv1MWtdsoqZA/gD6/MHafWSDQ==</latexit>

Train error ΔS(W):=Test error



QUALITY/PREDICTIVE 
PERFORMANCE



QUALITY/PREDICTIVE 
PERFORMANCE

Classical
<latexit sha1_base64="SAV3dXYlTC1HfZ9ZU3OGf4zEpPw=">AAACE3icbVC7SgNBFJ31GeMramkzGJRoEXZF0DKohWVE84BsCLOTGx2c3Rlm7ophyT/Y+Cs2ForY2tj5N04eha8DA4dz7uHOPZGWwqLvf3pT0zOzc/O5hfzi0vLKamFtvW5VajjUuJLKNCNmQYoEaihQQlMbYHEkoRHdnAz9xi0YK1RyiX0N7ZhdJaInOEMndQp74SlIZJ2LUmOXhtoojWqHhsUQ4Q4zzQyLAV1+EIadQtEv+yPQvySYkCKZoNopfIRdxdMYEuSSWdsKfI3tjBkUXMIgH6YWNOM37ApajiZulW1no5sGdNspXdpTxr0E6Uj9nshYbG0/jtxkzPDa/vaG4n9eK8XeUTsTiU4REj5e1EslRUWHBdGuMMBR9h1h3Aj3V8qvXQ98WEPelRD8Pvkvqe+XA78cnB8UK8eTOnJkk2yREgnIIamQM1IlNcLJPXkkz+TFe/CevFfvbTw65U0yG+QHvPcvV02d2Q==</latexit>



QUALITY/PREDICTIVE 
PERFORMANCE

Classical
<latexit sha1_base64="SAV3dXYlTC1HfZ9ZU3OGf4zEpPw=">AAACE3icbVC7SgNBFJ31GeMramkzGJRoEXZF0DKohWVE84BsCLOTGx2c3Rlm7ophyT/Y+Cs2ForY2tj5N04eha8DA4dz7uHOPZGWwqLvf3pT0zOzc/O5hfzi0vLKamFtvW5VajjUuJLKNCNmQYoEaihQQlMbYHEkoRHdnAz9xi0YK1RyiX0N7ZhdJaInOEMndQp74SlIZJ2LUmOXhtoojWqHhsUQ4Q4zzQyLAV1+EIadQtEv+yPQvySYkCKZoNopfIRdxdMYEuSSWdsKfI3tjBkUXMIgH6YWNOM37ApajiZulW1no5sGdNspXdpTxr0E6Uj9nshYbG0/jtxkzPDa/vaG4n9eK8XeUTsTiU4REj5e1EslRUWHBdGuMMBR9h1h3Aj3V8qvXQ98WEPelRD8Pvkvqe+XA78cnB8UK8eTOnJkk2yREgnIIamQM1IlNcLJPXkkz+TFe/CevFfvbTw65U0yG+QHvPcvV02d2Q==</latexit>

Modern (refined)
<latexit sha1_base64="YAXFdFbI5CKfmEYlEvJnFHC1vNY=">AAACBXicbVA9SwNBEN3zM8avU0stFoMSm3AngpZBLSwjmlwgF8LeZi9Zsnd77M4J4ZLGxr9iY6GIrf/Bzn/j5qPQxAcDj/dmmJkXJIJrcJxva2FxaXllNbeWX9/Y3Nq2d3ZrWqaKsiqVQqp6QDQTPGZV4CBYPVGMRIFgXtC7GvneA1Oay/ge+glrRqQT85BTAkZq2Qf+NRNAWndF7wT7iZIJyGPsDzx/4Pstu+CUnDHwPHGnpICmqLTsL78taRqxGKggWjdcJ4FmRhRwKtgw76eaJYT2SIc1DI1JxHQzG38xxEdGaeNQKlMx4LH6eyIjkdb9KDCdEYGunvVG4n9eI4XwopnxOEmBxXSyKEwFBolHkeA2V4yC6BtCqOLmVky7RBEKJri8CcGdfXme1E5LrlNyb88K5ctpHDm0jw5REbnoHJXRDaqgKqLoET2jV/RmPVkv1rv1MWldsKYze+gPrM8f4baXiA==</latexit>



QUALITY/PREDICTIVE 
PERFORMANCE

Classical
<latexit sha1_base64="SAV3dXYlTC1HfZ9ZU3OGf4zEpPw=">AAACE3icbVC7SgNBFJ31GeMramkzGJRoEXZF0DKohWVE84BsCLOTGx2c3Rlm7ophyT/Y+Cs2ForY2tj5N04eha8DA4dz7uHOPZGWwqLvf3pT0zOzc/O5hfzi0vLKamFtvW5VajjUuJLKNCNmQYoEaihQQlMbYHEkoRHdnAz9xi0YK1RyiX0N7ZhdJaInOEMndQp74SlIZJ2LUmOXhtoojWqHhsUQ4Q4zzQyLAV1+EIadQtEv+yPQvySYkCKZoNopfIRdxdMYEuSSWdsKfI3tjBkUXMIgH6YWNOM37ApajiZulW1no5sGdNspXdpTxr0E6Uj9nshYbG0/jtxkzPDa/vaG4n9eK8XeUTsTiU4REj5e1EslRUWHBdGuMMBR9h1h3Aj3V8qvXQ98WEPelRD8Pvkvqe+XA78cnB8UK8eTOnJkk2yREgnIIamQM1IlNcLJPXkkz+TFe/CevFfvbTw65U0yG+QHvPcvV02d2Q==</latexit>

Modern (refined)
<latexit sha1_base64="YAXFdFbI5CKfmEYlEvJnFHC1vNY=">AAACBXicbVA9SwNBEN3zM8avU0stFoMSm3AngpZBLSwjmlwgF8LeZi9Zsnd77M4J4ZLGxr9iY6GIrf/Bzn/j5qPQxAcDj/dmmJkXJIJrcJxva2FxaXllNbeWX9/Y3Nq2d3ZrWqaKsiqVQqp6QDQTPGZV4CBYPVGMRIFgXtC7GvneA1Oay/ge+glrRqQT85BTAkZq2Qf+NRNAWndF7wT7iZIJyGPsDzx/4Pstu+CUnDHwPHGnpICmqLTsL78taRqxGKggWjdcJ4FmRhRwKtgw76eaJYT2SIc1DI1JxHQzG38xxEdGaeNQKlMx4LH6eyIjkdb9KDCdEYGunvVG4n9eI4XwopnxOEmBxXSyKEwFBolHkeA2V4yC6BtCqOLmVky7RBEKJri8CcGdfXme1E5LrlNyb88K5ctpHDm0jw5REbnoHJXRDaqgKqLoET2jV/RmPVkv1rv1MWldsKYze+gPrM8f4baXiA==</latexit>

Simple idea: Enforce “high” quality
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HOW TO HAVE YOUR CAKE 
AND EAT IT (TOO)?

Ingredients
1. High quality: constraints with nice theoretical 

properties
2. A “fast” algorithm: Projection free 

approaches are more parsimonious
3. Resources: GPUs, fellow graduate students, 

adviser etc.
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CONTRIBUTIONS

•Enforcing various generic constraints: 
R(W)≤λ 

•Enforcing path norm constraint 

•Experiments with three different tasks 
and datasets
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∥W∥1, ∥W∥∞
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PESKY GENERIC CONSTRAINTS
∥W∥TV

Lemma: An ϵ − approximate CG step can be computed in O (1/ϵ)  time
(independent of dimensions).
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PATH CG

∥W∥2
π = ∑

vin[i]
e1v1

e2⋯vout[ j]

l

∏
k=1

Wek

2

• Why path norm? Rescale invariance

•Projection at least NP Hard

•Subproblems in CG can be solved in  O(Bl)
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FOR MORE DETAILS ON 
THEORY AND EXPERIMENTS, 

CATCH US AT  
 POSTER #1!


