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• A data analysis:

• E.g. max likelihood, min loss, M-estimation

3

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data index

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

estimator



Cross validation setup
• A data analysis:

• E.g. max likelihood, min loss, M-estimation

3

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data index

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

estimator



Cross validation setup
• A data analysis:

• E.g. max likelihood, min loss, M-estimation

3

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data index

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

estimator



Cross validation setup
• A data analysis:

• E.g. max likelihood, min loss, M-estimation

3

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data indexestimator



Cross validation setup
• A data analysis:

• E.g. max likelihood, min loss, M-estimation

3

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data indexestimator



Cross validation setup
• A data analysis:

• E.g. max likelihood, min loss, M-estimation
• Original problem:
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<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data indexestimator

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1



Cross validation setup
• A data analysis:

• E.g. max likelihood, min loss, M-estimation
• Original problem:

3

• Cross validation (CV):

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data indexestimator

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1
w = (1, . . . , 1, 0, 1, . . . , 1)

<latexit sha1_base64="mbjc0d77Nx/4W133AllBczeWlF0=">AAACBnicbVDLSgMxFM3UV62vUZciBItQoZQZKehGKLpxWcE+oB1KJpNpQzPJkGSUMnTlxl9x40IRt36DO//GtB1QWw9cODnnXnLv8WNGlXacLyu3tLyyupZfL2xsbm3v2Lt7TSUSiUkDCyZk20eKMMpJQ1PNSDuWBEU+Iy1/eDXxW3dEKir4rR7FxItQn9OQYqSN1LMP7+EFLLnlLguEVmW37JR/Hic9u+hUnCngInEzUgQZ6j37sxsInESEa8yQUh3XibWXIqkpZmRc6CaKxAgPUZ90DOUoIspLp2eM4bFRAhgKaYprOFV/T6QoUmoU+aYzQnqg5r2J+J/XSXR47qWUx4kmHM8+ChMGtYCTTGBAJcGajQxBWFKzK8QDJBHWJrmCCcGdP3mRNE8rbrVSvakWa5dZHHlwAI5ACbjgDNTANaiDBsDgATyBF/BqPVrP1pv1PmvNWdnMPvgD6+Mbsl2WGQ==</latexit>



Cross validation setup
• A data analysis:

• E.g. max likelihood, min loss, M-estimation
• Original problem:

3

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

• Cross validation (CV):

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data index

• CV user time cost: easy to use

estimator

w = (1, . . . , 1, 0, 1, . . . , 1)

<latexit sha1_base64="mbjc0d77Nx/4W133AllBczeWlF0=">AAACBnicbVDLSgMxFM3UV62vUZciBItQoZQZKehGKLpxWcE+oB1KJpNpQzPJkGSUMnTlxl9x40IRt36DO//GtB1QWw9cODnnXnLv8WNGlXacLyu3tLyyupZfL2xsbm3v2Lt7TSUSiUkDCyZk20eKMMpJQ1PNSDuWBEU+Iy1/eDXxW3dEKir4rR7FxItQn9OQYqSN1LMP7+EFLLnlLguEVmW37JR/Hic9u+hUnCngInEzUgQZ6j37sxsInESEa8yQUh3XibWXIqkpZmRc6CaKxAgPUZ90DOUoIspLp2eM4bFRAhgKaYprOFV/T6QoUmoU+aYzQnqg5r2J+J/XSXR47qWUx4kmHM8+ChMGtYCTTGBAJcGajQxBWFKzK8QDJBHWJrmCCcGdP3mRNE8rbrVSvakWa5dZHHlwAI5ACbjgDNTANaiDBsDgATyBF/BqPVrP1pv1PmvNWdnMPvgD6+Mbsl2WGQ==</latexit>



Cross validation setup
• A data analysis:

• E.g. max likelihood, min loss, M-estimation
• Original problem:

3

• Cross validation (CV):

w = 1N = (1, . . . , 1, 1, 1, . . . 1)
<latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit><latexit sha1_base64="oVwqesxg5pW+ZbxEnvQqQjbj8Ss=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVSpmIoBuh6MaVVLAPaIchk8m0oZnJkGSUMvQX3Pgrblwo4tadO//GtB1BWw/J5XDOvST3+AlnSjvOl7WwuLS8slpYK65vbG5t2zu7TSVSSWiDCC5k28eKchbThmaa03YiKY58Tlv+4HLst+6oVEzEt3qYUDfCvZiFjGBtJM8u38NziLxrU8uoArs8EFpVIPo5UwGiI88uOVVnAjhPUE5KIEfdsz+7gSBpRGNNOFaqg5xEuxmWmhFOR8VuqmiCyQD3aMfQGEdUudlkoxE8NEoAQyHNjTWcqL8nMhwpNYx80xlh3Vez3lj8z+ukOjxzMxYnqaYxmT4UphxqAcfxwIBJSjQfGoKJZOavkPSxxESbEIsmBDS78jxpHleR4TcnpdpFHkcB7IMDUAYInIIauAJ10AAEPIAn8AJerUfr2Xqz3qetC1Y+swf+wPr4BoqMmHA=</latexit>

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

parametersloss
penalty

data index

• CV user time cost: easy to use 
• CV compute time cost: many x (cost of 1 data analysis)

estimator

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0

1
w = (1, . . . , 1, 0, 1, . . . , 1)

<latexit sha1_base64="mbjc0d77Nx/4W133AllBczeWlF0=">AAACBnicbVDLSgMxFM3UV62vUZciBItQoZQZKehGKLpxWcE+oB1KJpNpQzPJkGSUMnTlxl9x40IRt36DO//GtB1QWw9cODnnXnLv8WNGlXacLyu3tLyyupZfL2xsbm3v2Lt7TSUSiUkDCyZk20eKMMpJQ1PNSDuWBEU+Iy1/eDXxW3dEKir4rR7FxItQn9OQYqSN1LMP7+EFLLnlLguEVmW37JR/Hic9u+hUnCngInEzUgQZ6j37sxsInESEa8yQUh3XibWXIqkpZmRc6CaKxAgPUZ90DOUoIspLp2eM4bFRAhgKaYprOFV/T6QoUmoU+aYzQnqg5r2J+J/XSXR47qWUx4kmHM8+ChMGtYCTTGBAJcGajQxBWFKzK8QDJBHWJrmCCcGdP3mRNE8rbrVSvakWa5dZHHlwAI5ACbjgDNTANaiDBsDgATyBF/BqPVrP1pv1PmvNWdnMPvgD6+Mbsl2WGQ==</latexit>



Approximation for large data

4

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]
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• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]



Approximation for large data

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]



Approximation for large data

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>



Approximation for large data

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

Hd1d2 =
@
2

@✓d1@✓d2

objective
<latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit>



Approximation for large data

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

H: Hessian of 
the objective

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]

Hd1d2 =
@
2

@✓d1@✓d2

objective
<latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit>

Gdn =
@2

@✓d@wn
objective

<latexit sha1_base64="qMxNos09KVnvI65b+JW4Utdri3o="></latexit><latexit sha1_base64="qMxNos09KVnvI65b+JW4Utdri3o="></latexit><latexit sha1_base64="qMxNos09KVnvI65b+JW4Utdri3o="></latexit><latexit sha1_base64="qMxNos09KVnvI65b+JW4Utdri3o="></latexit>

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients



Approximation for large data
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• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

H: Hessian of 
the objective

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]

Hd1d2 =
@
2

@✓d1@✓d2

objective
<latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit><latexit sha1_base64="TICS1FoGYP8v3FGfYCa6cmsPDV8=">AAACSHicbZDLS8NAEMY39V1fVY9eFovgqSRF0IsgevGoYG2hqWGzmbRrNw92J2IJ+fO8ePTm3+DFgyLe3D4Qrf1g4cc3M8zO56dSaLTtF6s0N7+wuLS8Ul5dW9/YrGxt3+gkUxwaPJGJavlMgxQxNFCghFaqgEW+hKbfPx/Wm/egtEjiaxyk0IlYNxah4AyN5VW8Cy8PPIcGXr2gJ9QNFeO5mzKFgsnbevHD1MUeIBt1F3SGWy +MjfCAKsoT/w44insovErVrtkj0f/gTKBKJrr0Ks9ukPAsghi5ZFq3HTvFTj5cxyUUZTfTkDLeZ11oG4xZBLqTj4Io6L5xAhomyrwY6cj9PZGzSOtB5JvOiGFPT9eG5qxaO8PwuJOLOM0QYj5eFGaSYkKHqdJAKHOwHBhgXAnzV8p7zGSJJvuyCcGZPvk/3NRrjuGrw+rp2SSOZbJL9sgBccgROSUX5JI0CCeP5JW8kw/ryXqzPq2vcWvJmszskD8qlb4BkTuziA==</latexit>

Gdn =
@2

@✓d@wn
objective

<latexit sha1_base64="qMxNos09KVnvI65b+JW4Utdri3o="></latexit><latexit sha1_base64="qMxNos09KVnvI65b+JW4Utdri3o="></latexit><latexit sha1_base64="qMxNos09KVnvI65b+JW4Utdri3o="></latexit><latexit sha1_base64="qMxNos09KVnvI65b+JW4Utdri3o="></latexit>

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

G =
1

N

0

@
| |

r✓f1 · · · r✓fN
| |

1

A

<latexit sha1_base64="HQpry7daKgMWiWZh/lHg+oE9A/M="></latexit><latexit sha1_base64="HQpry7daKgMWiWZh/lHg+oE9A/M="></latexit><latexit sha1_base64="HQpry7daKgMWiWZh/lHg+oE9A/M="></latexit><latexit sha1_base64="HQpry7daKgMWiWZh/lHg+oE9A/M="></latexit>



Approximation for large data

• Just one data analysis

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]



Approximation for large data

• Just one data analysis; requires 2x differentiability

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]



Approximation for large data

• Just one data analysis; requires 2x differentiability  
• Local sensitivity analysis / influence scores

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

[Giordano, Stephenson, Liu, Jordan, Broderick 2019; Giordano, Broderick, Jordan 2018]



Approximation for large data

• Just one data analysis; requires 2x differentiability  
• Local sensitivity analysis / influence scores 
• Other linear approximations

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

[Giordano, Stephenson, Liu, Jordan, Broderick 2019; Giordano, Broderick, Jordan 2018; 
Obuchi, Kabashima 2016, 2018; Koh & Liang 2017; Beirami et al 2017; Rad & Maleki 2018; Wang et al 2018]

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients



Approximation for large data

• Just one data analysis; requires 2x differentiability  
• Local sensitivity analysis / influence scores 
• Other linear approximations 
• What about higher orders? See our latest on arXiv

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

[Giordano, Stephenson, Liu, Jordan, Broderick 2019; Giordano, Broderick, Jordan 2018; 
Giordano, Jordan, Broderick 2019; 

Obuchi, Kabashima 2016, 2018; Koh & Liang 2017; Beirami et al 2017; Rad & Maleki 2018; Wang et al 2018]



Approximation for large data

• Just one data analysis; requires 2x differentiability  
• Local sensitivity analysis / influence scores 
• Other linear approximations 
• What about higher orders? See our latest on arXiv

4

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

IJ: infinitesimal 
jackknife

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

[Giordano, Stephenson, Liu, Jordan, Broderick 2019; Giordano, Broderick, Jordan 2018; 
Giordano, Jordan, Broderick 2019; Jaeckel 1972; Clarke 1983;  

Obuchi, Kabashima 2016, 2018; Koh & Liang 2017; Beirami et al 2017; Rad & Maleki 2018; Wang et al 2018]



Approximation for large data

[Giordano, Stephenson, Liu, Jordan, Broderick 2019]5

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

IJ: infinitesimal 
jackknife

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

Our contributions:



Approximation for large data

[Giordano, Stephenson, Liu, Jordan, Broderick 2019; Baydin et al 2018]5

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

IJ: infinitesimal 
jackknife

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

Our contributions:
• Practical automatic differentiation wrappers



Approximation for large data

[Giordano, Stephenson, Liu, Jordan, Broderick 2019; Baydin et al 2018]5

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

IJ: infinitesimal 
jackknife

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

Our contributions:
• Practical automatic differentiation wrappers 
• Practical theory assumptions (vs. e.g. term-wise 

bounded gradients)



5

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

IJ: infinitesimal 
jackknife

[Giordano, Stephenson, Liu, Jordan, Broderick 2019; Baydin et al 2018]

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

Approximation for large data

Our contributions:
• Practical automatic differentiation wrappers 
• Practical theory assumptions (vs. e.g. term-wise 

bounded gradients) 
• Finite-sample theoretical bounds on quality



A “Swiss Army infinitesimal jackknife”

5

• Idea: (first-order) Taylor expansion around

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:

w = 1N
<latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit><latexit sha1_base64="3p2BjcdBMBNrLkNINEAuqeDw+q8=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQiFL14kgr2A9pQNttJu3SzCbsbpYT+CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIrg2rvvtFFZW19Y3ipulre2d3b3y/kFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObab31iErzWD6YcYJ+RAeSh5xRY63WE7kiXu+uV664VXcmsgxeDhXIVe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsShphNrPZutOyIl1+iSMlX3SkJn7eyKjkdbjKLCdETVDvVibmv/VOqkJL/2MyyQ1KNn8ozAVxMRkejvpc4XMiLEFyhS3uxI2pIoyYxMq2RC8xZOXoXlW9Szfn1dq13kcRTiCYzgFDy6gBrdQhwYwGMEzvMKbkzgvzrvzMW8tOPnMIfyR8/kD1cWOkg==</latexit>

✓̂IJ(w) := ✓̂(1N ) +
d✓̂(w)

dwT

�����
w=1N

(w � 1N )

<latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit><latexit sha1_base64="bWfg7uFu5+9nXbjZM1Z3qN9mqHw="></latexit>

IJ: infinitesimal 
jackknife

[Giordano, Stephenson, Liu, Jordan, Broderick 2019; Baydin et al 2018]

H: Hessian of 
the objective

= ✓̂(1N )�H(1N )�1
G(1N )(w � 1N )

<latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit><latexit sha1_base64="5N4GlkvHslnFCWwOTFVVQSq8wA0=">AAACHHicbZC7SgNBFIZn4y3G26qlzWAQYpGwq4I2QtDCVBLBXCAbw+xkkgyZvTBzVgnLPoiNr2JjoYiNheDbOJuk0MQfBj7+cw5nzu+GgiuwrG8js7C4tLySXc2trW9sbpnbO3UVRJKyGg1EIJsuUUxwn9WAg2DNUDLiuYI13OFlWm/cM6l44N/CKGRtj/R93uOUgLY65vE5dgYEYgcGDEhSsDvXh7iIK2O4i4t2gq8mZuFB+ynlOmbeKllj4Xmwp5BHU1U75qfTDWjkMR+oIEq1bCuEdkwkcCpYknMixUJCh6TPWhp94jHVjsfHJfhAO13cC6R+PuCx+3siJp5SI8/VnR6BgZqtpeZ/tVYEvbN2zP0wAubTyaJeJDAEOE0Kd7lkFMRIA6GS679iOiCSUNB5piHYsyfPQ/2oZGu+OcmXL6ZxZNEe2kcFZKNTVEYVVEU1RNEjekav6M14Ml6Md+Nj0poxpjO76I+Mrx+fWJyj</latexit>

G: matrix of 
gradients

Our contributions:
• Practical automatic differentiation wrappers 
• Practical theory assumptions (vs. e.g. term-wise 

bounded gradients) 
• Finite-sample theoretical bounds on quality



Swiss Army IJ: Easy to use
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• In Python: 
• autograd for autodiff 
• vittles for sensitivity

https://github.com/HIPS/autograd

https://github.com/rgiordan/vittles



Swiss Army IJ: Easy to use

6

• In Python: 
• autograd for autodiff 
• vittles for sensitivity

https://github.com/HIPS/autograd

https://github.com/rgiordan/vittles

import autograd.numpy as np
import vittles

def objective_fun(theta, w):
# Your objective here

# optimize…
theta_opt = optimize(lambda theta: objective_fun(theta, 
w_ones))

predictor = 
vittles.HyperparameterSensitivityLinearApproximation(
objective_fun, theta_opt, w_ones)

theta_IJ = predictor.predict_opt_par_from_hyper_par(w_new)
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Theory assumptions (no term-wise 
bounded gradients)
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xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)
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✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:
fn(✓) =

1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)
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✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:
fn(✓) =

1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

max
n21:N

|xn � ✓| ! 1
<latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)
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✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:
fn(✓) =

1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

max
n21:N

|xn � ✓| ! 1
<latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)
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✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:
fn(✓) =

1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

max
n21:N

|xn � ✓| ! 1
<latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)
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✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:
fn(✓) =

1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

(not bounded)
max
n21:N

|xn � ✓| ! 1
<latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)



7

✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:
fn(✓) =

1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

(not bounded)

1

N

NX

n=1

(xn � ✓)2 ! 1
<latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit>

max
n21:N

|xn � ✓| ! 1
<latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)
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✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:
fn(✓) =

1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

(not bounded)

1

N

NX

n=1

(xn � ✓)2 ! 1
<latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit>

max
n21:N

|xn � ✓| ! 1
<latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)
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✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:

(is bounded)

fn(✓) =
1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

(not bounded)

1

N

NX

n=1

(xn � ✓)2 ! 1
<latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit>

max
n21:N

|xn � ✓| ! 1
<latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

Theory assumptions (no term-wise 
bounded gradients)
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✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>

• Exact CV round:
• Consider:

(is bounded)

fn(✓) =
1

2
(xn � ✓)2

<latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit><latexit sha1_base64="JgFHUb35uZMKxX35F3JfcqDSdMA=">AAACE3icbZDLSsNAFIYnXmu9RV26GSxCFSxJEXQjFN24rGAv0NYwmU7aoZNJmDkRS+g7uPFV3LhQxK0bd76N0zYLbT0w8PH/53Dm/H4suAbH+bYWFpeWV1Zza/n1jc2tbXtnt66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1yN/cY9U5pH8haGMeuEpCd5wCkBI3n2ceDJYhv6DMgRvsDtQBGauqO0PMLFB0/iE5yZd2XPLjglZ1J4HtwMCiirqmd/tbsRTUImgQqidct1YuikRAGngo3y7USzmNAB6bGWQUlCpjvp5KYRPjRKFweRMk8Cnqi/J1ISaj0MfdMZEujrWW8s/ue1EgjOOymXcQJM0umiIBEYIjwOCHe5YhTE0AChipu/YtonJhYwMeZNCO7syfNQL5dcwzenhcplFkcO7aMDVEQuOkMVdI2qqIYoekTP6BW9WU/Wi/VufUxbF6xsZg/9KevzB8r8nDI=</latexit>

r✓fn(✓) = xn � ✓
<latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit><latexit sha1_base64="VMWGxybsve/b/4crdWk49cHPUIw=">AAACEXicbZDLSgMxFIYz9VbrrerSTbAIdWGZEUE3QtGNywr2Am0ZzqSZNjSTGZIzYil9BTe+ihsXirh15863Mb0stPWHwJf/nENy/iCRwqDrfjuZpeWV1bXsem5jc2t7J7+7VzNxqhmvsljGuhGA4VIoXkWBkjcSzSEKJK8H/etxvX7PtRGxusNBwtsRdJUIBQO0lp8vthQEEvwW9jgCDX1VnOIxvaQPvqIndHr38wW35E5EF8GbQYHMVPHzX61OzNKIK2QSjGl6boLtIWgUTPJRrpUangDrQ5c3LSqIuGkPJxuN6JF1OjSMtT0K6cT9PTGEyJhBFNjOCLBn5mtj879aM8Xwoj0UKkmRKzZ9KEwlxZiO46EdoTlDObAATAv7V8p6oIGhDTFnQ/DmV16E2mnJs3x7VihfzeLIkgNySIrEI+ekTG5IhVQJI4/kmbySN+fJeXHenY9pa8aZzeyTP3I+fwB1Fpwd</latexit>

(not bounded)

1

N

NX

n=1

(xn � ✓)2 ! 1
<latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit><latexit sha1_base64="FPgfRXmIyYH+bhE6b+FCKSyqOUs=">AAACInicbZDLSsNAFIYn9VbrrerSzWARdGFJRFAXgujGlVSwVmjSMJlO2qGTSZg5UUvIs7jxVdy4UNSV4MM4rVl4+2Hgm/+cw8z5g0RwDbb9bpUmJqemZ8qzlbn5hcWl6vLKpY5TRVmTxiJWVwHRTHDJmsBBsKtEMRIFgrWCwcmo3rpmSvNYXsAwYV5EepKHnBIwll89cENFaObk2VmOXZ1GfiYPnbwzum7e+hJvYxf6DMhWZw e7ivf6QJSKb7DjV2t23R4L/wWngBoq1PCrr243pmnEJFBBtG47dgJeRhRwKlhecVPNEkIHpMfaBiWJmPay8Yo53jBOF4exMkcCHrvfJzISaT2MAtMZEejr37WR+V+tnUK472VcJikwSb8eClOBIcajvHCXK0ZBDA0Qqrj5K6Z9YjIDk2rFhOD8XvkvXO7UHcPnu7Wj4yKOMlpD62gTOWgPHaFT1EBNRNEdekBP6Nm6tx6tF+vtq7VkFTOr6Iesj0/T9KMv</latexit>

max
n21:N

|xn � ✓| ! 1
<latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit><latexit sha1_base64="/pPzYhvfKTsaVx7/RP/wt8LrGfo=">AAACHXicbVBNSwMxFMz6WetX1aOXYBG8KLtSUDwVvXiSClaFblneptk2mM0uyVttWftHvPhXvHhQxIMX8d+Y1h60dSAwmZlH8iZMpTDoul/O1PTM7Nx8YaG4uLS8slpaW780SaYZr7NEJvo6BMOlULyOAiW/TjWHOJT8Krw5GfhXt1wbkagL7KW8GUNbiUgwQCsFpYofQzfIFfWFot7RWZ/e026g6C71scMR7NXXot1B0Dq5G6Qi7AWlsrvnDkEniTciZTJCLSh9+K2EZTFXyCQY0/DcFJs5aBRM8n7RzwxPgd1AmzcsVRBz08yH2/XptlVaNEq0PQrpUP09kUNsTC8ObTIG7JhxbyD+5zUyjA6buVBphlyxn4eiTFJM6KAq2hKaM5Q9S4BpYf9KWQc0MLSFFm0J3vjKk+Ryf8+z/LxSrh6P6iiQTbJFdohHDkiVnJIaqRNGHsgTeSGvzqPz7Lw57z/RKWc0s0H+wPn8BtnDoS0=</latexit>

xn
iid⇠ N (✓, 1)

<latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit><latexit sha1_base64="WkEoif8OAukbNPbUqPoSaCJX35I=">AAACF3icbVBNS8NAEN34bf2qevSyWIQKUhIR9Fj04kkUbBWaEDbbabu42YTdiVhC/oUX/4oXD4p41Zv/xk3bg18PBh7vzTAzL0qlMOi6n87U9Mzs3PzCYmVpeWV1rbq+0TZJpjm0eCITfR0xA1IoaKFACdepBhZHEq6im5PSv7oFbUSiLnGYQhCzvhI9wRlaKaw27kJFfYOM32iQuRDdIveNiAvqxwwHnMn8rKj7OABke95uWK25DXcE+pd4E1IjE5yH1Q+/m/AsBoVcMmM6nptikDONgksoKn5mILXLWR86lioWgwny0V8F3bFKl/YSbUshHanfJ3IWGzOMI9tZHmt+e6X4n9fJsHcU5EKlGYLi40W9TFJMaBkS7QoNHOXQEsa1sLdSPmCacbRRVmwI3u+X/5L2fsOz/OKg1jyexLFAtsg2qROPHJImOSXnpEU4uSeP5Jm8OA/Ok/PqvI1bp5zJzCb5Aef9C4YUoBg=</latexit>

• Our assumption: bounded sample variances of 
gradients and Hessians



More theory assumptions

8

• Exact CV round: ✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>



More theory assumptions

8

Differentiability

• Exact CV round: ✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>



More theory assumptions

8

Differentiability Convexity

• Exact CV round: ✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>



More theory assumptions

8

Differentiability Convexity

Weights not 
too extreme

• Exact CV round: ✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>



More theory assumptions

8

Differentiability Convexity

…w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0
1

Weights not 
too extreme

• Exact CV round: ✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>



More theory assumptions
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Differentiability Convexity

…w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0
1

w1
<latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit><latexit sha1_base64="ozSIzVA/SGXegmac4XRXthOpvw0=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+l6/XHGr7lxkFbwcKpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKzqwzIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVoXVQ9y3eXlfp1HkcRTuAUzsGDGtThFhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzmfPwosjZ8=</latexit>

w2
<latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit><latexit sha1_base64="sAAe226MpFncoK5AcSpzzUnkA9I=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjRfsBbSib7aZdutmE3YlSQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9m9fYj10bE6gEnCfcjOlQiFIyite6f+rV+ueJW3bnIKng5VCBXo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKuRUUjbvxsvuqUnFlnQMJY26eQzN3fExmNjJlEge2MKI7Mcm1m/lfrphhe+ZlQSYpcscVHYSoJxmR2NxkIzRnKiQXKtLC7EjaimjK06ZRsCN7yyavQqlU9y3cXlfp1HkcRTuAUzsGDS6jDLTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3I+fwALsI2g</latexit>

wN
<latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit><latexit sha1_base64="qDvbmFICv7kbKbLTLNKUf7rkvNk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJJKtoPaEPZbCft0s0m7G6UEvoTvHhQxKu/yJv/xm2bg7a+sPDwzgw78waJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4phg8UiVu2AahRcYsNwI7CdKKRRILAVjK6n9dYjKs1j+WDGCfoRHUgeckaNte6fere9csWtujORZfByqECueq/81e3HLI1QGiao1h3PTYyfUWU4EzgpdVONCWUjOsCORUkj1H42W3VCTqzTJ2Gs7JOGzNzfExmNtB5Hge2MqBnqxdrU/K/WSU146WdcJqlByeYfhakgJibTu0mfK2RGjC1QprjdlbAhVZQZm07JhuAtnrwMzbOqZ/nuvFK7yuMowhEcwyl4cAE1uIE6NIDBAJ7hFd4c4bw4787HvLXg5DOH8EfO5w82II28</latexit>

…w3
<latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit><latexit sha1_base64="KxLow58eOVNYhu57ZEw/Zr1HH40=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxov2ANpTNdtIu3WzC7kYpoT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6GZabz2i0jyWD2acoB/RgeQhZ9RY6/6pd94rV9yqOxNZBi+HCuSq98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYlDRC7WezVSfkxDp9EsbKPmnIzP09kdFI63EU2M6ImqFerE3N/2qd1IRXfsZlkhqUbP5RmApiYjK9m/S5QmbE2AJlittdCRtSRZmx6ZRsCN7iycvQPKt6lu8uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+R8/gANNI2h</latexit>

0
1

Weights not 
too extreme

• Exact CV round: ✓̂(w) := argmin
✓2⇥

1

N

NX

n=1

wnfn(✓) + �R(✓)
<latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit><latexit sha1_base64="Rw4ARC06CbOegIUfftmS85aHxKs="></latexit>



Theory condition

9



Theory condition

9

max
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✓
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1

N

NX

n=1

(wn � 1)r✓fn(✓)

�����
1

 �

<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

• A set complexity condition:
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max
w2W�

sup
✓

�����
1

N

NX

n=1

(wn � 1)r✓fn(✓)

�����
1

 �

<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

• A set complexity condition:

• IJ approximation:
✓̂IJ(w) = ✓̂(1N )�H(1N )�1

G(1N )(w � 1N )
<latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit>
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9

max
w2W�

sup
✓

�����
1

N

NX

n=1

(wn � 1)r✓fn(✓)

�����
1

 �

<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

r✓f(✓
(a))

<latexit sha1_base64="MJzkVK5LjkVOdrMKoSoNYKVGx0E=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92kBiuNiN5d3S+5UdBm8OeTJXNVu7qvdi1gScoVMgjEtz42xk4JGwSQfZ9uJ4TGwIfR5y6KCkJtOOj1jTM+s06NBpO1TSKfu74kUQmNGoW87Q8CBWaxNzP9qrQSDy04qVJwgV2y2KEgkxYhOMqE9oTlDObIATAv7V8oGoIGhTS5rQ/AWT16G+nnJK5fKt+V85WoeR4Yck1NSIB65IBVyQ6qkRhh5JM/klbw5T86L8+58zFpXnPnMEfkj5/MHNjeYUA==</latexit>

• A set complexity condition:

• IJ approximation:
✓̂IJ(w) = ✓̂(1N )�H(1N )�1

G(1N )(w � 1N )
<latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit>

w � 1N

<latexit sha1_base64="Z/2Qlo+U9GnINDo5yAHiV4SGhf0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0GPRiyepYNpCG8pmO2mXbjZhd6OU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlRwbVz321lZXVvf2CxsFbd3dvf2SweHDZ1kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSIfzCjFIKZ9ySPOqLGS/3Tude+6pbJbcacgy8SbkzLMUe+Wvjq9hGUxSsME1brtuakJcqoMZwLHxU6mMaVsSPvYtlTSGHWQT48dk1Or9EiUKFvSkKn6eyKnsdajOLSdMTUDvehNxP+8dmaiqyDnMs0MSjZbFGWCmIRMPic9rpAZMbKEMsXtrYQNqKLM2HyKNgRv8eVl0rioeNVK9b5arl3P4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi1rjjzmSP4A+fzBxKUjjU=</latexit>
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✓
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1

N

NX

n=1

(wn � 1)r✓fn(✓)

�����
1

 �

<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

r✓f(✓
(a))

<latexit sha1_base64="MJzkVK5LjkVOdrMKoSoNYKVGx0E=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92kBiuNiN5d3S+5UdBm8OeTJXNVu7qvdi1gScoVMgjEtz42xk4JGwSQfZ9uJ4TGwIfR5y6KCkJtOOj1jTM+s06NBpO1TSKfu74kUQmNGoW87Q8CBWaxNzP9qrQSDy04qVJwgV2y2KEgkxYhOMqE9oTlDObIATAv7V8oGoIGhTS5rQ/AWT16G+nnJK5fKt+V85WoeR4Yck1NSIB65IBVyQ6qkRhh5JM/klbw5T86L8+58zFpXnPnMEfkj5/MHNjeYUA==</latexit>

r✓f(✓
(b))

<latexit sha1_base64="hC/1aBkSg2ENRCVdB9Yi9kwIAkg=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92nBL46L3VzeLblT0WXw5pAnc1W7ua92L2JJyBUyCca0PDfGTgoaBZN8nG0nhsfAhtDnLYsKQm466fSMMT2zTo8GkbZPIZ26vydSCI0Zhb7tDAEHZrE2Mf+rtRIMLjupUHGCXLHZoiCRFCM6yYT2hOYM5cgCMC3sXykbgAaGNrmsDcFbPHkZ6uclr1wq35bzlat5HBlyTE5JgXjkglTIDamSGmHkkTyTV/LmPDkvzrvzMWtdceYzR+SPnM8fN76YUQ==</latexit>

r✓f(✓
(c))

<latexit sha1_base64="nkcZ3aUJ8SCxPc0PTJyUg/+n5yU=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92mBFcfFbi7vltyp6DJ4c8iTuard3Fe7F7Ek5AqZBGNanhtjJwWNgkk+zrYTw2NgQ+jzlkUFITeddHrGmJ5Zp0eDSNunkE7d3xMphMaMQt92hoADs1ibmP/VWgkGl51UqDhBrthsUZBIihGdZEJ7QnOGcmQBmBb2r5QNQANDm1zWhuAtnrwM9fOSVy6Vb8v5ytU8jgw5JqekQDxyQSrkhlRJjTDySJ7JK3lznpwX5935mLWuOPOZI/JHzucPOUWYUg==</latexit>

• A set complexity condition:

• IJ approximation:
✓̂IJ(w) = ✓̂(1N )�H(1N )�1

G(1N )(w � 1N )
<latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit>

w � 1N

<latexit sha1_base64="Z/2Qlo+U9GnINDo5yAHiV4SGhf0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0GPRiyepYNpCG8pmO2mXbjZhd6OU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlRwbVz321lZXVvf2CxsFbd3dvf2SweHDZ1kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSIfzCjFIKZ9ySPOqLGS/3Tude+6pbJbcacgy8SbkzLMUe+Wvjq9hGUxSsME1brtuakJcqoMZwLHxU6mMaVsSPvYtlTSGHWQT48dk1Or9EiUKFvSkKn6eyKnsdajOLSdMTUDvehNxP+8dmaiqyDnMs0MSjZbFGWCmIRMPic9rpAZMbKEMsXtrYQNqKLM2HyKNgRv8eVl0rioeNVK9b5arl3P4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi1rjjzmSP4A+fzBxKUjjU=</latexit>
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<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

• + Analogous assumption on 
the Hessian terms 

r✓f(✓
(a))

<latexit sha1_base64="MJzkVK5LjkVOdrMKoSoNYKVGx0E=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92kBiuNiN5d3S+5UdBm8OeTJXNVu7qvdi1gScoVMgjEtz42xk4JGwSQfZ9uJ4TGwIfR5y6KCkJtOOj1jTM+s06NBpO1TSKfu74kUQmNGoW87Q8CBWaxNzP9qrQSDy04qVJwgV2y2KEgkxYhOMqE9oTlDObIATAv7V8oGoIGhTS5rQ/AWT16G+nnJK5fKt+V85WoeR4Yck1NSIB65IBVyQ6qkRhh5JM/klbw5T86L8+58zFpXnPnMEfkj5/MHNjeYUA==</latexit>

r✓f(✓
(b))

<latexit sha1_base64="hC/1aBkSg2ENRCVdB9Yi9kwIAkg=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92nBL46L3VzeLblT0WXw5pAnc1W7ua92L2JJyBUyCca0PDfGTgoaBZN8nG0nhsfAhtDnLYsKQm466fSMMT2zTo8GkbZPIZ26vydSCI0Zhb7tDAEHZrE2Mf+rtRIMLjupUHGCXLHZoiCRFCM6yYT2hOYM5cgCMC3sXykbgAaGNrmsDcFbPHkZ6uclr1wq35bzlat5HBlyTE5JgXjkglTIDamSGmHkkTyTV/LmPDkvzrvzMWtdceYzR+SPnM8fN76YUQ==</latexit>

r✓f(✓
(c))

<latexit sha1_base64="nkcZ3aUJ8SCxPc0PTJyUg/+n5yU=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92mBFcfFbi7vltyp6DJ4c8iTuard3Fe7F7Ek5AqZBGNanhtjJwWNgkk+zrYTw2NgQ+jzlkUFITeddHrGmJ5Zp0eDSNunkE7d3xMphMaMQt92hoADs1ibmP/VWgkGl51UqDhBrthsUZBIihGdZEJ7QnOGcmQBmBb2r5QNQANDm1zWhuAtnrwM9fOSVy6Vb8v5ytU8jgw5JqekQDxyQSrkhlRJjTDySJ7JK3lznpwX5935mLWuOPOZI/JHzucPOUWYUg==</latexit>

• A set complexity condition:

• IJ approximation:
✓̂IJ(w) = ✓̂(1N )�H(1N )�1

G(1N )(w � 1N )
<latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit>

w � 1N

<latexit sha1_base64="Z/2Qlo+U9GnINDo5yAHiV4SGhf0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0GPRiyepYNpCG8pmO2mXbjZhd6OU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlRwbVz321lZXVvf2CxsFbd3dvf2SweHDZ1kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSIfzCjFIKZ9ySPOqLGS/3Tude+6pbJbcacgy8SbkzLMUe+Wvjq9hGUxSsME1brtuakJcqoMZwLHxU6mMaVsSPvYtlTSGHWQT48dk1Or9EiUKFvSkKn6eyKnsdajOLSdMTUDvehNxP+8dmaiqyDnMs0MSjZbFGWCmIRMPic9rpAZMbKEMsXtrYQNqKLM2HyKNgRv8eVl0rioeNVK9b5arl3P4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi1rjjzmSP4A+fzBxKUjjU=</latexit>



Theory condition

9

max
w2W�

sup
✓

�����
1

N

NX

n=1

(wn � 1)r✓fn(✓)

�����
1

 �

<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

• + Analogous assumption on 
the Hessian terms 

• Always a non-empty weight 
set for any delta

r✓f(✓
(a))

<latexit sha1_base64="MJzkVK5LjkVOdrMKoSoNYKVGx0E=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92kBiuNiN5d3S+5UdBm8OeTJXNVu7qvdi1gScoVMgjEtz42xk4JGwSQfZ9uJ4TGwIfR5y6KCkJtOOj1jTM+s06NBpO1TSKfu74kUQmNGoW87Q8CBWaxNzP9qrQSDy04qVJwgV2y2KEgkxYhOMqE9oTlDObIATAv7V8oGoIGhTS5rQ/AWT16G+nnJK5fKt+V85WoeR4Yck1NSIB65IBVyQ6qkRhh5JM/klbw5T86L8+58zFpXnPnMEfkj5/MHNjeYUA==</latexit>

r✓f(✓
(b))

<latexit sha1_base64="hC/1aBkSg2ENRCVdB9Yi9kwIAkg=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92nBL46L3VzeLblT0WXw5pAnc1W7ua92L2JJyBUyCca0PDfGTgoaBZN8nG0nhsfAhtDnLYsKQm466fSMMT2zTo8GkbZPIZ26vydSCI0Zhb7tDAEHZrE2Mf+rtRIMLjupUHGCXLHZoiCRFCM6yYT2hOYM5cgCMC3sXykbgAaGNrmsDcFbPHkZ6uclr1wq35bzlat5HBlyTE5JgXjkglTIDamSGmHkkTyTV/LmPDkvzrvzMWtdceYzR+SPnM8fN76YUQ==</latexit>

r✓f(✓
(c))

<latexit sha1_base64="nkcZ3aUJ8SCxPc0PTJyUg/+n5yU=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92mBFcfFbi7vltyp6DJ4c8iTuard3Fe7F7Ek5AqZBGNanhtjJwWNgkk+zrYTw2NgQ+jzlkUFITeddHrGmJ5Zp0eDSNunkE7d3xMphMaMQt92hoADs1ibmP/VWgkGl51UqDhBrthsUZBIihGdZEJ7QnOGcmQBmBb2r5QNQANDm1zWhuAtnrwM9fOSVy6Vb8v5ytU8jgw5JqekQDxyQSrkhlRJjTDySJ7JK3lznpwX5935mLWuOPOZI/JHzucPOUWYUg==</latexit>

• A set complexity condition:

• IJ approximation:
✓̂IJ(w) = ✓̂(1N )�H(1N )�1

G(1N )(w � 1N )
<latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit>

w � 1N

<latexit sha1_base64="Z/2Qlo+U9GnINDo5yAHiV4SGhf0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0GPRiyepYNpCG8pmO2mXbjZhd6OU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlRwbVz321lZXVvf2CxsFbd3dvf2SweHDZ1kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSIfzCjFIKZ9ySPOqLGS/3Tude+6pbJbcacgy8SbkzLMUe+Wvjq9hGUxSsME1brtuakJcqoMZwLHxU6mMaVsSPvYtlTSGHWQT48dk1Or9EiUKFvSkKn6eyKnsdajOLSdMTUDvehNxP+8dmaiqyDnMs0MSjZbFGWCmIRMPic9rpAZMbKEMsXtrYQNqKLM2HyKNgRv8eVl0rioeNVK9b5arl3P4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi1rjjzmSP4A+fzBxKUjjU=</latexit>
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<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

• + Analogous assumption on 
the Hessian terms 

• Always a non-empty weight 
set for any delta 

• CV works via Holder’s 
inequality

r✓f(✓
(a))

<latexit sha1_base64="MJzkVK5LjkVOdrMKoSoNYKVGx0E=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92kBiuNiN5d3S+5UdBm8OeTJXNVu7qvdi1gScoVMgjEtz42xk4JGwSQfZ9uJ4TGwIfR5y6KCkJtOOj1jTM+s06NBpO1TSKfu74kUQmNGoW87Q8CBWaxNzP9qrQSDy04qVJwgV2y2KEgkxYhOMqE9oTlDObIATAv7V8oGoIGhTS5rQ/AWT16G+nnJK5fKt+V85WoeR4Yck1NSIB65IBVyQ6qkRhh5JM/klbw5T86L8+58zFpXnPnMEfkj5/MHNjeYUA==</latexit>

r✓f(✓
(b))

<latexit sha1_base64="hC/1aBkSg2ENRCVdB9Yi9kwIAkg=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92nBL46L3VzeLblT0WXw5pAnc1W7ua92L2JJyBUyCca0PDfGTgoaBZN8nG0nhsfAhtDnLYsKQm466fSMMT2zTo8GkbZPIZ26vydSCI0Zhb7tDAEHZrE2Mf+rtRIMLjupUHGCXLHZoiCRFCM6yYT2hOYM5cgCMC3sXykbgAaGNrmsDcFbPHkZ6uclr1wq35bzlat5HBlyTE5JgXjkglTIDamSGmHkkTyTV/LmPDkvzrvzMWtdceYzR+SPnM8fN76YUQ==</latexit>

r✓f(✓
(c))

<latexit sha1_base64="nkcZ3aUJ8SCxPc0PTJyUg/+n5yU=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92mBFcfFbi7vltyp6DJ4c8iTuard3Fe7F7Ek5AqZBGNanhtjJwWNgkk+zrYTw2NgQ+jzlkUFITeddHrGmJ5Zp0eDSNunkE7d3xMphMaMQt92hoADs1ibmP/VWgkGl51UqDhBrthsUZBIihGdZEJ7QnOGcmQBmBb2r5QNQANDm1zWhuAtnrwM9fOSVy6Vb8v5ytU8jgw5JqekQDxyQSrkhlRJjTDySJ7JK3lznpwX5935mLWuOPOZI/JHzucPOUWYUg==</latexit>

• A set complexity condition:

• IJ approximation:
✓̂IJ(w) = ✓̂(1N )�H(1N )�1

G(1N )(w � 1N )
<latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit>

w � 1N

<latexit sha1_base64="Z/2Qlo+U9GnINDo5yAHiV4SGhf0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0GPRiyepYNpCG8pmO2mXbjZhd6OU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlRwbVz321lZXVvf2CxsFbd3dvf2SweHDZ1kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSIfzCjFIKZ9ySPOqLGS/3Tude+6pbJbcacgy8SbkzLMUe+Wvjq9hGUxSsME1brtuakJcqoMZwLHxU6mMaVsSPvYtlTSGHWQT48dk1Or9EiUKFvSkKn6eyKnsdajOLSdMTUDvehNxP+8dmaiqyDnMs0MSjZbFGWCmIRMPic9rpAZMbKEMsXtrYQNqKLM2HyKNgRv8eVl0rioeNVK9b5arl3P4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi1rjjzmSP4A+fzBxKUjjU=</latexit>
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<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

• + Analogous assumption on 
the Hessian terms 

• Always a non-empty weight 
set for any delta 

• CV works via Holder’s 
inequality

r✓f(✓
(a))

<latexit sha1_base64="MJzkVK5LjkVOdrMKoSoNYKVGx0E=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92kBiuNiN5d3S+5UdBm8OeTJXNVu7qvdi1gScoVMgjEtz42xk4JGwSQfZ9uJ4TGwIfR5y6KCkJtOOj1jTM+s06NBpO1TSKfu74kUQmNGoW87Q8CBWaxNzP9qrQSDy04qVJwgV2y2KEgkxYhOMqE9oTlDObIATAv7V8oGoIGhTS5rQ/AWT16G+nnJK5fKt+V85WoeR4Yck1NSIB65IBVyQ6qkRhh5JM/klbw5T86L8+58zFpXnPnMEfkj5/MHNjeYUA==</latexit>

r✓f(✓
(b))

<latexit sha1_base64="hC/1aBkSg2ENRCVdB9Yi9kwIAkg=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92nBL46L3VzeLblT0WXw5pAnc1W7ua92L2JJyBUyCca0PDfGTgoaBZN8nG0nhsfAhtDnLYsKQm466fSMMT2zTo8GkbZPIZ26vydSCI0Zhb7tDAEHZrE2Mf+rtRIMLjupUHGCXLHZoiCRFCM6yYT2hOYM5cgCMC3sXykbgAaGNrmsDcFbPHkZ6uclr1wq35bzlat5HBlyTE5JgXjkglTIDamSGmHkkTyTV/LmPDkvzrvzMWtdceYzR+SPnM8fN76YUQ==</latexit>

r✓f(✓
(c))

<latexit sha1_base64="nkcZ3aUJ8SCxPc0PTJyUg/+n5yU=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92mBFcfFbi7vltyp6DJ4c8iTuard3Fe7F7Ek5AqZBGNanhtjJwWNgkk+zrYTw2NgQ+jzlkUFITeddHrGmJ5Zp0eDSNunkE7d3xMphMaMQt92hoADs1ibmP/VWgkGl51UqDhBrthsUZBIihGdZEJ7QnOGcmQBmBb2r5QNQANDm1zWhuAtnrwM9fOSVy6Vb8v5ytU8jgw5JqekQDxyQSrkhlRJjTDySJ7JK3lznpwX5935mLWuOPOZI/JHzucPOUWYUg==</latexit>

• A set complexity condition:

• IJ approximation:
✓̂IJ(w) = ✓̂(1N )�H(1N )�1

G(1N )(w � 1N )
<latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit><latexit sha1_base64="DtwZYe/wnO68djdttVawjrZM9Rw="></latexit>

w � 1N

<latexit sha1_base64="Z/2Qlo+U9GnINDo5yAHiV4SGhf0=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS0GPRiyepYNpCG8pmO2mXbjZhd6OU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlRwbVz321lZXVvf2CxsFbd3dvf2SweHDZ1kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSIfzCjFIKZ9ySPOqLGS/3Tude+6pbJbcacgy8SbkzLMUe+Wvjq9hGUxSsME1brtuakJcqoMZwLHxU6mMaVsSPvYtlTSGHWQT48dk1Or9EiUKFvSkKn6eyKnsdajOLSdMTUDvehNxP+8dmaiqyDnMs0MSjZbFGWCmIRMPic9rpAZMbKEMsXtrYQNqKLM2HyKNgRv8eVl0rioeNVK9b5arl3P4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi1rjjzmSP4A+fzBxKUjjU=</latexit>
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<latexit sha1_base64="nMbSv377902qpgIL/E0glf4dm5g="></latexit>

• + Analogous assumption on 
the Hessian terms 

• Always a non-empty weight 
set for any delta 

• CV works via Holder’s 
inequality

r✓f(✓
(a))

<latexit sha1_base64="MJzkVK5LjkVOdrMKoSoNYKVGx0E=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92kBiuNiN5d3S+5UdBm8OeTJXNVu7qvdi1gScoVMgjEtz42xk4JGwSQfZ9uJ4TGwIfR5y6KCkJtOOj1jTM+s06NBpO1TSKfu74kUQmNGoW87Q8CBWaxNzP9qrQSDy04qVJwgV2y2KEgkxYhOMqE9oTlDObIATAv7V8oGoIGhTS5rQ/AWT16G+nnJK5fKt+V85WoeR4Yck1NSIB65IBVyQ6qkRhh5JM/klbw5T86L8+58zFpXnPnMEfkj5/MHNjeYUA==</latexit>

r✓f(✓
(b))

<latexit sha1_base64="hC/1aBkSg2ENRCVdB9Yi9kwIAkg=">AAACBnicbZC7SgNBFIZnvcZ4i1qKMBiEpAm7EtAyaGMZwVwgieHsZDYZMju7zJwVwpLKxlexsVDE1mew822cXApN/GHg4z/ncOb8fiyFQdf9dlZW19Y3NjNb2e2d3b393MFh3USJZrzGIhnppg+GS6F4DQVK3ow1h9CXvOEPryf1xgPXRkTqDkcx74TQVyIQDNBa3dxJW4EvodvGAUegQWEG92nBL46L3VzeLblT0WXw5pAnc1W7ua92L2JJyBUyCca0PDfGTgoaBZN8nG0nhsfAhtDnLYsKQm466fSMMT2zTo8GkbZPIZ26vydSCI0Zhb7tDAEHZrE2Mf+rtRIMLjupUHGCXLHZoiCRFCM6yYT2hOYM5cgCMC3sXykbgAaGNrmsDcFbPHkZ6uclr1wq35bzlat5HBlyTE5JgXjkglTIDamSGmHkkTyTV/LmPDkvzrvzMWtdceYzR+SPnM8fN76YUQ==</latexit>
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Theorem: Under our assumptions, 
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���
2
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Explicit functions of constants from our assumptions

Corollary: For leave-k-out CV,

max
w2W (k)

k✓̂IJ(w)� ✓̂(w)k2  C1kr✓fk21
N2

 C2N
�1
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• Solution #2: using sparsity (carefully)
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Approximation for high dimensions
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Approximation for high dimensions

• Cost: (1 data analysis)

• IJ approximation:

[Stephenson & Broderick 2019]
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• Cost: (1 data analysis) + O(D3)
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Approximation for high dimensions

• Cost: (1 data analysis) + O(D3)

• IJ approximation:
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Approximation for high dimensions
• IJ approximation:

• Accuracy also bad 
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Approximation for high dimensions

• Accuracy also bad 
in high dims 

• Problem doesn’t 
go away on its own 
when there’s a 
smaller “effective 
dimension” Deff

[Stephenson & Broderick 2019]
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Approximation for high dimensions

• What to do?

[Koh and Liang 2017; Wang et al 2018; Rad & Maleki 2018; Stephenson & Broderick 2019]
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G(1N )(w � 1N )
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• What to do?
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Approximation for high dimensions

• What to do?

[Koh and Liang 2017; Wang et al 2018; Rad & Maleki 2018; Stephenson & Broderick 2019]

Does it work?Ideas: 
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Approximation for high dimensions

• What to do?

[Koh and Liang 2017; Wang et al 2018; Rad & Maleki 2018; Stephenson & Broderick 2019]

Does it work? 
• Can be fast but 

additional error

Ideas: 
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Approximation for high dimensions

• What to do?

[Koh and Liang 2017; Wang et al 2018; Rad & Maleki 2018; Stephenson & Broderick 2019]

Does it work? 
• Can be fast but 

additional error

Ideas: 
• Further approximation via 

randomized solvers 
• Use Swiss Army IJ with L1 

regularization
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Approximation for high dimensions

• What to do?

[Koh and Liang 2017; Wang et al 2018; Rad & Maleki 2018; Stephenson & Broderick 2019]
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