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clean data (i.i.d.         )<latexit sha1_base64="7S9GFQxWOLO9kEoyTiVEIw5fNLY=">AAACCnicbVDJSgNBEO1xjXGLelSkMQiewozgcgx68ZiAWSAzhJ5OT9Kke2bsrpGEIUdv3r3qL3iKePUn/APBn7CzHDTxQcHjvSqq6vmx4Bps+9NaWFxaXlnNrGXXNza3tnM7u1UdJYqyCo1EpOo+0UzwkFWAg2D1WDEifcFqfvd65NfumdI8Cm+hHzNPknbIA04JGMlzNZfYBdaDNB40c3m7YI+B54kzJfniwbD8/XA4LDVzX24roolkIVBBtG44dgxeShRwKtgg6yaaxYR2SZs1DA2JZNpLx0cP8LFRWjiIlKkQ8Fj9PZESqXVf+qZTEujoWW8k/usB8RNBVG9mPwSXXsrDOAEW0sn6IBEYIjzKBbe4YhRE3xBCFTcfYNohilAw6WVNNM5sEPOkelpwzgtnZZPRFZogg/bRETpBDrpARXSDSqiCKLpDT+gZvViP1qv1Zr1PWhes6cwe+gPr4wd3dp9Z</latexit>⇠ p

11 9 12 10 7

Contaminated data can lead to erroneous decisions



clean data (i.i.d.         )<latexit sha1_base64="7S9GFQxWOLO9kEoyTiVEIw5fNLY=">AAACCnicbVDJSgNBEO1xjXGLelSkMQiewozgcgx68ZiAWSAzhJ5OT9Kke2bsrpGEIUdv3r3qL3iKePUn/APBn7CzHDTxQcHjvSqq6vmx4Bps+9NaWFxaXlnNrGXXNza3tnM7u1UdJYqyCo1EpOo+0UzwkFWAg2D1WDEifcFqfvd65NfumdI8Cm+hHzNPknbIA04JGMlzNZfYBdaDNB40c3m7YI+B54kzJfniwbD8/XA4LDVzX24roolkIVBBtG44dgxeShRwKtgg6yaaxYR2SZs1DA2JZNpLx0cP8LFRWjiIlKkQ8Fj9PZESqXVf+qZTEujoWW8k/usB8RNBVG9mPwSXXsrDOAEW0sn6IBEYIjzKBbe4YhRE3xBCFTcfYNohilAw6WVNNM5sEPOkelpwzgtnZZPRFZogg/bRETpBDrpARXSDSqiCKLpDT+gZvViP1qv1Zr1PWhes6cwe+gPr4wd3dp9Z</latexit>⇠ p

11 9 12 10 7

Contaminated data can lead to erroneous decisions

11 12 10 7

contaminated data (non i.i.d.)

adversary modifies 
     fraction of the data<latexit sha1_base64="3MUkKiCoiAzY5Y40sOOBicuGr2A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEnons8mY2Z1lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqyhpUCqnaAWomeMwahhvB2oliGAWCtYLR7dRvPTGluYwfzDhhfoSDmIecorFSs4siGWKvXHGr7gxkmXg5qUCOeq/81e1LmkYsNlSg1h3PTYyfoTKcCjYpdVPNEqQjHLCOpTFGTPvZ7NoJObFKn4RS2YoNmam/JzKMtB5Hge2M0Az1ojcV//M6qQmv/YzHSWpYTOeLwlQQI8n0ddLnilEjxpYgVdzeSugQFVJjAyrZELzFl5dJ86zqXVYv7s8rtZs8jiIcwTGcggdXUIM7qEMDKDzCM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AY7BjyI=</latexit>↵

9



clean data (i.i.d.         )<latexit sha1_base64="7S9GFQxWOLO9kEoyTiVEIw5fNLY=">AAACCnicbVDJSgNBEO1xjXGLelSkMQiewozgcgx68ZiAWSAzhJ5OT9Kke2bsrpGEIUdv3r3qL3iKePUn/APBn7CzHDTxQcHjvSqq6vmx4Bps+9NaWFxaXlnNrGXXNza3tnM7u1UdJYqyCo1EpOo+0UzwkFWAg2D1WDEifcFqfvd65NfumdI8Cm+hHzNPknbIA04JGMlzNZfYBdaDNB40c3m7YI+B54kzJfniwbD8/XA4LDVzX24roolkIVBBtG44dgxeShRwKtgg6yaaxYR2SZs1DA2JZNpLx0cP8LFRWjiIlKkQ8Fj9PZESqXVf+qZTEujoWW8k/usB8RNBVG9mPwSXXsrDOAEW0sn6IBEYIjzKBbe4YhRE3xBCFTcfYNohilAw6WVNNM5sEPOkelpwzgtnZZPRFZogg/bRETpBDrpARXSDSqiCKLpDT+gZvViP1qv1Zr1PWhes6cwe+gPr4wd3dp9Z</latexit>⇠ p

11 9 12 10 7

Contaminated data can lead to erroneous decisions

11 12 10

contaminated data (non i.i.d.)

30

adversary modifies 
     fraction of the data<latexit sha1_base64="3MUkKiCoiAzY5Y40sOOBicuGr2A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEnons8mY2Z1lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqyhpUCqnaAWomeMwahhvB2oliGAWCtYLR7dRvPTGluYwfzDhhfoSDmIecorFSs4siGWKvXHGr7gxkmXg5qUCOeq/81e1LmkYsNlSg1h3PTYyfoTKcCjYpdVPNEqQjHLCOpTFGTPvZ7NoJObFKn4RS2YoNmam/JzKMtB5Hge2M0Az1ojcV//M6qQmv/YzHSWpYTOeLwlQQI8n0ddLnilEjxpYgVdzeSugQFVJjAyrZELzFl5dJ86zqXVYv7s8rtZs8jiIcwTGcggdXUIM7qEMDKDzCM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AY7BjyI=</latexit>↵
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clean data (i.i.d.         )<latexit sha1_base64="7S9GFQxWOLO9kEoyTiVEIw5fNLY=">AAACCnicbVDJSgNBEO1xjXGLelSkMQiewozgcgx68ZiAWSAzhJ5OT9Kke2bsrpGEIUdv3r3qL3iKePUn/APBn7CzHDTxQcHjvSqq6vmx4Bps+9NaWFxaXlnNrGXXNza3tnM7u1UdJYqyCo1EpOo+0UzwkFWAg2D1WDEifcFqfvd65NfumdI8Cm+hHzNPknbIA04JGMlzNZfYBdaDNB40c3m7YI+B54kzJfniwbD8/XA4LDVzX24roolkIVBBtG44dgxeShRwKtgg6yaaxYR2SZs1DA2JZNpLx0cP8LFRWjiIlKkQ8Fj9PZESqXVf+qZTEujoWW8k/usB8RNBVG9mPwSXXsrDOAEW0sn6IBEYIjzKBbe4YhRE3xBCFTcfYNohilAw6WVNNM5sEPOkelpwzgtnZZPRFZogg/bRETpBDrpARXSDSqiCKLpDT+gZvViP1qv1Zr1PWhes6cwe+gPr4wd3dp9Z</latexit>⇠ p

11 9 12 10 7

Contaminated data can lead to erroneous decisions

11 12 10

contaminated data (non i.i.d.)

30

adversary modifies 
     fraction of the data<latexit sha1_base64="3MUkKiCoiAzY5Y40sOOBicuGr2A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEnons8mY2Z1lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9oapkqyhpUCqnaAWomeMwahhvB2oliGAWCtYLR7dRvPTGluYwfzDhhfoSDmIecorFSs4siGWKvXHGr7gxkmXg5qUCOeq/81e1LmkYsNlSg1h3PTYyfoTKcCjYpdVPNEqQjHLCOpTFGTPvZ7NoJObFKn4RS2YoNmam/JzKMtB5Hge2M0Az1ojcV//M6qQmv/YzHSWpYTOeLwlQQI8n0ddLnilEjxpYgVdzeSugQFVJjAyrZELzFl5dJ86zqXVYv7s8rtZs8jiIcwTGcggdXUIM7qEMDKDzCM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AY7BjyI=</latexit>↵
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Mean estimation under adversarial contamination

with high probability

Asymptotic bias (the cost of contamination)

Mean of the clean distribution

Estimator of the mean

<latexit sha1_base64="lEQUAhMcC7TlWa5+H5kp9vpOrZg=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8LYtuXFawD2hCmUyn7dDJJMzciCVk58ZfceNCEbf+gjv/xkmbhbYeGDiccy9z7gliwTU4zre1sLi0vLJaWiuvb2xubds7u00dJYqyBo1EpNoB0UxwyRrAQbB2rBgJA8Faweg691v3TGkeyTsYx8wPyUDyPqcEjNS1D7x+pIgQ2AP2AGmceVx6IYEhJSKtZ1274lSdCfA8cQtSQQXqXfvL60U0CZkEKojWHdeJwU+JAk4Fy8peollM6IgMWMdQSUKm/XRyR4aPjNLDJpB5EvBE/b2RklDrcRiYyTyinvVy8T+vk0D/0k+5jBNgkk4/6icCQ4TzUnCPK0ZBjA0hVHGTFdMhUYSCqa5sSnBnT54nzZOqe149uz2t1K6KOkpoHx2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx3R0wSp29tAfWJ8/D/6aFw==</latexit>

8p 2 P

Class of distributions

<latexit sha1_base64="bxkSpKf8YNHPk2veRQNeHLQxMOA=">AAACBXicbVDLSsNAFJ34rPUVdamLYBHqpiTia1l047KCfUATys100g6dzISZSaGEbtz4K25cKOLWf3Dn3zhts9DWAwOHc+7lzjlhwqjSrvttLS2vrK6tFzaKm1vbO7v23n5DiVRiUseCCdkKQRFGOalrqhlpJZJAHDLSDAe3E785JFJRwR/0KCFBDD1OI4pBG6ljH/lDkCRRlAle9oElfTj1udC+Fo7bsUtuxZ3CWSReTkooR61jf/ldgdOYcI0ZKNX23EQHGUhNMSPjop8qkgAeQI+0DeUQExVk0xRj58QoXScS0jyunan6eyODWKlRHJrJGHRfzXsT8T+vneroOsgoT1JNOJ4dilLmmIiTSpwulQRrNjIEsKTmrw7ugwSsTXFFU4I3H3mRNM4q3mXl4v68VL3J6yigQ3SMyshDV6iK7lAN1RFGj+gZvaI368l6sd6tj9nokpXvHKA/sD5/ACmYmFs=</latexit>

"(↵) 6! 0
<latexit sha1_base64="s6PBNgSjtfrl3ZdheTY4GmyH2NM=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0UQhJKIr2XRjcsK9gFJKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctllo64ELh3Pu5d57olRwA6777ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdjYhhgkvWAg6CdVPNSBIJ1olGd1O/88S04Uo+wjhlYUIGksecErCSLwNQZwGXMYx71Zpbd2fAy8QrSA0VaPaqX0Ff0SxhEqggxviem0KYEw2cCjapBJlhKaEjMmC+pZIkzIT57OQJPrFKH8dK25KAZ+rviZwkxoyTyHYmBIZm0ZuK/3l+BvFNmHOZZsAknS+KM4FB4en/uM81oyDGlhCqub0V0yHRhIJNqWJD8BZfXibt87p3Vb98uKg1bos4yugIHaNT5KFr1ED3qIlaiCKFntErenPAeXHenY95a8kpZg7RHzifP1j4kVA=</latexit>

n ! +1when 

<latexit sha1_base64="Xp4N727r2O8Tbkv2fROrnxAMed8="></latexit>

|bµ� µp|  �p"(↵)



Mean estimation under adversarial contamination

with high probability

Asymptotic bias (the cost of contamination)

Mean of the clean distribution

Estimator of the mean

<latexit sha1_base64="lEQUAhMcC7TlWa5+H5kp9vpOrZg=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8LYtuXFawD2hCmUyn7dDJJMzciCVk58ZfceNCEbf+gjv/xkmbhbYeGDiccy9z7gliwTU4zre1sLi0vLJaWiuvb2xubds7u00dJYqyBo1EpNoB0UxwyRrAQbB2rBgJA8Faweg691v3TGkeyTsYx8wPyUDyPqcEjNS1D7x+pIgQ2AP2AGmceVx6IYEhJSKtZ1274lSdCfA8cQtSQQXqXfvL60U0CZkEKojWHdeJwU+JAk4Fy8peollM6IgMWMdQSUKm/XRyR4aPjNLDJpB5EvBE/b2RklDrcRiYyTyinvVy8T+vk0D/0k+5jBNgkk4/6icCQ4TzUnCPK0ZBjA0hVHGTFdMhUYSCqa5sSnBnT54nzZOqe149uz2t1K6KOkpoHx2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx3R0wSp29tAfWJ8/D/6aFw==</latexit>

8p 2 P

Class of distributions

<latexit sha1_base64="bxkSpKf8YNHPk2veRQNeHLQxMOA=">AAACBXicbVDLSsNAFJ34rPUVdamLYBHqpiTia1l047KCfUATys100g6dzISZSaGEbtz4K25cKOLWf3Dn3zhts9DWAwOHc+7lzjlhwqjSrvttLS2vrK6tFzaKm1vbO7v23n5DiVRiUseCCdkKQRFGOalrqhlpJZJAHDLSDAe3E785JFJRwR/0KCFBDD1OI4pBG6ljH/lDkCRRlAle9oElfTj1udC+Fo7bsUtuxZ3CWSReTkooR61jf/ldgdOYcI0ZKNX23EQHGUhNMSPjop8qkgAeQI+0DeUQExVk0xRj58QoXScS0jyunan6eyODWKlRHJrJGHRfzXsT8T+vneroOsgoT1JNOJ4dilLmmIiTSpwulQRrNjIEsKTmrw7ugwSsTXFFU4I3H3mRNM4q3mXl4v68VL3J6yigQ3SMyshDV6iK7lAN1RFGj+gZvaI368l6sd6tj9nokpXvHKA/sD5/ACmYmFs=</latexit>

"(↵) 6! 0
<latexit sha1_base64="s6PBNgSjtfrl3ZdheTY4GmyH2NM=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0UQhJKIr2XRjcsK9gFJKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctllo64ELh3Pu5d57olRwA6777ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdjYhhgkvWAg6CdVPNSBIJ1olGd1O/88S04Uo+wjhlYUIGksecErCSLwNQZwGXMYx71Zpbd2fAy8QrSA0VaPaqX0Ff0SxhEqggxviem0KYEw2cCjapBJlhKaEjMmC+pZIkzIT57OQJPrFKH8dK25KAZ+rviZwkxoyTyHYmBIZm0ZuK/3l+BvFNmHOZZsAknS+KM4FB4en/uM81oyDGlhCqub0V0yHRhIJNqWJD8BZfXibt87p3Vb98uKg1bos4yugIHaNT5KFr1ED3qIlaiCKFntErenPAeXHenY95a8kpZg7RHzifP1j4kVA=</latexit>

n ! +1when 

<latexit sha1_base64="Xp4N727r2O8Tbkv2fROrnxAMed8="></latexit>

|bµ� µp|  �p"(↵)



Mean estimation under adversarial contamination

with high probability

Asymptotic bias (the cost of contamination)

Mean of the clean distribution

Estimator of the mean

<latexit sha1_base64="lEQUAhMcC7TlWa5+H5kp9vpOrZg=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8LYtuXFawD2hCmUyn7dDJJMzciCVk58ZfceNCEbf+gjv/xkmbhbYeGDiccy9z7gliwTU4zre1sLi0vLJaWiuvb2xubds7u00dJYqyBo1EpNoB0UxwyRrAQbB2rBgJA8Faweg691v3TGkeyTsYx8wPyUDyPqcEjNS1D7x+pIgQ2AP2AGmceVx6IYEhJSKtZ1274lSdCfA8cQtSQQXqXfvL60U0CZkEKojWHdeJwU+JAk4Fy8peollM6IgMWMdQSUKm/XRyR4aPjNLDJpB5EvBE/b2RklDrcRiYyTyinvVy8T+vk0D/0k+5jBNgkk4/6icCQ4TzUnCPK0ZBjA0hVHGTFdMhUYSCqa5sSnBnT54nzZOqe149uz2t1K6KOkpoHx2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx3R0wSp29tAfWJ8/D/6aFw==</latexit>

8p 2 P

Class of distributions

<latexit sha1_base64="bxkSpKf8YNHPk2veRQNeHLQxMOA=">AAACBXicbVDLSsNAFJ34rPUVdamLYBHqpiTia1l047KCfUATys100g6dzISZSaGEbtz4K25cKOLWf3Dn3zhts9DWAwOHc+7lzjlhwqjSrvttLS2vrK6tFzaKm1vbO7v23n5DiVRiUseCCdkKQRFGOalrqhlpJZJAHDLSDAe3E785JFJRwR/0KCFBDD1OI4pBG6ljH/lDkCRRlAle9oElfTj1udC+Fo7bsUtuxZ3CWSReTkooR61jf/ldgdOYcI0ZKNX23EQHGUhNMSPjop8qkgAeQI+0DeUQExVk0xRj58QoXScS0jyunan6eyODWKlRHJrJGHRfzXsT8T+vneroOsgoT1JNOJ4dilLmmIiTSpwulQRrNjIEsKTmrw7ugwSsTXFFU4I3H3mRNM4q3mXl4v68VL3J6yigQ3SMyshDV6iK7lAN1RFGj+gZvaI368l6sd6tj9nokpXvHKA/sD5/ACmYmFs=</latexit>

"(↵) 6! 0
<latexit sha1_base64="s6PBNgSjtfrl3ZdheTY4GmyH2NM=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0UQhJKIr2XRjcsK9gFJKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctllo64ELh3Pu5d57olRwA6777ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdjYhhgkvWAg6CdVPNSBIJ1olGd1O/88S04Uo+wjhlYUIGksecErCSLwNQZwGXMYx71Zpbd2fAy8QrSA0VaPaqX0Ff0SxhEqggxviem0KYEw2cCjapBJlhKaEjMmC+pZIkzIT57OQJPrFKH8dK25KAZ+rviZwkxoyTyHYmBIZm0ZuK/3l+BvFNmHOZZsAknS+KM4FB4en/uM81oyDGlhCqub0V0yHRhIJNqWJD8BZfXibt87p3Vb98uKg1bos4yugIHaNT5KFr1ED3qIlaiCKFntErenPAeXHenY95a8kpZg7RHzifP1j4kVA=</latexit>

n ! +1when 

<latexit sha1_base64="Xp4N727r2O8Tbkv2fROrnxAMed8="></latexit>

|bµ� µp|  �p"(↵)



Mean estimation under adversarial contamination

with high probability

Asymptotic bias (the cost of contamination)

Mean of the clean distribution

Estimator of the mean

<latexit sha1_base64="lEQUAhMcC7TlWa5+H5kp9vpOrZg=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8LYtuXFawD2hCmUyn7dDJJMzciCVk58ZfceNCEbf+gjv/xkmbhbYeGDiccy9z7gliwTU4zre1sLi0vLJaWiuvb2xubds7u00dJYqyBo1EpNoB0UxwyRrAQbB2rBgJA8Faweg691v3TGkeyTsYx8wPyUDyPqcEjNS1D7x+pIgQ2AP2AGmceVx6IYEhJSKtZ1274lSdCfA8cQtSQQXqXfvL60U0CZkEKojWHdeJwU+JAk4Fy8peollM6IgMWMdQSUKm/XRyR4aPjNLDJpB5EvBE/b2RklDrcRiYyTyinvVy8T+vk0D/0k+5jBNgkk4/6icCQ4TzUnCPK0ZBjA0hVHGTFdMhUYSCqa5sSnBnT54nzZOqe149uz2t1K6KOkpoHx2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx3R0wSp29tAfWJ8/D/6aFw==</latexit>

8p 2 P

Class of distributions

<latexit sha1_base64="bxkSpKf8YNHPk2veRQNeHLQxMOA=">AAACBXicbVDLSsNAFJ34rPUVdamLYBHqpiTia1l047KCfUATys100g6dzISZSaGEbtz4K25cKOLWf3Dn3zhts9DWAwOHc+7lzjlhwqjSrvttLS2vrK6tFzaKm1vbO7v23n5DiVRiUseCCdkKQRFGOalrqhlpJZJAHDLSDAe3E785JFJRwR/0KCFBDD1OI4pBG6ljH/lDkCRRlAle9oElfTj1udC+Fo7bsUtuxZ3CWSReTkooR61jf/ldgdOYcI0ZKNX23EQHGUhNMSPjop8qkgAeQI+0DeUQExVk0xRj58QoXScS0jyunan6eyODWKlRHJrJGHRfzXsT8T+vneroOsgoT1JNOJ4dilLmmIiTSpwulQRrNjIEsKTmrw7ugwSsTXFFU4I3H3mRNM4q3mXl4v68VL3J6yigQ3SMyshDV6iK7lAN1RFGj+gZvaI368l6sd6tj9nokpXvHKA/sD5/ACmYmFs=</latexit>

"(↵) 6! 0
<latexit sha1_base64="s6PBNgSjtfrl3ZdheTY4GmyH2NM=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0UQhJKIr2XRjcsK9gFJKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctllo64ELh3Pu5d57olRwA6777ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdjYhhgkvWAg6CdVPNSBIJ1olGd1O/88S04Uo+wjhlYUIGksecErCSLwNQZwGXMYx71Zpbd2fAy8QrSA0VaPaqX0Ff0SxhEqggxviem0KYEw2cCjapBJlhKaEjMmC+pZIkzIT57OQJPrFKH8dK25KAZ+rviZwkxoyTyHYmBIZm0ZuK/3l+BvFNmHOZZsAknS+KM4FB4en/uM81oyDGlhCqub0V0yHRhIJNqWJD8BZfXibt87p3Vb98uKg1bos4yugIHaNT5KFr1ED3qIlaiCKFntErenPAeXHenY95a8kpZg7RHzifP1j4kVA=</latexit>

n ! +1when 

<latexit sha1_base64="Xp4N727r2O8Tbkv2fROrnxAMed8="></latexit>

|bµ� µp|  �p"(↵)



Mean estimation under adversarial contamination

with high probability

Asymptotic bias (the cost of contamination)

Mean of the clean distribution

Estimator of the mean

<latexit sha1_base64="lEQUAhMcC7TlWa5+H5kp9vpOrZg=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUR8LYtuXFawD2hCmUyn7dDJJMzciCVk58ZfceNCEbf+gjv/xkmbhbYeGDiccy9z7gliwTU4zre1sLi0vLJaWiuvb2xubds7u00dJYqyBo1EpNoB0UxwyRrAQbB2rBgJA8Faweg691v3TGkeyTsYx8wPyUDyPqcEjNS1D7x+pIgQ2AP2AGmceVx6IYEhJSKtZ1274lSdCfA8cQtSQQXqXfvL60U0CZkEKojWHdeJwU+JAk4Fy8peollM6IgMWMdQSUKm/XRyR4aPjNLDJpB5EvBE/b2RklDrcRiYyTyinvVy8T+vk0D/0k+5jBNgkk4/6icCQ4TzUnCPK0ZBjA0hVHGTFdMhUYSCqa5sSnBnT54nzZOqe149uz2t1K6KOkpoHx2iY+SiC1RDN6iOGoiiR/SMXtGb9WS9WO/Wx3R0wSp29tAfWJ8/D/6aFw==</latexit>

8p 2 P

Class of distributions

<latexit sha1_base64="bxkSpKf8YNHPk2veRQNeHLQxMOA=">AAACBXicbVDLSsNAFJ34rPUVdamLYBHqpiTia1l047KCfUATys100g6dzISZSaGEbtz4K25cKOLWf3Dn3zhts9DWAwOHc+7lzjlhwqjSrvttLS2vrK6tFzaKm1vbO7v23n5DiVRiUseCCdkKQRFGOalrqhlpJZJAHDLSDAe3E785JFJRwR/0KCFBDD1OI4pBG6ljH/lDkCRRlAle9oElfTj1udC+Fo7bsUtuxZ3CWSReTkooR61jf/ldgdOYcI0ZKNX23EQHGUhNMSPjop8qkgAeQI+0DeUQExVk0xRj58QoXScS0jyunan6eyODWKlRHJrJGHRfzXsT8T+vneroOsgoT1JNOJ4dilLmmIiTSpwulQRrNjIEsKTmrw7ugwSsTXFFU4I3H3mRNM4q3mXl4v68VL3J6yigQ3SMyshDV6iK7lAN1RFGj+gZvaI368l6sd6tj9nokpXvHKA/sD5/ACmYmFs=</latexit>

"(↵) 6! 0
<latexit sha1_base64="s6PBNgSjtfrl3ZdheTY4GmyH2NM=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0UQhJKIr2XRjcsK9gFJKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctllo64ELh3Pu5d57olRwA6777ZRWVtfWN8qbla3tnd296v5B26hMU9aiSijdjYhhgkvWAg6CdVPNSBIJ1olGd1O/88S04Uo+wjhlYUIGksecErCSLwNQZwGXMYx71Zpbd2fAy8QrSA0VaPaqX0Ff0SxhEqggxviem0KYEw2cCjapBJlhKaEjMmC+pZIkzIT57OQJPrFKH8dK25KAZ+rviZwkxoyTyHYmBIZm0ZuK/3l+BvFNmHOZZsAknS+KM4FB4en/uM81oyDGlhCqub0V0yHRhIJNqWJD8BZfXibt87p3Vb98uKg1bos4yugIHaNT5KFr1ED3qIlaiCKFntErenPAeXHenY95a8kpZg7RHzifP1j4kVA=</latexit>

n ! +1when 

<latexit sha1_base64="Xp4N727r2O8Tbkv2fROrnxAMed8="></latexit>

|bµ� µp|  �p"(↵)



MoM
[this work]

Trimmed 
mean

M-
estimator

Heavy-tailed (finite variance)

Heavy-tailed (infinite variance)
Light-tailed (sub-exponential)

Previous work on the Median-of-Means (MoM)

Contributions

• Lacks analysis of the asymptotic bias
• Focuses only on the class of distributions with finite variance
• Considers a weaker contamination model



Theorem. Let               be MoM with a number of blocks

MoM is optimal for heavy-tailed distributions
<latexit sha1_base64="5EEFsDrQSCKoNJMuWtImTn83Z3Q=">AAACG3icbVC7SgNBFJ2Nrxhfq5ZaDAlCRAi7go9GCNrYGcE8IBvC3ckkGTI7u8zMimFJ4zfY2tvqL9iJrUX+wM9w8ig08cCFwzn3cu89fsSZ0o4ztFILi0vLK+nVzNr6xuaWvb1TUWEsCS2TkIey5oOinAla1kxzWoskhcDntOr3rkZ+9Z5KxUJxp/sRbQTQEazNCGgjNe39Hr7AiReA7hLgyc0g7wGPuoDF4aDQtHNOwRkDzxN3SnLFrHf0NCz2S03722uFJA6o0ISDUnXXiXQjAakZ4XSQ8WJFIyA96NC6oQICqhrJ+IsBPjBKC7dDaUpoPFZ/TyQQKNUPfNM5OlfNeiPxX0+DH3OQDzP7dfu8kTARxZoKMlnfjjnWIR4FhVtMUqJ53xAgkpkPMOmCBKJNnBkTjTsbxDypHBfc08LJrcnoEk2QRnsoi/LIRWeoiK5RCZURQY/oBb2iN+vZerc+rM9Ja8qazuyiP7C+fgDZcKQC</latexit>

k = O(↵n).
<latexit sha1_base64="fJsMEE1id3cf7pLUKie62p69JYI=">AAACF3icbVC7SgNBFJ31bXxFbQRFFkWwCruCjzJoYyMYMA/IhnB3cmMGZx/M3NWEJXZ+hL2t1nZ2YmvpHwj+hJNHodEDFw7n3MvhHj+WQpPjfFhj4xOTU9Mzs5m5+YXFpezySklHieJY5JGMVMUHjVKEWCRBEiuxQgh8iWX/6qTnl69RaRGFF9SJsRbAZSiaggMZqZ5d825EA1tAXpDUU4+wTelZdNbt1rPbTs7pw/5L3CHZzm88F77uNp/P69lPrxHxJMCQuAStq64TUy0FRYJL7Ga8RGMM/AousWpoCAHqWtr/oGvvGKVhNyNlJiS7r/68SCHQuhP4ZjMAaulRryf+6xH4iQTVHsmn5lEtFWGcEIZ8EN9MpE2R3SvJbgiFnGTHEOBKmA9s3gIFnEyVGVONO1rEX1Lay7kHuf2C6eiYDTDD1tkW22UuO2R5dsrOWZFxdsse2CN7su6tF+vVehusjlnDm1X2C9b7N1jTpKM=</latexit>

bµMoM

<latexit sha1_base64="l24sc1YPw5ReksN3mFXE6ioUcec="></latexit>

|bµMoM � µp|  O(
p
↵)

<latexit sha1_base64="f3j76nCELWu305uYYdq7B2+BOsE="></latexit>

|bµMoM � µp|  O
�
↵

r
1+r

�

with high probability

with high probability

• If                 , i.e., finite variance
<latexit sha1_base64="zSX12YSi7QLHp+YKBNcHT65j/y4=">AAACF3icbVC7SgNBFJ31GeNr1UZQZFEEq7Ab8FEGbSwTMA/IhnB3MomDs7PLzF1JWGLnR9jbap3OTmwt/QPBn3DyKDR64MLhnHu5954gFlyj635YM7Nz8wuLmaXs8srq2rq9sVnRUaIoK9NIRKoWgGaCS1ZGjoLVYsUgDASrBjcXQ796y5TmkbzCXswaIXQkb3MKaKSmve0j62Ia930u/RDwmoJIi/1mvmkfuDl3BOcv8SbkoLA7KH3d7w2KTfvTb0U0CZlEKkDruufG2EhBIaeC9bN+olkM9AY6rG6ohJDpRjr6oO8cGqXltCNlSqIzUn9OpBBq3QsD0zk8Uk97Q/FfDyFIBKju1H5snzVSLuMEmaTj9e1EOBg5w5CcFleMougZAlRx84FDr0EBRRNl1kTjTQfxl1TyOe8kd1wyGZ2TMTJkh+yTI+KRU1Igl6RIyoSSO/JInsiz9WC9WK/W27h1xprMbJFfsN6/ARJppHU=</latexit>

p 2 P2

• If                     , i.e., finite               -th moment
<latexit sha1_base64="NcBpdcBq0uvaNRIuPHt/NUXEYMA=">AAACG3icbVDLSgNBEJyNrxhfUY96WBUhIoRdwccx6MVjBBMFN4TeySQZMju7zPRKwrIXf8Av8O5VP0Fv4tWDf+APeHfyOGhiQUNR1U13lx8JrtFxPq3M1PTM7Fx2PrewuLS8kl9dq+owVpRVaChCde2DZoJLVkGOgl1HikHgC3bld876/tUtU5qH8hJ7EasF0JK8ySmgker5TQ9ZF5Mo9bj0AsA2BZGU03ri7qu0nt9xis4A9iRxR2SntFX4frn39sr1/JfXCGkcMIlUgNY3rhNhLQGFnAqW5rxYswhoB1rsxlAJAdO1ZPBFau8apWE3Q2VKoj1Qf08kEGjdC3zT2T9Uj3t98V8PwY8FqO7Yfmye1BIuoxiZpMP1zVjYGNr9oOwGV4yi6BkCVHHzgU3boICiiTNnonHHg5gk1YOie1Q8vDAZnZIhsmSDbJMCcckxKZFzUiYVQskdeSRP5Nl6sF6tN+t92JqxRjPr5A+sjx/cuqXa</latexit>

p 2 P1+r

<latexit sha1_base64="56XMqdunVQyg+HBdP640PuCD5Y0=">AAACA3icbVDJSgNBEK2JW4xb1KOXJkGIBMKM4HIMevEYwSyQDKGn05O06ekZunvEYcjRuwcv+gvexKsfkj/wM+wsB018UPB4r4qqel7EmdK2PbYyK6tr6xvZzdzW9s7uXn7/oKHCWBJaJyEPZcvDinImaF0zzWkrkhQHHqdNb3g98ZsPVCoWijudRNQNcF8wnxGsjdQoOWV5grr5ol2xp0DLxJmTYrXQKb+Mq0mtm//u9EISB1RowrFSbceOtJtiqRnhdJTrxIpGmAxxn7YNFTigyk2n147QsVF6yA+lKaHRVP09keJAqSTwTGeA9UAtehPxX09jL+ZYPi7s1/6lmzIRxZoKMlvvxxzpEE0CQT0mKdE8MQQTycwHiAywxESb2HImGmcxiGXSOK0455WzW5PRFcyQhSMoQAkcuIAq3EAN6kDgHp7hFd6sJ+vd+rA+Z60Zaz5zCH9gff0A+QeaaA==</latexit>

(1 + r)

Minimax optimal!



MoM is sub-optimal for light-tailed distributions

Theorem. Let               be MoM with a num. of blocks
<latexit sha1_base64="fJsMEE1id3cf7pLUKie62p69JYI=">AAACF3icbVC7SgNBFJ31bXxFbQRFFkWwCruCjzJoYyMYMA/IhnB3cmMGZx/M3NWEJXZ+hL2t1nZ2YmvpHwj+hJNHodEDFw7n3MvhHj+WQpPjfFhj4xOTU9Mzs5m5+YXFpezySklHieJY5JGMVMUHjVKEWCRBEiuxQgh8iWX/6qTnl69RaRGFF9SJsRbAZSiaggMZqZ5d825EA1tAXpDUU4+wTelZdNbt1rPbTs7pw/5L3CHZzm88F77uNp/P69lPrxHxJMCQuAStq64TUy0FRYJL7Ga8RGMM/AousWpoCAHqWtr/oGvvGKVhNyNlJiS7r/68SCHQuhP4ZjMAaulRryf+6xH4iQTVHsmn5lEtFWGcEIZ8EN9MpE2R3SvJbgiFnGTHEOBKmA9s3gIFnEyVGVONO1rEX1Lay7kHuf2C6eiYDTDD1tkW22UuO2R5dsrOWZFxdsse2CN7su6tF+vVehusjlnDm1X2C9b7N1jTpKM=</latexit>

bµMoM

<latexit sha1_base64="UmeFCs3Mz2MMCelM4RHRItHlARc="></latexit>

k = O(↵2/3n).
Then, for any light-tailed distribution

<latexit sha1_base64="O/qk9TQjyfKQFayOyzfdvemrwnU="></latexit>

|bµMoM � µp|  O

⇣
↵2/3

⌘
with high probability.

Theorem. There is a light-tailed distribution & attack s.t. for any 

<latexit sha1_base64="3VWEDj2OEKu3GUHlCbVEOJ8D+j8=">AAACBXicbVDJSgNBEO2JW4xb1KMig0HwFGYEl2PQi8cEzALJEHo6laRJT8/QXSMJQ47i3av+gjeR3PwO/0DwJ+wsB018UPB4r4qqen4kuEbH+bRSS8srq2vp9czG5tb2TnZ3r6LDWDEos1CEquZTDYJLKCNHAbVIAQ18AVW/dzP2q/egNA/lHQ4i8ALakbzNGUUj1RoIfUyiYTObc/LOBPYicWckVzgclb4fjkbFZvar0QpZHIBEJqjWddeJ0EuoQs4EDDONWENEWY92oG6opAFoL5ncO7RPjNKy26EyJdGeqL8nEhpoPQh80xlQ7Op5byz+6yH1Y0FVf24/tq+8hMsoRpBsur4dCxtDexyJ3eIKGIqBIZQpbj6wWZcqytAElzHRuPNBLJLKWd69yJ+XTEbXZIo0OSDH5JS45JIUyC0pkjJhRJAn8kxerEfr1Xqz3qetKWs2s0/+wPr4AdZMnWI=</latexit>p

<latexit sha1_base64="hR3dJvHSvtScmzv/Tk+FywsE8CQ=">AAAB/nicbVDJSgNBEO2JWxy3qEcvjUHwFGYEl4sY9OIxAbNAMoSaTiVp0rPQ3SOGIeDdq36B4E28+gd+gvgHfoad5aCJDwoe71VRVc+PBVfacb6szMLi0vJKdtVeW9/Y3Mpt71RVlEiGFRaJSNZ9UCh4iBXNtcB6LBECX2DN71+N/NotSsWj8EYPYvQC6Ia8wxloI5X7rVzeKThj0HniTkn+4sM+j58/7VIr991sRywJMNRMgFIN14m1l4LUnAkc2s1EYQysD11sGBpCgMpLx4cO6YFR2rQTSVOhpmP190QKgVKDwDedAeiemvVG4r+eBj8RIO9m9uvOmZfyME40hmyyvpMIqiM6yoK2uUSmxcAQYJKbDyjrgQSmTWK2icadDWKeVI8K7knhuOzki5dkgizZI/vkkLjklBTJNSmRCmEEyQN5JE/WvfVivVpvk9aMNZ3ZJX9gvf8AMoqZlA==</latexit>

k
<latexit sha1_base64="5O4vIuemIz04fOxeXWBFj3KIRVY="></latexit>

|bµMoM � µp| � O

⇣
↵2/3

⌘
with high probability

Sub-optimal!


