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The problem
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Data sets are often reused, which 
leads to overfitting.



The problem

Validation 
set

Neural net

Modified neural net

Measure loss

Measure loss again

Now loss may not 

generalize!
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Adaptivity makes it more difficult to generalize to unseen data.



Adaptivity

Illustration from blog post by Hardt (2015)



The goal
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We want a way to answer queries adaptively 
without having to assume:


1. anything about the nature of the adaptivity

2. that the queries come from a class of 

bounded complexity (e.g. bounded VC 
dimension)



Adaptive data analysis
framework of Dwork et al. (2015):
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How many queries can we answer, and how 
long does it need to take?



A query is just a function                , on which the 
mechanism wants to return a value close to        . 

Queries
q : D ! R

<latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit><latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit><latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit>

q(D)
<latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit><latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit><latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit>
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A low sensitivity query is specified by a function                     
q: X n-> R where for all samples                  that 
differ on only one element,                              .                           
Then define 

A query is just a function                , on which the 
mechanism wants to return a value close to        . 

Queries

q : Xn ! R
<latexit sha1_base64="jpQYhyXAa9JVu91KiLLOTDh6yWY=">AAACAnicbVDLSsNAFJ34rPUVdaebwSK4KokIPlZFNy6rGFtoYplMJ+3QyUycmSglFNz4K25cqLj1K9z5N07aLLT1wIXDOfdy7z1hwqjSjvNtzczOzS8slpbKyyura+v2xuaNEqnExMOCCdkMkSKMcuJpqhlpJpKgOGSkEfbPc79xT6Sigl/rQUKCGHU5jShG2khte/vutHnLfUm7PY2kFA9+jHQvDLOrYduuOFVnBDhN3IJUQIF62/7yOwKnMeEaM6RUy3USHWRIaooZGZb9VJEE4T7qkpahHMVEBdnohyHcM0oHRkKa4hqO1N8TGYqVGsSh6cwvVJNeLv7ntVIdHQcZ5UmqCcfjRVHKoBYwDwR2qCRYs4EhCEtqboW4hyTC2sRWNiG4ky9PE++gelJ1Lg8rtbMijRLYAbtgH7jgCNTABagDD2DwCJ7BK3iznqwX6936GLfOWMXMFvgD6/MHIZmYCg==</latexit><latexit sha1_base64="jpQYhyXAa9JVu91KiLLOTDh6yWY=">AAACAnicbVDLSsNAFJ34rPUVdaebwSK4KokIPlZFNy6rGFtoYplMJ+3QyUycmSglFNz4K25cqLj1K9z5N07aLLT1wIXDOfdy7z1hwqjSjvNtzczOzS8slpbKyyura+v2xuaNEqnExMOCCdkMkSKMcuJpqhlpJpKgOGSkEfbPc79xT6Sigl/rQUKCGHU5jShG2khte/vutHnLfUm7PY2kFA9+jHQvDLOrYduuOFVnBDhN3IJUQIF62/7yOwKnMeEaM6RUy3USHWRIaooZGZb9VJEE4T7qkpahHMVEBdnohyHcM0oHRkKa4hqO1N8TGYqVGsSh6cwvVJNeLv7ntVIdHQcZ5UmqCcfjRVHKoBYwDwR2qCRYs4EhCEtqboW4hyTC2sRWNiG4ky9PE++gelJ1Lg8rtbMijRLYAbtgH7jgCNTABagDD2DwCJ7BK3iznqwX6936GLfOWMXMFvgD6/MHIZmYCg==</latexit><latexit sha1_base64="jpQYhyXAa9JVu91KiLLOTDh6yWY=">AAACAnicbVDLSsNAFJ34rPUVdaebwSK4KokIPlZFNy6rGFtoYplMJ+3QyUycmSglFNz4K25cqLj1K9z5N07aLLT1wIXDOfdy7z1hwqjSjvNtzczOzS8slpbKyyura+v2xuaNEqnExMOCCdkMkSKMcuJpqhlpJpKgOGSkEfbPc79xT6Sigl/rQUKCGHU5jShG2khte/vutHnLfUm7PY2kFA9+jHQvDLOrYduuOFVnBDhN3IJUQIF62/7yOwKnMeEaM6RUy3USHWRIaooZGZb9VJEE4T7qkpahHMVEBdnohyHcM0oHRkKa4hqO1N8TGYqVGsSh6cwvVJNeLv7ntVIdHQcZ5UmqCcfjRVHKoBYwDwR2qCRYs4EhCEtqboW4hyTC2sRWNiG4ky9PE++gelJ1Lg8rtbMijRLYAbtgH7jgCNTABagDD2DwCJ7BK3iznqwX6936GLfOWMXMFvgD6/MHIZmYCg==</latexit>

q : D ! R
<latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit><latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit><latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit>

q(D)
<latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit><latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit><latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit>

S, S0 2 Xn
<latexit sha1_base64="dYT93CacrGD9E+vFo1aLr8JlJPE=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvoQcpWBPVW9OKxUtcWtmvJptk2NJssyaxQlv4MLx5UvPpvvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWl5ZXSuulzY2t7Z3yrt7D0almjKPKqF0OySGCS6ZBxwEayeakTgUrBUObyZ+64lpw5W8h1HCgpj0JY84JWAlv3naPO5widuPsluuuFV3CrxIajmpoByNbvmr01M0jZkEKogxfs1NIMiIBk4FG5c6qWEJoUPSZ76lksTMBNn05DE+skoPR0rbkoCn6u+JjMTGjOLQdsYEBmbem4j/eX4K0WWQcZmkwCSdLYpSgUHhyf+4xzWjIEaWEKq5vRXTAdGEgk2pZEOozb+8SLyz6lXVvTuv1K/zNIroAB2iE1RDF6iOblEDeYgihZ7RK3pzwHlx3p2PWWvByWf20R84nz9SlZAr</latexit><latexit sha1_base64="dYT93CacrGD9E+vFo1aLr8JlJPE=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvoQcpWBPVW9OKxUtcWtmvJptk2NJssyaxQlv4MLx5UvPpvvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWl5ZXSuulzY2t7Z3yrt7D0almjKPKqF0OySGCS6ZBxwEayeakTgUrBUObyZ+64lpw5W8h1HCgpj0JY84JWAlv3naPO5widuPsluuuFV3CrxIajmpoByNbvmr01M0jZkEKogxfs1NIMiIBk4FG5c6qWEJoUPSZ76lksTMBNn05DE+skoPR0rbkoCn6u+JjMTGjOLQdsYEBmbem4j/eX4K0WWQcZmkwCSdLYpSgUHhyf+4xzWjIEaWEKq5vRXTAdGEgk2pZEOozb+8SLyz6lXVvTuv1K/zNIroAB2iE1RDF6iOblEDeYgihZ7RK3pzwHlx3p2PWWvByWf20R84nz9SlZAr</latexit><latexit sha1_base64="dYT93CacrGD9E+vFo1aLr8JlJPE=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvoQcpWBPVW9OKxUtcWtmvJptk2NJssyaxQlv4MLx5UvPpvvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWl5ZXSuulzY2t7Z3yrt7D0almjKPKqF0OySGCS6ZBxwEayeakTgUrBUObyZ+64lpw5W8h1HCgpj0JY84JWAlv3naPO5widuPsluuuFV3CrxIajmpoByNbvmr01M0jZkEKogxfs1NIMiIBk4FG5c6qWEJoUPSZ76lksTMBNn05DE+skoPR0rbkoCn6u+JjMTGjOLQdsYEBmbem4j/eX4K0WWQcZmkwCSdLYpSgUHhyf+4xzWjIEaWEKq5vRXTAdGEgk2pZEOozb+8SLyz6lXVvTuv1K/zNIroAB2iE1RDF6iOblEDeYgihZ7RK3pzwHlx3p2PWWvByWf20R84nz9SlZAr</latexit>

|q(S)� q(S0)|  1/n
<latexit sha1_base64="VXtA8fQGRBUh+QeR/Q7cpUozWnE=">AAAB+3icbVDLTgIxFO3gC/GFsnTTSIywEGeMibojunGJ0RESmJBOuQMNnYdtx2Qy4K+4caHGrT/izr+xwCwUPcm9OTnn3vT2uBFnUpnml5FbWFxaXsmvFtbWNza3its7dzKMBQWbhjwULZdI4CwAWzHFoRUJIL7LoekOLyd+8wGEZGFwq5IIHJ/0A+YxSpSWusXS6L5yUz3U7aA66nDA1pFWy2bNnAL/JVZGyihDo1v87PRCGvsQKMqJlG3LjJSTEqEY5TAudGIJEaFD0oe2pgHxQTrp9Pgx3tdKD3uh0BUoPFV/bqTElzLxXT3pEzWQ895E/M9rx8o7c1IWRLGCgM4e8mKOVYgnSeAeE0AVTzQhVDB9K6YDIghVOq+CDsGa//JfYh/Xzmvm9Um5fpGlkUe7aA9VkIVOUR1doQayEUUJekIv6NV4NJ6NN+N9Npozsp0S+gXj4xtOKpLN</latexit><latexit sha1_base64="VXtA8fQGRBUh+QeR/Q7cpUozWnE=">AAAB+3icbVDLTgIxFO3gC/GFsnTTSIywEGeMibojunGJ0RESmJBOuQMNnYdtx2Qy4K+4caHGrT/izr+xwCwUPcm9OTnn3vT2uBFnUpnml5FbWFxaXsmvFtbWNza3its7dzKMBQWbhjwULZdI4CwAWzHFoRUJIL7LoekOLyd+8wGEZGFwq5IIHJ/0A+YxSpSWusXS6L5yUz3U7aA66nDA1pFWy2bNnAL/JVZGyihDo1v87PRCGvsQKMqJlG3LjJSTEqEY5TAudGIJEaFD0oe2pgHxQTrp9Pgx3tdKD3uh0BUoPFV/bqTElzLxXT3pEzWQ895E/M9rx8o7c1IWRLGCgM4e8mKOVYgnSeAeE0AVTzQhVDB9K6YDIghVOq+CDsGa//JfYh/Xzmvm9Um5fpGlkUe7aA9VkIVOUR1doQayEUUJekIv6NV4NJ6NN+N9Npozsp0S+gXj4xtOKpLN</latexit><latexit sha1_base64="VXtA8fQGRBUh+QeR/Q7cpUozWnE=">AAAB+3icbVDLTgIxFO3gC/GFsnTTSIywEGeMibojunGJ0RESmJBOuQMNnYdtx2Qy4K+4caHGrT/izr+xwCwUPcm9OTnn3vT2uBFnUpnml5FbWFxaXsmvFtbWNza3its7dzKMBQWbhjwULZdI4CwAWzHFoRUJIL7LoekOLyd+8wGEZGFwq5IIHJ/0A+YxSpSWusXS6L5yUz3U7aA66nDA1pFWy2bNnAL/JVZGyihDo1v87PRCGvsQKMqJlG3LjJSTEqEY5TAudGIJEaFD0oe2pgHxQTrp9Pgx3tdKD3uh0BUoPFV/bqTElzLxXT3pEzWQ895E/M9rx8o7c1IWRLGCgM4e8mKOVYgnSeAeE0AVTzQhVDB9K6YDIghVOq+CDsGa//JfYh/Xzmvm9Um5fpGlkUe7aA9VkIVOUR1doQayEUUJekIv6NV4NJ6NN+N9Npozsp0S+gXj4xtOKpLN</latexit>

q(D) := ES⇠Dn [q(S)]
<latexit sha1_base64="QTMbrxuac5Q02PnjZNyTx2A+P4g=">AAACA3icbVDLSgMxFM34rPU16rKbYBHaTZkRwQcIRSu4rNTaQjuWTJppQ5PMNMkIZejCjb/ixoWKW3/CnX9j+lho64ELh3Pu5d57/IhRpR3n21pYXFpeWU2tpdc3Nre27Z3dOxXGEpMqDlko6z5ShFFBqppqRuqRJIj7jNT83uXIrz0QqWgobvUgIh5HHUEDipE2UsvO9HOlPDw7h1etpNJUlMPSvRg2+rlK3mvZWafgjAHniTslWTBFuWV/NdshjjkRGjOkVMN1Iu0lSGqKGRmmm7EiEcI91CENQwXiRHnJ+IkhPDBKGwahNCU0HKu/JxLElRpw33RypLtq1huJ/3mNWAcnXkJFFGsi8GRREDOoQzhKBLapJFizgSEIS2puhbiLJMLa5JY2IbizL8+T6mHhtODcHGWLF9M0UiAD9kEOuOAYFME1KIMqwOARPINX8GY9WS/Wu/UxaV2wpjN74A+szx/N/pXa</latexit><latexit sha1_base64="QTMbrxuac5Q02PnjZNyTx2A+P4g=">AAACA3icbVDLSgMxFM34rPU16rKbYBHaTZkRwQcIRSu4rNTaQjuWTJppQ5PMNMkIZejCjb/ixoWKW3/CnX9j+lho64ELh3Pu5d57/IhRpR3n21pYXFpeWU2tpdc3Nre27Z3dOxXGEpMqDlko6z5ShFFBqppqRuqRJIj7jNT83uXIrz0QqWgobvUgIh5HHUEDipE2UsvO9HOlPDw7h1etpNJUlMPSvRg2+rlK3mvZWafgjAHniTslWTBFuWV/NdshjjkRGjOkVMN1Iu0lSGqKGRmmm7EiEcI91CENQwXiRHnJ+IkhPDBKGwahNCU0HKu/JxLElRpw33RypLtq1huJ/3mNWAcnXkJFFGsi8GRREDOoQzhKBLapJFizgSEIS2puhbiLJMLa5JY2IbizL8+T6mHhtODcHGWLF9M0UiAD9kEOuOAYFME1KIMqwOARPINX8GY9WS/Wu/UxaV2wpjN74A+szx/N/pXa</latexit><latexit sha1_base64="QTMbrxuac5Q02PnjZNyTx2A+P4g=">AAACA3icbVDLSgMxFM34rPU16rKbYBHaTZkRwQcIRSu4rNTaQjuWTJppQ5PMNMkIZejCjb/ixoWKW3/CnX9j+lho64ELh3Pu5d57/IhRpR3n21pYXFpeWU2tpdc3Nre27Z3dOxXGEpMqDlko6z5ShFFBqppqRuqRJIj7jNT83uXIrz0QqWgobvUgIh5HHUEDipE2UsvO9HOlPDw7h1etpNJUlMPSvRg2+rlK3mvZWafgjAHniTslWTBFuWV/NdshjjkRGjOkVMN1Iu0lSGqKGRmmm7EiEcI91CENQwXiRHnJ+IkhPDBKGwahNCU0HKu/JxLElRpw33RypLtq1huJ/3mNWAcnXkJFFGsi8GRREDOoQzhKBLapJFizgSEIS2puhbiLJMLa5JY2IbizL8+T6mHhtODcHGWLF9M0UiAD9kEOuOAYFME1KIMqwOARPINX8GY9WS/Wu/UxaV2wpjN74A+szx/N/pXa</latexit>

(Dwork et al. 2006)
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The property is specified by                     , where 

Queries

q : X ! {0, 1}
<latexit sha1_base64="pAm6c+tdTURgqkdnvVPQWCCZFQA=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCBymJCH6cil48VjC20ISy2W7apZtN3J0oJRT8K148qHj1f3jz37htc9DWBwOP92aYmRemgmtwnG9rbn5hcWm5tFJeXVvf2LS3tu90kinKPJqIRDVDopngknnAQbBmqhiJQ8EaYf9q5DcemNI8kbcwSFkQk67kEacEjNS2d+8vmr7i3R4QpZJHP3eOXH/YtitO1RkDzxK3IBVUoN62v/xOQrOYSaCCaN1ynRSCnCjgVLBh2c80Swntky5rGSpJzHSQj88f4gOjdHCUKFMS8Fj9PZGTWOtBHJrOmEBPT3sj8T+vlUF0FuRcphkwSSeLokxgSPAoC9zhilEQA0MIVdzcimmPKELBJFY2IbjTL88S77h6XnVuTiq1yyKNEtpD++gQuegU1dA1qiMPUZSjZ/SK3qwn68V6tz4mrXNWMbOD/sD6/AE7d5U1</latexit><latexit sha1_base64="pAm6c+tdTURgqkdnvVPQWCCZFQA=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCBymJCH6cil48VjC20ISy2W7apZtN3J0oJRT8K148qHj1f3jz37htc9DWBwOP92aYmRemgmtwnG9rbn5hcWm5tFJeXVvf2LS3tu90kinKPJqIRDVDopngknnAQbBmqhiJQ8EaYf9q5DcemNI8kbcwSFkQk67kEacEjNS2d+8vmr7i3R4QpZJHP3eOXH/YtitO1RkDzxK3IBVUoN62v/xOQrOYSaCCaN1ynRSCnCjgVLBh2c80Swntky5rGSpJzHSQj88f4gOjdHCUKFMS8Fj9PZGTWOtBHJrOmEBPT3sj8T+vlUF0FuRcphkwSSeLokxgSPAoC9zhilEQA0MIVdzcimmPKELBJFY2IbjTL88S77h6XnVuTiq1yyKNEtpD++gQuegU1dA1qiMPUZSjZ/SK3qwn68V6tz4mrXNWMbOD/sD6/AE7d5U1</latexit><latexit sha1_base64="pAm6c+tdTURgqkdnvVPQWCCZFQA=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCBymJCH6cil48VjC20ISy2W7apZtN3J0oJRT8K148qHj1f3jz37htc9DWBwOP92aYmRemgmtwnG9rbn5hcWm5tFJeXVvf2LS3tu90kinKPJqIRDVDopngknnAQbBmqhiJQ8EaYf9q5DcemNI8kbcwSFkQk67kEacEjNS2d+8vmr7i3R4QpZJHP3eOXH/YtitO1RkDzxK3IBVUoN62v/xOQrOYSaCCaN1ynRSCnCjgVLBh2c80Swntky5rGSpJzHSQj88f4gOjdHCUKFMS8Fj9PZGTWOtBHJrOmEBPT3sj8T+vlUF0FuRcphkwSSeLokxgSPAoC9zhilEQA0MIVdzcimmPKELBJFY2IbjTL88S77h6XnVuTiq1yyKNEtpD++gQuegU1dA1qiMPUZSjZ/SK3qwn68V6tz4mrXNWMbOD/sD6/AE7d5U1</latexit>

q(S) =
1

|S|
X

x2S

q(x)
<latexit sha1_base64="kBOySwmBnR4ta0wUoeDjN94VmyM=">AAACDnicbVDLTsJAFJ3iC/GFunQzkWhgQ1pjoi5MiG5cYhAhoU0zHaYwYTotM1MDKf0DN/6KGxdq3Lp25984PBYKnuQmJ+fcm3vv8SJGpTLNbyOztLyyupZdz21sbm3v5Hf37mUYC0zqOGShaHpIEkY5qSuqGGlGgqDAY6Th9a7HfuOBCElDfqeGEXEC1OHUpxgpLbn5436xVoKX0PYFwomVJqPaKLVlHLjJwKYc1lLYLw5Kbr5gls0J4CKxZqQAZqi6+S+7HeI4IFxhhqRsWWaknAQJRTEjac6OJYkQ7qEOaWnKUUCkk0z+SeGRVtrQD4UuruBE/T2RoEDKYeDpzgCprpz3xuJ/XitW/rmTUB7FinA8XeTHDKoQjsOBbSoIVmyoCcKC6lsh7iKdjNIR5nQI1vzLi6R+Ur4om7enhcrVLI0sOACHoAgscAYq4AZUQR1g8AiewSt4M56MF+Pd+Ji2ZozZzD74A+PzB8Enm3A=</latexit><latexit sha1_base64="kBOySwmBnR4ta0wUoeDjN94VmyM=">AAACDnicbVDLTsJAFJ3iC/GFunQzkWhgQ1pjoi5MiG5cYhAhoU0zHaYwYTotM1MDKf0DN/6KGxdq3Lp25984PBYKnuQmJ+fcm3vv8SJGpTLNbyOztLyyupZdz21sbm3v5Hf37mUYC0zqOGShaHpIEkY5qSuqGGlGgqDAY6Th9a7HfuOBCElDfqeGEXEC1OHUpxgpLbn5436xVoKX0PYFwomVJqPaKLVlHLjJwKYc1lLYLw5Kbr5gls0J4CKxZqQAZqi6+S+7HeI4IFxhhqRsWWaknAQJRTEjac6OJYkQ7qEOaWnKUUCkk0z+SeGRVtrQD4UuruBE/T2RoEDKYeDpzgCprpz3xuJ/XitW/rmTUB7FinA8XeTHDKoQjsOBbSoIVmyoCcKC6lsh7iKdjNIR5nQI1vzLi6R+Ur4om7enhcrVLI0sOACHoAgscAYq4AZUQR1g8AiewSt4M56MF+Pd+Ji2ZozZzD74A+PzB8Enm3A=</latexit><latexit sha1_base64="kBOySwmBnR4ta0wUoeDjN94VmyM=">AAACDnicbVDLTsJAFJ3iC/GFunQzkWhgQ1pjoi5MiG5cYhAhoU0zHaYwYTotM1MDKf0DN/6KGxdq3Lp25984PBYKnuQmJ+fcm3vv8SJGpTLNbyOztLyyupZdz21sbm3v5Hf37mUYC0zqOGShaHpIEkY5qSuqGGlGgqDAY6Th9a7HfuOBCElDfqeGEXEC1OHUpxgpLbn5436xVoKX0PYFwomVJqPaKLVlHLjJwKYc1lLYLw5Kbr5gls0J4CKxZqQAZqi6+S+7HeI4IFxhhqRsWWaknAQJRTEjac6OJYkQ7qEOaWnKUUCkk0z+SeGRVtrQD4UuruBE/T2RoEDKYeDpzgCprpz3xuJ/XitW/rmTUB7FinA8XeTHDKoQjsOBbSoIVmyoCcKC6lsh7iKdjNIR5nQI1vzLi6R+Ur4om7enhcrVLI0sOACHoAgscAYq4AZUQR1g8AiewSt4M56MF+Pd+Ji2ZozZzD74A+PzB8Enm3A=</latexit> (Dinur and Nissim 2003)

A counting query is the special case of a low 
sensitivity query that asks “What proportion of 
the data satisfies a given property?”

A query is just a function                , on which the 
mechanism wants to return a value close to        . 

q : D ! R
<latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit><latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit><latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit>

q(D)
<latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit><latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit><latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit>



Given loss function                         , define an 
optimization query as                                                .

Queries

q(D) := argmin
✓2⇥

ES⇠Dn [L(S, ✓)]
<latexit sha1_base64="BNFm533O5mOVl9optDTA7EUhAVk="></latexit><latexit sha1_base64="BNFm533O5mOVl9optDTA7EUhAVk="></latexit><latexit sha1_base64="BNFm533O5mOVl9optDTA7EUhAVk="></latexit>

L : Xn ⇥⇥ ! R
<latexit sha1_base64="f2VBOW/XM49aAar2uCYmugyeTho="></latexit><latexit sha1_base64="f2VBOW/XM49aAar2uCYmugyeTho="></latexit><latexit sha1_base64="f2VBOW/XM49aAar2uCYmugyeTho="></latexit>

(Bassily et al. 2016)
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A query is just a function                , on which the 
mechanism wants to return a value close to        . 

q : D ! R
<latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit><latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit><latexit sha1_base64="RZruBzSnNhMeQFTwEW9/KEbOpRw=">AAACAHicbVDLSsNAFJ34rPUVdSO4GSyCq5KI4GNV1IXLKsYWmlAm00k7dDITZyZKCXXjr7hxoeLWz3Dn3zhps9DWAxcO59zLvfeECaNKO863NTM7N7+wWFoqL6+srq3bG5u3SqQSEw8LJmQzRIowyomnqWakmUiC4pCRRtg/z/3GPZGKCn6jBwkJYtTlNKIYaSO17e270wtf0m5PIynFgx8j3QvD7HrYtitO1RkBThO3IBVQoN62v/yOwGlMuMYMKdVynUQHGZKaYkaGZT9VJEG4j7qkZShHMVFBNvpgCPeM0oGRkKa4hiP190SGYqUGcWg68wvVpJeL/3mtVEfHQUZ5kmrC8XhRlDKoBczjgB0qCdZsYAjCkppbIe4hibA2oZVNCO7ky9PEO6ieVJ2rw0rtrEijBHbALtgHLjgCNXAJ6sADGDyCZ/AK3qwn68V6tz7GrTNWMbMF/sD6/AFvtZcW</latexit>

q(D)
<latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit><latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit><latexit sha1_base64="7OsrGvGVrhKXz9UTbfr/dXnaap8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FPXisYGyhDWWz3bRLdzdxdyOU0L/gxYOKV3+RN/+NmzYHbX0w8Hhvhpl5YcKZNq777Swtr6yurZc2yptb2zu7lb39Bx2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdJ37rSeqNIvlvRknNBB4IFnECDa59Fi7OelVqm7dnQItEq8gVSjQ7FW+uv2YpIJKQzjWuuO5iQkyrAwjnE7K3VTTBJMRHtCOpRILqoNseusEHVulj6JY2ZIGTdXfExkWWo9FaDsFNkM97+Xif14nNdFFkDGZpIZKMlsUpRyZGOWPoz5TlBg+tgQTxeytiAyxwsTYeMo2BG/+5UXin9Yv6+7dWbVxVaRRgkM4ghp4cA4NuIUm+EBgCM/wCm+OcF6cd+dj1rrkFDMH8AfO5w+bnI17</latexit>



A mechanism M is        -accurate on the 
distribution D if for all queries    ,

Accuracy

PM,A[max
i

|qi(D)� ai|  ↵] � 1� �

(↵,�)
<latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit><latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit><latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit>

qi
<latexit sha1_base64="z5shBcBMxGnnjInByKGs+4eefos=">AAACEnicZVDLSsNAFJ3UV62vqks3wSKISElFUHdFXbgRKxpbaEKZTG/SoZNJnJkIJfQTXKof40rc+gN+ixsnbUDbHhg495x74czxYkalsqxvozA3v7C4VFwurayurW+UN7ceZJQIAjaJWCRaHpbAKAdbUcWgFQvAoceg6fUvMr/5BELSiN+rQQxuiANOfUqw0tLdY4d2yhWrao1gzpJaTiooR6NT/nG6EUlC4IowLGW7ZsXKTbFQlDAYlpxEQoxJHwfQ1pTjEKSbjqIOzT2tdE0/EvpxZY7U/xcpDqUchJ7eDLHqyWkvE/+8S9AJBFzr6SYGgVUkDlIHiyCkfKgTBc5hxiYjKf/UTSmPEwWcjBP5CTNVZGYFmV0qgCg20AQTQfWnTNLDAhOlayzptmrT3cwS+6h6VrVujyv187y2ItpBu2gf1dAJqqMr1EA2IihAz+gVvRkvxrvxYXyOVwtGfrONJmB8/QI0X56A</latexit><latexit sha1_base64="z5shBcBMxGnnjInByKGs+4eefos=">AAACEnicZVDLSsNAFJ3UV62vqks3wSKISElFUHdFXbgRKxpbaEKZTG/SoZNJnJkIJfQTXKof40rc+gN+ixsnbUDbHhg495x74czxYkalsqxvozA3v7C4VFwurayurW+UN7ceZJQIAjaJWCRaHpbAKAdbUcWgFQvAoceg6fUvMr/5BELSiN+rQQxuiANOfUqw0tLdY4d2yhWrao1gzpJaTiooR6NT/nG6EUlC4IowLGW7ZsXKTbFQlDAYlpxEQoxJHwfQ1pTjEKSbjqIOzT2tdE0/EvpxZY7U/xcpDqUchJ7eDLHqyWkvE/+8S9AJBFzr6SYGgVUkDlIHiyCkfKgTBc5hxiYjKf/UTSmPEwWcjBP5CTNVZGYFmV0qgCg20AQTQfWnTNLDAhOlayzptmrT3cwS+6h6VrVujyv187y2ItpBu2gf1dAJqqMr1EA2IihAz+gVvRkvxrvxYXyOVwtGfrONJmB8/QI0X56A</latexit><latexit sha1_base64="z5shBcBMxGnnjInByKGs+4eefos=">AAACEnicZVDLSsNAFJ3UV62vqks3wSKISElFUHdFXbgRKxpbaEKZTG/SoZNJnJkIJfQTXKof40rc+gN+ixsnbUDbHhg495x74czxYkalsqxvozA3v7C4VFwurayurW+UN7ceZJQIAjaJWCRaHpbAKAdbUcWgFQvAoceg6fUvMr/5BELSiN+rQQxuiANOfUqw0tLdY4d2yhWrao1gzpJaTiooR6NT/nG6EUlC4IowLGW7ZsXKTbFQlDAYlpxEQoxJHwfQ1pTjEKSbjqIOzT2tdE0/EvpxZY7U/xcpDqUchJ7eDLHqyWkvE/+8S9AJBFzr6SYGgVUkDlIHiyCkfKgTBc5hxiYjKf/UTSmPEwWcjBP5CTNVZGYFmV0qgCg20AQTQfWnTNLDAhOlayzptmrT3cwS+6h6VrVujyv187y2ItpBu2gf1dAJqqMr1EA2IihAz+gVvRkvxrvxYXyOVwtGfrONJmB8/QI0X56A</latexit>

!11

(Dwork et al. 2015)



How many samples n does it take to answer k 
adaptive queries efficiently with         -accuracy?             

A mechanism M is        -accurate on the 
distribution D if for all queries    ,

Accuracy

PM,A[max
i

|qi(D)� ai|  ↵] � 1� �

(↵,�)
<latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit><latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit><latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit>

(↵,�)
<latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit><latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit><latexit sha1_base64="juyHX9QQj0VP/iZ0EwYXNtEtYig=">AAACHXicZVDLSgNBEJyN7/iKevSyGIQoIeyKoN5EPXgRFYwKbgy9k04yZHZ2mekVwpL/8Kh+jCfxKn6LFycxoDEFA9VV3VBTYSKFIc/7dHITk1PTM7Nz+fmFxaXlwsrqtYlTzbHKYxnr2xAMSqGwSoIk3iYaIQol3oSd475/84DaiFhdUTfBWgQtJZqCA1npvhSATNpQDkIk2KoXil7FG8AdJ/6QFNkQF/XCV9CIeRqhIi7BmDvfS6iWgSbBJfbyQWowAd6BFt5ZqiBCU8sGqXvuplUabjPW9ilyB+rfiwwiY7pRaDcjoLb57/XFX+8EbQKNZ3Y6T1ADxXo7C0C3IqF6NlErKPfZaCRq7tcyoZKUUPGfRM1UuhS7/a7chtDISXYtAa6F/ZTL26CBk200b9vy/3czTqo7lYOKd7lbPDwa1jbL1tkGKzGf7bFDdsouWJVxptkje2YvzpPz6rw57z+rOWd4s8ZG4Hx8A/czoow=</latexit>

qi
<latexit sha1_base64="z5shBcBMxGnnjInByKGs+4eefos=">AAACEnicZVDLSsNAFJ3UV62vqks3wSKISElFUHdFXbgRKxpbaEKZTG/SoZNJnJkIJfQTXKof40rc+gN+ixsnbUDbHhg495x74czxYkalsqxvozA3v7C4VFwurayurW+UN7ceZJQIAjaJWCRaHpbAKAdbUcWgFQvAoceg6fUvMr/5BELSiN+rQQxuiANOfUqw0tLdY4d2yhWrao1gzpJaTiooR6NT/nG6EUlC4IowLGW7ZsXKTbFQlDAYlpxEQoxJHwfQ1pTjEKSbjqIOzT2tdE0/EvpxZY7U/xcpDqUchJ7eDLHqyWkvE/+8S9AJBFzr6SYGgVUkDlIHiyCkfKgTBc5hxiYjKf/UTSmPEwWcjBP5CTNVZGYFmV0qgCg20AQTQfWnTNLDAhOlayzptmrT3cwS+6h6VrVujyv187y2ItpBu2gf1dAJqqMr1EA2IihAz+gVvRkvxrvxYXyOVwtGfrONJmB8/QI0X56A</latexit><latexit sha1_base64="z5shBcBMxGnnjInByKGs+4eefos=">AAACEnicZVDLSsNAFJ3UV62vqks3wSKISElFUHdFXbgRKxpbaEKZTG/SoZNJnJkIJfQTXKof40rc+gN+ixsnbUDbHhg495x74czxYkalsqxvozA3v7C4VFwurayurW+UN7ceZJQIAjaJWCRaHpbAKAdbUcWgFQvAoceg6fUvMr/5BELSiN+rQQxuiANOfUqw0tLdY4d2yhWrao1gzpJaTiooR6NT/nG6EUlC4IowLGW7ZsXKTbFQlDAYlpxEQoxJHwfQ1pTjEKSbjqIOzT2tdE0/EvpxZY7U/xcpDqUchJ7eDLHqyWkvE/+8S9AJBFzr6SYGgVUkDlIHiyCkfKgTBc5hxiYjKf/UTSmPEwWcjBP5CTNVZGYFmV0qgCg20AQTQfWnTNLDAhOlayzptmrT3cwS+6h6VrVujyv187y2ItpBu2gf1dAJqqMr1EA2IihAz+gVvRkvxrvxYXyOVwtGfrONJmB8/QI0X56A</latexit><latexit sha1_base64="z5shBcBMxGnnjInByKGs+4eefos=">AAACEnicZVDLSsNAFJ3UV62vqks3wSKISElFUHdFXbgRKxpbaEKZTG/SoZNJnJkIJfQTXKof40rc+gN+ixsnbUDbHhg495x74czxYkalsqxvozA3v7C4VFwurayurW+UN7ceZJQIAjaJWCRaHpbAKAdbUcWgFQvAoceg6fUvMr/5BELSiN+rQQxuiANOfUqw0tLdY4d2yhWrao1gzpJaTiooR6NT/nG6EUlC4IowLGW7ZsXKTbFQlDAYlpxEQoxJHwfQ1pTjEKSbjqIOzT2tdE0/EvpxZY7U/xcpDqUchJ7eDLHqyWkvE/+8S9AJBFzr6SYGgVUkDlIHiyCkfKgTBc5hxiYjKf/UTSmPEwWcjBP5CTNVZGYFmV0qgCg20AQTQfWnTNLDAhOlayzptmrT3cwS+6h6VrVujyv187y2ItpBu2gf1dAJqqMr1EA2IihAz+gVvRkvxrvxYXyOVwtGfrONJmB8/QI0X56A</latexit>

!12

(Dwork et al. 2015)

And how fast can we answer such queries?



1. Return        .

Naive method
q(S)

<latexit sha1_base64="4ywSOZNoG1eNG/2i2ifl4NpytHk="></latexit><latexit sha1_base64="4ywSOZNoG1eNG/2i2ifl4NpytHk="></latexit><latexit sha1_base64="4ywSOZNoG1eNG/2i2ifl4NpytHk="></latexit>
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Returning the empirical estimate turns out to be 
suboptimal!



The boosting attack (Blum and Hardt 2015):

• Pick k vectors                 uniformly at random, and 

receive losses                  in response.  Call                           
I=iinL<1/2           .


• Output                                   , applied coordinate-
wise. 

The leaderboard:  Takes a hold-out set of n points 
with labels                  and for any label prediction                 
u in 01      return the average 0-1 loss         .

Taking advantage of 
adaptivity in leaderboards

y 2 {0, 1}n
<latexit sha1_base64="aG9cADBzhQnP3QxE7h4U+LJZ4HE=">AAACHHicZVDLSgMxFM3UV62vqks3g0UQKWVGBHVX1IUbsYK1hc5YMultG5pJxiQjDMN8h0v1Y1yJW8FvcWP6AG09EDj3nHvh5AQRo0o7zpeVm5tfWFzKLxdWVtfWN4qbW3dKxJJAnQgmZDPAChjlUNdUM2hGEnAYMGgEg/Oh33gEqajgtzqJwA9xj9MuJVgbyU88yr3UKbteds/bxZJTcUaw/xN3Qkpoglq7+O11BIlD4JowrFTLdSLtp1hqShhkBS9WEGEywD1oGcpxCMpPR6Eze88oHbsrpHlc2yP170WKQ6WSMDCbIdZ9NesNxV/vAkwCCVdmuo5AYi3kQeph2Qspz0yinlcesulIunvip5RHsQZOxom6MbO1sIdV2R0qgWiWGIKJpOZTNuljiYk2hRZMW+5sN/9J/bByWnFujkrVs0ltebSDdtE+ctExqqJLVEN1RNADekIv6NV6tt6sd+tjvJqzJjfbaArW5w+W0qJg</latexit><latexit sha1_base64="aG9cADBzhQnP3QxE7h4U+LJZ4HE=">AAACHHicZVDLSgMxFM3UV62vqks3g0UQKWVGBHVX1IUbsYK1hc5YMultG5pJxiQjDMN8h0v1Y1yJW8FvcWP6AG09EDj3nHvh5AQRo0o7zpeVm5tfWFzKLxdWVtfWN4qbW3dKxJJAnQgmZDPAChjlUNdUM2hGEnAYMGgEg/Oh33gEqajgtzqJwA9xj9MuJVgbyU88yr3UKbteds/bxZJTcUaw/xN3Qkpoglq7+O11BIlD4JowrFTLdSLtp1hqShhkBS9WEGEywD1oGcpxCMpPR6Eze88oHbsrpHlc2yP170WKQ6WSMDCbIdZ9NesNxV/vAkwCCVdmuo5AYi3kQeph2Qspz0yinlcesulIunvip5RHsQZOxom6MbO1sIdV2R0qgWiWGIKJpOZTNuljiYk2hRZMW+5sN/9J/bByWnFujkrVs0ltebSDdtE+ctExqqJLVEN1RNADekIv6NV6tt6sd+tjvJqzJjfbaArW5w+W0qJg</latexit><latexit sha1_base64="aG9cADBzhQnP3QxE7h4U+LJZ4HE=">AAACHHicZVDLSgMxFM3UV62vqks3g0UQKWVGBHVX1IUbsYK1hc5YMultG5pJxiQjDMN8h0v1Y1yJW8FvcWP6AG09EDj3nHvh5AQRo0o7zpeVm5tfWFzKLxdWVtfWN4qbW3dKxJJAnQgmZDPAChjlUNdUM2hGEnAYMGgEg/Oh33gEqajgtzqJwA9xj9MuJVgbyU88yr3UKbteds/bxZJTcUaw/xN3Qkpoglq7+O11BIlD4JowrFTLdSLtp1hqShhkBS9WEGEywD1oGcpxCMpPR6Eze88oHbsrpHlc2yP170WKQ6WSMDCbIdZ9NesNxV/vAkwCCVdmuo5AYi3kQeph2Qspz0yinlcesulIunvip5RHsQZOxom6MbO1sIdV2R0qgWiWGIKJpOZTNuljiYk2hRZMW+5sN/9J/bByWnFujkrVs0ltebSDdtE+ctExqqJLVEN1RNADekIv6NV6tt6sd+tjvJqzJjfbaArW5w+W0qJg</latexit>

u 2 {0, 1}n
<latexit sha1_base64="IoSMNmuVHf+G7ZL7dDyTpjYxG8s=">AAACHHicZVBNS8NAFNzUr1q/qh69BIsgUkoignor6sGLWMHaQhPLZvuSLt1s4u5GKKG/w6P6YzyJV8Hf4sVNG9DWgYV5M+/B7Hgxo1JZ1pdRmJtfWFwqLpdWVtfWN8qbW3cySgSBJolYJNoelsAoh6aiikE7FoBDj0HLG5xnfusRhKQRv1XDGNwQB5z6lGClJTdxKHdSq2o7o3veLVesmjWG+Z/YOamgHI1u+dvpRSQJgSvCsJQd24qVm2KhKGEwKjmJhBiTAQ6goynHIUg3HYcemXta6Zl+JPTjyhyrfy9SHEo5DD29GWLVl7NeJv56F6ATCLjS03UMAqtIHKQOFkFI+UgnCpxqxqYjKf/ETSmPEwWcTBL5CTNVZGZVmT0qgCg21AQTQfWnTNLHAhOlCy3ptuzZbv6T5mHttGbdHFXqZ3ltRbSDdtE+stExqqNL1EBNRNADekIv6NV4Nt6Md+Njslow8pttNAXj8weP8qJc</latexit><latexit sha1_base64="IoSMNmuVHf+G7ZL7dDyTpjYxG8s=">AAACHHicZVBNS8NAFNzUr1q/qh69BIsgUkoignor6sGLWMHaQhPLZvuSLt1s4u5GKKG/w6P6YzyJV8Hf4sVNG9DWgYV5M+/B7Hgxo1JZ1pdRmJtfWFwqLpdWVtfWN8qbW3cySgSBJolYJNoelsAoh6aiikE7FoBDj0HLG5xnfusRhKQRv1XDGNwQB5z6lGClJTdxKHdSq2o7o3veLVesmjWG+Z/YOamgHI1u+dvpRSQJgSvCsJQd24qVm2KhKGEwKjmJhBiTAQ6goynHIUg3HYcemXta6Zl+JPTjyhyrfy9SHEo5DD29GWLVl7NeJv56F6ATCLjS03UMAqtIHKQOFkFI+UgnCpxqxqYjKf/ETSmPEwWcTBL5CTNVZGZVmT0qgCg21AQTQfWnTNLHAhOlCy3ptuzZbv6T5mHttGbdHFXqZ3ltRbSDdtE+stExqqNL1EBNRNADekIv6NV4Nt6Md+Njslow8pttNAXj8weP8qJc</latexit><latexit sha1_base64="IoSMNmuVHf+G7ZL7dDyTpjYxG8s=">AAACHHicZVBNS8NAFNzUr1q/qh69BIsgUkoignor6sGLWMHaQhPLZvuSLt1s4u5GKKG/w6P6YzyJV8Hf4sVNG9DWgYV5M+/B7Hgxo1JZ1pdRmJtfWFwqLpdWVtfWN8qbW3cySgSBJolYJNoelsAoh6aiikE7FoBDj0HLG5xnfusRhKQRv1XDGNwQB5z6lGClJTdxKHdSq2o7o3veLVesmjWG+Z/YOamgHI1u+dvpRSQJgSvCsJQd24qVm2KhKGEwKjmJhBiTAQ6goynHIUg3HYcemXta6Zl+JPTjyhyrfy9SHEo5DD29GWLVl7NeJv56F6ATCLjS03UMAqtIHKQOFkFI+UgnCpxqxqYjKf/ETSmPEwWcTBL5CTNVZGZVmT0qgCg21AQTQfWnTNLHAhOlCy3ptuzZbv6T5mHttGbdHFXqZ3ltRbSDdtE+stExqqNL1EBNRNADekIv6NV4Nt6Md+Njslow8pttNAXj8weP8qJc</latexit>

u1, . . . , uk
<latexit sha1_base64="Jnliw0WIuz8PeSuMc/GDfCjsDkY="></latexit><latexit sha1_base64="Jnliw0WIuz8PeSuMc/GDfCjsDkY="></latexit><latexit sha1_base64="Jnliw0WIuz8PeSuMc/GDfCjsDkY="></latexit>

L1, . . . ,Lk
<latexit sha1_base64="oByMPcwsjqqVZmoM6JhG+gy2460="></latexit><latexit sha1_base64="oByMPcwsjqqVZmoM6JhG+gy2460="></latexit><latexit sha1_base64="oByMPcwsjqqVZmoM6JhG+gy2460="></latexit>

L(u)
<latexit sha1_base64="1rv4QZwQr76sF1EIJ5q3spuTbWU="></latexit><latexit sha1_base64="1rv4QZwQr76sF1EIJ5q3spuTbWU="></latexit><latexit sha1_base64="1rv4QZwQr76sF1EIJ5q3spuTbWU="></latexit>

I = {i : Li  1/2}
<latexit sha1_base64="WYRPs70LHQ8hBZClsDbrul39i+Q="></latexit><latexit sha1_base64="WYRPs70LHQ8hBZClsDbrul39i+Q="></latexit><latexit sha1_base64="WYRPs70LHQ8hBZClsDbrul39i+Q="></latexit>

u⇤ = maj({ui : i 2 I})
<latexit sha1_base64="WT5DTyRRb87NUt/PjBJSROP0NIM="></latexit><latexit sha1_base64="WT5DTyRRb87NUt/PjBJSROP0NIM="></latexit><latexit sha1_base64="WT5DTyRRb87NUt/PjBJSROP0NIM="></latexit>
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Taking advantage of 
adaptivity in leaderboards

Naive responses

Independent test set

Differentially private 
mechanism

Theorem (Blum and Hardt 2015). With at least constant

probability, the loss is L(u)  1/2� ⌦

⇣p
k/n

⌘
.

<latexit sha1_base64="6VqDFhl5SlTcVNrYsx83BbUHvk4="></latexit><latexit sha1_base64="6VqDFhl5SlTcVNrYsx83BbUHvk4="></latexit><latexit sha1_base64="6VqDFhl5SlTcVNrYsx83BbUHvk4="></latexit>
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• This implies the naive method to always return           is 
sub-optimal.


• Better yet, algorithms whose output only change by a little 
when the inputs change by a little, generalize.


I’ll refer to these as “transfer theorems.” 

Differential privacy
q(S)

<latexit sha1_base64="lH/YDwWceavDuVkV2i729Lktjfw=">AAACKnicZVDLTgIxFO3gC/EFunTTSEzQGDJjTNQdURdujBhFSICQTrlAQ6czth0TMuEX3OpP+DWuiFs/xM4wiQI3aXJ6zr23p8cNOFPatidWZml5ZXUtu57b2Nza3skXdp+VH0oKNepzXzZcooAzATXNNIdGIIF4Loe6O7yO9forSMV88aRHAbQ90hesxyjRMfVSejzq5It22U4KLwInBUWUVrVTsAqtrk9DD4SmnCjVdOxAtyMiNaMcxrlWqCAgdEj60DRQEA9UO0rMjvGhYbq450tzhMYJ+38iIp5SI881nR7RAzWvxeSfdgPGgYQ7c7sPQBLty+OoRWTfY2JsHPVbJzGaWYK7Knl6zqjuXbQjJoJQg6BTn72QY+3jODjcZRKo5iMDCJXMfBXTAZGEahNvzoTozEe2CGqn5cuy/XBWrFylaWbRPjpAJeSgc1RBt6iKaoiiAXpD7+jD+rS+rIn1PW3NWOnMHpop6+cXZmKmNg==</latexit><latexit sha1_base64="lH/YDwWceavDuVkV2i729Lktjfw=">AAACKnicZVDLTgIxFO3gC/EFunTTSEzQGDJjTNQdURdujBhFSICQTrlAQ6czth0TMuEX3OpP+DWuiFs/xM4wiQI3aXJ6zr23p8cNOFPatidWZml5ZXUtu57b2Nza3skXdp+VH0oKNepzXzZcooAzATXNNIdGIIF4Loe6O7yO9forSMV88aRHAbQ90hesxyjRMfVSejzq5It22U4KLwInBUWUVrVTsAqtrk9DD4SmnCjVdOxAtyMiNaMcxrlWqCAgdEj60DRQEA9UO0rMjvGhYbq450tzhMYJ+38iIp5SI881nR7RAzWvxeSfdgPGgYQ7c7sPQBLty+OoRWTfY2JsHPVbJzGaWYK7Knl6zqjuXbQjJoJQg6BTn72QY+3jODjcZRKo5iMDCJXMfBXTAZGEahNvzoTozEe2CGqn5cuy/XBWrFylaWbRPjpAJeSgc1RBt6iKaoiiAXpD7+jD+rS+rIn1PW3NWOnMHpop6+cXZmKmNg==</latexit><latexit sha1_base64="lH/YDwWceavDuVkV2i729Lktjfw=">AAACKnicZVDLTgIxFO3gC/EFunTTSEzQGDJjTNQdURdujBhFSICQTrlAQ6czth0TMuEX3OpP+DWuiFs/xM4wiQI3aXJ6zr23p8cNOFPatidWZml5ZXUtu57b2Nza3skXdp+VH0oKNepzXzZcooAzATXNNIdGIIF4Loe6O7yO9forSMV88aRHAbQ90hesxyjRMfVSejzq5It22U4KLwInBUWUVrVTsAqtrk9DD4SmnCjVdOxAtyMiNaMcxrlWqCAgdEj60DRQEA9UO0rMjvGhYbq450tzhMYJ+38iIp5SI881nR7RAzWvxeSfdgPGgYQ7c7sPQBLty+OoRWTfY2JsHPVbJzGaWYK7Knl6zqjuXbQjJoJQg6BTn72QY+3jODjcZRKo5iMDCJXMfBXTAZGEahNvzoTozEe2CGqn5cuy/XBWrFylaWbRPjpAJeSgc1RBt6iKaoiiAXpD7+jD+rS+rIn1PW3NWOnMHpop6+cXZmKmNg==</latexit>

Definition (Dwork et al. 2006). A mechanism M is
(✏, �)-private if for every two samples S, S0 2 Xn di↵ering
by at most one element and every out come z,

P [M(S) = z]  e✏ · P [M(S0) = z] + �
<latexit sha1_base64="GmJ1opj11VkK1DP2U8b11X+UYQs="></latexit><latexit sha1_base64="GmJ1opj11VkK1DP2U8b11X+UYQs="></latexit><latexit sha1_base64="GmJ1opj11VkK1DP2U8b11X+UYQs="></latexit>
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Differential privacy illustration



• Low sensitivity queries:                        (Bassily 
et al. 2016) and this tight in k (Steinke and 
Ullman 2015)


• Convex optimization in d dimensions:                  
(Bassily et al. 2016)


• Bounded max-information is sufficient, which 
enables hypothesis testing, etc. (Dwork et al. 
2015, Rogers et al. 2016)  

Previous work  
(sample complexity)

Õ

⇣p
kd/↵

2
⌘

<latexit sha1_base64="kymRKZJlmvmnYFTdaIuUnJMkBWU="></latexit><latexit sha1_base64="kymRKZJlmvmnYFTdaIuUnJMkBWU="></latexit><latexit sha1_base64="kymRKZJlmvmnYFTdaIuUnJMkBWU="></latexit>

n = Õ

⇣p
k/↵

2
⌘

<latexit sha1_base64="c1SHhmLyTaLi9YIDxK0vDX3PO1A="></latexit><latexit sha1_base64="c1SHhmLyTaLi9YIDxK0vDX3PO1A="></latexit><latexit sha1_base64="c1SHhmLyTaLi9YIDxK0vDX3PO1A="></latexit>
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• All of these mechanisms take         time per 
query, not realistic for large-scale analysis


• Simultaneously, there is a large gap between 
theory and practice, e.g. sampling practices 
like bootstrapping

Computational complexity

⌦(n)
<latexit sha1_base64="Rv1ZYkjzyZPoGSMMs24aYpZ204c=">AAACL3icZVDLSgMxFM3UV63P6tJNsAgqUqYiqDtRF26kFawPnFLupLfT0CQzJBmhDP0Kt/oTfo1uxK1/YfoAtV4InJxz783JCRPBjfX9dy83NT0zO5efLywsLi2vrBbXbkycaoZ1FotY34VgUHCFdcutwLtEI8hQ4G3YPRvot4+oDY/Vte0l2JAQKd7mDKyj7oOqxAi21U5zteSX/WHR/6AyBiUyrlqz6BWDVsxSicoyAcY8VPzENjLQljOB/UKQGkyAdSHCBwcVSDSNbOi4T7cc06LtWLujLB2yvycykMb0ZOg6JdiOmdQG5I92js6Bxkt3qyaowcZ6NwtAR5KrvnMUBXsD9GcJbZnh0xNGbfuokXGVpBYVG/lsp4LamA7Soy2ukVnRcwCY5u6rlHVAA7Mu44ILsTIZ2X9Q3y8fl/2rg9LJ6TjNPNkgm2SbVMghOSEXpEbqhBFJnsgzefFevTfvw/sctea88cw6+VPe1zeTo6hX</latexit><latexit sha1_base64="Rv1ZYkjzyZPoGSMMs24aYpZ204c=">AAACL3icZVDLSgMxFM3UV63P6tJNsAgqUqYiqDtRF26kFawPnFLupLfT0CQzJBmhDP0Kt/oTfo1uxK1/YfoAtV4InJxz783JCRPBjfX9dy83NT0zO5efLywsLi2vrBbXbkycaoZ1FotY34VgUHCFdcutwLtEI8hQ4G3YPRvot4+oDY/Vte0l2JAQKd7mDKyj7oOqxAi21U5zteSX/WHR/6AyBiUyrlqz6BWDVsxSicoyAcY8VPzENjLQljOB/UKQGkyAdSHCBwcVSDSNbOi4T7cc06LtWLujLB2yvycykMb0ZOg6JdiOmdQG5I92js6Bxkt3qyaowcZ6NwtAR5KrvnMUBXsD9GcJbZnh0xNGbfuokXGVpBYVG/lsp4LamA7Soy2ukVnRcwCY5u6rlHVAA7Mu44ILsTIZ2X9Q3y8fl/2rg9LJ6TjNPNkgm2SbVMghOSEXpEbqhBFJnsgzefFevTfvw/sctea88cw6+VPe1zeTo6hX</latexit><latexit sha1_base64="Rv1ZYkjzyZPoGSMMs24aYpZ204c=">AAACL3icZVDLSgMxFM3UV63P6tJNsAgqUqYiqDtRF26kFawPnFLupLfT0CQzJBmhDP0Kt/oTfo1uxK1/YfoAtV4InJxz783JCRPBjfX9dy83NT0zO5efLywsLi2vrBbXbkycaoZ1FotY34VgUHCFdcutwLtEI8hQ4G3YPRvot4+oDY/Vte0l2JAQKd7mDKyj7oOqxAi21U5zteSX/WHR/6AyBiUyrlqz6BWDVsxSicoyAcY8VPzENjLQljOB/UKQGkyAdSHCBwcVSDSNbOi4T7cc06LtWLujLB2yvycykMb0ZOg6JdiOmdQG5I92js6Bxkt3qyaowcZ6NwtAR5KrvnMUBXsD9GcJbZnh0xNGbfuokXGVpBYVG/lsp4LamA7Soy2ukVnRcwCY5u6rlHVAA7Mu44ILsTIZ2X9Q3y8fl/2rg9LJ6TjNPNkgm2SbVMghOSEXpEbqhBFJnsgzefFevTfvw/sctea88cw6+VPe1zeTo6hX</latexit>
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Dependence on    suppressed for convenience.

Recall:  k is the number of queries,    the accuracy 

�
<latexit sha1_base64="LQ7xPWmzCWVUpsw4T2VHoAWFP7Y=">AAACK3icZVDLSgMxFM3Ud31Wl26CRRCRMhVB3Ym6cCNWcFRwitxJb9tgJjMkd4Qy9Bvc6k/4NW4Ut/6H6QO07YXAyTn33pycKFXSku9/eoWp6ZnZufmF4uLS8srqWmn91iaZERiIRCXmPgKLSmoMSJLC+9QgxJHCu+jprKffPaOxMtE31EmxHkNLy6YUQI4KwggJHtfKfsXvF58E1SEos2HVHkteKWwkIotRk1Bg7UPVT6megyEpFHaLYWYxBfEELXxwUEOMtp733Xb5tmMavJkYdzTxPvt/IofY2k4cuc4YqG3HtR75p52jc2Dw0t2uUjRAidnNQzCtWOquc9QK93poZAlv2P7TY0apeVTPpU4zQi0GPpuZ4pTwXnK8IQ0KUh0HQBjpvspFGwwIcvkWXYjV8cgmQbBfOa741wflk9NhmvNsk22xHVZlh+yEXbAaC5hgkr2wV/bmvXsf3pf3PWgteMOZDTZS3s8vHXCnIw==</latexit><latexit sha1_base64="LQ7xPWmzCWVUpsw4T2VHoAWFP7Y=">AAACK3icZVDLSgMxFM3Ud31Wl26CRRCRMhVB3Ym6cCNWcFRwitxJb9tgJjMkd4Qy9Bvc6k/4NW4Ut/6H6QO07YXAyTn33pycKFXSku9/eoWp6ZnZufmF4uLS8srqWmn91iaZERiIRCXmPgKLSmoMSJLC+9QgxJHCu+jprKffPaOxMtE31EmxHkNLy6YUQI4KwggJHtfKfsXvF58E1SEos2HVHkteKWwkIotRk1Bg7UPVT6megyEpFHaLYWYxBfEELXxwUEOMtp733Xb5tmMavJkYdzTxPvt/IofY2k4cuc4YqG3HtR75p52jc2Dw0t2uUjRAidnNQzCtWOquc9QK93poZAlv2P7TY0apeVTPpU4zQi0GPpuZ4pTwXnK8IQ0KUh0HQBjpvspFGwwIcvkWXYjV8cgmQbBfOa741wflk9NhmvNsk22xHVZlh+yEXbAaC5hgkr2wV/bmvXsf3pf3PWgteMOZDTZS3s8vHXCnIw==</latexit><latexit sha1_base64="LQ7xPWmzCWVUpsw4T2VHoAWFP7Y=">AAACK3icZVDLSgMxFM3Ud31Wl26CRRCRMhVB3Ym6cCNWcFRwitxJb9tgJjMkd4Qy9Bvc6k/4NW4Ut/6H6QO07YXAyTn33pycKFXSku9/eoWp6ZnZufmF4uLS8srqWmn91iaZERiIRCXmPgKLSmoMSJLC+9QgxJHCu+jprKffPaOxMtE31EmxHkNLy6YUQI4KwggJHtfKfsXvF58E1SEos2HVHkteKWwkIotRk1Bg7UPVT6megyEpFHaLYWYxBfEELXxwUEOMtp733Xb5tmMavJkYdzTxPvt/IofY2k4cuc4YqG3HtR75p52jc2Dw0t2uUjRAidnNQzCtWOquc9QK93poZAlv2P7TY0apeVTPpU4zQi0GPpuZ4pTwXnK8IQ0KUh0HQBjpvspFGwwIcvkWXYjV8cgmQbBfOa741wflk9NhmvNsk22xHVZlh+yEXbAaC5hgkr2wV/bmvXsf3pf3PWgteMOZDTZS3s8vHXCnIw==</latexit>

↵
<latexit sha1_base64="1w0KasGHJkUkMLj55vxKaCbrQjQ=">AAACLHicZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGrGAf0CnlTnrbxmYyQ5IRytB/cKs/4de4EHHrd5g+QNteCJycc+/NyfEjwbVx3U8ntbS8srqWXs9sbG5t72Rzu1UdxophhYUiVHUfNAousWK4EViPFELgC6z5/euRXntGpXkoH80gwmYAXck7nIGxVNUDEfWglc27BXdcdBEUpyBPplVu5Zyc1w5ZHKA0TIDWjaIbmWYCynAmcJjxYo0RsD50sWGhhAB1MxnbHdJDy7RpJ1T2SEPH7P+JBAKtB4FvOwMwPT2vjcg/7QatA4V39nYfoQITquPEA9UNuBxaR13vZIRmltC2Hj89Z9R0LpoJl1FsULKJz04sqAnpKDra5gqZEQMLgCluv0pZDxQwYwPO2BCL85Etgspp4bLgPpzlS1fTNNNknxyQI1Ik56REbkmZVAgjT+SFvJI35935cL6c70lrypnO7JGZcn5+Af9hp5c=</latexit><latexit sha1_base64="1w0KasGHJkUkMLj55vxKaCbrQjQ=">AAACLHicZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGrGAf0CnlTnrbxmYyQ5IRytB/cKs/4de4EHHrd5g+QNteCJycc+/NyfEjwbVx3U8ntbS8srqWXs9sbG5t72Rzu1UdxophhYUiVHUfNAousWK4EViPFELgC6z5/euRXntGpXkoH80gwmYAXck7nIGxVNUDEfWglc27BXdcdBEUpyBPplVu5Zyc1w5ZHKA0TIDWjaIbmWYCynAmcJjxYo0RsD50sWGhhAB1MxnbHdJDy7RpJ1T2SEPH7P+JBAKtB4FvOwMwPT2vjcg/7QatA4V39nYfoQITquPEA9UNuBxaR13vZIRmltC2Hj89Z9R0LpoJl1FsULKJz04sqAnpKDra5gqZEQMLgCluv0pZDxQwYwPO2BCL85Etgspp4bLgPpzlS1fTNNNknxyQI1Ik56REbkmZVAgjT+SFvJI35935cL6c70lrypnO7JGZcn5+Af9hp5c=</latexit><latexit sha1_base64="1w0KasGHJkUkMLj55vxKaCbrQjQ=">AAACLHicZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGrGAf0CnlTnrbxmYyQ5IRytB/cKs/4de4EHHrd5g+QNteCJycc+/NyfEjwbVx3U8ntbS8srqWXs9sbG5t72Rzu1UdxophhYUiVHUfNAousWK4EViPFELgC6z5/euRXntGpXkoH80gwmYAXck7nIGxVNUDEfWglc27BXdcdBEUpyBPplVu5Zyc1w5ZHKA0TIDWjaIbmWYCynAmcJjxYo0RsD50sWGhhAB1MxnbHdJDy7RpJ1T2SEPH7P+JBAKtB4FvOwMwPT2vjcg/7QatA4V39nYfoQITquPEA9UNuBxaR13vZIRmltC2Hj89Z9R0LpoJl1FsULKJz04sqAnpKDra5gqZEQMLgCluv0pZDxQwYwPO2BCL85Etgspp4bLgPpzlS1fTNNNknxyQI1Ik56REbkmZVAgjT+SFvJI35935cL6c70lrypnO7JGZcn5+Af9hp5c=</latexit>

Results summary
This work Bassily et al. 2016

Samples per query

Low sensitivity queries

Sampling counting queries N/A

Iterations per 
query

Convex optimization

Strongly-convex optimization

Õ(log(k)/↵2)
<latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit><latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit><latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit>

Õ(
p
k/↵

2)
<latexit sha1_base64="0oRsiUBfRwVH4bGB3R9/cPJipOM=">AAACBHicbVBNS8NAEN3Ur1q/oh71ECxCvdSkCOqt6MWbFYwtNLFsNpt26ebD3YlQQi5e/CtePKh49Ud489+4bXPQ6oOBx3szzMzzEs4kmOaXVpqbX1hcKi9XVlbX1jf0za0bGaeCUJvEPBYdD0vKWURtYMBpJxEUhx6nbW94Pvbb91RIFkfXMEqoG+J+xAJGMCipp+86wLhPs8u85sg7AdkwP3QwTwb4tnHQ06tm3ZzA+EusglRRgVZP/3T8mKQhjYBwLGXXMhNwMyyAEU7zipNKmmAyxH3aVTTCIZVuNvkiN/aV4htBLFRFYEzUnxMZDqUchZ7qDDEM5Kw3Fv/zuikEJ27GoiQFGpHpoiDlBsTGOBLDZ4IS4CNFMBFM3WqQARaYgAquokKwZl/+S+xG/bRuXh1Vm2dFGmW0g/ZQDVnoGDXRBWohGxH0gJ7QC3rVHrVn7U17n7aWtGJmG/2C9vENvruYRg==</latexit><latexit sha1_base64="0oRsiUBfRwVH4bGB3R9/cPJipOM=">AAACBHicbVBNS8NAEN3Ur1q/oh71ECxCvdSkCOqt6MWbFYwtNLFsNpt26ebD3YlQQi5e/CtePKh49Ud489+4bXPQ6oOBx3szzMzzEs4kmOaXVpqbX1hcKi9XVlbX1jf0za0bGaeCUJvEPBYdD0vKWURtYMBpJxEUhx6nbW94Pvbb91RIFkfXMEqoG+J+xAJGMCipp+86wLhPs8u85sg7AdkwP3QwTwb4tnHQ06tm3ZzA+EusglRRgVZP/3T8mKQhjYBwLGXXMhNwMyyAEU7zipNKmmAyxH3aVTTCIZVuNvkiN/aV4htBLFRFYEzUnxMZDqUchZ7qDDEM5Kw3Fv/zuikEJ27GoiQFGpHpoiDlBsTGOBLDZ4IS4CNFMBFM3WqQARaYgAquokKwZl/+S+xG/bRuXh1Vm2dFGmW0g/ZQDVnoGDXRBWohGxH0gJ7QC3rVHrVn7U17n7aWtGJmG/2C9vENvruYRg==</latexit><latexit sha1_base64="0oRsiUBfRwVH4bGB3R9/cPJipOM=">AAACBHicbVBNS8NAEN3Ur1q/oh71ECxCvdSkCOqt6MWbFYwtNLFsNpt26ebD3YlQQi5e/CtePKh49Ud489+4bXPQ6oOBx3szzMzzEs4kmOaXVpqbX1hcKi9XVlbX1jf0za0bGaeCUJvEPBYdD0vKWURtYMBpJxEUhx6nbW94Pvbb91RIFkfXMEqoG+J+xAJGMCipp+86wLhPs8u85sg7AdkwP3QwTwb4tnHQ06tm3ZzA+EusglRRgVZP/3T8mKQhjYBwLGXXMhNwMyyAEU7zipNKmmAyxH3aVTTCIZVuNvkiN/aV4htBLFRFYEzUnxMZDqUchZ7qDDEM5Kw3Fv/zuikEJ27GoiQFGpHpoiDlBsTGOBLDZ4IS4CNFMBFM3WqQARaYgAquokKwZl/+S+xG/bRuXh1Vm2dFGmW0g/ZQDVnoGDXRBWohGxH0gJ7QC3rVHrVn7U17n7aWtGJmG/2C9vENvruYRg==</latexit>

Õ(log(k)/↵2)
<latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit><latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit><latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit>

Õ(dk/↵4)
<latexit sha1_base64="xjYl8wd6t0YX4s2SKKeac85wpSE=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL8Ei1EtNpKDeil68WcHYQhPLZLNtl242YXcjlNiDf8WLBxWv/g5v/hu3bQ7a+mDg8d4MM/OChFGpbPvbKCwsLi2vFFdLa+sbm1vm9s6djFOBiYtjFotWAJIwyomrqGKklQgCUcBIMxhcjv3mAxGSxvxWDRPiR9DjtEsxKC11zD1PURaS7HpUCQfHHrCkD/e1o45Ztqv2BNY8cXJSRjkaHfPLC2OcRoQrzEDKtmMnys9AKIoZGZW8VJIE8AB6pK0ph4hIP5vcP7IOtRJa3Vjo4sqaqL8nMoikHEaB7oxA9eWsNxb/89qp6p75GeVJqgjH00XdlFkqtsZhWCEVBCs21ASwoPpWC/dBAFY6spIOwZl9eZ64J9Xzqn1TK9cv8jSKaB8doApy0CmqoyvUQC7C6BE9o1f0ZjwZL8a78TFtLRj5zC76A+PzB4UmlVI=</latexit><latexit sha1_base64="xjYl8wd6t0YX4s2SKKeac85wpSE=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL8Ei1EtNpKDeil68WcHYQhPLZLNtl242YXcjlNiDf8WLBxWv/g5v/hu3bQ7a+mDg8d4MM/OChFGpbPvbKCwsLi2vFFdLa+sbm1vm9s6djFOBiYtjFotWAJIwyomrqGKklQgCUcBIMxhcjv3mAxGSxvxWDRPiR9DjtEsxKC11zD1PURaS7HpUCQfHHrCkD/e1o45Ztqv2BNY8cXJSRjkaHfPLC2OcRoQrzEDKtmMnys9AKIoZGZW8VJIE8AB6pK0ph4hIP5vcP7IOtRJa3Vjo4sqaqL8nMoikHEaB7oxA9eWsNxb/89qp6p75GeVJqgjH00XdlFkqtsZhWCEVBCs21ASwoPpWC/dBAFY6spIOwZl9eZ64J9Xzqn1TK9cv8jSKaB8doApy0CmqoyvUQC7C6BE9o1f0ZjwZL8a78TFtLRj5zC76A+PzB4UmlVI=</latexit><latexit sha1_base64="xjYl8wd6t0YX4s2SKKeac85wpSE=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL8Ei1EtNpKDeil68WcHYQhPLZLNtl242YXcjlNiDf8WLBxWv/g5v/hu3bQ7a+mDg8d4MM/OChFGpbPvbKCwsLi2vFFdLa+sbm1vm9s6djFOBiYtjFotWAJIwyomrqGKklQgCUcBIMxhcjv3mAxGSxvxWDRPiR9DjtEsxKC11zD1PURaS7HpUCQfHHrCkD/e1o45Ztqv2BNY8cXJSRjkaHfPLC2OcRoQrzEDKtmMnys9AKIoZGZW8VJIE8AB6pK0ph4hIP5vcP7IOtRJa3Vjo4sqaqL8nMoikHEaB7oxA9eWsNxb/89qp6p75GeVJqgjH00XdlFkqtsZhWCEVBCs21ASwoPpWC/dBAFY6spIOwZl9eZ64J9Xzqn1TK9cv8jSKaB8doApy0CmqoyvUQC7C6BE9o1f0ZjwZL8a78TFtLRj5zC76A+PzB4UmlVI=</latexit>

Õ(dk/↵3)
<latexit sha1_base64="uKmyJnmjo9kEBaQzBUFky+ypVTA=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tFqJeaqKDeil68WcHYQhPLZjNtl24+2N0IJfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzDw/4Uwqy/o2CnPzC4tLxeXSyura+oa5uXUn41RQcGjMY9H0iQTOInAUUxyaiQAS+hwafv9y5DceQEgWR7dqkIAXkm7EOowSpaW2ueMqxgPIroeVoH/oEp70yP3xQdssW1VrDDxL7JyUUY562/xyg5imIUSKciJly7YS5WVEKEY5DEtuKiEhtE+60NI0IiFILxvfP8T7WglwJxa6IoXH6u+JjIRSDkJfd4ZE9eS0NxL/81qp6px5GYuSVEFEJ4s6KccqxqMwcMAEUMUHmhAqmL4V0x4RhCodWUmHYE+/PEuco+p51bo5Kdcu8jSKaBftoQqy0SmqoStURw6i6BE9o1f0ZjwZL8a78TFpLRj5zDb6A+PzB4OilVE=</latexit><latexit sha1_base64="uKmyJnmjo9kEBaQzBUFky+ypVTA=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tFqJeaqKDeil68WcHYQhPLZjNtl24+2N0IJfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzDw/4Uwqy/o2CnPzC4tLxeXSyura+oa5uXUn41RQcGjMY9H0iQTOInAUUxyaiQAS+hwafv9y5DceQEgWR7dqkIAXkm7EOowSpaW2ueMqxgPIroeVoH/oEp70yP3xQdssW1VrDDxL7JyUUY562/xyg5imIUSKciJly7YS5WVEKEY5DEtuKiEhtE+60NI0IiFILxvfP8T7WglwJxa6IoXH6u+JjIRSDkJfd4ZE9eS0NxL/81qp6px5GYuSVEFEJ4s6KccqxqMwcMAEUMUHmhAqmL4V0x4RhCodWUmHYE+/PEuco+p51bo5Kdcu8jSKaBftoQqy0SmqoStURw6i6BE9o1f0ZjwZL8a78TFpLRj5zDb6A+PzB4OilVE=</latexit><latexit sha1_base64="uKmyJnmjo9kEBaQzBUFky+ypVTA=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4tFqJeaqKDeil68WcHYQhPLZjNtl24+2N0IJfbgX/HiQcWrv8Ob/8Ztm4O2Phh4vDfDzDw/4Uwqy/o2CnPzC4tLxeXSyura+oa5uXUn41RQcGjMY9H0iQTOInAUUxyaiQAS+hwafv9y5DceQEgWR7dqkIAXkm7EOowSpaW2ueMqxgPIroeVoH/oEp70yP3xQdssW1VrDDxL7JyUUY562/xyg5imIUSKciJly7YS5WVEKEY5DEtuKiEhtE+60NI0IiFILxvfP8T7WglwJxa6IoXH6u+JjIRSDkJfd4ZE9eS0NxL/81qp6px5GYuSVEFEJ4s6KccqxqMwcMAEUMUHmhAqmL4V0x4RhCodWUmHYE+/PEuco+p51bo5Kdcu8jSKaBftoQqy0SmqoStURw6i6BE9o1f0ZjwZL8a78TFpLRj5zDb6A+PzB4OilVE=</latexit>

Õ(log(k)/↵2)
<latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit><latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit><latexit sha1_base64="SoSJvFqGmyQxatqxw3t38cnPoyU=">AAACA3icbVA9T8MwEHX4LOUrwNjFokJql5JWSMBWwcJGkQit1ITKcZzWqmNHtoNURR1Y+CssDIBY+RNs/BvcNgO0POmkp/fudHcvSBhV2nG+raXlldW19cJGcXNre2fX3tu/UyKVmLhYMCE7AVKEUU5cTTUjnUQSFAeMtIPh5cRvPxCpqOC3epQQP0Z9TiOKkTZSzy55mrKQZNfjisdEvzKsHnuIJQN036j27LJTc6aAi6SekzLI0erZX14ocBoTrjFDSnXrTqL9DElNMSPjopcqkiA8RH3SNZSjmCg/mz4xhkdGCWEkpCmu4VT9PZGhWKlRHJjOGOmBmvcm4n9eN9XRmZ9RnqSacDxbFKUMagEnicCQSoI1GxmCsKTmVogHSCKsTW5FE0J9/uVF4jZq5zXn5qTcvMjTKIASOAQVUAenoAmuQAu4AINH8AxewZv1ZL1Y79bHrHXJymcOwB9Ynz+7p5cN</latexit>

Õ(log(k)/↵)
<latexit sha1_base64="wRt2WP9HrwwTIPP27HXuOt+WwqI=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCe6mJCOqt6MWbFYwtNKFsNpt26WY37G6EEooX/4oXDype/Rfe/Ddu2xy09cHA470ZZuaFKaNKO863tbC4tLyyWlorr29sbm3bO7v3SmQSEw8LJmQ7RIowyomnqWaknUqCkpCRVji4GvutByIVFfxOD1MSJKjHaUwx0kbq2vu+piwi+c2o6jPRqw5qxz5iaR/VunbFqTsTwHniFqQCCjS79pcfCZwlhGvMkFId10l1kCOpKWZkVPYzRVKEB6hHOoZylBAV5JMXRvDIKBGMhTTFNZyovydylCg1TELTmSDdV7PeWPzP62Q6Pg9yytNME46ni+KMQS3gOA8YUUmwZkNDEJbU3ApxH0mEtUmtbEJwZ1+eJ95J/aLu3J5WGpdFGiVwAA5BFbjgDDTANWgCD2DwCJ7BK3iznqwX6936mLYuWMXMHvgD6/MHhQSWaQ==</latexit><latexit sha1_base64="wRt2WP9HrwwTIPP27HXuOt+WwqI=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCe6mJCOqt6MWbFYwtNKFsNpt26WY37G6EEooX/4oXDype/Rfe/Ddu2xy09cHA470ZZuaFKaNKO863tbC4tLyyWlorr29sbm3bO7v3SmQSEw8LJmQ7RIowyomnqWaknUqCkpCRVji4GvutByIVFfxOD1MSJKjHaUwx0kbq2vu+piwi+c2o6jPRqw5qxz5iaR/VunbFqTsTwHniFqQCCjS79pcfCZwlhGvMkFId10l1kCOpKWZkVPYzRVKEB6hHOoZylBAV5JMXRvDIKBGMhTTFNZyovydylCg1TELTmSDdV7PeWPzP62Q6Pg9yytNME46ni+KMQS3gOA8YUUmwZkNDEJbU3ApxH0mEtUmtbEJwZ1+eJ95J/aLu3J5WGpdFGiVwAA5BFbjgDDTANWgCD2DwCJ7BK3iznqwX6936mLYuWMXMHvgD6/MHhQSWaQ==</latexit><latexit sha1_base64="wRt2WP9HrwwTIPP27HXuOt+WwqI=">AAACAXicbVBNS8NAEN34WetX1JN4WSxCe6mJCOqt6MWbFYwtNKFsNpt26WY37G6EEooX/4oXDype/Rfe/Ddu2xy09cHA470ZZuaFKaNKO863tbC4tLyyWlorr29sbm3bO7v3SmQSEw8LJmQ7RIowyomnqWaknUqCkpCRVji4GvutByIVFfxOD1MSJKjHaUwx0kbq2vu+piwi+c2o6jPRqw5qxz5iaR/VunbFqTsTwHniFqQCCjS79pcfCZwlhGvMkFId10l1kCOpKWZkVPYzRVKEB6hHOoZylBAV5JMXRvDIKBGMhTTFNZyovydylCg1TELTmSDdV7PeWPzP62Q6Pg9yytNME46ni+KMQS3gOA8YUUmwZkNDEJbU3ApxH0mEtUmtbEJwZ1+eJ95J/aLu3J5WGpdFGiVwAA5BFbjgDDTANWgCD2DwCJ7BK3iznqwX6936mLYuWMXMHvgD6/MHhQSWaQ==</latexit>
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Low sensitivity queries

Theorem. There is a mechanism for low-sensitivity
queries with

• sample complexity n = Õ

⇣p
k

↵2

⌘

• ` = Õ

⇣
log(k)
↵2

⌘
samples per query

• Õ

⇣
log2(k)

↵2

⌘
time per query.

<latexit sha1_base64="D5Ayvr/8OrNuxlSfhL+jPjVWZd4="></latexit><latexit sha1_base64="D5Ayvr/8OrNuxlSfhL+jPjVWZd4="></latexit><latexit sha1_base64="D5Ayvr/8OrNuxlSfhL+jPjVWZd4="></latexit>
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(Dwork et al. 2015, Bassily et al. 2016)


Given a data set     of size n and a query   ,      will 


1. Return                             (Laplacian noise)


• Then the mechanism is accurate on the sample 
and is private


• This is sufficient to guarantee accuracy on the 
distribution (Dwork et al. 2015, Bassily et al. 2016)

A mechanism for low 
sensitivity queries

S
<latexit sha1_base64="ZB6U4uMhpWCU7M93YFeO53cQoyk=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbNHaQmcomfS2Dc1khiQjlKFf4FZ/wq9xJbr0T8xMB7TthcDJOffenBwv5Exp2/62ckvLK6tr+fXCxubW9k6xtPukgkhSaNKAB7LtEQWcCWhqpjm0QwnE9zi0vNF1oreeQSoWiEc9DsH1yUCwPqNEG6rx0C2W7YqdFl4E1QyUUVb1bskqOb2ARj4ITTlRqlO1Q+3GRGpGOUwKTqQgJHREBtAxUBAflBunTif40DA93A+kOULjlP0/ERNfqbHvmU6f6KGa1xLyT7sB40DCnbndhyCJDuRx7BA58JmYGEcD5yRBM0twT6VPzxnV/Qs3ZiKMNAg69dmPONYBTlLDPSaBaj42gFDJzFcxHRJJqDbZFkyI1fnIFkHztHJZsRtn5dpVlmYe7aMDdISq6BzV0C2qoyaiCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AZ8ZpVY=</latexit><latexit sha1_base64="ZB6U4uMhpWCU7M93YFeO53cQoyk=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbNHaQmcomfS2Dc1khiQjlKFf4FZ/wq9xJbr0T8xMB7TthcDJOffenBwv5Exp2/62ckvLK6tr+fXCxubW9k6xtPukgkhSaNKAB7LtEQWcCWhqpjm0QwnE9zi0vNF1oreeQSoWiEc9DsH1yUCwPqNEG6rx0C2W7YqdFl4E1QyUUVb1bskqOb2ARj4ITTlRqlO1Q+3GRGpGOUwKTqQgJHREBtAxUBAflBunTif40DA93A+kOULjlP0/ERNfqbHvmU6f6KGa1xLyT7sB40DCnbndhyCJDuRx7BA58JmYGEcD5yRBM0twT6VPzxnV/Qs3ZiKMNAg69dmPONYBTlLDPSaBaj42gFDJzFcxHRJJqDbZFkyI1fnIFkHztHJZsRtn5dpVlmYe7aMDdISq6BzV0C2qoyaiCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AZ8ZpVY=</latexit><latexit sha1_base64="ZB6U4uMhpWCU7M93YFeO53cQoyk=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbNHaQmcomfS2Dc1khiQjlKFf4FZ/wq9xJbr0T8xMB7TthcDJOffenBwv5Exp2/62ckvLK6tr+fXCxubW9k6xtPukgkhSaNKAB7LtEQWcCWhqpjm0QwnE9zi0vNF1oreeQSoWiEc9DsH1yUCwPqNEG6rx0C2W7YqdFl4E1QyUUVb1bskqOb2ARj4ITTlRqlO1Q+3GRGpGOUwKTqQgJHREBtAxUBAflBunTif40DA93A+kOULjlP0/ERNfqbHvmU6f6KGa1xLyT7sB40DCnbndhyCJDuRx7BA58JmYGEcD5yRBM0twT6VPzxnV/Qs3ZiKMNAg69dmPONYBTlLDPSaBaj42gFDJzFcxHRJJqDbZFkyI1fnIFkHztHJZsRtn5dpVlmYe7aMDdISq6BzV0C2qoyaiCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AZ8ZpVY=</latexit>

q
<latexit sha1_base64="lXZ9uDP5j6wsHobLLhp7DJorkYE=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbMGxhU4pmfROG5rJjElGKEO/wK3+hF/jSnTpn5hOB7TthcDJOffenBwv4kxp2/62ckvLK6tr+fXCxubW9k6xtPuowlhScGjIQ9nyiALOBDiaaQ6tSAIJPA5Nb3g90ZvPIBULxYMeRdAJSF8wn1GiDdV46hbLdsVOCy+CagbKKKt6t2SV3F5I4wCEppwo1a7ake4kRGpGOYwLbqwgInRI+tA2UJAAVCdJnY7xoWF62A+lOULjlP0/kZBAqVHgmc6A6IGa1ybkn3YDxoGEO3O7j0ASHcrjxCWyHzAxNo767skEzSzBPZU+PWdU+xedhIko1iDo1Kcfc6xDPEkN95gEqvnIAEIlM1/FdEAkodpkWzAhVucjWwTOaeWyYjfOyrWrLM082kcH6AhV0TmqoVtURw6iCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AdPzpXQ=</latexit><latexit sha1_base64="lXZ9uDP5j6wsHobLLhp7DJorkYE=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbMGxhU4pmfROG5rJjElGKEO/wK3+hF/jSnTpn5hOB7TthcDJOffenBwv4kxp2/62ckvLK6tr+fXCxubW9k6xtPuowlhScGjIQ9nyiALOBDiaaQ6tSAIJPA5Nb3g90ZvPIBULxYMeRdAJSF8wn1GiDdV46hbLdsVOCy+CagbKKKt6t2SV3F5I4wCEppwo1a7ake4kRGpGOYwLbqwgInRI+tA2UJAAVCdJnY7xoWF62A+lOULjlP0/kZBAqVHgmc6A6IGa1ybkn3YDxoGEO3O7j0ASHcrjxCWyHzAxNo767skEzSzBPZU+PWdU+xedhIko1iDo1Kcfc6xDPEkN95gEqvnIAEIlM1/FdEAkodpkWzAhVucjWwTOaeWyYjfOyrWrLM082kcH6AhV0TmqoVtURw6iCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AdPzpXQ=</latexit><latexit sha1_base64="lXZ9uDP5j6wsHobLLhp7DJorkYE=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbMGxhU4pmfROG5rJjElGKEO/wK3+hF/jSnTpn5hOB7TthcDJOffenBwv4kxp2/62ckvLK6tr+fXCxubW9k6xtPuowlhScGjIQ9nyiALOBDiaaQ6tSAIJPA5Nb3g90ZvPIBULxYMeRdAJSF8wn1GiDdV46hbLdsVOCy+CagbKKKt6t2SV3F5I4wCEppwo1a7ake4kRGpGOYwLbqwgInRI+tA2UJAAVCdJnY7xoWF62A+lOULjlP0/kZBAqVHgmc6A6IGa1ybkn3YDxoGEO3O7j0ASHcrjxCWyHzAxNo767skEzSzBPZU+PWdU+xedhIko1iDo1Kcfc6xDPEkN95gEqvnIAEIlM1/FdEAkodpkWzAhVucjWwTOaeWyYjfOyrWrLM082kcH6AhV0TmqoVtURw6iCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AdPzpXQ=</latexit>

M
<latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit>

q(S) + Lap

✓
1

n✏

◆

<latexit sha1_base64="OGFcjoTjVfC5iNAqF6KG9SEZwGo="></latexit><latexit sha1_base64="OGFcjoTjVfC5iNAqF6KG9SEZwGo="></latexit><latexit sha1_base64="OGFcjoTjVfC5iNAqF6KG9SEZwGo="></latexit>

!22



Given a data set     of size n and a query    ,       will 


1. Sample    points uniformly at random (with or without 
replacement) and call this sample 


2. Return                                  (Laplacian noise)


• This corresponds to bootstrapping:  every new query we re-
subsample


•  


• Proof idea: While subsampling means we have a worse 
estimator, sampling also boosts the amount of privacy we have

Fast mechanism for low 
sensitivity queries

S
<latexit sha1_base64="ZB6U4uMhpWCU7M93YFeO53cQoyk=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbNHaQmcomfS2Dc1khiQjlKFf4FZ/wq9xJbr0T8xMB7TthcDJOffenBwv5Exp2/62ckvLK6tr+fXCxubW9k6xtPukgkhSaNKAB7LtEQWcCWhqpjm0QwnE9zi0vNF1oreeQSoWiEc9DsH1yUCwPqNEG6rx0C2W7YqdFl4E1QyUUVb1bskqOb2ARj4ITTlRqlO1Q+3GRGpGOUwKTqQgJHREBtAxUBAflBunTif40DA93A+kOULjlP0/ERNfqbHvmU6f6KGa1xLyT7sB40DCnbndhyCJDuRx7BA58JmYGEcD5yRBM0twT6VPzxnV/Qs3ZiKMNAg69dmPONYBTlLDPSaBaj42gFDJzFcxHRJJqDbZFkyI1fnIFkHztHJZsRtn5dpVlmYe7aMDdISq6BzV0C2qoyaiCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AZ8ZpVY=</latexit><latexit sha1_base64="ZB6U4uMhpWCU7M93YFeO53cQoyk=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbNHaQmcomfS2Dc1khiQjlKFf4FZ/wq9xJbr0T8xMB7TthcDJOffenBwv5Exp2/62ckvLK6tr+fXCxubW9k6xtPukgkhSaNKAB7LtEQWcCWhqpjm0QwnE9zi0vNF1oreeQSoWiEc9DsH1yUCwPqNEG6rx0C2W7YqdFl4E1QyUUVb1bskqOb2ARj4ITTlRqlO1Q+3GRGpGOUwKTqQgJHREBtAxUBAflBunTif40DA93A+kOULjlP0/ERNfqbHvmU6f6KGa1xLyT7sB40DCnbndhyCJDuRx7BA58JmYGEcD5yRBM0twT6VPzxnV/Qs3ZiKMNAg69dmPONYBTlLDPSaBaj42gFDJzFcxHRJJqDbZFkyI1fnIFkHztHJZsRtn5dpVlmYe7aMDdISq6BzV0C2qoyaiCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AZ8ZpVY=</latexit><latexit sha1_base64="ZB6U4uMhpWCU7M93YFeO53cQoyk=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbNHaQmcomfS2Dc1khiQjlKFf4FZ/wq9xJbr0T8xMB7TthcDJOffenBwv5Exp2/62ckvLK6tr+fXCxubW9k6xtPukgkhSaNKAB7LtEQWcCWhqpjm0QwnE9zi0vNF1oreeQSoWiEc9DsH1yUCwPqNEG6rx0C2W7YqdFl4E1QyUUVb1bskqOb2ARj4ITTlRqlO1Q+3GRGpGOUwKTqQgJHREBtAxUBAflBunTif40DA93A+kOULjlP0/ERNfqbHvmU6f6KGa1xLyT7sB40DCnbndhyCJDuRx7BA58JmYGEcD5yRBM0twT6VPzxnV/Qs3ZiKMNAg69dmPONYBTlLDPSaBaj42gFDJzFcxHRJJqDbZFkyI1fnIFkHztHJZsRtn5dpVlmYe7aMDdISq6BzV0C2qoyaiCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AZ8ZpVY=</latexit>

q
<latexit sha1_base64="lXZ9uDP5j6wsHobLLhp7DJorkYE=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbMGxhU4pmfROG5rJjElGKEO/wK3+hF/jSnTpn5hOB7TthcDJOffenBwv4kxp2/62ckvLK6tr+fXCxubW9k6xtPuowlhScGjIQ9nyiALOBDiaaQ6tSAIJPA5Nb3g90ZvPIBULxYMeRdAJSF8wn1GiDdV46hbLdsVOCy+CagbKKKt6t2SV3F5I4wCEppwo1a7ake4kRGpGOYwLbqwgInRI+tA2UJAAVCdJnY7xoWF62A+lOULjlP0/kZBAqVHgmc6A6IGa1ybkn3YDxoGEO3O7j0ASHcrjxCWyHzAxNo767skEzSzBPZU+PWdU+xedhIko1iDo1Kcfc6xDPEkN95gEqvnIAEIlM1/FdEAkodpkWzAhVucjWwTOaeWyYjfOyrWrLM082kcH6AhV0TmqoVtURw6iCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AdPzpXQ=</latexit><latexit sha1_base64="lXZ9uDP5j6wsHobLLhp7DJorkYE=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbMGxhU4pmfROG5rJjElGKEO/wK3+hF/jSnTpn5hOB7TthcDJOffenBwv4kxp2/62ckvLK6tr+fXCxubW9k6xtPuowlhScGjIQ9nyiALOBDiaaQ6tSAIJPA5Nb3g90ZvPIBULxYMeRdAJSF8wn1GiDdV46hbLdsVOCy+CagbKKKt6t2SV3F5I4wCEppwo1a7ake4kRGpGOYwLbqwgInRI+tA2UJAAVCdJnY7xoWF62A+lOULjlP0/kZBAqVHgmc6A6IGa1ybkn3YDxoGEO3O7j0ASHcrjxCWyHzAxNo767skEzSzBPZU+PWdU+xedhIko1iDo1Kcfc6xDPEkN95gEqvnIAEIlM1/FdEAkodpkWzAhVucjWwTOaeWyYjfOyrWrLM082kcH6AhV0TmqoVtURw6iCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AdPzpXQ=</latexit><latexit sha1_base64="lXZ9uDP5j6wsHobLLhp7DJorkYE=">AAACJ3icZVDLSgMxFM3UV62vVpdugkUQkTIVQd0VdeFGbMGxhU4pmfROG5rJjElGKEO/wK3+hF/jSnTpn5hOB7TthcDJOffenBwv4kxp2/62ckvLK6tr+fXCxubW9k6xtPuowlhScGjIQ9nyiALOBDiaaQ6tSAIJPA5Nb3g90ZvPIBULxYMeRdAJSF8wn1GiDdV46hbLdsVOCy+CagbKKKt6t2SV3F5I4wCEppwo1a7ake4kRGpGOYwLbqwgInRI+tA2UJAAVCdJnY7xoWF62A+lOULjlP0/kZBAqVHgmc6A6IGa1ybkn3YDxoGEO3O7j0ASHcrjxCWyHzAxNo767skEzSzBPZU+PWdU+xedhIko1iDo1Kcfc6xDPEkN95gEqvnIAEIlM1/FdEAkodpkWzAhVucjWwTOaeWyYjfOyrWrLM082kcH6AhV0TmqoVtURw6iCNALekVv1rv1YX1aX9PWnJXN7KGZsn5+AdPzpXQ=</latexit>

M
<latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit>

q(S`) + Lap

✓
1

`✏

◆

<latexit sha1_base64="rkTmiAyvcz90Jn3Scq+kEM/9IEg="></latexit><latexit sha1_base64="rkTmiAyvcz90Jn3Scq+kEM/9IEg="></latexit><latexit sha1_base64="rkTmiAyvcz90Jn3Scq+kEM/9IEg="></latexit>

<̀latexit sha1_base64="UMmcEtRbaKd8N8AXKJFIu0Bd1yk=">AAACKnicZVDLSgMxFM3UV62vVpdugkUQkTIjgror6sKNWMGxhU4pmcztNDSTGZKMUIb+glv9Cb/GVXHrh5hpC9r2QuDknHtvTo6fcKa0bY+twsrq2vpGcbO0tb2zu1eu7L+oOJUUXBrzWLZ8ooAzAa5mmkMrkUAin0PTH9zmevMVpGKxeNbDBDoRCQXrMUp0TnnAebdctWv2pPAycGagimbV6FasihfENI1AaMqJUm3HTnQnI1IzymFU8lIFCaEDEkLbQEEiUJ1sYnaEjw0T4F4szREaT9j/ExmJlBpGvumMiO6rRS0n/7Q7MA4kPJjbYwKS6FieZh6RYcTEyDgKvbMczS3BgZo8vWBU9646GRNJqkHQqc9eyrGOcR4cDpgEqvnQAEIlM1/FtE8kodrEWzIhOouRLQP3vHZds58uqvWbWZpFdIiO0Aly0CWqo3vUQC6iqI/e0Dv6sD6tL2tsfU9bC9Zs5gDNlfXzC09Rpro=</latexit><latexit sha1_base64="UMmcEtRbaKd8N8AXKJFIu0Bd1yk=">AAACKnicZVDLSgMxFM3UV62vVpdugkUQkTIjgror6sKNWMGxhU4pmcztNDSTGZKMUIb+glv9Cb/GVXHrh5hpC9r2QuDknHtvTo6fcKa0bY+twsrq2vpGcbO0tb2zu1eu7L+oOJUUXBrzWLZ8ooAzAa5mmkMrkUAin0PTH9zmevMVpGKxeNbDBDoRCQXrMUp0TnnAebdctWv2pPAycGagimbV6FasihfENI1AaMqJUm3HTnQnI1IzymFU8lIFCaEDEkLbQEEiUJ1sYnaEjw0T4F4szREaT9j/ExmJlBpGvumMiO6rRS0n/7Q7MA4kPJjbYwKS6FieZh6RYcTEyDgKvbMczS3BgZo8vWBU9646GRNJqkHQqc9eyrGOcR4cDpgEqvnQAEIlM1/FtE8kodrEWzIhOouRLQP3vHZds58uqvWbWZpFdIiO0Aly0CWqo3vUQC6iqI/e0Dv6sD6tL2tsfU9bC9Zs5gDNlfXzC09Rpro=</latexit><latexit sha1_base64="UMmcEtRbaKd8N8AXKJFIu0Bd1yk=">AAACKnicZVDLSgMxFM3UV62vVpdugkUQkTIjgror6sKNWMGxhU4pmcztNDSTGZKMUIb+glv9Cb/GVXHrh5hpC9r2QuDknHtvTo6fcKa0bY+twsrq2vpGcbO0tb2zu1eu7L+oOJUUXBrzWLZ8ooAzAa5mmkMrkUAin0PTH9zmevMVpGKxeNbDBDoRCQXrMUp0TnnAebdctWv2pPAycGagimbV6FasihfENI1AaMqJUm3HTnQnI1IzymFU8lIFCaEDEkLbQEEiUJ1sYnaEjw0T4F4szREaT9j/ExmJlBpGvumMiO6rRS0n/7Q7MA4kPJjbYwKS6FieZh6RYcTEyDgKvbMczS3BgZo8vWBU9646GRNJqkHQqc9eyrGOcR4cDpgEqvnQAEIlM1/FtE8kodrEWzIhOouRLQP3vHZds58uqvWbWZpFdIiO0Aly0CWqo3vUQC6iqI/e0Dv6sD6tL2tsfU9bC9Zs5gDNlfXzC09Rpro=</latexit>

S`
<latexit sha1_base64="I444MdWgFq1DCL1RFz8QBSC+1No=">AAACLHicZVDLSgMxFM34rPXV6tJNsAgiUqYiqLuiLtyIFe0DOkPJZG7b2ExmSDJCGfoPbvUn/BoXIm79DtPpgLa9EDg5596bk+NFnClt25/WwuLS8spqbi2/vrG5tV0o7jRUGEsKdRryULY8ooAzAXXNNIdWJIEEHoemN7ga681nkIqF4lEPI3AD0hOsyyjRhmo8dBzgvFMo2WU7LTwPKhkooaxqnaJVdPyQxgEITTlRql2xI+0mRGpGOYzyTqwgInRAetA2UJAAlJukdkf4wDA+7obSHKFxyv6fSEig1DDwTGdAdF/NamPyT7sG40DCrbndRSCJDuVR4hDZC5gYGUc953iMppZgX6VPzxjV3XM3YSKKNQg68dmNOdYhHkeHfSaBaj40gFDJzFcx7RNJqDYB502IldnI5kH9pHxRtu9PS9XLLM0c2kP76BBV0BmqohtUQ3VE0RN6Qa/ozXq3Pqwv63vSumBlM7toqqyfX9Zlp4A=</latexit><latexit sha1_base64="I444MdWgFq1DCL1RFz8QBSC+1No=">AAACLHicZVDLSgMxFM34rPXV6tJNsAgiUqYiqLuiLtyIFe0DOkPJZG7b2ExmSDJCGfoPbvUn/BoXIm79DtPpgLa9EDg5596bk+NFnClt25/WwuLS8spqbi2/vrG5tV0o7jRUGEsKdRryULY8ooAzAXXNNIdWJIEEHoemN7ga681nkIqF4lEPI3AD0hOsyyjRhmo8dBzgvFMo2WU7LTwPKhkooaxqnaJVdPyQxgEITTlRql2xI+0mRGpGOYzyTqwgInRAetA2UJAAlJukdkf4wDA+7obSHKFxyv6fSEig1DDwTGdAdF/NamPyT7sG40DCrbndRSCJDuVR4hDZC5gYGUc953iMppZgX6VPzxjV3XM3YSKKNQg68dmNOdYhHkeHfSaBaj40gFDJzFcx7RNJqDYB502IldnI5kH9pHxRtu9PS9XLLM0c2kP76BBV0BmqohtUQ3VE0RN6Qa/ozXq3Pqwv63vSumBlM7toqqyfX9Zlp4A=</latexit><latexit sha1_base64="I444MdWgFq1DCL1RFz8QBSC+1No=">AAACLHicZVDLSgMxFM34rPXV6tJNsAgiUqYiqLuiLtyIFe0DOkPJZG7b2ExmSDJCGfoPbvUn/BoXIm79DtPpgLa9EDg5596bk+NFnClt25/WwuLS8spqbi2/vrG5tV0o7jRUGEsKdRryULY8ooAzAXXNNIdWJIEEHoemN7ga681nkIqF4lEPI3AD0hOsyyjRhmo8dBzgvFMo2WU7LTwPKhkooaxqnaJVdPyQxgEITTlRql2xI+0mRGpGOYzyTqwgInRAetA2UJAAlJukdkf4wDA+7obSHKFxyv6fSEig1DDwTGdAdF/NamPyT7sG40DCrbndRSCJDuVR4hDZC5gYGUc953iMppZgX6VPzxjV3XM3YSKKNQg68dmNOdYhHkeHfSaBaj40gFDJzFcx7RNJqDYB502IldnI5kH9pHxRtu9PS9XLLM0c2kP76BBV0BmqohtUQ3VE0RN6Qa/ozXq3Pqwv63vSumBlM7toqqyfX9Zlp4A=</latexit>

M(S, q) ⇡ q(S`) ⇡ q(S) ⇡ q(D)
<latexit sha1_base64="GpHiKbRKigYgkBI6VzYCkNsT/tA="></latexit><latexit sha1_base64="GpHiKbRKigYgkBI6VzYCkNsT/tA="></latexit><latexit sha1_base64="GpHiKbRKigYgkBI6VzYCkNsT/tA="></latexit>
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Recall: given loss function                           , define 
optimization query                                              .


 
We need a few conditions:

•    differentiable and convex (or strongly convex)

•    convex

•       low sensitivity

• for any            and 

•    has bounded diameter (needed for non-strongly 

convex optimization)

Applications to convex 
optimization

L
<latexit sha1_base64="5jMOOafsI/YbTF3fOdkCkJtGaG0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdVfUhQvFClaFziB30tsazCRDkhHK0M9wqz/hz+hK3PoTZtoBtV4InJxz783JiRLBjfX9N29icmp6ZrY0V55fWFxaXqmsXhuVaoYtpoTStxEYFFxiy3Ir8DbRCHEk8CZ6OM71m0fUhit5ZfsJhjH0JO9yBtZR7SAGe89AZGeDu5WqX/OHRf+DegGqpKjmXcWrBB3F0hilZQKMadf9xIYZaMuZwEE5SA0mwB6gh20HJcRowmzoeUA3HdOhXaXdkZYO2d8TGcTG9OPIdeYezbiWkz/aCToHGs/d7SJBDVbp7SwA3Yu5HDhHvWAnR3+W0I4ZPj1m1HYPwozLJLUo2chnNxXUKprnRztcI7Oi7wAwzd1XKbsHDcy6lMsuxPp4ZP9Ba7d2WPMv96qNoyLNElknG2SL1Mk+aZBT0iQtwogiT+SZvHiv3rv34X2OWie8YmaN/Cnv6xt6F6nh</latexit><latexit sha1_base64="5jMOOafsI/YbTF3fOdkCkJtGaG0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdVfUhQvFClaFziB30tsazCRDkhHK0M9wqz/hz+hK3PoTZtoBtV4InJxz783JiRLBjfX9N29icmp6ZrY0V55fWFxaXqmsXhuVaoYtpoTStxEYFFxiy3Ir8DbRCHEk8CZ6OM71m0fUhit5ZfsJhjH0JO9yBtZR7SAGe89AZGeDu5WqX/OHRf+DegGqpKjmXcWrBB3F0hilZQKMadf9xIYZaMuZwEE5SA0mwB6gh20HJcRowmzoeUA3HdOhXaXdkZYO2d8TGcTG9OPIdeYezbiWkz/aCToHGs/d7SJBDVbp7SwA3Yu5HDhHvWAnR3+W0I4ZPj1m1HYPwozLJLUo2chnNxXUKprnRztcI7Oi7wAwzd1XKbsHDcy6lMsuxPp4ZP9Ba7d2WPMv96qNoyLNElknG2SL1Mk+aZBT0iQtwogiT+SZvHiv3rv34X2OWie8YmaN/Cnv6xt6F6nh</latexit><latexit sha1_base64="5jMOOafsI/YbTF3fOdkCkJtGaG0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdVfUhQvFClaFziB30tsazCRDkhHK0M9wqz/hz+hK3PoTZtoBtV4InJxz783JiRLBjfX9N29icmp6ZrY0V55fWFxaXqmsXhuVaoYtpoTStxEYFFxiy3Ir8DbRCHEk8CZ6OM71m0fUhit5ZfsJhjH0JO9yBtZR7SAGe89AZGeDu5WqX/OHRf+DegGqpKjmXcWrBB3F0hilZQKMadf9xIYZaMuZwEE5SA0mwB6gh20HJcRowmzoeUA3HdOhXaXdkZYO2d8TGcTG9OPIdeYezbiWkz/aCToHGs/d7SJBDVbp7SwA3Yu5HDhHvWAnR3+W0I4ZPj1m1HYPwozLJLUo2chnNxXUKprnRztcI7Oi7wAwzd1XKbsHDcy6lMsuxPp4ZP9Ba7d2WPMv96qNoyLNElknG2SL1Mk+aZBT0iQtwogiT+SZvHiv3rv34X2OWie8YmaN/Cnv6xt6F6nh</latexit>

⇥
<latexit sha1_base64="lFYEMfmpKtk6XtzMzfvGy4WS1Ek=">AAACLHicZVDLSgMxFM34tj6rSzfBIohImYqg7kRduBErWC10SrmT3rbRTGZI7ghl6D+41Z/wa1yIuPU7TB+grRcCJ+fce3NywkRJS77/4U1Nz8zOzS8s5paWV1bX1vMbdzZOjcCKiFVsqiFYVFJjhSQprCYGIQoV3oeP5339/gmNlbG+pW6C9QjaWrakAHLUXXDbQYLGesEv+oPi/0FpBApsVOVG3ssHzVikEWoSCqytlfyE6hkYkkJhLxekFhMQj9DGmoMaIrT1bGC3x3cc0+St2LijiQ/YvxMZRNZ2o9B1RkAdO6n1yV/tAp0Dg1fudp2gAYrNXhaAaUdS95yjdrDfR2NLeNMOnp4wSq3jeiZ1khJqMfTZShWnmPej401pUJDqOgDCSPdVLjpgQJALOOdCLE1G9h9UDoonRf/msHB6NkpzgW2xbbbLSuyInbJLVmYVJtgDe2Yv7NV78969T+9r2DrljWY22Vh53z/i56eH</latexit><latexit sha1_base64="lFYEMfmpKtk6XtzMzfvGy4WS1Ek=">AAACLHicZVDLSgMxFM34tj6rSzfBIohImYqg7kRduBErWC10SrmT3rbRTGZI7ghl6D+41Z/wa1yIuPU7TB+grRcCJ+fce3NywkRJS77/4U1Nz8zOzS8s5paWV1bX1vMbdzZOjcCKiFVsqiFYVFJjhSQprCYGIQoV3oeP5339/gmNlbG+pW6C9QjaWrakAHLUXXDbQYLGesEv+oPi/0FpBApsVOVG3ssHzVikEWoSCqytlfyE6hkYkkJhLxekFhMQj9DGmoMaIrT1bGC3x3cc0+St2LijiQ/YvxMZRNZ2o9B1RkAdO6n1yV/tAp0Dg1fudp2gAYrNXhaAaUdS95yjdrDfR2NLeNMOnp4wSq3jeiZ1khJqMfTZShWnmPej401pUJDqOgDCSPdVLjpgQJALOOdCLE1G9h9UDoonRf/msHB6NkpzgW2xbbbLSuyInbJLVmYVJtgDe2Yv7NV78969T+9r2DrljWY22Vh53z/i56eH</latexit><latexit sha1_base64="lFYEMfmpKtk6XtzMzfvGy4WS1Ek=">AAACLHicZVDLSgMxFM34tj6rSzfBIohImYqg7kRduBErWC10SrmT3rbRTGZI7ghl6D+41Z/wa1yIuPU7TB+grRcCJ+fce3NywkRJS77/4U1Nz8zOzS8s5paWV1bX1vMbdzZOjcCKiFVsqiFYVFJjhSQprCYGIQoV3oeP5339/gmNlbG+pW6C9QjaWrakAHLUXXDbQYLGesEv+oPi/0FpBApsVOVG3ssHzVikEWoSCqytlfyE6hkYkkJhLxekFhMQj9DGmoMaIrT1bGC3x3cc0+St2LijiQ/YvxMZRNZ2o9B1RkAdO6n1yV/tAp0Dg1fudp2gAYrNXhaAaUdS95yjdrDfR2NLeNMOnp4wSq3jeiZ1khJqMfTZShWnmPej401pUJDqOgDCSPdVLjpgQJALOOdCLE1G9h9UDoonRf/msHB6NkpzgW2xbbbLSuyInbJLVmYVJtgDe2Yv7NV78969T+9r2DrljWY22Vh53z/i56eH</latexit>

rL
<latexit sha1_base64="n6OUhapj/5P7Y/bRMu5r25egldE="></latexit><latexit sha1_base64="n6OUhapj/5P7Y/bRMu5r25egldE="></latexit><latexit sha1_base64="n6OUhapj/5P7Y/bRMu5r25egldE="></latexit>

S0 ⇢ S
<latexit sha1_base64="TqDz1tfkWtHdkQpeDlDGMQf5PGw=">AAACMXicZVDLSgMxFM34rPVZXboJFlFEylQEdVfUhRtR0dpCp0gmc6cNZpIhuSOUoZ/hVn/Cn9GVuPUnTGtBrRcCJ+fce3NywlQKi77/6k1MTk3PzBbmivMLi0vLK6XVW6szw6HOtdSmGTILUiioo0AJzdQAS0IJjfD+ZKA3HsBYodUN9lJoJ6yjRCw4Q0e1rrcCm4UWkF7frZT9ij8s+h9UR6BMRnV5V/JKQaR5loBCLpm1raqfYjtnBgWX0C8GmYWU8XvWgZaDiiVg2/nQc59uOiaisTbuKKRD9vdEzhJre0noOhOGXTuuDcgf7RScAwPn7naRgmGozU4eMNNJhOo7R51gd4D+LKGRHT49ZhTjw3YuVJohKP7tM84kRU0H+dFIGOAoew4wboT7KuVdZhhHl3LRhVgdj+w/qO9Vjir+1X65djxKs0DWyQbZJlVyQGrkjFySOuFEk0fyRJ69F+/Ne/c+vlsnvNHMGvlT3ucXZjqpRg==</latexit><latexit sha1_base64="TqDz1tfkWtHdkQpeDlDGMQf5PGw=">AAACMXicZVDLSgMxFM34rPVZXboJFlFEylQEdVfUhRtR0dpCp0gmc6cNZpIhuSOUoZ/hVn/Cn9GVuPUnTGtBrRcCJ+fce3NywlQKi77/6k1MTk3PzBbmivMLi0vLK6XVW6szw6HOtdSmGTILUiioo0AJzdQAS0IJjfD+ZKA3HsBYodUN9lJoJ6yjRCw4Q0e1rrcCm4UWkF7frZT9ij8s+h9UR6BMRnV5V/JKQaR5loBCLpm1raqfYjtnBgWX0C8GmYWU8XvWgZaDiiVg2/nQc59uOiaisTbuKKRD9vdEzhJre0noOhOGXTuuDcgf7RScAwPn7naRgmGozU4eMNNJhOo7R51gd4D+LKGRHT49ZhTjw3YuVJohKP7tM84kRU0H+dFIGOAoew4wboT7KuVdZhhHl3LRhVgdj+w/qO9Vjir+1X65djxKs0DWyQbZJlVyQGrkjFySOuFEk0fyRJ69F+/Ne/c+vlsnvNHMGvlT3ucXZjqpRg==</latexit><latexit sha1_base64="TqDz1tfkWtHdkQpeDlDGMQf5PGw=">AAACMXicZVDLSgMxFM34rPVZXboJFlFEylQEdVfUhRtR0dpCp0gmc6cNZpIhuSOUoZ/hVn/Cn9GVuPUnTGtBrRcCJ+fce3NywlQKi77/6k1MTk3PzBbmivMLi0vLK6XVW6szw6HOtdSmGTILUiioo0AJzdQAS0IJjfD+ZKA3HsBYodUN9lJoJ6yjRCw4Q0e1rrcCm4UWkF7frZT9ij8s+h9UR6BMRnV5V/JKQaR5loBCLpm1raqfYjtnBgWX0C8GmYWU8XvWgZaDiiVg2/nQc59uOiaisTbuKKRD9vdEzhJre0noOhOGXTuuDcgf7RScAwPn7naRgmGozU4eMNNJhOo7R51gd4D+LKGRHT49ZhTjw3YuVJohKP7tM84kRU0H+dFIGOAoew4wboT7KuVdZhhHl3LRhVgdj+w/qO9Vjir+1X65djxKs0DWyQbZJlVyQGrkjFySOuFEk0fyRJ69F+/Ne/c+vlsnvNHMGvlT3ucXZjqpRg==</latexit>

x 2 ⇥, E[krL(S0, x)k2]  G2
<latexit sha1_base64="4MOSmIgBvLDvbIua3kN6fSVdlf0="></latexit><latexit sha1_base64="4MOSmIgBvLDvbIua3kN6fSVdlf0="></latexit><latexit sha1_base64="4MOSmIgBvLDvbIua3kN6fSVdlf0="></latexit>

⇥
<latexit sha1_base64="lFYEMfmpKtk6XtzMzfvGy4WS1Ek=">AAACLHicZVDLSgMxFM34tj6rSzfBIohImYqg7kRduBErWC10SrmT3rbRTGZI7ghl6D+41Z/wa1yIuPU7TB+grRcCJ+fce3NywkRJS77/4U1Nz8zOzS8s5paWV1bX1vMbdzZOjcCKiFVsqiFYVFJjhSQprCYGIQoV3oeP5339/gmNlbG+pW6C9QjaWrakAHLUXXDbQYLGesEv+oPi/0FpBApsVOVG3ssHzVikEWoSCqytlfyE6hkYkkJhLxekFhMQj9DGmoMaIrT1bGC3x3cc0+St2LijiQ/YvxMZRNZ2o9B1RkAdO6n1yV/tAp0Dg1fudp2gAYrNXhaAaUdS95yjdrDfR2NLeNMOnp4wSq3jeiZ1khJqMfTZShWnmPej401pUJDqOgDCSPdVLjpgQJALOOdCLE1G9h9UDoonRf/msHB6NkpzgW2xbbbLSuyInbJLVmYVJtgDe2Yv7NV78969T+9r2DrljWY22Vh53z/i56eH</latexit><latexit sha1_base64="lFYEMfmpKtk6XtzMzfvGy4WS1Ek=">AAACLHicZVDLSgMxFM34tj6rSzfBIohImYqg7kRduBErWC10SrmT3rbRTGZI7ghl6D+41Z/wa1yIuPU7TB+grRcCJ+fce3NywkRJS77/4U1Nz8zOzS8s5paWV1bX1vMbdzZOjcCKiFVsqiFYVFJjhSQprCYGIQoV3oeP5339/gmNlbG+pW6C9QjaWrakAHLUXXDbQYLGesEv+oPi/0FpBApsVOVG3ssHzVikEWoSCqytlfyE6hkYkkJhLxekFhMQj9DGmoMaIrT1bGC3x3cc0+St2LijiQ/YvxMZRNZ2o9B1RkAdO6n1yV/tAp0Dg1fudp2gAYrNXhaAaUdS95yjdrDfR2NLeNMOnp4wSq3jeiZ1khJqMfTZShWnmPej401pUJDqOgDCSPdVLjpgQJALOOdCLE1G9h9UDoonRf/msHB6NkpzgW2xbbbLSuyInbJLVmYVJtgDe2Yv7NV78969T+9r2DrljWY22Vh53z/i56eH</latexit><latexit sha1_base64="lFYEMfmpKtk6XtzMzfvGy4WS1Ek=">AAACLHicZVDLSgMxFM34tj6rSzfBIohImYqg7kRduBErWC10SrmT3rbRTGZI7ghl6D+41Z/wa1yIuPU7TB+grRcCJ+fce3NywkRJS77/4U1Nz8zOzS8s5paWV1bX1vMbdzZOjcCKiFVsqiFYVFJjhSQprCYGIQoV3oeP5339/gmNlbG+pW6C9QjaWrakAHLUXXDbQYLGesEv+oPi/0FpBApsVOVG3ssHzVikEWoSCqytlfyE6hkYkkJhLxekFhMQj9DGmoMaIrT1bGC3x3cc0+St2LijiQ/YvxMZRNZ2o9B1RkAdO6n1yV/tAp0Dg1fudp2gAYrNXhaAaUdS95yjdrDfR2NLeNMOnp4wSq3jeiZ1khJqMfTZShWnmPej401pUJDqOgDCSPdVLjpgQJALOOdCLE1G9h9UDoonRf/msHB6NkpzgW2xbbbLSuyInbJLVmYVJtgDe2Yv7NV78969T+9r2DrljWY22Vh53z/i56eH</latexit>

q(D) := argmin
✓2⇥

ES⇠Dn [L(S, ✓)]
<latexit sha1_base64="BNFm533O5mOVl9optDTA7EUhAVk="></latexit><latexit sha1_base64="BNFm533O5mOVl9optDTA7EUhAVk="></latexit><latexit sha1_base64="BNFm533O5mOVl9optDTA7EUhAVk="></latexit>

L : Xn ⇥⇥ ! R
<latexit sha1_base64="f2VBOW/XM49aAar2uCYmugyeTho="></latexit><latexit sha1_base64="f2VBOW/XM49aAar2uCYmugyeTho="></latexit><latexit sha1_base64="f2VBOW/XM49aAar2uCYmugyeTho="></latexit>
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Applications to convex 
optimization

Theorem (Convex optimization). There is such a mech-
anism with

• n = Õ

⇣
d3/2

p
k log(k/�)
↵5

⌘
sample complexity

• Õ

⇣
d2 log(k/�)

↵5

⌘
samples per query

• Õ

⇣
log(k/�)

↵2

⌘
iterations of gradient descent per

query.
<latexit sha1_base64="+5cBzsvd3C0B+GEkYIG8Jbcvdbw="></latexit><latexit sha1_base64="+5cBzsvd3C0B+GEkYIG8Jbcvdbw="></latexit><latexit sha1_base64="+5cBzsvd3C0B+GEkYIG8Jbcvdbw="></latexit>
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Applications to convex 
optimization

Theorem (Strongly convex optimization). There is such
a mechanism with

• n = Õ

⇣
d3/2

p
k log(k/�)
↵5/2

⌘
sample complexity

• Õ

⇣
d2 log(k/�)

↵3

⌘
samples per query

• Õ

⇣
log(k/�)

↵

⌘
iterations of gradient descent per

query.
<latexit sha1_base64="lKTRB5ux2rKYAeLdiB0tpGjiNaQ="></latexit><latexit sha1_base64="lKTRB5ux2rKYAeLdiB0tpGjiNaQ="></latexit><latexit sha1_base64="lKTRB5ux2rKYAeLdiB0tpGjiNaQ="></latexit>
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1. Pick arbitrary 

2. Repeat

where each component of                    is given by our 
mechanism     for low sensitivity queries:


Proof idea:  Make     sufficiently accurate so that the 
cumulative difference in the estimated gradients and 
the actual gradients is sufficiently small in the worst 
case

Gradient descent with a 
black box
x0 2 ⇥

<latexit sha1_base64="RMMGRbd3bfOILa83gH2K4TFkFw4=">AAACMnicZVBNSwMxEM36bf1q9eglWAQRKVsR1FtRD15EBWsFt5TZdNqGZrNLMiuWpX/Dq/4Jf4x4Eq/+CNNa0NaBwMt7M5OXFyZKWvL9N29qemZ2bn5hMbe0vLK6li+s39o4NQKrIlaxuQvBopIaqyRJ4V1iEKJQYS3sng702gMaK2N9Q70E6xG0tWxJAeSo4LHhB1IHNx0kaOSLfskfFv8PyiNQZKO6ahS8QtCMRRqhJqHA2vuyn1A9A0NSKOzngtRiAqILbbx3UEOEtp4NTff5tmOavBUbdzTxIft3IoPI2l4Uus4IqGMntQH5q52hc2Dwwt0uEzRAsdnNAjDtSOq+c9QO9gZobAlv2uHTE0apdVTPpE5SQi1+fLZSxSnmgwB5UxoUpHoOgDDSfZWLDhgQ5GLOuRDLk5H9B9X90nHJvz4oVk5GaS6wTbbFdliZHbIKO2dXrMoES9gTe2Yv3qv37n14nz+tU95oZoONlff1DcFtqf0=</latexit><latexit sha1_base64="RMMGRbd3bfOILa83gH2K4TFkFw4=">AAACMnicZVBNSwMxEM36bf1q9eglWAQRKVsR1FtRD15EBWsFt5TZdNqGZrNLMiuWpX/Dq/4Jf4x4Eq/+CNNa0NaBwMt7M5OXFyZKWvL9N29qemZ2bn5hMbe0vLK6li+s39o4NQKrIlaxuQvBopIaqyRJ4V1iEKJQYS3sng702gMaK2N9Q70E6xG0tWxJAeSo4LHhB1IHNx0kaOSLfskfFv8PyiNQZKO6ahS8QtCMRRqhJqHA2vuyn1A9A0NSKOzngtRiAqILbbx3UEOEtp4NTff5tmOavBUbdzTxIft3IoPI2l4Uus4IqGMntQH5q52hc2Dwwt0uEzRAsdnNAjDtSOq+c9QO9gZobAlv2uHTE0apdVTPpE5SQi1+fLZSxSnmgwB5UxoUpHoOgDDSfZWLDhgQ5GLOuRDLk5H9B9X90nHJvz4oVk5GaS6wTbbFdliZHbIKO2dXrMoES9gTe2Yv3qv37n14nz+tU95oZoONlff1DcFtqf0=</latexit><latexit sha1_base64="RMMGRbd3bfOILa83gH2K4TFkFw4=">AAACMnicZVBNSwMxEM36bf1q9eglWAQRKVsR1FtRD15EBWsFt5TZdNqGZrNLMiuWpX/Dq/4Jf4x4Eq/+CNNa0NaBwMt7M5OXFyZKWvL9N29qemZ2bn5hMbe0vLK6li+s39o4NQKrIlaxuQvBopIaqyRJ4V1iEKJQYS3sng702gMaK2N9Q70E6xG0tWxJAeSo4LHhB1IHNx0kaOSLfskfFv8PyiNQZKO6ahS8QtCMRRqhJqHA2vuyn1A9A0NSKOzngtRiAqILbbx3UEOEtp4NTff5tmOavBUbdzTxIft3IoPI2l4Uus4IqGMntQH5q52hc2Dwwt0uEzRAsdnNAjDtSOq+c9QO9gZobAlv2uHTE0apdVTPpE5SQi1+fLZSxSnmgwB5UxoUpHoOgDDSfZWLDhgQ5GLOuRDLk5H9B9X90nHJvz4oVk5GaS6wTbbFdliZHbIKO2dXrMoES9gTe2Yv3qv37n14nz+tU95oZoONlff1DcFtqf0=</latexit>

xt := xt�1 � ⌘r̃L(S, xt�1)
<latexit sha1_base64="hIsbZXTLel4eNnwy2jxlb+LOoVs="></latexit><latexit sha1_base64="hIsbZXTLel4eNnwy2jxlb+LOoVs="></latexit><latexit sha1_base64="hIsbZXTLel4eNnwy2jxlb+LOoVs="></latexit>

r̃L(S, xt�1)
<latexit sha1_base64="lWyES+DG52iD0d2BXcid9P3ZFnM="></latexit><latexit sha1_base64="lWyES+DG52iD0d2BXcid9P3ZFnM="></latexit><latexit sha1_base64="lWyES+DG52iD0d2BXcid9P3ZFnM="></latexit>

M
<latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit>

r̃L(S, xt�1)
(i) := M(rL(S, xt�1)

(i), S)
<latexit sha1_base64="OHbP5mOp95xA6JaapRkQePEjZME="></latexit><latexit sha1_base64="OHbP5mOp95xA6JaapRkQePEjZME="></latexit><latexit sha1_base64="OHbP5mOp95xA6JaapRkQePEjZME="></latexit>

M
<latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit>

!27



For a counting query                     ,


• Before: want      to return a value close to 

Sampling counting queries
q : X ! {0, 1}

<latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit><latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit><latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit>

M
<latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit>

Ex⇠D[q(x)]
<latexit sha1_base64="+Gqn28HATarCQ60MDXUMLbacW6I="></latexit><latexit sha1_base64="+Gqn28HATarCQ60MDXUMLbacW6I="></latexit><latexit sha1_base64="+Gqn28HATarCQ60MDXUMLbacW6I="></latexit>



For a counting query                     ,


• Before: want      to return a value close to 


• Now:      should return         itself, for 


• A sampling counting query is again specified by 
a property                      but now      must return 
an answer 

Sampling counting queries
q : X ! {0, 1}

<latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit><latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit><latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit>

M
<latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit>

M
<latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit>

Ex⇠D[q(x)]
<latexit sha1_base64="+Gqn28HATarCQ60MDXUMLbacW6I="></latexit><latexit sha1_base64="+Gqn28HATarCQ60MDXUMLbacW6I="></latexit><latexit sha1_base64="+Gqn28HATarCQ60MDXUMLbacW6I="></latexit>

q(x)
<latexit sha1_base64="bwTO9Quc/QTrW3zkEM4kHhO9lUQ=">AAACKnicZVDLTgIxFO3gC/EFunTTSEzQGDIYE3VH1IUbIyYiJEBIp3OBhk5nbDtGMuEX3OpP+DWuiFs/xM4wiQI3aXJ6zr23p8cJOFPatidWZml5ZXUtu57b2Nza3skXdp+UH0oKdepzXzYdooAzAXXNNIdmIIF4DoeGM7yO9cYLSMV88ahHAXQ80hesxyjRMfVcej3q5ot22U4KL4JKCooorVq3YBXark9DD4SmnCjVqtiB7kREakY5jHPtUEFA6JD0oWWgIB6oTpSYHeNDw7i450tzhMYJ+38iIp5SI88xnR7RAzWvxeSfdgPGgYQ7c7sPQBLty+OoTWTfY2JsHPXbJzGaWYJdlTw9Z1T3LjoRE0GoQdCpz17IsfZxHBx2mQSq+cgAQiUzX8V0QCSh2sSbMyFW5iNbBPXT8mXZfjgrVq/SNLNoHx2gEqqgc1RFt6iG6oiiAXpD7+jD+rS+rIn1PW3NWOnMHpop6+cXp7amWw==</latexit><latexit sha1_base64="bwTO9Quc/QTrW3zkEM4kHhO9lUQ=">AAACKnicZVDLTgIxFO3gC/EFunTTSEzQGDIYE3VH1IUbIyYiJEBIp3OBhk5nbDtGMuEX3OpP+DWuiFs/xM4wiQI3aXJ6zr23p8cJOFPatidWZml5ZXUtu57b2Nza3skXdp+UH0oKdepzXzYdooAzAXXNNIdmIIF4DoeGM7yO9cYLSMV88ahHAXQ80hesxyjRMfVcej3q5ot22U4KL4JKCooorVq3YBXark9DD4SmnCjVqtiB7kREakY5jHPtUEFA6JD0oWWgIB6oTpSYHeNDw7i450tzhMYJ+38iIp5SI88xnR7RAzWvxeSfdgPGgYQ7c7sPQBLty+OoTWTfY2JsHPXbJzGaWYJdlTw9Z1T3LjoRE0GoQdCpz17IsfZxHBx2mQSq+cgAQiUzX8V0QCSh2sSbMyFW5iNbBPXT8mXZfjgrVq/SNLNoHx2gEqqgc1RFt6iG6oiiAXpD7+jD+rS+rIn1PW3NWOnMHpop6+cXp7amWw==</latexit><latexit sha1_base64="bwTO9Quc/QTrW3zkEM4kHhO9lUQ=">AAACKnicZVDLTgIxFO3gC/EFunTTSEzQGDIYE3VH1IUbIyYiJEBIp3OBhk5nbDtGMuEX3OpP+DWuiFs/xM4wiQI3aXJ6zr23p8cJOFPatidWZml5ZXUtu57b2Nza3skXdp+UH0oKdepzXzYdooAzAXXNNIdmIIF4DoeGM7yO9cYLSMV88ahHAXQ80hesxyjRMfVcej3q5ot22U4KL4JKCooorVq3YBXark9DD4SmnCjVqtiB7kREakY5jHPtUEFA6JD0oWWgIB6oTpSYHeNDw7i450tzhMYJ+38iIp5SI88xnR7RAzWvxeSfdgPGgYQ7c7sPQBLty+OoTWTfY2JsHPXbJzGaWYJdlTw9Z1T3LjoRE0GoQdCpz17IsfZxHBx2mQSq+cgAQiUzX8V0QCSh2sSbMyFW5iNbBPXT8mXZfjgrVq/SNLNoHx2gEqqgc1RFt6iG6oiiAXpD7+jD+rS+rIn1PW3NWOnMHpop6+cXp7amWw==</latexit>

x ⇠ D
<latexit sha1_base64="r61W8SY5pj27O+nci/lecfzhzyU=">AAACLXicZVDLSgMxFM3UV62vVpdugkUQkTIVQd0V7cKNWMHaQqeUTHrbhiaZIcmIZehHuNWf8GsEQdz6G6bTAW17IXByzr03J8cPOdPGdT+dzNLyyupadj23sbm1vZMv7D7qIFIU6jTggWr6RANnEuqGGQ7NUAERPoeGP7ye6I0nUJoF8sGMQmgL0pesxygxlmo8e5oJXO3ki27JTQovgnIKiiitWqfgFLxuQCMB0lBOtG6V3dC0Y6IMoxzGOS/SEBI6JH1oWSiJAN2OE79jfGiZLu4Fyh5pcML+n4iJ0HokfNspiBnoeW1C/mlVsA4U3NrbXQiKmEAdxx5RfcHk2DrqeycTNLMEd3Xy9JxR07tox0yGkQFJpz57EccmwJPscJcpoIaPLCBUMftVTAdEEWpswjkbYnk+skVQPy1dltz7s2LlKk0zi/bRATpCZXSOKugG1VAdUTREL+gVvTnvzofz5XxPWzNOOrOHZsr5+QVd+6fA</latexit><latexit sha1_base64="r61W8SY5pj27O+nci/lecfzhzyU=">AAACLXicZVDLSgMxFM3UV62vVpdugkUQkTIVQd0V7cKNWMHaQqeUTHrbhiaZIcmIZehHuNWf8GsEQdz6G6bTAW17IXByzr03J8cPOdPGdT+dzNLyyupadj23sbm1vZMv7D7qIFIU6jTggWr6RANnEuqGGQ7NUAERPoeGP7ye6I0nUJoF8sGMQmgL0pesxygxlmo8e5oJXO3ki27JTQovgnIKiiitWqfgFLxuQCMB0lBOtG6V3dC0Y6IMoxzGOS/SEBI6JH1oWSiJAN2OE79jfGiZLu4Fyh5pcML+n4iJ0HokfNspiBnoeW1C/mlVsA4U3NrbXQiKmEAdxx5RfcHk2DrqeycTNLMEd3Xy9JxR07tox0yGkQFJpz57EccmwJPscJcpoIaPLCBUMftVTAdEEWpswjkbYnk+skVQPy1dltz7s2LlKk0zi/bRATpCZXSOKugG1VAdUTREL+gVvTnvzofz5XxPWzNOOrOHZsr5+QVd+6fA</latexit><latexit sha1_base64="r61W8SY5pj27O+nci/lecfzhzyU=">AAACLXicZVDLSgMxFM3UV62vVpdugkUQkTIVQd0V7cKNWMHaQqeUTHrbhiaZIcmIZehHuNWf8GsEQdz6G6bTAW17IXByzr03J8cPOdPGdT+dzNLyyupadj23sbm1vZMv7D7qIFIU6jTggWr6RANnEuqGGQ7NUAERPoeGP7ye6I0nUJoF8sGMQmgL0pesxygxlmo8e5oJXO3ki27JTQovgnIKiiitWqfgFLxuQCMB0lBOtG6V3dC0Y6IMoxzGOS/SEBI6JH1oWSiJAN2OE79jfGiZLu4Fyh5pcML+n4iJ0HokfNspiBnoeW1C/mlVsA4U3NrbXQiKmEAdxx5RfcHk2DrqeycTNLMEd3Xy9JxR07tox0yGkQFJpz57EccmwJPscJcpoIaPLCBUMftVTAdEEWpswjkbYnk+skVQPy1dltz7s2LlKk0zi/bRATpCZXSOKugG1VAdUTREL+gVvTnvzofz5XxPWzNOOrOHZsr5+QVd+6fA</latexit>

q : X ! {0, 1}
<latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit><latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit><latexit sha1_base64="En2JVf/rzVOIndxoSHgwjpi/BU8="></latexit>

M
<latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit><latexit sha1_base64="mI6XmTa+C84eL4XkoTcm8SJtfd0=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEylQEdSfqwk2xglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6EmemAWi8ETs659+bkhLHgxvr+mzc1PTM7N19aKC8uLa+srlXWb4xKNMMWU0LpuxAMCi6xZbkVeBdrhCgUeBsOzjL99hG14Upe22GMnQj6kvc4A+uodhCBfWAg0sbofq3q1/y86H9QL0CVFNW8r3iVoKtYEqG0TIAx7bof204K2nImcFQOEoMxsAH0se2ghAhNJ809j+i2Y7q0p7Q70tKc/T2RQmTMMApdZ+bRTGoZ+aOdo3OgseFulzFqsErvpgHofsTlyDnqB3sZ+rOEdk3+9IRR2zvqpFzGiUXJxj57iaBW0Sw/2uUamRVDB4Bp7r5K2QNoYNalXHYh1icj+w9a+7Xjmn91UD05LdIskU2yRXZInRySE3JBmqRFGFHkiTyTF+/Ve/c+vM9x65RXzGyQP+V9fQN726ni</latexit>

a 2 {0, 1}
<latexit sha1_base64="83RU0hHdnZCPx6uCnwJkj4q6+ys=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEyowI6k7UhRuxglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6E6XRAWy8ETs659+bkRIngxvr+uzc1PTM7N19aKC8uLa+srlXWb41KNcMGU0Lp+wgMCi6xYbkVeJ9ohDgSeBf1zob63RNqw5W8sf0EWzF0Je9wBtZRTQi5DDN/LwgHD2tVv+bnRf+DoABVUlT9oeJVwrZiaYzSMgHGNAM/sa0MtOVM4KAcpgYTYD3oYtNBCTGaVpZ7HtBtx7RpR2l3pKU5+3cig9iYfhy5zhjso5nUhuSvdo7OgcZLd7tKUINVejcLQXdjLgfOUTfcG6KxJbRt8qcnjNrOUSvjMkktSjby2UkFtYoO86NtrpFZ0XcAmObuq5Q9ggZmXcplF2IwGdl/0NivHdf864PqyWmRZolski2yQwJySE7IBamTBmFEkWfyQl69N+/D+/S+Rq1TXjGzQcbK+/4BTiSpOA==</latexit><latexit sha1_base64="83RU0hHdnZCPx6uCnwJkj4q6+ys=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEyowI6k7UhRuxglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6E6XRAWy8ETs659+bkRIngxvr+uzc1PTM7N19aKC8uLa+srlXWb41KNcMGU0Lp+wgMCi6xYbkVeJ9ohDgSeBf1zob63RNqw5W8sf0EWzF0Je9wBtZRTQi5DDN/LwgHD2tVv+bnRf+DoABVUlT9oeJVwrZiaYzSMgHGNAM/sa0MtOVM4KAcpgYTYD3oYtNBCTGaVpZ7HtBtx7RpR2l3pKU5+3cig9iYfhy5zhjso5nUhuSvdo7OgcZLd7tKUINVejcLQXdjLgfOUTfcG6KxJbRt8qcnjNrOUSvjMkktSjby2UkFtYoO86NtrpFZ0XcAmObuq5Q9ggZmXcplF2IwGdl/0NivHdf864PqyWmRZolski2yQwJySE7IBamTBmFEkWfyQl69N+/D+/S+Rq1TXjGzQcbK+/4BTiSpOA==</latexit><latexit sha1_base64="83RU0hHdnZCPx6uCnwJkj4q6+ys=">AAACMXicZVDLSgMxFM34rPVZXboJFkFEyowI6k7UhRuxglWhU+ROeltDM8mQZIQy9DPc6k/4M7oSt/6E6XRAWy8ETs659+bkRIngxvr+uzc1PTM7N19aKC8uLa+srlXWb41KNcMGU0Lp+wgMCi6xYbkVeJ9ohDgSeBf1zob63RNqw5W8sf0EWzF0Je9wBtZRTQi5DDN/LwgHD2tVv+bnRf+DoABVUlT9oeJVwrZiaYzSMgHGNAM/sa0MtOVM4KAcpgYTYD3oYtNBCTGaVpZ7HtBtx7RpR2l3pKU5+3cig9iYfhy5zhjso5nUhuSvdo7OgcZLd7tKUINVejcLQXdjLgfOUTfcG6KxJbRt8qcnjNrOUSvjMkktSjby2UkFtYoO86NtrpFZ0XcAmObuq5Q9ggZmXcplF2IwGdl/0NivHdf864PqyWmRZolski2yQwJySE7IBamTBmFEkWfyQl69N+/D+/S+Rq1TXjGzQcbK+/4BTiSpOA==</latexit>



Sampling counting queries

Definition. A mechanism M is (↵,�)-accurate on dis-
tribution D for k sampling counting queries qi if for all
states of M and A, when M is given an i.i.d. sample S
from D,

PS,M,A

h
max

i
|EM[M(qi)]� qi(D)|  ↵

i
� 1� �.

<latexit sha1_base64="nxC3aQA4UX72j30FULzF6TsL/A8="></latexit><latexit sha1_base64="nxC3aQA4UX72j30FULzF6TsL/A8="></latexit><latexit sha1_base64="nxC3aQA4UX72j30FULzF6TsL/A8="></latexit>
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Sampling counting query 
results

Theorem (Transfer theorem for SCQs). Let M be a
mechanism that on input sample S ⇠ Dn answers k
adaptively chosen sampling counting queries, is ( ↵

64 ,
↵�
16 )-

private for some ↵,� > 0 and (↵/2, 0)-accurate on S.

Suppose further that n � 1024 log(k/�)
↵2 . Then M is (↵,�)-

accurate on D.
<latexit sha1_base64="tSa42xgu0ENYpgfYXPuClbyBE98="></latexit><latexit sha1_base64="tSa42xgu0ENYpgfYXPuClbyBE98="></latexit><latexit sha1_base64="tSa42xgu0ENYpgfYXPuClbyBE98="></latexit>
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Sampling counting query 
results

Theorem. There is an (↵,�)-accurate mechanism for an-
swering k sampling counting queries with

• sample complexity n = O

✓p
k log( 1

↵� )

↵2

◆

• ` = 1 sample per query

• Õ

⇣
log

⇣
k log( 1

� )

↵

⌘⌘
time per query.

<latexit sha1_base64="VKrIZ8rTshRaWom9/V4AH3H5j7E="></latexit><latexit sha1_base64="VKrIZ8rTshRaWom9/V4AH3H5j7E="></latexit><latexit sha1_base64="VKrIZ8rTshRaWom9/V4AH3H5j7E="></latexit>
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Conclusions

!33

• Sub-linear time adaptive data analysis is not only 
possible, but can be implemented via simple 
mechanisms


• Applications to convex optimization


• Even with a constant number of samples, it is still 
possible to produced meaningful mechanisms


• We also show how sampling counting queries 
can simulate counting queries


