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Long, random equality correlation
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correlations, enabling secure communication
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x0
<latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit>

x1
<latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit>

m0
<latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit>

m1
<latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit>

· · ·<latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit>

y0 = f0(x0, x1)
<latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit>

y1 = f1(x0, x1)
<latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit>



Secure Computation

4

x0
<latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit>

x1
<latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit>

m0
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<latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit>

· · ·<latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit>

y0 = f0(x0, x1)
<latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit>

y1 = f1(x0, x1)
<latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit>

K0 K1
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<latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit>

y1 = f1(x0, x1)
<latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit>

K0 K1

Beaver, 1995

Long, random ‘more complex’ correlation
perfect secure computation



Secure Computation

4

x0
<latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit>

x1
<latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit>

m0
<latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit>

m1
<latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit>

· · ·<latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit>

y0 = f0(x0, x1)
<latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit>

y1 = f1(x0, x1)
<latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit>

K0 K1

Beaver, 1995

Long, random ‘more complex’ correlation
perfect secure computation

[Bea95, Bea97, IPS09, BDOZ11, BIKO12, NNOB12, DPSZ12, IKMOP13  DZ13, DLT14, BIKK14, 
LOS14, FKOS15, DZ16, KOS16, DNNR17, C18…]



Secure Computation

4

x0
<latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit>

x1
<latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit>

m0
<latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit>

m1
<latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit>

· · ·<latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit>

y0 = f0(x0, x1)
<latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit>

y1 = f1(x0, x1)
<latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit>

K0 K1

[Bea95, Bea97, IPS09, BDOZ11, BIKO12, NNOB12, DPSZ12, IKMOP13  DZ13, DLT14, BIKK14, 
LOS14, FKOS15, DZ16, KOS16, DNNR17, C18…]



Higher Degree Pseudorandom 
Correlations

5

x0
<latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit><latexit sha1_base64="N3n7jHCZLsveW8LV3SqSJHLi8iI="></latexit>

x1
<latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit><latexit sha1_base64="iLPfXDFp4rjkXfdxQ+Xt7/IRkN0="></latexit>

m0
<latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit><latexit sha1_base64="LJ89ouOpS0cgnhsO0ruj6i00d2Y="></latexit>

m1
<latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit><latexit sha1_base64="5BuhVdXTmCduPnUjRcXZuazoW4c="></latexit>

· · ·<latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit><latexit sha1_base64="xmTaKAahL/I1coK0091ekdoYCvA="></latexit>

y0 = f0(x0, x1)
<latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit><latexit sha1_base64="KKLXIsr+cC1/S2bxh6j7fLtRRKs=">AAAC1nicjVHLSsNAFD2Nr1pfsS7dBItQQUoigroQim5cVjC2UktI0mkNTZOQTKSliCtx6xe41T8S/0D/wjtjCmoRnZDkzLn3nJl7rxP5XsJ1/TWnTE3PzM7l5wsLi0vLK+pq8TwJ09hlphv6Ydxw7IT5XsBM7nGfNaKY2X3HZ3Wndyzi9WsWJ14YnPFhxFp9uxt4Hc+1OVGWWhxaunaodSy9PLD07YFlbFlqSa/ocmmTwMhACdmqheoLLtFGCBcp+mAIwAn7sJHQ04QBHRFxLYyIiwl5Ms5wgwJpU8 pilGET26Nvl3bNjA1oLzwTqXbpFJ/emJQaNkkTUl5MWJymyXgqnQX7m/dIeoq7DenvZF59YjmuiP1LN878r07UwtHBvqzBo5oiyYjq3MwllV0RN9e+VMXJISJO4DbFY8KuVI77rElNImsXvbVl/E1mClbs3Sw3xbu4JQ3Y+DnOSWDuVA4qxuluqXqUTTqPdWygTOPcQxUnqMEk6wEe8YRn5UK5Ve6U+89UJZdp1vBtKQ8f5MCUug==</latexit>

y1 = f1(x0, x1)
<latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit><latexit sha1_base64="JgaSSnhcg1UaXm9EbiJ/AjyTobg="></latexit>

PRG0(K0)

K0 K1

PRG1(K1)Long pseudorandom correlation
gives comp. secure computation



Why would it be so cool?
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• Reduced overall communication 

• ‘On demand’ (or ‘business-card’) MPC 

• Hiding communication pattern

Phase 1:

‘tiny’ interactive 
protocol

Phase 2:

local extraction 
procedure

Phase 3:

fast and information-
theoretic

preprocessing online



Previous Works
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• GI99: multiparty linear correlations 

• CDI05: generalization (pseudorandom Shamir) 

• HIJKR16: arbitrary correlations, from iO 

• BCGIO17: additive correlations, from HSS 

• Scho18: relaxed form of additive correlations, key-
homomorphic PRF



Previous Works

7

• GI99: multiparty linear correlations 

• CDI05: generalization (pseudorandom Shamir) 

• HIJKR16: arbitrary correlations, from iO 

• BCGIO17: additive correlations, from HSS 

• Scho18: relaxed form of additive correlations, key-
homomorphic PRF

Non-linear, 2-party: no efficient solution



Oblivious Linear Evaluation      
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OLE x

F
<latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit>

a,b

ax+b



Oblivious Linear Evaluation      
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OLE x

F
<latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit>

a,b

ax+b

- Natural generalization of OT to large fields 
- Enables secure computation of arithmetic circuits 
- ‘Dream goal’ of correlation compression



Vector Oblivious Linear Evaluation      
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VOLE
a
b

ax+b

x

F
<latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit>



Vector Oblivious Linear Evaluation      

9

VOLE
a
b

ax+b

x

F
<latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit><latexit sha1_base64="nlywRgr6SRaevzFbt6jHfjTVQTQ="></latexit>

- Generalizes OLE the same way string-OT generalizes OT 
- Still enjoys many cool applications for secure computation 

(more details later)



This Work: Efficient Compression for  
Vector-OLE Correlation 
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a
b ax+bx,

K0 K1

G0(K0) G1(K1)



This Work: Efficient Compression for  
Vector-OLE Correlation 
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a
b ax+bx,

K0 K1

G0(K0) G1(K1)

Security: 
- Given K1, cannot distinguish 

(a,b) from random subject to 
G1(K1) = ax+b 

- Given K0, learn nothing about x

Our Result: 
An efficient* VOLE generator over 
any field under LPN



Applications
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• Rate-1/2 Vector-OLE (better rate from LPN would be a breakthrough) 

• Large fan-out MPC 

• Matrix-vector multiplication 

• Nearest neighbor search

• Constant-depth arithmetic computation via arithmetic garbling 

• Reusable non-interactive zero-knowledge in the preprocessing model

‘Direct’ applications:

‘High-end’ applications:
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a
b ax+bx,K0 K1

1. Sparse VOLE-generator           pseudorandom VOLE-generator 
LPN
=)

<latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit>

Our Method 

additive shares of a.x
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a
b ax+bx,K0 K1

1. Sparse VOLE-generator           pseudorandom VOLE-generator 
LPN
=)

<latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit>

a
=  0 0 0 0 … a_i … 0 0 

Our Method 

additive shares of a.x
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a
b ax+bx,K0 K1

1. Sparse VOLE-generator           pseudorandom VOLE-generator 
LPN
=)

<latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit>

a
=  0 0 0 0 … a_i … 0 0 

secret
M

+LPN: ~= random

Our Method 

additive shares of a.x

sparse error
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a
b ax+bx,K0 K1

1. Sparse VOLE-generator           pseudorandom VOLE-generator 
LPN
=)

<latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit><latexit sha1_base64="ohmO9fKYciwfIw7GAAX69XdfQm4="></latexit>

a
=  0 0 0 0 … a_i … 0 0 

secret
M

+LPN: ~= random

d cx+dc

Our Method 

additive shares of a.x

sparse error



Our Method 
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a’
b’ a’x+b’x,

d cx+dc

c
M

+ a’

d
M

+ b’

cx+d
M

+ a’x+b’

K1K0
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a’
b’ a’x+b’x,

d cx+dc

c
M

+ a’

d
M

+ b’

cx+d
M

+ a’x+b’
a

b

ax+b

K1K0



Sparse Vector-OLE Generator
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2. Multi-point function secret sharing          sparse vector-OLE generator=)
<latexit sha1_base64="qkh9OavZZBBonL6SQGtGbrzmwWI="></latexit><latexit sha1_base64="qkh9OavZZBBonL6SQGtGbrzmwWI="></latexit><latexit sha1_base64="qkh9OavZZBBonL6SQGtGbrzmwWI="></latexit><latexit sha1_base64="qkh9OavZZBBonL6SQGtGbrzmwWI="></latexit>

• Function Secret Sharing secretly shares a function between 
two parties 

• FSS is hard in general 

• For restricted functions (point functions), it can be done very 
efficiently from symmetric primitives [GI14, BGI15, BGI16] 

• FSS for k-point functions is basically k-sparse VOLE-
generator
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Improvements

- Arbitrary stretch from dual-LPN 
- Linear-time evaluation from batch codes 
- Improvements from LPN-friendly linear codes 
- Numerous heuristic optimizations
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Improvements

- Arbitrary stretch from dual-LPN 
- Linear-time evaluation from batch codes 
- Improvements from LPN-friendly linear codes 
- Numerous heuristic optimizations

Efficiency (estimation): a million entries over a 128-
bit field in 26 milliseconds (one core, standard laptop)
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Conclusion
• Even for direct VOLE application, very competitive with 

alternative approaches 

• ADINZ17: ~5μs/OLE (asymptotic rate 1/3) 

• Our work: ~50ns/OLE (asymptotic rate 1/2) 

• Distributed setup can be made very efficiently [Ds17]: for 1 
million entries and 128-bit field, 69Kb and 34ms 

• Unique communication pattern (local decompression) 

• Large number of applications



Thank you for your attention
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Questions?


