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Definition



Gaussian Processes for Machine Learning, Rasmussen & Williams

A collection of random variables, any finite number of which 
have a joint Gaussian distribution 
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http://www.gaussianprocess.org/gpml/chapters/RW2.pdf


A GP is completely defined by mean and covariance functions

m(x) = E[f(x)]

k(x,x0) = E[(f(x)�m(x))(f(x0)�m(x0))]
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f(x) ⇠ GP
�
m(x), k(x,x0)

�
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Sampling from the GP
u ⇠ N (0, I)
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LLT = K
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where (Cholesky)
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f = m+ Lu
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Examples of Kernels



Ornstein-Uhlenbeck kernel

k(x,x0) = exp

✓
� ||x� x0||
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Squared exponential kernel

k(x,x0) = exp

✓
� ||x� x0||2

2l2

◆
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Periodic kernel

k(x,x0) = exp

0

@�
2 sin2

⇣
|x�x0|
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Regression
Application



Aim: Given data    at    , predict     at 
f
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<latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit>

X⇤<latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit>
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Aim: Given data    at    , predict     at 


Condition the Gaussian prior on the data to 
give posterior distribution


Include data uncertainties with


f
<latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit><latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit><latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit><latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit><latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit>

f⇤
<latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit><latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit><latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit><latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit><latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit>

X
<latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit>

X⇤<latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit>

f⇤|X⇤, X,f ⇠ N
�
K(X⇤, X)K(X,X)�1f ,

K(X⇤, X⇤)�K(X⇤, X)K(X,X)�1K(X,X⇤)
�

<latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit><latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit><latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit><latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit><latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit>

K(X,X)ij ! K(X,X)ij + �ij�
2
i

<latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit><latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit><latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit><latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit><latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit>

11



Aim: Given data    at    , predict     at 


Condition the Gaussian prior on the data to 
give posterior distribution


Include data uncertainties with


Maximise likelihood to find optimal kernel 
parameters

f
<latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit><latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit><latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit><latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit><latexit sha1_base64="KRopSsnlWKmaDl6bWuFL8ZfxI7I=">AAACG3icbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrAf0JSy2U7atbtJ2N0IJfQ/eNWDv8aTePXgv3Hb5mBbHww83sww854fc6a04/xYubX1jc2t/HZhZ3dv/6BYOmyqKJEUGzTikWz7RCFnITY00xzbsUQifI4tf3Q97beeUSoWhY96HGNXkEHIAkaJNlLT80UaTHrFslNxZrBXiZuRMmSo90oWeP2IJgJDTTlRquM6se6mRGpGOU4KXqIwJnREBtgxNCQCVTedvTuxT43St4NImgq1PVP/bqREKDUWvpkURA/Vcm8q/tfrJDqodlMWxonGkM4PBQm3dWRPvdt9JpFqPjaEUMnMrzYdEkmoNgkVFs74wpi4QWNO4p05dB+jJDqSHsogNTXNzF1OaJU0zitXFffholyrZuHl4RhO4AxcuIQa3EIdGkDhCV7gFd6sd+vD+rS+5qM5K9s5ggVY379O3aEk</latexit>

f⇤
<latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit><latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit><latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit><latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit><latexit sha1_base64="fM3lvZKNdIGyxkH1oCzCAPk20Hc=">AAACHXicbVBNS8NAEJ34WetXq0cvwSKIh5KIYL0V9OBFrGBsoSlls520S3eTsLsRSuif8KoHf40n8Sr+G7dtDrb1wcDjzQwz7wUJZ0o7zo+1srq2vrFZ2Cpu7+zu7ZfKB08qTiVFj8Y8lq2AKOQsQk8zzbGVSCQi4NgMhteTfvMZpWJx9KhHCXYE6UcsZJRoI7X8QGThuHvWLVWcqjOFvUzcnFQgR6NbtsDvxTQVGGnKiVJt10l0JyNSM8pxXPRThQmhQ9LHtqEREag62fThsX1ilJ4dxtJUpO2p+ncjI0KpkQjMpCB6oBZ7E/G/XjvVYa2TsShJNUZ0dihMua1je+Le7jGJVPORIYRKZn616YBIQrXJqDh3JhDGxA0acxLvzKH7BCXRsfRRhpmpscnMXUxomXjn1auq+3BRqdfy8ApwBMdwCi5cQh1uoQEeUODwAq/wZr1bH9an9TUbXbHynUOYg/X9C4bZocE=</latexit>

X
<latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit><latexit sha1_base64="c36rBpP+N+FaR66sA63kIt+4Sh0=">AAACFnicbVBNS8NAEJ34WetXq0cvwSJ4KokI1ltBD17EFowttKFstpN26SYbdjdCCf0FXvXgr/EkXr36b9y2OdjWBwOPNzPMvBcknCntOD/W2vrG5tZ2Yae4u7d/cFgqHz0pkUqKHhVcyHZAFHIWo6eZ5thOJJIo4NgKRjfTfusZpWIiftTjBP2IDGIWMkq0kZrtXqniVJ0Z7FXi5qQCORq9sgXdvqBphLGmnCjVcZ1E+xmRmlGOk2I3VZgQOiID7BgakwiVn80+ndhnRunboZCmYm3P1L8bGYmUGkeBmYyIHqrl3lT8r9dJdVjzMxYnqcaYzg+FKbe1sKe27T6TSDUfG0KoZOZXmw6JJFSbcIoLZ4LImLhFY07ivTn0kKAkWsguyjAzNTGZucsJrRLvonpddZuXlXotD68AJ3AK5+DCFdThDhrgAQWEF3iFN+vd+rA+ra/56JqV7xzDAqzvX9gbnsE=</latexit>

X⇤<latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit><latexit sha1_base64="xvHBSnk+EliOs7lUzoDBud3t9JY=">AAACGHicbVBNS8NAEJ3Ur1q/Wj16CRZBPJREBOutoAcvYkVrC20om+2kXbqbhN2NUEJ/glc9+Gs8iVdv/hu3bQ629cHA480MM+/5MWdKO86PlVtZXVvfyG8WtrZ3dveKpf0nFSWSYoNGPJItnyjkLMSGZppjK5ZIhM+x6Q+vJv3mM0rFovBRj2L0BOmHLGCUaCM9tLqn3WLZqThT2MvEzUgZMtS7JQs6vYgmAkNNOVGq7Tqx9lIiNaMcx4VOojAmdEj62DY0JAKVl05/HdvHRunZQSRNhdqeqn83UiKUGgnfTAqiB2qxNxH/67UTHVS9lIVxojGks0NBwm0d2RPjdo9JpJqPDCFUMvOrTQdEEqpNPIW5M74wJq7RmJN4aw7dxSiJjmQHZZCaGpvM3MWElknjrHJZce/Py7VqFl4eDuEITsCFC6jBDdShART68AKv8Ga9Wx/Wp/U1G81Z2c4BzMH6/gULsJ9e</latexit>

f⇤|X⇤, X,f ⇠ N
�
K(X⇤, X)K(X,X)�1f ,

K(X⇤, X⇤)�K(X⇤, X)K(X,X)�1K(X,X⇤)
�

<latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit><latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit><latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit><latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit><latexit sha1_base64="MpLaS4oJn3eb4FKHU3uWpV6AtYI="></latexit>

K(X,X)ij ! K(X,X)ij + �ij�
2
i

<latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit><latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit><latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit><latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit><latexit sha1_base64="Uhubiank8mp834rgls14XHXrzwE="></latexit>

logL(f |X, ✓) = �1

2
fTK✓(X,X)�1f � 1

2
log |K✓(X,X)|� n

2
log 2⇡

<latexit sha1_base64="/MWLDgMY1KOOCI9jw5t+GFqy2Jc="></latexit><latexit sha1_base64="/MWLDgMY1KOOCI9jw5t+GFqy2Jc="></latexit><latexit sha1_base64="/MWLDgMY1KOOCI9jw5t+GFqy2Jc="></latexit><latexit sha1_base64="/MWLDgMY1KOOCI9jw5t+GFqy2Jc="></latexit><latexit sha1_base64="/MWLDgMY1KOOCI9jw5t+GFqy2Jc="></latexit>
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Background Modelling
Application 



Dijet: arXiv:1709.05681 Modeling Smooth Backgrounds and Generic Localized Signals 
with Gaussian Processes, K Cranmer et al.


ATLAS ee dataset: HEPData (Table 2)

14

https://arxiv.org/abs/1709.05681
https://www.hepdata.net/record/79077


y = ✓0 (1� x)✓1 x✓2
<latexit sha1_base64="OKKyhDaInZZi87tOuvr+PAH0TqQ="></latexit><latexit sha1_base64="OKKyhDaInZZi87tOuvr+PAH0TqQ="></latexit><latexit sha1_base64="OKKyhDaInZZi87tOuvr+PAH0TqQ="></latexit><latexit sha1_base64="OKKyhDaInZZi87tOuvr+PAH0TqQ="></latexit><latexit sha1_base64="OKKyhDaInZZi87tOuvr+PAH0TqQ="></latexit>

x = mll/
p
s

<latexit sha1_base64="sf/SC7qjCoGezx4IzbsqHtEBt00=">AAACKnicbVDLSgNBEOz1GeMr6tHLYBA8xV0R1IMQ0IMXMYJRIQlhdtKbDM7srjO9YljyLV714Nd4Eq9+iJPHwVdDQ1HVTXVXmCppyfffvanpmdm5+cJCcXFpeWW1tLZ+bZPMCKyLRCXmNuQWlYyxTpIU3qYGuQ4V3oR3J0P95gGNlUl8Rf0UW5p3YxlJwclR7dLGIztmup0rNdht2ntDuR20S2W/4o+K/QXBBJRhUrX2mgfNTiIyjTEJxa1tBH5KrZwbkkLhoNjMLKZc3PEuNhyMuUbbykfXD9i2YzosSozrmNiI/b6Rc21tX4duUnPq2d/akPxPa2QUHbZyGacZYSzGRlGmGCVsGAXrSIOCVN8BLox0tzLR44YLcoEVf9iE2j1xiu45g+fO6CJFwykxTTRR7nqYWfA7ob+gvlc5qgSX++Xq4SS8AmzCFuxAAAdQhTOoQR0E9OEJnuHFe/XevHfvYzw65U12NuBHeZ9fAOSmnw==</latexit><latexit sha1_base64="sf/SC7qjCoGezx4IzbsqHtEBt00=">AAACKnicbVDLSgNBEOz1GeMr6tHLYBA8xV0R1IMQ0IMXMYJRIQlhdtKbDM7srjO9YljyLV714Nd4Eq9+iJPHwVdDQ1HVTXVXmCppyfffvanpmdm5+cJCcXFpeWW1tLZ+bZPMCKyLRCXmNuQWlYyxTpIU3qYGuQ4V3oR3J0P95gGNlUl8Rf0UW5p3YxlJwclR7dLGIztmup0rNdht2ntDuR20S2W/4o+K/QXBBJRhUrX2mgfNTiIyjTEJxa1tBH5KrZwbkkLhoNjMLKZc3PEuNhyMuUbbykfXD9i2YzosSozrmNiI/b6Rc21tX4duUnPq2d/akPxPa2QUHbZyGacZYSzGRlGmGCVsGAXrSIOCVN8BLox0tzLR44YLcoEVf9iE2j1xiu45g+fO6CJFwykxTTRR7nqYWfA7ob+gvlc5qgSX++Xq4SS8AmzCFuxAAAdQhTOoQR0E9OEJnuHFe/XevHfvYzw65U12NuBHeZ9fAOSmnw==</latexit><latexit sha1_base64="sf/SC7qjCoGezx4IzbsqHtEBt00=">AAACKnicbVDLSgNBEOz1GeMr6tHLYBA8xV0R1IMQ0IMXMYJRIQlhdtKbDM7srjO9YljyLV714Nd4Eq9+iJPHwVdDQ1HVTXVXmCppyfffvanpmdm5+cJCcXFpeWW1tLZ+bZPMCKyLRCXmNuQWlYyxTpIU3qYGuQ4V3oR3J0P95gGNlUl8Rf0UW5p3YxlJwclR7dLGIztmup0rNdht2ntDuR20S2W/4o+K/QXBBJRhUrX2mgfNTiIyjTEJxa1tBH5KrZwbkkLhoNjMLKZc3PEuNhyMuUbbykfXD9i2YzosSozrmNiI/b6Rc21tX4duUnPq2d/akPxPa2QUHbZyGacZYSzGRlGmGCVsGAXrSIOCVN8BLox0tzLR44YLcoEVf9iE2j1xiu45g+fO6CJFwykxTTRR7nqYWfA7ob+gvlc5qgSX++Xq4SS8AmzCFuxAAAdQhTOoQR0E9OEJnuHFe/XevHfvYzw65U12NuBHeZ9fAOSmnw==</latexit><latexit sha1_base64="sf/SC7qjCoGezx4IzbsqHtEBt00=">AAACKnicbVDLSgNBEOz1GeMr6tHLYBA8xV0R1IMQ0IMXMYJRIQlhdtKbDM7srjO9YljyLV714Nd4Eq9+iJPHwVdDQ1HVTXVXmCppyfffvanpmdm5+cJCcXFpeWW1tLZ+bZPMCKyLRCXmNuQWlYyxTpIU3qYGuQ4V3oR3J0P95gGNlUl8Rf0UW5p3YxlJwclR7dLGIztmup0rNdht2ntDuR20S2W/4o+K/QXBBJRhUrX2mgfNTiIyjTEJxa1tBH5KrZwbkkLhoNjMLKZc3PEuNhyMuUbbykfXD9i2YzosSozrmNiI/b6Rc21tX4duUnPq2d/akPxPa2QUHbZyGacZYSzGRlGmGCVsGAXrSIOCVN8BLox0tzLR44YLcoEVf9iE2j1xiu45g+fO6CJFwykxTTRR7nqYWfA7ob+gvlc5qgSX++Xq4SS8AmzCFuxAAAdQhTOoQR0E9OEJnuHFe/XevHfvYzw65U12NuBHeZ9fAOSmnw==</latexit><latexit sha1_base64="sf/SC7qjCoGezx4IzbsqHtEBt00=">AAACKnicbVDLSgNBEOz1GeMr6tHLYBA8xV0R1IMQ0IMXMYJRIQlhdtKbDM7srjO9YljyLV714Nd4Eq9+iJPHwVdDQ1HVTXVXmCppyfffvanpmdm5+cJCcXFpeWW1tLZ+bZPMCKyLRCXmNuQWlYyxTpIU3qYGuQ4V3oR3J0P95gGNlUl8Rf0UW5p3YxlJwclR7dLGIztmup0rNdht2ntDuR20S2W/4o+K/QXBBJRhUrX2mgfNTiIyjTEJxa1tBH5KrZwbkkLhoNjMLKZc3PEuNhyMuUbbykfXD9i2YzosSozrmNiI/b6Rc21tX4duUnPq2d/akPxPa2QUHbZyGacZYSzGRlGmGCVsGAXrSIOCVN8BLox0tzLR44YLcoEVf9iE2j1xiu45g+fO6CJFwykxTTRR7nqYWfA7ob+gvlc5qgSX++Xq4SS8AmzCFuxAAAdQhTOoQR0E9OEJnuHFe/XevHfvYzw65U12NuBHeZ9fAOSmnw==</latexit>

k(x, x0) = Ae
d�(x+x0)

2a

s
2l(x)l(x0)

l(x)2 + l(x0)2
e

�(x�x0)2

l(x)2+l(x0)2

<latexit sha1_base64="lUIHFSkfxwm8plY+5pWcE+umTmc="></latexit><latexit sha1_base64="lUIHFSkfxwm8plY+5pWcE+umTmc="></latexit><latexit sha1_base64="lUIHFSkfxwm8plY+5pWcE+umTmc="></latexit><latexit sha1_base64="lUIHFSkfxwm8plY+5pWcE+umTmc="></latexit><latexit sha1_base64="lUIHFSkfxwm8plY+5pWcE+umTmc="></latexit>

l(x) = b x+ c
<latexit sha1_base64="s2HDUtyV2R862O8cPlS58x6xg9s=">AAACJnicbVDLSgNBEOyNrxgfiXr0MhgERQm7IqgHIaAHL2IE1wjZJcxOenXI7IOZWUlY8iVe9eDXeBLx5qc4iTkYY0NDUdVNdVeQCq60bX9ahZnZufmF4mJpaXlltVxZW79VSSYZuiwRibwLqELBY3Q11wLvUok0CgQ2g+7ZUG8+olQ8iW90P0U/ovcxDzmj2lDtSlns9HbJKQm8/R7ZI6xdqdo1e1RkGjhjUIVxNdprFnidhGURxpoJqlTLsVPt51RqzgQOSl6mMKWsS++xZWBMI1R+Prp8QLYN0yFhIk3HmozY3xs5jZTqR4GZjKh+UH+1Ifmf1sp0eOznPE4zjTH7MQozQXRChjGQDpfItOgbQJnk5lbCHqikTJuwShM2QWSeOEfznMRLY3SVoqQ6kR7KMDc9MJk5fxOaBu5B7aTmXB9W68fj8IqwCVuwAw4cQR0uoAEuMMjgCZ7hxXq13qx36+NntGCNdzZgoqyvb3mvowg=</latexit><latexit sha1_base64="s2HDUtyV2R862O8cPlS58x6xg9s=">AAACJnicbVDLSgNBEOyNrxgfiXr0MhgERQm7IqgHIaAHL2IE1wjZJcxOenXI7IOZWUlY8iVe9eDXeBLx5qc4iTkYY0NDUdVNdVeQCq60bX9ahZnZufmF4mJpaXlltVxZW79VSSYZuiwRibwLqELBY3Q11wLvUok0CgQ2g+7ZUG8+olQ8iW90P0U/ovcxDzmj2lDtSlns9HbJKQm8/R7ZI6xdqdo1e1RkGjhjUIVxNdprFnidhGURxpoJqlTLsVPt51RqzgQOSl6mMKWsS++xZWBMI1R+Prp8QLYN0yFhIk3HmozY3xs5jZTqR4GZjKh+UH+1Ifmf1sp0eOznPE4zjTH7MQozQXRChjGQDpfItOgbQJnk5lbCHqikTJuwShM2QWSeOEfznMRLY3SVoqQ6kR7KMDc9MJk5fxOaBu5B7aTmXB9W68fj8IqwCVuwAw4cQR0uoAEuMMjgCZ7hxXq13qx36+NntGCNdzZgoqyvb3mvowg=</latexit><latexit sha1_base64="s2HDUtyV2R862O8cPlS58x6xg9s=">AAACJnicbVDLSgNBEOyNrxgfiXr0MhgERQm7IqgHIaAHL2IE1wjZJcxOenXI7IOZWUlY8iVe9eDXeBLx5qc4iTkYY0NDUdVNdVeQCq60bX9ahZnZufmF4mJpaXlltVxZW79VSSYZuiwRibwLqELBY3Q11wLvUok0CgQ2g+7ZUG8+olQ8iW90P0U/ovcxDzmj2lDtSlns9HbJKQm8/R7ZI6xdqdo1e1RkGjhjUIVxNdprFnidhGURxpoJqlTLsVPt51RqzgQOSl6mMKWsS++xZWBMI1R+Prp8QLYN0yFhIk3HmozY3xs5jZTqR4GZjKh+UH+1Ifmf1sp0eOznPE4zjTH7MQozQXRChjGQDpfItOgbQJnk5lbCHqikTJuwShM2QWSeOEfznMRLY3SVoqQ6kR7KMDc9MJk5fxOaBu5B7aTmXB9W68fj8IqwCVuwAw4cQR0uoAEuMMjgCZ7hxXq13qx36+NntGCNdzZgoqyvb3mvowg=</latexit><latexit sha1_base64="s2HDUtyV2R862O8cPlS58x6xg9s=">AAACJnicbVDLSgNBEOyNrxgfiXr0MhgERQm7IqgHIaAHL2IE1wjZJcxOenXI7IOZWUlY8iVe9eDXeBLx5qc4iTkYY0NDUdVNdVeQCq60bX9ahZnZufmF4mJpaXlltVxZW79VSSYZuiwRibwLqELBY3Q11wLvUok0CgQ2g+7ZUG8+olQ8iW90P0U/ovcxDzmj2lDtSlns9HbJKQm8/R7ZI6xdqdo1e1RkGjhjUIVxNdprFnidhGURxpoJqlTLsVPt51RqzgQOSl6mMKWsS++xZWBMI1R+Prp8QLYN0yFhIk3HmozY3xs5jZTqR4GZjKh+UH+1Ifmf1sp0eOznPE4zjTH7MQozQXRChjGQDpfItOgbQJnk5lbCHqikTJuwShM2QWSeOEfznMRLY3SVoqQ6kR7KMDc9MJk5fxOaBu5B7aTmXB9W68fj8IqwCVuwAw4cQR0uoAEuMMjgCZ7hxXq13qx36+NntGCNdzZgoqyvb3mvowg=</latexit><latexit sha1_base64="s2HDUtyV2R862O8cPlS58x6xg9s=">AAACJnicbVDLSgNBEOyNrxgfiXr0MhgERQm7IqgHIaAHL2IE1wjZJcxOenXI7IOZWUlY8iVe9eDXeBLx5qc4iTkYY0NDUdVNdVeQCq60bX9ahZnZufmF4mJpaXlltVxZW79VSSYZuiwRibwLqELBY3Q11wLvUok0CgQ2g+7ZUG8+olQ8iW90P0U/ovcxDzmj2lDtSlns9HbJKQm8/R7ZI6xdqdo1e1RkGjhjUIVxNdprFnidhGURxpoJqlTLsVPt51RqzgQOSl6mMKWsS++xZWBMI1R+Prp8QLYN0yFhIk3HmozY3xs5jZTqR4GZjKh+UH+1Ifmf1sp0eOznPE4zjTH7MQozQXRChjGQDpfItOgbQJnk5lbCHqikTJuwShM2QWSeOEfznMRLY3SVoqQ6kR7KMDc9MJk5fxOaBu5B7aTmXB9W68fj8IqwCVuwAw4cQR0uoAEuMMjgCZ7hxXq13qx36+NntGCNdzZgoqyvb3mvowg=</latexit>
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Fitting to toys
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Unfolding
Application



Aim: Solve                       for     given data


Regression task, but with posterior mean


⌫ = Rµ+ �
<latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit>

µ
<latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit>

f̄⇤ = K(X⇤, X)RK(X,X)�1f
<latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit>
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Aim: Solve                       for     given data


Regression task, but with posterior mean


The kernel imposes smoothness in the 
posterior — regularisation (See Kernel 
Reproducing Hilbert Space)


⌫ = Rµ+ �
<latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit>

µ
<latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit>

f̄⇤ = K(X⇤, X)RK(X,X)�1f
<latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit>
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Aim: Solve                       for     given data


Regression task, but with posterior mean


The kernel imposes smoothness in the 
posterior — regularisation (See Kernel 
Reproducing Hilbert Space)


e.g. Gaussian noise ⇒ Squared exponential 
kernel


Can encode physics in the kernel

⌫ = Rµ+ �
<latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit><latexit sha1_base64="aKeuX2icUIqn+3DEIee/+waTD3o=">AAACG3icbVDLSgMxFM3UVx1foy7dhBZBEMqMCOpCKLpxWcXaQltKkmba0CQzJBmhDLP3K/wEt/oBrsStC9f+iOm0C9t6IHDuOfdybw6OOdPG97+dwtLyyupacd3d2Nza3vF29x50lChC6yTikWpipClnktYNM5w2Y0WRwJw28PB67DceqdIskvdmFNOOQH3JQkaQsVLXK7WxSNsyySC8hHd5IWxxDHOKqUFZ1yv7FT8HXCTBlJTBFLWu99PuRSQRVBrCkdatwI9NJ0XKMMJp5rYTTWNEhqhPW5ZKJKjupPlfMnholR4MI2WfNDBX/06kSGg9Eth2CmQGet4bi/95rcSE552UyTgxVJLJojDh0ERwHAzsMUWJ4SNLEFHM3grJAClEjI3PnVmDRebaVIL5DBZJ/aRyUQluT8vVq2k8RXAASuAIBOAMVMENqIE6IOAJvIBX8OY8O+/Oh/M5aS0405l9MAPn6xeWL6DB</latexit>

µ
<latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit><latexit sha1_base64="g1gwd17jXUBHfwkl2/V4pg5YeEA=">AAACHXicbVBNS8NAEJ3Ur1q/Wj16CRbBU0lEsN4KevAiVrC20ISy2U7apbtJ2N0IJfRPeNWDv8aTeBX/jZu2B9v6YODxZoaZ94KEM6Ud58cqrK1vbG4Vt0s7u3v7B+XK4ZOKU0mxRWMey05AFHIWYUszzbGTSCQi4NgORtd5v/2MUrE4etTjBH1BBhELGSXaSB0vEJkn0kmvXHVqzhT2KnHnpApzNHsVC7x+TFOBkaacKNV1nUT7GZGaUY6TkpcqTAgdkQF2DY2IQOVn04cn9qlR+nYYS1ORtqfq342MCKXGIjCTguihWu7l4n+9bqrDup+xKEk1RnR2KEy5rWM7d2/3mUSq+dgQQiUzv9p0SCSh2mRUWjgTCGPiBo05iXfm0H2CkuhYeijDzFSembuc0Cppndeuau7DRbVRn4dXhGM4gTNw4RIacAtNaAEFDi/wCm/Wu/VhfVpfs9GCNd85ggVY378MrqIQ</latexit>

f̄⇤ = K(X⇤, X)RK(X,X)�1f
<latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit><latexit sha1_base64="y+zcIrVo0Rt9CWQ0hR/wg3K1njQ="></latexit>
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Conclusion



Conclusion

Gaussian Processes are really useful 

github.com/adambozson/gp-talk

https://github.com/adambozson/gp-talk


Backup



Link to Machine Learning 
Neural network with 1 hidden layer

Following R&W

f(x) = b+
NHX

i=1

vi h(x;ui)
<latexit sha1_base64="A/nkpQoeZXVZd0FrDZQpQ69Bn2Y="></latexit><latexit sha1_base64="A/nkpQoeZXVZd0FrDZQpQ69Bn2Y="></latexit><latexit sha1_base64="A/nkpQoeZXVZd0FrDZQpQ69Bn2Y="></latexit><latexit sha1_base64="A/nkpQoeZXVZd0FrDZQpQ69Bn2Y="></latexit><latexit sha1_base64="A/nkpQoeZXVZd0FrDZQpQ69Bn2Y="></latexit>

Central limit theorem: converges to a GP as NH ! 1
<latexit sha1_base64="rgTMEDvTlwyGXo1QgHn+Yz9tYLE=">AAACD3icbVDLSsNAFJ3UV42vquDGzWARXJVEBOuu4KYrqWBsoQlhMp20QyeTMHOjlNqf8BPc6ge4Erd+gmt/xOljYVsPXDiccy/ncqJMcA2O820VVlbX1jeKm/bW9s7uXmn/4F6nuaLMo6lIVSsimgkumQccBGtlipEkEqwZ9a/HfvOBKc1TeQeDjAUJ6Uoec0rASGHp6CasY1/xbg+IUukj9rmMYRCWyk7FmQAvE3dGymiGRlj68TspzRMmgQqiddt1MgiGRAGngo1sP9csI7RPuqxtqCQJ08Fw8v8Inxqlg+NUmZGAJ+rfiyFJtB4kkdlMCPT0ojcW//PaOcTVYMhllgOTdBoU5wJDisdl4A5XjIIYGEKo4uZXTHtEEQqmMnsuJkpGtmnFXexgmXjnlauKe3tRrlVn9RTRMTpBZ8hFl6iG6qiBPETRE3pBr+jNerberQ/rc7pasGY3h2gO1tcvT6qcZw==</latexit><latexit sha1_base64="rgTMEDvTlwyGXo1QgHn+Yz9tYLE=">AAACD3icbVDLSsNAFJ3UV42vquDGzWARXJVEBOuu4KYrqWBsoQlhMp20QyeTMHOjlNqf8BPc6ge4Erd+gmt/xOljYVsPXDiccy/ncqJMcA2O820VVlbX1jeKm/bW9s7uXmn/4F6nuaLMo6lIVSsimgkumQccBGtlipEkEqwZ9a/HfvOBKc1TeQeDjAUJ6Uoec0rASGHp6CasY1/xbg+IUukj9rmMYRCWyk7FmQAvE3dGymiGRlj68TspzRMmgQqiddt1MgiGRAGngo1sP9csI7RPuqxtqCQJ08Fw8v8Inxqlg+NUmZGAJ+rfiyFJtB4kkdlMCPT0ojcW//PaOcTVYMhllgOTdBoU5wJDisdl4A5XjIIYGEKo4uZXTHtEEQqmMnsuJkpGtmnFXexgmXjnlauKe3tRrlVn9RTRMTpBZ8hFl6iG6qiBPETRE3pBr+jNerberQ/rc7pasGY3h2gO1tcvT6qcZw==</latexit><latexit sha1_base64="rgTMEDvTlwyGXo1QgHn+Yz9tYLE=">AAACD3icbVDLSsNAFJ3UV42vquDGzWARXJVEBOuu4KYrqWBsoQlhMp20QyeTMHOjlNqf8BPc6ge4Erd+gmt/xOljYVsPXDiccy/ncqJMcA2O820VVlbX1jeKm/bW9s7uXmn/4F6nuaLMo6lIVSsimgkumQccBGtlipEkEqwZ9a/HfvOBKc1TeQeDjAUJ6Uoec0rASGHp6CasY1/xbg+IUukj9rmMYRCWyk7FmQAvE3dGymiGRlj68TspzRMmgQqiddt1MgiGRAGngo1sP9csI7RPuqxtqCQJ08Fw8v8Inxqlg+NUmZGAJ+rfiyFJtB4kkdlMCPT0ojcW//PaOcTVYMhllgOTdBoU5wJDisdl4A5XjIIYGEKo4uZXTHtEEQqmMnsuJkpGtmnFXexgmXjnlauKe3tRrlVn9RTRMTpBZ8hFl6iG6qiBPETRE3pBr+jNerberQ/rc7pasGY3h2gO1tcvT6qcZw==</latexit><latexit sha1_base64="rgTMEDvTlwyGXo1QgHn+Yz9tYLE=">AAACD3icbVDLSsNAFJ3UV42vquDGzWARXJVEBOuu4KYrqWBsoQlhMp20QyeTMHOjlNqf8BPc6ge4Erd+gmt/xOljYVsPXDiccy/ncqJMcA2O820VVlbX1jeKm/bW9s7uXmn/4F6nuaLMo6lIVSsimgkumQccBGtlipEkEqwZ9a/HfvOBKc1TeQeDjAUJ6Uoec0rASGHp6CasY1/xbg+IUukj9rmMYRCWyk7FmQAvE3dGymiGRlj68TspzRMmgQqiddt1MgiGRAGngo1sP9csI7RPuqxtqCQJ08Fw8v8Inxqlg+NUmZGAJ+rfiyFJtB4kkdlMCPT0ojcW//PaOcTVYMhllgOTdBoU5wJDisdl4A5XjIIYGEKo4uZXTHtEEQqmMnsuJkpGtmnFXexgmXjnlauKe3tRrlVn9RTRMTpBZ8hFl6iG6qiBPETRE3pBr+jNerberQ/rc7pasGY3h2gO1tcvT6qcZw==</latexit><latexit sha1_base64="rgTMEDvTlwyGXo1QgHn+Yz9tYLE=">AAACD3icbVDLSsNAFJ3UV42vquDGzWARXJVEBOuu4KYrqWBsoQlhMp20QyeTMHOjlNqf8BPc6ge4Erd+gmt/xOljYVsPXDiccy/ncqJMcA2O820VVlbX1jeKm/bW9s7uXmn/4F6nuaLMo6lIVSsimgkumQccBGtlipEkEqwZ9a/HfvOBKc1TeQeDjAUJ6Uoec0rASGHp6CasY1/xbg+IUukj9rmMYRCWyk7FmQAvE3dGymiGRlj68TspzRMmgQqiddt1MgiGRAGngo1sP9csI7RPuqxtqCQJ08Fw8v8Inxqlg+NUmZGAJ+rfiyFJtB4kkdlMCPT0ojcW//PaOcTVYMhllgOTdBoU5wJDisdl4A5XjIIYGEKo4uZXTHtEEQqmMnsuJkpGtmnFXexgmXjnlauKe3tRrlVn9RTRMTpBZ8hFl6iG6qiBPETRE3pBr+jNerberQ/rc7pasGY3h2gO1tcvT6qcZw==</latexit>

h(x;u) = erf(x · u) ) k(x,x0) =
2

⇡
sin�1

 
2xT⌃x0

p
(1 + 2xT⌃x)(1 + 2x0T⌃x0)

!

<latexit sha1_base64="Wo36y6EKoqDKZluC4rEtTzD7gGE="></latexit><latexit sha1_base64="Wo36y6EKoqDKZluC4rEtTzD7gGE="></latexit><latexit sha1_base64="Wo36y6EKoqDKZluC4rEtTzD7gGE="></latexit><latexit sha1_base64="Wo36y6EKoqDKZluC4rEtTzD7gGE="></latexit><latexit sha1_base64="Wo36y6EKoqDKZluC4rEtTzD7gGE="></latexit>
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E[f(x)f(x0)] = �2
b
+
X

i

�2
v
E[h(x;ui)h(x

0;ui)]

= �2
b
+NH �2

v
E[h(x;u)h(x0;u)]

<latexit sha1_base64="u6v/gWtFEdEu499Kgk23WqUGtho="></latexit><latexit sha1_base64="u6v/gWtFEdEu499Kgk23WqUGtho="></latexit><latexit sha1_base64="u6v/gWtFEdEu499Kgk23WqUGtho="></latexit><latexit sha1_base64="u6v/gWtFEdEu499Kgk23WqUGtho="></latexit><latexit sha1_base64="u6v/gWtFEdEu499Kgk23WqUGtho="></latexit>
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Acquisition function

See Jones et al. (1998)
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https://link.springer.com/article/10.1023/A:1008306431147
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Spearmint, scikit-optimize

https://github.com/HIPS/Spearmint/tree/master/spearmint
https://scikit-optimize.github.io

