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“Traditionally, sparse models have very often been built upon a carefully cho-
sen subset of the training inputs. [...] In sparse Gaussian processes it has also
been suggested to select the inducing inputs Xu from among the training inputs.
Since this involves a prohibitive combinatorial optimization, greedy optimiza-
tion approaches have been suggested [...]. Recently, Snelson and Ghahramani
(2006) have proposed to relax the constraint that the inducing variables must be
a subset of training/test cases, turning the discrete selection problem into one
of continuous optimization.”
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Quiñonero-Candela and Rasmussen (2005) on the main di�culties behind the
optimal selection of subsets.
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Gaussian Process Decoders
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Training algorithms
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Experiments & Results
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Recently, Fong and Holmes (2020) linked cross validation (CV) with the log-

marginal likelihood, e↵ectively showing that the latter is equivalent to the aver-

age over exhaustive leave-R-out CV scores. In particular, the average is w.r.t.

the size of the hold-out set.
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Stochastic Approximation
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The Gaussian process latent variable model (GP-LVM) (Lawrence, 2005) defines
a decoder which is a non-linear mapping x = f(z) from the latent space Z 2 RQ

to observation space X 2 RD. The prior on this map is a Gaussian process
(GP) so it is drawn like f ⇠ GP(0, k✓(·, ·)), where k✓ is the covariance function
or kernel. KNN denotes the evaluated kernel function so the i, j th element of
KNN equals k✓(zi, zj).
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J. Quiñonero-Candela and C. E. Rasmussen. A unifying view of sparse ap-
proximate Gaussian process regression. Journal of Machine Learning Research
(JMLR), 6(Dec):1939–1959, 2005.

<latexit sha1_base64="i84CoKiaaH7nbQfMloftL13h768=">AAAB9nicbVC7TsNAEDzzDOFlSElzIkKiiuxIPMpINJQBkYeUWNH5sk5OOT90t0axrPwKVAjo+BB+gL/hElxAwlSzO7PSzviJFBod58taW9/Y3Nou7ZR39/YPDu2j47aOU8WhxWMZq67PNEgRQQsFSugmCljoS+j4k5u53nkEpUUcPWCWgBeyUSQCwRma1cCu9BGmqHl+DwEoiDjo2cCuOjVnAbpK3IJUSYHmwP7sD2OehhAhl0zrnusk6OVMoeASZuV+qiFhfMJG0DM0YiFoL188P6NnQawojoEu5t/enIVaZ6FvPCHDsV7W5sv/tF6KwbWXiyhJ0SQyFqMFqaQY03kHdCgUcJSZIYwrYb6kfMwU42iaKpv47nLYVdKu19zLmntXrzYuiiJK5IScknPikivSILekSVqEk4w8kzfybk2tJ+vFev2xrlnFTYX8gfXxDVdzkuY=</latexit>

References

<latexit sha1_base64="c0YrkscJrhW1M196Pj6ZltK+//M="></latexit>

E. Fong and C. C. Holmes. On the marginal likelihood and cross-validation.
Biometrika, 107(2):489–496, 2020.

<latexit sha1_base64="ljYO7dUXH6YYy5gDnneb0aXrPZE="></latexit>

N. Lawrence. Probabilistic non-linear principal component analysis with Gaus-
sian process latent variable models. Journal of Machine Learning Research
(JMLR), 6(11), 2005.

<latexit sha1_base64="Z8wfNLLe16LSCcpJ1909dPoiAVc="></latexit>

This work was supported by research grants (15334, 42062) from VILLUM
FONDEN. This project has also received funding from the European Research
Council (ERC) under the European Union’s Horizon 2020 research and innova-
tion programme (grant agreement 757360). This work was funded in part by
the Novo Nordisk Foundation through the Center for Basic Machine Learning
Research in Life Science (NNF20OC0062606). This work was further supported
by the Pioneer Centre for AI, DNRF grant number P1.

<latexit sha1_base64="yWi5MxB0YnjlsKGtccOMQJtTnd8=">AAAB+3icbVDLSsNAFJ3UV62vqBvBTbAIrkpS8LGsuHFZwT6gDWUyvWmHTh7M3KglxJ/Rlag7/8If8G+c1Cy09azOvedcuOd4seAKbfvLKC0tr6yuldcrG5tb2zvm7l5bRYlk0GKRiGTXowoED6GFHAV0Ywk08AR0vMlVrnfuQCoehbc4jcEN6CjkPmcU9WpgHvQRHlCx9JJNwuhewHAUQIgqG5hVu2bPYC0SpyBVUqA5MD/7w4gl+TUTVKmeY8foplQiZwKySj9REFM2oSPoaRrSAJSbzhJk1rEfSQvHYM3m396UBkpNA097AopjNa/ly/+0XoL+hZvyME4QQqYtWvMTYWFk5UVYQy6BoZhqQpnk+kuLjamkDHVdFR3fmQ+7SNr1mnNWc27q1cZpUUSZHJIjckIcck4a5Jo0SYsw8kieyRt5NzLjyXgxXn+sJaO42Sd/YHx8A26SlTw=</latexit>

Acknowledgments

<latexit sha1_base64="6idbCxuDA06xAZSf9BH93Ii3/kA=">AAAB9nicbZDLSsNAFIYn9VbrLdqlm2ARXJWk4GVZcOOygr1AG8pketIMnWTCzIm0hL6KrkTd+SC+gG/jtGahrf/qm/P/A+f8QSq4Rtf9skobm1vbO+Xdyt7+weGRfXzS0TJTDNpMCql6AdUgeAJt5CiglyqgcSCgG0xuF373EZTmMnnAWQp+TMcJDzmjaEZDuzpAmKJmeTfiCIGkajQf2jW37i7lrINXQI0Uag3tz8FIsiyGBJmgWvc9N0U/pwo5EzCvDDINKWUTOoa+wYTGoP18ufzcOQ+lcjACZ/n+nc1prPUsDkwmphjpVW8x/M/rZxje+DlP0gwhYSZivDATDkpn0YEz4goYipkByhQ3WzosoooyNE1VzPne6rHr0GnUvau6d9+oNS+LIsrklJyRC+KRa9Ikd6RF2oSRGXkmb+TdmlpP1ov1+hMtWcWfKvkj6+MbYl+S7Q==</latexit>

Whiteboard

<latexit sha1_base64="yZbgSMHAKB93Jnyq6C2XZUTCrlU=">AAACB3icdVDNSgMxGMz6b/2revQSrIIHWXaLP+2t4MVjBVuFbinZ9Fsbmt0sybdiWfoA+jJ6EvXm3RfwbUxrERWd02RmAt9MmEph0PPenanpmdm5+YXFwtLyyupacX2jaVSmOTS4kkpfhsyAFAk0UKCEy1QDi0MJF2H/ZORfXIM2QiXnOEihHbOrRESCM7RSp7gTINwgYh7kKQtjtc9FBPtG9VgWDGtdzNxuf9gpljy3Wq1WKkfUd70x6Kdy4H0pJTJBvVN8C7qKZzEkyCUzpuV7KbZzplFwCcNCkBlIGe+zK2hZmrAYTDsftxnS3Uhpij2g4/f3bM5iYwZxaDMxw5757Y3Ev7xWhlGlnYskzRASbiPWizJJUdHRKLQrNHCUA0sY18JeSXmPacbRTlew9b9a/0+aZdc/cv2zcql2OBligWyRbbJHfHJMauSU1EmDcHJHHsgzeXFunXvn0Xn6jE45kz+b5Aec1w+X/ZpR</latexit>

{pabmo,cife,sohau}@dtu.dk

<latexit sha1_base64="95C4G5K02bmNfC6W+011Z7p9ZvM=">AAACDnicdVDNTgIxGOz6i/i36tFLIzEx0ZBdogg3Ejx4xPCbACHd8gEN7e6m7ZIQwjvoy+jJqDcPvoBvYxcIUaNzaKYz06QzXsiZ0o7zaa2srq1vbCa2kts7u3v79sFhTQWRpFClAQ9kwyMKOPOhqpnm0AglEOFxqHvDYuzXRyAVC/yKHofQFqTvsx6jRBupY5+XgcYM9wKJi4HxNBsBLo+VBqEu8E2lag7wBZHDjp1y0vl8PpfLYjftzIDnyqWzVFJogVLH/mh1AxoJ8DXlRKmm64S6PSFSM8phmmxFCkJCh6QPTUN9IkC1J7NSU3wa/0gPAM/u37MTIpQaC89kBNED9duLxb+8ZqR7ufaE+WGkwacmYrxexLEOcLwN7jJp1uBjQwiVZgmK6YBIQrVZMGnqL1v/T2qZtJtNu3eZVOFqMUQCHaMTdIZcdI0K6BaVUBVR9ICe0Ct6s+6tR+vZeplHV6zFmyP0A9b7F3SCm6E=</latexit>

Section for Cognitive Systems, DTU, Denmark
<latexit sha1_base64="yRU18Gu2BE9Z/gNIB2dP4+ZzKbc="></latexit>

https://github.com/pmorenoz/SASGP
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SAS – Latent representation of MNIST (Test data)
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SAS Bayesian – FashionMNIST (Test data)
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SAS – FashionMNIST (Test data)
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SAS – Latent representation z
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. We revisit active sets for scaling GP decoders, a sparse approximation pre-
dominantly used before the seminal work of Snelson and Ghahramani (2006).

<latexit sha1_base64="t0JGdJJbsXpo46KopZ7acoAtGRE="></latexit>

. Formulation of the stochastic active sets (SAS) approach for both deterministic
and Bayesian versions of GP decoders.
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. New links between active sets and cross-validation based on the recent result

from Fong and Holmes (2020).

<latexit sha1_base64="G7CkwNx+eAx1pCAMwytSGP2e3Fw="></latexit>

E. Snelson and Z. Ghahramani. Sparse Gaussian processes using pseudo-inputs.
In Advances in Neural Information Processing Systems (NIPS), 2006.


