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• Models the DE in the Laplace domain.
• This bypasses the standard numerical ODE solver, constructing the 

time solution 𝑥 𝑡 with goal summations of complex exponentials
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Problem & Background

• Laplace Transform. The Laplace transform of     is

• Where                is a vector of complex numbers and                       is the 
Laplace representation.

<latexit sha1_base64="Xj21tjiJVTVcyGJO821QswSKEmo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHFZwT6wLSWT3mlDM5khyYhl6F+4caGIW//GnX9jpp2Fth4IHM65l5x7/FhwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo4SxbDBIhGptk81Ci6xYbgR2I4V0tAX2PLHN5nfekSleSTvzSTGXkiHkgecUWOlh25IzcgP0qdpv1xxq+4MZJl4OalAjnq//NUdRCwJURomqNYdz41NL6XKcCZwWuomGmPKxnSIHUslDVH30lniKTmxyoAEkbJPGjJTf2+kNNR6Evp2MkuoF71M/M/rJCa46qVcxolByeYfBYkgJiLZ+WTAFTIjJpZQprjNStiIKsqMLalkS/AWT14mzbOqd1E9vzuv1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AP7zkSE=</latexit>x
<latexit sha1_base64="LwGX1QPgQdDdV7gbfUvjXJqkk6Y="></latexit>

F(s) = L{x}(s) =
Z 1

0
e�stx(t)dt

<latexit sha1_base64="noEuT6Z7TzKiBgw+1iTyaKduGJU=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5JIUVdS6MZlBfuAppbJdNIOnUzCzEQoIeDGX3HjQhG3/oQ7/8ZJ24W2Hhg4c8693HuPH3OmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf13O//UClYpG405OY9kI8FCxgBGsj9e0jL8R65Aepyjwm0Oznp/XsftC3y07FmQItE3dOyjBHo29/eYOIJCEVmnCsVNd1Yt1LsdSMcJqVvETRGJMxHtKuoQKHVPXS6Q0ZOjXKAAWRNE9oNFV/d6Q4VGoS+qYy31Etern4n9dNdHDVS5mIE00FmQ0KEo50hPJA0IBJSjSfGIKJZGZXREZYYqJNbCUTgrt48jJpnVfci0r1tlquXc/jKMIxnMAZuHAJNbiBBjSBwCM8wyu8WU/Wi/VufcxKC9a85xD+wPr8AXEBmAc=</latexit>

s 2 Cd
<latexit sha1_base64="bCFT1RLhcimjPB1TJUSnuOtT7cA=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5JIUVdSKIjLCvYBTSyT6aQdOpmEmYlQQj7Bjb/ixoUibl2682+ctBG09cDAmXPu5d57vIhRqSzryygsLa+srhXXSxubW9s75u5eW4axwKSFQxaKrockYZSTlqKKkW4kCAo8RjreuJH5nXsiJA35rZpExA3QkFOfYqS01DePnQCpkecnV2nlh8r0BDqUw9nfSxrp3aBvlq2qNQVcJHZOyiBHs29+OoMQxwHhCjMkZc+2IuUmSCiKGUlLTixJhPAYDUlPU44CIt1kelAKj7QygH4o9OMKTtXfHQkKpJwEnq7MdpTzXib+5/Vi5V+4CeVRrAjHs0F+zKAKYZYOHFBBsGITTRAWVO8K8QgJhJXOsKRDsOdPXiTt06p9Vq3d1Mr1yzyOIjgAh6ACbHAO6uAaNEELYPAAnsALeDUejWfjzXiflRaMvGcf/IHx8Q28MZ0G</latexit>

F(s) 2 Cd



Problem & Background

• Inverse Laplace Transform. Is defined as

• where the integral refers to the Bromwich contour integral in            
with the contour              chosen such that all the singularities of              
are to the left of it.

<latexit sha1_base64="0haUphlmzDw+d6NkXPCLrKNFSb4="></latexit>

x̂(t) = L�1{F(s)}(t) = 1

2⇡i

Z �+i1

��i1
F(s)estds

<latexit sha1_base64="KocJ0KbCvR99I+Saq7HEl1dJevU=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRSqispdOOygn1AG8tkMmmHTiZxZlIood/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z48WcKW3b31ZhY3Nre6e4W9rbPzg8Kh+fdFSUSELbJOKR7HlYUc4EbWumOe3FkuLQ47TrTZqZ351SqVgkHvQspm6IR4IFjGBtJHcQYj32vLQ5f/TRsFyxq/YCaJ04OalAjtaw/DXwI5KEVGjCsVJ9x461m2KpGeF0XhokisaYTPCI9g0VOKTKTReh5+jCKD4KImme0Gih/t5IcajULPTMZBZSrXqZ+J/XT3Rw46ZMxImmgiwPBQlHOkJZA8hnkhLNZ4ZgIpnJisgYS0y06alkSnBWv7xOOldVp16t3dcqjdu8jiKcwTlcggPX0IA7aEEbCDzBM7zCmzW1Xqx362M5WrDynVP4A+vzB3sLkeg=</latexit>

Cd
<latexit sha1_base64="v6da80VTuTcCo9o9X7QDeHleEd0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqKcQ8OIxgnlIsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHXSY8+wocA1H/XLFb/qz4FWSZCTCuRo9MtfvYEiqaDSEo6N6QZ+YsMMa8sIp9NSLzU0wWSMh7TrqMSCmjCbHzxFZ04ZoFhpV9Kiufp7IsPCmImIXKfAdmSWvZn4n9dNbXwTZkwmqaWSLBbFKUdWodn3aMA0JZZPHMFEM3crIiOsMbEuo5ILIVh+eZW0LqrBVfXy/rJSr+VxFOEETuEcAriGOtxBA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wB7COP1A==</latexit>

� > 0
<latexit sha1_base64="GhjBX1OJd9DDw3/aL9j8SL06Ejg=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8Ei1E1JpKgrKQjisoJ9QBvKZDpph04ezEyEErPwV9y4UMStv+HOv3HSRtDWAwOHc+7lnjluxJlUlvVlFJaWV1bXiuuljc2t7R1zd68lw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+74KvPb91RIFgZ3ahJRx8fDgHmMYKWlvnnQ87EauV5ynVZ+qExP+mbZqlpToEVi56QMORp987M3CEns00ARjqXs2laknAQLxQinaakXSxphMsZD2tU0wD6VTjLNn6JjrQyQFwr9AoWm6u+NBPtSTnxXT2YR5byXif953Vh5F07CgihWNCCzQ17MkQpRVgYaMEGJ4hNNMBFMZ0VkhAUmSldW0iXY819eJK3Tqn1Wrd3WyvXLvI4iHMIRVMCGc6jDDTSgCQQe4Ale4NV4NJ6NN+N9Nlow8p19+APj4xsSAJYi</latexit>

F(s)



Problem & Background

<latexit sha1_base64="pmOY1/J5pbldLDgmph9o6h9xHSA="></latexit>

Q(t) = ILT-Query(t)

x̂(t) = ILT-Compute
�
{F(s)|s 2 Q(t)}

�



<latexit sha1_base64="8YRtCTgNqdtOfrJ5Oc4avcabyGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiMYB6QLGF20kmGzMwuM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSK4sb7/7RXW1jc2t4rbpZ3dvf2D8uFR08SpZthgsYh1O6IGBVfYsNwKbCcaqYwEtqLx3cxvPaE2PFaPdpJgKOlQ8QFn1DqpxbuxxCHtlSt+1Z+DrJIgJxXIUe+Vv7r9mKUSlWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOKqoRBNm83On5MwpfTKItStlyVz9PZFRacxERq5TUjsyy95M/M/rpHZwE2ZcJalFxRaLBqkgNiaz30mfa2RWTByhTHN3K2EjqimzLqGSCyFYfnmVNC+qwVX18uGyUrvN4yjCCZzCOQRwDTW4hzo0gMEYnuEV3rzEe/HevY9Fa8HLZ47hD7zPH1cBj44=</latexit>

i!

<latexit sha1_base64="AkFqNZiUKHPIsqdLImmrlt/05YE=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMSXG4BLx4jmAWSIfR0epI2vQzdPUIY8g9ePCji1f/x5t/YSeagiQ8KHu9VUVUvSjgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqQptEcaU7ETaUM0mblllOO4mmWESctqPx7cxvP1FtmJIPdpLQUOChZDEj2Dqp1TNsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MbXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFZr97VK/SaPowgncArnEMAV1OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AJyYjyM=</latexit>�



<latexit sha1_base64="8YRtCTgNqdtOfrJ5Oc4avcabyGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyK+LgFvHiMYB6QLGF20kmGzMwuM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dUSK4sb7/7RXW1jc2t4rbpZ3dvf2D8uFR08SpZthgsYh1O6IGBVfYsNwKbCcaqYwEtqLx3cxvPaE2PFaPdpJgKOlQ8QFn1DqpxbuxxCHtlSt+1Z+DrJIgJxXIUe+Vv7r9mKUSlWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOKqoRBNm83On5MwpfTKItStlyVz9PZFRacxERq5TUjsyy95M/M/rpHZwE2ZcJalFxRaLBqkgNiaz30mfa2RWTByhTHN3K2EjqimzLqGSCyFYfnmVNC+qwVX18uGyUrvN4yjCCZzCOQRwDTW4hzo0gMEYnuEV3rzEe/HevY9Fa8HLZ47hD7zPH1cBj44=</latexit>

i!

<latexit sha1_base64="AkFqNZiUKHPIsqdLImmrlt/05YE=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMSXG4BLx4jmAWSIfR0epI2vQzdPUIY8g9ePCji1f/x5t/YSeagiQ8KHu9VUVUvSjgz1ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqQptEcaU7ETaUM0mblllOO4mmWESctqPx7cxvP1FtmJIPdpLQUOChZDEj2Dqp1TNsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MbXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66IaXFZr97VK/SaPowgncArnEMAV1OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AJyYjyM=</latexit>�
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<latexit sha1_base64="bptwhlpGV2w0jW68CPnpeij8VTI="></latexit>

p = h�((x(t1), t1), (x(t2), t2), . . . , (x(T ), T ))

<latexit sha1_base64="nQx9DNstfw+1H+NZXG+ZESBSgTc=">AAACBHicbVDLSsNAFL2pr1pfVZfdDBbBVUlE1JUU3AhuqtgHNLFMppN26GQSZiZCCVm48VfcuFDErR/hzr9x2mahrQcGzpxzL/fe48ecKW3b31ZhaXllda24XtrY3NreKe/utVSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttjy4nfvuBSsUicafHMfVCPBAsYARrI/XKFTfEeugHaZwhlwk0+/rpbXZ/3StX7Zo9BVokTk6qkKPRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNdQgUOqvHR6RIYOjdJHQSTNExpN1d8dKQ6VGoe+qZzsqOa9ifif1010cO6lTMSJpoLMBgUJRzpCk0RQn0lKNB8bgolkZldEhlhiok1uJROCM3/yImkd15zT2snNSbV+kcdRhAocwBE4cAZ1uIIGNIHAIzzDK7xZT9aL9W59zEoLVt6zD39gff4AuTKYJA==</latexit>

p 2 RK
<latexit sha1_base64="8kmtJ1Bdec2z/BHfyzeSt2Ud+8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMU9CB4qWA/oA1ls520SzebsLsRSuiP8OJBEa/+Hm/+G7dtDtr6YODx3gwz84JEcG1c99sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjdTv/WESvNYPppxgn5EB5KHnFFjpdY96Q6Q3PbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9m507IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKa/kz5XyIwYW0KZ4vZWwoZUUWZsQiUbgrf48jJpnlW9i+r5w3mldp3HUYQjOIZT8OASanAHdWgAgxE8wyu8OYnz4rw7H/PWgpPPHMIfOJ8/EBKOvA==</latexit>

K � D
<latexit sha1_base64="NCSndTRLwUP2I0OcG9IUxlgLNik=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWao765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+q3mW11qxV6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8Ac+zjPE=</latexit>

h
<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>�
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<latexit sha1_base64="UQpkNfSMoDsjQWB/0hkk3Kd5fwU=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoICUpRd0oBUFcVrAPaEOZTCft0MkkzEyEEvIfbvwVNy4UcSW48G+ctFFq64GBM+fcy733uCGjUlnWl5FbWl5ZXcuvFzY2t7Z3zN29pgwigUkDBywQbRdJwignDUUVI+1QEOS7jLTc0VXqt+6JkDTgd2ocEsdHA049ipHSUs+sdH2khq4XXyelHyqTY3gB2e8/TE7gjNczi1bZmgAuEjsjRZCh3jM/uv0ARz7hCjMkZce2QuXESCiKGUkK3UiSEOERGpCOphz5RDrx5LYEHmmlD71A6McVnKizHTHypRz7rq5MV5TzXir+53Ui5Z07MeVhpAjH00FexKAKYBoU7FNBsGJjTRAWVO8K8RAJhJWOs6BDsOdPXiTNStk+LVdvq8XaZRZHHhyAQ1ACNjgDNXAD6qABMHgAT+AFvBqPxrPxZrxPS3NG1rMP/sD4/Aar8qEv</latexit>

F(s) = l(p, s)
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<latexit sha1_base64="UQpkNfSMoDsjQWB/0hkk3Kd5fwU=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoICUpRd0oBUFcVrAPaEOZTCft0MkkzEyEEvIfbvwVNy4UcSW48G+ctFFq64GBM+fcy733uCGjUlnWl5FbWl5ZXcuvFzY2t7Z3zN29pgwigUkDBywQbRdJwignDUUVI+1QEOS7jLTc0VXqt+6JkDTgd2ocEsdHA049ipHSUs+sdH2khq4XXyelHyqTY3gB2e8/TE7gjNczi1bZmgAuEjsjRZCh3jM/uv0ARz7hCjMkZce2QuXESCiKGUkK3UiSEOERGpCOphz5RDrx5LYEHmmlD71A6McVnKizHTHypRz7rq5MV5TzXir+53Ui5Z07MeVhpAjH00FexKAKYBoU7FNBsGJjTRAWVO8K8RAJhJWOs6BDsOdPXiTNStk+LVdvq8XaZRZHHhyAQ1ACNjgDNXAD6qABMHgAT+AFvBqPxrPxZrxPS3NG1rMP/sD4/Aar8qEv</latexit>

F(s) = l(p, s)



Query  
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<latexit sha1_base64="UQpkNfSMoDsjQWB/0hkk3Kd5fwU=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoICUpRd0oBUFcVrAPaEOZTCft0MkkzEyEEvIfbvwVNy4UcSW48G+ctFFq64GBM+fcy733uCGjUlnWl5FbWl5ZXcuvFzY2t7Z3zN29pgwigUkDBywQbRdJwignDUUVI+1QEOS7jLTc0VXqt+6JkDTgd2ocEsdHA049ipHSUs+sdH2khq4XXyelHyqTY3gB2e8/TE7gjNczi1bZmgAuEjsjRZCh3jM/uv0ARz7hCjMkZce2QuXESCiKGUkK3UiSEOERGpCOphz5RDrx5LYEHmmlD71A6McVnKizHTHypRz7rq5MV5TzXir+53Ui5Z07MeVhpAjH00FexKAKYBoU7FNBsGJjTRAWVO8K8RAJhJWOs6BDsOdPXiTNStk+LVdvq8XaZRZHHhyAQ1ACNjgDNXAD6qABMHgAT+AFvBqPxrPxZrxPS3NG1rMP/sD4/Aar8qEv</latexit>

F(s) = l(p, s)

<latexit sha1_base64="X+aTWj75d9kvrL6GNurvwZGFr8E=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRoq6k0I3LCvYBTSiT6aQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ0g4U9pxvq3SxubW9k55t7K3f3BYtY+OuypOJaEdEvNY9gOsKGeCdjTTnPYTSXEUcNoLpq3c7z1SqVgsHvQsoX6Ex4KFjGBtpKFdVR4TyIuwngRB1poP7ZpTdxZA68QtSA0KtIf2lzeKSRpRoQnHSg1cJ9F+hqVmhNN5xUsVTTCZ4jEdGCpwRJWfLYLP0blRRiiMpXlCo4X6eyPDkVKzKDCTeUK16uXif94g1eGNnzGRpJoKsjwUphzpGOUtoBGTlGg+MwQTyUxWRCZYYqJNVxVTgrv65XXSvay7V/XGfaPWvC3qKMMpnMEFuHANTbiDNnSAQArP8Apv1pP1Yr1bH8vRklXsnMAfWJ8/nxWTEQ==</latexit>

s 2 C
<latexit sha1_base64="hYAnpdRgVXv83wHQRccgzxkB/Ro="></latexit>

(✓,�) 2 D = (�⇡,⇡)⇥ (�⇡

2
,
⇡

2
)

<latexit sha1_base64="iZ1AjQ 9w5IAqVbeMDkX30G1VRP4="></latexit>

u(s) =

✓
arctan

✓
=(s)
<(s)

◆
, arcsin

✓
|s|2 � 1

|s|2 + 1

◆◆
<latexit sha1_base64="JslMkolzP3+BAJgMKsIDutoMkOQ="></latexit>

s = v(✓,�) = tan

✓
�

2
+

⇡

4

◆
ei✓
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<latexit sha1_base64="XW1am+8gSbgoQYVXm8Yx7HuANjY="></latexit>
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Contributions

• Neural Laplace can learn diverse classes of DEs, by modelling them in 
the Laplace domain.
• It can reconstruct any trajectory point          at any time           .
• It scales linearly with the number of time points to evaluate, whilst 

modelling diverse DE systems better than existing methods.

• We have released a PyTorch implementation of Neural Laplace, 
including GPU implementations of several ILT algorithms. The code for 
this is at https://github.com/samholt/NeuralLaplace and 
https://github.com/vanderschaarlab/neurallaplace.
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Future work

• We wish to use the learned Laplace representation to investigate the 
other unique properties of this representation, such as:
• Stability analysis
• Limiting its frequency reconstruction terms
• using the Laplace final limit theorem as an additional regularizer
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