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Pre-fault On-fault Post-fault

time

• Numerical integration / energy functions

• From data?

Data Driven Transient Stability Analysis via Koopman Operator

P{xt+1 2 A|xt = x} =

Z

A
p(y|x)dy,

<latexit sha1_base64="2+D0tx4YLy3wIT2mnUNZafx5ncE="></latexit>

Markovian dynamical system

(Pf) (y) =

Z
p(y|x)f(x)dx,

(Kf) (x) =

Z
p(y|x)f(y)dy.
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Koopman operator

𝒦as a representation of system dynamics
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(Kf)(x) = E[f(Xt+1)|Xt = x]Koopman Operator [Koopman 31]
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{x0, . . . , xm}

in the reproducing kernel Hilbert space
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<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

Consider a Reproducing Kernel Hilbert Space (RKHS) ℋ with kernel 𝜅($,$) 

Canonical feature map: 𝜙 𝑥 = 𝜅($, 𝑥)

<latexit sha1_base64="CzxeiweSUgC1P9JTfTHx25HdVO4=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFclUSkiquimy4r2Ac0oUymk3boZBJmJkIJ3brxV9y4UMStf+DOv3HSZqGtBwbOnHMv994TJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOMb3O/80ClYrG415OE+hEeChYygrWR+jbykhG7Rl6E9SgIsu4UeTqefwnmWWPatytO1ZkBLRO3IBUo0OzbX94gJmlEhSYcK9VznUT7GZaaEU6nZS9VNMFkjIe0Z6jAEVV+Nrtkik6NMkBhLM0TGs3U3x0ZjpSaRIGpzFdUi14u/uf1Uh1e+RkTSaqpIPNBYcqROTaPBQ2YpETziSGYSGZ2RWSEJSbahFc2IbiLJy+T9nnVrVVrdxeV+k0RRwmO4QTOwIVLqEMDmtACAo/wDK/wZj1ZL9a79TEvXbGKniP4A+vzBxlgmfw=</latexit>

� : X ! H

<latexit sha1_base64="/CQOwy8uq0TcaAJSv+V2yCGyQRI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN11WsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+ta866oowxncA6X4MENNKEFbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHfoORaQ==</latexit>

H
<latexit sha1_base64="/CQOwy8uq0TcaAJSv+V2yCGyQRI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN11WsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+ta866oowxncA6X4MENNKEFbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHfoORaQ==</latexit>

H

When interacting with RKHS, the Koopman operator can be written as [Klus ’20]

<latexit sha1_base64="ZH+IyB/kFTXnIACq4EzGv96vfc0=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSK0m5KIVBGEYhFcVrBtIAlhMp20QyeZMDMRSug3uPFX3LhQxK0rd/6NkzYLbT0wcOace7n3niChREjT/NZKK6tr6xvlzcrW9s7unr5/0BMs5Qh3EaOM2wEUmJIYdyWRFNsJxzAKKO4H43bu9x8wF4TF93KSYC+Cw5iEBEGpJF+vt/3MtqeXV24E5SgIspup4yYjUrPrLpMkwqL4eb5eNRvmDMYysQpSBQU6vv7lDhhKIxxLRKEQjmUm0ssglwRRPK24qcAJRGM4xI6iMVTDvGx20tQ4UcrACBlXL5bGTP3dkcFIiEkUqMp8cbHo5eJ/npPK8MLLSJykEsdoPihMqSGZkedjDAjHSNKJIhBxonY10AhyiKRKsaJCsBZPXia904bVbDTvzqqt6yKOMjgCx6AGLHAOWuAWdEAXIPAInsEreNOetBftXfuYl5a0oucQ/IH2+QNbGZ1J</latexit>

CXX := E[�(X)⌦ �(X)]
<latexit sha1_base64="C71qUfrQ073w5ewNJXYbka1ETZQ=">AAACFnicbVDLSsNAFJ34rPUVdekmWISWYklEqghCsQguK9g2kKRhMp22QycPZiZCCfkKN/6KGxeKuBV3/o2TNgttPTBw5px7ufceL6KEC13/VpaWV1bX1gsbxc2t7Z1ddW+/w8OYIdxGIQ2Z6UGOKQlwWxBBsRkxDH2P4q43bmZ+9wEzTsLgXkwi7PhwGJABQVBIyVVPmm5imr1qenll+1CMPC+5SS07GpGyWbFDQXzMZ79eteK4akmv6VNoi8TISQnkaLnql90PUezjQCAKObcMPRJOApkgiOK0aMccRxCN4RBbkgZQjnOS6VmpdiyVvjYImXyB0Kbq744E+pxPfE9WZqvzeS8T//OsWAwunIQEUSxwgGaDBjHVRKhlGWl9wjASdCIJRIzIXTU0ggwiIZMsyhCM+ZMXSee0ZtRr9buzUuM6j6MADsERKAMDnIMGuAUt0AYIPIJn8ArelCflRXlXPmalS0recwD+QPn8AcZ7noM=</latexit>

CXX+ := E[�(X)⌦ �(X+)]Denote the covariance operators as                                                   ,

Koopman Operators on Reproducing Kernel Hilbert Space

<latexit sha1_base64="d7ugjHNxfil9SCzlxR4U/Tm3o68=">AAACDnicbVDLSsNAFJ3UV62vqks3g6UgCCURqW6EYjeCmwq2DbRpmEwm6dDJJMxMhBLyBW78FTcuFHHr2p1/4/Sx0NYDA2fOuZd77/ESRqUyzW+jsLK6tr5R3Cxtbe/s7pX3DzoyTgUmbRyzWNgekoRRTtqKKkbsRBAUeYx0vVFz4ncfiJA05vdqnBAnQiGnAcVIacktV/sRUkOMWHabwyvYdDPbzgd9H4UhEbPv4DR3yxWzZk4Bl4k1JxUwR8stf/X9GKcR4QozJGXPMhPlZEgoihnJS/1UkgThEQpJT1OOIiKdbHpODqta8WEQC/24glP1d0eGIinHkacrJ8vLRW8i/uf1UhVcOhnlSaoIx7NBQcqgiuEkG+hTQbBiY00QFlTvCvEQCYSVTrCkQ7AWT14mnbOaVa/V784rjet5HEVwBI7BCbDABWiAG9ACbYDBI3gGr+DNeDJejHfjY1ZaMOY9h+APjM8fEJObfw==</latexit>

K = C†
XXCXX+



Given a dataset 

Nonparametric Sparse Learning of Nonlinear Dynamical Systems

The regularized Koopman operator
<latexit sha1_base64="kY82QS9dn/98XQ/K/UVO9bnn6JQ=">AAACH3icbVDLSsNAFJ34rPUVdelmsAiVYklEqhuh2I3ipoJ9QJOGyXTaDp08mJkIJeRP3PgrblwoIu76N07aCNp6YOBwzj3cuccNGRXSMCba0vLK6tp6biO/ubW9s6vv7TdFEHFMGjhgAW+7SBBGfdKQVDLSDjlBnstIyx3VUr/1SLiggf8gxyGxPTTwaZ9iJJXk6BXLQ3KIEYvvEsdiKthD8AoWa07cbielH+X2pBufmgmcyt1S4ugFo2xMAReJmZECyFB39C+rF+DII77EDAnRMY1Q2jHikmJGkrwVCRIiPEID0lHURx4Rdjy9L4HHSunBfsDV8yWcqr8TMfKEGHuumkyvEfNeKv7ndSLZv7Rj6oeRJD6eLepHDMoApmXBHuUESzZWBGFO1V8hHiKOsFSV5lUJ5vzJi6R5VjYr5cr9eaF6ndWRA4fgCBSBCS5AFdyAOmgADJ7AC3gD79qz9qp9aJ+z0SUtyxyAP9Am36TwoXc=</latexit>

K� = (CXX + �I)�1CXX+

<latexit sha1_base64="+JvdB02fwcpeadUjilgRlspPk70=">AAACG3icbVBLSwMxGMz6rPVV9eglWIRKsewWqV6EYi+KCBXsA/oim822odnskmSFsuz/8OJf8eJBEU+CB/+NabuCtg4EJjPfkHxjB4xKZZpfxsLi0vLKamotvb6xubWd2dmtSz8UmNSwz3zRtJEkjHJSU1Qx0gwEQZ7NSMMeVsZ+454ISX1+p0YB6Xioz6lLMVJa6mWK192bXpvpgIPgOcxV9DVqNuP8j3Z11I2OrRgmRjcf9zJZs2BOAOeJlZAsSFDtZT7ajo9Dj3CFGZKyZZmB6kRIKIoZidPtUJIA4SHqk5amHHlEdqLJbjE81IoDXV/owxWcqL8TEfKkHHm2nvSQGshZbyz+57VC5Z51IsqDUBGOpw+5IYPKh+OioEMFwYqNNEFYUP1XiAdIIKx0nWldgjW78jypFwtWqVC6PcmWL5I6UmAfHIAcsMApKINLUAU1gMEDeAIv4NV4NJ6NN+N9OrpgJJk98AfG5zdUq58i</latexit>

KM
� = (CM

XX + �I)�1CM
XX+

<latexit sha1_base64="7CbW8itw8xkRXIAG4WJnlp+nK/M="></latexit>

bK� = ( bCXX + �I)�1 bCXX+

<latexit sha1_base64="cxomvlyXXXfxxCgWW8mbHRXqiHQ="></latexit>

D =
��

x1, x
+
1

�
, . . . ,

�
xM , x+

M

� 

Empirical estimates of covariance operators 
<latexit sha1_base64="5W03eLd0ZFCEaH7yU0sMXLrrMpg="></latexit>

CM
X+X =

1

M

MX

i=1

�
�
x+
i

�
⌦ � (xi) , CM

XX =
1

M

MX

i=1

� (xi)⌦ � (xi) .

The regularized empirical estimate are

Sparse kernel Koopman operator 

<latexit sha1_base64="hp6kPhyPEx9Hs/lYInJolJHenCk="></latexit>

|h�(xi),�(xj)iH
k�(xi)kHk�(xj)kH

⇥
|h�(x+

i ),�(x
+
j )iH|

k�(x+
i )kHk�(x+

j )kH
 �

<latexit sha1_base64="8Ctg6kCmkrSZSPNiUL46k42ipFc=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0IJ/RFePCji1d/jzX/jps1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqDm0ey1j3AmZACgVtFCihl2hgUSChG0xvc7/7CNqIWD3gLAE/YmMlQsEZWqk7wAkgqwyrNbfuLkD/Eq8gNVKgNax+DkYxTyNQyCUzpu+5CfoZ0yi4hHllkBpIGJ+yMfQtVSwC42eLc+f0zCojGsbalkK6UH9OZCwyZhYFtjNiODGrXi7+5/VTDK/9TKgkRVB8uShMJcWY5r/TkdDAUc4sYVwLeyvlE6YZR5tQHoK3+vJf0rmoe4164/6y1rwp4iiTE3JKzolHrkiT3JEWaRNOpuSJvJBXJ3GenTfnfdlacoqZY/ILzsc33hGPRw==</latexit>

✓

<latexit sha1_base64="qRhb1xFGYZYtvTXyIkaoqR/nlOg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrHyU5+d94slt+LOgVaJl5ESZGj0i1+9QUQSQaUhHGvd9dzY+ClWhhFOp4VeommMyRgPaddSiQXVfjo/eIrOrDJAYaRsSYPm6u+JFAutJyKwnQKbkV72ZuJ/Xjcx4ZWfMhknhkqyWBQmHJkIzb5HA6YoMXxiCSaK2VsRGWGFibEZFWwI3vLLq6R1UfFqldpdtVS/zuLIwwmcQhk8uIQ63EIDmkBAwDO8wpujnBfn3flYtOacbOYY/sD5/AE68ZAN</latexit>

�(xi)

<latexit sha1_base64="QNUepbZ0nuEftW5Br8Lz7pwY38w=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2QdinZNNvGJtklyYpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqtx6p0iySd2YcU1/ggWQhI9hY6b4bD1n5qfdw2iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4Ak6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLAheIsvL5PmWcWrVqq356XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w88dpAO</latexit>

�(xj)

Model complexity is captured by 

Prune 𝐷 to construct a sparse dictionary 𝐷! ⊆ 𝐷 via the coherence condition

<latexit sha1_base64="bUvHI3nQUh7qEQ++f+eZyfdDaag=">AAACGHicbVDLSgMxFM34rPU16tJNsAiKpc6IVJdFXbhUsK3QqcOdNK1pk8yQZKSl9DPc+CtuXCji1p1/Y/pYaPVA4Nxz7iX3nijhTBvP+3JmZufmFxYzS9nlldW1dXdjs6LjVBFaJjGP1W0EmnImadkww+ltoiiIiNNq1Dkf+tUHqjSL5Y3pJbQuoCVZkxEwVgrdwzwOmrECzvFeN2T57t1ByPbzw6I9Ktr7OGASX4RBC4SA0M15BW8E/Jf4E5JDE1yF7mfQiEkqqDSEg9Y130tMvQ/KMMLpIBukmiZAOtCiNUslCKrr/dFhA7xrlQa2+9knDR6pPyf6ILTuich2CjD3etobiv95tdQ0T+t9JpPUUEnGHzVTjk2MhynhBlOUGN6zBIhidldM7kEBMTbLrA3Bnz75L6kcFfxioXh9nCudTeLIoG20g/aQj05QCV2iK1RGBD2iZ/SK3pwn58V5dz7GrTPOZGYL/YLz+Q2N252j</latexit>

, 8(xi, x
+
i ), (xj , x

+
j ) 2 D�

Model complexity is captured by 

Sparse



Prune
<latexit sha1_base64="XCO+pHth0izqLDiWBp2zkV4e8jU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0m0Vi9CUQ8eK9gPSEPZbDft0s0m7E6E0vZnePGgiFd/jTf/jZs2B219MPB4b4aZeX4suAbb/rZyK6tr6xv5zcLW9s7uXnH/oKmjRFHWoJGIVNsnmgkuWQM4CNaOFSOhL1jLH96mfuuJKc0j+QijmHkh6UsecErASO7kboKvsXN+USl0iyW7bM+Al4mTkRLKUO8Wvzq9iCYhk0AF0dp17Bi8MVHAqWDTQifRLCZ0SPrMNVSSkGlvPDt5ik+M0sNBpExJwDP198SYhFqPQt90hgQGetFLxf88N4HgyhtzGSfAJJ0vChKBIcLp/7jHFaMgRoYQqri5FdMBUYSCSSkNwVl8eZk0z8pOtVx9qJRqN1kceXSEjtEpctAlqqF7VEcNRFGEntErerPAerHerY95a87KZg7RH1ifP5e9j4M=</latexit>

|D| = 1354Duffing oscillator

Leading eigenfunction

Nonparametric Sparse Learning of Nonlinear Dynamical Systems

Sparse Koopman operator
<latexit sha1_base64="7CbW8itw8xkRXIAG4WJnlp+nK/M="></latexit>

bK� = ( bCXX + �I)�1 bCXX+

Figure: Estimated regions of attraction with sparse dataset 𝐷! ⊆ 𝐷.	 [Hou et al. 21]  

<latexit sha1_base64="tfm063M347niMNFnI+AoUEBw0ps=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQirRuhqAuXFewD2hAm02k7dGYSZiZCSOuvuHGhiFs/xJ1/46TNQlsPXDiccy/33hNEjCrtON9WYW19Y3OruF3a2d3bP7APj9oqjCUmLRyyUHYDpAijgrQ01Yx0I0kQDxjpBJObzO88EqloKB50EhGPo5GgQ4qRNpJvl6fw1u+PEOcITuEVrNeckm9XnKozB1wlbk4qIEfTt7/6gxDHnAiNGVKq5zqR9lIkNcWMzEr9WJEI4QkakZ6hAnGivHR+/AyeGmUAh6E0JTScq78nUsSVSnhgOjnSY7XsZeJ/Xi/Ww0svpSKKNRF4sWgYM6hDmCUBB1QSrFliCMKSmlshHiOJsDZ5ZSG4yy+vkvZ51a1Va/cXlcZ1HkcRHIMTcAZcUAcNcAeaoAUwSMAzeAVv1pP1Yr1bH4vWgpXPlMEfWJ8/oFuS0g==</latexit>

|D� | = 760
<latexit sha1_base64="70uENZyzK6B1Kg6+jQZicjHlJEY=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyU0roRirpwWcE+oB2GTJppQ5PMkGTEMu2vuHGhiFt/xJ1/Y9rOQlsPXDiccy/33hPEjCrtON9WbmNza3snv1vY2z84PLKPi20VJRKTFo5YJLsBUoRRQVqaaka6sSSIB4x0gvHN3O88EqloJB70JCYeR0NBQ4qRNpJvF6fw1u8PEecITuEVrNSrvl1yys4CcJ24GSmBDE3f/uoPIpxwIjRmSKme68TaS5HUFDMyK/QTRWKEx2hIeoYKxIny0sXtM3hulAEMI2lKaLhQf0+kiCs14YHp5EiP1Ko3F//zeokOL72UijjRRODlojBhUEdwHgQcUEmwZhNDEJbU3ArxCEmEtYmrYEJwV19eJ+1K2a2Va/fVUuM6iyMPTsEZuAAuqIMGuANN0AIYPIFn8ArerJn1Yr1bH8vWnJXNnIA/sD5/AGaxkr4=</latexit>

|D� | = 274
Prune

An example of theoretical guarantees: high probability bound with IID samples. [Hou et al ICML 23] 

• IID samples à Trajectory-based sampling. [Hou et al ICML 23] 

• Batch learning à Learning from steaming samples with last-iterate convergence guarantees. [Hou et al 24b] 

• A similar framework for learning generators of diffusion processes. [Hou et al ICML 23] 

<latexit sha1_base64="3t1kBS9/iws/JY0p8V9/mZf9kHk="></latexit>

kK� � bK�kop  [sampling error(
1

p
M

) + sparsification error(
p
1� �2)]O(

1

�2
)



Koopman Operator for Transient Stability Analysis of Power Systems 

Pre-fault On-fault Post-fault

time

<latexit sha1_base64="CrLcgGPFPZRKE07vcCRVoa88e2k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcNGo2o</latexit>x0

<latexit sha1_base64="kO3bSgY7WP7dd7BQUbbuvnhfbDQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bp7ibsTsRS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ncLa+sbmVnG7tLO7t39QPjxq2SgxjDdZJCPTCajlUmjeRIGSd2LDqQokbwfj28xvP3JjRaQfcBJzX9GhFqFgFDPpqW9L/XLFrbpzkFXi5aQCORr98ldvELFEcY1MUmu7nhujP6UGBZN8VuollseUjemQd1OqqeLWn85vnZGzVBmQMDJpaSRz9ffElCprJypIOxXFkV32MvE/r5tgeO1PhY4T5JotFoWJJBiR7HEyEIYzlJOUUGZEeithI2oowzSeLARv+eVV0rqoepfV2n2tUr/J4yjCCZzCOXhwBXW4gwY0gcEInuEV3hzlvDjvzseiteDkM8fwB87nD6gAjf8=</latexit>xs
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IEEE 39 bus system: Evaluate the leading 
eigenfunction of 𝐾 along on-fault trajectories 
to estimate critical clearing time. [Hou et al. 24a]

ROA of post-fault 
dynamics
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U = K⇤

Propagating Uncertainty in Initial Conditions [Hou et al. Physica D 24] 
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H

Single Machine Infinite Bus Systems: 

uncertainties in the initial conditions are 

rotor angles of the generator

Mean of rotor angle

Mean of frequency



Summary of Contributions
Non-parametric identification of nonlinear systems with controlled growth 

in model complexity and finite-sample performance guarantees.
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