
Definition (Minimal Separating Set). A minimal separating set      between 
variables    and    is a set that satisfies:

<latexit sha1_base64="MlXrapXn/nI699nveiddPKYz0Hw=">AAAB93icbVBNS8NAEJ34WetX1aOXxSJ4KolI9SQFL16ECvYD21A2m027dLMJu5tKCP0XXtWbePXf6L9x0+agrQ8GHu/NMDPPizlT2ra/rZXVtfWNzdJWeXtnd2+/cnDYVlEiCW2RiEey62FFORO0pZnmtBtLikOP0443vsn9zoRKxSLxoNOYuiEeChYwgrWRHvsh1iMvyO6mg0rVrtkzoGXiFKQKBZqDylffj0gSUqEJx0r1zN4Jo09upjQWPuaRoNNyP1E0xmSMh7RnqMAhVW42u3uKTo3ioyCSpoRGM/X3RIZDpdLQM535nWrRy8X/vF6igys3YyJONBVkvihIONIRykNAPpOUaJ4agolkmhFERlhiok1UZROFs/j4Mmmf15x6rX5/UW1cF6GU4BhO4AwcuIQG3EITWkBAwDO8wKuVWm/Wu/Uxb12xipkj+APr8wfWhZQe</latexit>

M
<latexit sha1_base64="nor+0EsqtRf6oJVcGJ0SL1L+Fu4=">AAAB7nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVE9S8OKxBfsB7VKy2dk2NJssSbZSlv4Cr+pNvPqT9N+YtnvQ1gcDj/dmmJkXJJxp47rfTmFjc2t7p7hb2ts/ODwqH5+0tUwVhRaVXKpuQDRwJqBlmOHQTRSQOODQCcb3c78zAaWZFI9mmoAfk6FgEaPEWKnZHZQrbtVdAK8TLycVlKMxKH/1Q0nTGIShnGjds+smDJ78TBsiQsKlgFmpn2pICB2TIfQsFSQG7WeLc2f4wiohjqSyJQxeqL8nMhJrPY0D2xkTM9Kr3lz8z+ulJrr1MyaS1ICgy0VRyrGReP47DpkCavjUEkIVM4xiOiKKUGMTKtkovNXH10n7qurVqrXmdaV+l4dSRGfoHF0iD92gOnpADdRCFAF6Ri/o1UmcN+fd+Vi2Fpx85hT9gfP5A7nEkAk=</latexit>

X
<latexit sha1_base64="sndNS80DuQsuLjzr2kqGJq2vPBw=">AAAB7nicbVBNSwMxEM36WetX1aOXYBE8lV2R6kkKXjy2YD+kXUo2O9uGZpMlyVbK0l/gVb2JV3+S/hvTdg/a+mDg8d4MM/OChDNtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctLVNFoUkll6oTEA2cCWgaZjh0EgUkDji0g9HdzG+PQWkmxYOZJODHZCBYxCgxVmo89ktlt+LOgVeJl5MyylHvl756oaRpDMJQTrTu2nVjBk9+pg0RIeFSwLTYSzUkhI7IALqWChKD9rP5uVN8bpUQR1LZEgbP1d8TGYm1nsSB7YyJGeplbyb+53VTE934GRNJakDQxaIo5dhIPPsdh0wBNXxiCaGKGUYxHRJFqLEJFW0U3vLjq6R1WfGqlWrjqly7zUMpoFN0hi6Qh65RDd2jOmoiigA9oxf06iTOm/PufCxa15x85gT9gfP5A7tOkAo=</latexit>
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Motivation

Key Idea

Existing constraint-based methods for time series leverage stationarity for conditional 
independence testing and reduce the problem to learning the parents of variables at 
the final time point.

However, their separating set search strategy mimics the PC algorithm:

1. Stationarity is used only to enforce time-invariant relations and to orient edges 
after dependencies have been estimated;

2. Separating sets are used only to establish non-adjacency (i.e., whether a 
separating set exists), not to exploit the information contained in the set itself.

We leverage the stationarity of time series during the discovery process.

Lag-Anchored Separating Sets (LASS) 

<latexit sha1_base64="DRsQcnwa1YiNOq2xWnw2PDNqTeo=">AAAB7nicbVBNSwMxEM3Wr1q/qh69BIvgqeyK1B4LXjy2YD+gXUo2O9uGZpMlyVbK0l/gVb2JV3+S/hvTdg/a+mDg8d4MM/OChDNtXPfbKWxt7+zuFfdLB4dHxyfl07OOlqmi0KaSS9ULiAbOBLQNMxx6iQISBxy6weR+4XenoDST4tHMEvBjMhIsYpQYK7V6w3LFrbpL4E3i5aSCcjSH5a9BKGkagzCUE637dt2UwZOfaUNESLgUMC8NUg0JoRMygr6lgsSg/Wx57hxfWSXEkVS2hMFL9fdERmKtZ3FgO2NixnrdW4j/ef3URHU/YyJJDQi6WhSlHBuJF7/jkCmghs8sIVQxwyimY6IINTahko3CW398k3Ruql6tWmvdVhr1PJQiukCX6Bp56A410ANqojaiCNAzekGvTuK8Oe/Ox6q14OQz5+gPnM8ft/aQAw==</latexit>

X

<latexit sha1_base64="zMmkvMiWy/vkM54VZiDuHbXpq5M=">AAAB7nicbVBNTwIxEO3iF+IX6tFLIzHxRHaNQY4kXjxCIqCBDel2Z6Gh227aLoZs+AVe1Zvx6k/Sf2OBPSj4kkle3pvJzLwg4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSjZaootKnkUj0ERANnAtqGGQ4PiQISBxy6wfh27ncnoDST4t5ME/BjMhQsYpQYK7UeB+WKW3UXwOvEy0kF5WgOyl/9UNI0BmEoJ1r37LoJgyc/04aIkHApYFbqpxoSQsdkCD1LBYlB+9ni3Bm+sEqII6lsCYMX6u+JjMRaT+PAdsbEjPSqNxf/83qpiep+xkSSGhB0uShKOTYSz3/HIVNADZ9aQqhihlFMR0QRamxCJRuFt/r4OulcVb1atda6rjTqeShFdIbO0SXy0A1qoDvURG1EEaBn9IJencR5c96dj2VrwclnTtEfOJ8/uYCQBA==</latexit>
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<latexit sha1_base64="am3jnzhMkbg/tOetOZz2XmTatK0=">AAAB7nicbVBNTwIxEO3iF+IX6tFLIzHxRHaNQY4kXjxCImCEDel2Z6Gh227aLoZs+AVe1Zvx6k/Sf2OBPSj4kkle3pvJzLwg4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSjZaootKnkUj0ERANnAtqGGQ4PiQISBxy6wfh27ncnoDST4t5ME/BjMhQsYpQYK7UeB+WKW3UXwOvEy0kF5WgOyl/9UNI0BmEoJ1r37LoJgyc/04aIkHApYFbqpxoSQsdkCD1LBYlB+9ni3Bm+sEqII6lsCYMX6u+JjMRaT+PAdsbEjPSqNxf/83qpiep+xkSSGhB0uShKOTYSz3/HIVNADZ9aQqhihlFMR0QRamxCJRuFt/r4OulcVb1atda6rjTqeShFdIbO0SXy0A1qoDvURG1EEaBn9IJencR5c96dj2VrwclnTtEfOJ8/uwqQBQ==</latexit>

Z

<latexit sha1_base64="bEntAfOj65NG9srkZMbAk+9yQ+4=">AAAB7nicbVBNSwMxEM36WetX1aOXYBE8lV2R2mPBS48t2A9ol5LNzrah2WRJspWy9Bd4VW/i1Z+k/8a03YO2Phh4vDfDzLwg4Uwb1/12trZ3dvf2CwfFw6Pjk9PS2XlHy1RRaFPJpeoFRANnAtqGGQ69RAGJAw7dYPKw8LtTUJpJ8WhmCfgxGQkWMUqMlVqNYansVtwl8CbxclJGOZrD0tcglDSNQRjKidZ9u27K4MnPtCEiJFwKmBcHqYaE0AkZQd9SQWLQfrY8d46vrRLiSCpbwuCl+nsiI7HWsziwnTExY73uLcT/vH5qopqfMZGkBgRdLYpSjo3Ei99xyBRQw2eWEKqYYRTTMVGEGptQ0UbhrT++STq3Fa9aqbbuyvVaHkoBXaIrdIM8dI/qqIGaqI0oAvSMXtCrkzhvzrvzsWrdcvKZC/QHzucPn1aP8w==</latexit>

H

<latexit sha1_base64="3xL77LswZRHp3ZhSToRwMTzuE1I=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqcVTwYvHKvYD2qVks9k2NJusSbZSSv+BV/UmXv1H+m9M2z1o64OBx3szzMwLEs60cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aWqaK0AaRXKp2gDXlTNCGYYbTdqIojgNOW8HwZua3RlRpJsWDGSfUj3FfsIgRbKx0b657xZJbdudAq8TLSAky1HvFr24oSRpTYQjHWnfsvhGjT/5EGyxCzKWg00I31TTBZIj7tGOpwDHV/mR+7xSdWSVEkVS2hEFz9ffEBMdaj+PAdsbYDPSyNxP/8zqpiar+hIkkNVSQxaIo5chINHsehUxRYvjYEkwUM4wgMsAKE2MjKtgovOXHV0nzouxVypW7y1KtmoWShxM4hXPw4ApqcAt1aACBCJ7hBV6dR+fNeXc+Fq05J5s5hj9wPn8AYb+QYw==</latexit>

t :
<latexit sha1_base64="ycAFr7DauH6MBbawrOAz5BZvneI=">AAAB6nicbVBNS8NAEJ3Urxq/qlcvi0XwVFIR7bHgxWMF+wFtKJvNpF262Q3ZTaWE/gKv6s2rv0n/jds2B219MPB4b4aZeUEiuDae9+2UtrZ3dvfK++7B4dHxScU97WiVpQzbTAmV9gKqUXCJbcONwF6SIo0Dgd1gcr/wu1NMNVfyycwS9GM6kjzijBorPd4MK1Wv5i1BNkm9IFUo0BpWvgahYlmM0jBBte7bdVOOz36uDZUhFUri3B1kGhPKJnSEfUsljVH7+fLcObm0SkgildqShizV3xM5jbWexYHtjKkZ63VvIf7n9TMTNfycyyQzKNlqUZQJYhRZ/E5CniIzYmYJZSk3nBE2pillxibk2ijq649vks51rX5bu602G0UkZTiHC7iCOtxBEx6gBW1ggPACr/DmJM6787FqLDnFxBn8gfP5Awjmjq8=</latexit>

4
<latexit sha1_base64="wfOV1XRpYH8sG0GtCXIBq05YW/8=">AAAB7nicbVBNTwIxEO3iF+IX6tFLIzHxRHaNIkcSLx4hESSBDel2Z6Gh227aLoZs+AVe1Zvx6k/Sf2OBPSj4kkle3pvJzLwg4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSjZaootKnkUnUDooEzAW3DDIduooDEAYfHYHw39x8noDST4sFME/BjMhQsYpQYK7VuBuWKW3UXwOvEy0kF5WgOyl/9UNI0BmEoJ1r37LoJgyc/04aIkHApYFbqpxoSQsdkCD1LBYlB+9ni3Bm+sEqII6lsCYMX6u+JjMRaT+PAdsbEjPSqNxf/83qpiep+xkSSGhB0uShKOTYSz3/HIVNADZ9aQqhihlFMR0QRamxCJRuFt/r4OulcVb1atda6rjTqeShFdIbO0SXy0C1qoHvURG1EEaBn9IJencR5c96dj2VrwclnTtEfOJ8/ghiP4A==</latexit>

5
<latexit sha1_base64="Skz3IHePVK4y3S6T7gl5z5XEZew=">AAAB7nicbVBNSwMxEM3Wr1q/qh69BIvgqeyK1B4LXjy2YD+gXUo2O9uGZpMlyVbK0l/gVb2JV3+S/hvTdg/a+mDg8d4MM/OChDNtXPfbKWxt7+zuFfdLB4dHxyfl07OOlqmi0KaSS9ULiAbOBLQNMxx6iQISBxy6weR+4XenoDST4tHMEvBjMhIsYpQYK7Vqw3LFrbpL4E3i5aSCcjSH5a9BKGkagzCUE637dt2UwZOfaUNESLgUMC8NUg0JoRMygr6lgsSg/Wx57hxfWSXEkVS2hMFL9fdERmKtZ3FgO2NixnrdW4j/ef3URHU/YyJJDQi6WhSlHBuJF7/jkCmghs8sIVQxwyimY6IINTahko3CW398k3Ruql6tWmvdVhr1PJQiukCX6Bp56A410ANqojaiCNAzekGvTuK8Oe/Ox6q14OQz5+gPnM8fg6KP4Q==</latexit>

6
<latexit sha1_base64="5RzUfiJ/2wVWPSxKieqsyZRmnvk=">AAAB7nicbVBNSwMxEM36WetX1aOXYBE8lV2RtseCF48t2A9ol5LNzrah2WRJspWy9Bd4VW/i1Z+k/8a03YO2Phh4vDfDzLwg4Uwb1/12trZ3dvf2CwfFw6Pjk9PS2XlHy1RRaFPJpeoFRANnAtqGGQ69RAGJAw7dYHK/8LtTUJpJ8WhmCfgxGQkWMUqMlVq1YansVtwl8CbxclJGOZrD0tcglDSNQRjKidZ9u27K4MnPtCEiJFwKmBcHqYaE0AkZQd9SQWLQfrY8d46vrRLiSCpbwuCl+nsiI7HWsziwnTExY73uLcT/vH5qorqfMZGkBgRdLYpSjo3Ei99xyBRQw2eWEKqYYRTTMVGEGptQ0UbhrT++STq3Fa9aqbbuyo16HkoBXaIrdIM8VEMN9ICaqI0oAvSMXtCrkzhvzrvzsWrdcvKZC/QHzucPhSyP4g==</latexit>

7
<latexit sha1_base64="q3MyW379UvB7Kb3wl1TSUB8Q6iI=">AAAB7nicbVBNSwMxEM3Wr1q/qh69BIvgqeyK1B4LXjy2YD+gXUo2O9uGZpMlyVbK0l/gVb2JV3+S/hvTdg/a+mDg8d4MM/OChDNtXPfbKWxt7+zuFfdLB4dHxyfl07OOlqmi0KaSS9ULiAbOBLQNMxx6iQISBxy6weR+4XenoDST4tHMEvBjMhIsYpQYK7Xqw3LFrbpL4E3i5aSCcjSH5a9BKGkagzCUE637dt2UwZOfaUNESLgUMC8NUg0JoRMygr6lgsSg/Wx57hxfWSXEkVS2hMFL9fdERmKtZ3FgO2NixnrdW4j/ef3URHU/YyJJDQi6WhSlHBuJF7/jkCmghs8sIVQxwyimY6IINTahko3CW398k3Ruql6tWmvdVhr1PJQiukCX6Bp56A410ANqojaiCNAzekGvTuK8Oe/Ox6q14OQz5+gPnM8fhraP4w==</latexit>

8
<latexit sha1_base64="XLZRxX1t8Y00L/6hrR78yx0072A=">AAAB7nicbVBNTwIxEO3iF+IX6tFLIzHxRHaNQbyRePEIiSAJbEi3OwsN3XbTdjFkwy/wqt6MV3+S/hsL7EHBl0zy8t5MZuYFCWfauO63U9jY3NreKe6W9vYPDo/KxycdLVNFoU0ll6obEA2cCWgbZjh0EwUkDjg8BuO7uf84AaWZFA9mmoAfk6FgEaPEWKl1OyhX3Kq7AF4nXk4qKEdzUP7qh5KmMQhDOdG6Z9dNGDz5mTZEhIRLAbNSP9WQEDomQ+hZKkgM2s8W587whVVCHEllSxi8UH9PZCTWehoHtjMmZqRXvbn4n9dLTVT3MyaS1ICgy0VRyrGReP47DpkCavjUEkIVM4xiOiKKUGMTKtkovNXH10nnqurVqrXWdaVRz0MpojN0ji6Rh25QA92jJmojigA9oxf06iTOm/PufCxbC04+c4r+wPn8AYhAj+Q=</latexit>

9<latexit sha1_base64="yN6Izs1bfDPPhmSsj7t4u96g8gs=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVA8eCl48VrAf0C4lm51tY7PJkmQrZel/8KrexKv/R/+NabsHbX0w8Hhvhpl5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUUWhSyaXqBEQDZwKahhkOnUQBiQMO7WB0O/PbY1CaSfFgJgn4MRkIFjFKjJVaPRpKo/vlilt158CrxMtJBeVo9MtfvVDSNAZhKCdad+3OMYMnP9OGiJBwKWBa6qUaEkJHZABdSwWJQfvZ/OYpPrNKiCOpbAmD5+rviYzEWk/iwHbGxAz1sjcT//O6qYmu/YyJJDUg6GJRlHJsJJ4FgEOmgBo+sYRQxQyjmA6JItTYmEo2Cm/58VXSuqh6tWrt/rJSv8lDKaITdIrOkYeuUB3doQZqIooe0TN6Qa9O6rw5787HorXg5DPH6A+czx++rJJa</latexit>· · · <latexit sha1_base64="yN6Izs1bfDPPhmSsj7t4u96g8gs=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKVA8eCl48VrAf0C4lm51tY7PJkmQrZel/8KrexKv/R/+NabsHbX0w8Hhvhpl5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUUWhSyaXqBEQDZwKahhkOnUQBiQMO7WB0O/PbY1CaSfFgJgn4MRkIFjFKjJVaPRpKo/vlilt158CrxMtJBeVo9MtfvVDSNAZhKCdad+3OMYMnP9OGiJBwKWBa6qUaEkJHZABdSwWJQfvZ/OYpPrNKiCOpbAmD5+rviYzEWk/iwHbGxAz1sjcT//O6qYmu/YyJJDUg6GJRlHJsJJ4FgEOmgBo+sYRQxQyjmA6JItTYmEo2Cm/58VXSuqh6tWrt/rJSv8lDKaITdIrOkYeuUB3doQZqIooe0TN6Qa9O6rw5787HorXg5DPH6A+czx++rJJa</latexit>· · ·

Definition (Lag-Anchored Separating Set). Let     and     be two variables with        . 
A set     is a Lag-Anchored Separating Set (LASS) between     and     if it satisfies:

<latexit sha1_base64="Pwk0BmHDs0fFrueuJ3Vu7aGYuv8=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVE9S8OKxov2AdinZ7Gwbmk2WJFspS3+CV/UmXv1F+m9M2z1o64OBx3szzMwLEs60cd1vp7C2vrG5Vdwu7ezu7R+UD49aWqaKQpNKLlUnIBo4E9A0zHDoJApIHHBoB6Pbmd8eg9JMikczScCPyUCwiFFirPTQ6et+ueJW3TnwKvFyUkE5Gv3yVy+UNI1BGMqJ1l27cMzgyc+0ISIkXAqYlnqphoTQERlA11JBYtB+Nj94is+sEuJIKlvC4Ln6eyIjsdaTOLCdMTFDvezNxP+8bmqiaz9jIkkNCLpYFKUcG4ln3+OQKaCGTywhVDHDKKZDogg1NqOSjcJbfnyVtC6qXq1au7+s1G/yUIroBJ2ic+ShK1RHd6iBmoiiAXpGL+jVUc6b8+58LFoLTj5zjP7A+fwBR/uQ7w==</latexit>

Xs
<latexit sha1_base64="0QBA4SZtU/6ahSgx0dRGmmTUyt0=">AAAB8HicbVBNSwMxEM36WetX1aOXYBE8lV2R6kkKXjxWtB/SLiWbzbah2WRJZitl6U/wqt7Eq79I/41puwdtfTDweG+GmXlBIrgB1/12VlbX1jc2C1vF7Z3dvf3SwWHTqFRT1qBKKN0OiGGCS9YADoK1E81IHAjWCoY3U781YtpwJR9gnDA/Jn3JI04JWOn+sQe9UtmtuDPgZeLlpIxy1Hulr26oaBozCVQQYzp24YizJz8zQGRIhJJsUuymhiWEDkmfdSyVJGbGz2YHT/CpVUIcKW1LAp6pvycyEhszjgPbGRMYmEVvKv7ndVKIrvyMyyQFJul8UZQKDApPv8ch14yCGFtCqObAKaYDogkFm1HRRuEtPr5MmucVr1qp3l2Ua9d5KAV0jE7QGfLQJaqhW1RHDURRHz2jF/TqaOfNeXc+5q0rTj5zhP7A+fwBSxGQ8Q==</latexit>

Yt
<latexit sha1_base64="CQucR7dDctoJHP9kPDI7TLsS544=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVA8iBS8eK9oPaJeSzc62odlkSbKVsvQneFVv4tVfpP/GtN2DVh8MPN6bYWZekHCmjet+OYWV1bX1jeJmaWt7Z3evvH/Q0jJVFJpUcqk6AdHAmYCmYYZDJ1FA4oBDOxjdzPz2GJRmUjyYSQJ+TAaCRYwSY6V7fWX65YpbdefAf4mXkwrK0eiXP3uhpGkMwlBOtO7ahWMGj36mDREh4VLAtNRLNSSEjsgAupYKEoP2s/nBU3xilRBHUtkSBs/VnxMZibWexIHtjIkZ6mVvJv7ndVMTXfoZE0lqQNDFoijl2Eg8+x6HTAE1fGIJoYoZRjEdEkWosRmVbBTe8uN/Seus6tWqtbvzSv06D6WIjtAxOkUeukB1dIsaqIkoGqAn9IxeHOW8Om/O+6K14OQzh+gXnI9vPUiQ6A==</latexit>

s < t
<latexit sha1_base64="MlXrapXn/nI699nveiddPKYz0Hw=">AAAB93icbVBNS8NAEJ34WetX1aOXxSJ4KolI9SQFL16ECvYD21A2m027dLMJu5tKCP0XXtWbePXf6L9x0+agrQ8GHu/NMDPPizlT2ra/rZXVtfWNzdJWeXtnd2+/cnDYVlEiCW2RiEey62FFORO0pZnmtBtLikOP0443vsn9zoRKxSLxoNOYuiEeChYwgrWRHvsh1iMvyO6mg0rVrtkzoGXiFKQKBZqDylffj0gSUqEJx0r1zN4Jo09upjQWPuaRoNNyP1E0xmSMh7RnqMAhVW42u3uKTo3ioyCSpoRGM/X3RIZDpdLQM535nWrRy8X/vF6igys3YyJONBVkvihIONIRykNAPpOUaJ4agolkmhFERlhiok1UZROFs/j4Mmmf15x6rX5/UW1cF6GU4BhO4AwcuIQG3EITWkBAwDO8wKuVWm/Wu/Uxb12xipkj+APr8wfWhZQe</latexit>

M
<latexit sha1_base64="Pwk0BmHDs0fFrueuJ3Vu7aGYuv8=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVE9S8OKxov2AdinZ7Gwbmk2WJFspS3+CV/UmXv1F+m9M2z1o64OBx3szzMwLEs60cd1vp7C2vrG5Vdwu7ezu7R+UD49aWqaKQpNKLlUnIBo4E9A0zHDoJApIHHBoB6Pbmd8eg9JMikczScCPyUCwiFFirPTQ6et+ueJW3TnwKvFyUkE5Gv3yVy+UNI1BGMqJ1l27cMzgyc+0ISIkXAqYlnqphoTQERlA11JBYtB+Nj94is+sEuJIKlvC4Ln6eyIjsdaTOLCdMTFDvezNxP+8bmqiaz9jIkkNCLpYFKUcG4ln3+OQKaCGTywhVDHDKKZDogg1NqOSjcJbfnyVtC6qXq1au7+s1G/yUIroBJ2ic+ShK1RHd6iBmoiiAXpGL+jVUc6b8+58LFoLTj5zjP7A+fwBR/uQ7w==</latexit>

Xs
<latexit sha1_base64="9g3Gm0UHKtO5UunrClY8kkSYtDQ="></latexit>

Xs →→ Yt | M, Xs ↑→→ Yt | Msub ↓Msub ⊋ M and Yt→1 ↔ M x

<latexit sha1_base64="NYFNQDOshasv1P1BR72/Pm66370="></latexit>

X →→ Y | M and X ↑→→ Y | Msub ↓Msub ⊋ M x

Existence of LASS

Lemma 1. For any target variable     and any source variable     (                 ), 
there must exist a LASS between     and    .

<latexit sha1_base64="0QBA4SZtU/6ahSgx0dRGmmTUyt0=">AAAB8HicbVBNSwMxEM36WetX1aOXYBE8lV2R6kkKXjxWtB/SLiWbzbah2WRJZitl6U/wqt7Eq79I/41puwdtfTDweG+GmXlBIrgB1/12VlbX1jc2C1vF7Z3dvf3SwWHTqFRT1qBKKN0OiGGCS9YADoK1E81IHAjWCoY3U781YtpwJR9gnDA/Jn3JI04JWOn+sQe9UtmtuDPgZeLlpIxy1Hulr26oaBozCVQQYzp24YizJz8zQGRIhJJsUuymhiWEDkmfdSyVJGbGz2YHT/CpVUIcKW1LAp6pvycyEhszjgPbGRMYmEVvKv7ndVKIrvyMyyQFJul8UZQKDApPv8ch14yCGFtCqObAKaYDogkFm1HRRuEtPr5MmucVr1qp3l2Ua9d5KAV0jE7QGfLQJaqhW1RHDURRHz2jF/TqaOfNeXc+5q0rTj5zhP7A+fwBSxGQ8Q==</latexit>

Yt
<latexit sha1_base64="Pwk0BmHDs0fFrueuJ3Vu7aGYuv8=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVE9S8OKxov2AdinZ7Gwbmk2WJFspS3+CV/UmXv1F+m9M2z1o64OBx3szzMwLEs60cd1vp7C2vrG5Vdwu7ezu7R+UD49aWqaKQpNKLlUnIBo4E9A0zHDoJApIHHBoB6Pbmd8eg9JMikczScCPyUCwiFFirPTQ6et+ueJW3TnwKvFyUkE5Gv3yVy+UNI1BGMqJ1l27cMzgyc+0ISIkXAqYlnqphoTQERlA11JBYtB+Nj94is+sEuJIKlvC4Ln6eyIjsdaTOLCdMTFDvezNxP+8bmqiaz9jIkkNCLpYFKUcG4ln3+OQKaCGTywhVDHDKKZDogg1NqOSjcJbfnyVtC6qXq1au7+s1G/yUIroBJ2ic+ShK1RHd6iBmoiiAXpGL+jVUc6b8+58LFoLTj5zjP7A+fwBR/uQ7w==</latexit>

Xs
<latexit sha1_base64="ammIs70nSWnIkU3wSJlFGx/wOb4=">AAACAnicdVBNS8NAEN34bf2qevSyWAQvhqRK24OI4MWjgrWFtpTJdqqLm03ITmpL6M3/4VW9iVd/iP4bt7WCij4YeLw3w8y8IFbSkOe9O1PTM7Nz8wuLuaXlldW1/PrGpYnSRGBVRCpK6gEYVFJjlSQprMcJQhgorAU3JyO/1sPEyEhf0CDGVghXWnalALJSO79pDmmvSZC2m4R9ykLoD9v5gudWfK9cKXPP9fwDr1gckf1iab/Efdcbo8AmOGvn35qdSKQhahIKjGnYE3oSb1uZIdAdUJHGYa6ZGoxB3MAVNizVEKJpZeMXhnzHKh3ejRJbmvhY/T6RQWjMIAxsZwh0bX57I/Evr5FSt9LKpI5TQi0+F3VTxSniozx4RyYoSA0sAZFIkoKLa0hAkE0tZ6P4+pf/Ty6Lrl9yS+cHheOjSSgLbItts13mszI7ZqfsjFWZYAN2zx7Yo3PnPDnPzstn65QzmdlkP+C8fgC6mJiG</latexit>

s < t→ ωmax
<latexit sha1_base64="Pwk0BmHDs0fFrueuJ3Vu7aGYuv8=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVE9S8OKxov2AdinZ7Gwbmk2WJFspS3+CV/UmXv1F+m9M2z1o64OBx3szzMwLEs60cd1vp7C2vrG5Vdwu7ezu7R+UD49aWqaKQpNKLlUnIBo4E9A0zHDoJApIHHBoB6Pbmd8eg9JMikczScCPyUCwiFFirPTQ6et+ueJW3TnwKvFyUkE5Gv3yVy+UNI1BGMqJ1l27cMzgyc+0ISIkXAqYlnqphoTQERlA11JBYtB+Nj94is+sEuJIKlvC4Ln6eyIjsdaTOLCdMTFDvezNxP+8bmqiaz9jIkkNCLpYFKUcG4ln3+OQKaCGTywhVDHDKKZDogg1NqOSjcJbfnyVtC6qXq1au7+s1G/yUIroBJ2ic+ShK1RHd6iBmoiiAXpGL+jVUc6b8+58LFoLTj5zjP7A+fwBR/uQ7w==</latexit>

Xs
<latexit sha1_base64="0QBA4SZtU/6ahSgx0dRGmmTUyt0=">AAAB8HicbVBNSwMxEM36WetX1aOXYBE8lV2R6kkKXjxWtB/SLiWbzbah2WRJZitl6U/wqt7Eq79I/41puwdtfTDweG+GmXlBIrgB1/12VlbX1jc2C1vF7Z3dvf3SwWHTqFRT1qBKKN0OiGGCS9YADoK1E81IHAjWCoY3U781YtpwJR9gnDA/Jn3JI04JWOn+sQe9UtmtuDPgZeLlpIxy1Hulr26oaBozCVQQYzp24YizJz8zQGRIhJJsUuymhiWEDkmfdSyVJGbGz2YHT/CpVUIcKW1LAp6pvycyEhszjgPbGRMYmEVvKv7ndVKIrvyMyyQFJul8UZQKDApPv8ch14yCGFtCqObAKaYDogkFm1HRRuEtPr5MmucVr1qp3l2Ua9d5KAV0jE7QGfLQJaqhW1RHDURRHz2jF/TqaOfNeXc+5q0rTj5zhP7A+fwBSxGQ8Q==</latexit>

Yt

Property of LASS

Lemma 2. (Characterization of LASS). Let     be a LASS of     . 
For any                         , the following holds:

<latexit sha1_base64="MlXrapXn/nI699nveiddPKYz0Hw=">AAAB93icbVBNS8NAEJ34WetX1aOXxSJ4KolI9SQFL16ECvYD21A2m027dLMJu5tKCP0XXtWbePXf6L9x0+agrQ8GHu/NMDPPizlT2ra/rZXVtfWNzdJWeXtnd2+/cnDYVlEiCW2RiEey62FFORO0pZnmtBtLikOP0443vsn9zoRKxSLxoNOYuiEeChYwgrWRHvsh1iMvyO6mg0rVrtkzoGXiFKQKBZqDylffj0gSUqEJx0r1zN4Jo09upjQWPuaRoNNyP1E0xmSMh7RnqMAhVW42u3uKTo3ioyCSpoRGM/X3RIZDpdLQM535nWrRy8X/vF6igys3YyJONBVkvihIONIRykNAPpOUaJ4agolkmhFERlhiok1UZROFs/j4Mmmf15x6rX5/UW1cF6GU4BhO4AwcuIQG3EITWkBAwDO8wKuVWm/Wu/Uxb12xipkj+APr8wfWhZQe</latexit>

M
<latexit sha1_base64="bYaelrXO7tjA90fVOd64ZeofWiQ=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZK0pF1JwY3LivYhbSiTyaQdOpmEmUmlhH6CW3Unbv0i/RsnbQUVPXDhcM693HuPnzAqlWV9GIW19Y3NreJ2aWd3b/+gfHjUkXEqMGnjmMWi5yNJGOWkrahipJcIgiKfka4/ucz97pQISWN+q2YJ8SI04jSkGCkt3dwN1bBcscyGbdUbdWiZll2zHCcnVcetutA2rQUqYIXWsPw+CGKcRoQrzJCUfb1wSsm9l0mFeIBYzMm8NEglSRCeoBHpa8pRRKSXLQ6ewzOtBDCMhS6u4EL9PpGhSMpZ5OvOCKmx/O3l4l9eP1Vhw8soT1JFOF4uClMGVQzz72FABcGKzTRBWFBFMcRjJBBWOqOSjuLrX/g/6Tim7Zruda3SvFiFUgQn4BScAxvUQRNcgRZoAwxG4AE8gidDGM/Gi/G6bC0Yq5lj8APG2yejkZEt</latexit>

Yt

Theorem 1. (Construction of a Superset of the Parent Set). Let     be a LASS of    . 
We have:

                          is a LASS between      and      ,  
                               is a LASS between      and      ,                                              
                               is a Minimal Separating Set between      and      but it is not a LASS,                       
              is the only Minimal Separating Set between      and      but it is not a LASS,
                   is a LASS between      and     .

<latexit sha1_base64="cF41jDLGMDcGTS0TeitNpv5+gvg=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjesDUtlx264Tr1Rh47tuDWnUslJteJVPejazgJlsEJrWHofhAKnMeEaM6RU3yycUnLvZ0ojHiImOJkXB6kiCcITNCJ9QzmKifKzxcFzeG6UEEZCmuIaLtTvExmKlZrFgemMkR6r314u/uX1Ux01/IzyJNWE4+WiKGVQC5h/D0MqCdZsZgjCkmqKIR4jibA2GRVNFF//wv9Jp2K7nu3d1MrNy1UoBXAKzsAFcEEdNME1aIE2wGAEHsAjeLKk9Wy9WK/L1jVrNXMCfsB6+wQ/hZDs</latexit>

X4
<latexit sha1_base64="NNDhPFHE8cVbiSYlDSrZecLhj8w=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLz0WNHaQhvKZrNpl242YXdTKaE/wat6E6/+Iv03btoKKvpg4PHeDDPz/IRRqSzrwyisrW9sbhW3Szu7e/sH5cOjOxmnApMOjlksej6ShFFOOooqRnqJICjyGen6k6vc706JkDTmt2qWEC9CI05DipHS0k1reDEsVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuBClihPSy/D4IYpxHhCjMkZV8vnFJy72VSIR4gFnMyLw1SSRKEJ2hE+ppyFBHpZYuD5/BMKwEMY6GLK7hQv09kKJJyFvm6M0JqLH97ufiX109V2PAyypNUEY6Xi8KUQRXD/HsYUEGwYjNNEBZUUQzxGAmElc6opKP4+hf+T+4c03ZN97pWaV6uQimCE3AKzoEN6qAJWqANOgCDEXgAj+DJEMaz8WK8LlsLxmrmGPyA8fYJLneQ4Q==</latexit>

H9
<latexit sha1_base64="cF41jDLGMDcGTS0TeitNpv5+gvg=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjesDUtlx264Tr1Rh47tuDWnUslJteJVPejazgJlsEJrWHofhAKnMeEaM6RU3yycUnLvZ0ojHiImOJkXB6kiCcITNCJ9QzmKifKzxcFzeG6UEEZCmuIaLtTvExmKlZrFgemMkR6r314u/uX1Ux01/IzyJNWE4+WiKGVQC5h/D0MqCdZsZgjCkmqKIR4jibA2GRVNFF//wv9Jp2K7nu3d1MrNy1UoBXAKzsAFcEEdNME1aIE2wGAEHsAjeLKk9Wy9WK/L1jVrNXMCfsB6+wQ/hZDs</latexit>

X4
<latexit sha1_base64="NNDhPFHE8cVbiSYlDSrZecLhj8w=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLz0WNHaQhvKZrNpl242YXdTKaE/wat6E6/+Iv03btoKKvpg4PHeDDPz/IRRqSzrwyisrW9sbhW3Szu7e/sH5cOjOxmnApMOjlksej6ShFFOOooqRnqJICjyGen6k6vc706JkDTmt2qWEC9CI05DipHS0k1reDEsVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuBClihPSy/D4IYpxHhCjMkZV8vnFJy72VSIR4gFnMyLw1SSRKEJ2hE+ppyFBHpZYuD5/BMKwEMY6GLK7hQv09kKJJyFvm6M0JqLH97ufiX109V2PAyypNUEY6Xi8KUQRXD/HsYUEGwYjNNEBZUUQzxGAmElc6opKP4+hf+T+4c03ZN97pWaV6uQimCE3AKzoEN6qAJWqANOgCDEXgAj+DJEMaz8WK8LlsLxmrmGPyA8fYJLneQ4Q==</latexit>

H9
<latexit sha1_base64="cF41jDLGMDcGTS0TeitNpv5+gvg=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjesDUtlx264Tr1Rh47tuDWnUslJteJVPejazgJlsEJrWHofhAKnMeEaM6RU3yycUnLvZ0ojHiImOJkXB6kiCcITNCJ9QzmKifKzxcFzeG6UEEZCmuIaLtTvExmKlZrFgemMkR6r314u/uX1Ux01/IzyJNWE4+WiKGVQC5h/D0MqCdZsZgjCkmqKIR4jibA2GRVNFF//wv9Jp2K7nu3d1MrNy1UoBXAKzsAFcEEdNME1aIE2wGAEHsAjeLKk9Wy9WK/L1jVrNXMCfsB6+wQ/hZDs</latexit>

X4
<latexit sha1_base64="NNDhPFHE8cVbiSYlDSrZecLhj8w=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLz0WNHaQhvKZrNpl242YXdTKaE/wat6E6/+Iv03btoKKvpg4PHeDDPz/IRRqSzrwyisrW9sbhW3Szu7e/sH5cOjOxmnApMOjlksej6ShFFOOooqRnqJICjyGen6k6vc706JkDTmt2qWEC9CI05DipHS0k1reDEsVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuBClihPSy/D4IYpxHhCjMkZV8vnFJy72VSIR4gFnMyLw1SSRKEJ2hE+ppyFBHpZYuD5/BMKwEMY6GLK7hQv09kKJJyFvm6M0JqLH97ufiX109V2PAyypNUEY6Xi8KUQRXD/HsYUEGwYjNNEBZUUQzxGAmElc6opKP4+hf+T+4c03ZN97pWaV6uQimCE3AKzoEN6qAJWqANOgCDEXgAj+DJEMaz8WK8LlsLxmrmGPyA8fYJLneQ4Q==</latexit>

H9
<latexit sha1_base64="/kmyCy485GD4WNzIcYMn6SGz0QU=">AAAB+XicdVDLSsNAFJ3UV62vqks3g0VwISFpS9KVFNy4rGAf0oQwmUzaoZNJyEwqJfQ33Ko7cevP6N84aSuo6IELh3Pu5d57/IRRIQ3jQyutrW9sbpW3Kzu7e/sH1cOjnoizFJMujlmcDnwkCKOcdCWVjAySlKDIZ6TvT64Kvz8lqaAxv5WzhLgRGnEaUoykkhwnH3j2BbzzbGfuVWuG3jINu2VDQzfMplGvF6RRtxoWNHVjgRpYoeNV350gxllEuMQMCTFUm6eU3Lu5kIgHiMWczCtOJkiC8ASNyFBRjiIi3Hxx+RyeKSWAYZyq4hIu1O8TOYqEmEW+6oyQHIvfXiH+5Q0zGbbcnPIkk4Tj5aIwY1DGsIgBBjQlWLKZIginVFIM8RilCEsVVkVF8fUv/J/06rpp6dZNs9a+XIVSBifgFJwDE9igDa5BB3QBBgl4AI/gScu1Z+1Fe122lrTVzDH4Ae3tEyMIlDQ=</latexit>

{X7, Y7}
<latexit sha1_base64="Dp1fsgDO/EbgGKT53uGO97egtA4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQpKWNCspuHFZ0T6gDWUymbRDJ5MwM6mU0E9wq+7ErV+kf+OkraCiBy4czrmXe+8JUkalsqwPY219Y3Nru7RT3t3bPzisHB13ZJIJTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBtMrgq/OyVC0oTfqVlK/BiNOI0oRkpLt72hN6xULdOzrYbXgJZp2XXLcQpSc9yaC23TWqAKVmgNK++DMMFZTLjCDEnZ1wunlNz7uVSIh4glnMzLg0ySFOEJGpG+phzFRPr54uA5PNdKCKNE6OIKLtTvEzmKpZzFge6MkRrL314h/uX1MxV5fk55minC8XJRlDGoElh8D0MqCFZspgnCgiqKIR4jgbDSGZV1FF//wv9JxzFt13Rv6tXm5SqUEjgFZ+AC2KABmuAatEAbYDACD+ARPBnCeDZejNdl65qxmjkBP2C8fQJFrZDw</latexit>

X8
<latexit sha1_base64="mcBbOpgu6mAlrXqd1X7PtjrsiN8=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLx4rGhtsQ1ls9m0SzebsLuplNCf4FW9iVd/kf4bN20FFX0w8Hhvhpl5fsKoVJb1YRRWVtfWN4qbpa3tnd298v7BrYxTgUkbxywWXR9JwignbUUVI91EEBT5jHT88UXudyZESBrzGzVNiBehIachxUhp6fpucDYoVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuOCliiNSi/94MYpxHhCjMkZU8vnFBy72VSIR4gFnMyK/VTSRKEx2hIeppyFBHpZfODZ/BEKwEMY6GLKzhXv09kKJJyGvm6M0JqJH97ufiX10tV2PAyypNUEY4Xi8KUQRXD/HsYUEGwYlNNEBZUUQzxCAmElc6opKP4+hf+T24d03ZN96pWaZ4vQymCI3AMToEN6qAJLkELtAEGQ/AAHsGTIYxn48V4XbQWjOXMIfgB4+0TSk+Q8w==</latexit>

Z9
<latexit sha1_base64="Zlc22Ahsq8RXADchdxfkyOz1g2c=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjf0hqWyYzdcp96oQ8d23JpTqeSkWvGqHnRtZ4EyWKE1LL0PQoHTmHCNGVKqbxZOKbn3M6URDxETnMyLg1SRBOEJGpG+oRzFRPnZ4uA5PDdKCCMhTXENF+r3iQzFSs3iwHTGSI/Vby8X//L6qY4afkZ5kmrC8XJRlDKoBcy/hyGVBGs2MwRhSTXFEI+RRFibjIomiq9/4f+kU7Fdz/ZuauXm5SqUAjgFZ+ACuKAOmuAatEAbYDACD+ARPFnSerZerNdl65q1mjkBP2C9fQJCmZDu</latexit>

X6
<latexit sha1_base64="mcBbOpgu6mAlrXqd1X7PtjrsiN8=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLx4rGhtsQ1ls9m0SzebsLuplNCf4FW9iVd/kf4bN20FFX0w8Hhvhpl5fsKoVJb1YRRWVtfWN4qbpa3tnd298v7BrYxTgUkbxywWXR9JwignbUUVI91EEBT5jHT88UXudyZESBrzGzVNiBehIachxUhp6fpucDYoVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuOCliiNSi/94MYpxHhCjMkZU8vnFBy72VSIR4gFnMyK/VTSRKEx2hIeppyFBHpZfODZ/BEKwEMY6GLKzhXv09kKJJyGvm6M0JqJH97ufiX10tV2PAyypNUEY4Xi8KUQRXD/HsYUEGwYlNNEBZUUQzxCAmElc6opKP4+hf+T24d03ZN96pWaZ4vQymCI3AMToEN6qAJLkELtAEGQ/AAHsGTIYxn48V4XbQWjOXMIfgB4+0TSk+Q8w==</latexit>

Z9

<latexit sha1_base64="ejvDEe/iGMpsM9ei6AQkffKAeG8="></latexit>

{Z7, Z8, H7, H8}

<latexit sha1_base64="t4pVww4u/AKC92H6NyO7h9EEvQc="></latexit>

{X7, Y7, Z8}

<latexit sha1_base64="KwbDqBkQ2TSJoFlMfmRsD0n4XuA="></latexit>

{Y5, X6, Z7, H7, H8}

                                           .                                is a LASS between      and      .                   
 Since                            ,              .

<latexit sha1_base64="cF41jDLGMDcGTS0TeitNpv5+gvg=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjesDUtlx264Tr1Rh47tuDWnUslJteJVPejazgJlsEJrWHofhAKnMeEaM6RU3yycUnLvZ0ojHiImOJkXB6kiCcITNCJ9QzmKifKzxcFzeG6UEEZCmuIaLtTvExmKlZrFgemMkR6r314u/uX1Ux01/IzyJNWE4+WiKGVQC5h/D0MqCdZsZgjCkmqKIR4jibA2GRVNFF//wv9Jp2K7nu3d1MrNy1UoBXAKzsAFcEEdNME1aIE2wGAEHsAjeLKk9Wy9WK/L1jVrNXMCfsB6+wQ/hZDs</latexit>

X4
<latexit sha1_base64="NNDhPFHE8cVbiSYlDSrZecLhj8w=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLz0WNHaQhvKZrNpl242YXdTKaE/wat6E6/+Iv03btoKKvpg4PHeDDPz/IRRqSzrwyisrW9sbhW3Szu7e/sH5cOjOxmnApMOjlksej6ShFFOOooqRnqJICjyGen6k6vc706JkDTmt2qWEC9CI05DipHS0k1reDEsVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuBClihPSy/D4IYpxHhCjMkZV8vnFJy72VSIR4gFnMyLw1SSRKEJ2hE+ppyFBHpZYuD5/BMKwEMY6GLK7hQv09kKJJyFvm6M0JqLH97ufiX109V2PAyypNUEY6Xi8KUQRXD/HsYUEGwYjNNEBZUUQzxGAmElc6opKP4+hf+T+4c03ZN97pWaV6uQimCE3AKzoEN6qAJWqANOgCDEXgAj+DJEMaz8WK8LlsLxmrmGPyA8fYJLneQ4Q==</latexit>

H9

<latexit sha1_base64="8FqCR6x+4puZLjTjlvrz1OfXT0Q="></latexit>

PA(H9) = {Z7, Z8, H7, H8}
<latexit sha1_base64="NZLVnOr1+7fjvRIhm7SKdRzOqZQ="></latexit>

{Y5, X6, Z7, H7, H8}
<latexit sha1_base64="RL99rGp9tq71i1nkJm5C9mMIac8="></latexit>

Z8 → PA(Yt) \M

<latexit sha1_base64="vZX2F0eusMbxexBwuDs5vAkLl88="></latexit>

Zu → PA(Yt) \M
<latexit sha1_base64="328JBOx3txReBJfLNna6AI8REoM="></latexit>

Zu→1 → M

<latexit sha1_base64="MlXrapXn/nI699nveiddPKYz0Hw=">AAAB93icbVBNS8NAEJ34WetX1aOXxSJ4KolI9SQFL16ECvYD21A2m027dLMJu5tKCP0XXtWbePXf6L9x0+agrQ8GHu/NMDPPizlT2ra/rZXVtfWNzdJWeXtnd2+/cnDYVlEiCW2RiEey62FFORO0pZnmtBtLikOP0443vsn9zoRKxSLxoNOYuiEeChYwgrWRHvsh1iMvyO6mg0rVrtkzoGXiFKQKBZqDylffj0gSUqEJx0r1zN4Jo09upjQWPuaRoNNyP1E0xmSMh7RnqMAhVW42u3uKTo3ioyCSpoRGM/X3RIZDpdLQM535nWrRy8X/vF6igys3YyJONBVkvihIONIRykNAPpOUaJ4agolkmhFERlhiok1UZROFs/j4Mmmf15x6rX5/UW1cF6GU4BhO4AwcuIQG3EITWkBAwDO8wKuVWm/Wu/Uxb12xipkj+APr8wfWhZQe</latexit>

M
<latexit sha1_base64="bYaelrXO7tjA90fVOd64ZeofWiQ=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZK0pF1JwY3LivYhbSiTyaQdOpmEmUmlhH6CW3Unbv0i/RsnbQUVPXDhcM693HuPnzAqlWV9GIW19Y3NreJ2aWd3b/+gfHjUkXEqMGnjmMWi5yNJGOWkrahipJcIgiKfka4/ucz97pQISWN+q2YJ8SI04jSkGCkt3dwN1bBcscyGbdUbdWiZll2zHCcnVcetutA2rQUqYIXWsPw+CGKcRoQrzJCUfb1wSsm9l0mFeIBYzMm8NEglSRCeoBHpa8pRRKSXLQ6ewzOtBDCMhS6u4EL9PpGhSMpZ5OvOCKmx/O3l4l9eP1Vhw8soT1JFOF4uClMGVQzz72FABcGKzTRBWFBFMcRjJBBWOqOSjuLrX/g/6Tim7Zruda3SvFiFUgQn4BScAxvUQRNcgRZoAwxG4AE8gidDGM/Gi/G6bC0Yq5lj8APG2yejkZEt</latexit>

Yt

<latexit sha1_base64="tyseVuyPIIeYWqeYMeB9sD553Jk="></latexit>

PA(Yt) → M ↑M+1 where M+1 := {Xu+1 : Xu ↓ M, u+ 1 < t}

A toy example in Fig. 1:

A toy example in Fig. 1:

Minimal-Separating-Set-based Causal Discovery (MSSD)
 

Under stationarity and autoregressive structure, some separating sets individually 
enable deriving a superset of the target variable’s parents.

8	algorithms	are	tested	on	5−multivariate continuous-valued time 
series with Gaussian noise. Every marker corresponds to the average 
performance over 100 trials.

5	algorithms	are	tested	on	3−multivariate binary-valued time series 
with different time length. Every marker corresponds to the average 
performance over 50 trials.

For any univariate component time series                         , find a LASS      of      and 
then for any variable                         , 

<latexit sha1_base64="uYI4xrmcgVKlk0a11IKt0f4bHN4=">AAAB93icdVDLSsNAFJ3UV62vqks3g0VwFZK2pF1JwY0boYJ9YBvKZDJph05mQmZSCaF/4VbdiVv/Rv/GSVtBRQ9cOJxzL/fe40WMSmVZH0ZhbX1jc6u4XdrZ3ds/KB8edaVIYkw6WDAR9z0kCaOcdBRVjPSjmKDQY6TnTS9zvzcjsaSC36o0Im6IxpwGFCOlpbthiNTEC7Lr+ahcscymbTWaDWiZll23qtWc1KpOzYG2aS1QASu0R+X3oS9wEhKuMENSDvTeGSX3biYV4j5igpN5aZhIEiE8RWMy0JSjkEg3W9w9h2da8WEgYl1cwYX6fSJDoZRp6OnO/E7528vFv7xBooKmm1EeJYpwvFwUJAwqAfMQoE9jghVLNUE4popiiCcoRljpqEo6iq9/4f+kWzVtx3Ru6pXWxSqUIjgBp+Ac2KABWuAKtEEHYMDBA3gET0ZqPBsvxuuytWCsZo7BDxhvny8UlFo=</latexit>

M
<latexit sha1_base64="0xgDZ9PegePCKSkm7PkQC15GMVg="></latexit>

Xk
s → M ↑M+1

<latexit sha1_base64="pL3YCJYDoUxrRWfvq+dRIbC6/mM=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgaZlNwiYnCXjxGME8IIlhdjKbjJmdXXZ6I2HJN3hVb+LVD9K/cfIQVLSgoajqprvLi6TQQMiHlVlb39jcym7ndnb39g/yh0dNHSYx4w0WyjBue1RzKRRvgADJ21HMaeBJ3vLGl3O/NeGxFqG6gWnEewEdKuELRsFIjfbtXR/6+QKxqw6pVCuY2MQpk2JxTkpFt+RixyYLFNAK9X7+vTsIWRJwBUxSrTtm5UTw+16qgaoBlaHis1w30TyibEyHvGOoogHXvXRx8gyfGWWA/TA2pQAv1O8TKQ20ngae6QwojPRvby7+5XUS8Ku9VKgoAa7YcpGfSAwhnv+PByLmDOTUEMpiAYJhNqIxZWBSypkovv7F/5Nm0XZc270uF2oXq1Cy6ASdonPkoAqqoStURw3EkEAP6BE9WWA9Wy/W67I1Y61mjtEPWG+fIm+SCA==</latexit>

Xj
t

<latexit sha1_base64="lg5niAW2Z153JYZvcY4BlFt+LtU="></latexit>

Xj → V, j → [n]

remove       from                  if  
<latexit sha1_base64="QeHbmINK7UG7i3W5/RTVlqb3GAI=">AAAB8nicdVBNS8NAEN34WetX1aOXxSJ4Cpu0pD1JwYvHCqYttLFsNpt26WYTsptKCf0NXtWbePUH6b9x01ZQ0QcDj/dmmJnnJ5xJhdCHsba+sbm1Xdop7+7tHxxWjo47Ms5SQl0S8zjt+VhSzgR1FVOc9pKU4sjntOtPrgq/O6WpZLG4VbOEehEeCRYygpWW3N7dZCiHlSoymxZqNBsQmciqI9suSM12ag60TLRAFazQHlbeB0FMsogKRTiWsq9XThm993KpsAgwjwWdlweZpAkmEzyifU0Fjqj08sXJc3iulQCGcapLKLhQv0/kOJJyFvm6M8JqLH97hfiX189U2PRyJpJMUUGWi8KMQxXD4n8YsJQSxWeaYJIyxQgkY5xionRKZR3F17/wf9KxTcsxnZt6tXW5CqUETsEZuAAWaIAWuAZt4AICGHgAj+DJUMaz8WK8LlvXjNXMCfgB4+0TInGSCA==</latexit>

Xk
s

<latexit sha1_base64="+wuSCJ2f5yee5a01yI1o4YKuSIc="></latexit>

M →M+1

<latexit sha1_base64="XYPkw3RK410Kak5YCoz1Sjbg2Zs="></latexit>

Xk
s →→ Xj

t | M ↑M+1 \Xk
s

Computation Efficiency: With a consistent CI test, for an   -variate time series:<latexit sha1_base64="ah9wHLoaTNelCkLokWAXX5Jon40=">AAAB7nicdVBNS8NAEN34WetX1aOXxSJ4Cklb0p6k4MVjC/YD2lA2m0m7dLMJ2U2lhP4Cr+pNvPqT9N+4aSuo6IOBx3szzMzzYs6ksqwPY2Nza3tnt7BX3D84PDounZx2ZZQmFDo04lHS94gEzgR0FFMc+nECJPQ49LzpTe73ZpBIFok7NY/BDclYsIBRorTUFqNS2TIbtlVv1LFlWnbNqlRyUq04VQfbprVEGa3RGpXeh35E0xCEopxIOdDrZgzu3UwqInzCIwGL4jCVEBM6JWMYaCpICNLNlucu8KVWfBxEiS6h8FL9PpGRUMp56OnOkKiJ/O3l4l/eIFVBw82YiFMFgq4WBSnHKsL579hnCVDF55oQmjDFKKYTkhCqdEJFHcXXv/h/0q2YtmM67Vq5eb0OpYDO0QW6Qjaqoya6RS3UQRQBekCP6MmIjWfjxXhdtW4Y65kz9APG2yc0L5Bb</latexit>n

A single LASS can recover a superset of all parents.

Simulations

<latexit sha1_base64="0QBA4SZtU/6ahSgx0dRGmmTUyt0=">AAAB8HicbVBNSwMxEM36WetX1aOXYBE8lV2R6kkKXjxWtB/SLiWbzbah2WRJZitl6U/wqt7Eq79I/41puwdtfTDweG+GmXlBIrgB1/12VlbX1jc2C1vF7Z3dvf3SwWHTqFRT1qBKKN0OiGGCS9YADoK1E81IHAjWCoY3U781YtpwJR9gnDA/Jn3JI04JWOn+sQe9UtmtuDPgZeLlpIxy1Hulr26oaBozCVQQYzp24YizJz8zQGRIhJJsUuymhiWEDkmfdSyVJGbGz2YHT/CpVUIcKW1LAp6pvycyEhszjgPbGRMYmEVvKv7ndVKIrvyMyyQFJul8UZQKDApPv8ch14yCGFtCqObAKaYDogkFm1HRRuEtPr5MmucVr1qp3l2Ua9d5KAV0jE7QGfLQJaqhW1RHDURRHz2jF/TqaOfNeXc+5q0rTj5zhP7A+fwBSxGQ8Q==</latexit>

Yt

<latexit sha1_base64="1RqzFOU3k9MFLEIiwvvBr3a2Xs8="></latexit>nωmax

<latexit sha1_base64="BUwkbdX0rmOr3XUvmN5L1/x7xzo=">AAACGXicdZDLSgMxFIYz9VbrbdSlm2ARRGSYaUvbZcGNywr2AtOhZNJMG5rJDEmmUoZ5B/e+h1t1J27d6NuY3kBFDwR+/u+c5OT3Y0alsu1PI7e2vrG5ld8u7Ozu7R+Yh0dtGSUCkxaOWCS6PpKEUU5aiipGurEgKPQZ6fjjqxnvTIiQNOK3ahoTL0RDTgOKkdJW37xIe/NLXDH0vdS26o5dq9cubct2KnapNBPlUrVczZysbxZXHK44XHHoWPa8imBZzb750RtEOAkJV5ghKV292YSSOy+VCvEBYhEnWaGXSBIjPEZD4mrJUUikl86XyuCZdgYwiIQ+XMG5+30iRaGU09DXnSFSI/mbzcy/mJuooO6llMeJIhwvHgoSBlUEZzHBARUEKzbVAmFBFcUQj5BAWOkwCzqK1X/h/6JdspyqVb2pFBuNZSh5cAJOwTlwQA00wDVoghbA4B48gifwbDwYL8ar8bZozRnLmWPwo4z3L+RjnVc=</latexit>

1

1Assume that the dimensionality of the conditioning tests is constant. 

CausaCausa

<latexit sha1_base64="uYCMUGSx2TGpWAnwDIGBbFqnT+k="></latexit>

O(n2
ωmax)

<latexit sha1_base64="A2pUJij4QC1i5xZFVEYm2o+rw0c="></latexit>

O(n3
ω
2
max)

Definition (Stationary SCM). A Stationary Structural Causal Model (SCM) is  
a tuple                         such that each variable            ,              follows:

where           is time-invariant,          is an unobserved exogenous variable, and 
                   are jointly independent with probability measure   .

<latexit sha1_base64="a/aujcB4DECLcDXzG1DKE9m9kX8="></latexit>

M = →V,F , E ,P↑...
<latexit sha1_base64="1eoQTdLOi3TuG+p0wHzc0aSqvSE="></latexit>

Xj
t → V with

t > ωmax

<latexit sha1_base64="1eoQTdLOi3TuG+p0wHzc0aSqvSE="></latexit>

Xj
t → V with

t > ωmax
<latexit sha1_base64="YN0njmiF1GvV+kUu1DLna9eGKcA="></latexit>

Xj
t = fj

(
Pa(Xj

t ), ω
j
t

)
, j → [n], t → [εmax + 1, T ],

<latexit sha1_base64="uZIcBrSEt1fkI2J2sBD7/9+oLL0="></latexit>

fj → F ...
<latexit sha1_base64="Q2eCZ6fiIjMCJPsIR39WeKIw/gg="></latexit>

ωjt → E ..
<latexit sha1_base64="3DtWdmwczAWpZH41ChdnOj1d//I="></latexit>

{ωjt}j→[n],t→[T ]
<latexit sha1_base64="j0oLefdCEcHersNCWce1noBIupo=">AAAB93icdVDLSsNAFJ3UV62vqks3g0VwFZK0pF0W3LisYB/YhjKZTNqhk5mQmVRC6F+4VXfi1r/Rv3HSVlDRAxcO59zLvff4MaNSWdaHUdrY3NreKe9W9vYPDo+qxyc9KdIEky4WTCQDH0nCKCddRRUjgzghKPIZ6fuzq8Lvz0kiqeC3KouJF6EJpyHFSGnpbhQhNfX9vLMYV2uW2bKtZqsJLdOyG5bjFKTuuHUX2qa1RA2s0RlX30eBwGlEuMIMSTnUe+eU3Hu5VIgHiAlOFpVRKkmM8AxNyFBTjiIivXx59wJeaCWAoUh0cQWX6veJHEVSZpGvO4s75W+vEP/yhqkKW15OeZwqwvFqUZgyqAQsQoABTQhWLNME4YQqiiGeogRhpaOq6Ci+/oX/k55j2q7p3jRq7fY6lDI4A+fgEtigCdrgGnRAF2DAwQN4BE9GZjwbL8brqrVkrGdOwQ8Yb58uG5Rb</latexit>

P

[1] Gao, S., Addanki, R., Yu, T., Rossi, R.A., Song, Q. and Kocaoglu, M., Stationarity-Aware Causal Discovery in Time Series via Minimal Separating Sets. In The 29th International 
Conference on Artificial Intelligence and Statistics.
[2] Runge, J., Nowack, P., Kretschmer, M., Flaxman, S. and Sejdinovic, D., 2019. Detecting and quantifying causal associations in large nonlinear time series datasets. Science 
advances, 5(11), p.eaau4996.

                                         .                               is a LASS between     and     , hence:
                                           

<latexit sha1_base64="cF41jDLGMDcGTS0TeitNpv5+gvg=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjesDUtlx264Tr1Rh47tuDWnUslJteJVPejazgJlsEJrWHofhAKnMeEaM6RU3yycUnLvZ0ojHiImOJkXB6kiCcITNCJ9QzmKifKzxcFzeG6UEEZCmuIaLtTvExmKlZrFgemMkR6r314u/uX1Ux01/IzyJNWE4+WiKGVQC5h/D0MqCdZsZgjCkmqKIR4jibA2GRVNFF//wv9Jp2K7nu3d1MrNy1UoBXAKzsAFcEEdNME1aIE2wGAEHsAjeLKk9Wy9WK/L1jVrNXMCfsB6+wQ/hZDs</latexit>

X4
<latexit sha1_base64="NNDhPFHE8cVbiSYlDSrZecLhj8w=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLz0WNHaQhvKZrNpl242YXdTKaE/wat6E6/+Iv03btoKKvpg4PHeDDPz/IRRqSzrwyisrW9sbhW3Szu7e/sH5cOjOxmnApMOjlksej6ShFFOOooqRnqJICjyGen6k6vc706JkDTmt2qWEC9CI05DipHS0k1reDEsVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuBClihPSy/D4IYpxHhCjMkZV8vnFJy72VSIR4gFnMyLw1SSRKEJ2hE+ppyFBHpZYuD5/BMKwEMY6GLK7hQv09kKJJyFvm6M0JqLH97ufiX109V2PAyypNUEY6Xi8KUQRXD/HsYUEGwYjNNEBZUUQzxGAmElc6opKP4+hf+T+4c03ZN97pWaV6uQimCE3AKzoEN6qAJWqANOgCDEXgAj+DJEMaz8WK8LlsLxmrmGPyA8fYJLneQ4Q==</latexit>

H9

<latexit sha1_base64="8FqCR6x+4puZLjTjlvrz1OfXT0Q="></latexit>

PA(H9) = {Z7, Z8, H7, H8}
<latexit sha1_base64="NZLVnOr1+7fjvRIhm7SKdRzOqZQ="></latexit>

{Y5, X6, Z7, H7, H8}
<latexit sha1_base64="B01ACVbN+JVYUnia2A/S/080xRQ="></latexit>

PA(H9) → M ↑M+1 = {Y5, Y6, X6, X7, Z7, Z8, H7, H8}

<latexit sha1_base64="ZoTeCuKSVU+LU6F9gCrW3l43oSA=">AAACBnicbZDLSsNAFIYn9VbrLerChZvBIrgoJRFpu5KCmy4r2AttQphMJu3QySRkJpUSsvc93Ko7cetj6Ns4bbPQ1h8OfPznHGbO70aMCmkY31phY3Nre6e4W9rbPzg80o9PuiJMYkw6OGRh3HeRIIxy0pFUMtKPYoICl5GeO7mb93tTEgsa8gc5i4gdoBGnPsVIKsvRz6x04NQqA6euqlFpKW45dStz9LJRNRaC62DmUAa52o7+ZXkhTgLCJWZIiKH6xpSSRzsVEnEPsZCTrGQlgkQIT9CIDBVyFBBhp4szMnipHA/6YayKS7hwf2+kKBBiFrhqMkByLFZ7c/O/3jCRfsNOKY8SSThePuQnDMoQzjOBHo0JlmymAOGYSoohHqMYYamSK6kozNXD16F7XTVr1dr9Tbl5m4dSBOfgAlwBE9RBE7RAG3QABhl4Bi/gVXvS3rR37WM5WtDynVPwR9rnD81pl6k=</latexit>

{Z6, Z7, Z8, H6, H7}

                         is a Minimal Separating Set between      and     ,  
                              is a Minimal Separating Set between      and     ,                                              
                              is a Minimal Separating Set between      and     ,                        
             is the only Minimal Separating Set between      and     ,
                  is a Minimal Separating Set between      and     .   

<latexit sha1_base64="cF41jDLGMDcGTS0TeitNpv5+gvg=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjesDUtlx264Tr1Rh47tuDWnUslJteJVPejazgJlsEJrWHofhAKnMeEaM6RU3yycUnLvZ0ojHiImOJkXB6kiCcITNCJ9QzmKifKzxcFzeG6UEEZCmuIaLtTvExmKlZrFgemMkR6r314u/uX1Ux01/IzyJNWE4+WiKGVQC5h/D0MqCdZsZgjCkmqKIR4jibA2GRVNFF//wv9Jp2K7nu3d1MrNy1UoBXAKzsAFcEEdNME1aIE2wGAEHsAjeLKk9Wy9WK/L1jVrNXMCfsB6+wQ/hZDs</latexit>

X4
<latexit sha1_base64="NNDhPFHE8cVbiSYlDSrZecLhj8w=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLz0WNHaQhvKZrNpl242YXdTKaE/wat6E6/+Iv03btoKKvpg4PHeDDPz/IRRqSzrwyisrW9sbhW3Szu7e/sH5cOjOxmnApMOjlksej6ShFFOOooqRnqJICjyGen6k6vc706JkDTmt2qWEC9CI05DipHS0k1reDEsVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuBClihPSy/D4IYpxHhCjMkZV8vnFJy72VSIR4gFnMyLw1SSRKEJ2hE+ppyFBHpZYuD5/BMKwEMY6GLK7hQv09kKJJyFvm6M0JqLH97ufiX109V2PAyypNUEY6Xi8KUQRXD/HsYUEGwYjNNEBZUUQzxGAmElc6opKP4+hf+T+4c03ZN97pWaV6uQimCE3AKzoEN6qAJWqANOgCDEXgAj+DJEMaz8WK8LlsLxmrmGPyA8fYJLneQ4Q==</latexit>

H9

<latexit sha1_base64="TLvC+YXwjknuSyt1irjTrEDBykQ=">AAACBXicdVDLSsNAFJ3UV62vquDGzWARXJSQtKXNSgpuuqxgH7QJYTKdtkMnk5CZVErs2v9wq+7Erb+hf+OkraCiBy4czrmXe+/xQkaFNIwPLbO2vrG5ld3O7ezu7R/kD4/aIogjTFo4YEHU9ZAgjHLSklQy0g0jgnyPkY43uUr9zpREggb8Rs5C4vhoxOmQYiSV5OZP7KTn1oqw51pF2EhZw7XsuZsvGLplGjWrBg3dMCtGqZSScqlarkJTNxYogBWabv7dHgQ49gmXmCEh+uqKKSW3TiIk4gPEAk7mOTsWJER4gkakryhHPhFOsvhiDs+VMoDDIFLFJVyo3ycS5Asx8z3V6SM5Fr+9VPzL68dyaDkJ5WEsCcfLRcOYQRnANBI4oBHBks0UQTiikmKIxyhCWKrgciqKr3/h/6Rd0s2qXr2uFOqXq1Cy4BScgQtgghqogwZoghbA4A48gEfwpN1rz9qL9rpszWirmWPwA9rbJ9iplyI=</latexit>

{Z7, Z8, H7, H8}
<latexit sha1_base64="cF41jDLGMDcGTS0TeitNpv5+gvg=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjesDUtlx264Tr1Rh47tuDWnUslJteJVPejazgJlsEJrWHofhAKnMeEaM6RU3yycUnLvZ0ojHiImOJkXB6kiCcITNCJ9QzmKifKzxcFzeG6UEEZCmuIaLtTvExmKlZrFgemMkR6r314u/uX1Ux01/IzyJNWE4+WiKGVQC5h/D0MqCdZsZgjCkmqKIR4jibA2GRVNFF//wv9Jp2K7nu3d1MrNy1UoBXAKzsAFcEEdNME1aIE2wGAEHsAjeLKk9Wy9WK/L1jVrNXMCfsB6+wQ/hZDs</latexit>

X4
<latexit sha1_base64="NNDhPFHE8cVbiSYlDSrZecLhj8w=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLz0WNHaQhvKZrNpl242YXdTKaE/wat6E6/+Iv03btoKKvpg4PHeDDPz/IRRqSzrwyisrW9sbhW3Szu7e/sH5cOjOxmnApMOjlksej6ShFFOOooqRnqJICjyGen6k6vc706JkDTmt2qWEC9CI05DipHS0k1reDEsVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuBClihPSy/D4IYpxHhCjMkZV8vnFJy72VSIR4gFnMyLw1SSRKEJ2hE+ppyFBHpZYuD5/BMKwEMY6GLK7hQv09kKJJyFvm6M0JqLH97ufiX109V2PAyypNUEY6Xi8KUQRXD/HsYUEGwYjNNEBZUUQzxGAmElc6opKP4+hf+T+4c03ZN97pWaV6uQimCE3AKzoEN6qAJWqANOgCDEXgAj+DJEMaz8WK8LlsLxmrmGPyA8fYJLneQ4Q==</latexit>

H9
<latexit sha1_base64="cF41jDLGMDcGTS0TeitNpv5+gvg=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjesDUtlx264Tr1Rh47tuDWnUslJteJVPejazgJlsEJrWHofhAKnMeEaM6RU3yycUnLvZ0ojHiImOJkXB6kiCcITNCJ9QzmKifKzxcFzeG6UEEZCmuIaLtTvExmKlZrFgemMkR6r314u/uX1Ux01/IzyJNWE4+WiKGVQC5h/D0MqCdZsZgjCkmqKIR4jibA2GRVNFF//wv9Jp2K7nu3d1MrNy1UoBXAKzsAFcEEdNME1aIE2wGAEHsAjeLKk9Wy9WK/L1jVrNXMCfsB6+wQ/hZDs</latexit>

X4
<latexit sha1_base64="NNDhPFHE8cVbiSYlDSrZecLhj8w=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLz0WNHaQhvKZrNpl242YXdTKaE/wat6E6/+Iv03btoKKvpg4PHeDDPz/IRRqSzrwyisrW9sbhW3Szu7e/sH5cOjOxmnApMOjlksej6ShFFOOooqRnqJICjyGen6k6vc706JkDTmt2qWEC9CI05DipHS0k1reDEsVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuBClihPSy/D4IYpxHhCjMkZV8vnFJy72VSIR4gFnMyLw1SSRKEJ2hE+ppyFBHpZYuD5/BMKwEMY6GLK7hQv09kKJJyFvm6M0JqLH97ufiX109V2PAyypNUEY6Xi8KUQRXD/HsYUEGwYjNNEBZUUQzxGAmElc6opKP4+hf+T+4c03ZN97pWaV6uQimCE3AKzoEN6qAJWqANOgCDEXgAj+DJEMaz8WK8LlsLxmrmGPyA8fYJLneQ4Q==</latexit>

H9
<latexit sha1_base64="/kmyCy485GD4WNzIcYMn6SGz0QU=">AAAB+XicdVDLSsNAFJ3UV62vqks3g0VwISFpS9KVFNy4rGAf0oQwmUzaoZNJyEwqJfQ33Ko7cevP6N84aSuo6IELh3Pu5d57/IRRIQ3jQyutrW9sbpW3Kzu7e/sH1cOjnoizFJMujlmcDnwkCKOcdCWVjAySlKDIZ6TvT64Kvz8lqaAxv5WzhLgRGnEaUoykkhwnH3j2BbzzbGfuVWuG3jINu2VDQzfMplGvF6RRtxoWNHVjgRpYoeNV350gxllEuMQMCTFUm6eU3Lu5kIgHiMWczCtOJkiC8ASNyFBRjiIi3Hxx+RyeKSWAYZyq4hIu1O8TOYqEmEW+6oyQHIvfXiH+5Q0zGbbcnPIkk4Tj5aIwY1DGsIgBBjQlWLKZIginVFIM8RilCEsVVkVF8fUv/J/06rpp6dZNs9a+XIVSBifgFJwDE9igDa5BB3QBBgl4AI/gScu1Z+1Fe122lrTVzDH4Ae3tEyMIlDQ=</latexit>

{X7, Y7}
<latexit sha1_base64="Dp1fsgDO/EbgGKT53uGO97egtA4=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQpKWNCspuHFZ0T6gDWUymbRDJ5MwM6mU0E9wq+7ErV+kf+OkraCiBy4czrmXe+8JUkalsqwPY219Y3Nru7RT3t3bPzisHB13ZJIJTNo4YYnoBUgSRjlpK6oY6aWCoDhgpBtMrgq/OyVC0oTfqVlK/BiNOI0oRkpLt72hN6xULdOzrYbXgJZp2XXLcQpSc9yaC23TWqAKVmgNK++DMMFZTLjCDEnZ1wunlNz7uVSIh4glnMzLg0ySFOEJGpG+phzFRPr54uA5PNdKCKNE6OIKLtTvEzmKpZzFge6MkRrL314h/uX1MxV5fk55minC8XJRlDGoElh8D0MqCFZspgnCgiqKIR4jgbDSGZV1FF//wv9JxzFt13Rv6tXm5SqUEjgFZ+AC2KABmuAatEAbYDACD+ARPBnCeDZejNdl65qxmjkBP2C8fQJFrZDw</latexit>

X8
<latexit sha1_base64="mcBbOpgu6mAlrXqd1X7PtjrsiN8=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLx4rGhtsQ1ls9m0SzebsLuplNCf4FW9iVd/kf4bN20FFX0w8Hhvhpl5fsKoVJb1YRRWVtfWN4qbpa3tnd298v7BrYxTgUkbxywWXR9JwignbUUVI91EEBT5jHT88UXudyZESBrzGzVNiBehIachxUhp6fpucDYoVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuOCliiNSi/94MYpxHhCjMkZU8vnFBy72VSIR4gFnMyK/VTSRKEx2hIeppyFBHpZfODZ/BEKwEMY6GLKzhXv09kKJJyGvm6M0JqJH97ufiX10tV2PAyypNUEY4Xi8KUQRXD/HsYUEGwYlNNEBZUUQzxCAmElc6opKP4+hf+T24d03ZN96pWaZ4vQymCI3AMToEN6qAJLkELtAEGQ/AAHsGTIYxn48V4XbQWjOXMIfgB4+0TSk+Q8w==</latexit>

Z9
<latexit sha1_base64="yMeGsNXDAKLIMd6xpg2tnpPNXLo=">AAACAHicdVDLSsNAFJ3UV62vVpduBovgQkLSlqQrKbhxWcE+tC1hMpm0QyeTkJm0lNCN/+FW3Ylbv0T/xklbQUUP3MvhnHuZuceNGBXSMD603Nr6xuZWfruws7u3f1AsHbZFmMSYtHDIwrjrIkEY5aQlqWSkG8UEBS4jHXd8mfmdCYkFDfmNnEVkEKAhpz7FSCrJKZb6adexz+Ft1u6cen/uFMuGXjcNu25DQzfMmlGpZKRasaoWNHVjgTJYoekU3/teiJOAcIkZEqKnPjChZDpIhUTcQyzkZF7oJ4JECI/RkPQU5SggYpAuDpjDU6V40A9jVVzChfp9I0WBELPAVZMBkiPx28vEv7xeIv36IKU8SiThePmQnzAoQ5ilAT0aEyzZTBGEYyophniEYoSlyqygovi6F/5P2hXdtHTrulZuXKxCyYNjcALOgAls0ABXoAlaAIMpeACP4Em71561F+11OZrTVjtH4Ae0t09QdZXU</latexit>

{X7, Y7, Z8}
<latexit sha1_base64="Zlc22Ahsq8RXADchdxfkyOz1g2c=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAiuQtKWtCspuHFZ0T6gDWUymbRDJzNhZlIpoZ/gVt2JW79I/8ZJW0FFD1w4nHMv994TJIwq7Tgf1tr6xubWdmGnuLu3f3BYOjruKJFKTNpYMCF7AVKEUU7ammpGeokkKA4Y6QaTq9zvTolUVPA7PUuIH6MRpxHFSBvptjf0hqWyYzdcp96oQ8d23JpTqeSkWvGqHnRtZ4EyWKE1LL0PQoHTmHCNGVKqbxZOKbn3M6URDxETnMyLg1SRBOEJGpG+oRzFRPnZ4uA5PDdKCCMhTXENF+r3iQzFSs3iwHTGSI/Vby8X//L6qY4afkZ5kmrC8XJRlDKoBcy/hyGVBGs2MwRhSTXFEI+RRFibjIomiq9/4f+kU7Fdz/ZuauXm5SqUAjgFZ+ACuKAOmuAatEAbYDACD+ARPFnSerZerNdl65q1mjkBP2C9fQJCmZDu</latexit>

X6
<latexit sha1_base64="mcBbOpgu6mAlrXqd1X7PtjrsiN8=">AAAB8HicdVBNS8NAEN3Ur1q/qh69LBbBU0jSktaLFLx4rGhtsQ1ls9m0SzebsLuplNCf4FW9iVd/kf4bN20FFX0w8Hhvhpl5fsKoVJb1YRRWVtfWN4qbpa3tnd298v7BrYxTgUkbxywWXR9JwignbUUVI91EEBT5jHT88UXudyZESBrzGzVNiBehIachxUhp6fpucDYoVyyzYVv1Rh1apmXXLMfJSdVxqy60TWuOCliiNSi/94MYpxHhCjMkZU8vnFBy72VSIR4gFnMyK/VTSRKEx2hIeppyFBHpZfODZ/BEKwEMY6GLKzhXv09kKJJyGvm6M0JqJH97ufiX10tV2PAyypNUEY4Xi8KUQRXD/HsYUEGwYlNNEBZUUQzxCAmElc6opKP4+hf+T24d03ZN96pWaZ4vQymCI3AMToEN6qAJLkELtAEGQ/AAHsGTIYxn48V4XbQWjOXMIfgB4+0TSk+Q8w==</latexit>

Z9

<latexit sha1_base64="9vIyxUnEKxLk4lfiTe+pcc5OWJM="></latexit>

{Y5, X6, Z7, H7, H8}

A toy example in Fig. 1:

<latexit sha1_base64="ZoTeCuKSVU+LU6F9gCrW3l43oSA=">AAACBnicbZDLSsNAFIYn9VbrLerChZvBIrgoJRFpu5KCmy4r2AttQphMJu3QySRkJpUSsvc93Ko7cetj6Ns4bbPQ1h8OfPznHGbO70aMCmkY31phY3Nre6e4W9rbPzg80o9PuiJMYkw6OGRh3HeRIIxy0pFUMtKPYoICl5GeO7mb93tTEgsa8gc5i4gdoBGnPsVIKsvRz6x04NQqA6euqlFpKW45dStz9LJRNRaC62DmUAa52o7+ZXkhTgLCJWZIiKH6xpSSRzsVEnEPsZCTrGQlgkQIT9CIDBVyFBBhp4szMnipHA/6YayKS7hwf2+kKBBiFrhqMkByLFZ7c/O/3jCRfsNOKY8SSThePuQnDMoQzjOBHo0JlmymAOGYSoohHqMYYamSK6kozNXD16F7XTVr1dr9Tbl5m4dSBOfgAlwBE9RBE7RAG3QABhl4Bi/gVXvS3rR37WM5WtDynVPwR9rnD81pl6k=</latexit>

{Z6, Z7, Z8, H6, H7}

Figure 1: Illustration of a Stationary SCM.

A toy example in Fig. 1:

<latexit sha1_base64="Q5w470VIArFAjI+06XssKR+l3rI="></latexit>

Z7 → M


