
• If                , samples from the same group share the same causal mechanism.       We are back to the 
Stationary SCM from Semi-Stationary SCM.

• If                   , samples from the same group belong to a mixture conditional distribution.       By 
Lemma 3.2, all dependent relations within each component distribution remain.       With Hard 
Mechanism Change assumption, this leads to a denser graph. 

• The data is from 1948-2022 with 900 months.         
• denotes the monthly mean of surface pressure in the West Pacific; ,         and denotes the 

monthly mean of air temperature in the Central Pacific, East Pacific, and tropical Atlantic, 
respectively. 

• We found that the causal effect from the tropical Atlantic air temperature to the Central Pacific air 
temperature would disappear every quarter of a year.

Theorem

CAUSAL DISCOVERY IN SEMI-STATIONARY TIME SERIES

§ Challenge 1: Autocorrelated Samples.
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§ Periodic nature is commonly observed in many real-world time series data.

§ Seasonality demonstrates a typical recurring pattern, particularly noticeable in climate variations, 
showcasing periodicity.

§ Periodic changes in the causal relations are expected underlying this type of time series without 
assuming stationarity. 

Daily and Monthly Trends in Congestion
San Antonio, Texas, 2000-2004

Human Walking 
SS and DS phases duration, measured as percentage of complete 
cycle. 

Source: Analysis of data from FHWA's Mobility Monitoring Program

Source: Kalouguine, Anne, et al. 2020
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IID Data

§ Q1: How to deal with non-IID samples with constraint-based approaches under stationary 
Structural Causal Model (SCM), assuming all the causal relationships remain constant in 
direction throughout time?
A1: In Runge et al. 2019, PCMCI applies the Momentary Conditional Independence test (MCI) to deal 
with the autocorrelations in samples.

§ The goal: Discover the causal structure from a specific type of non-stationary time series data, called 
the semi-stationary time series, where the underlying causal structures change periodically.

§ Challenge 2: Stationary SCM vs Semi-Stationary SCM.
• Most existing causal discovery algorithms for time series assume stationarity (Assaad et al. [2022]).
• However, alternating and recurring changes in the causal mechanisms may exist.

• Most existing Conditional Independence tests assume Independent and Identically Distributed (IID) 
samples.

• However,  time series are non-IID samples.  

Testing                                  , for       any measure of dependence:

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

2 algorithms are tested on 3−multivariate binary-valued time 
series with different time length.

§ We propose a non-parametric, constraint-based causal discovery algorithm PCMCIΩ designed for semi-
stationary time-series data, in which a finite number of causal mechanisms are repeated periodically. 

§ We establish the soundness of our algorithm and assess its effectiveness on continuous-valued and 
discrete-valued time series data. 

§ The algorithm PCMCIΩ has the capacity to reveal the existence of periodicity of causal mechanisms in 
real-world datasets. 

§ Q2: How to estimate the periodicity of causal mechanisms in      , denoted by     ?
A2: 
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CausaCausa

Motivation

PCMCIΩ: 
Capturing Periodicity of the Causal Structure 

Experiment Results

Conclusions

CI tests MCI tests

Theorem 3.1  Let     be the estimated graph using the Algorithm PCMCIΩ, under assumptions 
A1-A7 and with an oracle (infinite sample size limit), we have that:

almost surely. 

Variable Parents 
𝑓!,# in Semi-
Stationary 

SCM 
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X1
9

<latexit sha1_base64="W4txJ3J12HTq4zQF/Q/BSmAJTRQ=">AAAB8nicbVDLSgMxFM34rPVVdekmWAQXUmak2i4LblxWsA+YjiWTZtrQTDIkd4RS+hluXCji1q9x59+YaWehrQcSDufcy733hIngBlz321lb39jc2i7sFHf39g8OS0fHbaNSTVmLKqF0NySGCS5ZCzgI1k00I3EoWCcc32Z+54lpw5V8gEnCgpgMJY84JWAlv/vo9WuX2V/vl8puxZ0DrxIvJ2WUo9kvffUGiqYxk0AFMcb33ASCKdHAqWCzYi81LCF0TIbMt1SSmJlgOl95hs+tMsCR0vZJwHP1d8eUxMZM4tBWxgRGZtnLxP88P4WoHky5TFJgki4GRanAoHB2Px5wzSiIiSWEam53xXRENKFgUyraELzlk1dJ+6ri3VSu76vlRjWPo4BO0Rm6QB6qoQa6Q03UQhQp9Ixe0ZsDzovz7nwsStecvOcE/YHz+QN4W5AL</latexit>

X1
7 , X

1
8

<latexit sha1_base64="PvZ9tL8p2NuyNTVchNd46qGJFXQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PBi8cKtg20sWy223bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPth9RwKRRvoEDJ/URzGoWSt8LRzdRvPXFtRKzucZzwIKIDJfqCUbSS7z943cxzJ91yxa26M5Bl4uWkAjnq3fJXpxezNOIKmaTGtD03wSCjGgWTfFLqpIYnlI3ogLctVTTiJshm907IiVV6pB9rWwrJTP09kdHImHEU2s6I4tAselPxP6+dYv86yIRKUuSKzRf1U0kwJtPnSU9ozlCOLaFMC3srYUOqKUMbUcmG4C2+vEyaZ1Xvsnpxd16pnedxFOEIjuEUPLiCGtxCHRrAQMIzvMKb8+i8OO/Ox7y14OQzh/AHzucPNCCPZQ==</latexit>

X1
10

<latexit sha1_base64="ZqywUYs4p7hsK7D20O1Hb9hB474=">AAAB+HicbVBNS8NAEJ34WetHox69BIvgQUpSqtZbwYvHCrYNtGnYbDft0s0m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCBhVCrb/jbW1jc2t7YLO8Xdvf2Dknl41JZxKjBp4ZjFwg2QJIxy0lJUMeImgqAoYKQTjG9nfueRCElj/qAmCfEiNOQ0pBgpLflmye1X/aw+vXD7jp/dTH2zbFfsOaxV4uSkDDmavvnVG8Q4jQhXmCEpu46dKC9DQlHMyLTYSyVJEB6jIelqylFEpJfND59aZ1oZWGEsdHFlzdXfExmKpJxEge6MkBrJZW8m/ud1UxXWvYzyJFWE48WiMGWWiq1ZCtaACoIVm2iCsKD6VguPkEBY6ayKOgRn+eVV0q5WnKvK5X2t3KjlcRTgBE7hHBy4hgbcQRNagCGFZ3iFN+PJeDHejY9F65qRzxzDHxifP4sfklc=</latexit>

X2
8 , X

1
9

<latexit sha1_base64="8GEq1gQniy5Qkm9ZjFy09E2d5Gg=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiiWwNqEcSLx4xEdgEVtItXWjodte2a0I2/AkvHjTGq3/Hm//GAntQ8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epoqxFYxErLyCaCS5Zy3AjmJcoRqJAsE4wvpn5nSemNI/lvZkkzI/IUPKQU2Ks5HkPuJ9hPO2XK27VnQOtEpyTCuRo9stfvUFM04hJQwXRuovdxPgZUYZTwaalXqpZQuiYDFnXUkkipv1sfu8UnVllgMJY2ZIGzdXfExmJtJ5Ege2MiBnpZW8m/ud1UxNe+xmXSWqYpItFYSqQidHseTTgilEjJpYQqri9FdERUYQaG1HJhoCXX14l7YsqvqzW72qVRi2PowgncArngOEKGnALTWgBBQHP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/NaWPZg==</latexit>

X1
11

<latexit sha1_base64="iC3bVjkIh5JE8GHYQfd0nyk01iw=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiiewS/DiSePGIicAmsJJu6UJD213brgnZ8Ce8eNAYr/4db/4bC+xBwZdM8vLeTGbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbR2nitAWiXms/BBrypmkLcMMp36iKBYhp51wfDPzO09UaRbLezNJaCDwULKIEWys5PsPXj/zatN+ueJW3TnQKvFyUoEczX75qzeISSqoNIRjrbuem5ggw8owwum01Es1TTAZ4yHtWiqxoDrI5vdO0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpia6DjImk9RQSRaLopQjE6PZ82jAFCWGTyzBRDF7KyIjrDAxNqKSDcFbfnmVtGtV77J6cVevNOp5HEU4gVM4Bw+uoAG30IQWEODwDK/w5jw6L86787FoLTj5zDH8gfP5Azcqj2c=</latexit>

X1
12

<latexit sha1_base64="WUTTdsjgSw3p1jPlbfihkECUHgM=">AAAB+nicbZDLTsJAFIZP8YZ4K7p0M5GYuDCkVbwsSdy4xESgCZRmOgwwYXrJzFRDKo/ixoXGuPVJ3Pk2DqULBf9kki//OSfnzO/HnEllWd9GYWV1bX2juFna2t7Z3TPL+y0ZJYLQJol4JBwfS8pZSJuKKU6dWFAc+Jy2/fHNrN5+oEKyKLxXk5i6AR6GbMAIVtryzLLTO/dS25qeOj07A8+sWFUrE1oGO4cK5Gp45le3H5EkoKEiHEvZsa1YuSkWihFOp6VuImmMyRgPaUdjiAMq3TQ7fYqOtdNHg0joFyqUub8nUhxIOQl83RlgNZKLtZn5X62TqMG1m7IwThQNyXzRIOFIRWiWA+ozQYniEw2YCKZvRWSEBSZKp1XSIdiLX16G1lnVvqxe3NUq9VoeRxEO4QhOwIYrqMMtNKAJBB7hGV7hzXgyXox342PeWjDymQP4I+PzB1oOkr0=</latexit>

X3
10, X

1
10

<latexit sha1_base64="F0JM6DnTRhk39fcegyzdSgp9RGI=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN8EiuJCSkXpZFty4rGAv0MYwmU7aoZNJmJkoJeZR3LhQxK1P4s63cXpZaOsPAx//OYdz5g8SzpR23W+rsLK6tr5R3Cxtbe/s7tnl/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H1pN5+oFKxWNzpcUK9CA8ECxnB2li+Xe7cIz9Dbn46A5T7dsWtulM5y4DmUIG5Gr791evHJI2o0IRjpbrITbSXYakZ4TQv9VJFE0xGeEC7BgWOqPKy6em5c2ycvhPG0jyhnan7eyLDkVLjKDCdEdZDtVibmP/VuqkOr7yMiSTVVJDZojDljo6dSQ5On0lKNB8bwEQyc6tDhlhiok1aJRMCWvzyMrTOquiien5bq9Rr8ziKcAhHcAIILqEON9CAJhB4hGd4hTfryXqx3q2PWWvBms8cwB9Znz9Yb5K8</latexit>

X1
10, X

1
11

<latexit sha1_base64="XgJ+A3whNHe0QhCyfEZhMoK/fNk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKfBwDXjxGNA9IljA76d0MmZ1dZmaFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAej25nffkKleSIfzThFP6aR5CFn1FjpIep7/XLFrbpzkFXi5aQCORr98ldvkLAsRmmYoFp3PTc1/oQqw5nAaamXaUwpG9EIu5ZKGqP2J/NTp+TMKgMSJsqWNGSu/p6Y0FjrcRzYzpiaoV72ZuJ/Xjcz4Y0/4TLNDEq2WBRmgpiEzP4mA66QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK6qHpX1cv7WqVey+Mowgmcwjl4cA11uIMGNIFBBM/wCm+OcF6cd+dj0Vpw8plj+APn8wfwxY2L</latexit>g1
<latexit sha1_base64="BIRyRYZJXAiIUO3bW7RoHqKQ+Ro=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK/TgWvHisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7of9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2repdVi/u6pVGPY+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/ySY2M</latexit>g2

<latexit sha1_base64="gIXvOduRNdmGohG0BD2Z2XpluVA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexqfBwDXjxGMA9IljA7mU2GzMwuM71CCPkFLx4U8eoPefNv3E32oIkFDUVVN91dQSyFRdf9dgpr6xubW8Xt0s7u3v5B+fCoZaPEMN5kkYxMJ6CWS6F5EwVK3okNpyqQvB2M7zK//cSNFZF+xEnMfUWHWoSCUcykYf+y1C9X3Ko7B1klXk4qkKPRL3/1BhFLFNfIJLW267kx+lNqUDDJZ6VeYnlM2ZgOeTelmipu/en81hk5S5UBCSOTlkYyV39PTKmydqKCtFNRHNllLxP/87oJhrf+VOg4Qa7ZYlGYSIIRyR4nA2E4QzlJCWVGpLcSNqKGMkzjyULwll9eJa2LqnddvXqoVeq1PI4inMApnIMHN1CHe2hAExiM4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gAo5Y2h</latexit>g3

MCI Tests with  
<latexit sha1_base64="jspSV/vnHOyLwPkfXwG4k2S7hyU=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwVWZ0XrZCAU3LivYC3SGIZOmbWguQ5IRylDc+CpuXCji1qdw59uYtrPQ1h8CH/85h5Pzxwmj2njet1NYWl5ZXSuulzY2t7Z33N29ppapwqSBJZOqHSNNGBWkYahhpJ0ognjMSCse3kzqrQeiNJXi3owSEnLUF7RHMTLWityDYIBMFkhO+mgc+dczsnAWuWWv4k0FF8HPoQxy1SP3K+hKnHIiDGZI647vJSbMkDIUMzIuBakmCcJD1CcdiwJxosNsesIYHlunC3tS2ScMnLq/JzLEtR7x2HZyZAZ6vjYx/6t1UtO7CjMqktQQgWeLeimDRsJJHrBLFcGGjSwgrKj9K8QDpBA2NrWSDcGfP3kRmqcV/6Jyflct16p5HEVwCI7ACfDBJaiBW1AHDYDBI3gGr+DNeXJenHfnY9ZacPKZffBHzucPdxKWyQ==</latexit>

!̂1 = !1 = 3
<latexit sha1_base64="WJcI0MzKElFJjpgVxY7v2fUK4ks=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUmKr2XBjSupYB/QhDCZ3rZDJ5M4MxFK6MaNv+LGhSJu/Qd3/o3TNgttPXDhzDn3MveeMOFMacf5tgpLyyura8X10sbm1vaOvbvXVHEqKTRozGPZDokCzgQ0NNMc2okEEoUcWuHwauK3HkAqFos7PUrAj0hfsB6jRBspsA+9AdGZF0fQJ+PA9QTc45vZM3ADu+xUnCnwInFzUkY56oH95XVjmkYgNOVEqY7rJNrPiNSMchiXvFRBQuiQ9KFjqCARKD+bXjHGx0bp4l4sTQmNp+rviYxESo2i0HRGRA/UvDcR//M6qe5d+hkTSapB0NlHvZRjHeNJJLjLJFDNR4YQKpnZFdMBkYRqE1zJhODOn7xImtWKe145uz0t16p5HEV0gI7QCXLRBaqha1RHDUTRI3pGr+jNerJerHfrY9ZasPKZffQH1ucPG3aYRg==</latexit>

!̂1 6= N!1

<latexit sha1_base64="dXoO1HXNpg0f40TKzw4V+K9qTMI=">AAACKXicbZDJSgNBEIZ7XGPcoh69NAZBQcNMXI8BLx4jmDiQSUJPp6JNeha7a4QwzOt48VW8KCjq1Rexk8zBraDh4/+rqK7fj6XQaNvv1tT0zOzcfGGhuLi0vLJaWltv6ihRHBo8kpFyfaZBihAaKFCCGytggS/hyh+cjfyrO1BaROElDmNoB+w6FH3BGRqpW6rV2Y7bcbq46+kk1oBwS710pKS4X832cnKyPc9zOwc5u53qxPeybqlsV+xx0b/g5FAmedW7pWevF/EkgBC5ZFq3HDvGdsoUCi4hK3qJhpjxAbuGlsGQBaDb6fjSjG4bpUf7kTIvRDpWv0+kLNB6GPimM2B4o397I/E/r5Vg/7SdijBOEEI+WdRPJMWIjmKjPaGAoxwaYFwJ81fKb5hiHE24RROC8/vkv9CsVpzjytHFYblWzeMokE2yRXaIQ05IjZyTOmkQTu7JI3khr9aD9WS9WR+T1ikrn9kgP8r6/AKycKUI</latexit>

Pa(X1
t ) ◆ {X1

t�2, X
1
t�1,

X3
t�1, X

2
t�2}<latexit sha1_base64="iCUrWm8XmXz792Bo/nTwnQztMnc=">AAACEnicbZDLSsNAFIYn9VbrLerSTbBIW9CSFG8boeDGZQV7gSaGyXTSDp1MwsxEKCHP4MZXceNCEbeu3Pk2Ttso2vrDwDf/OYeZ83sRJUKa5qeWW1hcWl7JrxbW1jc2t/TtnZYIY45wE4U05B0PCkwJw01JJMWdiGMYeBS3veHluN6+w1yQkN3IUYSdAPYZ8QmCUlmuXmnAcufWchNZKqWVCzv5vhzV0sMftlI7dfWiWTUnMubByqAIMjVc/cPuhSgOMJOIQiG6lhlJJ4FcEkRxWrBjgSOIhrCPuwoZDLBwkslKqXGgnJ7hh1wdJo2J+3sigYEQo8BTnQGUAzFbG5v/1bqx9M+dhLAolpih6UN+TA0ZGuN8jB7hGEk6UgARJ+qvBhpADpFUKRZUCNbsyvPQqlWt0+rJ9XGxXsviyIM9sA/KwAJnoA6uQAM0AQL34BE8gxftQXvSXrW3aWtOy2Z2wR9p71/smJsX</latexit>

Pa(X1
t00) = {X1

t00�2, X
1
t00�1}

<latexit sha1_base64="E/t7aQAn6rnNtw/nXj+kGK1QE7c=">AAACD3icbZDLSsNAFIYn9VbrLerSTbCoFbQk9boRCm5cVrA10KRhMp22QyeTMDMRSsgbuPFV3LhQxK1bd76NkzYLbf1h4OM/53Dm/H5EiZCm+a0V5uYXFpeKy6WV1bX1DX1zqyXCmCPcRCENue1DgSlhuCmJpNiOOIaBT/G9P7zO6vcPmAsSsjs5irAbwD4jPYKgVJan7zdgxe5YXiIP0sMrJ7E7JxkfW+lRbit0Uk8vm1VzLGMWrBzKIFfD07+cbojiADOJKBSibZmRdBPIJUEUpyUnFjiCaAj7uK2QwQALNxnfkxp7yukavZCrx6Qxdn9PJDAQYhT4qjOAciCma5n5X60dy96lmxAWxRIzNFnUi6khQyMLx+gSjpGkIwUQcaL+aqAB5BBJFWFJhWBNnzwLrVrVOq+e3Z6W67U8jiLYAbugAixwAergBjRAEyDwCJ7BK3jTnrQX7V37mLQWtHxmG/yR9vkDr8uahQ==</latexit>

Pa(X1
t0) = {X3

t0�1, X
1
t0�1}

<latexit sha1_base64="FOK6rWWNodaQqs9Yt2kPW5f63+E=">AAACDHicbVDLSsNAFJ34rPVVdelmsAgVbEmCr41QcOOygm0DTVom00k7dDIJMxOhhHyAG3/FjQtF3PoB7vwbp20W2npg4HDOudy5x48Zlco0v42l5ZXVtfXCRnFza3tnt7S335JRIjBp4ohFwvGRJIxy0lRUMeLEgqDQZ6Ttj24mfvuBCEkjfq/GMfFCNOA0oBgpLfVK5QaqOF2rl6rs5NpNna6tadXOTmdi1crcTKfMmjkFXCRWTsogR6NX+nL7EU5CwhVmSMqOZcbKS5FQFDOSFd1EkhjhERqQjqYchUR66fSYDB5rpQ+DSOjHFZyqvydSFEo5Dn2dDJEaynlvIv7ndRIVXHkp5XGiCMezRUHCoIrgpBnYp4JgxcaaICyo/ivEQyQQVrq/oi7Bmj95kbTsmnVRO787K9ftvI4COARHoAIscAnq4BY0QBNg8AiewSt4M56MF+Pd+JhFl4x85gD8gfH5A3LJmfI=</latexit>

Pa(X1
t ) = {X2

t�2, X
1
t�1}

<latexit sha1_base64="VUEGsOyctXsBUy6vAibJaGdvdak=">AAACJXicbVDLTgIxFO3gC/GFunTTSIwQEzJDfC1ckLhxiYk8EhhJpxRo6Dxs75iQgZ9x46+4cSExJq78FTuAUcCTNDn3nHtze48TCK7AND+NxNLyyupacj21sbm1vZPe3asoP5SUlakvfFlziGKCe6wMHASrBZIR1xGs6vSuY7/6yKTivncH/YDZLul4vM0pAS0101eDEsnW7q1mBMPcoNFhD/hHgdzg5Nc9Hs6Wcd1MZ8y8OQZeJNaUZNAUpWZ61Gj5NHSZB1QQpeqWGYAdEQmcCjZMNULFAkJ7pMPqmnrEZcqOxlcO8ZFWWrjtS/08wGP170REXKX6rqM7XQJdNe/F4n9ePYT2pR1xLwiBeXSyqB0KDD6OI8MtLhkF0deEUMn1XzHtEkko6GBTOgRr/uRFUinkrfP82e1ppliYxpFEB+gQZZGFLlAR3aASKiOKntALekMj49l4Nd6Nj0lrwpjO7KMZGF/fRu6jOQ==</latexit>

|Pa(X1
t )| � |Pa(X1

t )|+ |Pa(X1
t0)|+ |Pa(X1

t00)|

<latexit sha1_base64="9JXqiRMWc/4MK66wz+80DQ/3fDw=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuCozYtWNUHDjsoK9QGcYMmnaps1lSDJCGYobX8WNC0Xc+hTufBvTdhba+kPg4z/ncHL+OGFUG8/7dpaWV1bX1gsbxc2t7Z1dd2+/oWWqMKljyaRqxUgTRgWpG2oYaSWKIB4z0oyHN5N684EoTaW4N6OEhBz1BO1SjIy1Ivcw6COTBZKTHhpHA3gNZxwNIrfklb2p4CL4OZRArlrkfgUdiVNOhMEMad32vcSEGVKGYkbGxSDVJEF4iHqkbVEgTnSYTU8YwxPrdGBXKvuEgVP390SGuNYjHttOjkxfz9cm5n+1dmq6V2FGRZIaIvBsUTdl0Eg4yQN2qCLYsJEFhBW1f4W4jxTCxqZWtCH48ycvQuOs7F+UK3fnpWolj6MAjsAxOAU+uARVcAtqoA4weATP4BW8OU/Oi/PufMxal5x85gD8kfP5A9m2lww=</latexit>

!̂j = !j

§ Simulations with Continuous-valued Time Series and Discrete-valued Time Series. 

§ Case study with a real-world climate time series dataset, inspired by the application in Runge et al. 
2019. 

<latexit sha1_base64="vGefCp6jBsGgwMR0rxcmgB2wPdg=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiVj0WvHisYD+grWGz3bRLN5uwO1FryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPz/FhwDY7zbRVWVtfWN4qbpa3tnd2yvbff0lGiKGvSSESq4xPNBJesCRwE68SKkdAXrO2Pr6Z++54pzSN5C5OY9UMylDzglICRPLvcuUt7wB4hfYizzAPPrjhVZwa8TNycVFCOhmd/9QYRTUImgQqiddd1YuinRAGngmWlXqJZTOiYDFnXUElCpvvp7PAMHxtlgINImZKAZ+rviZSEWk9C33SGBEZ60ZuK/3ndBILLfsplnACTdL4oSASGCE9TwAOuGAUxMYRQxc2tmI6IIhRMViUTgrv48jJpnVbd82rt5qxSr+VxFNEhOkInyEUXqI6uUQM1EUUJekav6M16sl6sd+tj3lqw8pkD9AfW5w+035O/</latexit>

Xwp
t

<latexit sha1_base64="/zovfAi8/N6Iy+vDXEqgOqy3dMk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0nEqseCF48V7Ae0MWy2m3bpZhN2J2IN+SVePCji1Z/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzdJWeXtnd69i7x+0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWBK81jewSRhXkSGkoecEjCSb1e691kf2CNkNMlzH3y76tScGfAycQtSRQWavv3VH8Q0jZgEKojWPddJwMuIAk4Fy8v9VLOE0DEZsp6hkkRMe9ns8ByfGGWAw1iZkoBn6u+JjERaT6LAdEYERnrRm4r/eb0Uwisv4zJJgUk6XxSmAkOMpyngAVeMgpgYQqji5lZMR0QRCiarsgnBXXx5mbTPau5FrX57Xm3UizhK6Agdo1PkokvUQDeoiVqIohQ9o1f0Zj1ZL9a79TFvXbGKmUP0B9bnD5Yrk6s=</latexit>

Xcp
t

<latexit sha1_base64="aOYNG8ruQwpCFq0mdC9B4U3R0S8=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSRi1WPBi8cK9gPaGDbbSbt088HuRKwhv8SLB0W8+lO8+W/ctjlo64OBx3szzMzzE8EV2va3sbK6tr6xWdoqb+/s7lXM/YO2ilPJoMViEcuuTxUIHkELOQroJhJo6Avo+OPrqd95AKl4HN3hJAE3pMOIB5xR1JJnVrr3WR/hETNI8txDz6zaNXsGa5k4BamSAk3P/OoPYpaGECETVKmeYyfoZlQiZwLycj9VkFA2pkPoaRrREJSbzQ7PrROtDKwglroitGbq74mMhkpNQl93hhRHatGbiv95vRSDKzfjUZIiRGy+KEiFhbE1TcEacAkMxUQTyiTXt1psRCVlqLMq6xCcxZeXSfus5lzU6rfn1Ua9iKNEjsgxOSUOuSQNckOapEUYSckzeSVvxpPxYrwbH/PWFaOYOSR/YHz+AJk9k60=</latexit>

Xep
t

<latexit sha1_base64="6OjY1B11gKbqavUVzzmyDZJveAg=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0nEqseCF48V7Ae0MWy2m3bpZhN2J2IN+SVePCji1Z/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzdJWeXtnd69i7x+0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWBK81jewSRhXkSGkoecEjCSb1e691kf2CNkQPLcB9+uOjVnBrxM3IJUUYGmb3/1BzFNIyaBCqJ1z3US8DKigFPB8nI/1SwhdEyGrGeoJBHTXjY7PMcnRhngMFamJOCZ+nsiI5HWkygwnRGBkV70puJ/Xi+F8MrLuExSYJLOF4WpwBDjaQp4wBWjICaGEKq4uRXTEVGEgsmqbEJwF19eJu2zmntRq9+eVxv1Io4SOkLH6BS56BI10A1qohaiKEXP6BW9WU/Wi/VufcxbV6xi5hD9gfX5A5lMk60=</latexit>

Xta
t

Window Causal Graph for time series with a Stationary SCM

<latexit sha1_base64="+Fzc9+XrY0YMZdo8qp6dHxGvmg8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjxWMG2hjWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR0ySZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObmd+64lrIxL1gOOUBzEdKBEJRtFKfvvR62GvXHGr7hxklXg5qUCORq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0E0yESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fZE+OYg==</latexit>

X1
t

<latexit sha1_base64="7NjlpVtnvvTAVvjkd4Xxvlqs/aE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBC8GHZDfBwDXjxGMA9J1jA7mSRDZnaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uIJbCoOt+Oyura+sbm7mt/PbO7t5+4eCwYaJEM15nkYx0K6CGSxHyOgqUvBVrTlUgeTMY3Uz95hPXRkThPY5j7is6CEVfMIpWemg9lrspnnuTbqHoltwZyDLxMlKEDLVu4avTi1iieIhMUmPanhujn1KNgkk+yXcSw2PKRnTA25aGVHHjp7ODJ+TUKj3Sj7StEMlM/T2RUmXMWAW2U1EcmkVvKv7ntRPsX/upCOMEecjmi/qJJBiR6fekJzRnKMeWUKaFvZWwIdWUoc0ob0PwFl9eJo1yybssXdxVitVKFkcOjuEEzsCDK6jCLdSgDgwUPMMrvDnaeXHenY9564qTzRzBHzifPwkFj+E=</latexit>

X2
t�1

<latexit sha1_base64="meegOUhu+FohSEHMuEmSjMi5aME=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0QH8eAF48RzAOSNcxOZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFK7c5jtZ/htF8quxV3DrJKvJyUIUejX/rqDWKWRlwhk9SYrucm6GdUo2CST4u91PCEsjEd8q6likbc+Nn83Ck5t8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophjd+JlSSIldssShMJcGYzH4nA6E5QzmxhDIt7K2EjaimDG1CRRuCt/zyKmlVK95V5fK+Vq7X8jgKcApncAEeXEMd7qABTWAwhmd4hTcncV6cd+dj0brm5DMn8AfO5w8rpY9v</latexit>

X2
t

<latexit sha1_base64="YEvxgc1vq9LMFXATe/y5hRe/7Fo=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2Nj2PAi8cI5gHJGmYns8mQ2dllplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ilVvvxopfhpFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophjd+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CRRuCt/jyMmmeV7yryuV9tVyr5nEU4BhO4Aw8uIYa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx8tLY9w</latexit>

X3
t

<latexit sha1_base64="wuKqJJufNjj6RkMIPN5zN9OxsiE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhC8GHY1Po4BLx4jmIcka5idTJIhM7PLTK8QlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXGAtu0PO+naXlldW19dxGfnNre2e3sLdfN1GiKavRSES6GRLDBFeshhwFa8aaERkK1giHNxO/8cS04ZG6x1HMAkn6ivc4JWilh+bjeSfFU3/cKRS9kjeFu0j8jBQhQ7VT+Gp3I5pIppAKYkzL92IMUqKRU8HG+XZiWEzokPRZy1JFJDNBOj147B5bpev2Im1LoTtVf0+kRBozkqHtlAQHZt6biP95rQR710HKVZwgU3S2qJcIFyN38r3b5ZpRFCNLCNXc3urSAdGEos0ob0Pw519eJPWzkn9ZurgrFyvlLI4cHMIRnIAPV1CBW6hCDShIeIZXeHO08+K8Ox+z1iUnmzmAP3A+fwAKj4/i</latexit>

X3
t�1

<latexit sha1_base64="1lBjL/r/x5evytqa+0hSxUnTFAs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgxbAr8XEMePEYwTwkWcPsZJIMmZldZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7wlhwg5737eRWVtfWN/Kbha3tnd294v5Bw0SJpqxOIxHpVkgME1yxOnIUrBVrRmQoWDMc3Uz95hPThkfqHscxCyQZKN7nlKCVHlqPfjfFM3/SLZa8sjeDu0z8jJQgQ61b/Or0IppIppAKYkzb92IMUqKRU8EmhU5iWEzoiAxY21JFJDNBOjt44p5Ypef2I21LoTtTf0+kRBozlqHtlASHZtGbiv957QT710HKVZwgU3S+qJ8IFyN3+r3b45pRFGNLCNXc3urSIdGEos2oYEPwF19eJo3zsn9ZvrirlKqVLI48HMExnIIPV1CFW6hBHShIeIZXeHO08+K8Ox/z1pyTzRzCHzifPwd7j+A=</latexit>

X1
t�1 ⋯

⋯

⋯

⋯

⋯

⋯

<latexit sha1_base64="3IczhCd8GGGN/1l1fOSBdtk21vE=">AAACGXicbZC7TsMwFIadcivlFmBkiaiQGFDlRKW0WyUWxiLRi5SGyHGd1qpzke0gVVFeg4VXYWEAIUaYeBucNgO0/JKlT/85xz7+vZhRISH81kpr6xubW+Xtys7u3v6BfnjUE1HCMeniiEV84CFBGA1JV1LJyCDmBAUeI31vep3X+w+ECxqFd3IWEydA45D6FCOpLFeHg3vLTdPh/Cabjz0nhTWo1Ghc5GA2oamg1WpaViuTWebq1UUDhMYqmAVUQaGOq38ORxFOAhJKzJAQtglj6aSIS4oZySrDRJAY4SkaE1thiAIinHS+T2acKWdk+BFXJ5TG3P09kaJAiFngqc4AyYlYruXmfzU7kX7TSWkYJ5KEePGQnzBDRkYekzGinGDJZgoQ5lTtauAJ4ghLFWZFhWAuf3kVelbNbNQub+vVdr2IowxOwCk4Bya4Am1wAzqgCzB4BM/gFbxpT9qL9q59LFpLWjFzDP5I+/oBSa2cpw==</latexit>

X2
t

<latexit sha1_base64="/5aS6cVWYoooJs5SG0K/wGC5Wuw=">AAACGXicbZBNS8MwGMfT+TbnW9Wjl+IQPMhIx5zbbeDF4wT3AlstaZZuYWlaklQYpV/Di1/FiwdFPOrJb2O69aCbfwj8+D/Pkzz5exGjUkH4bRTW1jc2t4rbpZ3dvf0D8/CoK8NYYNLBIQtF30OSMMpJR1HFSD8SBAUeIz1vep3Vew9ESBryOzWLiBOgMac+xUhpyzVh/952k2Q4v2kgxp6TwArUqtcvMrAb0NbQbDaq1Waq0tQ1y4sGCK1VsHMog1xt1/wcjkIcB4QrzJCUAxtGykmQUBQzkpaGsSQRwlM0JgONHAVEOsl8n9Q6087I8kOhD1fW3P09kaBAylng6c4AqYlcrmXmf7VBrPyGk1AexYpwvHjIj5mlQiuLyRpRQbBiMw0IC6p3tfAECYSVDrOkQ7CXv7wK3WrFrlcub2vlVi2PowhOwCk4Bza4Ai1wA9qgAzB4BM/gFbwZT8aL8W58LFoLRj5zDP7I+PoBR/ycpg==</latexit>

X1
t

<latexit sha1_base64="+cH8jdwSlPtMNPLvj87f52BpWCU=">AAACGXicbZC7TsMwFIYdrqXcAowsERUSA6qcUkq7VWJhLBK9SG2IHNdprTpOZDtIVZTXYOFVWBhAiBEm3ganzQAtv2Tp03/OsY9/L2JUKgi/jZXVtfWNzcJWcXtnd2/fPDjsyDAWmLRxyELR85AkjHLSVlQx0osEQYHHSNebXGf17gMRkob8Tk0j4gRoxKlPMVLack3Yu79wk2Qwu6kvRp6TwDLUqtXOM7Dr0NbQaNQrlUaq0tQ1S/MGCK1lsHMogVwt1/wcDEMcB4QrzJCUfRtGykmQUBQzkhYHsSQRwhM0In2NHAVEOslsn9Q61c7Q8kOhD1fWzP09kaBAymng6c4AqbFcrGXmf7V+rPy6k1AexYpwPH/Ij5mlQiuLyRpSQbBiUw0IC6p3tfAYCYSVDrOoQ7AXv7wMnUrZrpUvb6ulZjWPowCOwQk4Aza4Ak1wA1qgDTB4BM/gFbwZT8aL8W58zFtXjHzmCPyR8fUDS16cqA==</latexit>

X3
t

<latexit sha1_base64="EBAFuJxrbGJsrwYAaS12aPaX5jQ=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCgpRMqbV1VXDjsoK9wHQomTRtQzOZIckIZegzuPFV3LhQxK0rd76NmXYW2nog8PH/5yQnvx9xpjRC39bK6tr6xmZuK7+9s7u3bx8ctlQYS0KbJOSh7PhYUc4EbWqmOe1EkuLA57Ttj29Sv/1ApWKhuNeTiHoBHgo2YARrI/Xs8+7sDlcOfS9BRWSqUrlIwakix0CtVi2ValN93bMLcx8huAxOBgWQVaNnf3X7IYkDKjThWCnXQZH2Eiw1I5xO891Y0QiTMR5S16DAAVVeMltnCk+N0oeDUJojNJypvycSHCg1CXzTGWA9UoteKv7nubEeVL2EiSjWVJD5Q4OYQx3CNB/YZ5ISzScGMJHM7ArJCEtMtEkxb0JwFr+8DK1S0akUL+/KhXo5iyMHjsEJOAMOuAJ1cAsaoAkIeATP4BW8WU/Wi/VufcxbV6xs5gj8KevzB04JmWQ=</latexit>

t :
<latexit sha1_base64="nNJAR8iwU5cIte2MWxJgJmJJXNg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vml6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6peNmuVei2PowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/eaeMsQ==</latexit>

1
<latexit sha1_base64="OamIRDEaCk6sxgLGx4X2DNYw6C0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mEmCfkSHkoecUWOlRqVfLLlldwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1460+5TFKDki0XhakgJibzr8mAK2RGTCyhTHF7K2EjqigzNpuCDcFbfXmdtCpl77p81aiWatUsjjycwTlcggc3UIN7qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AHsrjLI=</latexit>

2
<latexit sha1_base64="QSNosQVpRKuVIrI9xjqnlGblXow=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYVH0cSLx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1460+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3nX5ql4pVStZHHk4gVM4Bw9uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AXyvjLM=</latexit>

3
<latexit sha1_base64="NK+JFNumU6kcDSv8qs8o3Ps3Nls=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKpH8eCF48V7Ae0oWy2k3btZhN2N0IJ/QVePChe/U3e/Ddu2xy09cHA470ZZuaFqeDaeN63U9rY3NreKe+6e/sHh0cV97itk0wxbLFEJKobUo2CS2wZbgR2U4U0DgV2wsnd3O88o9I8kY9mmmIQ05HkEWfUWOmhPqhUvZq3AFknfkGqUKA5qHz1hwnLYpSGCap1z/dSE+RUGc4Eztx+pjGlbEJH2LNU0hh1kC8OnZFzqwxJlChb0pCF+nsip7HW0zi0nTE1Y73qzcX/vF5motsg5zLNDEq2XBRlgpiEzL8mQ66QGTG1hDLF7a2EjamizNhsXBuCv/ryOmlf1vzr2lW1US/CKMMpnMEF+HADDbiHJrSAAcILvMG78+S8Oh/LxpJTTJzAHzifPxPRi4o=</latexit>

4
Non-IID Samples

Time Series With Stationary SCM

<latexit sha1_base64="IsTp3vJSWpSTLzwv3Lc4nxurUyQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolY9Vjw4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedaXauCrXqnkcBTiFM7gAD26gBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDtRCM2Q==</latexit>

X
<latexit sha1_base64="mb9aCIl17c92mpIFVfQDtFg20g0=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoPgKeyKUY8BLx4jmAdkl9A7mU2GzGOZmRXCkt/w4kERr/6MN//GSbIHjRY0FFXddHfFKWfG+v6XV1pb39jcKm9Xdnb39g+qh0cdozJNaJsornQvBkM5k7RtmeW0l2oKIua0G09u5373kWrDlHyw05RGAkaSJYyAdVIYjsHmoRJ0BLNBtebX/QXwXxIUpIYKtAbVz3CoSCaotISDMf3AT22Ug7aMcDqrhJmhKZAJjGjfUQmCmihf3DzDZ04Z4kRpV9LihfpzIgdhzFTErlOAHZtVby7+5/Uzm9xEOZNpZqkky0VJxrFVeB4AHjJNieVTR4Bo5m7FZAwaiHUxVVwIwerLf0nnoh5c1Rv3l7Vmo4ijjE7QKTpHAbpGTXSHWqiNCErRE3pBr17mPXtv3vuyteQVM8foF7yPb2YYkeU=</latexit>

!̂
<latexit sha1_base64="UW998QRxm+fZ4cOQHpdUf8Lkb6I=">AAACEHicbVBNS8NAEN34WetX1aOXYBE9lUSseix48VjBfkATwmQ7bZduNmF3o5SQn+DFv+LFgyJePXrz37j9OGjrg4HHezPMzAsTzpR2nG9raXlldW29sFHc3Nre2S3t7TdVnEqKDRrzWLZDUMiZwIZmmmM7kQhRyLEVDq/HfusepWKxuNOjBP0I+oL1GAVtpKB04mXeA+viAHRWhzwYenmQDT0mOt5Y8uII+5D7eVAqOxVnAnuRuDNSJjPUg9KX141pGqHQlINSHddJtJ+B1IxyzIteqjABOoQ+dgwVEKHys8lDuX1slK7di6Upoe2J+nsig0ipURSazgj0QM17Y/E/r5Pq3pWfMZGkGgWdLuql3NaxPU7H7jKJVPORIUAlM7fadAASqDYZFk0I7vzLi6R5VnEvKtXb83KtOoujQA7JETklLrkkNXJD6qRBKHkkz+SVvFlP1ov1bn1MW5es2cwB+QPr8wemrJ42</latexit>

{cPak}k2[!̂]

<latexit sha1_base64="D1lMofFkw98oUNo/dTjrEHJg2cM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolY9Vjw4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjrZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvulJtXJVr1TyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBefSMsg==</latexit>

1

<latexit sha1_base64="ultw1RefPgsQGALrFfkjWXPn0tM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZV1COJF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77pcqV+VqpUsjjycwCmcgwc3UIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AHz8jLQ=</latexit>

3

<latexit sha1_base64="GTQKEWr6zN4i/nAwtynlq7xABFY=">AAACPHicbZC7SwNBEMb3fMb4ilraHAbBQsNdMGoZsLGMaB6Qi2FvM0mW7D3YnVPDcX+YjX+EnZWNhSK21m4eQkzywcLHb2aYnc8NBVdoWa/GwuLS8spqai29vrG5tZ3Z2a2oIJIMyiwQgay5VIHgPpSRo4BaKIF6roCq27sc1Kv3IBUP/Fvsh9DwaMfnbc4oatTM3Dhx7S52EB4xfgiTpBnjiZ0cz7D8BIM5fUj/mJM0M1krZw1lzhp7bLJkrFIz8+K0AhZ54CMTVKm6bYXYiKlEzgQkaSdSEFLWox2oa+tTD1QjHh6fmIeatMx2IPXz0RzSyYmYekr1PVd3ehS7aro2gPNq9QjbF42Y+2GE4LPRonYkTAzMQZJmi0tgKPraUCa5/qvJulRShjrvtA7Bnj551lTyOfssV7g+zRYL4zhSZJ8ckCNik3NSJFekRMqEkSfyRj7Ip/FsvBtfxveodcEYz+yRfzJ+fgGq4LFT</latexit>

{Xwp
t�1, X

wp
t�2, X

ep
t�1, X

ta
t�1}

<latexit sha1_base64="OA9pCCM7apvn/mfmm+wGrMFR3Os=">AAACPHicdZC7SwNBEMb3fMb4ilraHAbBQsNdMGoZsLGMaB6Qi2FvM0mW7D3YnRPDcX+YjX+EnZWNhSK21m4ehJjoBwsfv5lhdj43FFyhZb0YC4tLyyurqbX0+sbm1nZmZ7eigkgyKLNABLLmUgWC+1BGjgJqoQTquQKqbu9yUK/eg1Q88G+xH0LDox2ftzmjqFEzc+PEtbvYQXjAGMIkacZ4YifHE4b0f5afYmwy6yTNTNbKWUOZ88YemywZq9TMPDutgEUe+MgEVapuWyE2YiqRMwFJ2okUhJT1aAfq2vrUA9WIh8cn5qEmLbMdSP18NId0eiKmnlJ9z9WdHsWumq0N4F+1eoTti0bM/TBC8NloUTsSJgbmIEmzxSUwFH1tKJNc/9VkXSopQ513Wodgz548byr5nH2WK1yfZouFcRwpsk8OyBGxyTkpkitSImXCyCN5Je/kw3gy3oxP42vUumCMZ/bILxnfP2iZsS0=</latexit>

{Xep
t�1, X

ta
t�1, X

ta
t�2, X

cp
t�1}

<latexit sha1_base64="5n6Ai9kqvBspBANhshdbLm5Mkgk=">AAACFHicbZDLSsNAFIYnXmu9RV26CRZBUEsiVl0W3LisYC/QxDCZTtqhkwszJ2oJeQg3voobF4q4deHOt3HaRtHWHwZ+vnMOZ87vxZxJMM1PbWZ2bn5hsbBUXF5ZXVvXNzYbMkoEoXUS8Ui0PCwpZyGtAwNOW7GgOPA4bXr982G9eUOFZFF4BYOYOgHuhsxnBINCrr5vp63r1AZ6ByngLHNTOLSygx92G38zO3P1klk2RzKmjZWbEspVc/UPuxORJKAhEI6lbFtmDE6KBTDCaVa0E0ljTPq4S9vKhjig0klHR2XGriIdw4+EeiEYI/p7IsWBlIPAU50Bhp6crA3hf7V2Av6Zk7IwToCGZLzIT7gBkTFMyOgwQQnwgTKYCKb+apAeFpiAyrGoQrAmT542jaOydVKuXB6XqpU8jgLaRjtoD1noFFXRBaqhOiLoHj2iZ/SiPWhP2qv2Nm6d0fKZLfRH2vsXq8ufzg==</latexit>

{Xta
t�1, X

wp
t�1}

<latexit sha1_base64="uV+HcgmvZ0fFK7B8T5d+/tu5RDM=">AAACbXicjZHLSgMxFIYz463W26i48IIEi+hCy0yxKrgpuHFZwV6gU0smTdvQzIXkjFiG2fmE7nwFN76C6WVR2y48EPj5/nM4yR8vElyBbX8Z5tLyyupaZj27sbm1vWPt7lVVGEvKKjQUoax7RDHBA1YBDoLVI8mI7wlW8/qPQ7/2xqTiYfACg4g1fdINeIdTAhq1rA/sJvXXxAX2DgmN0rSVwLWTuunDQn41xwpTDMj/56d7W1bOztujwvPCmYgcmlS5ZX267ZDGPguACqJUw7EjaCZEAqeCpVk3ViwitE+6rKFlQHymmskorRSfa9LGnVDqEwAe0emJhPhKDXxPd/oEemrWG8JFXiOGzn0z4UEUAwvoeFEnFhhCPIwet7lkFMRAC0Il13fFtEckoaA/KKtDcGafPC+qhbxzmy8+3+RKxUkcGXSMztAlctAdKqEnVEYVRNG3YRmHxpHxYx6YJ+bpuNU0JjP76E+ZF79iRr+Y</latexit>

{Xcp
t�1}; {X

cp
t�1, X

cp
t�2, X

ta
t�1}; {X

cp
t�1, X

ta
t�1}

<latexit sha1_base64="vGefCp6jBsGgwMR0rxcmgB2wPdg=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiVj0WvHisYD+grWGz3bRLN5uwO1FryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPz/FhwDY7zbRVWVtfWN4qbpa3tnd2yvbff0lGiKGvSSESq4xPNBJesCRwE68SKkdAXrO2Pr6Z++54pzSN5C5OY9UMylDzglICRPLvcuUt7wB4hfYizzAPPrjhVZwa8TNycVFCOhmd/9QYRTUImgQqiddd1YuinRAGngmWlXqJZTOiYDFnXUElCpvvp7PAMHxtlgINImZKAZ+rviZSEWk9C33SGBEZ60ZuK/3ndBILLfsplnACTdL4oSASGCE9TwAOuGAUxMYRQxc2tmI6IIhRMViUTgrv48jJpnVbd82rt5qxSr+VxFNEhOkInyEUXqI6uUQM1EUUJekav6M16sl6sd+tj3lqw8pkD9AfW5w+035O/</latexit>

Xwp
t

<latexit sha1_base64="/zovfAi8/N6Iy+vDXEqgOqy3dMk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0nEqseCF48V7Ae0MWy2m3bpZhN2J2IN+SVePCji1Z/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzdJWeXtnd69i7x+0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWBK81jewSRhXkSGkoecEjCSb1e691kf2CNkNMlzH3y76tScGfAycQtSRQWavv3VH8Q0jZgEKojWPddJwMuIAk4Fy8v9VLOE0DEZsp6hkkRMe9ns8ByfGGWAw1iZkoBn6u+JjERaT6LAdEYERnrRm4r/eb0Uwisv4zJJgUk6XxSmAkOMpyngAVeMgpgYQqji5lZMR0QRCiarsgnBXXx5mbTPau5FrX57Xm3UizhK6Agdo1PkokvUQDeoiVqIohQ9o1f0Zj1ZL9a79TFvXbGKmUP0B9bnD5Yrk6s=</latexit>

Xcp
t

<latexit sha1_base64="aOYNG8ruQwpCFq0mdC9B4U3R0S8=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSRi1WPBi8cK9gPaGDbbSbt088HuRKwhv8SLB0W8+lO8+W/ctjlo64OBx3szzMzzE8EV2va3sbK6tr6xWdoqb+/s7lXM/YO2ilPJoMViEcuuTxUIHkELOQroJhJo6Avo+OPrqd95AKl4HN3hJAE3pMOIB5xR1JJnVrr3WR/hETNI8txDz6zaNXsGa5k4BamSAk3P/OoPYpaGECETVKmeYyfoZlQiZwLycj9VkFA2pkPoaRrREJSbzQ7PrROtDKwglroitGbq74mMhkpNQl93hhRHatGbiv95vRSDKzfjUZIiRGy+KEiFhbE1TcEacAkMxUQTyiTXt1psRCVlqLMq6xCcxZeXSfus5lzU6rfn1Ua9iKNEjsgxOSUOuSQNckOapEUYSckzeSVvxpPxYrwbH/PWFaOYOSR/YHz+AJk9k60=</latexit>

Xep
t

<latexit sha1_base64="6OjY1B11gKbqavUVzzmyDZJveAg=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0nEqseCF48V7Ae0MWy2m3bpZhN2J2IN+SVePCji1Z/izX/jts1BWx8MPN6bYWZekAiuwXG+rZXVtfWNzdJWeXtnd69i7x+0dZwqylo0FrHqBkQzwSVrAQfBuoliJAoE6wTj66nfeWBK81jewSRhXkSGkoecEjCSb1e691kf2CNkQPLcB9+uOjVnBrxM3IJUUYGmb3/1BzFNIyaBCqJ1z3US8DKigFPB8nI/1SwhdEyGrGeoJBHTXjY7PMcnRhngMFamJOCZ+nsiI5HWkygwnRGBkV70puJ/Xi+F8MrLuExSYJLOF4WpwBDjaQp4wBWjICaGEKq4uRXTEVGEgsmqbEJwF19eJu2zmntRq9+eVxv1Io4SOkLH6BS56BI10A1qohaiKEXP6BW9WU/Wi/VufcxbV6xi5hD9gfX5A5lMk60=</latexit>

Xta
t

: True and illusory parent sets
<latexit sha1_base64="D1lMofFkw98oUNo/dTjrEHJg2cM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolY9Vjw4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjrZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvulJtXJVr1TyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBefSMsg==</latexit>

1

<latexit sha1_base64="D1lMofFkw98oUNo/dTjrEHJg2cM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolY9Vjw4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjrZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvulJtXJVr1TyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBefSMsg==</latexit>

1

Table: Climate application results estimated from PCMCIΩ

<latexit sha1_base64="fERQNQkhM2Ot9+u+ZDBoPGl6ZBU=">AAACEXicbVC7SgNBFJ31GeNr1dJmMAgpNOyKUSsJ2FhGMA9INsvsZJKMmX0wc1cJS37Bxl+xsVDE1s7Ov3E22UITD1w4nHMv997jRYIrsKxvY2FxaXllNbeWX9/Y3No2d3brKowlZTUailA2PaKY4AGrAQfBmpFkxPcEa3jDq9Rv3DOpeBjcwihijk/6Ae9xSkBLrllsdribwHEbSDzGbcn7AyBShg+42Unuxi4c4dS6tFyzYJWsCfA8sTNSQBmqrvnV7oY09lkAVBClWrYVgZMQCZwKNs63Y8UiQoekz1qaBsRnykkmH43xoVa6uBdKXQHgifp7IiG+UiPf050+gYGa9VLxP68VQ+/CSXgQxcACOl3UiwWGEKfx4C6XjIIYaUKo5PpWTAdEEgo6xLwOwZ59eZ7UT0r2Wal8c1qolLM4cmgfHaAistE5qqBrVEU1RNEjekav6M14Ml6Md+Nj2rpgZDN76A+Mzx8bap0l</latexit>

Xi
t�⌧ ! Xj

t , ⌧ > 0
<latexit sha1_base64="ix67Cly6JTi77hYPpJlVOZIwxVk=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY+BXPQWxTwgWcLspDcZMju7zMwKIeQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtZnfekKleSwfzThBP6IDyUPOqLHSQ+2uVyy5ZXcOskq8jJQgQ71X/Or2Y5ZGKA0TVOuO5ybGn1BlOBM4LXRTjQllIzrAjqWSRqj9yfzSKTmzSp+EsbIlDZmrvycmNNJ6HAW2M6JmqJe9mfif10lNeONPuExSg5ItFoWpICYms7dJnytkRowtoUxxeythQ6ooMzacgg3BW355lTQvyt5VuXJ/WapWsjjycAKncA4eXEMVbqEODWAQwjO8wpszcl6cd+dj0Zpzsplj+APn8wcpFo0X</latexit>

CI

<latexit sha1_base64="4nBR2sHqcKzFlLtDR0ULyGUE5s8="></latexit>

CI(Xi
t�⌧ , X

j
t |Pa(Xj

t ) \Xi
t�⌧ , Pa(Xi

t�⌧ ))
<latexit sha1_base64="xmF3dneHLxla+oQqWHenKvH5MkE=">AAACK3icbVDLSgMxFM3UV62vqks3wSK0oGVGfC3FbnRXwWqhM5ZMmraxmcyQ3BHKOP/jxl9xoQsfuPU/TGsRaz0QOOfce7m5x48E12Dbb1Zmanpmdi47n1tYXFpeya+uXeowVpTVaChCVfeJZoJLVgMOgtUjxUjgC3bl9yqD+tUtU5qH8gL6EfMC0pG8zSkBYzXzJ5WzYv064WkzgR0XSJxuG3kzkOldlRR/RMnVDAIuY43H+0vNfMEu20PgSeKMSAGNUG3mn9xWSOOASaCCaN1w7Ai8hCjgVLA058aaRYT2SIc1DJUkYNpLhremeMs4LdwOlXkS8ND9PZGQQOt+4JvOgEBX/60NzP9qjRjaR17CZRQDk/R7UTsWGEI8CA63uGIURN8QQhU3f8W0SxShYOLNmRCcvydPksvdsnNQ3j/fKxzvj+LIog20iYrIQYfoGJ2iKqohiu7RI3pBr9aD9Wy9Wx/frRlrNLOOxmB9fgE/Fqjn</latexit>

CI(Xi
t�⌧ , X

j
t |Pa(Xj

t ) \Xi
t�⌧ )

<latexit sha1_base64="jzyJjnXJ7kGtKY2jo1MO7w8xY1c="></latexit>

⇠ p(X2
t+1|Pa(X2

t+1))
<latexit sha1_base64="Smj+a7TDXLWC0P5BANLBSWbdkL0="></latexit>

⇠ q(X2
t+1|Pa(X2

t+1))

Stationary SCM Semi-Stationary SCM

⋯

⋯

⋯

⋯

⋯

⋯

<latexit sha1_base64="3IczhCd8GGGN/1l1fOSBdtk21vE=">AAACGXicbZC7TsMwFIadcivlFmBkiaiQGFDlRKW0WyUWxiLRi5SGyHGd1qpzke0gVVFeg4VXYWEAIUaYeBucNgO0/JKlT/85xz7+vZhRISH81kpr6xubW+Xtys7u3v6BfnjUE1HCMeniiEV84CFBGA1JV1LJyCDmBAUeI31vep3X+w+ECxqFd3IWEydA45D6FCOpLFeHg3vLTdPh/Cabjz0nhTWo1Ghc5GA2oamg1WpaViuTWebq1UUDhMYqmAVUQaGOq38ORxFOAhJKzJAQtglj6aSIS4oZySrDRJAY4SkaE1thiAIinHS+T2acKWdk+BFXJ5TG3P09kaJAiFngqc4AyYlYruXmfzU7kX7TSWkYJ5KEePGQnzBDRkYekzGinGDJZgoQ5lTtauAJ4ghLFWZFhWAuf3kVelbNbNQub+vVdr2IowxOwCk4Bya4Am1wAzqgCzB4BM/gFbxpT9qL9q59LFpLWjFzDP5I+/oBSa2cpw==</latexit>

X2
t

<latexit sha1_base64="/5aS6cVWYoooJs5SG0K/wGC5Wuw=">AAACGXicbZBNS8MwGMfT+TbnW9Wjl+IQPMhIx5zbbeDF4wT3AlstaZZuYWlaklQYpV/Di1/FiwdFPOrJb2O69aCbfwj8+D/Pkzz5exGjUkH4bRTW1jc2t4rbpZ3dvf0D8/CoK8NYYNLBIQtF30OSMMpJR1HFSD8SBAUeIz1vep3Vew9ESBryOzWLiBOgMac+xUhpyzVh/952k2Q4v2kgxp6TwArUqtcvMrAb0NbQbDaq1Waq0tQ1y4sGCK1VsHMog1xt1/wcjkIcB4QrzJCUAxtGykmQUBQzkpaGsSQRwlM0JgONHAVEOsl8n9Q6087I8kOhD1fW3P09kaBAylng6c4AqYlcrmXmf7VBrPyGk1AexYpwvHjIj5mlQiuLyRpRQbBiMw0IC6p3tfAECYSVDrOkQ7CXv7wK3WrFrlcub2vlVi2PowhOwCk4Bza4Ai1wA9qgAzB4BM/gFbwZT8aL8W58LFoLRj5zDP7I+PoBR/ycpg==</latexit>

X1
t

<latexit sha1_base64="+cH8jdwSlPtMNPLvj87f52BpWCU=">AAACGXicbZC7TsMwFIYdrqXcAowsERUSA6qcUkq7VWJhLBK9SG2IHNdprTpOZDtIVZTXYOFVWBhAiBEm3ganzQAtv2Tp03/OsY9/L2JUKgi/jZXVtfWNzcJWcXtnd2/fPDjsyDAWmLRxyELR85AkjHLSVlQx0osEQYHHSNebXGf17gMRkob8Tk0j4gRoxKlPMVLack3Yu79wk2Qwu6kvRp6TwDLUqtXOM7Dr0NbQaNQrlUaq0tQ1S/MGCK1lsHMogVwt1/wcDEMcB4QrzJCUfRtGykmQUBQzkhYHsSQRwhM0In2NHAVEOslsn9Q61c7Q8kOhD1fWzP09kaBAymng6c4AqbFcrGXmf7V+rPy6k1AexYpwPH/Ij5mlQiuLyRpSQbBiUw0IC6p3tfAYCYSVDrOoQ7AXv7wMnUrZrpUvb6ulZjWPowCOwQk4Aza4Ak1wA1qgDTB4BM/gFbwZT8aL8W58zFtXjHzmCPyR8fUDS16cqA==</latexit>

X3
t

⋯

⋯

⋯

⋯

⋯

⋯

<latexit sha1_base64="3IczhCd8GGGN/1l1fOSBdtk21vE=">AAACGXicbZC7TsMwFIadcivlFmBkiaiQGFDlRKW0WyUWxiLRi5SGyHGd1qpzke0gVVFeg4VXYWEAIUaYeBucNgO0/JKlT/85xz7+vZhRISH81kpr6xubW+Xtys7u3v6BfnjUE1HCMeniiEV84CFBGA1JV1LJyCDmBAUeI31vep3X+w+ECxqFd3IWEydA45D6FCOpLFeHg3vLTdPh/Cabjz0nhTWo1Ghc5GA2oamg1WpaViuTWebq1UUDhMYqmAVUQaGOq38ORxFOAhJKzJAQtglj6aSIS4oZySrDRJAY4SkaE1thiAIinHS+T2acKWdk+BFXJ5TG3P09kaJAiFngqc4AyYlYruXmfzU7kX7TSWkYJ5KEePGQnzBDRkYekzGinGDJZgoQ5lTtauAJ4ghLFWZFhWAuf3kVelbNbNQub+vVdr2IowxOwCk4Bya4Am1wAzqgCzB4BM/gFbxpT9qL9q59LFpLWjFzDP5I+/oBSa2cpw==</latexit>

X2
t

<latexit sha1_base64="/5aS6cVWYoooJs5SG0K/wGC5Wuw=">AAACGXicbZBNS8MwGMfT+TbnW9Wjl+IQPMhIx5zbbeDF4wT3AlstaZZuYWlaklQYpV/Di1/FiwdFPOrJb2O69aCbfwj8+D/Pkzz5exGjUkH4bRTW1jc2t4rbpZ3dvf0D8/CoK8NYYNLBIQtF30OSMMpJR1HFSD8SBAUeIz1vep3Vew9ESBryOzWLiBOgMac+xUhpyzVh/952k2Q4v2kgxp6TwArUqtcvMrAb0NbQbDaq1Waq0tQ1y4sGCK1VsHMog1xt1/wcjkIcB4QrzJCUAxtGykmQUBQzkpaGsSQRwlM0JgONHAVEOsl8n9Q6087I8kOhD1fW3P09kaBAylng6c4AqYlcrmXmf7VBrPyGk1AexYpwvHjIj5mlQiuLyRpRQbBiMw0IC6p3tfAECYSVDrOkQ7CXv7wK3WrFrlcub2vlVi2PowhOwCk4Bza4Ai1wA9qgAzB4BM/gFbwZT8aL8W58LFoLRj5zDP7I+PoBR/ycpg==</latexit>

X1
t

<latexit sha1_base64="+cH8jdwSlPtMNPLvj87f52BpWCU=">AAACGXicbZC7TsMwFIYdrqXcAowsERUSA6qcUkq7VWJhLBK9SG2IHNdprTpOZDtIVZTXYOFVWBhAiBEm3ganzQAtv2Tp03/OsY9/L2JUKgi/jZXVtfWNzcJWcXtnd2/fPDjsyDAWmLRxyELR85AkjHLSVlQx0osEQYHHSNebXGf17gMRkob8Tk0j4gRoxKlPMVLack3Yu79wk2Qwu6kvRp6TwDLUqtXOM7Dr0NbQaNQrlUaq0tQ1S/MGCK1lsHMogVwt1/wcDEMcB4QrzJCUfRtGykmQUBQzkhYHsSQRwhM0In2NHAVEOslsn9Q61c7Q8kOhD1fWzP09kaBAymng6c4AqbFcrGXmf7V+rPy6k1AexYpwPH/Ij5mlQiuLyRpSQbBiUw0IC6p3tfAYCYSVDrOoQ7AXv7wMnUrZrpUvb6ulZjWPowCOwQk4Aza4Ak1wA1qgDTB4BM/gFbwZT8aL8W58zFtXjHzmCPyR8fUDS16cqA==</latexit>

X3
t

<latexit sha1_base64="wnQWQiVrrPqMAHgm4wrk3TfaJ9I=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hd3gC08BLx6jmAckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHvCmVyq7FXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezSCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbThFG4K3+PIyaVYr3mXl4v68XKvmcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH1vojTY=</latexit>

t :
<latexit sha1_base64="LS06moByreek46BGzVaIIrGHhB8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF49RzAOSJcxOepMhs7PLzKwQQv7AiwdFvPpH3vwbZ5M9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ68Er9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzH+lCrDmcBZqZdqTCgb0yF2LZU0Qu1P55fOyJlVBiSMlS1pyFz9PTGlkdaTKLCdETUjvexl4n9eNzXhjT/lMkkNSrZYFKaCmJhkb5MBV8iMmFhCmeL2VsJGVFFmbDhZCN7yy6ukVat6V9XL+4tKvZbHUYQTOIVz8OAa6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/rUqMww==</latexit>

1
<latexit sha1_base64="F4IU6EC79XX8mQXFjMsoiDrWl7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fepGMsA==</latexit>

2
<latexit sha1_base64="xJctlLu3zGHm7yNRlPCpYMln1cg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbxeSTx4hESeSSwIbNDL4zMzm5mZk0I4Qu8eNAYr36SN//GAfagYCWdVKq6090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/mtJ1Sax/LBjBP0IzqQPOSMGivVL3rFklt25yCrxMtICTLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MD52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IS3/oTLJDUo2WJRmApiYjL7mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJs1L2rstX9ctStZLFkYcTOIVz8OAGqnAPNWgAA4RneIU359F5cd6dj0VrzslmjuEPnM8ffBWMsQ==</latexit>

3
<latexit sha1_base64="sH9VFvK/ALJt4ZzwZhKicXEJLpQ=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJLi17HgxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4HFSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0W2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbTrNf+6dlVt1IswynAKZ3ABPtxAA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxM7i4g=</latexit>

4
<latexit sha1_base64="wnQWQiVrrPqMAHgm4wrk3TfaJ9I=">AAAB6XicbVDLSgNBEOz1GeMr6tHLYBA8hd3gC08BLx6jmAckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHvCmVyq7FXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezSCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbThFG4K3+PIyaVYr3mXl4v68XKvmcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH1vojTY=</latexit>

t :
<latexit sha1_base64="LS06moByreek46BGzVaIIrGHhB8=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF49RzAOSJcxOepMhs7PLzKwQQv7AiwdFvPpH3vwbZ5M9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WjmSToR3QoecgZNVZ68Er9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzH+lCrDmcBZqZdqTCgb0yF2LZU0Qu1P55fOyJlVBiSMlS1pyFz9PTGlkdaTKLCdETUjvexl4n9eNzXhjT/lMkkNSrZYFKaCmJhkb5MBV8iMmFhCmeL2VsJGVFFmbDhZCN7yy6ukVat6V9XL+4tKvZbHUYQTOIVz8OAa6nAHDWgCgxCe4RXenLHz4rw7H4vWgpPPHMMfOJ8/rUqMww==</latexit>

1
<latexit sha1_base64="F4IU6EC79XX8mQXFjMsoiDrWl7A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1rqqXzYtKvZbHUYQTOIVz8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fepGMsA==</latexit>

2
<latexit sha1_base64="xJctlLu3zGHm7yNRlPCpYMln1cg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbxeSTx4hESeSSwIbNDL4zMzm5mZk0I4Qu8eNAYr36SN//GAfagYCWdVKq6090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/mtJ1Sax/LBjBP0IzqQPOSMGivVL3rFklt25yCrxMtICTLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MD52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IS3/oTLJDUo2WJRmApiYjL7mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJs1L2rstX9ctStZLFkYcTOIVz8OAGqnAPNWgAA4RneIU359F5cd6dj0VrzslmjuEPnM8ffBWMsQ==</latexit>

3
<latexit sha1_base64="sH9VFvK/ALJt4ZzwZhKicXEJLpQ=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJLi17HgxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4HFSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0W2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbTrNf+6dlVt1IswynAKZ3ABPtxAA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxM7i4g=</latexit>

4
<latexit sha1_base64="UrkDMXrc3IQlW382GMnFaSuFxps=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKUY8BLx4jmgcka5id9CZjZmeXmVkhLPkELx4U8eoXefNvnDwOmljQUFR1090VJIJr47rfTm5ldW19I79Z2Nre2d0r7h80dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nvjNJ1Sax/LejBL0I9qXPOSMGivdtR4eu8WSW3anIMvEm5MSzFHrFr86vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LZU0gi1n01PHZMTq/RIGCtb0pCp+nsio5HWoyiwnRE1A73oTcT/vHZqwis/4zJJDUo2WxSmgpiYTP4mPa6QGTGyhDLF7a2EDaiizNh0CjYEb/HlZdI4K3sX5crtealamceRhyM4hlPw4BKqcAM1qAODPjzDK7w5wnlx3p2PWWvOmc8cwh84nz8vJo21</latexit>

Xj

§ Choosing      means collecting samples at every      steps.

§ MCI tests are performed on these     -grouped samples. 

<latexit sha1_base64="C3dCSCL1Kcb6i5HJSdnsBo2FM58=">AAAB+HicbVA9SwNBEJ3zM8aPnFraLAbBKtyJUcuAjYVFBPMByRH2NpvLkr3dY3dPiUd+iY2FIrb+FDv/jZvkCk18MPB4b4aZeWHCmTae9+2srK6tb2wWtorbO7t7JXf/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6nfuuBKs2kuDfjhAYxjgQbMIKNlXpuqXsrRaRYNDRYKfnYc8texZsBLRM/J2XIUe+5X92+JGlMhSEca93xvcQEGVaGEU4nxW6qaYLJCEe0Y6nAMdVBNjt8gk6s0kcDqWwJg2bq74kMx1qP49B2xtgM9aI3Ff/zOqkZXAUZE0lqqCDzRYOUIyPRNAXUZ4oSw8eWYKKYvRWRIVaYGJtV0YbgL768TJpnFf+iUr07L9eqeRwFOIJjOAUfLqEGN1CHBhBI4Rle4c15cl6cd+dj3rri5DOH8AfO5w8/b5Nz</latexit>=)
<latexit sha1_base64="JFicRL46qv1IXeopgc3bksqDPNQ=">AAACBnicbVDLSgMxFM3UV62vqksRgkVwVWbEqsuCG1dSwT6gMwyZ9E6bNpMZk4xQhq7c+CtuXCji1m9w59+YPhbaeuDCyTn3kntPkHCmtG1/W7ml5ZXVtfx6YWNza3unuLvXUHEqKdRpzGPZCogCzgTUNdMcWokEEgUcmsHgauw3H0AqFos7PUzAi0hXsJBRoo3kFw/dHtGZG0fQJSO/j10B9/hm+vb7frFkl+0J8CJxZqSEZqj5xS+3E9M0AqEpJ0q1HTvRXkakZpTDqOCmChJCB6QLbUMFiUB52eSMET42SgeHsTQlNJ6ovycyEik1jALTGRHdU/PeWPzPa6c6vPQyJpJUg6DTj8KUYx3jcSa4wyRQzYeGECqZ2RXTHpGEapNcwYTgzJ+8SBqnZee8XLk9K1Urszjy6AAdoRPkoAtURdeohuqIokf0jF7Rm/VkvVjv1se0NWfNZvbRH1ifPymKmOU=</latexit>

!̂j 6= N!j
<latexit sha1_base64="C3dCSCL1Kcb6i5HJSdnsBo2FM58=">AAAB+HicbVA9SwNBEJ3zM8aPnFraLAbBKtyJUcuAjYVFBPMByRH2NpvLkr3dY3dPiUd+iY2FIrb+FDv/jZvkCk18MPB4b4aZeWHCmTae9+2srK6tb2wWtorbO7t7JXf/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6nfuuBKs2kuDfjhAYxjgQbMIKNlXpuqXsrRaRYNDRYKfnYc8texZsBLRM/J2XIUe+5X92+JGlMhSEca93xvcQEGVaGEU4nxW6qaYLJCEe0Y6nAMdVBNjt8gk6s0kcDqWwJg2bq74kMx1qP49B2xtgM9aI3Ff/zOqkZXAUZE0lqqCDzRYOUIyPRNAXUZ4oSw8eWYKKYvRWRIVaYGJtV0YbgL768TJpnFf+iUr07L9eqeRwFOIJjOAUfLqEGN1CHBhBI4Rle4c15cl6cd+dj3rri5DOH8AfO5w8/b5Nz</latexit>=)

<latexit sha1_base64="C3dCSCL1Kcb6i5HJSdnsBo2FM58=">AAAB+HicbVA9SwNBEJ3zM8aPnFraLAbBKtyJUcuAjYVFBPMByRH2NpvLkr3dY3dPiUd+iY2FIrb+FDv/jZvkCk18MPB4b4aZeWHCmTae9+2srK6tb2wWtorbO7t7JXf/oKllqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6nfuuBKs2kuDfjhAYxjgQbMIKNlXpuqXsrRaRYNDRYKfnYc8texZsBLRM/J2XIUe+5X92+JGlMhSEca93xvcQEGVaGEU4nxW6qaYLJCEe0Y6nAMdVBNjt8gk6s0kcDqWwJg2bq74kMx1qP49B2xtgM9aI3Ff/zOqkZXAUZE0lqqCDzRYOUIyPRNAXUZ4oSw8eWYKKYvRWRIVaYGJtV0YbgL768TJpnFf+iUr07L9eqeRwFOIJjOAUfLqEGN1CHBhBI4Rle4c15cl6cd+dj3rri5DOH8AfO5w8/b5Nz</latexit>=)

<latexit sha1_base64="OyCrfMVJBj/04Yl5QvM1vMwLFmo=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVY8FLx4r2A/oriWbzrax2WRJskpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWqKDSp5FJ1QqKBMwFNwwyHTqKAxCGHdji6nvrtR1CaSXFnxgkEMRkIFjFKjJXu/SExmS9jGJBJ76FXrrhVdwa8TLycVFCORq/85fclTWMQhnKidddzExNkRBlGOUxKfqohIXREBtC1VJAYdJDNrp7gE6v0cSSVLWHwTP09kZFY63Ec2s6YmKFe9Kbif143NdFVkDGRpAYEnS+KUo6NxNMIcJ8poIaPLSFUMXsrpkOiCDU2qJINwVt8eZm0zqreRbV2e16p1/I4iugIHaNT5KFLVEc3qIGaiCKFntErenOenBfn3fmYtxacfOYQ/YHz+QPrDJLC</latexit>

!̂j
<latexit sha1_base64="OyCrfMVJBj/04Yl5QvM1vMwLFmo=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVY8FLx4r2A/oriWbzrax2WRJskpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWqKDSp5FJ1QqKBMwFNwwyHTqKAxCGHdji6nvrtR1CaSXFnxgkEMRkIFjFKjJXu/SExmS9jGJBJ76FXrrhVdwa8TLycVFCORq/85fclTWMQhnKidddzExNkRBlGOUxKfqohIXREBtC1VJAYdJDNrp7gE6v0cSSVLWHwTP09kZFY63Ec2s6YmKFe9Kbif143NdFVkDGRpAYEnS+KUo6NxNMIcJ8poIaPLSFUMXsrpkOiCDU2qJINwVt8eZm0zqreRbV2e16p1/I4iugIHaNT5KFLVEc3qIGaiCKFntErenOenBfn3fmYtxacfOYQ/YHz+QPrDJLC</latexit>

!̂j

<latexit sha1_base64="OyCrfMVJBj/04Yl5QvM1vMwLFmo=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVY8FLx4r2A/oriWbzrax2WRJskpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWqKDSp5FJ1QqKBMwFNwwyHTqKAxCGHdji6nvrtR1CaSXFnxgkEMRkIFjFKjJXu/SExmS9jGJBJ76FXrrhVdwa8TLycVFCORq/85fclTWMQhnKidddzExNkRBlGOUxKfqohIXREBtC1VJAYdJDNrp7gE6v0cSSVLWHwTP09kZFY63Ec2s6YmKFe9Kbif143NdFVkDGRpAYEnS+KUo6NxNMIcJ8poIaPLSFUMXsrpkOiCDU2qJINwVt8eZm0zqreRbV2e16p1/I4iugIHaNT5KFLVEc3qIGaiCKFntErenOenBfn3fmYtxacfOYQ/YHz+QPrDJLC</latexit>

!̂j

MCI Tests with  

<latexit sha1_base64="nF7A0zgTwslffawRbR5IzrzIXj0=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUSsuiy40GUF+4AmlJvptB06mYSZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DMniDlT2nG+rZXVtfWNzdJWeXtnd2/frhy0VZRIQlsk4pHsBqAoZ4K2NNOcdmNJIQw47QST69zvPFCpWCTu9TSmfggjwYaMgDZS3654Y9CpF4IeE+DpTZb17apTc2bAy8QtSBUVaPbtL28QkSSkQhMOSvVcJ9Z+ClIzwmlW9hJFYyATGNGeoQJCqvx0Fj3DJ0YZ4GEkzRMaz9TfGymESk3DwEzmGdWil4v/eb1ED6/8lIk40VSQ+aFhwrGOcN4DHjBJieZTQ4BIZrJiMgYJRJu2yqYEd/HLy6R9VnMvavW782qjXtRRQkfoGJ0iF12iBrpFTdRCBD2iZ/SK3qwn68V6tz7moytWsXOI/sD6/AHT9pRY</latexit>

Ĝ

<latexit sha1_base64="T73TKP7FuB54f5p7I1X3HRFz1KU=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAiuSiJW3QgFF7qsYB/QhDKZTtqhk0mYuRFKyMqNv+LGhSJu/QZ3/o2TNovaemDgzDn3cu89fsyZAtv+MZaWV1bX1ksb5c2t7Z1dc2+/paJEEtokEY9kx8eKciZoExhw2oklxaHPadsf3eR++5FKxSLxAOOYeiEeCBYwgkFLPfPIHWJI3RDDkGCe3mbZ9cynZ1bsqj2BtUicglRQgUbP/Hb7EUlCKoBwrFTXsWPwUiyBEU6zspsoGmMywgPa1VTgkCovnZyRWSda6VtBJPUTYE3U2Y4Uh0qNQ19X5iuqeS8X//O6CQRXXspEnAAVZDooSLgFkZVnYvWZpAT4WBNMJNO7WmSIJSagkyvrEJz5kxdJ66zqXFRr9+eVeq2Io4QO0TE6RQ66RHV0hxqoiQh6Qi/oDb0bz8ar8WF8TkuXjKLnAP2B8fULHWiZgg==</latexit>

Ĝ = G

<latexit sha1_base64="lt8cYz0eXQa8KrsVr93DUE/Onmk="></latexit>

!̂j  arg min
all guesses of !j

max
t

|cPa(Xj
t )|


