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Model Checker
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Explaining Counterexamples
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We give explanations by identifying   causes    in the non-deterministic input sequences.

<latexit sha1_base64="CRchTNAsOkAnWpAUIXkqP0qp/WU="></latexit>. . .

<latexit sha1_base64="CRchTNAsOkAnWpAUIXkqP0qp/WU="></latexit>. . .

E.g.: Explaining Counterexamples Using Causality. Beer, Ben-David, Chockler, Orni, and Trefler. (CAV 2009).

Error explanation with distance metrics. Groce, Chaki, Kroening, Strichman. Int. J. Softw. Tools Technol. Transf. 8 (2006)




Hyperproperties
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Observational determinism: “A system appears deterministic to low-security users”.

(Generalized) Noninterference

Trace equality=

Declassification

Hyperproperties. Clarkson and Schneider. (CSF 2008).



Temporal Logics for Hyperproperties. Clarkson, Finkbeiner, Koleini, Micinski, Rabe, and Sánchez. (POST 2014).

HyperLTL
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Observational determinism: “A system appears deterministic to low-security users”.

(Generalized) Noninterference

Trace equality=

Declassification

<latexit sha1_base64="vyp3sngZ9qR3coWAZNcO3fJjn/4="></latexit>

8⇡.8⇡0. (li⇡ $ li⇡0) ! (lo⇡ $ lo⇡0)



HyperLTL Model Checking
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Violation of    on    is due to interactions between inputs on multiple traces.
<latexit sha1_base64="Fvm+nfu2mQ21G8W7bh0qoHVh1LQ=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFcSJmRom6EohuXFewD2lIymUwbmsmEJFMspR8h7vRL3Ilbv8APcW86nYVtPXDhcM493MvxJWfauO63s7K6tr6xmdvKb+/s7u0XDg7rOk4UoTUS81g1fawpZ4LWDDOcNqWiOPI5bfiDu6nfGFKlWSwezUjSToR7goWMYGOlRnuIleyzbqHoltwUaJl4GSlChmq38NMOYpJEVBjCsdYtz5Xm/Cn95yYYMqkFjqjujLEyjHA6ybcTTSUmA9yjLUszOw1M0KlVAhTGyo4wKFX/JsY40noU+XYzwqavF72p+J/XSkx43RkzIRNDBZkdChOOTIymbaCAKUoMH1mCiWL2V0T6WGFibGdzV7jhk7ztyVtsZZnUL0reZan8UC5WbrPGcnAMJ3AGHlxBBe6hCjUgMIBneIU358V5dz6cz9nqipNljmAOztcvK3+efg==</latexit>' <latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�

<latexit sha1_base64="vyp3sngZ9qR3coWAZNcO3fJjn/4="></latexit>

8⇡.8⇡0. (li⇡ $ li⇡0) ! (lo⇡ $ lo⇡0)

Specification   :
<latexit sha1_base64="Fvm+nfu2mQ21G8W7bh0qoHVh1LQ=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFcSJmRom6EohuXFewD2lIymUwbmsmEJFMspR8h7vRL3Ilbv8APcW86nYVtPXDhcM493MvxJWfauO63s7K6tr6xmdvKb+/s7u0XDg7rOk4UoTUS81g1fawpZ4LWDDOcNqWiOPI5bfiDu6nfGFKlWSwezUjSToR7goWMYGOlRnuIleyzbqHoltwUaJl4GSlChmq38NMOYpJEVBjCsdYtz5Xm/Cn95yYYMqkFjqjujLEyjHA6ybcTTSUmA9yjLUszOw1M0KlVAhTGyo4wKFX/JsY40noU+XYzwqavF72p+J/XSkx43RkzIRNDBZkdChOOTIymbaCAKUoMH1mCiWL2V0T6WGFibGdzV7jhk7ztyVtsZZnUL0reZan8UC5WbrPGcnAMJ3AGHlxBBe6hCjUgMIBneIU358V5dz6cz9nqipNljmAOztcvK3+efg==</latexit>'

<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

Counterexample   :
<latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =
<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi
<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

System   :
<latexit sha1_base64="yB7JfRBUlbfZJwZ8C+S05oLmItU="></latexit>

T

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

Temporal Logics for Hyperproperties. Clarkson, Finkbeiner, Koleini, Micinski, Rabe, and Sánchez. (POST 2014). 

Algorithms for Model Checking HyperLTL and HyperCTL*. Finkbeiner, Rabe, and Sánchez. (CAV 2015).



<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi
<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

System   :
<latexit sha1_base64="yB7JfRBUlbfZJwZ8C+S05oLmItU="></latexit>

T

Violation of    on    is due to interactions between inputs on multiple traces.
<latexit sha1_base64="Fvm+nfu2mQ21G8W7bh0qoHVh1LQ=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFcSJmRom6EohuXFewD2lIymUwbmsmEJFMspR8h7vRL3Ilbv8APcW86nYVtPXDhcM493MvxJWfauO63s7K6tr6xmdvKb+/s7u0XDg7rOk4UoTUS81g1fawpZ4LWDDOcNqWiOPI5bfiDu6nfGFKlWSwezUjSToR7goWMYGOlRnuIleyzbqHoltwUaJl4GSlChmq38NMOYpJEVBjCsdYtz5Xm/Cn95yYYMqkFjqjujLEyjHA6ybcTTSUmA9yjLUszOw1M0KlVAhTGyo4wKFX/JsY40noU+XYzwqavF72p+J/XSkx43RkzIRNDBZkdChOOTIymbaCAKUoMH1mCiWL2V0T6WGFibGdzV7jhk7ztyVtsZZnUL0reZan8UC5WbrPGcnAMJ3AGHlxBBe6hCjUgMIBneIU358V5dz6cz9nqipNljmAOztcvK3+efg==</latexit>' <latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�

HyperLTL Model Checking

Specification   :
<latexit sha1_base64="Fvm+nfu2mQ21G8W7bh0qoHVh1LQ=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFcSJmRom6EohuXFewD2lIymUwbmsmEJFMspR8h7vRL3Ilbv8APcW86nYVtPXDhcM493MvxJWfauO63s7K6tr6xmdvKb+/s7u0XDg7rOk4UoTUS81g1fawpZ4LWDDOcNqWiOPI5bfiDu6nfGFKlWSwezUjSToR7goWMYGOlRnuIleyzbqHoltwUaJl4GSlChmq38NMOYpJEVBjCsdYtz5Xm/Cn95yYYMqkFjqjujLEyjHA6ybcTTSUmA9yjLUszOw1M0KlVAhTGyo4wKFX/JsY40noU+XYzwqavF72p+J/XSkx43RkzIRNDBZkdChOOTIymbaCAKUoMH1mCiWL2V0T6WGFibGdzV7jhk7ztyVtsZZnUL0reZan8UC5WbrPGcnAMJ3AGHlxBBe6hCjUgMIBneIU358V5dz6cz9nqipNljmAOztcvK3+efg==</latexit>'

Counterexample   :
<latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

<latexit sha1_base64="vyp3sngZ9qR3coWAZNcO3fJjn/4="></latexit>

8⇡.8⇡0. (li⇡ $ li⇡0) ! (lo⇡ $ lo⇡0)

7
Temporal Logics for Hyperproperties. Clarkson, Finkbeiner, Koleini, Micinski, Rabe, and Sánchez. (POST 2014). 

Algorithms for Model Checking HyperLTL and HyperCTL*. Finkbeiner, Rabe, and Sánchez. (CAV 2015).



<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi
<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

System   :
<latexit sha1_base64="yB7JfRBUlbfZJwZ8C+S05oLmItU="></latexit>

T

Causal Analysis

8

We highlight the causes on the input sequences.

Causes and Explanations: A Structural-Model Approach. Halpern and Pearl. Brit. J. Phil. Sci. 56 (2005). 

A Modification of the Halpern-Pearl Definition of Causality. Halpern. (IJCAI 2015).

Specification   :
<latexit sha1_base64="Fvm+nfu2mQ21G8W7bh0qoHVh1LQ=">AAACEXicbVDLSgMxFL3js9ZX1aWbYBFcSJmRom6EohuXFewD2lIymUwbmsmEJFMspR8h7vRL3Ilbv8APcW86nYVtPXDhcM493MvxJWfauO63s7K6tr6xmdvKb+/s7u0XDg7rOk4UoTUS81g1fawpZ4LWDDOcNqWiOPI5bfiDu6nfGFKlWSwezUjSToR7goWMYGOlRnuIleyzbqHoltwUaJl4GSlChmq38NMOYpJEVBjCsdYtz5Xm/Cn95yYYMqkFjqjujLEyjHA6ybcTTSUmA9yjLUszOw1M0KlVAhTGyo4wKFX/JsY40noU+XYzwqavF72p+J/XSkx43RkzIRNDBZkdChOOTIymbaCAKUoMH1mCiWL2V0T6WGFibGdzV7jhk7ztyVtsZZnUL0reZan8UC5WbrPGcnAMJ3AGHlxBBe6hCjUgMIBneIU358V5dz6cz9nqipNljmAOztcvK3+efg==</latexit>'

Counterexample   :
<latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

<latexit sha1_base64="vyp3sngZ9qR3coWAZNcO3fJjn/4="></latexit>

8⇡.8⇡0. (li⇡ $ li⇡0) ! (lo⇡ $ lo⇡0)
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Intervention 
on non-cause

Intervention 
on cause

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

<latexit sha1_base64="4JccdbF9aRPiyKDwoegOWNH0Grw="></latexit>

|= '

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!
<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="JPLsrGD2wG9H+bl384C0E+xxTic="></latexit>

{lo}

<latexit sha1_base64="Dftw/955Qxb+dfHWqR4g0oOzY/k="></latexit>

6|= '

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

<latexit sha1_base64="Dftw/955Qxb+dfHWqR4g0oOzY/k="></latexit>

6|= '

We extend HP’s actual causality to hyperproperty effects and reactive systems.
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An event                is the value of an atomic proposition     at position     in     .
<latexit sha1_base64="orEsTHqHl0Ua+9zr3/Vqn6VLIro=">AAACJ3icbVDLSgMxFM3UV62vUZfdBIvgopQZKepGKLpxWcE+oFOGTCZtQzOZkGSKpXTh14g7/RJ3oks/wr3pdBa29cCFwzn3cC8nEIwq7ThfVm5tfWNzK79d2Nnd2z+wD4+aKk4kJg0cs1i2A6QIo5w0NNWMtIUkKAoYaQXD25nfGhGpaMwf9FiQboT6nPYoRtpIvl30GOJ9RiDzURnyMvQEhZ5MNd8uORUnBVwlbkZKIEPdt3+8MMZJRLjGDCnVcR2hy4/pl9fhiArFUURUd4KkppiRacFLFBEID1GfdAzN7DQwhadGCWEvlma4hqn6NzFBkVLjKDCbEdIDtezNxP+8TqJ7V90J5SLRhOP5oV7CoI7hrCMYUkmwZmNDEJbU/ArxAEmEtWly4QrTbFowPbnLrayS5nnFvahU76ul2k3WWB4UwQk4Ay64BDVwB+qgATB4As/gFbxZL9a79WF9zldzVpY5Bguwvn8BkT2l3A==</latexit>

hla, n,⇡i <latexit sha1_base64="3XETdKj9wEG4JKUcpTkF3lFjlLg=">AAACC3icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUiBL14TMA8IAlhdraTDJl9MDMbDCFfIN70S7yJVz/CD/HuZLMHk1jQUFR10U25keBK2/a3lVlb39jcym7ndnb39g/yh0d1FcaSYY2FIpRNlyoUPMCa5lpgM5JIfVdgwx3ez/zGCKXiYfCoxxF2fNoPeI8zqo1Upd18wS7aCcgqcVJSgBSVbv6n7YUs9jHQTFClWo4d6Yun5JNbb8QjFVAfVWdCpeZM4DTXjhVGlA1pH1uGpnYSmJIzo3ikF0ozgSaJ+jcxob5SY981mz7VA7XszcT/vFasezedCQ+iWGPA5od6sSA6JLMeiMclMi3GhlAmufmVsAGVlGnT1sIVocU0Z3pylltZJfXLonNVLFVLhfJd2lgWTuAUzsGBayjDA1SgBgwQnuEV3qwX6936sD7nqxkrzRzDAqyvXxqRm70=</latexit>a <latexit sha1_base64="/W59UMqKpcNFkyWx9L5GZ0NS7t4=">AAACC3icbVDLSgNBEOyNrxhfUY9eFoPgQcKuBPUiBL14TMA8IAlhdnaSDJmdXWZ6gyHkC8Sbfok38epH+CHenWz2YBILGoqqLropLxJco+N8W5m19Y3Nrex2bmd3b/8gf3hU12GsKKvRUISq6RHNBJeshhwFa0aKkcATrOEN72d+Y8SU5qF8xHHEOgHpS97jlKCRqrKbLzhFJ4G9StyUFCBFpZv/afshjQMmkQqidct1Irx4Sj659Uc80pIETHcmRCGngk1z7ViziNAh6bOWoamdBKb2mVF8uxcqMxLtRP2bmJBA63Hgmc2A4EAvezPxP68VY++mM+EyipFJOj/Ui4WNoT3rwfa5YhTF2BBCFTe/2nRAFKFo2lq4IlBMc6Ynd7mVVVK/LLpXxVK1VCjfpY1l4QRO4RxcuIYyPEAFakCBwTO8wpv1Yr1bH9bnfDVjpZljWID19QswDJvK</latexit>n <latexit sha1_base64="X03+FkBngHY0hS83pWMo4GdloVE=">AAACDXicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFN24rGgf0JaSyaRtaCYTkkyxlH6CuNMvcSdu/QY/xL3pdBa29cCFwzn3cC/Hl5xp47rfTmZldW19I7uZ29re2d3L7x/UdBQrQqsk4pFq+FhTzgStGmY4bUhFcehzWvcHt1O/PqRKs0g8mpGk7RD3BOsygo2VHlqSdfIFt+gmQMvES0kBUlQ6+Z9WEJE4pMIQjrVueq40Z0/JL9fBkEktcEh1e4yVYYTTSa4VayoxGeAebVqa2klggk6sEqBupOwIgxL1b2KMQ61HoW83Q2z6etGbiv95zdh0r9pjJmRsqCCzQ92YIxOhaRMoYIoSw0eWYKKY/RWRPlaYGNvX3BVu+CRne/IWW1kmtfOid1Es3ZcK5Zu0sSwcwTGcggeXUIY7qEAVCPTgGV7hzXlx3p0P53O2mnHSzCHMwfn6BcQknKU=</latexit>⇡

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

<latexit sha1_base64="DXCPFROKVCr+wmxS27vBv+XiUic="></latexit>

(⇡,⇡0) |= hhi , 0,⇡0i
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A cause     is a set of events.
<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C

An event                is the value of an atomic proposition     at position     in     .
<latexit sha1_base64="orEsTHqHl0Ua+9zr3/Vqn6VLIro=">AAACJ3icbVDLSgMxFM3UV62vUZfdBIvgopQZKepGKLpxWcE+oFOGTCZtQzOZkGSKpXTh14g7/RJ3oks/wr3pdBa29cCFwzn3cC8nEIwq7ThfVm5tfWNzK79d2Nnd2z+wD4+aKk4kJg0cs1i2A6QIo5w0NNWMtIUkKAoYaQXD25nfGhGpaMwf9FiQboT6nPYoRtpIvl30GOJ9RiDzURnyMvQEhZ5MNd8uORUnBVwlbkZKIEPdt3+8MMZJRLjGDCnVcR2hy4/pl9fhiArFUURUd4KkppiRacFLFBEID1GfdAzN7DQwhadGCWEvlma4hqn6NzFBkVLjKDCbEdIDtezNxP+8TqJ7V90J5SLRhOP5oV7CoI7hrCMYUkmwZmNDEJbU/ArxAEmEtWly4QrTbFowPbnLrayS5nnFvahU76ul2k3WWB4UwQk4Ay64BDVwB+qgATB4As/gFbxZL9a79WF9zldzVpY5Bguwvn8BkT2l3A==</latexit>

hla, n,⇡i <latexit sha1_base64="3XETdKj9wEG4JKUcpTkF3lFjlLg=">AAACC3icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUiBL14TMA8IAlhdraTDJl9MDMbDCFfIN70S7yJVz/CD/HuZLMHk1jQUFR10U25keBK2/a3lVlb39jcym7ndnb39g/yh0d1FcaSYY2FIpRNlyoUPMCa5lpgM5JIfVdgwx3ez/zGCKXiYfCoxxF2fNoPeI8zqo1Upd18wS7aCcgqcVJSgBSVbv6n7YUs9jHQTFClWo4d6Yun5JNbb8QjFVAfVWdCpeZM4DTXjhVGlA1pH1uGpnYSmJIzo3ikF0ozgSaJ+jcxob5SY981mz7VA7XszcT/vFasezedCQ+iWGPA5od6sSA6JLMeiMclMi3GhlAmufmVsAGVlGnT1sIVocU0Z3pylltZJfXLonNVLFVLhfJd2lgWTuAUzsGBayjDA1SgBgwQnuEV3qwX6936sD7nqxkrzRzDAqyvXxqRm70=</latexit>a <latexit sha1_base64="/W59UMqKpcNFkyWx9L5GZ0NS7t4=">AAACC3icbVDLSgNBEOyNrxhfUY9eFoPgQcKuBPUiBL14TMA8IAlhdnaSDJmdXWZ6gyHkC8Sbfok38epH+CHenWz2YBILGoqqLropLxJco+N8W5m19Y3Nrex2bmd3b/8gf3hU12GsKKvRUISq6RHNBJeshhwFa0aKkcATrOEN72d+Y8SU5qF8xHHEOgHpS97jlKCRqrKbLzhFJ4G9StyUFCBFpZv/afshjQMmkQqidct1Irx4Sj659Uc80pIETHcmRCGngk1z7ViziNAh6bOWoamdBKb2mVF8uxcqMxLtRP2bmJBA63Hgmc2A4EAvezPxP68VY++mM+EyipFJOj/Ui4WNoT3rwfa5YhTF2BBCFTe/2nRAFKFo2lq4IlBMc6Ynd7mVVVK/LLpXxVK1VCjfpY1l4QRO4RxcuIYyPEAFakCBwTO8wpv1Yr1bH9bnfDVjpZljWID19QswDJvK</latexit>n <latexit sha1_base64="X03+FkBngHY0hS83pWMo4GdloVE=">AAACDXicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFN24rGgf0JaSyaRtaCYTkkyxlH6CuNMvcSdu/QY/xL3pdBa29cCFwzn3cC/Hl5xp47rfTmZldW19I7uZ29re2d3L7x/UdBQrQqsk4pFq+FhTzgStGmY4bUhFcehzWvcHt1O/PqRKs0g8mpGk7RD3BOsygo2VHlqSdfIFt+gmQMvES0kBUlQ6+Z9WEJE4pMIQjrVueq40Z0/JL9fBkEktcEh1e4yVYYTTSa4VayoxGeAebVqa2klggk6sEqBupOwIgxL1b2KMQ61HoW83Q2z6etGbiv95zdh0r9pjJmRsqCCzQ92YIxOhaRMoYIoSw0eWYKKY/RWRPlaYGNvX3BVu+CRne/IWW1kmtfOid1Es3ZcK5Zu0sSwcwTGcggeXUIY7qEAVCPTgGV7hzXlx3p0P53O2mnHSzCHMwfn6BcQknKU=</latexit>⇡

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =
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<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C

SAT:      satisfies all events in     .
<latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�
<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =
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An intervention on    flips the values of all events in   .
<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C
<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C

<latexit sha1_base64="R2tK7ooFKjrnAGIcu5vSfjSKTtg="></latexit>

intervene(�, {hhi , 0,⇡0i}, ;)
<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="JPLsrGD2wG9H+bl384C0E+xxTic="></latexit>

{lo}

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

SAT CF MIN



A contingency  allows to reset states back to   .
<latexit sha1_base64="SEo9sHxniMVXEFLxV4ron0MoC9Y=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgupCRS1I1QdOOygn1AWspkMmmHTmbCzKRYQj5D3OmXuBO3rv0Q907SLGzrgQuHc+7lHo4XMaq0bX9bK6tr6xubpa3y9s7u3n7l4LCtRCwxaWHBhOx6SBFGOWlpqhnpRpKg0GOk443vMr8zIVJRwR/1NCL9EA05DShG2khuL0R6hBFLOumgUrVrdg64TJyCVEGB5qDy0/MFjkPCNWZIKdexI33+lGe68Sc0UhyFRPUTJDXFjKTlXqxIhPAYDYlraGHnByk8NYoPAyHNcA1z9e9FgkKlpqFnNrPQatHLxP88N9bBdT+hPIo14Xj2KIgZ1AJmjUCfSoI1mxqCsKQmK8QjJBHWpre5L0yztGx6chZbWSbti5pzWas/1KuN26KxEjgGJ+AMOOAKNMA9aIIWwECAZ/AK3qwX6936sD5nqytWcXME5mB9/QJ7OqBF</latexit>W <latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�

Contingencies

14

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

<latexit sha1_base64="29NvRKw+s4s266d3O6nOT/fwI0I="></latexit>

intervene(�, {hhi , 0,⇡0i},
{h¬lo, 2,⇡0i})

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

SAT CF MIN
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is a Cause if…
<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C

SAT:      satisfies all events in     .
<latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�
<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C

CF: There exists a       and              s.t.: 
<latexit sha1_base64="QSsL5G7CAot4KWGCfs7uZFe4MmA=">AAACLnicbVBNS0JBFJ3Xp9mX1bLNoEQtQt4LqTaB5KalQX6Aiswbrzo476OZ+yQR9/2aaFe/JGgRbfsD7Rv1LfzowIXDOfdyD8cNpdBo25/Wyura+sZmYiu5vbO7t586OCzrIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK2yuM/UoflBaB/4CDEBoe6/iiLThDIzVT6brHsMuZHBZGp7SuI1cDwiOdkZupjJ21J6DLxIlJhsQoNlO/9VbAIw985JJpXXPsEM+fJmFvWn0Rap95oBtDplBwCaNkPdIQMt5jHagZGtuTgxE9MUqLtgNlxkc6UWcvhszTeuC5ZnMcWi96Y/E/rxZh+7oxFH4YIfh8+qgdSYoBHVdFW0IBRzkwhHElTFbKu0wxjqbQuS8S5ShpenIWW1km5Yusc5nN3ecy+du4sQQ5JmlyRhxyRfLkjhRJiXDyTF7IG3m3Xq0P68v6nq6uWPHNEZmD9fMHMRSp6A==</latexit>

C0 ✓ C
<latexit sha1_base64="SEo9sHxniMVXEFLxV4ron0MoC9Y=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgupCRS1I1QdOOygn1AWspkMmmHTmbCzKRYQj5D3OmXuBO3rv0Q907SLGzrgQuHc+7lHo4XMaq0bX9bK6tr6xubpa3y9s7u3n7l4LCtRCwxaWHBhOx6SBFGOWlpqhnpRpKg0GOk443vMr8zIVJRwR/1NCL9EA05DShG2khuL0R6hBFLOumgUrVrdg64TJyCVEGB5qDy0/MFjkPCNWZIKdexI33+lGe68Sc0UhyFRPUTJDXFjKTlXqxIhPAYDYlraGHnByk8NYoPAyHNcA1z9e9FgkKlpqFnNrPQatHLxP88N9bBdT+hPIo14Xj2KIgZ1AJmjUCfSoI1mxqCsKQmK8QjJBHWpre5L0yztGx6chZbWSbti5pzWas/1KuN26KxEjgGJ+AMOOAKNMA9aIIWwECAZ/AK3qwX6936sD5nqytWcXME5mB9/QJ7OqBF</latexit>W

<latexit sha1_base64="p5mAtDcgVBSbyJWv5tm3dtgLGNw="></latexit>

intervene(�, C0,W) |= ' .

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

SAT CF MIN

MIN: No              satisfies SAT and CF.
<latexit sha1_base64="xrrwenLUqw+607HLLlbjqINGpK4=">AAACLHicbVC7SgNBFJ31GeNr1dJmMIgWEnYlqI0QTGMZwTwgCWF2djYZMju7zNwNhpDWrxE7/RIbEVv/wN5JskUeHrhwOOde7uF4seAaHOfTWlldW9/YzGxlt3d29/btg8OqjhJFWYVGIlJ1j2gmuGQV4CBYPVaMhJ5gNa9XGvu1PlOaR/IRBjFrhaQjecApASO1bdwMCXQpEcPS6Aw3deJpBrNi2845eWcCvEzclORQinLb/m36EU1CJoEKonXDdWK4eJpEvfX7PNaShEy3hkQBp4KNss1Es5jQHumwhqGpPTkY4VOj+DiIlBkJeKLOXgxJqPUg9MzmOLRe9Mbif14jgeCmNeQyToBJOn0UJAJDhMdFYZ8rRkEMDCFUcZMV0y5RhIKpc+6LADHKmp7cxVaWSfUy717lCw+FXPEubSyDjtEJOkcuukZFdI/KqIIoekYv6A29W6/Wh/VlfU9XV6z05gjNwfr5A2rRqP4=</latexit>

C0 ⇢ C
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MIN: No              satisfies SAT and CF.
<latexit sha1_base64="xrrwenLUqw+607HLLlbjqINGpK4=">AAACLHicbVC7SgNBFJ31GeNr1dJmMIgWEnYlqI0QTGMZwTwgCWF2djYZMju7zNwNhpDWrxE7/RIbEVv/wN5JskUeHrhwOOde7uF4seAaHOfTWlldW9/YzGxlt3d29/btg8OqjhJFWYVGIlJ1j2gmuGQV4CBYPVaMhJ5gNa9XGvu1PlOaR/IRBjFrhaQjecApASO1bdwMCXQpEcPS6Aw3deJpBrNi2845eWcCvEzclORQinLb/m36EU1CJoEKonXDdWK4eJpEvfX7PNaShEy3hkQBp4KNss1Es5jQHumwhqGpPTkY4VOj+DiIlBkJeKLOXgxJqPUg9MzmOLRe9Mbif14jgeCmNeQyToBJOn0UJAJDhMdFYZ8rRkEMDCFUcZMV0y5RhIKpc+6LADHKmp7cxVaWSfUy717lCw+FXPEubSyDjtEJOkcuukZFdI/KqIIoekYv6A29W6/Wh/VlfU9XV6z05gjNwfr5A2rRqP4=</latexit>

C0 ⇢ C

SAT:      satisfies all events in     .
<latexit sha1_base64="0KEJmAHxCkuNX7UgF+5YkD6hhGk=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFF3osoJ9QFtKJpO2sUlmSDLFUvoP4k6/xJ249Q/8EPem01nY6oELh3Pu4V6OH3Gmjet+OZml5ZXVtex6bmNza3snv7tX02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXE/9+pAqzUJ5b0YRbQvck6zLCDZWqrVusBC4ky+4RTcB+ku8lBQgRaWT/24FIYkFlYZwrHXTcyNz8pi8cxkMWaQlFlS3x1gZRjid5FqxphEmA9yjTUtTOwlM0JFVAtQNlR1pUKL+Toyx0HokfLspsOnrRW8q/uc1Y9O9aI+ZjGJDJZkd6sYcmRBNy0ABU5QYPrIEE8Xsr4j0scLE2MrmrnDDJznbk7fYyl9SOy16Z8XSXalQvkoby8IBHMIxeHAOZbiFClSBwAM8wQu8Os/Om/PufMxWM06a2Yc5OJ8/7xmdzQ==</latexit>

�
<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C

is a Cause if…
<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C

CF: There exists a       and              s.t.: 
<latexit sha1_base64="QSsL5G7CAot4KWGCfs7uZFe4MmA=">AAACLnicbVBNS0JBFJ3Xp9mX1bLNoEQtQt4LqTaB5KalQX6Aiswbrzo476OZ+yQR9/2aaFe/JGgRbfsD7Rv1LfzowIXDOfdyD8cNpdBo25/Wyura+sZmYiu5vbO7t586OCzrIFIcSjyQgaq6TIMUPpRQoIRqqIB5roSK2yuM/UoflBaB/4CDEBoe6/iiLThDIzVT6brHsMuZHBZGp7SuI1cDwiOdkZupjJ21J6DLxIlJhsQoNlO/9VbAIw985JJpXXPsEM+fJmFvWn0Rap95oBtDplBwCaNkPdIQMt5jHagZGtuTgxE9MUqLtgNlxkc6UWcvhszTeuC5ZnMcWi96Y/E/rxZh+7oxFH4YIfh8+qgdSYoBHVdFW0IBRzkwhHElTFbKu0wxjqbQuS8S5ShpenIWW1km5Yusc5nN3ecy+du4sQQ5JmlyRhxyRfLkjhRJiXDyTF7IG3m3Xq0P68v6nq6uWPHNEZmD9fMHMRSp6A==</latexit>

C0 ✓ C
<latexit sha1_base64="SEo9sHxniMVXEFLxV4ron0MoC9Y=">AAACFXicbVDLSsNAFJ34rPVVdelmsAgupCRS1I1QdOOygn1AWspkMmmHTmbCzKRYQj5D3OmXuBO3rv0Q907SLGzrgQuHc+7lHo4XMaq0bX9bK6tr6xubpa3y9s7u3n7l4LCtRCwxaWHBhOx6SBFGOWlpqhnpRpKg0GOk443vMr8zIVJRwR/1NCL9EA05DShG2khuL0R6hBFLOumgUrVrdg64TJyCVEGB5qDy0/MFjkPCNWZIKdexI33+lGe68Sc0UhyFRPUTJDXFjKTlXqxIhPAYDYlraGHnByk8NYoPAyHNcA1z9e9FgkKlpqFnNrPQatHLxP88N9bBdT+hPIo14Xj2KIgZ1AJmjUCfSoI1mxqCsKQmK8QjJBHWpre5L0yztGx6chZbWSbti5pzWas/1KuN26KxEjgGJ+AMOOAKNMA9aIIWwECAZ/AK3qwX6936sD5nqytWcXME5mB9/QJ7OqBF</latexit>W

<latexit sha1_base64="p5mAtDcgVBSbyJWv5tm3dtgLGNw="></latexit>

intervene(�, C0,W) |= ' .

<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =
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<latexit sha1_base64="E1l7z4xpagJPlZ5zTa8y6vYNq5Y="></latexit>

c ! {lo}
<latexit sha1_base64="coBjmTFtQKV0FlxIRVLnKaiYARs="></latexit>

c ! {}
<latexit sha1_base64="W2xEt4A2jDvVF1ntj6datCpsXtw="></latexit>

(c ! {})!

System  :
<latexit sha1_base64="yB7JfRBUlbfZJwZ8C+S05oLmItU="></latexit>

T

(Partial) counterexample:

<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi
<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

<latexit sha1_base64="Vtk8wF35D341OoCheXKkulnoXZ4="></latexit>

⇡0 = {hi}{hi , lo}{}!

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!
<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!
<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!

<latexit sha1_base64="Wzqn7sFIpNcEEz2m4Fi37PlHMWE=">AAACG3icbVC9SgNBGNyLfzH+RS1tFoNgIeFOgtoIQRvLCOYHkhD2NnvJkr3dY/e7YAhpfQvfwFZfwE5sLex9EPeSEzRxqmHmG75h/EhwA6776WSWlldW17LruY3Nre2d/O5ezahYU1alSijd8IlhgktWBQ6CNSLNSOgLVvcH14lfHzJtuJJ3MIpYOyQ9yQNOCVipk8ctIRW0QgJ9DuM+n1hBafwj0EknX3CL7hR4kXgpKaAUlU7+q9VVNA6ZBCqIMU3PjeDkflr1sjvkkZEkZKY9Jho4FWySa8WGRYQOSI81LU3taWCCj6zSxYHtFCgJeKr+ToxJaMwo9O1l0tnMe4n4n9eMIbhoj7mMYmCSzh4FscCgcDIU7nLNKIiRJYRqbrti2ieaULBz5uws3vwIi6R2WvTOiqXbUqF8lQ6URQfoEB0jD52jMrpBFVRFFD2gJ/SMXpxH59V5c95npxknzeyjP3A+vgFU/6KG</latexit>

¬hi _ c<latexit sha1_base64="Wzqn7sFIpNcEEz2m4Fi37PlHMWE=">AAACG3icbVC9SgNBGNyLfzH+RS1tFoNgIeFOgtoIQRvLCOYHkhD2NnvJkr3dY/e7YAhpfQvfwFZfwE5sLex9EPeSEzRxqmHmG75h/EhwA6776WSWlldW17LruY3Nre2d/O5ezahYU1alSijd8IlhgktWBQ6CNSLNSOgLVvcH14lfHzJtuJJ3MIpYOyQ9yQNOCVipk8ctIRW0QgJ9DuM+n1hBafwj0EknX3CL7hR4kXgpKaAUlU7+q9VVNA6ZBCqIMU3PjeDkflr1sjvkkZEkZKY9Jho4FWySa8WGRYQOSI81LU3taWCCj6zSxYHtFCgJeKr+ToxJaMwo9O1l0tnMe4n4n9eMIbhoj7mMYmCSzh4FscCgcDIU7nLNKIiRJYRqbrti2ieaULBz5uws3vwIi6R2WvTOiqXbUqF8lQ6URQfoEB0jD52jMrpBFVRFFD2gJ/SMXpxH59V5c95npxknzeyjP3A+vgFU/6KG</latexit>

¬hi _ c

<latexit sha1_base64="Wzqn7sFIpNcEEz2m4Fi37PlHMWE=">AAACG3icbVC9SgNBGNyLfzH+RS1tFoNgIeFOgtoIQRvLCOYHkhD2NnvJkr3dY/e7YAhpfQvfwFZfwE5sLex9EPeSEzRxqmHmG75h/EhwA6776WSWlldW17LruY3Nre2d/O5ezahYU1alSijd8IlhgktWBQ6CNSLNSOgLVvcH14lfHzJtuJJ3MIpYOyQ9yQNOCVipk8ctIRW0QgJ9DuM+n1hBafwj0EknX3CL7hR4kXgpKaAUlU7+q9VVNA6ZBCqIMU3PjeDkflr1sjvkkZEkZKY9Jho4FWySa8WGRYQOSI81LU3taWCCj6zSxYHtFCgJeKr+ToxJaMwo9O1l0tnMe4n4n9eMIbhoj7mMYmCSzh4FscCgcDIU7nLNKIiRJYRqbrti2ieaULBz5uws3vwIi6R2WvTOiqXbUqF8lQ6URQfoEB0jD52jMrpBFVRFFD2gJ/SMXpxH59V5c95npxknzeyjP3A+vgFU/6KG</latexit>

¬hi _ c <latexit sha1_base64="CZOAtlrhPfoMY+2Z1IWKP/THq9A=">AAACHXicbVDLSgMxFM34rPU16tJNaBFcSJmRom6EohuXFewD2lIymbQNzWSG5E6xDLP3L/wDt/oD7sStuPdDTNsRtPVCwuGce7iH40WCa3CcT2tpeWV1bT23kd/c2t7Ztff26zqMFWU1GopQNT2imeCS1YCDYM1IMRJ4gjW84fVEb4yY0jyUdzCOWCcgfcl7nBIwVNcutAMCAw7JgKe4LYj0zS9DwD88Tbt20Sk508GLwM1AEWVT7dpfbT+kccAkUEG0brlOBCf307CX/ohHWpKA6U5CFHAqWJpvx5pFhA5Jn7UMzOSpIcVHhvFxL1TmScBT9rcjIYHW48Azm5PMel6bkP9prRh6F52EyygGJunsUC8WGEI8qQr7XDEKYmwAoYqbrJgOiCIUTKF5U4s7X8IiqJ+W3LNS+bZcrFxlBeXQISqgY+Sic1RBN6iKaoiiB/SEntGL9Wi9Wm/W+2x1yco8B+jPWB/fZ3ejDA==</latexit>

hi ^ ¬c
<latexit sha1_base64="CZOAtlrhPfoMY+2Z1IWKP/THq9A=">AAACHXicbVDLSgMxFM34rPU16tJNaBFcSJmRom6EohuXFewD2lIymbQNzWSG5E6xDLP3L/wDt/oD7sStuPdDTNsRtPVCwuGce7iH40WCa3CcT2tpeWV1bT23kd/c2t7Ztff26zqMFWU1GopQNT2imeCS1YCDYM1IMRJ4gjW84fVEb4yY0jyUdzCOWCcgfcl7nBIwVNcutAMCAw7JgKe4LYj0zS9DwD88Tbt20Sk508GLwM1AEWVT7dpfbT+kccAkUEG0brlOBCf307CX/ohHWpKA6U5CFHAqWJpvx5pFhA5Jn7UMzOSpIcVHhvFxL1TmScBT9rcjIYHW48Azm5PMel6bkP9prRh6F52EyygGJunsUC8WGEI8qQr7XDEKYmwAoYqbrJgOiCIUTKF5U4s7X8IiqJ+W3LNS+bZcrFxlBeXQISqgY+Sic1RBN6iKaoiiB/SEntGL9Wi9Wm/W+2x1yco8B+jPWB/fZ3ejDA==</latexit>

hi ^ ¬c

<latexit sha1_base64="Uj72uZue8PQrnob95fncqxWnPOg=">AAACI3icbVDNSgMxGMz6W+tf1aOXYBF6kLIrRb0IRS8eK9gf6JaSzaZtaDa7JN8WS9lX8C18A6/6At7EiwdvPojZdg+2dSAwzHxDhvEiwTXY9pe1srq2vrGZ28pv7+zu7RcODhs6jBVldRqKULU8opngktWBg2CtSDESeII1veFt6jdHTGkeygcYR6wTkL7kPU4JGKlbKLlChoDdgMCAw2TAE+wKIn08r9OkWyjaZXsKvEycjBRRhlq38OP6IY0DJoEKonXbsSM4e5xWvvZHPNKSBEx3JkQBp4IleTfWLCJ0SPqsbWhmTwMJPjWKj3uhMk8Cnqp/ExMSaD0OPHOZdtaLXir+57Vj6F11JlxGMTBJZx/1YoEhxOlg2OeKURBjQwhV3HTFdEAUoWBmzZtZnMURlknjvOxclCv3lWL1Jhsoh47RCSohB12iKrpDNVRHFD2hF/SK3qxn6936sD5npytWljlCc7C+fwEf+qWB</latexit>

¬hi ^ ¬c

<latexit sha1_base64="aW2/tMIPM+o3qSHai/aiLroTu+M="></latexit>¬c

<latexit sha1_base64="NyJi9YW8wqARSwPyHwCSaX3w+78="></latexit>c

<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

Counterfactual automata have additional inputs (here:  ) for setting a contingency.<latexit sha1_base64="zZn5MKUmBWKDlzxOPVkAsiHbb88="></latexit>c

Counterfactual automaton            :
<latexit sha1_base64="YRCPH6n7ktx3lKMePk3p4xHOa5o="></latexit>

(T,⇡0)



Finding a Cause as a Hyperproperty

Counterexample

System

Counterfactual 

Automata

HyperLTL Model Checker

HyperLTL Specification

Explaining Hyperproperty Violations

Abstract. Hyperproperties relate multiple computation traces to each
other. Model checkers for hyperproperties thus return, in case a system
model violates the specification, a set of traces as a counterexample. Fix-
ing the erroneous relations between traces in the system that led to the
counterexample is a di�cult manual e↵ort that highly benefits from addi-
tional explanations. In this paper, we present an explanation method for
counterexamples to hyperproperties described in the specification logic
HyperLTL. We extend Halpern and Pearl’s definition of actual causality
to sets of traces witnessing the violation of a HyperLTL formula, which
allows us to identify the events that caused the violation. We report on
the implementation of our method and show that it significantly im-
proves on previous approaches for analyzing counterexamples returned
by HyperLTL model checkers.

1 Introduction

While model checking algorithms and tools (e.g., [19,18,25,13,54,46]) have, in
the past, focused on trace properties, recent failures in security-critical systems,
such as Heartbleed [27], Meltdown [58], Spectre [51], or Log4j [1], have triggered
the development of model checking algorithms for properties that relate multiple
computation traces to each other, i.e., hyperproperties [22]. Although the coun-
terexample returned by such a model checker for hyperproperties, which takes
the shape of a set of traces, may aid in the debugging process, understanding
and narrowing down which features are actually responsible for the erroneous
relation between the traces in the counterexample requires significantly more
manual e↵ort than for trace properties. In this paper, we develop an explana-
tion technique for these more complex counterexamples that identifies the actual
causes [43,44,45] of hyperproperty violations.

Existing hyperproperty model checking approaches (e.g., [32,34,48]), take a
HyperLTL formula as an input. HyperLTL is a temporal logic extending LTL
with explicit trace quantification [21]. For example, observational determinism,
which requires that all traces ⇡,⇡0 agree on their observable outputs lo whenever
they agree on their observable inputs li , can be formalized in HyperLTL as

8⇡.8⇡0. (li⇡ $ li⇡0) ! (lo⇡ $ lo⇡0) .

In case a system model violates observational determinism, the model checker
consequently returns a set of two execution traces witnessing the violation.

A first attempt in explaining model checking results of HyperLTL specifi-
cations has been made with HyperVis [47], which visualizes a counterexample
returned by the model checker MCHyper [34] in a browser application. While
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<latexit sha1_base64="ZO8SjISMR9Y4tB58ADQkIM4RJqI=">AAACG3icbVDLSsNAFJ3UV62PRl26CRbBhZREiroRim5cVrAPaEqZTCbt0MmDmZtiCfkScadf4k7cuvBD3DtJs7CtBy4czrmXezhOxJkE0/zWSmvrG5tb5e3Kzu7eflU/OOzIMBaEtknIQ9FzsKScBbQNDDjtRYJi3+G060zuMr87pUKyMHiEWUQHPh4FzGMEg5KGetVObB/DmEEyZqmdDvWaWTdzGKvEKkgNFWgN9R/bDUns0wAIx1L2LTOC86c82Y07ZZEMsE/lIMECGOE0rdixpBEmEzyifUULOz9IjVOluIYXCjUBGLn69yLBvpQz31GbWWy57GXif14/Bu96kLAgioEGZP7Ii7kBoZH1YrhMUAJ8pggmgqmsBhljgQmo9ha+cOBpRfVkLbeySjoXdeuy3nho1Jq3RWNldIxO0Bmy0BVqonvUQm1EUIye0St60160d+1D+5yvlrTi5ggtQPv6BaufonU=</latexit>

{hi}
<latexit sha1_base64="iEvIAyr5ZYWTEAlouqmJvtR3Lms=">AAACJ3icbVDLSsNAFJ3UV62vqMtugkVwUUoiRd0IRTcuK9hWaEqZTKbt0MmDmZtiCVn4NeJOv8Sd6NKPcO8kjWBbD1w4nHMv93CckDMJpvmpFVZW19Y3ipulre2d3T19/6Atg0gQ2iIBD8S9gyXlzKctYMDpfSgo9hxOO874OvU7EyokC/w7mIa05+GhzwaMYFBSXy/bse1hGDGIRyyp/nIeJHbS1ytmzcxgLBMrJxWUo9nXv203IJFHfSAcS9m1zBCqD1nKS3fCQuljj8pejAUwwmlSsiNJQ0zGeEi7iuZ2dpAYx0pxjUEg1PhgZOrfixh7Uk49R22mseWil4r/ed0IBhe9mPlhBNQns0eDiBsQGGlHhssEJcCnimAimMpqkBEWmIBqcu4LB56UVE/WYivLpH1as85q9dt6pXGVN1ZEZXSETpCFzlED3aAmaiGCHtETekGv2rP2pr1rH7PVgpbfHKI5aF8/4bGnzw==</latexit>

{hi , lo}

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="6P04gBGlGiisrBB2ttoP3NQdH8c=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EohuXFewDmlomk0k7dCYTZibFEvIb4k6/xJ24deuHuHeaZmFbD1w4nHMP93K8iFGlbfvbKqysrq1vFDdLW9s7u3vl/YOWErHEpIkFE7LjIUUYDUlTU81IJ5IEcY+Rtje6nfrtMZGKivBBTyLS42gQ0oBipI3kugl000dXcDJA/XLFrtoZ4DJxclIBORr98o/rCxxzEmrMkFJdx4702VP21LU/ppEKESeqlyCpKWYkLbmxIhHCIzQgXUNzOwuk8MQoPgyENBNqmKl/EwniSk24ZzY50kO16E3F/7xurIOrXkLDKNYkxLNDQcygFnBaCfSpJFiziSEIS2p+hXiIJMLaFDd3hWmWlkxPzmIry6R1XnUuqrX7WqV+kzdWBEfgGJwCB1yCOrgDDdAEGETgGbyCN+vFerc+rM/ZasHKM4dgDtbXL7nDoF0=</latexit>

{}!

<latexit sha1_base64="Zfd44f/bEJqBdba6cNONr7aK9pk=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgQkoiRd0Uim5cVjBtoS1lMpm0QyfJMDMpltJvEHf6Je7ErZ/gh7h3mmZhWw9cOJxzD/dyPMGZ0rb9beXW1jc2t/LbhZ3dvf2D4uFRQ8WJJNQlMY9ly8OKchZRVzPNaUtIikOP06Y3vJv5zRGVisXRox4L2g1xP2IBI1gbye0Ihqq9Ysku2ynQKnEyUoIM9V7xp+PHJAlppAnHSrUdW+iLp/Sbqj9iQkU4pKo7wVIzwum00EkUFZgMcZ+2Dc3sNDBFZ0bxURBLM5FGqfo3McGhUuPQM5sh1gO17M3E/7x2ooOb7oRFItE0IvNDQcKRjtGsC+QzSYnmY0Mwkcz8isgAS0y0aWzhCtd8WjA9OcutrJLGZdm5KlceKqXabdZYHk7gFM7BgWuowT3UwQUCDJ7hFd6sF+vd+rA+56s5K8scwwKsr1+qgJ0W</latexit>⇡ =
<latexit sha1_base64="cKsL06xl+OHq0k2Duy037fLQjQ8=">AAACEHicbVDLSsNAFL2pr1pfVZduBovoQkoiRd0Uim5cVrAPaEuZTCbt2EkyzEyKpfQfxJ1+iTtx6x/4Ie6dplnY1gMXDufcw70cV3CmtG1/W5mV1bX1jexmbmt7Z3cvv39QV1EsCa2RiEey6WJFOQtpTTPNaVNIigOX04Y7uJ36jSGVikXhgx4J2glwL2Q+I1gbqd4W7BSVu/mCXbQToGXipKQAKard/E/bi0gc0FATjpVqObbQ50/JO2VvyIQKcUBVZ4ylZoTTSa4dKyowGeAebRma2klggk6M4iE/kmZCjRL1b2KMA6VGgWs2A6z7atGbiv95rVj7150xC0WsaUhmh/yYIx2haRnIY5ISzUeGYCKZ+RWRPpaYaFPZ3BWu+SRnenIWW1km9Yuic1ks3ZcKlZu0sSwcwTGcgQNXUIE7qEINCDzCM7zCm/VivVsf1udsNWOlmUOYg/X1CxGSnUc=</latexit>

⇡0 =

<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi

<latexit sha1_base64="fNgKrijknXaoaIPFtjiMZrJM4qo=">AAACC3icbVDNSsNAGNzUv1r/oh69BIvgQUoiRb0IRS8eK9gfaErZbDbt0s0m7H4pltBH8A286gt4E68+hHcfxE2ag7YOLAwz37DDeDFnCmz7yyitrK6tb5Q3K1vbO7t75v5BW0WJJLRFIh7JrocV5UzQFjDgtBtLikOP0443vs38zoRKxSLxANOY9kM8FCxgBIOWBqbpchGBG2IYMUhHbDYwq3bNzmEtE6cgVVSgOTC/XT8iSUgFEI6V6jl2DGePebVrf8JiJXBIVT/FEhjhdFZxE0VjTMZ4SHuaFnYemFknWvGtIJL6CbBy9XcixaFS09DTl1lptehl4n9eL4Hgqp8yESdABZl/FCTcgsjKhrF8JikBPtUEE8l0V4uMsMQE9HwVPYuzOMIyaZ/XnIta/b5ebdwUA5XRETpGp8hBl6iB7lATtRBBE/SMXtCr8WS8Ge/Gx/y0ZBSZQ/QHxucPp9Cbvw==</latexit>

¬hi
<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!
<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!
<latexit sha1_base64="q+m0w3yZ+JlqL5RZr4lJ6hJ9aHY=">AAACKnicbVDLSsNAFJ3UV62vqEs3g0VwITWRom4KRTcuK1hbaGqZTKbt0EkmzEyKJeQz/Av/wK3+gLvith/iJA2orRcGzj3nHu6d44aMSmVZU6Owsrq2vlHcLG1t7+zumfsHj5JHApMm5oyLtoskYTQgTUUVI+1QEOS7jLTc0W2qt8ZESMqDBzUJSddHg4D2KUZKUz3z3AkprEEndnykhlTFQ5o4yU/L+LxNnhzukwHqmWWrYmUFl4GdgzLIq9EzZ47HceSTQGGGpOzYVqjOnrPLa96YhjJAPpHdGAlFMSNJyYkkCREeoQHpaJjLmSGBJ5rxYJ8L/QIFM/a3I0a+lBPf1ZPpD+SilpL/aZ1I9a+7MQ3CSJEAzxf1IwYVh2lu0KOCYMUmGiAsqL4V4iESCCudbknHYi+GsAweLyr2ZaV6Xy3Xb/KAiuAIHINTYIMrUAd3oAGaAIMX8AbewYfxanwaU+NrPlowcs8h+FPG7BveiqkX</latexit>

⇡ = {hi}{lo}{}!

<latexit sha1_base64="Wzqn7sFIpNcEEz2m4Fi37PlHMWE=">AAACG3icbVC9SgNBGNyLfzH+RS1tFoNgIeFOgtoIQRvLCOYHkhD2NnvJkr3dY/e7YAhpfQvfwFZfwE5sLex9EPeSEzRxqmHmG75h/EhwA6776WSWlldW17LruY3Nre2d/O5ezahYU1alSijd8IlhgktWBQ6CNSLNSOgLVvcH14lfHzJtuJJ3MIpYOyQ9yQNOCVipk8ctIRW0QgJ9DuM+n1hBafwj0EknX3CL7hR4kXgpKaAUlU7+q9VVNA6ZBCqIMU3PjeDkflr1sjvkkZEkZKY9Jho4FWySa8WGRYQOSI81LU3taWCCj6zSxYHtFCgJeKr+ToxJaMwo9O1l0tnMe4n4n9eMIbhoj7mMYmCSzh4FscCgcDIU7nLNKIiRJYRqbrti2ieaULBz5uws3vwIi6R2WvTOiqXbUqF8lQ6URQfoEB0jD52jMrpBFVRFFD2gJ/SMXpxH59V5c95npxknzeyjP3A+vgFU/6KG</latexit>

¬hi _ c<latexit sha1_base64="Wzqn7sFIpNcEEz2m4Fi37PlHMWE=">AAACG3icbVC9SgNBGNyLfzH+RS1tFoNgIeFOgtoIQRvLCOYHkhD2NnvJkr3dY/e7YAhpfQvfwFZfwE5sLex9EPeSEzRxqmHmG75h/EhwA6776WSWlldW17LruY3Nre2d/O5ezahYU1alSijd8IlhgktWBQ6CNSLNSOgLVvcH14lfHzJtuJJ3MIpYOyQ9yQNOCVipk8ctIRW0QgJ9DuM+n1hBafwj0EknX3CL7hR4kXgpKaAUlU7+q9VVNA6ZBCqIMU3PjeDkflr1sjvkkZEkZKY9Jho4FWySa8WGRYQOSI81LU3taWCCj6zSxYHtFCgJeKr+ToxJaMwo9O1l0tnMe4n4n9eMIbhoj7mMYmCSzh4FscCgcDIU7nLNKIiRJYRqbrti2ieaULBz5uws3vwIi6R2WvTOiqXbUqF8lQ6URQfoEB0jD52jMrpBFVRFFD2gJ/SMXpxH59V5c95npxknzeyjP3A+vgFU/6KG</latexit>

¬hi _ c

<latexit sha1_base64="Wzqn7sFIpNcEEz2m4Fi37PlHMWE=">AAACG3icbVC9SgNBGNyLfzH+RS1tFoNgIeFOgtoIQRvLCOYHkhD2NnvJkr3dY/e7YAhpfQvfwFZfwE5sLex9EPeSEzRxqmHmG75h/EhwA6776WSWlldW17LruY3Nre2d/O5ezahYU1alSijd8IlhgktWBQ6CNSLNSOgLVvcH14lfHzJtuJJ3MIpYOyQ9yQNOCVipk8ctIRW0QgJ9DuM+n1hBafwj0EknX3CL7hR4kXgpKaAUlU7+q9VVNA6ZBCqIMU3PjeDkflr1sjvkkZEkZKY9Jho4FWySa8WGRYQOSI81LU3taWCCj6zSxYHtFCgJeKr+ToxJaMwo9O1l0tnMe4n4n9eMIbhoj7mMYmCSzh4FscCgcDIU7nLNKIiRJYRqbrti2ieaULBz5uws3vwIi6R2WvTOiqXbUqF8lQ6URQfoEB0jD52jMrpBFVRFFD2gJ/SMXpxH59V5c95npxknzeyjP3A+vgFU/6KG</latexit>

¬hi _ c <latexit sha1_base64="CZOAtlrhPfoMY+2Z1IWKP/THq9A=">AAACHXicbVDLSgMxFM34rPU16tJNaBFcSJmRom6EohuXFewD2lIymbQNzWSG5E6xDLP3L/wDt/oD7sStuPdDTNsRtPVCwuGce7iH40WCa3CcT2tpeWV1bT23kd/c2t7Ztff26zqMFWU1GopQNT2imeCS1YCDYM1IMRJ4gjW84fVEb4yY0jyUdzCOWCcgfcl7nBIwVNcutAMCAw7JgKe4LYj0zS9DwD88Tbt20Sk508GLwM1AEWVT7dpfbT+kccAkUEG0brlOBCf307CX/ohHWpKA6U5CFHAqWJpvx5pFhA5Jn7UMzOSpIcVHhvFxL1TmScBT9rcjIYHW48Azm5PMel6bkP9prRh6F52EyygGJunsUC8WGEI8qQr7XDEKYmwAoYqbrJgOiCIUTKF5U4s7X8IiqJ+W3LNS+bZcrFxlBeXQISqgY+Sic1RBN6iKaoiiB/SEntGL9Wi9Wm/W+2x1yco8B+jPWB/fZ3ejDA==</latexit>

hi ^ ¬c
<latexit sha1_base64="CZOAtlrhPfoMY+2Z1IWKP/THq9A=">AAACHXicbVDLSgMxFM34rPU16tJNaBFcSJmRom6EohuXFewD2lIymbQNzWSG5E6xDLP3L/wDt/oD7sStuPdDTNsRtPVCwuGce7iH40WCa3CcT2tpeWV1bT23kd/c2t7Ztff26zqMFWU1GopQNT2imeCS1YCDYM1IMRJ4gjW84fVEb4yY0jyUdzCOWCcgfcl7nBIwVNcutAMCAw7JgKe4LYj0zS9DwD88Tbt20Sk508GLwM1AEWVT7dpfbT+kccAkUEG0brlOBCf307CX/ohHWpKA6U5CFHAqWJpvx5pFhA5Jn7UMzOSpIcVHhvFxL1TmScBT9rcjIYHW48Azm5PMel6bkP9prRh6F52EyygGJunsUC8WGEI8qQr7XDEKYmwAoYqbrJgOiCIUTKF5U4s7X8IiqJ+W3LNS+bZcrFxlBeXQISqgY+Sic1RBN6iKaoiiB/SEntGL9Wi9Wm/W+2x1yco8B+jPWB/fZ3ejDA==</latexit>

hi ^ ¬c

<latexit sha1_base64="Uj72uZue8PQrnob95fncqxWnPOg=">AAACI3icbVDNSgMxGMz6W+tf1aOXYBF6kLIrRb0IRS8eK9gf6JaSzaZtaDa7JN8WS9lX8C18A6/6At7EiwdvPojZdg+2dSAwzHxDhvEiwTXY9pe1srq2vrGZ28pv7+zu7RcODhs6jBVldRqKULU8opngktWBg2CtSDESeII1veFt6jdHTGkeygcYR6wTkL7kPU4JGKlbKLlChoDdgMCAw2TAE+wKIn08r9OkWyjaZXsKvEycjBRRhlq38OP6IY0DJoEKonXbsSM4e5xWvvZHPNKSBEx3JkQBp4IleTfWLCJ0SPqsbWhmTwMJPjWKj3uhMk8Cnqp/ExMSaD0OPHOZdtaLXir+57Vj6F11JlxGMTBJZx/1YoEhxOlg2OeKURBjQwhV3HTFdEAUoWBmzZtZnMURlknjvOxclCv3lWL1Jhsoh47RCSohB12iKrpDNVRHFD2hF/SK3qxn6936sD5npytWljlCc7C+fwEf+qWB</latexit>

¬hi ^ ¬c

<latexit sha1_base64="aW2/tMIPM+o3qSHai/aiLroTu+M="></latexit>¬c

<latexit sha1_base64="NyJi9YW8wqARSwPyHwCSaX3w+78="></latexit>c

<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

<latexit sha1_base64="J2YIygaOnTny9TeTM19rk+Gesbo=">AAACDnicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh6MZlBfuAtpRMmmlDM0lI7hRL6S+IO/0Sd+LWX/BD3DsznYVtPXDhcM493MvxteAWXPfbWVldW9/YzG3lt3d29/YLB4d1qyJDWY0qoUzTJ5YJLlkNOAjW1IaR0Bes4Q/vEr8xYsZyJR9hrFknJH3JA04JJFIblO4Wim7JTYGXiZeRIspQ7RZ+2j1Fo5BJoIJY2/JcDedP6TM3vRHXVpKQ2c6EGOBUsGm+HVmmCR2SPmvFNLPTwBSfxkoPB8rEIwGn6t/EhITWjkM/3gwJDOyil4j/ea0IguvOhEsdAZN0diiIBAaFkypwjxtGQYxjQqjh8a+YDoghFOLC5q4IENN83JO32MoyqV+UvMtS+aFcrNxmjeXQMTpBZ8hDV6iC7lEV1RBFA/SMXtGb8+K8Ox/O52x1xckyR2gOztcvtBedKQ==</latexit>>

<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}
<latexit sha1_base64="isFa9DjaCZ5sapwdrqkNGU+Y9D4=">AAACD3icbVDLSsNAFL3xWeur6tLNYBFcSEmkqBuh6MZlBdMWmlImk0k7dPJgZlIsId8g7vRL3IlbP8EPce80zcK2HrhwOOce7uW4MWdSmea3sbK6tr6xWdoqb+/s7u1XDg5bMkoEoTaJeCQ6LpaUs5DaiilOO7GgOHA5bbuju6nfHlMhWRQ+qklMewEehMxnBCst2U6KnKxfqZo1MwdaJlZBqlCg2a/8OF5EkoCGinAsZdcyY3X+lH9z441ZLEMcUNlLsVCMcJqVnUTSGJMRHtCupoWdBzJ0qhUP+ZHQEyqUq38TKQ6knASu3gywGspFbyr+53UT5V/3UhbGiaIhmR3yE45UhKZdII8JShSfaIKJYPpXRIZYYKJ0Y3NXuOJZWfdkLbayTFoXNeuyVn+oVxu3RWMlOIYTOAMLrqAB99AEGwgweIZXeDNejHfjw/icra4YReYI5mB8/QIQzJ1U</latexit>

{}

Causality

<latexit sha1_base64="9ljwI4LQ29auMJf+JMt5yUODNGw="></latexit>

9⇡c.9⇡0
c.8⇡00

c .8⇡000
c .'cause

Encoding of causality in           : see our paper.<latexit sha1_base64="Icpu/lMIHjvzVe1ArUYzZyzzULg="></latexit>'cause



Computing All Causes
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<latexit sha1_base64="OBizrwp649sfPBH130xLd6UcjBU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK9gHtKVkMmkbm0mG5E6xlP6DuNMvcSdu/QM/xL3pdBa29cCFwzn3cC/HjwQ34LrfTmZldW19I7uZ29re2d3L7x/UjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wO/XrQ6YNV/IBRhFrh6QneZdTAlaqtUSgwHTyBbfoJsDLxEtJAaWodPI/rUDROGQSqCDGND03grOn5J3rYMgjI0nITHtMNHAq2CTXig2LCB2QHmtamtpJYIJPrBLgrtJ2JOBE/ZsYk9CYUejbzZBA3yx6U/E/rxlD96o95jKKgUk6O9SNBQaFp2XggGtGQYwsIVRz+yumfaIJBVvZ3BUBYpKzPXmLrSyT2nnRuyiW7kuF8k3aWBYdoWN0ijx0icroDlVQFVH0iJ7RK3pzXpx358P5nK1mnDRziObgfP0CXoWeEA==</latexit>. . .

<latexit sha1_base64="o5d1QQJxVfuoDe5BGb/HbK4OqnY="></latexit>

{hhi , 0,⇡i}
<latexit sha1_base64="jkDq0Ak092gdU5kuspyVjh/HME4="></latexit>

{hhi , 1,⇡i}
<latexit sha1_base64="3qkAalJ0uxU1dJYrB80YuYieNo8="></latexit>

{h¬hi , 2,⇡i}
<latexit sha1_base64="nYPiJoZ9Laf9wZTeUdr1hwUofMA="></latexit>

{h¬hi , 3,⇡i}

<latexit sha1_base64="2/ycfWjc//50QjOVDB5YSa4t7OE="></latexit>

{hhi , 0,⇡i, hhi , 1,⇡i}
<latexit sha1_base64="b27k8GgUXPivXre3K+61No1c0sY="></latexit>

{hhi , 1,⇡i, h¬hi , 2,⇡i}
<latexit sha1_base64="RsuWo0843Ja/i/fwrRPya/0CDVY="></latexit>

{h¬hi , 2,⇡i, h¬hi , 3,⇡i}
<latexit sha1_base64="OBizrwp649sfPBH130xLd6UcjBU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK9gHtKVkMmkbm0mG5E6xlP6DuNMvcSdu/QM/xL3pdBa29cCFwzn3cC/HjwQ34LrfTmZldW19I7uZ29re2d3L7x/UjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wO/XrQ6YNV/IBRhFrh6QneZdTAlaqtUSgwHTyBbfoJsDLxEtJAaWodPI/rUDROGQSqCDGND03grOn5J3rYMgjI0nITHtMNHAq2CTXig2LCB2QHmtamtpJYIJPrBLgrtJ2JOBE/ZsYk9CYUejbzZBA3yx6U/E/rxlD96o95jKKgUk6O9SNBQaFp2XggGtGQYwsIVRz+yumfaIJBVvZ3BUBYpKzPXmLrSyT2nnRuyiW7kuF8k3aWBYdoWN0ijx0icroDlVQFVH0iJ7RK3pzXpx358P5nK1mnDRziObgfP0CXoWeEA==</latexit>. . .

<latexit sha1_base64="OBizrwp649sfPBH130xLd6UcjBU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK9gHtKVkMmkbm0mG5E6xlP6DuNMvcSdu/QM/xL3pdBa29cCFwzn3cC/HjwQ34LrfTmZldW19I7uZ29re2d3L7x/UjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wO/XrQ6YNV/IBRhFrh6QneZdTAlaqtUSgwHTyBbfoJsDLxEtJAaWodPI/rUDROGQSqCDGND03grOn5J3rYMgjI0nITHtMNHAq2CTXig2LCB2QHmtamtpJYIJPrBLgrtJ2JOBE/ZsYk9CYUejbzZBA3yx6U/E/rxlD96o95jKKgUk6O9SNBQaFp2XggGtGQYwsIVRz+yumfaIJBVvZ3BUBYpKzPXmLrSyT2nnRuyiW7kuF8k3aWBYdoWN0ijx0icroDlVQFVH0iJ7RK3pzXpx358P5nK1mnDRziObgfP0CXoWeEA==</latexit>. . . <latexit sha1_base64="OBizrwp649sfPBH130xLd6UcjBU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK9gHtKVkMmkbm0mG5E6xlP6DuNMvcSdu/QM/xL3pdBa29cCFwzn3cC/HjwQ34LrfTmZldW19I7uZ29re2d3L7x/UjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wO/XrQ6YNV/IBRhFrh6QneZdTAlaqtUSgwHTyBbfoJsDLxEtJAaWodPI/rUDROGQSqCDGND03grOn5J3rYMgjI0nITHtMNHAq2CTXig2LCB2QHmtamtpJYIJPrBLgrtJ2JOBE/ZsYk9CYUejbzZBA3yx6U/E/rxlD96o95jKKgUk6O9SNBQaFp2XggGtGQYwsIVRz+yumfaIJBVvZ3BUBYpKzPXmLrSyT2nnRuyiW7kuF8k3aWBYdoWN0ijx0icroDlVQFVH0iJ7RK3pzXpx358P5nK1mnDRziObgfP0CXoWeEA==</latexit>. . . <latexit sha1_base64="OBizrwp649sfPBH130xLd6UcjBU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK9gHtKVkMmkbm0mG5E6xlP6DuNMvcSdu/QM/xL3pdBa29cCFwzn3cC/HjwQ34LrfTmZldW19I7uZ29re2d3L7x/UjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wO/XrQ6YNV/IBRhFrh6QneZdTAlaqtUSgwHTyBbfoJsDLxEtJAaWodPI/rUDROGQSqCDGND03grOn5J3rYMgjI0nITHtMNHAq2CTXig2LCB2QHmtamtpJYIJPrBLgrtJ2JOBE/ZsYk9CYUejbzZBA3yx6U/E/rxlD96o95jKKgUk6O9SNBQaFp2XggGtGQYwsIVRz+yumfaIJBVvZ3BUBYpKzPXmLrSyT2nnRuyiW7kuF8k3aWBYdoWN0ijx0icroDlVQFVH0iJ7RK3pzXpx358P5nK1mnDRziObgfP0CXoWeEA==</latexit>. . . <latexit sha1_base64="OBizrwp649sfPBH130xLd6UcjBU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK9gHtKVkMmkbm0mG5E6xlP6DuNMvcSdu/QM/xL3pdBa29cCFwzn3cC/HjwQ34LrfTmZldW19I7uZ29re2d3L7x/UjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wO/XrQ6YNV/IBRhFrh6QneZdTAlaqtUSgwHTyBbfoJsDLxEtJAaWodPI/rUDROGQSqCDGND03grOn5J3rYMgjI0nITHtMNHAq2CTXig2LCB2QHmtamtpJYIJPrBLgrtJ2JOBE/ZsYk9CYUejbzZBA3yx6U/E/rxlD96o95jKKgUk6O9SNBQaFp2XggGtGQYwsIVRz+yumfaIJBVvZ3BUBYpKzPXmLrSyT2nnRuyiW7kuF8k3aWBYdoWN0ijx0icroDlVQFVH0iJ7RK3pzXpx358P5nK1mnDRziObgfP0CXoWeEA==</latexit>. . . <latexit sha1_base64="OBizrwp649sfPBH130xLd6UcjBU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK9gHtKVkMmkbm0mG5E6xlP6DuNMvcSdu/QM/xL3pdBa29cCFwzn3cC/HjwQ34LrfTmZldW19I7uZ29re2d3L7x/UjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wO/XrQ6YNV/IBRhFrh6QneZdTAlaqtUSgwHTyBbfoJsDLxEtJAaWodPI/rUDROGQSqCDGND03grOn5J3rYMgjI0nITHtMNHAq2CTXig2LCB2QHmtamtpJYIJPrBLgrtJ2JOBE/ZsYk9CYUejbzZBA3yx6U/E/rxlD96o95jKKgUk6O9SNBQaFp2XggGtGQYwsIVRz+yumfaIJBVvZ3BUBYpKzPXmLrSyT2nnRuyiW7kuF8k3aWBYdoWN0ijx0icroDlVQFVH0iJ7RK3pzXpx358P5nK1mnDRziObgfP0CXoWeEA==</latexit>. . . <latexit sha1_base64="OBizrwp649sfPBH130xLd6UcjBU=">AAACEHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK9gHtKVkMmkbm0mG5E6xlP6DuNMvcSdu/QM/xL3pdBa29cCFwzn3cC/HjwQ34LrfTmZldW19I7uZ29re2d3L7x/UjIo1ZVWqhNINnxgmuGRV4CBYI9KMhL5gdX9wO/XrQ6YNV/IBRhFrh6QneZdTAlaqtUSgwHTyBbfoJsDLxEtJAaWodPI/rUDROGQSqCDGND03grOn5J3rYMgjI0nITHtMNHAq2CTXig2LCB2QHmtamtpJYIJPrBLgrtJ2JOBE/ZsYk9CYUejbzZBA3yx6U/E/rxlD96o95jKKgUk6O9SNBQaFp2XggGtGQYwsIVRz+yumfaIJBVvZ3BUBYpKzPXmLrSyT2nnRuyiW7kuF8k3aWBYdoWN0ijx0icroDlVQFVH0iJ7RK3pzXpx358P5nK1mnDRziObgfP0CXoWeEA==</latexit>. . .

If some      is a cause, then no strict 
superset                is a cause.

<latexit sha1_base64="5M6p0P3Hd5Cy3yBwxeOoaY3d8fM=">AAACFXicbVDLSsNAFJ3UV62vqks3g0VwISWRom6EYjcuK9gHtKVMJpN26GQmzEyKJeQzxJ1+iTtx69oPce8kzcK2HrhwOOde7uG4IaNK2/a3VVhb39jcKm6Xdnb39g/Kh0dtJSKJSQsLJmTXRYowyklLU81IN5QEBS4jHXfSSP3OlEhFBX/Us5AMAjTi1KcYaSP1+gHSY4xY3EiG5YpdtTPAVeLkpAJyNIfln74ncBQQrjFDSvUcO9QXT1mmW29KQ8VRQNQgRlJTzEhS6keKhAhP0Ij0DM3t7CCBZ0bxoC+kGa5hpv69iFGg1CxwzWYaWi17qfif14u0fzOIKQ8jTTieP/IjBrWAaSPQo5JgzWaGICypyQrxGEmEtelt4QvTLCmZnpzlVlZJ+7LqXFVrD7VK/S5vrAhOwCk4Bw64BnVwD5qgBTAQ4Bm8gjfrxXq3PqzP+WrBym+OwQKsr19aGqAx</latexit>

C
<latexit sha1_base64="u2rIz5bt3EGNIbHU4gr+UhTHSXI="></latexit>

C0 � C
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<latexit sha1_base64="/TN8vOxMW3ADY/RCLf8xGObC4oQ="></latexit>

Instance |�| |'| #(C) time(ms)

Running example (paper) 10 9 2 55
Security in & out 35 19 8 798
Drone example 1 24 19 5 367
Drone example 2 18 36 3 256

Asymmetric arbiter ’19 28 35 10 490
Asymmetric arbiter 72 35 24 1480

Available

CAV
Evaluation
Artifact

Functional

CAV
Evaluation
Artifact
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Visual Analysis of Hyperproperties for Understanding Model Checking Results. Horak, Coenen, Metzger, Hahn, Flemisch, Méndez, Dimov, Finkbeiner, and Dachselt. 
(VIS 2021). https://hypervis.tools.react.cs.uni-saarland.de

https://hypervis.tools.react.cs.uni-saarland.de
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Counterexamples of hyperproperties are difficult to understand and debug.?

Extending HP’s actual causality to hyperproperties gives precise explanations.!

Causal inference can itself be stated as a hyperproperty model-checking problem.

Symbolic causes, explicit relations, existential quantifiers


