
© 2026 Michael Betancourt.  For personal use only; not for public distribution.

✓1

✓2
✓3

✓4

y1 y2 y3

✓5

y4, y5(Narratively)  
Generative Modeling

Michael Betancourt 
Symplectomorphic, LLC 
http://symplectomorphic.com

KBC Group ADAM Bootcamp 
Gyöngyös, Hungary  

May 20, 2026



© 2026 Michael Betancourt.  For personal use only; not for public distribution.

We’ve seen that Bayesian inference is a mechanical way to 
quantify uncertainties once we construct a full Bayesian model.

<latexit sha1_base64="KD97hX0Yw9zYVpxhCclDveN2Jqs=">AAACG3icbZDLSgMxFIYzXmu9VV26CRahQikzRdSNUHDjsoK9QKeUTJppQzOZITkjlKHgY7jxVdy4UMSV4MK3MZ0Ooq0/BP585xyS83uR4Bps+8taWl5ZXVvPbeQ3t7Z3dgt7+00dxoqyBg1FqNoe0UxwyRrAQbB2pBgJPMFa3uhqWm/dMaV5KG9hHLFuQAaS+5wSMKhXqLoRL43L2IUhA3KCL3EKsBvw/g90yynNrr1C0a7YqfCicTJTRJnqvcKH2w9pHDAJVBCtO44dQTchCjgVbJJ3Y80iQkdkwDrGShIw3U3S3Sb42JA+9kNljgSc0t8TCQm0Hgee6QwIDPV8bQr/q3Vi8C+6CZdRDEzS2UN+LDCEeBoU7nPFKIixMYQqbv6K6ZAoQsHEmTchOPMrL5pmteKcVeyb02KteT+LI4cO0REqIQedoxq6RnXUQBQ9oCf0gl6tR+vZerPeZ61LVhbhAfoj6/MbI3GfeQ==</latexit>

⇡(y, ✓) = ⇡(y | ✓)⇡(✓)
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<latexit sha1_base64="KD97hX0Yw9zYVpxhCclDveN2Jqs=">AAACG3icbZDLSgMxFIYzXmu9VV26CRahQikzRdSNUHDjsoK9QKeUTJppQzOZITkjlKHgY7jxVdy4UMSV4MK3MZ0Ooq0/BP585xyS83uR4Bps+8taWl5ZXVvPbeQ3t7Z3dgt7+00dxoqyBg1FqNoe0UxwyRrAQbB2pBgJPMFa3uhqWm/dMaV5KG9hHLFuQAaS+5wSMKhXqLoRL43L2IUhA3KCL3EKsBvw/g90yynNrr1C0a7YqfCicTJTRJnqvcKH2w9pHDAJVBCtO44dQTchCjgVbJJ3Y80iQkdkwDrGShIw3U3S3Sb42JA+9kNljgSc0t8TCQm0Hgee6QwIDPV8bQr/q3Vi8C+6CZdRDEzS2UN+LDCEeBoU7nPFKIixMYQqbv6K6ZAoQsHEmTchOPMrL5pmteKcVeyb02KteT+LI4cO0REqIQedoxq6RnXUQBQ9oCf0gl6tR+vZerPeZ61LVhbhAfoj6/MbI3GfeQ==</latexit>

⇡(y, ✓) = ⇡(y | ✓)⇡(✓)

We’ve seen that Bayesian inference is a mechanical way to 
quantify uncertainties once we construct a full Bayesian model.
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<latexit sha1_base64="KD97hX0Yw9zYVpxhCclDveN2Jqs=">AAACG3icbZDLSgMxFIYzXmu9VV26CRahQikzRdSNUHDjsoK9QKeUTJppQzOZITkjlKHgY7jxVdy4UMSV4MK3MZ0Ooq0/BP585xyS83uR4Bps+8taWl5ZXVvPbeQ3t7Z3dgt7+00dxoqyBg1FqNoe0UxwyRrAQbB2pBgJPMFa3uhqWm/dMaV5KG9hHLFuQAaS+5wSMKhXqLoRL43L2IUhA3KCL3EKsBvw/g90yynNrr1C0a7YqfCicTJTRJnqvcKH2w9pHDAJVBCtO44dQTchCjgVbJJ3Y80iQkdkwDrGShIw3U3S3Sb42JA+9kNljgSc0t8TCQm0Hgee6QwIDPV8bQr/q3Vi8C+6CZdRDEzS2UN+LDCEeBoU7nPFKIixMYQqbv6K6ZAoQsHEmTchOPMrL5pmteKcVeyb02KteT+LI4cO0REqIQedoxq6RnXUQBQ9oCf0gl6tR+vZerPeZ61LVhbhAfoj6/MbI3GfeQ==</latexit>

⇡(y, ✓) = ⇡(y | ✓)⇡(✓)

We’ve seen that Bayesian inference is a mechanical way to 
quantify uncertainties once we construct a full Bayesian model.



© 2026 Michael Betancourt.  For personal use only; not for public distribution.

<latexit sha1_base64="xzPlqZfyU3RUoBsyB3vzvW9UqOc=">AAACJHicbVBLSwMxGMzWV62vqkcvwSK0IGVXRAUvBS8eFWwVuqVks1/b0OxuSL4VylLwr3jxr3jx4AMPXvwtpg9QqwOBYWZCMhMoKQy67oeTm5tfWFzKLxdWVtfWN4qbWw2TpJpDnScy0TcBMyBFDHUUKOFGaWBRIOE66J+N/Otb0EYk8RUOFLQi1o1FR3CGVmoXT30lyj72ABn1IxFSH4UMIRsMaYX6SicKEzrKfBv7dJKvtIslt+qOQf8Sb0pKZIqLdvHVDxOeRhAjl8yYpucqbGVMo+AShgU/NaAY77MuNC2NWQSmlY1LDumeVULaSbQ9MdKx+vNGxiJjBlFgkxHDnpn1RuJ/XjPFzkkrE7FKEWI+eaiTSmqLjxajodDAUQ4sYVwL+1fKe0wzjnbXgh3Bm638lzQOqt5R1b08LNUad5M58mSH7JIy8cgxqZFzckHqhJN78kieyYvz4Dw5b877JJpzphNuk19wPr8AAEOk4g==</latexit>

⇡(✓ | ỹ) / ⇡(ỹ, ✓)

We’ve seen that Bayesian inference is a mechanical way to 
quantify uncertainties once we construct a full Bayesian model.
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<latexit sha1_base64="6Bni3dIjGR14yJP+0CeIqwFoq60="></latexit>

E⇡[f ] =

Z
d✓ ⇡(✓ | ỹ) f(✓)

We’ve seen that Bayesian inference is a mechanical way to 
quantify uncertainties once we construct a full Bayesian model.
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<latexit sha1_base64="EGVwzzyHPsBvGHf55ei2foOV/ZQ="></latexit>

E⇡[f ] ⇡
Z

d✓ ⇡(✓ | ỹ) f(✓)

We’ve seen that Bayesian inference is a mechanical way to 
quantify uncertainties once we construct a full Bayesian model.
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But how do we construct a meaningful full Bayesian 
model, especially when the spaces are high-dimensional?

<latexit sha1_base64="i/RvKjXQnOphs/ZseMOcRE9GYAE=">AAACRXicbVBJSwMxGM241rpVPXoJFqFCKTMi6rHgRS+lgl2gU0omk2lDM5kh+UYoQ/+cF+/e/AdePCjiVdNFsMuDwFu+jyTPiwXXYNuv1srq2vrGZmYru72zu7efOzis6yhRlNVoJCLV9IhmgktWAw6CNWPFSOgJ1vD6N6O88ciU5pF8gEHM2iHpSh5wSsBYnZzrxrww6KTOsIhd4Uegi9hIOSsrIwk9BmR28s/jS7y74Vknl7 dL9hh4kThTkkdTVDu5F9ePaBIyCVQQrVuOHUM7JQo4FWyYdRPNYkL7pMtahkoSMt1Oxy0M8alxfBxEyhwJeOz+30hJqPUg9MxkSKCn57ORuSxrJRBct1Mu4wSYpJOLgkRgiPCoUuxzxSiIgSGEKm7eimmPKELBFJ81JTjzX14k9fOSc1my7y/y5cq0jgw6RieogBx0hcroFlVRDVH0hN7QB/q0nq1368v6noyuWNOdIzQD6+cXhU6xKQ==</latexit>

⇡(y1, . . . , yn, . . . , yN , ✓1, . . . , ✓i, . . . , ✓I)
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Conditional decompositions of  the full Bayesian model can 
reduce the modeling problem to more manageable pieces.

<latexit sha1_base64="qQ1TeWZWqIX/2BVvgt9u+0buTKU="></latexit>

NY

n=1

⇡(yn | y1, . . . , yn�1, ✓1, . . . , ✓I)

·
IY

i=1

⇡(✓i | ✓1 . . . ✓i�1)

<latexit sha1_base64="Gm96jOO3gmEADVgY1J4u1i+l/EM=">AAACJHicbVDLSgMxFM3UV62vUZdugkWoUMqMiAoiFNzYjVSwD2hLyaRpG5qZDMkdoQzzMW78FTcufODCjd9i+hBs64HAuefcy809Xii4Bsf5slJLyyura+n1zMbm1vaOvbtX1TJSlFWoFFLVPaKZ4AGrAAfB6qFixPcEq3mD65Ffe2BKcxncwzBkLZ/0At7llICR2vZlM+S5YTt2kzxuio4EncemvB2V0GdAZq1frZQc46u2nXUKzhh4kbhTkkVTlNv2e7MjaeSzAKggWjdcJ4RWTBRwKliSaUaahYQOSI81DA2Iz3QrHh+Z4COjdHBXKvMCwGP170RMfK2Hvmc6fQJ9Pe+NxP+8RgTdi1bMgzACFtDJom4kMEg8Sgx3uGIUxNAQQhU3f8W0TxShYHLNmBDc+ZMXSfWk4J4VnLvTbLE0jSONDtAhyiEXnaMiukFlVEEUPaJn9IrerCfrxfqwPietKWs6s49mYH3/AJ2so5M=</latexit>

⇡(y1, . . . , yN , ✓1, . . . , ✓I) =
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Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3) <latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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✓1

✓2

✓3

y1
y2

Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3)
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✓1

✓2

✓3

y1
y2

Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3)

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3) <latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3) <latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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✓3
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Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3) <latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)
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✓1

✓2

✓3

y1
y2

Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3) <latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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✓1

✓2

✓3

y1
y2

Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3) <latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="Ij9UEKqHu/fswe/ZNHbbTEu/DqI=">AAACJHicbZDLSsNAFIYn9VbrrerSzWARKkhJqqjgpqALlxXsBZpQJtNpO3RyYeZECCEP48ZXcePCCy7c+CxO2oK19YeBj/+cw5nzu6HgCkzzy8gtLa+sruXXCxubW9s7xd29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru6Dqrtx6YVDzw7yEOmeORgc/7nBLQVrd4ZYe8jONuYqXY9ngvw2p6gm0YMiCZ/cuz/mmKj7vFklkxx8KLYE2hhKaqd4vvdi+gkcd8oIIo1bHMEJyESOBUsLRgR4qFhI7IgHU0+sRjyknGR6b4SDs93A+kfj7gsTs7kRBPqdhzdadHYKjma5n5X60TQf/SSbgfRsB8OlnUjwSGAGeJ4R6XjIKINRAquf4rpkMiCQWda0GHYM2fvAjNasU6r5h3Z6XazTSOPDpAh6iMLHSBaugW1VEDUfSIntErejOejBfjw/ictOaM6cw++iPj+wdsVqN0</latexit>

⇡(y1 | y2, ✓1, ✓2, ✓3) <latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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✓1
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✓3
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y2

Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="gHlo8quwhfx3P2bEW5uq5E1/PxM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKaIuC7pwWcE+oAlhMp22QycPZm6EELPxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xY8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YOOihJJWZtGIpI9nygmeMjawEGwXiwZCXzBuv7keup3H5hUPArvIY2ZG5BRyIecEtCSZx45Ma+lXmbn+BE7MGZAvKyRn3lm1apbM+BlYhekigq0PPPLGUQ0CVgIVBCl+rYVg5sRCZwKllecRLGY0AkZsb6mIQmYcrPZAzk+1coADyOpKwQ8U39PZCRQKg183RkQGKtFbyr+5/UTGF65GQ/jBFhI54uGicAQ4WkaeMAloyBSTQiVXN+K6ZhIQkFnVtEh2IsvL5NOo25f1K2782rzpoijjI7RCaohG12iJrpFLdRGFOXoGb2iN+PJeDHejY95a8koZg7RHxifP7L4ldY=</latexit>

⇡(y1|✓2)

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="Ww55glPzwr3+1mXBAMyY3DuJBi8=">AAACJnicbZDLSsNAFIYnXmu9RV26GSxChVKSKupGKOjCZQV7gaaEyWTaDp1cmDkRSsjTuPFV3LioiLjzUZxekNr6w8DHf87hzPm9WHAFlvVlrKyurW9s5rby2zu7e/vmwWFDRYmkrE4jEcmWRxQTPGR14CBYK5aMBJ5gTW9wO643n5hUPAofYRizTkB6Ie9ySkBbrnnjUD8C7JSwE/MiHrppJcNOwH3sQJ8BcVM7K/1yZY7PM3zmmgWrbE2El8GeQQHNVHPNkeNHNAlYCFQQpdq2FUMnJRI4FSzLO4liMaED0mNtjSEJmOqkkzMzfKodH3cjqV8IeOLOT6QkUGoYeLozINBXi7Wx+V+tnUD3upPyME6AhXS6qJsIDBEeZ4Z9LhkFMdRAqOT6r5j2iSQUdLJ5HYK9ePIyNCpl+7JsPVwUqnezOHLoGJ2gIrLRFaqie1RDdUTRM3pFI/RuvBhvxofxOW1dMWYzR+iPjO8fmWukCQ==</latexit>

·⇡(y2 | ✓1, ✓2, ✓3)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="gHlo8quwhfx3P2bEW5uq5E1/PxM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKaIuC7pwWcE+oAlhMp22QycPZm6EELPxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xY8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YOOihJJWZtGIpI9nygmeMjawEGwXiwZCXzBuv7keup3H5hUPArvIY2ZG5BRyIecEtCSZx45Ma+lXmbn+BE7MGZAvKyRn3lm1apbM+BlYhekigq0PPPLGUQ0CVgIVBCl+rYVg5sRCZwKllecRLGY0AkZsb6mIQmYcrPZAzk+1coADyOpKwQ8U39PZCRQKg183RkQGKtFbyr+5/UTGF65GQ/jBFhI54uGicAQ4WkaeMAloyBSTQiVXN+K6ZhIQkFnVtEh2IsvL5NOo25f1K2782rzpoijjI7RCaohG12iJrpFLdRGFOXoGb2iN+PJeDHejY95a8koZg7RHxifP7L4ldY=</latexit>

⇡(y1|✓2) <latexit sha1_base64="ksqvfGxx2eqBluYbNEs97g05zSU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpoi4LunBZwT6gKWEynbRDJ5kwcyOU2K0bf8WNC0Xc+gfu/Bunj4W2HrhwOOde7r0nSATX4DjfVm5peWV1Lb9e2Njc2t6xd/caWqaKsjqVQqpWQDQTPGZ14CBYK1GMRIFgzWBwNfab90xpLuM7GCasE5FezENOCRjJt7FHuxKwd4K9hJeGflYZ4QfsQZ8B8bPT0bFvF52yMwFeJO6MFNEMNd/+8rqSphGLgQqiddt1EuhkRAGngo0KXqpZQuiA9Fjb0JhETHeyyScjfGSULg6lMhUDnqi/JzISaT2MAtMZEejreW8s/ue1UwgvOxmPkxRYTKeLwlRgkHgcC+5yxSiIoSGEKm5uxbRPFKFgwiuYENz5lxdJo1J2z8vO7Vmxej2LI48O0CEqIRddoCq6QTVURxQ9omf0it6sJ+vFerc+pq05azazj/7A+vwBk0CZAA==</latexit>

·⇡(y2|✓3)

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="ghZdm1EN7k9psnd0Eu2LweYfFuM=">AAACH3icbZDLSgMxFIYzXmu9VV26CRahQikzVarLgi5cVrAX6AxDJpO2oZkLyRmhDPMmbnwVNy4UEXd9G9MLRVt/CHz5zzkk5/diwRWY5thYW9/Y3NrO7eR39/YPDgtHxy0VJZKyJo1EJDseUUzwkDWBg2CdWDISeIK1veHtpN5+YlLxKHyEUcycgPRD3uOUgLbcQs2mfgTYLmM75iVsw4ABcdPLDNsB9xd3KysvuJrhC7dQNCvmVHgVrDkU0VwNt/Bt+xFNAhYCFUSprmXG4KREAqeCZXk7USwmdEj6rKsxJAFTTjrdL8Pn2vFxL5L6hICn7u+JlARKjQJPdwYEBmq5NjH/q3UT6N04KQ/jBFhIZw/1EoEhwpOwsM8loyBGGgiVXP8V0wGRhIKONK9DsJZXXoVWtWLVKubDVbF+N48jh07RGSohC12jOrpHDdREFD2jV/SOPowX4834NL5mrWvGfOYE/ZEx/gGQ+aF1</latexit>

·⇡(✓3 | ✓1, ✓2)
<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="gHlo8quwhfx3P2bEW5uq5E1/PxM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKaIuC7pwWcE+oAlhMp22QycPZm6EELPxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xY8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YOOihJJWZtGIpI9nygmeMjawEGwXiwZCXzBuv7keup3H5hUPArvIY2ZG5BRyIecEtCSZx45Ma+lXmbn+BE7MGZAvKyRn3lm1apbM+BlYhekigq0PPPLGUQ0CVgIVBCl+rYVg5sRCZwKllecRLGY0AkZsb6mIQmYcrPZAzk+1coADyOpKwQ8U39PZCRQKg183RkQGKtFbyr+5/UTGF65GQ/jBFhI54uGicAQ4WkaeMAloyBSTQiVXN+K6ZhIQkFnVtEh2IsvL5NOo25f1K2782rzpoijjI7RCaohG12iJrpFLdRGFOXoGb2iN+PJeDHejY95a8koZg7RHxifP7L4ldY=</latexit>

⇡(y1|✓2) <latexit sha1_base64="ksqvfGxx2eqBluYbNEs97g05zSU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpoi4LunBZwT6gKWEynbRDJ5kwcyOU2K0bf8WNC0Xc+gfu/Bunj4W2HrhwOOde7r0nSATX4DjfVm5peWV1Lb9e2Njc2t6xd/caWqaKsjqVQqpWQDQTPGZ14CBYK1GMRIFgzWBwNfab90xpLuM7GCasE5FezENOCRjJt7FHuxKwd4K9hJeGflYZ4QfsQZ8B8bPT0bFvF52yMwFeJO6MFNEMNd/+8rqSphGLgQqiddt1EuhkRAGngo0KXqpZQuiA9Fjb0JhETHeyyScjfGSULg6lMhUDnqi/JzISaT2MAtMZEejreW8s/ue1UwgvOxmPkxRYTKeLwlRgkHgcC+5yxSiIoSGEKm5uxbRPFKFgwiuYENz5lxdJo1J2z8vO7Vmxej2LI48O0CEqIRddoCq6QTVURxQ9omf0it6sJ+vFerc+pq05azazj/7A+vwBk0CZAA==</latexit>

·⇡(y2|✓3)

<latexit sha1_base64="Ue4LfyPYOFwHI/WwFN5oxsWe+rA=">AAACDnicbVDLSsNAFJ34rPUVdelmsBQqSElU1GVBFy4r2Ac0IUymk3bo5MHMjVBiv8CNv+LGhSJuXbvzb5y2EbT1wIUz59zL3Hv8RHAFlvVlLCwuLa+sFtaK6xubW9vmzm5TxamkrEFjEcu2TxQTPGIN4CBYO5GMhL5gLX9wOfZbd0wqHke3MEyYG5JexANOCWjJM8sO7caAnSPsJLziQJ8B8bKTEb7HPw97dOiZJatqTYDniZ2TEspR98xPpxvTNGQRUEGU6thWAm5GJHAq2KjopIolhA5Ij3U0jUjIlJtNzhnhsla6OIilrgjwRP09kZFQqWHo686QQF/NemPxP6+TQnDhZjxKUmARnX4UpAJDjMfZ4C6XjIIYakKo5HpXTPtEEgo6waIOwZ49eZ40j6v2WdW6OS3VrvI4CmgfHaAKstE5qqFrVEcNRNEDekIv6NV4NJ6NN+N92rpg5DN76A+Mj2+IK5sq</latexit>

·⇡(✓3|✓1)

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="QKh13A0utOuqjPYSRjgU7j6w2ig=">AAACE3icbVDLSgMxFM3UV62vqks3wSJUkTJTRF0WdOGygn1ApwyZTNqGZiZDckcow/yDG3/FjQtF3Lpx59+YPhBtPXDh5Jx7yb3HjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u41tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7wauy37pnSXEZ3MIpZNyT9iPc4JWAkr3ji0kACdk+xG/MydmHAgHhpNcNuyIOft5PhY69Ysiv2BHiRODNSQjPUveKnG0iahCwCKojWHceOoZsSBZwKlhXcRLOY0CHps46hEQmZ7qaTmzJ8ZJQA96QyFQGeqL8nUhJqPQp90xkSGOh5byz+53US6F12Ux7FCbCITj/qJQKDxOOAcMAVoyBGhhCquNkV0wFRhIKJsWBCcOZPXiTNasU5r9i3Z6Xa9SyOPDpAh6iMHHSBaugG1VEDUfSAntALerUerWfrzXqftuas2cw++gPr4xuL2py1</latexit>

·⇡(✓2 | ✓1)
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✓1

✓2

✓3

y1
y2

Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="gHlo8quwhfx3P2bEW5uq5E1/PxM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKaIuC7pwWcE+oAlhMp22QycPZm6EELPxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xY8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YOOihJJWZtGIpI9nygmeMjawEGwXiwZCXzBuv7keup3H5hUPArvIY2ZG5BRyIecEtCSZx45Ma+lXmbn+BE7MGZAvKyRn3lm1apbM+BlYhekigq0PPPLGUQ0CVgIVBCl+rYVg5sRCZwKllecRLGY0AkZsb6mIQmYcrPZAzk+1coADyOpKwQ8U39PZCRQKg183RkQGKtFbyr+5/UTGF65GQ/jBFhI54uGicAQ4WkaeMAloyBSTQiVXN+K6ZhIQkFnVtEh2IsvL5NOo25f1K2782rzpoijjI7RCaohG12iJrpFLdRGFOXoGb2iN+PJeDHejY95a8koZg7RHxifP7L4ldY=</latexit>

⇡(y1|✓2) <latexit sha1_base64="ksqvfGxx2eqBluYbNEs97g05zSU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpoi4LunBZwT6gKWEynbRDJ5kwcyOU2K0bf8WNC0Xc+gfu/Bunj4W2HrhwOOde7r0nSATX4DjfVm5peWV1Lb9e2Njc2t6xd/caWqaKsjqVQqpWQDQTPGZ14CBYK1GMRIFgzWBwNfab90xpLuM7GCasE5FezENOCRjJt7FHuxKwd4K9hJeGflYZ4QfsQZ8B8bPT0bFvF52yMwFeJO6MFNEMNd/+8rqSphGLgQqiddt1EuhkRAGngo0KXqpZQuiA9Fjb0JhETHeyyScjfGSULg6lMhUDnqi/JzISaT2MAtMZEejreW8s/ue1UwgvOxmPkxRYTKeLwlRgkHgcC+5yxSiIoSGEKm5uxbRPFKFgwiuYENz5lxdJo1J2z8vO7Vmxej2LI48O0CEqIRddoCq6QTVURxQ9omf0it6sJ+vFerc+pq05azazj/7A+vwBk0CZAA==</latexit>

·⇡(y2|✓3)

<latexit sha1_base64="OxTE5do8bZOoJ+cRtzNtgP69Z6s=">AAACDnicbVDLSgMxFM34rPU16tJNsBQqSJkpoi4LunBZwT6gU4ZMJm1DM5MhuSOUsV/gxl9x40IRt67d+TemD0FbD1w4Oedecu8JEsE1OM6XtbS8srq2ntvIb25t7+zae/sNLVNFWZ1KIVUrIJoJHrM6cBCslShGokCwZjC4HPvNO6Y0l/EtDBPWiUgv5l1OCRjJt4seDSVg7wR7CS950GdA/Kwywvf45+GOjn274JSdCfAicWekgGao+fanF0qaRiwGKojWbddJoJMRBZwKNsp7qWYJoQPSY21DYxIx3ckm54xw0Sgh7kplKgY8UX9PZCTSehgFpjMi0Nfz3lj8z2un0L3oZDxOUmAxnX7UTQUGicfZ4JArRkEMDSFUcbMrpn2iCAWTYN6E4M6fvEgalbJ7VnZuTgvVq1kcOXSIjlAJuegcVdE1qqE6ougBPaEX9Go9Ws/Wm/U+bV2yZjMH6A+sj2+GmJsp</latexit>

·⇡(✓2|✓1)

<latexit sha1_base64="Ue4LfyPYOFwHI/WwFN5oxsWe+rA=">AAACDnicbVDLSsNAFJ34rPUVdelmsBQqSElU1GVBFy4r2Ac0IUymk3bo5MHMjVBiv8CNv+LGhSJuXbvzb5y2EbT1wIUz59zL3Hv8RHAFlvVlLCwuLa+sFtaK6xubW9vmzm5TxamkrEFjEcu2TxQTPGIN4CBYO5GMhL5gLX9wOfZbd0wqHke3MEyYG5JexANOCWjJM8sO7caAnSPsJLziQJ8B8bKTEb7HPw97dOiZJatqTYDniZ2TEspR98xPpxvTNGQRUEGU6thWAm5GJHAq2KjopIolhA5Ij3U0jUjIlJtNzhnhsla6OIilrgjwRP09kZFQqWHo686QQF/NemPxP6+TQnDhZjxKUmARnX4UpAJDjMfZ4C6XjIIYakKo5HpXTPtEEgo6waIOwZ49eZ40j6v2WdW6OS3VrvI4CmgfHaAKstE5qqFrVEcNRNEDekIv6NV4NJ6NN+N92rpg5DN76A+Mj2+IK5sq</latexit>

·⇡(✓3|✓1)

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)
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✓1

✓2

✓3

y1
y2

Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

<latexit sha1_base64="gHlo8quwhfx3P2bEW5uq5E1/PxM=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKaIuC7pwWcE+oAlhMp22QycPZm6EELPxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xY8EVWNa3UVpZXVvfKG9WtrZ3dvfM/YOOihJJWZtGIpI9nygmeMjawEGwXiwZCXzBuv7keup3H5hUPArvIY2ZG5BRyIecEtCSZx45Ma+lXmbn+BE7MGZAvKyRn3lm1apbM+BlYhekigq0PPPLGUQ0CVgIVBCl+rYVg5sRCZwKllecRLGY0AkZsb6mIQmYcrPZAzk+1coADyOpKwQ8U39PZCRQKg183RkQGKtFbyr+5/UTGF65GQ/jBFhI54uGicAQ4WkaeMAloyBSTQiVXN+K6ZhIQkFnVtEh2IsvL5NOo25f1K2782rzpoijjI7RCaohG12iJrpFLdRGFOXoGb2iN+PJeDHejY95a8koZg7RHxifP7L4ldY=</latexit>

⇡(y1|✓2) <latexit sha1_base64="ksqvfGxx2eqBluYbNEs97g05zSU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpoi4LunBZwT6gKWEynbRDJ5kwcyOU2K0bf8WNC0Xc+gfu/Bunj4W2HrhwOOde7r0nSATX4DjfVm5peWV1Lb9e2Njc2t6xd/caWqaKsjqVQqpWQDQTPGZ14CBYK1GMRIFgzWBwNfab90xpLuM7GCasE5FezENOCRjJt7FHuxKwd4K9hJeGflYZ4QfsQZ8B8bPT0bFvF52yMwFeJO6MFNEMNd/+8rqSphGLgQqiddt1EuhkRAGngo0KXqpZQuiA9Fjb0JhETHeyyScjfGSULg6lMhUDnqi/JzISaT2MAtMZEejreW8s/ue1UwgvOxmPkxRYTKeLwlRgkHgcC+5yxSiIoSGEKm5uxbRPFKFgwiuYENz5lxdJo1J2z8vO7Vmxej2LI48O0CEqIRddoCq6QTVURxQ9omf0it6sJ+vFerc+pq05azazj/7A+vwBk0CZAA==</latexit>

·⇡(y2|✓3)

<latexit sha1_base64="OxTE5do8bZOoJ+cRtzNtgP69Z6s=">AAACDnicbVDLSgMxFM34rPU16tJNsBQqSJkpoi4LunBZwT6gU4ZMJm1DM5MhuSOUsV/gxl9x40IRt67d+TemD0FbD1w4Oedecu8JEsE1OM6XtbS8srq2ntvIb25t7+zae/sNLVNFWZ1KIVUrIJoJHrM6cBCslShGokCwZjC4HPvNO6Y0l/EtDBPWiUgv5l1OCRjJt4seDSVg7wR7CS950GdA/Kwywvf45+GOjn274JSdCfAicWekgGao+fanF0qaRiwGKojWbddJoJMRBZwKNsp7qWYJoQPSY21DYxIx3ckm54xw0Sgh7kplKgY8UX9PZCTSehgFpjMi0Nfz3lj8z2un0L3oZDxOUmAxnX7UTQUGicfZ4JArRkEMDSFUcbMrpn2iCAWTYN6E4M6fvEgalbJ7VnZuTgvVq1kcOXSIjlAJuegcVdE1qqE6ougBPaEX9Go9Ws/Wm/U+bV2yZjMH6A+sj2+GmJsp</latexit>

·⇡(✓2|✓1)

<latexit sha1_base64="Ue4LfyPYOFwHI/WwFN5oxsWe+rA=">AAACDnicbVDLSsNAFJ34rPUVdelmsBQqSElU1GVBFy4r2Ac0IUymk3bo5MHMjVBiv8CNv+LGhSJuXbvzb5y2EbT1wIUz59zL3Hv8RHAFlvVlLCwuLa+sFtaK6xubW9vmzm5TxamkrEFjEcu2TxQTPGIN4CBYO5GMhL5gLX9wOfZbd0wqHke3MEyYG5JexANOCWjJM8sO7caAnSPsJLziQJ8B8bKTEb7HPw97dOiZJatqTYDniZ2TEspR98xPpxvTNGQRUEGU6thWAm5GJHAq2KjopIolhA5Ij3U0jUjIlJtNzhnhsla6OIilrgjwRP09kZFQqWHo686QQF/NemPxP6+TQnDhZjxKUmARnX4UpAJDjMfZ4C6XjIIYakKo5HpXTPtEEgo6waIOwZ49eZ40j6v2WdW6OS3VrvI4CmgfHaAKstE5qqFrVEcNRNEDekIv6NV4NJ6NN+N92rpg5DN76A+Mj2+IK5sq</latexit>

·⇡(✓3|✓1)

<latexit sha1_base64="prWiJ8HkNoxI80/lTAgoAOKkdkY=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkhJRNRlQRcuK9gHNCFMJpN26OTBzI1QQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvff4qeAKLOvbKC0tr6yuldcrG5tb2zvm7l5bJZmkrEUTkciuTxQTPGYt4CBYN5WMRL5gHX94PfE7D0wqnsT3MEqZG5F+zENOCWjJMw8cGiSAnVPspLzmwIAB8XJ7fOKZVatuTYEXiV2QKirQ9MwvJ0hoFrEYqCBK9WwrBTcnEjgVbFxxMsVSQoekz3qaxiRiys2nH4zxsVYCHCZSVwx4qv6eyEmk1CjydWdEYKDmvYn4n9fLILxycx6nGbCYzhaFmcCQ4EkcOOCSURAjTQiVXN+K6YBIQkGHVtEh2PMvL5L2Wd2+qFt359XGTRFHGR2iI1RDNrpEDXSLmqiFKHpEz+gVvRlPxovxbnzMWktGMbOP/sD4/AHztZXw</latexit>

·⇡(✓1)

<latexit sha1_base64="e2WS9gHmeV3WODs/EsPe5SFAV8Q=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVpMxUsW6Egi5cVrAPaMuQSdM2NJMZkjvCMPRT3Pgrblwoojv9GtOHUFsPhHs4515u7vEjwTU4zpe1tLyyurae2chubm3v7Np7+zUdxoqyKg1FqBo+0UxwyarAQbBGpBgJfMHq/uB65NcfmNI8lPeQRKwdkJ7kXU4JGMmzS62I5xMvdYen2JSiKS3oMyAT6ZfP6mfDE3zl2Tmn4IyBF4 k7JTk0RcWzP1udkMYBk0AF0brpOhG0U6KAU8GG2VasWUTogPRY01BJAqbb6fjAIT42Sgd3Q2WeBDxWZydSEmidBL7pDAj09bw3Ev/zmjF0L9spl1EMTNLJom4sMIR4lBbucMUoiMQQQhU3f8W0TxShYDLNmhDc+ZMXSa1YcC8Kzt15rnwzjSODDtERyiMXlVAZ3aIKqiKKHtEzekVv1pP1Yr1bH5PWJWs6c4D+wPr+AWPcod8=</latexit>

⇡(y1, y2, ✓1, ✓2, ✓3) =
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Directed graphical models are a helpful way to communicate 
the structure of  a conditional decomposition. 

✓1

✓2

✓3

y1
y2

✓1

✓2

✓3

y1
y2
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What conditional decompositions, however, result in  
full Bayesian models appropriate to a given analysis?
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Procedurally Generative Modeling
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Procedurally generative models are defined through   
an explicit, exact sampling mechanism.

<latexit sha1_base64="SswYEiqGO6GFSFaSZVjMEeUZJVQ=">AAACHXicbZDLSgMxFIYzXmu9VV26CRahgpQZKeqy4MZlhd6gU0omPW1DMxeSM8Iw9EXc+CpuXCjiwo34NmbaCtp6SODj/88hOb8XSaHRtr+sldW19Y3N3FZ+e2d3b79wcNjUYaw4NHgoQ9X2mAYpAmigQAntSAHzPQktb3yT+a17UFqEQR2TCLo+GwZiIDhDI/UKFTelLgrZhzSZnP+giyNANqGuOVr41I1EiSaZnelnvULRLtvTosvgzKFI5lXrFT7cfshjHwLkkmndcewIuylTKLiESd6NNUSMj9kQOgYD5oPuptPtJvTUKH06CJW5AdKp+nsiZb7Wie+ZTp/hSC96mfif14lxcN1NRRDFCAGfPTSIJcWQZlHRvlDAUSYGGFfC/JXyEVOMowk0b0JwFldehuZF2bks23eVYrU+jyNHjskJKRGHXJEquSU10iCcPJAn8kJerUfr2Xqz3metK9Z85oj8KevzG2J8oX8=</latexit>

{ỹ, ✓̃} ⇠ ⇡(y, ✓)
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<latexit sha1_base64="PYuxZOYDZDr85IBUEkaxfWCneFU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VoRUoiom6EghtXUsE+oAllMp02QycPZm7EErp146+4caGIW//AnX/jNM1CqwcuHM65l3vv8WLBFVjWl1FYWFxaXimultbWNza3zO2dlooSSVmTRiKSHY8oJnjImsBBsE4sGQk8wdre6HLqt++YVDwKb2EcMzcgw5APOCWgpZ6JnZhXxkfYAZ8BqeILLfi8lx5OMue+2jPLVs3KgP8SOydllKPRMz+dfkSTgIVABVGqa1sxuCmRwKlgk5KTKBYTOiJD1tU0JAFTbpp9MsEHWunjQSR1hYAz9edESgKlxoGnOwMCvpr3puJ/XjeBwbmb8jBOgIV0tmiQCAwRnsaC+1wyCmKsCaGS61sx9YkkFHR4JR2CPf/yX9I6rtmnNevmpFy/zuMooj20jyrIRmeojq5QAzURRQ/oCb2gV+PReDbejPdZa8HIZ3bRLxgf36n8mHI=</latexit>

⇡(y, ✓) = �⇤⇡(x)

<latexit sha1_base64="9fOlG4hers+TQkflT0bsNU4HDLU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuqx4MWTVLAf0ISy2UzbpbtJ2N1ISyj4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2Ciura+sbxc3S1vbO7p69f9BUcSopNGjMY9kOiALOImhopjm0EwlEBBxawfBm6rceQSoWRw96nIAvSD9iPUaJNlLXPvI04yFkown2FBPYS1hldNa1y07VmQEvEzcnZZSj3rW/vDCmqYBIU06U6rhOov2MSM0oh0nJSxUkhA5JHzqGRkSA8rPZ+RN8apQQ92JpKtJ4pv6eyIhQaiwC0ymIHqhFbyr+53VS3bv2MxYlqYaIzhf1Uo51jKdZ4JBJoJqPDSFUMnMrpgMiCdUmsZIJwV18eZk0z6vuZdW5vyjX7vI4iugYnaAKctEVqqFbVEcNRFGGntErerOerBfr3fqYtxasfOYQ/YH1+QOlg5VP</latexit>

x̃ ⇠ ⇡(x)
<latexit sha1_base64="F7HOYn9Uo0twSS7j5vb9esRwBBM=">AAACInicbVDJSgNBFOxxjXGLevTSGAQFCTMiLgdB8OJJFMwCmRB6Oi9JY89C9xtxGOZbvPgrXjwo6knwY+xMRnAraCiq6vH6lRdJodG2362JyanpmdnSXHl+YXFpubKy2tBhrDjUeShD1fKYBikCqKNACa1IAfM9CU3v+nTkN29AaREGV5hE0PHZIBB9wRkaqVs5cj0xcFPqopA9SJNs54u6OARkGc0DGT2mbjQUW4V5m213K1W7Zuegf4lTkCopcNGtvLq9kMc+BMgl07rt2BF2UqZQcAlZ2Y01RIxfswG0DQ2YD7qT5idmdNMoPdoPlXkB0lz9PpEyX+vE90zSZzjUv72R+J/XjrF/2ElFEMUIAR8v6seSYkhHfdGeUMBRJoYwroT5K+VDphhH02rZlOD8PvkvaezWnP2afblXPTkv6iiRdbJBtohDDsgJOSMXpE44uSMP5Ik8W/fWo/VivY2jE1Yxs0Z+wPr4BIclpE4=</latexit>�
ỹ, ✓̃

 
= �(x̃)

A procedurally generative model specification might push 
forward latent samples through a complicated function.
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Some conditional decompositions allow us  
generate joint samples with ancestral sampling.

✓1

y2

y1

✓2
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✓1

<latexit sha1_base64="ENLJM2AJbH/XHPi33J7FMn9Yh7k=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAYxNmFXxEsXsLGMYC6QDWF2cpIMmb0wc1YIyz6Cja9iY6GIraWdb+NssoUm/jDw851zOHN+L5JCo21/W0vLK6tr64WN4ubW9s5uaW+/qcNYcWjwUIaq7TENUgTQQIES2pEC5nsSWt74Jqu3HkBpEQb3OImg67NhIAaCMzSoVzpxUcg+JC6OAFnaS5yUulr41I1EZQYzdtorle2qPRVdNE5uyiRXvVf6cvshj30IkEumdcexI+wmTKHgEtKiG2uIGB+zIXSMDZgPuptMD0rpsSF9OgiVeQHSKf09kTBf64nvmU6f4UjP1zL4X60T4+Cqm4ggihECPls0iCXFkGbp0L5QwFFOjGFcCfNXykdMMY4mw6IJwZk/edE0z6rORdW+Oy/XrvM4CuSQHJEKccglqZFbUicNwskjeSav5M16sl6sd+tj1rpk5TMH5I+szx+v85zy</latexit>

✓̃1 ⇠ ⇡(✓1)

✓1

y2

y1

✓2

Some conditional decompositions allow us  
generate joint samples with ancestral sampling.
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✓1

<latexit sha1_base64="OKQGFgms3n0tMf64psVYbnlNYqk=">AAACHnicbVDLSgMxFM34rPVVdekmWATdlBnxuSu4cVnBqtApJZO5bUOTmSG5IwzDfIkbf8WNC0UEV/o3pu0sfB0InJxzLsk9QSKFQdf9dGZm5+YXFitL1eWV1bX12sbmtYlTzaHNYxnr24AZkCKCNgqUcJtoYCqQcBOMzsf+zR1oI+LoCrMEuooNItEXnKGVerUjH4UMIc+KXn5QUN8IRf1E7GXTqxIhLRM+DgGZjXnFfq9WdxvuBPQv8UpSJyVavdq7H8Y8VRAhl8yYjucm2M2ZRsElFFU/NZAwPmID6FgaMQWmm0/WK+iuVULaj7U9EdKJ+n0iZ8qYTAU2qRgOzW9vLP7ndVLsn3ZzESUpQsSnD/VTSTGm465oKDRwlJkljGth/0r5kGnG0TZatSV4v1f+S64PGt5xw708rDfPyjoqZJvskD3ikRPSJBekRdqEk3vySJ7Ji/PgPDmvzts0OuOUM1vkB5yPL6SdosQ=</latexit>

ỹ2 ⇠ ⇡(y2 | ✓̃1)
<latexit sha1_base64="ENLJM2AJbH/XHPi33J7FMn9Yh7k=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAYxNmFXxEsXsLGMYC6QDWF2cpIMmb0wc1YIyz6Cja9iY6GIraWdb+NssoUm/jDw851zOHN+L5JCo21/W0vLK6tr64WN4ubW9s5uaW+/qcNYcWjwUIaq7TENUgTQQIES2pEC5nsSWt74Jqu3HkBpEQb3OImg67NhIAaCMzSoVzpxUcg+JC6OAFnaS5yUulr41I1EZQYzdtorle2qPRVdNE5uyiRXvVf6cvshj30IkEumdcexI+wmTKHgEtKiG2uIGB+zIXSMDZgPuptMD0rpsSF9OgiVeQHSKf09kTBf64nvmU6f4UjP1zL4X60T4+Cqm4ggihECPls0iCXFkGbp0L5QwFFOjGFcCfNXykdMMY4mw6IJwZk/edE0z6rORdW+Oy/XrvM4CuSQHJEKccglqZFbUicNwskjeSav5M16sl6sd+tj1rpk5TMH5I+szx+v85zy</latexit>

✓̃1 ⇠ ⇡(✓1)

✓̃1

y2

✓1

y2

y1

✓2

Some conditional decompositions allow us  
generate joint samples with ancestral sampling.
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✓1

<latexit sha1_base64="XrorF+B11Z9XCsmTvTuW6dIzFi0=">AAACN3icbVDLSsNAFJ34tr6qLt0MFkFBSlLEx05w40oUrC00pUwmt+3QmSTM3Agl5K/c+BvudONCEbf+gdM2C60eGDiccy537gkSKQy67rMzMzs3v7C4tFxaWV1b3yhvbt2ZONUc6jyWsW4GzIAUEdRRoIRmooGpQEIjGFyM/MY9aCPi6BaHCbQV60WiKzhDK3XKVz4KGULmYx+Q5Z2sllPfCEX9ROxPxImmREiL7HAcO6TTo15+0ClX3Ko7Bv1LvIJUSIHrTvnJD2OeKoiQS2ZMy3MTbGdMo+AS8pKfGkgYH7AetCyNmALTzsZ353TPKiHtxtq+COlY/TmRMWXMUAU2qRj2zbQ3Ev/zWil2T9uZiJIUIeKTRd1UUozpqEQaCg0c5dASxrWwf6W8zzTjaKsu2RK86ZP/krta1TuuujdHlfOzoo4lskN2yT7xyAk5J5fkmtQJJw/khbyRd+fReXU+nM9JdMYpZrbJLzhf31/GrWQ=</latexit>

✓̃2 ⇠ ⇡(✓2 | ỹ2, ✓̃1)
<latexit sha1_base64="OKQGFgms3n0tMf64psVYbnlNYqk=">AAACHnicbVDLSgMxFM34rPVVdekmWATdlBnxuSu4cVnBqtApJZO5bUOTmSG5IwzDfIkbf8WNC0UEV/o3pu0sfB0InJxzLsk9QSKFQdf9dGZm5+YXFitL1eWV1bX12sbmtYlTzaHNYxnr24AZkCKCNgqUcJtoYCqQcBOMzsf+zR1oI+LoCrMEuooNItEXnKGVerUjH4UMIc+KXn5QUN8IRf1E7GXTqxIhLRM+DgGZjXnFfq9WdxvuBPQv8UpSJyVavdq7H8Y8VRAhl8yYjucm2M2ZRsElFFU/NZAwPmID6FgaMQWmm0/WK+iuVULaj7U9EdKJ+n0iZ8qYTAU2qRgOzW9vLP7ndVLsn3ZzESUpQsSnD/VTSTGm465oKDRwlJkljGth/0r5kGnG0TZatSV4v1f+S64PGt5xw708rDfPyjoqZJvskD3ikRPSJBekRdqEk3vySJ7Ji/PgPDmvzts0OuOUM1vkB5yPL6SdosQ=</latexit>

ỹ2 ⇠ ⇡(y2 | ✓̃1)
<latexit sha1_base64="ENLJM2AJbH/XHPi33J7FMn9Yh7k=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAYxNmFXxEsXsLGMYC6QDWF2cpIMmb0wc1YIyz6Cja9iY6GIraWdb+NssoUm/jDw851zOHN+L5JCo21/W0vLK6tr64WN4ubW9s5uaW+/qcNYcWjwUIaq7TENUgTQQIES2pEC5nsSWt74Jqu3HkBpEQb3OImg67NhIAaCMzSoVzpxUcg+JC6OAFnaS5yUulr41I1EZQYzdtorle2qPRVdNE5uyiRXvVf6cvshj30IkEumdcexI+wmTKHgEtKiG2uIGB+zIXSMDZgPuptMD0rpsSF9OgiVeQHSKf09kTBf64nvmU6f4UjP1zL4X60T4+Cqm4ggihECPls0iCXFkGbp0L5QwFFOjGFcCfNXykdMMY4mw6IJwZk/edE0z6rORdW+Oy/XrvM4CuSQHJEKccglqZFbUicNwskjeSav5M16sl6sd+tj1rpk5TMH5I+szx+v85zy</latexit>

✓̃1 ⇠ ⇡(✓1)

✓̃1

y2

✓̃1

ỹ2

✓2

✓1

y2

y1

✓2

Some conditional decompositions allow us  
generate joint samples with ancestral sampling.
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✓1

<latexit sha1_base64="/4rQu/6EUxPzQRm0A+wCT5ztCws=">AAACQXicbVDLSgMxFM34tr6qLt0Ei6AgZaaIj13BjUsFWwudUjKZWxtMZobkjjAM82tu/AN37t24UMStG9OHUK0HAueecw9JTpBIYdB1n52Z2bn5hcWl5dLK6tr6Rnlzq2niVHNo8FjGuhUwA1JE0ECBElqJBqYCCTfB3fnAv7kHbUQcXWOWQEex20j0BGdopW655aOQIeRZ0c29gvpGKOonYj8bjUqEdGKjVhz+jD72AdkwNa3VioNuueJW3SHoNPHGpELGuOyWn/ww5qmCCLlkxrQ9N8FOzjQKLqEo+amBhPE7dgttSyOmwHTyYQMF3bNKSHuxtidCOlQnEzlTxmQqsJuKYd/89Qbif147xd5pJxdRkiJEfHRRL5UUYzqok4ZCA0eZWcK4FvatlPeZZhxt6SVbgvf3y9OkWat6x1X36qhSPxvXsUR2yC7ZJx45IXVyQS5Jg3DyQF7IG3l3Hp1X58P5HK3OOOPMNvkF5+sbq3+xgQ==</latexit>

ỹ1 ⇠ ⇡(y1 | ỹ2, ✓̃1, ✓̃2)
<latexit sha1_base64="XrorF+B11Z9XCsmTvTuW6dIzFi0=">AAACN3icbVDLSsNAFJ34tr6qLt0MFkFBSlLEx05w40oUrC00pUwmt+3QmSTM3Agl5K/c+BvudONCEbf+gdM2C60eGDiccy537gkSKQy67rMzMzs3v7C4tFxaWV1b3yhvbt2ZONUc6jyWsW4GzIAUEdRRoIRmooGpQEIjGFyM/MY9aCPi6BaHCbQV60WiKzhDK3XKVz4KGULmYx+Q5Z2sllPfCEX9ROxPxImmREiL7HAcO6TTo15+0ClX3Ko7Bv1LvIJUSIHrTvnJD2OeKoiQS2ZMy3MTbGdMo+AS8pKfGkgYH7AetCyNmALTzsZ353TPKiHtxtq+COlY/TmRMWXMUAU2qRj2zbQ3Ev/zWil2T9uZiJIUIeKTRd1UUozpqEQaCg0c5dASxrWwf6W8zzTjaKsu2RK86ZP/krta1TuuujdHlfOzoo4lskN2yT7xyAk5J5fkmtQJJw/khbyRd+fReXU+nM9JdMYpZrbJLzhf31/GrWQ=</latexit>

✓̃2 ⇠ ⇡(✓2 | ỹ2, ✓̃1)
<latexit sha1_base64="OKQGFgms3n0tMf64psVYbnlNYqk=">AAACHnicbVDLSgMxFM34rPVVdekmWATdlBnxuSu4cVnBqtApJZO5bUOTmSG5IwzDfIkbf8WNC0UEV/o3pu0sfB0InJxzLsk9QSKFQdf9dGZm5+YXFitL1eWV1bX12sbmtYlTzaHNYxnr24AZkCKCNgqUcJtoYCqQcBOMzsf+zR1oI+LoCrMEuooNItEXnKGVerUjH4UMIc+KXn5QUN8IRf1E7GXTqxIhLRM+DgGZjXnFfq9WdxvuBPQv8UpSJyVavdq7H8Y8VRAhl8yYjucm2M2ZRsElFFU/NZAwPmID6FgaMQWmm0/WK+iuVULaj7U9EdKJ+n0iZ8qYTAU2qRgOzW9vLP7ndVLsn3ZzESUpQsSnD/VTSTGm465oKDRwlJkljGth/0r5kGnG0TZatSV4v1f+S64PGt5xw708rDfPyjoqZJvskD3ikRPSJBekRdqEk3vySJ7Ji/PgPDmvzts0OuOUM1vkB5yPL6SdosQ=</latexit>

ỹ2 ⇠ ⇡(y2 | ✓̃1)
<latexit sha1_base64="ENLJM2AJbH/XHPi33J7FMn9Yh7k=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAYxNmFXxEsXsLGMYC6QDWF2cpIMmb0wc1YIyz6Cja9iY6GIraWdb+NssoUm/jDw851zOHN+L5JCo21/W0vLK6tr64WN4ubW9s5uaW+/qcNYcWjwUIaq7TENUgTQQIES2pEC5nsSWt74Jqu3HkBpEQb3OImg67NhIAaCMzSoVzpxUcg+JC6OAFnaS5yUulr41I1EZQYzdtorle2qPRVdNE5uyiRXvVf6cvshj30IkEumdcexI+wmTKHgEtKiG2uIGB+zIXSMDZgPuptMD0rpsSF9OgiVeQHSKf09kTBf64nvmU6f4UjP1zL4X60T4+Cqm4ggihECPls0iCXFkGbp0L5QwFFOjGFcCfNXykdMMY4mw6IJwZk/edE0z6rORdW+Oy/XrvM4CuSQHJEKccglqZFbUicNwskjeSav5M16sl6sd+tj1rpk5TMH5I+szx+v85zy</latexit>

✓̃1 ⇠ ⇡(✓1)

✓̃1

y2

✓̃1

ỹ2

✓2

✓1

y2

y1

✓2

✓1

y2

y1

✓̃1

ỹ2

✓̃2

y1

Some conditional decompositions allow us  
generate joint samples with ancestral sampling.
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y1

y2

✓1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | y2, ✓1, ✓2)
⇡(y2 | ✓1, ✓2)
⇡(✓1 | ✓2)
⇡(✓2)

y2

y1

✓1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | y1, ✓1, ✓2)
⇡(y1 | ✓1, ✓2)
⇡(✓1 | ✓2)
⇡(✓2)

y1

✓1

y2

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | ✓1, y2, ✓2)
⇡(✓1 | y2, ✓2)
⇡(y2 | ✓2)
⇡(✓2)

✓1

y1

y2

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | y1, y2, ✓2)
⇡(y1 | y2, ✓2)
⇡(y2 | ✓2)
⇡(✓2)

y2

✓1

y1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | ✓1, y1, ✓2)
⇡(✓1 | y1, ✓2)
⇡(y1 | ✓2)
⇡(✓2)

✓1

y2

y1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | y2, y1, ✓2)
⇡(y2 | y1, ✓2)
⇡(y1 | ✓2)
⇡(✓2)

y1

y2

✓2

✓1

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | y2, ✓2, ✓1)
⇡(y2 | ✓2, ✓1)
⇡(✓2 | ✓1)
⇡(✓1)

y2

y1

✓2

✓1

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | y1, ✓2, ✓1)
⇡(y1 | ✓2, ✓1)
⇡(✓2 | ✓1)
⇡(✓1)

y1

✓2

y2

✓1

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | ✓2, y2, ✓1)
⇡(✓2 | y2, ✓1)
⇡(y2 | ✓1)
⇡(✓1)

✓2

y1

y2

✓1

⇡(y1, y2, ✓1, ✓2) = ⇡(✓2 | y1, y2, ✓1)
⇡(y1 | y2, ✓1)
⇡(y2 | ✓1)
⇡(✓1)

y2

✓2

y1

✓1

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | ✓2, y1, ✓1)
⇡(✓2 | y1, ✓1)
⇡(y1 | ✓1)
⇡(✓1)

✓2

y2

y1

✓1

⇡(y1, y2, ✓1, ✓2) = ⇡(✓2 | y2, y1, ✓1)
⇡(y2 | y1, ✓1)
⇡(y1 | ✓1)
⇡(✓1)

y1

✓1

✓2

y2

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | ✓1, ✓2, y2)
⇡(✓1 | ✓2, y2)
⇡(✓2 | y2)
⇡(y2)

✓1

y1

✓2

y2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | y1, ✓2, y2)
⇡(y1 | ✓2, y2)
⇡(✓2 | y2)
⇡(y2)

y1

✓2

✓1

y2

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | ✓2, ✓1, y2)
⇡(✓2 | ✓1, y2)
⇡(✓1 | y2)
⇡(y2)

✓2

y1

✓1

y2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓2 | y1, ✓1, y2)
⇡(y1 | ✓1, y2)
⇡(✓1 | y2)
⇡(y2)

✓1

✓2

y1

y2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | ✓2, y1, y2)
⇡(✓2 | y1, y2)
⇡(y1 | y2)
⇡(y2)

✓2

✓1

y1

y2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓2 | ✓1, y1, y2)
⇡(✓1 | y1, y2)
⇡(y1 | y2)
⇡(y2)

y2

✓1

✓2

y1

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | ✓1, ✓2, y1)
⇡(✓1 | ✓2, y1)
⇡(✓2 | y1)
⇡(y1)

✓1

y2

✓2

y1

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | y2, ✓2, y1)
⇡(y2 | ✓2, y1)
⇡(✓2 | y1)
⇡(y1)

y2

✓2

✓1

y1

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | ✓2, ✓1, y1)
⇡(✓2 | ✓1, y1)
⇡(✓1 | y1)
⇡(y1)

✓2

y2

✓1

y1

⇡(y1, y2, ✓1, ✓2) = ⇡(✓2 | y2, ✓1, y1)
⇡(y2 | ✓1, y1)
⇡(✓1 | y1)
⇡(y1)

✓1

✓2

y2

y1

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | ✓2, y2, y1)
⇡(✓2 | y2, y1)
⇡(y2 | y1)
⇡(y1)

✓2

✓1

y2

y1

⇡(y1, y2, ✓1, ✓2) = ⇡(✓2 | ✓1, y2, y1)
⇡(✓1 | y2, y1)
⇡(y2 | y1)
⇡(y1)

y1

y2

✓1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | y2, ✓1, ✓2)
⇡(y2 | ✓1, ✓2)
⇡(✓1 | ✓2)
⇡(✓2)

y2

y1

✓1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | y1, ✓1, ✓2)
⇡(y1 | ✓1, ✓2)
⇡(✓1 | ✓2)
⇡(✓2)

y1

✓1

y2

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | ✓1, y2, ✓2)
⇡(✓1 | y2, ✓2)
⇡(y2 | ✓2)
⇡(✓2)

✓1

y1

y2

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | y1, y2, ✓2)
⇡(y1 | y2, ✓2)
⇡(y2 | ✓2)
⇡(✓2)

y2

✓1

y1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | ✓1, y1, ✓2)
⇡(✓1 | y1, ✓2)
⇡(y1 | ✓2)
⇡(✓2)

✓1

y2

y1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | y2, y1, ✓2)
⇡(y2 | y1, ✓2)
⇡(y1 | ✓2)
⇡(✓2)

y1

y2

✓2

✓1

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | y2, ✓2, ✓1)
⇡(y2 | ✓2, ✓1)
⇡(✓2 | ✓1)
⇡(✓1)

y2

y1

✓2

✓1
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y1

✓2
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There may be many different ways to procedurally 
generatively specify the same full Bayesian model.

y1

y2

✓1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | y2, ✓1, ✓2)
⇡(y2 | ✓1, ✓2)
⇡(✓1 | ✓2)
⇡(✓2)

y2

y1

✓1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | y1, ✓1, ✓2)
⇡(y1 | ✓1, ✓2)
⇡(✓1 | ✓2)
⇡(✓2)

y1

✓1

y2

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | ✓1, y2, ✓2)
⇡(✓1 | y2, ✓2)
⇡(y2 | ✓2)
⇡(✓2)

✓1

y1

y2

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | y1, y2, ✓2)
⇡(y1 | y2, ✓2)
⇡(y2 | ✓2)
⇡(✓2)

y2

✓1

y1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(y2 | ✓1, y1, ✓2)
⇡(✓1 | y1, ✓2)
⇡(y1 | ✓2)
⇡(✓2)

✓1

y2

y1

✓2

⇡(y1, y2, ✓1, ✓2) = ⇡(✓1 | y2, y1, ✓2)
⇡(y2 | y1, ✓2)
⇡(y1 | ✓2)
⇡(✓2)

y1

y2

✓2

✓1

⇡(y1, y2, ✓1, ✓2) = ⇡(y1 | y2, ✓2, ✓1)
⇡(y2 | ✓2, ✓1)
⇡(✓2 | ✓1)
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Narratively Generative Modeling
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Narratively generative models aren’t defined by their 
properties but rather by the mathematical stories they tell.

Environment

ProbePhenomenon
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Each conditional decomposition of  a model captures 
different stories of  how observations are generated.



© 2026 Michael Betancourt.  For personal use only; not for public distribution.

Each conditional decomposition of  a model captures 
different stories of  how observations are generated.



© 2026 Michael Betancourt.  For personal use only; not for public distribution.

The more complete the conditional decomposition  
the more detailed the stories the model captures.
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The more complete the conditional decomposition  
the more detailed the stories the model captures.
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Domain expertise informs an appropriate Bayesian model 
through an appropriate conditional decomposition.
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Advanced Narrative Techniques
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Serialization

Advanced Narrative Techniques
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Stories are often comprised of  constituent stories, which 
themselves might be comprised of  smaller stories.

✓1
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✓1

✓4

✓7

Stories are often comprised of  constituent stories, which 
themselves might be comprised of  smaller stories.
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✓1

✓2

✓3

✓4

✓5
✓6 ✓7

✓8 ✓9

✓10

Stories are often comprised of  constituent stories, which 
themselves might be comprised of  smaller stories.
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✓3

✓4

✓5

This recursiveness allows us to build up complex narratively 
generative models from simpler component models.
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✓1 ✓2

✓3

✓4

✓5

This recursiveness allows us to build up complex narratively 
generative models from simpler component models.
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✓1 ✓2

✓3

✓4

✓5

✓6

✓7

✓8

✓9

This recursiveness allows us to build up complex narratively 
generative models from simpler component models.
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✓1 ✓2

✓3

✓4

✓5

✓6

✓7

✓8

✓9

y1 y2 y3

This recursiveness allows us to build up complex narratively 
generative models from simpler component models.
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Alternatively we can develop a sophisticated narratively 
generative model by refining an initial coarse model.

✓1 ✓2

✓3

✓6

y1, y2, y3
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✓1 ✓2
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✓6

y1 y2 y3

Alternatively we can develop a sophisticated narratively 
generative model by refining an initial coarse model.
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✓5

✓6

y1 y2 y3

Alternatively we can develop a sophisticated narratively 
generative model by refining an initial coarse model.
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✓1 ✓2

✓3

✓4

✓5

✓6

✓7

✓8

✓9

y1 y2 y3

Alternatively we can develop a sophisticated narratively 
generative model by refining an initial coarse model.
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In other words this compositional structure motivates  
building models from both the bottom up and top down.

✓3

✓4

✓5

✓1 ✓2

✓3

✓4

✓5

✓1 ✓2

✓3

✓4

✓5

✓6

✓7

✓8

✓9

✓1 ✓2

✓3

✓4

✓5

✓6

✓7

✓8

✓9

y1 y2 y3

✓1 ✓2

✓3

✓6

y1, y2, y3

✓1 ✓2

✓3

✓6

y1 y2 y3

✓1 ✓2

✓3

✓4

✓5

✓6

y1 y2 y3

✓1 ✓2

✓3

✓4

✓5

✓6

✓7

✓8

✓9

y1 y2 y3

Iteration 1 Iteration 2 Iteration 3 Iteration 4

Bottom Up

Top Down
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Mixed Genres

Advanced Narrative Techniques
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We can build meaningfully narratively generative  
models from narratively non-generative components.

✓1 ✓2

✓3

✓4

✓5

✓6, ✓7, ✓8, ✓9

y1 y2 y3
Narratively Generative 

Interpretation

No Narratively Generative 
Interpretation

Narratively Generative 
Interpretation
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✓1 ✓2
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✓4
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✓6, ✓7, ✓8, ✓9

y1 y2 y3

Narratively Generative 
Interpretation

Narratively Generative 
Interpretation

We can build meaningfully narratively generative  
models from narratively non-generative components.
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✓1 ✓2

✓3

✓4

✓5

✓6, ✓7, ✓8, ✓9

y1 y2 y3

Narratively Generative 
Interpretation

We can build meaningfully narratively generative  
models from narratively non-generative components.
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✓1 ✓2

✓3

✓4

✓5

✓6, ✓7, ✓8, ✓9

y1 y2 y3

In other words “narratively generative” is not a  
binary qualification of  a full Bayesian model!
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For example we might combine a theoretically-motivated 
signal model with a more heuristic background model.

<latexit sha1_base64="MLw5t2WgvvdPXEjhyKc/lANciqw=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWoSSiKgboeBGdxXsBZoQJpNpO3QyCTMTsYQ+jRtfxY2Liog7H8VpGrC2/jDw851zOHN+P2ZUKsv6Mgorq2vrG8XN0tb2zu6euX/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJnW249ESBrxBzWKiRuiPqc9ipHSyDOvnZhW4MhL+Rg6IQ2gw/RwgLxUjivwKeNVePqL/Tlc9cyyVbMywWVj56YMcjU8c+IEEU5CwhVmSMqubcXKTZFQFDMyLjmJJDHCQ9QnXW05Col00+zMMTzRJIC9SOjHFczo/ESKQilHoa87Q6QGcrE2hf/VuonqXbkp5XGiCMezRb2EQRXBaWYwoIJgxUbaICyo/ivEAyQQVjrZkg7BXjx52bTOavZFzbo/L9fv8jiK4AgcgwqwwSWog1vQAE2AwTN4BRPwbrwYb8aH8TlrLRj5zCH4I+P7B46co/c=</latexit>

⇡(yn | �s(xn) + �b(xn))
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For example we might combine a theoretically-motivated 
signal model with a more heuristic background model.

<latexit sha1_base64="MLw5t2WgvvdPXEjhyKc/lANciqw=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWoSSiKgboeBGdxXsBZoQJpNpO3QyCTMTsYQ+jRtfxY2Liog7H8VpGrC2/jDw851zOHN+P2ZUKsv6Mgorq2vrG8XN0tb2zu6euX/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJnW249ESBrxBzWKiRuiPqc9ipHSyDOvnZhW4MhL+Rg6IQ2gw/RwgLxUjivwKeNVePqL/Tlc9cyyVbMywWVj56YMcjU8c+IEEU5CwhVmSMqubcXKTZFQFDMyLjmJJDHCQ9QnXW05Col00+zMMTzRJIC9SOjHFczo/ESKQilHoa87Q6QGcrE2hf/VuonqXbkp5XGiCMezRb2EQRXBaWYwoIJgxUbaICyo/ivEAyQQVjrZkg7BXjx52bTOavZFzbo/L9fv8jiK4AgcgwqwwSWog1vQAE2AwTN4BRPwbrwYb8aH8TlrLRj5zCH4I+P7B46co/c=</latexit>

⇡(yn | �s(xn) + �b(xn))

�b(x)
�(x)

x

<latexit sha1_base64="MLw5t2WgvvdPXEjhyKc/lANciqw=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWoSSiKgboeBGdxXsBZoQJpNpO3QyCTMTsYQ+jRtfxY2Liog7H8VpGrC2/jDw851zOHN+P2ZUKsv6Mgorq2vrG8XN0tb2zu6euX/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJnW249ESBrxBzWKiRuiPqc9ipHSyDOvnZhW4MhL+Rg6IQ2gw/RwgLxUjivwKeNVePqL/Tlc9cyyVbMywWVj56YMcjU8c+IEEU5CwhVmSMqubcXKTZFQFDMyLjmJJDHCQ9QnXW05Col00+zMMTzRJIC9SOjHFczo/ESKQilHoa87Q6QGcrE2hf/VuonqXbkp5XGiCMezRb2EQRXBaWYwoIJgxUbaICyo/ivEAyQQVjrZkg7BXjx52bTOavZFzbo/L9fv8jiK4AgcgwqwwSWog1vQAE2AwTN4BRPwbrwYb8aH8TlrLRj5zCH4I+P7B46co/c=</latexit>

⇡(yn | �s(xn) + �b(xn))



© 2026 Michael Betancourt.  For personal use only; not for public distribution.

For example we might combine a theoretically-motivated 
signal model with a more heuristic background model.

<latexit sha1_base64="MLw5t2WgvvdPXEjhyKc/lANciqw=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWoSSiKgboeBGdxXsBZoQJpNpO3QyCTMTsYQ+jRtfxY2Liog7H8VpGrC2/jDw851zOHN+P2ZUKsv6Mgorq2vrG8XN0tb2zu6euX/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJnW249ESBrxBzWKiRuiPqc9ipHSyDOvnZhW4MhL+Rg6IQ2gw/RwgLxUjivwKeNVePqL/Tlc9cyyVbMywWVj56YMcjU8c+IEEU5CwhVmSMqubcXKTZFQFDMyLjmJJDHCQ9QnXW05Col00+zMMTzRJIC9SOjHFczo/ESKQilHoa87Q6QGcrE2hf/VuonqXbkp5XGiCMezRb2EQRXBaWYwoIJgxUbaICyo/ivEAyQQVjrZkg7BXjx52bTOavZFzbo/L9fv8jiK4AgcgwqwwSWog1vQAE2AwTN4BRPwbrwYb8aH8TlrLRj5zCH4I+P7B46co/c=</latexit>

⇡(yn | �s(xn) + �b(xn))

�s(x) + �b(x)

�(x)

x

<latexit sha1_base64="MLw5t2WgvvdPXEjhyKc/lANciqw=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARWoSSiKgboeBGdxXsBZoQJpNpO3QyCTMTsYQ+jRtfxY2Liog7H8VpGrC2/jDw851zOHN+P2ZUKsv6Mgorq2vrG8XN0tb2zu6euX/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJnW249ESBrxBzWKiRuiPqc9ipHSyDOvnZhW4MhL+Rg6IQ2gw/RwgLxUjivwKeNVePqL/Tlc9cyyVbMywWVj56YMcjU8c+IEEU5CwhVmSMqubcXKTZFQFDMyLjmJJDHCQ9QnXW05Col00+zMMTzRJIC9SOjHFczo/ESKQilHoa87Q6QGcrE2hf/VuonqXbkp5XGiCMezRb2EQRXBaWYwoIJgxUbaICyo/ivEAyQQVjrZkg7BXjx52bTOavZFzbo/L9fv8jiK4AgcgwqwwSWog1vQAE2AwTN4BRPwbrwYb8aH8TlrLRj5zCH4I+P7B46co/c=</latexit>

⇡(yn | �s(xn) + �b(xn))
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A Tangled Web

Advanced Narrative Techniques
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A story can tell multiple narratives, and a model can 
incorporate multiple data generating processes.
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These joint models also facilitate predictions that  
generalize beyond the scope of  an initial observation.
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“Causal” “Inference”

Advanced Narrative Techniques
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Position

Time

Many data generating stories follow a  
cascade of  propagating causes and effects.
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These causal influences often motivate particular  
narratively generative model structures.
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“Causal” often refers to inferential or predictive methods 
that allow for any change in the data generating process.

Making Predictions In 
A Static World

Making Predictions In 
A Dynamic World

Interpolation Extrapolation

In-Sample Out-of-Sample

... Generalization

Transfer Learning

Model/Concept Drift

Hypothetical

Counterfactual

...
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.

<latexit sha1_base64="8rs3jo382I9LtjUAjFlt1DkXe3o="></latexit>

⇡(yobs, ypred, ✓1, ✓2, ✓3, ✓4)
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.

<latexit sha1_base64="ngecRToWr0OE5enEz42s0hzwk1M="></latexit>
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.

<latexit sha1_base64="g7CON4oUsXuoP72pqDF/8oDI1i8="></latexit>

⇡(ypred | ỹobs) =
Z

d✓1 d✓2 d✓3 d✓4 ⇡(ypred, ✓1, ✓2, ✓3, ✓4 | ỹobs)
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.

<latexit sha1_base64="1/+JF0HDiSufGA9LI8ajq5q0M7g="></latexit>

⇡(ypred, ✓1, ✓2, ✓3, ✓4, ✓5 | ỹobs) / ⇡(ỹobs, ypred, ✓1, ✓2, ✓3, ✓4, ✓5)
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Both static and dynamic processes are straightforward  
to incorporate into narratively generative models.

<latexit sha1_base64="DrpcpHZ4hgt59YQVNSUR9PM9mY4="></latexit>

⇡(ypred | ỹobs) =
Z
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Interventions are modeled the same as  
any change to the data generating process.

Before Intervention

✓1

✓2
✓3

✓4

yobs



© 2026 Michael Betancourt.  For personal use only; not for public distribution.

Interventions are modeled the same as  
any change to the data generating process.
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Interventions are modeled the same as  
any change to the data generating process.

Joint Model
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https://betanalpha.github.io/writing/ 
  Part II: Modeling and Inference  
    - Generative Modeling 
  Case Studies 

https://betanalpha.github.io/speaking/ 
  Generative Modeling Lecture and Exercise Review (YouTube) 
  Plurinational Bayes Webinar (July 2024) 

Following Workshop!

https://betanalpha.github.io/writing/
https://betanalpha.github.io/speaking/
https://www.youtube.com/watch?v=92oSUaZggKs
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https://betanalpha.github.io/writing/ 
  Part II: Modeling and Inference  
    - Generative Modeling 
  Case Studies 

https://betanalpha.github.io/speaking/ 
  Generative Modeling Lecture and Exercise Review (YouTube) 
  Plurinational Bayes Webinar (July 2024) 

Today’s Exercise!

https://betanalpha.github.io/writing/
https://betanalpha.github.io/speaking/
https://www.youtube.com/watch?v=92oSUaZggKs


© 2026 Michael Betancourt.  For personal use only; not for public distribution.

Socials and Mailing List  
  - https://betanalpha.github.io/contact/ 

Patreon  
  - https://www.patreon.com/betanalpha

https://betanalpha.github.io/contact/
https://www.patreon.com/betanalpha
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For the exercise, we’ll be looking at customer lifetime  
data that was collected across a finite observation period.

T0 tjoin tleave

t

T1

Time
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For the exercise, we’ll be looking at customer lifetime  
data that was collected across a finite observation period.
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tmin

tjoin T1

Time



Exercises Material

part2/data/historical_data.json 
part2/data/customer_segmentation.json 

part2/stan_programs/model1_prior.stan 
part2_stan_programs/model1.stan 

part2/analysis.py
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Clear and Concise Language

Advanced Narrative Techniques
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Well-chosen parameterizations allow us to tell  
data generating stories elegantly and compactly.

<latexit sha1_base64="dP12GKJWOcQ1ITsl8v7zyZ604UU=">AAACX3icjVFdS8MwFE3rx3Tzo+qT+BIcgsIYrYj6Igz0wSeZ4D5gLSNNMxeWpiW5FUrZn/RN8MV/YrYVUeeDFwLnnHsPNzkJU8E1uO6bZa+srq1XNjarta3tnV1nb7+rk0xR1qGJSFQ/JJoJLlkHOAjWTxUjcShYL5zczvq9F6Y0T+QT5CkLYvIs+YhTAkYaOi9+yk/zYeFNG9gXUQK6gQ2VP+nDjMKYATnDN/ifFuzHPPqy+Y25r6RDp+423XnhZeCVoI7Kag+dVz9KaBYzCVQQrQeem0JQEAWcCjat+plmKaET8swGBkoSMx0U83ym+MQoER4lyhwJeK5+dxQk1jqPQzMZExjr372Z+FdvkMHoOii4TDNgki4WjTKBIcGzsHHEFaMgcgMIVdzcFdMxUYSC+ZKqCcH7/eRl0D1vepdN9/Gi3ror49hAR+gYnSIPXaEWukdt1EEUvVu2VbO2rA+7Yu/YzmLUtkrPAfpR9uEnffSyxg==</latexit>

⇡(y1, . . . , yn, . . . , yN , ✓) = ⇡(y1, . . . , yn, . . . , yN | ✓)⇡(✓)
<latexit sha1_base64="SiXXh3oQ2VMpVgTH+ByGsME0q98="></latexit>

=

"
NY

n=1

⇡(yn | ✓)
#
⇡(✓)



© 2026 Michael Betancourt.  For personal use only; not for public distribution.
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⇡(y1, . . . , yn, . . . , yN , ✓) = ⇡(y1, . . . , yn, . . . , yN | ✓)⇡(✓)
<latexit sha1_base64="SiXXh3oQ2VMpVgTH+ByGsME0q98="></latexit>

=

"
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n=1

⇡(yn | ✓)
#
⇡(✓)

Well-chosen parameterizations allow us to tell  
data generating stories elegantly and compactly.
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⇡(y1, . . . , yn, . . . , yN , ✓) = ⇡(y1, . . . , yn, . . . , yN | ✓)⇡(✓)
<latexit sha1_base64="SiXXh3oQ2VMpVgTH+ByGsME0q98="></latexit>
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Well-chosen parameterizations allow us to tell  
data generating stories elegantly and compactly.
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Well-chosen parameterizations allow us to tell  
data generating stories elegantly and compactly.
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Similarly we might develop a full Bayesian  
model one constituent model one at a time.
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Or we might integrate the constituents models into  
intermediate models that we then piece together.
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While both approaches can lead to the same final model  
the progression can be easier one way over the other.

Piece-by-piece

Modular

Iteration 1 Iteration 2 Iteration 3
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Writing To The Audience

Advanced Narrative Techniques
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Stories can be told at different levels of  sophistication, 
from simple summaries to richly detailed expositions.
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Stories can be told at different levels of  sophistication, 
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Stories can be told at different levels of  sophistication, 
from simple summaries to richly detailed expositions.
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The better we can resolve a system the more sophisticated 
of  a narratively generative model we need to analyze it.
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An ideal model captures the emergent features of  the 
system that we can resolve in a given observation.
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Top-down model building is particularly well-suited to  
the development of  increasingly sophisticated models.
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A Tangled Web

Advanced Narrative Techniques
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These amalgamated narratively generative models can be 
developed by branching one process off  of  another.
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These amalgamated narratively generative models can be 
developed by branching one process off  of  another.
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Alternatively we can build full models for each and them 
merge them together by connecting related components.
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These joints models allow us to fuse inferences  
from different observations together in a consistent way.
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Often this fusion is achieved through sequential inferences; 
one observation informs an initial posterior distribution.
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That posterior distribution is then marginalized  
into a prior model for the shared parameter.
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This prior model is then updated into the final  
posterior distribution using the second observation.
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While this is all technically correct the marginal prior 
model can be infeasible to implement in practice.
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�
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y1 y2

Evaluating the joint model on both observations returns 
the final posterior distribution in one implementable step.
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As before these generalized predictions can  
be achieved sequentially, at least in theory.
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A model of  the first data generating process informs a 
posterior distribution for the relevant parameters.
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Marginalizing this posterior distribution informs the 
shared parameter that we need to make predictions.

�

✓1

y1
<latexit sha1_base64="lmngwetvVBrYcbSfsWZJI03grUY="></latexit>
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Finally we make predictions by averaging the second 
observational model against the marginalized posterior.
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Once again the practicality of  this sequential approach  
is limited by the feasibility of  the intermediate terms.
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© 2026 Michael Betancourt.  For personal use only; not for public distribution.

We don’t need to construct those intermediate terms, 
however, when working with the joint model directly.
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=

Z
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“Causal” “Inference”

Advanced Narrative Techniques
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Data generating processes often change for  
reasons that are far beyond our control.

Price
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Often, however, we are interested in quantifying  
what happens when we actively intervene.

Price
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Often, however, we are interested in quantifying  
what happens when we actively intervene.

Price

Active Price  
Discounts
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Interventions can sometimes be modeled by  
conditioning on an initial model, but not always.
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Interventions can sometimes be modeled by  
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Interventions that target an intermediate parameter, and 
obstruct the data generating process, require special care.
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Interventions that target an intermediate parameter, and 
obstruct the data generating process, require special care.
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Interventions that target an intermediate parameter, and 
obstruct the data generating process, require special care.
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Interventions that target an intermediate parameter, and 
obstruct the data generating process, require special care.
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Unreliable Narrators

Advanced Narrative Techniques
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As with any model a useful narratively generative model 
has to be carefully validated against our domain expertise.
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Story Time

https://betanalpha.github.io/writing/ 

Case Studies:  

Inferring Customer Conversion HTML PDF
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To start the discussion let's consider how visits to a 
company website convert to some sort of  sale.
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We start with a simple model where all customers  
have the same, homogeneous conversion probability.
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xn
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Can we better model the conversion process if   
certain characteristics of  each visitor are available?
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For example we can deterministically construct a 
conversion probability from individual characteristics.
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The variation in this reconstruction, however, may  
not be able to account for different types of  visitors. 
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To account for the possibility that a visitor might be a 
loyal customer we could introduce a mixture model.
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Data from only loyal customers can be very helpful  
in differentiating the possible visitor behaviors.
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Incorporating these observations into the existing model 
ensures that they consistently inform our inferences.
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Once we have isolated the desired behavior we  
can use it to inform predictions and decisions.
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Once we have learned the desired behavior we can use  
it to inform any predictions and decisions of  interest.
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Once we have learned the desired behavior we can use  
it to inform any predictions and decisions of  interest.
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