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Third Class with Coding!
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Joint Distributions

Go to this URL: https://goo.gl/Jh3Eu4



Joint Probability Table

Roommates 2RoomDbl
Shared 
Partner Single

Frosh 0.30 0.07 0.00 0.00 0.37
Soph 0.12 0.18 0.00 0.03 0.32
Junior 0.04 0.01 0.00 0.10 0.15
Senior 0.01 0.02 0.02 0.01 0.05

5+ 0.02 0.00 0.05 0.04 0.11
0.49 0.27 0.07 0.18 1.00
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Algorithmic Fairness
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Midterm (part 2)
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Midterm Distribution

E[X] = 89.5
<latexit sha1_base64="UGwZs04KUaVW8RPAo/CHQGBYLvY=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4Coko1oNQEMFjBfsBaSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+B5387K6tr6xmZpq7y9s7u3Xzk4bBmVacqaVAmlOxExTHDJmsBBsE6qGUkiwdrR6Hbqt5+YNlzJRxinLEzIQPKYUwJWCu6CTohvcO3avexVqp7rzYCXiV+QKirQ6FW+un1Fs4RJoIIYE/heCmFONHAq2KTczQxLCR2RAQsslSRhJsxnJ0/wqVX6OFbalgQ8U39P5CQxZpxEtjMhMDSL3lT8zwsyiGthzmWaAZN0vijOBAaFp//jPteMghhbQqjm9lZMh0QTCjalsg3BX3x5mbTOXd9z/YeLar1WxFFCx+gEnSEfXaE6ukcN1EQUKfSMXtGbA86L8+58zFtXnGLmCP2B8/kDsWWPhA==</latexit><latexit sha1_base64="UGwZs04KUaVW8RPAo/CHQGBYLvY=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4Coko1oNQEMFjBfsBaSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+B5387K6tr6xmZpq7y9s7u3Xzk4bBmVacqaVAmlOxExTHDJmsBBsE6qGUkiwdrR6Hbqt5+YNlzJRxinLEzIQPKYUwJWCu6CTohvcO3avexVqp7rzYCXiV+QKirQ6FW+un1Fs4RJoIIYE/heCmFONHAq2KTczQxLCR2RAQsslSRhJsxnJ0/wqVX6OFbalgQ8U39P5CQxZpxEtjMhMDSL3lT8zwsyiGthzmWaAZN0vijOBAaFp//jPteMghhbQqjm9lZMh0QTCjalsg3BX3x5mbTOXd9z/YeLar1WxFFCx+gEnSEfXaE6ukcN1EQUKfSMXtGbA86L8+58zFtXnGLmCP2B8/kDsWWPhA==</latexit><latexit sha1_base64="UGwZs04KUaVW8RPAo/CHQGBYLvY=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4Coko1oNQEMFjBfsBaSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+B5387K6tr6xmZpq7y9s7u3Xzk4bBmVacqaVAmlOxExTHDJmsBBsE6qGUkiwdrR6Hbqt5+YNlzJRxinLEzIQPKYUwJWCu6CTohvcO3avexVqp7rzYCXiV+QKirQ6FW+un1Fs4RJoIIYE/heCmFONHAq2KTczQxLCR2RAQsslSRhJsxnJ0/wqVX6OFbalgQ8U39P5CQxZpxEtjMhMDSL3lT8zwsyiGthzmWaAZN0vijOBAaFp//jPteMghhbQqjm9lZMh0QTCjalsg3BX3x5mbTOXd9z/YeLar1WxFFCx+gEnSEfXaE6ukcN1EQUKfSMXtGbA86L8+58zFtXnGLmCP2B8/kDsWWPhA==</latexit><latexit sha1_base64="UGwZs04KUaVW8RPAo/CHQGBYLvY=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4Coko1oNQEMFjBfsBaSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0oFN+B5387K6tr6xmZpq7y9s7u3Xzk4bBmVacqaVAmlOxExTHDJmsBBsE6qGUkiwdrR6Hbqt5+YNlzJRxinLEzIQPKYUwJWCu6CTohvcO3avexVqp7rzYCXiV+QKirQ6FW+un1Fs4RJoIIYE/heCmFONHAq2KTczQxLCR2RAQsslSRhJsxnJ0/wqVX6OFbalgQ8U39P5CQxZpxEtjMhMDSL3lT8zwsyiGthzmWaAZN0vijOBAaFp//jPteMghhbQqjm9lZMh0QTCjalsg3BX3x5mbTOXd9z/YeLar1WxFFCx+gEnSEfXaE6ukcN1EQUKfSMXtGbA86L8+58zFtXnGLmCP2B8/kDsWWPhA==</latexit>

Std(X) = 19.5
<latexit sha1_base64="lBovEfpa3/QoEUNm/VN99Ld6zw4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5CIYl0IBTcuK9oHtKFMJpN26OTBzI1YQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77/ESwRXY9rexsLi0vLJaWCuub2xubZs7uw0Vp5KyOo1FLFseUUzwiNWBg2CtRDISeoI1vcHV2G/eM6l4HN3BMGFuSHoRDzgloKWuud8B9gDZLfijcusYX2LnwjrrmiXbsifA88TJSQnlqHXNr44f0zRkEVBBlGo7dgJuRiRwKtio2EkVSwgdkB5raxqRkCk3m1w/wkda8XEQS10R4In6eyIjoVLD0NOdIYG+mvXG4n9eO4Wg4mY8SlJgEZ0uClKBIcbjKLDPJaMghpoQKrm+FdM+kYSCDqyoQ3BmX54njRPLsS3n5rRUreRxFNABOkRl5KBzVEXXqIbqiKJH9Ixe0ZvxZLwY78bHtHXByGf20B8Ynz8Wf5Og</latexit><latexit sha1_base64="lBovEfpa3/QoEUNm/VN99Ld6zw4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5CIYl0IBTcuK9oHtKFMJpN26OTBzI1YQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77/ESwRXY9rexsLi0vLJaWCuub2xubZs7uw0Vp5KyOo1FLFseUUzwiNWBg2CtRDISeoI1vcHV2G/eM6l4HN3BMGFuSHoRDzgloKWuud8B9gDZLfijcusYX2LnwjrrmiXbsifA88TJSQnlqHXNr44f0zRkEVBBlGo7dgJuRiRwKtio2EkVSwgdkB5raxqRkCk3m1w/wkda8XEQS10R4In6eyIjoVLD0NOdIYG+mvXG4n9eO4Wg4mY8SlJgEZ0uClKBIcbjKLDPJaMghpoQKrm+FdM+kYSCDqyoQ3BmX54njRPLsS3n5rRUreRxFNABOkRl5KBzVEXXqIbqiKJH9Ixe0ZvxZLwY78bHtHXByGf20B8Ynz8Wf5Og</latexit><latexit sha1_base64="lBovEfpa3/QoEUNm/VN99Ld6zw4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5CIYl0IBTcuK9oHtKFMJpN26OTBzI1YQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77/ESwRXY9rexsLi0vLJaWCuub2xubZs7uw0Vp5KyOo1FLFseUUzwiNWBg2CtRDISeoI1vcHV2G/eM6l4HN3BMGFuSHoRDzgloKWuud8B9gDZLfijcusYX2LnwjrrmiXbsifA88TJSQnlqHXNr44f0zRkEVBBlGo7dgJuRiRwKtio2EkVSwgdkB5raxqRkCk3m1w/wkda8XEQS10R4In6eyIjoVLD0NOdIYG+mvXG4n9eO4Wg4mY8SlJgEZ0uClKBIcbjKLDPJaMghpoQKrm+FdM+kYSCDqyoQ3BmX54njRPLsS3n5rRUreRxFNABOkRl5KBzVEXXqIbqiKJH9Ixe0ZvxZLwY78bHtHXByGf20B8Ynz8Wf5Og</latexit><latexit sha1_base64="lBovEfpa3/QoEUNm/VN99Ld6zw4=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5CIYl0IBTcuK9oHtKFMJpN26OTBzI1YQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77/ESwRXY9rexsLi0vLJaWCuub2xubZs7uw0Vp5KyOo1FLFseUUzwiNWBg2CtRDISeoI1vcHV2G/eM6l4HN3BMGFuSHoRDzgloKWuud8B9gDZLfijcusYX2LnwjrrmiXbsifA88TJSQnlqHXNr44f0zRkEVBBlGo7dgJuRiRwKtio2EkVSwgdkB5raxqRkCk3m1w/wkda8XEQS10R4In6eyIjoVLD0NOdIYG+mvXG4n9eO4Wg4mY8SlJgEZ0uClKBIcbjKLDPJaMghpoQKrm+FdM+kYSCDqyoQ3BmX54njRPLsS3n5rRUreRxFNABOkRl5KBzVEXXqIbqiKJH9Ixe0ZvxZLwY78bHtHXByGf20B8Ynz8Wf5Og</latexit>

F�1
X (0.5) = 92.0

<latexit sha1_base64="eukqXBPBLmm8S6+ehPhpFRI7kPk=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXThkimJdCAVBXFawD2jHIZOmbWgmMyQZoQ7FX3HjQhG3/oc7/8a0nYVWD1w4nHMv994TxJwpjdCXlVtYXFpeya8W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPh5cRv3lOpWCRu9SimXoj7gvUYwdpIvr13dZceu2O/VULO6RG8gOdlB/l2ETloCviXuBkpggw13/7sdCOShFRowrFSbRfF2kux1IxwOi50EkVjTIa4T9uGChxS5aXT68fw0Chd2IukKaHhVP05keJQqVEYmM4Q64Ga9ybif1470b2KlzIRJ5oKMlvUSzjUEZxEAbtMUqL5yBBMJDO3QjLAEhNtAiuYENz5l/+SRtlxkePenBSrlSyOPNgHB6AEXHAGquAa1EAdEPAAnsALeLUerWfrzXqfteasbGYX/IL18Q31h5JE</latexit><latexit sha1_base64="eukqXBPBLmm8S6+ehPhpFRI7kPk=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXThkimJdCAVBXFawD2jHIZOmbWgmMyQZoQ7FX3HjQhG3/oc7/8a0nYVWD1w4nHMv994TxJwpjdCXlVtYXFpeya8W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPh5cRv3lOpWCRu9SimXoj7gvUYwdpIvr13dZceu2O/VULO6RG8gOdlB/l2ETloCviXuBkpggw13/7sdCOShFRowrFSbRfF2kux1IxwOi50EkVjTIa4T9uGChxS5aXT68fw0Chd2IukKaHhVP05keJQqVEYmM4Q64Ga9ybif1470b2KlzIRJ5oKMlvUSzjUEZxEAbtMUqL5yBBMJDO3QjLAEhNtAiuYENz5l/+SRtlxkePenBSrlSyOPNgHB6AEXHAGquAa1EAdEPAAnsALeLUerWfrzXqfteasbGYX/IL18Q31h5JE</latexit><latexit sha1_base64="eukqXBPBLmm8S6+ehPhpFRI7kPk=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXThkimJdCAVBXFawD2jHIZOmbWgmMyQZoQ7FX3HjQhG3/oc7/8a0nYVWD1w4nHMv994TxJwpjdCXlVtYXFpeya8W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPh5cRv3lOpWCRu9SimXoj7gvUYwdpIvr13dZceu2O/VULO6RG8gOdlB/l2ETloCviXuBkpggw13/7sdCOShFRowrFSbRfF2kux1IxwOi50EkVjTIa4T9uGChxS5aXT68fw0Chd2IukKaHhVP05keJQqVEYmM4Q64Ga9ybif1470b2KlzIRJ5oKMlvUSzjUEZxEAbtMUqL5yBBMJDO3QjLAEhNtAiuYENz5l/+SRtlxkePenBSrlSyOPNgHB6AEXHAGquAa1EAdEPAAnsALeLUerWfrzXqfteasbGYX/IL18Q31h5JE</latexit><latexit sha1_base64="eukqXBPBLmm8S6+ehPhpFRI7kPk=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCXThkimJdCAVBXFawD2jHIZOmbWgmMyQZoQ7FX3HjQhG3/oc7/8a0nYVWD1w4nHMv994TxJwpjdCXlVtYXFpeya8W1tY3Nrfs7Z2GihJJaJ1EPJKtACvKmaB1zTSnrVhSHAacNoPh5cRv3lOpWCRu9SimXoj7gvUYwdpIvr13dZceu2O/VULO6RG8gOdlB/l2ETloCviXuBkpggw13/7sdCOShFRowrFSbRfF2kux1IxwOi50EkVjTIa4T9uGChxS5aXT68fw0Chd2IukKaHhVP05keJQqVEYmM4Q64Ga9ybif1470b2KlzIRJ5oKMlvUSzjUEZxEAbtMUqL5yBBMJDO3QjLAEhNtAiuYENz5l/+SRtlxkePenBSrlSyOPNgHB6AEXHAGquAa1EAdEPAAnsALeLUerWfrzXqfteasbGYX/IL18Q31h5JE</latexit>

X ⇠ LogitNorm(µ = 1.3,�2 = 1.1)
<latexit sha1_base64="DBcTE9S/vvEe8Nirobp9kxX13zM=">AAACG3icbVDLSgMxFM34rPVVdekmWIQKUmaqYDdCwY0LkQr2AZ1aMmnahiaTIbkjlqH/4cZfceNCEVeCC//G9LHQ1gOBk3POJbkniAQ34LrfzsLi0vLKamotvb6xubWd2dmtGhVryipUCaXrATFM8JBVgINg9UgzIgPBakH/YuTX7pk2XIW3MIhYU5JuyDucErBSK1OoY99wiX1gD5BcqS6Ha6XlMOfLGJ9jL39yPAp0JbkrjO/eUSuTdfPuGHieeFOSRVOUW5lPv61oLFkIVBBjGp4bQTMhGjgVbJj2Y8MiQvukyxqWhkQy00zGuw3xoVXauKO0PSHgsfp7IiHSmIEMbFIS6JlZbyT+5zVi6BSbCQ+jGFhIJw91YoFB4VFRuM01oyAGlhCquf0rpj2iCQVbZ9qW4M2uPE+qhbzn5r2b02ypOK0jhfbRAcohD52hErpEZVRBFD2iZ/SK3pwn58V5dz4m0QVnOrOH/sD5+gGHi556</latexit><latexit sha1_base64="DBcTE9S/vvEe8Nirobp9kxX13zM=">AAACG3icbVDLSgMxFM34rPVVdekmWIQKUmaqYDdCwY0LkQr2AZ1aMmnahiaTIbkjlqH/4cZfceNCEVeCC//G9LHQ1gOBk3POJbkniAQ34LrfzsLi0vLKamotvb6xubWd2dmtGhVryipUCaXrATFM8JBVgINg9UgzIgPBakH/YuTX7pk2XIW3MIhYU5JuyDucErBSK1OoY99wiX1gD5BcqS6Ha6XlMOfLGJ9jL39yPAp0JbkrjO/eUSuTdfPuGHieeFOSRVOUW5lPv61oLFkIVBBjGp4bQTMhGjgVbJj2Y8MiQvukyxqWhkQy00zGuw3xoVXauKO0PSHgsfp7IiHSmIEMbFIS6JlZbyT+5zVi6BSbCQ+jGFhIJw91YoFB4VFRuM01oyAGlhCquf0rpj2iCQVbZ9qW4M2uPE+qhbzn5r2b02ypOK0jhfbRAcohD52hErpEZVRBFD2iZ/SK3pwn58V5dz4m0QVnOrOH/sD5+gGHi556</latexit><latexit sha1_base64="DBcTE9S/vvEe8Nirobp9kxX13zM=">AAACG3icbVDLSgMxFM34rPVVdekmWIQKUmaqYDdCwY0LkQr2AZ1aMmnahiaTIbkjlqH/4cZfceNCEVeCC//G9LHQ1gOBk3POJbkniAQ34LrfzsLi0vLKamotvb6xubWd2dmtGhVryipUCaXrATFM8JBVgINg9UgzIgPBakH/YuTX7pk2XIW3MIhYU5JuyDucErBSK1OoY99wiX1gD5BcqS6Ha6XlMOfLGJ9jL39yPAp0JbkrjO/eUSuTdfPuGHieeFOSRVOUW5lPv61oLFkIVBBjGp4bQTMhGjgVbJj2Y8MiQvukyxqWhkQy00zGuw3xoVXauKO0PSHgsfp7IiHSmIEMbFIS6JlZbyT+5zVi6BSbCQ+jGFhIJw91YoFB4VFRuM01oyAGlhCquf0rpj2iCQVbZ9qW4M2uPE+qhbzn5r2b02ypOK0jhfbRAcohD52hErpEZVRBFD2iZ/SK3pwn58V5dz4m0QVnOrOH/sD5+gGHi556</latexit><latexit sha1_base64="DBcTE9S/vvEe8Nirobp9kxX13zM=">AAACG3icbVDLSgMxFM34rPVVdekmWIQKUmaqYDdCwY0LkQr2AZ1aMmnahiaTIbkjlqH/4cZfceNCEVeCC//G9LHQ1gOBk3POJbkniAQ34LrfzsLi0vLKamotvb6xubWd2dmtGhVryipUCaXrATFM8JBVgINg9UgzIgPBakH/YuTX7pk2XIW3MIhYU5JuyDucErBSK1OoY99wiX1gD5BcqS6Ha6XlMOfLGJ9jL39yPAp0JbkrjO/eUSuTdfPuGHieeFOSRVOUW5lPv61oLFkIVBBjGp4bQTMhGjgVbJj2Y8MiQvukyxqWhkQy00zGuw3xoVXauKO0PSHgsfp7IiHSmIEMbFIS6JlZbyT+5zVi6BSbCQ+jGFhIJw91YoFB4VFRuM01oyAGlhCquf0rpj2iCQVbZ9qW4M2uPE+qhbzn5r2b02ypOK0jhfbRAcohD52hErpEZVRBFD2iZ/SK3pwn58V5dz4m0QVnOrOH/sD5+gGHi556</latexit>

P (Perfect) = 0.009
<latexit sha1_base64="ehcXLVdpRFYNmSAEy2JH86KaQ/E=">AAACAnicbVDLSgMxFM34rPVVdSVugkWomzIjgnUhFNy4HME+oC0lk95pQzMPkjtiGYobf8WNC0Xc+hXu/BszbRfaeiDkcM69JOd4sRQabfvbWlpeWV1bz23kN7e2d3YLe/t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8IbXmd+4B6VFFN7hKIZOwPqh8AVnaKRu4dAttREeMHVB+cBxfEqvqF227ctuoZjdGegicWakSGZwu4Wvdi/iSQAhcsm0bjl2jJ2UKRRcwjjfTjTEjA9ZH1qGhiwA3UknEcb0xCg96kfKnBDpRP29kbJA61HgmcmA4UDPe5n4n9dK0K90UhHGCULIpw/5iaQY0awP2hPKxJYjQxhXwvyV8gFTjKNpLW9KcOYjL5L6Wdmxy87tebFamdWRI0fkmJSIQy5IldwQl9QIJ4/kmbySN+vJerHerY/p6JI12zkgf2B9/gCdCJWS</latexit><latexit sha1_base64="ehcXLVdpRFYNmSAEy2JH86KaQ/E=">AAACAnicbVDLSgMxFM34rPVVdSVugkWomzIjgnUhFNy4HME+oC0lk95pQzMPkjtiGYobf8WNC0Xc+hXu/BszbRfaeiDkcM69JOd4sRQabfvbWlpeWV1bz23kN7e2d3YLe/t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8IbXmd+4B6VFFN7hKIZOwPqh8AVnaKRu4dAttREeMHVB+cBxfEqvqF227ctuoZjdGegicWakSGZwu4Wvdi/iSQAhcsm0bjl2jJ2UKRRcwjjfTjTEjA9ZH1qGhiwA3UknEcb0xCg96kfKnBDpRP29kbJA61HgmcmA4UDPe5n4n9dK0K90UhHGCULIpw/5iaQY0awP2hPKxJYjQxhXwvyV8gFTjKNpLW9KcOYjL5L6Wdmxy87tebFamdWRI0fkmJSIQy5IldwQl9QIJ4/kmbySN+vJerHerY/p6JI12zkgf2B9/gCdCJWS</latexit><latexit sha1_base64="ehcXLVdpRFYNmSAEy2JH86KaQ/E=">AAACAnicbVDLSgMxFM34rPVVdSVugkWomzIjgnUhFNy4HME+oC0lk95pQzMPkjtiGYobf8WNC0Xc+hXu/BszbRfaeiDkcM69JOd4sRQabfvbWlpeWV1bz23kN7e2d3YLe/t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8IbXmd+4B6VFFN7hKIZOwPqh8AVnaKRu4dAttREeMHVB+cBxfEqvqF227ctuoZjdGegicWakSGZwu4Wvdi/iSQAhcsm0bjl2jJ2UKRRcwjjfTjTEjA9ZH1qGhiwA3UknEcb0xCg96kfKnBDpRP29kbJA61HgmcmA4UDPe5n4n9dK0K90UhHGCULIpw/5iaQY0awP2hPKxJYjQxhXwvyV8gFTjKNpLW9KcOYjL5L6Wdmxy87tebFamdWRI0fkmJSIQy5IldwQl9QIJ4/kmbySN+vJerHerY/p6JI12zkgf2B9/gCdCJWS</latexit><latexit sha1_base64="ehcXLVdpRFYNmSAEy2JH86KaQ/E=">AAACAnicbVDLSgMxFM34rPVVdSVugkWomzIjgnUhFNy4HME+oC0lk95pQzMPkjtiGYobf8WNC0Xc+hXu/BszbRfaeiDkcM69JOd4sRQabfvbWlpeWV1bz23kN7e2d3YLe/t1HSWKQ41HMlJNj2mQIoQaCpTQjBWwwJPQ8IbXmd+4B6VFFN7hKIZOwPqh8AVnaKRu4dAttREeMHVB+cBxfEqvqF227ctuoZjdGegicWakSGZwu4Wvdi/iSQAhcsm0bjl2jJ2UKRRcwjjfTjTEjA9ZH1qGhiwA3UknEcb0xCg96kfKnBDpRP29kbJA61HgmcmA4UDPe5n4n9dK0K90UhHGCULIpw/5iaQY0awP2hPKxJYjQxhXwvyV8gFTjKNpLW9KcOYjL5L6Wdmxy87tebFamdWRI0fkmJSIQy5IldwQl9QIJ4/kmbySN+vJerHerY/p6JI12zkgf2B9/gCdCJWS</latexit>











Enchanted Die































Thompson Sampling



General “Inference”



General “Inference”



Nausea

Fever

Tired

Chest Pain

Flu

Cold Cancer Undergrad

Sore Throat

Lots of Random Vars?



Bayes Nets!



Alg #1: Joint Sampling

[Flu, Ugrad, Fever, Tired]

Each one of these is 
one posterior sample:



Each one of these is 
one joint sample:

[Flu, Undergrad, Fever, Tired]

MCMC is a way to sample 
with conditioned variables 

fixed

Alg #2: MCMC





































Proximal Concepts



• Say X is a non-negative random variable

• Proof:
§ I = 1 if X ≥ a, 0 otherwise

§

§ Taking expectations:
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Bounds: Markov’s Inequality
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<latexit sha1_base64="rw77MvuRvf1CX3+ID+q1zncLVWA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9h2oV1KNs22odnsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUEiuDaO840KK6tr6xvFzdLW9s7uXnn/oKXjVFHWpLGIlRcQzQSXrGm4EcxLFCNRIFg7GN1M/fYjU5rH8t6ME+ZHZCB5yCkxVvLCqoev8NNpr1xxas4MeJm4OalAjkav/NXtxzSNmDRUEK07rpMYPyPKcCrYpNRNNUsIHZEB61gqScS0n83uneATq/RxGCtb0uCZ+nsiI5HW4yiwnRExQ73oTcX/vE5qwks/4zJJDZN0vihMBTYxnj6P+1wxasTYEkIVt7diOiSKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP0hsjs4=</latexit><latexit sha1_base64="rw77MvuRvf1CX3+ID+q1zncLVWA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9h2oV1KNs22odnsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUEiuDaO840KK6tr6xvFzdLW9s7uXnn/oKXjVFHWpLGIlRcQzQSXrGm4EcxLFCNRIFg7GN1M/fYjU5rH8t6ME+ZHZCB5yCkxVvLCqoev8NNpr1xxas4MeJm4OalAjkav/NXtxzSNmDRUEK07rpMYPyPKcCrYpNRNNUsIHZEB61gqScS0n83uneATq/RxGCtb0uCZ+nsiI5HW4yiwnRExQ73oTcX/vE5qwks/4zJJDZN0vihMBTYxnj6P+1wxasTYEkIVt7diOiSKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP0hsjs4=</latexit><latexit sha1_base64="rw77MvuRvf1CX3+ID+q1zncLVWA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9h2oV1KNs22odnsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUEiuDaO840KK6tr6xvFzdLW9s7uXnn/oKXjVFHWpLGIlRcQzQSXrGm4EcxLFCNRIFg7GN1M/fYjU5rH8t6ME+ZHZCB5yCkxVvLCqoev8NNpr1xxas4MeJm4OalAjkav/NXtxzSNmDRUEK07rpMYPyPKcCrYpNRNNUsIHZEB61gqScS0n83uneATq/RxGCtb0uCZ+nsiI5HW4yiwnRExQ73oTcX/vE5qwks/4zJJDZN0vihMBTYxnj6P+1wxasTYEkIVt7diOiSKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP0hsjs4=</latexit><latexit sha1_base64="rw77MvuRvf1CX3+ID+q1zncLVWA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9h2oV1KNs22odnsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUEiuDaO840KK6tr6xvFzdLW9s7uXnn/oKXjVFHWpLGIlRcQzQSXrGm4EcxLFCNRIFg7GN1M/fYjU5rH8t6ME+ZHZCB5yCkxVvLCqoev8NNpr1xxas4MeJm4OalAjkav/NXtxzSNmDRUEK07rpMYPyPKcCrYpNRNNUsIHZEB61gqScS0n83uneATq/RxGCtb0uCZ+nsiI5HW4yiwnRExQ73oTcX/vE5qwks/4zJJDZN0vihMBTYxnj6P+1wxasTYEkIVt7diOiSKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP0hsjs4=</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>



• Statistics from CS109 midterm

§ X = midterm score

§ Using sample mean X = 102.0 » E[X]

§ What is P(X ≥ 110)?

§ Markov bound: £ 93% of class scored 110 or greater

§ In fact, 15.1% of class scored 110 or greater

o Markov inequality can be a very loose bound

o But, it made no assumption at all about form of distribution!

Markov and the Midterm

P (X � 110)  E[X]

110
=

102

110
= 0.93

<latexit sha1_base64="WXe4cbG1mhjZbrmWrJAYx/4laXo=">AAACJXicbZDLSgMxFIYzXmu9jbp0EyxC3ZSkClZQKIjgsoK9QGcomTTThmYuJhmhDH0ZN76KGxcWEVz5KqbtINr6Q+DnO+dwcn4vFlxphD6tpeWV1bX13EZ+c2t7Z9fe22+oKJGU1WkkItnyiGKCh6yuuRasFUtGAk+wpje4ntSbj0wqHoX3ehgzNyC9kPucEm1Qx76sFVvQ6bEHiDE6gY4wzvEloelNu+WOUkNH8CpDGJV/CCpdnHbsAiqhqeCiwZkpgEy1jj12uhFNAhZqKohSbYxi7aZEak4FG+WdRLGY0AHpsbaxIQmYctPplSN4bEgX+pE0L9RwSn9PpCRQahh4pjMguq/maxP4X62daL/ipjyME81COlvkJwLqCE4ig10uGdViaAyhkpu/QtonJhBtgs2bEPD8yYumUS5hVMJ3Z4VqJYsjBw7BESgCDM5BFdyCGqgDCp7AC3gDY+vZerXerY9Z65KVzRyAP7K+vgFyIqDb</latexit><latexit sha1_base64="WXe4cbG1mhjZbrmWrJAYx/4laXo=">AAACJXicbZDLSgMxFIYzXmu9jbp0EyxC3ZSkClZQKIjgsoK9QGcomTTThmYuJhmhDH0ZN76KGxcWEVz5KqbtINr6Q+DnO+dwcn4vFlxphD6tpeWV1bX13EZ+c2t7Z9fe22+oKJGU1WkkItnyiGKCh6yuuRasFUtGAk+wpje4ntSbj0wqHoX3ehgzNyC9kPucEm1Qx76sFVvQ6bEHiDE6gY4wzvEloelNu+WOUkNH8CpDGJV/CCpdnHbsAiqhqeCiwZkpgEy1jj12uhFNAhZqKohSbYxi7aZEak4FG+WdRLGY0AHpsbaxIQmYctPplSN4bEgX+pE0L9RwSn9PpCRQahh4pjMguq/maxP4X62daL/ipjyME81COlvkJwLqCE4ig10uGdViaAyhkpu/QtonJhBtgs2bEPD8yYumUS5hVMJ3Z4VqJYsjBw7BESgCDM5BFdyCGqgDCp7AC3gDY+vZerXerY9Z65KVzRyAP7K+vgFyIqDb</latexit><latexit sha1_base64="WXe4cbG1mhjZbrmWrJAYx/4laXo=">AAACJXicbZDLSgMxFIYzXmu9jbp0EyxC3ZSkClZQKIjgsoK9QGcomTTThmYuJhmhDH0ZN76KGxcWEVz5KqbtINr6Q+DnO+dwcn4vFlxphD6tpeWV1bX13EZ+c2t7Z9fe22+oKJGU1WkkItnyiGKCh6yuuRasFUtGAk+wpje4ntSbj0wqHoX3ehgzNyC9kPucEm1Qx76sFVvQ6bEHiDE6gY4wzvEloelNu+WOUkNH8CpDGJV/CCpdnHbsAiqhqeCiwZkpgEy1jj12uhFNAhZqKohSbYxi7aZEak4FG+WdRLGY0AHpsbaxIQmYctPplSN4bEgX+pE0L9RwSn9PpCRQahh4pjMguq/maxP4X62daL/ipjyME81COlvkJwLqCE4ig10uGdViaAyhkpu/QtonJhBtgs2bEPD8yYumUS5hVMJ3Z4VqJYsjBw7BESgCDM5BFdyCGqgDCp7AC3gDY+vZerXerY9Z65KVzRyAP7K+vgFyIqDb</latexit><latexit sha1_base64="WXe4cbG1mhjZbrmWrJAYx/4laXo=">AAACJXicbZDLSgMxFIYzXmu9jbp0EyxC3ZSkClZQKIjgsoK9QGcomTTThmYuJhmhDH0ZN76KGxcWEVz5KqbtINr6Q+DnO+dwcn4vFlxphD6tpeWV1bX13EZ+c2t7Z9fe22+oKJGU1WkkItnyiGKCh6yuuRasFUtGAk+wpje4ntSbj0wqHoX3ehgzNyC9kPucEm1Qx76sFVvQ6bEHiDE6gY4wzvEloelNu+WOUkNH8CpDGJV/CCpdnHbsAiqhqeCiwZkpgEy1jj12uhFNAhZqKohSbYxi7aZEak4FG+WdRLGY0AHpsbaxIQmYctPplSN4bEgX+pE0L9RwSn9PpCRQahh4pjMguq/maxP4X62daL/ipjyME81COlvkJwLqCE4ig10uGdViaAyhkpu/QtonJhBtgs2bEPD8yYumUS5hVMJ3Z4VqJYsjBw7BESgCDM5BFdyCGqgDCp7AC3gDY+vZerXerY9Z65KVzRyAP7K+vgFyIqDb</latexit>



Learn Bayes Nets Params?

* That is what we did with Naïve Bayes



Learn Bayes Nets Structure?

* That is what we did with Ebola Bats!



Missing Data?

* Scratched the surface in section



Temporal Patterns?

…X0
<latexit sha1_base64="1ANx+HSjVsBONWVVYoP5kt7OQs4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPpe3616NW8Oskr8glShQKPvfvUGCctilIYJqnXX91IT5FQZzgROK71MY0rZmA6xa6mkMeogn586JWdWGZAoUbakIXP190ROY60ncWg7Y2pGetmbif953cxE10HOZZoZlGyxKMoEMQmZ/U0GXCEzYmIJZYrbWwkbUUWZselUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb45wXpx352PRWnKKmWP4A+fzB9ldjX8=</latexit><latexit sha1_base64="1ANx+HSjVsBONWVVYoP5kt7OQs4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPpe3616NW8Oskr8glShQKPvfvUGCctilIYJqnXX91IT5FQZzgROK71MY0rZmA6xa6mkMeogn586JWdWGZAoUbakIXP190ROY60ncWg7Y2pGetmbif953cxE10HOZZoZlGyxKMoEMQmZ/U0GXCEzYmIJZYrbWwkbUUWZselUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb45wXpx352PRWnKKmWP4A+fzB9ldjX8=</latexit><latexit sha1_base64="1ANx+HSjVsBONWVVYoP5kt7OQs4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPpe3616NW8Oskr8glShQKPvfvUGCctilIYJqnXX91IT5FQZzgROK71MY0rZmA6xa6mkMeogn586JWdWGZAoUbakIXP190ROY60ncWg7Y2pGetmbif953cxE10HOZZoZlGyxKMoEMQmZ/U0GXCEzYmIJZYrbWwkbUUWZselUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb45wXpx352PRWnKKmWP4A+fzB9ldjX8=</latexit><latexit sha1_base64="1ANx+HSjVsBONWVVYoP5kt7OQs4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9dPpe3616NW8Oskr8glShQKPvfvUGCctilIYJqnXX91IT5FQZzgROK71MY0rZmA6xa6mkMeogn586JWdWGZAoUbakIXP190ROY60ncWg7Y2pGetmbif953cxE10HOZZoZlGyxKMoEMQmZ/U0GXCEzYmIJZYrbWwkbUUWZselUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb45wXpx352PRWnKKmWP4A+fzB9ldjX8=</latexit>
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<latexit sha1_base64="44fq65DDyzyeC/EbtZ0GHLZRJeg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodP3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB9rhjYA=</latexit><latexit sha1_base64="44fq65DDyzyeC/EbtZ0GHLZRJeg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodP3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB9rhjYA=</latexit><latexit sha1_base64="44fq65DDyzyeC/EbtZ0GHLZRJeg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodP3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB9rhjYA=</latexit><latexit sha1_base64="44fq65DDyzyeC/EbtZ0GHLZRJeg=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpodP3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB9rhjYA=</latexit>

X2
<latexit sha1_base64="kmtT9ugJciGP5Za9H6MNICTHCRk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDcZY2B</latexit><latexit sha1_base64="kmtT9ugJciGP5Za9H6MNICTHCRk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDcZY2B</latexit><latexit sha1_base64="kmtT9ugJciGP5Za9H6MNICTHCRk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDcZY2B</latexit><latexit sha1_base64="kmtT9ugJciGP5Za9H6MNICTHCRk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDcZY2B</latexit>

X3
<latexit sha1_base64="TVSiNXqv/30Qj4K9VUAXG8FbdAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDd6Y2C</latexit><latexit sha1_base64="TVSiNXqv/30Qj4K9VUAXG8FbdAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDd6Y2C</latexit><latexit sha1_base64="TVSiNXqv/30Qj4K9VUAXG8FbdAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDd6Y2C</latexit><latexit sha1_base64="TVSiNXqv/30Qj4K9VUAXG8FbdAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Olf9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDd6Y2C</latexit>

* Special type of Bayesian Network
called a Markov Network





Ethics and Datasets?

Google/Nikon/HP had biased datasets

Sometimes machine learning feels universally unbiased.

We can even call some estimators “unbiased”





Much more to Ethics + AI



Open Problems









Transfer Learning



Neural Network Structure?



Neural Turing Machines





Sampling + Deep Learning!







Climate Change?



Climate Change?



Honorable Mentions
Differential Privacy

Fairness and AI
General AI

Better Optimization
DeepLearning + X
Self Driving Cars

Understanding Video









Why Study Probability + CS?



Interdisciplinary



Closest Thing To Magic



Now is the Time



Code.org

Oh and Its Useful



Everyone is Welcome



I guarantee the techniques will 
change…



You are close to the edge of human 
knowledge

(all of you)



The End


