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“Understanding the 
underlying processes that 
create data streams is a 

ubiquitous problem across the 
sciences” 

Matilda B. Bilby* 
*not a real quote 

(also not a real Bilby)



• 1% of women at age forty have breast cancer.  

• 80% of women with breast cancer have positive mammograms.  

• 9.6% of women without breast cancer also get positive mammograms (false positive).  

• A woman in this age group had a positive mammogram in a routine screening. What is the 
probability that she has breast cancer?

W: all 40-year old women

A:  
40-yr old women 

with cancer

probability of picking a random 40-yr old 
woman that has cancer:

p(A) =
|A|
|W |

<latexit sha1_base64="OAz44xS0WKUQ8YFd1rU5R9LFl+g=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQNyURQTdCqxuXFewD2lAm00k7dPJgZiLUJPgrblwo4tb/cOffOG2z0NYDFw7n3Mu997gRZ1JZ1rextLyyurZe2Chubm3v7Jp7+00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackc3E7/1QIVkYXCvxhF1fDwImMcIVlrqmYdRuXZ61fUEJklaS7MkbaVZzyxZFWsKtEjsnJQgR71nfnX7IYl9GijCsZQd24qUk2ChGOE0K3ZjSSNMRnhAO5oG2KfSSabXZ+hEK33khUJXoNBU/T2RYF/Kse/qTh+roZz3JuJ/XidW3qWTsCCKFQ3IbJEXc6RCNIkC9ZmgRPGxJpgIpm9FZIh1EkoHVtQh2PMvL5LmWcW2Kvbdeal6ncdRgCM4hjLYcAFVuIU6NIDAIzzDK7wZT8aL8W58zFqXjHzmAP7A+PwBThCVIg==</latexit><latexit sha1_base64="OAz44xS0WKUQ8YFd1rU5R9LFl+g=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQNyURQTdCqxuXFewD2lAm00k7dPJgZiLUJPgrblwo4tb/cOffOG2z0NYDFw7n3Mu997gRZ1JZ1rextLyyurZe2Chubm3v7Jp7+00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackc3E7/1QIVkYXCvxhF1fDwImMcIVlrqmYdRuXZ61fUEJklaS7MkbaVZzyxZFWsKtEjsnJQgR71nfnX7IYl9GijCsZQd24qUk2ChGOE0K3ZjSSNMRnhAO5oG2KfSSabXZ+hEK33khUJXoNBU/T2RYF/Kse/qTh+roZz3JuJ/XidW3qWTsCCKFQ3IbJEXc6RCNIkC9ZmgRPGxJpgIpm9FZIh1EkoHVtQh2PMvL5LmWcW2Kvbdeal6ncdRgCM4hjLYcAFVuIU6NIDAIzzDK7wZT8aL8W58zFqXjHzmAP7A+PwBThCVIg==</latexit><latexit sha1_base64="OAz44xS0WKUQ8YFd1rU5R9LFl+g=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQNyURQTdCqxuXFewD2lAm00k7dPJgZiLUJPgrblwo4tb/cOffOG2z0NYDFw7n3Mu997gRZ1JZ1rextLyyurZe2Chubm3v7Jp7+00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackc3E7/1QIVkYXCvxhF1fDwImMcIVlrqmYdRuXZ61fUEJklaS7MkbaVZzyxZFWsKtEjsnJQgR71nfnX7IYl9GijCsZQd24qUk2ChGOE0K3ZjSSNMRnhAO5oG2KfSSabXZ+hEK33khUJXoNBU/T2RYF/Kse/qTh+roZz3JuJ/XidW3qWTsCCKFQ3IbJEXc6RCNIkC9ZmgRPGxJpgIpm9FZIh1EkoHVtQh2PMvL5LmWcW2Kvbdeal6ncdRgCM4hjLYcAFVuIU6NIDAIzzDK7wZT8aL8W58zFqXjHzmAP7A+PwBThCVIg==</latexit><latexit sha1_base64="OAz44xS0WKUQ8YFd1rU5R9LFl+g=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQNyURQTdCqxuXFewD2lAm00k7dPJgZiLUJPgrblwo4tb/cOffOG2z0NYDFw7n3Mu997gRZ1JZ1rextLyyurZe2Chubm3v7Jp7+00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackc3E7/1QIVkYXCvxhF1fDwImMcIVlrqmYdRuXZ61fUEJklaS7MkbaVZzyxZFWsKtEjsnJQgR71nfnX7IYl9GijCsZQd24qUk2ChGOE0K3ZjSSNMRnhAO5oG2KfSSabXZ+hEK33khUJXoNBU/T2RYF/Kse/qTh+roZz3JuJ/XidW3qWTsCCKFQ3IbJEXc6RCNIkC9ZmgRPGxJpgIpm9FZIh1EkoHVtQh2PMvL5LmWcW2Kvbdeal6ncdRgCM4hjLYcAFVuIU6NIDAIzzDK7wZT8aL8W58zFqXjHzmAP7A+PwBThCVIg==</latexit>

B:  
women who get 

positive 
mamograms

probability of picking a random 40-yr old 
woman that will have a positive 
mammogram (with or without cancer):

p(B) =
|B|
|W |

<latexit sha1_base64="ZeQLq/TXOo2fTwqGOQ/EFZROkjk=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLoRSt24rGAf0IYymU7aoZMHMxOhJsFfceNCEbf+hzv/xmmbhbYeuHA4517uvceNOJPKsr6Nwsrq2vpGcbO0tb2zu2fuH7RkGAtCmyTkoei4WFLOAtpUTHHaiQTFvstp2x3fTP32AxWShcG9mkTU8fEwYB4jWGmpbx5FlfrZdc8TmCRpPc2StJ1mfbNsVa0Z0DKxc1KGHI2++dUbhCT2aaAIx1J2bStSToKFYoTTrNSLJY0wGeMh7WoaYJ9KJ5ldn6FTrQyQFwpdgUIz9fdEgn0pJ76rO32sRnLRm4r/ed1YeVdOwoIoVjQg80VezJEK0TQKNGCCEsUnmmAimL4VkRHWSSgdWEmHYC++vExa51Xbqtp3F+VaPY+jCMdwAhWw4RJqcAsNaAKBR3iGV3gznowX4934mLcWjHzmEP7A+PwBUTCVJA==</latexit><latexit sha1_base64="ZeQLq/TXOo2fTwqGOQ/EFZROkjk=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLoRSt24rGAf0IYymU7aoZMHMxOhJsFfceNCEbf+hzv/xmmbhbYeuHA4517uvceNOJPKsr6Nwsrq2vpGcbO0tb2zu2fuH7RkGAtCmyTkoei4WFLOAtpUTHHaiQTFvstp2x3fTP32AxWShcG9mkTU8fEwYB4jWGmpbx5FlfrZdc8TmCRpPc2StJ1mfbNsVa0Z0DKxc1KGHI2++dUbhCT2aaAIx1J2bStSToKFYoTTrNSLJY0wGeMh7WoaYJ9KJ5ldn6FTrQyQFwpdgUIz9fdEgn0pJ76rO32sRnLRm4r/ed1YeVdOwoIoVjQg80VezJEK0TQKNGCCEsUnmmAimL4VkRHWSSgdWEmHYC++vExa51Xbqtp3F+VaPY+jCMdwAhWw4RJqcAsNaAKBR3iGV3gznowX4934mLcWjHzmEP7A+PwBUTCVJA==</latexit><latexit sha1_base64="ZeQLq/TXOo2fTwqGOQ/EFZROkjk=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLoRSt24rGAf0IYymU7aoZMHMxOhJsFfceNCEbf+hzv/xmmbhbYeuHA4517uvceNOJPKsr6Nwsrq2vpGcbO0tb2zu2fuH7RkGAtCmyTkoei4WFLOAtpUTHHaiQTFvstp2x3fTP32AxWShcG9mkTU8fEwYB4jWGmpbx5FlfrZdc8TmCRpPc2StJ1mfbNsVa0Z0DKxc1KGHI2++dUbhCT2aaAIx1J2bStSToKFYoTTrNSLJY0wGeMh7WoaYJ9KJ5ldn6FTrQyQFwpdgUIz9fdEgn0pJ76rO32sRnLRm4r/ed1YeVdOwoIoVjQg80VezJEK0TQKNGCCEsUnmmAimL4VkRHWSSgdWEmHYC++vExa51Xbqtp3F+VaPY+jCMdwAhWw4RJqcAsNaAKBR3iGV3gznowX4934mLcWjHzmEP7A+PwBUTCVJA==</latexit><latexit sha1_base64="ZeQLq/TXOo2fTwqGOQ/EFZROkjk=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLoRSt24rGAf0IYymU7aoZMHMxOhJsFfceNCEbf+hzv/xmmbhbYeuHA4517uvceNOJPKsr6Nwsrq2vpGcbO0tb2zu2fuH7RkGAtCmyTkoei4WFLOAtpUTHHaiQTFvstp2x3fTP32AxWShcG9mkTU8fEwYB4jWGmpbx5FlfrZdc8TmCRpPc2StJ1mfbNsVa0Z0DKxc1KGHI2++dUbhCT2aaAIx1J2bStSToKFYoTTrNSLJY0wGeMh7WoaYJ9KJ5ldn6FTrQyQFwpdgUIz9fdEgn0pJ76rO32sRnLRm4r/ed1YeVdOwoIoVjQg80VezJEK0TQKNGCCEsUnmmAimL4VkRHWSSgdWEmHYC++vExa51Xbqtp3F+VaPY+jCMdwAhWw4RJqcAsNaAKBR3iGV3gznowX4934mLcWjHzmEP7A+PwBUTCVJA==</latexit>

A ∩ B: 
women with cancer who have positive 

mammograms

p(A \B) =
|A \B|
|W |

<latexit sha1_base64="VdkWak1mpiik+o/6z9U2MV5yvUA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWomzIjgm6EWjcuK9gHdIaSSTNtaCYTkoxQZrp146+4caGIW//AnX9j2s5CWw9cODnnXnLvCQSjSjvOt1VYWV1b3yhulra2d3b37P2DlooTiUkTxyyWnQApwignTU01Ix0hCYoCRtrB6Gbqtx+IVDTm93osiB+hAachxUgbqWdDUbn2MBKwfnrlhRLhNMvf2STN2tmkZ5edqjMDXCZuTsogR6Nnf3n9GCcR4RozpFTXdYT2UyQ1xYxMSl6iiEB4hAakayhHEVF+OrtkAk+M0odhLE1xDWfq74kURUqNo8B0RkgP1aI3Ff/zuokOL/2UcpFowvH8ozBhUMdwGgvsU0mwZmNDEJbU7ArxEJk8tAmvZEJwF09eJq2zqutU3bvzcq2ex1EER+AYVIALLkAN3IIGaAIMHsEzeAVv1pP1Yr1bH/PWgpXPHII/sD5/AFeKmX4=</latexit><latexit sha1_base64="VdkWak1mpiik+o/6z9U2MV5yvUA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWomzIjgm6EWjcuK9gHdIaSSTNtaCYTkoxQZrp146+4caGIW//AnX9j2s5CWw9cODnnXnLvCQSjSjvOt1VYWV1b3yhulra2d3b37P2DlooTiUkTxyyWnQApwignTU01Ix0hCYoCRtrB6Gbqtx+IVDTm93osiB+hAachxUgbqWdDUbn2MBKwfnrlhRLhNMvf2STN2tmkZ5edqjMDXCZuTsogR6Nnf3n9GCcR4RozpFTXdYT2UyQ1xYxMSl6iiEB4hAakayhHEVF+OrtkAk+M0odhLE1xDWfq74kURUqNo8B0RkgP1aI3Ff/zuokOL/2UcpFowvH8ozBhUMdwGgvsU0mwZmNDEJbU7ArxEJk8tAmvZEJwF09eJq2zqutU3bvzcq2ex1EER+AYVIALLkAN3IIGaAIMHsEzeAVv1pP1Yr1bH/PWgpXPHII/sD5/AFeKmX4=</latexit><latexit sha1_base64="VdkWak1mpiik+o/6z9U2MV5yvUA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWomzIjgm6EWjcuK9gHdIaSSTNtaCYTkoxQZrp146+4caGIW//AnX9j2s5CWw9cODnnXnLvCQSjSjvOt1VYWV1b3yhulra2d3b37P2DlooTiUkTxyyWnQApwignTU01Ix0hCYoCRtrB6Gbqtx+IVDTm93osiB+hAachxUgbqWdDUbn2MBKwfnrlhRLhNMvf2STN2tmkZ5edqjMDXCZuTsogR6Nnf3n9GCcR4RozpFTXdYT2UyQ1xYxMSl6iiEB4hAakayhHEVF+OrtkAk+M0odhLE1xDWfq74kURUqNo8B0RkgP1aI3Ff/zuokOL/2UcpFowvH8ozBhUMdwGgvsU0mwZmNDEJbU7ArxEJk8tAmvZEJwF09eJq2zqutU3bvzcq2ex1EER+AYVIALLkAN3IIGaAIMHsEzeAVv1pP1Yr1bH/PWgpXPHII/sD5/AFeKmX4=</latexit><latexit sha1_base64="VdkWak1mpiik+o/6z9U2MV5yvUA=">AAACCXicbVDLSgMxFM3UV62vUZdugkWomzIjgm6EWjcuK9gHdIaSSTNtaCYTkoxQZrp146+4caGIW//AnX9j2s5CWw9cODnnXnLvCQSjSjvOt1VYWV1b3yhulra2d3b37P2DlooTiUkTxyyWnQApwignTU01Ix0hCYoCRtrB6Gbqtx+IVDTm93osiB+hAachxUgbqWdDUbn2MBKwfnrlhRLhNMvf2STN2tmkZ5edqjMDXCZuTsogR6Nnf3n9GCcR4RozpFTXdYT2UyQ1xYxMSl6iiEB4hAakayhHEVF+OrtkAk+M0odhLE1xDWfq74kURUqNo8B0RkgP1aI3Ff/zuokOL/2UcpFowvH8ozBhUMdwGgvsU0mwZmNDEJbU7ArxEJk8tAmvZEJwF09eJq2zqutU3bvzcq2ex1EER+AYVIALLkAN3IIGaAIMHsEzeAVv1pP1Yr1bH/PWgpXPHII/sD5/AFeKmX4=</latexit>

given you’ve got cancer, what’s the 
likelihood you’ll also have a positive 
mammogram:

⇥ |W |
|W |

<latexit sha1_base64="AGnBa+TUJPtnLyMGYjE0ZgmNk+Y=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argh6DXjxGMA/IhjA7mU2GzD6Y6RXCJuCvePGgiFe/w5t/42SzB00smKGo6qa7y0+k0Og439bK6tr6xmZpq7y9s7u3bx8cNnWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yR7czv/XIlRZx9IDjhHdDOohEIBhFI/XsYw9FyLUXKMqySWsyzb+eXXGqTg6yTNyCVKBAvWd/ef2YpSGPkEmqdcd1EuxmVKFgkk/LXqp5QtmIDnjH0Iiamd0sX39KzozSJ0GszIuQ5OrvjoyGWo9D31SGFId60ZuJ/3mdFIPrbiaiJEUesfmgIJUEYzLLgvSF4gzl2BDKlDC7EjakJgk0iZVNCO7iycukeVF1nap7f1mp3RRxlOAETuEcXLiCGtxBHRrAIINneIU368l6sd6tj3npilX0HMEfWJ8/jqmWgQ==</latexit><latexit sha1_base64="AGnBa+TUJPtnLyMGYjE0ZgmNk+Y=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argh6DXjxGMA/IhjA7mU2GzD6Y6RXCJuCvePGgiFe/w5t/42SzB00smKGo6qa7y0+k0Og439bK6tr6xmZpq7y9s7u3bx8cNnWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yR7czv/XIlRZx9IDjhHdDOohEIBhFI/XsYw9FyLUXKMqySWsyzb+eXXGqTg6yTNyCVKBAvWd/ef2YpSGPkEmqdcd1EuxmVKFgkk/LXqp5QtmIDnjH0Iiamd0sX39KzozSJ0GszIuQ5OrvjoyGWo9D31SGFId60ZuJ/3mdFIPrbiaiJEUesfmgIJUEYzLLgvSF4gzl2BDKlDC7EjakJgk0iZVNCO7iycukeVF1nap7f1mp3RRxlOAETuEcXLiCGtxBHRrAIINneIU368l6sd6tj3npilX0HMEfWJ8/jqmWgQ==</latexit><latexit sha1_base64="AGnBa+TUJPtnLyMGYjE0ZgmNk+Y=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argh6DXjxGMA/IhjA7mU2GzD6Y6RXCJuCvePGgiFe/w5t/42SzB00smKGo6qa7y0+k0Og439bK6tr6xmZpq7y9s7u3bx8cNnWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yR7czv/XIlRZx9IDjhHdDOohEIBhFI/XsYw9FyLUXKMqySWsyzb+eXXGqTg6yTNyCVKBAvWd/ef2YpSGPkEmqdcd1EuxmVKFgkk/LXqp5QtmIDnjH0Iiamd0sX39KzozSJ0GszIuQ5OrvjoyGWo9D31SGFId60ZuJ/3mdFIPrbiaiJEUesfmgIJUEYzLLgvSF4gzl2BDKlDC7EjakJgk0iZVNCO7iycukeVF1nap7f1mp3RRxlOAETuEcXLiCGtxBHRrAIINneIU368l6sd6tj3npilX0HMEfWJ8/jqmWgQ==</latexit><latexit sha1_base64="AGnBa+TUJPtnLyMGYjE0ZgmNk+Y=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argh6DXjxGMA/IhjA7mU2GzD6Y6RXCJuCvePGgiFe/w5t/42SzB00smKGo6qa7y0+k0Og439bK6tr6xmZpq7y9s7u3bx8cNnWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yR7czv/XIlRZx9IDjhHdDOohEIBhFI/XsYw9FyLUXKMqySWsyzb+eXXGqTg6yTNyCVKBAvWd/ef2YpSGPkEmqdcd1EuxmVKFgkk/LXqp5QtmIDnjH0Iiamd0sX39KzozSJ0GszIuQ5OrvjoyGWo9D31SGFId60ZuJ/3mdFIPrbiaiJEUesfmgIJUEYzLLgvSF4gzl2BDKlDC7EjakJgk0iZVNCO7iycukeVF1nap7f1mp3RRxlOAETuEcXLiCGtxBHRrAIINneIU368l6sd6tj3npilX0HMEfWJ8/jqmWgQ==</latexit>

=
p(A \B)

p(A)
<latexit sha1_base64="4oG/sSUGM4irotAn12uzr+X9WbA=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhHZTZkTQjVDrxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ZtpZaOsPgY//nMPJ+QPBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iRGLSwjGLZTdAijDKSUtTzUhXSIKigJFOML7J6p0HIhWN+b2eCOJHaMhpSDHSxurbR1deKBFOReXaw0jARnWacXXat8tOzZkJLoObQxnkavbtL28Q4yQiXGOGlOq5jtB+iqSmmJFpyUsUEQiP0ZD0DHIUEeWnswum8NQ4AxjG0jyu4cz9PZGiSKlJFJjOCOmRWqxl5n+1XqLDSz+lXCSacDxfFCYM6hhmccABlQRrNjGAsKTmrxCPkElEm9BKJgR38eRlaJ/VXKfm3p2X6408jiI4BiegAlxwAergFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDpbyVtg==</latexit><latexit sha1_base64="4oG/sSUGM4irotAn12uzr+X9WbA=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhHZTZkTQjVDrxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ZtpZaOsPgY//nMPJ+QPBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iRGLSwjGLZTdAijDKSUtTzUhXSIKigJFOML7J6p0HIhWN+b2eCOJHaMhpSDHSxurbR1deKBFOReXaw0jARnWacXXat8tOzZkJLoObQxnkavbtL28Q4yQiXGOGlOq5jtB+iqSmmJFpyUsUEQiP0ZD0DHIUEeWnswum8NQ4AxjG0jyu4cz9PZGiSKlJFJjOCOmRWqxl5n+1XqLDSz+lXCSacDxfFCYM6hhmccABlQRrNjGAsKTmrxCPkElEm9BKJgR38eRlaJ/VXKfm3p2X6408jiI4BiegAlxwAergFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDpbyVtg==</latexit><latexit sha1_base64="4oG/sSUGM4irotAn12uzr+X9WbA=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhHZTZkTQjVDrxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ZtpZaOsPgY//nMPJ+QPBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iRGLSwjGLZTdAijDKSUtTzUhXSIKigJFOML7J6p0HIhWN+b2eCOJHaMhpSDHSxurbR1deKBFOReXaw0jARnWacXXat8tOzZkJLoObQxnkavbtL28Q4yQiXGOGlOq5jtB+iqSmmJFpyUsUEQiP0ZD0DHIUEeWnswum8NQ4AxjG0jyu4cz9PZGiSKlJFJjOCOmRWqxl5n+1XqLDSz+lXCSacDxfFCYM6hhmccABlQRrNjGAsKTmrxCPkElEm9BKJgR38eRlaJ/VXKfm3p2X6408jiI4BiegAlxwAergFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDpbyVtg==</latexit><latexit sha1_base64="4oG/sSUGM4irotAn12uzr+X9WbA=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhHZTZkTQjVDrxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ZtpZaOsPgY//nMPJ+QPBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iRGLSwjGLZTdAijDKSUtTzUhXSIKigJFOML7J6p0HIhWN+b2eCOJHaMhpSDHSxurbR1deKBFOReXaw0jARnWacXXat8tOzZkJLoObQxnkavbtL28Q4yQiXGOGlOq5jtB+iqSmmJFpyUsUEQiP0ZD0DHIUEeWnswum8NQ4AxjG0jyu4cz9PZGiSKlJFJjOCOmRWqxl5n+1XqLDSz+lXCSacDxfFCYM6hhmccABlQRrNjGAsKTmrxCPkElEm9BKJgR38eRlaJ/VXKfm3p2X6408jiI4BiegAlxwAergFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDpbyVtg==</latexit>

given you’ve had a positive mammogram, 
what’s the probability you’ve got cancer:

p(A|B) =
<latexit sha1_base64="39jTL/V3qcyxVmlwDI71vaQeWD8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrL8s1T/fy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgMjr0=</latexit><latexit sha1_base64="39jTL/V3qcyxVmlwDI71vaQeWD8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrL8s1T/fy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgMjr0=</latexit><latexit sha1_base64="39jTL/V3qcyxVmlwDI71vaQeWD8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrL8s1T/fy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgMjr0=</latexit><latexit sha1_base64="39jTL/V3qcyxVmlwDI71vaQeWD8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrL8s1T/fy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgMjr0=</latexit>

|A \B|
|B|

<latexit sha1_base64="ws9/CmZsbdv4rOzvHp0o9rzYR1w=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV3WunFZwT6gCWUynbRDJ5MwMxFKWvBX3LhQxK3f4c6/cdpmoa0H7uVwzr3MnRMknCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWhTRLzWHYCrChngjY105x2EklxFHDaDka3M7/9SKVisXjQ44T6ER4IFjKCtZF69okXSkyyyY1HcILqk2k2Ma1nl52KMwdaJW5OypCj0bO/vH5M0ogKTThWqus6ifYzLDUjnE5LXqpogskID2jXUIEjqvxsfv4UnRulj8JYmhIazdXfGxmOlBpHgZmMsB6qZW8m/ud1Ux1e+xkTSaqpIIuHwpQjHaNZFqjPJCWajw3BRDJzKyJDbPLQJrGSCcFd/vIqaV1WXKfi3lfLtXoeRxFO4QwuwIUrqMEdNKAJBDJ4hld4s56sF+vd+liMFqx85xj+wPr8AXM7lco=</latexit><latexit sha1_base64="ws9/CmZsbdv4rOzvHp0o9rzYR1w=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV3WunFZwT6gCWUynbRDJ5MwMxFKWvBX3LhQxK3f4c6/cdpmoa0H7uVwzr3MnRMknCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWhTRLzWHYCrChngjY105x2EklxFHDaDka3M7/9SKVisXjQ44T6ER4IFjKCtZF69okXSkyyyY1HcILqk2k2Ma1nl52KMwdaJW5OypCj0bO/vH5M0ogKTThWqus6ifYzLDUjnE5LXqpogskID2jXUIEjqvxsfv4UnRulj8JYmhIazdXfGxmOlBpHgZmMsB6qZW8m/ud1Ux1e+xkTSaqpIIuHwpQjHaNZFqjPJCWajw3BRDJzKyJDbPLQJrGSCcFd/vIqaV1WXKfi3lfLtXoeRxFO4QwuwIUrqMEdNKAJBDJ4hld4s56sF+vd+liMFqx85xj+wPr8AXM7lco=</latexit><latexit sha1_base64="ws9/CmZsbdv4rOzvHp0o9rzYR1w=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV3WunFZwT6gCWUynbRDJ5MwMxFKWvBX3LhQxK3f4c6/cdpmoa0H7uVwzr3MnRMknCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWhTRLzWHYCrChngjY105x2EklxFHDaDka3M7/9SKVisXjQ44T6ER4IFjKCtZF69okXSkyyyY1HcILqk2k2Ma1nl52KMwdaJW5OypCj0bO/vH5M0ogKTThWqus6ifYzLDUjnE5LXqpogskID2jXUIEjqvxsfv4UnRulj8JYmhIazdXfGxmOlBpHgZmMsB6qZW8m/ud1Ux1e+xkTSaqpIIuHwpQjHaNZFqjPJCWajw3BRDJzKyJDbPLQJrGSCcFd/vIqaV1WXKfi3lfLtXoeRxFO4QwuwIUrqMEdNKAJBDJ4hld4s56sF+vd+liMFqx85xj+wPr8AXM7lco=</latexit><latexit sha1_base64="ws9/CmZsbdv4rOzvHp0o9rzYR1w=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkoiBV3WunFZwT6gCWUynbRDJ5MwMxFKWvBX3LhQxK3f4c6/cdpmoa0H7uVwzr3MnRMknCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWhTRLzWHYCrChngjY105x2EklxFHDaDka3M7/9SKVisXjQ44T6ER4IFjKCtZF69okXSkyyyY1HcILqk2k2Ma1nl52KMwdaJW5OypCj0bO/vH5M0ogKTThWqus6ifYzLDUjnE5LXqpogskID2jXUIEjqvxsfv4UnRulj8JYmhIazdXfGxmOlBpHgZmMsB6qZW8m/ud1Ux1e+xkTSaqpIIuHwpQjHaNZFqjPJCWajw3BRDJzKyJDbPLQJrGSCcFd/vIqaV1WXKfi3lfLtXoeRxFO4QwuwIUrqMEdNKAJBDJ4hld4s56sF+vd+liMFqx85xj+wPr8AXM7lco=</latexit>

|A \B|
|A|

<latexit sha1_base64="PhPmIpUigwu7/RsKNau39TY9woA=">AAAB/nicbZDNSsNAFIVv6l+tf1Fx5WawCK5KIoIua924rGBroQllMp20QyeTMDMRShrwVdy4UMStz+HOt3HaZqGtBwY+zr2Xe+cECWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2ilNJaIvEPJadACvKmaAtzTSnnURSHAWcPgSjm2n94ZFKxWJxr8cJ9SM8ECxkBGtj9ewjL5SYZJNrj+AENSa5wUnes6tOzZkJLYNbQBUKNXv2l9ePSRpRoQnHSnVdJ9F+hqVmhNO84qWKJpiM8IB2DQocUeVns/NzdGqcPgpjaZ7QaOb+nshwpNQ4CkxnhPVQLdam5n+1bqrDKz9jIkk1FWS+KEw50jGaZoH6TFKi+dgAJpKZWxEZYpOHNolVTAju4peXoX1ec52ae3dRrTeKOMpwDCdwBi5cQh1uoQktIJDBM7zCm/VkvVjv1se8tWQVM4fwR9bnD3G1lck=</latexit><latexit sha1_base64="PhPmIpUigwu7/RsKNau39TY9woA=">AAAB/nicbZDNSsNAFIVv6l+tf1Fx5WawCK5KIoIua924rGBroQllMp20QyeTMDMRShrwVdy4UMStz+HOt3HaZqGtBwY+zr2Xe+cECWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2ilNJaIvEPJadACvKmaAtzTSnnURSHAWcPgSjm2n94ZFKxWJxr8cJ9SM8ECxkBGtj9ewjL5SYZJNrj+AENSa5wUnes6tOzZkJLYNbQBUKNXv2l9ePSRpRoQnHSnVdJ9F+hqVmhNO84qWKJpiM8IB2DQocUeVns/NzdGqcPgpjaZ7QaOb+nshwpNQ4CkxnhPVQLdam5n+1bqrDKz9jIkk1FWS+KEw50jGaZoH6TFKi+dgAJpKZWxEZYpOHNolVTAju4peXoX1ec52ae3dRrTeKOMpwDCdwBi5cQh1uoQktIJDBM7zCm/VkvVjv1se8tWQVM4fwR9bnD3G1lck=</latexit><latexit sha1_base64="PhPmIpUigwu7/RsKNau39TY9woA=">AAAB/nicbZDNSsNAFIVv6l+tf1Fx5WawCK5KIoIua924rGBroQllMp20QyeTMDMRShrwVdy4UMStz+HOt3HaZqGtBwY+zr2Xe+cECWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2ilNJaIvEPJadACvKmaAtzTSnnURSHAWcPgSjm2n94ZFKxWJxr8cJ9SM8ECxkBGtj9ewjL5SYZJNrj+AENSa5wUnes6tOzZkJLYNbQBUKNXv2l9ePSRpRoQnHSnVdJ9F+hqVmhNO84qWKJpiM8IB2DQocUeVns/NzdGqcPgpjaZ7QaOb+nshwpNQ4CkxnhPVQLdam5n+1bqrDKz9jIkk1FWS+KEw50jGaZoH6TFKi+dgAJpKZWxEZYpOHNolVTAju4peXoX1ec52ae3dRrTeKOMpwDCdwBi5cQh1uoQktIJDBM7zCm/VkvVjv1se8tWQVM4fwR9bnD3G1lck=</latexit><latexit sha1_base64="PhPmIpUigwu7/RsKNau39TY9woA=">AAAB/nicbZDNSsNAFIVv6l+tf1Fx5WawCK5KIoIua924rGBroQllMp20QyeTMDMRShrwVdy4UMStz+HOt3HaZqGtBwY+zr2Xe+cECWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2ilNJaIvEPJadACvKmaAtzTSnnURSHAWcPgSjm2n94ZFKxWJxr8cJ9SM8ECxkBGtj9ewjL5SYZJNrj+AENSa5wUnes6tOzZkJLYNbQBUKNXv2l9ePSRpRoQnHSnVdJ9F+hqVmhNO84qWKJpiM8IB2DQocUeVns/NzdGqcPgpjaZ7QaOb+nshwpNQ4CkxnhPVQLdam5n+1bqrDKz9jIkk1FWS+KEw50jGaZoH6TFKi+dgAJpKZWxEZYpOHNolVTAju4peXoX1ec52ae3dRrTeKOMpwDCdwBi5cQh1uoQktIJDBM7zCm/VkvVjv1se8tWQVM4fwR9bnD3G1lck=</latexit>

p(B|A) =
<latexit sha1_base64="9Fvlrso7735vNGRG6Y3Pa5jWEkY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrLcv3p5vy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgOjr0=</latexit><latexit sha1_base64="9Fvlrso7735vNGRG6Y3Pa5jWEkY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrLcv3p5vy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgOjr0=</latexit><latexit sha1_base64="9Fvlrso7735vNGRG6Y3Pa5jWEkY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrLcv3p5vy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgOjr0=</latexit><latexit sha1_base64="9Fvlrso7735vNGRG6Y3Pa5jWEkY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrLcv3p5vy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgOjr0=</latexit>

⇥ |W |
|W |

<latexit sha1_base64="AGnBa+TUJPtnLyMGYjE0ZgmNk+Y=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argh6DXjxGMA/IhjA7mU2GzD6Y6RXCJuCvePGgiFe/w5t/42SzB00smKGo6qa7y0+k0Og439bK6tr6xmZpq7y9s7u3bx8cNnWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yR7czv/XIlRZx9IDjhHdDOohEIBhFI/XsYw9FyLUXKMqySWsyzb+eXXGqTg6yTNyCVKBAvWd/ef2YpSGPkEmqdcd1EuxmVKFgkk/LXqp5QtmIDnjH0Iiamd0sX39KzozSJ0GszIuQ5OrvjoyGWo9D31SGFId60ZuJ/3mdFIPrbiaiJEUesfmgIJUEYzLLgvSF4gzl2BDKlDC7EjakJgk0iZVNCO7iycukeVF1nap7f1mp3RRxlOAETuEcXLiCGtxBHRrAIINneIU368l6sd6tj3npilX0HMEfWJ8/jqmWgQ==</latexit><latexit sha1_base64="AGnBa+TUJPtnLyMGYjE0ZgmNk+Y=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argh6DXjxGMA/IhjA7mU2GzD6Y6RXCJuCvePGgiFe/w5t/42SzB00smKGo6qa7y0+k0Og439bK6tr6xmZpq7y9s7u3bx8cNnWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yR7czv/XIlRZx9IDjhHdDOohEIBhFI/XsYw9FyLUXKMqySWsyzb+eXXGqTg6yTNyCVKBAvWd/ef2YpSGPkEmqdcd1EuxmVKFgkk/LXqp5QtmIDnjH0Iiamd0sX39KzozSJ0GszIuQ5OrvjoyGWo9D31SGFId60ZuJ/3mdFIPrbiaiJEUesfmgIJUEYzLLgvSF4gzl2BDKlDC7EjakJgk0iZVNCO7iycukeVF1nap7f1mp3RRxlOAETuEcXLiCGtxBHRrAIINneIU368l6sd6tj3npilX0HMEfWJ8/jqmWgQ==</latexit><latexit sha1_base64="AGnBa+TUJPtnLyMGYjE0ZgmNk+Y=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argh6DXjxGMA/IhjA7mU2GzD6Y6RXCJuCvePGgiFe/w5t/42SzB00smKGo6qa7y0+k0Og439bK6tr6xmZpq7y9s7u3bx8cNnWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yR7czv/XIlRZx9IDjhHdDOohEIBhFI/XsYw9FyLUXKMqySWsyzb+eXXGqTg6yTNyCVKBAvWd/ef2YpSGPkEmqdcd1EuxmVKFgkk/LXqp5QtmIDnjH0Iiamd0sX39KzozSJ0GszIuQ5OrvjoyGWo9D31SGFId60ZuJ/3mdFIPrbiaiJEUesfmgIJUEYzLLgvSF4gzl2BDKlDC7EjakJgk0iZVNCO7iycukeVF1nap7f1mp3RRxlOAETuEcXLiCGtxBHRrAIINneIU368l6sd6tj3npilX0HMEfWJ8/jqmWgQ==</latexit><latexit sha1_base64="AGnBa+TUJPtnLyMGYjE0ZgmNk+Y=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7Argh6DXjxGMA/IhjA7mU2GzD6Y6RXCJuCvePGgiFe/w5t/42SzB00smKGo6qa7y0+k0Og439bK6tr6xmZpq7y9s7u3bx8cNnWcKsYbLJaxavtUcyki3kCBkrcTxWnoS97yR7czv/XIlRZx9IDjhHdDOohEIBhFI/XsYw9FyLUXKMqySWsyzb+eXXGqTg6yTNyCVKBAvWd/ef2YpSGPkEmqdcd1EuxmVKFgkk/LXqp5QtmIDnjH0Iiamd0sX39KzozSJ0GszIuQ5OrvjoyGWo9D31SGFId60ZuJ/3mdFIPrbiaiJEUesfmgIJUEYzLLgvSF4gzl2BDKlDC7EjakJgk0iZVNCO7iycukeVF1nap7f1mp3RRxlOAETuEcXLiCGtxBHRrAIINneIU368l6sd6tj3npilX0HMEfWJ8/jqmWgQ==</latexit>

=
p(A \B)

p(B)
<latexit sha1_base64="YhDgAB6uCAKEhx2yz+q85HeUvX0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGRF0I9S6cVnBXqAzlEyaaUMzmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog4eP/zyE5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyZ+K0HKhWLxb0eJdSPcF+wkBGsjdS1D6+8UGKSJeVrj+AE1U7Hhs3dtUtOxZkWWgQ3hxLkVe/aX14vJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y1DgiCo/m24wRidG6aEwluYIjabq74kMR0qNosB0RlgP1Lw3Ef/zOqkOL/2MiSTVVJDZQ2HKkY7RJA7UY5ISzUcGMJHM/BWRATaJaBNa0YTgzq+8CM2ziutU3LvzUrWWx1GAIziGMrhwAVW4hTo0gMAjPMMrvFlP1ov1bn3MWpesfOYA/pT1+QOnQpW3</latexit><latexit sha1_base64="YhDgAB6uCAKEhx2yz+q85HeUvX0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGRF0I9S6cVnBXqAzlEyaaUMzmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog4eP/zyE5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyZ+K0HKhWLxb0eJdSPcF+wkBGsjdS1D6+8UGKSJeVrj+AE1U7Hhs3dtUtOxZkWWgQ3hxLkVe/aX14vJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y1DgiCo/m24wRidG6aEwluYIjabq74kMR0qNosB0RlgP1Lw3Ef/zOqkOL/2MiSTVVJDZQ2HKkY7RJA7UY5ISzUcGMJHM/BWRATaJaBNa0YTgzq+8CM2ziutU3LvzUrWWx1GAIziGMrhwAVW4hTo0gMAjPMMrvFlP1ov1bn3MWpesfOYA/pT1+QOnQpW3</latexit><latexit sha1_base64="YhDgAB6uCAKEhx2yz+q85HeUvX0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGRF0I9S6cVnBXqAzlEyaaUMzmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog4eP/zyE5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyZ+K0HKhWLxb0eJdSPcF+wkBGsjdS1D6+8UGKSJeVrj+AE1U7Hhs3dtUtOxZkWWgQ3hxLkVe/aX14vJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y1DgiCo/m24wRidG6aEwluYIjabq74kMR0qNosB0RlgP1Lw3Ef/zOqkOL/2MiSTVVJDZQ2HKkY7RJA7UY5ISzUcGMJHM/BWRATaJaBNa0YTgzq+8CM2ziutU3LvzUrWWx1GAIziGMrhwAVW4hTo0gMAjPMMrvFlP1ov1bn3MWpesfOYA/pT1+QOnQpW3</latexit><latexit sha1_base64="YhDgAB6uCAKEhx2yz+q85HeUvX0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGRF0I9S6cVnBXqAzlEyaaUMzmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog4eP/zyE5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyZ+K0HKhWLxb0eJdSPcF+wkBGsjdS1D6+8UGKSJeVrj+AE1U7Hhs3dtUtOxZkWWgQ3hxLkVe/aX14vJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y1DgiCo/m24wRidG6aEwluYIjabq74kMR0qNosB0RlgP1Lw3Ef/zOqkOL/2MiSTVVJDZQ2HKkY7RJA7UY5ISzUcGMJHM/BWRATaJaBNa0YTgzq+8CM2ziutU3LvzUrWWx1GAIziGMrhwAVW4hTo0gMAjPMMrvFlP1ov1bn3MWpesfOYA/pT1+QOnQpW3</latexit>



• 1% of women at age forty have breast cancer.  

• 80% of women with breast cancer have positive mammograms.  

• 9.6% of women without breast cancer also get positive mammograms (false positive).  

• A woman in this age group had a positive mammogram in a routine screening. What is the 
probability that she has breast cancer?

W: all 40-year old women

A:  
40-yr old women 

with cancer

B:  
women who get 

positive 
mamograms

A ∩ B: 
women with cancer who have positive 

mammograms

=
p(A \B)

p(A)
<latexit sha1_base64="4oG/sSUGM4irotAn12uzr+X9WbA=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhHZTZkTQjVDrxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ZtpZaOsPgY//nMPJ+QPBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iRGLSwjGLZTdAijDKSUtTzUhXSIKigJFOML7J6p0HIhWN+b2eCOJHaMhpSDHSxurbR1deKBFOReXaw0jARnWacXXat8tOzZkJLoObQxnkavbtL28Q4yQiXGOGlOq5jtB+iqSmmJFpyUsUEQiP0ZD0DHIUEeWnswum8NQ4AxjG0jyu4cz9PZGiSKlJFJjOCOmRWqxl5n+1XqLDSz+lXCSacDxfFCYM6hhmccABlQRrNjGAsKTmrxCPkElEm9BKJgR38eRlaJ/VXKfm3p2X6408jiI4BiegAlxwAergFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDpbyVtg==</latexit><latexit sha1_base64="4oG/sSUGM4irotAn12uzr+X9WbA=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhHZTZkTQjVDrxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ZtpZaOsPgY//nMPJ+QPBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iRGLSwjGLZTdAijDKSUtTzUhXSIKigJFOML7J6p0HIhWN+b2eCOJHaMhpSDHSxurbR1deKBFOReXaw0jARnWacXXat8tOzZkJLoObQxnkavbtL28Q4yQiXGOGlOq5jtB+iqSmmJFpyUsUEQiP0ZD0DHIUEeWnswum8NQ4AxjG0jyu4cz9PZGiSKlJFJjOCOmRWqxl5n+1XqLDSz+lXCSacDxfFCYM6hhmccABlQRrNjGAsKTmrxCPkElEm9BKJgR38eRlaJ/VXKfm3p2X6408jiI4BiegAlxwAergFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDpbyVtg==</latexit><latexit sha1_base64="4oG/sSUGM4irotAn12uzr+X9WbA=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhHZTZkTQjVDrxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ZtpZaOsPgY//nMPJ+QPBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iRGLSwjGLZTdAijDKSUtTzUhXSIKigJFOML7J6p0HIhWN+b2eCOJHaMhpSDHSxurbR1deKBFOReXaw0jARnWacXXat8tOzZkJLoObQxnkavbtL28Q4yQiXGOGlOq5jtB+iqSmmJFpyUsUEQiP0ZD0DHIUEeWnswum8NQ4AxjG0jyu4cz9PZGiSKlJFJjOCOmRWqxl5n+1XqLDSz+lXCSacDxfFCYM6hhmccABlQRrNjGAsKTmrxCPkElEm9BKJgR38eRlaJ/VXKfm3p2X6408jiI4BiegAlxwAergFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDpbyVtg==</latexit><latexit sha1_base64="4oG/sSUGM4irotAn12uzr+X9WbA=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhHZTZkTQjVDrxmUFe4HOUDJppg3NZEKSEcpQN76KGxeKuPUt3Pk2ZtpZaOsPgY//nMPJ+QPBqNKO820VVlbX1jeKm6Wt7Z3dPXv/oK3iRGLSwjGLZTdAijDKSUtTzUhXSIKigJFOML7J6p0HIhWN+b2eCOJHaMhpSDHSxurbR1deKBFOReXaw0jARnWacXXat8tOzZkJLoObQxnkavbtL28Q4yQiXGOGlOq5jtB+iqSmmJFpyUsUEQiP0ZD0DHIUEeWnswum8NQ4AxjG0jyu4cz9PZGiSKlJFJjOCOmRWqxl5n+1XqLDSz+lXCSacDxfFCYM6hhmccABlQRrNjGAsKTmrxCPkElEm9BKJgR38eRlaJ/VXKfm3p2X6408jiI4BiegAlxwAergFjRBC2DwCJ7BK3iznqwX6936mLcWrHzmEPyR9fkDpbyVtg==</latexit>

p(A|B) =
<latexit sha1_base64="39jTL/V3qcyxVmlwDI71vaQeWD8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrL8s1T/fy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgMjr0=</latexit><latexit sha1_base64="39jTL/V3qcyxVmlwDI71vaQeWD8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrL8s1T/fy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgMjr0=</latexit><latexit sha1_base64="39jTL/V3qcyxVmlwDI71vaQeWD8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrL8s1T/fy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgMjr0=</latexit><latexit sha1_base64="39jTL/V3qcyxVmlwDI71vaQeWD8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrL8s1T/fy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgMjr0=</latexit>

p(B|A) =
<latexit sha1_base64="9Fvlrso7735vNGRG6Y3Pa5jWEkY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrLcv3p5vy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgOjr0=</latexit><latexit sha1_base64="9Fvlrso7735vNGRG6Y3Pa5jWEkY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrLcv3p5vy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgOjr0=</latexit><latexit sha1_base64="9Fvlrso7735vNGRG6Y3Pa5jWEkY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrLcv3p5vy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgOjr0=</latexit><latexit sha1_base64="9Fvlrso7735vNGRG6Y3Pa5jWEkY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPQi1HrxWMF+QLuUbJptQ7PZkGSFsvZHePGgiFd/jzf/jWm7B219MPB4b4aZeYHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfAmnImaNMww2lHKoqjgNN2ML6d+e1HqjSLxYOZSOpHeChYyAg2VmrLcv3p5vy6Xyy5FXcOtEq8jJQgQ6Nf/OoNYpJEVBjCsdZdz5XGT7EyjHA6LfQSTSUmYzykXUsFjqj20/m5U3RmlQEKY2VLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeOWnTMjEUEEWi8KEIxOj2e9owBQlhk8swUQxeysiI6wwMTahgg3BW355lbQuKp5b8e6rpVo9iyMPJ3AKZfDgEmpwBw1oAoExPMMrvDnSeXHenY9Fa87JZo7hD5zPHxgOjr0=</latexit>

=
p(A \B)

p(B)
<latexit sha1_base64="YhDgAB6uCAKEhx2yz+q85HeUvX0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGRF0I9S6cVnBXqAzlEyaaUMzmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog4eP/zyE5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyZ+K0HKhWLxb0eJdSPcF+wkBGsjdS1D6+8UGKSJeVrj+AE1U7Hhs3dtUtOxZkWWgQ3hxLkVe/aX14vJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y1DgiCo/m24wRidG6aEwluYIjabq74kMR0qNosB0RlgP1Lw3Ef/zOqkOL/2MiSTVVJDZQ2HKkY7RJA7UY5ISzUcGMJHM/BWRATaJaBNa0YTgzq+8CM2ziutU3LvzUrWWx1GAIziGMrhwAVW4hTo0gMAjPMMrvFlP1ov1bn3MWpesfOYA/pT1+QOnQpW3</latexit><latexit sha1_base64="YhDgAB6uCAKEhx2yz+q85HeUvX0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGRF0I9S6cVnBXqAzlEyaaUMzmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog4eP/zyE5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyZ+K0HKhWLxb0eJdSPcF+wkBGsjdS1D6+8UGKSJeVrj+AE1U7Hhs3dtUtOxZkWWgQ3hxLkVe/aX14vJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y1DgiCo/m24wRidG6aEwluYIjabq74kMR0qNosB0RlgP1Lw3Ef/zOqkOL/2MiSTVVJDZQ2HKkY7RJA7UY5ISzUcGMJHM/BWRATaJaBNa0YTgzq+8CM2ziutU3LvzUrWWx1GAIziGMrhwAVW4hTo0gMAjPMMrvFlP1ov1bn3MWpesfOYA/pT1+QOnQpW3</latexit><latexit sha1_base64="YhDgAB6uCAKEhx2yz+q85HeUvX0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGRF0I9S6cVnBXqAzlEyaaUMzmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog4eP/zyE5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyZ+K0HKhWLxb0eJdSPcF+wkBGsjdS1D6+8UGKSJeVrj+AE1U7Hhs3dtUtOxZkWWgQ3hxLkVe/aX14vJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y1DgiCo/m24wRidG6aEwluYIjabq74kMR0qNosB0RlgP1Lw3Ef/zOqkOL/2MiSTVVJDZQ2HKkY7RJA7UY5ISzUcGMJHM/BWRATaJaBNa0YTgzq+8CM2ziutU3LvzUrWWx1GAIziGMrhwAVW4hTo0gMAjPMMrvFlP1ov1bn3MWpesfOYA/pT1+QOnQpW3</latexit><latexit sha1_base64="YhDgAB6uCAKEhx2yz+q85HeUvX0=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsQt2UGRF0I9S6cVnBXqAzlEyaaUMzmSHJCGWoG1/FjQtF3PoW7nwb03YW2nog4eP/zyE5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyZ+K0HKhWLxb0eJdSPcF+wkBGsjdS1D6+8UGKSJeVrj+AE1U7Hhs3dtUtOxZkWWgQ3hxLkVe/aX14vJmlEhSYcK9VxnUT7GZaaEU7HRS9VNMFkiPu0Y1DgiCo/m24wRidG6aEwluYIjabq74kMR0qNosB0RlgP1Lw3Ef/zOqkOL/2MiSTVVJDZQ2HKkY7RJA7UY5ISzUcGMJHM/BWRATaJaBNa0YTgzq+8CM2ziutU3LvzUrWWx1GAIziGMrhwAVW4hTo0gMAjPMMrvFlP1ov1bn3MWpesfOYA/pT1+QOnQpW3</latexit>

p(A|B) =
p(B|A)p(A)

P (B)
<latexit sha1_base64="Hf9TGOpIqYo+IRSs+HOdQGF5ki8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGSTUlE0I3Qxo3LCvYBbSiT6aQdOkmGmYlQ0u7c+CtuXCji1l9w5984bbPQ1gMXDufcy733BJxRqRzn21hZXVvf2CxsFbd3dvf2zYPDhkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSD4c3Ubz4QIWkS36sRJ36E+jENKUZKS13zhFvVsWdfd0KBcMYtb1y1tWRPsprl2ZOuWXLKzgxwmbg5KYEcta751eklOI1IrDBDUrZdhys/Q0JRzMik2Ekl4QgPUZ+0NY1RRKSfzf6YwDOt9GCYCF2xgjP190SGIilHUaA7I6QGctGbiv957VSFV35GY54qEuP5ojBlUCVwGgrsUUGwYiNNEBZU3wrxAOlElI6uqENwF19eJo3zsuuU3buLUsXL4yiAY3AKLOCCS1ABt6AG6gCDR/AMXsGb8WS8GO/Gx7x1xchnjsAfGJ8/3aaXYQ==</latexit><latexit sha1_base64="Hf9TGOpIqYo+IRSs+HOdQGF5ki8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGSTUlE0I3Qxo3LCvYBbSiT6aQdOkmGmYlQ0u7c+CtuXCji1l9w5984bbPQ1gMXDufcy733BJxRqRzn21hZXVvf2CxsFbd3dvf2zYPDhkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSD4c3Ubz4QIWkS36sRJ36E+jENKUZKS13zhFvVsWdfd0KBcMYtb1y1tWRPsprl2ZOuWXLKzgxwmbg5KYEcta751eklOI1IrDBDUrZdhys/Q0JRzMik2Ekl4QgPUZ+0NY1RRKSfzf6YwDOt9GCYCF2xgjP190SGIilHUaA7I6QGctGbiv957VSFV35GY54qEuP5ojBlUCVwGgrsUUGwYiNNEBZU3wrxAOlElI6uqENwF19eJo3zsuuU3buLUsXL4yiAY3AKLOCCS1ABt6AG6gCDR/AMXsGb8WS8GO/Gx7x1xchnjsAfGJ8/3aaXYQ==</latexit><latexit sha1_base64="Hf9TGOpIqYo+IRSs+HOdQGF5ki8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGSTUlE0I3Qxo3LCvYBbSiT6aQdOkmGmYlQ0u7c+CtuXCji1l9w5984bbPQ1gMXDufcy733BJxRqRzn21hZXVvf2CxsFbd3dvf2zYPDhkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSD4c3Ubz4QIWkS36sRJ36E+jENKUZKS13zhFvVsWdfd0KBcMYtb1y1tWRPsprl2ZOuWXLKzgxwmbg5KYEcta751eklOI1IrDBDUrZdhys/Q0JRzMik2Ekl4QgPUZ+0NY1RRKSfzf6YwDOt9GCYCF2xgjP190SGIilHUaA7I6QGctGbiv957VSFV35GY54qEuP5ojBlUCVwGgrsUUGwYiNNEBZU3wrxAOlElI6uqENwF19eJo3zsuuU3buLUsXL4yiAY3AKLOCCS1ABt6AG6gCDR/AMXsGb8WS8GO/Gx7x1xchnjsAfGJ8/3aaXYQ==</latexit><latexit sha1_base64="Hf9TGOpIqYo+IRSs+HOdQGF5ki8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGSTUlE0I3Qxo3LCvYBbSiT6aQdOkmGmYlQ0u7c+CtuXCji1l9w5984bbPQ1gMXDufcy733BJxRqRzn21hZXVvf2CxsFbd3dvf2zYPDhkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSD4c3Ubz4QIWkS36sRJ36E+jENKUZKS13zhFvVsWdfd0KBcMYtb1y1tWRPsprl2ZOuWXLKzgxwmbg5KYEcta751eklOI1IrDBDUrZdhys/Q0JRzMik2Ekl4QgPUZ+0NY1RRKSfzf6YwDOt9GCYCF2xgjP190SGIilHUaA7I6QGctGbiv957VSFV35GY54qEuP5ojBlUCVwGgrsUUGwYiNNEBZU3wrxAOlElI6uqENwF19eJo3zsuuU3buLUsXL4yiAY3AKLOCCS1ABt6AG6gCDR/AMXsGb8WS8GO/Gx7x1xchnjsAfGJ8/3aaXYQ==</latexit>

p(B|A) = 0.8
<latexit sha1_base64="sM/CyWmDm+loalb0wVwitwXjp5s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkIiBXsRar14rGA/sA1ls920SzebsLsRSuy/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHNzG8/UqlYJO71JKZeiIeCBYxgbaSHuFx/uj6/cuxqv1hybGcOtErcjJQgQ6Nf/OoNIpKEVGjCsVJd14m1l2KpGeF0WuglisaYjPGQdg0VOKTKS+cXT9GZUQYoiKQpodFc/T2R4lCpSeibzhDrkVr2ZuJ/XjfRQdVLmYgTTQVZLAoSjnSEZu+jAZOUaD4xBBPJzK2IjLDERJuQCiYEd/nlVdK6sF3Hdu8qpVo9iyMPJ3AKZXDhEmpwCw1oAgEBz/AKb5ayXqx362PRmrOymWP4A+vzB3DQj3E=</latexit><latexit sha1_base64="sM/CyWmDm+loalb0wVwitwXjp5s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkIiBXsRar14rGA/sA1ls920SzebsLsRSuy/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHNzG8/UqlYJO71JKZeiIeCBYxgbaSHuFx/uj6/cuxqv1hybGcOtErcjJQgQ6Nf/OoNIpKEVGjCsVJd14m1l2KpGeF0WuglisaYjPGQdg0VOKTKS+cXT9GZUQYoiKQpodFc/T2R4lCpSeibzhDrkVr2ZuJ/XjfRQdVLmYgTTQVZLAoSjnSEZu+jAZOUaD4xBBPJzK2IjLDERJuQCiYEd/nlVdK6sF3Hdu8qpVo9iyMPJ3AKZXDhEmpwCw1oAgEBz/AKb5ayXqx362PRmrOymWP4A+vzB3DQj3E=</latexit><latexit sha1_base64="sM/CyWmDm+loalb0wVwitwXjp5s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkIiBXsRar14rGA/sA1ls920SzebsLsRSuy/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHNzG8/UqlYJO71JKZeiIeCBYxgbaSHuFx/uj6/cuxqv1hybGcOtErcjJQgQ6Nf/OoNIpKEVGjCsVJd14m1l2KpGeF0WuglisaYjPGQdg0VOKTKS+cXT9GZUQYoiKQpodFc/T2R4lCpSeibzhDrkVr2ZuJ/XjfRQdVLmYgTTQVZLAoSjnSEZu+jAZOUaD4xBBPJzK2IjLDERJuQCiYEd/nlVdK6sF3Hdu8qpVo9iyMPJ3AKZXDhEmpwCw1oAgEBz/AKb5ayXqx362PRmrOymWP4A+vzB3DQj3E=</latexit><latexit sha1_base64="sM/CyWmDm+loalb0wVwitwXjp5s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXkIiBXsRar14rGA/sA1ls920SzebsLsRSuy/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKra1vbG7ltws7u3v7B8XDo5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fHNzG8/UqlYJO71JKZeiIeCBYxgbaSHuFx/uj6/cuxqv1hybGcOtErcjJQgQ6Nf/OoNIpKEVGjCsVJd14m1l2KpGeF0WuglisaYjPGQdg0VOKTKS+cXT9GZUQYoiKQpodFc/T2R4lCpSeibzhDrkVr2ZuJ/XjfRQdVLmYgTTQVZLAoSjnSEZu+jAZOUaD4xBBPJzK2IjLDERJuQCiYEd/nlVdK6sF3Hdu8qpVo9iyMPJ3AKZXDhEmpwCw1oAgEBz/AKb5ayXqx362PRmrOymWP4A+vzB3DQj3E=</latexit>

p(A) = 0.01
<latexit sha1_base64="6MHBFuZd+jTwaIO2l98Zu7CU+1s=">AAAB8HicbVDLSgMxFL1TX7W+Rl26CRahbsqMCLoRqm5cVrAPaYeSSTNtaJIZkoxQhn6FGxeKuPVz3Pk3pu0stPVAyOGce7n3njDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHN1O/dYTVZrF8sGMExoIPJAsYgQbKz0mlevTK6/q+T23bL8Z0DLxc1KGHPWe+9XtxyQVVBrCsdYd30tMkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLOFJ+jEKn0Uxco+adBM/d2RYaH1WIS2UmAz1IveVPzP66QmugwyJpPUUEnmg6KUIxOj6fWozxQlho8twUQxuysiQ6wwMTajkg3BXzx5mTTPqr5X9e/Py7WbPI4iHMExVMCHC6jBHdShAQQEPMMrvDnKeXHenY95acHJew7hD5zPH2XgjtI=</latexit><latexit sha1_base64="6MHBFuZd+jTwaIO2l98Zu7CU+1s=">AAAB8HicbVDLSgMxFL1TX7W+Rl26CRahbsqMCLoRqm5cVrAPaYeSSTNtaJIZkoxQhn6FGxeKuPVz3Pk3pu0stPVAyOGce7n3njDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHN1O/dYTVZrF8sGMExoIPJAsYgQbKz0mlevTK6/q+T23bL8Z0DLxc1KGHPWe+9XtxyQVVBrCsdYd30tMkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLOFJ+jEKn0Uxco+adBM/d2RYaH1WIS2UmAz1IveVPzP66QmugwyJpPUUEnmg6KUIxOj6fWozxQlho8twUQxuysiQ6wwMTajkg3BXzx5mTTPqr5X9e/Py7WbPI4iHMExVMCHC6jBHdShAQQEPMMrvDnKeXHenY95acHJew7hD5zPH2XgjtI=</latexit><latexit sha1_base64="6MHBFuZd+jTwaIO2l98Zu7CU+1s=">AAAB8HicbVDLSgMxFL1TX7W+Rl26CRahbsqMCLoRqm5cVrAPaYeSSTNtaJIZkoxQhn6FGxeKuPVz3Pk3pu0stPVAyOGce7n3njDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHN1O/dYTVZrF8sGMExoIPJAsYgQbKz0mlevTK6/q+T23bL8Z0DLxc1KGHPWe+9XtxyQVVBrCsdYd30tMkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLOFJ+jEKn0Uxco+adBM/d2RYaH1WIS2UmAz1IveVPzP66QmugwyJpPUUEnmg6KUIxOj6fWozxQlho8twUQxuysiQ6wwMTajkg3BXzx5mTTPqr5X9e/Py7WbPI4iHMExVMCHC6jBHdShAQQEPMMrvDnKeXHenY95acHJew7hD5zPH2XgjtI=</latexit><latexit sha1_base64="6MHBFuZd+jTwaIO2l98Zu7CU+1s=">AAAB8HicbVDLSgMxFL1TX7W+Rl26CRahbsqMCLoRqm5cVrAPaYeSSTNtaJIZkoxQhn6FGxeKuPVz3Pk3pu0stPVAyOGce7n3njDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrHN1O/dYTVZrF8sGMExoIPJAsYgQbKz0mlevTK6/q+T23bL8Z0DLxc1KGHPWe+9XtxyQVVBrCsdYd30tMkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLOFJ+jEKn0Uxco+adBM/d2RYaH1WIS2UmAz1IveVPzP66QmugwyJpPUUEnmg6KUIxOj6fWozxQlho8twUQxuysiQ6wwMTajkg3BXzx5mTTPqr5X9e/Py7WbPI4iHMExVMCHC6jBHdShAQQEPMMrvDnKeXHenY95acHJew7hD5zPH2XgjtI=</latexit>

p(B) = 0.8p(A) + 0.096(1� p(A)) ⇡ 0.1
<latexit sha1_base64="jBivUtv8nQplUEAaeENHntRvTlk=">AAACDXicbVDLSsNAFJ3UV62vqEs3wSqkiCER0boQat24rGAf0IYymU7aoZNkmJmIJfQH3Pgrblwo4ta9O//GSZuFth64cOace5l7j8coEdK2v7XcwuLS8kp+tbC2vrG5pW/vNEQUc4TrKKIRb3lQYEpCXJdEUtxiHMPAo7jpDa9Tv3mPuSBReCdHDLsB7IfEJwhKJXX1A2ZWS5e2VWbmVenItuyLM9M5Th+lDmSMRw+25XT1onImMOaJk5EiyFDr6l+dXoTiAIcSUShE27GZdBPIJUEUjwudWGAG0RD2cVvREAZYuMnkmrFxqJSe4UdcVSiNifp7IoGBEKPAU50BlAMx66Xif147ln7ZTUjIYolDNP3Ij6khIyONxugRjpGkI0Ug4kTtaqAB5BBJFWBBheDMnjxPGieWoxK7PS1WqlkcebAH9oEJHHAOKuAG1EAdIPAInsEreNOetBftXfuYtua0bGYX/IH2+QNGcZdJ</latexit><latexit sha1_base64="jBivUtv8nQplUEAaeENHntRvTlk=">AAACDXicbVDLSsNAFJ3UV62vqEs3wSqkiCER0boQat24rGAf0IYymU7aoZNkmJmIJfQH3Pgrblwo4ta9O//GSZuFth64cOace5l7j8coEdK2v7XcwuLS8kp+tbC2vrG5pW/vNEQUc4TrKKIRb3lQYEpCXJdEUtxiHMPAo7jpDa9Tv3mPuSBReCdHDLsB7IfEJwhKJXX1A2ZWS5e2VWbmVenItuyLM9M5Th+lDmSMRw+25XT1onImMOaJk5EiyFDr6l+dXoTiAIcSUShE27GZdBPIJUEUjwudWGAG0RD2cVvREAZYuMnkmrFxqJSe4UdcVSiNifp7IoGBEKPAU50BlAMx66Xif147ln7ZTUjIYolDNP3Ij6khIyONxugRjpGkI0Ug4kTtaqAB5BBJFWBBheDMnjxPGieWoxK7PS1WqlkcebAH9oEJHHAOKuAG1EAdIPAInsEreNOetBftXfuYtua0bGYX/IH2+QNGcZdJ</latexit><latexit sha1_base64="jBivUtv8nQplUEAaeENHntRvTlk=">AAACDXicbVDLSsNAFJ3UV62vqEs3wSqkiCER0boQat24rGAf0IYymU7aoZNkmJmIJfQH3Pgrblwo4ta9O//GSZuFth64cOace5l7j8coEdK2v7XcwuLS8kp+tbC2vrG5pW/vNEQUc4TrKKIRb3lQYEpCXJdEUtxiHMPAo7jpDa9Tv3mPuSBReCdHDLsB7IfEJwhKJXX1A2ZWS5e2VWbmVenItuyLM9M5Th+lDmSMRw+25XT1onImMOaJk5EiyFDr6l+dXoTiAIcSUShE27GZdBPIJUEUjwudWGAG0RD2cVvREAZYuMnkmrFxqJSe4UdcVSiNifp7IoGBEKPAU50BlAMx66Xif147ln7ZTUjIYolDNP3Ij6khIyONxugRjpGkI0Ug4kTtaqAB5BBJFWBBheDMnjxPGieWoxK7PS1WqlkcebAH9oEJHHAOKuAG1EAdIPAInsEreNOetBftXfuYtua0bGYX/IH2+QNGcZdJ</latexit><latexit sha1_base64="jBivUtv8nQplUEAaeENHntRvTlk=">AAACDXicbVDLSsNAFJ3UV62vqEs3wSqkiCER0boQat24rGAf0IYymU7aoZNkmJmIJfQH3Pgrblwo4ta9O//GSZuFth64cOace5l7j8coEdK2v7XcwuLS8kp+tbC2vrG5pW/vNEQUc4TrKKIRb3lQYEpCXJdEUtxiHMPAo7jpDa9Tv3mPuSBReCdHDLsB7IfEJwhKJXX1A2ZWS5e2VWbmVenItuyLM9M5Th+lDmSMRw+25XT1onImMOaJk5EiyFDr6l+dXoTiAIcSUShE27GZdBPIJUEUjwudWGAG0RD2cVvREAZYuMnkmrFxqJSe4UdcVSiNifp7IoGBEKPAU50BlAMx66Xif147ln7ZTUjIYolDNP3Ij6khIyONxugRjpGkI0Ug4kTtaqAB5BBJFWBBheDMnjxPGieWoxK7PS1WqlkcebAH9oEJHHAOKuAG1EAdIPAInsEreNOetBftXfuYtua0bGYX/IH2+QNGcZdJ</latexit>

) p(A|B) ⇡ 0.078
<latexit sha1_base64="lOkIsulIGieLkLrb5/5tonf8cj4=">AAACCnicbVC7TsMwFHXKq5RXgJElUCEVqaoShNSOpSyMBdGH1ESV4zqtVSe2bAeoQmcWfoWFAYRY+QI2/ga3zQAtR7q6R+fcK/sen1MilW1/G5ml5ZXVtex6bmNza3vH3N1rShYLhBuIUSbaPpSYkgg3FFEUt7nAMPQpbvnDi4nfusVCEhbdqBHHXgj7EQkIgkpLXfPQvSb9gYJCsDu36BZ54fyhduJCzgW7t0t2udI187pPYS0SJyV5kKLeNb/cHkNxiCOFKJSy49hceQkUiiCKxzk3lphDNIR93NE0giGWXjI9ZWwda6VnBUzoipQ1VX9vJDCUchT6ejKEaiDnvYn4n9eJVVDxEhLxWOEIzR4KYmopZk1ysXpEYKToSBOIBNF/tdAACoiUTi+nQ3DmT14kzdOSY5ecq7N8tZbGkQUH4AgUgAPKoAouQR00AAKP4Bm8gjfjyXgx3o2P2WjGSHf2wR8Ynz8ly5k9</latexit><latexit sha1_base64="lOkIsulIGieLkLrb5/5tonf8cj4=">AAACCnicbVC7TsMwFHXKq5RXgJElUCEVqaoShNSOpSyMBdGH1ESV4zqtVSe2bAeoQmcWfoWFAYRY+QI2/ga3zQAtR7q6R+fcK/sen1MilW1/G5ml5ZXVtex6bmNza3vH3N1rShYLhBuIUSbaPpSYkgg3FFEUt7nAMPQpbvnDi4nfusVCEhbdqBHHXgj7EQkIgkpLXfPQvSb9gYJCsDu36BZ54fyhduJCzgW7t0t2udI187pPYS0SJyV5kKLeNb/cHkNxiCOFKJSy49hceQkUiiCKxzk3lphDNIR93NE0giGWXjI9ZWwda6VnBUzoipQ1VX9vJDCUchT6ejKEaiDnvYn4n9eJVVDxEhLxWOEIzR4KYmopZk1ysXpEYKToSBOIBNF/tdAACoiUTi+nQ3DmT14kzdOSY5ecq7N8tZbGkQUH4AgUgAPKoAouQR00AAKP4Bm8gjfjyXgx3o2P2WjGSHf2wR8Ynz8ly5k9</latexit><latexit sha1_base64="lOkIsulIGieLkLrb5/5tonf8cj4=">AAACCnicbVC7TsMwFHXKq5RXgJElUCEVqaoShNSOpSyMBdGH1ESV4zqtVSe2bAeoQmcWfoWFAYRY+QI2/ga3zQAtR7q6R+fcK/sen1MilW1/G5ml5ZXVtex6bmNza3vH3N1rShYLhBuIUSbaPpSYkgg3FFEUt7nAMPQpbvnDi4nfusVCEhbdqBHHXgj7EQkIgkpLXfPQvSb9gYJCsDu36BZ54fyhduJCzgW7t0t2udI187pPYS0SJyV5kKLeNb/cHkNxiCOFKJSy49hceQkUiiCKxzk3lphDNIR93NE0giGWXjI9ZWwda6VnBUzoipQ1VX9vJDCUchT6ejKEaiDnvYn4n9eJVVDxEhLxWOEIzR4KYmopZk1ysXpEYKToSBOIBNF/tdAACoiUTi+nQ3DmT14kzdOSY5ecq7N8tZbGkQUH4AgUgAPKoAouQR00AAKP4Bm8gjfjyXgx3o2P2WjGSHf2wR8Ynz8ly5k9</latexit><latexit sha1_base64="lOkIsulIGieLkLrb5/5tonf8cj4=">AAACCnicbVC7TsMwFHXKq5RXgJElUCEVqaoShNSOpSyMBdGH1ESV4zqtVSe2bAeoQmcWfoWFAYRY+QI2/ga3zQAtR7q6R+fcK/sen1MilW1/G5ml5ZXVtex6bmNza3vH3N1rShYLhBuIUSbaPpSYkgg3FFEUt7nAMPQpbvnDi4nfusVCEhbdqBHHXgj7EQkIgkpLXfPQvSb9gYJCsDu36BZ54fyhduJCzgW7t0t2udI187pPYS0SJyV5kKLeNb/cHkNxiCOFKJSy49hceQkUiiCKxzk3lphDNIR93NE0giGWXjI9ZWwda6VnBUzoipQ1VX9vJDCUchT6ejKEaiDnvYn4n9eJVVDxEhLxWOEIzR4KYmopZk1ysXpEYKToSBOIBNF/tdAACoiUTi+nQ3DmT14kzdOSY5ecq7N8tZbGkQUH4AgUgAPKoAouQR00AAKP4Bm8gjfjyXgx3o2P2WjGSHf2wR8Ynz8ly5k9</latexit>

If you’re a 40-year old woman, and have a 
positive mammogram, there’s only a 

~7.8% chance you have cancer!



p(A|B) =
p(B|A)p(A)

P (B)
<latexit sha1_base64="Hf9TGOpIqYo+IRSs+HOdQGF5ki8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGSTUlE0I3Qxo3LCvYBbSiT6aQdOkmGmYlQ0u7c+CtuXCji1l9w5984bbPQ1gMXDufcy733BJxRqRzn21hZXVvf2CxsFbd3dvf2zYPDhkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSD4c3Ubz4QIWkS36sRJ36E+jENKUZKS13zhFvVsWdfd0KBcMYtb1y1tWRPsprl2ZOuWXLKzgxwmbg5KYEcta751eklOI1IrDBDUrZdhys/Q0JRzMik2Ekl4QgPUZ+0NY1RRKSfzf6YwDOt9GCYCF2xgjP190SGIilHUaA7I6QGctGbiv957VSFV35GY54qEuP5ojBlUCVwGgrsUUGwYiNNEBZU3wrxAOlElI6uqENwF19eJo3zsuuU3buLUsXL4yiAY3AKLOCCS1ABt6AG6gCDR/AMXsGb8WS8GO/Gx7x1xchnjsAfGJ8/3aaXYQ==</latexit><latexit sha1_base64="Hf9TGOpIqYo+IRSs+HOdQGF5ki8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGSTUlE0I3Qxo3LCvYBbSiT6aQdOkmGmYlQ0u7c+CtuXCji1l9w5984bbPQ1gMXDufcy733BJxRqRzn21hZXVvf2CxsFbd3dvf2zYPDhkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSD4c3Ubz4QIWkS36sRJ36E+jENKUZKS13zhFvVsWdfd0KBcMYtb1y1tWRPsprl2ZOuWXLKzgxwmbg5KYEcta751eklOI1IrDBDUrZdhys/Q0JRzMik2Ekl4QgPUZ+0NY1RRKSfzf6YwDOt9GCYCF2xgjP190SGIilHUaA7I6QGctGbiv957VSFV35GY54qEuP5ojBlUCVwGgrsUUGwYiNNEBZU3wrxAOlElI6uqENwF19eJo3zsuuU3buLUsXL4yiAY3AKLOCCS1ABt6AG6gCDR/AMXsGb8WS8GO/Gx7x1xchnjsAfGJ8/3aaXYQ==</latexit><latexit sha1_base64="Hf9TGOpIqYo+IRSs+HOdQGF5ki8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGSTUlE0I3Qxo3LCvYBbSiT6aQdOkmGmYlQ0u7c+CtuXCji1l9w5984bbPQ1gMXDufcy733BJxRqRzn21hZXVvf2CxsFbd3dvf2zYPDhkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSD4c3Ubz4QIWkS36sRJ36E+jENKUZKS13zhFvVsWdfd0KBcMYtb1y1tWRPsprl2ZOuWXLKzgxwmbg5KYEcta751eklOI1IrDBDUrZdhys/Q0JRzMik2Ekl4QgPUZ+0NY1RRKSfzf6YwDOt9GCYCF2xgjP190SGIilHUaA7I6QGctGbiv957VSFV35GY54qEuP5ojBlUCVwGgrsUUGwYiNNEBZU3wrxAOlElI6uqENwF19eJo3zsuuU3buLUsXL4yiAY3AKLOCCS1ABt6AG6gCDR/AMXsGb8WS8GO/Gx7x1xchnjsAfGJ8/3aaXYQ==</latexit><latexit sha1_base64="Hf9TGOpIqYo+IRSs+HOdQGF5ki8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBGSTUlE0I3Qxo3LCvYBbSiT6aQdOkmGmYlQ0u7c+CtuXCji1l9w5984bbPQ1gMXDufcy733BJxRqRzn21hZXVvf2CxsFbd3dvf2zYPDhkxSgUkdJywRrQBJwmhM6ooqRlpcEBQFjDSD4c3Ubz4QIWkS36sRJ36E+jENKUZKS13zhFvVsWdfd0KBcMYtb1y1tWRPsprl2ZOuWXLKzgxwmbg5KYEcta751eklOI1IrDBDUrZdhys/Q0JRzMik2Ekl4QgPUZ+0NY1RRKSfzf6YwDOt9GCYCF2xgjP190SGIilHUaA7I6QGctGbiv957VSFV35GY54qEuP5ojBlUCVwGgrsUUGwYiNNEBZU3wrxAOlElI6uqENwF19eJo3zsuuU3buLUsXL4yiAY3AKLOCCS1ABt6AG6gCDR/AMXsGb8WS8GO/Gx7x1xchnjsAfGJ8/3aaXYQ==</latexit>



What about pulsar astronomy?

data: d

Manchester & Taylor (1977)

(pulse times of arrival)

Model: M 
with parameters: θ

e.g., pulsar spin frequency, f

p(~✓|d)
<latexit sha1_base64="cRsBDomqFstBstW/qIi5dU9bHY8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkoigh6LXjxWsB/QhrLZTNqlmw92J5WS9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5XiK4Qtv+Ngobm1vbO8Xd0t7+weGRWT5uqTiVDJosFrHseFSB4BE0kaOATiKBhp6Atje6m/vtMUjF4+gRJwm4IR1EPOCMopb6Zjmp9sbAsh4OAels6l/0zYpdsxew1omTkwrJ0eibXz0/ZmkIETJBleo6doJuRiVyJmBW6qUKEspGdABdTSMagnKzxekz61wrvhXEUleE1kL9PZHRUKlJ6OnOkOJQrXpz8T+vm2Jw42Y8SlKEiC0XBamwMLbmOVg+l8BQTDShTHJ9q8WGVFKGOq2SDsFZfXmdtC5rjl1zHq4q9ds8jiI5JWekShxyTerknjRIkzDyRJ7JK3kzpsaL8W58LFsLRj5zQv7A+PwBPymT+g==</latexit><latexit sha1_base64="cRsBDomqFstBstW/qIi5dU9bHY8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkoigh6LXjxWsB/QhrLZTNqlmw92J5WS9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5XiK4Qtv+Ngobm1vbO8Xd0t7+weGRWT5uqTiVDJosFrHseFSB4BE0kaOATiKBhp6Atje6m/vtMUjF4+gRJwm4IR1EPOCMopb6Zjmp9sbAsh4OAels6l/0zYpdsxew1omTkwrJ0eibXz0/ZmkIETJBleo6doJuRiVyJmBW6qUKEspGdABdTSMagnKzxekz61wrvhXEUleE1kL9PZHRUKlJ6OnOkOJQrXpz8T+vm2Jw42Y8SlKEiC0XBamwMLbmOVg+l8BQTDShTHJ9q8WGVFKGOq2SDsFZfXmdtC5rjl1zHq4q9ds8jiI5JWekShxyTerknjRIkzDyRJ7JK3kzpsaL8W58LFsLRj5zQv7A+PwBPymT+g==</latexit><latexit sha1_base64="cRsBDomqFstBstW/qIi5dU9bHY8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkoigh6LXjxWsB/QhrLZTNqlmw92J5WS9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5XiK4Qtv+Ngobm1vbO8Xd0t7+weGRWT5uqTiVDJosFrHseFSB4BE0kaOATiKBhp6Atje6m/vtMUjF4+gRJwm4IR1EPOCMopb6Zjmp9sbAsh4OAels6l/0zYpdsxew1omTkwrJ0eibXz0/ZmkIETJBleo6doJuRiVyJmBW6qUKEspGdABdTSMagnKzxekz61wrvhXEUleE1kL9PZHRUKlJ6OnOkOJQrXpz8T+vm2Jw42Y8SlKEiC0XBamwMLbmOVg+l8BQTDShTHJ9q8WGVFKGOq2SDsFZfXmdtC5rjl1zHq4q9ds8jiI5JWekShxyTerknjRIkzDyRJ7JK3kzpsaL8W58LFsLRj5zQv7A+PwBPymT+g==</latexit><latexit sha1_base64="cRsBDomqFstBstW/qIi5dU9bHY8=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkoigh6LXjxWsB/QhrLZTNqlmw92J5WS9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5XiK4Qtv+Ngobm1vbO8Xd0t7+weGRWT5uqTiVDJosFrHseFSB4BE0kaOATiKBhp6Atje6m/vtMUjF4+gRJwm4IR1EPOCMopb6Zjmp9sbAsh4OAels6l/0zYpdsxew1omTkwrJ0eibXz0/ZmkIETJBleo6doJuRiVyJmBW6qUKEspGdABdTSMagnKzxekz61wrvhXEUleE1kL9PZHRUKlJ6OnOkOJQrXpz8T+vm2Jw42Y8SlKEiC0XBamwMLbmOVg+l8BQTDShTHJ9q8WGVFKGOq2SDsFZfXmdtC5rjl1zHq4q9ds8jiI5JWekShxyTerknjRIkzDyRJ7JK3kzpsaL8W58LFsLRj5zQv7A+PwBPymT+g==</latexit>

We want to calculate the probability of 
certain model parameters given the data:



p(✓|d) = L(d|✓)⇡(✓)
Z(d)

<latexit sha1_base64="KTStTNO4Ms1Z3C/WaYV0NWqKV0k=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK0m5qIoBuh6MaFiwr2gU0ok8mkHTp5MHMjlDSf4cZfceNCEbfd+TdO2yy09cCFwzn3cu89bsyZBNP81gorq2vrG8XN0tb2zu6evn/QklEiCG2SiEei42JJOQtpExhw2okFxYHLadsd3kz99hMVkkXhA4xi6gS4HzKfEQxK6umnccWGAQU89qpXti8wSe8q3niuVe2Y5XY1Sx8rXjXr6WWzZs5gLBMrJ2WUo9HTJ7YXkSSgIRCOpexaZgxOigUwwmlWshNJY0yGuE+7ioY4oNJJZ49lxolSPMOPhKoQjJn6eyLFgZSjwFWdAYaBXPSm4n9eNwH/0klZGCdAQzJf5CfcgMiYpmR4TFACfKQIJoKpWw0ywCodUFmWVAjW4svLpHVWs8yadX9erl/ncRTRETpGFWShC1RHt6iBmoigZ/SK3tGH9qK9aZ/a17y1oOUzh+gPtMkP77efrw==</latexit><latexit sha1_base64="KTStTNO4Ms1Z3C/WaYV0NWqKV0k=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK0m5qIoBuh6MaFiwr2gU0ok8mkHTp5MHMjlDSf4cZfceNCEbfd+TdO2yy09cCFwzn3cu89bsyZBNP81gorq2vrG8XN0tb2zu6evn/QklEiCG2SiEei42JJOQtpExhw2okFxYHLadsd3kz99hMVkkXhA4xi6gS4HzKfEQxK6umnccWGAQU89qpXti8wSe8q3niuVe2Y5XY1Sx8rXjXr6WWzZs5gLBMrJ2WUo9HTJ7YXkSSgIRCOpexaZgxOigUwwmlWshNJY0yGuE+7ioY4oNJJZ49lxolSPMOPhKoQjJn6eyLFgZSjwFWdAYaBXPSm4n9eNwH/0klZGCdAQzJf5CfcgMiYpmR4TFACfKQIJoKpWw0ywCodUFmWVAjW4svLpHVWs8yadX9erl/ncRTRETpGFWShC1RHt6iBmoigZ/SK3tGH9qK9aZ/a17y1oOUzh+gPtMkP77efrw==</latexit><latexit sha1_base64="KTStTNO4Ms1Z3C/WaYV0NWqKV0k=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK0m5qIoBuh6MaFiwr2gU0ok8mkHTp5MHMjlDSf4cZfceNCEbfd+TdO2yy09cCFwzn3cu89bsyZBNP81gorq2vrG8XN0tb2zu6evn/QklEiCG2SiEei42JJOQtpExhw2okFxYHLadsd3kz99hMVkkXhA4xi6gS4HzKfEQxK6umnccWGAQU89qpXti8wSe8q3niuVe2Y5XY1Sx8rXjXr6WWzZs5gLBMrJ2WUo9HTJ7YXkSSgIRCOpexaZgxOigUwwmlWshNJY0yGuE+7ioY4oNJJZ49lxolSPMOPhKoQjJn6eyLFgZSjwFWdAYaBXPSm4n9eNwH/0klZGCdAQzJf5CfcgMiYpmR4TFACfKQIJoKpWw0ywCodUFmWVAjW4svLpHVWs8yadX9erl/ncRTRETpGFWShC1RHt6iBmoigZ/SK3tGH9qK9aZ/a17y1oOUzh+gPtMkP77efrw==</latexit><latexit sha1_base64="KTStTNO4Ms1Z3C/WaYV0NWqKV0k=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK0m5qIoBuh6MaFiwr2gU0ok8mkHTp5MHMjlDSf4cZfceNCEbfd+TdO2yy09cCFwzn3cu89bsyZBNP81gorq2vrG8XN0tb2zu6evn/QklEiCG2SiEei42JJOQtpExhw2okFxYHLadsd3kz99hMVkkXhA4xi6gS4HzKfEQxK6umnccWGAQU89qpXti8wSe8q3niuVe2Y5XY1Sx8rXjXr6WWzZs5gLBMrJ2WUo9HTJ7YXkSSgIRCOpexaZgxOigUwwmlWshNJY0yGuE+7ioY4oNJJZ49lxolSPMOPhKoQjJn6eyLFgZSjwFWdAYaBXPSm4n9eNwH/0klZGCdAQzJf5CfcgMiYpmR4TFACfKQIJoKpWw0ywCodUFmWVAjW4svLpHVWs8yadX9erl/ncRTRETpGFWShC1RHt6iBmoigZ/SK3tGH9qK9aZ/a17y1oOUzh+gPtMkP77efrw==</latexit>

Likelihood: probability of the data, given the model.

Prior: our prior knowledge of the 
parameters of the model

Evidence: (only depends on the 
data, for parameter estimation is just 
a normalisation constant; let’s get 
back to this)

The game: Evaluate this 
equation for all values of the 

model parameters

frequency [Hz]
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r/dataisbeautiful

in reality, for large dimensional spaces, direct 
integration is computationally infeasible

• Markov chain Monte Carlo 
• Nested sampling 
• etc



The user-friendly 
Bayesian inference 
library

git.ligo.org/lscsoft/bilby/

A versatile parameter-estimation code being adopted for 
production science in next LIGO observing run

Ashton, Hübner, PL, Talbot + (2019) 
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ground-based 
gravitational-wave 

experiments

Ashton, Hübner, PL, Talbot + (2019)



synthetic neutron stars

Ashton, Hübner, PL, Talbot + (2019)



do millisecond magnetars exist?
x-ray light curves of gamma-ray bursts

PL, Leris, Rowlinson & Glampedakis (2017)
Sarin, PL, Ashton (2019)



Fast Radio Bursts

Farah et al. 2019



Ashton, PL, Graber, Palfreyman (submitted)

The 2016-vela glitch

finally back to pulsars!

• 200-s sliding windows
• each window, Bayesian inference using a 

constant-frequency model

glitch
overshoot and decay!

??????
??  

(antiglitch?)

• fit timing model with basic glitch, derive 
posterior for the rise time



p(✓|d) = L(d|✓)⇡(✓)
Z(d)

<latexit sha1_base64="KTStTNO4Ms1Z3C/WaYV0NWqKV0k=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK0m5qIoBuh6MaFiwr2gU0ok8mkHTp5MHMjlDSf4cZfceNCEbfd+TdO2yy09cCFwzn3cu89bsyZBNP81gorq2vrG8XN0tb2zu6evn/QklEiCG2SiEei42JJOQtpExhw2okFxYHLadsd3kz99hMVkkXhA4xi6gS4HzKfEQxK6umnccWGAQU89qpXti8wSe8q3niuVe2Y5XY1Sx8rXjXr6WWzZs5gLBMrJ2WUo9HTJ7YXkSSgIRCOpexaZgxOigUwwmlWshNJY0yGuE+7ioY4oNJJZ49lxolSPMOPhKoQjJn6eyLFgZSjwFWdAYaBXPSm4n9eNwH/0klZGCdAQzJf5CfcgMiYpmR4TFACfKQIJoKpWw0ywCodUFmWVAjW4svLpHVWs8yadX9erl/ncRTRETpGFWShC1RHt6iBmoigZ/SK3tGH9qK9aZ/a17y1oOUzh+gPtMkP77efrw==</latexit><latexit sha1_base64="KTStTNO4Ms1Z3C/WaYV0NWqKV0k=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK0m5qIoBuh6MaFiwr2gU0ok8mkHTp5MHMjlDSf4cZfceNCEbfd+TdO2yy09cCFwzn3cu89bsyZBNP81gorq2vrG8XN0tb2zu6evn/QklEiCG2SiEei42JJOQtpExhw2okFxYHLadsd3kz99hMVkkXhA4xi6gS4HzKfEQxK6umnccWGAQU89qpXti8wSe8q3niuVe2Y5XY1Sx8rXjXr6WWzZs5gLBMrJ2WUo9HTJ7YXkSSgIRCOpexaZgxOigUwwmlWshNJY0yGuE+7ioY4oNJJZ49lxolSPMOPhKoQjJn6eyLFgZSjwFWdAYaBXPSm4n9eNwH/0klZGCdAQzJf5CfcgMiYpmR4TFACfKQIJoKpWw0ywCodUFmWVAjW4svLpHVWs8yadX9erl/ncRTRETpGFWShC1RHt6iBmoigZ/SK3tGH9qK9aZ/a17y1oOUzh+gPtMkP77efrw==</latexit><latexit sha1_base64="KTStTNO4Ms1Z3C/WaYV0NWqKV0k=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK0m5qIoBuh6MaFiwr2gU0ok8mkHTp5MHMjlDSf4cZfceNCEbfd+TdO2yy09cCFwzn3cu89bsyZBNP81gorq2vrG8XN0tb2zu6evn/QklEiCG2SiEei42JJOQtpExhw2okFxYHLadsd3kz99hMVkkXhA4xi6gS4HzKfEQxK6umnccWGAQU89qpXti8wSe8q3niuVe2Y5XY1Sx8rXjXr6WWzZs5gLBMrJ2WUo9HTJ7YXkSSgIRCOpexaZgxOigUwwmlWshNJY0yGuE+7ioY4oNJJZ49lxolSPMOPhKoQjJn6eyLFgZSjwFWdAYaBXPSm4n9eNwH/0klZGCdAQzJf5CfcgMiYpmR4TFACfKQIJoKpWw0ywCodUFmWVAjW4svLpHVWs8yadX9erl/ncRTRETpGFWShC1RHt6iBmoigZ/SK3tGH9qK9aZ/a17y1oOUzh+gPtMkP77efrw==</latexit><latexit sha1_base64="KTStTNO4Ms1Z3C/WaYV0NWqKV0k=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSK0m5qIoBuh6MaFiwr2gU0ok8mkHTp5MHMjlDSf4cZfceNCEbfd+TdO2yy09cCFwzn3cu89bsyZBNP81gorq2vrG8XN0tb2zu6evn/QklEiCG2SiEei42JJOQtpExhw2okFxYHLadsd3kz99hMVkkXhA4xi6gS4HzKfEQxK6umnccWGAQU89qpXti8wSe8q3niuVe2Y5XY1Sx8rXjXr6WWzZs5gLBMrJ2WUo9HTJ7YXkSSgIRCOpexaZgxOigUwwmlWshNJY0yGuE+7ioY4oNJJZ49lxolSPMOPhKoQjJn6eyLFgZSjwFWdAYaBXPSm4n9eNwH/0klZGCdAQzJf5CfcgMiYpmR4TFACfKQIJoKpWw0ywCodUFmWVAjW4svLpHVWs8yadX9erl/ncRTRETpGFWShC1RHt6iBmoigZ/SK3tGH9qK9aZ/a17y1oOUzh+gPtMkP77efrw==</latexit>

Evidence: used for doing model selection!
Z

d✓p(✓|d) = 1
<latexit sha1_base64="1CFjq/HL7x28Q/1QHETtQe+jUQU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKAboejGZQV7gSaUyWTaDp1MwsyJUGLBja/ixoUibn0Jd76N0zYLbf1h4OM/5zDn/EEiuAbH+bYKS8srq2vF9dLG5tb2jr2719Rxqihr0FjEqh0QzQSXrAEcBGsnipEoEKwVDK8n9dY9U5rH8g5GCfMj0pe8xykBY3XtA49LwKEHAwYEJ5UZPIQnl27XLjtVZyq8CG4OZZSr3rW/vDCmacQkUEG07rhOAn5GFHAq2LjkpZolhA5Jn3UMShIx7WfTG8b42Dgh7sXKPLPR1P09kZFI61EUmM6IwEDP1ybmf7VOCr0LP+MySYFJOvuolwoMMZ4EgkOuGAUxMkCo4mZXTAdEEQomtpIJwZ0/eRGap1XXqbq3Z+XaVR5HER2iI1RBLjpHNXSD6qiBKHpEz+gVvVlP1ov1bn3MWgtWPrOP/sj6/AHBAJbt</latexit><latexit sha1_base64="1CFjq/HL7x28Q/1QHETtQe+jUQU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKAboejGZQV7gSaUyWTaDp1MwsyJUGLBja/ixoUibn0Jd76N0zYLbf1h4OM/5zDn/EEiuAbH+bYKS8srq2vF9dLG5tb2jr2719Rxqihr0FjEqh0QzQSXrAEcBGsnipEoEKwVDK8n9dY9U5rH8g5GCfMj0pe8xykBY3XtA49LwKEHAwYEJ5UZPIQnl27XLjtVZyq8CG4OZZSr3rW/vDCmacQkUEG07rhOAn5GFHAq2LjkpZolhA5Jn3UMShIx7WfTG8b42Dgh7sXKPLPR1P09kZFI61EUmM6IwEDP1ybmf7VOCr0LP+MySYFJOvuolwoMMZ4EgkOuGAUxMkCo4mZXTAdEEQomtpIJwZ0/eRGap1XXqbq3Z+XaVR5HER2iI1RBLjpHNXSD6qiBKHpEz+gVvVlP1ov1bn3MWgtWPrOP/sj6/AHBAJbt</latexit><latexit sha1_base64="1CFjq/HL7x28Q/1QHETtQe+jUQU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKAboejGZQV7gSaUyWTaDp1MwsyJUGLBja/ixoUibn0Jd76N0zYLbf1h4OM/5zDn/EEiuAbH+bYKS8srq2vF9dLG5tb2jr2719Rxqihr0FjEqh0QzQSXrAEcBGsnipEoEKwVDK8n9dY9U5rH8g5GCfMj0pe8xykBY3XtA49LwKEHAwYEJ5UZPIQnl27XLjtVZyq8CG4OZZSr3rW/vDCmacQkUEG07rhOAn5GFHAq2LjkpZolhA5Jn3UMShIx7WfTG8b42Dgh7sXKPLPR1P09kZFI61EUmM6IwEDP1ybmf7VOCr0LP+MySYFJOvuolwoMMZ4EgkOuGAUxMkCo4mZXTAdEEQomtpIJwZ0/eRGap1XXqbq3Z+XaVR5HER2iI1RBLjpHNXSD6qiBKHpEz+gVvVlP1ov1bn3MWgtWPrOP/sj6/AHBAJbt</latexit><latexit sha1_base64="1CFjq/HL7x28Q/1QHETtQe+jUQU=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFqJuSiKAboejGZQV7gSaUyWTaDp1MwsyJUGLBja/ixoUibn0Jd76N0zYLbf1h4OM/5zDn/EEiuAbH+bYKS8srq2vF9dLG5tb2jr2719Rxqihr0FjEqh0QzQSXrAEcBGsnipEoEKwVDK8n9dY9U5rH8g5GCfMj0pe8xykBY3XtA49LwKEHAwYEJ5UZPIQnl27XLjtVZyq8CG4OZZSr3rW/vDCmacQkUEG07rhOAn5GFHAq2LjkpZolhA5Jn3UMShIx7WfTG8b42Dgh7sXKPLPR1P09kZFI61EUmM6IwEDP1ybmf7VOCr0LP+MySYFJOvuolwoMMZ4EgkOuGAUxMkCo4mZXTAdEEQomtpIJwZ0/eRGap1XXqbq3Z+XaVR5HER2iI1RBLjpHNXSD6qiBKHpEz+gVvVlP1ov1bn3MWgtWPrOP/sj6/AHBAJbt</latexit>

Z(d) =
R
d✓L(d|✓)⇡(✓)
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Given two models: M1(θ1) and M2(θ2), the 
Bayes factor is defined as the ratio of the 
two evidences:

BF = Z1
Z2

=
R
d✓1 L(d|✓1)⇡(✓1)R
d✓2 L(d|✓2)⇡(✓2)

<latexit sha1_base64="dekqF9YO/TSsphEDZxJg9QKL4Jo="></latexit><latexit sha1_base64="Qsaztvl2f2UQcG+X5Y7eSz92MeE="></latexit><latexit sha1_base64="Qsaztvl2f2UQcG+X5Y7eSz92MeE="></latexit><latexit sha1_base64="W3W/Elj5PleFV486FboaaMKBZ+8="></latexit>

The Bayes factor (almost*) gives the odds between any two models.  e.g., 
model 1 is preferred over model 2 with XX Bayes factor…

* technically, it’s the “Odds”, which multiplies the Bayes factor by the 
prior odds.  But for simple situations, the prior odds equal one!



Ashton, PL, Graber, Palfreyman (submitted)

The 2016-vela glitch

Bayesian model selection

• does the overshoot-decay exist?
yes! BF ~ 125 

(over simple step glitch)

• does the slow-down occur?
probably… BF ~ 3 

(over overshoot-decay-only model)

word of caution: you’re only as good as your models…



pulse-profile modelling

Greg Ashton has developed this; 
speaking about it tomorrow!

plot courtesy of Greg Ashton, via pyglit/Bilby

• Pulsar timing uses pulse time-of-arrivals
• this is not the right way to do things
• Reverend Thomas Bayes would:

• do full parameter estimation for each pulse
• use a hierarchical model for the spin 

evolution, etc., of the pulsar

• hierarchical model includes things like
• gravitational-wave background
• pulsar red- and white-noise parameters
• solar-system parameters
• etc



“Bayesian inference is the 
future of gravitational-wave 

astronomy” 

Matilda B. Bilby* 
*still not a real Bilby


