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A 1D  Problem

• Drop a measuring device on a cable down a hole 
• where is it?

• Setup:
• measurement of depth

• actual distance down the hole

• known                    which will be normal, 

• known                       which will be normal, 

• Q:    what is                     ?

<latexit sha1_base64="gjdrjQLt9hHsvr6uVT/cU2P8RPQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbSbt0swm7G7GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6fyr1yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZpdOyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhlZ9xmaQGJZsvClNBTEymb5M+V8iMGFtCmeL2VsKGVFFmbDjTELzFl5dJ86zqXVS9u/NK7TqPowhHcAyn4MEl1OAW6tAABiE8wyu8OSPnxXl3PuatBSefOYQ/cD5/ABzEjRY=</latexit>x
<latexit sha1_base64="YzkBaHoFFgA9Ezjpdv4zeHlVYLs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVoL7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4Ape+PLg==</latexit>

✓
<latexit sha1_base64="99tYLVHwYqyxmFZHyuzNcYWmSt8=">AAAB8HicbVBNS8NAEN34WetX1aOXxSLUS0lE1GPRi8cK9kPaUDbbSbt0swm7E6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2UCAVnaKXHpNLFISA765XKbtWdgS4TLydlkqPeK311+zFPI1DIJTOm47kJ+hnTKLiESbGbGkgYH7EBdCxVLALjZ7ODJ/TUKn0axtqWQjpTf09kLDJmHAW2M2I4NIveVPzP66QYXvuZUEmKoPh8UZhKijGdfk/7QgNHObaEcS3srZQPmWYcbUZFG4K3+PIyaZ5Xvcuqd39Rrt3kcRTIMTkhFeKRK1Ijd6ROGoSTiDyTV/LmaOfFeXc+5q0rTj5zRP7A+fwBQGuQDQ==</latexit>

p(✓)
<latexit sha1_base64="o4TvqQAN+IHd4ZOh/y0+OPvTvIQ=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEGITdoOoYBO0sZII5gLZdZmdzCZDZi/MnBXCksZXsbFQxNbHsPNtnCRbaOIPAx//OYcz5/cTwRVY1rdRWFpeWV0rrpc2Nre2d8zdvZaKU0lZk8Yilh2fKCZ4xJrAQbBOIhkJfcHa/vB6Um8/Mql4HN3DKGFuSPoRDzgloC3PPLitODBgQDx6iR3F+6Gmh9qJZ5atqjUVXgQ7hzLK1fDML6cX0zRkEVBBlOraVgJuRiRwKti45KSKJYQOSZ91NUYkZMrNpgeM8bF2ejiIpX4R4Kn7eyIjoVKj0NedIYGBmq9NzP9q3RSCCzfjUZICi+hsUZAKDDGepIF7XDIKYqSBUMn1XzEdEEko6MxKOgR7/uRFaNWq9lnVvjst16/yOIroEB2hCrLROaqjG9RATUTRGD2jV/RmPBkvxrvxMWstGPnMPvoj4/MHNWOVhA==</latexit>

N(✓c;�
2
c )

<latexit sha1_base64="mAUL/1BWL2YOVLNWcGqZwXsFpl4=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHBC9k1Rj0SvXjERB4JbMjs0AsTZh/O9BLJynd48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTP3mCJQWUXiP4xjcgPVD4QvO0EhuXH6kT7SDA0B22i2W7Io9A10mTkZKJEOtW/zq9CKeBBAil0zrtmPH6KZMoeASJoVOoiFmfMj60DY0ZAFoN50dPaEnRulRP1KmQqQz9fdEygKtx4FnOgOGA73oTcX/vHaC/pWbijBOEEI+X+QnkmJEpwnQnlDAUY4NYVwJcyvlA6YYR5NTwYTgLL68TBpnFeei4tydl6rXWRx5ckSOSZk45JJUyS2pkTrh5IE8k1fyZo2sF+vd+pi35qxs5pD8gfX5A7QlkWk=</latexit>

p(x|✓)
<latexit sha1_base64="PwSw71EaEyd++4ufCjMbSYjUTBM=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBiE3YDaKCTdDGSiKYByRxmZ3MJkNmZpeZu0IIafwVGwtFbP0MO//GyaPQxAMXDufcy733hIngBjzv28ksLa+srmXXcxubW9s77u5ezcSppqxKYxHrRkgME1yxKnAQrJFoRmQoWD3sX4/9+iPThsfqHgYJa0vSVTzilICVAvfgtkBxC3oMyCVuGd6VJJAPpZPAzXtFbwK8SPwZyaMZKoH71erENJVMARXEmKbvJdAeEg2cCjbKtVLDEkL7pMualioimWkPJw+M8LFVOjiKtS0FeKL+nhgSacxAhrZTEuiZeW8s/uc1U4gu2kOukhSYotNFUSowxHicBu5wzSiIgSWEam5vxbRHNKFgM8vZEPz5lxdJrVT0z4r+3Wm+fDWLI4sO0REqIB+dozK6QRVURRSN0DN6RW/Ok/PivDsf09aMM5vZR3/gfP4A4B2VTw==</latexit>

N(c✓;�2
m)

<latexit sha1_base64="0K7ED9L3hhxwFw7qoHut9RWrQPE=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHBC9k1Rj0SvXjERB4JbMjs0AsTZh/O9BLJynd48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTP3mCJQWUXiP4xjcgPVD4QvO0EhuXO7gAJDRJ/p42i2W7Io9A10mTkZKJEOtW/zq9CKeBBAil0zrtmPH6KZMoeASJoVOoiFmfMj60DY0ZAFoN50dPaEnRulRP1KmQqQz9fdEygKtx4FnOgOGA73oTcX/vHaC/pWbijBOEEI+X+QnkmJEpwnQnlDAUY4NYVwJcyvlA6YYR5NTwYTgLL68TBpnFeei4tydl6rXWRx5ckSOSZk45JJUyS2pkTrh5IE8k1fyZo2sF+vd+pi35qxs5pD8gfX5A7YJkWk=</latexit>

p(✓|x)



A 1D problem, II

<latexit sha1_base64="+3tKesI1Eujx9x0imNty0p1FDUs=">AAACGXicbZDLSgMxFIYzXmu9VV26CRah3ZQZEXUjFN24rGAv0A4lk2ba0MxMSM5Iy7Sv4cZXceNCEZe68m3MtBW09UDg5/vP4eT8nhRcg21/WUvLK6tr65mN7ObW9s5ubm+/pqNYUValkYhUwyOaCR6yKnAQrCEVI4EnWN3rX6d+/Z4pzaPwDoaSuQHphtznlIBB7ZwtCy3oMSB4hAfFy5avCE1kYTCa0iL+8YvjFBfH7VzeLtmTwovCmYk8mlWlnftodSIaBywEKojWTceW4CZEAaeCjbOtWDNJaJ90WdPIkARMu8nksjE+NqSD/UiZFwKe0N8TCQm0Hgae6QwI9PS8l8L/vGYM/oWb8FDGwEI6XeTHAkOE05hwhytGQQyNIFRx81dMe8SEAybMrAnBmT95UdROSs5Zybk9zZevZnFk0CE6QgXkoHNURjeogqqIogf0hF7Qq/VoPVtv1vu0dcmazRygP2V9fgM0nJ/Q</latexit>

p(✓|x) = p(x|✓)p(✓)
p(x)

<latexit sha1_base64="vkAU1Lkbi0wC8Dgs2fq5ZROcgok=">AAACFXicbVDLSgMxFM34rPU16tJNsAgtSJkRUZdFNy4r2Ae0Q8mkaRuamQnJHWmZ9ifc+CtuXCjiVnDn35i2I2jrgcDhnHO5uceXgmtwnC9raXlldW09s5Hd3Nre2bX39qs6ihVlFRqJSNV9opngIasAB8HqUjES+ILV/P71xK/dM6V5FN7BUDIvIN2QdzglYKSWfSLzTegxIHiEB4WmVJGECCcyPxjN9AL+SRTGLTvnFJ0p8CJxU5JDKcot+7PZjmgcsBCoIFo3XEeClxAFnAo2zjZjzSShfdJlDUNDEjDtJdOrxvjYKG3ciZR5IeCp+nsiIYHWw8A3yYBAT897E/E/rxFD59JLeChjYCGdLerEApvDJxXhNleMghgaQqji5q+Y9ogiFEyRWVOCO3/yIqmeFt3zont7litdpXVk0CE6QnnkogtUQjeojCqIogf0hF7Qq/VoPVtv1vssumSlMwfoD6yPb3VvnmI=</latexit>

p(✓|x) / p(x|✓)p(✓)

<latexit sha1_base64="UUaI5rpGFPCVwokYumNvvAthAWA="></latexit>

log p(✓|x) = log p(x|✓) + log p(✓) +K

= � (c✓ � x)2

2�2
m

� (✓ � ✓c)2

2�2
c

+K 0

(Bayes rule), so that:

And:



A 1D problem, III

<latexit sha1_base64="ldpJ+9YEdtIGTz/X/ur8C/fXl4s="></latexit>

log p(✓|x) = � (c✓ � x)2

2�2
m

� (✓ � ✓c)2

2�2
c

+K 0

= �✓2

2


�2
m + c2�2

c

�2
m�2

c

�
+ ✓


✓c�2

m + cx�2
c

�2
m�2

c

�
+K 00



A 1D problem, IV

• Now *IF*                               is normal (say                    )

• Then
<latexit sha1_base64="W+Y/3tWldrpr6QvF7jTBAQ31Ua8="></latexit>

log p(✓|x) = � (✓ � µt)2

2�2
t

+K 000

= � ✓2

2�2
t

+ ✓
µt

�2
t

+K 000

<latexit sha1_base64="d4Qul7DrGekAApieGHCUdAdNeWg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0WvXisYD9gu5Rsmm1Ds8mSzIpl7c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By6hUU9akSijdCYlhgkvWBA6CdRLNSBwK1g5HN1O//cC04UrewzhhQUwGkkecErCSn1S7MGRAnh5Pe+WKW3NnwMvEy0kF5Wj0yl/dvqJpzCRQQYzxPTeBICMaOBVsUuqmhiWEjsiA+ZZKEjMTZLOTJ/jEKn0cKW1LAp6pvycyEhszjkPbGRMYmkVvKv7n+SlEV0HGZZICk3S+KEoFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWSDcFbfHmZtM5q3kXNuzuv1K/zOIroCB2jKvLQJaqjW9RATUSRQs/oFb054Lw4787HvLXg5DOH6A+czx8Dx5EV</latexit>

p(✓|x)
<latexit sha1_base64="q0jJiK1HfE775BRXwzum2Iwd+TI=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxDiJcwEUcFL0IsniWAWSMahp9NJmnT3DN01QhyCv+LFgyJe/Q9v/o2d5aCJDwoe71VRVS+MBTfgut/OwuLS8spqZi27vrG5tZ3b2a2ZKNGUVWkkIt0IiWGCK1YFDoI1Ys2IDAWrh/2rkV9/YNrwSN3BIGa+JF3FO5wSsFKQ278ptGQSwAVuGd6VJID70nGQy7tFdww8T7wpyaMpKkHuq9WOaCKZAiqIMU3PjcFPiQZOBRtmW4lhMaF90mVNSxWRzPjp+PohPrJKG3cibUsBHqu/J1IijRnI0HZKAj0z643E/7xmAp1zP+UqToApOlnUSQSGCI+iwG2uGQUxsIRQze2tmPaIJhRsYFkbgjf78jyplYreadG7PcmXL6dxZNABOkQF5KEzVEbXqIKqiKJH9Ixe0Zvz5Lw4787HpHXBmc7soT9wPn8ADzGUVA==</latexit>

N(µt;�
2
t )



Pattern match

<latexit sha1_base64="W+Y/3tWldrpr6QvF7jTBAQ31Ua8="></latexit>

log p(✓|x) = � (✓ � µt)2

2�2
t

+K 000

= � ✓2

2�2
t

+ ✓
µt

�2
t

+K 000

<latexit sha1_base64="ldpJ+9YEdtIGTz/X/ur8C/fXl4s="></latexit>

log p(✓|x) = � (c✓ � x)2

2�2
m

� (✓ � ✓c)2

2�2
c

+K 0

= �✓2

2


�2
m + c2�2

c

�2
m�2

c

�
+ ✓


✓c�2

m + cx�2
c

�2
m�2

c

�
+K 00



A 1D Problem, V

• Important checks:
• what happens if measurement is unreliable?
• what happens if prior is very diffuse?

<latexit sha1_base64="vDOSLUY8pNmsOk/JEn24+3X2EHY=">AAACMnicbVBNS8NAEN34WetX1KOXxSIIQkmKqBeh6EVvFawKTRs22027dDcJuxOxhP4mL/4SwYMeFPHqj3BbA9bWBwNv35thZ16QCK7BcV6smdm5+YXFwlJxeWV1bd3e2LzWcaooq9NYxOo2IJoJHrE6cBDsNlGMyECwm6B3NvRv7pjSPI6uoJ+wpiSdiIecEjCSb194MvXhxAsVoZkHXQbEp9jTvCOJL1uVfYrv8xdtVfAgG7dalV9r4Nslp+yMgKeJm5MSylHz7SevHdNUsgioIFo3XCeBZkYUcCrYoOilmiWE9kiHNQyNiGS6mY1OHuBdo7RxGCtTEeCROj6REal1XwamUxLo6klvKP7nNVIIj5sZj5IUWER/PgpTgSHGw/xwmytGQfQNIVRxsyumXWLSA5Ny0YTgTp48Ta4rZfew7F4elKqneRwFtI120B5y0RGqonNUQ3VE0QN6Rm/o3Xq0Xq0P6/OndcbKZ7bQH1hf3+xWqok=</latexit>

µt =
✓c�2

m + cx�2
c

�2
m + c2�2

c

<latexit sha1_base64="ot0RPiL4PlCtuhxib8Ih42HM2tA=">AAACKnicbZDLSsNAFIYn9VbrLerSzWARBKEkQdSNUHXjsoK9QJOGyXTSDp1JwsxEKKHP48ZXcdOFUtz6IE7bQLX1wMDH/5/DmfMHCaNSWdbEKKytb2xuFbdLO7t7+wfm4VFDxqnApI5jFotWgCRhNCJ1RRUjrUQQxANGmsHgYeo3X4iQNI6e1TAhHke9iIYUI6Ul37xzJe1x5KuOc+uGAuEsF3DHgTnyjjPKFnyhrUXTyDfLVsWaFVwFO4cyyKvmm2O3G+OUk0hhhqRs21aivAwJRTEjo5KbSpIgPEA90tYYIU6kl81OHcEzrXRhGAv9IgVn6u+JDHEphzzQnRypvlz2puJ/XjtV4Y2X0ShJFYnwfFGYMqhiOM0NdqkgWLGhBoQF1X+FuI90YEqnW9Ih2Msnr0LDqdhXFfvpsly9z+MoghNwCs6BDa5BFTyCGqgDDF7BO/gAn8abMTYmxte8tWDkM8fgTxnfP9Hsp34=</latexit>

�2
t =

�2
c�

2
m

�2
m + c2�2

c



Summary, with change of notation



Now a second measurement arrives…

• We know that                   is normal
• think of this as the prior

• We know that                   is normal
• think of this as the likelihood

• So:
• the posterior                                   must be normal

• and we can update as before!

<latexit sha1_base64="d4Qul7DrGekAApieGHCUdAdNeWg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0WvXisYD9gu5Rsmm1Ds8mSzIpl7c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5By6hUU9akSijdCYlhgkvWBA6CdRLNSBwK1g5HN1O//cC04UrewzhhQUwGkkecErCSn1S7MGRAnh5Pe+WKW3NnwMvEy0kF5Wj0yl/dvqJpzCRQQYzxPTeBICMaOBVsUuqmhiWEjsiA+ZZKEjMTZLOTJ/jEKn0cKW1LAp6pvycyEhszjkPbGRMYmkVvKv7n+SlEV0HGZZICk3S+KEoFBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWSDcFbfHmZtM5q3kXNuzuv1K/zOIroCB2jKvLQJaqjW9RATUSRQs/oFb054Lw4787HvLXg5DOH6A+czx8Dx5EV</latexit>

p(✓|x)

<latexit sha1_base64="qTM4DbrInWxv3cgT0qiIEEUA7y4=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBC9k1Rj0SvXjERB4JbMjsMAsTZh/O9BLJynd48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoxusskpFqeVRzKUJeR4GSt2LFaeBJ3vSGN1O/OeJKiyi8x3HM3YD2Q+ELRtFIblx+7DpPHRxwpKfdYsmu2DOQZeJkpAQZat3iV6cXsSTgITJJtW47doxuShUKJvmk0Ek0jykb0j5vGxrSgGs3nR09ISdG6RE/UqZCJDP190RKA63HgWc6A4oDvehNxf+8doL+lZuKME6Qh2y+yE8kwYhMEyA9oThDOTaEMiXMrYQNqKIMTU4FE4Kz+PIyaZxVnIuKc3deql5nceThCI6hDA5cQhVuoQZ1YPAAz/AKb9bIerHerY95a87KZg7hD6zPHy/Xkbk=</latexit>

p(x1|✓)

<latexit sha1_base64="O0FNAdcSnX59zCQYt6ZdYMLTJU4=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJUkJKIqMeiF48V7Ae0IWy2m3bpZhN2J6Ul9p948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tlZW19Y3Ngtbxe2d3b19++CwoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMY3E395pApzWP5COOEeRHpSR5ySsBIvm0n5Q70GZCnke+e49GZb5ecijMDXiZuTkooR823vzrdmKYRk0AF0brtOgl4GVHAqWCTYifVLCF0QHqsbagkEdNeNrt8gk+N0sVhrExJwDP190RGIq3HUWA6IwJ9vehNxf+8dgrhjZdxmaTAJJ0vClOBIcbTGHCXK0ZBjA0hVHFzK6Z9oggFE1bRhOAuvrxMGhcV96riPlyWqrd5HAV0jE5QGbnoGlXRPaqhOqJoiJ7RK3qzMuvFerc+5q0rVj5zhP7A+vwBT9WSzA==</latexit>

p(✓|x1, x)


