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Thomas Bayes
From Wikipedia, the free encyclopedia.

Thomas Bayes (c. 1702-April 7, 1761) 
was a British mathematician and 
Presbyterian minister, known for having 
formulated a special case of Bayes’ 
theorem. Bayes was elected Fellow of the
Royal Society in 1742.

Born in London, England, Bayes died in 
Tunbridge Wells, Kent. He is interred in 
Bunhill Fields Cemetery in London, where
many Nonconformists are buried.
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Works by Thomas Bayes 

Bayes is known to have published two works in his lifetime: Divine Benevolence, or an 
Attempt to Prove That the Principal End of the Divine Providence and Government is the 
Happiness of His Creatures (1731), and An Introduction to the Doctrine of Fluxions, and a 
Defence of the Mathematicians Against the Objections of the Author of the Analyst (published 
anonymously in 1736), in which he defended the logical foundation of Isaac Newton’s 
calculus against the criticism of George Berkeley, author of The Analyst. It is speculated that
Bayes was elected to the Royal Society on the strength of the Introduction to the Doctrine of 
Fluxions, as he is not known to have published any other mathematical works during his
lifetime.

Bayes’ solution to a problem of "inverse probability" was presented in the Essay Towards 
Solving a Problem in the Doctrine of Chances (1763), published posthumously by his friend 
Richard Price in the Philosophical Transactions of the Royal Society of London. This essay
contains a statement of a special case of Bayes’ theorem.

In the first decades of the eighteenth century, many problems concerning the probability of
certain events, given specified conditions, were solved. For example, given a specified
number of white and black balls in an urn, what is the probability of drawing a black ball?
These are sometimes called "forward probability" problems. Attention soon turned to the
converse of such a problem: given that one or more balls has been drawn, what can be said
about the number of white and black balls in the urn? The Essay of Bayes contains his 
solution to a similar problem, posed by Abraham de Moivre, author of The Doctrine of 
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P (A|B) =
P (B|A)P (A)

P (B)
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x|θ ∼ π(x|θ)

 -���IH�G �
x = (x1, x2, . . . , xn)

′ GF�8P)GF�)402��'�K!��R/">��M+%() ;�
π(x|θ) G �">�AM����+�,��9,;��GF� �-+;(�V�H�GF� H�4 �%�@4OGF�'��!TH�40�M�K��+� �� θ

N'��>8,-/"���MH (9G<4c �� P)GF���?� �K� 46��> �  ;� H0>?GF� �;�@=;�@46��� ���0�9+;,;2�� Hc���B'�>?G2� =;�
+;2����J�9>�,���GF��� +%()  ��9�IH�GF�

π(x|θ) GF� N(µ, Σ)

θ = (µ, σ2) 2�( µ = (µ, . . . , µ) 2�(
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• [ A?�:��+ Q�>E#%�)46�9� &-��+�+  ;� θ =%45!.�0Q θ̂ V 4 "�Q��M� H0��(  �� +�Q9�)P�/I��+��"� G � D)� 
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7 GF��(9GF� � H0 &-��!.+-�K� P�GF(�+-�  %GFH0H ��� G<! H0 GF� ��&<4�4  �QO %#%����� � &F� �J/">M,
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• 78�F#)GFH0AM�9+��9��P%��+�+�� �9>�>?4 D9�)�� P%AMH0� � �I�) ;� GF+ (�D9(�+� �� GF� Hc�K!.+���� GF� H�G<4�4 !.���9�
H0�929�) ;+ Q�H�4c���K��+� �� θ ���3GFH0H0�TH0�929�� �+ G � H�G<4�4 !.���9� A !�2������T>�AM����+�,��9,;��GF�?!�

�M+%(:���<V

π(θ) ��'����?2���� ,��@G �E!.+���+;(���+
>�AM���9+;���5GF� X|θ ∼ π(x|θ)

(9D�(�+� �� x Hc�K!.+����
29(���GF�M��+� %�B=%4 ��' 2)H�40GF���?2���� ,��@G ��� +;�M+%()��+ � GF� ��G ()>� 78�F#�G H

π(θ|x) =
π(θ)π(x|θ)

∫

π(θ)π(x|θ)dθ

• [ A?�:��+ �JQ H0���M>?(���GF�M+����-� #)GFHI�R��4I=%4'!.�0Q ' 2)H�4�G ����2���� ,��@G ��� +%() ;+�+;�WV;4#� , �

θ̂BAY ES = Eπ(θ|x)(θ)
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• +"P9�K� Q �K� (9G ���
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!.��G<#
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Iπ =

∫

π(θ) log(π(θ))dθ

� �M+;+  ���� !U�9>�> π  ��9+;+��?(J���  1'(';> �%H0��+;()���� �����=;�"40�M>��0�� �+ H%&F 
H�GF� � G H�40 �� �

Ix =

∫

π(θ|x) log(π(θ|x))dθ

&-Q��J�9�����
Ix − Iπ

• Y�G<4'P��9>������ ��46�9+ ���B'���2 ' G � 
 '�����2��<V 78�F#�GFH0� ��+-���8GF����� Hc�9���JQ9>M� &1&F� �
aI4c&��1S�! π(log(σ) GF��� �K4�4  -Q GF� π(σ) GF�����
� ��4�4#�

•
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 ��G ()�@G H0H0�?2�+ GF�� �K�9!�GF�����M� V H�GF� �� ��K� H�40D9�) %()>?GF�M��� A
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�



� ����	��L	 � 	
� ��� 	�����	 ���������1� 	�	
� ��
 �

• �'�� ��\P�2)�� 78�F#)GFH*�K�9!�GF������� !$#%��H�4*29( !.��GF��H�4*&;GF����H0HA' GF����>�G ()�9����29( H�46/"���2

!.�0/"����>�G ()�9� � �

• �bH0A��� �H�4c ]Q9�� ;� &;G<!. ��E %G<4�46� ����G<#%H�4"29( +�= GF�I78�F#�GFH"����!�GF���)�K!.�0/1��� 2������M+;+
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• � ���JGF�O&-/1(�4ZG<!T>�AM�K��+��?� 29(>';���?2)��� 
 ,;��GF� �-+;(��M+
� #%+;,-� � 0 2�+2"� %(:��40G � 
 '-��� � � Q
P)GF���)� ';����2����;,���GF��� +;(���+ 29( ' 2)H�4�G ����2�����,;��GF� �-+;(��M+��-/1�)�1=��=H�D��  !C"@D)>�H0�)#%>M,; F�
�?� G � ';���?2)� 
 >MA��K��+ '-�����?� G � � 0F>?2�H�G ,� ;+�,%G �IHc���D';>M��+;( �

• `�/"���W� � �M> Q9>E#%�)46�
 �� � GF�)��>?46��>=A +%2)���J��>M,;��GF� �-+;(� V N(µ, σ2) � Y�GF�� ��
�0Q��5!$#%���M�'��� σ H%&  ;GF���)4  -Q GF�IH0����G<!EJ �K��H�G<4 "�� !.�0��� ';����2��

π(µ) ∼ N(a, τ) !U/ �J/">M��+;(� x =��
N(µ, σ) +�= �JQ H��%+-�5� G � ��>�(9G#���� �29( ��G (�>M 78�F#�G HI�K�
π(µ|x) ∼ N(x

τ

σ2 + τ
+ a

σ2

σ2 + τ
,

1

1/σ2 + 1/τ
)

 F� GG�
� ' 2�H�40GF���?2)��� ,���GF��� +%()��+;( P9����� +<� +%2)���J��>M,;��GF� �-+;((� S ! σ &;G<!��)�TP�G � 
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�G %GF���)4*&;G �-� �JQK4�4 +;2�46� +;2����J�9> 
 ()���J�J�D'����?2)� 2�( !UQ �K� � ' 2�H�40GF���?2)���
,���GF��� +;(���+ GF�14�
 ,;��GF� �-+;((�
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• � ��� &-/1(�4I��� >?GF���)� =%4�0<2�+2"� %(:��40G ';����2�� !$#%����� G �1' 2�+;GF+)4c�M�9>�!U�����M>E#5,;��GF� �-+;(2

�9� � _Z(  -Q�GF��&� ;(�Hc�9+;>�G (�4 ����P%��+�+-� �9+��9>���4cA�H0�*��G � ' 2)H�4�G ����2����%,���GF��� +;(� �+��1�
� #%���M�'�K�)�0� ��';���?2)���L,���GF��� +;()���IGF�; ;G<4�46� #��-��>�GF�E4�4'G � ��4�4#�

• �CP%A P�GF���) ;�Z�K�J(���AM'-�54c��>B+�=;� G ��AMH0���0���K��(9GF���)�1� � ����GF�OGF�P��4�4 ���R��+)40G ()��GF�0�
+�=�� GF��AMH0�)4RA�� D)�@() ;� P%A�,�,; ���� NI�M>Z,%G<40GF�����M+;H�4cAMH0���9� ��G (�>M ;�<V�Y �� �H0H0�M��+
L� -��,��0��4c ��@G*H�G � ()�9+%(:�5A >MQK() ;� P%A�,�,� ;� �PJ9VCN V 	 � �

• �I=%4cA��J� ';�0���;AMH �)# (9()����Q &;GF���  �+� �� ��H0�M�  �>M�K4c�?2�+�H5�5� �?� G � 4c��> �K� ��G<46�
�M+)40G (��0��>M�?�

∫

g(θ)dθ GF�IHc��!.+-�K� (��M>�,� ;� Q θ)

� G �5�0��+�,%2)� (�GF+%G ���K402��"2�(���GF����+-�K�
1

S

S
∑

i=1

g(θi)

• �'��+�,;2�� Hc���D';>�GRGF�����IH0�)#%+;Hc�9��>?G (94#� �]G +;+ &��K!U� ��G<#%+)4J�G� ���D' 2��@46��+(0<G
Hc�9�B'�>���+;( �.H�P%�M'-�K�'29(OH�40�0�K40� ��G , Hc�9�B';>M��+;(�� 29( � �9����2 P 
@^1&��9��+<
���2)+)4�G 
@^"����>?2
� � ^'� ^I�5�K�9!�GF������� � �3GF���)4B'�����+�H0AM' AZ� ^'� ^ GF�� ��G<4c��2 ' 2�>��MHP
P+O�9H�4c��+;(�H
����!�GF���)��+]29( Y �@�1��H'Hc�9�B'�>?GF� �

• NO/"��+���>?GF(� ��CP9�9+;,���GF� ���I�(=��"4c��>9�0�9+;,;2�� 40D�>M ;��=�� �;' 2�H�40GF���?2)����
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HIP Software and Physics project

The 24 nodes of the Celeron ATX

blade server [1].

Here the power supply tower can be

seen.
23.10.2003 8 Tomas Lindén
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