
                                                               Notes for CSC 310, Radford M. Neal, 2004

                                            4a.1

���������
	������	�������������������! #"%$'&)(%*,+ -.�!/�01�321"4/�+ "526"7 ��72189"�:�+;21<>=@?%&BAC"5* =+;2>A%* "�84DE=FA�?6:%�EG�27+;21<H/�01�JILK'/�0NMPO�Q'MSR9TEU,VWR6"7 X(=Y"�Z%$[8.�%\]+;2J^�07+ 870J^��3* "�"5DJ(9/_=Y�9`5Z1�42189�.=�"4 =a?%&JAC"5* =9\�^�$#+ /@/a�72b(S=Fc#d)e.fagPgagaf#dihXjk"W$ld hkmno �"5Z%$�"W$#+ <�+;21(%*�=P"5Z%$p89�B(%*rq%04(%AC�s/.\5tvu�\�01(S=�w=a?%&JAC"5* =9\�/s01�F=P"5Z%$p89�B(%*rq%04(%AC�s/_ #"%$x+ /a=�ILK'/s0�Ey9/a�72S=�+ "52�\5t hu \
^i+;*r*�04(9z1�!w h =a?%&JAC"5* =v{ (%*r*qC"C=a=s+;A%* �3A%* "�87DE=k"7 xI|=a?C&BAC"5* =_ }$["�&~tvu mno �/s0S�3q4$p"5A1(%AC+;*,+ /�+ �.=i #"W$�=a?%&JAC"5* =�+;2Jtvu�(1$[�� e fagagPgaf �4� \5/s01�3q1$["�A4(%AC+;*,+ /�+ �.=_ #"W$�=a?%&JAC"5* =)+r2Bt hu(4$p�! #"5ZC21:�As?>&JZ%* /�+;qC* ?C+;21<b/s01� �4�  #"W$�(%*r*%/�01�=a?%&JAC"5* =�+;2J/s01�3A%* "�87D m c'�!07+ =!+ =L(%q%q1$["�q4$#+ (9/P�^�0S�72B=a?%&BA7"5* =L(1$[�6+;21:%�7qC�421:%�72./ m j��"W$�+;2S=a/P(W2S89�%\�+  �I�������_cPc�d�e9f#di�Cf#di�9j���c�� � f'���Ef'�9�sjYj�� �1�@� � � �

����������W����������������5�
	��������32S"S^~q1$p"7z1�!/s01(9/k�bc#d h jl��I!�bc�dBjE��bc#d h j�� ����� � es¡a¡a¡ ���£¢¤� e � � � ¡a¡a¡ � �£¢ * "C<F¥ ¦� � � ¡a¡a¡ � �£¢l§� ��� � � es¡a¡a¡ ���£¢¤� e �1��� ¡a¡a¡ �4�£¢ h�� � e * "%<6¨© ¦�4�,ªP«¬� h�� � e �����'� e�¡a¡P¡ ���£¢¤� e � � � ¡a¡a¡ � �£¢ * "%<b¨©B¦� � ªP«¬� h�� � e ��� ª � e ��£9®o¯E° �9±� � �4��� ¡P¡a¡ �4�£¢ * "%< ¨© ¦�4�,ª «¬� h�� � e ���,ª'� e � �rª * "C<b¨© ¦ �4�,ª «¬² ��£.®o¯E° �S±� � �4��� ¡a¡a¡ �4�,ª#³7�p�4� ªµ´�� ¡P¡a¡ �1�£¢� h�� � e ���,ª'� e � � ª * "C<b¨© ¦�4�,ªP«¬ �¶I!�bc�dJj
·�¸ °E¹'º@»µ¼�ºa»�½�¼}¾a½�®À¿PÁ}¼�¼ ¾Y¿@¼�Â ·pÃiÄ6Å�Æ �>Â ·pÃ
Æ7Ä Â ·�Å�Æ@Ç Æ

�_È]��������kÉ 	ËÊ!��,	W�5Ìo�4	1	ÎÍi�Ï��o�¤ÐÒÑBÈ��������ÓÔ�?>ZS=s+;2S<N�Ey9/a�72S=�+ "52S=�"7 �/s0S�F=Y"5Z%$p89�%\5^��J8S(%289"5&Jq4$p�.=P=)ÕSÖ�×%UØQ'Ö�ÕSÖ�UrÙ ÚÜÛ9Ù,V1TsMbQ�VÝQ'ÞCMJMSR�Q'Ö�V4ßsÚ�à��"W$�&!(%*r* ?W���"W$�(W2.?6:%�.=s+;$p�9:N(9z1�4$µ(1<%�b* �721<4/s0>qC�7$l=a?C&BAC"5*Ø\
á_\/s01(9/�+ =�<�$[�S(9/a�7$â/s01(W2F/s0S�HA7+;24(4$À?6�729/�$["�qs?E\¤�bc#dBjE\/s0S�7$p�b+ =L(Jz4(%*rZ1�F"7 xIã #"W$â^�0C+ 840b(NZ%27+ `5Z1�4* ?:%�98."�:W(%A%* �3AC+r24(4$À?689"�:%�! #"%$ld h �Ey7+ =a/a=_/s01(9/)04(S=�Ey%qC�.8E/P�9:Ý* �72S<7/s0>* �.=a=i/s04(%26I!á m

äL�����L��_�_È]������â�kÉ 	ËÊ!��,	W�5Ì��7	S	Íi�Ï��o�¤ÐåÑJÈâ��¤���5Óæ "52S=s+ :C�7$�89"�:�+;2S<H/�01�JILK'/s0B�Ey9/P�42S=s+ "526"4 X(=Y"�Z%$[8.�!^�01"C=P�J=@?%&BAC"�* =!04(9zS�Hq1$p"5A4(%AC+;*,+ /�+ �.=� e fagagPgaf � � \]ZS=s+;21<N(%2>AC+r24(4$À?6ç�01(%2%21"52EK���(%21">89"�:%� m�!01�Jç]04(%2%2S"52.K��5(%2S"N89"�:%�! #"%$XA%* "�84DE=�"7 xI=a?%&JAC"5* =_^k+;*r*�01(9z1�J�Ey%qC�98s/P�9:H89"�:%�E^�"W$p:è* �72S<7/s0W\é¤hk\�21"b<5$p�S(9/P�4$]/�04(%2 ¦�ê �bc#d h j�� ¦�ê I!�bc#dBj m�!01�J�Ey%qC�.8E/P�.:>89"�:%�s^x"%$[:è* �421<7/�0NqC�7$�"%$�+ <�+;24(%*=Y"�Z%$[8.�F=Y"5Z%$p89�F=a?%&JAC"5*%^i+;*r*%/�01�7$p�E #"W$p�3AC�321"<5$p�S(9/a�7$â/s04(%2é¤hI � ¦�ê I!�bc�dBjI �¶�bc#dBj ê ¦IÔ�?68701"�"7=s+;21<>I|/a"èAC�3* (4$p<%�J�72S"5Z1<50W\�^��J89(W2&!(%D��!/�0C+ =L(S=k87* "C=Y�!/a"3/s01�F�729/�$["5q�?.\��bc�dBjE\�(S=^��F^i+ =E0 m



                                                               Notes for CSC 310, Radford M. Neal, 2004

                                            4a.2

� �����È��������1� �� Ík�Ó �����4	1	
�N��!� �����È�������������W����J<C�E/�(B=s+;&F+;* (4$x$p�.=EZ%* /�A�?6=sZ%q%qC"C=�+;21<H/s01(9/_^��^k+;*,*�(%* ^X(�?S=��42189"�:%�JI|=a?%&JAC"5* =)+r29/P"N(>A%* "�87D!"7 �Ey4(18s/s* ?BI!á�AC+ /@= m æ (%2F^x�J:%"3/�0C+ =)+;2b(J^X(s?F/s04(9/+ =iz1�7$À?H*,+;D��7* ?F/P"èAC�J:%�98."�:W(%A%* ���

���.=.\
 #"%$X* (4$p<%�!z1(%*rZ1�.=�"7 �I m
	 =�:�+ =Y87ZS=P=P�9:è+;2ç��98E/�+ "52�� m �N"7 �F(18���(s?��,=!AC"�"5DC\5/s0S����(s^�"7 
��(4$p<%����Z%&JAC�7$�=i/P�4*r* =!Z9=i/s04(9/�/s01�F=P�9`5Z1�42189�J"7 =a?%&JAC"5* =_/a"H�72189"�:C�%\
� � � fagagagaf'� �£¢ \�+ =iz1�7$À?3*,+;D��7* ?F/a"AC�B(���/�?%qC+ 8S(%* �N"521�%\5 #"%$�^k0C+ 870¦I * "%<C�Cc ¦�� c � ��� ¡a¡a¡ � �£¢ jPj � ¦I h�� � e * "%<C�Cc ¦�� � � ª j+ =iz1�7$À?B87* "C=Y�!/a"3/s01�F�Ey%qC�98E/P(9/�+ "�26"7 �* "%<C�Cc ¦�� � � jE\^�07+ 870H+ =i/s01�F�729/�$["�qs?E\¤�bc#dBj���� � �1� * "%<C�Cc ¦�� �1� j mç�"Ý+  �^��J�42189"�:%�B(%*r*%/s0S�F=Y�.`5Z1�72S89�.=!+;2J/�0C+ =Q;Ú%ß�UrÛ.Õ7Ù%TsM4Q�+;2b(J^X(�?J/s01(9/k89(W2>AC�F:%�989"�:%�9:�\5/s01�89"�:%�)^i+;*r*�(%*r&)"C=@/k(%* ^x(s?S=)AC�bZC2C+ `5ZS�7* ?6:C�989"�:W(%A%* � m

�!����F�;Ð��,	 ��È���Ñ��]���o����Ì��_���� 
���E/!�,=k:%�EG�2S�"��/�?%qC+ 8S(%* �H=Y�9`�Z1�72189�E=L(S=k"52S�.=i^k01�7$p�c ¦�� IFj¤* "C<C�Cc ¦�� c � � � ¡a¡a¡ � �£¢ jYj$# �bc#dBj ê�%&�(' I���F=P8S(%* �!/s01�b&!(4$p<�+;26(%*r* "S^��9:N(%AC"7zS�J�bc#dBj�(S=¦�� ' I =�+;2189�!/s01(9/!�,=!01"9^�/s0S�J=@/Y(%21:%(4$[:H:%�Ez7+ (9/�+ "52"7 x(%2b(9z1�7$[(1<%�F=P8S(%* �.= m æ 01�7A�?1870S�Ez��,=!+r21�9`5Z1(%*,+ /'?/s0S�72J/P�7*,* =!ZS=i/s04(9/�&�"C=a/_=Y�9`�Z1�7218.�.=i^k+;*r*W=�(9/�+ =a [?/s07+ =�+;21�9`�Z4(%*,+ /�?.\�+  % + =i=P�E/�/a">(F �(C+;$�* ?H* (1$[<C�)z4(%*rZS� m�!01�3q1$["5A1(%AC+;*,+ /�?6"7 x(%29?B=EZ1870J/�?%qC+ 8S(%*W=Y�.`5Z1�72S89�^k+;*,*W=�(9/�+ =a [? �1��� ¡a¡a¡ �4� ¢*),+�- h/. · u Æ -�021 h�!01�!/P"4/Y(%*�q1$p"5A4(%AC+;* + /'?J #"%$�(%*r*W=EZ1870B=P�9`5Z1�42189�.=8S(%2�� /)AC�J<5$p�S(9/a�7$â/s04(%26"52S�%\
=Y"H/�01�32CZ%&BAC�4$�"4 
��/�?%qC+ 89(%* �>=Y�9`5ZS�72189�E=L89(%2�� /)AC�F<5$[�9(9/P�7$â/�04(%2

+ h/. · u Æ�Ä 0 1 h���!^i+;*r*�AC�B(%A%* �!/a">�72189"�:%�!/�01�.=Y�!=Y�9`�Z1�7218.�.=!+;2I!á�AC+ /a=)+  xI!á ) I)�bc�dBj ê�% ' I m no �á"3è�bc#dBjE\/s07+ =i^k+;*r*
AC�F/�$'ZS�b+  �Iå+ =k=EZ54H84+ �729/s* ?>* (1$[<C� m

� �����âÏ ����Ï �6�F�CÐ������â���¤Ðç]04(%2%2S"52��,=7��"�+ =P�7* �.=P= æ "�:�+;21<H�!01�9"%$[�4&Ò+ =&!(9/�01�7&)(S/�+ 8S(%*r* ?!=�(9/�+ =a [?C+;21< m ��$["�&|(Nq1$µ(18s/�+ 8S(%*qC"�+;2./k"7 �zC+ �E^�\5/�01"5Z1<�0�\
^��F=a/�+;*r*
04(9z1�!/�^x"q1$["5AC* �7&�=.�
8�9 "9^�8S(%2F^x�J89"5&Jq4$p�.=P=k:W(9/P(J/P"è21�S(1$'* ?F/s0S��729/s$p"5q�?ÜUrRbßCÖ�Õ7ÛSQ UrÛ.M&��F0S�H2%ZC&BAC�7$�"4 _qC"C=P=�+;A%* �3A%* "�87DE=�"4 �=s+ -9�JI+ =kw h { 0%Z1<%�!^k01�726Iå+ =!* (4$p<%� m
	 21:NI=Y"5&)�s/�+;&)�E=)&BZS=a/LAC�H* (4$[<C�!/a"N<C�E/k87* "7=Y�!/P"/s01�J�72./s$p"5qs?>A�?6�72189"�:�+;21<�AC* "�87DE=�"7 �=s+ -.�JI m
: 21�F=Y"�*rZ9/�+ "�2�� 	 /P�9870C2C+ `5ZS�HD42S"S^�2b(S=ÕSÖ'U;Q Þ�;FM4Q UrÛFÛ.V=<CUrR?> m

8 � 01�4$[�J:%"3/�01�F=a?%&JAC"5*
q4$p"5A4(%A7+;*,+ /�+ �.=� e.fPgagagaf � � 89"5&��) }$["5&@� 	 21:N(4$p�J=@?%&BAC"�* =$[�S(%*r* ?H+;21:C�7qC�721:C�729/.\5^k+ /�0>D421"9^�2�\�89"52S=@/Y(%29/q4$p"5A4(%AC+r*,+ /�+ �.=2��F07+ =!+ =i/�01�3q1$["�A%* �7&|"4 xTsVBACÖ'ÛEM�;JV=<CMSÙ,UrR?> m


