
                                                               Notes for CSC 310, Radford M. Neal, 2002

                                            13b.1

���������	�
����
��������������
���������! "��#%$'&%(�#)��*��,+ $.-�/�01�!$2 "34��5�67$8����#
��-�#9 &:$; 5<�=�%> $?+ /7&@��*��� "�BA���&9 $C67DE����#�&�*F0=6�G
 "��(H&�GI32��*C &<�J*F0=��*' $K��&�*8GL6!�%>M> �:&%(N "��*O6=GL6.$�*.P
QRGL67$C6=GTS� U�=5�$.-�/�0:-�$C6=> 67$�$4 U�!(V&�GI34��*C &<�1$C6�6�38$
W �!$�*O6.(X-�>"P
Y[Z=\^]_]E\a`cb<d@d)eI\�b�Z)fagih@j=k�kXl�m�j)n2o%pHqFk�k.r j�s)t
(H&�G W 0� /�0J#�6�/�&<3�u�GL6.$C$F "��5��1/�&<3�u�Gv67$�$w6�#yxa> 6
5� S�67$z�.&@-{$C&<326.*F0� "��5cm�|Mj�k;q{*�&y*F0�6{&�G} 59 U���%>"t�~�-�*
��&%*8�=67/�67$�$F�!GV U> �J6;�=��/.*w> ��*;0�6�&�GV 5� "�=��>"P
��6K$70�&<-%> #_~�6���~�> 6K*O&�/�&<3�u�GL67$�$z*O&��{$.34�%>M> 6=G
x^> 6�$F �761 ( W 6{#�&<�9� *80=��S�6,*O&_Gv6�u�GL&<#<-�/�6,*F0�6
&�GV 5� "�=�%>@6.���=/;*w> �.P

���^���y�������B���9���i�%���7�?���������N�
�
���y> &%$C$O�1/7&@3Ku�GL67$�$; &@�{$C/�0�6�3861 $K~=�!$w67#_����*
> 6!�!$O*8 "3Ku�>  /� *w> �%�'&<��$w&<3861 #�6!�J&�( W 0���*?/�&<-)��*�$
�!$�A�/=> &%$w64*O&y*F0=6�&�GV 5� "�=�%> D�P
�40� $4 $2�1�<-=67$O*C &<��*F0=��*z/!���1&<��> ��~�6�����$ W 6=GL6�#
~;�1/7&@�!$F #�6=GV "��5:*F0=6:��k.q7pvk{&�( *F0�6�/7&@3Ku�GL67$�$F &@�
u�GL&�59G}��31t�����# W 0=��*
*F0=6;� W ���!*.P
¡�&�G� "34��5�67$2����#��)-�#� &�$F 5<���%> $�t<* W &y(�-��=#)��386��!*��%>
 $�$.-=6.$2�!GL6�¢
£ �¤0=��*z#� ¥�6=GL6=�=/767$8/!����0)-�34���!$4u%6=GL/�6� S�6�¦
§�*8 $¨*F0�&@-�5<0!*.t9(V&�G©6.�=��3Ku%> 6�t@*F0���*20�-�34���!$
u�6�GL/�6� S!6{&<��> �_ªTpVq�«��%q!s%m�r qFkJ "�y��-�#� &�~)-�*2��&�*
*F0�6{�!$�$w&9/� ��*O6�#�o9¬�­�k.qwk�&�( $F "��6 W ��S�67$�P

£ �¤0=��*z#� ¥�6=GL6=�=/767$8#)&c0�-�34���!$?x���#������=&!�� U�=5
&�G©#� $O*wG}��/.*C "��5�¦�®^>  5@0�*8/�0=����5)6.$' "�J/�&9> &@-%G
3, 5@0�*4~%6JGL6�5)��Gv#)6�#E�!$4> 6.$C$2 "3Ku�&�GT*�����*z*F0=���
34���! U�=5E�1$O*wG}�� 5<0�*2>  "��6�~%6°¯���5�5)6�#�P

±N���C�²�^��� ³a�´��µ	¶�� �<�F���w�;�����
®�-�u�u�&%$C6'*F0�6K "��u)-�*°*O&1*F0�64/�&@3Ku�GL67$�$F &<�Ju�GL&�5<GL��3
 $¨*F0�6K$C6��<-=6=�=/76K·%¸;¹%·�º�¹9»O»O»�¹%·!¼?ta����#J*F0�6
#�6�/�&<3�u�GL6.$C$F &<��u�GL&�5<GL��3[&<-�*Fu)-�*�$?*F0�6�$C6��<-=6=�=/76
½ ¸ ¹�½ º ¹�»�»O»O¹�½ ¼ Pz�X�40�6�·.¾����=#y*F0�6�½�¾ 3, 5@0�*'/�&<326
(XGv&@3¿*F0�6�$w��326�&�G©#9 ¥�6=GL6���*'�%>Uu�0=��~�6.*�$�P��
��6�/!����326!�!$.-%GL6y0�& W /=> &%$C6K*F0�6�#�6�/�&<3�u�GL6.$C$C6�#
&<-!*Fu�-�*' $¨*O&y*F0�6�&�GV 5� "�=�%>^~;�y *�$4��S!6=G}��5�6
A�#9 $�*O&�GT*C &@�!D�¢

ÀÁÃÂ ÄÅ
¼
Æ
¾´Ç ¸ Á=��·7¾L¹�½X¾L�

Á=��·�¹�½C�z $2����&@�7ÈC��6�5)��*C S�6JÉ)r k!ÊHj=pXÊHrMj)scªL�%s%m=ÊHrMj)s
326��!$7-%GV "��5c0�& W ~=��#� *8 $¨(H&�G �1#�6�/�&<3�u�GL6.$C$C6�#
$O��3�~%&9>�*O&�~�6K½¨ (�*F0�6�&�G} 59 U���%> W �!$¨·)P
ËN\@ÌwÍ�gÎ§L��u�G}��/.*C /�6�t<*F0=6K&�S�6=G}�%>M>9#9 $�*O&�GT*C &<�E3, 5@0�*
��&%*8~�6{��$7-�3Ï&%(�#� $O*O&)GÐ*C &<��$¨(H&�G  "��#9 S� #<-��%>
$O��3�~%&9> $!t�~�-�*
§V��>M>@ 5<�=&�GL6,*F0���*z/�&@3Ku%>  /!��*C &<��P

Ñ �´��
�����¶E� �<�w���F�F�����Ò±
Ó���Ô��;�����<�
ÕÖ $O*O&�GT*C &<�J(�-��=/;*w &@�!$?*F0=��*2326���$.-%GL6 W 0���*
W 6���Gv6JGL6!�%> > �E "��*O6=GL67$O*O6�#_ "�y��Gv6y>  "�F6�> �J*O&c~�6
/�&<3�u%>  /���*O6�#�P'× -!* W 6�/����1/�&<��$F #�6=GØ$C&<326
$F "3�u%> 616;�=��3�u%> 67$z*F0=��*'��GL6�6!�!$F 6=GØ*O&c0=����#<> 6�P
Ù°b<]c]�Ú�`9ÛÝÜ�ÚUÞ;Ìwb<`9Z=Í�g¤¡�&�G �E~� U> 6.S�6�>� "34��5�6
�I$7-�/�01�!$8�E¡!�©ß
�Ft W 6y34 5<0�*4-�$C6{�{#9 $O*O&�GT*C &<�
(�-���/.*C &<��(H&�G W 0� /�0JÁ=�Xà�¹�à��RÂ�Á=� Ä ¹ Ä �RÂÒà�����#
Á=�Xà�¹ Ä �RÂ�Á�� Ä ¹Xà���Â Ä P
á�â�ã b�eIÍ)ÜÎÍ9e�eI\�ewgB¡�&�G �15<GL�;�7È�$C/!�%> 61 "34��5�6�t
W  *;0Eu� ��6�> $'S=�%>U-�67$2 "�:ä;à�¹O»�»O»O¹�å�æ)æ�ç�t W 6y34 5<0!*
-!$w6KÁ=��·�¹�½C�4Âè��·Né�½C� º P



                                                               Notes for CSC 310, Radford M. Neal, 2002

                                            13b.2

�,���;���I���K���2���%�@�Ò¶��M�<�w���F�F���Ø�
§�(Ø*;0�6K6���*FGv&@u;��&�(�&<-%G�$C&<-�GL/76{ $��Jt W 6,6.��u%6�/.*Ö*O&
~�6���~%> 6K*O&_> &%$�$.> 6.$C$;> �1/�&<3�u�GL67$�$ Å $��%3�~�&9> $2 "��*O&
Å � ~� *�$?+  6�ta��*2G}��*O6	�JP
×�-�* W 0���*' (°#�6�/�&<3�u�Gv67$C$F &<�y $2�%>M> & W 6�#:*O&
u�GL&9#@-�/�6K���!�{&<-!*Fu�-�*
*F0=�!*80��!$8��S�6�G}��5)6
#� $O*O&�GT*C &<��> 67$C$z*F0=���{$C&@386J>  U3, *7t�
2¦
�40�6ypV­)ÊHq{É�r k�ÊHj=pXÊHrMj)scªL�%s%m=ÊHrMj)s�t
�Ö��
2�Ft@*O6=>M> $�-!$
0�& W�W 6=>M> W 6�/����J#�&y*F0�6���P §�*' $¨*;0�6�k7n4­�|M|MqFk�Ê
G}��*O6:�X��S�6�G}��5)6J~� *�$Ku�6=G  "��u)-�*z$O��3�~%&9>M�°(H&�G°­%s.l
/�&<3�u�Gv67$C$F &<�{$C/�0�6�3264*F0���*20=�!$8��S�6=GL��5)6
#� $O*O&�GT*C &<�_��&�59GL6!��*O6=GR*F0�����
KP
�R&�*O64*F0���*��Ö��
2�?#�6�u%6���#�$z&<��~�&�*F0�*F0�6K$C&<-�GL/76
u�GL&<~=��~% U>  *C 67$,����#E&<�K*F0�6{#� $O*O&�GT*C &<�{(�-��=/;*C &@�
/�0�&%$w6=�9P

�����^��
Ø���
���K�´�^���}� ¶:���F�
®�-�u�u�&%$C6K&<-%GØ$C&@-%GL/76{�%>Uu�0=�)~%6.*' $�~� "�=��GT�.t W  *F0
6��<-=�%>�u�GL&<~=��~% U>  *C 67$'(H&�G àE����# Ä �� "��#)6=u�6���#�6���*w> �(XGv&@3	$O��3�~%&<>�*O&:$��%3�~�&9>M�FP
®�-�u�u�&%$C6 W 6 W  M>M>@#�6�/�&<3�u�GL6.$C$z*O&y*F0�6K$w��326
�%>Uu�0=��~�6.*.t�����#J*F0���* W 6y386!�!$.-�Gv6�#� $O*O&�GT*C &<�_~;�����3K3, "��5E#� $O*����=/�6%P
§�( W 6J U��$F $O*¨&<�:> &�$�$;> 67$�$'/�&<3�u�GL6.$C$F &<��t W 6�/����9� *
/�&<3�u�Gv67$C$8��*¨�%> > ta$F "��/�6,*F0=6K6���*wGL&@u;�J $8&<�=6%P
�R& WiW 6=>M>@/!��� W 6{/�&<3�u�Gv67$�$8 ( W 61�%>M> & W ���
��S�6=GL��5)6K#9 $�*O&�GT*C &@�y&�(
-�u�*O& Ä���� +  6�t^ ( W 6
�%>M> & W -)u�*O&�&<��61 "�J6� 5<0�*4~� *�$¨*O&�~%6 W GL&<�=5�¦

� ���!���Ï�?����
����������������°���´��µ�,��� � �´��µ��?�©�����
�R6�GL6��M$8�{$w/=0=6=326,*F0=��*¨/�&<3Ku=Gv67$�$w6.$8�:~% U����GÐ�
$C&@-%GL/76,*O&! ��" &�(©*F0�6{&�GV 59 "�=�%>�xa> 6�$F �.6 W 0� U> 6�%> *O6=G} "�=5�&<�%> � Ä���� &�(©*;0�6J~% *�$�t�&<�J�!S!6=G}��5�6�¢
Ä P�#°GL�)~2*F0=6{��6.��* "  "�)u�-�*'~� *�$
(XGv&@3 *F0�62$C&<-%GL/�6�P
å�P°QRGL6.*O6���#y*F0�67$w6J~� *�$2��GL6JGv6�/�6� S!6�#E#���*���(�GL&<3
�%$ " ¹& (')����3K3, "��5E/�&<#�6{ "�1$���$�*O6�32��*C /K(V&�GI31P* P�ACÕN6�/�&9#)6.Dy*;0�67$C6 " ~� *�$K~;��*F0�6J-�$.-=�%>����3K3, "��5E/�&9#)6Ju�GL&</76�#<-�Gv6�P

 �P,+1-�*Fu�-�*
*F0=6- �$���$�*O6�32��*C /:~� *�$¨(XGv&@3¿*F0� $
A�#)67/�&<#�6�#%D:/�&9#)6 W &�GL#�P

�Ø&�#�6�/7&@3Ku�GL67$�$�t W 6K*����w6y~%> &</=�.$8&�(, �~% *O$2����#
A�6���/�&<#�67DJ*F0�6�3  "� " ~% *�$'*F0�6y-!$.-=�%> W �F�.P.°Í�Þ ã
/ Ì�g�Q�6=GT(H67/.*8GL6�/7&@�!$O*wGI-�/.*C &<�J&%(©*F0=6 " ~� *�$
Ä10(� &�(©*F0=64*C "326(2^&<��6 W Gv&@��5_~� * "30(� &�(©*F0=64*C "326�P

4{�����,���;�B¶�� �<�F���w�;�����54{���9�����@�
6 &@�!$F #�6=G �%>M>9/�0=�)����6=> $�t87at W  *F0: "��u)-�*'�%>Uu�0=��~�6.*
äF· ¾ ç8����#:&@-�*Fu�-!*?�%>Uu�0���~%6.*'äF½:9Fç!P;#N S�6=��*F0=6{ "��u)-�*
u�GL&<~=��~% U>  *C 67$8*F0=�!*z&@-%GØ$C&<-%GL/�6J0=�!$�t W 6K/!����x���#
(H&�GØ6!��/�0{$.-=/=0{/�0=���)��6=>
£ §�*�$,3�-�*F-=��>@ "��(H&�GI32��*w &@��t=<��?>8¹&@R�FP
£ �40�6{��S�6=GL��5)6K#9 $�*O&�GT*C &@�E~%6.* W 6�6���*F0�6
/�0=�����=6�>< "��u�-!*¨����#y*F0�6JGL6.$7-%> *C "��5�&@-�*Fu�-�*.P

®�0=�����=&<�:u�GL&�S�6�#y*F0=��*
*F0�6yG}��*O6K#9 $�*O&�GT*C &@�
(�-���/.*C &<��t=�Ö�A
4�Fta $86��<-=�%>)*O&y*F0=6J3, "�� "3K-�3�S=�%>U-�6
(H&�GB<��?>8¹&@��
&%S!6=G��%>M>9/�0�������6=> $ W 0=&%$C6{��S�6�G}��5)6
#� $O*O&�GT*C &<�E $���&c32&�Gv6,*F0=����
�P
¡�&�G ��~% U���!GT�1$C&@-%GL/76 W 0�6=GL6�à_0��!$,u�Gv&@~=��~� U>  *H�C(DFE Ä�� å�t����=# W 0=6�GL6{#� $O*O&�GT*C &<�: $K326!�!$.-%GL6�#c~;�����3K3, "��5E#� $O*����=/�6%t^ *z*F-�GH��$'&<-�*
*F0���*
�
�A
2��ÂHG �{� C D �aé!�{�A
4�i(H&�G à E 
 E�C D

à (H&�GI
KJ C D


