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�, #�� �-.# &'���,/.-0.-1$, #,�&2�3�4 !�&2�(-50 &2�(.,.-5'.�6 -��$�&�71/$
�6�8-�� ,�&2��9/8-.����.�3�(#7�5�, �6- 9�$�0$3�.�,�&2�, -�7���� , #�/�&�,�&2��
,�.�� 31�.�1:�3�0.!,��3�9$-��1/�3 ,.;��-��9! �.4�4$<.�6�=�1$&'$4./-� ��3>9/8-.'
3�- ?,�.�6- 95'.� 1�,/./�&�,.($�4�.-,�9 �54$<#�3� ':&.($��$9$, ,�.�0$4� -5
0$��$45��,/.(- &'��6 � ,.'�(-50�;���01�&2$#$(���10$!.&�,.'�0-$3 ����1�7�,�.'.��
,$9-$/,�.�6 � ,� �3�� 9-.1�.�0-�.3���3 ,� �$1�:( ,�&2�3�,�983�3�/.@&�.�0-�.�
0$1�&�.(8#,�&2�&�!$,983�(-50�;��$' 3� �1�7�383&� 1�0-$6#.4�0$4� -5�0$��$�
45��($�,$@&��0-�.3���3 A�3�19 #��& !.'�(-50����0$-83, A�/�&2�3�,�983��>-.�
�5#/ / 4��/.($�1 4.($�/.1/5�3��,,.'��3�(#7�,�.�3��,,�&2�(-50 &2;����.10$! &2
10$-/$3�&2��0- &$3,�&��&2��4!$���.<$3�&2�3 <, �'.1/�($/$3$@=��$�3� '.4,.'
3108!0- &��0$4�7����0$1�&�.(8#,�4��'.($�&�!$,9 4�;�� � ,�.��,/.(- &'��(-50$�
3.'�4$<.� 0$#.( =�383&� 1� , � � � 3 ,�5� -.10$,�.,/$4�0�/ ,� � �$/�&�:&.($
 9&.0/ &'��$1$6�1/.'�3108!0- &�����,,�4��'.�,$1/9 4��/.($�1 4.($��.10$!5�$0.�
- &�',.($;�B.,.- #,�.�4$<, �1/3�.-���=��<.��$�� 9-.15�1/$1$3 #,$@&��$4 3� ,.�
($�319 ?,�9 �, #.<��$(8!� 0-��0 �983�.40�-�&�,�&2��3�9/8-�&2�6 � 3&�.45
$�, &�.,�5�0$�#.( ':�-.# &'.��35$1$6$3.�C�35&�!$,$3.D;�� ��&2�0$�1/ 3�.��$�

�E���,�.'1���/.91/�'.1/�,$3:�C0-�.%$-45!$3 ,:���-$�1�.-�$,:�$�� 1/$1$3 ,�.�.40�-�&�,.�0-$0$�
,$3 ,.($�4�.-,�9 D�3.-1':� -/�95!5�� 4�.1�&�$,.($�3��,, #.1���
���F$#;����G��������1.&/�$���
��H�G���I��0/;������������	
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9$,5'.� 1�7�3�#�&�.,� � 1�,/./�&�,.($�319 ?,�9 �4�.-�:&.($�0$��$4��($�,$@&�
3.3,:/-�(-50$3.'�3�- 4 &2�6 � ,�&2�-.# &'�;�* !8<4���<.�6 � ,.�-.# &'.��$�
/�&�:�3� '.4,.'�3108!0- &��&�!$,983�6 � ,.'�(-50�;��$<, ��3��3�:�95���/�4�
3�-8<,�=�/-���0-��0 �9�L

�;��1$6 ��� 9&.0/5'.�3108!0- &7���$1$6:�����$�3-$/,�.���$1$6 ��� 9&.0/5'.
3108!0- &7���$1$6:��;��-��0 �.9�/.,�4$<, �$9-.@#�=�4� ,.4�3� '.4,.'��($�,$�
@&�;�+.($�#�&�.6,$@=�$�, &�4��1�46$#.4��;

M;��1$6 ��� 9&.0/5'.�3108!0- &7���$1$6:���� #.�$1$6 ���/ 9�.'�3108!0- &�
,�.� 9&.0/5'.�C#56�$�3-$/,�.D;���/�4�0-��0 �95�4$<.4��483�=�$�1�/5 &'��'.��
,$1/-$,,.'��($�,$@&�;���&�.6,$@=�/.($�/�05�0-��0 �983�$�, &�4��1�46$#.4��;

N;�* -83,$�$1$6 ���' 9���$1$6 ���,�.�3�- < �$&2$/��, �3� '.4,:�3108!0- �
&7;��, #$(�&�,�.��$�0�.-31�.($�� /.,�/�0�0-��0 �983�, �3�.4��3� '.4,:�,�.�
�($�,$@&�:;��&2�#�&�.6,$@=�,�.&2�1�46$#��5'.�#�/.- ��;

��.#9$@&����������67�:�3�$0.- &' &2�4 /.4 /�&�,�&2�3 <$,.;�� (��0-��0�1 �
,.�9$#.',�4�#�&�6$4�C$�, &�$,.�1�46$# 4��a, b, g),�&2$=�4 ':�3�� 1 ���.�&2 �
- 9/.-� -6�/- #,���/$�,�.�1:�0$�6 3�$,.�0.3,�&2�- &'��%$-4 #,�&2�� �, 3./�4.-��
/$-�&�,�&2;��-��'7/.�3 (��4�.1�&�:�1�7�3�0-�.��� #.�O����M�P�C&��/;�$�����$�MD
�>Q�$3 -/$@&�$35':R�#�&�.6,$@&��C�������D�0$1�&�.(8#,�&2�0-��0 �983�$�0$3�.��
,�$��$��&2�-$#��3�9-.$3 ,�5�0.!,.'��,/.(- &'��(-50$3.';

a�S�M��b�S���T��g�S��
� '3 <,�.'1� �'.1/�#�&�.6,$@=�-.# &'��3� '.4,.'��($�,$@&��C�D;��$6.&�/.($

3 -/$@=�3 (���# ���3�,$1��M�Ca�S�MD;�+.@#��3�(-50�.�6- 95'.�/.($�/�05�-.# &'���/$
&�7@&�$3:��,/.(- &'7�� 0.3,� �#�&�.6,$@=�0-��0 �983�'.�,$1/-$,,.'��($�,$@&�;
���3�:�95��� /�4�3 ( ��# ����&��#��b�S���T;��-���6- 95�3�(-50�.�0-��0 �983
�351/-$,,.'��($�,$@&����'.�,$1/-$,,.'��($�,$@&��0$�$1/ ':�-.# &'.�3� '.4,.'�,�.�
�($�,$@&���9/8-.�$6,�< ':�0$��$4��,/.(- &'���$��.- ;��# /.($�#�&�.6,$@=���3 <$, 
'.1/�0-�.�����/';�0-�.��3�.#9$@=��9/8- �,�.��4�.,� �3 -/$@&��0$&�:/9$3.'���Cg�S��D;

�-��� � &2$3 ,�5� 0-��'7/�&2� � !$<.A�319 ?,�9� �,/.(- &'�� (-50$3.'� 67���.
3�#�&� ,���.�3�$-5L

1 - 
m

z+y+x
 = W

γβα

(���.L
a��b��g������������' 9�3�<.'
����#�&�6 �6 � ,�&2�0 -�C��S��C���D�I�TU�(�����$�, &� �#�&�67�$186�3�(-50�.D;

�19 ?,�9�0-��'45'.�3 -/$@&����0-�.��� !5�O�I����P���(���.�I�$�, &� �6- 9
3.3,7/-�,.'��,/.(- &'��3�(-50�.��� @�����0.!,:��,/.(- &'7�(-50$3:;�B-$4 ��$,.
0-�.��6 � &� �� ,.�4$(:�6�=�� 0�1�3 ,.�3�0$1/ &��4 &�.-�$3.';�*.-$'.��,9$�
3.�.#.4.,/��/ 9�.'�4 &�.-���$�, &� ':�3�1/:0�.,�.�C�D�6:�?�,�.3�1/:0�.,�.�CID
6 � ,.'�-.# &'�;�� �0-��9! ��3>4 &�.-��L
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1�46$#���$�, &� ��<.�$1$6 �0
�
� 9&.0/5'.�3108!0- &7���$1$6:�0

M
;�� /$4� 1/�I�$�, �

&� ��<.�0
M
�,�.�3�- < � 9&.0/ &'��3108!0- &����$1$6:�0

�
;

� � ':&�(-507�/-��$1$6$3:�C��S�NL��
�
���

�
���

�
D��4$<.4��$/-��4 =�'.�,:��>, �

1/705':&�&2� 9$,%�(5- &'�� $�0$3�.���;��6$9� 0$� ,.� 1:�3�.#9$@&�� $6#�&�$,�&2
319 ?,�983��,/.(- &'���;

  p1 p2 
p1  1 
p2 0  

 

 p1 p2 p3 
p1  0 0 
p2 0  0 
p3 0 1  

6
1

3
5,0

1
3
5,3

1
3

2115,102 =−−×××
 =  =  

++
 = W   

 

 p1 p2 p3 
p1  1 1 
p2 1  1 
p3 1 1  

11
3

6
1

3

0105,132
 =  =  

++
 = W  −−×××

  

 p1 p2 p3 
p1  1 0 
p2 1  1 
p3 1 1  

6

5

3

5,2
1

3

5,5
1

3

0115,122 =−−×××
 =  =  

++
 = W    

 p1 p2 p3 
p1  1 0 
p2 1  1 
p3 0 1  

6

4

3

2
1

3

5
1

3

0105,122 =−−×××
 =  =  

++
 = W    

 p1 p2 p3 
p1  0 0 
p2 1  1 
p3 0 1  

6
3

2
1

1
3
5,4

1
3

1115,112 =−−×××
 =  =  

++
 = W    

 p1 p2 p3 
p1  0 0 
p2 0  1 
p3 0 1  

6
2

3
1

1
3
4

1
3

2105,112 =−−×××
 =  =  

++
 = W   

 

 p1 p2 p3 
p1  0 0 
p2 0  0 
p3 0 0  

01
3

3
1

3

3105,102
 =  =  

++
 = W  −−×××
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��&�6 �$/-��4 ,�&2�9$,%�(5- &'��� #.<��$��3�.#9$@&��(-50����4$<, �':�3�#��
&��=��.�3�$-5L

(���.L
 ���#�&�6 �9$,%�(5- &'�
����#�&�6 �$186�3�(-50�.

��0- 9/�&.�6 � 3&�.'�$/-��45'.� 1�7�$&��3�@&�.� /�#9$� '.�,:���4$<#�3�&2
9$,%�(5- &'�� 5���.#$,�&2� 0-�.�� -.10$,�.,/83� $�0$3�.���;��6#�&�$,�� �# � ,�.'
319 ?,�9��,/.(- &'��1/ ,$3��3�,�9�0-�.0-$3 ��$,�&2�6 � A;��19 ?,�9���4$<.
/.<�6�=�3�9$-��1/�3 ,���$�3�$�-76,� ,� ���6 � ,.'��6�$-$3$@&��0$�(-50�$�$9-.�
@#$,�4�0$��$4�.�3.3,7/-�,.'��,/.(- &'�;���&�.6,$@=�.3.,/5 #,�&2�0$�(-50�4$<, 
51/ #�=�, �0$�1/ 3�.��$1�=�0-$1/.($�3�$-5L

(���.�����$�, &� �#�&�67�9$46�, &'������.#.4.,/$3.($��6�$-5�0$����.#.4.,/83;
� �0-��9! ���,�.&2���S����383&� 1��,/.-.15':&�4��, 1�0$��6�$- 4��67�:L

��0$��6�$-���35.#.4.,/$3.�C/';�(�����S�MD�
��0$��6�$-��/-��.#.4.,/$3.�C/';�(�����S�ND�
��0$��6�$-��&�.-$.#.4.,/$3.�C/';�(�����S��D
* /.4�#�&�6 �4$<#�3�&2�0$��6�$-83�$��$3$#,.'�#�&�6�.�.#.4.,/83��.��6�$�

-5�&�/.-$.#.4.,/$3.($�3�,$1�L

�-���9�#95$1$6$3.'��6�$-$3$@&�� -.10$,�.,/83�4$<#�3.�0$��6�$-��4$<, 
1/$15,9$3$� ! /3$�51/ # =� �� $6#�&� =��# �,�&2�319 ?,�9�� �,/.(- &'�;�B��� '.�, 9
#�&�6 �6 � ,�&2�$186�3�,$1��3�7&.'�,�<�0�7=��383&� 1��# �$6#�&� ,� �3�.#9$@&�
319 ?,�9 �3�0$�(-50 &2�3 -/$�19$-��1/ =���$�0$3�.�,�&2�4 9-$�,1/-59&'��3>�$�
3$#,�4�0-$(- 4�.�1/ /�1/�&�,�4��,0;�����;

�19 ?,�9��,/.(- &'��(-50$3.'�6�!�1/$1$3 ,��3�6 � ,� &2��35�(-50�1/5�.,&�
9�&2�����������-$95�1$&'$#$(��;�� � ,�4�� � ,$�0�/ ,�.��&���� -�:�� 5% ,�.4�0$�
1�&�.(8#,�&2�&�!$,983�(-50��1/5�.,&9�.';��-��051�&� ,$��<.�1/5�.,&����-$95�,�.
�, ':� 1�7� '.1�&�.� �$6-�.��3$6.&� /.($� �&2� 0$��$4�3� '.4,.($� � 5% ,� � 67���.
,�<1���� ,�<.#��3@-8��1/5�.,/83�����-$95;��/5�.,&������-$95�4 ':�'5<�� �1$6:�9�#95�
#./,��$9-.1��, '$4$@&���,�.9�.���0-��' ?,���3��3�:�95���/�4��&2�0$��$4�3� '.4�
,.($�� 5% ,� �0$3�,�.,�6�=�,�.&$�3�<1��;��4 3� ,��4�.-,�9���$9 � !�1�7�, 
/�#.�Q3- <#�3�4R�, -�7���.4�6 � 3&��4��<.��$1�=��$9! �,�.�0$�3$#�!�5&23��
&�=�3�$65�(-50 &2�0$��$4�3� '.4,.($�� 5% ,� �3@-8���&2�&�!$,983;

K =  2
n!

2! (n - 2)!
+ 1

k=2

k=n

n
kC∑

k
nC

4
2

4
3

4
4C  +  C  +  C =  6 +  4 +  1 =  11
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� -/$@=�319 ?,�9 ��,/.(- &'���# �1/5�.,/83���-$95�3�,�$1! �I�M;

B-50 �9$,3.-1 /$-�', �������-$95�#�&��! ����$186;��@-8��'.'�&�!$,983�0 ,$�
3 ! �3�- ?,�.� #.01� � /4$1%.- ;��$��$4�3� '.4,.($�� 5% ,� � '.1/� /5��, &�,�.
3�<1���,�<�3�(-50�.�1/5�.,/83���-$95;

 p p p p p p p p p p p p p p p

p  0 0 0 1 0 0 0 1 0 0 1 0 0 0

p 0  0 0 1 0 0 1 0 0 0 1 0 1 1

p 1 0  1 0 0 0 0 0 0 1 0 0 0 0

p 0 0 1  0 0 1 0 0 0 1 0 0 0 0

p 0 1 0 0  0 0 0 1 0 0 0 0 0 1

p 0 0 1 0 0  1 0 0 1 0 0 0 0 0

p 0 0 0 1 0 1  0 0 0 1 0 0 0 0

p 0 0 0 0 0 1 0  0 0 1 0 0 0 1

p 1 0 0 0 0 0 0 0  1 0 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2

3

4

5

6

7

8

9
0 0 0

p 0 0 0 1 0 0 0 0 1  0 1 0 0 0

p 0 0 0 0 0 0 0 0 0 0  0 1 0 1

p 1 0 0 0 0 0 1 0 0 0 0  0 0 0

p 0 0 0 0 1 0 0 0 1 0 0 0  0 0

p 1 0 0 0 0 1 0 0 0 0 0 1 0  0

p 0 0 0 0 0 0 1 0 0 0 1 0 0 0  

10

11

12

13

14

15

2,01
105
126

1
105

661365,132
 =  = 

++
 = W −−×××

 p p p p p p p p p p p p p p

p  1 1 1 0 1 0 0 1 1 0 1 1 0

p 0  1 1 1 0 0 1 1 1 0 0 0 0

p 0 0  0 1 1 1 0 1 0 1 0 1 1

p 0 0 1  1 1 1 0 0 1 1 0 1 0

p 1 1 0 0  0 1 0 1 1 0 1 1 1

p 1 1 0 0 1  0 1 0 1 1 1 1 1

p 1 1 0 1 1 1  1 0 1 0 0 0 1

p 1 0 1 1 1 0 0  1 1 1 0 1 1

p 1 0 1 1 0 1 1 0  1 0 1 1 1

p 1 0 1 1 0 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1

2

3

4

5

6

7

8

9

10 0 1 0  1 0 1 1

p 1 1 1 1 1 0 0 1 1 0  0 1 1

p 0 1 1 0 0 0 1 1 1 1 1  0 1

p 0 1 0 0 1 0 1 0 1 0 1 1  0

p 1 1 0 1 0 1 1 1 0 0 0 1 1  

11

12

13

14

66,01
91

151
1

91
71685,1212

 =  = 
++

 = W −−×××
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�6#�&�$,��319 ?,�9��,/.(- &'��(-50$3.'�� !�3 -/$@=�I�VV;���.#9$@=�/ �,�.�
4 #�&�/.-$9-$/,�.�0-�.9- &� �3�1$9$@=�319 ?,�9 � �,/.(- &'��(-50�� 1/5�.,&9�.'
�>��-$95;

�-�.�1/ 3�$,��319 ?,�9��,/.(- &'��(-50$3.'�4$<.�1/ =�1�7�5<�/.&�,�4�, �
-�7���.4�4./$�$#$(�&�,�4���3! 1�&� ��$�6 � ,� �3! 1,$@&��4 !�&2�(-50�10$�
!.&�,�&2;�	.# &�',.�0$�1/ 3��&��,�:�($�3�(#7�,�.��$9! �,�4�4�.-,�9�.4�3� �
'.4,�&2�$�,�.1�.A����,/.(- &'��(-50$3.';���0-���/�4�'.1/��$1�=�0-$1/��3�� 1/$1$�
3 ,� &2����,/.-0-./ &'��5��19 ,�&2�3�,�983;

�����	)


2.�0 0.-���1&511.1�/2.�4. 15-.�$%�1$&� #��,/.(- /�$,�$%�14 ##�(-$501;��/1�6 1�1� -.
/2.�%$-4 #�0-$0.-/�.1�$%��,/.-0.-1$, #�-.# /�$,1��,� �(-$50;�
 9�,(��,/$� &&$5,/�/2.�/2-..%$#�
%$-4�$%�/3$�0.-1$,�-.# /�$,1L�-.# /�$,1�$%�45/5 #�2 -4$,���-.# /�$,1�$%�$,.�1��.��&$,%$-4�
�/�� ,��/2.�-.# /�$,1�$%�45/5 #��,&$40 /�6�#�/���/2.�4. 15-.�3 1�%$-45# /.��-.( -��,(�/2.
#.F.#�$%��,/- �(-$50�2 -4$,�;��/� 1154.1�F #5.1��,�/2.�- ,(.�$%�OI���P;�
2.�$/2.-�0 -/�$%�/2.
1/5�����1&511.1�/2.� 00#�& /�$,�$%�/2.�(-$50��,/.(- /�$,��,��& /$-��,�/2.��,F.1/�( /�$,1�$,
/2.�#.F.#�$%�45/5 #�&$,%��.,&.��,�/3$�1/5�.,/�(-$501���%�-1/�� ,��/2�-���. -�1/5�.,/1;�
2.
-.15#/1�$6/ �,.��&$,%�-4�/2.�/2.1�1�/2 /��,�/2.�&$5-1.�$%�1/5���,(� /�&$##.(.��45/5 #�/-51/
 4$,(�1/5�.,/�(-$501��,&-. 1.1;�
2.�F #5.�$%�/2.�0-$0$1.��4. 15-.�3 1�I;M�%$-�/2.�%�-1/�
�. -�1/5�.,/1� ,��I;VV�%$-�/2.�/2�-�;�
2.�-.15#/1�$%�/2.��,F.1/�( /�$,�& ,�6.� #1$�/-. /.�� 1
�,��-.&/�&$,%�-4 /�$,�$%�/2.�4./2$�$#$(�& #�51.%5#,.11�$%�/2.�0-$0$1.��4. 15-.��,��,F.1/��
( /�,(�/2.�&$,1&�$51,.11��,/.(- /�$,�$%�(-$50�4.46.-1;


