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J�K�LNM4O�PQO�R.O�S�TUO9VWO9S�X�VWO=Y�Z�[]\Q^_^`Tbac\QdUV`\eR'^WO9S
X
Z�S�X

Y f�g Vih;jkdUlm\edUhUZ'S�P�TUlnO�dbhoO9SpR'q�l6r�st\edoV_u\QS'q9O�Svj
(X) = 1 f s (X) = 2 f j (Y) = 3

Z'S�Xvs
(Y) = 2

r
X
Z'S�X

Y
TUO9VWO9SvZ'S�wQxQdodoO9^WV_O�dbhyr

z O�dUOy{}|'S'O9S�~�VWO6j
(Z)

Z�S�X@s
(Z)

[���d
� \��

Z = 3 + 2 X + Y f � R�� Z = X + Y f � {�� Z = X − Y
r

J��.LNM4O�PQO�R.O�S�TUV_S�X�X�VWO@Z�S'wQx�dUdoO9^WV_O�dbhoO9S�Y�Z'[]\e^W^WTUac\edoVW\QR'^_O�S
Zt f t = 1, . . . , T fEg Vih�jtdol�\QdbuhoZ'S'P�Tbl�O9dUh%j

(Zt) = 0
Z�S�Xpst\QdUV`\eS'q�s

(Zt) = σ2 r z O9doO�{}|'S'O�S�~�VWONj (
∑T

t=1 Zt)
Z�S�X

s
(
∑T

t=1 Zt)
r

J - LNM4O�PQO�R.O�S*TUV_S.X�X�VWOvZ'S'w�xQdodUO�^_VWO9dUhUO�S*Y�Z�[]\Q^_^`Tbac\QdUV`\eR'^WO9S
Yt f t = 1, . . . , T f�g V_h�jtdol�\QdbuhoZ'S'P�Tbl�O9dUh�j

(Yt) = 0.5
Z'S.X�st\edoV`\eS'q4s

(Zt) = σ2 r z O�dUOy{}|'S'O�S@~�VWO6j (
∑T

t=1 Yt)
Z�S�X

s
(
∑T

t=1 Yt)
r

J���LNM4O�PQO�R.O�S�TUO9VWO9S�X�VWO=Y�Z�[]\Q^_^`Tbac\QdUV`\eR'^WO9S
X
Z�S�X

Y f�g Vih;jkdUlm\edUhUZ'S�P�TUlnO�dbhoO9SpR'q�l6r�st\edoV_u\QS'q9O�S=j
(X) = 1 f s (X) = 2 f j (Y) = 3 f s (Y) = 2

Z'S�Xp�nxca
(X, Y) = 1

r
� \�� z O�dUOy{}|'S'O9S�~�VWO;X�O9Sv�%xQdodUO�^W\ehUVWxQS�TUwQx�O(��q�V_O�S�hoO9S=�nx�dUd

(X, Y)
r

� R.� z O�dUOy{}|'S'O9S�~�VWO6j
(Z)

Z�S�X@s
(Z)

[���d
� V`�

Z = 3 + 2 X + Y f � V_V�� Z = X + Y f � VWVWV`� Z = X − Y
r

J.��LNM4O�PQO�R.O�S�TUO9VWO9S�X�VWO=Y�Z�[]\Q^_^`Tbac\QdUV`\eR'^WO9S
X
Z�S�X

Y f�g Vih;jkdUlm\edUhUZ'S�P�TUlnO�dbhoO9SpR'q�l6r�st\edoV_u\QS'q9O�S=j
(X) = 1 f s (X) = 2 f j (Y) = 3 f s (Y) = 2 f TbxclGVWO�b� ���nx�dUd
(X, Y) = −1 f ��� �G�nxQdod (X, Y) = 0 f Z'S�X �]� ���nxQdod (X, Y) = 1

r
z O�dUOy{}|'S'O9S�~�VWOI[��'d ��� ��� �]� �
� \��pX'V_O;�%xcac\edoVW\QS'qI�nxca

(X, Y)
r f� R.��X'V_O6st\QdUV`\eS'q�O9S=[��'d

� V`�
Z = 3 + 2 X + Y f � V_V�� Z = X + Y f � VWVWV`� Z = X − Y

r
J$��L;��VWO;��Z'[�P�\eR�O;�e��\QR.O�d g V_h�s (Y) = 4

r
J�J�LNM4O�PQO�R.O�S�TbVWS�X�X'V_O4�GO9S�X'VihoO9S

Ri

X�dUO�V_O�dt��O9dUhU �\Q 'V_O�dUO g V_h�[�xQ^WPQO9S.X�O9S�jtdolm\edUhUZ'S'P�Tbl�O9dUuhoO9S�Z'S.X � �&xQu¡�Nst\QdUV`\eS'q�O9S�¢�j
(R1) = 0.1 f j (R2) = 12 f j (R3) = 0.08 £ s (R1) =

0.09 f s (R2) = 0.16 f s (R3) = 0.25 £ �nxca (R1, R2) = 0.01 f �nxca (R1, R3) = 0.02Z�S�X¤�nxca
(R2, R3) = −0.03

r�~�hUO�^_^WO9S¤~�VWO�VWS�TbP�O�To\ g hIa�VWO9d��%x g R'VWS�\choV_x�S'O9S�X�O9dN¥'xQd g
P = αRi + (1 − α)Rj

R'q9l6r
P = α1R1 + α2R2 + (1 − α1 − α2)R3

q9Z�To\ g¦g O9S=V_S.X�O g~�V_O6P�O9O9VWPQS�O(hUOI��O9dUhUO4[��'d
α
R'q9l6r

α1

Z'S.X
α2

lm§e|'^WO9S�r
� \�� z O�dUOy{}|'S'O9S¤~�V_O�[��'d�¨�OyX�O�T

P © |'doO9d���\e|�^njtdolm\edUhUZ'S'P�Tbl�O9dUh6j (P)
Z'S�X"st\QdUV`\eS�q

s
(P)

r
� R.��ª%\Q{}|@lnO�^W{}|�O9Sv�IdUV_hUO�dUVWO9S@R.O�Z'dUhUO9VW^WO9Sp~�VWOIX'V_O;�%x g R'V_S.\chUVWxQS�O9S�r� {y�p��O9^`{}|'O�d��&x g R'VWS�\choV_x�S�lG�'d}X�O�S�~�V_O6X�O�S@s�x�dUq�Z'P¦PQO�R.O�S�r

J$«�L;��VWd�R�O9q�V_O�|'O9SvZ'S�TG\QZ�[�X�V_O;�&S'P�\QR.OIVWS���Z�[�P�\eR�O;�Q�
� \�� z O�dUOy{}|'S'O9S;~�VWOtX�VWOtO9VWS'q�O9^WS'O9S6�%xQdodUO�^W\ehUVWxQS�TUwQx�O(��q�V_O�S�hoO9S�ro��VWO�PQdoxQ¬mVWTbh8�nxQdod

(R1, R1) ­� R.�®M4O�R.O�Sp~�V_O;X'V_O;�%xcac\edoVW\QS'q g \chodUV_¯ Σ
\eS�r

� {y� z O�dUOy{}|'S'O9S�~�VWO;X�VWOI�%xQdodoO9^`\chUVWxQS.T g \chodUV_¯�X�Z'd}{}|'P�°p\chodUV_¯�xQ �O9d}\chUVWxQS�O9S�r� X�� z O�dUOy{}|'S'O9S�~�V_O4X�V_O%st\edoVW\QS'q9O�S�X�O9dm�%x g R�V_S�\ehUVWxQS'O�S¦R.OyT�hoO9|'O�S�X�\QZ�T R1 f R2

Z�S�X
R3

�'R�O9d%± ′Σ ± f�g Vih&± = (α1, α2, (1 − α1 − α2)) ′
r

J�²�L z O�dUOy{}|'S'O9S�~�VWO;X�VWO4x� �hUV g \e^WO;�&x g R'VWS�\ehUVWxQS�a�xQS R1

Z�S�X
R2

VWS���Z�[�P�\eR�O6�Q�'r
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J�K�L � \���j
(Z) = 8 f s (Z) = 10 £ � R��mj (Z) = 4 f s (Z) = 4 £ � {y��j (Z) = −2 f s (Z) = 4

r
J��.L;j

(
∑T

t=1 Zt) = 0 f s (
∑T

t=1 Zt) = Tσ2 r
J - L;j

(
∑T

t=1 Zt) = 0.5 T f s (
∑T

t=1 Zt) = Tσ2 r
J���L � \��&�nx�dUd

(X, Y) = 0.5 £ � R�� � V��Gj (Z) = 8 f s (Z) = 14 £ � V_V��mj (Z) = 4 f s (Z) = 6 £ � V_VWV��j
(Z) = −2 f s (Z) = 2

r
J.��L � \�� ��� �

−2 f ��� � 0 f � � � 2 £ � R.� � V�� �b� � 2 f ��� � 10 f �]� � 18 £ � VWV�� �b� � 0 f ��� � 4
�]� �

8 £ � VWVWV`� ��� �
8
��� �

4
�]� �

0
r

J$��L � \�� �b� �
−
√

8 f � � � 0 f �]� � √8 £ � R.� � V`� �b� � 12 − 4
√

8 f � � � 12
� � �

12 + 4
√

8 £ � VWV�� ��� �
6 − 2

√

8 f ��� � 6 f � � � 6 + 2
√

8 £ � VWVWV`� �b� � 6 + 2
√

8 f � � � 6 f �]� � 6 − 2
√

8
r

J$«�L � \����nx�dUd
(R1, R2) = 0.0833333 f �nxQdod (R1, R3) = 0.133333 f �nxQdod (R2, R3) = −0.15 f�nx�dUd

(R1, R1) = 1 £
� R.�

Σ =





0.09 0.01 0.02

0.01 0.16 −0.03

0.02 −0.03 0.25



 £

� {��




1 0.0833333 0.133333

0.0833333 1 −0.15

0.133333 −0.15 1



 =







1√
0.09

0 0

0 1√
0.16

0

0 0 1√
0.25











0.09 0.01 0.02

0.01 0.16 −0.03

0.02 −0.03 0.25











1√
0.09

0 0

0 1√
0.16

0

0 0 1√
0.25






£

� X��ms
(α1R1 + α2R2 + (1 − α1 − α2)R3) =

(α1, α2, (1 − α1 − α2))





0.09 0.01 0.02

0.01 0.16 −0.03

0.02 −0.03 0.25









α1

α2

1 − α1 − α2





J�²�L
α1 = 0.652174 f α2 = 0.347826

r


