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PRQTSVU

1. W�X'Y�Z\[^]`_�a4b`c�]�YdZR[e]%f�gh]%i�jlk'm+n)�poNq�r4�	sNtlu
2. v�w<�	x�y�z���{�]}|4~�&d�����}�p�NZ����	c�&`�4��u
3. �h�4zp���	����� A4 �%
 5 
��F�dmh��u

����������������� ��� �¢¡
£ �%,`��¤4���¦¥�§4��z�,¦¨�©�ª<$+&d(}*),¦u
1. 12 H 11 I ( J ) �	«h¬hK�O�� 3 �}�l­l®}¯+&°u�±h²�³�´}��µh¶%]�z	¨�ª���·h� .�¸�¹+ºd»�¼ ~-$
&d(}*),¦u

2. ½N¾h�d¿NÀ�Á º-Â z+~�$l­l®#¯}&°u	±�²`³�´��%µ�¶¦]`z�¨�ª<�`·�� .�¸�¹<º)»�¼ ~�$}&-(�*-,	u�¿
À�Á4�¦Ã�Ä�Å . ¿hÀ�Å%Æ 8 Ç 803

1 Á4�	Èlu
3. f�É�ÊpËlÌ��`$�zÍ¨<©Íª'�Îup±�²l³�´#�%µN¶¦]lzÍ¨�ª��`·N�dÏ�Ð�Ñ . ����ÊpË`Ì�Ò�Ó)Ô�Õ ºÎÖ "¦$
ÊlË�Ì ºp×�Ø ~)$F&)('*d,lu�Ù�Ú�f�ÛhÜ'ÝÍÞ�ß�à PC �#�NÊ¦Ë�Ì�ÒáÓdÔ)Õ��â�d�NÊ	Ë�Ì'���¦ã�äº ~Îå	ª�æ¦u



çlè
1.£ ��é�ê�i�ë4zÍ� [A] �pìN,�$¦a+í��-uâ�¦��zp���	î�ï�v º |-ìF�h�)ð�©��N"�$%,��Îu

[A]

î�ñ�ò 3x1 + 6x2ó%ô
x1 + x2 ≥ 2

x1 + 4x2 ≥ 1

x1 ≥ 0, x2 ≥ 0

(a) zp� [A] �	õ�ö�v�÷�ø º b º-Ö "�$lc<ùÍúû~)m�*-,lu<å�µ�] [A] �	î�ï�v º bNü��pc�ù%m}*Î,`u
(b) ý`þ�§h�}ÿ����â[���j<�¦Ü����-î�ñ	�	
���
 �d�+n)�#Ý�� m���
#��]����'~dm<*),¦u
(c) ���#��zp� [A] ����È'��������c º (  "!�ú�#h����m}& ) $��pê��`c<ù�m�*-,lu#å�µ�]}�p�%��c4�
õ�ö"��ch�Fn&����]����'~dm<*),¦u
(d) z (c) ��������c4���B~Î$('*)hÇ%ý`þ�§ º ï�� ~ ])î�+(��c���î%ï%v º-, ¶�m<*�,lu�m¦Ü�]4ÿ-���
[.��j���·N�pî�ñ"��
	��
 ºÎÖ �)���!u�å�µ�]%/'ül�`i�j�0	1 º ù	2`æF� c�&`�4��u
çlè
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2.£ ��é�ê�i�ë4zÍ� [B] �pìN,�$`a�íN��u}m¦ÜN]<�-¤#��z�� 1 �ÍéNê�i�ëhzp� [A] ��7��4zp�#�98N�Îu

[B]

î�Ñ�ò 2y1 + y2ó�ô
y1 + y2 ≤ 3

y1 + 4y2 ≤ 6

y1 ≥ 0, y2 ≥ 0

(a) zp� [B]
º s	:"$(;9<�ê���=�> ~)m�*-,lu"?�@<�lr�c���A�B�,¦u

(b) z (a) ��C�� ¤hµ`s	:"$(;D<%ê}����ÈF�������Nc º (  �!�ú"#4����m�& ) $4�	ê#�lc�ù�m�*-,`u#å
µ�]��	����c��Íõ�ö	�NcN�ânD� ��]*�E�â~-m}*Î,`u
(c) z (b) ��Cû� ¤hµ����	��c���� ~�$%ý%þ�§ º ï�� ~ ]pî	+���c��!î�ï�v º i%j ~-m<*-,	u�m	Ü�]�ÿ
��� [.��j���·��	î�ñ"��
	��
 ºÎÖ �)���!u�/}ü%�¦i�j�0	1 º ù	2`æF� c�&`�4��u
(d) z�� [A] ��ÕDF9��G-=�Hû�-z�� [B] �%=�H y1, y2 ��O�����I��"I���J#ð�K�L�ÈF�pð�]��)¤#�	ì�,�$
���pªâÝ�uDM�N}�`]�z�� [B] ��ÕDF9��G-=�Hû�-z�� [A] �*=�H x1, x2 ��O����%I��	I��(J<ð�K�L�È'�	ð�]
�-¤<�	ì�,�$��E�	ªâÝÎu
(e) zÍ� 1(d) ��C �!¤Nµ	î"+(��c���]��(�4��z (c) ��Cû��¤Nµpî�+(��cN�"OQP}�	ì�,�$����+~Îm<*Î,	u
( R(Sû[�T (d) ��C � ¤hµ(=�H�����J�O�P+�%U�V�È'� )
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3.£ ��é�ê�i�ë4zÍ� [P] �QW��%7	�#zÍ� [D] �	ì�,�$la}í��Îu

[P]

î�ñ%ò c1x1 + c2x2 + · · · + cnxnó�ô
a11x1 + a12x2 + · · · + a1nxn ≥ b1

a21x1 + a22x2 + · · · + a2nxn ≥ b2

...
...

...
...

am1x1 + am2x2 + · · · + amnxn ≥ bm

x1 ≥ 0, x2 ≥ 0 · · · , xn ≥ 0

[D]

îNÑ`ò b1y1 + b2y2 + · · · + bmymó�ô
a11y1 + a21y2 + · · · + am1ym ≤ c1

a12y1 + a22y2 + · · · + am2ym ≤ c2

...
...

...
...

a1ny1 + a2ny2 + · · · + amnym ≤ cn

y1 ≥ 0, y2 ≥ 0 · · · , ym ≥ 0

(a) zp� [P] �XWN��7��4zp� [D] ����Èâ��Y�7	�[Z(\<�(]�^ º c<ù�m�*-,lu
(b) _ zd� [P] �Íõ�ö%vû�-zd� [D] �Íõ�ö�v#�a`cb�O-H�d�ð%I�e�È'�	m'�fA`]%W¦¤[g¦¤��Íõ�ö�v����	|
��î�ï�v<�[8h�-h'�h� ºd¹ �'~dm<*),¦u}m¦ÜN] ¹ ���lÜ�,�$�� (a) � ¼ ~-µ*Y�7	�"Z�\ º)Ö �Í�h� u
(c)

£ �pé�êNi�ë�zÍ�}��7��4zp��]%Ü'Ý)Þ�i�j	k ó�ô+º c#ù�m<*),¦u
î�ñ�ò −x1 − x2 − x3 − x4ó%ô

−13x1 − 10x2 − 9x3 − 17x4 ≥ −7

−14x1 − 2x2 − 5x3 − 8x4 ≥ −1

x1 ≥ 0, x2 ≥ 0, x3 ≥ 0, x4 ≥ 0

(d) lmG�[ Ì (x1, x2, x3, x4) = (0, 1/2, 0, 0) ð�]�zÍ�<�pî�ï�v��'n&�!� º-n Z�~)m#*Î,lu�å�µ%]�lmGû[
Ì (y1, y2) = (1/30, 4/15) ð*7	�4z��<�	î�ï�v#�'n&��� º�n ZB~)m�*Î,lu�mlÜ�]pî�ï	k<� ¹ ���¦Ü�,�$�]
���#��z (a), (b), (c) ��?	@ º)Ö "�$#|%B`,`u
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4.

(a) ]hzÍ�}��o� �s�t(p��[8F� ]�7"��zÍ�}��q�r	sB�dm4��Ým� mÍé�ê�i�ëhz�� P �QW���7	�4z�� D �
� º c<ù�m�*-,¦u<µ�( ~ ]"Wl¤û�Î��zÍ�+� £ � ó�ô+º�t µ¦Èâ|	�'� ÈF��u

(∗) ]�zp�<�*=�H}� x1, x2 � 2 ìN]*7"��z����%=�H�� y1, y2 � 2 ìh�[8â� ]�,%��¤â|fq�v�u
m%Ü�] P ð�o� �sht(p<�98â� ] D ð�q	r"s4�D84�����p���û~-$�]%��� ( |#~�&Í� ¹ � )

º ù�2%æF� c &
�4��u
(b)

£ ��zÍ� º é�ê�i�ë4zÍ�û��~�$�Z�$`ò�ªâÝ�u"Z�$`ò}���N,�µ%=�H#��V9wN�	ì�,�$#|x���pÈF���4�!u
Z�$%ò ~Îµ�z�� º v & �"y#��m%,¦u

8h��z({<�¦Ü�,�$�][8h�X|�} º�~ r"��$#�pµh¶%��Õ"���"�pZ%Ì º a}íl$%,}��uF�¦��|m} º ì�&l�l����
1 �â� � 5 å���� 5 ìh�*��¬4ð	�"y4��84�pð�]*��¬h��Õ��h�"�	ZlÌ}� £ � ó�ô'ºQt µ¦È���yhð[8h�Îu

(1)
�

1 ����¬�� 1.5 K�O º y�ÈF��u � 1 �%��¬4�`](� 3 9 K��[�N�%�¦��È'���h�-ð��hù���u
(2)
�

2 ����¬�� 2 KNO º y�ÈF�Îu � 2 ����¬ º �	��È'�¦µN¶�����] � 1 �%��¬4ð*+�©N"`$
,4m��Í¤&A�m'�-m%,¦u � 1 �*��¬hð*+4©�"`$��F� � 2 �%��¬ º �	��ÈF�	å��h���%]��<m}&��
| 1 K�O��Nì���yhð[8h�Îu
(3)
�

3 ����¬�� 4 KNO º y�ÈF�Îu � 3 ����¬ º �	��È'�¦µN¶�����] � 1 �%��¬4ð*+�©N"`$
,4m���¤&A�m+�dml,Nð�] � 1 �*��¬4ð*+D�	�#µ�(D2�� � 3 �%��¬ º �¦��Èâ�����Îð��Nùh��u
(4)
�

4 �(��¬�� 1.5 KNO º y�ÈF�-u � 4 �%��¬ º �¦��È �¦µN¶�����] � 2 � � 3 �(��¬hð
+�©�"�$%,hm���¤&A�m+�-m%,¦u<å�µ�] � 2 �%��¬h�(+[�l�h] 1 ���"�"��� � 4 �%��¬ º �p�
Èâ�Î�[yNð98N�-u
(5)
�

5 ����¬�� 1 KNO º y�ÈF�Îu � 5 ����¬ º �	��È'�¦µN¶�����] � 4 �%��¬4ð*+�©N"`$
,4m��Í¤&A�mF�-m`,�ð�] � 4 �*��¬Nð(+4©�"`$��â� ]���m}&��¦| 2 KNO���"`µ	�}� � 5 ���
¬ º �¦�Nt�p4�98N�-u � 5 ����¬Nð�+[� ~�µ � ]%|�}����	��Èâ��u

�"�h� ó�ô ��{���]�mh�-��&x� &�|�} º ���B* ª�µ%,`uF|l"��`|Q�B&-$��#KN����� * ª ���4�-ð��Nùh�
(D��� ���
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