
�� �� �� � � �� �� � � � 	 � 
 � � ��

maximize x + 2y

�
� ����� � � x + y ≤ 10 (1)

−x + 3y ≤ 9 (2)

x ≤ 7 (3)

x, y ≥ 0 (4, 5)

x, y ��� � � ��

(x∗, y∗) =





6

4





q � ��� � �� ����� � � �� � � ��� �

q q q q q q q q

q q q q q q q q

q q q q q q q q

q q q q q q q q

q q q qb

d

(x∗, y∗)

-
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')(* � � �� �+ � � �, � � � + � � � ��� � �� * � � � �� �� 
 � 
 � + �- � � � � �� � � � � � � � � .



� � �� �� �� � � 
� � � � �� � � � � � 	� � 	 


� � �� , ��� � �� � � �� � � � 
 
 �� � + � �� � ⇒

� �� �� � �� � �� �� 
 � 
 � �� �� �� + ⇒ (x∗, y∗) = (5 1

4
, 4 3

4
)

� � � � � * � � � �� � � � � � * �� ��

�� � � � � � � � � � � � �� � �� � � �
 � �

� �� ��� � �� ��
�� �� � ��

�� �� � � �

x1 ≤ 5 x1 ≥ 6

x2 ≤ 4 x2 ≥ 5

(x∗, y∗) = (5, 4 2

3
)

(x∗, y∗) = (6, 4)

(x∗, y∗) = (5, 4)

q q q q q q q q

q q q q q q q q

q q q q q q q q

q q q q q q q q

q q q qqb

b

b

b

-
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�� �� � � 
 � � � � � �� � � �

•� � � �� � � � � � � � ��� � � � �
 + � T ≈ 50� �+ � �� � � � ' �� + �� � .

⇒ 50 ��� � � �� � � � �� � �� �� z0, . . . , z49

⇒ 250 ≈ 1015� � � � � * � �
• � � �� � � � � � � �� �� 
 � 
 � �� �� �� + �� 10−6 � �� � � - � ⇒

109seconds ≈ 30 � � � � � ' 10−9 � �� � � - � ⇒ ≈ �� �� � �� � .

•� � � � � �� � �� � � �� * � �� � - � �� 
 � �� 
� �

	 �� � �� � � � � � �� � � � �� � �� � � �� * � � � � � �, � � � + � � � ��� �� �� � + �

��� � �� � �


 �� � �� � �� �� � �� � � � � �� ��
� � 
� � �� � � �� � �



� � � �� �� � � � � 	 
� � � � � � 
� � 
� � � �� �� � �� � �� � � � �� �

	 
 �� � �

• 
 � � � �� � � � � � �* � - � � � - �� � � - � � � �� � � � �� � 
 
 � � �� �� ��

S =
{

x ∈ <n
∣

∣A
T
x ≥ b

}

• ( * � ��� � � � � � � ��� � � �� '� � 
 � - � - . � � � �* � - � � � - �� � � - � � � �� �� �

�� � 
 
 � � �� �� ��

Sint =
{

x ∈ <n
∣

∣A
T
x ≥ b, ��� � �� � � } =

{

x
1,x2, . . . ,xK

}

• � � � � 
 �- � �� �� � � � - � * � � � � � �, * 
 � � � � Sint� P = convSint =
{

x ∈ <n

∣

∣

∣

∣

∣

x =

K
∑

k=1

αkx
k,

K
∑

k=1

αk = 1, αk ≥ 0, k = 1, . . . , K

}

• P ⊆ S � �� � � � � � � � �* � - � � �

•� � � * � � * � �- �� * � � min
x∈Sint

c
T
x = min

x∈P
c
T
x

• � �� �	 
� �
� � �� 
 �� � 
� 	 
� �� 	 � � � �� 
 �� 	 �� �



� �� � � �� � � � �� � � �� � � � � � � � �� � � � � � � �

• π
T
x ≤ π0 � �� ���� �� � 	 
�� � �� 
 � � �� P � � �� * � �- � � �� � � � x ∈ P

• � �� 	� F =
{

x ∈ P
∣

∣

π
T
x = π0

} � � π
T
x ≤ π0 � �� � � � �- �� � 
 � � �� P

• � �� 	 
� �� � � � � - �+ � � � � � � n − 1

PPP

� T
x > π0

� T
x = π0

� T
x < π0

��� � � �� � ��� �� � � ���  ! P "�# �$  � P "�# � �  � P



� 
 � �� � �� �� � � 	 �� 	� �

• � �� - � � � �� � �� � ⇒ � � ��� � �� � � �� � � � 
 
 �� � + � �� � � � � - � -

q p p p p p p q

p p p p p p p p

p p p p p p p p

q p p p p p p q

q p p pqa
(x∗, y∗) = (6, 4)
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� �� � � � 
 � � � �� �� � �� � � � � � � � �

� �� * � � � � �� �� �� �� + �� � � � �� � � �� � � �� � 
 
 � � �� �� � - �� � � �� � �� ��

� �� � * � � � + � � � � �� � p� � - q �
 � * � * � � � * � � �� � � Tp� � - Tq �
 �� �

2 ≤ Tq ≤ Tp − 1 ≤ 2 · (Tq − 1)

� � �� � � � � �� � �� � � � - � � � � - � ��
z` +

`+Tp−2
∑

t=`+1

(xpt + xqt) + z`+Tp−1 ≥ 2, ` = 1, . . . , T − Tp + 1.

� �� �� � �� �	 
�� � ' T1 = 3 � T2 = 5 ⇒ p = 2 � q = 1 .�

2 ≤ T1 = 3 ≤ T2 − 1 = 4 ≤ 2 · (T1 − 1) = 4


 �� � �� � � � �� � � � �� * � �� � 
 
 � � �� �

z2 + x13 + x14 + x15 + x23 + x24 + x25 + z6 ≥ 2



� 
� � � �� � � � 
� 
 � �� �� � � �� � � � �� � � �

x12+x13+x14 ≥ 1

x14+x15+x16 ≥ 1

x22+x23+x24+x25+x26 ≥ 1

� � �� � ��� �� ⇒ x12+x13+2x14+x15+x16+x22+x23+x24+x25+x26 ≥ 3 ��� �

z2 ≥x12

z6 ≥ x16

z2 ≥ x22

z6 ≥ x26

� � �� � ��� �� ⇒ 2z2 + 2z6 ≥ x12 + x16 + x22 + x26 ��� �

��� � � � 	 ��� � ⇒ 2z2 + x13 + 2x14 + x15 + x23 + x24 + x25 + 2z6 ≥ 3 ��
 �



� 
� � � �� � � � 
� � 
� ��� �

� 
 �� � � � � '�� .� � 1

2

�

z2 + x13 + x14 + 1

2
x15 + 1

2
x23 + 1

2
x24 + 1

2
x25 + z6 ≥ 3

2 '�� .

� � 
 � - �
 �� * � � � �� � �� �� � � �� * � 	
 �� �� * � � �� � � �� ��� � � �� '�� �
 � .�

z2 + x13 + x14 + x15 + x23 + x24 + x25 + z6 ≥ 3

2


 � � � 
 + � �� � ��� * � 	
 � � � � ��� � �� � � �� � ��� � �� �� � � �
� � � �� �� * �

��� � � �� �� � �� � + ⇒ � � 
 � - �
 �� * � � 
 �� �� * � � � � � � �� ��� � � �� �

z2 + x13 + x14 + x15 + x23 + x24 + x25 + z6 ≥ 2

� � * � � � �* �� �� * � � � * � � �� � 
 
 � � �� � � � � ��� � � �� � * � � �� � 
 	 � � �� 	

��� � � 
� � 	�

( � �* �� � * � � �� - � � � � �� ��� 	 
� � � � �� � �� � �� + �� � � � �


