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•� 	 
� �� � 
� ��� �� T = 7

• � �� � � � �� � �� � � � �� �� |N | = 3

•� � � � �� � �� � � � �� �� T1 = 3 � T2 = 5 � T3 = 6

�� � !" � � !"# "$ % �$ &� & '( � )$ *� + ',  + )� +, $ -� *

•. / � � �� � � � �� �� 
 � � � �0 
 � �� � � t = 0

•� � � � �� � �� � � � �� �12 T1 = 3

x11 + x12 + x13 ≥ 1

x12 + x13 + x14 ≥ 1

x13 + x14 + x15 ≥ 1

x14 + x15 + x16 ≥ 1

x15 + x16 + x17 ≥ 1

3

•4 56 78 6 98: ;8< 7< =>? T2 = 5

x21 + x22 + x23 + x24 + x25 ≥ 1

x22 + x23 + x24 + x25 + x26 ≥ 1

x23 + x24 + x25 + x26 + x27 ≥ 1

•4 56 78 6 98: ;8< 7< =@? T3 = 6

x31 + x32 + x33 + x34 + x35 + x36 ≥ 1

x32 + x33 + x34 + x35 + x36 + x37 ≥ 1

• A 7 ;B C 9 7 C 98: ;8 < 7< = C = = 5: 7 t ⇒ DE 7: 8F GB 7 5 H: C 5< = C 5< 7F C = = 5: 7 t IJ8K t = 1, . . . , T?
2

6

6

4

x1t ≤ zt

x2t ≤ zt

x3t ≤ zt

3

7

7

5

⇔

2

6

6

4

−x1t + zt ≥ 0

−x2t + zt ≥ 0

−x3t + zt ≥ 0

3

7

7

5

• J 7 C H 5 LB 7 H 7 =? ˘

x ∈ B3·7+7 |Ax ≥ b
¯ MN E 7K 7 I I I I
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X [ Q U T U _ PQU X Z

`a ab cde fg h fd ij kl d m

n o ` pdeq r s s o
tu t

v

wx � � �y x �� �yz { �� � |} ��~ |� |� � � |}� � �

xit =







1� � � �� � � � �� � i� � � �� 	 
 � �� 
 � �� � � t,

0 � � / � � 0 � � � , i ∈ N , t = 1, . . . , T

zt =







1� � � 
� � � �� 
� � �� � � 
� � 
 � �� � � t,

0 � � / �� 0 � � � , t = 1, . . . , T

minimize
T
∑

t=1

(

∑

i∈N

citxit + dtzt

)

� � � � � � � � � Ti+`−1
∑

t=`

xit ≥ 1, ` = 1, . . . , T − Ti + 1, i ∈ N ,

xit ≤ zt, t = 1, . . . , T, i ∈ N ,

xit, zt ∈ {0, 1}, t = 1, . . . , T.
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� � �� {x �� } � |� � } �z � �� � � � �� �� �

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

4
, 4 3

4
)

� � 
 � � / �� � �2 � � 
� � / �
 � �� � 
 � �� �� 
 	 
 
 �� 
 � 	 � 
 
 	 � � �

� � � � � 
 �� � 	 �
5< = 7 � 7K

5< = 7 � 7K

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� � � � 
 �� 
 
 �� 
 � 	 � �2 z0, . . . , z49

⇒ 250 ≈ 1015 � � 
� � / � �

• � � 	
 � � � � � � � �� � � � � � � � � � 	 �� � � 10−6� � � � � � � ⇒

109seconds ≈ 30 
 � 
 � � � 10−9� � � � � � � ⇒ ≈1  ! 0 � �" � �

• � �� � � � � � � 
 	 	 
 � /� � � 
� � � � � � � � � �2

# � � � �� � � 
 �� �� 
 � � � 
 � � �� � � � / 
 � 
 	 	 �	 �� �� �� �� � �� � � � �� �� � � � 
 � 
 	
$ � 
 � � �� � 
&% � � � �� � � �� � 	 �&' � � � �� � 
� 	 
� �

(

) ) ) * * * * * * * * * * * * * * * * * * * * * * * * * ) + , ) - ) .* ) ) ) * * * * * * * * * * * * * * * * * * * * * * * * ) + , ) -/ .* * ) ) ) * * * * * * * * * * * * * * * * * * * * * * * ) + , ) -0 .* * * ) ) ) * * * * * * * * * * * * * * * * * * * * * * ) + , ) -1 .* * * * ) ) ) * * * * * * * * * * * * * * * * * * * * * ) + , ) -2 .* * * * * * * ) ) ) ) ) * * * * * * * * * * * * * * * * ) + , ) -3 .* * * * * * * * ) ) ) ) ) * * * * * * * * * * * * * * * ) + , ) -4 .* * * * * * * * * ) ) ) ) ) * * * * * * * * * * * * * * ) + , / - ) .* * * * * * * * * * * * * * ) ) ) ) ) ) * * * * * * * * ) + , / -/ .* * * * * * * * * * * * * * * ) ) ) ) ) ) * * * * * * * ) + , / -0 .5 ) * * * * * * * * * * * * * * * * * * * * ) * * * * * * * + , / -1 .* 5 ) * * * * * * * * * * * * * * * * * * * * ) * * * * * * + , / -2 .* * 5 ) * * * * * * * * * * * * * * * * * * * * ) * * * * * + , / -3 .* * * 5 ) * * * * * * * * * * * * * * * * * * * * ) * * * * + , / -4 .* * * * 5 ) * * * * * * * * * * * * * * * * * * * * ) * * * + , 0 - ) .67 * * * * * 5 ) * * * * * * * * * * * * * * * * * * * * ) * 8 7 * +7 + , 0 -/ .* * * * * * 5 ) * * * * * * * * * * * * * * * * * * * * ) * + , 0 -0 .* * * * * * * 5 ) * * * * * * * * * * * * * ) * * * * * * * + , 0 -1 .* * * * * * * * 5 ) * * * * * * * * * * * * * ) * * * * * * + , 0 -2 .* * * * * * * * * 5 ) * * * * * * * * * * * * * ) * * * * * + , 0 -3 .* * * * * * * * * * 5 ) * * * * * * * * * * * * * ) * * * * + , 0 -4 .* * * * * * * * * * * 5 ) * * * * * * * * * * * * * ) * * * 9 , ) .* * * * * * * * * * * * 5 ) * * * * * * * * * * * * * ) * * 9 ,/ .* * * * * * * * * * * * * 5 ) * * * * * * * * * * * * * ) * 9 ,0 .* * * * * * * * * * * * * * 5 ) * * * * * * ) * * * * * * * 9 ,1 .* * * * * * * * * * * * * * * 5 ) * * * * * * ) * * * * * * 9 ,2 .* * * * * * * * * * * * * * * * 5 ) * * * * * * ) * * * * * 9 ,3 .* * * * * * * * * * * * * * * * * 5 ) * * * * * * ) * * * * 9 ,4 .* * * * * * * * * * * * * * * * * * 5 ) * * * * * * ) * * ** * * * * * * * * * * * * * * * * * * 5 ) * * * * * * ) * ** * * * * * * * * * * * * * * * * * * * 5 ) * * * * * * ) *

:

; � z � y � � �� �z � � �� � � | �� ��

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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 	 �	 �� �� �� �� � � � � � / � � � � �� � � � � � � � � � 	� � � � 
 � �� � � 
 	 �



v �

� |� y x � �� �� � �� �� �� �

• �� � � 
 	 	 � 
 � � �� ⇒� �� � � � 
 � 
 	� � 
 � � � �� � �� �� �� � � �� ��

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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v v

; {� � � � |~ � �z � y �� �� { �~ � { �y �

� � � � / � � �� � � � �� �� p 
� � q� � � / � / 
 � � / � 	� 
 � � Tp 
� � Tq� � 	� 	

2 ≤ Tq ≤ Tp − 1 ≤ 2 · (Tq − 1)


 � 	 
 � � �� � 
 � � �� � � � � � � �� � 
2

z` +

`+Tp−2
∑

t=`+1

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

�$ * '# � � � ! % �  � � T1 = 3 � T2 = 5 ⇒ p = 2 � q = 1 �2

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

$ � 
 � � �� � 
� 
 �� � 
 � / �� � � � � 
 	� � 

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

�

wx � �� �� � � �y � |� �x �} � |� { | � y �z � z � � �� �~ � � �z �� �

� |z � y �

• $ 
 �� � � 
 	� � 	 
 / �� � � � � � � � �� � 
 	� � � 
 � � � � � � 
 	� �� � �2

S =
{

x ∈ <n
∣

∣A
T
x ≥ b

}

•. / �� � � � 
 �� � �� � �� �� 
 � � � � � � �� �� � 	 
 / �� � � � � � � � �� � 
 	� � � 
 �� � � � � 
 	� �� � �2

Sint =
{

x ∈ <n
∣

∣A
T
x ≥ b,� � � � 
 � 
 	 } =

{

x
1,x2, . . . ,xK

}

• � � 0 � � 	� 	� " � � � � � � � / � � � � 
 �	 / � 	 	 �� Sint2 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

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

�

� ��z } z � � �� ��z yz � �  ~ � { � � �� } ~ � { �y �

• π
T
x ≤ π0� � 
! "#$ % $& ' () "#$ * + � � � P� � � � / � 	� � � � � 
 	 	 x ∈ P

•, "- '2 F =
{

x ∈ P
∣

∣

π
T
x = π0

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

•, "- ' *2 � 
 � � �� � � � �� �� � � n − 1

PPP

π
T
x > π0

π
T
x = π0

π
T
x < π0

./0 1 2 13 4 56 / 0 1 7 89 :; P </= 4> :9 P </= 4 7 :9 P
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� | � �y �� {yz | � |~ �� ��z } z � � �� ��z y �

x12+x13+x14 ≥ 1

x14+x15+x16 ≥ 1

x22+x23+x24+x25+x26 ≥ 1

� � �K 7 � C = 7 ⇒ x12+x13+2x14+x15+x16+x22+x23+x24+x25+x26 ≥ 3 �� �

z2 ≥x12

z6 ≥ x16

z2 ≥ x22

z6 ≥ x26

� � �K 7 � C = 7 ⇒ 2z2 + 2z6 ≥ x12 + x16 + x22 + x26 �> �

�� � C< F �> � ⇒ 2z2 + x13 + 2x14 + x15 + x23 + x24 + x25 + 2z6 ≥ 3 �@ �

v 3

� | � �y �� {yz | � { | � y �}

� � 	 �� � 	 
 �� � � 
 1

2

2

z2 + x13 + x14 + 1

2
x15 + 1

2
x23 + 1

2
x24 + 1

2
x25 + z6 ≥ 3

2 �	� �

� � � � � u �� � / � � � �
 �� �� �� �� � / �� � � � � � / � � � 
 � � � �� � � � 
 � � �� 
� � �2

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

2

$ 	 	 � �� � �� � � � � / �� � � 
 � �� � � � 
 � 
 	� � 
 � � 
 �� � 	 � � � 	 � �� � � � � � / �� � � � 
 � � � � � 
 � 
� ⇒ � � � � � u �� � / � � � � � � � / � � � 
 � � � �� � � � 
 � �2

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

� � / 

 � � / � 0 � � / 
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 	� � 
� � ! "#$ % � � � � / �� "$& * '& "& - '

�� # + *� � '  

. � � / � 0 � / 
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 " � � 
 	� � � 	 � � � � �    


