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� �� � � � � � � 	 
� � � � �

model Marketplace
uses "mmxprs"

declarations
NProd = 3
NIncred = 5
IP = 1..NProd
II = 1..NIncred
TAB: array(II,IP) of real
REQ: array(II) of real
PRICE: array(IP) of real
x: array(IP) of mpvar

end-declarations

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples – p.5/30

��� � � � � � � � � �� � �� �   

TAB := [20, 3, 2,
0, 3, 18,
8, 83, 7,
1.4, 2, 0.6,

80, 7300, 0]
REQ := [65, 90, 200, 10, 5000]
PRICE:= [40, 15, 10]

MinPrice := sum(p in IP) PRICE(p) * x(p)

forall(i in II)
sum(p in IP) TAB(i,p) * x(p) >= REQ(i)

minimize(MinPrice)

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples – p.6/30
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� �� � � � � � � 	 
� � � � � � �

writeln("Objective: ", getobjval)
forall(p in IP)
write("Product",p,":",getsol(x(p))," ")

writeln

end-model

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples – p.7/30

��� � � � � � � � � �� �� �

 ! !" # $ % $ % &' ( () ! $ * *+ , * *! ) -+ .) ( $ , '0/ , .) '0/ 1 , ( & # , '  / $ (243

y1

56 7 89 :<;= >? @ ACB = @ 8 6 D 7

y2

EF G HI J<KL MN O P E ML Q O RTS UL M H F

y3

VW X YZ []\ ^_ ` Va b V cTd \

y4

ef g hi j]k lm noCp m g

y5

qr s tu vwyx zx { |C} ~ t� � ~ s �

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

� ��� �� � � � � � �� �T�� �� � �� � � � � �� � �  ¡ �¢ £ � �¤ � � � ¢ £ � ¥ �� ��¦ ¡ � � � �¦ �

¥ ¢ ¤ �C�   � � �   ¡ � ¢ £ � � ¤ � � � � £ �¨§ ©T� ¦ £ �  � ¢ � £T¤ � � � ¡ � �¦ � � � � ¦ � � � ¡ �C� ¦ � � §

ª« ¬ ® ¯ ¯° ± ² ³ ± ³C´ « °µ ¶ ³ ® ·° ± «

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples – p.8/30



MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples – p.9/30

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples – p.10/30

� �� � � � � � � 	 
� �

max 65y1 +90y2 +200y3 +10y4 +5000y5

�� � � 20y1 +8y3 +1.4y4 +80y5 ≤ 40

3y1 +3y2 +83y3 +2y4 +7300y5 ≤ 15

2y1 +18y2 +7y3 +0.6y4 ≤ 10

y1, y2, y3, y4, y5 ≥ 0

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples – p.9/30

� �� � � � �

�� ��� � � � ���  �� !� "# � �� $ � %

min {cT x | Ax ≥ b, x ≥ 0}

&' ( ) ) *,+ - (. / . 01 . (2 3 & 4

max {bT y | AT y ≤ c, y ≥ 0}

56 7

x0 ∈ {x | Ax ≥ b, x ≥ 0} 89 :

y0 ∈ {y | AT y ≤ c, y ≥ 0} ;

< =6 9

bT y0 ≤ cT x0

>? @AB C
MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Duality – p.10/30
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� � � � � �

�� � 	 
 ��  −→
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b c d

e fgh ig j kl m i n mo p g j j m qsr

t uv fg i v f g ig m ig

x, y

w�x y z y y u�{ |

Ax +By ≤ a

Cx +Dy = b

x ≥ 0

h i v fg i g m ig

u, v

w�x y z y y u{ |

uT A +vT C ≥ 0

uT B +vT D = 0

u ≥ 0

uT a +vT b < 0.
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MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Problem Formulations – p.16/30

� � � � � � �

max cT x +dT y

�	� 
 � Ax +By ≥ a

Cx +Dy = b

x ≥ 0

max cT x

�	�  � Ax ≤ b

max cT x

�	�  � Ax = b

x ≥ 0

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Problem Formulations – p.15/30

� � � � �

� � � � � �

� �� � � � � !" � ! #$ � � −→ %" � �� !" � ! #$ � �&

xi ≥ 0 ' ! � # � ! � � � �( ) ( * � �+ �( �,

Ax ≤ b -

.0/ 1 12 3 / 4 3 56 17 −→ 7 4 8 9 1 : 2 3 / 4 3 56 17;

7 1 <

yi = x+

i − x−

i

= 4 < >

x+

i , x−

i ≥ 0 ?

@A B C D E F G H −→ E G @A B C I E D E @ HJ

K @L I CM @

Ax = b

N O

Ax ≤ b

C G P

Ax ≥ b Q

R S TU V W X RY R TZ −→ TU V WY R[ S Z\

] T^ X W_ T

Ax ≤ b

` a

Ax + Iy = b

WS b

y ≥ 0 c
MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Problem Formulations – p.16/30
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� � � � � � � �	� 


� �� ��� �� �� � � �

max {dT y | By = a, Dy ≤ b, y ≥ 0}

� ��� � ��� ��� � �� � ! "�  #$

max {cT x + dT y | Ax+ By = a, Cx+ Dy ≤ b, y ≥ 0, x ≥ 0, x

%�& '() (* }

+, -./ .0 10 2/ 0 34

max {cT x | Ax = a, Cx ≤ b, x ≥ 0, x

5�6 789 8: }

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Problem Formulations – p.17/30

; < = >

?@ ACB DE DF BG H I@ J@ E

P=(A, b) = {x ∈ Rn | Ax = b, x ≥ 0}

D JK L M M@ N

O P QCR ST UV PWX Y Z[ \] ^ ] [ _ ^ `a bc d] d e] fg h h _[ i j kCl m j i no

pq rCs tu vCw q x yz w u {| }~ ��� ��� ���

x, y ∈ P=(A, b) =⇒ λx + (1 − λ)y ∈ P=(A, b)� ∀ 0 ≤ λ ≤ 1�

x ∈ P=(A, b)

�C� �� � �� � � �� � �� �� �� �� � � � � �� �C� ��� �� �  ¡ �  � ¡ � � �¢ � £

� �¤ � � �� � � � � ��

y, z ∈ P=(A, b) ¥
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