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Example: In the Marketplace (Xpress I)

nodel Mar ket pl ace
uses " mxprs"

decl ar ati ons

NPr od =3

Nlncred = 5

IP = 1..NProd

Il = 1..N ncred

TAB: array(ll,1P) of real
REQ array(ll) of real
PRI CE: array(lP) of real

X: array(lP) of npvar
end- decl ar ati ons

MIP Oswald/Reinelt

Basics of Linear and Discrete Optimization: Examples — p.5/30
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Example: In the Marketplace (Xpress II)

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

REQ
PRI CE:

M nPrice

forall (i

80, 7300, O]
[ 65, 90, 200, 10, 5000]
[ 40, 15, 10]

= sum(p in IP) PRICE(p)

in 11)

* x(p)

sum(p in IP) TAB(i,p) * x(p) >= REQI)

mnimze

(M nPrice)




Example: In the Marketplace (Xpress III)

witeln("Objective: ", getobjval)
forall(p in IP)

M n n m.,. n n n
wite("Product",p,":",getsol (x(p)), )
witeln
end- nodel
MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples — p.7/30 MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Examples — p.7/30

Example: In the Marketplace (Duality)

Assume we want to sell pills of protein, iron, vitamin A, etc.
y1 cents/gram of protein

yo cents/gram of carbohydrate

y3 cents/mg of calcium

y4 cents/mg of iron

ys cents/L.U. of vitamin A

What are suitable prices for the pills?

e o oo oo 0 b

The costs of the incredients of 100g poultry shoult be cheaper than
buying 100g poultry itself. Analogously for potatoes and spinach.

°

We want to maximize our income

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




Example: In the Marketplace (dual LP)

max 65y; +90y2 +200ys +10ys +5000y5

s.t. 20m +8ys  +1.4y, +80ys < 40

3y1 +3y2 +83yz +2ys +7300ys < 15

2y1  +18ys +7ys  +0.6ys < 10
Y1,Y2,Y3,Y1,y5 = 0

MIP Oswald/Reinelt

Basics of Linear and Discrete Optimization: Examples — p.9/30

Weak Duality Theorem

Primal linear program (P)
min {c'x | Az > b,z > 0}

Dual linear program (D)
max {b"y | ATy < ¢,y > 0}

Let 29 € {z | Az > b,2 >0} and yo € {y | ATy < c,y > 0}.

Then b7y < ¢"z0 holds.

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Duality — p.10/30

MIP Oswald/Reinelt
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Building the Dual LP

® equation —
® inequality —
® signed variable —
® free variable —
® objective function —
® right hand side —

MIP Oswald/Reinelt

free variable
signed variable
inequality
equation

right hand side

objective function

Basics of Linear and Discrete Optimization: Duality — p.11/30
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Basics of Linear and Discrete Optimization: Duality — p.11/30

Farkas Lemma

Theorem (Farkas Lemma):
Either there are z, y fulfilling

Ax
Cz

or there are u, v fulfilling

uT A

uTB

MIP Oswald/Reinelt

+By
+Dy

+vT'C
+vTD

+vTh

Y

\Y
o o o o

Basics of Linear and Discrete Optimization: Duality — p.12/30
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Standard Formulations of an LP

max clz +d'y
st. Ax 4By > a
Cx +Dy =
x > 0
max (,’T.’L' max (,'T.’IJ
st. Ax < b st. Ax = b
z > 0
MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Problem Formulations — p.15/30
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Transformating LP-Formulations

® signed variables — free variables:
x; > 0 can be added to the system Az < b.

® free variables — signed variables:
set y; = —x; with 2,2, > 0.

7

® equations — inequalities:
replace Ax = b by Az < b and Ax > b.

® inequalities — equations:
replace Ax <bby Axv+Iy=0band y > 0.

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Problem Formulations — p.16/30

MIP Oswald/Reinelt

Basics of Linear and Discrete Optimization: Problem Formulations — p.16/30




Optimization Problems

Linear program
max {d"y | By = a, Dy < b,y > 0}

Mixed-integer program
max {c!z+dTy | Az+ By = a,Cx+ Dy < b,y > 0,2 > 0, z integer}

Integer program
max {c'z | Az = a,Cx < b,z > 0, x integer}

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

MIP Oswald/Reinelt

Basics of Linear and Discrete Optimization: Problem Formulations — p.17/30

Polyhedrons

® Definition: The set P=(A,b) = {x € R™ | Az = b,z > 0} is called
polyhedron. If the set is bounded we call it polytope.

® Polyhedrons are convez, i.e.
z,y € P(Ab) = XAz + (1 - Ny e P=(A4,b),VO< A< L.

® 1 c P=(A,D) is called vertex if it cannot be build as a proper convex
combination of y, z € P=(A,b).

MIP Oswald/Reinelt Basics of Linear and Discrete Optimization: Polyhedrons — p.18/30
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