MILP: Why do we need integer variables?

@ Sometimes, the variables represent things that, because of its nature,
can only take integer values: number of books to buy, number of
facilities to be located, number of people to be hired.

@ Logic constraints can be modeled via binary/integer variables.

@ Some nonlinear models can be approximated using MILP.




Modeling tricks

Dealing with unrestricted variables

If x1,...,x, € R are unrestricted variables, and our algorithm only works
with nonnegative variables, we can change:

Xj = xi —x?, xi,x? > 0.

This duplicates the number of variables. We can do better and introduce
only one additional variable x* which just move all the variable to the right:

xi=x: —x", x:,x" >0.

v

x1+x <1 X{ = x4+ x5 —x* <1
2x1 — xp > 3 is equivalent to 2(x; — x*) — (x5 — x*) > 3
x1,X0 € R X{, Xy, X" >0




Modeling tricks

Converting linear equalities into linear inequalities

Using slack and surplus variables we can transform inequalities into
equalities. But we can also do the opposite.

ty — R | —
aix=>bj,i=1....m

can be transformed into

alx < bj,i=1...,m

(2oiZ1a))x = 2% bi

x;+xp <1
Is equivalent to 2x3 — xp < 3
3X1 Z 4

x1+x0 =1
2X1 — Xp = 3




Modeling tricks

Converting nonlinear objective functions into linear

min t
is equivalent to  s.t. f(x) <t
x e X

min f(x)
st. xeX




Modeling tricks

Dealing with absolute values

Is equivalent to

min

min >0, |fi(x)

s.t. xeX

D ity ti

x e X

f}(X)gt,', I=1,....m
—f;'(X)St,', I=1,...,m
t;i > 0, | = m
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Modeling tricks

Dealing with the max function

min  max™ ,{fi(x)}

s.t. xe X
Is equivalent to
min t
s.t. xe X

filx) <t,i=1,...,m




