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The main areas in which IP is used in practiceuitel

« imposition of logical conditions in LP problems ¢suas the either/or
condition)

« blending with a limited number of ingredients

« depot location

« job shop scheduling

« assembly line balancing

« airline crew scheduling

+ timetabling

Blending problem

Consider the example of a manufacturer of animed f@ho is producing feed
mix for dairy cattle. In our simple example theedemix contains two active
ingredients and a filler to provide bulk. One Kgeed mix must contain a minimum
guantity of each of four nutrients as below:

Nut ri ent A B C D
gram 90 50 20 2
The ingredients have the following nutrient valaesl cost
A B C D Cost / kg
I ngredi ent 1 (granikg) 100 80 40 10 40
I ngredi ent 2 (gram kg) 200 150 20 - 60

What should be the amounts of active ingrediendsféler in one kg of feed mix?

Solution
Variables

In order to solve this problem it is best to thinkterms of 1 kg of feed mix. That
kilogram is made up of three parts; ingredienh@redient 2 and filler. So: let

x; = amount (kg) of ingredient 1 in 1 kg of feed mix
X2 = amount (kg) of ingredient 2 in 1 kg of feed mix
x3 = amount (kg) of filler in 1 kg of feed mix
wherexy, Xo, X3 >= 0.
Constraints
« balancing constraintrfplicit constraint due to the definition of the variables)
Xp+X +x3=1
« nutrient constraints

10Qx; + 200¢; >= 90 (nutrient A)
80x; + 150¢; >= 50 (nutrient B)
40x; + 2k >= 20 (nutrient C)
10x; >= 2 (nutrient D)
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Note the use of an inequality rather than an etyuati these constraints,
following the rule we put forward in the Two Minegzample, where we assume that
the nutrient levels we want are lower limits on #mount of nutrient in 1 kg of feed
mix.

Objective

Presumably to minimise cost, i.e.

minimise 43; + 60x;

which gives us our complete LP model for the blaggiroblem:

[max]z: 40x,  +60x,

s.to X, +X, +X; = 1
100x, +200x, > 90
80x, +150x, > 50
40x, +20x, > 20
10x, > 2

In Lindo:

! Beasl ey "Animl feed"

! http://people.brunel.ac. uk/~mastjjb/jeb/or/noreip.htm
I "Linear Programm ng" X=0.3667 0.2667 0.3667, z*=30.67
mn 40x1 + 60x2 + 0x3
st

x1 + x2 +x3 =1

100 x1 +200 x2 > 90

80 x1 +150 x2 > 50

40 x1 + 20 x2 > 20

10 x2 > 2
end

Suppose now we have the additional conditions.

- if we use any of ingredient 2 we incur a fixed ocofs15

« we need not satisfy all 4 nutrient constraintsrieed only satisfy 3 of them (i.e.
whereas before the optimal solution required alu#&ient constraints to be
satisfied now the optimal solution could (if iM®rthwhile to do so) only have
3 (any 3) of these nutrient constraints satisfied #e 4.th violated.

Give the complete MIP formulation of the problenthwtihese two new conditions
added.

Solution

To cope with the condition that it*=0 we have a fixed cost of 15 incurred
we have the standard trick of introducing a zere-eariable y defined by

y =1 if x,>=0
= 0 otherw se
and
« add aterm +15y to the objective function

and add the additional constraint



Beasley —Integer Programming [4]3

+ X <=[largest value xcan takely

In this case it is easy to see thatcan never be greater than one and hence our
additional constraint is;x=y.

To cope with condition that need only satisfy 3tteé 4 nutrient constraints,
we introduce 4 zero-one variablegiz=1..4) where

zi; =1if nutrient constraint i (i=1,2,3,4) is satisfied
= 0 otherw se

and add the constraint
«  Z1+2,+73+24 >= 3 (at least 3 constraints satisfied)
and alter the nutrient constraints to be

+ 100x + 200% >= 90z
+ 80x + 150% >= 502
o 40x + 20% >= 20z

e 10x >=2z

The logic behind this change is that if @1z then the constraint becomes the
original nutrient constraint which needs to besfetd. However if a;z0 then the
original nutrient constraint becomes

« same left-hand side >= zero

which (for the 4 left-hand sides dealt with abov®)always true and so can be
neglected — meaning the original nutrient constraged not be satisfied. Hence the
complete (MIP) formulation of the problem is givien

m ni m se 40x; + 60x, + 15y
subject to

X1 + Xo + X3 =1

100x; + 200x, >= 90z,

80x; + 150x, >= 50z,

40x, + 20x, >= 20z;3

1OX1 >= 224

Z, + 2, + 23 + 24, >= 3

X2 <=Y

zZi =0or 1 i=1,2,3,4
y =0o0r 1

Xi >= 0 i=1,2,3

[min]z: 40x, +60x, +0x, +15y +0z; +0z, +0z, +0z

s.to X, + X, + X, =1
100x, +200x, -90z, > 0

80x, +150x, -50z, > 0

40x, +20x, - 20z, 2 0

10x, -2z, 2 0

X, -1 < 0

Z +z, +tz, +z, =2 3

with y, z binary.
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In Lindo:

mn
st
x1
100
80
40
10
X2
z1
end
i nt
i nt
i nt
i nt
i nt

! Beasl ey "Aninmal feed"

! http://people.brunel.ac. uk/~mastjjb/jeb/or/noreip.htm
| Beasl ey "Aninal feed"

I http://people.brunel.ac. uk/~mastjjb/jeb/or/noreip.htmn
I "Integer Programming" X=0.9 0 0.1 01110, z*=36

40x1 + 60x2 + Ox3 + 15y

+ X2 + x3 =1

x1 +200 x2 - 90 z1 > O
x1 +150 x2 - 50 z2 > O
x1l + 20 x2 - 20 z3 > 0
X2 - 224 >0

_y<0

+ 22 + 23 + 274 > 3

y
z1
22
z3
z4
o
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