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tabulation is helpful in clarifying thought and detecting incor r ect mathematical descriptions.

Other problems

The main areas in which IP is used in practiceuitiel

imposition of logical conditions in LP problems ¢suas the either/or condition dealt with above)
blending with a limited number of ingredients

depot location

job shop scheduling

assembly line balancing

airline crew scheduling

timetabling

Integer programming example

Recall theblending problendealt with before unddinear programmingTo remind you of it we reproduce
it below.

Blending problem

Consider the example of a manufacturer of animed f@ho is producing feed mix for dairy cattle. bro
simple example the feed mix contains two activeadgents and a filler to provide bulk. One kg aédle
mix must contain a minimum quantity of each of foutrients as below:

Nutri ent A B C D
gram 90 50 20 2

The ingredients have the following nutrient valaesl cost

A B C D Cost/ kg
Ingredient 1 (gramikg) 100 80 40 10 40
I ngredient 2 (granmkg) 200 150 20 - 60

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

Blending problem solution

Variables

In order to solve this problem it is best to thinkerms of one kilogram of feed mix. That kilogrésymade
up of three parts - ingredient 1, ingredient 2 filiet so: let

x1 = amount (kg) of ingredient 1 in one kg of feec mi

x2 = amount (kg) of ingredient 2 in one kg of feec mi

x3 = amount (kg) of filler in one kg of feed mix

where X >=0, » >=0and 3>= 0.

Constraints
¢ balancing constraint (amplicit constraint due to the definition of the variables)

X1+Xo+x3=1
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e nutrient constraints

100x + 200x% >= 90 (nutrient A)
80x1 + 150x% >= 50 (nutrient B)
40x1 + 20% >= 20 (nutrient C)
10xq >= 2 (nutrient D)

Note the use of an inequality rather than an etyualithese constraints, following the rule we farivard
in the Two Mines example, where we assume thantitkeent levels we want are lower limits on the
amount of nutrient in one kg of feed mix.

Objective
Presumably to minimise cost, i.e.
minimise 404 + 60x%

which gives us our complete LP model for the blaggiroblem.

Suppose now we have the additional conditions:

e if we use any of ingredient 2 we incur a fixed cofs15

e we need not satisfy all four nutrient constrainis fieed only satisfy three of them (i.e. whereas
before the optimal solution required all four neitti constraints to be satisfied now the optimal
solution could (if it is worthwhile to do so) onhave three (any three) of these nutrient constaint
satisfied and the fourth violated.

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

Solution

To cope with the condition that ibxX=0 we have a fixed cost of 15 incurred we havesthedard trick of
introducing a zero-one variable y defined by

1if X2>=0
0 ot herw se

y

and

e add a term +15y to the objective function
and add the additional constraint

e X2 <= [largest value xcan takely

In this case it is easy to see thaican never be greater than one and hence our@uditionstraint is
Xo<= V.

To cope with condition that need only satisfy thoé¢he four nutrient constraints we introduce four
zero-one variables %=1,2,3,4) where

zi =1 if nutrient constraint i (i=1,2,3,4) is satisfied
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= 0 otherwi se
and add the constraint

o 71+7p+73+274 >= 3 (at least 3 constraints satisfied)
and alter the nutrient constraints to be

e 100x + 200% >= 902
e 80x1 + 150% >= 502
o 40x1 + 20% >= 20z

e 10Xy >=27

The logic behind this change is that ifialzthen the constraint becomes the original nutgenstraint
which needs to be satisfied. However ifialzthen the original nutrient constraint becomes

e same left-hand side >= zero

which (for the four left-hand sides dealt with abpis always true and so can be neglected - me#ming
original nutrient constraint need not be satisflddnce the complete (MIP) formulation of the problis
given by

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

X1 + X2 + X3 =1

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

80x1 + 150x, >= 50z,

40x1 + 20xp, >= 20z3

10x1 >= 2z4

21 + 22 + 23 + 24 >= 3

X2 <= y

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

Xi >= 0 i=1,2,3

Integer programming example

In the planning of the monthly production for thexhsix months a company must, in each month, ¢pera
either a normal shift or an extended shift (ifrbguces at all). A normal shift costs £100,000menth

and can produce up to 5,000 units per month. Aareddd shift costs £180,000 per month and can
produce up to 7,500 units per month. Note herg thaeither type of shift, the cost incurred isfil by a
union guarantee agreement and so is independémé amount produced.

It is estimated that changing from a normal shifbme month to an extended shift in the next mopsts
an extra £15,000. No extra cost is incurred in givnfrom an extended shift in one month to a ndrma
shift in the next month.

The cost of holding stock is estimated to be £2ypérper month (based on the stock held at theoénd
each month) and the initial stock is 3,000 unite@oced by a normal shift). The amount in stocthat
end of month 6 should be at least 2,000 units.démand for the company's product in each of thé nex
six months is estimated to be as shown below:

Mont h 1 2 3 4 5 6
Demand 6,000 6,500 7,500 7,000 6,000 6,000
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