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yit+y2+ys+ys+tys<=3

e if an oil (vegetable or non-vegetable) is usedeast 30 tonnes of that oil must be used
Xj >= 30y i=1,...,5

o if either of VEGL1 or VEG2 are used then OIL2 musbé&e used

ya>=y1
y4>=y2

Objective

The objective is unchanged by the addition of theedea constraints and variables.

Integer programming example 1985 UG exam

A factory works a 24 hour day, 7 day week in pradgdour products. Since only one product can be
produced at a time the factory operates a systeenayihroughout one day, the same product is pextluc
(and then the next day either the same producbiyced or the factory produces a different product
The rate of production is:

Pr oduct 1 2 3 4
No. of units produced per hour worked 100 250 190 150

The only complication is that in changing from puoghg product 1 one day to producing product 2 the
next day five working hours are lost (from the 24uis available to produce product 2 that day) dué
necessity of cleaning certain oil tanks.

To assist in planning the production for the negewthe following data is available:

Current Demand (units) for each day of the week

Product stock 1 2 3 4 5 6 7
(units)

1 5000 1500 1700 1900 1000 2000 500 500

2 7000 4000 500 1000 3000 500 1000 2000

3 9000 2000 2000 3000 2000 2000 2000 500

4 8000 3000 2000 2000 1000 1000 500 500

Product 3 was produced on day 0. The factory isflotved to be idle (i.e. one of the four producisst
be produced each day). Stockouts are not allowethedend of day 7 there must be (for each prodatct)
least 1750 units in stock.

If the cost of holding stock is £1.50 per unit pyoducts 1 and 2 but £2.50 per unit for producas@ 4
(based on the stock held at the end of each daylulate the problem of planning the productiontfoe
next week as an integer program in which all thest@ints are linear.

Solution
Variables

The decisions that have to be made relate to e @y product to produce each day. Hence let:
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¢ Xjt = 1 if produce producti (i=1,2,3,4) on day t (12,B,4,5,6,7) = O otherwise
In fact, for this problem, we can ease the formaitaby defining two additional variables - namedy. |

¢ lit be the closing inventory (amount of stock leftpobduct i (i=1,2,3,4) on day t (t=1,2,...,7)
¢ Pit be the number of units of product i (i=1,2,3,40¢wced on day t (t=1,2,...,7)

Constraints

¢ only produce one product per day
X1t + Xot + X3t +* Xgt = 1 t=1,2,..., 7
¢ no stockouts
lir >= 0 i=1,..., 4t=1,..., 7
e We have an inventory continuity equation of therfor
closing stock = opening stock + production - demand
Letting Dt represent the demand for product i (i=1,2,3,4dant (t=1,2,...,7) we have
5000
7000

9000
8000

I 10
I 20
I 30
I 40

representing the initial stock situation and
lit = lit-1 + Pit - D¢ i=1,..., 4 t=1,..., 7
for the inventory continuity equation.

Note here that we assume that we can meet demamanth t from goods produced in month t and also
that the opening stock in month t = the closinglsto montht.1.

e production constraint
Let R represent the work rate (units/hour) for produetl,2,3,4) then the production constraint is
Pit = Xit[24R ] i=1,3,4t=1,..., 7
which covers the production for all except prod2ieind
Pot = [24Ry] X2t - [5Ry] X2t X1t-1 t=1,..., 7

i.e. for product 2 we lose 5 hours production ifave producing product 2 in period t and we produce
product 1 the previous period. Note here that w@lise by

xlo:O

since we know we were not producing product 1 on@aPlainly the constraint involvingpPis non-linear
as it involves a term which is the product of tvariables. However we can linearise it by usingttio
that given three zero-one variables (A,B,C say)nbwe-linear constraint
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e A=BC
can be replaced by the two linear constraints

e A<=(B+ C)/2and
e A>=B+C-1

Hence introduce a new variabledefined by the verbal description

Z: = 1 if produce product 2 on day t and product 1 on day t-1
= 0 ot herw se

Then

Zi = XotX1t-1 t=1,...,7

and our non-linear equation becomes
Pat = [24R] X2t - [5R.] Z t=1,..., 7
and applying our trick the non-linear equationZgcan be replaced by the two linear equations
Zi <= (Xt + Xgt-1)/2 t=1,..., 7
Zi >= Xt + X1t-1 - 1 t=1,...,7
e closing stock
liz >= 1750 i=1,...,4
¢ all variables >= 0 and integer,ifjxand (4) zero-one variables

Note that, in practise, we would probably regandl &nd (R) as taking fractional values and round to get
integer values (since they are both quite largegshould be acceptable).

Objective
We wish to minimise total cost and this is given by
SUMt=1,...,7}(1.501 31 + 1.5015 + 2.50;3; + 2.50I4)

Note here that this program may not have a feastilgion, i.e. it may simply not be possible tasg all
the constraints. This is irrelevant to the proagssonstructing the model however. Indeed one atgen
of the model may be that it will tell us (once armputational solution technique is applied) that the
problem is infeasible.

Integer programming example 1987 UG exam

A company is attempting to decide the mix of pradwehich it should produce next week. It has seven
products, each with a profit (£) per unit and adoiction time (man-hours) per unit as shown below:

Pr oduct Profit (£ per unit) Production tinme (nan-hours per unit)
1 10 1.0
2 22 2.0
3 35 3.7
4 19 2.4
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