
EXERCISE 1: MODELLINGNICLAS ANDR�EASSONModelling as a part of the optimization proessPSfrag replaements Real world MathematialMathematialworld theory
Understanding of the MWUnderstanding of the RW

Modelling34aikbkjTo transform a real world problem into an appropriate optimization problem is anart in itself, and unfortunately there is not muh theory desribing how to do this.The general approah an however be desribed by two steps:(1) Prepare a list of all the deision variables of the problem. This list mustbe omplete in the sense that if an optimal solution providing the values ofeah of the variables is obtained, then the deision maker should be able totranslate it into an optimum poliy that an be implemented.(2) Use the variables from step 1 to formulate all the onstraints and the ob-jetive funtion of the problem.Exerise 1 (proess desription). A proess is used to produe the produt P . Inorder to produe 1 unit of P the proess takes 3 units of the raw material R1 and2 units of the raw material R2. Desribe the proess mathematially.Exerise 2 (limited supply of raw material and demand). In order to produe theproduts P1 and P2 two proesses are used. Proess 1 takes 3 units of R1 and 1unit of R2 to produe 1 unit of P1, and proess 2 takes 2 units of R1 and 4 units ofR2 to produe 1 unit of P2. The raw materials R1 and R2 ost r1 and r2 per unitrespetively, and the supply is limited to s1 and s2 units. The produts P1 and P2an be sold for p1 and p2 per unit respetively, and the demand is limited to d1and d2 units. Formulate the problem of hoosing the best prodution strategy asan LP problem.Date: January 19, 2005. 1



2 EXERCISE 1: MODELLINGExerise 3 (�xed ost onstraints). Consider the problem given in Exerise 2 withthe modi�ation that before anything an be produed with the proesses 1 and2 the �xed start up osts 1 and 2 respetively must be paid. Modify your LPformulation from Exerise 2 to inlude these �xed osts. Is the new problem alinear program?Exerise 4 (the transshipment problem). The transshipment problem is a general-ization of the transportation problem (see Example 8.1 in Setion 8.1 of the oursenotes). The transshipment problem onsiders N soures, M demand enters andI intermediate nodes (shipments through intermediate nodes are alled transship-ments). Commodity annot be shipped diretly from a soure to a demand enter,but must �rst be shipped through an intermediate node.Now onsider the transshipment problem given in Figure 1. Assume that theavailability of ommodity at soure i is si for i = 1; : : : ; 4, and that the requirementsat demand enter j is dj for j = 1; 2; 3. Further the ost of shipping one unit ofommodity from soure i to the intermediate node k is given by aik and the ostof shipping one unit of ommodity from intermediate node k to demand enter j isgiven by bkj . Formulate a linear program for minimizing the total shipping ost.
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Figure 1. Illustration of the transshipment problem.Exerise 5 (logial onstraints). Consider the onstraintsaTx � b; (I)Tx � d; (II)x � 1n;x � 0n;where a;  2 Bn and b; d 2 R+ . Now, suppose that only one of the onstraints (I)and (II) must be ful�lled. Formulate this situation as an integer program.



EXERCISE 1: MODELLING 3Exerise 6 (the diet problem [a lassi LP℄). The following table shows the amountof nutrients in two types of food (grain), the ost of eah food, and the dailyrequirement of eah nutrient.
Nutrient

Starch

Protein

Vitamins

Cost ($/kg)

1

5

4

2

0.60

2

7

2

1

0.35

Minimum daily requirements

8

15

3

Food type

Formulate the problem of �nding a minimum ost feasible diet as a linear pro-gram. Stigler's diet problemIn 1945 Stigler, a future Nobel laureate in eonomis, posed the following problem:For a moderately ative man (eonomist) weighing 154 pounds, how muh of eah of77 foods should be eaten on a daily basis so that the man's intake of nine nutrients(inluding alories) will be at least equal to the reommended dietary allowanessuggested by the National Researh Counil in 1943, with the ost of the diet beingminimal? An optimal solution to Stigler's diet problemThe optimal solution omputed with the Simplex method only ontains 5 foodtypes!
Food

Cabbage

Spinach

Dried navy beans

Beef liver

Total daily cost
(1998 $)

Annual quantity

299 lb.

111 lb.

23 lb.

378 lb.

2.57 lb.

$1.278

Wheat flour

Do you think this is a palatable diet?



4 EXERCISE 1: MODELLINGProjet part I: ModellingIn the industry it is more likely that your model will be used if the managersunderstand it. One of the purposes of the projet is that you should learn how toformulate a omplex problem as an easily understandable linear program. Thereforewe have the following requirements on your report:� it shall inlude a �gure illustrating the material ows of the problem;� the variables must be learly de�ned and onneted to the �gure;� the objetive funtion and the onstraints should be learly desribed;� it must be written with a text formatting tool (e.g., LATEX, Word, orFrameMaker); and� it should look professional!Before starting the modelling work you should read Setion 8.1 in the oursenotes and Example 8.1 in partiular.


