Math 4620/5620

HOMEWORK 1 SOLUTION

1. There are many different ways of doing these formulations, and here we present just one of them.

Decision Variables:
Let x¢;, ye; and z; represent the number of flights per day made to city ¢ by the i’th plane of B737,
AB321 and ATR-70 respectively.

Constraints:

1. minimum trip constraints

10 15
> wait Y yLai = 2 trips
i=1 =1

10 15 2
> wposi+ Y yBosi+ Y zBosi > 4 trips
i=1 i=1 i=1
10 15 2
> wpci+ Y ypci+ Y zpci > 4 trips
i=1 i=1 i=1
10 15
Z TMIA + Z ymia,; > 4 trips
=1 i=1

And of course, non—negativity is important as well.
Teiy Yeir 2ei > 0 for all city ¢ and plane ¢

2. maximum flying time constraints

TB0S,i +2xpc,i +4xmras +6xpa; < 15 hours for each i =1,---,10
YBOS,i + 2ypc,i +5yYmrai +8yra,; < 15 hours for each i =1,---,15
2zpos,i +4zpc,; < 18 hours for each ¢ = 1,2
Objective Functions:
1.
10 10 10 10
Minimize 6000 zpos,i + 7000 Y zpc,i+ 8000  warrai+ 10000 wpai+

i=1 i=1 i=1 i=1
15 15 15 15

4000 " ypos,i + 3500 > ypc.i + 6000 " yarrai+ 10000 yraq+
i=1 i=1 i=1 i=1

2 2
1000 ) " zpos,i + 2000 Y zpc.

i=1 =1



10 10 10
Maximize ~ —1000) xpos,i+2000Y  zarraq + 8000 wpai+

1=1 1=1 =1
15 15 15 15
—1000) " yposi +2000 Y ypc.i +2000 > ynrai+4000>  yrai+

i=1 i=1 i=1 i=1
2 2

2000 ) zpos, +2000 ) zpci

i=1 =1

10 10 10 10
Minimize 1Z$BOS,i+22$DC,i+4Z$MIA,1'+6Z$LA,Z'+
i=1 =1 i=1 =1
15 15 15 15
1Y yposi+2Y ypci+5Y ymrai+8 yrai+
i=1 i=1 =1 =1

2 2
2 E 2pos,i +4 E ZDCi
i=1 i=1

2. Let z,; where p = A,B,C and i = 1,2,3,4 be the amount (MG / day) of water treated in plant p
using treatment ¢. Then we want to minimize the total cost

Z ci(wai +Tpi +x0i)

i=1

subject to the following set of constraints:

lower bound:

4
Zmpi > K, foreachp=A,B,C
i=1

upper bound (we cannot treat more water than the flow):

4
sz < M, for each p=A4,B,C

i=1

where M4 = My, Mg = M> and Mg = My + M>



permissible pollutant:

4

> xa;i-P; < Ps-M (Phenol at A)
i=1

4
S @a;-Ni < Ns-M,; (Nitrogen at A)
=1

4
> wpi-P; < Pp-M, (Phenol at B)
1=1

4
Y api-N; < Np- M (Nitrogen at B)
i=1
4
Z(xm‘ +api+xci)  Pi < Ps- (M + Mz) (Phenol at C)
i=1
4
Z(OCAi +zpi+zci) Ny < Ng-(M;+ M,) (Nitrogen at C)

i=1

nonnegativity:

Zp; > 0 for each p=A,B,C, andi=1,2,3,4

3. Let x, y and z denote the number of kilograms of corn, tankage and alfalfa respectively. Then we have
the following LP:

4.

(a)

()

Minimize 84z + 72y + 60z (cost in cents)
subject to 90x + 20y + 40z > 200 (carbohydrates)
30x + 80y + 60z > 180 (protein)
10z + 20y + 60z > 150 (vitamins)
z,y,2 > 0

TRUE. Consider the isoprofit line through (0, 2), the isoprofit line through (3, 3), and the isoprofit
line through (6,3). Recall that these lines are all parallel to each other. Since (3,3) produces
a larger value of the objective function than (0,2) and (6,3), it follows that the isoprofit line
through (3,3) cannot coincide with the isoprofit line through (0,2) or (6,3), and moreover, it can
be obtained by shifting (while maintaining the slope) the isoprofit line through (0,2) or (6,3)
in the direction of increasing z. This means that (3,3) corresponds to the isoprofit line with
maximum z.

An example of objective function: Z = 6xo — 1.

TRUE. Since (3, 3) is an optimal solution, it is clear from the graph that multiple optimal solutions
will only exist if the isoprofit line through (3,3) coincides with either one of the boundaries (of
the feasible region) containing (3, 3). Hence, either (0,2) or (6,3) are also optimal.

Examples of objective functions: Z = 3z5 — 27 (makes (0,2) optimal), Z = x5 (makes (6, 3)
optimal).

FALSE. Consider the objective function z = —x; — xs.





