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var x {1..2} >=0; sw: amp]l

ampl: option solver cplex;
ampl: model dude.txt;
ampl: expand MaxTime;
subject to MaxTime:

subject to MaxTime: sum {j in 1.2} x[j] <= 5; x[1] + x[2] <= 5

subject to MaxCost: 8*x[1] + 16*x[2] <= 48;

maximize TotalUtility: 2*x[1] + 3*x[2];

ampl: solve;

CPLEX 20.1.0.0: optimal solution;
objective 11

2 dual simplex iterations (1 in phase I)
ampl: display x;
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SPG  spaghetti 1.99 MCH 15 35 15 15

TUR  turkey 2.49 ML 70 30 15 15

SPG 25 50 25 15
TUR 60 20 15 10
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set NUTR;
set FOOD;

param cost {FOOD} > 0;
param f_min {FOOD} >= 0;
param f_max {j in FOOD} >=f_min[j];

param n_min {NUTR} >= 0;
param n_max {i in NUTR} >= n_min([i];

param amt {NUTR,FOOD} >= 0;
var Buy {j in FOOD} >=f_min[j], <= f_max][j];
minimize Total_Cost: sum {j in FOOD} cost[j] * Buy][j];

subject to Diet {i in NUTR}:
n_min[i] <= sum {j in FOOD} amt[i,j] * Buy[j] <= n_max{i];

AMPL  Sessiom:

setNUTR:=AB1B2C;
set FOOD := BEEF CHK FISH HAM MCH MTL SPG TUR ;

param: cost f_min f_max:=

BEEF 3.19 0 100
CHK 259 0 100
FISH 229 0 100
HAM 289 0 100
MCH 189 0 100
MTL 199 0 100
SPG 199 0 100
TUR 249 0 100;

param: n_min n_max :=
A 700 10000
C 700 10000
B1 700 10000
B2 700 10000 ;

param amt (tr):

A C B1 B2:=
BEEF 60 20 10 15
CHK 8 0 20 20
FISH 8 10 15 10
HAM 40 40 35 10
MCH 15 35 15 15
MTL 70 30 15 15
SPG 25 50 25 15
TUR 60 20 15 10;

ampl: option solver cplex;
ampl: model "c:/Program
Files’/AMPL/ampl_mswin64/models/diet.mod";

ampl: solve;
CPLEX 20.1.0.0: optimal solution; objective 88.2
1 dual simplex iterations (0 in phase 1)

ampl: display Buy;

ampl: data "c:/Program Files/AMPL/ampl_mswin64/models/diet.dat";
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Exercise 3.2 (Optimality conditions) Consider the problem of minimizing
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Exercise 3.6 (Conditions for a unique optimum) Let x be a basic feasible
solution associated with some basis matrix B. Prove the following:

(a) If the reduced cost of every nonbasic variable is positive, then x is the
unique optimal solution.
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Exercise 1.15 A company produces two kinds of products. A product of the
first type requires 1li1 hours of assembly labor, 1/8 hours of testing, and $1.2
worth of raw materials. A product of the second type requires 1/3 hours of
assembly, 1/3 hours of testing, and $0.9 worth of raw materials. Given the current
personnel of the company, there can be at most 90 hours of assembly labor and
80 hours of testing, each day. Products of the first and second type have a market
value of $9 and $8, respectively.

(a) Formulate a linear programming problem that can be used to maximize the
daily profit of the company.
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Exercise 3.2 (Optimality conditions) Consider the problem of minimizing
¢’x over a polyhedron P. Prove the following:

(a) A feasible solution x is optimal if and only if ¢’'d > 0 for every feasible
direction d at x.°\ :
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Exercise 3.3 Let x be an element of the standard form polyhedron P = {x €
R™ | Ax = b, x > 0}. Prove that a vector d € R" is a feasible direction at x if
and only if Ad =0 and d; > 0 for every ¢ such that =; = 0.
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Exercise 3.19 While solving a standard form problem, we arrive at the follow-
ing tableau, with z3, 4, and x5 being the basic variables:

Xz » Z
~10 | (5) 20 0 0o ? Rﬂ—@)ﬁg
4 -1 n 1 0 O
Xy 1 @ -4 0 1 0 o+ %}Y\
B=0 @ @ o o 1

The entries «, G, 7, 6, m in the tableau are unknown parameters. For each
one of the following statements, find some parameter values that will make the
statement true.

(a) The current solution is optimal and there are multiple optimal solutions.
(b) The optimal cost is —cc.

(c) The current solution is feasible but not optimal.
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Exercise 4.3 The purpose of this exercise is to show that solving linear pro-
gramming problems is no harder than solving systems of linear inequalities.

Suppose that we are given a subroutine which, given a system of linear in-
equality constraints, either produces a solution or decides that no solution exists.
Construct a simple algorithm that uses a single call to this subroutine and which
finds an optimal solution to any linear programming problem that has an optimal
solution.
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Exercise 4.26 Let A be a given matrix. Show that exactly one of the following
alternatives must hold.

(a) There exists some x # 0 such that
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B2
3. (5 Jimbo Enterprises produces n products. Each product can be produced in one of m .
machines. Le 1@- the time in hours needed to produce one unit of product + on machine j.
For month %, the number of hours available on machine j is hij. Customers are willing to buy
up to d;; units of product ¢ in month £ at the unit cost of ¢;,- Formulate an LP that Jimbo can
use to maximize the revenue by selling the products for th& next p months.
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