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2 Introduction

We know that there are important economic problems which have mathematical models that
are linear programs with integer variables. Among these problems are those that have
variables taking only one of the values 0 or 1.

Such binary integer programs, serve as mathematical models for capital budgeting, project
selection, pipeline or communications network design, structural design, switching circuit
design, information retrieval, fault detection, design of experiments, facility location, truck
dispatching, tanker routing, crew scheduling, machine sequencing, and a host of other
decision problems involving logical alternatives.

Because of the importance of these decision problems the project considers a program
developed in C++ that solves linear programs with variables constrained to take only one of
the values 0 or 1 following the steps of the algorithm that the prestigious mathematician, Egon
Balas, developed in 1965.

In this document we are going to study the basic ideas and outline of the algorithm, and
subsequently we will analyze the algorithm in detail, showing interesting examples like the
Diet Problem with 96 variables.

Finally we will show a tutorial of the application and we will draw conclusions of the operation
of the algorithm.

3 Basic ideas and outline of the additive
algorithm

The general form of a linear program with zero-one variables may be stated as follows:
minormax Z = c'x
Subject to
Ax <b
or
Ax=> b

xi=00r1( € N)
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Where
x= (x;) is an n-component column-vector.
c= (c;) is a given n-component row-vector.
A= (a;j) is a given mxn matrix.

b= (b;) is a given m-component column-vector.

4 Form of an Integer Binary Problem

Although we have defined the form of a linear program with zero-one variables problem, the
Balas algorithm requires that the problem be put into a standard form, with the constraints
inequalities of the form less than, and all the coefficients of the objective function (to be
minimized) being nonnegative.

Any problem can be brought to this form by the following operations:
a) Replacing all equations by two inequalities.
b) Multiplying by —1 all inequalities of the form >
c) Setting xj as
xj for cj = 0 when minimizing; for ¢j < 0 when maximizing,
(1 — xj) for cj < 0 when minimizing; for ¢j > 0 when maximizing.

So what we have to do is set all of the variables to zero to give the smallest value of Z. If we
cannot do this without violating one or more constraints, then we prefer to set the variable
that has the smallest index to 1. This is because the variables are ordered so that those earlier
in the list increase Z by the smallest amount.
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5 Form of an Integer Binary Problem -
Example of transformation

Min Z=@§,+\7Xz +10x%: -3 Hxs
Subjectto T~ _~

-X1-3X2 5%z —xa -Axs >=0 )

_/ -2X1 -BX2 +3X3 -2Xa -2Xs<=-4

\‘C-i-ZXz +2X +Xa 4X:>=2 )

xj=0or 1

5.1 Multiplying by -1 first and third constraints
Min Z= -5X1 + 7X: + 10X: -3Xa + X5
Subject to

X1 +3Xz -5X3 +Xa +4x%s <=0
-2X1 -BXe +3X3 -2Xs -2Xs<=-4

2X2 -2X3 X4 -Xs<=-2

xj=0or1
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5.2 Making xi1and x4 coefficients positive

Min 22@1 + 7x: + 10x= +3@X5
Subject to

(1-x1) +3%2 -5xz +(1-Xa) +4x5 <=0
-2(1-x1) -6%0 +3x3 -2(1-xa) -2xs <=-4
2%2-2x3 -(1-Xa) -Xs5<=-2

xj=0 or 1

Min Z=5x1 + 7x> + 10x3 +3Xa + X5
Subject to

X1 +3X%2 -5xz -xa +4xs <=-2
X1-6Xz +3%3 +X3 2% <=0

2X2-2X3 +Xa -Xs<=-1

xj=0or 1

5.3 Sorting Objective Function by Coefficients

Min Z= Xs+3Xa +5X1 +7X> +10x:
Subject to

-X1 +3Xz2 -5x3 -Xa +4x5 <=-2
X1 -6X2 +3X3 +X4 -2Xs <=0
22 -2X3 +X1 -Xs<=-1

Xxj=0or 1
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6 Explanation of the algorithm for solving
Integer Binary Problems

The main idea of the algorithm is to set all the n variables equal to 0 (minimizing), assign to
certain variables the value 1 and after trying a part of all the two-possible combinations, one
obtains either an optimal solution, or evidence of the fact that no feasible solution exists.

To explain how the algorithm works internally we are going to consider that we have the
problem in the standard form

minZ =cT x
Subject to
Ax <Db

xi=00r1( € N)

Where

x= (x;) is an n-component column-vector.
c=(c;) is a given n-component row-vector.
A= (a;j) is a given mxn matrix.

b= (bj) is a given m-component column-vector.
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6.1 Steps of the algorithm

6.1.1 Step 0:

e I|nitialize:

Verify if the solution for the vector x=0 is feasible. If it is, we have finished, the vector 0
is the optimum.

e Boundaries:

We are going to use two variables to indicate de upper and low boundaries for the
values of the objective function Z.

o Z, isthe upper bound and it is equal to the sum of the coefficients.
o Z;isthe lower bound and it is the value of c1 and x=(1,0,0,...,0)".
o We verify if x is feasible. If it is, this is the optimum.

6.1.2 Step1:

Select one of the subsets of unverified solutions and we divided that subset into two, adding
x; = 0 and x; = 1 when branching in the variable x; (in the first iteration j = 1).

6.1.3 Step 2:

For each new subset, we fix x;;, equal to 1 and the rest equal to 0, and we use this x to
determine the value of the inferior boundary Z; for the objective function Z in this subset.

6.1.4 Step 3:

We examine every subset of unverified solutions and we determine if it is just tested if:
o IfZ, > Z,

e If it exists a constraint that can’t be satisfied with any variable value assigned to the
rest of the variables of this subset, that is, from j + 1 to n.

e If x is feasible. If it is satisfied we declare x as the solution and we assign to Z,, the
value of Z;

6.1.5 Step 4:

If we don’t have more subsets to test, we stop. The last solution is the optimum. Else, we go to

step 1.
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7 Working example of the algorithm

We are going to use an example to show how the algorithm operates internally.
minimize Z=3x; + 5x; + 6X3 + 9X4 + 10x5 + 10Xg
Subject to:
(1) 2x%1-6X; + 3X3 - 4%y - X5 + 2Xg <= -2
(2) 5xq+ 3% - X3 - 34 + 2Xs5 - Xg <=2
(3) -5X1+ Xy - 4X3 + 2Xa - 2X5 + Xg <= -3

The terms in the objective function are written in increasing order, and that it is a minimization
problem. So having x;, = 0and x, = 1isworse than havingx; = 1 andx, = 0 etc.

We start the tree in the Balas Algorithm with the root node. The solution at the root node is
(0,0,0,0,0,0). The root node has an objective function value of 0, but this solution is infeasible.
The first and third constraints are not satisfied.

Then we have to expand the tree. We will branch on x; because it has the lowest coefficient in
the objective function.

The objective function solution at node x; = 0 is (0,1,0,0,0,0). The value of the objective
function is 5. But the solution is infeasible because it doesn’t satisfy constraints 2 and 3.

For the node x; = 1 the objective function solution is (1,0,0,0,0,0). The value of the objective
function is 3, but it is infeasible because it doesn’t satisfy constraints 1 and 2.

RESEARCH PROJECT | Registration No: 090248579
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We now have two live nodes at the same level to expand. We will choose the node that has
the smallest value of the bounding function.

We will now branch on x,. First we look at setting x, to 0.

The bounding function solution at this node is (1,0,1,0,0,0). This gives a bounding function
value of 9, but the solution is infeasible for the constraints 1 and 2.

Now let us set x, to 1. The bounding function solution at this node is (1,1,0,0,0,0).
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This gives a bounding function solution of 8. The solution is infeasible by constraint 2. If we try
to decrease the left hand side making 1 the negative coefficients of x3, x, and x¢ we will never
get a value less than or equal to 2. Then we prune this branch.

The next node that we will select for expansion is the node with the bounding function value
of 9, because of the depth-first node selection strategy. Although there is a node with a
smaller bounding function than 9, depth-first selection causes us to choose amongst the nodes
just created.

We now branch on x3. The bounding function solution for this node is (1,0,0,1,0,0). This gives a
bounding function value of 12. This is our first feasible solution, so we will record it as our
incumbent.

We also mark it as feasible. This node will not be expanded further because it is a minimization
problem, and trying more non-zero variables will make the objective function larger.
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Let us look at the next node. The bounding function solution for this node is (1,0,1,0,0,0). The

bounding function gives a value of 9. With this solution it is impossible to satisfy constraint 1.
We will prune this node.

There are no more live nodes in this branch, so we will move to the node with the bounding
function value of 5. We will branch on x,. First let’s look at setting x, to 0. The bounding

solution at this node is (0,0,1,0,0,0) . This gives a bounding function value of 6. The solution is
infeasible for constraint 1. 13
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We will now look at the next node. The bounding function solution at this node is (0,1,0,0,0,0).
This gives a bounding function solution of 5. The solution is infeasible for constraints 2 and 3.

| PN o
Inf1,2 = 22X
Imp 2 Imp 1

We are going to branch on the node with the smallest value for bounding function at this level
in the depth-first search. We will be branching on x5. First we will set x5 to 0.

The bounding function solution for this node is (0,1,0,1,0,0). This gives a bounding function
value of 14. The value of the bounding function is greater than the current incumbent (12).
This branch cannot produce a solution that is better than the current incumbent, so this node
is pruned.
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We now look the next node. The bounding function solution at this node is (0,1,1,0,0,0). This
gives a bounding function value of 11. This value does not violate any constraint; therefore it is
a feasible solution. This feasible solution is better than the current incumbent. This solution
will take its place as the incumbent.

Infl
5
14
K =
Inf2,3
11

Inf1,2
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We now go back to the node with the bounding function value of 6. We will branch on x3. The
bounding solution for this node is (0,0,0,1,0,0). This gives a bounding function value of 9. This
solution is impossible by constraint 3. The node is pruned.

6 9
o °M
— 2K
v

Imp 3
Infl

0o -
Inf2,3 . o 14
P4

Inf2,3

b4
b

Imp 2 Imp 1

The bounding function solution for the next node is (0,0,1,0,0,0). This gives a bounding
function value of 6. This solution is infeasible by constraint 1. This node is the only live node, so
we will expand this node for x,
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The bounding function solution for this node is (0,0,1,0,1,0). This node gives a bounding
function value of 16. This value is greater than the incumbent. This node is pruned.

6 9

o 0

’ Imp 3 "l' "
Inf1

)
Infl14

11

A
P2Rs
o
&=
3 9
Inf1,2 ox o
ImpZ |mp1

The bounding function solution at this node is (0,0,1,1,0,0). This gives a bounding function
value of 15 that is greater than the incumbent. This node is pruned.

%

pis

Inf 12° 54 0“
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Minimize Z=3m) + Suy t bugy + Sug+ 10x+ 102,

Snbject to:

(1) 2}:1 - 6:{2 + 3:{3 :4}{4 'XS + 2}{5 == -2
[ R i T s O T
(3) Bty +my - g+ 2y - 2nstug o= 3

0,0,0,0,0,0

0,1,0,0,0,0
1,0,0,0,0,0

1,0,1,0,0,0
1,1,0,0,0,0

1,0,0,1,0,0
1,0,1,0,0,0

0,0,1,0,0,0
0,1,0,0,0,0

0,1,0,1,0,0
0,1,1,0,0,0

0,0,0,1,0,0

0,0,1,0,0,0
0,0,1,0,1,0
0,0,1,1,0,0

The optimum for this problem is Z=11.
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8 Program

The program is a console executable that has been programmed in the object oriented
language C++, with features such as data abstraction, encapsulation, modularity,
polymorphism, and inheritance. The software that has been used is using the software Dev-
C++4.9.9.4.

8.1 Source Code

The source code consists of two classes:

e Queue.cpp
e BalasAlgorithm.cpp

8.1.1 Queue.cpp

This class represents the Queue data structure, in which the entities in the collection are kept
in order and the principal operations on the collection are the addition of entities to the rear
terminal position and removal of entities from the front terminal position.

This makes the queue a First-In-First-Out (FIFO) data structure, where the first element added
to the queue will be the first one to be removed.

We use this data structure to store what values of the x vector are the next to be tested, to
check if the solution is feasible.

8.1.2 BalasAlgorithm.cpp

This is the main class of the program that includes all the functionalities that we are going to
use to set the algorithm.

Among the most important functions we have the following:
e Reading the Input File.

The program has the function void readFromFile(char *nfile) that reads the
information of the input data file, and store it in data structures that correspond to the
c vector, A matrix, b vector and equalities matrix.

RESEARCH PROJECT | Registration No: 090248579
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Conversion.

The function is void conversion() and it has as aim converting the data inputs into the
standard form.

Setting the values of the x vector.

For setting the values of x vector in each iteration we use two functions:

bool* createVariablesOne(bool* input, int index) that sets the value of the x40, to 1
and

bool* createVariablesZero(bool* input, int index) that sets the value of the x40, t0 O
and the value of X 4ex+1 to 1.

Constraint Satisfied.

We have the function int constraintSatisfied(int constraint) to check if the constraint
indicated by param is satisfied for the values of x vector in each iteration.

Calculating Objective Function.

For this purpose we have the method double calculateZ() that in each iteration
calculates de value of Z in case it is a feasible solution and store it in a data structure to
keep this value.

Pruning.

The function bool prune(int index) returns if the algorithm should continue through the
current branch, from the index indicated by param.

Balas Algorithm.

The function int balasAlgorithm() represents the functionality of the Balas Algorithm,
using the functions explained before.

RESEARCH PROJECT | Registration No: 090248579
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9 Improving the processing speed of the

program

We have to consider that the values that the x vector can take are binary values, 0 or 1. We
can capitalize on it when we want to save processing time.

9.1 Operations Required

The first important thing is that the only operations that we need are additions and
subtractions. When we calculate the value of the objective function or we check if the values
of the x vector satisfy a constraint, we only need these two operations.

It is an advantage taking in account the computational complexity of each operation compared
with the multiplication. In the next tableau we can see the computational complexity of each
operation:

Input Complexity

Subtraction Two n-digit numbers O(n)

Multiplication Two n-digit numbers o(n?)

9.1.1 Example

Suppose we have x vector as (0,1,0,1) and we have to check if it satisfies the constraint
2x1 + 3x2 - SX3 + Xg <=7

As we can see x4 and x, are 0. Hence, the only operations we have to do are with x, and x,
doing an additionof 3 + 1

Thus, we see that in contrast to integer linear programming where we have to use

multiplications, in binary integer programming we only have to use addition and
multiplication.
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21



AMA 492- Implicit Enumeration Binary Integer | 2010
Programming

9.2 Pointers

One of the challenges that we have face in the project is trying to test the program with m and
n taking high values. It entails a high computational charge, making a difference in hours for
the program to find the best solution.

For that reason we have use pointers to cover the A matrix when we have to check if the x
vector satisfies the constraints of the problem.

A lot of problems such as the 96 variables Diet Problem have many values in the A matrix that
are 0. Specifically, in the 96 variables Diet Problem, the A matrix of dimension 39 x 96 has 1941
values equal to 0.

We can take advantage of this because we can save a lot of time covering the data structure
that contains the A matrix. In order to do this, we use a 2 dimensions array of pointers of m

rows that indicates what values in the A matrix are different from 0. With this array of pointers
we save a lot of computational time.

9.2.1 Example

If we have the A matrix 4x4:

4 0 5 3
35 7 8 0
2 0 15 0
0 4 0 93

We see that the first row has the positions a4, a;z and a, different from 0. In the second row
they are the positions a4, a, and as. In the third row they are a; and as. The last row has a,
and a, different from 0.

Then the array of pointers contains the index of the positions different from 0:

N[k |[R |-
Mlw(Nv|w

Thus, we have to cover 10 positions of the array of pointers instead of to cover 4x4=16
positions of the A matrix.
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10 User’s Guide

The program consists of an executable written in C++ which reads an input file with the data of
the integer binary problem. When clicking the executable a console window appears with

these characteristics:

e The first line will be the name of the program “Binary Integer Problems Solver”.

e The next line it asks one to indicate the name of the input file.

SIS

CAUsers\volumentDocumentsbalasProjectdBalasAlgorithm8.exe

[

BNBINARY INTEGER PROBLEMS SOLUER

m | »

BETuype the name of the input file

RESEARCH PROJECT | Registration No: 090248579

23



AMA 492- Implicit Enumeration Binary Integer | 2010
Programming

10.1 Format of the input file

The format of the input file follows this structure:

mn
A matrix
b vector
min or max
c vector

Equalities vector, that should be as long as the b vector, and should
have for each constraint a @ if it is <= or 1 if it is >=

F that should be 1 to show feasible solutions or @ otherwise

P that should be 1 to show the internal operation of the algorithm or
0 otherwise.

For example, if we have the following problem:
Max 10x1 -7x2 + x3 -12x4 + 2x5 + 8x6 -3x7 —x8 +5x9 + 3x10
Subject to
3x1+ 12x2 -8x3 -1x4 -7x9 +2x10 >= -8
x2+10x3+ 5x5 —x6+ 7x7+ x8<= 13
-5x1 -3x2+ x3 -2x8 -x10<=-6
5x1+3x2 —x3 + 2x8 +x9 >= -6
-4x3 +2x4 -5x6 —x7+ 9x8 -2x9 >=-8
-9x2+ 12x4 -7x5+ 6x6 -2x8 -15x9 -3x10 <=-12

8x1+ 5x2 -2x3 -7x4+x5 -5x7+ 10x9<= 16

RESEARCH PROJECT | Registration No: 090248579
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The input file would be as follows

7 10

312 -8 -10000 -7 2
11005 -17100
-5 -310000 -20 -1
53-10000201

00 -420 -5-19 -209
© -9012 -76 06 -2 -15 -3
85-2-710 -50100
-8 13 -6 -6 -8 -12 16
max

10 -7 1 -12 28 -3 -1 53
1911110

F (0 or 1)

P (0 or 1)

gt e e (T R T s s e e | C

Archive Edicion Formato  Ver Ayuda

TMHEES | mO0ow | Ow

15:40
08/05/2010

el mFECDS
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The next step is to indicate the name of the input file in the program.

i | CA\Users\wolumen\Documents\balasProjectd\BalasAlgorithmS.exe |ﬂ‘éj
BINARY INTEGER PROELEMS SOLUVER

m| s

Tuype the name of the input file

inputh . txt

When we execute the program an output file is generated with the name output.txt

10.2 Format of the Output File

The output file has the following format:

Data of the problem

[Internal Operation of the program]
[Feasible Solutions]

Optimal Solution

Number of iterations

Computing Time

RESEARCH PROJECT | Registration No: 090248579
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ool o1 |
% @[ |+ Bibliotecas » Documentos » balasProjectd - [ 42| [ Buscar balasProjecto 2|
Organizar » ) Abrir * Compartir con v Imprimir Grabar Nueva carpeta =~ 0 @
7t Favoritos Biblioteca Documentos s G
8 Descargas balasProjectd
§# Drophox Nombre . Fechs de modifica..  Tipo Tamafio
[ Escritorio
R | 96ce 31/03/20101238  Documento de tex... 11K8
- &b BalesAlgorithmd 08/05/20101517  Ce= Source File 30K
5 Bibliokecas 7] BalesAlgorithmd 08/05/20101541  Aplicacion 482K8
e || BalasAlgorith 21/04/20102328  Archivo O 26K8
&) Imagenes | inputf 08/05/2010 15:26 Documento de tex... 1KB
J’ Musica | inputll 20/04/2010 12:59 Documento de tex... 1KB
i Videos | inputl? 21/04/2010 23:29 Documento de tex... 1KB
| inputinfeasible 20/04/2010 12:59 Documento de tex... 1KB
'@ Grupo en el hogar || Makefile.win 21/04/2010 23:35 Archivo WIN 1KB
|| newd6c++ 19/04/2010 21:46 Documento de tex... 11 KB
1 Equipo | output 08/05/2010 15:26 Documento de tex.. 5KB
&gl ProjectBalasa 21/04/2010 21:44 Dev-C+-+ Project .. 1KB
dl "- Red [ ProjectBalasd 21/04/2010 23:28 Aplicacion 482K
. RoodmanB 21/04/2010 23:29 Documente de tex. 1KB
LN output Fecha de modifica... 08/05/2010 15:26 Fecha de creacién: 08/04/2010 21:22
Decumento de texto Tamafio: 472 KB

|| output: Bloc de ngtag—gl__

Archivo Edicién Formato Ver Ayuda

min

€ 1x3 + 1x8 + 2x5 + 3x7 + 3x10 + 5x9 + 7x2 + Bx6 + 10x1 + 12x4

B matrix
-2-1111-3 -7 -1
Inequalities
t= <= <= <= <= <= <=
Z=6

For this values:x3=x5=x7=1
The rest are zero.

Number of fterations:10

Computing Time: 3.00 miliseconds elapsed.

RESEARCH PROJECT | Registration No: 090248579



AMA 492- Implicit Enumeration Binary Integer | 2010

Programming

Hence, for our problem, the output is

min

c 1x3 + 1x8 + 2x5 + 3x7 + 3x10 + 5x9 + 7x2 + 8x6 + 10x1 + 12x4

A matrix

-8 -00 -02 -7 -12031
-101-57 -0 -0611 -00
120 -0-1030 -5 -0

-1 -20-010 -305 -0
-4 -90910 -2 -0 -50 -2
©2 -7 -0 -3 -15960 -12
20 -1-5-0-105 -0 -8 -7
B matrix

-2 -1111 -3 -7 -1
Inequalities

<= <= <= <= <= K= <=

min Z=6

For:x3=x5=x7=1

The remaining variables are zero.

Number of iterations:10

Computing Time: 3.00 milliseconds elapsed.
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11 Datasets tested

In this section we are going to show the different datasets that have been used to test the
program. We are going to show five different datasets that go from the easy problems with
seven variables and ten constraints to problems more complicated like the Diet Problem, with
96 variables and 39 constraints.

11.1 Problem 1 (Balas)

This is a problem with 10 variables and 7 constraints taken from the article of Egon Balas
(1965). The optimum is for Z=6 for X3=xs5=Xx7=1.

11.1.1 Input file

The name of the file is problemBalas.txt
7 10

312 -8 -10000 -7 2
011005 -17100
-5-310000 -20 -1
53-10000201

00 -420-5-19 -20

0 -9012 -76 0 -2 -15 -3
85-2-710-50100

-8 13 -6 -6 -8 -12 16

max

10 -7 1 -12 28 -3 -153
1011110

F o 29

P o
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11.1.2 Output file

min

C 1x3 + 1x8 + 2x5 + 3x7 + 3x10 + 5x9 + 7x2 + 8x6 + 10x1 + 12x4
A matrix

-8 -00 -02 -7 -12031
-161 -57 -0 -0611-00
120 -0-1030 -5 -0

-1 -20-010 -305 -0

-4 -90910 -2 -0 -50 -2
02 -7 -0 -3-15960 -12
20 -1-5-0-105 -0 -8 -7
B matrix

-2 -1111 -3 -7 -1

Inequalities

min Z=6

For:x3=x5=x7=1

The remaining variables are zero.
Number of iterations:10

Computing Time: 2.00 milliseconds elapsed.
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11.2 Problem 2 (Roodman)

Roodman’s problem is taken from the article ROODMAN, G. M., "Postoptimality Analysis in
Zero-One Programming by Implicit Enumeration" (1972). The problem consists of 8 variables
and 3 constraints.

The optimum is Z=6 for x3=xs=1.

11.2.1 InputFile

The name of the file is problemRoodman.txt
38

-2002 -61-12

-4 11 -11 -7 43 -51
©p111-1-201

-5 -6 0

min

25564181

000

F o

P o

RESEARCH PROJECT | Registration No: 090248579
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11.2.2 Output File

min

€ 1x6 + 1x8 + 2x1 + 4x5 + 5x2 + 5x3 + 6x4 + 8x7
A matrix

12-2-6002-1
31-4411-11-7-5
-210-11110

B matrix

-5-60

Inequalities

<=<=<=

min Z=9

For:x5=x3=1

The remaining variables are zero.
Number of iterations: 8

Computing Time: 0.00 milliseconds elapsed.
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11.3 Problem 3 (Diet problem)

The problem is formulated as a linear program with 96 variables and 39 constraints, where the

One of the problems that we have used to test the program

The name of the file is problemDiet.txt

The optimum for this problem is min Z

this problem
objective is to m
are satisfied.
11.3.1 Input file

X9

[] b
AN AR NS NN 000000000 00000000HHO0 =)
Nindd . L HENNMMOONNH . NO000000000000000HHOO -
LRIt r ) . S
e NNHHOOMME L 0000000000000 000HHOO =)

OO HSS - .. nin o
wo L L AANNS S oY Hr 0000000000000 0OHHOO0O -
010155 1A 1A AR o
N 00 00 00 00 HHT MO 0000000000000 0HHO00D =)
OO v e =]
@O - A MmN 0000000000000 0HHO000 "
W@ . A MO+ b
i MMM - L AARA L 0000000000000 0HHO000 =)
[N T N R ] WO
M m . - mem CO0000000000000HHG00a n
P e 00 e e e
PR i pe 4% . . L ONO0000000000000HHO00D S
men st S S 000 T
M A A AN S . . MMNC . 000000000000 00HHO000 ©
i B A A T =)
mmoo e WEMMOoN 0000000000000 HHO000 S
oo+ M e en ST
MO OMMEENN . HHOO0N  HO0000000000000HHO000 @
N . .0C00®B®,_ G
g e e e e W CO000000CCC000OHHOO0O S
P b OV O H = 0D <t W Lt
s, 0O . g% . L NONO0000000000OHHOOO00O @
A A T =]
Mmoo AMNMNG 000000000000 HHOOOOoO c
oo e C e =]
MAINANAANNMT AN ON 000000000000 HH000000 @
A - s A=1-1")
W mm LEANNOO®WW 0000000000000 HHOOOO00 =]
[ R Y B ARHH®©BS
A A A A 00 60 Cooo00000000OHHOOOO0O o0
gt e . e
i ggmmMMEn L. ON000000000000HHOO0000 =)
WA NN A S O
Somm . . T MMC 000000000000 HHOOOOOO ~
ey oo T e =)
1 FHONOCMMOOWN 000000000000 HHOOO00O =)
@WW N e .00
PSS NI COG 0000000000000 HHOOOOOO m
1A lww S . .
HHARNANNT I 000 0000000000000 HHOO0000 =)
o0 00 00 62 Ly o Loy
TH .t FOOOCO I COCOHOOOO0000COHHOOOOOOOOH M
T Pl T
mn PN HdHSSinhcomddcoooooocoodcoooocooHd S
M EEEENRNSSHHNMOOMNECO00000000HHG0003C00H N
FHMMARNNOONNNNOOD . .0000000000HH00000000H O
& 60 e S A=1-1
e oo SSrmmnnoom Co0o0CoCoOHHOOOOo00OH M
[ L =
N MMM O 4 00WE 00000000000 HH0O0000000H O
o6 o . L
A NS S 2000 H000000000000HHCD000c00N N
oo A AR MMOOOINYC000000000HHO0000000MN
PR A AN L L H=1=]
T COMIMNNOOH : 0000000000 HHO000000aN N
e L iAn So
BRAN e HSSMMooN ] T 0000000000 HHC0000000N ©
AHEE o000 SHHO00oN $00000000HH00C0000C000H N
BN T HHAHO0NNaS5C0000008HH0080003500H S
A NNCSHHgg50Hd000000000HHo00000000ON N
o CONANHHEROOYHHO00000ROHHOOO000o00aN ©
1P e
e SO O00ONCCo0000000HHO000000000H M
00 03 (L
e NNGONhOOINN 00000000 HHO000000000H ©
@ oo ccoa @@ M
e [ THASSmm -GS 100000000HH0000000000H N
C0C0o . .oWHHSO cow Co000ooOHHOOOOO0o000H SO
AT T 0o o0
+ 4SSt COHNHOOO00000CHHOOO000OO00W M
@ Gyttt FRAT-YT) .
@D . ANANHAHHNANR NS 000000000 HH0000000000W SO
et P
1nin COHHE 2 IHOMY000000HH000000000000H @
ao gy BT o .
FHAN L SMANNSS M S 1 000000HH000000000000d SO
QNGO AT OO coo Co0o0OHHOOOOO0OOo00OH N
ot e e .
Mmoo grireonndn | oonNAococooHHO0O0000000CoY SO
@Gy . e ANGCC0000ROHHOO0000000000 @
@60 Al A PART=T-R o .
M mmEoddAHSStn$000000HH0000000000008 SO
oo AHAANNEROO0 : . 0000HHO0000000000000H N
0B . e So
NGO . DO N N cow CO0OHHOOOOOOCCOOo000OWm GO
AN oo ksl o
) upa ot con. .000OHHOOOO0000000000 A
P i L] Ho o o
M nninnmmmm oo CO00OHHOOOOOO0000U000d GO
oof . ' N o @
HEHMmMAR AN A S0 . HHO00OHHOC000000000000MN
oA e L levn o .
mmme T nngEoeos 900000 HOoc000000000000g SO
CoOCo . .MM Cwug i . 400000 HHO0000000000000l Mo
Biomme o T nNoo .
AR OOHHOO - . 0000HH00000000000000IN SO
WO sMm L ~oo -
- SSHHmmnn L CO0OHHOOOOOOOoO0CO00 i
riricdaa .o . .M neoo
o A Hr I 0000OHHO0000000000000H OO
oo e e NS
ARoo L e o ot < <t CoOHHOOOOO0O0O000000000 e
[Egtop un “o I
@ dodoccooco 00OHHOOOOOCO000000O000 S
P e - o o
HerA M M oo oo [ COOHHOOOC0C0O0000ACCOH HH
Ao wnn 1A
o MNNS S HH do_LWwooHHO0000000000000000 O
THNNOO oo oo~ =1
. coocooco co COHHOOOOOOOOO00Oo00On OO
o wWwoo i ow ~
< codH COCCOONNOD .0 COHHODO00000000000000 e
3 < <M e =]
= e LONINNNOD . Co000HHOORO000000000000D OO
< MM . e o =]
e MR SC0000HRHO0HH0000000000000000H Hir
g [ HHMMOOOOO L N00HHOOOO000000000000w OO
E- WWOOW®ND . ow o0
e N NOOHHOow COHHOOOO00000C000C000 e
5 Bt E =] w
a5 st 00 60 60 60 CO00 _HHO0O000000000000000Y NO
s A oy ey oo o
9| E Admm_  nAhSCO000ewos HHO0000G0000000035G00g S
5 .

ol & i daka] HHOOURNNKANHHOO0000000000000000Mm CO

° SO AA e L

8 ] S S mMY  HHHOC00000000000000000 e

£ TN DLOD TS 2
@ |8 A o b o 44+ _OHHOOO000CCC0000000000H MO
o 2 A I=1=] e oo (=) -
5 oo 4THOOOEO00 FTHHOOD000000000000000D O

ol « LR N =1 i +

9 P e SSmm e HHOOCCO0000C0000000000®m OO

2 N oo .. .G o~

Slo ww N i HHOOOO000OOO00000000D -
Uz | 0w Nl e ™ =]
<5 M e MANNEBOHt 0000000000000 000000NECOHT
Flo wodd I Gww L LT =i
T TA AARAAAN 0000000 0ME0HHO00000000000000000NEMHLL

33

RESEARCH PROJECT | Registration No: 090248579



AMA 492- Implicit Enumeration Binary Integer | 2010
Programming

11.3.2 Output file

min Z=8

For:
X9=X20=x22=x47=X51=x58=X60=x68=X90=X5=X10=X36=X37=Xx3=X34=X79=X2=x8=1
The remaining variables are zero.

Computing Time: 119.00 milliseconds elapsed.

The optimal solution for this problem is Z=8, which is the same solution that we can get with
other software as LPSolve or AMPL.

The computing time for the problem is 119 milliseconds. For AMPL it takes 0.039 seconds and
for LPSolve 0.031 seconds, not so much difference taking into account that these type of
software use presolving.

12 Conclusions

In a finite number of iterations, the additive algorithm yields either an optimal feasible
solution, or the conclusion that the problem has no feasible solution at all.

The only operations required under the algorithm described above are additions and
subtractions saving computational time.

The algorithm does not impose a heavy burden on the storage system of the computer.

The number of iterations depends on the characteristics of the problem.
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