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PREFACE

This study concerns the discussion of decomposing large
and complex software system to independent and individual
modulars with the concept of object-oriented methodology.
The thesis presents the results of developing the linear
programming object—driented package.
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CHAPTER 1
INTRODUCTION
1.1 Currént Software Problem

The essence of the software problem is simply that it
is much more difficult to build large, complex, and long-
lived software systems than to build unreliable, inflexible
and difficult to maintain systems. Modifying a large and
complex system is difficult too, since usually no one person
understands its complete structure. Modifying a large and
complex software system is necessary to refer to external
documentation, which always seems to be weeks behind the

actual design work(2,6).

At an intuitive level, it seems difficult to grasp the
full impact of the software problem. As David Fisher(2,8)
has said, "Although there are many widely recognized symp-
toms, the underlying problems are not well delineatéd and
there are few useful quantitative measures for assessing
either the importance of perceived problems or the effec-
tiveness of proposed solutions”. He enumerates some of the
symptoms of the software problem as unresponsiveness, unre-
liabilitity, uncost, unmodifiability, untimeliness, untrans-

portability, and unefficiency.



1.2 Literature Review

The important developments in methodology and languages
in the 1960's centered on functions and procedures, which is
a program segment in terms of a name and a parameter list.
At that time, people only knew how to check syntactic
errors. Beginning in the late 1960's, abstraction was
treated as a program organization technique. Programmers
could add new notations and new data types to a base lan-
guage, that is they tried to build an extensible language.
But this work on extensibility died out, since it was diffi-
cult to keep independent extensions compatible when all of
them modified the syntax of the base language. However,
this influenced the abstract data types of the 1970's. 1In
the early 1970's, a top-down programming methodology
emerged, that is, hierarchies of models in which lower level
models provide more detailed explanations for the higher
level models. But there were two limitations of this meth-
odology: one was that the final program did not preserve the
series of abstractions through which it was created, and
the other limitation was that informal descriptions did not
provide precise information. Misunderstanding could compli-
cate the program development and modification. Later on,
the development of formal program specification helped
alleviate this set of problems. 1In the late 1970's, the
methodology of abstract data types emphasized locality of
related collections of information. Data was emphasized

rather than control, and the strategy was to package each



data structure and its associated operations into a single
module. The resulting module contained the information nec-
essary to treat the data structure and its operations as a
type. The objective was to treat such modules in the same
way as ordinary types such as integers and reals were
treated(34). This concept led to today's object-oriented

methodology.

In an object-oriented system, every module is an
object, that is, a package of data and procedures that oper-
ate on the data. Object-oriented design is the process of
identifying objects that constitute a useful model of the
problem at hand. In the early stages of designing a pro-
gram, the need to partition the problem into objects stimu-
lates the designers to identify its principal constituents
and to specify their behavior and interaction. Dividing a
problem into objects and defining actions that are "natural"
for those objects actually simplifies programs. When the
actions of an object are divided into the right kinds of
"chunks", programmers can think and write code at a higher
level. Therefore, as Dave Patterson has said : "thinking
of an algorithm in terms of objects makes it easier to
understand. This ease of understanding often comes not from
the details of how a procedure is constructed but from not

having to think about the details of the program(8)".
1.3 Objectives

The objectives of this paper are to apply object-ori-



ented techniques to a linear programming package, from which

the following studies can be conducted:

1.) to state the concepts of data abstraction, object
oriented constructs, and module interface specification;

2.) to introduce an object-oriented design methodology
that exploits the power of C++ and helps manage the com-
plexity of large software solution;

3.) to implement in C++ the simplex method and the
revised simplex method with modular data ménagement to show
off the benefits of object-oriented approach;

4.) to demonstrate the use of reusable components and
interchangeable modulars in the implementation of the modu-

lar systems.



CHAPTER 11
OBJECT-ORIENTED PROGRAMMING IN C++
2.1 Elements of Object-Oriented Language

Object-oriented languages employ a data or object-cen-
tered approach to programming., Instead of passing data to
procedures, objects(data) are constructed so that they per-
form operations on themselves. To support object-oriented
programming fully, a language must exhibit four characteris-
tics : information hiding, data abstraction, dynamic bind-
ing, and inheritance. The details are presented in the

following sections (10,28,41,42).
2.2 Information Hiding

Information hiding is important to ensure reliability
and modifiability of software systems by reducing interde-
pendencies between software components. The state of a
software module is contained in private variables, visible
only from within the scope of the module. Only a localized
set of procedures directly manipulates the data. In addi-
tion, since the internal state variables of a module are not
directly accessed from without, a carefully designed module
interface may permit the internal data structures and proce-

dures to be changed without affecting the implementation of



other software modules. Most modern languages, even

FORTRAN, to some degree, support information hiding.

The key concept in C++ is class. A class is a user-de-
fined type. Classes provide data hiding, guarantee initial-
ization of data, implicit type conversion for user-defined
types, dynamic typing, user-controlled memory management,
and mechanisms for overloading operators. An instance of a
class is called an object. Access to objects of a class can
be restricted to a set of functions declared as part of the
class; such functions are called member functions. Objects
of a class are created and initialized by member functions
specifically declared for that purpose; such functions are
called constructors. A member function can be specifically
declared to "clear up" each object of a class when it is
destroyed; such a function is called a destructor. The fun-
damental idea in defining a new type is to separate the
incidental details of the implementation from the properties
essential to the correct use of it. Such a separation can
be expressed by channeling all use of the data structure and
internal housekeeping routines through a specific inter-
face(38). For example, Following is a conventional stack

type which gives an example of stack object.



// private part : size, top, and s.
// public part : constructor char stack(), destructor

char_stack, push(), and pop().

class char_stack {
int size;
char* top;
char* s;
public:
int status;
char_stack(int sz) { status = 0;
top=s=new char[size=sz]; }

~“char_stack() { delete s; }
void push(char c¢) { if(top > size) status = 1;
else *top++ = c; }
char pop() { if(top-1 <= 0) status = 1;
}

else return *--top;

The high level object sends a message to a subobject to
execute some function., After control passes Dback to
the sender, the sender should check the status returned by
the subobject. If the status indicates failure, then the
sender should decide either to require the "error handler"
to handle this situation or to create another subobject to

continue executing the jobs.

Figure 1. An Example of User Defined Type



2.3 Data Abstraction

Data abstraction could be considered a way of using
information hiding. A programmer defines an abstract data
type consisting of an internal representation plus a set of

procedures used to access and manipulate the data.

In C++, the definition of a user-defined type (called a
class) contains a specification of the data needed to rep-
resent an object of the type and a set of operations for
manipulating such objects. The definition has two parts : a
private part holding information that can only be used by
its implementor, and a public part presenting an interface

to users of the type.

C++ solves both these problems, information hiding and
data abstraction, through two language features : operator
overloading and derived classes. A programmer can define a
meaning for operators when applied to objects of a specific
class; in addition to arithmetic, logical, and relational
operators, call() and subscripting [] can be defined, and
both assignment and initialization can be redefined (see

Figure 2).

Derived classes provide a simple, flexible, and effi-
cient mechanism for specifying an alternative interface for
a class and for defining a class by adding facilities to an

existing class without reprogramming.



class vector{

int size; ’ // size of vector
double* v; // pointer to first element
public: // public interfaces

vector operator+(vector&);
vector operator-(vector&);
vector operator*(vector&);
double operator[]l(int);

zoid £()
vector a(4), b(4), c(4);
vector e(10):
vector d(10), £(10);
double value:;
int X, ¥V, 2; :
matrix ml(2,2), m2(2,2), m3(2,2);

Z = X+ty;
a = b+c;
m3 = ml + m2;
e = d*f;
value = e[3];

Binary vector operations require vector operands to be

of the same size.

Figure 2. An Illustration of Overloaded Operators
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class get_name{ // get_name is a base class
public:
int lownum; // low bound for variable name
int upnum; // up bound for variable name

char tname[LIMIT]; // name type tag

char** name: // array of pointers

get_name(char¥*);

~get_name(){ delete[LIMIT] name;}

int upbound() { return upnum; }

int  lowbound(){ return lownum;}

char* operator[l(int i) { return *(name+i); }
void promptfor(int); |

void list();

void append();

void del();

// class get_varname is derived from class get_name
class get_varname : public get_namef{
public:

get_name m;

Figure 3. Base Class and Derived Class
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2.4 Dynamic Binding

A problem still exists if you wish to use a list, for
example, to store heterogeneous elements., Compile-time
solution, operator overloading, or generic program units are
not sufficient for heterogeneous elements. The solution is

dynamic binding.

Dynamic binding is needed to make full use of this code
for putting other types of data onto the list. 1In a tradi-
tional procedure-oriented approach, trying to print an inte-
ger with a procedure designed to print character strings is

potentially disastrous.

In C++, objects of a list need not be homogeneous. A
list specified in terms of pointers to a class can hold
objects of any class derived from that class. That is, it
may be heterogeneous. This is probably the single most
important and useful aspect of derived classes. This style
of programming is often called object based or object ori-
ented; it relies on operations applied in a uniform manner
to objects on heterogeneous lists. The meaning of such oper-
ations depends on the actual type of the objects on the
list( known only at runtime), not on just the type of the
list elements( known to the compiler). Figure 4. gives an

example.
2.5 1Inheritance

Inheritance enables programmers to create classes and
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objects that are specializations of other objects. Creating
a specialization of an existing class is called subclassing.
The new class is a subclass of the existing class, and the
existing class is the superclass of the new class. The sub-
class inherits instance variables, class variables, and

methods from its superclass.

C++ provides derived classes method, which supports
inheritance. Class derivation is a way of building one
class from another. A derived class can be thought of as a
variation of a general base type. Through virtual func-
tions, varioué types derived from the same base class can be
uniformly handled as if they were the base type. A base
class can declare member functions that can be redefined
with a variation of meaning for each derived class. This is
the basis of what is often called object-oriented program-

ming (see Figure 4).



struct employee {
employee* next;
char* name;
short department;
//... operations
virtual void print();

};

void employee::print()

{
3

struct manager : employee {
employee* group;
short level;
//.... operations
void print();

cout << name << "\t" << department <<

s
void manager::print()
employee::print();

cout << "\tlevel " << level << "\n";

/e

void f(employee* 11)
for(; 11; 1ll=1l->next) 1ll->print();

}

main()

{
employee e;
e.name = "J, Brown";
e.department = 1234;
manager m;
m.name = "J. Smith";
m.department = 1234;
m,.level = 2;
m.next = &e;
f(&m);

}

will produce:

J. Smith 1234
level 2
J. Brown 1234

" \n " ;

Figure 4. Class Inheritance and
Virtual Function

13



CHAPTER 1III
OBJECT-ORIENTED DESIGN METHODOLOGY

In this chapter, the object-oriented design methodology
is introduced and followed by the implementation of the sim-

plex method object as an illustration.
3.1 Description of The Design.Methodology

The object-oriented design is viewed as a software
decomposition technique. That is, this methodology allows
people to think of that body of information(variables) and
actions (operations) as a single unit. The world is per-
ceived as made up of objects, and our brain arranges infor-
mation into chunks. For example, a programmer looks at an
object in the real world that he wishes to model, its
attributes(e.g. size, weight) become the instance variables,
and its behaviors(e.g. departure, arrival) become the opera-
tions. By using objects in a programming language, program-
mers can map an existing pattern of thought into an object.
Following is the description of the object-oriented design

stages(2):

Realize the problem

This stage is not different from traditional methodol-

ogy. Before the implementation of a software system starts,

14
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the problem should be analyzed and understood. And then the

solution strategy can be developed.

Develop the solution strategy

Using the object-oriented methodology, an informal
strategy is expressed in natural English description, in
terms of concept from the problem. Then, a solution that
map our view of the real world object to the computer solu-

tion algorithm is developed.

Formalize the strategy

All human languages revolve around two basic struc-
tures: nouns and verbs. Other language features, such as
adjectives and adverbs, serve only to amplify or constrain
and are therefore dependent upon the noun/verb constructs.
We would expect, then, that programming languages would
reflect a similar structure of objects(nouns) and operations
(verbs). Therefore, when the solution strategy of a problem
to be solved is formalized, underline the nouns from the
strategy description to be objects; wunderline the verbs and
collect the house-keeping routines to be a set of opera-
tions. Then group these objects and operations to be a

class.

The detailed implementation sub-stages are identifying
the objects, identifying the operations and establishing the

interfaces.
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Identifying the objects. Underlining the nouns of

interest in a software system, these nouns become the
objects. But names that refer to the same objects and

objects should be regarded as one object.

Identifying the operations on the objects. A set of

procedures that operate on the data objects of a class is
called the set of operations of that class. The data object
of a class represents private data for that class. The
operations (procedures) associated with the class are legit-
imate operators for that data. Since objects of interest
have been identified as mentioned above, the operations per-
formed on these data items can be defined now. By choosing
active verbs from the informal strategy, such as "push" an
element to stack, "pop" an element out of stack, and col-
lecting the operations on the objects to be the set of
operations of that class. The set of operation specifica-
tions of a class, by hiding the implementation detail, pro-

vides interfaces to the user. For example:

class char_stack {
int size; /* private data */
char* top;
char* s;
public:
char_stack(int); /* interface operations */
void push(char);

char pop();
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Establishing the interfaces. Given the specification

of the set of operations, the user interfaces are estab-
lished. By referring to the interfaces, a user can perform
operations on the objects, even though the implementation of
the operations is hidden from the users. The user manipu-
lates objects by declaring an object instance and specifying
the certain operation(s) to tell the object what to do.

This is generally called "sending the object a message”.

For example:

char_stack A_stack;
char_stack B_stack;
char_stack C_stack;
char c = 'B';

char ch= 'F';

A_stack.push(ch); // Push character 'F' to A_stack;
ch = A_stack.pop(); // pop 'F' from A_stack and put
C_stack.push(ch); // it into C_stack.

B_stack.push(c); // push 'B' to B_stack.

Now, A_stack is empty, B_stack contains character 'B',

and C_stack contains character 'F'.
3.2 An Implementation Illustration

By using this methodology, the implementation of the -

simplex method class is demonstrated belows:
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Informal strategy

For the sake of clarity and maintaiﬁability, it is
important that computer solutions directly map to the real
world. The simplex method informal strategy is stated as

follows:

The simplex method allows us to choose a initial basic
feasible solution with all real activities at the zero
level. Then evaluate the'current solution, if the
solution is optimal, stop. Otherwise, select a
variable from among the current nonbasis variables to
enter the basis which can improve the value of the
objective function. Determine which variable will
leave the basis. Express the problem in terms of the
new basis. Thus we go from one feasible solution to
another until an optimum is reached. The computation

'is performed on a tableau(see Appendix A for detail).

Identify the objects

Underline the nouns from the informal strategy above
and identify the objects of interest to be private data
variables. The objects which compose the simplex method

algorithm can be listed as following:

initial feasible solution
simplex tableau
nonbasis variables

basis variables
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entering variable(variable which enters the basis)
leaving variable(variable which leaves the basis)
objective function value

optimal value

Identify the operations on the objects

and build the interface

The operations to be performed on these objects are

listed below:

tableau(int numcon,int numact):
Tableau constructor which allocates spaces for

the simplex tableau.

~tableau();
Tableau destructor which deallocates spaces when

program terminates.

void tableauinit(transform&);

Initialize tableau variables.

void setup(get_coef&);
Append an identity matrix,that is basis matrix, to
tableau and put a very big value(big M) into the cost

vector positions corresponding to the identity matrix.

void solveinit();
Initialize the first iteration variables,that is,
find the variable which enters the basis and the

variable which leaves the basis.



void - ck_optimal(get_coef&);
Check if the solution is optimal, unbounded,

or infeasible.

int entering();
Find the variable which enters the basis set.

Return the index of the entering variable.

int leaving();
Find the variable which leaves the basis set.

Return the index of the leaving variable.

void row_divide();
Divide the pivot row by the pivot element.
Pivot element can not be zero, because when
choosing leaving variable, zero valued elements

are not considered.

void row_eliminate();
Eliminate the rows except pivot row. See the simplex

method algorithm step 5 in Appendix A.

void computeshadowprice();

Compute values of Zj and Zj - Cj.

double obj();

Compute the objective function value.

void simplex(transform&, get coef&);
Simplex method drive routine. Transform& is

the address of the transform object and



get_coef& is the address of the get_coef

object.

21



CHAPTER IV
IMPLEMENTATION PROCESS
4.1 Problem Description

The main objective is to define a set of software com-
ponents that is suitable for solving linear programming.
These components range from high to low level. The high
level components are composed of the low level ones. None
of the high level components should need to be changed when
the implementation or representation of the lower components
are altered. Ideally, these components should remain usable
even if the LP algorithm itself is altered. Although some
algorithm's performance implementation, efficiency is not
the primary consideration of this problem. For example, if
objects and subobjects are related according to Figure 5,
the control goes from the top to the bottom along the con-
trol flow line. The user can pick up any one from the group
of the object 1, which achieves a certain function with dif-
ferent version of implemenfation. And some subobjects are
created by object 1 to share jobs with object 1.

When the object 2 gets a message from the main driver
routine, it responds the command by executing the computa-

tion. The object 3 and the object 4 are different objects

22
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which produce some subobjects to achieve the same function,
so the user can chose any one of the object 3 and 4. Then
the control goes to one instance of the object 5, when the

object 5 finishes its job the program is done.

objectl, ob?ggtl
LY

main

y object2 )

sub
! object?2
sub
@ object3

object3

objectd -

—————-<::>- object5a
object5S2
(Eé) objectSna
Symbol meaning
g Control flow
CSD Program terminates
- Sending a message
C::::) Object/subobject

Selecting k objects from n objects

@ Selecting k objects from one class

Or

Figure 5. Generic Relationship of Classes Objects
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4,2 Object Classes Description

This LP package is constructed using several object
classes, such as input, output, transform, vector, matrix,
simplex, and revised simplex classes. Each of these classes
is implemented by using the methodclogy described in chapter

III, and are put into Appendix C.

Class input is the manager of getting inéut data. The
input object is responsible for generating two window
objects and getting the input data. Only the non-zero input
data value and its index are stored in an array as a sparse
representation of matrix. Class transform plays a role of
transforming a sparse matrix and a sparse vector to a full
matrix and a full vector to facilitate the simplex computa-
tion. Because after iterating, some non-zero elements
become zero and some zero elements become non-zero. The
simplex object is the center manager of the simplex computa-
tion in the tableau format. The simplex object generates a
matrix object to store the constraints coefficients and sev-
eral vector objects to store the right hand side values and
the objective function values. When the simplex computation
continues, the simplex object sends messages to the simplex
object's member functions and vector objecté to execute the
computation iteratively until the optimal solution is
reached. The output object is responsible for producing a
window object and displaying the optimal solution to the

window. The revised simplex class is implemented to handle
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the computation with the revised simplex algorithm. It
generates instances of vector class and matrix class. By
sending messages to objects of vector, matrix and revised
simplex itself, the revised simplex object executes the
revised simplex computation easily and successfully. Data
manipulation objects have the duty of handling huge volume

of data and are described in section 4.6.

main

input.

windowa

vindow.

inputa

inputna

bk

Xtransform’

matrix
e vector

/’\\ out
. put;_
w

outputa

Cg;} outputna

Figure 6. Relationship of Objects Used in the Program
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4.3 First Implementation: The Simplex Method

The smain is the overall manager of the simplex method
computation(Figure 6). One instance of the input object,
which is produced by thé smain, generates two window
objects, one for displaying help-menu and the other for get-
ting input data. . Smain sends a message to the input object
to get input data. The input object responses this message
by executing the command and storing data in a condensed
form, that is only non-zero values are stored. When the job

is done, the control is passed back to the smain.

The smain gets the control back, it generates a trans-
form object and sends a message to the transform object.
The transform object obeys this command by transforming the
sparse representation of the constraints matrix to a full

matrix and the sparse vectors to full vectors.

Then, the smain produces an instance of the simplex
class called the simplex. The simplex is the center con-
troller of the computation of the simplex method. One
matrix and a couple of vector objects are created by the
simplex to be the tableau and the right hand side vector,
objective function coefficient vector and other vectors.

The simplex object itself contains a set of member func-
tions. By sending messages to its member functions and vec-
tor objects, the computation is executed until the optimal

solution 1is reached.
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In more detail, when the control passes from the smain
to the simplex, the simplex constructor creates the matrix
object to be the tableau and a couple instances of vector
class to be the right hand side column, shadow price row
(i.e., Zj - Cj row), and cost row; then the member func-
tions are invoked to execute thé simplex method. Operations
listed below are those which send messages to objects of
other classes. Other operations which do not send messages
out can be referred in Appendix C. (See Appendix A and C

for details.)

simplex()
{
1. tableauinit() : clear up spaces allocated;
2. setup() : find initial feasible solution.
3. entering() : find a variable to enter the basis;
4. leaving() : find a variable to leave the basis;
5. while(not done) do
pivot_set() : set pivot element;
row_divide() : step 5 of Appendix A;
row_eliminate() : step 6 of Appendix A;
compute_shadow_price() : update shadow price;
compute_objective_value() : update objective
value;
end while
6. ck_optimal() : check if the solution is unbounded,

infeasible, or optimal.
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simplex constructor()

{
- 1. A matrix object is generated to be the
constraints matrix;

2. Couple of vector objects are generated to be right
hand side column, Zj - Cj row, cost row, pivot row,
and others.

}
entering() -- See the simplex method step 3 of Appendix A.
{
Send a message to a vector object to find the most
negative element of the shadow vector object.
}
leaving() -- See Appendix A the simplex method step 4.
{
1. Send a message to matrix object to get the column
vector a(r). a(r) = A(r)(j), for j = 1l..m;
2. Ask vector object to do the vector vector division.
3. Find the smallest ratio of step 2. by invoking
vector smallest() operation;
}

When the simplex computation is done, the control
returns to the smain and an output object is generated to
process the output. A window object is produced by the out-

put object for displaying the optimal solution. The smain
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then askes for another LP problem to process, if none, the

program terminates.

4.4 Second Implementation : Components Reusability

Demonstration

The revised simplex class is constructed in order to
demonstrate the lower level components are reusable(Figure
6). These low level components are ﬁhe input class object,
the transform class object, the matrix class object, the |
vector class object, and the output class object. The rmain
driver routine produces these objects and sends messages to
them to execute the input data, transformation, and display-
ing final solution as described in the first implementation.
Even the computation algorithm is changed from the simplex
method to the revised simplex method; these components
remain unchanged and reusable. The only change within main
routine is that the simplex object is switched to the
revised simplex object whoes algorithm is different from the
simplex object.

Within the revised simplex object class, a set of oper-
ations is implemented. Control flow for the revised simplex

is given below,

reviéed_simplex() -- See Appendix A and Appendix C

{
1. Revise_init() is called to clear spaces allocated;
2. Set_up() is invoked to set up initial variables;

3. Invoke entering() to find a variable which enters
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the basis;
4. Call leaving() to find a variable which leaves the
basis;
5. while(not done) do
Calculate the invert of new basis matrix;
Invoke entering();
Invoke leaving();
6. end while

7. Compute objective function value.

entering() -- this function implements the revised simplex
method step 2 of Appendix A.
{
l. Send a message to the matrix object to compute
vector matrix multiplication.
2. Require the matrix object to execute matrix vector
multiplication.
3. Ask the vector object to do vector vector
subtraction.
4. Require the vector object to return the most
negative value.
}
leaving() -- See Appendix A the revised simplex method step
3.
{

1. Send a message to matrix object to compute the
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matrix vector multiplication. The returned vector is
called b'.

2. Ask matrix vector multiplication to be computed,
the returned vector object is called alpha

3. Send vector object to do the vector division, e.g.
b' / alpha. 1If there exist a nonpositive value in
alpha, the guotation is set a predefined constant.

4, Send a message to vector object to find the smallest

element of step 3.

compute_obj()
{
1. send a message to the vector object to compute vector
b' multiplies cost vector.
2. vector operation dot() is invoked,

and the return value is the objective function value.

And other operations which do not send messages out can

be referred in Appendix C.
4.5 An Illustration of Object Interchange

In order to demonstrate that objects are interchange-
able, a second form of input class is constructed. Instead
of getting input from the keyboard as the first input class
does, the second input class gets input data from a file.

Also, a different form of output class is constructed, it
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writes the final result of a LP problem to a file rather
than displays the solution to(a window object. Therefore,
we have two kinds of input classes, two kinds of output
classes, and two kinds of simplex algorithm, any combination
of these objects is allowed. The differences of the input
objects or the output objects can be found in the program
listing. Two examples are given to demonstrate this fea-

ture.

Combination 1 includes input from the keyboard, execu-

tion of the simplex algorithm and output to a window object.

PROGRAM SEGMENT COMMENTS
main()
{ IN is an instance of input object.
input 1IN; Main sends a message to ask IN to
IN.get_datal(); get input data. IN responds by

getting input data from the

keyboard.
transform FORM; FORM is an object of class
FORM.processmx(); transform. Main require FORM to

FORM.processvec(); process sparse matrix to full
matrix, sparse vector to full

vector.

simplex S; Main generates a simplex object
S.simplex(FORM,IN); and askes it to execute the simplex

method calculation.
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output OUT; An output object is produced by
OUT.diplay(S,IN); main, and main sends a message to
OUT, which displays the solution

} on the screen.

Combination 2 includes input from an input file, execu-
tion of the revised simplex algorithm, and output to a file.
The character ' is used to indicate the class version is
different from the old one used above, it does not appear in
the program segment actually. But the implementations of

the new one is different from the old one.

main()

{
input' IN; input' is another input class.
IN.get_datal(); IN gets data from a input file.

The character ' is deleted in the
program code actually.

transform FORM;

FORM.processmx();

FORM.processvec();

revise R; The revised simplex algorithm is

R.simplex (FORM, IN); used.

output' OUT; Output' is another version of the
OUT.diplay(R,IN); output object. OUT writes solution

} to a file.
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Different classes with same function have identical
specifications, although their implementations are differ-
ent. If the user would like to replace one object with
another, e.g. switch input to input', he has to use
"#include" statement to include the header file of the class
he wants to use. Then recompile the program segments whose
including header file(s) are changed, relink and run the
program. For example, files inputl.h and input2.h contain
the header files of of two different input classes the
input' and the input which achieve the same destination.

The user wants to switch the input object to the input'. He
has to include input2.h file and delete inputl.h file, then
recompile, relink, and run the program. In order to save
the execution bulk which comes from including too many
unnecessary header files into the program, decomposing pro-
gram into small modules is suggested. Each module only con-
tains the code which is necessary. By selecting and inter-
changing objects, the user can construct the program up to

his decision.
4.6 Data Manipulation Objects

The product form of the inverse is more‘economical for
computer spaces and is used here to implement the revised
simplex method(See Appendix A). The inverse of a basis
after p iterations is B™' = EpEp-1...Ei...E1, where Ei is
the ‘elementary matrix at iteration i. Hence, a multiplica-

tion of B™'a(r) becomes EpEp-1...Eja(r). But if the volume
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of data is so large that even using the product form, the
inverse of the basis still can't fit into the primary mem-
ory. For example, if a LP problem with 300 constraints runs
at least 400 iterations to get the optimal solution, then

the spaces for E(1..400) are
8 * 300 * 400 = 960K bytes.

(The number '8' means each floating point value occupies 8
bytes in the IBM PC.) It is obvious that the main memory of
IBM PC which only has 640K bytes is not big enough for this
problem. Therefore, by using the secondary memory to store
the constraints matrix can conpensate for insufficient pri-
mary memory. Then this program continually retrieves part
of the constraints matrix into the priﬁary memory to do the
computation. The detailed process is described as follows

(see Figure 7).

The input object does the same function as described in
section 4.2. The transform object has a rule to decide
whether or not to produce data manipulation objects tc han-
dle the large amount of data. The testing result shows that
if the size of the constraints matrix is less than 100 by
200, then we do not bother to store the constraints matrix
in secondary memory. Beyond this limit, the transform
object creates a data manipulation subobject the ck_memory
to check the amount of available main memory and alldcate
two buffers for transferring data to and from the diskette.

This technique is called double buffering technique(see Fig-
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TABLE I

TABLE OF B SIZE VERSUS SELECTED VALUE OF
AVAILABLE MEMORY AND NUMBER
OF CONSTRAINTS

M = Memory available N = Number of constraints
B size = the number of elements of B
100K 128K 200K 512K (K bytes)
64 100 128 200 512
100 64 81 128 327
128 50 64 100 256
150 42 54 85 218
200 32 40 64 163
256 25 32 50 128
500 12 16 25 65

Many disk drives use the sector(512 bytes) as the
smallest transmittable unit, so attempts to transmit less
than one sector at a time could lead to inefficiency. Some
drives may operate most efficiently by transmitting several
sectors at once. This suggests that program buffers be able
to hold at least one sector. For a program which pro-
cesses all of the data in a file in sequence, a large buffer
generally results in better performance than smaller buffer.
Let M be available of memory, N be the number of con-
straints, and B be number of columns in the buffer for mem-
ory size M and number of constraint N. Under certaiﬂ avail-
able memory and number of constraints, we can determine B
size by using the formula( the number '8' indicates each
floating point value occupies eight bytes, and '2' indicates

two buffers are allocated):



38

B = M/ (8 * 2 * N)

It is helpful by using this formula to determine the
reasonable buffer size to make the IO operations more effi-
ciently. So, some values of size B may work better than the
others(see Table I). Therefore, for a given run the buffer
size is fixed, a linear mapping from buffer to elementary
matrix is applied. The transform object subdivides buffer
into appropriate length vectors which correspond to columns
of the elementary matrices. For example, the available mem-
ory M is 128K bytes, the number of constraints N is 64, and
for two buffers of floating pdint entries(8 bytes each), one

buffer contains
(128 * 1024) / (64 * 8 * 2) = 128 elementary matrices.

If there are several LP problems with different numbers
of constraints, then the fewer of the number of constraints,
and the more elementary matrices one buffer can contain, and
the number of the IO operations needed is less, so the per-

formance is better.

After two buffers are allocated, the transform object
gets data from the input object one column after another.
After collecting several full columns(i.e. includes zerc and
non-zero elements) in the buffer, the transform object cre-
ates a data manipulation subobject the to_disk, and the
to_disk writes the contents of the buffer to the diskette.

In like manner, the entire constraints matrix is written to
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the secondary memory in parts.

Then control is passed to the revised simplex object.
Spaces for vectors are allocated in the primary memory and
they are reused iteration after iteration. 1In order to save
space, only one vector space for the non-basis matrix is
allocated. Because the vector matrix multiplication can be
executed as a vector vector multiplication whose times of
computation are based on thé size of the vector. For exam-

ple,

for i =1 ton, by 1

t(i) =y * a(i)

where, y, t are vectors;
n is the number of columns in matrix A:

a(i) is the ith column of matrix A.

The computation of B~fa(r) is equal to EpEp-z1...Eia(r).
The double buffering is used again. A new elementary matrix
is generated at each iteration, and the first buffer pro-
vides spaces for the new generated elementary matrix which
is appended to the end of the buffer. When the buffer is
full, the to_disk object is invoked to write the buffer to
the diskette entirely. The second buffer provides spaces
for the elementary matrices chunk which is retrieved from
diskette. For example, at iteration p, the inverse of the

basis matrix is E(l..p). The from _disk object retrieves the
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block which contains E(1..k) from disk to the second
buffer(where p >= ck, ¢ is a constant) to start the computa-
tion. When this part of computation is done, the second
block of E(k+1l..2k) is retrieved and followed by another
part of computation. Therefore, control passes back and
forth between the revised simplex object and the from_disk
subobject executing the computation and retrieving data from
diskette in turns until the revised simplex calculation is
done. By the way, the elementary matrices residing in disk-
ette need not be updated, because they are reused at each
iteration. When the revised simplex method calculation is
done, the output object is produced and the optimal solution

is printed.
4,7 BEvaluation

G. Pascoe(28) gives four fundamental characteristics of
object orientation: information hiding, data abstraction,
dynamic binding, and inheritance. J. D. McGreger(23) uses
these four features to evaluate his object-oriented program
the scissors paper-stone game. This LP package is evaluated

by these four criteria.

1l.) This package supports information hiding. This LP
package supports information hiding by invoking operations
through messages. The message sender does not know how the
detailed computation is executed. The sender only cares
about what is done.

2.) This package supports data abstraction. Data



41

abstraction is achieved by operator overloading. Vector
object and matrix object define several mathematical opera-
tors, i.e. +, -, *, /, and etc... So, data abstraction is
definitely achieved.

3.) Dynamic binding is utilized in this package.
"Dynamic binding increases flexibility by permitting the
addition of new classes of objects without having to modify
existing code(28)." Section 4.5 provides a good example to
show that dynamic binding is utilized in this package.

4.) Inheritance is used in this package. The input
class uses three lower level classes for processing the
input variable names and constraints names. They are class
get_name, class get_conname, and class get_varname. The
get_name class is a base class. The other two classes are
derived from it. So, inheritance is utilized in this pack-
age.

5.) This package shows the feature of component reus-
ability. This package shows the resuability by implementing
two different computation algorithms by using the same lower
level class objects. See section 4.4 for detail.

6.) This package shows the possibility of components
interchange. This feature is presented by combining objects
in the main driver routine to achieve the same goal. See
section 4.5 for details. And these components can be inter-

changed back and forth,.

Stepwise abstraction(47) is one of the methods applied

to program verification, which is the process of verifying
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the correctness of a program in a bottom-up method by verif-
ying the correctness of a low level subprogram and replacing
the subprogram with its intended function, thus, advancing
the program to a higher level of abstraction. This package
is implemented by using the bottom-up method and the higher
level components are constructed after the lower level ones
are built and tested correctly. Therefore, object-oriented
design technique actually involves the method of stepwise

abstraction in it,
4.8 Result

Restrictions

One restriction comes from the machine, and the other

comes from the object-oriented methodology.

The LP package is implemented on a IBM PC XT system
with the RAM size of 640K bytes. Some constants are defined
under this environment. If the environment is changed, then
these predefined constants should be modified to make the
program more efficient and powerful. The file which these

constants are defined is called "simheader.hxx",.

The cost and bénefits of the new technology have been
measured by B. J. Cox(6). In comparison with a problem is
solved by object-oriented mechanism and by conventional
mechanism. The benefit was a 370% savings in development
effort(based on the number of lines of source code; Figure

9), and the cost was a 43% penalty in execution speed(Figure
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Two solutions to the same programming problem, one
using object-oriented programming and the other using con-
ventional C coding practices. The conventional version
required 3.7 times as many lines of code to develop. This
is primarily because conventional programming does not allow
code to be captured in libraries and reused to nearly as

great a degree as does object-oriented programming(6).

Figure 9. Source Bulk(lines)
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When the two applications are linked to create a com-
plete application, the hand-coded application is signifi-
cantly smaller. This is primarily because inherited methods
prov1ded more generality than was needed in this applica-
tion. This tends to make small appllcatlons larger than
usual, but this may well be offset in large applications by
the fact that inherited code is loaded only once and shared
in many places, while conventional programming duplicated
the functionality each time it is used(6).

Figure 10. Execution Bulk(6)
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The machine cost of object-oriented programming is

measured by comparing the speed of the two applications for
the same 1409 line test file(6).

Figure 11. Execution Time(6)
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Some maximum sizes of the predefined constants of the

LP package are listed below:

For a MPSX format input file:

Input MAX size
NONZEROS 1000
COLUMNS 200
ROWS 100

For the keyboard input

Input MAX size
VAR/ROW NAME CHAR 8
COLUMNS 5
ROWS 15

Evaluate the Ability to Change Modules

In a conventional procedural mechanism, several proce-
dures can access a variable via passing by reference. The
variable can be modified by any one of these procedures.
Actually, this technique does not provide the feature of
modularity and it increase the difficulty of modifying a

large and complex software system.

While in an object-oriented system, every module is an
object which can be modified without having to alter the

code in other objects that access them. This is achieved
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"as long as the declaration of the public part of a class
and the declaration of the member functions remain
unchanged, the implementation of a class can be changed
without affecting its users(42)"., The term modularity
refers to the factoring of a large program into units that
can be modified independently and modularity is supported by
object-oriented mechanism, especially for building complex

software systems.



CHAPTER V
SUMMARY, CONCLUSION AND SUGGESTIONS
5.1 Summary and Conclusion

Object orientation means a unit of some private data
and a set of operations that can access that data. An
object is requested to perform one of its operations by
sending it a2 message telling the object what to do. It
responds to the message by executing the operation that
implements the message, and then returns control to the
caller. An object's data is private to it, and the only way

to access that data is by requesting the object to do it.

Object-oriented programming is also an abstraction
mechanism. A program manipulating an object uses certain
defined operations to manipulate it. These operations serve
as an interface, and the program does not need to know how
the object implements the operations. At the same time, an
object's behavior can be divided into several facets, which
need not know each other's internal details. By using
abstraction, large and complex systems are under control of

modifying the existing codes.
Object-oriented programming language C++ is an

47
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extension of C language. It provides type checking, data
abstraction, information hiding and an inheritance mecha-
nism. By means of derived classes and virtual functions,
C++ permits definition of a common calling interface for

functions later defined in subclasses.

To implement a class, an English description in terms
of informal strategy is constructed. The nouns of the Eng-
lish description are the private data variables and the
verbs are the set of operations. Then private data and all
useful operations become a class. The private data can only
be manipulated by the set of operations and these operations
also provide interfaces to the outside world. The outside
world can access the class object only by sending message to
the object. The implementation details are hidden from the

outside world.

The term modularity refers to the factoring of a large
program into units. In object-oriented system, every module
is an object. When this LP package is implemented, analyz-
ing and decomposing is the first step. Then, six major
kinds of modules are constructed. They are input class,
transform class, simplex class, revised simplex class and
output class. In addition, some classes are constructed and
used to demonstrate the power of objects reusable and inter-
changeable. These objects achieve the same function but
with different implementations. They are input and input',

output and output' and simplex and revised simplex objects.
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This paper illustrates the following object-oriented

implementation process:

1. The object-oriented design concepts are stated.

2. The object-oriented methodology is introduced.

3. A couple of software components are implemented by
using the object-oriented methodology. The higher level
components are composed of the low level ones. The low
level components are the input object, the matrix object,
the vector object, the transform object and, the output
object. The higher level components are the simplex object
and the revised simplex object.

4, The reusability of components is demonstrated.
Although the algorithm of the revised simplex object is dif-
ferent from the simplex object, the same low level compo-
nents are used to achieve the revised simplex algorithm.

5. The possibility of object interchange is demon-
strated. Different versions of each of the modules used for
input, output, and solution method can be invoked but the
overall structure of the program remains the same.

6. A set of data manipulation objects are built to
handle large volume of data which can not fit into the pri-
mary memory. By making use of the secondary memory to store
the entire constraints matrix, the computation is achieved
by retrieving parﬁs of the matrix into primary memory in

turn to facilitate the computation.

Finally, A set of evaluation criteria is set up and the
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LP package is evaluated by these criteria, which are infor-
mation hiding, data abstraction, dynamic binding, inheri-

tance, reusability and interchangability.
5.2 Suggestions

One of the goals of object-oriented design is to estab-
lish reusable software components factory. The objects
implemented in this application only allow a couple of com-
binations and choices. 1In order to make the package more

versatile, more objects are suggested to be implemented.

The user interface has become fashionable. "User
friendly" is an objective of today's software systems. Fur-
ther efforts should be devoted to make this package more

friendly and easy to use.
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A.1 Introduction

Many important problems are amenable to formulation as

a linear programing problems and are solved by the simplex

method.

The following is an objective linear program(LP):
max{c x +¢ x + ... +c x = 2}
1 1 2 2 nn

subject to the constraints:

As seen, an LP has three parts: an objective function,
main constraints, and nonnegativity restrictions. In addi-
tion, we call

cx +cx +...tcCx
11 2 2 nn

the objective function, where

the c are objective function coefficients;
]
z is the objective function value;
the x are original or decision variable;
i
the b are the right hand side(RHS) values;

]
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the a matrix contains constraint coefficients.

A.2 The Simplex Method (36)

The calculations of the simplex method can be performed

in tableaus.

RHS
column x1 X2 .o Xn

A-matrix

Zj row

Zj - Cj row

Figure 12. Organization of A Simplex Tableau

The simplex procedure is described as below: The sim-
plex method iterates by moving from one extreme point to
another in search of an optimal extreme point. At each step
determine a variable to remove from the basis set and deter-
mine a variable to enter the basis set the computation is
finished when the optimal solution reached, that is all ele-

ment in Zj-Cj row are nonnegative.

1. Find a starting solution X.

2. Check to see if all the elements in Zj-Cj row are
nonnegative. If they are, the solution is optimal.
Otherwise, go to step 3.

3. Select the most negative Zj-Cj element as Xc to enter

the basis which would increase the objective func-

¢
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tion.

4, Determine the removing variable Xr by considering
only positive elements in the entering column of the
A-matrix. Select the smallest ratio of

RHS column / Xc¢ column.

5. Let the a(r)(c) element denote the "pivot element"
which is the intersection of the Xr row and the Xc
column. For every element a(r)(j) in the pivot row,

the new value is
a'(r)(j) = a(r)(§) / a(r)(c).

6. Let a(i)(j) denote any element not in the pivot row,
and a(i)(c) the element in the same row and the pivot

column. The new value of a(i)(j) is
a'(i)(j) = a(i)(3) - a(i)(ec) * a'(r)(3)
and go to step 2.
A.3 The Revised Simplex Method (20)
Rewrite the form of a linear programming problem as:

Max C'X
s.t. AX = b
0

X >=

If an extreme point is X', then the matrix A can be
divided into (B,N), where B is the basis with an m x m full
rank matrix comprised of the columns of coefficients of the

non-zero variables, and N is the non-basis with an m x (n-m)
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matrix. And X can be decomposed into (Xb,Xn), AX = b can be
written as BXb + NXn = b. Therefor, C'X = Cb'Xb + Cn'Xn =

C'X' + ( Cn' - Cb'B- N ) ZXn.
The procedure describes as follows:

1. Find a starting solution X with basis B.

2. If Cb'B' N - Cn' is nonnegative, the stop.
Else pick the most negative component

Cb'B- a(j) - c(3).

3. Let B-'b = b; and pi = min { b(i)' / y(i)(3),
y(i)(j) > 0 }, where y(i)(j) is the i_th component
of y(j) = B-ta(j).

4. Get the new extreme point X by calculating

Xb(i) b(i)' - pi * y(i)(j) for i=1,...,m

x(3)

pi
other X(i)'s are equal to zero.

5. Go to step 2.

The revised simplex method using the product form of
the inverse is more economical in its demands for computer
space, particularly core storage. It differs from the
explicit form only in the fofm in which the inverse is
recorded. The explicit form uses full matrices to record
the inverse of the basis(B). While the product form only
uses an elementary matrix(an array and a index) to record
the inverse. An elementary matrix(E) is a nonsingular
square matrix that ic an identity matrix except for one col-

umn. Any inverse of an elementary matrix is an elementary
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matrix. Starting with an initial basis which is an identity
matrix. We can redefine the problem after the first itera-
tion so that the second basis is treated as an original
basis for a new problem. Thus, the third basis(and its
inverse) is an elementary matrix in terms of the second. 1In
the same way, each basis is an elementary matrix in terms of
the immediately preceding basis. Then successively left

multiplying an identity matrix by the matrices

we obtain B~ . Anrd a multiplication of B-! a(r) becomes

E E ...E E a(r)
p p-1 21

where, p is the pth iteration.
A multiplication of Cb'B-! can be achieved by

Cb'EE ...EE
12 p p-1

where, p is the pth iteration.
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B.1 Class Vector Objects

B.1.1l 1Informal strategy

Vector is an one-dimentional array. A vector is an
aggregate of elements of the same type. Each element is
itself a data structure. All elements are of the same type
and occupy the same amount of space. It allows us to relate
a group of related variables as an unit. And any one ele-
ment can be selected by specifying its position in the
sequence with an integer subscript. The specification of a
vector normally requires the name of the vector, and the
range of permissible values for its subscripts. The elemen-
tary arithmetic operations of vectors are addition, subtrac-
tion, multiplication and division. Vectors are treated as a

mathematical object for manipulation(20,36).

B.1.2 Objects( variables) included in a vector are:

name and size of the vector.

B.1.3 Interface operations

vector(int size=VARLIMIT);
Construct a vector object to hold the specified
amount of double precision values. If size is not
specified, the default size is assumed, which is

defined by constant VARLIMIT,.

~vector();

Destructor is a storage deallocator.
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vector(vector& vec):
An allocator and initializor which creats and
initializes a vector object. Input is a vector

object. & is the address of the object.

int mostneg(int pos);
An operation which searches for the most negative

value, and return the index of the value.

int smallest();
A function which searches for the smallest
positive value and returns the index of that

value. Negative values are not considered.

double min();

Return the minimum value of a vector object.

double max();

Return the maximum value of a vector object.

double operator[](int index);
Subscript operator which returns the content of
the specified index of the vector. For example,

vector a = (1,2,3,4), the value of a(0) is 1.

void operator=(double value);
Assign a double precision value to each

element of the vector object.

void operator+=(vector& vec);



void

void

void

void

void

void

The vector operand preceding the
values resulting from adding the

to it.

operator+=(double value);
The vector operand preceding the
values resulting from adding the

to each element of the vector.

operator-=(vector& vec);

The vector operand preceding the

+= takes on the

second vector

+= takes on the

scale operand

-= operator takes

on the values resulting from subtracting the

second vector from it.

operator-=(double value);

The vector operand preceding the

-= operator takes

on the values resulting from subtracting the

scale operand from it.

operator*=(vector& vec);
The vector operand preceding the
on the values resulting from the

and the second vector.

operator*=(double value);
The vector operand preceding the
on the values resulting from the

and the scale operand.

operator/=(vector& vec);

*= operator takes

product of it

*= operator takes

product of it
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The vector operand preceding the /= operator takes
on the values resulting from the division of the

second operand by the first.

void operator/=(double value);
The vector operand preceding the /= operator takes
on the values resulting from the division of the

vector operand by the scale operand.

vector operator+(vector& vec);
Return a vector which contains the sum of the two

vector operands.

vector operator+(double value);
Return a vector which contains the sum of the

vector operand and the scale value.

vector operator-(vector& vec);
Return a vector which contains the differences

of the two vector operands.

vector operator-(double value);
Return a vector which contains the differences

of the first vector operand and the scale value.

vector operator*(vector& vec);
Return a vector which contains the product

of the two vector operands.

vector operator*(double value);

Return a vector which contains the product of the



vector operand and the value.

vector operator/(vector& vec);
Return the quotient of the two vector operands.
If any divisor is zero, a predefined infinite
value is returned. For example,
vector vl contains (4,5,6,7), vector v2 contains
(1,0,2,1) and vector result = vl / v2;
Vector result contains (4,INFINITE,3,7), where

INFINITE is a predefined constant.

vector operator/(double value);
Return the quotient vector of the vector operand
divided by the value. If the value is zero, an

predefined infinite value is returned.

friend istream& operator>>(istream& s, vector& vec);
Input operator which gets input values from screen

and stores the value in the vector vec.

friend ostream& operator<<(ostream& s, vector& vec);
Output operator which prints the values of the

vector elements to the screen.

B.1l.4 Examples

Example 1.

vector A(10); // size of vector A is 10

vector B(1l0);

vector result A + B;
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Example 2.
vector A(4); // Declare one vector object A.
cin >> A; // Vector A gets input from keyboard,
// say, it contains (5,1,1,3).
double val = 2;

vector result(4);

result A *x 2: // result contains (10, 2, 2, 6)

Example 3.
vector a(3);

vector b = a;

As an example, a = (2.3, 4.0, 5.9), vector b takes the

values of vector a. Therefore vector b = (2.3, 4.0, 5.9).

Example 4.
vector a(4); // say, a contains (4,4,4,4);
vector b(4); // b contains (1,2,3,4);
b += a;

b takes of the values of b plus a. Therefore b contains

(5,6,7,8), and values in vector a do not change.
Example 5.

vector a(3); // say, a contains (2,3,4)

cout << " vector a contains " << a;

Output is:

vector a contains 2,3,4
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B.2 Class Matrix Object

B.2.1 Informal strateqy(20,36)

A matrix is a rectangular array of elements. Matrices
are rectangular in the sense that their elements are
arranged in rows and columns. This enables the size of a
matrix to be described with two numbers, the number of rows
and the number of columns. Two matrices are equal if and
only if they are of same size and their corresponding ele-
ments are equal. Matrix addition (or subtraction) is per-
formed by adding (or subtracting) corresponding elements in
matrices of the same size. 1In scalar multiplication, each
matrix element is multiplied by the scalar. Two matrices
multiplication is only defined when the number of columns of
the first matrix A (where A is m x r) equals the number of
rows of the second matrix B (where B is r x n). Elements
Cij in the product matrix C (where C is m x n) are computed
by summing the products arrived at by multiplying the ele-
ments in the ith row of A by their corresponding elements in

the jth column of B.

B.2.2 Objects( variables) included in a matrix are:

row size, column size, and name of the matrix.

B.2.3 Interface operations

matrix(int r=CONLIMIT, int c=CONLIMIT);

Matrix constructor which creates a matrix object.
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The default matrix size is CONLIMIT by CONLIMIT,

where CONLIMIT is a predefined constant.

~“matrix();
Matrix destructor which releases the space

allocated for a matrix object.

int nrow();

Return the number of rows of the matrix object.

int ncol();

Return the number of columns of the matrix object.

matrix& operator=();
Assignment operator which assigns the source

matrix object to the target matrix object.

matrix& operator+=();
Addition and assignment operator which adds the
second operand object to the first operand object

and assigns the result to the first object operand.

matrix& operator-=();
Subtraction and assignment operator which subtracts
the second object operand from the first object

operand and assigns the result to the first object.

operator*=();
Multiplication and assignment operator which multiplies
the first operand and the second operand and

assigns the result to the first object.
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vector operator*(vector&, matrix&);
Multiply a vector to a matrix, return a new vector
object. The input vector parameter and matrix

parameter remain unchanged.

vector operator*(matrix&, vector&);
Multiply a matrix to a vector. Return a new vector
object. The input vector parameter and matrix

parameter remain unchanged.

matrix append i();
Append an identity matrix to the end of the matrix

object.

void i_matrix();

Construct an identity matrix.

matrix invert():
Return the inverse matrix of the member matrix

object.

istream& operator>>(istream&, matrix&)
Matrix input operator which get the values of a

matrix from the keyboard.

ostream& operator<<(ostream&, matrix&)
Matrix output operator which prints matrix

on the screen.

B.2.4 Examples:




Example 1.

matrix
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A(2,2); // say, A = 1,3
2,4

cout << " Matrix A contains " << A;

Output

Example 2.
matrix

cin >>

matrix

cin >>

matrix

result

Example 3.

matrix

vector

matrix

result contains

is
Matrix A contains 1,3
2,4
A(2,2); // A gets values from the keyboard,say
A; // A contains 5,1
2,1
B(2,2);
B; // B gets values 3,3 from the keyboard
2,4
result(2,2);

= A * B; // result contains 15,3
4,4
A(2,3); // say, A contains 3,4,5
1,2,2
b(2); // b contains 1,2
result = b * A;

14 r

3,4,5
2,4,4
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B.3 Classes Data Manipulation Objects

The data manipulation classes manipulates data input
and output. The input class contains several lower level
classes, they are get_name, get_conname, get_varname, and
get_coef classes. The output classes are responsible for

output the final solution.

B.3.1 Informal strategy

The input classes are implemented in two different ver-
sions, one gets data from the keyboard, and the other gets
data from a file. The output classes are designed in two
versions too. The first one outputs the final solution to

the screen. The second one outputs the solution to a file.

B.3.2 Objects included in the input classes are:

variable name table, cbnstraint name table,
objective function vector, right hand side
vector, constraint coefficient matrix, and
types of the constraint inequality equations,
that is, greater than or equal to, less than

or equal to and equal to.

B.3.3 Interface operations

Interface of GET_NAME object

get name(char* str);



Get_name object constructor. Allocate an instance

of get_name object.

~get_name();
Get_name object destructor which decallocates

get_name object just before the program terminates.

int upbound();

Return the upper bound of the name table.

int lowbound():;

Return the low bound of the name table.

char* operator[](int i);
Subscript operator which returns the name string

of the specified subscript.

void promptfor(int i);
Prompt for variables names, constraints names from

screen.,

void list();

Print the whole list of name table on the screen.

void append();
Append new name to the end of name table. And the
limit number of names is defined by MAXNAME; If the
entered name exceed this limit number, the éystem

will output "Out of Limit" message.

void del();
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Delete the user specified name from the name table.

Interface of GET_COEF object:

get_coef();

~get_

void

void

void

void

void

Get_coef object(s) constructor.

coef();

Get_coef object(s) destructor.

askfor();
Prompt for the coefficients of the constraints,
right hand side vector coefficients and objective

function coefficients.

mdfy value();

It allows users to change the values which

have been entered. Users can change values before
running the program. Users also allow to change

data values of an existing LP problem.

condense();

It stores non-zero values of the input data.

print();
Operation which prints the coefficients of
constraints, right hand side, and objective function

in a sparse representation to a file.

readfile();

Read input data from a file. The data file should
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be of the MPSX format.
Interface of Second kind of GET_COEF object:

get_coef();

Get_coef object(s) constructor.

~

get_coef();

Get_coef object(s) destructor.

void get_data();

Get input data from a MPSX format input file.

void print();
Operation which prints the coefficients of
constraints, right hand side, and objective function

in a sparse representation to a file.

example 1.
get_name student_list;
student_list.askfor(); //interactive input student name
student_list.list(); //list student name
student_list.del(); //invoke delete routine to delete

// the drop-off student

example 2.

get_coef input_object; // first kind of get_coef
input_object.get_data(); // get data from screen
input_object.mdfy_value(); // modify values entered

B.3.4 Classes output objects
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Objects( variables) included in a output class

A buffer for storing output data tempararily.

Interface Operations

output::output();

Output object constructor.

output::~output();

Output object destructor.

void output::display(tableau&, get_coef&)

~ Displaying the final result to the screen.

parameters are simplex tableau object

object.

Interface Operations of the Second OQOutput Class

output::output();

Qutput object constructor.

output::~output();

Output object destructor.

void output::display(tableau&, get_coef&)

Write the final solution to a file.
B.4 Class Transform Object

B.4.1 1Informal strategy

Input

get_coef
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Matrices or vectors where most of the elements are zero
are called sparse. The constraints coefficient matrix could
be sparse, and in order to save space only the non-zero ele-
ments were stored. While a linear programming problem is
solved by using the simplex method in tableau format, after
iterating some zero elements become non-zero and vice visa.
Therefore, it is necessary to allocate a full matrix for
constraints coefficients and full vectors for right hand
side row and objective function coefficients column. There-
fore, the role of the class transform is to transform sparse
representation to full representation to facilitate the com-

putation.

B.4.2 Objects included in a transform object are:

the constraint coefficients matrix, the objective
function coefficient vector, the right hand side

vector.

B.4.3 Interface operations

transform(int row, int col);
Transform object constructor which constructs
spaces needed for constraint matrix, right hand
side row, and objective function coefficients

vector.

~transform();
Spaces deallocator which releases the spaces when

the program is terminated.



matrix transform::proceésmx();
Transform the sparse representation to full
representation of a matrix by putting the value
into a matrix cell according to the row index

and the column index.

~

vector transform::processrhs();
Transform the sparse representation of right hand
side vector to full representation. Multiply the
corresponding value of matrix elements and rhs
vector by -1, if the right hand side value is

negative.

vector transform::processobj();
Transform the sparse representation of objective

function coefficients vector to full representation.

vector transform::print();
Print the full matrix and full vector of the

transformed result which were sparce before.

4,4 Example:

transform FORM;
FORM.processmx(); /* transform sparse matrix to full */

FORM.print(); /* print out the full matrix x /
B.5 Class The Simplex Method Object

See section 3.2.
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B.6 Class The Revised Simplex Object

B.6.1 Informal strategqy

The revised simplex method is a systematic procedure
for implementing the steps of the simplex method. The
detail description of the procedures of the revised simplex
method is given in Appendix A. A summary can be concluded

as 3

Cb is the basis variables cost vector.
b_1 1is the inverse of basis matrix
N is the non-basis matrix.

a(i) is the ith column of non-basis matrix N.

z is the objective function coefficients vector.
C is the cost vector.
b is the right hand side coefficient vector.

1. Find a starting solution X with basis B.
2. Find variable to enters the basis. The index of
the entering variable is "j";
compute Cb' * b_1 and put the result in vector Y;
compute 2j - Cj =Y * N - Cn';
if (objective is maximize)
choose most negative value of Zj - Cj;

else choose most positive value of Zj - C3;

3. Find variable which leaves the basis:

compute b_1 * b and put the result in vector b';
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compute b_1 * a(j) and put the result in vector afa;
If each value in vector afa is non-positive, then
the solution is unbounded.

Otherwise, choose smallest non-negative ratio pi

of ( b' / afa ) as leaving variable.

4, compute the next basis matrix for next iteration.
A multiplication of b_1 * a(j) can be constructed
by left-multiplying elementary matrix E(i) with a(in).
Refer reference (48) for detail.

b 1 = Ep*Ep-1*...*Ei*...*EO* a(in)

B.6.2 Objects( variables) included are:

Integer array which contains index of basis vari-
ables(Xb), integer array which contains index of non-basis
variables(Xn), basis cost vector(Cb), non-basis cost vec-
tor(Cn), Zj - Cj vector, the inverse matrix of basis

matrix(b_1), and non-basis matrix(N).

B.6.3 1Interface operations

revise(int ncon,int nact);
Revise object constructor. Ncon is number of
constraints and nact is number of activity

variables.

“revise();

Revise object destructor.

void reviseinit(transform&);



Initialize variables for the revised simplex method.
Input parameter is the address of an transform
object. Get full constraint matrix values, right
hand side vector values and objective function values

from transform object.

void solveinit();
Initialize the first iteration, that is, get values
for matrix b_l1 and basis matrix N, vector Cb and

vector Cn. Find basic feasible solution.

void parameter_set();
Append big M to the cost vector for artificial
variable. Get values of basis vector Cb and
non-basis vector Cn. Get values of non-basis

matrix N.

void ck_optimal(get_coef&);
Check whether optimal solution is reached.
If solution is infeasible or unbounded output
message to indicate the solution is infeasible

or the solution is unbounded.

int ck_unbound(vector&);
Check if there an unbounded solution occurred.

Input parameter is the address of a vector object.

void setup(get_coef&);
Change constrzint inequalities to equality

equations by appending an identity matrix to the
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constraint matrix. Input is the address of a

get_coef object.

simplex(transform&,get_coef&);

Revised simplex driver routine.

double obj();

Compute the objective function value.

int entering();

Find the entering variable which enters the

basis set for next iteration.

int leaving();

void

void

void

Find the leaving variable which leaves the basis

variables.

cal_e();

Any basis matrix or its inverse may be represented
as a product of elementary matrix. Cal_e operation
computes the elementary matrix of each iteration

and puts E(i) on a elementary matrix array for

computing inverse of basis matrix. See reference(45)

for detail.

basis_set();
Switch basis and non-basis variable indices
positions when non-basis becomes basis and basis

becomes non-basis.

cb_set();
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Switch costs value of basis variable and non-basis

variable when they switch the status.
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VAREEEEE SRS SRR S

Global Constants File
******************************************************/

*

$ifndef
#define
fendif

#define
#define
#define
#define
#define
define
#define

kdefine
#define
#define
#define
#define

#ifndef
kdefine
#endif

#ifndef
#define
fendif

extern
extern
extern
extern
extern
extern

extern
extern
extern

NULL
NULL a
BIGM 1.8E+89
MINUSBIGM -1.9E+89
PINFINATE 1.0E+30
NINFINATE -1.0E+30
SMALL 1.9E-15
TOLERENCE 1.0E-10
MINUSTOLERENCE -1.0E-10
CONLIMIT 1902
VARLIMIT 1000
MARKZERO -1
TRUE 1
FALSE "]
YES
YES 1
NO
NO )

int numcon;

int numrealact;

int numact;

int numlessthan;

int numequalto;

int numgreaterthan;

char probnamel[50];

char objectivel501];

int

naximize;

// constraint limit
// variable limit
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//************************************{******************
// Matrilx object header flle

//*******************************************************
#include "vector.hxx"

struct matrix{

int row; // rovw slze

int col; // column size

double** n; // pointer to 1st element of row
public:

matrix(int r=10,int c=10);

“matrix();

int nrow();

int ncol();

double* operatorl[](int);

vector operator()(int); // return a column of matrix

matrix& operator=(double);

matrix& operator=(matrix&);

void i_matrix();

void operator+=(matrix&);

void operator-=(matrix&);

matrix operator*=(matrix&);

matrix append_i();

int lu_fact();

int inv_subs();

int invert(matrix&);

friend matrix operator+(matrixé&);

friend matrix operator-(matrix&);

friend matrix operator*(matrix&,matrix&);

friend vector operator*(matrix&,vectors);

friend vector operator*(vector&,matrix&);

friend istream& operator>>(istream&, matrix&);

friend ostream& operator<<(ostream&, matrix&);
};

struct ele_matrix{
int size;
int index;
double *vec;
public:
ele_matrix(int,int);
“ele_matrix();
friend void operator*(vector&, ele_matrix&);
friend void operator*(ele_matrix&, vectors&);
¥;
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//*******************************************************

// Input object header file
//*******************************************************
#include "matrix.hxx"
#include ™attr.hxx"
#include "crtwnd.hxx"
#define MAXCELL 100
/*
Interface of get_name class. It is a base class of
get_conname and get_varname.

*/

class get_name{

public:
int lownum; // low bound for variable name
int upnun; // up bound for variable name
char tnamel301]; // name type tag
char** name; // pointer variable point to

// array of names
get_name(char¥*);
“get_name(){ delete(VARLIMIT] name;}
int upbound() { return upnum; 1}
int lowbound(){ return lownum;}
char* operator([1(int i) { return *(name+i); 1}
vold promptfor(int);
void list();
void append();
void del();
void modify();

—— ————————————————— ————————————————————————————————————— —

*/
class get_varname : public get_name{
public:
get_name m;
b;
/*

*/
class get_conname : publlc get_namef
public:
get_name m;
b;



88

*/

struct rec{

}.

}.

};

struct numcell{

};

séruct ccell{

int index;
double val;

A
struct rec2{

int begin;
int end;

int row;
int col;
char ch;

int row;
Iint col;
double val;

class get_cons_coefd

rec2* col;

rec* Yowv;

rec* rhs;

rec* initcost;

ccell* contyp;

numcell* pntr;
numcell* prhs;
numcell* pcost;

friend class transform;

public:

char contypelCONLIMIT];
get_name* cnameptr;
get_name* vnameptr;
int diml;

int dim2;
get_cons_coef();
~“get_cons_coef();
vold askfor();

void mdfy val();
void condense();
void readfile();
void print();

// character cell

// number cell
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[/ kkkkkkkkhkkkkhkkhkkhhhkhkhkhkhhdkkhhkhkhkhhkkhkkhhhdkhkkhkkkk

// Class transform object header file
//*******************************************************

#include "testio.hxx"

class transformi

char* contype; // array of constraint type
matrix *B; // target matrix
vector *R; // target rhs vector

vector *O0BJ; // target obj. coef. vector
friend class tableau;
friend class revise;

public:
transform(int,int);
“transform();
void processmx(get_cons_coef&);
void processrhs(get_cons_coef&);
void processobj(get_cons_coef&);
vold output();

};
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// Class simplex method object header flle

[/ Rk ke kkkkhkhhkkhkkkk Rk khhhhkh ke khkhk ke kk ke kkkkkk
#include "testform.hxx"

class tableau{

char objnamel391]; // name of the obj. function
char rhsnamel301]; // name of the r. h. s.
int numartvar; // total # of arti.activity
double obJlevel; // val of the obj. function
int *basisno; // array of basis var. ind #
int *basis; // array of variables indices
int *bigmind; // artifical variables indice
vector *cost; // cost vector
vector *orhs; // original rhs of tableau
vector *rhs; // right hand side of tableau
vector *ratio; // ratio of rhs/enter column
vector *z; // reduced cost (Zj) row
vector *shadow; // shadow price (Cj-ZJj) row
vector *actlevel;
vector *pivotrow; // row vector of pivot element
int bcount; // count for basis
char *contype; . // array of constraint type
int finalrow(30];
int finalcoll[30];
int itnum; // iteration number
int quit;
int out_row; // leaving variable index
int in_col; // entering variable index
double pivot; // plvot element
matrix *tnm; // temp matrix
matrix ‘*mx; - // constraint coef. matrix
friend class output;

public:

tableau(int,int);

“tableau();

void tableauinit(transform&);
void setup(get_cons_coef&);
void solveinit();

void ck_optimal(get_cons_coefs&);
int entering();

int 1leaving();

void pivot_set();

void row_divide();

void row_eliminate();

int smallest();



};

void computeshadowprice();

double obj();

double setp(double);

double setz(double);

void tab_output();

void final_output(get_cons_coef&);

void simplex(transform&, get_cons_coefs);
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//*******************************************************

//

Class revise object

header flle.

//*******************************************************

#include

"testform.hxx"

class revise{

int numartvar; // total
int numnonartvar; // total
double objlevel; // val o
int *basisno; // array
int *basis; // array
int *nonbaslis; // array
int *bigmind; // array
vector *cost; //
vector *ocost; // origi
vector *rhs; // origi
vector *afa;

vector *xxb;

vector *shadow; // shado
vector *Cb; // cost
vector *Cn; /7
vector *p; // colum
vector *y;

int bcount; // count
char *contype; // const
int itnum; // ltera
int quit;

int in_col; // index
int out_row; // index
double pivot;

matrix *mx;

matrix *3; // non-bas
ele_matrix **E; // E matri

friend class output;

public:

revise(int,int);
“revise();

void
void
void
void
void
int

void
void

reviseinit(transform&);
solveinit(get_cons_coefs&);
parameter_set();

p_set();
ck_optimal(get_cons_coefs&);
ck_unbound();
setup(get_cons_coefs&);
simplex(transform&,get_cons

double obj();

# of artifical

# of non-artifical
£ the objective func
of basis index

of wvaribles

of non-basis index
of artifical index

cost vector

nal cost vector
nal rhsof tableau

w price (Cj-Zj) row

vector for basis var.

cost vector for non-basls

n vector of enter var.
for baslis

raint type vector

tion number

of entering variable
of leaving variable

is matrix
X

_coef&);



};

void tab_output();

voild final_output(get_cons_coef&);
int entering(get_cons_coef&);

int leaving(get_cons_coef&);

void basis_set();

vold cb_set();

void cal_e();

int smallest(vectors&);
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//*******************************************************

// Vector operatlion Iimplementaton flle
//*******************************************************

#include "vector.hxx"

/%
vector constructor -- allocating and initialization
x, T
vector::vector(int sz)
{
if(sz < 8){
printf("negative vector size\n");
exit(1l);
}

slze = s2;

v = new doublelsizel;

if( v == NULL ){
printf("insufficient memory\n");

exit(l);
}
for(int i=08; i < size; i++) // empty vector all 8's
viil =0.0;
} _
/*
vector constructor -- second form of vector constructor.
x, T
vector::vector(vector& a)
{
v = new doublelsize=a.sizel;
1£( == NULL ){
printf("2**%***;:insufficient memory\n");
exit(l);
}
for(int i=0; i < size; i++){
double temp = alil;
if(fabs(temp) <= TOLERENCE) temp = 0.0;
viil] = temp;
}
}
/%
vector destructor -- destroying objects.
&,
vector::“vector()
{

delete v;
}
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/*

‘sizevec -- returning size of vector object.
x, T
int vector::sizevec()

{ return(size);

ye

*/
double vector::operatorll(int c)
{

return( *(v+c) );
}
/*
= assignment operator, return vector of passed in value.
«, T
void vector::operator=(double val)
{ _

if(fabs(val) <= TOLERENCE) val = #.0;

for(int i=0; i < size; i++){

vii] = val;

}
}
/'k

*/
void vector::operator+=(vector& vl)
{
int sz = vl.sizevec();
1£( sz != size){
printf(" dlfferent size vector can't add\n");
exit(1l);
}
for(int 1=0; 1 < size; i++){
double temp = v1lil];
if(fabs(temp) <= TOLERENCE) temp = 0.9,
viil += temp;
// vii] += v1Ilil;



/*
-= -- subtraction and assignment operator.
k0
void vector::operator-=(vector& vl)
{
: int sz = vl.sizevec();
if(sz != size){
printf("Different size vector can't subtract\n");
exit(l);
}
for(int i=0; 1 < size; i++){
double temp = vi1lil;
if(fabs(temp) <= TOLERENCE) temp = 0.0;
vii] -= temp;
}
}
/*
*= -- multiplication and assignment operator.
.
void vector::operator*=(vector& vl)
{ v
int sz = vl.sizevec();
if(sz != size){
printf("Different size vector can't multiple.\n")
exit(l);
} .
for(int i=0; i1 < size; i++){
double temp = vl1l[i];
if(fabs(temp) <= TOLERENCE) temp = 0.0;
viil *= temp;
}
}
/*
/= -- division and assignment operator
X, T
void vector::operator/=(vector& vl)
{

int sz = vl.slzevec();

if(sz != size){
printf("™ Different size vector can't divide.\n");
exit(1l);

96
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for(int i=68; i < size; i++){
if(fabs(vl[i]) <= TOLERENCE || v1l[i] == 0.0)
vii] = PINFINATE;
else vIi]l /= v1liil;

}
}
/*

+ -- addition operator.
A
vector vector::operator+(vectors& vl)

{
vector v3(size);
int sz = vl.sizevec();
if(sz != size){
printf(" different size vector can't add\n");
exit(1l);
}
for(int i=0; i < size; i++){
double temp = v1l[il];
double temp2= vI[il];
if(fabs(temp) <= TOLERENCE) temp = 0.0;
if(fabs(temp2)<= TOLERENCE) temp2 =0.0;
v3.vii] = temp + temp2;
}
return v3;
}
/%

- -- substraction operator.

x, T

vector vector::operator-(vector& vl)

{

vector v3(size);

int sz = vl.sizevec();

if(sz != size){
printf("different size vector can't subtract\n");
exit(1l);

}

for(int i=0; i < size; i++){
double temp = v1[il;
double temp2= vIil;
if(fabs(temp) <= TOLERENCE) temp = 0.4,
if(fabs(temp2)<= TOLERENCE) temp2 =0.9;
v3.v[i] = temp2 - temp;

}

return v3;
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/%
* -- multiplication operator.
X, T
vector vector::operator*(vector& vl)
{

vector v3(slze);

int sz = vl.slzevec();

if(sz != size){
printf(" different size vector can't multiply\n");
exit(1l);

}

for(int i=0; i < size; i++){
double templ = v1[il];
double temp2 = v[il];
if(fabs(templ) <= TOLERENCE) templ
if(fabs(temp2) <= TOLERENCE) temp2
v3.v[i] = templ * temp2 ;

LS BN
SN

Ne N

3
return v3;
}
/*
/ -- division operator.
x, T
vector vector::operator/(vector& vl)
{

vector v3(size);
int sz = vl.sizevec();
if(sz != size){
printf(" different size vector can't divide.\n");
exit(1l);
}
for(int i=0; 1 < size; i++)
if( fabs(vlli]) <= TOLERENCE ){
v3.v[i] = PINFINATE;

}

elsef
if(fabs(v[i]) <= TOLERENCE) v3.vI[i] = 0.0;
else v3.vii]l = vIii] / vl1ii];

}

return v3;
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/%
+ -- addition operator, adding a constrant vector.
£, T
vector vector::operator+(double val)
{

vector v3(size);

for(int i=8; i < size; i++){
double temp = val;
double temp2= vl[i];
if(fabs(temp) <= TOLERENCE) temp = 0.0;
if(fabs(temp2)<= TOLERENCE) temp2 =0.0;
v3.v[i] = temp2 + temp;

// v3.vli]l = val + v[i] ;
o
return v3;
}
/*
- —-- substraction operator.
;; ________________ e
vector vector::operator-(double val)
{
vector v3(size);
for(int i=0; 1 < size; i++){
double temp = val;
double temp2= vIil];
if(fabs(temp) <= TOLERENCE) temp = #.08;
if(fabs(temp2)<= TOLERENCE) temp2 =0.0;
v3.v[i] = temp2 - temp;
}
return v3;
}
/*
* -- multiplication operator.
x, T
vector vector::operator*(double val)

{
vector v3(slze);

for(int i=0; i < size; i++){
double temp = val;
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double tempi= vIilil];

if(fabs(temp) <= TOLERENCE) temp = 0.6;
if(fabs(temp2)<= TOLERENCE) temp2 =0.0;
v3.vIli] = temp2 * temp;

}
return v3;
}
/*
/ -- division operator
;; ________________________________________________________
vector vector::operator/(double val)
{
1f(val==8.0){
printf("dividor element is zero\n");
exit(1l);
3
vector v3(size);
for(int i=0; 1 < size; 1++){
double temp = vI[i];
if(fabs(temp) <= TOLERENCE) temp = 0.0;
v3.vI[l] = temp / val;
}
return v3;
}
/*
+= -- addition and assignment operator
x, T
void vector::operator+=(double wval)
{
for(int i=0; 1 < size; i++)
vii] += val;
}
/*
~= -- substraction and assignment operator
x, T
void vector::operator-=(double val)
{

for(int i=0; 1 < size; i++)
vii] -= val;



*/
vold vector::operator*=(double val)
{ )
for(int i=0; i < size; i++)
viil] *= val;

X/
void vector::operator/=(double val)
{
for(int i=0; i < size; i++)
if(val==0.0)1{
printf( "divided by @\n");
exit(1l);
}
else vii] /= val;

*/
double vector::sum()
{
double result = 0.0;
for(int i=0; i < size; i++){
double temp = vIil;
if(fabs(temp) < TOLERENCE) temp = 0.0;
result += temp;
}
return result;
}
/*

*/

int vector::most(int p)

{ B
double mostval,tenp;
int index;
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1£(p){ // mostnegatlve
mostval = BIGM;
index = MARKZERO;

for(int i=9; i < size; i++){
temp = vIlil];
if(fabs(temp) < TOLERENCE) temp = 0.9;
if( temp < 0.0 && temp < mostval ){
mostval = temp;
index = 1i;
}
}Y//for
Y//1f
elsed // mostpositive
mostval MINUSBIGM;
index MARKZERO;
for(int i=8; 1 < size; i++)
if( vIiil > 0.0 && vIi] >= mostval){
mostval = vIlil];
index = i;

}
} //else
return(index);
}
/*
least -- return smallest-value.
«,
int vector::least(int p)
{
double leastval;
int index;
if(p){ // leastnegative
leastval = MINUSBIGM;
index = MARKZERO;

for(int 1=0; 1 < size; i++)
if( vIii] <= 0.0 && v[i] >= leastval ){
leastval = vIlil;
index = 1i;

}
Y//71f
else( /* smallest */
leastval = BIGM;
index = MARKZERO;

for(int i=0; i < size; i++){
if( viil >= 0.8 && v[i] < leastval){
leastval = viil];
index = 1i;
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}
} //else
return(index);
}
/*

>> input operator for vector object.

———  — ——— — —— ———————————————— ———————————————————————————————

*/
istream& operator>>(istream& s, vector& x)
{
int sz = x.sizevec();
for(int i=0; i < sz; i++){
cout << "\n number: ";
s >> x.vlil;
cout << "echo: " << x.vIil];
}
return s;
}
/*
<< -- output operation for vector object.
x) |
ostream& operator<<(ostream& s, vectors& x)
{

int sz = x.slzevec();

for(int i=0; i < sz; i++){
cout << x.vI[l]l <« ", ";

}

return s;
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//*******************************************************

// Matrix operations implementation flle
//*******************************************************

#include "matrix.hxx"

/*
matrix constructor -- constructing spaces for matrix.
X,
matrix::matrix(int r, int c)
{
rov = r;
col = c;

m = new double*[rowl];
for(int i=0; 1 < row; i++)
m[{i] = new doublelcoll];

// initialize matrix contains all @'s
for(i=@; 1 < row; i++)
for(int j=0; j < col; j++)
niil(j]1 = @0.9;

}
/*

matrix destructor -- destroying matrix object.
x,
matrix::"matrix()

{
for(int i=@; 1 < row; 1i++)
delete m[i];
deletelrowl] m;
}
/*

* —— multiplication operator of a matrix and a vector
X,
vector operator*(matrix& mm, vector& vv)

{

int sz = vv.sizevec();

if(sz != mm.row){
printf("\r\nConformability Error.");
kbwait(1069);
exit(1l);

}

vector r(sz);

for(int i=6; 1 < mm.row; i++){
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r.viil = 9.

g;
for(int j=0; < 8z; J++)

10

vii

J
1£(mm[1 jl '=0.0 && vvIij] !=0.0)
] 4= mm(i1(3] * vviil;
}
return r;
}
/*

* -- multiplication operator of a vector and a matrix
x, e
vector operator*(vector& vv, matrix& nmm)

{
double tenp;
int sz = vv.sizevec();
if(sz != mm.row){
printf("\r\nConformability Error.");
kbwait(1000);
exit(l);
}
vector r(mm.col);
for(int j=0; j < mm.col; j++){
r.v[(jl = 0.0;
for(int i=0; i < sz; i++)
1£( mm(i1(3] !=0.0 && vvii] !=0.0){
temp = vviil * mm(il(J];
1f(fabs(temp) < TOLERENCE) temp = 8.4;
r.vij] += tenp;
}
}//for
return r;
}
/*

* -- multiplication operator
T | o
matrix operator*(matrix& ml, matrix& m2)

{

double temnp;

int rl = ml.nxrow();
int ¢1 = ml.ncol();
int r2 = m2.nrow();
int ¢c2 = m2.ncol();

if(rl !'=c2 || cl != xr2){
printf("\xr\nError!! Conformability Error.");
kbwait(1000);
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exlt(l);
}
matrix m3(rl,c2);
for(int i=0; 1 < m3.row; i++)
for(int j=06; 7 < m3.col; Jj++)
for(int k=08; k < m3.col; k++)
if( ml[il(k] !=0.0 && m2[k][J] != 6.0){
temp = m1(i1[k] * m2(k1(3];
if(fabs(temp) < TOLERENCE) temp = 9.0;
m3.m(ill{j] = m3[(i]J[J] + temp;

return m3;

—— — ———————————————— — —————————————————————————————————————

x/
int matrix::nrow()
{
return(row);
}
/%

*/
int matrix::ncol()
{
return(col);
}
/*

*/
double* matrix::operator[]l(int 1i)
{
return(*(m + 1)),
}
/%

x/
matrix& matrix::operator=(double val)
{
for(int i=06; i < row; i++)
delete m[il];
deletelrow] m;
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m = new double*[row];
for(i=#; i < row; 1i++)
m{i] = new doublelcoll;

for(i=0; 1 < row; i++)
for(int j=8; j < col; j++)
m{illj] = val; '
return *this;

}
/*
= -- 2nd form of assignment operator.
x, T
matrix& matrix::operator=(matrix& ml)
{
for(int i=0; 1 < row; i++)
delete miil];
deletelrow] m;
m = new double*[row];
for(i=@; 1 < row; i++)
m{i] = new doublef{coll;
for(i=0@; i < row; i++)
for(int j=@; j < col; j++)
mlil[J] = m1[i][3];
return *this;
}
/*
i_matrix -- return an identity matrix object.
;; _________________________ e
void matrix::i_matrix()
{

if( row != col ){
printf("\x\n Error!! not square matrix.");

kbwait(1909);
exit(l);
}
row; 1++)

for(int i=0; 1 <
for(int j=8; j < col; j++)
if(i==3) m(ill3j] = 1.8;
else m{il(j] = 90.6;
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/*
() -- return a certain column of a matrix.
*/ —————————————————————————————————————————————————
vector matrix::operator()(int col)
{
vector vi(row);
for(int i=0; 1 < row; i++)
vi.v[i] = mlillcol];
return vl;
}
/*
+= -- addition and assignment operator of two matrix.
x, T
void matrix::operator+=(matrix& ml)
{
int r = ml.nrow();
int ¢ = ml.ncol();
1£( row !=1r || col != ¢ ){
print£("\r\n Error!! matrix += operation.\n");
exit(1l);
}
for(int i=0; i1 < row; i++)
for(int j=8; j < col; j++)
m{il[3) += m1(i1[3];
} .
/*
-= -- subtraction and assignment operator
x, T
void matrix::operator-=(matrix& ml)
{
int r = ml.nxow();
int ¢ = ml.ncol();
if( row !=1x || col !=c ){
printf("\x\n Error!! matrix -= operation.\n");
exit(l);
}

for(int i=6; i < row; i++)
for(int j=8; j < col; j++)
m{ill{3j] -= ml[i1[3];
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/*
*= -- multiplcation and assignment operator.
. T T
matrix matrix::operator*=(matrix& ml)
{
int r = ml.nrow();
int ¢ = ml.ncol();
if(row != ¢ || col != x){
printf("\r\n Error!! matrix *= operation.");
exit(1l);
}
double sum,temp;
matrix rm(row,col);
for(int i=0; 1 < row; 1l++)
for(int j=8; j < col; Jj++){

sum =§.0;

for(int k=06; k < col; k++){

- temp = m[il][k] * mi[k]1(5];
if(fabs(temp) < TOLERENCE) temp = 6.0;
rm.m[{il[j] = sum + temp;

}

// can't use m instead of rm. Important!!
}
return rm;
}
/*
+ -- addition operator.
x, T

matrix operator+(matrix& ml,matrix& m2)

{

int
int
int
int
1£¢(

}

rl
cl
r2
c2
rl

ml.nrow();
ml.ncol();
m2.nrow();
m2.ncol();
= r2 |1 ¢l

matrix m3(rl,cl);

for(int i=9;

for(int j=0; 3

m3.m{i][3]

return m3;

i <rl

1= c2 ){
printf£("\r\n Error!! matrix + operation.");
exit(l);

AN

i++)
cl; jt++)
ml{ilfj} + m2(1i1(31];
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———— — ——— ————— ———————————— ——— —————— ————————————————————— ———

*/
matrix operator-(matrix
{

int rl = ml.nrow();

int ¢l = ml.ncol();

int r2 = m2.nrow();

int ¢c2 = m2.ncol();

1£( rl '=x2 || c1
printf("\r\n Er
exit(l);

}

matrix m3(rl, cl),
for(int i=0; i < rl;
for(int j=9; 3
m3.m[i][j]
return m3;

& ml,matrix& m2)

= 2 ){
ror!! matrix - operation.");

i++)
cl; j++)
ml{il(3j]

I A S

- m2[(ill3J1l;

*/
matrix matrix::append_
{
int r = row;
int ¢ = row + col;
matrix x3(x,c);

1()

for(int i=8; 1 < r; i++)
for(int j=0; J < c; Jj++){
if(j < col)
x3.m[i1[3] = m{1][31;
else if(j ==r + 1)
x3.m[illjl = 1.0;
else x3.m(il[j] = 0.9;
}
return x3;
}
int matrix::1lu_fact()
{
// initialize
for(int i=0; i < row; i++){
pivotlil]l = i,

// Maximun value of each row
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double rmax = fabs(m(il[61);
for(int j=1; j < row; J++)
if((temp =fabs(m[ill[j1)) > rmax )
rmax = temp;
if(rmax < SMALL) return 1; // Row is all zero
rowmax[i] = rmax;
}

for(int 1=0; 1 < row; 1l++)
cout << pivotll] <<« ", ";
cout << "\n rowmax is \n";
for(1=0; 1 < row; 1l++)
cout << rowmax([1l] << ", ";
cout << "\n";

// Gauss elimination with scaled partial pivoting
1f(row <= 1) return 9;

for(int k=0; k < row-1l; k++){
double tenp;
double colmax = -1.8;
maxc = k;
for(int i=k; i1 < row; i++){
int ip = pivotlil;
// temp = fabs((double) n);
if((temp=fabs(m[ipl(k]/rowmax([ipl)) >colmax){
colmax = temp;
maxc = 1i;
Y //1f
}
if(colmax < SMALL) return 1;
piv_elem = pivotimaxcl;
pivotimaxc] = pivotlk];
pivotlk] = piv_elenm;

for(l =0; 1 < row; 1l++)
cout << pivot[l] << ", ",

// Adjust upper diagonal only
for(i=k+l; 1 < row; i++){
int ip = pivotlil];
double ratio = -(m{ipl(k] / mipiv_eleml(kl);
ml{ipl[k] = ratio;
for( int j=k+1; J < row; j++)
m{ipl[J] += ratio * mipiv_eleml[]];
for(l=0; 1 < row; l++){
cout << "\n";
for(int t=8; t < col; t++)
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cout << mllllE] << ", ",
}

1

if((temp=£fabs(mipiv_eleml[row-1])) < SMALL)
return 2;

else »
return 4;

}
inv_subs -- return inverse matrix of a matrix object.
int matrix::inv_subs()
{
matrix m3(row,col);
for(int j=8; j < row; Jj++)
inv_pivotlpivot[jll = 3j;
for(int ione=#; ione < row; ione++){
for(int 1=08; 1 < lnv_plvotiionel; 1i++)
m3.m{illionel = 08.8;
for(i=inv_pivotlionel; 1 < row; i++){
int ip;
sum = ((ip = pivotl[i]l) == lone) ? 1.9 : 0.0;
for(3=0; J<i; j++)
sum -= ml[ipl[j] * m3(jllionel;
m3.ml{illione] = sum;
}
cout << "\n** 2 matrix m3:\n" << m3;
for(i = row-1; i >= @, i--){
sum = m3[illione];
int ip = pivotli];
for( j=i+l; j <row; Jj++)
sum -= mlipl[(J] * m3(jllionel];
if(fabs(m3.ml{illionel=sum / ml[ipl[i])<SMALL)
m3.m[illionel = 0.0;
}
}
cout << "matrix m3=\n" << m3;
for(int i=0; i <m3.row; i++)
for(j=0; j < m3.col; j++)
m{ill{j] = m3[i1[3];
}
invert -- return invert matrix of a matrix object.

int matrix::invert(matrix& a)
{



matrix w_matrix = a;
int error = w_matrix.lu_fact();
if(!error)

error = w_matrix.inv_subs();
cout << "\n w_matrix is\n" << w_matrix;
return error;

istream& operator>>(istream& s, matrix& x)
{
for(int i=0; i < x.row; i++){
cout << "\n row " << i << " :\n";
for(int j=0; j < x.col; j++){
cout << " number: "; '
s >> x[ill31;
}
}

return s;

ostreamé& operator<<(ostream& s, matrix& x)

{

printf("%d by %4 matrix is :\n", x.row, x.col);

for(int 1=0; 1 < x.row; i++){

8 << "\n"“;
for(int j=@; j < x.col; Jj++)
8 << x[11[3] << ", ™,

}

return s;
}
*x/

/********************************************************

Ele_matrix operation/ functions
KkkkkkkRkhhhhhkhhhhkkkhkhhhkh ke ko hrhhkhdhkkkkkkkdk k% /

ele_matrix::ele_matrix(int sz, int ind)

{
size = sz;
index= ind;
vec = new doublelsizel;
}
ele_matrix::%ele_matrix()
{

delete vec;
}
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vold operator*(vector& y, ele_matrlx& F)

{
double sum=0.0;
int index = F.index;
for(int j=0; j < y.size; j++){
double temp = y.v[j]l * F.vecljl;
if(fabs(temp) < TOLERENCE) temp = 0.0;
sum += temp;
}
y.viindex] = sunm;
}

void operator*(ele_matrix& F, vector& y)
{
int index = F.index;
double element = y.v[index];
if( element == 0.0 ) return;
for(int i=0; i < y.size; i++){
double temp = element * F.veclil;
if(fabs(temp) <= TOLERENCE) temp = 0.0;
if(i != index)
y.vlii] += temp;
else y.viil = temp; -
}//for -
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[/ kkkkkkkkkkkkkkkk kR kkkkkkkhkkhrrhr okttt hkk

// Input objects operation implementaiton file
//*******************************************************
#include "testio.hxx"

static CRTWND wndl(1,1,29 79),

static CRTWND wnd2(4,1,17,79);

static CRTWND wnd(l,1,23,79);

char bufg(190001];

char bufiol89];

char outfile@([151];

int f£dio;

/*

get_name constructor -- construct get_name objects.
% / B

get_name: :get_name(char* s)

{

lownum = 04;
strcpy(tname,s);
name = new char*[CONLIMIT];

}
/*
promptfor -- prompt for 1nformat10n(var1able name,
constralnt name) from screen.
x,
vold get_name::promptfor(int initnum)
{

int 1 = initnunm;
char s(201, istrl20];

wndl << "Enter " << tname << "™ name, (Q if no more) ";
wndl.newline();
wndl << ":";
gets(s);
while(strcmp(s,"Q") != 0 && strcmp(s,"g") != 0)
{
namel[l] = new char(39];
strcpy(namelil,s);
1++;
upnum = 1i;
1£(1 >= 304
wndl.newline();
wndl << " Out of Limit";
exit(1l);
}
wndl << ":";
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gets(s);

}//while
}
/t
list -- display names (constraint & varible nanmes)
x, T
void get_name::1list()
{

‘char s(281;

for(int i=lownum; I < upnum; i++){

wndl << crtform("\r\n%d. %s",i,nameli]);

}Y//forx

wndl.newline();
}
/%
append -- append new names to original table of names.
«, T
void get_name::append()
{

int i=upnum;

promptfor(i);
}
/*
del -- delete names from the original table of names.
x, T
void get_name::del()
{

list();

char s(301;
wndl << "\r\n NUMBER to be deleted : (Q to quit)";
wndl << "\r\n =>"; '
gets(s);
int i;
while( strcmp(s,"q") !=0 && strcmp(s,"Q") != 0 )
{
i = atoi(s);
i£( 1 =0 ){
delete(namelil);
1£( 1 > maxcell ){
wndl.newline();
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}
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wndl << "CORP NUMBER out of bound.";

exit(1);

}

while(i < upnum){
name(i] = nameli+1l];
i++;

}

upnum = i;

wndl.clear();

list();

wndl << "\r\n NUMBER to be deleted : (Q to quit)";
wndl << "\r\n =>";

gets(s);

OF

—— — — —————————— — ———— — —————— — - —— — ————————— ———————— ——— —— —— —————— o

——————— - ————— —— — ———— —— ——— ————————————————————————————— —

x/

void get_name::modify()

{
/%

wndl.cleax();

list
wndl
wndl
wndl
wndl
wndl
wndl
wndl
wndl
char

while( ¢

();
<<
<L
<<
<<
<<
<<
<<
<<

"\r\n**************************************";

crtform("\r\n Modlfy %s list",tname);
crtform("\r\n A -- Append %s to list",tname);
crtform("\r\n D -- Del %s from list",tname);
crtform("\r\n L -- List the %s list", tname);
"\r\n Q -- quit.";
"\r\n**************************************";

u\r\n=>u;

s[181; char c;
gets(s); c = sl(@];

switch(c){

1= 'Q' && c != 'q' ){

case ‘'a' :

case 'A' : append();
break;

case '4' :

case 'D' : del();
break;

case 'l'

case 'L' : list();
break;
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wndl
wndl
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default : wndl << "\r\n ERROR! retype !",;

}//switch
wndl.clear();

wndl

wndl
wndl
wndl
wndl

gets(s);
}//while

<<
<<
<<
<<
<<
<<
<<
<<

list();

*/

}// modify

"\r\n**************************************";

crtform("\xr\n Modify %s list",tname);
crtform("\x\n A -- Append %s to list",tname);
crtform("\r\n D -- Del %s from list",tname);
crtform("\r\n L -- List the %s 1list", tname);
"\r\n Q -- quit.";
"\r\n**************************************";
u\r\n=>";

c = sl@gl];

/********************************************************

* Object operations for getting constraint .ficinets.
*******************************************************/

/*
get_cons_coef -- get constraints coefficient constructor.
*/ B o )
get_cons_coef::get_cons_coef()
{
cnameptr = new get_name ("CONSTRAINT");
vnameptr = new get_name("COPR");
col = new rec2[CONLIMIT]; // #define LIMIT = 50
row = new rec[CONLIMITI]; :
rhs = new rec[CONLIMIT];
initcost = new rec[{VARLIMITI;
contyp new ccell[MAXCELL];

pmtr = new numcell[MAXCELL];

prhs

newv numcell[MAXCELL]I];

pcost= new numcell [MAXCELL];

for(int i=0; i<VARLIMIT; i++)
initcost(il.index = -1; :

for(i=9g;

i < CONLIMIT; i++)

rhs{il.index = -1;

for(i=0;

i < CONLIMIT; i++)

collil.begin = -1;
for(int j=0; j < CONLIMIT; Jj++)
rowljl.index = -1;



/%
“get_cons_coef -- destructor of get_cons_coef object.
) T
get_cons_coef::"get_cons_coef()
{

delete[CONLIMIT] row;
delete[CONLIMIT] col;
delete[CONLIMIT] rhs;
delete[VARLIMIT] initcost;
delete[MAXCELL] pntr;
delete[MAXCELL] prhs;
delete[MAXCELL] pcost;

}
/*
askfor -- ask for constraints coefficients
x, T
void get_cons_coef::askfor()
{

int initnum =0; int rrow, ccol; int help=0;
char ss(201; '
// Windows handling
void display_menu();
crtwndbios(NO);
wndl.box(); /* box and title the window *
wndl.title(l, STR_CENTER, "LP problem window");
wndl.cleax();
wndl.tofront(); /* move it in front of the base *
wndl << "Press H for help menu or No need (H/N) :%;
wndl.get(&rrow, &ccol),
gets(ss);
if(strcmp(ss,"H")==0 || strcmp(ss,"h")==0) help =1;
while(strcmp(ss,"H") !=0 && strcmp(ss,"h") != 0 &&
strcmp(ss,"N") t= 0 && strcmp(ss,"n") != 0 ){
sybeep();
wndl.loc(rrow,ccol);

wndl <« * *;
wndl.loc(xrow,ccol);
gets(ss);

}

if(help){

wnd2.box();

wnd2.title(1l, STR_CENTER, "Help Window");
wnd2.tofront();

display_menu();
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char sl2d¢1];

// prompt for problem name and objectlive

wndl.newline();

wndl << "Problem Name Ha-

gets (probname);

wndl << "\r\nObjective (max/min) :";

gets(objective);

if(strcmp(objective, "MAX" )==0 ||
strcmp(objective, "max")==0 )
maximize = 1;

else maximize = 9;

//get constraints name

cnameptr->promptfor(initnum);

cnameptr->list();

cnameptr->modify();

diml = cnameptr->upbound();

// get corp name
vnameptr->promptfor(initnum);
vnameptr->1list();
vnameptr->modify();

dim2 = vnameptr->upbound();

int rxr, cc, rrl, ccl, rr2, cc2;

wndl.clear(); v

wndl.get(&rr, &cc);

rrl = rr2 = rr;

ccl = cc2 cc;

ccl += 18;

for(int ii=0@; ii < dim2; ii++){
wndl.loc(rr,ccl);
wndl << vnameptr->namel[iil;
ccl += 16;

}//for

// display TYPE for constraint type and
RHV for right hand side value

wndl.loc(rr,ccl);

wndl << "TYPE";

ccl += 18;

wndl.loc(rr,ccl);

wndl << "RHV";

//display constraint name
for(int jj=0; jj < diml; Jjji++){
wndl.loc(++xrxrl,cc);
wndl << cnameptr->nameljjl;
}//for
wndl.loc(++rxrl,cc);
wndl << "cost";



// get constraints matrix coefficients

void strfmtflts();
char objs[201;
double value;

int Index=4;
rr2 rr + 1;

cc2 = cc + 19;
strfmtflts();

for(int i=0; i1 < dim2; i++){

for(int j=0; j < diml;

wndl.loc(rxr2,cc2);

gets(objs);

j++) i

value = atof(objs);

pmtrlindex]l.row =
pmtr[index].col =
pmtrlindex++].val
rr2++;

}//for

rr2 = rr + 1;

cc2 += 19;

}//for

// prompt for constraint type

rr2 = rxr + 1;

“for(int k=0; k < diml ; k++){
wndl.loc(xrr2,cc2);
gets(objs);
contyplkl.row = rr2;
contyplkl.col = cec2;
contyplkl.ch= objsl(8];
rr2++;

}

cc2 += 10;

rr2 = rxr + 1;

for(k=0; k < diml; k++){
wndl.loc(rr2,cc2);
gets(objs);
value = atof(objs);

prhslkl.xrow = rr2;
prhs(kl.col = cc2;
prhsl(kl.val = value;
rr2++;

}Y//forx

rr2;
cc2;
= value;

and rhs value

// get objective function coefficients.

int cec3 = cc + 19;
for(i=0@; i < dim2; i++){

- 121
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wndl.loc(rrl,cc3);
gets(obls);
value = atof(objs);

pcostlil.row = rrl;
pcostlil.col = cc3;
pcostlil.val = value;
cc3 += 18;

}Y//fox

wndl << "\r\n Change values ?(Y/N)";
gets(objs);
while(strcmp(objis,"Y")==8 || strcmp(obJs,"y")==0 ){
mndfy _val();
wndl << "\r\n Change values ?(Y/N)";
gets(objs);
}//while
}//askfor
void get_cons_coef::mdfy_ val()
{
char s[151];

// get constraints matrix coefficients
void strfmtflts();
strfmtflts();
char objs(201];
double value;
int index=8;
wndl.tofront();
for(int i=@; i < dim2; i++){
for(int j=0; j < diml; j++){
wndl.loc(pmtr{index].row,pmtr(index].col);

gets(objs);
if(strcmp(objs,"\g") != @)
pmtr[indexl.val = atof(objs);
index++;
}Y//for

}//for

// prompt for constraint type and rhs value
for(int k=6; k < diml ; k++){
wndl.loc(contyplkl.row,contyplkl].col);
gets(objs);
if(strcmp(objs,"\@g") != @)
contyplkl.ch = objs[@];
}
for(k=0; k < diml; k++){
wndl.loc(prhs(kl.row,prhs(kl]l.col);
gets(objs);
if(strcmp(objs,"\@") != @)
prhslkl.val = atof(objs);
}Y//forx
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// get objective function coefficients.
for(i=@; 1 < dim2; i++){
wndl.loc(pcostlil.row,pcostli]l.col);
gets(objs);
if(stxcemp(objs,"\@") != 8)
pcostlil.val = atof(objs);
Y//forx
}//ndfy_val
void get_cons_coef::condense()
{ .
// get constraints matrix coefficients
void strfmtflts();
strfmtflts();
int rind = 8; //row index
int cind = 9;
int o1l4d;
int index = 0;
double value;
for(int i=0; 1 < dim2; i++){
old = rind;
for(int j=0; Jj < diml; j++){
value = pmtr(index++].val;
if(value != 0.0){
rowlrindl.index = 3j;
rowlrindl.val = value;

rind++;
}
}//for
collcindl.begin = 014;
collcind++]l.end = (rind-1);

}//fox
// prompt for constraint type and rhs value
for(int k=@; k < diml ; k++){
contypelk]l = contyplkl.ch;
}
int ind = 9;
for(k=0; k < diml; k++){
value = prhslkl.val;
if(value != 0.8){
rhslindl.index = k; // indicate rhs
rhslindl]l.val = value;
ind++;
Y//1%
}//forx

// get objective function coefficients.
cind = 9;
for(i=0; 1 < dim2; i++){
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value = pcostlil].val;
1f(value != 4.0){
initcosticindl.index = i;
initcost{cindl.val = value;
cind++;
}
}//for
}//condense

*/
void get_cons_coef::print()
{

if(db_1io){

strcpy(bufd,"\r\n------- testio-print----");
void strfmtflts();
strimtflts();
// print objective function coef
int i=9;
while( initcostl{il.index !=-1 ){
strfmt(buf@+strlen(buff),"\r\n index=%4,
value=%5.2£f",initcost{i].index,
initcostlil.val);
i++;
}//while
write(fdio,bufd,strlen(buff));
buf@{@] = '\8';
// print constraint coefficients
strcpy(buf@d,"\r\n Const. Coff:");
1=4;
while(colll]l.begin != -1){
strfmt(buff+strlen(bufd),"\r\n col=%4", i );
for(int Jj=collil.begin; J <= collil.end;J++){
strfmt (buff+strlen(bufd),"\r\n\t index=%4
\t value=%5.2£f",rowl[Jj].index,rowljl.val);
}//for
i++;
}//vhile
wvrite(fdio,bufd,strlen(buf@)); bufdl(dl="\0"';
//print contype
strcpy(bufgd,"\r\n CONtype is:");
for(int tt=0; tt < diml; tt++)
strfmt(buff+strlen(bufd),"\rcontypel%dl=%4",
tt,contypelttl]);
write(fdio,bufd,strlen(bufd)); bufdl(dl="\8"';
// print rhs coefficients
strcpy(bufd,"\r\n RHS val");
i=9;
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while(rhs([i]l.index != -1 ){
strfmt(bufd+strlen(bufd),"\r\n[%d] val= %5.2f",
rhsl[il.index,rhslil]l.val);
i++;
}//vwhile
write(fdio,buff,strlen(bufd)); bufd(dl='\g8"';

wndl.tofront();
wndl << "\r\n To Quit?(Yy/N)";
gets(bufd);
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if(stromp(butd,"Y")==0 || stremp(bufd, "y")==0@)
exit(1l);
}

}//print

void get_cons_coef::readfile()

{

int search(char*,char*#*,int,int);
int readln(int,char*);

void substring(char*,int, int,char¥*);
int f£d4i,n; _

char infilell53];

// open input file

wndl.cleax();

wndl.tofront();

wndl << "Enter input file name :";

gets(infile);

£fdi = open(infile,d);

if( £41i < 8 )

{
wndl << "input file open error -- program stopped";
exit(1l);

}

// read problem name and objective

char s(301];

n=readln(£fdi,s);

substring(s,14,23,probname);

n=readln(£fdi,objective);

maximize = ( strcmp(objective, "MAXIMIZE") ==

|| strcmp(objective,"maximize")==0) ? 1 : @;
n=readln(£fdi,s); // skip the line of ROWS
// get constraint names

diml=9;
n=readln(fdi,s);
while( n > 08 && strcmp(s,"COLUMNS")!=0){
contypeldiml] = s[11];
strcpy(s,s+4);
if(strcmp(s,"OBJ")!=0){ \
cnameptr->name{diml] = new charlstrlen(s)+1];
strcpy(cnameptr->nameldimll],s);
diml++;
}
n=readln(£fdi,s);
}//while
// get crop name and restore tableau values
int r=60;
int c=8;
int numcol =8;
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char linel801, s1(30], s2[(30]1, s3[30], s4[108]1, s5[101;

int flag =

8;

n = readln(£fdi,line);

int ind = 8;

int rhsind=#8;
int cind = -1;

int rind =

8;

double value;
while( n > 8 ){
if( strcmp(line,"RHS") == @ ){
flag = 1; ‘

n =

}

readln(£fdi,line);

if( tflag ){
substring(line,4,13,s1);
substring(line,14,23,s2);
substring(line,24,35,s3);
if(!sc)

value = atof(s3);

else{

}

r = search(sl,vnaneptr->name,numcol,l);

if( r == -1 ){ r = numcol++; cind++;
dim2 = cind + 1l;collcindl.begin

}

if(strcmp(s2,"0BJ") == 0){
initcostlindl.index = r;
initcostlindl.val = value;
ind++;

Y//1f

elsef{

Y// if

substring(line,b24,31,s4);
substring(line,b 34,35,s5);
value = atof(s4);
int exp = atoi(s5);
if(linel33] == '-"')
for(int t=0; t < exp; t++)
value = value * g.1 ;
else
for( t=0; t < exp; t++)
value = value * 10.0 ;

r = search(s2,cnameptr->name,diml,d);

rowlrindl.index = r;

rowl[rindl.val = value;
collicindl.end = rind;
rind++;
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else{ // get RHE value
substring(line,14,23,s52);
substring(line, 24,34,s3);
double value = atof(s3);
if(sc)i
substring(line,24,31,s54);
substring(line, 34,35,s85);
value = atof(s4);
int exp = atoi(s5);
if(linel33] == '-"')
for(int t=0; t < exp; t++)
value = value * 4.1 ;
else
for( t=0; t < exp; t++)
value = value * 16.0 ;
}
¢ = search(s2, cnameptr->name, diml, 9);
rhslrhsindl].index c;
rhslrhsindl.val value;
rhsind++;
}//else
n = readln(£fdi,line);
}// while
close(£di);
}//readfile _
int search(char *s, char **name, int num, int ins=0)
{

int k=0;
while(k < num){
if(strcmp(s,namelk])==0)
return(k);
else k++;

if( ins == 1){ .
- namelk] = malloc(strlen(s) + 1);

if( namelk] == NULL ){
wndl << "memory insufficient.\n";
exit(1l);

}

strcpy(namel[numl,s);
return(-1);

}

int readln(int £d4i, char* s)
{

char c;

int i,n;



}

for(i=0, n=read(fdi,&c,1); n > @ && c != '\n';

n=read(£fdi,&c,1) )
sli++] = ¢c;
sl{il = "\9';
return(n);
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void substring(char* in, int start, int end, char#* out)

{

}

for(int i=0, j=start; j <= end; j++)

if(in(j] t= "' ' && inl[j] !="\t!
outli++] = inl[Jj];
out[il] = '\@';

void display_menu()

{

int r,c;
char s(20];
wnd2 << "\r\n this is menu";

wnd2 << "\rx\n Press Q to quit menu";
wnd2.get(&xr,&c);
gets(s);

&& inlj]

while(stxrcmp(s,"Q") !=0 && strcmp(s,"q") !=

sybeep();
wnd2.loc(xr,c);

wnd2 << " ",
wnd2.loc(x,c);
gets(s);

}

wnd2.clear();

wnd2.toback();

)

)

'\n')
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//**‘*****************************************************
// Class transform object implementation file
//*******************************************************
#include "testform.hxx"

//static CRTWND wnd3(2,1,206,79);

int db_form = 8;

int fdform;

char outfilel(15];

char bufll[10000],;

/%

*/
transform::transform(int c,int v)
{

contype = new charlnumcon];
new matrix(c,v);
new vector(c);
new vector(v);

o
noun

x/
transform::“transform()
{

delete B;

delete R;

delete OBJ;

*/
void transform::processmx(get_cons_coef& A)
{
(*B) = 8.0; // clear B
//copy contype from get_cons_coef object to
// transform object
for(int i=0@; i < numcon; i++){
contypelil = A.contypelil;
}

// transform mx
i=0;
while(A.collil.begin != -1){
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for(int Jj=A.collil.begin;j <= A.collil.end;j++){
int k = A.rowlj].index;
(*B) .m[k1[i] = A.row[j]l.val;

3
i++;
}//while
}
/%
processrhs -- transform sparse vector respensentation

*/

to full vector rhs.

vold transform::processrhs(get_cons_coef& A)

{
//

wnd3 << "\r\n this is processrhs";
(*R) = 8.0, // clear R
// process rhs
int i1=9;
while(A.xrhs[il.index != -1){
int j = A.rhs([il.index;
if(A.rhslil].val >=0.0)
(*R).vI[j] = A.rhsli].val;
elsef // rhs < 0.0
contypelil]l = (contypeli]l == 'G') ? 'L':'G';
(*R).v[J] = -A.xrhsli]).val;
for(int k=0; k < numrealact; k++)
1£( (*B).m[J1[k] t= 0.0 ) )
(*B) .m[jllk] = -(*B).m[j1(k];
}//else
i++;
}//while

// calculate actual numgreaterthan, numlessthan, and
// numequalto constraint
for(i=@; i < numcon; i++){

switch(contypelil){

case 'G':

case 'g':
numgreaterthan++;
break;

case 'L':

case 'l':
numlessthan++;
break;

case 'E':
case ‘e':
numequalto++;
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break;
default
exit(l);
}//switch
}//for
kbwait(100);
}//processmx

* / .
void transform::processobj(get_cons_coef& old)
{ _
// wnd3 << "\r\n this is processOBJ";

(*OBJ) = 8.06; // clear OBJ

// process objective function

int i=9;

while(old.initcostl[i].index!=-1){
int j = old.initcostli].index;
(*0BJ).vI[3j]l = old.initcostlil.val;
i++;

} //while

*/
void transform::output()
{
// wnd3 << "\r\n this is output"; /
if(debuqg){
void strfmtflts();
strfmtflts();

write(fdform,"\r\n---———-——-- TESTFORM output",27);

write(fdform,"\r\n Contype is:\r\n",16);bufl(@81='\0"';

for(int r=0; r < numcon; r++){
strfmt(bufl+strlen(bufl),"\r\ncontypel%dl= %4",
r,contypelrl);

}
write(fdform,bufl,strlen(bufl)); buflld] = '\93';

write(fdform,"\r\n matrix B is:",10);

for(int x=0; x < B->row; x++){
strfmt(bufl+strlen(bufl),"\r\n row %4",x);
for(int y=8; y < B->col; y++){
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strfmt (bufl+strlen(bufl), "%10.4£, ",
(*B).mlx1lyl);
}Y//for
wvrite(fdform,bufl,strlen(bufl)); bufligl = '\@°';
}//Eor

write(fdform,"\xr\n RHS is:\r\n",12);
for(int kk=0; kk < R->size; kk++){
stxrfnt(bufl+strlen(bufl), "%10.4£,", (*R).vIikk]);
}Y//forx
write(fdform,bufl,strlen(bufl)); bufll[@8] = '\@';

write(fdform,"\r\n OBJ is:\r\n",b15) ;
for(kk=0; kk < OBJ->size; kk++){
strfmt (bufl+strlen(bufl),"\r\n%10.4£",
(*0BJ) .vI[kk1);
}
write(fdform,bufl,strlen(bufl));
close(fdform);
char s[151];
wnd3 << "\r\n to Quit testform ? (Y/N)";
gets(s); ,
if(stremp(s,"Y")==0 || strcmp(s,"y")==0) exit(l);
}//1if debug :
}//output



134

//*******************************************************

// Vector operations header file
// R R AL A AR AL E R SR R R R X S R R R R E R R R R R R R P S I IR RIS XY

#include <stdlib.h>
#include <malloc.h>
#include <math.h>
#include "simheader.hxx"

struct vector{

int size; // size of vector
double* v; // pointer to first element
public:

vector(int sz =18);
vector(vector&);
“vector();

int sizevec();

int most(int);

int least(int);

double operator[](int);
void operator=(double);
double sum();

void operator+=(vector&);
void operator-=(vector&);
void operator*=(vector&);
voild operator/=(vector&);
vector operator+(vector&)
vector operator-(vector&)
vector operator*(vector&)
vector operator/(vector&)

Ne Ne Ne N

vector operator+(double);
vector operator-(double);
vector operator*(double);
vector operator/(double);

void operator+=(double);

void operator-=(double);

void operator*=(double);

void operator/=(double);

friend istream& operator>>(istream&, vector&);

friend ostream& operator<<(ostream&, vectors&);
};
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//*******************************************************

// Implementation file for simplex method
//*******************************************************
#include "tableau.hxx"

statlic CRTWND wnd4(1,1,29 79),

void strfmtflts();

int £fdo;

char outfile(15];

char bufl(lggeg];

int itnumdb;

int £42;
char outfile2(15];
/*
simplex tableau constructor -- allocating spaces for obj
«, T
tableau::tableau(int numcon, int numact)
{
contype = new char[numconl;
basisno = new intlinumact];
basis = new intlnumact];
bigmind = new int(numactl]; // bigm indicator

tm = new matrix(numcon,numrealact);
mx = new matrix(numcon,numact);
cost = new vector(numact);

z = new vector(numact);

shadow = new vector(numact);
pivotrow = new vector(numact);

rhs = new vector(numcon);

ratio= new vector (numcon);

actlevel = new vector(numcon);

*/
tableau::"tableaul()
{
delete mx;
delete cost;
delete z;
delete shadow;
delete pivotrow;
delete ratio;
delete actlevel;
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tableauinit -- intialize simplex tableau variables.

*/
void tableau::tableauinit(transform& F)
{

// get value of rhs, cost, mx, and contype

(*rhs) = (*F.R);

(*tm) = (*F.B);

(*cost) = 0.9;

for(int Jj=0; J < numrealact; j++)
(*cost).v[j] =(*F.0BJ).vI[]];

for(int i=08; i< numcon; i++){
contypelll]l = F.contypelll;

}Y//fox

// initialize variables
numartvar =6;
numnonartvar =9;

bcount =8;

*z = 0.0;

*shadow =0.0;

for(i=@; i < numact; 1i++)
basis[il = MARKZERO;

for(i=0@; i < numact; i++)
basisnoli] = MARKZERO;

for(i=0; i < numact; i++)
bigmind[i] = MARKZERO;

setup-—-appending i-matrix to tableau and appending big M
to cost vector.

kT
void tableau::setup(get_cons_coef& AA)
{

(*nx) = 0.0; // clear mx

// copy tm matrix to mx

for(int i=0; i< numcon; i++)

for(int j=0; j < numrealact; j++)
(*nx).m[i103] = (*tm).m[il(J];

// append i-matrix to end of transformed matrix
int g;
for(i=0, g=08; i < numcon; i++){

int nn = numcon + numrealact;
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switch(contypelil){
case 'G'
case 'g'
numartvar++;
(*mx).m{i]l(numrealact + i1 = -1.9;
(*cost).vlnumrealact+il = 0.0;
(*mx).m{illnn + g] = 1.0;
(*cost).vinn + gl = (maximize) ?
MINUSBIGM : BIGM;
bigmindli] = nn + g;
AA.vnameptr->namel{nn + g] =
malloc(strlen("ARTIFICAL")+1);
strcpy(AA.vnameptr->namelnn+g]l,
"ARTIFICAL");
basisnolbcount] = nn + g;
basislnn+gl = bcount;
gt++;
bcount++;
break;
case 'B' :
case 'e'!
numartvar++;
(*mx) . .mli][numrealact+i] = 1.9;
(*cost).vlnumrealact+i] =
(maximize) ? MINUSBIGM : BIGM;
bigmind{i] = numrealact+i;
basisnolbcount] = numrealact + i;
basislnumrealact + 1] = bcount;
bcount++;
break;
case 'L'
case '1l'
(*mx).m[i)][numrealact+il] = 1.8;
(*cost) .vinumrealact+il = 8.0;
bigmind{i] = MARKZERO;
basisnolbcount] = numrealact + 1i;
basis[numrealact + il = bcount;
bcount++;
break;
default:
exit(1);
}// switch
}
numnonartvar = numcon + numrealact;
computeshadowprice(); :
objlevel=(maximize==1) ? MINUSBIGM*BIGM : BIGM*BIGM;
}//setup



double sum = 0.49;
for(int i=0; i < numcon; i++)

sum += rhs->v[l] * cost->vIbasisnolill; -
return sum;

138

/%
solveinit -- initialization of first iteration
. T
void tableau::solveinit()
{
ithum = 4;
quit = FALSE;
in_col = entering();
out_row = leaving();
}
/*
computeshadowprlce -— computing Zj and Zj - Cj.
x, T
void tableau::computeshadowprice()
{
double sum;
for(int j=8; J < numact; j++){
if(basis{j] == MARKZERO){
sum = 9.6;
for(int 1=0; i < numcon; i++)
sum += (*mx)[i]{j] * (*cost)[basisnolill];
(*z).v[3] = sum;
(*shadow) .v[j] = sum - (*cost)[jl;
}
else
(*z).v[j] = (*cost)[3J];
(*shadow) .vI[j] = 02.0;
}
}
}
/*
obj -- computing objective value
x, T
‘double tableau::obj()
{



*/
void tableau::ck_optimal(get_cons_coef& AA)
( v
if(out_row != MARKZERO){
final_output(AA);

return;
}
else if(in_col != MARKZERO){
wnd4 << "\n Unbounded solution!ttt!tt!®,;
kbwa1t(3ﬂ0),
return;
}
else

final_output(aa);
}//ck_optimal

*/

int tableau::entering()

{
int i;
1 = shadow->most(maximize);
return(i);

}//entering

*/
int tableau::leaving()
{
int i;
double temp;
vector in_vector (numcon);
in_vector = (*mx)(in_col);
for(int r= G, r < numcon; r++){
temp = in_vectorlirl;
if(fabs(temp) < TOLERENCE) temp =08.9;
if( temp > 0.0 )
ratio->vir]l = rhs->vir] / temp;
else ratio->vir] = PINFINATE;
}//forx
i = ratio->least(9);
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return(l);

}//leaving
/‘*
pivot_set -- getting pivot element.
k) T
vold tableau::plvot_set()
{
pivot = (*mx).mlout_rowllin_coll;

(*mx).mlout_rowllin_col] = 1.6;

basis[basisnolout_row]] = MARKZERO;

basis[in_col] = out_row;

basisnolout_rowl = in_col;
}//plvot_set

rowdivide -- dividing elementary row of LP tableau by
a real number.
x, T
void tableau::row_divide()
{ .
(*rhs).vlout_rowl /= pivot;

// set pivot row
for(int j=8; j < numact; j++)
if(basis[j] == MARKZERO)
(*mx).m[out_rowllj] /= pivot;
}// rowdivide

/*

rowEliminate -- performing row-eliminate on tableau.
k)
void tableau::row_eliminate()
{

double vv2,vl;
for(int i=08; i1 < numcon ; i++ )

{
if(i !'= out_row){
double element = (*mx).m{illin_coll;
if(element != 0.0){
vl = (*rhs).v[i] - element *

(*rhs).vlout_rowl;
(*rhs).v[i] = setp(vl);
for(int Jj=9; j < numact; j++)
if(basis[j] == MARKZERO){
vv2 = (*mx).m[il[j] - element *



(*mx)
Y//1if
Y//71f
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(*mx).m{out_rowll(j] ;
m[il[J] = setz(vv2);

(*mx).m[i]l[in_col] = 0.0;

¥/iE

}//for
}//xrow eliminate

*/

vold tableau::simplex(transform& F, get_cons_coef& AA)

{

char

str[15];

vold strimtflts();
wnd4.box();

wnd4.title(1l, STR_CENTER,
wnd4.clear();
wnd4.tofront();

tableauinit(F);
setup(AA); // setup
solveinit();
strfmtflts(); ,
while( in_col != MARKZERO

{

wnd4 << crtform("\r\n
objlevel= %14.

itnum++;

pivot_set();

if(pivot != 1.9)
row_divide();

row_eliminate();

computeshadowprice();

objlevel = obj();

in_col = entering();

out_row= leaving(),;

}//while
1f(tquit) ck_optimal(AAd);

}

double tableau::setz(double x)

{

if(fabs(x) < TOLERENCE)

else

return 0.9;
return x;

"Simplex Version Window");

tableau
&& out_row !=
MARKZERO && !quit )

iteration %4
4£",itnum, objlevel);



double tableau::setp(double x)
{ _
if( x < TOLERENCE )
return 9.9;
else return x;

*/
void tableau::tab_output()
{

void strfmtflts();

strfmtflts();

write(£fdo,"\r\n basis is:",12);

for( int i=0; i < numact; i++){
strfmt(buf,"%d, ",basislil]);
write(fdo,buf,strlen(buf));

}

write(£fdo,"\r\n basisno 1is:",14);
for( i=@; i < numact ; i++){
strfmt (buf,"%d, ",basisnolil);
write(fdo,buf,strlen(buf));
}

write(£fdo,"\r\n mx is:",10);

for(int x=0; x < mx->row; x++){
write(fdo,"\r\n",2);
for(int y=0; y < mx->col; y++){

strfmt(buf,"%10.4£, ", (*mx).mix1[y]);

write(£fdo,buf,strlen(buf));
}//for
}//fox

write(fdo,"\x\n rhs is:\r\n",12);
for(int kk=8; kk < rhs->size; kk++){
strfmt (buf,"%5.2£, ", (*rhs).vikkl);
write(fdo,buf,strlen(buf));
}//fox

write(£do,"\r\n shadow is:\r\n",15) ;
for(kk=0; kk < shadow->size; kk++){

strfmt (buf,"%5.2£, ", (*shadow).vIlkkl);

vrite(fdo,buf,strlen(buf));
}
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*/
vold tableau::£flnal_output(get_cons_coef& AA)
{

void strfmtflts();

strifmtflts();

wnd4.clear();

wnd4 << crtform("\r\n Problem name : %s ", probname);

// check infeasible or feasible
int infeasible = FALSE;

int i=0;
while( i < numcon && !infeasible){
int j=9;
while( j < bcount && !infeasible){
if(basisnolj] == bigmind[i] &&
(*rhs).vI[jl != 0.0 ){
infeasible = TRUE;
wnd4 << "\rx\n Infeasible solution.";
kbwait(300);
‘ return;
Y//71f
J++;
}// while
i++;
}//vwhile

// output final solution
if( !infeasible ){
wnd4 << "\r\nBasls actlvity name \t Value";
wnd4 << "\r\n-----—------—-————- \t ----- ",
int k;
for(i=0; i < numcon; i++){
k = basisnolil;
if( k < numrealact)
wnd4 << crtform("\r\n %s %10.4£ ",
AA.vnaneptr->namelkl, (*rhs).vI[il]);
else wnd4 << crtform("\r\n slack %10.4f ",
(*rhs).vIil);
}//forx
wnd4 << crtform("\rx\n Optimal solution is :
%10.4f ", objlevel);
kbwait(589);
Y//1f
}//£final_output
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/********'.lr***********************************************
* Revised Simplex Method Implementation Flle *
*******************************************************/

#include "revise.hxx"

static CRTWND wnd4(1,1,29,79);

char bufl[100001];

int £do;
void strimtflts();
/*

*/

revise::revise(int numcon, int numact)
{ v

new char[numcon];

new intlnumact];

new intlnumact];

new intlnumact];

new intlnumactl;

contype
basisno
basis
nonbasis
bigmind

[ T | I 1}

tm
mx
A

new matrix(numcon,numrealact);
nev matrix(numcon,numact);
new matrix(numcon,numrealact+numgreaterthan);

E

new ele_matrix*[1040d];

cost
ocost
shadow
rhs

new vector(numact);
new vector (numact);
new vector(numrealact+numgreaterthan);
new vector(numcon);
new vector (numcon);
new vector (numcon);
new vector (numcon);
new vector (numcon);
new vector(numrealact+numgreaterthan);
new vector (numcon);

93
o au mwuwnunu

e
revise::%revise()
{

delete tm;

delete nx;

delete 3;

delete E;

delete cost;
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delete ocost;
delete y;
delete shadow;
delete rhs;
delete afa;
delete xxb;

delete Cb;
delete Cn;
delete p;
}
/*
reviseinit -- intialize variables for revised simplex.
x, T
vold revise::reviselnit(transform& F)
{
// get value of rhs, cost, mx from transform object F
(*rhs) = (*F.R);
(*tm) = (*F.B);

(*cost) = 0.0;
for(int j=0; Jj < numrealact; Jj++)
(*cost).v[j] =(*F.0BJ).vI[3J];

// get constraint type from input object F
for(int 1=0; i< numcon; i++){

contypell]l = F.contypelil;
}

// get original cost from input object

(*ocost) = 0.0;

for(j=08; Jj < numrealact; j++)
(*ocost).v[j] =(*F.0OBJ).vI[3]];

// initialize variables
numartvar =49;
numnonartvar =6;

bcount =8;

*afa = 0.06;
*shadow = 0.0;
*Cn = 0.0;
*Cb =0.9;

for(i=0; 1 < numact; 1++)
basis[i] = MARKZERO;

for(i=@; i < numact; i++)
basisnoli] = MARKZERO;
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for(il=0; 1 < numact; 1++)
nonbasis(i] = MARKZERO;

for(i=0; i < numact; i++)
bigmind[i] = MARKZERO;

}
/*
solveinit -- initilizing the first—iteration.
for matrix b_1 and N, vector Cb and Cn.
Find enter variable and leaving variable.
x, T
void revise::solveinit(get_cons_coef& AA)
{
itnum = 8;
quit = FALSE;
parameter_set();
tab_output();
in_col = entering(aa);
p_set();
out_row = leaving(aa);
}//solveinit
/*
parameter_set -- insert big M into cost vector, get
Cb,Cn values.
x, T

void revise::parameter_set()
{
strfmtflts();
// cost vector handling to eleminate BIGM in it

int k;
for(int i=0; i < numcon; i++){
if(bigmind(i] != MARKZERO){
k = bigmind[i];
double element = (*cost).v(kl];
for(int j=0; j < numact; j++)
cost->v[j] = cost->v[j]l -
element * (*mx).m[il[J];
Y//7 if
}Y//for

// compute Cb
for(i =0; i < bcount; i++)
(¥Cb).v[i]l = (*cost).vlbasisnolil];
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// compute Cn

for(i=6; 1 < numact-numcon; 1i++){
(*Cn).vI[i] = cost->vinonbasisl[il];

}

// compute A v
for(int j=0; j < numact; j++){
if(nonbasis[j] != MARKZERO)
for(i=@; i < numcon; i++)
(*¥A) .m[i1[J] =(*mx).m[illnonbasis(jl];
}Y//forx
}//param_set

x, T
void revise::p_set()
{
(*p) =(*mx)(nonbasis[in_coll);
}

entering -- Finding entering variable procedure is
1. compute y = Cb * b_1
2. ZJ] - CJ =y *N-2Cn
3. pick up most negative value.
., T
int revise::entering(get_cons_coef& AA)
{ .
int i;
(*y) = (*Cb); //for 1lst iteration
if(itnum > 92){ //for 2nd and rest iteration
for(int i=itnum-1; i>=0g; i--)
(*y) * (*E[i]);
Y//1E

vector t = (*y) * (*A);
(*shadow) = t - (*Cn);

i =_shadow->most(maximize);
return i;

}//entering
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leaving -- Finding leaving variable procedure is
1. compute xxb = Cb * rhs
2. afa = b_1 * p
3. pick up smallest value.
*/
int revise::leaving(get_cons_coef& AA)
{
double temp;
(*afa) = (*p);
if(itnum > @){
for(int n=0; n < ltnum; n++)
(*Elnl]) * (*afa);
Y//1%
int 7 =
if (J =

ck_unbound(); ‘
= 1) return(-1); // return out index = -1
b

// XxXb = b_1 * (*rhs)
for(int 1ii=@; ii < numcon; ii++) //don't change
xxb->vI[ii]l] = rhs->vI[iil; :
if(itnum > 8){
for(int ii=@; ii < itnum; ii++){
(*E[ii]) * (*xxDb);
}//for :
Y//71E
for(int k=0; k < numcon; k++ )
if( afa->vik] > 8.9 ){
temp = xxb->v([k] / afa->vlkl;
if(temp < TOLERENCE) temp = 0.8;
xxb->v[k] = temp;
}
else xxb->vi[k] = PINFINATE;

int 1 = xxb->least(9);
return 1i;

*/
int revise::ck_unbound()
{

double temp;

int j=9;
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while(J < afa->size){
temp = afa->vijl;
if(fabs(temp) < TOLERENCE) temp = #.9;
if(temp > 9.9)
return(9); // no unbound occurs
else Jj++;

} _
return(l); // unbound solution (*afa) <= 0.9
}
/*
cal_e -- get vector e as one column of elemary matrix E
«, T
volid, revise::cal_e()
{
double value;
vector temp(numcon);
for(int i=0; i < numcon; 1++)
if(i==out_row) temp.v[il = 1.9;
else temp.vli] = -(afa->vlil);
double dividor = afa->viout_rowl;
Elitnum] = new ele_matrix(numcon,out_row);
for(i=@; i1 < numcon; i++){
value = temp.vIii] / dividor;
// if(fabs(value) < TOLERENCE) value = 0.8;
Elitnum]->vecli] = value;
}
Elitnum]->index = out_row;
}
/*
obj -- objective value computation.
k) T
double revise::obj()
{

for(int j=0; j < itnum; Jj++)
(*E[J]1) * (*rhs);

vector CCB(numcon);
for(int i=0; i < numcon; i++)
- ccB.v[il = ocost->vIbasisnolill];

vector result(numcon);

result = CCB * (*rhs);
double value = result.sum();
return value;
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simplex -- revise simplex method driver routine.

*/
void revise::simplex(transform& F, get_cons_coef& AA )
{
char str(151];
void strfmtflts();
wnd4.box();
wnd4.title(l,STR_CENTER,"Revised Version Window");
wnd4.clear();
wnd4.tofront(};
reviseinit(F);
setup(AAd);
solveinit(Aa);
while( in_col != MARKZERO && out_row != MARKZERO
&& !quit)
{
wnd4 << crtform("\r\n iteration %4", itnum);
cal_e();
basis_set();
cb_set();
itnum++;
if( (in_col = entering(AA)) == MARKZERO ) break;
p_set();
out_row = leaving(AA); -
}
objlevel = obj();
if(!quit) ck_optimal(Ad);

}
/*
cb_set -- changing cost value for basis cost vector and
non-basis cost vector.
x/
void revise::cb_set()
{

// compute Cb
for(int i=6; i < numcon; it++)
(%#Cb).vI[i] = (*cost)I[basisnolill;

//compute Cn
for(i=0; i < numact-numcon; i++) -
(*Cn).v[i] = (*cost)[nonbasis{ill;
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/*
basis_set -- changing index for basis array and nonbasis
P T T
vold revise::basls_set()
{
- basis(basisnol[out_rowl] = MARKZERO;
int t = nonbasislin_coll;
nonbasis[in_col] = basisnolout_rowl;
basis{in_coll = out_row; .
basisnolout_row] = t;
// compute A :
for(int j=0; J < numact-bcount; j++){
for(int i=8; i <numcon; i++)
(*A).m[i1(J] = (*mx).m[il[nonbasisijll;
Y//for
}
/*
ck_optimal -- see if solution is opt1ma1
., T
void revise::ck optimal(get cons_coef& AA)
{
if(out_row != MARKZERO){
final_output(AA);
return;
}
else 1f(in_col != MARKZERO){
wndd4 << "\r\n Unbounded solutionttlt!ili";
}
else
final_output(2aA);
}
/*

setup -- appending identity matrix to the input matrix
to get constraint matrix; adding big M to cost
vector for artifical variable.

x/
void revise::setup(get_cons_coef& AA)
{

(*mx) = 0.0; // clear mx

// copy tm matrix to.mx
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for(int 1=0; 1< numcon; 1++)
for(int j=8; j < numrealact; j++)
(*mx).m[i]1[3] = (*tm).m[il[J];

// append i-matrix to end of transformed matrix
int g;
for(i=0, g=0; i < numcon; i++){
int nn = numcon + numrealact;
switch(contypelil){
case 'G' :
case 'g'
numartvar++;
(*mx).m{illnumrealact + i] = -1.8;
(*cost).vinumrealact+i]l = 0.0;
(*mx).m[illnn + gl = 1.8;
(*cost).vinn + gl = (maximize) ?
"MINUSBIGM : BIGM;
bigmind(i] = nn + g;
AA.vnameptr->namel[nn + gl =
malloc(strlen("ARTIFICAL")+1);
strcpy(AA.vnameptr->namelnn+g],
"ARTIFICAL");
‘basisnolbcountl = nn + g;
basisinn+g] = bcount;
g++;
bcount++;
break;
case 'E!
case 'e'
numartvar+t++;
(*mx).m[i][numrealact+i] = 1.9;
(*cost).vinumrealact+i]l =
(maximize) ? MINUSBIGM : BIGM;
bigmind[i] = numrealact+i;
basisnolbcount] = numrealact + i;
basisinumrealact + i] = bcount;
bcount++;
break;
case 'L' :
case 'l1' :
(*mx).m[i][numrealact+i] = 1.0;
(*cost).vinumrealact+il = 0.0,
bigmind{i] = MARKZERO;
basisnolbcount] = numrealact + i;
basis[numrealact + il = bcount;
bcount++;
break;
default:
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print£("\r\n no such contype:%d ",
contypelil);
exit(l);
}// switch

}
numnonartvar = numcon + numrealact;

// set nonbasis index for compute A later
j=9;
for(i=0; i < numact; i++)
if(basis[i] == MARKZERO)
nonbasis[j++] = ij;

objlevel =(maximize==1) ? MINUSBIGM*BIGM : BIGM*BIGM;

}//setup

———————————————— — - ——————————————— - ——— —————————————————— ———

*/
void revise::tab_output()
{
int yy;
if(itnum == @){
write(£do,"\r\n mx is:",108); bufl@] = '\@';
for(int x=0; x < mx->row; x++){
strfmt (buf, "\nrow=%d\n",x);
for(int y=0; y < mx->col; y++){
if( (yy =y % 6) == 0 ) strcat(buf,"\n");
strfmt(buf+strlen(buf), "%10.4£, ",
(*mx).m(x1[yl);
write(fdo,buf,strlen(buf)); buf(@] = '\@';
}//forx
}Y//for
}//1if itnum ==0
write(£fdo,"\r\n basisNO is:",614);
for( int i=0; i1 < numact; i++){
strfmt(buf+strlen(buf),"%d, ",basisnolil])
wvrite(£fdo,buf,strlen(buf)); buflg] = '\@2'
}
write(£do,"\r\n NON-basis is:",16); bufl@] = '\@';
for( i=@; i < numact ; i++){
strfmt(buf+strlen(buf),"%d, ",nonbasislil);

}
write(£fdo,buf,strlen(buf)); bufld] = '\@';
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write(fdo,"\r\n Cb 13:%,9);
for(i=08; 1 < Cb->slze; 1++)

strfmt (buf+strlen(buf), "%18.4£, ", (*Cb).vI[il]);
vrite(fdo,buf,strlen(buf)); buflg] = '\@';

write(fdo,"\r\n Cn is:",9);

for(i=@; i < Cn->size; 1++)
strfmt(buf+strlen(buf),"%18.4£, ", (*Cn).vIlil]);

write(fdo,buf,strlen(buf)); bufl(8] = '\@*';

write(fdo,"\r\n A is: ",9);
for(int k=8; k< A->row; k++){
strcpy(buf,"\r\n");
for(int t=8; t < A->col; t++){
strfmt (buf+strlen(buf), "%19.4£,",(*A).m(k]1lt]);
wvrite(fdo,buf,strlen(buf)); bufig] = '\g';
}
}
write(£fdo,"\r\n RHS is:",10);
for(i=@; i < rhs->size; i++)
strfmt(buf+strlen(buf), "%10.4£, ",(*rhs).vii]);
write(fdo,buf,strlen(buf)); bufig] = '\8';

if(itnum>@){ _
strfmt (buf,"\r\nE[{%d] index=%d4d",itnum-1,
Elitnum-1]->index);

wvrite(fdo,buf,strlen(buf)); buflg] = '\8';

for(int t=@; t < numcor; t++){
strfmt(buf+strlen(buf),"%10.4£f,",
Elitnum-1]->vecltl);

}

write(fdo,buf,strlen(buf)); bufigl = '\g";

}//71f itnum>@

cout << "\n Finished Iteration " << itnum;

cout << "\n Q to stop processing(Q)=>";

gets(s);
if(strcmp(s,"Q")==8 || strcmp(s,"q")==0 ){
close(£fdo);
exit(1l);
}
}
/%

X/
vold revise::final_output(get_cons_coef& AA)
{
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wndd.clear();

wnd4 << "\r\n Problem name : " << probname;
// check infeasible or feasible

int infeasible = FALSE;

int i=9;
while( 1 < numcon && !infeasible){
int j=9;
while( Jj < bcount && !infeasible){
if(basisnolj]l == bigmindl[i] &&
(*rhs).vI[j]l != 0.0 ){
infeasible = TRUE;
wnd4 << "\r\n Infe351b1e solutlon ",
return;
Y//1f
j++;
}1// while
1++;
}//while

// output £final solution
if( !infeasible ){
wnd4 << "\r\nBasis activity name \t Value";
wnd4 << "\r\n---------------—--- \t -—-—- "
int k;
for(i=08; 1 < numcon; 1++){
k = baslisnolll];
if( k < numrealact){
wnd4 << crtform("\r\n %s \t %10.4f",

AA.vnameptr->namelk],(*rhs).vI[i]);
}

Y//fox
wnd4 << crtform("\r\n Optimal solution is:%10.4f",
objlevel);
Y/ /it

}//£final_output

int revise::smallest(vector& xxb)
{

double leastval;

int index, same;
leastval = BIGM;
index = MARKZERO;

for(int i=0; i1 < rhs->size; 1++){
if( xxb.vI[i] >= 8.0 && xxb.v[i] < leastval){
leastval = xxb.vl[i];
index = 1i;
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1£( =xb.vIl] »>= 0.0 && xxb.vI[l] == leasztval)
same = i;
}Y//fox
if( xxb.vlsamel] == leastval ){

double vall = (*mx).ml{index][(8]1/ xxb.v[index];
double val2 = (*mx).m[same 1[@1/ xxb.visanme];
if( (vall <= 0.0 && val2 >= 9.0)
Il ( vall >= 0.0 && val2 >=0.0 && val2 < vall))
index = same;
Y//71if
return(index);
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/********************************************************

* The Simplex Method Driver Routine
*******************************************************/
#include "tableau.hxx"
$#include Ycrt.hxx"

static CRTWND wnd6(22,1,1,79);
int pivotl[341];

double rowmax(301;

double temp;

int piv_elen;

int maxc;

double sum;

int inv_pivot[391];

int numcon;

int numrealact;

int numact; // % of total activities

int nunlessthan=8; // # of less than constraints
int numequalto=4; // # of equality constraints

int numgreaterthan=9; // # of greater than constraints

char probname[58];
char objectivel581];
int maximize;

main(int argc, char *argvll])

{
void mody(get_cons_coef&, transform&, tableau&);
int interactive=g;
char s(28], ss(181];

wndb .box();
wnd6.title(l, STR_CENTER, "OSU Computer Science");
wndé.tofront();

int quit = 4;

while(!quit){
wnd6 << "\r\n Please walt !!";
kbwalt(288);

get_cons_coef A;

wndé << "\rx\n Interactive, File, or Quit? (I/F/Q)";
gets(s);

if(stroemp(s,"Q")==0 || stremp(s,"qg")==0) exit(1l);



1f(atremp(a,"1")==8 || strcemp(z,"1")==02)1{
interactive = 1;
A.askfor();
A.condense();

}

else{
interactive = 8;
A.readfile();

}

numcon = A.diml;
numrealact = A.dim2;

// transform from sparce to full representation
transform F(numcon,numrealact); ’
F.processmx(A);

F.processrhs(A);

F.processobj(a);

F.output();

// sinplex version

numact = numcon + numrealact + numgreaterthan;
tableau S(numcon,numact);

S.simplex(F,A);

if(interactive){
wndé.tofront();
wnd6 << "\r\nModify values ?(Y/N)";
gets(ss);
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vhile(strcemp(ss,"Y") == 0 || strcmp(ss,"y") ==0){

mody(A,F,S);
wnd6 << "\r\n Modify values ?(Y/N)";
gets(ss);
}//while
Y//7if

wnd6 << "\r\nAnother LP problem ? (Y/N)";
gets(ss);
if(stremp(ss,"N")==0 || strcmp(ss,"n")==0 ){
quit = 1;
wnd6 << "\r\n Good Bye! ";
}
kbwait(200);

}//while
}//main

void mody(get_cons_coef& A, transform& F, tableau& S)

{

A.mdfy val();
A.condense();
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A.print();
numcon = A.diml;
numrealact = A.din2;

// transform from sparce to full representation
F.processmx(3);

F.processrhs(A);

F.processobj(a);

F.output();

// simplex version
numact = numcon + numrealact + numgreaterthan;

S.simplex(F,A);
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: /********************************************************

* The Revised Simplex Method DriverRoutlne
*******************************************************/
#include "revise.hxx"

#include "crt.hxx"

static CRTWND wnd6(22,1,1,79);

int pivoti361];

double rowmax[(301],;

double temp;

int piv_elen;

int maxc;

double sum;

int inv_pivot(30];

int numcon;

int numrealact;

int numact; // # of total activities
int numlessthan=0; // # of less than constraints
int numequalto=0; // # of equality constraints

int numgreaterthan=0; // # of greater than constraints

char probname([541];
char objectivel5081];
int maximize;

CRT *crt;

main(int argc, char *argvll)

{
void mody(get_cons_coef&, transform&, revise&);
int interactive=0;
char s[208]1, ss(10];

wnd6 .box();
wndé6.title(1l, STR_CENTER, "0SU Computer Science");
wndé.tofront();

int quit = 4;

while(!quit){
wnd6é << "\r\n Please wait !!";
kbwait(2080);

get_cons_coef A;

wndé << "\rx\n Interactive, File, or Quit? (I/F/Q)";

gets(s);

if(strcmp(s,"Q")=

if(stremp(s,"Ii")=
interactive =
A.askfor();
A.condense();

g |l stremp(s,"g")==0) exit(l);
g || stremp(s,"i")==0)
1



else{
interactive = 0;
A.readfile();
}
numcon = A.dinl;
numrealact = A.dim2;

// transform from sparce to full representation
transform F(numcon,numrealact);

F.processmx(A);

F.processrhs(i);

F.processobj(3d);

F.output();

// simplex version

numact = numcon + numrealact + numgreaterthan;
revise R(numcon,numact);

R.simplex(F,A);

if(interactive){

wndé.tofront();

wnd6 << "\r\nModify values ?2(Y/N)";

gets(ss);

vhile(strcmp(ss,"Y") == 0 || strcmp(ss,"y")==0){
mody(A,F,R);
wnd6 << "\r\n Modify values ?(Y/N)";
gets(ss); '

}//while

Y//1¢

wnd6é << "\r\nAnother LP problem ? (Y/N)";
gets(ss);
if(strcmp(ss,"N")==8 || strcmp(ss,"n")==0 ){
quit = 1;
wnd6é << "\r\n Good Bye! ";
}
kbwait(299);

}//vwhile
}//main
void mody(get_cons_coef& A, transform& F, revise& R)

A.mdfy_val();
A.condense();
A.print();

numcon = A.diml;
numrealact = A.dim2;
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// transform from sparce to full representatlon
F.processmx(A);

F.processrhs(A);

F.processobi(d);

F.output();

// simplex version , -
numact = numcon + numrealact + numgreaterthan;

R.simplex(F,A);
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//******************************************************

// Output Class Header File
//******************************************************

finclude "revisel.hxx"

class outputi

char *buf;

int fdo;
public:

output();

“output();

void display(revise&,get_cons_coef&);
};
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//*******************************************************

// output Implementation File
//*******************************************************
#include "outputl.hxx"

extern infeasible;

static CRTWND wnd5(1,1,20,79);

/%
output constructor
k) T
output: :output()
{
buf = new char(100001];
}
/*
output class destructor
x, T
output::“output()
{
delete buf;
}
/*
display operation
x, T

void output::display(revise& R, get_cons_coef& AA)
{
wnd5.box();
wnd5.title(l, STR_CENTER, "Output Window");
wnd5.tofront();

void strfmtflts();

strfmtflts();

wnd5.clear();

wnd5 << crtform("\r\n Problem name : %s ", probname);

// check infeasible or feasible
if(infeasible){
wnd5 << "\r\n Infeasible Solution.";
return;
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// output f£ilnal sclutlon
if( !infeasible ){
wnd5 << "\r\nBasis activity name \t Value";
wnd5 << "\r\n------—----m———————- \t ——=—- ",
int k;
for(int i=08; 1 < numcon; i++){
k = R.basisnolil];
if( k < numrealact)
wnd5 << crtform("\r\n %s %10.4£ ",
AA.vnameptr->namelk],R.xrhs->v[il);
else wnd5 << crtform("\r\n slack %10.4£ ",
R.rhs->vI[il);
}//for
wnd5 << crtform("\r\nOptimal solution is:%10.4f "
; R.objlevel);
kbwait(200);
Y//if
}//output
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//******************************************************

// Second OQutput Implementation File
//******************************************************

#include "outputl.hxx"
extern infeasible;
static CRTWND wnd5(1,1,26,79);

«, T
output::output()
{

buf = new char(10000];

T
output::~output()
{

delete buf;

*/
void output::display(revise& R, get_cons_coef& Ad)
{
wnd5.box();
wnd5.title(l, STR_CENTER, "Output Window");
wnd5.tofront();

vold strfmtflts();

strimtflts();

wnd5.clear();

wnd5 << crtform("\r\n Problem name : %s ", probname);

// check infeasible or feasible

if(infeasible){
wnd5 << "\r\n Infeasible Solution.";
return; :

}

char s(191;
wnd5(1,25) << "\r\n Final Output file name :";
gets(s);
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fdo = creat(s,d755);
if(fdo < ) {

wnd5 << "\r\n output file open error --program

stopped.";

exit(1);
1//71if
buflgl = '\@g';
strcpy(buf+strlen(buf),"\r\nBasis activity name

\t Value");

strepy(buf+strlen(buf),"\t\n----——--------—--——-

for(int i=0; i < numcon; i++){
int kk = R.basisnolll;
if( kk < numrealact)
strfmt(buf+strlen(buf),"\r\n%s \t\t %10.4f",
AA.vnameptr->namelkk],R.rhs->v[il);
}//for
strfmt (buf+strlen(buf),"\r\nOptimal solution is :
%10.4f ",R.objlevel);
write(£fdo,buf,strlen(buf));
close(£do);
}//output
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//******************************************************
/7 Output Class Header File
//******************************************************

#include "revisel.hxx"

class output{
char *buf;
int fdo;
public:
output();
“output();
void display(revise&,get_cons_coef&);
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//*******************************************************

// Output Implementation File
//*******************************************************
#include "outputl.hxx"

extern infeasible;

static CRTWND wnd5(1,1,28,79);

/*
output constructor
«, T
output::output()
{
buf = new char(160001;
}
/*
output class destructor
k) T
output::~output()
{
delete buf;
}
/*
display operation
;; _____________________ e e e

void output::display(revise& R, get_cons_coef& AA)
{
wnd5.box();
wnd5.title(l, STR_CENTER, "Output Window"),; -
wndS.tofront();

void strfmtflts();

strfmt£flts();

wndS.clear();

wnd5 << crtform("\r\n Problem name : %s ", probname);

// check infeasible or feasible
if(infeaslible){
wnd5 << "\r\n Infeaslible Solution.";
return,;
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// output £flnal solutlon
if( !tinfeasible ){
wnd5 << "\r\nBasis activity name \t Value"
wndS << "\rz\n-----------————m——— \t —==—- ";
int k;
for(int i=8; 1 < numcon; i++){
k = R.basisnol(il;
if( k < numrealact)
wnd5 << crtform("\r\n %s %10.4£ ",
AA.vnameptr->namelk],R.rhs->v[i]);
else wnd5 << crtform("\r\n slack %10.4f ",
R.rhs->vIil]);
}Y//fox
wnd5 << crtform("\r\nOptimal solution is:%18.4£ "
; R.objlevel);
kbwait(200);
Y//if
}//output
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