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ABSTRACT

This thesis deals with the design of a Navy battle group logistics simulation system to
support battle group logistics coordinators. BGLCSS 2.0, the Battle Group Logistics
Coordinator Support System, was designed and developed using a structured programming
paradigm. A subset of BGLCSS 2.0 was then designed using an object-oriented
programming paradigm. We present the components of each of these designs in C and
C++.

Our approach was to compare and critique these two designs with respect to the extent
to which their respective programming paradigms meet the software goals of software
reusability and ease of program extension and maintenance. We designed the graphical user
interface using TAE Plus which generated code in both C and C++. This mechanism
provides an easy way to transport the interface from a C implementation to a C++
implementation in the future.

The design of this real world Navy tactical decision aid clearly demonstrate the
problems associated with using structured programming paradigm and the benefits of using
an object-oriented programming paradigm, especially for large systems.
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I. INTRODUCTION

A. BACKGROUND OF BGLCSS

The Battle Group * ogistics Coordinator Support System (BGLCSS) is a logistics
simulation modeling tool to be used by battle group logistics coordinators to track, plan,
and predi.i F-76 ship fuel, F-44 aircraft fuel, and ordnance states for ships in a battle group.
Tr.- king these states involves applying various usage rates for each commodity and ship
type based on the passage of time and the planning and scheduling of battle group events
{SCHRADY 90]. Battle group events that can be planned include underway replenishment
and consol. Events that can be scheduled include ship stationing events, raids, strikes. anti-
submarine warfare (ASW) prosecutions, changes in ship or battle group course and speed,
fuel and ordnance transfers outside the battle group. and changes in ASW or anti-aircraft
warfare (AAW) threat level.

BGLCSS 1.0, written in Turbo Pascal 6.0 for a DOS environment, is the predecessor
to BGLCSS 2.0 and was originally developed by the Operations Research Department at
the Naval Postgraduate School. After the program was tested during Commander Second
Fleet, Fleet Exercise (C2F FLEETX 3-90) in June, 1990, and during C2F FLEETX 1/91-2/
91 in November, 1990, it was decided to move the program to the Navy Tactical Command
System Afloat (NTCS-A) Unified Build 2.0. This system consists of a set of applications
inciuding the Joint Operational Tactical System (JOTS II) [INRI 91b}.

JOTS H is an automated Command, Control, and Communications Display and
Decision System designcd to meet the tactical situation assessment needs of battle group/
force commanders, surface warfare commanders, ship commanding officers. and shore
command centers [INRI 92¢]. JOTS II has digital interfaces with a variety of military
communications systems and other shipboard computer systems. It processes tactical
information received from other systems and automatically correlates this data with its
existing tactical contact or Track Data Base Manager (TDBM). This tactical database is

then used to generate computer graphics images at color Sun workstations [INRI 92a].




The workstations operate using a modified version of the standard commercial UNIX

operating system SunOS 4.1.1. Applications are written in either C or Ada and use the X
Window Manager and Government Off The Shelf Software (GOTS) programming tools.
Among these GOTS tools, the Wizard Tool Kit, is a Motif-based C function library used
for building graphical user interfaces [INRI 92d}.

BGLCSS 2.0, a tactical decision aid within the NTCS-A Unified Build System
architecture, is shown in Figure 1. It is written in C using a structured programming
paradigm and, instead of using the Wizard Tool Kit for building the graphical user

interface, uses Transportable Applications Environment Plus (TAE Plus), a User Interface

Management System (UIMS).

Other JOTS 11 BGLCSS 2.0
Applications and
Tactical Decision Aids

TAE Plus 5.2 Beta UIMS

Databases 1\‘}/01(7;?{8"

Motif 1.1.4

Xlib

X11 Window Manager, X11RS

GOTS 2.0

SunOS 4.1.1

NTCS-A Unified Build 2.0

Figure 1: BGLCSS 2.0 Within the NTCS-A System Architecture

TAE Plus is a visual graphical user interface builder developed by the National

Aeronautics and Space Administration Goddard Space Flight Center (NASA GSFC) and
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distributed by NASA’s Computer Software Management and Information center
(COSMICQ), a non-profit unit of the University of Georgia. It supports rapid building,
tailoring, and management of graphic-oriented user interfaces. The main features of TAE
Plus include: 1) the Work Bench, an interactive tool that supports the design and layout of
an application’s interface; 2) the Window Programming Tools (Wpt) Package, a set of
application callable subroutines used to control a user interface during execution time; and
3) the Code Generator, which automatically generates code for the interface in C, C++,
Ada, or TCL (TAE Command Language) [NASA 91a].

This thesis deals with the design, impiementation, maintenance, and extension issues
of structured programming versus object-oriented programming for real-world applications

such as the BGLCSS tactical decision aid within the NTCS-A Unified Build.

B. OBJECTIVES

This thesis was embarked upon to determine whether there are significant differences
between the structured and the object-oriented implementation of the same application. The
object-oriented paradigm promises, among other things, a more reliable end product, easier
maintenance, and easier extension. We seek to demonstrate the benefits of using an object-
oriented approach for a real-world application such as BGLCS and to argue that an object-
oriented approach is particularly suited for large, multi-component systems such as the

applications within the NTCS-A Unified Build.

C. SCOPE

The Navy Space and Warfare Command (SPAW AR) project specifications demanded
that BGLCSS 2.0 be written in C using a structured programming paradigm. While much
of this project has been devoted to developing robust algorithms to realistically simulate the
logistics events in C, this thesis critiques the use of the structured programming paradigm,
especially in large systems.

The decision to use a visual graphical user interface UIMS such as TAE Plus instead

of the Wizard Tool Kit, a set of low-level Motif functions, significantly decreased overall
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development time. Furthermore, we propose that by using TAE Plus with C++, NTCS-A

applications could benefit significantly not only from improved software development
time, but also from improved product reliability, improved program maintenance, and
easier program extension. Due in large part to the breadth of the BGLCSS application, only
a subset of the structured paradigm implementation has been re-designed using an object-

oriented paradigm in C++.

D. ORGANIZATION

Chapter 11 of this thesis provides an overview of the structured programming and the
object-oriented paradigms. Chapter III presents an abbreviated presentation cf the
BGLCSS 2.0 graphical user interface design using TAE Plus. Chapter IV covers and
analyzes the structured design and implementation of the structured programming version
of BGLCSS in C. Chapter V covers and analyzes the object-oriented programming design
of BGLCSS in C++. Chapter VI summarizes the work accomplished and provides
recommendations for program maintenance and extension. The appendices contain the

graphical user interface panels, the C and C++ program listings.
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II. BACKGROUND OF THE PROGRAMMING PARADIGMS

A. GENERAL

. Discussion about the merits of object-oriented programming have inundated technical

journals over the past few years and has appeared even in non-technical journals. In a recent
article in Business Week the question was asked, “Will object-oriented programming
transform the computer industry?” The article goes on to describe in layman’s terms the
differences between “the old way”, i.e. structured programming, and “the new way”, i.e.
object-oriented programming, of designing and writing programs. Structured programming
was characterized by three terms: confusion, hand crafting, and breakdowns. In contrast,
object-oriented programming was described by three counterpart terms: understanding,
reusing, and repairing [HAMMONDS 91].

Not all supporters of the object-oriented paradigm agree that there is a sharp boundary
between “the old way” and “the new way.” Rather, object-oriented principles can be said
to have evolved from the lessons learned from years of structured programming just as
structured programming principles have evolved from the lessons learned from years of
machine and assembly language programming. Holub, for example, cautions against
looking for the “major shift in paradigm” promised by some object-oriented paradigm
enthusiasts. In his book about programming with objects in C and C++, he introduces
object-oriented principles by using code written in C within a structural programming
paradigm, followed by code written in C within an object-oriented paradigm, and finally
the object-oriented C++ version. He believes that object-oriented programming is merely a
collection of useful programming techniques that can be applied to any computer language.
An “object-oriented language” provides a few built-in mechanisms for operations that can

. be performed explicitly in a non-OOP language. Holub even argues that a program can be
written in C in an object-oriented way just as easily as a program written in C++ and
provides ample examples of code written in C that mimic some object-oriented principles

(HOLUB 92]. It is not enough, however, that a program be written in an object-oriented




way in C as in C++. Much of this code is very difficult for C and C++ programmers alike
to understand even though they are accustomed to reading C code within a structured
programming paradigm, the paradigm for which it was designed. Using a structured
programming language to perform object-oriented techniques is a less than optimal fit of
resources and is not the best application of the object-oriented paradigm.

It can even be argued that C++, while designed to support object-criented
programming, may not be the best language for object-oriented programming. Shiffman
[SHIFFMAN 92] maintains that the pure object-oriented programming language Smalltalk
is far easier to use than C++. With Smalltalk, it is possible to write more comprehensible,
more maintainable programs and class reuse between applications is far more prevalent in
contrast to C++. Given the SPAWAR project specifications to use C to implement
BGLCSS 2.0, the advantages of using a pure object-oriented programming language such
as Smalltalk are outweighed by the benefits of using C++. A move to C++, because it is a
superset of C, provides a more evolutionary transition to an object-oriented paradigm than

moving from C to an entirely different language with its own syntax and conventions.

B. GOALS OF SOFTWARE DEVELOPMENT

To distinguish between these two paradigms and determine whether or not the object-
oriented programming paradigm is better than the structured programming paradigm, we
need to identify specific goals of good software development. Meyer [MEYER 88§] cites
several “quality factors” of software development: correctness, robustness, extendibility,
and reusability. Correctness is defined as the ability of software to exactly perform its tasks,
as defined by the requirements and specifications. Robustness refers to the ability of
software to function even in unintended conditions. Extendibility is a subjective measure
of the ease with which a program can be changed to conform to a change in program
specifications. For instance, a simple design is easier to adapt to specification changes than
a complex one. Furthermore, the more autonomous or decentralized the program modules,

the higher the probability that a simple change will affect just one module rather than




trigger off a chain of reaction of changes over the whole system. Finally, reusability is the
ability of software to be reused, in whole or part, for new applications and thereby
significantly reduce development costs. With these software goals in mind, we can now

discuss the extent to which each paradigm addresses these goals.

C. STRUCTURED PROGRAMMING PARADIGM

Machine and assembly languages reflect the architecture of the machines on which
they operate. Like these machines, they are composed of data, arithmetic expressions,
assignments to memory locations, and control flow. Among the problems associated with
using these languages to develop software are the difficulties in debugging problematic
code and the high cost of this tedious process. These problems were part of the impetus
behind the development of higher-level languages such as Fortran and later, C. The C
programming language has been described as a higher-level language that “rebuilds” an
underlying machine to make it more convenient for programming [SETHI 90]. In general,
the development of programming languages from the first generation languages to the
current generation of languages has been a continual search for improved correctness,
robustness, extendibility, and reusability. Five characteristics of the structural
programming paradigm are of interest to our discussion: separate code and data, built-in
data types, top-down functional decomposition and function-based design, distributed

functionality, and limited code reuse.

1. Separate Code and Data

Procedures and functions operate on data and are defined and coded separate from
each other (see Figure 2). This is particularly apparent in pre-ANSI C programs (see
Appendix A). The data structures and simple data types are usually defined in header files,
i.e. files with a *.h” at the end of the file name. The functions that operate on the data are
usually defined in separate files with a *“.c” at the end of the file name. When a driver
program uses these functions and data, it is necessary to indicate to the C compiler

preprocessor to put a copy of the header file in the driver program file when compilation




occurs. Separately, the names of functions found outside of the main program are declared
to be external to the file. The names of procedures or functions and global data must be
unique so that they do not conflict with one another. There are two problems with the
separation of these program components. First, procedures and functions can be called and
passed the wrong data. Second, by unintentionally accessing data from procedures and
functions, changes to data become uncontrollable in large systems where no one knows
where a particular data item is being changed or why. These two weaknesses associated

with the separation of code and data frequently reduces program correctness and

robustness.
Procedure
Procedure Procedure Procedure
Procedure Procedure Procedure
Procedure
Procedure Procedure
Data Data

Figure 2: Structural Program Procedures Separate From Data

2. Built-In Data Types
While most languages implement integers and floating point numbers as built-in
types, most do not implement complex numbers, calculations with physical units (barrels,

tons, etc.), date time groups, and latitudes/longitudes. If these types are needed, they cannot
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be added easily. There are two problems with being limited to built-in data types. First,
libraries become long lists of specialized functions rather than general functions handling
a variety of types. The GOTS library is a case in point [INRI 92b]. It contains numerous

functions that perform conversions from one built-in data type to another as shown in Table

1. This library is a proliferation of very specific functions that convert one built-in type

representation of a real-world entity to another built-in type representation.

Table 1: A SAMPLE OF GOTS DATA CONVERSION ROUTINES

Function Description Arguments Return Type
dig date time group string to inte- | char tmef} int
ger
dig_to_a integer value of time to date int tme char*
time group string
lat_to_A double value of latitude to fati- | double lat char*
tude string
fl_to_A double values of latitude and double lat, double Ing char*
longitude to latitude/longi-
tude string

Since each GOTS library function requires the data type of the function
arguments to be specified and only built-in types are allowed, it is difficult to write more
general and therefore flexible library functions. This undermines reusability of the library
functions. Second, it is possible to perform meaningless operations on the real world data
being modelled. As an example, a date time group is often represented as an integer and yet
it is still possible to add two date time groups together. This contributes to a poor

representation of the real-world entity being modeled in software.

3. Top-Down Functional Decomposition and Function-Based Design

The top-down functional approach to program design is based on the premise that

software development should be an incremental refinement of the system’s abstract




function rather than the data it represents in the real world. This process has often been
described as a tree where the nodes of the tree represent elements in the decomposition and
the branch nodes represent a refinement of its parent node. The primary benefits of the top-
down functional approach is that it is logical and promotes organization and discipline.
However, it fails to account for the evolutionary nature of software system development.
Additionally, by focusing on the function rather than the data, a top-down approach does
little to promote reusability. During the life of the system, it is the data and not the functions
that are the most stable part of a system. The trade-off with this top-down approach is that
it is fairly easy to design and develop an initial structure for the short term. However, in the
long-run, as the system changes, it will be necessary to constantly redesign the system
instead of merely extending the system. By focusing on the data instead of the immediate
purpose of the system, the long-term benefits of reusability and extendibility can be
achieved [MEYER 88].

Whether or not top-down design is used, structural programs are primarily
function-based. Bottom-up design involves finding a set or sets of fundamental operations
that are used throughout the program and writing procedures or functions to implement
them. A top-down approach is then often used to connect the routines. In either a top-down

or bottom-up approach, the emphasis is on the data upon which the program operates.

4. Distributed Functionality

Procedures and functions tend to be tightly coupled using this paradigm. That is,
procedures and functions are distributed throughout a program and tend to know too much
about other procedures and functions. Changes to one function may force changes in other
functions. If, for instance, a new ship type such as the USS Arleigh Burke class needs to be
incorporated into a program, all of the functions regarding ship type will need to be
modified. Since these functions are hard-coded into the structure of a program, program

extension becomes much more difficult to perform.
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5. Limited Code Reuse

The structured paradigm inherently leads to repetition in programming. By using
built-in data types and function-based design, code reuse can be achieved only by the low
level method of cutting and pasting code from one program, and explicitly modifying it for
its new data type (see Appendix A, InsertBGEvent, InsertBGHeader, and InsertBGHeader
functions). Conventional languages require general purpose libraries which are limited to
a long list of special purpose sort routines for sorting arrays of integers, floats, etc., instead

of a generic sort function that is data-type independent.

D. OBJECT-ORIENTED PROGRAMMING PARADIGM

The object-oriented programming paradigm is a software design and development
model incorporating several techniques explicitly aimed at code reuse, improved program
reliability, and easier software modification, extension, and maintenance. The object-
oriented programming paradigm is particularly well suited for the development of large
sophisticated software systems that inherently evolve over time. Characteristics associated
with the object-oriented paradigm include encapsulation, data abstraction, inheritance,
polymorphism, persistence, delegation, and generacity. The first four characteristics are
supported by the 2.1 version of C++, and, since C++ was the language chosen to design a
subset of BGLCSS 2.0, this thesis will concentrate only on encapsulation, data abstraction,
polymorphism, and inheritance issues. Generacity, a characteristic added to C++ version
3.0 and also known as parametric polymorphism, will be briefly mentioned. Although
encapsulation and data abstraction are used within other paradigms, it will be shown that
they are far more powerful within an object-oriented paradigm than within a structured
programming paradigm.

How does the object-oriented paradigm lead to a more reliable end product, and easier
software modification, extension, and maintenance? In general. the process begins by
producing a more realistic representation of the real world entities involved. For example,

by combining ship functions and ship data into a ship object, the real world ship entity is
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more coherently represented in code. An object is defined in terms of the data it

encapsulates and the operations on the data that are allowed by the set of interface functions

(see Figure 3).

[ ‘Name
[ "HullNumber
LF76Capac1ty

L Other Data...
Private members
Public functions

GetName

e e L

GetHullNumber

ComsumeF76Fuel

Other Functions.....

Stip Object

Figure 3: Object Encapsulating Related Functions and Data

A real world ship has attributes such as its name, hull number, F-76 fuel capacity, etc.,
and can perform various functions such as stationing, changing course and speed, etc. Ship
attributes and the functions it can perform are said to be encapsulated within a ship object.
The operations that can be performed on the encapsulated data are also known as the
object’s interface functions and the implementation of these functions is internal to the
object. For example, a ship object frequently changes its course and speed which affects its
internal fuel consumption and levels. These are attributes internal to the definition of a ship
object.

Encapsulation allows for information hiding and the object-oriented paradigm’s
method of information hiding goes beyond local variables. Information hiding protects data

from uncontrolled access and change. Variables that are local to a procedure or function,
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for instance, can only be changed within the function or procedure. In this way, they are

protected from access from other functions and procedures. Global variables, on the other

hand, are vulnerable to unintended change or access by the functions and procedures in
* their scope.

Objects, in C++, can have data or function members which are declared to be either

public, protected, or private. These terms refer to the level of access to these members. For
instance, all of a ship’s data members can be declared to be private to the rest of the
program. In this case, only a ship’s member function can access private data to that object.
Instead of passing variables to functions, it is the variables that are receiving messages in
the form of functions. The variables themselves are designed to control which functions can

modify which varables in the program.

1. Data Hiding and Data Abstraction

Data hiding is a practice whereby the programmer restricts him or herself to the
public interface of a type for purposes of accessing or changing the value of an object of
that type. The advantage of data hiding is that it encourages the programmer to protect data
from unintended access and modification.

Data abstraction is defined as the activity of creating a model or concept of a real-
world phenomenon at such a level that inessential details can be ignored. It is data typing
combined with data hiding. In C++, the programmer creates user-defined types using the
class mechanism. Abstract data types in C++ are not built-in data types such as integers or
floating point numbers but are treated as though they were built-in. The term, user-defined
data type, is a more appropriate term. C++ is an extensible language in that the language
can be extended to include user-defined data types.

There are two benefits to data abstraction. First, it is easier to design and
implement a system that is built out of entities that incorporate data hiding.The focus can
be on the properties of the procedural interface of the various entities. These properties are

> typically far simpler and more abstract than the algorithms that implement them. Second,
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the decoupling of the interface from the implementation allows program entities to be
reimplemented without having to modify any other part of the program. C++’s most

important abstract data type is the cl/ass.

a. Class

A class is an internal template. In C++, it is the extension of a C struct. A
struct (in other programming languages, it is known as a record) is a group of several
different types of data in a single entity. An object is actually an instance of a class that
occupies memory. For example, a class could be used to represent a ship. Although the
actual data structure of a class is basically a struct with functions associated with it, it is
considered as a single entity. A definition of a class in a C++ program conceptually
introduces a new type into the language. The most significant feature of a class is that
objects of the class can be treated the same way objects of a fundamental type such as

integer [HOLUB 92].

b. Member Functions
A C++ class differs from a struct in C in that it contains member functions as
well as data. The member function can be declared inside the class body, but are usually
declared in a prototype form in the class definition and are defined later on. The need for
member functions is related to data hiding mentioned earlier. Member functions can access
private member data values. Member functions are one way to work with private data.
Putting the member functions and member data together makes the data active and more

cohesive.

¢. C++ Constructors and Destructors
C++ provides constructor and destructor functions and almost every class
contains these special member functions. They initialize and clean up class objects.
Constructors provide a way to ensure that objects are defined with initial values without

violating the constraints of data hiding. Destructors are important to free up object memory




that was allocated by the constructor. A class can have several different constructors to
allow objects to be able to be initialized in different ways with different argument. One of
the greatest advantages of constructors and destructors is that they simplify software
maintenance. If, for instance, the specification for the format for ship hull numbers were to
be changed, only the class member data and functions would be changed. In structured
programmir 2, a “simple” change such as this one, can change hundreds or even thousands

of lines of code that are closely tied to the format of the data [PERRY 92].

2. Inheritance and Class Relationships

Inheritance is used to describe special relationships between classes. It is
generally used to achieve two goals: 1) It can be used as an abstraction tool to organize
classes into hierarchies of specialization; and 2) It can be used as a code reuse mechanism
to create a new class that bears strong resemblance to an existing class with added
refinements.

In the first case, inheritance reflects a semantic relationship between classes
where one class’s member functions are used to refine some attributes of an existing base
class while inheriting the remaining attributes. This form of inheritance could also be a
mechanism to embody the strong similarities between two existing abstractions such that
an object of a base class can be interchanged by an object of a derived class. The ability of
a program to handle many forms of a class as though they were the same. an example of
polymorphism, which is further discussed in the next section, is an important abstraction
tool that shields the programmer from the implementation details of derived classes.

In the second case, inheritance is used to share code. While a class may not exhibit
all the properties of its base class, it may be similar enough that the reuse gains make
inheritance worthwhile. For example, although an ASW threat level event and a ra‘q event
are not interchangeable, they may have enough code in common that a common evolution

through inheritance could lead to code sharing.
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Coplien identifies four specific relationships between classes that affect class
design and class hierarchy design: the is a, has a, uses a, and creates a relationships. The
is a relationship is one where specialization or subtyping is involved. A destroyeris a type
of ship and therefore, a destroyer class could be derived from a ship class. Another
relationship between classes is called composition or a has a relationship. For example, a
ship has a F-76 fuel state. Composition is implemented by either designating one class as
a member of another or by one class referencing another object. A uses a relationship
exists when a member function of a class takes an instance of scmie other class and uses it
as a parameter. A uses a relationship exists when one class member functions calls on the
services of some other class. A creates a relationship is similar to a uses a relationship but
it is between an object and a class instead of between objects. In other words, an instance
of one class, during the execution of one of its member functions, makes a request of some
other class to create an instance of an object of the class. The identification of these
relationships significantly influences the details of class design and class hierarchy design
[COPLIEN 92].

Class hierarchy design can take on two different forms: single or multiple
inheritance. Single inheritance allows the creation of a new class by using an existing class
as a model. In other words, it is possible to inherit one class from another, creating new
classes from existing ones. The original, or base class, shares its code with the new class.
Code sharing can make programming much easier because less code needs to be rewritten.
In some cases, new features need only be added to the new, derived classes. Multiple
inheritance, by contrast, is the creation of a new class from multiple existing classes. C++

implements both single and multiple inheritance.

3. Polymorphism

When writing C++ programs. the same function name can be used with different

types of objects. Polymorphism means “many different forms.” Perry asserts that
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polymorphism is one reason why C++ programs can be written faster than C programs. For
instance, in C++, various objects can be printed out with the same function name:

Ship.print(); // Prints the Ship object

BGEvent.print(); // Prints the BGEvent object
By using the same function name for different objects to perform the same
operation such as printing, the “clutter” is removed from the code. There is no need to name

the functions specific to the data type being manipulated as shown in the following C code:
PrintShip(); /*Prints a Ship data structure*/

PrintBGEvent (); /*P.ints a BGEvent data structure*/

On the surface, the ability to use the same function name prirt() for several
different objects merely seems to be a syntactic advantage of removing “clutter.” However,
what is really happening is that the same message or function name causes different
responses depending on which object is receiving the message. One benefit of
polymorphism is that it models the real world object better than the structured paradigm by
using one command to be issued to different objects.

With polymorphism, each time a new object is added to a program, no changes to
the existing code are required. All that is required is that a new function is added to the
object. Therefore, polymorphism facilitates program extension by eliminating the need to
alter the existing program code.

Parametric polymorphism, a mechanism supported by C++ 3.0 as templates, has
been argued to be the mechanism allowing for the highest degree of code reuse of all of the
object-oriented mechanisms. Templates in C++ are similar to generic packages in Ada.
Templates define families of types and functions. They are an alternitive to inheritance
hierarchies constructed for code reuse. For example, a template (.- an be designed to
implement a doubly linked list and can be used for any type. Thi- ki:.© 1 rcuse is based on
the reuse of source code rather than object code. By contrast, much ot the functionality of
a base class can be reused by a derived class at the object code level. Template classes can

be used to build generic class libraries.
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E. COMPARISON OF THE PARADIGMS

In comparing the two paradigms, it is useful to point out each paradigm’s strengths
and weaknesses in order to determine which paradigm contributes more to the goals of
software engineering as described by Meyer, i.e. correctness, robustness, extendibility, and
reusability.

The strengths of the structured programming paradigm are limited. First, in
comparison to developing code in an ad hoc manner, structured programming and the top-
down functional decomposition approach provides organization to complex system
development. Fortran, assembly language, and machine code programming pale in
comparison to code written using a structured programming paradigm.

The weaknesses of this paradigm, however, are numerous. First, by separating the
code from the data, there is the possibility of passing the wrong data to the code and data
can be accessed and changed in uncontrollable ways. This reduces the correctness and the
robustness of a program. Second, most languages associated with the structured
programming paradigm are limited to built-in data types with the exception of Ada and
Modula-2. In general, the ability to create a general library of functions results in either a
proliferation of library functions or the lack of them. This weakness affects reusability.
Also, meaningless operations such as addition can be performed on entities such as a date
time group. Third, the down side of a top-down functional decomposition approach is that
it inherently leads to requiring repeated redesigns when program extensions are required.
Fourth, with functionality distributed throughout a program, changes to one function may
force changes to other functions. This compromises program extension efforts as well as
program correctness and robustness.

The object-oriented programming paradigm provides more techniques to achieve the
software goals of correctness, robustness, extendibility, and reusability than in the
structured programming paradigm. It can be said that some elements of the structured

programming paradigm have been incorporated within the object-oriented programming
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paradigm. An obvious example is the emphasis on an organized, top-down, high-level

approach to design.

Although data abstraction and data hiding are supported in the structured
programming paradigm, they are more powerful within the object-oriented paradigm. The
primary reason for this stems from the combination of data and functions within an object
of a class. The object of a class provides a more realistic representation of the real-world
entity and, when used within a program, limits the degree to which a change in an object’s
data or functions affects other parts of the program and forces a cascade of changes.
Polymorphism, a technique used when calling functions of the same name for objects of
different classes, makes program code easier to read. Template classes, a C++ feature to
create generic classes, allows the building of truly general class libraries which is not

possible with a structured programming paradigm.




III. BGLCSS 2.0 GRAPHICAL USER INTERFACE DESIGN

A. TAE PLUS OVERVIEW

The TAE Plus version 5.2 beta release was developed under SunOS 4.1.1 on a
SPARCstation 2. Components used to develop TAE Plus include Release 4 of the X
Window System (X11R4), Open Software Foundation (OSF) OSF/Motif 1.1.4, InterViews
2.6 from Stanford University; and GNU g++ version i.40.3. As far as C++ code generation
is concerned, the TAE Plus installation source code tree was subsequently rebuilt to link
statically with SunC++ 2.1. While the above components constitute the only officially
supported platform for this beta release, TAE Plus version 5.2 beta was also tested with
OSF/Motif 1.1.3. The TAE Plus installation guide urges users to upgrade to OSF/Motif
1.1.4 (or 1.1.3) as soon as possible to take advantage of the many problems fixed by OSF.
However, the release of TAE Plus used for this thesis is expected to work with versions
1.1.1 and 1.1.2 of OSF/Motif as well, although behavior may vary [NASA 92b].

TAE Plus is a graphical user interface builder used at three different levels. First, it is
used at the WorkBench level as shown in Figure 4 to visually design panels (windows) and

items (buttons, selection lists, labels etc.).

Edit Arrange Auxiliary

Figure 4: TAE Plus WorkBench Panel
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Also at this level, panels and items are named, defined, and various constraints and
details such as whether or not the item is an “event-generating” one, are added. The term

“event-generating” should not be confused with the battle group events simulated in

- BGLCSS 2.0. An item is event-generating if it causes another panel to be displayed or if a
call to a function is made. At this point, all of the information created for an interface is
contained in a resource file. The format for the name of a resource file is the application

name appended by a . res suffix (see Figure 5).

Figure 5: TAE Plus WorkBench Resource File Selection Panel

Second, TAE Plus generates code for all of the event-generating items in the
application panels. While an in-depth discussion of event-driven programming is beyond

the scope of this thesis, it is important to understand the difference between an event-
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generating item and a non-event-generating item. An event-generating item is an item such
as a button or a selection list that, when pushed or when an item is selected, another
interface activity takes place. A non event-generating item is an item such as a text keyin
item where users enter data.

Third, at the source code level, it is the application programmer’s task to integrate the
calls to application library functions with the code generated by TAE Plus. When this
project began, TAE Plus Version 5.1 generated only Ada, C, and TAE Plus Command
Language code. In the meantime, a beta version of TAE Plus was released providing code
generation in C++. Therefore, it was possible to build a graphical user interface and
generate C code for the structured programming version of BGLCSS 2.0 as well as C++
code for the object-oriented programming version of a subset of BGLCSS 2.0. The
integration at the source code level will be discussed in chapters IV and V with respect to

each of the implementations: in C and in C++.

B. TAE PLUS WORKBENCH
At the WorkBench level, the first step in creating an application is to create an initial
panel and to define the panel’s specifications such as the panel for the battle group course

and speed event as shown in Figure 6.

Figure 6: TAE Plus Panel Specification Panel
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By pressing the Edit Panel Details button on the panel depicted in the last figure, the
Panel Details Panel is displayed (see Figure 7). It is used to define the panel’s help file and
icon details. Applications built with TAE Plus require an initial panel(s) to be designated
as in the BGEvents module of BGLCSS 2.0 (see Figure 8).
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Figure 8: TAE Plus Specify Initial Panels Panel
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Panels can be connected to event-generating buttons or calls to application functions

using the Connection Specification Panel as shown in Figure 9.

Figure 9: TAE Plus Connection Specification Panel

Once a panel is created, items can be defined and added to the panel using the Item
Specification Panel in depicted in Figure 10. When an item is defined, one of its most
important attributes is its data type. Based on data type, TAE Plus provides general type
checking on user-entered data. For example, if an item is defined as a real number, and the
user enters anything else, i.e. an integer or a string, an error message is displayed by TAE
Plus to the user indicating that the data type is invalid and restored the previous entry. This
general data type checking provided by TAE Plus eliminates the need to write error

handling routines of this nature by the applications programmer.
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Figure 10: TAE Plus Item Specification Panel

User entered data can be further restricted by setting constraints as show in Figure 11.
For instance, a constraint on the range of valid values can be specified on a text keyin real
data type item. A course heading, in the real world, has a range between 0.0 and 359.9.
When real value is entered that falls outside of the specified range, an error message is

displayed to the user and the previous value is restored to the text keyin interface item.




Figure 11: TAE Plus Item Constraints Panel

TAE Plus also makes the implementation of a help button easy to define. When a
button is defined, the specific details offered to the designer are displayed in the panel

shown in Figure 12.

Figure 12: TAE Plus Push Button Presentation Panel

Furthermore, application specific error messages can be defined (see Figure 13). The

message item provides a template for making information, warning, and error messages.
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Figure 13: TAE Plus Message Presentation Panel

C. BGLCSS 2.0 GUI DESIGN

BGLCSS 2.0 consists of three program modules: Setup, Events, and Overview. When
integrated into the NTCS-A Unified Build, BGLCSS 2.0 is one of several JOTS I Tactical
Decision Aids (TDAs) as shown in Figure 14,

[ JOTSII Menu Bar Uptions... TDAs |

BOLUSS 1 Setup
Events

QOverview

Figure 14: JOTS II Menu Tree

Each one of these modules was built using three separate TAE Plus application and in
accordance with the User Interface Specifications for Navy Command and Control Systems
[FERNANDES 92]. A script is used to call individual JOTS II applications. The design

decision to separate BGLCSS 2.0 into three modules was based on the way simulation




applications are used. In order to simulate logistics events, it is a prerequisite to define some
settings and create the entities with which to work. By dividing BGLCSS 2.0 into Set Up,

Events, and Overview, the user is directed to the three main services of the application.

Once set up is performed, events can be simulated. In addition, although help buttons are
present on every panel and provide clear instructions to the user about using the items on a
specific panel, it was decided to include an Overview module where a *“‘Help on Help” on-
line user’s manual could be provided.

Each module’s C code was generated by TAE Plus based on the initial panel
uesignated, connections between items and panels, and items designated as event-

generating. A partial depiction of the files generated for the BGSetup module (see Figure

15).

BGSetup.c pan_BGSetUpBGs.h bg.h
* pan_NewBG.h

|
pan_BGSetUpBGs.c_
BGSetup_init_pan.c | pan NewBG.c |g bg.c

pan_BGData.h
1
> pan_BGData.c )
BGSetup_creat_init.c >
pan_DelBG.h
I
rbl pan_DelBG.c l
taeconf.inp Fpan_CloseAll.h —l
wptinc.inp| I
symtab.inc pan_CloseAll.c r’l_
lobal.h
& Legend: .
——— include file
—— function call

Figure 15: TAE Plus Files Generated and Function Invocation for Setup Module
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The BGSetup.c calls two functions, BGSetup_Initialize_ ALL_Panels () found in
BGSetup_init_pan.c and BGSetup_Create_Initial_Panels() found in
BGSetup_creat_init.c. The first function reads the resource file created by the
TAE Work Bench and creates and initializes the TAE objects used for each panel in the
appiication. The second function merely calls the specific function to create the initial
panel, in this case, SetUpBGs_Create_Panel() found in pan_SetUpBGs.c.

After calling these two functions,the main event handling loop runs the entire program
until the SET_APPLICATION_DONE flag is set. At this time, the program terminates.
During the main event loop, the functions found in the panels NewBG, BGData, DelBG,
and CloseAll are called when event generating operations are performed by the user.

In addition to the TAE Plus code generated files, TAE Plus provides two basic sets of
library functions for applications programmers: the Windows Programming Tools package
(Wpt) and the Variable Manipulation (Vm) package.

The Wpt package contains C functions that provide programs with graphic, window-
based user interfaces. The purpose of these functions is to deliver user inputs to an
application program. Based on information provided in the resource file, Wpt determines
the desired form of user interaction and creates the appropriate displays on the screen.
When the user enters or selects values for the program inputs, Wpt functions make the
values or selection available to the program.

The Vm package consists of standard TAE data structures called Vm objects. When
an application program begins, it reads the panel and item information contained in the
resource file into these Vm objects. Wpt uses two Vm objects to acquire each set of inputs.
The “target” Vm object describes the inputs to be acquired. The “view” object describes the
presentation of the target parameters on the screen. After the user interface information is
read into the Vm objects, the program passes pointers to the objects as arguments to Wpt
functions.

The generation of C++ files is similar to that of the C files. Table 2 provides a sample

of the files produced by TAE Plus in C++. These files are found in Appendix C.
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Regardless of the programming language used, the following figures are the initial

panels for each of the three program modules Set Up, Events, and Overview. For a more

complete presentation of the graphical user interface, see Appendix A.

Table 2: SAMPLE OF BGLCSS 2.0 SETUP C++ GENERATED FILES

File

Description

BGSetup.cc

Contains main procedure.

BGSetup.h

Encapsulates the resource file.

BGSetup_init_pan.cc

Initializes all panels.

BGSetup_creat_init.
cc

Creates the initial panel set.

pan_BGSetupBGs.h

Contains the panel’s class definition and instance parameter declara-
tions.

pan_BGSetupBGs.cc

Contains the panel’s class methods.

item_BGSetupBGs.h

Class definitions of ali items in the panel and instance parameters
declarations.

Imakefile

Machine-independent template for generating the Makefile for the
application.

Figure 16: BGLCSS 2.0 Set Up Battle Groups Initial Panel
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Figure 18: BGLCSS 2.0 Overview Initial Panel
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IV. BGLCSS 2.0 STRUCTURED DESIGN

A. GENERAL

This chapter describes the design decisions and implementation issues of BGLCSS
2.0 using a structured programming paradigm. The following chapter will discuss the
design decisions and implementation issues of a part of BGLCSS 2.0 using an object-
oriented programming paradigm.

BGLCSS 1.0 was written in Turbo Pascal to run in a DOS operating system on an
IBM PC-AT compatible microcomputer [SCHRADY 91]. According to the proposal for
research statement of work,”Moving BGLCSS into JOTS involves much more than code
conversion. The JOTS II environment includes communications interfaces and a variety of
services which must be utilized to reduce the labor intensiveness of the current version of
BGLCSS. The data, planning factors, and algorithms in the current version of BGLCSS
will carry-over, but the program must be completely restructured.”

In other words, by moving BGLCSS 1.0 into the JOTS 1I environment, the program
would require restructuring solely in order to take advantage of the variety of JOTS II
services and to reduce user data entry activity. Among other things, it was assumed that the
algorithms would carry over. In fact, however, after extensive examination of the original
Pascal code, this was found not to be the case.

The algorithms in question, as far as the code is concerned, represent the battle groups,
ships, and events. It was thought that the original logic of the program, could be easily
translated to another pr