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I. INTRODUCTION.

This work s part of a larger and more ambitious project taking place in Oklahoma State
Umiversity and the Air Force| Smit93). The ultimate goal of that project is to develop a
tool capable of automatically generating software to solve transportation scheduling

problems.

To do so, the data have to be obtained from the user and stored in a convenient way. Next
the problem has to be classified since there are many vanations of the transportation
scheduling problem, and each variation needs a difterent approach in order to be solved.
Finally, once the classification 1s made, the data are input to a program that will generate

the software needed to solve that particular problem.

The goal of this work is not to offer solutions to the transportation scheduling problem
but to provide a Graphic User Intertace (GUI) to get the data from the user and store the

information 1n a convenient and efficient way.

It might occur that the people in charge of loading the data into the computer are not
familiar with the terminology used in scheduling, and will need a graphic user interface
that asks them questions of everyday-life kind. Also it will not be relevant for the system
what kind of data are being loaded or what kind of transportation scheduling the problem
might be classified as. Hence, the targets of this GUI are users that are neither expert
programmers nor transportation scheduling specialists; therefore the GUl must be both

user-friendly and easy to use.

The goal of this work 1s:



¢ To provide a GUI specifically for transportation scheduling problem specification.

e The GUI will "know" about transportation scheduling problems. In this sense it will
be "intelligent”, since it will have knowledge incorporated making it able to ask the
appropriate questions to get the information needed. For instance if the system is
loaded with information on two different types of conveyances such as airplanes and
trucks , the system will be, in the future, able to ask questions based on the fact that a
given conveyance is an airplane or a truck.

e The graphic user interface will be object-oriented, so that it will be extensible,
modular, and easy to maintain.

e The graphic user interface should be user-friendly and very easy to use. Dialog
boxes, check boxes, text boxes, radio buttons, mouse handling, icons, and help
windows will provide the user with all the information he/she will need to use it.

e |t will integrate geographical information data, transportation scheduling data and
constraint data. Geographical data such as distances between cities, transportation
scheduling data such as the location of a vehicle, and constraints such as availability

of a certain type of conveyances in a given location will be available in the system.

An example of a company that picks up and delivers cargoes of difterent sizes and
characteristics using two types of conveyances (airplanes and trucks) in twenty cities of
the United States will be used to develop the GUIL. Cargoes need to be picked up in some
locations and dropped oft in some others, each one has an earliest armval time and a
latest arrival time, airplanes have a capacity and maximum range and so do trucks, and
there will be restrictions such as there are no airplanes in location "x", or no truck heavier
than "p" pounds can go to location "y"; information like this is what the system s going

1o store.



II. TRANSPORTATION SCHEDULING PROBLEM

Let us consider a company that picks up and delivers packages. It has to have one or
several vehicles or convevances. It has shipments that have to be picked up in a location
and delivered in another location. It has one or more places in which to store the
vehicles and the shipments. It has restrictions on delivery time, vehicle sizes and
capacities, the kind of shipments that can be transported using the vehicles (e.g. some
vehicles might not be able to transport food or other kind of perishable shipments), and

SO on.

This company has to figure out an effective way of deciding which vehicle has to pick up
which shipments in which Jocations at what time so it can be profitable. It has to
schedule every route and the tasks (pickups and drop-offs) to be done as efficiently as

possible so it can respond very quickly to changing situations (e.g. truck breakdowns).

The transportation scheduling problem 1s a non-trivial one. Its computational complexity
is NP-hard, meaning that there is no known algorithm able to solve it in polynomial time
based on the size of the input; thus a huge amount of computation is needed in order to

solve large problems.

There are many flavors of the transportation scheduling problem, some more complex
than others. The data needed to solve the different kinds of problems may vary from one
problem to the other, making it very difficult to have an algorithm able to solve
efficiently all of the different flavors. Therefore we need to classify transportation

scheduling problems in order to solve them.




IL1. Classification of transportation scheduling problems.

The ultimate goal of any transportation scheduling is to produce a schedule as output,
i.e., a list of activities {pickups and drop-offs) to be accomplished by each driver in the

given locations with the restrictions of time and following a specified route.

The goal of solving scheduling problems is to produce a schedule and a route, which are
not very different for different kinds of problems, so the problems must be classified
based on their characteristics. Considering two problems of the same kind, the fact that
there are time restrictions makes them totally different. For example the problem of
delivering newspapers and the problem of delivering food by a catering service are
similar in the sense that the goods to be delivered are in a depot and must be taken to the

customers.

However, in the case of the newspapers, as long as they are all delivered within a short
period of time (say two or three hours) the time considerations may be ignored and the
problem is purely one of routing. The caterer, on the other hand, should deliver the food

at a certain time; and he/she better do this if he/she wants to keep the customer.

IL.2. Characteristics of Transportation Scheduling Problems

Scheduling problems can be represented as graphs where the nodes are locations and the
arcs represent the fact that it is possible to go from the location at one end of the arc to a
location at the other end. It might be the case that it is possible to go from location "a" to
location "b" but not from location "b" to location "a", tn this case the arc between
location (node) "a" and location (node) "b" 1s said to be directed, if the direction of the

arc is irrelevant, it is said to be undirected.



The U.S. Department of Transportation uses the following list of characteristics of

transportation scheduling problems to classify them (see [Bodi81]) :

Size of the vehicle fleet available: the fleet is the set of all the vehicles the
company has to carry out the activities that are to be scheduled.

¢ One Vehicle: only one vehicle is used to carry out the activities.

e More than one vehicle: two or more vehicles are used to carry out the

activities.

Type of fleet available

e Homogeneous: the same kind of vehicles, planes, trains, or boats are
used.

e Heterogeneous: different kind of vehicles, planes, trains, or boats are
used. A vehicle would be considered different from another one of the
same kind if it has a special feature. For example two airplanes of the
same capacities would be considered different from each other if one

of them is equipped to transport refrigerated goods.

Nature of demands: the demand is the amount of goods that are to be delivered
at a given location.
e Deterministic: we know ahead of time the amount of goods to be
delivered at each location.
e Stochastic: we do not know ahead of time the amount of goods to be
delivered to at least one location, there are probabilities associated
with the amount of goods to be delivered. For example, based on a

study of the behavior of the demand in a given location one could
5




know the probability of the demand being in different ranges of

amount of goods.

Location of demands: sometimes the problem specification requires that goods
be picked up at one place (say a depot) and delivered at another place (say a
customer or another depot). In that case, we can consider the source and
destination as nodes of the graph and the demand is in a node of the graph.
However, there are other cases where the drop-offs are not in a final destination,
but in the route used to get to the final destination. For instance, a mail truck
departs from the post office, delivers mail in its route and comes back to its
original location. In this case the demand is not in the nodes of the graph but in
the arcs.

e At nodes (not necessarily all): generally the location of the demand
will be at the nodes of the graph.

e At arcs (not necessarily all): when the nodes have a special meaning,
like locations at which the company has offices for instance, the
demands might be located in some of the arcs of the graph. In this
case the graph might be redrawn so the demands are located at the
nodes.

e Mixed: some demands are located in the arcs and some are located in

the nodes.

Underlying network: as in graph theory, the arcs can be directed or undirected,
depending on whether or not it is important in which direction the arcs are
traversed. For example, if two sites (nodes) are connected through a highway, the
arc (highway) can be traversed in both directions and the direction is not relevant

anymore. However, if there is a place “x” from where one can fly to place “y”
6




but to go back one has to go first to place “z" before going back to place “x”, for

the arc between “x” and “y” the direction is important because it is from “x” to

[

y” only.
e Undirected: the direction of the arcs in the graph is irrelevant.
e Directed: the direction of the arcs in the graph is important.

e Mixed: some arcs are directed and some are not.

Vehicle capacity constraints: the vehicles themselves have a limited capacity
beyond which is not possible to load them. Besides, it might occur that there
could be regulations on the weight of the vehicles that circulate in a highway or in
a city or in a state

e Imposed all the time: either the capacity of the vehicle is fixed or
there are regulations that limit it during all of the route.

e Imposed not all the time: the capacity of the vehicle is constrained by
external agents in some parts of the route whereas in others it might be
augmented.

e Not imposed: the capacity of the vehicle can be augmented as much

as needed; for example cars might be attached to a train.

Costs: the costs can be classified as fixed or variable.

e Varniable or routine costs: the costs that increase with the distance that
has to be covered in order to carry out the activities, such as gasoline,
oil, tires, and maintenance expenses.

e Fixed operating or vehicle acquisition costs (capital costs): the cost of

the vehicles themselves, for example.

Operations: the type of operations can be either pickups or drop-offs or both.
7



e Pickups only
e Drop-offs only
e Mixed

Objective: the objective of the schedule varies from one case to the other
e Minimize routing costs incurred
e Minimize sum of fixed and vanable costs

e Minimize number of vehicles required

Combining all the characteristics above, one can have a large number of problem
settings. A well known scheduling problem is the so called rraveling salesman problem
(TSP), which requires the determination of a minimal cost route for a salesman that
needs to visit several locations; i.e., a cycle that passes through each node exactly once.
In this case there is only one vehicle involved, the arcs may be directed or undirected
depending on the specification of the problem, and the objective is to minimize the sum
of fixed and variable costs. If the costs are symmetric; i.e., they do not depend on the

direction of the travel, the problem is said to be symmetric; otherwise they are said to be

asymmetric.

Symmetric TSP Asymmetric TSP



The traveling salesman problem is known to be NP-hard, so we can say intuitively that
the complexity of our example of the company that picks up and delivers packages is at
least as complex as that one when we have the case of only one vehicle to carry out the

activities. In other words our example 1s of NP-hard complexity.

I1.3 Approaches to solving Transportation Scheduling Problems

As said before, the scheduling problem can be represented as graphs where the nodes are
locations and the arcs represent the fact that it is possible to go from the location at one
end of the arc to the location at the other end. If it is possible to go in one direction the

arcs are said to be directed, otherwise they are said to be undirected.

After having the graph drawn in a convenient way, one can apply several approaches to
solving it. For example, if the graph is a tree, depth-first search, breadth-first search, best-
first search, beam search, hill climbing, or any other tree traversal strategy can be used
[Wins92]}. If the graph is not a tree, one can either sort the graph based on a certain
attribute (topological sort [W1ins92] might be a choice) and apply any of the approaches

above or explore all the possible combinations until the optimal schedule is found.

The latter approach (exploring all the possibilities) might not be the best one since the
amount of computation increases exponentially as the size of the input increases, for all

known algorithms that are guaranteed to achieve absolute optimality.



The complexity of the problem makes it necessary that the data needed to solve it be
stored in a convenient and efficient way to minimize the computational burden of dealing

with the data when the problem is being solved.



III. SPATIAL AND GEOGRAPHICAL DATABASES.

The classical definition of a database is a set of interrelated data files, each one
consisting of data records (tuples) that allows a number of operations to manipulate the
data files and the tuples of a given data file, while minimizing data redundacy, avoiding

data inconsistency and preserving data integrity.[Date91]

Operations such as the creation of new data files, the insertion, modification, retrieval,
and deletion of data tuples and the removal of existing data files are the most important
ones, but there might be others, like the joining of two or more different files and the
generation of reports that, if not essential, are very useful and convenient. If the database
1s a relational one, the data files are called tables (even the relations are considered to be

tables), and the tuples are called rows.[Date91]

Implicit in the previous definition 1s the existence of named (in the sense of
distinguishable) logical units and relationships between those logical units. The universe
that 1s to be represented by means of the database has to be broken down into those

logical units in the process of designing and constructing the database.

The universe represented by a spatial database cannot be broken down into logical units,
so 1t must be somehow abstracted, generalized or approximated in order that the database

be created. Data modeling is very important for geographical databases and defines the
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way the final user will perceive the universe represented. The success of a geographical
database depends on its capability of representing accurately the universe; to do so, it

requires not only efficient access to a database but also accurate data models.

Spatial and geographical data differ from other kinds of data in that they are associated
with a topological object (point, line, or polygon) that has a position somewhere in space.
The difference between spatial and geographical data is that spatial data are referred to
an arbitrary point in space which is the origin of the coordinate system, whereas
geographical data are referred to a point located on the earth. For example a Computer
Aided Design (CAD) system uses spatial data rather than geographic data when used to

design a tridimensional figure.

From the above it follows that if a data model consists of logical units of data and such
logical units are abstractions or approximations of geographical reality, two data models
referring to the same universe might represent it in different ways. Geographical data
describe geographical reality in terms of: the position of geographical objects in a
specified coordinate system, their associated attributes which are unrelated to position
and their spatial or topological interrelations which describe how the objects are linked

together in the system.

The geographical reality refers to empirically verifiable facts about the real world;

however, those facts may not be certain due to subjectivity or errors. Very often the



relationship between reality and database is complicated by the existence of a map or
other kind of representation of reality with its own data model. Information is lost
between reality and the map or representation, and between the representation and the
database. This makes it even more difficult to present the final user with an accurate

representation of reality.

IHI.1. Geographical Reality.

If geographical data are represented as points in a two-dimensional space, the tuple T =
<X.Y,21,Z2,...,2o> giving the values of n spatial variables at location (x,y) may be used as

the fundamental element of geographical information.

Since x and y are continuous, the number of tuples is infinite,so the process of modeling
becomes the process of representing an infinite set of tuples by means of a finite set of
tuples big enough to give the user an accurate view of the reality and small enough to fit
the constraints of digital storage. x and y are also continuous in maps and other kinds of
respresentation; the problem is how to represent the variability of z, through z,. Itis
desirable to map as many variables as possible into a single mapped variable, by means

of a function f(z,, z,,...,2,).

In general, the similarity between the vanables in the tuples T, = <x,,v,,211,2)2,...,Z1,> and

Ty = <X3.,¥2,221.221,...,Z2,>> INcreases as the locations of T and T, become closer to each

13



other. This 1s called spatial autocorrelation and it can be exploited to discretize the
spatial vanation. Two general discretization strategies are used. The first one 1s called
the sumpling strategy and it assumes that (x,;,y;) and (x,,y») must be more than a certain
minimal distance apart before the associated tuples become noticeably different. The
second one is called the piecewise strategy and it assumes that the universe can be
subdivided into homogeneous, interconnected regions, where a function describes the

variation within each region.

Many data models are based on discrete objects located in the plane. In this case the
spatial variation is represented by a set of tuples <i,a;,a,,...,a,,> where  is an object and
a, through a,, are the object’s attributes. Location is described by a set of tuples
<K,Y5015.---04-.. >, Where o; 1s a binary variable indicating whether or not object 7 is present
at location (x.,y). A variation of this approach will be used to handle the geographic data

in the graphic user interface.

There are other ways of representing geographical data. [Good92] offers a fairly thorough

discussion and more references for readers interested in further information.

H1.2. Geographical Data Modeling

Two spatial data models are used most widely for geographical data modeling. They are
the vector and the tesseral (also known as tesselation, grid, matrix, and raster) models.

For raster data structures, the fundamental unit of representation is usually the square



pixel, whereas for vector data structures it has been defined in several ways, a link being

the one suggested [Raper92].

The expressive power of the representation is determined in a high degree by the
information content of the data model; however, spatial data is very dependent on the
data model chosen, perhaps more than any other kind of data. The two fundamental units
(pixels and hinks) cannot be considered to be identical because they behave in different
ways under transformation. There is a simmetry between these two representations but

they are qualitatively different.

[Raper92] introduces the following classification for data structures used in geographical

data modeling;

Yector data structures.

e Unstructured (spaghetti): each geographical feature is represented as a string of X,y
coordinates.

e Link and node (spaghetti and meatball): intersecting lines in a link and node structure
must share a node, and all closed areas are identified.

e Hierarchical: incorporates explicit relationships between polygons and their bounding

lines and between lines and their constituent points in a hierarchical system.



e Topological directional: stores start nodes, end nodes, and direction of digitizing; the
relationships between lines and polygons is determined by processing.

e Topological complex: the basic atomic unit is the common boundary between
polygons; all adjacent polygons are stored for each boundary.

e Object-based: topologically complex units that can represent complex polygons made

of other polygons, or suppert overlapping polygons.

Tesseral (raster) data structures.

e Regular unstructured: a matrix of unindexed cell values; the most popular shape for
cells is the square.

e Simple structured: an improved version of the unstructured tesseral that is more
efficient in the use of data storage, by run length encoding, for example.

e Nested structured: solves the storage problem by recursively subdividing a grid. The
quadtree and the R-trees fall in this category.

e lrregular: the space is subdivided into irregular subspaces. The most widely used is

the Triangular Irregular Network (TIN) [Jone94].
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Hybrid data structures.

e Vaster: Peuquet (see reference in [Raper92]) developed the vaster data structure to
make use of the advantages of both the vector and the tesseral systems. It is little used

in practice.

Nonspatial data structures for spatial data.

All spatial and nonspatial data must be stored in a computer system in order to be used by
the spatial database system. Five main database designs are the most widely used

[Raper92].

Flat files: the records and fields have very simple table structure. Used in very

simple GIS.

e Hierarchical: each record can have links to lower level records but only one link to a
higher-order record. Good for one-to-many relationships. It introduces a lack of
flexibility to GIS.

e Network: similar to the hierarchical but it allows many-to-many relationships.
Efficient, but its complex structure restricts its use in creating spatial databases.

e Relational: data are organized into a series of tables, with the rows of the table
corresponding to records and the columns corresponding to fields. They are easy to

use and set up. However, some manipulations are rather slow.



e Object Oriented: the ability to incorporate simple and complex geographical features
(points, lines, polygons, sets of polygons, and rasters), and support different versions
of the same feature makes object oriented databases very suitable to support spatial

data.

I11.3. Geographical Information Systems (GIS).

Even though this work does not pursue the building of a full GIS, it does use spatial data.
Spatial data are very difficult to handle because of their special characteristics discussed
above, and GIS technology offers efficient ways of approaching the different issues

involved.

I11.3.1. Some definitions of GIS:

e (Geographical Information Systems are defined as computer systems for “capturing,
storing, checking, manipulating, analvzing. and displaying data which are spatially
referenced to the Earth” [(DoE 1987)] [Raper92].

e “GIS may be defined as a system capable of efficient input, storage, representation,
and retrieval of spatial indexed data” [Rifai93].

e “Loosely defined, a GIS is a mixture of computer hardware and software used to
collect, manage and analyze data found on maps, including both maps and associated

attnibutes” [Sonne87).

18



e “Geographic information systems must be regarded as a special form of database

management system which facilitates operations on spatial data™ [Masse91].

In a GIS, four main components can be identified: software, hardware, data model
(spatial and nonspatial) and the organizational context. In the last few years the
hardware technology has become faster and cheaper. A lot of GIS software has been
developed. Regarding the data model, even though some authors maintain it has been the
ugly duckling since much of the emphasis has been placed on software and hardware,
several data models have been made available for GIS. The success of the GIS depends
on whether or not it is placed in an appropriate organizational context and properly

integrated into the whole work process.

To represent the multiple variables present in each geographical location, GIS place the
information in layers. Each layer contains information about a different feature, for

example population, forests, roads, rivers, etc.

The fact that many GIS have been developed with different system designs makes it
difficult for the user to distinguish between systems and compare their functionality and

performance.



ITL.3.2. GIS relevancy criteria.

In [Masse91], the following GIS relevancy criteria are proposed. Masser and Blakemore

state that any spatial analysis technique which is meant to be GIS relevant should

include:

N

(FF]

An ability to handle large N (10,000 or more spatial objects) without any fundamental
difficulty.

It should be explicitly geographical and either use or incorporate some of the unique
features that characterize spatial data.

There should be no barriers to eventual portability of the technology.

It should be capable of being interfaced or tighly coupled with GIS.

It should address issues and areas of applied importance.

There should be strong focus on generic topics.

The technology should be well founded and able to sustain critical scrutiny by experts
from related disciplines

[t should be usable by the end users that characterize GIS, most of whom will neither

be trained spatial scientists nor spatial statisticians nor academic researchers.

In spite of the vast opportunities offered by GIS, there are major shortcomings to their

use. The software and hardware needed to implement them are generally very expensive

, and the database development itself is a long and expensive process.
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II1.4. Topological Integrated Geographic Encoding and Referencing (TIGER) System.

The TIGER system [Masse91] is an example of a geographical database. The
information contained in it is used by several GIS applications. [t was developed jointly
by the United States Geological Survey (USGS) and the Census Bureau. It contains
digital geographical data that includes roads, railways, and rivers, the associated
geographical areas for collecting census data, political areas (cities and townships), and
other features that allow basic analysis of changes between the 1980 and 1990 census. It
1s being used by the Census Bureau as a means for collecting data and 1n creating census
products for sale to users. It contains a total of 19,000 megabytes of information. Each
record contains the following data:

1. The name and type of the feature; that is whether the feature is a road or street, a

waterway, a railroad, a political boundary, etc.

2

The coordinate values defining intersection points along the feature, together with
other geometric characteristics of the feature; for example, the curve vectors defining
the shape of the feature;

The range of addresses located between intersection points for those records

(5]

representing streets or roads, in addition to the post office name and ZIP code of each
address range;

4. The codes of the geographic areas applicable to each segment of the feature, based on
the geometric relationship to the feature of the boundaries in the file for each

geographic entity; and
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5 Other special situations associated with the record; for example major employment

centers or residential structures located along the feature
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IV. OBJECT-ORIENTED PROGRAMMING (OOP).

Object oriented programming is a new programming paradigm that represents real-world
physical objects through logical objects that behave in a way that resembles the physical

objects.

In the same sense as variables have a type in traditional programming languages, logical
objects are grouped into c/asses in object-oriented programming. A class is an
abstraction of the characteristics of a collection of similar objects. Classes have data
components and function components, and they are referred to as duta members and

member functions. Member functions define the behavior of the objects of a given class.

Every logical object belongs to a class. The process of creating a new object of a given
class is called instantiation and objects are said to be instances of that given class.
Classes can be nested within other classes to any level of depth, in this case the child
(inner) class irnkerits the characteristics of the parent (outer) class. /rheritance in object-

oriented programming is supposed to be analogous to biological inheritance.

Object-oriented programming allows the programmer to “hide” details the final user does

not need to know, providing interfaces to request the details he/she needs to know. This

capability is called encapsulation.
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Grady Booch gives the following definition for object-oriented programming: “Object-
Oriented programming is a method of implementation in which programs are organized
as cooperative collections of objects, each of which represents an instance of some class,
and whose classes are all members of a hierarchy of classes united via inheritance

relationships™ [Booch94].

Logical objects communicate with each other by means of messages. Objects send
messages to one another requesting services, and the messages trigger the execution of
the appropriate methods (functions) in the recipients of the messages. This process is

called message passing.

Another feature of OOP is the ability of the objects to behave in different ways according
to the message passed, and the ability of designing operators to carry out object
manipulation. This festure is called polymorphism and it can be either overriding or

overloading. In the following sections this concepts will be made clearer

C++ was chosen as the programming language in which to develop the graphic user
interface because 1t is a popular programming language that seems to have become the
most widely used OOP language. All the examples in the following sections are

presented in C++.
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IV.1. Classes.

As said before, every object belongs to a class which contains all the data members and
members functions of the objects that are instances of the class. The following example

illustrates the definition of the class vector.

cluss veclor |
private:
foat magnitude, angle;
char name;
public:
vector(float m, float a, char® n):
~vector(void);
void sethfag(float),
void setAngle(floal):
floar getMagivoid):
Sfloat getdngle(void):
void print\ame(vord);

In this example magnitude, angle, and name are the data members of the class vector and
vector, ~vector, setMag, setAngle, geitMag, getAngle, and printName are the interfaces
for the member functions. The keywords private and public determine which members
are accessible and which ones are not. Private members can be accessed only by objects
that are instances of the class, whereas public members are accessible for any object.
There 1s yet another keyword (protected), the use of which is explained in the section

about inheritance. This is the way encapsulation is implemented in C++

There are two member functions that deserve special attention: vector and ~vector.
(Notice that the name “vector” is the same as the name of the class.) Vector and ~vector

are called the constructor and the destructor of the class.



A constructor is a special member function that gets executed automatically every time a
new instance of the class is created. If no constructor is defined for a class, the compiler
will automatically create one constructor that takes no arguments and is called the default
constructor. [t is recommended that a constructor be defined in the case that, as in our

example, there are data members that need to allocate memory dynamically.

A destructor is a special member function that gets executed automatically every time an
object is destroyed. If no destructor is defined, the compiler will automatically create
one. Destructors never take arguments. Just as before, when there are data members that
need to deallocate memory dynamically allocated, the designer should define a

destructor. Both constructors and destructors do not have a return type.

Destructors get executed automatically at the end of a program block for all the objects
that are local to that segment of code. In some situations, destructors have 1o be invoked

explicitly by the programmer.

This is a consiructor
vector: vectorifloar m, float a. char®ni |
magmitude — m:
emgle
name - new charfstrienin) < 1]:
strepyviname, n).
{

i
This is a destructor
vector::~vectortvoid) |
deletef [ name:

}

vector vI(23, 60.0. "\v lector");
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The first segment of code above creates an instance of the class vector, assigns values to
the data members magnitude and angle, allocates a chunk of memory for the data
member name, and copies the contents of the location pointed to by parameter # into the

new location.

The next segment of code deallocates the chunk of memory previously assigned to name,

and after that destroys the instance for which the destructor was called.

The last portion of code creates a vector instance called v/, which has a magnitude of 25

units, an angle of 60.0 units, and a stored name “My Vector™.

The scope resolution operator (“::7) tells the compiler that the functions are member of
the class vector The operators new and delete work m a way similar to the library

functions malloc() and free() but they are specially designed to handle objects.

IV.2. Inheritance.

One of the major advantages to inheritance in OOP is that it reduces code redundancy,
which in turn might lead to data inconsistencies and data integrity violations. Children
classes, often called subclasses or derived clusses, inherit data members and member

functions from the parent(s) class(es), also called superclusses or base classes. A class

whose derived classes are in tumn classes themselves is called a metaciuss.
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Inheritance presents a problem since, as we stated before, the private members of a class
can only be accessed by instances of that class. That means that a derived class cannot
access the private members of its base class. The kevword prarecred allows data

members to be accessed by the instances of the class and its denived classes.

The base class of a class can be in turn be public, private or protected. To determine the

visibility of the members of the base class the following rules apply:

e The public, protected, and private members of a public base class are inherited as
public, protected, and private respectively.

e The public, protected, and private members of a protected base class are inherited as
protected, protected, and private respectively.

e The public, protected, and private members of a private base class are inherited as

private, private, and private respectively.

Example of inheritance.

class vector |
protected:
Noat magnnucde. angle;
pithlic:
vectorifloat m, float a, char® n).
void setMlagifloat).
void set-lngle(float):
Sfloar get\Mlagivoid),
Sloat get-inglevoid):
JJ'
class wemed| ector: private vector |
private:
char name.
public.
veclor::get\fagt); overnides privaie
vecior::getinglers, overrides privaie
memed) ecrortfloat m. float a. chear® n
~namedl ectorivoid);
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void print\amevoid),
7

In the example above, vector is the base class and numedVector is the derived class. The
data members magnitude and angle are accessible for instances of class vecror as well as
for instances of class ramedVector. Since in class namedl'ector the base class is

declared to be private, all the members of vecror are inherited as private by namedlector.

However, the privacy is overriden for the member functions vector::getmag() and

vector::getAngle() by redeclaring them in the public section of namedVector.

Inheritance may be used in the following cases [Budd91]:

Specialization: the most common use of inheritance is for specialization. If an is-a

relationship holds, then specialization is appropriate. Sometimes it is not easy to

decide whether a relationship is is-a or has-a.

e Specification: the subclasses are not a refinement of an existent class; instead they
are the completion of an incomplete, abstract class specification.

e Construction: a class inherits almost all of its functionality from a superclass,
changing minor details.

e (eneralization: the oposite of specialization. Used when building on existing classes
that cannot or should not be changed. Its use should be avoided.

e Extension: adds totally new abilities. Overrides methods from the parent class.

e Limitation: similar to specification, but the behavior of the subcl'ass 1s smaller than

that of the superclass.
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e Variance: classes with similar implementation where there is not a clear hierarchical
relationship. Specification might be a better solution.
¢ Combination: also known as multiple inheritance. The base class inherits behavior

from several parents.

IV.3. Operator Overloading.

Operators such as +, - * |/, %, ++, -- <<, >> =[], (), etc., can be overloaded and given

new meaning when acting on instances of the class for which they were overloaded

The following example shows how to overload some operators:

class nmerClass |
privale:
* it honrs, mimutes,
public
timverC lass ranth -0, it m 04,
void tickiunt m;
voied tickont b, intmi:
vord print tostreamd: onl),
timer(lass operator- - (/]
tckel):

retra *this,

L}
'

nmertlass aperator - (minil |
timer(lass temp;
temp.tickim);
refurn temp,;

L}
’

nmert lass operator - cmer(lassd 1 |
umerClass temp - 1:
temp.ieckthonrs. nuntes),
returmn temip:
!
Sriend timer(lass operator -+ i m, timerClass 1),
Jriend astreamd& operator rostreamd& out, timert "lassde 1))
L
nmer( lass operator - tint m. timer( lass& 11 |
returnt < m, .

r
]

ostreamd: operator  tostreamd out, timer('lass& 1 |
Lprinlionts, retrn out:

]
f
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There are some other OOP features in this example besides operator overloading. The
first one is default parameters. In the timerClass constructor, a default value of zero is
assigned to the formal parameters /z and m. Also, the reference operator & is used to pass
formal parameters by reference to the member functions; this avoids the requirement that

the constructor be called everv time an object is passed to a function.

In addition, the self-reference vaniable rhis is used. 7This is a pointer to a class that exists
in every instance of the class, so it can refer to itself when necessary. And finally, friend
functions are used. A friend function is a function that is granted access to the private
members of a class. Friend functions should be used sparsely since they constitute a

violation of the encapsulation.

The member function operator - - () overloads the ++ operator, so if a timer( luss
instance rimer exists, - - 7imer increments the timer by one minute. It also retumns a copy

of itself, so it can be used in conjunction with other operators.
The member functions operator- (int m) and operator - (timer(luss& 1) overloads the +

operator to allow it to add a timer(lass instance and an integer value or another

timer(’lass instance. They also return a copy of the result.
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The friend function operator— (int m, umerClass& ) allows to add and integer to a
timerClass instance. It 1s different from the one above because it allows operations such

as 5 - timer; whereas the latter allows the ones such as rimer ~ §;.

The friend function operator << (ostream& out, timerClass& 1) overloads the output
operator << and returns a reference to the output stream, so it can be used to output

several objects at the time.

IV.4. Abstract Classes.

An abstract class is one that is never instantiated because it is too general or is
incompletely defined. When subclassing for specification, the parent class describes very
vaguely the behavior of its children. In C++, abstract classes are implemented by means

of pure virtual functions.

Abstract classes are useful because they allow the implementation of polymorphic
objects, i.e., objects whose behavior depends on the type of the data contained in them,
rather than on the type of the object itself. In C++, a pointer to a class can hold not only
addresses of instances of that class but also addresses of instances of derived classes; a
pointer to an abstract class is used to hold a pointer to derived class instances. This
allows the execution of the different definitions for the pure virtual function in the

derived classes.



IV.5. Multiple Inheritance.

Multiple inheritance is sometimes the only way to get around complicated relationships.

The following example of multiple inheritance 1s from the 1ostream class library.

class istream: virtual public ios {...},

class ostream: virtual public ios |...}:

class iostream: public isiream, public ostream |}

This 1s a special case; notice that the derived class, tostream, has two base classes,
istream and ostream, which in tumn share a common base class, /os. This presents a
problem since we have to make sure that jostream only inherits one copy of the members
of 10s. The keyword virtual before the base class ros | in the class declaration of istream
and ostream, does precisely that. It guarrantees that in jostream there is going to be only

one copy of the members of ios.

IV.6. Persistent Objects.

A persistent object is one that exists beyond the execution of the piece of code that
created it. To be able to do so, the object has to be stored in some kind of electronic or

magnetic medium until it is needed again.
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There are several problems to be addressed with persistent objects. For example, when
an object is created, it gets the addresses of its member functions. If the object is stored
for a while and then reloaded into memory, there is no guarantee that the addresses of its

member functions are going to be the same ones.

Persistent objects must be able to be converted back and forth from their physical
representation into a symbolic representation. The creation of a physical representation
from a symbolic one is called activation. The creation of a symbolic representation from
a physical one is called passivation. By means of passivation and activation, 6bjects can

be shared between different programs and perhaps different computer environments.

Persistent objects are the components of an object-oriented database.
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V. THE GRAPHIC USER INTERFACE.

In this work, a GUI specifically for transportation scheduling specification has been
developed in motif/C++ in the X windows environment. The motif toolkit was chosen
because it has definitions for many objects that are useful for GUI's and it i1s available in
the Computer Science Department computer. C++ was chosen because it i1s a popular
object oriented language. Object-orientation has the following advantages: code easy to

maintain, code extensibility and code reusability.

V.1. Geographical Data.

Geographical data are stored in databases in layers, each layer having information about
different kinds of geographical data. They are very varied and complex, comprising
information about natural resources, population, urban development, industrial
development, waste disposal, weather and more. Only a fraction of all the information
available in geographical databases is relevant for transportation scheduling problems,
but it is still a large amount of data.

Some of the relevant data are:

Cities: the access to both geographical and transportation data will be made through an
index based on the city where the data belongs. What is basically needed is the.location
of the city; however, additional information such as the state in which the city is located

and the population are provided.
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Paths: we call paths the connections between cities; they might be roads, highways, or
airways. They serve to determine whether it is possible to go from one city to another

and the distance between those cities.

Weather information: this is a vanable and complex kind of data that 1s included only
to show the many possiblities that exist in representing geographical data. The weather

information will also be associated with a given city to make it easier.

V.1.1. The R*-tree: a data structure for spatial data.

The geographical data are handled by means of an R*-tree[Beck90]. An R*-tree i1s a data
structure for spatial data that has many desirable properties that allow it to give excellent
performance handling very large spatial databases. The R*-tree is a variation of the R-
tree introduced by Guttman (see [Gutt®4]). The R-tree is a height-balanced tree similar

to a B-tree with index records in its leaf nodes pointing to spatial objects.

As the B-trees, R-trees remain balanced while maintaining the flexibility of dinamically
adjustable windows that deal with “dead space™ on the database, like the quadirees do. A
second important characteristic of R-trees is the fact that, at the leaf level they store full
and non-atomic spatial objects. This last feature provides a natural high level object

oriented search [Falo87].

The leaf nodes of the R-tree contain entries of the form (object-pointer, rectangle) where
object-pointer points to a spatial object and rectangle is the minimum bounding rectangle
that contains the spatial object. Non-leaf nodes of the R-tree contain entries of the form

(child-pointer, rectangle) where child-pointer points to a child node and rectangle is the
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minimum bounding rectangle that contains all the rectangles which are entnes in the

child node.
Root R1 | R2
7 \ ——
/ >
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To Objects

An R-tree struclure with M = 3

If M is the maximum number of entries that will fit in a node, let m <= M/2 be the
minimum number of entries in a node. The R-tree satisfies:
(1) Every leaf node contains between m and M index records, inclusive, unless it
is the root.
(2) Every non-leaf node has between m and M children, inclusive, unless it is the
T00t.
(3) The root node has at least two children unless it is a leaf’

(4) All leaves are at the same level.

The desirable characteristics of the R*-tree mentioned above are the following (see
[Beck90]):

(1) The area covered by a directory rectangle is minimized.




(2) The overlap between directory rectangles is minimized.
(3) The margin (penmeter) of directory rectangles is mimimized.

(4) Storage utilization is optimized.

The data needed to specify transportation scheduling problems can be classified as
geographical data and transportation scheduling data. The application should integrate

them so they can be used later to produce a schedule for the problem being specified.
V.2. Transportation scheduling data.

Four types of transportation scheduling data are considered: conveyances, cargoes

(shipments), sites and additional constraints.

Conveyances: they serve to move cargoes from one site to another. We will consider
the following characteristics of conveyances:
Type: vehicle, truck, airplane, train, etc
Capacity: the amount of cargo carried, in pounds, kilograms or tons.
Volume: the volume of cargo carried, in cubic feet or cubic meters.
Speed: average speed of the conveyance.
Autonomy: maximum distance a conveyance can go without maintenance or
refueling.
Allowable cargoes: some cargoes have special characteristics and need s;)ecial
accommodations in the conveyances. For example transporting troops is different

from transporting packages; or some cargoes might need a freezer. -

Cargoes/Shipments: refers to the items that are being carmied in the conveyances.
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Type: cargo, shipment, personnel.

Weight: total weight in pounds, kilograms, or tons.

Volume: total volume in cubic feet or cubic meters.

Destination: the final destination site of the cargo.

Location: the site at which the cargo was located originally.

Earliest arrival: the earliest time a cargo can get to a final destination.
Latest arrival: the latest time a cargo can get to its final destination.

Special handling: some cargoes such as frozen goods, perishable goods, and

personnel require special handling.

Sites: the sites refer to the locations from/to which cargoes are picked up/delivered.

Type: airports, depots, train stations.

Location: it refers to the place in the country/state/city where the site is located

Constraints: even though the conveyances, sites and cargoes have self-imposed
constraints, the user might want to include additional constraints that apply on the
conveyances, cargoes, and/or sites that affect the scheduling. They comprise time, size,
and weight constraints. Cost considerations are not included.
Time: any constraint that affects the duration of the activities to be scheduled.
Size: constraints on the volume, length, or height.
Weight: constraints on the weight of cargoes.
The following class hierarchy allows us to integrate the geographical and trapsportation

scheduling data.

39



P i
dataClass )

/ \
R
NN
N
\ \\
genClass ]

.
\ s

.,

)"\ )*\
(ﬁ(\ path )( 'H‘caﬂ'll.‘.l cnnveynnce cargo (\ site )(Tt

The Class geoClass is used as a superclass of all the objects that store geographical data

the conveyance, cargo, site and constraint classes are used to store transportation

scheduling data. The dataClass class is implemented as an abstract class to allow more

flexibility in handling the derived classes by means of virtual functions.

V.3. Queries that the application will allow:

The application will allow the user query the occurrences of the different objects

specified in different combinations, such as:

k

How many conveyances of the type “x’ are there in location “y™?
Where is vehicle “x™?

Total weight of cargoes at location “x”.

Total weight of cargoes at location “x” with desti‘nation location “y”.
Where is cargo “x7?

Constraints on cargo “x”.

Where s site “x"?

Constraints on site “x".
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V.4. Application data files.

The application will handle files for the geographical data, sites, conveyances, cargoes,

and constraints. The figure below shows the way files are related to each other.

GEDGRRPNICAL
DATR SITES

]

CONVEYRANCES CONSTRRINTS

\ CREGOES

V.5. Evaluating the Application.

To evaluate the application, we will consider separately the evaluation of the GUI itself
and the evaluation of the data handling. The evaluation of a GUI involves subjectivity
since the parameters used cannot be measured quantitatively. The following parameters
(see [Coll95] pag. 34-48) can be used as indicators of how good a GUI is. |
Readability: since the system is aimed to serving users with certain special
characteristics, the language used must be understandable for such users.

High degree of Interaction: the system should be user friendly and allow the users to

correct their own mistakes in inputting the data.
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Power of Expression: the system must do something that ts relevant for its user and do
it in an efficient way. In this case, the system must make it easier for the user to provide
the data for the scheduling algorithm.
Modern GUI Characteristics.
e lcons represent data objects. Users express object interactions and commands
by moving icons and dropping them on other icons.
e Icons can be asked to show their properties, or their contents, in windows.
e Windows contents are scrollable, and have menus and control icons.
e Commands are expressed almost entirely by pointing and clicking with the
mouse. |
e The environment is represented graphically, using images of familiar objects.
Object orientation: even though it is not necessary that a GUI be object oriented, object
orientation adds desirable properties to it, such as code portability, reusability, and
extensibility. In addition, encapsulation, inheritance, and message passing allow us to
eliminate data redundancy and to produce robust code. The use of object orientation
produces bigger and slower executable code but the cost paid is worth what we get in

exchange.

To evaluate the data handling we will refer to the comparisons made in the past by other
authors between the R*-tree and other spatial data structures. In [Beck90], the authors
compared the R*-tree to the R-tree (linear split), the R-tree (quadratic split), the R-tree
(Greene variation), and the GRID file for both rectangle and point access melhodé,
concluding that the R*-tree gives the best performance among those data structures. In
[Hoel92] the authors found R*-trees and R+-trees to have similar performance except for
queries that required that the space be divided in disjoint subspaces, where the R+-tree

performed better.
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Since this is the first attempt to build a GUI specifically for transportation scheduling, it
is not possible to compare the application as a whole with an existing application.
However, the correctness of the data can be verified in the following way: create a matrix
with all the data that is going to be loaded into the system, load the data into the system,
perform queries and compare against the matnix. This will not prove the application to

be correct, but 1t will provide evidence of the correctness of it.
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V1. HOW THIS WORK IS RELATED TO OTHER RESEARCH AREAS.

The application of geographical information data to transportation scheduling problems
is relatively new. GIS (Geographical Information Svstems) have been in use for some
time and have proved to be powerful tools for the compilation, management. and display
of data associated with geographic space. However, application of GIS to transportation
(GIS-T) has required the extension of basic functionality to include new features needed.
For example, many state departments of natural resources have been using GIS
applications for some time, but in 1991, even though many transportation agencies
expressed interest in GIS-T technology, only one agency had a comprehensive, agency-

wide application in place (see [Vond93])

D. R Smith and E. A. Parra (see [Smit93]) the developers of KIDS (Kestrel Interactive
Development System) have implemented a new way of approaching transportation
scheduling, based on the application of correctness-preserving transformations to abstract
specifications of scheduling problems. This approach has proved to yield very fast and
accurate schedulers, and is in use by the U.S. Air Force. The GUI to be developed as this
thesis will serve as an intelligent front-end for KIDS, in research currently under way

both here at OSU and at the Air Force's Rome Laboratory.

The application of Object-Oriented Programming (OOP) to Graphic User Imerfaclzes
(GUI) is a modern technique that is being used more widely every day. The Open
Software Foundation (OSF) has developed recommendations for a standard toolkit to
develop GUIs called Motif. Motif applications are able to run in many platforms with no

change or few changes in the code.
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We were not able to find a GUI specifically for transportation scheduling either in

bibliography or in the Internet.
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VII. CONCLUSIONS AND RECOMMENDATIONS.

The implementation of the GUI has been affected by a number of problems related to the
fact that Motif is not fully Object-Oniented but an Object-Oriented-like toolkit for X-
windows implemented in a non Object-Oriented programming language (C language). In
addition, the programs I developed and adopted can be still improved a great deal to
guarantee a better performance of the Graphic User Interface. 1 will try to point out here

some of the aspects that can be improved.

VII. I. The R *-tree.

In [Beck90] the authors recommend some values for the parameters M (maximum
number of entries per node), k (number of groups used in the sorting of entries), and p (p
best rated entries for reinsertion). [ implemented the R*-tree keeping those values as
pound-defined values (with the #define compiler directive) in a header file. It is the

user’s responsibility to choose appropriate values for those parameters,

My implementation of the nodes uses void pointers to point to the children of a given
node since they might point to other nodes or to the objects the R*-tree stores. This
causes a big problem since the destructor will not know what kind of objects the void
pointers are pointing to. My solution to this was to leave to the programmer using the
R*-tree the responsibility of coding the destructor for the R*-tree, since the programmer
knows what kind of objects are being stored in the R*-tree and, therefore, knows how to

deallocate the memory they occupy.

The spatial indexing by definition is not unique; many areas of geographical databases

overlap with each other. The approach used to input data through the R*-tree 1s
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somewhat naive and will not avoid, for example, that two different cities be inserted in

the same geographical coordinates.

VIL 2. Motif Toolkit.

Motif abjects respond to events (keyboard input, mouse movement, mouse button clicks,
etc.) by calling callback functions. This functions have the form:

void function(Widget w, XtPointer client data, XtPointer call dataj, where w is the
object that called the function, client data is a pointer to a structure containing
information about the event that originated the callback, and call data is a pointer to the
parameters needed by the callback function. This puts enormous limitations to the
capacity to communicate with the application and seems to encourage the use of global
vanables, which are used very frequently in the examples provided in [Hell94a] and
[Hell94b]. The only way to get around this problem was to create a big and ugly data
structure with all the information needed n the different callback functions and pass a

reference to it to the callbacks that need it.

In regard to the lack of Object-Orientation of Motif, another problem I detected is related
with the application mainloop. In a verv simplified way, what an X-window application
does 1s keep running in an infinite loop waiting for external events to happen. when the
program terminates it goes out of the main loop by means of an call to the exit() function,
which does not call the destructors of the objects created in the main() function. So when
the program exits, the programmer is responsible for destroying the objects created in

main().
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VII.3. The Data Objects.

The set of data objects 1 provide are very simple and they do not intend to provide for all
the possibilities of data element combinations needed to model a transportation
scheduling problems. They are only used to give and idea of what kind of data can be

handled by the application.

VIL.4. The File System.

The file system is not fully integrated with the application and most of the file errors will
cause the program to exit instead of handling them. Additionally, the file system does
not provide much for system crashes and data recovery; a hash table can be rebuilt from
an existing file but it will not guarantee data integnity if the system crashed in the middle

of a multiple file update, in which some files were updated and some were not.

I used hashtables with unique keys for the indexing of the files. However, in some cases
there might exist the need for duplication in the keys. In addition, only keys of type

unsigned long (or other subtype of unsigned long) are allowed by the system.

Some of the problems here depicted can be solved by using features of newer C++
compilers such as the use of templates and try-and-catch blocks, which are not supported
in the C++ compiler availabie in the Computer Science Department. However, nothing

can be done about Motif not being Object-Oriented.

I have developed a robust set of programs that 1s suitable for being integrated into a
Graphic User Interface for Transportation Scheduling Problem Specification. They
present some shortcomings that I tried to point out here, but they are the basis on top of

which a more sophisticated system can be built. An example GUI and the makefile to
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comptle 1t are provided in the appendices to show how the set of programs interact with

each other.
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CLASS HIERARCHY OF THE MOTIF WIDGET SET.
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// Program Name: TSPS H

/1 An Obyect Onented Graphie User Interface lor Transportation Scheduling Problem Specification
/' Felipe (ruacache

/1 Oklahoma State University

/! Department of Computer Science

/1 Last Modified: 09/14/95

#include <Xm/CascadeBG.h>
#include <Xmv/Mhalogs.h>
#include <Xm/DrawingA.h=
#include <Xm/Form.h>
#include <Xm/FileSB.h>
#imelude <Xm/Frame h>
#include <Xm/MessageB h>
#include <Xm/PanedW h>
#include <Xm/PushBG h>
#umclude <Xm/PushB.h>
#melude <Xm/RowColumn. h>
f#mclude <Xm/ScrolledW h>
finclude <Xm/SeparatoGi h>
#include <Xm/Texth>
#include <Xm/TextF h>
#mclude <Xm/ToggleB.h>
#include <Xm/ToggleBG h>
#imclude <stdio h>

#include <stdhb.h>

#include "file.h”

#include "hashfile.h”
#include "rpth”

#mclude "sieh”

/* tvpe delimtion for bitmap information */
tvpedel struct |

stringClass lilename:

Pixmap pixmap.

unsigned int width, height;

mtx_hot. v_haot.

i bitmaplnto;

* tvpe defimtion lor application information */
1y pedet struct |
bitmaplnfo bitmap.
strmgClass mamFilename,
baseFilename:

KGCValues gev
GC ge.
Widget 1l

mb,

da,

dl,

re.

I

HashFile *cityhf
long eivCount:
it option. exilCode
stingClass dialogMessage, windowM
Signature signature,
reclangleClass reclangle:
Stnng citvinputTran:
Stnng citvkEduTran:
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Sinng cityNone:
riree *riree.
! applnfo;

// structure used Lo write city objects to disk
struct city Wrtestru |

HashFile *file.

riree *ruree.

leng cinCode:

rectangleClass rectangle:

WidgetList extFields:

int numOfTF.

/* type defimtion for menu items */
tvpedel strucl _menu_ilem |
char *|abel; /* the label tor the item */
WidgelClass *widgetClass: /* pushbutton, label, separator... */
char mnemome:  /* mnemonic: NULL il nene */
char *accelerator. /* uccelerator. NULL if none */
char *uaccel_text:  /* lo be converted to compound string */
void  (*callback){Widget, XtPointer. XtPointer):
/* routne to call; NULL 1f none */
XtPomter callback_data. /* client_dat for callback() */
slruct _menu_item *subitems: /* pullright menu items. 1l not NULL */
i menultems.

/* Pulldown menu items */

menultems geoSubltemstf| = |

UGy, &xmPushButtonGadgetClass, 'C', NULL, NULL.
NULL, (XtPownter) 0, NULL},

{ "Path”. &xmPushButiont radgetClass. 'P'. NULL, NULIL.,
NULL, (XWPomnter) 1. NULL§.

! “Weather Info”, &xmPushButtonGadgetClass, "W, NULL, NULL.
NULL, (XtPointer) 2, NULL ;.

NULL,

menultems geoSubltems]|] = |

1 "City'. &xmlPushButtontadgetClass, 'C'. NULL. NULL,
NULL. (XtPointer; 3. NULL}.

¢ "Path”. & xmPushButtonGiadgetClass. T NULL, NULL.
NULL, (XtPointer) 4, NULL ;.

! “Weather Into”, &xmPushisuttonGadgetClass, "W NULL, NULL,
NULL, (XtPointer) 5, NULL},

NULL.

menultems geoSubltems2(] = |

§ “City”, &xmPushButiontradgetClass, 'C', NULL. NULL.
NULL, (XtPonter) 6. NULL},

{ "Path”. &xmPushButtenGadgetClass. P, NULL. NULL.
NULL, (XtPointer) 7, NULL},

{ “Weather Info", &xmPushButton(adgetClass, "W', NULL, NULL,
NULL, (XtPonter) 8, NULL;.

NULL.

menultems transpSubltems(] | = |
¢ “Locauons”, &xmiushisuttonUadgetClass, "L, NULL. NULL.
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NULL, NULL, NULL},

{ "Convevances”, &xmpPushBultonGadgetClass. 'C . NULL. NULL,
NULL, NULL, NULL},

{ "Cargoes”, &xmPushButtonGadgetClass, a’. NULL, NULL.
NULL, NULL. NULL;.

: “Lonstraints . &xmPushButtontradgetClass. V. NULL, NULL.
NULL NULL NULLJ.

NULL.

HH

menultems transpSubltems||] = ¢

! “Locauons”, &xmbPushi3uttontadgeiClass, 'L', NULL, NULL.
NULL, NULL, NULL},

! "Convevances”, &xmPushButtonGiadgetClass. ‘C', NULL, NULL,
NULL, NULL, NULL}.

i “Cargoes . &xmi'ushButionGadgelClass, 'a’. NULL. NULL.
NULL. NULL, NULL}.

! “Constraints”. &xmPushButionGadgetClass. 1", NULL. NULL.
NULL, NULL, NULL},

NULL,

i
menultems transpSubltems2|] = §

| "Locanons”, &xmPushButtonGadgelClass, 'L, NULL, NULL.
NULL, NTJLL. NULL}.

! "Conveyances”, &xmPushButtonGadgetClass, ‘C". NULL. NULL,
NULL, NULL, NULL}.

} "Cargoes”. &xmPushButtonGadgetUlass, ', NULL. NULL.
NULL. NULL, NULL},

¢ “Constrannts™. &smPushButionGadgetClass. ', NULLNULL
NULL. NULL, NULL;.

NULL.

menultems quenySublemsO]| = |

1 "L, &xmPushButtenGadgetClass. 'C'. NULL. NULL,
NULL, NULL, NULL},

f"Path”. &xmPushButtonGadgetClass, "1, NULL, NULL.
NUTL. NULL. NULL!.

! “Weather info . &xmirushisuttontadgetClass, W' NULL. NULIL.
NULL. NULL, NULL}

NULL.

menultems quervSubltems|[] = |

4 “Locations”, &xmbPushButtonGadgetClass, ', NULL, NULL
NULL, NULL, NULL!,

! "Convevances”, &xmPushButtonGadgetClass, 'C', NULL, NULL,
NULL, NULL, NULL}.

{ "Cargoes', &xmi’ushButtonGadgetClass, ‘a’, NULL, NULL,
NULL, NULL, NULL},

¢ *Constraints”, &xmPushButtonGadgetClass. 't'. NULL. NULL.
NULL, NULL, NULL}.

NULL.

menultems lileltems|| = |
1 "New", &xmifushbuttonGadgetClass, 'N'. NULL. NULL.
NULL, NULL NULLS,
! "Open. ", &xmPushButtonGadgetClass, "0, NULL, NULL,
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NULL, NULL, NULL},

1 "save'. &xmPushButtontradgetC lass. 'S NULL, NULL,
NULL NULEL NULLS

¢ “Save As”. &xmPushButtonCiadgetClass. *A'. NTILL. NULL.
NULL. NULL. NULL}

1", &xmdeparatorUadgetU lass. NULL. NULL. NULL.
NULL, NULL, NULL},

¢ "Exn”. &xmPushButtonGadgelClass, %', "Cul<Kev>C". "Crl+C"
NULL, NULL, NULL;.

NULL,

menultems edithiems|| = |
1 "Copy'. &xmPushButtontadgetClass. 'C, NULL, NULL,
NULL, NULL. NULL}.
! "Paste”. &xmPushButtonGadgetClass. 7", NULL, NTILL,
NULL. NULL. NULL},
NULL,

menultems geoltems|| = |

1 "Acd”. &xmCascadeBunonGadgelClass. 'A', NULL. NULL.
NIULL, NULL, geoSubltems(;,

! “Delete”. &xmCascadeBultonGadgetClass. T NULL. NULL.
NULL, NULL. geoSubltems1 .

! “Ldit”, &xmCascadeButtontadgetClass, 'E', NULL. NULL.,
NULL, NULL, geoSubltems2;} .

NULL.

menultems transpliems| | = |

1 "Add”. &xmCascadeButtontiadgetClass, ‘A’ NULL. NULL.
NULL. NULL, transpSubltems(],

{ "Delete”, &xmCascadeButiontGadgetClass, T NULL . NULL.
NULL, NULL. transpSubltems] ),

| "Edi, &xmCascadeButtontiadgetClass, 'E', NULL. NULL,
NULL. NULL, transpSubltems2.

NIILL.

menultems quervitems|| = ¢

1 “Lieographical Data . &xm{ascadeButtonGadgetClass, "G, NULL. NULL.

NULL, NULL, querySubltemst*} .

{ "Transportauon Data”, &xmCascadeButtonGadgetClass. 17 NULL. NULL,

NULL, NULL. querySubltems| ;.
NULL.

menullems helpltems|] = |

4 "Index". &xmPushButtonGadgetClass, ', NULL, NULL,
NULL, NULL, NULL]}.

1 "Help on Help®, &xmPushButtonCiadgetClass, 'H'. NULL. NULL.
NULL, NULL. NULL}.

{ "Lreo. Daw”, &xmPushButtonGadgetClass, ‘G, NULL. NULL.
NULL, NULL NULL;}

! "Transp. Data”, &xmlPushButionGadgetClass. 7T NULL. NULL.
NULL. NULL, NULL;.

NITLL.
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char *buttonlabels|] = § "One”, "Twao", "Three". "Four”, "Five”,

"SiIxX", "Seven”. "Eight”. "Nine”. "len" |,
char *citvlabels[] = | "City:". "State:", "Population "}

char *pathlabels|| = { "Path Name". "Path Type ™.
“From City:", "lo City: ", "I nstance:” |-
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// Program Name: TSPS.C

/i An Ubject Unented Graphue User Interface lor Transportation Scheduling Problem Specilication
/! Fehipe Guacache

// Oklahoma State Umversity

// Department of Computer Science

# Last Moditied: 09/14/95

/! Include header Hle
fnclude "tsps.h”

void fileCB(Widget, XtPointer. X1Pointer).

voud loadFile( Widget, XtPowter, XtPointer),

voud saveFile(Widget. XtPointer, XtPointer).

vond redraw(Widget, XtPomnter, XtPointer ).

vond quitt Widgel. XtPointer. X(Ponter).

voud geoDataltO(Widget. XtPomter, XtPomter).

voud grabRectanglec Widget, Xkvent *, Stnng *, it *).
voul eivWnite( Widget. XtPointer, XtPounter )

voud citylnput(applnfo®).

Widget BuildPulldownMenu(Widget. char®, char, menultems®).

void mawn(int arge. char *argv[])
1

Widget topLevel. mainWindow drawingArea menuBar.

button, row Column.scrolled Window, widget, frame.
msglabel. text. dialog. cityhalog:

XiappConiext app:

bitmaplinto binfo:

XmString sir:

ntr

appinto appinio:

XtActionsRec citvActions,

// ranslations for city mput
appinto.city lnputTran=
“<BmlDown> grabRectangletdown) ManagerGadgetArm() 'n\
<BunlUp>  grabRectangleiup) ManagerGadgetActivater) \nd
<Btn|Motion>: grabRectangletmotion) ManagerCiadgethuttonMotion()".
// trumslations lor ety edn
appinto.city EditTran=
“<Bwn]1Down>: grabPoint(down) ManagerGadgetArm() \n'
<Bm | Up> grabPoinyup) ManagerGiadgetButtonMouon()",
/1 used o deactivate city translations
appinio.cityNone =
"<Bin|Down>  ManagerGadgetArm() ‘n'
<BinlUp>  ManagerGadgetActivate() \n\
<Btn | Motion>: ManagerUadgetButtonMotion()":
/1 Add signature
appinlo.signature = (x44440000.
/I Chient data for callback for file menu
lilelterns| 1 |.callback = (XtCallbackProc) lileCls.
lileltems| 1| callback_data = (XtPonter) &appinlo, 4

fileltemns(2].callback = (X1CallbackProc) saveFile.
lileltems| 2| callback_data = (XtPonter) &appinto.

fileltems[5].callback = (XICallhackProc) quit.
lileltems| 3| callback _data = (XtPomter) &appinto.
# Geo Data callback
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geoSubltems0[0] callback = (XtCallbackProc) geoDatalO).
geosubltems(f 1).callback = (XtCallbackProc) geolata i)
geoSubliems0] 2] callback = (XtCallbackProc) geolatalO),
geoSubliemns 1[0].callback = (XtCallbackProc) geoDatal().
geoSubltems 111].callback = (XiCallbackProc) geoDatalO)

geodubltems [ 2] callback = (XtCallbackProe) geoDatalC):
peoSubliems2| 0] callback = (XiCallbackProc) geoaDatal().
geoSubltems2| 1].callback = (X1CallbackProc) geolDatal():
geoSublterns2[2].callback = (XtCallbackProc) geoDatal(),

# Create the top level widget
oplevel = X1VaApplnualize (&app. “tsps”. NULL, 0.
(Cardinal *)&arge, argv, NULL, NULL).

/I Add actions

cityActions.stnng = "grabRectangle".
cityAcuons.proc = (XtAcuonProc) grabRecungle:
XtAppAddAcuons (app. &eityAcuons. 1)

/ Use a lorm as main window
mamWindow = XtVaCreateManagedWidget ("mainWindow".
xmFormWidgetClass. topLevel, NULL).

/f Create the menu system
menubBar = XmVaCreateSimpleMenuBar (mainWindow . "menuf3ar”.

XmNtopAtachment, XmATIACH_FORM,

XmNlefiAttachment. XmATTACH FORM,
XmNnghtAtachment, XmATTACH_FORM.
NULL):

BuildPulldownMenu(menul3ar, "File", ', fileliems).
BwldPulldownMenuimenul3ar, "Edit”, 'E', editlems ).
BuildPulldownMenutmenuBar. "Geo. Data”, G, geoltems).
BuildPulldownMenu(menuBar. “Transp. Data”. "T", ranspltems).
BuildPulldownMenutmenuBar. "Quen ™, 'Q'. quervitems).
widget = BuildPulldownMenu(menuBar. "Help”. "', helpitems).

/1 Tell the menuBar which button s the help menu
XtVaSetValues (menuBar. XmNmenulelpWidget. widget. NULL).

XiManageChild(menul3ar):

/! Create a Irame for the tool box

lrame = XiVaCreateManaged Widget (“Irame”,
smbrameWidgetClass, mainWindow,
XmNshadow Tvpe, XmSHADOW _IN,
XmNwpAttachment, XmATTACH_WIDGET.
XmNlefiAttachment, XmATTACH_FORM,
XmNbottomAttachment. XmATTACH_FORM,
XmNtopWidget. menul3ar,
NULLY.

/f Create a 2-column row-column to hold the loolbox
rowColumn = XtVaCreateWidget (“rowColumn”,
xmRow ColumnWidgetClass. frame,
XmNnumColumns, 2.
XmNpacking, XmPACK_COLUMN,
NULL):

o




// Create push buttons for the olbox.
lor (1= 0: 1 < XtNumber(buttonlabels). 1++) |
str = XmStnngCreateSimpletbuttonlabelsfi] ).
{/ Create a text pushbution
button = Xt1VaCreateManagedWidget (buttoniabels|1].
xmPushButton WidgelClass. row Column,
XmNlabelStnng, sir.
NULL}:
XmStnngFree(str).
i/ Add callback here
L]

XtManageChild (rowColumn).

// Create a scrolled window to hold the drawing area
serolledWindow = X1VaCreateManaged Widgel ( “scrolledWindow®,
smSerolledWindowWidgetClass, mainWindow
XmNwidth. 600,
XmNheight. 400,
XmNscrolingPoliey,  XmAUTOMATIC,
XmNscrollBarDisplayPolicy, XmAS_NEEDED.
XmNbottomAtachment,  XmATTACH_FORM.
XmNbottomOfiset, 40,
XmNtopAuachment. XmATTACH_WIDGET,
XmNIleftAttachment, XmATTACH_WIDGET,

XmNIiefiWidget, frame,

XmNtopWidget, menul3ar
AmNnghtAttachment. XmATTACH_FORM.
NULL);

/! Create the drawing area

drawingAres = XtVaCreateManagedWidget ("drawingAren”,
smbrawingAreaWidgetClass, scrolledWindow .
XmNumtlype.  XmlOOOTH_INCHES,
XKmNwidth, ROO0O. // 8 inches
XmNheght, 6000, // 6 inches
XmNresizePoliey, XmNONE, // remam this a fixed size
NULL).

// Make drawing area the work window of the serolled window

XiVasetValuesscrolledWindow, XmNworkWindow. drawingArea. NULL).

// Create a label for the message textfield

msglabel = X1VaCreateManagedWidget "Messages . xmLabelGadgetClass,

man'Window |
XmNbottomAttachment, XmATTACH, FORM.
KmNbottomOfiset, 13,
XmNleftAttachment, KmATTACH _WIDGET.
XmNlefi Widget, {rame,
NIULL):

/i Create a text lield widget to display messages
text = XiVaCreateManagedWidget( "text”, xmlextbieldWidgeiClass,

mainWindow,
XmNcolumns, RO,
XmNmaxLength, 256.
KmNeditable, False,

XmNbottomAttachment,  XmATTACIH FORM.
XmNleftAttachment, XmATTACH _WIDGET.
XmNletWidget, msglabel.
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XmNbottomOf¥set. 5,
NULL).

/1 Realize the top level widget (and its managed children
XiRealizeWidget (lopLevel):

//Create a graphics context for the drawing area.

appinio.gev. loreground = BlackPixelOfScreen( XtScreen(drawmgArea)),
appinfo.gev.background = WhitePixelOfScreen(XiScreen(drawing Area ) ).
appinfo.gev. function = GXcopvlnverted;

appinfo.ge = XCreateGC(XtDisplay (drawngArea), XtWindow(drawmgArea).

GCForeground|GCFunction, &appinfo.gey ).

// Put the application info in the user data of the drawing area
XtVasetValues(drawingArea,
XmNuserData, &appinfo,
XmNunitType, XmPIXELS,
NULLY.

// Put information in the applnfo struclure
appinfo.U = topLevel.

appinfo.mb = menuBar;

appinfo.da = drawingArea:

appinfo.re = rowColumn:

appinfo.tx = text;

// The man loop
XiAppMainL.oop (app).

1
'

// taken from Motif Programming manual by Dan Heller & Paula Ferguson
(O Reilly & Associates. Ine. 1994 pp 347-548
Widget

BuilldPulldownMenuf Widget parent. char *menu_utle, char menu_mnemonic,

menultems *items)

.
"

Widget PullDown, cascade, widgel.
ml 1. n=tlh
XmStnng sir.

PullDown = XmCreatePulldownMenu (parent, "_pulldown”, NULL, 0),

str = XmStnngCreateSimple (menu_title),
le = XtVaCreateManagedWidget (menu_utle.
xmCascadeButtonGadgetClass, parent,
XmNsubMenuld, PullDown,
XmNlabelStnng, str,
XmNmnemonic. menu_mnemonic,
NULLY,
XmStnngFree (str):

/* Now add the menu items */
for (1=10; stemsfi].label '= NULL. 1++) {
* 11’ subitems exist, create the pull-nght menu by calling this
* function recursively. Since Lhe function retumns a cascade
* button. the widget returned 15 used..
¢/
if (items|1] subitems)
widget = BuildPulldownMenu (PullDown. items|1].Jabel.
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items|i].mnemonic, items1| subitems).
else
widget = XtVaCreateManagedWidget (items|1] label,
*1items[1] widgetClass. PullDown NULL):
* Whether the 1tem 1s a real item or a cascade button with &
* menu. it can sull have a mnemonic,
./
it (items| 1] mnemonic)
XtVaSetValues (widget. XmNmnemonue, items|1|. mnemomuc, NULL).
/* anv item can have an accelerator, excepl cascade menus. But,
* we don't worry about that: we know better in our declarations.
*y
il titemns[1].accelerator) |
str = XmStringCreateSimple (items|i].accel _text).
XitVaSetValues (widget.
XmNaccelerator. iterns|i).accelerator,
XmNacceleratorText, sur,
NULLY),
XmStringFree (str);
il (items|i].callback)
XtAddCallback(widget,
(items|i] widgetClass = &xmToggleButtonWidgetClass ||
items[1] widgetClass = &xmToggleButtonGiadgetClass) ?
XmNvalueChangedCaliback : /* ToggleButton class */
XmNactivateCallback, /* PushButton class */
(XtCallbackProc)items|i].callback, items|1|.callback_data).

"
.

return cascade.

voud
fileCB(Widget widget, XtPomter chient_data, XiPointer call_data)
static Widget dialog:
applinfo *a1 = (applnfo *) chent_data.
int n=01:
XmStinng dirMask.

il (!dialog) {

XmStnng ttle = XmStringCreateSimple( "File Selection”),

dirMask = XmStringCreateSimple("*.mn").

dialog = XmCreateFileSelecuonDhalog (ai->l, "dialog”, NULL, 0);

XtVaSetValues(dialog. XmNdialogTitle. title. NULL).

XmkileSelectionDoSearchidialog, dirMask ).

XtAddCallback tdialog. XmNokCallback. loadFile. client_data):

XiAddCallback (dialog. XmNeancelCallback,
(XtCallbackProc)X(UnmanageChld, NULL),

XmStnngFree(dirMask).

XmStringFree(title):

[}

1
XManageChild (dialog).
XtPopup (XtParent (dialog). XtGrabNone).

void loadFilefWidget widget, XtPointer client_data. XWPointer call_data) |
char *file = NULL. *bul. biname| 128}, bmname]| 128);
XmFileSelecuonBoxCallbackSuruct *cbs =
(Xml1ileSelectionBoxCallbackStruct *) call_data:
applnlo *w = (applnfo *) chent_data.
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XiVaSelValues(ai->1x,
XmNvalue, "Loadmg [nformation. ",
NULL}.
XtUnmanageChld(widget):
if (‘XmStrnngGelLtoR (chs->value. XmSTRING_DEFAULT_CHARSET. &lile)) |
i/ dhsplay an error intemnal error reading compund stnng
// clear appheation info
XiVaSetValues(ai->tx.
XmNvalue, "Intemal error, please ry agamn.”,
NULL).
return;,
1
ar->mainFilename = (stringClass) file:
DawFilelnput input(ai->mainFilename):
Xtlree (file). // free allocated daw from XmStnngGetl.toR()

DataBBlock db = mput Read().
if (!db.IsNull() && db.GetSig() = mi->signature) |
buf’ = (char *){void *) db;
istrstream streamibuf. db.GetSize()).
stream >> bfname >> bmname >> ai->cityCounl.
a1->baseFilename = (stnngClass) biname,
a1->bitmap.lilename = (stnngClass) bmname,
1/ Load pixmap.
if (XReadBitmapFile(XDisplaviai->da), XtWindow (ai1->da).
a->hitmap.filename, &ai->bitmap.width,
&ai->bitmap height, &ai->bitmap. pixmap.
&ar->bitmap.x_hot. &a->bitmap v_hot) '= BumapSuccess) |
// display error message
// clear applicauon info
XtVasetValues(ai->Ix. XmNvalue, “Error loading bitmap.”. NULL).
return;

/I Make drawing area same size as pixmap
XtVaSetValues(m->da, XmNwidth. ai->bitmap width.
XmNheight, ai->bumap height, NULL),

// Add Callback to redraw the pixmap on exposure events
XiAddCallback(ai->da, XmNexposeCallback. redraw, &ai-=humap).

// Drfferent treatment depending on whether the file exists
il (fileExaiststai->baseFilename+"ay "+ HFD™))
falitexists open 1t
ai->oiyhi = new HashFile(ai->baseFilename+"eiy ™).
else
flcreate 1t
m->eityhf = new HashFile( 13, ai->baseFilename+"city”).
/1 Load the rtree
ai->riree = new rTree;
ai->cityhf->Rewind();
DataBlock rdb = ai->cityhi->Read(),
while (!rdb.IsNull()) {
aty eitv] = cinvirdb).
long *ptr = new long;
*pur = aity | .getkey().
(*a1->1tree) << entrvClass(citv | getRectangle(), ptr),
rdb = ai->citvhf->Read( ).

"
)
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¥

else |
XtVaSetValues(ai->tx, XmNvalue, "Error in Input File ", NULL).
return:
H

X1VaSetValuesai->1x. XmNvalue. **. NULL):

/ this callback function redraws the drawing area on exposure events
vord redraw( Widget drawing_a, XtPomnter client_data, XtPownter call_data) |
XmDrawingAreaCallbackStruct *cbs =
(XmDrawingAreaCallbackStruct *) call_data:
applnfo *ai;
brmaplnto *ptr = (bitmaplnto *) chent_data:

XiVaGetValues(drawing_a. XmNuserData, &ai, NULL):

XCopyArea (chs->event->xexpose.display, ptr->pixmap, chs->window, ai->ge,

U, 0, ptr->width, ptr->height, 0, ;

// destroys dinamucally allocated objects and exits
vord quit{ Widget widget, XtPomter client_data, XtPomter call_da) {
applnfo *a1 = (applnfo *) client_data:

i (ai->cityhf '= NULL)
delete m->cityht:
exitiy;

{/ grabs & reclangle from the pixmap to use as an index 1n the R*-lree
void grabRectanglei Widget da, Xlivent ®event,
String *args, int *num_args) |
static Posiion x, v, x1, x2, vI,v2.
XButionEvent *bevent = (XButtonkvent *) event.
applnlo *ar.
GC ge:

/! Get the application mformation Irom user data
XtVaGel Values(da, XmNuserData, &a1. NULL):
/11l event = button] down
if (!stremp (args| 0], "down")) |

x = x| = x2 = hevenl->x;

y =¥l =32 = bevent->y,

1
"

if (!stremp (args[0], "motion™)) |
XCopyArea (Xtsplay (ai->da), ai->hitmap.pixmap. X1Window(a->da),
ai->ge, 0, 0, ai->bitmap width, ai->bitmap height, 0, 0),

a1->gev. function = GXcopy:

ge = XCreateGC(Xtnsplay (m->da), XtWindow(ai->da),
(CFunction, &ai->gev ).

x1 = bevent->x < x?bevent->x:x:

vl = bevent->v < y’bevent->y:y:

x2 = bevent->x >= xbevent->x:x.

v2 = bevent->y >= v7bevent->yiy:

XDrawRectangle (bevent->display, bevenl->window, ge.

X1, vlox2-xi 21
i
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il (!stremp (args| 0], "up")) |
ar->reclangle = rectangleClass(x1, v1, x2, v2).
XCopvArea (Xtsplay (ai->da), ai->bitmap.pixmap. XtWindow(a->da),
ai->ge, 0, 0, ai->bitmap.width. a1->bitmap height. 0, 0y
citvlnput(ai).
i

)

// handles the options of the Geo. Dala menu oprion
voud geoDatalO{Widget widget, XtPomler client_data. XtPointer call_data) |
int option = (int) chent_data:
Widget form = widgel. scrolw, drawa, *wpir:
Cardinal ccount, 1.
applnfo *a;

/! get the drawing area through the widget hierarchy
while (!XmlsForm(lorm)) torm = XtParent(lorm),
XtVaGetValues(form. XmNnumChildren, &ccount,
XmNchildren, &wptr, NULL):
for(x={): 1<ccounl: 1++) {
1 ¢ XmlsScrolled Window(wptr(1])) |
serolw = wptr(i];
break:
. .

XitVaGet Values(scrolw, XmNworkWindow, &drawa, N1ILL);
// get the application info from the drawing area
XiVaGetValues(drawa, XmNuserData, &ai. NULL).
switchtoption) §
case (0 XtVaSetValuestdrawa,
XmNiranslabons.
XtParseTranslaton Table (a->cityInput Tran).
NULL):
¥
I
/1 XiOvemdeTranslationsian->da,
" XtParse¢TranslatonTable (a1->cityTranslations)).

// handles the input of city 1nfo
voud eitvinpuapplnlto* aiy |
Widget dialog. rowcol. form. button. textw:
XmStnng str:
int i
ciyWnieStu *ers;

/i overndes the translations
XtUverndeTranslations{a->da,
XtParse lranslationTable(ai->citvNone)).

/l mihahze structure to pass to the write callback

crs = new cityWniteSiru:

crs->file = m->eitvht,

crs->riree = al->tiree,

crs->civCode = ai->aityCounlt++.

crs->rectangle = mi->rectangle:

crs->textFields = new Widget| XtNumber (citvlabels)|:
crs->numOfTF = XtNumber (citvlabels).

// create a dialog shell

dialog = XtVaCreateWidget("City Information”, xmlhalogShellWidgetClass,
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ai->da, NULL).

/] create the dialog shell's children
roweol = XtVaCreateWidget( “rowCol”, xmRowColumnWidgetClass . dialog.
NULL).

for (1 = 0; i < XtNumber (citvlabels). 1++) |

torm = XtVaCrealeWidget (“form”. xmbormWidgelClass, rowcol.
XmNfractionBase, 10,
NULL):

XiVaCreateManagedWidget (citvlabels|i].
xmlLabelGadgetClass. lorm,
XmNtopAtiachment, XmATTACH_FORM,
XmNbottomAttachment, XmATTACH_FORM.
XmNIeftAttachment, XmATTACH_FORM.
XmNnghtAtachment, XmATTACII_POSITION,
XmNnghtPosition, 3,
XmNalignment, XmALIGNMENT_ENT.
NULLY:

textw = XtVaCreateManaged Widget ("textw”,
xmTextFieldWidgetClass, form,
XmNuraversalOn.,  True,
XmNnghtAttachment, XmATTACH_FORM.
XmNleftAttachment. XmA ITACH_POSITION,
XmNIleRtPosition. 4.
NULL):

crs->textFields[1] = textw.

XtManageChald( form):

XiVaCreateManagedWidget "separator”. xmSeparatortiadgetClass, rowceol.
NULLY:

form = XtVaCreateWidget("form”. xmbormWidgetClass, rowcol,
XmNlracuonddase, 3,
NULL).

/* Create okbulton */

str = XmbtnngCreateSimplet” OK ).

button = XtVaCreateManaged Widget: "okbutton”, xmPushButtonGadgetClass
form.
XmNIlabelString. sir
XmNtopAuachment, XmATTACH_FORM.
XmNbottomAuachment, XmATTACH _FORM,
XmNrightAuachment. XmATTACIL POSITION,

XmNleftAuachment. XmATIACH_POSITION.
AmNleftPositon. I.
XmNrightPosition, 3.
XmNshowAsDelault. True.
XmNdefaultButtonShadowThickness, 1.
NULL),

XmStringFree(str);

XtAddCallback(button, XmNacuvateCallback. (XiCallbackProc) city Wnite.
crs),

/* create cancelbutton */
str = XmStnngCreateSimplet "Cancel ).

button = XtVaCreateManagedWidget( "cancelbutton”, xmPushButtonCadgetClass,

[orm.
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XmNlabelString, str.

XmNiopAtiachment, XmATTACH_FORM,
XmNbottomAttachment.  XmATTACH_FORM.
XmNnghtAttachment, XmATTACH_POSITION.

XmNIefiAtachment, XmATTACH_POSITION.
KXmNleflPosiion. i

XmNnghtPositon. 4.

XmNshowAsDefaull. False.
XmNdefaultButtonShadow Thuckness, 1.

NULL).

XmStringFree(str).

XtManageChild (form).
XtManageCluld (rowceol).
XtManageChild (dialog);

XtPopupldialog. XtGrabNone).
H

// handles the writing ol city objects 1o disk
voud eityWritet Widgel widget. XtPointer client_data, XtPomter call_data} |
city WnteStru *ers = (citvWnteStru *) chent_data,
int ok = True,
char *sirDatal. *strDatal. *suData3. *pur.
Widget shell.
long value:

strData | = XmTexilieldGetStmng(ers->textlields| 0]).
{1 process lirst stnng to il blanks with *
ptr = strDatal
while(*ptr) |
iW*ptr=="")*ptr="_",
plr++.

1
|

strData2 = XmTextFieldGetString(ers->textFields| 1)
/1 process second string to Nl blanks with ™
ptr = sirData2;
while(*ptr) |
if (*ptr="")*pur="14
P+,

strData3 = XmTextFieldGetStnng(crs->extkields| 2] ).
// converts third stnng into & long value:
char *strError = NULL.
value = striolisrData3. &striirror. 10);
il (strError|0] '= "x0")
ok = False;
if (ok) §
aity city l{ers->atvCode, strData) . strData. value):
ety | .setRectangle(crs->rectangle).
city Ldisplav();
cout << endl:
DataBlock db = citv] passivatet).
crs->file->Wniteteity | getKey (). db).
long *ptr = new long.
*ptr = citv | getKev()
(*crs->riree) << entryClass(eitv ] getRectangle( ), pir).
shell = XtParent(widgel).
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while (!XmlsDialogShell(sheil)) shell = XtParent(shell).
XDestroy Widget(shell ).

// deallocate memorv used
delete] ] ers->textFields:
delete crs.
XiFree(stDatal),
XiFree(strData2):
KiFree(strData3);

¥

void saveFile{ Widget widget, XtPointer client_data, X(Pomnter call_data) |
applnio *a1 = (applnfo*) chent_data.
char buf[512],
DataFileOutput output(a1->mainFilename),
ostrstream stream{bul. 312):

memset(bul, 0. 512).
siream << a1->baseFilename << " "
<< ai->bitmap lilename << " *
<< ai->cityCount:
DataBlock db(ai->signature, sirlen(buf), (void *) buf):
output. Wnite(db),
]

i
|
:
:
;
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I Interiace file for the R*-tree

1 Felipe Guacache

1 Oklahoma State Umversity

Il Computer Science Department
" Last Modified: 07/31/95

#ilndef RPT_H
#define RPT_H

Hifndef _ IOSTREAM_H
#include <105tream . h>
Hendil

#ifndel _ MATH_H
#include <math.h>
#endil’

Hitndel _ STDLIB_H
#include <stdhb.b>
Hendif

#define Mvalue 5 /Maximum number of entries per node
fideline mvalue 2 /Mimimum number of entres per node
#deline kvalue 3 //k = M-2m+2

#define pvalue 2 //40% of M

#define true |

#define (alse 0

#defincon |

Hdefine oft 0

#define verucalAxis 0

#define honzontal Axis |

#define lowerRectangleValue (1

#deline upperRectangleValue |

class pointClass {

private:
Noat x.y:

public:
pomntClassivoid):
pointClass(float, float):
float getX(void):
void setX(float):
Mloat getY (void):
void set Y (float).
(loat distance(pointClassé ).

class reclangleClass {

private:
mtx1.y1,x2,y2;

public:
rectangleClass(void):
rectangleClass(int, int, mnt, int).
rectangleClass(int, nt),
rectangleClass& operator= (rectangleClassé&: ).
operator—(rectangleClass&):
operator'=(rectangleClass&).
void setCoordinatestint, 1nt, mt. int).
voud setX 1(mt):
getX1(vond):
void setY 1(int),
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getY [{vord).

void setX2(int).

getX2(voud),

voud setY 2(int):

getY2(vod):

long getArea(vond):

getMargin(void )

bad(void):

triend ostreamé& operator<<{ostream&: .rectangleClassé):

pointClass center(voud).

inl containsrectangleClassé ).
'

class entnvClass: public rectangleClass |

private:
void *pointer.

public:
entryClass(void),
entryClass(intintintmt,void *).
entryClass(rectangleClassé&, void *),
entrvClass& operator=(entnvClass& ).
void setPointer(void *):
void *getPointer(void):

class rTree: /incomplete defmition

class nodeClass |

pnvate
entrvClass children| Mvalue|:
nodeClass *parent.
int level, leal, numOIChildren:
static int overflow.
static rlree *wree:

public:
nodeClass(vord):
void setlevelint):
gelleveltvod):
voud arrangel evels(void
void adjust(void}.
vord reAdjust(void):
void setParenttnodeClass *).
nodeClass& getParentivoid).
voud setTree(rTree *).
entrvClassé& operatorf |(int).
void operalor=(nodeClass& ).
rectangleClass bound(void):
rectangleClass bound(entryClassé& ).
long overlap(int).
entrvClass minOverlap(rectangleClass& ).
entryClass minAreal:lgmnt(rectangleClassé&).
entryClass minArea(void).
void setLealtint);
1sLeaf{vond):
vord setNumOfChildren(int).
getNumOFC hildrenivoid ).
nodeClass *chooseSublreetmt, entrvClassé&:):
voud insentint, entryClass& ).
void *remove(rectangleClassd ),
void *removeinodeClass *).
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fnend ostreamé& operator<<(ostream& nodeClass&).

void operator<<(entryClassé&):

void overtlow Treatment(entrvClassé ).
void remsert(entryClassé& ).

nodeClass *sphit(entnClass& ).

void pnntiostreamé, int):

nodeC fass *searchNode(rectangleClass& ).
entnvClass searchEntry(rectangleClassé&: ).
¥

I

class rTree |
private:
int leaflevel,
nodeClass *root;
long numOfleaves:
public:
rlree(void),
void setLeafLevel(int);
getl_eafl evel(void):
getNumOfLeaves(void).
void setRoot(nodeClass *);
nodeClass *getRoot(void);

friend ostreamé& operator<<(ostreamé&:, rTreed).

void operator<<(entryClassé )
vord *removerrectangleClassd ).
$a

Hendil
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/" Ths 1s the implementauon file for an object-onented R*-Tree

/" Felipe Guacache
1 Oklahoma State University
i Computer Sciences Department
i Last moditied: 07//95
i For more informauon on R*-Trees read Beckmann's The R*-Tree: An
i Efficient and Robust Access Method for Points and Rectangies
" ACM 1990,
#ifndef RPT_H
#Hinclude "rpt.h"
Henchl’

/Mhis class vanable used to control the overflow
/freatment of nodes
int nodeClass::overflow =0,

{fthis class vanable used to point to the riree
{fremember 1o set this pomnter to the address of the rirtee
ritee * nodeClass: tree = NULL:

fipointClass methods
{fdefault constructor
pomntClass: pomiClass(void) |

ET I ISR T T SN TS GRS T Ty

x=0.0:
v=0.0

v

/leonversion constructor
pointClass -pountClassfloat px, float pvj §

X =px.
yY=nm.

r

//gets the value of x
inline loat pointClass:getX(void) |

retum .

Iisets the value of x
inline void pointClass: setX(1loat px) §

=px:

-

//gets the value of ¥
inline loat pointClass::getY (void) |

retumn y.;

H .

{/sets the value of v
inhine vord pomntClass::setY(float py) |

=py-

-t
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/freturns the distance between two points
mhne float pontClass: distance(pointClassé& p) |

return sqrifpow((x-p.getX(1).2) + pow((v-p.getY()).2)).
!

¥

/irectangleClass methods
fidefault constructor
rectangleClass: rectangleClass(void) |

s1=0,
vi=U,
x2=0.
va=0,

/leonversion constructor for rectangle access
rectangleClass: rectangleClasstint w. il X, nt v, int 2)

xl=w;
vi=x:
x2=y,
v2=z:

i

ffcomversion constructor for point access
reclangleClass: rectangleClass(int x, 1 v) §

xl=x,
vi=v.
x2=x;
V2=v,

"
.

fsets the value of x|
voud rectangleClass: setX 1om x) |

Nl=x;
L}
1

{/ireturns the value of x1
rectangleClass getX livand) {

return X1
]

{fsets the value of v
void rectangleClass: setY 1(nt y) §

vi=y;

4
/fretums the value of v1
rectangleClass: getY l(void) {

retum vl

[
"

1sets the vaiue of x2
voud rectangleClass. setX2(int x) {

78

= E_cr = Bt S S bE R P 2 = =g

T EUOn

LELRSLL ST AL A~ =% Fan o ¥



)
4

/freturns the value of X2
reclangleClass: getX2(void) |

relum X2,

I
Ll

ligets the value of y2
void rectangleClass setY2(int y) {

v1=y.

b
/fretumns the value of v2
rectangleClass: .get Y2(void) !

retumn v2;
i
'

//assignment operator

rectangleClassé reclangleClass: operator=(rectangleClassé& r) |

xl =rgetXl(),
vl =rgetY1Q.
X2 =r.geX2():
v2 =r.getY2():
retumn *this.

/icompanson operalor
rectangleClass: operator==(reclangleClassé& r) |

ix! =rgeX 1) && X2 =rgeX2() &&
vl =rgetY () && v2 = rgetY2())
retum lrue,

else
return lalse:

3
0

/icomparison operator
rectangleClass: operator' =(rectangleClass& r) |

return !(*this =r):

Il

{/sets the value of the coordinates of a rectangle

vond rectangleClass: setCoordinates(int w, inl x, int y, int 7) |

xl=w,
vi=x;
2=y,
v2=z.

/fretumns the area of a rectangle
inhne long rectangleClass: getAreaivoid) |

79

—— L AL I TR . X



return (long) (x2-x1)*(v2-v1).

//gets the margin (penmeter) of a rectangle
inline reclangleClass. getMargin(voud) |

return x2-x 1+v2-vi,
H

//returns true i the entry 15 bad
inline rectangleClass: bad(void) |

f(x]1 <0 vI<0||2<0[[v2<0]xI>x2]/yl>yD)
relum e,

else
return false:

r

/loutput operator for rectangies
ostreamé& operator<<(ostreamé& out, rectangleClass& r) §

out << (" <<rgetXl() << " <<rgetYl()<< "’
<<rgetX2() << " <<rgetY2()<<")"
return out:

[
v

/iretumns the center point of a rectangle
inline pontClass rectangleClass. center(void) §
pomntClass p.

p.setXix1 + (Moat) (x2-x1)/2).
psetYivl + (Noay (v 2-v1W2),
retum p;

/iretumns true 1f this rectangle contains rectangle r
rectangleClass. .contamsirectangleClassé ry |

WirgeXli) >=x] && rgetYI) >=yv] &&
rgetX2() <= x2 && rgetY2() <=12)
reum true:
else
return false:

|

JentryClass methods
/idefault constructor
entryClass: .entrvClass(vord) {

ponter = NULL.

/fconversion constructor
entryClass:entryClass(int w, it x. int v. it 2, void *oby) |

setX 1w
selY lix).
setX2(v).
selY2(z).
pointer = oby.
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/feonversion construclor
entryClass: entryClass(rectangleClassé& r. void *oby) |

setX 1(r getX 10
setY lrgetY 100
selX2(r.gelX20)),
setY 2(r getY2()).
pointer = ohj.

H

/lassignment operator
entryClassé entryClass: operator=teninClassé& ) |

setX 1r.getX 1))

setY Ir.getY 1))
selX2(r.getX2())
setY2trgetY20)):
pointer = r.getPonter().
return *this.

i
1}

//sets the value of the pointer
void entrvClass: setPointer(void *pir) §

polnter = pir:

I
»

/freturns the value of the pointer
voud *entryClass: getPointer(void) §

eturn pointer;

/inodeClass methods
/idelault constructor
nodeClass: nodeClass(void) |

parent = NULL:
level =0,
leal’ =0

numOfChildren = 0,

i

/fsets the value of level
vond nodeClass: setLevelimnt 1) |

level = 1.

/ireturns the value of level
nodeClass: getLevel(void) |

retumn level:

/farranges the level of the nodes after a root sphit
vord nodeClass armangelLevelsivoid) §
it
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nodeClass *n.

if (parent '= NULL)
level = parent->getLevel(1+1.
il {lisbeatl))
for 1=0:1<pumOfChildren,++) |
n = (nodeClass *) children|[1] getPownter():
n->urrangelevelsy).

1
!

(]
'

/fadjusts the covering rectangles alter inseruons/splits
void nodeClass: adjust(void) |
inti,

nodeClass *temp;

1l (parent = NULL) | /Al it1s not the root
temp = parent.
lor{i=0 1<temp->getNumOIChildren().i++)
if ((*temp)[1].getPointer() = this) /fadjust covenng rectangle
(*temp)[i] = entryClass(this->bound(), this).
temp->adjust(),
1
[)

/ladjusts the nodes rectangles alter delenons
vord nodeClass: reAdjust(vord) |

mnt 1,

nodeClass *temp, *newRoot:

il (parent '= NULL) { /Af 1t 15 not the roal
lemp = parent:
temp->removeithusy,
/Ireinsert the entries 1n this node
for (1=0;1<numOfChildren;1++)
tree->getRool( )->mnsert(level, chuldren|i]).
il (temp->getNumOChuldreni ) < mvalue) |
temp->reAdjust( )
if (lemp != tree->getRoot())
delete temp:
il {temp == tree->getRool() && temp->getNumOINC luldren() == |
&& 'leal) |
newRoot = (nodeClass *) (*temp )| 0].getPointer(),
delete temp;
newRool->setParent(NULL),
newRoot->setLevel(();
newRoot->arrangelevels( ).
tree->setRoot(newRoot);
tree->selleaflevel(tree->gelleallLevel()-1).
1

i
i
else
temp->adjust().

/isels the parent pomter
voud nodeClass: setParenunodeClass *pr)f

parent = pr.
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J/returns the object pointed to by parent
nodeClass& nodeClass -getParent(void) |

return *parent.
1l

3

fisets the value of the ponter to riree
void nodeClass: setTree(rlree *r) §

tree =i,

ffreturns the i-th entry
entnvClass& nodeClass::operator| |ont 1) {

return children|1].
1

{/assignment operalor
void nodeClass::operator=(nodeClass& n) |
mnt1

numOfChildren = n.getNumORChildreny ).

for (1=0<numOChildren:i++)
chuldren|i] = nj1}:

parent = &n.getParent():

level = n getLevel().

leaf = naslLeall ).

/Ireturns the mimimum bound rectangle of a nodeClass instance
reclangleClass nodeClass: bound(void) |

tectangleClass r.

mt1;

r = chaldren|0|:
lor (1=11<num( MChildrena++) |
W ichildren|i|.getX 1) < rgetX10))
rsetX (children1].getX 1()r
il (chldrenfi].getY 1() < r.getY ()
r.setY |(children|i].getY 1()).
o (children(i|.getX2() > r getX2())
r.setX2(children[i].getX2()).
1" (children{1]. getY2() > r.getY2())
r.setY 2(children[i].getY20):

i
s

Telwm I,

i

Jireturns the minimun bound rectangle of a nodeClass instance

/il included a new entry

reclangleClass nodeClass:-bound(entrvClassé& ¢) |
rectangleClass 1 = bound().

i fe.geX () <r.getX10)
rseX | (egetX 10

WiegetY1() <rgetY1()
rsetY l{e.getY 1))
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if (e getX20) > r.getX2()
r.setX2(e.getX2()).

il (e.getY2() > r.getY2())
rsetY2iegetY20):

retum r;

¥
"

//returns the intersection of two reclangles
reclangleClass mtersectirectangleClass& rl. rectangleClass& r2) §
rectangieClass r=rl.

il (r2.geX 10 > rgetX10)
r.se’X 1(r2.getX) ()1

if(r2 getY1() > r.getY 1)
rsetY [(r2.getY10):

1F (12.getX2() <r.getX2(}
r.selX2(r2 getx2()).

W2 getY2() < r.getY2())
r.setY2(r2 getY2()).

i (rgetX1() > r.getX2() || r.getY 1) > r.getY2())
return rectangleClass(0.0.0.0).

clse
retumn r,

1

/ireturns the overlap for a given children
long nodeClass -overlaptint j) {

long area=0);

mt 1.

Tor (=Ua<numOfChildrenzi++)
ial=y
area += mtersect(children|) | chuldren|i]). getArea().

return area.

Jireturns the node with minimum overlap

entryClass nodeClass::munOverlapirectangleClassée 1) |
int 1, chowce[Mvalue|, couni=0,
long mimmum, overlapVal| Mvalue|.

nodeClass nodel, node2.

/fa copy of the object 1n node
nodel = *this:
{fevery reclangle 1s augmented to contan the new rectangle
for (1I=0 < numOfChildren:a++) §
if (r.getX{ 1() < nodel children[i].getX1())
node | .children|1].setX 1(r.getX10));
if (r.getY 10) < nodel children[i].getY 1())
node ] children[i].setY 1(r get Y 1()).
if (r.getX2() > node | children[i].getX2())
nodel.chldren|i].setX2(r.getX2()),
il (r.getY2() > node | .chuldren[i].getY 20))
nodel children[i] setY 2(r.getY2()).

L
]

for (1I=0). 1<=numOChildren:i++) /increases m overlap are calculated
overlapVal[i] = node | overlap() - overlapti).

mimmum = overlapVal[0]:
choee|0]=0.
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for (1=031 < numORChildren; 1++)
if (overlapVal[1] < mumumum) §
mummum = overlapVal|i].
count = (),
choice|count++| = i:
1]
L)
clse
it (overlapVal[i| = mimmum)
choicefcount+r| =1

/Aif there are ties solve with minimum area enlargement
if (count>1) §
for(1=0,1<count;1++)
node2[1]=children|choice[i]|.
node setNumOfChildren(count).
return node2 mimAreakElgmnt(r).
i
clse |
if' (choice[0] > numORChildren) |
cerr << "Error in choice. MinOverlap " << endl.
exil(l):
1

r
return children|choice| 0]]:

Jireturns the node that needs minimum enlargement
entnvClass nodeClass: minAreal:lgmni(rectangleClass& 1) |
int 1, chorce] Mvalue|, coum=0.
long mimimum, areal:lgmntVal|Mvalue|:
nodeClass nodel, nodel:

{/a copy of the object in node
nodel = *this:
llevery reclangle 1s augmented to contain the new rectangle
for =021 < numOfChildren:++) §
i (rgetX 1) < node | children|1] getX 1))
node |.children|s] setX lir getX101).
if (r.getY 1) < node |.children|i] getY 1())
node | .children|[i|.setY 1ir.getY 1()).
il (r.getX2() > nodel.children[1| getX2())
nodel children| 1| setX2(r.getX20)).
il (r.getY2() > node| children|i].getY2())
node] children|i].setY 2(r.getY2()).
/fincreases in area are calculated

areablgmntVal|1] = node | children|1] getArea() - children|i] getArea():

]
mumumum = areaElgmntVal[0]:
choice[0] = 0;
tor (1=0:1 < numOfChildren: i++) {
if (areaElgmntVal[i] < muimum) {
mummum = areaElgmntVal[i|:
count = ()
choice|count++] =1,

]
[}

else
if (areaElgmnt Val|i] = mummum)
choice|count++| = 1.

1]
1

/Il there are ties resolve with mimmum area
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il (count>1) {
fori(i=U1<count;i++)
node2[1]=children|choice|1].
node2. setNumOfChildren(count ).
relurm node munArea().

else |
if (choice] 0]>numOfChildren) |

cerr << "Error in choice. minAreal:lgmnt.” << endl.

exat( 1),

H
retwrn children|choice]0]):
t

H

/freturns the node with minimum area
entrvClass nodeClass::minArea(void) |
nt 1. choee:
long mimimum.

minimum = children[ (] getArea().
cholce =0
for (1 = |21 < numOfChildren. 1++) |
il (chuldren|1].getArea() < mmimum) §
minimum = children[i] getArea():
choee =1

1 (choree>numOChildren) |
cerr << "Lrror m choice. MinArea ™ << endl.

exatfl).
[}

retumn children|choice].

/isets the leal attnbute
void nodeClass setleallint 1) §

/ireturns whether the nodeClass is a leal or not
nodeClass:asLeal(void) §

return leal.
i

/iseis the number of children
vord nodeClass: :setNumOIChildren(int n) §

numQIChildren = n.

/iretums the number of children of a node
nodeClass: getNumOfCluldren(void) |

return numOIChildren:
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/fchooses an appropiate subtree for insertion ol nodes
nodeClass *nodeClass: chooseSubTreetnt |, entnClassé e) |
nodeClass *chosen.
entryClass entry:

1l (level==1)
return thus.
else |

1l tlevel == tree->getl.eall.evel()-1) /Y childpointers point (o leaves

{ichoose the one with murumum overlap cost
entry = munOverlaple).

else
/fchoose the one with minimum area cost
entry = minAreakilgmni(e):

chosen = (nodeClass® jentry. getPointer( ).

return chosen->chooseSubTree(1.e).

]
!

/thandles node insertions
void nodeClass:ansertint |, entrvClassé e) {
nodeClass *node:

node = chooseSubTree(l.e).
itinode->getNumOfChaldren() < Mvalue)
*node << ¢
clse
node-=overflow Treatment(e).

/ideletes an entry from a node given a reclangle
vard® nodeClass remove(rectangleClassée ) |
nt i, todel,
vord *oby:

for 0=01<numOfChildren:i++)
i (chuldrenfi| ==r) |
todel = 1:
ob) = children|1] getPointer().
break.
1
I
il (todel '= numOfChildren-1)
children|todel| = children|numOIChildren-1 |
numOIChildren—.
returmn oby:

/ideletes an entry from a node given a pointer
void* nodeClass::remove(nodeClass *n) {
nt 1, todel.
voud *obj:

Tor (1=0,1<numORC hildren:a++)
il (chuldren|i|.getPointer() == n) |

todel = 1
oby = children|1].getPointer( 1
break:
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1t (1odel '= numOIChildren-1)
chuldren|todel| = chuldren] numOC hildren- 1 |.
numOIChldren--.

relum oby.

/Anserts &4 new entry mto a node
voud nodeClass. operator<<(entnyClassé& e) |
nodeClass® ptr.

children|numORChildren| = e

numOIChildren++.

i ('leat) |
pir = (nodeClass®) e.getPointer(),
pir->setParent(this),
pir->selLevel(level+1):

adjust{).
'

/fchecks the overflow class vanable before splitting nodes
void nodeClass:-overllowTreatmentientryClass& e) |
nodeClass *pir;

it not root level and no previous overllow ocurred at this level
W level' =0 && ((overflow >>level)& | )=0) |
remnsert(e):

i
clse }
ptr = sphuie).
adjust():
il (ptr '= NULL)
tree->getRool( )->insert(ptr->getLevel()-1.

entnvClass(ptr->bound(), ptr)).

/fremserts the st pvalues of a node

vond nodeC lass reinsertientrvClassé e) |
ity ).
entrvClass entnies[Mvalue+1|. etemp.
reclangieClass mmbound:
Moat distances|Mvalue+ 1 ]. diemp.
nodeClass *ptr.

/fupdate overflow class vanable
averflow = averflow|( I<<level):
/fput all the entries together
forp=0.1<Mvaluen++)

entnes|i] = children[i]:
entries| Mvalue| =e.
J/mimmum bound including the new entry
minbound = this->boundie):
Jllcalculates the distances between the cenlers
lor(r=: 1<Mvalue+]: 1++)

distances|1] = minbound center() distance(entnes|i] center()).
/sorts the first pvalue reclangles by their distances
forai=0.1<pvaluea++)

lor(=1<Mvalue+| j++)
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il (distances|j| < distances[1]) |
dtemp = distances|i].
distances|i| = distances|j|.
distances|j| = dtemp:
etemp = entnes|i|
entnes|i| = entnes|)|.
entnes(j| = etemp.

)
fmodes readjusted
lorgi=pvaluea<Mvalue+1a++) {
children|1-pvalue| = entries|1];
(' leaf) |

ptr = (nodeClass*jentnes|1] getPomter():

pir->setParent(this),

pir->setLevel(level+1):

Il
1

numOiChildren = Mvalue+ | -pvalue;
adjust():

//first pvalue entries reinserted
for(1=0;1<pvalue;i++)
/I ree->getRoot()->mmsert(level entries|i|).
parent->insert( level entnes|i]),
//sphits a node
nodeClass *nodeClass::sphittentnyClassé ¢) |
iy 1. K, | count. spintAsis, sphtGroup. sphtindex.
groups|Mvalue+1 |, indices[Mvalue+1|.
entnvClass entnes|2][2|[Mvalue+1 |, temp:
long marginValues| 2]| 2][kvalue|.
overlapValues| 2] 2|[kvalue],
areaValues| 2| 2][kvaluel].
sumMarginValues|2],
m{ verlap. mArea.
nadeClass node |, node2, *newOne, *newRoot, *ptr.

/ihstnbute the entnes into the different groups
lor=Uu<2a++)
for(y=l)<2;j++) |
for(k=0k<Mvalue:k++)
entries[iJ[i][k] = children]k|.
entries{i][j]|[Mvalue| = ¢;
1

J
fisorts different groups
/fsince Mvalue 1s not a large number a bubble sort sullices
for(1=(1.1<2:1++)
for(j=(1j<2:++)
for(k=0k<Mvaluek++)
tor (I=k:1<Mvalue+1:1++) |
{ivertical axis lower rectangle values
ifi == vertical Axis && | == lowerRectangleValue &&
entnesf][1[1].getY 10) < entnes[i][j][k].getY 1)) §
temnp = entnies|1j[j]| k|-
entries1][1][K] = entres]ili 1]
entnes|i][j[[1] = temp:
i
]
livertical axis upper rectangle values
1 == verticalAxas && j == upperRectangleValue &&
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1
N
"
/"
i

entnes[i][1][1] getY20) < enmes[i][j][k].getY2() |
temp = entnesfi|][k].
entnes|i][j[{k] = entries{i]Li][!]
entnes[1|[}|1] = wemp.

{honzontal axis lower reclangle values

1f{1 = honzontalAxis && | == lowerRectangleValue &&
entnies|i][i]{1] getX 10) < entnesfi| ][k |.getX10) §
temp = entries]i]fj|[k]-
entnes|i][j][k] = entmesfi|[]{1]:
entnes|i|[3][1] = temp:
H

/thonzontal axis upper rectangle values

(1 == honzontalAxis && | == upperReciangleValue &&
entries]i|[3]{1].getX2() < entries[i][j]{k].getX2()) {
temp = entries|i|[1][k|:
entnes[i][j|[k] = entres[1][j][1]:
entries[i][j][1] = wemp:
1

i

lfor(=0<2:0+H)
lor(j=0<2:j4++) §
if 1==honzontal Axis)
cout << "Honzontal Axis *
else
cout << "Verucal Axis ™.
ir' () = lowerRectangleValue)
cout << “Lower Rectangle Value ",
else
cout << "Upper Reclangle Value ™
coul << endl:
for(k=t:k<Mvaluet] k++)
cout << entries|1][j][k] << endl,

flget goodness values lor the ditferent groups
tor(i=a<2u++)
for()=<2y++)
fortk=0.k<kvalue k++) |
lor=0:J<mvalue+k:1++) /lirst set ol entnes
nodel|1] = entres|a|{j|[1]:
node | setNumO[Children(mvalue+k):
for(l=mvalue+k:l<Mvalue+| :1++) //second sel of entnes
node2[l-mvalue-k| = entnies|i|{j][1].
node2. setNumOChildren(Mvalue+ | -mvalue-k)
/fgoodness values for k-th group
marginValues[i][j][k] = node | .bound().getMargin() +
node2. bound().getMargin().
overlapValues[i][1]/k] = intersect(node 1 bound(),
node2. bound()) gelArea().
area Values[1)f][k] = node ] bound() getArea() +

node2 bound().getArea().
H
/fcalculate the sum of all margin-values for each axis
Tor (j=0<2;1++)
lor(k=0k<kvalue:k++)

sumMarginValues|j| = marginValues(j|[lowerRectangleValue] k| +

marginValues|j||upperRectangleValue| | k],
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{lchoose sphit axis

il tsumMarginValues| horizontal Axis| < sumMarginValues|vertical Axis|)
sphtAxis = honzontal Axis,

else
sphtAxis = verucal Axis.

lichoose the best distnbution lor split within the chosen axis

/#spht group and split index

mOverlap = overlapValues|splitAxas|[0]] 0]

groups|0] =0,
indices|0] =0
count = (]

/fobtain mimmum overlap value
for 1=00<20++)
for (=0 j<kvalue. j++)
il (overlapValues|splitAxis|[i][1] < mOverlap) {
mOverlap = overlapValues|sphtAxas][i]1):

count = U,
groups|{count| =1,
indices|count++| = j:
'

else

if (mOverlap == overlapValues|sphtAxis][1][3]) {
groups|count] = i;
indices|count++| = .

splitGroup = groups|(];
sphitlndex = indices|(]:
/NI there are ues resolve with minimum area values
i tcount>1) 4
mArea = area Values{sphitAxis||splnGroup|| sphtlndex|.
for =tki<count 1++)
il tarea Values|sphitAxis|| groups| 1] |[indices|1]] < mArea) |
sphitGroup = groups|i).
splitlndex = ndices|i].
mArea = area Values|sphitAxis][sphilGroup||sphtindex]:

[
"

]
{lchstribute the entnes
newOUne = new nodeClass;
if (newUne == NULL) {

cerr << "Memory allocation error lor new node. Method nodeClass split) * << endl.

cerr << lree->getNumOfLeaves() << " Leaves.” << endl.
exi( 1),

/irst group ol entnies in tus node
for (=0a<sphiUndex+mvaluen++) |
chuldren|1] = entnes|sphtAxas||sphitGroup][i]:
if (!leaf) {
ptr = (nodeClass*)children[i] getPointer().
ptr->setParent(this):
¥

L}
‘

numOfChildren = splitlndex+mvalue:
{fsecond group ol entries i new node
for (i=sphtindex+mvalue: i<Mvalue+1: 14+ |
(*newUne)[i-sphtundex-mvalue] = entnes[sphitAxis|{sphtCroup|[1]-
il ("leal) |
ptr = (nodeClass* )( *newOne)[i-splitlndex-mvalue | getPointer( ),
pir-=setParent(newne).

ol




1
1
L]
newUne->setNumOfChildren(Mvalue+1-splitindex-mvalue):
newOne->setlevel(level).
newOne->setleal{leal).
/1 the rool 1s sphitted
i (level = {
newRoot = new nodeCluss.
il (newRoot == NULL) {
cerr << "Memory allocation error - Method nodeClass.split().” << endl.
cerr << tree->getNumOflLeaves() << " Leaves.” << endl.
exat(ly,
} -
{*newRoot)|0] = entryClass(bound().this).
(*newRoot)| 1] = entrvClass(new One->bound(). newOne):
new Root->setNumOfChildren( 2):
parent = newRool:
newUne->setParent(newRool),
newRoot->arrangelevels():
/fupdate overflow mformation
overtlow = 0.
tree->setRool newRoot).
tree->setleafl evel(tree->getleafLevel 0+1),
return NULL:

clse |
return newUne;
H

"
"

Houtput operator for nodes

ostreamé& operator<<(ostream& oul. nodeClassd& ny |
mt1
nodeClass *ptr.

oul << "< << &n,
torti=0<n.numOChildreni++)
out << nh|
out << n.parent << " " << plevel << " << n leal’
<< " << n.pumOfChildren << ">" << endl:
retumn oul.

//scarches for a given rectangle and retumns the entrv it is 1n
entnClass nodeClass searchbEnun (rectangleClass& 1) |
nodeClass *ptr.
eninClass entny.
mir;

it (1sLeal()) §
for (1=0:1<numORChildren:i++)
il (children|i|==r)
return children|i|:

i
i

clse
for (i=0<numOIC hildren:i++)
il (chuldren|i| contamns(ry §
ptr = (nodeClass *) children|1]. getPointer().
entry = pir->searchlntrvir).
il (entrv getPomter() '= NULL)
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retum entry':

1]
retum entnvClassi).

'
L

/isearches for a given rectangle and retumns a pointer to the node 1t 15 1in
nodeClass *nodeClass. :searchNode(rectangleClass& r) §

nodeClass *pirl. *prr2.

it

i (sLeaf(y) |
[or (1=01<numOfC hildren:i++)
i (children|1]==1)
return this:

else
tor 1=0-1<numOfChildren:i++)
il (children|i].contains(r)) |
pirl = (nodeClass *) children|i] getPonter().
pir2 = pirl->searchNodetr).
" il (pur2->getNumOChildren() = ()
if (ptr2 = NULL)
return pir2;
L

retum NIULLL.

/I Tree methods
/ldefaull constructor
rlree: rTreervnd) |

leallevel = 0
numOILeaves =(
root = NIILL,

sets the pointer to the root
voud rlrees setRoot nodeClass *pir) |

root = pir,

/irelumns the pointer to the Toot
nodeClass *rlree: getRoottvord) |

Tetumn root,

Hsets the Teaf level
voud rTree: selLeafLeveltint 1) §

lealLevel =1;
i

/freturns the leat’level
rlree: getlleallevel(void) }

return leall.evel,

"
'
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//returns the number of leaves
rlree: getNumOI[Leaves(void) {

return numOfleaves,

'

/linsertion operator lor riree
voud rlree: operator<<gentryClassé& ¢) |

it (root == NIILL) {
rootl = new nodeClass;
il (root == N1JLL) §

cerr << "Memory allocation error for root rltee operator<<(entryClass) *

<< endl:
cerr << num(fl.eaves << Leaves." << endl.
i
L]
rool->selleaf{ true).
root->selTree(this).
rool << e

clse
root->nseri(leafllevel ey
numO(Leaves++:

[
i

/fdeletes nodes from an r'lTee

vond *rlree:remove(reclangleClassé ) |
nodeClass *ptr, *newRool:
vord *ob) = NLUILL.

pir = rool->searchNode(r).

Wiptr == NLULL)
cout << "Entry not [ound.” << endl.
else |

ob) = pir->remove(r).
1l (prr->getNumOIThildrent) < myvalue && pir '= root) |
pir->reAdjust().
/chspose pointer here
delete pir.
3
else
pur->adjusi():

i troot->getNumOfChildren() == | && leallevel ) |

newRoot = (nodeClass *) (*rooy)| O] getPointer ).

delete ptr:
newRoot->setParent(NUILL
newRoot->setlLevel(0).
root = newRoot
leaflevel—;
H
numOflLeaves--.
i (numOlLeaves == (1) |
delete roat:
toot = NULL.
[
retumn oby

"
]
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/fprints out all the nodes at a given level
void nodeClass -prnt(ostreamée out. 1nt 1) |
nodeClass *ptr,
nti

il {level =1
oul << *ths.
else |
ilevel <h |
Tor (1=0: 1<numOChildren: 1++) |
ptr = (nodeClass*) chuldren|1] getPointer().
ptr->pnnt{out, 1)
H
H
H

]
[}

ffoutput operator for rlree
vstreamnéde operator<<(ostreamé& out. rTree& 1) {
nti:

outl << "Number of Leaves: " << r.numOfl eaves << endl!
<< "Leatlevel " <<rleaflevel << endl
<< "Root * " << r.rool << endl.
for (i=Ua<=r.]eallevel:1++) {
r.root->pnnt(out, 1),
oul << endl << endl.

]
¥

retum out:
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/1 Program Name: DTCL.H

/1 An Object Onented Graphic User Interface for Transportation Scheduling Problem Specification
// Felipe Gruacache

/! Oklahoma State University

/! Department of Computer Science

// Last Moduified: 08/31/95

Hitndef DTCL_H
#deline DTCL_H

#ifndef [OSTREAM_H
#include <jostream h>
Hendal

#hindel' STDIO_H
#include <stdio.h>
Hendil’

findef _ [OMANIP_H
#include <iomamp.h>
Hendil

class nmeClass |

protected.
unsigned char hours, minutes, seconds,

public:
umeClass(void).
tumeClass(unsigned char, unsigned char. unsigned char):
timeClass(const char *),
tumeClass(iimeClassé):
umeClass& operator= (umeClass& ):
operator< (imeClassé ).
operator> (umeClassd ),
operator== (imeClass& ).
operalor'= (limeClass& ),
friend ostreamé&: operator<< (ostreamée, umeClassé& ).

class dateClass |

protected.
unsigned int vear:
unsigned char month. day.

public:
dateClass(vord):
dateClass(unsigned mt, unsigned char. unsigned char)
dateClass(const char *).
dateClass(dateClassé& ).
dateClassé& operator= (dateClass& ).
operator< (dateClassé),
aperator> (dateClass&):
operator== (dateClassé&),
operator'= (dateClass& ).
triend ostreamé& operalor<< (ostreamé. dateClassé),
;7

class diClass: public dateClass, public umeClass |
public:
diClass(void).
diClassiconst char *. const char®).
diClass(umeClassé&:, dateClassé&).
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diClass(dtClass&):

diClass& operator= (diClassé& ),
operator< (ditClass&):
operator> (diClassé& ):
operator== (diClassé: ).
operator!= (dtClass&:):

fnend ostreamée operator<< (ostreamés, diClassé&).

#endil’
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/! Program Name: DTCL.CPP

/ Date and ume objects

// Felipe Guacache

// Oklahoma State Universin

/ Depariment of Computer Science
/1 Sullwater. Oklahoma

{/ Last updated: 08/24/93

I

#ifndef DTCL_H
#include "dicl.h"
Hendif

/f imeClass member functions
/! delault constructor
umeClass umeClass(void} {

hours = (),
minutes = (1
seconds = (),

M conversion constructor
umeClass: :umeClass(unsigned char h, unsigned char m. unsigned char s) |

Wh<2d && m <60 && s <60) |

hours = h:
minutes = m.
seconds = s,
H

else |
hours =0
minutes = ();
seconds = 0

L]
i

fieonversion constructor
timeClass::timeClass(const char *umeStr) |
unsigned int h, m. 5.

sscanl{iumeStr, "You:%u:%u", &h, &m, &s)
ith<24 && m <60 && s <60) 4

hours = h;
minules = m,
seconds = s
}

else §
hours = (:
manutes = 0;
seconds = O

1
'

[l
r

/lcopy construclor
umeC lass umeC lassiumeClass& 1l !

hours = t1.hours:
minutes = L] .minutes.
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seconds = t] seconds.
i)

¥

/lassigment operator
umeClass& umeClass. operator={umelassé t1) |

hours = 11 _hours:
minutes = L], munutes.
seconds = L1.seconds:
rewum bl

]

/Mess-than operator
umeClass :operator<(imeClass& t1) {

if (hours '= t].hours)
return (hours < t].hours).
else
if (minutes !'= t1 minutes)
retum (minutes < L .minutes).
retum (seconds < tl.seconds).,

Jlgreater-than operator
umeClass operator>(tumeClassé& 11) |

1l thours !'= 1] hours)
return (hours > t] hours).
else
il (minutes '= L1 minutes)
retum (manutes = U.mimultes).
return (seconds > tl seconds):

/lequal-to opetator
umeClass:-operator==tumeClass& 11 {

if thours == 1] hours && minutes == (|.minules && seconds = 1] seconds)
retumn |.

else
retumn 0,

{/{different-from operator
tumeClass:operator'=(umeClassd L1} |

return (*this == t1):

/foutput operator trend function
ostreamée operator<< {ostreamé out, umeClassée L) |

out << setw(2) << setfill('0") << (ininl hours <<*'
<< setw(2) << setfill{'0y << (nuth.munutes << **
<< setn(2) << setfill((’) << (nul seconds.
retumn oul:

//dateClass member functions
Mdelault constructor
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dateClass::dateClass(void) |

vear = 1995.
month = |.
dav = [.

//eonversion consructor
dateClass:.dateClass(unsigned int v. unsigned char m, unsigned char d) |

// validate month and day
ifim<13 && d>0 &&
((m==1 || m==3 || m==5 || m==7||m==R || m==10 || m==12) && d<32) ||
(tm==4 || m==6 || m==9 || m==11) && d<31) ||
(m==2 && V%4 = 0 && d<30) ||
(m==2 && V%l && d<29))) |

vear = \.
month = m:
day =d.
!
else | /Al incorrect date assign an arbitrary one
year = 1995
month = [.
dav=1.

/leonversion construclor
dateClass: dateClassiconst char *dateSir) |
unsigned int m.d.v

sscanfidateStr,"You%ew%u", &m, &d, &y).
/validate month and day
W(m<13 && d>0 &&
tm=1 | m==3 || m==3 || m==7 || m==8 || m==10 || m == 12) && d<32) ||
(tm==4 || m==6 || m==9 || m==11) && d<31) ||
im==2 && Vod = () && d<30) |
(m==2 && o4 && d=29))) |

vear =\:
month = m.
day =d;
]
else { /il incorrect assign an arbitrary one
vear = 1995,
month = |:
day = 1.

)
]

3

/eopy constructor
dateClass:-dateClass(dateClass& d1) |

year = d| year:
month = d | .month:
dav =dl .day:

/fassignment operator
dateClassé& dateClass operator=(dateClassé& d1) |
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vear = dl year.
month =d|.month.
day =dl.day:
return d|.

Mess-than opeartor
dateClass: operator<(dateClass& d1) |

if (year '=d|.vear)
return (vear < d|l.vear).
else
it tmonth '= d1.month)
returm (month < dl.maonth),
return (day < d].day):

ligreater-than operator
dateClass..operator>(dateClass& d1) |

if (year '=dl.vear)
return (vear > d|.vear).
else
it {month '= d 1 month)
retumn (month > d1 month):
return (dav > d1 dayv).
;.
ﬂcqu.‘!]-ln operator
dateClass operator==(dateClass& d1) |

il (vear == d1 vear && month == d] month && day == d|.day)
retum |

else
retum (0

/idilTerent-from operator
dateClass. operator!=(dateClass& d1) |

return {(*this = d 1}

3
1

Moutput operator friend function
ostreamée operator<<(ostreamé vul. dateClassé& dl) |

out << setw(2) << setlill('0"y << (int)d | month <</
<< setw(2) << sellill('0") << (invyd | day << '/
<< setw(d) << setfill('0") << dl year,

relum out;

/1diClass member functions
Hdefault construetor
dtClass::dIClass(void ) imeClass().dateClassi) |

/mada

I
il

[leonversion constructor
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diClass::dtClassiconst char *timeStr. const char *dateStr)
umel lass(umeStr).dateClass(dateStur) |

finada
i

/lconversion constructor
diClass. . diClass{umeClass& (. dateClass&: d 1) umeClassiLl).
dateClasstd 1) }

/Inads
H

/leopy constructor
diClass::dClass(diClussée dil) |

hours = dtl hours
munutes = dt ] minutes:
seconds = dtl seconds:
vear = dtl.vear;

month = dtl.month:
dav = dtl dayv:

1
¥

//assignment opeartor
diClass& diClass operator=(diClassé& dtl) {

hours = dt] hours:
nunules = dl | minutes.
seconds = di seconds.
vear = dtl vear

month = dtl month,
day =dtl.day .

retumn di |

/Ness-than operator
diClass: operator< (diClass& dil) |

if ((dateClass)*this '= (dateClass) di
return (dateClass) *ths < (dateClass)dil
else
retum (umeClass) *this < (timeClass)del .

{/greater-than operator
dtClass: operator> (diClass& dil ) |

il ((dateClass)*this '= (dateClass) dt1)
retumn (dateClass) *this > (dateClass)dil;
else
return (umeClass) *this > (umeClass)dt].
H

lequal-to operator
diClass:.operator==(d(Class& dt|) |

if ((dateClass)*this == (daeClassiydi ] &&
(umeC lass)* tus == (umeClassid ]
retum |,
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else
return (F,

[
]

/idifterent-from operator
dtClass: operator'=(dIClassé dil) |
retumn '(*this = dtl),

1
i

/ioutpul operator frend function
ostream& operator<<{ostreamé& out, dtClass& dtl) |

oul << (daleClass)dt]l <<, << (umeClass)dil.
relwm oul,

L]
'}
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/I DATACL H

// Thus program handles the different kinds of data used lor
// transporstion scheduling specification.

.{‘.’
/1 Felipe Guacache

{ Department of Compuler Science
// Oklahoma State University

/I Sullwater. Oklahoma

/I Last modified: 08/26/95

'

#ifndef DATACL_H

#detine DATACL_H

#include "rpth”
Hinclude "diclh”
#include "persisth”
#include "str h”
#indel _ STRING_1}

#include <stnng h>
#endif

// Some enumerated types to keep
// track ol details

enum pathTyvpeEnum |
_highWay
_toad,
_airWay,
_railRoad.
_seaRoute

'
"

cnum location TypeEnum |
_depot,
_airport,
_tramnStation.
_seaPort

enum cargo [vpelnum |

_muscellaneous,

_personnel,

_food.

_trozenFood,

_cannedFood,

_pnntedMatter,

_equipment.

_heavyMachinery,
fireArms,

_wasle

%
5=

enum convTyvpeEnum |
_vehicle,
_truck.
_plane.
_traun,
_ship
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enum const TypeEnum |
_weight,
_volumen,
_temperature.
_speed.
Waste

i
V-

enum constOnEnum |
_city,
_path,
_convevance,
_cargo
¥
/! Class defimtions
class dawClass |
protected:
stningClass className:
public:

stnngClass getClassName(voidi{return className: ).

virtual void getlnput()=0.

virtual void displav()=0:

virual DataBlock passivate()=0.
virtual unsigned long getKev()=().

class geoClass: public dataClass §

]Nﬂl(xwd
// used to rebuild spatial index 1l necessan
rectangleClass rectangle:

public
voud setRectangle(int. it int. int).
void setRectangleqint. int);
voud setRectungle(rectangleClass& ).
rectungleClass getRectangle(vaid) [retumn rectangle: )

class city: public geoClass |
private:
unsigned long eiyCode,
stnngClass name, state:
unsigned long population.
static const Signature signalure.
public:
citvivord).
aviDataBlocké& ),

cityiunsigned long, stringClass&, stnngClass&, unsigned long).

city(cityd ).

cily& operalor= (citv&),

voud getlnput{void):

void display(void):

DataBlock passivate(void):

unsigned long getKey() {return cinCode: }:

3
S

class weather: public geoClass |
private.

unsigned long eivCode,
dateClass date:
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char maxTemp. minTemp.
unsigned char chanceORain, chanceOSnow.
tornadoWng. tomadoWaich,
tstormWng, tstormWatch:
stalic const Signature signature:
public
weather(void).
weather(DataBlock& )
weather(unsigned long. dateClass&. char, char.
unsigned char. unsigned char.
unsigned char, unsigned char,
unsigned char. unsigned char):
weather{weather&).
weatherd& operator=(weather& ).
void getlnput(void).
voud displav(void).
DataBlock passivate(void):
unsigned loog getKey() {reun eivCode: | .
]

]

class path: public geoClass §
private:
/flo ensure that a unique path exist between two cities
{/imaybe the two eity codes 1s enough check on that
unsigned long pathCode:
stringClass name.
pathTypeknum pathTyvpe:
unsigned long fromCity, oCity:
unsigned 1nt distance:
static const Signature signature,
public
pathtvand).
pathiDataBlocké& 1.
path(unsigned long. stnngClass&, pathTypeEnum.
unsigned long, unsigned long. unsigned mt):
path(pathd: ):
path& operator=(pathé& .
void getlnputi vord).
void displav(void),
DawaBlock passivate(void).
unsigned long getKev() {retum pathCode:}
k.

class convevance: pubhc dataClass §
privale:
unsigned long convCode:
stnngClass desenption.
convIypeEnum type:
{mumber of seats for personnel
unsigned int numOfSeats,
fimaximum weight of thungs transported
weight,
{/maximum volume ol things transported
volume.
/faverage speed
avigSpeed.
Mfmaximum autonomy. miles with no refueling
aulonomy .
unsigned long locatedAt,
static consl Signature signature:
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public:
conveyancel void).
conveyance(DataBlocké&: ).
convevance(unsigned long. stringClass&. convTspelinum,
unsigned int. unsigned mt. unsigned int.
unsigned mnt. unsigned int. unsigned long).
conveyance(convevanced: ).
convevanced operator= (convevanced:):
void getlnput(void).
voud display(void).
DataBlock passivale(voud):
unsigned long getKey() {retumn convCode: .
!
class cargo: public dataClass {
private:
unsigned long cargoCode:
stnngClass desenption.
cargoTypeEnum type:
/At personnel, number of people travelling
unsigned it numOiPeople,
weight,
volume.
unsigned long ongin. destination:
diClass accepted. earhestAmval. JatestAmval:
slatic cons! Signature signature;
pubhic:
cargoi voud ).
cargot DataBlock&).
cargojunsigned long. stningClass&, cargoTvpel:num.
unsigned mt. unsigned int. unsigned 1nl.
unsigned long. unsigned long.
diClass. diClass. diClass).
cargolcargodt ).
cargo& operator= (cargod):
void getlnputivord):
vord displavivond)
DaaBlock passivate(voud).
unsigned long getKevo) jretum cargoCode. |-

i

class location: pubhe dataClass |

prvate:
unsigned long locationCode. entyCode:
locationTypelnum type:
static comst Signature signature,

public:
location(vond);,
location(DataBlockéde).
location(unsigned long, unsigned long, locatonTvpeEnum):
locatientlocation&):
location& aperator= (locationd ).,
voud getlnput(vord):
void display(void).
DataBlock passivatefvoid).
unsigned long getKeyt) {retum locationCode: |

class constraint’ public dataClass |
privale

107



constOnknum target;
constlypeEnum type.
unsigned long largetCode;
Nl MINIMUM. Maximum.
stalic const Signature sygnature.
pubhc:
constraintivoid).
constraint( DataBlock&: ).
constraml{constOnEnum. constTypeEnum, unsigned long, int, int).
constramnticonstramtée .
constrainté operator=(constrainté).
void getlnput(void}.
void display(void):
DataBlock passivate(vand):
unsigned long getKev() {relum targetCode; ).

Hendil
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/I DATACL.CPP
/! Thas program handles the ditlerent kinds of data used for
/" transponation scheduling specification

/1 Fehipe Guacache

/i Department of Computer Science
/1 Oklahoma State Umversity

/t Sullwater. Oklahoma

/I Last modified: 08/26/95

1

#mclude "datacl.h”

#ifndel _ [OMANIP_H
#include <tomarnp.h>
#endil’

#ifndel _ STRSTREA_H
#include <strstream h>
Hendi!

/1 character strings with constents ol enumerated npes
char *pathTyvpeStef | = {"Highway",

"Road”,

"Aarway

“Railroad”,

"Ses Route”

"
g

char *location TypeSu[] = { "Depot”.
“Aarpont”
“Train Station”,
"Sea Pon”

char *cargoTvpeSu]| = | "Miscellaneous”.
"Personnel”.
"Food”,
"Frozen Food".
"Canned Food”.
"Printed Malter”.
"Equpment”.
“Heavy Machimeny™.
"Fire Arms”,
"Waste"

char *convIypeSi{] = { "Plane”,
“Vehicle”,
“Truck”,
"Tram",
"Ship”
.,

char *constTyvpeSir| | = | "Weight".
"Volume".
“lemperature”,
“Speed”,
"No Waste Allowed”
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char *constUnSuf| = | "Cin".
“Path”,
“Convevance”,
"Cargo”

0
'

// define signatures for the different classes

const Signature eity:signature = UXOUD0000F .
const Signature path:signature = Ox000000F).
const Signature weather signature = Ox00000FO0:
const Signature conveyvance::signature = Ox0000F000;
consl Signature cargo: signature = Ox000F0000,
const Signature location::signature = OxO0FOO00(,
const Signature constraint::signature = OxOFO00000.

/I geoClass member luncuons
// sets the reclangles coordinates based on four points
vord geoClass::setRectangle(int X, int v, int 2, it w) {

rectangle = reclangleClass(x. v. z. w):
)

L}

// sets the rectangle coordinates based on two points
void geoClass: selRectangle(int x, int v) |

reclangle = rectangleClass(x.v).
H

// sets the rectangle based on a reclangle
void geoClass: setRectungle(rectangleClassée 1) |

reclangle = 1.

[
{feity member functions

/ldefault constructor
cityveity(void) |

className = "City™.
anCode = 0L,
population = 0L

P

/I conversion constructor
city eiy(unsigned long ce, stnngClass& n. stringClassé& s, unsigned long p) |

className = "CITY",

cityCuode = cc,
name = n.
slate = s,
populaton = p:
i

/! conversion construclor

aty ey (DataBlock& db) |
char *bul, nm|128]. st[ 12%]:
mixl. vl x2, 42
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className = "CITY".

bul’ = (char *) (void *) db.

1strstream stream(bul, db.CretSize())

stream >> x| >>y] >> x2 >>12 >> aitvCode >> nm >> st >> population
rectangle setCoordinates(x|. v1.x2.12)

name = Tum.
state = sl
H

/I copv constructor
city eitv(eityd cl) 4

className = "CITY™
rectangle = ¢ reclangle.
cityCode = cl.cityCode:
name = ¢ | name:

state = c| slate:

populauon = ¢l.population.

v

/1 assignment operator
v ety operator=(cityé& ¢l §

rectangle = ¢l rectangle:
anCode =cl.anCode:
name = ¢|.name:

state = ¢l state:

population = ¢l population;
retum el

"
'

// gets data from standard mput

vond eity:getinput(vord) |
unsigned long code. pop:
char n [ 28]. s] 128|

cout << endl << "City Code ™.
cin >> code.

cout << endl << "Name: ",
cin>>n.

cout << endl << "State: "

cin >> §;

coul << endl << "Population:”.
<mn >> pop:

*ths = ity (code. n. s. pop):

// outputs citv info
void city::displav(vond) |
cout << "City Code: " << cinyCode << end|
<< "City Name " << name << endl
<<"Sate: " <<state <<end!
<< "Populaton: " << population.

1l
'

// wnites the ety mlo into a DataBlock
DataBlock ety passivate(vord) |
char buff512];
ostrstream stream(buf. 512).
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memset(bul0.512):

siream << rectangle getX 1() << ' << reclanglegelY 1() << "'
<< rectangle.petX2() << '’ << rectangle getY2() << '’
<< c][y(_'mk e
<< pame << ' << spyle <<’
<< population:

return DataBlockesignature. strlen(but). (vand *) bul),

/i weather member functions
// default constructor
weather: weather(void) |

className = "WEATHER".
cityCode = 0L,

maxTemp = O

minTemp = 0.
chanceOIRan = 0.
chanceOfSnow = (-
tornadoWng = (-
tomadoWatch = U.
tstormWng =0,
tstormWatch = (:

/feonversion constructor

weather: :weatheriunsigned long ce, dateClass& d1 . char mxt, char mnt,
unsigned char er, unsigned char cs.
unsigned char twg. unsigned char twe,
unsigned char tswg. unsigned char tswe) |

clussName = "WEATHER":
citvCode = ce:

date =dl.

max [emp = mxt:
mnTemp = mnt.
chunce)[Ram = cr.
chanceOISnow = cs.
tornadoWng = twg:
tomadoWatch = twe,
stormWng = tswg.
tstormWatch = tswe:

f

/! conversion constructor
weather weather(DataBlock& db) §
char *bul’
char dateStr[12]:
wmtxl, yl, %2, v2,
X, mn, Cr, cs,
Mg, lwe, swg, tswe:

className = "WEATHER",

bul = (char *) (void *) db.

1strstream stream(bul. db.GetSizel) ).

stream >> x| >> y] >>x2 >>42
>> civCode >> dateSur >> mx >> mn
>>Cr==0n
> wg >> lwe
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>> 1sWg >> IsWc.

rectangle setCoordinatesix 1.y 1.x232).

date = dateClass(dateStr).
maxTemp =mx.
minl'emp = mn.
chanceOfRain = cr.
chanceOSnow = cs.
womadoWng = twg.
tomadoWatch = twe:
tstormWng = (swg:
tstormWatch = tswe;

1
'

/f copv constructor
weather, weather(weather& wl) §

className = "WEATHER™
reclangle = w | rectanghe.

citvCode = wl einCode.

date = w1 .date:

max lemp = wl.maxTemp:
munTemp = w| mnTemp;
chanceO{Ruin = w| chance{ fRain.
chanceOfSnow = wl chaneefSnow:
tomadoWng = wl.lomadoWng.
tomadoWaltch = wl.lomadoWatch:
tstormWng = w1l tstormWng:
tstormWatch = w | istormWatch:

b}
l

/I assignment operator

weather& weather: operator=(weatherd wl) |

rectangle = w1 rectangle:

cityCode = w | cityCode.

date = wl.date;

maxTemp = w | maxlemp,
minlemp = wl.minTemp:
chancetRan = w |.chanceORam.
chanceOISnow = w1 chanceOSnow
tomadoWng = wi.tomadoWng:
tomadoWatch = w1l tornadoWatch:
tstormWng = wl.tstormWng.
tstormWatch = wl tstormWatch.
returmn w |

/i gets data from standard mnput
void weather::getinput{vord) {
unsigned long cc:
char dateStr|128],
nt mxt, mnt;
unsigned wnt cr, cs,
unsigned char twg. twe, tswg, tswe,

cout <<endl << "Citv Code ”

cin == e,

cout << end] << "Date: "

cin >> dateStr:

dateClass d1((const char *)dateSiri.
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cout << endl << "Maximum Temperature.

cin >> mxl.

cout << endl << "Minnmmum Temperature:

cin >> mnt:

coul << endl << "Chance ol Ruin (%): .

cm >> cr.

cout << end] << "Chance of Snow (%) "

cin >> es:

cout << endl << "Tornado Warning (Y/N) "

cin >> twg,

cout << endl << "Tomado Watch (Y/N) .

cin >> twe:

coul << endl << "Thunder Storm Warming (Y/N)y *
Cin > iswg,

coul << endl << "Thunder Storm Watch ( Y/N): =,
cin >> (swet

*this = weather(cc, d1, mxt. mnt. cr. cs, fwg, twe, Iswg. 1swe).

1
i

/7 ouiputs weather info
void weather::display(vod) |

cout << "City Code: " << cityCode << end|
<< "Date. " <<date << endl
<< "Maximum Temperature: " << (mumax Temp << endl
<< "Mimimum Temperature: " << (intyminlemp << endl
<< "Chanece of Ram' " << (int) chanceOfRain << "%" << end|
<< "Chance ol Snow. " << (int) chanceOfSnow << "%" << endl
<< "Tomado Warmung: " << (int)lomadoWng << endl
<< “Tomado Watch: * << (intitormadoWatch << end|
<< "Thunder Storm Waming: " << qnttstormWng << endl
<< "Thunder Storm Watch. * << (intitstormWatch << endl.

// writes the weather inlo inw a DataBlock
DataBlock weather: passivaie(vord) |
char but]512]:
ostrstream streamibuf, 512y,

memset(but.0.512).

stream << reclangle getX 10) << "' << reclangle getY () << *
<< rectangle getX2() << "' << rectangle et Y2() << **
<< cit‘\‘Cn‘k <<’
<< date <<’
<< (inumaxTemp <<’ << (inbmnTemp << *'
<< (intichance MRain << "' << pintichancet WSnow << *°
<< (mDomadoWng <<’ ' << (inhlomadoWalich << **
<< {mhistormWng << ' << (initstorm Watch.

return DataBlock(signature. strlen(bul), (void *) but).

)

i

/I path member functions
#/ delault construetor

path: path(void) §

className = "PATH".

nathCode = 01,
pathType = highWay:
fromCitv = 01

toCity = 0L,
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distance = (1.

¥

ficonversion constructor
path. path{unsigned long cd. stringClassé& nm pathTvpel:num pt,
unsigned long fc. unsigned long e, unsigned int dist |

className = "PATII",
pathCode = ed,

name = nm:

pathType = pt,
fromCitv = fc:

toCaty = Le

distance = dist;

"
"

// conversion constructor
path::path(DatBlockd db) §
char *buf;,
mixlovl, x2, v, ple
char nm| 128].

className = “WEATHER",
bul = (char *) (voud *) db:
istrstream stream(but, db GetSize));
stream >> X1 2> v] >> X2 >>y2
>> pathCode >> nm >> pt
== [romCity >> ity >> distance:
rectangle setCoordinatesix v 1.x2a 2

name = nm:
pathType = (pathTypelEnum) pt:
i

/Jeopy constructor
path::path(path& p1) {

className = "PATH",
rectangle = pl rectangle.
pathCode = pl pathCode.
name = pl.name:
pathType = pl pathType.
fromCits = pl.fromCity:
toCity = plioCity:
distance = pl distance:

.
1

// assignmen! operator
path& path: .operator=(pathé pl) {

reclangle = pl.rectangle.
pathCode = pl.pathCode:
name = pl.name.
pathType = p1.pathType,
fromCity = pl_tromCity.
oy = pl.toCitv.
distance = pl.distance:
return pl.
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// gets data from standard input
voud path:getlnput(vord) |
unsigned long ed. e, te.
char nm| 128].
unsigned it pt. dist:
pathTvpeEnum pit.

cout << endl << "Code’ ™.

cin >> cd:

cout << endl << "Name ™

cin >> nm.

cout << endl << "Path Type: ™
cin >> pl.

ptt = (pathTypeEnum) pt;

cout << endl << "From City” *.
cin >> fe:

coul << endl << "To City
cin >> 1c.

coul << endl << "[hstance: "

cin >> dist:

*this = pathied. nm, ptt. e, te. dist)y:

{/ outputs path nfo
void path:displaviveid) §

cout << "Code: " << pathCode << endi
<< "Name: " << name << endl
<< "Path Tvpe: " << path’l'ypeStr|pathType| << end]
<< "From City: " << [romCity =< endl
<<"ToCiv: " << 1oCity << endl
<< "Instance: " << distance << endl.

i
"

// wnites the path info 1nto a DataBlock
DataBlock path::passivate(void) |
char bul]312].
ostrstream streamibul’ 312

memset(buf(+.512):

stream << rectangle getX 1) << "' << rectangle getY () <<’
<< rectangle.getX2() << "' << rectangle get Y2() <<
<< pathCode <<’
<< name << '* << pathType << '’
<< fromCity << "' << iy << "'
<< distance:

return DataBlock(signature, strlen(bul), (void *) buf).

/1 conveyance member functions
I default constructor
conveyance: convevance(void) {

className = "CONVEYANCE",
convCode =01

tvpe = _vehiele:

numOiSeats = ().

weight = 0:

volume = (1.

avrgSpeed = (.
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autonomy = (0,
located AL = 0,

"
L}

/I conversion constructor

conveyance: ‘convevance{unsigned long ce. stnngClass& desc. conviypelnum tp.
unsigned mi ns. unsigned intwi
unsigned inl vol, unsigned mt avgs.
unsigned int aul. unsigned long la) |

className = "CONVLEYANCE".
comCode = ce.

descniption = desc:
bpe = ip.
numOfSeats = ns,
weighl = wi.

volume = vol,
avigSpeed = avgs:
aulonomy = aut.
locatedAt = la:

"
1

// conversion constructor
conveyanee..conveyancel DataBlock& db) |
char *bul’
it et
char desc| 128]:

className = "CONVEY ANCE™
bul = (char *y (vord *y db:
1strstream streamibul. db.CietSize()).
stream >> comCode >> desc >> ¢t
>> numOfSeats >> weight >> volume
>> avigSpeed >> autonomy >> located AL
descnplion = desc,
type = (convIvpelEnum) et

/! copy constructor
convevance: conveyancelconvevancede ¢l ) 4

className = "CONVLEYANCE".
comvCode = ¢l.comvCode.
description = ¢l deseniption:

tpe = cl nype:

numUISeats = ¢l .numOlSeats.
weight = cl.weght:

volume = ¢l volume.

avigSpeed = cl.avigSpeed:
autonomy = cl.autonomy,
locatedAt = ¢ located At

i
Ll

Hassignmenl operator

convevaneed: convevance. operalor=tcomesanceds ci) |

comCode = ¢l.comCode.
description = ¢l.descnplion.
e =cl type

numOfSeats = ¢l numOSeats

117



weight = ¢l weight:
volume = ¢l volume:
avrgdpeed = ¢ lavrgSpeed:
autonomy = ¢l autonomy:
locatedAt = cl locatedAt.
return cl.

"
H

/1 gets data from standard input

void convevance: getinput(void) |
unsigned long cc, fa
char desc| 128]:
unsigned int tp, nos, wi. vol, avgs. aut:
conv lypelinum tpp.

cout << endl << "Conveyance Code: ™
€ >> e

cout << endl << "Descnption:
¢ >> desc:

cout << endl << "Tvpe: "

€in >> 1p.

tpp = (convTypelinum) tp.
cout << endl << "Number of Seats: "

cin >> nos.

cout << endl << "Maximum Weight: .

i >> Wi

cout << endl << "Maximum Volume: *.

e 2> vol:

cout << endl << "Average Speed ™

Cin >> aves:

cout << endl << "Autonomy- *

cin == aut,

cout << endl << "Located at .

¢ >> la:

*this = comvevance(ce. desc, Ipp. nos, wi, vol, avgs, aut. la).

|
’

/! outpuls convevance info
void convevance: :displavivoid) |

cout << "Convevance Code. " << comUode << endl
<<"Descnpuon. " << descnption << endi
<< "Type: * << comvTypeStr|tvpe| << endl
<< "Number of Seats: " << num{fSeats << end|
<< "Maximum Weight * << weight << endl
<< "Maximum Volume: " << volume << ¢ndl
<< "Average Speed- " << avrgSpeed << endl
<< "Autonomy: " << autonomy << endl

<< "Localed at: * << locatedAl << endl.

]
Il

/1 writes the convevance nfo into a DataBlock
DataBlock conveyance: passivate(vord) |

char bul]312),

ostrstream stream(bull 512):

memseltbull0.512),

stream << convCode << "' << desenption << '
<<ype <<''<<num(fSeats <<’
<< weight <<'* << volume <<’
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<< avrgSpeed <<'' << autonomy <<’
<< located At

return DataBlockisignature. strientbuf), (void *) bul):

i
"

‘fir SRR hRERREERRERED

// Need to add locauon 1o cargo info
[/ SEeanksensEnnTRInSNny

// cargo member lunctions

/i delault construcior
cargo:cargo(vond) §

className = "CARGO".
cargolode = 0L,

type = _mscellaneous;
numOfPeople = (1.

weight =0
volume = (1
ongin = 0L,

destination = (1L:

'

// eonversion constructor

cargu: curgotunsigned long ce, stnngClass& dese, cargoTypelinum (p.

unsigned it np, unsigned it wi, unsigned mt vol,

unsigned long on, unsigned long dest.
diClass ac. diClass ea, diClass la) |

className = "CARGO"™:
cargolode = ce.
deseription = desc:
pe =1p;
numOfPeople = np.
welght = wt,
volume = vol

ongin = on,
destmation = dest:
accepled = ac.
carhestArmival = ea:
latestAmval = Ja.

]
'

// conversion constructor
cargo:.cargo DataBlock& db) §
char *bul’®
inl ¢t
char desc| 128]. ac| 12%]. ea[ 128]. la| 128].

className = "CARGO";

buf = (char *) (veid *) db;

sirstream stream(buf, db.GetSize()):

stream >> cargoCode >> desc >> ot
>> numOfPeople >> weight >> volume
>> origin >> desunation
>>gc >>ea >> |

descrnipuon = desc:

wpe = (cargoTypelnum) ct.

bul = strehrtac. ')

*bul'= "w0".
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accepled = diClass(but+1.acr.

bul = surehrea, ')

*hut = "W,

carhiestAmval = diClass(bul+1 .ea).
buf = strehrila. ")

*hul = "x0"

latestAmival = diClassibui+1 la).

]
3

{/ copy constructor
cargo: cargoeargo& cl) |

clussName = "CARGO",
cargolode = ¢l cargoCode.
deseription = ¢ | descniption;

type = ¢l type:

numO{People = ¢1.numO[People:
weight = el weight.

volume = ¢l volume:

ongm = cl.ongin:

destination = ¢l .destination:

'

/1 assignment operator
cargod cargo: operalor=(cargo& cl) |

cargoCode = ¢l cargoCode,
deseription = ¢l deseniption,

upe =cl type.

numOfPeople = ¢l.numOIPeople.
weight = ¢l weight.

volume = ¢ l.volume.

ongin = ¢l.ongin:

destination = ¢l desunation.
accepted = ¢l accepted:
carliestAmyval = ¢ |.earliestAmival.
latestArmmival = ¢ latestArmival.
retum el

// gets data from standard input
void cargo:getlnput(vord) |
unsigned long cc.
char desc| 128].
cargoTypeknum tpp:
unsigned nt tp, np. wi, vol.
unsigned long on. dest:
char acDate| 128). acTime| 128].
eaDate| 128]. eaTime] 128].
laDxate| 128), taTime| 128].

cout << endl << "Cargo Code: ",
cin >> cc.

coul << endl << "Description ™
cin >> desc:

cout << end] << "Type
Cn >> 1p,
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tpp = (cargoTypeEnum) tp:

cout << endl << “Number of Peaple ™.

cin >>np:

cout << endl << "Weight

cimn >> wi.

coul << endl << "Volume. .

cin >> vol.

cout << end! << "Onginal LLocation: ",

cn >> on,

cout << endl << "Destnation: “.

ein >> dest;

cout << endl << "Accepted Date: ™

cin >> acDate:

cout << endl << "Accepted Time: ™

cin => acTime.

cout << end] << "Earliest Arnval Date *.

cin >> eaDate.

cout << endl << "Earhiest Amval Time "

cin >> ealime;

cout << endl << "Latest Amval Date: ",

cin >> laDate:

cout << endl << "Latest Amval Time: ™,

camn >> laTime:

*this = cargolce. desc. tpp. np. wi. vol. on, dest.
diClasst(const char *)acTime, (const char *lacDate).
diClass(teonst char *jea'lime, (const char *jealae).
diClass((const char *)laTime, (const char *)laDatc)),

0
'

// outputs cargo nlo
vod cargosdisplavivond) |

cout << "Cargo Code " << cargoCode << end|
<< "Deseriphion: * << descnption << ¢ndl
<< "Type: " << cargolypeStr[npe| << endl
<< "Number of People: " << numOfPeople << endl
<< "Weight " << weight << endl
<< "Volume " << volume << endl
<< "Onginal Location” * << ongin << endl
<< "Destination: " << destination << end|
<< "Accepted. " << accepled << endl
<< "Larhest Amval. " << carliestAmal << endl
<< "Latest Amival: " << latestAmval << endl:

/i writes the cargo info into a DataBlock
DawBlock cargo:passivateivoud) |
char buf]512]
osirstream stream(buf, 512),

memset(buf.0.512):
stream << curgolode << "' << descnption <<’
<< type <<'" << numOfPeople <<’
<< weight <<'' << volume <<*'
<< ongin << '’ << destination <<’
<< accepled << ' << curhestAmval << *°
<< latestAmval:
return DaaBlockisignatre, strlentbuf). (void *) bul):
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// location member functions
/! default constructor
location:-location{void) |

className = "LOCATION".
locationCode = OL.

ctvCode = 0L,

type = _depot.

L}

/{ conversion constructor
location:-location(unsigned long lc, unsigned long ce. locationTypeknum tp) §

className = "LOCATION".
TocationCode = le;

anCode =cc.

hpe =1p.

(1

/I conversion constructor
locaton::location( DaluBlock& db) §
char *bul,
int i

className = "LOCATION™

buf = (chur*) (void*) db:

1strstream stream(buf, db.GetSize()),
stream >> JocationCode >> eivCode >> |t
tpe = (locahonTypelinum) It

// copy constructor
location: locationt lkvation& 11) 4

className = "LOCATION".
locationCode = 11 locauonCode,
citvCode = 1 eityCode:

type =11 tvpe:

/ assignment operator
locationde location: operator= (Jocationde 11) |

locanonCode = 11 JocationCode:
civCode = 11.aivCode:
npe = [1.npe.
return |1
i
/ ges data from standard input
voud lecation::getlinputvord) |
unsigned long lc, ce.
unsigned nt 1p;
locationTvpeknum tpp:

coul << endl << "Locauon Code: ™.
cin >> e,

cout << endl << "City Coder ™

cin >> cc:

cout << end] << "Location Type: .
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em >> tp.
tpp = (locauonTypelnum) tp.
*(his = location (le. ce. tpp).

1
Ll

// outputs location info
void location:.displavivond) {

cout << "Location Code: " << JocationCode << ¢nd]

<< "City Code: " << civCode << endl

<< "Location Type' * << locationTypeSir|npe| << endl.
1
)

// wnites the location info into a DataBlock
DataBlock location: -passivate(void) |
char buf[512]:
ostrstream streamibuf, 512):

memsel(bul 0,512}
stream << locationCode << "' << atvCode << "' << npe:
retumn DataBlock(signature. strlengbuf). (vord #) buf):
t
{/ constraint member funcltions
/! detaull constructor
constraint: :constrant(void) |

className = "CONSTRAINT",
larget = _cty.

tvpe = _weight:

targetCode = 01,

mimum =

maximum = (.

I/ conversion constructor
constraint:constramt(constOnkinum 1. constypeknum tp. unsigned long e
It mn. it mx) |

className = "CONSTRAINT"
largel = 1g;

npe = tp.

targelCode = te:

MINImum = mn.

maximum = mx.

/{ conversion constructor

constraint: constraint(DataBlock& db) |
char *huf:
inttg, ct.

className = "CONSTRAINT".

bul = (char®) {(void*) db:

istrstream stream(bul, db CretSize()).

stream >> tg >> ¢t >> wigetCode > mimmum >> maximum:
larget = (constUnknum) tg:

wpe = (const] vpel-num) et



/I copy constructor
constrawnt: .constraint{constrainté ¢l |

className = "CONSTRAINT".
largel = ¢l .largel.

type =cl.type.

argetCode = cl.targetCode:
manmum = ¢ |.mummum:
maximum = ¢ | maximum.

L}
Ll

I assignment operator
constrainté& constraint: operator=(constramnté ¢1) {

target = cl.larget;

npe =cl.tvpe:

targetCode = ¢ targetCode:
mimmum = ¢l minmum:
maximum = ¢l.maximum:
retumcl.

L
1

// gets data from standard mput
void constraint::getlnput{void) }
int Lg, ct. mn. mx:
unsigned long te:

cout << endl << "Target: "

cin >> 1g:

coul << endl << "Constraint Type: ™
cin >> ¢l

cout << endl << "Target Code: ",
oin >> te.

cout << endl << "Mimmum: ™,

€in >> mn.

cout << endl << "Maximum: "

¢in >> mx.

*this = constramnt((constOnknumitg. (constTypelznum)et. te. mn. mx)

:.
// outputs constraint data
voud constramt. .display(void) |

cout << "Target: " <= constOnStrftarget| << endl
<< "Constraint Type: © << constIvpeStr|type] << endl
<< "Target Code: " << targelCode << endl
<< "Minmum " << mimmum << endl
<< "Maximum: " << maxsmum << endl.

/f wniles the constrami info nto a DataBlock
DataBlock constramt::passivate{void) |

char buf]512];

ostrstream stream(buf. 512);

memset(bul,0.512).

stream << largel <<’ << ype <<'' << targelCode << "'
<< mmimum << "' << maximum,

return DataBlock(signature. strlentbuf), (vord *) but),

]
[}
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/I FILE LIBRARY -- datafile h (v2.00 4/30/94)

/1 Delines a lile type lor disk-based data tiles

/' Copvnght 1992, 1994 Scott Robert Ladd. All nghts reserved
/I Modified 1o run m a UNIX system by Felipe Guacache

/1 Oklahoma State Universim
/1 Department of Computer Science
/ Last Mochitied: O8/31/95

#itndel DATAFILE_H
H#define DATAFILE_H

#include "persist.h”
#include "str h”
#include <stdio.h>
#include <fentlh>
#include <svs/ivpes.h>
#include <svs/stat.h>
#mclude <stnng h>
#include <umstd h>

enum DataFileError
i
FE_EOF.
FEEALLOC,
FE_GEN_TEMP.
FE_INV_MODE,
FE_NO_OPEN,
FE_NO_WRT FHDR.
FE_NO RD FHDR.
FIE_NO_WRT_RHDR.
FI:_NO_RD_RHDR.
FIE_NO_WRT REC
FE_NO RD REC,
Fi_BAD_SEEK.
FEE_NO_OPEN_TEMP,
FI:_NO_REMOVE,
FE_NO_RENAME .
FEE_NO_REWIND,
FEE_BAD SIC

enum DataFileMode
)
FM_NEW,
FM_ EXISTING,
FM_APPEND,
FM_TEMPORARY
HH

tvpedel unsigned long Signature,

struet RecordHeader {
size_L RecSize,
Signature RecSig.

HE

class DataFileBase |
public:
[/ constructor
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DawaFileBase{const stnngClass & name. DawFileMode m = FM_TEMPORARY ).

/! destructor
~DaabileBase):

// flush bufters
/1 voud Comnuit( ),

protected
// data members
DataFileMode Mode,
strngClass  FileName:.
mt DOSHandle.
. DOSMode:
mt DOSAur.

static const 1l StdModeNew:
static const int StdModeExasts:
static const int StdModeAppend:
static const int StdAttr:

static const it StdAtrNew .

fiﬂ
/1" DataFelnput

/1 Adtile for the sequential input of information
e

class DataFilelnput  virtual public DataFilel3ase |

public
Datallelnputiconst stnngClass & name)
DatFileBasetname FM_EXISTING) |}

1JataBlock Read() const.

BooleankEnum Rewind ).
Booleanl:num Skipt).

/
A DatakileQutput

/f Atile lor the sequential output of information
I

class DataFileOutput  virtual public DataFileBase |
public:
DataFileCutput(const stringClass & name. DataFileMode m = FM_NEW)
DataFileBase(name.m) |}

BooleanEnum Write({const DalaBlocké&:).

fi
/1 DawbilePur

7 A vpe used to locate information m a data lile
1
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// type of a data file pur
typedet long DataFilePur.

// constants
extern const DataFilePu DEP_NULL.
extern const Signature SIG_DELETED

1/

/' DataFile
!/ Delines a random access, 110 lile

struct DataFileHdr |
DawFilePu FustEmpty:

T'e

struet JORecordHeader © public Record! jeader |
size | Swzel
DataFilePur NexstDeleted:

class DataFile : public DataFileBase |
public:
/f constructor

DataFile(const stnngClass & name, DataFileMode m = FM_EXISTING).

/! wnite a record

DataFilePtr Wnilefconst DataBlock& data):

/! read a record
DataBlock Read() const.

// delete a record
vond Delete );

// remove blanks and wasted space

vond Compacttvord (* [une i DatalilePtr ptr. const DataBlock & data) = NULL).

// move to next record
BooleankEnum Skip().

/ return o beginming ol file
void Rewndt ).

/i go w positon in file
DatakilePur Seek(DataFilePtr pos) const.

/1 get current file position
DawFilePur CurrentPir() const.

protected:
DataFileldr Hdr,

1
£

#endif
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// FILE LIBRARY - daalile cpp (v2 00 4/30/94)

// Defines a lile type lor disk-based data files

/I Copsmght 1992, 1994 Scott Robert Ladd. All nghts reserved
// Modified 1o run in a UNIX system by Felipe Guacache

/I Oklahoma State Universiny

/ Department of Computer Science

// Last Modified: 08/31/93

#include "datafile.h"

const DataFilePr DFP_NULL  =-1.
const Signature  SIG_DELETED = OxFFFFFFFE:

/i Thas function returns the current lile pomter ol an open file handle

long tell{int handie) {
long pir = Iseek(handle. 01.. SEEK_CUR).
iWipr==-1L) {
cerr << "Bad file seek <-comrect this” << endl:

exit( 1),

H

retum pir,

i

# DawkileBase
/' The base class for binary data files
/

const int DataFileBase::StdModeNew = O_CREAT | O _TRUNC | O_RDWR.
const int DatakileBase SidModebxists = (O RDWR.

const int DataFileBase::StdModeAppend = O_APPEND | O WRONILY
constint DataFileBase: StdAur - =0:

const it DataFileBase: StdAwrNew =S _IREAD | S_TWRITL:.

DatalileBase: DatakileBase(const stnngClass & name. DataFileMuode m)
FileName(name) |

/! generate DosMode stning
Mode = m:

switch (Mode)
Ll
case 'M_NEW-
case F'M_TEMPORARY
DOSMode = StdModeNew .
DOSAUr = StdAtirNew,
break:

case FM_EXISTING:
IX)5Mode = StdModeExasts:
OSAtr = StdAnr:
break;

case FM_APPEND
DXOSMode = StdModeAppend.

DOSAUr = StdAur
break:

delault.
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fithrow DawaFileEx(FEE_INV_MODE).
cerr << "Invalid File Mode." << endl.
exil(l).

/1 open lile
1XOSHandle = open(FileName. DOSMode DOS At ).

If (DOSHandle = -1 {
fithrow DataFilebEx(FE_NO_OPEN).
cerr << "Unable to Open file * << FileName << endl:
exitl):
h

LY
¥

DataFileBase ~DataFileBase()
/ close up!
close(DOSHandle),

/if temp file, delete it
il (Mode == FM_TEMPORARY)
remove(FileName):

i
i

/1 Datalilelnput
/1 Adile for the sequential input of information

DataBlock DataFilelnput :Read() const |

Recordl leader hdr:
swe in.

/i read record header
= read( DOSHandle &hdr.sizeolt Record eader 1.

in=0)}
MMhrow DawakilebsFE_EOF).
DataBlock db:
return db:

1
'

11 in '= szeol{RecordHeader)) |
fithrow DataFileEx(FE_NO_RID RHDR).
cerr << "[nvahd Record Header * << endl.
exitg 1):

i

/f allocate buffer 1o hold data
DataBlock db{hdr.RecSig hdr.RecSize).

i (b IsNullen 4
// read data
n = read(I1X)S] landle.(vond * db hdr RecSize).

if'in '= hdr RecSize) |
throw DawFileEx(FE_NO_RD_REC).

129



cerr << “Uinable to read fle record " << endl,
exit ).

Booleanlinum DataFilelnput::Rewind() |

size_L res = (size_t)lseek{TX)SHandle.0.SEEK_SETY.

il (res = ()

return BOOL_TRUE:
clse

return BOOL_FALSE,
H

BooleanEnum DawFilelnput::Skip() {

RecordHeader hdr.
size Lres.

/I read record header
res = readDOSHandle &hdr sizeoliRecordHeader) ).

il (res '= sizeof(RecordHeader))
return BOOL_FALSE.

" SL’I[‘ data
res = (size_Ulseeki DOSHandle hdr. RecSize SEEK._CUR)Y.

if (res == ()

return BOOL_TRUE.
else

retun BOOL_FALSE:

/"
/1 DawakFileCutput

/1 A file lor the sequental output of information
1

BooleanEnum DataFileOutput - Wnite(const DataBlock& db) |

// create record header
RecordHeader hdr,
hdr.RecSig = db.GetSig(),
hdr.RecSi1ze = db.GetSize():

/! store record header
size_tn = writetDOSHandle &hdr sizeofi RecordHeader)),

il (n !'= sizeol{RecordHeader))
retun BOOL_FALSE,

M store data
n = write{DOSHandle (vord *)db hdr RecSize):
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it {n == hdr RecSize)

return BOOL_TRUL.
else

return BOOL_FALSE.

1
/1 Dawalale
/1 Defines a random access. [/0) file

I/
i

f/ constructor
DatalFile :DataFile(const stringClass & name, DataFileMode m)
DatalFileBase(name,m) {

size Lres.

if (tm == FM_NEW) || (m == FM_TEMPORARY)) {
Hdr.FirstEmpty = DFP_NULL:

res = wnte{DOSHandle & Hdr sizeof( DataFileHdr)).

il (res '= sizeof(DataFileHdr)) {
/ithrow DataFileEx(FE_NO_WRT_FHDR).
cerr << "Unable to wnte lile header * << endl.
exu(l)
!

]

else h

res = read(DOSHandle & Hdr sizeoliDatal<ilel Idr)).

1l (res '= sizeof{DatalileHdr)) {
MMhrow DataFilelx(FE_NO_RD_FHDR).
cerr << "Unable to read hle header ” << endl:
exiti 1)

"
L}

"
'

!/ whnlte a record
DawaFilePu Dawalile: Wnle(const DataBlock& db) {

I search for first open record that can hold this one
10RecordHeader rechdr.

DataFilePtr ptr.

size_tm

long pos.

i (Hdr FirstEmpty = DFP_NIULL) {
/{ append new data lo end of file
pos = Iseek(DOSHandle, 0.SEEK_END):

if (pos = -1L) {
Mhrow DataFileEx(FE_BAD_SEEK):
cerr << "File seek failed ® << endl:
exit( i)

ptr = tell{1XOSHandle).
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else |

rechdr. Size = db GetSwze( ).

[l
L

/f stamt with first empty record
DataFilePr prev = DFP_NULL.

ptr = Hdr FarstEmpty.

for () {
/f set file ponter
pos = Iseek(DOSHandle ptr, SEEK_SET).

i (pos = -1L) |
{Nthrow DataFilebEx(FE_BAI) SEEK).
cerr << "File seek failed " << endl:
exn(l)
/1 read record header
n = read(I X)SHandle &rechdr, sizeoli (ORecordHeader)).

il ((n '= sizeoli [ORecordHeader ))
I| (rechdr.RecSig '= SIG_DELETED) {
/throw DataFilel:x(FE_NO_RD_RHDR):
cerr << "Unable to read record header " << endl,
exitl.

"
"

/715 1t big enough?
1l (rechdr. Size >= dh.GetSwzed) |
/1 go 1o previous record
il (prev == DIFP_NULL) |
/i change entry an header
Hdr Firstmpty = rechdr NextDeleted.

/1 go to beganming of hle
pos = lseek(DOSHandle 0 SEEK_SET).

i (pos ==-1L) |
fMhrow Datalslebxtll_BAD SEEK).
cerr << "File seek Laled * << endl.
exily,

{/ wnite new header
n = write( 1 XOSHandle & Hdr sizeolt Databriel dr ).

' tn '= sizeofi DatakileHdry) !
MMhrow Datibilebx(FE_NOWR _FHINR).
cerr << "l nable to write e header * =< endl.
exi(l)

H

clse |

#/ adjust chan by putting next i prev

pos = Iseek(DOSHandle.prev SEEK_SETY
iWipos == -11.) |

fithrow DatablelExFE_BALD_SEEK).

cerr << "lle seek Tnled ™ << endl.
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exa(l).
1]

}
// read previous record’s header
[0RecordHeader prevhdr.

n = read(DOSHandle &prevhdr sizeof{ IORecordHeader) ).

1 (n '= sizeoli [DRecordHeader)) {
fithrow DawFilebx(FE_NO_RD RHDR):
cerr << "lnable to read record header * << endl.
exityl):

// change next deleted reference
prevhdr NextDeleted = rechdr NexiDeleted.

// rewnite prev. header
pos = Iseek(DOSHandle prev. SEEK_SET).

if (pos =-1L) |
Shwow DatakileExtFE_BAD _SEEK).
cerr << “File seek farled.” << endl:
exitlr

i

// read previous record's header
n = write(1DXOSHandle & prevhde sizeol(ORecordHeader)).

il {n '= sizeofi [ORecordHeader)) |
{throw Datalilebx(FI2_NOWRT RITDR),
cerr << "Hnable to wnite record header << endl,
exi

[}
]

1
)

/1 set ponter 1o beginming ol plr record
pos = Iseek(DOSHandle pr.SEEK SET

i (pos == -11) §
fithrow DawlaleEx(FE_BAID_SEEK).
cerr << "File seek failed” << endl.
exit(!).

}

break.
H

/I save pointer
pres = pir:

Wirechdr NextDelewd == DFP_NULL) §
# append new data 1o end of lile
pos = Iseek(1DOS Handle,0. SEEK_END),

if(pos =-11) {
Mthrow DalMelx(FEE_BAD_SEEK).
cerr << "File seek lailed " << endl
exily
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pir = tell{DXOSHandle):
rechdr Size = db GetSize( )

break.

clse
pur = rechdr NextDeleted.

]
3

rechdr.RecSig = db.GetSig().
rechdr ReeSize = db.GetSize).
rechdr NextDeleted = DFP_NULL.

/f store signature
n = wnie(DOSHandle &rechdr sizeofi [ORecordHeader) ),

if (n '= sizeot{ |ORecord Header ) |
fthrow DatalilelEx(FIE_NO_WRT RIHDR):
cerr << "Unable to wnite record header * << endl:
exal 1y

I store data
n = wnlel DOSHandle (vord * )db rechdr. RecSuze).

'(n '= rechdr RecSize) §
Mhrow Databilebx(FE_NO WRT REC).
cerr << "Unable 1o wnite file record.” << endl
exitel),

/1 retumn location data was wnlten to
Telum pir.

/ read a record
DataBlock Datalde Rewd() const |

i

swe_tn.

||lilg o
1ORecordt eader rechdr.

while (1) |
1/ read recard header

n = readt1OSHandle.&rechdr sizeoli IORecordl leader))

Win=={/leol
fithrow Databilebx(FE_EOT ).
cerr << "End of File Encountered ™ << endl.
exit(l)
PataBlock db;
retum db.

]
i

il (n '= sweol{ IORecordHeader)) |

/hrow DataFilelx(FE_NO_RD REDR).

cerr << "lnable to read record header " << endl.
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T

exit(1).

H

| /1 we've lound an in-use record
if (rechdr. ReeSig '= SIG_DELETED)Y
break.

/I skip Lo next record
pos = lseek(DOSHandle rechdr. Size SEEK_CUR).

il (pos ==-1L {
/ithrow DatFileEx(FE_BAD_SEEK).
cerr << "File seek latled.” << endl.
exat(l).

L
)

/1 allocate bulfer to hold data
DataBlock dbirechdr. ReeSig. rechdr RecSize):

1 'dh I sNullin §
1/ read data
n = read(IDOSHandle,(vord *)db rechdr RecSize).

il {n '= rechdr RecSize) §
/Mhrow DawkileEx(FE_NO_RD_REC).
cerr << "Lnable 1o read file record ™ << endl.
exit(1):
/! skip over any "waste” characlers
1 (rechdr RecSize < rechdr. Suee |
pos = Iseek(0OSHandle rechdr Size - rechdr RecSize. SEEK CUR Y.

ilipos == -11) §
Mhrow Databidebx(FlE_BAD_SEEK)
cerr << "File seek fnled ¥ << endl.
exatl).

I/ ool here
retum db.

/i delete a record
vord Datal-de: Delete{vond) |

swe bn
long  pos.
1ORecordHHeader rechdr,

/f save this pusition
Datalileltr curptr = tellt1X)Sk andle):

// muke sure we're not in the header
it {eurptr < szeofi Datalilel 1dr) |
fthrow DatalilelsiFE_BAD SEEK).



cerr << "File seek failed " << endl:
exit 1)

1}
i

/f read header
n = read( DOSHandle &rechdr sizeoli IOReccurdHeaden)).

il (n '= sizeof{ [ORecordHeader)) |
fithrow DataFilelx(FE_NO_RD_RHDR).
cerr << "Lnable to read record header ™ << endl.

exit 1),
1

!/ mark as deleted

il (rechdr RecSig '= SIG_DELETED) §
// update record header
rechdr RecSipg = SIG_DELETED:
rechdr. NextDeleted = Hdr FirstEmpty.

// wnite record header
pos = lseek(DOSHandle curpur, SEEK_SET).

Wipos == -11) §
ifthrow DatabileEx(FE_BAD_SEEK).
cerr << "File seek failed ” << endl.
exit( .

n = wnte(DOSHandle &rechdr sizeofli1ORecordHeader) .

in = sieeolt1ORecordHeader)) |
fthrow DatalileExiblENO_WRT_RIDR)
cerr << “linable o whte record header *
exil

/f modily header
Idr Festlmpty = curptr.

pos = Iseek(DOSHandle 0. SEEK_SET).

Wipos ==-11.) |
/Mhrow DaalileExtFIE_BAD SEEK).
cerr << "Fle seek fled " << endl
exi )

n = wnite(DOSHandle &Hdr sizeolt] awFileldr)).

il tn != swveofiDatakileHdr)) |
Jhrow Datalilebx(FE_NO_WRT FHIDR).
cerr << "linable to wnite file header * << endl.
exil).

/ move back to start of deleted record
pos = Iseek DOSHandle curptr SEEK_SET),

iWipos ==-1L) 4

<< endl.
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Hthrow DataFileExX(FE_BAD_SEEK).
cerr << "File seek failed.” << endl,
exat(i).

¥

]
]

/f remove blanks and wasted space
void Datalile: Compact(vord (* funcjiDawaFilePu pir. const DawaBlock& dh)) |

/I generate temporary file name
char *tname = "datafile.tmp”.

/fsprntfiname."%Ix. TMP" ume(NULL)).

/! open temporany file
mt new lile = openitname. ()_CREAT | O_RDWR.
S_IREAD [ S_IWRITE).

if (newfile == -1) {
/Ahrow DawFileExtFE_NO_OPEN_TEMP).
cert << "Linable to open temporal file.” << endl.
exily

/i read and copy header
Tong pos.
size L.

pos = Iseek(IOSHandie 0.SEEK_SET).

Wipos == -1y |
MMhrow Daabilelx(FLEEBAD SEEK).
cerr << "[le seek luled " << endl.
exitly

n = read(MDOSHandle. & Hdr.syreoli DataFilel 1dr).

i (n '= sizeol{DatakileHdr)) §
Mhrow Datalileblx(FE_NO_RD FHDIG
cerr << “Unable 1o read Nle header ™ << endl.
exargl )y

n = write(newfile &Hdr sizeotiDatalileHdr)).

i in '= sizeofiDataFileHdn) {
Hthrow Dawlilelx(FE_NO_WRT_FITNR),
cerr << "Unable 1o wnite file header,” << endl.
exiel),

¥
|

10RecordHeader rechdr.
DatalilePur pir.
char® bul’

/! read cach record
for .4
7 read record header
n = readiDOSHandle. &rechdr sizeoli IORecordi eader)).
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il (n==0) break.

if (n '= sizeof(JORecordHeader)) {
/ithrow DataFileEx(FE_NO_RD_RIDR).
cerr << "Unable to read record header © << endl.
exil)y

¥
i

if (rechdr.RecSig == SIG_DELETED) 4
/i skap deleted records
pos = Iseek(DOSHandle.rechdr Size. SEEK_CTIRY.

if (pos == -11) {
Mhrow DatFileEx(FE_BAD_SEEK).
cerr << “File seek failed.” << endl:
exi( I

¥

H

else |
/1 allocate buller 1o hold dat
bul = new char|rechdr Size).

WWibw == NIUILL) |
Ihrow DataFileEx(FE_ALLOC).
cerr << "File memon allocation failure * << endl:
exn(l
¥
/! read data
n = read( OS] landle bul rechdr Sizen.

11 (n '= rechdr Siwee) §
Athrow DataFileblxtFE_NO_RID RIEC),
cerr << "lnable to read file record * << endl.
exil):

/1 get output position i new file
ptr = tellinew nile).

/fwnite header to new file
rechdr Size = rechdr RecSize.

n = wrnte(newhle.&rechdr. sizeoll JORecordHeader)).

il (n '= sizeol{ TORecordHeader ) |
fhhrow Dawlilebx(FE_NOWRT_RIHDR).
cerr << "linable 1o wnite record header ™ << endl
exi ).

13
i

/1 wnie data to new lile
n = wrte(new lile bul rechdr Size).

Win '= rechdr Size) !
Hhrow DataFilelix(FlENO_WRT_REC).
cerr << "Hnable to wnite Ale record ™ << endl.
exi )y

"
"
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/f call funcuon

W (fune = NULL) {
DataBlock db(rechdr RecSig rechdr RecSize but).
fune(ptr,db).

/1 delete bufler
delete bul.

1
¥

1 close liles
closeinew(ile).
close(DSHandle),

/i delete old file

it (-1 == remove(FileName)) {
ffthrow DataFileEx(FE_NO_REMOVE):
cerr << "lnable to delete lile." << endl:
exi

I/ rename new [ile

i (-1 == rename(tame.FileName)) |
fhrow DataFilebEx(FE_NO_RENAMI ).
cerr << "Unable to rename file.” << endl:
exit(1):

!
.

! open newly<ompacted file
1XOSHandle = open(FileName, DXOSMode).

1 DOSHandle == -1) |
/throw DatakileEs(FE_NO_OPEN):
cerr << "Linable to open file." << endl.
exit( 13

// read file header
n = read (12081 Handle &l Idr sireoltDatalklel Idn).

i (n '= sizeoliDataFileHdr) |
fihrow DatalieblEx(FE_NO_RD_FHDR).
cerr << "Unable o read file header ™ << endl
exit 13

L
"

'

11 go to posiion n file
Datal’dePtr Datalile:-Seek(Datal lePtr pos) const |

// make sure position 15 outside of header
pos < sizeoltDatal eldr)) |
fMbrow DatalileEx(FE_BAD_SEEK).
cerr << "File seek Tailed " << endl.
exite )

i
/1 gel current posilion
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DataFilePrr ptr = tell(DOSHandle).

// move W new position
long n = Iseek(DOSHandle pos SEEK_SET.

#1 check lor error

ifin=-1L)}
fhrow DataFileEx(FE_BAD_SEEK):
cerr << "File seek failed.” << endl.
exit
'

¥

/! done
return plr.

/f move o pext record
Hooleank:num DataslFile:: Skapivad) §

10RecordiHeader rechdr

long pos:
sire_tn,

! read record header
n = read{ DXOSHandle &rechdr sizeol{ JORecordHeaden).

ifin==1)
return BOOL_FALSE:

1 in '= sizeofi [ORecordHeader)) |
[ithrow Databilelix(FI: NO_RD _RHDR):
cerr << "Unable to read reeord header ™ << endl,
exil )y

I skip data

pos = Iseek(1DOS]Handle.rechdr Size SEFEK_CUR).

Wipos == -1L) |
Hhrow DatalhlelxF . BAD SEEK):
cerr << "File seek fatled” << endl.
ex 1),

return BOXOL_TRULE,

+
»

1/ vetumn to beginning of file
void Datalle Rewind(vond) |

long pos = IseektDOSHandle sizeol(DawFileHdr). SEEK_SET).

Wipos == -1 ¢
fthrow DataFilebxiF1_NO_REWIND).
cerr << "Unable to rewand file ™ << endl.
ex ]y

H
#/ get current tile position
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inline DataFilePrr DataFile. CurrentPtr(void) const {

return tell{DOSHandle).

r

141



{/ Program Name: FILE H

fl Two useful functions not available in UNIX
/I Felipe CGruacache

#/ Oklahoma State University

/I Department of Computer Science

/ Last Moditied: 08/31/95

Hifndef FILE_H

Hdefine FILE_H

#include "str.h”

#include <stdio.h>

#include <umstd h>

Boulean fleExists(stringClass mame){

if faceess((const char *)ame. F_OKN

return FALSE:

eclse

retumn TRUE.

stnngClass getDirectory(void) |
char *buf=NULL.

return (stringClass) getewd(bul, 512).

Aendil
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// HASH TABLE LIBRARY — hash h (v2.00 4/23/94)

/I Delines the abstract base class for implementing

!/ hash 1able

/I Copyright 1992.1994 Scott Robert Ladd. All nghts reserved
/i Modified to run in a UNIX system by Felipe Guacache

/f Oklahoma State University

/! Department of Computer Science

i/ Last Moditied 08/31/93

#ifndef HASH _H
ddeline HASH_H

#hinclude “strh”
#include "simple h”
#include <stdlib h>

/1 A type definition [or types retumed by HashTable::LookUp
// and HashBucket: Findknury

typedel struct |
Booleanlinum found.
unsigned long data
} retumnType.

inhine size_t Hashiunsigned Jong x. size_t buckets)
L]
.

returm size_t(x % (unsigned long)(huckets)).

cnum Hashlirror
HE_ALLOC,  / faal: memony allocation farlue
[E_ZEROSIZE, /f faal created bucket w/ zero buckets
HE_CORRUPTED. // fawl  table / list has been corrupted
HE BADTYPES, // lntal  musmatched data ty pes
HE_TOOSMALL. // warmung: about very small table sizes
ITE_DUPEKEY. // warmng: about duphcate kevs
HE_NOTFOUND /7 warming' kev not found

[/

/1 lashEntn

" Entnes of HashBucket
I

struct HashEnuny §

HashEntry( )
[HashEntry(const unsigned long& kx. const unsigned longé dx).
I lashEntry(const Hashl:ntrvd: he):

ashkntry& operator = (const HashEntnvé&: he).
int operator == (const HashEnurvé he).
int operator '= (const Hashlinirvé he).

HashEntny *Prev,
[Hashizntny *Next.
unsigned long Kev.
unsigned long Data.
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I

/I HashBucket

1 a bucket tor a HashTahle

i

class HashBucke {
public:

HashBucket).
HashBucketconst HashBucket& hbhy:

~HashBucket().
HashBucket & operator = (const HashBucket& hb).

void AddEntry(const unsigned longé& kx, const unsigned long& dx),

BooleanEnum DelEntrviconst unsigned longde kx).

return Tvpe FindEntrveonst unsigned long& kx) const:

Booleantinum Traverse(Booleankinum (*func)(const unsigned longé& kx.
const unsigned lopgéde dx)).

protecied
Hashlintn® Farst.
void Copviconst HashBucket& hb),
vord Kalle).

/}

i Hash Table

1 a hash table

I/

cliss Hash lable §
pubhie

HashTabletsize 1 buckets).
HashTable(const HashTablede ht)

~HashTablet).
HashTable& operator = (const HashTabled: ht).

vord Inserticonst unsigned longde kx. const unsigned longéde dx).

Hooleanlnum Deleterconst unsigned long& hx.

return [vpe Looklipteonst unsigned long& kx const.

Booleanlnum TraversetBoolcanknum (*func(const unsigned lonp& kx
const unsigned long& dx).

protected:
s1ze_t NoOlMuckets:
HashBucket *Table.

HashTable(). // only for use by denved classes!
voud Copyviconst HashTabled ht).
voud Kallg):

i-

#endif



// HASH TABLE LIBRARY - hash.cpp (v2.00 4/23/94)

/" Defines the abstract base class for unplementing a

/1" hash table.

/I Copynght 1992.1994 Scott Robert Ladd. All rights resenved
/i Modified to run ina UNIX svstem by Felipe Guacache

/1 Oklahoma Stale Unmiversity

// Department of Computer Science

/f Last Modified: 08/31/95

#include “hash h”

I

/{ HashEntry

i Entnes of HashBucket
1

/1 default constructor
Hashlntny: HashEntry() |

Prev = NIUTLL.
Next =NULL.
Kev =001,
Data=01..

i
"

// conversion constructor
ashbntry HashEntrv(const unsigned long& kx. const unsigned long& dx)
* Kevikx), Data(dx) |

Prev = NIUILL,
Next = NULL:

/! copy construclor
Hashlintn ‘Hushbnuny(const Elashlinin & he)
. Kevihe Kev). Datathe Data) §

Prev = NLILL.
Next = NULL.

"
'

# assignment operator
Hashlintn & tashbntoy operator = (const Hashlinin& hey |

Prev=N1JLL,
Next = NULL,
Kev = he Key.
Data = he.Data,
retum *thas

/I equal-to companson operator
nlme int Hashinty operator == (const Hashloin & hey |

retun ((Key == he Kev) & (Data == he.Data).

{1 different-from companson operator
inhine int Hashlnuy operator '= (const Lashlniné: he) |
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return ((Key '= he Kev) & (Data '= he Data)).
i

I

I

/! HashBuckel

" a bucket lor a HashTable
1.

/l copies a HashBucket into this one
vord HashBucker::Copviconst HashBucker& hb) |

il thb First = NULL)
First = NULL.
else |
First = new HashEntn(*(hb First)).

HashEntrv *wark = First:
HashEnuy *src = hb First,
HashEntry *last = NULL.
for (. §
i twork == NULL) |
/Mhrow Hashlx(HE_ALLOCY:

cerr << "Error: memony allocation Enlure ©

exit(ly

1
¥

il'(last != NULL) ¢
work->Prev = last.
last->Next = work:

W (sre->Next == NLUILL)
break:

last = work.
sre = sre->Nesl
work = new Hashbntnvg*sre).

L3
v

[
'

/! deletes all th entnes of a this HashBucket
voud HashBucket: Kalloy }

iFirst '= NULL) {
Hashlntry *work = First, *next.

while (work '= NULL) §
next = work->Next,
delete work,
work = next.

Farst = NULL..

[
il

I dealult constructor
Hashl3ucket lashBuckens §

Farst = NULL,

<< endl.
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i
i

/! copy constructor
inline HashBucket :HashBucket(const HashBuckew& hb) {

Copvihb).

/I destructor
inhne HashBucket:~HashBucket() §

Killo);
i

/I assignment operator
mline HashBucket& [HashBucket operator = (const HashBuckel& hb) |

Killgy:
Copythby.
return *this:

]
)

//'adds a new entry to a HashBucket
voud HashBuceket. AddEntry(const unsigned longde kx. const unsigned long& dx) |

THashEntry *eniry = new HashEntry(kx.dx).

1l (First = NULL)
First = entry,
clse |
IashlEntry *work = First,

while (work '= NULL) |
iwork->Key == kx) 4
delete enin
fithrow TlashEx( . DUPEKEY).
cerr << "Duplicated hash key ignored.” << endl.
retum,

il twork->Next == NULL) |}

work->Next = eniry:
entnv->Prev = work.

break:

]

work = work->Next,

L]
1)

/1 deletes an entry from a HashBucket
Booleant:num 1 fashBucket DelEntrv(const unsigned longde ky) |

HashIiatry *work = First.

while (work !'=NULL) §
U (work->Key == kx) |
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if (work->Prev == NULL)
First = work->Next.
else
work->Prev->Next = work->Next.

1 (work->Next '= NULL)
work->Next->Prev = work->Prev.

delete work.

return BOOL_TRUE.

work = work->Next.

t

return BOOL_FALSE:

1
i

/l tnes to ind an entry 1n this HashBuckel

retumn | vpe HashBucket: FindEntnveonst unsigned longde kx) const |
HashEntnv *work = First:
return Type .

while (work '=NULL) ¢
it fwork->Key == kx) |
rtfound = BOOL_TRUE.
r.datw = work->Data:
refurm .

work = work->Next:

i lound = BOOL._FALSE:
return .,

]

// raverses the entnes of a Hashl3uckets and apphes funct) 1o them
Booleanl:num 1HashBucket. Traverse(Booleankznum (*funcitconst unsigned longde k.
const unsigned long& dxn |

HashEntny *work = Jorst

while (work '= NUILLLY !
it tune(work->Key work->1ati )
return BOOL_FALSI-

work = work->Nexst.

"
'

return BOOL_TRUL
i

I

A HashTable

i # hash tahle
i

/ copies the [HashBuckets ol a HashTable into tis one
void HashTable Copyiconst [lashTable& huy |
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NoOBuckets = ht NoOfBuckets.
Table = new HashBucket| NoOMuckets]:

i {Table ==NULL) {
{ithrow HashEx{HE_ALLOC),

cerr << “Error: memory allocation failure.” << endl:

exit ).

for (size_t1= 0.1 < NoOlBuckels: +H)
Table|i| = ht.Table|i}:

[
"

/1 deleles the HashBuckets of this HashTable
nhine vond HashTable: Kill() ¢

delete || Table:
Table = NULL.

[}
i

/I default constructor
HashTable::HashTablet) {// only used by denved classes'

NeOMuckets = (0
Table = NUILL.

)
M conversion construclor
HashVable HashTable(size_t buckets) §

/I venis number ol buckets
Wibuckets <9y |
MMhrow HashEx(I1_ TOOSMALLY

cerr << "Number of HashBuckets 1= too small” << endl.

exag !y

"
}

/1 store number of buckets
Nl Ml3uckets = buckety

/T allocate Table
Table = new @HashBucket | NoOITuckets|.

il (Table == NUILL) |
fthrow [ashExtHE_ALLOC).

cerr << “Error: memory allocation [alure " << endl,

exi 1),

¥
L}

/! copy constructor
mhine HashTable ] lashTableiconst LlashTable & ht 4

Copythi).
1

¥

Il destructor
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lHashTable: ~HashTable() {

Killo.

i
’

/{ assignment operator
inline HashTable & HashTable operator = (const HashTable & ) |

Killg).
Copytht):
return *this.

¥
¥

// inserts entries in HashTable
void HashTlable Inserttconst unsigned long & kx. const unsigned long & dx) |

Table| Hash(kx NoOMBuckets)]. AddFntry(kx,dx):

i

/1 deletes entnes from THashTable
Booleant:num HashTable::Deletetconst unsigned long & kx) |

return Table[Hash(kx. NoOBuckets)|. DelEntrvikx).

[}

// tnes 1o lind entnes in Hash Table
retumn |y pe HashTable: LookUpeonst unsigned longde kx) const

return Table] @ ashtks NoOtBuckets) | Findlntrv(kx).

/ traverses all the entries 1o HashTables and applies funct) to them
Booleanbnum HashTable Traverse(BBooleanlnun ¢ June)teconst unsigned long & kx,
const unsigned tong & dxi |

lor tsize_tn =0, n < NoOtBuckets, +n) |
IH(BOOL_FALSE == Tuble|n]. Traversetfune)
return BOKOL_FALSE.
f

return BOOL_TRUE:

size U Hash(const char * x, size_t buckets) |
/ assume that character array 15 null lermnuted
unsigned long n =0,
const char *ch = x:

while ¢*ch |

n<<=|,
n += size_*chy,
++ch.

1
!



return size_t(n % (unsigned long)buckets).

¥

/*vond HashEx::Explan(DiagQOutput & out)

switch (Error)

case HE_ALLOC:
out. DisplavMsg("memory allocation falure” DIAG_ERROR):
break.

case HE_ZEROSIZE
out. DisplavMsg("cannot create zero-size hash tble” DIAG_ERRORY:
break.

case HE_CORRUPTED:
out DhsplayMsg("hash table corrupted”, DIAG_FRROR).
break:

case HE_BADTYPES
out. Display Msgp("nusmatehed nvpes™ DIAG_ERROR ),
break.

case HE_TOOSMALL:
out. DisplavMsg("# of hash buckets 15 verv small”. DIAG. WARNING).
break.

case HE_DUPEKEY
oul IhsplayMsg(“duplicate hash key ignored™ IIAG_WARNING).
break:

case HE_NOTFOUND:
vut DisplayvMsg( "hash record not tound” DIAG_WARNING).
break,

default
out,Display Msg( "unexpected hash file exception™ DIAG _FATALD).



/! FILE LIBRARY - hashfile.h (v2.00 5/1/94)

// Delines a [ile type tor disk-based data files that are

/' ndexed via a hash table

/f Copynght 1992.1994 Scott Robent Ladd. All nghts reserved
/1 Modified to run in a UNIX svstem by Felipe Guacache

/1 Oklahoma State University

/Il Department of Computer Science

// Last Modified: 08/31/93

#ilndel HASHFILE_H
#deline HASHFILE 1

#include “surh”
#include "datalile h"
#include “hash.h™
#include "dataclh”

enum Hashkilelirror
HFE_ENT_ALLOC.
HFE_BKT_ALLOC.
HFE_INV_HFILE

Il
H

I
1 HashFileBucket

i A bucket for a HashFile
I,ll.f

class HashlileBucket - public HashBucker |
public
IashFileBucket().
[HashFileBucketiconst HashFileBuckel & hb).
HashFileBucketconst HashBBucket & hb).

vord operator = (const [Hashl'ileBucket & hb).

voud Write(DataFileCutputd lile).
vond Read{DataFilelnputd lile).

4
/I HashFileTable

/1 The type of HashTable used by Hashbile
1

class HashFileTable  public HashTable |
public
M eomstructor
HashFileTablefsize_t buckets. const stnngClass & file).
[lashFileTabletconst sinngClass & lile).
lashFileTabletconst Hashl‘ileTable & hit).
HashFileTabletconst Hash'Table & hit).

~ashFileTahle():

vord operator = (const HashlileTable & hi.
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void Commut():

protected:

1
I

It

stnngClass FileName.

# HashFile
/A e stonng data by keyv. using a hash table

It

class HashFile - private HashFileTable. pnvate DataFile |

public:

// existing hash lile
HashFile(const stnngClass& basename).

// new hash file
HashFile(size_t buckets, const stnngClass& basename).

// create hash index from existing DataFile
HashFile(size L buckets,

const stnngClass& basename,

consl stnngClass& srename.

const stnngClass& className):

/f copy constructor
HashFile(const HashlFile & hfile).

// assignment operator
Hashlile & operator = (const HashlFile & hlile):

/lwnie a record
voud Wniteteonst unsigned long & Kev, const Datab3lock& dibo.

/f positions file ponter in the first record
vond Reswmndivad) §Datalle Rewindi).)

// read @ record
Dawl3lock Readiconst unsigned long & key .

/1 sequenually reads a record
DataBlock Readivond) | retumn Datalile: Ready). )

fendil

I delete a record
Booleani:num Delete(eonst unsigned long & kev).

I write all daw 1o disk!
vord Commuti ),
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/i FILE LIBRARY -- hashfile.cpp (+v2 00 5/1/94)

/' Delines a file type lor disk-based data files that are

/' indexed via a hash table.

I Copvright 1992,1994 Scolt Robert Ladd. All rights reserved
/' Modilied to run 1n a UNIX svstem by Felipe Guacache

/I Oklahoma State University

/ Department of Computer Science

// Last Modified 08/31/95

#include “hashfile h*

const Signature HFTSig = OxFF746668, // 'hit’
const Signature LINLONG_SIGN = 0xFO00000 |- // unsigned long signature

const stringClass HashFileExt " HFH").
const strngClass Dawb el HED").

lf."
/1 HashFileBucket

/1 A buckel for a HashIde
[femame

/f default constructor
inhine HashFileBucket::LashFileBuckel) HashBucket() { }

1 copy constructor
inhine LashFileBucket HashlFileBuckettconst | lashllelBucket & hb)
FashBucketithby § 4

/1 conversion constructor
mhine | lushFileBucket [ lashlleBuckettconst HashBuckhet& hby
HashBucketthiv )

/1l assignment opetator
indine voud Flashl-ileBucket operator = (const | ashiileBuchet & hiy |

Hashl3ucket::operator = (hb).

"
i

1/ Writes the entries o’ a HashlFFdeBucket to disk
vord Hashl leBucket: Watef Datal tleutputd tile) |
DataBlock dh,
[lashlntry *e = st
char hul]32}].
ostrstream streamtbul. 32

wWhile (¢ '= NULL) {
stream << e->Key'
db = Datal3lock(LINLONG_SIGN. sizeoltunsigned long . but).
lile Wnite(dh).
stream. flushy )

stream =< e->Data.
db = DataBlock( UNLONG_SIGN, stzeotiunsigned long), bul).
lile Wnitetdb).

¢ = (HashEntry*)(e->Next).
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file Wnte(NULL_BLOCK).

1
b

void HashFileBucket ‘Read(DataFilelnput& fle) {
Kill().

DataBlock db.

HashEntry *e.

HashEntry *prev = NULL.
char *but’

for :a 4§
db = file. Read().

1l (db IsNull()) break.
¢ = new HashEntn,.

if (e = NULL) {
/Mthrow HashExiHE_ALLOC).
cerr << “Error: memony allocation fnlure ™ << endl:
exit(1):

buf = (¢char *) (vand *) db

1strstream stream(but’, db GetSize()).

// read key

stream >> e->hey.

db = e Readd ).

bul = (char *) (voud *) db,

/ read file ponter
stream >> e->[ata.
e->Prev = prev:

il (prev '= NULL)
prev->Next = ¢
else
First = ¢;

prev =g
)
'

1/
/i HashFileTable

/' The tvpe of [ashTable used by [lashFile
i

/f conversion construclor
inhine FlashFileTable HashFileTabletsize _t buckets. const stnngClass & lile)
HashTableibuckets). FileNametlile) | !

{{ conversion constructor

HashFile Table: HashFileTableiconst stnngClass & file)  [leNamedtiley |
I open data file
DataFilelnput input(FileName.

155



{{ read header w/ # of buckets
DataBlock db = input Read():

W ((HFTSig = db.GetSig() || (sizeof{size _t) '= db.GetSize())) |
Hthrow HashFileEx(HFE_INV_HFILE).
cerr << "Error: invalid hash table ” << end!:
exi 1)

]
'

NoOIBuckets = *{(s1ze_t *)i(void *1db)):

// allocate Table
Table = new HushFileBucket [NoOBuckets|.

if (Table = NULL) {
IMirow HashExtHE_ALLOC).
cerr << "krror allocatng hash file table " << endl:
exu ]y

'
[lashFileBucket * tptr = (HashFileBucket *)Table.

/f read buckets

lor (size_tn =0, n < NolMBuckets. +m) ¢
(ptr->Readinput).
+Hplr.

/1 copy constructor
nline HashFile Table: 1HashiFdeTablerconst HashEle Table & hity
‘HashTablethity | )

M conversion construetor
mhne HashPile Table. :Hashlde Tableteonst |lush Tabied: il
IHashTablethtfiy | ¢

// writes the HashFileTable o disk
HashlleTable. ~HashFdeTablet) |

Commt().

"
¥

// assignmenl operator
inline voud HashFileTable:operator = (const Lashi‘le Table & hiy ¢

HashTable::operator = (hil).

i

/! executes the actual wnting of data to disk
voud HashFileTable. Commut) §

il (Table '= NULL) ¢
/ open data file
DatalileCutput output(FileName).
/1 wnite header w/ # ol buckets

DataBlock hdr(HFTSig s1zeofisize_1).&NoOMuckets ),
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output Wnte(hdr),

/f write buckets
HashFileBucket * hucket = (HashFileBucket *)Table;

for {size_t n = 0, n < NoO[Buckels, ++n) |
bucket->Write{output ).
++hucket;

M-
/1 HashlFile

A hle stonng data by kev. using a hash table
1.

stningClass MakeFileNametconst stnngClass & basename, const stnngClass & ext).

!/ conversion constructor

HashFile: HashFilefconst stingClass& basename)
DatFile(MakeFileNamethasename DataFilelxt). FM_EXISTING,,
HashFileTablertMakeFileName(basename. HashileExt) [}

{/ conversion constructor
HashFile:.HashFile(size_t buckets. const stingClass & basename)
: DawTile(MakeFileName(basename. DataFileExt) FM_NEW),
HashFFileTable(buckets. MakeFileName(basename.l lashlFilelixt)) |}

/f conversion constructor
Hashlile::HashFiletsize L buckets,
const stringClass& hasename.
const stnngClass& srename.
const sinngClassd: className)
DataFiletMakebileNametbasename Datal ilelxt FM_NEW).
Hashlile Table(buekets MakelF1leNamethasename. tHashi-leb s !

DataFile mput(srenamen.
DataBlock db.
Booleanlnum reading = BOOL_TRUL.

dataClass *oby:

while (reading) |
db = inpul Read().

il (db 1sNull())

break:

if (className == (stringClass) "CITY")
oby = new city(dby.

else

il iclassName == (stringClass) "WEATHER™)
oby = new weather(dh).
else
il (className == (stnngCluss) "PATHY
ob) = new pathtdh).
clse
il (className == (stnngClass) "TLLOCATION™
oby = new locaton(db),
clse
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il (className == (stnngClass) "CONVEYANCE")
obj = pew conveyance(db).
clse
if" (className == (sinngClass) "CARGO™
oby = new cargoidb):
else |
cerr << "Wrong className™ << endl:
exai(ln
§
Wnie(obj->getiey(), db).
i

Commmul( ).

i
[

fwnile a record
vaud TashFile::Writerconst unsigned long & ey . const DatalBlock& dby

/ store data
DataFilePr ptr = DataFile: Writetdb).

/i add key and pointer to hash table
HashlileTabie [nsertthes ptr);
/f read a record
DataBlock Hushlile: Read(eonst unsigned long & kes) |

// get pointer to record via key in hash table
return Tvpe it = HashFileTable LookUpikey)
1 irt found) ¢

/f set file poanter

Datakile Seekn data).

! read record at pointer
retum DataFile. Readq).

clse
retum DaBlock().

L}
i

/1 delete a record
Booleanknum HashlFile.:Deleterconst unsigned longé& key) |

/1 get pomnter o record via kev lookup in hash wble
retumType .
= HashFileTable: LookUp(keyv).
il 't found)
retumn BOOL_FALSE

// set pomter to record
Datalile:  Seekin data).

/1 delete record
Dataliile Delete().

/1 delete key trom hash table
HashFileTable: Deleteckey .
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/{ done
return BOOL_TRUE,

'

vord HashFile::Commuty) §

HashFileTable Commu).

i
i

// builds a file name
stnngClass MakeFileNametconst stringClass & basename. const stnngClass & ext) |
stnngClass name:

if (hasename Length() < &)
name = basename:
else
name = basename CutHead(8);

name +=ext.

retum name:
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N

FILE LIBRARY — persisth (5-1-94)

/I Defines a class for handling type-independant data

/' Copvnght 1992.1994 Scott Robert Ladd All nghts reserved
I/ Moditied to run i a UNIX system by Felipe Guacache

/! Oklahoma State University

/I Department of Computer Science

// Last Modified: 08/31/95

#imndel PERSIST_H
#deline PERSIST_H

#include "sumple h"
Hinclude "sidhib h”

1

/1 Signature

/i The data type used as an idenufication code lor
/' blocks ol data. This should be a unique value for
/1 each object tvpe

I

npedel unsigned long Signature:

extern const Signature USER_SIG_BASE:
extern const Signature SYS_SIG_BASIE
extern const Signature USER_SIGMAX:

.

/1 Datal3lock
/7 Contmners store these. objeels are ereated [fom them

M

cnum DataBlockEmor |

DBE_ALLOC.
DBI:_7ZEROSZ,
DBE_BADSIG.
DBE_NULLBUF

l
"-

class DawBlock |

public

/! comsiruetors

DataBlock(),

DataBlock(Signature sig. size_ sz, const vord * data = NEILL).
DNawaBlockiconst NaaBlock & dby.

1 destructor
~DawaBlock().

' assignment

Dawldlock & vperator = (const DataBlock & dby.

I/ mierrogation

Signature GetSigl ) const.

size_L GietSwe) const.
operator const void * () const.

operator void * ().

M cheek for NULL block
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BooleanEnum [sNull() const;

protected:
Signature BlockSig:
size_t  BulferSize.
void *  BufferPu

extern const DataBlock NULL_BLOCK:
nhine DataBlock: DataBlock() {

BufferSize = 0.
BufterPir =NULL.
BlockSig =0

mline DataBlock::~DataBlock() {

1f (BulferPur = NULL)Y
delete || BullerPur:

"
1]

inlime Signature DataBlock:GetSig() const |

retumn BlockSig.

'
1

nhine size_t DataBlock: GetSize() const |

return BullerSize.

mhne DataBlock:operator const void * () const |

retum ButlerPrr,

mhine DataBlock operator voud * () §

return ButlerPtr

nline BooleanEnum DataBlock::1sNull() const |

i (BufferSwee = 0)
return BOOL_TRUE,
clse

return BOOL_FALSE:

Ll
'

// internal function for readingfwniting DataBlocks
mhine void operator <<= (DataBlock & dest. const DataB3lock & sre |

dest = sre.

13
)

#endil
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/I FILE LIBRARY -- persist.cpp (3-1-94)

/I Defines a class tor handling type-ndependant data.

/1 Copynght 1992.1994 Scott Robert Ladd All nghts reserved
// Modified 1o run in a UNIX system by Felipe Guacache

/I Oklahoma State University

{/ Departiment of Computer Science

// Last Modified' 08/31/95

#include "persist h”
#include “stning.h”
#include “1ostream.h”

const Signature USER_SIG_BASE = 0x00000000.
const Signature SYS_SIG_BASE = OxFOOOOO00.
const Signature USER_SIG_MAX = SYS_SIG_BASE - |

const DataBlock NULL_BLOCK.

1
7 DawBlock

1 A dvnamically-allocated prece of memory
1

DatBlock: DatBlock(Signature sip, size_1 sz, const vaid * data) |

sz =0
BullerSize =101,
BlockSig =10,
BullerPr = NI1JLL.
else |
BullerSize = sz
BlockSip = sig:
BulterPtr = (vend *inew char|sz|.

i (ButferPo == NIUILL) |
cerr << "DataBlock memon alloc laded” << endl.
exitel).

1 (data '= NULL)
memepy(BullerPur,data.sz).

DataBlock :DataBlock(const DataBlock & db) !
BullerSize = db. BullerSize:
BlockSig = db BlockSig.

BulferPtr = (vord *inew char| BulterSize|.

1l (ButterPr == NTJLL) §
cerr << “DataBlock memon alloe uled” << endl,
exit( )

memepyviBullerPtr.db. BufferPtr BufferSize).



DataBlock & DataBlock::operator = (const DataBlock & db) {
BlockSig = db.BlockSig.

il (BufferSize '= db.BufTerSize) §
BullferSize = db. BuflerSize:
il (BufterPur '= N1JLL)
delete [ BufferPur:

BufferPr = (void *new char|BulferSize|

if (BufferPtr == NULL) {

cout << "DataBlock memon alloc failed” << endl:
exnti )

]
s

¥
memepyv(BulferPr,db. BufterPr BufterSize).

retumn *thas:

i
J
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// DYNAMIC STRING CLASS --sirh

/! Provides a general dynamuc string class

// Copynight 1991-1994 Scott Robert [.add. All Ryghts Resenved
// Modilied to run in a UNIX system by Felipe Guacache

/ Oklahoma State University

I/ Depariment of Compuler Science

// Last Modified: 0R/31/95

#ilndel STR_H
kdefine STR_H

class stnngClass:

Hinclude "stddel h"
Hinclude "ostream.h”
Hinclude "strstream h”
#include "simple h”

enum SuCompVal § SC_LESS, SC_EQUAL. SC_GREATER. SC_ERROR ;
enum SuCompMode | SM_SENSITIVE. $M_IGNORE |
enum Strkrror ¢ SE_OKAY. SE_ALLOC, SE_TOO_LONG. SE_INVALID .

class stnngClass
d
public
#/ constructor
stnngClass().

stringClass(const stnngClass & str).
stringClassiconst char * estr).
stningClass(strstream & strmi.

stringClass(swe_tcount, char RIICh =07,
stningClass(size_Lmansize. const char * format, ).

1/ destructor
~stringClass().

I version number
static mt Version().

1 value return methods
stze_L Lengthi) const.
size_LSize() const,

// create a c-siring [rom Strng method
uperator const char * () consl,

/f assignment method
stringClass vperator = (const stingClass & str).
stnngClass operator = (strstream & strm).
/I concatenation methods
{niend stringClass operator + (const stringClass & strl.
const stnngClass & str2).
friend stningClass operator + (const stnngClass & strl. char ch)

voud operator += (const stnngClass & sir).
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voud operator += (char ch):

// companson methods

int operator < (const stnngClass & str) const,
nt operator > (const stnngClass & str) const:
it operator <= (const stnngClass & str) const,
int operator >= (const stringClass & str) const:
int operator == (const stnngClass & sir) const.
int operalor '= (const stingClass & str) const.

StrCompVal Compare(const stnngClass & sir.

SuCompMode caseChk = SM_IGNORE) const.

/1 substnng search methods

Booleanknum Findiconst stnngClass & str,
size L& pos,
SuCompMode caseChk = SM_IGNORE) const:

// substring deletion method
voud Delete(size_t pos, size_t count).

/1 substnng mnsertion methods
void Insert(size_l pos, char ch):
void Insert(size_t pos. const stingClass & sir).

/I substnng retrieval method

surngClass Cut(size_L star, size_( count) const.
stningClass CutHead(size _t count) const.
strmgClass CutTanl(size_t count) const:

// character retrieval method
char operator | | (s12e_t pos) const.
chur operator () (s1ze_t pos) const

! case-modification methods
vord Tol Ippert).
vind Tol.ower( ),

stmngClass AslUpper() const.
stringClass AsLowert) const:

/1 stream inpuvoutput methods
Inend ostrewin & operator << (ostream & strm,
const stnnpClass & sir).

friend 1stream & operator >> (1stream & strm,
stringClass & sir),

protected.
/1 mstance varnables
swe_t Sz /f allocated size
size_t Len: /f current length
char * Txt. // pointer o text

private
M class constant
stanie sire_1 AllocIner.

/ cale alloc size for needed bvies



static size_t CaleSiz(size_t needed).

f-

/1 obiain version number
inhine int stnngClass. - Version()
i

L]
return 0600, // version 6.00

// value return methods

inline size_t stnngClass: Length() const
I
1

retum Len:

'

inhine size_t stnngClass: Size() const

relurm Sz,

L}
[)

/! add-assignment operator
inhine voud stringClass: operator += (const stingClass & str)
*this = *this + sir.

1
V

inline void stnngClass::operator += (char ch)
1

*this = *this + ch.

/1 create a c-stnng from String method
mbine stnngClass operator const char * () const
'

return ‘Txt,

/! companson methods
line int stnngClass. operator < (const stngCluss & sir) const

return (Compare(str) == SC_LESS)

mhine it stimeClass operator > (const stnngClass & str) const
1
retum (Compare(str) == SC_GREATER).

nhne int stnngClass: operator <= (const stnngClass & str) const

"
4

return (Compare(str) '= SC_GREATER

inhine int stnngClass operator >= (const stnngClass & str) const

retumn (Compare(str) = SC_LESS),

mime int stnngClass. operator == (const strmgClass & str) const
1
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return (Compure(str) == SC_EQUAL).
'

miine it stnngClass::operator '= (cons! stringClass & str) const
i

return (Compare(str) = SC_FQUAL):
1

1

I/ character retneval method
inline char stnngClass coperator || (stze_t pos) const

if (pos >= Len)
retum 00"
else
return Ixt[pos|:

inline char strngClass::operator () (size_t pos) const
1

i (pos >= Len)
return w00
else
return Txt| pos|:

/f stream /) functions

nline ostream & operalor << (oslream & st const stnngClass & str)
L)
L]
strm << stz Tt
relumn sum.

Hendil
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// DYNAMIC STRING CLASS — str cpp
/! Provides a general dvnamie stning class

/' Copynght 1991-1994 Scou Robert Ladd. All Rights Reserved

/' Modified to run i a UNIX system by Felipe Guacache
/I Oklahoma State University

// Depantment of Computer Science

/ Last Modified: 0R8/31/95

#include "strh"
#include "romanip.h”
Hinclude “stnng h”
#include “sidhib.h”
#include "stdio.h”
#include "sidarg h”
#include "ctvpe.h”
#include “hmits h”

# Two useful small functions
<char* striwr{char® sur) |

char *pur=str,
whilel *ptr) *pr++ = Lolower(*ptr).
retum str.

char® strupr(char® sir) |

char *pir=str.
whilet *pury *pur+ = loupper *pir.
retum sir

I
M Sinng class
I

/ elass-global constant initiahization
size_tstrngClass: Allociner = 8.

/1 ealeulate the allocanon size for a sinng
nhne size_tsinngClass: CaleSizisize_tneeded)

size_L x = ((needed + Alloclner) / Alloelner) * Allociner.

retuwm N,

1]
L}

/i constructor
stnngClass sstrmgClass()

]

Len =0,

Sw =10,
Txt=NULL.

'
[

stingClass. stnngClassteonst sinngClass & str)

len = str Len.
512 = slr.Sez:
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iistr. Txt = NULL)
Txt=NULL,

else
)

Txt = new char| Siz).

if (Txt==NULL) {
//throw DebugStnng( *this SE_ALLOCY
cerr << “Error allocating memon for stning ™ << endl.
exi )

memepv(Txtstr Txt,Len + 1),
H

stnngClass stnngClass(const char * ¢str)
L)

il (cestr == NULL) || testr[0] == W00

Kl

Len=0

Siz=0;

Txt = NULL.
else

T
|.en = strlentestr).
Siz = CaleSz(Len).

Txt = new char [Si12].

i Chxt == NULL) |
/throw DebugStrg( *this S1°_ALLOC)
cerr << “Frror allocating memony lor stnng ™ << endl.
exal( 1

memepv(TxtestrLen + 1)

[l
L}

"
"

stnngClass stnngClassisize_t count. char HICH)

il (eount == 0)

3
}

Len =101

Sz =10

Txt = NULL.
retum:

]
[}

Sz = CalcSiz(count).
Len = count:

Txt = new char|Siz|.

i (Txt ==NULL) |
/Mthyow DebugStrng( *this SU_ALLOC).
cerr << “Frror allocating memory [or sinng ” << endl.
exatt .
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1
1
memsel( TxLilICh.count).

Txt|count] = w00

stringClass: stnngClass(sirstream & stm)

// terminate stream with a null
strm << ends.

/f get number of characters in stream
Len = surlengstirmosur(.

{/ calculate size
Sz = CaleSiz(Leny.

/1 allocate text buffer
Ixt = new char]Siz|.

(Tt = NULL) |
#ithrow [)chugh'lnng{'l}us,ﬁli_l\l.l,( X
cerr << "Error allocating memory for stnng ” << endl.
exat

#/ copy characters from stream
strepy( Ixtstrmested)).

stringClass stnngClass{size_t maxspe. const char * lormat, . )
{

{/ allocate temporan bufler
char * buller = new char|maxsize|.

i ibufYer == NUILL)Y §
/Ahrow DebugStnng*this SE_ALLOC).
cerr << "Error allocuting memon for sting ™ << endl
exiti |k

// inihalize argument hist
va_list args,

va_slartqargs, format).

// format items into bufler based on format
#il' (MSC_VER 2= 0x7000
Len = _vsnprintlibuller. maxsize format.args).

if (Len == size_U(-1))
|.en = maxsiie,
Helse
Len = vspnntlibulTer. format.args .
Hendil

/f end argument list processing
va_endargs),
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// calculate required Txt length
Siz = CaleSiz(Len).

/! allocate Txt
Txt = new char| Swz].

i (Txt = NULL) {
/Mthrow DebugString(*this SE_ALLOC).

cetr << "Error allocaung memory for stnng " << endl.

exi 1)

/{ dupheate data from bulfer
strepy( Txt.buller):

// delete buller
delete buller.

/! destructor
stnngClass. ~strmgClass()
ir(Tst '= NULL)
delete [| Txt.

]
[l

/t assignment method
stringClass stningClass operator = (const stingClass & str)

/leopy length and size
Len = str.Len:
S1z = s Sz

// delete exasting buller
(Tt = NULL)
delete [ Txi.

IS ==1)
Txt=NULL.
clse

/1 allocate a new buller
Txt = new char|Siz|.

IF{Txt==NULL) {
/fthrow DebugString(*this SE_ALLOC).

cerr << "Error allocating memony lor stning " << endl,

exul),
]

'
/ copy source text to destination
memeps CExtsin TxtLen + 1),

N
i

# outa here
return *ths.

stnngClass stnngClass: operator = (strstream & stm)
1
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1/ delete existing text buffer
W Txt = NULL)
delete [] Txt,

Jf terminate stream with a null
strm << ends;

// get number ol characlers in stream
Len = strlen(strmustr()).

// calculate size
Siz = CaleSiz(Len).

/7 allocate text bufler
Txt = new char]Siz|.

il (Txt == NULL) {
{ithrow DebugString(®this, SE_ALLOC).
cerr << "Error allocating memory for string.” << endl:
exitt )

i
[

/1 copy characters from stream
strepy I xtsumestr(h.

retumn *this:
)
!
// concatenation methods
stringClass operator + teonst stnngClass & strl.const stringClass & su2y

stnngClass result

/! culeulate total length of string
unsigned long totallen = (unsigned longistel Len
+ unsigned Tongistr Len.

/7 if adding two O-length stnngs. return a O-length sinng
il (otall en ==y
return result.

J/ make sure that the combined length 1sn't too long
i ttotallen > UINT_MAX) |
Sithrow Stnnglix(SE_TOO_LONGH.
cerT << “Lrror sinng 1s oo long ™ << endl
exit(l).

/ set size and length

resull Len = U,
result $17 = stnngClass: CaleSizitsize_Utotallen).

1/ allocate bufler
result 151 = new char|result iz

W (result. Txt == NULL) |
Jithrow StrmglxSEALLOCY.
cerr << "Error allocating memory for sinng ™ << endl.
exat ).
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/! plkace a lermnating character
result Tx1[0] = 000"

If copy strl.Txt
i (strl. Tyt '= NULL)
]
1
memepyiresult, Txtstrl Txtstrl Len).
result Len = strl Len:
i

I copy sr2.Txt
il (sr2 Txt '= NULL)

L3
memepy(&result Txtjresult Len| str2 Txtstr2. Len + 1.
result [en += str2. Len:

1
H

retumn result:

[}
¥

i/ concatenation methods
stngClass operutor + (const stnngClass & sir, char ch)

[l
stnngClass result:

if (str.Txt == NULL)

//1F the string 1s empiy, it conlains one character
result Len= 1

result S17 = strngClass - Allocner,

result. Txt = new char [result Sizf.

W (result Txte == NITLL) §
Mhrow Stinglx(SE_ALLOC):
cerr << "Error allocating memon for string ™ << end|
exiid ).

result. Txt|0] = ch:
result Txt] 1] = "0

/1 string 15 maximum length, error
iF (str Len == UINT_MAX) |
hrow StnngEx(SE_TOO_LONG).
cerr << "Error sting 1s too long.”™ << endl.
exal ).

[l
1

// increment length of stnng
result Len = str Len + 1.

/a0 length = size. increase size
il (result Len == st S17)

result Siz = str $12 + stnngClass: Allociner
else

result.Siz = str.Siz:
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{/ allocate buffer
result Txt = new char|result.Siz|

if (result. Txt == NULL) {
MMhrow StingEx(SE_ALLOC).

cerr << "Error allocating memon for stnng. " << endl.

exit( 1)

¥

{/ copy orginal stnng
memept (result Txtst Txtsu.Len)

// append character
result. Txtstr.Len| = ch:
result. Txt|result Len] = 000"

i

¥

return resull.

H

SirCompVal stnngClass:‘Compare{const stnngClass & su.

SurCompMode caseChk) const
L
i
// handle special cases where one stnng s empty
if (Txt =NLILL)
i st Txt == NULL)
return SC_EQUAL.
else
retun SC_LESS;

i gstr Txt == NULL)
retum SC_GREATER.

// compare the # of characters 1n the shorter string
swe Leaunt,

W (str.Len < Len)
count = str.Len.
else
count = | en:

/ working vanables
char ¢l ¢2.
size_Lv

il (caseChk == SM_IGNORE)

]
1

Jf case InsensIlve companson
for (1 = U, 1 < count. ++1)

'

¢l = (charptolower(Txt|i]),

¢2 = (charitolower(str Txt[i]):

/[ characters dufVer
el '=cl)
i
# seleet approprate tesult
Wiel <e¢2)
return SC_LLESS.

clse
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return SC_GREATER:
H
]
} 13
else
i

for (1 =101 < count; +H)
H
cl =Txtfi]:
<2 = s Ixtfuf.

/1 1f characters difTer
ificl '=¢2)
/1 select appropnate result
ifel <)
retwn SC_LESS:
clse
return SC_GREATER,

J at thus point. no differences were tound
i (Len == sir.Len)

return SC_EQUAL.
else

0
"

// 1s lengths differ, shorter stnng < longer une
i (len < sirLen)

retumn SC_LESS.
else

retumn SC_GREATER.

Booleanknum stnngClass: Find(const stngClass & str.
swe L& pos,
StrCompMode caseChk) const |

/! uses the brute torce method
W (Len < str.len)
return BOOL_FALSE.

/# duphcate buflers
char * target = new char[len + 1}

W target == NULL) {
/fthrow DebugStnng( *this SE_ALLOC)
cerr << "Error allocating memory for string " << endl,
exi(l).

strepy(targel. Tt
char * pattern = new char|str Len + 1]
il (pattern == NULL) |

fithrow DebugStnng( *tus SE_ALLOC).
cerr << "Ermor allocating memony for stnng ™ << endl,
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exit ).

strepy(pattern,str Txt).

// create return value vanable
BooleanEnum result.

/I convert to all lowercase if case-insensitive search
It (easeChk == SM_IGNORE) |

strlwr(target),

striwr(pattern).

1
// caleulate last position in *this where sur could be
size_tend = Len - str Len.
swe Ip. b

/ start at the beginning of largel
pos = (0

for ()
i
p=10: / beginmng of pattern
t = pos: // beginmng of search position m larget

// while characters match
/ and we're not at the end of the stnngs

while ((pattern| p|] == targett])
A& (pattemn|p] '=0)
&& (arget|t] =00

/f morve to next character
.
I ’

[l
i

/1 F we've reached the end of pattern
/1 we've lound pattern in rget

if (pattern(p| == 0)
result = BOOL_TRULE.
break.

(]
'

/13 we've seached the end of target
/1 or we've searched far enough
/' pattern has not been lound

il (ctarget|t] == 01 || (pos >= end))

result = BOOL_FALSI:
break.
L]

/1 keep looking. stadting at the mismatch

Hpos,
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// delete resultoran butfers
delete warget,
delete pattern.

// outa here

retumn resull.

/1 substnng deleuon method
void stringClass Delete(size_L pos, size L count) §

i (Tst=NULL)
retumn.

size_tnewlen, 1.

{{ error if deleting outside ol stning
i ((pos + count - 1) > Len) {
/fthrow DebugStringt *this SI_INVALID),
cerr << "Error: deleting outside stnng ” << endl:
exat{ 1y
H

// length of new stning

newlen = Len - count:

WSz - new Len) > Allociner)

/f allocanon size has changed
/ caleulate new size

Siz = CaleSiz(newlLen),
/1 ereate new bulfer
char * result = new char| Siz):

if (result == N1JLL) §
fhrow DebugStrngt *this SEALLOC)
cerr << "Lrror allocating memony for stnng * << endl,
exngl):

1
T

/i copy characters into new buller
char * iptr = result,

tor(1=0,1 <= Len: +)
i
{// when eount 1s reached, skip deleted characters
i (1 == pos)
1 += count.

*tptr = Txt[i.

+HpLr.

]
1

/ delete old buller
delete |] Txt
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/ assign new bufter
Txt = result,

)
i

clse

i
[

st "shde” characters down
for (1= pos. 1 <= pos + count. +H)
Txtfi] = Txt[1 + count|:

Len = newlen:

/f substring insertion methods
voud stnngClass . Insert(size_t pos, char ch)

i
"

iWipos > Len) |
fithrow DebugStnngi *this SE_INVALID),
cerr << "Error: inserting outside stning.” << endl,
exayf 1.

i (Txt == NULL)
M an empiy stnng == ch
len=I:
Siz = Alloclner.

Txt = new char [Siz].

il (Txt == NUILL) }
{throw DebugStnng *this SE_ALLULC ).
cerr << “Lrror allocating memony lor stnng * << endl
exte .

Txt[0] = ch:
'l':u[ 1] ="y,

stee_tnewlen=Len + 1,
sae Ly

i (newLen == Siv)
.
)
// need a larger buller
Sz += Alloclner

/! ereate resultorany buffer
char * result = new char| Siz).
char * tptr = result

W (result == NULL) §
{throw DebugStning(*ths SE_ALLOC).
cerr << "Error allocatmg memory for stnng * << endl.
exitt 1)

b3
¥

/f copy i old buller. inserting ¢h when needed
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for (i = 0. 1<= Len, +1)
i
if (1 = pos)
i
*iptr = ch:
+Hpur.

i

*iptr = Txfi).
++plr-

i

it delete old buffer
delete || Txt

/i assign new bufler and length
Txt = result
Len = newlen:

else
i
// shde characters right
for (1 = newlen: 1 > pos: -1}
Txtfi] = Txafi-1]:

I/ insert charucler
Txt|pos| = ch.

// adjust leneth
len = newl.en.

void stngClass::Insert(size_t pos, const stringClass & str)
L)
L
W (ste. Txt == NULL)
relunt.

Wipos > Len) {
/Mhrow DebugStnng(*this SE_INVALID).
cerr << “Frror inserting outside stnng " << endl
ext( ).

i (Txt == NULL)
i
Ll
#f emplyv stnng = sir
*this = str
L]
)
else

/ calculate new length
unsigned long totalLen = str Len + Len.

if (totallen > UINT_MAX) |
fMhrow DebugStningd *tus SE_TOO_LONG).
cerr << "Frror: stnng 1s o long ™ << endl,
exutg ).
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swze_ 1]

/M 1fnew length > current size
il (wotallen > Siz)
/! allocate new buffer
Siz = CaleSiz((size_totallen).

char * result = new char [$12].
char * tpir = result

{/ copy buffers from source stnngs
for (1=0.1<= Len. +H1)

L}
L}

I (1 == pos)

tor () = U2 ) < str Len, 1)
i
*iptr = str Txfj].
+HpUr

.
L}

*tptr = Txifi]:
+Hplr:

/1 delete old buffer
delete || Tat

// assign new huller
Ix1 = resull.

"
i

clse
!
/1 shide secuon vld buller to nght
for (1= Len + sir Lenz 1 > pos + strLen: -1
Txtft] = Ixtfs - sar Len|.

{7 insert new snng
lor (1= 0,1 < str Len: +H0
Txt[pos +1] = st Txtfil:

Len = (size_tiotallen.
v
'

)
[

/ substring retneval method
stningClass stongClass: Cultsize t start, size_tcount) const

W (1start + count) > Lam) |
Ifthrow DebugStnng(*this. SE_INVALID).
et << “Emor imvahd cut operation.” << endl,
exitg .

!
i

stnngClass resull,
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il {(start < Len) && (count > 0))
i
resull Len = count,
result. Siz = CaleSwz(count).
result. Txt = new char|result. Siz|

if (result. Txt = NULL) {
{throw DebugStnng(*this SE_ALLOC).
cerr << “Error allocating memory lor sting * << endl,
exi(l);

i
¥

memepy(result. Txt & Tx sturt] count):

resull Txtjeount] = "000",

return result:
L

stnngClass stnngClass. CutHead(size_t count) const
)
]

Wicount > Len) |
/throw DebugStnng( *this SE_INVALID).
cerr << "Error imahd cut operation ™ << endl:
exaldl )

stnnpClass result,

i {counl > ()
'
result Len = count:
result. Siz = CaleSiz(count ).

result Txt = new char|result Sz,

Wiresult Txt == NU1.L) !
fithrow DebugStnng( *tus SE_ALLOC),
cerr << "Error allocating memory lor string * << cendl.
exitt ).

memepy(result st Ixteount):.

result Txt|count| = 000",
i

retwn resull,

.

stnngClass stingClass: CutTail(size_t count) const
W icount > Len) |
/ithrow DebugStnng(*this. SE_INVALID:

cerr << "Ermror invalid cut operation * << endl.
exi 1),

stnngClass result,
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it (count > Q)
!

L}

result. Len = count,

result. Siz = CaleSwtcount).
result. Tt = new char|result. Siz]:

i {result Ta = NULL) {
Mhrow DebugSuinng(*this, SE_ALLOC):
cerr << "Error allocating memony lor stnng.” << endl.
exit( 1)

memepyiresult Tx&Txt{Len - count - || .count)y.

result. Txtfcount| = 000",
}

return result.

i
L}

/i case-modification methexds
vord stnngClass Tol Ipper()
i (Tt != NULL)
strupr(Txt):

i
1

void stnngClass Tol.ower()

L3
WW(Txt'=NIILLY
striwr(Txt).

stnngClass stningClass AsUpper() const
i
stringClass result = *this.

wiresult It !'= NULL)
strupriresult s,

relum result,

stingClass stnngClass: AsLower() const

stringClass result = *this:

i tresult Txt '= NUJLL)
stelw rgresultIxe).

retumn result,

"
"

/! stream [0 tunctions

1stream & operator >> Ostream & strm, stnngClass & str)

1}
"

static const size_1 bulsize = 256
static char buf]bulsize|.
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char endline;

strm get(buf,bufsize."\n").
strm gettendline),

str = buf,

retum stm.
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APPENDIX C

MAKEFILE



#
ELELEELEEEREEEEEECELEEEEEEEEEEEEEEEEEEEEREE LR EEEEEEELEEE R R PR R LS L EL TR PR R
# Makelile tor tsps:

# An Object-Onented Graphic User Interface for Transponation Scheduling

# Problem Specification

FHERARR A AR R B R HH AR AR HEG R R BH AR AH R B AR B E
¥

cc=CC
DEBUG = -g
DEBUGI = -¢ $(DEBUG) -DFUNCPROTO -DXTFUNCPROTO
LIBS = Im -IXn X -IX T L DX est -IPW -leh -linet -Insd -lseq
OBIS = tsps.o str.o hashfile o datafile.o hash.o persist.o!

dawcl o diclo rpLo
INCLUDE = tsps.h

LRl ER PR EL R R B R LR L s L ps ER PR R R R R ER LR s e R 2 LR L]

# Mawm files
CELEE SRRV EEEEEEE R RS PR RV EE LSRR SRR P E s P PR
15ps $(0BIS)

$(CC) IDEBUG) -0 tsps $(OBJS) $(LIBS)
1Sps 0 tsps.C $(INCLUDE)

$(CC) S(DEBUGT) tsps.C
sStr o str.C strh

SCOYSDEBUGH s C
hashfile o hashfile C hashfileh

$CC SDEBUCG ) hashfile.C
hash o hash.C hash.h

$CC) SIDEBUG) hash C
datafile o datafile C dawalile h

$CO) $(DEBUG ) datwiile.C
persist.o persist.C persist.h

$CC) JDEBUG ) persist.C
datacl o datacl C datacl.h

$ICOY $MDEBUGT) dawael C
dict o diel.C dicl.h

$CO)Y HDEBUGH) del.C
Lo mpt.C rpLh

$CCH MDEBUGH mrC
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APPENDIX E

SCREEN PRINTOUTS
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