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Abstract

DART: Time Assignment provides a meaningful substitution for
the current method of DART time assignment. The current method
of DART time assignment repeatedly provides an unfair distribution
of DART times with little to no consideration of a student’s academic
standing or of the previous distribution of DART times. Our program
remedies this injustice by taken certain student factors into considera-
tion when assigning its students a new DART time. Users can import
a list of students, add their own personal information to the database,
sort the list by various methods, view the information in a simple
GUI, and export the information to an output file. The information is
stored and sorted in a splay tree, a data structure with efficient access,
insertion, and deletion times.
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1 Keyword Definitions

e node - Data structure consisting of pointers and a set of data that can
be used to make up various data structures including a list or a tree.
It contains a value (information), a pointer to its parent, a pointer to
a left child, and a pointer to a right child.

e binary search tree - Tree of nodes in which the value of a left child
of any node is less than the value of its parent, and also in which the
value of a right child of any node is greater than the value of its parent



e splay - Tree heuristic in which a series of left and right rotations is
used to bring a node to the top of a binary search tree

e D.A.R.T. - Direct Access Registration by Telephone - DART is the
online registration process students use to sign up for classes. Originally
completed over the phone, students now submit course requests online
during an assigned 20 minute window. This window can be anytime
from 8:00AM to 4:40PM, over a period of three days (per class). The
distribution of DART times is a dark and mysterious process with little
basis in student regard. It is believed that times are randomly assigned.
However, priorities are used, as athletes are always provided with a time
on the first day.

e G.U.L - Graphical User Interface - A method by which an application
interacts with a user. Buttons, text boxes, and other information are
visually presented. Typically this is much more convenient to the user
than standard command-line input prograins.

2 Introduction

The goal of this project was to provide a program to replace the current
method of providing DART times to students. It is highly inadequate and
unfair to non-atheletes and students with a heavy workload (engineers). The
new program examines a student’s attributes and takes into consideration his
or her previous DART time before assigning them a new one. The project
was divided into two main parts, which include constructing the splay tree
class hierarchy, and implementing an interface to the splay tree class in a
meaningful way to the user.

The data structure of choice for this project was the splay tree. It uses
a series of left and right rotations to move the new insertion node location
or node location to be deleted to the top of the tree. In this manner we can
reduce node access operation times and provide a fast and effective way of
maintaining a student database of information.

The algorithm used to assign students with a new DART time seemed
complicated at first, but proved to be quite reasonable to implement. The
algorithm assigns each of the student’s attributes a value, or an operation



to perform. The student’s attributes were accumulated into an overall score,
with a low score providing a better DART time. Highest priority was placed
upon the student’s previous DART time. In this way, all students would
eventually be provided with a decent time from which to acquire their classes.
In addition, students were rewarded further if they had maintained a high
GPA. By the designer’s preferences, the student’s major was also taken into
consideration. Those majors whose course loads were considered more “work
intensive” were given a slight improvment in their DART time. Please refer
to Appendix B for our specific DART time assignment algorithm.

The final aspect of the project was to implement a user-friendly GUI to
provide an effective means for maintaining the student database and acquir-
ing useful information from it. Our program was built using the standard
Win32 API. Tt imports an original database file, allows the user to sort the
information based upon any of the four major fields of information, allows
the user to input his or her own information into the database, and can ex-
port the on-screen information to an output file (to print or save for later
use). The user inputs his or her own information into a series of marked text
boxes. Once the data entry process is complete, the program calculates the
new user’s new DART time, displays it in a message box, and enters the new
user information into the student database.

3 Design Implementation

Four simultaneous splay trees were used to implement the project. Each
splay tree contained all of the information from the student database, but
each tree was sorted in a different field of data. For example, one of the
splay trees was sorted on the GPA field. Each node of the tree still contained
the student’s name, GPA, major, and DART time, but for this particular
tree, the nodes were sorted by GPA. In this way we were able to display the
student database information in a useful way. The program itself was written
in C++ using Microsoft Visual Studio .NET.



3.1 Data Structure
3.1.1 Splay Tree

For the DART program constructed in this project, a form of a binary
search tree called a splay tree was utilized. Self-adjusting in nature, the
splay tree was created by Daniel Sleator and Robert Tarjan as an easy way
to insert, delete, and access elements in a given list or database. Boasting
an amortized time bound of O(log n) per operation on the tree, the data
structure measures up considerably well to balanced trees concerning total
running time. As efficient as they are fast, the splay tree makes use of a
simple restructuring heuristic called splaying rather than a specific restraint
concerning construction (Sleator 652).

3.1.2 Advantages/Disadvantages

Many of the advantages of splay trees over balanced trees come from the
simplicity of the data structure itself. To begin with, their running time
is never much more than their construct-constrained brethren, and because
they are readjusted after every usage, efficiency can be garnered from their
skewed nature. Less space is also needed due to the lack of a balancing
constraint. Because of their simple implementation and ease of understand-
ing, access and update algorithms are relatively straightforward to employ
(Sleator 653). Disadvantages are evident, however, in that restructuring of
the tree occurs after every access, whereas in a balanced tree, only updating
redistributes the data structure. Also, real-time applications may find the
expensive nature of individual accesses a substantial drawback. Most users
will find, however, that the data structure provides more than enough ease
and accessibility through splaying for any list or database application.

3.1.3 Splay heuristic

Splaying on a tree consists of performing a series of left and right rotations
on a given node in the tree until that node becomes the root node. In doing
this, time required for accesses on the node in the future become minimal.
This allows largely-accessed elements to be near the top of the tree a great
deal of the time. Additionally, the depth of the tree itself is roughly halved
as the node makes its way to the root, providing again for faster access
times (Sleator 656). Pointers are utilized in order to make assignments to



parents and children of a given node. When splaying occurs, the pointers
are readjusted according to the algorithms associated with left and right
rotations until the node becomes the root node of the tree. The splay tree
class structure can be found in Appendix A.

3.1.4 Tree operations

For insertion into a splay tree, many implementations are available. Our
project initially went with a method involving splitting a given splay tree
into two relatively equal-sized trees and joining them around the inserted
node, keeping the properties of a binary search tree throughout the process.
Problems arose, however, in that our constructor for the splay tree either took
in a node to designate the root node or no nodes at all (assigning the nullnode
as the root). No apparent way was seen as to how to effectively construct
a tree given numerous options for what the keys for the nodes may be. So,
another form of insertion was implemented involving searching through the
tree until the appropriate parent was found. The node was then made to be
the corresponding child of the parent node and subsequently splayed to the
top of the tree to allow fast access to its data. This implementation of insert
was found to be far easier to implement than the splitting-joining method.
As for deletion, it was also decided to not use a splitting joining method but
rather a splicing procedure that removed the given node from the tree and
reassigned pointers accordingly.

Displaying or extracting all the data in a given tree involved an inorder
traversal of the tree. This was our primary means of displaying the given
data in the DART GUI. Sorting was thereby unnecessary in the original
sense in that the data was already sorted according to the properties of a
binary search tree. If preorder or postorder traversals were necessary for our
purposes, they too would be unproblematic in implementation.

3.1.5 Key equivalence issues

One addition to the splay tree that was not originally intended in its
structure is having keys with the same value. In our implementation, if a
node to be inserted is found to have a key equal to a node already in the
splay tree, it is spliced in as the left child of that node, and any child that
parent node may have becomes the left child of the inserted node. Because
the node is automatically splayed upon being inserted, a toggle is not needed



to alternate which child the inserted node becomes for whatever node is to
become the parent. Much more functionality is available through the splay
tree class due to this particular addition to its overall structure.

3.1.6 Data structure assessment

Overall, the splay tree has proved a truly valuable data structure concern-
ing our program. The data did not have to be sorted specifically for whatever
purposes we had due to its BST properties, and access time for the members
was exceptionally fast. Because it was self-adjusting, the programmer or user
did not have to manually keep the tree held to its BST structure and had to
merely concern themselves with what data was to be entered into the tree.

3.2 Graphical User Interface

In addition to the underlying data structure, a method of interaction had
to be created to allow the user to easily interact with the student database.
To do this, the design team decided to use the Win32 API Graphical User
Interface, as shown in Appendix C. We chose this API because our imple-
mentation could be contained in a single window and did not require a large
amount of window handles. Buttons were allocated for the following pur-
poses: Sorting database information, accepting user input, exporting the
database to an output file, and adding a new personal entry. Other major
GUI features include the message dialogue label, used to display the current
user action in progress and other messages, such as errors and input direc-
tions. Also used were the main text box, the input text boxes for submitting
user information, and various labels.

4 Future Work

Possible future work related to this project include application improve-
ments as well as other additional endeavors.

4.1 Improvements

There are several possible means of improvement to make this application
useful on a broad scale. One possible improvement would be to contain all of



the student data in a single splay tree, as opposed to four trees. This would
reduce the physical memory requirements by 75 percent and make all tree
accesses faster.

Another possible improvement would be to modify the time assignment
algorithm for a broad use. Our current algorithm assigns DART times on an
absolute basis. That is, it does not compare DART time results to the other
students in the database. Whether there be one or one thousand students
in the database, the algorithm will always provide the user with the same
DART time for a constant set of user information. An improved algorithm
would also examine the current student database to make the assignment
comparative. Simply stated, the new algorithm must take other students
into account so that too many students are not all assigned to the same
DART time.

The final (and perhaps simplest) improvement possible would be to change
the method of inputting a student’ s previous DART time into the appli-
cation. Currently, the application requests a non-standard, military time
input. Instead, the application should accept the standard (12-hour) time
input, with AM and PM options.

4.2 Additional work

The original method of insertion and deletion was to employ splitting
the tree into relatively equal parts, splay both parts to force the insertion
or deletion location to the top, and then rejoin both parts to form a new,
splayed tree. However, this method proved difficult to implement, due to the
fact that multiple configurations could initially exist for a given splay tree.
Our constructors either had a null node as the root, or a single node with no
children. While our implementation does not employ this method, it could
be possible to implement given additional time and research.

5 Conclusion

The goal of this project was to implement a new and fair method of
assigning students DART times based on personal student attributes. In



addition, the program had to have a fast and effective method of maintaining
the database of student information for it to be used on a large scale. Our
program has effectively acheived both of these goals. The algorithm used
to provide new DART times is careful to consider all of a student’s factors
before assigning a new DART time. The algorithm also ensures that all
students will eventually be provided with both good and bad DART times,
to maintain a level of fairness to all students. In addition, the splay tree class
hierarchy provides a fast and effective method of inserting new information
into the student database and sorting the information by its fields.
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