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Abstract 

Since the availability of the first PHIGS (Programmers Hierarchical Interactive Graphics 

System) implementation in the mid 1980’s, interest in the use of PHIGS has been steadily 

growing among the CAD applications developer’s community. Every year, more PHIGS- 

based CAD applications programs are being created to ensure portability and make use 

of the high-level support provided by PHIGS [JAYA93b]. 

One of the common uses of computer graphics in engineering is for the creation of 

graphs. Commonly used graphs, such as line graphs (two-dimensional or three- 

dimensional), bar charts, pie charts, surface plots, etc., can be created using PHIGS. This 

involves the creation of several methods to scale the data, draw the graph, display labels, 

display axes, display legends and several other programming tasks, which are re-created 

by each applications program. 

This thesis describes the creation of an object-oriented class library to facilitate the 

creation of engineering graphs using PHIGS. This library provides the programmer with 

a set of tools to create commonly used graphs (line graphs, pie charts, bar charts, polar 

plots, and 3D plots). The class library will allow PHIGS programmers to quickly and 

easily create graphs for use with applications programs. This set of classes uses a 

PHIGS-based, Motif-like interface framework (described by Woyak and Myklebust 
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[WOYA93]). User interface methods to allow the end-user of the graphing program to 

modify attributes of the graph (e.g. line types, legends, colors, etc.) are encapsulated 

within this class library and are hidden from the programmer using these classes. The 

library of classes, the user interface methods, and the use of this system is described in 

this thesis. 
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1.0 Introduction 

Every year thousands of CAD/CAM and engineering applications software packages are 

created by software engineers. In a recent survey of the use of CAD/CAM systems in 

a pre-selected group of 41 Fortune 500 companies, many companies reported the 

development of custom CAD software in-house [PENN91] [PENN92]. A significant 

amount of time and effort is spent by these programmers in developing the graphics 

interfaces to be provided to the user (e.g., user input facilities such as menus and icons, 

geometry rendering, data visualization, etc.). Thus, CAD applications developers are 

always on the lookout for better and higher-level tools which will assist them in quickly 

creating customized graphical user interfaces (GUI’s) for their CAD systems. 

The ISO standard for three-dimensional graphics, Programmers Hierarchical Interactive 

Graphics System (PHIGS), is one of the tools commonly used by CAD applications 

programmers. Although PHIGS-based programs are device-independent, PHIGS does not 

provide enough high-level support for the creation of custom CAD systems. In addition 

to graphics and GUI’s, high-level tools are needed in the areas of geometric modeling, 

artificial intelligence, database methods, data exchange, etc. A number of researchers 

have been working toward providing a set of high-level tools to support CAD applications 

programming [JAYA90] [JAYA91] [JAYA92] [JAYA93a] [MONT91] [FLEM91] 

[FLEM92] [LINW93] [MYKL92a] [MYKL92b] [SCHR92]. These tools should not only 
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be device-independent, but also extensible and maintainable. Such reusable tools will 

reduce the time and money spent on implementing basic methods and techniques required 

by most CAD systems (e.g., GUI, graphs, etc.). 

Many of these attributes can be realized by ensuring that the tools being created are 

object oriented. The reuse of working code from project to project was originally viewed 

aS a promising way to address the difficulties with developing and modifying large 

systems. 

One of the common uses of computer graphics in engineering is for the creation of 

graphs. Commonly used graphs, such as line graphs, bar charts, etc., can be created using 

PHIGS. This would involve the creation of methods to scale the data, draw the graph, 

display labels, display axes, display legends, and several other programming tasks which 

are re-created by each applications program. This thesis describes the creation of an 

object-oriented class library to facilitate the creation of engineering graphs using PHIGS. 

This library will allow PHIGS programmers to quickly and easily create graphs for use 

with their applications programs. The library of classes, the user interface methods and 

examples of the use of this system are described in this thesis. 
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2.0 Literature Review 

Many commercial graphics software packages are available such as PHIGURE, FIGraph, 

DADiSP 3.0, XPLOT, GPHIGS, HOOPS, etc., but at the present time "there are still no 

sound object-oriented graphics systems available" [WISS90]. Some commercial systems 

claim to be object oriented, but are in fact not written in an object-oriented manner, they 

are merely object-like. PHIGURE is designed for users who need to quickly visualize 

data and develop graphics applications. PHIGURE is furnished with an object code 

library with C and FORTRAN 77 interfaces and is integrated with Motif. The graphics 

PHIGURE uses is GPHIGS. FIGraph is a visualization toolkit for two-dimensional and 

three-dimensional graphical representations using C and FORTRAN. FIGraph is based 

on FIGARO+. XPLOT is a program designed to quickly generate graphical output. 

XPLOT runs under the X Window System. It uses the OPEN LOOK graphical user 

interface. GPHIGS is a high-level two-dimensional and three-dimensional graphics 

development toolkit. GPHIGS uses C and FORTRAN 77 and is integrated with Motif. 

It uses the PHIGS graphics standard. HOOPS is a subroutine library callable from C, 

C++, and FORTRAN. HOOPS consists of routines for creating, managing, querying, and 

editing a graphics database. HOOPS, while being object-oriented does not use the PHIGS 

standard. Also, for the majority of platforms HOOPS supports, either Motif or Windows 

is used as the window manager. 
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Conventional approaches to computer graphics are failing and are causing a bottleneck 

in industry. Even when graphics packages provide sophisticated capabilities, a mismatch 

exists between what is offered by a graphics system Application Program Interface (API) 

and what is required by most applications programmers, because graphics systems must 

be managed at an extremely low level [CUNN92]. 

Very little is known on how to create a set of software components that can be reused in 

different systems with little or no change [DUNN91]. In a survey of 41 Fortune 500 

companies in which 26 responded, it was found that 73 percent develop their own 

customized software for their needs [PENN92]. Dunn and Knight [DUNN91] 

Summarized a case study of the problems that limit the reuse of code in an industrial 

setting. They concluded that a reusable library of classes written in C++ was very 

successful in addressing this problem. The use of object-oriented methods in computer 

graphics has been compared to traditional methods by Fellner [FELL91]. This study 

showed that object-oriented techniques significantly improve the readability of the 

algorithms and drastically improve productivity. The learning curve for a large class 

library is substantial but the investment is usually recovered quickly. Moreover, the cost 

of integration and testing is reduced, leading to a more effective management of the 

efforts of several developers. Some of the benefits of using object-oriented techniques 

in computer graphics have been illustrated through examples [CUNN92]. Wisskirchen 

States that two separate groups of researchers and developers are working in computer 
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graphics [WISS90]. One group concentrates on traditional graphics approaches and 

graphics standards (PHIGS and GKS). The other group is striving towards object-oriented 

systems. Although these groups are slowly coming together, object-oriented graphics 

Systems are currently not available. Some systems which claim to be object oriented have 

not been created from an object-oriented design. 

The development of a class library with the object-oriented paradigm will impose an 

engineering discipline that will allow the software to be built from reusable, 

interchangeable, and extensible parts. This will allow for a graphics program to be put 

together by just assembling the desired parts and putting them together [CUNN92]. Since 

all of the parts will be modular, any future applications program can use the existing 

parts, or make modifications or extensions to them to adapt them to a particular 

application with minimum effort. 
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3.0 Graphs in ACSYNT - A Case Study 

In 1990 a group of eight U.S. aerospace companies together with several NASA and Navy 

centers, led by NASA Ames Research Center and Virginia Tech’s CAD Laboratory, 

agreed, through the assistance of American Technology Initiative, to form the ACSYNT 

Institute [JAYA92]. This Institute is supported by a Joint Sponsored Research Agreement 

to continue the research and development in computer aided conceptual design of aircraft 

initiated by NASA Ames Research Center and Virginia Tech’s CAD Laboratory. The 

result of this collaboration is a feature-based, parametric, computer aided aircraft 

conceptual design system called ACSYNT (AirCraft SYNThesis) [WAMP88a] 

[WAMP88b] [JAYA92]. This code is based on analysis routines begun at NASA Ames 

in the early 1970’s. ACSYNT’s CAD system is based entirely on PHIGS and includes 

a highly interactive graphical user interface, automatically generated surface models and 

shaded image displays. 

The ACSYNT analysis discipline modules generate a large amount of output data for the 

aircraft designer. The disciplines this data covers are trajectory, aerodynamics, cycle, 

economics, weights, and noise. The data for these different disciplines can be displayed 

singularly or can be multi-disciplinary. Interactive methods have been created to allow 

the designer to quickly display graphs based on these data. The types of graphs currently 
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supported by ACS YNT includes two-dimensional line graphs, two-dimensional bar graphs, 

polar plots and carpet plots. An example of a graph in ACSYNT is shown in Figure 1. 

3.1 Current Methods Used in ACSYNT 

At the present time, the ACSYNT graphing functions are located in ten different files. 

The files, their function and the number of lines of code in each are listed in Figure 2. 

These lines of code deal only with the display of the graphs on the screen and for graph 

modification. They do not include the routines that generate the data for the graphs. 

All of the graphs in ACSYNT are generated using similar procedures. This procedure is 

outlined below and illustrated in Figure 3. 

1. The PHIGS structure organization is set up to accommodate the graph. This includes 

determining the number of structures necessary to create the graph, opening a root 

Structure and executing all other structures from within this root structure. Then all the 

default attributes are inserted in all the structures. 

2. The axes of the graph are then drawn. These are the axes lines themselves without 

labels. They are drawn at a fixed location to a fixed length. The grid for the graph is 

also drawn at this time. It is also drawn to a fixed set of parameters and attribute values. 
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Figure 1. Example of Graph in ACSYNT 
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Filename Description # Lines 

agrphl.vpi Trajectory Graphs 4994 

agrph2.vpi Economics Graphs 4925 

agrph3.vpi Aerodynamics Graphs 3785 

Cycle Graphs 

agrph4.vpi VN Diagrams 6931 

Boom Graphs 

Flexibility Routines For Graphs 

Overlay Routines 

agrph5.vpi Envelope Graphs 2171 

airgrph.vpi Infrared (Polar) Graphs 1317 

aghcp.vpi Carpet Plots 5754 

pstcar.vpi Postscript Printing For Carpet Plots 412 

middleman.c Translator between C and FORTRAN routines 528 

graphing.c Graphing routines in C 2237 

Total 33054 

  

Figure 2. Present ACSYNT Graphing Routines 
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Figure 3. Procedure for Creating Graphs in ACSYNT 
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3. The titles of the graph, and the x and y axes labels are then drawn with fixed 

attributes. 

4. The minimum and maximum data values of the data to be graphed are determined. 

5. The proper scale to be used for the axes is then calculated. The user is not 

provided with methods to change this scale. 

6. The marks and labels for the x and y axes are then drawn onto the axes. 

7. The points for the curves or bars to be drawn are then normalized according to the 

calculated axes range and the curves or bars are then drawn onto the graph. 

8. Finally, the legend of the graph is drawn. 

All the different types of graphs for the different modules have their own independent 

routines to perform all of these functions. Therefore, if an attribute change is desired 

in all graph types in must be changed in each type of graph separately instead of in 

one central location. The only common functions shared by the different graph 

routines are those that determine the scale of the axes, normalize the data, and 

interpolate the data points to obtain intermediate points for drawing the curves. 
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The ACSYNT graphing modules are implemented using about 33,000 lines of 

FORTRAN and C code. If a new type of graph is to be added to ACSYNT or if a 

new analysis module requires graphs, code will need to be written following the 

procedure shown in Figure 3. This would require considerable knowledge of PHIGS, 

and can turn out to be a time-consuming process involving hundreds or thousands of 

lines of new code. 

3.2 Flexibility of Graphs 

The graphing functions also allow the user to apply minor modifications to improve 

readability and visualization of the graphs. The legend, grid, and points on the curves 

can be toggled on and off. Curves can be removed from the graph and the graph can 

be enlarged to take up the entire viewport. However, no other changes are available 

to the user. This is a severe limitation to a user desiring to use the graphs for a 

technical report or presentation. Also, the utility of the graph is reduced by the fact 

that the scale and range cannot be modified. 
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4.0 Thesis Objectives 

The overall objective of the work presented in this thesis is to create a high-level tool 

which would allow applications programmers to quickly and easily create customized 

graphing functions to support computer aided design. This would save a significant 

amount of money and time being spent on re-creation of tools for many commonly used 

graphs for CAD (e.g., line graphs, surface plots, bar charts, etc.). The resulting set of 

tools should also meet the criteria listed below. 

1, Portability and compatibility with PHIGS: PHIGS is fast gaining popularity as the 

graphics system chosen by CAD applications programmers. The use of PHIGS 

in this set of tools will ensure portability and device independence. 

2. Modern look and feel: Users of graphical systems are usually familiar with the 

look and feel of the graphical user interfaces provided by windowing systems 

(MS-Windows, X-windows, Motif-based GUI’s, etc.). Any graphical interface 

which is provided to the end user by this graphing tool should have a similar look 

and feel. 

3, Ease of use: The toolkit should be easy to use. The CAD applications 

programmer should be able to create graphing methods easily and without 
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spending a lot of time learning the details of the tools. The tools should be simple 

enough for engineers to use with their programs without having to learn to use 

PHIGS. 

Support CAD needs: During the design of the toolkit, the needs of CAD 
  

applications programmers should be considered. The graphs used commonly by 

CAD systems should be implemented such that CAD programmers should be able 

to easily integrate it with existing or new CAD systems. 

Object-Oriented: In keeping with the latest trends and technology related to 

CAD software creation, this toolkit should be completely object oriented. This 

will allow programmers to include graphs at a very high level without requiring 

them to understand the details of the implementation of these tools. Moreover, 

a truly object-oriented set of tools will automatically lead to a reliable and 

maintainable system which can be extended or modified easily in the future. 
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5.0 Object-Oriented Design 

5.1 Traditional Programming Philosophy 

In general, computer languages deal with two items, data and algorithms. The data is the 

information to be used or calculated and the algorithms are the processes to manipulate 

the data. 

The traditional approach is to define the procedure for a process and then use the 

computer to execute this procedure. Top-down design became the dominant method of 

design. In this method a large program is divided into several smaller tasks. If one of 

these smaller tasks is still too large it was further divided into even smaller tasks. This 

process was continued until all the tasks were of manageable size and easily programmed. 

While this method allowed for the breakdown of complicated tasks and improved the 

clarity, reliability, and the ease of maintenance, it is easily seen how the code becomes 

difficult to maintain and modify as changes or additions are required, especially if they 

occur near the top of the program as this affects all the routines underneath them. Object- 

oriented programming solves this problem. 

Object-Oriented Design 15



�5�.�2� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �P�h�i�l�o�s�o�p�h�y� 

�O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �d�a�t�a� �a�n�d� �w�h�a�t� �o�p�e�r�a�t�i�o�n�s� �c�a�n� �b�e� �p�e�r�f�o�r�m�e�d� 

�o�n� �i�t�.� �T�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �a�p�p�r�o�a�c�h� �t�r�i�e�s� �t�o� �t�i�e� �t�h�e� �l�a�n�g�u�a�g�e� �t�o� �t�h�e� �p�r�o�b�l�e�m�,� 

�n�o�t� �t�h�e� �p�r�o�b�l�e�m� �t�o� �t�h�e� �l�a�n�g�u�a�g�e�.� �"�T�h�e� �i�d�e�a� �i�s� �t�o� �d�e�s�i�g�n� �a� �d�a�t�a� �f�o�r�m� �t�h�a�t� �c�o�r�r�e�s�p�o�n�d�s� �t�o� 

�t�h�e� �e�s�s�e�n�t�i�a�l� �f�e�a�t�u�r�e�s� �o�f� �a� �p�r�o�b�l�e�m�.� �I�n� �C�+�+�,� �a� �c�l�a�s�s� �i�s� �a� �s�p�e�c�i�f�i�c�a�t�i�o�n� �d�e�s�c�r�i�b�i�n�g� �s�u�c�h� �a� 

�n�e�w� �d�a�t�a� �f�o�r�m�,� �a�n�d� �a�n� �o�b�j�e�c�t� �i�s� �a� �p�a�r�t�i�c�u�l�a�r� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �c�o�n�s�t�r�u�c�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�a�t� 

�p�l�a�n �� �[�P�R�A�T�9�1�]�.� �T�h�e� �c�l�a�s�s� �s�p�e�c�i�f�i�e�s� �w�h�a�t� �d�a�t�a� �a�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a�n� �o�b�j�e�c�t� �a�n�d� �w�h�a�t� 

�o�p�e�r�a�t�i�o�n�s� �c�a�n� �b�e� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�a�t� �o�b�j�e�c�t�.� 

�I�n� �t�h�i�s� �w�a�y� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �w�o�r�k�s� �m�o�r�e� �l�i�k�e� �t�h�e� �a�c�t�u�a�l� �h�u�m�a�n� �t�h�o�u�g�h�t� 

�p�r�o�c�e�s�s�.� �A� �p�e�r�s�o�n�n�e�l� �p�r�o�g�r�a�m�,� �f�o�r� �e�x�a�m�p�l�e�,� �w�o�u�l�d� �d�e�f�i�n�e� �c�l�a�s�s�e�s� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�e� 

�p�e�r�s�o�n�n�e�l� �e�m�p�l�o�y�e�e� �i�n�f�o�r�m�a�t�i�o�n�,� �p�a�y�r�o�l�l� �i�n�f�o�r�m�a�t�i�o�n�,� �e�t�c�.� �T�h�e� �c�l�a�s�s� �d�e�f�i�n�i�t�i�o�n�s� �f�o�r� �t�h�e�s�e� 

�w�o�u�l�d� �d�e�t�e�r�m�i�n�e� �t�h�e� �p�e�r�m�i�s�s�i�b�l�e� �o�p�e�r�a�t�i�o�n�s� �f�o�r� �e�a�c�h� �i�t�e�m�.� �T�h�e�n� �a� �p�r�o�g�r�a�m� �i�s� �d�e�s�i�g�n�e�d� 

�u�s�i�n�g� �o�b�j�e�c�t�s� �o�f� �t�h�e�s�e� �c�l�a�s�s�e�s�.� �T�h�e� �o�b�j�e�c�t� �i�n� �t�h�i�s� �c�a�s�e� �w�o�u�l�d� �b�e� �o�n�e� �p�a�r�t�i�c�u�l�a�r� �e�m�p�l�o�y�e�e�.� 

�T�h�e� �m�e�t�h�o�d� �o�f� �g�o�i�n�g� �f�r�o�m� �c�l�a�s�s�e�s� �t�o� �p�r�o�g�r�a�m� �d�e�s�i�g�n� �i�s� �k�n�o�w�n� �a�s� �b�o�t�t�o�m�-�u�p� 

�p�r�o�g�r�a�m�m�i�n�g�.� �T�h�i�s� �m�e�t�h�o�d� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �e�a�s�i�l�y� �a�d�d� �a�n� �a�d�d�i�t�i�o�n�a�l� �c�l�a�s�s� �a�s� �c�h�a�n�g�e�s� 

�a�r�e� �n�e�e�d�e�d� �o�r� �i�f� �s�o�m�e�t�h�i�n�g� �w�a�s� �o�v�e�r�l�o�o�k�e�d�.� �T�h�i�s� �c�a�n�n�o�t� �b�e� �d�o�n�e� �e�a�s�i�l�y� �i�n� �t�h�e� �t�o�p�-�d�o�w�n� 

�a�p�p�r�o�a�c�h�.� 
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�5�.�3� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�e�s�i�g�n� 

�O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �c�a�n�n�o�t� �b�e� �s�i�m�p�l�y� �e�x�p�l�a�i�n�e�d� �a�s� �t�o�p�-�d�o�w�n� �o�r� �b�o�t�t�o�m�-�u�p� 

�p�r�o�g�r�a�m�m�i�n�g�.� �I�t� �i�s� �b�e�s�t� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �R�o�u�n�d� �T�r�i�p� �G�e�s�t�a�l�t� �d�e�s�i�g�n�.� �T�h�i�s� �d�e�s�i�g�n� 

�e�m�p�h�a�s�i�z�e�s� �t�h�e� �i�n�c�r�e�m�e�n�t�a�l� �a�n�d� �i�t�e�r�a�t�i�v�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �s�y�s�t�e�m� �t�h�r�o�u�g�h� �t�h�e� �e�n�t�i�r�e� 

�s�y�s�t�e�m�.� �F�i�r�s�t� �t�h�e� �s�y�s�t�e�m� �i�s� �d�e�s�i�g�n�e�d� �a�s� �w�e�l�l� �a�s� �p�o�s�s�i�b�l�e� �w�i�t�h� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e�.� 

�T�h�e�n� �t�h�e� �s�y�s�t�e�m� �i�s� �e�x�a�m�i�n�e�d� �a�n�d� �r�e�f�i�n�e�d� �a�g�a�i�n� �a�n�d� �a�g�a�i�n� �i�n� �a�n� �i�t�e�r�a�t�i�v�e� �m�a�n�n�e�r� �u�n�t�i�l� �t�h�e� 

�s�y�s�t�e�m� �m�e�e�t�s� �t�h�e� �d�e�s�i�g�n� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�T�h�e� �o�r�d�e�r� �o�f� �e�v�e�n�t�s� �w�h�i�c�h� �n�e�e�d�s� �t�o� �t�a�k�e� �p�l�a�c�e� �f�o�r� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �i�s� �a�s� �f�o�l�l�o�w�s�:� 

�I�d�e�n�t�i�f�y� �a�l�l� �t�h�e� �c�l�a�s�s�e�s� �a�n�d� �o�b�j�e�c�t�s�.� 

�I�d�e�n�t�i�f�y� �t�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �a�n�d� �m�e�a�n�i�n�g� �o�f� �a�l�l� �t�h�e� �c�l�a�s�s�e�s� �a�n�d� �o�b�j�e�c�t�s�.� 

�I�d�e�n�t�i�f�y� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �a�m�o�n�g� �t�h�e� �c�l�a�s�s�e�s� �a�n�d� �o�b�j�e�c�t�s�.� 

�I�m�p�l�e�m�e�n�t� �t�h�e� �c�l�a�s�s�e�s� �a�n�d� �o�b�j�e�c�t�s�.� 

�T�h�i�s� �p�r�o�c�e�s�s� �s�h�o�u�l�d� �b�e� �r�e�p�e�a�t�e�d� �u�n�t�i�l� �t�h�e�r�e� �a�r�e� �n�o� �n�e�w� �a�b�s�t�r�a�c�t�i�o�n�s�,� �o�r� �w�h�e�n� �a�l�r�e�a�d�y� 

�d�i�s�c�o�v�e�r�e�d� �c�l�a�s�s�e�s� �a�n�d� �o�b�j�e�c�t�s� �m�a�y� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �b�y� �c�o�m�p�o�s�i�n�g� �t�h�e�m� �f�r�o�m� �e�x�i�s�t�i�n�g� 

�r�e�u�s�a�b�l�e� �c�o�m�p�o�n�e�n�t�s� �[�B�O�O�C�9�1�]�.� 
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�5�.�4� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �P�r�o�g�r�a�m�m�i�n�g� �T�e�r�m�s� �(�U�s�i�n�g� �C�+�+�)� 

�5�.�4�.�1� �C�l�a�s�s� 

�A� �c�l�a�s�s� �i�s� �t�h�e� �C�+�+� �m�e�a�n�s� �o�f� �c�o�m�b�i�n�i�n�g� �d�a�t�a� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �a�n�d� �m�e�t�h�o�d�s� �f�o�r� �m�a�n�i�p�u�l�a�t�i�n�g� 

�t�h�a�t� �d�a�t�a� �i�n�t�o� �o�n�e� �f�o�r�m�a�t�.� �P�u�t� �m�o�r�e� �s�i�m�p�l�y�,� �a� �c�l�a�s�s� �i�s� �a� �c�l�a�s�s�i�c� �C� �s�t�r�u�c�t�u�r�e� �t�h�a�t� �c�o�n�t�a�i�n�s� 

�i�n� �a�d�d�i�t�i�o�n� �t�o� �v�a�r�i�a�b�l�e�s�,� �f�u�n�c�t�i�o�n�s� �a�s� �m�e�m�b�e�r�s�.� �A�t� �a� �m�i�n�i�m�u�m�,� �a� �c�l�a�s�s� �i�s� �o�n�l�y� �a� �C� 

�s�t�r�u�c�t�u�r�e�.� 

�5�.�4�.�2� �P�o�l�y�m�o�r�p�h�i�s�m� �(�F�u�n�c�t�i�o�n� �O�v�e�r�l�o�a�d�i�n�g�)� 

�P�o�l�y�m�o�r�p�h�i�s�m� �r�e�f�e�r�s� �t�o� �t�h�e� �a�c�t� �o�f� �u�s�i�n�g� �t�h�e� �s�a�m�e� �n�a�m�e� �t�o� �a�c�c�o�m�p�l�i�s�h� �d�i�f�f�e�r�e�n�t� �p�u�r�p�o�s�e�s�.� 

�I�n� �C�+�+� �p�o�l�y�m�o�r�p�h�i�s�m�,� �o�r� �f�u�n�c�t�i�o�n� �o�v�e�r�l�o�a�d�i�n�g�,� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �c�r�e�a�t�e� �d�i�f�f�e�r�e�n�t� 

�f�u�n�c�t�i�o�n�s� �h�a�v�i�n�g� �t�h�e� �s�a�m�e� �n�a�m�e� �p�r�o�v�i�d�e�d� �t�h�e�y� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �a�r�g�u�m�e�n�t� �l�i�s�t�s�.� 

�5�.�4�.�3� �I�n�h�e�r�i�t�a�n�c�e� 
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�I�n�h�e�r�i�t�a�n�c�e� �i�s� �t�h�e� �c�o�n�c�e�p�t� �o�f� �b�u�i�l�d�i�n�g� �a� �n�e�w� �c�l�a�s�s� �f�r�o�m� �c�l�a�s�s�e�s� �t�h�a�t� �h�a�v�e� �a�l�r�e�a�d�y� �b�e�e�n� 

�c�r�e�a�t�e�d� �[�A�D�A�M�9�2�]�.� �U�s�i�n�g� �i�n�h�e�r�i�t�a�n�c�e�,� �c�o�d�e� �d�u�p�l�i�c�a�t�i�o�n� �c�a�n� �b�e� �a�v�o�i�d�e�d�.� �B�y� �i�n�h�e�r�i�t�i�n�g� 

�f�r�o�m� �a� �b�a�s�e� �c�l�a�s�s�,� �a� �d�e�r�i�v�e�d� �c�l�a�s�s� �a�s�s�u�m�e�s� �a�l�l� �t�h�e� �p�r�o�p�e�r�t�i�e�s�,� �b�o�t�h� �d�a�t�a� �m�e�m�b�e�r�s� �a�n�d� 

�m�e�m�b�e�r� �f�u�n�c�t�i�o�n�s�,� �o�f� �t�h�e� �b�a�s�e� �c�l�a�s�s� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �n�e�w� �o�n�e�s� �i�t� �d�e�f�i�n�e�s�.� �C�l�a�s�s�e�s� �c�a�n� 

�b�e� �d�e�r�i�v�e�d� �f�r�o�m� �n�u�m�e�r�o�u�s� �o�t�h�e�r� �c�l�a�s�s�e�s� �c�r�e�a�t�i�n�g� �a� �c�l�a�s�s� �h�i�e�r�a�r�c�h�y�.� 

�A�s� �a�n� �e�x�a�m�p�l�e�,� �i�f� �y�o�u� �w�a�n�t� �t�o� �a�d�d� �s�o�m�e�t�h�i�n�g� �t�o� �a�n� �a�l�r�e�a�d�y� �w�o�r�k�i�n�g� �c�l�a�s�s� �y�o�u� �c�a�n� �d�e�r�i�v�e� 

�a� �n�e�w� �c�l�a�s�s� �w�i�t�h� �a�l�l� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �e�x�i�s�t�i�n�g� �w�o�r�k�i�n�g� �c�l�a�s�s�.� �T�h�e�n� �y�o�u� �c�a�n� �a�d�d� �c�o�d�e� 

�t�o� �t�h�e� �n�e�w� �c�l�a�s�s�.� �A�n�d� �b�e�c�a�u�s�e� �t�h�e� �f�o�r�m�e�r� �c�l�a�s�s� �s�t�i�l�l� �e�x�i�s�t�s�,� �i�t� �c�a�n� �b�e� �u�s�e�d� �b�y� �o�t�h�e�r� �p�a�r�t�s� 

�o�f� �y�o�u�r� �p�r�o�g�r�a�m� �w�i�t�h� �n�o� �s�i�d�e� �e�f�f�e�c�t�s� �o�r� �e�x�t�r�a� �w�o�r�k�.� 

�5�.�4�.�4� �E�n�c�a�p�s�u�l�a�t�i�o�n� 

�"�E�n�c�a�p�s�u�l�a�t�i�o�n� �r�e�f�e�r�s� �t�o� �t�h�e� �b�u�n�d�l�i�n�g� �t�o�g�e�t�h�e�r� �o�f� �a� �g�r�o�u�p� �o�f� �d�a�t�a� �a�n�d� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�h�a�t� 

�o�p�e�r�a�t�e� �o�n� �t�h�e� �d�a�t�a�"� �[�A�D�A�M�9�2�]�.� �"�O�b�j�e�c�t�s� �a�r�e� �q�u�i�t�e� �f�r�e�q�u�e�n�t�l�y� �s�p�o�k�e�n� �o�f� �a�s� 

�e�n�c�a�p�s�u�l�a�t�i�o�n�s� �o�f� �a�b�s�t�r�a�c�t�i�o�n�s� �a�s� �e�a�c�h� �o�b�j�e�c�t� �w�i�t�h�i�n� �i�t�s�e�l�f� �c�o�n�t�a�i�n�s� �b�o�t�h� �t�h�e� �k�n�o�w�l�e�d�g�e� �o�f� 

�h�o�w� �t�o� �r�e�s�p�o�n�d� �t�o� �a� �s�e�t� �o�f� �m�e�s�s�a�g�e�s� �a�n�d� �t�h�e� �v�a�l�u�e�s� �f�o�r� �i�t�s� �i�n�t�e�r�n�a�l� �s�t�a�t�e�s� �(�a�s� �d�e�f�i�n�e�d� �b�y� 

�t�h�e� �c�l�a�s�s� �d�e�s�c�r�i�p�t�i�o�n� �f�o�r� �a�n� �o�b�j�e�c�t� �o�f� �i�t�s� �c�l�a�s�s�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �i�n�t�e�r�n�a�l�s� �o�f� �a�n� �o�b�j�e�c�t� 

�(�m�e�t�h�o�d�s� �a�n�d� �s�t�a�t�e� �v�a�r�i�a�b�l�e�s�)� �a�r�e� �i�n�v�i�s�i�b�l�e� �t�o� �a�n�d� �u�n�a�l�t�e�r�a�b�l�e� �b�y� �o�t�h�e�r� �o�b�j�e�c�t�s�"� �[�F�E�L�L�9�1�]�.� 

�O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�e�s�i�g�n� �1�9



�"�B�e�c�a�u�s�e� �y�o�u� �c�a�n� �t�r�e�a�t� �t�h�e� �d�a�t�a� �a�n�d� �t�h�e� �f�u�n�c�t�i�o�n�s� �a�s� �a�n� �o�b�j�e�c�t�,� �y�o�u� �d�o� �n�o�t� �h�a�v�e� �t�o� 

�c�o�n�c�e�r�n� �y�o�u�r�s�e�l�f� �w�i�t�h� �d�e�t�a�i�l�"� �[�A�D�A�M�9�2�]�.� �E�n�c�a�p�s�u�l�a�t�i�o�n� �k�e�e�p�s� �s�o�m�e� �o�f� �t�h�e� �c�o�m�p�l�e�x�i�t�y� 

�o�f� �t�h�e� �p�r�o�g�r�a�m� �a�w�a�y� �f�r�o�m� �t�h�e� �u�s�e�r�.� �T�h�i�s� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �b�e� �a�b�l�e� �t�o� �c�o�n�c�e�n�t�r�a�t�e� �a�n�d� 

�p�l�a�n� �o�n� �a� �h�i�g�h�e�r� �l�e�v�e�l� �a�n�d� �i�n� �b�r�o�a�d�e�r� �t�e�r�m�s� �t�h�a�n� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �p�o�s�s�i�b�l�e�.� �I�t� �a�l�s�o� �r�e�d�u�c�e�s� 

�m�i�s�u�s�e� �o�r� �i�n�c�o�r�r�e�c�t� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �d�a�t�a� �b�y� �t�h�e� �u�s�e�r�.� 

�5�.�5� �A�d�v�a�n�t�a�g�e�s� �o�f� �O�b�j�e�c�t� �O�r�i�e�n�t�e�d� �P�r�o�g�r�a�m�m�i�n�g� 

�A�t� �f�i�r�s�t� �t�h�e� �u�s�e� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �t�e�c�h�n�i�q�u�e�s� �w�i�l�l� �r�e�q�u�i�r�e� �m�o�r�e� �t�i�m�e� �a�n�d� 

�e�f�f�o�r�t� �t�o� �l�e�a�r�n� �t�h�e� �d�e�s�i�g�n� �p�h�i�l�o�s�o�p�h�y� �a�n�d� �a�p�p�l�y� �i�t� �c�o�r�r�e�c�t�l�y�.� �B�u�t� �a�s� �s�o�o�n� �a�s� �t�h�i�s� �l�e�a�r�n�i�n�g� 

�p�e�r�i�o�d� �i�s� �c�o�m�p�l�e�t�e�d�,� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �c�l�a�s�s�e�s� �b�e�c�o�m�e�s� �m�u�c�h� �e�a�s�i�e�r� �a�n�d� �m�o�r�e� �e�f�f�i�c�i�e�n�t� 

�t�h�a�n� �w�r�i�t�i�n�g� �c�o�d�e� �i�n� �s�t�a�n�d�a�r�d� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s� �[�F�E�L�L�9�1�]�.� 

�S�o�m�e� �o�f� �t�h�e� �m�a�n�y� �a�d�v�a�n�t�a�g�e�s� �o�f� �u�s�i�n�g� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �a�r�e� �[�F�E�L�L�9�1�]�:� 

�°� �G�i�v�e�n� �a� �r�i�c�h� �s�e�t� �o�f� �c�l�a�s�s�e�s�,� �r�a�p�i�d� �p�r�o�t�o�t�y�p�i�n�g� �i�s� �b�o�t�h� �p�o�s�s�i�b�l�e� �a�n�d� �u�s�e�f�u�l�.� 

�.� �T�h�e� �u�s�e� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �m�a�k�e�s� �i�t� �p�o�s�s�i�b�l�e� �t�o� �e�f�f�e�c�t�i�v�e�l�y� 

�m�a�n�a�g�e� �a�n�d� �i�n�t�e�g�r�a�t�e� �t�h�e� �e�f�f�o�r�t�s� �o�f� �m�a�n�y� �d�e�v�e�l�o�p�e�r�s�.� 

�O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�e�s�i�g�n� �2�0



�°� �T�h�e� �c�o�s�t� �o�f� �i�n�t�e�g�r�a�t�i�o�n� �a�n�d� �t�e�s�t�i�n�g� �i�s� �s�m�a�l�l�.� 

�°� �T�h�e� �l�e�a�r�n�i�n�g� �c�u�r�v�e� �f�o�r� �a� �l�a�r�g�e� �c�l�a�s�s� �l�i�b�r�a�r�y� �i�s� �s�u�b�s�t�a�n�t�i�a�l�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �t�h�e� 

�t�i�m�e� �i�s� �w�e�l�l� �s�p�e�n�t� �a�n�d� �t�h�e� �i�n�v�e�s�t�m�e�n�t� �i�s� �u�s�u�a�l�l�y� �r�e�c�o�v�e�r�e�d� �d�u�r�i�n�g� �t�h�e� �n�e�x�t� 

�a�p�p�l�i�c�a�t�i�o�n� �d�e�v�e�l�o�p�e�d�.� 

�S�i�n�c�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �i�s� �a�n� �e�n�t�i�r�e�l�y� �n�e�w� �p�h�i�l�o�s�o�p�h�y� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �r�e�a�l�i�z�e� 

�t�h�a�t� �s�o�f�t�w�a�r�e� �p�r�o�g�r�a�m�m�e�r�s� �a�n�d� �d�e�v�e�l�o�p�e�r�s� �w�i�l�l� �n�o�t� �b�e� �a�b�l�e� �t�o� �s�i�m�p�l�y� �m�a�k�e� �a�n� �i�m�m�e�d�i�a�t�e� 

�S�w�i�t�c�h� �t�o� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �b�y� �l�e�a�r�n�i�n�g� �a� �s�p�e�c�i�f�i�c� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �l�a�n�g�u�a�g�e�.� 

�T�h�e�y� �w�i�l�l� �r�e�q�u�i�r�e� �a�d�d�i�t�i�o�n�a�l� �t�r�a�i�n�i�n�g� �o�n� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�h�i�l�o�s�o�p�h�y� �i�t�s�e�l�f� �[�F�E�L�L�9�1�]�.� 

�"�T�h�e� �l�i�m�i�t�i�n�g� �f�a�c�t�o�r� �i�s� �t�h�a�t� �n�o� �d�e�s�i�g�n� �t�e�c�h�n�i�q�u�e�s� �e�x�i�s�t� �t�h�a�t� �a�r�e� �s�p�e�c�i�f�i�c�a�l�l�y� �i�n�t�e�n�d�e�d� �t�o� �t�a�k�e� 

�a�d�v�a�n�t�a�g�e� �o�f� �a� �s�e�t� �o�f� �r�e�u�s�a�b�l�e� �c�o�m�p�o�n�e�n�t�s�"� �[�D�U�N�N�9�Q�1�]�.� �T�h�i�s� �i�s� �s�u�r�e� �t�o� �b�e� �c�o�r�r�e�c�t�e�d� �i�n� 

�t�h�e� �n�e�a�r� �f�u�t�u�r�e� �a�s� �p�r�o�g�r�a�m�m�e�r�s� �a�n�d� �d�e�v�e�l�o�p�e�r�s� �b�e�c�o�m�e� �m�o�r�e� �e�x�p�e�r�i�e�n�c�e�d� �i�n� �t�h�e� �n�e�w� 

�p�h�i�l�o�s�o�p�h�y�.� �T�h�i�s� �w�i�l�l� �f�u�r�t�h�e�r� �b�e�n�e�f�i�t� �t�h�o�s�e� �u�s�i�n�g� �a�n�d� �m�a�k�i�n�g� �t�h�e� �t�r�a�n�s�i�t�i�o�n� �t�o� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g�.� 

�A�n� �a�r�g�u�m�e�n�t� �a�g�a�i�n�s�t� �m�a�k�i�n�g� �t�h�e� �s�w�i�t�c�h� �t�o� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �i�s� �t�h�a�t� �o�l�d� 

�s�o�f�t�w�a�r�e� �i�s� �n�o�t� �r�e�u�s�a�b�l�e� �i�n� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�.� �T�h�i�s� �i�s� �n�o�t� �t�h�e� 

�c�a�s�e�.� �E�v�e�n� �i�f� �a� �p�a�r�t�i�c�u�l�a�r� �c�o�m�p�o�n�e�n�t� �c�a�n�n�o�t� �b�e� �r�e�u�s�e�d� �e�x�a�c�t�l�y� �a�s� �i�t� �i�s�,� �t�h�e� �a�n�a�l�y�s�i�s� 

�O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�e�s�i�g�n� �2�1



�e�m�b�o�d�i�e�d� �i�n� �t�h�e� �c�o�m�p�o�n�e�n�t� �o�f�t�e�n� �p�r�o�v�i�d�e�s� �t�h�e� �m�e�a�n�s� �w�i�t�h� �w�h�i�c�h� �t�o� �r�e�d�e�s�i�g�n� �i�t� �t�o� �f�i�t� �t�h�e� 

�n�e�w� �a�p�p�l�i�c�a�t�i�o�n� �[�D�U�N�N�9�1�]�.� �A� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �i�n� �a�n� �i�n�d�u�s�t�r�i�a�l� �e�n�v�i�r�o�n�m�e�n�t� �b�y� �D�u�n�n� 

�a�n�d� �K�n�i�g�h�t� �i�n� �c�o�o�p�e�r�a�t�i�o�n� �w�i�t�h� �S�p�e�r�r�y� �M�a�r�i�n�e� �I�n�c�o�r�p�o�r�a�t�e�d� �s�h�o�w�e�d� �a� �v�e�r�y� �h�i�g�h� �l�e�v�e�l� �o�f� 

�c�o�d�e� �r�e�u�s�e� �a�s� �w�e�l�l� �a�s� �t�h�e� �f�a�c�t� �t�h�a�t� �o�l�d� �s�o�f�t�w�a�r�e� �c�a�n� �b�e� �r�e�u�s�e�d� �[�D�U�N�N�9�Q�1�]�.� 

�F�i�n�a�l�l�y� �i�t� �i�s� �g�o�o�d� �t�o� �r�e�m�e�m�b�e�r� �t�h�a�t� �"�G�o�o�d� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �i�s� �s�t�i�l�l� �a�n� �a�r�t� �r�a�t�h�e�r� �t�h�a�n� 

�a� �s�c�i�e�n�c�e�.� �O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�e�t�h�o�d�o�l�o�g�y� �w�o�r�k�s� �a�s� �a�n� �a�m�p�l�i�f�i�e�r� �f�o�r� �p�r�o�g�r�a�m�m�i�n�g� �s�k�i�l�l�s�:� 

�t�h�e� �g�o�o�d� �p�r�o�g�r�a�m�m�e�r�s� �g�e�t� �b�e�t�t�e�r� �a�n�d� �t�h�e� �w�e�a�k� �o�n�e�s� �f�a�l�l� �b�y� �t�h�e� �w�a�y�s�i�d�e�"� �[�F�E�L�L�9�1�]�.� 
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�6�.�0� �M�o�t�i�f�-�L�i�k�e� �I�n�t�e�r�f�a�c�e� 

�M�o�t�i�f� �i�s� �t�h�e� �m�o�s�t� �w�i�d�e�l�y�-�u�s�e�d� �i�n�t�e�r�f�a�c�e� �t�o�o�l� �f�o�r� �w�o�r�k�s�t�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �C�A�D� 

�p�r�o�g�r�a�m�m�e�r�s� �h�a�v�e� �f�o�u�n�d� �t�h�e� �n�e�e�d� �t�o� �r�e�s�o�r�t� �t�o� �o�t�h�e�r� �i�n�t�e�r�f�a�c�e� �m�e�t�h�o�d�s� �b�e�c�a�u�s�e� �o�f� �s�e�v�e�r�a�l� 

�r�e�a�s�o�n�s�,� �s�o�m�e� �o�f� �w�h�i�c�h� �a�r�e�:� 

�°� �M�o�t�i�f� �i�s� �l�i�m�i�t�e�d� �t�o� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �g�r�a�p�h�i�c�s� 

�°� �O�t�h�e�r� �d�e�v�i�c�e�-�i�n�d�e�p�e�n�d�e�n�t� �g�r�a�p�h�i�c�s� �t�o�o�l�s� �(�P�H�I�G�S�)� �s�u�p�p�o�r�t� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� 

�g�r�a�p�h�i�c�s� 

�.� �P�H�I�G�S�-�i�n�p�u�t� �a�n�d� �M�o�t�i�f�-�i�n�p�u�t� �m�o�d�e�l�s� �a�r�e� �i�n�c�o�m�p�a�t�i�b�l�e� 

�°� �M�o�t�i�f� �i�s� �n�o�t� �t�r�u�l�y� �o�b�j�e�c�t� �o�r�i�e�n�t�e�d� 

�.� �A�d�d�i�n�g� �a� �M�o�t�i�f� �i�n�t�e�r�f�a�c�e� �t�o� �a�n� �e�x�i�s�t�i�n�g� �C�A�D� �p�r�o�g�r�a�m� �i�s� �d�i�f�f�i�c�u�l�t� 

�.� �M�o�t�i�f� �c�a�n�n�o�t� �b�e� �e�a�s�i�l�y� �e�x�p�a�n�d�e�d� �b�y� �t�h�e� �u�s�e�r� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �r�e�a�s�o�n�s� �p�r�e�s�e�n�t�e�d� �a�b�o�v�e�,� �t�h�e� �a�u�t�h�o�r� �f�o�u�n�d� �i�t� �n�e�c�e�s�s�a�r�y� �t�o� �u�s�e� �a� �P�H�I�G�S�-� 

�b�a�s�e�d� �i�n�t�e�r�f�a�c�e� �s�y�s�t�e�m� �w�h�i�c�h� �i�s� �t�r�u�l�y� �o�b�j�e�c�t� �o�r�i�e�n�t�e�d� �a�n�d� �p�r�o�v�i�d�e�s� �a� �"�M�o�t�i�f�-�L�i�k�e�"� �l�o�o�k� 

�a�n�d� �f�e�e�l�.� �O�n�e� �s�u�c�h� �s�y�s�t�e�m� �h�a�s� �b�e�e�n� �d�e�s�i�g�n�e�d� �a�n�d� �i�m�p�l�e�m�e�n�t�e�d� �b�y� �W�o�y�a�k� �a�n�d� �M�y�k�l�e�b�u�s�t� 

�[�W�O�Y�A�9�2�,� �W�O�Y�A�9�3�]�.� �S�o�m�e� �o�f� �t�h�e� �t�o�o�l�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�i�s� �i�n�t�e�r�f�a�c�e� �s�y�s�t�e�m� �w�e�r�e� �u�s�e�d� 

�a�s� �t�h�e� �b�a�s�i�c� �b�u�i�l�d�i�n�g� �b�l�o�c�k�s� �f�o�r� �t�h�e� �w�o�r�k� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �t�h�e�s�i�s�.� �F�o�r� �t�h�e� �s�a�k�e� �o�f� 

�c�o�m�p�l�e�t�e�n�e�s�s�,� �a�n� �o�v�e�r�v�i�e�w� �o�f� �t�h�i�s� �c�l�a�s�s� �l�i�b�r�a�r�y� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �i�n�t�e�r�f�a�c�e� �t�o�o�l�s� �i�s� 

�p�r�e�s�e�n�t�e�d� �b�e�l�o�w�.� 
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�F�i�v�e� �m�a�j�o�r� �g�r�o�u�p�s� �o�f� �c�l�a�s�s�e�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�i�s� �i�n�t�e�r�f�a�c�e� �f�r�a�m�e�w�o�r�k�:� �W�i�n�d�o�w�s�,� 

�I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r�s�,� �M�e�n�u� �M�a�n�a�g�e�r�s�,� �M�e�n�u� �I�t�e�m�s�,� �a�n�d� �M�e�n�u� �I�t�e�m� �M�a�n�a�g�e�r�s�.� �A� �W�i�n�d�o�w� 

�i�s� �a� �c�h�a�n�n�e�l� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �u�s�e�r� �a�n�d� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s� �p�r�o�g�r�a�m�.� �T�h�e� 

�I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r� �i�s� �t�h�e� �c�e�n�t�r�a�l� �p�r�o�c�e�s�s�i�n�g� �o�b�j�e�c�t�.� �A� �M�e�n�u� �M�a�n�a�g�e�r� �m�a�i�n�t�a�i�n�s� �a� �g�r�o�u�p� 

�o�f� �M�e�n�u� �I�t�e�m�s� �w�h�i�c�h� �m�a�y� �a�l�s�o� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �a� �M�e�n�u� �I�t�e�m� �M�a�n�a�g�e�r�.� �S�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� 

�t�y�p�e�s� �o�f� �w�i�n�d�o�w�s� �h�a�v�e� �b�e�e�n� �d�e�f�i�n�e�d� �i�n� �t�h�i�s� �f�r�a�m�e�w�o�r�k�.� �G�e�o�m�e�t�r�y� �M�a�n�a�g�e�r�s� �a�r�e� �w�i�n�d�o�w�s� 

�t�h�a�t� �d�i�s�p�l�a�y� �a�n�d� �m�a�i�n�t�a�i�n� �a� �P�H�I�G�S� �v�i�e�w�.� �P�o�p�-�U�p� �M�e�n�u�s� �a�r�e� �w�i�n�d�o�w�s� �u�s�e�d� �t�o� �d�i�s�p�l�a�y� 

�m�e�n�u� �i�t�e�m�s� �a�n�d� �D�i�a�l�o�g�u�e� �M�a�n�a�g�e�r�s� �a�r�e� �w�i�n�d�o�w�s� �u�s�e�d� �t�o� �s�e�n�d� �m�e�s�s�a�g�e�s� �t�o� �a� �u�s�e�r�.� �T�h�e� 

�p�o�w�e�r�f�u�l� �C�+�+� �f�e�a�t�u�r�e�s� �o�f� �i�n�h�e�r�i�t�a�n�c�e� �a�n�d� �v�i�r�t�u�a�l� �f�u�n�c�t�i�o�n�s� �a�l�l�o�w� �a�l�l� �t�h�e�s�e� �w�i�n�d�o�w�s� �t�o� 

�i�n�h�e�r�i�t� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �a� �b�a�s�e� �"�W�i�n�d�o�w�"� �c�l�a�s�s�.� �T�h�e� �I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r� �m�a�i�n�t�a�i�n�s� �a� �l�i�s�t� 

�o�f� �w�i�n�d�o�w�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�t� �a�n�d� �m�a�n�a�g�e�s� �t�h�e�s�e� �w�i�n�d�o�w�s� �w�i�t�h�o�u�t� �r�e�g�a�r�d� �t�o� �w�h�a�t� �"�t�y�p�e�"� 

�o�f� �w�i�n�d�o�w� �t�h�e�y� �a�r�e�.� �T�h�u�s�,� �a�n�y� �n�e�w� �c�l�a�s�s� �w�h�i�c�h� �i�n�h�e�r�i�t�s� �t�h�e� �W�i�n�d�o�w� �c�l�a�s�s� �c�a�n� 

�a�u�t�o�m�a�t�i�c�a�l�l�y� �b�e� �m�a�n�a�g�e�d� �b�y� �t�h�e� �I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r� �w�i�t�h�o�u�t� �a�n�y� �c�h�a�n�g�e�s� �t�o� �t�h�i�s� �i�n�t�e�r�f�a�c�e�.� 

�F�i�g�u�r�e� �4� �s�h�o�w�s� �a�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �c�l�a�s�s� �o�r�g�a�n�i�z�a�t�i�o�n� �o�f� �t�h�i�s� �f�r�a�m�e�w�o�r�k�.� 
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�M�a�n�a�g�e�r� �;� �1� �S�i�m�p�l�e� �*� �V�7� �/� �i�  ��N� �'� �j�y� �V�i�e�w�;� �+� �P�u�s�h� �N�e�e�r� �t�t�e� 
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�A�  ¬�_� �B� 
�C�l�a�s�s� �A� �c�r�e�a�t�e�s� �c�l�a�s�s� �B� 

�A� �- � � � � � ��P�>� �B� 

�C�l�a�s�s� �A� �i�n�h�e�r�i�t�s� �c�l�a�s�s� �B� 

�F�i�g�u�r�e� �4�.� �C�l�a�s�s� �O�r�g�a�n�i�z�a�t�i�o�n� �o�f� �M�o�t�i�f�-�L�i�k�e� �I�n�t�e�r�f�a�c�e� �F�r�a�m�e�w�o�r�k� �[�W�O�Y�A�9�3�]� 
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�7�.�0� �O�v�e�r�v�i�e�w� �o�f� �t�h�e� �D�e�s�i�g�n� 

�7�.�1� �C�l�a�s�s� �H�i�e�r�a�r�c�h�y� 

�T�h�e� �f�i�r�s�t� �d�e�s�i�g�n� �o�f� �t�h�e� �c�l�a�s�s� �h�i�e�r�a�r�c�h�y� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �5�.� �I�t� �i�n�v�o�l�v�e�s� �u�s�i�n�g� �a� 

�G�e�o�m�e�t�r�y� �M�a�n�a�g�e�r� �c�l�a�s�s�,� �a�n�d� �c�r�e�a�t�i�n�g� �a� �s�e�t� �o�f� �g�r�a�p�h� �e�n�t�i�t�y� �c�l�a�s�s�e�s� �(�e�.�g�.�,� �A�x�e�s�,� �L�e�g�e�n�d�s�,� 

�e�t�c�.�)�.� �A� �G�r�a�p�h� �c�l�a�s�s� �w�o�u�l�d� �i�n�h�e�r�i�t� �a�l�l� �o�f� �t�h�e�s�e� �s�e�p�a�r�a�t�e� �c�l�a�s�s�e�s�.� �T�h�i�s� �G�r�a�p�h� �c�l�a�s�s� �w�o�u�l�d� 

�t�h�e�n� �b�e� �i�n�h�e�r�i�t�e�d� �b�y� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �g�r�a�p�h� �c�l�a�s�s�e�s� �(�e�.�g�.� �L�i�n�e�,� �B�a�r�,� �e�t�c�.�)�.� �T�h�i�s� �g�i�v�e�s� �t�h�e� 

�i�n�d�i�v�i�d�u�a�l� �g�r�a�p�h� �c�l�a�s�s�e�s� �a�c�c�e�s�s� �t�o� �t�h�e� �b�a�s�i�c� �e�n�t�i�t�i�e�s� �t�h�e�y� �m�a�y� �n�e�e�d� �t�o� �p�r�o�d�u�c�e� �t�h�e� �d�e�s�i�r�e�d� 

�g�r�a�p�h�.� 

�T�h�i�s� �s�t�r�u�c�t�u�r�e� �l�a�y�o�u�t� �w�a�s� �r�e�j�e�c�t�e�d� �f�o�r� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s�.� �I�n�h�e�r�i�t�a�n�c�e� �r�e�p�r�e�s�e�n�t�s� �a�n� �"�i�s� �a�"� 

�r�e�l�a�t�i�o�n�s�h�i�p�.� �S�i�n�c�e� �"�G�r�a�p�h�"� �i�s� �n�o�t� �a� �k�i�n�d� �o�f� �"�A�x�e�s�"�,� �"�T�e�x�t�"�,� �e�t�c�.�,� �t�h�i�s� �s�e�t�u�p� �w�a�s� �v�i�o�l�a�t�i�n�g� 

�t�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p�.� �A�l�s�o�,� �t�h�i�s� �s�e�t�u�p� �i�s� �n�o�t� �v�e�r�y� �f�l�e�x�i�b�l�e�.� �S�i�n�c�e� �t�h�e� �G�r�a�p�h� �c�l�a�s�s� �i�n�h�e�r�i�t�s� �a�l�l� 

�t�h�e� �b�a�s�i�c� �e�n�t�i�t�i�e�s�,� �t�h�e� �u�s�e�r� �w�o�u�l�d� �h�a�v�e� �t�o� �m�o�d�i�f�y� �t�h�e� �e�n�t�i�t�y� �a�n�d� �t�h�e� �g�r�a�p�h� �c�l�a�s�s�e�s� �a�n�d� 

�c�h�e�c�k� �f�o�r� �a�n�y� �o�t�h�e�r� �e�f�f�e�c�t�s� �t�o� �t�h�e� �o�t�h�e�r� �c�l�a�s�s�e�s� �i�f� �c�h�a�n�g�e�s� �t�o� �a�n�y� �o�f� �t�h�e� �e�n�t�i�t�i�e�s� �a�r�e� �d�e�s�i�r�e�d� 

�o�r� �i�f� �a�n�y� �n�e�w� �e�n�t�i�t�i�e�s� �a�r�e� �t�o� �b�e� �a�d�d�e�d�.� �A�l�s�o� �s�i�n�c�e� �t�h�e� �b�a�s�i�c� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �a�r�e� �d�a�t�a� �i�t�e�m�s�,� 

�e�x�t�r�a� �w�o�r�k� �w�o�u�l�d� �b�e� �i�n�v�o�l�v�e�d� �i�n� �p�a�s�s�i�n�g� �d�a�t�a� �f�r�o�m� �c�l�a�s�s� �t�o� �c�l�a�s�s� �t�o� �d�e�t�e�r�m�i�n�e� �w�h�a�t� 

�s�h�o�u�l�d� �b�e� �c�o�n�s�t�r�u�c�t�e�d�.� 
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�C�l�a�s�s� �A� �i�n�h�e�r�i�t�s� �c�l�a�s�s� �B� 

�F�i�g�u�r�e� �5�.� �C�l�a�s�s� �H�i�e�r�a�r�c�h�y� �-� �F�i�r�s�t� �D�e�s�i�g�n� 

�O�v�e�r�v�i�e�w� �o�f� �t�h�e� �D�e�s�i�g�n



�T�h�e� �m�o�d�i�f�i�e�d� �c�l�a�s�s� �h�i�e�r�a�r�c�h�y� �l�a�y�o�u�t� �(�F�i�g�u�r�e� �6�)� �i�n�c�l�u�d�e�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �a� �G�r�a�p�h� �M�a�n�a�g�e�r� 

�w�h�i�c�h� �i�n�h�e�r�i�t�s� �a� �G�e�o�m�e�t�r�y� �M�a�n�a�g�e�r�.� �T�h�e� �G�r�a�p�h� �M�a�n�a�g�e�r� �i�s� �i�n�h�e�r�i�t�e�d� �b�y� �a� �G�r�a�p�h� �c�l�a�s�s�.� 

�T�h�e� �G�r�a�p�h� �c�l�a�s�s� �i�s� �t�h�e�n� �i�n�h�e�r�i�t�e�d� �b�y� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �g�r�a�p�h� �c�l�a�s�s�e�s�.� �T�h�e� �b�a�s�i�c� �g�r�a�p�h� �e�n�t�i�t�i�e�s� 

�a�r�e� �t�h�e�n� �d�e�f�i�n�e�d� �i�n� �t�h�e�i�r� �o�w�n� �i�n�d�i�v�i�d�u�a�l� �c�l�a�s�s�e�s� �w�h�i�c�h� �c�a�n� �b�e� �i�n�c�l�u�d�e�d� �a�s� �i�n�s�t�a�n�c�e�d� 

�o�b�j�e�c�t�s� �i�n� �a�n�y� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �g�r�a�p�h� �c�l�a�s�s�e�s�.� �T�h�i�s� �s�e�t�u�p� �o�f�f�e�r�e�d� �m�a�n�y� �a�d�v�a�n�t�a�g�e�s� �o�v�e�r� 

�t�h�e� �p�r�e�v�i�o�u�s� �d�e�s�i�g�n�.� �T�h�i�s� �s�e�t�u�p� �a�l�l�o�w�s� �f�o�r� �g�e�n�e�r�i�c� �"�c�o�m�m�o�n�"� �f�u�n�c�t�i�o�n�s� �t�o� �b�e� �p�u�t� �w�h�e�r�e� 

�a�l�l� �c�l�a�s�s�e�s� �h�a�v�e� �a�c�c�e�s�s� �t�o� �t�h�e�m�.� �I�t� �a�l�s�o� �a�l�l�o�w�s� �g�r�e�a�t�e�r� �f�l�e�x�i�b�i�l�i�t�y� �f�o�r� �c�h�a�n�g�i�n�g� �g�r�a�p�h� 

�e�n�t�i�t�i�e�s� �o�r� �a�d�d�i�n�g� �n�e�w� �e�n�t�i�t�i�e�s�.� 

�7�.�2� �U�s�e�r� �I�n�t�e�r�f�a�c�e� �F�o�r� �G�r�a�p�h� �M�o�d�i�f�i�c�a�t�i�o�n� 

�T�h�e� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �t�o�o�l�s� �t�h�i�s� �s�y�s�t�e�m� �u�s�e�s� �a�r�e� �p�a�r�t� �o�f� �t�h�e� �P�H�I�G�S�-�b�a�s�e�d�,� �M�o�t�i�f�-�l�i�k�e� �i�n�t�e�r�f�a�c�e� 

�f�r�a�m�e�w�o�r�k� �d�e�s�c�r�i�b�e�d� �b�y� �W�o�y�a�k� �a�n�d� �M�y�k�l�e�b�u�s�t� �[�W�O�Y�A�9�3�]�.� �T�h�e� �G�e�o�m�e�t�r�y� �M�a�n�a�g�e�r� 

�c�o�n�t�r�o�l�s� �t�h�e� �v�i�e�w�s� �i�n�t�o� �w�h�i�c�h� �t�h�e� �g�r�a�p�h�s� �a�r�e� �p�l�a�c�e�d�.� �T�h�i�s� �G�e�o�m�e�t�r�y� �M�a�n�a�g�e�r� �a�l�l�o�w�s� �t�h�e� 

�g�r�a�p�h� �c�l�a�s�s�e�s� �t�o� �a�l�i�g�n� �t�h�e� �v�i�e�w�p�o�r�t� �i�n� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �p�o�s�i�t�i�o�n� �d�e�p�e�n�d�i�n�g� �o�n� �w�h�a�t� �t�y�p�e� �o�f� 

�g�r�a�p�h� �i�s� �b�e�i�n�g� �d�i�s�p�l�a�y�e�d� �b�y� �s�e�n�d�i�n�g� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �m�e�s�s�a�g�e�s� �t�o� �t�h�e� �G�e�o�m�e�t�r�y� �M�a�n�a�g�e�r�.� 

�T�h�e� �I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r� �a�l�s�o� �a�i�d�s� �i�n� �k�e�e�p�i�n�g� �t�r�a�c�k� �o�f� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r�s�.� �B�y� 

�u�s�i�n�g� �t�h�e� �t�o�o�l�s� �b�u�i�l�t� �i�n�t�o� �t�h�e� �l�i�b�r�a�r�y�,� �e�a�c�h� �e�n�t�i�t�y� �i�s� �a�s�s�u�r�e�d� �o�f� �g�e�t�t�i�n�g� �i�t�s� �o�w�n� �u�n�i�q�u�e� 

�O�v�e�r�v�i�e�w� �o�f� �t�h�e� �D�e�s�i�g�n� �2�8
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�A�  � � � � ��}�>� �B� 
�C�l�a�s�s� �A� �i�n�h�e�r�i�t�s� �c�l�a�s�s� �B� 

�F�i�g�u�r�e� �6�.� �C�l�a�s�s� �H�i�e�r�a�r�c�h�y� 

�O�v�e�r�v�i�e�w� �o�f� �t�h�e� �D�e�s�i�g�n� �2�9



�s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r�.� �T�h�i�s� �r�e�l�i�e�v�e�s� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �o�f� �t�h�e� �b�u�r�d�e�n� �o�f� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� 

�m�a�n�a�g�e�m�e�n�t�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�i�s� �a�l�l� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �e�n�t�i�t�y� �c�l�a�s�s�e�s� �i�n� �t�h�i�s� �s�y�s�t�e�m� �m�a�k�e� �u�s�e� �o�f� �t�h�e� 

�v�a�r�i�o�u�s� �i�n�p�u�t�/�o�u�t�p�u�t� �d�e�v�i�c�e�s� �p�r�o�v�i�d�e�d� �f�o�r� �i�n� �t�h�i�s� �M�o�t�i�f�-�l�i�k�e� �i�n�t�e�r�f�a�c�e� �f�r�a�m�e�w�o�r�k�,� �s�u�c�h� �a�s� 

�p�o�p�-�u�p� �m�e�n�u�s�,� �n�u�m�b�e�r� �b�o�x�e�s�,� �r�a�d�i�o� �b�u�t�t�o�n�s�,� �e�t�c�.� �T�h�e� �u�s�e�r� �i�n�t�e�r�f�a�c�e�s� �f�o�r� �a�l�l� �o�f� �t�h�e� �g�r�a�p�h� 

�e�n�t�i�t�i�e�s� �a�r�e� �e�n�c�a�p�s�u�l�a�t�e�d� �w�i�t�h�i�n� �t�h�e� �e�n�t�i�t�i�e�s� �t�h�e�m�s�e�l�v�e�s�.� �T�h�e� �e�n�d� �u�s�e�r� �g�a�i�n�s� �a�c�c�e�s�s� �t�o� �t�h�e� 

�i�n�t�e�r�f�a�c�e� �b�y� �p�i�c�k�i�n�g� �t�h�e� �e�n�t�i�t�y� �w�i�t�h� �t�h�e� �m�o�u�s�e�.� �W�h�e�n� �a�n� �e�n�t�i�t�y� �i�s� �"�p�i�c�k�e�d�"�,� �i�t� �u�s�e�s� �i�t�s� 

�o�w�n� �i�n�t�e�r�n�a�l� �m�e�t�h�o�d�s� �t�o� �c�r�e�a�t�e� �a� �p�o�p�-�u�p� �m�e�n�u� �w�h�i�c�h� �w�i�l�l� �a�l�l�o�w� �t�h�e� �u�s�e�r� �t�o� �m�a�k�e� 

�m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�a�t� �e�n�t�i�t�y� �c�l�a�s�s�.� �I�f� �a�n�y� �o�f� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�h�e� �u�s�e�r� 

�m�a�k�e�s� �a�f�f�e�c�t� �a�n�y� �o�f� �t�h�e� �o�t�h�e�r� �e�n�t�i�t�y� �c�l�a�s�s�e�s�,� �t�h�e�s�e� �c�l�a�s�s�e�s� �w�i�l�l� �a�u�t�o�m�a�t�i�c�a�l�l�y� �m�o�d�i�f�y� 

�t�h�e�m�s�e�l�v�e�s� �t�o� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �c�h�a�n�g�e�.� 

�O�v�e�r�v�i�e�w� �o�f� �t�h�e� �D�e�s�i�g�n� �3�0



�8�.�0� �D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� 

�S�e�v�e�r�a�l� �c�l�a�s�s�e�s� �h�a�v�e� �b�e�e�n� �d�e�f�i�n�e�d� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n� �t�h�i�s� �l�i�b�r�a�r�y� �t�o� �s�u�p�p�o�r�t� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� 

�a�n�d� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �g�r�a�p�h�s�.� �A�l�l� �t�h�e� �g�r�a�p�h�s� �e�x�c�e�p�t� �f�o�r� �t�h�e� �p�o�l�a�r� �g�r�a�p�h�s� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� 

�t�o� �b�e� �d�i�s�p�l�a�y�e�d� �i�n� �t�w�o� �o�r� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s�.� �A�l�l� �g�r�a�p�h�s� �a�r�e� �d�r�a�w�n� �i�n� �t�w�o� �d�i�m�e�n�s�i�o�n�s� �i�n� 

�t�h�e� �X�Y� �p�l�a�n�e�,� �u�n�l�e�s�s� �t�h�e� �u�s�e�r� �s�p�e�c�i�f�i�e�s� �o�t�h�e�r�w�i�s�e�.� 

�T�h�e� �g�r�a�p�h�s� �d�r�a�w�n� �i�n� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �a�r�e� �d�r�a�w�n� �w�i�t�h� �t�h�e� �p�o�s�i�t�i�v�e� �Z� �a�x�i�s� �c�o�m�i�n�g� �o�u�t� �o�f� 

�t�h�e� �s�c�r�e�e�n� �t�o�w�a�r�d�s� �t�h�e� �u�s�e�r�.� �I�n� �b�a�r� �g�r�a�p�h�s�,� �t�h�e� �c�u�b�i�c� �d�i�m�e�n�s�i�o�n� �o�f� �t�h�e� �b�a�r� �i�s� �a�l�o�n�g� �t�h�e� 

�Z� �a�x�e�s�.� �I�n� �p�i�e� �g�r�a�p�h�s�,� �t�h�e� �p�i�e� �i�s� �d�r�a�w�n� �i�n� �t�h�e� �X�Z� �p�l�a�n�e� �a�n�d� �t�h�e� �c�u�b�i�c� �h�e�i�g�h�t� �d�i�m�e�n�s�i�o�n� 

�i�s� �d�r�a�w�n� �a�l�o�n�g� �t�h�e� �Y� �a�x�e�s�.� �I�n� �l�i�n�e� �g�r�a�p�h�s�,� �t�h�e� �p�o�i�n�t�s� �a�r�e� �d�r�a�w�n� �i�n� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� 

�s�p�a�c�e�.� �T�h�e� �G�U�I� �f�r�a�m�e�w�o�r�k� �a�u�t�o�m�a�t�i�c�a�l�l�y� �p�r�o�v�i�d�e�s� �t�h�e� �e�n�d� �u�s�e�r� �w�i�t�h� �t�o�o�l�s� �t�o� �a�p�p�l�y� �t�h�r�e�e�-� 

�d�i�m�e�n�s�i�o�n�a�l� �v�i�e�w�i�n�g� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �t�o� �t�h�e� �w�i�n�d�o�w�.� 

�8�.�1� �G�r�a�p�h� �M�a�n�a�g�e�r� �C�l�a�s�s� 

�T�h�e� �G�r�a�p�h� �M�a�n�a�g�e�r� �c�l�a�s�s� �i�n�h�e�r�i�t�s� �t�h�e� �G�e�o�m�e�t�r�y� �M�a�n�a�g�e�r� �c�l�a�s�s� �p�r�o�v�i�d�e�d� �a�s� �a� �p�a�r�t� �o�f� �t�h�e� 

�M�o�t�i�f�-�l�i�k�e� �i�n�t�e�r�f�a�c�e� �d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r�.� �T�h�i�s� �c�l�a�s�s� �i�s� �t�h�e� �b�a�s�e� �c�l�a�s�s� �f�o�r� �t�h�i�s� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�t�o�o�l�k�i�t� �f�r�o�m� �w�h�i�c�h� �m�o�s�t� �g�r�a�p�h� �c�l�a�s�s�e�s� �a�r�e� �d�e�r�i�v�e�d�.� �T�h�i�s� �i�s� �t�h�e� �"�g�a�t�e�w�a�y�"� �c�l�a�s�s� �b�e�t�w�e�e�n� 

�t�h�e� �c�l�a�s�s� �l�i�b�r�a�r�y� �b�e�i�n�g� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�i�s� �t�h�e�s�i�s� �a�n�d� �t�h�e� �i�n�t�e�r�f�a�c�e� �f�r�a�m�e�w�o�r�k� �d�e�s�c�r�i�b�e�d� �b�y� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �3�1



�W�o�y�a�k� �a�n�d� �M�y�k�l�e�b�u�s�t�.� �I�t� �i�n�h�e�r�i�t�s� �a�l�l� �t�h�e� �m�e�t�h�o�d�s� �a�n�d� �d�a�t�a� �f�r�o�m� �t�h�e� �G�e�o�m�e�t�r�y� �M�a�n�a�g�e�r� 

�c�l�a�s�s� �a�n�d� �i�s� �h�e�n�c�e� �a� �"�W�i�n�d�o�w ��"� �c�l�a�s�s�.� 

�8�.�2� �G�r�a�p�h� �C�l�a�s�s� 

�T�h�e� �G�r�a�p�h� �c�l�a�s�s� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �G�r�a�p�h� �M�a�n�a�g�e�r� �c�l�a�s�s�.� �T�h�i�s� �c�l�a�s�s� �f�o�r�m�s� �t�h�e� �b�a�s�e� 

�f�r�o�m� �w�h�i�c�h� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �g�r�a�p�h� �c�l�a�s�s� �i�s� �d�e�r�i�v�e�d�.� �I�t� �c�o�n�t�a�i�n�s� �m�e�t�h�o�d�s� �f�o�r� �g�a�i�n�i�n�g� �a�c�c�e�s�s� 

�t�o� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �d�i�s�p�l�a�y�e�d� �i�n� �a� �g�r�a�p�h� �w�i�n�d�o�w�.� 

�&�.�3� �I�n�d�i�v�i�d�u�a�l� �G�r�a�p�h� �C�l�a�s�s�e�s� 

�E�a�c�h� �t�y�p�e� �o�f� �g�r�a�p�h� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�i�s� �s�y�s�t�e�m� �i�s� �a� �s�e�p�a�r�a�t�e� �c�l�a�s�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� 

�L�i�n�e�_�G�r�a�p�h� �c�l�a�s�s� �a�l�l�o�w�s� �p�r�o�g�r�a�m�m�e�r�s� �t�o� �c�r�e�a�t�e� �a� �l�i�n�e� �g�r�a�p�h� �u�s�i�n�g� �P�H�I�G�S�.� �T�h�i�s� �i�s� �d�o�n�e� 

�b�y� �c�r�e�a�t�i�n�g� �a�n� �i�n�s�t�a�n�c�e� �o�f� �t�h�e� �L�i�n�e�_�G�r�a�p�h�.� �S�i�n�c�e� �t�h�e� �L�i�n�e�_�G�r�a�p�h� �c�l�a�s�s� �i�s� �d�e�r�i�v�e�d� 

�u�l�t�i�m�a�t�e�l�y� �f�r�o�m� �t�h�e� �b�a�s�e� �"�W�i�n�d�o�w�"� �c�l�a�s�s�,� �a� �L�i�n�e�_�G�r�a�p�h� �o�b�j�e�c�t� �i�s� �a� �"�W�i�n�d�o�w�"� �o�b�j�e�c�t�.� 

�T�h�u�s�,� �c�r�e�a�t�i�n�g� �a� �L�i�n�e�_�G�r�a�p�h� �o�b�j�e�c�t� �a�u�t�o�m�a�t�i�c�a�l�l�y� �c�r�e�a�t�e�s� �a� �n�e�w� �w�i�n�d�o�w� �w�i�t�h� �a�l�l� �r�e�l�a�t�e�d� 

�f�u�n�c�t�i�o�n�s� �(�r�e�s�i�z�i�n�g�,� �r�a�i�s�i�n�g�,� �l�o�w�e�r�i�n�g�,� �e�t�c�.�)� �w�h�i�c�h� �a�r�e� �p�r�o�v�i�d�e�d� �f�o�r� �i�n� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� �A� �n�u�m�b�e�r� �o�f� �f�u�n�c�t�i�o�n�s� �a�r�e� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�e� �L�i�n�e�-�G�r�a�p�h� �c�l�a�s�s� �t�o� �t�a�i�l�o�r� �t�h�i�s� �c�l�a�s�s� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �3�2



�t�o� �t�h�e� �n�e�e�d�s� �o�f� �a� �L�i�n�e�_�G�r�a�p�h�.� �T�h�i�s� �c�l�a�s�s� �i�n�h�e�r�i�t�s� �m�e�t�h�o�d�s� �f�r�o�m� �t�h�e� �G�r�a�p�h� �M�a�n�a�g�e�r� �f�o�r� 

�p�r�o�c�e�s�s�i�n�g� �u�s�e�r� �i�n�p�u�t�.� �T�h�e� �t�y�p�e�s� �(�c�l�a�s�s�e�s�)� �o�f� �g�r�a�p�h�s� �d�e�f�i�n�e�d� �i�n� �t�h�i�s� �c�l�a�s�s� �l�i�b�r�a�r�y� �i�n�c�l�u�d�e�:� 

�.� �L�i�n�e�_�G�r�a�p�h� 

�.� �B�a�r�_�G�r�a�p�h� 

�°� �S�t�a�c�k�e�d�_�B�a�r�_�G�r�a�p�h� 

�°� �X�Y�Z�_�P�l�o�t� 

�e� �P�i�e�_�G�r�a�p�h� 

�°� �P�o�l�a�r�_�G�r�a�p�h� 

�E�a�c�h� �c�l�a�s�s� �i�n�c�l�u�d�e�s� �a� �n�u�m�b�e�r� �o�f� �p�u�b�l�i�c� �(�a�v�a�i�l�a�b�l�e� �f�o�r� �u�s�e� �b�y� �a�n�y� �o�t�h�e�r� �f�u�n�c�t�i�o�n� �o�r� �c�l�a�s�s�)� 

�f�u�n�c�t�i�o�n�s� �w�h�i�c�h� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �c�a�n� �u�s�e� �t�o� �m�o�d�i�f�y� �t�h�e� �g�r�a�p�h�.� �T�h�e� �c�o�m�m�o�n� �f�u�n�c�t�i�o�n�s� �a�r�e� 

�i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� �G�r�a�p�h� �c�l�a�s�s� �a�n�d� �s�p�e�c�i�f�i�c� �o�n�e�s� �a�r�e� �i�n�h�e�r�i�t�e�d� �a�n�d� �r�e�d�e�f�i�n�e�d� �o�r� �d�e�f�i�n�e�d� 

�w�i�t�h�i�n� �t�h�e� �c�l�a�s�s�.� �E�a�c�h� �c�l�a�s�s� �c�r�e�a�t�e�s� �i�n�s�t�a�n�c�e�s� �o�f� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �f�r�o�m� �v�a�r�i�o�u�s� �g�r�a�p�h� �e�n�t�i�t�y� 

�c�l�a�s�s�e�s� �(�d�e�s�c�r�i�b�e�d� �l�a�t�e�r�)�.� 

�I�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�s� �a� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �c�l�a�s�s�e�s� �i�s� �p�r�o�v�i�d�e�d�.� 

�T�h�i�s� �d�e�s�c�r�i�p�t�i�o�n� �i�n�c�l�u�d�e�s� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �b�e� �i�n�c�l�u�d�e�d� �i�n� �e�a�c�h� �c�l�a�s�s�.� �S�o�m�e� �o�f� �t�h�e�s�e� 

�f�u�n�c�t�i�o�n�s� �a�r�e� �p�r�i�v�a�t�e� �(�i�.�e�.� �a�v�a�i�l�a�b�l�e� �f�o�r� �u�s�e� �o�n�l�y� �b�y� �t�h�e� �c�l�a�s�s�)� �a�n�d� �s�o�m�e� �a�r�e� �p�u�b�l�i�c�.� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �3�3



�A�l�l� �c�o�n�s�t�r�u�c�t�o�r�s� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�l�a�s�s�e�s� �c�r�e�a�t�e� �t�h�e� �e�n�t�i�t�i�e�s� �w�i�t�h� �d�e�f�a�u�l�t� �a�t�t�r�i�b�u�t�e�s�,� �b�u�t� 

�t�h�e�s�e� �c�a�n� �b�e� �c�h�a�n�g�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �u�s�i�n�g� �t�h�e� �p�u�b�l�i�c� �f�u�n�c�t�i�o�n�s�.� 

�8�.�3�.�1� �B�a�r�_�G�r�a�p�h� �C�l�a�s�s� 

�T�h�e� �B�a�r� �G�r�a�p�h� �c�l�a�s�s� �i�s� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �a�n� �i�n�s�t�a�n�c�e� �o�f� �a� �b�a�r� �g�r�a�p�h�.� �B�a�r� �g�r�a�p�h�s� �a�r�e� �u�s�e�d� 

�f�o�r� �s�h�o�w�i�n�g� �v�o�l�u�m�e� �a�n�d� �s�i�m�p�l�e� �t�i�m�e� �c�o�m�p�a�r�i�s�o�n�s�.� �E�a�c�h� �b�a�r� �i�n� �a� �b�a�r� �g�r�a�p�h� �r�e�p�r�e�s�e�n�t�s� �o�n�e� 

�d�a�t�a� �v�a�l�u�e�.� �A�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �t�y�p�e� �o�f� �d�a�t�a� �t�h�a�t� �r�e�q�u�i�r�e�s� �a� �b�a�r� �c�h�a�r�t� �i�s� �c�o�m�p�a�r�i�n�g� �t�h�e� 

�f�i�r�s�t�-�u�n�i�t� �c�o�s�t�s� �o�f� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �i�t�e�m�s�.� �T�h�e� �b�a�r�s� �c�a�n� �b�e� �d�i�s�p�l�a�y�e�d� �t�w�o� �o�r� �t�h�r�e�e� 

�d�i�m�e�n�s�i�o�n�a�l�l�y�.� �I�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �A�x�e�s�,� �G�r�i�d�,� �D�a�t�a� �S�e�r�i�e�s�,� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r�,� �D�e�l�e�t�i�o�n� 

�F�i�l�t�e�r�,� �B�a�r�,� �T�e�x�t� �a�n�d� �L�e�g�e�n�d� �c�l�a�s�s�e�s� �w�i�l�l� �a�u�t�o�m�a�t�i�c�a�l�l�y� �b�e� �g�e�n�e�r�a�t�e�d� �a�n�d� �d�i�s�p�l�a�y�e�d� �b�y� �t�h�e� 

�B�a�r� �G�r�a�p�h� �c�l�a�s�s� �(�F�i�g�u�r�e� �7�)�.� �A� �l�i�s�t� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �B�a�r� �G�r�a�p�h� �c�l�a�s�s� �i�s� 

�p�r�o�v�i�d�e�d� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�:� 

�B�a�r�_�G�r�a�p�h� �(�t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l�,� �n�u�m�b�e�r� �r�o�w�s� �i�n� �d�a�t�a� �a�r�r�a�y�,� 

�n�u�m�b�e�r� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �a�r�r�a�y�,� �d�a�t�a� �a�r�r�a�y�,� �t�e�x�t� �a�r�r�a�y�)� 

�T�h�e� �c�o�n�s�t�r�u�c�t�o�r� �p�e�r�f�o�r�m�s� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�s�:� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �3�4
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�A� �C�B� 
�C�l�a�s�s� �A� �c�r�e�a�t�e�s� �c�l�a�s�s� �B� 

�F�i�g�u�r�e� �7�.� �G�r�a�p�h� �E�n�t�i�t�i�e�s� �U�s�e�d� �F�o�r� �B�a�r� �G�r�a�p�h�s� 
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�°� �S�e�t�s� �a�n�y� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �n�e�e�d�e�d� �b�y� �t�h�e� �g�r�a�p�h�,� �e�i�t�h�e�r� �b�y� �u�s�e�r� �s�u�p�p�l�i�e�d� �i�n�p�u�t� 

�o�r� �d�e�f�a�u�l�t� �v�a�l�u�e�s�.� 

�°� �C�o�p�i�e�s� �d�a�t�a� �a�r�r�a�y�s� �i�n�t�o� �d�a�t�a� �s�e�r�i�e�s� �e�n�t�i�t�i�e�s�.� 

�.� �C�r�e�a�t�e�s� �a�x�e�s� �e�n�t�i�t�y� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�°� �C�r�e�a�t�e�s� �g�r�i�d� �e�n�t�i�t�y� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�°� �C�r�e�a�t�e�s� �s�e�t�s� �o�f� �b�a�r� �a�n�d� �l�e�g�e�n�d� �e�n�t�i�t�i�e�s�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w� �(�)�:� �P�r�o�c�e�s�s� �i�n�p�u�t� �f�r�o�m� �t�h�e� �g�e�o�m�e�t�r�y� �m�a�n�a�g�e�r� �a�n�d� �p�a�s�s� 

�i�t� �o�n� �t�o� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�r�a�p�h� �e�n�t�i�t�y�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �b�y� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�m�a�n�a�g�e� �(�)�:� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �b�a�r� �g�r�a�p�h�.� �F�i�r�s�t� �t�h�e� �v�i�e�w�p�o�r�t� �i�s� �r�o�t�a�t�e�d� �f�o�r� �c�o�r�r�e�c�t� 

�v�i�e�w�i�n�g� �o�f� �t�h�e� �g�r�a�p�h�.� �T�h�e�n� �t�h�e� �a�x�e�s� �a�n�d� �g�r�i�d� �e�n�t�i�t�i�e�s� �a�r�e� �m�a�n�a�g�e�d�.� �T�h�e�n� �t�h�e� 

�b�a�r�s�,� �t�i�t�l�e�s�,� �a�n�d� �l�e�g�e�n�d� �a�r�e� �d�r�a�w�n�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�d�r�a�w�_�b�a�r�s� �(�)�:� �D�r�a�w� �t�h�e� �b�a�r�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �b�a�r�s� �a�r�e� �s�e�t� �a�n�d� �t�h�e� 

�b�a�r�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�t�i�t�l�e�s� �(�:� �D�r�a�w� �t�h�e� �t�i�t�l�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �t�i�t�l�e� �a�n�d� �a�x�e�s� 

�l�a�b�e�l�s� �a�r�e� �s�e�t� �a�n�d� �t�h�e� �t�i�t�l�e� �a�n�d� �l�a�b�e�l�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�l�e�g�e�n�d� �(�)�:� �D�r�a�w� �t�h�e� �l�e�g�e�n�d� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �l�e�g�e�n�d� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �l�e�g�e�n�d� �i�s� �d�r�a�w�n�.� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �3�6



�r�e�c�r�e�a�t�e�_�g�r�a�p�h� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �g�r�a�p�h�.� �T�e�l�l�s� �a�l�l� �t�h�e� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� 

�t�h�e�m�s�e�l�v�e�s�.� 

�8�.�3�.�2� �L�i�n�e�_�G�r�a�p�h� �C�l�a�s�s� 

�T�h�e� �L�i�n�e� �G�r�a�p�h� �c�l�a�s�s� �g�e�n�e�r�a�t�e�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� �a� �l�i�n�e� �g�r�a�p�h�.� �L�i�n�e� �g�r�a�p�h�s� �s�h�o�w� �t�h�e� �a�m�o�u�n�t� 

�o�f� �c�h�a�n�g�e� �b�e�t�w�e�e�n� �o�n�e� �d�a�t�a� �p�o�i�n�t� �a�n�d� �t�h�e� �n�e�x�t�.� �T�h�i�s� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �e�a�s�i�l�y� �i�d�e�n�t�i�f�y� 

�d�a�t�a� �f�l�u�c�t�u�a�t�i�o�n�s�.� �A�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �t�y�p�e� �o�f� �d�a�t�a� �t�h�a�t� �r�e�q�u�i�r�e�s� �a� �l�i�n�e� �g�r�a�p�h� �i�s� �t�h�e� 

�c�a�s�h�f�l�o�w� �s�p�e�n�t� �o�n� �a� �p�r�o�j�e�c�t� �p�e�r� �y�e�a�r�.� �T�h�e� �g�r�a�p�h� �c�a�n� �b�e� �d�i�s�p�l�a�y�e�d� �t�w�o� �o�r� �t�h�r�e�e� 

�d�i�m�e�n�s�i�o�n�a�l�l�y�.� �I�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �A�x�e�s�,� �G�r�i�d�,� �D�a�t�a� �S�e�r�i�e�s�,� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r�,� �D�e�l�e�t�i�o�n� 

�F�i�l�t�e�r�,� �C�u�r�v�e�,� �T�e�x�t� �a�n�d� �L�e�g�e�n�d� �c�l�a�s�s�e�s� �w�i�l�l� �a�u�t�o�m�a�t�i�c�a�l�l�y� �b�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �L�i�n�e� �G�r�a�p�h� 

�c�l�a�s�s� �(�F�i�g�u�r�e� �8�)�.� �A� �l�i�s�t� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �L�i�n�e� �G�r�a�p�h� �c�l�a�s�s� �i�s� �p�r�o�v�i�d�e�d� 

�b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�:� 

�L�i�n�e�_�G�r�a�p�h� �(�n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �a�r�r�a�y�s�,� �n�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �a�r�r�a�y�s�,� 

�x� �d�a�t�a� �a�r�r�a�y�,� �y� �d�a�t�a� �a�r�r�a�y�,� �t�e�x�t� �a�r�r�a�y�)� 

�L�i�n�e�_�G�r�a�p�h� �(�n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �a�r�r�a�y�s�,� �n�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �a�r�r�a�y�s�,� 

�x� �d�a�t�a� �a�r�r�a�y�,� �y� �d�a�t�a� �a�r�r�a�y�,� �z� �d�a�t�a� �a�r�r�a�y�,� �t�e�x�t� �a�r�r�a�y�)� 

�T�h�e� �c�o�n�s�t�r�u�c�t�o�r� �p�e�r�f�o�r�m�s� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�s�:� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �3�7
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�i� �a� �:� 
�C�l�a�s�s� �A� �c�r�e�a�t�e�s� �c�l�a�s�s� �B� 

�F�i�g�u�r�e� �8�.� �G�r�a�p�h� �E�n�t�i�t�i�e�s� �U�s�e�d� �F�o�r� �L�i�n�e� �G�r�a�p�h�s� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �3�8



�°� �S�e�t�s� �a�n�y� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �n�e�e�d�e�d� �b�y� �t�h�e� �g�r�a�p�h�,� �e�i�t�h�e�r� �b�y� �u�s�e�r� �s�u�p�p�l�i�e�d� �i�n�p�u�t� 

�o�r� �d�e�f�a�u�l�t� �v�a�l�u�e�s�.� 

�°� �C�o�p�i�e�s� �d�a�t�a� �a�r�r�a�y�s� �i�n�t�o� �d�a�t�a� �s�e�r�i�e�s� �e�n�t�i�t�i�e�s�.� 

�.� �C�r�e�a�t�e�s� �a�x�e�s� �e�n�t�i�t�y� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�.� �C�r�e�a�t�e�s� �g�r�i�d� �e�n�t�i�t�i�e�s� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�°� �C�r�e�a�t�e�s� �s�e�t�s� �o�f� �c�u�r�v�e� �a�n�d� �l�e�g�e�n�d� �e�n�t�i�t�i�e�s�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w� �(�)�:� �P�r�o�c�e�s�s� �i�n�p�u�t� �f�r�o�m� �t�h�e� �g�e�o�m�e�t�r�y� �m�a�n�a�g�e�r� �a�n�d� �p�a�s�s� 

�i�t� �o�n� �t�o� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�r�a�p�h� �e�n�t�i�t�y�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �b�y� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�m�a�n�a�g�e� �(�)�:� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �l�i�n�e� �g�r�a�p�h�.� �F�i�r�s�t� �t�h�e� �v�i�e�w�p�o�r�t� �i�s� �r�o�t�a�t�e�d� �f�o�r� �c�o�r�r�e�c�t� 

�v�i�e�w�i�n�g� �o�f� �t�h�e� �g�r�a�p�h�.� �T�h�e�n� �t�h�e� �a�x�e�s� �a�n�d� �g�r�i�d� �e�n�t�i�t�i�e�s� �a�r�e� �m�a�n�a�g�e�d�.� �T�h�e� �c�u�r�v�e�s�,� 

�t�i�t�l�e�s�,� �a�n�d� �l�e�g�e�n�d� �a�r�e� �d�r�a�w�n�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �b�y� �t�h�e� �i�n�t�e�r�f�a�c�e� �m�a�n�a�g�e�r� 

�a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�d�r�a�w�_�c�u�r�v�e�s� �(�)�:� �D�r�a�w� �t�h�e� �c�u�r�v�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �c�u�r�v�e�s� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �c�u�r�v�e�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�t�i�t�l�e�s� �(�)�:� �D�r�a�w� �t�h�e� �t�i�t�l�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �t�i�t�l�e� �a�n�d� �a�x�e�s� 

�l�a�b�e�l�s� �a�r�e� �s�e�t� �a�n�d� �t�h�e� �t�i�t�l�e� �a�n�d� �l�a�b�e�l�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�l�e�g�e�n�d� �(�)�:� �D�r�a�w� �t�h�e� �l�e�g�e�n�d� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �l�e�g�e�n�d� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �l�e�g�e�n�d� �i�s� �d�r�a�w�n�.� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �3�9



�r�e�c�r�e�a�t�e�_�g�r�a�p�h� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �g�r�a�p�h�.� �T�e�l�l�s� �a�l�l� �t�h�e� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� 

�t�h�e�m�s�e�l�v�e�s�.� 

�8�.�3�.�3� �P�i�e� �G�r�a�p�h� �C�l�a�s�s� 

�T�h�e� �P�i�e� �G�r�a�p�h� �c�l�a�s�s� �g�e�n�e�r�a�t�e�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� �a� �p�i�e� �g�r�a�p�h�.� �P�i�e� �g�r�a�p�h�s� �a�r�e� �u�s�e�d� �t�o� �s�h�o�w� 

�t�h�e� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �t�h�e� �w�h�o�l�e�.� �A�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �t�y�p�e� �o�f� �d�a�t�a� �t�h�a�t� �r�e�q�u�i�r�e�s� �a� �p�i�e� �g�r�a�p�h� 

�i�s� �t�h�e� �w�e�i�g�h�t� �b�r�e�a�k�d�o�w�n� �o�f� �a�n� �a�i�r�c�r�a�f�t�.� �T�h�e� �u�s�e�r� �c�a�n� �q�u�i�c�k�l�y� �d�e�t�e�r�m�i�n�e� �t�h�e� �i�n�d�i�v�i�d�u�a�l� 

�c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �t�o�w�a�r�d� �t�h�e� �t�o�t�a�l� �w�e�i�g�h�t� �o�f� �t�h�e� �a�i�r�c�r�a�f�t�.� �T�h�e� �g�r�a�p�h� �c�a�n� 

�b�e� �d�i�s�p�l�a�y�e�d� �t�w�o� �o�r� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�a�l�l�y�.� �I�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �D�a�t�a� �S�e�r�i�e�s�,� �P�i�e�,� �T�e�x�t� �a�n�d� 

�L�e�g�e�n�d� �c�l�a�s�s�e�s� �w�i�l�l� �a�u�t�o�m�a�t�i�c�a�l�l�y� �b�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �P�i�e� �G�r�a�p�h� �c�l�a�s�s� �(�F�i�g�u�r�e� �9�)�.� �A� �l�i�s�t� 

�o�f� �t�h�e� �f�u�n�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �P�i�e� �G�r�a�p�h� �c�l�a�s�s� �i�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�:� 

�P�i�e�_�G�r�a�p�h� �(�t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l�,� �n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �a�r�r�a�y�,� 

�n�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �a�r�r�a�y�,� �d�a�t�a� �a�r�r�a�y�,� �t�e�x�t� �a�r�r�a�y�)� 

�T�h�e� �c�o�n�s�t�r�u�c�t�o�r� �p�e�r�f�o�r�m�s� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�s�:� 

�.� �S�e�t�s� �a�n�y� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �n�e�e�d�e�d� �b�y� �t�h�e� �g�r�a�p�h�,� �e�i�t�h�e�r� �b�y� �u�s�e�r� �s�u�p�p�l�i�e�d� �i�n�p�u�t� 

�o�r� �d�e�f�a�u�l�t� �v�a�l�u�e�s�.� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �4�0
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�A� �c�B� 
�C�l�a�s�s� �A� �c�r�e�a�t�e�s� �c�l�a�s�s� �B� 

�F�i�g�u�r�e� �9�.� �G�r�a�p�h� �E�n�t�i�t�i�e�s� �U�s�e�d� �F�o�r� �P�i�e� �G�r�a�p�h�s� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �4�1



�°� �C�o�p�i�e�s� �d�a�t�a� �a�r�r�a�y�s� �i�n�t�o� �d�a�t�a� �s�e�r�i�e�s� �e�n�t�i�t�i�e�s�.� 

�.� �C�r�e�a�t�e�s� �s�e�t�s� �o�f� �p�i�e� �a�n�d� �l�e�g�e�n�d� �e�n�t�i�t�i�e�s�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w� �(�)�:� �P�r�o�c�e�s�s� �i�n�p�u�t� �f�r�o�m� �t�h�e� �g�e�o�m�e�t�r�y� �m�a�n�a�g�e�r� �a�n�d� �p�a�s�s� 

�i�t� �o�n� �t�o� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�r�a�p�h� �e�n�t�i�t�y�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�m�a�n�a�g�e� �(�)�:� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �p�i�e� �g�r�a�p�h�.� �F�i�r�s�t� �t�h�e� �v�i�e�w�p�o�r�t� �i�s� �r�o�t�a�t�e�d� �f�o�r� �c�o�r�r�e�c�t� 

�v�i�e�w�i�n�g� �o�f� �t�h�e� �g�r�a�p�h�.� �T�h�e�n� �t�h�e� �a�x�e�s� �a�n�d� �g�r�i�d� �e�n�t�i�t�i�e�s� �a�r�e� �m�a�n�a�g�e�d�.� �T�h�e�n� �t�h�e� 

�p�i�e� �s�l�i�c�e�s�,� �t�i�t�l�e�s�,� �a�n�d� �l�e�g�e�n�d� �a�r�e� �d�r�a�w�n�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� 

�i�n�t�e�r�f�a�c�e� �m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�d�r�a�w�_�p�i�e�_�s�l�i�c�e�s� �(�)�:� �D�r�a�w� �t�h�e� �p�i�e� �s�l�i�c�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �p�i�e� �s�l�i�c�e�s� 

�a�r�e� �s�e�t� �a�n�d� �p�i�e� �s�l�i�c�e�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�t�i�t�l�e�s� �Q�:� �D�r�a�w� �t�h�e� �t�i�t�l�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �t�i�t�l�e� �a�r�e� �s�e�t� �a�n�d� 

�t�h�e� �t�i�t�l�e� �i�s� �d�r�a�w�n�.� 

�d�r�a�w�_�l�e�g�e�n�d� �(�)�:� �D�r�a�w� �t�h�e� �l�e�g�e�n�d� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �l�e�g�e�n�d� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �l�e�g�e�n�d� �i�s� �d�r�a�w�n�.� 

�r�e�c�r�e�a�t�e�_�g�r�a�p�h� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �g�r�a�p�h�.� �T�e�l�l�s� �a�l�l� �t�h�e� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� 

�t�h�e�m�s�e�l�v�e�s�.� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �4�2



�8�.�3�.�4� �P�o�l�a�r� �G�r�a�p�h� �C�l�a�s�s� 

�T�h�e� �P�o�l�a�r� �G�r�a�p�h� �c�l�a�s�s� �g�e�n�e�r�a�t�e�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� �a� �p�o�l�a�r� �g�r�a�p�h�.� �P�o�l�a�r� �g�r�a�p�h�s� �a�r�e� �u�s�e�d� �f�o�r� 

�s�h�o�w�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �o�f� �m�a�g�n�i�t�u�d�e� �a�n�d� �d�e�g�r�e�e� �f�r�o�m� �p�o�i�n�t� �t�o� �p�o�i�n�t�.� �T�h�e� �t�y�p�e� �o�f� �d�a�t�a� 

�t�h�a�t� �r�e�q�u�i�r�e�s� �a� �p�o�l�a�r� �g�r�a�p�h� �i�s� �t�h�e� �r�a�d�a�r� �o�r� �i�n�f�r�a�r�e�d� �s�i�g�n�a�t�u�r�e� �o�f� �a�n� �a�i�r�c�r�a�f�t�.� �I�n�s�t�a�n�c�e�s� �o�f� 

�t�h�e� �P�o�l�a�r� �A�x�e�s�,� �D�a�t�a� �S�e�r�i�e�s�,� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r�,� �D�e�l�e�t�i�o�n� �F�i�l�t�e�r�,� �C�u�r�v�e�,� �T�e�x�t� �a�n�d� �L�e�g�e�n�d� 

�c�l�a�s�s�e�s� �w�i�l�l� �a�u�t�o�m�a�t�i�c�a�l�l�y� �b�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �P�o�l�a�r� �G�r�a�p�h� �c�l�a�s�s� �(�F�i�g�u�r�e� �1�0�)�.� �A� �l�i�s�t� �o�f� 

�t�h�e� �f�u�n�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �P�o�l�a�r� �G�r�a�p�h� �c�l�a�s�s� �i�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�:� 

�P�o�l�a�r�_�G�r�a�p�h� �(�n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �a�r�r�a�y�s�,� �n�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �a�r�r�a�y�s�,� 

�m�a�g�n�i�t�u�d�e� �d�a�t�a� �a�r�r�a�y�,� �d�e�g�r�e�e� �d�a�t�a� �a�r�r�a�y�,� �t�e�x�t� �a�r�r�a�y�)� 

�T�h�e� �c�o�n�s�t�r�u�c�t�o�r� �p�e�r�f�o�r�m�s� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�s�:� 

�S�e�t�s� �a�n�y� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �n�e�e�d�e�d� �b�y� �t�h�e� �g�r�a�p�h�,� �e�i�t�h�e�r� �b�y� �u�s�e�r� �s�u�p�p�l�i�e�d� �i�n�p�u�t� 

�o�r� �d�e�f�a�u�l�t� �v�a�l�u�e�s�.� 

�C�o�p�i�e�s� �d�a�t�a� �a�r�r�a�y�s� �i�n�t�o� �d�a�t�a� �s�e�r�i�e�s� �e�n�t�i�t�i�e�s�.� 

�C�r�e�a�t�e�s� �p�o�l�a�r� �a�x�e�s� �e�n�t�i�t�y� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�C�r�e�a�t�e�s� �s�e�t�s� �o�f� �c�u�r�v�e� �a�n�d� �l�e�g�e�n�d� �e�n�t�i�t�i�e�s�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �4�3
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�A�  ¬�_ ��_�_�_�_� �B� 
�C�l�a�s�s� �A� �c�r�e�a�t�e�s� �c�l�a�s�s� �B� 

�F�i�g�u�r�e� �1�0�.� �G�r�a�p�h� �E�n�t�i�t�i�e�s� �U�s�e�d� �F�o�r� �P�o�l�a�r� �G�r�a�p�h�s� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s



�p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w� �(�)�:� �P�r�o�c�e�s�s� �i�n�p�u�t� �f�r�o�m� �t�h�e� �g�e�o�m�e�t�r�y� �w�i�n�d�o�w� �a�n�d� �p�a�s�s� �i�t� 

�o�n� �t�o� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�r�a�p�h� �e�n�t�i�t�y�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�m�a�n�a�g�e� �(�)�:� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �p�o�l�a�r� �g�r�a�p�h�.� �F�i�r�s�t� �t�h�e� �v�i�e�w�p�o�r�t� �i�s� �r�o�t�a�t�e�d� �f�o�r� 

�c�o�r�r�e�c�t� �v�i�e�w�i�n�g� �o�f� �t�h�e� �g�r�a�p�h�.� �T�h�e�n� �t�h�e� �p�o�l�a�r� �a�x�e�s� �i�s� �m�a�n�a�g�e�d�.� �T�h�e�n� �t�h�e� �c�u�r�v�e�s�,� 

�t�i�t�l�e�,� �a�n�d� �l�e�g�e�n�d� �a�r�e� �d�r�a�w�n�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�d�r�a�w�_�c�u�r�v�e�s� �(�)�:� �D�r�a�w� �t�h�e� �c�u�r�v�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �c�u�r�v�e�s� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �c�u�r�v�e�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�t�i�t�l�e�s� �(�)�:� �D�r�a�w� �t�h�e� �t�i�t�l�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �t�i�t�l�e� �a�n�d� �a�x�e�s� 

�l�a�b�e�l�s� �a�r�e� �s�e�t� �a�n�d� �t�h�e� �t�i�t�l�e� �a�n�d� �l�a�b�e�l�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�l�e�g�e�n�d� �(�)�:� �D�r�a�w� �t�h�e� �l�e�g�e�n�d� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �l�e�g�e�n�d� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �l�e�g�e�n�d� �i�s� �d�r�a�w�n�.� 

�r�e�c�r�e�a�t�e�_�g�r�a�p�h� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �g�r�a�p�h�.� �T�e�l�l�s� �t�h�e� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� 

�t�h�e�m�s�e�l�v�e�s�.� 

�8�.�3�.�5� �S�t�a�c�k�e�d� �_�B�a�r�_�G�r�a�p�h� �C�l�a�s�s� 

�T�h�e� �S�t�a�c�k�e�d� �B�a�r� �G�r�a�p�h� �c�l�a�s�s� �g�e�n�e�r�a�t�e�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� �a� �s�t�a�c�k�e�d� �b�a�r� �g�r�a�p�h�.� �T�h�e� �s�t�a�c�k�e�d� 

�b�a�r� �g�r�a�p�h� �i�s� �u�s�e�d� �t�o� �s�h�o�w� �t�h�e� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �t�h�e� �w�h�o�l�e�.� �T�h�e� �t�y�p�e� �o�f� �d�a�t�a� �t�h�a�t� �r�e�q�u�i�r�e�s� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �4�5



�a� �s�t�a�c�k�e�d� �b�a�r� �g�r�a�p�h� �w�o�u�l�d� �b�e� �t�h�e� �f�i�r�s�t� �u�n�i�t� �c�o�s�t� �o�f� �a�n� �a�i�r�c�r�a�f�t�.� �T�h�e� �u�s�e�r� �c�a�n� �q�u�i�c�k�l�y� 

�d�e�t�e�r�m�i�n�e� �w�h�a�t� �p�e�r�c�e�n�t�a�g�e� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �c�o�s�t�s� �a�s� �i�t� �r�e�l�a�t�e�s� �t�o� �t�h�e� �t�o�t�a�l� �p�r�i�c�e� �o�f� �t�h�e� 

�a�i�r�c�r�a�f�t�.� �T�h�e� �b�a�r�s� �c�a�n� �b�e� �d�i�s�p�l�a�y�e�d� �t�w�o� �o�r� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�a�l�l�y�.� �I�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �A�x�e�s�,� 

�G�r�i�d�,� �D�a�t�a� �S�e�r�i�e�s�,� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r�,� �D�e�l�e�t�i�o�n� �F�i�l�t�e�r�,� �S�t�a�c�k� �B�a�r�,� �T�e�x�t� �a�n�d� �L�e�g�e�n�d� �c�l�a�s�s�e�s� 

�w�i�l�l� �a�u�t�o�m�a�t�i�c�a�l�l�y� �b�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �S�t�a�c�k�e�d� �B�a�r� �G�r�a�p�h� �c�l�a�s�s� �(�F�i�g�u�r�e� �1�1�)�.� �A� �l�i�s�t� �o�f� �t�h�e� 

�f�u�n�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �S�t�a�c�k�e�d� �B�a�r� �G�r�a�p�h� �c�l�a�s�s� �i�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�:� 

�S�t�a�c�k�_�B�a�r�_�G�r�a�p�h� �(�t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l�,� �n�u�m�b�e�r� �r�o�w�s� �i�n� �d�a�t�a� 

�a�r�r�a�y�,� �n�u�m�b�e�r� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �a�r�r�a�y�,� �d�a�t�a� �a�r�r�a�y�,� �t�e�x�t� �a�r�r�a�y�)� 

�T�h�e� �c�o�n�s�t�r�u�c�t�o�r� �p�e�r�f�o�r�m�s� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�s�:� 

�°� �S�e�t�s� �a�n�y� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �n�e�e�d�e�d� �b�y� �t�h�e� �g�r�a�p�h�,� �e�i�t�h�e�r� �b�y� �u�s�e�r� �s�u�p�p�l�i�e�d� �i�n�p�u�t� 

�o�r� �d�e�f�a�u�l�t� �v�a�l�u�e�s�.� 

�°� �C�o�p�i�e�s� �d�a�t�a� �a�r�r�a�y�s� �i�n�t�o� �d�a�t�a� �s�e�r�i�e�s� �e�n�t�i�t�i�e�s�.� 

�°� �C�r�e�a�t�e�s� �a�x�e�s� �e�n�t�i�t�y� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�°� �C�r�e�a�t�e�s� �g�r�i�d� �e�n�t�i�t�y� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�.� �C�r�e�a�t�e�s� �s�e�t�s� �o�f� �s�t�a�c�k� �b�a�r� �a�n�d� �l�e�g�e�n�d� �e�n�t�i�t�i�e�s�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w� �(�)�:� �P�r�o�c�e�s�s� �i�n�p�u�t� �f�r�o�m� �t�h�e� �g�e�o�m�e�t�r�y� �w�i�n�d�o�w� �a�n�d� �p�a�s�s� �i�t� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �4�6
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�A� �B�B� 
�C�l�a�s�s� �A� �c�r�e�a�t�e�s� �c�l�a�s�s� �B� 

�F�i�g�u�r�e� �1�1�.� �G�r�a�p�h� �E�n�t�i�t�i�e�s� �U�s�e�d� �F�o�r� �S�t�a�c�k�e�d� �B�a�r� �G�r�a�p�h�s� 
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�o�n� �t�o� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�r�a�p�h� �e�n�t�i�t�y�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�m�a�n�a�g�e� �(�)�:� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �s�t�a�c�k� �b�a�r� �g�r�a�p�h�.� �F�i�r�s�t� �t�h�e� �v�i�e�w�p�o�r�t� �i�s� �r�o�t�a�t�e�d� �f�o�r� 

�c�o�r�r�e�c�t� �v�i�e�w�i�n�g� �o�f� �t�h�e� �g�r�a�p�h�.� �T�h�e�n� �t�h�e� �a�x�e�s� �a�n�d� �g�r�i�d� �e�n�t�i�t�i�e�s� �a�r�e� �m�a�n�a�g�e�d�.� 

�T�h�e�n� �t�h�e� �s�t�a�c�k� �b�a�r�s�,� �t�i�t�l�e�s�,� �a�n�d� �l�e�g�e�n�d� �a�r�e� �d�r�a�w�n�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� 

�t�h�e� �i�n�t�e�r�f�a�c�e� �m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�d�r�a�w�_�b�a�r�s� �(�)�:� �D�r�a�w� �t�h�e� �s�t�a�c�k� �b�a�r�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �s�t�a�c�k� �b�a�r�s� �a�r�e� 

�s�e�t� �a�n�d� �t�h�e� �b�a�r�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�t�i�t�l�e�s� �(�:� �D�r�a�w� �t�h�e� �t�i�t�l�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �t�i�t�l�e� �a�n�d� �a�x�e�s� 

�l�a�b�e�l�s� �a�r�e� �s�e�t� �a�n�d� �t�h�e� �t�i�t�l�e� �a�n�d� �l�a�b�e�l�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�l�e�g�e�n�d� �(�)�:� �D�r�a�w� �t�h�e� �l�e�g�e�n�d� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �l�e�g�e�n�d� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �l�e�g�e�n�d� �i�s� �d�r�a�w�n�.� 

�r�e�c�r�e�a�t�e�_�g�r�a�p�h� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �g�r�a�p�h�.� �T�e�l�l�s� �a�l�l� �t�h�e� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� 

�t�h�e�m�s�e�l�v�e�s�.� 

�8�.�3�.�6� �X�Y�Z� �P�l�o�t� �C�l�a�s�s� 

�T�h�e� �X�Y�Z� �P�l�o�t� �G�r�a�p�h� �c�l�a�s�s� �g�e�n�e�r�a�t�e�s� �a�n� �i�n�s�t�a�n�c�e� �o�f� �a� �x�y�z� �p�l�o�t�.� �I�n�s�t�a�n�c�e�s� �o�f� �t�h�e� �A�x�e�s�,� 

�G�r�i�d�,� �D�a�t�a� �S�e�r�i�e�s�,� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r�,� �D�e�l�e�t�i�o�n� �F�i�l�t�e�r�,� �C�u�r�v�e�,� �T�e�x�t� �a�n�d� �L�e�g�e�n�d� �c�l�a�s�s�e�s� �w�i�l�l� 
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�a�u�t�o�m�a�t�i�c�a�l�l�y� �b�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �X�Y�Z� �P�l�o�t� �c�l�a�s�s� �(�F�i�g�u�r�e� �1�2�)�.� �A� �l�i�s�t� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�s� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �X�Y�Z� �P�l�o�t� �c�l�a�s�s� �i�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�:� 

�X�Y�Z�_�P�l�o�t� �(�n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �a�r�r�a�y�s�,� �n�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �a�r�r�a�y�s�,� �x� 

�d�a�t�a� �a�r�r�a�y�,� �y� �d�a�t�a� �a�r�r�a�y�,� �z� �d�a�t�a� �a�r�r�a�y�,� �t�e�x�t� �a�r�r�a�y�)� 

�T�h�e� �c�o�n�s�t�r�u�c�t�o�r� �p�e�r�f�o�r�m�s� �t�h�e�s�e� �o�p�e�r�a�t�i�o�n�s�:� 

�°� �S�e�t�s� �a�n�y� �d�e�f�a�u�l�t� �v�a�l�u�e�s� �n�e�e�d�e�d� �b�y� �t�h�e� �g�r�a�p�h�,� �e�i�t�h�e�r� �b�y� �u�s�e�r� �s�u�p�p�l�i�e�d� �i�n�p�u�t� 

�o�r� �d�e�f�a�u�l�t� �v�a�l�u�e�s�.� 

�.� �C�o�p�i�e�s� �d�a�t�a� �a�r�r�a�y�s� �i�n�t�o� �d�a�t�a� �s�e�r�i�e�s� �e�n�t�i�t�i�e�s�.� 

�.� �C�r�e�a�t�e�s� �a�x�e�s� �e�n�t�i�t�y� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�.� �C�r�e�a�t�e�s� �g�r�i�d� �e�n�t�i�t�i�e�s� �w�i�t�h� �n�e�c�e�s�s�a�r�y� �p�o�i�n�t�e�r�s� �a�n�d� �v�a�l�u�e�s�.� 

�°� �C�r�e�a�t�e�s� �s�e�t�s� �o�f� �c�u�r�v�e� �a�n�d� �l�e�g�e�n�d� �e�n�t�i�t�i�e�s�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w� �(�)�:� �P�r�o�c�e�s�s� �i�n�p�u�t� �f�r�o�m� �t�h�e� �g�e�o�m�e�t�r�y� �m�a�n�a�g�e�r� �a�n�d� �p�a�s�s� 

�i�t� �o�n� �t�o� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �g�r�a�p�h� �e�n�t�i�t�y�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�r�f�a�c�e� 

�m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�m�a�n�a�g�e� �(�)�:� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �x�y�z� �p�l�o�t�.� �F�i�r�s�t� �t�h�e� �v�i�e�w�p�o�r�t� �i�s� �r�o�t�a�t�e�d� �f�o�r� 

�v�i�e�w�i�n�g� �o�f� �t�h�e� �g�r�a�p�h�.� �T�h�e�n� �t�h�e� �a�x�e�s�,� �t�i�t�l�e�s�,� �a�n�d� �p�l�o�t� �a�r�e� �d�r�a�w�n�.� �T�h�i�s� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �4�9
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�F�i�g�u�r�e� �1�2�.� �G�r�a�p�h� �E�n�t�i�t�i�e�s� �U�s�e�d� �F�o�r� �X�Y�Z� �P�l�o�t�s� 
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�f�u�n�c�t�i�o�n� �i�s� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�r�f�a�c�e� �m�a�n�a�g�e�r� �a�n�d� �r�e�d�e�f�i�n�e�d� �b�y� �t�h�i�s� �c�l�a�s�s�.� 

�d�r�a�w�_�p�l�o�t� �(�)�:� �D�r�a�w� �t�h�e� �p�l�o�t� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �s�u�r�f�a�c�e� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �p�l�o�t� �i�s� �d�r�a�w�n�.� 

�d�r�a�w�_�t�i�t�l�e�s� �(�)�:� �D�r�a�w� �t�h�e� �t�i�t�l�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �t�i�t�l�e�s� �a�r�e� �s�e�t� �a�n�d� 

�t�h�e� �t�i�t�l�e�s� �a�r�e� �d�r�a�w�n�.� 

�d�r�a�w�_�l�e�g�e�n�d� �(�)�:� �D�r�a�w� �t�h�e� �l�e�g�e�n�d� �f�o�r� �t�h�e� �g�r�a�p�h�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �l�e�g�e�n�d� �a�r�e� �s�e�t� 

�a�n�d� �t�h�e� �l�e�g�e�n�d� �i�s� �d�r�a�w�n�.� 

�r�e�c�r�e�a�t�e�_�g�r�a�p�h� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �g�r�a�p�h�.� �T�e�l�l�s� �a�l�l� �t�h�e� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� 

�t�h�e�m�s�e�l�v�e�s�.� 

�D�e�s�c�r�i�p�t�i�o�n�s� �o�f� �C�l�a�s�s�e�s� �5�1



�9�.�0� �G�r�a�p�h� �E�n�t�i�t�y� �C�l�a�s�s�e�s� 

�A� �g�r�a�p�h� �e�n�t�i�t�y� �i�s� �a�n� �o�b�j�e�c�t� �c�r�e�a�t�e�d� �a�n�d� �d�i�s�p�l�a�y�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m�.� �A�l�l� �t�h�e� �b�a�s�i�c� �g�r�a�p�h� 

�e�n�t�i�t�y� �c�l�a�s�s�e�s� �a�r�e� �d�e�f�i�n�e�d� �i�n� �a� �s�i�m�i�l�a�r� �m�a�n�n�e�r�.� �E�a�c�h� �g�r�a�p�h� �e�n�t�i�t�y� �i�s� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� 

�G�r�a�p�h� �M�a�n�a�g�e�r� �c�l�a�s�s� �a�n�d� �i�n�h�e�r�i�t�s� �t�h�e� �"�m�a�n�a�g�e�"� �f�u�n�c�t�i�o�n�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �w�i�l�l� �t�e�l�l� �t�h�e� �e�n�t�i�t�y� 

�w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� �t�o� �u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�o� �t�h�i�s� �v�i�e�w�,� 

�a�n�d� �w�i�l�l� �p�a�s�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r�.� �T�h�e� �e�n�t�i�t�y� �a�l�s�o� �i�n�h�e�r�i�t�s� �t�h�e� 

�"�u�n�m�a�n�a�g�e�"� �f�u�n�c�t�i�o�n� �w�h�i�c�h� �w�i�l�l� �a�l�l�o�w� �t�h�e� �e�n�t�i�t�y� �t�o� �r�e�m�o�v�e� �i�t�s�e�l�f�.� 

�9�.�1� �G�r�a�p�h� �E�n�t�i�t�i�e�s� 

�E�a�c�h� �e�n�t�i�t�y� �c�l�a�s�s� �c�o�n�t�a�i�n�s� �i�t�s� �o�w�n� �p�r�i�v�a�t�e� �v�a�r�i�a�b�l�e�s�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �e�n�t�i�t�i�e�s� �c�a�n�n�o�t� 

�a�c�c�i�d�e�n�t�a�l�l�y� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�.� �E�a�c�h� �e�n�t�i�t�y� �h�a�s� �s�e�v�e�r�a�l� �p�u�b�l�i�c� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �a�l�l�o�w� 

�t�h�e� �e�n�t�i�t�y� �i�t�s�e�l�f�,� �o�r� �o�t�h�e�r� �e�n�t�i�t�i�e�s�,� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �e�n�t�i�t�y�.� �A�l�l� �t�h�e�s�e� �c�l�a�s�s�e�s� 

�c�o�n�t�a�i�n� �a� �p�o�i�n�t�e�r� �t�o� �t�h�e� �G�r�a�p�h� �c�l�a�s�s� �t�o� �w�h�i�c�h� �i�t� �i�s� �a�s�s�o�c�i�a�t�e�d�.� �T�h�e� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �a�r�e�:� 

�.� �A�x�e�s� 

�°� �B�a�r� 

�°� �C�u�r�v�e� 

�°� �G�r�i�d� 

�°� �L�e�g�e�n�d� 

�.� �P�i�e� 
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�°� �P�o�l�a�r� �A�x�e�s� 

�e� �D�a�t�a� �S�e�r�i�e�s� 

�e� �S�t�a�c�k� �B�a�r� 

�°� �T�e�x�t� 

�T�h�e�r�e� �a�r�e� �t�h�r�e�e� �c�o�m�m�o�n� �f�u�n�c�t�i�o�n�s� �a�m�o�n�g� �a�l�l� �t�h�e� �e�n�t�i�t�y� �c�l�a�s�s�e�s�.� �T�h�e�y� �p�e�r�f�o�r�m� �t�h�e� �s�a�m�e� 

�f�u�n�c�t�i�o�n� �f�o�r� �a�l�l� �t�h�e� �e�n�t�i�t�y� �c�l�a�s�s�e�s�.� �T�h�e�s�e� �a�r�e�:� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �e�n�t�i�t�y� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� �t�o� 

�u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� 

�s�t�r�u�c�t�u�r�e�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� 

�e�n�t�i�t�y� �a�t�t�r�i�b�u�t�e�s�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� �o�f� �a�c�c�e�s�s�i�n�g� 

�t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �e�n�t�i�t�y� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� �i�n� �t�h�e� 

�p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �f�u�n�c�t�i�o�n� 

�c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �e�n�t�i�t�y� �a�t�t�r�i�b�u�t�e�.� 

�9�.�1�.�1� �A�x�e�s� �C�l�a�s�s� 
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�T�h�e� �A�x�e�s� �c�l�a�s�s� �i�s� �u�s�e�d� �t�o� �d�r�a�w� �t�h�e� �a�x�i�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �T�h�e� �A�x�e�s� �c�l�a�s�s� �d�e�f�a�u�l�t�s� �t�o� �a� �t�w�o�-� 

�d�i�m�e�n�s�i�o�n�a�l� �a�x�i�s� �i�n� �t�h�e� �X�Y� �p�l�a�n�e�.� �I�f� �a� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �a�x�i�s� �i�s� �s�p�e�c�i�f�i�e�d�,� �i�t� �i�s� �v�i�e�w�e�d� 

�w�i�t�h� �t�h�e� �Y� �a�x�i�s� �v�e�r�t�i�c�a�l�,� �a�n�d� �t�h�e� �X� �a�n�d� �Z� �a�x�e�s� �p�o�i�n�t�i�n�g� �t�o� �t�h�e� �l�o�w�e�r�-�r�i�g�h�t� �a�n�d� �l�o�w�e�r�-�l�e�f�t� 

�c�o�r�n�e�r�s� �o�f� �t�h�e� �s�c�r�e�e�n�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �d�e�f�a�u�l�t� �a�x�e�s� �c�o�l�o�r� �i�s� �r�e�d�.� �T�h�e� �a�x�i�s� �i�s� �s�c�a�l�e�d� 

�a�u�t�o�m�a�t�i�c�a�l�l�y� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �d�a�t�a� �p�o�i�n�t�s� �t�o� �b�e� �g�r�a�p�h�e�d� �u�n�l�e�s�s� �t�h�e� �u�s�e�r� �s�p�e�c�i�f�i�e�s� �t�h�e� 

�S�t�a�r�t�i�n�g� �a�n�d� �e�n�d�i�n�g� �v�a�l�u�e�s� �f�o�r� �e�a�c�h� �a�x�i�s�.� �T�h�e� �a�x�i�s� �h�a�s� �s�i�x� �l�a�b�e�l�e�d� �d�i�v�i�s�i�o�n� �m�a�r�k�s� �a�l�o�n�g� 

�e�a�c�h� �a�x�i�s�.� �T�h�e� �A�x�e�s� �c�l�a�s�s� �c�o�n�t�a�i�n�s� �p�o�i�n�t�e�r�s� �t�o� �t�h�e� �G�r�a�p�h�,� �a�n�d� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r� �c�l�a�s�s�e�s�.� 

�T�h�i�s� �w�i�l�l� �a�l�l�o�w� �t�h�e� �a�x�e�s� �c�l�a�s�s� �t�o� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �t�h�e�s�e� �c�l�a�s�s�e�s�.� 

�W�h�e�n� �t�h�e� �A�x�e�s� �c�o�n�s�t�r�u�c�t�o�r� �i�s� �c�a�l�l�e�d� �t�h�e� �a�x�i�s� �i�s� �a�s�s�i�g�n�e�d� �d�e�f�a�u�l�t� �a�t�t�r�i�b�u�t�e�s�.� �I�f� �t�h�e� �s�t�a�r�t�i�n�g� 

�a�n�d� �e�n�d�i�n�g� �v�a�l�u�e�s� �f�o�r� �e�a�c�h� �a�x�i�s� �a�r�e� �n�o�t� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� �u�s�e�r�,� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �s�c�a�l�e� �f�o�r� 

�e�a�c�h� �a�x�i�s� �w�i�l�l� �b�e� �c�a�l�c�u�l�a�t�e�d�.� �T�h�e� �a�x�i�s� �i�s� �t�h�e�n� �d�r�a�w�n�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �a�x�i�s� �c�a�n� �b�e� �s�e�t� 

�b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �a�x�i�s� �i�s� �d�r�a�w�n� �b�y� �u�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �T�h�e� 

�p�r�o�g�r�a�m� �u�s�e�r� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �b�y� �p�i�c�k�i�n�g� �t�h�e� �a�x�i�s�.� �T�h�i�s� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� 

�u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �t�h�e� �a�x�i�s� �a�t�t�r�i�b�u�t�e�s� �t�o� �b�e� �c�h�a�n�g�e�d� �w�i�t�h�o�u�t� �h�a�v�i�n�g� 

�t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.� �A� �l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �A�x�e�s� �c�l�a�s�s� �i�s� �g�i�v�e�n� �b�e�l�o�w�:� 

�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�A�x�e�s� �(�)� 

�A�x�e�s� �(�2�D� �o�r� �3�D�,� �X�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Y�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Z�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 

�z�l�e�n�g�t�h�)� 

�A�x�e�s� �(�2�D� �o�r� �3�D�,� �X�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Y�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Z�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 
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�z�l�e�n�g�t�h�,� �c�o�l�o�r�)� 

�A�x�e�s� �(�2�D� �o�r� �3�D�,� �X�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Y�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Z�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 

�z�l�e�n�g�t�h�,� �l�i�n�e�w�i�d�t�h�)� 

�A�x�e�s� �(�2�D� �o�r� �3�D�,� �X�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Y�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Z�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 

�Z�l�e�n�g�t�h�,� �l�i�n�e�w�i�d�t�h�,� �c�o�l�o�r�)� 

�A�x�e�s� �(�2�D� �o�r� �3�D�,� �X�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Y�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Z�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 

�z�l�e�n�g�t�h�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�x�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�y�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�z�)� 

�A�x�e�s� �(�2�D� �o�r� �3�D�,� �X�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Y�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Z�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 

�z�l�e�n�g�t�h�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�x�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�y�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�z�,� �c�o�l�o�r�)� 

�A�x�e�s� �(�2�D� �o�r� �3�D�,� �X�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Y�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Z�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 

�z�l�e�n�g�t�h�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�x�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�y�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�z�,� �l�i�n�e�w�i�d�t�h�)� 

�A�x�e�s� �(�2�D� �o�r� �3�D�,� �X�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Y�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �Z�-�a�x�e�s�-�s�t�a�r�t�-�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 

�z�l�e�n�g�t�h�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�x�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�y�,� �n�u�m�b�e�r�-�d�i�v�i�s�i�o�n�s�-�z�,� �c�o�l�o�r�)� 

�E�a�c�h� �c�o�n�s�t�r�u�c�t�o�r� �t�a�k�e�s� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �p�o�l�y�m�o�r�p�h�i�s�m� �(�f�u�n�c�t�i�o�n� �o�v�e�r�l�o�a�d�i�n�g�)� �c�a�p�a�b�i�l�i�t�y� 

�o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �c�o�d�e�.� �E�a�c�h� �c�o�n�s�t�r�u�c�t�o�r� �s�h�o�w�n� �h�a�s� �a� �d�i�f�f�e�r�e�n�t� �s�e�t� �o�f� �a�r�g�u�m�e�n�t�s� �a�l�l�o�w�i�n�g� 

�t�h�e� �u�s�e�r� �t�o� �c�h�o�o�s�e� �w�h�i�c�h� �o�p�t�i�o�n�s� �t�o� �s�e�t�.� �I�f� �a�n� �o�p�t�i�o�n� �i�s� �n�o�t� �i�n�p�u�t� �b�y� �t�h�e� �u�s�e�r�,� �t�h�e� 

�c�o�n�s�t�r�u�c�t�o�r� �w�i�l�l� �a�s�s�i�g�n� �i�t� �a� �d�e�f�a�u�l�t� �v�a�l�u�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �t�h�e� �u�s�e�r� �c�h�o�o�s�e�s� �t�h�e� �t�h�i�r�d� 

�c�o�n�s�t�r�u�c�t�o�r� �i�n� �t�h�e� �l�i�s�t� �t�h�e� �c�o�l�o�r� �i�s� �s�e�t�.� �W�i�t�h� �t�h�e� �f�o�u�r�t�h� �c�o�n�s�t�r�u�c�t�o�r� �t�h�e� �c�o�l�o�r� �w�i�l�l� �b�e� �g�i�v�e�n� 

�a� �d�e�f�a�u�l�t� �v�a�l�u�e� �a�n�d� �t�h�e� �u�s�e�r� �i�s� �n�o�w� �s�e�t�t�i�n�g� �t�h�e� �l�i�n�e�w�i�d�t�h�.� �A�l�l� �t�h�e� �c�o�n�s�t�r�u�c�t�o�r�s� �f�o�r� �t�h�e� �r�e�s�t� 

�o�f� �t�h�e� �e�n�t�i�t�y� �c�l�a�s�s�e�s� �w�o�r�k� �s�i�m�i�l�a�r�l�y� �a�n�d� �w�i�l�l� �n�o�t� �b�e� �d�e�s�c�r�i�b�e�d� �i�n� �d�e�t�a�i�l�.� 
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�D�e�s�t�r�u�c�t�o�r�:� 

�~�A�x�e�s� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �a�x�i�s� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� �i�t� �i�s�,� �i�t� �w�i�l�l� 

�u�n�m�a�n�a�g�e� �t�h�e� �a�x�i�s�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�y� �t�h�e� 

�s�t�r�u�c�t�u�r�e�.� 

�I�n�g�u�i�r�y� �F�u�n�c�t�i�o�n�s�:� 

�I�n�q�u�i�r�y� �f�u�n�c�t�i�o�n�s� �a�r�e� �n�e�c�e�s�s�a�r�y� �t�o� �a�l�l�o�w� �t�h�e� �o�t�h�e�r� �c�l�a�s�s�e�s� �t�o� �o�b�t�a�i�n� �v�a�l�u�e�s� �o�f� �d�a�t�a� 

�m�e�m�b�e�r�s� �o�f� �t�h�i�s� �c�l�a�s�s�.� 

�g�e�t�_�x�_�a�x�e�s�_�s�t�a�r�t�_�p�t� �(�)�:� �R�e�t�u�r�n�s� �x� �a�x�i�s� �s�t�a�r�t�i�n�g� �p�o�s�i�t�i�o�n�.� 

�g�e�t�_�y�_�a�x�e�s�_�s�t�a�r�t�_�p�t� �(�)�:� �R�e�t�u�r�n�s� �y� �a�x�i�s� �s�t�a�r�t�i�n�g� �p�o�s�i�t�i�o�n�.� 

�g�e�t�_�z�_�a�x�e�s�_�s�t�a�r�t�_�p�t� �(�)�:� �R�e�t�u�r�n�s� �z� �a�x�i�s� �s�t�a�r�t�i�n�g� �p�o�s�i�t�i�o�n�.� 

�g�e�t�_�x�_�a�x�e�s�_�l�e�n�g�t�h� �(�)�:� �R�e�t�u�r�n�s� �x� �a�x�i�s� �l�e�n�g�t�h�.� 

�g�e�t�_�y�_�a�x�e�s�_�l�e�n�g�t�h� �(�)�:� �R�e�t�u�r�n�s� �y� �a�x�i�s� �l�e�n�g�t�h�.� 

�g�e�t�_�z�_�a�x�e�s�_�l�e�n�g�t�h� �(�)�:� �R�e�t�u�r�n�s� �z� �a�x�i�s� �l�e�n�g�t�h�.� 

�g�e�t�_�x�_�a�x�e�s�_�h�i�_�b�o�u�n�d�a�r�y� �(�)�:� �R�e�t�u�r�n�s� �h�i�g�h� �b�o�u�n�d�a�r�y� �v�a�l�u�e� �o�f� �x� �a�x�i�s�.� 

�g�e�t�_�y�_�a�x�e�s�_�h�i�_�b�o�u�n�d�a�r�y� �(�)�:� �R�e�t�u�r�n�s� �h�i�g�h� �b�o�u�n�d�a�r�y� �v�a�l�u�e� �o�f� �y� �a�x�i�s�.� 

�g�e�t�_�z�_�a�x�e�s�_�h�i�_�b�o�u�n�d�a�r�y� �(�)�:� �R�e�t�u�r�n�s� �h�i�g�h� �b�o�u�n�d�a�r�y� �v�a�l�u�e� �o�f� �z� �a�x�i�s�.� 

�g�e�t�_�x�_�a�x�e�s�_�l�o�w�_�b�o�u�n�d�a�r�y� �(�)�:� �R�e�t�u�r�n�s� �l�o�w� �b�o�u�n�d�a�r�y� �v�a�l�u�e� �o�f� �x� �a�x�i�s�.� 

�g�e�t�_�x�_�a�x�e�s�_�l�o�w�_�b�o�u�n�d�a�r�y� �(�)�:� �R�e�t�u�r�n�s� �l�o�w� �b�o�u�n�d�a�r�y� �v�a�l�u�e� �o�f� �y� �a�x�i�s�.� 

�g�e�t�_�x�_�a�x�e�s�_�l�o�w�_�b�o�u�n�d�a�r�y� �(�)�:� �R�e�t�u�r�n�s� �l�o�w� �b�o�u�n�d�a�r�y� �v�a�l�u�e� �o�f� �z� �a�x�i�s�.� 
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�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�a�x�e�s� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �a�x�i�s� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� 

�a�s�s�i�g�n�i�n�g� �d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �d�e�s�i�r�e�d� �a�t�t�r�i�b�u�t�e�s�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �D�r�a�w�s� �t�h�e� �a�x�i�s�.� �T�h�i�s� �f�u�n�c�t�i�o�n� �d�i�s�p�l�a�y�s� �t�h�e� �a�x�i�s� �o�n� �t�h�e� �s�c�r�e�e�n�.� 

�s�e�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �c�o�l�o�r� �f�o�r� �t�h�e� �a�x�i�s�.� 

�s�e�t�_�l�i�n�e�w�i�d�t�h� �Q�)�:� �S�e�t�s� �t�h�e� �l�i�n�e�w�i�d�t�h� �f�o�r� �t�h�e� �a�x�i�s�.� 

�s�e�t�_�x�_�t�e�x�t�_�h�e�i�g�h�t� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �h�e�i�g�h�t� �f�o�r� �x� �a�x�i�s� �l�a�b�e�l�s�.� 

�s�e�t�_�y�_�t�e�x�t�_�h�e�i�g�h�t� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �h�e�i�g�h�t� �f�o�r� �y� �a�x�i�s� �l�a�b�e�l�s�.� 

�s�e�t�_�z�_�t�e�x�t�_�h�e�i�g�h�t� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �h�e�i�g�h�t� �f�o�r� �z� �a�x�i�s� �l�a�b�e�l�s�.� 

�s�e�t�_�x�_�t�e�x�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �c�o�l�o�r� �f�o�r� �x� �a�x�i�s� �l�a�b�e�l�s�.� 

�s�e�t�_�y�_�t�e�x�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �c�o�l�o�r� �f�o�r� �y� �a�x�i�s� �l�a�b�e�l�s�.� 

�s�e�t�_�z�_�t�e�x�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �c�o�l�o�r� �f�o�r� �z� �a�x�i�s� �l�a�b�e�l�s�.� 

�s�e�t�_�t�y�p�e� �(�)�:� �S�p�e�c�i�f�i�e�s� �w�h�e�t�h�e�r� �2�D� �o�r� �3�D� �d�i�s�p�l�a�y�.� 

�-� �$�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�a�t�a�_�s�e�r�i�e�s� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �t�h�e� �d�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r� �(�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�g�r�a�p�h� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �t�h�e� �G�r�a�p�h� �c�l�a�s�s�.� 

�s�c�a�l�e�_�a�x�e�s� �(�)�:� �C�a�l�c�u�l�a�t�e�s� �t�h�e� �s�c�a�l�e� �t�o� �b�e� �u�s�e�d� �f�o�r� �e�a�c�h� �a�x�i�s�.� �F�i�r�s�t�,� �t�h�e� �s�p�a�n� 

�b�e�t�w�e�e�n� �t�h�e� �m�a�x�i�m�u�m� �a�n�d� �m�i�n�i�m�u�m� �d�a�t�a� �v�a�l�u�e�s� �i�s� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e�n� �t�h�e� 

�l�o�g�a�r�i�t�h�m� �o�f� �t�h�i�s� �s�p�a�n� �i�s� �c�a�l�c�u�l�a�t�e�d�.� �T�h�e�n� �t�h�e� �h�i�g�h� �a�n�d� �l�o�w� �b�o�u�n�d�a�r�i�e�s� �a�r�e� 

�m�u�l�t�i�p�l�i�e�d� �b�y� �t�h�i�s� �l�o�g�a�r�i�t�h�m� �u�n�t�i�l� �t�h�e�r�e� �v�a�l�u�e�s� �e�x�c�e�e�d� �t�h�e� �m�a�x�i�m�u�m� �a�n�d� 

�m�i�n�i�m�u�m� �v�a�l�u�e�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�m�a�n�u�a�l�_�s�c�a�l�e�_�a�x�e�s� �(�)�:� �H�i�g�h� �a�n�d� �l�o�w� �b�o�u�n�d�a�r�y� �v�a�l�u�e�s� �a�r�e� �s�p�e�c�i�f�i�e�d� �b�y� �u�s�e�r�.� �T�h�e� 
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�s�c�a�l�e� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �d�i�v�i�d�i�n�g� �d�a�t�a� �r�a�n�g�e� �s�p�a�n� �b�y� �n�u�m�b�e�r� �o�f� �m�a�r�k�s� �f�o�r� �e�a�c�h� 

�a�x�I�S�.� 

�x�_�a�x�e�s�_�m�a�r�k�s� �(�)�:� �D�r�a�w�s� �d�i�v�i�s�i�o�n� �m�a�r�k�s� �f�o�r� �x� �a�x�i�s�.� 

�y�_�a�x�e�s�_�m�a�r�k�s� �(�)�:� �D�r�a�w�s� �d�i�v�i�s�i�o�n� �m�a�r�k�s� �f�o�r� �y� �a�x�i�s�.� 

�z�_�a�x�e�s�_�m�a�r�k�s� �(�)�:� �D�r�a�w�s� �d�i�v�i�s�i�o�n� �m�a�r�k�s� �f�o�r� �z� �a�x�i�s�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e�s� �t�h�e� �a�x�i�s�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� 

�a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �a�x�i�s�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� �o�f� 

�a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �a�x�i�s� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� �i�n� 

�t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�f�u�n�c�t�i�o�n� �c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �a�x�i�s� �a�t�t�r�i�b�u�t�e�.� 

�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �a�x�e�s� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� �t�o� 

�u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 

�9�.�1�.�2� �B�a�r� �C�l�a�s�s� 

�G�r�a�p�h� �E�n�t�i�t�y� �C�l�a�s�s�e�s� �5�8



�T�h�e� �b�a�r� �c�l�a�s�s� �r�e�p�r�e�s�e�n�t�s� �a� �s�i�n�g�l�e� �b�a�r� �i�n� �a� �b�a�r� �g�r�a�p�h�.� �T�h�e� �b�a�r� �l�o�c�a�t�i�o�n� �a�n�d� �w�i�d�t�h� �i�n� �b�o�t�h� 

�t�h�e� �X� �a�n�d� �Z� �d�i�m�e�n�s�i�o�n�s� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �b�a�r�s� �t�o� �b�e� �d�r�a�w�n� �a�l�o�n�g� �e�a�c�h� �a�x�i�s�.� 

�T�h�e� �b�a�r� �h�e�i�g�h�t� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �i�n�q�u�i�r�i�n�g� �t�h�e� �l�i�m�i�t�s� �o�f� �t�h�e� �a�x�e�s� �f�r�o�m� �t�h�e� �A�x�e�s� �c�l�a�s�s�.� �T�h�e� 

�b�a�r� �d�a�t�a� �i�s� �t�h�e�n� �n�o�r�m�a�l�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�x�e�s� �v�a�l�u�e�s�.� �T�h�e� �b�a�r�s� �a�r�e� �d�r�a�w�n� �w�i�t�h� �a� �s�o�l�i�d� 

�i�n�t�e�r�i�o�r� �u�n�l�e�s�s� �t�h�e� �u�s�e�r� �s�p�e�c�i�f�i�e�s� �o�t�h�e�r�w�i�s�e�.� �T�h�e� �c�o�l�o�r� �o�f� �t�h�e� �b�a�r� �s�t�e�p�s� �u�p� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� 

�i�n�d�e�x� �u�n�t�i�l� �t�h�e� �l�a�s�t� �e�n�t�r�y� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�s� �r�e�a�c�h�e�d�.� �T�h�e� �c�o�l�o�r� �i�n�d�e�x� �t�h�e�n� �w�r�a�p�s� �a�r�o�u�n�d� 

�t�o� �t�h�e� �f�i�r�s�t� �e�n�t�r�y�.� �T�h�e� �B�a�r� �c�l�a�s�s� �c�o�n�t�a�i�n�s� �p�o�i�n�t�e�r�s� �t�o� �t�h�e� �A�x�e�s�,� �G�r�a�p�h�,� �S�e�r�i�e�s�,� �a�n�d� 

�D�e�l�e�t�i�o�n� �F�i�l�t�e�r� �c�l�a�s�s�e�s�.� �T�h�i�s� �w�i�l�l� �a�l�l�o�w� �t�h�e� �b�a�r� �c�l�a�s�s� �t�o� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �t�h�e�s�e� �c�l�a�s�s�e�s�.� 

�T�h�e� �b�a�r� �i�s� �a�s�s�i�g�n�e�d� �d�e�f�a�u�l�t� �a�t�t�r�i�b�u�t�e�s� �w�h�e�n� �t�h�e� �B�a�r� �c�l�a�s�s� �c�o�n�s�t�r�u�c�t�o�r� �i�s� �c�a�l�l�e�d�.� �U�n�l�e�s�s� �t�h�e� 

�u�s�e�r� �h�a�s� �s�p�e�c�i�f�i�e�d� �t�h�e� �p�o�s�i�t�i�o�n� �f�o�r� �t�h�e� �b�a�r�,� �i�t�s� �l�o�c�a�t�i�o�n� �i�s� �c�a�l�c�u�l�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�h�e� �p�o�s�i�t�i�o�n� 

�i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y� �t�h�e� �b�a�r� �r�e�p�r�e�s�e�n�t�s�.� �T�h�e� �b�a�r� �i�s� �t�h�e�n� �d�r�a�w�n�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �b�a�r� �c�a�n� �b�e� 

�s�e�t� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �b�a�r� �i�s� �d�r�a�w�n� �b�y� �u�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� 

�T�h�e� �u�s�e�r� �o�f� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �b�y� �p�i�c�k�i�n�g� �t�h�e� �b�a�r�.� �T�h�i�s� �w�i�l�l� 

�p�r�o�v�i�d�e� �t�h�e� �u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �h�i�m� �t�o� �c�h�a�n�g�e� �t�h�e� �b�a�r� �a�t�t�r�i�b�u�t�e�s� 

�w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.� �A� �l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �B�a�r� �c�l�a�s�s� �i�s� �g�i�v�e�n� �b�e�l�o�w�:� 

�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�B�a�r� �(�)� 

�B�a�r� �(�2�D� �o�r� �3�D�,� �d�a�t�a� �v�a�l�u�e�,� �b�a�r� �l�o�c�a�t�i�o�n�,� �b�a�r� �w�i�d�t�h�)� 

�B�a�r� �(�2�D� �o�r� �3�D�,� �d�a�t�a� �v�a�l�u�e�,� �b�a�r� �l�o�c�a�t�i�o�n�,� �b�a�r� �w�i�d�t�h�,� �c�o�l�o�r�)� 

�B�a�r� �(�2�D� �o�r� �3�D�,� �d�a�t�a� �v�a�l�u�e�,� �b�a�r� �l�o�c�a�t�i�o�n�,� �b�a�r� �w�i�d�t�h�,� �c�o�l�o�r�,� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n�)� 
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�S�e�e� �A�x�e�s� �C�l�a�s�s� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �c�o�n�s�t�r�u�c�t�o�r�s�.� 

�D�e�s�t�r�u�c�t�o�r�:� 

�~�B�a�r� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �b�a�r� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� �i�t� �i�s�,� �i�t� �w�i�l�l� 

�u�n�m�a�n�a�g�e� �t�h�e� �b�a�r�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�y� �t�h�e� 

�S�t�r�u�c�t�u�r�e�.� 

�I�n�q�u�i�r�y� �F�u�n�c�t�i�o�n�s�:� 

�g�e�t�_�c�o�l�o�r�_�i�n�d�e�x� �(�)�:� �R�e�t�u�r�n�s� �c�o�l�o�r� �i�n�d�e�x� �f�o�r� �t�h�e� �b�a�r�.� 

�g�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e� �(�)�:� �R�e�t�u�r�n�s� �i�n�t�e�r�i�o�r� �s�t�y�l�e� �f�o�r� �t�h�e� �b�a�r�.� 

�g�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n� �(�)�:� �R�e�t�u�r�n�s� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n� �f�o�r� �t�h�e� �b�a�r�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�b�a�r� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �b�a�r� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� 

�a�s�s�i�g�n�i�n�g� �d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �i�n�p�u�t� �a�t�t�r�i�b�u�t�e�s�.� 

�s�e�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �c�o�l�o�r� �o�f� �b�a�r�.� 

�s�e�t�_�b�a�r�_�l�o�c�a�t�i�o�n� �(�)�:� �S�e�t�s� �b�a�r� �l�o�c�a�t�i�o�n�.� 

�s�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e� �(�Q�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �s�t�y�l�e� �o�f� �b�a�r�.� 

�s�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n� �(�)�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n� �o�f� �b�a�r�.� 

�s�e�t�_�t�o�t�a�l�_�n�u�m�b�e�r�_�o�f�_�b�a�r�s� �(�)�:� �S�e�t�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �b�a�r�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� �T�h�i�s� 

�n�u�m�b�e�r� �i�s� �u�s�e�d� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �l�o�c�a�t�i�o�n� �o�f� �b�a�r�s� �w�h�e�n� �i�t� �i�s� �n�o�t� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� 
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�u�s�e�r�.� 

�s�e�t�_�r�o�w�_�c�o�u�n�t� �(�)�:� �S�e�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �s�e�r�i�e�s� �p�r�e�s�e�n�t�l�y� �b�e�i�n�g� �g�r�a�p�h�e�d�.� 

�s�e�t�_�c�o�l�u�m�n�_�c�o�u�n�t� �(�)�:� �S�e�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �s�e�r�i�e�s� �p�r�e�s�e�n�t�l�y� �b�e�i�n�g� 

�g�r�a�p�h�e�d�.� 

�s�e�t�_�t�o�t�a�l�_�n�u�m�b�e�r�_�s�e�t�s� �(�)�:� �S�e�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �s�e�r�i�e�s� �b�e�i�n�g� �g�r�a�p�h�e�d�.� 

�s�e�t�_�b�a�r�_�t�y�p�e� �Q�:� �2�D� �o�r� �3�D� �d�i�s�p�l�a�y�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�a�t�a�_�s�e�r�i�e�s� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �D�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�a�x�e�s� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �A�x�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�e�l�e�t�i�o�n�_�f�i�l�t�e�r� �Q�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �D�e�l�e�t�i�o�n� �F�i�l�t�e�r� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�g�r�a�p�h� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �G�r�a�p�h� �c�l�a�s�s�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �D�r�a�w�s� �t�h�e� �b�a�r�.� �T�h�i�s� �d�i�s�p�l�a�y�s� �t�h�e� �b�a�r� �o�n� �t�h�e� �s�c�r�e�e�n�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e�s� �t�h�e� �b�a�r�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �d�e�l�e�t�e� �o�r� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� 

�t�o� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �b�a�r�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� �o�f� 

�a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �b�a�r� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� �i�n� �t�h�e� 

�p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �f�u�n�c�t�i�o�n� 

�c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 

�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �b�a�r� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� �t�o� �u�s�e�,� 

�t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 

�G�r�a�p�h� �E�n�t�i�t�y� �C�l�a�s�s�e�s� �6�1



�9�.�1�.�3� �C�u�r�v�e� �C�l�a�s�s� 

�T�h�e� �C�u�r�v�e� �c�l�a�s�s� �i�s� �u�s�e�d� �t�o� �d�r�a�w� �c�u�r�v�e�s� �i�n� �t�h�e� �g�r�a�p�h�s�.� �T�h�e� �c�u�r�v�e�s� �d�e�f�a�u�l�t� �t�o� �p�o�i�n�t� �t�o� 

�p�o�i�n�t� �l�i�n�e�s� �u�n�l�e�s�s� �t�h�e� �u�s�e�r� �r�e�q�u�e�s�t�s� �s�p�l�i�n�e� �c�u�r�v�e�s�.� �T�h�e� �d�a�t�a� �p�o�i�n�t�s� �f�o�r� �t�h�e� �c�u�r�v�e�s� �a�r�e� 

�n�o�r�m�a�l�i�z�e�d� �b�y� �i�n�q�u�i�r�i�n�g� �t�h�e� �a�x�e�s� �l�i�m�i�t�s� �f�r�o�m� �t�h�e� �A�x�e�s� �c�l�a�s�s�.� �T�h�e� �d�a�t�a� �v�a�l�u�e�s� �a�r�e� �t�h�e�n� 

�n�o�r�m�a�l�i�z�e�d� �a�c�c�o�r�d�i�n�g�l�y�.� �T�h�e� �c�o�l�o�r� �o�f� �t�h�e� �c�u�r�v�e�s� �s�t�e�p� �u�p� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�n�d�e�x� �u�n�t�i�l� �t�h�e� 

�l�a�s�t� �e�n�t�r�y� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�s� �r�e�a�c�h�e�d�.� �T�h�e� �c�o�l�o�r� �i�n�d�e�x� �t�h�e�n� �w�r�a�p�s� �a�r�o�u�n�d� �t�o� �t�h�e� �f�i�r�s�t� 

�e�n�t�r�y�.� �T�h�e� �C�u�r�v�e� �c�l�a�s�s� �a�l�s�o� �c�o�n�t�a�i�n�s� �p�o�i�n�t�e�r�s� �t�o� �t�h�e� �A�x�e�s�,� �G�r�a�p�h�,� �S�e�r�i�e�s� �a�n�d� �D�e�l�e�t�i�o�n� 

�F�i�l�t�e�r� �c�l�a�s�s�e�s�.� 

�W�h�e�n� �t�h�e� �C�u�r�v�e� �c�l�a�s�s� �c�o�n�s�t�r�u�c�t�o�r� �i�s� �c�a�l�l�e�d� �t�h�e� �c�u�r�v�e� �i�s� �a�s�s�i�g�n�e�d� �d�e�f�a�u�l�t� �o�r� �u�s�e�r� �i�n�p�u�t� 

�a�t�t�r�i�b�u�t�e�s�.� �T�h�e�n� �m�a�r�k�e�r�s� �a�n�d� �c�u�r�v�e�s� �a�r�e� �d�r�a�w�n�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �c�u�r�v�e� �c�a�n� �b�e� �s�e�t� �b�y� 

�t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �c�u�r�v�e� �i�s� �d�r�a�w�n� �b�y� �u�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �T�h�e� 

�u�s�e�r� �o�f� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �b�y� �p�i�c�k�i�n�g� �t�h�e� �c�u�r�v�e�.� �T�h�i�s� �w�i�l�l� �p�r�o�v�i�d�e� 

�t�h�e� �u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �t�h�e� �c�u�r�v�e� �a�n�d� �p�o�l�y�m�a�r�k�e�r� �a�t�t�r�i�b�u�t�e�s� �t�o� �b�e� 

�c�h�a�n�g�e�d� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.� �A� �l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �C�u�r�v�e� �c�l�a�s�s� �i�s� 

�g�i�v�e�n� �b�e�l�o�w�:� 

�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�G�r�a�p�h� �E�n�t�i�t�y� �C�l�a�s�s�e�s� �6�2



�C�u�r�v�e� �(�)� 

�C�u�r�v�e� �(�r�o�w� �c�o�u�n�t�,� �n�u�m�b�e�r� �c�o�l�u�m�n�,� �x�d�a�t�a�,� �y�d�a�t�a�,� �z�d�a�t�a�)� 

�C�u�r�v�e� �(�r�o�w� �c�o�u�n�t�,� �n�u�m�b�e�r� �c�o�l�u�m�n�,� �x�d�a�t�a�,� �y�d�a�t�a�,� �z�d�a�t�a�,� �c�o�l�o�r�)� 

�C�u�r�v�e� �(�r�o�w� �c�o�u�n�t�,� �n�u�m�b�e�r� �c�o�l�u�m�n�,� �x�d�a�t�a�,� �y�d�a�t�a�,� �z�d�a�t�a�,� �l�i�n�e�w�i�d�t�h�)� 

�C�u�r�v�e� �(�r�o�w� �c�o�u�n�t�,� �n�u�m�b�e�r� �c�o�l�u�m�n�,� �x�d�a�t�a�,� �y�d�a�t�a�,� �z�d�a�t�a�,� �l�i�n�e�w�i�d�t�h�,� �c�o�l�o�r�)� 

�C�u�r�v�e� �(�r�o�w� �c�o�u�n�t�,� �n�u�m�b�e�r� �c�o�l�u�m�n�,� �x�d�a�t�a�,� �y�d�a�t�a�,� �z�d�a�t�a�,� �l�i�n�e�w�i�d�t�h�,� �p�o�i�n�t�-�t�o�-�p�o�i�n�t� 

�o�r� �s�p�l�i�n�e�,� �c�o�l�o�r�)� 

�S�e�e� �A�x�e�s� �C�l�a�s�s� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �c�o�n�s�t�r�u�c�t�o�r�s�.� 

�D�e�s�t�r�u�c�t�o�r�:� 

�~�C�u�r�v�e� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �c�u�r�v�e� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� �i�t� �i�s�,� �i�t� �w�i�l�l� 

�u�n�m�a�n�a�g�e� �t�h�e� �c�u�r�v�e�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�y� �t�h�e� 

�s�t�r�u�c�t�u�r�e�.� 

�I�n�q�u�i�r�y� �F�u�n�c�t�i�o�n�s�:� 

�g�e�t�_�l�i�n�e�_�c�o�l�o�r� �(�)�:� �R�e�t�u�r�n�s� �l�i�n�e� �c�o�l�o�r�.� 

�g�e�t�_�l�i�n�e�t�y�p�e� �(�)�:� �R�e�t�u�r�n�s� �l�i�n�e�t�y�p�e�.� 

�g�e�t�_�m�a�r�k�e�r�_�t�y�p�e� �(�)�:� �R�e�t�u�r�n�s� �p�o�l�y�m�a�r�k�e�r� �t�y�p�e�.� 

�g�e�t�_�m�a�r�k�e�r�_�s�c�a�l�e� �(�)�:� �R�e�t�u�r�n�s� �m�a�r�k�e�r� �s�c�a�l�e�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�G�r�a�p�h� �E�n�t�i�t�y� �C�l�a�s�s�e�s� �6�3



�i�n�i�t�i�a�l�i�z�e�_�c�u�r�v�e� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �c�u�r�v�e� �w�i�t�h� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� 

�a�s�s�i�g�n�i�n�g� �d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �i�n�p�u�t� �a�t�t�r�i�b�u�t�e�s�.� 

�s�e�t�_�c�o�l�o�r� �(�Q�:� �S�e�t�s� �t�h�e� �c�o�l�o�r� �o�f� �t�h�e� �c�u�r�v�e�.� 

�s�e�t�_�l�i�n�e�w�i�d�t�h� �(�)�:� �S�e�t�s� �t�h�e� �l�i�n�e�w�i�d�t�h�.� 

�s�e�t�_�l�i�n�e�t�y�p�e� �(�)�:� �S�e�t�s� �t�h�e� �l�i�n�e�t�y�p�e�.� 

�s�e�t�_�m�a�r�k�e�r�_�s�c�a�l�e�_�f�a�c�t�o�r� �(�)�:� �S�e�t�s� �t�h�e� �p�o�l�y�m�a�r�k�e�r� �s�c�a�l�e� �f�a�c�t�o�r�.� 

�s�e�t�_�c�u�r�v�e�_�t�y�p�e� �(�)�:� �P�o�i�n�t�_�t�o�_�p�o�i�n�t� �o�r� �s�p�l�i�n�e� �c�u�r�v�e�.� 

�s�e�t�_�g�r�a�p�h�_�t�y�p�e� �(�)�:� �2�D� �o�r� �3�D� �d�i�s�p�l�a�y�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�a�t�a�_�s�e�r�i�e�s� �(�)�:� �S�e�t� �p�o�i�n�t�e�r� �t�o� �D�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�a�x�e�s� �(�)�:� �S�e�t� �p�o�i�n�t�e�r� �t�o� �A�x�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�p�o�l�a�r�_�a�x�e�s� �(�)�:� �S�e�t� �p�o�i�n�t�e�r� �t�o� �P�o�l�a�r� �A�x�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�e�l�e�t�i�o�n�_�f�i�l�t�e�r� �(�)�:� �S�e�t� �p�o�i�n�t�e�r� �t�o� �D�e�l�e�t�i�o�n� �F�i�l�t�e�r� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�g�r�a�p�h� �(�)�:� �S�e�t� �p�o�i�n�t�e�r� �t�o� �G�r�a�p�h� �c�l�a�s�s�.� 

�s�e�t�_�r�o�w�_�c�o�u�n�t� �(�)�:� �S�e�t� �n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �s�e�r�i�e�s� �p�r�e�s�e�n�t�l�y� �b�e�i�n�g� �g�r�a�p�h�e�d�.� 

�s�e�t�_�n�u�m�b�e�r�_�c�o�l�u�m�n� �(�)�:� �S�e�t� �n�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �s�e�r�i�e�s� �b�e�i�n�g� �g�r�a�p�h�e�d�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �D�r�a�w� �t�h�e� �c�u�r�v�e�.� �T�h�i�s� �d�i�s�p�l�a�y�s� �t�h�e� �c�u�r�v�e� �o�n� �t�h�e� �s�c�r�e�e�n�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �c�u�r�v�e�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �d�e�l�e�t�e� �o�r� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� 

�t�o� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �c�u�r�v�e�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� 

�o�f� �a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �c�u�r�v�e� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� 

�i�n� �t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�f�u�n�c�t�i�o�n� �c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 
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�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �c�u�r�v�e� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� �t�o� 

�u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 

�9�.�1�.�4� �G�r�i�d� �C�l�a�s�s� 

�T�h�e� �g�r�i�d� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �d�r�a�w�i�n�g� �o�f� �t�h�e� �g�r�i�d�s� �o�n� �t�h�e� �g�r�a�p�h�.� �I�f� �t�h�e� �g�r�a�p�h� �i�s� �t�w�o� 

�d�i�m�e�n�s�i�o�n�a�l� �o�n�l�y� �o�n�e� �g�r�i�d� �i�s� �d�r�a�w�n� �i�n� �t�h�e� �X�Y� �p�l�a�n�e�.� �I�f� �t�h�e� �g�r�a�p�h� �i�s� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�a�l�,� 

�t�h�r�e�e� �s�e�p�a�r�a�t�e� �g�r�i�d�s� �a�r�e� �d�r�a�w�n�.� �O�n�e� �e�a�c�h� �i�n� �t�h�e� �X�Y�,� �X�Z�,� �a�n�d� �t�h�e� �Y�Z� �p�l�a�n�e�s�.� �E�a�c�h� �g�r�i�d� 

�i�n�q�u�i�r�e�s� �f�r�o�m� �t�h�e� �A�x�e�s� �c�l�a�s�s� �t�h�e� �s�t�a�r�t�i�n�g� �a�n�d� �e�n�d�i�n�g� �l�o�c�a�t�i�o�n�s� �o�f� �t�h�e� �a�x�e�s� �l�i�n�e�s� �a�n�d� �d�r�a�w�s� 

�t�h�e� �g�r�i�d� �a�c�c�o�r�d�i�n�g�l�y�.� �T�h�e� �d�e�f�a�u�l�t� �c�o�l�o�r� �f�o�r� �t�h�e� �g�r�i�d�s� �i�s� �g�r�a�y�.� �T�h�e� �g�r�i�d�s� �h�a�v�e� �t�w�e�n�t�y�-�f�i�v�e� 

�d�i�v�i�s�i�o�n�s� �a�l�o�n�g� �e�a�c�h� �a�x�e�s� �b�y� �d�e�f�a�u�l�t�.� �T�h�e� �G�r�i�d� �c�l�a�s�s�e�s� �a�l�s�o� �h�a�v�e� �p�o�i�n�t�e�r�s� �t�o� �t�h�e� 

�I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r� �c�l�a�s�s�.� 

�A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �g�r�i�d� �c�a�n� �b�e� �s�e�t� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �g�r�i�d� �i�s� �d�r�a�w�n� �b�y� �u�s�i�n�g� 

�t�h�e� �f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �T�h�e� �u�s�e�r� �o�f� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �b�y� 

�p�i�c�k�i�n�g� �t�h�e� �g�r�i�d�.� �T�h�i�s� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �h�i�m� �t�o� 

�c�h�a�n�g�e� �t�h�e� �g�r�i�d� �a�t�t�r�i�b�u�t�e�s� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.� �A� �l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� 
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�G�r�i�d� �c�l�a�s�s� �i�s� �g�i�v�e�n� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�G�r�i�d� �(�)� 

�G�r�i�d� �(�o�r�i�e�n�t�a�t�i�o�n�,� �x�-�s�t�a�r�t�-�p�t�,� �y�-�s�t�a�r�t�-�p�t�,� �z�-�s�t�a�r�t�-�p�t�,� �x�-�l�e�n�g�t�h�,� �y�-�l�e�n�g�t�h�,� �z�-�l�e�n�g�t�h�)� 

�G�r�i�d� �(�o�r�i�e�n�t�a�t�i�o�n�,� �x�-�s�t�a�r�t�-�p�t�,� �y�-�s�t�a�r�t�-�p�t�,� �z�-�s�t�a�r�t�-�p�t�,� �x�-�l�e�n�g�t�h�,� �y�-�l�e�n�g�t�h�,� �z�-�l�e�n�g�t�h�,� 

�n�u�m�b�e�r�-�x�-�d�i�v�i�s�i�o�n�,� �n�u�m�b�e�r�-�y�-�d�i�v�i�s�i�o�n�s�)� 

�G�r�i�d� �(�o�r�i�e�n�t�a�t�i�o�n�,� �x�-�s�t�a�r�t�-�p�t�,� �y�-�s�t�a�r�t�-�p�t�,� �z�-�s�t�a�r�t�-�p�t�,� �x�-�l�e�n�g�t�h�,� �y�-�l�e�n�g�t�h�,� �z�-�l�e�n�g�t�h�,� 

�n�u�m�b�e�r�-�x�-�d�i�v�i�s�i�o�n�,� �n�u�m�b�e�r�-�y�-�d�i�v�i�s�i�o�n�s�,� �c�o�l�o�r�)� 

�G�r�i�d� �(�o�r�i�e�n�t�a�t�i�o�n�,� �x�-�s�t�a�r�t�-�p�t�,� �y�-�s�t�a�r�t�-�p�t�,� �z�-�s�t�a�r�t�-�p�t�,� �x�-�l�e�n�g�t�h�,� �y�-�l�e�n�g�t�h�,� �z�-�l�e�n�g�t�h�,� 

�n�u�m�b�e�r�-�x�-�d�i�v�i�s�i�o�n�,� �n�u�m�b�e�r�-�y�-�d�i�v�i�s�i�o�n�s�,� �l�i�n�e�w�i�d�t�h�)� 

�G�r�i�d� �(�o�r�i�e�n�t�a�t�i�o�n�,� �x�-�s�t�a�r�t�-�p�t�,� �y�-�s�t�a�r�t�-�p�t�,� �z�-�s�t�a�r�t�-�p�t�,� �x�-�l�e�n�g�t�h�,� �y�-�l�e�n�g�t�h�,� �z�-�l�e�n�g�t�h�,� 

�n�u�m�b�e�r�-�x�-�d�i�v�i�s�i�o�n�,� �n�u�m�b�e�r�-�y�-�d�i�v�i�s�i�o�n�s�,� �l�i�n�e�w�i�d�t�h�,� �c�o�l�o�r�)� 

�S�e�e� �A�x�e�s� �C�l�a�s�s� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �c�o�n�s�t�r�u�c�t�o�r�s�.� 

�D�e�s�t�r�u�c�t�o�r�:� 

�~�G�r�i�d� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �g�r�i�d� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� �i�t� �i�s�,� �i�t� �w�i�l�l� 

�u�n�m�a�n�a�g�e� �t�h�e� �g�r�i�d�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�y� �t�h�e� 

�s�t�r�u�c�t�u�r�e�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�G�r�a�p�h� �E�n�t�i�t�y� �C�l�a�s�s�e�s� �6�6



�i�n�i�t�i�a�l�i�z�e�-�g�r�i�d� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �g�r�i�d� �w�i�t�h� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� �a�s�s�i�g�n�i�n�g� 

�d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �i�n�p�u�t� �a�t�t�r�i�b�u�t�e�s�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �D�r�a�w�s� �t�h�e� �g�r�i�d�.� �T�h�i�s� �d�i�s�p�l�a�y�s� �t�h�e� �g�r�i�d� �o�n� �t�h�e� �s�c�r�e�e�n�.� 

�s�e�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �c�o�l�o�r� �o�f� �t�h�e� �g�r�i�d�.� 

�s�e�t�_�l�i�n�e�w�i�d�t�h� �(�)�:� �S�e�t�s� �t�h�e� �l�i�n�e�w�i�d�t�h�.� 

�s�e�t�_�v�e�r�t�i�c�a�l�_�l�i�n�e�t�y�p�e� �(�)�:� �S�e�t�s� �l�i�n�e�t�y�p�e� �f�o�r� �t�h�e� �v�e�r�t�i�c�a�l� �g�r�i�d� �l�i�n�e�s�.� 

�s�e�t�_�h�o�r�i�z�o�n�t�a�l�_�l�i�n�e�t�y�p�e� �(�)�:� �S�e�t�s� �l�i�n�e�w�i�d�t�h� �f�o�r� �t�h�e� �h�o�r�i�z�o�n�t�a�l� �g�r�i�d� �l�i�n�e�s�.� 

�s�e�t�_�m�a�n�u�a�l�_�g�r�i�d�_�s�e�t� �(�)�:� �F�l�a�g� �i�f� �g�r�i�d� �h�a�s� �b�e�e�n� �c�h�a�n�g�e�d� �b�y� �u�s�e�r�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�a�x�e�s� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �A�x�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r� �c�l�a�s�s�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e�s� �t�h�e� �g�r�i�d�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� 

�a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �g�r�i�d�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� �o�f� 

�a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �g�r�i�d� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� �i�n� 

�t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�f�u�n�c�t�i�o�n� �c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 

�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �g�r�i�d� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� �t�o� 

�u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 
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�9�.�1�.�5� �L�e�g�e�n�d� �C�l�a�s�s� 

�T�h�e� �l�e�g�e�n�d� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �d�r�a�w�i�n�g� �o�f� �t�h�e� �l�e�g�e�n�d�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �I�f� �t�h�e� �g�r�a�p�h� �t�y�p�e� �i�s� 

�a� �b�a�r�,� �s�t�a�c�k� �b�a�r�,� �o�r� �p�i�e� �g�r�a�p�h� �t�h�e� �l�e�g�e�n�d� �d�r�a�w�s� �a� �b�o�x� �o�f� �t�h�e� �s�a�m�e� �c�o�l�o�r� �a�n�d� �i�n�t�e�r�i�o�r� �s�t�y�l�e� 

�a�s� �t�h�e� �b�a�r� �o�r� �p�i�e� �s�l�i�c�e� �o�n� �t�h�e� �g�r�a�p�h�.� �I�f� �t�h�e� �g�r�a�p�h� �t�y�p�e� �i�s� �a� �l�i�n�e� �g�r�a�p�h� �t�h�e� �l�e�g�e�n�d� �d�r�a�w�s� 

�a� �l�i�n�e� �o�f� �t�h�e� �s�a�m�e� �c�o�l�o�r�,� �s�t�y�l�e�,� �a�n�d� �m�a�r�k�e�r� �t�y�p�e� �a�s� �i�n� �t�h�e� �g�r�a�p�h�.� �B�o�t�h� �l�e�g�e�n�d� �t�y�p�e�s� �t�h�e�n� 

�h�a�v�e� �t�h�e� �l�e�g�e�n�d� �t�e�x�t� �d�i�s�p�l�a�y�e�d� �u�n�d�e�r�n�e�a�t�h� �t�h�e� �b�o�x� �o�r� �l�i�n�e�.� �W�i�t�h� �t�h�e� �b�a�r� �g�r�a�p�h�,� �e�a�c�h� �r�o�w� 

�o�f� �b�a�r�s� �h�a�s� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �c�o�l�u�m�n� �o�f� �l�e�g�e�n�d�s�.� �W�i�t�h� �t�h�e� �l�i�n�e� �g�r�a�p�h�,� �t�h�e� �l�e�g�e�n�d�s� �a�r�e� 

�d�i�s�p�l�a�y�e�d� �i�n� �a� �c�o�l�u�m�n� �f�o�r�m�a�t�.� �T�h�e� �L�e�g�e�n�d� �c�l�a�s�s� �c�o�n�t�a�i�n�s� �a� �p�o�i�n�t�e�r� �t�o� �t�h�e� �D�e�l�e�t�i�o�n� �F�i�l�t�e�r� 

�c�l�a�s�s�.� 

�A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �l�e�g�e�n�d� �c�a�n� �b�e� �s�e�t� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �l�e�g�e�n�d� �i�s� �d�r�a�w�n� �b�y� 

�u�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �T�h�e� �u�s�e�r� �o�f� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� 

�a�t�t�r�i�b�u�t�e�s� �b�y� �p�i�c�k�i�n�g� �t�h�e� �l�e�g�e�n�d�.� �T�h�i�s� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� �w�i�l�l� 

�a�l�l�o�w� �h�i�m� �t�o� �c�h�a�n�g�e� �t�h�e� �l�e�g�e�n�d� �a�t�t�r�i�b�u�t�e�s� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.� �A� �l�i�s�t� �o�f� 

�f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �L�e�g�e�n�d� �c�l�a�s�s� �i�s� �g�i�v�e�n� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�L�e�g�e�n�d� �(�)�:� 
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�L�e�g�e�n�d� �(�g�r�a�p�h� �t�y�p�e�,� �l�o�c�a�t�i�o�n�,� �l�e�g�e�n�d�-�w�i�d�t�h�,� �l�e�g�e�n�d�-�h�e�i�g�h�t�,� �t�e�x�t�-�s�t�r�i�n�g�)� 

�S�e�e� �A�x�e�s� �C�l�a�s�s� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �c�o�n�s�t�r�u�c�t�o�r�s�.� 

�D�e�s�t�r�u�c�t�o�r�:� 

�~�L�e�g�e�n�d� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �l�e�g�e�n�d� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� �i�t� �i�s�,� �i�t� 

�w�i�l�l� �u�n�m�a�n�a�g�e� �t�h�e� �l�e�g�e�n�d�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�y� �t�h�e� 

�s�t�r�u�c�t�u�r�e�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�l�e�g�e�n�d� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �l�e�g�e�n�d� �w�i�t�h� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� 

�a�s�s�i�g�n�i�n�g� �d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �i�n�p�u�t� �a�t�t�r�i�b�u�t�e�s�.� 

�s�e�t�_�l�i�n�e�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �l�i�n�e� �c�o�l�o�r�.� 

�s�e�t�_�l�i�n�e�w�i�d�t�h� �(�)�:� �S�e�t�s� �l�i�n�e�w�i�d�t�h�.� 

�s�e�t�_�l�i�n�e�t�y�p�e� �(�)�:� �S�e�t�s� �l�i�n�e�t�y�p�e�.� 

�s�e�t�_�m�a�r�k�e�r�_�s�c�a�l�e�_�f�a�c�t�o�r� �(�)�:� �S�e�t�s� �p�o�l�y�m�a�r�k�e�r� �s�c�a�l�e� �f�a�c�t�o�r�.� 

�s�e�t�_�m�a�r�k�e�r�_�t�y�p�e� �(�)�:� �S�e�t�s� �p�o�l�y�m�a�r�k�e�r� �t�y�p�e�.� 

�s�e�t�_�i�n�t�e�r�i�o�r�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �c�o�l�o�r�.� 

�s�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e� �(�)�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �s�t�y�l�e�.� 

�s�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n� �(�)�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n�.� 

�s�e�t�_�t�e�x�t�_�h�e�i�g�h�t� �(�)�:� �S�e�t�s� �t�e�x�t� �h�e�i�g�h�t�.� 

�s�e�t�_�t�e�x�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�e�x�t� �c�o�l�o�r�.� 
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�s�e�t�_�t�e�x�t�_�f�o�n�t� �(�)�:� �S�e�t�s� �t�e�x�t� �f�o�n�t�.� 

�s�e�t�_�l�e�g�e�n�d�_�w�i�d�t�h� �(�)�:� �S�e�t�s� �l�e�g�e�n�d� �w�i�d�t�h�.� 

�s�e�t�_�l�e�g�e�n�d�_�h�e�i�g�h�t� �(�)�:� �S�e�t�s� �l�e�g�e�n�d� �h�e�i�g�h�t�.� 

�s�e�t�_�l�e�g�e�n�d�_�l�o�c�a�t�i�o�n� �(�)�:� �S�e�t�s� �l�e�g�e�n�d� �l�o�c�a�t�i�o�n�.� 

�s�e�t�_�l�e�g�e�n�d�_�t�e�x�t� �(�)�:� �S�e�t� �t�e�x�t� �s�t�r�i�n�g� �f�o�r� �l�e�g�e�n�d�.� 

�s�e�t�_�g�r�a�p�h�_�t�y�p�e� �(�)�:� �S�e�t� �w�h�a�t� �t�y�p�e� �o�f� �g�r�a�p�h� �i�s� �b�e�i�n�g� �d�r�a�w�n�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �C�r�e�a�t�e�s� �l�e�g�e�n�d�.� �T�h�i�s� �d�i�s�p�l�a�y�s� �t�h�e� �l�e�g�e�n�d� �o�n� �t�h�e� �s�c�r�e�e�n�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e�s� �t�h�e� �l�e�g�e�n�d�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� 

�a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �l�e�g�e�n�d�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� �o�f� 

�a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �l�e�g�e�n�d� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� 

�i�n� �t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�f�u�n�c�t�i�o�n� �c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t�.�t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 

�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �l�e�g�e�n�d� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� �t�o� 

�u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 
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�9�.�1�.�6� �P�i�e� �C�l�a�s�s� 

�T�h�e� �p�i�e� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �d�r�a�w�i�n�g� �o�f� �t�h�e� �p�i�e� �s�l�i�c�e�s� �w�i�t�h�i�n� �a� �p�i�e� �g�r�a�p�h�.� �T�h�e� �d�e�f�a�u�l�t� �f�o�r� 

�a� �p�i�e� �s�l�i�c�e� �i�s� �a� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �s�l�i�c�e� �i�n� �t�h�e� �X�Y� �p�l�a�n�e�.� �I�f� �t�h�e� �g�r�a�p�h� �i�s� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�a�l�,� 

�t�h�e� �p�i�e� �w�i�l�l� �b�e� �c�i�r�c�u�l�a�r� �i�n� �t�h�e� �X�Z� �p�l�a�n�e� �a�n�d� �h�a�v�e� �h�e�i�g�h�t� �g�o�i�n�g� �u�p� �t�h�e� �Y� �a�x�i�s�.� �T�h�e� �d�a�t�a� 

�v�a�l�u�e� �f�o�r� �t�h�e� �p�i�e� �s�l�i�c�e� �w�i�l�l� �b�e� �n�o�r�m�a�l�i�z�e�d� �b�y� �s�u�m�m�i�n�g� �t�h�e� �e�n�t�i�r�e� �r�o�w� �o�f� �t�h�e� �d�a�t�a� �v�a�l�u�e�s� 

�a�n�d� �t�h�e�n� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �e�a�c�h� �i�n�d�i�v�i�d�u�a�l� �v�a�l�u�e�.� �T�h�e� �c�o�l�o�r� �o�f� �t�h�e� �p�i�e� �s�l�i�c�e�s� 

�w�i�l�l� �s�t�e�p� �u�p� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�n�d�e�x� �u�n�t�i�l� �t�h�e� �l�a�s�t� �e�n�t�r�y� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�s� �r�e�a�c�h�e�d�.� �T�h�e� 

�c�o�l�o�r� �i�n�d�e�x� �t�h�e�n� �w�r�a�p�s� �a�r�o�u�n�d� �t�o� �t�h�e� �f�i�r�s�t� �e�n�t�r�y�.� �T�h�e� �P�i�e� �c�l�a�s�s� �h�a�s� �a� �p�o�i�n�t�e�r� �t�o� �t�h�e� �D�a�t�a� 

�S�e�r�i�e�s� �a�n�d� �G�r�a�p�h� �c�l�a�s�s�e�s�.� 

�A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �p�i�e� �c�a�n� �b�e� �s�e�t� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �p�i�e� �i�s� �d�r�a�w�n� �b�y� �u�s�i�n�g� �t�h�e� 

�f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �T�h�e� �u�s�e�r� �o�f� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �b�y� 

�p�i�c�k�i�n�g� �t�h�e� �p�i�e�.� �T�h�i�s� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �h�i�m� �t�o� 

�c�h�a�n�g�e� �t�h�e� �p�i�e� �a�t�t�r�i�b�u�t�e�s� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.� �A� �l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� 

�P�i�e� �c�l�a�s�s� �i�s� �g�i�v�e�n� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�P�i�e� �(�)� 

�P�i�e� �(�2�D� �o�r� �3�D�,� �s�t�a�r�t�i�n�g� �a�n�g�l�e�,� �d�a�t�a� �v�a�l�u�e�)� 

�P�i�e� �(�2�D� �o�r� �3�D�,� �s�t�a�r�t�i�n�g� �a�n�g�l�e�,� �d�a�t�a� �v�a�l�u�e�,� �h�e�i�g�h�t�)� 

�P�i�e� �(�2�D� �o�r� �3�D�,� �s�t�a�r�t�i�n�g� �a�n�g�l�e�,� �d�a�t�a� �v�a�l�u�e�,� �h�e�i�g�h�t�,� �r�a�d�i�u�s�)� 
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�S�e�e� �A�x�e�s� �C�l�a�s�s� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �c�o�n�s�t�r�u�c�t�o�r�s�.� 

�D�e�s�t�r�u�c�t�o�r�:� 

�~�P�i�e� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �p�i�e� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� �i�t� �i�s�,� �i�t� �w�i�l�l� 

�u�n�m�a�n�a�g�e� �t�h�e� �p�i�e�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�y� �t�h�e� 

�S�t�r�u�c�t�u�r�e�.� 

�I�n�g�u�i�r�y� �F�u�n�c�t�i�o�n�s�:� 
� � 

�g�e�t�_�c�o�l�o�r�_�i�n�d�e�x� �(�)�:� �R�e�t�u�r�n�s� �c�o�l�o�r� �i�n�d�e�x� �b�e�i�n�g� �u�s�e�d�.� 

�g�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e� �(�)�:� �R�e�t�u�r�n�s� �i�n�t�e�r�i�o�r� �s�t�y�l�e�.� 

�g�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n� �(�)�:� �R�e�t�u�r�n�s� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�p�i�e� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �p�i�e� �s�l�i�c�e� �w�i�t�h� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� 

�a�s�s�i�g�n�i�n�g� �d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �i�n�p�u�t� �a�t�t�r�i�b�u�t�e�s�.� 

�s�e�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �c�o�l�o�r�.� 

�s�e�t�_�o�r�i�g�i�n� �(�)�:� �S�e�t�s� �t�h�e� �l�o�c�a�t�i�o�n� �f�o�r� �t�h�e� �o�r�i�g�i�n� �(�c�e�n�t�e�r�)� �o�f� �p�i�e� �g�r�a�p�h�.� 

�s�e�t�_�h�e�i�g�h�t� �(�)�:� �S�e�t�s� �t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �p�i�e� �s�l�i�c�e�.� 

�s�e�t�_�r�a�d�i�u�s� �(�)�:� �S�e�t�s� �t�h�e� �r�a�d�i�u�s� �o�f� �t�h�e� �p�i�e� �s�l�i�c�e�.� 

�s�e�t�_�c�o�l�u�m�n�_�c�o�u�n�t� �(�)�:� �T�e�l�l�s� �w�h�i�c�h� �c�o�l�u�m�n� �v�a�l�u�e� �o�f� �d�a�t�a� �S�e�r�i�e�s� �i�s� �p�r�e�s�e�n�t�l�y� �b�e�i�n�g� 

�d�r�a�w�n�.� 

�s�e�t�_�s�t�a�r�t�i�n�g� �a�n�g�l�e� �(�)�:� �S�e�t�s� �t�h�e� �a�n�g�l�e� �f�r�o�m� �w�h�i�c�h� �p�i�e� �s�l�i�c�e� �i�s� �t�o� �b�e� �s�t�a�r�t�e�d� �f�r�o�m�.� 
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�s�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e� �(�)�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �s�t�y�l�e�.� 

�s�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n� �(�)�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n�.� 

�s�e�t�_�p�i�e�_�t�y�p�e� �(�)�:� �2�D� �o�r� �3�D� �d�i�s�p�l�a�y�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�a�t�a�_�s�e�r�i�e�s� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �d�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�g�r�a�p�h� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �G�r�a�p�h� �c�l�a�s�s�.� 

�g�e�t�_�n�u�m�b�e�r�_�d�e�g�r�e�e� �(�)�:� �D�e�t�e�r�m�i�n�e� �n�u�m�b�e�r� �o�f� �d�e�g�r�e�e�s� �p�i�e� �s�l�i�c�e� �s�h�o�u�l�d� �r�e�p�r�e�s�e�n�t�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �D�r�a�w� �t�h�e� �p�i�e� �s�l�i�c�e�.� �T�h�i�s� �d�i�s�p�l�a�y�s� �t�h�e� �p�i�e� �s�l�i�c�e� �o�n� �t�h�e� �s�c�r�e�e�n�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �p�i�e� �s�l�i�c�e�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� 

�a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �p�i�e� �s�l�i�c�e�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� �o�f� 

�a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �p�i�e� �s�l�i�c�e� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� 

�i�n� �t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�f�u�n�c�t�i�o�n� �c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 

�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �p�i�e� �s�l�i�c�e� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� 

�t�o� �u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 
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�9�.�1�.�7� �P�o�l�a�r� �A�x�e�s� �C�l�a�s�s� 

�T�h�e� �p�o�l�a�r� �a�x�e�s� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �d�r�a�w�i�n�g� �o�f� �a� �p�o�l�a�r� �a�x�e�s� �f�o�r� �t�h�e� �g�r�a�p�h�.� �T�h�e� �p�o�l�a�r� �a�x�e�s� 

�a�r�e� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �a�x�e�s� �d�r�a�w�n� �i�n� �t�h�e� �X�Y� �p�l�a�n�e�.� �T�h�e� �d�e�f�a�u�l�t� �c�o�l�o�r� �f�o�r� �t�h�e� �a�x�e�s� �i�s� �r�e�d�.� 

�T�h�e� �a�x�e�s� �h�a�v�e� �f�o�u�r� �c�i�r�c�u�l�a�r� �d�i�v�i�s�i�o�n�s�.� �T�h�e� �c�l�a�s�s� �a�u�t�o�m�a�t�i�c�a�l�l�y� �s�c�a�l�e�s� �t�h�e� �a�x�e�s� �b�a�s�e�d� �o�n� 

�t�h�e� �d�a�t�a� �v�a�l�u�e� �a�r�r�a�y� �t�o� �b�e� �g�r�a�p�h�e�d�.� �T�h�e� �P�o�l�a�r�-�A�x�e�s� �c�l�a�s�s� �h�a�s� �a� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�v�i�s�i�b�i�l�i�t�y� 

�F�i�l�t�e�r� �a�n�d� �G�r�a�p�h� �c�l�a�s�s�e�s�.� 

�A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �p�o�l�a�r� �a�x�e�s� �c�a�n� �b�e� �s�e�t� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �p�o�l�a�r� �a�x�e�s� �i�s� �d�r�a�w�n� 

�b�y� �u�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �T�h�e� �u�s�e�r� �o�f� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� 

�a�t�t�r�i�b�u�t�e�s� �b�y� �p�i�c�k�i�n�g� �t�h�e� �p�o�l�a�r� �a�x�e�s�.� �T�h�i�s� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� 

�w�i�l�l� �a�l�l�o�w� �h�i�m� �t�o� �c�h�a�n�g�e� �t�h�e� �p�o�l�a�r� �a�x�e�s� �a�t�t�r�i�b�u�t�e�s� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.�A� 

�l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �P�o�l�a�r�-�A�x�e�s� �c�l�a�s�s� �i�f� �g�i�v�e�n� �b�e�l�o�w�.� 

�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�P�o�l�a�r�_�A�x�e�s� �(�)� 

�P�o�l�a�r�_�A�x�e�s� �(�o�r�i�g�i�n�,� �r�a�d�i�u�s�)� 

�P�o�l�a�r�_�A�x�e�s� �(�o�r�i�g�i�n�,� �r�a�d�i�u�s�,� �c�o�l�o�r�)� 

�P�o�l�a�r�_�A�x�e�s� �(�o�r�i�g�i�n�,� �r�a�d�i�u�s�,� �l�i�n�e�w�i�d�t�h�)� 

�P�o�l�a�r�_�A�x�e�s� �(�o�r�i�g�i�n�,� �r�a�d�i�u�s�,� �l�i�n�e�w�i�d�t�h�,� �c�o�l�o�r�)� 

�S�e�e� �A�x�e�s� �C�l�a�s�s� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �c�o�n�s�t�r�u�c�t�o�r�s�.� 
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�D�e�s�t�r�u�c�t�o�r�:� 

�~�P�o�l�a�r�_�A�x�e�s� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �p�o�l�a�r�-�a�x�e�s� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� 

�i�t� �1�s�,� �i�t� �w�i�l�l� �u�n�m�a�n�a�g�e� �t�h�e� �p�o�l�a�r�-�a�x�e�s�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� 

�e�m�p�t�y� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 

�I�n�q�u�i�r�y� �F�u�n�c�t�i�o�n�s�:� 

�g�e�t�_�x�_�o�r�i�g�i�n�_�p�o�i�n�t� �(�)�:� �R�e�t�u�r�n�s� �x� �v�a�l�u�e� �o�f� �g�r�a�p�h� �o�r�i�g�i�n�.� 

�g�e�t�_�y�_�o�r�i�g�i�n�_�p�o�i�n�t� �(�)�:� �R�e�t�u�r�n�s� �y� �v�a�l�u�e� �o�f� �g�r�a�p�h� �o�r�i�g�i�n�.� 

�g�e�t�_�z�_�o�r�i�g�i�n�_�p�o�i�n�t� �(�Q�)�:� �R�e�t�u�r�n�s� �z� �v�a�l�u�e� �o�f� �g�r�a�p�h� �o�r�i�g�i�n�.� 

�g�e�t�_�g�r�a�p�h�_�r�a�d�i�u�s� �(�)�:� �R�e�t�u�r�n�s� �r�a�d�i�u�s� �o�f� �g�r�a�p�h�.� 

�g�e�t�_�h�i�_�m�a�g�n�i�t�u�d�e� �(�)�:� �R�e�t�u�r�n�s� �h�i�g�h� �m�a�g�n�i�t�u�d�e� �o�f� �p�o�l�a�r�_�a�x�e�s�.� 

�g�e�t�_�l�o�w�_�m�a�g�n�i�t�u�d�e� �(�)�:� �R�e�t�u�r�n�s� �l�o�w� �m�a�g�n�i�t�u�d�e� �o�f� �p�o�l�a�r�_�a�x�e�s�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�a�x�e�s� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �p�o�l�a�r�-�a�x�e�s� �w�i�t�h� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� 

�a�s�s�i�g�n�i�n�g� �d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �i�n�p�u�t� �a�t�t�r�i�b�u�t�e�s�.� 

�s�e�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �c�o�l�o�r� �o�f� �t�h�e� �a�x�e�s�.� 

�s�e�t�_�l�i�n�e�w�i�d�t�h� �(�)�:� �S�e�t�s� �t�h�e� �l�i�n�e�w�i�d�t�h�.� 

�s�e�t�_�n�u�m�b�e�r�_�c�i�r�c�l�e�s� �(�)�:� �S�e�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�i�r�c�u�l�a�r� �d�i�v�i�s�i�o�n�s�.� 

�s�e�t�_�x�_�t�e�x�t�_�h�e�i�g�h�t� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �h�e�i�g�h�t� �o�f� �a�x�e�s� �l�a�b�e�l�s�.� 

�s�e�t�_�x�_�t�e�x�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �a�x�e�s� �t�e�x�t� �c�o�l�o�r�.� 

�s�e�t�_�g�r�a�p�h�_�r�a�d�i�u�s� �(�)�:� �S�e�t� �r�a�d�i�u�s� �o�f� �p�o�l�a�r�-�a�x�e�s�.� 
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�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�a�t�a�_�s�e�r�i�e�s� �(�)�:� �S�e�t� �p�o�i�n�t�e�r� �t�o� �d�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r� �Q�:� �S�e�t� �p�o�i�n�t�e�r� �t�o� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�g�r�a�p�h�_�c�l�a�s�s� �(�)�:� �S�e�t� �p�o�i�n�t�e�r� �t�o� �G�r�a�p�h� �c�l�a�s�s�.� 

�s�c�a�l�e�_�a�x�e�s� �(�)�:� �D�e�t�e�r�m�i�n�e� �a�p�p�r�o�p�r�i�a�t�e� �s�c�a�l�e� �f�o�r� �p�o�l�a�r�-�a�x�e�s�.� �U�s�e�s� �t�h�e� �s�a�m�e� �m�e�t�h�o�d� 

�a�s� �A�x�e�s� �c�l�a�s�s� �d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r�.� 

�m�a�n�u�a�l�_�s�c�a�l�e�_�a�x�e�s� �(�)�:� �S�e�t� �s�c�a�l�e� �f�o�r� �p�o�l�a�r�-�a�x�e�s�.� �U�s�e�s� �s�a�m�e� �m�e�t�h�o�d� �a�s� �A�x�e�s� �c�l�a�s�s� 

�d�e�s�c�r�i�b�e�d� �e�a�r�l�i�e�r�.� 

�x�_�a�x�e�s�_�m�a�r�k�s� �(�)�:� �D�r�a�w� �p�o�l�a�r�-�a�x�e�s� �l�a�b�e�l�s�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e�(�)�:� �D�r�a�w� �t�h�e� �p�o�l�a�r�-�a�x�e�s�.� �T�h�i�s� �d�i�s�p�l�a�y�s� �t�h�e� �p�o�l�a�r� �a�x�e�s� �o�n� �t�h�e� 

�s�c�r�e�e�n�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e� �t�h�e� �p�o�l�a�r�-�a�x�e�s�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� 

�a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �p�i�e� �s�l�i�c�e�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� �o�f� 

�a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �p�o�l�a�r� �a�x�e�s� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� 

�i�n� �t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�f�u�n�c�t�i�o�n� �c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 

�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �p�i�e� �s�l�i�c�e� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� 

�t�o� �u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 
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�9�.�1�8� �S�t�a�c�k�e�d� �B�a�r� 

�T�h�e� �S�t�a�c�k�e�d� �B�a�r� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �d�r�a�w�i�n�g� �o�f� �e�a�c�h� �s�t�a�c�k� �b�a�r� �i�n� �a� �s�t�a�c�k�e�d� �b�a�r� �g�r�a�p�h�.� �T�h�e� 

�b�a�r� �l�o�c�a�t�i�o�n� �a�n�d� �w�i�d�t�h� �i�n� �b�o�t�h� �t�h�e� �X� �a�n�d� �Z� �d�i�m�e�n�s�i�o�n�s� �a�r�e� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� 

�b�a�r�s� �t�o� �b�e� �d�r�a�w�n� �a�l�o�n�g� �e�a�c�h� �a�x�e�s�.� �T�h�e� �b�a�r� �h�e�i�g�h�t� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �i�n�q�u�i�r�i�n�g� �t�h�e� �l�i�m�i�t�s� 

�o�f� �t�h�e� �a�x�e�s� �f�r�o�m� �t�h�e� �A�x�e�s� �c�l�a�s�s�.� �T�h�e� �b�a�r� �d�a�t�a� �i�s� �t�h�e�n� �b�e� �n�o�r�m�a�l�i�z�e�d� �t�o� �t�h�e� �a�x�e�s� �v�a�l�u�e�s�.� 

�T�h�e� �b�a�r�s� �a�r�e� �d�r�a�w�n� �w�i�t�h� �a� �s�o�l�i�d� �i�n�t�e�r�i�o�r� �u�n�l�e�s�s� �t�h�e� �u�s�e�r� �s�p�e�c�i�f�i�e�s� �o�t�h�e�r�w�i�s�e�.� �T�h�e� �c�o�l�o�r� 

�o�f� �t�h�e� �b�a�r� �s�t�e�p�s� �u�p� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�n�d�e�x� �u�n�t�i�l� �t�h�e� �l�a�s�t� �e�n�t�r�y� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�s� �r�e�a�c�h�e�d�.� 

�T�h�e� �c�o�l�o�r� �i�n�d�e�x� �t�h�e�n� �w�r�a�p�s� �a�r�o�u�n�d� �t�o� �t�h�e� �f�i�r�s�t� �e�n�t�r�y�.� �T�h�e� �S�t�a�c�k�e�d� �B�a�r� �c�l�a�s�s� �c�o�n�t�a�i�n�s� 

�p�o�i�n�t�e�r�s� �t�o� �t�h�e� �G�r�a�p�h� �a�n�d� �D�e�l�e�t�i�o�n� �F�i�l�t�e�r� �c�l�a�s�s�e�s�.� 

�W�h�e�n� �t�h�e� �S�t�a�c�k�e�d� �B�a�r� �c�l�a�s�s� �c�o�n�s�t�r�u�c�t�o�r� �i�s� �c�a�l�l�e�d� �t�h�e� �b�a�r� �i�s� �a�s�s�i�g�n�e�d� �d�e�f�a�u�l�t� �a�t�t�r�i�b�u�t�e�s�.� 

�U�n�l�e�s�s� �t�h�e� �u�s�e�r� �h�a�s� �i�n�p�u�t� �t�h�e� �p�o�s�i�t�i�o�n� �f�o�r� �t�h�e� �b�a�r�,� �i�t�s� �l�o�c�a�t�i�o�n� �i�s� �c�a�l�c�u�l�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�h�e� 

�p�o�s�i�t�i�o�n� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y� �t�h�e� �b�a�r� �r�e�p�r�e�s�e�n�t�s�.� �T�h�e� �b�a�r� �i�s� �t�h�e�n� �d�r�a�w�n�.� �A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� 

�s�t�a�c�k� �b�a�r� �c�a�n� �b�e� �s�e�t� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �s�t�a�c�k� �b�a�r� �i�s� �d�r�a�w�n� �b�y� �u�s�i�n�g� �t�h�e� 

�f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �T�h�e� �u�s�e�r� �o�f� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �b�y� 

�p�i�c�k�i�n�g� �t�h�e� �s�t�a�c�k� �b�a�r�.� �T�h�i�s� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �h�i�m� 

�t�o� �c�h�a�n�g�e� �t�h�e� �s�t�a�c�k� �b�a�r� �a�t�t�r�i�b�u�t�e�s� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.� �A� �l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� 

�i�n� �t�h�e� �S�t�a�c�k�e�d� �B�a�r� �c�l�a�s�s� �i�s� �g�i�v�e�n� �b�e�l�o�w�:� 
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�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�S�t�a�c�k�_�B�a�r� �(�)� 

�S�t�a�c�k�_�B�a�r� �(�2�D� �o�r� �3�D�,� �d�a�t�a� �v�a�l�u�e�,� �b�a�r� �l�o�c�a�t�i�o�n�,� �b�a�r� �w�i�d�t�h�)� 

�S�t�a�c�k�_�B�a�r� �(�2�D� �o�r� �3�D�,� �d�a�t�a� �v�a�l�u�e�,� �b�a�r� �l�o�c�a�t�i�o�n�,� �b�a�r� �w�i�d�t�h�,� �c�o�l�o�r�)� 

�S�t�a�c�k�_�B�a�r� �(�2�D� �o�r� �3�D�,� �d�a�t�a� �v�a�l�u�e�,� �b�a�r� �l�o�c�a�t�i�o�n�,� �b�a�r� �w�i�d�t�h�,� �c�o�l�o�r�,� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n�)� 

�S�e�e� �A�x�e�s� �C�l�a�s�s� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �c�o�n�s�t�r�u�c�t�o�r�s�.� 

�D�e�s�t�r�u�c�t�o�r�:� 

�~�S�t�a�c�k�_�B�a�r� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �s�t�a�c�k� �b�a�r� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� �i�t� 

�i�s�,� �i�t� �w�i�l�l� �u�n�m�a�n�a�g�e� �t�h�e� �s�t�a�c�k� �b�a�r�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� 

�e�m�p�t�y� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 

�I�n�q�u�i�r�y� �F�u�n�c�t�i�o�n�s�:� 

�g�e�t�_�c�o�l�o�r�_�i�n�d�e�x� �(�)�:� �R�e�t�u�r�n�s� �c�o�l�o�r� �i�n�d�e�x� �f�o�r� �t�h�e� �b�a�r�.� 

�g�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e� �(�)�:� �R�e�t�u�r�n�s� �i�n�t�e�r�i�o�r� �s�t�y�l�e� �f�o�r� �t�h�e� �b�a�r�.� 

�g�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n� �(�)�:� �R�e�t�u�r�n�s� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r� �f�o�r� �t�h�e� �b�a�r�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�b�a�r� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �s�t�a�c�k� �b�a�r� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� 

�a�s�s�i�g�n�i�n�g� �d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �i�n�p�u�t� �a�t�t�r�i�b�u�t�e�s�.� 

�s�e�t�_�c�o�l�o�r� �(�)�:� �S�e�t�s� �t�h�e� �c�o�l�o�r� �o�f� �b�a�r�.� 
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�s�e�t�_�b�a�r�_�l�o�c�a�t�i�o�n� �(�)�:� �S�e�t�s� �b�a�r�s� �l�o�c�a�t�i�o�n�.� 

�s�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e� �(�)�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �s�t�y�l�e� �o�f� �b�a�r�.� 

�s�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n� �(�)�:� �S�e�t�s� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n� �o�f� �b�a�r�.� 

�s�e�t�_�t�o�t�a�l�_�n�u�m�b�e�r�_�o�f�_�b�a�r�s� �(�)�:� �S�e�t�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �b�a�r�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� �T�h�i�s� 

�n�u�m�b�e�r� �i�s� �u�s�e�d� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �l�o�c�a�t�i�o�n� �o�f� �b�a�r�s� �w�h�e�n� �i�t� �i�s� �n�o�t� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� 

�u�s�e�r�.� 

�s�e�t�_�r�o�w�_�c�o�u�n�t� �(�)�:� �S�e�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �r�o�w� �i�n� �d�a�t�a� �s�e�r�i�e�s� �p�r�e�s�e�n�t�l�y� �b�e�i�n�g� �g�r�a�p�h�e�d�.� 

�s�e�t�_�c�o�l�u�m�n�_�c�o�u�n�t� �(�)�:� �S�e�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�l�u�m�n� �i�n� �d�a�t�a� �s�e�r�i�e�s� �p�r�e�s�e�n�t�l�y� �b�e�i�n�g� 

�g�r�a�p�h�e�d�.� 

�s�e�t�_�t�o�t�a�l�_�n�u�m�b�e�r�_�s�e�t�s� �(�)�:� �S�e�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �s�e�r�i�e�s� �b�e�i�n�g� �g�r�a�p�h�e�d�.� 

�s�e�t�_�Y�l�a�s�t� �(�)�:� �S�e�t� �t�h�e� �s�t�a�r�t�i�n�g� �p�o�s�i�t�i�o�n� �f�o�r� �t�h�e� �s�t�a�c�k� �b�a�r�.� 

�s�e�t�_�b�a�r�_�t�y�p�e� �Q�:� �2�D� �o�r� �3�D� �d�i�s�p�l�a�y�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�a�t�a�_�s�e�r�i�e�s� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �d�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�a�x�e�s� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �A�x�e�s� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�e�l�e�t�i�o�n�_�f�i�l�t�e�r� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �D�e�l�e�t�i�o�n� �F�i�l�t�e�r� �c�l�a�s�s�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�g�r�a�p�h� �(�)�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �G�r�a�p�h� �c�l�a�s�s�.� 

�g�e�t�_�b�a�r�_�h�e�i�g�h�t� �(�)�:� �R�e�t�u�r�n� �t�h�e� �h�e�i�g�h�t� �o�f� �t�h�e� �b�a�r� �b�e�i�n�g� �d�r�a�w�n�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �D�r�a�w�s� �t�h�e� �b�a�r�.� �T�h�i�s� �d�i�s�p�l�a�y�s� �t�h�e� �s�t�a�c�k� �b�a�r� �o�n� �t�h�e� �s�c�r�e�e�n�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e�s� �t�h�e� �b�a�r�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �d�e�l�e�t�e� �o�r� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� 

�t�o� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �s�t�a�c�k� �b�a�r�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� 

�m�e�a�n�s� �o�f� �a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �s�t�a�c�k� �b�a�r� �w�h�i�l�e� 
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�s�t�i�l�l� �b�e�i�n�g� �i�n� �t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� 

�a�p�p�r�o�p�r�i�a�t�e� �f�u�n�c�t�i�o�n� �c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 

�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �s�t�a�c�k� �b�a�r� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� 

�t�o� �u�s�e�,� �t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� 

�M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 

�9�.�1�.�9� �T�e�x�t� 

�T�h�e� �T�e�x�t� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �t�e�x�t� �s�t�r�i�n�g�s� �t�h�a�t� �a�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �g�r�a�p�h�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �t�h�e� 

�t�i�t�l�e�s� �a�n�d� �t�h�e� �l�e�g�e�n�d� �t�e�x�t� �s�t�r�i�n�g�s�.� �T�h�e� �T�e�x�t� �c�l�a�s�s� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �c�o�n�t�r�o�l� �o�v�e�r� �t�h�e� �t�e�x�t� 

�s�t�r�i�n�g�,� �t�e�x�t� �f�o�n�t�,� �t�e�x�t� �h�e�i�g�h�t�,� �t�e�x�t� �c�o�l�o�r�,� �a�n�d� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �t�e�x�t�.� �T�h�e� �t�e�x�t� �i�s� �a�n�n�o�t�a�t�i�o�n� 

�t�e�x�t� �s�o� �t�h�a�t� �i�t� �i�s� �a�l�w�a�y�s� �l�e�g�i�b�l�e� �t�o� �t�h�e� �u�s�e�r�.� 

�A�t�t�r�i�b�u�t�e�s� �f�o�r� �t�h�e� �t�e�x�t� �c�a�n� �b�e� �s�e�t� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �b�e�f�o�r�e� �t�h�e� �t�e�x�t� �i�s� �d�r�a�w�n� �b�y� �u�s�i�n�g� �t�h�e� 

�f�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�e�l�o�w�.� �T�h�e� �u�s�e�r� �o�f� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �a�l�s�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �b�y� 

�p�i�c�k�i�n�g� �t�h�e� �t�e�x�t�.� �T�h�i�s� �w�i�l�l� �p�r�o�v�i�d�e� �t�h�e� �u�s�e�r� �w�i�t�h� �a� �p�o�p�-�u�p� �m�e�n�u� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �h�i�m� �t�o� 

�c�h�a�n�g�e� �t�h�e� �t�e�x�t� �a�t�t�r�i�b�u�t�e�s� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �m�o�d�i�f�y� �t�h�e� �c�o�d�e�.� �A� �l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� 
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�t�e�x�t� �c�l�a�s�s� �i�s� �g�i�v�e�n� �b�e�l�o�w�:� 

�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�T�e�x�t� �(�0� 

�T�e�x�t� �(�x�-�l�o�c�a�t�i�o�n�,� �y�-�l�o�c�a�t�i�o�n�,� �z�-�l�o�c�a�t�i�o�n�,� �t�e�x�t� �s�t�r�i�n�g�)� 

�S�e�e� �A�x�e�s� �C�l�a�s�s� �f�o�r� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �c�o�n�s�t�r�u�c�t�o�r�s�.� 

�D�e�s�t�r�u�c�t�o�r�:� 

�~�T�e�x�t� �(�)�:� �T�h�i�s� �f�u�n�c�t�i�o�n� �c�h�e�c�k�s� �i�f� �t�h�e� �t�e�x�t� �i�s� �p�r�e�s�e�n�t�l�y� �m�a�n�a�g�e�d�.� �I�f� �i�t� �i�s�,� �i�t� �w�i�l�l� 

�u�n�m�a�n�a�g�e� �t�h�e� �s�t�r�u�c�t�u�r�e�,� �d�i�s�a�s�s�o�c�i�a�t�e� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�y� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�t�e�x�t� �(�)�:� �I�n�i�t�i�a�l�i�z�e�s� �t�h�e� �t�e�x�t� �w�i�t�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �a�t�t�r�i�b�u�t�e�s�,� �e�i�t�h�e�r� �b�y� 

�a�s�s�i�g�n�i�n�g� �d�e�f�a�u�l�t�s� �o�r� �g�i�v�i�n�g� �u�s�e�r� �i�n�p�u�t� �a�t�t�r�i�b�u�t�e�s�.� 

�s�e�t�_�t�e�x�t�_�c�o�l�o�r� �Q�:� �S�e�t�s� �t�h�e� �t�e�x�t� �c�o�l�o�r�.� 

�s�e�t�_�t�e�x�t�_�h�e�i�g�h�t� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �h�e�i�g�h�t�.� 

�s�e�t�_�t�e�x�t�_�f�o�n�t� �(�)�:� �S�e�t�s� �t�h�e� �t�e�x�t� �f�o�n�t�.� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r� �Q�:� �S�e�t�s� �p�o�i�n�t�e�r� �t�o� �I�n�v�i�s�i�b�i�l�i�t�y� �F�i�l�t�e�r� �c�l�a�s�s�.� 

�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �D�r�a�w�s� �t�h�e� �t�e�x�t� �s�t�r�u�c�t�u�r�e�.� �T�h�i�s� �d�i�s�p�l�a�y�s� �t�h�e� �t�e�x�t� �o�n� �t�h�e� �s�c�r�e�e�n�.� 

�r�e�c�r�e�a�t�e�_�s�t�r�u�c�t�u�r�e� �(�)�:� �R�e�c�r�e�a�t�e�s� �t�h�e� �t�e�x�t� �s�t�r�u�c�t�u�r�e�.� 

�p�e�r�f�o�r�m� �(�)�:� �C�r�e�a�t�e�s� �a� �p�o�p�-�u�p� �m�e�n�u� �t�o� �a�l�l�o�w� �u�s�e�r� �t�o� �m�a�k�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� �t�o� �t�h�e� 
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�a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �t�e�x�t�.� �U�s�i�n�g� �t�h�e� �p�o�p�-�u�p� �m�e�n�u� �g�i�v�e�s� �t�h�e� �u�s�e�r� �t�h�e� �m�e�a�n�s� �o�f� 

�a�c�c�e�s�s�i�n�g� �t�h�e� �f�u�n�c�t�i�o�n�s� �t�o� �c�h�a�n�g�e� �t�h�e� �a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �t�e�x�t� �w�h�i�l�e� �s�t�i�l�l� �b�e�i�n�g� �i�n� 

�t�h�e� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �u�s�e�r� �c�h�a�n�g�e�s� �o�n�e� �o�f� �t�h�e� �a�t�t�r�i�b�u�t�e�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�f�u�n�c�t�i�o�n� �c�a�l�l� �i�s� �m�a�d�e� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �r�e�s�e�t� �t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 

�I�n�h�e�r�i�t�e�d� �V�i�r�t�u�a�l� �F�u�n�c�t�i�o�n�s� 

�m�a�n�a�g�e� �(�)�:� �T�e�l�l�s� �t�h�e� �t�e�x�t� �w�h�a�t� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �t�o� �u�s�e�,� �w�h�i�c�h� �v�i�e�w� �i�n�d�e�x� �t�o� �u�s�e�,� 

�t�h�e� �p�r�i�o�r�i�t�y� �t�o� �g�i�v�e� �t�h�e� �v�i�e�w�,� �a�n�d� �p�a�s�s�e�s� �t�h�e� �p�o�i�n�t�e�r� �t�o� �t�h�e� �I�n�t�e�r�f�a�c�e� �M�a�n�a�g�e�r�.� 

�u�n�m�a�n�a�g�e� �(�)�:� �D�i�s�a�s�s�o�c�i�a�t�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e� �f�r�o�m� �t�h�e� �v�i�e�w� �a�n�d� �e�m�p�t�i�e�s� �t�h�e� �s�t�r�u�c�t�u�r�e�.� 
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�1�0�.�0� �O�t�h�e�r� �C�l�a�s�s�e�s� 

�1�0�.�1� �D�a�t�a� �S�e�r�i�e�s� �C�l�a�s�s� 

�T�h�e� �D�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s� �p�r�o�v�i�d�e�s� �t�h�e� �m�e�a�n�s� �t�o� �a�c�c�e�s�s� �a�n�d� �m�a�n�i�p�u�l�a�t�e� �t�h�e� �d�a�t�a� �a�r�r�a�y� �s�e�n�t� �i�n� 

�t�o� �b�e� �g�r�a�p�h�e�d�.� �T�h�i�s� �c�l�a�s�s� �p�r�o�v�i�d�e�s� �t�h�e� �m�a�t�h�e�m�a�t�i�c�a�l� �f�u�n�c�t�i�o�n�s� �r�e�q�u�i�r�e�d� �b�y� �t�h�e� �g�r�a�p�h� 

�c�l�a�s�s�e�s� �t�o� �s�u�p�p�l�y� �t�h�e� �d�a�t�a� �v�a�l�u�e�s� �a�n�d� �n�o�r�m�a�l�i�z�e� �t�h�e�m� �c�o�r�r�e�c�t�l�y� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �t�y�p�e� �o�f� 

�g�r�a�p�h� �b�e�i�n�g� �p�r�o�d�u�c�e�d�.� �I�t� �a�l�s�o� �c�o�n�t�a�i�n�s� �t�h�e� �f�u�n�c�t�i�o�n�s� �w�h�i�c�h� �d�e�t�e�r�m�i�n�e� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� 

�p�o�i�n�t�s� �f�o�r� �t�h�e� �c�u�r�v�e� �c�l�a�s�s�.� �A� �l�i�s�t� �o�f� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �D�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s� �i�s� �g�i�v�e�n� �b�e�l�o�w�.� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�s�e�t�_�d�a�t�a� �(�)�:� �S�e�t� �d�a�t�a� �a�r�r�a�y� �t�o� �b�e� �g�r�a�p�h�e�d� �i�n� �D�a�t�a� �S�e�r�i�e�s� �c�l�a�s�s�.� 

�g�e�t�_�m�a�x�i�m�u�m�_�d�a�t�a�_�v�a�l�u�e� �(�)�:� �D�e�t�e�r�m�i�n�e� �m�a�x�i�m�u�m� �d�a�t�a� �v�a�l�u�e�.� 

�g�e�t�_�m�i�n�i�m�u�m�_�d�a�t�a�_�v�a�l�u�e� �(�)�:� �D�e�t�e�r�m�i�n�e� �m�i�n�i�m�u�m� �d�a�t�a� �v�a�l�u�e�.� 

�g�e�t�_�n�u�m�b�e�r�_�r�o�w�s� �(�)�:� �R�e�t�u�r�n� �n�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �d�a�t�a� �a�r�r�a�y�.� 

�g�e�t�_�n�u�m�b�e�r�_�c�o�l�u�m�n�s� �(�)�:� �R�e�t�u�r�n� �n�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �d�a�t�a� �a�r�r�a�y�.� 

�g�e�t�_�n�o�r�m�a�l�i�z�e�d�_�d�a�t�a�_�v�a�l�u�e� �(�)�:� �R�e�t�u�r�n� �n�o�r�m�a�l�i�z�e�d� �d�a�t�a� �v�a�l�u�e�.� 

�g�e�t�_�m�a�x�i�m�u�m�_�r�o�w�_�s�u�m� �(�)�:� �D�e�t�e�r�m�i�n�e� �m�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �e�a�c�h� �r�o�w� �s�u�m�m�e�d�.� 

�g�e�t�_�v�a�l�u�e� �(�)�:� �R�e�t�u�r�n� �v�a�l�u�e� �o�f� �d�a�t�a� �a�r�r�a�y� �p�o�s�i�t�i�o�n�.� 

�c�u�r�v�e�_�f�i�t� �(�)�:� �S�e�t� �u�p� �v�a�r�i�a�b�l�e�s� �n�e�e�d�e�d� �f�o�r� �c�u�r�v�e�-�f�i�t�t�i�n�g� �a�l�g�o�r�i�t�h�m�.� 
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�s�p�l�3�d� �Q�:� �C�o�m�p�u�t�e� �c�h�o�r�d� �l�e�n�g�t�h�s�.� 

�s�p�l�i�n�e� �(�)�:� �U�s�e� �b�l�e�n�d�i�n�g� �f�u�n�c�t�i�o�n�s� �a�n�d� �c�o�m�p�u�t�e� �p�o�i�n�t�s� �f�o�r� �c�u�r�v�e�.� 

�1�0�.�2� �C�o�n�t�r�o�l� �E�n�t�i�t�i�e�s� 

�F�i�l�t�e�r�s� �i�n� �P�H�I�G�S� �a�r�e� �a� �m�e�a�n�s� �o�f� �a�p�p�l�y�i�n�g� �a�t�t�r�i�b�u�t�e�s� �t�o� �o�n�l�y� �c�e�r�t�a�i�n� �s�t�r�u�c�t�u�r�e� �e�l�e�m�e�n�t�s�,� �a�s� 

�o�p�p�o�s�e�d� �t�o� �a�l�l� �e�l�e�m�e�n�t�s� �i�n� �a� �s�t�r�u�c�t�u�r�e�.� �C�o�n�t�r�o�l� �c�l�a�s�s�e�s� �w�e�r�e� �n�e�c�e�s�s�a�r�y� �t�o� �c�o�n�t�r�o�l� �t�h�e� 

�P�H�I�G�S� �f�i�l�t�e�r�s�.� �T�h�e� �P�H�I�G�S� �f�i�l�t�e�r�s� �t�o�t�a�l�l�y� �r�e�s�e�t� �t�h�e� �f�i�l�t�e�r� �a�f�t�e�r� �e�v�e�r�y� �c�a�l�l� �m�a�d�e� �t�o� �t�h�e�m�.� 

�T�h�e� �f�i�l�t�e�r�s� �d�o� �n�o�t� �a�p�p�e�n�d� �a� �n�a�m�e� �t�o� �o�r� �r�e�m�o�v�e� �i�t� �f�r�o�m� �t�h�e� �f�i�l�t�e�r�.� �T�h�i�s� �c�r�e�a�t�e�s� �a� �l�o�t� �o�f� 

�o�v�e�r�h�e�a�d� �f�o�r� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �i�n� �c�o�n�s�t�a�n�t�l�y� �m�a�i�n�t�a�i�n�i�n�g� �w�h�a�t� �s�h�o�u�l�d� �o�r� �s�h�o�u�l�d� �n�o�t� �b�e� 

�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �f�i�l�t�e�r� �a�t� �a�l�l� �p�o�i�n�t�s� �i�n� �t�h�e� �p�r�o�g�r�a�m�.� �T�h�e� �c�r�e�a�t�i�o�n� �o�f� �t�h�e� �c�o�n�t�r�o�l� �c�l�a�s�s�e�s� 

�a�l�l�e�v�i�a�t�e�s� �t�h�i�s� �t�a�s�k� �f�o�r� �t�h�e� �p�r�o�g�r�a�m�m�e�r�.� �B�y� �u�s�i�n�g� �t�h�e� �f�i�l�t�e�r�s� �o�n�e� �i�t�e�m� �c�a�n� �b�e� �a�p�p�e�n�d�e�d� 

�o�r� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �f�i�l�t�e�r�,� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�o� �b�e� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �r�e�s�e�t�t�i�n�g� �a�l�l� �o�t�h�e�r� �f�i�l�t�e�r� 

�v�a�l�u�e�s�.� 

�1�0�.�2�.�1� �D�e�l�e�t�i�o�n� �C�l�a�s�s� 

�T�h�e� �D�e�l�e�t�i�o�n� �C�l�a�s�s� �i�s� �n�o�t� �a� �P�H�I�G�S� �f�i�l�t�e�r�.� �T�h�i�s� �c�l�a�s�s� �i�s� �c�r�e�a�t�e�d� �f�o�r� �a� �f�i�l�t�e�r� �a�t� �t�h�e� �s�t�r�u�c�t�u�r�e� 

�l�e�v�e�l�.� �T�h�e� �D�e�l�e�t�i�o�n� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� �F�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�i�s� �c�l�a�s�s� 
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�a�l�l�o�w� �t�h�e� �u�s�e�r� �t�o� �a�d�d� �a� �s�t�r�u�c�t�u�r�e� �t�o� �t�h�e� �f�i�l�t�e�r� �a�n�d� �t�o� �s�e�e� �i�f� �a� �s�t�r�u�c�t�u�r�e� �i�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� 

�f�i�l�t�e�r�.� �W�h�e�n� �a� �g�r�a�p�h� �i�s� �r�e�c�r�e�a�t�e�d� �t�h�e� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r� �w�i�l�l� �b�e� �c�h�e�c�k�e�d�.� �I�f� �a� �p�a�r�t�i�c�u�l�a�r� 

�e�n�t�i�t�i�e�s� �i�d�e�n�t�i�f�i�e�r� �i�s� �i�n� �t�h�e� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r� �t�h�i�s� �m�e�a�n�s� �t�h�e� �u�s�e�r� �d�o�e�s� �n�o�t� �w�a�n�t� �t�h�i�s� �e�n�t�i�t�y� 

�d�i�s�p�l�a�y�e�d�.� �T�h�e�r�e�f�o�r�e� �i�t� �w�i�l�l� �n�o�t� �b�e� �s�e�n�t� �t�h�e� �c�o�m�m�a�n�d� �t�o� �r�e�c�r�e�a�t�e� �i�t�s�e�l�f�.� 

�C�o�n�s�t�r�u�c�t�o�r� 

�D�e�l�e�t�i�o�n� �Q� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�a�d�d�_�t�o�_�d�e�l�e�t�i�o�n�_�f�i�l�t�e�r� �(�)�:� �A�d�d� �s�t�r�u�c�t�u�r�e� �i�d� �t�o� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� 

�c�h�e�c�k�_�d�e�l�e�t�i�o�n�_�a�r�r�a�y� �(�)�:� �C�h�e�c�k� �t�o� �s�e�e� �i�f� �a� �s�t�r�u�c�t�u�r�e� �i�s� �p�r�e�s�e�n�t� �i�n� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� 

�c�h�e�c�k�_�d�e�l�e�t�i�o�n�_�a�r�r�a�y�_�s�i�z�e� �(�)�:� �C�h�e�c�k� �t�o� �s�e�e� �h�o�w� �m�a�n�y� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �p�r�e�s�e�n�t� �i�n� 

�d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� 

�1�0�.�2�.�2� �H�i�g�h�l�i�g�h�t�i�n�g� �C�l�a�s�s� 

�T�h�e� �H�i�g�h�l�i�g�h�t�i�n�g� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �h�i�g�h�l�i�g�h�t�i�n�g� �f�i�l�t�e�r� �u�s�e�d� �b�y� �P�H�I�G�S�.� �F�u�n�c�t�i�o�n�s� 

�p�r�o�v�i�d�e�d� �b�y� �t�h�i�s� �c�l�a�s�s� �a�l�l�o�w� �p�r�o�g�r�a�m�m�e�r�s� �t�o� �a�d�d� �P�H�I�G�S� �c�l�a�s�s� �n�a�m�e� �s�e�t�s� �t�o�,� �o�r� �d�e�l�e�t�e� �t�h�e� 

�n�a�m�e� �s�e�t�s� �f�r�o�m�,� �t�h�e� �i�n�c�l�u�s�i�o�n� �a�n�d� �e�x�c�l�u�s�i�o�n� �f�i�l�t�e�r�s�.� �T�h�e� �u�s�e�r� �c�a�n� �a�l�s�o� �i�n�q�u�i�r�e� �t�h�e� �c�u�r�r�e�n�t� 

�S�t�a�t�e� �o�f� �t�h�i�s� �f�i�l�t�e�r�.� 
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�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�H�i�g�h�l�i�g�h�t� �0� 

�H�i�g�h�l�i�g�h�t� �(�w�o�r�k�s�t�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�r�,� �i�n�c�l�u�s�i�o�n� �a�r�r�a�y� �l�e�n�g�t�h�,� �i�n�c�l�u�s�i�o�n� �a�r�r�a�y�,� �e�x�c�l�u�s�i�o�n� 

�a�r�r�a�y� �l�e�n�g�t�h�,� �e�x�c�l�u�s�i�o�n� �a�r�r�a�y�)� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�h�i�g�h�l�i�g�h�t�i�n�g� �f�i�l�t�e�r� �(�)�:� �I�n�i�t�i�a�l�i�z�e� �t�h�e� �v�a�r�i�a�b�l�e�s� �f�o�r� �t�h�e� �h�i�g�h�l�i�g�h�t�i�n�g� �f�i�l�t�e�r�.� 

�a�d�d�_�t�o�_�h�i�g�h�l�i�g�h�t�i�n�g� �f�i�l�t�e�r� �Q�:� �A�d�d� �P�H�I�G�S� �c�l�a�s�s� �n�a�m�e� �s�e�t� �t�o� �h�i�g�h�l�i�g�h�t�i�n�g� �f�i�l�t�e�r�.� 

�e�x�c�l�u�d�e�_�f�r�o�m�_�h�i�g�h�l�i�g�h�t�i�n�g� �f�i�l�t�e�r� �(�)�:� �R�e�m�o�v�e� �P�H�I�G�S� �c�l�a�s�s� �n�a�m�e� �s�e�t� �f�r�o�m� 

�h�i�g�h�l�i�g�h�t�i�n�g� �f�i�l�t�e�r�.� 

�i�n�q�u�i�r�e�_�h�i�g�h�l�i�g�h�t�i�n�g� �f�i�l�t�e�r�_�s�t�a�t�e� �(�)�:� �I�n�q�u�i�r�e� �t�h�e� �p�r�e�s�e�n�t� �s�t�a�t�e� �o�f� �t�h�e� �h�i�g�h�l�i�g�h�t�i�n�g� 

�f�i�l�t�e�r�.� 

�1�0�.�2�.�3� �I�n�v�i�s�i�b�i�l�i�t�y� �C�l�a�s�s� 

�T�h�e� �I�n�v�i�s�i�b�i�l�i�t�y� �c�l�a�s�s� �c�o�n�t�r�o�l�s� �t�h�e� �i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r� �u�s�e�d� �b�y� �P�H�I�G�S�.� �F�u�n�c�t�i�o�n�s� �p�r�o�v�i�d�e�d� 

�b�y� �t�h�i�s� �c�l�a�s�s� �a�l�l�o�w� �p�r�o�g�r�a�m�m�e�r�s� �t�o� �a�d�d� �P�H�I�G�S� �c�l�a�s�s� �n�a�m�e� �s�e�t�s� �t�o�,� �o�r� �d�e�l�e�t�e� �t�h�e� �n�a�m�e� �s�e�t�s� 

�f�r�o�m�,� �t�h�e� �i�n�c�l�u�s�i�o�n� �a�n�d� �e�x�c�l�u�s�i�o�n� �f�i�l�t�e�r�s�.� �T�h�e� �u�s�e�r� �c�a�n� �a�l�s�o� �i�n�q�u�i�r�e� �t�h�e� �c�u�r�r�e�n�t� �s�t�a�t�e� �o�f� 

�t�h�i�s� �f�i�l�t�e�r�.� 
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�C�o�n�s�t�r�u�c�t�o�r�s�:� 

�I�n�v�i�s�i�b�l�e� �Q�)� 

�I�n�v�i�s�i�b�l�e� �(�w�o�r�k�s�t�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�r�,� �i�n�c�l�u�s�i�o�n� �a�r�r�a�y� �l�e�n�g�t�h�,� �i�n�c�l�u�s�i�o�n� �a�r�r�a�y�,� �e�x�c�l�u�s�i�o�n� 

�a�r�r�a�y� �l�e�n�g�t�h�,� �e�x�c�l�u�s�i�o�n� �a�r�r�a�y�)� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�i�n�i�t�i�a�l�i�z�e�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r� �Q�:� �I�n�i�t�i�a�l�i�z�e� �t�h�e� �v�a�r�i�a�b�l�e�s� �f�o�r� �t�h�e� �i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 

�a�d�d�_�t�o�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r� �(�)�:� �A�d�d� �P�H�I�G�S� �c�l�a�s�s� �n�a�m�e� �s�e�t� �t�o� �i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 

�e�x�c�l�u�d�e�_�f�r�o�m�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r� �Q�:� �R�e�m�o�v�e� �P�H�I�G�S� �c�l�a�s�s� �n�a�m�e� �s�e�t� �f�r�o�m� 

�i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 

�i�n�q�u�i�r�e�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r�_�s�t�a�t�e� �(�)�:� �I�n�q�u�i�r�e� �t�h�e� �p�r�e�s�e�n�t� �s�t�a�t�e� �o�f� �t�h�e� �i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 
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�1�1�.�0� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �a�n�d� �S�a�m�p�l�e� �P�r�o�g�r�a�m� 

�T�h�e� �a�b�o�v�e� �d�e�s�c�r�i�b�e�d� �c�l�a�s�s�e�s� �w�e�r�e� �i�m�p�l�e�m�e�n�t�e�d� �o�n� �I�B�M� �R�S�/�6�0�0�0�s�.� �T�h�e� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m� 

�f�o�r� �t�h�e�s�e� �m�a�c�h�i�n�e�s� �i�s� �U�N�I�X�.� �T�h�e� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e� �c�h�o�s�e�n� �f�o�r� �t�h�i�s� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 
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�f�o�r� �t�h�e� �g�r�a�p�h�.� �T�h�i�s� �w�o�r�k�s�t�a�t�i�o�n� �(�w�i�n�d�o�w�)� �t�a�k�e�s� �c�o�n�t�r�o�l� �a�n�d� �d�i�s�p�l�a�y�s� �t�h�e� �g�r�a�p�h�.� �A�l�l� �u�s�e�r� 

�i�n�t�e�r�f�a�c�e� �m�e�t�h�o�d�s� �(�f�o�r� �g�r�a�p�h� �m�o�d�i�f�i�c�a�t�i�o�n�s�)� �a�r�e� �m�a�d�e� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �u�s�e�r�.� �O�n�c�e� �t�h�e� �u�s�e�r� 

�i�s� �d�o�n�e� �l�o�o�k�i�n�g� �a�t� �t�h�e� �g�r�a�p�h� �a�n�d� �e�x�i�t�s�,� �c�o�n�t�r�o�l� �i�s� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� �m�a�i�n� �A�C�S�Y�N�T� �w�i�n�d�o�w�.� 

�I�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �G�r�a�p�h�s� �f�o�r� �A�C�S�Y�N�T� �1�1�0
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� � 

�A�E�R�O�D�Y�N�A�M�I�C�S� �G�R�A�P�H� �S�E�T�-�U�P� 
� � 

�X�-�A�N�I�S� �C�H�O�I�C�E�S�:� 
�M�A�C�H� �N�U�M�B�E�R� �-� 
�A�N�G�L�E� �O�F� �A�T�T�A�C�K� �©� 
�L�U�F�T� �C�O�E�F�F�I�C�I�E�N�T� �-� �C�L �� 
�L�I�F�T� �T�O� �D�R�A�G� �R�A�T�I�O �� �C�O� 

�O�R�A�C� �C�O�E�F�F�I�T�I�E�N�T� �-� �C�D� 

�¥�m�a�X�I�S� �C�H�O�I�C�E�S�:� 
�L�I�F�T� �C�O�E�F�F�I�C�I�E�N�T� �=�-� �C�L� 
�L�I�F�T� �T�O� �D�R�A�G� �R�A�T�I�O� �L�O� 
�O�R�A�G� �C�O�E�F�F�I�C�I�E�N�T� �-� �C�O� �-� 

�P�R�E�-�D�E�F�I�N�E�D�,� �G�R�A�P�H�S�:� 
�C�O�O� �V�E�R�S�U�S� �M�A�C�H� �N�O� 
�C�L� �V�E�R�S�U�S� �C�O� �a�T� �M�A�C�H� �N�O�S�.� 
�G�L� �V�E�R�S�U�S� �A�N�G�L�E� �O�F� �A�T�T�A�C�K� �A�T� �M�A�C�H� �N�O�S�.� 
�C�O� �V�E�R�S�U�S� �M�A�C�H� �N�O�.� �A�T� �A�N�G�L�E�S� �O�F� �-� �A�T�T�A�C�K� 

� � � � 
� � 

� � �S�E�L�T�L�T�R� �P�M� �H�e�n�y� �T�e� �C�o�r�e�e�n �� � � � � 

� �l�w�e�r�u�a�n� �7� 
�D�A�T�A� �F�R�E� �7� 

�L�U�N�E�A�R� �C�R�A�B�H�:� �.�~� 
�O�A�D�G�Y� �G�R�A�P�H� 

�S�O�F�T� �V�A�L� �W�I�N�D�O�W� 

�c�o�r�r� �C�O�L�O�R�S�,� 

�-� �E�M�I�T�.� � � � � 

�I�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �G�r�a�p�h�s� �f�o�r� �A�C�S�Y�N�T� 

�F�i�g�u�r�e� �3�3�.� �E�x�a�m�p�l�e� �o�f� �V�a�r�i�a�b�l�e�s� �T�e�m�p�l�a�t�e� �i�n� �A�C�S�Y�N�T� 

�1�1�1



�1�3�.�0� �C�o�n�c�l�u�s�i�o�n� 

�T�h�e� �d�e�s�i�g�n� �a�n�d� �c�r�e�a�t�i�o�n� �o�f� �a� �s�e�t� �o�f� �h�i�g�h�-�l�e�v�e�l� �t�o�o�l�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �i�n�c�l�u�s�i�o�n� �o�f� 

�e�n�g�i�n�e�e�r�i�n�g� �g�r�a�p�h�s� �i�n� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�s� �p�r�o�g�r�a�m�s� �h�a�s� �b�e�e�n� �d�e�s�c�r�i�b�e�d�.� �T�h�e�s�e� �t�o�o�l�s� �a�r�e� 

�p�r�o�v�i�d�e�d� �t�h�r�o�u�g�h� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �c�l�a�s�s� �l�i�b�r�a�r�y�.� �T�h�i�s� �s�y�s�t�e�m� �u�s�e�s� �P�H�I�G�S� �a�n�d� �a� �P�H�I�G�S�-� 

�b�a�s�e�d�,� �M�o�t�i�f�-�l�i�k�e� �i�n�t�e�r�f�a�c�e� �f�r�a�m�e�w�o�r�k� �f�o�r� �g�r�a�p�h�i�c�s� �a�n�d� �G�U�I� �s�u�p�p�o�r�t�.� �A�n� �e�n�g�i�n�e�e�r� �o�r� 

�a�p�p�l�i�c�a�t�i�o�n�s� �p�r�o�g�r�a�m�m�e�r� �w�i�t�h� �l�i�t�t�l�e� �o�r� �n�o� �k�n�o�w�l�e�d�g�e� �o�f� �P�H�I�G�S� �c�a�n� �e�a�s�i�l�y� �a�d�d� �g�r�a�p�h�i�n�g� 

�f�u�n�c�t�i�o�n�s� �t�o� �h�i�s� �p�r�o�g�r�a�m� �u�s�i�n�g� �t�h�i�s� �s�e�t� �o�f� �c�l�a�s�s�e�s�.� �E�x�a�m�p�l�e�s� �o�f� �t�h�e� �u�s�e� �o�f� �t�h�i�s� �s�y�s�t�e�m� �h�a�s� 

�b�e�e�n� �d�e�s�c�r�i�b�e�d� �a�l�o�n�g� �w�i�t�h� �s�a�m�p�l�e� �c�o�d�e� �l�i�s�t�i�n�g�s�.� �T�h�e� �u�s�e� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �m�e�t�h�o�d�s� 

�m�a�k�e�s� �t�h�i�s� �s�y�s�t�e�m� �v�e�r�y� �f�l�e�x�i�b�l�e� �a�n�d� �e�x�t�e�n�d�a�b�l�e�.� �O�t�h�e�r� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �a�n�d� �t�y�p�e�s� �o�f� �g�r�a�p�h�s� 

�c�a�n� �b�e� �a�d�d�e�d� �v�e�r�y� �e�a�s�i�l�y� �t�o� �t�h�i�s� �c�l�a�s�s� �l�i�b�r�a�r�y� �i�n� �t�h�e� �f�u�t�u�r�e�.� 

�T�h�i�s� �c�l�a�s�s� �l�i�b�r�a�r�y� �w�a�s� �u�s�e�d� �t�o� �c�r�e�a�t�e� �a� �n�e�w� �s�e�t� �o�f� �g�r�a�p�h�i�n�g� �f�u�n�c�t�i�o�n�s�.� �I�m�p�l�e�m�e�n�t�i�n�g� �t�h�e�s�e� 

�n�e�w� �g�r�a�p�h�s� �t�o�o�k� �a�b�o�u�t� �f�i�v�e� �m�o�n�t�h�s� �a�n�d� �1�3�,�0�0�0� �l�i�n�e�s� �o�f� �c�o�d�e�.� �T�h�i�s� �n�e�w� �c�o�d�e� �r�e�p�l�a�c�e�d� 

�3�3�,�0�0�0� �l�i�n�e�s� �o�f� �e�x�i�s�t�i�n�g� �c�o�d�e� �a�n�d� �p�r�o�v�i�d�e�d� �m�u�c�h� �b�e�t�t�e�r� �f�u�n�c�t�i�o�n�a�l�i�t�y� �a�n�d� �f�l�e�x�i�b�i�l�i�t�y� �t�o� �t�h�e� 

�e�n�d� �u�s�e�r�.� 

�A�l�t�h�o�u�g�h� �P�H�I�G�S� �p�r�o�v�i�d�e�s� �a�p�p�l�i�c�a�t�i�o�n�s� �p�r�o�g�r�a�m�m�e�r�s� �w�i�t�h� �m�e�t�h�o�d�s� �t�o� �c�r�e�a�t�e� �d�e�v�i�c�e�-� 

�i�n�d�e�p�e�n�d�e�n�t� �c�o�d�e�,� �m�o�r�e� �h�i�g�h�-�l�e�v�e�l� �t�o�o�l�s� �a�r�e� �n�e�e�d�e�d� �t�o� �s�u�p�p�o�r�t� �t�h�e� �n�e�e�d�s� �o�f� �e�n�g�i�n�e�e�r�i�n�g� 

�C�o�n�c�l�u�s�i�o�n� �1�1�2



�a�n�d� �C�A�D� �a�p�p�l�i�c�a�t�i�o�n�s� �d�e�v�e�l�o�p�e�r�s�.� �M�o�r�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �c�l�a�s�s� �l�i�b�r�a�r�i�e�s� �(�s�u�c�h� �a�s� �t�h�e� �o�n�e� 

�d�e�s�c�r�i�b�e�d� �i�n� �t�h�i�s� �p�a�p�e�r�)� �n�e�e�d� �t�o� �b�e� �c�r�e�a�t�e�d� �i�n� �t�h�e� �f�u�t�u�r�e� �t�o� �s�a�t�i�s�f�y� �t�h�e�s�e� �n�e�e�d�s�.� 

�C�o�n�c�l�u�s�i�o�n� �1�1�3



�1�4�.�0� �R�e�f�e�r�e�n�c�e�s� 

�[�A�D�A�M�9�2�]� �A�d�a�m�s�,� �L�.�,� �S�u�p�e�r�c�h�a�r�g�e�d� �C�+�+� �G�r�a�p�h�i�c�s�,� �B�l�u�e� �R�i�d�g�e� �S�u�m�m�i�t�:� �W�i�n�d�c�r�e�s�t� 

�B�o�o�k�s�,� �1�9�9�2�.� 

�[�B�O�O�C�9�1�]� �B�o�o�c�h�,� �G�.�,� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�e�s�i�g�n� �w�i�t�h� �A�p�p�l�i�c�a�t�i�o�n�s�,� �T�h�e� 

�B�e�n�j�a�m�i�n�/�C�u�m�m�i�n�g�s� �P�u�b�l�i�s�h�i�n�g� �C�o�m�p�a�n�y�,� �I�n�c�.�,� �1�9�9�1�.� 

�[�C�U�N�N�9�2�]� �C�u�n�n�i�n�g�h�a�m�,� �S�.�,� �e�t� �a�l�,� �e�d�i�t�o�r�,� �C�o�m�p�u�t�e�r� �G�r�a�p�h�i�c�s� �U�s�i�n�g� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� 

�P�r�o�g�r�a�m�m�i�n�g�,� �N�e�w� �Y�o�r�k�:� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �I�n�c�.�,� �1�9�9�2�.� 

�[�D�U�N�N�9�1�]� �D�u�n�n�,� �M�.� �F�.�,� �a�n�d� �K�n�i�g�h�t�,� �J�.� �D�.�,� �"�S�o�f�t�w�a�r�e� �R�e�u�s�e� �i�n� �a�n� �I�n�d�u�s�t�r�i�a�l� �S�e�t�t�i�n�g�:� �A� 

�C�a�s�e� �S�t�u�d�y�"�,� �1�3�t�h� �I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �o�n� �S�o�f�t�w�a�r�e� �E�n�g�i�n�e�e�r�i�n�g�,� �p�p�.� �3�2�9�-�3�3�8�,� �1�9�9�1�.� 

�[�F�E�L�L�9�1�]� �F�e�l�l�n�e�r�,� �D�.� �W�.�,� �"�O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �P�r�o�g�r�a�m�m�i�n�g� �-� �D�o�e�s� �i�t� �H�e�l�p� �i�n� �C�o�m�p�u�t�e�r� 

�G�r�a�p�h�i�c�s�?�"�,� �N�e�w� �R�e�s�u�l�t�s� �a�n�d� �N�e�w� �T�r�e�n�d�s� �i�n� �C�o�m�p�u�t�e�r� �S�c�i�e�n�c�e�,� �5�5�5�,� �p�p�.� �1�3�2�-�1�5�1�,� �J�u�n�e� 

�1�9�9�1�.� 

�R�e�f�e�r�e�n�c�e�s� �1�1�4



�[�F�L�E�M�9�1�]� �F�l�e�m�i�n�g�,� �S�.� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�U�t�i�l�i�z�i�n�g� �t�h�e� �g�r�a�P�H�I�G�S� �A�P�I� �f�o�r� �C�A�D� 

�A�p�p�l�i�c�a�t�i�o�n�s�"�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �S�e�c�o�n�d� �I�n�t�e�r�n�a�t�i�o�n�a�l� �g�r�a�P�H�I�G�S� �U�s�e�r ��s� �G�r�o�u�p� 

�C�o�n�f�e�r�e�n�c�e� �a�n�d� �W�o�r�k�s�h�o�p�,� �B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a�,� �O�c�t�o�b�e�r� �2�0�-�2�3�,� �1�9�9�1�,� �p�p�.� �3�-�1�0�.� 

�[�F�L�E�M�9�2�]� �F�l�e�m�i�n�g�,� �S�.� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�T�h�e� �E�n�h�a�n�c�e�m�e�n�t� �o�f� �P�H�I�G�S�+� �B�-�s�p�l�i�n�e� 

�F�u�n�c�t�i�o�n�a�l�i�t�y� �f�o�r� �G�e�o�m�e�t�r�i�c� �M�o�d�e�l�i�n�g�"�,� �p�r�e�s�e�n�t�e�d� �a�t� �t�h�e� �F�o�u�r�t�h� �I�F�I�P� �W�G�5�S�.�2� �W�o�r�k�s�h�o�p� 

�o�n� �G�e�o�m�e�t�r�i�c� �M�o�d�e�l�i�n�g� �i�n� �C�o�m�p�u�t�e�r� �A�i�d�e�d� �D�e�s�i�g�n�,� �R�e�n�s�s�e�l�a�e�r�v�i�l�l�e�,� �N�e�w� �Y�o�r�k�,� 

�S�e�p�t�e�m�b�e�r� �2�7�-�O�c�t�o�b�e�r� �1�,� �1�9�9�2�.� 

�[�J�A�Y�A�9�0�]� �J�a�y�a�r�a�m�,� �S�.� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�T�o�w�a�r�d�s� �a� �S�t�a�n�d�a�r�d�i�z�e�d� �E�n�v�i�r�o�n�m�e�n�t� �f�o�r� �t�h�e� 

�C�r�e�a�t�i�o�n� �o�f� �D�e�s�i�g�n� �a�n�d� �M�a�n�u�f�a�c�t�u�r�i�n�g� �S�o�f�t�w�a�r�e�,�"� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� 

�C�o�n�f�e�r�e�n�c�e� �o�n� �E�n�g�i�n�e�e�r�i�n�g� �D�e�s�i�g�n�,� �D�u�b�r�o�v�n�i�k�,� �Y�u�g�o�s�l�a�v�i�a�,� �A�u�g�u�s�t� �2�8�-�3�1�,� �1�9�9�0�.� 

�[�J�A�Y�A�9�1�]� �J�a�y�a�r�a�m�,� �S�.� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�T�h�e� �S�i�g�n�i�f�i�c�a�n�c�e� �o�f� �S�t�a�n�d�a�r�d�s� �i�n� �C�A�D� 

�E�d�u�c�a�t�i�o�n ��,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �U�n�i�v�e�r�s�i�t�y� �P�r�o�g�r�a�m�s� �i�n� �C�o�m�p�u�t�e�r�-�A�i�d�e�d� �E�n�g�i�n�e�e�r�i�n�g�,� �D�e�s�i�g�n� 

�a�n�d� �M�a�n�u�f�a�c�t�u�r�i�n�g� �(�U�P�C�A�E�D�M�)�,� �N�i�n�t�h� �A�n�n�u�a�l� �C�o�n�f�e�r�e�n�c�e�,� �P�r�o�v�o�,� �U�t�a�h�,� �M�a�y� �1�6�-�1�8�,� 

�1�9�9�1�,� �p�p�.� �1�4�4�-�1�4�7�.� 

�[�J�A�Y�A�9�2�]� �J�a�y�a�r�a�m�,� �S�.�,� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �a�n�d� �G�e�l�h�a�u�s�e�n�,� �P�.�,� �"�A�C�S�Y�N�T� �-� �A� �S�t�a�n�d�a�r�d�s�-� 

�B�a�s�e�d� �S�y�s�t�e�m� �f�o�r� �P�a�r�a�m�e�t�r�i�c� �C�o�m�p�u�t�e�r� �A�i�d�e�d� �C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n� �o�f� �A�i�r�c�r�a�f�t�"�,� �p�r�e�s�e�n�t�e�d� 
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�a�t� �t�h�e� �A�I�A�A� �A�e�r�o�s�p�a�c�e� �D�e�s�i�g�n� �C�o�n�f�e�r�e�n�c�e�,� �I�r�v�i�n�e�,� �C�a�l�i�f�o�r�n�i�a�,� �F�e�b�r�u�a�r�y� �3�-�6�,� �1�9�9�2�.� �A�I�A�A� 

�p�a�p�e�r� �n�o�.� �A�I�A�A�-�9�2�-�1�1�9�8�.� 

�[�J�A�Y�A�9�3�a�]� �J�a�y�a�r�a�m�,� �S�.�,� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�D�e�v�i�c�e�-�I�n�d�e�p�e�n�d�e�n�t� �P�r�o�g�r�a�m�m�i�n�g� 

�E�n�v�i�r�o�n�m�e�n�t�s� �f�o�r� �C�A�D�/�C�A�M� �S�o�f�t�w�a�r�e� �C�r�e�a�t�i�o�n�"�,� �C�o�m�p�u�t�e�r� �A�i�d�e�d� �D�e�s�i�g�n�,� �v�o�l�.� �2�5�,� �n�o�.� 

�2�,� �F�e�b�r�u�a�r�y�,� �1�9�9�3�.� 

�[�J�A�Y�A�9�3�b�]� �J�a�y�a�r�a�m�,� �S�.�,� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�E�v�a�l�u�a�t�i�n�g� �P�H�I�G�S� �f�o�r� �C�A�D� �A�p�p�l�i�c�a�t�i�o�n�s� �-� 

�A� �C�a�s�e� �S�t�u�d�y�"�,� �1�s�t� �A�n�n�u�a�l� �P�H�I�G�S� �U�s�e�r ��s� �G�r�o�u�p� �C�o�n�f�e�r�e�n�c�e�,� �M�a�r�c�h� �2�1�-�2�4�,� �1�9�9�3�,� 

�O�r�l�a�n�d�o�,� �F�l�o�r�i�d�a�.� 

�[�L�I�N�W�9�3�]� �L�i�n�,� �W�.�,� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�A� �C�o�n�s�t�r�a�i�n�t� �D�r�i�v�e�n� �S�o�l�i�d� �M�o�d�e�l�i�n�g� �O�p�e�n� 

�E�n�v�i�r�o�n�m�e�n�t�"�,� �a�c�c�e�p�t�e�d� �f�o�r� �p�r�e�s�e�n�t�a�t�i�o�n� �a�t� �t�h�e� �S�e�c�o�n�d� �A�C�M�/�I�E�E�E� �S�y�m�p�o�s�i�u�m� �o�n� �S�o�l�i�d� 

�M�o�d�e�l�i�n�g� �a�n�d� �A�p�p�l�i�c�a�t�i�o�n�s�,� �M�o�n�t�r�e�a�l�,� �C�a�n�a�d�a�,� �M�a�y� �1�9�-�2�1�,� �1�9�9�3�.� 

�[�M�O�N�T�9�1�]� �M�o�n�t�g�o�m�e�r�y�,� �D�.� �E�.�,� �K�e�i�l�,� �M�.� �J�.�,� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�A� �P�H�I�G�S�+� �M�o�d�e�l� 

�R�e�n�d�e�r�i�n�g� �S�y�s�t�e�m� �f�o�r� �S�i�m�u�l�a�t�i�o�n� �o�f� �S�p�a�t�i�a�l� �M�e�c�h�a�n�i�s�m�s�"�,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �A�S�M�E� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�m�p�u�t�e�r�s� �i�n� �E�n�g�i�n�e�e�r�i�n�g� �C�o�n�f�e�r�e�n�c�e�,� �S�a�n�t�a� �C�l�a�r�a�,� �C�a�l�i�f�o�r�n�i�a�,� �A�u�g�u�s�t� �1�8�-� 

�2�2�,� �1�9�9�1�,� �p�p�.� �2�2�5�-�2�3�3�.� 
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�[�M�Y�K�L�9�2�a�]� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �L�i�n�,� �W�.�,� �W�o�y�a�k�,� �S�.�,� �F�e�u�s�t�e�l�,� �C�.� �D�.�,� �F�l�e�m�i�n�g�,� �S�.�,� �G�r�i�e�s�h�a�b�e�r�,� 

�M�.�,� �"�A� �R�e�s�e�a�r�c�h� �R�e�p�o�r�t� �t�o� �I�B�M� �C�o�r�p�o�r�a�t�i�o�n�"�,� �F�e�b�r�u�a�r�y� �2�8�,� �1�9�9�2�.� 

�[�M�Y�K�L�9�2�b�]� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �L�i�n�,� �W�.� �H�.�,� �F�l�e�m�i�n�g�,� �S�.�,� �F�e�u�s�t�e�l�,� �C�.� �D�.�,� �W�o�y�a�k�,� �S�.�,� 

�J�a�c�o�b�s�o�n�,� �A�.�,� �L�e�G�a�l�,� �T�.�,� �"�A� �R�e�s�e�a�r�c�h� �R�e�p�o�r�t� �t�o� �I�B�M� �C�o�r�p�o�r�a�t�i�o�n�"�,� �J�u�l�y� �1�5�,� �1�9�9�2�.� 

�[�P�E�N�N�9�I�1�]� �P�e�n�n�i�n�g�t�o�n�,� �S�.� �L�.�,� �"�A� �S�o�f�t�w�a�r�e� �E�n�g�i�n�e�e�r�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �I�n�t�e�g�r�a�t�i�o�n� �o�f� 

�C�A�D�/�C�A�M� �S�y�s�t�e�m�s�"�,� �D�i�s�s�e�r�t�a�t�i�o�n� �-� �D�o�c�t�o�r� �o�f� �P�h�i�l�o�s�o�p�h�y� �i�n� �M�e�c�h�a�n�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� 

�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �1�9�9�1�.� 

�[�P�E�N�N�9�2�]� �P�e�n�n�i�n�g�t�o�n�,� �S�.� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�A� �C�A�S�E� �A�p�p�r�o�a�c�h� �t�o� �t�h�e� �I�n�t�e�g�r�a�t�i�o�n� �o�f� 

�C�A�D�/�C�A�M� �S�y�s�t�e�m�s�"�,� �p�r�e�s�e�n�t�e�d� �a�t� �a�n�d� �p�u�b�l�i�s�h�e�d� �i�n� �t�h�e� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �F�i�f�t�h� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �W�o�r�k�s�h�o�p� �o�n� �S�o�f�t�w�a�r�e� �E�n�g�i�n�e�e�r�i�n�g� �a�n�d� �i�t�s� �A�p�p�l�i�c�a�t�i�o�n�s�,� �T�o�u�l�o�u�s�e�,� �F�r�a�n�c�e�,� 

�D�e�c�e�m�b�e�r� �7�-�1�1�,� �1�9�9�2�.� 

�[�P�R�A�T�9�1�]� �P�r�a�t�a�,� �S�.�,� �C�+�+� �P�r�i�m�e�r� �P�l�u�s�,� �M�i�l�l� �V�a�l�l�e�y�:� �W�a�i�t�e� �G�r�o�u�p� �P�r�e�s�s�,� �1�9�9�1�.� 

�[�S�C�H�R�9�2�]� �S�c�h�r�o�c�k�,� �E�.� �V�.�,� �J�a�y�a�r�a�m�,� �S�.�,� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�A� �P�H�I�G�S�-�B�a�s�e�s� �S�p�r�e�a�d�s�h�e�e�t� 

�f�o�r� �C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n�"�,� �p�r�e�s�e�n�t�e�d� �a�t� �a�n�d� �p�u�b�l�i�s�h�e�d� �i�n� �t�h�e� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �A�S�E�E� �5�t�h� 

�I�n�t�e�r�n�a�t�i�o�n�a�l� �C�o�n�f�e�r�e�n�c�e� �o�n� �E�n�g�i�n�e�e�r�i�n�g� �C�o�m�p�u�t�e�r� �G�r�a�p�h�i�c�s� �a�n�d� �D�e�s�c�r�i�p�t�i�v�e� �G�e�o�m�e�t�r�y�,� 

�M�e�l�b�o�u�r�n�e�,� �A�u�s�t�r�a�l�i�a�,� �A�u�g�u�s�t� �1�7�-�2�1�,� �1�9�9�2�.� 
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�[�W�A�M�P�8�8�a�]� �W�a�m�p�l�e�r�,� �S�.� �G�.�,� �"�D�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �C�A�D� �S�y�s�t�e�m� �f�o�r� �A�u�t�o�m�a�t�e�d� 

�C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n� �o�f� �S�u�p�e�r�s�o�n�i�c� �A�i�r�c�r�a�f�t�"�,� �M�.�S�.� �t�h�e�s�i�s�,� �M�e�c�h�a�n�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g� 

�D�e�p�a�r�t�m�e�n�t�,� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a�,� 

�M�a�y� �1�9�8�8�.� 

�[�W�A�M�P�8�8�b�]� �W�a�m�p�l�e�r�,� �S�.� �G�.�,� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �J�a�y�a�r�a�m�,� �S�.�,� �a�n�d� �G�e�l�h�a�u�s�e�n�,� �P�.�,� �"�I�m�p�r�o�v�i�n�g� 

�A�i�r�c�r�a�f�t� �C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n� �-� �A� �P�H�I�G�S� �I�n�t�e�r�a�c�t�i�v�e� �G�r�a�p�h�i�c�s� �U�s�e�r� �I�n�t�e�r�f�a�c�e� �f�o�r� �A�C�S�Y�N�T�"�,� 

�A�I�A�A�/�A�H�S�/�A�S�E�E� �A�i�r�c�r�a�f�t� �D�e�s�i�g�n�,� �S�y�s�t�e�m�s� �a�n�d� �O�p�e�r�a�t�i�o�n�s� �C�o�n�f�e�r�e�n�c�e�,� �A�t�l�a�n�t�a�,� �G�e�o�r�g�i�a�,� 

�S�e�p�t�e�m�b�e�r� �7�-�9�,� �1�9�8�8�,� �p�a�p�e�r� �n�o�.� �A�I�A�A�-�8�8�-�4�4�8�1�.� 

�[�W�I�S�S�9�0�]� �W�i�s�s�k�i�r�c�h�e�n�,� �P�.�,� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �G�r�a�p�h�i�c�s�,� �N�e�w� �Y�o�r�k�:� �S�p�r�i�n�g�e�r�-�V�e�r�l�a�g�,� �1�9�9�0�.� 

�[�W�O�Y�A�9�2�]� �W�o�y�a�k�,� �S�.� �"�A� �M�o�t�i�f�-�L�i�k�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �I�n�t�e�r�f�a�c�e� �F�r�a�m�e�w�o�r�k� �U�s�i�n�g� 

�P�H�I�G�S�"�,� �M�a�s�t�e�r�s� �T�h�e�s�i�s�,� �M�e�c�h�a�n�i�c�a�l� �E�n�g�i�n�e�e�r�i�n�g� �D�e�p�a�r�t�m�e�n�t�,� �V�P�I�&�S�U�,� �B�l�a�c�k�s�b�u�r�g�,� 

�V�i�r�g�i�n�i�a�,� �S�e�p�t�e�m�b�e�r� �1�9�9�2�.� 

�[�W�O�Y�A�9�3�]� �W�o�y�a�k�,� �S�.�,� �a�n�d� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �"�A� �M�o�t�i�f�-�L�i�k�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �I�n�t�e�r�f�a�c�e� 

�F�r�a�m�e�w�o�r�k� �U�s�i�n�g� �P�H�I�G�S�"�,� �1�s�t� �A�n�n�u�a�l� �P�H�I�G�S� �U�s�e�r ��s� �G�r�o�u�p� �C�o�n�f�e�r�e�n�c�e�,� �M�a�r�c�h� �2�1�-�2�4�,� 

�1�9�9�3�,� �O�r�l�a�n�d�o�,� �F�l�o�r�i�d�a�.� 
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�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� 

�A�.�l� �G�r�a�p�h� �C�l�a�s�s�e�s� 

�A�.�l�.�1� �B�a�r� �G�r�a�p�h� 

�D�e�s�c�r�i�p�t�i�o�n� 

�A� �b�a�r� �g�r�a�p�h� �i�s� �t�h�e� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�r�o�l�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �a� �b�a�r� �g�r�a�p�h�.� 

�A�p�p�e�a�r�a�n�c�e� 

�T�h�e� �g�r�a�p�h� �w�i�l�l� �a�p�p�e�a�r� �a�s� �a� �n�o�r�m�a�l� �b�a�r� �g�r�a�p�h�.� �I�t� �w�i�l�l� �h�a�v�e� �a�n� �a�x�e�s�,� �t�i�t�l�e�s�,� 
�l�e�g�e�n�d�,� �a�n�d� �b�e� �d�i�s�p�l�a�y�e�d� �i�n� �t�w�o� �d�i�m�e�n�s�i�o�n�s�.� 

�C�o�n�s�t�r�u�c�t�o�r�s� 

�S�t�a�n�d�a�r�d� �A�r�g�u�m�e�n�t�s�:� 

�N�o�n�e� 

�F�u�n�c�t�i�o�n� �C�a�l�l� �S�y�n�t�a�x�:� 

�B�a�r�_�G�r�a�p�h�(�t�y�p�e�,� �n�u�m�b�e�r�_�r�o�w�,� �n�u�m�b�e�r�_�c�o�l�u�m�n�,� �y�a�r�r�a�y�,� �t�e�x�t�_�a�r�r�a�y�)� 

�A�r�g�u�m�e�n�t� �D�e�s�c�r�i�p�t�i�o�n�s�:� 

�n�u�m�b�e�r�_�c�o�l�u�m�n� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� 
�n�u�m�b�e�r� �_�r�o�w� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� 
�t�y�p�e� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �g�r�a�p�h� �i�s� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e� 
�d�i�m�e�n�s�i�o�n�a�l� �d�i�s�p�l�a�y�.� �D�e�f�a�u�l�t� �i�s� �t�w�o�.� 
�y�a�r�r�a�y� �-� �f�l�o�a�t�.� �D�a�t�a� �v�a�l�u�e�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� 
�t�e�x�t�_�a�r�r�a�y� �-� �c�h�a�r�a�c�t�e�r�.� �T�e�x�t� �s�t�r�i�n�g�s� �o�f� �t�i�t�l�e�s� �a�n�d� �l�e�g�e�n�d�s�.� 

�P�r�i�v�a�t�e� �D�a�t�a� �M�e�m�b�e�r�s�:� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�1�9



�a�x�e�s� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �A�x�e�s�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �a�x�e�s�.� 
�b�a�r�_�a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �B�a�r�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �b�a�r�s� �o�f� �t�h�e� �b�a�r� 
�g�r�a�p�h�.� 
�d�e�l�e�t�i�o�n� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �D�e�l�e�t�i�o�n�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� 
�g�r�i�d� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�i�d�.� �P�o�i�n�t�e�r� �t�o� �g�r�i�d� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x�y� �g�r�i�d�.� 
�i�n�v�i�s�i�b�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �I�n�v�i�s�i�b�l�e�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �c�l�a�s�s� �t�h�a�t� �c�o�n�t�r�o�l�s� �t�h�e� 
�i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 
�l�e�g�e�n�d� �a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �L�e�g�e�n�d�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �l�e�g�e�n�d�s� �o�f� �t�h�e� �b�a�r� 
�g�r�a�p�h�.� 
�m�a�i�n� �t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �g�r�a�p�h� 
�t�i�t�l�e�.� 
�m�a�x�_�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�o�r�s� �i�n� �t�h�e� �c�o�l�o�r� �t�a�b�l�e�.� 
�x�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�y�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�y�_�t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �a�x�e�s� �t�i�t�l�e�.� 
�y�z�e�g�r�i�d� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�i�d�.� �P�o�i�n�t�e�r� �t�o� �g�r�i�d� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y�z� �g�r�i�d�.� 
�z�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �z� �d�a�t�a� 
�v�a�l�u�e�s�.� 

�M�e�m�b�e�r� �F�u�n�c�t�i�o�n�s� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�v�o�i�d� �d�r�a�w�_�b�a�r�s�(�)�.� �S�e�t�s� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �b�a�r�s� �a�n�d� �d�i�s�p�l�a�y�s� �t�h�e�m�.� 
�v�o�i�d� �d�r�a�w�_�l�e�g�e�n�d�(�)�.� �S�e�t�s� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �l�e�g�e�n�d� �a�n�d� �d�i�s�p�l�a�y�s� �i�t�.� 
�v�o�i�d� �d�r�a�w�_�t�i�t�l�e�s�(�)�.� �S�e�t�s� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �g�r�a�p�h� �t�i�t�l�e� �a�n�d� �a�x�e�s� �l�a�b�e�l�s� �a�n�d� 

�d�i�s�p�l�a�y�s� �t�h�e�m�.� 
�v�o�i�d� �m�a�n�a�g�e�(�)�.� �C�o�n�t�r�o�l�s� �g�r�a�p�h�i�n�g� �o�f� �b�a�r� �g�r�a�p�h�.� 
�v�o�i�d� �p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w�(�c�h�o�i�c�e�,� �x�,� �y�,� �v�i�e�w�_�i�n�d�e�x�,� �d�e�p�t�h�,� 

�p�i�c�k�_�p�a�t�h�,� �e�v�e�n�t�)�.� �D�e�t�e�r�m�i�n�e� �w�h�i�c�h� �g�r�a�p�h� �e�n�t�i�t�y� �h�a�s� �b�e�e�n� �c�h�o�s�e�n�.� 
�v�o�i�d� �r�e�c�r�e�a�t�e�_�g�r�a�p�h�(�)�.� �T�e�l�l� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� �t�h�e�m�s�e�l�v�e�s�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�0



�A�.�l�.�2� �L�i�n�e� �G�r�a�p�h� 

�D�e�s�c�r�i�p�t�i�o�n� 

�L�i�n�e� �g�r�a�p�h� �i�s� �t�h�e� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�r�o�l�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �a� �l�i�n�e� �g�r�a�p�h�.� 

�A�p�p�e�a�r�a�n�c�e� 

�T�h�e� �l�i�n�e� �g�r�a�p�h� �w�i�l�l� �a�p�p�e�a�r� �a�s� �a� �n�o�r�m�a�l� �l�i�n�e� �g�r�a�p�h�.� �I�t� �w�i�l�l� �h�a�v�e� �a�n� �a�x�e�s�,� �t�i�t�l�e�s�,� 
�l�e�g�e�n�d�,� �a�n�d� �b�e� �d�i�s�p�l�a�y�e�d� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l�l�y�.� 

�C�o�n�s�t�r�u�c�t�o�r�s� 

�S�t�a�n�d�a�r�d� �A�r�g�u�m�e�n�t�s�:� 

�N�o�n�e� 

�F�u�n�c�t�i�o�n� �C�a�l�l� �S�y�n�t�a�x�:� 

�L�i�n�e�_�G�r�a�p�h�(�n�u�m�b�e�r�_�r�o�w�,� �n�u�m�b�e�r�_�c�o�l�u�m�n�,� �x�a�r�r�a�y�,� �y�a�r�r�a�y�,� �t�e�x�t�_�a�r�r�a�y�)� 
�L�i�n�e�_�G�r�a�p�h�(�n�u�m�b�e�r�_�r�o�w�,� �n�u�m�b�e�r�_�c�o�l�u�m�n�,� �x�a�r�r�a�y�,� �y�a�r�r�a�y�,� �z�a�r�r�a�y�,� 
�t�e�x�t�_�a�r�r�a�y�)� 

�A�r�g�u�m�e�n�t� �D�e�s�c�r�i�p�t�i�o�n�s�:� 

�n�u�m�b�e�r�_�c�o�l�u�m�n� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� �(�N�u�m�b�e�r� �o�f� 
�p�o�i�n�t�s� �p�e�r� �l�i�n�e�)� 
�n�u�m�b�e�r�_�r�o�w� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� �(�N�u�m�b�e�r� �o�f� �l�i�n�e�s�)� 
�x�a�r�r�a�y� �-� �f�l�o�a�t�.� �X� �d�a�t�a� �v�a�l�u�e�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� 
�y�a�r�r�a�y� �-� �f�l�o�a�t�.� �Y� �d�a�t�a� �v�a�l�u�e�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� 
�z�a�r�r�a�y� �-� �f�l�o�a�t�.� �Z� �d�a�t�a� �v�a�l�u�e�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� 
�t�e�x�t�_�a�r�r�a�y� �-� �c�h�a�r�a�c�t�e�r�.� �T�e�x�t� �s�t�r�i�n�g�s� �o�f� �t�i�t�l�e�s� �a�n�d� �l�e�g�e�n�d�s�.� 

�P�r�i�v�a�t�e� �D�a�t�a� �M�e�m�b�e�r�s�:� 

�a�x�e�s� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �A�x�e�s�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �a�x�e�s�.� 
�c�u�r�v�e�_�a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �C�u�r�v�e�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �c�u�r�v�e�s� �o�f� �t�h�e� 
�l�i�n�e� �g�r�a�p�h�.� 
�c�u�r�v�e�_�t�y�p�e� �-� �i�n�t�e�g�e�r�.� �F�l�a�g� �f�o�r� �w�h�e�t�h�e�r� �c�u�r�v�e� �t�o� �b�e� �p�o�i�n�t� �t�o� �p�o�i�n�t� �o�r� �s�p�l�i�n�e� 
�c�u�r�v�e�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�1



�d�e�l�e�t�i�o�n� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �D�e�l�e�t�i�o�n�.� �P�o�i�n�t�e�r� �t�o� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� 
�g�r�i�d� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�i�d�.� �P�o�i�n�t�e�r� �t�o� �g�r�i�d� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x�y� �g�r�i�d�.� 
�i�n�v�i�s�i�b�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �I�n�v�i�s�i�b�l�e�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �c�l�a�s�s� �t�h�a�t� �c�o�n�t�r�o�l�s� �t�h�e� 
�i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 
�l�e�g�e�n�d�_�a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �L�e�g�e�n�d�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �l�e�g�e�n�d�s� �o�f� �t�h�e� �b�a�r� 
�g�r�a�p�h�.� 
�m�a�i�n� �t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �g�r�a�p�h� 
�t�i�t�l�e�.� 
�m�a�x�_�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�o�r�s� �i�n� �t�h�e� �c�o�l�o�r� �t�a�b�l�e�.� 
�t�y�p�e� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �g�r�a�p�h� �i�s� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e� 
�d�i�m�e�n�s�i�o�n�a�l� �d�i�s�p�l�a�y�.� �D�e�f�a�u�l�t� �i�s� �t�w�o�.� 
�x�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�x�_�t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x� �a�x�e�s� �t�i�t�l�e�.� 
�x�z�g�r�i�d� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�i�d�.� �P�o�i�n�t�e�r� �t�o� �g�r�i�d� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x�z� �g�r�i�d�.� 
�y�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�y�_�t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �a�x�e�s� �t�i�t�l�e�.� 
�y�z�g�r�i�d� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�i�d�.� �P�o�i�n�t�e�r� �t�o� �g�r�i�d� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y�z� �g�r�i�d�.� 
�z�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �z� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�z�_�t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �z� �a�x�e�s� �t�i�t�l�e�.� 

�M�e�m�b�e�r� �F�u�n�c�t�i�o�n�s� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�v�o�i�d� �d�r�a�w�_�c�u�r�v�e�s�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �c�u�r�v�e�s� �a�n�d� �d�i�s�p�l�a�y� �t�h�e�m�.� 
�v�o�i�d� �d�r�a�w�_�l�e�g�e�n�d�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �l�e�g�e�n�d� �a�n�d� �d�i�s�p�l�a�y� �i�t�.� 
�v�o�i�d� �d�r�a�w�_�t�i�t�l�e�s�(�)�.� �S�e�t� �a�t�t�i�b�u�t�e�s� �f�o�r� �g�r�a�p�h� �t�i�t�l�e� �a�n�d� �a�x�e�s� �l�a�b�e�l�s� �a�n�d� 

�d�i�s�p�l�a�y� �t�h�e�m�.� 
�v�o�i�d� �m�a�n�a�g�e�(�)�.� �C�o�n�t�r�o�l� �g�r�a�p�h�i�n�g� �o�f� �l�i�n�e� �g�r�a�p�h�.� 
�v�o�i�d� �p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w�(�c�h�o�i�c�e�,� �x�,� �y�,� �v�i�e�w�_�i�n�d�e�x�,� �d�e�p�t�h�,� 

�p�i�c�k�_�p�a�t�h�,� �e�v�e�n�t�)�.� �D�e�t�e�r�m�i�n�e� �w�h�i�c�h� �g�r�a�p�h� �e�n�t�i�t�y� �h�a�s� �b�e�e�n� �c�h�o�s�e�n�.� 
�v�o�i�d� �r�e�c�r�e�a�t�e�_�g�r�a�p�h�(�)�.� �T�e�l�l� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� �t�h�e�m�s�e�l�v�e�s�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�2



�A�.�l�.�3� �P�i�e� �G�r�a�p�h� 

�D�e�s�c�r�i�p�t�i�o�n� 

�P�i�e� �g�r�a�p�h� �i�s� �t�h�e� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�r�o�l�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �a� �p�i�e� �g�r�a�p�h�.� 

�A�p�p�e�a�r�a�n�c�e� 

�T�h�e� �p�i�e� �g�r�a�p�h� �w�i�l�l� �a�p�p�e�a�r� �a�s� �a� �n�o�r�m�a�l� �p�i�e� �g�r�a�p�h�.� �I�t� �w�i�l�l� �h�a�v�e� �t�i�t�l�e�s�,� �a� �l�e�g�e�n�d�,� 
�a�n�d� �b�e� �d�i�s�p�l�a�y�e�d� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l�l�y�.� 

�C�o�n�s�t�r�u�c�t�o�r�s� 

�S�t�a�n�d�a�r�d� �A�r�g�u�m�e�n�t�s�:� 

�N�o�n�e� 

�F�u�n�c�t�i�o�n� �C�a�l�l� �S�y�n�t�a�x�:� 

�P�i�e�_�G�r�a�p�h�(�t�y�p�e�,� �n�u�m�b�e�r�_�r�o�w�,� �n�u�m�b�e�r�_�c�o�l�u�m�n�,� �y�a�r�r�a�y�,� �t�e�x�t�_�a�r�r�a�y�)� 

�A�r�g�u�m�e�n�t� �D�e�s�c�r�i�p�t�i�o�n�s�:� 

�n�u�m�b�e�r� �c�o�l�u�m�n� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� 
�n�u�m�b�e�r�_�r�o�w� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� 
�t�y�p�e� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �g�r�a�p�h� �i�s� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e� 
�d�i�m�e�n�s�i�o�n�a�l� �d�i�s�p�l�a�y�.� �D�e�f�a�u�l�t� �i�s� �t�w�o�.� 
�y�a�r�r�a�y� �-� �f�l�o�a�t�.� �Y� �d�a�t�a� �v�a�l�u�e�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� 
�t�e�x�t�_�a�r�r�a�y� �-� �c�h�a�r�a�c�t�e�r�.� �T�e�x�t� �s�t�r�i�n�g�s� �f�o�r� �t�i�t�l�e�s� �a�n�d� �l�e�g�e�n�d�s�.� 

�P�r�i�v�a�t�e� �D�a�t�a� �M�e�m�b�e�r�s�:� 

�l�e�g�e�n�d� �a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �L�e�g�e�n�d�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �l�e�g�e�n�d�s� �o�f� �t�h�e� �b�a�r� 
�g�r�a�p�h�.� 
�m�a�i�n�_�t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �g�r�a�p�h� 
�t�i�t�l�e�.� 
�m�a�x�_�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�o�r�s� �i�n� �t�h�e� �c�o�l�o�r� �t�a�b�l�e�.� 
�p�i�e�_�a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �P�i�e�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �s�l�i�c�e�s� �o�f� �t�h�e� �p�i�e� 
�g�r�a�p�h�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�3



�y�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �d�a�t�a� 
�v�a�l�u�e�s�.� 

�M�e�m�b�e�r� �F�u�n�c�t�i�o�n�s� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 

�v�o�i�d� 

�d�r�a�w�_�l�e�g�e�n�d�(�)�.� �S�e�t� �l�e�g�e�n�d� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �d�i�s�p�l�a�y� �i�t�.� 
�d�r�a�w�_�p�i�e�_�s�l�i�c�e�s�(�)�.� �S�e�t� �p�i�e� �s�l�i�c�e� �a�t�t�r�i�b�u�t�e�s� �a�n�d� �d�i�s�p�l�a�y� �t�h�e�m�.� 
�d�r�a�w�_�t�i�t�l�e�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �g�r�a�p�h� �t�i�t�l�e� �a�n�d� �d�i�s�p�l�a�y� �i�t�.� 
�m�a�n�a�g�e�(�)�.� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �p�i�e� �g�r�a�p�h�.� 
�p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w�(�c�h�o�i�c�e�,� �x�,� �y�,� �v�i�e�w�_�i�n�d�e�x�,� �d�e�p�t�h�,� 
�p�i�c�k�_�p�a�t�h�,� �e�v�e�n�t�)�.� �D�e�t�e�r�m�i�n�e� �w�h�i�c�h� �g�r�a�p�h� �e�n�t�i�t�y� �h�a�s� �b�e�e�n� �c�h�o�s�e�n�.� 

�r�e�c�r�e�a�t�e�_�g�r�a�p�h�(�)�.� �T�e�l�l� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� �t�h�e�m�s�e�l�v�e�s�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�4



�A�.�l�.�4� �P�o�l�a�r� �G�r�a�p�h� 

�D�e�s�c�r�i�p�t�i�o�n� 

�P�o�l�a�r� �g�r�a�p�h� �i�s� �t�h�e� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�r�o�l�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �a� �p�o�l�a�r� �g�r�a�p�h�.� 

�A�p�p�e�a�r�a�n�c�e� 

�T�h�e� �p�o�l�a�r� �g�r�a�p�h� �w�i�l�l� �a�p�p�e�a�r� �a�s� �a� �n�o�r�m�a�l� �p�o�l�a�r� �g�r�a�p�h�.� �I�t� �w�i�l�l� �h�a�v�e� �a� �t�i�t�l�e� �a�n�d� �a� 
�l�e�g�e�n�d�.� 

�C�o�n�s�t�r�u�c�t�o�r�s� 

�S�t�a�n�d�a�r�d� �A�r�g�u�m�e�n�t�s�:� 

�N�o�n�e� 

�F�u�n�c�t�i�o�n� �C�a�l�l� �S�y�n�t�a�x�:� 

�P�o�l�a�r�_�G�r�a�p�h�(�n�u�m�b�e�r�_�r�o�w�,� �n�u�m�b�e�r�_�c�o�l�u�m�n�,� �m�a�g�n�i�t�u�d�e�_�a�r�r�a�y�,� �d�e�g�r�e�e�_�a�r�r�a�y�,� 
�t�e�x�t�_�a�r�r�a�y�)� 

�A�r�g�u�m�e�n�t� �D�e�s�c�r�i�p�t�i�o�n�s�:� 

�d�e�g�r�e�e�_�a�r�r�a�y� �-� �f�l�o�a�t�.� �A�r�r�a�y� �c�o�n�t�a�i�n�i�n�g� �d�e�g�r�e�e� �v�a�l�u�e�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� 
�n�u�m�b�e�r�_�c�o�l�u�m�n� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� 
�n�u�m�b�e�r�_�r�o�w� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� 
�m�a�g�n�i�t�u�d�e�_�a�r�r�a�y� �-� �f�l�o�a�t�.� �A�r�r�a�y� �c�o�n�t�a�i�n�i�n�g� �m�a�g�n�i�t�u�d�e�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� 
�t�e�x�t�_�a�r�r�a�y� �-� �c�h�a�r�a�c�t�e�r�.� �T�e�x�t� �s�t�r�i�n�g�s� �f�o�r� �t�i�t�l�e�s� �a�n�d� �l�e�g�e�n�d�s�.� 

�P�r�i�v�a�t�e� �D�a�t�a� �M�e�m�b�e�r�s�:� 

�a�x�e�s� �-� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �P�o�l�a�r� �A�x�e�s�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �p�o�l�a�r� �a�x�e�s� �c�l�a�s�s�.� 
�c�u�r�v�e� �a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �C�u�r�v�e�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �c�u�r�v�e�s� �o�f� �t�h�e� 
�p�o�l�a�r� �g�r�a�p�h�.� 
�c�u�r�v�e� �t�y�p�e� �-� �i�n�t�e�g�e�r�.� �F�l�a�g� �f�o�r� �w�h�e�t�h�e�r� �c�u�r�v�e�s� �t�o� �b�e� �d�i�s�p�l�a�y�e�d� �p�o�i�n�t� �t�o� �p�o�i�n�t� �o�r� 
�w�i�t�h� �s�p�l�i�n�e� �c�u�r�v�e�.� 
�d�e�g�r�e�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �d�e�g�r�e�e� 
�d�a�t�a� �v�a�l�u�e�s�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�5



�i�n�v�i�s�i�b�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �I�n�v�i�s�i�b�l�e�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�r�o�l�s� �t�h�e� 
�i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 
�l�e�g�e�n�d�_�a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �L�e�g�e�n�d�.� �P�o�i�n�t�e�r� �t�o� �l�e�g�e�n�d� �c�l�a�s�s� �f�o�r� �t�h�e� 
�l�e�g�e�n�d�s� �o�f� �t�h�e� �g�r�a�p�h�.� 
�m�a�i�n� �_� �t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �g�r�a�p�h� 
�t�i�t�l�e�.� 
�m�a�x�_�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�o�r�s� �i�n� �t�h�e� �c�o�l�o�r� �t�a�b�l�e�.� 
�m�a�g�n�i�t�u�d�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� 
�m�a�g�n�i�t�u�d�e� �d�a�t�a� �v�a�l�u�e�s�.� 

�M�e�m�b�e�r� �F�u�n�c�t�i�o�n�s� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�v�o�i�d� �d�r�a�w�_�c�u�r�v�e�s�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �c�u�r�v�e�s� �a�n�d� �d�i�s�p�l�a�y� �t�h�e�m�.� 
�v�o�i�d� �d�r�a�w�_�l�e�g�e�n�d�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �l�e�g�e�n�d� �a�n�d� �d�i�s�p�l�a�y� �i�t�.� 
�v�o�i�d� �d�r�a�w�_�t�i�t�l�e�s�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �g�r�a�p�h� �t�i�t�l�e� �a�n�d� �a�x�e�s� �l�a�b�e�l�s� �a�n�d� 

�d�i�s�p�l�a�y� �t�h�e�m�.� 
�v�o�i�d� �m�a�n�a�g�e�(�)�.� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �p�o�l�a�r� �g�r�a�p�h�.� 
�v�o�i�d� �p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w�(�c�h�o�i�c�e�,� �x�,� �y�,� �v�i�e�w�_�i�n�d�e�x�,� �d�e�p�t�h�,� 

�p�i�c�k�_�p�a�t�h�,� �e�v�e�n�t�)�.� �D�e�t�e�r�m�i�n�e� �w�h�i�c�h� �g�r�a�p�h� �e�n�t�i�t�y� �h�a�s� �b�e�e�n� �c�h�o�s�e�n�.� 
�v�o�i�d� �r�e�c�r�e�a�t�e�_�g�r�a�p�h�(�)�.� �T�e�l�l� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� �t�h�e�m�s�e�l�v�e�s�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�6



�A�.�l�.�5� �S�t�a�c�k� �B�a�r� �G�r�a�p�h� 

�D�e�s�c�r�i�p�t�i�o�n� 

�A� �s�t�a�c�k� �b�a�r� �g�r�a�p�h� �i�s� �t�h�e� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�r�o�l�s� �t�h�e� �c�r�e�a�t�i�o�n� �o�f� �a� �s�t�a�c�k� �b�a�r� �g�r�a�p�h�.� 

�A�p�p�e�a�r�a�n�c�e� 

�T�h�e� �g�r�a�p�h� �w�i�l�l� �a�p�p�e�a�r� �a�s� �a� �n�o�r�m�a�l� �s�t�a�c�k� �b�a�r� �g�r�a�p�h�.� �I�t� �w�i�l�l� �h�a�v�e� �a�n� �a�x�e�s�,� �t�i�t�l�e�s�,� 
�l�e�g�e�n�d�,� �a�n�d� �b�e� �d�i�s�p�l�a�y�e�d� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l�l�y�.� 

�C�o�n�s�t�r�u�c�t�o�r�s� 

�S�t�a�n�d�a�r�d� �A�r�g�u�m�e�n�t�s�:� 

�N�o�n�e� 

�F�u�n�c�t�i�o�n� �C�a�l�l� �S�y�n�t�a�x�:� 

�S�t�a�c�k�_�B�a�r�_�G�r�a�p�h�(�t�y�p�e�,� �n�u�m�b�e�r�_�r�o�w�,� �n�u�m�b�e�r�_�c�o�l�u�m�n�,� �y�a�r�r�a�y�,� �t�e�x�t�_�a�r�r�a�y�)� 

�A�r�g�u�m�e�n�t� �D�e�s�c�r�i�p�t�i�o�n�s�:� 

�n�u�m�b�e�r�_�c�o�l�u�m�n� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� 
�n�u�m�b�e�r�_�r�o�w� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �t�h�e� �d�a�t�a� �a�r�r�a�y�.� 
�t�y�p�e� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �g�r�a�p�h� �i�s� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e� 
�d�i�m�e�n�s�i�o�n�a�l� �d�i�s�p�l�a�y�.� �D�e�f�a�u�l�t� �i�s� �t�w�o�.� 
�y�a�r�r�a�y� �-� �f�l�o�a�t�.� �D�a�t�a� �v�a�l�u�e�s� �t�o� �b�e� �g�r�a�p�h�e�d�.� 
�t�e�x�t�_�a�r�r�a�y� �-� �c�h�a�r�a�c�t�e�r�.� �T�e�x�t� �s�t�r�i�n�g�s� �f�o�r� �t�i�t�l�e�s� �a�n�d� �l�e�g�e�n�d�s�.� 

�P�r�i�v�a�t�e� �D�a�t�a� �M�e�m�b�e�r�s�:� 

�a�x�e�s� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �A�x�e�s�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �a�x�e�s�.� 
�b�a�r�_�a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �S�t�a�c�k� �B�a�r�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �b�a�r�s� �o�f� �t�h�e� �b�a�r� 
�g�r�a�p�h�.� 
�d�e�l�e�t�i�o�n� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �D�e�l�e�t�i�o�n�.� �P�o�i�n�t�e�r� �t�o� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� 
�g�r�i�d� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�i�d�.� �P�o�i�n�t�e�r� �t�o� �g�r�i�d� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x�y� �g�r�i�d�.� 
�i�n�v�i�s�i�b�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �I�n�v�i�s�i�b�l�e�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �c�l�a�s�s� �t�h�a�t� �c�o�n�t�r�o�l�s� �t�h�e� 
�i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�7



�l�e�g�e�n�d� �_� �a�r�r�a�y� �-� �a�r�r�a�y� �o�f� �p�o�i�n�t�e�r�s� �o�f� �t�y�p�e� �L�e�g�e�n�d�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �l�e�g�e�n�d�s� �o�f� �t�h�e� �b�a�r� 
�g�r�a�p�h�.� 
�m�a�i�n�_�t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �g�r�a�p�h� 
�t�i�t�l�e�.� 
�m�a�x�_�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�o�r�s� �i�n� �t�h�e� �c�o�l�o�r� �t�a�b�l�e�.� 
�s�u�m� �-� �f�l�o�a�t�.� �S�u�m� �o�f� �d�a�t�a� �r�o�w� �f�o�r� �n�o�r�m�a�l�i�z�a�t�i�o�n� �o�f� �b�a�r�s�.� 
�x�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�y�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�y�_�t�i�t�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �T�e�x�t�.� �P�o�i�n�t�e�r� �t�o� �t�e�x�t� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �a�x�e�s� �t�i�t�l�e�.� 
�y�z�g�r�i�d� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�i�d�.� �P�o�i�n�t�e�r� �t�o� �g�r�i�d� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y�z� �g�r�i�d�.� 
�z�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �z� �d�a�t�a� 
�v�a�l�u�e�s�.� 

�M�e�m�b�e�r� �F�u�n�c�t�i�o�n�s� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�v�o�i�d� �d�r�a�w�_�b�a�r�s�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �b�a�r�s� �a�n�d� �d�r�a�w� �t�h�e�m�.� 
�v�o�i�d� �d�r�a�w�_�l�e�g�e�n�d�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �l�e�g�e�n�d� �a�n�d� �d�r�a�w� �i�t�.� 
�v�o�i�d� �d�r�a�w�_�t�i�t�l�e�s�(�)�.� �S�e�t� �a�t�t�r�i�b�u�t�e�s� �f�o�r� �g�r�a�p�h� �t�i�t�l�e� �a�n�d� �a�x�e�s� �l�a�b�e�l�s� �a�n�d� �d�r�a�w� 

�t�h�e�m�.� 
�v�o�i�d� �m�a�n�a�g�e�(�)�.� �C�o�n�t�r�o�l� �d�r�a�w�i�n�g� �o�f� �s�t�a�c�k� �b�a�r� �g�r�a�p�h�.� 
�v�o�i�d� �p�r�o�c�e�s�s�_�g�e�o�m�e�t�r�y�_�v�i�e�w�(�c�h�o�i�c�e�,� �x�,� �y�,� �v�i�e�w�_�i�n�d�e�x�,� �d�e�p�t�h�,� 

�p�i�c�k�_�p�a�t�h�,� �e�v�e�n�t�)�.� �D�e�t�e�r�m�i�n�e� �w�h�i�c�h� �g�r�a�p�h� �e�n�t�i�t�y� �h�a�s� �b�e�e�n� �c�h�o�s�e�n�.� 
�v�o�i�d� �r�e�c�r�e�a�t�e�_�g�r�a�p�h�(�)�.� �T�e�l�l� �g�r�a�p�h� �e�n�t�i�t�i�e�s� �t�o� �r�e�c�r�e�a�t�e� �t�h�e�m�s�e�l�v�e�s�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�8



�A�.�2� �G�r�a�p�h� �E�n�t�i�t�i�e�s� 

�A�.�2�.�1� �A�x�e�s� 

�D�e�s�c�r�i�p�t�i�o�n� 

�A�n� �a�x�e�s� �i�s� �t�h�e� �a�x�e�s� �o�f� �t�h�e� �g�r�a�p�h�.� 

�A�p�p�e�a�r�a�n�c�e� 

�F�i�g�u�r�e� �1� �s�h�o�w�s� �t�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �a�n� �a�x�e�s�.� �T�h�e� �a�t�t�r�i�b�u�t�e�s� �w�h�i�c�h� �c�a�n� �b�e� 
�c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �a�r�e� �t�h�e� �l�e�n�g�t�h�s� �o�f� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �a�x�e�s�,� �c�o�l�o�r�,� 
�l�i�n�e�t�h�i�c�k�n�e�s�s�,� �l�o�c�a�t�i�o�n�,� �n�u�m�b�e�r� �o�f� �i�n�c�r�e�m�e�n�t�s� �a�l�o�n�g� �e�a�c�h� �a�x�e�s�,� �a�n�d� �t�h�e� �l�e�g�e�n�d� 
�h�e�i�g�h�t�,� �c�o�l�o�r�,� �a�n�d� �f�o�n�t�.� 

�C�o�n�s�t�r�u�c�t�o�r�s� 

�S�t�a�n�d�a�r�d� �A�r�g�u�m�e�n�t�s�:� 

�A�X�E�S�_�S�T�D�_�A�R�G�S� �=� �x�_�s�t�a�r�t�_�p�t�,� �y�_�s�t�a�r�t�_�p�t�,� �z�_�s�t�a�r�t�_�p�t�,� �x�l�e�n�g�t�h�,� �y�l�e�n�g�t�h�,� 
�z�l�e�n�g�t�h� 

�F�u�n�c�t�i�o�n� �C�a�l�l� �S�y�n�t�a�x�:� 

�A�x�e�s�(�)� 
�A�x�e�s�(�A�X�E�S�_�S�T�D�_�A�R�G�S�)� 
�A�x�e�s�(�A�X�E�S�_�S�T�D�_�A�R�G�S�,� �c�o�l�o�r�_�i�n�d�e�x�)� 
�A�x�e�s�(�A�X�E�S�_�S�T�D�_�A�R�G�S�,� �l�i�n�e�w�i�d�t�h�)� 
�A�x�e�s�(�A�X�E�S�_�S�T�D�_�A�R�G�S�,� �l�i�n�e�w�i�d�t�h�,� �c�o�l�o�r�_�i�n�d�e�x�)� 
�A�x�e�s�(�A�X�E�S�_�S�T�D�_�A�R�G�S�,� �n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�x�,� �n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�y�,� 
�n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�z�)� 

�A�x�e�s�(�A�X�E�S�_�S�T�D�_�A�R�G�S�,� �n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�x�,� �n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�y�,� 
�n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�z�,� �c�o�l�o�r�_�i�n�d�e�x�)� 

�A�x�e�s�(�A�X�E�S�_�S�T�D�_�A�R�G�S�,� �n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�x�,� �n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�y�,� 
�n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�z�,� �l�i�n�e�w�i�d�t�h�)� 

�A�x�e�s�(�A�X�E�S�_�S�T�D�_�A�R�G�S�,� �n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�x�,� �n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�y�,� 
�n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�z�,� �l�i�n�e�w�i�d�t�h�,� �c�o�l�o�r�_�i�n�d�e�x�)� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�2�9



�A�r�g�u�m�e�n�t� �D�e�s�c�r�i�p�t�i�o�n�s�:� 

�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �I�n�d�e�x� �n�u�m�b�e�r� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �e�n�t�r�y� �y�o�u� �w�i�s�h� �t�o� �u�s�e�.� 
�D�e�f�a�u�l�t� �i�s� �r�e�d�.� 
�l�i�n�e�w�i�d�t�h� �-� �f�l�o�a�t�.� �S�c�a�l�e� �f�a�c�t�o�r� �b�y� �w�h�i�c�h� �t�h�e� �n�o�r�m�a�l� �l�i�n�e�t�h�i�c�k�n�e�s�s� �w�i�l�l� �b�e� 
�m�u�l�t�i�p�l�i�e�d�.� �D�e�f�a�u�l�t� �i�s� �o�n�e�.� 
�n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�x� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �s�c�a�l�e� �m�a�r�k�s� �o�n� �t�h�e� �x� �a�x�e�s�.� 
�D�e�f�a�u�l�t� �i�s� �s�i�x�.� 
�n�u�m�b�e�r� �_�o�f�_�m�a�r�k�s�_�y� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �s�c�a�l�e� �m�a�r�k�s� �o�n� �t�h�e� �y� �a�x�e�s�.� 
�D�e�f�a�u�l�t� �i�s� �s�i�x�.� 
�n�u�m�b�e�r�_�o�f�_�m�a�r�k�s�_�z� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �s�c�a�l�e� �m�a�r�k�s� �o�n� �t�h�e� �z� �a�x�e�s�.� 
�D�e�f�a�u�l�t� �i�s� �s�i�x�.� 
�x�l�e�n�g�t�h� �-� �f�l�o�a�t�.� �L�e�n�g�t�h� �o�f� �t�h�e� �x� �a�x�e�s�.� �D�e�f�a�u�l�t� �i�s� �0�.�7�.� 
�x�_�S�t�a�r�t�_�p�t�[�]� �-� �f�l�o�a�t�.� �A�r�r�a�y� �w�h�i�c�h� �h�o�l�d�s� �t�h�e� �s�t�a�r�t�i�n�g� �l�o�c�a�t�i�o�n� �f�o�r� �t�h�e� �x� �a�x�e�s� 
�l�i�n�e�.� 
�y�l�e�n�g�t�h� �-� �f�l�o�a�t�.� �L�e�n�g�t�h� �o�f� �t�h�e� �y� �a�x�e�s�.� �D�e�f�a�u�l�t� �i�s� �0�.�7�.� 
�y�_�s�t�a�r�t�_�p�t�[�]� �-� �f�l�o�a�t�.� �A�r�r�a�y� �w�h�i�c�h� �h�o�l�d�s� �t�h�e� �s�t�a�r�t�i�n�g� �l�o�c�a�t�i�o�n� �f�o�r� �t�h�e� �y� �a�x�e�s� 
�l�i�n�e�.� 
�z�l�e�n�g�t�h� �-� �f�l�o�a�t�.� �L�e�n�g�t�h� �o�f� �t�h�e� �z� �a�x�e�s�.� �D�e�f�a�u�l�t� �i�s� �0�.�7�.� 
�z�_�S�t�a�r�t�_�p�t�{�]� �-� �f�l�o�a�t�.� �A�r�r�a�y� �w�h�i�c�h� �h�o�l�d�s� �t�h�e� �s�t�a�r�t�i�n�g� �l�o�c�a�t�i�o�n� �f�o�r� �t�h�e� �z� �a�x�e�s� �l�i�n�e�.� 

�P�r�i�v�a�t�e� �D�a�t�a� �M�e�m�b�e�r�s�:� 

�a�x�e�s� �_�v�i�s�i�b�l�e�[�]� �-� �i�n�t�e�g�e�r�.� �A�r�r�a�y� �f�o�r� �h�o�l�d�i�n�g� �n�a�m�e� �o�f� �s�e�t� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �a�x�e�s� 
�v�i�s�i�b�i�l�i�t�y� �n�u�m�b�e�r�.� 
�c�b�_�1� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �s�t�o�r�i�n�g� �c�h�e�c�k� �b�o�x� �p�o�s�i�t�i�o�n�.� 
�c�l�a�s�s� �n�a�m�e�[�]� �-� �i�n�t�e�g�e�r�.� �A�r�r�a�y� �f�o�r� �h�o�l�d�i�n�g� �e�n�t�r�i�e�s� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n�t�o� �n�a�m�e� �s�e�t�s�.� 
�c�o�l�o�r�_�f�o�r�m�a�t� �-� �i�n�t�e�g�e�r�.� �S�p�e�c�i�f�i�e�s� �w�h�e�t�h�e�r� �u�s�i�n�g� �c�o�l�o�r� �t�a�b�l�e� �e�n�t�r�i�e�s�(�i�n�d�e�x�e�d�)� �o�r� 
�d�i�r�e�c�t� �c�o�l�o�r� �v�a�l�u�e�s�.� �D�e�f�a�u�l�t� �i�s� �i�n�d�e�x�e�d�.� 
�g�r�a�p�h� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�a�p�h�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �g�r�a�p�h�.� 
�h�i�_�b�o�u�n�d�a�r�y� �x� �-� �f�l�o�a�t�.� �M�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �t�h�e� �x� �a�x�e�s�.� 
�h�i�_�b�o�u�n�d�a�r�y�_�y� �-� �f�l�o�a�t�.� �M�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �t�h�e� �y� �a�x�e�s�.� 
�h�i�_�b�o�u�n�d�a�r�y�_�z� �-� �f�l�o�a�t�.� �M�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �t�h�e� �z� �a�x�e�s�.� 
�i�n�v�i�s�i�b�l�e� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �I�n�v�i�s�i�b�l�e�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �c�l�a�s�s� �t�h�a�t� �c�o�n�t�r�o�l�s� �t�h�e� 
�i�n�v�i�s�i�b�i�l�i�t�y� �f�i�l�t�e�r�.� 
�l�a�b�e�l�_�i�d�[�]� �-� �i�n�t�e�g�e�r�.� �A�r�r�a�y� �o�f� �l�a�b�e�l� �i�d�e�n�t�i�f�i�e�r�s� �t�o� �b�e� �u�s�e�d� �b�y� �a�x�e�s� �c�l�a�s�s� �f�o�r� 
�l�o�c�a�t�i�n�g� �a�x�e�s� �a�t�t�r�i�b�u�t�e�s� �d�u�r�i�n�g� �s�t�r�u�c�t�u�r�e� �t�r�a�v�e�r�s�a�l�.� 
�l�o�w�_�b�o�u�n�d�a�r�y� �x� �-� �f�l�o�a�t�.� �M�i�n�i�m�u�m� �v�a�l�u�e� �o�f� �t�h�e� �x� �a�x�e�s�.� 
�l�o�w�_�b�o�u�n�d�a�r�y�_�y� �-� �f�l�o�a�t�.� �M�i�n�i�m�u�m� �v�a�l�u�e� �o�f� �t�h�e� �y� �a�x�e�s�.� 
�l�o�w�_�b�o�u�n�d�a�r�y� �z� �-� �f�l�o�a�t�.� �M�i�n�i�m�u�m� �v�a�l�u�e� �o�f� �t�h�e� �z� �a�x�e�s�.� 
�m�a�n�a�g�e�d� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �a� �s�t�r�u�c�t�u�r�e� �h�a�s� �a�l�r�e�a�d�y� �b�e�e�n� �c�r�e�a�t�e�d�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�3�0



�m�a�n�a�g�e�r� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �I�n�t�e�r�f�a�c�e�_�M�a�n�a�g�e�r�.� �P�o�i�n�t�e�r� �t�o� �i�n�t�e�r�f�a�c�e� �m�a�n�a�g�e�r�.� 
�p�o�l�y�m�a�r�k�_�s�c�a�l�e� �f�a�c�t� �-� �f�l�o�a�t�.� �V�a�l�u�e� �b�y� �w�h�i�c�h� �t�h�e� �n�o�r�m�a�l� �p�o�l�y�m�a�r�k�e�r� �s�c�a�l�e� 
�f�a�c�t�o�r� �w�i�l�l� �b�e� �m�u�l�t�i�p�l�i�e�d�.� �D�e�f�a�u�l�t� �i�s� �o�n�e�.� 
�s�t�r�u�c�t�u�r�e� �-� �P�H�I�G�S� �S�t�r�u�c�t�u�r�e�_�I�D�.� �S�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �i�n�t�o� �w�h�i�c�h� �a�x�e�s� �w�i�l�l� �b�e� 
�d�r�a�w�n�.� 
�t�y�p�e� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �g�r�a�p�h� �i�s� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e� 
�d�i�m�e�n�s�i�o�n�a�l� �d�i�s�p�l�a�y�.� �D�e�f�a�u�l�t� �i�s� �t�w�o�.� 
�v�i�e�w�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �V�i�e�w� �i�n�d�e�x�.� 
�w�s�i�d� �-� �i�n�t�e�g�e�r�.� �W�o�r�k�s�t�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�r�.� 
�X�_�a�x�e�s�_� �m�a�n�u�a�l� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �c�a�l�c�u�l�a�t�e�d� �a�x�e�s� �s�c�a�l�e� �h�a�s� �b�e�e�n� 
�o�v�e�r�w�r�i�t�t�e�n� �b�y� �t�h�e� �u�s�e�r�.� 
�x�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�x�s�t�e�p� �-� �f�l�o�a�t�.� �V�a�l�u�e� �o�f� �t�h�e� �i�n�c�r�e�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �s�c�a�l�e� �m�a�r�k�s� �a�l�o�n�g� �t�h�e� �x� 
�a�x�e�s�.� 
�x�_�t�e�x�t�_�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �V�a�l�u�e� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�n�d�e�x� �n�u�m�b�e�r� �t�o� �b�e� 
�u�s�e�d� �f�o�r� �t�h�e� �x� �a�x�e�s� �i�n�c�r�e�m�e�n�t� �l�a�b�e�l�s�.� �D�e�f�a�u�l�t� �i�s� �w�h�i�t�e�.� 
�x�_�t�e�x�t�_�h�e�i�g�h�t� �-� �f�l�o�a�t�.� �C�h�a�r�a�c�t�e�r� �h�e�i�g�h�t� �f�o�r� �t�h�e� �x� �a�x�e�s� �i�n�c�r�e�m�e�n�t� �l�a�b�e�l�s�.� 
�D�e�f�a�u�l�t� �i�s� �0�.�0�1�4�.� 
�y�_�a�x�e�s�_� �m�a�n�u�a�l� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �c�a�l�c�u�l�a�t�e�d� �a�x�e�s� �s�c�a�l�e� �h�a�s� �b�e�e�n� 
�o�v�e�r�w�r�i�t�t�e�n� �b�y� �t�h�e� �u�s�e�r�.� 
�y�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�y�s�t�e�p� �-� �f�l�o�a�t�.� �V�a�l�u�e� �o�f� �t�h�e� �i�n�c�r�e�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �s�c�a�l�e� �m�a�r�k�s� �a�l�o�n�g� �t�h�e� �y� 
�a�x�e�s�.� 
�y�_�t�e�x�t�_�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �V�a�l�u�e� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�n�d�e�x� �n�u�m�b�e�r� �t�o� �b�e� 
�u�s�e�d� �f�o�r� �t�h�e� �y� �a�x�e�s� �i�n�c�r�e�m�e�n�t� �l�a�b�e�l�s�.� �D�e�f�a�u�l�t� �i�s� �w�h�i�t�e�.� 
�y�_�t�e�x�t�_�h�e�i�g�h�t� �-� �f�l�o�a�t�.� �C�h�a�r�a�c�t�e�r� �h�e�i�g�h�t� �f�o�r� �t�h�e� �y� �a�x�e�s� �i�n�c�r�e�m�e�n�t� �l�a�b�e�l�s�.� 
�D�e�f�a�u�l�t� �i�s� �0�.�0�1�4�.� 
�z�_�a�x�e�S�_� �m�a�n�u�a�l� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �c�a�l�c�u�l�a�t�e�d� �a�x�e�s� �s�c�a�l�e� �h�a�s� �b�e�e�n� 
�o�v�e�r�w�r�i�t�t�e�n� �b�y� �t�h�e� �u�s�e�r�.� 
�z�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �z� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�z�s�t�e�p� �-� �f�l�o�a�t�.� �V�a�l�u�e� �o�f� �t�h�e� �i�n�c�r�e�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �s�c�a�l�e� �m�a�r�k�s� �a�l�o�n�g� �t�h�e� �z� 
�a�x�e�s�.� 
�z�_�t�e�x�t�_�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �V�a�l�u�e� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �i�n�d�e�x� �n�u�m�b�e�r� �t�o� �b�e� 
�u�s�e�d� �f�o�r� �t�h�e� �z� �a�x�e�s� �i�n�c�r�e�m�e�n�t� �l�a�b�e�l�s�.� �D�e�f�a�u�l�t� �i�s� �w�h�i�t�e�.� 
�z� �t�e�x�t�_�h�e�i�g�h�t� �-� �f�l�o�a�t�.� �C�h�a�r�a�c�t�e�r� �h�e�i�g�h�t� �f�o�r� �t�h�e� �z� �a�x�e�s� �i�n�c�r�e�m�e�n�t� �l�a�b�e�l�s�.� 
�D�e�f�a�u�l�t� �i�s� �0�.�0�1�4�.� 

�M�e�m�b�e�r� �F�u�n�c�t�i�o�n�s� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�3�1



�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 

�s�e�t�_�c�o�l�o�r�(�c�o�l�o�r�_�i�n�d�e�x�)� 
�s�e�t�_�l�i�n�e�w�i�d�t�h�(�l�i�n�e�w�i�d�t�h�)� 
�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�a�t�a�_�s�e�r�i�e�s�(�x�d�a�t�a�,� �y�d�a�t�a�,� �z�d�a�t�a�)� 
�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�g�r�a�p�h�(�g�r�a�p�h�)� 
�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�i�n�v�i�s�i�b�i�l�i�t�y�_�f�i�l�t�e�r�(�i�n�v�i�s�i�b�l�e�)� 
�s�e�t�_�s�t�r�u�c�t�u�r�e�_�i�d�(�i�d�)� 
�s�e�t�_�t�y�p�e�(�t�y�p�e�)� 
�s�e�t�_�x�_�t�e�x�t�_�c�o�l�o�r�(�x�_�t�e�x�t�_�c�o�l�o�r�_�i�n�d�e�x�)� 
�s�e�t�_�x�_�t�e�x�t�_�h�e�i�g�h�t�(�x�_�t�e�x�t�_�h�e�i�g�h�t�)� 
�s�e�t�_�y�_�t�e�x�t�_�c�o�l�o�r�(�y�_�t�e�x�t�_�c�o�l�o�r�_�i�n�d�e�x�)� 
�s�e�t�_�y�_�t�e�x�t�_�h�e�i�g�h�t�(�y�_�t�e�x�t�_�h�e�i�g�h�t�)� 
�s�e�t�_�z�_�t�e�x�t�_�c�o�l�o�r�(�z�_�t�e�x�t�_�c�o�l�o�r�_�i�n�d�e�x�)� 
�s�e�t�_�z�_�t�e�x�t�_�h�e�i�g�h�t�(�z�_�t�e�x�t�_�h�e�i�g�h�t�)� 

�I�n�q�u�i�r�y� �F�u�n�c�t�i�o�n�s�:� 

�i�n�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 
�f�l�o�a�t� 

�g�e�t�_�s�t�r�u�c�t�u�r�e�_�i�d�(�)� 
�g�e�t�_�x�_�a�x�e�s�_�h�i�_�b�o�u�n�d�a�r�y�(�)� 
�g�e�t�_�x�_�a�x�e�s�_�l�o�w�_�b�o�u�n�d�a�r�y�(�)� 
�g�e�t�_�x�_�a�x�e�s�_�l�e�n�g�t�h�(�)� 
�g�e�t�_�x�_�a�x�e�s�_�s�t�a�r�t�_�p�t�(�)� 
�g�e�t�_�y�_�a�x�e�s�_�h�i�_�b�o�u�n�d�a�r�y�(�)� 
�g�e�t�_�y�_�a�x�e�s�_�l�o�w�_�b�o�u�n�d�a�r�y�(�)� 
�g�e�t�_�y�_�a�x�e�s�_�l�e�n�g�t�h�(�)� 
�g�e�t�_�y�_�a�x�e�s�_�s�t�a�r�t�_�p�t�(�)� 
�g�e�t�_�z�_�a�x�e�s�_�h�i�_�b�o�u�n�d�a�r�y�(�)� 
�g�e�t�_�z�_�a�x�e�s�_�l�o�w�_�b�o�u�n�d�a�r�y�(�)� 
�g�e�t�_�z�_�a�x�e�s�_�l�e�n�g�t�h�(�)� 
�g�e�t�_�z�_�a�x�e�s�_�s�t�a�r�t�_�p�t�(�)� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�3�2



�A�.�2�.�2� �B�a�r� 

�D�e�s�c�r�i�p�t�i�o�n� 

�A� �b�a�r� �i�s� �a� �b�a�r� �o�n� �a� �b�a�r� �g�r�a�p�h�.� 

�A�p�p�e�a�r�a�n�c�e� 

�F�i�g�u�r�e� �2� �s�h�o�w�s� �t�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �a� �b�a�r�.� �T�h�e� �a�t�t�r�i�b�u�t�e�s� �w�h�i�c�h� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� 
�b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �a�r�e� �t�h�e� �c�o�l�o�r�,� �w�i�d�t�h�,� �i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n�,� �a�n�d� �l�o�c�a�t�i�o�n�.� 

�C�o�n�s�t�r�u�c�t�o�r�s� 

�S�t�a�n�d�a�r�d� �A�r�g�u�m�e�n�t�s�:� 

�B�A�R�_�S�T�D�_�A�R�G�S� �=� �t�y�p�e�,� �y�v�a�l�u�e�,� �b�a�r�_�l�o�c�a�t�i�o�n�,� �b�a�r�_�w�i�d�t�h� 

�F�u�n�c�t�i�o�n� �C�a�l�l� �S�y�n�t�a�x�:� 

�B�a�r�(�)� 
�B�a�r�(�B�A�R�_�S�T�D�_�A�R�G�S�)� 
�B�a�r�(�B�A�R�_�S�T�D�_�A�R�G�S�,� �c�o�l�o�r�_�i�n�d�e�x�)� 
�B�a�r�(�B�A�R�_�S�T�D�_�A�R�G�S�,� �c�o�l�o�r�_�i�n�d�e�x�,� �i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n�)� 

�A�r�g�u�m�e�n�t� �D�e�s�c�r�i�p�t�i�o�n�s�:� 

�b�a�r�_�l�o�c�a�t�i�o�n�[�]� �-� �f�l�o�a�t�.� �L�o�c�a�t�i�o�n� �o�f� �b�a�r� �o�n� �t�h�e� �g�r�a�p�h�.� 
�b�a�r�_�w�i�d�t�h�[�]� �-� �f�l�o�a�t�.� �W�i�d�t�h� �o�f� �b�a�r�.� 
�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �I�n�d�e�x� �n�u�m�b�e�r� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �e�n�t�r�y� �y�o�u� �w�i�s�h� �t�o� 
�u�s�e�.� �D�e�f�a�u�l�t� �i�s� �r�e�d�.� 
�i�n�t�e�r�i�o�r� �p�a�t�t�e�r�n� �-� �i�n�t�e�g�e�r�.� �T�y�p�e� �o�f� �p�a�t�t�e�r�n� �t�o� �b�e� �u�s�e�d� �i�n� �t�h�e� �f�i�l�l� �a�r�e�a� �o�f� �t�h�e� 
�b�a�r�.� 
�t�y�p�e� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �g�r�a�p�h� �i�s� �t�w�o� �d�i�m�e�n�s�i�o�n�a�l� �o�r� �t�h�r�e�e� 
�d�i�m�e�n�s�i�o�n�a�l� �d�i�s�p�l�a�y�.� �D�e�f�a�u�l�t� �i�s� �t�w�o�.� 
�y�v�a�l�u�e� �-� �f�l�o�a�t�.� �N�o�r�m�a�l�i�z�e�d� �h�e�i�g�h�t� �v�a�l�u�e� �f�o�r� �t�h�e� �b�a�r�.� 

�P�r�i�v�a�t�e� �D�a�t�a� �M�e�m�b�e�r�s�:� 

�a�x�e�s� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �A�x�e�s�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �a�x�e�s�.� 
�c�l�a�s�s� �n�a�m�e�[�]� �-� �i�n�t�e�g�e�r�.� �A�r�r�a�y� �f�o�r� �h�o�l�d�i�n�g� �e�n�t�r�i�e�s� �f�o�r� �i�n�c�l�u�s�i�o�n� �i�n�t�o� �n�a�m�e� �s�e�t�s�.� 

�A�p�p�e�n�d�i�x� �A�.� �C�l�a�s�s� �L�i�b�r�a�r�y� �U�s�e�r� �G�u�i�d�e� �1�3�3



�c�o�l�o�r�_�f�o�r�m�a�t� �-� �i�n�t�e�g�e�r�.� �S�p�e�c�i�f�i�e�s� �w�h�e�t�h�e�r� �u�s�i�n�g� �c�o�l�o�r� �t�a�b�l�e� �e�n�t�r�i�e�s�(�i�n�d�e�x�e�d�)� �o�r� 
�d�i�r�e�c�t� �c�o�l�o�r� �v�a�l�u�e�s�.� �D�e�f�a�u�l�t� �i�s� �i�n�d�e�x�e�d�.� 
�c�o�l�u�m�n�_�c�o�u�n�t� �-� �i�n�t�e�g�e�r�.� �C�o�u�n�t�e�r� �f�o�r� �t�h�e� �w�h�i�c�h� �b�a�r� �i�s� �p�r�e�s�e�n�t�l�y� �b�e�i�n�g� �d�r�a�w�n�.� 
�d�e�l�e�t�i�o�n� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �D�e�l�e�t�i�o�n�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� 
�g�r�a�p�h� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �G�r�a�p�h�.� �P�o�i�n�t�e�r� �t�o� �t�h�e� �g�r�a�p�h�.� 
�i�n�t�e�r�i�o�r�_�s�t�y�l�e� �-� �i�n�t�e�g�e�r�.� �T�y�p�e� �o�f� �s�t�y�l�e� �t�o� �b�e� �u�s�e�d� �i�n� �t�h�e� �f�i�l�l� �a�r�e�a� �o�f� �t�h�e� �b�a�r�.� 
�D�e�f�a�u�l�t� �i�s� �s�o�l�i�d�.� 
�l�a�b�e�l�_�i�d�[�]� �-� �i�n�t�e�g�e�r�.� �A�r�r�a�y� �o�f� �l�a�b�e�l� �i�d�e�n�t�i�f�i�e�r�s� �t�o� �b�e� �u�s�e�d� �b�y� �b�a�r� �c�l�a�s�s� �f�o�r� 
�l�o�c�a�t�i�n�g� �b�a�r� �a�t�t�r�i�b�u�t�e�s� �d�u�r�i�n�g� �s�t�r�u�c�t�u�r�e� �t�r�a�v�e�r�s�a�l�.� 
�m�a�n�a�g�e�d� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �a� �s�t�r�u�c�t�u�r�e� �h�a�s� �a�l�r�e�a�d�y� �b�e�e�n� �c�r�e�a�t�e�d�.� 
�m�a�n�a�g�e�r� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �I�n�t�e�r�f�a�c�e�_�M�a�n�a�g�e�r�.� �P�o�i�n�t�e�r� �t�o� �i�n�t�e�r�f�a�c�e� �m�a�n�a�g�e�r�.� 
�n�u�m�b�e�r� �c�o�l�u�m�n� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �t�h�e� �d�a�t�a� �s�e�r�i�e�s� �b�e�i�n�g� 
�g�r�a�p�h�e�d�.� �(�N�u�m�b�e�r� �o�f� �b�a�r�s� �p�e�r� �r�o�w�)� 
�n�u�m�b�e�r�_�r�o�w� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �t�h�e� �d�a�t�a� �s�e�r�i�e�s� �b�e�i�n�g� �g�r�a�p�h�e�d�.� 
�(�N�u�m�b�e�r� �o�f� �s�e�t�s� �t�o� �b�e� �g�r�a�p�h�e�d�)� 
�r�o�w�_�c�o�u�n�t� �-� �i�n�t�e�g�e�r�.� �C�o�u�n�t�e�r� �f�o�r� �t�h�e� �w�h�i�c�h� �r�o�w� �i�s� �p�r�e�s�e�n�t�l�y� �b�e�i�n�g� �d�r�a�w�n�.� 
�s�t�r�u�c�t�u�r�e� �-� �P�H�I�G�S� �S�t�r�u�c�t�u�r�e�_�I�D�.� �S�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� �i�n�t�o� �w�h�i�c�h� �a�x�e�s� �w�i�l�l� �b�e� 
�d�r�a�w�n�.� 
�v�i�e�w�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �V�i�e�w� �i�n�d�e�x�.� 
�w�s�i�d� �-� �i�n�t�e�g�e�r�.� �W�o�r�k�s�t�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�r�.� 
�x�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �x� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�y�_�b�a�r�_�m�a�n�u�a�l� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �y� �v�a�l�u�e� �w�a�s� �m�a�n�u�a�l�l�y� �s�e�n�t� �i�n� �b�y� �t�h�e� 
�u�s�e�r� �o�r� �i�f� �d�a�t�a� �i�s� �b�e�i�n�g� �r�e�a�d� �f�r�o�m� �a�r�r�a�y� �a�n�d� �n�o�r�m�a�l�i�z�e�d�.� 
�y�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �y� �d�a�t�a� 
�v�a�l�u�e�s�.� 
�z�_�b�a�r�_�w�i�d�t�h� �-� �f�l�o�a�t�.� �W�i�d�t�h� �o�f� �b�a�r� �a�l�o�n�g� �t�h�e� �z� �a�x�e�s�.� 
�z�d�a�t�a� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �S�e�r�i�e�s�.� �P�o�i�n�t�e�r� �t�o� �s�e�r�i�e�s� �c�l�a�s�s� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �z� �d�a�t�a� 
�v�a�l�u�e�s�.� 

�M�e�m�b�e�r� �F�u�n�c�t�i�o�n�s� 

�P�u�b�l�i�c� �F�u�n�c�t�i�o�n�s�:� 

�v�o�i�d� �s�e�t�_�b�a�r�_�l�o�c�a�t�i�o�n�(�b�a�r�_�l�o�c�a�t�i�o�n�)� 
�v�o�i�d� �s�e�t�_�b�a�r�_�t�y�p�e�(�t�y�p�e�)� 
�v�o�i�d� �s�e�t�_�c�o�l�o�r�(�c�o�l�o�r�_�i�n�d�e�x�)� 
�v�o�i�d� �s�e�t�_�c�o�l�u�m�n�_�c�o�u�n�t�(�c�o�l�u�m�n�_�c�o�u�n�t�)� 
�v�o�i�d� �s�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n�(�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n�)� 
�v�o�i�d� �s�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e�(�i�n�t�e�r�i�o�r�_�s�t�y�l�e�)� 
�v�o�i�d� �s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�a�x�e�s�(�a�x�e�s�)� 
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�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 
�v�o�i�d� 

�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�a�t�a�_�s�e�r�i�e�s�(�x�d�a�t�a�,� �y�d�a�t�a�,� �z�d�a�t�a�)� 
�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�d�e�l�e�t�i�o�n�_�f�i�l�t�e�r�(�d�e�l�e�t�i�o�n�)� 
�s�e�t�_�p�o�i�n�t�e�r�_�t�o�_�g�r�a�p�h�(�g�r�a�p�h�)� 
�s�e�t�_�t�o�t�a�l�_�n�u�m�b�e�r�_�b�a�r�s�(�n�u�m�b�e�r�_�c�o�l�u�m�n�)� 
�s�e�t�_�t�o�t�a�l�_�n�u�m�b�e�r�_�s�e�t�s�(�n�u�m�b�e�r�_�r�o�w�)� 
�s�e�t�_�r�o�w�_�c�o�u�n�t�(�r�o�w�_�c�o�u�n�t�)� 

�I�n�q�u�i�r�y� �F�u�n�c�t�i�o�n�s�:� 

�i�n�t� 
�i�n�t� 
�i�n�t� 
�i�n�t� 

�g�e�t�_�c�o�l�o�r�_�i�n�d�e�x�(�)� 
�g�e�t�_�i�n�t�e�r�i�o�r�_�p�a�t�t�e�r�n�(�)� 
�g�e�t�_�i�n�t�e�r�i�o�r�_�s�t�y�l�e�(�)� 
�g�e�t�_�s�t�r�u�c�t�u�r�e�_�i�d�(�)� 
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�A�.�2�.�3� �C�u�r�v�e� 

�D�e�s�c�r�i�p�t�i�o�n� 

�A� �c�u�r�v�e� �i�s� �a� �c�u�r�v�e� �o�n� �t�h�e� �g�r�a�p�h�.� 

�A�p�p�e�a�r�a�n�c�e� 

�F�i�g�u�r�e� �3� �s�h�o�w�s� �t�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �a� �c�u�r�v�e�.� �T�h�e� �a�t�t�r�i�b�u�t�e�s� �w�h�i�c�h� �c�a�n� �b�e� 
�c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r� �a�r�e� �t�h�e� �c�o�l�o�r�,� �l�i�n�e�w�i�d�t�h�,� �l�i�n�e�t�y�p�e�,� �m�a�r�k�e�r� �t�y�p�e�,� 
�m�a�r�k�e�r� �s�c�a�l�e� �f�a�c�t�o�r�,� �a�n�d� �t�y�p�e� �o�f� �c�u�r�v�e�.� 

�C�o�n�s�t�r�u�c�t�o�r�s� 

�S�t�a�n�d�a�r�d� �A�r�g�u�m�e�n�t�s�:� 

�C�U�R�V�E�_�S�T�D�_�A�R�G�S� �=� �r�o�w�_�c�o�u�n�t�,� �n�u�m�b�e�r�_�c�o�l�u�m�n�,� �x�d�a�t�a�,� �y�d�a�t�a�,� �z�d�a�t�a� 

�F�u�n�c�t�i�o�n� �C�a�l�l� �S�y�n�t�a�x�:� 

�C�u�r�v�e�(�)� 
�C�u�r�v�e�(�C�U�R�V�E�_�S�T�D�_�A�R�G�S�)� 
�C�u�r�v�e�(�C�U�R�V�E�_�S�T�D�_�A�R�G�S�,� �c�o�l�o�r�_�i�n�d�e�x�)� 
�C�u�r�v�e�(�C�U�R�V�E�_�S�T�D�_�A�R�G�S�,� �l�i�n�e�w�i�d�t�h�)� 
�C�u�r�v�e�(�C�U�R�V�E�_�S�T�D�_�A�R�G�S�,� �l�i�n�e�w�i�d�t�h�,� �c�o�l�o�r�_�i�n�d�e�x�)� 
�C�u�r�v�e�(�A�X�E�S�_�S�T�D�_�A�R�G�S�,� �l�i�n�e�w�i�d�t�h�,� �c�u�r�v�e�_�t�y�p�e�,� �c�o�l�o�r�_�i�n�d�e�x�)� 

�A�r�g�u�m�e�n�t� �D�e�s�c�r�i�p�t�i�o�n�s�:� 

�c�o�l�o�r�_�i�n�d�e�x� �-� �i�n�t�e�g�e�r�.� �I�n�d�e�x� �n�u�m�b�e�r� �o�f� �t�h�e� �c�o�l�o�r� �t�a�b�l�e� �e�n�t�r�y� �y�o�u� �w�i�s�h� �t�o� �u�s�e�.� 
�D�e�f�a�u�l�t� �i�s� �r�e�d�.� 
�c�u�r�v�e� �t�y�p�e� �-� �i�n�t�e�g�e�r�.� �S�w�i�t�c�h� �f�o�r� �w�h�e�t�h�e�r� �c�u�r�v�e� �t�o� �b�e� �p�o�i�n�t� �t�o� �p�o�i�n�t� �o�r� �s�p�l�i�n�e�.� 
�D�e�f�a�u�l�t� �i�s� �p�o�i�n�t� �t�o� �p�o�i�n�t�.� 
�d�e�l�e�t�i�o�n� �-� �p�o�i�n�t�e�r� �o�f� �t�y�p�e� �D�e�l�e�t�i�o�n�.� �P�o�i�n�t�e�r� �t�o� �d�e�l�e�t�i�o�n� �f�i�l�t�e�r�.� 
�l�i�n�e�w�i�d�t�h� �-� �f�l�o�a�t�.� �S�c�a�l�e� �f�a�c�t�o�r� �b�y� �w�h�i�c�h� �t�h�e� �n�o�r�m�a�l� �l�i�n�e�t�h�i�c�k�n�e�s�s� �w�i�l�l� �b�e� 
�m�u�l�t�i�p�l�i�e�d�.� �D�e�f�a�u�l�t� �i�s� �o�n�e�.� 
�n�u�m�b�e�r�_�c�o�l�u�m�n� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �c�o�l�u�m�n�s� �i�n� �t�h�e� �d�a�t�a� �s�e�r�i�e�s� �b�e�i�n�g� 
�g�r�a�p�h�e�d�.� �(�N�u�m�b�e�r� �o�f� �p�o�i�n�t�s� �p�e�r� �l�i�n�e�)� 
�r�o�w�_�c�o�u�n�t� �-� �i�n�t�e�g�e�r�.� �N�u�m�b�e�r� �o�f� �r�o�w�s� �i�n� �t�h�e� �d�a�t�a� �s�e�r�i�e�s� �b�e�i�n�g� �g�r�a�p�h�e�d�.� 
�(�N�u�m�b�e�r� �o�f� �l�i�n�e�s�)� 
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