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Abstract 

There are several computer aided design systems which exist to aid the conceptual phase 

of design. These CAD systems provide adequate geometry input, but often lack the 

capability to interactively obtain large amounts of numerical and text input often needed 

by analysis software. An interactive method for facilitating this non-geometric input to 

conceptual design analysis systems is needed. This thesis describes the creation of a 

spreadsheet input system to fulfill this need. The requirements, functional specification, 

and design of the system are addressed using a software engineering methodology. 

Accepted standards for programming and graphics, namely C and PHIGS, are used in 

the implementation. This is a system which can be used either to enhance existing CAD 

software or in the creation of new CAD systems. The use of this spreadsheet system in 

the enhancement of the well-known aircraft conceptual design system ACSYNT is also 

described in this thesis. 
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1.0 Introduction 

There are many computer aided design (CAD) software systems on the market. These 

do not always fit the engineering design requirements of a particular organization. As 

a result, many companies develop their own CAD software in-house, devoting large 

amounts of time and resources toward fulfilling their needs. A recent survey of Fortune 

500 companies has shown this to be true [Penn91]. Approximately 73 percent of the 

companies surveyed develop customized software for their engineering design needs. 

Several approaches have been taken to reduce the expense involved with producing 

CAD software. Graphics standards such as GKS (Graphics Kernel System) and PHIGS 

(Programmer’s Hierarchical Interactive Graphics System) provide portability across 

different workstations and allow for commonality in lower-level graphics instructions 

such as line drawing and viewing. These basic graphics programming building blocks do 

not always provide the high-level functions needed by most CAD programs (e.g. nested 

menus, geometric modeling of objects, wireframe construction, rendering, etc.). The 

programmer must design and code these functions each time a new piece of CAD 

software is written. This is not a trivial task, as thousands of lines of documented code 
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are necessary to implement even a simple nested menu or rendering function. This 

process is time consuming and repetitive, and should be eliminated to increase reliability 

and speed of development of commercial computer aided design software. <A 

“programmer's toolkit” that incorporates standard routines for typical CAD functions 

would eliminate many of the problems caused by repeated coding of the same functions 

by different organizations. 

Functions that could be included in a high-level graphics programmer’s toolkit include 

menu management, viewing operations, wireframe geometry construction, and shaded 

view creation. Incorporating this functionality in a higher level CAD programming 

language would boost commonality between software systems, reduce learning times, 

and cut the cost of custom software creation. 

Some progress has been made towards the development of high-level functions for the 

creation of custom CAD software. For instance, advanced capabilities in PHIGS+ 

include the creation of parametric curves and surfaces, graphical trimming of curves and 

surfaces, and surface and polygon shading functions. 

However, not enough is being done to support the actual creation of interactive design 

software using device-independent and standardized methods. Jayaram [Jaya90] 

outlined this problem and conceptualized an applications programming environment 

called CADMADE (Computer Aided Design and Manufacturing Applications 

Development Environment). Any implementation of CADMADE should include 

standardized functions to aid the CAD software developer in creating geometric 

modeling, mechanical design, manufacturing, expert system, and user interface software. 

Complete application of CADMADE principles and functions will reduce development 

times and increase standardization among computer aided design software systems. 
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CADMADE includes a User Interface Environment (UIE) which contains procedures 

to assist the software developer in quickly building a highly interactive user interface for 

CAD programs [Jaya89]. The UIE is comprised of routines that manage the following 

common CAD functions: 

e Menu and Icon Control 

¢ User/Program Communication 

e Viewing Transformation Manager 

Although this User Interface Environment will provide for the easy creation of 

hierarchical menus, icons and dialog areas, the problems associated with the creation of 

an interactive system for large amounts of numerical input have not been addressed. 

This thesis describes the creation and implementation of a spreadsheet method for 

handling the input of analysis data for conceptual design CAD systems. 

1.1 Problem Definition 

Custom software development is done to aid all aspects of engineering design, which is 

often broken down into three principal phases; conceptual, preliminary, and detail. The 

first phase of design concentrates on the definition of a concept and involves determining 

the size and overall layout of the product. Initial performance estimates and “first- cut” 

analyses are performed which reveal whether the configuration in question can fulfill the 

Introduction 3



requirements of the design. The preliminary phase of design extends the analysis, and 

closely investigates material properties and makes refined estimates of performance. By 

the completion of the preliminary design phase, the geometry is no longer allowed to 

change. Detail design takes the “frozen” geometry output from the preliminary phase 

and addresses production questions and other engineering details necessary to bring the 

product to the marketplace. 

The speed and reliability of computer aided design methods can greatly enhance the 

conceptual design process. Computer programs to assist the designer in the conceptual 

phase have been developed for several different engineering disciplines. Several initial 

designs can be evaluated in a short period of time, allowing the designer to “brainstorm” 

and select the best of a wide range of possible solutions. 

Most CAD software systems developed for the conceptual phase of the design process 

handle geometrical input well, but often do not consider the large amounts of numerical 

input necessary for the other portions of conceptual design analysis. The user of these 

programs often leaves the CAD environment to use a text editor or other general 

method to construct a file with the proper numerical data for input to the analysis 

system. In cases where numerical input is provided in the CAD program, it is often done 

in an awkward manner, without regard to the type or amount of data required. 

Because the input to the analysis system is an essential and time-consuming task, the 

user should have a very effective method at hand to accomplish the data entry. In order 

to satisfy this need, the CAD software programmer should be able to create an 

easy-to-use interactive system to facilitate the data entry process. Methods for large 

amounts of data entry have been implemented in various systems (e.g. financial and 

accounting software) using spreadsheets. However spreadsheet methods have not been 
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used to facilitate data entry for conceptual design CAD systems. CAD software 

programmers should have available a set of high-level functions that assist in the 

creation of spreadsheet systems for conceptual design analysis software. 

The CAD software programmer will welcome this new tool, as it incorporates the 

features of modularity and flexibility that could make it a high-level function in a set of 

standardized CAD routines to aid program development. In addition, if the graphics 

functions are created using the PHIGS standard, portability across all workstations and 

mainframe computers can be ensured. 

1.2. Organization of Thesis 

In addition to the creation of a spreadsheet system, this thesis discusses the research that 

produced its requirements. The application of the spreadsheet to an existing conceptual 

design CAD system for aircraft, ACSYNT, is also discussed. The general layout of the 

thesis is as follows: 

Research Objectives 

ACSYNT as a Case Study 

e Requirements for Spreadsheet Software Design 

Spreadsheet System Functional Specification 
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e Design of Spreadsheet Software 

e Integration of the Spreadsheet with ACSYNT 

e Summary and Conclusions 

® Recommendations 

It is anticipated that readers of this thesis will be investigating the methods behind the 

spreadsheet operation or trying to integrate the spreadsheet into a new or existing CAD 

program. Readers interested in integration should refer to the ACSYNT-specific 

portions of the thesis, while those interested in the software engineering aspects of the 

system should concentrate on the Requirements, Functional Specification, and Design 

sections. 
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2.0 Research Objectives 

As described in the previous section, there is a need for large amounts of numerical input 

for conceptual design analysis, and this is not handled in an efficient manner by many 

current computer aided design systems. The spreadsheet software discussed in this thesis 

must address the shortcomings of today’s conceptual design CAD programs and 

demonstrate flexibility to adapt to new codes that are yet to be developed. 

The system must be designed so that it also can be integrated with existing conceptual 

design programs. Because many CAD programs use extensive amounts of memory due 

to geometric modeling and analysis requirements, the size of the spreadsheet’s data 

structure should be kept to a minimum. Help facilities built into the spreadsheet should 

also be memory sparing, and not excessively slow. 

The software development cycle consists of a series of steps, including requirements 

generation, functional specification, program design, production, and verification 

[Taus79]. Programming and software development standards must be stressed 
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throughout the software development cycle. The resulting product will be of higher 

quality and more easily maintained than one designed without these ideals in mind. 

Throughout the design, human factors and usability issues must be considered from both 

the user’s and the programmer’s viewpoint. In addition to making the system easy to 

use, effort should be directed towards making the actual code understandable and clear. 

Thus, consistent application of sound human factors and software engineering principles 

will make the resulting program both easy to use and modify. 

In summary, the objectives of this research were: 

1. Survey existing spreadsheet and computer aided conceptual design programs. 

2. Formulate the user and software requirements and functional specifications of a 

spreadsheet system which can be used in existing and new conceptual design CAD 

systems. 

3. Design and implement the system. 

4. Integrate the spreadsheet system with ACSYNT to test the functional completeness 

and robustness of the software. 

5. Examine the results and suggest recommendations and enhancements. 
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3.0 ACSYNT as a Case Study 

The ACSYNT (AirCraft SYNThesis) program was chosen for initial implementation of 

the spreadsheet. ACSYNT was developed in the 1970’s at NASA-Ames Research 

Center to study the effects of advanced technology on the conceptual design of aircraft. 

ACSYNT was the first aircraft conceptual design code to be designed in a modular 

fashion, with each discipline of aircraft design analysis assigned to a different “module”, 

Or structured group of routines intended to handle that particular phase of analysis. 

Currently, ACSYNT uses the following modules to analyze supersonic or subsonic 

transport, bomber, or fighter aircraft [Gelh90]. 

e Geometry 

e Trajectory (Mission Profile and Performance) 

e Aerodynamics 

e Propulsion 
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e = Stability 

e Weights 

e Supersonic Aerodynamics 

e Economics 

e Takeoff Performance 

The different modules of ACSYNT can be executed in a user specified order, and not 

all modules need to be run at once. A control program supervises module execution, 

and can be instructed to call the modules repeatedly until the aircraft weight is 

converged. 

ACSYNT’s modular structure lends itself easily to optimization techniques. The 

optimization program COPES is coupled with ACSYNT. COPES (COntrol Program for 

Engineering Synthesis) gives the user the power to perform sensitivity analysis, 

optimization, two-variable function space analysis, and approximate analysis using 

ACSYNT variables and computation methods with up to 128 constraints and/or 

objective functions. 

In 1987, the Computer Aided Design Laboratory at Virginia Tech began constructing 

an interactive CAD version of ACSYNT [Wamp88a][Wamp88b]. This system uses the 

ISO graphics standard, PHIGS, and standard programming languages (FORTRAN and 

C) to add portability and a degree of interactivity previously unavailable in aircraft 

conceptual design codes. This interactive system allows the designer to create and 

modify aircraft geometry parametrically. Additionally, the CAD portion of ACSYNT 
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has advanced device-independent rendering and viewing capabilities, interactive mission 

profile input and graphing and file viewing functions for better visualization of the 

results of aircraft analysis. Figure 1 on page 12 shows the capabilities and 

interrelationship of the different parts of ACSYNT to one another. 

ACSYNT provides excellent methods for geometry input [Wamp88a]. Aircraft 

components are defined and modified parametrically, instead of through the 

construction of lines and planes by specifying points in 3-D space. The designer using 

ACSYNT uses design parameters such as “aspect ratio” or “taper ratio” to change the 

displayed geometry. Geometry is only one of the ACSYNT discipline modules, and 

most of the others require numerical input that cannot be visualized using geometric 

construction. Early releases of ACSYNT included a numerical input format structured 

for the beginning user. Numerical input was only offered for the geometry, trajectory, 

propulsion, and aerodynamics modules, COPES input, and the ACSYNT control 

program. Input to the other modules required leaving ACSYNT and modifying the 

analysis input file with a text editor. 

Changes to those analysis variables supported in early releases of the interactive version 

of ACSYNT were accomplished by descending a menu tree up to five layers deep. When 

a variable required changing several times in order to investigate its impact on the 

design, the menu path must be traversed with each iteration. This process detracted 

from the ease of use of the software. For inexperienced and first-time users, this method 

worked well, giving ample help information and a good sense of the relevance and 

location of the variables in the analysis code. However, after the user became familiar 

with the variables in question, all of the menu levels still had to be traversed, or an 
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unwieldy amount of numerical input was needed to bypass the menu levels and access 

the design variables in ACSYNT’s data structure. 

In order to accommodate both the novice and expert ACSYNT user, a streamlined and 

flexible input format for numerical data is required. The spreadsheet method described 

in this thesis seems ideal for application to ACSYNT to remedy its shortcomings in 

analysis input. A spreadsheet can be employed to facilitate input to each analysis 

module, COPES and ACSYNT Control. Each spreadsheet will hold all the analysis 

variables supported by its analysis module or control section. Utilizing several 

spreadsheets in this manner will separate the analysis variables and eliminate 

unnecessary searching. 
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4.0 Literature Survey 

Since the problem of creating a spreadsheet for conceptual design codes touches on 

many different disciplines of engineering and software design, the literature survey for 

this thesis is broken down into the following parts: 

Existing Spreadsheet Programs 

General Conceptual Design Programs 

Aircraft Conceptual Design Programs 

e Human Factors Issues 
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4.1 Existing Spreadsheets 

Spreadsheets present numerical information in an orderly manner. Examples of 

spreadsheets include the accountant’s ledger, itemized long distance telephone bills, and 

pay statements. The automation of these paper spreadsheets marked a significant stride 

forward in the evolution of business and accounting software. The first computerized 

spreadsheet appeared in 1978, with the introduction of VisiCalc [Town85]. VisiCalc was 

designed to run on the new generation of small computers running the CP/M operating 

system and was later modified to support MS-DOS machines. Lotus 1-2-3, the name 

most synonymous with spreadsheets, was introduced in 1983, and combined data 

management, business graphics, and an improved version of VisiCalc’s spreadsheet in 

one software package [Ewin87]. 

Since 1983, other spreadsheet programs such as Microsoft Excel and Wingz have 

appeared on the market for both IBM-PC and Apple Macintosh machines. While 

differing in small details of their function and “look and feel,” the philosophy behind 

their operation is essentially the same as those of the original VisiCalc and Lotus 1-2-3. 
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4.2 General Computer Aided Conceptual Design 

Programs 

Some industries have been using CAD in conceptual design for years. One example is 

the automobile industry, particularly for the design of internal combustion engines. 

Geometry and design parameters such as the number of cylinders and cylinder bore and 

stroke must be considered in the conceptual phase of engine design. One instance of the 

application of CAD programs for this type of design is covered by McClelland [McCl84]. 

The paper describes methods used to design and analyze internal combustion engines. 

Separate drafting and analysis programs are used, with the analysis program receiving 

its data through file transfer. No advanced interactive methods are employed. 

In another paper by McClelland [McC186], the requirements for a new engine design 

software system are described. Transfer of data between analysis and design (drafting) 

programs is handled by IGES (Initial Graphics Exchange Specification), which can pass 

only graphics data between programs. While it is mentioned that the design portion of 

the CAD program can calculate mass properties and perform cam design calculations, 

this is done often without any form of interactive feedback. When entering an external 

finite element system for vibration or stress analysis, the designer must specify the 

stiffnesses and material properties necessary to complete the analysis using conventional 

techniques. 

Low and Baruah [Low81] discuss the development of a CAD system for manifold design. 

Detailed analysis via a finite difference method for non-steady reacting flows using the 

method of characteristics is employed. The interactive portion of the program handles 
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�g�r�a�p�h�i�c�s� �i�n�t�e�r�f�a�c�e� �a�n�d� �i�s� �i�n�t�e�n�d�e�d� �f�o�r� �u�s�e� �o�n� �A�p�o�l�l�o� �w�o�r�k�s�t�a�t�i�o�n�s� �[�K�o�h�l�9�0�]�.� �D�e�s�p�i�t�e� �t�h�e� 

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

�v�a�r�i�a�b�l�e�s�.� 

�L�i�t�e�r�a�t�u�r�e� �S�u�r�v�e�y� �1�8



�H�a�y�s� �[�H�a�y�s�8�9�]� �d�i�s�c�u�s�s�e�s� �t�h�e� �u�s�e� �o�f� �c�o�m�m�e�r�c�i�a�l� �s�p�r�e�a�d�s�h�e�e�t� �s�y�s�t�e�m�s� �i�n� �a�i�r�c�r�a�f�t� 

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

�L�o�t�u�s� �1�-�2�-�3� �s�p�r�e�a�d�s�h�e�e�t� �t�e�m�p�l�a�t�e�s� �t�h�a�t� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� �d�i�s�c�i�p�l�i�n�e�s� �o�f� �a�i�r�c�r�a�f�t� 

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

�W�a�m�p�l�e�r� �e�t� �a�l�.� �[�W�a�m�p�8�8�a�]� �d�e�s�c�r�i�b�e� �t�h�e� �C�A�D� �i�n�t�e�r�f�a�c�e� �t�o� �A�C�S�Y�N�T� �i�n� �a� �1�9�8�8� �A�I�A�A� 

�p�a�p�e�r�  ��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� 

�I�n�t�e�r�f�a�c�e� �f�o�r� �A�C�S�Y�N�T ��.� �T�h�i�s� �p�a�p�e�r� �d�e�s�c�r�i�b�e�s� �t�h�e� �g�e�o�m�e�t�r�i�c� �m�o�d�e�l�i�n�g� �p�h�i�l�o�s�o�p�h�y� 

�u�n�d�e�r�l�y�i�n�g� �t�h�e� �c�o�m�p�u�t�e�r� �a�i�d�e�d� �d�e�s�i�g�n� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �A�C�S�Y�N�T�.� �D�a�t�a� �h�a�n�d�l�i�n�g� �o�f� �t�h�e� 

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

�T�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �i�n�t�e�r�a�c�t�i�v�e� �m�i�s�s�i�o�n� �p�r�o�f�i�l�e� �i�n�p�u�t� �s�y�s�t�e�m� �f�o�r� �A�C�S�Y�N�T� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� 

�A�.� �T�a�y�l�o�r ��s� �t�h�e�s�i�s�  ��S�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �M�i�s�s�i�o�n� �C�y�c�l�e�s� �f�o�r� �A�i�r�c�r�a�f�t� �C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n� �U�s�i�n�g� 

�t�h�e� �P�H�I�G�S� �S�t�a�n�d�a�r�d �� �[�T�a�y�l�8�8�]�.� �T�h�i�s� �d�o�c�u�m�e�n�t� �d�e�s�c�r�i�b�e�s� �t�h�e� �i�n�p�u�t� �o�f� �n�o�n�-�g�r�a�p�h�i�c�a�l� 

�a�n�a�l�y�s�i�s� �v�a�r�i�a�b�l�e�s� �f�o�r� �e�a�r�l�y� �v�e�r�s�i�o�n�s� �o�f� �A�C�S�Y�N�T�.� �T�h�e� �p�r�o�g�r�a�m ��s� �a�n�a�l�y�s�i�s� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

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

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

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

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

�t�h�e� �d�a�t�a�b�a�s�e� �a�r�e� �c�o�v�e�r�e�d�.� 

�L�i�t�e�r�a�t�u�r�e� �S�u�r�v�e�y� �1�9



�4�.�4� �H�u�m�a�n� �F�a�c�t�o�r�s� �I�s�s�u�e�s� 

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

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

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

�E�n�g�i�n�e�e�r�i�n�g� �d�e�s�i�g�n� �s�o�f�t�w�a�r�e� �p�r�e�s�e�n�t�s� �a� �u�n�i�q�u�e� �s�e�t� �o�f� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �h�u�m�a�n�/�c�o�m�p�u�t�e�r� 

�d�i�a�l�o�g�u�e�s�.� �S�u�g�g�e�s�t�i�o�n�s� �f�o�r� �f�u�t�u�r�e� �d�i�a�l�o�g�u�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �b�y� �S�i�n�c�l�a�i�r� �[�S�i�n�c�8�7�]�.� �H�e� �s�t�a�t�e�s� 

�t�h�a�t� �q�u�i�c�k� �c�a�l�c�u�l�a�t�i�o�n� �f�a�c�i�l�i�t�i�e�s� �m�u�s�t� �b�e� �r�e�a�d�i�l�y� �a�v�a�i�l�a�b�l�e� �d�u�r�i�n�g� �t�h�e� �C�A�D� �p�r�o�c�e�s�s�,� �s�o� 

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

�o�t�h�e�r� �r�e�q�u�i�r�e�m�e�n�t�s�,� �t�h�e� �d�e�s�i�g�n� �t�o�o�l� �m�u�s�t� �a�l�s�o� �b�e� �a�b�l�e� �t�o� �k�e�e�p� �t�h�e� �u�s�e�r� �p�o�s�t�e�d� �o�n� �t�h�e� 

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

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

�P�o�w�r�i�e� �[�P�o�w�r�8�7�]� �e�m�p�h�a�s�i�z�e�s� �t�h�e� �u�s�e� �o�f� �d�e�s�i�g�n� �g�u�i�d�e�l�i�n�e�s� �f�o�r� �a� �h�u�m�a�n�/�c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e� 

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

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

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

�C�o�l�g�a�n�,� �e�t� �a�l� �[�C�o�l�g�8�9�]�.�  ��T�h�e� �C�o�c�k�p�i�t �� �m�o�n�i�t�o�r�s� �t�h�e� �a�c�t�i�o�n� �o�f� �o�b�j�e�c�t�i�v�e� �f�u�n�c�t�i�o�n�s� �a�n�d� 

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

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

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

�H�u�m�a�n�-�c�o�m�p�u�t�e�r� �i�n�t�e�r�a�c�t�i�o�n� �s�t�y�l�e�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �b�y� �S�h�n�e�i�d�e�r�m�a�n� �[�S�h�n�e�8�8�]�.� �H�e� �p�r�e�s�e�n�t�s� 

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

�L�i�t�e�r�a�t�u�r�e� �S�u�r�v�e�y� �2�0



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

�s�p�e�c�i�f�i�c� �h�a�r�d�w�a�r�e� �d�e�v�i�c�e�.� 

�L�i�t�e�r�a�t�u�r�e� �S�u�r�v�e�y� �2�1



�5�.�0� �R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�S�u�c�c�e�s�s�f�u�l� �s�o�f�t�w�a�r�e� �p�r�o�j�e�c�t�s� �s�t�a�r�t� �w�i�t�h� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �f�u�n�c�t�i�o�n� 

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

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

�D�e�v�e�l�o�p�m�e�n�t� �o�f� �C�o�m�p�u�t�e�r� �S�o�f�t�w�a�r�e �� �[�T�a�u�s�7�9�]�.� �T�h�i�s� �p�o�r�t�i�o�n� �o�f� �t�h�e� �t�h�e�s�i�s� �i�n�t�r�o�d�u�c�e�s� �t�h�e� 

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

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

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

�c�o�d�e�.� �T�h�e� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �p�r�o�c�e�s�s� �c�o�n�s�i�s�t�s� �o�f� �s�e�v�e�r�a�l� �s�t�a�g�e�s� �[�T�a�u�s�7�9�]�:� 

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �2�2



�e� �R�e�q�u�i�r�e�m�e�n�t�s� �G�e�n�e�r�a�t�i�o�n� 
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�R�e�q�u�i�r�e�m�e�n�t�s� �g�e�n�e�r�a�t�i�o�n� �i�n�v�o�l�v�e�s� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �g�e�n�e�r�a�l� �t�a�s�k�s� �t�h�e� �p�r�o�g�r�a�m� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�[�T�a�u�s�7�9�]�.� 
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�C�o�d�i�n�g� �t�a�k�e�s� �p�l�a�c�e� �i�n� �t�h�e� �p�r�o�g�r�a�m� �p�r�o�d�u�c�t�i�o�n� �p�h�a�s�e�.� �H�e�r�e�,� �t�h�e� �d�i�a�g�r�a�m�s� �p�r�o�d�u�c�e�d� �i�n� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�d�e�v�e�l�o�p�m�e�n�t� �h�a�v�e� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �[�T�a�u�s�7�9�]�.� 

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

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

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

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

�d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�.� 
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�5�.�2� �R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �D�e�s�i�g�n� 

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

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

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

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

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

�o�n�e� �o�r�g�a�n�i�z�a�t�i�o�n� �c�o�n�t�r�a�c�t�s� �a�n�o�t�h�e�r� �t�o� �d�e�s�i�g�n� �a�n�d� �w�r�i�t�e� �a� �p�r�o�g�r�a�m�,� �t�h�e� �r�e�q�u�e�s�t�i�n�g� 

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

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

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

�o�n�g�o�i�n�g� �p�r�o�j�e�c�t�s�,� �i�f� �a�n�y� �[�T�a�u�s�7�9�]�.� 

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

�r�e�q�u�i�r�e�m�e�n�t�s� �g�e�n�e�r�a�t�i�o�n� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� �T�h�e� �a�u�t�h�o�r� �g�e�n�e�r�a�t�e�d� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s�,� 

�f�u�n�c�t�i�o�n�a�l� �s�p�e�c�i�f�i�c�a�t�i�o�n�,� �a�n�d� �d�e�s�i�g�n� �o�f� �t�h�e� �c�o�d�e�.� �N�o� �i�n�d�e�p�e�n�d�e�n�t� �d�e�v�e�l�o�p�i�n�g� �a�n�d� 

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

�p�a�s�s�e�d�.� �B�e�c�a�u�s�e� �t�h�e�  ��c�o�d�i�n�g� �o�r�g�a�n�i�z�a�t�i�o�n �� �i�s� �t�h�e� �s�a�m�e� �a�s� �t�h�e�  ��r�e�q�u�e�s�t�i�n�g� �o�r�g�a�n�i�z�a�t�i�o�n ��,� 

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

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

�F�o�r� �t�h�e� �p�u�r�p�o�s�e�s� �o�f� �t�h�i�s� �t�h�e�s�i�s�,� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �b�r�o�k�e�n� �d�o�w�n� �i�n�t�o� �t�w�o� �s�e�c�t�i�o�n�s�:� �u�s�e�r� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �s�o�f�t�w�a�r�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �2�5



�5�.�2�.�1� �U�s�e�r� �R�e�q�u�i�r�e�m�e�n�t�s� 

�U�s�e�r� �r�e�q�u�i�r�e�m�e�n�t�s� �d�e�f�i�n�e� �t�h�e� �p�r�o�g�r�a�m ��s� �h�u�m�a�n�/�c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e� �a�n�d� �s�p�e�c�i�f�y� �o�t�h�e�r� 

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

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

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

�i�n�p�u�t�.� 

�5�.�2�.�1�.�1� �S�c�r�e�e�n� �D�e�s�i�g�n� 

�S�i�n�c�e� �t�h�e� �A�C�S�Y�N�T� �p�r�o�g�r�a�m� �w�a�s� �s�e�l�e�c�t�e�d� �a�s� �t�h�e� �i�n�i�t�i�a�l� �t�e�s�t�b�e�d� �a�p�p�l�i�c�a�t�i�o�n� �f�o�r� �t�h�e� 

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

�A�C�S�Y�N�T�.� �F�i�g�u�r�e� �2� �o�n� �p�a�g�e� �2�7� �s�h�o�w�s� �t�h�e� �l�a�y�o�u�t� �a�n�d� �t�e�r�m�i�n�o�l�o�g�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� 

�A�C�S�Y�N�T� �s�c�r�e�e�n�.� 

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

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

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

�A�s� �w�i�t�h� �A�C�S�Y�N�T�,� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �s�h�o�u�l�d� �u�s�e� �a� �s�c�r�o�l�l�i�n�g� �m�e�s�s�a�g�e� �o�r� �d�i�a�l�o�g� �a�r�e�a� �t�o� �k�e�e�p� 

�t�h�e� �u�s�e�r� �i�n�f�o�r�m�e�d� �o�f� �t�h�e� �c�u�r�r�e�n�t� �s�t�a�t�u�s� �o�f� �t�h�e� �p�r�o�g�r�a�m� �[�W�a�m�p�8�8�b�]�.� �M�e�s�s�a�g�e�s� �a�b�o�u�t� 

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

�T�w�o� �m�e�n�u� �a�r�e�a�s� �e�x�i�s�t� �o�n� �t�h�e� �A�C�S�Y�N�T� �s�c�r�e�e�n�.� �T�h�e�  ��s�t�a�n�d�a�r�d� �m�e�n�u �� �p�r�e�s�e�n�t�s� �o�p�t�i�o�n�s� 

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

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �2�6
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�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �2�7



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

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

�w�i�t�h� �A�C�S�Y�N�T�.� 

�A�C�S�Y�N�T ��s� �t�e�x�t� �i�n�p�u�t� �a�r�e�a� �o�c�c�u�p�i�e�s� �t�h�e� �l�o�w�e�r� �f�i�v�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �s�c�r�e�e�n�.� �T�h�e� 

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

�i�n�p�u�t� �w�i�l�l� �e�x�c�e�e�d� �t�h�e� �l�e�n�g�t�h� �o�f� �t�h�i�s� �a�r�e�a� �(�7�0� �c�h�a�r�a�c�t�e�r�s�)�.� 

�T�h�e� �g�e�o�m�e�t�r�y� �a�r�e�a� �o�f� �A�C�S�Y�N�T� �w�i�l�l� �b�e� �u�t�i�l�i�z�e�d� �f�o�r� �t�h�e� �d�i�s�p�l�a�y� �o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �c�e�l�l�s�.� 

�T�h�e� �l�a�y�o�u�t� �o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �s�c�r�e�e�n� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3� �o�n� �p�a�g�e� �2�9�.� �T�h�i�s� �f�i�g�u�r�e� �s�h�o�w�s� 

�h�o�w� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �s�y�s�t�e�m� �s�h�o�u�l�d� �a�p�p�e�a�r� �w�h�e�n� �i�n�t�e�g�r�a�t�e�d� �w�i�t�h� �A�C�S�Y�N�T�.� 

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

�p�o�s�i�t�i�o�n� �i�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �(�A�l�,� �B�7�,� �F�1�0�,� �e�t�c�.�)�.� �F�o�r� �r�e�f�e�r�e�n�c�e�,� �i�n�d�i�c�e�s� �s�h�o�u�l�d� �b�e� �p�l�a�c�e�d� 

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

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

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

�s�e�c�t�i�o�n�.� 

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

�f�a�c�t�o�r�s� �s�t�a�n�d�a�r�d�s� �f�o�r� �t�e�x�t� �s�i�z�e� �[�A�N�S�1�I�8�8�]�.� �T�h�r�e�e� �l�i�n�e�s� �o�f� �t�e�x�t� �s�h�o�u�l�d� �b�e� �d�i�s�p�l�a�y�e�d� �i�n� �e�a�c�h� 

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

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

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

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

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

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �2�8
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�M�E�N�U� �@�E�L�E�C�T� �H�E�L�P� �W�I�N�O�G�W� �T�O� �R�D�O�V�E� �c�o�c�e�s� 

�|� �E�L�S�E�,� �F�R�O�M� �S�C�H�E�E�N� �C�R� �M�O�V�E� �C�E�L�L�.� �P�O�I�N�T�E�R� �i� 
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�F�i�g�u�r�e� �3�.� �S�p�r�e�a�d�s�h�e�e�t� �S�c�r�e�e�n� �L�a�y�o�u�t� �a�n�d� �T�e�r�m�i�n�o�l�o�g�y� 
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�5�.�2�.�1�.�2� �S�c�r�o�l�l�i�n�g� 

�T�h�e� �d�i�s�p�l�a�y�e�d� �c�e�l�l�s� �c�o�n�s�i�s�t� �o�f� �o�n�l�y� �a� �p�o�r�t�i�o�n� �o�f� �a� �m�u�c�h� �l�a�r�g�e�r� �s�p�r�e�a�d�s�h�e�e�t�.� �F�i�g�u�r�e� �4� �o�n� 

�p�a�g�e� �3�1� �s�h�o�w�s� �t�h�e� �e�n�t�i�r�e� �f�i�e�l�d� �o�f� �c�e�l�l�s�,� �a�n�d� �i�t�s� �r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �w�i�n�d�o�w�.� 

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

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

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

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

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

�o�f� �u�s�e�.� 

�5�.�2�.�1�.�3� �T�e�x�t� �I�n�p�u�t� 

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

�t�h�a�t� �o�f� �A�C�S�Y�N�T�.� �T�h�e� �s�t�r�i�n�g� �s�h�o�u�l�d� �b�e� �e�c�h�o�e�d� �i�n� �t�h�e� �t�e�x�t� �i�n�p�u�t� �a�r�e�a� �o�f� �t�h�e� �s�c�r�e�e�n� �a�s� 

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

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

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

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

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �3�0
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�3�1� 
�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t



�5�.�2�.�2� �S�o�f�t�w�a�r�e� �R�e�q�u�i�r�e�m�e�n�t�s� 

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

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

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

�5�.�2�.�2�.�1� �L�a�n�g�u�a�g�e� �S�e�l�e�c�t�i�o�n� 

�F�O�R�T�R�A�N� �i�s� �u�s�e�d� �f�o�r� �m�o�s�t� �c�o�n�c�e�p�t�u�a�l� �d�e�s�i�g�n� �a�n�a�l�y�s�i�s� �c�o�d�e�s�,� �a�n�d� �w�o�u�l�d� �m�a�k�e� �a�n� 

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

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

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

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

�e� �U�s�e�r� �d�e�f�i�n�e�d� �d�a�t�a� �t�y�p�e�s� �(�a�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�)� 

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

�e� �©�F�r�e�e�-�f�o�r�m� �c�o�d�i�n�g� �(�n�o� �c�o�l�u�m�n�a�r� �r�e�s�t�r�i�c�t�i�o�n�s�)� 

�e� �I�n�c�r�e�a�s�i�n�g� �p�o�p�u�l�a�r�i�t�y� �o�f� �U�N�I�X� �w�o�r�k�s�t�a�t�i�o�n�s� �i�n� �t�h�e� �e�n�g�i�n�e�e�r�i�n�g� �c�o�m�m�u�n�i�t�y�,� �a�n�d� 

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

�e� �§�=�6�R�i�c�h� �s�e�t� �o�f� �t�y�p�e� �c�o�n�v�e�r�s�i�o�n� �f�u�n�c�t�i�o�n�s� �(�s�t�r�i�n�g� �t�o� �i�n�t�e�g�e�r�,� �r�e�a�l� �t�o� �i�n�t�e�g�e�r�,� �e�t�c�.�)� 

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

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �3�2



�e� �S�t�a�n�d�a�r�d�i�z�a�t�i�o�n� �o�f� �t�h�e� �C� �l�a�n�g�u�a�g�e� �a�c�r�o�s�s� �U�N�I�X� �p�l�a�t�f�o�r�m�s� 

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

�e� �P�o�i�n�t�e�r�s� 

�e� �S�h�o�r�t�e�r� �c�o�m�p�i�l�e� �t�i�m�e�s� 

�e� �S�e�l�e�c�t�i�v�e� �d�e�c�l�a�r�a�t�i�o�n� �o�f� �s�t�a�t�i�c� �v�a�r�i�a�b�l�e�s� 

�e� �S�u�p�e�r�i�o�r� �f�i�l�e� �i�n�p�u�t�/�o�u�t�p�u�t� �s�t�a�n�d�a�r�d� �f�u�n�c�t�i�o�n�s� 

�e� �S�t�a�n�d�a�r�d�i�z�e�d� �p�r�e�p�r�o�c�e�s�s�o�r� 

�e� �I�n�l�i�n�e� �f�o�r�m�a�t�t�i�n�g� �o�f� �p�r�i�n�t� �s�t�a�t�e�m�e�n�t�s� 

�5�.�2�.�2�.�2� �D�a�t�a� �S�t�r�u�c�t�u�r�e� �R�e�q�u�i�r�e�m�e�n�t�s� 

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

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

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

�e� �C�e�l�l� �l�o�c�a�t�i�o�n� 

�e� �V�a�r�i�a�b�l�e� �n�a�m�e� 

�e� �V�a�r�i�a�b�l�e� �v�a�l�u�e� 

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �3�3



�e� �V�a�r�i�a�b�l�e� �t�y�p�e� �(�r�e�a�l�,� �i�n�t�e�g�e�r�,� �l�o�g�i�c�a�l�,� �e�t�c�.�)� 

�e� �P�r�i�n�t� �f�o�r�m�a�t� �f�o�r� �t�h�e� �v�a�r�i�a�b�l�e� 

�e� �C�o�m�m�e�n�t� �i�n�f�o�r�m�a�t�i�o�n� �(�f�o�r� �t�h�e� �t�h�i�r�d� �l�i�n�e� �o�f� �t�h�e� �c�e�l�l�)� 

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

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

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

�5�.�2�.�2�.�3�.� �G�r�a�p�h�i�c�s� �S�t�a�n�d�a�r�d�s� �a�n�d� �S�e�l�e�c�t�i�o�n� 

�A�l�t�h�o�u�g�h� �s�t�a�n�d�a�r�d�i�z�e�d� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s� �h�a�v�e� �b�e�e�n� �i�n� �e�x�i�s�t�e�n�c�e� �s�i�n�c�e� �t�h�e� �1�9�6�0�'�s�,� 

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

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

�w�a�s�t�e�d� �e�f�f�o�r�t� �w�h�e�n� �d�e�a�l�i�n�g� �w�i�t�h� �d�i�f�f�e�r�i�n�g� �s�e�t�s� �o�f� �c�o�m�p�u�t�e�r� �h�a�r�d�w�a�r�e� �(�B�r�u�n�8�9�]�.� �O�n�e� �o�f� 

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

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

�h�a�r�d�w�a�r�e� �[�W�a�m�p�8�8�a�]�.� �T�h�e� �G�r�a�p�h�i�c�a�l� �K�e�r�n�e�l� �S�y�s�t�e�m�,� �o�r� �G�K�S�,� �b�e�c�a�m�e� �t�h�e� �f�i�r�s�t� �I�S�O� 

�(�I�n�t�e�r�n�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d�s� �O�r�g�a�n�i�z�a�t�i�o�n�)� �s�a�n�c�t�i�o�n�e�d� �s�t�a�n�d�a�r�d�i�z�e�d� �s�e�t� �o�f� �g�r�a�p�h�i�c�s� �r�o�u�t�i�n�e�s� 

�i�n� �1�9�8�5�.� �G�K�S� �w�a�s� �l�i�m�i�t�e�d�,� �a�l�l�o�w�i�n�g� �o�n�l�y� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �g�r�a�p�h�i�c�s� �d�a�t�a� �a�n�d� �t�h�e� �G�K�S� 

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

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

�i�n� �t�h�e� �m�i�d� �a�n�d� �l�a�t�e� �1�9�8�0 ��s� �a�n�d� �w�a�s� �a�c�c�e�p�t�e�d� �a�s� �t�h�e� �I�S�O� �s�t�a�n�d�a�r�d� �f�o�r� �3�-�D� �g�r�a�p�h�i�c�s� �i�n� 

�1�9�8�8�.� �P�H�I�G�S� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�m�p�r�o�v�e�d� �u�p�o�n� �t�h�e� �G�K�S� �s�t�a�n�d�a�r�d�.� �P�H�I�G�S� �g�r�a�p�h�i�c�s� �d�a�t�a� 

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �3�4



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

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

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

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

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

�i�n�h�e�r�i�t�e�d� �b�y�,� �e�l�e�m�e�n�t�s� �b�e�l�o�w� �t�h�e�m� �i�n� �t�h�e� �t�r�e�e�.� 

�P�H�I�G�S� �a�l�s�o� �p�r�o�v�i�d�e�s� �t�h�o�r�o�u�g�h� �h�a�n�d�l�i�n�g� �o�f� �u�s�e�r� �i�n�p�u�t� �v�i�a� �l�o�g�i�c�a�l� �i�n�p�u�t� �d�e�v�i�c�e�s�.� �L�o�g�i�c�a�l� 

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

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

�i�n�p�u�t� �d�e�v�i�c�e�s� �i�n�c�l�u�d�e�:� 

�L�o�c�a�t�o�r� �-� �r�e�t�u�r�n�s� �o�n�e� �(�x�,�y�,�z�)� �p�o�s�i�t�i�o�n� 

�e� �S�t�r�o�k�e� �-� �r�e�t�u�r�n�s� �a� �s�e�r�i�e�s� �o�f� �(�x�,�y�,�z�)� �p�o�s�i�t�i�o�n�s� 

�e� �V�a�l�u�a�t�o�r� �-� �r�e�t�u�r�n�s� �r�e�a�l� �n�u�m�b�e�r� �v�a�l�u�e�s� 

�e� �C�h�o�i�c�e� �-� �r�e�t�u�r�n�s� �a�n� �i�n�t�e�g�e�r� �v�a�l�u�e� 

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

�e� �S�t�r�i�n�g� �-� �r�e�t�u�r�n�s� �t�e�x�t� �i�n�p�u�t� 

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

�j�o�y�s�t�i�c�k�,� �o�r� �d�i�g�i�t�i�z�i�n�g� �t�a�b�l�e�t�.� �R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �h�a�r�d�w�a�r�e� �a�v�a�i�l�a�b�l�e�,� �t�h�e� �p�r�o�g�r�a�m�m�e�r� 

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

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �3�5



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

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

�P�H�I�G�S� �h�a�s� �b�e�e�n� �s�t�e�a�d�i�l�y� �g�a�i�n�i�n�g� �p�o�p�u�l�a�r�i�t�y� �s�i�n�c�e� �i�t�s� �a�d�a�p�t�a�t�i�o�n� �a�s� �a�n� �I�S�O� �s�t�a�n�d�a�r�d�.� 

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

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

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

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

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

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

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

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

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

�R�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �3�6



�6�.�0� �S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� 

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

�c�o�d�i�n�g� �g�u�i�d�e�l�i�n�e�s�,� �a�n�d� �s�p�e�c�i�f�i�e�d� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �A�C�S�Y�N�T� �(�o�r� �a�n�y� �o�t�h�e�r� �c�o�n�c�e�p�t�u�a�l� 

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

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

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

�o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�.� 

�6�.�1� �C�e�l�l� �S�e�l�e�c�t�i�o�n� �a�n�d� �C�h�a�n�g�i�n�g� �C�e�l�l� �V�a�l�u�e�s� 

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

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

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

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

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �3�7



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

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

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

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

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

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

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

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

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

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

�f�o�r�m�a�t� �o�f� �t�h�e� �v�a�l�u�e� �t�o� �m�a�k�e� �i�t� �f�i�t� �i�n�t�o� �t�h�e� �c�e�l�l� �i�f� �n�e�c�e�s�s�a�r�y�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �t�h�e� �v�a�l�u�e�:� 

�1�0�6�0�0�0�0�0�0�0�0�0�0�0�0�0� 

�s�h�o�u�l�d� �b�e� �d�i�s�p�l�a�y�e�d� �a�s�:� 

�1�E�1�0�+� �1�5�.� 

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

�N�u�m�e�r�i�c�a�l� �i�n�p�u�t� �i�n�c�l�u�d�e�s� �t�h�e� �l�e�t�t�e�r�s�  ��E ��,�  ��e ��,�  ��D ��,� �a�n�d�  ��d �� �t�o� �a�l�l�o�w� �F�O�R�T�R�A�N� 

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

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

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

�t�h�a�t� �c�a�l�l�s� �t�h�e� �u�s�e�r ��s� �a�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �m�i�s�t�a�k�e�.� 

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �3�8



�6�.�2� �S�c�r�o�l�l�i�n�g� 

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

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

�S�c�r�o�l�l� �b�a�r�s� 

�S�c�r�o�l�l� �a�r�r�o�w�s� 

�V�a�l�u�a�t�o�r�s� 

�C�h�o�i�c�e� �d�e�v�i�c�e� 

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

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

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

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

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

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

�v�a�l�u�e� �i�s� �i�n�c�r�e�a�s�e�d�,� �t�h�e� �h�i�g�h�l�i�g�h�t� �s�h�o�u�l�d� �m�o�v�e� �i�n� �a� �p�o�s�i�t�i�v�e� �(�u�p� �o�r� �r�i�g�h�t�)� �d�i�r�e�c�t�i�o�n�,� �a�n�d� 

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

�[�J�o�i�n�7�2�]�.� 

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

�T�h�e� �a�r�r�o�w� �k�e�y�s� �s�h�o�u�l�d� �a�d�v�a�n�c�e� �t�h�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �o�n�e� �u�n�i�t� �i�n� �a�n�y� �d�i�r�e�c�t�i�o�n�,� �w�h�i�l�e� �t�h�e� 

�p�a�g�i�n�g� �k�e�y�s� �s�h�o�u�l�d� �m�o�v�e� �t�h�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �o�n�e� �p�a�g�e�,� �o�r� �1�0� �c�e�l�l�s�,� �a�t� �a� �t�i�m�e�.� 

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �3�9



�6�.�3� �H�e�l�p� 

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

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

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

�6�.�3�.�1� �F�u�n�c�t�i�o�n�a�l� �H�e�l�p� 

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

�t�h�e� �H�E�L�P� �s�t�a�n�d�a�r�d� �m�e�n�u� �i�t�e�m�.� �W�h�e�n� �h�e�l�p� �i�s� �r�e�q�u�e�s�t�e�d�,� �a� �f�u�l�l� �s�c�r�e�e�n� �h�e�l�p� �w�i�n�d�o�w� 

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

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

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

�a� �g�e�n�e�r�a�l�i�z�e�d� �h�e�l�p� �w�i�n�d�o�w� �o�v�e�r�l�a�i�d� �u�p�o�n� �i�t� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5� �o�n� �p�a�g�e� �4�1�.� 

�6�.�3�.�2� �C�e�l�l� �H�e�l�p� 

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

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

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

�v�a�r�i�a�b�l�e�.� �F�i�g�u�r�e� �6� �o�n� �p�a�g�e� �4�2� �s�h�o�w�s� �a�n� �A�C�S�Y�N�T� �s�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �a� �c�e�l�l� �h�e�l�p� �w�i�n�d�o�w� 

�d�i�s�p�l�a�y�e�d�.� 

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �4�0
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�A�C�S�Y�N�T� �A�E�R�O�D�Y�N�A�M�I�C�S� �I�N�P�U�T� �S�P�R�E�A�D�S�H�E�E�T� 

�A� �8� �c� �B�D�  ¬� �F� �@� �R�E�T�U�R�N� 

�1� �|� �M�A�S�T�E�R� �H�E�L�P� �I�N�D�E�X� �,� �M�E�N�U� �M�O�O�U�L�E� �«�=� �M�A�I�N� �A�D�P� 

�M�O�D�I�F�Y� 
�S�E�L�E�C�T�I�N�G� �C�E�L�L�S� �»� �C�E�L�L�S� �C�a� �B�E� �S�E�L�E�C�T�E�D� �S�Y� �P�I�C�K�I�N�G� �T�H�E�M� �I�T�M� �T�H�E� 

�l�e� �C�U�R�S�O�R�.� �M�O�V�I�N�G� �T�H�E� �C�E�L�L� �H�I�G�M�L�I�O�N�?� �W�I�T�H� �T�H�E� �V�A�L�U�A�T�O�R� 
�O�L�A�L�S�,� �G�R� �U�B�I�N�S� �T�H�E� �L�I�G�K�T�E�D� �i�c�i�Y�S� �O�N� �T�H�E� �C�H�O�I�C�E� �B�o�x�.� 

�3� �|� �C�H�A�N�G�I�N�G� �V�A�L�U�E�S� �.� �V�A�L�U�E�S� �C�A�M� �S�E� �C�H�A�M�M�E�D� �B�Y� �T�Y�P�I�N�G� �T�H�E� �N�E�W� �V�A�L�U�E� 
�A�N�O� �P�R�E�B�O�I�N�G� �E�N�T�E�R�.� �R�E�A�L�,� �I�N�T�E�S�E�R�.� �©� �L�O�S�I�C�A�.� 
�E�N�T�R�I�E�R� �W�I�L�L� �B�E� �C�H�A�N�E�E�D� �T�O� �M�A�T�C�H� �T�M�E� �V�A�V�L�A�S�L�E� 
�T�Y�P�E�D�,� �I�F� �I�N� �G�U�R�O�R�.� �F�O�I�E�I�L�A�®� �C�A�N� �A�L�S�O� �B�E� �E�N�T�E�R�E�D�.� 

�4� �S�E�E� �T�H�E� �"�0�°� �D�E�D�I�A�T�E� �C�h�e�w�,� �S�é�L�o�r�.� 

�M�E�M�)� �O�P�T�I�O�N�S� �.� �R�E�T�U�R�N� �-� �Q�E� �T�U�R�N�S� �T�o� �T�H�E� �C�A�L�L�I�N�G� �P�R�E�M�.� �(�E�X�I�T�!� 
�L�P�P� �-� �P�R�O�O�T�S� �T�H�E� �U�B�E�R� �F�O�R� �A� �C�E�L�L� �A�C�O�R�E�S�S� 

�8� �T�O� �M�O�V�E� �T�H�E� �C�E�L�L� �H�I�G�H�L�I�G�M�T� 

�V�A�R�I�A�B�L�E� �H�E�L�P� �,� �S�E�L�E�C�T� �C�E�L�L� �T�W�I�C�E� �O�R� �U�M�E� �T�H�E� �°�°� �D�e�e�n�r�A�T�E� �c�o�p�e�w�e�n� 
�4� �F�O�R� �O�R�E� �I�N�F�O�R�A�T�I�O�N� �G�y� �T�H�E� �U�N�E� �O�F� �A� �V�A�R�I�A�B�L�E�.� 

�D�O�G�I�I�A�T�R� �C�O�R�O�D�S� �.� �A�M�E� �E�N�T�E�R�E�D� �B�Y� �T�Y�P�I�N�G� �T�H�E� �F�O�L�L�O�W�I�N�G� �G�H�A�R�A�C�T�E�R�S� �I�N� 
�7� �T�H�E� �S�T�R�I�N�G� �D�P�U�T� �A�R�E�A� �A�A�D� �P�R�E�B�E�I�N�G� �E�N�T�E�R�:� 

�#�9�¢� �~� �C�O�M�P�L�A�Y�S� �H�E�L�P� �O�N� �S�E�L�E�C�T�E�D� �V�A�R�D�A�S�L�E� 
�"�*�¢� �=� �R�E�M�O�V�E�S� �H�E�L�P� �W�I�N�D�O�W� 
�*� �O�D�I�  ��=� �M�O�V�E�R� �C�E�L�L� �H�I�G�H�L�I�G�H�T� �T�O� �<�A�C�D�I�D� 

�e� �®�/� �Q�M�O� �*�=� �M�O�V�G�R� �C�E�L�L� �H�I�O�M�L�I�S�M�T� �T�O� �<�V�A�R�M�A�M�E�D� 
�S�O�C�V�A�R�N�A�M�E�D�=�<�V�A�L�U�E�D�*� �=�<� �A�M�E�I�G�N�B� �C�V�A�L�L�E�D� �T�O�  ��V�A�R�N�A�.� 
�"�o�<�F�O�R�M�L�A�>�®� �~� �E�V�A�L�U�A�T�E�S� �F�O�R�M�U�L�A� �U�S�I�N�G� �S�T�O�N�E�D� 

 �� �M�A�T�H�E�M�A�T�I�C�A�L�,� �O�P�E�R�A�T�O�R�S� �(�¢�,�-�,�0�,�/�)�,� �V�A�R�I�A�B�L�E� 
�N�A�G�S� �A�N�D� �C�E�L�L� �A�C�O�R�G�I�E�D�S� �C�A�N� �S�E� �U�S�E�D�.� 

�1�9�]� �<�a�N�D� �O�F� �H�E�L�P� �S�E�W�N�E�E�N� �~�-� �G�E�L�E�C�T� �T�O� �R�D�O�V�D� 

�L�t� �_�c�>� 
�S�E�L�E�C�T� �M�E�N�U� �I�T�E�M� 
�S�E�L�E�C�T� �M�E�N�)� �I�T�E�M� �c�o�p�y� 
�S�P�R�E�A�D�S�H�E�E�T� �C�O�N�F�I�G�U�R�A�T�I�O�N� �F�A�L�E� �R�E�A�D� �S�U�C�C�E�S�S�F�L�L�L�Y� 

�S�e� �S�O�O�N� �o�e� �e�e� �c�o�L�o�r�s� 

�H�E�L�P� �e�x�c�t�r�T� � � � � 
� � 

�F�i�g�u�r�e� �5�.� �S�p�r�e�a�d�s�h�e�e�t� �S�c�r�e�e�n� �L�a�y�o�u�t� �f�o�r� �F�u�n�c�t�i�o�n�a�l� �H�e�l�p� � � 
� � 

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� 
�4�1
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�A�C�S�Y�N�T� �A�E�R�O�O�Y�N�A�M�I�C�S� �I�N�P�U�T� �S�P�R�E�A�D�S�H�E�E�T� 

�A� �8� �c� �0� �g� �e� �3� 
�T�H�L�E� �R�E�T�U�R�N� 

�\� �A�E�R�I�S� �I�N�P�U�T� �F�I�L�E� �J�P� 
�P�M�T�O� �s�T� 

�M�O�O�I�F�Y� 
�M�I�A�N� �a�e� �O�T�u�r� �M�A�G�H�N� 

�2� �0�.�1�8� �B�.�o� �2�0�.�0� �3�5� �a�.�9�0� �0�.�7�8� 

�w�a�c�o�m� �m�|� �S�A�G�A�R� �O�A�L� �|� �a�a�c�o�w�e� �m�L� �|� �C�A�C�H�A�R� �A�L�]� �W�A�C�H�A�D� �A�L� �|� �B�A�C�H�A�R� �A�L�,� 

�w�L�O�I�T� �R�O�L�M�A�X� �a�o�c� �R�O�G�A�N� �4� �B�A�W� 
�3� �0�.�0� �1�.�0� �9�.�0� �e�.�0�2� �t�.�o� �9�.�8� �o�.�0� 

�A�C�H�A�R� �M�|� �B�A�C�H�A�R� �A�L�|� �e�a�c�h� �|� �A�C�H�A�T� �A�L�.� �|� �G�A�C�H�A�R� �A�L� �W�A�H� �M�t� 

�m�o�u�r�n� �w�e�o�c� 
�6�0�.�9�0� �e�.�6� 

�4�)� �A�G�H�A� �A�L�.� �|� �e�A� �A�L�L� 

�a�r�e�n� �M�e�B�i�d� �T�O�E�L�T�A� �D�o�m� �T�e�e�r� �I�M�P�C�R� �r�m� 
�Q�o� �6� �3�°� 

�S�|� �w�A�C�H�A�R� �I�N�]� �e�a�c�u�t� �O�v� �|� �e�a�c�h� �I�N� �|� �c�o�e�d� �I�N� �b�e� �I�N� �|� �a�c�u� �D�e� �l�e�a�t� �I�N� 

�D�E�D� �G�L�C� �Q�i�D�w� �e�.�L�U�M� 
�1� �M�S�E�.� �T�A�L�E�,� �F�A�L�S�E�.� 

�6� �|� �a�c� �D�Y�)� �e�a�t�e�n� �L�O�]� �e�a�d� �L�o�l� �w�a�c�h� �L�O� 

�7� �S�M�N�O�R� �:� �D�E�F�A�U�L�T� �V�A�L�U�E� �=� �0�.�9� 

�G�R�A�D� �R�O�M�E� �A�C�H� �N�U�G�E�R�.� �S�L�I�B�R�C�A�I�C� �4�0�H� �M�D�E� �W�H�E�R�E� �W�A�V�E� �D�R�A�G� 
�|� �S�E�E�I�N�G� �T�O� �O�C�C�U�R�.� �V�A�R�Y�I�N�G� �F�R�O�M� �0�.�0� �A�T� �G�E�R� �T�O� �V�A�L�E� 

�C�A�L�Q�L�L�A�T�E�D� �A�T� �M�a�C�H�e�I� �0�.� 

�?� 

�t�o� 

�=� 
�S�E�L�E�C�T� �M�E�N�U� �I�T�E�M� 
�S�E�L�E�C�T� �M�E�N�)� �I�T�E�M� �C�O�P�Y� 
�S�P�R�E�A�D�S�H�E�E�T� �C�O�N�F�I�G�U�R�A�T�I�O�N� �F�I�L�E� �R�E�A�D� �S�U�C�C�E�S�S�F�L�L�L�Y� 
�S�E�L�E�C�T� �H�E�L�P� �W�I�N�D�O�W� �T�O� �R�E�M�O�V�E� �C�O�L�O�R�S� 

�S�.�C�T� �F�R�O�M� �S�C�R�E�E�N� �O�R� �M�O�V�E� �C�E�L�L� �P�O�I�N�T�E�R� 

�0�.�8�8� �H�E�L�P� �a�T� � � � � � � 

�F�i�g�u�r�e� �6�.� �D�i�s�p�l�a�y� �o�f� �H�e�l�p� �f�o�r� �I�n�d�i�v�i�d�u�a�l� �C�e�l�l�s� � � � � 
� � 

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� 
�4�2



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

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

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

�n�o�t� �o�b�s�c�u�r�e�d�.� 

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

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

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

�6�.�4� �I�m�m�e�d�i�a�t�e� �C�o�m�m�a�n�d�s� 

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

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

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

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

�e� �S�l�a�s�h�  ��/� �<� �v�a�r�i�a�b�l�e� �n�a�m�e� �> �� �-� �s�e�a�r�c�h� �f�o�r�,� �d�i�s�p�l�a�y�,� �a�n�d� �h�i�g�h�l�i�g�h�t� �t�h�e� �c�e�l�l� �c�o�n�t�a�i�n�i�n�g� �t�h�e� 

�v�a�r�i�a�b�l�e� �n�a�m�e�.� 

�e� �C�o�l�o�n�  ��:�<�a�d�d�r�e�s�s�> �� �-� �s�e�a�r�c�h� �f�o�r�,� �d�i�s�p�l�a�y�,� �a�n�d� �h�i�g�h�l�i�g�h�t� �t�h�e� �c�e�l�l� �a�t� �t�h�e� �s�p�e�c�i�f�i�e�d� 

�a�d�d�r�e�s�s�.� 

�¢� �Q�u�e�s�t�i�o�n� �m�a�r�k�  ��? �� �-� �d�i�s�p�l�a�y� �t�h�e� �h�e�l�p� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�h�e� �c�u�r�r�e�n�t�l�y� �a�c�t�i�v�e� �c�e�l�l�.� 

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �4�3



�e� �E�x�c�l�a�m�a�t�i�o�n� �p�o�i�n�t�  ��! �� �-� �r�e�m�o�v�e� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �o�r� �c�e�l�l� �h�e�l�p� �w�i�n�d�o�w�.� 

�e� �D�o�l�l�a�r� �a�n�d� �e�q�u�a�l� �s�i�g�n�  ��$�<�v�a�r�i�a�b�l�e� �n�a�m�e�>� �=� �<�v�a�l�u�e�> �� �-� �s�e�a�r�c�h� �f�o�r�,� �d�i�s�p�l�a�y�,� 

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

�e� �P�l�u�s� �s�i�g�n�  ��+ �� �-� �s�i�g�n�i�f�y� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �a� �f�o�r�m�u�l�a� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �(�f�o�r�m�u�l�a� 

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

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

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

�h�a�n�d�s� �o�n� �t�h�e� �k�e�y�b�o�a�r�d�.� �I�f�a� �v�a�l�u�e� �h�a�s� �j�u�s�t� �b�e�e�n� �e�n�t�e�r�e�d� �f�o�r� �o�n�e� �c�e�l�l�,� �a�n�d� �a�n�o�t�h�e�r� �c�e�l�l� 

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

�d�e�v�i�c�e�.� 

�6�.�5� �F�o�r�m�u�l�a� �C�a�l�c�u�l�a�t�i�o�n� 

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

�B�e�c�a�u�s�e� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �i�s� �n�o�t� �i�n�t�e�n�d�e�d� �f�o�r� �a�l�l�-�p�u�r�p�o�s�e� �u�s�e� �(�a ��l�a� �L�o�t�u�s� �1�-�2�-�3�)�,� �b�u�t� �a�s� �a�n� 

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

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

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

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

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �4�4



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

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

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

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

�a�n�d� �s�u�b�t�r�a�c�t�i�o�n�.� �E�v�a�l�u�a�t�i�o�n� �i�s� �a�n�a�l�o�g�o�u�s� �t�o� �F�O�R�T�R�A�N� �a�n�d� �C� �f�o�r�m�u�l�a� �s�t�a�t�e�m�e�n�t�s�.� 

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

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

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

�t�h�e� �f�o�r�m�u�l�a� �e�x�p�r�e�s�s�i�o�n�:� 

�+�0�.�5�*�R�H�O�*�(�V�M�A�X�*�5�2�8�/�3�6�0�)�4�2� 

�c�a�l�c�u�l�a�t�e�s� �a� �d�y�n�a�m�i�c� �p�r�e�s�s�u�r�e� �v�a�l�u�e� �u�s�i�n�g� �t�h�e� �d�e�s�i�g�n� �v�a�r�i�a�b�l�e�s� �R�H�O� �a�n�d� �V�M�A�X�.� 

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

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

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

�T�h�e�s�e� �i�n�c�l�u�d�e�:� 

�e� �D�i�v�i�s�i�o�n� �b�y� �z�e�r�o� 

�e� �U�n�b�a�l�a�n�c�e�d� �p�a�r�e�n�t�h�e�s�e�s� 

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

�¢� �U�n�k�n�o�w�n� �v�a�r�i�a�b�l�e� �a�d�d�r�e�s�s�e�s� �o�r� �n�a�m�e�s� �i�n� �a� �f�o�r�m�u�l�a� 

�e� �G�e�n�e�r�a�l� �s�y�n�t�a�x� �e�r�r�o�r�s� �(�e�.�g�.� �u�s�i�n�g� �t�w�o� �d�i�v�i�s�i�o�n� �o�p�e�r�a�t�o�r�s� �t�o�g�e�t�h�e�r�)� 

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �4�5



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

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

�w�a�r�n�i�n�g�s� �[�S�a�n�d�8�7�]�,� �a�n�d� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� �e�r�r�o�r� �s�h�o�u�l�d� �a�p�p�e�a�r� �i�n� �t�h�e� �d�i�a�l�o�g� �a�r�e�a�.� 

�6�.�6� �J�u�m�p� �C�o�m�m�a�n�d� 

�A� �J�U�M�P� �i�t�e�m� �s�h�o�u�l�d� �b�e� �p�r�o�v�i�d�e�d� �o�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �m�e�n�u� �t�o� �a�l�l�o�w� �t�h�e� �u�s�e�r� �t�o� �e�n�t�e�r� 

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

�t�o� �t�h�e� �c�o�l�o�n� �( ��: ��)� �i�m�m�e�d�i�a�t�e� �c�o�m�m�a�n�d�,� �b�u�t� �i�t� �i�s� �l�o�c�a�t�e�d� �o�n� �t�h�e� �m�e�n�u�.� �N�o�v�i�c�e� �u�s�e�r�s� �n�o�t� 

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

�6�.�7� �S�p�r�e�a�d�s�h�e�e�t� �L�a�y�o�u�t� �M�o�d�i�f�i�c�a�t�i�o�n� 

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

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

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

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

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

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

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

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �4�6



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

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

�a�n�a�l�y�s�i�s� �s�y�s�t�e�m� �a�r�e� �m�o�d�i�f�i�e�d�.� 

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

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

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

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

�t�h�e� �s�p�r�e�a�d�s�h�e�e�t�:� 

�I�n�s�e�r�t� �r�o�w� 

�e� �=�6�I�n�s�e�r�t� �c�o�l�u�m�n� 

�e� �D�e�l�e�t�e� �r�o�w� 

�e� �D�e�l�e�t�e� �c�o�l�u�m�n� 

�e� �D�e�l�e�t�e� �r�a�n�g�e� 

�e� �M�o�v�e� �r�a�n�g�e� 

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

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

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

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

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

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �4�7



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

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

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

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

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

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

�i�s� �d�o�n�e� �t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �s�t�r�u�c�t�u�r�e�.� 

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

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

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

�S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �4�8



�7�.�0� �D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� 

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

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

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

�7�.�1� �D�e�s�i�g�n� �P�r�i�o�r�i�t�i�e�s� 

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

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

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

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

�e�r�r�o�r�s�.� 

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �1�9



�2�.� �E�a�s�e� �o�f� �U�s�e�:� �T�h�e� �l�e�v�e�l� �o�f� �e�f�f�o�r�t� �r�e�q�u�i�r�e�d� �t�o� �u�s�e� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �m�u�s�t� �b�e� �l�o�w�e�r� �t�h�a�n� 

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

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

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

�i�n�s�t�a�n�t�a�n�e�o�u�s� �h�e�l�p� �f�o�r� �a�l�l� �a�n�a�l�y�s�i�s� �q�u�a�n�t�i�t�i�e�s�.� 

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

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

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

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

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

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

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

�q�u�a�n�t�i�t�i�e�s� �c�h�a�n�g�e�,� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �c�a�n� �b�e� �k�e�p�t� �u�p� �t�o� �d�a�t�e�.� 

�5�.� �S�p�e�e�d� �o�f� �E�x�e�c�u�t�i�o�n�:� �T�h�e� �p�r�o�g�r�a�m ��s� �s�p�e�e�d� �m�u�s�t� �n�o�t� �h�a�m�p�e�r� �i�t�s� �e�a�s�e� �o�f� �u�s�e�.� �T�h�i�s� 

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

�t�h�e� �u�s�e�r ��s� �r�e�q�u�e�s�t�s�.� 

�7�.�2� �S�p�r�e�a�d�s�h�e�e�t� �D�a�t�a� �S�t�r�u�c�t�u�r�e� 

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

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

�s�p�r�e�a�d�s�h�e�e�t� �i�s� �s�t�a�r�t�e�d�,� �a�n�d� �i�s� �w�r�i�t�t�e�n� �w�h�e�n� �t�h�e� �u�s�e�r� �l�e�a�v�e�s� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�.� 

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �5�0



�T�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �b�e� �m�e�m�o�r�y� �s�p�a�r�i�n�g�.� �M�o�s�t� �C�A�D� 

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

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

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

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

�o�f� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �f�o�r� �e�a�c�h� �c�e�l�l� �v�a�l�u�e�.� �H�o�w�e�v�e�r�,� �o�n�l�y� �2�5� �p�e�r�c�e�n�t� �o�f� �t�h�e� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

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

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

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

�o�n�e�.� �A�l�l� �d�a�t�a� �i�s� �h�e�l�d� �i�n� �a� �s�t�r�i�n�g� �(�a�r�r�a�y� �o�f� �c�h�a�r�a�c�t�e�r�)� �f�o�r�m�a�t� �t�h�a�t� �1�s� �1�1� �c�h�a�r�a�c�t�e�r�s� �l�o�n�g�.� 

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

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

�a�v�a�i�l�a�b�l�e� �s�t�r�i�n�g� �l�e�n�g�t�h� �i�s� �1�0� �c�h�a�r�a�c�t�e�r�s�.� �T�h�i�s� �i�s� �s�u�f�f�i�c�i�e�n�t� �t�o� �h�o�l�d� �a�n�y� �v�a�l�u�e�,� �r�e�a�l� �o�r� 

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

�t�h�e� �s�i�z�e� �o�f� �t�h�e� �n�u�m�e�r�i�c� �s�t�r�i�n�g�,� �a�n�d� �h�e�n�c�e�,� �l�a�r�g�e� �n�u�m�b�e�r�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �[�0� �r�a�i�s�e�d� �t�o� �a� 

�p�o�w�e�r�.� 

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

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

�c�o�n�v�e�r�s�i�o�n� �f�r�o�m� �a� �n�u�m�e�r�i�c�a�l� �(�1�.�e�.� �i�n�t�e�g�e�r� �o�r� �r�e�a�l�)� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.� 

�S�t�r�i�n�g�s� �l�o�n�g�e�r� �t�h�a�n� �1�0� �c�h�a�r�a�c�t�e�r�s� �a�r�e� �h�e�l�d� �i�n� �a� �s�p�e�c�i�a�l�  ��s�t�r�i�n�g �� �r�e�g�i�o�n� �i�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� 

�d�a�t�a� �s�t�r�u�c�t�u�r�e�.� �T�h�e�r�e� �i�s� �a� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �1�0� �s�t�r�i�n�g�s� �o�f� �u�p� �t�o� �8�0� �c�h�a�r�a�c�t�e�r�s� �t�h�a�t� 

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

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

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �|� �S�i



�C�h�a�r�a�c�t�e�r� �v�a�r�i�a�b�l�e�s� �o�f� �1�0� �c�h�a�r�a�c�t�e�r�s� �o�r� �l�e�s�s� �c�a�n� �b�e� �p�l�a�c�e�d� �i�n� �r�e�g�u�l�a�r� �c�e�l�l�s� �a�n�d� �a�r�e� 

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

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

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

�r�e�q�u�i�r�e�m�e�n�t�s�,� �t�h�i�s� �i�n�c�l�u�d�e�s�:� 

�V�a�r�i�a�b�l�e� �n�a�m�e� �(�1�1� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�)� 

�e� �V�a�l�u�e� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �c�e�l�l� �(�1�1� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�)� 

�¢� �C�o�m�m�e�n�t� �o�r� �F�O�R�T�R�A�N� �n�a�m�e�l�i�s�t� �n�a�m�e� �(�9� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�)� 

�e� �V�a�r�i�a�b�l�e� �t�y�p�e� �(�r�e�a�l�,� �i�n�t�e�g�e�r�,� �e�t�c�.�)� �(�4� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�)� 

�¢� �O�u�t�p�u�t� �f�o�r�m�a�t� �(�6� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�)� 

�e� �x�a�n�d� �y� �c�e�l�l� �a�d�d�r�e�s�s� �l�o�c�a�t�i�o�n�s� 

�e� �P�H�I�G�S� �p�i�c�k� �i�d�e�n�t�i�f�i�e�r� �f�o�r� �t�h�e� �c�e�l�l� 

�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �n�u�m�b�e�r� �f�o�r� �t�h�e� �c�e�l�l� 

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

�d�a�t�a� �i�s� �s�a�v�e�d� 

�T�h�e�  ��c�e�l�l�_�d�a�t�a �� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �c�o�n�t�a�i�n�s� �a�  ��c�e�l�l�_�c�o�n�t�e�n�t�s �� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �f�o�r� �e�a�c�h� �c�e�l�l� �a�n�d� 

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �5�2



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

�e� �T�i�t�l�e� �o�f� �t�h�e� �s�e�t� �o�f� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� 

�e� �S�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �a�n�d� �h�e�l�p� �f�i�l�e� �n�a�m�e�s� 

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

�e� �P�H�I�G�S� �p�i�c�k� �i�d�e�n�t�i�f�i�e�r�s� �o�f� �t�h�e� �l�a�s�t� �t�w�o� �c�e�l�l�s� �s�e�l�e�c�t�e�d� 

�e� �L�a�r�g�e�s�t� �c�e�l�l� �i�n�d�i�c�e�s� �i�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� 

�e� �C�u�r�r�e�n�t� �c�e�l�l� �X� �a�n�d� �Y� �l�o�c�a�t�i�o�n� 

�¢� �M�i�n�i�m�u�m� �a�n�d� �m�a�x�i�m�u�m� �c�e�l�l� �a�d�d�r�e�s�s�e�s� �c�u�r�r�e�n�t�l�y� �d�i�s�p�l�a�y�e�d� 

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

�F�i�g�u�r�e� �7� �o�n� �p�a�g�e� �5�4� �s�h�o�w�s� �t�h�e� �d�i�f�f�e�r�e�n�t� �d�a�t�a� �i�t�e�m�s� �n�e�c�e�s�s�a�r�y� �t�o� �d�i�s�p�l�a�y� �e�a�c�h� �c�e�l�l�.� 

�F�i�g�u�r�e� �8� �o�n� �p�a�g�e� �5�5� �d�e�t�a�i�l�s� �t�h�e� �d�a�t�a� �i�t�e�m�s� �t�h�a�t� �c�o�n�t�r�o�l� �s�p�r�e�a�d�s�h�e�e�t� �s�c�r�o�l�l�i�n�g� �a�n�d� �o�t�h�e�r� 

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

�7�.�3� �S�p�r�e�a�d�s�h�e�e�t� �C�o�n�f�i�g�u�r�a�t�i�o�n� �F�i�l�e� �F�o�r�m�a�t� 

�P�o�r�t�i�o�n�s� �o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �a�r�e� �w�r�i�t�t�e�n� �t�o� �d�i�s�k� �a�t� �t�h�e� �e�n�d� �o�f� �s�p�r�e�a�d�s�h�e�e�t� 

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �5�3
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� � �F�i�g�u�r�e� �7�.� 

�s�t�r�u�c�t� �c�e�l�l�_�c�o�n�t�e�n�t�s� 

�{� 
�c�h�a�r� �n�a�m�e�[�1�1�]�;� 
�c�h�a�r� �d�e�f�_�v�a�l�(�1�1�]�;� 
�c�h�a�r� �n�a�m�e�l�i�s�t�[�9�]�;� 
�c�h�a�r� �v�a�r�_�t�y�p�e�(�4�]�;� 
�c�h�a�r� �f�o�r�m�a�t�(�[�6�]�;� 
�c�h�a�r� �S�s�_�x�_�p�o�s�;� 

�i�n�t� �s�s�_�x�_�l�o�c�;� 
�i�n�t� �s�s�_�y�_�l�o�c�;� 
�i�n�t� �p�i�c�k�_�i�d�;� 

�i�n�t� �s�n�u�m�:� 

�i�n�t� �d�e�l�e�t�e�:� 

�}�;� 

�D�a�t�a� �S�t�r�u�c�t�u�r�e� �I�t�e�m�s� �f�o�r� �E�a�c�h� �C�e�l�l� 
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�v�a�r�i�a�b�l�e� �n�a�m�e� �*�/� 
�v�a�l�u�e� �o�f� �c�e�l�l� �*�/� 

�n�a�m�e�l�i�s�t� �n�a�m�e� �o�r� �c�o�m�m�e�n�t� �*�/� 
�v�a�r�i�a�b�l�e� �t�y�p�e�:� �r�e�a�l�,� �i�n�t�,� �e�t�c� �*�/� 
�s�t�r�i�n�g� �f�o�r� �v�a�r�i�a�b�l�e� �f�o�r�m�a�t� �*�/� 
�x� �p�o�s�i�t�i�o�n� �i�n� �s�s�  ��A ��,� �'�B ��,� �e�t�c� �°�/� 
�x� �l�o�c�a�t�i�o�n� �c�o�r�r�.� �t�o� �p�o�s�.� �(�A�=�1�,�B�=�2�)� �*�/� 
�y� �l�o�c�a�t�i�o�n� �o�f� �c�e�l�l� �*�/� 
�p�i�c�k� �i�d� �f�o�r� �c�e�l�l� �*�/� 
�P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �n�u�m�b�e�r� �o�f� �c�e�l�l� �*�/� 
�l�a�g� �f�o�r� �c�e�i�l� �d�e�l�e�t�i�o�n�;� �V�=�u�k�,� �1�=�d�e�l� �*�/� 
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�s�t�r�u�c�t� �c�e�l�l�_�d�a�t�a� 

�{� 
�s�t�r�u�c�t� �c�e�l�l�_�c�o�n�t�e�n�t�s� �c�e�l�l�[�M�A�X�C�E�L�L�S�]�;� 
�c�h�a�r� �s�t�r�i�n�g�s�[�1�0�]�(�8�1�]�;� 

�-�c�h�a�r� �s�s�_�t�i�t�l�e�[�4�0�]�;� 
�c�h�a�r� �s�s�_�f�i�l�e�_�n�a�m�e�(�1�5�]�;� 
�c�h�a�r� �h�e�l�p�_�f�i�l�e�_�n�a�m�e�[�1�5�]�;� 
�i�n�t� �c�u�r�r�e�n�t�_�e�x�i�s�t�;� 
�i�n�t� �n�u�m�c�e�l�l�s�;� 

�i�n�t� �l�a�s�t�_�p�i�c�k�e�d�;� 
�i�n�t� �l�a�s�t�2�_�p�i�c�k�e�d�;� 
�i�n�t� �h�i�g�h�_�c�e�l�l�_�x�;� 
�i�n�t� �h�i�g�h�_�c�e�l�l�_�y�;� 
�i�n�t� �c�u�r�r�e�n�t�_�c�e�l�l�_�x�;� 
�i�n�t� �c�u�r�r�e�n�t�_�c�e�l�l�_�y�;� 
�i�n�t� �m�i�n�_�x�_�d�i�s�p�;� 
�i�n�t� �m�a�x�_�x�_�d�i�s�p�;� 

�i�n�t� �m�i�n�_�y�_�d�i�s�p�;� 

�i�n�t� �m�a�x�_�y�_�d�i�s�p�;� 
�f�l�o�a�t� �l�a�s�t�_�x�f�m�_�m�i�n�_�x�;� 
�f�l�o�a�t� �l�a�s�t�_�x�f�m�_�m�a�x�_�x�;� 
�f�l�o�a�t� �l�a�s�t�_�x�f�m�_�m�i�n�_�y�:� 

�f�l�o�a�t� �l�a�s�t�_�x�f�m�_�m�a�x�_�y�:� 

�}� � � 

�/�*� �o�n�e� �c�e�l�l�_�c�o�n�t�e�n�t�s� �f�o�r� �e�a�c�h� �c�e�i�l� �°�/� 

�/�*� �g�r�o�u�p� �o�f� �s�t�r�i�n�g�s� �f�o�r� �l�o�n�g� �c�h� �v�a�r�s�*�/� 

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

�/�*� �f�l�a�g� �i�f� �t�h�e� �c�u�r�r�e�n�t� �c�e�l�l� �e�x�i�s�t�s� �*�/� 

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

�{�*� �i�n� �c�u�r�r�e�n�t� �s�p�r�e�a�d�s�h�e�e�t� �w�i�n�d�o�w� �*�/� 

�/�*� �a�c�t�u�a�l� �w�i�n�d�o�w� �l�o�c�a�t�i�o�n�s� �o�f� �l�a�s�t� �*�/� 

�[�*� �s�p�r�e�a�d�s�h�e�e�t� �s�c�r�o�l�l�i�n�x� � �*�/� 

�/�*� �a�n�d� �y� �*�/� 

�F�i�g�u�r�e� �8�.� �D�a�t�a� �S�t�r�u�c�t�u�r�e� �I�t�e�m�s� �f�o�r� �E�n�t�i�r�e� �S�p�r�e�a�d�s�h�e�e�t� 
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�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �$�5� 
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�t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �t�i�t�l�e�,� �a�n�d� �t�h�e� �c�e�l�l� �n�a�m�e�s�,� �v�a�r�i�a�b�l�e� �t�y�p�e�s�,� �c�o�n�t�e�n�t�s�,� �a�n�d� �l�o�c�a�t�i�o�n�s� 

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

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

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

�T�h�e� �f�o�r�m�a�t� �u�s�e�d� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �9� �o�n� �p�a�g�e� �5�7�.� �A�s� �s�h�o�w�n� �i�n� �t�h�e� �f�i�g�u�r�e�,� �t�h�e� �f�i�r�s�t� �l�i�n�e� 

�r�e�a�d�s�  ��S�P�R�E�A�D�S�H�E�E�T� �C�O�N�F�I�G�U�R�A�T�I�O�N� �F�I�L�E �� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �f�i�l�e�.� �T�h�i�s� �i�s� 

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

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

�T�h�e� �c�e�l�l� �a�d�d�r�e�s�s�e�s� �a�r�e� �e�n�t�e�r�e�d� �w�i�t�h� �a� �l�e�t�t�e�r� �a�n�d� �a� �n�u�m�b�e�r�,� �e�.�g�.�  ��A� �1 ��.� �T�h�e� �s�p�r�e�a�d�s�h�e�e�t� 

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

�l�o�o�k�u�p� �d�u�r�i�n�g� �e�x�e�c�u�t�i�o�n�.� 

�D�u�r�i�n�g� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�i�l�e� �r�e�a�d� �o�r� �w�r�i�t�e�,� �i�f� �c�e�l�l� �a�d�d�r�e�s�s�e�s� �l�a�r�g�e�r� �t�h�a�n� �1�0�0� �o�r�  ��Z �� �a�r�e� 

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

�c�e�l�l� �p�o�s�i�t�i�o�n� �i�s� �s�e�t� �t�o� �Z� �i�f� �t�h�e� �X� �l�o�c�a�t�i�o�n� �i�s� �f�o�u�n�d� �t�o� �b�e� �i�n� �e�r�r�o�r�,� �a�n�d� �1�0�0� �i�f� �t�h�e� �Y� �l�o�c�a�t�i�o�n� 

�i�S� �i�n�c�o�r�r�e�c�t�.� 

�7�.�4� �C�e�l�l� �D�i�s�p�l�a�y� �S�t�r�a�t�e�g�y� 

�E�a�c�h� �c�e�l�l� �o�c�c�u�p�i�e�s� �i�t�s� �o�w�n� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e�.� �A�l�l� �t�h�e� �c�e�l�l� �s�t�r�u�c�t�u�r�e�s� �a�r�e� �c�r�e�a�t�e�d� �b�e�f�o�r�e� 

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

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �5�6
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�S�P�R�E�A�D�S�H�E�E�T� �I�N�P�U�T� �F�I�L�E� 

�A�C�S�Y�N�T� �A�E�R�O�D�Y�N�A�M�I�C�S� �D�A�T�A� 

� � 

�N�A�M�E� �C�O�M�M�E�N�T� �V�T� �E�M�T� �x� �Y� �D�E�F�_�V�A�L� 

�1�2�3�4�5�6�7�8�9�0� �1�2�3�4�5�6�7�8� �1�2�3� �1�2�3�4�5� �1� �n�n� �1�2�3�4�5�6�7�8�9�0� 
�T�I�T�L�E� �F�M�T�D� �S�T� �A�8�0� �A� �1� �A�E�R�O�D�Y�N�A�M�I�C�S� �I�N�P�U�T� �T�I�T�L�E� 

�A�B�O�S�B� �S�A�C�H�A�R� �R�L� �F�7�.�3� �A� �2� �9�.�1�5� 

�A�L�M�A�X� �S�A�C�H�A�R� �R�L� �F�7�.�3� �B� �2� �3�5�.�0� 
�A�M�C� �S�A�C�H�K�A�R� �R�L� �F�7�.�3� �C�c� �2� �4�0�.�0� 

�B�D�N�O�S�E� �S�A�C�H�A�R� �R�L� �F�7�.�3� �D� �2� �3�.�5� 

�B�T�E�F� �S�A�C�H�A�R� �R�L� �F�7�.�3� �E� �2� �0�.�0� 

�M�A�C�H�N� �S�A�C�H�A�R� �R�L� �F�7�.�3� �F�E� �2� �0�.�7�5� 

�R�A�L�O�I�T� �S�A�C�H�A�R� �R�L� �F�7�.�3� �A� �3� �0�.�0� 

�R�C�L�M�A�X� �S�A�C�H�A�R� �R�L� �F�7�.�3� �B� �3�.�1�.�0� 

�R�O�C� �S�A�C�H�A�R� �R�L� �F�7�.�3� �C�c� �3�.� �0�.�0�2� 
�R�O�C�A�N� �S�A�C�H�A�R� �R�L� �F�7�.�3� �D� �3� �0�.�0�2� 
�S�F�W�E� �S�A�C�H�A�R� �R�L� �F�7�.�3� �E� �2� �1�.�0� 

�S�M�N�D�R� �S�A�C�H�A�R� �R�L� �F�7�.�3� �E�r� �3� �0�.�9� 

�S�P�A�N�A�C� �S�A�C�H�A�R� �R�L� �F�7�.�3� �G� �3� �0�.�0� 

�S�W�P�M�A�X� �S�A�C�H�A�R� �R�L� �F�7�.�3� �A� �4� �6�0�.�0� 

�S�W�P�M�I�N� �S�A�C�H�A�R� �R�L� �F�7�.�3� �B� �4� �0�.�0� 

�X�C�D�C� �S�A�C�H�A�R� �R�L� �F�7�.�3� �C�c� �4� �0�.�6� 
�X�C�D�W� �S�A�C�H�A�R� �R�L� �E�7�.�3� �D� �4� �0�.�6� 

�A�J�C�A�N� �S�A�C�H�A�R� �I�N� �I�3� �A� �5� �1� 

�A�L�E�L�J� �S�A�C�H�A�R� �I�N� �I�3� �B� �5� �1� 

�I�D�E�L�T�A� �S�A�C�H�A�R� �I�N� �I�3� �C�c� �5� �9�0� 

�I�N�O�R�M� �S�A�C�H�A�R� �I�N� �I�3� �D� �5� �1� 

�I�S�M�N�D�R� �S�A�C�H�A�R� �I�N� �I�3� �E� �5� �9�0� 

�I�S�U�P�C�R� �S�A�C�H�A�R� �I�N� �I�3� �F� �5� �0� 

�I�T�R�A�P� �S�A�C�H�A�R� �I�N� �I�3� �G� �5� �0� 

�I�X�C�D� �S�A�C�H�A�R� �I�N� �I�3� �A� �6� �1� 

�E�L�L�I�P�C� �S�A�C�H�A�R� �L�O� �L�l� �B� �6� �.�F�A�L�S�E�.� 

�E�L�L�I�P�H� �S�A�C�H�A�R� �L�O� �L�i� �C�c� �6� �.�F�A�L�S�E�.� 

�E�L�L�I�P�W� �S�A�C�H�A�R� �L�O� �L�l� �D� �6� �.�F�A�L�S�E�.� 

�C�S�F� �S�A�M�U�L�T� �R�L� �F�7�.�3� �A� �7� �0�.�0� 

�E�S�S�F� �S�A�M�U�L�T� �R�L� �F�7�.�3� �B� �7� �1�.�0� 

�F�i�g�u�r�e� �9�.� �S�p�r�e�a�d�s�h�e�e�t� �C�o�n�f�i�g�u�r�a�t�i�o�n� �F�i�l�e� �F�o�r�m�a�t� � � 
� � 

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� 
�3�7



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

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

�i�n� �e�x�c�e�s�s�i�v�e� �o�v�e�r�h�e�a�d� �f�o�r� �P�H�I�G�S�,� �a�n�d� �p�o�o�r� �p�e�r�f�o�r�m�a�n�c�e�.� 

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

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

�m�o�v�e�d� �o�v�e�r� �t�h�e� �f�i�e�l�d� �o�f� �c�e�l�l�s�.� �E�a�c�h� �s�p�r�e�a�d�s�h�e�e�t� �c�e�l�l� �h�a�s� �a�b�o�u�t� �1�5� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� 

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

�F�o�r� �s�u�f�f�i�c�i�e�n�t�l�y� �l�a�r�g�e� �s�p�r�e�a�d�s�h�e�e�t�s�,� �(�o�v�e�r� �2�0�0� �c�e�l�l�s�)� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �t�i�m�e�s� �w�e�r�e� 

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

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

�o�n�e�-�s�t�r�u�c�t�u�r�e� �a�p�p�r�o�a�c�h�.� 

�7�.�5� �S�c�r�o�l�l�i�n�g� 

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

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

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

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

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

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

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �5�8



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

�c�o�l�o�r�s�.� 

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

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

�h�i�g�h�l�i�g�h�t�e�d�.� �I�f� �n�o� �c�e�l�l� �e�x�i�s�t�s� �i�n� �t�h�e� �c�e�l�l� �p�o�s�i�t�i�o�n�,� �a� �b�l�a�n�k� �h�i�g�h�l�i�g�h�t� �(�y�e�l�l�o�w� �b�o�x�)� �w�i�l�l� 

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

�7�.�6� �H�e�l�p� 

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

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

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

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

�r�e�q�u�e�s�t�e�d�.� 

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

�d�o�c�u�m�e�n�t�a�t�i�o�n�.� �M�o�s�t� �w�o�r�d� �p�r�o�c�e�s�s�o�r�s� �c�a�n� �w�r�i�t�e� �f�o�r�m�a�t�-�f�r�e�e� �A�S�C�I�I� �f�i�l�e�s�,� �m�a�k�i�n�g� �t�h�e� 

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

�f�i�l�e�s� �f�o�r� �c�e�l�l� �h�e�l�p�:� 

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �5�9



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

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

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

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

�b�e� �n�o� �l�o�n�g�e�r� �t�h�a�n� �7�0� �c�h�a�r�a�c�t�e�r�s� �e�a�c�h�.� 

�e� �B�e�f�o�r�e� �s�t�a�r�t�i�n�g� �t�h�e� �n�e�x�t� �v�a�r�i�a�b�l�e ��s� �i�n�f�o�r�m�a�t�i�o�n�,� �s�e�p�a�r�a�t�e� �t�h�e� �h�e�l�p� �i�n�f�o�r�m�a�t�i�o�n� �w�i�t�h� 

�f�o�u�r� �a�s�t�e�r�i�s�k�s� �o�n� �a� �n�e�w� �l�i�n�e�.� 

�F�i�g�u�r�e� �1�0� �o�n� �p�a�g�e� �6�1� �s�h�o�w�s� �t�h�e� �f�o�r�m�a�t� �o�f� �a� �s�p�r�e�a�d�s�h�e�e�t� �v�a�r�i�a�b�l�e� �h�e�l�p� �f�i�l�e�.� 

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

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

�s�p�a�c�e�s�.� �A� �s�a�m�p�l�e� �o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �g�e�n�e�r�a�l�i�z�e�d� �h�e�l�p� �f�i�l�e� �i�s� �s�h�o�w�n� �o�n� �F�i�g�u�r�e� �1�1� �o�n� �p�a�g�e� 

�6�2�.� �A�s� �w�i�t�h� �t�h�e� �v�a�r�i�a�b�l�e� �h�e�l�p� �f�i�l�e�,� �h�e�l�p� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �d�i�f�f�e�r�e�n�t� �m�e�n�u� �m�o�d�u�l�e�s� �i�s� 

�s�e�p�a�r�a�t�e�d� �b�y� �f�o�u�r� �a�s�t�e�r�i�s�k�s�.� 

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

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

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

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

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

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

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

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �6�0



� � 

�S�P�R�E�A�D�S�H�E�E�T� �H�E�L�P� �F�I�L�E� 
�A�B�O�S�B� �0�.�1�5� �R�a�t�i�o� �o�f� �b�o�d�y� �b�a�s�e� �a�r�e�a� �t�o� �m�a�x�i�m�u�m� �b�o�d�y� �a�r�e�a� �(�a�n� �e�s�t�i�m�a�t�e� �t�o� 
�a�p�p�r�o�x�i�m�a�t�e� �s�e�p�a�r�a�t�i�o�n� �o�n� �t�h�e� �b�o�d�y�)�.� 
�e�a�t�e�n� 

�A�L�M�A�X� �3�5�.�0� �A�n�g�i�e� �o�f� �a�t�t�a�c�k� �f�o�r� �C�l�i�m�a�x�.� 

�A�M�C� �4�0�.�0� �M�a�x�i�m�u�m� �a�n�g�i�e� �o�f� �a�t�t�a�c�k� �f�o�r� �s�u�b�s�o�n�i�c� �c�o�m�p�r�e�s�s�i�b�i�l�i�t�y� �o�r� 
�i�n�t�e�r�f�e�r�e�n�c�e�.� �I�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�o� �u�s�e� �t�h�e� �d�e�f�a�u�l�t�.� 

�B�D�N�O�S�E� �B�D�M�A�X� �W�i�d�t�h� �o�f� �t�h�e� �f�u�s�e�l�a�g�e� �a�t� �t�h�e� �c�a�n�a�r�d� �o�r� �i�n� �f�r�o�n�t� 
�o�f� �t�h�e� �w�i�n�g� �(�f�t�)�.� �U�s�e�d� �i�n� �c�a�i�c�u�l�a�t�i�n�g� �t�h�e� �p�i�t�c�h�i�n�g� �m�o�m�e�n�t� �c�o�n�t�r�i�o�u�t�i�o�n� 
�o�f� �t�h�e� �f�u�s�e�l�a�g�e� �a�s� �w�e�l�l� �a�s� �s�p�r�e�a�d�i�n�g� �o�u�t� �t�h�e� �c�a�n�a�r�d� �w�h�e�n� 
�N�C�A�N� �=� �2�.� 
�B�D�M�A�X� �i�s� �i�n� �g�e�o�m�e�t�r�y� �n�a�m�e�l�i�s�t� �F�U�S�.� 

�B�T�E�F� �0�.�0� �B�o�a�t�t�a�i�l� �e�x�p�o�s�u�r�e� �f�a�c�t�o�r�.� �O�n�l�y� �w�o�r�k�s� �w�i�t�h� �p�o�d�s� �(�P�O�D�R�E�F� �#� �0�)�.� 
�N�u�m�b�e�r� �o�f� �e�n�g�i�n�e� �c�o�w�i�l�s� �w�h�i�c�h� �c�o�n�t�r�i�b�u�t�e� �t�o� �d�r�a�g�;� �e�.�g�.�,� �3� 

�e�n�g�i�n�e�s�,� �b�u�t� �1� �h�a�s� �n�o� �b�o�a�t�t�a�i�l� �(�i�n�s�i�d�e� �b�o�d�y�)�,� 

�t�h�e�n� �B�T�E�F� �=�.�6�6�6�6�7�,� �(�2�/�3�)�.� 

�C�L�O� �1�0�°�0�.�0� �A�d�d�i�t�i�v�e� �C�L� �(�f�o�r� �m�i�s�c�.� �s�u�c�h� �a�s� �b�o�d�y�)� 
�v�e�r�s�u�s� �S�M�N�S�W�P�,� �a�r�r�a�y� �o�f� �1�0�.� 

�C�L�O�W� �1�0�°�0�.�0� �W�i�n�g� �C�L� �a�t� �z�e�r�o� �a�n�g�l�e� �o�f� �a�t�t�a�c�k� 
�v�e�r�s�u�s� �S�M�N�S�W�P�,� �a�r�r�a�y� �o�f� �1�0�.� 

�C�M�O� �1�0�°�0�.�0� �Z�e�r�o� �l�i�f�t� �p�i�t�c�h�i�n�g� �m�o�m�e�n�t� �a�s� �f�u�n�c�t�i�o�n� 
�o�f� �S�M�N�S�W�P�,� �a�r�r�a�y� �o�f� �1�0�.� 

�M�A�C�H�N� �0�.�7�5� �D�e�s�i�r�e�d� �n�o�r�m�a�l� �c�o�m�p�o�n�e�n�t� �o�f� �M�a�c�h� �n�u�m�b�e�r�.� �U�s�e�d� �f�o�r� �v�a�r�i�a�b�l�e� 
�s�w�e�e�p�/�o�b�l�i�q�u�e� �w�i�n�g�s�.� �W�i�n�g� �w�i�l�l� �b�e� �s�w�e�p�t� �t�o� �k�e�e�p� �n�o�r�m�a�l� 
�c�o�m�p�o�n�e�n�t� �t�o� �v�a�l�u�e� �s�p�e�c�i�f�i�e�d�.� 
�e�e�v�e�e� 

�R�A�L�O�I�T� �0�.�0� �L�o�i�t�e�r� �R�a�d�i�u�s�  �� �f�u�n�c�t�i�o�n� �u�n�k�n�o�w�n�.� �U�s�e�d� �w�i�t�h� �I�C�O�D�E� �=� �1�1�.� 
�e�e�r�e�e�t� 

�R�C�L�M�A�X� �1�.�0� �C�L�M�A�X� �s�c�a�l�e� �f�a�c�t�o�r� �f�o�r� �u�s�e� �w�i�t�h� �f�l�a�p�s�.� 
�e�t�e�r� � � �F�i�g�u�r�e� �1�0�.� �V�a�r�i�a�b�l�e� �H�e�l�p� �F�i�l�e� 
� � 

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �6�1� 

� 



� � 

�S�P�R�E�A�D�S�H�E�E�T� �H�E�L�P� �F�I�L�E� 
�M�A�I�N� �M�a�i�n� 

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

�"�C�h�a�n�g�i�n�g� �V�a�l�u�e�s�:� �V�a�l�u�e�s� �c�a�n� �b�e� �c�h�a�n�g�e�d� �b�y� �t�y�p�i�n�g� �t�h�e� �n�e�w� �v�a�l�u�e� 
�a�n�d� �p�r�e�s�s�i�n�g� �E�N�T�E�R�.� �R�e�a�l�,� �i�n�t�e�g�e�r�,� �a�n�d� �l�o�g�i�c�a�l� 
�e�n�t�r�i�e�s� �w�i�l�l� �b�e� �c�h�a�n�g�e�d� �t�o� �m�a�t�c�h� �t�h�e� �v�a�r�i�a�b�l�e� 
�t�y�p�e�s�,� �i�f� �i�n� �e�r�r�o�r�.� �F�o�r�m�u�l�a�s� �c�a�n� �a�l�s�o� �b�e� �e�n�t�e�r�e�d�.� 
�S�e�e� �t�h�e� �"�+�"� �i�m�m�e�d�i�a�t�e� �c�o�m�m�a�n�d�,� �b�e�l�o�w�.� 

�"�M�e�n�u� �O�p�t�i�o�n�s�:� �R�E�T�U�R�N�  �� �r�e�t�u�m�s� �t�o� �t�h�e� �c�a�l�l�i�n�g� �p�r�o�g�r�a�m�.� �(�E�X�I�T�)� 
�J�U�M�P�  ��p�r�o�m�p�t�s� �t�h�e� �u�s�e�r� �f�o�r� �a� �c�e�l�l� �a�d�d�r�e�s�s� �t�o� 
�p�l�a�c�e� �t�h�e� �c�e�i�l� �h�i�g�h�l�i�g�h�t�.� 

 ��V�a�r�i�a�b�l�e� �H�e�l�p�:� �S�e�l�e�c�t� �c�e�i�l� �t�w�i�c�e� �o�r� �u�s�e� �t�h�e� �"�? �� �i�m�m�e�d�i�a�t�e� �c�o�m�m�a�n�d� 
�f�o�r� �m�o�r�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �u�s�e� �o�f� �a� �v�a�r�i�a�b�l�e�.� 

�"�I�m�m�e�d�i�a�t�e� �C�m�d�s�:� �a�r�e� �e�n�t�e�r�e�d� �b�y� �t�y�p�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�h�a�r�a�c�t�e�r�s� �i�n� 
�,� �t�h�e� �s�t�r�i�n�g� �i�n�p�u�t� �a�r�e�a� �a�n�d� �p�r�e�s�s�i�n�g� �E�N�T�E�R�:� 

�"�2�"�  �� �d�i�s�p�l�a�y�s� �h�e�l�p� �o�n� �s�e�l�e�c�t�e�d� �v�a�r�i�a�b�l�e� 
�"�1�"�  �� �r�e�m�o�v�e�s� �h�e�l�p� �w�i�n�d�o�w� 
�"�:�<�a�d�d�r�>�" �� �m�o�v�e�s� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �t�o� �<�a�d�d�r�>� 
�"�/�<�v�a�r�n�a�m�e�> �� �-� �m�o�v�e�s� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �t�o� �<�v�a�r�n�a�m�e�>� 
�"�$�<�v�a�m�a�m�e�>�=�<�v�a�l�u�e�> ��  �� �a�s�s�i�g�n�s� �<�v�a�i�u�e�>� �t�o� �<�v�a�r�n�a�m�e�>� 

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

�"�+�<�f�o�r�m�u�l�a�> ��  �� �e�v�a�l�u�a�t�e�s� �f�o�r�m�u�l�a� �u�s�i�n�g� �s�t�a�n�d�a�r�d� 
�m�a�t�h�e�m�a�t�i�c�a�l� �o�p�e�r�a�t�i�o�n�s� �(�+�,�- ��,�*�,�/�, ��)�.� �V�a�r�i�a�b�l�e� 
�n�a�m�e�s� �o�r� �c�e�l�l� �a�d�d�r�e�s�s�e�s� �m�a�y� �b�e� �u�s�e�d�.� 

�'� �<�E�N�D� �O�F� �H�E�L�P� �S�C�R�E�E�N� �- �� �S�E�L�E�C�T� �T�O� �R�E�M�O�V�E�>� 
�r�e�t�e� 

�M�O�D�I�F�Y� �M�o�d�i�f�y� 
�"�T�h�e� �M�O�D�I�F�Y� �o�p�t�i�o�n� �h�a�s� �d�i�f�f�e�r�e�n�t� �m�e�n�u� �i�t�e�m�s� �f�o�r� �a�l�t�e�r�i�n�g� �t�h�e� � � �F�i�g�u�r�e� �1�1�.� �G�e�n�e�r�a�l�i�z�e�d� �H�e�l�p� �F�i�l�e� 
� � 

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �6�2� 

� 



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

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

�f�o�u�r� �a�s�t�e�r�i�s�k�s� �a�r�e� �f�o�u�n�d�.� �.� 

�W�h�e�n� �r�e�q�u�e�s�t�e�d� �b�y� �s�e�l�e�c�t�i�n�g� �H�E�L�P� �f�r�o�m� �t�h�e� �m�e�n�u�,� �g�e�n�e�r�a�l�i�z�e�d� �h�e�l�p� �w�o�r�k�s� �i�n� �t�h�e� �s�a�m�e� 

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

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

�d�i�s�p�l�a�y�e�d�.� 

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

�c�o�m�m�a�n�d� �i�s� �e�n�t�e�r�e�d�.� �W�h�e�n� �t�h�e� �r�e�q�u�e�s�t� �f�o�r� �r�e�m�o�v�a�l� �i�s� �p�r�o�c�e�s�s�e�d�,� �t�h�e� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� 

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

�s�p�r�e�a�d�s�h�e�e�t� �c�e�l�l�s�.� 

�7�.�7� �S�t�r�i�n�g� �I�n�p�u�t� 

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

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

�v�e�r�s�a�t�i�l�i�t�y�,� �c�o�n�s�i�d�e�r�a�b�l�e� �e�f�f�o�r�t� �w�a�s� �i�n�v�e�s�t�e�d� �i�n� �i�t�s� �d�e�s�i�g�n�.� 

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

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

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �6�3



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

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

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

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

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

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

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

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

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

�S�e�e� �F�i�g�u�r�e� �1�2� �o�n� �p�a�g�e� �6�5� �f�o�r� �a� �f�l�o�w� �d�i�a�g�r�a�m� �o�f� �t�h�e� �s�t�r�i�n�g� �i�n�p�u�t� �p�r�o�c�e�s�s�.� 

�7�.�7�.�1� �C�e�l�l� �V�a�l�u�e�s� 

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

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

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

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

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

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

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

�I�f� �i�t� �w�i�l�l� �n�o�t� �f�i�t�,� �t�h�e� �s�t�r�i�n�g� �i�s� �p�l�a�c�e�d� �i�n� �t�h�e� �c�e�l�l� �u�s�i�n�g� �e�x�p�o�n�e�n�t�i�a�l� �n�o�t�a�t�i�o�n�.� 
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�7�.�7�.�2� �I�m�m�e�d�i�a�t�e� �C�o�m�m�a�n�d�s� 

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

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

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

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

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

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

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

�p�o�i�n�t� �i�s� �t�y�p�e�d�,� �t�h�e� �c�u�r�r�e�n�t� �h�e�l�p� �w�i�n�d�o�w� �i�s� �r�e�m�o�v�e�d�.� �W�h�e�n� �t�h�e� �u�s�e�r� �e�n�t�e�r�s� �a� �q�u�e�s�t�i�o�n� 

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

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

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

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

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

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

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

�i�s� �t�r�e�a�t�e�d� �a�s� �a� �f�o�r�m�u�l�a� �a�n�d� �i�t�s� �v�a�l�u�e� �i�s� �a�d�d�e�d� �t�o� �t�h�e� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �a�f�t�e�r� �e�v�a�l�u�a�t�i�o�n�.� 
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�7�.�8� �F�o�r�m�u�l�a� �P�r�o�c�e�s�s�i�n�g� 

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

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

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

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

�e�x�p�o�n�e�n�t�i�a�t�i�o�n�.� 

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

�s�t�r�i�n�g� �i�n�p�u�t� �w�a�s� �u�s�e�d� �[�G�r�o�g�8�4�]�.� �A�l�t�h�o�u�g�h� �i�t� �o�r�i�g�i�n�a�l�l�y� �s�u�p�p�o�r�t�e�d� �o�n�l�y� �a�d�d�i�t�i�o�n�,� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �6�7



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�F�i�g�u�r�e� �1�3� �o�n� �p�a�g�e� �6�9�.� 

�7�.�9� �I�n�t�e�r�a�c�t�i�v�e� �S�p�r�e�a�d�s�h�e�e�t� �D�a�t�a� �S�t�r�u�c�t�u�r�e� �M�o�d�i�f�i�c�a�t�i�o�n� 

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

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �6�8
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�i�n�c�o�r�p�o�r�a�t�e�s� �m�o�d�i�f�i�c�a�t�i�o�n� �r�o�u�t�i�n�e�s� �t�h�a�t� �a�l�l�o�w� �t�h�e� �u�s�e�r� �t�o� �c�h�a�n�g�e� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �i�t�e�m�s� 

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

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

�T�h�e� �i�n�t�e�r�a�c�t�i�v�e� �s�p�r�e�a�d�s�h�e�e�t� �m�o�d�i�f�i�c�a�t�i�o�n� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �a�c�c�e�s�s�e�d� �b�y� �u�s�i�n�g� �t�h�e� �M�O�D�I�F�Y� 

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

�c�e�l�l�s�,� �a�n�d� �e�d�i�t�i�n�g� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �e�x�i�s�t�i�n�g� �o�n�e�s� �c�a�n� �b�e� �c�h�o�s�e�n�.� �A�n�o�t�h�e�r� �o�p�t�i�o�n� �(�S�E�T� 

�D�E�F�A�U�L�T�)� �i�s� �p�r�e�s�e�n�t�e�d� �f�o�r� �u�p�d�a�t�i�n�g� �t�h�e� �c�h�a�n�g�e�s� �t�o� �t�h�e� �m�a�s�t�e�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�i�l�e�.� �A� 

�t�i�e�r� �c�h�a�r�t� �o�f� �t�h�e� �o�p�t�i�o�n�s� �a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� �M�O�D�I�F�Y� �m�e�n�u� �i�t�e�m� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�4� �o�n� 

�p�a�g�e� �7�1�.� 

�T�h�e� �I�N�S�E�R�T� �a�n�d� �M�O�V�E� �o�p�t�i�o�n�s� �s�i�m�p�l�y� �r�e�-�a�s�s�i�g�n� �t�h�e� �p�o�s�i�t�i�o�n�s� �o�f� �c�e�l�l�s� �i�n� �t�h�e� �d�a�t�a� 

�s�t�r�u�c�t�u�r�e�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �r�e�-�a�s�s�i�g�n�i�n�g� �c�e�l�l� �l�o�c�a�t�i�o�n�s�,� �t�h�e� �D�E�L�E�T�E� �o�p�t�i�o�n� �s�e�t�s� �a� �d�e�l�e�t�i�o�n� 

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

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

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

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

�T�h�e� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �m�a�n�i�p�u�l�a�t�i�o�n� �f�o�r� �t�h�e� �I�N�S�E�R�T� �a�n�d� �D�E�L�E�T�E� �m�e�n�u� �o�p�t�i�o�n�s� �i�s� 

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

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

�o�f� �t�h�e� �c�o�d�e�.� 

�W�h�e�n� �t�h�e� �u�s�e�r� �w�i�s�h�e�s� �t�o� �a�d�d� �a� �n�e�w� �s�p�r�e�a�d�s�h�e�e�t� �c�e�l�l�,� �t�h�e� �C�R�E�A�T�E� �o�p�t�i�o�n� �d�i�s�p�l�a�y�s� �a� �l�i�s�t� 

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

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

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

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �7�0
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�T�h�e� �E�D�I�T� �o�p�t�i�o�n� �w�o�r�k�s� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r�,� �d�i�s�p�l�a�y�i�n�g� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �a� �c�e�l�l� �d�a�t�a� 

�s�t�r�u�c�t�u�r�e�.� �A�s� �t�h�e� �u�s�e�r� �m�o�d�i�f�i�e�s� �t�h�e� �i�t�e�m�s�,� �t�h�e� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �i�s� �u�p�d�a�t�e�d�.� 

�A� �s�p�e�c�i�a�l� �s�e�t� �o�f�  ��2�-�D� �w�i�n�d�o�w �� �f�u�n�c�t�i�o�n�s� �w�e�r�e� �c�r�e�a�t�e�d� �t�o� �h�a�n�d�l�e� �t�h�e� �d�i�s�p�l�a�y� �a�n�d� �s�e�l�e�c�t�i�o�n� 

�o�f� �i�t�e�m�s� �f�r�o�m� �t�h�e� �w�i�n�d�o�w�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �E�D�I�T� �a�n�d� �A�D�D� �o�p�t�i�o�n�s�.� �O�n�e� �r�o�u�t�i�n�e� �s�e�t�s� 

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

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

�t�h�e� �p�r�o�g�r�a�m�m�e�r�.� �T�h�e� �t�h�i�r�d� �2�-�D� �w�i�n�d�o�w� �f�u�n�c�t�i�o�n� �d�i�s�p�l�a�y�s� �t�h�e� �w�i�n�d�o�w� �a�n�d� �p�r�e�p�a�r�e�s� �i�t� 

�f�o�r� �i�n�p�u�t�.� 

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

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

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

�f�u�n�c�t�i�o�n� �(�e�.�g�.� �d�e�l�_�c�o�l� �f�o�r� �d�e�l�e�t�e� �c�o�l�u�m�n�)�:� 

�1�.� �s�s�_�*� �-� �m�a�i�n� �r�o�u�t�i�n�e� �i�n� �m�e�n�u� �m�o�d�u�l�e� �-� �d�i�s�p�l�a�y�s� �n�e�w� �m�e�n�u� �a�n�d� �d�i�a�l�o�g� �a�r�e�a� �m�e�s�s�a�g�e�s� 

�2�.� �g�e�t�_�*�_�i�n�p�u�t� �-� �g�e�t�s� �P�H�I�G�S� �i�n�p�u�t� �a�n�d� �c�a�l�l�s� �f�u�n�c�t�i�o�n�s� �t�o� �p�r�o�c�e�s�s� �i�n�p�u�t� �f�r�o�m� �e�a�c�h� 

�a�v�a�i�l�a�b�l�e� �l�o�g�i�c�a�l� �i�n�p�u�t� �d�e�v�i�c�e� 

�3�.� �p�r�o�c�_�*�_�p�i�c�k� �-� �a�c�t�s� �o�n� �p�i�c�k� �i�n�p�u�t� �f�o�r� �a� �m�e�n�u� �m�o�d�u�l�e� 

�4�.� �p�r�o�c�_�*�_�m�e�n�u� �-� �p�r�o�c�e�s�s�e�s� �m�e�n�u� �i�t�e�m� �p�i�c�k�s� 

�D�e�s�i�g�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �S�o�f�t�w�a�r�e� �7�2



�8�.�0� �I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� 

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

�o�f� �t�h�e� �A�C�S�Y�N�T�/�s�p�r�e�a�d�s�h�e�e�t� �i�n�t�e�g�r�a�t�i�o�n� �s�y�s�t�e�m�.� �I�t� �s�h�o�u�l�d� �p�r�o�v�e� �h�e�l�p�f�u�l� �f�o�r� �f�u�t�u�r�e� 

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

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

�T�h�e� �s�p�r�e�a�d�s�h�e�e�t� �w�a�s� �c�o�d�e�d� �a�n�d� �d�e�b�u�g�g�e�d� �o�n� �a�n� �I�B�M� �R�T� �P�C� �w�o�r�k�s�t�a�t�i�o�n� �p�r�i�o�r� �t�o� 

�l�i�n�k�i�n�g� �i�t� �w�i�t�h� �a�n� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m�.� �W�h�e�n� �c�o�d�i�n�g� �w�a�s� �c�o�m�p�l�e�t�e�,� �t�h�e� �A�C�S�Y�N�T� �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� �s�y�s�t�e�m� �f�o�r� �a�i�r�c�r�a�f�t� �w�a�s� �s�e�l�e�c�t�e�d� �a�s� �a� �t�e�s�t�b�e�d� �f�o�r� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

�t�h�e� �s�p�r�e�a�d�s�h�e�e�t�.� �A�C�S�Y�N�T� �i�s� �u�s�e�d� �e�x�t�e�n�s�i�v�e�l�y� �a�n�d� �i�s� �d�e�v�e�l�o�p�e�d� �i�n� �t�h�e� �w�o�r�k�p�l�a�c�e� �o�f� �t�h�e� 

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

�a�i�d�e�d� �t�h�e� �i�n�t�e�g�r�a�t�i�o�n� �p�r�o�c�e�s�s�.� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �7�3



�8�.�1� �I�n�t�e�g�r�a�t�i�o�n� �P�l�a�n� �a�n�d� �R�e�q�u�i�r�e�m�e�n�t�s� 

�A�s� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e�  ��A�C�S�Y�N�T� �a�s� �a� �C�a�s�e� �S�t�u�d�y �� �s�e�c�t�i�o�n� �o�f� �t�h�i�s� �t�h�e�s�i�s�,� �e�a�c�h� �d�i�s�c�i�p�l�i�n�e� 

�o�f� �c�o�n�c�e�p�t�u�a�l� �a�i�r�c�r�a�f�t� �d�e�s�i�g�n� �a�n�a�l�y�s�i�s� �h�a�s� �a� �s�e�p�a�r�a�t�e� �a�n�a�l�y�s�i�s� �m�o�d�u�l�e� �i�n� �A�C�S�Y�N�T�.� 

�T�h�e�s�e� �m�o�d�u�l�e�s� �a�r�e�:� 

�e� �G�e�o�m�e�t�r�y� 

�e� �§�©�T�r�a�j�e�c�t�o�r�y� �(�M�i�s�s�i�o�n� �P�r�o�f�i�l�e� �a�n�d� �P�e�r�f�o�r�m�a�n�c�e�)� 

�e� �A�e�r�o�d�y�n�a�m�i�c�s� 

�e� �P�r�o�p�u�l�s�i�o�n� 

�e� �S�t�a�b�i�l�i�t�y� 

�e� �W�e�i�g�h�t�s� 

�e� �S�u�p�e�r�s�o�n�i�c� �A�e�r�o�d�y�n�a�m�i�c�s� 

�e� �E�c�o�n�o�m�i�c�s� 

�T�a�k�e�o�f�f� �P�e�r�f�o�r�m�a�n�c�e� 

�T�o� �f�a�c�i�l�i�t�a�t�e� �i�n�p�u�t� �t�o� �t�h�e�s�e� �m�o�d�u�l�e�s�,� �e�a�c�h� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �A�C�S�Y�N�T ��s� �C�A�D� �s�y�s�t�e�m� �a�s� 

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

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

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �7�4



�i�s� �t�h�e�n� �p�r�o�c�e�s�s�e�d� �b�y� �t�h�e� �a�n�a�l�y�s�i�s� �r�o�u�t�i�n�e�s� �o�f� �A�C�S�Y�N�T�.� �O�u�t�p�u�t� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �c�a�n� �b�e� 

�e�x�a�m�i�n�e�d� �b�y� �A�C�S�Y�N�T ��s� �i�n�t�e�r�a�c�t�i�v�e� �g�r�a�p�h�i�n�g�,� �g�e�o�m�e�t�r�y�,� �a�n�d� �f�i�l�e� �s�c�a�n�n�i�n�g� �f�e�a�t�u�r�e�s�.� 

�T�o� �c�o�n�s�o�l�i�d�a�t�e� �a�l�l� �t�h�e� �i�n�p�u�t� �d�a�t�a� �f�o�r� �o�n�e� �o�f� �t�h�e� �a�n�a�l�y�s�i�s� �m�o�d�u�l�e�s� �o�f� �A�C�S�Y�N�T�,� �a� 

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

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

�A�C�S�Y�N�T� �w�i�l�l� �h�a�v�e� �n�i�n�e� �s�e�p�a�r�a�t�e� �s�p�r�e�a�d�s�h�e�e�t�s� �t�o� �a�i�d� �i�n�p�u�t� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �r�o�u�t�i�n�e�s�.� 

�U�s�i�n�g� �t�h�e� �C�A�D� �f�a�c�i�l�i�t�y� �t�o� �c�r�e�a�t�e� �t�h�e� �g�e�o�m�e�t�r�y� �o�f� �a�n� �a�i�r�c�r�a�f�t� �r�e�q�u�i�r�e�s� �d�a�t�a� �t�o� �b�e� �s�e�n�t� �t�o� 

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

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

�T�h�u�s�,� �t�h�e� �g�e�o�m�e�t�r�y� �c�r�e�a�t�i�o�n� �s�y�s�t�e�m� �o�f� �A�C�S�Y�N�T� �m�u�s�t� �h�a�v�e� �a� �l�i�n�k� �t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�s� 

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

�B�e�c�a�u�s�e� �t�h�e� �n�i�n�e� �s�p�r�e�a�d�s�h�e�e�t�s� �t�h�a�t� �c�o�m�p�r�i�s�e� �t�h�e� �f�u�l�l� �s�e�t� �o�f� �a�v�a�i�l�a�b�l�e� �A�C�S�Y�N�T� �i�n�p�u�t� �d�a�t�a� 

�m�u�s�t� �b�e� �a�b�l�e� �t�o� �g�e�t� �t�h�e�i�r� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �e�x�i�s�t�i�n�g� �A�C�S�Y�N�T� �a�n�a�l�y�s�i�s� �i�n�p�u�t� �f�i�l�e�s�,� �a� 

�s�o�f�t�w�a�r�e� �s�y�s�t�e�m� �f�o�r� �r�e�a�d�i�n�g� �t�h�e� �A�C�S�Y�N�T� �i�n�p�u�t� �f�i�l�e� �m�u�s�t� �b�e� �c�r�e�a�t�e�d�.� �L�i�k�e�w�i�s�e�,� �t�h�e� 

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

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

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

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �i�§



�8�.�2� �F�u�n�c�t�i�o�n�a�l� �S�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �I�n�t�e�g�r�a�t�i�o�n� �S�o�f�t�w�a�r�e� 

�A�s� �o�u�t�l�i�n�e�d� �a�b�o�v�e�,� �t�h�e� �A�C�S�Y�N�T� �i�n�t�e�g�r�a�t�i�o�n� �p�r�o�b�l�e�m� �b�r�e�a�k�s� �d�o�w�n� �i�n�t�o� �t�h�r�e�e� �d�i�s�t�i�n�c�t� 

�a�r�e�a�s�:� 

�e� �A�d�d�i�n�g� �S�p�r�e�a�d�s�h�e�e�t� �M�o�d�u�l�e�s� �i�n�t�o� �A�C�S�Y�N�T� 

�e� �L�i�n�k�i�n�g� �t�h�e� �G�e�o�m�e�t�r�y� �C�A�D� �F�a�c�i�l�i�t�y� �w�i�t�h� �t�h�e� �G�e�o�m�e�t�r�y� �a�n�d� �P�r�o�p�u�l�s�i�o�n� 

�S�p�r�e�a�d�s�h�e�e�t�s� 

�e� �R�e�a�d�i�n�g� �a�n�d� �W�r�i�t�i�n�g� �A�C�S�Y�N�T� �A�n�a�l�y�s�i�s� �I�n�p�u�t� �F�i�l�e�s� 

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

�n�o�w� �b�e� �o�u�t�l�i�n�e�d�.� 

�8�.�2�.�1� �I�n�v�o�k�i�n�g� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t�s� �f�r�o�m� �A�C�S�Y�N�T� 

�B�e�c�a�u�s�e� �a�l�l� �t�h�e� �a�n�a�l�y�s�i�s� �m�o�d�u�l�e�s� �o�f� �A�C�S�Y�N�T�,� �C�O�P�E�S�,� �a�n�d� �A�C�S�Y�N�T� �C�o�n�t�r�o�l� �a�r�e� 

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

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

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

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

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

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �7�1�6



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

�v�a�r�i�a�b�l�e�s�.� 

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

�A�C�S�Y�N�T�,� �a�n�d� �n�o�t� �o�v�e�r�l�a�p�.� �U�p�o�n� �e�n�t�e�r�i�n�g� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�,� �t�h�e� �f�i�v�e� �d�i�a�l�o�g� �m�e�s�s�a�g�e�s� 

�f�r�o�m� �A�C�S�Y�N�T� �m�u�s�t� �r�e�m�a�i�n� �i�n� �t�h�e� �d�i�a�l�o�g� �b�o�x�.� �A�f�t�e�r� �l�e�a�v�i�n�g� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�,� �a�n�y� �d�i�a�l�o�g� 

�m�e�s�s�a�g�e�s� �i�n� �t�h�e� �m�e�s�s�a�g�e� �a�r�e�a� �s�h�o�u�l�d� �b�e� �t�r�a�n�s�f�e�r�r�e�d� �b�a�c�k� �t�o� �A�C�S�Y�N�T� �t�o� �p�r�e�s�e�r�v�e� 

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

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

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

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

�o�f� �t�h�e� �c�u�r�r�e�n�t� �s�e�t� �o�f� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a�.� 

�A�C�S�Y�N�T� �w�i�l�l� �p�r�o�b�a�b�l�y� �d�i�f�f�e�r� �f�r�o�m� �o�t�h�e�r� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �b�e�c�a�u�s�e� �m�o�r�e� 

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

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

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

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

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

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

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �7�7



�8�.�2�.�2� �L�i�n�k�i�n�g� �C�A�D� �G�e�o�m�e�t�r�y� �w�i�t�h� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�T�h�e� �C�A�D� �f�a�c�i�l�i�t�y� �e�x�t�r�a�c�t�s� �g�e�o�m�e�t�r�i�c� �p�a�r�a�m�e�t�e�r�s� �f�r�o�m� �t�h�e� �A�C�S�Y�N�T� �a�i�r�c�r�a�f�t� �g�e�o�m�e�t�r�y� 

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

�G�e�o�m�e�t�r�y� �a�n�d� �P�r�o�p�u�l�s�i�o�n� �m�o�d�u�l�e�s� �o�f� �A�C�S�Y�N�T� �t�o� �a�l�l�o�w� �t�h�e� �u�s�e�r� �t�o� �c�h�e�c�k� �t�h�e� �g�e�o�m�e�t�r�i�c� 

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

 ��a�d�d�e�n�d�u�m �� �f�i�l�e� �c�o�n�t�a�i�n�i�n�g� �A�C�S�Y�N�T� �g�e�o�m�e�t�r�y� �v�a�r�i�a�b�l�e� �n�a�m�e�s� �a�n�d� �v�a�l�u�e�s�.� �W�h�e�n� �t�h�e� 

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

�b�e� �w�r�i�t�t�e�n�.� 

�A�f�t�e�r� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�i�l�e� �f�o�r� �t�h�e� �G�e�o�m�e�t�r�y� �(�o�r� �P�r�o�p�u�l�s�i�o�n�)� �m�o�d�u�l�e� �i�s� �r�e�a�d�,� �t�h�e� 

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

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

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

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

�8�.�2�.�3� �R�e�a�d�i�n�g� �a�n�d� �W�r�i�t�i�n�g� �A�C�S�Y�N�T� �A�n�a�l�y�s�i�s� �I�n�p�u�t� �F�i�l�e�s� 

�T�h�e� �A�C�S�Y�N�T� �a�n�a�l�y�s�i�s� �i�n�p�u�t� �f�i�l�e� �i�s� �c�o�m�p�o�s�e�d� �o�f� �t�h�r�e�e� �m�a�j�o�r� �p�a�r�t�s�:� 

�e� �C�O�P�E�S� �I�n�p�u�t� �S�e�c�t�i�o�n� 

�e� �A�C�S�Y�N�T� �C�o�n�t�r�o�l� �I�n�f�o�r�m�a�t�i�o�n� 

�e�¢� �A�C�S�Y�N�T� �A�n�a�l�y�s�i�s� �M�o�d�u�l�e� �D�a�t�a� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �7�8



�T�y�p�i�c�a�l� �a�n�a�l�y�s�i�s� �i�n�p�u�t� �f�i�l�e�s� �a�r�e� �t�h�r�e�e� �t�o� �f�i�v�e� �p�a�g�e�s� �l�o�n�g�.� �T�h�e� �C�O�P�E�S� �i�n�p�u�t� �p�o�r�t�i�o�n� 

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

�t�h�e� �o�p�t�i�m�i�z�a�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �f�i�l�e�.� �A�n� �e�x�a�m�p�l�e� �o�f� �C�O�P�E�S� �i�n�p�u�t� �i�s� �s�h�o�w�n� 

�i�n� �F�i�g�u�r�e� �1�5� �o�n� �p�a�g�e� �8�0�.� 

�N�o�t� �o�n�l�y� �s�i�n�g�l�e� �v�a�r�i�a�b�l�e�s�,� �b�u�t� �e�n�t�i�r�e� �l�i�n�e�s� �o�f� �C�O�P�E�S� �i�n�p�u�t� �v�a�l�u�e�s� �c�a�n� �b�e� �d�e�f�a�u�l�t�e�d� �b�y� 

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

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

�p�r�o�p�e�r�l�y� �w�h�e�n� �r�e�a�d�i�n�g� �t�h�e� �C�O�P�E�S� �i�n�p�u�t� �p�o�r�t�i�o�n� �o�f� �A�C�S�Y�N�T� �i�n�p�u�t� �f�i�l�e�s�.� 

�A�C�S�Y�N�T� �C�o�n�t�r�o�l� �i�n�f�o�r�m�a�t�i�o�n� �a�p�p�e�a�r�s� �a�f�t�e�r� �t�h�e� �C�O�P�E�S� �i�n�p�u�t� �a�n�d� �c�o�n�s�i�s�t�s� �o�f� �s�i�x� �l�i�n�e�s� 

�o�f� �f�o�r�m�a�t�t�e�d� �d�a�t�a�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�6� �o�n� �p�a�g�e� �8�1�.� �T�h�e� �f�i�r�s�t� �l�i�n�e� �i�s� �t�h�e� �a�i�r�c�r�a�f�t� �t�y�p�e�,� 

�a� �9� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�.� �T�h�e� �n�e�x�t� �l�i�n�e� �o�f� �i�n�t�e�g�e�r� �d�a�t�a� �d�e�t�e�r�m�i�n�e�s�,� �a�m�o�n�g� �o�t�h�e�r� �t�h�i�n�g�s�,� �t�h�e� 

�n�u�m�b�e�r� �o�f� �A�C�S�Y�N�T� �m�o�d�u�l�e�s� �t�h�a�t� �h�a�v�e� �d�a�t�a� �i�n� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�e� �i�n�p�u�t� �f�i�l�e�.� �T�h�e�s�e� 

�m�o�d�u�l�e�s� �a�r�e� �l�i�s�t�e�d� �b�y� �t�h�e�i�r� �m�o�d�u�l�e� �n�u�m�b�e�r� �i�n� �t�h�e� �f�o�u�r�t�h� �l�i�n�e�.� �T�h�e� �A�C�S�Y�N�T� �f�i�l�e� 

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

�m�o�d�u�l�e� �d�a�t�a� �i�n� �t�h�e� �p�r�o�p�e�r� �o�r�d�e�r�.� 

�M�o�s�t� �o�f� �t�h�e� �A�C�S�Y�N�T� �m�o�d�u�l�e� �a�n�a�l�y�s�i�s� �d�a�t�a� �i�s� �i�n� �F�O�R�T�R�A�N� �n�a�m�e�l�i�s�t� �f�o�r�m�a�t�.� 

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

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

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

�w�i�t�h� �v�a�l�u�e�s� �s�u�c�h� �a�s�  ��1�0�*�1�.�0 �� �r�e�s�u�l�t�i�n�g� �i�n� �t�e�n� �e�l�e�m�e�n�t�s� �o�f� �a�n� �a�r�r�a�y� �b�e�i�n�g� �a�s�s�i�g�n�e�d� �t�h�e� 

�v�a�l�u�e� �1�.�0�.� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �7�1�9
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�T�h�e� �f�i�l�e� �r�e�a�d�i�n�g� �a�n�d� �w�r�i�t�i�n�g� �s�o�f�t�w�a�r�e� �s�h�o�u�l�d� �h�a�v�e� �r�o�b�u�s�t� �n�a�m�e�l�i�s�t� �i�n�p�u�t�/�o�u�t�p�u�t� 

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

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

�A� �s�m�a�l�l� �p�o�r�t�i�o�n� �o�f� �t�h�e� �m�o�d�u�l�e� �d�a�t�a� �f�o�r� �a�n� �A�C�S�Y�N�T� �i�n�p�u�t� �f�i�l�e� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�7� 

�o�n� �p�a�g�e� �8�3�.� 

�8�.�3� �D�e�s�i�g�n� �o�f� �I�n�t�e�g�r�a�t�i�o�n� �S�o�f�t�w�a�r�e� 

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

�s�p�r�e�a�d�s�h�e�e�t� �a�n�d� �A�C�S�Y�N�T�.� �T�h�a�t� �p�l�a�n� �w�i�l�l� �n�o�w� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �d�e�t�a�i�l�.� 

�8�.�3�.�1� �I�n�t�e�r�l�a�n�g�u�a�g�e� �C�a�l�l�s� 

�A�C�S�Y�N�T� �i�s� �w�r�i�t�t�e�n� �i�n� �F�O�R�T�R�A�N�,� �a�n�d� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �i�s� �c�o�d�e�d� �i�n� �C�.� �L�i�n�k�i�n�g� �t�h�e�s�e� 

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

�m�a�c�h�i�n�e�s� �h�a�n�d�l�e� �i�n�t�e�r�l�a�n�g�u�a�g�e� �c�a�l�l�s� �i�n� �d�i�f�f�e�r�e�n�t� �w�a�y�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �F�O�R�T�R�A�N� 

�c�o�m�p�i�l�e�r�s� �o�n� �t�h�e� �S�i�l�i�c�o�n� �G�r�a�p�h�i�c�s� �I�r�i�s� �a�n�d� �I�B�M� �R�T� �w�o�r�k�s�t�a�t�i�o�n�s� �r�e�q�u�i�r�e� �t�h�a�t� �a�n� 

�u�n�d�e�r�s�c�o�r�e� �b�e� �p�l�a�c�e�d� �a�f�t�e�r� �t�h�e� �C� �f�u�n�c�t�i�o�n� �n�a�m�e� �t�h�a�t� �i�s� �c�a�l�l�e�d� �f�r�o�m� �a� �F�O�R�T�R�A�N� 

�p�r�o�g�r�a�m�.� �T�h�e� �F�O�R�T�R�A�N� �c�o�m�p�i�l�e�r� �o�n� �t�h�e� �I�B�M� �R�I�S�C�/�S�y�s�t�e�m� �6�0�0�0� �w�o�r�k�s�t�a�t�i�o�n� �d�o�e�s� 

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

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �8�2
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�&�A�C�H�A�R� 
�A�B�O�S�B� �=� �0�.�1�5�0�,� �A�L�M�A�X� �=� �3�0�.�0�0�0�,� �A�M�C� �=� 

�B�D�N�O�S�E� �=� �4�.�8�2�0�,� �B�T�E�F� �=� �0�.�0�0�0�,� �S�F�W�F� 
�X�C�D�W� �=� �0�.�6�0�0�,� �A�L�E�L�J� �=� �3�,� �X�T�S�M�N�D�R� 

�I�S�U�P�C�R� �=� �0�,� �I�T�R�A�P� �=� �0�,� �I�X�C�D� 

�&�E�N�D� 
�&� �A�M�U�L�T� 

�C�S�F� �=� �1�.�0�0�0�,� �E�S�S�F� �=� �1�.�0�0�0�,� 
�&�E�N�D� 

� � �F�i�g�u�r�e� �1�7�.� �S�a�m�p�l�e� �A�C�S�Y�N�T� �A�n�a�l�y�s�i�s� �M�o�d�u�l�e� �I�n�p�u�t� �D�a�t�a� 

�i�,� 

�6�9�3�5�.�0�0�0�,� 

�4�0�.�0�0�0�,� 

�1�.�0�0�0�,� 

�0�,� 

�l�,� 

� � 

�6� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �8�3� 

� 



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

�r�e�q�u�i�r�e� �i�t�,� �t�h�e� �c�o�m�p�i�l�e�r� �w�i�l�l� �s�e�a�r�c�h� �f�o�r� �t�h�e� �f�u�n�c�t�i�o�n� �n�a�m�e� �i�n� �t�h�e� �F�O�R�T�R�A�N� �c�o�d�e�.� 

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

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

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

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

�P�a�r�a�m�e�t�e�r�s� �c�a�n� �b�e� �p�a�s�s�e�d� �i�n� �t�h�e� �a�r�g�u�m�e�n�t� �l�i�s�t� �o�f� �a� �C� �f�u�n�c�t�i�o�n� �c�a�l�l�e�d� �f�r�o�m� �F�O�R�T�R�A�N�.� 

�T�h�e� �F�O�R�T�R�A�N� �f�u�n�c�t�i�o�n�s� �%�r�e�f�Q�)� �a�n�d�  ��o�v�a�l�(�)� �a�r�e� �u�s�e�d� �t�o� �s�e�n�d� �p�o�i�n�t�e�r�s� �(�r�e�f�e�r�e�n�c�e�s�)� �a�n�d� 

�v�a�l�u�e�s� �o�f� �a�r�g�u�m�e�n�t�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� �F�i�g�u�r�e� �1�8� �o�n� �p�a�g�e� �8�5� �s�h�o�w�s� �t�h�e� �u�s�e� �o�f� �t�h�e�s�e� �f�u�n�c�t�i�o�n�s� 

�a�n�d� �t�h�e� �p�r�e�p�r�o�c�e�s�s�o�r� �d�i�r�e�c�t�i�v�e�s� �u�s�e�d� �t�o� �c�o�m�p�i�l�e� �a�n�d� �l�i�n�k� �F�O�R�T�R�A�N� �a�n�d� �C� �c�o�d�e� �w�i�t�h� 

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

�A�l�l� �t�h�e� �F�O�R�T�R�A�N� �s�u�b�r�o�u�t�i�n�e�s� �t�h�a�t� �c�a�l�l� �C� �f�u�n�c�t�i�o�n�s� �a�r�e� �i�n� �o�n�e� �f�i�l�e� �-�  ��b�r�i�d�g�e�.�b�r�f ��.� 

�L�i�k�e�w�i�s�e�,� �a�l�l� �C� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �u�s�e� �F�O�R�T�R�A�N� �s�u�b�r�o�u�t�i�n�e�s� �a�r�e� �c�o�n�s�o�l�i�d�a�t�e�d� �i�n� �t�h�e� �f�i�l�e� 

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

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

�8�.�3�.�2� �P�a�r�a�m�e�t�e�r�s� �P�a�s�s�e�d� �f�r�o�m� �A�C�S�Y�N�T� �t�o� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�W�h�e�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �i�s� �c�a�l�l�e�d� �f�r�o�m� �A�C�S�Y�N�T�,� �t�h�e� �n�a�m�e� �o�f� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�i�l�e� �a�n�d� 

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

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

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

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �8�4



� � 

� � 

�F�O�R�T�R�A�N� �V�a�r�i�a�b�l�e� �T�y�p�e�s� �a�n�d� �F�u�n�c�t�i�o�n� �C�a�l�l�:� 
�I�N�T�E�G�E�R� �W�K�I�D�,� �B�E�G�S�T�R�,� �I�A�D�D� 
�C�H�A�R�A�C�T�E�R�*�1�4� �H�E�L�P�F�I�L�E�,� �S�S�F�I�L�E� 

�C�A�L�L� �s�p�r�e�a�d�(�%�v�a�l�(�W�K�I�D�)�,� �%�v�a�l�(�B�E�G�S�T�R�)�,� 
�$� �J�o�r�e�f�(�S�S�F�I�L�E�)�,� �Y�%�r�e�f�(�H�E�L�P�F�I�L�E�)�,� �%�v�a�l�(�I�A�D�D�)�)� 

� � 

�T�h�e� �F�O�R�T�R�A�N� �f�u�n�c�t�i�o�n� �%�r�e�f� �i�s� �u�s�e�d� �t�o� �p�a�s�s� �a� �r�e�f�e�r�e�n�c�e� �(�i�.�e�.� �a� �C� �p�o�i�n�t�e�r�)� 
�f�o�r� �t�h�e� �s�t�a�r�t�i�n�g� �a�d�d�r�e�s�s� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�s�.� �T�h�e� �o�t�h�e�r� �a�r�g�u�m�e�n�t�s� �u�s�e� 

�t�h�e� �%�v�a�l� �F�O�R�T�R�A�N� �f�u�n�c�t�i�o�n� �t�o� �s�e�n�d� �t�h�e� �v�a�l�u�e�s� �o�f� �W�K�I�D�,� �B�E�G�S�T�R�,� �a�n�d� 
�I�A�D�D� �t�o� �t�h�e� �C� �r�o�u�t�i�n�e�.� � � � � 

� � 

�C� �F�u�n�c�t�i�o�n� �C�a�l�l�e�d�:� 

�s�p�r�e�a�d�_�(�w�o�r�k�i�d�,� �b�s�t�r�i�d�,� �s�s�f�i�l�e�,� �h�e�l�p�f�i�l�e�,� �a�d�d�_�f�l�a�g�)� 
�#�e�l�s�e� 

�s�p�r�e�a�d�(�w�o�r�k�i�d�,� �b�s�t�r�i�d�,� �s�s�f�i�l�e�,� �h�e�l�p�f�i�l�e�,� �a�d�d�_�f�l�a�g�)� 
�#�e�n�d�i�f� 

�i�n�t� �w�o�r�k�i�d�;� 
�i�n�t� �b�s�t�r�i�d�;� 
�i�n�t� �a�d�d�_� �f�l�a�g�;� 
�c�h�a�r� �s�o�l�e� �;� 
�c�h�a�r� �h�e�l�p�f�i�l�e�{�]�;� 

�*� �f�u�n�c�t�i�o�n� �a�p�p�e�a�r�s� �h�e�r�e� �*�/� � � �F�i�g�u�r�e� �1�8�.� �I�n�t�e�r�l�a�n�g�u�a�g�e� �C�a�l�l� �E�x�a�m�p�l�e� 
� � 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �8�5



�B�e�c�a�u�s�e� �A�C�S�Y�N�T� �a�n�d� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �b�o�t�h� �u�s�e� �P�H�I�G�S�,� �c�e�r�t�a�i�n� �P�H�I�G�S� �d�a�t�a� �m�u�s�t� �b�e� 

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

�A�C�S�Y�N�T�.� �T�h�u�s�,� �b�e�f�o�r�e� �s�t�a�r�t�i�n�g� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�,� �t�h�e� �l�a�s�t� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �n�u�m�b�e�r� �u�s�e�d� 

�b�y� �A�C�S�Y�N�T� �i�s� �f�o�u�n�d� �i�n� �t�h�e� �g�r�a�p�h�i�c�s� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �p�r�o�g�r�a�m�.� �T�h�i�s� �n�u�m�b�e�r� �i�s� �s�e�n�t� 

�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �f�o�r� �i�t�s� �s�t�a�r�t�i�n�g� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r�.� �U�s�i�n�g� �t�h�i�s� �s�t�r�u�c�t�u�r�e� 

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

�A�C�S�Y�N�T� �g�r�a�p�h�i�c�s� �i�n�f�o�r�m�a�t�i�o�n�.� �A�l�s�o�,� �t�h�e� �w�o�r�k�s�t�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�r� �i�s� �s�e�n�t� �t�o� �t�h�e� 

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

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

�A�C�S�Y�N�T� �m�o�d�u�l�e�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �G�e�o�m�e�t�r�y� �a�n�d� �P�r�o�p�u�l�s�i�o�n� �m�o�d�u�l�e�s� �r�e�a�d� �a�n� �a�d�d�e�n�d�u�m� 

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

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

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

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

�s�p�r�e�a�d�s�h�e�e�t�:� 

�W�o�r�k�s�t�a�t�i�o�n� �I�d�e�n�t�i�f�i�e�r� 

�F�i�r�s�t� �S�t�r�u�c�t�u�r�e� �N�u�m�b�e�r� �f�o�r� �S�p�r�e�a�d�s�h�e�e�t� �D�a�t�a� 

�S�p�r�e�a�d�s�h�e�e�t� �C�o�n�f�i�g�u�r�a�t�i�o�n� �F�i�l�e� �N�a�m�e� 

�S�p�r�e�a�d�s�h�e�e�t� �H�e�l�p� �F�i�l�e� �N�a�m�e� 

�A�d�d�e�n�d�u�m� �F�i�l�e� �R�e�a�d� �F�l�a�g� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �8�6



�8�.�3�.�3� �D�i�a�l�o�g� �A�r�e�a� �M�e�s�s�a�g�e� �T�r�a�n�s�f�e�r� 

�T�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �s�p�e�c�i�f�i�e�d� �t�h�a�t� �t�h�e�r�e� �s�h�o�u�l�d� �b�e� �c�o�n�t�i�n�u�i�t�y� �i�n� �t�h�e� �A�C�S�Y�N�T� �a�n�d� 

�s�p�r�e�a�d�s�h�e�e�t� �d�i�a�l�o�g� �a�r�e�a�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s� �r�e�q�u�i�r�e�m�e�n�t�,� �a�l�l� �f�i�v�e� �l�i�n�e�s� �o�f� �t�h�e� �A�C�S�Y�N�T� 

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

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

�s�a�m�e� �a�s� �t�h�e�y� �w�e�r�e� �i�n� �A�C�S�Y�N�T�.� 

�A�f�t�e�r� �R�E�T�U�R�N� �i�s� �s�e�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �m�e�n�u�,� �a�l�l� �t�h�e� �m�e�s�s�a�g�e�s� �i�n� �t�h�e� �d�i�a�l�o�g� 

�a�r�e�a� �a�r�e� �p�a�s�s�e�d� �i�n�t�o� �A�C�S�Y�N�T�.� �T�h�e�s�e� �m�e�s�s�a�g�e�s� �a�r�e� �i�n� �t�h�e� �d�i�a�l�o�g� �a�r�e�a� �w�h�e�n� �t�h�e� 

�A�C�S�Y�N�T� �s�c�r�e�e�n� �r�e�a�p�p�e�a�r�s�.� 

�8�.�3�.�4� �F�l�o�w�c�h�a�r�t�s� �o�f� �A�C�S�Y�N�T�/�S�p�r�e�a�d�s�h�e�e�t� �I�n�t�e�g�r�a�t�i�o�n� 

�F�i�g�u�r�e� �1�9� �o�n� �p�a�g�e� �8�8� �s�h�o�w�s� �t�h�e� �s�e�q�u�e�n�c�e� �o�f� �e�v�e�n�t�s� �u�n�d�e�r�t�a�k�e�n� �w�h�e�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �i�s� 

�i�n�v�o�k�e�d� �f�r�o�m� �A�C�S�Y�N�T�.� �T�h�e� �A�C�S�Y�N�T� �g�r�a�p�h�i�c�s� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �q�u�e�r�y� �a�n�d� �m�e�s�s�a�g�e� 

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

�B�e�c�a�u�s�e� �t�h�e� �u�s�e�r� �c�a�n� �r�e�-�e�n�t�e�r� �t�h�e� �A�C�S�Y�N�T� �s�p�r�e�a�d�s�h�e�e�t� �a�n�d� �m�o�d�i�f�y� �v�a�l�u�e�s� �a�f�t�e�r� �t�h�e�y� 

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

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

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

�s�h�o�w�n� �i�n� �t�h�e� �f�l�o�w�c�h�a�r�t�.� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �8�7



� � 

�o�f� �t�h�e� �m�o�d�i�f�i�e�d� 
�T�e�s�t� �f�o�r� �e�x�i�s�t�e�n�c�e�]� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �f�i�l�e� � � 

� � � 

� � � � 

� � � � 
� � 

�S�t�a�r�t� 

� � � � 

� � 

� � 

�m�o�d�i�f�i�e�d� 
�f�i�l�e� �e�x�i�s�t� � � � 

� � � � 

�y�e�s� 

� � � � 

� � � � � � 

� � � � 

� � 

� � 

� � � � 
� � � � 

� � � � � � � � � � 

� � � � 

� � � � � � 

� � � � 

� � 

� � 

� � � � � � 

� � 

�F�i�g�u�r�e� �1�9�.� �F�l�o�w�c�h�a�r�t� �o�f� �S�p�r�e�a�d�s�h�e�e�t� �I�n�v�o�c�a�t�i�o�n� � � � � 

� � 
� � � � 

� � 

�U�s�e� �U�s�e� 

�D�e�f�a�u�l�t� �F�i�l� �M�o�d�i�f�i�e�d� �F�i�l�e� 

�f� 
�Q�u�e�r�y� �A�C�S�Y�N�T� �|� �G�T�I�V�W�S� 
�g�e�o�m�e�t�r�y� �d�a�t�a� 
�S�t�r�u�c�t�u�r�e� �|� �4�,� �1�,� �b�e�g�s�t�r�,� �e�r�r� 

�T�r�a�n�s�f�e�r� �d�i�a�l�o�g� �|� �[ ��c�e�m�s�g� 
�m�e�s�s�a�g�e� �a�r�e�a� �,� �:� 
�s�t�r�i�n�g�s� �t�o� �C� �|� �t�i�n�e�s�,� �l�i�n�e�2�,� �.�.�l�i�n�e� �§� 

�S�e�t� 
�A�d�d�e�n�d�u�m� 

�F�l�a�g� 

�C�a�l�l� �m�a�i�n� �|� �[�-� �|� 
�s�p�r�e�a�d�s�h�e�e�t� 
�m�o�d�u�l�e� �w�k�i�d�,�  ��b�e�g�s�t�r�,� �s�s�f�i�l�e�,�.� �Z�|� 

 ��_ �� �h�e�i�p�f�i�t�e�,� �a�d�d�f�i�a�g� �-� 

�p�e�n�t�a� �S� �i�n�p�u�t� 
�L�e�g�e� �n�d�:� �.� �d�e�v�i�c�e�s� �P� �I�N�I�T�W�K� 

�©�]� �I�n�d�i�c�a�t�e�s� �C� �f�u�n�c�t�i�o�n�s� �c�a�l�l�e�d� �f�r�o�m� �F�O�R�T�R�A�N�L� 

�F�O�R�T�R�A�N� �f�u�n�c�t�i�o�n�s� 
�E�n�d� 

� � 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S�Y�N�T� �8�8� 

� 



�W�h�e�n� �t�h�e� �u�s�e�r� �l�e�a�v�e�s� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �a�n�d� �r�e�t�u�r�n�s� �t�o� �A�C�S�Y�N�T�,� �a�n�o�t�h�e�r� �s�e�q�u�e�n�c�e� �o�f� 

�e�v�e�n�t�s� �t�a�k�e�s� �p�l�a�c�e�.� �T�h�i�s� �i�s� �h�i�g�h�l�i�g�h�t�e�d� �i�n� �F�i�g�u�r�e� �2�0� �o�n� �p�a�g�e� �9�0�.� �T�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�i�l�e� 

�i�s� �s�a�v�e�d� �w�i�t�h� �a ��.� �M�O�D �� �e�x�t�e�n�s�i�o�n� �t�o� �s�e�p�a�r�a�t�e� �i�t� �f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� �d�e�f�a�u�l�t� �f�i�l�e�.� �A�f�t�e�r� �t�h�e� 

�f�i�l�e� �i�s� �s�a�v�e�d�,� �m�e�s�s�a�g�e� �l�i�n�e�s� �a�r�e� �s�e�n�t� �b�a�c�k� �t�o� �A�C�S�Y�N�T�,� �a�n�d� �a�l�l� �P�H�I�G�S� �s�t�r�u�c�t�u�r�e�s�,� �c�e�l�l� 

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

�8�.�3�.�5� �A�C�S�Y�N�T� �A�n�a�l�y�s�i�s� �I�n�p�u�t� �F�i�l�e� �R�e�a�d�/�W�r�i�t�e� �S�y�s�t�e�m� 

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

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

�t�h�e�y� �a�r�e� �u�s�e�d� �a�r�e� �s�p�e�c�i�f�i�c� �t�o� �A�C�S�Y�N�T�.� 

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

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

�d�e�v�e�l�o�p�e�d�.� �B�e�c�a�u�s�e� �A�C�S�Y�N�T� �i�n�p�u�t� �i�s� �n�a�m�e�l�i�s�t� �i�n�t�e�n�s�i�v�e�,� �r�o�b�u�s�t� �f�u�n�c�t�i�o�n�s� �f�o�r� �r�e�a�d�i�n�g� 

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

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

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

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

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

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

�s�i�n�g�l�e� �v�a�r�i�a�b�l�e� �h�a�s� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d�.� �T�h�e�y� �a�r�e�:� 

�©� �s�p�p�u�t�_�i� �-� �p�u�t�s� �i�n�t�e�g�e�r� �v�a�l�u�e�s� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

�¢� �s�p�p�u�t�_�r� �-� �p�u�t�s� �r�e�a�l� �v�a�l�u�e�s� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

�®� �s�p�p�u�t�_�c�h� �-� �p�u�t�s� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g� �v�a�l�u�e�s� �(�l�e�n�g�t�h� �<�=� �1�0�)� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� 

�s�t�r�u�c�t�u�r�e� 

�¢� �s�p�p�u�t�_�I� �-� �p�u�t�s� �l�o�g�i�c�a�l� �v�a�l�u�e�s� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

�¢� �s�p�p�u�t�_�s�t� �-� �p�u�t�s� �s�t�r�i�n�g� �v�a�r�i�a�b�l�e� �v�a�l�u�e�s� �(�l�e�n�g�t�h� �>� �1�0�)� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� 

�s�t�r�u�c�t�u�r�e� 

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

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

�e�x�i�s�t�s�,� �i�t�s� �v�a�r�i�a�b�l�e� �t�y�p�e� �i�s� �c�h�e�c�k�e�d� �i�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e�.� �I�t� �i�s� �t�h�e�n� �a�d�d�e�d� �i�n� 

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

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

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �9�1



�8�.�3�.�5�.�2� �R�e�a�d�i�n�g� �A�r�r�a�y� �V�a�r�i�a�b�l�e�s� 

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

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

�¢� �s�p�p�u�t�a�_�i� �-� �p�u�t�s� �i�n�t�e�g�e�r� �a�r�r�a�y� �v�a�l�u�e�s� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

�¢� �s�p�p�u�t�a�_�r� �-� �p�u�t�s� �r�e�a�l� �a�r�r�a�y� �v�a�l�u�e�s� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

�e�¢� �s�p�p�u�t�a�_�c�h� �-� �p�u�t�s� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g� �a�r�r�a�y� �v�a�l�u�e�s� �(�l�e�n�g�t�h� �<�=� �1�0�)� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� 

�d�a�t�a� �s�t�r�u�c�t�u�r�e� 

�¢� �s�p�p�u�t�a�_�l� �-� �p�u�t�s� �l�o�g�i�c�a�l� �a�r�r�a�y� �v�a�l�u�e�s� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� 

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

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

�b�e� �s�t�o�r�e�d�.� 

�T�h�e� �f�u�n�c�t�i�o�n� �f�o�r�m�s� �a�r�r�a�y� �e�l�e�m�e�n�t� �n�a�m�e�s� �(�e�.�g�  ��E�L�E�M�(�1�) ��)� �b�y� �a�d�d�i�n�g� �s�u�b�s�c�r�i�p�t�s� �t�o� �t�h�e� 

�a�r�r�a�y� �n�a�m�e� �p�a�s�s�e�d� �i�n� �t�h�e� �p�a�r�a�m�e�t�e�r� �l�i�s�t�.� �T�h�e� �a�r�r�a�y� �e�l�e�m�e�n�t� �n�a�m�e� �a�n�d� �i�t�s� �v�a�l�u�e� �a�r�e� �s�e�n�t� 

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

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

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �9�2



�8�.�3�.�5�.�3� �R�e�a�d�i�n�g� �N�a�m�e�l�i�s�t�s� 

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

�c�r�e�a�t�e�d� �t�o� �p�a�r�s�e� �F�O�R�T�R�A�N� �n�a�m�e�l�i�s�t�s� �a�n�d� �i�n�s�e�r�t� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� 

�d�a�t�a� �s�t�r�u�c�t�u�r�e�.� �T�h�e� �f�u�n�c�t�i�o�n� �s�p�p�u�t�_�n�m�l� �a�c�c�o�m�p�l�i�s�h�e�s� �t�h�i�s� �t�a�s�k�.� �I�t� �a�c�c�e�p�t�s� �t�h�r�e�e� 

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

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

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

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

�e�q�u�a�l� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �t�i�m�e�s� �t�h�a�t� �t�h�e� �n�a�m�e�l�i�s�t� �h�a�s� �b�e�e�n� �r�e�a�d�.� �I�t� �t�s� �u�s�u�a�l�l�y� �s�e�t� �t�o� �1�.� 

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

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

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

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

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

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

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

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

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

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

�i�n�s�i�d�e� �a� �n�a�m�e�l�i�s�t� �a�r�e� �s�h�o�w�n� �b�e�l�o�w�:� 

�E�L�E�M�(�1�)� �=� �1�.�5�,� �E�L�E�M�(�2�)� �=� �2�.�0�,� �E�L�E�M�(�3�)� �=� �2�.�0�,� �E�L�E�M�(�4�)� �=� �2�.�0� 

�E�L�E�M� �=� �1�.�5�,� �2�.�0�,� �2�.�0�,� �2�.�0� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �9�3



�E�L�E�M� �=� �1�.�5�,� �3�*�2�.�0� 

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

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

�1�.� �P�o�i�n�t�e�r� �t�o� �a�n� �o�p�e�n� �i�n�p�u�t� �f�i�l�e� 

�2�.� �A�r�r�a�y� �v�a�r�i�a�b�l�e� �n�a�m�e� �(�w�/�o� �s�u�b�s�c�r�i�p�t�s�)� 

�3�.� �|�N�a�m�e�l�i�s�t� �n�a�m�e� �t�o� �w�h�i�c�h� �t�h�e� �a�r�r�a�y�s� �b�e�l�o�n�g� 

�4�.� �N�a�m�e�l�i�s�t� �n�u�m�b�e�r� �f�o�r� �m�u�l�t�i�p�l�e� �n�a�m�e�l�i�s�t�s� 

�8�.�3�.�5�.�4� �W�r�i�t�i�n�g� �S�i�n�g�l�e� �V�a�r�i�a�b�l�e� �V�a�l�u�e�s� 

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

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

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

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

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

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

�f�r�o�m� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e�.� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �9�4



�8�.�3�.�5�.�5� �W�r�i�t�i�n�g� �N�a�m�e�l�i�s�t� �F�o�r�m�a�t�t�e�d� �D�a�t�a� 

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

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

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

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

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

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

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

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

�a�n�d� �t�h�e� �E�N�D� �k�e�y�w�o�r�d� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �n�a�m�e�l�i�s�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �I�B�M� �m�a�i�n�f�r�a�m�e�s�,� 

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

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

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

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

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

�8�.�4� �R�e�s�u�l�t�s� �o�f� �A�C�S�Y�N�T�-�S�p�r�e�a�d�s�h�e�e�t� �I�n�t�e�g�r�a�t�i�o�n� 

�T�h�e� �d�e�s�i�g�n� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �w�a�s� �s�u�c�c�e�s�s�f�u�l�l�y� �i�m�p�l�e�m�e�n�t�e�d�,� �p�r�o�v�i�d�i�n�g� �A�C�S�Y�N�T� �w�i�t�h� �a� 

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

�o�f� �A�C�S�Y�N�T� �a�n�a�l�y�s�i�s� �(�i�n�c�l�u�d�i�n�g� �C�O�P�E�S� �a�n�d� �A�C�S�Y�N�T� �C�o�n�t�r�o�l�)� �a�r�e� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�i�s� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �9�5



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

�g�o�v�e�r�n�m�e�n�t�a�l� �u�s�e�r�s� �a�s� �a� �p�a�r�t� �o�f� �V�e�r�s�i�o�n� �1�.�1�.�1� �o�f� �A�C�S�Y�N�T�.� 

�I�n�t�e�g�r�a�t�i�o�n� �o�f� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �w�i�t�h� �A�C�S� �Y�N�T� �9�6



�9�.�0� �S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� 

�9�.�1� �S�u�m�m�a�r�y� 

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

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

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

�d�e�s�i�g�n� �s�y�s�t�e�m� �A�C�S�Y�N�T� �w�a�s� �p�e�r�f�o�r�m�e�d�,� �a�n�d� �t�h�i�s� �p�r�o�c�e�s�s� �w�a�s� �t�h�o�r�o�u�g�h�l�y� �d�o�c�u�m�e�n�t�e�d�.� 

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

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

�w�i�t�h� �A�C�S�Y�N�T�.� 

�T�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �a�n�d� �i�t�s� �i�n�t�e�g�r�a�t�i�o�n� �w�i�t�h� �A�C�S�Y�N�T� �h�a�s� �b�e�e�n� �w�e�l�l� �r�e�c�e�i�v�e�d�.� 

�D�u�r�i�n�g� �a� �f�o�r�m�a�l� �A�C�S�Y�N�T� �t�r�a�i�n�i�n�g� �s�e�m�i�n�a�r� �h�e�l�d� �a�t� �t�h�e� �V�i�r�g�i�n�i�a� �T�e�c�h� �C�o�m�p�u�t�e�r� �A�i�d�e�d� 

�D�e�s�i�g�n� �L�a�b�o�r�a�t�o�r�y� �d�u�r�i�n�g� �A�p�r�i�l�,� �1�9�9�1�,� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �w�a�s� �u�s�e�d� �b�y� �e�x�p�e�r�i�e�n�c�e�d� �a�i�r�c�r�a�f�t� 

�d�e�s�i�g�n�e�r�s�.� �R�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �f�r�o�m� �L�o�c�k�h�e�e�d�,� �N�o�r�t�h�r�o�p�,� �M�c�D�o�n�n�e�l�l� �D�o�u�g�l�a�s�,� �B�o�e�i�n�g�,� 

�N�A�S�A�,� �a�n�d� �t�h�e� �U�.�S�.� �N�a�v�y� �u�s�e�d� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �a�s� �a� �p�a�r�t� �o�f� �A�C�S�Y�N�T� �t�o� �m�o�d�i�f�y� 

�S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �9�7



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

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

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

�b�u�g�-�f�r�e�e�.� 

�9�.�2�.� �C�o�n�c�l�u�s�i�o�n�s� 

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

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

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

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

�w�r�i�t�t�e�n�.� �U�s�i�n�g� �t�h�e� �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� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� 

�s�y�s�t�e�m� �a�n�d� �i�n�t�e�g�r�a�t�i�o�n� �w�i�t�h� �A�C�S�Y�N�T� �t�o�o�k� �a�b�o�u�t� �o�n�e�-�h�a�l�f� �m�a�n�-�y�e�a�r� �t�o� �d�e�s�i�g�n� �a�n�d� �c�o�d�e�.� 

�I�n� �t�h�e� �e�n�d�,� �r�o�u�g�h�l�y� �2�7�0�0�0� �l�i�n�e�s� �o�f� �w�e�l�l�-�d�o�c�u�m�e�n�t�e�d� �(�6�0�%� �c�o�m�m�e�n�t�s�)� �C� �c�o�d�e� �w�e�r�e� 

�w�r�i�t�t�e�n�.� �T�h�e� �2�7�0�0�0� �l�i�n�e�s� �a�r�e� �b�r�o�k�e�n� �d�o�w�n� �a�s� �f�o�l�l�o�w�s�:� 

�¢� �6�0�%� �-� �S�p�r�e�a�d�s�h�e�e�t� �s�y�s�t�e�m� 

�e� �1�0�%� �-� �S�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �u�t�i�l�i�t�i�e�s� 

�©� �2�3�%� �-� �A�C�S�Y�N�T� �a�n�a�l�y�s�i�s� �i�n�p�u�t� �f�i�l�e� �r�e�a�d� �a�n�d� �w�r�i�t�e� 

�e� �7�%� �-� �A�C�S�Y�N�T� �i�n�t�e�g�r�a�t�i�o�n� �c�o�d�e� 

�S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �9�8



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

�a�r�e� �s�u�m�m�a�r�i�z�e�d� �b�e�l�o�w�:� �(�u�s�i�n�g� �a� �f�i�g�u�r�e� �o�f� �2�6�0� �w�o�r�k�i�n�g� �d�a�y�s� �p�e�r� �m�a�n�-�y�e�a�r�)� 

�7�0�%� �(�9�1� �w�o�r�k�i�n�g� �d�a�y�s�)� �-� �S�p�r�e�a�d�s�h�e�e�t� �s�y�s�t�e�m� 

�1�2�%� �(�1�6� �w�o�r�k�i�n�g� �d�a�y�s�)� �-� �S�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �u�t�i�l�i�t�i�e�s� 

�1�3�%� �(�1�7� �w�o�r�k�i�n�g� �d�a�y�s�)� �-� �A�C�S�Y�N�T� �a�n�a�l�y�s�i�s� �i�n�p�u�t� �f�i�l�e� �r�e�a�d� �a�n�d� �w�r�i�t�e� 

�5�%� �(�6� �w�o�r�k�i�n�g� �d�a�y�s�)� �-� �A�C�S�Y�N�T� �i�n�t�e�g�r�a�t�i�o�n� 

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

�a�n� �e�x�i�s�t�i�n�g� �a�n�a�l�y�s�i�s� �c�o�d�e� �w�o�u�l�d� �b�e� �r�o�u�g�h�l�y� �o�n�e� �a�n�d� �o�n�e�-�h�a�l�f� �m�o�n�t�h�s�.� �A�C�S�Y�N�T� �u�s�e�d� 

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

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

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

�T�i�m�e� �e�s�t�i�m�a�t�e�s� �f�o�r� �i�n�t�e�g�r�a�t�i�n�g� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �s�y�s�t�e�m� �i�n�t�o� �a�n� �e�v�o�l�v�i�n�g� �C�A�D� �s�o�f�t�w�a�r�e� 

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

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

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

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

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

�i�n�t�e�g�r�a�t�i�n�g� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �i�n�t�o� �a�n� �e�x�i�s�t�i�n�g� �o�r� �n�e�w� �C�A�D� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m�.� �T�h�e� 

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

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

�S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �9�9



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

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

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

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

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

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

�t�h�i�s� �t�h�e�s�i�s�.� 

�S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� �1�0�0



�1�0�.�0� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

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

�s�p�r�e�a�d�s�h�e�e�t� �t�o� �e�n�h�a�n�c�e� �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�.� 

�1�0�.�1� �S�p�r�e�a�d�s�h�e�e�t� �I�n�p�u�t�/�O�u�t�p�u�t� �P�r�o�g�r�a�m�m�i�n�g� �L�a�n�g�u�a�g�e� 

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

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

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

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

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

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

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

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �1�0�1



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

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

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

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

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

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

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

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

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

�1�0�.�2�.� �A�n�a�l�y�s�i�s� �R�e�s�u�l�t�s� 

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

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

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

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

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

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

�w�e�l�c�o�m�e�d� �b�y� �C�A�D� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�r�s� �u�s�i�n�g� �a� �s�t�a�n�d�a�r�d�i�z�e�d� �p�r�o�g�r�a�m�m�e�r ��s� �t�o�o�l�k�i�t� �f�o�r� 

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

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �1�0�2



�1�0�.�3� �I�n�t�e�r�a�c�t�i�v�e� �M�o�d�i�f�i�c�a�t�i�o�n� �o�f� �H�e�l�p� �I�n�f�o�r�m�a�t�i�o�n� 

�T�h�e� �E�D�I�T� �a�n�d� �C�R�E�A�T�E� �o�p�t�i�o�n�s� �o�f� �t�h�e� �M�O�D�I�F�Y� �m�e�n�u� �a�l�l�o�w� �t�h�e� �u�s�e�r� �t�o� �c�h�a�n�g�e� �c�e�l�l� 

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

�i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�h�a�t� �v�a�r�i�a�b�l�e�.� �I�f� �a� �H�E�L�P� �I�N�F�O� �i�t�e�m� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �m�e�n�u� �o�p�t�i�o�n�s� 

�u�n�d�e�r� �E�D�I�T� �a�n�d� �C�R�E�A�T�E�,� �i�t� �w�o�u�l�d� �a�l�l�o�w� �f�o�r� �t�h�e� �u�p�d�a�t�e� �o�r� �a�d�d�i�t�i�o�n� �o�f� �h�e�l�p� 

�i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�h�e� �v�a�r�i�a�b�l�e� �c�u�r�r�e�n�t�l�y� �s�e�l�e�c�t�e�d�.� �C�h�o�o�s�i�n�g� �t�h�e� �H�E�L�P� �I�N�F�O� �i�t�e�m� �w�o�u�l�d� 

�o�p�e�n� �a� �2�-�D� �e�d�i�t�o�r� �w�i�n�d�o�w� �a�n�d� �d�i�s�p�l�a�y� �t�h�e� �c�u�r�r�e�n�t� �h�e�l�p� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�h�a�t� �v�a�r�i�a�b�l�e�,� �i�f� 

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

�o�f� �a�n� �i�n�t�e�r�a�c�t�i�v�e� �e�d�i�t�o�r� �2�-�D� �w�i�n�d�o�w� �u�s�i�n�g� �P�H�I�G�S�.� 

�1�0�.�4� �S�t�a�t�i�c� �F�o�r�m�u�l�a�e� 

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

�r�e�t�a�i�n�e�d�,� �a�s� �t�h�e�y� �a�r�e� �i�n� �c�o�m�m�e�r�c�i�a�l� �s�p�r�e�a�d�s�h�e�e�t�s� �s�u�c�h� �a�s� �L�o�t�u�s� �1�-�2�-�3� �a�n�d� �M�i�c�r�o�s�o�f�t� 

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

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

�s�p�r�e�a�d�s�h�e�e�t�.� �R�e�c�a�l�c�u�l�a�t�i�o�n� �c�o�u�l�d� �t�a�k�e� �p�l�a�c�e� �w�h�e�n� �a� �m�e�n�u� �o�p�t�i�o�n� �R�E�C�A�L�C� �i�s� �c�h�o�s�e�n� 

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

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �1�0�3



�1�0�.�5� �S�e�l�e�c�t�i�v�e�l�y� �R�e�s�t�r�i�c�t�e�d� �A�c�c�e�s�s� �t�o� �M�o�d�i�f�i�c�a�t�i�o�n� 

�F�u�n�c�t�i�o�n�s� 

�T�h�e� �M�O�D�I�F�Y� �m�e�n�u� �o�f�f�e�r�s� �s�e�v�e�r�a�l� �p�o�w�e�r�f�u�l� �o�p�t�i�o�n�s� �f�o�r� �s�p�r�e�a�d�s�h�e�e�t� �a�l�t�e�r�a�t�i�o�n�.� �S�o�m�e� 

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

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

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

�w�i�t�h� �t�h�e� �p�r�o�p�e�r� �a�u�t�h�o�r�i�z�a�t�i�o�n� �c�a�n� �h�a�v�e� �a�c�c�e�s�s� �t�o� �t�h�e�s�e� �f�u�n�c�t�i�o�n�s�.� 

�1�0�.�6� �I�n�c�r�e�a�s�e�d� �F�l�e�x�i�b�i�l�i�t�y� �o�f� �t�h�e� �U�s�e�r� �I�n�t�e�r�f�a�c�e� 

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

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

�w�i�t�h� �o�t�h�e�r� �C�A�D� �s�y�s�t�e�m�s�.� �I�f�,� �a�t� �a�n�y� �t�i�m�e�,� �h�i�g�h�-�l�e�v�e�l� �u�s�e�r� �i�n�t�e�r�f�a�c�e� �f�u�n�c�t�i�o�n�s� �b�e�c�a�m�e� 

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

�w�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �C�A�D� �s�o�f�t�w�a�r�e� �p�r�o�g�r�a�m�m�e�r� �w�i�t�h� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �t�o� �m�o�d�i�f�y� �t�h�e� 

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

�a�t�t�r�i�b�u�t�e�s� �o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�.� 

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �1�0�4



�1�1�.�0� �R�e�f�e�r�e�n�c�e�s� 

�{�[�A�N�S�I�8�8�]� �A�m�e�r�i�c�a�n� �N�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d�s� �I�n�s�t�i�t�u�t�e�,�  ��A�m�e�r�i�c�a�n� �N�a�t�i�o�n�a�l� �S�t�a�n�d�a�r�d� �f�o�r� 

�H�u�m�a�n� �F�a�c�t�o�r�s� �E�n�g�i�n�e�e�r�i�n�g� �o�f� �V�i�s�u�a�l� �D�i�s�p�l�a�y� �T�e�r�m�i�n�a�l� �W�o�r�k�s�t�a�t�i�o�n�s� �A�N�S�I�/�H�F�S� 

�S�t�a�n�d�a�r�d� �N�u�m�b�e�r� �1�0�0�-�1�9�8�8 ��,� �H�u�m�a�n� �F�a�c�t�o�r�s� �S�o�c�i�e�t�y�,� �S�a�n�t�a� �M�o�n�i�c�a�,� �C�a�l�i�f�o�r�n�i�a�,� 

�1�9�8�8�.� 

�[�B�r�u�n�8�9�]� �B�r�u�n�s�,� �R�.�,�  ��T�h�e� �P�r�o�g�r�a�m�m�e�r ��s� �H�i�e�r�a�r�c�h�i�c�a�l� �I�n�t�e�r�a�c�t�i�v�e� �G�r�a�p�h�i�c�s� �S�y�s�t�e�m� 

�a�n�d� �I�t�s� �U�s�e� �b�y� �A�p�p�l�i�c�a�t�i�o�n�s� �P�r�o�g�r�a�m�m�e�r�s ��,� �J�o�u�r�n�a�l� �o�f� �E�n�g�i�n�e�e�r�i�n�g� �C�o�m�p�u�t�i�n�g� �a�n�d� 

�A�p�p�l�i�c�a�t�i�o�n�s�,� �W�i�n�t�e�r� �1�9�8�9�,� �p�p�.� �2�9�-�3�6�.� 

�[�C�o�l�g�8�9�]� �C�o�l�g�a�n�,� �L�.�,� �S�p�e�n�c�e�,� �R�.�,� �R�a�n�k�i�n�,� �P�.�,� �a�n�d� �A�p�p�l�e�r�l�e�y�,� �M�.� �D�.�,�  ��D�e�s�i�g�n�i�n�g� �t�h�e� 

 ��C�o�c�k�p�i�t ��:� �T�h�e� �A�p�p�l�i�c�a�t�i�o�n� �o�f� �a� �H�u�m�a�n�-�C�e�n�t�e�r�e�d� �D�e�s�i�g�n� �P�h�i�l�o�s�o�p�h�y� �t�o� �M�a�k�e� 

�O�p�t�i�m�i�z�a�t�i�o�n� �S�y�s�t�e�m�s� �A�c�c�e�s�s�i�b�l�e ��,� �S�I�G�C�H�I� �B�u�l�l�e�t�i�n�,� �2�1�,� �N�u�m�b�e�r� �1�,� �1�9�8�9�,� �p�p�.� �9�2�-�9�5�.� 

�R�e�f�e�r�e�n�c�e�s� �1�0�5



�[�E�w�i�n�8�7�]� �E�w�i�n�g�,� �D�.� �P�.�,�  ��U�s�i�n�g� �1�-�2�-�3�,� �S�p�e�c�i�a�l� �E�d�i�t�i�o�n ��,� �Q�u�e� �C�o�r�p�o�r�a�t�i�o�n�,� �C�a�r�m�e�l�,� 

�I�n�d�i�a�n�a�,� �1�9�8�7�.� 

�[�G�e�l�h�9�0�]� �G�e�l�h�a�u�s�e�n�,� �P�.�,�.� �A�C�S�Y�N�T� �U�s�e�r� �M�a�n�u�a�l�,� �N�A�S�A�-�A�m�e�s� �R�e�s�e�a�r�c�h� �C�e�n�t�e�r�,� 

�M�o�f�f�e�t�t� �F�i�e�l�d�,� �C�A�,� �1�9�9�0�.� 

�[�G�r�o�g�8�4�]� �G�r�o�g�o�n�o�,� �P�.�,�  ��P�r�o�g�r�a�m�m�i�n�g� �I�n� �P�a�s�c�a�l ��,� �A�d�d�i�s�o�n�-�W�e�s�l�e�y� �P�u�b�l�i�s�h�i�n�g� 

�C�o�m�p�a�n�y�,� �R�e�a�d�i�n�g�,� �M�a�s�s�a�c�h�u�s�e�t�t�s�,� �1�9�8�4�.� 

�{�H�a�l�e�8�4�]� �H�a�l�e�,� �F�.� �J�.�,� �"�I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �A�i�r�c�r�a�f�t� �P�e�r�f�o�r�m�a�n�c�e�,� �S�e�l�e�c�t�i�o�n�,� �a�n�d� �D�e�s�i�g�n ��,� 

�J�o�h�n� �W�i�l�e�y�,� �N�e�w� �Y�o�r�k�,� �1�9�8�4�.� 

�[�H�a�m�m�8�6�]� �H�a�m�m�o�n�d�,� �D�.� �L�.�,�  ��G�r�a�p�h�i�c�s� �i�n� �C�o�n�c�e�p�t�u�a�l� �A�i�r�c�r�a�f�t� �D�e�s�i�g�n�,� �A� �D�e�s�i�g�n�e�r ��s� 

�V�i�e�w�p�o�i�n�t ��,� �A�I�A�A� �P�a�p�e�r� �8�6�-�2�7�3�3�,� �1�9�8�6�.� 

�[�H�a�y�s�8�9�]� �H�a�y�s�,� �A�.� �P�.�,�  ��S�p�r�e�a�d�s�h�e�e�t� �M�e�t�h�o�d�s� �f�o�r� �A�i�r�c�r�a�f�t� �D�e�s�i�g�n ��,� �A�I�A�A� �P�a�p�e�r� 

�8�9�-�2�0�5�9�,� �1�9�8�9�.� 

�[�J�a�y�a�8�9�]� �J�a�y�a�r�a�m�,� �S�.�,�  ��C�A�D�M�A�D�E� �-� �A�n� �A�p�p�r�o�a�c�h� �T�o�w�a�r�d�s� �a� �D�e�v�i�c�e�-�I�n�d�e�p�e�n�d�e�n�t� 

�S�t�a�n�d�a�r�d� �f�o�r� �C�A�D�/�C�A�M� �S�o�f�t�w�a�r�e� �D�e�v�e�l�o�p�m�e�n�t ��,� �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�8�9�.� 

�[�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� �(�I�C�E�D�)�,� �D�u�b�r�o�v�n�i�k�,� �Y�u�g�o�s�l�a�v�i�a�,� 

�1�9�9�0�.� 
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�[�J�o�i�n�7�2�]� �J�o�i�n�t� �A�r�m�y�-�N�a�v�y�-�A�i�r� �F�o�r�c�e� �S�t�e�e�r�i�n�g� �C�o�m�m�i�t�t�e�e�,�  ��H�u�m�a�n� �E�n�g�i�n�e�e�r�i�n�g� 

�G�u�i�d�e� �t�o� �E�q�u�i�p�m�e�n�t� �D�e�s�i�g�n ��,� �J�o�h�n� �W�i�l�e�y�,� �N�e�w� �Y�o�r�k�,� �1�9�7�2�.� 

�[�K�o�h�l�9�0�]� �K�o�h�l�m�a�n� �S�y�s�t�e�m�s� �R�e�s�e�a�r�c�h�,�  ��A�A�A� �-� �A�d�v�a�n�c�e�d� �A�i�r�c�r�a�f�t� �A�n�a�l�y�s�i�s ��,� 

�M�a�r�k�e�t�i�n�g� �B�r�o�c�h�u�r�e�,� �1�9�9�0�.� 

�[�L�o�w�7�9�]� �L�o�w�,� �S�.� �C�.�,� �B�e�n�s�o�n�,� �R�.� �S�.�,� �a�n�d� �W�i�n�t�e�r�b�o�n�e�,� �D�.� �E�.�,�  ��C�o�m�p�u�t�e�r� �A�i�d�e�d� �D�e�s�i�g�n� 

�P�a�c�k�a�g�e� �f�o�r� �D�i�e�s�e�l� �E�n�g�i�n�e� �M�a�n�i�f�o�l�d� �S�y�s�t�e�m ��,� �S�A�E� �P�a�p�e�r� �7�9�0�2�7�7�,� �1�9�7�9�.� 

�{�[�L�o�w�8�1�]� �L�o�w�,� �S�.� �C�.� �a�n�d� �B�a�r�u�a�h�,� �P�.� �C�.�,�  ��A� �G�e�n�e�r�a�l�i�z�e�d� �C�o�m�p�u�t�e�r� �A�i�d�e�d� �D�e�s�i�g�n� 

�P�a�c�k�a�g�e� �f�o�r� �I�.�C�.� �E�n�g�i�n�e� �M�a�n�i�f�o�l�d� �S�y�s�t�e�m ��,� �S�A�E� �P�a�p�e�r� �8�1�0�4�9�8�,� �1�9�8�1�.� 

�[�M�c�C�a�8�9�]� �M�c�C�a�r�t�n�e�y�,� �J�.� �a�n�d� �K�e�n�n�y�,� �R�.�,�  ��P�a�r�a�m�e�t�r�i�c� �D�e�s�i�g�n� �a�n�d� �M�a�n�u�f�a�c�t�u�r�e� �o�f� 

�T�r�a�n�s�f�e�r� �P�o�r�t� �C�o�r�e�s� �f�o�r� �E�x�p�e�r�i�m�e�n�t�a�l� �C�y�l�i�n�d�e�r� �B�l�o�c�k� �C�a�s�t�i�n�g�s ��,� �I�n�t�e�r�n�a�t�i�o�n�a�l� 

�J�o�u�r�n�a�l� �o�f� �P�r�o�d�u�c�t�i�o�n� �R�e�s�e�a�r�c�h�,� �2�7�,� �N�u�m�b�e�r� �8�,� �1�9�8�9�,� �p�p�.� �1�3�8�5�-�1�4�0�4�.� 

�[�M�c�C�l�]�8�4�]� �M�c�C�l�e�l�l�a�n�d�,� �M�.� �J�.�,�  ��C�o�m�p�u�t�e�r�s� �a�n�d� �t�h�e� �D�e�s�i�g�n� �P�r�o�c�e�s�s ��,� �M�a�t�e�r�i�a�l�s� �a�n�d� 

�D�e�s�i�g�n�,� �5�,� �J�u�n�e�/�J�u�l�y� �1�9�8�4�,� �p�p�.� �1�1�2�-�1�1�8�.� 

�[�M�y�k�i�8�9�]� �M�y�k�l�e�b�u�s�t�,� �A�.�,� �M�a�h�a�n�,� �J�.� �R�.�,� �B�r�o�w�n�,� �E�.� �F�.�,� �J�a�y�a�r�a�m�,� �S�.�,� �T�a�y�l�o�r�,� �A�.� �K�.�,� 

�K�o�l�a�d�y�,� �K�.�,� �M�a�l�a�n�,� �P�.�,� �J�a�y�a�r�a�m�,� �U�.�,� �G�l�o�u�d�e�m�a�n�s�,� �J�.� �R�.�,� �a�n�d� �G�r�i�e�s�h�a�b�e�r�,� �M�.�,�  ��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� �A�i�r�c�r�a�f�t� �D�e�s�i�g�n ��,� �C�A�D�/�C�A�M� �L�a�b�o�r�a�t�o�r�y�,� 

�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�,� �R�e�p�o�r�t� �N�u�m�b�e�r� �3�1�3�1�6�1�-�1�E�,� �J�u�l�y�,� 

�1�9�8�9�.� 

�[�M�c�C�l�1�8�6�]� �M�c�C�l�e�l�l�a�n�d�,� �M�.� �J�.�,� �a�n�d� �S�m�i�t�h�,� �A�.� �J�.�, ��*�T�h�e� �A�p�p�l�i�c�a�t�i�o�n� �o�f� �C�o�m�p�u�t�e�r� �A�i�d�e�d� 

�D�e�s�i�g�n� �t�o� �E�n�g�i�n�e� �D�e�s�i�g�n� �a�n�d� �A�n�a�l�y�s�i�s ��,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �I�n�s�t�i�t�u�t�e� �o�f� �M�e�c�h�a�n�i�c�a�l� 

�E�n�g�i�n�e�e�r�s�,� �2�0�0�,� �N�u�m�b�e�r� �B�2�,� �1�9�8�6�,� �p�p�.� �1�1�5�-�1�2�2�.� 
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�[�P�e�n�n�9�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�o�w�r�8�7�]� �P�o�w�r�i�e�,� �S�.� �E�.�,�  ��S�o�f�t�w�a�r�e� �E�r�g�o�n�o�m�i�c�s� �a�t� �t�h�e� �S�h�a�r�p� �E�n�d�:� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �a� 

�N�e�w� �I�n�t�e�r�f�a�c�e� �f�o�r� �a� �C�A�D� �P�a�c�k�a�g�e ��,� �C�o�n�t�e�m�p�o�r�a�r�y� �E�r�g�o�n�o�m�i�c�s� �8�7� �(�M�e�g�a�n�i�,� �E�.� �G�.�,� 

�E�d�i�t�o�r�)� �T�a�y�l�o�r� �a�n�d� �F�r�a�n�c�i�s�,� �L�o�n�d�o�n�,� �1�9�8�7�.� 

�[�R�a�y�m�8�2�a�]� �R�a�y�m�e�r�,� �D�.� �P�.�,�  ��U�s�e� �o�f� �C�o�m�p�u�t�e�r�s� �i�n� �t�h�e� �D�e�s�i�g�n� �P�r�o�c�e�s�s ��,� �P�r�e�s�e�n�t�e�d� �a�t� 

�t�h�e� �1�9�8�2� �A�I�A�A� �A�i�r�c�r�a�f�t� �C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n� �S�h�o�r�t� �C�o�u�r�s�e�,� �1�9�8�2�.� 

�[�R�a�y�m�8�2�b�]� �R�a�y�m�e�r�,� �D�.�P�.�,�  ��C�D�S� �G�r�o�w�s� �N�e�w� �M�u�s�c�l�e�s ��,� �A�e�r�o�n�a�u�t�i�c�s� �a�n�d� 

�A�s�t�r�o�n�a�u�t�i�c�s�,� �J�u�n�e�,� �1�9�8�2�,� �p�p�.� �2�2�-�3�2�.� 

�[�R�a�y�m�8�9�]� �R�a�y�m�e�r�,� �D�.� �P�.�,�  ��A�i�r�c�r�a�f�t� �D�e�s�i�g�n� �-� �A� �C�o�n�c�e�p�t�u�a�l� �A�p�p�r�o�a�c�h ��,� �A�m�e�r�i�c�a�n� 

�I�n�s�t�i�t�u�t�e� �o�f� �A�e�r�o�n�a�u�t�i�c�s� �a�n�d� �A�s�t�r�o�n�a�u�t�i�c�s�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �1�9�8�9�.� 

�[�R�a�y�m�9�0�]� �R�a�y�m�e�r�,� �D�.� �P�.�,�  ��A�i�r�c�r�a�f�t� �C�o�n�c�e�p�t�u�a�l� �D�e�s�i�g�n ��,� �C�o�u�r�s�e� �N�o�t�e�s� �b�y� �t�h�e� 

�A�m�e�r�i�c�a�n� �I�n�s�t�i�t�u�t�e� �o�f� �A�e�r�o�n�a�u�t�i�c�s� �a�n�d� �A�s�t�r�o�n�a�u�t�i�c�s�,� �1�9�9�0�.� 

�[�S�a�n�d�8�7�]� �S�a�n�d�e�r�s�,� �M�.� �S�.�,� �a�n�d� �M�c�C�o�r�m�i�c�k�,� �E�.� �J�.�,�  ��H�u�m�a�n� �F�a�c�t�o�r�s� �i�n� �E�n�g�i�n�e�e�r�i�n�g� 

�a�n�d� �D�e�s�i�g�n ��,� �M�c�G�r�a�w� �H�i�l�l�,� �N�e�w� �Y�o�r�k�,� �1�9�8�7�.� 

�[�S�h�n�e�8�8�]� �S�h�n�e�i�d�e�r�m�a�n�,� �B�.�,�  ��W�e� �C�a�n� �D�e�s�i�g�n� �B�e�t�t�e�r� �U�s�e�r� �I�n�t�e�r�f�a�c�e�s�:� �A� �R�e�v�i�e�w� �o�f� 

�H�u�m�a�n�-�C�o�m�p�u�t�e�r� �I�n�t�e�r�a�c�t�i�o�n� �S�t�y�l�e�s ��,� �E�r�g�o�n�o�m�i�c�s�,� �3�1�,� �N�u�m�b�e�r� �5�,� �1�9�8�8�,� �p�p�.� 

�6�9�9�-�7�1�0�.� 

�R�e�f�e�r�e�n�c�e�s� �1�0�8



�[�S�i�n�c�8�7�]� �S�i�n�c�l�a�i�r�,� �M�.� �A�.�,�  ��W�h�a�t� �I�s� �a� �G�o�o�d� �C�A�D� �D�i�a�l�o�g�u�e�? ��,� �C�o�n�t�e�m�p�o�r�a�r�y� 

�E�r�g�o�n�o�m�i�c�s� �8�7� �(�M�e�g�a�n�i�,� �E�.�G�.�,� �E�d�i�t�o�r�)�,� �T�a�y�l�o�r� �a�n�d� �F�r�a�n�c�i�s�,� �L�o�n�d�o�n�,� �1�9�8�7�.� 

�[�T�a�n�i�8�7�]� �T�a�n�i�g�u�c�h�i�,� �H�.�,� �S�h�i�m�i�z�u�,� �S�.�,� �a�n�d� �S�a�k�a�k�u�r�a�,� �K�.�,�  ��T�h�e� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �a� 

�C�A�D�/�C�A�M� �S�y�s�t�e�m� �f�o�r� �E�n�g�i�n�e� �P�a�r�t�s ��,� �P�r�o�c�e�e�d�i�n�g�s� �o�f� �t�h�e� �I�n�s�t�i�t�u�t�e� �o�f� �M�e�c�h�a�n�i�c�a�l� 

�E�n�g�i�n�e�e�r�s�,� �C�O�Q�3�,� �1�9�8�7�,� �p�p�.� �1�-�5�.� 

�[�T�a�u�s�7�9�]� �T�a�u�s�w�o�r�t�h�e�,� �R�.� �C�.�,�  ��S�t�a�n�d�a�r�d�i�z�e�d� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �C�o�m�p�u�t�e�r� �S�o�f�t�w�a�r�e ��,� 

�P�r�e�n�t�i�c�e�-�H�a�l�l�,� �E�n�g�l�e�w�o�o�d� �C�l�i�f�f�s�,� �N�e�w� �J�e�r�s�e�y�,� �1�9�7�9�.� 

�[�T�a�y�l�8�8�]� �T�a�y�l�o�r�,� �A�.� �K�.�,�  ��S�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �M�i�s�s�i�o�n� �C�y�c�l�e�s� �f�o�r� �A�i�r�c�r�a�f�t� �C�o�n�c�e�p�t�u�a�l� 

�D�e�s�i�g�n� �U�s�i�n�g� �t�h�e� �P�H�I�G�S� �S�t�a�n�d�a�r�d ��,� �T�h�e�s�i�s� �-� �M�a�s�t�e�r� �o�f� �S�c�i�e�n�c�e� �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�8�8�.� 

�[�T�o�w�n�8�5�]� �T�o�w�n�s�e�n�d�,� �A�.�,�  ��M�u�l�t�i�p�l�a�n� �i�n� �P�l�a�i�n� �E�n�g�l�i�s�h ��,� �S�i�m�o�n� �a�n�d� �S�c�h�u�s�t�e�r�,� �N�e�w� 

�Y�o�r�k�,� �1�9�8�5�.� 

�[�V�a�n�d�7�6�]� �V�a�n�d�e�r�p�l�a�a�t�s�,� �G�.� �N�.�,�  ��A�u�t�o�m�a�t�e�d� �O�p�t�i�m�i�z�a�t�i�o�n� �T�e�c�h�n�i�q�u�e�s� �f�o�r� �A�i�r�c�r�a�f�t� 

�S�y�n�t�h�e�s�i�s ��,� �A�I�A�A� �P�a�p�e�r� �7�6�-�9�0�9�,� �1�9�7�6�.� 

�[�W�a�m�p�8�8�a�]� �W�a�m�p�l�e�r�,� �S�.�,� �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� �I�n�t�e�r�f�a�c�e� 

�F�o�r� �A�C�S�Y�N�T ��,� �A�I�A�A� �P�a�p�e�r� �8�8�-�4�4�8�1�,� �1�9�8�8�.� 

�[�W�a�m�p�8�8�b�]� �W�a�m�p�l�e�r�,� �S�.�,�  ��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 ��,� �T�h�e�s�i�s� �-� �M�a�s�t�e�r� �o�f� �S�c�i�e�n�c�e� �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�8�8�.� 

�R�e�f�e�r�e�n�c�e�s� �1�0�9



�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� 

�T�h�i�s� �a�p�p�e�n�d�i�x� �c�o�n�t�a�i�n�s� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �u�s�e�r� �g�u�i�d�e� �f�r�o�m� �t�h�e� �A�C�S�Y�N�T� �d�o�c�u�m�e�n�t�a�t�i�o�n�.� 

�T�h�e� �s�p�r�e�a�d�s�h�e�e�t� �i�s� �u�s�e�d� �f�o�r� �i�n�p�u�t� �t�o� �A�C�S�Y�N�T ��s� �a�n�a�l�y�s�i�s� �m�o�d�u�l�e�s� �t�h�a�t� �a�r�e� �n�o�t� �h�a�n�d�l�e�d� 
�b�y� �o�t�h�e�r� �a�d�v�a�n�c�e�d� �m�e�t�h�o�d�s� �w�i�t�h�i�n� �A�C�S�Y�N�T� �(�s�u�c�h� �a�s� �t�h�o�s�e� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �G�e�o�m�e�t�r�y� 
�a�n�d� �T�r�a�j�e�c�t�o�r�y� �m�e�n�u� �i�t�e�m�s�)�.� 

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

�I�n� �A�C�S�Y�N�T�,� �t�h�e� �c�o�m�m�e�n�t� �l�i�n�e� �c�o�n�s�i�s�t�s� �o�f� �a� �F�O�R�T�R�A�N� �n�a�m�e�l�i�s�t� �n�a�m�e� �a�n�d� �a� �v�a�r�i�a�b�l�e� 

�t�y�p�e�.� �T�h�e� �n�a�m�e�l�i�s�t� �n�a�m�e� �b�e�g�i�n�s� �w�i�t�h� �a� �d�o�l�l�a�r� �s�i�g�n�.� �A�l�l� �F�O�R�T�R�A�N� �v�a�r�i�a�b�l�e� �t�y�p�e�s� �a�r�e� 
�s�u�p�p�o�r�t�e�d�.� �T�h�e� �v�a�r�i�a�b�l�e� �c�o�n�v�e�n�t�i�o�n�s� �u�s�e�d� �i�n� �t�h�e� �A�C�S�Y�N�T� �s�p�r�e�a�d�s�h�e�e�t� �a�r�e�:� 

�e� �R�L�-� �r�e�a�l� 

�e� �I�N� �-� �i�n�t�e�g�e�r� 

�e� �§�6�L�O� �-� �l�o�g�i�c�a�l� 

�e� �C�H� �-� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�s� �o�f� �l�e�n�g�t�h� �1�0� �o�r� �l�e�s�s� 

�e� �S�T� �-� �c�h�a�r�a�c�t�e�r� �s�t�r�i�n�g�s� �l�o�n�g�e�r� �t�h�a�n� �1�0� �c�h�a�r�a�c�t�e�r�s� 

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

�T�h�e� �c�e�l�l�s� �s�h�o�w�n� �i�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �w�i�n�d�o�w� �a�r�e� �o�n�l�y� �a� �s�m�a�l�l� �p�a�r�t� �o�f� �t�h�e� �e�n�t�i�r�e� �a�v�a�i�l�a�b�l�e� 
�s�p�r�e�a�d�s�h�e�e�t�.� �E�a�c�h� �c�e�l�l� �h�a�s� �a�n�  ��a�d�d�r�e�s�s ��,� �o�r� �l�o�c�a�t�i�o�n� �t�h�a�t� �c�a�n� �b�e� �r�e�f�e�r�e�n�c�e�d� �b�y� �a� �l�e�t�t�e�r� 
�a�n�d� �a� �n�u�m�b�e�r�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �t�h�e� �u�p�p�e�r�m�o�s�t� �c�e�l�l� �o�n� �t�h�e� �l�e�f�t� �s�i�d�e� �h�a�s� �t�h�e� �a�d�d�r�e�s�s� �A�l�.� 
�T�h�e� �s�p�r�e�a�d�s�h�e�e�t� �c�a�n� �h�a�n�d�l�e� �a�d�d�r�e�s�s�e�s� �u�p� �t�o� �Z�1�0�0�.� �L�a�r�g�e� �c�e�l�l�s� �t�h�a�t� �c�o�n�t�a�i�n� �s�t�r�i�n�g�s� �(�e�.�g�.� 
�T�I�T�L�E� �c�e�l�l�s�)� �a�r�e� �r�e�f�e�r�e�n�c�e�d� �b�y� �t�h�e�i�r� �l�e�f�t�m�o�s�t� �l�o�c�a�t�i�o�n�.� 

�A�.�I� �C�h�a�n�g�i�n�g� �V�a�r�i�a�b�l�e� �V�a�l�u�e�s� �a�n�d� �S�c�r�o�l�l�i�n�g� 

�P�u�r�p�o�s�e�:� 
�t�o� �c�h�a�n�g�e� �A�C�S�Y�N�T� �a�n�a�l�y�s�i�s� �v�a�r�i�a�b�l�e�s� �a�n�d� �m�o�v�e� �a�r�o�u�n�d� �i�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�0



�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S� �o�r� �P�R�O�P�U�L�S�I�O�N� �o�r� �S�T�A�B�I�L�I�T�Y� �o�r� �W�E�I�G�H�T�S� 
�e�t�c�.�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�T�h�e� �c�e�l�l�s� �i�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �c�o�n�t�a�i�n� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �A�C�S�Y�N�T� �a�n�a�l�y�s�i�s� 
�v�a�r�i�a�b�l�e�s�.� �O�n�e� �c�e�l�l� �i�s� �a�l�w�a�y�s�  ��h�i�g�h�l�i�g�h�t�e�d ��,� �o�r� �d�i�s�p�l�a�y�e�d� �w�i�t�h� �a� �y�e�l�l�o�w� 
�b�a�c�k�g�r�o�u�n�d�.� �H�i�g�h�l�i�g�h�t�i�n�g� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �a� �c�e�l�l� �i�s� �r�e�a�d�y� �f�o�r� �i�n�p�u�t�.� 

�E�x�a�m�p�l�e�:� 

�e� �C�h�o�o�s�e� �A�E�R�O�D�Y�N�A�M�I�C�S� �f�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�.� 

�e� �H�i�g�h�l�i�g�h�t� �t�h�e� �T�I�T�L�E� �c�e�l�l� �b�y� �s�e�l�e�c�t�i�n�g� �i�t� �w�i�t�h� �t�h�e� �p�i�c�k� �d�e�v�i�c�e�.� 

�e� �T�y�p�e�  ��I ��M� �G�E�T�T�I�N�G� �U�S�E�D� �T�O� �A�C�S�Y�N�T ��S� �S�P�R�E�A�D�S�H�E�E�T �� �a�n�d� �h�i�t� 
�E�N�T�E�R�.� 

�e� �©�T�h�e� �c�e�l�l ��s� �v�a�l�u�e� �s�h�o�u�l�d� �c�h�a�n�g�e�.� 

�¢� �S�e�l�e�c�t� �t�h�e� �X�C�D�W� �c�e�l�l�.� 

�e� �T�h�e� �h�i�g�h�l�i�g�h�t� �w�i�l�l� �m�o�v�e� �t�o� �t�h�a�t� �c�e�l�l�.� 

�e� �E�n�t�e�r� �0�.�3�3�3� �a�s� �a� �n�e�w� �v�a�l�u�e�.� 

�e� �S�e�l�e�c�t� �t�h�e� �E�L�L�I�P�C� �l�o�g�i�c�a�l� �v�a�r�i�a�b�l�e�.� 

�e� �§�6�T�h�e� �h�i�g�h�l�i�g�h�t� �w�i�l�l� �m�o�v�e� �t�o� �t�h�a�t� �c�e�l�l�.� 

�e� �T�y�p�e� �T� �t�o� �s�e�t� �a� �n�e�w� �v�a�l�u�e� �f�o�r� �E�L�L�I�P�C�.� 

�e� �T�h�e� �d�i�s�p�l�a�y�e�d� �v�a�l�u�e� �w�i�l�l� �c�h�a�n�g�e� �t�o�  ��.� �T�R�U�E�. ��.� 

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

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�1



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

�E�x�a�m�p�l�e�:� 

�e� �F�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�,� �s�e�l�e�c�t� �A�E�R�O�D�Y�N�A�M�I�C�S�.� 

�e� �T�h�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �s�t�a�r�t�s� �i�n� �l�o�c�a�t�i�o�n� �A�l�.� 

�e� �S�e�l�e�c�t� �t�h�e�  ��d�o�w�n �� �s�c�r�o�l�l� �a�r�r�o�w�.� 

�e� �T�h�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �m�o�v�e�s� �t�o� �a�d�d�r�e�s�s� �A�2�.� 

�e� �§�6�S�e�l�e�c�t� �t�h�e�  ��r�i�g�h�t �� �s�c�r�o�l�l� �a�r�r�o�w�.� 

�e� �T�h�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �m�o�v�e�s� �t�o� �a�d�d�r�e�s�s� �B�2�.� 

�¢� �C�h�o�o�s�e� �a� �p�o�i�n�t� �i�n� �t�h�e� �v�e�r�t�i�c�a�l� �s�c�r�o�l�l� �b�a�r� �n�e�a�r� �t�h�e�  ��d�o�w�n �� �s�c�r�o�l�l� �a�r�r�o�w�.� 

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

�A�.�2� �U�s�i�n�g� �F�o�r�m�u�l�a�e� 

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

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S� �o�r� �P�R�O�P�U�L�S�I�O�N� �o�r� �S�T�A�B�I�L�I�T�Y� �o�r� �W�E�I�G�H�T�S� 
�e�t�c�.�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�T�h�e� �A�C�S�Y�N�T� �s�p�r�e�a�d�s�h�e�e�t� �h�a�s� �c�a�l�c�u�l�a�t�i�o�n� �c�a�p�a�b�i�l�i�t�i�e�s�.� �I�f� �a� �m�a�t�h�e�m�a�t�i�c�a�l� 
�e�x�p�r�e�s�s�i�o�n� �i�s� �e�n�t�e�r�e�d�,� �p�r�e�c�e�d�e�d� �b�y� �a� �p�l�u�s� �s�i�g�n�,� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �w�i�l�l� �a�t�t�e�m�p�t� �t�o� 
�e�v�a�l�u�a�t�e� �t�h�e� �e�x�p�r�e�s�s�i�o�n�.� �S�i�m�p�l�e� �m�a�t�h�e�m�a�t�i�c�a�l� �o�p�e�r�a�t�o�r�s� �c�a�n� �b�e� �u�s�e�d� �(�+�,� �-�,� �*�,� �/�,� 

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

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�2



�E�x�a�m�p�l�e�:� 

�e� �F�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�,� �s�e�l�e�c�t� �A�E�R�O�D�Y�N�A�M�I�C�S�.� 

�e� �H�i�g�h�l�i�g�h�t� �t�h�e� �C�D�S�T�R�(�1�)� �v�a�r�i�a�b�l�e�,� �w�h�i�c�h� �r�e�p�r�e�s�e�n�t�s� �a� �C�d�*�S� �v�a�l�u�e� �f�o�r� �s�t�o�r�e�s�.� 
�I�t� �i�s� �i�n� �c�e�l�l� �H�3�6�.� 

�e� �T�y�p�e�  ��+�0�.�0�4�*�2�1�.�5 �� �a�n�d� �p�r�e�s�s� �E�N�T�E�R�.� 

�e� �T�h�e� �c�e�l�l� �v�a�l�u�e� �c�h�a�n�g�e�s� �t�o� �0�.�8�6�4�.� 

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

�E�x�a�m�p�l�e�:� 

�e� �F�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�,� �s�e�l�e�c�t� �A�E�R�O�D�Y�N�A�M�I�C�S�.� 

�e� �T�h�e� �S�F�W�F� �v�a�r�i�a�b�l�e� �i�s� �i�n� �c�e�l�l� �E�3�.� �H�i�g�h�l�i�g�h�t� �i�t�.� 

�e� �T�y�p�e�  ��+� �A�B�O�S�B�*�S�W�P�M�A�X�/�0�.�0�5�*�(�A�1�0�+� �5�) �� �a�n�d� �p�r�e�s�s� �E�N�T�E�R�.� 

�e� �T�h�e� �v�a�l�u�e� �o�f� �t�h�e� �c�e�l�l� �w�i�l�l� �c�h�a�n�g�e� �t�o� �9�3�6�.�0�.� 

�A�.�3� �U�s�i�n�g� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� �H�e�l�p� �F�a�c�i�l�i�t�i�e�s� 

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

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S� �o�r� �P�R�O�P�U�L�S�I�O�N� �o�r� �S�T�A�B�I�L�I�T�Y� �o�r� �W�E�I�G�H�T�S� 

�e�t�c�.�)� 

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

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�3



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

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

�a�v�a�i�l�a�b�l�e� �f�o�r� �a�l�l� �A�C�S�Y�N�T� �a�n�a�l�y�s�i�s� �v�a�r�i�a�b�l�e�s�.� 

�T�h�e� �H�E�L�P� �s�t�a�n�d�a�r�d� �m�e�n�u� �i�t�e�m� �s�u�m�m�o�n�s� �h�e�l�p� �o�n� �t�h�e� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e� �c�u�r�r�e�n�t� 

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

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

�E�x�a�m�p�l�e�:� 

�e� �C�h�o�o�s�e� �A�E�R�O�D�Y�N�A�M�I�C�S� �f�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U� 

�e� �§�6�S�e�l�e�c�t� �t�h�e� �X�C�D�W� �c�e�l�l�.� 

�e� �§�©�S�e�l�e�c�t� �i�t� �a�g�a�i�n�.� 

�e� �A� �h�e�l�p� �w�i�n�d�o�w� �a�p�p�e�a�r�s� �w�i�t�h� �t�h�e� �d�e�f�a�u�l�t� �v�a�l�u�e� �a�n�d� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �X�C�D�W�.� 

�e� �§�6�S�e�l�e�c�t� �t�h�e� �h�e�l�p� �w�i�n�d�o�w�.� 

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

�e� �C�h�o�o�s�e� �t�h�e� �H�E�L�P� �s�t�a�n�d�a�r�d� �m�e�n�u� �i�t�e�m�.� 

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

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

�A�.�4� �I�m�m�e�d�i�a�t�e� �C�o�m�m�a�n�d�s� 

�P�u�r�p�o�s�e�:� 

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

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S� �o�r� �P�R�O�P�U�L�S�I�O�N� �o�r� �S�T�A�B�I�L�I�T�Y� �o�r� �W�E�I�G�H�T�S� 

�e�t�c�.�)� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�4



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

�E�x�a�m�p�l�e�:� 

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

�!�-� �r�e�m�o�v�e� �t�h�e� �h�e�l�p� �w�i�n�d�o�w� 

�:� �<�c�e�l�l� �a�d�d�r�e�s�s�>� �-� �m�o�v�e� �t�h�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �t�o� �t�h�e� �c�e�l�l� �a�d�d�r�e�s�s� 

�/� �<�v�a�r�i�a�b�l�e� �n�a�m�e�>� �-� �m�o�v�e� �t�h�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �t�o� �t�h�e� �c�e�l�l� �w�i�t�h� �t�h�e� �v�a�r�i�a�b�l�e� 
�n�a�m�e� �g�i�v�e�n� 

�$� �<�v�a�r�i�a�b�l�e� �n�a�m�e�>� �=� �<�v�a�l�u�e�>� �-� �a�s�s�i�g�n� �t�h�e� �v�a�l�u�e� �t�o� �t�h�e� �v�a�r�i�a�b�l�e� �n�a�m�e� �a�n�d� 
�h�i�g�h�l�i�g�h�t� �t�h�e� �c�e�l�l� 

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

�F�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�,� �s�e�l�e�c�t� �A�E�R�O�D�Y�N�A�M�I�C�S� 

�T�y�p�e� �"�/�S�W�P�M�A�X ��,� 

�T�h�e� �S�W�P�M�A�X� �v�a�r�i�a�b�l�e� �i�s� �h�i�g�h�l�i�g�h�t�e�d�.� 

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

�R�e�m�o�v�e� �t�h�e� �h�e�l�p� �w�i�n�d�o�w� �b�y� �t�y�p�i�n�g� �a�n� �e�x�c�l�a�m�a�t�i�o�n� �p�o�i�n�t�.� 

�T�y�p�e�  ��:�G�4�7 ��"�.� 

�T�h�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �w�i�l�l� �m�o�v�e� �t�o� �c�e�l�l� �G�4�7�,� �h�i�g�h�l�i�g�h�t�i�n�g� �t�h�e� �v�a�r�i�a�b�l�e� �L�D�L�A�N�D�.� 

�T�y�p�e�  ��S�A�B�O�S�B�=�0�.�2�1 ��.� 

�T�h�e� �s�p�r�e�a�d�s�h�e�e�t� �w�i�l�l� �s�c�r�o�l�l� �t�o� �t�h�e� �A�B�O�S�B� �c�e�l�l�,� �w�h�i�c�h� �w�a�s� �a�s�s�i�g�n�e�d� �t�h�e� �v�a�l�u�e� 
�0�.�2�1�.� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�5



�A�.�S� �J�u�m�p� 

�P�u�r�p�o�s�e�:� 
�t�o� �j�u�m�p� �t�o� �a� �c�e�r�t�a�i�n� �c�e�l�l� �a�d�d�r�e�s�s� 

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S� �o�r� �P�R�O�P�U�L�S�I�O�N� �o�r� �S�T�A�B�I�L�I�T�Y� �o�r� �W�E�I�G�H�T�S� 
�e�t�c�. ¬� �J�U�M�P� �)�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�T�h�e� �J�U�M�P� �c�o�m�m�a�n�d� �f�r�o�m� �t�h�e� �S�P�R�E�A�D�S�H�E�E�T� �m�e�n�u� �p�r�o�m�p�t�s� �t�h�e� �u�s�e�r� �f�o�r� �a� 
�c�e�l�l� �a�d�d�r�e�s�s� �t�o� �h�i�g�h�l�i�g�h�t�.� �I�t� �i�s� �f�u�n�c�t�i�o�n�a�l�l�y� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �c�o�l�o�n� �(�:�)� �i�m�m�e�d�i�a�t�e� 
�c�o�m�m�a�n�d�.� �W�h�e�n� �t�h�i�s� �c�o�m�m�a�n�d� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �u�s�e�r� �i�s� �p�r�o�m�p�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

� � 

�m�e�s�s�a�g�e� �l�i�n�e� �5� 
�m�e�s�s�a�g�e� �l�i�n�e� �4� 
�m�e�s�s�a�g�e� �l�i�n�e� �3� 
�m�e�s�s�a�g�e� �l�i�n�e� �2� 
�E�N�T�E�R� �C�E�L�L� �A�D�D�R�E�S�S� �(�i�.�e�.� �A�4�)� �T�O� �J�U�M�P� 
� � � � � � � � 

�E�x�a�m�p�l�e�:� 

�e� �S�e�l�e�c�t� �A�E�R�O�D�Y�N�A�M�I�C�S� �f�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�.� 

�e� �C�h�o�o�s�e� �t�h�e� �J�U�M�P� �o�p�t�i�o�n�.� 

�e� �T�y�p�e�  ��H�1�8 �� �a�n�d� �p�r�e�s�s� �E�N�T�E�R�.� 

�e� �T�h�e� �F�L�D�M�(�9�)� �v�a�r�i�a�b�l�e� �i�s� �h�i�g�h�l�i�g�h�t�e�d� �i�n� �c�e�l�l� �H�1�8�.� 

�A�.�6� �M�o�d�i�f�y�i�n�g� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�T�h�e� �l�a�y�o�u�t� �o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �c�e�l�l�s� �a�n�d� �i�n�d�i�v�i�d�u�a�l� �c�e�l�l� �d�a�t�a� �i�t�e�m�s� �s�u�c�h� �a�s� �n�a�m�e�l�i�s�t� �n�a�m�e� �.� 
�a�n�d� �v�a�r�i�a�b�l�e� �t�y�p�e� �c�a�n� �b�e� �m�o�d�i�f�i�e�d� �i�n�t�e�r�a�c�t�i�v�e�l�y�.� �T�h�e� �M�O�D�I�F�Y� �m�e�n�u� �o�p�t�i�o�n� �g�i�v�e�s� �t�h�e� 
�u�s�e�r� �t�h�e� �o�p�t�i�o�n�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�:� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�6



�e� �I�N�S�E�R�T� �-� �i�n�s�e�r�t�s� �r�o�w�s� �a�n�d� �c�o�l�u�m�n�s� �o�f� �b�l�a�n�k� �s�p�a�c�e� �i�n�t�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�.� 

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

�e� �C�R�E�A�T�E� �-� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �c�r�e�a�t�e� �n�e�w� �c�e�l�l�s�.� 

�e� �E�D�I�T� �-� �p�e�r�m�i�t�s� �e�x�i�s�t�i�n�g� �c�e�l�l� �d�a�t�a� �i�t�e�m�s� �t�o� �b�e� �m�o�d�i�f�i�e�d�.� 

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

�e� �S�E�T� �D�E�F�A�U�L�T� �-� �s�a�v�e�s� �t�h�e� �c�u�r�r�e�n�t� �s�p�r�e�a�d�s�h�e�e�t� �d�a�t�a� �s�e�t� �a�s� �t�h�e� �d�e�f�a�u�l�t� �f�i�l�e� �f�o�r� �a�n� 
�A�C�S�Y�N�T� �m�o�d�u�l�e�.� 

�A�.�6�.�1� �I�n�s�e�r�t�i�n�g� �R�o�w�s� �i�n� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�P�u�r�p�o�s�e�:� 
�t�o� �i�n�s�e�r�t� �a� �r�o�w� �o�f� �b�l�a�n�k� �s�p�a�c�e� 

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�c�.�( ¬� �I�N�S�E�R�T� �¢� 
�R�O�W� �)�)�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�W�h�e�n� �t�h�e� �I�N�S�E�R�T� �R�O�W� �o�p�t�i�o�n� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �u�s�e�r� �i�s� �p�r�o�m�p�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

� � 

�m�e�s�s�a�g�e� �l�i�n�e� �5� 
�m�e�s�s�a�g�e� �l�i�n�e� �4� 
�m�e�s�s�a�g�e� �l�i�n�e� �3� 
�m�e�s�s�a�g�e� �l�i�n�e� �2� 
�S�E�L�E�C�T� �C�E�L�L� �O�R� �M�E�N�U� �I�T�E�M�,� �O�R� �E�N�T�E�R� �C�E�L�L� �A�D�D�R�E�S�S� �T�O� �I�N�S�E�R�T� 
� � � � � � � � 
�S�e�l�e�c�t�i�n�g� �a� �c�e�l�l� �o�r� �t�y�p�i�n�g� �a� �c�e�l�l� �a�d�d�r�e�s�s� �w�i�l�l� �c�a�u�s�e� �a� �n�e�w� �r�o�w� �o�f� �c�e�l�l�s� �t�o� �b�e� �i�n�s�e�r�t�e�d� 
�i�n� �t�h�e� �s�p�e�c�i�f�i�e�d� �l�o�c�a�t�i�o�n�.� �C�h�o�o�s�i�n�g� �t�h�e� �A�B�O�R�T� �o�p�t�i�o�n� �f�r�o�m� �t�h�e� �m�e�n�u� �w�i�l�l� �r�e�s�u�l�t� 
�i�n� �c�a�n�c�e�l�l�a�t�i�o�n� �o�f� �t�h�i�s� �c�o�m�m�a�n�d�.� 

�A�.�6�.�2� �I�n�s�e�r�t�i�n�g� �C�o�l�u�m�n�s� �i�n� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�P�u�r�p�o�s�e�:� 
�t�o� �i�n�s�e�r�t� �a� �c�o�l�u�m�n� �o�f� �b�l�a�n�k� �s�p�a�c�e� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�7



�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�c�. ¬� �I�N�S�E�R�T� �( ¬� 
�C�O�L�U�M�N� �)�)�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�W�h�e�n� �t�h�e� �I�N�S�E�R�T� �C�O�L�U�M�N� �o�p�t�i�o�n� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �u�s�e�r� �i�s� �p�r�o�m�p�t�e�d� �a�s� 
�f�o�l�l�o�w�s�:� 

� � 

�m�e�s�s�a�g�e� �l�i�n�e� �5� 
�m�e�s�s�a�g�e� �l�i�n�e� �¢� 
�m�e�s�s�a�g�e� �l�i�n�e� �3� 
�m�e�s�s�a�g�e� �l�i�n�e� �2� 
�S�E�L�E�C�T� �C�E�L�L� �O�R� �M�E�N�U� �I�T�E�M�,� �O�R� �E�N�T�E�R� �C�E�L�L� �A�D�D�R�E�S�S� �T�O� �I�N�S�E�R�T� 
� � � � � � 
� � 

�S�e�l�e�c�t�i�n�g� �a� �c�e�l�l� �o�r� �t�y�p�i�n�g� �a� �c�e�l�l� �a�d�d�r�e�s�s� �w�i�l�l� �c�a�u�s�e� �a� �n�e�w� �c�o�l�u�m�n� �o�f� �c�e�l�l�s� �t�o� �b�e� 
�i�n�s�e�r�t�e�d� �i�n� �t�h�e� �s�p�e�c�i�f�i�e�d� �l�o�c�a�t�i�o�n�.� �C�h�o�o�s�i�n�g� �t�h�e� �A�B�O�R�T� �o�p�t�i�o�n� �f�r�o�m� �t�h�e� �m�e�n�u� 
�w�i�l�l� �r�e�s�u�l�t� �i�n� �c�a�n�c�e�l�l�a�t�i�o�n� �o�f� �t�h�i�s� �c�o�m�m�a�n�d�.� 

�A�.�6�.�3� �D�e�l�e�t�i�n�g� �R�o�w�s� �f�r�o�m� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�P�u�r�p�o�s�e�:� 
�t�o� �d�e�l�e�t�e� �a� �r�o�w� �o�f� �c�e�l�l�s� 

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�c�. ¬� �D�E�L�E�T�E� �(�¢� 
�R�O�W� �)�)�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�W�h�e�n� �t�h�e� �D�E�L�E�T�E� �R�O�W� �o�p�t�i�o�n� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �u�s�e�r� �i�s� �p�r�o�m�p�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

� � 

�m�e�s�s�a�g�e� �l�i�n�e� �5� 
�m�e�s�s�a�g�e� �l�i�n�e� �4� 
�m�e�s�s�a�g�e� �l�i�n�e� �3� 
�m�e�s�s�a�g�e� �L�i�n�e� �2� 
�S�E�L�E�C�T� �C�E�L�L� �O�R� �M�E�N�U� �I�T�E�M�;� �O�R� �E�N�T�E�R� �C�E�L�L� �A�D�D�R�E�S�S� �T�O� �D�E�L�E�T�E� 
� � � � � � 
� � 
�S�e�l�e�c�t�i�n�g� �a� �c�e�l�l� �o�r� �t�y�p�i�n�g� �a� �c�e�l�l� �a�d�d�r�e�s�s� �w�i�l�l� �r�e�s�u�l�t� �i�n� �a� �c�o�n�f�i�r�m�a�t�i�o�n� �p�r�o�m�p�t�.� 
�A�n�s�w�e�r�i�n�g�  ��Y �� �t�o� �t�h�i�s� �p�r�o�m�p�t� �w�i�l�l� �r�e�s�u�l�t� �i�n� �t�h�e� �r�o�w� �o�f� �c�e�l�l�s� �b�e�i�n�g� �r�e�m�o�v�e�d� �f�r�o�m� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�8



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

�A�.�6�.�4� �D�e�l�e�t�i�n�g� �C�o�l�u�m�n�s� �f�r�o�m� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�P�u�r�p�o�s�e�:� 
�t�o� �d�e�l�e�t�e� �a� �c�o�l�u�m�n� �o�f� �c�e�l�l�s� 

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�c�. ¬� �D�E�L�E�T�E� �(�¢� 
�C�O�L�U�M�N� �)�)�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�W�h�e�n� �t�h�e� �D�E�L�E�T�E� �C�O�L�U�M�N� �o�p�t�i�o�n� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �u�s�e�r� �i�s� �p�r�o�m�p�t�e�d� �a�s� 
�f�o�l�l�o�w�s�:� 

� � 

�m�e�s�s�a�g�e� �l�i�n�e� �5� 
�m�e�s�s�a�g�e� �l�i�n�e� �4� 
�m�e�s�s�a�g�e� �l�i�n�e� �3� 
�m�e�s�s�a�g�e� �l�i�n�e� �2� 
�S�E�L�E�C�T� �C�E�L�L� �O�R� �M�E�N�U� �I�T�E�M�,� �O�R� �E�N�T�E�R� �C�E�L�L� �A�D�D�R�E�S�S� �T�O� �D�E�L�E�T�E� 
� � � � � � � � 

�S�e�l�e�c�t�i�n�g� �a� �c�e�l�l� �o�r� �t�y�p�i�n�g� �a� �c�e�l�l� �a�d�d�r�e�s�s� �w�i�l�l� �r�e�s�u�l�t� �i�n� �a� �c�o�n�f�i�r�m�a�t�i�o�n� �p�r�o�m�p�t�.� 
�A�n�s�w�e�r�i�n�g�  ��Y �� �t�o� �t�h�i�s� �p�r�o�m�p�t� �w�i�l�l� �r�e�s�u�l�t� �i�n� �t�h�e� �c�o�l�u�m�n� �o�f� �c�e�l�l�s� �b�e�i�n�g� �r�e�m�o�v�e�d� 
�f�r�o�m� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�.� �A�l�l� �c�e�l�l�s� �b�e�l�o�w� �t�h�e� �d�e�l�e�t�e�d� �c�o�l�u�m�n� �w�i�l�l� �b�e� �m�o�v�e�d� �t�o� �t�a�k�e� 
�t�h�e� �p�l�a�c�e� �o�f� �t�h�e� �d�e�l�e�t�e�d� �c�o�l�u�m�n�.� �C�h�o�o�s�i�n�g� �t�h�e� �A�B�O�R�T� �o�p�t�i�o�n� �f�r�o�m� �t�h�e� �m�e�n�u� 
�w�i�l�l� �r�e�s�u�l�t� �i�n� �c�a�n�c�e�l�l�a�t�i�o�n� �o�f� �t�h�i�s� �c�o�m�m�a�n�d�.� 

�A�.�6�.�5� �D�e�l�e�t�i�n�g� �R�a�n�g�e�s� �f�r�o�m� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

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

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�e�. ¬� �(� �D�E�L�E�T�E� �¢� 
�R�A�N�G�E� �)�)�)� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�1�9



�D�e�s�c�r�i�p�t�i�o�n�:� 

�W�h�e�n� �t�h�e� �D�E�L�E�T�E� �R�A�N�G�E� �o�p�t�i�o�n� �i�s� �s�e�l�e�c�t�e�d�,� �t�h�e� �u�s�e�r� �i�s� �p�r�o�m�p�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

� � 

�m�e�s�s�a�g�e� �l�i�n�e� �5� 
�m�e�s�s�a�g�e� �l�i�n�e� �4� 
�m�e�s�s�a�g�e� �l�i�n�e� �3� 
�m�e�s�s�a�g�e� �l�i�n�e� �2� 
�E�N�T�E�R� �A�D�O�R�E�S�S� �O�R� �S�E�L�E�C�T� �U�P�P�E�R� �L�E�F�T� �C�O�R�N�E�R� �O�F� �D�E�L�E�T�E� �R�A�N�G�E� 
� � � � � � � � 
�A�f�t�e�r� �s�p�e�c�i�f�y�i�n�g� �t�h�e� �u�p�p�e�r� �l�e�f�t� �c�o�r�n�e�r� �o�f� �t�h�e� �r�a�n�g�e�,� �t�h�e� �p�r�o�g�r�a�m� �w�i�l�l� �p�r�o�m�p�t� �t�h�e� 

�u�s�e�r� �f�o�r� �t�h�e� �l�o�w�e�r� �r�i�g�h�t� �c�o�r�n�e�r� �a�d�d�r�e�s�s�.� �C�h�o�o�s�i�n�g� �A�B�O�R�T� �f�r�o�m� �t�h�e� �m�e�n�u� �w�i�l�l� 

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

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

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

�E�x�a�m�p�l�e�:� 

�e� �F�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�,� �s�e�l�e�c�t� �A�E�R�O�D�Y�N�A�M�I�C�S�.� 

�e� �C�h�o�o�s�e� �M�O�D�I�F�Y�,� �t�h�e�n� �D�E�L�E�T�E�,� �a�n�d� �f�i�n�a�l�l�y�,� �R�A�N�G�E� �f�r�o�m� �t�h�e� �m�e�n�u�.� 

�e� �6�A�t� �t�h�e� �f�i�r�s�t� �p�r�o�m�p�t�,� �s�e�l�e�c�t� �c�e�l�l� �B�3� �(�v�a�r�i�a�b�l�e� �R�C�L�M�A�X�)�,�.� 

�®� �C�h�o�o�s�e� �c�e�l�l� �D�6� �f�o�r� �t�h�e� �l�o�w�e�r� �r�i�g�h�t� �c�o�r�n�e�r� �o�f� �t�h�e� �d�e�l�e�t�e� �r�a�n�g�e�.� 

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

�e� �A�n�s�w�e�r�  ��Y �� �t�o� �t�h�e� �c�o�n�f�i�r�m�a�t�i�o�n� �p�r�o�m�p�t�.� 

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

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

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

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�2�0



�A�.�6�.�6� �M�o�v�i�n�g� �R�a�n�g�e�s� �i�n� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�P�u�r�p�o�s�e�:� 

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

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�c�. ¬� �(� �M�O�D�I�F�Y� �¢� 
�M�O�V�E� �)�)�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 

�S�e�l�e�c�t�i�n�g� �t�h�e� �M�O�V�E� �o�p�t�i�o�n� �r�e�s�u�l�t�s� �i�n� �a� �s�e�r�i�e�s� �o�f� �t�h�r�e�e� �p�r�o�m�p�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

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

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

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

�b�e� �s�p�e�c�i�f�i�e�d� �f�r�o�m� �u�p�p�e�r� �l�e�f�t� �t�o� �l�o�w�e�r� �n�g�h�t�.� �C�h�o�o�s�i�n�g� �A�B�O�R�T� �f�r�o�m� �t�h�e� �m�e�n�u� 

�w�i�l�l� �c�a�n�c�e�l� �t�h�e� �m�o�v�e�.� 

�N�O�T�E�:� �T�h�e� �d�e�s�t�i�n�a�t�i�o�n� �r�a�n�g�e� �m�u�s�t� �n�o�t� �i�n�c�l�u�d�e� �a�n�y� �e�x�i�s�t�i�n�g� �c�e�l�l�s�.� �M�o�v�i�n�g� 

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

�E�x�a�m�p�l�e�:� 

�e� �F�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�,� �c�h�o�o�s�e� �A�E�R�O�D�Y�N�A�M�I�C�S�.� 

�e� �C�h�o�o�s�e� �M�O�V�E� �f�r�o�m� �t�h�e� �M�O�D�I�F�Y� �m�e�n�u�.� 

�e� �A�t� �t�h�e� �f�i�r�s�t� �p�r�o�m�p�t�,� �s�e�l�e�c�t� �c�e�l�l� �B�4� �(�v�a�r�i�a�b�l�e� �S�W�P�M�I�N�)�.� 

�e� �C�h�o�o�s�e� �c�e�l�l� �E�7� �f�o�r� �t�h�e� �l�o�w�e�r� �r�i�g�h�t� �c�o�r�n�e�r� �o�f� �t�h�e� �d�e�l�e�t�e� �r�a�n�g�e�.� 

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

�e� �E�n�t�e�r� �I�2� �f�o�r� �t�h�e� �u�p�p�e�r� �l�e�f�t� �c�o�r�n�e�r� �o�f� �t�h�e� �d�e�s�t�i�n�a�t�i�o�n� �r�a�n�g�e�.� 

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

�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �c�e�l�l�s�.� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�2�1



�A�.�6�.�7� �E�d�i�t�i�n�g� �C�e�l�l� �D�a�t�a� �I�t�e�m�s� 

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

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�c�. ¬� �M�O�D�I�F�Y� �¢� 
�E�D�I�T� �3�)�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 

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

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

�E�x�a�m�p�l�e�:� 

�e� �F�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�,� �s�e�l�e�c�t� �A�E�R�O�D�Y�N�A�M�I�C�S�.� 

�e� �C�h�o�o�s�e� �E�D�I�T� �f�r�o�m� �t�h�e� �M�O�D�I�F�Y� �m�e�n�u�.� 

�e� �A�t� �t�h�e� �p�r�o�m�p�t�,� �s�e�l�e�c�t� �c�e�l�l� �F�3�,� �(�S�M�N�D�R�)�.� 

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

�e� �C�h�o�o�s�e� �t�h�e� �V�A�R�I�A�B�L�E� �N�A�M�E� �l�i�n�e� �f�r�o�m� �t�h�e� �t�e�m�p�l�a�t�e�.� 

�e� �A�t� �t�h�e� �E�N�T�E�R� �V�A�R�I�A�B�L�E� �N�A�M�E� �p�r�o�m�p�t�,� �t�y�p�e�  ��E�D�I�T�C�E�L�L �� 

�e� �T�h�e� �v�a�r�i�a�b�l�e� �n�a�m�e� �w�i�l�l� �c�h�a�n�g�e� �f�r�o�m� �S�M�N�D�R� �t�o� �E�D�I�T�C�E�L�L�.� 

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

�A�.�6�.�8� �C�r�e�a�t�i�n�g� �N�e�w� �C�e�l�l�s� 

�P�u�r�p�o�s�e�:� 

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

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�2�2



�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�Q�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�c�.�( ¬� �M�O�D�I�F�Y� �(� 
�C�R�E�A�T�E� �)�)�)� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�T�h�e� �C�R�E�A�T�E� �o�p�t�i�o�n� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �p�l�a�c�e� �n�e�w� �c�e�l�l�s� �i�n� �t�h�e� �A�C�S�Y�N�T� 
�s�p�r�e�a�d�s�h�e�e�t� �w�h�e�n� �n�e�w� �a�n�a�l�y�s�i�s� �v�a�r�i�a�b�l�e�s� �h�a�v�e� �b�e�e�n� �a�d�d�e�d�.� �A�f�t�e�r� �d�e�t�e�r�m�i�n�i�n�g� �a� 
�l�o�c�a�t�i�o�n� �f�o�r� �t�h�e� �c�e�l�l�,� �a� �t�e�m�p�l�a�t�e� �a�p�p�e�a�r�s� �r�e�q�u�e�s�t�i�n�g� �c�e�l�l� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �v�a�l�u�e�s�.� 
�C�o�m�p�l�e�t�i�n�g� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �t�e�m�p�l�a�t�e� �w�i�l�l� �c�r�e�a�t�e� �a� �n�e�w� �c�e�l�l� �i�n� �t�h�e� �s�p�e�c�i�f�i�e�d� 

�l�o�c�a�t�i�o�n�.� 

�E�x�a�m�p�l�e�:� 

�e� �F�r�o�m� �t�h�e� �M�A�I�N� �M�E�N�U�,� �s�e�l�e�c�t� �A�E�R�O�D�Y�N�A�M�I�C�S�.� 

�®� �C�h�o�o�s�e� �C�R�E�A�T�E� �f�r�o�m� �t�h�e� �M�O�D�I�F�Y� �m�e�n�u�.� 

�e� �A�t� �t�h�e� �p�r�o�m�p�t�,� �t�y�p�e� �t�h�e� �a�d�d�r�e�s�s� �F�4�.� 

�e� �A� �w�h�i�t�e� �c�e�l�l� �h�i�g�h�l�i�g�h�t� �w�i�l�l� �a�p�p�e�a�r� �i�n� �t�h�e� �e�m�p�t�y� �a�r�e�a�.� 

�e� �C�h�o�o�s�e� �t�h�e� �V�A�R�I�A�B�L�E� �N�A�M�E� �l�i�n�e� �f�r�o�m� �t�h�e� �t�e�m�p�l�a�t�e�.� 

�e� �A�t�t�h�e� �E�N�T�E�R� �V�A�R�I�A�B�L�E� �N�A�M�E� �p�r�o�m�p�t�,� �t�y�p�e�  ��"�N�E�W�C�E�L�L �� 

�e� �A� �c�e�l�l� �w�i�l�l� �a�p�p�e�a�r� �i�n� �t�h�e� �n�e�w� �l�o�c�a�t�i�o�n�,� �w�i�t�h� �t�h�e� �n�a�m�e� �N�E�W�C�E�L�L�.� 

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

�A�.�6�.�9� �S�a�v�i�n�g� �t�h�e� �M�o�d�i�f�i�e�d� �S�p�r�e�a�d�s�h�e�e�t� �C�o�n�f�i�g�u�r�a�t�i�o�n� 

�P�u�r�p�o�s�e�:� 

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

�M�e�n�u� �P�a�t�h�:� 

�M�A�I�N� �C�A�E�R�O�D�Y�N�A�M�I�C�S�,� �P�R�O�P�U�L�S�I�O�N�,� �S�T�A�B�I�L�I�T�Y�,� �e�t�c�. ¬� �M�O�D�I�F�Y� �¢� 
�S�E�T� �D�E�F�A�U�L�T� �)�)�)� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�2�3



�D�e�s�c�r�i�p�t�i�o�n�:� 
�A�f�t�e�r� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �h�a�s� �b�e�e�n� �m�o�d�i�f�i�e�d�,� �t�h�e� �c�h�a�n�g�e�d� �c�o�n�f�i�g�u�r�a�t�i�o�n� �c�a�n� �b�e� �s�t�o�r�e�d� 
�a�s� �t�h�e� �d�e�f�a�u�l�t� �s�p�r�e�a�d�s�h�e�e�t� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�o�r� �a� �m�e�n�u� �m�o�d�u�l�e�.� �O�n�c�e� �t�h�e� �S�E�T� 
�D�E�F�A�U�L�T� �o�p�t�i�o�n� �i�s� �c�h�o�s�e�n�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�m�p�t� �a�p�p�e�a�r�s�:� �.� 

� � 

�m�e�s�s�a�g�e� �l�i�n�e� �5� 
�m�e�s�s�a�g�e� �l�i�n�e� �4� 
�m�e�s�s�a�g�e� �l�i�n�e� �3� 
�m�e�s�s�a�g�e� �l�i�n�e� �2� 
�O�K� �T�O� �S�A�V�E� �T�H�E� �C�U�R�R�E�N�T� �F�I�L�E� �A�S� �T�H�E� �D�E�F�A�U�L�T� �(�Y�/�N�)� �?� 
� � � � � � � � 

�A�n�s�w�e�r�i�n�g�  ��Y �� �t�o� �t�h�i�s� �p�r�o�m�p�t� �w�i�l�l� �c�a�u�s�e� �t�h�e� �c�u�r�r�e�n�t� �c�o�n�f�i�g�u�r�a�t�i�o�n� �t�o� �b�e� �u�s�e�d� 
�e�a�c�h� �t�i�m�e� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �i�s� �c�a�l�l�e�d� �f�o�r� �t�h�e� �A�C�S�Y�N�T� �d�i�s�c�i�p�l�i�n�e� �m�o�d�u�l�e�.� �A�l�l� �o�f� �t�h�e� 
�d�a�t�a�,� �i�n�c�l�u�d�i�n�g� �t�h�e� �c�u�r�r�e�n�t� �v�a�r�i�a�b�l�e� �v�a�l�u�e�s�,� �w�i�l�l� �b�e� �u�s�e�d� �i�n� �t�h�e� �n�e�w� �d�e�f�a�u�l�t� �f�i�l�e�.� 
�T�h�u�s�,� �t�h�i�s� �c�o�m�m�a�n�d� �m�u�s�t� �b�e� �u�s�e�d� �w�i�t�h� �c�a�u�t�i�o�n�.� 

�A�p�p�e�n�d�i�x� �A�.� �A�C�S�Y�N�T� �S�p�r�e�a�d�s�h�e�e�t� �U�s�e�r� �G�u�i�d�e� �1�2�4



�A�p�p�e�n�d�i�x� �B�.� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�s� 

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

�e� �S�e�t�u�p� �a�n�d� �I�n�v�o�c�a�t�i�o�n� 

�e� �S�p�r�e�a�d�s�h�e�e�t� �C�o�n�f�i�g�u�r�a�t�i�o�n� �F�i�l�e� �I�/�O� 

�e� �S�c�r�e�e�n� �D�i�s�p�l�a�y� 

�e� �S�p�r�e�a�d�s�h�e�e�t� �D�a�t�a� �S�t�r�u�c�t�u�r�e� �U�t�i�l�i�t�i�e�s� 

�T�h�e� �f�u�n�c�t�i�o�n�s� �i�n� �t�h�e� �S�e�t�u�p� �a�n�d� �I�n�v�o�c�a�t�i�o�n� �s�e�c�t�i�o�n� �a�r�e� �u�s�e�d� �t�o� �i�n�i�t�i�a�l�i�z�e� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� 
�a�n�d� �s�t�a�r�t� �i�t�s� �e�x�e�c�u�t�i�o�n�.� �R�o�u�t�i�n�e�s� �f�o�r� �r�e�a�d�i�n�g� �a�n�d� �w�r�i�t�i�n�g� �s�p�r�e�a�d�s�h�e�e�t� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�i�l�e�s� 
�a�r�e� �i�n� �t�h�e� �s�e�c�o�n�d� �p�o�r�t�i�o�n� �o�f� �t�h�i�s� �a�p�p�e�n�d�i�x�.� �T�h�e� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �c�o�n�t�r�o�l� �t�h�e� �a�p�p�e�a�r�a�n�c�e� 
�o�f� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �o�n� �t�h�e� �s�c�r�e�e�n� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �t�h�i�r�d� �p�a�r�t�.� �T�h�e�s�e� �r�o�u�t�i�n�e�s� �s�h�o�u�l�d� 
�b�e� �m�o�d�i�f�i�e�d� �w�h�e�n� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �i�s� �a�d�a�p�t�e�d� �t�o� �d�i�f�f�e�r�e�n�t� �c�o�m�p�u�t�e�r� �a�i�d�e�d� �d�e�s�i�g�n� �s�y�s�t�e�m�s� 
�s�o� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t� �s�c�r�e�e�n�s� �m�a�t�c�h� �w�i�t�h� �t�h�o�s�e� �o�f� �t�h�e� �C�A�D� �s�y�s�t�e�m�.� �T�h�e� �l�a�s�t� �s�e�c�t�i�o�n� �o�f� �t�h�e� 
�a�p�p�e�n�d�i�x� �c�o�v�e�r�s� �t�h�e� �d�a�t�a� �s�t�r�u�c�t�u�r�e� �l�o�o�k�u�p�,� �p�l�a�c�e�m�e�n�t�,� �a�n�d� �q�u�e�r�y� �r�o�u�t�i�n�e�s�.� 

�A�p�p�e�n�d�i�x� �B�.� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�s� �1�2�5



�B�.�1� �S�e�t�u�p� �a�n�d� �I�n�v�o�c�a�t�i�o�n� �F�u�n�c�t�i�o�n�s� 

�B�.�1�.�1� �s�p�r�e�a�d� �-� �S�t�a�r�t�s� �t�h�e� �S�p�r�e�a�d�s�h�e�e�t� 

�P�u�r�p�o�s�e�:� 

�I�n�v�o�k�e�s� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�.� 

�D�e�s�c�r�i�p�t�i�o�n�:� 

�s�p�r�e�a�d�(�w�o�r�k�i�d�,� �b�s�t�r�i�d�,� �s�s�f�i�l�e�,� �h�e�l�p�f�i�l�e�,� �a�d�d�f�l�a�g�)� 

�i�n�t� 

�i�n�t� 

�c�h�a�r� 

�c�h�a�r� 

�i�n�t� 

�I�n�p�u�t� �A�r�g�u�m�e�n�t�s�:� 

�w�o�r�k�i�d� 

�b�s�t�r�i�d� 

�s�s�f�i�l�e� 

�h�e�l�p�f�i�l�e� 

�a�d�d�f�l�a�g� 

�O�u�t�p�u�t� �A�r�g�u�m�e�n�t�s�:� 

�N�o�n�e� 

�w�o�r�k�i�d� 

�b�s�t�r�i�d� 

�s�s�f�i�l�e�[�]� 

�h�e�l�p�f�i�l�e�[�]� 

�a�d�d�f�l�a�g� 

�P�H�I�G�S� �w�o�r�k�s�t�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�r� �f�o�r� �s�p�r�e�a�d�s�h�e�e�t� 

�P�H�I�G�S� �b�e�g�i�n�n�i�n�g� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� 

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

�V�a�r�i�a�b�l�e� �h�e�l�p� �f�i�l�e� �n�a�m�e�.� 

�I�f� �=� �1�,� �r�e�a�d� �a�d�d�e�n�d�u�m� �f�i�l�e�.� 

�A�p�p�e�n�d�i�x� �B�.� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�s� �1�2�6



�F�u�n�c�t�i�o�n� �O�u�t�p�u�t�:� 
�N�o�n�e�.� 

�A�p�p�e�n�d�i�x� �B�.� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�s� �1�2�7



�B�.�1�.�2� � �s�e�t�u�p�_�s�p�r�e�a�d� �-� �I�n�i�t�i�a�l�i�z�e�s� �P�H�I�G�S� �d�a�t�a� 

�P�u�r�p�o�s�e�:� 
�I�n�i�t�i�a�l�i�z�e�s� �s�t�r�u�c�t�u�r�e� �n�u�m�b�e�r�s� �a�n�d� �f�i�l�e� �n�a�m�e�s� �i�n� �d�a�t�a� �s�t�r�u�c�t�u�r�e�.� 

�D�e�s�c�r�i�p�t�i�o�n�:� 
�s�e�t�u�p�_�s�p�r�e�a�d�(�w�o�r�k�i�d�,� �b�s�t�r�i�d�,� �s�s�f�i�l�e�,� �h�e�l�p�f�i�l�e�)� 

�i�n�t� 

�i�n�t� 

�c�h�a�r� 

�c�h�a�r� 

�I�n�p�u�t� �A�r�g�u�m�e�n�t�s�:� 

�w�o�r�k�i�d� 

�b�s�t�r�i�d� 

�s�s�f�i�l�e� 

�h�e�l�p�f�i�l�e� 

�O�u�t�p�u�t� �A�r�g�u�m�e�n�t�s�:� 

�N�o�n�e� 

�F�u�n�c�t�i�o�n� �O�u�t�p�u�t�:� 
�N�o�n�e�.� 

�w�o�r�k�i�d� 

�b�s�t�r�i�d� 

�s�s�f�i�l�e�f�]� 

�h�e�l�p�f�i�l�e�{�]� 

�P�H�I�G�S� �w�o�r�k�s�t�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�r� �f�o�r� �s�p�r�e�a�d�s�h�e�e�t� 

�P�H�I�G�S� �b�e�g�i�n�n�i�n�g� �s�t�r�u�c�t�u�r�e� �i�d�e�n�t�i�f�i�e�r� 

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

�V�a�r�i�a�b�l�e� �h�e�l�p� �f�i�l�e� �n�a�m�e�.� 

�A�p�p�e�n�d�i�x� �B�.� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �S�p�r�e�a�d�s�h�e�e�t� �F�u�n�c�t�i�o�n�s� �1�2�8


