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Abstract 

Since the development of thick film hybrid microelectronic processing, there has 

been a need for methods to adjust for tighter tolerances for electrical components through a 

trimming process. Components/elements, as produced, show a tolerance of the order of 

+10% due to the variability of the screen printing process associated with film curing 

conditions. The methods that have arisen from this need encompass a variety of technologies 

and techniques. The usefulness of each method is based on its operation, flexibility, 

repeatability, and post-trim effects on the resistor's reliability. 

The work in this thesis concerns the laser trimming of resistor components to a tight 

tolerance. It is the objective of this thesis to address the performance of an Nd:YAG laser 

operation and interface with a computer. The first task involves a computer hardware system 

to be interfaced to the laser control system, this task includes both design and 

implementation. The second task consists of a software operating environment to be 

flowcharted, written, and tested. The third task involves the computer interface driving the 

laser in the process of trimming resistor components using different types of cuts. The 

trimmed resistor performance is evaluated as part of the study.
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Chapter 1 

Introduction 

1.1 Introduction 

With its usefulness, diversity, and size, thick film processing has many 

applications. Along with this processing technique comes the inherent difficulties of 

obtaining and maintaining low tolerance components. This fact is particularly true for 

thick film resistors. Although their geometry can be quite accurate, the screen printing 

process associated with film curing conditions leads to limited control of the tolerance 

value. To alleviate this problem, various methods such as abrasive trimming [1,2], radio 

frequency trimming [3], and laser trimming [4-29] are used to adjust the resistance value 

to a tighter tolerance. Various standard techniques are applicable for all of the methods 

that can increase the resistance to a very fine tolerance. The actual tolerance range is a 

function of both the method and the technique. The trimming process requires that the 

resistor be designed for less than its final intended value. 

The process of trimming a resistor is highly dependent on the capabilities and 

limitations of the method as well as the techniques used. Each method that can be used 

involves a control mechanism and a trimming mechanism; each is an essential part of 

operation. The techniques, such as the L cut and the serpentine cut, are standard for all 

methods but are better realized in some methods than in others. An abrasive trimmer, for 

instance, may not be able to make an accurate 90 degree turn that is required for the L 

cut. A laser system, on the other hand, can make sudden turns and keep the same 

travelling velocity.



1.2 Objectives 

The main objective of this thesis is to design a new control interface and 

mechanism to connect a standard ESI Model 25 acousto-optic Q-switched Nd:YAG laser 

trimming system to an IBM XT. This entire system should be able to easily and 

accurately trim resistors using different techniques. The hardware interface is designed 

from the component level schematics of the ESI Model 25 laser system and from the 

requirements of the chosen Input/Output board for the IBM XT computer. When the 

hardware is completed, the software operating environment is designed for ease of use 

and for flexible operating options. With a completed control system, resistors are 

trimmed using different techniques. Both the trimmed as well as untrimmed resistors are 

then thermally aged for further component evaluation. 

1.3 Proposed Process and Tests 

The important aspect in the control system is that the computer must be able to 

control all of the parameters required in laser trimming. The hardware interface and 

software hand-shaking must be able to address all of the laser's control system functions 

whether all of the functions are required at one time or not. The software operating 

environment must provide the user with options to the available parameters as well as to 

routines for different techniques. The reliability of the resistors is tested by measuring 

the current leakage during and after thermal cycling has occurred.



1.4 Thesis Structure 

This thesis consists of seven chapters. This chapter, Chapter 1, is a general 

introduction. Chapter 2 presents a literature survey of previously published work related 

to resistor trimming. In Chapter 3, an evaluation is made of possible hardware interface 

designs and a discussion is presented about requirements for the laser control system. 

The software is described in Chapter 4. This involves an understanding of the software 

system requirements, the discussion of constructed prototypes, and the presentation of the 

principles of operation of the completed software operating environment. Chapter 5 

previews the resistor trimming configuration and the thermal aging procedure. Also in 

Chapter 5, the results are displayed and evaluated by power and frequency, by resistor 

geometry, and by post thermal aging stability. Chapter 6 concludes this thesis and 

provides recommendations for future research.



Chapter 2 

Literature Review 

2.1 Methods of Resistor Trimming 

Due mainly to the limitations of technology and the price of the method, the 

original methods for resistor trimming were based on abrasive techniques that were 

similar to a fine streamed sand-blaster [1]. Through the advancement of technology, 

reliable and relatively inexpensive laser systems were constructed. The two laser 

systems that were put into production for use as laser trimmers were Carbon Dioxide 

(CO,) lasers [2-4] and the acouto-optic, Q-switched Neodymium doped Yttrium 

Aluminum Garnet (Nd:YAG) lasers [3-4, 12-19, 22, 23-30]. The main difference 

between the laser systems is that the Nd:YAG laser has a ten times smaller line cutting 

width than the CO,. Though the laser systems have far surpassed the accuracy and 

reliability of the abrasive systems, there is still some debate as to which system performs 

better under certain specific applications [5]. Most recently, other alternatives such as an 

electro-optic, Q-switched Nd:YAG systems [6], a radio frequency (RF) technique [7], 

and an ultrasonic trimming [8] have emerged. All of these methods are based on cutting 

into a resistor with as small of a straight line width as possible. Even though the 

obtainable accuracies are within the same range, there has always been discussion about 

the 'best' type of system [3-6] to obtain a stable performance over a period of time for a 

certain range of frequencies with minimum parasitics.



2.2 Techniques of Resistor Trimming 

It is generally accepted [9-11] that there are three types of popular trimming 

techniques: the single straight cut, the L cut, and the multiple straight cut. These 

techniques are relevant for all of the trimming methods since all of the techniques involve 

straight line cuts into the resistor element. 

2.2.1 The Single Straight Cut 

The single straight cut (see Figure 2.1) is the simplest and fastest type of cut, but 

by far gives the least precision of the three techniques. The single straight cut starts at 

one edge of the resistor and cuts into the resistor perpendicular to the current flow. It is 

clear that as the cut proceeds further across the resistor, the change in the resistor value 

will increase more rapidly. The action makes it more difficult to stop the cut at the 

desired value because, during the time in between the measurement of the resistor's 

value, the resistance value will have greatly increased. By the time the control system 

has stopped the trimmer, the resistance will have already passed the desired value. 

Although this may hypothetically be bypassed by a very slow trim, other effects such as 

heating and width expansion play a major part in slow trims by adversely effecting the 

measurement of the resistance value as well as the future operating reliability.



  

  

  

  

  

  

      

Figure 2.1 The Single Straight Cut 

  

Figure 2.2 The L Cut 

 



2.2.2 The L Cut 

The L cut (see Figure 2.2) is much more effective than the single straight cut and 

does not require much more time. The principle behind the L cut is that once the change 

in resistance value begins to rapidly increase as the trimmer is cutting perpendicular to 

the current flow, the trimmer changes direction and cuts serial to the current flow. This 

change in cutting direction significantly decreases the change in resistance per distance. 

This allows the trimming control system more time to shut the trimmer off while the 

resistor value is within tolerance and not have the trimmer cut the resistor out of 

tolerance while the control system is in the process of shutting the trimmer off. The 

decision about when the change in direction should be made can be based on a number of 

different criteria. First, the control system could be made to monitor the change in 

resistance as well as the resistance value. Once the change in resistance was, for 

example, three times what it was when the trim was first started, the direction would 

change. Another way would be to have the direction change when the trimmer was one 

third of the way through the resistor. A third way would be to do a straight cut to a 

percentage of the desired resistance value and then to change direction. The L cut offers 

more options than the single straight cut. The disadvantage is that the L cut can be 

ineffective on resistors that have a longer length (resistor distance across the conductive 

pad) than width (resistor distance on free sides between the pads). In these cases, the L 

cut may reach the end of the resistor and start cutting into the pad while still not being 

within the desired tolerance range.



2.2.3 The Multiple Straight Cut 

The third type of cut is the multiple straight cut. The multiple straight cut is 

based on the single straight cut but uses multiple cuts to bypass the problem of cutting 

too deep on any one cut and making tolerance acquisition difficult. There are three 

standard types of multiple straight cuts. The first is the double straight cut (see Figure 

2.3). This cut type uses two cuts, each originating on the same side of the resistor. The 

second is the double-reverse cut (see Figure 2.4). This is similar to the regular double cut 

except that the cuts begin from opposite sides of the resistor. The third type of cut is the 

serpentine cut (see Figure 2.5). This cut uses a number of cuts that alternate origination 

sides. Although the serpentine cut may seem to give the best results of all of the 

techniques, a capacitive effect arises due to the configuration of the cuts that can be 

damaging in high frequency operation. When using multiple cuts, care must be taken so 

that the spacing between the trims does not violate the rigid power capability of the 

resistor [10]. 

2.3 Development of Applications 

Focusing on the acousto-optic, Q-switched, Nd:YAG laser in this thesis, there has 

been a lot of research dealing with specific applications. Aside from using the laser as a 

scribing tool [12], the Nd:YAG laser is quite a flexible tool. With regard to research 

dealing with the effects of resistor trimming of specific compositions of resistors, studies 

have been completed regarding the characteristics of Tantalum Nitride resistors on Silver 

[13] and the trimming effects on Birox and 1100 series thick film compositions [14]. 

These studies are accompanied by the laser trimming effects on polymer thick film



  

  

Figure 2.3 The Double Cut 

  

  

  
  

  

  

Figure 2.4 The Double-Reverse Cut 

 



  

    

Figure 2.5 The Serpentine Cut 
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resistors [15] and thermistors that require high accuracy [16-17]. The Nd:YAG provides 

the flexibility required for the trimming of different types of material. The documented 

research involved analyzing different power settings for their laser, not whether or not the 

Nd:YAG would actually cut their material. In measuring the accuracy and reliability of 

laser trimmed resistors, it is useful to measure against a relatively high standard such as 

the standard which is required for military applications [18]. The beam size of the 

Nd:YAG and the possible computer configurations allow for the precision and accuracy 

required for stringent standards. 

2.4 Conclusion 

The use of the Nd:YAG laser as a functional tool is well documented. Of the 

many possible methods to trim thick film resistors, the Nd:YAG laser has been a strong 

competitor with its precision and accuracy. A set of popular trimming techniques exist 

that allow for some flexibility in how a particular resistor may be trimmed. The straight 

cut is simple but not very accurate. The L cut is accurate but may be ineffective on 

certain types of resistor geometries. This geometry limitation also exists for the multiple 

straight cuts. The multiple straight cuts provide the tightest tolerance but may add 

unwanted capacitance at high frequency. 
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Chapter 3 

Hardware System 

3.1 System Requirements 

The objective of this system is to be as precise and reliable in the full usage of the 

laser control system while allowing the user full capability to change all available system 

parameters. The laser control system is asynchronous; therefore, the interface must 

handle all of the required hand-shaking. The laser control system has three cables of 40 

lines through which communication must be maintained. The interface should minimally 

use the data lines as well as the skip test line to control the laser system. An interrupt line 

is available but may not be required depending upon whether the interface is polled or 

interrupt driven. 

3.2 Possible Interface Designs 

To design the control system interface, all possible PC methodologies are 

examined. Each system is analyzed using a need, cost, and availability analysis. The 

following sections detail the different possible interface designs. 

3.2.1 IBM XT with DOS and Available I/O Boards 

The IBM XT is an 8 bit, 8 Megahertz, 8088 machine. Since a single laser 

operation requires a 24 bit command followed by an 8 bit input or output, it would take 

12



the IBM XT three machine cycles to produce a single operation. Since DOS is a single 

tasking operating system, a full hand-shaking scheme can be implemented with either 

polled or interrupt driven I/O. This is because the computer can wait for the laser to 

respond to the last task set to it. Since DOS can not perform any other tasks until the 

laser responds, all of the response methods will perform the same. There are a variety of 

I/O boards available for the XT that can reasonably perform the desired functions. To 

fully interface with the laser, the XT requires three I/O Boards; although, not all of the 

I/O lines will be used. Due to the asynchronous nature of the laser and the logic that it is 

implemented in, some buffering capability will be required. 

3.2.2 IBM XT with DOS and a Constructed I/O Board 

Although very similar to the previous option, constructing new boards can 

conserve a lot of space as well as streamline the hand-shaking both in hardware and in 

software. The construction of a new board can eliminate ambiguities that occur in the 

previous system, due to being able to choose how many I/O lines to construct. This new 

construction can fit on one board. The need for buffering can also be put right on the I/O 

board. This process requires about four months to design, simulate, wire-wrap, and test. 

3.2.3 IBM AT with DOS 

The IBM AT is a 16 bit, 12 Megahertz, 80286 machine. This can provide a much 

faster processing speed because the AT has a faster clock, moves twice as many bits per 

cycle, and has a much more efficient processor. Because the AT has a 16 bit data bus, 

the range of available I/O boards fully supports the interface system's need for multiple 

13



1/O lines and for full buffering. An I/O board for the AT will provide all necessary lines 

on a single board. This board would come at a much higher price. With DOS as the 

operating system, the interface can work as either polled or interrupt driven without any 

performance difference. 

3.2.4 IBM AT with OS/2 

This is equivalent to the previous option except for the major difference in 

operating conditions due to using OS/2 as an operating system. OS/2 has the capability 

to multi-task computer events. Using an interrupt driven interface, the user can run a 

laser program and then immediately afterwards be able to work on building a different 

laser program or even to switch to any other computer application. This can save the user 

time when a laser program needs to be run while other computer tasks also need 

immediate attention. The limitation is that to build the required software support for 

OS/2 will require an additional four months over DOS. The extra time is also due to the 

requirement that the system be interrupt driven. 

3.2.5 Additional Line Conversion Box 

In addition to all of the previous options, a line conversion box can be useful to 

change the 40 pin laser cable into whatever format the I/O board uses. In essence, the 

line conversion box will convert the pin-out of the laser control system to the pin-out of 

the interface system. For those options that do not have the buffering and pull-up 

capabilities, this will be an ideal place to build those capabilities into the system. 
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3.3 Evaluation of Possible Interface Designs 

Comparing cost, time required, and added advantages, the options are quickly 

evaluated. Even though the IBM AT system with OS/2 seems almost ideal, the time 

required to develop the necessary software out-weighs the possible time advantages that 

OS/2 allows. Since the computer system will be a dedicated machine, the cost of using 

an AT can not be justified even though the AT would be much faster. The two remaining 

options involve the IBM XT. Although the construction of a new I/O board may use the 

computer ports and the number of available lines more effectively, there is no reason for 

these things to be a factor since the XT will be dedicated to the laser system. The time 

and cost involved in the construction of the new I/O board is much less efficient than 

purchasing available boards. Available boards will require the use of a constructed line 

conversion box for changing the pinouts of the laser to the interface and to add buffering 

and pull-up capabilities required for the system. Although there is a sacrifice in speed 

between the AT and the XT, the XT provides sufficient speed for a much better time and 

cost value. 

3.4 Design Description 

The hardware interface is made up of three 24-bit serial I/O boards, six cables, 

and one line conversion box. This interface goes together with the control software to 

send the right codes at the right time to the laser. There are also two sets of three cables. 

Each set contains the following cables: BAC, BMB, and AC. The first set of cables goes 

from the laser to the line conversion box. These cables are D-submarine 37 pin lines. A 
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second set of cables goes from the line conversion box to the laser. These are 40 pin 

straight connector lines. 

To better understand the process of communicating with the laser, this description 

will assume that the coding of a function into a function number, an IOP number, and 

accumulator usage has already been done in the control software. The software 

translated code is sent to the I/O boards, which will be the first topic of discussion. From 

the I/O boards, the code goes through the first set of cables to the line conversion box. 

Here, the individual lines are rearranged into the form that the laser expects to see them. 

The line conversion box will be the second topic of discussion. 

3.4.1 The I/O Boards 

The key to the information exchange between the two systems is to organize the 

interface in a manner that both the PC and the laser can understand. There are a number 

of difficulties that arise due to the differences between the PC and the laser code usage. 

Since the laser was originally designed for use with a PDP/8e, the codes are made up of 

octal numbers (sets of three bits). With the BMB line, three of the binary digits are 

required in their complement form. The laser, on the other hand, does not independently 

produce complements of any line and communicates in hexidecimal (sets of four bits). 

This leads to a need to create a conversion standard that allows each system to operate in 

its regular environment. Note that the address and the IOP numbers for the laser are read 

from the charts as octal numbers (sets of three bits). The PC and I/O boards deal in 

hexidecimal code (sets of four bits). 

The three 24-bit serial digital I/O interface boards are inside the PC and are given 

addresses 300H, 304H, and 308H for the BMB, AC, and BAC lines, respectively. The 
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�I�/�O� �b�o�a�r�d�s� �c�h�o�s�e�n� �a�r�e� �O�m�e�g�a� �E�n�g�i�n�e�e�r�i�n�g�,� �I�n�c�.�'�s� �M�o�d�e�l� �P�I�O�1�2�,� �2�4� �B�i�t� �P�a�r�a�l�l�e�l� �D�i�g�i�t�a�l� 

�I�/�O� �I�n�t�e�r�f�a�c�e� �B�o�a�r�d�s�.� �E�a�c�h� �o�f� �t�h�e� �I�/�O� �b�o�a�r�d�s� �i�s� �b�r�o�k�e�n� �u�p� �i�n�t�o� �3� �s�e�t�s� �o�f� �8�-�b�i�t� �p�o�r�t�s�.� �E�a�c�h� 

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

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

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

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

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

�f�o�r�m�.� �T�h�e� �B�M�B� �I�/�O� �b�o�a�r�d� �d�i�v�i�d�e�s� �t�h�e� �b�i�t�s� �u�p� �a�c�c�o�r�d�i�n�g� �t�o� �F�i�g�u�r�e� �3�.�l�a�-�b�.� �T�h�e� �B�A�C� �l�i�n�e� 

�(�F�i�g�u�r�e� �3�.�2�a�-�c�)� �c�a�r�r�i�e�s� �t�h�e� �P�C� �a�c�c�u�m�u�l�a�t�o�r� �o�f� �1�2� �b�i�t�s�,� �t�h�e� �I�O�P� �o�f� �3� �b�i�t�s�,� �a�n�d� �a�n� 

�i�n�i�t�i�a�l�i�z�a�t�i�o�n� �b�i�t�.� �T�h�e� �A�C� �l�i�n�e� �(�F�i�g�u�r�e� �3�.�3�a�-�c�)� �c�a�r�r�i�e�s� �t�h�e� �l�a�s�e�r� �a�c�c�u�m�u�l�a�t�o�r� �o�f� �1�2� �b�i�t�s�,� �a�n� 

�i�n�t�e�r�r�u�p�t� �r�e�q�u�e�s�t� �b�i�t�,� �a�n�d� �a� �s�k�i�p� �t�e�s�t� �b�i�t�.� �L�i�s�t�e�d� �w�i�t�h� �t�h�e� �l�a�s�e�r� �l�i�n�e� �n�a�m�e� �i�s� �i�t�s� �i�n�t�e�r�n�a�l�,� 

�l�a�s�e�r� �c�o�n�n�e�c�t�o�r� �n�u�m�b�e�r�.� 

�T�h�e� �a�d�d�r�e�s�s� �i�s� �f�o�r�m�e�d� �b�y� �t�a�k�i�n�g� �t�h�e� �"�1�0�'�s�"� �d�i�g�i�t� �o�f� �t�h�e� �a�d�d�r�e�s�s�,� �b�r�e�a�k�i�n�g� �i�t� �u�p� �i�n�t�o� 

�a�n� �o�c�t�a�l� �n�u�m�b�e�r�,� �a�n�d� �p�u�t�t�i�n�g� �i�t� �i�n�t�o� �B�M�B�0�3�-�B�M�B�O�5� �w�i�t�h� �B�M�B�O�3� �b�e�i�n�g� �t�h�e� �m�o�s�t� 

�s�i�g�n�i�f�i�c�a�n�t� �b�i�t�(�m�s�b�)�.� �A�f�t�e�r� �p�u�t�t�i�n�g� �t�h�e� �c�o�m�p�l�e�m�e�n�t� �o�f� �B�M�B�0�3�-�B�M�B�O�0�5� �(�i�.�e�.� �B�M�B�O�3�'�-� 

�B�M�B�0�5�'�)� �i�n�t�o� �i�t�s� �p�l�a�c�e�,� �t�a�k�e� �t�h�e� �"�I�'�s�"� �d�i�g�i�t� �o�f� �t�h�e� �a�d�d�r�e�s�s�,� �b�r�e�a�k� �i�t� �u�p� �i�n�t�o� �a�n� �o�c�t�a�l� 

�n�u�m�b�e�r�,� �a�n�d� �p�u�t� �i�t� �i�n�t�o� �B�M�B�0�6�-�B�M�B�O�0�8�.� �T�o� �f�o�r�m� �a� �c�o�d�e�,� �t�h�e� �a�d�d�r�e�s�s� �i�s� �l�o�a�d�e�d� �o�n� �t�h�e� 

�B�M�B� �l�i�n�e� �(�a�n�d� �d�a�t�a� �i�n�t�o� �t�h�e� �P�C� �a�c�c�u�m�u�l�a�t�o�r� �o�n� �t�h�e� �B�A�C� �l�i�n�e� �i�f� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �f�u�n�c�t�i�o�n� 

�n�e�e�d�s� �d�a�t�a�)�.� �A� �'�L�'� �i�s� �l�o�a�d�e�d� �i�n� �t�h�e� �c�o�r�r�e�c�t� �I�O�P� �n�u�m�b�e�r�'�s� �b�i�t� �a�n�d� �t�h�e�n� �a� �'�0�'� �p�l�a�c�e�d� �i�n�t�o� �t�h�a�t� 

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

�d�o�e�s� �u�s�e� �t�h�e� �l�a�s�e�r� �a�c�c�u�m�u�l�a�t�o�r� �o�r� �t�h�e� �s�k�i�p� �l�i�n�e�,� �a� �'�1�'� �i�s� �l�o�a�d�e�d� �i�n�t�o� �t�h�e� �c�o�r�r�e�c�t� �I�O�P� �l�i�n�e�,� 

�a�n�d� �t�h�e� �d�a�t�a� �i�s� �r�e�c�e�i�v�e�d� �f�r�o�m� �t�h�e� �A�C� �l�i�n�e�.� �A�f�t�e�r� �t�h�e� �d�a�t�a� �h�a�s� �b�e�e�n� �r�e�c�e�i�v�e�d�,� �t�h�e� �I�O�P� �l�i�n�e� 

�i�s� �d�r�o�p�p�e�d� �t�o� �'�0�'�.� �T�h�e� �d�a�t�a� �o�n� �t�h�e� �A�C� �l�i�n�e� �o�n�l�y� �r�e�m�a�i�n�s� �v�a�l�i�d� �w�h�i�l�e� �t�h�e� �c�o�r�r�e�c�t� �[�O�P� �l�i�n�e� �i�s� 

�h�i�g�h�.� 
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�3�.�4�.�2� �T�h�e� �L�i�n�e� �C�o�n�v�e�r�s�i�o�n� �B�o�x� 

�T�h�e� �l�i�n�e� �c�o�n�v�e�r�s�i�o�n� �b�o�x� �b�a�s�i�c�a�l�l�y� �c�o�n�v�e�r�t�s� �t�h�e� �3�7� �p�i�n� �c�a�b�l�e� �t�o� �t�h�e� �4�0� �p�i�n� �c�a�b�l�e�.� 

�T�h�o�s�e� �l�i�n�e�s� �t�h�a�t� �t�r�a�n�s�f�e�r� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �P�C� �t�o� �t�h�e� �l�a�s�e�r� �G�.�e�.� �B�M�B� �a�n�d� �B�A�C�)� �a�r�e� 

�a�l�s�o� �b�u�f�f�e�r�e�d� �s�o� �t�h�a�t� �t�h�e�y� �c�a�n� �s�u�p�p�l�y� �t�h�e� �l�a�s�e�r�'�s� �D�T�L� �t�r�a�n�s�i�s�t�o�r�s� �w�i�t�h� �e�n�o�u�g�h� �c�u�r�r�e�n�t� �t�o� 

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

�g�o�e�s� �t�r�i�-�s�t�a�t�e� �w�h�e�n� �t�h�e� �l�i�n�e�s� �a�r�e� �n�o�t� �i�n� �u�s�e�.� 

�O�n�c�e� �t�h�e� �c�o�d�e� �i�s� �p�l�a�c�e�d� �o�n� �t�h�e� �I�/�O� �b�o�a�r�d�'�s� �p�o�r�t�s�,� �t�h�e� �s�i�g�n�a�l� �n�e�e�d�s� �t�o� �b�e� �t�r�a�n�s�f�e�r�r�e�d� 

�t�o� �t�h�e� �l�a�s�e�r�.� �A�s� �n�o�t�e�d� �b�e�f�o�r�e�,� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �l�i�n�e� �o�r�d�e�r� �t�h�a�t� �t�h�e� �l�a�s�e�r� �a�n�d� �t�h�e� �P�C� �u�s�e� �t�h�e� 

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

�e�a�c�h� �l�i�n�e�.� �T�h�e� �B�A�C� �a�n�d� �B�M�B� �b�o�a�r�d�s� �e�a�c�h� �h�a�v�e� �a� �7�4�L�S�2�4�4�N� �b�u�f�f�e�r� �c�h�i�p�.� �T�h�e� �A�C� �b�o�a�r�d� 

�h�a�s� �a� �p�u�l�l�-�u�p� �r�e�s�i�s�t�o�r� �f�o�r� �e�a�c�h� �o�n�e� �o�f� �i�t�s� �d�a�t�a� �l�i�n�e�s�.� �F�i�g�u�r�e� �3�.�4� �d�i�s�p�l�a�y�s� �t�h�e� �B�A�C� �b�o�a�r�d� 

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

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

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

�a�n�d� �t�h�e� �l�i�n�e� �n�u�m�b�e�r� �o�f� �e�a�c�h� �l�i�n�e� �o�n� �t�h�e� �l�a�s�e�r� �c�a�b�l�e�.� �F�i�g�u�r�e� �3�.�5� �d�i�s�p�l�a�y�s� �t�h�e� �B�M�B� �b�o�a�r�d� 

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

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

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

�a�n�d� �t�h�e� �l�i�n�e� �n�u�m�b�e�r� �o�f� �e�a�c�h� �l�i�n�e� �o�n� �t�h�e� �l�a�s�e�r� �c�a�b�l�e�.� �F�i�n�a�l�l�y�,� �F�i�g�u�r�e� �3�.�6� �s�h�o�w�s� �t�h�e� �l�i�n�e� 

�n�u�m�b�e�r� �o�f� �e�a�c�h� �l�i�n�e� �f�r�o�m� �t�h�e� �l�a�s�e�r�'�s� �A�C� �c�a�b�l�e� �a�n�d� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �l�i�n�e� �n�u�m�b�e�r� �o�f� �e�a�c�h� 

�l�i�n�e� �o�n� �t�h�e� �P�C�'�s� �A�C� �c�a�b�l�e�.� 
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�P�C� �i� �L�a�s�e�r� �L�a�s�e�r� 
�B�o�a�r�d� �B�o�a�r�d� �L�i�n�e� 

�P�o�s�i�t�i�o�n� �P�o�s�i�t�i�o�n� �N�u�m�b�e�r� 

�B�A�C�O�0�0�-�2�2� �1�2� �2� �U�l� �1�8� �2�1� �4� 

�B�A�C�O�1�-�2�4� �1�3� �4� �U�l� �1�6� �1�9� �8� 

�B�A�C�0�2�-�2�6� �1�4� �6� �U�1� �1�4� �1�7� �1�2� 

�B�A�C�0�3�-�2�8� �1�5� �8� �U�l� �1�2� �1�5� �1�6� 

�B�A�C�0�4�-�3�0� �1�6� �1�1� �U�l� �9� �1�3� �2�0� 

�B�A�C�0�5�-�3�2� �1�7� �1�3� �U�1� �7� �1�1� �2�4� 

�B�A�C�0�6�-�3�4� �1�8� �1�5� �U�l� �5� �9� �2�8� 

�B�A�C�0�7�-�3�6� �1�9� �1�7� �U�l� �3� �7� �3�2� 

�B�A�C�O�0�8�-�1�3� �1� �2� �U�2� �1�8� �2� �3�6� 

�B�A�C�O�0�9�-�1�5� �2� �4� �U�2� �1�6� �2�0� �6� 

�B�A�C�I�1�0�-�2�1� �3� �6� �U�2� �1�4� �1�8� �1�0� 

�B�A�C�1�1�-�1�9� �4� �8� �U�2� �1�2� �1�6� �1�4� 

�B�I�O�P�1�-�2�0� �9� �1�1� �U�2� �9� �1�4� �1�8� 

�B�I�O�P�2�-�1�8� �8� �1�3� �U�2� �7� �1�2� �2�2� 

�B�I�O�P�4�-�1�6� �7� �1�5� �U�2� �5� �1�0� �2�6� 

�B�I�N�T�-�1�4� �6� �1�7� �U�2� �3� �1� �3�8� � � � � � � � � � � � � � � � � � � � � � � � � � � 

�F�i�g�u�r�e� �3�.�4� �B�A�C� �C�o�n�v�e�r�t�o�r� �B�o�a�r�d� 
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�P�C� �P�C� �L�a�s�e�r� �L�a�s�e�r� 
�L�i�n�e� �B�o�a�r�d� �B�o�a�r�d� �L�i�n�e� 

�N�u�m�b�e�r� �P�o�s�i�t�i�o�n� �P�o�s�i�t�i�o�n� �N�u�m�b�e�r� 

�B�M�B�0�3�-�2�6� �1�4� �2� �U�l� �1�8� �7� �3�2� 

�B�M�B�0�4�-�2�8� �1�5� �4� �U�l� �1�6� �1�1� �2�4� 

�B�M�B�0�5�-�2�8� �1�6� �6� �U�l� �1�4� �1�5� �1�6� 

�B�M�B�0�6�-�2�8� �1�7� �8� �U�l� �1�2� �1�0� �2�6� 

�B�M�B�O�0�7�-�2�8� �1�8� �1�1� �U�1� �9� �1�4� �1�8� 

�B�M�B�0�8�-�2�8� �1�9� �1�3� �U�l� �7� �1�8� �1�0� 

�B�M�B�O�0�3�'�-�2�8� �7� �1�5� �U�l� �5� �5� �3�6� 

�B�M�B�0�4�-�2�8� �8� �1�7� �U�l� �3� �9� �2�8� 

�B�M�B�0�5�'�-�2�8� �9� �2� �U�2� �1�8� �1�3� �2�0� � � � � � � � � � � � � � � 

� � 

�F�i�g�u�r�e� �3�.�5� �B�M�B� �C�o�n�v�e�r�t�o�r� �B�o�a�r�d� 
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�L�a�s�e�r� �P�C� 
�L�i�n�e� �L�i�n�e� 

�N�u�m�b�e�r� �|� �N�u�m�b�e�r� 

�A�C�0�0�-�4� �3�6� 

�A�C�O�0�1�-�8� �3�4� 

�A�C�0�2�-�1�2� �3�2� 

�A�C�0�3�-�1�6� �3�0� 

�A�C�0�4�-�2�0� �2�8� 

�A�C�0�5�-�2�4� �2�6� 

�A�C�0�6�-�2�8� �2�4� 

�A�C�0�7�-�3�2� �2�2� 

�A�C�0�8�-�3�6� �1�9� 

�A�C�0�9�-�6� �1�7� 

�A�C�1�0�-�1�0� �1�5� 

�A�C�1�1�-�1�4� �1�3� 

�I�N�T�R� �2�0� 

�S�K�I�P� �1�8� � � � � � � � � � � � � 

�F�i�g�u�r�e� �3�.�6� �A�C� �C�o�n�v�e�r�t�o�r� �B�o�a�r�d� 
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�3�.�5� �D�i�a�g�n�o�s�t�i�c�s� 

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

�V�E�L�T�E�S�T� �w�a�s� �w�r�i�t�t�e�n� �t�o� �t�e�s�t� �t�h�e� �d�a�t�a� �p�r�o�c�e�s�s� �f�r�o�m� �t�h�e� �P�C� �t�o� �t�h�e� �l�a�s�e�r�.� �B�y� �m�o�n�i�t�o�r�i�n�g� 

�e�i�t�h�e�r� �o�u�t�p�u�t� �o�f� �t�h�e� �l�i�n�e�a�r� �m�o�t�o�r�'�s� �v�e�l�o�c�i�t�y� �d�i�g�i�t�a�l�-�t�o�-�a�n�a�l�o�g� �c�o�n�v�e�r�t�o�r�s� �o�n� �a�n� 

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

�V�E�L�T�E�S�T� �s�i�m�p�l�y� �r�a�m�p�s� �e�a�c�h� �o�f� �t�h�e� �m�o�t�o�r�s� �v�e�l�o�c�i�t�i�e�s� �f�r�o�m� �a� �d�i�g�i�t�a�l� �-�1�2�5� �t�o� �1�2�5�.� �T�h�i�s� 

�g�i�v�e�s� �a�n� �a�n�a�l�o�g� �o�u�t�p�u�t� �r�a�m�p�i�n�g� �f�r�o�m� �-�0�.�6�7� �V�o�l�t�s� �t�o� �+�0�.�6�7� �V�o�l�t�s�.� �I�f� �t�h�e� �r�a�m�p� �f�u�n�c�t�i�o�n� �i�s� 

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

�t�h�e�r�e� �i�s� �a� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�e� �B�A�C� �l�i�n�e�.� �T�o� �f�i�g�u�r�e� �o�u�t� �w�h�i�c�h� �b�i�t� �l�i�n�e� �i�s� �i�n� �e�r�r�o�r�,� �L�I�N�E�T�E�S�T� 

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

�s�o�u�r�c�e� �c�o�d�e� �f�o�r� �V�E�L�T�E�S�T� �i�s� �f�o�u�n�d� �i�n� �A�p�p�e�n�d�i�x� �X�.� 

�O�n�c�e� �t�h�e� �i�n�p�u�t� �l�i�n�e�s� �a�r�e� �s�e�c�u�r�e�,� �t�h�e� �A�C� �l�i�n�e� �c�a�n� �b�e� �t�e�s�t�e�d�.� �T�h�i�s� �c�a�n� �b�e� �q�u�i�c�k�l�y� 

�s�e�e�n� �f�r�o�m� �r�u�n�n�i�n�g� �t�h�e� �L�A�S�E�R� �p�r�o�g�r�a�m�.� �W�h�e�n� �t�h�e� �l�a�s�e�r� �c�o�n�t�r�o�l� �s�y�s�t�e�m� �i�s� �i�n�i�t�i�a�l�i�z�i�n�g�,� �t�h�e� 

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

�(�0�,�0�)�,� �t�h�e�r�e� �i�s� �a� �p�r�o�b�l�e�m� �w�i�t�h� �t�h�e� �A�C� �l�i�n�e�.� �T�o� �f�i�n�d� �t�h�e� �b�i�t� �l�i�n�e� �i�n� �e�r�r�o�r�,� �o�n�l�y� �t�h�e� �p�u�l�l�-�u�p� 

�r�e�s�i�s�t�o�r� �v�a�l�u�e�s� �m�u�s�t� �b�e� �c�h�e�c�k�e�d�.� 
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�C�h�a�p�t�e�r� �4� 

�S�o�f�t�w�a�r�e� �/� �P�r�o�g�r�a�m�m�i�n�g� 

�4�.�1� �S�y�s�t�e�m� �R�e�q�u�i�r�e�m�e�n�t�s� 

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

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

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

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

�w�i�l�l� �b�e� �w�i�t�n�e�s�s�e�d� �b�y� �s�e�l�e�c�t�i�n�g� �t�h�e� �r�e�g�i�s�t�e�r� �t�h�a�t� �c�o�n�t�r�o�l�s� �t�h�e� �l�a�s�e�r�'�s� �c�o�n�t�r�o�l� �p�a�n�e�l� �l�i�g�h�t�s�.� 

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

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

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

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

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

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

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

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

�i�n�i�t�i�a�l�i�z�a�t�i�o�n� �s�e�q�u�e�n�c�e�.� 

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

�F�o�r� �t�h�e� �M�o�d�e�l� �2�5� �S�y�s�t�e�m�,� �t�h�e�r�e� �a�r�e� �t�h�r�e�e� �l�i�n�e�s� �t�h�r�o�u�g�h� �w�h�i�c�h� �c�o�m�m�u�n�i�c�a�t�i�o�n� 

�t�a�k�e�s� �p�l�a�c�e�:� �B�M�B�,� �B�A�C�,� �a�n�d� �A�C�.� �E�a�c�h� �l�i�n�e� �i�s� �u�n�i�d�i�r�e�c�t�i�o�n�a�l�.� �T�h�e� �B�M�B� �a�n�d� �B�A�C� �l�i�n�e�s� 
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�s�e�n�d� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �P�C� �t�o� �t�h�e� �l�a�s�e�r�,� �w�h�i�l�e� �t�h�e� �A�C� �l�i�n�e� �r�e�t�u�r�n�s� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� 

�l�a�s�e�r� �t�o� �t�h�e� �P�C�.� 

�A�l�l� �o�f� �t�h�e� �p�o�s�s�i�b�l�e� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �t�h�e� �c�u�r�r�e�n�t� �M�o�d�e�l� �2�5� �l�a�s�e�r� �c�a�n� �a�c�c�o�m�p�l�i�s�h� �a�r�e� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�1�.� �E�a�c�h� �f�u�n�c�t�i�o�n� �g�r�o�u�p� �h�a�s� �a� �u�n�i�q�u�e� �a�d�d�r�e�s�s� �a�n�d� �c�o�n�s�i�s�t�s� �o�f� �t�h�r�e�e� 

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

�l�a�s�e�r� �a�c�c�u�m�u�l�a�t�o�r� �(�A�C� �l�i�n�e�s�)� �c�o�n�t�a�i�n�s� �i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �t�h�e� �l�a�s�e�r� �h�a�s� �f�o�r� �t�h�e� �P�C� �t�o� �r�e�a�d�.� 

�T�h�e� �P�C� �a�c�c�u�m�u�l�a�t�o�r� �(�B�A�C� �l�i�n�e�s�)� �h�a�s� �i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �t�h�e� �P�C� �h�a�s� �f�o�r� �t�h�e� �l�a�s�e�r� �t�o� �r�e�a�d�.� 

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

�c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�c�e�s�s�.� �F�i�g�u�r�e� �4�.�1� �s�h�o�w�s� �t�h�e� �f�u�n�c�t�i�o�n� �g�r�o�u�p� �i�n� �t�h�e� �l�e�f�t� �c�o�l�u�m�n� �a�n�d� �t�h�e� 

�t�r�i�-� �I�O�P� �f�u�n�c�t�i�o�n� �b�r�e�a�k�-�u�p� �i�n� �t�h�e� �r�i�g�h�t� �c�o�l�u�m�n�.� �F�i�g�u�r�e� �4�.�2� �d�i�s�p�l�a�y�s� �t�h�e� �P�C� �a�c�c�u�m�u�l�a�t�o�r� 

�u�s�a�g�e�,� �w�h�i�l�e� �F�i�g�u�r�e� �4�.�3� �s�h�o�w�s� �t�h�e� �l�a�s�e�r� �a�c�c�u�m�u�l�a�t�o�r� �u�s�a�g�e�.� �N�o�t�e� �t�h�a�t� �t�h�e� �m�e�a�n�i�n�g�s� �o�f� 

�s�o�m�e� �o�f� �t�h�e� �b�i�t�s� �f�o�r� �c�e�r�t�a�i�n� �a�c�c�u�m�u�l�a�t�o�r� �u�s�a�g�e� �a�r�e� �d�e�t�a�i�l�e�d� �i�n� �F�i�g�u�r�e�s� �4�.�4� �t�o� �4�.�9�.� 

�T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n� �a�c�c�e�s�s�i�n�g� �a� �f�u�n�c�t�i�o�n� �i�s� �t�o� �l�o�o�k� �i�t� �u�p� �i�n� �F�i�g�u�r�e� �4�.�1� �a�n�d� �r�e�c�o�r�d� �i�t�s� 

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

�a�r�e� �n�e�e�d�e�d� �f�r�o�m� �F�i�g�u�r�e� �4�.�2� �t�o� �d�o� �t�h�e� �f�u�n�c�t�i�o�n� �p�r�o�p�e�r�l�y� �a�n�d� �m�u�s�t� �b�e� �o�b�t�a�i�n�e�d�.� �I�f� �t�h�a�t� 

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

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

�T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �i�s� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �F�i�g�u�r�e� �4�.�3�.� 

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

�f�o�l�l�o�w�i�n�g�:� 

�1�.� �L�o�a�d� �t�h�e� �a�d�d�r�e�s�s� �o�n� �t�h�e� �B�M�B� �l�i�n�e�.� 

�2�.� �L�o�a�d� �t�h�e� �P�C� �a�c�c�u�m�u�l�a�t�o�r� �o�n� �t�h�e� �B�A�C� �l�i�n�e�.� 

�3�.� �P�u�l�s�e� �t�h�e� �c�o�r�r�e�c�t� �I�O�P� �l�i�n�e� �o�n� �t�h�e� �B�A�C� �l�i�n�e�.� 

�A�t� �t�h�i�s� �p�o�i�n�t�,� �t�h�e� �l�a�s�e�r� �k�n�o�w�s� �w�h�a�t� �f�u�n�c�t�i�o�n� �i�s� �s�e�l�e�c�t�e�d� �a�n�d� �a�c�t�s� �o�n� �i�t�.� 
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�F�u�n�c�t�i�o�n� �A�d�d�r�e�s�s� �I�O�P�1� �I�O�P�2� �I�O�P�4� 

�P�r�o�g�r�a�m�m�a�b�l�e� �S�k�i�p� �o�n� �e�n�d� �o�f� �L�o�a�d� �D�e�l�a�y�,� �S�t�a�r�t�,� 

�T�i�m�e� �D�e�l�a�y� �1�3� �D�e�l�a�y� �C�l�e�a�r� �F�l�a�g� �S�e�n�d� �P�r�o�b�e� �D�o�w�n� 

�C�o�m�p�a�r�a�t�o�r� �F�l�a�g�/� �S�k�i�p� �o�n� �"�0�"� �C�l�e�a�r� �a�n�d� �D�i�s�a�b�l�e� �L�o�a�d� �L�a�s�e�r� 
�1�5� �.� �a�n�n� �.� �C�o�n�t�r�o�l� �a�n�d� �E�n�a�b�l�e� 

�L�a�s�e�r� �C�o�n�t�r�o�l� �C�r�o�s�s�i�n�g� �0�"� �C�r�o�s�s�i�n�g� �F�l�a�g� �"�0�"� �F�l�a�g� 

�C�o�n�v�e�r�t�o�r� �C�o�n�t�r�o�l�/� �S�t�a�r�t� �C�o�n�v�e�r�t�o�r� �&� �.� 

�P�r�e�a�m�p� �G�a�i�n� �1�6� �C�l�r� �O�v�e�r�l�o�a�d� �F�l�a�g� �L�o�a�d� �G�a�i�n� 
�C�o�m�p�a�r�a�t�o�r� �L�i�m�i�t� �|� �1�6� �L�o�a�d� �C�o�m�p�a�r�a�t�o�r� 

�C�o�n�v�e�r�t�o�r� �1�7� �S�k�i�p� �o�n� �E�n�d� �A�C� �C�l�e�a�r� �R�e�a�d� �C�o�n�v�e�r�t�o�r� 
�R�e�a�d�o�u�t� �C�o�n�v�e�r�s�i�o�n� 

�B�r�i�d�g�e� �R�a�n�g�e� �3�0� �L�o�a�d� �R�a�n�g�e� �L�o�a�d� �F�u�n�c�t�i�o�n� 

�L�o�a�d� �G�e�n�e�r�a�t�o�r� 
�G�e�n�e�r�a�t�o�r� �V�o�l�t�a�g�e� �[�3�1� �V�o�l�t�a�g�e� 

�D�e�t�e�c�t�o�r� �G�a�i�n� �3�]� �L�o�a�d� �D�e�t�e�c�t�o�r� 
�G�a�i�n� 

�C�o�n�d�u�c�t�a�n�c�e� �S�k�i�p� �o�n� �S�t�r�o�b�e� �M�e�a�s�u�r�e�m�e�n�t� 

�S�t�a�n�d�a�r�d� �3�2� �D�o�n�e� �L�o�a�d� �S�t�a�n�d�a�r�d� �S�y�s�t�e�m� �S�t�r�o�b�e� 

�A�x�i�s� �S�e�l�e�c�t�/�R�e�s�t� �.� �.� �.� 
�T�e�s�t� �4�0�]� �S�e�l�e�c�t� �t�h�e� �X�-�a�x�i�s� �|� �S�e�l�e�c�t� �t�h�e� �Y�-�a�x�i�s� �S�k�i�p� �o�n� �R�e�s�t� 

�T�a�b�l�e� �P�o�s�i�t�i�o�n� �4�l� �C�l�e�a�r� �C�o�u�n�t�e�r� �R�e�a�d� �t�h�e� �M�S�B� �R�e�a�d� �t�h�e� �L�S�B� 

�D�i�s�t�a�n�c�e� �t�o�G�o� �|�4�2� �L�o�a�d� �t�h�e� �M�S�B� �a�n�d� �L�o�a�d� �t�h�e� �L�S�B� �S�k�i�p� �i�f� �N�o� �C�o�u�n�t� 
�S�e�t� �L�o�w� �P�o�w�e�r� 

�V�e�l�o�c�i�t�y� �&� �A�c�c�e�l�/� �4�3� �L�o�a�d� �V�e�l�o�c�i�t�y� �&� �C�l�e�a�r� �t�h�e� �H�o�m�e� �|� �S�k�i�p� �o�n� �t�h�e� �H�o�m�e� 
�H�o�m�e� �L�a�t�c�h� �A�c�c�e�l�e�r�a�t�i�o�n� �L�a�t�c�h� �L�a�t�c�h� 

�O�v�e�r�t�r�a�v�e�l� �R�e�a�d� �O�v�e�r�t�r�a�v�e�l�,� 
�O�v�e�r�s�h�o�o�t�,� �J�o�y�s�t�i�c�k� �4�4�]� �S�k�i�p� �o�n� �I�n�t�e�r�r�u�p�t� �C�l�e�a�r� �I�n�t�e�r�r�u�p�t� �O�v�e�r�s�h�o�o�t�,� 

�J�o�y�s�t�i�c�k� 

�O�v�e�r�l�o�a�d� �R�e�a�d�o�u�t� �[�5�2� �C�l�e�a�r� �O�v�e�r�l�o�a�d� �C�l�e�a�r� �A�C� �R�e�a�d� �O�v�e�r�l�o�a�d� 
�F�l�a�g� �S�t�a�t�u�s� 

�S�c�a�n�n�e�r�,� �P�o�s�i�t�i�o�n�,� �.� �w�e� �L�o�a�d� �C�h�a�n�n�e�l� �a�n�d� 
�a�n�d� �C�h�a�n�n�e�l� �5�3� �S�k�i�p� �i�f� �R�e�a�d�y� �L�o�a�d� �P�o�s�i�t�i�o�n� �P�r�o�b�e� �N�u�m�b�e�r� 

�;� �;� �C�l�e�a�r� �M�a�n�u�a�l� �L�o�a�d� �D�i�s�p�l�a�y� �a�n�d� 
�D�i�s�p�l�a�y� �a�n�d� �S�o�r�t�i�n�g� �[�5�6� �F�u�n�c�t�i�o�n�s� �S�o�r�t�i�n�g� 

�H�a�n�d�l�e�r� �I�n�f�o�r�m�a�t�i�o�n� �|� �5�6� �R�e�a�d� �t�h�e� �M�a�n�u�a�l� 
�F�u�n�c�t�i�o�n�s� 

� � � � � � � � � � � � � � 
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�|� �A�C� �B�i�t� �F�u�n�c�t�i�o�n� �|� 

�0� �L�i�m�i�t� �C�r�o�s�s�i�n�g� �D�e�t�e�c�t�o�r� 
�(�O�=�n�o�r�m�a�l� �(�+�t�o�-�)�,� �1�=�r�e�v�e�r�s�e� �(�-�t�o�+�)�)� 

�9� �L�a�s�e�r� �O�n� �U�n�c�o�n�d�i�t�i�o�n�a�l�l�y� 

�1�0� �A�u�x�i�l�i�a�r�y� �L�i�m�i�t� �C�r�o�s�s�i�n�g� �S�e�l�e�c�t�i�o�n� 
�(�E�l�s�e� �t�h�e� �B�r�i�d�g�e� �C�o�m�p�a�r�a�t�o�r� �i�s� �s�e�l�e�c�t�e�d�)� 

�1�1� �L�a�s�e�r� �O�n� �i�f� �L�i�m�i�t� �C�r�o�s�s�i�n�g� �F�l�a�g� �i�s� �'�1�'� � � 
� � � � � � � � � � 

�F�i�g�u�r�e� �4�.�4� �C�o�m�p�a�r�a�t�o�r� �F�l�a�g� �/� �L�a�s�e�r� �C�o�n�t�r�o�l� 
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�R�a�n�g�e� �A�C�0�0�|� �A�C�O�1� �|� �A�C�O�2�|� �A�C�O�3� �p�y�s�i�e�m� �A�C�0�4�|� �A�C�O�5� �|� �A�C�0�6� �|� �A�C�O�7� 

�0� �0� �1� �0� �R�e�s�i�s�t�a�n�c�e� �x�X� �0� �0� �0� 

�0� �1� �0� �0� �V�o�l�t�a�g�e� �x�X� �1� �0� �0� 

�0� �1� �1� �0� 

�1� �|� �0� �|� �o� �|� �0� 

�1� �0� �1� �0� 

�1� �1� �|� �0� �|� �0� 

�1� �1� �1� �|� �0� 

�x� �|� �x� �|� �0� �1� 
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�A� �(�C�1�,� �P�l�)� 

�A�C�O�0� �|� �A�C�O�1� �A�C�0�6� �t�o� �A�C�I�1� 

�0� �1� �P�r�o�b�e� �n�u�m�b�e�r� �(�0�-�6�3�)� 
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�1�1� �B�r�i�d�g�e� �P�o�w�e�r� �(�-�)� 

�F�i�g�u�r�e� �4�.�8� �O�v�e�r�l�o�a�d� �R�e�a�d�o�u�t� 

�A�C� �B�i�t� �F�u�n�c�t�i�o�n� 

�0�0� �E�m�e�r�g�e�n�c�y� �S�t�o�p� 
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�0�3� �I�n�d�e�x� 
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�3�3



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

�f�o�l�l�o�w�i�n�g�:� 

�1�.� �L�o�a�d� �t�h�e� �a�d�d�r�e�s�s� �f�o�r� �t�h�a�t� �r�e�g�i�s�t�e�r� �o�n� �t�h�e� �B�M�B� �l�i�n�e�.� 

�2�.� �P�u�l�l� �t�h�e� �c�o�r�r�e�c�t� �I�O�P� �l�i�n�e� �h�i�g�h� �o�n� �t�h�e� �B�A�C� �l�i�n�e�.� 

�3�.� �R�e�a�d� �i�n� �t�h�e� �l�a�s�e�r� �a�c�c�u�m�u�l�a�t�o�r� �d�a�t�a� �f�r�o�m� �t�h�e� �A�C� �l�i�n�e�.� 

�4�.� �D�r�o�p� �t�h�e� �I�O�P� �l�i�n�e� �t�o� �i�t�s� �g�r�o�u�n�d� �s�t�a�t�e�.� 

�4�.�3� �P�r�o�t�o�t�y�p�e� �D�e�s�c�r�i�p�t�i�o�n� 

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

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

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

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

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

�4�.�3�.�1� �L�a�s�e�r� �S�y�s�t�e�m� �R�e�g�i�s�t�e�r� �C�o�n�t�r�o�l� 

�C�o�n�t�r�o�l�l�i�n�g� �t�h�e� �l�a�s�e�r� �s�y�s�t�e�m�'�s� �r�e�g�i�s�t�e�r�s� �i�s� �a� �b�a�s�i�c� �s�t�e�p�,� �b�u�t� �a� �s�t�e�p� �t�h�a�t� �r�e�q�u�i�r�e�s� �t�h�a�t� 

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

�f�u�n�c�t�i�o�n� �e�n�c�o�d�i�n�g� �p�r�o�c�e�s�s�.� �T�h�e� �g�o�a�l� �o�f� �t�h�i�s� �b�e�n�c�h�m�a�r�k� �i�s� �t�o� �t�u�r�n� �o�n� �a�n�d� �o�f�f� �t�h�e� �l�a�s�e�r�'�s� 

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

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

�o�c�t�a�l� �5�6� �w�i�t�h� �a� �p�u�l�s�e� �o�n� �I�O�P� �2�.� �F�r�o�m� �F�i�g�u�r�e� �4�.�7�,� �t�h�e� �b�i�t� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �"�I�n� �P�r�o�c�e�s�s�"� 

�l�i�g�h�t� �i�s� �b�i�t� �1�1�,� �a�n�d� �t�h�e� �"�P�r�o�c�e�s�s� �C�o�m�p�l�e�t�e�"� �l�i�g�h�t� �i�s� �b�i�t� �1�0�.� �A� �v�a�l�u�e� �o�f� �1� �i�n� �t�h�i�s� �r�e�g�i�s�t�e�r� 

�t�u�r�n�s� �o�n� �t�h�e� �l�i�g�h�t�,� �a�n�d� �a� �v�a�l�u�e� �o�f� �0� �t�u�r�n�s� �o�f�f� �t�h�e� �l�i�g�h�t�.� �T�o�g�g�l�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �l�i�g�h�t�s� 
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�w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �u�s�i�n�g� �t�h�e� �E�N�D�P�R�O� �a�n�d� �S�T�A�R�T�P�R�O� �p�r�o�g�r�a�m�s�.� �E�N�D�P�R�O� �t�u�r�n�e�d� 

�o�n� �t�h�e� �"�P�r�o�c�e�s�s� �C�o�m�p�l�e�t�e�"� �l�i�g�h�t� �a�n�d� �t�u�r�n�e�d� �o�f�f� �t�h�e� �"�I�n� �P�r�o�c�e�s�s�"� �l�i�g�h�t�.� �S�T�A�R�T�P�R�O� 

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

�c�o�d�e� �f�o�r� �E�N�D�P�R�O� �a�n�d� �S�T�A�R�T�P�R�O� �a�r�e� �l�o�c�a�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �I�J� �a�n�d� �I�I�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�4�.�3�.�2� �L�i�n�e�a�r� �M�o�t�o�r� �M�a�n�i�p�u�l�a�t�i�o�n� �w�i�t�h� �J�o�y�s�t�i�c�k� �C�o�n�t�r�o�l� 

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

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

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

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

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

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

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

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

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

�a�n� �a�x�i�s� �s�e�l�e�c�t� �(�o�c�t�a�l� �a�d�d�r�e�s�s� �4�0� �a�n�d� �I�O�P� �1� �o�r� �2�)�,� �a� �v�e�l�o�c�i�t�y�/�a�c�c�e�l�e�r�a�t�i�o�n� �s�e�t�t�i�n�g� �(�o�c�t�a�l� 

�a�d�d�r�e�s�s� �4�3� �a�n�d� �I�O�P� �1�)�,� �t�h�e� �l�o�w�e�r� �1�2� �b�i�t�s� �o�f� �t�h�e� �d�i�s�t�a�n�c�e� �t�o� �g�o� �(�o�c�t�a�l� �a�d�d�r�e�s�s� �4�2� �a�n�d� �I�O�P� 

�2�)�,� �a�n�d� �t�h�e� �u�p�p�e�r� �4� �b�i�t�s� �o�f� �t�h�e� �d�i�s�t�a�n�c�e� �t�o� �g�o� �(�o�c�t�a�l� �a�d�d�r�e�s�s� �4�2� �a�n�d� �I�O�P� �1�)�.� �T�h�e� �d�a�t�a� �t�h�a�t� 

�t�h�e� �i�n�t�e�r�f�a�c�e� �w�i�l�l� �r�e�c�e�i�v�e� �f�r�o�m� �t�h�e� �l�a�s�e�r� �i�n�c�l�u�d�e�s� �a� �r�e�a�d�i�n�g� �o�f� �t�h�e� �l�o�w�e�s�t� �1�2� �b�i�t�s� �o�f� �t�h�e� 

�t�a�b�l�e� �p�o�s�i�t�i�o�n� �(�o�c�t�a�l� �a�d�d�r�e�s�s� �4�1� �a�n�d� �I�O�P� �4�)�,� �a� �r�e�a�d�i�n�g� �o�f� �t�h�e� �h�i�g�h�e�s�t� �4� �b�i�t�s� �o�f� �t�h�e� �t�a�b�l�e� 

�p�o�s�i�t�i�o�n� �(�o�c�t�a�l� �a�d�d�r�e�s�s� �4�1� �a�n�d� �I�O�P� �2�)�,� �a�n�d� �a� �r�e�a�d�i�n�g� �o�f� �t�h�e� �j�o�y�s�t�i�c�k� �p�o�s�i�t�i�o�n� �(�o�c�t�a�l� 

�a�d�d�r�e�s�s� �4�4� �a�n�d� �I�O�P� �4�)�.� 

�T�h�e� �J�O�Y�M�O�V�E� �p�r�o�g�r�a�m� �s�u�c�c�e�s�s�f�u�l�l�y� �c�o�m�p�l�e�t�e�s� �t�h�e� �l�i�n�e�a�r� �m�o�t�o�r� �m�o�v�e�m�e�n�t� 

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

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

�T�h�e� �j�o�y�s�t�i�c�k�,� �i�t�s�e�l�f�,� �a�l�s�o� �h�a�s� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �s�e�n�s�e� �i�f� �i�t� �i�s� �a�t� �a�n� �a�n�g�l�e� �g�r�e�a�t�e�r� �t�h�a�n� �4�5� 

�d�e�g�r�e�e�s� �f�r�o�m� �i�t�s� �n�o�r�m�a�l� �u�p�r�i�g�h�t� �p�o�s�i�t�i�o�n�.� �I�f� �i�t� �i�s� �a�t� �a�n� �a�n�g�l�e� �g�r�e�a�t�e�r� �t�h�a�n� �4�5� �d�e�g�r�e�e�s�,� �i�t� 

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

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

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

�W�h�e�n� �t�h�e� �j�o�y�s�t�i�c�k� �i�s� �m�o�v�e�d�,� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �r�e�g�i�s�t�e�r�(�s�)� �w�i�l�l� �r�e�f�l�e�c�t� �w�h�e�t�h�e�r� �t�h�e� �j�o�y�s�t�i�c�k� �i�s� 

�a�n�g�l�e�d� �i�n� �a� �p�o�s�i�t�i�v�e� �o�r� �n�e�g�a�t�i�v�e� �d�i�r�e�c�t�i�o�n� �a�n�d� �w�h�e�t�h�e�r� �t�h�a�t� �a�n�g�l�e� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �4�5� 

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

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

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

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

�f�a�s�t� �m�o�v�e� �i�t� �s�e�n�d�s� �a� �v�e�l�o�c�i�t�y� �o�f� �6� �d�e�c�i�m�e�t�e�r�s� �p�e�r� �s�e�c�o�n�d�.� 

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

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

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

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

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

�i�n�i�t�i�a�l�i�z�a�t�i�o�n� �s�e�q�u�e�n�c�e� �i�n�c�l�u�d�e�s� �s�e�n�d�i�n�g� �b�o�t�h� �m�o�t�o�r�s� �t�o� �t�h�e�i�r� �o�r�i�g�i�n�s�.� 
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�4�.�3�.�3� �R�e�s�i�s�t�a�n�c�e� �M�e�a�s�u�r�e�m�e�n�t�s� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�5�0�0� �o�h�m�s�.� �T�h�e� �f�e�e�d�b�a�c�k� �t�h�a�t� �t�h�e� �c�o�m�p�u�t�e�r� �r�e�c�e�i�v�e�s� �f�r�o�m� �t�h�e� �l�a�s�e�r� �m�e�a�s�u�r�e�m�e�n�t� �s�y�s�t�e�m� 

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

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

�m�u�l�t�i�p�l�i�e�d� �b�y� �2�.� �T�h�i�s� �m�u�l�t�i�p�l�i�c�a�t�i�o�n� �f�a�c�t�o�r� �i�s� �s�m�a�l�l� �e�n�o�u�g�h� �t�h�a�t� �i�t� �w�i�l�l� �n�o�t� �s�t�e�p� �t�h�e� �v�a�l�u�e� 

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

�r�a�n�g�e�,� �i�t� �i�s� �s�t�e�p�p�e�d� �b�a�c�k� �o�u�t� �a�n�d� �t�h�e�n� �i�n� �a�g�a�i�n� �a�t� �a� �r�a�t�e� �o�f� �1�.�2�5� �u�n�t�i�l� �t�h�e� �v�a�l�u�e� �i�s� �w�i�t�h�i�n� �t�h�e� 

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

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

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

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

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

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

�a�c�h�i�e�v�e�d�.� 

�4�.�4� �P�r�i�n�c�i�p�l�e�s� �o�f� �O�p�e�r�a�t�i�o�n� 

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

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

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

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

�s�y�s�t�e�m� �u�s�e�r�'�s� �m�a�n�u�a�l� �t�h�a�t� �i�s� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �X�.� 

�T�h�e� �o�r�i�g�i�n�a�l� �c�o�d�e� �w�a�s� �w�r�i�t�t�e�n� �a�n�d� �c�o�m�p�i�l�e�d� �i�n� �t�h�e� �M�i�c�r�o�s�o�f�t� �C� �5�.�1� �e�n�v�i�r�o�n�m�e�n�t�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �e�x�e�c�u�t�a�b�l�e� �f�i�l�e�s�:� �L�A�S�E�R� �a�n�d� �F�I�L�E�M�A�K�E�.� �S�o�m�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�s� �u�s�e�d� �i�n� 

�b�o�t�h� �L�A�S�E�R� �a�n�d� �F�I�L�E�M�A�K�E� �a�r�e� �f�r�o�m� �a� �s�e�p�a�r�a�t�e� �l�i�b�r�a�r�y� �f�r�o�m� �t�h�e� �C� �T�O�O�L�S� �P�L�U�S� 

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

�u�s�e�d� �f�o�l�l�o�w�s�.� �A� �p�r�o�g�r�a�m� �i�s� �a� �C� �c�o�d�e� �f�i�l�e� �(�w�i�t�h� �a� �.�C� �e�x�t�e�n�s�i�o�n�)� �l�i�k�e� �L�A�S�E�R�.�C� �a�n�d� 

�S�A�V�I�N�G�.�C�.� �A�n� �e�x�e�c�u�t�a�b�l�e� �p�r�o�g�r�a�m� �i�s� �a� �f�i�l�e� �w�i�t�h� �a�n� �.�E�X�E� �e�x�t�e�n�s�i�o�n� �t�h�a�t� �c�a�n� �b�e� �r�u�n�.� 

�T�h�e�s�e� �a�r�e� �t�h�e� �L�A�S�E�R�.�E�X�E� �a�n�d� �F�I�L�E�M�A�K�E�.�E�X�E� �f�i�l�e�s�.� �A� �f�u�n�c�t�i�o�n� �i�s� �a� �n�a�m�e� �i�n�s�i�d�e� �a� 

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

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

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

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

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

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

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

�w�a�y�.� �I�n� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �c�a�s�e� �o�f� �t�h�e�  ��s�e�t�_�u�p�_�a�_�l�o�o�p�(�)�'� �m�o�d�u�l�e�,� �t�h�e� �m�o�d�u�l�e� �i�s� �i�t�s�e�l�f� 

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

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

�4�.�4�.�1� �L�A�S�E�R� �P�r�o�g�r�a�m� �O�p�e�r�a�t�i�o�n� 

�T�h�e� �L�A�S�E�R� �p�r�o�g�r�a�m� �i�s� �t�h�e� �m�a�i�n� �f�i�l�e� �t�h�a�t� �p�r�o�c�e�s�s�e�s� �t�h�e� �c�o�m�p�l�e�t�e� �s�e�t� �o�f� �a�l�l� �l�a�s�e�r� 

�f�u�n�c�t�i�o�n�s�.� �T�h�e� �L�A�S�E�R� �p�r�o�g�r�a�m� �i�s� �m�a�d�e� �u�p� �o�f� �f�i�v�e� �s�e�p�a�r�a�t�e� �f�i�l�e�s�:� �L�A�S�E�R�.�C�,� �S�A�V�I�N�G�.�C�,� 

�N�E�W�S�T�U�F�F�.�C�,� �M�E�A�S�I�N�C�D�.�C�,� �a�n�d� �M�O�V�E�I�N�C�D�.�C�.� �T�h�e�s�e� �a�r�e� �p�u�t� �t�o�g�e�t�h�e�r� �b�y� �t�h�e� 

�p�r�o�g�r�a�m� �l�i�s�t� �L�A�S�E�R�.�M�A�K�.� �T�h�e� �p�r�o�g�r�a�m� �l�i�s�t� �h�a�s� �t�h�e� �p�r�o�p�e�r� �l�i�b�r�a�r�y� �c�a�l�l�s�,� �i�n�c�l�u�d�i�n�g� 

�M�T�S�5�_�M�5�M�.�L�I�B� �f�r�o�m� �C� �T�O�O�L�S� �P�L�U�S� �t�h�a�t� �d�e�f�i�n�e�s� �c�e�r�t�a�i�n� �e�x�t�e�r�n�a�l� �f�u�n�c�t�i�o�n�s�.� �F�o�r� �t�h�e� 

�L�A�S�E�R� �p�r�o�g�r�a�m�,� �t�h�e�r�e� �i�s� �a�l�s�o� �a� �s�e�t� �o�f� �i�n�c�l�u�d�e� �f�i�l�e�s� �t�o� �a�l�l�o�w� �f�o�r� �i�n�t�e�r�-�p�r�o�g�r�a�m� �f�u�n�c�t�i�o�n� 

�c�a�l�l�i�n�g�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �f�i�l�e�s� �a�r�e� �B�W�I�N�D�O�W�.�H�,� �G�L�O�B�L�V�A�R�.�H�,� �E�X�T�R�N�V�A�R�.�H�,� 

�M�O�V�E�I�N�C�D�.�H�,� �M�E�A�S�I�N�C�D�.�H�,� �N�E�W�S�T�U�F�F�.�H�,� �L�A�S�E�R�.�H�,� �S�A�V�E�I�N�C�D�.�H�.� �T�h�e� 

�s�o�u�r�c�e� �c�o�d�e� �l�i�s�t�i�n�g�s� �f�o�r� �L�A�S�E�R�.�C�,� �S�A�V�I�N�G�.�C�,� �N�E�W�S�T�U�F�F�.�C�,� �M�E�A�S�I�N�C�D�.�C�,� �a�n�d� 

�M�O�V�E�I�N�C�D�.�C� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �V�I�,� �w�h�i�l�e� �t�h�e� �l�i�s�t�i�n�g� �o�f� �t�h�e� �i�n�c�l�u�d�e� �f�i�l�e�s� �f�o�r� 

�L�A�S�E�R� �a�r�e� �i�n� �A�p�p�e�n�d�i�x� �V�I�L�.� 

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

�e�a�c�h� �p�r�o�g�r�a�m� �c�o�n�t�a�i�n�s� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �a� �c�e�r�t�a�i�n� �t�y�p�e� �o�f� �o�p�e�r�a�t�i�o�n�s�.� �T�h�e� �L�A�S�E�R�.�C� 

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

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

�S�A�V�I�N�G�.�C� �p�r�o�g�r�a�m� �c�o�n�t�a�i�n�s� �a�l�l� �o�f� �t�h�e� �P�a�t�t�e�r�n� �C�u�t� �M�e�n�u� �w�i�t�h� �p�a�t�t�e�r�n� �s�e�q�u�e�n�c�e� �o�p�t�i�o�n�s� 

�l�i�k�e� �c�r�e�a�t�i�n�g�,� �e�d�i�t�i�n�g�,� �a�n�d� �r�u�n�n�i�n�g� �p�a�t�t�e�r�n�s�.� �T�h�e� �N�E�W�S�T�U�F�F�E�.�C� �p�r�o�g�r�a�m� �i�n�c�o�r�p�o�r�a�t�e�s� �a�l�l� 
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�o�f� �t�h�e� �r�e�s�i�s�t�o�r� �t�r�i�m�m�i�n�g� �m�e�n�u� �s�y�s�t�e�m�s� �a�n�d� �o�p�e�r�a�t�i�o�n�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �b�r�e�a�k�-�u�p� �o�f� �t�h�e� �a� 

�c�o�m�p�l�e�t�e� �m�e�a�s�u�r�e�m�e�n�t� �s�y�s�t�e�m� �o�p�e�r�a�t�i�o�n� �i�n�t�o� �s�u�b�-�m�o�d�u�l�e�s�.� �T�h�e� �M�O�V�E�I�N�C�D�.�C� �p�r�o�g�r�a�m� 

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

�e�t�c�.� �i�n�t�o� �n�u�m�b�e�r� �s�e�q�u�e�n�c�e�s� �t�h�a�t� �t�h�e� �l�a�s�e�r� �u�n�d�e�r�s�t�a�n�d�s�.� �T�h�e� �M�E�A�S�I�N�C�D�.�C� �p�r�o�g�r�a�m� 

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

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

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

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

�T�h�e� �e�x�e�c�u�t�a�b�l�e� �p�r�o�g�r�a�m� �b�e�g�i�n�s� �i�n� �t�h�e� �L�A�S�E�R� �p�r�o�g�r�a�m�.� �T�h�e� �f�i�r�s�t� �f�u�n�c�t�i�o�n� �t�h�a�t� 

�L�A�S�E�R� �o�p�e�r�a�t�e�s� �i�n�i�t�i�a�l�i�z�e�s� �a�l�l� �t�h�e� �l�a�s�e�r� �s�y�s�t�e�m�s� �r�e�g�i�s�t�e�r�s� �a�s� �w�e�l�l� �a�s� �s�e�n�d�s� �t�h�e� �l�a�s�e�r� �t�o� �i�t�s� 

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

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

�t�h�e� �L�A�S�E�R� �p�r�o�g�r�a�m�,� �t�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �s�y�s�t�e�m� �i�s� �i�n� �t�h�e� �h�a�n�d�s� �o�f� �t�h�e� �u�s�e�r�.� �T�h�e� �m�a�i�n� 

�m�e�n�u�,� �F�i�g�u�r�e� �4�.�1�0�,� �i�s� �d�i�s�p�l�a�y�e�d�,� �a�n�d� �t�h�e� �u�s�e�r� �i�s� �p�r�o�m�p�t�e�d� �t�o� �s�e�l�e�c�t� �a�n� �o�p�t�i�o�n�.� �A�l�l� �o�f� �t�h�e� 

�s�c�r�e�e�n� �d�i�s�p�l�a�y� �f�u�n�c�t�i�o�n�s� �a�r�e� �f�r�o�m� �t�h�e� �C� �T�O�O�L� �P�L�U�S� �s�o�f�t�w�a�r�e� �p�a�c�k�a�g�e�.� �D�e�p�e�n�d�i�n�g� �o�n� 

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

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

�4�.�4�.�1�.�1� �S�i�n�g�l�e� �O�p�e�r�a�t�i�o�n�s� 

�4�.�4�.�1�.�1�.�1� �M�o�v�e� �D�i�s�t�a�n�c�e� 

�T�h�i�s� �o�p�t�i�o�n� �w�i�l�l� �p�e�r�f�o�r�m� �a� �m�o�v�e� �o�f� �t�h�e� �u�s�e�r�s� �c�h�o�i�c�e�;� �w�i�t�h� �t�h�e� �j�o�y�s�t�i�c�k� �o�r� �w�i�t�h� �a� 

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

�a�l�l� �m�o�v�i�n�g� �h�a�s� �b�e�e�n� �c�o�m�p�l�e�t�e�d�,� �t�h�e� �m�a�i�n� �m�e�n�u� �i�s� �r�e�d�i�s�p�l�a�y�e�d�.� 
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�C�u�r�r�e�n�t� �P�o�s�i�t�i�o�n�:� �6�,� �6� 

� � 

�F�i�g�u�r�e� �4�.�1�0� �T�h�e� �M�a�i�n� �M�e�n�u� 
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�4�.�4�.�1�.�1�.�2� �S�c�r�i�b�e� 

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

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

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

�r�e�d�i�s�p�l�a�y�e�d�.� 

�4�.�4�.�1�.�1�.�3� �C�u�t� �a� �C�i�r�c�l�e� 

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

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

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

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

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

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

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

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

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

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

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

�4�2



�4�.�4�.�1�.�1�.�4� �I�n�d�e�x� 

�I�n�d�e�x�i�n�g� �m�e�a�n�s� �t�h�e� �l�a�s�e�r� �i�s� �s�e�n�t� �b�a�c�k� �t�o� �i�t�s� �i�n�t�e�r�n�a�l� �(�0�,�0�)� �p�o�s�i�t�i�o�n�.� �T�h�i�s� �i�s� 

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

�d�i�s�t�a�n�c�e�.� 

�4�.�4�.�1�.�1�.�5� �H�a�r�d�w�a�r�e� �T�e�s�t� 

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

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

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

�4�.�4�.�1�.�2� �P�a�t�t�e�r�n� �C�u�t� �M�e�n�u� �O�p�t�i�o�n�s� 

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

�a�p�p�e�a�r�s� �o�n� �t�h�e� �s�c�r�e�e�n� �a�s� �i�t� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�1�1�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �u�s�e�r�s� �c�h�o�i�c�e�,� �o�n�e� 

�o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �w�i�l�l� �b�e� �d�o�n�e�.� 

�4�.�4�.�1�.�2�.�1� �C�r�e�a�t�e� �a� �F�i�l�e� 

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

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

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

�v�e�l�o�c�i�t�y� �a�t� �w�h�i�c�h� �t�h�e� �l�a�s�e�r� �w�i�l�l� �t�r�a�v�e�l� �w�h�e�n� �t�h�e� �l�a�s�e�r� �i�s� �O�N�.� �W�i�t�h� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �s�t�o�r�e�d�,� 

�t�h�e� �c�r�e�a�t�e�-�a�-�f�i�l�e� �m�e�n�u� �a�p�p�e�a�r�s� �(�s�e�e� �F�i�g�u�r�e� �4�.�1�2�)�.� �T�h�e� �u�s�e�r� �w�i�l�l� �e�n�t�e�r� �t�h�e� �p�a�t�t�e�r�n� 
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�L�a�s�e�r� �O�p�e�r�a�t�i�n�g� �S�y�s�t�e�m� 

�W�h�a�t� �w�o�u�l�d� �y�o�u� �l�i�k�e� �t�o� �d�o�?� 

�.� �C�r�e�a�t�e� �a� �f�i�l�e� 
�.� �A�n�a�l�y�z�e� �/� �p�r�i�n�t� �a� �f�i�l�e� 
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� � � � �s�y�s�t�e�m� �S�t�a�t�u�s�.� 
�C�u�r�r�e�n�t� �P�o�s�i�t�i�o�n�:� �0�,� �6� 
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�F�i�g�u�r�e� �4�.�1�1� �T�h�e� �P�a�t�t�e�r�n� �C�u�t� �M�e�n�u� 
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�w�o�u�l�d� �y�o�u� �l�i�k�e� �t�a� �d�o ��?� 

�N�o�v�e� �t�o� �a� �p�o�s�i�t�i�o�n� 
�D�i�s�t�a�n�c�e� �n�o�v�e� 
�l�a�s�e�r� �O�n� 
�L�a�s�e�r� �o�f�f� 
�C�i�r�c�l�e� �c�u�t� 
�s�t�a�r�t� �a� �l�o�o�p� 
�R�e�p�e�a�t� �a� �l�o�o�p� 

�E�x�i�t� 

�O�p�t�i�o�n�:� � � � � 

� � 

�C�u�r�r�e�n�t� �P�o�s�i�t�i�o�n�:� �G�6�,� �©� 

� � �A�r�i� �M�i�s�a� �e�d� �e�d� �b�s� 

� � 

�F�i�g�u�r�e� �4�.�1�2� �T�h�e� �C�r�e�a�t�e� �a� �F�i�l�e� �M�e�n�u� 

�4�5



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

�p�o�s�s�i�b�l�e� �p�a�r�a�m�e�t�e�r�s�.� �E�a�c�h� �a�c�t�i�o�n� �i�s� �g�i�v�e�n� �a� �n�u�m�b�e�r�.� �D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �u�s�e�r�'�s� �n�e�x�t� �s�t�e�p�,� 

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

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

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

�p�a�r�a�m�e�t�e�r�s� �a�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �u�s�e�r� �a�s� �A�S�C�I�I� �c�h�a�r�a�c�t�e�r�s�,� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �m�u�s�t� �b�e� 

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

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

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

�b�a�c�k� �t�o� �t�h�e� �p�a�t�t�e�r�n� �c�u�t� �m�e�n�u�.� 

�4�.�4�.�1�.�2�.�2� �A�n�a�l�y�z�e� �/� �P�r�i�n�t� �a� �F�i�l�e� 

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

�i�f� �t�h�a�t� �f�i�l�e� �a�l�r�e�a�d�y� �e�x�i�s�t�s�.� �I�f� �t�h�e� �f�i�l�e� �d�o�e�s� �n�o�t� �a�l�r�e�a�d�y� �e�x�i�s�t�,� �t�h�e� �u�s�e�r� �i�s� �a�l�e�r�t�e�d� �a�n�d� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�p�a�t�t�e�r�n� �c�u�t� �m�e�n�u�.� 

�4�.�4�.�1�.�2�.�3� �E�d�i�t� �a� �F�i�l�e� 

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

�t�h�a�t� �f�i�l�e� �a�l�r�e�a�d�y� �e�x�i�s�t�s�.� �I�f� �t�h�e� �f�i�l�e� �d�o�e�s� �n�o�t� �a�l�r�e�a�d�y� �e�x�i�s�t�,� �t�h�e� �u�s�e�r� �i�s� �a�l�e�r�t�e�d�,� �a�n�d� �t�h�e� 

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

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

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

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

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

�c�o�p�i�e�d� �b�a�c�k� �t�o� �t�h�e� �f�i�l�e�n�a�m�e� �w�i�t�h� �t�h�e� �'�.�n�e�w�'� �e�x�t�e�n�s�i�o�n�.� �S�t�a�r�t�i�n�g� �w�i�t�h� �t�h�e� �c�u�t�t�i�n�g� �v�e�l�o�c�i�t�y�,� 

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

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

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

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

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

�n�e�e�d� �t�o� �b�e� �i�n�s�e�r�t�e�d�.� �I�f� �t�h�e�y� �d�o�,� �t�h�e� �c�r�e�a�t�e�-�a�-�f�i�l�e� �m�e�n�u� �(�F�i�g�u�r�e� �4�.�4�.�1�.�2�.�1�)� �i�s� �d�i�s�p�l�a�y�e�d�,� �a�n�d� 

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

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

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

 ��n�e�w�'� �e�x�t�e�n�s�i�o�n�,� �a�n�d� �t�h�e� �n�e�x�t� �a�c�t�i�o�n� �i�s� �d�i�s�p�l�a�y�e�d�.� �I�f� �t�h�e� �u�s�e�r� �k�e�e�p�s� �t�h�e� �a�c�t�i�o�n� �a�n�d� �i�f� �t�h�e� 

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

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

�A�n�o�t�h�e�r� �o�p�t�i�o�n� �f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� �p�r�o�m�p�t� �i�s� �'�q�'� �f�o�r� �q�u�i�t�.� �T�h�i�s� �o�p�t�i�o�n� �w�i�l�l� �t�r�a�n�s�f�e�r� �t�h�e� 

�r�e�m�a�i�n�i�n�g� �a�c�t�i�o�n�s� �f�r�o�m� �t�h�e� �b�a�c�k�u�p� �f�i�l�e� �t�o� �t�h�e� �'�.�n�e�w�'� �f�i�l�e�.� 

�4�.�4�.�1�.�2�.�4� �R�u�n�a� �f�i�l�e� 

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

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

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

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

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

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

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

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

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

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

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

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

�d�i�s�p�l�a�y�e�d�.� 
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�4�.�4�.�1�.�3� �R�e�s�i�s�t�o�r� �T�r�i�m�m�i�n�g� 

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

�m�e�n�u� �a�p�p�e�a�r�s� �o�n� �t�h�e� �s�c�r�e�e�n� �a�s� �i�t� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�1�3�.� �A�l�l� �o�f� �t�h�e� �o�p�t�i�o�n�s� �u�n�d�e�r� �t�h�i�s� 

�m�e�n�u� �e�x�c�e�p�t� �f�o�r� �t�h�e� �c�h�a�n�g�i�n�g� �o�f� �t�h�e� �t�r�i�m�m�i�n�g� �d�e�f�a�u�l�t�s� �(�F�i�g�u�r�e� �4�.�1�6�)� �r�e�q�u�i�r�e� �r�e�s�i�s�t�o�r� 

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

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

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

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

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

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

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

�w�i�t�h�o�u�t� �t�r�i�m�m�i�n�g� �t�h�e� �r�e�s�i�s�t�o�r� �w�i�t�h�i�n� �t�o�l�e�r�a�n�c�e�,� �t�h�e� �u�s�e�r� �c�a�n� �s�t�r�i�k�e� �t�h�e� �S�T�O�P� �b�u�t�t�o�n� �o�n� �t�h�e� 

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

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

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

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

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

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

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

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

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

�D�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �u�s�e�r�s� �c�h�o�i�c�e�,� �o�n�e� �o�f� �t�h�e� �f�u�n�c�t�i�o�n�s� �d�i�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n�s� �4�.�4�.�1�.�3�.�1� �t�o� 

�4�.�4�.�1�.�3�.�7� �w�i�l�l� �b�e� �p�r�o�c�e�s�s�e�d�.� 
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�F�i�g�u�r�e� �4�.�1�3� �T�h�e� �R�e�s�i�s�t�o�r� �T�r�i�m�m�i�n�g� �M�e�n�u� 
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�4�.�4�.�1�.�3�.�1� �R�e�s�i�s�t�a�n�c�e� �V�a�l�u�e� �A�c�q�u�i�s�i�t�i�o�n� 

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

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

�w�i�n�d�o�w�.� 

�4�.�4�.�1�.�3�.�2� �S�i�n�g�l�e� �S�t�r�a�i�g�h�t� �C�u�t� 

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

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

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

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

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

�4�.�4�.�1�.�3�.�3� �D�o�u�b�l�e� �C�u�t� 

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

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

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

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

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

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

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

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

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

�F�i�g�u�r�e� �4�.�1�6�)�.� �T�h�e� �l�a�s�e�r� �t�h�e�n� �s�t�a�r�t�s� �t�o� �t�r�i�m� �f�r�o�m� �t�h�i�s� �p�o�s�i�t�i�o�n� �i�n� �t�h�e� �s�a�m�e� �d�i�r�e�c�t�i�o�n� �a�s� �t�h�e� 

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

�4�.�4�.�1�.�3�.�4� �L� �C�u�t� 

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

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

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

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

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

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

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

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

�t�h�a�t� �c�a�n� �b�e� �c�h�a�n�g�e�d� �f�r�o�m� �t�h�e� �c�h�a�n�g�e� �t�r�i�m�m�i�n�g� �d�e�f�a�u�l�t�s� �o�p�t�i�o�n� �(�s�e�e� �F�i�g�u�r�e� �4�.�1�6�)�.� �T�h�e� 

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

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

�4�.�4�.�1�.�3�.�5� �M�u�l�t�i�p�l�e� �S�t�r�a�i�g�h�t� �C�u�t�s� 

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

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

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

�n�u�m�b�e�r� �o�f� �c�u�t�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �c�u�t�s� �i�s� �a� �t�r�i�m�m�i�n�g� �p�a�r�a�m�e�t�e�r� �t�h�a�t� �c�a�n� �b�e� �c�h�a�n�g�e�d�.� 
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�4�.�4�.�1�.�3�.�6� �M�e�a�s�u�r�e�m�e�n�t� �T�e�s�t� �R�o�u�t�i�n�e�s� 

�T�h�e�r�e� �a�r�e� �a� �l�o�t� �o�f� �p�a�r�t�s� �t�h�a�t� �m�a�k�e� �u�p� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �s�y�s�t�e�m�.� �F�o�r� �t�h�e� �m�o�s�t� �p�a�r�t�,� 

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

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

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

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

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

�l�i�s�t�e�d�,� �i�t� �i�s� �n�o�t� �t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t� �i�n� �t�h�e� �p�r�o�g�r�a�m�.� �F�i�g�u�r�e� �4�.�1�4� �d�i�s�p�l�a�y�s� �t�h�e� �m�a�i�n� 

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

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

�s�e�l�e�c�t�i�o�n� �m�e�n�u� �a�s� �s�e�e�n� �i�n� �F�i�g�u�r�e� �4�.�1�5�.� 

�4�.�4�.�1�.�3�.�7� �T�r�i�m�m�i�n�g� �D�e�f�a�u�l�t�s� 

�T�h�e� �t�r�i�m�m�i�n�g� �d�e�f�a�u�l�t�s� �m�e�n�u�,� �F�i�g�u�r�e� �4�.�1�6�,� �a�l�l�o�w�s� �t�h�e� �u�s�e�r� �t�o� �c�h�a�n�g�e� �p�a�r�a�m�e�t�e�r�s� 

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

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

�m�u�l�t�i�p�l�e� �c�u�t�s�.� 

�4�.�4�.�2� �F�I�L�E�M�A�K�E� �P�r�o�g�r�a�m� �O�p�e�r�a�t�i�o�n�s� 

�T�h�e� �F�I�L�E�M�A�K�E� �p�r�o�g�r�a�m� �i�s� �a� �s�u�b�s�e�t� �o�f� �t�h�e� �L�A�S�E�R� �p�r�o�g�r�a�m� �t�h�a�t� �o�n�l�y� �d�o�e�s� 

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

�F�I�L�E�M�A�K�E� �p�r�o�g�r�a�m� �i�s� �m�a�d�e� �u�p� �o�f� �o�n�l�y� �o�n�e� �p�r�o�g�r�a�m�:� �F�I�L�E�M�A�K�E�.�C�.� �T�h�e�r�e� �i�s� �a� 
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�2�.� �S�t�r�o�b�e� �t�h�e� �n�e�a�s�u�r�e�m�e�n�t� �s�y�s�t�e�m� 
�3�.� �C�l�e�a�r� �t�h�e� �o�v�e�r�l�o�a�d� �f�l�a�g� 
�4�.� �F�i�n�d� �t�h�e� �u�n�k�n�o�u�n� �r�e�s�i�s�t�a�n�c�e� 

�5�.� �R�e�t�u�r�n� �t�o� �M�a�i�n� �M�e�n�u� � � � � 

� � � � � � � � 
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�F�i�g�u�r�e� �4�.�1�4� �T�h�e� �M�a�i�n� �M�e�a�s�u�r�e�m�e�n�t� �T�e�s�t� �M�e�n�u� 
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�p�r�o�g�r�a�m� �l�i�s�t�,� �F�I�L�E�M�A�K�E�.�M�A�K�,� �t�h�a�t� �s�u�p�p�l�e�m�e�n�t�s� �t�h�i�s� �f�i�l�e� �i�n� �o�r�d�e�r� �t�o� �i�n�c�l�u�d�e� �t�h�e� 

�a�p�p�r�o�p�r�i�a�t�e� �l�i�b�r�a�r�i�e�s�,� �i�n�c�l�u�d�i�n�g� �M�T�S�5�_�M�5�M�.�L�I�B� �f�r�o�m� �C� �T�O�O�L�S� �P�L�U�S�.� �F�I�L�E�M�A�K�E� 

�r�e�q�u�i�r�e�s� �t�h�e� �i�n�c�l�u�d�e� �f�i�l�e�s� �B�W�I�N�D�O�W�.�H� �a�n�d� �G�L�O�B�L�V�A�R�.�H�.� �T�h�e�s�e� �i�n�c�l�u�d�e� �f�i�l�e�s� �f�o�r� 

�F�I�L�E�M�A�K�E� �a�r�e� �t�h�e� �s�a�m�e� �a�s� �f�o�r� �L�A�S�E�R� �a�n�d� �c�a�n�,� �t�h�e�r�e�f�o�r�e�,� �b�e� �f�o�u�n�d� �w�i�t�h� �t�h�e� �L�A�S�E�R� 

�i�n�c�l�u�d�e� �l�i�s�t�i�n�g�s� �i�n� �A�p�p�e�n�d�i�x� �V�I�I�.� �T�h�e� �s�o�u�r�c�e� �c�o�d�e� �l�i�s�t�i�n�g� �f�o�r� �F�I�L�E�M�A�K�E�.�C� �i�s� �l�o�c�a�t�e�d� �i�n� 

�A�p�p�e�n�d�i�x� �V�I�I�I�.� 

�T�h�e� �F�I�L�E�M�A�K�E� �e�x�e�c�u�t�a�b�l�e� �p�r�o�g�r�a�m� �i�s� �m�a�d�e� �u�p� �o�f� �o�n�l�y� �o�n�e� �p�r�o�g�r�a�m�,� 

�F�I�L�E�M�A�K�E�.�C�.� �T�h�i�s� �p�r�o�g�r�a�m� �i�s� �a�n� �o�f�f�s�h�o�o�t� �o�f� �S�A�V�I�N�G�.�C�,� �b�u�t� �h�a�s� �n�o� �l�a�s�e�r� �o�r�i�e�n�t�e�d� 

�f�u�n�c�t�i�o�n�s�.� �F�I�L�E�M�A�K�E�.�C� �o�n�l�y� �c�o�n�t�a�i�n�s� �i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �a�b�i�l�i�t�i�e�s� �t�o� �c�r�e�a�t�e�,� �e�d�i�t�,� �a�n�d� 

�s�c�r�e�e�n� �r�u�n� �a� �p�a�t�t�e�r�n� �f�i�l�e�.� �T�h�i�s� �p�r�o�g�r�a�m� �i�s� �a�l�m�o�s�t� �a�n� �e�x�a�c�t� �r�e�p�l�i�c�a� �o�f� �S�A�V�I�N�G�.�C�,� �e�x�c�e�p�t� 

�t�h�a�t� �n�o�t�h�i�n�g� �i�s� �e�v�e�r� �s�e�n�t� �t�o� �o�r� �r�e�c�e�i�v�e�d� �f�r�o�m� �t�h�e� �l�a�s�e�r�.� �T�h�e� �o�p�e�r�a�t�i�o�n� �o�f� �F�I�L�E�M�A�K�E�.�C� �i�s� 

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

�4�.�5� �C�o�n�c�l�u�s�i�o�n� 

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

�c�o�n�s�t�r�u�c�t�e�d� �b�y� �t�y�p�e� �o�f� �o�p�e�r�a�t�i�o�n�.� �W�h�e�n� �t�h�e� �L�A�S�E�R� �p�r�o�g�r�a�m� �i�s� �r�u�n�,� �t�h�e� �l�a�s�e�r� �i�s� 

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

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

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

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

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

�t�e�s�t�i�n�g� �m�e�n�u�,� �t�h�e� �l�a�s�e�r�'�s� �i�n�t�e�r�n�a�l� �m�e�a�s�u�r�e�m�e�n�t� �s�y�s�t�e�m� �c�a�n� �b�e� �m�a�n�i�p�u�l�a�t�e�d�.� �A� �s�e�c�o�n�d� 

�p�r�o�g�r�a�m�,� �F�I�L�E�M�A�K�E�,� �a�l�l�o�w�s� �u�s�e�r�s� �a�c�c�e�s�s� �t�o� �c�r�e�a�t�e�,� �e�d�i�t�,� �a�n�d� �a�n�a�l�y�z�e� �p�a�t�t�e�r�n�s� �w�i�t�h�o�u�t� 

�h�a�v�i�n�g� �t�o� �b�e� �a�t� �t�h�e� �l�a�s�e�r�.� 
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�C�h�a�p�t�e�r� �5� 

�R�e�s�i�s�t�o�r� �T�r�i�m�m�i�n�g� �a�n�d� 

�A�g�i�n�g� �E�x�p�e�r�i�m�e�n�t�a�l� �R�e�a�l�i�z�a�t�i�o�n� 

�5�.�1� �O�v�e�r�v�i�e�w� 

�T�h�i�s� �c�h�a�p�t�e�r� �i�s� �b�r�o�k�e�n� �u�p� �i�n�t�o� �f�o�u�r� �s�e�c�t�i�o�n�s�.� �S�e�c�t�i�o�n� �5�.�1� �d�i�s�c�u�s�s�e�s� �t�h�e� �t�e�s�t�i�n�g� 

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

�s�e�c�t�i�o�n� �5�.�1�,� �a�n� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �p�r�o�c�e�s�s� �i�n� �w�h�i�c�h� �t�h�e� �r�e�s�i�s�t�o�r�s� �w�e�r�e� �t�r�i�m�m�e�d� �a�n�d� 

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

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

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

�c�o�m�p�i�l�e�d� �i�n� �s�e�c�t�i�o�n� �5�.�4�.� 

�5�.�1�.�1� �O�b�j�e�c�t�i�v�e�s� 

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

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

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

�d�e�t�e�r�i�o�r�a�t�i�o�n� �d�u�e� �t�o� �t�h�e�r�m�a�l� �a�g�i�n�g�.� �T�h�e� �r�e�s�i�s�t�o�r� �p�a�s�t�e� �u�s�e�d� �w�a�s� �D�u�P�o�n�t� �B�I�R�O�X� �S�e�r�i�e�s�-� 

�1�9�0�0� �P�a�s�t�e� �n�u�m�b�e�r� �1�9�3�9�.� 
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�5�.�1�.�2� �T�e�s�t�i�n�g� �C�o�n�f�i�g�u�r�a�t�i�o�n� 

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

�d�i�f�f�e�r�e�n�t� �s�y�s�t�e�m� �p�o�w�e�r� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �f�o�r� �a� �t�o�t�a�l� �o�f� �2�4� �g�r�o�u�p�s� �o�f� �c�u�t�s� �a�n�d� �t�w�o� �g�r�o�u�p�s� �o�f� 

�c�o�n�t�r�o�l� �r�e�s�i�s�t�o�r�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�.� �E�a�c�h� �g�r�o�u�p� �w�a�s� �m�a�d�e� �u�p� �o�f� �9� 

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

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

�w�i�t�h� �t�h�e� �e�l�b�o�w� �a�t� �6�0�%�,� �a�n� �L� �c�u�t� �w�i�t�h� �t�h�e� �e�l�b�o�w� �a�t� �7�0�%�,� �a�n� �L� �c�u�t� �w�i�t�h� �t�h�e� �e�l�b�o�w� �a�t� �8�0�%�,� 

�a� �d�o�u�b�l�e� �c�u�t� �w�i�t�h� �t�h�e� �s�h�i�f�t� �a�t� �7�0�%�,� �a�n�d� �a� �4� �c�u�t� �s�e�r�p�e�n�t�i�n�e� �c�u�t�.� �T�h�e� �f�o�u�r� �s�y�s�t�e�m� �p�o�w�e�r� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s� �i�n�c�l�u�d�e�d� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �a� �t�o�t�a�l� �o�u�t�p�u�t� �p�o�w�e�r� �o�f� �e�i�t�h�e�r� �1�.�5� �W�a�t�t�s� �o�r� 

�2�.�0� �W�a�t�t�s�,� �a�n�d� �o�f� �a� �Q�-�s�w�i�t�c�h�i�n�g� �f�r�e�q�u�e�n�c�y� �o�f� �e�i�t�h�e�r� �3�k�H�z� �o�r� �6�k�H�z�.� �A�n� �a�t�t�e�m�p�t� �w�a�s� �m�a�d�e� 

�t�o� �u�s�e� �1�0�k�H�z� �i�n�s�t�e�a�d� �o�f� �6�k�H�z�,� �b�u�t� �t�h�e� �1�0�k�H�z� �b�e�a�m� �c�o�u�l�d� �n�o�t� �c�o�m�p�l�e�t�e�l�y� �b�u�r�n� �t�h�r�o�u�g�h� 

�t�h�e� �r�e�s�i�s�t�o�r�.� �T�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�u�b�s�t�r�a�t�e� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�1�.� �T�h�e� �r�e�s�i�s�t�o�r�s� �w�e�r�e� 

�t�r�i�m�m�e�d� �t�o� �1�.�4� �t�i�m�e�s� �t�h�e�i�r� �p�r�i�n�t�e�d� �r�e�s�i�s�t�a�n�c�e�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�i�s� �e�v�a�l�u�a�t�i�o�n� �i�s� �v�a�l�i�d� �f�o�r� 

�r�e�s�i�s�t�o�r�s� �o�r�i�g�i�n�a�l�l�y� �d�e�s�i�g�n�e�d� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �7�0�%� �o�f� �i�t�s� �i�n�t�e�n�d�e�d� �v�a�l�u�e�.� 

�5�.�1�.�3� �T�h�e�r�m�a�l� �A�g�i�n�g� �P�r�o�c�e�d�u�r�e� 

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

�t�o� �1�7�5� �d�e�g�r�e�e�s� �C� �a�n�d� �t�h�e�n� �r�a�m�p�i�n�g� �b�a�c�k� �d�o�w�n� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �A� �F�i�s�c�h�e�r� 

�P�r�o�g�r�a�m�m�a�b�l�e� �A�s�h�i�n�g� �F�u�r�n�a�c�e� �M�o�d�e�l� �4�9�7� �w�a�s� �u�s�e�d�.� �T�h�i�s� �f�u�r�n�a�c�e� �h�a�s� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �o�f� 

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

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

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

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

�5�9



� � � � 
�F�i�g�u�r�e� �5�.�1� �T�h�e� �S�u�b�s�t�r�a�t�e� 
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�F�o�r� �t�h�i�s� �t�h�e�s�i�s�,� �a�l�l� �o�f� �t�h�e� �r�a�m�p�s� �w�e�r�e� �s�e�t� �a�t� �1�0� �d�e�g�r�e�e�s� �p�e�r� �m�i�n�u�t�e� �a�n�d� �t�h�e�r�e� �w�e�r�e� 

�n�o� �i�n�t�e�r�m�e�d�i�a�t�e� �h�o�l�d� �t�i�m�e�s�.� �I�n� �r�a�m�p�i�n�g� �u�p�,� �t�h�e� �f�i�r�s�t� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �5�9� �d�e�g�r�e�e�s� �C�,� �t�h�e� 

�s�e�c�o�n�d� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �1�1�8� �d�e�g�r�e�e�s� �C�,� �a�n�d� �t�h�e� �t�h�i�r�d� �(�m�a�x�i�m�u�m�)� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �1�7�5� 

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

�t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �1�1�8� �d�e�g�r�e�e�s� �C�,� �t�h�e� �s�e�c�o�n�d� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �5�9� �d�e�g�r�e�e�s� �C�,� �a�n�d� �t�h�e� �l�a�s�t� 

�t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �3�2� �d�e�g�r�e�e�s� �C� �(�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�)�.� 

�5�.�1�.�4� �T�e�s�t�i�n�g� �R�e�s�u�l�t�s� 

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

�2�1�6� �r�e�s�i�s�t�o�r�s� �t�h�a�t� �w�e�r�e� �t�r�i�m�m�e�d�,� �o�n�l�y� �f�o�u�r� �r�e�s�i�s�t�o�r�s� �w�e�r�e� �t�r�i�m�m�e�d� �t�o� �a�n� �i�n�f�i�n�i�t�e� 

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

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

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

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

�w�e�r�e� �t�r�i�m�m�e�d� �t�o� �a� �t�o�l�e�r�a�n�c�e� �o�f� �l�e�s�s� �t�h�a�n� �4�%�.� �T�h�e� �a�v�e�r�a�g�e� �t�o�l�e�r�a�n�c�e� �f�o�r� �a�l�l� �o�f� �t�h�e� 

�t�r�i�m�m�e�d� �r�e�s�i�s�t�o�r�s� �w�a�s� �a�b�o�u�t� �0�.�9�%�.� 

�5�.�2�.� �A�n�a�l�y�s�i�s� �o�f� �T�y�p�e�s� �o�f� �C�u�t�,� �S�y�s�t�e�m� �P�o�w�e�r�,� �a�n�d� �R�e�s�i�s�t�o�r� �T�o�l�e�r�a�n�c�e�s� 

�5�.�2�.�1� �T�h�e� �S�i�n�g�l�e� �S�t�r�a�i�g�h�t� �C�u�t� 

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

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

�c�u�t�s� �f�i�r�s�t� �t�r�i�m� �i�n�t�o� �t�h�e� �r�e�s�i�s�t�o�r�.� �F�i�g�u�r�e� �5�.�2� �s�h�o�w�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �s�t�r�a�i�g�h�t� �c�u�t�.� �F�r�o�m� �a� 
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�f�o�r� �t�h�e� �S�t�r�a�i�g�h�t� �C�u�t� 

�5�k�H�z� �a�t� �2�.�0� �W�a�t�t�s� 

�6�3



�c�l�o�s�e� �i�n�s�p�e�c�t�i�o�n�,� �b�o�t�h� �o�f� �t�h�e� �3�k�H�z� �t�r�i�m�s� �c�a�u�s�e�d� �l�e�s�s� �t�h�a�n� �o�p�t�i�m�a�l� �t�o�l�e�r�a�n�c�e�s� �f�o�r� �a�l�m�o�s�t� 

�h�a�l�f� �o�f� �t�h�e� �r�e�s�i�s�t�o�r�s�.� �F�r�o�m� �F�i�g�u�r�e� �5�.�3�,� �t�h�i�s� �d�i�f�f�e�r�e�n�c�e� �i�s� �n�o�t�i�c�e�d� �i�n� �b�o�t�h� �t�h�e� �a�v�e�r�a�g�e� �a�n�d� 

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

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

�5�.�2�.�2� �T�h�e� �L� �C�u�t� �w�i�t�h� �t�h�e� �E�l�b�o�w� �a�t� �6�0�%� 

�T�h�e� �L� �c�u�t� �i�s� �m�a�d�e� �u�p� �o�f� �a�n� �i�n�i�t�i�a�l� �s�t�r�a�i�g�h�t� �c�u�t� �w�i�t�h� �a� �9�0� �d�e�g�r�e�e� �t�u�r�n� �a�n�d� �a� �s�e�c�o�n�d�,� 

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

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

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

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

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

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

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

�t�o�l�e�r�a�n�c�e�s� �f�o�r� �t�h�e� �s�e�c�o�n�d� �c�u�t� �w�e�r�e� �n�o�t� �a�l�l� �b�e�l�o�w� �1�%�,� �t�h�e� �s�p�r�e�a�d� �o�f� �t�h�e� �m�a�x�i�m�u�m� �a�n�d� 

�m�i�n�i�m�u�m� �v�a�l�u�e�s� �w�e�r�e� �c�l�o�s�e� �t�o� �t�h�e� �a�v�e�r�a�g�e� �t�o�l�e�r�a�n�c�e�.� �T�h�i�s� �i�s� �s�e�e�n� �f�r�o�m� �F�i�g�u�r�e�s� �5�.�6� �a�n�d� 

�5�.�7�.� 

�5�.�2�.�3� �T�h�e� �L� �C�u�t� �w�i�t�h� �t�h�e� �E�l�b�o�w� �a�t� �7�0�%� 

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

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

�d�i�s�t�r�i�b�u�t�i�o�n� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�8� �s�h�o�w�s� �t�h�i�s� �m�o�r�e� �t�h�a�n� �t�h�e� �g�e�n�e�r�a�l� �d�a�t�a� �i�n� �F�i�g�u�r�e� �5�.�9�.� �T�h�e� 

�a�v�e�r�a�g�e� �v�a�l�u�e�s� �f�o�r� �t�h�i�s� �f�i�r�s�t� �c�u�t� �a�r�e� �q�u�i�t�e� �c�l�o�s�e�.� �T�h�e� �3�k�H�z� �t�r�i�m�s� �y�i�e�l�d�e�d� �t�h�e� �n�o�t�i�c�e�a�b�l�y� 
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�0� 
�3�k�H�z� �a�t� �1�.�5� �W�a�t�t�s� �5�k�H�z� �a�t� �1�.�5� �W�a�t�t�s� 

�3�k�H�z� �a�t� �2�.�0� �W�a�t�t�s� 

�F�r�e�q�u�e�n�c�y� �a�n�d� �P�o�w�e�r� 
� � 

 ��m� �A�v�e�r�a�g�e� 

�-�7�;�-� �M�a�x�i�m�u�m� 

�M�i�n�i�m�u�m� � � � � � � 
�F�i�g�u�r�e� �5�.�1�1� 

�T�h�e� �B�r�e�a�k�u�p� �o�f� �t�h�e� �F�i�n�a�l� �T�o�l�e�r�a�n�c�e�s� 
�o�f� �a� �L� �C�u�t� �w�i�t�h� �t�h�e� �E�l�b�o�w� �a�t� �7�0�%� 

�5�k�H�z� �a�t� �2�.�0� �W�a�t�t�s� 

�7�2



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

�c�u�t� �b�u�t�,� �t�h�e� �u�n�i�f�o�r�m�i�t�y� �w�a�s� �l�o�s�t� �w�i�t�h� �r�e�s�i�s�t�o�r�s� �8� �a�n�d� �9�.� �F�i�g�u�r�e� �5�.�1�0� �s�h�o�w�s� �h�o�w� �t�h�e� �p�o�w�e�r� 

�a�n�d� �f�r�e�q�u�e�n�c�y� �b�e�h�a�v�e�d� �c�o�m�p�l�e�t�e�l�y� �d�i�f�f�e�r�e�n�t�l�y�.� �T�h�e� �a�v�e�r�a�g�e� �t�o�l�e�r�a�n�c�e� �i�n� �F�i�g�u�r�e� �5�.�1�1� 

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

�a�n�d� �s�l�i�g�h�t�l�y� �h�i�g�h�e�r� �a�v�e�r�a�g�e�s� �w�e�r�e� �s�e�e�n� �w�i�t�h� �t�h�e� �2�.�0� �W�a�t�t� �c�u�t�s� �a�s� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �3�k�H�z� 

�c�u�t�s� �f�r�o�m� �b�e�f�o�r�e�.� 

�5�.�2�.�4� �T�h�e� �L� �C�u�t� �w�i�t�h� �t�h�e� �E�l�b�o�w� �a�t� �8�0�%� 

�A�s�i�d�e� �f�r�o�m� �t�h�e� �c�l�o�s�e� �a�v�e�r�a�g�e� �t�o�l�e�r�a�n�c�e�s�,� �a�s� �s�e�e�n� �i�n� �F�i�g�u�r�e� �5�.�1�3�,� �t�h�e�r�e� �w�a�s� �n�o� 

�c�o�n�t�i�n�u�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �t�r�i�m�m�i�n�g� �p�e�r�f�o�r�m�a�n�c�e�s�.� �F�i�g�u�r�e� �5�.�1�2� �d�i�s�p�l�a�y�s� �h�o�w� �t�h�e� �t�o�l�e�r�a�n�c�e� 

�v�a�r�i�e�s� �d�i�f�f�e�r�e�n�t�l�y� �b�e�t�w�e�e�n� �t�h�e� �r�e�s�i�s�t�o�r�s�.� �A�n� �i�n�t�e�r�e�s�t�i�n�g� �n�o�t�e� �i�s� �t�h�a�t� �t�h�e� �3�k�H�z� �c�u�t�s� �f�o�l�l�o�w� 

�e�a�c�h� �o�t�h�e�r� �r�e�l�a�t�i�v�e�l�y� �c�l�o�s�e�l�y� �a�c�r�o�s�s� �t�h�e� �r�e�s�i�s�t�o�r�s�.� �T�h�i�s� �i�s� �a�l�s�o� �t�r�u�e� �f�o�r� �t�h�e� �t�w�o� �5�k�H�z� 

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

�O�n�c�e� �a�g�a�i�n�,� �t�h�e� �t�o�l�e�r�a�n�c�e�s� �s�h�o�w�e�d� �n�o� �c�o�r�r�e�l�a�t�i�o�n� �o�t�h�e�r� �t�h�a�n� �t�h�a�t� �t�h�e� �3�k�H�z� �t�r�i�m�s� �v�a�r�y� 

�r�a�d�i�c�a�l�l�y� �f�o�r� �t�h�e� �d�i�f�f�e�r�e�n�t� �r�e�s�i�s�t�o�r�s�.� �F�i�g�u�r�e�s� �5�.�1�4� �a�n�d� �5�.�1�5� �s�h�o�w� �t�h�i�s� �i�n� �d�e�t�a�i�l�.� 

�5�.�2�.�5� �T�h�e� �D�o�u�b�l�e� �C�u�t� 

�T�h�e� �p�e�r�f�o�r�m�a�n�c�e�s� �o�f� �t�h�e� �3�k�H�z� �t�r�i�m�s� �f�o�r� �t�h�e� �f�i�r�s�t� �c�u�t� �a�r�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �5�.�1�5� �t�o� �b�e� 

�q�u�i�t�e� �g�o�o�d�.� �F�o�r� �t�h�e� �d�o�u�b�l�e� �c�u�t�,� �t�h�e� �5�k�H�z� �t�r�i�m�s� �b�e�h�a�v�e� �m�o�s�t� �n�o�n�u�n�i�f�o�r�m�l�y�.� �T�h�i�s� �i�s� �s�e�e�n� 

�i�n� �b�o�t�h� �t�h�e� �h�i�g�h�e�r� �a�v�e�r�a�g�e� �a�n�d� �t�h�e� �m�a�x�i�m�u�m� �v�a�l�u�e�s� �i�n� �F�i�g�u�r�e� �5�.�1�7�.� �T�h�i�s� �p�a�t�t�e�r�n�,� �t�h�o�u�g�h�,� 

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

�b�e�s�t� �a�v�e�r�a�g�e� �t�o�l�e�r�a�n�c�e�s�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�e� �3�k�H�z� �c�u�t�s� �h�a�d� �h�i�g�h�e�r� �m�a�x�i�m�u�m� �t�o�l�e�r�a�n�c�e�s�,� �a�l�l� 

�o�f� �t�h�e� �t�o�l�e�r�a�n�c�e�s� �w�e�r�e� �b�e�l�o�w� �1�.�6�%�,� �a�n�d� �a�l�l� �o�f� �t�h�e� �a�v�e�r�a�g�e�s� �w�e�r�e� �b�e�l�o�w� �0�.�8�%�.� 
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�5�.�2�.�6� �T�h�e� �S�e�r�p�e�n�t�i�n�e� �C�u�t� 

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

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

�t�h�e� �f�i�r�s�t� �t�h�r�e�e� �c�u�t�s� �a�r�e� �d�i�s�p�l�a�y�e�d� �i�n� �F�i�g�u�r�e�s� �5�.�2�0� �t�o� �5�.�2�5�.� �T�h�e� �r�e�s�u�l�t�s� �a�r�e� �g�o�o�d� �f�o�r� �a�l�l� �o�f� 

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

�F�r�o�m� �F�i�g�u�r�e�s� �5�.�2�6� �a�n�d� �5�.�2�7�,� �i�t� �i�s� �e�v�i�d�e�n�t� �t�h�a�t� �t�r�i�m�s� �w�e�r�e� �q�u�i�t�e� �a�c�c�u�r�a�t�e�,� �b�u�t� �t�h�a�t� �s�o�m�e� 

�v�e�r�y� �o�d�d� �i�n�c�o�n�s�i�s�t�e�n�c�i�e�s� �o�c�c�u�r�r�e�d� �w�i�t�h� �r�e�s�i�s�t�o�r�s� �5� �a�n�d� �7�.� �O�t�h�e�r� �t�h�a�n� �t�h�e� �o�u�t�s�t�a�n�d�i�n�g� �d�a�t�a�,� 

�t�h�e� �u�n�i�f�o�r�m�i�t�y� �i�s� �e�v�i�d�e�n�t�.� 

�5�.�2�.�7� �D�i�s�c�u�s�s�i�o�n� 

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

�t�o�l�e�r�a�n�c�e�.� �A�l�l� �o�f� �t�h�e� �a�v�e�r�a�g�e�s� �w�e�r�e� �l�e�s�s� �t�h�a�n� �2�%� �a�n�d� �t�h�e�y� �w�e�r�e� �a�l�l� �r�e�l�a�t�i�v�e�l�y� �e�v�e�n� �f�o�r� 

�e�a�c�h� �t�y�p�e� �o�f� �c�u�t�.� �T�h�e� �3�k�H�z� �c�u�t�s� �h�a�v�e� �t�h�e� �l�a�r�g�e�s�t� �m�a�x�i�m�u�m� �v�a�l�u�e� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �f�i�n�a�l� 

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

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

�p�a�r�t�i�c�u�l�a�r�l�y� �w�i�t�h� �t�h�e� �L� �C�u�t�s� �w�i�t�h� �t�h�e� �e�l�b�o�w� �a�t� �6�0�%�,� �t�h�e� �D�o�u�b�l�e� �C�u�t�s�,� �a�n�d� �t�h�e� �S�e�r�p�e�n�t�i�n�e� 

�C�u�t�s�.� �T�h�i�s� �i�s� �d�i�s�c�l�u�d�i�n�g� �t�h�e� �i�n�v�a�l�i�d� �d�a�t�a� �f�o�r� �t�h�e� �S�e�r�p�e�n�t�i�n�e� �C�u�t�s�.� �T�h�e� �5�k�H�z� �a�t� �1�.�5� �W�a�t�t� 

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

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

�S�e�r�p�e�n�t�i�n�e� �C�u�t�s�.� 
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�F�i�g�u�r�e� �5�.�2�9� �T�h�e� �N�u�m�b�e�r�i�n�g� �F�o�r�m�a�t� �f�o�r� �t�h�e� �R�e�s�i�s�t�o�r�s� 
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�5�.�3�.�1� �T�h�e� �S�i�n�g�l�e� �S�t�r�a�i�g�h�t� �C�u�t� 

�T�h�e� �S�t�r�a�i�g�h�t� �C�u�t� �w�o�r�k�e�d� �m�o�s�t� �e�f�f�e�c�t�i�v�e�l�y� �w�i�t�h� �t�h�e� �l�o�w� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s� �(�R�1� 

�t�o� �R�3�)� �a�t� �5�k�H�z� �w�h�i�c�h� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.�2�.� �T�h�e� �s�q�u�a�r�e� �r�e�s�i�s�t�o�r�s� �(�R�4� �t�o� �R�6�)� �t�o�o�k� �t�h�e� 

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

�T�h�e� �h�i�g�h� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s� �(�R�7� �t�o� �R�9�)� �t�u�r�n�e�d� �o�u�t� �l�e�s�s� �t�h�a�n� �s�a�t�i�s�f�a�c�t�o�r�y�.� 

�5�.�3�.�2� �T�h�e� �L� �C�u�t� �w�i�t�h� �t�h�e� �E�l�b�o�w� �a�t� �6�0�%� 

�T�h�e� �L� �C�u�t�s� �w�i�t�h� �t�h�e� �e�l�b�o�w� �a�t� �6�0�%� �d�i�d� �n�o�t� �w�o�r�k� �o�n� �t�h�e� �l�o�w� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s� 

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

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

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

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

�t�h�e� �b�a�s�i�c� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �L� �C�u�t�.� 

�5�.�3�.�3� �T�h�e� �L� �C�u�t� �w�i�t�h� �t�h�e� �E�l�b�o�w� �a�t� �7�0�%� 

�T�h�e� �L� �C�u�t�s� �w�i�t�h� �t�h�e� �e�l�b�o�w� �a�t� �7�0�%� �w�e�r�e� �n�o�t� �a�s� �a�c�c�u�r�a�t�e� �a�s� �t�h�e� �e�l�b�o�w� �a�t� �6�0�%�.� �I�n� 

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

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

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

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

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

�b�e�g�u�n�.� �T�h�i�s� �d�a�t�a� �w�a�s� �e�x�t�r�a�p�o�l�a�t�e�d� �f�r�o�m� �F�i�g�u�r�e�s� �5�.�8� �t�o� �5�.�1�0�.� 

�9�4



�5�.�3�.�4� �T�h�e� �L� �C�u�t� �w�i�t�h� �t�h�e� �E�l�b�o�w� �a�t� �8�3�0�%� 

�T�h�i�s� �t�y�p�e� �o�f� �c�u�t� �f�o�l�l�o�w�e�d� �v�e�r�y� �c�l�o�s�e�l�y� �w�i�t�h� �t�h�e� �s�t�r�a�i�g�h�t� �c�u�t�.� �T�h�e� �t�u�r�n� �a�t� �8�0�%� �o�f� 

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

�B�y� �c�o�m�p�a�r�i�n�g� �F�i�g�u�r�e�s� �5�.�2� �a�n�d� �5�.�1�4�,� �i�t� �i�s� �n�o�t�i�c�e�d� �t�h�a�t� �t�u�r�n�i�n�g� �a�t� �8�0�%� �d�i�d� �n�o�t� �g�i�v�e� �a�n�y� 

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

�5�.�3�.�5� �T�h�e� �D�o�u�b�l�e� �C�u�t� 

�T�h�e� �D�o�u�b�l�e� �C�u�t� �w�a�s� �p�r�o�g�r�a�m�m�e�d� �t�o� �t�u�r�n� �a�t� �7�0�%� �o�f� �t�h�e� �f�i�n�a�l� �v�a�l�u�e�.� �S�u�r�p�r�i�s�i�n�g�l�y�,� 

�t�h�e� �f�i�r�s�t� �c�u�t� �o�f� �t�h�e� �D�o�u�b�l�e� �C�u�t�s� �a�n�d� �t�h�e� �f�i�r�s�t� �c�u�t� �o�f� �t�h�e� �L� �C�u�t�s� �w�i�t�h� �t�h�e� �e�l�b�o�w� �a�t� �7�0�%� �d�i�d� 

�n�o�t� �m�a�t�c�h� �v�e�r�y� �w�e�l�l� �b�y� �c�o�m�p�a�r�i�n�g� �F�i�g�u�r�e� �5�.�8� �a�n�d� �5�.�1�6�.� �T�h�e� �f�i�n�a�l� �v�a�l�u�e�s� �o�f� �t�h�e� �D�o�u�b�l�e� 

�C�u�t� �h�a�d� �t�o�l�e�r�a�n�c�e�s� �u�n�d�e�r� �1�%� �f�o�r� �t�h�e� �s�q�u�a�r�e� �a�n�d� �t�h�e� �h�i�g�h� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s�.� �T�h�e� �l�o�w� 

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

�c�u�t�.� 

�5�.�3�.�6� �T�h�e� �S�e�r�p�e�n�t�i�n�e� �C�u�t� 

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

�l�e�n�g�t�h� �(�r�e�s�i�s�t�o�r�s� �5� �a�n�d� �7�)� �a�s� �s�e�e�n� �i�n� �F�i�g�u�r�e� �5�.�2�6�.� �O�t�h�e�r� �t�h�a�n� �t�h�o�s�e� �t�w�o� �r�e�s�i�s�t�o�r�s�,� �t�h�e� 

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

�h�i�g�h� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s� �b�o�t�h� �p�e�r�f�o�r�m�e�d� �w�e�l�l� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �l�o�w� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s�.� 
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�5�.�3�.�7� �D�i�s�c�u�s�s�i�o�n� 

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

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

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

�o�n� �t�h�e� �e�l�b�o�w� �p�e�r�c�e�n�t�a�g�e� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �r�e�s�i�s�t�o�r� �d�i�m�e�n�s�i�o�n�s�.� �T�h�e� �e�l�b�o�w� �a�t� �6�0�%� 

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

�r�e�s�i�s�t�o�r�s� �n�e�e�d�e�d� �a�n� �e�l�b�o�w� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�a�t�.� �T�h�e� �e�l�b�o�w� �a�t� �7�0�%� �a�n�d� �8�0�%� �w�o�r�k�e�d� �w�e�l�l� �f�o�r� 

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

�r�a�t�i�o� �r�e�s�i�s�t�o�r�s�.� �A�n�o�t�h�e�r� �i�n�t�e�r�e�s�t�i�n�g� �n�o�t�e� �i�s� �t�h�a�t� �t�h�e� �S�e�r�p�e�n�t�i�n�e� �C�u�t�s� �w�o�r�k�e�d� �w�e�l�l� �o�n� �t�h�e� 

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

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

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

�F�i�g�u�r�e�s� �5�.�3�0� �t�o� �5�.�3�5� �s�h�o�w� �i�m�a�g�e�s� �o�f� �t�h�e� �c�u�t�s� �o�n� �t�h�e� �s�q�u�a�r�e� �r�e�s�i�s�t�o�r� �5�.� �F�i�g�u�r�e� �5�.�3�0� 

�d�i�s�p�l�a�y�s� �t�h�e� �S�t�r�a�i�g�h�t� �C�u�t� �a�s� �i�t� �w�a�s� �c�o�n�c�e�p�t�u�a�l�i�z�e�d� �i�n� �F�i�g�u�r�e� �2�.�1�.� �F�i�g�u�r�e�s� �5�.�3�1� �t�o� �5�.�3�3� 

�s�h�o�w� �t�h�e� �d�i�f�f�e�r�e�n�t� �L� �C�u�t�s�.� �I�t� �i�s� �q�u�i�c�k�l�y� �n�o�t�i�c�e�d� �h�o�w� �t�h�e� �e�l�b�o�w� �a�t� �6�0�%� �i�n� �F�i�g�u�r�e� �5�.�3�1� �h�a�s� 

�a� �l�o�n�g�e�r� �s�e�c�o�n�d� �t�r�i�m� �t�h�a�n� �t�h�e� �e�l�b�o�w� �a�t� �7�0�%� �a�n�d� �a�t� �8�0�%�.� �T�h�e� �7�0�%� �a�n�d� �t�h�e� �8�0�%� �e�l�b�o�w�s� 

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

�r�e�s�i�s�t�a�n�c�e� �m�e�a�s�u�r�i�n�g� �t�i�m�e�.� �T�h�e� �D�o�u�b�l�e� �C�u�t� �i�n� �F�i�g�u�r�e� �5�.�3�4� �a�n�d� �t�h�e� �S�e�r�p�e�n�t�i�n�e� �C�u�t� �i�n� 

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

�c�u�t� �w�e�n�t� �t�o�o� �d�e�e�p� �i�n�t�o� �t�h�e� �r�e�s�i�s�t�o�r�.� 
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�F�i�g�u�r�e� �5�.�3�5� �T�h�e� �S�e�r�p�e�n�t�i�n�e� �C�u�t� 
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�5�.�4� �T�h�e�r�m�a�l� �A�g�i�n�g� �R�e�s�u�l�t�s� 

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

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

�c�o�n�t�r�o�l� �s�u�b�s�t�r�a�t�e� �t�h�a�t� �h�a�d� �n�o� �t�r�i�m�s� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� �5�.�3�6� �a�n�d� �5�.�3�7�.� �T�h�e�s�e� �r�e�s�u�l�t�s� 

�c�o�r�r�e�s�p�o�n�d�e�d� �q�u�i�t�e� �w�e�l�l� �t�o� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �r�e�s�i�s�t�i�v�e� �p�a�s�t�e� �t�h�a�t� �w�a�s� �u�s�e�d� �[�3�1�]�.� 

�T�h�e� �S�t�r�a�i�g�h�t� �C�u�t�s� �r�e�s�p�o�n�d�e�d� �w�e�l�l�,� �e�x�c�e�p�t� �f�o�r� �t�h�e� �5�k�H�z� �a�t� �1�.�5� �W�a�t�t� �t�r�i�m�s� �(�F�i�g�u�r�e� �5�.�3�8�)�.� 

�T�h�e�s�e� �w�e�n�t� �t�o� �a�n� �a�v�e�r�a�g�e� �o�f� �5�%� �f�r�o�m� �t�h�e�i�r� �o�r�i�g�i�n�a�l� �v�a�l�u�e� �(�F�i�g�u�r�e� �5�.�3�9�)�.� �T�h�e� �o�t�h�e�r� �t�h�r�e�e� 

�g�r�o�u�p�s� �a�v�e�r�a�g�e�d� �l�e�s�s� �t�h�a�n� �1�%�.� �A�l�l� �o�f� �t�h�e� �l�o�w� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s� �t�h�a�t� �h�a�d� �L� �C�u�t�s� 

�(�F�i�g�u�r�e�s� �5�.�4�0� �t�o� �5�.�4�5�)� �h�e�l�d� �u�p� �w�e�l�l�,� �a�l�s�o�.� �T�h�e� �h�i�g�h� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s� �t�h�a�t� �h�a�d� �L� �C�u�t�s� 

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

�e�l�b�o�w� �a�t� �8�0�%� �r�e�s�p�o�n�d�e�d� �r�e�a�s�o�n�a�b�l�y�,� �b�u�t� �t�h�e� �h�i�g�h� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s� �r�e�a�c�t�e�d� �v�e�r�y� 

�p�o�o�r�l�y�.� �T�h�e� �r�e�s�i�s�t�o�r�s� �t�r�i�m�m�e�d� �w�i�t�h� �a� �L� �C�u�t� �w�i�t�h� �t�h�e� �e�l�b�o�w� �a�t� �7�0�%� �a�n�d� �a�t� �3�k�H�z� �w�i�t�h� �1�.�5� 

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

�C�u�t� �(�F�i�g�u�r�e� �5�.�4�6� �a�n�d� �5�.�4�7�)� �r�e�a�c�t�e�d� �t�h�e� �s�a�m�e� �w�a�y� �a�t� �3�k�H�z� �w�i�t�h� �1�.�5� �W�a�t�t�s� �o�f� �p�o�w�e�r�.� �T�h�i�s� 

�w�a�s� �a�n� �i�n�t�e�r�e�s�t�i�n�g� �m�a�t�c�h� �b�e�c�a�u�s�e� �b�o�t�h� �o�f� �t�h�e�s�e� �c�u�t�s� �h�a�v�e� �h�a�d� �t�h�e�r�e� �t�u�r�n�/�s�h�i�f�t� �a�t� �7�0�%�.� 

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

�d�i�s�t�i�n�c�t� �p�a�t�t�e�r�n�.� �E�v�e�n� �w�i�t�h� �t�h�e� �s�p�i�k�e�s� �f�r�o�m� �t�h�e� �3�k�H�z� �c�u�t�s�,� �t�h�e� �a�v�e�r�a�g�e� �t�o�l�e�r�a�n�c�e� �f�o�r� �a�l�l� �o�f� 

�t�h�e� �D�o�u�b�l�e� �C�u�t�s� �w�a�s� �b�e�l�o�w� �1�%�.� �T�h�e� �m�o�s�t� �t�o�l�e�r�a�n�t� �a�n�d� �u�n�i�f�o�r�m� �d�i�s�t�r�i�b�u�t�i�o�n� �c�a�m�e� �f�r�o�m� 

�t�h�e� �S�e�r�p�e�n�t�i�n�e� �C�u�t�s� �s�e�e�n� �i�n� �F�i�g�u�r�e�s� �5�.�4�8� �a�n�d� �5�.�4�9�.� �T�h�e� �a�v�e�r�a�g�e� �t�o�l�e�r�a�n�c�e�s� �w�e�r�e� �a�r�o�u�n�d� 

�0�.�5�%� �a�n�d� �a�l�l� �o�f� �t�h�e� �m�a�x�i�m�u�m�s� �a�n�d� �m�i�n�i�m�u�m�s� �v�a�r�i�e�d� �b�y� �l�e�s�s� �t�h�a�n� �1�%�.� �T�h�i�s� �t�y�p�e� �o�f� �c�u�t� 

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

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

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

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

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

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

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

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

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

�s�u�g�g�e�s�t�e�d� �f�o�r� �u�s�e�.� 

�6�.�2� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

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

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

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

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

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

�F�u�r�t�h�e�r� �r�e�s�i�s�t�o�r� �t�r�i�m�m�i�n�g� �r�e�s�e�a�r�c�h� �m�a�y� �i�n�c�l�u�d�e� �c�u�t�t�i�n�g� �s�o�m�e� �D�o�u�b�l�e�-�R�e�v�e�r�s�e� 

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

�S�e�r�p�e�n�t�i�n�e� �C�u�t� �o�n� �l�o�w� �a�s�p�e�c�t� �r�a�t�i�o� �r�e�s�i�s�t�o�r�s�.� �W�i�t�h� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �a� �f�a�s�t�e�r� �i�n�t�e�r�f�a�c�e� 

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