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(ABSTRACT) 

The Navy, through it’s Total Quality Leadership (TQL) program, has 

emphasized the need for objective criteria in making design decisions. 

There are numerous tools available to aid human factors engineers meet 

the Navy’s need. For example, simulation modeling provides objective 

design decisions without incurring the high costs associated with prototype 

building and testing. Unfortunately, simulation modeling of human— 

machine systems is limited by the lack of task completion time and 

variance data for various objectives. Moreover, no study has explored the 

use of a simulation model with a Predetermined Time System (PTS) as a 

valid method for making design decisions for display interactive consoles. 

This dissertation concerns the development and validation of a 

methodology to incorporate a PTS known as Modapts into a simulation 

modeling tool known as Micro Saint. The operator task context for the 

model was an interactive displays and controls console known as the 

AN/SLQ-32(V). In addition, the dissertation examined the incorporation of



a cognitive workload metric known as the Subjective Workload Assessment 

Technique (SWAT) into the Micro Saint model. 

The dissertation was conducted in three phases. In the first phase, a 

task analysis was performed to identify operator task and hardware 

interface redesign options. In the second phase data were collected from 

two groups of six participants who performed an operationally realistic task 

on 24 different configurations of a Macintosh AN/SLQ-32(V) simulator. 

Configurations of the simulated AN/SLQ-32(V) were defined by 

combinations of two display formats, two color conditions, and two emitter 

symbol sets, presented under three emitter density conditions. Data from 

Group 1 were used to assign standard deviations, probability distributions 

and Modapts times to a Micro Saint model of the task. The third phase of 

the study consisted of (1) verifying the model-generated performance scores 

and workload scores by comparison against scores obtained from Group 1 

using regression analyses, and (2) validation of the model by comparison 

against Group 2. 

The results indicate that the Modapts/Micro Saint methodology was a 

valid way to predict performance scores obtained from the 24 simulated 

AN/SLQ-32(V) prototypes (R2 = 0.78). The workload metric used in the task 

network model accounted for 76 percent of the variance in Group 2 mean 

workload scores, but the slope of the regression was different from unity (p 

= 0.05). The statistical finding suggests that the model does not provide an 

exact prediction of workload scores. Further regression analysis of Group 1 

and Group 2 workload scores indicates that the two groups were not 

homogenous with respect to workload ratings.
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INTRODUCTION 

The complexities and costs of modern technological systems have 

produced a need for computer simulation tools in human factors 

engineering. Computer modeling enables human factors engineers to 

support design decisions and recommendations with quantitative data 

prior to prototyping actual systems. The rapidly increasing availability of 

computer modeling packages which aid design engineers is evidence of the 

escalating interest in computer modeling. Given the intricacy of human- 

computer systems, computer modeling in human factors engineering is 

expected to become an important part of normal design activities. 

One currently popular tool in human-machine modeling is the 

program Micro Saint (Chubb, Laughery, and Pritsker, 1987). Micro Saint, 

developed for simulation of operator tasks through task state networks, is a 

microcomputer version of the System Analysis of Integrated Networks of 

Tasks (SAINT). Operator tasks are modeled by a network of nodes 

representing constituent elements or subtasks. The ordering of the tasks is 

indicated by branches among the nodes, where several branches emanating 

from one node represent available choices leading to an operator decision. 

Micro Saint simulates operator task activity by generating successive runs 

through the network using subtask completion times, variances, and 

probability distributions. 

The utility of Micro Saint in the visual displays and controls realm 

has not been fully explored by human factors engineers. There is, however,



a reason which impedes the use of all task networking models—acquiring 

appropriate data on task completion times (means, standard deviations, 

and probability distributions) to use in the models. A logical progression in 

the development of human factors engineering tools is to explore methods to 

create time parameter taxonomies or methodologies. A secondary means of 

enhancing modeling tools consists of extending the models to include 

indices of cognitive workload. 

The design of hardware and software systems is a non-trivial 

problem for human factors engineers. In the past, the human factors 

approach consisted of developing prototypes and subsequently attaining 

data by empirical testing. Prototypes are expensive, time-consuming, and 

offer little flexibility with respect to different design configurations. 

Contrary to good design practice, prototypes often are not developed until 

most design decisions are made (Chubb et al., 1987). 

Inadequacies of the prototyping method have been overcome 

somewhat by the engineer's ability to predict operator performance in 

different system designs through computer modeling. Computer 

simulation provides the predictive capability in a manner that is compatible 

with evaluation techniques (e.g., task analysis). In the last decade, some 

attempts have been made to merge predictions of operator workload with 

other analytical methods prior to system development (Laughery, 1989). 

Micro Saint was developed expressly with the human factors 

engineer in mind (Laughery and Drews, 1984). That is, the program was 

designed for modeling human-operator systems. Unlike general purpose 

modeling languages, Micro Saint does not concentrate on micro-level



activities. Rather, Micro Saint addresses issues of strategic and tactical 

decision making by the operator (Laughery and Drews, 1984). Application 

of Micro Saint begins with an analysis of the system in terms of constituent 

operator subtasks. The subtasks are modeled in terms of a network. The 

computer simulation imitates system operation through algorithms that 

replicate interrelationships among the subtasks. Overall system 

performance is simulated by Monte Carlo selections of subtasks and times. 

Micro Saint has been used to model complex human-operator 

systems such as tank crew performance (Laughery and Hegge, 1984), Close- 

In Weapon System (CIWS) loading operations (Tijerina and Treaster, 1990), 

performance on Naval Surface Ship Combat Direction Systems (CDS) (Osga, 

1989), and the effects of medical chemical defenses on military performance 

(Laughery and Hegge, 1984). The predecessor of Micro Saint (titled SAINT) 

has been used to model operator performance in air defense systems 

(Chubb et al., 1987). In general, Micro Saint has been valuable in evaluating 

different design alternatives and different manning configurations. 

Although there has been relatively widespread use of the modeling 

tool, there are still some significant concerns associated with implementing 

Micro Saint (B. Bachert, personal communication, June 17, 1991). One 

difficulty resides in the assignment of time quantities to the task network. 

The assignment of task completion times is particularly difficult when 

modeling a system that does not exist. Two critical pieces of information — 

the mean time and standard deviation for each sub-element — are tedious 

and expensive to obtain. Typically, time data are collected by averaging



precise time measurements made on numerous iterations of the tasks of 

interest. This process is laborious and time intensive. 

In general, there are three sources of time data for task network 

models. First, these data may be extracted from laboratory studies, 

trainers, and simulators. Second, operational data from war-gaming or 

routine operations may be used. Third, subjective opinions provide a source 

of information of task completion time values. Laboratory sources are used 

most often but some data have been collected from simulators. Reportedly, 

almost no models have been built from operational sources (Boff and 

Lincoln, p. 1365). 

Laboratory data are difficult to use in real-world applications due to 

the controlled situations from which they are obtained. Although data from 

simulators are representative of actual tasks and less contrived than 

laboratory tasks, rarely are they collected. Operational data are subject to 

contamination due to a lack of control and often they are not collected 

systematically. Many of the past efforts to derive time parameters consisted 

of subjective methods, using expert opinions to estimate time values (Boff 

and Lincoln, 1988). 

Boff and Lincoln (1988) defined a data bank as a "...systematically 

organized and formatted compilation of data arranged according to a 

special taxonomic scheme to answer specific questions" (p. 1373). There are 

no existing time data banks for network modeling of human operator 

systems. 

One goal of the present effort is to explore the use of task network 

modeling in human factors research by creating an effective method of



approximating subtask performance times and deviations. Establishing a 

valid and reliable methodology to collect and assign time parameters to 

subtasks should facilitate the use of Micro Saint in human factors 

engineering. Micro Saint can be enhanced further by a methodology to 

include indices of mental workload in the task network. 

A possible starting point to establish a methodology for incorporating 

time data into Micro Saint draws on another tool commonly used in a 

different field of industrial and systems engineering; that is, Predetermined 

Time Systems (PTSs). Predetermined times are used for creating work 

standards for jobs different from those where the time data were measured 

originally. Values of similar elements from previously measured jobs are 

used to predict the unmeasured elements of some different job (Turner, 

Mize, and Case, 1987). 

Although PTSs were constructed as databases for determining work 

standards, they are premised on the same ideas as task network modeling. 

Modeling and PTSs require that performance be defined in terms of 

component tasks which are assigned individual time values. Both tools 

assume that a skilled operator performs the sub-elements of a task without 

delays. 

It may be argued that the use of predetermined time data for network 

modeling is impractical for portions of task models that deal with mental 

processes (such as reading or decision making) because PTSs estimate the 

time to perform a series of known actions. There are two reasons that the 

utility of exploring PTSs in the network modeling application is warranted. 

First, time systems such as Modapts incorporate methods to estimate times



to read text (Shinnick, 1987). Second, decision times can be modeled either 

as separate factors (nodes) or can be included indirectly with the operator's 

overt body movement times. 

In short, a taxonomy for assigning Micro Saint time values has not 

been developed and PTSs present a reasonable approach to this end. 

Additionally, incorporation of cognitive workload indices in Micro Saint 

would be useful. With these objectives, a concurrent effort to perform a 

human factors evaluation of a display and control console for a shipboard 

anti-missile early warning system provides the context in which to 

investigate the integration of completion time and mental workload 

methodologies into task network models.



BACKGROUND 

The relevant background for the current research efforts is 

arranged in four separate sections. The first section describes the Micro 

Saint modeling tool. The second section describes some of the more popular 

PTSs with an emphasis on Modapts. The third section discusses cognitive 

workload in general and the Subjective Workload Assessment Technique 

(SWAT) specifically. The fourth section describes the AN/SLQ-32(V) 

Display Control Console (DCC), which provides the operator task context of 

the present research. 

Micro Saint 

System Analysis of Integrated Networks of Tasks (SAINT) was 

developed in the mid-1970s by the Air Force Aerospace Medical Research 

Laboratory in response to the need for a tool to evaluate complex human 

operator-system interactions (Laughery and Drews, 1984). The SAINT 

methodology simulates operator tasks and activities as a network of nodes 

and branches. The network portrays the sequential relationships of the 

subtasks, where the various branches reflect decision points for the 

operator. 

SAINT was used infrequently because it was difficult to learn and 

intricate to use (Laughery and Drews, 1984). In January 1985, the Journal 

for the Society for Computer Simulation presented a seven-item list of 

features that a panel of simulation experts felt were necessary for effective



modeling programs. The list included: (1) no coding, (2) no manuals, (3) 

user-friendly language, (4) greater software availability, (5) windows, (6) 

integrated applications, and (7) a conceptual framework for the expression 

of problems (Laughery and Drews, 1984). This prompted Micro Analysis 

and Design Corporation to develop the microcomputer version of SAINT, 

appropriately named Micro Saint. 

The primary development goal of Micro Saint was to allow models to 

be built easily by non-simulation experts. In 1986, an IBM PC version of the 

Micro Saint software was developed. And, in 1991, Micro Analysis and 

Design produced an Apple Macintosh version of Micro Saint. The 

Macintosh version of Micro Saint is more powerful than the PC version for 

two reasons: (1) task network models require less time to create and (2) 

time to learn the software was minimal (Laughery and Drews, 1984). 

The Micro Saint technology is a network modeling approach 

involving the decomposition of a system or operation into a series of 

subactivities or tasks. This decomposition uses the same principles of task 

and function analyses. 

The Micro Saint model user must decide which level of system 

decomposition will meet the desired objectives. A model can be a single 

network or a hierarchy of several subnetworks. A model can be composed 

of relatively separate subnetworks which act autonomously. 

After the task networks have been defined, the model user 

determines the variables that are relevant to the research effort. The model 

user must be able to describe the way variables are affected by the tasks or 

nodes in the network and, then, construct these relationships within the



model. The relationships among tasks and the interrelationships among 

networks incorporated through the variables are crucial for valid modeling. 

For each node, the user can input this information either as a "beginning 

effect" which is a change in the variable as a function of the current node 

beginning or an "ending effect" which is a change in the variables as a 

function of node completion. 

Beside the variables that the model user defines, Micro Saint 

maintains four system variables for each network: 

1. Clock - keeps track of the elapsed time since the beginning of the 

model execution. 

2. Duration - keeps track of the time that each entity passing through 

the model spends in each node or queue. 

3. Run - keeps track of the number of times the model is run. 

4. Tag - keeps track of the entities within an executing model. 

To construct the model, the model user is required to provide five 

pieces of information for each subtask as listed below: 

° release condition 

¢ mean time 

¢ underlying distribution 

¢ follow-on tasks 

¢ decision criteria for the follow-on tasks.



The release condition refers to the state of the system that must exist 

before the current node or task can execute. For example, before the task 

“launching chaff" can be performed (the task at hand), the launcher must 

be loaded and aimed (release conditions). 

Micro Saint computes the execution time for each task using the 

probability distribution that the modeler specifies. The underlying time 

distribution of each task (e.g., rectangular, exponential, gamma, normal, 

lognormal, or some alternate distribution derived by the modeler) allows 

simulation of the task execution time as realistically as possible. 

Follow-on tasks (e.g., what happens next) of each task are listed, and 

the modeler specifies the logic that Micro Saint will use when selecting 

from alternate follow-on tasks during each run. The decision types 

available to the modeler include "single" (only one follow-on task possible), 

"multiple" (all follow-on tasks execute simultaneously), "tactical" (the 

follow-on job with the greatest of some modeler-defined expression), and 

“probabilistic” (the follow-on jobs occur randomly but with unequal 

probabilities as defined by the modeler). 

Although construction of the task network logic can be performed 

readily, specifying subtask times is an obstacle that discourages the use of 

Micro Saint models. In relatively small models, it is not prohibitive to 

obtain time data using video cameras equipped for frame-by-frame 

analysis. But in large models, the time and cost to gather task times under 

all conditions can be a formidable undertaking. 

One route around the limitation imposed by the acquisition of time 

parameters is to use a general purpose methodology that will provide good 
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estimates of time. An initial possibility for developing a methodology for 

appropriate subtask time parameters draws upon established PTSs for 

first-order approximations. A brief description of PTSs is given below. 

Predetermined Time Systems 

Time and motion methods are not new to the field of industrial 

engineering or the discipline of human factors engineering. Karger and 

Bayha (1987) define PTSs as: 

...an organized body of information, procedures, and techniques 
employed in the study and evaluation of work elements 
performed by human power in terms of the method or motions 
used, their general and specific nature, the conditions under 
which they occur, and the application of prestandardized or 
predetermined times which their performance requires (p. 42). 

The origin of work—time studies dates to the early 1900 "scientific 

management revolution" when systematic techniques were applied to 

management of people in the workforce (Tripartite Working Group, 1976; 

Turner, et al., 1987). The first task analytic methods incorporating time and 

motion concepts trace to two concurrent efforts: Frederick Taylor's 

stopwatch time study procedures and Frank and Lillian Gilbreth's PTS 

procedures in 1911. Predetermined time standards refer to the collection 

and cataloging of time data that are applied subsequently to tasks or jobs 

other than the ones from which they were collected originally. Rather than 

determine the standard times for each job through an individual study, 

standard databases were organized from a number of related studies 

(Mundel, 1985). 
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From this starting point, a number of techniques were formulated 

that embodied the idea of breaking a manual operation into its component 

parts and assigning appropriate times to each. Early industrial engineers 

used elemental approaches, where component times were determined 

through observation of body parts used to perform a motion, the distance the 

body part had to travel, the manual control required, and the force (weight 

or resistance) involved (Meister, 1985). 

Mundel (1985) reported that time standards derived from synthesized 

databases, assuming that errors in the data are random, yield more reliable 

time data due to the greater number of data points. 

Three of the most prominent PTSs are Methods Time Measurement 

(MTM), Computerized Maynard Operation Sequence Technique (MOST), 

and the Modular Arrangement of Predetermined Time Standards 

(Modapts). Each of these systems will be discussed individually. 

Methods Time Measurement. Of all the PTSs, the MTM is the most 

well-known (Zandin, 1980). MTM was developed and published in 1948 by 

Harold B. Maynard, G.J. Stegemerten, and J.L. Schwab. MTM is well 

established, very detailed in its procedural requirements, and generally 

considered the most accurate and accepted system to date (Zandin, 1980). 

MT® is based on film-time studies of various industrial jobs. Use of 

the MTM system requires a trained analyst to describe the work of interest 

in terms of manual activities that correspond to basic elemental motions 

(Chaffin, 1987). To use the MTM system with accuracy and consistency, an



analyst must attend a 24-80 hour training course (Chaffin, 1987; Zandin, 

1980). 

The time values for each elemental motion are given in one hundred- 

thousandths of an hour (0.00001 hour), referred to as one Time- 

Measurement Unit or TMU (1 TMU = .036 second). The primary 

assumption behind MTM is that times are determined for each basic 

element (motion) as a function of three variables: (1) type of terminal 

condition, (2) the load being transported, and (3) the distance of the motion. 

A detailed data card exists for each basic motion (reach, move, grasp, 

position, release, body, leg and foot motions, etc.) Once each basic motion 

and corresponding its variables have been identified, times are chosen from 

the appropriate data card. An example of the MTM data card for the 

motion "Move’" is illustrated in Table 1. 

TABLE 1 

Partial MTM Card for "Move" (Mundel, 1985, p. 401) 

  

  

  

  

    
  

  

  

  

  

  

  

  

    

Distance Time TMU Wt. Allowance 
Moved Mov- |] Wt.(lb.) Cons- CASE AND 
Inches A B Cc ing B Up to Factor tant DESCRIPTION 

TMU 
3/4 or less 20 2.0 20 17 25 0 0 

1 25 29 3.4 23 
2 3.6 4.6 52 29 75 1.06 22 A Move object to 
3 49 57 | 67 sot other hand or 
4 6.1 69 8.0 92 12.5 1.11 39 against stop. 
5 73_| 80 | 92 | 50 || 125 Lil 39 
6 8.1 89 10.3 57 || 175 1.17 5.6 

7 89 9.7 11.1 oo 17.5 1.17 5.6 

8 9.7 10.6 11.8 72 22.5 1.22 74 B Move object to 
9 10.5 115 12.7 79 |} 225 1.22 74 approximate or 
0 113 122 13.5 86 22.5 1.22 74 indefinite location.               
   



For the "Move" element, there are three terminal conditions or 

cases/descriptions of the motion (only two are shown in Table 1): 

¢ Move the object to the other hand or against a stop. 

¢ Move the object to an approximate or indefinite location. 

¢ Move the object to an exact location. 

The load that is moved is specified in pounds (Ibs). The effect of the 

load is not as straightforward as the distance of the movement or the 

terminal condition. The load, depending on the number of hands used to lift 

it, is assigned a constant time delay and a proportional time delay. 

Basic motion distances must be measured accurately and classified 

correctly. Because of the detail required in MTM analysis, applicator error 

can be a problem (Zandin, 1980). 

The nine additional types of motions are listed below (note that each 

has a unique data card): 

¢ Reach - a motion made with unloaded hands or fingers. 

¢ Position - fine motions to align an object at the end of a larger 

motion. 

¢ Release - either a distinct motion by the fingers or a release of an 

object without overt motions. 

¢ Disengage - an involuntary "rebound" motion after two objects 

suddenly separate under exertion. 

¢ Grasp - an overt motion to gain control of an object. 
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e Eye focus/travel - the time required for the eyes to move to and 

fixate on a specific object. 

Turn/apply pressure - a rotation of the hand about the long axis of 

the arm in order to manipulate controls, tools, or other objects. 

Body, leg/foot motion - transporting the body with given step values. 

Simultaneous motions - rules are provided for motions that 

concurrently occur, only the longest time is recorded. 

Another underlying assumption of MTM is that the analyses reflect 

100% performance levels. Also, MTM does not consider posture of the 

worker. For example, a biomechanically correct push is not any different 

from a push using incorrect posture. 

Additional versions of the MTM, namely MTM-2 and MTM-3, were 

developed to reduce the applicator error and the time consumed in 

application of the method. Versions 2 and 3 average or group together 

certain basic motions and/or variables to decrease the amount of applicator 

error. Unfortunately, versions 2 and 3 were not as accurate as MTM-1 

(Zandin, 1980). 

Computerized Maynard Operation Sequence Technique. MOST was 

developed by one of the men who developed MTM. MOST was the result of 

efforts to simplify the task of the analyst, since the MTM procedure was 

complicated and arduous. 

Unlike most PTSs that seek to set work standards based on the time to 

perform elemental motions, MOST is founded on the idea that work can be



measured by the movement of objects. The theoretical underpinnings are 

related directly to the physics definition of work; that is, work equals force 

multiplied by distance. MOST assumes that the movements of objects follow 

certain patterns such as reach, grasp, move, and positioning the object 

(Zandin, 1980). These patterns are arranged in a sequence of activities that 

are followed in the movement of an object. Subsequently, the pattern 

sequences are modeled and used as a standard guide for assessing the 

movement of the object. Another assumption of MOST is that the motion 

contents of the activities are independent from one another. 

MOST is built on the idea that there are two ways an object can be 

moved. Either the object is moved freely through space (e.g., a clean lift) or 

it is moved while in contact with another surface (e.g., pushed along the 

floor). Each movement type is modeled by a different sequence. The use of 

tools or items of equipment also is represented by a unique sequence model. 

While the sequence of elemental subactivities is invariant, the time 

associated with each subactivity changes. In short, MOST assumes that all 

manual work can be described by three basic modeling sequences: 

¢ General Move - object is moved freely through space. 

¢ Controlled Move - object is moved in contact with another 

surface. 

¢ Tool/Equipment Use - the use of common hand tools. 

Each of the three modeling sequences is composed of different 

subactivities, as listed in Table 2. 
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�t�h�e� �a�n�a�l�y�s�t� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �p�r�o�c�e�s�s� �t�i�m�e�s� �f�o�r� �v�a�r�i�o�u�s� �o�p�e�r�a�t�i�o�n�s� �(�e�.�g�.�,� 

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

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

�c�o�n�f�i�g�u�r�a�t�i�o�n�s� �f�o�r� �c�o�m�p�a�r�i�s�o�n� �(�K�a�r�g�e�r� �a�n�d� �B�a�y�h�a�,� �1�9�8�7�)�.� �T�h�e� �c�o�m�p�u�t�e�r�i�z�e�d� 

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

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

�i�n�f�o�r�m�a�t�i�o�n� �(�Z�a�n�d�i�n�,� �1�9�8�0�)�.� 

�M�O�D�u�l�a�r� �A�r�r�a�n�g�e�m�e�n�t� �o�f� �P�r�e�d�e�t�e�r�m�i�n�e�d� �T�i�m�e� �S�t�a�n�d�a�r�d�s�.� �U�n�d�e�r� 

�t�h�e� �d�i�r�e�c�t�i�o�n� �o�f� �G�.� �C�.� �H�e�y�d�e�,� �M�o�d�a�p�t�s� �w�a�s� �d�e�v�e�l�o�p�e�d� �i�n� �1�9�6�5� �b�y� �a�n� �i�n�f�o�r�m�a�l� 

�w�o�r�k�i�n�g� �g�r�o�u�p� �o�f� �1�7� �i�n�d�i�v�i�d�u�a�l�s� �r�e�p�r�e�s�e�n�t�i�n�g� �1�4� �d�i�f�f�e�r�e�n�t� �c�o�m�p�a�n�i�e�s� 

�(�K�a�r�g�e�r� �a�n�d� �B�a�y�h�a�,� �1�9�8�7�;� �S�h�i�n�n�i�c�k�,� �1�9�8�7�)�.� �C�o�n�s�i�s�t�e�n�t� �w�i�t�h� �p�r�e�d�e�t�e�r�m�i�n�e�d� 

�t�i�m�e� �s�y�s�t�e�m�s�,� �M�o�d�a�p�t�s� �w�a�s� �i�n�t�r�o�d�u�c�e�d� �a�s� �a� �w�o�r�k� �m�e�a�s�u�r�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�.� 

�T�h�e� �e�a�r�l�y� �v�e�r�s�i�o�n� �w�a�s� �k�n�o�w�n� �a�s� �C�o�n�c�i�s�e� �M�o�d�a�p�t�s�.� �I�n� �1�9�6�9�,� �a� �c�l�e�r�i�c�a�l� 

�d�a�t�a�b�a�s�e� �w�a�s� �c�o�l�l�e�c�t�e�d� �a�n�d� �i�t� �w�a�s� �c�a�l�l�e�d� �O�f�f�i�c�e� �M�o�d�a�p�t�s�.� �A�d�d�i�t�i�o�n�a�l� �d�a�t�a� 

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

�M�o�d�a�p�t�s� �i�n� �1�9�7�4�.� �I�n� �1�9�8�1�,� �t�h�e�s�e� �t�h�r�e�e� �M�o�d�a�p�t�s� �d�a�t�a�b�a�s�e�s� �w�e�r�e� �c�o�m�b�i�n�e�d� 

�i�n�t�o� �M�o�d�a�p�t�s� �P�L�U�S�.� �T�h�i�s� �c�u�r�r�e�n�t� �d�a�t�a�b�a�s�e� �e�m�b�o�d�i�e�s� �4�4� �e�l�e�m�e�n�t�s� �o�f� �h�u�m�a�n� 

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



�O�n�e� �M�O�D� �i�s� �t�h�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �p�e�r�f�o�r�m� �o�n�e� �f�i�n�g�e�r� 

�m�o�v�e�m�e�n�t� �a�n�d� �h�a�s� �t�h�e� �v�a�l�u�e� �o�f� �0�.�1�2�9� �s�e�c�o�n�d�.� �T�h�e� �v�a�l�u�e� �o�f� �o�n�e� �M�O�D� 

�e�m�e�r�g�e�d� �f�r�o�m� �t�i�m�e� �s�t�u�d�i�e�s� �o�v�e�r� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �j�o�b�s� �a�t� �m�o�r�e� �t�h�a�n� �2�0� 

�d�i�f�f�e�r�e�n�t� �i�n�d�u�s�t�r�i�a�l� �o�r�g�a�n�i�z�a�t�i�o�n�s� �(�S�h�i�n�n�i�c�k�,� �1�9�8�7�)�.� 

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

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

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

�t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �c�o�m�p�l�e�t�e� �t�h�e� �m�o�t�i�o�n� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �i�t� �b�y� �0�.�1�2�9� �s�e�c�o�n�d�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �a� �h�a�n�d� �m�o�v�e� �i�s� �e�n�c�o�d�e�d� �M�2� �a�n�d� �i�s� �a�s�s�i�g�n�e�d� �a� �t�i�m�e� �v�a�l�u�e� �o�f� �0�.�2�5�8� 

�s�e�c�o�n�d� �(�2� �x� �0�.�1�2�9�)�.� �T�h�e� �M�o�d�a�p�t�s� �v�a�l�u�e�s� �f�o�r� �a�l�l� �m�o�v�e�m�e�n�t�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� 

�A�p�p�e�n�d�i�x� �A�.� 

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

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

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

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

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

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

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

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

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

�d�i�a�g�r�a�m�m�e�d� �i�n� �F�i�g�u�r�e� �1�.� 

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

�s�k�i�l�l�e�d� �o�p�e�r�a�t�o�r� �p�e�r�f�o�r�m�i�n�g� �a� �f�a�m�i�l�i�a�r� �t�a�s�k�.
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�F�i�g�u�r�e� �1�.� �D�i�a�g�r�a�m� �o�f� �s�e�l�e�c�t�e�d� �M�o�d�a�p�t�s� �m�o�v�e�m�e�n�t�s� �(�a�d�a�p�t�e�d� �f�r�o�m� �S�h�i�n�n�i�c�k�,� 

�1�9�8�7�)�.� 

�2�1� 

� � � � � � 

�E�4� �Q�6� 

�f�e� �3� �D�c�s�A�l� �|� �S�S� �0�-�7� 
 ��E� �F�3� �C�4� �.� �B�1�7� �S�3�0� 

� 



�D�i�s�c�u�s�s�i�o�n�.� �C�o�m�p�a�r�i�n�g� �M�T�M�,� �C�o�m�p�u�t�e�r�i�z�e�d� �M�O�S�T�,� �a�n�d� �M�o�d�a�p�t�s�,� 

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

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

�b�a�s�i�c� �t�i�m�e� �u�n�i�t� �t�o� �c�a�l�c�u�l�a�t�e� �t�o�t�a�l� �t�a�s�k� �t�i�m�e�s�.� �F�o�r� �M�T�M� �a�n�d� �M�O�S�T�,� �t�h�e� �t�i�m�e� 

�u�n�i�t� �i�s� �a� �T�M�U�,� �o�r� �0�.�0�3�6� �s�e�c�.� �M�o�d�a�p�t�s� �u�s�e�s� �t�h�e� �t�i�m�e� �u�n�i�t� �e�n�t�i�t�l�e�d� �a� �M�O�D�,� �o�r� 

�0�.�1�2�9� �s�e�c�.� 

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

�c�h�o�o�s�i�n�g� �a� �P�T�S�.� �M�T�M�,� �t�h�o�u�g�h� �a� �m�o�r�e� �p�r�e�c�i�s�e� �a�n�d� �a�c�c�u�r�a�t�e� �s�y�s�t�e�m� �t�h�a�n� 

�M�O�S�T� �(�Z�a�n�d�i�n�,� �1�9�8�0�)�,� �i�s� �f�a�r� �m�o�r�e� �d�e�t�a�i�l�e�d� �d�u�e� �t�o� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �a�n� 

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

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

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

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

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

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

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

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

�i�n�d�i�v�i�d�u�a�l� �v�a�r�i�a�b�i�l�i�t�y�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s� �b�a�l�a�n�c�i�n�g�,� �M�O�S�T� �w�o�u�l�d� �b�e� 

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

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

�M�T�M� �i�s� �a�n� �"�e�x�a�c�t�"� �m�e�a�s�u�r�e�m�e�n�t� �s�y�s�t�e�m�,� �i�n� �w�h�i�c�h� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� 

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

�M�O�S�T� �i�s� �a� �l�e�s�s� �c�o�m�p�l�e�x� �s�y�s�t�e�m� �w�h�i�c�h� �d�e�s�c�r�i�b�e�s� �t�h�e� �w�o�r�k� �o�f� �a� �s�e�q�u�e�n�c�e� �o�f� 

�a�c�t�i�v�i�t�i�e�s� �b�a�s�e�d� �o�n� �a� �p�h�y�s�i�c�a�l� �d�e�f�i�n�i�t�i�o�n� �o�f� �w�o�r�k� �(�i�.�e�.�,� �f�o�r�c�e� �x� �d�i�s�t�a�n�c�e�)�.� 

�M�o�d�a�p�t�s�,� �u�n�l�i�k�e� �M�T�M� �a�n�d� �M�O�S�T� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �i�d�e�a� �t�h�a�t� �d�i�s�t�a�n�c�e�s� �d�o� �n�o�t



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

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

�M�o�d�a�p�t�s�,� �u�n�l�i�k�e� �M�T�M� �a�n�d� �M�O�S�T�,� �r�e�c�o�g�n�i�z�e�s� �t�h�a�t� �o�p�e�r�a�t�o�r�s� �d�o� �n�o�t� 

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

�M�O�S�T�)� �t�i�m�e�s� �f�o�r� �a�n� �a�v�e�r�a�g�e� �t�r�a�i�n�e�d� �o�p�e�r�a�t�o�r� �w�o�r�k�i�n�g� �a�t� �a� �t�y�p�i�c�a�l� �p�a�c�e�,� �a� 

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

�e�x�t�r�e�m�e�l�y� �h�a�r�d� �(�f�a�s�t�)� �w�o�r�k� �o�r� �e�x�t�r�e�m�e�l�y� �s�l�o�w� �w�o�r�k�.� �T�h�i�s� �a�d�j�u�s�t�m�e�n�t� �i�s� �a� 

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

�C�l�e�a�r�l�y�,� �a�l�l� �t�h�r�e�e� �P�T�S�s� �a�r�e� �m�e�a�n�t� �t�o� �g�e�n�e�r�a�l�i�z�e� �o�v�e�r� �a� �r�a�n�g�e� �o�f� 

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

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

�C�o�m�p�u�t�e�r�i�z�e�d� �M�O�S�T� �f�o�c�u�s�e�s� �o�n� �s�p�e�c�i�f�i�c� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �t�y�p�e� �j�o�b�s� 

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

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

�h�a�n�d�i�c�a�p�p�e�d� �p�e�o�p�l�e� �(�S�h�i�n�n�i�c�k�,� �1�9�8�5�)�.� 

�M�o�d�a�p�t�s� �w�a�s� �t�e�s�t�e�d� �b�y� �P�r�i�c�e� �W�a�t�e�r�h�o�u�s�e� �i�n� �c�o�m�p�a�r�i�s�o�n� �t�o� �o�t�h�e�r� 

�p�r�e�d�e�t�e�r�m�i�n�e�d� �t�i�m�e� �s�y�s�t�e�m�s� �(�M�T�M�,� �M�S�D�,� �a�n�d� �W�o�r�k� �F�a�c�t�o�r�)� �a�s� �w�e�l�l� �a�s� �t�o� 

�s�t�o�p�w�a�t�c�h� �t�i�m�e� �s�t�u�d�i�e�s� �(�S�h�i�n�n�i�c�k� �1�9�8�7�)�.� �T�h�e�y� �f�o�u�n�d� �a�l�l� �s�y�s�t�e�m�s� �t�o� �h�a�v�e� 

�c�o�m�p�a�r�a�b�l�e� �a�c�c�u�r�a�c�y� �(�G�e�r�b�e�r� �a�n�d� �H�e�y�d�e�,� �1�9�8�5�;� �S�h�i�n�n�i�c�k�,� �1�9�8�5�;� �S�h�i�n�n�i�c�k� 

�a�n�d� �E�r�w�i�n�,� �1�9�8�9�)�.� �C�o�m�p�u�t�e�r�i�z�e�d� �M�O�S�T� �w�a�s� �c�o�m�p�a�r�a�b�l�e� �t�o� �M�T�M� �f�o�r� �a�l�l� 

�b�o�d�y� �m�o�t�i�o�n�s�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �s�h�o�r�t�,� �c�y�c�l�i�c� �m�o�t�i�o�n�s� �(�Z�a�n�d�i�n�,� �1�9�8�0�)�.� 

�M�o�d�a�p�t�s� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�w�i�c�e� �a�s� �f�a�s�t� �t�o� �a�p�p�l�y� �a�s� �M�T�M�-�1�,� �a�n�d� �t�h�e� 

�a�p�p�l�i�c�a�t�i�o�n� �t�i�m�e� �o�f� �C�o�m�p�u�t�e�r�i�z�e�d� �M�O�S�T� �f�a�l�l�s� �s�o�m�e�w�h�e�r�e� �i�n� �b�e�t�w�e�e�n� �t�h�e�s�e� 

�t�w�o� �s�y�s�t�e�m�s�.� �S�h�i�n�n�i�c�k� �(�1�9�8�5�)� �a�l�s�o� �r�e�p�o�r�t�s� �t�h�a�t� �M�o�d�a�p�t�s� �w�a�s� �r�e�c�o�m�m�e�n�d�e�d� 

�b�y� �t�h�e� �I�n�t�e�r�n�a�t�i�o�n�a�l� �L�a�b�o�r� �O�f�f�i�c�e� �a�s� �a� �"�.�.�.�v�a�l�i�d� �a�n�d� �u�s�e�f�u�l� �w�o�r�k



�m�e�a�s�u�r�e�m�e�n�t� �s�y�s�t�e�m�"� �a�n�d� �t�h�a�t� �M�o�d�a�p�t�s� �c�o�m�p�l�i�e�s� �w�i�t�h� �M�I�L�-�S�T�D� �1�5�6�7�A� 

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

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

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

�a�p�p�e�a�l�i�n�g� �b�e�c�a�u�s�e� �o�f� �i�t�s� �e�a�s�e� �o�f� �a�p�p�l�i�c�a�t�i�o�n� �(�S�h�i�n�n�i�c�k� �a�n�d� �G�e�r�b�e�r�,� �1�9�8�5�)�.� 

�C�o�g�n�i�t�i�v�e� �W�o�r�k�l�o�a�d� �M�e�a�s�u�r�e�s� 

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

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

�M�i�c�r�o� �S�a�i�n�t� �t�a�s�k� �n�e�t�w�o�r�k�s�.� �L�a�u�g�h�e�r�y� �(�1�9�8�9�)� �h�a�s� �e�x�a�m�i�n�e�d� �t�a�s�k� �n�e�t�w�o�r�k� 

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

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

�u�s�e�d� �b�y� �D�r�e�w�,� �L�a�u�g�h�e�r�y�,� �K�r�a�m�m�e�,� �a�n�d� �A�r�c�h�e�r� �b�a�s�e�d� �o�n� �a� �t�e�c�h�n�i�q�u�e� �d�o�n�e� 

�b�y� �M�c�C�r�a�c�k�e�n� �a�n�d� �A�l�d�r�i�c�h� �i�n� �1�9�8�4� �(�L�a�u�g�h�e�r�y�,� �1�9�8�9�)�.� �T�h�e� �t�h�e�o�r�e�t�i�c�a�l� �b�a�s�i�s� 

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

�p�r�o�p�o�s�e�d� �b�y� �W�i�c�k�e�n�s�,� �S�a�n�d�r�y�,� �a�n�d� �V�i�d�u�l�i�c�h� �i�n� �1�9�8�3�.� 

�T�h�e� �M�c�C�r�a�c�k�e�n� �a�n�d� �A�l�d�r�i�c�h� �t�e�c�h�n�i�q�u�e� �r�e�q�u�i�r�e�s� �t�h�a�t� �f�o�r� �e�a�c�h� �n�o�d�e� �o�f� 

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

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

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

�M�c�C�r�a�c�k�e�n� �a�n�d� �A�l�d�r�i�c�h� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �c�h�a�n�n�e�l�s� �t�o� �h�e�l�p� �t�h�e� �m�o�d�e�l�e�r� �d�e�c�i�d�e� 

�a� �v�a�l�u�e� �t�h�a�t� �b�e�s�t� �c�h�a�r�a�c�t�e�r�i�z�e�d� �t�h�e� �s�u�b�a�c�t�i�v�i�t�y�.� �B�y� �u�s�i�n�g� �M�i�c�r�o� �S�a�i�n�t� �t�o� 

�s�i�m�u�l�a�t�e� �t�h�e� �t�a�s�k� �n�e�t�w�o�r�k� �a�n�d� �a�p�p�l�y�i�n�g� �t�h�e� �w�o�r�k�l�o�a�d� �v�a�l�u�e�s�,� �t�h�e� �o�p�e�r�a�t�o�r�'�s� 

�a�t�t�e�n�t�i�o�n�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �o�b�t�a�i�n�e�d�.



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

�M�c�C�r�a�c�k�e�n� �a�n�d� �A�l�d�r�i�c�h� �e�x�t�e�n�s�i�o�n� �p�o�s�e�s� �s�e�v�e�r�a�l� �d�i�f�f�i�c�u�l�t�i�e�s�.� �F�o�r� �i�n�s�t�a�n�c�e�,� 

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

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

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

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

�(�L�a�u�g�h�e�r�y�,� �1�9�8�9�)�.� �B�e�c�a�u�s�e� �t�h�e� �r�e�s�e�a�r�c�h� �o�n� �t�h�i�s� �e�x�t�e�n�s�i�o�n� �i�s� �o�n�g�o�i�n�g�,� �a�n�d� 

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

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

�e�x�i�s�t�i�n�g� �w�o�r�k�l�o�a�d� �i�n�d�e�x� �i�n�t�o� �M�i�c�r�o� �S�a�i�n�t� �m�o�d�e�l�i�n�g�.� 

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

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

�1�9�8�4�;� �H�a�r�t�,� �1�9�8�7�)�.� �E�v�i�d�e�n�c�e� �o�f� �t�h�e� �c�o�g�n�i�t�i�v�e� �w�o�r�k�l�o�a�d� �i�s�s�u�e�s� �c�a�u�s�e�d� �b�y� �t�h�e� 

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

�r�e�v�i�e�w�s� �o�f� �c�o�g�n�i�t�i�v�e� �w�o�r�k�l�o�a�d� �m�e�a�s�u�r�e�s� �(�e�.�g�.�,�G�a�r�t�n�e�r� �a�n�d� �M�u�r�p�h�y�,� �1�9�7�6�;� 

�H�a�r�t�,� �1�9�8�7�;� �W�i�l�l�i�g�e�s� �a�n�d� �W�i�e�r�w�i�l�l�e�,� �1�9�7�9�)�.� �T�h�e�r�e� �a�r�e� �t�h�r�e�e� �m�a�i�n� �c�a�t�e�g�o�r�i�e�s� 

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

�p�e�r�f�o�r�m�a�n�c�e� �b�a�s�e�d� �m�e�a�s�u�r�e�s�,� �a�n�d� �s�u�b�j�e�c�t�i�v�e� �m�e�a�s�u�r�e�s� �(�E�g�g�e�m�e�i�e�r� �a�n�d� 

�O�'�D�o�n�n�e�l�l�,� �1�9�8�2�)�.� �M�u�t�u�a�l� �a�g�r�e�e�m�e�n�t� �e�x�i�s�t�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� 

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

�o�f� �w�o�r�k�l�o�a�d� �m�e�a�s�u�r�e�m�e�n�t� �m�e�t�h�o�d� �(�N�y�g�r�e�n�,� �1�9�9�1�;� �R�e�i�n�h�a�r�t�,� �G�l�y�n�n�,� �D�y�e�,� 

�T�a�k�a�h�a�m�a�,� �a�n�d� �S�n�y�d�e�r�,� �1�9�8�8�)�.� �E�g�g�e�m�e�i�e�r� �a�n�d� �O�'�D�o�n�n�e�l�l� �(�1�9�8�2�)� �a�r�g�u�e� �t�h�a�t� 

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

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



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

�a�d�v�a�n�t�a�g�e�s� �a�n�d� �d�i�s�a�d�v�a�n�t�a�g�e�s�.� 

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

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

�b�e� �i�n�f�e�r�r�e�d� �f�r�o�m� �p�h�y�s�i�o�l�o�g�i�c�a�l� �c�o�n�d�i�t�i�o�n�s� �(�E�g�g�e�m�e�i�e�r� �a�n�d� �O�'�D�o�n�n�e�l�l�,� �1�9�8�2�)�.� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e�s� �a�s�s�e�s�s� �t�h�e� �p�s�y�c�h�o�s�o�m�a�t�i�c� �e�f�f�e�c�t�s� �o�f� �s�t�r�e�s�s� �(�M�c�C�l�o�y�,� 

�1�9�8�7�)�.� �T�h�e� �m�o�s�t� �c�o�m�m�o�n�l�y� �u�s�e�d� �p�s�y�c�h�o�p�h�y�s�i�o�l�o�g�i�c�a�l� �m�e�a�s�u�r�e� �i�s� �h�e�a�r�t� �r�a�t�e�,� 

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

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

�m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �c�o�g�n�i�t�i�v�e� �w�o�r�k�l�o�a�d� �a�r�e� �t�h�e� �e�l�e�c�t�r�o�m�y�o�g�r�a�m� �(�E�M�G�)�,� �t�h�e� 

�g�a�l�v�a�n�i�c� �s�k�i�n� �r�e�s�p�o�n�s�e� �(�G�S�R�)�,� �m�e�a�s�u�r�e�s� �o�f� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �f�u�n�c�t�i�o�n� �(�b�l�o�o�d� 

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

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

�f�u�n�c�t�i�o�n�s�.�)� 

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

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

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

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

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

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

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

�u�n�r�e�l�a�t�e�d� �t�o� �t�h�e� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�e�s� �u�n�d�e�r� �s�t�u�d�y�.� �H�a�r�t�m�a�n� �(�1�9�8�0�)� �w�a�r�n�e�d� 

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



�P�e�r�f�o�r�m�a�n�c�e� �m�e�a�s�u�r�e�s�.� �P�e�r�f�o�r�m�a�n�c�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �c�o�g�n�i�t�i�v�e� 

�w�o�r�k�l�o�a�d� �a�s�s�e�s�s� �i�m�p�a�i�r�m�e�n�t�s� �t�o� �p�e�r�f�o�r�m�a�n�c�e� �l�e�v�e�l�s� �(�M�c�C�l�o�y�,� �1�9�8�7�)�.� 

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

�m�i�s�s�i�o�n�:� �w�e�a�p�o�n� �s�y�s�t�e�m�s� �p�e�r�f�o�r�m�a�n�c�e�,� �p�r�i�m�a�r�y� �t�a�s�k� �p�e�r�f�o�r�m�a�n�c�e�,� 

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

�a�n�d� �O�'�D�o�n�n�e�l�l�,� �1�9�8�2�)�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�o�p�e�r�a�t�o�r�'�s� �a�b�i�l�i�t�y� �t�o� �c�o�p�e� �w�i�t�h� �a�n�d� �a�c�h�i�e�v�e� �d�e�s�i�r�e�d� �o�b�j�e�c�t�i�v�e�s�.� �N�y�g�r�e�n� �(�1�9�9�1�)� 

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

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

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



�c�o�g�n�i�t�i�v�e� �w�o�r�k�l�o�a�d� �(�J�o�h�a�n�s�s�e�n�,� �M�o�r�a�y�,� �P�e�w�,� �R�a�s�m�u�s�s�e�n�,� �S�a�n�d�e�r�s�,� �a�n�d� 

�W�i�c�k�e�n�s�,� �1�9�7�9�)�.� 

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

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

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

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

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

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

�V�i�d�u�l�i�c�h� �a�n�d� �W�i�c�k�e�n�s� �(�1�9�8�6�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �c�o�g�n�i�t�i�v�e� �p�r�o�c�e�s�s�e�s� 

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

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

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

�r�a�t�e�,� �a�n�d� �m�o�t�i�v�a�t�i�o�n� �(�V�i�d�u�l�i�c�h� �a�n�d� �W�i�c�k�e�n�s�,� �1�9�8�6�)�.� 

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

�d�i�s�a�d�v�a�n�t�a�g�e�s� �(�G�o�p�h�e�r� �a�n�d� �B�r�a�u�n�e�,� �1�9�8�4�)�.� �A�l�t�h�o�u�g�h� �s�u�b�j�e�c�t�i�v�e� �m�e�a�s�u�r�e�s� 

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

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

�a�s�s�e�s�s�m�e�n�t�s� �(�H�a�r�t�,� �1�9�8�7�;� �R�e�i�d�,� �S�h�i�n�g�l�e�d�e�c�k�e�r�,� �E�g�g�e�m�e�i�e�r�,� �a�n�d� �N�y�g�r�e�n�,� 

�1�9�8�1�)�.� �F�o�r� �b�o�t�h� �p�r�a�c�t�i�c�a�l� �a�n�d� �t�h�e�o�r�e�t�i�c�a�l� �r�e�a�s�o�n�s�,� �s�u�b�j�e�c�t�i�v�e� �m�e�a�s�u�r�e�s� �o�f�f�e�r� 

�v�a�l�u�a�b�l�e� �i�n�f�o�r�m�a�t�i�o�n�.� 

�R�e�i�d� �e�t� �a�l�.� �(�1�9�8�1�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �i�n� �s�u�c�h� �i�n�s�t�a�n�c�e�s� �a�s� �o�p�e�r�a�t�i�o�n�a�l� �f�l�i�g�h�t� 

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

�I�t� �i�s� �n�o�t� �i�n�t�r�u�s�i�v�e� �a�n�d� �d�o�e�s� �n�o�t� �r�e�q�u�i�r�e� �e�x�c�e�s�s�i�v�e� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n�.� 

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

�p�e�r�f�o�r�m�a�n�c�e� �(�H�a�r�t�,� �1�9�7�8�;� �H�a�r�t�m�a�n�,� �1�9�8�0�)�.� �J�o�h�a�n�n�s�e�n� �e�t� �a�l�.� �(�1�9�7�9�)� �p�o�i�n�t�e�d



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

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

�l�o�a�d�e�d�.� 

�S�u�b�j�e�c�t�i�v�e� �m�e�a�s�u�r�e�s� �a�r�e� �e�a�s�y� �t�o� �u�s�e�,� �s�c�o�r�e�,� �a�n�d� �a�n�a�l�y�z�e�.� �H�a�r�t� �(�1�9�8�7�)� 

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

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

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

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

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

�a�n�c�h�o�r�s�,� �(�2�)� �m�u�l�t�i�d�i�m�e�n�s�i�o�n�a�l� �e�v�a�l�u�a�t�i�o�n�s�,� �(�3�)� �r�a�n�k� �o�r�d�e�r�i�n�g� �o�f� �t�a�s�k�s� �w�i�t�h� 

�r�e�s�p�e�c�t� �t�o� �c�o�g�n�i�t�i�v�e� �w�o�r�k�l�o�a�d�,� �(�4�)� �t�a�s�k� �s�p�e�c�i�f�i�c� �p�r�o�t�o�c�o�l�s�,� �c�h�e�c�k�l�i�s�t�s�,� �o�r� 

�q�u�e�s�t�i�o�n�n�a�i�r�e�s�,� �a�n�d� �(�5�)� �s�t�e�r�e�o�-�t�a�p�e� �r�e�c�o�r�d�e�r� �t�e�c�h�n�i�q�u�e�s� �(�L�o�n�g�,� �1�9�7�4�)�.� 

�S�o�m�e� �o�f� �t�h�e� �m�o�s�t� �p�o�p�u�l�a�r� �s�u�b�j�e�c�t�i�v�e� �m�e�a�s�u�r�e�s� �a�r�e� �C�o�o�p�e�r�-�H�a�r�p�e�r� 

�S�c�a�l�e�s�,� �t�h�e� �N�A�S�A�-�T�L�X� �(�a� �m�u�l�t�i�d�i�m�e�n�s�i�o�n�a�l� �r�a�t�i�n�g� �p�r�o�c�e�d�u�r�e� �t�h�a�t� �u�s�e�s� �s�i�x� 

�s�u�b�s�c�a�l�e�s�)�,� �a�n�d� �t�h�e� �S�u�b�j�e�c�t�i�v�e� �W�o�r�k�l�o�a�d� �A�s�s�e�s�s�m�e�n�t� �T�e�c�h�n�i�q�u�e� �(�S�W�A�T�)�.� 

�T�h�i�s� �p�r�e�s�e�n�t� �s�t�u�d�y� �w�i�l�l� �u�s�e� �t�h�e� �S�W�A�T� �f�o�r� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s�.� �F�i�r�s�t�,� 

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

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

�S�e�c�o�n�d�,� �a�l�t�h�o�u�g�h� �t�h�e� �N�A�S�A�-�T�L�X� �t�e�c�h�n�i�q�u�e� �m�a�y� �b�e� �m�o�r�e� �a�c�c�u�r�a�t�e� �t�h�a�n� �t�h�e� 

�S�W�A�T� �(�N�y�g�r�e�n�,� �1�9�9�1�)�,� �S�W�A�T� �r�e�q�u�i�r�e�s� �l�e�s�s� �t�i�m�e� �a�n�d� �e�f�f�o�r�t� �f�o�r� �t�h�e� �o�p�e�r�a�t�o�r�s� 

�(�T�a�n�,� �1�9�9�0�)�.� �T�h�i�r�d�,� �C�o�o�p�e�r�-�H�a�r�p�e�r� �S�c�a�l�e�s� �r�e�p�o�r�t�e�d�l�y� �a�r�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� 

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

�t�o� �w�o�r�k�l�o�a�d� �d�i�f�f�e�r�e�n�c�e�s� �u�n�d�e�r� �h�e�a�v�y� �l�o�a�d�i�n�g�s� �(�R�e�i�n�h�a�r�t� �e�t� �a�l�.�,� �1�9�8�8�.�)� 

�F�o�u�r�t�h�,� �S�W�A�T� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y� �s�u�i�t�e�d� �f�o�r� �e�m�p�i�r�i�c�a�l� �t�e�s�t�i�n�g� �(�N�y�g�r�e�n�,� �1�9�9�1�)�.



�S�u�b�j�e�c�t�i�v�e� �W�o�r�k�l�o�a�d� �A�s�s�e�s�s�m�e�n�t� �T�e�c�h�n�i�q�u�e�.� �R�e�i�d�,� 

�S�h�i�n�g�l�e�d�e�c�k�e�r�,� �E�g�g�e�m�e�i�e�r�,� �a�n�d� �N�y�g�r�e�n� �(�1�9�8�1�)� �a�n�d� �R�e�i�d�,� �S�h�i�n�g�l�e�d�e�c�k�e�r�,� �a�n�d� 

�E�g�g�e�m�e�i�e�r� �(�1�9�8�1�)� �d�e�v�e�l�o�p�e�d� �t�h�e� �S�u�b�j�e�c�t�i�v�e� �W�o�r�k�l�o�a�d� �A�s�s�e�s�s�m�e�n�t� �T�e�c�h�n�i�q�u�e� 

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

�v�a�r�i�e�t�y� �o�f� �f�l�i�g�h�t� �a�n�d� �s�i�m�u�l�a�t�e�d� �f�l�i�g�h�t� �s�t�u�d�i�e�s� �(�B�i�f�e�r�n�o�,� �1�9�8�5�;� �B�o�r�t�o�l�u�s�s�i�,� 

�K�a�n�t�o�w�i�t�z�,� �a�n�d� �H�a�r�t�,� �1�9�8�6�;� �D�a�m�o�s�,� �1�9�8�4�;� �H�a�r�t�,� �B�a�t�t�i�s�t�e�,� �a�n�d� �L�e�s�t�e�r�,� �1�9�8�4�;� 

�V�i�d�u�l�i�c�h� �a�n�d� �T�s�a�n�g�,� �1�9�8�5�)�.� 

�F�e�w� �r�e�s�e�a�r�c�h�e�r�s� �d�i�s�a�g�r�e�e� �t�h�a�t� �c�o�g�n�i�t�i�v�e� �w�o�r�k�l�o�a�d� �i�s� 

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

�o�r� �l�e�v�e�l�s�.� �D�r�i�v�e�n� �b�y� �c�o�s�t� �a�n�d� �o�t�h�e�r� �p�r�a�c�t�i�c�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n�s�,� �R�e�i�d� �e�t� �a�l�.� �(�1�9�8�1�)� 

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

�S�h�e�r�i�d�a�n� �a�n�d� �S�i�m�p�s�o�n� �(�1�9�7�9�)�,� �w�h�o� �i�d�e�n�t�i�f�i�e�d� �t�h�r�e�e� �m�a�j�o�r� �f�a�c�t�o�r�s� �w�h�i�c�h� 

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

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

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

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

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

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

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

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

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

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

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

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

�o�r� �a�t�t�e�n�t�i�o�n� �i�n�c�r�e�a�s�e�s�.



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

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

�p�e�r�f�o�r�m�i�n�g� �a� �t�a�s�k� �o�r� �t�a�s�k�s�.� �O�n�e� �f�e�e�l�s� �r�e�l�a�x�e�d� �a�t� �a� �l�o�w� �l�e�v�e�l� �o�f� �s�t�r�e�s�s�.� �A�s� �t�h�e� 

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

�E�a�c�h� �S�W�A�T� �d�i�m�e�n�s�i�o�n� �h�a�s� �t�h�r�e�e� �l�e�v�e�l�s�,� �a�s� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�:� 

�T�i�m�e� �L�o�a�d� 

�1�.� �O�f�t�e�n� �h�a�v�e� �s�p�a�r�e� �t�i�m�e�.� �I�n�t�e�r�r�u�p�t�i�o�n�s� �o�r� �o�v�e�r�l�a�p� �a�m�o�n�g� 

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

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

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

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

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

�M�e�n�t�a�l� �E�f�f�o�r�t� 

�1�.� �V�e�r�y� �l�i�t�t�l�e� �c�o�n�s�c�i�o�u�s� �e�f�f�o�r�t� �o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�s� �r�e�q�u�i�r�e�d�.� 

�A�c�t�i�v�i�t�y� �i�s� �a�l�m�o�s�t� �a�u�t�o�m�a�t�i�c�,� �r�e�q�u�i�r�i�n�g� �l�i�t�t�l�e� �o�r� �n�o� �a�t�t�e�n�t�i�o�n�.� 

�M�o�d�e�r�a�t�e� �c�o�n�s�c�i�e�n�c�e� �m�e�n�t�a�l� �e�f�f�o�r�t� �o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�s� 

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

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

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

�V�e�r�y� �c�o�m�p�l�e�x� �a�c�t�i�v�i�t�y� �r�e�q�u�i�r�i�n�g� �t�o�t�a�l� �a�t�t�e�n�t�i�o�n�.� 

�S�t�r�e�s�s� �L�o�a�d� 

�1�.� �L�i�t�t�l�e� �c�o�n�f�u�s�i�o�n�,� �r�i�s�k�,� �f�r�u�s�t�r�a�t�i�o�n�,� �o�r� �a�n�x�i�e�t�y� �e�x�i�s�t�s� �a�n�d� �c�a�n� 

�b�e� �e�a�s�i�l�y� �a�c�c�o�m�m�o�d�a�t�e�d�.� 

�M�o�d�e�r�a�t�e� �s�t�r�e�s�s� �d�u�e� �t�o� �c�o�n�f�u�s�i�o�n�,� �f�r�u�s�t�r�a�t�i�o�n�,� �o�r� �a�n�x�i�e�t�y� 

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

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

�3�1



�3�.� �H�i�g�h� �t�o� �v�e�r�y� �i�n�t�e�n�s�e� �s�t�r�e�s�s� �d�u�e� �t�o� �c�o�n�f�u�s�i�o�n�,� �f�r�u�s�t�r�a�t�i�o�n�,� �o�r� 

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

�r�e�q�u�i�r�e�d�.� 

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

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

�S�W�A�T� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �N�y�g�r�e�n� �(�1�9�8�2�)�.� 

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

�a�r�e� �f�i�r�s�t� �t�e�s�t�e�d� �t�o� �e�n�s�u�r�e� �t�h�a�t� �t�h�e� �g�r�o�u�p� �i�s� �h�o�m�o�g�e�n�e�o�u�s� �(�R�e�i�d�,� �E�g�g�e�m�e�i�e�r�,� 

�a�n�d� �N�y�g�r�e�n�,� �1�9�8�2�)�.� �A�n� �i�n�d�i�v�i�d�u�a�l� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �a�g�a�i�n�s�t� �h�i�s� �o�r� �h�e�r� �o�w�n� 

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

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

�T�h�e� �S�W�A�T� �i�s� �a� �t�w�o�-�s�t�e�p� �t�e�c�h�n�i�q�u�e�.� �E�a�c�h� �p�e�r�s�o�n� �c�o�m�p�l�e�t�e�s� �a� �s�c�a�l�e� 

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

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

�w�o�r�k�l�o�a�d� �s�c�a�l�e� �f�o�r� �t�h�e� �g�r�o�u�p� �(�R�e�i�d�,� �S�h�i�n�g�l�e�d�e�c�k�e�r�,� �a�n�d� �E�g�g�e�m�e�i�e�r�,� �1�9�8�1�;� 

�R�e�i�d�,� �S�h�i�n�g�l�e�d�e�c�k�e�r�,� �E�g�g�e�m�e�i�e�r�,� �a�n�d� �N�y�g�r�e�n�,� �1�9�8�1�)�.� �T�e�s�t�s� �o�n� �t�h�e� �s�c�a�l�e�s� �a�r�e� 

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

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

�i�n�t�e�r�e�s�t� �o�r� �s�e�g�m�e�n�t� �o�f� �t�i�m�e�.� 

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

�t�h�r�e�e� �l�e�v�e�l�s�.� �T�h�e� �2�7� �u�n�i�q�u�e� �c�o�m�b�i�n�a�t�i�o�n�s� �a�r�e� �p�l�a�c�e�d� �o�n� �s�e�p�a�r�a�t�e� �c�a�r�d�s�.� �T�h�e� 

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

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

�N�y�g�r�e�n� �d�e�v�e�l�o�p�e�d� �a� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�,� �S�W�A�T�1�,� �t�h�a�t� �w�i�l�l� �p�e�r�f�o�r�m� �t�h�e� 

�n�e�c�e�s�s�a�r�y� �a�n�a�l�y�s�e�s� �o�n�c�e� �t�h�e� �r�a�n�k� �o�r�d�e�r�s� �h�a�v�e� �b�e�e�n� �i�n�p�u�t� �(�N�y�g�r�e�n�,� �1�9�8�2�)�.



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

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

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

�c�o�n�c�o�r�d�a�n�c�e�.� �A� �h�i�g�h� �c�o�e�f�f�i�c�i�e�n�t� �(�>� �0�.�7�5�)� �r�e�p�r�e�s�e�n�t�s� �a� �h�i�g�h� �l�e�v�e�l� �o�f� 

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

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

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

�c�o�g�n�i�t�i�v�e� �w�o�r�k�l�o�a�d� �s�c�o�r�e� �o�f� �0� �t�o� �1�0�0� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �2�7� �s�c�a�l�e� �v�a�l�u�e�s�.� 

�R�e�l�i�a�b�i�l�i�t�y� �t�e�s�t�s� �r�e�v�e�a�l�e�d� �t�h�a�t� �t�h�e� �s�u�b�j�e�c�t�s� �a�g�r�e�e�d� �8�7� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�t�i�m�e� �w�i�t�h� �t�h�e�i�r� �o�r�i�g�i�n�a�l� �s�o�r�t�s� �a�f�t�e�r� �t�w�o� �w�e�e�k�s�,� �a�n�d� �7�5� �p�e�r�c�e�n�t� �a�f�t�e�r� �t�h�r�e�e� 

�m�o�n�t�h�s� �(�R�e�i�d� �e�t� �a�l�.�,� �1�9�8�1�)�.� 

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

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

�t�a�s�k� �o�r� �s�e�g�m�e�n�t� �o�f� �i�n�t�e�r�e�s�t� �h�a�s� �b�e�e�n� �p�e�r�f�o�r�m�e�d�,� �t�h�e� �t�h�r�e�e� �d�i�m�e�n�s�i�o�n�s� �(�T�,� �E�,� 

�a�n�d� �S�)� �a�r�e� �r�a�n�k�e�d� �b�y� �a� �p�e�r�s�o�n� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �t�e�s�t� �a�s� �1� �(�l�o�w�)�,� �2� �(�m�e�d�i�u�m�)�,� �o�r� 

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

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

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

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

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

�s�t�r�e�s�s�.� �T�h�i�s� �"�2�-�3�-�1�"� �c�o�m�b�i�n�a�t�i�o�n� �i�s� �l�o�c�a�t�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s�l�y� �d�e�v�e�l�o�p�e�d� �r�a�n�k� 

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

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

�t�a�s�k�.



�T�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �D�C�C� 

�T�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �(�r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e�  ��S�l�i�c�k ��)� �i�s� �a� �n�a�v�a�l� �e�l�e�c�t�r�o�n�i�c� 

�w�a�r�f�a�r�e� �e�q�u�i�p�m�e�n�t� �b�u�i�l�t� �b�y� �R�a�y�t�h�e�o�n� �C�o�m�p�a�n�y�,� �E�l�e�c�t�r�o�-�M�a�g�n�e�t�i�c� �S�y�s�t�e�m�s� 

�D�i�v�i�s�i�o�n� �(�B�l�a�k�e�,� �1�9�9�1�)�.� �T�h�e� �s�y�s�t�e�m� �w�a�s� �d�e�v�e�l�o�p�e�d� �t�o� �p�r�o�v�i�d�e� �A�n�t�i�-�S�h�i�p� 

�M�i�s�s�i�l�e� �D�e�f�e�n�s�e� �(�A�S�M�D�)�.� �A� �c�o�n�c�u�r�r�e�n�t� �h�u�m�a�n� �f�a�c�t�o�r�s� �e�v�a�l�u�a�t�i�o�n� �a�n�d� 

�r�e�d�e�s�i�g�n� �o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �D�i�s�p�l�a�y� �a�n�d� �C�o�n�t�r�o�l� �C�o�n�s�o�l�e� �(�D�C�C�)� �p�r�o�v�i�d�e�d� 

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

�A�N�/�S�L�Q�-�3�2�(�V�)� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �2�.� 

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

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

�1�2�-�i�n�c�h� �d�i�a�g�o�n�a�l� �s�c�r�e�e�n� �d�i�s�p�l�a�y�s� �t�h�e� �e�l�e�c�t�r�o�n�i�c� �e�m�i�t�t�e�r� �e�n�v�i�r�o�n�m�e�n�t� �o�n� �a� 

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

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

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

�P�r�i�m�a�r�y� �V�i�s�u�a�l� �D�i�s�p�l�a�y� 

�P�r�i�m�a�r�y� �C�o�n�t�r�o�l�s�:� 

�I�s�o�m�e�t�r�i�c� �J�o�y�s�t�i�c�k� 

�F�a�s�t� �A�c�t�i�o�n� �B�u�t�t�o�n�s� �(�F�A�B�s�)� 

�K�e�y�b�o�a�r�d� 

� � � � 
�F�i�g�u�r�e� �2�.� �T�h�e� �A�N�/�S�L�Q�-�3�8�2�(�V�)� �d�i�s�p�l�a�y� �a�n�d� �c�o�n�t�r�o�l� �c�o�n�s�o�l�e�.� 

�o�A



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

�a� �Q�W�E�R�T�Y� �k�e�y�b�o�a�r�d� �c�o�n�t�r�o�l� �g�r�o�u�p�,� �a�n� �i�s�o�m�e�t�r�i�c� �j�o�y�s�t�i�c�k�,� �2�4� �F�a�s�t� �A�c�t�i�o�n� 

�B�u�t�t�o�n�s� �(�F�A�B�s�)�,� �a�n� �a�u�d�i�o� �c�o�n�t�r�o�l� �g�r�o�u�p�,� �a�n�d� �a�n� �A�c�t�i�v�e� �E�l�e�c�t�r�o�n�i�c� �C�o�u�n�t�e�r�-� 

�M�e�a�s�u�r�e�s� �(�A�E�C�M�)� �c�o�n�t�r�o�l� �g�r�o�u�p�.� �A�n�c�i�l�l�a�r�y� �c�o�n�t�r�o�l� �g�r�o�u�p�s� �f�o�r� �b�a�t�t�l�e� �s�h�o�r�t�s� 

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

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

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

�o�p�e�r�a�t�o�r�s� �a�l�s�o� �a�t�t�e�n�d� �t�o� �a� �5�-�i�n�c�h� �U�L�Q�-�1�6� �v�i�s�u�a�l� �m�o�n�i�t�o�r� �u�s�e�d� �f�o�r� �f�r�e�q�u�e�n�c�y� 

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

�T�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �r�e�q�u�i�r�e�s� �c�o�n�t�i�n�u�o�u�s� �a�r�o�u�n�d�-�t�h�e�-�c�l�o�c�k� �m�o�n�i�t�o�r�i�n�g� 

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

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

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

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

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

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

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

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

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

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

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

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

�O�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �h�a�s� �b�e�e�n� �d�e�f�i�n�e�d� �i�n� �t�e�r�m�s� �o�f� �a� �t�a�s�k� 

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

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



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

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

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



�O�B�J�E�C�T�I�V�E�S� 

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

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

�(�m�e�a�n�s� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s�)� �t�o� �M�i�c�r�o� �S�a�i�n�t� �m�o�d�e�l� �n�e�t�w�o�r�k�s� �f�o�r� �s�p�e�c�i�f�i�c� 

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

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

�i�n�t�o� �M�i�c�r�o� �S�a�i�n�t� �b�a�s�e�d� �o�n� �S�W�A�T�.� �T�h�e� �r�e�s�e�a�r�c�h� �w�a�s� �c�o�u�c�h�e�d� �w�i�t�h�i�n� �t�h�e� 

�c�o�n�t�e�x�t� �o�f� �a� �m�o�d�e�l� �o�f� �o�n�e� �o�p�e�r�a�t�i�o�n�a�l� �t�a�s�k� �o�n� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �D�C�C�.� �T�h�e� 

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

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

�o�b�j�e�c�t�i�v�e�s� �a�s� �f�o�l�l�o�w�s�:� 

�¢� �D�e�f�i�n�i�t�i�o�n� �o�f� �t�h�e� �o�p�e�r�a�t�o�r ��s� �t�a�s�k� �u�s�i�n�g� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)�,� 

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

�¢� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �M�o�d�a�p�t�s� �p�a�r�a�m�e�t�e�r�s� �(�t�i�m�e�s� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n�s�)�,� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s�,� �a�n�d� �S�W�A�T� �s�c�o�r�e�s� �f�o�r� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� 

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

�m�o�d�e�l�.� 

�¢� �A�s�s�e�s�s�m�e�n�t� �o�f� �t�h�e� �p�r�e�d�i�c�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �M�o�d�a�p�t�s� �a�n�d� �S�W�A�T� 

�m�e�t�h�o�d�o�l�o�g�i�e�s�.



�M�E�T�H�O�D�S� 

�O�v�e�r�v�i�e�w� 

�T�h�e� �o�b�j�e�c�t�i�v�e�s� �w�e�r�e� �a�c�c�o�m�p�l�i�s�h�e�d� �i�n� �t�h�r�e�e� �p�h�a�s�e�s� �(�F�i�g�u�r�e� �3�)�.� �T�h�e� 

�f�i�r�s�t� �p�h�a�s�e� �c�o�n�s�i�s�t�e�d� �o�f� �a� �t�a�s�k� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �S�L�Q�-�3�2� �o�p�e�r�a�t�o�r ��s� �w�o�r�k�,� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �I�n�t�e�g�r�a�t�e�d� �T�a�s�k� �(�I�T�)� �f�o�r� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �a�n�d� 

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

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

�o�f� �t�h�e� �S�L�Q�-�3�2�,� �a�n�d� �i�n�c�l�u�d�e�d� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �t�o� �c�o�l�l�e�c�t� �m�e�a�n� �t�i�m�e�s�,� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s�,� �a�n�d� �S�W�A�T� �s�c�o�r�e�s� �f�o�r� �b�o�t�h� �t�h�e� �b�a�s�e�l�i�n�e� �(�o�r� �e�x�i�s�t�i�n�g� 

�A�N�/�S�L�Q�-�3�2�(�V�)� �c�o�n�f�i�g�u�r�a�t�i�o�n�)� �a�s� �w�e�l�l� �a�s� �s�e�v�e�n� �a�l�t�e�r�n�a�t�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �f�o�r� 

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

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

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

�M�a�c�i�n�t�o�s�h� �p�r�o�t�o�t�y�p�e�s�.� 

�P�h�a�s�e� �2� �c�o�n�s�i�s�t�e�d� �o�f� �t�h�r�e�e� �d�i�s�t�i�n�c�t� �e�f�f�o�r�t�s�:� �(�1�)� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �I�T� �i�n� 

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

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

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

�(�2�)� �e�x�a�m�i�n�i�n�g� �t�h�e� �S�W�A�T� �s�c�o�r�e�s� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �t�h�e� �w�o�r�k�l�o�a�d� �m�e�a�s�u�r�e� �i�n�t�o� 

�t�h�e� �m�o�d�e�l�s�;� �a�n�d� �f�i�n�a�l�l�y�,� �(�3�)� �i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �t�i�m�e�s� �a�n�d� �w�o�r�k�l�o�a�d� 

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

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

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



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

�m�o�d�e�l�.� 

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

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

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

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

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

�p�a�r�t�i�c�i�p�a�n�t�s� �(�G�r�o�u�p� �2�)�.� 

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

�f�o�r� �e�a�c�h� �s�t�e�p� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �o�r�d�e�r� �i�n�d�i�c�a�t�e�d� �i�n� �F�i�g�u�r�e� �4�.
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�D�e�v�e�l�o�p� �w�o�r�k�l�o�a�d� 
�S�c�a�l�i�n�g� �S�o�l�u�t�i�o�n� 

�S�t�e�p�/�O�b�j�e�c�t�i�v�e�s� �P�r�o�c�e�d�u�r�e� �A�n�a�l�y�s�i�s� 

�T�a�s�k� �D�e�f�i�n�i�t�i�o�n� 
�T�a�s�k� �S�e�l�e�c�t�i�o�n� �&� �.� �.� 
�V�a�l�i�d�a�t�i�o�n� �T�a�s�k� �A�n�a�l�y�s�i�s� �E�x�p�e�r�t� �R�e�v�i�e�w� 

�M�i�c�r�o� �S�a�i�n�t� �M�o�d�e�l� �H�u�m�a�n� �D�e�t�a�i�l� �t�a�s�k� �n�e�t�w�o�r�k� 

�D�e�f�i�n�e� �T�a�s�k� �E�x�p�e�r�i�m�e�n�t�a�t�i�o�n�,� �s�t�r�u�c�t�u�r�e�,� �s�p�e�c�i�f�y� 
�N�e�t�w�o�r�k� �V�i�d�e�o�-�T�a�p�e� �d�a�t� �l�i�k�e�l�i�h�o�o�d�s� 

�1� �t� �v�a�s�t�i�o�n� �a�t�a� �M�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n�s� 
�e�x�t�r�a�c�t�i�o�n� �(�E�r�r�o�r�s�,� �E�r�r�o�r� �S�t� �D�e�v�)� 

�M�o�d�e�l� �T�i�m�e�s� 
�A�p�p�l�i�c�a�t�i�o�n� �o�f� �M�u�l�t�i�v�l� �:� �A�s�s�i�g�n�T�i�m�e�s� �M�o�d�a�p�t�s� �S�y�s�t�e�m� �u�l�t�i�p�l�e� �R�e�g�r�e�s�s�i�o�n� 

�&� �V�e�r�i�f�y� �t�-�t�e�s�t� �o�n� �s�l�o�p�e� �o�f� �.� �-� �p�e� �0� 
�I�d�e�n�t�i�f�y� �M�o�d� �V�a�l�u�e� �R�e�g�r�e�s�s�i�o�n� �E�q�u�a�t�i�o�n� 

�M�o�d�e�l� �D�i�s�t�r�i�b�u�t�i�o�n�s� 

�A�s�s�i�g�n� �D�i�s�t�r�i�b�u�t�i�o�n�s� �K�o�l�m�o�g�o�r�o�v�-�S�m�i�r�n�o�v� 
�o�f� �T�i�m�e�s� �a�n�d� �E�r�r�o�r�s� �E�x�a�m�i�n�e� �D�i�s�t�r�i�b�u�t�i�o�n�s� �T�e�s�t�s� 

�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�s� �R�e� �h� �M�o�d�a�p�t�s� �d�a�t�a�b� 
�.� �s�e�a�r�c�h� �M�o�d�a�p�t�s� �d�a�t�a�b�a�s�e�,� �_� 

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

�W�o�r�k�l�o�a�d� �S�u�b�j�e�c�t�i�v�e� �W�o�r�k�l�o�a�d� 
�A�s�s�e�s�s�m�e�n�t� �T�e�c�h�n�i�q�u�e�:� 

�K�e�n�d�a�l�l�'�s� �C�o�e�f�f�i�c�i�e�n�t� 
�o�f� �C�o�n�c�o�r�d�a�n�c�e� 

� � 

� � 

� � � � �C�o�m�p�a�r�i�s�o�n� �o�f� 
�G�r�o�u�p� �2� �a�n�d� �M�o�d�e�l� 

�m�e�t�h�o�d�o�l�o�g�y� 

�W�o�r�k�l�o�a�d� �S�c�o�r�e�s� �M�u�l�t�i�p�l�e� �R�e�g�r�e�s�s�i�o�n�s� 
�M�o�d�e�l� �V�e�r�i�f�i�c�a�t�i�o�n� 

�C�o�m�p�a�r�i�s�o�n� �o�f� �S�i�m�p�l�e� �R�e�g�r�e�s�s�i�o�n�s�:� 
�G�r�o�u�p� �1� �a�n�d� �M�o�d�e�l� �P�e�r�f�o�r�m�a�n�c�e� �&� 

�W�o�r�k�l�o�a�d� 

�M�o�d�e�l� �V�a�l�i�d�a�t�i�o�n� 
�S�i�m�p�l�e� �R�e�g�r�e�s�s�i�o�n�s�:� 
�P�e�r�f�o�r�m�a�n�c�e� �&� 
�W�o�r�k�l�o�a�d� � � � � 

�F�i�g�u�r�e� �4�.� �B�r�e�a�k�d�o�w�n� �o�f� �M�e�t�h�o�d�s� �i�n�t�o� �s�t�e�p�s�:� �O�u�t�l�i�n�e� �f�o�r� �M�e�t�h�o�d�s� �s�e�c�t�i�o�n�.� 

�4�1



�T�a�s�k� �S�e�l�e�c�t�i�o�n� 

�A�s� �p�a�r�t� �o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �r�e�d�e�s�i�g�n� �e�f�f�o�r�t�,� �a� �t�a�s�k� �a�n�a�l�y�s�i�s� �w�a�s� 

�p�e�r�f�o�r�m�e�d�.� �T�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �o�p�e�r�a�t�o�r� �i�s� �l�a�d�e�n� �w�i�t�h� �t�a�s�k�s�,� �a�s� �s�h�o�w�n� �i�n� 

�t�h�e� �l�i�s�t� �o�f� �p�r�i�m�a�r�y� �a�n�d� �s�e�c�o�n�d�a�r�y� �t�a�s�k�s� �o�u�t�l�i�n�e�d� �i�n� �T�a�b�l�e� �4� �(�B�e�a�t�o�n�,� �D�y�e�s�s�,� 

�M�i�l�l�e�r�,� �a�n�d� �M�o�s�c�o�v�i�c�,� �1�9�9�1�)�.� 

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

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

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

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

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

�r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s� �o�f� �t�h�e� �E�W� �f�a�l�l� �i�n�t�o� �t�h�r�e�e� �g�e�n�e�r�a�l� �a�c�t�i�v�i�t�i�e�s� �a�s� �f�o�l�l�o�w�s�:� �(�1�)� 

�m�o�n�i�t�o�r�i�n�g� �t�h�e� �e�l�e�c�t�r�o�n�i�c� �e�n�v�i�r�o�n�m�e�n�t�;� �(�2�)� �d�e�t�e�c�t�i�n�g� �a� �c�h�a�n�g�e� �i�n� �t�h�e� 

�e�l�e�c�t�r�o�n�i�c� �e�n�v�i�r�o�n�m�e�n�t�;� �a�n�d� �(�3�)� �e�v�a�l�u�a�t�i�n�g� �e�m�i�t�t�e�r�s�.� 

�T�h�e� �I�T� �t�a�s�k� �e�n�c�o�m�p�a�s�s�e�s� �a�l�l� �t�h�r�e�e� �o�f� �t�h�e�s�e� �a�c�t�i�v�i�t�i�e�s�.� �M�o�r�e�o�v�e�r�,� �t�h�e� 

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

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

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

�E�x�p�e�r�t� �E�W�s� �a�t� �N�o�r�f�o�l�k� �N�a�v�a�l� �B�a�s�e� �r�e�v�i�e�w�e�d� �t�h�e� �b�a�s�i�c� �t�a�s�k� �n�e�t�w�o�r�k�s� 

�c�o�n�s�t�r�u�c�t�e�d� �f�o�r� �s�e�v�e�r�a�l� �o�f� �t�h�e� �s�t�e�p�s� �d�e�t�a�i�l�e�d� �a�b�o�v�e� �f�o�r� �v�a�l�i�d�a�t�i�o�n�.
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�P�r�i�m�a�r�y� �a�n�d� �S�e�c�o�n�d�a�r�y� �A�N�/�S�L�Q�-�3�2�(�V�)� �O�p�e�r�a�t�o�r� �T�a�s�k�s� 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � 

�T�A�S�K�S� �|� �A�S�S�I�G�N�M�E�N�T� 
�1�.� �S�L�Q� �O�p�e�r�a�t�i�o�n� �a�n�d� �E�m�i�t�t�e�r� �M�a�n�a�g�e�m�e�n�t� 

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

�-�d�e�t�e�c�t� �e�m�i�t�t�e�r�s� �P�r�i�m�a�r�y� 
�-�l�o�c�a�t�e� �e�m�i�t�t�e�r�s� �P�r�i�m�a�r�y� 
�-�t�r�a�c�k�i�n�g� �e�m�i�t�t�e�r�s� �P�r�i�m�a�r�y� 

�°�¢� �e�m�i�t�t�e�r� �e�v�a�l�u�a�t�i�o�n� �P�r�i�m�a�r�y� 
�-�i�n�s�t�a�n�t�a�n�e�o�u�s� �i�d� �o�f� �h�i�g�h�-�t�h�r�e�a�t�s� �P�r�i�m�a�r�y� 
�-�a�u�d�i�t�o�r�y� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �e�m�i�t�t�e�r�s� �P�r�i�m�a�r�y� 
�-�m�a�t�c�h� �e�m�i�t�t�e�r�s� �t�o� �E�O�B� �a�n�d� �p�u�b�s� �P�r�i�m�a�r�y� 
�-�m�a�n�a�g�e� �e�m�i�t�t�e�r� �a�l�e�r�t�s� �P�r�i�m�a�r�y� 
�-�d�e�s�i�g�n�a�t�i�n�g� �e�m�i�t�t�e�r� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�s� �P�r�i�m�a�r�y� 
�-�c�o�r�r�e�l�a�t�i�n�g� �e�m�i�t�t�e�r�s� �t�o� �p�l�a�t�f�o�r�m�s� �P�r�i�m�a�r�y� 

�*� �e�m�i�t�t�e�r� �l�o�g�g�i�n�g� �S�e�c�o�n�d�a�r�y� 
�-�w�r�i�t�t�e�n� �l�o�g� �|� �S�e�c�o�n�d�a�r�y� 
�-�u�p�d�a�t�i�n�g� �l�i�b�r�a�r�y� �S�e�c�o�n�d�a�r�y� 

�2�.� �E�C�M� �a�n�d� �A�E�C�M� 
�¢� �e�m�p�l�o�y� �E�C�M� �a�n�d� �A�E�C�M� �S�e�c�o�n�d�a�r�y� 
�¢� �m�i�s�s�i�l�e� �c�o�u�n�t�e�r�-�t�a�r�g�e�t�i�n�g� �S�e�c�o�n�d�a�r�y� 
�e� �e�m�p�l�o�y� �M�K� �D�e�c�o�y� �L�a�u�n�c�h�i�n�g� �S�y�s�t�e�m� �S�e�c�o�n�d�a�r�y� 

�-�i�n�i�t�i�a�l�i�z�e� �B�D�A� �S�e�c�o�n�d�a�r�y� 
�-�i�n�i�t�i�a�t�e�/�e�n�d�_� �d�e�c�o�y� �e�n�g�a�g�e�m�e�n�t� �S�e�c�o�n�d�a�r�y� 
�-�s�e�l�e�c�t� �d�e�c�o�y� �t�y�p�e�,� �s�a�l�v�o� �s�i�z�e� �S�e�c�o�n�d�a�r�y� 
�-�s�e�l�e�c�t� �l�a�u�n�c�h�e�r� �a�n�d� �l�a�u�n�c�h�e�r� �t�u�b�e� �S�e�c�o�n�d�a�r�y� 
�-�a�r�m� �a�n�d� �f�i�r�e� �e�a�c�h� �t�u�b�e� �S�e�c�o�n�d�a�r�y� 
�-�v�e�r�i�f�y� �l�a�u�n�c�h� �S�e�c�o�n�d�a�r�y� 
�-�d�e�t�e�r�m�i�n�e� �r�e�s�e�e�d� �i�n�t�e�r�v�a�l� �S�e�c�o�n�d�a�r�y� 
�-�c�o�o�r�d�i�n�a�t�e� �l�a�u�n�c�h�e�r� �r�e�l�o�a�d�i�n�g� �S�e�c�o�n�d�a�r�y� 
�-�c�o�n�d�u�c�t� �a�n� �I�R� �e�n�g�a�g�e�m�e�n�t� �S�e�c�o�n�d�a�r�y� 
�-�c�o�n�d�u�c�t� �a� �d�i�s�t�r�a�c�t�i�o�n� �e�n�g�a�g�e�m�e�n�t� �S�e�c�o�n�d�a�r�y� 
�-�c�o�n�d�u�c�t� �a� �c�h�a�f�f� �e�n�g�a�g�e�m�e�n�t� �S�e�c�o�n�d�a�r�y� 

�3�.� �C�o�m�m�u�n�i�c�a�t�i�o�n� �/� �C�o�o�r�d�i�n�a�t�i�o�n� 
�¢� �c�o�o�r�d�i�n�a�t�e� �w�i�t�h� �o�w�n� �f�o�r�c�e� �(�&� �L�A�M�P�S�)� �S�e�c�o�n�d�a�r�y� 
�*� �p�r�o�v�i�d�e� �e�a�r�l�y� �w�a�r�n�i�n�g� �t�o� �o�w�n�-�s�h�i�p� �S�e�c�o�n�d�a�r�y� 
�e� �r�e�s�p�o�n�d� �t�o� �C�I�C� �q�u�e�r�i�e�s� �S�e�c�o�n�d�a�r�y� 
�*� �c�o�o�r�d�i�n�a�t�e� �w�i�t�h� �o�t�h�e�r� �C�I�C� �o�p�e�r�a�t�o�r�s� �S�e�c�o�n�d�a�r�y� 
�¢� �b�r�i�e�f� �w�a�t�c�h� �r�e�l�i�e�f� �(�t�a�c�t�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�)� �S�e�c�o�n�d�a�r�y� � � 
� � 

� 



�T�A�B�L�E� �5� 

�I�n�t�e�g�r�a�t�e�d� �T�a�s�k� �(�I�T�)� �A�c�t�i�v�i�t�i�e�s� �f�o�r� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �O�p�e�r�a�t�o�r� 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � � � � � 

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

�2� �O�p�e�r�a�t�o�r� �"�h�o�o�k�s�"� �(�s�e�l�e�c�t�s�)� �e�m�i�t�t�e�r� �w�i�t�h� �h�i�s� �i�s�o�m�e�t�r�i�c� �j�o�y�s�t�i�c�k�.� 

�3� �O�p�e�r�a�t�o�r� �a�s�s�i�m�i�l�a�t�e�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�m�i�t�t�e�r� �p�a�r�a�m�e�t�e�r�s�:� 
�a�.� �C�l�o�s�e� �C�o�n�t�r�o�l� �p�a�r�a�m�e�t�e�r�s� �(�b�e�a�r�i�n�g�,� �t�h�r�e�a�t� �l�e�v�e�l�,� �b�i�a�s� 

�f�a�c�t�o�r� �f�r�e�q�u�e�n�c�y�,� �P�R�F�,� �s�c�a�n�,� �s�c�a�n� �t�y�p�e�,� �a�s�s�i�g�n�e�d� �E�F�X�)�.� 
�b�.� �A�u�d�i�t�o�r�y� �d�i�s�p�l�a�y� �o�f� �s�c�a�n�.� 
�c�.� �V�i�s�u�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�c�a�n� �(�o�s�c�i�l�l�o�s�c�o�p�e�,� �o�r� 

�f�r�e�q�u�e�n�c�y� �s�p�e�c�t�r�u�m� �a�n�a�l�y�z�e�r ��U�L�Q�-�1�6�)�.� 

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

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

�6�a� �_�_�|� �O�p�e�r�a�t�o�r� �r�e�c�o�r�d�s� �t�h�e� �e�m�i�t�t�e�r� �i�n�t�o� �a� �l�o�g�.� �R�e�t�u�r�n�s� �t�o� �s�t�e�p� �2�.� 

�o�r� 

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

�7� �O�p�e�r�a�t�o�r� �d�e�s�i�g�n�a�t�e�s� �t�h�e� �I�D�;� �o�t�h�e�r�w�i�s�e� �h�e� �a�d�d�s� �t�h�e� �n�e�w� 
�e�m�i�t�t�e�r� �t�o� �t�h�e� �l�i�b�r�a�r�y�.� 

�8� �O�p�e�r�a�t�o�r� �r�e�c�o�r�d�s� �t�h�e� �e�m�i�t�t�e�r� �i�n�t�o� �a� �l�o�g�.� �R�e�t�u�r�n�s� �t�o� �s�t�e�p� �2�.� 
� � 

� 



�M�i�c�r�o� �S�a�i�n�t� �M�o�d�e�l� 

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

�D�C�C� �p�r�o�v�i�d�e�d� �t�h�e� �d�a�t�a� �u�s�e�d� �t�o� �a�s�s�e�s�s� �t�h�e� �f�i�t� �o�f� �t�h�e� �M�o�d�a�p�t�s� �t�i�m�e� �s�c�o�r�e�s�.� 

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

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

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

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

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

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

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

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

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

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

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

�t�h�o�s�e� �e�v�a�l�u�a�t�i�o�n�s� �w�i�l�l� �b�e� �a�d�d�r�e�s�s�e�d� �e�l�s�e�w�h�e�r�e� �(�B�e�a�t�o�n�,� �D�y�e�s�s�,� �M�i�l�l�e�r�,� �a�n�d� 

�M�o�s�c�o�v�i�c�,� �1�9�9�2�)�.� �I�n�s�t�e�a�d�,� �t�h�e� �p�r�e�s�e�n�t� �r�e�s�e�a�r�c�h� �i�n�v�o�l�v�e�s� �t�h�e� �m�o�d�e�l�i�n�g� �o�f� �t�h�e� 

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

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

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

�A�N�/�S�L�Q�-�3�2�(�V�)� �d�i�s�p�l�a�y� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �w�a�s� �a� �M�a�c�i�n�t�o�s�h� �F�X� �e�q�u�i�p�p�e�d� �w�i�t�h� 

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

�p�r�o�t�o�t�y�p�e�s� �a�s� �d�e�v�e�l�o�p�e�d� �i�n� �H�y�p�e�r�C�a�r�d� �a�n�d� �S�u�p�e�r�C�a�r�d� �(�B�e�a�t�o�n� �e�t� �a�l�.�,� �1�9�9�2�)�.� 

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

�r�e�c�o�r�d�e�r�s�,� �a�c�c�u�r�a�t�e� �t�o� �1�/�3�0� �s�e�c�.� �T�h�e� �v�i�d�e�o� �t�a�p�e�s� �w�e�r�e� �d�u�b�b�e�d� �w�i�t�h� �t�h�e� �S�o�c�i�e�t�y



�o�f� �M�o�t�i�o�n� �P�i�c�t�u�r�e�s� �a�n�d� �T�e�l�e�v�i�s�i�o�n� �E�n�g�i�n�e�e�r�s� �(�S�M�P�T�E�)� �s�t�a�n�d�a�r�d� �t�i�m�e�-� 

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

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

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

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

�\� �A� �-� �S�h�i�p�b�o�a�r�d� �S�o�u�n�d�-�P�o�w�e�r�e�d� �P�h�o�n�e�s� 
�B� �-� �R�a�d�a�r� �D�e�v�i�c�e� 
�C� �-� �O�s�c�i�l�l�o�s�c�o�p�e� 

 ��|� �D�-� �P�u�b�l�i�c�a�t�i�o�n�s� �H�o�l�d�e�r� 
�N�N� �E� �-� �U�L�Q�-�1�6� 

�F�i�g�u�r�e� �5�.� �A� �t�y�p�i�c�a�l� �A�N�/�S�L�Q�-�3�2�(�V�)� �l�a�y�o�u�t� �o�n�b�o�a�r�d� �s�h�i�p�.� 

� � � � � � � 



�C�o�n�f�i�g�u�r�a�t�i�o�n�s� �o�f� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �a�n�d� �a�u�x�i�l�i�a�r�y� �e�q�u�i�p�m�e�n�t� �v�a�r�y� 

�f�r�o�m� �s�h�i�p� �t�o� �s�h�i�p�.� �A� �c�o�m�m�o�n� �l�a�y�o�u�t� �i�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �5�.� �T�h�e� �N�a�v�a�l� 

�T�a�c�t�i�c�a�l� �D�a�t�a� �S�y�s�t�e�m� �(�N�T�D�S�)� �c�o�n�s�o�l�e� �i�s� �l�o�c�a�t�e�d� �t�o� �t�h�e� �r�i�g�h�t� �o�f� �t�h�e� �A�N�/�S�L�Q�-� 

�3�2�(�V�)�.� �T�h�e� �U�L�Q�-�1�6� �a�n�d� �o�s�c�i�l�l�o�s�c�o�p�e� �a�r�e� �o�p�t�i�o�n�a�l� �e�q�u�i�p�m�e�n�t�.� �A�N�/�S�L�Q�-�3�2�(�V�)� 

�o�p�e�r�a�t�o�r�s� �t�r�y� �t�o� �o�b�t�a�i�n� �a� �U�L�Q�-�1�6� �a�n�d� �o�s�c�i�l�l�o�s�c�o�p�e� �f�r�o�m� �o�t�h�e�r� �s�h�i�p� �s�t�o�r�e�s�.� 

�T�h�i�s� �e�x�p�e�r�i�m�e�n�t� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �U�L�Q�-�1�6� �i�s� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �o�p�e�r�a�t�o�r�.� 

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

�A�N�/�S�L�Q�-�3�2�(�V�)�.� �A�n� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �a� �d�a�t�a� �c�o�l�l�e�c�t�i�o�n� �s�t�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �6�.� 
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�B�o�t�t�o�m� �o�f� �s�c�r�e�e�n� 
�e�l�e�v�a�t�e�d� �2�0� �c�m� 
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�3�.�8� �c�m� 

�A� �C�R�T� �M�o�n�i�t�o�r� �D� �M�o�u�s�e� �P�a�d� �G� �H�e�a�d�s�e�t� �C�o�r�d� 
�B� �E�x�t�e�n�d�e�d� �K�e�y�b�o�a�r�d� �|�E� �M�a�c�i�n�t�o�s�h� �F�X� �H� �H�e�a�d�s�e�t� 
�C� �M�o�u�s�e� �F� �P�u�b�l�i�c�a�t�i�o�n�s� �I� �O�p�e�r�a�t�o�r� � � � � 
� � 

�F�i�g�u�r�e� �6�.� �L�a�y�o�u�t� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �p�r�o�t�o�t�y�p�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �s�t�a�t�i�o�n�.� 

�4�7



�T�h�e� �t�r�a�i�n�i�n�g� �s�o�f�t�w�a�r�e� �(�B�e�a�t�o�n� �e�t� �a�l�.�,� �1�9�9�2�)� �w�a�s� �c�r�e�a�t�e�d� �u�s�i�n�g� 

�S�u�p�e�r�C�a�r�d�,� �a� �H�y�p�e�r�C�a�r�d� �e�x�t�e�n�s�i�o�n�.� �A�n� �A�p�p�l�e� �C�o�l�o�r� �1�3�-�i�n�c�h� �8�-�b�i�t� �c�o�l�o�r� 

�m�o�n�i�t�o�r� �(�6�4�0� �x� �4�8�0� �a�d�d�r�e�s�s�a�b�i�l�i�t�y�)�,� �S�y�s�t�e�m� �7�.�1�,� �a�n�d� �2�0� �m�e�g�a�b�y�t�e�s� �o�f� �R�A�M� 

�w�e�r�e� �u�s�e�d�.� �T�h�e� �r�e�q�u�i�r�e�d� �F�a�s�t� �A�c�t�i�o�n� �B�u�t�t�o�n�s� �(�F�A�B�s�)� �a�n�d� �k�e�y�b�o�a�r�d� �w�e�r�e� 

�s�i�m�u�l�a�t�e�d� �w�i�t�h� �a� �M�a�c�i�n�t�o�s�h� �E�x�t�e�n�d�e�d� �k�e�y�b�o�a�r�d� �(�t�h�e� �s�e�c�o�n�d� �h�i�g�h�e�s�t� 

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

�t�h�e� �A�p�p�l�e� �M�o�u�s�e� �(�u�s�i�n�g� �t�h�e� �s�e�c�o�n�d� �h�i�g�h�e�s�t� �g�a�i�n� �s�e�t�t�i�n�g�)�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� 

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

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

�A�n� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �s�c�r�e�e�n� �d�i�s�p�l�a�y� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �7�.� �D�u�r�i�n�g� �t�h�e� 

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

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

�A� �b�a�l�l� �c�u�r�s�o�r� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �f�o�u�n�d� �o�n� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �(�a� �c�i�r�c�l�e� �w�i�t�h� 

�d�i�a�m�e�t�e�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �e�q�u�a�l� �t�o� �2� �m�m�)� �w�a�s� �u�s�e�d�.� 

�T�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �w�o�r�e� �R�e�a�l�i�s�t�i�c� �N�o�v�a� �4�0� �h�e�a�d�s�e�t�s� �t�h�a�t� �a�l�l�o�w�e�d� �t�h�e� 

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

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

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

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

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

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

�a�m�b�i�e�n�t� �i�l�l�u�m�i�n�a�n�c�e� �w�a�s� �m�a�t�c�h�e�d� �b�e�t�w�e�e�n� �t�h�e� �r�o�o�m�s� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �4�6� 

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

�(�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�1�.�8� �c�d�/�m�2�)�.
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�D�I�S�P�L�A�Y� �I�T�E�M� �F�U�N�C�T�I�O�N� 
� � 

�A�]�!� �T�h�r�e�a�t� �S�u�m�m�a�r�y� �L�i�s�t� �L�i�s�t�s� �a�l�l� �d�e�t�e�c�t�e�d� �e�m�i�t�t�e�r�s� 

�B�|� �C�l�o�s�e� �C�o�n�t�r�o�l� �I�n�f�o�r�m�a�t�i�o�n� �|� �S�h�o�w�s� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �h�o�o�k�e�d� �e�m�i�t�t�e�r� 
� � 

� � 

�P�o�l�a�r� �(�o�r� �R�a�n�g�e�)� �P�r�i�m�a�r�y� �d�i�s�p�l�a�y�;� �s�h�o�w�s� �l�o�c�a�t�i�o�n� �o�f� �e�m�i�t�t�e�r�s� 
�C�l� �E�m�i�t�t�e�r� �D�i�s�p�l�a�y� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �s�h�i�p� 

�D�e�s�i�g�n�a�t�e� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� 
�B�o�x� 

� � 

�D�i�s�p�l�a�y�s� �t�y�p�e�d� �E�F�X� �n�u�m�b�e�r�s� 
� � 

�T�h�e� �s�m�a�l�l� �b�a�l�l� �t�a�b� �c�u�r�s�o�r� �e�n�l�a�r�g�e�s� �a�n�d� 
�E�|� �C�l�o�s�e� �C�o�n�t�r�o�l� �I�n�d�i�c�a�t�o�r� �s�u�r�r�o�u�n�d�s� �a� �s�e�l�e�c�t�e�d� �e�m�i�t�t�e�r� � � � � � � � � � � � � 
� � 
� � 

�F�i�g�u�r�e� �7�.� �T�h�e� �s�c�r�e�e�n� �d�i�s�p�l�a�y� �o�f� �t�h�e� �P�r�o�t�o�t�y�p�e� �A�N�/�S�L�Q�-�3�2�(�V�)�.� 

�A� �l�i�b�r�a�r�y� �o�f� �4�2�7� �e�m�i�t�t�e�r�s� �w�a�s� �c�r�e�a�t�e�d� �a�n�d� �c�o�m�p�i�l�e�d� �i�n�t�o� �t�h�e� 

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

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

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

�(�T�L�)�,� �b�i�a�s� �f�a�c�t�o�r� �(�B�I�A�S�)�,� �c�a�t�e�g�o�r�y� �(�C�A�T�)�,� �p�u�l�s�e� �r�e�p�e�t�i�t�i�o�n� �f�r�e�q�u�e�n�c�y� �(�P�R�F�)�,� 

�s�c�a�n�,� �a�n�d� �c�r�o�s�s�-�r�e�f�e�r�e�n�c�e� �n�u�m�b�e�r� �(�X�-�R�E�F�)�.� �A�f�t�e�r� �t�h�e� �o�p�e�r�a�t�o�r� �m�a�t�c�h�e�s� 

�F�R�Q�,� �T�L�,� �B�I�A�S�,� �C�A�T�,� �P�R�F�,� �a�n�d� �s�c�a�n�,� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �X�-�R�E�F� �n�u�m�b�e�r� �i�s



�u�s�e�d� �t�o� �l�o�o�k� �u�p� �t�h�e� �E�m�i�t�t�e�r� �F�i�l�e� �I�n�d�e�x� �(�E�F�X�)� �n�u�m�b�e�r� �f�r�o�m� �o�n�e� �o�f� �f�o�u�r� �p�a�g�e�s� 

�i�n� �t�h�e� �f�r�o�n�t� �o�f� �t�h�e� �p�u�b�s�.� �I�n� �t�h�i�s� �s�e�c�t�i�o�n� �o�f� �t�h�e� �p�u�b�s�,� �a�l�l� �X�-�R�E�F� �n�u�m�b�e�r�s� �a�r�e� 

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

�b�y� �n�a�m�e� �o�f� �e�m�i�t�t�e�r�,� �s�c�a�n� �t�y�p�e�,� �a�n�d� �E�F�X�.� �T�h�e� �c�o�r�r�e�c�t� �E�F�X� �i�s� �o�b�t�a�i�n�e�d� �b�y� 

�l�o�o�k�i�n�g� �u�p� �t�h�e� �c�o�r�r�e�c�t� �X�-�R�E�F� �n�u�m�b�e�r�,� �c�h�o�o�s�i�n�g� �t�h�e� �c�o�r�r�e�c�t� �s�c�a�n� �t�y�p�e� �f�r�o�m� 

�t�h�e� �t�w�o� �i�d�e�n�t�i�c�a�l� �X�-�R�E�F ��s� �,� �a�n�d� �s�e�l�e�c�t�i�n�g� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �E�F�X�.� �A�n� �E�F�X� 

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

�v�e�h�i�c�l�e�.� 

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

�o�p�e�r�a�t�o�r� �c�o�u�l�d� �u�s�e� �t�h�e� �n�u�m�b�e�r� �k�e�y�s� �i�n� �t�h�e� �Q�W�E�R�T�Y� �s�e�c�t�i�o�n� �j�u�s�t� �a�s� �E�W ��s� 

�u�s�e� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �F�A�B�s�.� �I�n�s�t�e�a�d� �o�f� �h�a�v�i�n�g� �F�A�B�s� �t�o� �(�1�)� �d�e�s�i�g�n�a�t�e� �t�h�e� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �e�m�i�t�t�e�r� �a�n�d� �(�2�)� �l�i�s�t�e�n� �t�o� �t�h�e� �e�m�i�t�t�e�r�s �� �s�c�a�n� �t�y�p�e�s�,� �t�h�e� �F�5� 

�a�n�d� �F�8� �s�p�e�c�i�a�l� �f�u�n�c�t�i�o�n� �k�e�y�s� �w�e�r�e� �u�s�e�d�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �F�5� �k�e�y� �w�a�s� 

�c�o�v�e�r�e�d� �w�i�t�h� �a� �k�e�y� �c�a�p� �l�a�b�e�l�e�d�  ��D�e�s�i�g� �I�D ��.� �T�h�e� �F�8� �k�e�y� �w�a�s� �c�o�v�e�r�e�d� �w�i�t�h� �a� 

�k�e�y� �c�a�p� �l�a�b�e�l�e�d�  ��S�i�g� �S�e�l �� �f�o�r� �S�i�g�n�a�l� �S�e�l�e�c�t�.� 

�I�n�s�t�e�a�d� �o�f� �u�s�i�n�g� �a� �s�e�p�a�r�a�t�e� �d�i�s�p�l�a�y� �t�o� �s�i�m�u�l�a�t�e� �t�h�e� �U�L�Q�-�1�6� �f�r�e�q�u�e�n�c�y� 

�s�p�e�c�t�r�u�m� �a�n�a�l�y�z�e�r�,� �t�h�e� �o�p�e�r�a�t�o�r� �w�a�s� �p�r�e�s�e�n�t�e�d� �w�i�t�h� �t�h�e� �U�L�Q�-�1�6� 

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

�p�r�e�s�s�e�d�.� �T�h�e� �o�p�e�r�a�t�o�r� �t�u�r�n�e�d� �o�f�f� �t�h�i�s� �U�L�Q�-�1�6� �b�y� �p�r�e�s�s�i�n�g� �t�h�e� �S�h�i�f�t� �k�e�y�.� 

�T�h�e� �t�a�s�k�.� �A�s� �e�x�p�l�a�i�n�e�d� �i�n� �T�a�s�k� �S�e�l�e�c�t�i�o�n�,� �t�h�e� �m�a�i�n� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� 

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

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

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

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



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

�e�m�i�t�t�e�r�,� �a�n�d� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �p�r�e�s�e�n�t�e�d� �o�n� �t�h�e� �U�L�Q�-�1�6� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� 

�e�m�i�t�t�e�r�.� 

�4�.� �O�p�e�r�a�t�o�r� �s�e�a�r�c�h�e�s� �t�h�r�o�u�g�h� �p�u�b�l�i�c�a�t�i�o�n�s� �f�o�r� �a� �c�r�o�s�s�-�r�e�f�e�r�e�n�c�e� 

�(�n�u�m�b�e�r� �t�h�a�t� �a�g�r�e�e�s� �w�i�t�h� �t�h�e� �F�r�e�q�u�e�n�c�y� �a�n�d� �P�R�F�.� 

�5�.� �O�p�e�r�a�t�o�r� �s�e�a�r�c�h�e�s� �t�h�r�o�u�g�h� �t�h�e� �c�r�o�s�s�-�r�e�f�e�r�e�n�c�e� �i�n�d�e�x� �t�o� �f�i�n�d� �t�h�e� 

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

�f�i�n�d�s� �t�h�e� �c�o�r�r�e�c�t� �E�F�X� �n�u�m�b�e�r� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �e�m�i�t�t�e�r� �f�i�l�e� �i�n�d�e�x� 

�n�u�m�b�e�r� �(�E�F�X�)�.� 

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

�s�e�l�e�c�t�i�n�g� �t�h�e� �D�E�S�I�G� �I�D� �b�u�t�t�o�n�,� �e�n�t�e�r�i�n�g� �t�h�e� �t�h�r�e�e�-�d�i�g�i�t� �n�u�m�b�e�r�,� �a�n�d� 

�p�r�e�s�s�i�n�g� �t�h�e� �R�E�T�U�R�N� �k�e�y�.� 

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

�(�S�t�e�p� �2�)�.� 

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

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

�r�e�d�e�s�i�g�n�i�n�g� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)� �d�i�s�p�l�a�y� �(�B�e�a�t�o�n� �e�t� �a�l�.�,� �1�9�9�1�)�,� �a�r�e� �d�e�s�c�r�i�b�e�d� 

�b�e�l�o�w�.� 

�F�o�r�m�a�t� �(�p�o�l�a�r�,� �r�a�n�g�e�)�.� �T�h�e� �p�r�i�m�a�r�y� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� 

�A�N�/�S�L�Q�-�3�2�(�V�)� �s�c�r�e�e�n� �i�s� �t�h�e� �P�o�l�a�r� �d�i�s�p�l�a�y�.� �T�h�e� �P�o�l�a�r� �d�i�s�p�l�a�y� �c�o�n�s�i�s�t�s� �o�f� �a� 

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

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

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

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

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

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

�r�a�n�g�e� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �P�o�l�a�r� �d�i�s�p�l�a�y� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �8�.� 
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�B�R�G� �N�A�M�E� �T�L� �3�3�0� 
�1�3�5� �C�I�U�X� �7� 
�2�4�5� �R�T�V�U� �6� 
�0�8�0� �X�Y�A�B� �0� 

�3�0�0� 

�0� 

�P�A�G�E� �1� �O�F� �I� 

�B�R�G�:� �1�3�5�H�O�S�M�S�L� �2�4�0� 
�F�R�Q�:� �0�2�2�5�0� �0�2�3�5�0� 
�P�R�F�:� �0�4�0�5�0� �0�4�1�5�0� 
�S�C�N�:� �1�4�1�5�0� �1�4�2�5�0� �C�O�N� � � � � � � � � � � �E�F�X�:� �1�3�5� �2�1�0� �1�5�0� �o�x� 

�N�A�M�E� �T�L� �1�8�0� �E�N�T�E�R� �E�F�X�t� 
�C�I�U�X� �7� �F�r� 

� � 

� � 

�F�i�g�u�r�e� �8�.� �S�c�r�e�e�n� �d�i�s�p�l�a�y� �i�n� �t�h�e� �p�o�l�a�r� �f�o�r�m�a�t�.� 

�T�h�e� �G�e�o�S�i�t� �d�i�s�p�l�a�y� �r�e�s�e�m�b�l�e�s� �t�h�e� �t�r�u�e�-�p�o�s�i�t�i�o�n� �d�i�s�p�l�a�y� �u�s�e�d� �i�n� �r�a�d�a�r� 

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

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

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

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

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

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

�F�i�g�u�r�e� �9�.
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�B�R�G� �N�A�M�E� �T�L� �R�N�G� 
�1�3�5� �C�I�U�X� �7� �3�0� 
�2�4�5� �R�T�V�U� �6� �4�0� 
�0�8�0� �X�Y�A�B� �0� �7� 

�3�0�0� 

�3�3�0�.� 

� � 
�P�A�G�E� �1� �O�F� �1� 

�B�R�G�:� �1�3�5�H�O�S�M�S�L� �2�4�0� 
�F�R�Q�:� �0�2�2�5�0� �0�2�3�5�0� 
�P�R�F�:� �0�4�0�5�0� �0�4�1�5�0� 
�S�C�N�:� �1�4�1�5�0� �1�4�2�5�0� �C�O�N� 
�E�F�X�:� �1�3�5� �2�1�0� 

�N�A�M�E� �T�L� �F�:� 
�C�I�U�X� �7� 

� � � � � � � � � � 

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

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

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

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

�a�c�c�o�m�m�o�d�a�t�e� �t�h�r�e�e� �n�e�e�d�s�:� �(�1�)� �t�h�e� �E�W� �n�e�e�d�s� �t�o� �h�a�v�e� �d�i�s�t�a�n�c�e� �i�n�f�o�r�m�a�t�i�o�n� 

�f�o�r� �a� �n�u�m�b�e�r� �o�f� �t�a�s�k�s�,� �(�2�)� �t�h�e� �E�W� �n�e�e�d�s� �t�o� �b�u�i�l�d� �a�n�d� �m�a�i�n�t�a�i�n� �a� �c�o�g�n�i�t�i�v�e� 

�p�i�c�t�u�r�e� �o�f� �t�h�e� �t�a�c�t�i�c�a�l� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �(�3�)� �a� �R�a�n�g�e� �d�i�s�p�l�a�y� �w�o�u�l�d� �p�r�o�v�i�d�e� 

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

�C�o�l�o�r� �c�o�n�d�i�t�i�o�n� �(�b�l�a�c�k� �a�n�d� �w�h�i�t�e�,� �c�o�l�o�r�)�.� �T�h�e� �c�u�r�r�e�n�t� �A�N�/�S�L�Q�-� 

�3�2�(�V�)� �s�c�r�e�e�n� �d�i�s�p�l�a�y� �i�s� �a� �g�r�e�e�n� �p�h�o�s�p�h�o�r� �w�i�t�h� �t�w�o� �l�e�v�e�l�s� �o�f� �i�n�t�e�n�s�i�t�y� �c�o�d�i�n�g� 

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

�e�x�i�s�t�i�n�g� �d�i�s�p�l�a�y� �b�y� �u�s�i�n�g� �a� �b�l�a�c�k�-�a�n�d�-�w�h�i�t�e� �d�i�s�p�l�a�y�.



�D�u�e� �t�o� �t�h�e� �e�n�o�r�m�o�u�s� �a�m�o�u�n�t� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �p�r�e�s�e�n�t�e�d� �t�o� �t�h�e� �E�W�,� �t�h�e� 

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

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

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

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

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

�u�n�k�n�o�w�n� �w�e�r�e� �y�e�l�l�o�w�,� �a�n�d� �f�r�i�e�n�d�l�i�e�s� �w�e�r�e� �g�r�e�e�n�)�.� �T�h�e� �P�o�l�a�r�/�R�a�n�g�e� �l�i�n�e�s� 

�w�e�r�e� �w�h�i�t�e�.� 

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

�g�e�o�m�e�t�r�i�c� �s�y�m�b�o�l�s� �t�h�a�t� �r�e�p�r�e�s�e�n�t� �e�m�i�t�t�e�r� �c�a�t�e�g�o�r�i�e�s�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�0�.� 

�T�h�e� �r�e�v�i�s�e�d� �s�y�m�b�o�l� �s�e�t� �w�a�s� �b�a�s�e�d� �o�n� �n�e�w�l�y� �d�e�v�e�l�o�p�e�d� �N�A�T�O� �s�y�m�b�o�l�o�g�y� 

�(�i�c�o�n�i�c� �s�y�m�b�o�l�s�)� �a�n�d� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�1�.� 

�D�e�n�s�i�t�y� �(�C�a�r�i�b�b�e�a�n�,� �G�u�l�f�,� �A�r�m�a�g�e�d�d�o�n�)�.� �T�h�e� �r�e�d�e�s�i�g�n� 

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

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

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

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

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

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

�i�n� �T�a�b�l�e� �6�.
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�B�I�A�S� �F�A�C�T�O�R� �S�Y�M�B�O�L� �T�H�R�E�A�T� �L�E�V�E�L� 
� � 

� � 

� � � � � � � 
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� � � � � � 
�H�O�S�T�I�L�E� �A�I�R�C�R�A�F�T� 

�H�O�S�T�I�L�E� �S�U�R�F�A�C�E�/�L�A�N�D� 

�H�O�S�T�I�L�E� �S�U�B�M�A�R�I�N�E� 

�F�R�I�E�N�D�L�Y� �A�I�R�C�R�A�F�T� 

�F�R�I�E�N�D�L�Y� �S�U�R�F�A�C�E�/�L�A�N�D� �[�o�]� �0� 
�a� 

� � 

� � 

�F�R�I�E�N�D�L�Y� �S�U�B�M�A�R�I�N�E� � � � � � � � � � � � 
� � � � 

�F�i�g�u�r�e� �1�0�.� �O�l�d� �(�G�e�o�m�e�t�r�i�c�)� �s�y�m�b�o�l� �s�e�t� �a�n�d� �a�s�s�o�c�i�a�t�e�d� �t�h�r�e�a�t� �l�e�v�e�l�s�.



� � �N�E�W� �S�Y�M�B�O�L� �S�E�T� 

� � 
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� � 

� � � � � � � � 

�(�I�C�O�N�I�C� �S�Y�M�B�O�L�S�)� 

�B�I�A�S� �F�A�C�T�O�R�*� �S�Y�M�B�O�L� �T�H�R�E�A�T� �L�E�V�E�L� 
�(�H�o�s�t�i�l�e�,� �F�r�i�e�n�d�l�y�)� 

�M�I�S�S�I�L�E� �7� �7�,�n�/�a� 
�a� 

�U�N�K�N�O�W�N� �U�N�K�N�O�W�N� �x�]� �3� 

�A�I�R�C�R�A�F�T� �E� �:� �6�,�0� 

�S�U�R�F�A�C�E� �S�H�I�P� �n�a� �5�,�0� 

�S�U�B�M�A�R�I�N�E� !"� �5�,�0� 

�L�A�N�D�-�B�A�S�E�D� 

�*� �B�i�a�s� �(�H�o�s�t�i�l�e�,� �F�r�i�e�n�d�l�y�)� �w�a�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�r�e�a�t� �l�e�v�e�l� 
�a�n�d�/�o�r� �c�o�l�o�r�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� 

�4�,�0� � � 
� � 

� � 
�F�i�g�u�r�e� �1�1�.� �N�e�w� �(�I�c�o�n�i�c�)� �s�y�m�b�o�l� �s�e�t� �a�n�d� �a�s�s�o�c�i�a�t�e�d� �t�h�r�e�a�t� �l�e�v�e�l�s�.



�T�A�B�L�E� �6� 

�E�m�i�t�t�e�r� �D�e�n�s�i�t�y� �L�e�v�e�l�s� 

� � 

� � 

� � 

� � � � 

�I�n�i�t�i�a�l� �T�i�m�e� �b�e�t�w�e�e�n� 
�L�e�v�e�l� �D�e�n�s�i�t�y� �n�e�w� �e�m�i�t�t�e�r�s� 

�T�~� �C�a�r�i�b�b�e�a�n� �1�0� �7�0� �s�e�c�o�n�d�s� 
�G�u�l�f� �4�0� �4�0� �s�e�c�o�n�d�s� 

�A�r�m�a�g�e�d�d�o�n� �7�0� �1�0� �s�e�c�o�n�d�s� � � � � � � � � 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�P�e�r�f�o�r�m�a�n�c�e� �=� �i� �(�1�)� 
�b�1�T� �+�6�2� �B�E �



�w�h�e�r�e�:� 

�T� �=� �n�o�r�m�a�l�i�z�e�d� �m�e�a�n� �t�i�m�e� �t�o� �p�r�o�c�e�s�s� �a�n� �e�m�i�t�t�e�r�,� �i�n� �s�e�c�o�n�d�s�,� 

�E� �=� �n�o�r�m�a�l�i�z�e�d� �m�e�a�n� �n�u�m�b�e�r� �o�f� �h�o�o�k�i�n�g� �e�r�r�o�r�s�,� �a�n�d� 

�b�;� �=� �b�g� �=� �0�.�5� �(�w�e�i�g�h�t�i�n�g� �c�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� �T� �a�n�d� �E�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� 

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

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

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

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

�f�e�w�e�r� �e�r�r�o�r�s� �t�h�a�t� �a�r�e� �m�a�d�e�,� �t�h�e� �f�e�w�e�r� �n�u�m�b�e�r� �o�f� �r�e�-�a�t�t�e�m�p�t�s� �m�u�s�t� �b�e� �m�a�d�e�.� 

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

�p�e�r�f�o�r�m�a�n�c�e�.� �E�q�u�a�l� �b�e�t�a� �w�e�i�g�h�t�s� �(�e�.�g�.�,� �6�7� �a�n�d� �b�9�)� �w�e�r�e� �g�i�v�e�n� �t�o� �t�i�m�e� �a�n�d� 

�e�r�r�o�r�s�.� 

�W�o�r�k�l�o�a�d� �s�c�o�r�e�s�.� �A� �S�W�A�T� �s�c�o�r�e� �w�a�s� �o�b�t�a�i�n�e�d� �f�o�r� �e�a�c�h� 

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

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

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

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

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

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

�r�e�c�o�r�d�i�n�g�s� �u�s�i�n�g� �f�r�a�m�e� �c�o�u�n�t�s�.� �F�o�r� �e�a�c�h� �s�u�b�a�c�t�i�v�i�t�y�,� �1�2�0� �d�a�t�a� �p�o�i�n�t�s� �w�e�r�e� 

�c�o�l�l�e�c�t�e�d�.



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

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

�c�o�n�s�e�n�t� �f�o�r�m� �(�a�n� �e�x�a�m�p�l�e� �i�s� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �B�)�,� �a�n�d� �t�e�s�t�i�n�g� �f�o�r� �c�o�l�o�r� 

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

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

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

�c�h�o�s�e�n� �r�a�n�d�o�m�l�y� �a�n�d� �a�s�s�i�g�n�e�d� �t�o� �G�r�o�u�p� �1�,� �t�h�e� �r�e�m�a�i�n�i�n�g� �s�i�x� �p�a�r�t�i�c�i�p�a�n�t�s� 

�w�e�r�e� �a�s�s�i�g�n�e�d� �t�o� �G�r�o�u�p� �2�.� �T�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� �f�o�r� �t�h�e� �S�W�A�T� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� 

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

�G�r�o�u�p� �1�.� 

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

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

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

�c�o�n�d�i�t�i�o�n� �(�b�l�a�c�k�-�a�n�d�-�w�h�i�t�e�,� �c�o�l�o�r�)�.� 

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

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

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

�e�x�p�e�r�i�m�e�n�t� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�2�.� 

�E�a�c�h� �d�a�y� �(�D�a�y�s� �2�-�9�)� �i�s� �r�e�f�e�r�r�e�d� �t�o� �a�s� �a� �s�i�n�g�l�e� �s�e�s�s�i�o�n�.� �F�o�r� �e�a�c�h� �o�f� �t�h�e� 

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

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

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

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

�e�x�p�e�r�i�m�e�n�t�a�l� �s�e�s�s�i�o�n�s�.



� � 

�E�X�P�E�R�I�M�E�N�T� 
� � 

� � 

�D�A�Y� �1� � � � � �I�n�f�o�r�m�e�d� �C�o�n�s�e�n�t� �F�o�r�m�,� �I�n�s�t�r�u�c�t�i�o�n�s� �t�o� �P�a�r�t�i�c�i�p�a�n�t�s�,� �S�W�A�T� 
�c�a�r�d� �s�o�r�t�,� �s�c�h�e�d�u�l�e� �d�a�y�s� �2�-�8� 

� � 

� � � � 

�D�A�Y� �2� 
� � 

�F�O�R� �A� �R�A�N�D�O�M�L�Y� �A�S�S�I�G�N�E�D� �D�I�S�P�L�A�Y� �C�O�N�F�I�G�U�R�A�T�I�O�N�:� 
� � 

� � 

� � 

� � � � � � � � 

� � 

� � 

�(�1�)� �S�o�u�n�d� �T�r�a�i�n�i�n�g� 
�(�2�)� �I�c�o�n� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �T�r�a�i�n�i�n�g� 

�T�R�A�I�N�I�N�G� �(�3�)� �E�m�i�t�t�e�r� �T�h�r�e�a�t� �L�e�v�e�l� �T�r�a�i�n�i�n�g� 
�(�2�.�5� �h�o�u�r�s�)� �(�4�)� �H�o�o�k� �T�r�a�i�n�i�n�g� 

�(�5�)� �I�n�t�e�g�r�a�t�e�d� �T�a�s�k� �T�r�a�i�n�i�n�g� 

�T�E�S�T�I�N�G� �I�n�t�e�g�r�a�t�e�d� �T�a�s�k� �f�o�r� �T�h�r�e�e� �D�e�n�s�i�t�y� �L�e�v�e�l�s� 
�(�.�5� �h�o�u�r�s�)� �(�C�a�r�r�i�b�e�a�n�,� �G�u�l�f�,� �a�n�d� �A�r�m�a�g�e�d�d�o�n�)� 

�Y� 
�D�A�Y�S� �3�-�9� 

� � 

�R�e�p�e�a�t� �D�A�Y� �2� �f�o�r� �a� �d�i�f�f�e�r�e�n�t� �d�i�s�p�l�a�y� �c�o�n�f�i�g�u�r�a�t�i�o�n� � � � � � � � � � � � � 

�F�i�g�u�r�e� �1�2�.� �S�e�q�u�e�n�c�e� �o�f� �e�v�e�n�t�s� �f�o�r� �p�a�r�t�i�c�i�p�a�n�t�s�.



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

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

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

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

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

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

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

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

�d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 

�(�1�)� �S�o�u�n�d�s�.� �P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �t�r�a�i�n�e�d� �t�o� �r�e�c�o�g�n�i�z�e� �f�o�u�r� �s�o�u�n�d�s� �(�s�c�a�n� 

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

�s�p�e�c�t�r�u�m� �o�f� �t�h�e� �s�i�g�n�a�l�.� �T�h�e� �f�o�u�r� �s�o�u�n�d�s� �a�r�e� �C�o�n�i�c�a�l� �(�C�O�N�)�,� �S�t�a�n�d�a�r�d� 

�(�S�T�D�)�,� �C�i�r�c�u�l�a�r� �(�C�I�R�)�,� �a�n�d� �S�e�c�t�i�o�n�a�l� �(�S�E�C�)�.� �T�h�e�s�e� �f�o�u�r� �s�o�u�n�d�s� �r�e�p�r�e�s�e�n�t� 

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

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

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

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

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

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

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

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

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

�c�o�r�r�e�c�t� �s�c�a�n�.� �F�i�g�u�r�e� �1�3� �g�i�v�e�s� �a�n� �e�x�a�m�p�l�e� �i�n� �w�h�i�c�h� �t�h�e� �s�o�u�n�d� �b�e�i�n�g� 

�p�r�e�s�e�n�t�e�d� �i�s� �"�S�T�D�"� �a�n�d� �t�h�e� �o�p�e�r�a�t�o�r� �i�s� �a�b�o�u�t� �t�o� �s�e�l�e�c�t� �t�h�e� �c�o�r�r�e�c�t� �c�h�o�i�c�e�.� 
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�F�i�g�u�r�e� �1�3�.� �S�c�r�e�e�n� �f�o�r�m�a�t� �d�u�r�i�n�g� �s�o�u�n�d� �t�r�a�i�n�i�n�g�.



�P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �s�c�o�r�e� �a�t� �l�e�a�s�t� �9�2� �p�e�r�c�e�n�t� �c�o�r�r�e�c�t� �o�n� �t�h�e� 

�l�a�s�t� �s�e�t� �i�n� �o�r�d�e�r� �t�o� �c�o�n�t�i�n�u�e� �t�o� �t�h�e� �n�e�x�t� �b�l�o�c�k� �o�f� �t�r�a�i�n�i�n�g�.� �T�h�e� �9�2� �p�e�r�c�e�n�t� 

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

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

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

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

�t�h�e� �e�n�t�i�r�e� �b�l�o�c�k�.� �O�n� �D�a�y�s� �3�-�9�,� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �g�i�v�e�n� �o�n�l�y� �o�n�e� �s�e�t� �o�f� �2�5� 

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

�(�2�)� �I�c�o�n� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �T�r�a�i�n�i�n�g�.� �T�h�e� �t�r�a�i�n�i�n�g� �f�o�r� �i�c�o�n� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

�P�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �s�c�o�r�e� �9�2� �p�e�r�c�e�n�t� �c�o�r�r�e�c�t� �o�n� �t�h�e� �f�i�f�t�h� �s�e�t� 

�i�n� �o�r�d�e�r� �t�o� �p�r�o�c�e�e�d� �t�o� �t�h�e� �n�e�x�t� �b�l�o�c�k� �o�f� �t�r�a�i�n�i�n�g�.� �T�h�e� �9�2� �p�e�r�c�e�n�t� �c�r�i�t�e�r�i�o�n� 

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

�e�r�r�o�r� �o�n� �n�o� �m�o�r�e� �t�h�a�n� �t�w�o� �o�f� �t�h�e� �2�5� �p�r�o�b�e�s�,� �a�s� �e�r�r�o�r�s� �o�c�c�u�r�r�e�d� �d�u�e� �t�o� �t�h�e� 

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

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�b�i�l�i�t�y�.
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�F�i�g�u�r�e� �1�4�.� �E�x�a�m�p�l�e� �o�f� �s�c�r�e�e�n� �f�o�r�m�a�t� �f�o�r� �i�c�o�n� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �t�r�a�i�n�i�n�g� �u�s�i�n�g� 

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



�(�3�)� �T�h�r�e�a�t� �L�e�v�e�l� �T�r�a�i�n�i�n�g�.� �T�h�e� �t�r�a�i�n�i�n�g� �f�o�r� �t�h�e� �t�h�r�e�a�t� �l�e�v�e�l�s� �w�a�s� 

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

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

�w�e�r�e� �l�a�b�e�l�e�d� �w�i�t�h� �t�h�r�e�a�t� �l�e�v�e�l�s� �(�0�-�7�)� �i�n�s�t�e�a�d� �o�f� �i�c�o�n� �n�a�m�e�s�.� �T�h�e� �i�n�s�t�r�u�c�t�i�o�n�s� 

�g�i�v�e�n� �d�u�r�i�n�g� �t�h�r�e�a�t� �l�e�v�e�l� �t�r�a�i�n�i�n�g� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �D�.� 

�A�g�a�i�n�,� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� �r�e�q�u�i�r�e�d� �t�o� �s�c�o�r�e� �9�2� �p�e�r�c�e�n�t� �c�o�r�r�e�c�t� �o�n� �t�h�e� 

�f�i�f�t�h� �a�n�d� �f�i�n�a�l� �s�e�t� �t�o� �p�r�o�c�e�e�d� �t�o� �t�h�e� �n�e�x�t� �b�l�o�c�k� �o�f� �t�r�a�i�n�i�n�g�.� �T�h�e� �9�2� �p�e�r�c�e�n�t� 

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

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

�t�h�e� �s�p�e�e�d�e�d� �n�a�t�u�r�e� �o�f� �t�h�e� �t�r�a�i�n�i�n�g�,� �a�n�d� �n�o�t� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �o�p�e�r�a�t�o�r�'�s� 

�i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�b�i�l�i�t�y�.� 

�(�4�)� �H�o�o�k� �T�r�a�i�n�i�n�g�.� �D�u�r�i�n�g� �h�o�o�k� �t�r�a�i�n�i�n�g�,� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �w�e�r�e� 

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

�o�n� �t�h�e� �t�h�r�e�a�t� �s�u�m�m�a�r�y� �l�i�s�t�.� �(�E�a�c�h� �p�a�g�e� �h�o�l�d�s� �1�5� �e�m�i�t�t�e�r�s�.�)� �T�h�e� �b�e�g�i�n�n�i�n�g� 

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

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

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

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

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

�e�m�i�t�t�e�r�.� �T�h�e� �s�e�t� �w�a�s� �c�o�m�p�l�e�t�e� �w�h�e�n� �a�l�l� �1�5� �e�m�i�t�t�e�r�s� �w�e�r�e� �h�o�o�k�e�d�.� �A�t� �t�h�e� 

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

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

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

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

�p�e�r�f�o�r�m�a�n�c�e� �a�t� �a�r�o�u�n�d� �4�0� �s�e�t�s�.�)� �D�u�r�i�n�g� �t�h�e� �f�i�n�a�l� �f�i�v�e� �s�e�t�s� �o�f� �t�h�e� �b�l�o�c�k�,� �t�h�e



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

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

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

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

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

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

�(�5�)� �I�n�t�e�g�r�a�t�e�d� �T�a�s�k� �T�r�a�i�n�i�n�g�.� �F�i�n�a�l�l�y�,� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �p�r�a�c�t�i�c�e�d� 

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

�t�r�i�a�l�.� �T�h�e�r�e� �w�e�r�e� �1�0� �t�r�a�i�l�s� �o�n� �D�a�y� �2� �(�5�0� �m�i�n�u�t�e�s� �t�o�t�a�l�)� �a�n�d� �8� �t�r�i�a�l�s� �o�n� �D�a�y�s� �3�-� 

�9� �(�4�0� �m�i�n�u�t�e�s� �t�o�t�a�l�)�.� �D�u�r�i�n�g� �t�h�e� �I�T� �t�r�a�i�n�i�n�g�,� �t�h�e� �e�m�i�t�t�e�r� �d�e�n�s�i�t�y� �l�e�v�e�l� �w�a�s� 

�s�e�t� �a�t� �5�5� �e�m�i�t�t�e�r�s�  �� �t�h�e� �1�5� �r�e�a�l� �e�m�i�t�t�e�r�s� �t�o� �b�e� �h�o�o�k�e�d� �a�n�d� �4�0� �d�u�m�m�y� �e�m�i�t�t�e�r�s�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

�S�W�A�T� �r�a�t�i�n�g� �i�n�s�t�e�a�d� �o�f� �p�e�r�f�o�r�m�a�n�c�e� �f�e�e�d�b�a�c�k�.� 

�M�o�d�e�l� �T�i�m�e�s� 

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

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

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

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

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

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

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

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

�T�h�e�s�e� �d�e�s�c�r�i�p�t�i�o�n�s� �w�e�r�e� �t�a�k�e�n� �d�i�r�e�c�t�l�y� �f�o�r� �t�h�e� �M�o�d�a�p�t�s� �P�l�u�s� �R�e�s�o�u�r�c�e� 

�M�a�n�u�a�l� �(�S�h�i�n�n�i�c�k�,� �1�9�8�7�)�.� 

�P�r�i�n�c�i�p�l�e�s�/�R�u�l�e�s�.� �S�e�v�e�r�a�l� �o�f� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �M�o�d�a�p�t�s� �e�l�e�m�e�n�t�s� �f�o�r� 

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

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



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

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

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

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

�b�e�l�o�w�.� 

�R�u�l�e� �#�1�:� �T�h�e� �P�r�e�d�i�c�t�a�b�i�l�i�t�y� �R�u�l�e�.� �T�h�e� �c�r�e�a�t�o�r�s� �o�f� �M�o�d�a�p�t�s� �t�r�i�e�d� �t�o� 

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

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

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

�R�u�l�e�#�2�:� �T�h�e�  ��U�s�e� �A�r�e�a �� �R�u�l�e�.� �A�l�l� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �f�o�r� �t�h�e� �c�l�e�r�i�c�a�l� 

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

�M�4� �t�o� �r�e�a�c�h�.� 

�R�u�l�e� �#�3�:� �T�h�e� �R�e�a�s�o�n�a�b�l�e� �C�a�p�a�b�i�l�i�t�y� �R�u�l�e�.� �T�h�e� �g�e�n�e�r�a�l� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

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

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

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

�m�o�t�i�v�a�t�i�o�n� �l�e�v�e�l�s�.� 

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

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

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

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

�(�1�)� �M�u�s�c�u�l�a�r� �c�o�n�t�r�o�l� �(�m�u�s�c�u�l�a�r� �p�r�e�c�i�s�i�o�n� �r�e�q�u�i�r�e�d�)�,� 

�(�2�)� �V�i�s�u�a�l� �c�o�n�t�r�o�l� �(�e�y�e� �a�c�t�i�o�n� �r�e�q�u�i�r�e�d�)�,� �a�n�d� 

�(�3�)� �M�e�n�t�a�l� �c�o�n�t�r�o�l� �(�c�o�n�s�c�i�o�u�s� �d�e�c�i�s�i�o�n�s�)�.



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

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

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

�i�s� �r�e�q�u�i�r�e�d� �a�n�d� �a�s�s�i�s�t�e�d� �b�y� �s�e�n�s�u�a�l� �f�e�e�d�b�a�c�k�.� 

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

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

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

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

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

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

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

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

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

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

�i�s� �a�w�a�r�d�e�d� �f�o�r� �o�n�e� �o�f� �t�h�e� �a�c�t�i�v�i�t�i�e�s�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �i�f� �b�o�t�h� �a�c�t�i�v�i�t�i�e�s� �a�r�e� 

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

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

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

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

�M�o�v�e� �i�s� �u�s�u�a�l�l�y� �j�o�i�n�e�d� �b�y� �a� �G�e�t� �o�r� �a� �P�u�t�.� �L�o�n�g� �m�o�v�e�s� �w�h�i�c�h� �r�e�q�u�i�r�e� �t�h�e� 

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

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

�m�o�v�e�m�e�n�t�.� 

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

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



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

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

�E�l�e�m�e�n�t�s� �/�V�a�l�u�e�s�.� �T�h�e� �s�p�e�c�i�f�i�c� �e�l�e�m�e�n�t�s� �t�h�a�t� �w�e�r�e� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �I�T� 

�t�a�s�k� �a�r�e� �b�r�i�e�f�l�y� �d�e�s�c�r�i�b�e�d� �b�e�l�o�w�.� 

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

�e� �A� �D�3� �i�s� �a�w�a�r�d�e�d� �f�o�r� �t�h�e� �u�n�u�s�u�a�l�,� �n�o�t� �t�h�e� �u�s�u�a�l�.� 

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

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

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

�¢� �R�2�:� �W�h�e�n� �t�h�e� �o�p�e�r�a�t�o�r� �m�u�s�t� �r�e�a�d� �o�n�e� �w�o�r�d� �i�n� �a� �g�r�o�u�p� �o�f� �w�o�r�d�s� 

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

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

�¢� �R�3�8�:� �A�w�a�r�d�e�d� �w�h�e�n� �t�h�e� �o�p�e�r�a�t�o�r� �r�e�a�d�s� �o�n�e� �w�o�r�d� �i�n� �a� �g�r�o�u�p� �o�f� 

�w�o�r�d�s� �w�h�e�r�e� �e�a�c�h� �w�o�r�d� �i�s� �r�e�g�i�s�t�e�r�e�d�.� �F�o�r� �e�x�a�m�p�l�e�,� �a�n� �R�3� 

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

�¢� �R�3�:� �O�n�e� �w�o�r�d� �i�s� �a�w�a�r�d�e�d� �f�o�r� �u�p� �t�o� �t�h�r�e�e� �d�i�g�i�t�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� 

�d�i�g�i�t� �7� �r�e�q�u�i�r�e�d� �o�n�e� �R�3� �t�o� �r�e�a�d�,� �a�s� �d�o� �t�h�e� �n�u�m�b�e�r�s� �7�6� �a�n�d� �7�6�5�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �d�i�g�i�t�s� �7�6�5�4�,� �7�6�5�4�3�,� �a�n�d� �7�6�5�4�3�2� �m�u�s�t� �r�e�c�e�i�v�e� �t�w�o� 

�R�3�s� �t�o� �r�e�a�d�.� 

�E�y�e� �c�o�n�t�r�o�l�.� �A�n� �e�y�e� �c�o�n�t�r�o�l� �e�l�e�m�e�n�t� �i�s� �a�w�a�r�d�e�d� �w�h�e�n� �a�n� �a�c�t�i�v�i�t�y� �i�s� 

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

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

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

�7�0



�°� �K�2�:� 

�e� �E�2�:� 

�e� �E�4�:� 

�M�o�v�e�.� 

�E�y�e� �f�i�x�a�t�i�o�n�s� �a�r�e� �a�w�a�r�d�e�d� �t�w�o� �M�o�d�s�.� �A�n� �e�y�e� �f�i�x�a�t�i�o�n� �i�s� �a� 

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

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

�o�r� �r�i�g�h�t�.� �I�n� �t�h�e� �M�o�d�a�p�t�s� �s�y�s�t�e�m�,� �a�n� �E�2� �i�s� �a�w�a�r�d�e�d� �f�o�r� �t�h�e� �e�y�e� 

�t�r�a�v�e�l� �o�f� �3�0� �d�e�g�r�e�e�s� �(�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�.�3�2� �c�m� �a�c�r�o�s�s�,� �3�8�.�1� �c�m� 

�f�r�o�m� �t�h�e� �e�y�e�)�.� 

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

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

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

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

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

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

�°� �M�1�:� 

�e� �M�2�:� 

�e� �M�3�:� 

�A� �f�i�n�g�e�r� �m�o�v�e� �(�o�n�e� �M�o�d�)� �i�s� �a� �m�o�v�e�m�e�n�t� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �a�n�y� 

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

�d�i�s�t�a�n�c�e� �o�f� �2�.�5�4� �c�m� �o�r� �l�e�s�s�.� 

�H�a�n�d� �m�o�v�e�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �c�o�v�e�r� �a� �d�i�s�t�a�n�c�e� �o�f� �5�.�0�8� �c�m� �o�r� 

�m�o�r�e�.� �T�h�e� �M�2� �m�u�s�t� �c�o�n�s�i�s�t� �o�f� �t�h�e� �p�a�l�m� �m�o�v�i�n�g�,� �s�u�c�h� �a�s� �i�n� 

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

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

�d�i�s�t�a�n�c�e� �o�f� �a�t� �l�e�a�s�t� �1�5�.�2�4� �c�m�,� �a�n� �M�3� �i�s� �a�w�a�r�d�e�d�.� �T�h�e� �M�3� �i�s� 

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

�:� �T�h�e� �w�h�o�l�e�a�r�m� �m�o�v�e� �i�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� �f�u�l�l� �a�r�m� �o�u�t�w�a�r�d�,� �a� 

�d�i�s�t�a�n�c�e� �o�f� �4�5�.�7�2� �c�m�.� �T�o� �a�w�a�r�d� �t�h�e� �M�4�,� �t�h�e� �s�h�o�u�l�d�e�r� �m�u�s�t� 

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

�s�h�o�u�l�d�e�r�.� 

�¢� �M�5�:� �W�h�e�n� �t�h�e� �a�r�m�s� �a�n�d� �t�h�e� �b�o�d�y� �t�r�u�n�k� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� 

�m�o�v�e�m�e�n�t� �(�a� �u�s�u�a�l� �d�i�s�t�a�n�c�e� �o�f� �7�6�.�2� �c�m�)�,� �t�h�e� �M�5� �i�s� �a�w�a�r�d�e�d�.� 

�T�h�e� �e�x�t�e�n�d�e�d� �a�r�m� �m�o�v�e�m�e�n�t� �i�s� �l�i�k�e� �t�h�e� �M�4�,� �e�x�c�e�p�t� �t�h�a�t� �t�h�e� 

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

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

�t�h�e� �f�i�n�g�e�r�s�.� 

�¢� �G�O�:� �G�e�t� �b�y� �c�o�n�t�a�c�t�i�n�g�;� �t�h�e� �s�i�m�p�l�e�s�t� �f�o�r�m� �o�f� �o�b�t�a�i�n�i�n�g� �c�o�n�t�r�o�l� �o�f� �t�h�e� 

�o�b�j�e�c�t� �i�s� �a�w�a�r�d�e�d� �a� �G�O�.� �A� �c�o�n�t�a�c�t� �G�e�t� �i�s� �a�c�h�i�e�v�e�d� �b�y� �t�o�u�c�h�i�n�g� 

�t�h�e� �o�b�j�e�c�t� �w�i�t�h� �t�h�e� �f�i�n�g�e�r�(�s�)� �o�r� �h�a�n�d�.� �G�O� �a�l�s�o� �i�s� �i�n�t�e�r�n�a�l� �t�o� �t�h�e� 

�M�o�v�e� �e�l�e�m�e�n�t�.� 

�¢� �G�1�:� �G�e�t� �b�y� �s�i�m�p�l�e� �c�l�o�s�i�n�g�;� �t�h�i�s� �t�y�p�e� �o�f� �g�r�a�s�p� �i�s� �a� �s�i�m�p�l�e� �c�l�o�s�i�n�g� �o�f� 

�t�h�e� �f�i�n�g�e�r�s� �a�r�o�u�n�d� �a�n� �o�b�j�e�c�t�.� �T�h�e� �G�1� �i�s� �a� �t�e�r�m�i�n�a�l� �a�c�t�i�v�i�t�y�;� �a� 

�m�o�v�e� �m�u�s�t� �p�r�e�c�e�d�e� �i�t�.� 

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

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

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

�e� �J�2�:� �A� �c�h�a�n�g�e� �o�f� �g�r�a�s�p�.� 

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

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

�f�i�x�a�t�i�o�n�s� �a�n�d� �e�y�e� �t�r�a�v�e�l�)�.� 

�¢� �D�P�3�.�3�:� �K�e�y�s�t�r�o�k�i�n�g� �u�s�i�n�g� �a� �v�i�d�e�o� �d�i�s�p�l�a�y�.� 

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

�m�e�n�t�a�l�l�y� �r�e�t�a�i�n�i�n�g� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n�.



�¢� �N�3�:� �A�w�a�r�d�e�d� �p�e�r� �i�t�e�m� �w�h�e�n� �t�h�e� �i�t�e�m�s� �a�r�e� �a�r�r�a�n�g�e�d�.� 

�e� �N�6�:� �A�w�a�r�d�e�d� �p�e�r� �i�t�e�m� �w�h�e�n� �t�h�e� �i�t�e�m�s� �a�r�e� �n�o�t� �a�r�r�a�n�g�e�d�.� 

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

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

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

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

�m�o�r�e� �t�h�a�n� �o�n�e� �w�o�r�d� �m�u�s�t� �b�e� �r�e�a�d�,� �t�h�e�n� �a�d�d�i�t�i�o�n�a�l� �R�2�s� �m�u�s�t� �b�e� �a�d�d�e�d�.� 

�¢� �S�S�6�:� �S�e�e�k� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �b�o�o�k�s�,� �p�e�r� �p�a�g�e�,� �w�i�t�h� �t�h�e� �p�a�g�e�s� �n�o�t� �f�u�l�l�y� 

�t�u�r�n�e�d�.� 

�¢� �S�S�1�0�:� �S�e�e�k� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �b�o�o�k�s�,� �p�e�r� �p�a�g�e�,� �w�i�t�h� �t�h�e� �p�a�g�e�s� �f�u�l�l�y� 

�t�u�r�n�e�d�.� 

�A�f�t�e�r� �t�h�e� �e�l�e�m�e�n�t�s� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �I�T� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d�,� �s�p�e�c�i�f�i�c� �M�o�d�a�p�t�s� 

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

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

�i�l�l�u�s�t�r�a�t�e�d� �a�n�d� �l�i�s�t�e�d� �i�n� �F�i�g�u�r�e� �1�5�.� 

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

�1�5� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �t�h�e� �v�i�d�e�o� �t�a�p�e�s� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�e�s�s�i�o�n�s�.� �F�o�r� 

�e�a�c�h� �a�c�t�i�v�i�t�y�,� �1�2�0� �c�a�s�e�s� �w�e�r�e� �m�e�a�s�u�r�e�d�.� �T�h�e� �M�o�d�a�p�t�s� �t�i�m�e�s� �w�e�r�e� 

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

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

�t�h�i�r�d� �E�F�X� �n�u�m�b�e�r� �(�F�2�-�F�3�)�,� �a�n�d� �p�r�e�s�s�i�n�g� �t�h�e� �R�e�t�u�r�n� �k�e�y� �(�F�3�-�G�)� �w�e�r�e� 

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

�w�e�r�e� �u�s�e�d� �a�s� �r�e�g�r�e�s�s�o�r�s� �o�n� �t�h�e� �a�c�t�u�a�l� �p�e�r�f�o�r�m�a�n�c�e� �t�i�m�e�s�.� 
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�D� 
�S�H�I�F�T� �G� �N�U�M�B�E� �-�9� 

�(�s�t�o�p�s� �O�-�s�c�o�p�e�)� �R�S� �(�0�-�9�)� �R�E�T�U�R�N� �K�E�Y� 

�M�O�V�E�M�E�N�T� �D�I�S�T�A�N�C�E� �(�c�m�)� �M�O�D�A�P�T�S� 

�A�-�B� �=�4�4�0� �G�1�M�5�G�0� 
�B�-�C� �2�0�0� �(�l�a�p�)�/� �2�8�0� �(�d�e�s�k�)� �M�4�G�0� 
�C�-�D� �=�6�5�(�l�e�f�t�)�/�3�0�5�(�r�i�g�h�t�)�/�1�1�0� �d�a�p�)� �M�4�G�0� 
�D�-�E� �1�5�0� �D�P�3�.�3� 
�E�-�F�1� �6�5�-�1�1�0� �D�P�3�.�3� 
�F�1�-�F�2� �0�-�1�7�2� �D�P�3�.�3� 
�F�2�-�F�3� �0�-�1�7�2� �D�P�3�.�3� 
�F�3�-�G� �7�5�-�2�4�0� �D�P�3�.�3� 

�G�-�A� �3�7�0� �M�5�G�0� 

�G�r�a�s�p� �(�M�o�u�s�e�/�P�u�b�s�)� �J�2� � � 
� � 

�F�i�g�u�r�e� �1�5�.� �D�i�a�g�r�a�m� �a�n�d� �l�i�s�t� �o�f� �I�T� �a�c�t�i�o�n�s� �a�n�d� �M�o�d�a�p�t�s� �a�s�s�i�g�n�m�e�n�t�.� 

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

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

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

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

�a�r�e� �c�o�m�p�a�r�a�b�l�e�,� �g�i�v�e�n� �a� �h�i�g�h� �R�2� �v�a�l�u�e�.� 

�7�4



�F�r�e�q�u�e�n�c�y� �D�i�s�t�r�i�b�u�t�i�o�n�s� 

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

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

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

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

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

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

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

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

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

�I�T�,� �t�h�e� �g�a�m�m�a� �d�i�s�t�r�i�b�u�t�i�o�n� �w�a�s� �u�s�e�d� �t�o� �m�o�d�e�l� �m�o�v�e�m�e�n�t� �t�i�m�e�s� �(�O�s�g�a�,� �1�9�8�9� 

�T�i�j�e�r�i�n�a� �a�n�d� �T�r�e�a�s�t�e�r�,� �1�9�8�7�)�.� �L�a�w� �a�n�d� �K�e�l�t�o�n� �(�1�9�9�1�)� �c�i�t�e�d� �b�o�t�h� �l�o�g�n�o�r�m�a�l� 

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

�d�i�s�t�r�i�b�u�t�i�o�n�s�.� 

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

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

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

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

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

�c�o�n�v�e�r�t�e�d� �t�o� �l�o�g�n�o�r�m�a�l� �t�i�m�e�s�,� �a�n�d� �a� �K�-�S� �o�n�e�-�s�a�m�p�l�e� �t�e�s�t� �o�n� �t�h�e� �l�o�g�n�o�r�m�a�l� 

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

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

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

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

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

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

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

�t�h�e� �M�o�d�a�p�t�s� �d�a�t�a�b�a�s�e�,� 

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

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

�W�o�r�k�l�o�a�d� �M�e�t�h�o�d�o�l�o�g�y� 

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

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

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

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

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

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

�W�o�r�k�l�o�a�d� �s�c�o�r�e�s�.� �S�W�A�T� �s�c�o�r�e�s� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �a�f�t�e�r� 

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

�W�o�r�k�l�o�a�d� �s�c�o�r�e�s� �f�r�o�m� �G�r�o�u�p� �1� �w�e�r�e� �a�n�a�l�y�z�e�d� �w�i�t�h� �m�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n�s�.� 

�T�h�e� �p�r�e�d�i�c�t�o�r�s� �F�o�r�m�a�t�,� �C�o�l�o�r� �c�o�n�d�i�t�i�o�n�,� �S�y�m�b�o�l� �s�e�t�,� �D�e�n�s�i�t�y�,� �m�e�a�n� �t�i�m�e� �t�o� 

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

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

�b�y� �G�r�o�u�p� �1�.� 
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�M�o�d�e�l� �V�e�r�i�f�i�c�a�t�i�o�n� 

�T�h�e� �m�o�d�e�l� �t�i�m�e�s� �d�e�f�i�n�e�d� �b�y� �t�h�e� �M�o�d�a�p�t�s� �m�e�t�h�o�d�o�l�o�g�y� �u�s�i�n�g� �G�r�o�u�p� �1� 

�d�a�t�a�,� �a�c�t�u�a�l� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �f�r�o�m� �G�r�o�u�p� �1�,� �a�n�d� �t�h�e� �w�o�r�k�l�o�a�d� �r�e�g�r�e�s�s�i�o�n� 

�e�q�u�a�t�i�o�n�s� �f�r�o�m� �G�r�o�u�p� �1� �w�e�r�e� �b�u�i�l�t� �i�n�t�o� �t�h�e� �M�i�c�r�o� �S�a�i�n�t� �I�T� �m�o�d�e�l�.� �T�h�e� 

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

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

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

�e�s�t�i�m�a�t�e�d� �t�i�m�e�s� �b�a�s�e�d� �o�n� �t�h�e� �M�o�d� �v�a�l�u�e� �o�f� �0�.�1�4�6� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t�l�y� �t�w�o� �o�r� 

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

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

�t�h�e� �M�o�d� �(�0�.�1�2�9� �s�e�c�)� �w�a�s� �u�s�e�d� �i�n�s�t�e�a�d� �o�f� �0�.�1�4�6� �s�e�c�.� �T�h�i�s� �p�o�i�n�t� �i�s� �d�i�s�c�u�s�s�e�d� 

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

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

�c�o�m�p�a�r�i�n�g� �G�r�o�u�p� �1� �m�e�a�n� �p�e�r�f�o�r�m�a�n�c�e� �s�c�o�r�e�s� �(�d�e�f�i�n�e�d� �i�n� �E�q�u�a�t�i�o�n� �1�)� �t�o� 

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

�w�o�r�k�l�o�a�d� �s�c�o�r�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �G�r�o�u�p� �1� �t�o� �m�e�a�n� �w�o�r�k�l�o�a�d� �s�c�o�r�e�s� �g�e�n�e�r�a�t�e�d� 

�b�y� �t�h�e� �M�i�c�r�o� �S�a�i�n�t� �M�o�d�e�l�.� 

�D�u�r�i�n�g� �t�h�e� �t�e�s�t� �t�r�i�a�l�s�,� �t�h�e� �s�i�x� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n� �G�r�o�u�p� �1� �w�e�r�e� �a�b�l�e� �t�o� 

�p�r�o�c�e�s�s� �b�e�t�w�e�e�n� �8� �a�n�d� �1�6� �e�m�i�t�t�e�r�s� �o�n� �e�a�c�h� �c�o�n�f�i�g�u�r�a�t�i�o�n�.� �U�s�i�n�g� �1�2� �a�s�a� 

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

�n�u�m�b�e�r� �o�f� �t�i�m�e�s�;� �t�h�a�t� �i�s�,� �t�h�e� �m�o�d�e�l� �w�a�s� �r�u�n� �7�2� �t�i�m�e�s� �(�6� �x� �1�2�)� �f�o�r� �e�a�c�h� 

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

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



�M�e�a�n� �p�e�r�f�o�r�m�a�n�c�e� �s�c�o�r�e�s� �(�d�e�f�i�n�e�d� �i�n� �E�q�u�a�t�i�o�n� �1�)� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� 

�t�h�e� �m�o�d�e�l�e�d� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �a�n�d� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �G�r�o�u�p� �1� �m�e�a�n� 

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

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

�c�o�n�f�i�g�u�r�a�t�i�o�n� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� �G�r�o�u�p� �1� �m�e�a�n� �w�o�r�k�l�o�a�d� �s�c�o�r�e�s� �u�s�i�n�g� 

�s�i�m�p�l�e� �r�e�g�r�e�s�s�i�o�n�.� 

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

�t�h�e� �e�f�f�e�c�t� �o�f� �v�a�r�y�i�n�g� �t�h�e� �w�e�i�g�h�t�s� �(�6�;� �a�n�d� �b�g�)� �u�s�e�d� �i�n� �d�e�f�i�n�i�n�g� �t�h�e� 

�p�e�r�f�o�r�m�a�n�c�e� �v�a�r�i�a�b�l�e� �s�h�o�w�n� �i�n� �E�q�u�a�t�i�o�n� �1�.� �T�h�r�e�e� �d�i�f�f�e�r�e�n�t� �w�e�i�g�h�t�s� �w�e�r�e� 

�c�h�o�s�e�n� �t�o� �e�x�a�m�i�n�e� �6�;� �>� �b�g� �b�z� �=� �b�g�,� �a�n�d� �b�;� �<� �b�e�,� �T�h�e� �t�h�r�e�e� �w�e�i�g�h�t�i�n�g� 

�s�c�h�e�m�e�s� �w�e�r�e�:� �(�1�)� �6�7� �=� �0�.�7�5�,� �b�9� �=� �0�.�2�5�,� �(�2�)� �b�7� �=� �0�.�5�0�,� �b�o� �=� �0�.�5�0�,� �a�n�d� �(�3�)� �6�;� �=� �0�.�2�5�,� 

�b�o� �=� �0�.�7�5�.� 

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

�s�c�o�r�e�s� �w�e�r�e� �c�o�m�p�u�t�e�d� �f�o�r� �t�h�e� �m�o�d�e�l� �a�n�d� �G�r�o�u�p� �1�.� �P�e�r�f�o�r�m�a�n�c�e� �s�c�o�r�e�s� �f�o�r� 

�t�h�e� �m�o�d�e�l� �w�e�r�e� �r�e�g�r�e�s�s�e�d� �o�n� �p�e�r�f�o�r�m�a�n�c�e� �s�c�o�r�e�s� �f�o�r� �G�r�o�u�p� �1� �a�c�r�o�s�s� �a�l�l� �2�4� 

�c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� �T�h�e� �R�2� �v�a�l�u�e�s� �f�r�o�m� �e�a�c�h� �r�e�g�r�e�s�s�i�o�n� �(�o�n�e� �f�o�r� �e�a�c�h� �s�c�h�e�m�e�)� 

�w�a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �R�2� �v�a�l�u�e� �f�o�r� �e�v�e�r�y� �o�t�h�e�r� �s�c�h�e�m�e� �u�s�i�n�g� �a� �z�-�t�e�s�t�,� �w�h�e�r�e�:� 

�R� �2� �+� �2� 
�y�e�a� �(�2�)� 

�M�S�i�)�_�_� �M�S�e�n�y� 
�d�f�,� �d�f�,� 

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

�p�e�r�f�o�r�m�a�n�c�e� �s�c�o�r�e�s� �o�n� �G�r�o�u�p� �1� �p�e�r�f�o�r�m�a�n�c�e� �s�c�o�r�e�s� �u�s�i�n�g� �a� �p�a�r�t�i�c�u�l�a�r� 

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

�7�8



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

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

�f�o�r� �r�e�j�e�c�t�i�n�g� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �t�h�e� �t�w�o� �R�2�s� �a�r�e� �e�q�u�a�l� �a�t� �p� �=� �.�0�5�/�2� �i�s� �1�.�6�9�.� 

�M�o�d�e�l� �V�a�l�i�d�a�t�i�o�n� 

�T�h�e� �f�i�n�a�l� �s�t�e�p� �o�f� �t�h�e� �r�e�s�e�a�r�c�h� �e�f�f�o�r�t� �w�a�s� �t�o� �v�a�l�i�d�a�t�e� �t�h�e� �M�i�c�r�o� �S�a�i�n�t� 

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

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

�c�a�l�c�u�l�a�t�e�d� �f�o�r� �G�r�o�u�p� �2� �p�a�r�t�i�c�i�p�a�n�t�s� �u�s�i�n�g� �E�q�u�a�t�i�o�n� �1� �a�n�d� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

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

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

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

�r�e�g�r�e�s�s�i�o�n�.� 

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

�G�r�o�u�p� �1� �m�e�a�n� �p�e�r�f�o�r�m�a�n�c�e� �s�c�o�r�e�s� �a�n�d� �G�r�o�u�p� �2� �m�e�a�n� �p�e�r�f�o�r�m�a�n�c�e� �s�c�o�r�e�s�,� 

�a�n�d� �G�r�o�u�p� �1� �m�e�a�n� �w�o�r�k�l�o�a�d� �s�c�o�r�e�s� �a�n�d� �G�r�o�u�p� �2� �m�e�a�n� �w�o�r�k�l�o�a�d� �s�c�o�r�e�s� 

�a�c�r�o�s�s� �a�l�l� �2�4� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�.� �S�i�n�c�e� �t�h�e� �g�r�o�u�p�s� �w�e�r�e� �s�m�a�l�l� �(�n� �=� �6�)� �c�r�o�s�s�-� 

�v�a�l�i�d�a�t�i�o�n� �w�a�s� �d�o�n�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�a�t� �G�r�o�u�p�s� �1� �a�n�d� �2� �w�e�r�e� �n�o�t� �d�i�f�f�e�r�e�n�t� �i�n� 

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



�R�E�S�U�L�T�S� 

�T�a�s�k� �D�e�f�i�n�i�t�i�o�n� �a�n�d� �V�a�l�i�d�a�t�i�o�n� 

�E�x�p�e�r�t� �E�W�s� �a�g�r�e�e�d� �t�h�a�t� �t�h�e� �t�a�s�k� �n�e�t�w�o�r�k�s� �w�e�r�e� �a�n� �a�p�p�r�o�p�r�i�a�t�e� 

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

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

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

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

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

�a�n�d� �n�o�n�-�e�x�i�s�t�e�n�t� �m�a�n�i�p�u�l�a�t�i�o�n� �p�o�w�e�r�.�)� �A�f�t�e�r� �e�x�p�e�r�t� �r�e�v�i�e�w� �o�f� �t�h�e� 

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

�v�i�d�e�o� �t�a�p�e�d� �d�e�m�o�n�s�t�r�a�t�i�o�n�s� �p�e�r�f�o�r�m�e�d� �a�b�o�a�r�d� �t�h�e� �U�.�S�.�S�.� �V�i�r�g�i�n�i�a�.� 

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

�e�m�i�t�t�e�r� �t�h�a�t� �a�n� �E�W� �p�e�r�f�o�r�m�s� �u�s�i�n�g� �t�h�e� �A�N�/�S�L�Q�-�3�2�(�V�)�.� �T�o� �e�x�a�m�i�n�e� �t�h�e� �t�a�s�k� 

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

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

�f�i�n�a�l� �M�i�c�r�o� �S�a�i�n�t� �m�o�d�e�l�.� �T�h�e� �s�t�e�p�s� �f�o�r� �t�h�e� �p�r�o�t�o�t�y�p�e� �S�L�Q�-�3�2� �I�T� �a�r�e� �l�i�s�t�e�d� �i�n� 

�T�a�b�l�e� �7�.� 

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

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

�S�a�i�n�t� �m�o�d�e�l� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �a�t� �l�e�n�g�t�h� �i�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n�.



�T�A�B�L�E� �7� 

�T�h�e� �I�n�t�e�g�r�a�t�e�d� �T�a�s�k� �(�I�T�)� �A�c�t�i�v�i�t�i�e�s� �f�o�r� �t�h�e� �M�a�c�i�n�t�o�s�h� �O�p�e�r�a�t�o�r� 

� � 

� � 

� � 

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

�2� �O�p�e�r�a�t�o�r� �"�h�o�o�k�s�"� �(�s�e�l�e�c�t�s�)� �a�n� �e�m�i�t�t�e�r� �w�i�t�h� �a� �m�o�u�s�e�.� 

�3� �O�p�e�r�a�t�o�r� �a�s�s�i�m�i�l�a�t�e�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�m�i�t�t�e�r� �p�a�r�a�m�e�t�e�r�s�:� 
�a�.� �C�l�o�s�e� �C�o�n�t�r�o�l� �p�a�r�a�m�e�t�e�r�s� �(�b�e�a�r�i�n�g�,� �t�h�r�e�a�t� �l�e�v�e�l�,� 

�f�r�e�q�u�e�n�c�y�,� �P�R�F�,� �s�c�a�n�,� �s�c�a�n� �t�y�p�e�,� �a�s�s�i�g�n�e�d� �E�F�X�)�.� 
�b�.� �A�u�d�i�t�o�r�y� �d�i�s�p�l�a�y� �o�f� �s�c�a�n�.� 
�c�.� �V�i�s�u�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �s�c�a�n� �(� �s�i�m�u�l�a�t�e�d� �f�r�e�q�u�e�n�c�y� 

�s�p�e�c�t�r�u�m� �a�n�a�l�y�z�e�r�-�U�L�Q�-�1�6�)�.� 
� � 

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

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

�6�a� �_�_�|� �O�p�e�r�a�t�o�r� �r�e�c�o�r�d�s� �t�h�e� �e�m�i�t�t�e�r� �i�n�t�o� �a� �l�o�g�.� �R�e�t�u�r�n�s� �t�o� �s�t�e�p� �2�.� 
� � 

� � 

�4�)� �O�p�e�r�a�t�o�r� �s�e�a�r�c�h�e�s� �p�u�b�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �c�o�r�r�e�c�t� �d�e�s�i�g�n�a�t�i�o�n�.� 
� � � � � � �7� �O�p�e�r�a�t�o�r� �d�e�s�i�g�n�a�t�e�s� �t�h�e� �I�D�.� �R�e�t�u�r�n�s� �t�o� �S�t�e�p� �2�.� 
� � 

�8�1� 

� 



�M�i�c�r�o� �S�a�i�n�t� �M�o�d�e�l� 

�T�h�e� �I�T� �i�s� �a� �s�e�r�i�a�l� �t�a�s�k� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �m�o�t�i�o�n�/�s�t�e�p�s� �t�h�a�t� �t�h�e� �E�W� �m�u�s�t� 

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

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

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

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

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

�r�e�p�r�e�s�e�n�t� �t�h�e� �s�y�s�t�e�m� �u�n�d�e�r� �s�t�u�d�y� �(�L�a�w� �a�n�d� �K�e�l�t�o�n�,� �1�9�9�1�)�.� �F�o�r� �t�h�i�s� 

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

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

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

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

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

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

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

�t�h�e� �t�a�s�k� �n�e�t�w�o�r�k�,� �t�h�e� �M�i�c�r�o� �S�a�i�n�t� �m�o�d�e�l� �d�i�a�g�r�a�m�m�e�d� �i�n� �F�i�g�u�r�e� �1�6� �w�a�s� 

�p�r�o�d�u�c�e�d�.� 

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

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

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

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

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

�e�m�i�t�t�e�r� �i�s� �p�r�o�c�e�s�s�e�d� �b�y� �h�o�o�k�i�n�g� �i�t� �(�N�e�t�w�o�r�k� �2�)�,� �e�v�a�l�u�a�t�i�n�g� �i�t� �(�N�e�t�w�o�r�k� �3�)�,� 

�a�n�d�,� �t�h�e�n�,� �d�e�s�i�g�n�a�t�i�n�g� �t�h�e� �e�m�i�t�t�e�r� �w�i�t�h� �t�h�e� �c�o�r�r�e�c�t� �E�F�X� �(�N�e�t�w�o�r�k� �4�)�.



� � 

�(�N�E�T�W�O�R�K� �0� �(�U�P�P�E�R� �N�E�T�W�O�R�K�)�:� �I�T� 

� � � � 

� � � � 

� � 

� � � � 
�2� �H�O�O�K� �|� �3� �c�o�n�c�e�a�l� �4� �i� �E�M�I�T�T�E�R�  ��|� �E�V�A�L�U�A�T�E�  ��|� �D�E�S�I�G�N�A�T�E� 

�\� �S� 
� � � � � � � � � � � � � � 

�F�i�g�u�r�e� �1�6�.� �N�e�t�w�o�r�k� �0� �(�t�o�p� �l�e�v�e�l�)� �o�f� �t�h�e� �M�i�c�r�o� �S�a�i�n�t� �m�o�d�e�l� �f�o�r� �t�h�e� �I�T�.� 

�T�h�e� �f�i�r�s�t� �n�o�d�e� �o�f� �t�h�e� �m�o�d�e�l�,� �i�d�e�n�t�i�f�i�e�d� �a�s� �1�.�1� �a�n�d� �t�i�t�l�e�d�  ��B�e�g�i�n� �T�a�s�k�, �� �i�s� 

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

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

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

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

�a�s� �t�h�e� �n�o�d�e� �p�a�r�a�m�e�t�e�r�s�.� �T�h�e� �n�o�d�e� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �1�.�1� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �8�.� 

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

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

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

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

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

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



�T�A�B�L�E� �8� 

�N�o�d�e� �1�.�1� �P�a�r�a�m�e�t�e�r�s� 

� � 

�T�a�s�k� �N�u�m�b�e�r�:� �1�.�1� �N�a�m�e�:� �B�E�G�I�N� �T�A�S�K� 
�U�p�p�e�r� �N�e�t�w�o�r�k�:� �0� 
�U�p�p�e�r� �N�a�m�e�:� �I�T� 
�T�i�m�e� �D�i�s�t�r�i�b�u�t�i�o�n�:� �N�o�r�m�a�l� 
�E�x�p�r�e�s�s�i�o�n�s�:� 

�{�R�e�l�e�a�s�e� �C�o�n�d�i�t�i�o�n�s�}� �1�;� 
�{�B�e�g�i�n�n�i�n�g� �E�f�f�e�c�t�}� 

�F�O�R�M�A�T�:�=�P�O�L�A�R�,� �{�P�O�L�A�R�,�R�A�N�G�E�}� 

� � 

� � 

� � 

� � 

�S�Y�M�B�O�L�:�=�O�L�D�,� �{�O�L�D�,� �N�E�W�}� 
�C�O�L�O�R�:�=�B�W�,� �{�B�W�,� �C�}� 
�D�E�N�S�I�T�Y�:�=�1�,� �{�1�-�C�A�R�I�B�B�E�A�N�,� 

�2�-�G�U�L�F� 
�3�.� 

�A�R�M�A�G�E�D�D�O�N�}� 
�M�O�D�:�=�0�.�1�2�9� �{�M�O�D� �v�a�l�u�e�]�;� 

�{�M�e�a�n� �T�i�m�e�}� �0� �;�{�D�u�m�m�y� �V�a�r�i�a�b�l�e�}� 
�{�S�t�a�n�d�a�r�d� �D�e�v�i�a�t�i�o�n�}� �.� 
�{�L�a�u�n�c�h� �E�f�f�e�c�t�}� �n�/�a� � � � � � 

� � 

� � �D�e�c�i�s�i�o�n� �T�y�p�e�:� �S�i�n�g�l�e� 
�W�h�a�t� �H�a�p�p�e�n�s� �N�e�x�t�:� �r�o�b�a�b�i�l�i�t�y�:� � � 

� � 

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

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

�i�n� �T�a�b�l�e� �9�.� �(�T�h�e� �e�q�u�a�t�i�o�n�s� �f�o�r� �t�h�e� �m�e�a�n� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �f�o�r� �e�r�r�o�r�s� 

�a�r�e� �d�i�s�c�u�s�s�e�d� �i�n� �a� �l�a�t�e�r� �s�e�c�t�i�o�n�)�.� 

�T�h�e� �v�a�r�i�a�b�l�e�s� �t�h�a�t� �w�e�r�e� �d�e�f�i�n�e�d� �i�n� �t�h�e� �I�T� �m�o�d�e�l� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�0�.� 

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

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

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



�T�A�B�L�E� �9� 

�F�u�n�c�t�i�o�n�s� �f�o�r� �t�h�e� �I�T� �M�o�d�e�l� 

� � 

� � 

� � 

� � 

� � � � � � � � 
� � 

�V�A�R�I�A�B�L�E� 
�N�A�M�E� �V�A�L�U�E� �D�E�S�C�R�I�P�T�I�O�N� 

�E�R�R�O�R�S� �E�q�u�a�t�i�o�n� �m�e�a�n� �f�o�r� �g�a�m�m�a� �d�i�s�t�r�i�b�u�t�i�o�n� 
�E�R�R�S�T�D�E�V� �E�q�u�a�t�i�o�n� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �f�o�r� �g�a�m�m�a� 

�d�i�s�t�r�i�b�u�t�i�o�n� 
�P�O�L�A�R� �0� �i�n�d�i�c�a�t�o�r� �v�a�r�i�a�b�l�e� �f�o�r� �P�o�l�a�r� �F�o�r�m�a�t� 
�R�A�N�G�E� �1� �i�n�d�i�c�a�t�o�r� �v�a�r�i�a�b�l�e� �f�o�r� �R�a�n�g�e� �F�o�r�m�a�t� 

�T�A�B�L�E� �1�0� 

�V�a�r�i�a�b�l�e�s� �f�o�r� �t�h�e� �I�T� �M�o�d�e�l� 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 
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� � 

� � 

� � 

� � � � 

�I�N�I�T�I�A�L� 
�V�A�R�I�A�B�L�E� �V�A�L�U�E� �D�E�S�C�R�I�P�T�I�O�N� 

�B�W� �0� �i�n�d�i�c�a�t�o�r� �v�a�r�i�a�b�l�e� �f�o�r� �b�l�a�c�k�/�w�h�i�t�e� �c�o�n�d�i�t�i�o�n� 
�C� �1� �i�n�d�i�c�a�t�o�r� �v�a�r�i�a�b�l�e� �f�o�r� �c�o�l�o�r� �c�o�n�d�i�t�i�o�n� 
�c�l�o�c�k� �0� �t�i�m�e�r� 
�C�O�L�O�R� �0� �a�s�s�i�g�n�e�d� �a� �0� �o�r� �1� �d�e�p�e�n�d�i�n�g� �o�n� �c�o�l�o�r� 

�c�o�n�d�i�t�i�o�n� 
�D�E�N�S�I�T�Y� �0� �r�e�f�l�e�c�t�s� �d�e�n�s�i�t�y� �l�e�v�e�l� �(�1�,� �2� �,� �o�r� �3�)� 
�D�U�M�_�E�R�R�O�R� �0� �c�o�u�n�t�s� �t�h�e� �n�u�m�b�e�r� �o�f� �h�o�o�k� �e�r�r�o�r�s� 
�d�u�r�a�t�i�o�n� �0� �d�u�r�a�t�i�o�n� �o�f� �e�a�c�h� �n�o�d�e� 
�E�R�R�O�R� �0� �e�v�o�k�e�s� �E�R�R�O�R�S� �f�u�n�c�t�i�o�n� 
�E�R�R�O�R�S�T�D�E�V� �0� �e�v�o�k�e�s� �E�R�R�S�T�D�E�V� �f�u�n�c�t�i�o�n� 
�F�O�R�M�A�T� �0� �a�s�s�i�g�n�e�d� �O� �o�r� �1� �d�e�p�e�n�d�i�n�g� �o�n� �f�o�r�m�a�t� 

�c�o�n�d�i�t�i�o�n� 
�G�R�A�B� �0� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �p�u�b�s� �w�e�r�e� �g�r�a�b�b�e�d� 
�M�O�D� �0� �s�p�e�c�i�f�i�e�s� �i�n�p�u�t� �M�O�D� �v�a�l�u�e� 
�N�E�W� �1� �i�n�d�i�c�a�t�o�r� �v�a�r�i�a�b�l�e� �f�o�r� �n�e�w� �s�y�m�b�o�l� �s�e�t� 
�N�O� �0� �r�e�p�e�a�t�s� �h�o�o�k�i�n�g� �u�n�t�i�l� �c�o�r�r�e�c�t� 
�O�L�D� �0� �i�n�d�i�c�a�t�o�r� �v�a�r�i�a�b�l�e� �f�o�r� �o�l�d� �s�y�m�b�o�l� �s�e�t� 
�R�E�A�D� �0� �i�n�d�i�c�a�t�e�s� �o�p�e�r�a�t�o�r� �h�a�s� �r�e�a�d� �U�L�Q�-�1�6� 
�R�E�T�R�Y�A� �0� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �_�r�e�-�h�o�o�k�i�n�g� �f�r�o�m� �b�e�g�i�n�n�i�n�g�  �� 
�R�E�T�R�Y�B� �0� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �h�o�o�k�i�n�g� �a� �c�l�o�s�e� �e�m�i�t�t�e�r� 
�R�E�T�R�Y� �C� �0� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �h�o�o�k�i�n�g� �o�v�e�r�l�a�p�p�e�d� �e�m�i�t�t�e�r�s� 
�r�u�n� �0� �s�p�e�c�i�f�i�e�s� �p�a�s�s� �t�h�r�o�u�g�h� �m�o�d�e�l� 
�S�Y�M�B�O�L� �0� �a�s�s�i�g�n�e�d� �0� �o�r� �1� �d�e�p�e�n�d�i�n�g� �o�n� �s�y�m�b�o�l� �s�e�t� 
�W�K�L�D� �0� �w�o�r�k�l�o�a�d� �s�c�o�r�e� � � � � 
� � 

� � 

� 



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

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

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

�v�a�r�i�a�b�l�e�s�.� 

�T�h�e� �b�a�s�i�c� �s�t�e�p�s� �f�o�r� �t�h�e� �H�o�o�k� �N�e�t�w�o�r�k� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�7�.� �F�o�r� �t�h�e� 

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

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

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

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

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

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

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

�d�i�s�p�l�a�y�.� �H�o�o�k� �e�r�r�o�r�s�,� �a�l�s�o� �r�e�f�e�r�r�e�d� �t�o� �a�s� �d�u�m�m�y� �e�r�r�o�r�s�,� �a�r�e� �m�o�d�e�l�e�d� �a�s� �a� 

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

�I�n� �N�e�t�w�o�r�k� �3� �(�F�i�g�u�r�e� �1�8�)�,� �t�h�e� �o�p�e�r�a�t�o�r� �h�a�s� �h�o�o�k�e�d� �t�h�e� �c�o�r�r�e�c�t� �e�m�i�t�t�e�r�,� 

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

�t�h�e� �e�m�i�t�t�e�r�.� �N�e�t�w�o�r�k� �3� �i�n�c�o�r�p�o�r�a�t�e�s� �t�h�e� �o�n�l�y� �d�i�f�f�e�r�e�n�c�e� �i�n� �I�T� �s�t�r�a�t�e�g�i�e�s� 

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

�t�h�e� �p�u�b�l�i�c�a�t�i�o�n�s� �i�n� �o�n�e� �s�t�e�p�.� �T�h�a�t� �i�s�,� �m�o�s�t� �o�p�e�r�a�t�o�r�s� �t�u�r�n�e�d� �o�n� �t�h�e� �U�L�Q�-�1�6� 

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

�i�n�f�o�r�m�a�t�i�o�n�.� �O�n�c�e� �t�h�e� �X�-�R�e�f� �n�u�m�b�e�r� �h�a�d� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d�,� �t�h�e� �o�p�e�r�a�t�o�r� 

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

�(�t�h�i�s� �t�i�m�e� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �n�o�d�e� �P�u�b�s� �A�)�.� �S�u�b�s�e�q�u�e�n�t�l�y�,� �t�h�e� �o�p�e�r�a�t�o�r� �m�o�v�e�d� 

�t�o� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �d�e�s�i�g�n�a�t�i�n�g� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�n� �N�e�t�w�o�r�k� �4�.� �H�o�w�e�v�e�r�,� �i�n
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�F�i�g�u�r�e� �1�7�.� �N�e�t�w�o�r�k� �2� �(�H�o�o�k�)� �o�f� �t�h�e� �M�i�c�r�o� �S�a�i�n�t� �m�o�d�e�l� �f�o�r� �t�h�e� �I�T�.



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

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

�p�a�r�a�m�e�t�e�r�s� �a�n�d� �U�L�Q�-�1�6� �a�n�d�,� �t�h�e�n� �s�e�a�r�c�h�e�d� �t�h�e� �p�u�b�s� �f�o�r� �t�h�e� �c�o�r�r�e�c�t� �X�-�R�e�f� 

�n�u�m�b�e�r� �(�P�u�b�s� �B� �n�o�d�e�)�.� �O�n�c�e� �t�h�e� �X�-�R�e�f� �n�u�m�b�e�r� �w�a�s� �d�e�t�e�r�m�i�n�e�d�,� �t�h�e� 

�o�p�e�r�a�t�o�r� �t�u�r�n�e�d� �o�f�f� �t�h�e� �U�L�Q�-�1�6� �(�S�h�i�f�t� �k�e�y�)�,� �p�r�e�s�s� �t�h�e� �D�e�s�i�g� �I�D� �F�A�B�,� �a�n�d� 

�r�e�t�u�r�n�e�d� �t�o� �t�h�e� �p�u�b�s� �t�o� �l�o�o�k� �u�p� �t�h�e� �c�o�r�r�e�c�t� �E�F�X� �(�P�u�b�s� �C� �n�o�d�e�)�.� �F�i�n�a�l�l�y�,� �t�h�e� 

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

�a�p�p�r�o�p�r�i�a�t�e� �E�F�X� �n�u�m�b�e�r�s�.� �A�t� �n�o�d�e� �4�.�4�,� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �o�p�e�r�a�t�o�r� �s�t�e�p�s� �d�u�e� �t�o� 

�t�h�e� �d�i�f�f�e�r�e�n�t� �s�e�a�r�c�h� �s�t�r�a�t�e�g�i�e�s� �c�e�a�s�e�.� �N�e�t�w�o�r�k� �4� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �1�9�.
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�1�.�1� �B�E�G�I�N� �T�A�S�K�.� �A�s� �m�e�n�t�i�o�n�e�d� �a�b�o�v�e�,� �d�u�m�m�y� �v�a�r�i�a�b�l�e� �1�.�1� �i�s� �u�s�e�d� �t�o� 

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

�w�i�t�h� �n�o�d�e� �1�.�1�;� �t�h�e�r�e�f�o�r�e�,� �n�o� �t�i�m�e� �(�o�r� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�)� �i�s� �a�s�s�i�g�n�e�d�.� �I�n� 

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

�t�h�e� �r�e�d�e�s�i�g�n� �e�x�p�e�r�i�m�e�n�t�;� �t�h�u�s�,� �2�4� �d�i�f�f�e�r�e�n�t� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �a�r�e� �p�o�s�s�i�b�l�e�.� �T�h�e� 

�v�a�l�u�e� �o�f� �t�h�e� �M�O�D� �a�l�s�o� �c�a�n� �b�e� �a�d�j�u�s�t�e�d� �i�n� �t�h�i�s� �f�i�r�s�t� �n�o�d�e�.� �S�e�l�e�c�t�i�o�n� �o�f� �t�h�e� 

�M�O�D� �v�a�l�u�e� �i�s� �d�i�s�c�u�s�s�e�d� �l�a�t�e�r� �i�n� �t�h�e� �s�e�c�t�i�o�n� �o�n� �m�o�v�e�m�e�n�t� �t�i�m�e�s�.� �T�h�e� 

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

�b�a�s�i�s� �o�f� �v�e�r�i�f�y�i�n�g� �t�h�e� �m�o�d�e�l ��s� �f�i�t� �t�o� �t�h�e� �s�i�x� �p�a�r�t�i�c�i�p�a�n�t�s� �(�G�r�o�u�p� �1�)� �f�r�o�m� 

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

�a�d�d�i�t�i�o�n�a�l� �p�a�r�t�i�c�i�p�a�n�t�s� �(�G�r�o�u�p� �2�)�.� �T�h�e� �f�o�l�l�o�w�-�o�n� �n�o�d�e� �(�1�.�2�)� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 

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

�1�.�2� �G�e�t� �M�o�u�s�e�.� �T�h�e� �s�t�a�r�t� �o�f� �t�h�e� �p�r�o�t�o�t�y�p�e�-�b�a�s�e�d� �I�T� �b�e�g�i�n�s� �w�i�t�h� �t�h�e� 

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

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

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

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

�2� �H�o�o�k�.� �N�o�d�e� �2� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �n�e�t�w�o�r�k� �f�o�r� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �h�o�o�k�i�n�g� �a�n� 

�e�m�i�t�t�e�r�.� 

�2�.�1�.�0� �D�U�M�V�A�R�.� �D�U�M� �V�A�R� �i�s� �u�s�e�d� �t�o� �s�e�p�a�r�a�t�e� �P�o�l�a�r� �a�n�d� �R�a�n�g�e� 

�H�o�o�k� �s�t�r�a�t�e�g�i�e�s�.� �B�a�s�e�d� �o�n� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �v�a�r�i�a�b�l�e� �F�O�R�M�A�T�,� �t�h�e� �m�o�d�e�l� 

�s�i�m�u�l�a�t�e�s� �e�i�t�h�e�r� �t�h�e� �P�o�l�a�r� �c�o�n�f�i�g�u�r�a�t�i�o�n� �(�F�O�R�M�A�T� �=� �0�)� �o�r� �t�h�e� �R�a�n�g�e� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �(�F�O�R�M�A�T� �=� �1�)�.� �N�o�d�e� �2�.�1�.�0� �a�l�s�o� �c�o�n�t�a�i�n�s� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� 

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

�r�u�n�.� �S�Y�S�T�A�T� �V�e�r�s�i�o�n� �4�,� �t�h�e� �S�y�s�t�e�m� �f�o�r� �S�t�a�t�i�s�t�i�c�s� �f�o�r� �t�h�e� �P�C� �(�1�9�8�8�)�,� �s�o�f�t�w�a�r�e



�w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �e�r�r�o�r�s� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �2�4� 

�p�o�s�s�i�b�l�e� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �(�o�v�e�r� �a�l�l� �1�2� �p�a�r�t�i�c�i�p�a�n�t�s�)� �u�s�i�n�g� �K�o�l�m�o�g�o�r�o�v�-� 

�S�m�i�r�n�o�v� �(�K�-�S�)� �t�e�s�t�s�.� �I�n� �a�l�l� �c�o�n�f�i�g�u�r�a�t�i�o�n�s�,� �t�h�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� 

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

�r�e�j�e�c�t�e�d� �(�p� �=� �0�.�0�5�)�.� �T�a�b�l�e� �1�1� �p�r�o�v�i�d�e�s� �a� �s�u�m�m�a�r�y� �o�f� �t�h�e� �K�-�S� �t�e�s�t�s�.� 

�T�A�B�L�E� �1�1� 

�K�o�l�m�o�g�o�r�o�v�-�S�m�i�r�n�o�v� �T�e�s�t� �R�e�s�u�l�t�s� �o�f� �G�a�m�m�a� �D�i�s�t�r�i�b�u�t�i�o�n�s� �f�o�r� �E�r�r�o�r�s� 
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�F�O�R�M�A�T� �|� �S�Y�M�B�O�L� �C�O�L�O�R� �D�E�N�S�I�T�Y� �D� 
�P�o�l�a�r� �O�l�d� �B�/�W� �C�a�r�i�b�b�e�a�n� �0�.�9�8�5� 
�P�o�l�a�r� �O�l�d� �B�/�W� �G�u�l�f� �0�.�9�8�5� 
�P�o�l�a�r� �O�l�d� �B�/�W� �A�r�m�a�g�e�d�d�o�n� �0�.�9�8�5� 
�P�o�l�a�r� �O�l�d� �C� �C�a�r�i�b�b�e�a�n� �0�.�7�6�9� 
�P�o�l�a�r� �O�l�d� �C� �G�u�l�f� �0�.�9�8�5� 
�P�o�l�a�r� �O�l�d� �C� �A�r�m�a�g�e�d�d�o�n� �0�.�9�8�5� 
�P�o�l�a�r� �N�e�w� �B�/�W� �C�a�r�i�b�b�e�a�n� �0�.�7�6�8� 
�P�o�l�a�r� �N�e�w� �B�/�W� �G�u�l�f� �0�.�9�8�6� 
�P�o�l�a�r� �N�e�w� �B�/�W� �A�r�m�a�g�e�d�d�o�n� �0�.�9�8�5� 
�P�o�l�a�r� �N�e�w� �C� �C�a�r�i�b�b�e�a�n� �0�.�9�9�4� 
�P�o�l�a�r� �N�e�w� �C� �G�u�l�f� �0�.�9�8�6� 
�P�o�l�a�r� �N�e�w� �C� �A�r�m�a�g�e�d�d�o�n� �0�.�9�8�5� 
�R�a�n�g�e� �O�l�d� �B�/�W� �C�a�r�i�b�b�e�a�n� �1�.�0�0�0� 
�R�a�n�g�e�_� �O�l�d� �B�/�W� �G�u�l�f� �0�.�7�6�8� 
�R�a�n�g�e� �O�l�d� �B�/�W� �A�r�m�a�g�e�d�d�o�n� �0�.�7�6�9� 
�R�a�n�g�e� �O�l�d� �C� �C�a�r�i�b�b�e�a�n� �0�.�5�3�8� 
�R�a�n�g�e� �O�l�d� �C� �G�u�l�f� �0�.�9�8�6� 
�R�a�n�g�e� �O�l�d� �C� �A�r�m�a�g�e�d�d�o�n� �0�.�4�2�1� 
�R�a�n�g�e� �N�e�w� �B�/�W� �C�a�r�i�b�b�e�a�n� �1�.�0�0�0� 
�R�a�n�g�e� �N�e�w� �B�/�W� �G�u�l�f� �1�.�0�0�0� 
�R�a�n�g�e� �N�e�w� �B�/�W� �A�r�m�a�g�e�d�d�o�n� �0�.�7�6�9� 
�R�a�n�g�e� �N�e�w� �C� �C�a�r�i�b�b�e�a�n� �1�.�0�0�0� 
�R�a�n�g�e� �N�e�w� �C� �G�u�l�f� �0�.�9�8�5� 
�R�a�n�g�e�.� �N�e�w� �C� �A�r�m�a�g�e�d�d�o�n� �0�.�7�6�9� � � � � � � 
� � 

�9�1



�S�t�a�t�V�i�e�w� �I�I� �(�1�9�8�7�)� �s�o�f�t�w�a�r�e� �w�a�s� �u�s�e�d� �t�o� �p�e�r�f�o�r�m� �m�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n�s� 

�o�f� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �v�a�r�i�a�b�l�e�s� �a�c�r�o�s�s� �a�l�l� �2�4� �c�o�n�f�i�g�u�r�a�t�i�o�n�s� �o�n� �(�1�)� �m�e�a�n� 

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

�e�f�f�e�c�t�s�)�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �m�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n�,� �o�u�t�l�i�n�e�d� �i�n� �T�a�b�l�e� �1�2�,� �s�h�o�w�e�d� 

�t�h�a�t� �a� �r�e�g�r�e�s�s�i�o�n� �e�q�u�a�t�i�o�n� �a�c�c�o�u�n�t�e�d� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �7�2� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�v�a�r�i�a�n�c�e� �i�n� �m�e�a�n� �e�r�r�o�r� �t�i�m�e�s� �(�p� �<� �0�.�0�0�0�1�)�.� �T�h�e� �r�e�p�o�r�t�e�d� �R�2� �v�a�l�u�e� �i�s� �a�d�j�u�s�t�e�d� 

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

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

�d�e�v�i�a�t�i�o�n�s� �a�r�e� �o�u�t�l�i�n�e�d� �i�n� �T�a�b�l�e� �1�3�.� �I�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �a� �m�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n� 

�e�q�u�a�t�i�o�n� �a�c�c�o�u�n�t�e�d� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �7�1� �p�e�r�c�e�n�t� �o�f� �t�h�e� �v�a�r�i�a�n�c�e� �i�n� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �(�p� �<� �0�.�0�0�0�1�)�.� 

�A� �M�i�c�r�o� �S�a�i�n�t� �m�o�d�e�l� �f�u�n�c�t�i�o�n�,� �e�n�t�i�t�l�e�d� �E�R�R�O�R�S�,� �w�a�s� �c�r�e�a�t�e�d� �t�o� 

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

�f�u�n�c�t�i�o�n�,� �e�n�t�i�t�l�e�d� �E�R�R�S�T�D�E�V�,� �w�a�s� �c�r�e�a�t�e�d� �t�o� �d�e�f�i�n�e� �t�h�e� �m�u�l�t�i�p�l�e� �r�e�g�r�e�s�s�i�o�n� 

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

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

�i�n�t�e�r�c�e�p�t�s� �i�n� �T�a�b�l�e�s� �1�2� �a�n�d� �1�3�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �I�n� �a�n�y� �p�a�r�t�i�c�u�l�a�r� �m�o�d�e�l� 

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

�d�i�s�t�r�i�b�u�t�i�o�n� �w�i�t�h� �m�e�a�n� �e�q�u�a�l� �t�o� �E�R�R�O�R�S� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �e�q�u�a�l� �t�o� 

�E�R�R�S�T�D�E�V�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �p�o�s�s�i�b�l�e� �f�o�l�l�o�w�-�o�n� �n�o�d�e�s� �t�o� �N�o�d�e� �2�.�1�.�0�.� �T�h�e� �M�i�c�r�o� �S�a�i�n�t� 

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

�c�o�n�f�i�g�u�r�a�t�i�o�n� �t�h�e� �f�o�l�l�o�w�-�o�n� �n�o�d�e� �w�a�s� �2�.�1�.�1� �a�n�d� �f�o�r� �a� �R�a�n�g�e� �d�i�s�p�l�a�y� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �t�h�e� �f�o�l�l�o�w�-�o�n� �n�o�d�e� �w�a�s� �2�.�1�.�2�.


