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(ABSTRACT) 

A field machinery selection model originally developed by Dr. John C. Siemens for 

Illinois has been fully studied and adapted to Virginia agriculture. The modified version of 

this model is able to assist farm managers in selecting optimum machinery sets for multiple 

cropping production systems. The program was written in the C programming language to 

run on an IBM compatible personal computer. The program input information consists of 

a list of desired field operations with start date, acres, and hours per day for each 

operation. Other input includes crop yields, penalty dates for planting and harvesting, 

availability and cost of labor, and certain economic data such as crop and fuel prices and 

interest rates. Stored data files contain machine list prices and productivity values, work- 

day probabilities, and equation constants for computing machine costs. For different 

machinery sets or a specified set of machinery, the program schedules the field operations 

and computes the total machinery related costs including costs for the machines, labor,



and timeliness. Using an optimization process, the lowest cost machinery set is determined 

and the eight lowest cost sets found during the process are presented. For any of the eight 

lowest cost sets, or for a specific set of machinery, the output includes a list of the 

machinery with prices and annual use, the work schedule, the cost for each operation, and 

total machinery related costs.
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Chapter 1 

Introduction 

1.1 Background 

Machinery management has increased in importance in today’s farming operations 

because of its direct relation to the success of management in mixing land, labor and 

capital to return a satisfactory profit. If the American farmer is to continue to be 

successful, all available resources must be utilized to their fullest potential (Freeman and 

McGrann, 1990; Freeman and Whittaker, 1992). 

The importance of machinery in the total farming operation is indicated by 

machinery costs in relation to the total costs. Typically, machinery costs overshadow all 
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Figure 1.1 Machinery Costs as a Proportion of Total Annual Costs 
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other costs except land ( Haffar and Khoury, 1992 ). Machinery cost often accounts for 

fifty percent of all annual costs (Fig. 1.1), and can run as high as $200 per acre ($500 

per hectare) per year for intensive cropping systems on irrigated land ( Hunt, 1983). It is 

not unusual to find that differences in profit from one farm to another are due solely to 

differences in how machinery are selected and managed ( Whiston et al., 1981). 

The problems of machinery management are varied in their nature. Following are 

some typical examples of the more important problems. In each case, a decision made 

could mean the difference between a profit or a loss. 

e How much equipment should be owned ? 

e What size equipment is needed ? 

e How do you schedule the field operations using the current machinery set ? 

e How often should you trade machinery ? 

e Should you repair present machine or trade ? 

Modern farming operations usually involve several different crops, with each one 

having its own tillage, planting and harvesting requirements. There can be quite a number 

of special tools by size and type for each field operation. But each machine purchased 

involves overhead costs - depreciation, taxes, housing, insurance and interest. These 

overhead costs, or fixed costs, can diminish profits rapidly. 

Large scale equipment with large capacities can improve the yield of a farming 

operation by enabling a farm manager to schedule field operations within a range of most 

desirable working days. However, costs associated with large scale equipment may 
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override the benefit of an increase in yield (Short and Gitu, 1991). Conversely, inadequate 

equipment capacities can extend spring land preparation and planting times to the point 

that crop maturity may be delayed and yield may be decreased. Harvesting may therefore 

be postponed with a resulting delay or elimination of fall tillage operations. Current or 

future return may be adversely affected from such delay. 

Modern farming is a business. Like any business, one must attempt to make a 

maximum return on the investment (Robb et al., 1990). Efficient selection and 

management of equipment for the farm should help achieve both short and long range 

financial goals. 

Large machinery results in lower labor costs. Large tractors for example, furnish 

sufficient power to complete large acreage jobs quickly. But unless the tractor has a high 

annual use or the owner plans to own it for ten to twelve years or more, overhead, or 

fixed costs can exceed even the most expensive labor costs. 

Smaller tractors cost less per hour than larger tractors. By having high annual use, 

the owner may be ready to trade in six to eight years instead of ten to twelve years. 

Smaller tractors have less capacity which, in turn, can cause delays in key field operations. 

By carefully analyzing the work to be done in the available time, tractors can be 

selected to work with the correctly sized machines to complete important field operations 

on time. This timeliness factor makes proper machine size selection important (Audsley, 

1984). 
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Size selection of machinery is based on a combination of expected performance 

and expected costs criteria. Capacity and capital costs increase with size. At the same 

time, performance improves, particularly with critical operations such as planting and 

harvesting. Delays in planting can reduce yields. Delays in harvesting can reduce both 

quantity and quality of production. These losses are called timeliness losses. 

Figure 1.2 illustrates the interaction of machinery costs and timeliness costs to help 

determine the optimum size of a machine. 

™ 
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Cost 
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Figure 1.2 Costs Related to Machinery Size for a Specific Farm Size 
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1.2 Objectives 

The objective of this research is to adapt a machinery selection program for 

Virginia agriculture. The Machinery Selection Program version 10 (Siemens et al., 1992) 

was chosen for this study. This program helps the farm managers select the optimum 

machinery complements to minimize the machinery related costs per acre based on the 

cropping system, size of the farm, labor availability and costs, and current economic 

situation. The program also schedules the field operations using the selected optimum 

machinery set for the farm manager. The program was developed for the farming systems 

of Illinois. Because different farming conditions exist between Illinois and Virginia, this 

program can not be used directly in Virginia unless modifications are made. This study 

will focus on the methodologies used in the program and modifications needed to adapt 

this program to a Virginia farming system. Specific tasks of this research include: 

1) Running the program with several example farm data sets and analyzing the 

results to reveal methodologies used in the program. 

2) Analyzing the structure of the program to identify relationships among the 

program modules and data files. This helps identify the necessary modifications to adapt 

this program for Virginia. 

3) Modifying and running the program with data from a Virginia farm obtained 

by a farm management agent and analyzing the results. 
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Chapter 2 

Literature Review 

The management of agricultural machinery is an area that has received significant 

attention. Over the last twenty years, engineers and scientists have developed many 

computer simulation models that can be employed to analyze a complex farm situation. 

These computer simulation models can help farm managers make planning and/or 

management decisions in the selection and optimum utilization of machinery, labor, and 

other farm resources. A review of literature dealing with farm machinery selection reveals 

several approaches to the problem. 

2.1 Problem Solving Models 

The first approach can be labeled the “Problem Solving Models” which is based on 

budgeting procedures. This approach does not derive optimum machinery size or number 

for a given farm because it excludes the interrelationship between timeliness and yield. The 

main objective of this type of model is to assume completion of certain field operations 

before a given set of dates to minimize costs. No penalty is assumed if operations were not 

completed before a specific date. In this case, an adjustment in machinery size and /or 

number is made to eliminate the timeliness costs. However, no investigations are 

performed to determine if the saving in the timeliness costs are significant enough to 

justify the added ownership cost of the larger implements ( Chen and McClendon, 1985, 
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Chen, 1987; Ozkan et al., 1990). The models developed in this approach can be used to 

serve as decision support systems for the farm manager and are simple and inexpensive to 

develop and use. 

Chen and McClendon (1985) developed a model called DCMOD for the southeast 

region of the United States where double cropping soybeans and wheat is gaining in 

popularity among producers. In this system, wheat is planted in the fall after soybean 

harvest. Wheat is harvested in the spring followed by soybean planting. The model 

simulates the effects on economic return from the rate of planting and harvesting 

(equipment capacity), initial planting dates, and percentage of total farm acreage 

double cropped. In the authors’ analysis, cropping seasons were independent with a full 

wheat acreage available for harvest in the spring, regardless of the actual fall planting 

acreage. 

McClendon et al. (1987) developed a model called DCTEM. It was an improved 

version of DCMOD which considered the temporal nature of field operations. DCTEM 

allowed for interdependent years of field operations. Only the amount of wheat actually 

planted at the end of the year was available for harvest at the beginning of the next year. In 

DCMOD, a constant acreage of wheat was always available for harvest. The DCTEM 

model utilized a yield and maturity date calculation that was strictly a function of planting 

date with no consideration made to actual weather. A heuristic algorithm was used to 

relate rainfall frequency to excess or insufficient soil water conditions. The relative 

advantages and drawbacks of different machinery complements for three different size 

Literature Review 7



production operations were evaluated. DCMOD and DCTEM were written and executed 

ona CYBER mainframe computer. 

Allison et al. (1989) converted the original DCTEM model for use on PC 

computers. To predict yield and maturity date data reflecting the actual weather year, two 

crop growth simulation models were employed: SOYGRO Version 5.41 (Jones et al., 

1988) and CERES - Wheat Version 2.0 (Ritchie and Otter, 1985). Both models are 

included in the IBSNAT (International Benchmarks Sites Network for Agrotechnology 

Transfer) project ( IBSNAT, 1986). Also a model was used within this program to predict 

daily soil water conditions for field operation delays. 

Chen (1987 ) developed a microcomputer model for selection of machines and 

tractors. Equipment was pre-selected to be capable of completing tasks on time. Then, a 

tractor was sized to provide the right amount of power to operate the equipment. In this 

model, the user must identify the primary operation requiring the highest draft. In most 

farms with one principal tractor, this operation would be primary tillage. 

The user inputs acreage, available field working hours, operating speed and field 

efficiency of the primary operation. Then, the model calculates the required capacity and 

corresponding equipment width. The user selects a piece of equipment from the given 

equipment file so the chosen equipment has a size equal to or larger than the required 

equipment width. If no suitable implement is available, the user must select the largest one 

in the equipment list. The user has the option to input and thus modify the equipment file. 
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Once the equipment width for the primary operation is chosen, the next step is to 

choose the tractor. The user inputs the draft for the operation and soil condition. The 

model then calculates the required tractor horsepower. The equipment for all other 

operations using the common tractor is selected next. For farms with multiple tractors, 

each of the secondary tractors is selected using the same procedure used to select the 

principal tractor. 

Whiston et al. (1981) developed a machinery selection model considering weather 

risk. This model selects a machinery set that has enough capacity to finish all critical field 

operations on time. By considering different weather risk levels, the machinery size 

associated to a risk level differs from the machinery size for other risk levels. The model 

provides an opportunity to examine weather effects on the selection of machinery 

complements. 

2.2 Least-Cost Models 

The second approach can be called “ Least - Cost Models” in which the least-cost 

combination of machinery is determined for a specific farm situation. In this case, an 

economic penalty is estimated for late operations. This penalty, which farmers pay 

indirectly when critical field operations such as planting and harvesting are not completed 

within an optimum period, is assumed to result from a reduction in quantity and/or in 

quality of harvested crop. This approach can also be called an optimization method which 

is capable of modeling a complex agricultural problem. It allows the farm manager to look 
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at the effect of changing parameters as well as model sensitivity and limits of these 

changes. It also allows the farm manager to recognize the full potential of the agricultural 

system. The main objective of this type of model is to select optimum machinery 

complements and also optimize working schedules. However, sub-objectives of these 

models differ greatly. 

Ozkan and Edwards (1986) developed a microcomputer-based computer model 

called “Farmer-Oriented Machinery Comparison Model.” It was developed to investigate 

the effect of changing machinery and crop production parameters on machinery costs, 

timeliness costs, and the income generated from production of crops on a corn/soybean 

farm. Machinery ownership, operating costs, and labor costs of each user-specified field 

operation are estimated. Completion periods of the field operations are predicted based on 

the sizes of machines, labor available, expected suitable field days, and the acreage farmed. 

Timeliness costs are estimated based on the predicted planting and harvesting dates. Five 

examples were chosen to illustrate the usefulness of the model. The parameters varied 

were hours of labor available each day for field operations, the tillage equipment size, and 

the number of tillage operations performed on a 234-ha (600 acres) corn/soybean farm. 

Each of these comparisons demonstrated how net income is affected by simultaneous 

changes in machinery ownership costs, machinery operating costs, and crop yields through 

improved timeliness. 

Production parameters, such as earliest beginning dates of field operations, 

geographical location of the farm, total acreage planted, proportion of acreage planted to 
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each crop, and expected yield reductions by missed planting and harvesting dates, could 

also be modified by the user to determine their effects on farm income. Economic 

parameters that could be varied include interest rate and crop prices. By supplying and 

varying these parameters, the user has the flexibility to describe many individual 

machinery/crop situations and search for profitable trade-offs among ownership, operating 

and timeliness costs. 

Colvin et al. (1986) developed a simulation model to select optimum machinery 

sets for a hypothetical 250 hectare southeastern Jowa grain farm. It reported optimum 

machinery sets for three tillage systems: conventional, reduced, and slot-plant. The 

objective of this model was to demonstrate the dramatic effects on machine requirements 

when tillage is reduced on a fixed acreage. It has implicitly taken timeliness into account 

by restricting the probability for field work to the 90% level ( or 9 years out of 10). The 

probability level was the same for each system to keep the timeliness of operations 

constant across all tillage systems. The values chosen for efficiency and speed for 

calculating machine capacity came from a large-plot research project in southeastern Iowa. 

It allows the model user to use specific field-verified data for each of the three tillage 

systems. This increased the accuracy of determining optimum machinery sizes. 

Ozkan et al. ( 1991) developed a simulation model called DREMS to evaluate 

drainage effects on machinery selection. DREMS combined a machinery cost model, a 

yield loss estimation model called TIMECOST, and a drainage cost estimation model 

called DRAINMOD. One of the unique aspects of this model was its ability to determine 
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soil trafficability conditions for a given day and soil type. Therefore, in contrast to limited 

use of current timeliness cost calculation procedures, TIMECOST can be used to 

determine the timeliness cost associated with corn planting in a poorly drained soil in any 

of the corn belt states. The model, however, requires accurate data on weather, soil, crop 

production and drainage parameters. Due to the limitations of the DRAINMOD yield 

version, the TIMECOST model cannot determine the timeliness costs associated with 

harvesting. Also, it cannot be used to evaluate timeliness costs associated with crops other 

than corn. In spite of these shortcomings, the TIMECOST model provided a new 

timeliness cost calculation procedure that is applicable to a wide range of locations. Using 

this model, one can perform sensitivity analyses by changing drainage capacity and 

machinery systems and seeing their effects on the timeliness cost. The most economical 

combination of machinery and drainage system for a given farm could then be found. 

2.3 Whole Farm Machinery Management System 

The third approach can be called “ Whole Farm Machinery Management System.” 

Like the “Problem Solving Model.” this approach does not derive optimum machinery size 

and/or number for the given farm. It utilizes weather data, machinery capacities, labor 

availability, and information on operators, tractors, and implements for evaluating the 

operational behavior of a farm system. It integrates conventional programming with expert 

system techniques of artificial intelligence for analyzing simulation results and presenting 

recommendations to the farm manager. Expert system technology allows someone who is 
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not an expert in a particular field to make decisions based on the knowledge and 

experience of experts in that field. This type of model can serve as a decision support 

system. 

Oskoui et al. ( 1990) developed a model of this kind called a knowledge-based 

machinery management system. This model has two distinct modules: A process oriented 

simulation module and knowledge based, objective selection module. 

The first component of this management system simulates a given farming system 

with a given climate, soil type and cropping conditions and calculates a series of 

alternatives and feasible machinery systems. It also creates a series of rules by which the 

most suitable machinery system can be chosen. 

The second component of the system combines rules created by the first module 

with the knowledge acquired from domain experts to interrogate the user and select the 

most suitable machinery systems from a pool of possible systems created by the first 

component of the system. The user is asked some questions according to the results 

generated by the first component of the system. The user chooses suitable answers to each 

question and makes intermediate decisions that can eliminate the most unlikely choices 

throughout the interrogation process. Finally the expert system will recommend an 

optimum machinery set. The user’s interrogation of the system alters only the conclusions 

drawn from a certain question rather than altering the internal knowledge of the system. 

The candidates are selected by either automatic elimination by the program depending on 
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the conclusions of the answers or manually by narrowing down the choice listed in the 

manual selection mode. 

By combining knowledge system techniques with conventional problem solving 

techniques, Freeman and Whittaker (1992) developed an object-oriented simulation 

model. It establishes a calendar of operations based on the existing farm resources and 

uses an algorithm to check the feasibility of the defined calendar. This algorithm, used to 

check the physical feasibility of the calendar, does not involve formal optimization 

procedures. It does, however, perform a daily search procedure to ensure that the 

operations can be completed by the defined ending dates without violating any resource 

constraints ( time, labor, and machinery) defined by the farmer. The calendar is used to 

determine if all of the work is completed during a normal operating year, with normal 

operating procedures. If the work cannot be completed under normal conditions, then 

changes in operating procedures are suggested by the expert system. 

One of the unique aspects of this expert system is its ability to help the farmer 

address within-season problems that may arise during production. These within-season 

problems might include the loss of labor due to injury, the loss of equipment due to 

machinery breakdown, and or the loss of time due to adverse weather conditions. For 

example, if field operations are delayed due to weather or machinery breakdown, the 

expert system helps the farmer assess the consequences of the delay. The expert system 

proceeds from the day the field operation is expected to be continued and checks that the 

operation can still be completed by the desired ending dates. If the operation cannot be 
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�e�f�f�i�c�i�e�n�c�y� �o�f� �m�a�c�h�i�n�e�r�y� �a�n�d� �l�a�b�o�r� �a�n�d� �i�d�e�n�t�i�f�i�e�s� �t�h�e�i�r� �e�x�c�e�s�s�e�s� �o�r� �d�e�f�i�c�i�t�s� �o�n� �t�h�e� �f�a�r�m�.� 

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

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

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

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

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

�2�.�4� �M�o�d�e�l� �S�e�l�e�c�t�i�o�n� 

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

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

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

�1�9�8�0�)�,� �a�n�d� �t�h�e� �p�r�o�c�e�s�s� �o�f� �o�p�t�i�m�i�z�a�t�i�o�n� �i�s� �a� �b�o�t�t�l�e�n�e�c�k� �i�n� �a�n�y� �f�a�r�m� �m�a�n�a�g�e�m�e�n�t� �s�t�u�d�y� 

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

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

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

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

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

�1�9�9�2�)�.� �S�o�m�e� �r�e�c�e�n�t�l�y� �d�e�v�e�l�o�p�e�d� �c�o�m�p�u�t�e�r� �s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�s� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �c�o�n�s�i�d�e�r� 

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

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

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

�r�e�l�i�a�b�l�e� �w�a�y� �s�u�c�h� �a�s� �t�h�e� �F�a�r�m� �M�a�c�h�i�n�e�r�y� �S�e�l�e�c�t�i�o�n� �P�r�o�g�r�a�m�,� �v�e�r�s�i�o�n� �$�1�0�,� �d�e�v�e�l�o�p�e�d� �b�y� 

�S�i�e�m�e�n�s� �e�t� �a�l�.� �(�1�9�9�2�)�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�e�n�t�e�r�p�r�i�s�e�.� 

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

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

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

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

�o�p�e�r�a�t�i�o�n�.� �T�h�e� �r�e�s�u�l�t�s� �a�r�e� �e�a�s�y� �t�o� �u�n�d�e�r�s�t�a�n�d�.� 
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�C�h�a�p�t�e�r� �3� 

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �1�9



�3�.�1� �R�e�q�u�i�r�e�d� �I�n�p�u�t� �D�a�t�a� 

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

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

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

�3�.�1�.�1� �C�r�o�p� �P�r�i�c�e�s�,� �Y�i�e�l�d�s� �a�n�d� �P�e�n�a�l�t�y� �D�a�t�e�s� 

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

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

�T�h�e�s�e� �i�n�p�u�t�s� �(�T�a�b�l�e� �3�.�1�)� �a�r�e� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�i�m�e�l�i�n�e�s�s� �c�o�s�t�s� �w�h�e�n� �f�i�e�l�d� 

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

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

�T�a�b�l�e� �3�.�1� �C�r�o�p� �P�r�i�c�e�s�,� �Y�i�e�l�d�s� �a�n�d� �P�e�n�a�l�t�y� �D�a�t�e�s� �(�D�e�f�a�u�l�t� �V�a�l�u�e�s� �f�o�r� �I�l�l�i�n�o�i�s�)� 

� � 

�P�e�n�a�l�t�y� �_� �D�a�t�e�s� 
� � 

� � 

� � 

�C�r�o�p� �P�r�i�c�e�s� �(�$�/�b�u�)� �Y�i�e�l�d� �(�B�u�/�A�)� �P�l�a�n�t�i�n�g� �H�a�r�v�e�s�t�i�n�g� 

�C�o�r�n� �2�.�5�0� �1�5�0�.�0� �5�/�1�5� �1�1�/�1�5� 
�S�o�y�b�e�a�n�s� �7�.�5�0� �4�0�.�0� �5�/�3�1� �1�0�/�1�5� 

�W�h�e�a�t� �3�.�0�0�  �� �6�0�.�0� �1�0�/�3�0� �7�/�2�0� 
�O�a�t�s� �7�.�5�0� �4�0�.�0� �5�/�3�1� �1�0�/�1�5� 
�S�o�r�g�h�u�m� �7�.�5�0� �3�0�.�0� �6�/�6� �1�1�/�1� 
� � 

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

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

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�0� 

� 



�3�.�1�.�2� �T�i�m�e�l�i�n�e�s�s� �F�a�c�t�o�r�s� 

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

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

�3�.�2�)�.� 

�T�a�b�l�e� �3�.�2� �T�i�m�e�l�i�n�e�s�s� �F�a�c�t�o�r�s� �(�D�e�f�a�u�l�t� �V�a�l�u�e�s� �f�o�r� �I�l�l�i�n�o�i�s�)� 

� � 

�T�i�m�e�l�i�n�e�s�s� �F�a�c�t�o�r� 
�C�r�o�p� �P�l�a�n�t�i�n�g� �H�a�r�v�e�s�t�i�n�g� 
� � 

� � 
�%� �y�i�e�l�d� �l�o�s�s� �p�e�r� �d�a�y� �o�f� �d�e�l�a�y� 

�C�o�r�n� �1�.�0� �0�.�5� 
�S�o�y�b�e�a�n�s� �1�.�0� �1�.�0� 
�W�h�e�a�t� �0�.�2�5� �1�.�0� 
�O�a�t�s� �1�.�0� �1�.�0� 
�S�o�r�g�h�u�m� �0�.�2�5� �1�.�0� 
� � 

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

�(� �T�a�b�l�e� �3�.�2�)�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �i�f� �c�o�r�n� �i�s� �p�l�a�n�t�e�d� �o�n�e� �d�a�y� �l�a�t�e�r� �t�h�a�n� �i�t�s� �p�l�a�n�t�i�n�g� �p�e�n�a�l�t�y� �d�a�t�e� 

�e�n�t�e�r�e�d� �a�s� �i�n� �T�a�b�l�e� �3�.�1�,� �t�h�e�n� �1�%� �y�i�e�l�d� �r�e�d�u�c�t�i�o�n� �i�s� �a�s�s�u�m�e�d�.� �I�f� �c�o�r�n� �i�s� �p�l�a�n�t�e�d� �t�w�o� �d�a�y�s� 

�l�a�t�e�r� �t�h�a�n� �i�t�s� �p�e�n�a�l�t�y� �d�a�t�e�,� �t�h�e�n� �2�*�1�%� �=� �2�%� �y�i�e�l�d� �r�e�d�u�c�t�i�o�n� �i�s� �a�s�s�u�m�e�d�.� 

�3�.�1�.�3� �E�c�o�n�o�m�i�c� �F�a�c�t�o�r�s� 

�E�c�o�n�o�m�i�c� �f�a�c�t�o�r�s� �i�n�c�l�u�d�e� �1�)� �p�u�r�c�h�a�s�e� �p�r�i�c�e�,� �2�)� �h�o�u�s�i�n�g�,� �i�n�t�e�r�e�s�t�,� �a�n�d� �i�n�s�u�r�a�n�c�e� 

�r�a�t�e�s�,� �3�)� �p�e�r�c�e�n�t� �i�n�f�l�a�t�i�o�n�,� �4�)� �f�u�e�l� �p�r�i�c�e� �(�$�/�G�a�l�)� �(�T�a�b�l�e� �3�.�3�)�.� �T�h�e�s�e� �f�a�c�t�o�r�s� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� 

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

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�1� 

� 



�r�e�m�a�i�n�i�n�g� �f�a�r�m� �v�a�l�u�e� �(�r�f�v�)� �o�f� �t�h�e� �m�a�c�h�i�n�e�.� �H�o�u�s�i�n�g� �c�o�s�t�s� �t�y�p�i�c�a�l�l�y� �a�v�e�r�a�g�e� �f�r�o�m� �1� �t�o� �2�%� 

�o�f� �t�h�e� �r�f�v�,� �i�n�t�e�r�e�s�t� �r�a�t�e�s� �v�a�r�y� �b�u�t� �u�s�u�a�l�l�y� �w�i�l�l� �b�e� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �8� �t�o� �1�2�%� �o�f� �t�h�e� �r�f�v�,� �a�n�d� 

�i�n�s�u�r�a�n�c�e� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �0�.�2�5� �t�o� �0�.�5�%� �o�f� �t�h�e� �r�f�v� �(�B�o�w�e�r�s�,� �1�9�8�7�)�.� 

�3�.�1�.�4� �L�a�b�o�r� �A�v�a�i�l�a�b�i�l�i�t�y� �a�n�d� �C�o�s�t� 

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

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

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

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

�i�s� �s�i�x� �(� �T�a�b�l�e� �3�.�3�)�.� 

�3�.�1�.�5� �F�i�e�l�d� �O�p�e�r�a�t�i�o�n�s� �D�e�s�i�r�e�d� �f�o�r� �t�h�e� �F�a�r�m� 

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

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

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

�T�a�b�l�e� �3�.�3� �E�n�t�r�y� �S�c�r�e�e�n� �f�o�r� �E�c�o�n�o�m�i�c� �a�n�d� �T�i�m�e�l�i�n�e�s�s� �I�n�p�u�t�s� 

� � 

� � 

�E�n�t�e�r� �E�C�O�N�O�M�I�C� �a�n�d� �T�I�M�E�L�I�N�E�S�S� �D�a�t�a� 

�O�p�e�r�a�t�o�r�s�:� 
�N�u�m�b�e�r�:� �2� �C�o�s�t� �(�$�/�h�r�)�:� �7�.�5� 

�E�c�o�n�o�m�i�c� �F�a�c�t�o�r�s�:� 
�P�u�r�c�h�a�s�e� �P�r�i�c�e�,� �%� �o�f� �L�i�s�t�:� �9�0�.�0� 
�H�o�u�s�i�n�g�,� �I�n�t�e�r�e�s�t�,� �a�n�d� �I�n�s�u�r�a�n�c�e�:� �1�2�.�0�%� 
�P�e�r�c�e�n�t� �I�n�f�l�a�t�i�o�n�:� �3�.�5�%� 
�F�u�e�l� �P�r�i�c�e� �(�$�/�G�a�l�)�:� �$�1�.�0�0� 
� � 

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�2� 

� 



�T�a�b�l�e� �3�.�4� �O�p�e�r�a�t�i�o�n� �E�n�t�r�y� �S�c�r�e�e�n� �f�o�r� �a�n� �E�x�a�m�p�l�e� �F�a�r�m� 

� � 

� � 

�E�n�t�e�r� �D�a�t�a� �F�o�r� �F�I�E�L�D� �O�P�E�R�A�T�I�O�N�S� 

�T�i�l�l�a�b�l�e� �A�c�r�e�s�:� �1�0�0�0�.�0�0� 

�E�a�r�l�i�e�s�t� �L�a�t�e�s�t� �L�a�b�o�r� 
�C�o�d�e� �F�i�e�l�d� �O�p�e�r�a�t�i�o�n�s� �S�t�a�r�t� �D�a�t�e� �|� �F�i�n�i�s�h�d�a�t�e� �A�c�r�e�s� �A�v�a�i�l�a�b�i�l�i�t�y� �L�a�n�d� 
�N�o�.� �(�M�o�/�D�a�y�)� �(�M�o�/� �D�a�y�)� �(�H�r�s� �/�D�a�y�)� �A�r�e�a� 

�2� �C�o�m�b�i�n�e� �S�o�y�b�e�a�n�s� �9� �1�5� �0� �0� �5�0�0�.�0� �1�0�.�0� �1� 
�1� �C�o�m�b�i�n�e� �C�o�r�n� �1�0� �1�5� �0� �0� �5�0�0�.�0� �1�0�.�0� �0� 
�7� �C�h�i�s�e�l� �P�l�o�w� �1�0� �1�5� �0� �0� �5�0�0�.�0� �1�0�.�0� �0� 
�8� �D�i�s�k� �H�a�r�r�o�w� �4� �1� �0� �0� �5�0�0�.�0� �1�0�.�0� �1� 
�9� �F�i�e�l�d� �C�u�l�t�i�v�a�t�e� �4� �2�5� �0� �0� �5�0�0�.�0� �1�0�.�0� �1� 
�2�1� �P�l�a�n�t� �C�o�r�n� �4� �2�5� �0� �0� �5�0�0�.�0� �1�0�.�0� �1� 
�8� �D�i�s�k� �H�a�r�r�o�w� �4� �1� �0� �0� �5�0�0�.�0� �1�0�.�0� �0� 
�9� �F�i�e�l�d� �C�u�l�t�i�v�a�t�e� �5� �1� �0� �0� �5�0�0�.�0� �1�0�.�0� �0� 
�2�2� �P�l�a�n�t� �S�o�y�b�e�a�n�s� �5� �1� �0� �0� �5�0�0�.�0� �1�0�.�0� �0� 
�1�8� �R�o�w� �C�u�l�t�i�v�a�t�e� �6� �1� �0� �0� �5�0�0�.�0� �1�0�.�0� �1� 
�1�8� �R�o�w� �c�u�l�t�i�v�a�t�e� �6� �1�0� �0� �0� �5�0�0�.�0� �1�0�.�0� �0� 
�O� �n�o� �o�p�e�r�a�t�i�o�n� �0� �0� �0� �0� �0�.�0� �0�.�0� �0� 

� � 

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

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

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

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

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

�e�x�a�m�p�l�e�,� �i�f� �2� �i�s� �e�n�t�e�r�e�d� �i�n� �t�h�e� �f�i�r�s�t� �c�o�l�u�m�n�,� �t�h�e� �p�r�o�g�r�a�m� �w�i�l�l� �a�d�d� �C�O�M�B�I�N�E� �S�O�Y�B�E�A�N�S� 

�b�e�h�i�n�d� �t�h�e� �n�u�m�b�e�r� �2� �i�n� �t�h�e� �s�e�c�o�n�d� �c�o�l�u�m�n�.� 

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�3� 

� 



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

�b�y� �t�h�e� �u�s�e�r�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �e�a�r�l�i�e�s�t� �s�t�a�r�t� �d�a�t�e� �f�o�r� �c�o�m�b�i�n�i�n�g� �c�o�r�n� �i�n� �T�a�b�l�e� �3�.�4� �i�s� �O�c�t�o�b�e�r� 

�1�5�.� �T�h�i�s� �i�s� �i�n�t�e�r�p�r�e�t�e�d� �t�o� �m�e�a�n� �t�h�a�t� �O�c�t�o�b�e�r� �1�5� �i�s� �t�h�e� �e�a�r�l�i�e�s�t� �d�a�t�e� �c�o�r�n� �i�s� �c�o�m�m�o�n�l�y� 

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

�T�h�e� �f�o�u�r�t�h� �c�o�l�u�m�n� �i�s� �t�h�e� �L�a�t�e�s�t� �F�i�n�i�s�h� �D�a�t�e� �f�o�r� �t�h�e� �o�p�e�r�a�t�i�o�n�.� �I�t� �i�s� �a�n� �o�p�t�i�o�n�a�l� 

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

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

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

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

�c�o�l�u�m�n� �o�f� �a�n� �o�p�e�r�a�t�i�o�n� �b�l�a�n�k� �(�O� �/� �0�)� �t�h�e� �p�r�o�g�r�a�m� �w�i�l�l� �t�r�y� �a�l�l� �t�h�e� �p�o�s�s�i�b�l�e� �m�a�c�h�i�n�e�r�y� �s�e�t�s� 

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

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

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

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

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

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

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

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

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

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

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�4



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

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

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

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

�l�a�n�d� �f�r�o�m� �w�h�i�c�h� �s�o�y�b�e�a�n�s� �a�r�e� �t�o� �b�e� �h�a�r�v�e�s�t�e�d�.� �L�i�k�e�w�i�s�e�,� �a� �l�a�n�d� �a�r�e�a� �n�u�m�b�e�r� �o�f�  ��1 �� �w�a�s� 

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

�A�l�l�o�w�a�b�l�e� �l�a�n�d� �n�u�m�b�e�r� �a�r�e�a�s� �a�r�e� �0� �t�h�r�o�u�g�h� �4�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �p�r�o�g�r�a�m� �c�a�n� �h�a�n�d�l�e� �5� 

�d�i�f�f�e�r�e�n�t� �a�r�e�a�s� �f�o�r� �a� �s�p�e�c�i�f�i�c� �f�a�r�m� �(�S�i�e�m�e�n�s� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�3�.�1�.�6� �M�a�c�h�i�n�e�r�y� �D�a�t�a� 

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

�(�T�a�b�l�e� �3�.�5�)�.� �T�h�e�r�e� �a�r�e� �n�i�n�e� �t�r�a�c�t�o�r� �s�i�z�e�s� �a�n�d� �f�o�u�r� �c�o�m�b�i�n�e� �s�i�z�e�s� �a�v�a�i�l�a�b�l�e� �w�i�t�h�i�n� �t�h�e� 

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

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

�T�h�e� �p�r�o�g�r�a�m� �p�r�o�v�i�d�e�s� �t�h�r�e�e� �r�u�n� �o�p�t�i�o�n�s�:� �1�)� �w�i�t�h� �o�p�t�i�m�i�z�i�n�g�,� �2�)� �w�i�t�h�o�u�t� 

�o�p�t�i�m�i�z�i�n�g�,� �3�)� �w�i�t�h� �c�o�m�p�l�e�t�e� �o�p�t�i�m�i�z�a�t�i�o�n�.� �I�f� �t�h�e� �p�r�o�g�r�a�m� �r�u�n�s�  ��w�i�t�h� �o�p�t�i�m�i�z�i�n�g�, �� �t�h�e� 

�n�u�m�b�e�r� �o�f� �t�r�a�c�t�o�r�s� �a�n�d� �t�h�e� �n�u�m�b�e�r� �t�h�a�t� �a�r�e� �l�a�r�g�e� �a�n�d� �s�m�a�l�l� �m�u�s�t� �b�e� �s�p�e�c�i�f�i�e�d� �(�T�a�b�l�e� �3�.�6�)�.� 

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

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

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

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�5



�T�a�b�l�e� �3�.�5� �E�n�t�r�y� �S�c�r�e�e�n� �F�o�r� �T�r�a�c�t�o�r� �a�n�d� �C�o�m�b�i�n�e� �D�a�t�a� 

� � 

� � 

�E�n�t�e�r� �D�a�t�a� �f�o�r� �T�R�A�C�T�O�R�S� �a�n�d� �C�O�M�B�I�N�E�S� 

�Q�u�a�n�t�i�t�y� �S�i�z�e�*� �Q�u�a�n�t�i�t�y� �S�i�z�e�*� 
�T�r�a�c�t�o�r�s�:� �C�o�m�b�i�n�e�s�:� �1� �(�M�a�x�=�3�)� �2� 

�L�a�r�g�e� �1� �5� �C�o�r�n� �H�e�a�d�s�:� �1� �(�M�a�x� �=� �3�)� 
�S�m�a�l�l� �1� �1� �G�r�a�i�n� �P�l�a�t�f�o�r�m�s�:� �1� �(�M�a�x� �=� �3�)� 

�T�o�t�a�l� �(�M�a�x� �=� �6�)� 

�*� �N�e�e�d�e�d� �T�o� �R�u�n� �W�i�t�h�o�u�t� �O�p�t�i�m�i�z�a�t�i�o�n�.� 

�A�v�a�i�l�a�b�l�e� �T�r�a�c�t�o�r� �S�i�z�e�s�:� �A�v�a�i�l�a�b�l�e� �C�o�m�b�i�n�e� �S�i�z�e�s�:� 
�0�O�=� �6�0�H�P� �5� �=� �1�6�0� �H�P� �0� �=� �1�4�0� �H�P� �(�4� �R�o�w� �H�e�a�d�)� 
�1�=� �8�0� �H�P� �6�=� �1�8�0� �H�P� �1� �=� �1�8�0� �H�P� �(�6� �R�o�w� �H�e�a�d�)� 
�2�=� �1�0�0� �H�P� �7� �=� �2�0�0� �H�P� �2�=�2�1�5� �H�P� �(�8� �R�o�w� �H�e�a�d�)� 
�3� �=� �1�2�0� �H�P� �8� �=� �2�4�0� �H�P� �3� �=� �2�6�0� �H�P� �(� �1�2� �R�o�w� �H�e�a�d�)� 
�4�=� �1�4�0� �H�P� 
� � 

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

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

�t�h�e�i�r� �s�i�z�e�s�,� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�m�b�i�n�e�s� �a�n�d� �t�h�e�i�r� �s�i�z�e�s� �(� �T�a�b�l�e� �3�.�5�)�.� �T�h�e� �p�r�o�g�r�a�m� �d�o�e�s� �n�o�t� 

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

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

�O�n� �t�h�e� �i�m�p�l�e�m�e�n�t� �d�a�t�a� �e�n�t�r�y� �s�c�r�e�e�n� �(� �T�a�b�l�e� �3�.�6�)�,� �t�h�e� �n�u�m�b�e�r� �o�f� �l�a�r�g�e� �a�n�d� �s�m�a�l�l� 

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

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

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�6� 

� 



�T�a�b�l�e� �3�.�6� �E�n�t�r�y� �S�c�r�e�e�n� �f�o�r� �I�m�p�l�e�m�e�n�t�s� 

� � 

� � 

�M�a�t�c�h� �I�M�P�L�E�M�E�N�T�S� �t�o� �T�R�A�C�T�O�R�S� 

�P�l�a�n�t�e�r� �S�i�z�e�:� �S� �(�T�o�o�r� �S�)� �L�a�r�g�e� �T�r�a�c�t�o�r�s�:� �(� �L� �)�:� �1� 
�(�T�)�:� �T�w�i�c�e� �t�h�e� �c�o�m�b�i�n�e� �s�i�z�e� �S�m�a�l�l� �T�r�a�c�t�o�r�s�:� �(�S� �)�:� �]� 
�(�S�)�:� �S�a�m�e� �a�s� �C�o�m�b�i�n�e� �S�i�z�e� �T�o�t�a�l�:� �2� 

�I�m�p�l�e�m�e�n�t� �L� �S� �I�m�p�l�e�m�e�n�t� �L� �S� 
�M�o�l�d�b�o�a�r�d� �P�l�o�w� �0� �0� �S�p�r�a�y� �P�e�s�t�i�c�i�d�e� �0� �0� 
�C�h�i�s�e�l� �P�l�o�w� �1� �0� �D�r�i�l�l� �0� �0� 

�D�i�s�k� �1� �0� �S�u�b�s�o�i�l�e�r� �0� �0� 
�F�i�e�l�d� �C�u�l�t�i�v�a�t�e� �]� �0� �P�a�r�a�p�l�o�w� �0� �0� 
�C�h�o�p� �S�t�a�l�k�s� �0� �0� �C�h�o�p� �F�o�r�a�g�e� �0� �0� 
�P�l�a�n�t� �0� �1� �C�o�m�b�i�n�a�t�i�o�n� �T�o�o�l� �0� �0� 
�R�o�w� �C�u�l�t�i�v�a�t�e� �0� �1� �M�o�w� �H�a�y� �0� �0� 
�R�o�t�a�r�y� �H�o�e� �0� �0� �R�a�k�e� �H�a�y� �0� �0� 
�A�p�p�l�y� �A�n�h�y�d�r�o�u�s� �0� �0� �M�o�w� �&� �C�o�n�d�i�t�i�o�n� �0� �0� 
�A�p�p�l�y� �F�e�r�t�i�l�i�z�e�r� �0� �0� �B�a�l�e� �H�a�y� �0� �0� 
� � 

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

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

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

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

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

�w�h�i�c�h� �r�e�s�u�l�t�s� �i�n� �t�h�e� �l�o�w�e�s�t� �t�o�t�a�l� �c�o�s�t�.� �T�h�e� �n�u�m�b�e�r�  ��1 �� �i�n� �T�a�b�l�e� �3�.�6� �u�n�d�e�r� �c�o�l�u�m�n� �L� �(� �o�r� 

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

�e�x�a�m�p�l�e�,� �i�s� �a�s�s�i�g�n�e�d� �t�o� �a� �l�a�r�g�e� �t�r�a�c�t�o�r� �i�n� �T�a�b�l�e� �3�.�6�.� 

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�7� 

� 



�3�.�2� �S�t�o�r�e�d� �D�a�t�a� �F�i�l�e�s� 

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

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

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

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

�3�.�2�.�1� �T�r�a�c�t�o�r� �a�n�d� �T�i�l�l�a�g�e� �I�m�p�l�e�m�e�n�t� �F�i�l�e� 

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

�p�r�o�g�r�a�m�.� �T�h�e� �t�r�a�c�t�o�r� �s�i�z�e�s� �v�a�r�y� �i�n� �i�n�c�r�e�m�e�n�t�s� �o�f� �2�0� �h�o�r�s�e�p�o�w�e�r� �f�r�o�m� �6�0� �t�o� �2�4�0� 

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

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

�t�r�a�c�t�o�r�/�i�m�p�l�e�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�,� �a�n�d� �a� �l�i�s�t� �p�r�i�c�e� �(� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�l�)�.� �A� �l�i�s�t� �p�r�i�c�e� �o�f� 

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

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

�t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �i�s� �s�e�t� �t�o� �0�.�0� �i�n� �t�h�e� �f�i�l�e�.� �F�o�r� �e�x�a�m�p�l�e� �,� �f�o�r� �a�n� �6�0� �h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �t�h�e� 

�p�r�o�d�u�c�t�i�v�i�t�y� �f�o�r� �c�h�i�s�e�l� �p�l�o�w�i�n�g� �i�s� �0�.�0�.� �T�h�e� �p�r�o�g�r�a�m� �w�i�l�l� �n�o�t� �a�l�l�o�w� �t�h�e� �6�0� �h�o�r�s�e�p�o�w�e�r� 

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

�s�i�z�e�s� �t�o� �t�r�a�c�t�o�r� �p�o�w�e�r� �a�n�d� �t�o� �c�a�l�c�u�l�a�t�e� �p�r�o�d�u�c�t�i�v�i�t�y� �i�s� �g�i�v�e�n� �i�n� �A�S�A�E� �S�t�a�n�d�a�r�d�s� �(�1�9�8�7�)� 

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�8



�3�.�2�.�2� �C�o�m�b�i�n�e� �F�i�l�e� 

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

�1�4�0�,� �1�8�0�,� �2�1�5�,� �a�n�d� �2�6�0� �h�o�r�s�e�p�o�w�e�r� �(� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�2� �)�.� �F�o�r� �e�a�c�h� �c�o�m�b�i�n�e�,� �t�h�e� �f�i�l�e� 

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

�3�.�2�.�3� �P�l�a�n�t�e�r� �a�n�d� �R�o�w� �C�u�l�t�i�v�a�t�o�r� �F�i�l�e� 

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

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

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

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

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

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

�3�.�2�.�4� �M�a�c�h�i�n�e�r�y� �F�i�x�e�d� �a�n�d� �V�a�r�i�a�b�l�e� �C�o�s�t�s� �F�i�l�e� 

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

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

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

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �2�9



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

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

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

�1�,� �I�f� �t�h�e� �m�a�c�h�i�n�e� �u�s�e� �r�e�a�c�h�e�s� �7�0� �p�e�r�c�e�n�t� �o�f� �i�t�s� �l�i�f�e� �a�n�d� �t�h�e� �m�a�c�h�i�n�e� �i�s� �l�e�s�s� 

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

�i�s� �p�u�r�c�h�a�s�e�d�.� 

�2�.� �I�f� �m�a�c�h�i�n�e� �u�s�e� �r�e�a�c�h�e�s� �5�0� �p�e�r�c�e�n�t� �o�f� �i�t�s� �l�i�f�e� �a�n�d� �t�h�e� �m�a�c�h�i�n�e� �i�s� �f�i�v�e� 

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

�m�a�c�h�i�n�e� �i�s� �p�u�r�c�h�a�s�e�d� 

�T�h�e� �a�s�s�u�m�e�d� �l�i�f�e� �o�f� �e�a�c�h� �m�a�c�h�i�n�e� �i�s� �g�i�v�e�n� �i�n� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�4�.� 

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

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

�p�r�o�f�e�s�s�o�r� �o�f� �a�g�r�i�c�u�l�t�u�r�a�l� �e�n�g�i�n�e�e�r�i�n�g� �a�t� �O�k�l�a�h�o�m�a� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �(� �S�i�e�m�e�n�s� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�B�o�w�e�r�s� �p�r�e�s�e�n�t�e�d� �t�h�e� �f�o�r�m�u�l�a�s� �i�n� �h�i�s� �t�e�x�t�b�o�o�k� �(�B�o�w�e�r�s� �e�t� �a�l�.�,� �1�9�8�6�)� �a�n�d� �s�i�m�i�l�a�r� �f�o�r�m�u�l�a�s� 

�a�p�p�e�a�r� �i�n� �A�S�A�E� �S�t�a�n�d�a�r�d�s� �(� �1�9�9�2� �)�.� �T�h�e� �f�o�r�m�u�l�a�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �f�u�r�t�h�e�r� �i�n� �c�h�a�p�t�e�r� �f�o�u�r�.� 

�3�.�2�.�5� �W�o�r�k�-�D�a�y� �P�r�o�b�a�b�i�l�i�t�y� �f�i�l�e� 

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

�c�e�n�t�r�a�l�,� �a�n�d� �s�o�u�t�h�e�r�n� �[�l�i�n�o�i�s� �(� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�5�)�.� �T�h�e� �p�r�o�g�r�a�m� �u�s�e�r� �m�u�s�t� �s�e�l�e�c�t� 

�w�h�i�c�h� �r�e�g�i�o�n� �t�o� �u�s�e�.� �P�r�o�b�a�b�i�l�i�t�i�e�s� �a�r�e� �f�r�o�m� �S�c�h�w�a�r�t� �(�1�9�8�1� �)� �a�n�d� �r�e�p�r�e�s�e�n�t� �t�h�e� �f�r�a�c�t�i�o�n� �o�f� 

�t�i�m�e� �d�u�r�i�n�g� �t�h�e� �y�e�a�r� �t�h�a�t� �f�i�e�l�d� �w�o�r�k� �i�s� �f�e�a�s�i�b�l�e� �a�t� �l�e�a�s�t� �5� �o�f� �6� �y�e�a�r�s� �(�8�3�.�3�%� �o�f� �t�i�m�e�)�.� 

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �3�0



�3�.�3� �R�u�n� �O�p�t�i�o�n�s� 

�T�h�e� �p�r�o�g�r�a�m� �p�r�o�v�i�d�e�s� �t�h�r�e�e� �r�u�n� �o�p�t�i�o�n�s�.� �T�h�e�y� �a�r�e� �1�)� �r�u�n� �w�i�t�h� �o�p�t�i�m�i�z�i�n�g�,� �2�)� �r�u�n� 

�w�i�t�h� �c�o�m�p�l�e�t�e� �o�p�t�i�m�i�z�a�t�i�o�n�,� �a�n�d� �3�)� �r�u�n� �w�i�t�h�o�u�t� �o�p�t�i�m�i�z�i�n�g�.� 

�1�)� �R�u�n� �W�i�t�h� �O�p�t�i�m�i�z�i�n�g�:� �t�h�i�s� �o�p�t�i�o�n� �m�a�y� �b�e� �u�s�e�d� �t�o� �o�p�t�i�m�i�z�e� �t�h�e� �s�i�z�e�s� �o�f� �t�h�e� 

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

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

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

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

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

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

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

�c�o�m�p�a�r�e� �t�h�e� �r�e�s�u�l�t�s� �(�S�i�e�m�e�n�s� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�2�)� �C�o�m�p�l�e�t�e� �O�p�t�i�m�i�z�a�t�i�o�n�:� �t�h�i�s� �o�p�t�i�o�n� �m�a�y� �b�e� �u�s�e�d� �t�o� �o�p�t�i�m�i�z�e� �b�o�t�h� �t�h�e� �n�u�m�b�e�r� 

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

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

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

�a�w�a�r�e� �t�h�a�t� �t�h�i�s� �o�p�t�i�o�n� �h�a�s� �n�o�t� �b�e�e�n� �c�h�e�c�k�e�d� �f�u�l�l�y� �(� �S�i�e�m�e�n�s� �e�t� �a�l�.�,� �1�9�9�2�)� �a�n�d� �o�n�l�y� �c�a�n� 

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

�3�)� �R�u�n� �w�i�t�h�o�u�t� �o�p�t�i�m�i�z�a�t�i�o�n�:� �T�h�i�s� �o�p�t�i�o�n� �m�a�y� �b�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �w�o�r�k� 

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �3�1



�t�h�e� �p�r�o�g�r�a�m� �u�s�e�r� �(�S�i�e�m�e�n�s� �e�t� �a�l�.�,� �1�9�8�8�)�.� �W�h�e�n� �t�h�e� �p�r�o�g�r�a�m� �u�s�e�r� �s�e�l�e�c�t�s� �t�h�i�s� �r�u�n� �o�p�t�i�o�n�,� 

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

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

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

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

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

�P�r�o�g�r�a�m� �O�v�e�r�v�i�e�w� �3�2



�C�h�a�p�t�e�r� �4� 

�M�e�t�h�o�d�o�l�o�g�y� �U�s�e�d� �i�n� �T�h�e� �P�r�o�g�r�a�m� 

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

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

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

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

�c�o�s�t�s�.� 

�4�.�1� �W�e�a�t�h�e�r� �U�n�c�e�r�t�a�i�n�t�y� �a�n�d� �T�i�m�e�l�i�n�e�s�s� 

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

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

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

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

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

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

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

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

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

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

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

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �3�3



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

�c�o�s�t�s�.� 

�4�.�1�.�1� �A�v�a�i�l�a�b�l�e� �F�i�e�l�d� �W�o�r�k�i�n�g� �D�a�y�s� 

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

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

�s�c�h�e�d�u�l�e�d� �p�e�r�i�o�d� �i�n� �w�h�i�c�h� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s� �c�a�n� �b�e� �p�e�r�f�o�r�m�e�d� �(� �W�e�t�z�s�t�e�i�n� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

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

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

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

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

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

�1�9�8�2� �)�.� �S�o�i�l� �m�o�i�s�t�u�r�e� �a�n�d� �t�r�a�f�f�i�c�a�b�i�l�i�t�y� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �s�i�x� �c�a�t�e�g�o�r�i�e�s� �o�f� �f�i�e�l�d� 

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

�d�a�y�s�.� 

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

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

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

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

�i�m�p�l�e�m�e�n�t�.� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �3�4



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

�w�a�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �r�e�g�i�o�n�s�:� �C�e�n�t�r�a�l�,� �S�o�u�t�h�e�r�n�,� �a�n�d� �N�o�r�t�h�e�r�n� �I�l�l�i�n�o�i�s�.� �C�a�l�e�n�d�a�r� �d�a�y�s� 

�f�a�v�o�r�a�b�l�e� �f�o�r� �f�i�e�l�d� �w�o�r�k� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �f�o�r� �s�e�l�e�c�t�e�d� �d�a�t�e�s� �o�f� �1�9�8�4� �t�o� �1�9�8�9� �(� �T�a�b�l�e� �4�.�1�)�.� 

�T�a�b�l�e� �4�.�1� �C�a�l�e�n�d�a�r� �D�a�y�s� �F�a�v�o�r�a�b�l�e� �f�o�r� �F�i�e�l�d� �W�o�r�k� �b�y� �S�e�l�e�c�t�e�d� �P�e�r�i�o�d� �a�n�d� 
�R�e�g�i�o�n�s� �o�f� �I�l�l�i�n�o�i�s� 
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� � � � 

� � 

� � 

�T�o�t�a�l� �A�v�e�r�a�g�e� �N�u�m�b�e�r� �o�f� �F�a�v�o�r�a�b�l�e� �N�u�m�b�e�r� �o�f� �F�a�v�o�r�a�b�l�e� �D�a�y�s� 
�C�a�l�e�n�d�a�r� �D�a�y�s� �A�v�a�i�l�a�b�l�e� �5� �o�u�t� �6� �y�e�a�r�s� 

�D�a�y�s� 
�D�a�y�s� �N�o�r�t�h�e�r�n� �C�e�n�t�r�a�l�  ��_� �S�o�u�t�h�e�r�n� �N�o�r�t�h�e�r�n� �C�e�n�t�r�a�l� �_� �S�o�u�t�h�e�r�n� 

�M�a�r�c�h� �2�7�-� �A�p�r�i�l� �0�9� �.�.�.�.�.�.�.�.�.�.� �1�4� �4�.�1� �3�.�9� �3�.�0� �1�.�7� �2�.�0� �1�.�0� 
�A�p�r�i�l� �1�0� �-� �A�p�r�i�l� �2�3�.�0�.�0�.�.�.� �1�4� �7�.�9� �6�.�9� �6�.�4� �5�.�0� �3�.�6� �2�.�4� 
�A�p�r�i�l� �2�4�-�M�a�y� �7� �.�.�.�.�.�.�.�.�.�.� �1�4� �9�.�2� �7�.�9� �7�.�8� �6�.�2� �5�.�1� �4�.�2� 
�M�a�y� �8� �-�M�a�y� �2�2�.�.�.�.�.�.�.�.�.�.� �1�4� �8�.�6� �7�5� �8�.�0� �3�.�4� �3�.�9� �4�.�2� 
�M�a�y� �2�3�-�J�u�n�e� �4� �.�.�.�.�.�.�.�.�.� �1�4� �1�0�.�2� �9�.�1� �9�.�4� �8�.�2� �6�.�5� �6�.�0� 
�J�u�n�e� �O�0�5�-�J�u�n�e� �1�8�.�0�.�.�.� �1�4� �9�.�7� �9�.�5� �6�.�5� �6�.�4� �6�.�4� �7�.�0� 
�J�u�n�e� �1�9�-�J�u�l�y� �2�.�0�0�.�.�.� �1�4� �1�0�.�8� �1�0�.�0� �1�0�.�8� �8�.�6� �7�.�1� �8�.�0� 
�A�u�g�.� �3�0�-� �S�e�p�t�.� �1�2� �.�.�.�.�.�.�.�.�.�.� �1�4� �1�1�.�9� �1�1�.�3� �1�2�.�1� �9�.�3� �9�.�8� �9�.�5� 
�S�e�p�t�.� �1�3�-�S�e�p�t� �2�6�.�0�0�.�.�.� �1�4� �1�0�.�2� �9�.�6� �1�0�.�8� �6�.�6� �7�.�2� �8�.�2� 
�S�e�p�t� �2�7�-�O�c�t�.� �1�0� �w�u�.�.�.� �1�4� �1�0�.�7� �9�.�4� �1�0�.�3� �6�.�7� �7�.�9� �7�.�6� 
�O�c�t�.� �1�1�-�O�c�t�.� �2�4� �w�u�.� �1�4� �1�1�.�5� �1�0�.�8� �1�0�.�6� �8�.�8� �1�0�.�0� �8�.�1� 
�O�c�t�.� �2�5�-�N�o�v�.� �7� �w�u�.� �1�4� �1�0�.�4� �1�0�.�5� �1�0�.�6� �6�.�4� �7�.�2� �7�.�6� 
�N�o�v�.� �8� �-�N�o�v�.� �2�1� �2�.�0�.�0�.�.�.� �1�4� �1�0�.�3� �1�0�.�0� �8�.�6� �7�.�9� �8�.�1� �7�.�6� 
�N�o�v�.� �2�2�-�D�e�c�.� �6� �.�.�.�.�.�.�.�.�.�.� �1�4� �6�.�5� �7�.�5� �4�.�8� �5�.�9� �3�.�7� �1�.�6� � � 
� � 

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

�D�a�y�s� �a�n�d� �N�u�m�b�e�r� �o�f� �F�a�v�o�r�a�b�l�e� �D�a�y�s� �A�v�a�i�l�a�b�l�e� �5� �o�u�t� �o�f� �6� �y�e�a�r�s�.� �T�h�e� �A�v�e�r�a�g�e� �N�u�m�b�e�r� �o�f� 

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

�F�a�v�o�r�a�b�l�e� �D�a�y�s� �A�v�a�i�l�a�b�l�e� �5� �o�u�t� �o�f� �6� �y�e�a�r�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �f�a�v�o�r�a�b�l�e� �w�o�r�k� �d�a�y�s� 

�c�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �f�i�v�e� �o�u�t� �o�f� �s�i�x� �y�e�a�r�s�.� �E�x�a�m�p�l�e� �d�a�t�a� �a�r�e� �s�h�o�w�n� �f�o�r� �t�h�e� �p�e�r�i�o�d� �A�p�r�i�l� �5�-�1�1� 

�f�r�o�m� �1�9�8�7� �t�o� �1�9�9�2� �(� �T�a�b�l�e� �4�.�2�)�.� 

�T�h�e� �A�v�e�r�a�g�e� �N�u�m�b�e�r� �o�f� �F�a�v�o�r�a�b�l�e� �W�o�r�k� �D�a�y�s� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �a�s�:� 

�(�2�.�8�4�+�3�.�9�4�3�.�3�+� �4�.�1�+�4�0�+�5�.�5� �)�/�6� �=� �3�.�9�3� �(�d�a�y�s�)� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �3�5



�T�a�b�l�e� �4�.�2�.� �N�u�m�b�e�r� �o�f� �D�a�y�s� �S�u�i�t�a�b�l�e� �f�o�r� �F�i�e�l�d�w�o�r�k�,� �S�e�l�e�c�t�e�d� �D�a�t�e�s� �1�9�8�7�-�1�9�9�2� 

� � 

�P�e�r�i�o�d� �1�9�8�7� �1�9�8�8� �1�9�8�9� �1�9�9�0� �1�9�9�1� �1�9�9�2� 
�e� �e� �e� �e� �e� �e� �e� 

�e� �e� �e� �°� �°� �e� �e� 

�e� �e� �e� �e� �e� �e� �e� 

�A�p�r�i�l� �5� �-� �1�1� �2�.�8� �3�.�9� �3�.�3� �4�.�1� �4�.�0� �5�.�5� 
�e� �e� �e� �°� �e� �e� �e� 

�e� �e� �e� �e� �e� �e� �e� 

�e� �e� �e� �e� �°� �e� �°� � � � � � � 

�N�u�m�b�e�r� �o�f� �f�a�v�o�r�a�b�l�e� �d�a�y�s� �a�v�a�i�l�a�b�l�e� �5� �o�u�t� �o�f� �6� �y�e�a�r�s� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �b�y� �s�e�l�e�c�t�i�n�g� 

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

�f�a�v�o�r�a�b�l�e� �w�o�r�k� �d�a�y�s� �c�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �d�u�r�i�n�g� �t�h�e� �p�e�r�i�o�d� �f�r�o�m� �A�p�r�i�l� �5� �t�o� �A�p�r�i�l� �1�1� �f�i�v�e� 

�t�i�m�e�s� �i�n� �t�h�e� �n�e�x�t� �s�i�x�-�y�e�a�r� �p�e�r�i�o�d� �.� 

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

�o�u�t� �o�f� �6� �y�e�a�r�s�)� �t�o� �c�a�l�c�u�l�a�t�e� �s�u�i�t�a�b�l�e� �f�i�e�l�d�w�o�r�k� �d�a�y�s�,� �b�e�c�a�u�s�e� �t�h�i�s� �g�r�o�u�p� �o�f� �d�a�t�a� �i�s� �m�o�r�e� 

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

�(�o�b�s�e�r�v�a�t�i�o�n� �d�a�t�a� �u�s�e�d� �b�y� �t�h�i�s� �p�r�o�g�r�a�m�)� �i�s� �t�w�o� �w�e�e�k�s�,� �w�h�i�l�e� �t�h�e� �p�r�o�b�1�-�5�.�t�j�k� �f�i�l�e�s� �(�w�o�r�k�-� 

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

�p�r�o�b�5�.�j�t�k� �f�i�l�e�s� �a�r�e� �d�e�r�i�v�e�d� �b�y� �d�i�v�i�d�i�n�g� �c�o�r�r�e�s�p�o�n�d�i�n�g� �f�i�g�u�r�e�s� �i�n� �S�c�h�w�a�r�t�'�s� �t�a�b�l�e� �b�y� �1�4�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �i�n� �S�c�h�w�a�r�t�'� �s� �t�a�b�l�e�,� �n�u�m�b�e�r� �o�f� �f�a�v�o�r�a�b�l�e� �d�a�y�s� �a�v�a�i�l�a�b�l�e� �5� �o�u�t� �o�f� �6� �y�e�a�r�s� �i�n� 

�s�o�u�t�h�e�r�n� �I�l�l�i�n�o�i�s� �d�u�r�i�n�g� �A�p�r�i�l� �1�0� �t�o� �A�p�r�i�l� �2�3� �i�s� �2�.�4� �d�a�y�s� �(� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�5�)�.� �T�h�e�n� �i�n� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �3�6



�p�r�o�b�2�.�j�t�k� �(� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�6� �)� �d�u�r�i�n�g� �A�p�r�i�l� �1�0� �t�o� �A�p�r�i�l� �2�3�,� �o�n�l�y� �1�7�%� �(�2�.�4�/�1�4�=�0�.�1�7�)� 

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

�4�.�1�.�2� �T�i�m�e�l�i�n�e�s�s� �C�o�s�t�s� 

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

�r�e�t�u�r�n� �i�s� �o�p�t�i�m�i�z�e�d�,� �c�o�n�s�i�d�e�r�i�n�g� �q�u�a�n�t�i�t�y� �a�n�d� �q�u�a�l�i�t�y� �o�f� �p�r�o�d�u�c�t�i�o�n� �(�A�S�A�E� �S�t�a�n�d�a�r�d�,� 

�1�9�9�2�)�.� �T�h�e� �e�c�o�n�o�m�i�c� �b�e�n�e�f�i�t� �o�f� �t�i�m�e�l�i�n�e�s�s� �i�s� �e�v�a�l�u�a�t�e�d� �b�y� �t�h�e� �t�i�m�e�l�i�n�e�s�s� �c�o�s�t� �w�h�i�c�h� �v�a�r�i�e�s� 

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

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

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

�1�9�8�7�)�.� �T�h�e�s�e� �f�a�c�t�o�r�s�,� �h�o�w�e�v�e�r�,� �h�a�v�e� �b�e�e�n� �o�b�t�a�i�n�e�d� �f�r�o�m� �d�i�f�f�e�r�e�n�t� �l�o�c�a�t�i�o�n�s� �i�n� �o�n�l�y� �a� �f�e�w� 

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

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

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

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

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

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

�(�1�9�7�9�)� �a�s�s�u�m�e�d� �a� �f�u�n�c�t�i�o�n� �t�h�a�t� �h�a�s� �l�i�n�e�a�r�l�y� �d�e�c�r�e�a�s�i�n�g� �a�n�d� �i�n�c�r�e�a�s�i�n�g� �f�u�n�c�t�i�o�n�s� �b�e�f�o�r�e� 

�a�n�d� �a�f�t�e�r� �a�n� �o�p�t�i�m�u�m� �p�e�r�i�o�d� �(� �F�i�g�.� �4�.�1�)�.� �E�d�w�a�r�d�s� �a�n�d� �B�o�e�h�l�j�e� �(�1�9�8�0�)� �u�s�e�d� �a� �c�o�n�t�i�n�u�o�u�s� 

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

�t�h�e� �p�e�r�c�e�n�t� �y�i�e�l�d� �r�e�d�u�c�t�i�o�n� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �p�l�a�n�t�i�n�g� �o�r� �h�a�r�v�e�s�t�i�n�g� �d�a�t�e� �(� �F�i�g�.� �4�.�2�)�.� 
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�Y�i�e�l�d� �L�o�s�s�e�s� 

�M�N� 

� � �>� �C�a�l�e�n�d�a�r� �D�a�y�s� 
�O�p�t�i�m�a�l� �P�e�r�i�o�d� 

�F�i�g�u�r�e� �4�.�1� �C�h�a�n�c�e�l�l�o�r ��s� �F�u�n�c�t�i�o�n� �f�o�r� �E�s�t�i�m�a�t�i�n�g� �Y�i�e�l�d� �L�o�s�s�e�s� 

�Y�i�e�l�d� �L�o�s�s�e�s� 

�/� �N� 

� � 
�O�p�t�i�m�a�l� �P�e�r�i�o�d� �C�a�l�e�n�d�a�r� �D�a�y�s� 

�F�i�g�u�r�e� �4�.�2� �E�d�w�a�r�d�s ��s� �Q�u�a�d�r�a�t�i�c� �F�u�n�c�t�i�o�n� �f�o�r� �E�s�t�i�m�a�t�i�n�g� �Y�i�e�l�d� �L�o�s�s�e�s� 
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�W�i�t�h�i�n� �t�h�i�s� �p�r�o�g�r�a�m�,� �t�h�e� �p�r�o�g�r�a�m� �u�s�e�r� �n�e�e�d�s� �t�o� �s�p�e�c�i�f�y� �t�h�e� �o�p�t�i�m�u�m� �p�l�a�n�t�i�n�g� 

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

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

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

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

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

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

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

�4�.�2� �M�a�t�c�h�i�n�g� �E�q�u�i�p�m�e�n�t� �S�i�z�e�s� �t�o� �P�o�w�e�r� �U�n�i�t�s� 

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

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

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

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

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

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

�o�v�e�r�l�o�a�d�e�d�,� �u�s�u�a�l�l�y� �c�a�u�s�i�n�g� �e�x�p�e�n�s�i�v�e� �b�r�e�a�k�d�o�w�n�s�.� 
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�4�.�2�.�1� �M�a�t�c�h�i�n�g� �I�m�p�l�e�m�e�n�t� �S�i�z�e�s� �t�o� �P�o�w�e�r� �U�n�i�t�s� 

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

�i�m�p�l�e�m�e�n�t�s� �t�o� �t�r�a�c�t�o�r� �p�o�w�e�r� �a�n�d� �c�a�l�c�u�l�a�t�e� �p�r�o�d�u�c�t�i�v�i�t�y� �i�s� �g�i�v�e�n� �i�n� �A�S�A�E� �S�t�a�n�d�a�r�d� �(�1�9�8�7�)�.� 

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

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

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

�t�o� �t�h�e� �A�S�A�E� �S�t�a�n�d�a�r�d� �i�s� �g�i�v�e�n� �a�s� �b�e�l�o�w�:� 

�D�r�a�f�t� �=� �7�+� �0�.�0�9�S�?� �(�b�/�i�n�. ��)� 

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

�m�o�l�d�b�o�a�r�d� �p�l�o�w� �i�s� �g�i�v�e�n� �b�e�l�o�w�:� 

�D�r�a�f�t� �=� �3� �+� �0�.�0�5�6� �S�?� �(�I�b�/�i�n�. ��)� 

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

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

�(�1�9�9�2�)�.� �T�h�e� �s�p�e�e�d� �r�a�n�g�e� �f�o�r� �a� �m�o�l�d�b�o�a�r�d� �p�l�o�w�i�n�g� �i�s� �f�r�o�m� �3�.�0� �t�o� �6�.�0� �m�p�h�.� �T�h�e� 

�r�e�c�o�m�m�e�n�d�e�d� �t�y�p�i�c�a�l� �s�p�e�e�d� �f�o�r� �t�h�i�s� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n� �i�s� �4�.�5� �m�p�h�.� �S�o� �t�h�e� �d�r�a�f�t� �o�f� �m�o�l�d�b�o�a�r�d� 

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

�D�r�a�f�t� �=� �7� �+� �0�.�0�9� �x� �4�.�5�?� 

�=� �8�.�8�2�5� �l�b� �/� �i�n �� 

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

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

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�0



�D� �(�I�b�/�i�n ��)� �x� �W� �(�i�n�)� �x� �d� �G�i�n�)� �x� �S� �(�m�p�h�)� 

�3�7�5� 
� � �H�P� �=� 

�W�h�e�r�e� �D� �=� �s�p�e�c�i�f�i�c� �d�r�a�f�t� �o�r� �d�r�a�f�t� �p�e�r� �u�n�i�t� 

�W� �=� �w�i�d�t�h� �o�f� �t�i�l�l�e�d� �z�o�n�e� 

�d� �=� �d�e�p�t�h� �o�f� �t�i�l�l�a�g�e� 

�S� �=� �f�o�r�w�a�r�d� �s�p�e�e�d� 

�F�o�r� �a� �4�*�1�6� �m�o�l�d�b�o�a�r�d� �p�l�o�w�,� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �o�p�e�r�a�t�i�o�n� �i�s� �1�6� �i�n�c�h�e�s�.� �I�f� �t�h�e� �d�e�p�t�h� 

�o�f� �t�h�e� �t�i�l�l�a�g�e� �i�s� �1�0� �i�n�c�h�e�s�,� �t�h�e�n� �t�h�e� �r�e�q�u�i�r�e�d� �p�o�w�e�r� �u�n�i�t� �f�o�r� �t�h�i�s� �i�m�p�l�e�m�e�n�t� �w�o�u�l�d� �b�e�:� 

�D� �(�I�b�/�i�n�?�)� �x� �W� �(�i�n�)� �x� �d� �(�i�n�)� �x� �S� �(�m�p�h�)� 
�3�7�5� 

�=� �8�.�8�2�5� �x� �=� �1�0� �x� �4�.�5� �=� �6�7�.�7�7�6� �h�o�r�s�e�p�o�w�e�r� 

�H�P� �=� � � 

� � 

�F�o�r� �a� �4�*�1�6� �m�o�l�d�b�o�a�r�d� �p�l�o�w�,� �t�h�e� �r�e�q�u�i�r�e�d� �t�r�a�c�t�o�r� �s�i�z�e� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �6�5� 

�h�o�r�s�e�p�o�w�e�r�.� �W�i�t�h�i�n� �t�h�i�s� �p�r�o�g�r�a�m�,� �t�h�e�r�e� �a�r�e� �3�0� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s�.� �T�h�i�s� �m�e�a�n�s� �3�0� �d�i�f�f�e�r�e�n�t� 

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

�4�.�2�.�2� �E�s�t�i�m�a�t�i�n�g� �P�r�o�d�u�c�t�i�v�i�t�y� �V�a�l�u�e�s� 

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

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

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

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

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

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�1



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

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

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

�1�)� �S�p�e�e�d� �-� �S�p�e�e�d� �i�s� �t�h�e� �a�v�e�r�a�g�e� �r�a�t�e� �o�f� �t�r�a�v�e�l� �e�x�p�r�e�s�s�e�d� �i�n� �m�i�l�e�s� �p�e�r� �h�o�u�r� �(�m�p�h�)�.� 

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

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

�S�t�a�n�d�a�r�d� �(�1�9�9�2�)�.� �T�y�p�i�c�a�l� �s�p�e�e�d� �f�o�r� �m�o�l�d�b�o�a�r�d� �p�l�o�w�i�n�g�,� �f�o�r� �e�x�a�m�p�l�e�,� �i�s� �4�.�5� �m�i�l�e�s� �p�e�r� �h�o�u�r�.� 

�2�)� �W�i�d�t�h� �-� �W�i�d�t�h� �i�s� �t�h�e� �d�i�s�t�a�n�c�e� �i�n� �i�n�c�h�e�s� �a�c�r�o�s�s� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �p�o�r�t�i�o�n� �o�f� �t�h�e� 

�m�a�c�h�i�n�e�.� �F�o�r� �a�n� �4�*�1�6� �m�o�l�d�b�o�a�r�d� �p�l�o�w�,� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �o�p�e�r�a�t�i�o�n� �i�s� �1�6�x�4�=�6�4� �i�n�c�h�e�s�.� 

�3�)� �E�f�f�i�c�i�e�n�c�y� �-� �E�f�f�i�c�i�e�n�c�y� �i�s� �t�h�e� �r�a�t�i�o� �o�f� �t�h�e� �e�f�f�e�c�t�i�v�e� �c�a�p�a�c�i�t�y� �o�f� �a� �m�a�c�h�i�n�e� �t�o� �i�t�s� 

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

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

�i�n� �t�h�e� �A�S�A�E� �S�t�a�n�d�a�r�d� �(�1�9�9�2�)�.� �T�h�e� �f�i�e�l�d� �e�f�f�i�c�i�e�n�c�y� �f�o�r� �a� �m�o�l�d�b�o�a�r�d� �p�l�o�w�,� �f�o�r� �e�x�a�m�p�l�e�,� �i�s� 

�c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �7�0�%� �t�o� �9�0�%�.� 

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

�S�p�e�e�d� �(�m�p�h�)� �x� �W�i�d�t�h� �(�f�t�)� 

�8�.�2�5� 
� � �E�f�f�e�c�t�i�v�e� �F�i�e�l�d� �C�a�p�a�c�i�t�y� �=� �E�f�f�i�c�i�e�n�c�y� �x� 

�I�f� �a� �t�r�a�c�t�o�r� �w�i�t�h� �a� �4�*�1�6� �m�o�l�d�b�o�a�r�d� �p�l�o�w� �t�r�a�v�e�l�s� �a�t� �a� �s�p�e�e�d� �o�f� �4�.�5� �m�i�l�e�s� �p�e�r� �h�o�u�r�,� 

�a�n�d� �t�h�e� �f�i�e�l�d� �e�f�f�i�c�i�e�n�c�y� �f�o�r� �t�h�i�s� �o�p�e�r�a�t�i�o�n� �i�s� �8�0�%�,� �t�h�e�n�,� �t�h�e� �e�f�f�e�c�t�i�v�e� �f�i�e�l�d� �c�a�p�a�c�i�t�y� �f�o�r� �t�h�i�s� 

�c�o�m�b�i�n�a�t�i�o�n� �1�s�:� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�2



�S�p�e�e�d� �(�m�p�h�)� �x� �W�i�d�t�h� �(�f�t�)� 
�E�f�f�e�c�t�i�v�e� �F�i�e�l�d� �C�a�p�a�c�i�t�y� �=� �E�f�f�i�c�i�e�n�c�y� �x� �8�.�9�5� 

� � 

�=� �8�0� �x� �4�.�5� �x� �5�.�3�3� �=� �2�.�3�3� �a�c�r�e�s� �/� �h�o�u�r� 
�1�0�0� �8�.�2�5� 
� � 

�4�.�3� �M�a�c�h�i�n�e�r�y� �F�i�x�e�d� �C�o�s�t�s� 

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

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

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

�a�i�d� �i�n� �c�u�t�t�i�n�g� �c�o�s�t�s�.� 

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

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

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

�4�.�3�.�1� �D�e�p�r�e�c�i�a�t�i�o�n� 

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

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

�r�e�a�s�o�n�s�,� �i�n�c�l�u�d�i�n�g�:� 

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

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

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

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

�h�a�s� �l�o�s�t� �i�t�s� �r�e�l�i�a�b�i�l�i�t�y�.� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�3



�O�b�s�o�l�e�s�c�e�n�c�e�:� �I�f� �t�h�e�r�e� �h�a�s� �b�e�e�n� �a� �m�a�j�o�r� �m�o�d�e�l� �c�h�a�n�g�e� �o�r� �a� �m�a�c�h�i�n�e� �n�o� �l�o�n�g�e�r� �h�a�s� 

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

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

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

�f�r�e�q�u�e�n�t�l�y� �a�r�e�:� 

�1�)� �S�t�r�a�i�g�h�t�-�l�i�n�e� �d�e�p�r�e�c�i�a�t�i�o�n�:� �W�i�t�h� �t�h�i�s� �m�e�t�h�o�d�,� �a�n� �e�q�u�a�l� �r�e�d�u�c�t�i�o�n� �o�f� �v�a�l�u�e� �i�s� 

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

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

�2�)� �S�u�m�-�o�f�-�t�h�e�-� �y�e�a�r�-�d�i�g�i�t� �d�e�p�r�e�c�i�a�t�i�o�n�:� �I�t� �i�s� �a�n� �a�c�c�u�r�a�t�e� �m�e�t�h�o�d� �o�f� �e�s�t�i�m�a�t�i�n�g� �t�h�e� 

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

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

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

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

�3�)� �D�e�c�l�i�n�i�n�g�-�b�a�l�a�n�c�e� �d�e�p�r�e�c�i�a�t�i�o�n�:� �T�h�e� �d�e�c�l�i�n�i�n�g�-�b�a�l�a�n�c�e� �m�e�t�h�o�d� �b�e�t�t�e�r� �r�e�f�l�e�c�t�s� 

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

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

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

�i�n�s�t�a�n�c�e�,� �F�i�g�u�r�e� �4�.�3� �s�h�o�w�s� �a�n� �a�n�n�u�a�l� �d�e�p�r�e�c�i�a�t�i�o�n� �o�f� �2�0� �p�e�r�c�e�n�t� �o�f� �t�h�e� �r�e�m�a�i�n�i�n�g� �v�a�l�u�e�.� �B�y� 

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

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

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�4



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

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

�r�o�y� �R�V�=�C� �x� �(�1�- ��)� 
�L� 

�W�h�e�r�e� �R�V� �=� �R�e�m�a�i�n�i�n�g� �V�a�l�u�e� 

�C� �=� �C�o�s�t� 

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

�L� �=� �L�i�f�e�,� �y�e�a�r�s� 

�y� �=� �A�g�e� �o�f� �m�a�c�h�i�n�e�,� �y�e�a�r�s� 

� � � 

� � 

� � � � � � � � � � � 

� � 

�A�N�N�U�A�L� 
�$�4�0�,�0�0�0� �|� �D�E�P�R�E�C�L�A�T�I�O�N� 

�$�3�2�,�0�0�0� �$�3�2�,�0�0�0� 
�-� �I� �=� �5� �s�2�8�.�0�0�0�F� �|� �2�0�%� �O�F� �$�3�2�,�0�0�0� �=� �$�6�,�4�0�0� 

�$� �$�2�5�,�6�0�0� �&� �$�2�4�,�0�0�0� �F� 
�S� �\� �2�0�%� �O�F� �$�2�5�,�6�0�0� �=� �$�5�,�1�2�0� 
�Z� �s�2�0�.�0�0�0�b� �\� �'� 
�a� 
�=� �{� �|� �t� 
�m� �$�1�6�,�0�0�0� �-� 

�i�a� �1� �|� �t� 

�L�a�e� �I� �|� �{� 

�\� �\� �|� 
�$�8�,�0�0�0� �=� �t� �I� �t� 

�E� 
�i� �1� �1� 
�}� �l� �i� �L� �l� �3� 

�1� �2� �3� 
� � � � 

�A�G�E�,� �Y�E�A�R�S� 

�F�i�g�u�r�e� �4�.�3� �D�e�c�l�i�n�i�n�g�-�B�a�l�a�n�c�e� �D�e�p�r�e�c�i�a�t�i�o�n� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�5



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

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

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

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

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

�m�o�d�i�f�i�e�d� �f�o�r�m�u�l�a� �i�s� �g�i�v�e�n� �b�e�l�o�w�:� 

�R�V� �=� �l�i�s�t� �p�r�i�c�e� �x� �R�V�1� �x� �R�V�2�"� 

�I�n� �t�h�i�s� �f�o�r�m�u�l�a�,� �t�h�e� �c�o�r�r�e�c�t�i�o�n� �f�a�c�t�o�r� �f�o�r� �t�h�e� �f�i�r�s�t� �y�e�a�r� �i�s� �R�V�1�.� �T�h�e� �a�n�n�u�a�l� 

�d�e�p�r�e�c�i�a�t�i�o�n� �f�a�c�t�o�r� �i�s� �R�V�2�.� �A�S�A�E� �S�t�a�n�d�a�r�d� �(� �1�9�9�2� �)� �l�i�s�t�s� �t�h�e�s�e� �f�a�c�t�o�r�s� �f�o�r� �t�r�a�c�t�o�r�s�,� 

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

�t�r�a�c�t�o�r�s� �i�s� �0�.�6�4�,� �a�n�d� �t�h�e� �a�n�n�u�a�l� �d�e�p�r�e�c�i�a�t�i�o�n� �f�a�c�t�o�r� �f�o�r� �a�l�l� �t�r�a�c�t�o�r�s� �i�s� �0�.�9�4�.� �S�o� �t�h�e� 

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

�R�V� �=� �l�i�s�t� �p�r�i�c�e� �x� �0�.�6�4� �x� �0�.�9�4�7� 

�D�e�p�r�e�c�i�a�t�i�o�n� �=� �P�u�r�c�h�a�s�e� �p�r�i�c�e� �-� �R�V� 

�A� �1�2�0� �h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �t�h�a�t� �h�a�s� �a� �l�i�s�t� �p�r�i�c�e� �o�f� �$�6�5�5�0�0�.�0�0�,� �a�n�d� �w�a�s� �p�u�r�c�h�a�s�e�d� �a�t� 

�9�0�%� �o�f� �i�t�s� �l�i�s�t� �p�r�i�c�e� �i�s� �$�5�8�9�5�0�.�0�0�.� �T�h�e�n� �i�t�s� �r�e�m�a�i�n�i�n�g� �v�a�l�u�e� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �s�e�c�o�n�d� 

�y�e�a�r� �i�s�:� 

�R�V� �=� �$�6�5�5�0�0�.�0�0� �x� �0�.�6�0� �x� �0�.�9�3�5�'� �=� �$�3�6�7�4�5�.�5�0� 

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

�D�e�p�r�e�c�i�a�t�i�o�n� �=� �P�u�r�c�h�a�s�e� �p�r�i�c�e� �-� �R�V� �=� �$�5�8�9�5�0�.�0�0� �-�$�3�6�7�4�5�.�5�0� �=� �$�2�2�2�0�4�.�5�0� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�6



�4�.�3�.�2� �O�t�h�e�r� �F�i�x�e�d� �C�o�s�t�s� 

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

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

�H�o�u�s�i�n�g�:� �T�h�e�r�e� �i�s� �a� �t�r�e�m�e�n�d�o�u�s� �v�a�r�i�a�t�i�o�n� �i�n� �f�a�r�m�e�r�s �� �u�s�e� �o�f� �h�o�u�s�i�n�g� �f�o�r� 

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

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

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

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

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

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

�I�n�s�u�r�a�n�c�e�:� �I�n�s�u�r�a�n�c�e� �p�o�l�i�c�i�e�s� �a�r�e� �u�s�u�a�l�l�y� �c�a�r�r�i�e�d� �o�n� �m�o�r�e� �e�x�p�e�n�s�i�v�e� �m�a�c�h�i�n�e�s� 

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

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

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

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

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

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

�H�I�I� �=� �r�e�m�a�i�n�i�n�g� �v�a�l�u�e� �x� �(�h�o�u�s�i�n�g� �r�a�t�e� �+� �I�n�s�u�r�a�n�c�e� �r�a�t�e� �+� �I�n�t�e�r�e�s�t� �R�a�t�e�)� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�7



�F�o�r� �e�x�a�m�p�l�e�,� �i�f� �t�h�e� �p�r�o�g�r�a�m� �u�s�e�r� �s�p�e�c�i�f�i�e�s� �t�h�e� �h�o�u�s�i�n�g� �r�a�t�e� �t�o� �b�e� �1�.�5�%�,� �i�n�s�u�r�a�n�c�e� 

�0�.�5�%�,� �a�n�d� �i�n�t�e�r�e�s�t� �r�a�t�e� �1�0�%�,� �a�n�d� �a� �t�r�a�c�t�o�r� �i�s� �p�u�r�c�h�a�s�e�d� �a�t� �a� �p�r�i�c�e� �o�f� �$�5�8�9�5�0�,� �t�h�e� �H�I�I� �c�o�s�t� 

�f�o�r� �t�h�e� �f�i�r�s�t� �y�e�a�r� �i�s�:� 

�H�I�I� �=� �r�e�m�a�i�n�i�n�g� �v�a�l�u�e� �x� �(�h�o�u�s�i�n�g� �r�a�t�e� �+� �I�n�s�u�r�a�n�c�e� �r�a�t�e� �+� �I�n�t�e�r�e�s�t� �R�a�t�e�)� 

�0�.�5� 
�1�0�0� 

� � �=� �$�5�8�9�5�0� �x� �(�f�e� �+� �+� �1�0� �)�=� �$�7�0�7�4� 
�1�0�0� �1�0�0� 

�4�.�4� �M�a�c�h�i�n�e�r�y� �V�a�r�i�a�b�l�e� �C�o�s�t�s� 

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

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

�t�h�e� �a�m�o�u�n�t� �o�f� �u�s�e�.� 

�4�.�4�.�1� �E�s�t�i�m�a�t�i�n�g� �R�e�p�a�i�r� �C�o�s�t� 

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

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

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

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

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

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

�o�w�n�e�r�s�h�i�p�.� �W�i�t�h� �a�n�y� �m�a�c�h�i�n�e� �t�h�e�r�e� �a�r�e� �f�o�u�r� �m�a�i�n� �t�y�p�e�s� �o�f� �r�e�p�a�i�r�s�.� �T�h�e�s�e� �t�y�p�e�s� �a�r�e� �1�)� 

�r�o�u�t�i�n�e� �w�e�a�r�,� �2�)� �a�c�c�i�d�e�n�t�a�l� �b�r�e�a�k�a�g�e� �o�r� �d�a�m�a�g�e�,� �3�)� �r�e�p�a�i�r�s� �d�u�e� �t�o� �o�p�e�r�a�t�o�r� �n�e�g�l�e�c�t�,� �4�)� 

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

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�8



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

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

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

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

�s�o�m�e� �e�s�t�i�m�a�t�e�d� �m�e�c�h�a�n�i�c�a�l� �l�i�v�e�s� �f�r�o�m� �A�S�A�E� �S�t�a�n�d�a�r�d� �(� �1�9�8�7�)�.� 

�T�a�b�l�e� �4�.�3� �E�s�t�i�m�a�t�e�d� �M�e�c�h�a�n�i�c�a�l� �L�i�f�e� 

� � 

� � 

� � 

�M�a�c�h�i�n�e� �L�i�f�e�,� �H�o�u�r�s� 

�A�l�l� �W�h�e�e�l� �T�y�p�e� �T�r�a�c�t�o�r�s� �1�2�,�0�0�0� 
�C�r�a�w�l�e�r�s� �1�6�,�0�0�0� 
�S�e�l�f�-�P�r�o�p�e�l�l�e�d� �C�o�m�b�i�n�e� �3�,�0�0�0� 
�L�G� �S�Q� �B�a�l�e�r�s� �3�,�0�0�0� 
�T�i�l�l�a�g�e� �E�q�u�i�p�m�e�n�t�,� �M�o�w�e�r�s� �2�,�0�0�0� 
�P�l�a�n�t�e�r�,� �D�r�i�l�l�,� �L�G� �R�n�d� �B�a�l�e�r�s� �1�,�5�0�0� 
�S�M� �S�Q� �B�a�l�e�r�s�,� �R�a�k�e�s� �2�,�5�0�0� 
�S�P� �F�o�r�a�g�e� �H�a�r�v�e�s�t�e�r�s� �4�,�0�0�0� � � 
� � 

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

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

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

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

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

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

�T�A�R� �=� �L�i�s�t� �p�r�i�c�e� �x� �R�C�1� �x� �(� �H�o�u�r�s� �/�1�0�0�0� �)�*�°�?� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �4�9



�W�h�e�r�e�:� �T�A�R� �=� �T�o�t�a�l� �a�c�c�u�m�u�l�a�t�e�d� �r�e�p�a�i�r�s� 

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

�R�C�1�,� �R�C�2� �=� �C�o�n�s�t�a�n�t� �f�a�c�t�o�r� �f�o�r� �c�a�l�c�u�l�a�t�i�n�g� �m�a�c�h�i�n�e�r�y� �r�e�p�a�i�r� �c�o�s�t�s�.� �T�h�e�y� 

�v�a�r�y� �f�r�o�m� �m�a�c�h�i�n�e� �t�o� �m�a�c�h�i�n�e�.� 

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

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

�f�a�c�t�o�r�s� �R�C�1�,� �R�C�2� �f�o�r� �t�r�a�c�t�o�r�s�,� �c�o�m�b�i�n�e�s�,� �a�n�d� �o�t�h�e�r� �f�a�r�m� �e�q�u�i�p�m�e�n�t� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �t�h�e� 

�A�S�A�E� �S�t�a�n�d�a�r�d� �(� �1�9�9�2� �)�.� 

�A�s� �a�n� �e�x�a�m�p�l�e�,� �t�h�e� �c�o�n�s�t�a�n�t� �f�a�c�t�o�r�s� �R�C�1� �a�n�d� �R�C�2� �f�o�r� �t�r�a�c�t�o�r�s� �m�a�y� �b�e� �0�.�0�0�7� �a�n�d� 

�2�.�0�0� �r�e�s�p�e�c�t�i�v�e�l�y�.� �I�f� �t�h�e� �l�i�s�t� �p�r�i�c�e� �o�f� �t�h�e� �t�r�a�c�t�o�r� �i�s� �$�6�5�5�0�0�.�0�0�,� �a�n�d� �a�n�n�u�a�l� �u�s�e� �o�f� �t�h�e� �t�r�a�c�t�o�r� 

�i�s� �6�3�2� �h�o�u�r�s� �p�e�r� �y�e�a�r�,� �t�h�e� �r�e�p�a�i�r� �c�o�s�t� �o�f� �t�h�i�s� �t�r�a�c�t�o�r� �f�o�r� �t�h�e� �f�i�r�s�t� �y�e�a�r� �i�s�:� 

�T�A�R� �=� �L�i�s�t� �p�r�i�c�e� �x� �R�C�1� �x� �(� �H�o�u�r�s� �/�1�0�0�0� �)�*�*�*� 
�6�3�2� 

�1�0�0�0� 
�$�6�5�5�0�0� �x� �0�.�0�0�7� �x� �(� �7�°� �=� �$�1�8�3� 

�4�.�4�.�2� �E�s�t�i�m�a�t�i�n�g� �F�u�e�l� �C�o�s�t�s� 

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

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

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

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

�a�m�o�u�n�t� �o�f� �e�n�e�r�g�y� �e�x�p�e�n�d�e�d�.� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �5�0



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

�w�i�l�l� �o�p�e�r�a�t�e� �a�t� �a�n� �a�v�e�r�a�g�e� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �5�5� �p�e�r�c�e�n�t� �o�f� �i�t�s� �m�a�x�i�m�u�m� �p�o�w�e�r� �d�u�r�i�n�g� �t�h�e� 

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

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

�d�e�t�e�r�m�i�n�e�d� �t�o� �e�s�t�i�m�a�t�e� �f�u�e�l� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �4�.�4�.� 

�T�a�b�l�e� �4�.�4� �A�v�e�r�a�g�e� �F�u�e�l� �C�o�n�s�u�m�p�t�i�o�n� �f�o�r� �D�i�f�f�e�r�e�n�t� �T�y�p�e�s� �o�f� �T�r�a�c�t�o�r� �E�n�g�i�n�e�s� 

� � 

� � 

� � 

�A�v�e�r�a�g�e� �F�u�e�l� �C�o�n�s�u�m�p�t�i�o�n� 
�E�n�g�i�n�e� �(�F�u�e�l� �T�y�p�e�)� �(�G�a�l�l�o�n�s� �P�e�r� �H�o�u�r� �P�e�r� �M�a�x�i�m�u�m� �P�T�O� �H�P� �)� 

�G�a�s�o�l�i�n�e� �0�.�0�6�8� 
�D�i�e�s�e�l� �0�.�0�5�1� 
�L�P�-�G�a�s� �0�.�0�8�0� � � � � 

�F�o�r� �a� �1�2�0� �h�o�r�s�e�p�o�w�e�r� �d�i�e�s�e�l� �t�r�a�c�t�o�r�,� �t�h�e� �a�v�e�r�a�g�e� �f�u�e�l� �c�o�n�s�u�m�p�t�i�o�n� �i�s� �0�.�0�5�1�*�1�2�0� �=� 

�6�.�1�2� �g�a�l�l�o�n�s� �p�e�r� �h�o�u�r�.� �I�f� �t�h�e� �t�r�a�c�t�o�r� �i�s� �u�s�e�d� �6�3�2� �h�o�u�r�s� �p�e�r� �y�e�a�r�,� �t�h�e� �a�n�n�u�a�l� �f�u�e�l� 

�c�o�n�s�u�m�p�t�i�o�n� �o�f� �t�h�i�s� �t�r�a�c�t�o�r� �i�s� �3�8�6�7�.�8�4� �g�a�l�l�o�n�s�.� �I�f� �d�i�e�s�e�l� �c�o�s�t�s� �$�1�.�0�0� �p�e�r� �g�a�l�l�o�n�,� �t�h�e� �a�n�n�u�a�l� 

�f�u�e�l� �c�o�s�t� �f�o�r� �t�h�i�s� �t�r�a�c�t�o�r� �i�s� �$�3�8�6�7�.�8�4�.� 

�A�v�e�r�a�g�e� �f�u�e�l� �c�o�n�s�u�m�p�t�i�o�n� �f�o�r� �c�o�m�b�i�n�e�s�:� �C�a�l�c�u�l�a�t�i�n�g� �f�u�e�l� �c�o�n�s�u�m�p�t�i�o�n� �f�o�r� 

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

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

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

�t�r�a�c�t�o�r�s�.� 

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �5�1



�4�.�5� �O�p�t�i�m�i�z�a�t�i�o�n� �P�r�o�c�e�d�u�r�e�s� 

�T�h�e�r�e� �a�r�e� �n�i�n�e� �t�r�a�c�t�o�r� �s�i�z�e�s� �(� �6�0�,� �8�0�,� �1�0�0�,� �1�2�0�,�1�4�0�,� �1�6�0�,� �1�8�0�,� �2�0�0�,� �a�n�d� �2�4�0� 

�h�o�r�s�e�p�o�w�e�r�)� �a�n�d� �f�o�u�r� �c�o�m�b�i�n�e� �s�i�z�e�s� �(� �1�4�0�,� �1�8�0�,� �2�1�5�,� �a�n�d� �2�6�0� �h�o�r�s�e�p�o�w�e�r�)� �a�v�a�i�l�a�b�l�e� �i�n� 

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

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

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

�s�i�z�e�s� �f�r�o�m� �6�0� �h�o�r�s�e�p�o�w�e�r� �t�o� �2�4�0� �h�o�r�s�e�p�o�w�e�r�.� �T�h�e� �m�a�x�i�m�u�m� �n�u�m�b�e�r� �o�f� �c�o�m�b�i�n�e�s� �i�s� �t�h�r�e�e�,� 

�a�n�d� �t�h�e�s�e� �c�o�m�b�i�n�e�s� �c�a�n� �o�n�l�y� �b�e� �o�n�e� �s�i�z�e� �f�r�o�m� �1�4�0� �h�o�r�s�e�p�o�w�e�r� �t�o� �2�6�0� �h�o�r�s�e�p�o�w�e�r�.� �B�y� 

�a�d�d�i�n�g� �t�h�i�s� �l�i�m�i�t�a�t�i�o�n� �t�h�e�r�e� �a�r�e� �s�t�i�l�l� �o�v�e�r� �4�0� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�r�a�c�t�o�r� �a�n�d� �c�o�m�b�i�n�e� �s�i�z�e�s�.� 

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

�s�e�t�s� �t�o� �t�h�e� �u�s�e�r�.� 

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

�l�a�r�g�e� �t�r�a�c�t�o�r� �t�o� �2�4�0� �h�o�r�s�e�p�o�w�e�r�,� �t�h�e� �l�a�r�g�e�s�t� �a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� �p�r�o�g�r�a�m�.� �T�h�e� �s�m�a�l�l� �t�r�a�c�t�o�r� �i�s� 

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

�s�e�t� �t�o� �2�6�0� �h�o�r�s�e�p�o�w�e�r�,� �t�h�e� �l�a�r�g�e�s�t� �i�n� �t�h�e� �p�r�o�g�r�a�m�.� �W�i�t�h� �t�h�i�s� �s�e�t� �o�f� �m�a�c�h�i�n�e�r�y�,� �t�h�e� �i�n�p�u�t� 

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

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

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

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

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

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

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �5�2



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

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

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

�l�a�r�g�e� �t�r�a�c�t�o�r� �f�i�x�e�d� �a�t� �2�4�0� �h�o�r�s�e�p�o�w�e�r�.� �T�h�e� �X�X�X�X ��s� �o�n� �t�h�e� �s�c�r�e�e�n� �i�n�d�i�c�a�t�e� �a� �m�a�c�h�i�n�e�r�y� �s�e�t� 

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

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

�f�i�n�i�s�h� �d�a�t�e� �l�i�s�t�e�d� �i�n� �t�h�e� �i�n�p�u�t� �d�a�t�a�.� 

�T�a�b�l�e� �4�.�5� �O�p�t�i�m�i�z�a�t�i�o�n� �S�c�r�e�e�n� 

� � 

� � 

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

�T�r�a�c�t�o�r�,� �H�P� �L�a�r�g�e� �1�:� �2�4�0�h�p� �_� �t�r�a�c�t�o�r� 
�2� �O�p�e�r�a�t�o�r�(�s�)� 

�6�0� �X�X�X�K� �X�X�X�X� �X�X�K�X�X� �S�m�a�l�l� �p�l�a�n�t�e�r�s� 
�8�0� �6�5�.�2�6� �5�9�.�2�6� �6�3�.�9�5� 
�1�0�0� �6�7�.�6�7� �6�1�.�5�1� �L�o�w�e�s�t� �C�o�s�t� �=� �$�5�9�.�2�6� 
�1�2�0� �6�2�.�8�2� �2�4�0� �H�P� �T�R�A�C�T�O�R� �=� �1� 
�1�4�0� �6�3�.�5�9� �8�0� �H�P� �T�R�A�C�T�O�R� �=� �1� 
�1�6�0� �7�0�.�9�1� �6�4�.�4�1� �2�1�5� �H�P� �C�O�M�B�I�N�E� �=� �1� 
�1�8�0� �6�5�.�3�5� 
�2�0�0� �6�8�.�4�7� 
�2�4�0� 

�1�4�0� �1�8�0� �2�1�5� �2�6�0� �C�o�m�b�i�n�e�s� �h�p� 
� � 

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

�t�h�i�s� �c�a�s�e� �t�o� �2�0�0� �h�o�r�s�e�p�o�w�e�r�,� �a�n�d� �t�h�e� �p�r�o�c�e�d�u�r�e� �i�s� �r�e�p�e�a�t�e�d�.� �T�h�e� �s�i�z�e� �o�f� �t�h�e� �l�a�r�g�e� �t�r�a�c�t�o�r� �i�s� 

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

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �5�3� 

� 



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

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

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

�M�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �i�n� �t�h�e� �p�r�o�g�r�a�m� �5�4



�C�h�a�p�t�e�r� �5� 

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� 

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

�V�i�r�g�i�n�i�a� �a�g�r�i�c�u�l�t�u�r�e�.� �T�h�e� �s�o�f�t�w�a�r�e� �c�o�n�s�i�s�t�s� �o�f� �t�h�r�e�e� �p�a�r�t�s�.� �T�h�e�y� �a�r�e� �1�)� �t�h�e� �e�x�e�c�u�t�a�b�l�e� �f�i�l�e�,� 

�2�)� �s�t�o�r�e�d� �d�a�t�a� �f�i�l�e�s� �(�j�t�k� �f�i�l�e�s�)�,� �a�n�d� �3�)� �t�h�e� �f�a�r�m� �d�a�t�a� �f�i�l�e�.� 

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

�w�r�i�t�t�e�n� �i�n� �M�i�c�r�o�s�o�f�t� �C� �v�e�r�s�i�o�n� �7�.�0� �a�n�d� �h�a�s� �f�i�v�e� �m�o�d�u�l�e�s� �c�o�n�t�a�i�n�i�n�g� �m�o�r�e� �t�h�a�n� �1�5�,�0�0�0� 

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

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

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

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

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

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

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

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

�c�o�m�b�i�n�a�t�i�o�n�.� 

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

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

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

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �5�5



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

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

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

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

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

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

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

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

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

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

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

�5�.�1� �W�o�r�k� �D�a�y� �P�r�o�b�a�b�i�l�i�t�y� �F�i�l�e�s� 

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

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

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

�p�r�o�b�5�.�j�t�k� �t�o� �g�e�o�g�r�a�p�h�i�c� �l�o�c�a�t�i�o�n�s�.� �T�h�e� �l�o�c�a�t�i�o�n�s� �c�o�n�s�i�d�e�r�e�d� �w�i�t�h�i�n� �t�h�i�s� �p�r�o�g�r�a�m� �a�r�e� 

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

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

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

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �5�6



 � ��w�p�n�a�m�e�s�.�j�t�k �� �i�s� �l�i�s�t�e�d� �a�s� �T�a�b�l�e� �5�.�1�.� �P�r�o�b�a�b�i�l�i�t�y� �f�i�l�e� �p�r�o�b�1�.�j�t�k� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �C�e�n�t�r�a�l� 

�l�i�n�o�i�s� �r�e�g�i�o�n�,� �p�r�o�b�2�.�j�t�k� �w�i�t�h� �S�o�u�t�h�e�r�n� �I�l�l�i�n�o�i�s� �a�n�d� �s�o� �o�n�.� 

�T�a�b�l�e� �5�.�1� �F�i�l�e� �L�i�s�t�i�n�g� �-�W�P�N�A�M�E�S�.�J�T�K� 

� � 

� � 

�#� �W�P�N�A�M�E�S� 
�p�r�o�b�1�.�j�t�k� 
�C�e�n�t�r�a�l� �I�l�l�i�n�o�i�s� 
�p�r�o�b�2�.�j�t�k� 
�S�o�u�t�h�e�r�n� �I�l�l�i�n�o�i�s� 
�p�r�o�b�3�.�j�t�k� 
�N�o�r�t�h�e�r�n� �I�l�l�i�n�o�i�s� 
�p�r�o�b�4�.�j�t�k� 
�N�e�w� �S�t�a�t�e� �1� 
�p�r�o�b�5�.�j�t�k� 
�N�e�w� �S�t�a�t�e� �2� 
� � 

�P�r�o�b�1�.�j�t�k� �-� �p�r�o�b�5�.�j�t�k� �a�r�e� �f�i�l�e�s� �u�s�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m� �t�o� �e�s�t�i�m�a�t�e� �f�a�v�o�r�a�b�l�e� �f�i�e�l�d� �w�o�r�k� 

�d�a�y�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �p�r�o�b�2�.�j�t�k� �s�t�o�r�e�s� �t�h�e� �w�o�r�k� �d�a�y� �p�r�o�b�a�b�i�l�i�t�y� �d�a�t�a� �f�o�r� �s�o�u�t�h�e�r�n� �L�l�i�n�o�i�s� 

�(�A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�6�)�.� �T�h�e� �p�r�o�b�a�b�i�l�i�t�y� �l�e�v�e�l� �o�f� �t�h�e�s�e� �f�i�l�e�s� �i�s� �s�e�t� �t�o� �b�e� �5� �o�u�t� �o�f� �6� �y�e�a�r�s� 

�(�8�3�.�3�%� �o�f� �t�i�m�e�)�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�r�o�m� �N�o�v�e�m�b�e�r� �7� �t�o� �N�o�v�e�m�b�e�r� �2�0�,� �o�n�l�y� �5�.�6� �o�r� �l�e�s�s� �d�a�y�s� 

�o�u�t� �o�f� �1�4� �a�r�e� �e�x�p�e�c�t�e�d� �t�o� �b�e� �f�e�a�s�i�b�l�e� �f�o�r� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s� �w�i�t�h� �8�3�%� �c�o�n�f�i�d�e�n�c�e�.� 

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

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

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

�1�)� �8�5�.�7�%� �o�f� �t�i�m�e� �(�m�e�a�n�s� �n�u�m�b�e�r� �o�f� �f�a�v�o�r�a�b�l�e� �d�a�y�s� �a�v�a�i�l�a�b�l�e� �6� �o�u�t� �o�f� �7� �y�e�a�r�s�)� 

�2�)� �7�1�.�4�%� �o�f� �t�i�m�e� �(�m�e�a�n�s� �n�u�m�b�e�r� �o�f� �f�a�v�o�r�a�b�l�e� �d�a�y�s� �a�v�a�i�l�a�b�l�e� �5� �o�u�t� �o�f� �7� �y�e�a�r�s� �)� 

�3�)� �5�7�.�1�%� �o�f� �t�i�m�e� �(�m�e�a�n�s� �n�u�m�b�e�r� �o�f� �f�a�v�o�r�a�b�l�e� �d�a�y�s� �a�v�a�i�l�a�b�l�e� �4� �o�u�t� �o�f� �7� �y�e�a�r�s� �)� 

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �3�7� 

� 



�4�)� �5�0�%� �o�f� �t�i�m�e� �(� �7�-�y�e�a�r� �a�v�e�r�a�g�e� �)� 

�5�)� �4�2�.�9�%� �o�f� �t�i�m�e� �(�m�e�a�n�s� �n�u�m�b�e�r� �o�f� �f�a�v�o�r�a�b�l�e� �d�a�y�s� �a�v�a�i�l�a�b�l�e� �3� �o�u�t� �o�f� �7� �y�e�a�r�s� �)� 

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

�A�g�r�i�c�u�l�t�u�r�a�l� �S�t�a�t�i�s�t�i�c�s� �(� �1�9�8�6� �)� �a�n�d� �(� �1�9�9�2� �)� �(�A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�7�)�.� �F�r�o�m� �t�h�e�s�e� �d�a�t�a�,� 

�f�i�v�e� �d�a�t�a� �g�r�o�u�p�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �r�i�s�k� �l�e�v�e�l�s� �w�e�r�e� �d�e�r�i�v�e�d� �(� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�8�)�,� �a�n�d� �t�h�e�i�r� 

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

�T�h�e� �f�i�l�e�  � ��p�r�o�b�5�0�.�j�t�k �� �1�s� �l�i�s�t�e�d� �i�n� �t�h�e� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�9�.� 

�M�o�d�i�f�i�e�d�  ��w�p�n�a�m�e�s�.�j�t�k �� �f�i�l�e� �i�s� �l�i�s�t�e�d� �b�e�l�o�w� �(� �T�a�b�l�e� �5�.�2�)�.� 

�T�a�b�l�e� �5�.�2� �L�i�s�t�i�n�g� �o�f� �t�h�e� �M�o�d�i�f�i�e�d� �W�P�N�A�M�E�S�.�J�T�K� �F�i�l�e� 

� � 

� � 

�#� �W�P�N�A�M�E�S� 
�p�r�o�b�8�5�.�j�t�k� 
�6� �o�u�t� �o�f� �7� �y�e�a�r�s� 
�p�r�o�b�7�1�.�j�t�k� 
�5� �o�u�t� �o�f� �7� �y�e�a�r�s� 
�p�r�o�b�5�7�.�j�t�k� 
�4� �o�u�t� �o�f� �7� �y�e�a�r�s� 
�p�r�o�b�5�0�.�j�t�k� 
�7� �y�e�a�r�s� �a�v�e�r�a�g�e� 
�p�r�o�b�4�2�.�j�t�k� 
�3� �o�u�t� �o�f� �7� �y�e�a�r�s� 
� � 

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

�t�h�e� �f�i�l�e�s�  ��w�p�n�a�m�e�s�.�j�t�k �� �a�n�d�  ��p�r�o�b�1�.�j�t�k� �-� �p�r�o�b�5�.�j�t�k ��,� �t�h�e� �m�a�i�n� �m�o�d�u�l�e� �o�f� �t�h�e� �s�o�u�r�c�e� �c�o�d�e� 

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

�/�*� �L�i�n�e� �1�6�7� �-� �1�9�3� �*�/� 

�c�h�a�r� �*�S�L�M�E�N�U�1�[�6�]�,� �*�s�t�r�;� 
�c�h�a�r� �f�i�l�e�[�3�0�]�;� 

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �5�8� 

� 



�S�t�a�t�i�c� �i�n�t� �h�_�p�o�s�,� �v�_�p�o�s�=�0�;� 
�f�o�r� �(�i�=�0�;� �i�<�5�;� �i�+�+�)� 

�{� 
�i�f� �(� �(�s�t�r� �=� �a�l�l�o�c�a�(�4�0�)�)� �=�=� �N�U�L�L� �)� 

�{� 
�b�e�e�p�(�1�)�;� 
�r�e�t�u�r�n� �(�0�)�;� 

�}� 
�r�m�v�d�o�t�(�f�i�l�e�,� �w�p�f�i�l�e�s�[�i�]�.�d�e�s�,� �3�0�)�;� 
�s�t�r�c�p�y�(�s�t�r�,� �f�i�l�e�)�;� 
�S�L�M�E�N�U� �1�[�i�]� �=� �s�t�r�;� 

�}� 
�i�f� �(�(�S�L�M�E�N�U�1�[�5�]� �=� �a�l�l�o�c�a�(�4�0�)�)� �=�=� �N�U�L�L� �)� 

�{� 
�b�e�e�p�(�1�)�;� 
�r�e�t�u�r�n� �(�0�)�;� 

�}� 
�s�t�r�e�p�y�(�S�L�M�E�N�U�1�[�5�]�,� �"�R�e�t�u�r�n�"�)�;� 
�o�u�t�_�m�s�g�(�1�1�,�4�,�"�S�e�l�e�c�t� �W�o�r�k�d�a�y� �P�r�o�b�a�b�i�l�i�t�y� �F�i�l�e�"�)�;� 
�w�h�i�l�e� �(� �!�d�o�n�e� �)� 

�{� 
�i�f� �(�m�o�u�s�e�_�i�n�s�t�a�l�l�e�d�)� 

�s�e�l�e�c�t� �=� �m�_�v�_�m�e�n�u�(�v�_�p�o�s�,�3�,�5�,�S�L�M�E�N�U� �1�,�6�)�;� 
�e�l�s�e� 

�s�e�l�e�c�t� �=� �v�_�m�e�n�u�(�1�,�v�_�p�o�s�,�3�,�5�,�S�L�M�E�N�U� �1�,�6�)�;� 

�5�.�2� �M�a�c�h�i�n�e�r�y� �R�e�l�a�t�e�d� �D�a�t�a� �F�i�l�e�s� 

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

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

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

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

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

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �5�9



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

�d�e�t�a�i�l� �l�a�t�e�r�.� 

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

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

�s�o�r�g�h�u�m� �i�n� �I�l�l�i�n�o�i�s� �(� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�1�0�)�.� 

�T�h�e� �f�i�l�e�  ��c�f�a�c�t�o�r�s�.�j�t�k �� �i�s� �u�s�e�d� �t�o� �p�r�o�v�i�d�e� �t�h�e� �c�o�n�s�t�a�n�t� �f�a�c�t�o�r�s� �(�R�V�1�,� �R�V�2�,� �R�C�1�,� 

�R�C�2�)� �f�o�r� �c�a�l�c�u�l�a�t�i�n�g� �m�a�c�h�i�n�e�r�y� �f�i�x�e�d� �a�n�d� �v�a�r�i�a�b�l�e� �c�o�s�t�s� �f�o�r� �t�r�a�c�t�o�r�s�,� �c�o�m�b�i�n�e�s�,� �a�n�d� 

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

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

�t�o� �t�h�o�s�e� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s� �d�e�f�i�n�e�d� �i�n� �t�h�e� �f�i�l�e�  ��l�i�s�t�o�p�e�r�.�j�t�k �� �a�r�e� �a�l�s�o� �d�e�f�i�n�e�d�.� �T�h�i�s� �f�i�l�e� �a�l�s�o� 

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

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

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

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

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

�5�.�3� �O�p�e�r�a�t�i�o�n� �L�i�s�t� �F�i�l�e�  � �� �L�I�S�T�O�P�E�R�.�J�T�K� 

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

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

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

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �6�0
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�F�i�g�.� �5�.�1� �R�e�l�a�t�i�o�n�s�h�i�p� �A�m�o�n�g� �t�h�e� �M�a�c�h�i�n�e�r�y� �R�e�l�a�t�e�d� �J�T�K� �F�i�l�e�s� 

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �6�1



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

�A�1�0�.� �C�o�l�u�m�n�s� �i�n� �t�h�e� �t�a�b�l�e� �a�r�e� �e�x�p�l�a�i�n�e�d� �b�e�l�o�w�:� 

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

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

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

�w�h�e�n� �t�h�e� �p�r�o�g�r�a�m� �a�s�k�s� �t�h�e� �u�s�e�r� �t�o� �s�p�e�c�i�f�y� �a� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�,� �a�n�d� �t�h�e� �n�u�m�b�e�r� �8� �i�s� �e�n�t�e�r�e�d�,� 

�t�h�e� �p�r�o�g�r�a�m� �k�n�o�w�s� �t�h�a�t� �t�h�e� �u�s�e�r� �i�s� �r�e�f�e�r�r�i�n�g� �t�o� �t�h�e� �o�p�e�r�a�t�i�o�n� �D�I�S�K� �H�A�R�R�O�W�.� 

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

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

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

�c�o�m�b�i�n�e� �a�n�d� �a�n� �a�t�t�a�c�h�m�e�n�t�.� 

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

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

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

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

�p�r�o�g�r�a�m�.� 

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

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

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

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

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

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

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

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

�O�p�e�r�a�t�i�o�n�s� �f�r�o�m� �1� �t�o� �5� �a�r�e� �r�e�s�e�r�v�e�d� �f�o�r� �h�a�r�v�e�s�t�i�n�g� �o�p�e�r�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �f�i�v�e� �c�r�o�p�s�,� �a�n�d� 

�o�p�e�r�a�t�i�o�n�s� �f�r�o�m� �2�1� �t�o� �2�6� �a�r�e� �r�e�s�e�r�v�e�d� �f�o�r� �p�l�a�n�t�i�n�g� �o�p�e�r�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �f�i�v�e� �c�r�o�p�s�.� 

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

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

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

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

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

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

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

�a�d�d�e�d� �t�o� �t�h�i�s� �f�i�l�e� �a�r�e� �l�i�s�t�e�d� �b�e�l�o�w�:� 

�C�o�m�b�i�n�e� �S�o�y�b�e�a�n�s�/�F�S� �(�F�S� �m�e�a�n�s� �F�u�l�l� �S�e�a�s�o�n�)� 

�C�o�m�b�i�n�e� �S�o�y�b�e�a�n�s�/�D�C� �(� �D�C� �m�e�a�n�s� �D�o�u�b�l�e� �C�r�o�p�p�i�n�g�)� 

�R�o�t�a�r�y� �M�o�w�e�r� �S�t�a�l�k�s� 

�S�p�r�e�a�d� �S�e�e�d� 

�P�l�a�n�t� �S�o�y�b�e�a�n�s�/�F�C� 

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

�t�h�e� �f�i�l�e�.� �I�n� �t�h�i�s� �c�a�s�e�,� �C�o�m�b�i�n�e� �S�o�y�b�e�a�n�s�/�F�S� �r�e�p�l�a�c�e�s� �C�o�m�b�i�n�e� �S�o�y�b�e�a�n�s�,� �C�o�m�b�i�n�e� 

�S�o�y�b�e�a�n�s�/�D�C� �r�e�p�l�a�c�e�s� �C�o�m�b�i�n�e� �O�a�t�s� �b�e�c�a�u�s�e� �o�a�t�s� �w�e�r�e� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �b�y� �t�h�e� 

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

�P�a�r�a�p�l�o�w�,� �P�l�a�n�t� �S�o�y�b�e�a�n�s�/�F�S� �r�e�p�l�a�c�e�s� �P�l�a�n�t� �S�o�y�b�e�a�n�s�,� �a�n�d� �P�l�a�n�t� �S�o�y�b�e�a�n�s�/�D�C� �r�e�p�l�a�c�e�s� 

�P�l�a�n�t� �O�a�t�s�.� �T�h�e� �m�o�d�i�f�i�e�d� �l�i�s�t�o�p�e�r�.�j�t�k� �i�s� �l�i�s�t�e�d� �i�n� �t�h�e� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�1�1�.� �M�o�d�i�f�i�c�a�t�i�o�n�s� 

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

�5�.�4� �M�a�c�h�i�n�e�r�y� �C�o�s�t� �F�a�c�t�o�r� �F�i�l�e� �-� �C�F�A�C�T�O�R�S�.�J�T�K� 

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

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

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

�A�1�2�.� �C�o�l�u�m�n�s� �i�n� �t�h�e� �t�a�b�l�e� �a�r�e� �e�x�p�l�a�i�n�e�d� �b�e�l�o�w�:� 

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

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

�2�)� �T�h�e� �s�e�c�o�n�d� �c�o�l�u�m�n� �l�i�s�t�s� �c�o�s�t� �f�a�c�t�o�r�s� �c�a�l�l�e�d� �R�V�1� �f�o�r� �e�a�c�h� �m�a�c�h�i�n�e�.� �I�t� �i�s� �o�n�e� �o�f� 

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

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

�c�a�l�l�e�d� �R�V�2�.� �R�V�1� �a�n�d� �R�V�2� �a�r�e� �t�h�e� �t�w�o� �f�a�c�t�o�r�s� �n�e�e�d�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �m�a�c�h�i�n�e�r�y� �f�i�x�e�d� �c�o�s�t�s�.� 

�4�)� �T�h�e� �f�o�u�r�t�h� �c�o�l�u�m�n� �l�i�s�t�s� �a� �c�o�s�t� �f�a�c�t�o�r� �c�a�l�l�e�d� �R�C�1� �f�o�r� �e�a�c�h� �m�a�c�h�i�n�e�.� �I�t� �i�s� �o�n�e� �o�f� 

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

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �6�4



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

�i�s� �c�a�l�l�e�d� �R�C�2�.� 

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

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

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

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

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

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

�T�a�b�l�e� �5�.�3�:� 

�T�a�b�l�e� �5�.�3� �R�e�l�a�t�i�o�n�a�l� �T�a�b�l�e� �B�e�t�w�e�e�n� �C�F�A�C�T�O�R�S�.�J�T�K� �a�n�d� �L�I�S�T�O�P�E�R�.�J�T�K� 
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�L�i�n�e� �#� �L�i�n�e� �#� �L�i�n�e� �#� �L�i�n�e� �#� 
�o�f� �i�m�p�l�e�m�e�n�t� �o�f� �o�p�e�r�a�t�i�o�n� �o�f� �i�m�p�l�e�m�e�n�t� �o�f� �o�p�e�r�a�t�i�o�n� 
�i�n� �c�f�a�c�t�o�r�s�.�j�t�k� �i�n� �l�i�s�t�o�p�e�r�.�j�t�k� �i�n� �c�f�a�c�t�o�r�s�.�j�t�k� �i�n� �l�i�s�t�o�p�e�r�.�j�t�k� 

�1� �&� �T�r�a�c�t�o�r� �1�3� �=� �2�3�,�2�5�,�2�6� 

�2� �=� �6� �1�4� �=� �1�0� 

�3� �=� �7� �1�5� �S� �1�1� 

�4� �=� �8�,�1�4� �1�6� �o�S� �1�2� 

�5� �=� �9� �1�7� �=� �2�0� 

�6� �S� �1�3� �1�8� �S� �2�7� 

�7� �S� �2�1�,�2�2�,�2�4� �1�9� �2� �2�8� 

�8� �=� �1�8� �2�0� �=� �2�9� 

�9� �=� �1�9� �2�1� �&� �3�0� 

�1�0� �=� �1�6� �2�2� �=�>� �C�o�m�b�i�n�e� 

�1�1� �=� �1�6� �2�3� �=� �1� 

�1�2� �=� �1�7� �2�4� �S� �2�,�3�,�4�,�5� � � � � 
� � 
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�W�h�e�n� �c�a�l�c�u�l�a�t�i�n�g� �c�o�s�t�s� �f�o�r� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n� �P�L�A�N�T� �C�O�R�N�,� �f�o�r� �e�x�a�m�p�l�e�,� �t�h�e� 

�p�r�o�g�r�a�m� �n�e�e�d�s� �c�o�s�t� �f�a�c�t�o�r�s� �R�V�1�,� �R�V�2�,� �R�C�1�,� �a�n�d� �R�C�2� �f�o�r� �c�o�r�n� �h�e�a�d� �t�o� �c�o�m�p�u�t�e� 

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

�f�i�l�e�  ��l�i�s�t�o�p�e�r�.�j�t�k �� �t�o� �f�i�n�d� �t�h�e� �l�i�n�e� �n�u�m�b�e�r� �o�f� �t�h�e� �o�p�e�r�a�t�i�o�n� �P�L�A�N�T� �C�O�R�N� �t�h�a�t� �i�s� �2�1�.� �T�h�e� 

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

�f�a�c�t�o�r�s� �f�o�r� �t�h�e� �i�m�p�l�e�m�e�n�t� �f�o�r� �p�e�r�f�o�r�m�i�n�g� �P�L�A�N�T� �C�O�R�N� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� 

�l�i�s�t�e�d� �i�n� �T�a�b�l�e� �5�.�3�.� 

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

�S�t�a�n�d�a�r�d� �(� �1�9�8�7� �)�.� �T�h�i�s� �f�i�l�e� �h�a�s� �i�n�t�e�r� �c�o�n�n�e�c�t�i�o�n�s� �w�i�t�h� �t�h�e� �f�i�l�e� �l�i�s�t�o�p�e�r�.�j�t�k�.� �I�f� �l�i�s�t�o�p�e�r�.�j�t�k� �i�s� 

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

�l�i�s�t�o�p�e�r�.�j�t�k� �a�n�d� �c�f�a�c�t�o�r�s�.�j�t�k� �m�u�s�t� �f�o�l�l�o�w� �T�a�b�l�e� �5�.�3�.� �A�s� �w�a�s� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� 

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

�l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�4�.� �A�s� �a�n� �e�x�a�m�p�l�e�,� �S�U�B�S�O�I�L�E�R� �w�a�s� �r�e�p�l�a�c�e�d� �b�y� �R�O�T�A�R�Y� 

�M�O�W�E�R� �S�T�A�L�K�S�.� �T�h�i�s� �o�p�e�r�a�t�i�o�n� �i�s� �t�h�e� �1�0�t�h� �l�i�n�e� �i�n� �t�h�e� �f�i�l�e� �l�i�s�t�o�p�e�r�.�j�t�k�.� �C�o�s�t� �f�a�c�t�o�r�s� �f�o�r� 

�r�o�t�a�r�y� �m�o�w�e�r� �s�t�a�l�k�s� �a�r�e� �R�V�1�=� �0�.�5�6�,� �R�V�2�=�0�.�9�0�,� �R�C�1�=�0�.�3�2�,� �R�C�2�=�2�.�1�0�,� �l�i�f�e�=�1�5�0�0� �h�o�u�r�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �T�a�b�l�e� �5�.�3�,� �t�h�e� �1�4�t�h� �l�i�n�e� �i�n� �t�h�e� �f�i�l�e� �c�f�a�c�t�o�r�s�.�j�t�k� �s�h�o�u�l�d� �b�e� �c�h�a�n�g�e�d� �w�i�t�h� �t�h�e�s�e� 

�n�e�w� �f�a�c�t�o�r�s�.� 

�5�.�5� �C�o�m�b�i�n�e� �F�i�l�e� �-� �H�A�R�V�P�R�O�D�.�J�T�K� 

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

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

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

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

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

�p�r�o�g�r�a�m� �a�r�e� �1�4�0�,� �1�8�0�,� �2�1�5�,� �a�n�d� �2�6�0� �h�o�r�s�e�p�o�w�e�r�.� �T�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�i�s� �f�i�l�e� �a�r�e� �l�i�s�t�e�d� �i�n� 

�A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�1�3�.� 

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

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

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

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

�c�o�m�b�i�n�e�/�a�t�t�a�c�h�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �a� �c�o�m�b�i�n�e� �w�i�t�h� �2�6�0� �h�o�r�s�e�p�o�w�e�r� �h�a�s� 

�s�u�f�f�i�c�i�e�n�t� �p�o�w�e�r� �f�o�r� �a� �1�2� �r�o�w� �c�o�r�n� �h�e�a�d�,� �o�r� �a� �2�4� �f�t� �g�r�a�i�n� �p�l�a�t�f�o�r�m�.� �T�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f� 

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

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

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

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

�i�m�p�l�e�m�e�n�t�s� �t�o� �t�r�a�c�t�o�r�s� �a�n�d� �a�t�t�a�c�h�m�e�n�t�s� �t�o� �c�o�m�b�i�n�e�s�.� �T�a�b�l�e� �5�.�4� �l�i�s�t�s� �a� �p�o�r�t�i�o�n� �o�f� �t�h�e� �f�i�l�e� 

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

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

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

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

�T�a�b�l�e� �5�.�4� �P�o�r�t�i�o�n� �o�f� �t�h�e� �F�i�l�e� �L�I�S�T�O�P�E�R�.�J�T�K� 

� � 

� � 

�C�O�M�B�I�N�E� �C�O�R�N� 
�C�O�M�B�I�N�E� �S�O�Y�B�E�A�N�S� 
�C�O�M�B�I�N�E� �W�H�E�A�T� 
�C�O�M�B�I�N�E� �O�A�T� 
�C�O�M�B�I�N�E� �S�O�R�G�H�U�M� �i

�n
�h

� 
�W

�N
� �R�e� 

�
N

�
N

�
N

�
 

�W�
N� 

�b�d
� 

�N
�w

� �
N

�
N

�
R

�
 

�
P

�
w

�
W

�
N

�
r
�
 

�W�
w� 

� � � � 

�F�o�r� �e�x�a�m�p�l�e�,� �c�o�n�s�i�d�e�r� �t�h�e� �o�p�e�r�a�t�i�o�n� �n�u�m�b�e�r� �1�,� �C�O�M�B�I�N�E� �C�O�R�N�.� �M�a�c�h�i�n�e�r�y� 

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

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

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

�c�o�m�b�i�n�e� �s�i�z�e�s� �i�n� �t�h�e� �f�i�l�e� �h�a�r�v�p�r�o�d�.�j�t�k� �(� �F�i�g�.� �5�.�1�)� �l�i�s�t�s� �t�h�e� �a�t�t�a�c�h�m�e�n�t�s� �(� �4�-�r�o�w� �c�o�r�n� �h�e�a�d�,� 

�6�-�r�o�w� �c�o�r�n� �h�e�a�d� �e�t�c�.� �)� �t�h�a�t� �c�a�n� �b�e� �u�s�e�d� �t�o� �p�e�r�f�o�r�m� �t�h�i�s� �o�p�e�r�a�t�i�o�n� �,� �t�h�e�i�r� �s�i�z�e�s�,� �a�n�d� 

�p�r�o�d�u�c�t�i�v�i�t�y� �v�a�l�u�e�s�.� �F�o�r� �t�h�e� �o�p�e�r�a�t�i�o�n� �C�O�M�B�I�N�E� �C�O�R�N�,� �c�o�r�n� �h�e�a�d�s� �a�r�e� �t�h�e� �a�t�t�a�c�h�m�e�n�t�s� 

�f�o�r� �h�a�r�v�e�s�t�i�n�g� �c�o�r�n�.� �T�h�e� �4�-�r�o�w� �c�o�r�n� �h�e�a�d� �i�s� �m�a�t�c�h�e�d� �t�o� �a� �1�4�0� �h�o�r�s�e�p�o�w�e�r� �c�o�m�b�i�n�e�.� �T�h�e� 

�p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �t�h�i�s� �c�o�m�b�i�n�a�t�i�o�n� �i�s� �2�.�7�4� �a�c�r�e�s� �p�e�r� �h�o�u�r�.� �T�h�e� �1�8�0� �h�o�r�s�e�p�o�w�e�r� �c�o�m�b�i�n�e� �i�s� 

�m�a�t�c�h�e�d� �w�i�t�h� �a� �6�-�r�o�w� �c�o�r�n� �h�e�a�d�,� �a�n�d� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �o�f� �t�h�i�s� �c�o�m�b�i�n�a�t�i�o�n� �i�s� �4�.�1�4� �a�c�r�e�s� �p�e�r� 

�h�o�u�r� �(�A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�1�3�)�.� 

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

�v�a�l�u�e�s� �f�o�r� �s�o�m�e� �o�r� �a�l�l� �o�f� �t�h�e� �c�o�m�b�i�n�e�/�a�t�t�a�c�h�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�s� �m�a�y� �r�e�q�u�i�r�e� �m�o�d�i�f�i�c�a�t�i�o�n�.� 
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�F�o�r� �e�x�a�m�p�l�e� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �v�a�l�u�e� �o�f� �a� �4�-�r�o�w� �c�o�r�n� �h�e�a�d� �m�o�u�n�t�e�d� �o�n� �a� �1�4�0� �h�o�r�s�e�p�o�w�e�r� 

�c�o�m�b�i�n�e� �i�s� �2�.�7�4� �a�c�r�e� �p�e�r� �h�o�u�r� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� �h�a�r�v�p�r�o�d�.�j�t�k� �f�i�l�e�.� �B�u�t� �i�n� �a� �s�p�e�c�i�f�i�c� �f�a�r�m�,� �t�h�e� 

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

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

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

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

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

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

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

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

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

�F�o�r� �t�h�e� �h�y�p�o�t�h�e�t�i�c�a�l� �f�a�r�m� �t�o� �b�e� �d�e�t�a�i�l�e�d� �i�n� �c�h�a�p�t�e�r� �6�,� �a� �c�o�r�n� �h�e�a�d� �i�s� �u�s�e�d� �t�o� �h�a�r�v�e�s�t� 

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

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

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

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

�s�i�z�e�s� �t�o� �c�o�m�b�i�n�e� �p�o�w�e�r� �w�a�s� �g�i�v�e�n� �i�n� �t�h�e� �A�S�A�E� �S�t�a�n�d�a�r�d� �(� �1�9�9�2�)�.� �A�n� �a�s�s�u�m�p�t�i�o�n� �i�s� �m�a�d�e� 

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

�m�o�u�n�t�e�d� �o�n� �a� �1�4�0� �h�o�r�s�e�p�o�w�e�r� �c�o�m�b�i�n�e� �w�a�s� �g�i�v�e�n� �t�o� �b�e� �2�.�7�6� �a�c�r�e�s� �p�e�r� �h�o�u�r� �b�y� �t�h�e� 

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

�V�i�r�g�i�n�i�a� �f�a�r�m� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �o�n�l�y� �1�.�0� �a�c�r�e� �p�e�r� �h�o�u�r� �b�y� �a� �V�i�r�g�i�n�i�a� �f�a�r�m� �m�a�n�a�g�e�m�e�n�t� 
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�a�g�e�n�t� �(� �S�t�u�r�t�,� �1�9�9�4�)�.� �D�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e�m� �a�r�e� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�t� �s�o�i�l� �t�y�p�e�,� �w�e�a�t�h�e�r� 

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

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

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

�T�h�e� �m�o�d�i�f�i�e�d� �h�a�r�v�p�r�o�d�.�j�t�k� �i�s� �l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�2�.� 

�T�a�b�l�e� �5�.�5� �P�r�o�d�u�c�t�i�v�i�t�y� �V�a�l�u�e�s� �o�f� �C�o�r�n� �H�e�a�d� 

� � 

� � 

�C�o�m�b�i�n�e� �P�o�w�e�r� �C�o�r�n� �H�e�a�d� �S�i�z�e�s� �_ �� �P�r�o�d�u�c�t�i�v�i�t�y�,� �I�l�l�i�n�o�i�s� �P�r�o�d�u�c�t�i�v�i�t�y� 
�V�i�r�g�i�n�i�a� 

�1�4�0� �4�-�R�o�w� �C�o�r�n� �H�e�a�d� �2�.�7�6� �2�.�7�6�/�2�.�7�6�=�1�.�0�0� 
�1�8�0� �6�-�R�o�w� �C�o�r�n� �H�e�a�d� �4�.�1�4� �4�.�1�4�/�2�.�7�6�=�1�.�5�0� 
�2�1�5� �8�-�R�o�w� �C�o�r�n� �H�e�a�d� �5�.�5�1� �5�.�5�1�/�2�.�7�6�=�1�.�9�9� 
�2�6�0� �1�2�-�R�o�w� �C�o�r�n� �H�e�a�d� �8�.�2�7� �8�.�2�7�/�2�.�7�6�=�2�.�9�9� 
� � 

�5�.�6� �T�r�a�c�t�o�r� �a�n�d� �I�m�p�l�e�m�e�n�t� �F�i�l�e� �-� �M�A�C�H�P�R�O�D�.�J�T�K� 

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

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

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

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

�T�h�e� �t�r�a�c�t�o�r� �s�i�z�e�s� �v�a�r�y� �i�n� �i�n�c�r�e�m�e�n�t�s� �o�f� �2�0� �h�o�r�s�e�p�o�w�e�r�,� �f�r�o�m� �6�0� �t�o� �2�4�0� �h�o�r�s�e�p�o�w�e�r�.� �A� �s�e�t� 

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

�A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�l�.� 

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

�s�u�f�f�i�c�i�e�n�t� �t�o� �p�u�l�l� �t�h�e�s�e� �i�m�p�l�e�m�e�n�t�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �6�0� �h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �h�a�s� �s�u�f�f�i�c�i�e�n�t� 

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �7�0� 

� 



�p�o�w�e�r� �t�o� �p�u�l�l� �a� �2�*�1�6� �m�o�l�d�b�o�a�r�d� �p�l�o�w�,� �6� �f�t� �c�h�i�s�e�l� �p�l�o�w�,� �a�n�d� �a� �1�0�0� �h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �c�a�n� 

�p�u�l�l� �a� �4�*�1�8� �f�t� �m�o�l�d�b�o�a�r�d� �p�l�o�w�,� �8� �f�t� �c�h�i�s�e�l� �p�l�o�w� �e�t�c�.� 

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

�t�r�a�c�t�o�r�/�i�m�p�l�e�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �f�o�r� �a� �2�*�1�6� �m�o�l�d�b�o�a�r�d� �p�l�o�w� 

�p�u�l�l�e�d� �b�y� �a� �6�0� �h�p� �t�r�a�c�t�o�r� �i�s� �1�.�4�7� �a�c�r�e�s� �p�e�r� �h�o�u�r�,� �a� �4�*�1�8� �f�t� �m�o�l�d�b�o�a�r�d� �p�l�o�w� �p�u�l�l�e�d� �b�y� �a� �1�0�0� 

�h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �i�s� �2�.�4�7� �a�c�r�e�s� �p�e�r� �h�o�u�r�.� �I�f� �a� �t�r�a�c�t�o�r� �d�o�e�s� �n�o�t� �h�a�v�e� �s�u�f�f�i�c�i�e�n�t� �p�o�w�e�r� �t�o� 

�p�u�l�l� �a�n� �i�m�p�l�e�m�e�n�t�,� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �v�a�l�u�e� �i�s� �s�e�t� �t�o� �b�e� �0�.�0�0�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�o�r� �t�h�e� �6�0� 

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

�s�e�t� �t�o� �0�.�0�,� �w�h�i�c�h� �m�e�a�n�s� �t�h�e� �p�r�o�g�r�a�m� �w�i�l�l� �n�o�t� �a�l�l�o�w� �t�h�e� �6�0� �h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �t�o� �b�e� �u�s�e�d� 

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

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

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

�p�r�i�c�e� �o�f� �$�0�.�0�0� �i�s� �u�s�e�d� �f�o�r� �a� �m�a�c�h�i�n�e� �a�s�s�u�m�e�d� �n�o�t� �t�o� �b�e� �o�w�n�e�d� �b�u�t� �m�a�d�e� �a�v�a�i�l�a�b�l�e� �a�t� �n�o� 

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

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

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

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

�t�o� �m�a�t�c�h� �a� �t�r�a�c�t�o�r� �w�i�t�h� �a�p�p�r�o�p�r�i�a�t�e� �i�m�p�l�e�m�e�n�t� �s�i�z�e�s� �f�o�r� �e�a�c�h� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�.� �T�a�b�l�e� �5�.�6� 

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

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

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

�F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �o�p�e�r�a�t�i�o�n� �D�R�I�L�L� �W�H�E�A�T� �h�a�s� �a�n� �o�p�e�r�a�t�i�o�n� �n�u�m�b�e�r� �o�f� �2�3� 

�(�c�o�l�u�m�n� �1�)� �a�n�d� �m�a�c�h�i�n�e�r�y� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �t�h�i�s� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n� �i�s� �s�t�o�r�e�d� �i�n� 

�M�A�C�H�P�R�O�D�.�J�T�K�,� �b�e�c�a�u�s�e� �t�h�e� �n�u�m�b�e�r� �i�n� �t�h�e� �t�h�i�r�d� �c�o�l�u�m�n� �f�o�r� �t�h�i�s� �o�p�e�r�a�t�i�o�n� �i�s� �o�n�e�.� �T�h�e� 

�n�u�m�b�e�r� �i�n� �t�h�e� �f�o�u�r�t�h� �c�o�l�u�m�n� �i�s� �1�2�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �1�2�t�h� �l�i�n�e� �u�n�d�e�r� �e�a�c�h� �t�r�a�c�t�o�r� �s�i�z�e� �i�n� 

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

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

�T�a�b�l�e� �5�.�6� �P�o�r�t�i�o�n� �o�f� �t�h�e� �F�i�l�e� �L�I�S�T�O�P�E�R�.�J�T�K� 
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� � � � 

�S�P�R�A�Y� �P�E�S�T�I�C�I�D�E� �1�7� �1� �1�1� �1� 
�R�O�W� �C�U�L�T�I�V�A�T�E� �1�8� �1� �7� �5� 
�R�O�T�A�R�Y� �H�O�E� �1�9� �]� �8� �1� 
�C�O�M�B�I�N�A�T�I�O�N� �T�O�O�L� �2�0� �1� �1�6� �4� 
�P�L�A�N�T� �C�O�R�N� �2�1� �I� �6� �2� 
�P�L�A�N�T� �S�O�Y�B�E�A�N�S� �2�2� �1� �6� �3� 
�D�R�I�L�L� �W�H�E�A�T� �2�3� �|� �1�2� �4� 
�D�R�I�L�L� �O�A�T� �2�4� �1� �1�2� �1� 
� � 

�F�o�r� �a� �6�0� �h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �t�h�a�t� �c�a�n� �p�u�l�l� �a� �1�0� �f�t� �d�r�i�l�l� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�h�e� �f�i�e�l�d� 

�o�p�e�r�a�t�i�o�n� �D�R�I�L�L� �W�H�E�A�T�,� �i�t�s� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �v�a�l�u�e� �i�s� �3�.�1�5� �a�c�r�e�s� �p�e�r� �h�o�u�r�.� �A� �1�4�0� 

�h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �c�a�n� �p�u�l�l� �a� �1�5� �f�t� �d�r�i�l�l� �t�o� �a�c�c�o�m�p�l�i�s�h� �t�h�e� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n� �D�R�I�L�L� 

�W�H�E�A�T�,� �a�n�d� �i�t�s� �p�r�o�d�u�c�t�i�v�i�t�y� �v�a�l�u�e� �i�s� �6�.�5� �a�c�r�e�s� �p�e�r� �h�o�u�r�,� �a�n�d� �s�o� �f�o�r�t�h�.� 

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

�o�f� �t�h�e� �t�r�a�c�t�o�r�/�i�m�p�l�e�m�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �p�r�o�d�u�c�t�i�v�i�t�y� �v�a�l�u�e� �o�f� �a� �6� �F�T� 
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�c�h�i�s�e�l� �p�l�o�w� �p�u�l�l�e�d� �b�y� �a� �6�0� �h�o�r�s�e�p�o�w�e�r� �t�r�a�c�t�o�r� �i�s� �2�.�4�0� �a�c�r�e�s� �p�e�r� �h�o�u�r� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� 

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

�h�i�g�h�e�r� �o�r� �l�o�w�e�r� �t�h�a�n� �2�.�4�0� �a�c�r�e�s� �p�e�r� �h�o�u�r�.� 

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

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

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

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

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

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

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

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

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

�F�o�r� �t�h�e� �h�y�p�o�t�h�e�t�i�c�a�l� �f�a�r�m� �t�o� �b�e� �d�e�t�a�i�l�e�d� �i�n� �c�h�a�p�t�e�r� �6�,� �a�v�a�i�l�a�b�l�e� �t�r�a�c�t�o�r� �s�i�z�e�s� �w�e�r�e� 

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

�1�9�9�4�)� �a�n�d� �t�w�o� �n�e�w� �i�m�p�l�e�m�e�n�t�s� �w�e�r�e� �a�d�d�e�d� �t�h�a�t� �w�e�r�e� �n�o�t� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� 

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

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

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

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

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

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

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �7�3



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

�n�u�m�b�e�r�s�,� �p�o�w�e�r� �u�n�i�t�s�,� �a�n�d� �m�a�t�c�h�i�n�g� �i�n�d�i�c�a�t�o�r�s� �(�c�o�l�u�m�n� �4� �o�f� �t�h�e� �f�i�l�e� �l�i�s�t�o�p�e�r�.�j�t�k�)� �w�e�r�e� 

�u�n�c�h�a�n�g�e�d�.� �T�h�e� �m�a�t�c�h�i�n�g� �i�n�d�i�c�a�t�o�r�s� �f�o�r� �r�o�t�a�r�y� �m�o�w�e�r� �s�t�a�l�k�s� �a�n�d� �s�p�r�e�a�d� �s�e�e�d� �a�r�e� �1�3� �a�n�d� 

�1�4� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�i�s� �m�e�a�n�s� �t�h�e� �1�3�t�h� �a�n�d� �1�4�t�h� �l�i�n�e�s� �u�n�d�e�r� �e�a�c�h� �t�r�a�c�t�o�r� �s�i�z�e� �i�n� �t�h�e� �f�i�l�e� 

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

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

�l�i�s�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�,� �T�a�b�l�e� �A�l�.� 

�M�o�d�i�f�y�i�n�g� �T�h�e� �P�r�o�g�r�a�m� �7�4



�C�h�a�p�t�e�r� �6� 

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �R�e�s�u�l�t�s� 

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

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

�i�n� �E�a�s�t�e�r�n� �V�i�r�g�i�n�i�a�.� 

�6�.�1� �T�h�e� �H�y�p�o�t�h�e�t�i�c�a�l� �F�a�r�m� 

�T�o� �i�l�l�u�s�t�r�a�t�e� �a�n�d� �e�v�a�l�u�a�t�e� �t�h�e� �u�s�e� �o�f� �t�h�e� �p�r�o�g�r�a�m�,� �a� �h�y�p�o�t�h�e�t�i�c�a�l� �f�a�r�m� �w�i�t�h� �4�0�0� 

�a�c�r�e�s� �o�f� �c�o�r�n�,� �3�0�0� �a�c�r�e�s� �o�f� �f�u�l�l� �s�e�a�s�o�n� �s�o�y�b�e�a�n�s�,� �a�n�d� �3�0�0� �a�c�r�e�s� �o�f� �s�o�y�b�e�a�n�s� �d�o�u�b�l�e� 

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

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

�a�n�d� �r�e�q�u�i�r�e�d� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d� �b�e�l�o�w� �i�n� �T�a�b�l�e� �6�.�1� �a�n�d� �r�e�q�u�i�r�e�d� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s� �a�r�e� 

�l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�2�.� 

�T�a�b�l�e� �6�.�1� �C�r�o�p�s� �G�r�o�w�n� �i�n� �t�h�e� �H�y�p�o�t�h�e�t�i�c�a�l� �F�a�r�m� 

� � 

� � 

�A�c�r�e�s� �L�a�n�d� �N�u�m�b�e�r� 

�C�o�r�n� �4�0�0� �0� 

�S�o�y�b�e�a�n�s�,� �F�u�l�l� �S�e�a�s�o�n� �3�0�0� �1� 

�S�o�y�b�e�a�n�s�,� �D�o�u�b�l�e� �C�r�o�p�p�i�n�g� �w�i�t�h� �W�h�e�a�t� �3�0�0� �2� 

�W�h�e�a�t�,� �D�o�u�b�l�e� �C�r�o�p�p�i�n�g� �w�i�t�h� �S�o�y�b�e�a�n�s� �3�0�0� �2� 
� � 

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �7�5� 

� 



�T�a�b�l�e� �6�.�2� �R�e�q�u�i�r�e�d� �F�i�e�l�d� �O�p�e�r�a�t�i�o�n�s� �f�o�r� �t�h�e� �H�y�p�o�t�h�e�t�i�c�a�l� �F�a�r�m� 

� � 

�C�r�o�p� �R�e�q�u�i�r�e�d� �F�i�e�l�d� �O�p�e�r�a�t�i�o�n�s� 

� � 

�W�h�e�a�t� 
�D�i�s�k� �h�a�r�r�o�w� 
�D�r�i�l�l� �w�h�e�a�t� 
�F�e�r�t�i�l�i�z�e�r� �a�p�p�l�i�c�a�t�i�o�n� 
�C�o�m�b�i�n�e� �w�h�e�a�t� 

� � 

�C�o�r�n� 

�S�p�r�e�a�d� �c�o�v�e�r�c�r�o�p� �s�e�e�d� 
�D�i�s�k� �s�e�e�d� �i�n� 
�P�l�a�n�t� �c�o�r�n� �-� �N�o� �T�i�l�l� 
�F�e�r�t�i�l�i�z�e�r� �a�p�p�l�i�c�a�t�i�o�n� 
�S�p�r�a�y� �p�e�s�t�i�c�i�d�e� 
�C�o�m�b�i�n�e� �c�o�r�n� 
�R�o�t�a�r�y� �m�o�w�e�r� �s�t�a�l�k�s� 
�D�i�s�k� �h�a�r�r�o�w� 

� � 

�S�o�y�b�e�a�n� �-� �F�u�l�l� �S�e�a�s�o�n� 

�D�i�s�k� �h�a�r�r�o�w� 
�F�e�r�t�i�l�i�z�e�r� �a�p�p�l�i�c�a�t�i�o�n� 
�C�h�i�s�e�l� �p�l�o�w� 
�I�n�c�o�r�p�.� �c�h�e�m�i�c�a�l� �w�i�t�h� �D�i�s�k� 
�P�l�a�n�t� �S�o�y�b�e�a�n�s� 
�S�p�r�a�y� �h�e�r�b�i�c�i�d�e� 
�S�p�r�a�y� �i�n�s�e�c�t�i�c�i�d�e� 
�C�o�m�b�i�n�e� �s�o�y�b�e�a�n�s� 

� � � � �S�o�y�b�e�a�n� �-� �D�o�u�b�l�e� �C�r�o�p�p�i�n�g� 
�w�i�t�h� �W�h�e�a�t� � � �P�l�a�n�t� �s�o�y�b�e�a�n�s� �-� �N�o� �T�i�l�l� 

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

� � 

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �7�6� 

� 



�6�.�2� �A�s�s�u�m�p�t�i�o�n�s� 

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

�T�a�b�l�e� �6�.�3�:� 

�T�a�b�l�e� �6�.�3� �O�p�t�i�m�u�m� �P�l�a�n�t�i�n�g� �a�n�d� �H�a�r�v�e�s�t�i�n�g� �D�a�t�e�s� �f�o�r� �E�a�c�h� �C�r�o�p� 

� � 

� � 

�P�l�a�n�t�i�n�g� �D�a�t�e�s� �H�a�r�v�e�s�t�i�n�g� �D�a�t�e�s� 

�C�o�r�n� �3�/�3�0� �-�-�-� �4�/�1�5� �9�/�0�1� �-�-� �9�/�2�0� 
�W�h�e�a�t� �1�0�/�2�5� �-�-� �1�1�/�0�5� �6�/�1�5� �-�-� �7�/�0�1� 
�S�o�y�b�e�a�n�s�,� �F�u�l�l� �S�e�a�s�o�n� �5�/�1�5�.� �-�-� �5�/�3�0� �1�0�/�2�5� �-�-� �1�1�/�1�5� 
�S�o�y�b�e�a�n�s�,� �D�o�u�b�l�e� �C�r�o�p� �6�/�1�5� �-�-� �7�/�0�1� �1�0�/�2�5� �-�-� �1�0�/�2�0� 
� � 

�O�t�h�e�r� �a�s�s�u�m�p�t�i�o�n�s� �a�r�e�:� 

�1�)� �T�h�e� �f�a�r�m� �m�a�n�a�g�e�r� �c�a�n� �p�u�r�c�h�a�s�e� �f�a�r�m� �m�a�c�h�i�n�e�s� �a�t� �9�0�%� �o�f� �t�h�e�i�r� �l�i�s�t� �p�r�i�c�e�s�.� 

�2�)� �T�h�e� �s�u�m� �o�f� �t�h�e� �h�o�u�s�i�n�g�,� �i�n�t�e�r�e�s�t�,� �a�n�d� �i�n�s�u�r�a�n�c�e� �i�s� �1�0�%� �o�f� �t�h�e� �r�e�m�a�i�n�i�n�g� �v�a�l�u�e� 

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

�3�)� �T�h�e� �f�u�e�l� �p�r�i�c�e� �i�s� �$�1�.�0�0�/�g�a�l�.� 

�4�)� �T�h�e� �y�i�e�l�d� �o�f� �c�o�r�n� �i�s� �1�2�0� �b�u�s�h�e�l�s� �p�e�r� �a�c�r�e�,� �a�n�d� �t�h�e� �p�r�i�c�e� �o�f� �c�o�r�n� �i�s� �2�.�6�0� �d�o�l�l�a�r�s� 

�p�e�r� �b�u�s�h�e�l�.� �T�h�e� �y�i�e�l�d� �o�f� �S�o�y�b�e�a�n�s� �i�s� �3�5� �b�u�s�h�e�l�s� �p�e�r� �a�c�r�e� �a�n�d� �i�t�s� �p�r�i�c�e� �i�s� �6�.�0�0� �d�o�l�l�a�r�s� �p�e�r� 

�b�u�s�h�e�l�.� �T�h�e� �y�i�e�l�d� �f�o�r� �w�h�e�a�t� �i�s� �6�0� �b�u�s�h�e�l�s� �p�e�r� �a�c�r�e� �a�n�d� �c�a�n� �b�e� �s�o�l�d� �f�o�r� �$�2�.�8�5� �p�e�r� �b�u�s�h�e�l�.� 

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

�d�a�t�e�,� �a� �1�%� �y�i�e�l�d� �r�e�d�u�c�t�i�o�n� �i�s� �a�s�s�u�m�e�d� �f�o�r� �c�o�r�n�,� �s�o�y�b�e�a�n�s�,� �a�n�d� �0�.�2�5�%� �y�i�e�l�d� �r�e�d�u�c�t�i�o�n� �i�s� 

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

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �7�7� 

� 



�h�a�r�v�e�s�t�i�n�g� �d�a�t�e�,� �a� �1�%� �y�i�e�l�d� �r�e�d�u�c�t�i�o�n� �i�s� �a�s�s�u�m�e�d� �f�o�r� �s�o�y�b�e�a�n�s�,� �w�h�e�a�t�,� �a�n�d� �0�.�5�%� �y�i�e�l�d� 

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

�6�.�3� �C�a�s�e� �S�t�u�d�y� 

�T�h�e� �p�r�o�g�r�a�m� �p�r�o�v�i�d�e�s� �t�h�r�e�e� �r�u�n� �o�p�t�i�o�n�s� �a�s� �d�i�s�c�u�s�s�e�d� �i�n� �c�h�a�p�t�e�r� �3�.� �B�a�s�e�d� �o�n� �t�h�e� 

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

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

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

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

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

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

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

�c�o�m�p�a�r�e�d�.� 

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

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

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

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �7�8



�T�a�b�l�e� �6�.�4� �C�o�m�b�i�n�a�t�i�o�n�s� �o�f� �T�r�a�c�t�o�r�s�,� �C�o�m�b�i�n�e�s� �a�n�d� �O�p�e�r�a�t�o�r�s� 

�C�o�m�b�i�n�a�t�i�o�n�s� �#� �o�f� �T�r�a�c�t�o�r�s� 

�e� �S�m�a�l�l� �#� �o�f� �C�o�m�b�i�n�e�s� �|� �#� �o�f� �r�a�t�o�r�s� 
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�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �7�1�9



�6�.�4� �R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� 

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

�c�o�m�b�i�n�e�s�,� �a�n�d� �o�p�e�r�a�t�o�r�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�4�.� �T�h�e� �w�o�r�k� �d�a�y� �p�r�o�b�a�b�i�l�i�t�y� �w�a�s� �s�e�t� �t�o� �b�e� �6� �o�f� �7� 

�y�e�a�r�s� �(� �m�e�a�n�i�n�g� �t�h�a�t� �a�s�s�u�m�e�d� �g�o�o�d� �w�o�r�k� �d�a�y�s� �l�i�s�t�e�d� �i�n� �t�h�e� �f�i�l�e�  ��p�r�o�b�8�5�.�j�t�k �� �w�i�t�h� �a� �0�.�8�6� 

�p�r�o�b�a�b�i�l�i�t�y� �c�a�n� �b�e� �e�x�p�e�c�t�e�d�)�.� �O�p�t�i�m�i�z�a�t�i�o�n� �r�e�s�u�l�t�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�5�.� �I�n� �o�p�e�r�a�t�i�o�n�,� �t�h�e� 

�p�r�o�g�r�a�m� �o�u�t�p�u�t�s� �e�i�g�h�t� �l�o�w�e�s�t�-�c�o�s�t� �m�a�c�h�i�n�e�r�y� �s�e�t�s� �e�a�c�h� �t�i�m�e� �i�t� �i�s� �r�u�n�.� �I�n� �t�h�e� �T�a�b�l�e� �6�.�5�,� 

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

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

�B�y� �c�o�m�p�a�r�i�n�g� �r�e�s�u�l�t�s� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�5�,� �t�h�e� �l�o�w�e�s�t� �c�o�s�t� �m�a�c�h�i�n�e�r�y� �s�e�t� �f�o�r� �t�h�e� 

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

�e� �T�w�o� �t�r�a�c�t�o�r�s� �w�i�t�h� �t�h�e� �s�a�m�e� �s�i�z�e� �o�f� �1�2�0� �h�o�r�s�e�p�o�w�e�r�.� 

�O�n�e� �C�o�m�b�i�n�e� �w�i�t�h� �s�i�z�e� �o�f� �2�6�0� �h�o�r�s�e�p�o�w�e�r� 

�e� �F�o�u�r� �o�p�e�r�a�t�o�r�s� �w�i�t�h� �h�o�u�r�l�y� �p�a�i�d� �s�a�l�a�r�y� 

�T�o�t�a�l� �m�a�c�h�i�n�e�r�y�-�r�e�l�a�t�e�d� �c�o�s�t�s� �i�s� �$�8�2�.�1�5� �p�e�r� �a�c�r�e� 

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

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

�(� �t�w�o� �1�2�0� �h�p� �t�r�a�c�t�o�r�s�,� �o�n�e� �2�6�0� �h�p� �c�o�m�b�i�n�e�,� �a�n�d� �4� �o�p�e�r�a�t�o�r�s�)�,� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�s� �a�r�e� 

�s�c�h�e�d�u�l�e�d� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.�6�.� 

�F�o�r� �t�h�e� �h�y�p�o�t�h�e�t�i�c�a�l� �f�a�r�m�,� �t�h�e� �f�i�r�s�t� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n� �s�c�h�e�d�u�l�e�d� �i�s� �C�O�M�B�I�N�E� 

�C�O�R�N� �w�h�i�c�h� �s�t�a�r�t�s� �o�n� �S�e�p�t�e�m�b�e�r� �1�,� �a�n�d� �c�a�n� �b�e� �f�i�n�i�s�h�e�d� �u�s�i�n�g� �o�n�e� �2�6�0� �h�p� �c�o�m�b�i�n�e� �o�n� 

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �8�0



�T�a�b�l�e� �6�.�5� �O�p�t�i�m�i�z�a�t�i�o�n� �R�e�s�u�l�t�s� 
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�L�a�r�g�e� �S�m�a�l�l� 
�C�o�m�b�i�n�a�t�i�o�n� �|� �T�r�a�c�t�o�r�s� �|� �T�r�a�c�t�o�r�s� �|� �C�o�m�b�i�n�e�s� �|� �M�a�c�h�i�n�e�r�y� �L�a�b�o�r� �T�i�m�e�l�i�n�e�s�s� �T�o�t�a�l� 

�#� �S�i�z�e� �|� �#� �S�i�z�e� �|� �#� �S�i�z�e� �C�o�s�t�s� �#� �C�o�s�t�s� �C�o�s�t�s� 

�1� �1� �2�4�0� �|�0� �1� �2�6�0� �7�0�.�9�2� �|� �2� �7�.�3�2� �8�9�.�5�2� �1�6�7�.�7�6� 
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�F�i�e�l�d� �S�t�a�r�t� �F�i�n�i�s�h� �C�a�l�e�n�d�a�r� �W�o�r�k� �A�c�r�e�s� 
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�S�e�p�t�e�m�b�e�r� �1�7�.� �B�e�c�a�u�s�e� �t�h�e� �p�e�n�a�l�t�y� �d�a�t�e� �o�f� �l�a�t�e� �h�a�r�v�e�s�t�i�n�g� �f�o�r� �c�o�r�n� �w�a�s� �a�s�s�u�m�e�d� �t�o� �b�e� 

�S�e�p�t�e�m�b�e�r� �2�0�,� �t�h�e�r�e� �a�r�e� �n�o� �t�i�m�e�l�i�n�e�s�s� �c�o�s�t�s� �f�o�r� �t�h�i�s� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�.� �C�a�l�e�n�d�a�r� �d�a�y�s� �f�o�r� 

�c�o�r�n� �h�a�r�v�e�s�t�i�n�g� �a�r�e� �1�7� �d�a�y�s� �(� �f�r�o�m� �S�e�p�t�.� �1� �t�o� �S�e�p�t�.� �1�7�)�,� �a�n�d� �t�h�i�s� �o�p�e�r�a�t�i�o�n� �r�e�q�u�i�r�e�s� �1�1�.�4� 

�d�a�y�s� �t�o� �f�i�n�i�s�h� �w�i�t�h� �t�o�t�a�l� �a�r�e�a� �o�f� �4�0�0� �a�c�r�e�s�.� 

�I�t� �i�s� �a�s�s�u�m�e�d� �t�h�e� �o�p�e�r�a�t�o�r� �s�p�e�n�d�s� �5�0�%� �o�f� �t�h�e� �t�i�m�e� �h�a�u�l�i�n�g� �a�n�d� �p�r�o�c�e�s�s�i�n�g� �t�h�e� 

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

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

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

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

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

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

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

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

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

�S�e�p�t�e�m�b�e�r� �3�.� �B�u�t� �s�i�n�c�e� �t�h�e�r�e� �i�s� �n�o� �o�p�e�r�a�t�o�r� �o�r� �m�a�c�h�i�n�e� �a�v�a�i�l�a�b�l�e� �a�t� �t�h�a�t� �t�i�m�e�,� �t�h�i�s� 

�o�p�e�r�a�t�i�o�n� �i�s� �t�h�e�n� �d�e�l�a�y�e�d� �a�n�d� �i�s� �p�e�r�f�o�r�m�e�d� �o�n� �S�e�p�t�e�m�b�e�r� �1�7�.� 

�F�o�r� �a�n�o�t�h�e�r� �e�x�a�m�p�l�e�,� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n�  ��C�o�m�b�i�n�e� �S�o�y�b�e�a�n�s�/�D�C � �� �i�s� �s�c�h�e�d�u�l�e�d� �t�o� 

�s�t�a�r�t� �o�n� �N�o�v�e�m�b�e�r� �6�.� �T�h�e� �a�s�s�u�m�e�d� �o�p�t�i�m�u�m� �s�t�a�r�t�i�n�g� �d�a�t�e� �f�o�r� �t�h�i�s� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n� �i�s� 

�O�c�t�o�b�e�r� �2�5�.� �I�t� �i�s� �d�e�l�a�y�e�d� �b�e�c�a�u�s�e� �t�h�e� �s�e�l�e�c�t�e�d� �m�a�c�h�i�n�e�r�y� �s�e�t� �d�o�e�s� �n�o�t� �h�a�v�e� �e�n�o�u�g�h� 

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

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �8�3



�1�7� �w�h�i�c�h� �i�s� �t�w�o� �d�a�y�s� �a�f�t�e�r� �i�t�s� �o�p�t�i�m�u�m� �f�i�n�i�s�h� �d�a�t�e�.� �S�o� �t�i�m�e�l�i�n�e�s�s� �c�o�s�t�s� �f�o�r� �t�h�i�s� �f�i�e�l�d� 

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

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

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

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

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

�f�o�r� �e�a�c�h� �f�i�e�l�d� �o�p�e�r�a�t�i�o�n� �(� �A�p�p�e�n�d�i�x� �B�)�.� 

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

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

�p�r�e�s�e�n�t�e�d� �i�n� �A�p�p�e�n�d�i�x� �B�,� �T�a�b�l�e� �B�9�.� �T�h�e� �p�r�o�g�r�a�m� �p�r�e�s�e�n�t�s� �t�h�e� �c�o�s�t�s� �o�f� �o�t�h�e�r� �m�a�c�h�i�n�e�s� �i�n� �a� 

�s�i�m�i�l�a�r� �m�a�n�n�e�r� �(� �A�p�p�e�n�d�i�x� �B�,� �T�a�b�l�e� �B�8�-�B�2�0�)�.� 

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

�h�y�p�o�t�h�e�t�i�c�a�l� �f�a�r�m� �(� �T�a�b�l�e� �6�.�7� �)�.� 

�T�a�b�l�e� �6�.�7� �A�v�e�r�a�g�e� �A�n�n�u�a�l� �M�a�c�h�i�n�e�r�y�-�R�e�l�a�t�e�d� �C�o�s�t�s� �f�o�r� �t�h�e� �H�y�p�o�t�h�e�t�i�c�a�l� �F�a�r�m� 

� � 

� � 

�C�o�s�t� �$� �/� �Y�e�a�r� �$� �/� �A�c�r�e� 

�M�a�c�h�i�n�e�r�y� �F�i�x�e�d� �C�o�s�t� �$�2�3�7�7�.�5�1� �5�2�.�3�8� 
�F�u�e�l� �C�o�s�t� �7�2�2�3�.�1�0� �7�.�2�2� 
�R�e�p�a�i�r� �C�o�s�t� �9�5�5�4�.�9�9� �9�.�5�5� 

�T�o�t�a�l� �M�a�c�h�i�n�e�r�y� �C�o�s�t� �6�9�1�5�5�.�6�2� �6�9�.�1�6� 

�L�a�b�o�r� �C�o�s�t� �8�6�1�8�.�3�3� �8�.�6�2� 
�T�i�m�e�l�i�n�e�s�s� �C�o�s�t� �4�3�7�8�.�2�9� �4�.�3�8� 

�T�o�t�a�l� �C�o�s�t� �$�2�1�5�2�.�2�3� �$�2�.�1�5� 
� � 

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �8�4� 

� 



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

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

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

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

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

�S�o�y�b�e�a�n�s�/�D�C �� �a�n�d�  �� �D�r�i�l�l� �W�h�e�a�t �� �o�p�e�r�a�t�i�o�n�s� �a�r�e� �c�o�m�p�l�e�t�e�d� �l�a�t�e�.� �T�h�u�s�,� �t�i�m�e�l�i�n�e�s�s� �c�o�s�t�s� 

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

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

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

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

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

�t�o�t�a�l� �m�a�c�h�i�n�e�r�y� �r�e�l�a�t�e�d� �c�o�s�t�s� �o�f� �$�8�4�.�3�2�/�p�e�r� �a�c�r�e�:� 

�e� �O�n�e� �t�r�a�c�t�o�r� �o�f� �s�i�z�e� �2�0�0� �h�o�r�s�e�p�o�w�e�r� 

�e� �O�n�e� �c�o�m�b�i�n�e� �o�f� �s�i�z�e� �2�6�0� �h�o�r�s�e�p�o�w�e�r� 

�e� �T�h�r�e�e� �o�p�e�r�a�t�o�r�s� 

�e� �T�h�e� �t�o�t�a�l� �m�a�c�h�i�n�e�r�y�-�r�e�l�a�t�e�d� �c�o�s�t� �i�s� �$�8�4�.�3�2� �/� �p�e�r� �a�c�r�e� 

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

�o�p�t�i�m�i�z�a�t�i�o�n� �o�p�t�i�o�n� �f�o�r� �t�h�e� �s�a�m�e� �h�y�p�o�t�h�e�t�i�c�a�l� �f�a�r�m� �a�r�e� �d�i�f�f�e�r�e�n�t�.� �T�h�e� �C�O�M�P�L�E�T�E� 

�O�P�T�I�M�I�Z�A�T�I�O�N� �o�p�t�i�o�n� �w�a�s� �n�o�t� �c�h�e�c�k�e�d� �f�u�l�l�y�.� �T�h�e� �o�r�i�g�i�n�a�l� �p�r�o�g�r�a�m� �a�u�t�h�o�r�s� 

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

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

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �8�5



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

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

�t�r�a�c�t�o�r�s�,� �c�o�m�b�i�n�e�s�,� �a�n�d� �o�p�e�r�a�t�o�r�s�.� 

�6�.�5� �M�o�d�e�l� �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� �c�o�n�d�u�c�t�e�d� �f�o�r� �t�h�i�s� �m�a�c�h�i�n�e�r�y� �s�e�l�e�c�t�i�o�n� �m�o�d�e�l� �t�o� �i�l�l�u�s�t�r�a�t�e� 

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

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

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

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

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

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

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

�m�a�c�h�i�n�e�r�y� �s�e�t�s� �w�e�r�e� �f�o�u�n�d� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �6�.�8�:� 

�T�a�b�l�e� �6�.�8� �O�p�t�i�m�i�z�a�t�i�o�n� �R�e�s�u�l�t�s� �w�i�t�h� �D�i�f�f�e�r�e�n�t� �R�i�s�k� �L�e�v�e�l�s� 
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�E� �L�a�r�g�e� �S�m�a�l�l� 
�R�i�s�k� �L�e�v�e�l� �T�r�a�c�t�o�r�s� �|� �T�r�a�c�t�o�r�s� �|� �C�o�m�b�i�n�e�s� �|� �M�a�c�h�i�n�e�r�y� �L�a�b�o�r� �T�i�m�e�l�i�n�e�s�s� �T�o�t�a�l� 

�#� �S�i�z�e� �|� �#� �S�i�z�e� �|� �#� �S�i�z�e� �C�o�s�t�s� �#� �C�o�s�t�s� 

�6�o�u�t�o�f�7� �|� �1� �1�2�0�;�1� �1�2�0� �}�1� �2�6�0� �6�9�.�1�6� �|�4� �8�.�6�2� �4�.�3�8� �8�5�.�1�5� 
�S�o�u�t�o�f�7� �|� �1� �1�6�0� �|� �0� �1� �2�6�0� �6�7�.�0�9� �3�.� �7�.�4�8� �2�.�9�4� �7�7�.�5�2� 
�4�o�u�t�o�f�7� �|� �1� �1�6�0� �|� �0� �1� �2�6�0� �6�5�.�1�8� �3�.� �7�.�7�9� �2�.�6�4� �7�5�.�6�1� 
�A�v�e�r�a�g�e� �1� �1�6�0� �|�0� �1� �2�6�0� �6�5�.�1�8� �3�.� �7�.�7�9� �2�.�2�8� �7�5�.�2�5� 
�3�o�u�t�o�f�7� �|� �1� �1�4�0� �|� �0� �1� �2�6�0� �6�4�.�2�5� �3� �8�.�0�6� �0�.�8�8� �7�3�.�1�8� � � � � � � 

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �8�6



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

�r�e�l�a�t�e�d� �c�o�s�t�s� �g�o� �d�o�w�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �t�h�e� �h�i�g�h�e�s�t� �r�i�s�k� �l�e�v�e�l� �(�3� �o�u�t� �o�f� �7� �y�e�a�r�s� �)� �w�a�s� 

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

�t�h�e� �o�n�e� �o�b�t�a�i�n�e�d� �u�n�d�e�r� �l�o�w�e�s�t� �r�i�s�k� �l�e�v�e�l� �(�6� �o�u�t� �o�f� �7� �y�e�a�r�s�)�.� �A�l�s�o�,� �a�l�l� �r�e�q�u�i�r�e�d� �f�i�e�l�d� 

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

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

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

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

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

�l�o�w�e�s�t� �r�i�s�k� �l�e�v�e�l� �r�e�q�u�i�r�e�s� �f�o�u�r� �o�p�e�r�a�t�o�r�s� �(�T�a�b�l�e� �6�.�8�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �n�u�m�b�e�r� �o�f� �a�c�t�u�a�l� 

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

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

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

�6�.�9�.� 

�T�a�b�l�e� �6�.�9� �O�p�t�i�m�i�z�a�t�i�o�n� �R�e�s�u�l�t�s� �w�i�t�h� �D�i�f�f�e�r�e�n�t� �N�u�m�b�e�r� �o�f� �O�p�e�r�a�t�o�r�s� 
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�L�a�r�g�e� �S�m�a�l�l� 
�#� �o�f� �L�a�b�o�r� �T�r�a�c�t�o�r�s� �|� �T�r�a�c�t�o�r�s� �|� �C�o�m�b�i�n�e�s� �|� �M�a�c�h�i�n�e�r�y� �L�a�b�o�r� �T�i�m�e�l�i�n�e�s�s� �T�o�t�a�l� 

�#� �S�i�z�e� �|� �#� �S�i�z�e� �|� �#� �S�i�z�e� �C�o�s�t�s� �C�o�s�t�s� 

�1� 
�2� �1� �1�6�0� �|�}�1� �1�6�0� �|�,�1� �2�6�0� �7�1�.�1�2� �7�.�7�9� �1�6�.�3�3� �9�5�.�2�4� 
�3� �1� �1�6�0� �|� �1� �1�6�0�4�1� �2�6�0� �7�1�.�6�0� �7�.�7�9� �4�.�5�9� �8�3�.�9�9� 
�4� �1� �1�2�0� �{�1� �1�2�0� �{�1� �2�6�0� �6�9�.�1�6� �8�.�6�2� �4�.�3�8� �8�2�.�1�5� 
�5� �1� �1�2�0� �|�1� �1�2�0�;�1� �2�6�0� �6�9�.�1�6� �8�.�6�2� �4�.�3�8� �8�2�.�1�5� 
�6� �1� �1�2�0� �|�1� �1�2�0� �{�1� �2�6�0� �6�9�.�1�6� �8�.�6�2� �4�.�3�8� �8�2�.�1�5� 
� � 

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �8�7� 

� 



�T�a�b�l�e� �6�.�9� �s�h�o�w�s� �t�h�a�t� �w�h�e�n� �o�n�l�y� �o�n�e� �o�p�e�r�a�t�o�r� �i�s� �a�v�a�i�l�a�b�l�e�,� �t�h�e� �p�r�o�g�r�a�m� �c�a�n�n�o�t� 

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

�b�e� �a�c�c�e�p�t�e�d�.� �W�h�e�n� �t�h�e�r�e� �a�r�e� �t�w�o� �o�p�e�r�a�t�o�r�s�,� �t�h�e� �t�i�m�e�l�i�n�e�s�s� �c�o�s�t� �r�u�n�s� �a�s� �h�i�g�h� �a�s� �1�6�.�3�3� 

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

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

�h�o�u�r�l�y� �b�a�s�e�d�.� 

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

�w�i�t�h� �f�i�v�e� �f�a�r�m� �s�i�z�e�s� �(�T�a�b�l�e� �6�.�1�0�)� �t�o� �i�l�l�u�s�t�r�a�t�e� �t�h�e� �e�f�f�e�c�t� �o�f� �f�a�r�m� �s�i�z�e� �o�n� �m�a�c�h�i�n�e�r�y� 

�s�e�l�e�c�t�i�o�n�.� �T�h�e� �s�i�z�e�s� �a�n�d� �c�r�o�p�p�i�n�g� �p�r�o�g�r�a�m�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�0�.� �R�e�s�u�l�t�s� �o�f� �v�a�r�y�i�n�g� 

�f�a�r�m� �s�i�z�e� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�1�.� 

�T�a�b�l�e� �6�.�1�0� �F�i�v�e� �F�a�r�m� �S�i�z�e�s� 
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�T�o�t�a�l� �C�o�r�n� �S�o�y�b�e�a�n�/�F�S� �W�h�e�a�t�/�S�o�y�b�e�a�n� 
�1� �5�0�0� �1�0�0� �2�0�0� �2�0�0� 
�2� �7�0�0� �3�0�0� �2�0�0� �2�0�0� 
�3� �1�0�0�0� �4�0�0� �3�0�0� �3�0�0� 
�4� �1�3�0�0� �5�0�0� �4�0�0� �4�0�0� 
�3� �1�5�0�0� �5�0�0� �5�0�0� �5�0�0� 

�T�a�b�l�e� �6�.�1�1� �O�p�t�i�m�i�z�a�t�i�o�n� �r�e�s�u�l�t�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �f�a�r�m� �s�i�z�e�s� 

�L�a�r�g�e� �S�m�a�l�l� 
�F�a�r�m� �S�i�z�e� �T�r�a�c�t�o�r�s� �|� �T�r�a�c�t�o�r�s� �|� �C�o�m�b�i�n�e�s� �|� �M�a�c�h�i�n�e�r�y� �L�a�b�o�r� �T�i�m�e�l�i�n�e�s�s� �T�o�t�a�l� 

�A�c�r�e�s� �#� �S�i�z�e� �|� �#� �S�i�z�e� �|� �#� �S�i�z�e� �C�o�s�t�s� �#� �C�o�s�t�s� 

�5�0�0� �1� �1�4�0� �/�0� �1� �1�8�0� �8�6�.�5�1� �3� �9�.�6�8� �3�.�1�0� �9�9�.�2�9� 
�7�0�0� �1� �1�4�0� �]�|�0� �1� �1�8�0� �7�0�.�8�6� �|�3� �9�.�7�9� �3�.�4�3� �8�4�.�0�8� 
�1�0�0�0� �1� �1�2�0�}�1� �1�2�0� �}�1� �2�6�0� �6�9�.�1�6� �|�4� �8�.�6�2� �4�.�3�8� �8�2�.�1�5� 
�1�3�0�0� �1� �1�4�0�]�;�1� �1�4�0� �|�2� �1�8�0� �6�8�.�6�4� �5� �9�.�7�6� �3�.�1�1� �8�1�.�5�2� 
�1�5�0�0� �1� �1�4�0�]�1� �1�4�0� �|�2� �2�6�0� �7�1�.�2�9� �|�6� �7�.�7�7� �2�.�1�0� �8�1�.�1�6� � � � � � � � � � � � � � � � � 

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �8�8� 

� � 

� 



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

�i�l�l�u�s�t�r�a�t�e�d� �i�n� �T�a�b�l�e� �6�.�1�1�.� �I�t� �d�o�e�s�,� �h�o�w�e�v�e�r� �h�a�v�e� �e�f�f�e�c�t� �o�n� �t�h�e� �o�p�t�i�m�u�m� �m�a�c�h�i�n�e�r�y� �c�a�p�a�c�i�t�y� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�o�r� �t�h�e� �h�y�p�o�t�h�e�t�i�c�a�l� �f�a�r�m�,� �w�h�e�n� �f�a�r�m� �s�i�z�e� �i�n�c�r�e�a�s�e�s� �f�r�o�m� �7�0�0� 

�a�c�r�e�s� �t�o� �1�5�0�0� �a�c�r�e�s�,� �t�h�e� �t�o�t�a�l� �m�a�c�h�i�n�e�r�y� �r�e�l�a�t�e�d� �c�o�s�t� �p�e�r� �a�c�r�e� �g�o�e�s� �d�o�w�n� �s�l�i�g�h�t�l�y�.� �T�h�e� 

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

�C�a�s�e� �S�t�u�d�y� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �o�f� �T�h�e� �R�e�s�u�l�t�s� �8�9



�C�h�a�p�t�e�r� �7� 

�S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� 

�7�.�1� �S�u�m�m�a�r�y� 

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

�p�r�o�g�r�a�m� �f�o�r� �V�i�r�g�i�n�i�a� �a�g�r�i�c�u�l�t�u�r�e�.� �T�h�e� �F�a�r�m� �M�a�c�h�i�n�e�r�y� �S�e�l�e�c�t�i�o�n� �P�r�o�g�r�a�m� �d�e�v�e�l�o�p�e�d� �b�y� 

�D�r�.� �J�o�h�n� �C�.� �S�i�e�m�e�n�s� �f�o�r� �I�l�l�i�n�o�i�s� �w�a�s� �c�h�o�s�e�n�.� �D�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �s�o�i�l� �t�y�p�e�,� �w�e�a�t�h�e�r� 

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

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

�f�o�r� �V�i�r�g�i�n�i�a�.� 

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

�c�o�d�e� �h�a�s� �m�o�r�e� �t�h�a�n� �1�5�,�0�0�0� �l�i�n�e�s�.� �I�n� �t�h�e� �v�i�e�w� �o�f� �s�o�f�t�w�a�r�e� �e�n�g�i�n�e�e�r�i�n�g�,� �t�h�e� �m�o�s�t� �d�i�f�f�i�c�u�l�t� 

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

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

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

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

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

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

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

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

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

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

�C�o�n�c�l�u�s�i�o�n�s� �9�0



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

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

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

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

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

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

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

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

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

�d�i�s�c�u�s�s�e�d�.� 

�7�.�2� �C�o�n�c�l�u�s�i�o�n�s� 

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

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

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

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

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

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

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

�s�o�m�e� �l�i�m�i�t�a�t�i�o�n�s�.� 

�C�o�n�c�l�u�s�i�o�n�s� �9�1



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

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

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

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

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

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

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

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

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

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

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

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

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

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

�f�o�u�r� �t�r�a�c�t�o�r�s� �w�i�t�h� �s�i�z�e�s� �o�f� �5�5�,� �6�5�,� �1�0�0�,� �1�1�0� �h�o�r�s�e�p�o�w�e�r� �r�e�s�p�e�c�t�i�v�e�l�y�,� �t�h�e� �u�s�e�r� �m�u�s�t� �e�n�t�e�r� 

�t�h�e�s�e� �f�o�u�r� �t�r�a�c�t�o�r�s� �a�s� �t�w�o� �t�r�a�c�t�o�r�s� �w�i�t�h� �s�i�z�e� �o�f� �6�0�,� �a�n�d� �t�w�o� �w�i�t�h� �s�i�z�e� �o�f� �1�0�0� �h�o�r�s�e�p�o�w�e�r� 

�(�a�v�a�i�l�a�b�l�e� �t�r�a�c�t�o�r� �s�i�z�e�s� �w�i�t�h�i�n� �t�h�i�s� �p�r�o�g�r�a�m� �a�r�e� �s�e�t� �t�o� �b�e� �6�0�,� �8�0�,� �1�0�0�,� �.�.�.�h�p�)�.� �C�o�m�p�a�r�i�s�o�n�s� 

�o�f� �f�a�r�m� �s�c�h�e�d�u�l�e�s� �o�n� �a� �r�e�l�a�t�i�v�e� �b�a�s�i�s� �s�h�o�u�l�d� �s�t�i�l�l� �b�e� �c�l�o�s�e�,� �h�o�w�e�v�e�r�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�A�l�l�i�s�o�n�,� �J�.� �M�.�,� �R�.� �W�.� �M�c�C�l�e�n�d�o�n�,� �a�n�d� �M�.� �E�.� �W�e�t�z�s�t�e�i�n�.� �1�9�8�9�.� �A� �M�i�c�r�o�c�o�m�p�u�t�e�r�-�B�a�s�e�d� 
�D�o�u�b�l�e� �C�r�o�p� �M�a�c�h�i�n�e�r�y� �M�a�n�a�g�e�m�e�n�t� �M�o�d�e�l�.� �A�S�A�E� �M�i�c�r�o�f�i�c�h�e�-�C�o�l�l�e�c�t�i�o�n� �N�o�.� 
�8�9�-�1�0�1�9�,� �A�S�A�E�,� �S�t�.� �J�o�s�e�p�h�,� �M�i�c�h�i�g�a�n�.� 

�A�S�A�E� �S�t�a�n�d�a�r�d�.� �1�9�8�7�c�.� �T�e�r�m�i�n�o�l�o�g�y� �a�n�d� �D�e�f�i�n�i�t�i�o�n�s� �f�o�r� �A�g�r�i�c�u�l�t�u�r�a�l� �T�i�l�l�a�g�e� �I�m�p�l�e�m�e�n�t�.� 
�A�S�A�E�,� �S�t�.� �J�o�s�e�p�h�,� �M�I�.� �p�p�.� �2�2�2�-�2�3�1�.� 

�A�S�A�E� �S�t�a�n�d�a�r�d�.� �1�9�9�2�.� �A�g�r�i�c�u�l�t�u�r�a�l� �M�a�c�h�i�n�e�r�y� �M�a�n�a�g�e�m�e�n�t� �D�a�t�a�.� �A�S�A�E�,� �S�t�.� �J�o�s�e�p�h�,� 
�M�I� �p�p�.� �2�9�3�-�2�9�9�.� 

�A�u�d�s�l�e�y�,� �E�.�.� �1�9�8�4�.� �U�s�e� �o�f� �W�e�a�t�h�e�r� �U�n�c�e�r�t�a�i�n�t�y�,� �C�o�m�p�a�c�t�i�o�n� �a�n�d� �T�i�m�e�l�i�n�e�s�s� �i�n� �t�h�e� 
�S�e�l�e�c�t�i�o�n� �o�f� �O�p�t�i�m�u�m� �M�a�c�h�i�n�e�r�y� �f�o�r� �A�u�t�u�m�n� �F�i�e�l�d� �w�o�r�k�.� �T�h�e� �B�r�i�t�i�s�h� �S�o�c�i�e�t�y� �f�o�r� 
�R�e�s�e�a�r�c�h� �i�n� �A�g�r�i�c�u�l�t�u�r�a�l� �E�n�g�i�n�e�e�r�i�n�g�,� �2�9�:� �p�p�.� �1�4�1�-�1�4�9�.� 

�B�o�w�e�r�s�,� �W�.�,� �B�.� �A�.� �J�o�n�e�s�,� �a�n�d� �E�.�F�.� �O�l�v�e�r�.� �1�9�8�6�.� �E�n�g�i�n�e�e�r�i�n�g� �A�p�p�l�i�c�a�t�i�o�n� �i�n� �A�g�r�i�c�u�l�t�u�r�e�.� 
�S�i�x�t�h� �E�d�i�t�i�o�n�,� �S�t�i�p�e�s� �P�u�b�l�i�s�h�i�n�g� �C�o�m�p�a�n�y�,� �C�h�a�m�p�a�i�g�n�,� �I�l�l�i�n�o�i�s�.� 

�B�o�w�e�r�s�,� �W�.� �B�.�.� �1�9�8�7�.� �M�a�c�h�i�n�e�r�y� �M�a�n�a�g�e�m�e�n�t�.� �F�a�r�m� �B�u�s�i�n�e�s�s� �M�a�n�a�g�e�m�e�n�t� �(�F�B�M�)� 

�B�r�o�w�n�,� �R�.� �H�.�.� �1�9�8�8�.� �H�a�n�d�b�o�o�k� �o�f� �E�n�g�i�n�e�e�r�i�n�g� �i�n� �A�g�r�i�c�u�l�t�u�r�e�.� �V�o�l�.� �I�,� �C�R�C� �P�r�e�s�s� �I�n�c�.�,� 
�B�o�c�a� �R�a�t�o�n�,� �F�l�o�r�i�d�a�.� 

�C�h�a�n�c�e�l�l�o�r�,� �W�.� �J�.� �a�n�d� �V�.� �C�e�r�v�i�n�k�a�.� �1�9�7�9�.� �T�i�m�e�l�i�n�e�s�s� �C�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� �R�i�c�e� �a�n�d� �F�a�c�t�o�r�s� 
�A�f�f�e�c�t�i�n�g� �T�h�e�i�r� �V�a�l�u�e�.� �T�R�A�N�S�A�C�T�I�O�N�S� �o�f� �t�h�e� �A�S�A�E�,� �1�7�(�5�)�:� �p�p�.� �8�4�1�-�8�4�4�.� 

�C�h�e�n�,� �L�.� �H�.� �a�n�d� �R�.� �W�.� �M�c�C�l�e�n�d�o�n�.� �1�9�8�5�.� �S�o�y�b�e�a�n� �a�n�d� �W�h�e�a�t� �D�o�u�b�l�e� �C�r�o�p�p�i�n�g� 
�s�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�.� �T�R�A�N�S�A�C�T�I�O�N�S� �o�f� �t�h�e� �A�S�A�E�,� �3�0�(�1�)�:� �p�p�.� �6�5�-�6�9�.� 

�C�h�e�n�,� �L�.� �H�.�.� �1�9�8�7�.� �A� �M�i�c�r�o�c�o�m�p�u�t�e�r� �M�o�d�e�l� �f�o�r� �S�e�l�e�c�t�i�o�n� �o�f� �M�a�c�h�i�n�e�s� �a�n�d� �T�r�a�c�t�o�r�s�.� 
�A�S�A�E� �M�i�c�r�o�f�i�c�h�e�-�C�o�l�l�e�c�t�i�o�n�,� �N�o�.� �8�7�-�1�0�5�0�,� �A�S�A�E�,� �S�t�.� �J�o�s�e�p�h�,� �M�i�c�h�i�g�a�n�.� 

�C�o�l�v�i�n�,� �T�.� �S�.�,�C�.� �A�.� �H�a�m�l�e�t�t�,� �a�n�d� �A�.� �R�o�d�r�i�g�u�e�z�.� �1�9�8�6�.� �E�f�f�e�c�t�s� �o�f� �T�i�l�l�a�g�e� �S�y�s�t�e�m� �o�n� �F�a�r�m� 
�M�a�c�h�i�n�e�r�y� �S�e�l�e�c�t�i�o�n�.� �A�S�A�E� �M�i�c�r�o�f�i�c�h�e�-�C�o�l�l�e�c�t�i�o�n� �N�o�.� �8�6�-�4�5�1�9�,� �A�S�A�E�,� �S�t�.� 
�J�o�s�e�p�h�,� �M�i�c�h�i�g�a�n�.� 

�E�d�w�a�r�d�s�,� �W�.� �M�.� �a�n�d� �M�.� �B�o�e�h�l�j�e�.� �1�9�8�0�.� �M�a�c�h�i�n�e�r�y� �S�e�l�e�c�t�i�o�n� �C�o�n�s�i�d�e�r�i�n�g� �T�i�m�e�l�i�n�e�s�s� 
�L�o�s�s�e�s�,� �T�R�A�N�S�A�C�T�I�O�N�S� �o�f� �t�h�e� �A�S�A�E�,� �2�3�(�4�)�:� �p�p�.� �8�1�0�-�8�1�5�.� 
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�F�r�e�e�m�a�n�,� �S�.� �A�.� �a�n�d� �A�.� �D�.� �W�h�i�t�t�a�k�e�r�.� �1�9�9�2�.� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �M�e�t�h�o�d�o�l�o�g�y� �f�o�r� �A�n�a�l�y�z�i�n�g� 
�a�n�d� �A�l�l�o�c�a�t�i�n�g� �R�e�s�o�u�r�c�e�s� �f�o�r� �F�i�e�l�d� �O�p�e�r�a�t�i�o�n�s�.� �T�R�A�N�S�A�C�T�I�O�N�S� �o�f� �t�h�e� �A�S�A�E�,� 
�3�5�(�4�)�:� �p�p�.� �5�2�5�-�5�3�5�.� 

�F�r�e�e�m�a�n�,� �S�.� �A�.� �a�n�d� �J�.� �M�.� �M�c�G�r�a�n�n�.� �1�9�9�0�.� �M�a�c�h�i�n�e�r�y� �M�a�n�a�g�e�m�e�n�t� �T�o�o�l� �f�o�r� �C�h�e�c�k�i�n�g� �t�h�e� 
�P�h�y�s�i�c�a�l� �C�o�n�s�t�r�a�i�n�t�s� �o�f� �O�v�e�r�a�l�l� �F�a�r�m� �P�l�a�n�s�.� �A�S�A�E� �M�i�c�r�o�f�i�c�h�e�-�C�o�l�l�e�c�t�i�o�n�,� �N�o�.� �9�0�-� 
�7�0�2�2�,� �A�S�A�E�,� �S�t�.� �J�o�s�e�p�h�,� �M�i�c�h�i�g�a�n�.� 

�H�a�f�f�a�r�,� �I�.� �a�n�d� �R�.� �K�h�o�u�r�y�,� �1�9�9�2�.� �A� �c�o�m�p�u�t�e�r� �m�o�d�e�l� �f�o�r� �f�i�e�l�d� �m�a�c�h�i�n�e�r�y� �s�e�l�e�c�t�i�o�n� �u�n�d�e�r� 
�m�u�l�t�i�p�l�e� �c�r�o�p�p�i�n�g�.� �C�o�m�p�u�t�e�r�s� �a�n�d� �E�l�e�c�t�r�o�n�i�c�s� �i�n� �A�g�r�i�c�u�l�t�u�r�e�,� �7�:� �p�p�.� �2�1�9�-� �2�2�9�.� 

�H�u�n�t�,� �D�.�.� �1�9�8�3�.� �F�a�r�m� �P�o�w�e�r� �a�n�d� �M�a�c�h�i�n�e�r�y� �M�a�n�a�g�e�m�e�n�t�.� �E�i�g�h�t�h� �E�d�i�t�i�o�n�,� �I�o�w�a� �S�t�a�t�e� 
�U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �A�m�e�s�,� �I�o�w�a�.� 

�I�B�S�N�A�T� �T�e�c�h�n�i�c�a�l� �R�e�p�o�r�t� �3�.� �1�9�8�6�.� �D�e�c�i�s�i�o�n� �S�u�p�p�o�r�t� �S�y�s�t�e�m� �f�o�r� �A�g�r�o�t�e�c�h�n�o�l�o�g�y� 
�T�r�a�n�s�f�e�r� �(�D�S�S�A�T�)�.� �D�e�p�a�r�t�m�e�n�t� �o�f� �A�g�r�o�n�o�m�y� �a�n�d� �S�o�i�l� �S�c�i�e�n�c�e�,� �U�n�i�v�e�r�s�i�t�y� �o�f� 
�H�a�w�a�i�i�,� �H�o�n�o�l�u�l�u�,� �H�a�w�a�i�i�.� 

�J�o�n�e�s�,� �J�.�W�.�,� �K�.� �J�.� �B�o�o�t�e�,� �S�.�S�.� �J�a�g�t�a�p�,� �G�.� �H�o�o�g�e�n�b�o�o�m�,� �a�n�d� �G�.� �G�.� �W�i�l�k�e�r�s�o�n�.� �1�9�8�8�.� 
�S�O�Y�G�R�O� �5�.�4�1�:� �S�o�y�b�e�a�n� �c�r�o�p� �g�r�o�w�t�h� �s�i�m�u�l�a�t�i�o�n� �M�o�d�e�l�.� �U�s�e�r�s� �G�u�i�d�e�,� �F�l�o�r�i�d�a�,� 
�A�g�r�i�c�u�l�t�u�r�a�l� �E�x�p�e�r�i�m�e�n�t� �S�t�a�t�i�o�n�,� �J�o�u�r�n�a�l� �n�o�.� �8�3�0�4�.�U�n�i�v�e�r�s�i�t�y� �o�f� �F�l�o�r�i�d�a�,� 
�G�a�i�n�e�s�v�i�l�l�e�,� �F�L�.� 

�L�a�l�,� �H�.�,� �W�.� �J�o�n�e�s�,� �R�.� �M�.� �P�e�a�r�t�,� �a�n�d� �W�.� �D�.� �S�h�o�u�p�.� �1�9�9�2�.� �F�A�R�M�S�Y�S�:� �A� �W�h�o�l�e�-�F�a�r�m� 
�M�a�c�h�i�n�e�r�y� �M�a�n�a�g�e�m�e�n�t� �D�e�c�i�s�i�o�n� �S�u�p�p�o�r�t� �S�y�s�t�e�m�.� �A�g�r�i�c�u�l�t�u�r�a�l� �S�y�s�t�e�m�s�,� 
�3�8�:� �p�p�.� �2�5�7�-�2�7�3�.� 

�M�c�C�l�e�n�d�o�n�,� �R�.� �W�.�,� �W�e�t�z�s�t�e�i�n�,� �M�.� �E�.�,� �E�d�w�a�r�d�s�,� �D�.� �M�.� �a�n�d� �L�.� �H�.� �C�h�e�n�.� �1�9�8�7� �.� �R�i�s�k� 
�E�f�f�i�c�i�e�n�c�y� �o�f� �M�a�c�h�i�n�e�r�y� �S�e�l�e�c�t�i�o�n� �f�o�r� �D�o�u�b�l�e� �C�r�o�p�p�i�n�g�.� �T�R�A�N�S�A�C�T�I�O�N�S� �o�f� 
�t�h�e� �A�S�A�E�,� �3�0�(�5�)�:� �p�p�.� �1�2�5�9�-�1�2�6�5�.� 
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�4�0� �F�T� �S�P�R�A�Y�E�R� �2�0�.�0�0� �3�0�0�0�.�0�0� 
�1�5� �F�T�.� �D�R�I�L�L� �7�.�1�0� �2�5�4�0�0�.�0�0� 

�1�0� �F�T� �R�O�T�A�R�Y� �M�O�W�E�R� �4�.�0�0� �2�4�0�0�.�0�0� 

�3� �P�T� �S�P�R�E�A�D�E�R� �1�0�.�0�0� �3�0�0�0�.�0�0� 

�4�-�R�O�W� �F�O�R�A�G�E� �C�H�O�P�P�E�R� �2�.�1�8� �4�2�6�0�0�.�0�0� 

�3�0� �F�T�.� �C�O�M�B�I�N�.� �T�O�O�L� �1�8�.�0�0� �1�9�2�0�0�.�0�0� 

�7� �F�T�.� �M�O�W�E�R� �3�.�6�0� �3�6�0�0�.�0�0� 
�1�1� �F�T�.� �W�H�E�E�L� �R�A�K�E� �4�.�8�0� �2�9�0�0�.�0�0� 

�1�6� �F�T�.� �M�O�W�E�R�-�C�O�N�D�.� �4�.�0�4� �2�2�6�0�0�.�0�0� 
�B�A�L�E�R� �(�P�T�O�)� �W�I�R�E� �5�.�4�3� �1�3�9�0�0�.�0�0� 

�A�p�p�e�n�d�i�x� �A



�T�a�b�l�e� �A�1� �I�m�p�l�e�m�e�n�t�s� �M�a�t�c�h�e�d� �t�o� �T�r�a�c�t�o�r�s� �w�i�t�h� �C�o�r�r�e�s�p�o�n�d�i�n�g� �P�r�o�d�u�c�t�i�v�i�t�y� �V�a�l�u�e�s� 

� � 

� � 

�C�o�n�t ��d� 

�P�r�o�d�u�c�t�i�v�i�t�y� �P�u�r�c�h�a�s�e� 
�M�a�c�h�i�n�e�r�y� �A�c�r�e�s�/�H�o�u�r� �P�r�i�c�e�,� �$� 

�2�4�0� �H�P� �T�R�A�C�T�O�R� �0�.�0�0� �1�0�6�2�0�0�.�0�0� 

�8�*�1�8� �M�O�L�D�B�O�A�R�D� �P�L�O�W� �5�.�4�5� �1�7�2�0�0�.�0�0� 

�1�6� �F�T�.� �C�H�I�S�E�L� �P�L�O�W� �4�.�1�6� �1�2�8�0�0�.�0�0� 

�3�2� �F�T�.� �D�I�S�K� �H�A�R�R�O�W� �9�.�2�0� �2�2�6�0�0�.�0�0� 

�4�2� �F�T�.� �F�I�E�L�D� �C�U�L�T�.� �2�5�.�2�0� �1�6�6�0�0�.�0�0� 

�2�0� �F�T� �F�L�A�I�L� �S�H�R�E�D�D�E�R� �1�0�.�0�0� �1�2�4�0�0�.�0�0� 

�1�2� �R�O�W� �P�L�A�N�T�E�R� �7�.�5�7� �3�5�9�0�0�.�0�0� 

�1�2� �R�O�W� �C�U�L�T�I�V�A�T�O�R� �1�1�.�1�0� �1�4�0�0�0�.�0�0� 

�4�1� �F�T�.� �R�O�T�A�R�Y� �H�O�E� �1�7�.�3�3� �1�5�0�0�0�.�0�0� 

�1�1� �K�N�I�F�E� �A�P�P�L�I�C�A�T�O�R� �1�2�.�2�7� �0�.�0�0� 

�4�0� �F�T�.� �F�E�R�T�I�L�I�Z�E�R� �A�P� �2�0�.�0�0� �0�.�0�0� 

�4�0� �F�T� �S�P�R�A�Y�E�R� �2�0�.�0�0� �3�0�0�0�.�0�0� 

�1�5� �F�T�.� �D�R�I�L�L� �7�.�1�0� �2�5�4�0�0�.�0�0� 

�1�0� �F�T� �R�O�T�A�R�Y� �M�O�W�E�R� �4�,�0�0� �2�4�0�0�.�0�0� 

�3� �P�T� �S�P�R�E�A�D�E�R� �1�0�.�0�0� �3�0�0�0�.�0�0� 

�4�-�R�O�W� �F�O�R�A�G�E� �C�H�O�P�P�E�R� �2�.�1�8� �4�2�6�0�0�.�0�0� 

�3�0� �F�T�.� �C�O�M�B�I�N�.� �T�O�O�L� �1�8�.�0�0� �2�5�3�0�0�.�0�0� 

�7� �F�T�.� �M�O�W�E�R� �3�.�6�0� �3�6�0�0�.�0�0� 

�1�1� �F�T�.� �W�H�E�E�L� �R�A�K�E� �4�.�8�0� �2�9�0�0�.�0�0� 

�1�6� �F�T�.� �M�O�W�E�R�-�C�O�N�D�.� �4�.�0�4� �2�2�6�0�0�.�0�0� 

�B�A�L�E�R� �(�P�T�O�)� �W�I�R�E� �5�.�4�3� �1�3�9�0�0�.�0�0� 

�A�p�p�e�n�d�i�x� �A� �1�0�0



�T�a�b�l�e� �A�2� �A�t�t�a�c�h�m�e�n�t�s� �M�a�t�c�h�e�d� �t�o� �C�o�m�b�i�n�e�s� �w�i�t�h� �C�o�r�r�e�s�p�o�n�d�i�n�g� �P�r�o�d�u�c�t�i�v�i�t�y� �V�a�l�u�e�s� 
�a�n�d� �A�s�s�u�m�e�d� �P�u�r�c�h�a�s�e� �P�r�i�c�e�s� 
� � 

� � 

�P�r�o�d�u�c�t�i�v�i�t�y� �P�u�r�c�h�a�s�e� 
�M�a�c�h�i�n�e�r�y� �A�c�r�e�s�/�H�o�u�r� �P�r�i�c�e�,� �$� 

�1�4�0� �H�P� �C�O�M�B�I�N�E� �0�.�0�0� �8�2�0�0�0�.�0�0� 
�4� �R�O�W� �C�O�R�N� �H�E�A�D� �1�.�0�0� �1�5�9�0�0�.�0�0� 
�1�8� �F�T� �G�R�A�I�N� �P�L�A�T�F�O�R�M� �2�.�4�0� �1�3�3�0�0�.�0�0� 

�1�8�0� �H�P� �C�O�M�B�I�N�E� �0�.�0�0� �1�0�1�9�0�0�.�0�0� 
�6� �R�O�W� �C�O�R�N� �H�E�A�D� �1�.�5�0� �2�1�5�0�0�.�0�0� 
�2�0� �F�T� �G�R�A�I�N� �P�L�A�T�F�O�R�M� �2�.�9�0� �1�4�1�0�0�.�0�0� 

�2�1�5� �H�P� �C�O�M�B�I�N�E� �0�.�0�0� �1�1�7�8�0�0�.�0�0� 
�8� �R�O�W� �C�O�R�N� �H�E�A�D� �1�.�9�9� �2�8�0�0�0�.�0�0� 
�2�2� �F�T� �G�R�A�I�N� �P�L�A�T�F�O�R�M� �3�.�1�2� �1�4�8�0�0�.�0�0� 

�2�6�0� �H�P� �C�O�M�B�I�N�E� �0�.�0�0� �1�3�3�0�0�0�.�0�0� 
�1�2� �R�O�W� �C�O�R�N� �H�E�A�D� �3�.�5�0� �4�3�8�0�0�.�0�0� 
�2�4� �F�T� �G�R�A�I�N� �P�L�A�T�F�O�R�M� �3�.�8�7� �1�5�8�0�0�.�0�0� 

�A�p�p�e�n�d�i�x� �A� �1�0�1



�T�a�b�l�e� �A�3� �P�l�a�n�t�e�r� �a�n�d� �R�o�w� �C�u�l�t�i�v�a�t�o�r� �w�i�t�h� �P�r�o�d�u�c�t�i�v�i�t�y� �V�a�l�u�e�s� �a�n�d� �A�s�s�u�m�e�d� �P�u�r�c�h�a�s�e� 

� � 

� � 

�P�r�i�c�e�s� 
�P�r�o�d�u�c�t�i�v�i�t�y� �P�u�r�c�h�a�s�e� 

�M�a�c�h�i�n�e�r�y� �A�c�r�e�s�/�H�o�u�r� �P�r�i�c�e�,� �$� 

�4� �R�O�W� �P�L�A�N�T�E�R� �2�.�6�6� �1�3�1�0�0�.�0�0� 
�4� �R�O�W� �C�U�L�T�I�V�A�T�O�R� �3�.�8�8� �3�8�0�0�.�0�0� 

�6� �R�O�W� �P�L�A�N�T�E�R� �4�.�0�0� �1�7�9�2�0�.�0�0� 
�6� �R�O�W� �C�U�L�T�I�V�A�T�O�R� �5�.�8�2� �4�5�0�0�.�0�0� 

�8� �R�O�W� �P�L�A�N�T�E�R� �5�.�7�4� �2�2�7�0�0�.�0�0� 
�8� �R�O�W� �C�U�L�T�I�V�A�T�O�R� �7�.�7�6� �7�1�0�0�.�0�0� 

�1�2� �R�O�W� �P�L�A�N�T�E�R� �7�.�5�7� �3�5�9�0�0�.�0�0� 
�1�2� �R�O�W� �C�U�L�T�I�V�A�T�O�R� �1�1�.�1�0� �1�4�0�0�0�.�0�0� 

�1�6� �R�O�W� �P�L�A�N�T�E�R� �9�.�6�0� �5�8�4�0�0�.�0�0� 
�1�6� �R�O�W� �C�U�L�T�I�V�A�T�O�R� �1�4�.�0�0� �1�3�5�0�0�.�0�0� 

�2�4� �R�O�W� �P�L�A�N�T�E�R� �1�3�.�6�6� �7�5�0�0�0�.�0�0� 
�1�2� �R�O�W� �C�U�L�T�I�V�A�T�O�R� �1�1�.�1�0� �1�4�0�0�0�.�0�0� 

�S�t�o�r�e�d� �a�r�r�a�y� �u�s�e�d� �t�o� �m�a�t�c�h� �s�i�z�e� �o�f� �t�r�a�c�t�o�r�s�,� �c�o�m�b�i�n�e� �c�o�r�n� �h�e�a�d�s� �a�n�d� �p�l�a�n�t�e�r�s�:� 
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�T�a�b�l�e� �A�4� �V�a�l�u�e�s� �o�f� �R�e�p�a�i�r� �C�o�s�t� �C�o�n�s�t�a�n�t�s� �R�V�1�,� �R�V�2�,� �R�C�1� �R�C�2� �a�n�d� �L�i�f�e� �o�f� �E�a�c�h� 

� � 

� � 

�M�a�c�h�i�n�e�.� 

�M�a�c�h�i�n�e� �R�V�1� �R�V�2� �R�C�1� �R�C�2� �L�I�F�E� 

�T�R�A�C�T�O�R� �0�.�6�0� �0�.�9�3�5� �0�.�0�0�7� �2�.�0�0� �1�2�0�0�0� 
�M�O�L�D�B�O�A�R�D� �P�L�O�W� �0�.�5�6� �0�.�9�0�0� �0�.�2�9�0� �1�.�8�0� �2�0�0�0� 
�C�H�I�S�E�L� �P�L�O�W� �0�.�5�6� �0�.�9�0�0� �0�.�2�8�0� �1�.�4�0� �2�0�0�0� 
�D�I�S�K� �S�T�A�L�K�S� �0�.�5�6� �0�.�9�0�0� �0�.�1�8�0� �1�.�7�0� �2�0�0�0� 
�F�I�E�L�D� �C�U�L�T�I�V�A�T�E� �0�.�5�6� �0�.�9�0�0� �0�.�2�7�0� �1�.�4�0� �2�0�0�0� 
�C�H�O�P� �S�T�A�L�K�S� �0�.�5�6� �0�.�9�0�0� �0�.�2�8�0� �1�.�4�0� �1�2�0�0� 
�P�L�A�N�T� �0�.�5�6� �0�.�9�0�0� �0�.�3�2�0� �2�.�1�0� �1�5�0�0� 
�R�O�W� �C�U�L�T�I�V�A�T�E� �0�.�5�6� �0�.�9�0�0� �0�.�1�7�0� �2�.�2�0� �2�0�0�0� 
�R�O�T�A�R�Y� �H�O�E� �0�.�5�6� �0�.�9�0�0� �0�.�2�3�0� �1�.�4�0� �2�0�0�0� 
�A�P�P�L�Y� �A�N�H�Y�D�R�O�U�S� �0�.�5�6� �0�.�9�0�0� �0�.�6�3�0� �1�.�3�0� �1�2�0�0� 
�A�P�P�L�Y� �F�E�R�T�I�L�I�Z�E�R� �0�.�5�6� �0�.�9�0�0� �0�.�6�3�0� �1�.�3�0� �1�2�0�0� 
�S�P�R�A�Y� �P�E�S�T�I�C�I�D�E� �0�.�5�6� �0�.�9�0�0� �0�.�4�1�0� �1�.�3�0� �1�5�0�0� 
�D�R�I�L�L� �0�.�5�6� �0�.�9�0�0� �0�.�3�2�0� �2�.�1�0� �1�5�0�0� 
�R�O�T�A�R�Y� �M�O�W�E�R� �S�T�A�L�K�S� �0�.�5�6� �0�.�9�0�0� �0�.�2�8�0� �1�.�4�0� �2�0�0�0� 
�S�P�R�E�A�D�E�R� �S�E�E�D� �0�.�5�6� �0�.�9�0�0� �0�.�2�8�0� �1�.�4�0� �2�0�0�0� 
�C�H�O�P� �F�O�R�A�G�E� �0�.�5�6� �0�.�9�0�0� �0�.�0�4�0� �2�.�1�0� �3�0�0�0� 
�C�O�M�B�I�N�A�T�I�O�N� �T�O�O�L� �0�.�5�6� �0�.�9�0�0� �0�.�2�7�0� �1�.�4�0� �2�0�0�0� 
�M�O�W� �H�A�Y� �0�.�5�6� �0�.�9�0�0� �0�.�4�6�0� �1�.�7�0� �2�0�0�0� 
�R�A�K�E� �H�A�Y� �0�.�5�6�  �� �0�.�9�0�0� �0�.�1�7�0� �1�.�4�0� �2�5�0�0� 
�M�O�W� �&� �C�O�N�D�I�T�I�O�N� �0�.�5�6� �0�.�9�0�0� �0�.�1�8�0� �1�.�6�0� �2�5�0�0� 
�B�A�L�E� �H�A�Y� �0�.�5�6� �0�.�9�0�0� �0�.�2�3�0� �1�.�8�0� �2�0�0�0� 
�S�P� �C�O�M�B�I�N�E� �0�.�6�7� �0�.�9�2�0� �0�.�0�4�0� �2�.�1�0� �3�0�0�0� 
�C�O�R�N� �H�E�A�D� �0�.�5�6� �0�.�9�0�0� �0�.�0�4�0� �2�.�1�0� �3�0�0�0� 
�G�R�A�I�N� �P�L�A�T�F�O�R�M� �0�.�6�4� �0�.�9�0�0� �0�.�0�4�0� �2�.�1�0� �3�0�0�0� 

�A�p�p�e�n�d�i�x� �A� �1�0�3



�T�a�b�l�e� �A�5� �C�a�l�e�n�d�a�r� �D�a�y�s� �F�a�v�o�r�a�b�l�e� �f�o�r� �F�i�e�l�d� �W�o�r�k� �b�y� �S�e�l�e�c�t�e�d� �P�e�r�i�o�d� �a�n�d� �S�e�l�e�c�t�e�d� 
�R�e�g�i�o�n�s� �o�f� �I�l�l�i�n�o�i�s� 

� � 

� � � � 

� � 

� � 
� � 

�T�o�t�a�l� �A�v�e�r�a�g�e� �N�u�m�b�e�r� �o�f� �N�u�m�b�e�r� �o�f� �F�a�v�o�r�a�b�l�e� �D�a�y� 
�C�a�l�e�n�d�a�r� �F�a�v�o�r�a�b�l�e� �D�a�y�s� �A�v�a�i�l�a�b�l�e� �5� �o�u�t� �6� �y�e�a�r�s� 

�D�a�y�S� �w�e�n�n� �n�n�n� �n�n�e�n�n�n�e�n�n�c�e�n�n�n�n�n�e�e�-� 

�M�a�r�c�h� �2�7�-� �A�p�r�i�l� �0�9� �.�.�.�.�.�.�.�.�.�.� �1�4� �4�.�1� �5�.�9� �3�.�0� �1�.�7� �2�.�0� �1�.�0� 
�A�p�r�i�l� �1�0� �-� �A�p�r�i�l� �2�3� �.�.�.�.�.�.�.�.�.�.� �1�4� �7�.�9� �6�.�9� �6�.�4� �5�.�0� �3�.�6� �2�.�4� 
�A�p�r�i�l� �2�4�-� �M�a�y� �7�.� �.�.�.�.�.�.�.�.�.�.� �1�4� �9�.�2� �7�.�9� �7�.�8� �6�.�2� �5�.�1� �4�.�2� 
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�S�P�R�A�Y� �P�E�S�T�I�C�I�D�E� 
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�C�O�M�B�I�N�E� �C�O�R�N� 
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�C�O�M�B�I�N�E� �W�H�E�A�T� 
�C�O�M�B�I�N�E� �S�O�Y�B�E�A�N�S�/�D�C� 
�C�O�M�B�I�N�E� �O�A�T�S� 
�M�O�L�D�B�O�A�R�D� �P�L�O�W� 
�C�H�I�S�E�L� �P�L�O�W� 
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�A�P�P�L�Y� �F�E�R�T�I�L�I�Z�E�R� 
�S�P�R�A�Y� �P�E�S�T�I�C�I�D�E� 
�R�O�W� �C�U�L�T�I�V�A�T�E� 
�R�O�T�A�R�Y� �H�O�E� 
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