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REVERSE VENDING MACHINE ALTERNATIVES 

by 

Philip E. Smith 

Committee Chairman: Benjamin S. Blanchard 
Systems Engineering 

(ABSTRACT) 

The purpose of this report is to demonstrate the use of 

the Life-Cycle Cost Analysis technique and the Analytic 

Hierarchy Process technique as decision tools for determining 

the most economical choice of three Reverse Vending machine 

alternatives. 

The report compares costs associated with production and 

construction, operation and maintenance, disposal, and metal 

income. Difficult to quantify factors, such as, ease of use, 

appearance, and accessibility were also investigated. Each 

technique yielded a different recommendation.
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Chapter I 

INTRODUCTION 

BACKGROUND 

Aluminum, being the second most common metal employed by 

man, has posed a significant waste disposal problem. The 

recycling of aluminum is a concern of the environmentalist as 

well as the resource conservationist. By recycling aluminun, 

95% of the energy required to make aluminum from bauxite is 

saved. The concept of recycling aluminum is not new. Reynolds 

Metals Company (RMC) began recycling scrap from fabricating 

operations over forty years ago. In addition to reducing the 

amount of energy consumed, recycling also saves valuable 

natural resources and reduces the burden on our landfills [1]. 

One form of aluminum scrap is the used beverage can 

(UBC). In 1968, RMC opened a collection center that offered 

to pay any individual for aluminum cans and other clean 

household aluminum. Since 1968, RMC has paid recyclers more 

than $1 billion. In 1989, various can reclamation programs 

harvested 765,671 metric tons of metal [2]. 

Aluminum recyclers, wanting to increase the volume of 

aluminum cans recycled, expressed the desire for an automated 

machine. If a machine could be developed to buy cans back from
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the public on a 24-hour basis, the volume of recycled cans 

would increase. 

As a result of the desire for such a machine, the 

development of 'Reverse Vending' was born. Reverse vending 

refers to a machine that accepts a commodity (aluminum cans) 

and pays the customer money in return. A number of machines 

appeared on the market in the late 1970s. None of the 

available machines satisfied the quality standards that RMC 

wanted in a machine. (See Appendix A for a listing of desired 

Machine Parameters.) 

In 1981, RMC started the development of their first 

prototype reverse vending machine. The project was referred 

to as P-I. The purpose of the project was to design and build 

an advanced reverse vending machine capable of purchasing used 

beverage cans (UBCs) from the public. 

After the completion of the P-I machine, it became 

apparent that modifications to the original design would be 

required to make the machine more reliable. The desire was 

to have a machine that would experience less than one 

breakdown per 3,000 pounds of UBCs collected. A new prototype 

was designed and was called P-II. 

The new P-II machine was developed and tested. 

Additional engineering established a variety of cost-saving 

measures. With these measures incorporated into the design,
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the estimate of the initial cost of the machine was still 

higher than the desired $30,000 limit. 

A machine that had an initial price less than $30,000 and 

met the original specifications was still needed. As a 

result, the P-III project was started. The P-III was a re- 

engineering of the P-II prototype. The P-III machine 

incorporated the basics of the processing system from the P- 

II machine and also used lower cost materials. The P-III came 

close to meeting the desired price criteria and also fulfilled 

the original specifications. 

RMC continued to search the market for feasible reverse 

vending machines. A reverse vending machine was found that 

appeared to meet the RMC specifications. A unit was purchased 

and placed in operation. It was referred to as the PP, or 

purchased prototype. Field testing of the PP machine revealed 

that it did not meet all of the originally established 

specifications. However, it was felt that the trade-offs in 

operating performance justified the initial cost savings. 

As a result of the tests being performed on the PP test 

unit, RMC now questioned if some of the stringent requirements 

that were originally established, and by which all the RMC 

prototype machines were designed and fabricated, were actually 

required.



OBJECTIVE 

The objective of this report is to demonstrate the use 

of Life-Cycle Cost analysis, as well as the Analytic Hierarchy 

Process, aS decision tools to compare alternate systems. The 

two different techniques will be used to evaluate the 

following three possible reverse vending machine alternatives: 

1. PP design: does not fulfill the original 

specifications, but the initial cost savings, 

availability of machines, and the known 

expectancies make it a viable alternative. 

2. P-II design: fulfills all of the original 

specifications and uses ideal equipment and 

materials in its design. The desired initial 

price criteria is exceeded. 

3. P-III design: fulfills all of the original 

specifications, but uses lower-cost materials.



DEFINITION OF NEED 

In an effort to reduce the cost to produce aluminun, 

Reynolds Metals Company (RMC) has a desire to increase the 

volume of recycled used beverage cans (UBCs). The cost savings 

can be used to increase RMC's profit margin, produce lower 

cost products thus capturing more of the consumer market, 

conserve natural resources, conserve energy use, contribute 

to the reduction of the landfill burden, and promote the image 

of RMC as an environmentally concerned organization with an 

emphasis on recycling. 

A network of 'Reverse Vending' machines nationwide would 

assist with the collection of UBCs from the general public. 

A test project has been awarded a budget of $1,500,000 for the 

initial purchase of the machines. A number of machines will 

be placed in service and used as a basis for proving the 

feasibility of expanding nationwide. 

The machines are expected to generate an additional 

volume of 10,000,000 pounds of UBCsS per year. The existing 

RMC-manned collection center network will be used to support 

machine placement and service. The initial price of each 

macine are desired to be less than $30,000. Using a design- 

to-cost criteria, a module of 50 machines or less would be 

required. (See Appendix A for further listings of Machine 

Parameters and Appendix B for Project Assumptions).



CHAPTER IT 

THE LIFE-CYCLE COST APPROACH 

CALCULATION OF LIFE-CYCLE COST ELEMENTS 

There are always some assumptions that must be made 

during the analysis of a project. The results of this report 

represent only one possible scenario. The logic of the 

application of the two techniques would be applicable to other 

scenarios as well. 

Life-cycle costs (LCC) refer to the costs encountered 

during the six phases of a project. The phases include 

concept, preliminary design, detail design, production and 

construction, system utilization, and system retirement. 

Figure 2-1 illustrates the project schedule, with respect to 

the system life cycle process. 

A Life-Cycle Cost analysis is the analytical analysis of 

the expected costs of a project. One advantage of the life- 

cycle cost analysis technique is that it is iterative in 

nature and may be applied to any phase or phases of the system 

life cycle. The analysis of this project will begin with the 

production and construction phase.
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All of the expected costs categories can be displayed in 

a Cost Breakdown Structure as shown in Figure 2-2 [3]. The 

total system cost equation for the system is: 

TOTAL SYSTEM COST (C) = 

RESEARCH AND DEVELOPMENT (Cr) 

+ PRODUCTION AND CONSTRUCTION (Cp) 

+ OPERATION AND MAINTENANCE (Co) 

+ DISPOSAL (Cd) 

C = Cr + Cp + Co + Cd 

RESEARCH AND DEVELOPMENT COSTS 

Three machines are being evaluated to determine which 

machine RMC should purchase for a 50-machine test module. 

One machine was developed by an outside vendor. The other two 

machines were developed by RMC and incurred research and 

development costs. The analysis is taking place once the 

machines have already been developed and tested as units. As 

a result, the Research and Development Costs (Cr) are 

considered as sunk costs. The costs, although different for 

each machine, have already been spent. 

PRODUCTION AND CONSTRUCTION COST 

The analysis is being performed from Reynolds Metals 

Company's viewpoint. The production and construction costs
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to be considered are those that would have an impact on the 

decision of which machine RMC should select. Table 2-1 is a 

summary of the production and construction costs expected for 

the three different machine alternatives. 

Production and Construction Costs (Cp) include 

Manufacturing Costs (Cpm), Construction Costs (Cpc), and 

Initial Logistic Support Costs (Cpl). 

Cp = Cpm + Cpc + Cpl 

Manufacturing Costs (Cpm) include all nonrecurring 

manufacturing costs (Cpn) and recurring manufacturing costs 

(Cpr) associated with the production and testing of the 50 

machines. 

Cpm = Cpn + Cpr 

Since all three machines are to be manufactured by an 

outside fabricator, at the fabricator's facility, the fixed 

nonrecurring manufacturing costs (Cpn) are included in the 

price of the machine. This would include such costs as 

manufacturing management, manufacturing engineering, initial 

tooling and factory test equipment. The fabricator has 

included these overhead expenses in the selling price of the 

machine. 

Factors contributing to the recurring manufacturing costs
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(Cpr) are the production cost (Cprp), the testing cost (Cprt), 

and shipment cost (Cprs) of each unit once fabrication is 

completed. The selling price of each of the three different 

machines will be used as the production cost (Cprp) of the 

machines. 

Cpr = Cprp + Cprt + Cprs 

The selling prices of the machines are $17,500 for the 

PP model, $30,000 for the P-II model, and $26,500 for the P- 

III model. These prices are based on vendor quotations. 

An acceptance test of each machine will occur at the 

vendor's facility prior to shipment. Testing costs (Cprt) will 

include the cost of one man traveling to the vendor's location 

and testing the units. Five units will take five days to test 

at an expense of $1,500 per week for any of the three 

machines. The inspector will make five trips to the vendor's 

location and test the machines in lots of ten. 

The manufacturing rate for the PP machine would be three 

units per week. The P-II and P-III machines could be 

manufactured only at a rate of two units per week due to their 

more complex design. 

The purchase price is F.0.B. vendor's shop. Asa result, 

the shipment cost (Cprs) includes the initial transportation 

and handling cost. The location of the potential vendors
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varies for the different machines. 

The PP machine has the highest transportation cost due 

to a greater travel distance. The P-II and P-III will cost 

approximately the same to transport. Due to the smaller size 

of the PP machine, the handling costs are lower than for the 

P-IT and P-III machines. Summing the average transportation 

and handling cost results in an approximate equivalent expense 

of $1,200 per machine. 

Construction Costs (Cpc) include all initial acquisition 

costs associated with facilities and utilities for 

manufacturing, testing, and maintaining the units. The 

initial manufacturing, testing, and utility facility costs 

have already been realized by the fabricator. Any recurring 

facility or utility cost incurred by the vendor will be 

included in the initial price of the machines by the vendor 

as overhead expenses. 

Construction costs (Cpc) to consider are the initial site 

preparation costs (Cpcs) and utility service costs (Cpcu) for 

each machine. 

Cpc = Cpcs + Cpcu 

The estimated cost for site preparation and utilities per 

machine is $4,000 for the PP machine and $5,000 for either the 

P-II or the P-III machine. These values are based on the 

respective test unit placement costs. The costs have been
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adjusted to account for a quantity of 50 machines. 

Initial Logistic Support Costs (Cpl) include the costs 

associated with obtaining the initial spare parts and training 

equipment. 

Cpl = Cpls + Cpli + Cpld + Cplt + Cplx 

The PP test unit experienced 8 breakdowns, operated 1,008 

hours, and processed 90,894 pounds of UBCS during the test 

year. The P-II machine experienced 9 breakdowns, operated 

685 hours, and processed 131,967 pounds of UBCs during the 

test year. The P-III machine had 14 breakdowns, operated 544 

hours, and processed 102,616 pounds of UBCsS during the year. 

The failure rate (FR) for each machine is as follows: 

PP FR = 8 breakdowns/1008 hours = .00794 bds/hr 

P-II FR = 9 breakdowns/685 hours = .01314 bds/hr 

P-III FR = 14 breakdowns/544 hours = .02574 bds/hr 

Each machine consists of approximately 10 sub-assemblies. 

Each sub-assembly is made up of hundreds of components. An 

analysis of the required spare component parts is beyond the 

scope of this report. Based on the failure rate experienced 

during the test year, vendor recommendation, and experience, 

an estimate of the required number of spare sub-assemblies 

will be calculated. 

The cost for the recommended spare parts, the calculation
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for the required quantity, and an explanation of the procedure 

is detailed in Appendix K. A 90% probability of having a 

spare sub-assembly available, a 30-day restocking cycle, and 

a quantity of 50 machines were used in the calculations. A 

series logic flow was used when designing the machines. As 

a result, the sub-assemblies were put together in a series 

formation. 

The spare parts, as well as the maintenance facility 

repair shop, will be housed in an existing RMC collection 

center. The initial spare parts cost (Cpls), for a module of 

50 machines, is estimated at $57,496 for the PP, $143,937 for 

the P-II, and $73,266 for the P-III. 

The initial inventory management costs (Cpli) includes 

catalogs, listings, and codes for spare parts entering the 

inventory. Since the PP machine would be purchased from an 

outside vendor, this cost is included in the selling cost of 

the machine. The P-II and P-III were designed by RMC, but 

would be built by an outside fabricator. It is estimated that 

the inventory management cost (Cpli) for the two Reynolds 

machines will be approximately $20 per machine. 

The technical data preparation cost (Cpld) includes the 

cost for the development of operating, maintenance, and test 

manuals. Again, this cost is included in the original cost 

of the PP machine. It is estimated that it would take a
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process engineer and a secretary one month to perform the task 

for either the P-II or the P-III machine. 

Process Engineer $40,000/yr x lyr/12mo 

x 1.27% (fringes) 

$4,233/mo 

Secretary = $8.50/hr x 173 hrs/mo x 1.27% (fringes) 

= $1,868/mo 

Cpld = ($4,233/mo + $1,868/mo) x 1 mo = $6,101 

Training will take place at the site of a newly placed 

machine. The initial training and training equipment costs 

(Cplt) include a technician traveling to the site and spending 

one week training the maintenance person as well as the 

collection center manager. The cost will be the same for any 

of the three machines - approximately $1,500 for the week. No 

special training equipment will be required. 

The initial test cost (Cplx) includes all initial test 

and support equipment. The only test equipment required is 

the hand-held test device that comes with each machine. The 

cost of the hand+sheld has been included in the initial cost 

of the machine. Support equipment includes the tools required 

by the maintenance personnel. The initial costs are 

approximately $575. These costs will be the same for all three 

alternatives.
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OPERATION AND MAINTENANCE COST 

All operating (Coo) and maintenance (Com) costs required 

to keep the machines functioning throughout each machine's 

life-cycle are contributors to the operation and maintenance 

costs (Co). Also included are all equipment modification 

costs (Con). 

Co = Coo + Com + Con 

All expenses due to the actual operation of the machines 

are included in the operating cost (Coo). The cost of 

operating labor (Cool), recurring operator training (Coop), 

operator transportation (Coot), site rental (Coor), and site 

utilities (Coou) are included in the operating cost (Coo). 

Coo = Cool + Coop + Coot + Coor + Coou 

All three possible machines are automated, free-standing 

machines, such that there are no on-site operator expenses. 

Two collection people will be required to recover the 

collected UBCs from the machines and transport them to the 

collection center. See Appendix B for details of the labor 

costs. These costs are equivalent for any of the three 

machine alternatives. 

Cool 2 x $8.50/hr x 240 hrs/mo x 1.27% (fringes) 

Cool $5,182/mo ($62,179/yr)
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It is assumed that one of the two collection people will leave 

per year due to attrition. The remaining collection person 

Will be responsible for training the replacement. One week 

will be required to show the new person the route and methods 

required to unload the machines. Two person-weeks will be 

consumed in the process. These costs are equivalent for any 

of the three machine alternatives. 

2 x $8.50/hr x 40 hr/wk = $680/turnover 

1 turnover/yr x $680/turnover = $680/yr 

Coop = $680/yr 

The required transportation costs (Coot) by the 

collection personnel are included in the operating cost (Coo). 

All transportation vehicles will be leased. The maintenance 

and insurance of the vehicles will be included in the lease. 

Each collection person will require a tractor and trailer 

rig. A total of six trailers will be required, three trailers 

per collection person. The three trailers will be rotated 

between collection, ready to unload, and being unloaded. The 

collection person will unload four to five machines a day. 

An average of 100 miles, six days a week, will be traveled by 

the collection person. The costs are equivalent for any of 

the three machine alternatives.
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Tractors: Lease 2 x $3,500/mo x 12 mo/yr = [$84,000/yr] 

Travel 2 x 100 mi/day x 6 days/wk = 1200 mi/wk 

1200 mi/wk x $.40/mi = $480/wk 

$480/wk x 52 wk/yr = [$24,960/yr] 

Trailers: Lease 2x 3 x $600/mo x 12 mo/yr = [$43,200/yr]} 

Il Travel 2x 3 x 100 mi/day x 2 days/wk 

1200 mi/wk 

1200 mi/wk x $.10/mi = $120/wk 

$120/wk x 52 wk/yr = [$6,240/yr] 

Coot $84,000/yr + $24,960/yr + $43,200/yr + $6,240/yr 

Coot $158,400/yr 

The monthly rent (Coor) for the selected sites and the 

monthly utilities (Coou) for each machine are included in the 

operating costs (Coo). The rent for each site is $300/mo for 

each machine. This is the highest price that RMC is willing 

to pay. This cost is equivalent for any of the three machine 

alternatives. 

Coor = $300/machine/mo x 50 machines 

$15,000/mo [$180,000/yr] 

The utility costs are different for each machine due to 

design and usage differences. The average utility cost for the 

PP test unit was $225/mo. The P-II and P-III have a 40%
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higher power consumption rate due to their more complex 

designs. The PP test machine was used 1008 hours and 

processed 90,894 pounds of UBCs during the test year. The P- 

II and P-III machines were used 685 and 544 hours and 

processed 131,967 and 102,616 pounds of UBCs respectively 

during the test year. The differential in use is assumed to 

be due to customer preference. 

PP Coou $225/mo/machine x 50 machines 

$11,250/mo = [$135,000/yr] 

P-IT Coou ($225/mo x 1.40 x 90,894/131,967)/ machine 

x 50 machines 

$10,848/mo = [$130,176/yr] 

P-III Coou ($225/mo x 1.40 x 90,894/102,616)/ machine 

x 50 machines 

$13,951/mo = [$167,412/yr] 

Maintenance costs (Com) include labor (Comm), training 

(Comp), recurring spare parts (Comx), recurring tools and test 

equipment (Coms), transportation (Comt), and facilities (Comf) 

costs. 

Com = Comm + Comp +Comx + Coms + Comt + Comf 

Maintenance labor will include one maintenance person 

(Commc) and two cleaning people (Commp). These expenses are 

included in the labor costs (Comm).
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�C�o�m�m� �=� �C�o�m�m�c� �+� �C�o�m�m�p� 

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

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

�V�a�n�:� �L�e�a�s�e� �$�3�0�0�/�m�o� �x� �1�2� �m�o�/�y�r� �=� �[�$�3�,�6�0�0�/�y�r�]� 

�1�0�0� �m�i�/�d�a�y� �x� �6� �d�a�y�s�/�w�k� �=� �6�0�0� �m�i�/�w�k� �T�r�a�v�e�l� 

�6�0�0� �m�i�/�w�k� �x� �$�.�2�5�/�m�i� �=� �$�1�5�0�/�w�k
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�$�1�5�0�/�w�k� �x� �5�2� �w�k�/�y�r� �[�$�7�,�8�0�0�/�y�r�]� 

�C�o�m�t� �=� �$�3�,�6�0�0�/�y�r� �+� �$�7�,�8�0�0� �=� �$�1�1�,�4�0�0�/�y�r� 

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

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

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

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

�v�e�h�i�c�l�e�.� 

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

�R�M�C� �c�o�l�l�e�c�t�i�o�n� �c�e�n�t�e�r� �f�a�c�i�l�i�t�y�.� �T�h�e� �i�n�i�t�i�a�l� �m�a�i�n�t�e�n�a�n�c�e� 

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

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

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

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

�r�e�q�u�i�r�e�d� �f�o�r� �r�o�u�t�i�n�e� �m�a�i�n�t�e�n�a�n�c�e�.� �T�h�i�s� �a�r�e�a� �a�c�c�o�u�n�t�s� �f�o�r� �5�%� 

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

�i�s� �$�4�,�0�0�0� �p�e�r� �m�o�n�t�h�.� �T�h�e� �u�t�i�l�i�t�i�e�s� �a�v�e�r�a�g�e� �$�5�0�0� �p�e�r� �m�o�n�t�h�.� 

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

�C�o�m�f� �=� �(�5�%� �x� �$�4�,�0�0�0�/�m�o�)� �+� �(�%�5� �x� �$�5�0�0�/�m�o�)� 

�=� �$�2�2�5�/�m�o� �=� �[�$�2�,�7�0�0�/�y�r�]
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�A�l�l� �t�h�r�e�e� �p�r�o�t�o�t�y�p�e� �m�a�c�h�i�n�e�s� �h�a�v�e� �b�e�e�n� �t�e�s�t�e�d� �i�n� �t�h�e� 

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

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

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

�w�i�l�l� �b�e� �r�e�q�u�i�r�e�d�.� 

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

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

�m�a�c�h�i�n�e� �a�l�t�e�r�n�a�t�i�v�e�s�.� 

�D�I�S�P�O�S�A�L� �C�O�S�T�S� 

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

�b�a�s�e�d� �o�n� �e�x�p�e�r�t� �o�p�i�n�i�o�n�.� �T�h�e� �P�-�I�I� �a�n�d� �P�-�I�I�I� �a�r�e� �e�x�p�e�c�t�e�d� �t�o� 

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

�e�x�p�e�r�t� �o�p�i�n�i�o�n�.� �(�S�e�e� �A�p�p�e�n�d�i�x� �F� �f�o�r� �f�u�r�t�h�e�r� �d�e�t�a�i�l�.�)� �A�t� �t�h�e� 

�e�n�d� �o�f� �a� �m�a�c�h�i�n�e�'�s� �r�e�s�p�e�c�t�i�v�e� �l�i�f�e�,� �t�h�e� �m�a�c�h�i�n�e� �w�i�l�l� �b�e� �s�o�l�d�.� 

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

�o�f� �$�1�,�0�0�0� �e�a�c�h�.� �I�t� �i�s� �a�l�s�o� �a�s�s�u�m�e�d� �t�h�a�t� �t�h�e� �P�-�I�I� �a�n�d� �P�-�I�I�I� 

�m�a�c�h�i�n�e�s� �c�o�u�l�d� �b�e� �s�o�l�d� �f�o�r� �a� �m�i�n�i�m�u�m� �o�f� �$�2�,�0�0�0� �a�n�d� �$�1�,�5�0�0� �p�e�r� 

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

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

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

�a�l�t�e�r�n�a�t�i�v�e�s�.� 

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

�C�d� �=� �C�s� 

�P�P� �C�s� �=� �$�1�,�0�0�0�/�m�a�c�h�i�n�e� 

�P�-�I�I� �C�s� �=� �$�2�,�0�0�0�/�m�a�c�h�i�n�e� 

�P�-�I�I�I� �c�s� �=� �$�1�,�5�0�0�/�m�a�c�h�i�n�e� 

�M�E�T�A�L� �I�N�C�O�M�E� 

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

�m�a�c�h�i�n�e�s� �v�a�r�i�e�s�.� �T�h�e� �P�-�I�I� �a�n�d� �t�h�e� �P�-�I�I�I� �m�a�c�h�i�n�e� �h�a�v�e� �f�e�a�t�u�r�e�s� 

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

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

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

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

�P�-�I�I�I� �m�a�c�h�i�n�e�s� �d�o� �n�o�t� �e�x�i�s�t� �o�n� �t�h�e� �P�P� �m�a�c�h�i�n�e�.� �A�s� �a� �r�e�s�u�l�t�,� 

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

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

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

�m�a�c�h�i�n�e� �a�v�e�r�a�g�e�s� �1�0�%� �c�o�n�t�a�m�i�n�a�t�i�o�n�.� �T�h�e� �m�a�t�e�r�i�a�l� �c�o�l�l�e�c�t�e�d� 

�f�r�o�m� �t�h�e� �P�-�I�I� �a�n�d� �P�-�I�I�I� �m�a�c�h�i�n�e�s� �a�v�e�r�a�g�e�s� �o�n�l�y� �1�%� 

�c�o�n�t�a�m�i�n�a�t�i�o�n�.� 

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

�m�a�c�h�i�n�e�s� �i�s� �c�o�n�s�i�d�e�r�e�d� �a� �s�a�v�i�n�g�s� �(�S�m�)�.� �T�h�e� �i�n�t�r�a�c�o�r�p�o�r�a�t�e� 

�t�r�a�n�s�f�e�r� �p�r�i�c�e� �p�a�i�d� �f�o�r� �t�h�e� �m�e�t�a�l� �i�s� �$�.�2�2�5�/�l�b�.� �T�h�e� �a�v�e�r�a�g�e



�2�8� 

�p�r�i�c�e� �p�e�r� �p�o�u�n�d� �p�a�i�d� �t�o� �t�h�e� �c�u�s�t�o�m�e�r� �f�o�r� �t�h�e� �m�e�t�a�l� �i�s� �$�.�4�5�/�l�1�b�.� 

�T�h�e� �r�e�v�e�n�u�e� �g�e�n�e�r�a�t�e�d� �i�s� �$�.�2�2�5�/�l�1�b�.� �T�h�e� �y�e�a�r�l�y� �i�n�c�o�m�e� �p�e�r� 

�r�e�s�p�e�c�t�i�v�e� �m�a�c�h�i�n�e� �i�s�:� 

�P�P� �S�a�v�i�n�g�s� �9�0�,�8�9�4� �l�b�s�/�m�a�c�h�i�n�e� �x� �9�0�%� �x� �$�.�2�2�5�/�l�1�b� 

�x� �5�0� �m�a�c�h�i�n�e�s�/�m�o�d�u�l�e� �=� �$�9�2�0�,�3�0�2�/�m�o�d�u�l�e� 

�I�l� �P�-�I�I� �S�a�v�i�n�g�s� �1�3�1�,�9�6�7� �l�b�s�/�m�a�c�h�i�n�e� �x� �9�9�%� �x� �$�.�2�2�5�/�l�b� 

�x� �5�0� �m�a�c�h�i�n�e�s�/�m�o�d�u�l�e� �=� �$�1�,�4�6�9�,�7�8�2�/�m�o�d�u�l�e� 

�P�-�I�I�I� �S�a�v�i�n�g�s� �1�0�2�,�6�1�6� �l�b�s�/�m�a�c�h�i�n�e� �x� �9�9�%� �x� �$�.�2�2�5�/�l�1�b� 

�x� �5�0� �m�a�c�h�i�n�e�s�/�m�o�d�u�l�e� �=� �$�1�,�1�4�2�,�8�8�6�/�m�o�d�u�l�e



�2�9� 

�L�I�F�E�-�C�Y�C�L�E� �C�O�S�T� �A�N�A�L�Y�S�T�S� 

�T�h�e� �P�-�I�I� �a�n�d� �P�-�I�I�I� �m�a�c�h�i�n�e�s� �b�o�t�h� �a�r�e� �a�s�s�u�m�e�d� �t�o� �h�a�v�e� �a� 

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

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

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

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

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

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

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

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

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

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

�f�o�u�r� �w�o�u�l�d� �b�e�:� 

�P�P� �C�d�{�(�4�}� �=� �[�(�$�1�7�,�5�0�0� �-� �$�1�,�0�0�0�)� �x� �4�y�r�]� �=� �$�9�,�4�3�0� 
�7� �y�x� 

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

�m�a�c�h�i�n�e�s� �m�u�s�t� �b�e� �r�e�q�u�e�s�t�e�d� �a�n�d� �c�o�m�m�i�t�t�e�d� �b�y� �t�h�e� �e�n�d� �o�f� �1�9�9�0�.� 

�T�h�e� �c�o�n�t�r�a�c�t� �f�o�r� �t�h�e� �m�a�c�h�i�n�e�s� �w�i�l�l� �b�e� �l�e�t� �J�a�n�u�a�r�y� �1�,� �1�9�9�1�.� 

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

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

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

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

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

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

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



�3�0� 

�y�e�a�r� �a�n�d� �d�i�s�p�l�a�y�e�d� �i�n� �T�a�b�l�e� �2�-�3�.� �C�o�n�s�t�a�n�t� �d�o�l�l�a�r�s� �a�r�e� �u�s�e�d� �t�o� 

�d�i�s�p�l�a�y� �t�o�d�a�y�'�s� �d�o�l�l�a�r� �v�a�l�u�e�s�.� �T�a�b�l�e� �2�-�4� �i�s� �a�n� �i�n�c�r�e�m�e�n�t�a�l� 

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

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

�6�%� �i�s� �u�s�e�d� �[�5�]�.� 
�n� 

�A�c�t�u�a�l� �D�o�l�l�a�r�s� �=� �(�1� �+� �£�)� �*� �(�C�o�n�s�t�a�n�t� �D�o�l�l�a�r�s�)� 

�T�a�b�l�e� �2�-�5� �i�s� �a�n� �i�n�c�r�e�m�e�n�t�a�l� �d�i�s�p�l�a�y� �o�f� �t�h�e� �p�r�e�s�e�n�t� �v�a�l�u�e� �o�f� 

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

�c�o�s�t�s� �a�r�e� �d�i�s�c�o�u�n�t�e�d� �t�o� �1�9�9�0� �p�r�e�s�e�n�t� �v�a�l�u�e�s� �[�1�2�]�.� 

�P�r�e�s�e�n�t� �V�a�l�u�e� �=� �F� �*� �1� 
�n� 

�(�1� �+� �i�)� 

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

�d�i�f�f�e�r�e�n�t� �m�a�c�h�i�n�e�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� �2�-�3�,� �2�-�4�,� �a�n�d� �2�-�5�.� 

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

�2�-�6�.� �T�h�e� �a�n�a�l�y�s�i�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �p�r�e�s�e�n�t� �v�a�l�u�e� �o�f� �t�h�e� �P�-� 

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

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

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

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

�F�i�g�u�r�e� �2�-�6�.� �T�h�e� �c�o�s�t� �p�r�o�f�i�l�e� �a�l�s�o� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �P�-�I�I� 

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

�R�e�f�e�r� �t�o� �A�p�p�e�n�d�i�x� �E� �f�o�r� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �s�p�r�e�a�d�s�h�e�e�t�s� �u�s�e�d� 

�t�o� �c�o�m�p�i�l�e� �t�h�e� �I�n�c�r�e�m�e�n�t�a�l� �C�o�s�t�/�(�S�a�v�i�n�g�s�)� �a�n�d� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� 

�S�u�m�m�a�r�y� �t�a�b�l�e�s�.



�3�1� 

�* ��B�a�U�I�Y�I�R�W
� 

�O�G� �4�0� �a�N
�p�O

�w
� 

�#� �J�o�y� �*�]� 

�
 
�
 

� � 

�
 
�
 

� � 
� � 

�
 
�
 

� � 

�
 
�
 

� � 
� � 

�
 
�
 

�S�A�N�G�O� 
�w�h�e� �2�9�)� �5�(�Z�9�'�B�9�Z�H�)� 

�«�S�Z� �L�A�L�)� �«�G
�Z�S� 

�B�E�S�)� �(�G�Z�S� �B�T�S�)� �G�Z�S �� �L�B�C�S�)� �§�I�G�Z�S�'� 
�L�O�L�s�!� �(�S�Z�G�*�L�a�r�s�)� �S�Z�S�'�c�B�t�s�)� �i�s�z�s�'�c�a�t�s�s� �S�z�S�'�c�a�r�s�)� �(�S�z�S�'�c�e�c�s�)� 

�§� 
�1�9�T�'�v�o�v�s� 

�=� �c�Q�o�e ��s�z�t�'�i�e� 
�s

�o
� �I�-�d� 

�|� 

�1�1�6�9�6�"� �t�s�'�S�8�)� �(�8�6�6�1�9�0�8�)� �(�a�r�c�a�d�e�)� �(�9�e�r ��c�a�e�s�)� �i�s�e�t�'�c�a�g�s�)� �§�(�9�a�l ��s�a�9�s�)� 
�§�(�9�e�t�'�c�e�r�s�:� 

�§�(�9�a�l�'�c�a�y�s�)� 
�§� �(�f�a�t� �c�a�g�e�)� �§�«�(�9�B�I�'�c�a�d�s�)� �§�«�(�9�a�t�'�C�B�9�s�)� 

�«�(�o�a�t� �t�e�a�s�)� 
�F�a�s�s� 

�v�o�o�'�o�n�g�'�t�8� 
�1� 

�l�i�-�d� 

�(�c�h�e� �1�8�6�8�)� 
 ��t�e�r� �a�s�s�e�)� �(�C�9�c�'�s�i�z�s�)� �c�g�v�e�'�S�t�z�e�s� �(�e�g�c�'�s�i�z�s�)� 

�«
�a

�z
� 

�e�e�e�s� �|�=� �e�e�e� �S�T�z�s�)� �i�r�g�'�s�t�z�s�)� �i�e�g�e�'�o�r�z�s�y� �i�c�g�c�'�c�i�z�s�y� �i�s�o�c�'�s�i�z�s�)� �§� �i�c�g�c�'�s�t�z�s�)� �«�6� �e�d�o ��o�a�s�s� 
�§�=�© �� �0�0�0� �S�z�a�s� 

�d�d� 
�;� 

�1�8�3�0�]� �p�u�r�g� 

�H�i�S�9�Z�'� 
�T�e�c� �*�Z�i�s� 

�(�S�e�e� �b�s�s�)� �(�9�0�8� �Z�i�e�l� �i�s�)� �(�P�R�G�!� 
�Z�e�e� �1�8�)� �(�9�8�°� �Z�e�E� �1�9�)� �(�9�8� �Z�e�e� �i�e�)� �(�9�6�a� �Z�e�h�'� �S�9�)� �(�9�a� �Z�o�r� �1�s�)� �(�F�e�a� �T�e�t� �'� �1�$�)� �(�9�a�!� �e�s� �T�e�y� �(�9�a� �Z�e�e� �1�6�)� �M

�M
� �Z�o�t� �1�6�h� �A�Z� �9�6� �C�e�s�)� 

�+� 
�U�I�e�d� 

�4� 

�:�.�a�g�9�'�2�z�a�'�G�1�8�0�:� 
�(�4�6�5� �c�c�s�)� 

�(�Z�B�L� �A�9�W�'� �1�6�4� �(�Z�B�L� �b�9�0�'� �1�)� �(�Z�B�L� �*�G�P�H� 
�1�S�)� �(�Z�B�L� �O�F� �T�E�D� �Z�B�L� �S�9�8� �T�S�H� �Z�B�L� �O�b� �1�8�)� 

�O�L� �O�F�O� �F�S�)� �(�Z�B�L� �9�b� �1�8�)� �(�Z�B�L� �G�O�P� �1�8�)� �(�Z�B�L� �9�b� �T�S�)� �2�6� �O�O�e�s�)� 
�l�i�-�d� 

�(�0�G�)� �s�m�o�a�u�s� �[�e�j�a�y� �«� 

�:�1�a�c�e�'�s�a�e�'�o�e�)� 
�e�a�s�t�o�n� 

�(�Z�O�C�'�O�Z�A�E�)� 
�(�Z�O�C�O�Z�S�G�)� 

�(�Z�O�L ��O�L�A�s�)� 
�(�Z�O�K �� �O�Z�O�H�)� �(�Z�O�L�'�O�Z�S�S�)� 

�(�Z�O�L ��O�T�A�S�)� 
�(�Z�O�L�'�O�L�S�E�)� �(�Z�O�S�'�O�Z�E�S�)� 

�(�Z�O�L�'�O�Z�S�S�)� 
�(�Z�O�L�'�O�Z�e�s�)� 

�L�9�2�4 �� �9�0�E�8�)� 
�d�d� 

�i� 
�w�l�e�'�9�9�b ��a�s� �:� 

�b�a�O�'�Z�O�c�s� 
�«�=� 

�T�9�S ��s�G�z�s� 
�=

�e
� �S�c�c�s� �|� 

�e�e� �S�e�c�s� �|�|� 
�e�S� �S�e�c�s� �=� 

�r�o�e ��c�t�e�s� �«�=� �r�o�e�  ��S�o�c�s� �=� 
�s�s�o�g�*�g�c�z�s� 

�=� 
�b�o�e ��s�t�e�s� 

�=
�e

�  ��S�a�z�s� �=� �e�t� �s�e�c�s� �=� �z�e�  ��s�e�c�s� �=� 
�0�g� �*�G

�z�E�'�I�s� 
�:� �|� 

�I�-�d� 
�i� 

�o�9�9�'�O�C�G�'� 
�O�s� �;� �@

�b�z�'�c�e�e�s� 
�=

�a
 �� �P�a�c�s� �«

�=
�a

� 
�a�e�s� �§�= �� �e�c� �'�9�e�L�s� �«�=� 

�k�G� �I�E
�S

� �«
�=

�e
� �S�R�L�S� �«�=� 

�9�6�5�9�8�1�6� 
�=� �F�a �� �9�G�L�s� �«�=� 

�A
�S

� �G�B�L�S� �«�=� 
�F�S �� �9�G�L�S� �=� �G

�G
�T

� 
�C�T� �T�h�'�T�2�8�8� 

�§�=�© �� �0�0�0�0�0�8 �� 
�T�S� 

�l�i�v�e� 
�(�J�)� �1�8�a�}� �$�9�8�0�9� 

�+� 
�1�0�0�'�e�e�r�'�4�s�  ��(�O�Z� �"�O�t� �T�8�)� 

�O�E�G�'�9�0�L�$� 
�=� �A�E�S�*�H�O�L�S� 

�«�=� 
�B�E�S� �P�O�L�E� �«�=� �A�L�G�  ��P�O�T�T�S� �A�C�S� �w�O�L�s� �©

� �H�E�S� 
�P�O�L�S� �=� 

�B�E�S �� �H�O�L�E� �=� �E�S �� �H�O�L�S� �«�=� 
�O�E�S �� �b�O�L�s� �«�=� 

�S
�O

�L
�E

� 
�=� 

�s�v�B�'�9�0�9�S� 
�=�.� �0�0�0�°� �G�L�a�E� 

�d�d� 

�1�(�0�0�0�'�S�i�s�)� 
 ��$� �1�0�0�0�'�S�z�5�)� 

�t�o� 
�U�b�e�d� 

�:�1�0�0�0�°�0�0�8�8�)� �:�4�0�0�0�°�0�0�1�6�)� 
�H�e�d� 

�(�8�2�)� �1�e�s�a�d�s�t�q� 
 ��¢� 

 ��0�0�K�!� �T�z�g�8�t� 
�4�0�0�5�"�.� 

�1�0�0�0�'�0�S�$�)� 
�d�d� 

�|� 
�b�"�a�o�n�'� 

�a�t� 
�!� 

�l�e�v ��c�i�s�s� �=� �t�9�g�*�c�e�u�e� 
�=� 

�b�e�e ��s�s�z�s� 
�«�=� 

�t�e�c ��s�c�z�s� �=� 
�t�e�c ��S�c�z�s� 

�=� 
�s�9�e�'�c�c�e�s� 

�=� 
�r�e�g ��s�e�u�s� �«�=� 

�s�9�s ��s�c�c�s� 
�§�= ��s�t�v�e�'�c�c�e�s� 

�§�= ��s�t�o�e ��s�c�z�s� 
�=� 

�i�e�c�'�c�e�i�s� �=� �t�e�e �� �e�u�c�e� 
�l�-�d� 

�:� �9�6�5�'�2�5�9�'�8�$� �B�o�u�'�c�a�c�s� �a�S� �9�0�8� �=� �9�4�S �� �9�0�L�8� �=� �a�S �� �9�e�Z�s� �=� �a�S�  ��T�B�S� �«�=� 
�F�h�S�'� �V�A�L�S� �«�=� 

�P�H�S�'�9�B�L�S� 
�§�= �� �9�G

� �9�O�L�S� �«�=� 
�9�S

� �B�L�S� �«�=� 
�9�G

� �9�A�L�E� �«�=� 
�6�G� �F�A�L�E� �§�= �� �a�z�  ��L�a�r�s� 

�;� 
�H�e�d� 

�;� 
�(�0�)� �a�a�u�e�u�e�q�u�t�e�y� 

�§�  ��9�6�9� �°�Z� 

�:� �O�t�a �� �b�e�e� �u�s� 
�O�L�E ��'�T�S�E�$� 

�=� �A�E�S� �H�O�L�S� �«�=� 
�B�E�S �� �w�O�L�s� �=� 

�S�E�S� �P�O�L�S� �=� �H�E�S� �H�O�L�S� �«�=� 
�E�G� �b�O�L�S� �§�= �� �a�S

� �H�O�L�s� �«�=� 
�a�S� �'�H�O�L�S� 

�=
�a

 �� �v�o�s� 
�§�= ��-�a�C�S�*�H�O�L�s� 

�=� �E�G� �H�O�L�E� �«�=
�u

� 
 ��z�a�E�s� 

�d�é� 

 ��t�e�e�!� �2�n�e�'�t�s� 
�Z�o�e� �L�O�e�s� 

�o�0�0�'�s�z�s�'�I�8� 
�|� 

�I�I�-�d� 
 �� 

�\� 
�i� 

�i� 
�1�9�)� �#�3�8�0�3� 

�i� 
�1�N

�'�c�b�'�T�s� 
�L�I �� �a�l�e�s� 

�O�0�0�"� 
�o�0�G�'�T�S� 

�V�e�d� 
�0�0�1� �}�2�N�4�}�8�U�0�)� 

�P�U�R� �U�T�Z� 
�I�N�B�O�L�g� 

�1� 
�i�i�s� �"�a�S�t� �2�s� 

�0�0�0 �� �0�S�a�s� 
�L�é�s ��p�t�c�s� �=�=� �0�0�0�'�S�l�a�s� �;� 

�d�d� 
�:� 

 �� 
�_�.� 

�i� 
 �� 

�1�8�3�0�]� 
�2�0�0�2� 

�1�0�0�2� 
�0�0�0�2� 

�6�4�6�1� 
�f�e�a�!� 

�L�o�o�t� 
�7�6�4�1� 

�S�o�b�}� 
�#�b�o�t� 

�f�e�a�t� 
�L�a�l� 

�1�a�b�l� 
�a�a�y�q�e�n�s�a�g� 

�t�y� 
�A�g�n�h�a�y�e�y� 

�3�8�0�3� 

� � 

�(�S�M�W� 
�7�1�0�0� �L�N�W

�L�S�N�O�I�)� 
�-� 

�A�M
�D�O

�S�1�U�)� 
�A�G� �I�V�A�W

� �(�S�E�N�I�A�W
�S�)�/� 

�1�5�0�9� �T�W
�I�N�S�N�a�H�I�N�!� 

�I� 

 ¬
�-�f� 

�8
�L

�I�e
�L



�3�2� 

� � 
� � 

�
 
�
 

� � 
� � 

�
 
�
 

� � 
� � 

�S�s�e� �E�(�O
�P� �U

�R
�P

�S
�U

�O
�T

� 
�e� 

�(�o�p� �+� 
�1�)� 

�=� �G
�I�R

�L�[�O
�P

� 
�P

�A
�R

�T
� 

�y�U�y� �t�p�a�s�n� �s�e�m
� �7�9� �9�0� 

�a�p�e�s� �U
�O

�T
�Z

�R
�T

� 
�F�U�T� �U�y�  ��7� 

�a� 
 ��S�a�u�L�Y�I�R�D� 

�O�F� �4�0� �a�l�n�p�o�s� �e� �w�a�y� �*�|� 

�i�a�i�e�'�9�z�e�'�e�g�s� 
�1�i�c�d�e ��o�e�c�e�l� �c�a�c�e�'�s�t�c�e� �(�B�e�a�'�s� 

�(�S�U�C�'�9�0�9�8�)� �(�9�0�9�L�I�9�8�)� �i�p�e�e�'�Z�a�G�s�)� �(�Z�I�c ��o�e�S�s�)� �i�9�6�S�'� �B�G�S�)� �t�i�e�Z ��O�B�e�s�)� �i�o�p�e�'�i�9�e�s�)� �§�(�c�z�e�'�S�e�e�s�)� �§�«�s�o�n�'�a�z�e�s� 
�=� �C�O�O�'�S�Z�E�'�I�s� 

�|� 
�O

�N� �I�-�d� 
�i�k� 

�\� 
 �� 

�i� 
�{� 

�V�A�S�O
�S�'�Z�O

�S�'� 
�O�S�)� �1�1�Z�L�G�'�B�A�N�S�)� 

 ��(
�2

�H
�H

�'�I�Z
�'� 

�T�S�)� �Z�A�R
� 

�L�A�S�T�S�)� �Z�z� �G�T� �T�e�)� �e�e�e� �A�A�O �� 
�E�)� �(�1�9�Z�L�Z�O� 

�T�E�N� �(�Z�I�T� �a�9�a�s�)� �«�(�9�S� �e�l�e�g�y� �§�(�a�o�s ��z�9�a�8�)� �i�p�a�g�'�c�i�a�s�y� �a�z�e�'�c�e�c�s�)� �Z�e�s ��v�o�w�s� 
�=� �o�@

 ��o�O
�s�I�e� 

�i�f� 
�M�l�-�d� 

�i�t� 

�s�i�p�Z�a�g�y�e�'� 
�t�e�r� �:�1

�e
�z

�a
�°

�s
�o

�s
� 

�1�s�)� �(�r�a�s� �s�o�r�s�)� �(�b�e�c�'� �9�8�s�)� �(�9�z�E�'� �H�O�L�S�)�  ��O
�c�s ��o�R�O

�'� 
�T�S� �(�o�Z�e ��e�Z�E�s�)� �(�e�9�O�'�9�O�L�E�)� 

�(�O�e�L�'�A�a�Z�E�)� 
�(�9�O�C�'�Z�L�Z�s�)� �(�9�L�E�'�9�C�Z�S�)� �I�t�e� �Z�e�r�s�)� �©� �a�z�a ��z�o�w�s� 

�«�=� �g�o�o�'�s�z�8�s� �i� 
�d�d� 

�!� 
�1�0�3�0�}� �p�u�e�a�g� 

�C�A�Z�G�L�'� 
�o�e� �O�1�8�)� �¢� �C�9�G�a�!� �b�e�l�!� �T�e�n� �(�C

�S� �O�O�t� �Z�H�)� �S�C�L� �9�0�0�!� �Z�H�)� �(�7�Z�B�B�'� �O�b�!� �1�5�)� �1�2�8�6�4� �F�2�8�8�)� 
�a�c�e� �A�H�L �� �5�8�)� �(�9�0�Z�'� �1�2�9�5�1�8�)� 

�(�d�e�w� �O�L�S� �1�8�)� �(�2�9�8� �Z�h�e� �S�e�)� �I�G�E� �T
�L� �1�8�)� �e�s� �y�e�r� �1�9�)� �(�0�Z�8� �S�0�8�8�)� 

�i� 
�I�e�-�d� 

�3� 
�{� 

�'� 
�:� 

�i� 
�A�P�S�O� 

�S�O�L� �S�E�S�)� �1� �(�S�c� �G�e�e�'� �1�8�)� �(�S�8�0� �O�b�s� �2�5�)� �1�9�1� �Z�E�9�'�Z�E�)� 
�T�N�T� �B�w� �Z�S�)� �(�4�0�9�°� �Z�O

� �Z�$�)� �(�6�0�0�'�O�1�Z� 
�Z�H�)� �h

�b
� �9�8�0� �2�H�)� �1�0�0�6�'�9�9�6� 

�1�9�)� �(�9�9�6�°�S�C�R� 
�1�8�)� �(�y�e�s� �o�n�e� �T�e�)� �(�L�e�e� �T�a�e�!� �1�6�1� �(�C�Z�E� �G� �I�E�E�)� 

�$� 
�i�k�e�d� 

�3� 

�A�9�O�L� 
�O

�B�O
� 

�H�I�S�)� �i� �C�p�l�e� �C�Z�b�G�)� �(�B�O�O� �L�e�c� �6�9�)� �(�I�Z� �a�e�s� �F�e�)� �c�i�f�e� �p�e�s� �T�s�)� �(�Z�Z�0�°�9�9�R� 
�T�H�)� �(�e�e�d� �C�H�L� �T�S�)� �(�9�9�M� �G�O�L �� �T�s�)� �(�Z�L�E�°� �T�E�S�S�)� 

�L�O�G�R�'� �T�O�E� �1�8�)� �(�b�0�'�9�6�0�'� 
�1�H�)� �(�E�O

� �H�C�O� �T�e� �c�c�s� �S�z�e�$� 
�'� 

�d�d� 
�:� 

�{� �p�e�r�'�e�c�a�'�t�i�s� �:� �c�e�o�'�e�o�r�s� 
�§�=�© �� �t�o�a ��e�t�e�'�t�s� �c�e�c ��z�e�c�'�t�s� �c�o�s�'�a�e�z�'�t�s� �t�e�e�'�s�o�z ��s�s� �p�a�c ��'�s�t�s ��t�s� �p�a�e�'�t�c�0�'�t�s� �C�p�a�'�o�r�o�'�i�s� �9�2�9�'�t�S�o�s� 

�=
� �c�e�o�'�o�a�g�s� 

�=� 
�e

�Z
 �� 

�a�e� 
�g�e�z�'�z�s�e�e� 

�=� �g�o�o ��s�z�e ��i�s� 
�i� �|� 

�L�l�-�d� 

� � 

�+� 
�a�0�c�'�9�9�!� 

� � 

�C�L�b�'�o�a�s�s� 
�«�=� �C�o�s� �t�o�e�s� �w�y �� �e�o�e�'�T�s� �g�t�a ��a�z�e ��i�s� �C�i�z�'�c�o�z ��i�s� �a�e�c�t�z�e�r�'�t�s� 

�Z�o�a ��c�t�t�'�t�s� 
�w�e�9�'�Z�G�o�'�l�s� 

�a�C�o�'�c�h�o�s� �o�c�a�'�o�c�e�s� �a�l�a ��c�m�a�s� �s�e�n�'�e�z�a�g� �o�o�o�'�o�o�g�'�i�s� 
�:� �9� �E�I�-�d� 

�(�3�)� �1�8�3�0�3� �5�3�8�0�9� 

�2�a� �1�e�2 ��e�t�s� �(�h�i�g ��a�c�z�s�)� �§�«�S�z�e�'�c�e�s ��t�s� �e�Z�c�'�l�9�z�'�t�e� �s�o�c ��o�e�t�'�t�s� �z�a�c ��c�s�s�'�z�s� �s�o�c ��a�s�o�'�t�s� �Z�o�v ��a�o�a�s� �©� �z�e�a�  ��Z�e�a�s� 

� �  ��a�g�e�s� �«�=� �a�t�t�  ��a�c�a�s� �«�=� 
�Z�O

 �� �t�e�e�s� �=� 
�G

�a
�t�e

�s� 
�«

�=
�O

� 
�S�u�e�s� 

�d�d� 

� � 
� � 

�
 
�
 

�H�G�1�b�'�O�G�T�S�)� 
�«�=� 

�(�G�E�A� �O�G�T�S�I� 
�t�+� 

� �U�M�e�-�d� 

�z�e�"� �R�e� 
�(�0�2�2� �1�0�Z�$�)� 

�;� 
�l�I�-�4� 

�;� 
�(�#�3�)� �[�e�s�a�d�e�t�g�  ��¢� 

 ��i�g�b�'�a�z�0�'�1�8�)� �r�a�y�s� �}� 
�(�2�6�9� �'�b�L�8�1� 

�d�d� 

�t�O
� �a�n� �E�I�4� �;� �a�v�e �� �o�t�s� �=� �F�o�e�'�e�c�e�t�t�s� �c�e�e� �z�e�e� �i�s� 

�c�e
�e

�'�d
 �� 

�T�e� �t�e�a� �c�o�z �� �t�s� 
�e�G�c� �S�c�t �� �t�s� �p�o�e� �s�c�o�'�t�s� �<�e�a�o�r�o�'�i�s� �9�z�9�'�t�c�e�s� 

�=
� �c�e�9 ��o�a�g�s� 

�=� 
�Z�z�'�8� 

�o�o�t� �c�o�n�s� 
�I�I�-�d� 

�|� �a�2�e�'�c�o�a�'�z�i�s� 
�;� �f�o�c �� �t�e�c�e� �«�S

�o�l� �*�c�o�w�'�t�s� �c�9�'�e�o�o�'�t�s� �a�s�e ��e�z�e�'�i�s� �S�i�z�'�s�e�z�'�t�s� �a�p�s�'�z�B�i�'�i�s� �Z�o�a�'�s�t�i ��i�s� �v�9�°�z�s�o�'�s�s� �a�g�o�'�c�o�a�s� � �o�s�a ��o�c�e�s� 
�=

� �a�a�t�a ��r�a�a�s� 
�«�=� �S�a�n� �9�T�b�s� 

�l�I�-�d� 
�;� 

�(�0�}�)� �a�2�u�e�u�a�q�u�i�e�y� 
�|�  ��s�e�d�g� �°�Z� 

�|� �a�R�y�"�9�N�8�'�1�1� �S�9�'�G�O�L�8� 
�=� �G�Z �� �e�t�e� �*�T�S� �2�Z�L�'�1�9�Z� 

�T�G
� �S�o�c�o�e�l�'�i�s� �a�z�e�'�z�z�i�'�t�s� �S�e�e�'�e�s�o�'�l�s� �Z�o�p ��s�s�o�s� �©� �2�6�8�2� 

�v�o�p�'�o�g�a�s� 
�=� �a�t�  ��a�c�a�s� �§�© �� �o�z�a ��t�a�c�s� 

�=� �S�o�w �� �C�u�c�e� 
�d�d� 

�;� �a�m�e �� �9�s�u�'�t�s� �;� 
�e�e�a ��i�t�e�s� �=� �o�o�0 ��e�z�e�'�i�s� 

�I�n�d� 
�i� 

�:� 
�'� 

�:� 
�(�#�9�)� �$�9�8�0�2� 

�0�0�8�°�9�0�0�'�Z�s� 
�o�n�a�'�9�0�s�s� 

�©
� �c�g�e�'�d�o�s ��I�s� �|� 

�I�I�-�d� 
�|� 

�U�O� �;�J�I�N�4�j�8�U�O�]� 
�P�U�R� �Y�O�T�Y�I�A�p�O�L�E� 

 ��|� 

�:� �e�o�n�c�n�'�2�e� �!� 
�9�S� �v�i�s� �1�s� 

�o�e�v�'�e�c�t�s� 
�§ ��-�0�0�0�'�S�l�e�s� 

�d�d� 

�{�8�3�0�1� 
�Z�0�0�2� 

�1�9�0�2� 
�0�0�0�2� 

�b�o�a�s� 
�8�6�6�1� 

�h�o�l� 
�F�o�a�l� 

�G�o�a�l� 
�r�o�o�l� 

�t�b�a�t� 
�L�a�o�]� 

�T�a�a�l� 
�d�e�a�l� 

�a�a�}� �y�h�u�s�a�z� 
�T�y� 

�A�s�o�h�a�q�n�y� 
�4�8�9�)� 

�@� �(�S�Y�¥�1�1�0�0� 
�3�1�0� �1�I�N�1�)� 

�A�M
�O

�9�I�I�H�)� 
�A�G� �F�1�G�V�1� �(�S�O�M

�T�A�Y�S�)� 
�i�9�0�9� �T�W

�A�N�I�K�I�H�O
�N�I� 

�'� 

�W
�Z� �O

�T
�I�R

�L



�3�3� 

� � 

�T�H�U�]� �=�»� �S�U�E�L� 
�J�O�P� �a�n�t�e�s� �j�u�a�s�e�u�g� 

�!� 

� � 

�S�n� �S�O�R� �T�O�L� �p�O� �a�p�e�s� �W
�U�N�O

�I�B�I�P� 
�Y

�Z
� 

�* ��B�a�u�s�y�r�e�e� 
�O�C� �4�0� �a�[�h�p�o�e� �&� �4�a�4�  ��7� 

�
 
�
 

� � 
� � 

� � � � � 

� � � � 

�
 
�
 

� � 
� � � � 

� � 

�
 
�
 

� � 

�
 
�
 

� � 

�
 
�
 

�U
�M

�E
� 

�N�Z�S �� �T�D� �H
�C

�N
� 

�L�T�S�)� �B�E�B �� �L�S�Z�E�)� �(�L�E�S�L�I�E�)� �(�Z�O�E� 
�L�E�Z�H�)� �(�h�E�T�'�e�B�z�S�)� �§�«�(�9�l�O�'�b�A�Z�H�)� �(�h�O�Z ��O�I�L�S�)� �(�9�0�0�'�Z�Z�E�H�)� �(�O�N� �H�K�E�S�)� �(�O

�d�e� 
�o�o�o�'�s�z�s�'�t�¢� 

�}� �0
� �I�I�I�-�d� 

 ��0�L�e�"�s�t�6�"� �$�1�  ��(�R
�U

� �S�8�s�)� 
�(�S�O�c� �T�i�p�s�)� 

�(�9�0�6� �H�O�N�S� �«�(�4�L�e�'�L�O�G�S�)� �(�o�I� �L�2�5�8�)� �(�H
�O

�C
� 

�(�N�a�9�'�9�G�8�)� �(�G�O�T� 
�A�R�G�S� �(�S�E�C�'�T�I�9�8�)� 

�«�M�e�o�w� 
�e�t�e�)� �=� �t�9�'�c�9�t�e� �§�= �� �c�d�0�'� �O�O�S �� 

�T�e� �:� 
�l�e�d� 

 ��c�o�u�s�!� �T�E�s�8�1� 
�(�d�o ��G�b�i�s�r� �(�9�e�c�'�e�S�t�s�y� �o�r�c�'�B�o�s�s� �(�P�O

�R�T�I�S�)� 
�I�S�T�L�'�Z�L�I�G�)� 

�W
�v�O�Z�'�O�L�t�s�)� 

�(�O�G�0�'�9�H�I�S�!� �(�O�L�0�'�C�O�t�$�)� �(�B�c�h� �o�o�r�s�)� 
�§�«�s�e�z�'�9�9�c�s� 

�=� �d�o�o� �s�l�e�s� 
�a�d� 

�U�S�c�e�°�L�9�L�*�o�6�)� 
�S�(�O�B�E�'�9�E�L�S�)� 

�§�L�0�F�H�'�0�9�L�E�)� 
�(�S�O�T� 

�b�B�L�s�)� �i�Z�e�B�'�a�t�a�s�)� �(�v�e�d�'�s� 
�(�1�o�a ��1�e�a�g�)� �(�b�Z�E�'� �G�H�G�S�)� �C

�1�9�9 �� 
�o�e�A�s�)� 

�«�(�a�b�e� �C�R�h�S�)� �§
�«

�(
�A

�N
�'�Z

�Z
�0

�'� 
�1�6�)� �c�z �� �1�9�0�!� �1�8�)� �O�s� �L�I�T�E�)� 

�M
�E

�d� �4� 

�S�Q�1�9�"�1�9�6�'�2�u�8�0� 
�f�s

� �T�a�b�8�)� �(�B�O�6�'�L�L�6�$�)� 
� �(�0�4�8�°�H�1�0�'� 

�1�5�)� �S�O�E� �S�S�O�!� �T�H�)� �(�9�8� �Z�h�0�'� �S�$�)� �B�O� �H�L�S� �E�S�)� �(�O�B�R� �T�L� �5�T�H�)� �O�G�L� �T�2�2�5�6�)� 
�L�e�o� �2�9� �T�H�)� �Z�S

� �S�I�L�T�)� �t�Z�E�a� �v�a�t� �1�8�)� �I�Z� �E�E� �Z�c� �e�S�)� 
�;� 

�I�-�d� 
�(�0�5�)� �e�w�o�r�u�y� �[�R�Q�a�y�  ��+� 

�:�c�O�v�e�*�S�9�8�"�C�S� 
�:�1�6�z�0�°�S�6�2�s�)� 

�(�9�I�S�*�Z�I�9�G�)� �i�Z�Z�y�'�S�E�9�S�)� �L�O�O� �A�S�9�8�)� �(�L�B�Z�'�A�T�S�)� �(�S�O�L�'�O�I�L�S�)� �(�2�0�6�'�9�C�L�8�)� �(�4�0�d� �w�o�L�s�)� �(�9�9�G�'�C�a�L�s�)� �(�Z�I�S�'�S�z�B�s�)� �t�B�A�S�'�w�S�a�s�)� �(�Z�1�9�'�s�e�z�s�)� 
�2� 

�d�d� 

�5� �L�0�0�'�9�e�z�'�G�s� �+� �2�9�0�'�R�h�S�E� 
�|� 

�Z�E�S ��Z�O�S�S� 
�|� 

�B�E�S�I�Z�S�S� 
�=� 

�(�O
�2�7� 
�T�P� 

�S�p�o ��i�e�c�s� 
�=� 

�S�t�a ��z�a�c�s� �«�=� �a�t�e�'�s�o�v�e� 
�=� 

�s�s�g�'�u�z�9�s� 
�=� �a�s�e� �i�s�e�s� �«�=� �T�a�*�G

�e�d�s� 
�=� �t�Z�e�'�i�d�c�s� �«�=� �Z�z�S ��9�g�c�s� 

�=�=� �0�0�0� �'�S�z�t�'�T�s� 
�I�-�d� 

�3� 

�;� �a�9�9�'�S�h�c�'�a�s� �;� �L�p�o�'�a�a�i�s� �«�=� �c�o�k ��e�z�s�s� �«�=� �G
�O

�N
 �� 

�t�e�c�s� �«�=� �g�a�k�'�t�9�s�s� �«�=� 
�c�o�m

�p�a�s�s� 
�=� �S�c�a�'�9�0�9�8� 

�=� 
�t�h�e ��a�z�e�s� �«�=� 

�e�o�n�'�e�c�o�s� 
�«�=� 

�u�z�  ��B�l�e�s� �«�=� 
�P�e ��S�o�L�s� 

�§�= �� �Z�e�'�O
�L�L�§� 

�=� 
�S�Z�z ��a�k�e�s� 

�«�=� 
�0�0�0� �0�0�S� �T�S� 

�I�l�-�d� 
�(�3�)� �1�8�4�0�)� �6�3�8�0�)� 

�{� �o�n�e�'�e�u�n�'�c�e� 
�i� �i�s�e�y�'�9�z�8�)� 

�a�c�c �� �a�n�s� 
�a�v�e�'�o�a�e�s� 

 �� 
�v�0�@

 ��v�o�G�s� 
 ��s�h�O

�'�T�E�I�'�T�S� 
�a�i�9�'�T�H�G

�E� �c�e�t�'�p�o�s�s� 
�=� �S�z�e ��S�e�c�s� 

�=� �9�1�S�  ��2�0�9�s� �=� 
�Z�e�e�'�o�r�e�s� 

�=
�e

� �e�c�e�s� �«�=� 
�s�e�a�'�r�7�e�s� 

�§�= �� �d�o�a �� �c�z�a�s� 
�;� 

�d�d� 
�!� 

�1�(�9�8�0�'�6�e�s�)� 
�=� 

�(�9�8�0� �a�b�s�)� 
�i� 

�U�I�e�d� 

 ��i�G�t�*�e�9�s�)� 
�L�g�h�i�a�y�s�)� 

�;� 
�H�e�d� 

�(�p�d�)� �1�e�s�o�d�e�t�g� 
 ��¢� 

 ��(�a�c�h� �6�6�8�6�)� 
 ��N�o�e� �'�Z�0�c�6�)� 

�(�L�4�2�8�)� 
�;� 

�d�d� 

�9�9�0�°� �1�1�5 �� �9�8� 
�g�o�s�'�z�e�z�s� 

�=� �Z�e�s ��Z�o�s�s� 
�=� �s�a�c�s� �t�z�c�s� �«�=� �o�d�e� �T�p� 

�e�o�'�r�9�c�s� 
�=� 

�S�t�a ��z�a�s�e� 
�§�= �� �o�g�a ��p�o�v�e� 

�=� 
�S�S�a�'�u�z�9�s� �§�= ��s�a�c�e�'�i�c�e�s� �«�=� �c�t�a ��s�e�9�s� 

�=� 
�t�z� �s�o�c�s� �«�=� 

�S�h�a�e� 
�9�s� 

�N
�-�d� 

�:� �S�t�0�'� �o�v�e �� �9�s� 
�z�o�u�'�z�e�z�s� 

�=� �s�e�e ��a�z�s�s� 
�«�=� 

�S
�o�r�e�s� 

�«�=� �g�a�s� �'�c�o�s�s� �«�=� �c�o�d �� �v�a�c�s� �«�=� 
�S�e�a�'�g�0�g�s� 

�=� 
�t�w�a ��e�z�9�s� 

�=� 
�s�o�g�'�i�c�o�s� 

�=� �u�z�'�a�u�e�e� �§�= ��a�v�a�'�c�o�c�e� 
�§�= �� �z�e� �o�t�z�e� �§�= �� �G�o� 

 ��O
�L�S

� 
�:� 

�I�I�-�d� 
�;� 

�(�0�9�)� �a�a�u�e�u�a�q�u�y�e�y� 
�4�  ��J�a�d�q�  ��Z�z� 

�!� �G�o�s �� �e�t�i�  ��9�s� 
�q�e�e�'�c�z�z�s� 

�§� 
�«�a�g�c�'�a�n�e�s� 

�«�=� 
�b�e� �9�G�e�s� �«�=� 

�O�a �� �w�o�s�s� �§�= �� �s�c�a ��c�z�c�s� �§�«�= ��a�l�g ��c�e�c�s� �«�=� 
�c�i� �'�e�9�S�s� �«�=� 

�G�Z�e ��'�s�a�c�s� 
�«�=� 

�t�c �� �L�o�d�e� �=� �Z�p� �O�R�d�s� �«�=� 
�O�e�z�'� �e�g�o�s� �«�=� 

�a�g�e�  ��a�c�t�s� 
�d�d� 

�,� 

�U�9� �L�i�L� �T�S� 
�e�v�'�z�o�t�s� �=� �o�a�o�'�s�z�e�'�i�s� 

�U�l�-�d� 
�i� 

�i� 
�'� 

�:� 
�(�4�3�)� �9�9�8�0�2� 

�a�z�L�'� �0�9�a�"� �1�s� 
�a�z�'�0�9�0�$� 

�§�=�§ �� �g�o�o �� �0�0�5�1�s� 
�[�I�-�d� 

�|� 
�6�0�7� �9�2�8�4�y�8�u�0�]� 

�s�u�e� �U�O�T�Q�I�n�p�o�r�g� 
�*�]� 

�o�t�e� �c�o�a�t�s� �!� 
�S

�o�r�o�s� 
�s�o�r�'�z�z�s�s� 

�©
� �0�0�0� �S�z�a�s� 

�;� 
�d�é� 

�1�8�3�0�4� 
�2�0�0�2� 

�1�0�0�2� 
�0�0�0�2� 

�4�6�1� 
�8�6�6�1� 

�L�o�o�t� 
�9�4�1� 

�S�h�o�t� 
�$�6�6�1� 

�t�h�a�l� 
�Z�b�l� 

�T�e�a�l� 
�O�o�t� 

�a�a�r�y�n�u�s�a�y� 
�t�y� 

�A�s�a�h�a�y�e�)� 
�1�9�0�)� 

�@� �(�S�8�¥�1�1�0�0� 
�3�0� �W

�A� �i�n�3�S�3�u�d�!� 
�A�B�O

�B�I�L�V�S� 
�A�D� �J�V

�s� �(�S�O�M
�T�A�W

�S�)� 
�/�1�5�0�9� �T�W

�A�N�S�N�S�Y�O
�N�E� 

�G
�~

�c� �9
�T

�9
�P

�L



�3�4� 

�C�O�S�T�/�(�S�A�V�I�N�G�)� �(�$� �x� �1�,�0�0�0�)� 
�1�,�5�0�0� � � 

�1�,�0�0�0� 

�5�0�0� 

� � 

�(�5�0�0�)� � � 
�(�1�,�0�0�0�)� �r�e� 

�(�1�,�5�0�0�)� �b�a�s� �e�e� �a�e� � � � � 
� � 

�(�2�,�0�0�0� �|� �{� �|� �|� �|� �|� �|� �|� �|� �]� �{�|� 

�1�9�9�0� �9�1� �9�2� �9�3� �9�4� �9�5� �9�6� �9�7� �9�3�8� �9�9� �2�0�0�0� �0�1� �0�2� 

�Y�E�A�R� 

�C�O�N�S�T�A�N�T� �I�N�F�L�A�T�E�D� �P�R�E�S�E�N�T� �V�A�L�U�E� 
�D�O�L�L�A�R�S� �[�1�]� �D�O�L�L�A�R�S� �[�2�]� �D�O�L�L�A�R�S� �[�3�]� 

�m�m�m� �s�s�s�e�s � � � ��s!"�s�S� � � 

�[�1�]� �C�O�N�S�T�A�N�T� �D�O�L�L�A�R�S� 
�[�2�]� �6�%� �I�N�F�L�A�T�I�O�N� �R�A�T�E� 
�{�3�}� �1�0�%� �D�I�S�C�O�U�N�T� �R�A�T�E� 

�P�P� �M�a�c�h�i�n�e� �C�o�s�t�/�S�a�v�i�n�g� �P�r�o�f�i�l�e�s� 

�F�i�g�u�r�e� �2�-�3



�3�5� 

�C�O�S�T�/�(�S�A�V�I�N�G�)� �(�$� �x� �1�,�0�0�0�)� 
�4�,�0�0�0� � � 

�2�,�0�0�0� 

� � 

�(�2�,�0�0�0�)� 

� � 
� � � � 
� � 

�(�4�,�0�0�0�)� 

�(�6�,�0�0�0�)� �F�#� �-� �r�e� �w�t� 

�}�-� �N� 

�(�8�,�0�0�0�)� �-� �-� �v�o� 

�a� �m�S� 

�(�1�0�,�0�0�0�)� �p�o�d� �t�t� 
�1�9�9�0� �9�1� �9�2� �9�3� �9�4� �9�5� �9�6� �9�7� �9�8� �9�9� �2�0�0�0� �0�1� �0�2� 

�Y�E�A�R� 

�C�O�N�S�T�A�N�T� �I�N�F�L�A�T�E�D� �P�R�E�S�E�N�T� �V�A�L�U�E� 
�D�O�L�L�A�R�S� �[�1�]� �D�O�L�L�A�R�S� �[�2�]� �D�O�L�L�A�R�S� �[�3�]� 

� � 

�[�1�]� �C�O�N�S�T�A�N�T� �D�O�L�L�A�R�S� 
�[�2�]� �6�%� �I�N�F�L�A�T�I�O�N� �R�A�T�E� 
�[�3�]� �1�0�%� �D�I�S�C�O�U�N�T� �R�A�T�E� 

�P�-�I�I� �M�a�c�h�i�n�e� �C�o�s�t�/�S�a�v�i�n�g� �P�r�o�f�i�l�e�s� 

�F�i�g�u�r�e� �2�-�4



�3�6� 

�C�O�S�T�/�(�S�A�V�I�N�G�)� �(�$� �x� �1�,�0�0�0�)� 
�3�,�0�0�0� � � 

�2�,�0�0�0� �f�e� �e�e�c�t� �t�e�e�e�e�e�e�e�t�e�e�e�e�e�s� �e�t�e� 

�1�,�0�0�0� 

� � 

� � � � � � 
� � 

�(�1�,�0�0�0�)� 

�(�2�,�0�0�0�)� 

�(�3�,�0�0�0�)� 

�(�4�,�0�0�0�)� �F�e� �e�e� �c�a�t�n�e�n�n�t�n�n� �a�e�s� 

�Y�o� 
 �� 

�(�5�,�0�0�0�)� �P�o�o�t� �t�t� 
�1�9�9�0� �9�1� �9�2� �9�3� �9�4� �9�5� �9�6� �9�7� �9�8� �9�9� �2�0�0�0� �0�1� �0�2� 

�Y�E�A�R� 

�C�O�N�S�T�A�N�T� �I�N�F�L�A�T�E�D� �P�R�E�S�E�N�T� �V�A�L�U�E� 
�D�O�L�L�A�R�S� �[�1�]� �D�O�L�L�A�R�S� �[�2�]� �D�O�L�L�A�R�S� �[�3�]� 

�S�m� �e�e�e� �s�s�s�s ��i ��i � � ��i�w� � � 

�[�1�]� �C�O�N�S�T�A�N�T� �D�O�L�L�A�R�S� 
�{�2�]� �6�%� �I�N�F�L�A�T�I�O�N� �R�A�T�E� 
�[�3�]� �1�0�%� �D�I�S�C�O�U�N�T� �R�A�T�E� 

�P�-�I�I�I� �M�a�c�h�i�n�e� �C�o�s�t�/�S�a�v�i�n�g� �P�r�o�f�i�l�e�s� 

�F�i�g�u�r�e� �2�-�5



�3�7� 

�T�a�b�l�e� �2�-�6� 

�L�I�F�E�-�C�Y�C�L�E� �C�O�S�T� �S�U�M�M�A�R�Y� 
�(�1�9�9�0� �P�Y� �D�O�L�L�A�R�S�)� 

� � 

� � 

� � 

� � 

� � 

� � 

�P�P� �P�-�I�l� �P�-�1�N�T� 
�|� �C�o�s�t� �|� �C�o�n�t�r�i�b�u�t�i�o�n� �|� �C�o�s�t� �|� �C�o�n�t�r�i�b�u�t�i�o�n� �|� �C�o�s�t� �|� �C�o�n�t�r�i�b�u�t�i�o�n� �|� 

�C�o�s�t� �C�a�t�e�g�o�r�y� �|� �(�$�)� �!� �(�%�)� �|� �(�$�)� �[� �(�4�)� �|� �(�$�)� �|� �(�%�)� �|� 

�1�.� �I�n�v�e�s�t�m�e�n�t� �c�o�s�t� �(�C�i�)� �{� �$�1�,�9�0�3�,�7�7�0� �|� �2�4�.�7� �|� �$�1�,�9�6�0�,�7�2�8� �|� �2�2�.�4� �|� �$�1�,�7�1�7�,�6�2�7� �|� �2�0�.�8� �|� 

�a�.� �M�a�n�u�f�a�c�t�u�r�i�n�g� �(�C�i�r�)� �|� �$�1�,�6�5�3�,�6�3�8� �|� �2�1�.�5� �|� �$�1�,�5�7�2�,�2�7�3� �|� �1�8�.�0� �|� �$�1�,�3�9�7�,�2�7�3� �|� �1�6�.�9� �|� 

�a�-�1�.� �I�n�i�t�i�a�l� �c�o�s�t� �(�C�i�r�i�}� �|� �$�1�,�5�2�5�,�5�9�9� �|� �1�9�.�8� �|� �$�1�,�5�0�0�,�0�0�0� �|� �1�7�.�2� �|� �$�1�,�3�2�5�,�0�0�0� �|� �1�6�.�1� �|� 

�a�-�2�.� �T�e�s�t�i�n�g� �(�C�i�r�t�>� �}� �$�2�5�,�6�0�8� �|� �0�.�3� �|� �$�1�4�,�4�5�5� �|� �0�.�2� �|� �$�1�4�,�4�5�5� �|� �0�.�2� �|� 

�a�-�3�.� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �(�C�i�r�s�)� �|� �$�1�0�2�,�4�3�1� �|�]� �1�.�3� �|� �$�5�7�,�8�1�8� �|� �0�.�7� �|� �$�5�7�,�8�1�8� �|� �0�.�7� 

�|� �|� �|� �|� �|� �|� 
�b�.� �C�o�n�s�t�r�u�c�t�i�o�n� �(�C�i�c�)� �|� �$�1�9�2�,�7�2�7� �|� �2�.�5� �|� �$�2�4�0�,�9�0�9� �2�.�8� �|� �$�2�4�0�,�9�0�9� �|� �2�.�9� �|�}� 

�|� �|� �|� �|� �|� �|� 
�c�.� �I�n�i�t�i�a�l� �t�o�g�i�s�t�i�c� �(�c�i�t�y� �|� �$�5�7�,�4�0�5� �|� �0�.�7� �!� �$�1�4�7�,�5�4�6� �|� �1�.�7� �|� �$�7�9�,�4�4�5� �|� �1�.�0� �|� 
�c�-�1�.� �I�n�t�.� �s�p�a�r�e� �p�a�r�t�s� �(�C�i�l�s�)� �|� �$�5�5�,�4�0�5� �]� �0�.�7� �|� �$�1�3�8�,�7�0�3� �|� �1�.�6� �|� �$�7�0�,�6�0�2� �|� �0�.�9� �|� 
�c�-�2�.� �I�n�v�e�n�t�o�r�y� �m�g�m�t�.� �(�C�i�l�i�}� �|� �$�0� �|� �0�.�0� �|� �$�9�6�4� �|� �0�.�0� �|� �$�9�6�4� �|� �0�.�0� �|� 
�c�-�3�.� �D�a�t�a� �p�r�e�p�a�r�a�t�i�o�n� �(�C�i�l�d�)� �|� �$�0� �|� �0�.�0� �|� �$�5�,�8�7�9� �|� �0�.�1� �|� �$�5�,�8�7�9� �|� �0�.�1� 
�e�-�4�,� �I�n�i�t�i�a�l� �t�r�a�i�n�i�n�g� �(�c�i�l�t�}� �|� �$�1�,�4�4�5� �|� �0�.�0� �{� �$�1�,�4�4�5� �|� �0�.�0� �|� �$�1�,�4�4�5� �|� �0�.�0� �|� 

�c�-�5�.� �I�n�i�t�i�a�l� �t�e�s�t� �e�q�.� �(�C�i�l�x�)� �|� �$�5�5�5� �|� �0�.�0� �|� �$�5�5�5� �|� �0�.�0� �|� �$�5�5�5� �|� �0�.�0� 

�]� �|� �|� �|� �|� �|� �|� 
�2�.� �O�p�e�r�.� �&� �M�a�i�n�t�e�n�a�n�c�e� �(�C�o�)� �|� �$�6�,�1�3�4�,�5�4�8� �|� �7�9�.�7� �|� �$�6�,�8�4�9�,�0�3�5� �|� �7�8�.�3� �|� �$�6�,�5�7�7�,�0�6�6� �|� �7�9�.�8� �|� 

�a�.� �O�p�e�r�a�t�i�o�n�a�l� �c�o�s�t�s� �(�C�o�o�)� �|� �$�4�,�6�6�9�,�3�0�5� �|� �6�0�.�6� �|� �$�4�,�6�2�7�,�3�0�4� �|� �5�2�.�9� �|� �$�6�,�9�5�1�,�5�2�5� �|� �6�0�.�0� �|� 
�a�-�1�.� �O�p�e�r�a�t�o�r� �l�a�b�o�r� �(�C�o�)� �|� �$�5�4�1�,�4�0�4� �|� �7�.�0� �|� �$�5�4�1�,�4�0�4� �|� �6�.�2� �|� �$�5�4�1�,�4�0�5� �|� �6�.�6� �|� 

�a�-�2�.� �R�e�p�l�a�c�e�m�e�n�t� �t�r�a�i�n�i�n�g� �(�C�o�o�p�)� �|� �$�5�,�9�2�0� �|� �0�.�1� �}� �$�5�,�9�2�0� �|� �0�.�1� �|� �$�5�,�9�1�9� �|� �o�.�1� �|� 
�a�-�3�.� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �(�C�o�o�t�)� �|� �$�1�,�3�7�9�,�2�1�7� �|� �1�7�.�9� �|� �$�1�,�3�7�9�,�2�1�7� �|� �1�5�.�8� �|� �$�1�,�3�7�9�,�2�1�9� �|� �1�6�.�7� �[�|� 
�a�-�4�.� �R�e�n�t� �(�C�o�o�r�)� �|� �$�1�,�5�6�7�,�2�9�5� �|� �2�0�.�4� �|� �$�1�,�5�6�7�,�2�9�5� �|� �1�7�.�9� �|� �$�1�,�5�6�7�,�2�9�5� �|� �1�9�.�0� �|� 

�a�-�5�.� �U�t�i�l�i�t�i�e�s� �(�C�o�o�u�)� �|� �$�1�,�1�7�5�,�4�6�9� �|� �1�5�.�3� �|� �$�1�,�1�3�3�,�4�6�8� �|� �1�3�.�0� �|� �$�1�,�4�5�7�,�6�8�7� �|� �1�7�.�7� �|� 

�|� �|� �{� �|� �|� �|� 
�b�.� �M�a�i�n�t�e�n�a�n�c�e� �c�o�s�t�s� �(�C�o�m�)� �{� �$�1�,�4�6�5�,�2�4�3� �|� �1�9�.�0� �$�2�,�2�2�1�,�7�3�1� �|� �2�5�.�4� �|� �$�1�,�6�2�5�,�5�4�4� �|� �1�9�.�7� �|� 
�b�-�1�.� �L�a�b�o�r� �(�C�o�m�m�)� �|� �$�5�7�2�,�0�9�7� �|� �7�.�4� �|� �$�5�7�5�,�9�2�8� �|� �6�.�6� �|� �$�5�9�5�,�0�8�3� �|� �7�.�2� 
�b�-�2�.� �R�e�p�l�a�c�e�m�e�n�t� �t�r�a�i�n�i�n�g� �(�C�o�m�p�)� �|� �$�5�,�9�2�0� �|� �0�.�1� �|� �$�5�,�9�2�0� �}� �0�.�1� �|� �$�5�,�9�1�9� �]� �0�.�1� 

�b�-�3�.� �R�e�c�u�r�r�i�n�g� �s�p�a�r�e�s� �(�C�o�m�)� �I� �$�7�6�1�,�8�4�6� �|� �9�.�9� �|� �$�1�,�5�1�4�,�5�0�3� �|� �1�7�.�3� �|� �$�8�9�9�,�1�5�6� �|� �1�0�.�9� �|� 
�b�-�4�.� �T�o�o�l�s� �(�C�o�m�s�)� �|� �$�2�,�6�1�1� �|� �0�.�0� �|� �$�2�,�6�1�1� �|� �0�.�0� �|� �$�2�,�6�1�2� �|� �0�.�0� �|� 
�b�-�S�.� �T�r�a�n�s�p�o�r�t�a�t�i�o�n� �(�C�o�m�t�)� �|� �$�9�9�,�2�6�2� �|� �1�.�3� �|� �$�9�9�,�2�6�2� �|� �1�.�1� �|� �$�9�9�,�2�6�2� �|� �1�.�2� �|� 
�b�-�6�.� �F�a�c�i�l�i�t�y� �(�C�o�m�f�)� �|� �$�2�3�,�5�0�7� �|� �0�.�3� �|� �$�2�3�,�5�0�7� �|� �0�.�3� �|� �$�2�3�,�5�0�9� �|� �0�.�3� �|� 

�|� �|� �|� �{� 
�3�.� �D�i�s�p�o�s�a�l� �(�C�d�)� �|� �(�$�3�3�9�,�4�7�8�)� �]�}� �|� �(�8�6�4�,�1�1�5�)�]� �-�0�.�7� �[� �(�$�4�8�,� �0�8�6�)� �|� �-�0�.�6� �|� 

�|� �{� �|� �|� �|� �|� 
�C�o�s�t� �T�o�t�a�l� �(�C�)� �|� �$�7�,�6�9�8�,�8�4�0� �|� �1�0�0�.�0� �|� �$�8�,�7�4�5�,�6�4�8� �|� �1�0�0�.�0� �|� �$�8�,�2�4�6�,�6�0�7� �}� �1�0�0�.�0� �|� 

�|� �|� �|� �|� �|� 
�4�.� �M�e�t�a�l� �i�n�c�o�m�e� �(�C�m�)� �|� �(�$�7�,�8�6�5�,�4�4�0�)�|� �|� �(�$�1�2�,�5�6�1�,�6�1�8�)�|� �|� �(�8�9�,�7�6�7�,�7�7�5�)� �|� �|� 

�[� �|� �|� �i� 
�G�r�a�n�d� �t�o�t�a�l� �(�C�)� �|� �(�$�1�6�6�,�6�0�0�)� �|� �|�  ¬�8�3�,�8�1�5�,�9�7�0�)�]� �|� �¢�$�4�,�5�2�1�,� �1�6�8�)�]� �|



�3�8� 

�C�O�S�T�/�(�S�A�V�I�N�G�)� �(�$� �x� �1�,�0�0�0�)� 
�3�,�0�0�0� � � 

�2�.�0�0�0� �b�e� 

�1�,�0�0�0� 

� � 

� � 

�(�1�,�0�0�0�)� �b�e� �n�e� �t�e�e� �E�g� 

�(�3�,�0�0�0�)� �F�e�r� �r�a�e� �t�s�e� �M�y� �o�e�s� 

�(�4�,�0�0�0�)� �~�~� �s�e�a�t�s� �e�s� �s�n�n�n�i�n�a�p�n�i�n�n�i�n�n�i�n�n�i�n�a�n�n�i�n�n� �i�n�i� �i�n�e�t� �n�a�n�i�n�n�e�i� �n�a�h�i�n� �|� � � � � � � 
�(�5�,�0�0�0�)� �L�L� �t�t� 

�1�9�9�0� �9�1� �9�2� �9�3� �9�4� �9�5� �9�6� �9�7� �9�8� �9�9� �2�0�0�0� �0�1� �0�2� 

�Y�E�A�R� 

�P�P� �P�-�I�|� �P�-�l�i�l� 
�M�A�C�H�I�N�E� �M�A�C�H�I�N�E� �M�A�C�H�I�N�E� 

�1�0�%� �D�I�S�C�O�U�N�T� �R�A�T�E� 

�C�o�m�p�a�r�i�s�o�n� �O�f� �T�h�e� �P�r�e�s�e�n�t� �V�a�l�u�e� �P�r�o�f�i�l�e�s� 

�F�i�g�u�r�e� �2�-�6



�3�9� 

�S�E�N�S�I�T�I�V�I�T�Y� �A�N�A�L�Y�S�I�S� 

�T�h�e� �i�n�d�i�v�i�d�u�a�l� �p�a�r�a�m�e�t�e�r�s� �t�h�a�t� �c�o�n�t�r�i�b�u�t�e� �m�o�r�e� �t�h�a�n� �1�0�%� 

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

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

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

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

�T�a�b�l�e� �2�-�6�.�)� 

�M�e�t�a�l� �i�n�c�o�m�e� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �q�u�a�n�t�i�t�y� �a�n�d� �q�u�a�l�i�t�y� �o�f� 

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

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

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

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

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

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

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

�F�i�g�u�r�e� �2�-�7�.� �T�h�e� �p�e�r�c�e�n�t� �c�o�n�t�a�m�i�n�a�t�i�o�n� �i�s� �c�o�n�s�t�a�n�t� �a�t� �t�h�e� 

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

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

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

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

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

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

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

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

�a�c�h�i�e�v�e� �a� �l�e�v�e�l� �o�f� �9�9�%� �c�l�e�a�n� �m�e�t�a�l�.� �T�h�e� �m�e�t�a�l� �c�o�l�l�e�c�t�e�d� �f�r�o�m� 

�t�h�e� �P�P� �m�a�c�h�i�n�e� �c�o�n�t�a�i�n�e�d� �1�0�%� �c�o�n�t�a�m�i�n�a�n�t�s�,� �o�r� �9�0�%� �c�l�e�a�n� �m�e�t�a�l�.� 

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

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

�o�n�e� �p�e�r�c�e�n�t� �c�o�n�t�a�m�i�n�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�-�8�.� �A� �c�o�n�s�t�a�n�t� 

�q�u�a�n�t�i�t�y� �o�f� �9�0�,�8�9�4� �l�b�s�/�y�r� �o�f� �m�e�t�a�l� �c�o�l�l�e�c�t�e�d� �i�s� �a�s�s�u�m�e�d� �f�o�r� 

�t�h�e� �P�P� �m�a�c�h�i�n�e�.� �T�h�e� �P�-�I�I� �a�n�d� �P�-�I�I�I� �m�a�c�h�i�n�e� �p�r�e�s�e�n�t� �v�a�l�u�e� 

�c�o�s�t�/�(�s�a�v�i�n�g�s�)� �a�r�e� �d�i�s�p�l�a�y�e�d� �a�t� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� �q�u�a�n�t�i�t�y� 

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

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

�I�t� �i�s� �f�e�a�s�i�b�l�e� �t�h�a�t� �t�h�e� �q�u�a�n�t�i�t�y� �a�s� �w�e�l�l� �a�s� �t�h�e� �q�u�a�l�i�t�y� 

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

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

�c�o�u�l�d� �b�e� �i�m�p�r�o�v�e�d�,� �t�h�e� �m�e�a�n� �p�o�u�n�d�s� �b�e�t�w�e�e�n� �f�a�i�l�u�r�e�s� �(�M�P�B�F�)� 

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

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

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

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

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

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

�i�m�p�r�o�v�e�d� �i�s� �d�i�s�p�l�a�y�e�d� �i�n� �F�i�g�u�r�e� �2�-�9�.� �I�f� �t�h�e� �P�P� �m�a�c�h�i�n�e� �c�o�u�l�d� 

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

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

�t�h�e� �P�-�I�I� �m�a�c�h�i�n�e�.� �T�h�i�s� �i�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �g�r�e�a�t�e�r� �p�r�e�s�e�n�t� 

�v�a�l�u�e� �s�a�v�i�n�g�s� �o�f� �t�h�e� �P�P� �a�n�d� �P�-�I�I�I� �m�a�c�h�i�n�e�s�.� 

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

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

�t�h�e� �P�-�I�I� �a�n�d� �P�-�I�I�I� �m�a�c�h�i�n�e� �w�h�e�n� �t�h�e�y� �a�r�e� �b�o�t�h� �a�b�l�e� �t�o� �c�o�l�l�e�c�t� 

�a�t� �t�h�e� �1�3�1�,�9�6�7� �l�b�s�/�y�r� �l�e�v�e�l� �i�s� �n�e�a�r�l�y� �e�q�u�i�v�a�l�e�n�t�.� �B�y� �t�h�e� 

�i�n�d�i�c�a�t�i�o�n�s� �o�f� �t�h�e� �g�r�a�p�h�s� �i�n� �F�i�g�u�r�e� �2�-�7�,� �t�h�e� �P�-�I�I� �m�a�c�h�i�n�e� 

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

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

�S�i�n�c�e� �t�h�e� �P�-�I�I� �m�a�c�h�i�n�e� �h�a�s� �p�r�o�v�e�n� �i�t�s� �c�a�p�a�b�i�l�i�t�i�e�s� �t�o� 

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

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

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

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

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

�A�p�p�e�n�d�i�x� �F� �f�o�r� �t�h�e� �s�p�r�e�a�d�s�h�e�e�t�s� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �t�h�e� �v�a�l�u�e�s� 

�f�o�r� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s�.
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�C�O�S�T�/�(�S�A�V�I�N�G�)� �(�$� �x� �1�,�0�0�0�)� 
�0� 

�(�1�,�0�0�0�)� 
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�(�3�,�0�0�0�)� � � 
� � � � � � �(�4�,�0�0�0�)� �P�e�e�r� �e�r� �t�e�t�:� �0� �c�n�e�c�t�e�i�n�u�t�t�n�s� �o�r� �a�i�t� �s�n�i�t�i�i�n�n�i�n�s� �s�t�e� �t�i�t�a�n�s� �s�t�a�t�e�m�e�n�t� 

�(�5�,�0�0�0�)� �1� 
�9�0�8�9�4� �1�0�2�6�1�6� �1�3�1�9�6�7� 

�Q�U�A�N�T�I�T�Y� �O�F� �M�E�T�A�L� �(�L�B�S�/�Y�R�)� 
�P�P� �P�-�I�I� �P�-�l�i�l� 

�M�A�C�H�I�N�E� �[�1�]� �M�A�C�H�I�N�E� �[�2�]� �M�A�C�H�I�N�E� �[�2�]� 
 � � � � ��a�e� �=�e� �m�l� 

�[�1�]� �C�O�N�S�T�A�N�T� �1�0�%� �C�O�N�T�A�M�I�N�A�T�I�O�N� 
�{�2�}� �C�O�N�S�T�A�N�T� �1�%� �C�O�N�T�A�M�I�N�A�T�I�O�N� 

�P�V� �P�r�o�f�i�l�e�s� �A�s� �Q�u�a�n�t�i�t�y� �O�f� �M�e�t�a�l� �V�a�r�i�e�d� 

�F�i�g�u�r�e� �2�-�7
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�C�O�S�T�/�(�S�A�V�I�N�G�)� �(�$� �x� �1�,�0�0�0�)� 
�0� � � 

�(�1�,�0�0�0�)� 

� � 

� � � � � � 

�(�2�,�0�0�0�)� �|�.� �e�e� �r�e� �C�i�s�s�e� 

�(�3�,�0�0�0�)� �F�n� �O�n�a� �g�s� �s�o�s�s�s�e�t�a�v�e�n�n�v�s�n�s�s�s�e�n� �s�v�i�s�t�i�s�v�e�s�v�e�v�t�v�s�s�v�a�u�e�e�c�e�e�s�e�c�e�e�s�s�s�c�t�e�e�e�s�c�e�e�e�c�e�t�s�e�e�t�s�s�s�s�y� �0�0� �u�r�a�n�n�e�e�e�e�s�s�e�s� 

�(�4�,�0�0�0�)� �L�t� �_�|� �|� 
�1�0� �5� �1� 

�P�E�R�C�E�N�T� �C�O�N�T�A�M�I�N�A�T�I�O�N� 
�P�P� �P�-�H�l� �P�-�I�t�l� 

�M�A�C�H�I�N�E� �[�1�]� �M�A�C�H�I�N�E� �[�2�]� �M�A�C�H�I�N�E� �(�3�]� 

�[�1�]� �C�O�N�S�T�A�N�T� �Q�U�A�N�T�I�T�Y�:� �9�0�,�8�9�4� �L�B�S�/�Y�R� 
�[�2�}� �C�O�N�S�T�A�N�T� �Q�U�A�N�T�I�T�Y�:� �1�3�1�,�9�6�7� �L�B�S�/�Y�R� 
�[�3�]� �C�O�N�S�T�A�N�T� �Q�U�A�N�T�I�T�Y�:� �1�0�2�,�6�1�6� �L�B�S�/�Y�R� 

�P�V� �P�r�o�f�i�l�e�s� �A�s� �Q�u�a�l�i�t�y� �O�f� �M�e�t�a�l� �V�a�r�i�e�d� 

�F�i�g�u�r�e� �2�-�8



�4�4� 

�C�O�S�T�/�(�S�A�V�I�N�G�)� �(�$� �x� �1�,�0�0�0�)� 
�1�,�0�0�0� � � 

� � 

�(�1�,�0�0�0�)� 

�(�2�,�0�0�0�)� 

�(�3�,�0�0�0�)� 

�(�4�,�0�0�0�)� � � � � � � 
� � �(�5�,�0�0�0�)� �|� �i�t� 

�9�0�,�8�9�4� �[�1�]� �1�0�2�,�6�1�6� �[�2�]� �1�3�1�,�9�6�7� �[�3�]� 
�Q�U�A�N�T�I�T�Y� �O�F� �M�E�T�A�L� �(�L�B�S�/�Y�R�)� 

�P�P� �P�-�I�I� �P�-�I�i�l� 
�M�A�C�H�I�N�E� �M�A�C�H�I�N�E� �M�A�C�H�I�N�E� 
� � 

�[�1�]� �Q�U�A�L�I�T�Y� �@� �1�0�%� �C�O�N�T�A�M�I�N�A�T�I�O�N� 
�[�2�]� �Q�U�A�L�I�T�Y� �@� �5�%� �C�O�N�T�A�M�I�N�A�T�I�O�N� 
�{�3�}� �Q�U�A�L�I�T�Y� �@� �1�%� �C�O�N�T�A�M�I�N�A�T�I�O�N� 

�P�V� �P�r�o�f�i�l�e�s� �A�s� �Q�u�a�n�t�i�t�y� �a�n�d� �Q�u�a�l�i�t�y� 

�O�f� �M�e�t�a�l� �V�a�r�i�e�d�,� 

�F�i�g�u�r�e� �2�-�9



�C�h�a�p�t�e�r� �I�I�I� 

�A�N�A�L�Y�T�I�C� �H�I�E�R�A�R�C�H�Y� �A�P�P�R�O�A�C�H� 

�T�h�e� �A�n�a�l�y�t�i�c� �H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s� �(�A�H�P�)�,� �i�s� �a� �d�e�c�i�s�i�o�n� �t�o�o�l� 

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

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

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

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

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

�e�s�t�a�b�l�i�s�h�e�d� �f�o�r� �e�a�c�h� �e�l�e�m�e�n�t� �o�f� �t�h�e� �h�i�e�r�a�r�c�h�y� �[�7�]�.� 

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

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

�V�e�n�d�i�n�g� �m�a�c�h�i�n�e�.� �(�S�e�e� �A�p�p�e�n�d�i�x� �G� �f�o�r� �d�e�t�a�i�l�s�.�)� �B�a�s�e�d� �u�p�o�n� �t�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�e� �s�u�r�v�e�y�,� �t�h�e� �f�o�u�r�-�l�e�v�e�l� �D�e�c�i�s�i�o�n� �H�i�e�r�a�r�c�h�y� 

�S�t�r�u�c�t�u�r�e� �w�a�s� �d�e�v�e�l�o�p�e�d� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�-�1�.� �A� 

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

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

�p�r�e�f�e�r�e�n�c�e� �c�o�m�p�a�r�i�s�o�n�s�.� �(�S�e�e� �A�p�p�e�n�d�i�x� �H�.�)� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� 

�q�u�e�s�t�i�o�n�n�a�i�r�e�s� �w�e�r�e� �a�v�e�r�a�g�e�d� �a�n�d� �a�r�e� �d�i�s�p�l�a�y�e�d� �i�n� �A�p�p�e�n�d�i�x� �I�.� 

�4�5



�4�6� 

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

�q�u�e�s�t�i�o�n�n�a�i�r�e�:� 

�_ ��.�P�P�_�_� �_�_�P�-�I�I�_� �_�P�-�I�i�t� 

�I�n�i�t�i�a�l� �c�o�s�t�:� �$�1�7�,�5�0�0� �$�3�0�,�0�0�0� �$�2�6�,�5�0�0� 

�F�a�i�l�u�r�e� �r�a�t�e� �(�b�d�/�y�r�)�:� �8� �9� �1�4� 

�E�x�p�e�c�t�e�d� �l�i�f�e�:� �7� �y�r�s� �1�1� �y�r�s� �1�1� �y�r�s� 

�R�e�p�a�i�r� �c�o�s�t�s�/�b�r�e�a�k�d�o�w�n�:� �$�6�.�5�0� �$�6�.�5�0� �$�6�.�5�0� 

�M�o�n�e�y� �a�c�c�u�r�a�c�y�:� �F�a�i�r� �G�o�o�d� �G�o�o�d� 

�C�y�c�l�e� �t�i�m�e� �(�m�i�n�/�c�y�c�l�e�)�:� �3� �2� �2� 

�E�a�s�e� �o�f� �u�s�e�:� �F�a�i�r� �G�o�o�d� �G�o�o�d� 

�S�t�o�r�a�g�e� �c�a�p�a�c�i�t�y� �(�l�b�s�)�:� �2�,�0�0�0� �4�,�0�0�0� �3�,�0�0�0� 

�U�n�l�o�a�d�i�n�g� �e�a�s�e�:� �P�o�o�r� �E�x�c�e�l�l�e�n�t� �F�a�i�r� 

�C�o�i�n� �c�a�p�a�c�i�t�y�:� �$�1�,�0�0�0� �$�1�,�5�0�0� �$�1�,�5�0�0� 

�D�u�r�a�b�i�l�i�t�y�:� �P�o�o�r� �E�x�c�e�l�l�e�n�t� �F�a�i�r� 

�1�.� �N�o�t�e�:� �'�M�o�n�e�y� �A�c�c�u�r�a�c�y�!� �a�n�d� �'�E�a�s�e� �O�f� �U�s�e�'� �r�a�t�i�n�g�s� �w�e�r�e� �b�a�s�e�d� 

�o�n� �c�u�s�t�o�m�e�r� �s�u�r�v�e�y�s�.� 

�2�.� �N�o�t�e�:� �'�U�n�l�o�a�d�i�n�g� �E�a�s�e�'� �r�a�t�i�n�g�s� �w�e�r�e� �b�a�s�e�d� �o�n� �c�o�l�l�e�c�t�i�o�n� 

�p�e�r�s�o�n�'�s� �e�x�p�e�r�t� �o�p�i�n�i�o�n�.
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�4�8� 

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

�a�t�t�r�i�b�u�t�e�s� �a�s� �w�e�l�l� �a�s� �t�h�e� �a�l�t�e�r�n�a�t�i�v�e�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �[�8�]�.� 

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

�A�l�t�e�r�n�a�t�i�v�e�s�:� 

�M�a�t�r�i�x� �o�f� �l�e�v�e�l� �I�V� �p�a�i�r�e�d� �c�o�m�p�a�r�i�s�o�n�s�:� 

�W�i�t�h� �r�e�s�p�e�c�t� �t�o�:� �E�x�p�e�c�t�e�d� �l�i�f�e�.� 

� � 

�P�P� �P�-�I�I� �P�-�I�I�I� �!� 

�P�P� �1�.�0�0�0� �1�.�3�7�3� �0�.�7�5�6� 

�P�-�I�I� �|�!� �0�.�7�2�8� �1�.�0�0�0� �1�.�0�0�3� 

�P�-�I�I�r�}� �1�.�3�2�3� �0�.�9�9�7� �1�.�0�0�0� �Z� 

�T�o�t�a�l�s� �!� �3�.�0�5�1� �3�.�3�7�0� �2�.�7�5�9� �!� 

�N�o�r�m�a�l�i�z�i�n�g� �t�h�e� �a�b�o�v�e� �m�a�t�r�i�x� �a�n�d� �a�v�e�r�a�g�i�n�g� �t�h�e� �r�o�w�s� �i�n� 

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

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

�o�f� �t�h�e� �p�r�o�c�e�d�u�r�e�:� 

�N�o�r�m�a�l�i�z�e�d� �m�a�t�r�i�x� �o�f� �l�e�v�e�l� �I�V� �p�a�i�r�e�d� �c�o�m�p�a�r�i�s�o�n�s�:� 

�W�i�t�h� �r�e�s�p�e�c�t� �t�o�:� �E�x�p�e�c�t�e�d� �l�i�f�e�.� 

�|� �P�P� �P�-�I�I� �P�-�I�I�I� �R�o�w� �S�u�m� �A�v�g� �!� 

�P�P�:� �0�.�3�2�8� �0�.�4�0�7� �0�.�2�7�4� �1�.�0�0�9� �0�.�3�3�6� �|� 

�P�-�I�r� �|� �0�.�2�3�9� �0�.�2�9�7� �0�.�3�6�4� �0�.�8�9�9� �0�.�3�0�0� �|� 

�P�-�I�I�r� �!� �0�.�4�3�4� �0�.�2�9�6� �0�.�3�6�2� �1�.�0�9�2� �0�.�3�6�4� �|� 
� � 

�T�o�t�a�l�s�!� �1�.�0�0�0� �1�.�0�0�0� �1�.�0�0�0� �1�.�0�0�0� �|



�4�9� 

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

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

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

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

�r�a�t�i�o� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �0�.�1�0�,� �i�n�t�r�a�n�s�i�t�i�v�i�t�i�e�s� �o�r� 

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

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

�c�o�n�s�i�s�t�e�n�c�y� �r�a�t�i�o� �(�C�.�R�.�)�:� 

�|� �1�.�0�0�0� �1�.�3�7�3� �0�.�7�5�6� �|� �0�.�3�3�6� �1�.�0�2�3� 

�|� �0�.�7�2�8� �2�1�.�0�0�0� �1�.�0�0�3� �|� �x� �0�.�3�0�0� �=� �£�0�.�9�1�0� 

�|� �1�.�3�2�3� �0�.�9�9�7� �1�.�0�0�0� �|� �0�.�3�6�4� �1�.�1�0�8� 

�D�=� �1�.�0�2�3� �Q�.�9�1�0� �1�.�1�0�8� �=� �3�.�0�4�,� �3�.�0�4�,� �3�.�0�4� 
�0�.�3�3�6� �0�.�3�0�0� �0�.�3�6�4� 

� � 

�L�a�m�b�d�a� �m�a�x� �=� �3�.�0�4� �+� �3�.�0�4� �+� �3�.�0�4� �=� �3�.�0�4� 
�3� 

� � 

�F�o�r� �a�n�y� �g�i�v�e�n� �s�q�u�a�r�e� �m�a�t�r�i�x� �o�f� �s�i�z�e� �N� �(�n�u�m�b�e�r� �o�f� �r�o�w�s�)� �t�h�e� 

� � 

�c�o�n�s�i�s�t�e�n�c�y� �i�n�d�e�x� �(�C�.�I�.�)� �=� �L�a�m�b�d�a� �m�a�x� �-� �N� 
�N�-� �1� 

�F�o�r� �t�h�e� �a�b�o�v�e� �m�a�t�r�i�x� �(�C�.�I�.�)� �=� �3�.�0�4� �-� �3�.� �=� �0�.�0�2� 
�3� �-� �1� 

�B�a�s�e�d� �o�n� �w�o�r�k� �d�o�n�e� �b�y� �S�a�a�t�y�,� �r�a�n�d�o�m� �i�n�d�e�x�e�s� �(�R�.�I�.�)� �f�o�r� �v�a�r�i�o�u�s� 

�M�a�t�r�i�x� �s�i�z�e�s� �a�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�N� �{�|� �1� �2� �3� �4� �5� �6� �7� �8� �9� �1�0� 

�R�I� �1�0�.�0�0� �0�.�0�0� �0�.�5�8� �0�.�9�0� �1�.�1�2� �1�.�2�4� �1�.�3�2� �1�.�4�1� �1�.�4�5� �1�.�4�9



�5�0� 

�C�.�R�.� �=� �C�.�2�T�.� �=� �0�.�0�2� �=� �0�.�0�3� �0�.�0�3� �<� �0�.�1�0� �.�.�.�.�.� 

� � 

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

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

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

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

�p�a�i�r�w�i�s�e� �c�o�m�p�a�r�i�s�o�n�s� �c�a�n� �b�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �3�-�2�.� �T�h�e� 

�c�a�l�c�u�l�a�t�e�d� �p�r�i�o�r�i�t�y� �w�e�i�g�h�t�s� �o�f� �t�h�e� �m�a�c�h�i�n�e�s� �w�e�r�e� �0�.�4�1�9� �f�o�r� �t�h�e� 

�P�P� �m�a�c�h�i�n�e�,� �0�.�3�1�5� �f�o�r� �t�h�e� �P�-�I�I� �m�a�c�h�i�n�e�,� �a�n�d� �0�.�2�6�7� �f�o�r� �t�h�e� �P�-� 

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

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

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

�w�e�r�e� �I�n�i�t�i�a�l� �C�o�s�t� �a�n�d� �C�o�s�t� �o�f� �O�p�e�r�a�t�i�o�n�.� �(�R�e�f�e�r� �t�o� �A�p�p�e�n�d�i�x� 

�G�.�)� �T�h�e�s�e� �t�w�o� �s�u�b�-�a�t�t�r�i�b�u�t�e�s� �w�e�r�e� �w�e�i�g�h�t�e�d� �t�h�e� �h�e�a�v�i�e�s�t� �o�f� 

�t�h�e� �N�e�t� �P�r�e�s�e�n�t� �W�o�r�t�h� �a�t�t�r�i�b�u�t�e�,� �a�l�t�h�o�u�g�h� �t�h�e� �N�e�t� �P�r�e�s�e�n�t� 

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

�a�t�t�r�i�b�u�t�e�s�.� 

�T�h�e� �h�e�a�v�i�e�s�t� �w�e�i�g�h�t�e�d� �a�t�t�r�i�b�u�t�e�s� �w�e�r�e� �R�e�l�i�a�b�i�l�i�t�y� �a�n�d� 

�S�e�r�v�i�c�e�-�A�b�i�l�i�t�y�.� �T�h�e�s�e� �a�r�e� �a�t�t�r�i�b�u�t�e�s� �t�h�a�t� �e�n�g�i�n�e�e�r�s� �a�n�d� 

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

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

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

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

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

�S�U�M�M�A�R�Y� 

�T�h�e� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �(�L�C�C�)� �a�n�a�l�y�s�i�s� �t�e�c�h�n�i�q�u�e� �c�o�n�s�i�d�e�r�s� 

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

�F�o�r� �t�h�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �t�h�r�e�e� �R�e�v�e�r�s�e� �V�e�n�d�i�n�g� �M�a�c�h�i�n�e�s�,� 

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

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

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

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

�u�s�e� �o�f� �t�h�e� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �t�e�c�h�n�i�q�u�e�.� 

�A� �w�e�a�k�n�e�s�s� �o�f� �t�h�e� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �t�e�c�h�n�i�q�u�e� �i�s� �t�h�e� 

�d�i�f�f�i�c�u�l�t�y� �i�n� �r�e�l�a�t�i�n�g�  ��d�i�f�f�i�c�u�l�t� �t�o� �q�u�a�n�t�i�f�y�'� �a�t�t�r�i�b�u�t�e�s� �t�o� 

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

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

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

�t�h�a�t� �a�t�t�r�i�b�u�t�e�.� 

�T�h�e� �M�e�t�a�l� �I�n�c�o�m�e� �s�a�v�i�n�g�s� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �q�u�a�n�t�i�t�y� 

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

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

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

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

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

�5�2



�5�3� 

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

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

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

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

�T�h�e� �A�n�a�l�y�t�i�c� �H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s� �(�A�H�P�)� �i�s� �a� �d�e�c�i�s�i�o�n� �t�o�o�l� 

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

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

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

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

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

�s�y�s�t�e�m�.� 

�T�h�e� �A�H�P� �t�e�c�h�n�i�q�u�e� �i�s� �n�o�t� �m�e�a�n�t� �t�o� �r�e�p�l�a�c�e� �a�n� �e�c�o�n�o�m�i�c� 

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

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

�t�h�e�  ��d�i�f�f�i�c�u�l�t� �t�o� �q�u�a�n�t�i�f�y�'� �a�t�t�r�i�b�u�t�e�s�.� �T�h�e� �u�s�e� �o�f� �t�h�e� 

�A�n�a�l�y�t�i�c� �H�i�e�r�a�r�c�h�y� �t�e�c�h�n�i�q�u�e� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �P�P� �m�a�c�h�i�n�e� �b�e�i�n�g� 

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

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

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

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

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

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

�i�m�p�o�r�t�a�n�t� �a�t�t�r�i�b�u�t�e� �u�s�i�n�g� �t�h�e� �L�C�C� �t�e�c�h�n�i�q�u�e�.� �T�o� �t�h�i�s� �e�x�t�e�n�t�,� 

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



�5�4� 

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

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

�A�H�P� �t�e�c�h�n�i�q�u�e�.� �T�h�e�s�e� �a�t�t�r�i�b�u�t�e�s� �w�e�r�e� �n�o�t� �d�i�r�e�c�t�l�y� �c�o�n�s�i�d�e�r�e�d� 

�b�y� �t�h�e� �L�C�C� �t�e�c�h�n�i�q�u�e� �e�i�t�h�e�r�.� �A�l�t�h�o�u�g�h� �a�p�p�e�a�r�a�n�c�e�,� �s�i�z�e�,� �a�n�d� 

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

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

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

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

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

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

�o�f� �t�h�e� �A�H�P� �t�e�c�h�n�i�q�u�e� �i�s� �o�n�l�y� �a�s� �g�o�o�d� �a�s� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� 

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



�C�H�A�P�T�E�R� �V� 

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

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

�o�f� �t�h�e� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �a�n�a�l�y�s�i�s� �t�e�c�h�n�i�q�u�e�,� �a�s� �w�e�l�l� �a�s� �t�h�e� 

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

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

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

�c�o�n�c�l�u�d�e�d�:� 

�a�.� �T�h�e� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �t�e�c�h�n�i�q�u�e� �w�a�s� �e�a�s�i�l�y� �a�p�p�l�i�e�d� �t�o� 

�q�u�a�n�t�i�f�i�a�b�l�e� �a�t�t�r�i�b�u�t�e�s�.� 

�T�h�e� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �t�e�c�h�n�i�q�u�e� �w�a�s� �d�i�f�f�i�c�u�l�t� �t�o� �a�p�p�l�y� 

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

�a�t�t�r�i�b�u�t�e�s�.�)� 

�T�h�e� �P�-�I�I� �m�a�c�h�i�n�e� �w�a�s� �s�e�l�e�c�t�e�d� �u�s�i�n�g� �t�h�e� �L�i�f�e�-�C�y�c�l�e� 

�C�o�s�t� �t�e�c�h�n�i�q�u�e�.� 

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

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

�a�l�t�e�r�n�a�t�i�v�e�s�.� 

�L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �S�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

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

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

�e�x�i�s�t�i�n�g� �v�a�l�u�e�s� �o�f� �t�h�e� �P�-�I�I� �m�a�c�h�i�n�e�.� 

�5�5



�5�6� 

�f�.� �T�h�e� �A�n�a�l�y�t�i�c� �H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s� �a�n�a�l�y�z�e�d� �t�h�e� 

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

�a�l�t�e�r�n�a�t�i�v�e�s�.� 

�g�.� �T�h�e� �A�n�a�l�y�t�i�c� �H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s� �h�a�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

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

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

�t�h�e� �P�P� �m�a�c�h�i�n�e� �b�e�i�n�g� �s�e�l�e�c�t�e�d�.� 

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

�H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s� �q�u�e�s�t�i�o�n�n�a�i�r�e� �d�i�d� �n�o�t� �i�n�c�l�u�d�e� 

�m�a�r�k�e�t�i�n�g� �e�x�p�e�r�t�s�.� 

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

�A�n�a�l�y�t�i�c� �H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s� �w�a�s� �r�e�l�i�a�b�i�l�i�t�y�.� 

�k�.� �T�h�e� �A�n�a�l�y�t�i�c� �H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s� �l�i�g�h�t�l�y� �w�e�i�g�h�t�e�d� �t�h�e� 

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

�A� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �L�i�f�e�-�C�y�c�l�e� �C�o�s�t� �a�n�d� �A�n�a�l�y�t�i�c� 

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

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

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

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

�w�h�e�t�h�e�r� �t�h�e�y� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �q�u�a�n�t�i�f�y� �o�r� �n�o�t�.� �A� �L�i�f�e�-�C�y�c�l�e� 

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

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

�H�i�e�r�a�r�c�h�y� �P�r�o�c�e�s�s�.
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�c�o�n�t�a�i�n�s� �t�h�e� �D�e�f�i�n�i�t�i�o�n� �O�f� �T�e�r�m�s� �t�h�a�t� �a�l�s�o� �a�c�c�o�m�p�a�n�i�e�d� �t�h�e� 

�q�u�e�s�t�i�o�n�n�a�i�r�e�.� �P�a�g�e�s� �9�8� �-� �1�0�7� �i�s� �a�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �a�c�t�u�a�l� 

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

�c�o�m�p�l�e�t�e�.� 

�9�4



�9�5� 

�M�a�r�c�h� �5�,� �1�9�9�0� 

�T�o�:� �R�V� �S�u�r�v�e�y� �P�a�r�t�i�c�i�p�a�n�t�s� 

�F�r�o�m�:� �P�.� �E�.� �S�m�i�t�h� �-� �P�D�C� 

�S�u�b�j�e�c�t�:� �R�E�V�E�R�S�E� �V�E�N�D�I�N�G� �M�A�C�H�I�N�E�S� �-� �A�N�A�L�Y�S�I�S� 

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

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

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

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

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

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

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

�T�h�e� �s�c�a�l�e� �o�f� �R�V� �s�e�l�e�c�t�i�o�n� �p�r�e�f�e�r�e�n�c�e� �g�o�e�s� �f�r�o�m�:� �a� �n�i�n�e� �(�9�)� 

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

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

�c�o�l�u�m�n�,� �d�o�w�n� �t�o�.�a� �o�n�e� �(�1�)� �r�a�t�i�n�g� �w�h�i�c�h� �i�s� �e�q�u�a�l�i�t�y� �o�r� �n�o� 

�p�r�e�f�e�r�e�n�c�e�;� �t�h�e�n� �r�i�s�i�n�g� �t�o� �a� �n�i�n�e� �(�9�)� �r�a�t�i�n�g�,� �t�h�e� �a�b�s�o�l�u�t�e� 

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

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



�9�6� 

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

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

�R�V� �m�a�c�h�i�n�e� �t�h�a�t� �y�o�u� �p�l�a�n� �t�o� �u�s�e�.� 

�T�h�e� �n�e�x�t� �s�e�v�e�n�t�e�e�n� �(�1�7�)� �s�e�c�t�i�o�n�s� �a�r�e� �d�e�s�i�g�n�e�d� �t�o� �c�o�m�p�a�r�e� �t�h�e� 

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

�F�o�r� �e�x�a�m�p�l�e�,� �i�n� �t�h�e� �s�e�c�t�i�o�n�s� �r�e�l�a�t�i�n�g� �t�o� �N�e�t� �P�r�e�s�e�n�t� �W�o�r�t�h�,� 

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

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

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

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

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

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

�a�v�a�i�l�a�b�l�e� �m�a�c�h�i�n�e�s�.� 

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

�r�e�q�u�e�s�t�e�d�.� 

�P�.� �E�.� �S�m�i�t�h� �[�1�1�]



�9�7� 

�B�A�S�I�C� �I�N�F�O�R�M�A�T�I�O�N� �P�E�R�T�A�I�N�I�N�G� 

�T�O� �A�V�A�I�L�A�B�L�E� 

�I�n�i�t�i�a�l� �c�o�s�t�:� 

�F�a�i�l�u�r�e� �r�a�t�e� �(�b�d�/�y�r�)�:� 

�E�x�p�e�c�t�e�d� �l�i�f�e�:� 

�R�e�p�a�i�r� �c�o�s�t�s�/�b�r�e�a�k�d�o�w�n�:� 

�M�o�n�e�y� �a�c�c�u�r�a�c�y�:� 

�C�y�c�l�e� �t�i�m�e� �(�m�i�n�/�c�y�c�l�e�)�:� 

�E�a�s�e� �o�f� �u�s�e�:� 

�S�t�o�r�a�g�e� �c�a�p�a�c�i�t�y� �(�l�b�s�)�:� 

�U�n�l�o�a�d�i�n�g� �e�a�s�e�:� 

�C�o�i�n� �c�a�p�a�c�i�t�y�:� 

�D�u�r�a�b�i�l�i�t�y�:� 

�P�P� 

�$�1�7�,�5�0�0� 

�8� 

�7� �y�r�s� 

�$�6�.�5�0� 

�F�a�i�r� 

�F�a�i�r� 

�2�,�0�0�0� 

�P�o�o�r� 

�$�1�,�0�0�0� 

�P�o�o�r� 

�R�V�_� �M�A�C�H�I�N�E�S� 

�P�-�I�i�f�t� 

�$�3�0�,�0�0�0� 

�9� 

�1�1� �y�r�s� 

�$�6�.�5�0� 

�G�o�o�d� 

�2� 

�G�o�o�d� 

�4�,�0�0�0� 

�E�x�c�e�l�l�e�n�t� 

�$�1�,�5�0�0� 

�E�x�c�e�l�l�e�n�t� 

�P�-�I�i�l� 

�$�2�6�,�5�0�0� 

�1�4� 

�1�1� �y�r�s� 

�$�6�.�5�0� 

�G�o�o�d� 

�G�o�o�d� 

�3�,�0�0�0� 

�F�a�i�r� 

�$�1�,�5�0�0� 

�F�a�i�r



�9�8� 

�D�E�F�I�N�I�T�I�O�N� �O�F� �T�E�R�M�S� 

�N�E�T� �P�R�E�S�E�N�T� �W�O�R�T�H� �-� �C�o�n�s�i�d�e�r�i�n�g� �a�l�l� �e�x�p�e�n�s�e�s�,� �w�h�a�t� �t�h�e� 

�m�a�c�h�i�n�e� �w�o�u�l�d� �c�o�s�t� �i�n� �t�o�d�a�y�'�s� �d�o�l�l�a�r�s�.� 

�I�N�I�T�I�A�L� �C�O�S�T� �-� �T�h�e� �i�n�i�t�i�a�l� �b�a�s�i�c� �c�o�s�t� �o�f� �t�h�e� �m�a�c�h�i�n�e�.� 

�E�X�P�E�C�T�E�D� �L�I�F�E� �~�-� �B�a�s�e�d� �o�n� �e�x�p�e�r�t� �o�p�i�n�i�o�n�,� �w�h�a�t� �t�h�e� �l�i�f�e� 

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

�O�P�E�R�A�T�I�N�G� �C�O�S�T� �-� �W�h�a�t� �i�t� �w�i�l�l� �c�o�s�t� �t�o� �o�p�e�r�a�t�e� �t�h�e� 

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

�r�e�n�t�,� �i�n�s�u�r�a�n�c�e�,� �e�t�c�.� 

�C�U�S�T�O�M�E�R� �I�N�T�E�R�F�A�C�E� �-� �T�h�e� �a�c�c�e�p�t�a�n�c�e� �o�f� �t�h�e� �m�a�c�h�i�n�e� �b�y� 

�t�h�e� �u�s�e�r�.� 

�M�O�N�E�Y� �A�C�C�U�R�A�C�Y� �-� �T�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �m�a�c�h�i�n�e� �t�o� �p�a�y� �t�h�e� 

�p�r�o�p�e�r� �v�a�l�u�e� �f�o�r� �a� �g�i�v�e�n� �w�e�i�g�h�t� �o�f� �U�B�C�s�.� 

�C�Y�C�L�E� �T�I�M�E� �-� �T�h�e� �t�i�m�e� �t�h�a�t� �i�t� �t�a�k�e�s� �t�h�e� �m�a�c�h�i�n�e� �t�o� 

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

�E�A�S�E� �O�F� �U�S�E� �-� �H�o�w�  ��u�s�e�r� �f�r�i�e�n�d�l�y�'� �t�h�e� �m�a�c�h�i�n�e� �i�s�.� �T�h�e� 

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

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



�9�9� 

�A�P�P�E�A�R�A�N�C�E� �-� �R�e�f�e�r�s� �t�o� �t�h�e� �a�e�s�t�h�e�t�i�c�s� �o�f� �t�h�e� �m�a�c�h�i�n�e�.� 

�S�i�z�e�,� �c�o�l�o�r�,� �s�h�a�p�e�,� �a�n�d� �c�l�e�a�n�l�i�n�e�s�s� �a�r�e� �e�x�a�m�p�l�e�s� �o�f� 

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

�R�E�L�I�A�B�I�L�I�T�Y� �-� �T�h�e� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �t�h�e� �m�a�c�h�i�n�e� �w�i�l�l� 

�o�p�e�r�a�t�e� �s�a�t�i�s�f�a�c�t�o�r�i�l�y� �f�o�r� �3�,�0�0�0� �l�b�s�.� �o�f� �U�B�C�S� �p�r�o�c�e�s�s�e�d� 

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

�O�U�T�A�G�E�S� �P�E�R� �3�,�0�0�0� �L�B�S� �-� �T�h�e� �n�u�m�b�e�r� �o�f� �m�a�c�h�i�n�e� 

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

�t�i�m�e� �f�r�a�m�e� �o�f� �n�o�r�m�a�l�l�y� �p�r�o�c�e�s�s�i�n�g� �3�,�0�0�0� �p�o�u�n�d�s� �o�f� �U�B�C�s�.� 

�D�O�W�N�T�I�M�E� �-� �T�h�e� �d�u�r�a�t�i�o�n� �t�h�a�t� �t�h�e� �m�a�c�h�i�n�e� �i�s� �o�u�t� �o�f� 

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

�M�A�I�N�T�E�N�A�N�C�E� �C�O�S�T�/�1�0�0�,�0�0�0� �L�B�S�.� �-� �T�h�e� �c�o�s�t� �t�o� �s�e�r�v�i�c�e� �a�n�d� 

�r�e�p�a�i�r� �t�h�e� �m�a�c�h�i�n�e� �p�e�r� �1�0�0�,�0�0�0� �l�b�s�.� �o�f� �U�B�C�s�S� �p�r�o�c�e�s�s�e�d�.� 

�S�E�R�V�I�C�E�-�A�B�I�L�I�T�Y� �-� �T�h�e� �d�e�g�r�e�e� �o�f� �e�a�s�e� �t�h�a�t� �t�h�e� �m�a�c�h�i�n�e� 

�c�a�n� �b�e� �s�e�r�v�i�c�e�d�.� 

�S�T�O�R�A�G�E� �C�A�P�A�C�I�T�Y� �-� �T�h�e� �v�o�l�u�m�e� �o�f� �t�h�e� �s�t�o�r�a�g�e� �c�o�n�t�a�i�n�e�r�.� 

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

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

�v�o�l�u�m�e� �o�f� �U�B�C�s�.� 

�U�N�L�O�A�D�I�N�G� �E�A�S�E� �~�-� �T�h�e� �e�a�s�e� �t�h�a�t� �t�h�e� �m�a�c�h�i�n�e� �c�a�n� �b�e� 

�u�n�l�o�a�d�e�d�.� �T�h�i�s� �a�f�f�e�c�t�s� �s�e�r�v�i�c�e� �p�e�r�s�o�n�n�e�l�'�s� �d�e�s�i�r�e� �t�o� 

�s�e�r�v�i�c�e� �t�h�e� �m�a�c�h�i�n�e�.



�1�0�0� 

�U�N�L�O�A�D�I�N�G� �T�I�M�E� �-� �T�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �u�n�l�o�a�d� �t�h�e� 

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

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

�t�i�m�e�.� 

�C�O�I�N� �C�A�P�A�C�I�T�Y� �-� �T�h�e� �v�o�l�u�m�e� �o�f� �t�h�e� �c�o�i�n� �h�o�p�p�e�r�s�.� �T�h�i�s� 

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

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

�A�C�C�E�S�S�I�B�I�L�I�T�Y� �-� �T�h�e� �e�a�s�e� �t�h�a�t� �s�e�r�v�i�c�e� �p�e�r�s�o�n�n�e�l� �c�a�n� 

�e�n�t�e�r� �a�n�d� �s�e�r�v�i�c�e� �t�h�e� �m�a�c�h�i�n�e�.� 

�M�A�C�H�I�N�E� �D�E�S�I�G�N� �-� �T�h�e� �t�e�c�h�n�o�l�o�g�y�,� �s�o�p�h�i�s�t�i�c�a�t�i�o�n�,� �a�n�d� 

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

�m�a�c�h�i�n�e�.� 

�P�R�O�C�E�S�S� �A�C�C�U�R�A�C�Y� �-� �T�h�e� �d�e�g�r�e�e� �o�f� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� 

�m�a�c�h�i�n�e� �t�o� �r�e�c�e�i�v�e� �U�B�C�s� �f�r�o�m� �a� �u�s�e�r�,� �p�r�o�c�e�s�s� �t�h�e� 

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

�v�a�l�u�e�.� 

�D�U�R�A�B�I�L�I�T�Y� �-� �T�h�e� �d�u�r�a�b�i�l�i�t�y� �o�f� �m�a�t�e�r�i�a�l�s� �u�s�e�d� �t�o� 

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

�v�e�r�s�u�s� �l�i�g�h�t�-�d�u�t�y� �m�a�t�e�r�i�a�l�s�.
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