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PREFACE

This report, prepared as part of the Project AIR FORCE Systems

Acquisition Management Program, addresses the question of how a delib—

erately extended low initial production rate for systems or subsystems

may affect program outcomes——cost , schedule, and operational

performance.

Achieving a high rate of production as early as possible has

traditionally been viewed by industry and the Air Force as the most

effective way of satisfying time—urgent inventory needs while reducing

the unit cost of production articles (and thus the total program cost).

But an occasional result of this practice has been the delivery of

marginally capable equipment, costly to maintain and deficient in per-

formance. During an extended low—rate production phase, the results

of tests and evaluations of early production items could be assessed

and essential corrective changes incorporated in the production

articles. Delivered articles would thereby more nearly satisfy Air

Force needs. A principal uncertainty, addressed in this report, is

the incremental cost of such an extension. The benefits arise in im-

proved reliability, greater operational capability, and lessened

maintenance needs.

The results of the study should be useful to the U.S. Air Force,

other Department of Defense agencies, the National Aeronautics and

Space Administration, and other organizations concerned with the

processes of designing and producing technologically advanced systems

and subsystems.

The work was done under the Project AIR FORCE study project “Sys—

tern Acquisition Policy Studies.”
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The delivery of operationally deficient equipment has been a per-

sistent problem for the military services of the United States. The

problem often arises in the inappropriate ordering and sequencing of

test and production intervals. Early test results frequently indicate

the need for modification of production specifications, but by the

time the data have been digested and the need appreciated , production

(and deliveries) may be well along.

One response to this set of problems would be to extend the

period during which initial production continues at a relatively low

rate, while concurrently testing early production articles and incor-

porating essential changes. This report examines the incremental cost

of such extended low—rate production, using three rate variance models

(developed by Rand, Fairchild Industries, and Northrop).

The total cost penalties associated with a p lanned phase of ex-

tended low—rate production do not appear to be excessive. They may

add from 18 to 38 percent to the cost of the first 24 aircraft, for

example. When viewed in the context of total system life cycle costs,

such increased costs incurred in early phases of production could be

offset by the benefits of later production at more efficient high

rates and by the lessened post—delivery costs of modifying or retro-

fitting systems. In decisions involving adoption of a phased acquisi-

tion strategy that includes provision for extended low—rate early

production , it does not appear that cost alone, and particularly the

unit costs of early production systems, should be a dominant

consideration. 

-.-- - - -~~~~~~~~ •- -~~~~~~~~~~~~~ -~~~~~~~~~~~~— - •~~~~~
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I. INTRODUCTION

• The delivery of operationally deficient equipment has been a per-

sistent problem for the military services of the United States. That

the problem often arises in the inappropriate ordering and sequencing

of test and production intervals has long been acknowledged)~ Early
• test results frequently indicate the need for modification of produc-

tion specifications, but by the time the data have been digested and

the need appreciated , production (and deliveries) may be well along.

If deficiencies are uncovered after equipment has been accepted by

operational units, the consequences can be highly disruptive . Incor-

porating modifications interrupts the production process, and items

delivered early must frequently be modified , retrofitted , or operated

under various constraints——or even discarded . Delaying deliveries

until extended testing has been completed is viewed by operational

forces as a distasteful alternative, even though establishing a high

rate of initial production may lead to the delivery of “operational”

equipment that is, in fact, nonoperational until modified , or even

until solutions to latent performance, reliability, or maintenance

problems can be found. And even when the delivered equipment is mar-

ginally capable, levels of performance sought by the operators may be

unachievable.

One response to this set of problems would be to extend both the

period during which production continues at a relatively low rate,

1See, for example, Report to the Presi4ent and the Secretary of
Defense on the Dep artmen t of Defense by the Blue Ribbon Defense Panel,
Washington, D.C., July 1970; Report of the Commission on Government
Procurement (Vol. II), Government Printing Office, Washington , D.C.,
December 1972; Defense Science Board Task Force on F and D Management,
Final Report on Systems Acquisition, Washington, D.C., August 1969;
A. Boykin, Acquisition Strategy and Systems Management, Aeronautical
Systems Division, Wright—Patterson Air Force Base (unpublished); B. H.
Klein et al., The Role of Prototypes in Development, The Rand Corpora-
tion , RM—3467/l—PR, April 1971; Robert Perry et al., Sz~stern AcquisitionStrategies, The Rand Corporation, R—733—PR/ARPA, June 1971; and
Robert Perry, A Prototype Strategy for Aircraft Development, The Rand
Corporation, RM—5597—l—PR , July 1972.
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and the phase during which early production articles are extensively

tested , with essential changes being incorporated as their need is con-

firmed .2 Extended low—rate production would also permit field units to

receive and exercise early production articles under operational condi-

tions, thereby encouraging “lead the fleet” accumulation of experience

on reliability, maintainability, and durability factors.

One conventional objection to such an approach has been that low—

rate production is so costly that it negates any subsequent benefits

from the early incorporation of changes suggested by test outcomes.

Whether that is a valid objection, and to what extent, has not been

widely considered. A comprehensive determination of costs and bene-

fits would require surveys of a broad range of system and subsystem

cost factors extending over the lives of many different articles. But

it is conceivable that a less exhaustive exploration of cost—benefit

factors could cast light on the potential of extended low—initial—rate

production as a useful acquisition option for selective application.

This report explores that possibility.

The approach used here is to estimate the real costs of low—rate

production——of producing equipment, aircraft in this instance, for

extended periods at rates much lower than is normally contemplated——

and to compare those costs with the costs of “normal” programs. The

cost—benefit estimation problem has been approached from two directions:

first, by way of a Rand—developed statistical cost model that permits

the separate estimation of each functional cost element in aircraft

production, using production rate or the duration of production as an

explanatory variable; second, by using production cost—estimating

models developed by aircraft manufacturers. Two such models were

available, both based on the rate variance formulas submitted to the

Air Force by Northrop a:td Fairchild in the course of the competition

between the A—9 and the A—lO. Those formulas indicate how the two

contractors perceived the effects of different production rates on

2
The notion is not new. It was initially proposed (as the “Cook—

Craigie Plan”) as a solution to problems encountered during develop-
ment and production of the first generation of jet aircraft and was,
in reality, the source of the “fly before you buy” expression later
mistakenly applied to prototyping .

_______ ________________________ _____________________________ ____ A
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the first two proposed production lots of the aircraft. Each model is

described and applied to different production options. The effect of

production rate changes on each major cost element is shown for both

models. Where direct comparisons were feasible, agreement was gener—

• ally good. Agreement between the industry estimates and those derived

• from the Rand model was also good (for both individual cost elements

and total costs). Such outcomes reinforce confidence that the magni-

tude of the cost penalties associated with low production rates can

be estimated with reasonable accuracy.

But one important qualifier must be stated . Production rates as

low as those postulated here were not contemplated when the rate vari-

ance formulas were derived , and the historical data base contains few

examples of p lanned production at such low rates. When an unplanned

low rate is imposed on a program by external events or circumstances,

timely and appropriate adjustments of the actual workload may not occur

and incurred costs are almost certain to be higher than would be the

case if such a rate had been planned.

Both the Rand statistical model and the Northrop formula indicate

that the cost of producing 24 aircraft over a period of 36 months is

18 percent greater than the cost of producing the same aircraft in 24

months. The Fairchild formula indicates that the cost penalty would

be 38 percent. Are such upper—bound cost penalties greater than the

costs generated by a premature commitment to high—rate production?

The answer determines the value of a low—initial—rate production strat-

egy. If common sense suggests that low—initial—rate production is

best suited to programs that obviously involve technology of uncertain

reliability, history responds that uncertainty of cost, schedule, and

article performance outcomes is characteristic of many major system

development—p roduction programs, and that most major systems are
initially delivered with varying degrees of debilitating performance

limitations.

This study has been restricted to the investigation of imposed

low production rates on airframes and the resulting cost consequences.

Clearly, the benefits of a low airframe production rate could be lost

if an inappropriate production rate for engines and avionics caused

_ _  . - .~~ -. . ..—- ..- -~~~~~~---. ..-— .~~~-- -
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the cost of the entire aircraft to increase. But there is no reason

to believe that extended testing of engines and avionics would be non—

beneficial, or that potentially higher unit costs of early production

items would not be offset by lower costs of maintenance , by leeser

needs for modification , and by other operational advantages inherent

in higher quality operational subsystems. The advantages of a phased

acquisition strategy that included a period of deliberately extended

low—rate production could not be realized unless all elements of the

system or subsystem being so developed and produced were subjected to

the same careful planning and management.
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II. THE ELEMENTS OF COST

Aircraft production cost accounting ordinarily accommodates eight

elements: engineering, tooling, manufacturing labor and materials,

quality control, purchased equipment, overhead , general and adminis-

trative cost (G&A), and fee or profit . Changes in production rate

will influence the individual cost e~ ~ents in different ways because

some are fixed , others are variable, and some change from one state

to the other as a program proceeds. Fixed costs are typically incur-
red at the beginning of a program ; they do not vary as a result of

quantity— or rate—change decisions made later. The costs of plant

construction , equipment purchases, taxes, insurance, utilities, etc.,

are treated as fixed . Semi-fixed or quasi-fixed costs are stable for

brief intervals but not over longer periods. They generally extend

to the pay of white—collar workers and workers on contracts, the

costs of tools that eventually wear out, and other commitments that

camiot be readily adjusted to meet changing conditions. Overhead and

general and administrative costs are also in that category . Marginal

costs are incurred for resources purchased to satisfy short—time

demands; they vary directly with output per unit of time. They typi-

cally include factory labor and most materials. ~Using marginal

costs are generated by such factors as plant congestion, delay of

maintenance (and subsequent production halts), employing lower quality

labor to increase production rates, and third—shift premiums . Falling

marginal costs may stem from quantity discounts on materials and the

adoption of mo re cap ital—intensive manufacturing processes. This last

category of costs can also be called “true rate effects.”

Average unit costs in a specified period are affected by produc-

tion rate in either (or both) of two ways: true rate effects, and

allocation of semi—fixed costs to production in a particular period.

That is, the greater the quantity pr~duced during any period , the

lower will be the prorated semi—fixed costs per unit. Most of the

influence of production rate on aircraft costs is from semi—fixed

4
- _ ._ p_ _• . .-~-—-  — ~~~~~~~~~~~~~~~~~~~ p - ~~~_ p
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costs.1 This finding carries implications for interpreting the re-

search results and for deriving policy conclusions. Programs that are

both p lanned and executed at a given production rate——high or low——

need not suffer severe cost penalties. But any deviation from planned

rates can generate excess costs that will persist over some period of

time. Examination of models and data must take these effects into

account.

The major elements of cost are described below in conjunction

with an explanation of how, in the context of the aircraft industry ,

they are likely to be affected by production rate changes.2

ENGINEERING DIRECT LABOR

Engineering hours are those expended in the study, analysis,

design, development , evaluation , and redesign of an airframe . That

activity includes the preparation of specifications, drawings, parts

lists, and wiring diagrams; technical coordination between engineering

and manufacturing ; vendor coordination; test planning and scheduling;

analysis of test results; and data reduction and report preparation .

It also extends to the specification of requirements for reliability,

maintainability, and quality control.

Such functions are relatively independent of quantity; they must

be performed whether 20 airplanes are produced or 200. In a conven-

tional program that proceeds according to plan, most engineering hours

would be expended in the early stages. Figure 1 shows a typical prog-

ress curve. The cumulative total of engineering hours after seven

~.s illustrated by the following linear model :

T = total costs; t = time ; q = quantity; r rate = q/t.
T = a + bq + Ct + dr.

~~~~~~~~~~~~~~~~~~~~~r q=const ~T ~r ~r 2
r

The cost effect of a change in rate (holding quantity constant) arises
in two factors: costs that are constant for a brief time (semi—fixed
costs) and pure rate effects.

2
Cost—element definitions are based on those in the Contractor

Cost Da ta Reporting System, Air Force Systems Command , Pamphlet
800—15, 5 November 1973.

_ _  _ _ _ _ _  - -. - - ~~~~~~~~~~~~~~~~~~~ ~~-. ~~~~~~~ • •~~~~~~~~~ •
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Fig. 1—Cumulative engineering hours versus production quantity
for a typica l fighter aircraft

aircraft have been built is approximately half the total of hours

• after 340 aircraft have been built , which is consistent with expecta-

tions.

Several factors influence the total number of engineering hours

expended in a program. Many engineering tasks are best performed in

sequence , which means that any attemp t to compress development time

can lead to inefficiencies and a consequent increase in hours expended .

Most projects provide some minimum number of engineers for each disci—

pline (aerodynamics, stress analysis, thermodynamics, propulsion , etc.).

Those engineers perform analyses, solve technical problems, do rede—

sign, and seek means of product improvement. The number of engineers

assigned to a program peaks during initial development stages, then

usually begins to decline at the time of first flight . If the period

• -
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of transition between development and production is extended ,
3 a sub-

stantial number of engineers may have to be retained longer, causing

development engineering hours to increase. However, the additional

investment in engineering at an early stage conceivably could reduce

the need for engineering during a later high—rate production phase,

but the tradeoff would be difficult to quantify.

TOOLING DIRECT LABOR
Tooling hours are those expended in the planning, design, fabri-

cation, assembly, installation , maintenance, modification, rework, and

replacement of all tools. Tools include assembly tools, dies, jigs,

fixtures, master forms, gauges, handling equipment, load bars, work

platforms and test equipment . (Milling machines, drills, presses,

etc., are called equipment and are not included in that category.) An

initial set of tools is fabricated to support manufacturing at some

specified maximum rate of production (e.g., four aircraft per month).

Recurring or sustaining tooling has a fixed component that is time—

dependent and a variable component that is a function of quantity.

The former will increase as program length increases; the latter is

largely unaffected by production rate. On balance, we would not expect

tooling costs to be affected greatly by keeping production rate low for

an additional year or two.

MANUFACTURING DIRECT LABOR

Manufacturing or factory direct labor hours are those expended

on or chargeable to such operations as production scheduling and

expediting, fabrication, processing, subassembly, final assembly,

reworking, modification, experimental production, and installation of

parts and equipment (powerplants , boosters, electronic equipment ex-

plosives, and other ordnance items including government furnished

3The phrase “development—production transition,” as used here-
after in this report, is intended to identify the period during which

• the first lot of production—configuration aircraft is manufactured.
The size of that lot may vary; the range considered here is between
13 and 48 aircraft. 

—— -.— -.— -. —— .— . — —  ‘, --- • - --~~. •
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equipment). Manufacturing hours are thus a function of production

quantity ; hours expended per aircraft decrease as quantity increases

in accordance with the familiar learning—curve equation, Y = ax
_b
,

where Y = manufacturing hours per aircraft and X = quantity.

The equation makes no provision for rate effects, and hours

should vary inversely with rate for several reasons. First, setup

time is reduced . Setup is the preparation of machinery or tools to

fabricate or assemble parts. Once a machine has been set up, it can

produce or handle as many parts as needed. A high production rate

means more parts per setup (because the number of parts run is usually

the number needed over a specified period of time), and the cost of

setup can be allocated to a larger number of units. Second , assembly

and installation consists of a sequence of repetitive operations. As

production rate increases and more workers are employed , each worker

performs fewer operations. Theoretically, with fewer different tasks,

the worker becomes more efficient as the number of different tasks to

perform decreases, thus decreasing the number of labor hours per unit

of production.

In the circumstances that prevail in the airframe industry, manu-

facturing labor hours and production rate are inversely related : As

production rate increases, factory hours per pound of airframe

decrease. There are exceptions to this rule, and the influence of

rate is often overstated because it is interrelated with the effects

of quantity. Typically, rate increases as production quantity in-

creases until a peak rate is achieved, which leads to correlation in

the data. Also, configuration changes occur frequently during air-

craft production, and each ca ~i per turbation in the number of

manufacturi~~ man—hours. Thu .‘~uction rate tends to decrease as

each change is introduL.J

MANUFACTURING MATERL..LS

As the term is used here, manufacturing materials include raw

and semifabricated material, purchased parts , and purchased equipment .

Typical examples are: raw materials (sheets, bars, rods); semifabri—

cated materials (wires, cables, fabrics, conduits, tubings); purchased

______1_ _ •_ _ •• _ _ _ _ _ 
~~ - -
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parts (fasteners , valves , hydraulic f i t t ings, electr ical f i t t ings) ;

and purchased equipment (motors, generators, batteries, landing gear,

instruments).

Obviously, the cost of material relates directly to the number of

aircraft procured, although, generally, material cost per unit de-

creases as quantity increases. In other words, the so—called learning

effect applies to materials as well as labor. In part , this effect

• derives from savings in the cost ~f raw materials as spoilage and the

amount of scrap material are reduced . More important , however, a cost

reduction accompanies volume purchases of parts and equipment. Volume

purchase is ordinarily possible only when the production rate is fairly

high because of the reluctance of contractors to order materials in

volume and stockpile them.4 A reason sometimes given for associating

material cost with rate is that the make—buy pattern changes with rate.

At high production rates, some items that would otherwise be manufac-

tured in—house are purchased, and specialized suppliers responding to

relatively large orders are often able to produce those items more

cheaply than can an aircraft manufacturer.

INDIRECT COST

Indir ect cost , which includes the various categories of overhead

and G&A , is a major part of the cost of developing and producing air-
craft. Table 1 shows the supporting activities categorized as in-

direct costs in the Contractor Cost Data Reporting System. Some of

those costs are fixed; others vary as a function of levels of employ-

ment. If a contractor has no other business, most or all fixed

costs have to be charged to whatever system is being developed . (That

possibility can be considered as an unlikely worst case because some
recurring business is necessary if a company is to survive.) Variable

indirect costs are a much larger component of overhead. Views about

their degree of variability differ , but the data gathered here suggest

that a change in direct cost is accompanied by almost immediate and

similar change in indirect cost.

4
uncertainty of demand and cash—flow considerations largely ex-

plain such reluctance.

-.-.——-

~

- • - .. .— --— -.- -

~ 

— --—~~~~~~
- ,. . •— — •~~~~~-,.-

-
~~-- .~~~~~ ----——-— •



-~~~~~~~- --—~~~~~—~~~~-

— 11—

Table 1

OVERHEAD COST CATECORIESa

Indirec t Labor Production Related Administration
Salar ies /wages Expendable tools and O f f i c e  suppl ies
Supp lemen tal allowan ces equi pment Reprod uc tion/
Appren tice and OJT Freight engineering supp l ies
Administration and Material handling Professional services

supervision Manufac turing supplies/ Contributions
Other services Other taxes

Produc t servicing Dues , membersh ips ,
Emp loyee Benefits Tool handling and subscriptions
Paid absences Medical services Conventions and
Emp loyee insurance Other meet ings
Savings—retirement plans Off ice services
Education Facilities——Building/Land Other
Other Depreciation and

amr tization Future Business
Payro l l  Taxes Ren ta’~ Bid and proposal

FICA Maintenance Independent research
Federal and state Ins ~~e and developmen t

unemployment Utilities Advertising
Composite payroll t.,xc6 Property taxes Other promotions
Other Plant rearrangement

Plan t secur ity Other Miscellaneous
Emp loyment Other Assessment aod

Emp i~ yee adve rtising transfers
Recruitment travel Facilities——Furniture/ Emp loyee awards
Emp loyee relocation Equipmen t Corporate allocations
Composite employment Depreciation and Patents and royalties
Other amortization Other

Ren tals
Communicat ion/Travel Maintenance Credits

Telephone and telegraph Data processing services Transfers to other
Postage Other divisions
Travel Cash discounts
Corpora te a i r c r a f t Other
Other

aTake n from Contractor Cost Data Reporting Systetn.

A .. .~~ __________________ • 
_• • •_ ________ - . .
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Figure 2 shows the relationship among fixed , indirect, and

direct cost over a 12—year period for an aerospace concern referred to

hereinafter as Company A. Fixed cost tends to increase over time,

primarily because of inflation , but it is insensitive to wide fluctua-

tions in direct cost. Over the time span shown, the fixed cost peaked

at about $17 million, which in that year represented about 14 percent

of the total. When total cost exceeded $160 million, fixed cost

accounted for about 10 percent.

Fixed costs were not available fo r any other comp any in a compar-

able time—series, but fragmentary data suggest that fixed costs

typically constitute a small proportion of overhead. The breakdown is

illustrated on the following page.

100 -

• Fixed cost

0 i I i I I I I I

0 2 4 6 8 10
Time (in years)

Fig.2—Fixed , indirect, and direct cost versus time:
Company A

— .— —p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- —-—-
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• Percent of
Cost Element Overhead

Fringe benefits 30 H
Indirect labor 35
Other controllables 15
Fixed 20

Total 100

Because fringe benefits are a function of both direct and indirect
employment , it is somet imes argued that fringe costs incurred for

direct labor should not be treated as overhead . But the airframe

industry mostly continues to do so. 

p —— p — — ~~~~~~ ~~~~~~~~~~ -. --



III. THE RA ND MODEL

An earlier Rand study that examined the effect of production rate

on the various elements of aircraft cost1 concluded tha t engineering

and overhead costs were more sensitive to rate changes than manufactur-

ing costs. No attempt was made in tha t study or in a subsequent report

on aircraft airframe cost—estimating procedures2 to quantify the rate

effect because the realized rate is rarely the rate used as an estimat-

ing variable in planning studies. Characteristically, anticipated

production rates are not realized. One recent study showed that only

slightly more than half as many military aircraft originally planned

were actually manufactured during the first three years of production.

On the average, initially planned peacetime production rates exceeded

achieved rates by 59 percent.3

The present study examines the cost (in hours and dollars) of

producing early lots of aircraft at different rates, using data not

available for the previous study. We examined each functional cost

element for a statistical sample of about 30 military aircraft pro-

grams and for several individual aircraft programs.

ENGINEERING HOURS

To determine the sensitivity of engineering hours to rate of out-

put, cumulative total engineering hours for a sample of 24 U.S. mili-

tary aircraft (ranging in airframe unit weight from 5000 to 279,000 lb

and in first flight date from 1946 to 1972) were used to interpolate

values for each aircraft model at 25, 50, 100, and 200 units. Engi-

neering hours for units 1—25, 26—50, 51—100, and 101—200 were used as

1J. P. Large et al., Production Rate and Production Cost, The
Rand Corporation, R—l609—PA&E, December 1974.

P. Large et al., Parametric Equations for Estimating Air-
craft Airframe Costs, The Rand Corporation, R—l693—l-PA&E, February
1976.

3Acceptance Rates and Tooling Capacity for Selected Military
Aircraft, Office of Assistant Secretary of Defense (Program Analysis
and Evaluation) , Washington , D.C . ,  October 1974.

—p_ p - • “ -~~~ 
. .. ..~~~ —.••- - -~~~~~~~~
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dependen t var iables in a series of regression analyses that included
• weight , speed , and rate as independent variables. Monthly production

rate  was not found to be a usef ul pa ramete r because it changed f rom

month to month , but delivery per iod (the number of months from deliv-

ery of the first aircraft in a lot to delivery of the last) was useful

because it averaged out the short—term variat ions. As shown by Table

2 , however , delivery per iod became less significant after 50 aircraf t

had been completed.4

It seems clear that for the development—production transition

that typically occurs before 50 aircraft have been produced , delivery

period has been a factor in the number of hours expended , but the

regression equation may have little predictive value. First, the

equation implies that engineering hours can always be reduced by

shortening the acceptance period (e.g., total hours for a 12—month

period would be only 68 percent of those for a 24—month period).

Selecting the length of an acceptance period alco requires accommodat-

ing to the realities of the program, and for modern high—performance

military aircraft one would expect engineering hours to increase

rather than decrease as the acceptance period decreases below some

reasonable number. Second, while the evidence may be persuasive that

engineering hours and program length go hand in hand , the relationship

may arise in the fact that difficult programs take longer and require

expenditure of more engineering hours per unit of time than do simple

programs. Therefore, an increase in hours attributed to an increase

in program length could also reflect an increase in program difficulty.

Third, engineering time needs could have been estimated against a

schedule different from that actually used. Had the original plan

called for a longer schedule, fewer engineers might have been re-

quired and fewer engineering hours expended . Some lengthy programs

reported below—average engineering hours (the A—3 , F—105, and C—l33

are examples; the regression equation overstates engineering hours for

those aircraft). Thus, while the equation is a useful expression of

what has happened in the past, it may not be a useful guide to the

future.

4The appendix contains a full statement of the statistical param-
eters for all equations in this section.
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Table 2

• • 
ENGINEERING HOURS AS A FUNCTION OF A IRFRAME

UNIT WEIGHT , SPEED , AND DELIVERY PERI OD
( L n Y = L n A + B L n X 1 + C L n X 2 + D L n X3)

Aircraft
Production Delivery
Quantities Constant Weight Speed Period

Aircraft 1—25
Valu e .001 .713 1.051 .440
T—ratio —3.897 8.992 5.577 2.230
Significance level .001 .000 .000 .037
R2 .826
Standard error (%) +42 , —30

Aircraft 26—50
Value .002 .586 .911 .538
T—ratio —2 . 886 5.548 3.881 3.508
Significance level .009 .000 .001 .002
R2 .792
Standard error (%) +53, —35

Aircraft 51—100
Value .000 .722 1.265 .192
T—ratio —4.052 6.551 4.767 1.111
Significance level .001 .000 .000 .281
R2 .800
Standard error (%) • +54 , —35

Aircraft 101—200
Value .C~~l .688 .952 .152
T—ratio —2 .632 5.239 3.258 .728
Significance level .020 .000 .006 .479
R2 .738
Standard error (%) +54 , —35

~~II1tF.~. _~~~~~— -~~ -~~~ _ -- .-
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TOOLING

Because an initial set of tools would serve the range of produc-

tion rates and quantities considered here1 nonrecurring tooling hours
would be the same in all cases. Sustaining tooling hours (for tool

maintenance, modification , rework, and replacement) are partially a

fu n ction of program length and partially a function of the number of
parts manufactured . A regression analysis of tooling hours similar to

that described for engineering hours, using the acceptance period for

units 1—25 as an independent variable , produced the results disp layed

in Table 3.

Delivery period as a proxy for production rate is not statisti-

cally significant, and the other statistical properties are unimpres-

sive. This is not to say that production rate has no effect on total

tooling hours. The problem is that rate can affect tooling hours

differently for different programs depending on how rate is planned

and how it is achieved. However, even when rate effects are examined

in a single program, we did not find them to be statistically signif-

icant. Consequently, despite the statement above that tooling hours

have a time—dependent component, in this study they are treated as a

function of production quantity only.

Table 3

TOOLING HOURS FOR AIRCRAFT 1-25 AS A FUNCTION
OF AIRFRAME UNIT WEIGHT , SPEED , AND DELIVERY PERIOD

• ( L n Y + L n A + B Ln X 1+ C L n X 2 + D L n X3)

Delivery
Statistical Values Constant Weight Speed Period 

________

Value .063 .692 .527 .253
T—ratio —1.309 6.671 2.178 1.269
Significance level .202 0.000 0.039 0.216
R2 .670
Standard error (%) +62, —60

I,

Ihr~Ii. .~~~ .L . ... — a— . a — •
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MANUFACTURING LABOR

Most of the discussion about the effect of production rate on

manufactur ing hours focuses on quantities and rates much higher than

those considered here. When the quantity involved is only 25 air-

craft , production rate is of much less interest than when 600 aircraft

are involved . Nevertheless, since a 5 percent difference in manufac-

turing hours is not trivial to an airframe contractor , we attempted to

isolate the effect of produc tion rate changes in several aircraft

production programs.

Four aircraft (the A—7, F—4, F—1O2 , and KC—135) for which data

on manufacturing hours per pound were available, and which had lengthy

production runs with a number of changes in production rate , were

selected for study. A regression analysis was performed on unit hours

per pound against three independent variables: cumulative total pro-

duction quantity, cumulative model quantity, and lot production rate

(see Table 4). Rate appeared to be statistically significant for all

four aircraft, but the Durbin—Watson statistic indicated serial corre-

lation of the error term in the F—4, F—lO2 , and KC—135. Moreover, the

sign of the production—rate exponent for the KC—l35 was positive,

suggesting that manufacturing man—hours per pound increase when produc-

tion rate increases, which is contrary to all assumptions about learn-

ing curves.

To eliminate common trends in the variables, first differences of

the variables were regressed (Table 5). Because of negative values in

the first differences of hours per pound and rate, a linear rather

than logarithmic regression was necessary. The coefficients obtained

for rate were, therefore, not directly comparable to those above.

They were all negative, but serial correlation was still found in the

F—4 and KC—l35 cases. In terms of statistical parameters, the most

reliable results using both the initial data and first differences

were obtained for the A—7.

The range of exponents for the production rate variable in all

regressions considered (excluding the positive value obtained for the

KC—135) suggests that doubling the production rate causes a 3 to 7

percent change in manufactur ing hours. Despite the equivocal nature
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Table 4

MA NUFACTURING HOUR S PER POUND AS A FUNCTION OF
• TOTAL QUANTITY , MODEL QUANTITY, AND PRODUCTION RATE

(Ln Y L n A + B L n X 1 + C L n X 2 + D L n X3)

Aircraf t Total Model Production
Program Constant Quantity Quantity Rate

A-i
Value 12.065 — .066 — .175 — .099
T—ratio 25.386 —3.084 —7.620 —3.286
Significance level .000 .005 .000 .003
R2 .918
Standard error (%) +16 , —14
Durbin—Watson 1.524

F— 4
Value 50. 315 — .337 — .077 — .049
T—ratio 50.138 —27.914 —4.547 —1.924
Significance level .000 .000 .000 .059
R2 .958
Standard error (%) +12 , —11
Durbin—Watson 1.417

F—1O2
Value 33.508 — .241 — .109 — .101
T—ratio 68.287 —8.411 —4.557 —2.974
Significance level .000 .000 .000 .005
R2 .979
Standard erro r (%) +13, —12
Durbin—Watson 1.013

KC—l35
Value 13.440 — .456 .142
T—rat io 45.888 —33.171 4.948
Significance level .000 .000 .000
R2 .966
Standard level (%) +14, —12
Durbin—Watson .308

~~L•.
- -- -- ---— — ~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~ - _
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Table 5

FIRST DIFFERENCE S: MANUFACTURING HOURS PER POUND AS A FUNC TION OF
TOTAL QUANTITY , MODEL QUANTITY, AND PRODUCTION RATE

(~Y = A + B ~~x l +C~~x2 + DA x3)

Aircraft Total Model Production
Program Constant Quantity Quantity Rate

A- 7
Value .009 — .191 — .098 — .074
T—ratio .319 —2.371 —4.841 —2.852
Significance level .753 .026 .000 .009
R2 .746
Standard error (%) .121
Durbin—Watson 2.182

F—4
Value — .009 — .206 — .083 — .041
T— ratio — .452 —2.278  —6.45 3 —2.021
Significance level .653 .026 .000 .048
R2 .782
Standard error (%) .139
Durbin—Watson 3.016

F—102
Valu e — .006 — .146 — .118 — .083
T—ratio — .206 — .864 —4.646 — .985
Significance level .838 .392 .000 .330

.388
Standard error (%) .124
Durbin-Watson 2.503

KC—l 35
Value — .018 — .193 — .028
T—ratio —2 .580 —4.871 —1.575
Significance level .013 .000 .121
R2 .379
Standard error (%) .040
Durbin—Watson .970 

.-. •-- - - - - —p — -  -
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of some of the evidence, an average value of 5 percent was chosen as

representative for the airframe industry.

MATERIALS

Regression analysis of the type described in the previous subsec-

tion was used in an attempt to isolate the effect of rate on materials

cost. Using data on approximately 1100 A—7A/B/D/Es and the same inde-

pendent variables used for manufacturing labor hours per pound , the

results shown in Table 6 were obtained.

Table 6

• MANUFACTURING MATERIAL S DOLLARS PER POUND AS A FUNCTION
OF TOTAL QUANTITY, MODEL QUANTITY , AND PRODUCTION RATE

(Ln Y = L n A + B L n X 1+ C L n X 2 + D L n X3)

Total Model Production
Statistical Values Constant Quantity Quantity Rate

Value 42.779 — .057 — .037 — .077
T—ratio 76.711 —5.235 —3.058 —5.183
Significance level .000 .000 .005 .000
R2 .898
Standard error (¾) +8, —7

The exponent of the rate variable is —0.077, which translates

into a 5 percent change in materials cost for a factor of two change in

production rate. Analyses of other programs have produced results of

the same magnitude.

OVERHEAD

Overhead rate (the ratio of overhead cost to direct labor cost) is

a function of the volume of business a company does, and volume, in

turn , reflects rate of output.  The fundamental question , however ,

does not concern production rate, it concerns overall level of busi-

ness, much of which may be in programs separate from the particular

aircraft program of interest. Here we were interested only in deter—

mining whether a survey of industry data would indicate a consensus on

the degree to which burden rates are a function of direct labor.

•_ _ •__i___ __ _ _ _ _ _ _ _ _ _ • _ _ _ _ ._____ —-‘— — . — — — — --p - .
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An elasticity factor of 0.25 (for example, a 4 percent change in

direct labor results in a 1 percent change in overhead rate) was devel-

oped in a previous Rand study5 based on a relatively small sample of

companies. The data needed to make similar examination of other com-

panIes were not available, but it was possible to examine fluctuations

in rate as a function of changes in employment level (employment level

serving as a proxy for volume of business). We assumed that overhead

rate would be a function of employment and calendar time, but regres-

sion analysis of data from four companies did not substantiate that

hypothesis (Table 7). For Company A, both employment level and time
were statistically significant, and overhead was found to be fairly

sensitive to factory employment. Figure 3 shows the data adjusted to

the 1974 price level. Actual employment figures are not shown, but

the index gives a measure of the relative size of the four companies.

Data are for the years 1966—1975.

Employment level was not significant for Compaoy B, and , as shown

by Fig . 3, the data are too dispersed to show a definite trend . For

Company C both time and employment were significant, while in Company D

neither variable was significant. Moreover, for Company D the employ-

ment variable had a positive sign, thus implying that overhead is

directly proportional to the number of workers.

Changes in accounting procedures can invalidate time—series data,

and we know that such a change occurred in Company D. Similar changes

may have occurred in Companies B and C, but the smooth relationship

shown by Fig. 3 for Company A is an exception. Within limits, manage-

ment can fix the overhead rate to accord with management objectives

(for instance, employment in the Commercial Aircraft Division of the

Boeing Company declined from 43,000 in 1970 to 25,000 in 1971, with no

increase in factory overhead rate).

A recent (unpublished) study by System Planning Corporation also

remarks on the significant variations among companies in their tenden-

cies to hire or lay off indirect labor as the direct labor force goes

up or down. Their analysis suggested that in a sample of 10 aircraft

5p roduction Rate and Production Cost.

_ _ _  —.
~~~~~~ - - - — - —. - — — _ — -- —— _
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Table 7

OVER}1EAD RATE AS A FUNCT ION OF EMPLOYMENT
LEVEL AND TIM E

Company A R2 SEE

OH = 215 — .0124E + 2.39T .67 12.1
( .025) (.030)

Company B

OH = 143.3 — .00024E + 2.08T .55 10.0
( . 3 5 0 )  ( . 02 5 )

Company C

OH = 132.1 — .0037 E + 2.091 .44 12.4
( .02u)  ( .025)

Company D

• OH = 106 + .OO 2lE + .4l T .29 10.1
( .225)  ( .80)

NOTE: OH = factory overhead rate (¾); E factory employment;
and T calendar year minus 1960.

companies a 50 percent reduction in direct labor personnel could be

accompanied by a 36 to 59 percent reduction in indirect personnel. A

36 percent decrease would cause the overhead rate to go up perceptibly,

but a 59 percent decrease might not affect that rate.

Because overhead rates behave differently from company to company

and within the same company from situation to situation, it would be

presumptuous to claim that any estimating model has universal validity.

In most cases the unit cost of each item produced will be higher when

the rate of output is low because each item bears a larger share of

the overhead costs. To reflect that fact in the model we have adopted

the elasticity factor of 0.25 mentioned above. While it will not be

applicable in every instance, it is representative of the nominal

change characteristic of the industry.
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COST MODEL OUTPUTS

The estimating r elationships already descr ibed were used with

those of DAPCA 1116 to estimate the recurring cost of producing 25

aircraft (units 1—25) with three different delivery periods:

12 months, 24 months, and 48 months. Airframe unit weight and maxi-

mum speed are those of the A—b , namely, 14,840 lb and 450 kn. The

results (Fig. 4) must be treated with some caution because the 12—

month and 48—month cases may be too extreme. As mentioned above, an

attempt to deliver units 1—25 of a modern military aircraft in 12

months would probably increase rather than reduce costs, but the model

does not reflect that. Similarly , if an acceptance period of 48

months was planned from the outset, management probably could find a

way to trim the engineering staff and bring costs down. In effect,

the curve could be f lat ter  than indicated in Fig . 4 , but probably not

steeper.

0

Acceptance period (in months)

Flg.4— Estimated recurring cost of aircraft 1-25
versus acceptance period

6 H E. Boren, Jr . ,  A Computer Model for Estimating Development
and Procurement CoBte of Aircraft (DAPCA III), The Rand Corporation ,
R— 1854— PR , March 1976.
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Another reason for caution is that the results are sensitive to

the way in which nonrecurring and recurring engineering hours are

separated . The model estimates total engineering hours (excluding

flight test), and to obtain recurring hours it is necessary to assume

that the point at which the curve showing cumulative total engineer-

ing hours crosses the ordinate (the Y—intercept) represents the non-

recurring portion of the total. That point is determined by the slope

of the curve, and small differences in slope translate into large

differences in nonrecurring hours. If nonrecurring hours are over—

• stated in the estimate, resulting differences in recurring hours

because of different production rates are minimized .

Table 8 shows the detail underlying the totals displayed in

Fig. 4. All costs have been reduced to 1970 dollars to ease compar-

ison with the results obtained from the Fairchild and Northrop models.

The evaluation indicates that increased cost, primarily in engineering

and overhead , is one consequence of extending the duration of a produc-

tion program. From Fig. 4 one can infer that the cost of the first 25 air-

craft would be increased by about 15 percent if the acceptance period

were lengthened from 24 months to 36 months. In the case illustrated

here, extending the period of low—rate production by 12 months would

raise the nominal unit cost of each of the first 25 A—b equivalents

by almost $600 ,000. A subsequent return of $15 million in total

benefits would be needed to make such an extension seem cost effective.

Table 8

MODEL OUTPUT FOR UNITS 1-25
(Costs in 1970 dollars)

Manufac turing
Acceptance Engineering Tooling and Quality Materia ls Overhead Total

Period hours Hours Control Hours Cost Cost Cost
(months) (l000s) (1000s) (l000s) ($l000s) ($l000s) ($l000s)

12 756 1444 4784 12,217 44 ,450 85 ,900
24 1505 1444 5030 12,88 7 55 ,530 103,100
48 2609 1444 5290 13 , 593 73 , 600 129,500

_ _  •
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That, conceivably, could be provided through modifications not re—

quired , more favorable maintenance and operating costs , or better

aircraft performance (sortie rate, for example) which could increase

unit effectiveness. Two other factors also require mention when con—

sidering costs and potential benefits. First , extending an ongoing

• production program (as the models effectively do) presumably would

cause costs to become larger than would be the case if a low—rate

program had been optimally planned from the start . Second , extended

testing also has associated costs, and these would have to be offset

by net benefits if cost effectiveness were to be assured . Additional

research is needed to resolve such uncertainties.
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IV. THE FAIRCHILD MODEL

The two competing contractors in the A-X program, Northrop and

Fairchild , submitted rate variance formulas as part of their develop-

ment proposals.1 These formulas were to be used to determine the

price for production buys that ranged 50 percent above and below the

baseline quantities for Option 1 (26 aircraft) and Option 2 (22 air-

craft). The original contract calling for six development test and

evaluation (DT&E) and four initial operational test and evaluation

(IOT&E) aircraft was abrogated when Congress eliminated the IOT&E lot

from the program, but the new agreement retained the original rate

variance formulas. New prices were established for the first four

production aircraft and the formulas applied to subsequent units.

Option 1 specifies that the delivery period (11 months) will not

change whether the quantity is as low as 13 or as high as 39. Thus,

the price established by Fairchild for delivery rates ranging from

1.18 per month to 3.55 per month indicates the penalty the Air Force

would pay for choosing the lower rate.

The Option 1 formulas are shown in Table 9. The cost categories

are defined as follows:

Variable direct labor = direct labor, other direct costs,
material and purchased parts, and
overtime premium

Variable equipment = purchased equipment and subcontract

Variable overhead = tooling overhead, quality assurance
overhead , manufacturing overhead ,
other overhead

Fixed engineering = all recurring engineering costs——
direct labor, overhead , overtime
premium, material and other direct
costs

1The information on the A—b formulas is taken from J. J. Gaunt,
Jr., An Examination of the Rate Variance For~nula for the A-1O Air
Vehicle, Air Force Institute of Technology, Wright—Patterson Air Force
Base, September 1974.

____ __________ - • • -— • • —--— — p ~~~~ •~~~~~• • • •~~~ • • • • • ••
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Table 9

RATE VARIANCE FORMULA FOR OPTION 1

~~~~~~~~~ 
= [ ~ opt M0~~ 

+ 
~~

QUIP i + VO
~~
D
OPt 1 

+

+ FEC t 1 [.75 + .25 
(M0:~ 1)1 

+ G&A t 1 } 1.1
~~~~~~~~~ 

= { 
~~~~

:°

~~~ 

l) 
~opt 1 

+ VEQUIP~ + VOVUD
OPt 1 

+

(M0~~ 1 
— 

1) (.85) (direct Sopt 1) 
+ NRT1 +

1 
+ .25 

(MO~~ ~)1 }(l
.09233) (1.1)

NOTE:

M manufacturing man—hours

M
i 

manufacturing man—hours for i aircraft

Direct cost direct labor cost

VLAB variable direct labor costs

VEQUIP = variable equipment costs

VOVHD = variable overhead costs

FEC fixed engineering costs

NRT = nonrecurring tooling costs

• • •. ____&_• . _ 
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Nonrecurring tooling = all nonrecurring tooling costs

G&A = all costs incurred by the executive ,
legal, financial, marketing , and con-
tracts administration functions. Also
includes bid preparation and proposal,

• independent R&D, and a prorated share
of corporate G&A.

The formula for 26 aircraft or less is interesting for several

reasons. It levies no penalty on the following three cost categories

for reducing the size of the buy : variable direct labor, variable

equipment, and nonrecurring tooling. Fixed engineering cost is some-

what biased in favor of the full buy of 26 aircraft, but the penalty

for choosing the other option is not substantial. The higher unit

cost wh~n buying less than 26 is almost entirely due to variable overhead

and G&A, which represent almost 50 percent of total cost. Overhead ,

the largest single cost category, does not decrease when the buy is

reduced . What Fairchild calls “variable” overhead is not variable

until the volume of business on contract exceeds the cost of 26

aircraft.

When the buy exceeds 26 aircraft, an additional fixed cost is

incurred because additional (rate) tooling is required . The other

major changes involve overhead and G&A. Incremental overhead varies

as a function of manu~facturing man—hours. Instead of being fixed ,

G&A is a flat 9.293 pex~cent of all other costs.

The rate variance formula can be used to estimate the costs of

the first 13 aircraft in buys of 13, 26, and 39 aircraft (Table 10).

Nonrecurring tooling has been omitted from the costs in the table,

however. An additional $4.8 million for rate tooling would be re-

quired for the largest buy , but sin9e that cost would ultimately be

Incurred in any event (because a high production rate eventually would

be approved), it does not change the real cost difference among alter—

natives.

The rate variance formula indicates that a buy of 13 aircraft

would seem disadvantageous primarily because of the method of albocat—

ing overhead and G&A costs. The cost penalty ’incident to buying 13

rather than 26 aircraft would be about 29 percent ($870,000 per

____— s”s• ~~~~~~~ • • — • •
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Table 10

ESTIMATED COST OF 13 AIRCRAFT PRODUCED AT THREE DIFFERENT RATES
(in millions of 1970 dollars)

Delivery rate (aircraft/mo)

1 2
(~~~~ f 2 4 (% of 3 5 (% of

Cost Element Total) Total) - To tal)

Variable direct labor 6.6 (17) 6.6 (24) 6.6 (26)
Variable equipment 7.6 (20) 7.6 (28) 7.6 (30)
Variable overhead 12.9 (33) 6.4 (23) 5.2 (20)
Fixed engineering 4.2 (11) 2.4 ( 9) 1.7 ( 7)
C&A 4.1 (11) 2.1 ( 8) 2.0 ( 8)
Fee or profit 3.5 ( 8) 2 .5  ( 9) 2 .3  ( 9)

Total 38.9 27.6 25.4

aircraft). The cost benefit of producing at the highest rate——3 .5

aircraft per month——comes to about 8 percent ($2.2 million).

Another way to examine Fairchild’ s t1~eatment of the cost of low

production rates is to compare the r~ate variance formula cost of buy-

ing 26 aircraft in Option 1 with that of buying 13 in Option 1 and 13

in Option 2. In the first case the delivery period would be 11

months ; in the second , 16 months. The cost penalty for extending the

delivery period by five months is said to be $17.3 million:

Option 1 = $53.6 million
Option 1 + Option 2 = $70.9 million

The difference , again, is almost entirely due to the fact that the

formula treats overhead and G&A costs as fixed unless the buy exceeds

the nominal number of aircraft. These costs are the same whether the

total buy is 24 aircraft or 48 aircraft. This portion of the formula

seems artificial and unrelated to Fairchild ’s own experience .
The rate variance formula was developed in advance of production

experience with the A—b . But were the relationships between rate

and the various functional cost elements implied by the formula com-

parable to those implicit in cost estimates developed by Fairchild

several years later? Based on regression analyses of those estimates 

— - - • - - - --- - -~~~~~--— — --- -- •~~~~- -
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(with production quantity and rate as independent variables), it

appears that rate per se is not a statistically significant explana-

tory variable for either engineering or tooling. It is significant

at the 0.14 level for manufacturing hours, but the sign is wrong——

rate and hours are related directly rather than inversely. (This is

because Fairchild predicts a flattening of the learning curve at the

time that production rate increases from 1.83 to 2.5 per month.

Thereafter, the slope of the curve remains constant despite further

increases in rate until it reaches 16 aircraft per month.) On balance,
-• the regressions appear to corroborate the rate variance formula in

• that engineering, tooling, and manufacturing hours are not seen to be

functions of production rate. Overhead , however, is a function of

direct labor hours in the program estimates and is much more variable

than indicated in the formula. Consequently, the cost penalties

established by strict application of the formula appear to be un—

reasonably high.

~~__a_ — - - ~~ •. •— —
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V. THE NORTHROP MODEL

The Northrop computer model for the A—9/A—bO competition1 incor-

porates all major recurring cost elements: design engineering, tool-

ing, manufacturing engineering, factory labor, material, other direct

costs, and all items associated with overhead. It also incorporates

business and economic situations. We investigated different delivery

schedules , delivery quantities, and business bases to determine their

effects on cost. The model computes labor hours, setups, labor rates,

volume purchases, escalation, burden rates, and rate too’ ing.

The output of the model consists of recurring production costs,

system program management and data costs, and , if the produc tion ra te

exceeds 20 aircraft per month, additional rate tooling costs. It

should be noted that the model was not intended to price out very low

rate production . The results and the interpretation of the output are

useful only to the extent that the model is valid for that condition .

Also , thr model was designed for use by Northrop and may not apply to

other airframe manufacturers.

RESULTS

The model output shows unit cost, by government fiscal year buy,

for six years; a breakout of the cost into major cost elements; a

breakout of the labor components in hours; and a summary of the rates

used (which include overhead). Three questions are of interest: How

much will the unit cost increase if production is slowed? How do the

individual cost elements behave? What is the increase in unit cost
• with a decrease in the business base? The latter can be investigated

only within narrow limits because of the construction of the model.

BUSINESS BASE

Business base is defined as t’hat business a company has in addi—

tion to its contract to develop, test, and produce an aircraft under

1Northrop has developed a more sophisticated model since that com—
petition , so no inferences about current pricing policy are warranted

• from the data presented here.
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the extended schedule. Extended testing and slow initial production

could be a hardship on those firms with a small business base. An

aircraft producer with a broad business base could shift employees

from one project to another in the event of a slowdown, but a single—

project company would be forced to lay off personnel in similar

• circumstances, and the cost effects would be quite different.

We examined the four principal overhead rates that resulted by

allowing business base to decline as much as 20 percent (even though

that is probably outside the intended limits of the model). The rates
• considered were engineering, factory (production labor), materials,

and G&A. Th results are displayed in Table 11.

Table 11

AVERAGE OVERHEAD RATES AS A FUNCTION OF BUSINES S BASE

Overhead Category Normal 20% Decline

Engineering 1.08 1.12
Factory (production labor) 1.58 1.71
Material .11 .12
G&A .18 .19

In the Northrop model, outside business is a very large fraction

of total business for those years when the low—revenue development and

early production phase of the A—9 program would have occurred . Conse-

quently, declines In the business base affect overhead rates much more

than changes (declines) in the production rate of the A—9 .

Table 11 indicates that the biggest change in overhead rate would

occur in the factory labor category and that engineering overhead rate

would change least. This Is consistent with expectation because

Northrop ’s outside business is principally production oriented.

Using a weighted average increase (45 percent factory labor, 25

percent engineering labor, 20 percent materials, and 10 percent G&A),

• the average overall burden rate increase would be 3.95 percent for a

20 percent decline En the business base. 

• - --- • --- -• — • __a S~-
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PRODUCTION RATE

The Northrop model indicates that for a one—year production

period the unit cost for the first 6 production airframes (following 10

test aircraft) would be nearly twice the unit cost of each airframe if

24 were produced. Another way of booking at the cost of early produc-

tion units is to compute the total cost of an equivalent number of

aircraft (in this case 24) at differen t rates. The result is shown in

Table 12.

Table 12

PRODUCTION COST OF 24 AIRFRAMES

Rate Time Total Cost Cost/Unit
(Units/Month) (Years) ($ millions) ($ millions)

1/2 4 69 2.9
1 2 53 2.2
2 1 45 1.9

Of course, there are some time effects. For example, some of the

costs tend to be more or less fixed by the size of the staff. Engi-

neers are regarded as less fungible than production workers. Thus, if

the duration of a project is extended , engineering costs increase.

Table 13 more closely evaluates this effect.

• Table 13
- 

COST ELEMENTS OF 24 AIRFR AME UNITS

Production Rate (Units/Month)

Cost Element 1/2 1 2

Engineering hours (millions) 1.848 1.131 .739
Tooling hours (millions) .440 .268 .174
Factory hours (millions) 2.158 2.044 2.039
Material ($ millions) 10.88 10.51 10.31
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Table 13 shows that engineering and tooling costs are very time—

dependent, whereas factory hours and material costs are nearly inde—

pendent of the length of time required to produce the first buy of

aircraft. Tooling hours, shown in Table 13, require some explanation.

Northrop based the A—9 tooling rate variance formulas on T—38 experi-

ence. The T—38 program tooling followed a 65 percent curve (very

similar to that for engineering which, for the A—9 , is on a 59 percent

curve). Thus for the A—9 calculation, tooling, like engineering ,

appears to constitute a fairly substantial effort regardless of the

rate of output of aircraft. (Current Northrop practice is to treat

tooling more bike factory labor, which means that the Northrop tooling

effort would more closely resemble the tooling for the Fairchild and

Rand model outputs.)

As seen in Table 13, there is a 5.8 percent difference between

factory labor costs at the production rate of 6 per year and a rate of

24 per year. Current Northrop thinking is that 10 percent would be a

more realistic figure.

OVERALL COST IMPACTS

The principal cost of a reduced rate early in a production pro-

gram appears to result from the increased length of the prqgram. Cost

effects have been evaluated by examining four hypothetical programs,

three with early—phase low production rates, and one built around a

normal, higher rate throughout the program lifetime . In all four

cases, the assumed total buy is 600 aircraft (about the size of the

A—b program). This 6—year production period is the maximum permitted

by the Northrop model. Such hypothetical programs do not consider

time—phasing funds, annual funding limitations , long—lead—time items,

or any of the other realities of life in aircraft production.

The most striking result Is that it does not seem to make much

difference, in a 6—year production run, how low the initial production

rate is (provided that the business base is sufficiently high to carry

the fixed costs on other programs). Initially, of course, bow produc—

tion rates do increase aircraft costs. Given a reasonable business

base, the cost of extending the production period for the first lot of
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24 A—9s would have been about $8 million per year in 1970 dollars (or

about $13 million in 1977 dollars). The additional cost is attributed

primarily to engineering and overhead. However, although additional

costs are incurred because of the very low rate of early output, the

higher cost of early low production rates are entirely offset by the

cost benefits of subsequent higher production rates. It must be empha-

sized that both of the preceding statements assume a substantial fixed

business base. A major reduction in business base during a bow produc—

tion period would increase costs substantially. Nevertheless, in a

“best case” setting, any benefits that accrued to such a program

because of an extended period for testing and incorporating changes

would be cost free, at least in terms of total production cost.

• —~~~~~~~~~~~~~~~ - - - - • • • • •-—- - -~~~--• --- • •-•• • • •- • -— —  a -~~~~~~~~~~~
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VI. COMPARISON OF RESULTS

The Fairchild and Northrop rate variance formulas exclude costs

of a prototype and 10 full—scale development aircraft , so a direct

comparison with the Rand model can be made only for production air-

craft. The comparisons below , then, are based on 24 aircraft pro-

duced at different rates after production of all test aircraft. The

Rand and Northrop models can be compared directly because any produc—

• tion rate can be considered (although rates of less than one month

are outside the range intended for the Northrop model). The Fairchild

• model examines a more limited set of production ra tes , bu t permits

inferences from the formula itself about the effect of changing lot

size while holding delivery period constant.

ENGINEERING

In the Fairchild rate variance formula , 75 percent of the engi-

neering hours are constant regardless of whether 13 or 39 aircraft are

delivered. This argues that over a given period——in this case 11

months——production rate is largely irrelevant in determining engineer-

ing cost. Pushing the Fairchild premise to an extreme , one could

infer that engineering hours vary directly with time: a 48—month

delivery schedule would require four times as many engineering hours

as a 12—month schedule. The size of the engineering staff is not that

inflexible, of course, but some minimum has to be established. A

project staff Is maintained to handle service complaints, modifica-

tions, redesign, etc., after the airplane Is in field service. Also,

engineers are categorized by specialties , such as aerodynamics,

structure, propulsion , and electronics, so that even if a minimum

staff were desired , the engineering total still must contain each spe-

cialty. The Northrop model showed that engineering cost is basically
time—dependent; a significant portion of engineering operates at a fixed

level of about one—half million hours per year (about 250 engineers).

The cost of program extension , then , would be of that magnitude. That

• -— - — - — —— -— —~~~~~~ -_ - • •-- - - — • •
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estimate is for a relatively small and simple airframe , similar to the

A— 9 or A—lO. A larger engineering staff would be required for both

larger and more complex airplanes.

As shown in Table 14, the Rand model predicts a smaller increase in

engineering hours than does the Northrop model , but the difference is

not great.

Table 14

• EFFECT OF PROGRAM EXTENSION ON ENGINEERING HOURS

Engineering Hour
RatiosMonths to Deliver

24 Aircraft Northrop Rand

12 1.00 1.00
24 1.53 1.47
48 2.50 2.17

Thus all three models support the notion that engineering is

largely a level—of—effort endeavor and hence is closely related to

program length.

TOOLING

Only an initial set of tools would be required for low—rate pro-

duction . Nonrecurring tooling would not be affected by rate changes

of the magnitude considered here , and sustaining tooling is generally
treated as a function of factory hours. Tooling hours are included

with manufacturing hours in the Fairchild model and cannot be shown

separately, but the intent is clearly to have them vary with produc-

tion quantity, not rate. The Northrop A—9 model treats tooling

differently, but as explained previously, the model currently in use

at Northrop conforms more closely to normal practice. The Rand model

treats tooling as fixed for a fixed quantity of aircraft. Although ,

admittedly, some portion of tooling is time—dependent , statistically

that portion could not be isolated , and we believe that within the

limits of the rates examined production rate has little effect on

tooling hours.

_ _  a • ---- •- - - - ——  —--~~~----~~~~-• • •-• • • -- • • • • - •
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MANUFACTIJR [NC LABOR

As shown in Table 15, Northrop shows an increase of 6 percent in

direct manufacturing hours when program length is increased from 12

months to 48 months. The Rand model would show a 10 percent increase,

and that figure is supported by the current Northrop model. The

direc t labor cost element in the Fairchild model (VLAB ) includes a

variety of subelements including materials and purchased parts , so a

direc t comparison with the other models is not possible. One can in-

fer that on the basis of the rate variance formula, manufacturing

labor varies only as a function of quantity because the slope of the

learning curve is constant whether 13 or 39 aircraft are delivered in

an 11—month period . Thus all three models imply that rate has a

minor effect on direct manufacturing hours.

Table 15

EFFECT OF PROGRAM EXTENSION ON MANUFACTURING LABOR HOURS

Manufacturing Labor
Ratios

Months to Deliver
24 Aircraft 

- 
Northrop Rand

12 1.00 1.00
24 1.00 1.05
48 1.06 1.10

MANUFACTURING MATERIALS

Materials cost is influenced by volume purchases, so one would

expect to see the cost of materials decrease as the production rate

increases. As shown in Table 16, the Northrop model indicates

that there is only a 5 percent increase in materials cost with

a factor—of—four decrease in rate. The Rand model shows a 5 percent

• increase for a factor—of—two change. Fairchild combines materials

with direct labor , but separately estimates purchased equipment ,

• normally treated as part of materials cost. Fairchild’s purchased

equipment category did not vary with production rate. Thus materials

are essentially unaffected by production rate changes.
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Table 16

EFFECT OF PROGRAM EXTENSION ON MATERIALS COST

Materials Cost
Rat los

Months to Deliver
24 Aircraft Northrop Rand

12 1.00 1.00
24 1.02 1.05
48 1.06 1.10

OVERHEAD

The various categories of indirect cost——eng ineering and produc-

tion overhead , material overhead, and G&A——may account for over half

the cost of a stretched production program. These costs are, there-

fore, the most important to consider when planning an extended

development—production transition. Because of its arbitrary treat-

ment of overhead costs, the Fairchild model provides no clues as to

what effects an increase in these might create, but the Northrop and

Rand models agree that increasing the delivery period from 12 months

to 24 months will increase overhead cost by 27 to 36 percent .

Northrop ’s calculations indicate that stretching the program to 48

months would double the cost. The Rand model predicts an increase of

only about 60 percent (see Table 17). Differences of that magnitude

can stem from different assumptions about business base and fixed

costs, but both estimates imply that a contractor will act to keep

indirect costs down when the volume of production is low.

Table 17

EFFECT OF PROGRAM EXTENSION ON OVERHEAD COSTS

Overhead Cost
Ratios

Months to Deliver
- 

24 Aircraft Northrop Rand

12 1.00 1.00
24 1.36 1.27
48 2.05 1.61

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ • —-  . A



• - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — • • - - • • -

—42—

TOTAL COST

Figure 5 displays curves based on estimates, using all three

models , of the total cost of 24 aircraft. Beyond 16 months , the

Fairchild curve is an extrapolation; it is included because i t  may

represent an upper bound on the cost increase that could result from

a lengthy development—production transition . The Northrop and Rand

curves are almost congruent for the period from 12 to 24 months,

indicating perhaps that an 18 percent Increase in cost would be the

probable price of maintaining a production rate of one aircraft per

month over a 24—month period. The cost penalty of reducing the rate

to 0.5 aircraft per month will be 40 to 50 percent.

7
2 .0 - 7

7

Fairchild,”
.
~~~ 7

,,

Delivery period (in months)

Fi g. 5— Effect of program extension on tota l cost of 24 aircraft
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INFLATION

At current inflation rates , a delay of one to three years in

starting full—scale production could cause program costs to increase

substantially. But from a theoretic.’ point of view price—level

changes resul t ing from in f la tion should no t be a considera tion in

deciding how to conduct a program. The important factors arc real

resource costs: man—hours, materials, tools , etc. These will not be

changed by in f l a t ion. Given tha t  a time preference  for  money exists ,

as exemplified by the 10 percen t discount ra te used in many DoD

stud ies , it would be theoretically advantageous to postpone major

expenditures for several years. Yet because of continuous pressure

to reduce defense spending, it may be more sensible for  the Air Force

to assum e tha t procuremen t bud gets will not keep pace with inflation.

The issue is primarily judgmental. In current planning and budgeting

procedures, the services are allowed to project fairly realistic in-

flation rates for future procurement , which should diminish possible

adverse reactions to proposals for using low—initial—rate production

as an element of a phased acquisition strategy . In any event , if

deliberate extensions of low—initial—rate production are kept to the

18— to 24—month limits that seen to be warranted by recent experience ,

neither inflation nor time—preference discounting becomes a major

consideration. 
•
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VIII. CONCLUSIONS

There are both advantages and disadvantages to extending the tran-

sition period between development and production of airframes. The

disadvantage most commonly cited is the additional cost incurred by

underutilizing a contractor’s facilities, equipment, and personnel.

Our examination of cost factors suggests that the incremental cost of

extended initial—low—rate production has often been overstated because

it cannot be easily distinguished from other forms of cost growth.

Yet it remains true that when all other elements of life cycle cost

are disregarded , the production cost of aircraft is higher when they

are produced at very low rates. The models described here suggest

that the cost penalty will be about 18 to 38 percent of the cost of

the first 24 aircraft, although the business base of the contractor is

a dominating consideration .

In the context of life cycle cost, one can anticipate a number of

offsetting savings. Where the business base is sufficiently high to

carry the fixed costs, increased costs in the early years may be offset

by the lower costs of producing later aircraft at an efficient high

rate. Savings in retrofit modifications would accrue; in some programs

the costs of such modifications have been very high. Also, when a low

production rate is planned from the outset , rather than being imposed

after a program has started, costs can be controlled much better. A

premature buildup of the direct and indirect personnel needed for high—

rate production can be avoided. A prudent planner should anticipate

and budget for higher costs during an extended development—production

phase, but there is a good possibility that some or all of those funds

will be recouped later. Consequently, unit production cost alone

should not be the dominant criterion in decisions involving an extended

development—production transition.
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Appendix

RESULTS OF REGRESSION ANALYSIS

_ _ _ _ _ _  _ _ _ _ _ _  • - -- — — - - - -



—---~ ---“~~~ 
.•—- ---~~-• • - -~~~~~~~~~~~~~~~~~~~~ ---—  - •~~•-.-• •~~ - ---- - —-- •—-~~~~-•

-

—46—

~~ ~ ~o
~c-~~~ tt r- e-,
0’ 0 ~f’ 0N
00  N

N 0~~N 0

ft . ,r ’ N r oI .~~~~ . — ‘0 0 N~~~ ~~~~~~~~~ -‘— ~~~r~N .JH e - i 0 0 0  .... U~N O  . , . . , . , N O
N C.) 0 00  • 0 0 0. -  .4 0

U, N
o Z N  0

O~~ H
H~~£-.

~~~~ 
U,

.
~~ N

0’ 0 (N 11’ 0 0  N H “~ N
ft . .4  000  ~~ .- ~~ 0 ~~ ~~

.
HN 0 0 0 , -  ‘ 0 N O N  ft~~~z~~. 0e 0~~~ N N  ( N 0 0(~ 0 U~ N

o ~~ 0 0 0 0  .4 H (N f” 0 0
HI H — ~ . . p .  . . . .  D~ 0

U) 0000 0 O’ - O  ~~N Z  l~1-4 N .4 U
1-. N H N
-: I.0 I’~H O I t I ) O 1I

H N 1I~~~ H N

I-. .— 0 . ~~~o0
~~. U, .c N

N 0 11) 0 N N 0 00 ’  1. N U) N
N H ‘ O’0 N  ‘0 0~~~~U ( 0 e V)
I. F~ N %0 0 N 0 0 0 I’1  H N N N 1 .

~~ H .~~ 0’0 ’N~~ 0Z. 0 0 0w  O l 4 N O f t . .C
N N 0 0’~ (((N H J M  r- .0m0 U~~~~~~U) 0p . P P 14 , . • S N H f t .

~.s m o u ~~~ ~~ 0 — 0 0  .~~N Q . ( 0 f t .
~2 a , .4 , .c U~~~ 0
< .4 N• N 0 f t . Z N N

N
~~ 0 0 N I .  O N OU

0 11 00 0 1 1 0 0 0 0 0
11 N U U’ 0 0 Z
VI 0 0 N 00  0 N U) N 0 00 0

~ — 0 ‘0 N 0’ 0%
N .~~ N 00’  0 N 00  ‘0p fl ‘00  N N

— °‘ 0 0 N P~- N 0’ N 0 0  (N N 0 .00 0
.0 E-~ 11 N N 0 -  .4 H 0 N N N (N — N N

N N p p I . . p p (N 0% N 0 0 (~) .— m m
E—. C.~ P4 N — 0 0 0 0 0 0 0’ 0 (N IN p • p

H ~~~e-i e 0’ 0 0 0 0
U) N I f lN I ’ I
U
H . , .
P4 0 0  N — 0 N ~

- N
E-I U) I., ooo o
H HZ 1. 0

ON N O . 0 0 %• N 0 0’ 0.  ‘0 — N Q’ N
!.] UI ~~~~H 0a’ U~~~ 0 (0 . 0*0

QI~ N O N N  0
—~~ p-0*.’, in
~~ H S P p p P P I

5 ft 0 . - 0 0  N 0 0 0 0
11

n~ i- 0
H o
.~~ P3 H . N N N

N 0 N 00 0 0
0) 0 P~ I S
.
~~ I N — 0 0

0 0 — N
— .4

11
N 0 0 % N 0 0 %  ( 0 N N N  N I)
0 00’.IflN 0 0 ’( 0 ’  0 VI 0 No .4 — N N O *  I O 0 V ) N  M N . 4  N , p 5

~~ p p • • S N . . . . H I-. * N H 0 .~ 0• N 0 ’0 0’ O N 0 0’0N  ~~~~~~~ ~~~~ —o I — N _ N
z H H H  NO  ft .
(H N P 4 U )  O N  0 — 0

I N  U 0 0 0
N

• I-s N I .  N 0 0 0 0NIl. 0 UZ — 000 Oft.H I. N o  ~~O ft. VI N H
Z 0011 N U I  N N N I f l r ’~Ii (N N N N ft. N ~~ .4 p s . p

N ft~ 0 000
N • N D  I. I I I

N 0 11 0
N U N NII .4 UN 11 1) 0
Il N

~ NN f t . Q Q . 4 f t l.4 .~~N U Q
~ .~~ C N U 0  H H H MM  f t .N ~~~~~~ft. ft. N.~~E N C ~~P4 N
~ N ~~~~~N N  O H O  M C  .4
0. .4 ft. . 4 . 4 . 4 . 4  U Ij) V) ft. 0 P-i

~~~I S PAG~E IS BBS? QUALITY PR&CflCABL ~~
12~)M OOFk F l~US1~~ TO ~~ .C



r — 
-

~ 

• —---—- .- - • • • • - -

~~~

-

~

‘-

~~~~ ~~~~~~~~

•

~~~~~~~

-•

~~~

-

~~~~~~~~~~ 

-

~~~~~~~ ~~

•---------- 

~~~~~~~~~~

-

~

---

~~~~~

=

~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—47—

N N N
0 ’Lf (N 0% (N
* N 0 . 0
N ‘0. 0
0 0 . 00

o c r

C N P- N
Lñ .* 0 %  0 % N 0 O

I .0N *
~ I. N *0’ N N SO ld) ‘00
H N ‘0 N .4 11 S O N  00 VI
N O  p . . p p . ZN
00 000 000—C-.

H
U) N
ZN 0

o 0. H
(-4 11 VI

H H O  U)

N N N — N 00* H
f t . .4 00’ (N ~O 1 ~ 0 0  N
HN  O’OO(N ‘0000 N H  N
ZN 0000 ZN 000.0 01) N

11 0000 p.3 11 r9~~~ 00 11o H.4 . . . .  p p p .  11 0
H U) 0000 00 0 N N N I’

I H N . 4 U
14N H1 1

14 0 1)
H . 4 0 . 4 1 ) 0 14
H N H . ( H N
N NV) 14 14 0 1-4
14 0~~~00

U) N 1 4 1 4 0 0 .
0 0 N If) 0%N 0 000 N I-I N U) N

HI 0 (-4 N O. 0*  .0*N O O U )  N.~1. 1-. S ON O N  N ‘0000’ S4 1 - 4 N N N I - .
(--4 .~~ 0*00 0N *00111 0E’NOI. ’~N N N U) N U) H .4 H ‘00 N N VI .~~ .~~ U) 0
~~ I • P 5 5 I~5 p p s p N P.4 0 1—l ft.

1-4 N U) N N  ~ 0P-0O .~~N 0~~~OI0 I .4 I .~~t d ) N  0
~~ .4 11 I . N  I V )

0 0 U . N 1 1 0 .
N N 1 .01-11111
o 0 NI. O NOo U

N C~ 0 1 100 0 1 1 0  0 0 00
1~ 

11 E U U ) O O N  t i l l
VI 0 ‘0.- N O N NN  0000

N .N  N N 0 .0 0’ 0 N ‘-Q ’
N .C N 0 If) N N 0.0 SON II) 0’ ‘00

— 00  *O N S d )  N 0*0.0
N N N — — ~~~~P- .4 H 0 ’O N ’0  N N SON.0 C—’ N .C N . . . , a S p p N — N N 0 N N (0 0 (N

c~ Z .C 1411 r4000 ,-000 0% N N N  P I I P
E- 0 U) (NI’- NI j~ 0000

H U) 0’e’4(0O I I I
U N e O N

~5 H p p p p
00N11’ 0~~~~~ N

• ~~~ U) N 0000
H

z 14
0 N N * ‘ 0  — N N —N O  N O U )

U) ~~~H U)0’If)N 00.000

~~ 0 14 I - O N*  0
I N ~ 00  *40 U) N 1 )0

~~ I ~~H P P P 5 P 5 5
H 0 00 N 0000

C-. N ~~ I4 I I
n~ 

0
~ 

0 — H
N H 5- — ,- (N

N 0 N 0000
0 .~ P-
I N 00
0 0 N N
0) O N  N N N If) N 0’ .4 S O N  00’

U) ON * 0 0’  4 0 *  ON — 11 0 0 %• 11 (40 (00 1- N ON  N N N U N — N
0 0 0 0 N N 4N 0’4O N 0 (11 0 N N P - ( 0

o .4 N (N 1) 0% 51’ 0 a 51’ f-- P.4 11 .4 N ~ P P P

~~ 5 5 p 5 I N p • p p I-i I-. ~ N P—I 0 0 0 0
N 0(0000 N SOOlO P- .~~~~D N O  N I I

o I N O N  0
HHS-I N O  H

Z 014 1) ON 
gH V I M  I N

N N N  N I
ft. NI. N N
NIl. 0 U ‘ 0 N P - 0
000 01. N *%0 1)z —

• (H II 0 ~o N I . U )  H S000N
0011 NI)Z 1 4 NN ZN IN .C . 4 , .. .

11111(411 11 N 0000
N N N O  I N  I i i

N M O  011N N 1-10111 N
14 — .4 UN 111(1 0
N N P.l .( ft.OM
N ~ ‘N N  I00.4 I~.4
~ ~~~~~N U0 1-4 (-. 1 4 1 1 1 1  I N  ‘~~~N~~~N N M.~~N N C D I4 N
.~ N .C N W N N  014 0 N O  .4
0. .4 ft p1 .4 .4 .4 U U , 1) I . 0 1 4

THI S PAGE IS BBS? QUALITY P ACTICPA,B’.’
F1~OM C~0tPY Ft7R~NISH~~) 10 DD.C ..~~~~~~~~~~ —

• . . • • ______ . - a - • - . 114



—48—

— Pd) 0’ U) N N
(N

N N N U)
N SO — N
00.0 It~
00 N N

C N N N .0 N 0C N ON  0(0400
P-I I. SON (‘4 . 0 l~~ 00

Cl. 0’ P11 N N N C U) * 0P I N  N .4 (4 1) N ( 4 0  Id)
N 0 . . p P 5 P P N N
00  00 0  0 00  - 0

ft .
U) N
Z N  0

IL. OC  (-4
O 5.4 11 (1)

I.E U)
(H C N

0’ 0 ‘~‘ 0 N 00 N P.4 “. N
I. .-) S O0 %O N If )  050  N 11
H 11 0000 IfS N 00 N 14 N
Z N  0000 ZN *00* O Il) N
t~ 11 000 N .4 (4 N N 0 N N
H ..) p p I a 5 5 a II 0o I~ 0000 00— 0 N N N I-i

H I

• C 14 0 1( 1
(4 .J0..I U)NH
5.4 N I 4 C H N
N
14 0C00

U) C N 1 4 1 4 0 0 .
O 0 N O .  N N 0 O (0 H Z  I nN

H 0’N0’.0 G% O Ifl (0 00111 N C
1-4 14 0100 N O O NP -  ...1 P - S N Z Z H
H C I f l U ) 4 0 P  O Z P -  f - -00115  O H N O I . C
N N 0 1 ) N’  1-4 .1 1 4  S O 0 N N  V ) C C U )  N

o C I P • S P  l~l a . . .
11 14 *(0N C 0.-O0 C N O CO I .

o 0 I .4 I .C I11 N 0
Z .~~ 11 1. > 5 1/3

0. 0 I.Z110.
N No 0 N I .  00 3 0

U . C 1 1 N N C . 3N0 0 11000110 0000
N N U U) O O N  1 1 1 1

C~ U) 0 0’N N 0  0NN  0000
C N Np - N N ON’ O N  N 0 ”—  51)

C/) N C N N 0 5/) N 00  P A S O N N * N00  0%~~- ‘o r- N O N  N N 00’ .00% 0
11 N N P 1’ a•. .4 H 0.0 N If. N i~- N 0’

~~ . N .C N p p P • , . P 5 N 0’ If) 0’ 0’ (N N N — (N
C ~-4 N (‘4 0 0 0 — 0 0 0 0 N 0’ II) (N p p p P

U) 0’ 0111 (d) 0000
U) 0’Nea0 I I I1-I U
P—I p p • p
P4 O O N 1 )  0,-~~~~ -
(11 (‘4 0000

C-. H
H 4 N
Z C O S  0 . N 1 1 10’
-‘ 14 N 0 N — 1 P  N . . 0’  C

1(1 0 (4  *NPI) NN E.. 04 0 0. .- 0 I A N O N
~~ I N 0 00’ N 10 U)

I O H  . a p p p • s p
I-4 N 0000 N 0000

CX~ N VI M  I I
CL. 14 0

• ~~~ 0 — H
(H N P3 1-4 ~~~~~~~~~~N N N 0 0 00

0 C I- I I I
N — C 0 0 0

0 0 N N N N I / ) G’
0 ’ P  ‘00 *0’ 0’’~ — p.1 0%
N N N N N I ” U) 0) 0) — N N O . -  40 40

II 5/) 0 —  C.- NO N N N N U ‘0N (N N
p P - 0 ’N 1 004 N N I ’)0 ’N 0 in 0 N N P - P - N
p.) 0 % N N N P  0 (0051)0% H N . 4  N C P a P a
C . p . p .  11 . a p •  1 4 1 . 0  N (--4 0 0 0 0
H 00%0 0 N I00IC C C O  N O  N I I

— 5 0 0  0 0
• H P.I I-4 Z N  N
• .. 014 11) O N  0 P - P 0

N V) M I N  U 0000
M N N  I-. II Oft .  N N O N
NI.l. 0 U N N N

CL) 000 NI. NZ N O  C 0 . 0 0( 0 0’
H N I N V I  N H
o C O N  N I l )  N

(‘4 N N N ft. N C .4 p p p p
14N0 11 N 0000• N N N O  IaN I I I

N 0 N 0 0 1 1
N U N HO N  N
1- — .4 U N  1111)0
11 N
N C P- (%I N I00p 411.4 0000
C 0 0 0 140 H P 4 ( 4 (4 (4 I N  O N C
N N N O L N 1 1 p - .  N
C N C N Z N N  014 0 N O  p4
0. .4 N .4.4 .4 .4 UU)U) I .OI .

• THIS PAGE I’S BEST QUALITY PBAGTICABL~
~~~ Y 1~~QAISliED TO ~D,C —

____ — —



r 
- -  

~~~~~~~~~~
‘

—49—

0’ N O’ N N N
—

4/3 5(5 ~f ’ N
N .0.0
0 00 ) 0 ’
. P I

C N 0 0 ’N
0
C’)

— P 1 0 % 0  NO ’ 0 0
N I 1 1  O N O

ft. N N 0’ 0 0 0 %  0
C I. N N 0 N N N 0400

4 1 4 1 1  N N’  .4 1.4 N N 0 0  ~.U)
C—’ 11 0 P P p 5 P p N NCL. 00 000 000..- .3 0

O (/) N
Z~~~ C)

(H 00  H
5-4 1’) U)
1-a N U)
o 11

I (N N (‘4 11’ N N 0 0  1.4 ’s N
ft. ..) N — N ‘0 — . -  0.-  I

0 (-4 11 0’ 0 P A N  5 0 4 00 0 ’  1114 II• 0 Z N  P O O N  Z N  0 % N 0 O  0 1 /)  03
11 000 N .4 14 — N 0 0  11

(--4.4 p p  p p a p p  p *3 — 0
0) 0000 0 0 0  N N N f-I

P 5 I.4 N .4 14
1-4 11 (411
o P401(1

14 . 4 0 . 4 1) 014
5.5 111-4 0 5-4 NC-) N
ft. 0000

(H In 11 1 4 1 4 0 0 .
0 0 N O  N 0 .00 N 0’ I -s  ((111
N P.4 ( 0N  P 0 ’  C 0~~~f-- 001) *3

0 1-4 I-. 0 ’ N N  N 1 00 4 00  . J H N N Z I - .
H C N N I 1 1f’I 0 5  . O N o .  O H Z O I . C
N N s O NN N  (4.1(4 N 0~~~N U ) C C U )  0
C I 5 a P P 1-4 p • p 0 1.4 0 14 1.Z ~, 14 N U ) M 0  C 0. 00 C N 0 0 0 I .
0 I .4 I 01) 5 0
.4 11 I. > 5 1 ( 1

P. 03 0 1 . 5 5 .103
0 5 N
C.) 0 0 NI.  0 0 3 0
C.) U o ( U EN I~~ N

1 100 0 1 1 0  0 0 0 0

< U) 0 0 ’ . .  0 0 . 0*  N 
U U) 0 0  5

C N sO N N N 0 C — N N * 0’ N
N O N  N ~~- N 0’ 0.0 40 0 ‘ON 0% 0.-4 ~ N O  N N 0’ 0 z 0 — 0  N ON N N O

.0 ~~ N SN (tI ’-N N  .4 1.. or-a- c
C~ 0 N C N p a p a p a p p N — P/S N N N N — 0 C

C—i —4 0 1-a N (N 0 0 0 ~~ 0 0 0 N N (N 0 — — p p a p

C-a) NO’ O N  0 0 0 0
II) N N N N  5 5 $
U

C—’ p p a p
O O N N

C O N  P 4 0 N N  P f ) N N O IC.) I-~ N Q  0 0 0* 0 ( 0*0 ’
Z 11 C I I  ‘ N N P A

NI. 4 0 ( 4 0*  0 NNIII .0
N C  N04 N n  11) N_ N o

C.. a p P • • p
f-a ft 0 0 0 0  N 000 0

N U)N I I1-~ (-P 0
‘4: 0 — H

• H 0 P -a - P-
C/) (N 0 N 0000

0 0 1-. I~~~~ $
I N — C oo0 0 5 0U) 

N N N N O ’  *N O 0 ’  — .4 N * S O N
( N P f ) O IN *  *00’0 — N N U ) N O N

N N N N N N  N N U (‘If - - N P -o 0 — 0 0 1) 1)  N ( 0 4 0 1 ) 4 0  0 I )  0 5 — ‘ - a - ’-1 ..~ a N ’O 0 ’  0 1(501110 (411.4 N C p p p P
O p p p p s  N p . . .  14 1.0 N (4 00 00o N 0 ( 0 00 0  0 ( 0 0” O ( 4  0*0  N O  N I IZ I N O N  o o

(H ( - - 4 ( 4 ( 4  Z N  N
O I 4~~~ g~ 

0 .00
C.) N U 0 0 00

N f
Z I.. O ft. N N O N

N I l .  0 U 1) C t f ) NH 00 0  Of t .  •O lEO C C C 1 ) S O NZ N I a N V I  N ( 0( 4 0 1)
C.) C C O N  N il) N N I O P - C N• fra N N N N I. 11 0 .4 5 p p p

I A M H M  1- I NC  N N 0000N N M O  I a N  I I I
N 0 1 1 00 11
N U N (-I N N  —— p_I U N  N II) O
II 0 (4 0 1.011
£ 0 P - I N N 1 . 00 . 4 1 1 . 4
O *0 0 1 4 0  (4 (4 ( 4 (4 (4 1.* O N C
0. N 1 1 0 0( 4 1 1 1 4  N
C N C NZ N  0 1 4 0  N O  .4
0. .4 N . 4 . 4 . 1. 4  tJ lf.ifl1.0p - .

THIS PAGE IS BEST QUALITY xkc~N~!
)‘~ )M C.~ Y Flfl~ ISl~~ TO D~Q ~~~~~~~~~~~

~L . - 
_ _ _ _ - ——  - - - -



• —5 0—

— o r ~i —  • ‘~‘1 0 04 .1’)
~4_4 —

C) C) N

5 C) N —

N 0’ N 05 0 0
N ri so C,

1. N ON O
51’~ 01 .  0 N U) N 0 0) N N C’)
C’) 1-4 f i ’  0’ N a- .4 )~ (‘4 C) 4N C) — U)

I - ZN
• ,~~~ 54~ U U C’ U C’) ~.4 C 4 a -  .4 0

1-... ~~~Z 0• 4; 0 ’C H
((1

0 U)
0

H 05 0 5/) 0) N N  ~~ 0 p-I “.. N
C’) C) C) a- 05 0 0  N 11

i-I ~~ N 0 0 4 5 0  ‘ t( 5  C) N 14 1-4 14
N N 00  0 a- N N C’) PA C) N 0 1/) N
~ 03 ~‘) 00  (‘1 .4 ~4 0 0  0 (S5 14
1-4 .4 . . . .  . . . .  1.) — 00 0) 0 C) 00  0 0  0 ft N N I-.

C P ( 4 1 4 . 4 0
.~~ 1- 4 0 0 )

>4 . 4 0 . 4 0) 0 1 4
H 14.1401 -4 N
N N U ) E l E ~~E H

5-. 1-. 0000
‘-5-. U) C 1’) I-. 1-I 0 Q.

N 0 ‘0 0) N U) 
~~ N O  N 0’ I-) N U) 01

H N 0 0’  N 0’ O P -  N 00  U) p54 .~~
1’. 1-1 O 5a-  N N N N C) U) 0 .4 H 03 N N 1-4
(-4 0 O N N)0  Q Z N  N 0 U ) N  0 1 4 1 40 1 . 0

-J N N N 5 0 a -  N I-I .4 >4 N C) N 0 U) C C U) C)
C P . . . . 1-. . . . .
~~ (- 4 a- 50 (‘4 N 0 C) a- C.’ C) .-.~ N 04 o 0 1.
0 5 .4 p . 4 U )N  C)

0 14 I .N P U )
N C)

N N
0 0 NO. 0) 1 4 1 4

0 C 1 4 E C C C,~~NP. C)
0 r.~ N O U ) C ) 0z P P

~1’ C.) VI CS ( - i a - N -,O C’ N (’i N 0 0 0 0
C.) 14 0 N N 0) 004 0’ (‘4 C’) 0 0 ) 5 /)

03 014  U) N N 0’ 0 N — 0 0’ U 0 N
00 a- C’ N 0’ N 0 c C’) 0) 0 (‘4 0’ N 05(4 Z N  — N N a- .4 >~ 0 N 0 (‘4 — 0 N Q5

P. ~~ - . . . . . - p 0) 50 .3’) 0 ) 1 /)  0) — 0~~~ (‘S
C (—4 14 N 0 0 0  .-O 00  C~ N 0’ (N C’) N .

1/) 00’ ~O U) C) C’ 0 0
N N N C ’ 4  P I I

0 S ON N O ’
— H . . . -

14 00  U) ‘0 0 C’) N —
U) a-
H P s i

F’ E-~H O N  9 N N N  r - U) ’ I N
i-I N 0 C” N 50 U) N Sr 0
U) <H  0 ) 0 5 0 1)  U N O 5 0 N

.414 N 4 a - C ’ -  04 O N N N
Z C NO’  N N U) 0 0’  U) a-

I < H  . . S .
Z 1- N 000 0  14 0 0 0  0’-4: 03 u, r4 I I

1-I C. p
C.. 0 >4

N N (4 . -a -C ’I N
4—. N C) 0 0 0 00

0 .1 (—4 P P I I
I N — 0 0 0 0 0

O 0 N N
Cl’) N N C’) U) 0% a- (‘40 (‘4 .4
> 05 U) 0’ N 1/) N 05 (‘4 0 — 14 0) 1) N 00’

454 5005 a- N N N (N ‘~~~N N N U a - O N  ‘0
Cl) 0 N 50 0 5  (‘4 1(5 N i’S 1/) 1(50 0 U) 0 N 05 N

.4 40 N s Q U)  (N C N O  1fl H 03 .4 14 .4 . P . P
C S p p 5 I-) p P p (-4 C N H 0 0 C) C)
(4 0 N 0 00  N 0 )0  sQ 0 0 0 0 01 0 14 5 I

p .- Z o O  0 C
HH H  N O  0-
01-4 0) 0 0 )  0 .—~~~~00

- SI U) 14 1. 11 U C. C’ 0 C
N p p

H Ca ~~ 1. (4 0 0 0 0
I—) 1 4 1 . 0 .  C) C )  (‘fl NC’I
0 00 0  O r .. N m O P - N
o I-I 1 40  < C N U) N N

0. 14 0) 154 H ) ‘ P O a -
C 0 014 1 4 1 / )  ... Z N 0 ’ N
F-4a- ( ’4 N 1 4 1 4  1.0) 0 .4 P P

1414 0 *3 0- 0 0 0 0
N N C-I C) 0- iN P P 5

~~ 0 1.1 cP 0 1 1
C., U 0) ( 4 0 1 / )  14
I.. — p—I 1)14 1 4 1) 0

N ( 4* 1 . 0 1 4
N C a-C ’-1 IP) 1 . 00 . 4 1 4 . 4  * 0 ) 0 0
C C C N 0 0 >4 (4 ( 4  (-4 5.. N 0 0)  0
03 03 0 4 0 0 0- 1 3 14 N
0 N C Z Z Z N  Q ( -I 0  154Q .4
P. .4 (4 .-3 .-) .-4 .4 0 0 ) 0 ) 1 . 0 1 4

THIS PAO~~ IS BEST QUALITY PPI~SC~TICABLIJ~~M QOPY ~-U IIS~~D TO DJ~C

- — - • - - - •• •• - -- - -- -~~ —— • - - - • - — __ _ _ _ _ _•_ _  -— a•~~~~ • 4



4

—51—

40 N N 0%
(‘4

00  0) a-
N (‘4

N U) U)

U’) * N N OC.) 0NN N P - G O
F’ 0. 4Q 50 404; C O .  N N N N N ( ‘4 0 0  —

(-.11 N O N  . 4(4  NN 4 0 0 .~.1CN O  P P P  • S .t  ~~~03
Z 030 0 0 0  0 00 .
o P I P
H >4

F’ 
N

Z N  C)LI 0 0  P-4
> 4 1 4  U’)0 140  U)o 03

03-’ C )a -  03 0 0  N >4 03
1.~~

) 00’ 0 0  43’) N C) 0 0- 13
i—I 11 0 N ON 03 4 0 U) 0314 11

0 N 0. 0 0 0 0  N N N N 0 0  0 3 1 / )  03
1’ 01 03 03 0’ 0 .4 (4 0’ 40 CI 50 0)

0 P-I .) . ~~~~~ . . . .  01 o
1/) 00  C’ 0 0 50  N O  ~ N N

I H Z P . 2 0P.

>- 0 1 4 0 0 )
F’ (4 . 4 0 . 4 1 ) 0 14
H P.4 1 1 1 4 0 1-P  N
F’ 1 1 1 ) 1 4 1 4 0 > 4

I-i ‘—0000- 
0) C N
0 0 N N N 0 0 0 0 0  N (-P N 1) (4
N >4 0 0 0 3 4 3’  . — O N N  0 00) N C
1-. 1-. 1)401 (5 N N 0~~~~~ . 4 ( 4 ( 4 * 0 3 14
(4 C 0 ) N N N  O N  N O N N  O f - . N 0 1 .C
N N N 0 4 0 C ’ 4  ( 4 .- 3 M N 0 4 0 N 1 / 1 0 0 0 )  0C.) C p p p p (-P p p a . 03 (--5 C) (-P 1.

0 11 I-. P44 iN N N 0 0 — 0 0  0 11 OP 0 0 1 .
0 0 (‘4~~~~I P  .4 I C U) N 0
Z .-~ 1.0. 5 1 / )

0 O . N 1 4 1 4
P. N N 1 . 0 1 -P ol o)

>~ 
0 0 N O .  0 ) 0 3 0 )

0 0 1 1 0 0 3 1 1 0‘C F’ o 1 1 0 0 0 1 4 0  0 0 00
• I H 03 N 0 U ) O C S N p I l l4: (—4 1) 0 0 415 0 N 0 0 0  N 0 0  0 0

Z C 03 a- N O N  0.- ~(5 N (‘4 sO N U)-4: 03 0 0 3  N a - N O  0 N 0 4 0— .00 05 (‘4 N N Z 0 (‘4 N — 03 4 0’ 5(5 N
N N 11 0 000  ..3 0. 0 N 0’ N N N N —
N C 03 P p p p p p P P 0’ N a- 0) U) 0’ 05 N N 0’

~~
, 0 14 07 0 0 0 0 — 0 0 0 4 0 a- — Cl C’) • S p p

1(5 I I I 0’ 4 0 0 3  1!’) 0 0 0 0
1/) I I I
U
5-4 • . p 5

F’ (-p 000 N N N N N
~fl 0% 0000

U) H ~~~~~~~~(4 0
0 03 N N N 1) 145 N ( ‘4 0 )  N

o (-~ ~~o N N 4 0 . 0  C-. ~~z 0 N 0’ N 0% 435

I 
03 14 N U ) U ) N  0 O P I % N N

0 N C 4 4 0  N — 1’~ — N 1(5 03
I C M  p . p  p

14 0- 0 a- ‘- — 11 0000
(4 1(5 03 I I I

C_I )  I-. C) p
C) — (4
N P.3 (-4 N N N N

o .— a- 03 0) 0 0 3  0 0
03 0 C F- I I I P
I N - C 0 0 0 3 0

C) N N NN(’4 50LI 4 a - 5 g 5 ’40 N 0 ’N 4 00 — .4
Z 0 0 3 N  (‘4 0’ N N 1) 11 0 3 1 ) 1 )  0)
H N 1)003435 N (‘I N i f)  (‘4 N N U 1(51) P15 N

0 400’ I A N 0’  N N N 0 ’ N  0 ((5 0 N
—1 O N 4 0 0% C N 4 0 %C (4 0 1 .4 03 C P P p .

(-4 C P P p p p 07 . P 5 p 1414 0 03 P—I 0 00 0 3
0 0- N N 0 0 0  m ‘ U ) N . —  C C C )  N O  N I I I

— p p p  *0 0  0 C
( 4 ( 4 1 - 4  N O  (4

N N N N

~~ 8 ~~~~Z 111111  11 I P I ~~~~ I~
~~~ (-P 00. 03 0 0

111.0. 0 U N N r— N
0 0 0  030. N

N- NO C 0C4 145N*
I N 1 . 0 3 0 )  11 p—P 4 0 I 1 5 0 N

C 00 1 1  030)  0.
0 3 0 3  1 . 1 1  C s-I p p p p

(4) ( 4 ( 4 ( 4  14 03 0 11 0- 0000N *110  1 .03  I I I
11 0 1 1 00 1 1
(4 U N (4030) (4

.4 U N  11(4)03
N ( 4 0 1 . 0 1 1

N C a - N N  1 . 0 30 . 4 ( 4 . 4  0 0 30 0
C O C N Q O  1-4 0. ( 4 a N  0 . N  0 0 3 0
03 03 1 10 0( 41114 N
C N C W Z N N  0 1 4 0’  (4 0  .4
0. .4 0- . 4 . 4 . 4p.1 U U ) U ) 1 . 0 3 I - ’

THIS PAG~E IS ~~~~~~ QU~~ iIT~ 
? 4 & ~~~~~

— —  ‘-- -~~~~~~ ‘•~~~~~~--• • • • - -  ----P.’—.-- S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — • -- — -~~~~~



—52—

Cl)
(‘4

(-4

zo I
H
F’ 05 0 40

N N — 4 1)  0
0. 0 3 P 0 3  4 0 0 00o vi. ~D 0 3~~~ 03 03 N N 0 —

F C (-P (4 N 1) 03 (4 40 IN 03 0 (4)

~~ O p P P p P P P 03
p. 0 3 0  0 0 0  0 0 0 a -  0

I I I I
o 0.

U) #1Z N Z  0-4: 0 0  1-4
M N  U’

P. (-. 0 (4)
C 01

F’ 0’ ON O N  5-4 ‘-‘-~ 03
H 0 . .)  0 . C’ N N N O a -  (4 13
F’ (-4 0) N 40 0 0 ’  N 03 00’ 03 1-. (4

N 0- U) N 0 0  N Ia) 03 O N  0 3 ( 4 )  03
1)03 C- 000 (4 N N OP ’S  03
P--P .) . p ~ p p ~ p P 01 0
0) 00 00  0 C ) a - 0  0- 03 (-4

I *-4~~~ Q
4 (-. 07 4-4 0)

C 1 4 0 0)
(4 . 4 0 .4 0 ) 0 1 4

0 1-4 ( 4 1 4 0 ( 4  N
0 03 0 3 0 ) 1 4 ( 4 0 ( 4
Z 14 0C0 0C N 1 4 1 4 0 3 0 .

o N P N a -  o N O r — N 1*  11) 11
5-P 1 ) N 0’P -  0 3 0 1 4 1 4 5  0 ’0~~ ) 070
(-P 0 3 0 0 N  N 00030 .404(4*0314

F’ C ‘ N N 1 )  0 — (‘1003N 0 1 4 0 30 0 . 0
N 0 3 0 30 ’  03 b-P (4 p15 0 N N (4) 0 00 )  0

P 5 P P P I-P p a p p 0 3 ( 4 0 1 4 1 .
(-P 0 (51 03 1’) 0 0 p - 0 O  C N O C O O .

I I I  .4 I C O I N 0
0) 1.0- P U )

0’ 03 0 1 . 0 0 303
14
0 *0. 0 3 0 3 0 3

4: U 0 1 4 0 0 3 1 1 0  * 0 3 0 3 0 3
0 3 0 0 0 0 3 0  000 0

F’ r o n o o*  1 1 1 1o ~~ N a -  40 14 O N  040 0 0 3 0 0
F’ 03 04 0  N N 0 0 3  N N N 05 445 0

N- 00 )  0 5 0 0 1)  00414 40 0’ O N  (‘4
U) 03 C ( ‘4 0 ’  N N ON N 03 030’ N N 4

4: > N 03 0000 >4 O tIS N ‘0 0 3 4 4 0 40
CN  p p p .  - p p p •  i0 C - 0 0’ *N

os o (.4 07 0000 000 *N 4 0N N N  p p a p
I I I 4 00 0 0 3  00 0 3  0

I I I
(0 0

(-4 P-. 00003 4 0 3 0 3 0 3
‘-P. N 00 00
U)

O N  a - T 0’ IIS
o 0 30  N 0 ’N N

C M  4 0 ( 540 11) U C 1 0 ) ON
01. ( ‘ 4 a - 0 3 N  0 0 0 % a - % 0
N C  N P N (’40 U)

O C M  p p p p p p P pZ 1-1 0- 0 0a - a -  03 0 00 0
H 0 )07 p p  p

0 p
— *4
P.) I-P NO.1(55 03

LI N r- -- 03 03 0000
4: 0 30 0  C C-.

I I I  N C
03 0 0  0’ 0
N ’  (‘4 115 N 04 C— I’) — 4 0 ) a -  0
U ) 0 3 0  03(5-1403 N N N O P 0 3 I N

0’ N0’ 03~~ N 4003014 0 (4) 0 N 4 0a - 4 0
07 03.- O ilS 00 N 1) N 03 U ( ‘ 4 0 3 0 5 4
p.) 0 5 1 - 0 4 1 4  0 0(51(54 0 (-4 11.4 03 C • 

p p p
N- C • p p p 07 p p p p f—i (-I C 03 P—i 0 0 0 0

I 0- 0 0 0 0  (4 0 0 0 0  C C C )  11(4 03 I I I
4: l I P  I N 0 0 3  0 C

( 4 (4 1 -P  0 3 0 3  0-
0 ( 4 0 )  0 1 1  0 ~~ (54~~~ *1 1 U ) N  1 . 1 1  U 0 0 0 0
( 4 ( 4 1 1  03 I l I l t
1-. 00. (4 00 0 3 0C.) 070. 0. 0 U 1 4 0 3 ( 5 -N

LI — 0300 030. w
Z 14 030 0 0(5114 (54 04
Ci) N 1 . 0 3 0)  (4 (4 03(54003

0 0 01 1  0 3 ( 4 )  03 0 3 ._ N m
(-P 1- N 03 03 11 0. 11 * ~ p a
( 4 1 ( 4 ( 4 * 4  ( 4 0 3 0  11 0- 0 0 0 C
* *110 0 . 0 3  I I I

03 0 (4 0 0 0H N U 11 P4 ~~~~~I) 11o .4 U N 1114)03
11 ( 4 0 1 . 0) 1 1

(—4 ~ C N03 0 . 0 30 . 4 0 7 . 4  0 0 ) 0 0 3
1/) ~ * 0 3 00  (4 ( 4 ( 4*4 (4 0 . N  0 0 3 0

0. 03 0 3 0 0 0-1114
— * C 0 1 4 0  (4 0
Ci. ~ 0. 0 0 ) 0 ) 0 . 0 3 1 4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~N COPY 7L~ USH~

) TO DRC



—

—53 —

00415 — a- N
40

tf 4 03 N 40
14 0’ 141-
0 01 4  N

0 30 0 3  a-

O N 0 5  4 1 5 0 3* 0
4 0 N O  0 3 1 1 5N 0

0. - N O  0 0( 5 10
CO. — 030 0 N 0 N 115 0 —

0 ’ N P  . 4 ( 4  4 0 0 3 0 30  0)
~ P P  P P P P 0 0 )
000 000— p40
I I I  I

0 0.
H U) N

z *  0
LI 00 b-P

(-4 03 1/)
0 (-. 0 (is

0 0)
0003 N N 04  P-4 ”~ 14

0..) 0 0 0 1’S  N N O N  0- 11p. M W  0000’ pt) P~ 0 N 0) (-4 03
00. 0001) 0 N 0445 0 115 0 0)  030 11(4 0000 (4 400300’ 03
P—P p4 . p . P P p • — 04: (4) 0000 0 0 3—  0 0- 030 (4

P.
C 14 0(4)C.-. 

01 .40.40)0(4(4 01 1-a C M  *(4 11
I.

U) C N 14140* .(4 0 r- P N 0 3 .0 (4 C - - G a - I a )  (-. 0 (1)07
03 1-4 0 3 0 4 0 ( 4 5  ~~- 0 0 3 I S S  C)OU) NC(a 1- N 0 3 I~~03 N .-0. 0 p.1P-4(4 N 03(-~(-4 C 0 3 P 4 ( 4  00.- 030145 (5- 0140301.C

s--I 11 03 a- 04145 04 ( 4 . 4 0 4  0% 0 0 3 0 3  II) CO I l)  03C I • p p p  (-P p p ~~~~~~p 0 3 ( 4 0 (4 1 .
0 (4 0 1 - 4 1 -  C 0 . _ GO  0 0 3 0* 0 1 .o P~~~~~I I  .-I I COI N 0O . I (51 1 .0-  l O S

03 0 0 . Z 0 3~~oN N 0 - 0 ( 4 0 3 0 7
0 0 *0. 0 ) 0 3 0 3

U C C d 0 0 31 1 0  0 3 0 3 0 3 0 3U) 1100 ’ 0 0 I0 0000
(4) 03 p45 40 ~~~N 0 N (511) 

( 4 0 ( 4 5  O O N  I I

C 03 . 0 0 % N  0 1-N  0’ (5- (5-03 *03  0) N 40 115 0.- p45 0 ( ‘ 4 0 3 0 5 0 30 30  N a  a- (51 03 00300 03401)1403a-I ~~ (4 011 0000 .40. 00 4 4 0 4 0  N 4115 03.03 O~ ~~ 03 p p a p p p p p 03 0~ 03 03 03 . N 4 03 40
(0 C (-11 0 0 00  0 0 0  0 44 0 1 4 11),0 P a P P(-a s- 1(5 I I I N 40 04 0 0 0 0 04: (4) I f P a - 0 3 0  I l l

~~ U
o ~~~ P P P p

000 0  0 3 * 0 3 1 4)(-4 4 0 0 0 0
U) •

4 ON 0 3 1 4 5 0 3 0 5  1 4 * 0 3 1 4(4 ( 40  1 4 0 4 0 3 0 3  4 4 0 1 0 04
0 (4) C M  • p-. .-- m 0 0 3 0 4 4 0 1 4

O ( -p 1 4 5 0 30 40 3  0 P 4 5 0 3 0 3 p 4 5
I N C  1 ) 0 3 4 0— (4)

O I *1-4 P P p a p P P p

p. (4 0- 0 . .  11 0 0 0 001 0 ) 1 1  I I  I—‘- I-. 03 p
(4

N P.) 4-4 0 3 0 3 4 0 3
a -a -  0 03 0 0 00 30 00  C (-. ~~~ I I I ~~ I N — C

C) N 03 N0 3* .N 0 1-  (5503 030400 — .4 1 4 0 34 0 0 3z Nr-~ 1) 0 3 0 3  1 51 4 (510  — (4 0) 1) 1) 0-1)
H * 0 4 0 0 4 0’  01 0414 N 03 U N d - 0 3 *0’ P 0 34 0 0’  (4 C- NOI I’- 0 (4) 0 N N . - a - 4

p-I 03 0’ (5) N 03 C 03 (541) 03 (4 (4 s-I 03 C . p p po p p p • p 03 • P P P (—P (4 0 03 (—P 0 0 0 0(4 00 30 0 0  (4 ._ 1 0* 1 -  C O O  (4 0  03 I I I0 1) I I I  0 C.4: ( 4 (4 1 - 4  0 3 0 3  0-
0 0 3 0 3 0 3 0 3

~~
(-P 00. N
110.0.  0 U U S N N 0 3

— 0 30 0  030. N 1 4 1 4* 0 31- 0 ~~ 0 0 1) 0 3 4 0
N 0 . 0 3 ( 4 5  11 (4 . r - 1) NI 4 00(4 03(4 ) 03 *4 0 1 4 0 3 0 3CL. ( p a - 0 3 N  1 1 0 3  1.11 C i—i • p p p( 0 ( 4 ( 4 ( 5 4  ( -P 0) 0  03 0- 00 00N *07 0)  i p N  I I I

11 0 11 0
11 U 11 ( 4 0 3 0 )  11

— .4 U N  1 1 0 ) 0 3
(4 M C 0 . 0’ 0 PN C a - N 0 3  0.00 .407.4 C 0 3 0 0 3

C * 0 0 3 0 0  p—p p.- (4 (5p (4 0.0 C0 3 0
11 03 N C O 0- ( D 14 N
C N C 0*00 0 1 4 0’  110  s-I0. p3 0. .-I . 4 p - I p.I 0 0 ) 0) 0 . 0 1 4

THI S PLQ~E IS BEST ~ UAI~Ifl ~ 1I 1~AB~~
-- -- - COPY y .~~ts~~ TO D1~Q ...— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -



-ii------
_~~~~~~ --- -~~~~~

- -— —~
--
~—~~

4 04003 P-
(-a 0- N IPS a- 40

0’
0% *0 0

z P P P P

o
I—P

4 (-a
0 1-03400

O 0 0 3~~ 4 0 0 30 0
0. . *  0 1 40 0o C O .  03 0) 0 ’  0

(-. 03 4003  (4 N 0 0 3 0  0)
P— (4 0  s p P P p p 03

0 3 0  00 0 00 .  0
0 l I T  I
z 0.
.4. (4) 0

N o  0
00  (4

P. 1-4 03 (#5
14~~ 

(1)
(-a C 0)
(4 4 0 0 5 00  1 4 0 30 4 0  (4 ’.~. 03 a
H 1...) ‘0*00  115 *15030  0- 11
Z P-a N ( 5 4 4 0 0 0 3  a-(40Ø 0 3 %-P (4
-~~ 0(4  p4~) 0 30 0 3  N 4 0 0 30 P -  0 3( 4 )  03
p (3 11 . 0 000  (54 0 30 00  03
~

-
~-~- I—P p~1 P P p P P p P P 03 0

(PS 0 30 0 0  00. 0 0 - 0 3  (-P
I U

— (-a N P-a N
0 1 4 0 ( 4 )

0 01 . 4 0 . 4 0) 0 ( 4
0 M ( 4 ( 4 C a - 4  N
z 03 0 3 0)1 4 ( 4 0 3 ( 4

14
C (4 ( . 1 4 0 0.

~~. 0 4 0 1 - 0 3 0  (4 03 00 0 3  1-4 0  0) 01
P-P 03.- N 0’ 0301)03 00 (4) N C

(4 (4 ( 5 4 0 3 0 3 0  0 . 0 0 31 4  ..I P-P NNN( 4
0 1)1411503 0 — 0 4 0* 0 ’  0 ( 4 0 30 0 . 0
03 *03030 (4 (4 ‘000 (0 C 0(4) 03
I P P p (4 p . P P (4 ( 4 0 3 1 - 10.
(4 0~~~~~ o.1 C 0 — 0 0  0 0 3 0400 .

P 1 1 1 1  p-I I 0(4103 0
0’ (4 0.0. 1 ( 4 )

N 0 0 . 00 103
0) 0 . 0 ( 4 0 ) 0 )

-p. 0 00. ( 4 0 3 0 3
0 1 1 0 1 1 1 1 0  1 ) 0 3 0 3 0 3

- N 0 0’ D~~~~03 0 0 0 0
1 1 1 1H 0 4 ._ 0 3 0’  0 0 3 C - - .

0) N 0 3 0 3 0 0 3  0 3 0 1 4 540 0. 03 ( 5 4 0 3
U) C 03 00 N O  0 1- a -  0 03 03

.03 C. 00  (4P 0 4 a - N  00 1 4 003 O I a S 0 4N I r I
C 0 0 3  0 30 0 0  0. 0 0 3 1 4

— 0 C 03 p p p p p P p p 03 03 03 (‘I (5- 0 40 1- N 03
~~~ (-P 0 1  0 0 0 0  . - 0 0 0  0 ( 5 — (5- 1) 4 0  p P P P

(45 I P I ~~I 0 3 1 41 -  0 00 0

o 0 3 0 3 0 5 1 4  I I I
p.

001-03 45*0303
U) IC 0 00 0

I I
P 0 30
o 0 3 0 3 0 3*  031) (54

030 ~~~14 1 ) N  0 5 * 1 4
0 ( 4  0 5 0 4 1 4 51— U (‘40  * (54

0 03(4  0 3 0 4 0 3 0  0 0( 54.0 1-

z N C  N ’ 0 3 1 )  U)
C M  P P p p p p P p

(-. 0- 0 00 3 1 -  03 0 0 0 0
0 ) 1 1  I I

• P 0 P
H — 01
0 1-P 0 3 0 3*0 3
-4: (54 1-a -  0 11 0000

00  C 14 I I I
P I I  N C 0 0 3 0 3

03 00  0’ (4 1-03145 03
0 3 4 4 00  tfl (’-~~~a- — 0 4 0* 1 -

01 0 3 0 5
.~. (4 0 1) 0 3 0 3  0 5 0 4 1 - 0  0 03 U 031- ( ‘405

O 0 3 0 P 1a- N Ps-5 0N* 0 (4) 0 N 0 3 0 3 1 4 a -
1- p.) 05 (51 03 03 0 0 ‘ 0 0 (4 01 s-I 03 0 i ‘ I
I C p p p p (4 p p p p (-. (-a 0 03 ~—P 0 0 0 0

0. 0 0 0 0  (4 0 0 0 0  C 0 0 3  NO  N I I
l I l t  I N N 0 3  0 0

M I-p M 1103  0-
03 (4 0) 0 1 1  0 03031)1)

(45 0 3 (4 ) 11 0 . 1 1  U 00 0 0
1 1( 4 1 1  03 I I I
0 030 . 11 0 3 0 3
0)0 . 0 .  0 U ~5~~~ 0 ’ 0 4Z - 0 3 0 0  00. 0 1)004 03

Ci) 0- (4 0  C 0 0 3* 0 3 0 3
N 0 . 0 3  (4) 01 (4
C 0001 03 (4) 03 0 3 0 3 0 3 4 0

Ci-. (-4 N 4’) 03 03 0. (4 C p p p p

114 (45 b 4 ( 4 ( 4  1 4 0 30  (4 0. 0 0 00
(4 N 0 1 1 0’  0 . 1 1  I I I
O 0 3 0  1 1 00 1 1

N 0 03 ( 4 0 3 0 )  (4
(4 — s_I 0 0 3  01(4) 0 -‘

(-a 
~~ (4 1 - 4* 0 . 0 3( 4

U) (4 * a - N P~5 0 . 00 . 4 ( 4 . 4  0 0 3 0 0 3
C *0 3 0 0 3  (-4 ( 4 0 1 (4 ( 4  I aN  *N C

(4 03 03 0 1 4 ( 4 0 - 1 1 1 4
Ci. C C 01-I D 010

0. (4 0 0) 1 )0 . 0 3 1 - 4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
P~ *L COPY YL~QUSH~) TO DDQ _—

_ _  - A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~--- -_ _ _  _ _ _ _  -~~~~~~~



— 
- - -

~
-— - -

~
—- -

~~~~~
-- -‘ 

~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

p
mIs P.itG~ IS BEST QU~Ij~~Iy F~4crz~~.I~~~~~ ~~ 2~ISJ.~ED 1O~ DC ____

II’ ‘—N ~0 03 a-
1)

0 0 3 0 3 1 4
115 40 .  a-
0 00 30

0 0 ( 5 -
Ci)
H
~~ 0 3 1 4 0 30

0.0 0  04 03115 0
4 0 0 5— 0

Z CI. 40 40 0’ 0 0 3  4 0 3 0 0
0 p45 (54 a- p-I (4 0 5 0 4 04 0 0)
—4 II 0 • . . z 03
H 0 3 0  0 0 0  00 0’
0 I I I  I

0.
0 (45 0
0 ~~~Z 0

00  P-P
1-4 03 (#5

p. ( - 0 3  (#5
0 (4

0 0 0 0 3 0 3  N P 4 5 0 0 3  1-4 ‘.~ ~~0. .-I 00040 0
4: (4 0 )  0 0 0 - 0 3  C a - C a -  01(4 II

0 0 .  0000 O N  U S N O O  0( 4 5  03
P. ~~~~ 0 30 0 0  .5  01 0’ 0 10 0’ 0)

p—P ...) p p p p p p p p
H 0000 00.- 0 0 . NL(-a I (4 0 3 .4 0(4

0z 01 . 4 0 . 4 0 ) 0 1 4.4: (4 (4 1 4 0( 4  N
P 03 0 3 0 ) 1 4 1 4 ( 4 ( 4
0’ ‘-~U) C Nz ~~ 0 p 4 5 0 ( 5 10 (4 0 3 0 1 4 514 (-P 0 ( 0 (4
o ~~ 1-~ 0 5 0 3  * 0 — 0 3  0 0 ( 4 )  N C

(-P (-a 4 00 4 0 4 03 0 4 01 - U i  . J ( . 4 0 1 N 1 1 1 - .
(4 C 0 3 — i 1 51- 0* 1-  1 40 0 3 4 5 1  0 l - 0 3 0 0 .CH 11 03 0 3 4 4 0 0 1  (4.4 ( 4  04 0 04 0’ 4 ) 0 0 0)  03

0 0 I p p p p  (-p a . . p
P o i-a 0 0 3* 0 3  C 0 . - O 0  0030000.
0 0 ‘ C I I I  -1 I C U ) 0  0
o p.) 0) 0 .0 -  I t’)

03 0 0 . 0( 403
p. 0 03

0 0 00. 0 3 0 3 0 3
0 U 0 0 1 ( 4 0 3 1 1 0  0 3 0 3 4 ’ IN

H 010C)00)0 0 0 0 0
(4 rU 0 ) 0 0 0  1 1 1 1

H ~ ~ IP) . — 0 0’  0 0 3 0 3 0 3  0 0 3 0 0 3
(4 C 03 4 1 4 0 50  00 3 0 3 0 5  . - . 0 N N
H 03 C0 3  1 0 ’ 0 3 0 3  0 -0 5040
Z oo  * 4 5 0 3 0 3 0 3  N 014115 03 0 3 0 3 0 3 1 4 4 0

~ -4: N 003  00 0 0  p_I 0. 004 04 05 0414
.03 p 03 0 03 p p p p p p p p 145 N 40 N N 0 (54 US N a-

0’ C (.01 0000 a-000 ‘0 0 3 0 5 1)0 3 1 )  p p p P

(-a (l~ I I I  0 ) 0 3 0 3 1 4 5  000 0

~~ (4) 1 - 0 30 0 3  I I I
U
p-_I p p p P

14 0 0 00 3  0 3 0 3 0 3 0 30 (I) 0000
F-i (4 1-p

1-4
Cj~ C 0 3 0 3  4 5 40 14 1- 0 3 1 4 503
H (4 0 30  04 0 4 0 0 3

14) C M 1)003(15 U N N” 1 4

~ 1 
0 3 (4 a-~~4~~~p45 0
04 03 0 1 0 5*  U) 0 3 0 3 1 4 503
C M  p p a .  P p p p
(-4 0. 0 . - a-a-  11 00 000 ~~ (4 5 ( 4  I I  I

p. 1’ 0 p
— 0 — 01

U) N P.)
0 03 000 0
C (4 l I l t
0 0 0 3 0 3 0 0
C) N (4 1 4 1 4 0 3 4 0

N OS p 4 5 ON  0 4 0 3 0 3 0’  .4 0 3 04 0 1 4 5
0 1 4* 0 5 0 3  1 4 0 3* 0 ’  03 ( 4 1 4* 1 4 0 30 ~~~~~~~~~~~ ~o p - m r~p 03 0Z o 0,- *- 00  0 0* 1 4 0’  0 (I) Q 0 0 3 0 3 0 31 4 5

I—I p.) *45 It) (.4 1- — * 01 (-i 15 0 I—I N .4 03 0 P p p Po . p p p p 03 p p p p 1- I-. 0 (5) p —I 0 03 0 0
0- 0 3 0 30 0 0  03 - 0 3 0 3 0 3  4 C C )  0 3 0 3  03 I I I

H P~’ I I I  0 0 3 0  0 0
0 (41 -4 1-I 1103  0-

0 ( 4 0 3 0 3 0 3.4: 
~( 4 0 1 0 3  (4 I 1 1 1 1

(4 (40.  03 0 0 3 0 3 0 3
010. 0. 0 0 1 4 1 4 a -a -
03 0 0  00. N * 0 3 4 0 1 -

01 0 0 0 * 1 4 4 4 03
0 . 0 3 ( 4 )  01 (4 4 0 * 4 0 0 1

(5.1 C 0 00 1  0 3 ( 4 5  03
o 0 3 0 3  0 . 0 1  0 . 4 p p p p

( 0 0 1 ( 4(4 ( - P 0 3 0  II 0. 0 0 0 0
I * *0)0 0.03 I I I

11-i ~ 0 (4 0 0 1 1

E U 0) (4 0 ( 0  N
— a-I 0 0 3  0 1 ( 4 )0

(4 b- C 0 . O N
(4 0 1 - 0 3 0 3  0.030.401.4 *0300
C 0 0 0 30 0  1-I 0 . 0 1 ( 4 ( 5 4  I aN  0 0 3 4
03 11 0 ) 0 0 3 0 . 1 1(4 N
C N C *0 *0  0140’ 0) 0 .4
0. .4 0- . 4 . 4.4.4 UV ) 0 ) I a 0 3I I

~~~~~~~ 
~~~ ~~ ~uIrixT~ ~ 4crz~~~TO D~4Q -~~~~~~~~~~~~~~~~~~

- 
- . - -—--- . - -- —- -“— —--— —- --- . —*-—--.



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

—56—

H-4: N N 0 ’ U
U 0 4 0 0 3
0 3 0 3 0 0 3

H
0
2 P4~~0 0 30 N N (51
o 4001- 0 4 4 01 - 0

0. 0 40 (—I 03 03 4 03 0
p. (-. 03 a - 40 a -  01 ‘ 1 0 3 P .0  U)

050 P P P P P P P 03
0 3 0  :::: ~~~~;0.. .4 0’ 0 0 03 N .45 03 (5- 0- (5
a-a 01 4 5 - 0 3 0 0  14 1(501- 0114 (4
0 3 0 .  0 3 00 0 3  03 0 4* 0 0 3  0 3 ( 4 5  11
(5 II 03 03 0 4’~ 0. P45 1- 0 a- 0.)
1-4 p p P p p P p p N 0
(#5 0 0 0 0  0 0  a- 0 0- 03 (-P

I (-4 03 U
1-.) f-a N 1-4 01
0 C (-. 03 (4)
0 01 . 4 0 3 . 4 0) 0 1 4
Z (4 01(4 0 ( 4  2

03 0 3 0) 14 1 4 ( 4 ( 4
p. 14 0C 00

C 03 14 (400.
H 0 0 0 30  ES 0 ’0a -  N I~~Z (4) (4
H ~~ N 0 3 p t 5 0 ~~~ 04 0  0 3 0 ( 1 5  050

i- 4 0 0 3 4 0 1 4 5  N 4 00 1 4 51) ..I 1 - 4 N 0 0 3 ( 4
H 0 0 4 0 4 0 3  0 — .0 9 0 3  0 (.0300.C
Z ~~ 0 3 0 3 .00’ p-I (4 ( 9 0 1 - 4 5 4  (4) C 4 (4) 03
-4: I p p p P  (-P p p P P

~~~ 
(4 00 0 3 0  C 0’~~00 0 0 3 0 00 0 .

0’ 1 1 1 1  .4 I 0 0) 0  0
ft.) 0. > 1 ( 4 5

0 0.01.103
03 0 . 0 1 - 4 0 3 0)

-. 0 03 ( 5 .  0 3 0 3 0 ’
‘~~~ H 0 ( 4 ( 4 0 3 1 1 0 3  0 3 0 30 3 0 3
‘—~ 0 0 )0 0 3 0 3~~~D 0000

H 000)000 $ 1 1 1
-4: 03 ~~ r — 0 3 0 3  005e’l_ 0 0 3 0 0

U) 03 1 4 0 3 0 3*  030’ r- 0 _ 0 4_  03
0) Ci- 0 0 3  0 ’ 0 ) I 4 503 0 4 0 1 4 0’  0 0 3* 0 ’
-4 00 0340030) 01 - 0 5 0 3  0 3 4 004 0 0 3

2 0 3  0.00 1-. 0 ( 5 4 4 0 0 3  0 3( 54 0 3 1 -
C 03 P P p P p p p P (P5 0’ 0 03 03 45— 03 p.s (P5 N
(-. 01 0 00 0  . -0 00  0 0* 0 3 0 3*  P P p p

‘ (#5 P I I 0 3 0 3 1 4 0 ’  000 0
0 ONNO’ I I I
p. 0 3 — 4 0 ( 5 4

P P P P
U) 00004 4 0 30 3 0 3

0 0 0 0
P
0 0 3 0  4 5 - NN 1 -

030 4 p 4 0 1 4
C P-a 031- 03 00 4 0 3 0 4 4 0

0 03 (4 40.- 03 454 0 0 3 * 4 5 0 3 0 3Z N C 1 - 1 - 1 4 0 3  U) 1 4 0 34 003
4—I O P-_I P P P P P P p P

(-.0 0000 11 0000
( # 5 (4  I I  I

(—4 P

0 — 0.
-4: P.) (4

N 1- 03 03 0 0 0 0
0 03 C (4
I I N C

03 03 03 (4 4 0 0 5 4 0 0’
0 3 0 3 0 3 0 3  — 1 4 5 — 0 3 0 3

0 3 0~ It~ ‘0 ‘0 (45 ~~ a- 01 * 115030
01 04 0 1 - a- 0 3 1 - N a -  0 03 U 4 0 0 3~~~~N

(“1 0’ 0’*a -  05 0 * P’) N 145 0 Ps) 0 03 0 3*0 3
0 P4 ItS) — — 03 C 0 a- a- o ~-4 os C

C p . p •  01 p p p p  (‘ f-a C 03 P.4 00 0 0
0- 00 0 0  03 000 0 * 0 0’  01(4  N I I I

1 1 1 1  I 0 (40 0 C
I—4 p.p (4 030 0
03 1-P U) 00) 0 ~~~N 0 3 0 3
0 3 ( 4 ) 01 I a N  0 0000-- ( 4 0 1 0 3  03 I I I

U) (-4 030.  0) 0 30
Ci) 010 .0 ..  0 1) 0 3* 4 50 . -
0 0300 030. 0 0 U 5a - C

I-. 010 C 0 0 3 0 3 0 4 1)
0 0 . 0 3 ( 4 )  N (4 0 3 4 0 0 3 0 3

a-..-. C 0001 030) 03
0 . 0 1  C p p . p

0 ) 0 1 ( 5 4(4 1 40 3 0  01 0 0 0 0 0
0 *0 1 0  0 . 0 3  I I I

Ci. 03 0 0) 0 01 1
N U (4 (40(4) 01

0 fr. .4 UN 011)0
01 (4 ( - I C I a C ) N

H C 1 - 0 3 0 3  0 . 0 30 . 4 0 1 . 4  0 0 3 0 0 3
U) C (-I ( P 0 1 ( 4 ( 4  O a N  0 0 30

~~ 03 0. 0 1 *0 3 0 . 1 1 ( 4
C 0(4 03 NC

Ci-. 0. 0.

THIS PAGE IS BEST QUAI~IT~ PR& TIc.4~L~
-p .— -- COPY Fa-LJ~ N~LSHED TO DD.C

-- - - -  — . p 



- ~~~~
. ~~-~~~~i7~ 

- — — - - -
~~

-
~
----

~~~~~ 
- p.p_~~~~.~~~ :T :: ~~~ 

.
~~~~~~~ 

-

—57—

a- a- 4 0 0 3 1 4
0 1 0 3 0 30 11~0 4 5 - 4 0 0 3
0 3 0 3 0 4 0 3

P4 03

004 00
- % 

(5-4

40.-
0 3 0 3

0. *4 5 0
CO. 1-- aD —
(-. 01 01- ~~~(fl
0)0 P P
030 ‘0

1--
(45 03
0 0  0
0 0  (5-4
1-4 1p5 (/)

H C 03
00  00 30 ~~~~~ 03

0...) 000 000 0 11
(4 0 3  00  0 11’ 0’ 0 0) ( -  NZ 00- 0 00 0 1 5 4  a- (‘10 0(45 030 1101 0300 0. 40 4 00  0)

(44 (5-4 p.) p p p p p p (.5
H (fl 000 00.- 0-03 N (-4
0 I
P ( 4 0 ) — M N
03 C 1 4 0( 4 )
O (4 . 4 0 3 , 4 0 ) 0 31 4

(4 N (-a0H N
03 0 3 0 )1 4 ( 4 0 3 ( 4p. 1. —0000

(45 C 01
0 03 0 0 3 0 5 4 0  03 0 00 3  I a N  V I M
Z ~4 4 0 * 0 3  1 40 0  0 0 0)  N C
4: (-4 (-P N 1 - 1 4  N *0 0 3  . 4 P - 4 N 0 0 3 1 4

1-4 C 0 3 1 4 - 0 3  O N -  14003 0 (40300.0
03 03 0 3 . 0 .  (4 p.1 TM 05 0 4 0  1 5 0 C U )  03

H C P P P P  (4 p p .  (4 ( 4 0 1 4 0 .
(4 11 (.4 p4 5 0 3 0 3  C 0 — 0  0 0 3 0 000 .

0 0 3 0 3  a-I I 4(4) 2 0
.4 I (4 0 . 0-  1 ( 4 5Z 03 0 0 .00103-4: N 03 0.0 (4(4012 0 0 03(5.  0 3 0 3 0 3

0’ U C N ( 4 0 3 1 1( 4
0 1 0 0 0 3 0 ) 0 3

-4: Cl) 030(45 000
Ci- U) 03 ( 5 4 4 0 4 0  0 0 0

0 03 ‘0 1 4 1 4  O N O
~~ (4 *03  4 0 0 3 0 5  0 * 4 0

030 40 .— 454 0
0) 203 000 .4(4 00’ US0) 2 C 03 P P P P P P 03 03 451 ‘.0 03 40

H 0 * (-401 0 00  ~~00  4 0 a - 0 5. U S 4 0
p. (4) I I  1)14030’

(4) 40(54140
(I) U
~~ (4 p p p a
p I-P 0 0 00 3  0 3 0 3 0 3

(45 145 0 0 0
I—

C ON  4510400 (4 N 0 0303 4 0  03 145Z (~ CM 0 3 4 0 0 3
(44 03 (4 ~~ 0 3 0 5  0 0 145 03

~~ I N C  I O U S N  U)

~~ 
I CM  P P P P p P

H ( - 0 -  0 a - 0  03 0 00
0 N ( # 5 0 1  I I
~.. 14 03 -

0 — 0.
N a-) (5-4 0 3 0 3 0 32 0 03 000

0 f-P I I I
N — C 03 0 03
03 0 (4 1 4 1 -ItS

03 0 4 0 3 0 3  — p.) 0 . 0 3 1 -
(45 0 3 0 3 0 3 0 3  N 0 3 0 3 0 5 1 4

0) 0 0 3 4 0 1-  4003 0’ 0 03 U 4 0 0 ’~~~
(4 03 *O’ l45 * N 45. P’5 454 0 VI 0 N U s a -N

p4 03 P45 03 1- * 40 0’ 0’ (4 01 p-) 03 C P p P
C P p p p 03 p p P (-P (--a 0 N I-_I C) 0 0
0. 0 3 0 30 0  (4 0 *P  C O O  0 1 ( 4  03 I I

— I * 0 3 0  0 C
( 4 1-4 ( 4  (40  0-
(4(4 0) 0 01 0 ( 5 4 0 3 0 3
0 3 0 ) 0 1  U 0 0 0
01(4 0 3  ~ I I I I
(4 (4 0 .  01 0 3 0 0 3
0 ) 0 . 0 .  0 U . - 1- 0 ’

— 0300 00. S 1004*
(-P M O  C 0 0 0 3 0 3
N 0.030) 01 P.4 (54 (45 0
0 0 00 1  (4 0 )  0. 0 4P5 145 .

(-P 1- 454 0 3 0 3  0. 01 * p p a p
( 1 5 0 1 0 1  i -I N C  (4 0- 0 0 0
O * 0 1 0  0.03 I I

03 0 0 1 00 1 1
N 0 01 ( 4 0 ( 4 1  01
14 .4 U~~01 03 01* 0 . 0( 4
ES C a -N  0 . 0 30 , 4 0 1 , 4  * 0 3 0
C ~. C 0 3 U  1-P ( 4 0 1 ( 4  I aN  00 . 0
01 03 ( 40 0 3 0 - 0 1 .  N
o o C N ON  01,0 N O  p.)
0. p-I 0 p- l aJ ..) 0 ( 4 ) 0 ) 0 .0(5-

THIS PAGZ is BEST W.TpALLT! ~~~~~~~~~
J~ O.’ OOP~ TUR2U.S1~~ TO D~Q ~~~~~~

- _ __ _ _ _ _ __ & _~~~~~ — — -- ---— —— --
~
-—- ----— -- — — -- — -

~~~
— -



F P

F
—58—

40
‘.0 03 45- 0
0 3 0 3 0 3 1 4
(‘10.- 0’

— a- 0 0

0 3 NN O e S I’0

0 1 0H 03 *4’0. *45.0
~~0. *N  —

C. . .  0’
( 4 5 P  (I)

U 00 0I I
(4 (5.(4 U) N0 *2  0

C C
0 ~~~~0 C 0)03._ N 0 1 5 40  ( 4 .  030...) ‘ 0 0 0 3  0 1 5 10 0-(4 ( 53  0 3 0 P -  0 3 0 50  (5114 030 N 0- 1 - 0 0 3  (54 a- *44 0 0 0 )  03Z (1’) 0) 0 03 — (4 03 N 0 (4-4: P—P p-I p p a p p p 01 0

(4) 000 00— 0. 03 (-a
I ( 4 0 3  0

H 1,01 ~~~-4 C ( - . 0 3 0)
H 4 0 3 , 4 0 )0 ( 4
Z (4 011 - 4 0 ( 4  ~~03 03 0)141403(4

(-4 0 C2 0C N (-‘ 1-’ 0.0’ 0 US -* 03 0 3 00 3  I aN  (4501
(4 ( 5 4 a - 0 5  40003 030 (4) 010U) 14 0 . 0 3  N a - O Q ’  p4 p . 4 N N X ( 4Ci- 0 0 3 1 41 -  0 a- 04 0 *45 0 1 4 0 3 0 0 .C
03 145 03 145 (4 04 115003 ( 4 ) 0 0 ( 4 )  03

0 I a p p (-P p p p 03 1 - 4 0 1 4 0 .
~~~ (-P (4~ a- C 0 — 0  * 0 1 0 00 0 .

I I ’  .J I 0( 4 ) 5 0(4 0 .>  1 0 )0 03 0 0.001’)p. 03 0 .0 0 1 0) 0 3
(55 — 0 NO. 0 3 0 3 0 3Cl) 0 * 0 3 0 3 0 31103

( 40 0 3 0 0 3 0 3
4: 03 . - 0 3a -  0 3 0 0 ) 0 302

03 0140 40 040 0
003 ‘0 04 14

o 00  0 0 3 1 -  004 1-.0 z 2 0 3  00 0  I.. 0 *45 030) C (4 p p p p a a 0 0 3 . - - ~~H (401  0 0 0  a - 0 0  ~~~~~ 03 0’ *45 (45
(I) I I 0 40 4 0 0 ’3 1 - 0 3 0 3 1 4

H 03001-
0 a p P P

4: 0 0 0 1 0  P45 05 03
0 0 0

P 
I’”

~~ 0*  0 3 4 5 103
~~O 0*45 *01-4 0~~~03 UIa--0Q’03(4  l 4 5 * a -  0 ‘0 0 3003 * 0 05 (P1 If) p 0 3445 C M  p p p p 4

— (4 (5- 0 0 0  01 0 0 0
I (4)0.) I I
0 03

(54
P~) M 1P50303

— a- 03 N 0-004) 0 C 1-. I I II N C 0 3 0 0U) I~ 03 03 (4
(1.) 0 3 0 1 1-  40 U5 (~9 — 1404 0’0 ~~~0~~’1 0 5 0 3 4 0  0) 0 3 0 3 1 0001 0 3 4 5 41- 04 1 - 0 5  0 03 0 40 115 03

03 14 0514 ~~ 03._ a- 0 (4) 0 N ‘p.) 1- a - N  * 0 0  1-4 01 ..) 03 C a . p
0 p p p 0) a a a (-P f- C 03 (4 0 0 00- 0 00  (4 0 0 0  *0 0  0103  03 I

I I I  I 0 030 0 0
(4 4—l I- -P 03 03 0.4--P

0 
~~ 8 8~~~03 PH (4 03(5.  01C/) 0 1 O O .  0 U *03~~— 0 30 0  03(5. * 4045- a-(4 010 0 C 1 4 0 3 1 4

~Lp N 0 . 0 3 ( 4 )  N (4 r’.~~~~’.OC 0 00 1  03 (41 03 0 3 1- P t)
(-I 1- 03 03 01 0. (51 C P P P0 )0 1 (4 ( - .0 30  N 0- 0 0 0
O 0 0 ) 0  0 . 0 3  I I03 0 01 0( 5 1 0  (4 I-_I O U) N
— 0 0 3  01(430

0 1 * 0 . 0 3 0 3
N C a -N  0 .0 3 0 , 4( 4 . 4  *0 3 0C * 0 3 0  4-4 ( 4 0 1 ( 4  0 . 0  *0 3*
03 03
C * 01. 03 030
0. (5- 0 0 ) 0 ) 0 . 0 (4

- TBIS PAG~E IS BEST QUAIIIT’L PB4CXIAL~~~

7~ M ODP~ ! lS ~~~ 
TO DDG 

~~~~~~~~~~~ 

----— J



__________ ~- — - ~~~-~---~~~- - -  —,- —=---=-= 
-~~~--~ ---

—59—

‘ON ~ (4’ 030’
454

40 0 3* 1 -
a- N a- 145
0 0 3 0 3 0 3

0 0._ N

0 3 0 1 4 0  400’N0
0 3* 0  - % 0 U5 0

1 (5. 0’ 03 0 03 0’ 03 03
*0. 205 4 0 1 - 0 4 0  -‘
I-P 0) 0 3 0 3  -~ o~ 1403(450 ~~~~03 0 P P P • P P P N 0’0 30  00 ?  o o Oa -

Z (4
0 (/) 03
4--I 7 0  0
H 0*  P-P
0 (5-4 (4 (45

(-4 (4 (4)
C (530 0154*4’ ~~ 0 3 0 10 0 3  (4 ” 030 0 3 , 4  00030 000 1(5 0. 11

(40) 00*450 *450’ 00 0314 03p. N 0- 0 0 0 0  Z N  ~ 03 00’ 0 0)  03
~~ M 0 0 0 0  ~i ) 4  0 34 0 0 1 4 5  03

C) (4 ~3 a p P • N — 0
Z (P~ 0 0 0 0  0 0 a -  0 0 - 0 3  N 14
-4: I (4 0 3 . - l u

1-. (4
0 ( - 4 0 3 0 )

01 . 4 0 3 , 4 0) 0 1 4
(4 0) 1 4 0 ( 4  NH 03 0 3 0 ) 1 . 1 4 0 3 ( 4

— 4--i 1’ ~~ 00 0 0H U) 0 N 1 4 ( 40 0 .Z ~ 0 ‘ . 1 - 0 3 4 0  03 0 50 0 4 0’ (40  (4 )0 1
4: 7 P--f 4 0 4 0 1 - 0 3  0300P0 030 0) 0 ) 0
~~ 

1-4 1. 0 * 0 3 0 3  N 1-00 3 0’  PJ P - 4 NN 0 3 1 4

0’ 01 C — 03 P14 0’ 0 N — 04 0 03 a- 0 i-a 03 0 0. o
01 03 144510 0 1 4 04  4 5 -0 4 0 *  ( 4 5 C C V )  03
C I . P P P  (-~4 p P . p  0 3 ( 4 0 3 1 . 0 .
0 (4 4 0 4 0 0 3 4 0  0 0. 00 0 0 3 0*  00.
0 N I P I .4 I Cb S  2 0
.4 01 0.)- P U )

0 03 0 0 . Z 0 3 0 3
2 03 0 . 0 ( 4 0 3 0 3
O 0 *0 .  0 3 0 3 0 3

U C ( 4 ( 4 0 3~~~~~ 0 5 4 0 0 3 0 3
03 ( 4 0 0 0 3 0 ) 0  00 0 0

p-I ~~~ N ( 4 0 0) 0 3 0 7  1 1 1 1
4-4 (4) 03 4 0 0 3 * a -  0 0 4* 4 0  0 0 3 00

C 03 08 0 10 0 ’  0 0 3 0 ._  0 3 0 3 0 ’
03 * 0 3  0 3 0 4 5 4-03 0 1 4 * 4 503 0 0 3 *4 5 4

00 0 3 P ’ .~~~ N 00’ ’0
01 2 0 3  0000 ..i 0- 01 4 0 3 1 4  Pa-) 4 0 0 3 0 3

3 03 003 I I I P 1 4 9 4 *1) 0’ 05 0 P/S 03 03 0’ 0’ 03
.0 0’ C (-4 N 0 0 0 0 a- 0 0 0 03 0 P45 0’ N N P P P p
0) (#1 I I 4 03030540 0 30 0  03
H ~~ 041-OSN I I I

4: U p p P p
(4 0 0 00 3  0 3 0 3 0 3  03
(4) 14 0 0 0 0
(4 1 1 1 1
(-4 0 3 0 3 0 3 0U) C 03 N a- 4 0 0 4 0 1 - 1 4 1 4 0 3

Ci (4 N 0 140030’ 0 3 0 5 0 4 0 3
Id) C t-4 ‘003140~ 0 0 3 0 3 * 0 3

0 0 3 (4  1 - 4 0 0 4*  C)
Z I No ( 5 4 4 0 4 0a -  (45

0 ( 4  p P • • P • p p

0 (-P 0- 0 . a -  a- 03 0 0 0 0
N ( 4 5 0 1  I I  I
(-P 03 P

~~~ 0 — 01
N a-) 4-4 0 5 0 3 0 3 1 4 5  —03 03 0 0 0 0

.~~ 000 1-’ I I I I
I I I  N — C 0 0 0 0 3

-~ 0 3 0 0  0 N 03 0 5 0 4 N P
0 0 p 4 s 0 3 .  0 4 0 1 4 0 3’ )  — .4 0 4 1 - 0 5 0’
o .0 0 3 0 3 0’  * 0 5 0 3 P  01 0 3 1 4 0 4 0 3 0 3

(53 0 ’40 a- 0 3 0 3  0 3 0 3 *4 503 N 03 U 0 3 a -  a- 40
03 1 - 4 0 1 4 4 0 1 -  0 P1403 003 0 VI 0 0 0 3 a - 1- Q ’
.4 14 45- US 03 N C a- 10 454 ‘0 P.4 N p-i 03 * p p P p
C p p p p p 0) p p p p (4 (-I C 03 I-—P 03 0 0 0
0- 0 3 0 30 0 0  03 03 145 03 C O O  D I N  N I I I

03 I I I 0 0 3 0  0 C
(5-4 (54 (4 03 0 0-(4 03(4 (41 004 0 0 3 0 5 0 3 0 3

-~~~ 010) 01 0 . 0 1  0 0000N0 1 0 3  03 I I I
(4 0 3 0 .  01 0 3 0 3
010.0. 0 0 P 4 5 0 4’ 03

— 000 00. N 1 4 0 3 0 30
I. N O  C C 0* 1 40 3 0
N 0 . 0 3 ( 4 )  N 4--I 0 3 0 3 1 - 0 3
* 0 0 0 1  N V)  (4 0 0 3 0 5 0 3 0 3
Ii — N 03 03 03 0.. (52 C s—i P P P P
(41 (4 44 )4 ( 4 0 3 C  N (5- *0 00
0 0 0 1 0 3  0 . 0 3  I I I

03 0 M O O
01 U 01 1-4 0(41
(4 — .4 00 3  ( 5 4 0 ) 0
04 03 0 1* 0 . 0 3 0)
03 C N04 I a 0 0~~4 (4.4 *0 3 0 0 3
* C C P O U O  (4 ( 4 0 1 ( 5 4(54 0 . 0  *0 3*
03 (4 (4 0 0 3 0- 0 ( 4  01
C N C 0 0 0 2  Q14 0 010
0. .4 0. p.3 4 .-I ..) 00)0)0.03(4

~H1$ PAG~ IS BEST QUADITI Zi~~~~
~~ M ~I)P~ F’ U.SH~

) TO ~~.Q -~~~~~~~~~~~~~~~~~~ 

- - - — - - — -



~~~~~~

-—-

~~~~~

- -

~~~~~ 

-

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* - -- —-

—60—

Table A—15

COMP ANY A: FACTORY OVERHEA D RATE VS EMPLOYMENT AND TIME

a — 162 5 9 1( J 7  b — — .00741
c — 1 . 6 7 8 0 7

Std. E r r ,  a — 1 0 . 5 1 5 2 7  I— Ratio a = 15 . 4 6 2 3 8
S t d .  E r r .  C o e f f .  b — .00232 T—R atio Coeff . b — — 3 . 2 0 06 9

S t d .  E r r .  C o e f f .  C — . 7 0 1 2 4  I — R a t i o  C o e f f .  c — 2 . 3 9 3 0 1

B e t a  C o e f f .  b — .6 7 0 2 1  B e t a  C o e f f .  c — .50109

St d .  E r r .  E s t . ( A d j )  9 . 2 9 8 0 7  C o e f f .  V ar .  ( P c t )  6 . 2 7 9 2 1
Coeff. De t (Unadj) — .5 7 6 4 4  C o e f f  C o r r . ( U n a dj ) =  .75924
Sum of Sq. y 0ev . — 864.54018 Mean IPct. y D ev .I — 4.74230
F Value — 6.80467 Du r b i n— W a t s o n  d — 1 .56756

Mean of input y — 148.07692 Mean of Input w 3996.00000
Mean of Input x — 9.00000
Std Dcv. Input y 13 .04199 Std. D cv. Input w — 1179.34735
Std 0ev , Input x — 3.89444

Number of Data P o i n t s  13

Table A—16

COMP AN Y B : FACTORY OVERHEAD RATE VS EMPLOYMENT AN 1) TIME

a — 1 4 3 . 2 6 80 9  b — — .0 0 0 2 4
c — 2.08498

Std . E rr , a — 10 6 2 4 7 3  T — R a t i o  a 1 3 . 4 8 4 3 9
Std. Err Coe ff. b — . 0 0 0 8 5  I— R a t i o  C o e f f  b — .28683
Std . Err. Coeff . c — . 8 5 5 1 2  I—Ratio Coeff. c — 2,43824

Beta Coeff. b — — .07995 Beta Coeff. c — .67967

Std. Err Est. (Adj ) — 9.98208 Coeff. Var (Pet) — 6.28859
Coeff. Oct. (Unadj) — .54621 Coeff . Co r r ( U n a d j ) —  .73906
Sum of Sq. y Dcv. — 1195.70362 Mean IPet y Dev. I — 5.05478
F Value — 7.22200 Durb in—Wa cson d — 1.65902

Mean of Input y — 158 .73333 Mean of input w — 4966.86667
Mean of Input x — 8.00000
Std. Dcv. Input y — 13- 71895 Std . 0ev. Input w — 4485.41820
Std. 0ev. input x — 4.47214

Number of Data Points 15
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Table A—17

COMPANY C: FACTORY OVERHEAD RATE VS EMPLOYMENT AND TIME

a — 132.10156 b — — .00368
c — 2 . 09 4 8 8

S t d .  E r r ,  a — 7 . 8 1 2 4 4  I — R a t i o  a = 16.90912
Std . E r r .  C o e f f  b — . 0 0 1 58  I—Ratio Coeff. b — —2 .33439
Std . Err Coeff . C = . 7 9 2 4 3  I — R a t i o  C o e f f .  c = 2 . 6 4 3 6 2

Beta Coeff. b — — .53935 Beta Coeff. c — .61080

Std . Err. Est .(Adj) — 1 2 . 4 4 1 3 3  C o e f f .  V a r .  (Pct) = 9.24319
C o e f f  O c t .  ( U n a d j )  — .43606 C o e f f .  C o r r . ( U n a d j )  .66035
S ue of S q.  y Dc v .  — 1 8 5 7 . 4 4 0 8 0  Mean t P c t .  y Dev ~ I — 7.20278
F V a l u e  = 4 .6 3 9 4 8  Durbin—Wat s o n d — . 4 3 2 2 7

M e a n  of Input  y — 1 3 4 . 6 0 0 0 0  Mean of Inpu t  w — 3870. 73333
M e a n  of Input x — 8.00000
Std . 0ev. Input y — 15 .33833 Std . Dev . Input w — 2245 .45768
Std . Dcv . Input x = 4 .472 14

Number of Da ta Points 15

Table A—18

COMPANY D: FACTORY OVERHEAD RATE VS EMPLOYMENT AND T IME

a — 106 .03356  b — .0 0 2 0 5
c — .41306

Std . Err. a — 34 .60860 I—Ratio a — 3.06379
Std . Err. Coeff . b — .00151 I—Ratio Coeff b — 1 .35710
Std . Err. Coeff. c = 1.56253 I—Ratio Coeff. c — .26435

Be ta Coeff. b — .61121 Beta Coeff. c — .11906

Std Err. Est . (Adj) — 10 .06990 Coeff. Var. (Pet) — 7 .26020
Coe ff. Oct. (Unadj) — .28519 Coeff. C orr .(Unadj ) .53403
Sum of Sq. y Dcv . — 709.81965 Mean IPct. y D ev .I = 4 .98983
F Value — 1 .39641 D u rbin—Wat s on d — 2.35891

Mean of Inp u t y — 138.70000 Mean of Input w — 13812 .30000
Mean of Input x — 10.50000
Std . Dcv . Input y = 10 .50407 Std . 0ev . Input w — 3130 .23 073
Std. 0ev. Input x = 3 .02765

Number of Data Points 10
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