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Sl'XTlON 1 

IMTHOinCTloN 

This rt'porl duseribcs a stuciy to tlovclop in'climiiuiry design level techniciues lor esti- 
iTialing the cost ol' flight vehicle structure in a way that provides sensitivity to the 
type ol const ruction luid the type ol material used.   Two techniques, or capabilities, 
arc involved: 

a. The ability to estimate costs ol' dilTerent airlrame structures at a level of 
detail to supjxnl IradeolT studies inovlved in the structural design process. 

1). The ability to estimate total airlrnme costs, including basic structure and 
lunctional subsystems, to support the evaluation ol" proposed systems in a 
system study context. 

The first estimating method produces what is rel'erred to in this study as trade study 
costs.   This method requires the development of a technique that allows the designer 
to compare competing designs on a relative cost basis where the relative cost of 
each design is accurately represented, and the inputs required for cost estimating 
arc within the data base normally generated during preliminary design.   The second 
method produces what is referred to as system study costs     It requires the develop- 
ment of a technique that is also sensitive to design concepts and materials and that 
supports estimating on ;in absolute cost basis for inclusion hi system eouvepts 
studies. 

The current effort is an extension of the development under a previous Air Force 
contract ;uid documented in Reference 1.   That contract resulted in a methodology for 
.urframc stmctural cost estimation and the demonstration of the method based on 
horizontal stabilizer examples.   The extension of the method encompassed the re- 
maining major items of the airlrame basic structure; i.e. , vertical tail, wing, fuse- 
lage, landing gear, and air induction/nacelle.   This report covers that effort and is 
a continuation of the reporting covered by the contract Interim Report, Reference 2. 

1. R.  K. Kenyon,  "Techniques lor Kstimating Weapon System Structural Costs, " 
AFFDL-TR-71-74,  Final Report (Contract F33Ü] 5-70-C-mO), April,  1972. 

2. R.  K. Kenyon,  "Weapon System Costing iMcUiodology for Aircraft Airframes 
and Basic Structures, " AFFDL-TR-73-129, Volumes 1 through 4, Interim 
Report (Contract F;i3ül5-72-C-2Ub3), December,  1973. 



Tlu'sc cst iin;it iiijj, nu'tliods ure lU'utlod lo meet Uu' ixuiuironicnt.s ol the prcsont thiv 
wvnpons sys'n'in atujuisilion process.    Most ol' Üiv kvy tltvisions arfcrtinji; Lhe cost ol 
the w capon system arc made early in the design process, during concept lormula! i(jn. 
Decisions i'e^ardin^ the application ol new Leehnolories ir.ust be made during this 
phase il diey are to he introduced to the new weapons syslems.   This gives rise lo a 
need to assess during preliminary design the impael on cost ol allemalive designs. 
This creates a cost analysis problem since; existing estimating methods have 
deliciencies when required to operate in the environ in en 1 of early preliminary design. 
The cost ;malysis problems include such items as:   (I) lack of sensitivity to slrucUira 
considerations,  i.e., type of const ruction and material; (2) lack ol' integration with 
design and producibdity (cms ide rat ions; (.'J) lack ol' a sulTicienlly detailed analysis to 
support structural tradeolT studies; (4) limitations on product definition ;md input 
data inherent in that staue of program development; and (5) the continuing need for 
accuracy in cost estimates. 

As the number of materials ;UKI structural design concepts applicable to flight 
hide increases, it becomes increasingly important to know the detailed relative 
sts of equal performance designs so that the impact of design options cam be 

assessed.    Past experience and a review of available literature describing current 
estimating methods reveal major deficiencies in these methods with repsect to: 
ih oversimplification of cost models and the lack of depth of analysis required to 
evaluate cost sensitivity to design tradeoff choices in terms of construction methods 
and structural material; (2) over-reliance on weight estimates as a single cost- 
driving variable and especially ignoring the discontinuity in the cost-weight relation- 
ship brought about by the advent of increasingly exotic materials and fabrication 
complexities that can create an inverse cost-weight relationship; and (3) a lack of 
integration of design methods and costing procedures to provide a timely feedback to 
designers to influence cost-oriented design decisions.   Each of these shortcomings 
has contributed to the cost estimator's difficulties in responding lo the requirements 
for costing new airl'rame designs and for providing inputs to the designer in a design 
tradeoff process.   This has given rise to the need for defining a new type of esti- 
mating process. 

1. 1   HTL'DY Olil KCT1VHS 

The specific objectives of tins phase of the study were: 

a. To extend the trade study costing method to the remaining elements of the 
basic structure:   the fuselage, nacelles, and landing gear. 

b. To provide a computerized cost model for estimating basic structure hardware 
elements, nonrecurring,  first unit, and recurring costs. 



c. Tu (.'unipleU' the development oi' Ihc system cost estimuting method for the 
eomplete ai rfrume. 

d. To eomplele iuicillary studies dealing with Unite element synthesis applieability, 
preliminary ilesii^i applications, interactive graphics applications, computer 
program inlegrat.'on, ;uid operaliixg cost interrelationships. 

c.       To provide means ol updating the methodology to consider advanced structures 
;uid corajxjsile materials. 

I.        'J'o provide computer prugi'ams lor installation of the system at the Air Force 
Flight Dynamics Laboratory. 

g.       To select a test case and perform a demonstration estimate in order to debug 
the computer program, to verily the estimating logic ;ind to provide lor 
coordination of the system installa* on, 

h.       rJ'o document and present the methodology as contractually required. 

1.2   yCUPF AND LIMITATIONS 

The study was limited to a subset of cost categories defined from the total set of 
weapon system cost categories.   The categories considered included nonrecurring 
design and development, recurring tie sign and development, and recurring production. 
These were defined, from a work breakdown structure standpoint, as including basic 
structure only in the case of the trade study method and airi'rame only, i.e. , basic 
structure plus functional subsystems,  in the case of the system study method.   This 
excludes costs such as avionics, propulsion, and other costs identified to the 
weapon system, such as support costs, or identified to the total vehicle, such as 
aircraft flight tests. 

hi addition to the different areas of cost covered by each method, different levels of 
detail are also involved.   The trade study method deals with the subassembly level 
whereas the system method deals with the aircraft subsystem level.    However, this 
distinction applies only to manufacturing costs.   Nonrecurring costs are handled at 
the same level in both methods,  and in fact,  some ol the same cost estimating 
relationships arc used. 

Primary emphasis has been given to the trade study cost method, inasmuch as the 
principal objective of the study is to support tradeoff studies in system design to 
answer specific questions regarding selection of type of material and construction. 
Tradeoff capability has been provided for a range of alternative structure and 
material combinations basal on the present analytical capability of the multistation 
structural synthesis and other synthesis programs used.   These combinations are 



first calt^orizcd by basic aJivral'l structural concepts:   skin stringer or nuiltirib 
typt1 applicable to a wide range ol aircralt having moderate speed ;ind load factor 
requirements; multi.spar structure Uiat cliaracleri/.es the high-speed    high-load 
factor: :uul full-depth s;uul\vich, which is usually eoiifincxl to very thin sui'faces such 
as tails.    The iJi'imary elements of subst ructure, that is,  r'ibs, spurs, and covers, 
are further categorized by basic tyjH's of construction. 

The trade study cost method uses weight and dimensional data obtained from a 
supjxnl'mg syntliesis progi'am as the })rimary cost-relatcsd variables in the cost 
estimating relationships.   A structural synthesis program provides stress ;uid 
dimensional analyses of structural components ;uul weight data in accordance with 
input choices of type of structure IUUI material and provides the basis for inter- 
relating tlie results of these analyses with cost.   The structural synthesis program 
is in turn driven by a vehicle synthesis progi'am, with the result that a preliminary 
design study loop c;ui be operated to evaluate the impact of airframe configuration 
changes generated by variations in performance requirements.   Development of 
these synthesis programs is not part of this study. 

The study has been limited to the contractor's own cost data, and furthermore, the 
study has carried forward the idea of two different time frames with respect to the 
availabilit'- of cost data.   This concept of availability if referred to as limited data 
and unlimited data availability.    Limited data is that which is reasonably available 
at Lhe present time.    L'nllmitcd data is that which can reasonably be made available 
in a future time period, using more extensive methods of data collection. 

A limited literature survey of specific references has been accomplished during these 
studies to investigate represeuuitive estimating approaches as an aid in developing 
cost estimating relationship forms.   This survey has been augmented by continuing 
Convair Division research programs to develop unique methods for estimating cost 
tradeoff pcnalites and payoffs.   This research has been devoted to (1) identifying 
cost-related variables,  (2) development of structural and weight analysis tools, and 
Ci) developing the groundwork for the application of these tools to the analysis of 
costs.    Hesults of this survey were described in References i and 2. 

Kslimating techniques are expected to be updated by incorporation of new materials 
and concepts, labor and material price changes, an expanded treatment of composite 
materials, ;UKI the impact of new aerodynamics on construction methods.   So that, 
although the method is not yet fully developed,  it provides a sound basis for system- 
atic enlargement to provide the analyst with the detailed insights for effective cost 
amdysis and the basis for future expansion of the data base. 

1.3   BACKüHOfMD 

The present contract is a follow-on to Air force Contract F^ülS-YÜ-C-KMO spon- 



suml l)y the Sluu'tures Division of ilic I-'lig}il Uyiuunirs Lnhoratory.   Thai study 
provitlctl lor tht' invcsli^ition t>\ rvpvvHvninilvv appronclu'S to cosi csiimatiii^ as 
llicy arc (lese ribinl in lJu' avaihiliU' litcralviri',  the cnnceplion ;ui(.l evaluation olHew 
approaehes, the final seieetioii ol aa ap])r(KU'h tor eacii ol the two requirod lypes u\ 
estimating, and Uie developnuMil ol the selected approaches to the point that their 
leasibility could be demonstrated. 

The leasibility study was followed by a second contract, which is the current study. 
It provides for extending the trade study cost estimating techniques from Die 
horizontal stabilizer to the entire basic structure.   The results ;uul findings of the 
first phase are being combined with the results of the additional research and study 
to produce ;ui expanded mid uplaled esliniaUng system.   The initial estimating 
techniques were demonstrated using the horizontal stabilizer for evaluation purposes. 
Additional test cases were run, based on all elements of the aerodynamic surfaces, 
the fuselage and nacelle eomjxmcnts and a final demonstration based on all elements 
of a single aircraft. 

1,-1   OHCANIZATION OF TlIK ItKlHJUT 

The Final Report is presented in two volumes:   Volume 1, which is this volume, the 
Technical Volume, and Volume tl.  Pails I and 11, which make up the Estimating Hand- 
book and t'ser's Manual.   The Fstimating Handbook and I ser's Manual (referred to 
as the Fstimating Handbook) provides a detailed description of the function ;ind use 
of the two costing methodologies.   11 answers the question:   How to make an estimate 
using these methods ?   It describes the costing output, Uie cost estimating relation- 
ships, the detailed inputs required, and the processes for developing these inputs. 
It also describes the cost model computer program interface with the supporting 
synthesis programs ;tnd the interrelationship between baseline costing factors and 
the historical cost data base.   The development of complexity factors used in the 
estimating process is also described in detail.   The inputs and outputs of a demon- 
stration case, using the H-58 aircraft, are also described.   This volume describes 
the estimating process in its entirety in conceptual terms and reports the cost 
research and development accomplished subsequent to the interim report, consi:-'. ;:u; 
of the development ol the luselage - nacelle - landing gear modules, the system 
cost estimating method, the cosi model computer program, the installation of the 
cost estimating system, other related studies, and the method demonstration. 

Fach of the estimating methods is covered separately:   the trade study method in 
Section 11 ;uid the system method in Section HI.   The cost model computer program 
for both methods is described as a separate topic in Section IV.   Design synthesis 
and weight analysis supporting programs relate only to Uie trade study method and are 
discussed in Section V.   The method demonstration encompasses both methods and is 
covered in Section VI.    Section VU describes ancillary studies not discussed else- 

where. 



1.5   WHY TWO MKTHUDS'.' 

Botli (.'slinialin^ nicthods are uscxl (kiring preliminary design at an earlier stage 
thiui is normally associated with traditional estimating method.   Although the 
primary interest in the study lies in the capability to do detailed trade studies pro- 
vided by the trade study method, the system cost estimating method provides ud- 
ditiomU capability in the following maimer: 

a. It permits ;ui earlier initiation of estimating effort since it responds to a more 
limited predesign activity, functioning with a much more limited input data 
availability. 

b. It provides a more inclusive set of cost estimates covering the total airframe 
and permitting comparisons and evaluation in a specific frame of reference. 

c. It is based on a larger historical data base with the attendant possibility of 
improved estimating accuracy. 

d. It provides a systematic transition to trade study costing through a dual mode 
of operation that involves substitution of detailed estimates by hardware 
element in a progression as input data becomes available. 

The combination of capabilities provides earlier cost estimating results and a 
selective process for introducing detailed estimating.   Discussion of the preliminary 
design environment in which each of the two methods might be expected to function 
is handled in the related sections. 



SECTION II 

TRADE STUDY COST ESTIMATING METHOD 

This section of the report gives a brief review of previously reported activity, dis­
cus ses and describes the estimating method that bas resulted from the study, ~[ives 
a r eport on the tn!.de study related activity since the interim report (primarily the · 
development of the fuselage estimating module), and finally describes the expected, 
or possible, future development of the method. 

2. 1 REVIEW OF PREVIOUS ACTIVITY 

This is a brief review or activity occurring during the initial feasibility study \Older 
Contract F3:3615-70-C-1340 and the activity mder the current contract involved in 
develop ing the e stimating module for aerodynamic surfaces and described in the 
interim report . 

The objective of the initial study was to develop a basic trade study cost estimating 
methodology and to demonstrate its feasibility using a selected structural component: 
the horizontal stabilizer. 

The study included the investigation of representative approaches to cost estimating 
as they are described in the available literature, the conception and evaluation of 
new approaches, the final selection of an approach for estimating, and the develop­
ment of the selected approach to the point that its suitability could be demonstrated. 
The method developed was eclectic in that it combined elements of each of the b.asic 
estimating methods that could be categorized from the literature, e. g., the industrial 
engineering approach, statistical estimation, and estimating by analogs. 

A concept of first Wlit cost was introduced at the airframe level as a means of 
estimating hardware manufacturing costs. The term airframe was defined differently 
for trade costing and system study costing. In the case of trade costs, airframe 
means the traditimal vehicle basic structure, excluding subsystems. In the case of 
system study costs it is defined to mean empty weight minus propulsion and avionics. 

A limited literature survey of specific refermces was accomplished to investigate 
representative estimating approaches as an aid in developing cost estimating relation­
ship forms. This survey was augmented by continuing Convair Division resear.ch 
programs to develop unique methods for estimating cost tradeoff penalties and pay­
offs. This research has been devoted to identifying cost~riving variables, to the 
development of structural and weight analysis tools, and to laying the groundwork 
for the application of these analytical tools to the analysis of costs. 
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Tin' Iridc rwsl  nuiluxl \\:r-; i ic", r li i|>c( I in ii.sc wci^hl,   pnrl ruunt,  lunl diiiicnsional 
data, ulilaintnl Inun a nuuiistal mn sli'iniiiral syntlicsis program, as (he prinmrv 
cost  I'claU'd variables in its cost csl i aiat injj, rcial iiiiisliii)s.    The study selected lor 
d('\ I'liipinciil an ostimalini; mclhudidci^v and spefilie cost rslimatiii^ I'clal ionships 
dial used synthesis pniij,ram output,'.   'J he siruciural synthesis program provides 
stress and dimensional analyses n! slutelural eornixmenls and weights data in 
aeeerdanee with input ehoiees ol type nl structure ajnl material and prov des the 
basis lor interrelating the results ol these analvses with cost.    The stiiietural 
svatJiesis program can be in turn driven by a vehicle synthesis program with tne 
result that a pre 1 i mi nary design study loop etui be operated to evaluate the impact 
o| aJrtrame con I i duration changes generated by variations in peiibrmance reciuir'e- 
nu'iits. 

The study approach and results are completely described in Kel'erence I.   That 
re])orl describes the study ol avaihible techniques, the selection yl' suitable approaches, 
and the range ol cost categories estimated.   Schematics ol'the     -commciuled esti- 
mating tec lutique are shown.   The types ol airc rait, candidate stiiietural co;vepts, 
;uid tcasible material combinations are also described.    Collection of cost data, 
derivation ol cost estimating relationships iCKKs), the interlace with Uic structural 
synthesis program, the procalurcs I'or estimating spceitil construction features and 
"ompoMlc material apjil i'-al ion , the demonstration ol the leclmi'iue with the hori/.oiilal 
stabilizer structural element, and the proposed extension ol' the method to the 
remainder ol the airerai't structure are all discussed.   Appendiecs are included to 
augment the tlese i'iption ol' method, to describe the data used in the demonstration 
cases, and to provide additional backup data lor the juslilication ;ind eyplanalion ol' 
demonstration input values. 

The activity covered by the interim repnt had as its general objective the extension 
ol the methodology to the hardware elements comprising the aerodynamic surfaces. 
The specific objectives of the study were '1' extension of the trade study method to 
the vertical stabdi/er, canards and wing;-,   [2) initiation of the extension of the method 
for fuselages, nacelles, and landing gene ,  (3) initiation of an updating of the method 
to consider advanced structures ;uul cou<|;nsite materials, ;uul (4) providing a com- 
puterized module for aerodynamic   uirlaces to be compatible with the final cost model 
and to interface with supporting structural synthesis ;ind weight estimating programs. 
The accomplishment with respect to his phase of the study is described in Reference 2. 
the Interim f;eix>rt. 

This re|K)rt was presented in four volumes.    Volume 1 provided a discussion of cost 
methods research and development.    Volume 2 described the development and 
integration of supjxHting programs:  muhistation structural syntxtesis programs, 
secondary structure synthesis, and weight estimating methods.    Volume 'A presented 
the cost and technical data used in Uie development and verification of the cost 
methods, and included cost trend data representing various summaries of cost made 
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avaihibU' as a basis lor syslftu rost U'vd coinparK-dir.. Vfjlunic ■! (onsistcd ot an 

fsiimal in;,; Irrhniqucs hamlbook lor tlic c^l imal iiu; mcUnxl ;ui(! a iisci''s ^niik' to l.he 

.■oinpulcri/rcl proorains. 

2. 2   'J'KCIINICAI, DISn SSH )N AND M K'J IK )!) UKSC]'! I'TH )N 

This section prtivides a ill script ion ami Icchnical disrus.siun ol tlic trade study cost 

cstinialing niclhod.    I'lic pivliinina rv ilcsi<j;n Situation in which the iruxlel would lind 

application  is ilcsci'ihcd.    NMHC salii'iit coip.idci'alions in the development are dis- 

cussed,  ;ind an overview description ol the method is pn-sonlud.   This leads to a 

discussion ol the derivation ol the basic cost estimating relationships usctl in the 

estimatinu; prucoss. 

- —■ '    l'l{i:iJMlNAH\   DliSK'.N Al'l'biCA'l IONS.    Poth the trade study and system 

cost t'Slimaling melhods are intended lor use during preliminary design.   They are 

combined in a single computer program so that ditTerenl operational modes are 

available lor application to various eslimatlng problems.   The modes are: 

a.       The trade study method operating alone. 

I).       The system costing method operating alone. 

c        Both methods operating simultaneously providing two separate estimates. 

d.        The system costing method operating as the dominant mode but substituting 

trade study estimates tor individual hardware elements to provide more 

detailed estimates tor those' elements. 

It lias generally been the Air 1'orce's experience that most of the decisions alTceting 

the cost ol a new weapon system are made during the conceptual design phase.   It is 

staled ;n Uelerence !3 ".   .   .  thai as many as 75 i ol the decisiens et'lecting the 

acquisition cost are made at a point in time when a very small percentage of the 

total development funds, only about 2'i, are expended." 

Identification of this problem led to the initiation of this study with the need for using 

cost as a design parameter identified.    More recently, Del) has evolved the Design- 

to-Cosl approach lor weapon system acqeisition, which has emphasized the need for 

cost models that operate from design eharaeteristies. 

3.        M.  K. 'bailey and b. N.  Mueller,   "ibitionale Kcr ('ost-\Veighl Analysis, " A1AA 

Paper No. 74-1)01, AIAA Gth Aircral'l Design,  Flight Test and Operations 

Meeting,   bos Angeles, Calif., August 12-14,   197-}. 



Use of cost as a design pa•·ameter requires a cost estimating process that is 
different from traditional processes. By means of their iterative capability , their 
sensitivity to material and type of construction, their computerization to provide 
rapid response, their interface with design synthesis programs, their d lailed cos~­
ing format, and their flexibility ln· terms of mode of operation, the methods outlined 
represent a significant step in the development of design-to-cost methodology. 

Use of this estimating approach mvolves a prescribed interlace between predes ign 
and cost analysis activity. This is illustrated Jn Figure 1. The t\vo activit ies of 
design and vehicle sizing, shown as dotted blocks, were not addres sed iu this study . 
They are, however, a necessary source of inputs to the supporting structur al and 
weight synthesis programs, which have been included. The interface bctwet'n the 
cost analysis and the synthesis programs is fully described, including ope ratioaal 
worksheets, in Section 2. 2. 2. 4. A very significant part of the design-to-cost 
requirement is that the results of the cost analysis be taken into account in the 
design even to the extent of it becoming a possible redesign requirement. 

The estimating method is currently operational. Major applications currently 
foreseen are ae follows: 

a. Use of tbe trade study method in the evaluation of new types of construction 
and materials as part of an advanced development responsibility requiring 
the evaluatlm of new technologies. 

b. Use of the trade study method in the performance of design trade-offs in the 
furtherance of design-to-cost objectives and othor designated trade -off 
studies. 

c. Use of both methods to develop comparative cost data for the evaluation of 
proposed new system concepts. 

d. Use of tbe system costing method in the early Jilases of des ign when compl2te 
\ 

design information is lacking and when only a subsystem level of detail i s 
required . 

The first of these applications is accomplished as a part of an advanced development 
program and is largely independent of the schedules for specific weapon system 
development. It is concerned with evaluating the choices to be made in selecting 
from among new structural concepts. It provides the basis for advancement in 
teclmology while considering the cost impact. Future advanced development pro­
grams are candidates for this type of cost analysis. 

The use of the trade study method for design-to-cost involves structural design 
trades as a part of the larger task of system de&itpl trades. Structural desi~ trades 
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niv also prrlomml in CDiuuH'linn \\i!h producibility trades.   'J'hc luvel ol' ;uialvsis 
It'nd;- ID lie pru^fcssiwly iiKirc drlailcd as llii- program pftigrcssoH.    'I'hcsc evalu- 
alions MipixM'l l.lit' use ol cost as a design parameter,  measuring the impact on cost 
ol altemat i\c ceneepls. 

The (IfVt'lopmeiU ol comparative cost data lor use in evaluating projxi.sotl new system 
concepts involves either the joint use (mode d. ) of the two methods or the use of the 
system costing method alone.     The use of both methods is a complex solution since 
the necessary supixnling synthesis programs and design activity must be called into 
play.   The system method used alone requires substantially fewer inputs but does 
not provide a detailed cost breakdown. 

■J'hc system costing method c;in be resorted to in the early phases of costing when 
design trades are not involved but when point designs need to be costed.   The trade 
study method by itself answers questions as to the relative costs of different design 
approaches to support trade studies, but these data do not account for all airframe 
system costs and cannot therefore be compared to system level costs.   With the 
methods used in combination, both types of costing mux be accomplished. 

2. -1. 2   MKTIIOD DKVKl.OPMKNT CON'S ID KJIATIONS.   Development of the trade 
study cost estimating method involved issues that are briefly reviewed in this 
section. 

'1. 2, 2. 1   Costs To Ik- Kstimated.   Throughout the study, it has been necessary to 
specify the boundaries for the costs being estimated.   This was necessary with 
respect to the delineation of cost categories to be covered and to definitions for the 
categories that were included.    Identification of the subset of costs to be dealt with 
with respect to total weapon system costs were described in Reference 1.   The 
major cost categories of liDT&TJ, Investment, and Operating Costs were defined. 
Operating costs were later excluded from quantitative consideration.   The resulting 
categories were: 

Cost Categories Studied 

IIDT&E 
Nonrecurring Design and Development: 

Kngineering - Design & Design 
Support 

Tooling - Initial and Rate 
Ahum lac tu ring Labor 
Material:   IIDT&H and Vendor 

Suppo rt 

X 

X 
X 

X 

Investment 
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Ciisl rale^orifs Stuiiictl (Conl inucd) 

KDTM-: iuvcslmuiU 
lieeurring AirlVamc Protluclion: 

Mfg.   First Tnil 
Test Ihrnhvari1 X 
Susiaiiiinj; Kngincoring X \ 
Suslainin;.1; Tooling X X 
Produciion Ilardwai'c X 

A ilofinilion ol cost categories has been aecomplishod with rosjieel to the cost 
estimating output t'ormai ciescribeel in Suction 2,2.3.   These definitions arc given 
in Appendix H,  lollowing Uic listing oi Cl'.U lorms in Appendix A. 

M;uiufacturing first unit cost is used as an estimating device lor obtaining the first 
article cost of a production series. 

2.2.2.2   bevel of Detail.   The level ol detail to be used in the trade study cost 
estimating method was an issue in its development.   This comes about in relation 
to cost data availability, the level necessary to perform significant trade studies, 
the rationale of the cost estimating logic, ;ind the resulting input requirements. 

As it developed, tile most significant criterion was determined to be the level of 
detail necessary for adequate trade study.   Design choices relating to structure are 
defined with respect to type ol construction, which is in the main determined by the 
structural synthesis program level of analysis.   The exception is secondary structure, 
which is less rigorously defined.   But more importantly, the substitution of parts 
and the consequent definition of an element of hardware need to be accomplished at 
tlic relatively low level of detail consisting of ribs, spars, etc;.   There arc argu- 
ments for an even lower level of substitution, but these must be measured against 
another significant criterion, the level of cost data availability. 

hi the case of cost data availability, level of detail is used as a determinant in 
defining limited and unlimited data.   Data is not readily available at the level 
specified for the trade study method.    Special studies were required for the data 
acquired, putting it in the category of unlimited data.   However, this level of cost 
data collection is considered desirable for future efforts, and existing formats are 
intended for use in directing such effort. 

The development of cost estimating relationships was not determined to be con- 
strained by level of detail since relationships can be established at various levels, 
i.e. , subsystem, subassembly, or detail part.   This is verified by the existence of 
such relationships at each of these levels. 
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Inpul  I'cciui'/cMiUT.to, (»I coui'sc, cl('i-i\'c fi'Diii tlic csliin;itiujj, rchilionsliiijs ;UHI in 
(ii'iHM'al lu'coiiU' ^rcaU'r at a lower level ol detail.   The selection of level i'or the 
trade study method was not constrained by this, however,  lor the reasons thai (1) 
inpul availability e;ui be matched by viilue ol'having lj()th the trade study ;uid system 
eosi models ;md (2) eompuU'rizatKJH, includiu^ interlace with Uie eomputerizeKl, 
supixu-t in;', synthesis models facilitates the handling ol inputs. 

li.Ü.L'.M   Cosl Data Availability.   The question of cost data availability was sUitod hi 
terms ol "limited data availability" ;uul "imlindted data availability. "   The first 
term is intended to mean data as it is currentlv available, prima,rily in terms of the 
hardware level to which it is broken out.   The second term applies to the notion of 
improving the breakout ;uid availability of cost data by future, more comprchcnsK e, 
cost data collection approaches.   Obviously, limits apply to the later situation, but 
relative to current availability,  it represents a substantial increase in cost data 
availability. 

A further study limitation was Unit only the contractor's own data would be used.   A 
summary of the raw cost data that was developed on an aircraft basis is shown in 
Figure 2.    Processing and analysis of this data resulted in a raw data bank consisting 
of three elements as shown in Figure 'A. 

C'-MIA 11 OKIZONTALAND VFKTICAL STAB1.L1'/FK 

C-5A HORIZONTAL AND VERTICAL STABILIZER 

F-111A CONVENTIONAL HORIZONTAL STABILIZER 

F-lllA EXPERIMENTAL BORON HORIZONTAL STABILIZER 

1-111A VERTICAL FIN, WLNC., FUSELAGE,  LANDING GEAR 

VSX PROPOSED S-aA CONFIGURATION, SUBSYSTEM LEVEL 

AX PROPOSED CONFIGURATION. SUBSYSTEM LEVEL 

VFX PROPOSED F-l4 CONFIGURATION, SUBSYSTEM LEVEL 

B-52 OUTER WING  PANELS 

880/91)0 HORIZONTAL ST AB I LIZ ER, WING,  FUSELAGE, NACELLES 

LIT PROPOSED CONFIUGRATIONS, SUBSYSTEM LEVEL 

MODEL 48 CHARGER PROTOTYPE AIRCRAFT. AIRFRAME TOTAL 

F-10ZA AIRCRAFT PROGRAM, AIRFRAME TOTAL 

F-10GA AIRCRAFT PROGRAM, AIRFRAME TOTAL 

B-58 AIRCRAFT PROGRAM, SUBSYSTEM LEVEL 

Figure 2.   Total Aircraft Sample. 
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RAW DATA FILE: 
INDEXED SOURCE REPORTS 

PHASE I 

~..... ... AIRCRAFT RAW DATA FILE: 
DATA INDEXED BY AmCRAFT 

PHASE li 

• CER DATA FILE: 
DATA INDEXED BY CER 

PHASE m 

Figure 3. Cost Data Bank Organization. 

The ultimate objective of the processing and analysis of the cost data ls to provide 
CER back-up data. This data phase is eatered in Volume II of the report and cro&s­
referenced to the applicable CER. 

The data available from acco1mtlng records bas beeo augmeated by data from pro­
posal estimates, by special analyses of the actual cost data, and by special cost 

studies. The use of proposal data is felt to be warranted because of the small 
sample sizes that result at the level of detail UDdertakeD. Special analyses of cost 
data are described in several places In Reference 1. Data from special studies is 
described in Volume II of this report. It consists of Industrial engineering studies 
based on the analysis of manufacturing processes involved with relevant types of 
construction and types of material and based on results from various experimental 
hardware projects. 

2. 2. 2. 4 Interface With Desim Synthesis Programs. As shown in Figure 1, 
technical inputs are supplled to the cost analysis process by the various desilfl 
synthesis programs Involved. The operation of these programs to supply the 
required inputs ls crucial to the Iterative operatioa of the cost model. The transfer 
of data between the cost model aDd its supporting programs is handled manually. 
A series of wodutheets have beeD devised to biDdle the Input/output sets betweea 
these models. Separate sets are required for aerodynamic surfaces and for the 
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fuselage, nacelle and landing gear. This flow of data is described in detail in 
Volume Il. Figures 40 and 41 of that volume outline the respective requirements, 
and Appendix J reproduces a complete set of worksheets, as used in the demonstra­
tion case, to illustrate the method 

2. 2. 2. 5 Categor.~zatio.n of Structure By Txpe of Cmstruction and Txpe of Material. 
A means of categorizing types of construction and material was needed as a defini­
tional basis fot: referencing historical cost data and for developing complexity 
factors. In the case of primary str\lcture the categorization adopted is that used In 
the structural synthesis program (APAS). In the case of secondary structure, a 
similar categorization was not conveniently available, and it Is required that a givm 
combination of structural elements be identified and dealt with as a desii!Jl concept. 
On a theoretical basis this looms as a difficult l_lroblem. <At a practical basis it 
becomes manageable since only a few combinations are used. However, the area 
of secondary structure does not lend itself to a building block approach and must be 
developed by defining each individual combination. Both baseline estimating coef­
ficients and complexity factors are mllde by analogy considering a comparison of 
characteristics. 

Figure 4 represents the structural definitions used for primary structure. The 
samP. definitions are used for spars as for ribs . An expanded capablllty can be 
m3de available for covers as shown in Figure 5 based on recent developments in the 
APAS program. Cost factors, however, were developed based on the earlier 
categorization. 

Material categorizations include aluminum, titanium, low carbon steel, and stahless 
steel. Various composites are currently being studied \llder independmt research 
and development. Extensions to the complexity factor data can be made by an 
analysis of the impact of a change in material on manufacturing processes as 
defined by the constntctlon categories. 

The study has verified that historical cost data is not available for all combinations 
of types of construction and material. Tbe reason for this is simply that existing 
aircraft are repetitive In their use of material/construction types. Construction 
and material types represented by the aircraft reviewed have bem determined. An 
example of the results is glvm in Table 1. A complete set of the available data is 
given in Volume II, Appendix G. 

The estimating method selected requires a minimum of one actual data point per 
CER. TbiP is needed to calibrate tbe structure of industrial engineering estimates 
involved. Additional data points are, obviously, useful aftd desirable. Estimating 
new types of construction and materials relies on a process capable of looking into 
the requirem~ts of new features in terms of their impact m functional procedures; 
i.e., manufacturing, quality control, tooling, etc. 
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Table 1. Cmstructim Types Represented in the Data Sample. 

Aircraft SkiM Ribs s,.~rs 

C-141 llo r l•ontal Stabilize r Built-up Bkln stringe r Built-up and integr .ll truss IJuilt-up web stitrenor 

C-141 Vertical Stabill1.c r Built-up tikln str inj!er Built-up and Integral truss Built-up and Integral truso 
Sheet web 

C-SA llora>.ontal Stabilizer Integral skin stringer Built-up truss IJuilt-up web stiUencr 

f -SA Vertical Stabilizer lntegnl skin suingc r Built-up uuss Du ilt-up web . urronor 

F-111A llori>.onbl Stabilizer Machined plate llonoyeomh core Integral web s liffl.'nc r 
(Conventi<A~al) 

F-IllA llorironbl Slabllizer Sheet Integral web stlfrenor Shoot web 
(Boron) honeycomb core 

VSX Sheet Built-up web stiffener Bullt""P -.b stlfrencr 

AX Machined plate Dullkp web stiffener Bullt-up web ourrcner 

VFX Integral skin strinpr Shoct web and Integral Sheet web 
web sttrrener 

B- 52 Outer Wing Panel Machined pl~te Dullkp web stiffener Built-up truss 

880/ 990 Horironbl Stabilizer Built-up sheet strinpr Built-up truss Built-up web sturener 

UT Sheet Sheet web Integral web surroner 

F-111 Vertical Fin MGchlned plato Integral web stiffener and Integral web stiUener 
Integral truss 

2.2.2.6 lllvesUIE8tiOD of Estimating Methods. An Investigation of estimating methods 
was undertaken as part of the study in order to provide the basis for eclectically 
selecting the most suitable approach. This lnvestlgatim was Initiated as part of the 
feasiblllty study aDd was described In Refermce 1. Stemming from this literature 
review aDd general cost research cmducted by Convair, baseline candidate methods 
for satisfying requlremmts for trade aDd system study cost estimating teclmiques 
were postulated. Flnal recommendatlms were Incorporated In the methods selected 
for development. Additional literature review, as described in Reference 2, has 
beED cmducted but has not altered basic conceptions. 

An overview aDd summary of estimating methods is givm In Figure 6. Traditimal 
estimating methods have focused on questions such as the level of detall of the 
estimate, the administrative respoDslbllity for the estimate, aDd the techniques to 
be used to substantiate the estimate at whatever level is used. Available teciDiques 
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wore summarized by l^;ui(l (l^cl'ereiHT 4) as tlie three lechniques shmvn:   staLisiical, 
ajialo^',', ajul industrial engineering.   The gruss roots method six'cilies level, 
pi'invai'ily in terms of (irii;ani/.ati(in, imt does not neeessurily spccily leehnique, 

Jraditional methods havo del'ined an estimating rule:   The credibilit) ol the eost 
estimate is directly pmiKirtional to the definition provided.    Seemingly, constraints 
are imposed on estimating methods by input requirements, ;unl lower levels of 
estimating, such as component level analysis, are not attempted in early phases of 
design. 

The trade study estimating method is at the component level but has not attempt«! 
the further objective of being entirely statistical.   This would require considerable 
additional data,   hi the meanwhile the techniques of analogy and industrial engineer- 
ing analyses provide back-up approaches. 

•Z.'Z.'.l   A DESCRIPTION OK TilK MKTIIOD.   This section is intended to provide an 
overview of the trade study method.    Figure 7 is a flow diagram for the method. 
(This figure is also used in Volume 11), and will be used as the basis for this dis- 
cussion.   The basic elements of the method are highlighted in Figure 8. 

IN PUT 
DEVELOPMENT 

INPUTS AND 
INPUT 

ORGANIZATION 

ESTIMATING 
LOGIC 

COST 
OUTPUT 

Figure 8.    Estimating Process Basic Elements. 

Input development relates primarily to the preliminary design interface and in parti- 
cular the supporting structural synthesis programs.   The development of inputs will 
be described and illustrated.   Inputs are categorized by method of handling,  i.e., 
NAM FEIST variables versus model card inputs, and by the nature of the input. 
These categorizations a.nounl to almost the same thing since the method of handling 
is specified by the nature of the imput.    NAME EIST variables vary with the design 
characteristics whereas the model card inputs consist of estimating coefficients 
that are baselined to the historical data base and vary only as values are reevaluated, 
The estimating logic consists of a series of cost estimating relationships that will be 
discussed and dial are listed in Appendix A.   The cost output, the product of the 
estimating process,  is the 'inal element of the process. 

G. S.  Eevenson and S.  M. Barro, Cost Estimating Relationships for Aircraft 

Airframes, RM-4ä45-PR, Rand Corp., December 1905. 
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tj.ist (HUpul 

Ihr i'ost nulpul Inniiats aiT a logical stalling • oim lor ihu niclliod ilc.srriiilioil.    A 
ii.niplrlc ^rl dl (luljiul (lala ivpiTsnils .'ili dilTcreiil compuUT pfinlnUtH,   A complelo 
st'! öl Uu'si' is ^ivun in s'olunio 1] \vil.li tJicii- loculion ^ivon in Table M-l.   Table 2, 
whicli also appears in S'olunio 11, summarizes the cost printouts involved in a trade 
study estimale.   The nuiniujr of priniout.*' varies with the number dl'dillerenl 
iiiuuiiiUes ineluded.    Figures !J,  10,  li, ;uid 12 show,  respectively, examples ol 
1 irst und rosl, a pi'odurl ion (|UajU ily mi this ease HJ)T^ !■! I, imn recurrinjj, desi;j,ii 
and development, ,uid a recurring jiroduetion summary.    The wing is used as the 
example in each case.    The remaininp; hardware elements are dealt with in a 
cdmparable nuuijier,  although tile detailed list of hardware eomponents making up 
each element dilTers.   The printouts lor the various production quantities, i.e. , 
KDT^l', production quantity 1, and production qutintity 2, are identical for each 
compment. 

Wing first I nit Cost, shown in Figure !3, involves delinition of COBI by primary 
;uid secondary structural element and by element of cost,  i.e., manu toe luring labor 
broken clown into fabrication and assembly tasks and production material.    Definitions 
for the breakdown arc given in Appendix A.   The use of first unit cost in the 
estimating process is discussed in Section 2.2.4 in connection with the derivation 
of CFKs. 

The cost of production units is estimated in the detail shown in Figure 10.   This 
breakout is identical to the one for first unit cost, and the estimates are made 
simply by a learning euive projection of the first unit values. 

Nor recurring uesign and development costs consist of engineering labor and material; 
icol engineering, manufacturing, ;uid material; manuu.vturing support; quality 
control; and manufacturing development.   These are for strueturaJ subsystems only, 
as si own in Figure 11.   Definitions are included in Appendix A. 

Figure 12 provides a summary of recurring airframe production costs.   This 
summary is provided for each of the production quantities estimates.    It summarizes 
manufacturing iiems of cost and provides for the estimating of sustaining engineering 
and tooling for the various production quantities.    Manufacturing costs are obtained 
from the detailed printouts.   The item "assembly" comprises hardware element 
subassembly and major assembly, as defined for primary and secondary structure. 

Generalized Cost Model (COSTC) 

The basis for the cost model programming is a series of cost estimating relation- 
ships contained on model eau's that are classed as input data..   This is made 
possible by a driver program that is referred to as the COSTC program.   COSTC is 
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;i i^riUTali/cd cost model llial arts u.s a data niana^ci' nl  inputs rotisisLillg nl the 

modcd rai'ds ronlaiilin^; inst i'iict ions tor caKulations aJid \ai'iai)l('s LISCI! in Ihrsc 

calculations,   'llu- variahK's arc lumdU*! In  Ihc NAMl.l.lS'J  convent ion.    'i'lic ('!•;!■!.-> 

art1 entered on the HKHH cards as Standard I'ortnui stalenicnts d'-cardsi or as a 

coded enl ry O -cards). 

The pro^ramininji, ai)proac)i using CnS'lV is ;ui integral part ol the cost medel com- 

puter program, aru! its operation is discussed 1'urtJier in Section IV.    1'or the 

pur])ose of di scribing the estimating method, however, Hume idea ol the model card 

CKH entry is needed.    Figure 1 ,'j is a sample of model card entries showing live 

tyiK's (CMKJiilg appears as the first letter of eaeli line - except in the case of a so-called 

bhmk card). 

a. The C-card, wliich tunctions as a standard commeift card. 

b. Tlie J)-card causes Lhu jirinting of the line just computer by the preceding 

calculation card ('/-, H-, or F-) aird columns ,'J-.'i8 are printed as the title 

for that line. 

c. The F-card, a generalization of the '/ card in which the computational 

formula is written on the card in a Fortran - compatible format,  rather than 

specifying a code for the desired formula as in the case of the '/-card. 

d. The H-card is again a special case of the '/-card.   Jf is used to transfer data 

within the SAV matrix and is explained in Volume 11, Appendix A. 

e. The blank-card is identified by the lack of symbols in the first, two columns. 

This card is ignored in the output printout but will be printed in the model card 

input printout.    It occurs just under F 38 1 in Figure 13 causing the printing 

of the symbols WC1 and Ml,  idenJfying the values appearing directly alxn'e 

in the line above.    (Key punch must coordinate the spacing. ) 

A complete listing of the model cards used is contained in Volume 11, Appendix A. 

This list defines the total set of calculations used in the estimating process,    '/-cards 

have been mentioned but not exemplified.   They are explained in Volume 11, 

Apjxjndix A. 

As -MX example ol the meaning ascribed to the model card entries, in Figure 13, the 

sixth F-card entry appears as follows: 

F 38   1     Cm   VVNG ♦  5.r).ü  *WJJ]     WNG **.G7 

This card says, first that it is on F-eard, that the results of the calculation called 

for are to be recorded in the SAV matrix on line 38, column 1, and that the 
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rali'ulutiun l« \K' iKTlnnned is: 

.r.7 
Cost    icm \v.\i.;xn^xWDi WNC;) 

vvhere 

Tin WNC A comiiUwity tuclor 

T)")    W(" 1 A relerencc cost per [wumi 

WD] WNC. WeijJU of Uic wing leading edge 

.(57      K7 WeiglU-i'wst scaling exponent. 

The SAV matrix is a feature of the CnSTC programming,    it consists ol a matrix in 
which the lines and columns identify the address where intermediate calculations are 
stored.    The address designations may themselves be used as inputs to the calcu- 
lation process.   A SAV matrix printout for the demonstration case is given in 
ApiKjndix (', Volume 11. 

The (.'OSTC program can, and perhaps should, be treated as a transparent program 
(i.e. , looking only at inputs and outputs).   This can be done without any fundamental 
loss in program understanding.   Use of the program does, however, involve under- 
standing several conventions such as that exemplified above.   The functions of the 
various types of model cards used are described in Appendix A of Volume 11, in- 
cluding the rules applicable to the use of each. 

Cost Kstimating Relationships 

A series of cost estimating relationships have been derived for estimating the sets 
of costs shown in Table 2 to the level of detail exemplified in Figures 9 through 12. 
The number and type of CKHs are summarized in Figure 14.   These CKHs are 
listed in Appendix A.   Their derivation is discussed in the following section. 
Volume 11 gives a complete synopsis of the CKRs relating cost estimates to equational 
form to input requirements ;uid sources and to the location of back-up data for cost 
estimating coefficients. 

Since the cost estimating relationships arc entered on model cards, they may be 
revised simply by a change to the relevant model card and a change, where necessary, 
to the NAMKUST variables and the COMMON block.   The latter change is necessary 
whenever the new CKH adds additional NA.MK1.IST variables.   Changes involving 
variables used only for the affected calculation produce no constraint.   The 
NAMKL1ST retains the conventional convenience of changing all uses of the variable 
with a single input change.   CKRs c;m thus, themselves, be classed and handled as 
input data. 
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The cnsl mode! logic is bused on Cldisol;! ccilnin lonn,  i)ul the dolinilioii nlso 
incliidi'S a sjx.H'it'ic but of IKISCHIU; est im;iliiig cocdTicicnls.     1 hese are ijasod on an 
cvalual .-in ot the historiral cost data base available at a given yioml in lime.   These 
roelliciei ts arc ealknl out on the model cards, and the mechanical process lor 
cliangin^ them ropresenls simplv a revision to a particular input card.   The basis 
lor the change,  however, typically involves a reevaluation oi' the data base. 

Kach ol l.he ('Id; lorms,  its derivation,  and the make up ol the esl imating coell'i- ients 
is discussed below in the section on C'KH derivations.    Ilowevei".  in order to expl tin 
the basic idea ol the estimating method,  a sample ol one i'\'M uscxl in each ol three 
cost categorieH is presented in Figure IT).    Numerous other examples might have 
been cited.   This will also seire as the basis For die explanation ot inputs and input 
ot'g;mizalion in connection with figure 7, which follows later,    figure 1(3, produced 
from Figure lJ,  identities which costs are estimated by means of the above CKHs, 

The above discussion leads logically into a discussion of inputs and input orgnnization, 
it is necessary,  however, to digress to cover the item of special procedures and 
analyses shown in Figure 7. 

Special Procedures and Analyses 

These are supplements to the basic estimating logic.   They are not specifically 
defined but are developed as the need arises for estimating problems that are not 
answered by the programmed CKHs.    A library of these would be maintained for 
ill possible use as a basis for modifying the estimating logic, and (2) analogs to be 
used in making future estimates.    Fxamples of the special cases that can occur are: 

a. Special bonding processes such as adhesive and weld bonding. 

b. Combinations of type of construction, as for example, a rib design that calls 
lor a rombinalion of machined caps iind built-up center web. 

c. Structure involving fuel tanks that are integral to the structure. 

d. Special structural features peculiar to the particular design. 

Some examples of supplemental estimating were given in Reference 1, namely 
honeycomb structure and fabric composites used as bonded reinforcement to con- 
ventional structure.   These procedures and analyses do not, by their nature, lend 
themselves to standard definition mid require solutions outside the model. 

Inputs and Input Organization 

Figure 7 shows inputs organized into two categories:   NAMFIJST variables and 
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model rnvd ('(ictTicicnl s, iu't;i(vrting CKHs as inpuls.    Fi^iire  I? will servo lo 
illus! i'iiie llic I sn.« ie cMlu^oh/nl ion,  :uul ulher ('I'M lorms to be described will be 
seen lo lollow this same general patlem.   The meanings ol the symbols illustrated 
are as follows: 

II. Fabrication hours tor ribs,  frames,  spar's,  longerons and covers 
rorrespondinp; to element inputs for element estimated, 

\V A series of weiidits for the eomnonenl estimated coded as:   W   , W   , 
i ,, 12 and W    tor three ixissible combinations ol r'ib tvpes; \\   , W _,  and 

...    ,,   '3 ' 4       5 
W     lor spurs . etc 

(i 

CM'.      ;      A series of complexity factors corresponding to the above series. 

\VT.    -       Computer summation of weights: 
\VT        -      Sum of rib weights 
W'Tl Sum of spar weights 
\VT2      -      Sum of cover weights 

ill'. A scries of reference cost per pound values for ribs, frames, 
spars, longerons, ;uid covers related to fabrication labor. 

K. A series of weight sctiling exponents for ribs, frames, spars 
longerons, and covers related to fabrication labor, 

R -      Assumed labor rale. 

The size parameters, which arc generally, but not always, weight, and the com- 
plexity factors vary with the design characteristics of the component estimated and 
are handled as N'AMKblST (SSI'/K) variables.    Figure 18 illustrates the associated 
computer program input card iind shows these variables for the wing.   The other 
variables shown relate to the remaining CKHs.   A NAMFLIST variables dictionary 
is contained in Volume II, Appendix 1).   As shown, learning curve variables are 
handled in a separate NAMF 1.1ST, that is $CFRVF.   The NAMFFIST $SFMMAHY 
applies to the system costing method. 

The model card coefficients consist of the terms HF. ;ind F..   These are baseline 
estimating terms and are based on ;in analysis of historical data.   This analysis and 
the nature of the data base changes that might give rise to a change in their value is 
explained as part of the CFH derivation.   As mentioned before, all such changes, 
are handled as model card revisions necessitating key punching revised cards or 
the use of Interactive Graphics, which would involve a tape file change by graphic 
display and keyboard control. 
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I.nbor i;il(" ;IIC luiiullcd as ;i N'AMKI.I.s'l' input. KM f).2i) ill Die illti.stmlinn. 'ihc 

fxa'iipli' in 1 ipire !7 i.s runccpUuil only, lunvtn'Cf, since Lilmr IMICS arc applied at 

an a^sii'cgalc level. 

riu< \,\ M l-'1 .IST diet ionarv tletines all such iiii)uls.    Model card inputs are called out 

on the model cards.    Volume II provides a complete discussion of inputs as they 

derive trom the individual CITJs,  starting on page <12.    Figure 1'.) provides a summary 

\ icw ol input organ i/.ai ion . 

llijTuj 1 'evelopment 

Volume II describes a complete set ol'worksheets that svoukl be used lor working up 

inputs lor a given estimate.    These inputs are discussed in the description ol the 

C'KHs themselves.   The process of ir.pul development is depicted in general terms 

in I'igure 7.    This picture is amplified by Figure lit), which will be used for a 

discussion ol input development.    Input development is crucial since the availability 

ol the proper inputs determines the success ol' the predesign estimating process. 

Also the development is not completely objective and needs to provide tor the ex- 

perience and judgment ol the cost analyst.   This I'igure also locuses in further on 

the interlace with the design synthesis programs. 

The source of A FAS inlets is not specified, but would be determined within a given 

predesign activity.    The input requirement is defined in Worksheet 1.  page 430, 

Volume 11, Apix'ndix -1.   A separate A FAS run is required for each of the structural 

elements:   wing,  hori/.onlal stabilizer, etc.    The various items of dimensional data 

used as CFU inputs are,  for the most pail,  throughputs to Ihc AFAS program. 

The aerodynamic surfaces secondary structure synthesis and weight analysis pro- 

gram has a set of inputs as defined in Worksheet ,'>,  page -140, Volume II, Apixindix  I. 

This program is also referred to as the leading-edge, trailing-edge program. 

Labor rates are applied to reflect the time period involved and the cost performance 

of the contractor.    Learning curve factors are based on historical data.   This study, 

however, has not been addressed to this problem at the detailed level at which 

production costs have been projected.    Costing factors include baseline cost esti- 

mating coeflicieius, complexity factors, and direct estimating factors.   Their 

development is a subject of discussion under C'FK derivation. 

2. 2.  1   DFHIVAiiON' OF CoST KSTl MATINF. H F lATlON'SHI FS.    The CFKs used in 

the trade study cost estimating method have been categorized as follows: 

a. First I nit Manufacturing Costs. 

b. Hecurring Fnit Costs. 
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c XimrivurnnjJ-iit'.si^i) and Ih^clopaicnt . 

(1. Kccurriiii; Ai tirainc I'l'inl'mil MMI Costs (Sum.tiaiy i 

I ipn'i's !),   10,   11,  and  ll' sci've In illnstralc, "ro>/i-:'.iS.'t ivuly, lhe.se faty^.irres.    CKH 

deri \ alidii will lie discussed witli i,el'ei'enee I«» Ihis ! rainew orl-,. 

1- ii-si unit rusts and recu laant; unil costs,  as seen from  lijj,ures D and 10,  use t lie 

same lireakdmvn ul cesl,  subject, however,  to the variations in! roduced beeause ul 

dilli'icnt ha rdw are (-dements considered,     the lii'st unit cost set nl numbers is not 

additive to the recurrinu, unit costs,  since the latter starts with the first unil.    The 

estimate ol li rst unit cost pros'ides the basis lor projecting ))rin!uclion costs.    'this 

is rcl'lected in the nature ol the I'i'lHs.    ('ate^ji'v _u_t'KHs use hardware characteristics 

to estimate costs.    Calegory _b CKHs consist merely ol' the e(|uational forms used to 

project the cost of production quantities 

As can lie seen from Table 2, the other dimension to the CKH requirement is the 

hardware element cstimaled.   The original set of C'KUs was devehqKjd for the 

horizontal stabilizer.    These were extended to the remaining el-jments of aero- 

dynamic surfaces, the wing and vertical stabilizer,  with no significant changes to 

the basic CKH forms.    Intension to the fuselage, nacelle,  and landing ^ear, ac- 

complished since the interim rapo'-t,  involved some changes.    The reasons for 

these are discussed in Section ,'i. 

Nonrecurring design and development CKHs cover primarily engineering, tooling, 

manufacturing support and quality control.    They are effected at the subsystem 

level of detail rather than the detailed level used for m;uiufacluring costs. 

'I he Hecurring Airlrame Production Costs Summary pro^ ides CKHs to summarize 

manufaetio-ing costs and a set of CKHs for Sustaining Kngineering and Sustaining 

Tooling,     •'slimales are provided for three alternative unit quantities:   HDT^K quan- 

tities and two alternative production quantities,    (figure \- shows only one pro- 

duction qiumtity based on the test case.i 

The complete set ol CKHs is summarized in Appendix A together with cost definitions. 

The complete set is also discussed in Volume 11 from the standpoint of the CKH form, 

its related inpu'.s, and die sources of these inputs. 

2.2.4. 1    first bait M:mulaeturin^ Costs,    figure 21 is marked to identify in terms 

of output, the basic CKH forms used to estimate manufacturing first unil cost.   The 

vertical stabilizer is used in the example so thai a comparison to figure !) c;in be 

trukle to give an idea of the difference in secondary structure components between 

hardware elements. 
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The (T'Hs used to cstinKilc (l('t;iil lalu'it'ulion and sulja.sscttibly lalxir hours are based 

im a cost inij, i'oiu-epl that predominates the nianufaelurinji; first unit CKUs.    'this 

Cünce])!  is illust rated in 1'i^ure L'L'      It is applied to both primary and seeondary 

st ructure 

The coiicept retie.s on a Cl.K that relates tlie results nl' a delinition ol a given hard- 

ware element in terms of its size and  relative complexity of manulaeture.    The 

analysis leading to the definition of size is pei formed by various design and weight 

synthesis programs     Size is usually, but not always, defined in terms of weight, 

('nmplexiiv is defined in terms of type of material and type of eonst ruction and is 

symbolized by a numerical complexity factor.    In the case of primary structure, 

the CKH develops a complexity weighting according to the mix of types of construction 

and  or material and uses tids as a multiplier of a baseline cost per pound coeffici- 

ent then scales this product against the weight of the component using a baseline 

scaling exponent.    Historical cost data is used in developing the baseline cost per 

pound and in establishing that the scaling exponent can be considered a consUml. 

The t'KH form allows lor consideration of three different material or construction 

tyix-'s.    In the case of secondary structure, the concept remains the same but the 

mix of types of construction and material docs not frequently occur- at die level of 

breakdown of the secondary structure components, and the weighting of complexity 

factors is nut provided for. 

()nc tnmslation of this concept to a CKH form has been illustrated in Figure 1", 

which gives a specific CKH form cited to illustrate the basis for the categorization 

of inputs.   This form is used to estimate detail fabrication and subassembly labor 

lor ribs, frames, spars,  longerons, and covers. 

The salient features of die concept are: 

a The determination of means of estimating suitable size parameters. 

b. The development of standard definitions of type of material and construction. 

c. A means for developing quantified complexity factors. 

d The use of historical cost data to develop baseline estimating coefficients. 

e.       The formulation of estimating relationships using the above factors. 

The estimation of size parameters in ;in iterative fashion, with consideration of 

sizing effects, is accomplished by means of the supporting structural synthesis 

programs, coupled with preliminary design and vehicle sizing activities.   The 

required parameters   i.e. , model inputsi can be developed manually for a point 

estimate, however, Uie requisite level of detail is not usually mi objective in pre- 
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(IcM^n uiihmil Ihc svnlhcsis progratiis.    '!'he suppoi'l in^, syiillicsis pfogninis are 
discussed in Scd ion V . 

I Vlinil iciis DI  m;ilcri:il ,ijid consl nicl ion tyiK'K,   in the case of primary slruclurc,  art' 
hast'd en liaise usuci lur slruclural -vmlicsis and woighl cslimat ion.    An allcrnntive 
wtmld have lieen the definilinn   and lc'\ el oldetaili LISCH.! lor eosl acconnlinfj,.    In the 
case ol secondaiA  structure, del in it ions are liased on standard weight slaleincnt 
del in itions, 

Tlie iie\ clopinent ol complexity laetors lor estimating mamilaclu rinjj, I'irxsl unit cost 
is discussed in Volume II, Section 2.I!.5,    As explained, complexity laetors were 
developed and summarized in a series ol tallies to support the estimating ol the 
delined ty])es ol material and construction.    These tables are included in the 
I stimatinu, Handbook, Section 'I.li.   The data from the series of industrial engineer- 
inu, studies that served as the basis for development of these laetors appears in 
.\p]M'ndix (i. Volume H      The industrial engineering estimates were based on an 
assumed first lot size of '.',2 units.    Average learning curve values were determined 
liased on manufaeturing exjxirienee to arrive at factors for determining the first 
unit cost. 

figure 2'.i gives a sample of manufacturing operations for a built-up web stifl'ener 
with four tyjKjs of materials showing the total estimated hours used as ratios for 
evaluating the impact of different types of material.   The complete set of operations 
is given in Appendix Cl for the various types of eonstruetion covered.   Table .'i 
;ho\vs,  as :in example, a summarization in the form of a completed complexity 
factor table. 

Volume 11 iSeetion 2.,'J.üi also describes the derivation of baseline estimating 
coefficients.   The final contract presentation, however, indicates the need for 
additional clarification.   The steps in the procedure are outlined in Figure 24.   The 
starting jxiint is the historical cost data collected for each type of cost for a given 
component of a hardware element.   An example is given in Figure 25, which shows 
hours pei1 pound against weight as the size parameter for rib detailed fabrication. 
Normalized data is produced by adjusting each data point by its corresponding 
complexity.   This involves identifying the type of eonstruetion ;ind material repre- 
sented and dividing the data point by the corresponding complexity value.   The effect 
of this process is to normalize all data points to the type of construction and 
material to which the complexity is referenced,    in this example, it is seen from 
Table 'A that this is built-up web stifl'ener with aluminum as the material,  represented 
by a complexity factor of 1. Ü.   Applying this process to each of the data points 
results in the adjustments shown in Figure 2ü. 

The next step in the development of the estimating coeilicient is the fitting of a curve 
to the data.   This step is also illustrated in Figure 2G.   A basic assumption is made 
at this point:   that the scaling of hours per pound with weight is a constant of 
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delcnninnble value. 

This assumption is based on empirical evidence, the resulta of several independent, 
internal studies.    The same observation and reported value has occurred in external 
studies, Heferenccs 5 ami G.    Reference 5 cites the so-called AUCO formula, which 
observes tha, cost weight scaling is comparable to iin 80'? learning curve.   This 
eciuates to an ex]X)ncnt value of 0. f>7B in the log-linear e(|uational form, 

b 
y     a\\' 

where 

y     Aggregate cost in hours 

a     The cost at W = 1 

\V - Weight of the components 

b  r Scaling exponent 

The empirical observations gave a result of 0.67.    ()n an hours per pound basis, 
i.e., dividing through by \V, 

W AV - W   ~ 1, orb = -0.33, 

the slojxj showii in Figure 2G. 

The value of y/W, at the point W -1, is the estimating coefficient for detail fabri- 
cath/ii labor for this particular hardware component.   Similar plots of data and 
analyse', to determine estimating coefficients were performed for rib, spars, 
covers, frames and longerons for wing, horizontal and vertical stabilizers, and 
fuselage for detail fabrication and subassembly labor.   The results are given in 
Volume 11 where they have been interrelated to a description of CERs in turn 
related to the printouts of cost estimates. 

To illustrate the organization of these estimating coefficients in the estimating 
method, 'fable 15 in Volume 11 is reproduced here as Table 4.   This table shows 

5. "Indices of Airplane Production Efficiency," Aircraft Resources Control Office, 
November,  1943. 

6. "Space Transport Cost Methodology. "  System Cost Office, The Aerospace 
Corporation, Contract No.  F04701-70-C-0059, August, 1970. 
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cost per pnuiul ladoi's lor detail lubrication labor lor hardware components of the 
structural hardware elements.   The model caixl in which the coelTicicnt is used is 
uulicated, die value ol the estimating coelTicient is shown and the location ol the 
original data charts in the appendices of Volume 11 is given.   Curve lit lines have 
•lot been drawn or these charts because significant changes may occur as the result 
ol the aci|Uisilion ol additional data. 

It should be noted in connection with the esi imating cocl'ficcnts that the values given 
are at a weight of one pound.    In use they scale down according to the weight of the 
comixmcnl.   Also they represent first unit cost, and in making comparison to quotes 
ol cost per pound figures, unit number scaling must also be considered. 

by reference to figure 21, the CKRs to which the costing concept described above 
apply can be seen.    So far, only the CVA\ for detail fabrication hours for the com- 
ponents ol die structural box has been discussed.   The remaining CKRs using this 
concept arc1 discussed below.   'Jlie CEH Cor subassembly labor for these components 
is ol exactly the same form, only the baseline estimating coefficient, and of course, 
the input variables, differ.   Comparisons of CKRs can be made by reference to 
Appendix A. 

CKRs for detail fabrication and subassembly hours for secondary structure follow a 
form that is the same in both cases.    For detail fabrication this is: 

I (-15    (\VC )(WD ) 
i ill 

i 

where 

11 Hours estimated 
i 

C15. Complexity factor 

WC.        Reference cost IKH pound 

WD. Weight of component estimated 

K, Scaling exponent 
i 

For subassembly, CB becomes CC, and WC becomes WF, and E becomes F, 
although the same assumption of constant slope is made. 

it can be seen that this form is the same as that for primary structure, except that 
the complexity factor is not handled as a weighted factor.   The costing concept used 
is exactly the   same.   Complexity factors are developed by analogy, and available 



laclors arc summari/.eti in 'i'ables 25 and 2(1 in Volume II lor detail fabricution ajui 
suliasscmljly,   I'rspcclively. 

The exphmalion ul' the procedui'e for developing eemploxily laetors relies on malerial 
from Volume 11.    Figure L'T is the first page I'rom 'J'able 25 ol Volume II mid shows 
eomple.xily laetors lor tleluil labrieation lor aerodynamic surtaees leading edges. 
Three types ol'data have been used in developing these laetors: 

a.        IIistorieal cost Jala. 

1).        Projxjsal cost data. 

v.       S]>eeial Industrial Kngineering analyses. 

The leatling edge will be used to illustrate. 

The A-X wing ;md the A-X and VKX horizontal stabilizers represent proposal data. 
The remaining points lor aluminum and the ß-58 data point represent historical 
data.   The data JXHIUS lor libreglass and boron aluminum for Model 880 and Model 
(J9ü, representing simple and complex types of leading edges, were developed by 
Industrial Kngineering studies.   An example of Ulis data is shown in Figures 28 and 
29.   A plot of all data is shown in Figure 30.   Complexity factors arc determined as 
the ratio between a selected baseline estimating curve defined by the log-linear equation 
equation form cklined above, with CB     1: 

F 
11 (WC)(WD) 

i 

As before II.     WC     baseline cost per pound where WD     1, assuming the same con- 
stant value for F.   In this ease the selected reference was the A-X horizontal 
stabilizer.   With this as a reference, die baseline estimating curve can be drawn as 
shown in Figure 31.   This then provides the basis for calculating complexity factors. 
Before proceeding to that, though, a word about how the data was plotted from 
Figures 28 and 29 to Figure 30. 

The data in these figures is for combined detail fabrication and subassenibly for a 
structure similar to the Model 880 in one case and the Model 990 in the other. 
Fstimated weights of these structures are shown.   At unit one, Figure 28 shows 
hours per jiound by material as:   aluminum, 10 hours/lb; fibreglass,  15 hours/lb, 
and boron aluminum, 30 hours/lb.   The ratio between fabrication and subassenibly is 
approximately 53'( and 47'(, respectively. 
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Weights: 

1 = All Aluminum Construction 557ff 

2 = Fibrcglass Construction .'jöO'* 
3 ■= Boron Aluminum Construction 279* 

100 

Boron Aluminum 

Aluminum Const. 

19 M/H Per Pound,  Equals 

53 01 Hours fe 100 

M/H Per Pound,  Equals 
Hours (a 100 

1.9 Manhours/Pound,  Equals 
1058 Hours (alOO 

10 100 1000 

Units Produced 

Notes:  This is a simple sLructure assembly consisting of skins, doublers, frames, 

and Is riveted.   The assembly is tapered from inboard to outboard in straitrht ele- 

ments.   Design is similar to Convair 880. 

The aluminum structure will experience a 78% learning curve.   The fibreglass 
structure will experience a 88% learning curve.   The Boron aluminum structure 
will ucperience a 92% learning curve.   The last two flat curves are due to require- 

ments for fixed cycles ( cure^uyup ).   Tolerance limitations which result in a 
higher rejection/rework rate hence higher costs. 

This assembly data is applicable to vertical and horizontal stabilizer assemblys 
where no rain erosion or antenna provisions are included. 

Figure 28.   Wing Leading Edge Assembly. 
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Note:   This is a complex structure assembly with a leading edge slat and associated 
mechanisms included.   Similar to the Convair 990 assembly. 

Figure 29.   Wing Leading Kdge Assembly. 
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This gives: 

A1 ui n inum l''il) re glass Boron Aluniinum 

I'aliricat ion (hours/11)) n. ;i 8 IG 

Component weights (lbs) 557 MO 279 

These ixjinls are ploltal on Wigure 30 iind labeled 1 - al for aluminum,  1 - FG lor 
l'iljreglass, etc. 

Figure 21) shows hours per pound by material as:   aluminum,  10 hours/lb; 
libregkr'.s, 20 hours/lb; boron aluminum, 30 hours/lb. 

This gives: 

Aluminum Fib reglass Boron Aluminum 

Fabrication (hours/lb) 5.3 10.7 16 

Component weights (lbs) 900 G30 540 

These ixjunts are plotted on Figure 30 and labeled 2 - al, etc. 

Complexity factors are obtained by dividing a data point by the reference line 
values at the same weight.   The resulting complexity factors are shown in Figure 27. 
This procedure was applied to obtain factors for the remainder of the secondary 
structure components for subassembly as well as detail fabrication. 

The above discussion has covered CERs for cost outputs labeled 1 and 2 in 
Figure 21.   A third type of CERs involves those for structural box assembly.    For 
cost modeling purposes this task is defined as the assembly of the components 
making up the structural box or primary structure of the hardware element being 
estimated.   The CERs used relate to basic processes of assembly driven by 
dimensional data. 

A series of seven CERs are used for estimating structural box assembly (or as it is 
titled, Basic Structure Major Assembly Labor).   These CERs are listed in 
Appendix A under the number 3 for the Figure 21 Reference and identified by the 
Volume II equation numbers of 3,  4, 5, G, 7, 8, and 9.   The set consists of the 
following factory labor representations: 

a. Transporting and Positioning - Aero Surfaces or Fuselage (3) 

b. Pane! Fit and Trim - Aerodynamic Surfaces (4) 

c. Panel Fit and Trim - Fuselage (5) 

Gl 



d. Assoniljly Clamp ;uicl Layout - ALTO Surfaces or Fuselage (G) 

c. Hole Drill ins:     Aero Surfaces or Fuselage (7) 

f. Finish OJK'rat ions - Aero Surl'aees or Fuselage (8) 

g, Fastener installation - Aero Surfaces or Fuselage (ü) 

The same set of equations are used for aerodynamic surfaces and fuselage.   The 
only difference between 1). and c. above is in the dimensions thai are used.   The 
basic CFH forms were derived during the feasibility study, and the derivation was 
reported in Hefemice 1,    Values for the various costing factors have been deve- 
loped and are reported in Volume II.   As an example of the results, Table 24 
from Volume 11 is reproduced herein as Table 5.   The value of the estimating factor 
is shown, as well as the location of the back-up data and the model card wherein 
the factor is used.    Inputs to Ulis equation set consist of the factors in Table 5 
(Vol. 11, Table 24),  factors for type of fastener as provided in Table 23, Volume 11, 
and inputs from the A PAS program. 

The fourth type of CER, as indicated in Figure 21, is Secondary Structure Major 
Assembly Labor.   These CERs are listed in Appendix A as "Figure 21 Reference 
No.  4," equations (12) and (13) for Aerodynamic Surfaces and (14 and (13) for 
Fuselage.   The CER for the assembly task is different in each case.    Equations (12), 
along with (13), was developed during the feasibility study and is reported in 
Reference 1.   The dimensional aspects of this CER were not suited to the fuselage 
and so equation (14), based on weight, is used for fuselage secondary structure 
major assembly. 

The fifth CER grouping is for Structural Material for Primary Structure, equation 
(IG).    This CER is carried forward from the feasibility study but expanded to 
provide for consideration of three different types of material or construction in a 
given design to parallel that capability in the labor CER.   The idea of a sealing 
of material cost with weight is based on empirical evidence, for example, 
Appendix 11,  Figure li-2, Volume 11. 

The sixth CER grouping identified in Figure 21 is for Structural Material for 
Secondary Structure, equation (17).   This CER is of exactly the same form as the 
one above except that, paralleling the labor CER for secondary structure, only 
one tyix1 of material and construction is handled. 

CER types 7 and 8 for Basic Structure and Component Assembly Material, equations 
(18) and (19) are each of the same form.   They are based on labor hour factors, 
modified by the fastener type and related to the corresponding labor hours. 

CER type 9, equation (15), simply represents the application of a percentage factor 
to the proceeding labor subtotal.   Type 10 and 11 are also percentage factor 
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applications,   Tho first is equation (20) for Primary Assembly Hours as defined in 
Apix'iulix A.   The second is equation (21) lor Major Mate Hours also defined in 
Appendix A. 

2.2.4.2   HecuiTin^; Production Costs.    Figure ,'!2 is marked to identify in terms of 
output, the groupings of CKH forms used to estimate recurrmg production costs 
The explanation is simple since only two types are involved, aside from the appli- 
cation of labor rates to convert hours to dollars, which is excluded.   The forms 
are; 

a, A log-linear unit learning curve projection. 

b. A percentage factor application or cost-on-cost form. 

The first, shown in Appendix A, Ec(uation (22), is of the following form: 

7 
I-or each mi it in the series  : 

b 
v a x 

i i 

where 
,.  ,     .th 

v.     r    cost ol the i— unit 
' i 

x. cumulative unit number 
i 

a       -   cost of the first article 

b      ~:   slope 

For the summation of units: 
n 

E > a /   J   x 
i      1       ' 

7.       J. VV. Noah and K, W. Smith, Cost-Cjuantity Calculator, RM-2786-PR, 
Hand Coi-p. , .January 19Ü2. 
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By clelinilion, Uio learning curve is t;xpressed as a deciniai percciitago meeting the 
tollowing eendition: 

b 1) 

S ^ . / ^     2   , or 
1) b 

a x x 

„  '"" 
In 2 

where 

S     the decimal percentage 

Equation {22) may be used for segmented learning curves if synthetic first unit costs 
are calculated external to the model. 

The second form is the same as equations (15),  (20) and (21). 

2.2.4.3   Nonrecurring Design and Development Costs.    Figure 33 is marked to 
identify the CER groupings used to estimate nonrecurring design and development 
costs.   In tliis categorization as before, summations, as of previously estimated 
hours, and the conversion of hours to dollars are omitted.   The CER forms that are 
referred for each grouping are numbered and described in Appendix A. 

Basic Structure Design Engineering Hours 

The first CER form is based on Equation (23) as shown and defined in Appendix A. 
It is: 

EE 
DEI! EH   (WAMPR ) 

i i i 

where 

DEH. The scries of engineering hours by hardware element. 

EH. Empirically derived estimating coefficient by hardware element. 

WAMPR. AMPR weight of the hardware element being estimated. 

EE Scaling exponent of engineering hours to weight. 

The data from which this CER form is derived is included in Appendix I, Volume II, 
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FigurcH 1-1 Lhruu^i 1-6.   Kigure 1-1 is rcpffxluccd hero as Kigiire 34 lor Uie puvpoac 
of illustrution.   The huixiwure elements covered are Lhe same as for imimilacluring. 
The osUniutin^ eoelficienl is the value of DKI1 where WAMI'R     1 lb (JII Lhe projection 
of a "best fit" curve.   A constant scaling cxjxjncnt is tentatwely assumed. 

The present form of the CKH does not provide for complexity.   Consideration was 
given to redefining the best lit curve as a reference and modifying KH by a complexity 
factor.   Two problems were evident:   the paucity of data and the fact that relation- 
ships do not suggest themselves in the case of design engineering.   A format has 
been established for further cost data collection to improve the first situation and to 
provide for additional data analyses to attempt to quantify complexity.   Alternate 
values of KI1 vim IK' introduced based on analogy to the given data points. 

Configuration Design Engineering Hours 

This CKU form is based on Equation (25) and consists simply of the application of a 
percentage factor to the basic structure design engineering hours.   The factor is 
based on historical data given in Volume Q, Appendix 1. 

Engineering Material 

The third CER form is again a cost-on-cost percentage factor.   A value of 0.15 
based on available cost histories is programmed into the present model. 

Basic Tool .Manufacturing Hours 

CEll form 4 is based on Equation (28) defined in Appendix A.   it is of the following 
fo rm: 

HTMII      -      TME    (WAMPR )" 
i i i 

where 

BTMH, - Basic tool manufacturing hours by hardware element. 

TME. - Empirical estimating coefficient by hardware element. 

ET - Scaling exponent of tool manufacturing hours to weight. 

The back-up data for this CER derivation is included in Appendix I, Volume n, 
Figures 1-7 through 1-11,   Figure 1-7 is reproduced as Figure 35 to illustrate the 
discussion.   This equation is the same in form as Equation (23) for engineering. 
The term TIME is handled differently from the term EH,   A rationale for complexity 
variations is discernible in the case of tool mamuacturing.   This is illustrated in 
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Table 6 (Table 40, Volume II).   This table is baselined to the data plotted in Figure 
1-7 through 1-11 (Volume II) by defining the best fit curve as "regular supersonic" 
with a "complexity factor" of 1. 0.   Complexity is built into the table as indicated by 
the values given in the complexity column.   This matrix is subject to verification as 
data is accrued. 

Rate Tool Manufacturing Hours 

This fifth form is based on Equation 29 as defined in Appendix A.   The form of this 
CER is suggested by Rand Corporation studies, Reference 8.   The value of the 
production rate exponent, ER, has been adjusted based on contractor experience. 
Also, some ambiguity occurs in attempting to define a base for a one-unit per month 
production rate. 

Basic Tool Engineering: Hours 

Form 6 is based on taking a percentage factor of basic tool manufacturing hours. 

Rate Tool Engineering Hours 

Form 7 is based on talcing a percentage factor of rate tool manufacturing hours. 

Manufacturing Development and Plant Engineering Hours 

The eighth CER form, as indicated in Figure 33, is based on a percentage factor: 
the rates of manufacturing development and plant engineering to total tool manufactu- 
ring hours. 

Tooling Material and Other Dollar Costs 

CER form 9 is a cost-on-cost form:  a per hour allowance on total tool manufacturing 
hours. 

Manufacturing Support Dollar Costs 

CER form 10 is based on a percentage factor based on manufacturing experience. 

8.       G. S. Levenson and S. M, Barro, Cost Estimating Relationship for Aircuift 
Airframe, RM-4845-PR, Rand Corp., December 1965. 
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Quality Control Hours 

CER form 11 is based on taking a percentage of the configuration design engineering 
hours plus a percentage of total tool manufacturing hours. 

2.2.4.4  Recurring Airframe Production Costs (Summary).   Figure 36 identifies the 
CER groupings used to provide the recurring airframe production cost summary. 
It is based on test case results in which only one production quantity is involved. 
The calculations are the same for each quantity so only one needs to be explained. 
The first, RDT&E, is used.   Again the process of converting from hours to dollars 
is omitted.   The reference to equation numbers is from Appendix A, which gives a 
listing of CERs, their form and definition.   Sustaining engineering hours, sustaining 
tooling hours anc1 primary assembly and major mate material are items of cost 
that are introduced for the first time.   As indicated in Figure 36, six different CER 
forms are involved: 

Sustaining Engineering and Tooling Hours 

These two CER forms are taken from the Rand methodology, Reference 8.   This 
approach agrees reasonably well with contractor data. 

Manufacturing Summary:  Detail Fabrication, Subassembly and Assembly Labor and 
Material Cost 

This CER form is used to provide a summarization for each hardware element for 
each of the above cost categories.   These three types of cost are handled in the same 
way as described for the progress curve projection procedure used for recurring 
production costs for structural elements, except that for RDT&E units the following 
equation is used. 

v^   x 
Cost estimated = PI >      U. 

i = 1 

where 

PI First unit cost 

P2 =      The number of RDT&E Units 

U Unit number 

lnP3 
In 2     ' 

P3      =      Learning expressed as a decimal fraction 
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The estimates for each hardware element are summed to give an appropriate labor or 
dollar total. 

Primary Assembly and Major Mate Hours Quality Control Hours 

These are identified as forms 4 and 5 ou Figure 36.   Each is a summarization of a 
previously estimated set of hours with the application of a percentage factor. 

Primary Assembly and Major Mate Material 

CER form 6 supplies an estimate of production material for support of primary 
assembly and major mate as related to individual hardware elements.   The estimate 
is made as a percentage of structural material. 

2.3  DEVELOPMENT OF THE FUSE LAGE-NACELLE-LANDING GEAR MODULE 

Study activity since the interim report has been primarily concerned with extension 
of the estimating method into the areas of the fuselage, nacelles and landing gear, 
with whatever modifications that were necessary for such extension.   Activity 
included the following items for fuselage and the other structure: 

a. Development of additional cost data. 

b. Derivation of first-imit and nonrecurring CERs. 

c. Development of complexity factors. 

d. Development of baseline estimating coefficients. 

e. Development of appropriate supporting structural and weight synthesis programs 

f. Development of cost estimating methodology for other basic structure: 
nacelles and landing gears. 

g. Modifications to the cost model computer program, 

h.       The estimating of test cases. 

This section of the report provides a statement of the approach to that portion of the 
study.   Other sections of the report include the results of this activity since they 
discuss the total methodology.   In the sections above all aspects of the method were 
described.   In the sections that follow this is also true.   The cost model computer 
program describes the entire program including the fuselage routines.   The section 
on design synthesis and weight analysis supporting programs provides a discussion 
of each of the programs involved.   The method demonstration is also, of course, 
related to the entire method. 
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2.3.1 DEVELOPMENT OF FUSELAGE COST DATA.   The total data sample i'rom 
which fuselage cost data was collected and analyzed consisted of the following 

ai re rait: 

F-111A VSX (Estimated) 
B-58 A-5A 
AX (Estimated) T-2A 
F-106 
F-102 

F-106 and F-102 data availability was limited to production data.   B-l, 747 and F-5E 
data, which were expected to become availabel from various Air Force Studies, 
have not yet become available.   DC-10 data has not been cleared contractually for 
unlimited distribution.   The possibility of obtaining C-141 and C-5 fuselage cost data 
from Air Force sources has not been developed.   F-111A data consisted primarily of 
elements of the structure subcontracted to the Convair Division. 

In addition to the available data, the results of special industrial engineering studies 
were utilized.   These involved investigations of secondary structure components on 
the basis of a substitution of materials and determining the expected impact on cost. 
The results of these studies appears in Appendix G, Volume II, together with 
similar data for aerodynamic surfaces. 

2.3.2 DERIVATION OF COST ESTIMATING RELATIONSHIPS.   In the extension of 
method to the fuselage, nacelle and landing gear, as much of the aerodynamics 
surfaces methodology was retained as was possible,   hi certain instances changes 
were indicated, however.   The following is a review of the CER structure indicating 
differences that arose,    (Equation numbers are referenced to Appendix A) 

First Unit Cost 

Equations (1) and (2) for detail fabrication and subassembly labor were considered to 
be equally applicable to ribs, frames, spars, longerons and covers.   In the series of 
equations for basic structure major assembly labor, equations (3) through (9), one 
equation required modification for estimating fuselage structure but this was merely 
to redefine inputs.   In each case the computer program handles the matter of 
counting items of structure, e.g., right and left wing as opposed to only one fuselage. 
Equations (10) and (11) for detail fabrication and subassembly are used without change. 

The CERs for component major assembly labor required modification.    Equation (13) 
is used throughout bul equation (12) is replaced by equation (14) for the fuselage (also 
the nacelle and landing gear).   A suitable relationship to dimensional data coidd not 
be found in the case of the fuselage, and a CER based on weight was substituted. 
Structural material cost CERs for primary and secondary structure are used 
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throughout.   This is also true of basic structure and component assembly material 
cost and primary assembly and major mate. 

Hecurring Production Costs by Structural Element 

Since this series of estimates involves only the process of learning curve projection, 
application to fuselage components introduced no changes. 

Nonrecurring Design and Development 

This category involves basic structure design engineering hours, configuration design 
engineering hours, engineering material, basic tool manufacturing hours, basic 
tool      ■;ineermg hours, quality control, and other support activities estimated at the 
subsystem level.   The applicable equation are equations (23) through (39).    (Note 
that those equations not mentioned in Appendix A are covered in Volume II.)   No 
change in CER forms were involved, however, some CERs required the collection of 
additional data and the development of estimating coefficients.   These were: 

a. Basic structure design engineering hours 

b. Configuration design engineering hours 

c. Basic tool manufacturing hours 

Data collected for each is shown in Appendix I of Volume II. 

Recurring Airframe Production Costs (Summary) 

This category includes equations (40) through (45).   No change in CER forms were 
involved. 

2.3.3 DEVELOPMENT OF COMPLEXITY FACTORS.   Additional complexity factor 
tables were developed for the expanded method for primary and secondary structure. 
For primary structure, these are Tables 10, 12, and 14 (in Volume II) for detail 
fabrication and Tables 1^, 19, and 21 for subassembly.   For secondary structure, 
all factors are combired in Table 25 for detail fabrication and Table 26 for sub- 
assembly.   Development of complexity factors was accomplished in the manner 
described in Section 2.2, 4.1.   In the case of the fuselage, complexity factor deve- 
lopment, in some cases, involved proprietary data that Is not reproduced. 

2.3.4 DEVELOPMENT OF BASELINE ESTIMATING COEFFICIENTS.   The deve- 
lopment of baseline estimating coefficients was also handled in the same manner as 
was described in Section 2.2. 4.1.   Data collected is shown in Appendix F of Volume II, 
Baseline factors are located and referenced in the same manner as In the previous 
method.   Back-up data for fuselage factors are not as extensive as for aerodynamic 
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factors in the contractor's data base.   Where data was lacking, estimates were made 
by analogy.   The method does seek to identify the data collection format for future 
reference. 

2.3.5 DEVELOPMENT OF SUPPORTING STRUCTURAL AND WEIGHT SYNTHESIS 
PROGRAMS.   As can be seen from Figure 20, Input Development, technical inputs 
as opposed to costing factors are obtained primarily from the so-called supporting 
synthesis programs.   These sources are as follows; 

a. Dimensional data from the APAS program. 

b. Estimates of primary structure weights using APAS theoretical weights and 
applying weight correlation factors. 

c. Estimates of secondary structure weights obtained from the secondary structure 
synthesis and weight analysis program. 

d. The program for development of aircraft fuselage, nacelle, and landing gear 
weights. 

The dimensional data are for the most part throughput data to the APAS program. 
The second and third items were developed in connection with the aerodynamic 
surfaces and are discussed in Volume II of Reference 2.   The fourth item was 
developed to support the extension of method to the fuselage, nacelles, and landing 
gears.   Section V of this report is devoted to a discussion of these programs:   a 
summary in the case of the first two and a detailed description (by means of 
Appendix C) in the case of the latter.   A study of finite element synthesis as a 
substitute for the APAS program is also discussed. 

2.3.6 NACELLE AND 1ANDING GEAR DEVELOPMENT.   The extension of the 
estimating method to the nacelle and landing gear presented additional problems. 
In the first place, neither involves what for the puqooses of this study has been 
classified as primary structure.   The breakdown of components used for estimating 
purposes consists of the following structural elements: 

Nacelles 

Nacelle structure and covers 
Pylons 
Main landing gear door 

Landing Gear 

Brakes 
Brake controls 
Wheels 
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Tires 
Oleos 
Axles, trunnions, and fittings 
Drag braces 

Very little cost data was available for these breakdowns.   First unit cost CERs for 
primary structure excluded both items.   Secondary structure estimates were made 
in the same manner as for other structural elements.   Methodology for estimating 
nonrecurring costs was simply an extension of the previously developed method. 

2.3.7 COST MODEL COMPUTER PROGRAM MODIFICATIONS.   The final resulting 
cost model computer program is described and discussed in. Section IV.   Addition of 
the fuselage, nacelle, landing gear capability required several modifications to the 
program created for aerodynamic surfaces.   The program was, of courre, expanded 
by the addition of elements.   A major expansion was undertaken to add the capability 
for applying learning curves at the component level of detail.   Several format 
improvements were introduced. 

2.3.8 ESTIMATING TEST CASES.   The B-58, A(X) and Model 880 fuselages wei« 
run as test cases in the development of the fuselage module.   A series of APAS mns 
was made to provide the input data for the fuselage, nacelle and landing gear weights 
program, which was in turn run to provide weights data.   Test case inputs and out- 
puts for this program are shown in Appendix C.   Resulting cost estimates were 
analyzed and used in evaluating baseline cost estimating factors.   The computer 
printouts obtained are not reproduced in this report, but have been retained.   These 
results are not particularly of current interest because of changes that have occurred 
both in the program and in the estimating coefficients. 

2.4   FUTURE DEVELOPMENTS 

An assessment of the potential for further development of the method has resulted 
from the study.   Several additional studies suggest themselves: 

a. Extension of the cost data base (I) to provide data for missing components and 
(2) to extend the data base into advanced type structures. 

b. Further test and evaluation of the method for further familiarization and to 
eliminate program discrepancies. 

c. Improvements in certain specific cost estimating relationships in the areas 
of raw material costs, assembly modeling, commonality, and the treatment of 
advanced structures and composites. 
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d.       Modification of the estimating logic to provide for determining the sensitivity 
of recurring cost to production rate. 

c.       Development of data to show variation in learning due to type of material and 
type of construction. 

f. Incorporation of additional calculations to provide a readout of the dollars/lb. 
and hours/lb. implication of a given estimate. 

g. Performance of additional estimating runs using the updated method to further 
calibrate estimating coefficients and to evaluate estimating capability. 

h.       Operation of the cost model in conjunction with supporting synthesis programs 
to establish guidelines for using the combined programs in design-to-cost 
trade-off studies. 

A cost data collection format has been established, and a number of ongoing studies 
arising out of the Air Force Flight Dynamics Laboratory's sponsorship of Advanced 
Development Program warrant monitoring.   Continuing literature review and an 
interchange of data with other contractors are also possible sources of additional 
data. 

This co.st model has neen developed in response to a recognized need for a cost 
model that was sensitive to variations in the materials and type of construction in 
a particular design.   The need was in relation to trade studies to evaluate the 
impact on cost of using advanced technologies in structure and materials.   More 
recently the Design-To -Cost approach in the acquisitün of new weapon systems 
has increased the need for models of this type.   The additional developments outlinet 
above, including the experience gained from use, will greatly enhance the program. 
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SEC1.3N III 

ÄIRFRAME SYSTEM COST ESTIMATING METHOD 

The rationale for having both a trade study and a system cost estimating method and 
the preliminary design applications visualized have been described in the previous 
sections.   This section describes the system cost estimating method and its operation. 
The development of the system cost estimating method has been accomplished sub- 
sequent to the Interim Report.   Limited study resources have been assigned to this 
task since primary emphasis has been given to development of the trade study 
methodology.   The results of Independent Research and Development has been used 
in the development of the method, in particular References 9, 10, and 11. 

The difference between the two methods in hardware elements covered is illustrated 
in Figure 37.   This also illustrates the difference in meaning ascribed to the term 
"airframe" when used with respect to each method. 

3,1   METHOD DESCRIPTION 

A flow diagram of the system cost estimating method is shown in Figure 38.   The 
basic elements of this method are essentially the same as was shown in Figure 8 for 
the trade study method.   With changes indicated these are: 

a. Costs estimated (cost output). 

b. CER structure (estimating logic). 

c. Inputs and input organization. 

d. Input sources (input development). 

fJ.     R. E. Kenyon and R. J. Reid, 'Aircraft Cost Estimating Relationship Improve- 
ments, Construction and Material Effect and New Data, " GDC-ERR-1 J33, 

Convair Aerospace Division of General Dynamics, January 1972. 

10. R. E. Kenyon and J. M. Youngs,  'Airframe Structure Cost Estimating Relation- 
Ships and Expanded Cost Data Base, " CASD-ERR-73-059, Convair Aerospace 
Division of General Dynamics, December 1973. 

11. R. E. Kenyon and J. M. Youngs, "Airframe Structure Cost Estimating Relation- 
ships," CASD-ERR-74-005, General Dynamics, Convair Division, December 
1974. 
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WORK BREAKDOWN TRADE SYSTEM 
STRUCTURE STUDY 

COSTING 
COSTING 

AIRFRAME 

Wing X X 

Horizontal Stabilizer X X 

Vertical Stabilizer X X 

Fuselage X X 

Nacelles X X 

Landing Gear X X 

Surface Controls X 

Fuel System X 

Furnishings & Equipment X 

Environmental Control X 

Hydraulics/Pneumatic s X 

Electrical/Electronics X 

Instruments X 

Auxiliary Power X 

Engine-Associated Equipment X 

Avionics Installation X 

Alrframe Assembly X X 

Figure 37.   Trade Study versus Systems Costing WBS Inclusions. 
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3.1.1 COSTS ESTIMATED.   Costs are estimated in Uie categories of. 

a. Nonrccurnng Design and Development Costs. 

b. First Unit Manufacturing Costs. 

e.       Recurring Airtrame Production Costs. 

The breakdown by aircraft subsystems is illustrated in Figure 39.   Recurring air- 
frame production costs use the same breakdown as first unit costs.   The cost output 
formats are illustrated in Figures 40, 41, and 42.   The CERs used to produce these 
estimates are defined In the following section. 

3.1.2 CER STRUCTURE.   Cost definitions, CER forms, and inputs and input 
organization were described in Section 3 of Volume II.   For completeness and ease 
of reference a list of the various CER forms used is also included in this volume as 

Engineering Toof Mfg. Manufacturing 
Direct Labor Direct Labor First Unit Cost 

Structural Subsystems 
Whig X X X 

Horizontal Stabilizer X X X 

Vertical Stabilizer X X X 

Fuselage X X X 

Nacelles X X X 

Landing Gear X \ X 

Functional Subsystems 1 
Surface Controls X j X 

Environmental Control System X 1 X 

Hydraulics/Pneumatics X j X 

Electrical/Electro nicl X 1 X 

Instruments X x\   Other X 

Auxiliary Power X j X 

Armament Provisions X I X 

Elaine Associated Equipment X I X 

Fuel System X X 

Avionics Provisions X X 

Furnishings and Equipment X X 

Support Engineering X 

"igure 3Ü.   Aid'rame System Cost Estimating Structure. 
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ApiK'tulix l\.   The (terivutioii of these CKIts i.s ciiscussecl in Section 3.2 below.   The 
total CKH structure consists of these CKH forms expiuided l)y the insertion of the 
appropriate estimating panuneter(a) and cost estimating coefficients.   The total 
structure then corresponds to the items of the computer 'printout.   This correspon- 
dence has been defined in Volume 11.   To illustrate, take the example of Equation (1/ 
drom Appendix B) for Basic Structure Design Engineering, as shown in Figure 43. 
(This figure is also used to illustrate the discussion of inputs and input organization. 
Kach term of the basic equation represents a series of inputs corresponding to Uie 
index numbers for the structural elements estimated. 

The correspondence between CKHs and cost output is shown i;  Table 7 (Table 42 
from Volume 11) lor nonrecurring design and development cost.   This category 
accounts for most of the CEH forms used.   Table 7 is arranged in the same manner 
as the computer printout, and llie referenced equation numbers can be related to 
outputs.   This table provides one additional piece of information:   the location in the 
computer model card deck of the model card containing die estimating equation. 
Tables giving the above information for the remaining cost categories appear in 
Section III, Volume II. 

COMPLEXITY FACTOR 
HISTORICAL DATA 

DE       F     (EC ) (WE 
i        ij^    i      V i 

^ESTIMATING COEFFIC1ENT 
HISTORICAL DATA 

COST/WEIGHT SCALING EXPONENT 
HISTORICAL DATA 

(1) 

SIZE PARAMETER 
GROUP WEIGHT STATEMENT 

and 

DE      Design engineering hours for each structural element estimated 

i Index numbers,  1 through 6 for: 
Wing 
Horizontal Stabilizer 
Vertical Stabilizer 
Fuselage 
Nacelles 
Landing Gear 

Figure 43.   CER Form and Input Definition - Basic 
Structure Design Engineering. 
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;i- '   :'!   ('! 'M 1'1'TKH l'l{(x'iHAM.   '1 he syslem cost ostimating method and the trade 
study mcthiHl use tlu^ same computer program, sharing different portions of the 
NAMK1.1ST section .ind the model card section.    The COS'l'C program deck is 
eommoii to both methods. 

ApiK'tulix K ol Volume II provides in form alien to describe the system cost estimating 
computer program module consisting of a listing of input elements, a listing of the 
program model cards ;ind NAM K 1.1ST variable input cards, the SAV matrix printout, 
a XAMKUST variables dictionary, and a summary of F-card coefficients. 

The computer program is operated in different modes (i.e. , trade study costing only, 
syslem study costing only, dual-mode operation, limited inclusion of hardware 
elements, and eliminating aliernalive production quantities) by removing the corres- 
pondinu, model cards from the input deck. 

'A. i. •(   INPUTS AN1) IMHT üHCANl/.ATlüN.    Inputs for the system method are 
organized in the same  vay as for the trade study method.   Inputs are made up of 
NAMKUST variables and model cards with the latter consisting of estimating 
coefficients and CKHs.   Basically, NAMKUST variables relate to the design 
characteristics of the hardware element estimated and estimating coefficients to the 
historical data base.    CKKs are again handled as input data. 

The NAMKUST variables dictionary provides for the entry of an inpu* value and thus 
serves as an input summary table.   The summary of F-card coefficients references 
the location of available back-up data, that is the historical data base. 

:L 1. f)   INPUT Sni'HCKS.   Input sources are described in Volume II, Section 3.3, as 
part of the input description related to the description of CERs,   The sources of 
input data are not formally defined.   A group weight statement is required for sub- 
system weights.   Design and program data are obtained from the pre-design 
activity.   The remaining inputs are derived irom the historical data base. 

3. 2   CKH DKRIVATION 

The derivation of the basic CKH forms is described in the following sections. 
Equation numbering is taken from Appendix B. 

3.2.1   NONHKCFH1UNG DKSIGN AND DKVKLOPMKNT COST.   The discussion of 
CEH derivation will be concerned only with primary CERs.   Summations, such as 
equations (4) and (7), and the conversion of hours to dollars, equation (5), are 
omitted. 

In addition, certain of the forms are derived from the trade study method and are 
not discussed further.   These consist of the use of a percentage, factor or ratio 
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hasod on numutueturing ox}x;rtenco <md include: 

 Title  Kgualion No. 

Kngineerinff Material Costs (G ) 

Basic Tool Kngtneerlng Hours jlü) 

Rate Tool Engineering Hours {!]) 

Tool Material Costs (12) 

Manufacturing Aids Costs (13) 

Manufacturing Development Costs (14) 

Quality Control Hours (10) 

The CKH lor Rate Tool Manufacturing Hours, equation (9), is based on Rand 
methodology (Reference 8) and is the same as was used in the trade study method. 
Equation (15), Manufacturing Support Costs, is also based on a Rand concept, 
Reference 8, with an inflation factor added. 

The derivation of the remaining CERs is discussed below.   These consist of: 

a. Basic Structure Design Engineering Hours 

b. Configuration Design Engineering Hours 

c. Equipment Design Engineering Hours 

d. Basic Tool Manufacturing Hours 

These CERs, except the third one, are also used in the trade study method. Since 
in the system method concern is for the more broadly defined concept of airframe, 
a breakout for a complexity factor is provided. (The same results can be achieved 
in the trade study method by considering the estimating coefficient as consisting of 
a product: complexity times a baseline estimating coefficient.) In the case of 
Configuration Design Engineering, this results in a change in the CER form. 

Basic Structure Design Engineering Hours 

This form and the hardware elements for which it is used were illustrated in Figure 
43.   The cost data for its derivation is given in Figures 1-1 through 1-6 in Volume 11, 
Appendix I.   Figure 44 reproduces Figure 1-1 for purposes of explaining this 
derivation. 
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This li^urc shows the lurni of Hie VVAi ;is used for trade study eHlimuting.   Tho 

saiiic t'Stimating cocfl'it'ienl and HcaHni;'exjxmcnl arc USCMI in both mothods.   The 
system metJiod provides lor a complexity factor to be taken at a value other th;m one 

in those cases were :ui analogv to a specific data point is felt to be more accurate 
than the best fit curve.   The same effect can be achieved in the trade study method 
by means ol an f'-card change ol the csiimating coefficient. 

With the presently available data base, it api)ears that for initial engineering labor 
hours versus weight a scaling factor of O.öü is a good indicator' of the scaling 
relationship between hours and we'ght.   This sealing factor has been used lor each 
ol the elements of the initial engineering task, .'uid the assumption of a ■ insistent 
trend apixvars to be verified. 

Curve-litting of the data is accomplished by a freehand graphic method.   The 

estimating coefl 
arc as follows: 
estimating coefficient is the value of KC   at WK       1 lb.   The coefficients derived 

i i 

Klement KC 
  __i_ 

Wing 540 

Horizontal Stabilizer 428 

Vertical Stabilizer 400 

fuselage 1200 

Nacelle 1200 

Landing Gear 560 

Configuration Design Kn^ineering Hours 

The form ol tiiis CKH is: 

CDK     F (KC) (WA.MP) "' 

where 

CDK Configuration design engineering hours 

K Complexity factor 

KC Kstimating coefficient 

WA.MP AM PR weight of the total basic structure 

K Cost/weight scaling exponent 

The data used in the CKH derivation is shown in Figure 45.    Curve-fitting of the 
data is again by a freehand graphic method.   The estimating coefficient as indicated 
has a value of 1840. 
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Kquipinont Design Mn^ineorin^ Hours 

The form ol this ("Kli is exactly the same as for basic structure design engineering. 
The cost data for its derivation is given in Figures 1,-2 through L-12 in Volume II, 
ApjK'ndix I.,    figure 40 reproduces figure L-3 for purposes of explaining this 
derivation.   The assumption of constant scaling ;ind the method of derivation are 
the same as above. 

Basic Tool Manufacturing Hours 

As shown in Figure 39, tool manufacturing labor is estimated in six categories.   The 
data base is given in Figures 1-7 through 1-1] and I.-13.    Figure 47 illustrates the 
data and the derivation.   The sealing exponent for tooling is 0.75.   The curve- 
fitting is freehand.   The resulting CFR form is: 

T. 
BT. - TF   (EC ) (WK ) 

i i i i 

where 

BT.        -   Basic tool manufacturing hours by hardware element 
i i 

TF. Complexity factor 
i 

EC. Estimating coefficient 

WE, Weight of the structural element estimated 
i 

T. Cost/weight scaling exponent 

i Index numbers 1 through 7 for hardware elements 

The resulting estimating coefficients are: 

EC 
Index , Element _i 

1300 

750 

ÜÜ0 

1240 

1240 

N/A 

G00 

97 

1 Wing 

2 Horizontal stabilizer 

3 Vertical stabilizer 

4 Fuselage 

5 Nacelles 

G Landing Gear 

7 Other Structure 
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Complexity tartors have been develuped based on Uu1 results of the horizontal 
stabilizer feasibility study.   In the system eosling method the estimating cocflieienU 
;md the complexity factors are used singly whereas in the trade study method these 
terms are combined as the product TMF.   The series of factors wus given in Table 
G, which is set up for cither method. 

3.2.2   VUlü'Y INIT MANTFACTUHLNC COST.   Only one CKU form is involved in 
tile estimating of first unit manufacturing cost in the system method,    it is used for 
each of the elements of basic structure and mechanical subsystem.    It estimates 
combined labor and material costs.   The form is 

K, 

Cl-T       IV    (KC ) (WK i   '  (INF)   •  (SAV ) (17) 
iiii i 

where 

CFU Labor ;UK1 material first unit cost of the element estimated, 
i 

t'F Complexity factor 
i 

FC Fstimating coefficient 
i 

WK. Weight of the hardware element being estimated 

F. Cost/weight scaling exponent 

INF Adjustment of llJ70 data base to 1974 base 

SAV. SAV matrix address for pick-up of trade study method 
estimate. 

i 

This form is the same log-linear relationship previously used.   The data base is 
contained in Figures L-l4 through L-30 in Volume II.    Figure 48, which repro- 
duces Figure L-17,  is used to illustrate. 

The assumption of constant cost-weight scaling cannot be made because of the 
variability introduced by combining labor and material.   The data base represented 
by the above referenced figures was reviewed and fitted by a freehand curve in each 
case.   The resulting set of estimating coefficients and scaling exponents is given 
in Table 8.   These have been entered in the cost model as F-card coefficients. 

For all of the subsystems for which equations were generated, a nominal or 
benchmark set of equation constants is represented with the complexity factor set 
at one.    Excursions are made from this baseline to indicate the effect of changes 
in a specific design.   In some cases, as in Figure 48, mu'tiple curves are assumed 
based on an apparent stratification of the data. 
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nhlc s.    First I'nil ("nsl ■ i'isli mating (.'oeHic'icnLs 
;ui(l Seal ing HxponefÜH. 

Hanluart' KIcmoul 

Index 

No. 

! 

F st i mating 

roelTicient (FC ; 
i 

Scaling 

Fxjxment (F.) 

Wing 1080 .70 

KniiH'nnagt- 2 2m.) . G5 

i'uselagr ■1 2000 .70 

\acTll"s 5 2100 .00 

Landing Cvav Ü 525 .70 

Suii'at'e Conlrois 7 1055 .80 

Air Conditioning 8 1550 .71 

lly<i •auiics -PncumalicH 9 3200 ,70 

Kleelrical Subsystem 10 250 1.00 

Ijistrumonls ;uid Displays 11 Ü1G0 .70 

Auxiliary i'ower 12 1000 .77 

Armor Plate i;3 G40 .70 

Knginc Associated Hcpjipr lent 14 G40 .80 

Fuel System 15 G74 .80 

Avionics Provisions IG 300 .DO 

Furnishings .md Efjiupmenl 17 1570 .75 

The adjustment represented by the term LNF is as follows: 

INF 

where 

1.273  •   (1   ■ HI 
(Y-1974) 

HI        Annual rate of inOalion 

V Dollar reference used for an estimate 
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riu-mnsianl,   l.^TM,   iH'prrst-uls inl'lal ion l)rt\vc(ii  l!l7l) :uitl  I!i7-I based <»n HelerotU't1 

'Mir UT'n,  SA\'.,  in  Ki|uali<iii  17 rcprest-nls Uie   ".A
-is ion ior suhstilut ins; Ll-t.'(Iclaiic 

ii'ailr   -Uulv csli mat iiiji, results in place ol estima.es made by the first term of the 
equation.    Values are obtained from the SAV matrix at the address vhcre Llie tr;>de 
study estimates are entered.    For this option, ihe first term must be zeroed out. 
The oMiion is used only far basic structure elements. 

:\.-2.:]   HIX'l KHINC  PHoDlCi ION COSTS.    Hecurrin    production costs fur the 
sysiem cosling method are handled in a manner similar to that for the Hecurring 
Production Cost Summary for the trade study costing method.    The equations used 
are equations dM through (22) as showa in Appendix H.    Kquations do) and (lib are 

nislaining Kngmeering for HDT&K luici procurement quantities respectively and 
see! on previously rclerenceci Hand methodology.   The same is true of 

equaiions (20) ;uid (21) for Sustaining Tooling.   Manufacturing recurring costs, 
projected as dollars based on first unit manufacturing costs, use the 7.-card 
calculation based on TKR.M 29 (equation 22) as previously described. 

loi 

are ira 

W. 2. -1   OTHKH SfPPOKTlNC DATA.    Accuracy plots were made in the case of the 
engineering direct labor Cb'Rs (Basic Structure, Configuration Design and Kquip- 
ment Design Kngineering) and the basic tool manufacturing direct labor hours.   To 
provide a visual display of the accuracy with which the methodology estimates 
historical data points, a plot of estimated engineering hours versus actual engineer- 
ing hours was made and appears as Figure 49.   A similar plot was made for basic 
tool iiKuuifacturing hours and apjx'ars as Figure 50.   The dotted lines provide a 
bandwidth for the data ixdnts ;ind represent estimates that are 50''.' below and äO'.'J 
abo\ e actual. 

12.      Campbell, 11. <'-., Aerospace Price Indexes, Hand, H-StiS-PH, December 

1970. 
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„ flDIMl  ^ ,^-.A.T ,-lK.D 

Sl'X'TloN  1\- 

(•( iST MODKl, m.MlTTKK IM^oCUAM 

Kor i'i'pnrlin^ isui'jMtst'S (hi' cumpuk'i' pro^rams uscl in [hv cost eslimatili^; incllunls 
arc d ISCUSSCHI in Uvo iiarts:   the cost model compute r program is covered in UP s 
section :md the si -called supixjrting progi'unis art1 discussed in Section V.   The 
latter program'   are supporting in the sense lhal Lhev provide input data to the cost 
program.   This study has beul concerned prima'ily with th   development of the cost 
program and the adoption ol i'xistinjj; synthesis programs,   An exception has been the 
development ol the computer program lor development ol aiivrall fuseluge,  landing 
gear and na ■eile weights reported in Section V. 

This section is intended only Lo provide ;ui overview d^seriiTtion ol the cost model 
computer program since it is described in operational detail in Section 2. 2 ol 
Volume 11.    In addition, however,  some ol the reasoning behind Die selection of 
ceilain features will lie described; and in particular, a more complete definition of 
the COSTC program concept, which is fundamental to the programming, will be 
provided.   Also this section describes the dual mode of operation between the trade 
study and system costing methods. 

The computer program serves to organize the cost estimating task.   This estimating 
process is accomplished in terms of going to the proper sources for the necessary 
input data, evaluating estimating coefficients in view of additional data acquisition 
and previous estimating results, setting up the computer program deck, and entering 
inputs, 

4. 1    PHfXJRAM OHCAN'I/ATION 

The computer program deck set  up is shown in a simplified manner in figure 51. 
The principal elements of the program are: 

a. Control cards. 

b. Program deck. 

c. Input cards consisting of: 

Title card 
Option card 
NAML]LIST input cards 
Model cards 
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Knd nl rerm'sl cai'.ls wvv used as show M 
;ii !■ i^urc .11 . 

•1. 1. 1   CONTl^ H, t'AHDS,    Coin ml cards arc dcsrrihcd in Section 1.2. i m  Volume 11 
i • pi ions consist ol I lie sou fee deck with cilher "1(1 \ " com pi let" of "I"! .■",' " compi lei'; 

a binary deck with either compiler,  and control cards lor uixtulhlji, a routine ;ind 
executinu,' the ujxlaU'd package with the "ÜIN'" compiler. 

■1. 1.2   IMU XiUAM Dl'C'K.    The cost nitxlel comiailer program makes use of a 
general cost model program, dt'siptaled as CuS'lC',  takiau; ad\anta^e ol certain 
lealurcs ol tJiat program.     The pru^ratn sourci1 deck list is contained in Appendix ('. 
A general flow tlia^ram o! the program is ^i ven in  figure 7,2. 

COSTC is a data manager program written in koKTUAN l\' for the CDC CVHKH 72. 
The program pr(vvidi!s lor handlinu; Lhe cost estimating logic (C'KH.s) as a program 
input whereby Lhev eaji be i'hiuigtxl as an input chiUlgc isubji'cl to die consti'ain 
of makir.g an appi'opriaü! NAMKUST and Common Block chtutge).  Cost estimating 
coel! icienls c;ui also be changed in Ute same way,  that is by a model card change. 
■J'he jU'ogram features a SAV matrix that consists of an array by line and column for 
storing estimating results.    This matrix is both addressable for use in subsequent 
calculations and displayable as a means of recording results and verifying inter - 
mediate calculations,    An example ol the SAV matrix is shown in Appendix C, 
\'olumc 11 as Table C-f .   This is a complete matrix (except for the elfects of the 
absence of a horizontal stabil i/er) representing the ü-5y trade study method test 
case.   The lines and columns are addressable by the model cards.    A value "stored" 
in any element of this matrix may be used as a term, and manipulated by certain 
types of model cards.    'J'he SAV matrix is dimensioned by the driver program, 
COSTC.   The number of rows in the matrix corresponds to the number of lines 
containing cost values that are to be printed out.    In terms of model cards, however, 
a calculation,   i.e.,  a model card,  is required for each element of the matrix.   The 
matrix is limited only by Lhe dimension statement and,  in turn, core capacity.    The 
current program is dimensioned for G'JU lines and  12 columns.    A  l.'ith column is 
used for summing a given line.   The number of columns in the matrix corresponds 
to Lhe number of columns that can be printed out.    The program presets the SAV 
matrix to zeroes before the execution of a run.   Terms arc computed and added to a 
specific location in the matrix addressed by line ;ind column number by the operative 
model cards.    The function of the SAV matrix leads to a discussion of model caixls. 
This is included in the discussion of input cards below. 

The trade study method and the system study method use identical control cards and 
program deck.    Identification of the method comes about in the Input Cards. 

4. 1. ;i   IN i'l'T CAllDS.   A printout of a complete set of input cards is shown in 
Volume 11, Apjxmdix A and Appendix K, for the trade study and system costing 
methods, respectively.   The title card is omitted because it appeared as a blank 
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Figure 52.    COS'J'C General Flow Diagram. 
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f:i i'il  in ihr 1("-1 riisc .    '1 he Tide r:i nl 11,-.(•:- M) colnmils ol :i lp!i;im;!iirric il,il;i in be 

priiitcil :is ilu- 'na in Uli',-. 

1 he ' ipt ion rani has as its purpose con! rol ol the inil iali/iiijj, ol previously used 

input va ft allies,  i nnl fol ol i he process ol  nieri', lac model i'ards with prev ions cost 

model  ni lonu at ion,   specili-.'alioil ol the ma.xi'.mmi uumlier ol vari al.ie.-   to he used by 

in c'emeul ol  iJie model,  naming ol tile six elements,   in  seijUeiice.  dial  the model 

is capable ol lia'^il iii|j,.    Operal ional iidormutioti oti the use ol die ()pt ion cacti is 

',;iven in Volume 11,  Seel ion :i.:...".. 

XAMKMHT input cai'ih reconl llic input  \a:.ibl 'S.    The NAMKU.S'l   ident iliei-s ,.re 

Sl/i;,  CllUd-:.  and SrMMAHV, which is pa  i oi the sy st, m costing aielhod.    One 

- et ol variables in a N'AMKLIHT card corresixMUls to an eletnenl of LI." model.     As 

many blocks are read as u'V specil'ied by th" aumlier ol' elements punched in the 

option card, anil the inclusion or exclusion oi an eL-mont is controlled by the option 

card.   Sets ol variables musl then be lurnisiied to eori'espond. 

'J'JiC lirsl case should contain all die variables dial are used by the model.    I'.))- sub- 

sequent cases, only the variables that are to lie changed are input.   Variables are 

slored in a single dimensional array culled PL.    They are stored by elements ;ind 

are printed out by element lor eaeh case mn.    A sample input eienuit printout is 

shown in Appendix l'>. Volume 11. 

The model cauls consist ol a series ol'dillerent typt' cards that carry the costing 

logic.   These cards perform different functions, and column one of each card is used 

as a "key" to determine the sjjccifie function of that card.   The functions of the 

various, types of model cards are described in Volume 11, Appendix A,  including the 

rules applicable to the use oi each type of card.   The cards aic discussed in the 

order in which they appear in the printout in Appendix A, except that all ol the 

input oriented cards are groujxxl together ;ind discussed first.   The complete lis. of 

card types in the order in which they appear in tile model deck,  is B-card; l-canb 

:i-eard: ,'!-card; !■'-card; blank-card; (.'--card; N card: T-canl; D-card; K-eaixl; 

P  card; /-card; L-card; and K-card.   'J'he m\m[ orint.d cards are:   F-caitl; H  cartl: 

/.-card. 

'Jo illustrate the operation of the matrix and the function ol the model cards, exceipts 

from die SAV matrix from Volume ii and the model card input data listing arc shown 

as Figures fj.'i and 54,  reKpectively,   'i'he enclosed area in Figure 5,'J corresixinds ui 

die suljsel of model cards listed in Figure 54.   To further illustrate Uie relationship, 

the first entry in Figure 54 is as follows, 

F  12   0   W5 WNC. *.. /7 d{MC5 WN(i «Hl-T) WNG ■WO WNG . '.77*H.\R'Ü WN'c; 

.Sl'G WNG 
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This is an "K"c;inl as anted by tJic 1   in tjic lii'sl colunm.    i'hc SA\   matrix ult'incnt 

in which the results ol the caleulal ion are entered i;   line  12 and etdumn (i.    'i'lie 

entry there, as shown in Figure .'i:;.  is I.M.'iK     ()■!, or iMadU.    I coin the e'iuatifÄi it 

rau lie determined that this is in dollars.    This is ;in intermediate ealeulatioi, ;uid 

does not apjK'ar in t he eutuputer printout.   'i'he eijuat ion it sell is de lined as lolhnvs: 

] 
Wo   WNCi -•      Weight ol Liu! kind ol spar 

Wti   WNC. Wcighl ol  lird kind ol spar 

.77 Kmpirically (lei h'vil sealing e.X|Kment 

HMCI   WNC! Kaw material eost lor liiui type ol spar 

KMC'G   WNC. Haw material eost lor lird lypc ol spar 

SF5 WNCi Serappage laetor I'ur 'ind lyjie ol spar 

SKG WNCi Scrappage laetor lor ,"i-d tyi'e ol spar 

The designatien WNCi relers to tlie wing.   This caleulation tor each ol the ulhcr 

basic structure elements is exactly Iho same with the subslitulion of estimating 

coelTieients xvl NA M l'i l.ksT varialdes apiiropriatL to the element to be estimated 

The first type ol spar (nut shown above) is estimated by K-card,  F IJ'J G,  which m 

addition, picks up the total of F    1 ü   G to provide the cost printout appearing in 

Figure (J under .Stixiclural Box,  Spars,  Material Cost,  in the amount of $*2())ä(Kb 

The eorresjx>nding SAV matrix entry is indicated in Figure 53. 

The F-card entry for F   '.','J.   G is as follows: 

F   ;.JG   G   W4   WNC. •   .77  • KMC4   WNC.  .SF4   WNC.   • (12, G) 

where 

W:'}   WNC. Weight uf 1st lyix.' ol spar 

H.MC'l   WNC Haw materiul cost tor 1st type of spar 

1.        That the hardware element is a spar is determined from the number ■>. 
Primary structure hardware elements are numbered as follows; 

Wl     Weight of Ist type of rib     WT) Weight of 2ml type of spar 

W2     Weight ol Lind type of rib     WG Weight of lird type of spar 

W.'i     Weight of .'ird Lyix.1 of rib     W7 Weight of 1st type of cover 

W4     Weight of 1st type uf spar  W>s Weight of 'Au\ type of cover 

W'J Weight of 3rd type of cover 

Provision is thus made lor handling three different type of ribs, spars anil 

covers. 
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SI' 1   \V\!', Srrappa^'' la<*tui' I'nr  isl type ot spur 

i Pi, lii Answer rofordt'd in llu' SAV matrix elcmcnl al 
1 inc I 2, cnlumn (i. 

rile al">\i' aisn ülustratrs llic capabilily for siinulPuicously iKuulli'".; up to three 
typos ol material nr coiisl niction.   'I'lu1 various estimalinij; cueriii    MILS used 
tli I'lUiuJinul tile mmU'l,   surh as llic o.xponcMU,  0.77,  are subjeel tu diiui^e, which 
can be accompli slied simply by an appropriate model card change. 

■!. 1.1   l^Nl'j T rATKüOHiy.A'J'lON.   'i'he basic categorization ol  inputs in terms ol 
inpul canls,  per se, ;uid changes in coelTicient s contained on the model cards is 
showa in 1 igiirc .1.1.    NA.M l-d.lS'J' variables consist primarily ol data that ('(jrrespfjnds 
to Lhe physical characterislies ol the liardware being esiimated.    Model card 
coelTmients consist ol values derived Irom hisiorical data, expenmenlal studies, 
and occasionally, judgment lactors.   As such Ihej are subje<'l to review imd ch;uige 
over time.    Another conlraclor using the mellnxl would probably need to adjust die 
coellicients to his own data base. 

■'• ]-r>  'll^l'l-: s'i 1 1A- AND SYSTK-M (•( ).S,i,L\c; M()i)ri^\i-li/A.ri()N'.   As staled above 
the control cards ami the program deck are common to both estimating methods. 
Input curd segregation controls the choice of method.   A comparison ol the lirst page 
of each ol the input data deck listings contained in Volume 11, Appendix A mad K, 
will show the respective use of N'AMK LIST input cards.    In the case of model cards 
the segregation is as follows: 

a. Trade study method:   Lines 1 through 058 

b. Svstcm study method:    Lines 701 through 800. 

Th; L   11\. .■ '•'rvening block is reserved for jxhssihto expansion of the trade study method 
or the future addition of features. 

■1.2   DIAL MODL nl'LKATlON 

The concept ol using the two methods in conjunction is shown in Figure 5G.   This is 
accomplished through the model cards by starling with the system costing method 
and substituting elements of die trade study method.   This is illustrated in Figure 57 
and 58, using Uie wing as an example.   Only First Unit Manufacturing C'osl is 
directly affected, but as it cluinges, the change is reflected in the projections for 
Recurring Production Cost. 

Figure 57 is the relevant section of system method model card listing.    In the case 
of the wing, zeroing out the first term of the entry. 
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K 1',]  ; ll-'l    WNC,   IGHO.U • \VW Vv'NC, . ..70 ,  iTIO.M)   ■  .11,1)) 

;ui(l su))stilutin(j; the value Imm SAV inutrix clemenl (fil.ü) accomplishes the 
inoclular interaction.    Hclcrcncc to Figure 58 shows the prcliniiiary calculations 
lor the entry (61,!)).    Kach of the sul)sec|uent calculations relerenced in sequence 
are required for the linal total.    11 a trade study cost estimate hud not previously 
been made, and presumably this would be the usual case, the supporting input data 
would be required.    The entire sequence can be traced by reference to Appendix A 
of Volume 11. 
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... ^Diri;   r'A fä     L/^w.i(.T  j'lü-LiD 

SKC'J'ION V 

IH.SICN SVN'TIIKSI.S AXJ) WKIf.llT ANA lA'SlS SI'I'l'f mTlNV.   IM'v'Xi liA MS 

Tin' inuk" sluily rosl i'sliiiialin^ mrlliod rcl ics on Ihc output ul a url imul set nl dcsi^i) 
synthesis pminims to operate in an iterative moiie lor preliminary design trade 
studios.    Although it ran be u.sed lor a single poini  design eslimale vising, manually 
erriNH'd inputs, [ho costing coneept as ii is structured re((uires ;ui inlerfaoe with 
coiniiutei'i/.ed design synthesis pn)gi':ims for design inputs.   This is nol true ol the 
system costing method, which is structured to require more routine types ol input. 
The required trade study sup|x>rUng synthesis programs are discussed in this section. 

Input development was illustrated \.\ figure 20,  showing in general the interaction of 
the supporting programs and their output.    These programs are: 

a.        The Multistation Structural Synthesis Program. 

1).        Tip,   Leading Kdge ;ind Trailing Kdge Ana'vsts. 

e Computer Program lor Development ot Aireral't Fuselage,  Uinding Gear 
and Nacelle Weights. 

The interface between the costing program ;ind the preliminary design activity is 
largely defined by the input/output relationship between these programs and the 
cost model.   The preliminary design activity comprises, of course, a considerably 
greater area,  including the possibility of other computerized design synthesis 
programs to provide inputs to the supporting programs described.    Such areas and 
their possible integration have not been considered in this study. 

The elements ul the existing estimating method have been designed to operate in a 
modular mode, as opposed to being hard-wired or having an integrated input/output 
interface,  for two reasons:   '!) Kach of the elements is in a state of development 
and elrmges in input/output are to be expected ;uid (2) It was desired to have the 
capability of operating the costing program independent of the structural synthesis 
program,  limited, of course, to those cases where the necessary input data could 
be provided mtuuially. 

Coordination of the operation of the supporting programs in the process of input 
development is accomplished hy means of a set of instructions consisting of input 
and output worksheets.   This is completely described in Volume 11.   The sequence of 
operations lor the programs invwlved in analyzing aerodynamic surfaces is shown 
in Figure 40 of that volume.   The sequence of operations for fuselage, nacelles and 
huuling gear is shown in Figure 41.   An illustrative set of worksheets is included ;ind 
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ilisi'U.NM'd in Aiipcndi.N -I nf Volume II. 

In aiMilmn In (lit' liiseussiun ol Ihf SLIJIIXJII iiiu, pi'o^ranis,  i'csiilt.s ol a study to invesli 

^ak- linih' clciiuiit slructuntl syullu'sis IIICUKHIOIO^V as a ijossihlc uddilional or 

altcnial ivi' suinxuling pi'o^raiii arc also desciibcd in di'S soclion. 

f.. 1    Ml  Id IS'l'A'JlnN STKlCilKAI. SYNTIIKSIS I'KCXdU.M 

A multi   station s_\iUhosis aijproacli is used lor acrodynandc sui'laccs,  including 

wiii^s otlici1 lh;ui deltas, ;ui(l lor simple lusela^es.   'J'h" approach adoptee! für this 

estimating program  is called the Automated Program tor Aerospace-Vehicle 

Synthesis IAI'A.S).   As shown in Figure 20, APAS, given the required inputs, 

prov ides the lolhnving: 

a.        Dimensional data 

I). Structural sizing ami theoretical weights tor aei'odynamic surfaces primary 

structure, whicii when analy/.ed against weiglit correlation lactoi s provides 

weight estimates. 

c.        Structural sizing and theoretical data lor input to the program lor development 

ol aircrtift fuselage, landing gear and nacelle weights (F-N-ld. 

The APAS program has been developed primarily with Independent Research ;uul 

De/elopment Funds.    It has been im integral part of the estimating method since the 

feasibility study.    It uas used iuid demonstrated as part of the aerodynamic surfaces 

estimating module and has been described in Reference 2, Volume 11. 

The multistation slructuial synthesis program was modified to add a weight esti- 

mating capability for primary structure for use in the aerodynamic surfaces module. 

Weight ( orrelation factors are used in the methodology as illustrated in Figure 59. 

Helerences l.'i and 14 provide a complete description of the program development. 

Structural synthesis is a wa\ of satisfying the design problem of defining a piece of 

structure that I'ulfMls requirements of strength, geometry and other criteria.   It 

l.'i.      Parry .M.  Peterson,  "Multiple Station Structural Synthesis for Pitting Surfaces, " 

General Dynamics Report, GÜCA-HHn-1732, November,  1972. 

14.     Gary S. Kruse and Parry M.  Peterson,  'Automated Structural Sizing 

Teehnioues for Aircraft ;uul Aerospace Vehicle Structures,  ''General Dynamics 

Heport, GDCA-KHR-l?«, December, 1972. 
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i umlniic ■ liiatci'u    pi'i i| M ■ ri :c -.    -1 I'll« I ur.i 1  :iiia!vsis Icchn i(|iic:.,   :inil  loading rnvii'un 

üH'iil- in pidiluri' a finisisU'iil ili-.'iyji.     I he uilcrUu'c lu'lwrcn tlic i'osl  (■->! i mal ini', 

11 rum In res an-1 I lie ilcsii;!! SM: uv-^is ; s dcpirlnl \\\ !■ igu re .V.'.    '1 he si rud'.ii'al 

\:illii"-i. i cplaia's liatu! rali'iilal ion.-» \s il}'1 an   lalniiialcd si'i'irs ol logical sti'ps.    II 

OIUM
-
;- ,ril\ antafic- in   -olulion  spcril and ai-ru r II\ .    M aihcmal ica I oplimi/.ation 

icchn M |tic-  ha\a' iiccn inruriioraicd li'al ari- mil ractatiU' \>y hamI calciilalions. 

A In IO]  :-iimmar\  nl the prniMam lollows,    l)('si',.i.n synllu'si.s proceeds svsteinalieally 

It'om   i'o<il  In lip,   in ilisereli' sieps,  usually al   rib locations,   in a fwn phase sysieni. 

In  lln   1 i i >1  jiliase o|  ihe s\ iitlw-i.-. jiroeess,  a se'  ol  iniliai   iiU'ltiher .--i/e esl i male^ is 

ajialv.ed,    Mai'idns ol .aieiy arc conipuUtl.    'I hiel.ness \ a riahles (.1 all eleiiients are 

ailjieled by iiera'i\(' slops unlil each elemenl has a zero margin ol  salely or unii! 

a inininuini v,A\\r consli'ainl i.   eacoitiitered.   The second phase seeks lo maximize 

mai't;ins ol -auiv hy rerinemeni ol eloment geometry while holding si rnciaral weight 

consl;uU.    When this aas deer, accomplished the (K sign is recycled lliruugli phase one 

lo KirlJicr rclin.   slriK'lurn! \\ei)l,l.    This logic is I'epeated until sal islactory coin er- 

genec is oliiahicd. 

The lad thai margin ol salely inaAind zation rather than weight min imi z.alion is used 

in the sei mill phase permils use ol unconstrained lunclion opiimiz. lion methods. 

Major advanlages ol this approach are:   the member sizes c;ui be const rained to lay 

wilhin praclical limits ol maleiaal  sizes and manulactu I'ing capabil ity; multiple lailure 

modes may be taken into consideration lor each structural elemenl; positive margins 

ol salely are always maintained so thai a salislactorv design - from the strength 

piini of view il not the weight     is available al the completion ol each iteration. 

An accurate representation ol geometry '^ permitted by delining discrete nodes on 

the contour ol the surlace.   The calculation ol internal loads distribution is im- 

proved over previous programs by incori>oral ion ol methodology lor analysis ol a 

multi -cell box beam.    Complex bending,   shear and torsional loads may be applied. 

Axial loads ;uid .-■hear Hows are eomputed lor each nod'' point ;UK1 panel.    Beams arc1 

limited to a maximum ol lour cells.   'I he discrete m   es used in delining Lhu contours 

are also used as elemental centers ol mass.   A spmoli ol' 'Tis modeling scheme is 

the ability to represent surfaces using 'T" dated constructional mode of concentrating 

the bending material in tile spar caps. 

The nature of the eiement determines the lailure modes that receive investigation. 

Typically gross stress, buckling and crippling cheeks are appropriate.    Dimensional 

constraints may also be viewed as lailure modes ;ui(l geometric margins of safety 

may be computer. 

flight safety crit'-ria other than   An 'c strength are also considered.    Acro-elaslic 

phenomena may be investigated to delermine flutter ;ind divergence speeds.   A 

review ol structural integrity for a given service loading environment cim be 
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;iiTi;iuit! islu'd bv salt' lilc.  tail salr nr lati^uc analysis.   These routines and eheek^ 

are ip.lei'mal .xc in nalufe ami dn IIDI  iniliale a i'edeid;;!! eyrie. Imt SCIAC as lla^s 

thai a desivgi decision is required,    htndsions such as matei'ial ehangc, eriUn'ia 

revision,  tnissioti i'e\i^ie!i, eie. are typieallv e*)nsideri'<l at ihis ptdnl in tlesion 

e\ olu; ion. 

A  How diagram ol .Ai'.^S is ineludi'd a^ 1- i'^vire (H),    .\Uhou;j,h underslandiii>r'. die pro 

-ram lo this depth probahly requires recourse to the relcreiices.    This program 

rcpic-enls die adapiia ion ol a general aiulti   station synthesis iirui^rain ,  lielerenef.' 

1 1, to the part icula r requi rcniciits ol aerotinunnic surlaces.    A program listing lius 

been made available,  separately. 

:..:: TIP, i,i:Ai)!\(i A\d) THAI i.ixt, Kixd-: ANALYSIS 

III td'^ure lit), [h\> program is refer red to as "A(;rod\iuunic Sui'l'aces Secoiukiry 

Siruciure Svniüiesis and Weight Analysis. "   h is a computer program lor estimating 

the geometry, weiglUs, pail delinition imd prinmry cost drivers lor aerodynamic 

surlaces leading etigc»,  trailing edge luni lip componenls.   The aerodynamic surface 

sirueiural box is not included as pari ol the program.    However, the output is 

designed to • omplemeiU structural lx)X analysis lo provide complete coverage ol the 

aenulvnamic surfaces.   AHAS uses beam-;uialysis methods not applicable lo 

secondary structure, hence the resort lo other methods ol imalysis. 

The secondary siruciure synthesis program has been described in Reference 2, 

Volume U.   A very brief deseripiion is given in lids report dealing with the two 

processes of the method:   the geometry and analysis of the leading edge, trailing 

edge and tip eomixments and component part definition. 

Tip,   1 A'adin^ and Trailing f'd^e Analysis 

The leading edge, trailing edge,  ;md lip synthesis modules provide the capability lo 

analyze the aerodynamic surface sliiiclural componenls thai are not considered as 

pail ol the structural box.    The leading edge is defined as being forward of the from 

spar and includes the fixed portion of the leading edge and the leading edge high lift 

devices islatsi.   The trailing edge is defined as being all of the rear spar and 

includes the fixed trailing edge,  loreflaps,  flaps,  ailerons,  rudder, elevator, and 

s|K)ilers.   The lip is defined as that structure outboard of the sirueiural box tip 

(dosing rib. 

The synthesis includes a definition of part geometry and a detailed stress analysis 

that determines gages, accounts for material types, ;uul sets minimum gage con- 

straints.   The geometry routines provide dimensional input to the stress analysis 

routines.   The geometry and stress routines output includes part size and weight, 

as well as parameters for the part definition.   A generalized flow of the leading 
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tnlgt*, irailiiiu, tnigi', and tip subprograni is shinvu in l'i;j,urc (il, 

'Ihc ajialy.sis ulili/.cs oiglil goonu'iry ruulinc.H,  three sti'ess :in;ilysis i'oulini's,  si;< 
su]iix>i1ing niutines, mid two calling routines.    The geometry mulines arc lot' llaps 
nilei'on,  rudder, elevator,  slal loealion,  slats,  fixed leading edge,  and syjoilers. 

The stress ajuilysi;-. routines include lei't'l'lap,  spoiler, :uid one which analy/.es the 
i'laps, ailerons, slats,  rudder, and elevator.   The supporting routines derive dimen- 
sions,  material pro|H'rtics,  ;uul general ;uialysis.   A discussion ol these routines was 
included in the Interim Ket>ort. 

Tip,   Leading and 'iridliiig Hdge I'art JJcl'ini lion 

The tij), leading edge, and trailing eclge part delinition routines deline tlie detail 
parts imiking up the fixed leading edge, fixed I railing edge, slats, llai)S,  foreriaps, 
control surfaces (spoilers,  ailerons,   rudder,  ;uul elevators), ;uuilips.   The data 
that is generated includes the number of parts, part dimensions, weight,  ;ind cost 
parameters.   The parts definition derives its input from previous geometry mid 
analysis subroutines. 

Computer Program 

The program is coinputen/.ed in a series of modularized subroutines, developed for 
the CTX' 6400 computer and now operational on the GCiOO, to define geometry, perform 
structural -inalysis, and develop part definitions for aerodynamic surface leading 
edge, trailing edge ;uid lips.   A listing of these subroutines has been made available, 
separately. 

-,.:\   Cn.MinTKH PROGliAM  I'oH DKX'KI.OPMKNT OF K-N-1. WKICIITS 

The (.'omputer Prognim for Development of Aircraft fuselage.  Landing üear and 
Nacelie Weights is newly developetl under this coiuract for the synthesis of sup]x)rting 
data Icjr fuselage primary and secondaiy structure, nacelles mill landing gear cost 
estimating.    Since il has not been previously reported, a complete description is 
provided as Appendix D. 

As shown in figure ^0, this program uses as input the output of A PAS.   Thus the 
program is subject to any limitations imixjsed by APAS.    Appendix D is in the form 
of a subreport isince the document has previously been issued as an internal report). 
It contains, as ;m api)endix, a program listing describing the computer program 
used. 
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Aileron 

Geometry 

All.dOM 

Rudder 

Geometry 

RUDGÜM 

Illevalur 

Cienmetry 

A'GlOiM 

Slat 

Gi-omeLry 

Sl.Gl-nM 

I 
Slat 
Location 

SLATLO 

I'ixed 
Le.'uling Kdge 
Geometry 

FLHGOM 

Seiler 
Geometry 

SP1.GOM 

SUPPGRTLN'G SUBROUTINES: 

Flap, Ail. , 
Slat, Rud.   S.- 
Kiev. Analysis 

ASURF 

Surface 
Galling 
RiHiline 

GAI.LSF 

THICK 
I'KOFMT 
GIIANGF 

DKNS 

SMROOT 
DISC 

Flap, Aileron, 
Slat, Rudder, 
and Klevator Parts 

CSPART 

Fore flap 
Analysis 

FORFi.P 

Fore flap 
Parts 
Prediction 

'I,PPT 

TIP Parts 

Prediction 

IP ART 

Fixed Leading 
Kdge Calling 
Routine 

FLPART 

I'ixed Leading 
Fdge Parts 
Prediction 

FXI.FPT 

Fixed  Trailing 
Fdge Parts 
Prediction 

FFPART 

Spoiler 
.Analysis 

Spoiler 
Parts 
Prediction , i 

SPOIL SPPART 
T   - 

Spoiler 
Calling 
Routine 

CALLSP 

'igure (il.    Seeondai'y St rueiuri'Synthesis. 



,,.  ,    I IMTi;  Kl.KMKN'l  STKU'll 1{A 1. ^\ N'l 111 ,Sl;- 

The i'xi stiii^ .'ost i'.siimat in^, Irrlmiiiuc i> aihipliil \i> a iiiull i   slat inn si ructural 

svnthosis ap))! <iarii, a    lia.^ lu'fii dcs'-i ibed almvi'.    I :  i>l this apprnarh limils ilii' 

rapahil il\' nl ilu' t'sl i Dialing Icchiiiiiurs siiU't' it  ivlii's on a lu am aJia lysis I ha I  :    nul 

ap])! icaljlc In all types nl slructurc:   licita uinjj,"S and   •(unpli;-. Iiisi'lat;c.  licni',1. 

ex  mjik'S ul i mini rtajU except imih.    t,'inile elemeiU -.1 i"Uctui al syi\thi-^is ha    i)een 

aw estimated duiaui; the edurse DI this study as ah add it M in a I  niude «M . ipet at ion which it 

was hopctl wuulil pin\ ide eniiaiu-etl slructuial analyst capahii ilv and a,", e.\i)andid 

cost esl imatmu, capability . 

In i;eneral ,  st rui   ni'i'S can Uv sepa rated into two (dasscs Ijascd on the criteria oi 

eontiuuily and tJie existence ol a rcasonabls' well delined (da:.tic axis.    II a c;uididale 

structui'c ha    t-iiese charuclerisUes,   it may be modeled as a beam and the internal 

loads disl ribut ion calcul.iu-d by well known beam theory and eiiuatJons.     lids (dass 

ol structures is successluMy treated by mulLi   station synthesis programs,    lli'^h 

asiK'td ratio wing and tail surlaees are typical examples, 

The second (dass ol structures cannot be characleri/ed as beam   like either because 

ol discontinuitk'S, such as the cut outs found in ruselagt' structures, or the absence 

ol M\ elastic axis typilied by low asiH'cl  ratio surlaees, delta wings or plates,    in 

temal loads lor this second class of siructures will not yield to solution by con- 

ventional beam Lheory.    Finite element mmhodscan, however, be used to predict 

the inlernal loads distribution. 

The proper classil ication ol a structure or the compromise in assuming that it tails 

in one (dass or ;uiolher is not always obvious.    There is a signilie;inl dillerence in 

the lorm and complexitv ol models lor Uie two sysiems.    Math movlels lor multi- 

stulion synthesis are nuich simpl"r th;ui Uiose re(|UJrC(.l lor Unite (dement methods. 

The I nute element approach is lar mure general than the multi   station method and 

any structure amenable to synthesis by multi-station methods could be handled by a 

I inite element program,   'i'he rcwei'se, however,  is not true. 

I'rom the si^uidiKiint ol the development ol cost eHtimaling Leelmitjues the inability to 

deal svith delta wings and complex luselages is, ol euurse,  a signilicanl limiiation. 

Incui'jxjration ol a linile element synthesis proci'dure in die rusting loop was eon 

sidered at the inception ol this study to be dependent upon a choice to be made m 

synthesis methods required :ui(l in Uie stale ol development ol the linile element 

method.    It was also recognized that the capability was more importanl to fuselage 

synthesis than to wing syntJiesis.    Kesults of the study indicate tJiat ineorpuratiun of 

the finite element method is beyond the .scope of the present eflort in terms of workin; 

out the cost estimating interface,  in view of the further development of the synthesis 

method needed prior to its use,  imd in view of the additional development of weight 

correlation factors required fur reconciliation of ideali/.ed and actual structural 



«fights.    I sc dl Ihc linitc clrincnl ;i| jpidiu'li also i'cijui ft'S coiisidcral ion (A ihv 

(|iu'sii(in ol rumpalihlc inpul dala for llic scn'iiiiilarv struciufe wt:i0it analysis as 

currcnlly usml.    l\acli ol llU'Sf proMrm areas is iliscusscd below. 

'Ihr Male ol its developnu'iit ;ui(l its suitabilUv arc key queslions in Uie use ol t'inile 

elemenl synlJu'sis in a cost esiimatlng pi'oeedure.   During the euurse ol this study, 

an IHAJ) program has been umlerwav  to evaluate Unite element structural synthesis 

approaches.    A (icncral i)ynamics linite element syntJiesis program, coupled with a 

tully stressed resizing algonüim, was selected lor demonstration.    Several linite 

elemenl programs were reviewed leading to the selection of the SH-7 ])rogram for the 

metJiodologv demonstration.    Characteristics of this program that favor its selection 

are 

a.        ()verall level ol  refinemcni consistent with predesign tusk:   The element 

library is adequate, various material options, boundary condition and external 

load dctinitions permit  reasonable description of structures without encumbering 

•he program si/.e with seldom used features. 

1).        Program Si/e:   Computational costs are highly dependent on the local install- 

ation details.    Core usage is almost always an independent variable in the cost 

algorithm.    Three versions of SH-7 have been prepared that accept models of 

Hit) nodes,  200 nodes and .'!4ü nodes.   This places some constraint on the 

amount of detail that can be included but it has been found : > be adequate lor 

most predesign tasks. 

c. Solution '..■ iiciency:   Computational time is ;inotner major independent variable 

in cost algorithms.   The particular method used, a Gaussian decomixjsition, is 

one of tiie faster methods for solving systems of simultaneous equations. 

d. 1-amiliarity with Program:   A learning period is required by all Unite element 

programs.    Capabilities, special features and pillalls cannot be properly 

appreciated without attempting a few applications.   An in-house program has 

;m advantage in this regard. 

e. Access to Source Deck:   Ability to work directly with a source deck is highly 

desirable.   '1 he effect of changes can be quickly determined.    Some programs 

are proprietary property of the authors and cannot be altered.   Source logic 

is unavailable in some instances. 

I.        Adequacy of Klement Library:   The typos of elements offered determine the 

power of simulation of the model. 

Two advanced designs, a delta wing and a complex figi.u •" fuselage were used 

in the investigation.    Models were prepared and run using approximately the 
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level öl ^cDincirv ;uui loud,; inlnrmalinn available al the stage oi design de'.c 

lopnu'iil iJiat a sviilhesis pi'ogram could he uiosi prul'tlably etnplov'ed. 

lilusi rating Ilia!  finite elemeai si I'lietu ral synthesis is in Hie development  stage,  some 

charaelei'isl irs of SR-7 were ev|X)se<l tJiat could he cnnsidiTci! di:-;advanlagcou.i. 

a.        Node Stahil ity:   The pi'esenl program requires all nodes to he supported in three 

directions, either by structural members or boundary conditions.    A dummy 

element can he used to overcome this instability but this introduces other 

disadvantages:   the extra member to be analyzed is inelt'icient and there is no 

was' to avoid a resizing loop. 

h. Number oi  Loading Cases:   A maximum of four loading eases can he run.    Since 

member information must be stored for comparison and summary pui'ixjses 

increasing the number of conditions would incease the required machine core. 

Kxtensive format changes would also be required, 

c. Kxternal Suhsi iiicturing: The solution method relies on a "banded" stiffness 

matrix. The user must order the input properly and observe a limitation on 

the numerical node separation. 

d Output format:   An option to limit or select the particular information of 

interest wov;kl be a useful feature.   The present output is repealed for each 

member, for each load condition for each iteration and tends to overwhelm the 

iser.    Program termination is controlled by a preset number of iterations. 

Weight summaries lor the first few loops and detailed information for the last 

two cycles would probably he adequate for most tifcers. 

*■'•        Documentation:   Program SH-7 is an intermediate step in the eonlinuing deve- 

lopment of finite element synthesis programs, und while very useful as a 

developmental tool,  it is not expected to he accorded production status or 

exist long enough to justify full documentation. 

In general,  structural synthesis using finite element methods for the distribution of 

internal loads can he applied to virtually any design configuration, and restrictions 

on the tyiXJ of structure associated with multi-station synthesis are removed. 

However, model preparation and organization of input data are more complex tasks 

with Unite element methods th;in with multi   station programs. 

The process can he used to produce a rational distribution of structural material. 

Optimality of the design depends in part on the redesign algorithm.   Trade studies 

may be conducted to study the eflects of various material and geometric changes. 

Program operation is quite similar to conventional Unite element analysis.   Con- 

vergence to a theoretical structural weight is possible in two to three eycies. 



.\^:iiin|U mil :■■ lüul  ^i inpl i I ir ;il ion;- inl rni luin I 1)\   iJic itii KICI in j; proccsh ,   pa rl iriiln rl v 

"lutnpnijj,",   rtnim c the visibility aiul (Iciaii that ran he tixtrartal loi' individual 

clriiu'iil:-.    It  i.   possible tn i n. d rpd rate lai In re c-ril c i'ia Üiat ronsidcr si ruclural 

sialiilitv altlitHi;j,h a (k'laih'd HUHICI KIT rHiiicd miluinpiiig technique) is requirtnl to 

separate the elemental variables such as llan^e widths and thirknesses. 

iiiluT laiiure inudes iiuoh in^ dyiiamie and flight salety criteria are extfeinoly 

di.lTiiull  id general i/'e.    Studies are be in;; dune in IheKe arias and ultimately methud- 

olej^v will lie developed.   J)ynaiiiies and lli^lit salety speed ieations will have to be 

available early in I'u' design eyrie lor proper integration with statie strength re- 

i|Uiri'iiienl s. 

Compulation,il costs are two to live limes those of the multi-station process.    Model 

preparation ami coding ol  input data are also increased by approximately the same 

proportions. 

Finite elcmcn', synthesis development has benelited from prior svorK with multi 

station programs.   There arc, however,  major dillerences in some areas that will 

rei|iiire additional research ajui development belore finite element methods reach 

the same level of refinement now available with multi  station programs. 

I inite clement analysis programs are benefiting from contimious development and 

retinement.    features such as automatic org;uii^ation of the element data to prepare 

the silliness matrix for efficient solution are available in most cf the recently 

released programs.    In addition to relieving the user of this resixjnsibility improve- 

imiils are usually noted in total problem turaaround because a source of input 

errors has been eliminated.   The actual mechanics of the computations are also 

heilig refined and processing times (and costs) are being ; educed.   It is felt that 

luture development work should be based on an ;uialysis package having these 

features: 

Program .M ix:   I ser experience with finite element analysis programs has indicated 

that efficient processing is obtained if a library of programs is available.   A mix 

ol three programs ol differing si/.es LUUI complexities appears to be adequate for the 

range ol structural analysis problems that are commonly encountered,   A similar 

philosophy should be considered for finite element synthesis programs.   A program 

salislactory lor a typical predesign tiade study should not be expected to produce 

highly refined design data. 

Kcsi/ing:   Hesi/ing or redesign algorithms should be consistent with the program 

application.    The fully  stressed design used by SH-7 is useful ;uid generally adequate 

for predesign type work.   Ability to unlump the structure and identify "arious ele- 

mental failure modes will be required for more advanced synthesis applications. 
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I ailim   ("riltTJa:   l-'ailure' rrilcria oilier tlian stalic slrcaigUi rciiai res a ^I'cat deal 

niiMi   uork.    I'hilnsophy ami mctiinils ol lailui'c idciUilicaliun lor lioth lüjjjil salclv 

.IJHI ilynainic plu'iiumciia ijci aol pi'rsciit ly have llu- sanir del in ill,eness Uiat lias been 

di . i'l()] icd lor stai ic stt'tüiglh.   Sitnilatiy iJic a|)proi)riai(' con'crt i\i' aft ion \ov 

laiiui'r modes oilici- lliaji static slivn^Ui arc cxl i'ciiudy dii'licull in ^cuefal i'/.e. 

Sludios in ilust' ai'cas should lu' iiionilorcd lor jx)s.sihk' appl ir'ii lility lo liait" cleinent 

■) ..ill! Si S   prufCHJUiX'S. 

i-dfnic-'Ul I.ibi'iiry:   Synihcs.    i .o-i'ams should have cunsistoncv luMwt?^! the redesi^i 

algDi'iUnn and iJic tdcincut hhraiy.    11 a lully stressed redesign strategy is to be 

used then a raUier simple element lii)i\ir\ will sei'v'e     Since in; ny aerospace 

structures use reinlorc^l sheets in tlu'ir const iHiction , elements (ax'al ;.uul shear 

carrying) that cr^'d rep.rescnl linearly varying stress conditions would urove uselul. 

A pressure resistant pane! or menibi'tuie is luiothcr |x)ssible library addition. 

During the course ol the study and appliealion ol i.he program to practical design 

problems several dcOciencies were re\ealed.   These items were ot a general 

enough nature las distinct from program ])ceuliariUos) lo warnuil inelu.sion in a list 

ol reeommendat ions. 

Thermal  l.or.ds:   Any lulure c;uiilidate should iiudude the ahili'.y to compute loads 

introduced .nto the structure by Uiermal distributions. 

Xumber o!  i.oail Cases:   Kaeh additional loading c(jndilion incieasesthe run time ;uul 

computational ex|xnise.    ludgemait is requii'cd to select the critical eases tor 

analysis to a reasonal)le number.   The deiaons'ralion program allows lour loading 

conditions.   Any future candidate should be capable of analyzing (i to 10 loading cases. 

SupiKirts:   A commonly matte mtxleling oversight is the inclusion of mcclumisnis or 

unstabh.' nodes in the structure.    This IT  .luenlly results from failure to provide 

proper model supi)ort normal lo the plane ol loading.    In llie actual structure such 

stiffness is supplied by member bending resistance.   A typical example is a frame; 

applied ;ind internal loads of interest are usually in the plane ol the frame,  some 

bending stiffness normal lo this plane exists but it is not the concern of the analysis. 

Rather than abort the job a support could be automatically installed and reported. 

This would be more efficient than the installations of "dummy" members to provide 

stabil i/at ion. 

Analysis of the program output  indicates thai useful design information c;in be pro- 

duced.    C'omponenl and total structural weights reflect the idealized structure but are 

acceptable for making design comparisons and trade studies.    Problems arise, 

however,  in reconciling idealized and actual structural weights.   Weight correlation 

factors offer some possibility for use, although,  if the structure is complex enough 

lo necessitate analysis by finite element methods, general correlation factors are 



iini likely In lie s;;! i slariurv.    Thus a task ul cotiKideralilc niagniLiutc is inrtsecn in 

(ii'Vclnpiu^ a mrans ul t i'anslat in^ tlu1 (licnrct ical wci^hl [JI'IKIUCOII by .lie structural 

synthesis pnign'm lo :ui eslimale ol feal weight.    The exa.'t nature ;ui(l mygnitutle ol 

this task is ilejX'i.detit uixm ihe linite elemenl progi'am selected. 

In ennsidering ihe en,11 est imatin^', supixii'i ])i'()l)lem,  Llie need lor a structural 

synthesis capalMÜty heycuui that allnnleil by llie inulti   station approach is much 

^realer I'IU" the aJialysis ol' die fuselage lhaji lor aerodynamic sui laces.    It is not 

dear, however,  thai the finite elemenl method can successfully fill the void within 

the context of a pre design process,    rsiiijj, a sne.ll number of nodes, while holding 

down the cost ol the amilysis, does not give resolution to structural details such as 

shapes, thicknesses ami other dimensions that  (us well as Lhe aforementioned 

urn .'rtaintv in weight predictionsi play a part in costing,    hie reusing the scope of the 

.mulysis by idenlilyiilg additional node points inereuses the progrum cost us well as 

i ci|ui rimj, add il ional design information for node identification.    Modeling can be; 

accomplished for local load conditions.   This gives rise to additional progrum iiuis 

ami additional output data but still only defines eross-sectionul areas,    future 

developments in finite elemenl synthesis may adeviute objections, .md the monitoring 

ol development progress lor [XJHsible future ineorjxjration is suggested. 
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SKCTK ).\ \1 

MK'I'IK )I) DKMONSTHATK )N 

(i. 1   OB.Ih'C'nX'K.S 

'1'null' study and syslcin study test cases wciv cst inutted.    In each case the test case 
aircraft was the H--.r),S.   Th(   lest eases were part ol a required method demonstration. 
This demonstration was to include: 

a.        The lest case estimates 

I) installation ol the computer program on AKFDIAs CDC (»GOO computer at 

Wriglil-Patterson Air force H. se 

c. PresiMitation of the method and mstmetion of interested personnel in program- 

ming ;ind execution. 

The installation at AKFDL has been accomplished over a period of time by personnel 

of the Cost ;ind Weight Analysis Group, Structures Division, with the contractor 
supplying the necessary programs and assist. 

On i;{-]'} I'ebruary 1975 a two-part final presentation on the contract was made.    The 
first part was a summary, overview presentation on the results of the cost model 
that has been developed.   The second part was designed for individuals who were 
interested in the mechanics of the models and the computer program.   Test cas' 
results were also discussed as part ofthat presentation. 

The objectives of the test cases can be summarized as: 

a. Debugging of the computer program, 

b. Verilii ation ol the estimating logic. 

c. Providing a reference for the coordination of the installation at AKFDL. 

G.2   SKITX'TION OF TKST CASK 

Originally it was planned to perform test case estimates of two different types of 
aircraft.   This was reduced to one beeuase of a desire to minimi/.e the reduction to 
the cost data base and because of the cost involved in developing the necessaiy input 
data.   The principal criteria in the test case selection was; 
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;i. 'Ihr ;IV:II lilii I i l\   oS 11 >i'lin KMI il;i>;i. 

It. The :i\ :i ihiliil itv "I «nsl itahi. 

c .        Tlii' nceil 'KIT n id lie one nl the' conlfarlor's own a ire ■ ,ill. 

C'IKMCI' ol Ihc H   .is was SU]VIK)I*U'(I hy \hv a\ailal)il ily ul  rcsulls Iroin a NA.S/\   lumlcd 

cost data sliuly,   Ivi'li'i'iMU'c  la,    '1 i'chnii'al data lor tlic B -SH program we IT ohlaincd 

trom I'our gonci'al snufccs:   ill 1'   IS Cost Data S(udy Ucport,  HctcrcMU'"  la; (2i H   äs 

Cost  llisiofv: i.'d Actual Wciid" :uiil ISalancc HCJKJH lor li   'sA (HomlnM'Aii'plano), 

I'/W    ■!   iWs,  Hrlcroticc  Id; and  i 1) other intcniai !'omp;uiy data sourrcs.    The P.-ls 

Cost llislorv is a specittc internal doouiiuMit pi'epared as pai't ot llio ('«uninuiy's on 

^ninn cost I'csca I'eli. 

('llu'i' randidatos wi-i'e ronsidei'eci hul wore not selected lor various reasons.    The 

I'll IA was a candidate, hut the cost of collect in|i; comparative actual data was 

beyond the Inidptary limits ol the study. 

Test i ise estimates have been performed for each of the two o.stimatinj.'; methods 

using uie cost model computer program ;UKI the results from urns of the supporting 

synthesis programs,  in the case of the trade study method.    Printouts from these 

runs have been used to illustrate the methods in this volume and in Volume II.   The 

steps taken and the information gathered in setting up the demonstration runs is 

described in Volume II, Section IN'. 

The results of the trade study and system runs cannot be uirectly compared since 

they are set up in different time frames;   the trade study method estimates histori- 

cal costs using a composite, then year labor rate, whereas the system cost estimate 

is made in 1Ü74 dollars.   The trade study method estimates labor ;ind material 

separately, so that by applying the appropriate labor rate and material cost factor, 

economic escalation is taken into account.   Some ambiguity occurs in the case of 

material cost, however, since the historical data typically intermingles production 

material associated with struct .  c and purchased pails associated with the functional 

subsystems, 

15.      "\\  äH Aircraft Cost Study for NASA,  Manned Spacecraft Center," General 

Dynamics/Convai r Aerospace Division d'AVO,  Report F7,M-5934-1, dated 

May  1972. 

10,      "Actual Weight and Hahince Report for B-58A (Bomber Airplane),  "Ceneral 

Dynamics/Fort Worth Division, Report  F/W-4-ü;i8, dated 1 May 19G1. 
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i )'(' sysU'tn cosi cst iin;il ins.1, Ia<'l<>rs WCIT dcvcldiicil frntn a tlnta luiso I hat had been 
a I,L .--icd lo  11)7U dnllai's.    An inlla! inn adjuslmcnl \\ as a])])! icd td Uicsc rcsullsto 
•■(nurrt to  1 !JT1 dol la rs .   Goin^ hack lo Uu1  1 UTD data liasc, of aj\y inlcrvcninji, year, 

■'"t-iircs only a siniph' scries o| V card cluuigcs.    However, moving hack to ;uiv' 
eaiiiei' jwciod would rc(|uii'c a more comprehensive adjuslmcnl lo the data base. 

i'or tlic usual cst im at in g situation,  cst im at es will he made in üie cu rrenl lime I i*ame, 
and compa i'isons ol' Uic results t I'om (he mclJiods caji he marie.    Making a comparison 
in liic case ol Uic li-fiH would he 1 ime consuming ;md still not c-(;nelusive due lo the 
dillicullics in delernnn iiig preidsc escalation adjuslmcnl factors. 

The demonstration cast's as presently set up provides a comprehensive lest ol lx>th 
methods.   An iinalysis of erflimat.es and a comparison to actua's, hotJi from the B-fj.S 
aircraft :uid ether aircraft, at su])system and detailed levels, has been accomplished 
;uul is rejxjrted in Ihis volume. 

(i.ii   THADi-; H'lTDV C'OS'J   KSTl MAT K - IXPI'iS AND hlASl l/l'S 

()ne of the purposes oi \'olume II was to descrihe how to nuike an estimate using the 
two melhods.    'Jo that end a description of the method,  a set of input tables and the 
resulting esPmates for the B-oS lest case are shown in- that volume.   A complete set 
of estimates are given.   Various parts ol the estimate are used for illusl rations so 
that the sol api>ears throughout the volume.   A table, Table M  1, locating each of the 
items of output data is given in Appendix M of Volume 11.   The NAM K LIST variable 
input values used are shown in the form ol a computer printout in Appendix 15 with a 
dictionary of variables in Ap|XMiclix i) (Beth Vol. II). 

The steps involved in ceveloping input data are outlined in Volume II, Seclion 4.1. 
Jn]Tul development, although prescribed, involves some element of judgment or 
special study,    for example, the development of inputs for the test case included a 
review of the technical dctui's of the basic structure based on information contained 
in Reference 15.   -ludgment is also involved in the application of labor tales.    In the 
usual procedure,  it would be necessary to project these into a future lime frame 
requiring :ui estimate of the values,    for the test case it was necessary to estimate 
the lime reference for the empirically derived labor ri.te. 

In evaluating estimating results i1 would have been desirable to make comparisons at 
the detailed level of the various estimating formats referenced in Table M-l.   This 
was not possible inasmuch as actual data was not available at thai level of detail. 
The following comparisons have been mack;, however: 

a. First unit manufacturing hours at the subsystem level. 

b. Basic structure design engineering hours at the subsystem level. 
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c. Toni iiKuuilaiiui'iii;.', Iimirs :ii Uic subsysU'in level. 

■ I.        An cxainpK   nl :i delailinl cuiniKiri.son tur rib lu-lail labricat ion hours,  li-.JS to 
i illicr ai I'c mil. 

The lust nl thcM't'ompah.sons is   liown in Figure ULI.   'I'hv siiJ)systciiis comijarcd nvv 
the \\u\v, i\V), llie fuselage; il'i,  the iiaeelU'-s 1N1,  ;üiil Üie veHieal stabil i/.(M'.   The 
svmbols iAiaJid  d.)  represent aetuals ;uul estimati'S,   respect ive'ly.    Parallel lines 
illustrate the sealing assumed in the CKK.    ICsliniales are lower thaji actuals in each 
rase except lor the vertical stabilizer.   This same data plus the pereonlage that the 
otimales \ai'y Iron; the actual  is shown in Table ;,). 

Table !).    Kslimales and Actuals tor First I'nit 
Manulaetu ring Hours. 

Hardware Hlement 

Wing 

Vertical Stabilizer 

!■ use läge 

Nacelles 

Weight Actual K si i mated K st i mate/ 
ibbs. i 11 rs, 11 rs. Actual 

12,OHO ;;27,r)7/ 304,03 1 .93 

1,340 ;j;i)275 40,092 1.22 

5,174 305,028 247,104 .08 

4,075 171,«37 149,251 .87 

The second comparison tor basic structure design engineering is given in Table 10. 
At the tolal basic structure level the correlation factor of estimate to actual is very 
[.nod     However, considerable variation is noted at the subsystem level. 

The comparison for tool manufacturing hours is shown in 'fable 11.    Less variation 
is evidenced,    it was felt in both of these cases that the data base was not sufficiently 
'.urge 'n warrant the use of formal statistical measures of predictive error. 

An exanple ol a detailed level ol comparison is shown in Figure 03.   A series of 
such con.-jarisons was made where the detailed estimate for the B-58 is compared to 
the unadjusted actuals lor tne same elements of hardware from other aircraft pro- 
grams. 

0.4   SVSTFM STFDY COST FSTFMATF   - INPFTS AND KFSF FTS 

The steps involved in oeveloping inix.Lt data for the test case are oullined in Voi'ime U, 
Section 4.2.   Appendix K, Volume 11, contains a printout of inputs used and a 
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Figure 02.   Demonstration Results - First Unit 
Manufacturing Labor Hours. 
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Tiihlc 10.    Hasu' Smicturc Design F.n^iiiecrin^; 
f'J'o First Flight) 

Wing 

\'ci"1 iral Staliil l/.ov 

Fuselage 

Nacellt- 

Laiutin^ Gear 

Totals 

(Mi' !lions oi 11 ours) Fslimalcd/ 

Actual FstimaU'c 1 Actual 

. .r)-17 .;);i7 . 00 

.084 .0(12 .74 

. 275 . 4;i2 1. 57 

. I'Ji) .297 1. 49 

. 10 . 17 .89 

1. 295 1. 288 99 

Table 11.   Tool Manufacturing 
(Millions of Hours) 

Fsti mated/ 

Aetial 

2.01 

El stimated 

2.1 

Actual 

Wing 1.04 

Vertical Stabilizer .25 .17 .08 

Fuselage 2.2 2.08 .95 

Nacelles .81 .98 1.21 

Totals 5.27 5.;3;5 1.01 

NAME LIST variables dictionary for each of the categories of cost estimated. 

Possible comparisons of estimates to actuals are more limited in the case of system 
cost estimates because these have included an escalation factor to bring the results 
towards what current costs would be.    First unit manufacturing costs are estimated 
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in dollars, combining laliui* anil malcrial. rscalalcd to I!J7r> dollars.    Also,   level of 
detail is the subsystem eliminating the eompanson at the eimiponent level.    This 
leases lor comparison engineering ;uul tooling hours. 

In the ease of en^ineeriiU!, t.liere are dillerenees in method oelween trade and system. 
In the fir.-i Uie ('bit lorni is based on equation  (2,'ii of the trade study series.   The 
term Id I is delined as the product of an estimating eoelTiVionl and a complexity factor 
and the applii'ation of complexity is exter'nal to the model.    Ml is a NAMKl.IHT 
variable.    In live ease of the system methiHl, thcCKH is based on equation (I) of that 
series; and both a complexity factor, as a NA.MKUHT variable, and an estimating 
coefficient, as an !■"  card input,  are used,    bor the system estimate an estimate of 
b-äs complexity was introduced.    Configuration design engineering, although defined 
the same in both east's,  is estimated differently depending on the definition of the 
ai rf rame. 

bsiimated to actual engineering hours compare as follows: 

Actual bsti mated 

Kngineering hours to end 
of development: 

Structures (incl. Support) 2,090,000 

Kngineering hours to 1st flight: 

Basic structure 1,250, 4G2 
Allocated Support Kngineering 1,000, 000 

2,250,462 
Kstimaled to end of development: 

Ist flight limes 1.4 3,150,000 

Percentage'variation:    bredicied-aetual or .'i. 1 50, 000-2, 090, 000 
Actual 2,090,000 

hi the case of tooling, the dillerenees in method are similar to those in engineering. 
Tooling estimates are developed from an initial estimate made for basic tool manu 
laeturing hours.    Rate tool manufacturing, basic tool engineering and rate tool 
engineering hours are derived as factors of that initial estimate.   This CKK is based 
on trade study equation (28).   The term TMK is defined as the product of an estimating 
coefficient and a complexity factor, which in the case of the system method are 
explicitly defined (from system method equation (8).   Table G has been developed for 
TMK values for use in the trade study method.    Use in the system method of the set of 
values at complexity 1.0 (regular supersonic) as the estimating coefficient and the 
appropriate complexity factor gives the same estimating results as for the trade 
study method. 
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SKCTION VII 

oTIIKU STt'DlK.S 

A scries af sut)-studies was a pail of Ihc conlraclual rc'iui IXMIUMU.   These studies 
were separable from the mainslream ellort ;uid are reported in this section. 

7. 1   APPLICATION OK INTKI^ACTIVK C.IIAPI1ICS 

Interactive graphics lias been investigated tor application lo each oi the estimating 
methods,    it does not appeal- to be releviinl lo the system costing method because 
this method is used lor costing of point designs rather than in an iterative mode ami 
because it is not tied into supporting synthesis programs, where the greatest 
potential tor its application is believed to lie. 

In the case ol the tiadc study estimating method, consideration of its application is 
felt lo be premature for the same reason that computer integration has been kept on 
a manual basis:   the program is still in a formative stage and stand alone operation 
simplifies changes to the various programs.    I'pon attaining a completely imegratecl 
cost estimating program,  interactive graphics should be considered in view of the 
lollowing benefits: 

a. Graphical or pictorial displays of input data, intermediate results, and final 
answers. 

b. Pre  stored messages to direct the user. 

c. The cost analyst and the designer, together, can converse directly with the 
computei' during the design process. 

d. The problem solving process is highly responsive and can be conducted in an 
uninterrupted manner. 

e. '.M-line datu retrieval. 

f. The user can concentrate on problem solutions rather than computer-related 
difficulties. 

g. Input errors are not fatal since the data base can be reviewed and modified 
from the terminal. 

h.        Problem solving time :uid cost are reduced. 
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In UK   nu-.ir, i mr a Ii mt- -sharing; IIUKIC ol opci'al ion , such as ("ontmt 1 )uLa's !N'i'KIU'< >M, 
providt'S a capahility thai is particularly usdul in ivlation to llic basic cstimuling 
i oaccpl:   that cst imat iii^' cocllic icnts may be subject U) change as aji 011^.linj; pull ol 
tJic development (•'.' the ustimating capability.   A time  sharinj»; iiuxle permits :in 
exjKHlilious hajullin^, ol such changes by permitting recall and tiispluy ol any model 
card ol the input data and by providing a simple means of chunginj» the recalled cai'd 
at a convenient terminal.   The precise nature ol' the time-Hharing system used 
dei)ends upon available e((UipnuMU.    The Control Data (.'(ji-poration INTKIU'OM system, 
nperatins.', in conjunction with SCOl'K,  provides time sharing access to the ('()\"J'H< )1, 
DATA C"YH1;H 70,'Model 72, 7;i, 74, or üüüü Series Computer from a terminal at the 
central site or at a remote lacility.   The capabilities ol INTKUCfJM include: 

a. The ability U) create, edit and save programs by entering source statements at 
the terminal in any ol various languages. 

b. The ability to execute programs interactively:   input can be tyjxjd, output can be 
looked at on terminal. 

c. Jobs c im be submitted to input queue lor output on central printer, punch and 
tape or output to terminal. 

.1. Idles can be routed to print or punch queues at central. 

e.        Most SCOl'K control caixls can be entered from terminal tile manipulation, 

I.        On  line graphics can be provided by Tektronics 4010 equipment; oil-line 
graphics by Calcornp plotter. 

The estimating system, as installed at AFFUL,  makes use ol' a time-sharing system. 

7.2   OPHIIATING COST HKl^'J lOMSIlll'S 

The scope of this task was changed to locus on the question ot determining the 
translation ot weight savings to luel savings in a lite cycle context, weight savings 
being a possible consequence ol the selection of material and construction lyix.1. 
Other areas of interest in the study were the relationship between changes in type of 
material and construction ami operating cost items such as ou-equipment maintenance, 
olf equipment maintenance, and replenishment spares.   The data base needed io 
investigate these latter items has been determined to be beyond the resources of this 
study. 

The translation of weight savings to fuel savings can occur in two ways:   with and 
without resizing.    If resi/.ing is to be considered this problem cannot be solved by 
the existing trade study programs.   The majority of the subsystems can be affected, 
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inckulinj; engines.   This fa.sc is shown in 1'ij.;'ure (54. 

l.NCHKMKN r.il 
STiU'CniiK 
WKir.HT 
HKJ)l,e"J'U)N 

AIIK'liAF'l' 
KKSI'/.lNCi 

FINAL S'li^rc'/rii!'; 
AND AiHCTtAr'l' 
Wl'iiC.IIT HKDICTION 

Figure (i-!.    Kcsi/.ing FITect. 

itJuuit resizing Ulli elTcct of a weight reduelion car. be moasuroc! IJV assuming thai 
II ■ ariables except i'angc remain constant, then determining the improvement in 
angv, ;uul Uien stating a fuel savings ratio as the original range to the improved 
ango.   The actual fuel savings cannot be determined from this, however, without 
lowing certain characteristics of the specific aircraft involved. 

Without 
a 
r; 
ra 
kn 

Improvement in range can be determined by the Hreguot range cKgiation, which is 
written as 

V 

H 
t (F/D) 

f 
hi (W  /WT 

o      1 

where 

H 

I 

FA) 

c 

w 
( 

w 

Hange km (nm) 

True airspeed km/hr (kt) 

Lift-lo-drag ratio 

Thrust specific fuel consumption kg/N-hr ilbs/lb-hr) 

Initial cruise gross weight kg (lb) 

Final cruise gross weight kg (lb). 

This equation is applicable only to cruise flight with the difference between VV    mid 
W   being the weight of fuel used In Hying the distance, H.   If, however, this equation 
is solved a second time for a range, H   , defined as the range resulting from a 
reduction in structural weight, the fuel savings is proportional to the term (1 - R/R ) 

The same solution cam be applied to a final structural and aircraft weight reduction if 
this has been determined through an aircraft resizing.   However, the before and 
after values of V ,  L/D, and C must also be known. 

If the cruise fuel weight is known, then a fuel weight per mile can be determined for 
riout 
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the initial condition, range H, and for various improved ranges between H and R   to 



to produce a plot as illustrated in Khcure (;,r). 

uel Wt 
Mile 

H 
i{;ui^e Increase 

Figure GO.    Fuel Weight/Mile with Range Change. 

7.;i   AJ)\A.\Ci:J) STHrCTl'UES AND MATKHIAKS 

1'his study considered advanced structures and materials in the following ways: 

a. By the development ol additional estimating factors to handle advanced materials 
and construction techniques. 

b. By the development ol projections ol' raw material costs lor typical composite 
materials. 

c. By the development ol cosi estimating relationships to estimate the cost ol' 
using composites as selective reinforcements to basically metallic structures. 

The estimating factors that have been developed consist of complexity factors and 
are included in the estimating factor tables for secondary structure contained in the 
Kstimating Handbook volume.    Bfforts to develop similar factors for primary 
structure have been limited because of the lack of a historical cost data base. 
Various secondary structure components made with boron aluminum and graphite 
epoxy have been analyzed, such as wing leading and trailing edges, ailerons, fairings, 
spoilers, Haps, access doors, wing mounted air induction, slats, center sections 
and elevators and rudders. 

A raw material cost history for boron aluminum and graphite epoxy (diffusion bonded 
sheet and tape respectively) and a projection of future costs are shown in Figure GG, 
This is contrasted to the projection for aluminum.   While the projection is for cost 
against time, level of production attained is the real determinant, but this can 
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YKAK 

Note:  G/TP & G/K pi'ices are the same except for scrap return allowance (50' 
sera]) at 50ri' return cost), 

Figure GG.   Composite Material Cost Projection. 
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^eneraüy IK*  ISSUIUCHI tu iivcruase with lime. 

A nu'thod for csl imatiiiy, the cost ol usin^; compusiU's as selective reinlort'enients lo 
basically metallic structures was rcpuited in lU'i'ercnee 1.   'Ihis melh^xi remains 
applicable to the general trade sliulv method as currently delincd.    In it,  aJ) incre- 
ment ol added cost is csiimatcd in terms ol ailditional detailed fabrication :uid sulj- 
assembly labor and COIIIJKISIIC material costs lor primary structure and ol labor :uid 
material lor secondary structure.    Detailed labriealion labor for pi-imary structure 
is estimated on a weijjit basis:   tlie wcigJit of compKsite material to be used.    This is 
multiplied by a factor to take into aeeouni the ty]3C of composite involved.    Sub- 
assembly labor lor primary structure is estimated on the basis of the area involved. 
Both categories of labor are estimated on the basis of weight in the case of secondary 
slruclure.   The cost of the production material for the selective reinloreemonl, 
whether for primary or secondary structure,  is estimated as the product of the 
scaled value of the eomjxjsite material weight times an aggregated cost per ixnuul 
value, reflecting the basic material cost plus an allowance for scrappage, handling 
;uid storage. 

The principal limit to estimating the cost of composites with the present method lies 
with the stress analysis capability encompassed by the APAS program.   Currently 
this capability is limited to composite faced sandwich for skin panels and to composite 
material with metallic structural forms in the case of basic primary structure 
forms:   ribs, frames, spars, longerons and bulkheads.   The programmed material 
table for metallic forms includes NAHMCO 5505 Boron-Epoxy and NAHMCÜ 5206 
Graphite-Epoxy.    In addition, the program provides for a user supplied composite 
material, allowing the program user to input a composite material not found in the 
material table. 

Kxislin^i, weight correlation factors are invalidated by the use of composites.   Ad- 
ditional studies are required to develop factors that are representative of composite 
slmclures.    The present estimating method, as it relates to cost estimating 
relationships, handles composites with the following limitations: 

a. The limited nature of the historical cost database, which consists primarily 
ol items of secondary structure or experimental hardware in the case of 
primary st rue tu re. 

b. 11 Uie use of composites serves to introduce new types of construction such 
categories are not necessarily handled, especially in considering assembly 
operations. 

Designing a new or modified model for handling composite materials would involve: 

a.       Developing advanced means for handling stress analysis. 
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b. '1 hf aiiililiunal rulku'tinn nl cost data. 

c. 1 )'\ clopiiuMU cil appropriate wrl^hl coiTclal ion laclors. 

LI.        Idcnl ilical ion ol new lyiX'S ol consl i'uiiioii ajid cunvsixjmlmg revision ol 
cost csliinalinjj, relutionships, ''Sliinalin^i, cncHicifnls,  scaling tadal ionships 
an.I complcxily laclors. 

v.       Assessing the impart ol' llu' comixjsitc nuilerials ami now tyjxjs ol conslruclion 
on learning progress curves. 

The degree ol success in iKindling composites with a new or modilied model e;ui be 
a.ssessed in relation to Lhc above activities. 

'J'he stress ;uialysis,  as handled by the supporling synthesis programs,  is con- 
siderably complicated by the introduction ol composite materials.   The recommeiuled 
approach is a leasibility study looking into the types of construction to be projected 
and the leasibility ol stress analysis approaches, which would involve both beam 
analysis and linite element analysis.    It is expected that these approaches can be 
developed, but the resources required and Uie complexity of the resulting model 
mil si be assessed. 

Relevant cost data is becoming increasing available, although ol' course, extensive 
producticn experience is lacking.   Experimental hardware is being increasingly 
evaluated I'rom the standpoint ol'eor.i.    Examples ol' such studies arc shown in 
Table 12.   This list is not a complete list, but is being added to during the course 
ol tliis study.   Applications of composites and the attendant data arc in large part 
proprietary, limiting its usability.   Also, in some cases, the data rellocts the 
advocacy position of the ;ui dyst. 

Development of weight correlation factors would be a sizable task in ;uul of itself. 
Definition o1 the task and estimates have not been undertaken. 

'J'he use of composites complicates the definition of types of construction.   With 
mctallics these definitions are somewhat ambiguous, and with composites they 
would be even more so.   Types related solely to comjxjsites will undoubtedly be 
developed, but the use of composites in combination with mctallics is also in 
evidence.   The revision of cost estimating relationships, the development of esli 
mating coefficients, the reassessment of scaling relationships, and the development 
of complexity factors appears feasible for composite structures but is at least as 
involved as the original task with metal lies. 

The treatment of learning curves has not been part of this study so that future 
study should encompass both iietallics and composites.   The analysis of the effect 

151 



1 
r. 

■j. 
o 
o. 

u 

r. 

'■    7- 

~    _    a 

■/. i_ 

7.] ^ •" 
" ^j .—. 

r* 
tl 

-r. 
r- 
"I 

i: 

^    _    - 
^     O    3 

£   P 

<  = 

^     C        2 
-   i -    r: 
D   c. 

II  ^   ^ 

< 

-1 Ä -^■, —. 
f. d ^2 '- 

3 -^ 4J ^, 

r- 

?, 3 Q 

'-.J -1 *-> , '/; ^— 7: 
— c U u, 0) 
Q r , 0 <'. n 
— 0 ^ < — n —M n —_ 

i   en 

xi 

-1   ^ 

1/3 

CJ 

Ü 
•/j 

a 
C 
o x; 

r' 
O 
?: 
r; 
o 

S 
o 

o 
U 

5 -n-a 

-■'■  £ 

r^T    <     ~ 

al|£ 

be S3 

o 

fct 

d   —  tu 

^H      ^r*      r-i 
c 

I 
in 

U 

f* 

u 

o 

-a 

o 
W  U 

c 
d 

ü 
o 

c 
o 

o 
c 
a 

7i 

3 

d   o 

'S "3 
o   " 
3   d 

ii 
II 
U      7i 

^ 
I t 

lO r—t 
rH I 

O u 
M , 
^ o 

^ 

< 

3 

3 

X 

x;   - 

■/; 

o 

'—       r-1 

o   5 

.§ i 
3    ^ 
bC ,0 

73      73 

3 

7; 
O 

.1 
7J 

CD 
O u < 5 

C 
o 
P, 

Q 
S 

If 
7J rt 

3 

o u 
*-* o 3 

3 
d 

>, ,o S 
m m CJ 3 d 
.S *-> 73 

7! < 
ü 

d rt o u. ^\ "i H a a» d 3 
.—i e o o 
0) d u 3 
in t/J o o o > 
^ w u u    w w 

C; T3 

-5 3 
♦-» 

d 

o 

o y 
bC 

0 

d -t; 

3 O o 
73 
CJ 

i-J-f d 
3 
t-i 

o 
3 OJ a 
3 73 

0 
73 r! 

jj a. M <C 
>-*< h 3 <y 

O 
t-i 

o 
U a 

a 
o 

a. i—( Ü d 
i ^ 0 o 

^ Cfi u U 

73 
r^ 
o 
^J 
3 
CJ 73 

;d o 
a • —< 
a. 73 

< 73 

OJ r". 

o  S 

o u 
X) 
cu 

ü 
03 
o 

O     3 
d  a 
3   to 

-a   ^ 
g  ig 

3 bt 
1 O c 
e n 73 
0 

f 1 
CQ 73 

OJ -, , a 
n o 

Ü '- 
0J d 

o a, 

3 td 
0» 

u o 73 
3 tj 7; o 
3 XI OJ ft 

S 
o g 3 3 

r', ■a 
H U 

73 S E 
3 73 

O o 
U 73 

0) 
d U 

I +-; s i 
> ^ rn -1 

CJ n f~i CJ 
-I & < h-) 

152 



a 

:n 

s 

0 

1 
7. 

c 

X Li o .^ '-J 

X a Oi •fi '/, *-« 
u rt s ~. ^ c o 

5: c o 
3 o [g 

f. 

—i a Ö 
^ •/i •^ £ 

Zj o ^y ^L 
1— 

3 fe- *_> s. 1-* 7, 

~z 5 
8. 
Zj 

g- 
s 

r. 
'J 

r. 
o r3 

o JZ T. 2 Iz r. 1 V 

3 
5" 
si". 

5 c 

•a 
ö a 

Q 
2 0 

—> 
3 >, w 3 

X 
C CJ 

M '/} 

o r^ o 7. ^ 
—1 ri 7. 

H 
o 3 

if. be 'S- r3 

r 3 o r. rfl 6 o 

T^ 
.-4 c 

o 
? 0) 

LJ 
■= 

d x; CJ 

*-> ZJ r-1 

^—. o 'U 
—i 

r', r3 ■5 1' t 
^ 5 

3 
i- 

._ /: ,-H rH 
n ■-■ i—■ 

B. 'u 
o ^ 

s hfl •4^ 
r^ 

u 
5 M 

■—i 
—i 

C I tr. 3 
o 

« 
"■ ^ 

'S 
H 

3 
i_ 

c> o 
f-* 
H OJ ^J ^_ ^-> ■/■/ 

o r*. Ä 71 

O CM ^J *-' ri o* 
H '7, 

o 

o 
o 

o "o 

ID 

o 

Ö 
tu 

c 
a 
o 

r-* H 

OJ 
xi 
H 

tD 
O 

O 

B 

bE 
o 

"o 
^ ^ "äJ s 
^ o '** o 

T3 tu rj tu a 
< H Q ^^ H 

—   a 

TJ 

O 
3 

-r 

O 7. 

53 Ü,  S 
E ^ 

■u i , 
3 

3 

p Ci ^-» ^ -/; 
"S *-* T3 

•-■ 

o —» "1 
5 u ^ l 

Oi 

-- o ■-a " 
< x; ■/; < 

: 5;j 



nl Icarrin^nii mamii'artui'in^, cnst  is lurtluM'conipriralcd w ilh cDFiiposilcs.    New 

majuilactu rinv, pi'ncrsscs arc invwlved,  ami aiidilumnl data will he rctjuii'ccl. 

Hasinl on tho ahoM.',  i; is Ml that tJic trade study cost cslinmliiiji; method ran lie 
mindlied id handle coniixisites with a  reasonable expectation nl success.    Consider- 
able additional study is required to develop the necessary cost data base,  which 
must lie proceeded by turther desiuji and majuilacture to reduce mi certainly.    Weight 
correlation and estimating lactor devadopment ^i'adually become leasi!)le.    The most 
lime consuming aHjU'ct  is attaining the capability lor stress analysis in a manner thai 
also provides adequate design visibility.   A separate study ol leasibilily is probably 
wa ri'nntcd i n this a rea. 

7. -1   ('< 'ST TKKN'J) DATA 

As a part o! the study tho contractor was to develop plots ol total aircrai'l and air- 
trame cost trend data iu\i\ cost per pRind factors to sup|)ort the cost estimating 
techni(|ue,  to show trends in costs ;ind to show various cost relationships,  such as 
cost related to time, cost related to various weights, ;uul cost per jxjund faetors for 
iTumul'aeturing costs ol' major structural comjwnents.   The development of cost 
trend data was divided into lour genera areas outlined as follows: 

a. Plots of whole aircraft and/or A.MPK structure costs versus various aero- 
nautical design or performance parameters. 

b. Plots of aircraft costs as a function of time or economic factors. 

c Pie -charts of aircraft development program costs as functions of quantity 
produced and aircraft system complexities. 

d.        Plots of structural cost versus weight for fuselage, wing ;uid tail sections 
structures. 

A con olete reiwrt on the results of tills study are included in Volume 111, 
Hclerence 2. 
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SKCTION V1I1 

CONCl.l Sl( )X^ AND HKCOMMKNUATIONS 

1. 'J'hc Iradc study costing raeLhotlolog^', designcid to systumatically eslimalc cost 
variations dur to cluinges in type of material ;uiil lyp«-' of construction, lias 
'Dccn applied lo the entire basic structure.   The method has been shown to 
provide a feasible approach lo trade study eu.sling lor structural design-to- 
cost problems during prel iminary design .   The resulting cost model makes 
estimates bused on physical parameters, tyixj of material, and type ol con- 
struction and assembly of structural ''omjxments such as ribs,  spars, covers, 
longerons,  frames,  etc.   The mode' is still considered to be in a develop- 
mental status and the following additional studies are recommended, 

a. Kxtaision of the cost data base (]) to provide data for missing com- 
ponents and (2) tu extend the data base into advanced type structures. 

b. Further lest and evaluation of the method for further familiarization 
and lo eliminate program discrepancies. 

c. Improvements in certain specific cost estimating relationships in the 
areas of raw material costs, assembly modeling, commonality, and 
the treatment of advanced structures and composites. 

d. Performance of additional estimating runs using the updated method to 
further calibrate estimating coefficients and to evaluate estimating 
capability, 

2. The trade study cost estimating method establishes a format !or the future 
collect1;^  )f cost data.    Method development has been primarily structured 
to the concept of unlimited data, i.e. , to a cost data collection format that 
would prevail in the future rather than being limited precisely to an existing 
historical data base.    Continued cost data collection is a necessary pail of 
further development of the method.   A number of ongoing studies arising out 
of the Air force Kli^it Dynamics Laboratory's sponsorship of Advanced 
Development Program warrant monitoring.   Continuing literature review and 
an interchange of data with other contractors are also possible sources of 
additional data. 

;i.        Certain specific tnulo-study model improvements suggest themselves: 

a. Modification of the estimating logic to provide for determining the 
sensitivity of recurring cost to production rate, 
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1) IU'u-tuimK'nl "1 itala to show variation in Irarnin^ due Lo lypc o(' 
nialiTial ajid t\|H' i>\ '.'onst rmiion. 

r. IniiM-jKiral inn "I additional calculations lo providc a readout of Uie 
dollars  lb.    and hours'lb.   implication ol a given estimate. 

Tlu'.-c svrre not part ol tin   current study, but their accomplishment would add 
to the perloniKincc ol the model. 

1. Providinji, a capability for estimating alternative production quantities lo the 
same level ol detail as that provided for estimales ol firsl unil cost has been 
shown tobe a useful feature.    It is esj)eeiullv imporlanl in considering learning 
curve variations for trade study purposes.   The model does provide for Ihe 
use ol individual cosl quanlily projections by siruelural elcmenl wilhin Ihe 
tabrication, subassembly,  and material cost categories. 

;').       '1 wo additional features,  tl) the inclusion of an additional term in certain CbU's 
to give consideration lo internal structural commonality and {2) the con- 
sideration of taper in the machining of parts in the development of complexity 
factors, should continue lo be considered for incorporation in the method. 
The first requires additional study to determine the proper approach and the 
second requires additional cost data. 

li.        Iterative estimating methods at a detailed level of cost breakdown have been 
shown to be feasible.   Their accomplishment is dependent upon supporting 
input data from slructural synthesis and weight  si/.ing programs, however, 
further improvement in these programs is warranted; 

a. Improvement cd the Computer Program for Development of Aircraft 
Fuselage,  Landing Gear and Nacelle Weights in its weight estimating 
methodology. 

b. Kxpansion of the 'tip,   beading Edge and Trailing Edge analysis 
program lo handle additional types of material and construction using 
techniques other than analog, 

c. Continued improvements in APAS for enhanced sensitivity lo siruelural 
considerations. 

d. Development of finite element synthesis programs should be monitored. 
Future developments in this approach may alleviate current objections 
and provide useful (from a cosl-estimating standpoint) design synthesis. 

e. A combination of multistation and finite element synthesis programs 
warrants further investigation. 
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7. In addition Lo lurther uxerci.sing Ihc cost model portion ol the overall iiro^iMin, 
the total program,  incliKlin^ supixjiling synlhcsis programs,  should be opera 
led to provide guide linos lor future improvement and also to establish guide 
lines for using the combined programs in design  lo-eost trade-oil studies in a 

preliminary design context. 

8. The principal functions of the system study cost estimating method as currently 
developed is to provide a more complete set ol costs for possible comparison 
aguinsl Uie airframe portion of flyaway cost and to provide ;in interim costing 
capability in the preliminary design process so that eslimales can be made 
prior to the availability of a complete set of detailed, trade study inputs.    A 
dual mode of operation has been defined for üiis purjwHC. 

:).       The cost model is computerized using a general, data manager program 
referred to as COHTC.   A significant feature of this program is that it 
provides for handling the cost estimating relationships as input data, which 
provides a considerable degree of flexibility in revising C'KK's and cost 
estimating coefficients. 

10.      Kstimating the cost ol contemporary and future aircraft designs generally 
involves consideration of advanced types of construction and material.   Some 
factors for these have been developed for use in the method.   The level of 
detail entailed in the trade study method provides an approach to this problem, 
being suited to the evaluation of individual problem areas that can not be 
accomplished by the usual parametric means. 

1 1.      Considering the evolution of design-to-cost,  in the future cost may be defined 
as life-cycle-cost.    In tills case operating cost and the inter-relationship 
between it and structural design will be a trade study consideration.   Attempts 
were made to study such interrelationships, but available operating cost 
data does not lend itself to such an analysis.   An expansion of the scope ol 
the study is indicated. 

12.     The 13-58, A(X) and Model 880 fuselages were vim as test cases in the deve - 
lopment of the fuselage module.   A series of A PAS runs was made to provide 
the input data for the fuselage, nacelle and landing gear weights program, 
which was in turn run to provide weights data.   Test case inputs and outputs 
for this program are given.    Resulting cost estimates were analyzed and used 
in evaluating baseline cost estimating factors.   The computer printouts obtained 
are not reproduced in this report, but have been retained.   These results are 
not of current interest because of changes that have occurred both in the 
program and in the estimating coefficients. 
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1 lie H   58 v, as used in \ho lesi rase ol' both the li'acici study ajid system  study 
methods in their c miplete lorm.   These estimales are r^pi-odueed in Volume 
with the location ol the data given in Table M-l. 

This lost model has been develoiKMl in response to a reeognized need Tor a 
cost model sensitive to variaLions in the matei'ials and type of eonsliiict ion in 
a partieulai'design.   The need is in relation to trade studies to evaluate the 
impuet on eost ol using advanced technologies in strueture ;ind materials. 
More recently the Design  To-Cost approach in the acquisition ol new weapon 
systems has inercased die need lor models ol this ty]x;.   The additional deve- 
lopments outlined above,  including the experience gained I'rum use, will 
greatly enlninee the program. 
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AI'l'KNDlX A 

THADK S'lTDY CKILS AND DK KIN1TION.S 

'1'liis uppciulix roiisisis ol a listiiiji, of basic CKlt furms ;ui(l Ihc accompanying set nl 
cost ilcl init ions.   'I'wo numlx'ring scries arc used to cross -reference these CVAi 
forms lo jirevious descriptions:   (1) llie first column vvhieli references a series of 
li'r',ures depicting cost printouts and identifving Üie corresponding CKHs, tuul (2) the 
second column, which references the assignment of equation numbers used in 
Volume !!.    In the case of the first column, the figure cross-reference is as follows; 

Figure 2] 

Figure '.\2 

Figure ,'i,'i 

Figure 3G 

First Unit Cost 

(Wing) UDTfrK Costs 

Nonrecurring Design and Development Costs 

Recurring Airframe Production Costs (Summary 
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APPKNDLX B 

C:E.Rs FOR SYSTEM STUDY COST ESTIMATING METHOD 

The cost estimating relationships described below comprise the system study cost 
estimating method for the airframe, including functional subsystems.   CERs are 
shown for nonrecurring, first unit, and recurring costs. 

Nonrecurring Design and Development Costs 

ENGINEERING: 

BASIC STRUCTURE DESIGN ENGINEERING 

E. 
DE. -F. (EC.) (WE.)   l (1) 

where 

DE. -Design engineering hours for each structural element estimated 

F. = Complexity factor 

EC. - Estimating coefficient 

WE. -" Weight of the structural element estimated 

E. = Cost/weight scaling exponent 

i -- index numbers, 1 tlirough 6 for basic structure 

CONEIGURATION DESIGN ENGINEERING 

E2 
CDE = F7 (EC) (WAM.P) (2) 

where 

CDE - Configuration design engineering hours 

F7 '  Complexity factor 

EC = Estimating coefficient = 1840 

WAMP    AMPR weight of the total basic structure 

E2 rt Cost/weight scaling exponent 

174 



EQUIPMENT DESIGN ENGINEERING 

E. 
EDE   - F   (EC ) (WE )   1 '3) 

i        i i i 

where 

EDE. - Equipment design engineering hours for each functional subsystem 

and F., EC., WE. and E. are as defined before.   The index, i, runs from 8 through 
18 inclusive, corresponding to the functional subsystems as listed in Figure 39. 

TOTAL ENGINEERING LABOR 

Total engineering labor is the summation of the previous estimates accomplished by 
an R-card, line 722.   The formula appears as follows: 

TEL =^2    (701 •  •  • 718, 1) (4) 

where 

TEL = Total engineering labor, 

and the summation is of the series of estimates recorded in the SAV matric from 
line 701 through 721. 

ENGINEERING DOLLAR COSTS 

EUC - TEL (ECLR1) (o) 

where 

EDC " Engineering dollar costs 

ECLRI     Composite engineering labor rate 

ENGINEERING MATERIAL COSTS 

EM = EDC (FM) (6) 

where 

EM ~ Engineering Material cost 

EDC - Engineering dollar cost taken from the SAV matrix at (723,2) 
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KM    A percentage factor 

TOTAL LABOR AND MATKHIAI. COST 

TLM = EDC   * KM (7) 

TOOLING: 

BASIC: TOOL MANDKACTURING HOUKS 

T. 
BT. - TF. (EC.) (WE.)   ' ,8) 

i ii i 

where 

BT. = Basic tool mauutacturing hours by hardware element 

TF. = Complexity lactor tor tooting 

EC. - Estimating coefficient 

WE. - Weight of the structural clement estimated 

T. = Cost/weight scaling cx|X)nent 

i - Index numbers 1 through 7 for tooling elements 

KATK TOOL MANUFACTURING HOURS 

TR 
RT   - 13T   (R        -  1) (9) 

i i 

where 

RT. - Rate tool manufacturing hours by hardware clement 

R - Production rate 

TR     Scaling witli production rate increase 

T'/IAL TOOL MANUKACTURING 

Basic and Rate Tool Manufacturing Hours arc summed by column for each hardware 
element, lor other subsystems and for the subtotals. 

BASIC TOOL ENGINEERING 

BTEII.      BT   ri'KK ) (10) 
i i i 
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BTEH.  - Basic tool engineering hours by hardwnre element 

TBF, = Tool engineering [actor:   a ratio of tool engineering to tool 
manufacturing 

RATT-: TOOL ENGINEERING HOURS 

RTEH   = RT.  (RTEF.) (11) 
i i i 

where 

RTEH. = Rate tool engineering hours by hardware element 

RTEF. ; Rate tool engineering factor 

TOTAL TOOL ENGINEERING 

Basic and Rate Tool Engineering Hours are summed in the same way as Tool Manu- 
facturing. 

TOOL MATERIAL COST 

TM =TTM (TMF2) (12) 

where 

TM = Tooling material cost 

TTM = Total tool manufacturing hours 

TMF2 - Tooling material factor:   a ratio of tooling material to tool 
manufacturing 

MANUFACTURING AIDS COSTS 

MAH =TTM (MAF) (13) 

where 

MAH     Manufacturing aids hours 

MAF     Manufacturing aids factor 
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MAN I11-A'. ^n i RING DE VE LOPM ENT COSTS 

MDll     TTM (MDF) (14) 

where 

MDll     Manufacturing development hours 

MDF     Manufacturing development factor 

MAMU FACT URING SU PPORT: 

87 S       1   89 '{4f) 
MS - 0.008325 (WAMP)" (S)'       (QD)' (INF) (15) 

where 

MS  - Manufacturing support cost in 1974 dollars 

S - Maximum speed (lets) at best altitude 

ujD = Development quantity (number of flight test airframes) 

INF = A term to adjust the dollar base from 1970 to 1974 as follows: 

(Y - 1974^ 
INF =    1.273 x  (1  i Rir and 

RI - Rate of inflation 

Y -: Year in which dollars are stated 

W1 'ALITY CONTROL 

OCli -TEL (()CF1) + TTM (t^CF2) (16) 

where 

gCli - (Quality control hours 

OCF1     Factor applied to engineering labor 

OCF2     Factor applied to tool manufacturing labor 
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Fiirit Unit Costs 

BASIC STRUCTURE FIRST UNIT COSTS 

E. 
CFU. =UF. (EC.) (WE.)   l (INF) + (SAV.) (17) 

where 

CFU   - Cost of the first unit of the element estimated 
i 

UF. = Complexity factor 

WE. - Weight of tlie structural element being estimated 

E. = Cost/weight scaling exponent 

INF ^-Adjustment of 1970 data base to 1974 base as shown in Equation (15) 

SAV   = SAV matrix 
i 

SUBSYSTEMS FIRST UNIT COSTS 

Same as above except the term fSAV.) is omitted. 

Recurring Production Costs 

These cost items consist of the following: 

Sustaining Engineering- 

Sustaining Tooling 

Manufacturing (Including Quality Control) for: 

Wing 

Horizontal Stabilizer 

Vertical Stabilizer 

Fuselage 

Nacelles 

Landing Gear 

Subsystems 
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SUSTAINING ENGINEERING HOURH 

SKI1     TEL (()N2U   - 1) (18) 

where 

SEH     Sustaining engineering hours 

TEL    Total engineering labor 

QN2 " RDT&E (iiumtity 

ES     Scaling against quantity 

The equation used lor procurement quantities is 

SEH - TEL (QN4i    - (>)N2ES), (19) 

ES ES 
or (QNß      - t)N2    ) for the second procurement quantity, where 

QN4 = QN2 + QN3 

(^NG = QN2 ■ QN5 

SUSTAINING TOOLING HOURS 

STII " (TTM  ' TTE) (QN2   L -1) (20) 

where 

STII = Sustaining tooling hours 

TTM - Total tool manu lac tu ring hours 

TTE- Total tool engineering hours 

TU     Scaling against, ((uantity 

The equation used lor procurement quantities is 

TU TU 
STII'   (TTM   ' TTE) (QN 4       - (^N2      ), (21) 

TU TU 
or (QNG       - (^N2      ) for the second procurement quantity. 
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MANUFACTURING RECURRING COSTS 

Based on I'irst unit manuTacturing costs, recurring manufacturing costs are projected 
on a dollar basis.   Exactly the same procedure is used as was used lor the trade 
study recurring production costs by structural element.   A Z-card calculation based 
on TERM 29 is used.   This has the equational form, 

P3 

Cost Estimated = PI Y^   i (22) 

P2 

with the same del'initions as in Section 2. 2. 4. 2.   The calculation is perl'ormed lor 
each of the aircraft subsystems. 

Quality Control costs are included in the first unit cost estimate. 
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APPENDIX C 

COSTC PROGRAM SOURCE DECK LISTING 

This appendix provides a program source deck list for the COSTC data manager 
program. 
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CQbTC 
COSTC 
COSTC 
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COsTC 
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COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
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COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
COSTC 
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COsTC 
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COSTC 
COSTC 
CO^TC 
COsTC 
COSTC 
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L.Y 
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I*LL    .,■  H^t" i •,!  ] ■, I , I .i.j , »Vi iA"f  ( K- .v ) 

'•LL     .,i   MIU li U-L1M »   1 .. JI Huft'-f »At ) 

r' - ■  M A vl   i L  r  i I ' ) 

J     <• 1 11      I ~ «, »  i I ' 

f   I    H, ..jin.l (   ( i-l ) ) .LL.     1 .' -i.)     ,vOl<n-»UHi) + l-)AHAM( I ) 
l(    ,.., i ■'/>".,- i 1 ) )    .LL.    J.l.-u)    .vuKOrwUK UCuEK ( 1-1 ) 
U",/-„'   n..ti'M,,M   1(  1  )  »vUl F t 1-1  ) 

'Jii I   1    .ML 

>' li ,- I i-  L- 1   )   »  -iM «, /, t l'   .V 
i  ULI   ,«.'.1.... IMJ)    I'L (ISUH) -,-,UK:I 

I- (M t j'W .' j . mi-. )    HL ( ISun ) =i'L ( IbUiU+rttmu 
ü    lo    5 a i' 

I |/,I<;/,,/"II<L    t- AL I .~!'J'3   L AlU< 

( an (in, )L 

'(.'     LAc,j 
'•ULIIHLY    CIJL    d-iAtil'I ( 1 ) )    MY    MAKUWAHL    ^-AtTOH". 

TO   OiiTAi'l   (.OL'j   ( ^,Ki(Y ID) 
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L i>' ,Tl 
LU" .rc 
C ')' , T C 
C'V .iK 

(.|J jTl 

CO' >rc 
CT , I'I. 

CO1 , re 
CQ' ,TL 
CO', ,TC 
CO: ;T(. 
cu- >TC 

CO1 »Tt 
CO' ■,TC 
Cv)< >TC 
CO' >TC 
CO' .TC 
CO- ,TC 
Cu iTL 
CO jTL 
CO r.TL 
CO .TC 
CObTC 
COSTC 
CO >TC 
CO ,TC 
CO .TC 
CObTC 
COSTC 
CO jTC 
COSTC 
COSTC 
CO ,TC 
CO' jTC 
CO' .TC 
COSTC 
CO ,TC 
CO' .TC 
CO 3TC 

CO' ̂ TC 
CO' 3TL 
CO- ,TC 
CO' jTC 
COSTC 
COSTC 
CO' ,TC 
COSTC 
COSTC 
COSTC 
COSTC 
CO' 3TC 
COSTC 
COSTC 
COSTC 
CO- 3TC 
CO' 3TC 
COSTC 
COSTC 
CO' vTC 



LUUi'L- I 

ILV.U, ; (la.niui I [.■(') --.Lr r t.Iir 

(.ALL Ht.t Ul'ü I u 1 ' If- ) 
.'AKKM I 1 - 'lAKn A T ( 1 ) 

. U    I i ^ 'j     i - c' i •. i 

li- (  •.(Ui.H.MK ( I )  .t. J.ll) oO     10    ^70 

■ A«.sA I U 'l/'-Kc A f ( I ) 

SAV (Li'*L li^AnKAYi »-SAv (LlNf. fi-.rtKf<AYl ) »COf. F ( i-1 ) 

tt-'i   Co!; i i.. i[_ 

,t /U     I   UN 1  ln.JL 
ru   ,:ui   1 = 1 > i AJU 

1 AUu« r i - I AD,..A r ( I . 1 ) 
0   ,:..,,.   J-^r / 

I AJUMTJ-IAUUAY I I.J) 

! I- ; i,«,, )M f J.Lvi.U )''0    (0   2D1 

,Av (Ll.it. f lAuü^ri ) -hAv ( LINl   . 1'\1)ÜMT 1 ) + )A ; (I. I'IL , I AL» 1A Yj) 

^o^   CUu I l,,.;t. 

J0    10     io'J 

LUIU   i. JN i i i ujt 
D'j   u / j   J- 1 i  iv-UL 
S .V (Li'iu» 1.;1)=,JA\/ (1. IilL» 1,5)     ♦■    SAVd.T'.LjJ) 

U/l)     LUl I   i,..IL 

f.lU^UL (i-tHAKfK -il . Tt .-'P^)     (SAV(L1NL . I ) - I = l»iJCUL) 

ll- ( ..Li  J     .i'J.     iiLüL )     uU    TL    li'1;! 

r.uLLiJut lüft^-u < Ft   nVdiLPK))    brtV Ulf'f  » 13) 
t,1 ij    (Uli •.<* I ( i^ ( 5A t (- ? , ? ) ) 

IM-JKV (LiM: r l.-i)     .EU.    U.)     T''i'f V ( (JL P^ ) -hi. A^l^ 

U^h    . !0    'OL.    i -1 f   (LUL. 
If- (-wvv (Lia- , I )     ,(.u.    u.)    TrMP.'( 1 ) =tiLAMk 

»4 jlj     CL.J I   l,„.IL 
LL^UL(^.'^.- '  IL'-P)     iül:N( 

l*4U    FUt<.-,»v I  ( i M A i ) 

[f-tiUi_iJ|      . t-vJ.     1. Ml)     oU    TL    460 
/.Kl  1L     (L-'*^!))      ( Ti. N'P(I ) . I-l .'*) .  ( rt>,P^( I ) r 1 = 1 , NL»t<) 

'»bU    I  L" -i,, |  ( iA > H / , ^H Ul » A,-i , IS ( H7» i A ) ) 

0J    lu    5»u 
■■U.i)    .vl<I II    (.^.'»71,) I rL'''P( 1) . 1 = 1 >'H . ( TL.-'V* I ) , 1 = 1 M.CPM ) 

V/U     I"  Obi-M 1   ( J)A ." / ,   -jAll) ,  1 <:■ (K /t  1 / )  ) 

')L.J     C.Ul J 1   i , il/L 
. CLU,^ ( iu r f.i .i , I L^P )    KLY»l I'll, i ICOL» 1 riiR'" 

CALL    IM.L>JI'v ( i, II(L ) 

1. JUCO-c' 

LOuHr. -•) 
uMtiLh  IF rtiEHt. AKL LLNT IIMOAIION LAiUjb 

(. ALL ^HLv.r ( ii.U.Jl r r TI ■• i'S. KK.A0 ) 
II- (rSt-L/iL .(: v.. (J ) GO |0 'jbtl 

i J U j J u  i - t ' ;) 

rL-'IPt /t 1 I=TL.V!-V '. I ) 

bjU COK I i...iL 
LU'JPL-1 O 

tj'jU Cu.i l 1,. jt 
IF (KLr .r J. lilt- ) GO 10 lb (in 
SAV (LI'IL» KuL)-SAv(LlriE. 1C0L) +  TLid-i ( I IF.KM ) 
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OO'.TO 

Ci;;,TC 
CO',TC 
CO .TC 
COS TO 
CObTC 
CO'jTC 
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CObTC 
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COSTC 
CObTC 
COSTC 
CObTC 
CObTC 
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CObTC 
CObTC 
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COSTC 
COSTC 
CObTf 
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CObTC 
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CÜSTC 
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COsTC 
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CObTC 
COSTC 
COSTC 
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CObTC 
COSTl 
COSTC 
CObTC 
COSTC 
CÜSTC 
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COsTo 
CObTC 
CObTC 
CObTC 
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>- COSTC 
(..au      J" I i,. 1L CObTC. 

,n  .,-L I 1 W i> 1 u , fl vi   )    M Y » L I'-i. r K.ul i-. ILOLI . 1 r, K;--', •          COSTC 

i Ai i.   .■! i, jfl: l L 1 Jr ) COSTC 

t.jn   ■ Oi'- .i| ( ,. 1 » u j j,) COSTC 

Lut>'i,_i COSTC 
LJW, I.._ ( LOSTC 

1                                                 L.llth    II      FMt.Kt «Kt   (. LNI lu'J/i f 10n   CAKD'j                                                         COSTC 

CML-I.   v-'i^-Lr { iMuhl I , TL-1l'2,f,ri./.',)) COSTC 

IMM-LAU    .-  >.,()    SO    ro   f-Ltil COSTC 
iiu    l-.'r, COSTC 

It   ■ r   ( M 1 )-Ti   '-Hd I 1 ) COSTC 
t   V'   ; w.i i.ait COSTC 

I ■-'   it.-I '-J COSTC 
i.:vi   Ci.   il i..-Jt- COSTC 

,MI „h.,) COSTC 
-i.   UUJ    it'Jt -1C JL !i iLül L COSTC 
Si L-.f.  i^u/u   t 1 COSTC 

"Wlui  .L > ICwD-SAv (L 1I,E, lrriL)    +    li"«.■•■( I Tt^M) COSTC 
t,fJ   LCul i.,i,L COSfC 

i<L».t'_ I COSTC 

«JU    IU    '.o i CO^TC 
^ COSTC 

/dh   Luul i,.Mt COsTC 
..iv 1 It i!,. '«'->) COSTC 

■..    K-    Von COSTC 
^ COSTC 

7'j ■   ' -J.»! i,. ,L COSTC 
..I'1 II l.jr / 1 ii j     I It'"!'( I ) . 1-1 .^) COSTC 

7 1ii   I Ot- -Hi ( 1 AI W'*i /Mil) ) COSTC 
r-o    lu    icD COSTC 

c COSTC 
c L.   CU'J i II.JL COSTC 

'.ALL    i I lut COSTC 
U    u    Von COsTC 

t- COSTC 
■JU'J   i ^i. i i.. ;L COSTC 

LtUuL ( o1'»^10 » IL'-i.'-')    MCOLtlTsul't    TITL COSTC 
"lb   i-^H ..» i ( IA» Jt J Al ,f,x« ?A1U) COSTC 

.Liw-i _ IL-JL* i n COSTC 

.i.^.v- ,LbL COsTC 

[f-tilj.ih     .ML.    JLH    .AUU.    liCOL .LI.     1?)    ! JC P _Nl_ 0L+1                                                             COSTC 
i'U    u    ioJ COSTC 

L COSTC 
1 UuU    I. wnl ln.JL COSTC 
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1<J 1 u   ■ Uit.. HI ( i'JKf 1 J/V.)) COSTC 

1 hw.*-! CObTC 
•^    UJ    Vou COSTC 

i (JCU   CO1.1 I,,UL COSTC 
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I I I'w-s CÖSTC 

''0    lu   Sou COSTC 
1 ü JU   C.Oi. i 1,,I)L COSTC 
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/.I<1 In-,,'*',.) ö                                                                                     COSTC 



i Hi. 
.-.Hiii   iK., ii ic)   (C.Li'.>r f i), 1 = 1, jwu) 
i uh...« 11 vidt Li i-t.:irs/ (luxi loMij)) 
ilu i l»vj i - i » I A'J 
i ü i 1 j 'j J = 1 » J /< i I 
I bUr- (J- 1   '  *r.(v.\W4 I 

1 luJ    1 L^ff ! J) -HL t I -,011 ) 

'VHlit     (u»lU.m    v.LI'ji ( I ) , (UWl-'/l J) »J=l, Jflti) 
t- ÜK,,,, |  ( i > r Au , lüL 1 0 . c ) 

CUW I  IJ. IL 

AKl   I L.      ( !; f ^ b ) 

.. '< 1  I L      i u » 1 1 11 " ) 
^wt ■• ('.in in.').,;W   t..A r'UA) 

'"'O    ii^u    Lri=l »L li'Jt. 

IP ( u I.KL If- (LI.) . L'^U) UU    lU   I UII 

V'KlU     (uiil ili    L!lt ('.»W (L'J, T ) » 1 = 1 , 1'5) 
FUK • A I ( i bi 1 ii   1 u , ^ ) 

l.uL-LKL 1 1 
IK ( <> o . ( L -t .-J-J)     .11..    u)    ./I'lI'L    ((..i,,) 
CO.J 1 11.UL 

CJU    IU   3tjU 

i lu1» 
1 ) Uf. 

1 1 U'' 

Uli 

J lAi 

iiui   ( U'J i i,«ijc 
i- l. r ,   _   r •_ "i 

Kt l-li,/ 

LOUHL-? 

■ '0      l^.i'.j 1    =   2.7 

If- l     II"'*   (1)    ,(iu.    f-LA ^K    )    TfVtMI)    =   ^LHO 
li'Ub   Cuu I i,,UL 

(. A-LL   LHLLK ( iuU'U T , rLMf'2fKFl Au) 

Ih ( INF L.iu.e u. ii )    bC    To    12^0 

-U     IrJiU      i-S t   / 

TL'> lu + l )-TL '.P^i I ) 

IM     iL-'Ht 1+u)    . t'J.    huAl^    )    It^^tl+n)    =   /r^O 

1 <- 1 U    L Oi. I  1 u' IL 

LUOI'L   =   li 
ic,:[i  (,ufi i I,.')L 

C »iLL     u(    I r'A l' 

1 L.LOJi. ( iOiMl,, I K'-'H )    i\t Y,    LII'L 

CALL     HI.LoKl) ILl'lL ) 

*■ t t: J   -   u 
lb(r    _    LuUMt.    -    1 

'.'ti     i^ju      i = 1,1»,rc 
SAv (uiJL ■ 1 ) =Ki< ISJ'- ( 1 ) 

i<^jü   CO., i 1,,WL 

o U     | tj     t) o 11 

1 iOU     CU.I I  lulJL 

I'LCüL.L ( 1(1 »hlU, IL^fMKLY rLliJr , KOL .N'AHKAY Sl ) 
■ 'U    1 J i u    1 =t.', o 

i/LLvJUL ( 1U» 1 O^u t 1 L'-'.lJ { I ) ) (fA-'/i,-, ( J ) , J=l , 1 |, ) 

(ALL   I   ImilUl (t-ANAf-'fl-AHKAYt I ) ) 
1J2U   f-UH.-.h i i i HAI ) 

i51U   Cüul 1   (UL 

'JU    I wi    JOU 

IMIU   CuUl ImiL 

IAl;u-i AuJ< 1 

i'i--l.uuL (iu»t>lu»TL ^11-) KLYfLl'iF , ICUL, IAUUAY t lA.lu, 1) 

iLtwLfL ( 1U» 1 jt-Ur  rr.i. )' ( 1 ) )  (PAWAi-M J)  , J=l , 1 ,) ) 
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■ ■     U,     ■.(;   I 

J '..b   I .   ■     I  i..,'L 

■.,, ,_L   ^M    -1 

l   Mt, i       1    .1    V •'!    '.IM     •>' ( ^ J   , ,gAu ') f ^i .'i ) 

/ <  .'   I L. 1    11    .   K   v.. L  I       -      '■    •' . 

^ I     . ) (       !  : 

i   I       I I   I t ■    I     1   ■..    I t 

i. JI,.    . f •. r. i   HUM --A i 

lui«..   •   'liii    -    1 i   • t  U • 1 ) 

CO'.TC 

COSTC 
CO'JTC 

CObTC 
COSTC 
COSTC 

COSTC 

<1 I,I. 

. I; 

- ^ I l   .1      wl. I fJAl' 

IHIJ   Hl.uIifJE   DP TLHMI.JL S   «HAT    IS   (.UwTAIMru 

i   .   LACI-   FILLU   Or    Ui   OiAf-AUr.KS   Oh    TltL    ,'-tAKn 
u.u     KL   ISr':/.      I Mf     I   OLLOA IMO. 

lh- Nu.    0|-    HAKftMF. ILWS, 
hJA.<Al> PAH f."t   I t K    AI'f'AY . 
IC Nu.    ^F    CULhF iLlfiHS. 
Curt- CuL' (lull- I'll    AHKAY . 

let 

1 ^.-. 
1„,J 

LOO'irs THL   MI ir-.^K    uf    LLF^tNlS    IN   AM   K-CARD. 
uOUSTs IHL   UUrttieH   OF   «LlbhTs   IN   AN   P-LAH). 
JU-'f Ir H OF    ivf 1 Ulli S 
(('■•li-ti^ UF   f^OHuLtS 

(   J.-    ^..   LiSi.» KUL» LOUKhf LOOf't »KfcV , NRtAt3» TEWp< 1 o ) » Sfl ■/( 0 0 rl r I 3 ) 
• J    • u,,/„t  lu,,! / L.x^,, l.vi). j/, i, k-,Lls! ( 3Sn) »LLISTio) »PL(?nU) f rYPL(f)) 
i.j.-v..   //LAIVM/       II   , 1U>PMI<A''( M ) ,COt-F (lu) 
,_.j ■ ■■ u  .    /SU'-I  K I /I Si1'' r Hl^TSOV ( 1c: ) » Kt  YS 

CO.-i MU..     /   lUU',.:!/       1 COUh 

L u '.   .u,./ i I L iv.- S/J1 :  F '■' 

il-'L'-.. i u-J   CiiAt« ( 1 i) ) »uibl I ( 1 3) r ilili'i ( .S ) 

'1    Li^lui   l> A !( lU) . ''L Lt.M( ill ) 

AN.    . lui 1 / li'i f 1'lc » I'l.^i I'N , Jlrj, jilt,, 111? , lHOr iHv, Irin. 1H. , 1H+ , ill-/ 

.  c I »•    uL A' IK/ i ijn 

-/, I/,   na/ii/ 
A I /•    ci h j/i+r,       u . / 

c 
Is'J-   -   .; 
I u - u 
1H- J 

Ii<l -u 
Ir:,.-u 
i  Ü    nU     1 - 1 i 1 ii 
COM  ( i ) -.J. 
I'AKHi-  I 1 )-l). 
'■K 1 SOi- (    1 )    - /LhO 

o(J   Cu'N i i,(ijc 
i  i< 1   JUI- 111)     - ^cHO 
l-K 1 SUr  ( iM     - /LhO 

COSTC 
COjTC 
COSTC 
ÜLTPAR 
6ETPAH 
GETPAR 
GLIPAK 
GEFPAH 
GEIPAR 
GE IPAH 
GETPAR 
GE IPAR 
GEIPAR 
GEIPAR 
GETPAR 
GEIPAR 
GETPAR 

GEIPAR 
GEIPAR 

GEIPAR 
GETPAR 
GEIPAR 
GETPAR 
GETPAR 
GETPAR 
GETPAR 
GEIPAR 
GEIPAR 
GETPAR 
GEIPAR 
GETPAR 
GETPAR 
GETPAR 
GEIPAR 
GEIPAR 
OETPAR 
GETPAR 
GETPAR 
GEIPAR 
GETPAR 
GEIPAR 

JSI.« I    -   LOO, u 

IF (Jlui'.i"   .Lvv.   ^   ,GK.   J'\ty>''   .f).   ?■»)   isrRT = i 



11 I *... I '■ I   . 

>J    ■■•Do    1 1 i 

S)     I'J.  I 

I   It  L.j- I i.  ■ l' ( i I t .-H-1 ) 

i Lt^i,|  ( i.)r 1 IHIK J> LL)    ICMAI» ( i) . 1 -1 » lu) 
110    •  ■„>'    K i ( loAl ) 

. 'IJ      tto      1 - 1  >   1 ' 

IH I L,MHI< i 1 ) .  K,.    fl aim )    Ou    I "    1 Htl 
U:ii  Cun i r. it 

f Ir L,'    IS   !.tLAi,K 
uü    10    ■v.-i 

l',ii     ■   -■   . I  1   -.IL 

h   (JILV.-    .1   y.    ,"i     .(if,    Jltf''    .L J.    ^C))    du    TO    iH'j 
L ALu    J!  (wCMdJl,,!! f 10»CMAK( 1) , I'll.  ) 
Ir I ii._    . v F .     i )     J.J   To   yog 

•'  ,r   u   A  ,•,(-:iohT    i.v ■ L 

I'.'i    ..UH ■ :.-   f.'«'-!-^ (CrlAP ( 1 . o ) 
I     .»-.'L-    >'.. J»',i iLllAC .7(10) 
IF  I n.l     .L«.     1H/ )     (jü     | U    IHll 

uL I    »-.KIOMI    Ahi)   f LL'^hijTS   HKU'-'   Afi   K-CAKO 
LMLL     jt AHCHt .»I_ I S] < I .IUI Vy'ljAI'l   r i IHU ) 
IF I iuu    .l.w.     it)    uO    TU    Ihu 
l>w,-in.,-» 1 

•'   Al ( I'v.«) -I'tlj 
uJ     I u    1 u't 

U.I)    "/ALL    .JL-^I^IM LL.i L.T , J.-.O . «v'HAf I-', 1^10 ) 
It- I iM,,    .L1'.     u )    bU    To    18^ 
It<t.- I'M   * 1 
■>. LL -M If',- ) = 1 iKj 

it.4    CALL.    _.(  »KlIUcL IST . Jxjr tflA'-T , 1 N,/) 
It- I In,/    ,L').    o I    uO    1 o   c*üü 
1 h.t.-i.M   t- 1 
'■'LLL- i llM. ) -iul) 
: ■ o    I u   •< u ') 

Ion   CALL.   ^L^Kt tu ,VL 1ST r Irtji .VuA'-'f  ,K« ) 
L ALL    jLM!<LH{t LIST r J.MJr L(JA T ,K|-. ) 
l^^^,■. »^L   .si.   u)   uO   (u  i'Jn 

IINI>IILL    lo   '-/(TLtf   v.rl'Tti   OH   fU'    -   'jhT   Tu    l.i) 

1 ü._'    i-Kl ll.sr,. in4 )     ,-, JA'^'S i r I.A^L 

itM    (ut<.-». i(tu   U,4AiiLt    TO   MATCH    + . Ao.^A, A4, ♦    ID   ^LIUH   OH   LLt.^EUI    LIST, 
♦ St I   h'HUM-.LT^h    fu   I . )   ANJ   COldl'-iUt »*) 

iH^ii'-t 1 
t'AHo'.n IH ) =1 .(J 
C/U     10     IUU 

190    1 JUI)=    ( r,t.-1 ) ♦■• AXA ♦ K,V 

v.üttu-,"L \ I SUn) 
It- (    fa. fj    . '   j .     lll'j)     00    TO    ir'fo 
llj;u' t 1 
I'AK/d. i IM :-v. jt<u 
■ .o    lo   )iuU 

i,i:«HoH   f-Urt   1)LCIV/\L   POINT 
^LU   i»0   dlu   i -1 f 10 

ih(oii.«iMi)   .tu,   )ioir(ii))  oo  ro uou 
^10    COS|lMiiL 

i I   |"UJSI   t'u   AN      IliTLoLl'   FlULu 
iU   LO'JIilb    IHL.   'KUAOLH   Uh    iwlt GEKS 

I'JI 

of, I PAH 
bt |PAi^ 
OETDAH 
GtI^AW 
Gf- fPAR 
GF. fPAH 
bL'TPAK 
GEIPAH 
bt. I PAH 
OFtDAH 

GETPAW 
GFI PAH 

GLI PAH 
GET PAH 
GtfPAR 
GET^AH 
GtIPAR 
GE1PAR 
GETPAM 

Gt I0AH 
GEfPAR 
GKTPAR 
GET PAR 
GtI PAH 
GEIDAH 
Gt("AK 
Gt1 PAR 
GETPAH 
GEIPAH 
G£TDAH 
GETPÄR 
GET PAR 
GETPAR 
GtIPAR 
GtIPAR 
GE IPAR 
GETPAR 
GETPAR 
GE(PAR 
GEFPAR 
GET PAR 
GETPAH 
GE FPAR 
GElnAR 
btIPÄH 
GETPAR 
GEIPAR 
GET PAR 
bETPAH 
GEFPAR 
GE FPAR 
Gt [PAH 
GEI PAR 
GEIPAH 
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■    -' I   V       , ■ ,M I 

.     .VI It     -J 

ll.'-    -Ml 

H.      In)      -    11 ML M ( (   li,*iv ,  lu t  ff ) 

^ 'J11     L ui . I i . .. IL 

I h (   J O • i, v* •     1 J    üu    IM    t ->t J 
IM .i/    .LU.    c)    .,0   TO   dh» 

1 ^ i .)   .LJ.   j)   bo   i ü   jiuo 

-Klit.    (ü> c"3 ( )    F ILL'J 

.  L-'t     f-0»..A| ( lOf'.n^KnJM     I'J    FJELl)    =     rAlu) 

!■• J       I U      1 U U Ü 

tvr.tALLf   .)   tALUlLAJ lOUb 
.  L'.    '  L-l_ i..t 

■■ t--i..j' ( i I 

1 -if _,|    -:    KUu )   -   'M i •' ( 1 ) 

; ü    i u   ^o1* 
^UU    I-  L-i.>,;'", l   ll.t.  ( 1  )  ) 

r i_-i iu At.) 
IUHJ I    ;    ILOLII    -     il  v(^) 

fo-4    it     ir^^r    .i'..    inK)   rM.   -    itOL   -   lOf-ST 

■ . Jl  J-J.»V I't. i l\t. ) 

1 H  (   .U- ( i )     .^ r .     ') )     i1Or(Li = -iV0Kt.. 

I-" (    f.. r:.    .'•!..    In',)    L-0   Tu   ^«St) 
<    t ' ' !       I.   U l   /   |    1  i . I  ) t. 

1)1'- -        i     .1     '■       t 1 
■ ^ '  --IU   'I  1   jt'f-  J      =     .iUi'u 

i\J      I ^     M U u 

^ n«.    '   Jl . i 1,.HL 

1 t'-li   t J 

r'Ah.* •  ( i I" ) =v> ,;h j 

! - U     I u     i u IJ 

JUI-I   uf     Si. .JUEIJI 1 AL    L INL5 
3uiJ    :.L-i..;.- ( i I 

i  L-ii; ■ ( <_ ) 

r r.-i ;.;,• ( j ) 

lür JI    Z    I( OUM   -   M.  'i( J)) 

If"      (M-T     .L'i.     HIM)     KL     =     ItOL    -     lu(-ST 

..Ji'i   -U . 

'J     Jt o    1 - 1 t i .1. 

•■. u-<i y_ ,. i;h .^ 4 '.)M i/ ( i\L f K t ) 

r. L - r L t 1 

IF i    r-Lrs    .L,.    biS)    UU   Tu   .'Jii-j 
llJ-U'*l 

I'AI-M.-.I 1H ) =,vvf, j 

' ,0     I u    ,iu u 
rlcLu   I-'UM    CUNfAlh   A   CO'iMANT 

'•tUU    OttuuL ( tu»4! lu »F 1(. LiJ 1    AOI<U 

'* l(.i    (  Ur-.-.A i ( L! U . u ) 

.JIJ^MF"; 

!U <:M') 

1!)2 

GL \PbH 

OF TPAM 
OF. I^AK 
OFIPA-^ 
Of TPA(y 
GE1 PAi^ 
6ETPAH 
GEInAR 
Ot IPAK 
OETPAR 
(iLTPAH 
OETPAR 
Ot ("AK 
GETPAH 
GETPAH 

GET PAR 
GFIPAH 
GETPAH 
6ETPAR 
GETPAK 
GtTPAh 
GEIPAH 
GE fPAR 
OETPAR 

GE fPAR 
G- TPAH 
'.;r 1 PAR 

GEfPAK 
GETPAR 
GE FPAR 
GETPAR 
GETPAR 
GEJPAR 
GETPAR 
GETPAR 
GE(PAR 
GFIPAR 
GETPAR 
GETPAR 
GETPAR 
6CIPAR 
GE1PAR 
GEIPAR 

GEFPAR 

GETPAR 

GET PAR 

GETPAR 
GEIPAR 

GETPAR 
GEI PAR 

GEFPAR 

GEIPAR 

GEI^AK 
GEFPAR 

GEFPAR 



.1 1 i ■. )    (.,u    K'   , i,: 

In   ii   «vOMdb   OF   VLIST 
U   VLIST   THAT   CO«RESPOMi)S 

K- n. . i 
«,  Jit   ( U   ) -.•. Pu.j 

ntiU    i.  JH )  I ,.  IL 

<.tM<     If   1 r, i. i      , LU.     ],(,   )     (. ,     |0    Jlj^n 
It- ! iiv;     .i_<,,    i.. )    u')    Tu    1 OuU 

'-•IH'     If- (   ,;.,_;.»       .I..L.     1IV1   )     uU    Tü    u-,() 

i.K 1   I L   I f . I ^ 1 0 ) 

"1"   f VU.,M(H.M,^,,0)   t'j^uoH   PM»^A'«I ^.(<S      SpulFItT   IK   K-PAKT) 

'-.   l'     '   L - ■ LLt.   ■  ( '."'L/.I- ) 
■ o     Ou    r - 1 » i c ,, 
>■■>-■   A   i   ■'■   ) 

IH-it    4 1 
I   jLJf.- IKL-l   )  ♦    IAA.V tK ,, 

•  "■•', -M'   ) -PL ( ISU'U 

, UL.il Li  vJI\.. 
I . K' 

'..UhKOvIVd.    JLMt<LM( VLlbT.U, VHA/h , IU[)    ) 
IM1S UOUI 1UE rtJLL ShAHC tl VNAKE 
II i<LU«Ub T-it SUuSCKIPT IMH I 
10   VJA'-L. 

|   i 't,^jU J   VLl >T ( 1 ) 
i HI   - u 

>J   I L) j   i - 1 > . 
If- I ^„.-t     A  ..    VLIST ( I ) )    on   iu   UlU 

1 tl l'     '. W ■ . i  i ! ,, I L 
■ ■ J      f u     ^ u J 

1 I •! j       !     1. ' - 1 
e' I. U     i   L 1    (.-,., 

'■uiiiiov  I i  it,    I_MJ^ i 1 :.> IL f Au'j ) 

IMIU    J.J,. KOUI Jut   flALUATt.'-)   T,iL   i-XPRFbb 

i- cfiij   CT    LxPKt SSlum 
"'•'J Ah'o.vl  !• 

LU-.-UJ,.    /     L  Ju/     i A ( 1 bu ) 
l" i-'^l^  .   i'l"! 1,(1 ) r I<,UIM(', (I) , JucC ( L»l) ) »OP (b) 

I'il LUL •'.     UP ( ,5j  ,M? 
L .VJi v MLL'ICI      ( 1 A.f, I A ) 
l'A I A    uP/<iH» « ( !><♦ .■ JU/ r 1IH, I'J-/ 
I- -l 
1 h L u - v 
t   1-1  , 
' ■ L i -■■ J L   t i 
/'J      HI I       1-1'.;.     JCJ 

It- ' J     .LI .    Mi )    at     TO    HO 
I   t-L-x 
i^ ( i   . i u .   Uul I   oO   Tu   ^i) 
It- f IM l 1 J    .1 v,    u)    GU   TO   4 
II-IMU)    -AHJ.   7777?n7 /777777 H/QDO 

It- ( J i    .L J.    j)   uO    I"   -j 
i'lj'J.'l (K ) -l< I A ( 1 ) 
I A I i ) _1 K 

J I- Lo _ j 
' iU     lb    'tu ]<J;J 

H   UM 1)     .i  J.     IK     )     oO    TO    1,0 

ION bETwtrfj  r ANn 11 

GE.TPAH 
Of TPAK 
Gc(PAR 
oLIPAh! 
GF: I^AH 
GL IPAR 
GET PAR 
Gt IPAR 
GET PAR 
6ETPAH 
GEIPAR 
GET PAR 
uETPAR 
GEIPAR 
GETPAR 
GET^AH 
GETPAR 
GEIPAR 
GETPAR 
GEIPAR 
SEARCH 
bEARCH 
SEARCH 
SEARCH 
SEARCH 
SEARCH 
SEARCH 
SEARCH 
SEARCH 
SEARCH 
SEARCH 
SEARCH 
SEARCH 
EX PR 
EXPR 
EXHR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
Ex PR 
EXPR 
EXHR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXPR 
EXHR 
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li-    i i V.I'L (v)    .I,M.   n)      oü   ro   im 
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luo 

I r      U vtJL ( J)    -   i)    ')u . ilt.'J, lun 
i'.iO'- I ,,)    -I' (j.' U )    ♦    KoUwdl) 

.-uu • i,,) i...r.ij,. tu) /«.■JIJ; (f,) 

t Xt-M-' 

LXHÜ 
LXHP 

EXPP 

1ü:J     I I-      I l^i'L ( J)     -    ';)     1 1 j r ] 2u > 1 'l>i 
110    i-.,ü'.i,.) -i'MJ ..( J) tR'KJV (N) 

'jU     I u    1 j U 

lr. ii  tii.u - 11.) -i<:<a.,( j)-'"iiii' ((,) 

Ijli     I Jt'L l o )      -    I' 
1 Hi.     I  Ju |  l.^UL 

1 '..-)    '. Jli I  1 i dJL 
Ai/j-n^Ul-. (K-t 1 ) 

f. Xri' 

t XKM 

t Xt'D 

99 J   CUUI l.jitt 

I'L I ui>.. 
t   liU 

Sut^KuuTi'it   LIILLK (f n'jil »t'.l rn.^ujf, t- L AO ) 

C l'il'j   i'OJllUL   CtlFoK'j   IF    Till.   'Jt.xi    ULLDKH   In   Mihli    IS 

L t\   cüi.T I'IDAI Iur<   CM«,) 

M" i. loluu   KLUJKI;! I- ) 
K(-LMuilJ I'J'l 

i<LHu I r,juj Tri^d)    !'t Cui<|j 

LXt'.-» 
t xt'^ 

LXHN 

LXMP 

C  iLCK 

CHLCK 

LMLCK 
CtiLTK 

CUtTK 

CHLCK 



1^0 

uo 

2UÜ 

KOH.iA I ( öA] n ) 
r;EtuuL(^r 1 3u»HECORO) 
FOH.-IA 1 ( iX f A 1 ) 
IF(CUuT    .LO,    IriC 1    Gu 
t-ALh.'jf'AtL    KuNl I 
GO   ru   ^U» 
KFLAb-1 
RLIuKU 
ENU 
SUtiHUuTlNL    FIlLt 

CONT 

TO 15" 

mib ROUTINE IS USED TO PKIN1 THE TITLES 
COMMUN /PRIuTL/ITIM, IDAT. TMAirj(b) .TITL(7) . 

♦       NCOL.IISUPtTCOL(13f3)»ITKOW 

UU 

lüU 

13Ü 
14U 

wRl I 
FORM 
WRI T 
FORM 
«> = IJL 

IF( 1 
ÜU i 
WKI I 
FORi-i 
CONT 
RETu 
ENU 
FUtjL 

IbO 

100 

200 

Ml 

Ei 
Al 
Ou 
fb 
14U 
E{ 
Al 
Us 
KN 

6,110)    ITIM,IDAT,TMAIN 
(//ÖOx»A10»lÜXrAlÜ//l+UX,HA10) 
D»120)       T1TL 
(/    3X,7A1U/) 

UP    •NL .    1H    )    K=NC3I.'' 1 
l=l>ITHOrt 

b»13ÜJ    (TCOL I J. 1 ) »J=lrKi 
('+UX»12(Ab»3X) ) 
UE 

ION   PWOHLMVEC»Ibrlt) 
riUS   FUNCTION   WILL   SELECT   THE 
FROM   VF.C   AND   LEFT    AUJUST    THEM 

NON-BLANK 
IN   Pn/ORn. 

CHARACTERS 

ULANK) GO TO IbO 

DlilLNSluN \/c.C(l) .RÜÄddO; 
DATA  bLANK/luH 

PwURU^ULANK 
J=0 
DO IbU l=IHrIt 
IF(VEC (I) ,EO. 
J = J+1 
KOwu(j)=vECI I) 
CONI INIJE 
IF(J .EU. 0) üü TO ,£00 
ENCUULIJflOOfCHARS) (ROwB(I) 
FOKMA){iOAl) 
PwOKu^ChARS 
RETuRN 
END 
FUNCTION NUMbERdROw, Ilr 12) 

!HIS SUBROUTINE GETS 
dLlwEEN IROW(Il) AND 

DIMENSION IRCWd) 

I=l-J) 

AN INTEGER 
IROW(I2) 

FROM THE IROW VFCTOR 

12 

20 

NUMoLK-U 
LElNlorH=]2-Il + l 
IF(LENG1H    .LE.   0      .OR.    LENGTH    .GT.    Ö)       GO   TU 

COMPUTE   INTEGER   COrJTAINED   IN  FIELD 
ENCC'UtC*» 12»MATF0K)   LENGTH 
FORMA 1 (2H(I.I1,1H) ) 
ENCUUL(LENGrH»20.JNUM) (IROW(1),1 = 11» 12) 
FOKMAKlOAl) i<j5 

50 
LENGTH 

CHt-CK 
CHECK 
CHECK 
CHECK 
CHECK. 
CHECK 
CHECK 
CHECK 
CHtCK 
T I IL E 
TITLE 
TI iLE 
TI fLE 
TITLE 
TITLE 
TITLE 
TITLE 
TITLE 
TITLE 
TI ILE 
TITLE 
TITLE 
TITLE 

TITLE 
TITLE 
TI ILE 
PWO^D 
PWORD 
PWORD 
PWORD 
PWORD 
PWORU 
PwORD 
PWORD 
PWORD 
PWORD 
PWORD 
PWORC 
PWOHC 
PwORD 
PWORD 
PWORD 
PWORD 
PWORD 
PWORD 
PWORD 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 



(ILL ujL (LLNOI Hf MATTÜi-! , jNijM)    NUM NUMBER 

'JÜ^tiLn^iiUN' NUMRLR 
KLlJKij NUMRtR 

bU   rtKl IHü< UO ) NUMBER 
bü   FOh,'Al !4ann^UMoLR   IS   10   HIG   OR   TKCKL    J ^   AN   AKü-EHROK) NUMBER 

SI OH NUMBER 
LUu NUMBER 
LOwRAL   FUrjLTlüN   MKbCKD(KEYA) MRGCARD 
MKULKU - .FALSE. MRGCARD 
IF( MRGCARD 

1 KLTA .Eö. 1HJ                               MRGCARD 

^   .OH. ^EYA .F'J. IHK                                 MRGCARD 

5    .UK.   KEfA ,tQ, 1HH MRGCARD 
4    .OrV,   ^tYA .FQ. IHK MRGCARD 
L
J    .uK.   KErA .EQ. 1H^ MRGCARD 
ü   .UK. KEYM ,EQ. Ihb MRGCARD 
7   ,UK. ^LYA .EO. 1HF MRGCARD 
») "■'.KutKü - .TKUE. MRGCARD 
t't lUKN MRGCARD 
EhU MRGCARD 
SUtiHUuri.JE KECOKOd) RECORD 
COMMUIM /KtCUHUH/ lCHK(lb) 
I AU«U-( I+'-*9)/bU RECORD 
ILOC = l-bO*( U'UHU-l) RECORD 
J=l RECORD 
CALL bltTT ( ILOC, 1, ICHM IwORD; , J) RECORD 
f-EIuKi^ RECORD 
ENU RECORD 
FUl'triOH IChKLUJ(I) ICHKLIN 
COMKUI* /KECOKUP/ ICHK(lb) 
IrtOt<üi( l+4S))/aU ICHKLIN 
ILO(, = i-bU*(lwUKÜ-l ) ICHKLIN 
ICl^LiNzLhYl ( 1LÜC,1,ICHK(IWORD) ) ICHKLIN 
KLFUKU ICHKLIN 
ENU ICHKLIN 
SUttKuullUE h INülNKTEMI-', 1IJ0) F][NDINT 
LU 'ILUUU'N  TEMPO ) FIND INT 

C     Trtlb büüKüUlINE «ILL FINU THE SINGLE INTEGER UP TO 99 FINDINT 
C l-KUr/ AN INPUT FIELD FINDINT 
C OUTPUT lb LOCAlEü IN INU FINDINT 
C üulPUT IS ZERO FOR BLANK INPUT FIELD FINDINT 

DAIA Ul.ANK/IOH FINDINT 
ll-o FINDINT 
I2=U FINDINT 
DU lu l=l»lU FINDINT 
IF( TLMHIU.EU.bLANKjGO TO 1U FINDINT 

FINDINT 
FINDINT 
FINDINT 
FINDINT 
FINDINT 
FINDINT 
FINDINT 

•Il»I2) FINDINT 
FINDINT 
FINDINT 
FINDINT 
FINDINT 

1) 19(5 TMERGE 

IF(il.E^.OIGO TO lb 
12=1 
60 TU üu 

lb Il = i 
10 CÜUriWUE 

IFl n.Ew.ü)uÜ TU 30 
IF (lif.Eu.O) 12 = 11 

2U IIJÜ     =NUMbEH(TEMP 
HETUKN 

30 INU=ü 
KEfUKu 
ENU 
SUMKUUTINE IMEKGEIK, 



c 
c 
c 
c 

THIS ROUTINE MERGES THE CARDS wUH THE MODEL ON rAPE2. 
THE UPDATED MODEL IS »RITEN ON TAPES. 

DIMtNSIUN CARD(Ö) .REC(8) 
DIMENSION CAKU2(8).REC2(H) 
INTtLbLR C»R>Z 
LOGICAL MRGCRD 
NAMLLIST /TEST/ ICOLR»LINER.ICOLC.LlNECrLINLPrIEND 
lfNÜK,I^OP»KCFL»KRFL 
DATA C»K»Z/lHCrIHR«1HZ/ 

K IS ThE TAPE NUMBER FROM WHICH THE MERGE OCCURS. 
M IS THE TAPE NUMBER ON WHICH THE MERGE OCCURS. 

REWIND K 
REwiNu M 

:U 

1ÜU 
110 

1HÜ 
IbO 

20U 
2bü 
29 Ü 
3üü 

32Ü 

3411 

600 

bü5 

630 

KEYR 
) GO TO 140 

KEYR»LINERrICOLR 

CARDS 

INSERT: 
IENU=U 

READ THE FIRST Z-CAHD FROM EACH FILE 
RtAU(KrUO) REC 
FORMAT(öAlO) 
DtCOüL(l»15ü»REC) 
IF( MHGCRD(KETR) 
WRlTE(MillO) REC 
GO 10 1UU 
DEcOüE(7»lbU»REC) 
FORMAI (Al ,213) 
CALL CHECK(K,REC2»KRFL) 
REAUtbrllO) CARD 
DECOuU7»15u,CARD) KEYCrLINEC» ICOLC 
IF( .NOT. MKGCRD{KEYC) ) GO TO 800 

CHECK IF THERE ARE CONTINUATION 
CALL (.HECK (brCARDZ. ?.CFL) 

LOOP STARTS HERE 
IF(LINER-LINEC) 700f250f600 
IF ( ICULR-1 COLO 70 Or 30 0 »290 
INSLKT=1 
WRIIE(MrllO) CARD 
IFCKCFL .NE, U) WRITE(M,110) CARÜ2 
READ(brllO) CARD 
NOP=1UO«LINLC+ICOLC 
DEC0DL(7»IbOrCARD) KEYCrLINEC.ICOLC 
IF( MKGCRC(rvEYC) ) GO TO 320 
I£Nü=l 
GO (U 340 
CALL CHLCK(brCARD2rKCFL) 
NO=LlNEC*10u+iCOLC 
IF I NO .LCJ. NOP) GO TO 30 0 
IFUNSERT .EQ. 0) GO TO 710 
INSERf=U 
GO 10 7UU 

INSERT AFTER LAST COLUMN OF PREVIOUS LINE. BACKSPACE TO 
HACKSPACE M 
BACKSPACE M 
REAü(M,bU5) KEY3»ICONT 
FORMAI(2A1) 
!F( .NOT. MKGCRD(KEY3) 
IFUCONT .EU, C, GO TO 
BACKSPACE K 

) GO 
600 

TO 600 
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bib 

6UÜ 

HACKbHALL   K 
REAU(KfllO)    RLC 
nLCOOL(^»60b»KEC)    KEYRrKCNT 
IF(    .NOT.   MRGCRDIKiYR)    )   GO   TO   b30 
IF( RUN!    .EU.   C)   GO   TO   biO 
DLCOUUTflSOrREC)   KEYRrLlNERr ICÜLR 
CALL   CHECK(K,KEC2fKRFL) 
IFlLlNEH   .EU.   LINEC   .AND.   ICÜLR   .LT. 
WRirL(bffa35)    REC»CARD»CARD2rREC2 
WRllE(fa» TEST) 
FORMAT(16H0UNABLE TO MATCH/(IXr8A10) 
GO TO 8UÜ 
WR1TLIM,110) CARD 
IF(KCFL .NE. U) WRITEfMrllO) CARD2 
LINEP=LINEC 
REAu(bfilO) CARD 
DtCÜUL(7r150fCARD) KEYC»LINEC»1COLC 
IF( .NOT. MRGCRD(KEYC) ) GO TO 800 
CALL CHtCK(b»CARD2rKCFL) 

700 

710 

720 

800 
80b 

610 

82Ü 

ICOLC) GO TO 640 

IF(LINEC .EU, 
GO TO 710 

LINEP) GO TO b^O 

RLC 
0) WRITE(M»110) 
1) GO TO 800 
REC 

KEYR 
GO TO 810 

) GO TO 720 

WRItL(M,110) 
IFURFL .NE. 0) WRITE(M»llO) REC2 
IFIiLND .EQ. 
RtAU (K,110) 
DECUULUf 150»REC) 
IF{KEYR .EQ. 1HE) 
IF' MRGCRD(KEYR) 
KRKL=0 
GO TO 700 
DECODE!7»150»REC) KEYR»LINER»ICOLR 
CALL CHECK(K»REC2»KRFL) 
NOR=l00*LlNtR+ICOLR 
IF(NO^ .EQ. NOR) GO TO 710 
IF{ lENü .EU. 1 ) GO TO 700 
GO TO 200 

BACKSPACE 5 
REAU(K,11Ü) REC 
IF(LOF(K))820»810 
WRnE(M,110) REC 
GO 10 8üb 
ENDFILE M 
REwlNU M 
REWIND K 
RtTUKN 
ENÜ 
FUNCTION ROuND(X)- 

THIS FUMCTION WILL ROUND A REAL TO TWO DECIMAL PLACES. 
X100=A«iOO. 
NUM=X10U 
FNUMzFLOAT(NUM) 
REMAlN=Xi00-FNUM 
ROUND=FNÜM*.01 
IF(REMAIN .GT. .5) ROUND=ROUND+.01 
RETURN 
ENÜ 
FUNCTION VALUE(IWORD»NNBC) 
THIS FUNCTION FIND THE VALUE OF THE TERM 
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C UOKO    TERM» PAKANitTFK OK COEFFICIENT VALUE 
C NNBC     NUMBER OF NON-BLANK CHARACTERS VALUE 
C VALUE 

COMMON LINE»ICOLfLOOPBfLOOPEfKEY.NREAP.TEMP VALUE 
COMMON /SUMPRT/ ISUM,PRTSUM(12)»KEYS VALUE 
COMMülM /ZCAKD/ IPr IC»PARAM(10)»COEF(lO) VALUE 
EQUIVALENCE (JWORDfRWORD) VALUE 
LOOPtn=LOOPU VALUE 
LOÜPLT=LüOP£ VALUE 
KEYT=KEY VALUE 
KEYST-KEYS VALUE 
TEMHT=TLMP VALUE 
LOÜPd=LÜOPE=l VALUE 
KEY=KEYS=1HZ VALUE 
JWOKU-IwORD VALUE 
TEMP=RwÜRD VALUE 
CALL GEIPAR VALUE 
VALUt=0. VALUE 
IFIIC .EU. 1) VALUE=C0EF{1) VALUE 
IF(IP ,tQ. 1) VALUE=PARAM(1) VALUE 
KEY=KLYT VALUE 
KEYb=KEY5T VALUE 
TEMP=TEMPT VALUE 
LOUPB =LOOPdT VALUE 
LOüPE=LOOPET VALUE 
RLTURN VALUE 
END VALUE 
SUBROUTINE EQEVAL(I AL»Nw.ANS) EOEVAL 

C EOEVAL 
C     THIS SUBROUTINE IS THE DRIVER FOR THE »F' CARD EOEVAL 
C IAL      LOCATION OF FIRST INPU' WORD EQEVAL 
C Nw       NUMBER OF WORDS EQEVAL 
C ANS      ANSWER EQEVAL 

COMMON /EQU/ IA(150) EQEVAL 
DIMENSION IAL(1) »RIA(150) fIB(?.U) EQEVAL 
INTEOLR B1.B2»B3 EQEVAL 
EQUIVALENCE (RIAdA) EQEVAL 
DO b I=l»15ü EQEVAL 

5 IA(I)=1R EQEVAL 
CALL UNPAKCIAL»IA,Nw,NC) COEVAL 
Bl = Bi;=ü3 = 0 EQEVAL 
DO bü 1=1»NC EQEVAL 
IF(1A(I) .Nt, IRO GO TO 10 EQEVAL 
B1=B1+1 EQEVAL 
IB(B1)=I EQEVAL 

10 I^dAd) ,EU, 1R») 83=1 EOEVAL 
IFdAd) .Nt. 1R)) GO TO 50 EQEVAL 
IF(B3 .EQ. U) GO TO "40 EQEVAL 
B2=ib(Bl)+l EQEVAL 
B3=l-1 EQEVAL 
IWORU=IPACKdA,B2fB3fNNBC) EQEVAL 
ANSl = VALUEdWORDrNNBC) EOEVAL 

20 RIA(b2-l)=ANSl EQEVAL 
DO 30 K = B2d EQEVAL 

30 IA(K)=1K EQEVAL 
B1=B1-1 EQEVAL 
B3=0 EQEVAL 
GO TO bU 199 EQEVAL 

40 B2=IM(B1)+1 EQEVAL 
B3=l-1 EQEVAL 



CALL LXHHf b^HJ» ANSI ) 
GO 10 2U 

bU CÜU\luUL 
It- (ul ,i-<t .    u) GO TO 110 

CALL   tXRfMB2»NC.AhiS) 
RE.TUH,, 

91Ü   PRINT    1.    (IAL(1).1=1»NW) 
1 F0KK,AI(* üNüALANCrU PAHtHTHE^ES* 

ANS = U . U 
REIUH.v 
ENÜ 
FUNLTION 

C     THlb f-UWtTIul 
C IA 
C M 
C N 
C NNrtC 

DIMLNblUN 
JFLu=u 
IFG=U 
IF((M ,LT 
I F ( ( i A ( M ) 
IF ( U A ( M ) 
IJN = N 
IANb=NUbC 
1B=1K 
IU = üü 
IFLG=iK» 
DO 1Ü I=M,Nu 
IF((1A(1) ,LT. 
IF( ( 1A(i) ,LQ, 
IF( (IMNBC.EQ.IU) 

/1X > BAIO»/1X»7A10) 

INPUT TO GETPAK 
IPACK(lA.M.NtNNBC) 

PACKS DATA FOR 
INPUT UATA 
START OF DATA 
E.ND OF DATA 
NUMBER OF NON-BLANK CHARACTERS 

IA (1) 

1) 
.LT. 
i o T 

OR. 
1R0) 
1R-) 

(N ,GT 
.OR. 
.AND. 

. IbO) ) 
(IA(M) 

(IA(M) 

GO 
GT. 
.LT 

TO 940 
1R.) ) 

. 1R.)) 
1FG=1 
IFG-1 

:0 

iPZ)    .AND. (IA(I) .GT. 0) 
IB) .AND. (JFLG .EQ.O) ) GO 
.AND. (IA(l;.NE.IB) )60 TO 910 

IF( (NU3C.EQ.1U).AND. (IA( I ).EU,IB) )GO TO 10 

IT=IA(I) 
lb) .OR. 
lü»bi6 

i JFLG^l 
TO 10 

IF(m .NE. 
5 IFdU - 50) 
b   NNBC=NNbC+l 

IGl=W-6 
IPACKr.lUHl . 
1P=U 
IP=MXiFI(IT,1W) 
IANb=iANS+IP 
GO   lu   5 

8   CON I IIMUL 

IF11T    .EU.    IK.)    IFG=1 
IFliT    .LU.    IK»)    IT=IA(I)=TFLGrlK 
fJNBC=NNbt+l 
IQ=iU-b 
IP = U 
IP=MxlFT(IT,IU) 
IANb=.lANb+IP 

10   CONIIIMUL 

IFlNNbC    .EQ.    U)   GO    TO   920 
IFdFo   .EQ.    1)   GO   TO   12 
IFUFLG   .EO.    lb)    GO   TO   12 
NNBt=NNbC+l 
IT=1H. 
IQ=IU-6 
IP=U 

(JFLG .NE. 1) .OR. (IQ .EQ. 30)) 60 TO 8 
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925 

930 
3 

IP = |vUlFr ( IT, IQ) 
IANb=IAN5+IP 

12 L=NNBC+1 
IF(L-iO) lörJür^O 

15 DO 20 I=Lr9 
IQ=lU-6 
IP=Ü 
IP=MX1FT(IHi10) 

20   IArJS=IAN5+IP 
30   IANb=IANS+lB 
UO   IPAtK=IANS 

RETUKN 
910   PRUT   1»    IANS 

1 FORMA!(♦ FUNCTION 
♦NT*»/lXr♦MOKE THAN 
♦F (1.) WAS bUBSTIT 

NNBC=2 
RETURN 

920 PRINT 2 
2 FORMAT«* FUNCTION 
♦CONSTANT.*/flXf*A 
•TINUtD,*) 
IPACK=1UHÜ. 
NNBC=^ 
RETURN 
PRINT 3 
FORMAl (* FUNCTION 

♦ERS LüNG.*/lXr*A V 
»NUEU.») 
GO TO 925 

9*40 PRINT «♦ 
4 FORMAT«* FUNCTION 

Xl = Ü, 
X2 = l. 
X2"Aü/Xl 
X1=X2+X1 
CALL EXIT 
END 
SUBROUTINE uNPAKd 

C THIS SUbROUTINE PU 
C IAL      LOCAT 
C IA       AKKAY 
C Nw       NUMBE 
C NC       NUMBE 

DIMENSION IAL(1)»I 
NC=N=U 
L = l 
DO 20 1=1,Nrt 
fJC = NC + 10 
DO 20 J=l»lü 
K=K + 1 
IA(K)=MXÜET(lAL(I) 
CONTINUE 
CONTINUE 
K=NC 
DO *Q 1=1.K 
L=K-I+1 
IFUA(L) .NE. 1R ) 

30 NC=NC-l 
»♦0 RETURN 

IPACK DETECTED A VARIABLE NAME OR NUMERIC CONSTA 
TEN CHARACTERS LONG,(♦»Ai0,♦),♦»/,IX,«A VALUE 0 

UTED AND PROCESSING CONTINUED.*) 

IPACK DETECTED A BLANK VARIABLE NAME OR NUMERIC 
VALUE OF (0.) wAS SUBSTITUTED AND PROCESSING CON 

IPACK DETECTED AN INTEGER MORE THAN NINE CHARACT 
ALUE OF (0) WAS SUBSTITUTED AND PROCESSING CONTI 

IPACK OETECTtü (M .LT. 1) .OR. (N .6T. 150)*) 

AL,IA,NW,NC) 
TS DATA INTO NC SEPARATE 
ION OF FIRST WORD 
OF 150 WORDS 

R OF WORDS ON INPUT 
R OF WORDS ON OUTPUT 
A(l) 

WORDS 

,J»L) 
10 
20 

GO TO 40 
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FNU UNPAK 
FUNUiON TEKM(ITERM) 

C 
C I HIS ROUTINE COMPUTES THc TERM 

COMMON LINE, ICÜL f LOOPB r LOOPE > Kt Y . NRE AP , TEMP (lb) •SAV'(8Ü0»13) 
CüMIVIUI^ /ZCAKD/  IPf ICrPARAM(lÜ) PCOEF (10) 
COMMON/IrtWMS/JTERM 
SUMH=u. 

JlLK.vi = ITERM 
IF(ntRM .Ev*. 29) GO TO 2425 
IF(i(cRM.LE.O.OR.ITERM.GT.28)G0 TO 1Ü999 
GO I0(   lOUr 2üOr 3ÜU» ^00, bUU, 600, 700, 800, 900,1000, 

1 1100,1200,liOOfi^üO,1500,1600,1700»1000,1900,2000,2100, 
2 2^00,2300,2400,2b00»2b0ü,27C0,2800, 
*        11000) ,ITERM 

100 COUl1UUL 
C TEKM.-0. 

GO lu liuOG 
2UÜ CONTINUE 

C iERM^:i 
DECOuc(10»210»TEMP(LOOPB)) COEF(l) 

21U FORMAT!7E10.Ü) 
TERM=tÜLF(1) 
GO lu 11000 

3u0 CONIiNUt 
C IERM=P1 

CALL oETPAR 
DO 31u 1=1»IP 
SUMK=bUMP+PMHÄM(I ) 

310 CONTINUE 
TERi'i=SUMP 
GO TU 11,000 

400 CONIIHUE 
C ltKM=Cl*Pl 

CALL OETPAR 
DO 41u 1=1»IP 
SUMP = bl)MP + PARAM( I ) 

410 CONIINUL 
TEHM=SUMP*CuEF(l) 
GO    TO   11000 

500   CONflnUt 
C TEKM=C1*C2 

DELuüL(20»2lO»TEMP(LOOPb) )   CuEFd) »L0EF(2) 
TERM=CüLF(l)*COEi:"(2) 
GO TO 11000 

600 CONTINUE 
C TERM=C1*C2*P1 

CALL üETPAR 
DO olO 1 = 1» IP 
5UMP = bUMP + PAr<AM(I ) 

610 CONIINUE 
TERi"i=(,0£F ( 1)*C0EF(2)*SUMP 
GO 10 11000 

700 CONIINUE 
C TERM=C1*P1»*C2 

CALL bETPAR 
DO /i.U   I = 1»1P 
SUMKzSUMP + PARAMd ) 

710 CONTINUE 2Ü2 



TERM=c0t:F(l)#bUMP**C0EF(2) 
GO TO 11000 

8Ü0 CONTINUE 
C rEKM=Cl*C2*Cj 

DECuuL(3Ur21ü»TEMP(L00PB)) (COEFC I)»I = lf3) 
TERM = CÜt.F (1) KCOEF ( 2 ) «COEF ( 3) 
GO 10 11Ü0O 

900 CONTINUE 
C rEHM=Cl*C2*C3*P] 

CALL oETPAR 
DO 910 I=liiP 
SUMP=SUMP+PARAM(I) 

910 CONTINUE 
TERM.-COEF (1) ♦COEF ( 2 ) ♦COEF { 3 ) «SUMP 
GO TU 11Ü00 

1ÜÜ0 CONTINUE 
C IERM^C1«C2*P1**C3 

CALL ÜETPAH 
DO lüiü I=l»IP 
SUMP=bUMP+PARAM(I) 

1Ü10 CONTINUE 
TERM=LO£F ( 1) «.COEF ( 2) *SUMP**COEF ( 3) 
GO 10 11Ü00 

1100 CONTINUE 
C [ERM=C1*(C2*P1)**C3 

CALL GETPAR 
DO 1110 I=1»IP 
SUMP=bUMP+PAKAM(I) 

1110 CONTINUE 
TEKMrCOEF(1)»(COEF(2)fSUMP)♦♦COEF(3) 
GO TO 11U00 

1200 CONTINUE 
C TEKM=C1*C2*PI*(P2/P3)**C3 

CALL oETPAR 
TERMxLOEF(l)*COEF(2>*PARAM(l)*(PARAM(2)/PARAM(3n**COEFC3) 
GO 10 11U00 

13CÜ CONTINUE 
C rEKM;Cl*C2*C3*C'+ 

DECOOL C+U»210fTEMP(LOOPB) ) (COEF(I)r1 = 1 ft) 
TEKM=COEF(l; »C0EF(2)*C0EF(3)^C0EF('+) 
GO TO 11000 

1400 CONTINUE 
C TERM=C1*C2*C3**C4 

DECODE(HUr21 Or TEMP(LOOPB) ) (COEF( I)»1 = 1f4) 
TEKi.|=C0EF(l)+C0EF(2UC0EF(3)*^C0EF(4) 
GO 10 11U00 

1500 CONTINUE 
C rEKM^Cl*C2*C3^Pl*^C'+ 

CALL GEIPAR 
DO IblO I=1»IP 
5UMP=bUMP+PARAM(I) 

1510 CONTINUE 
TERM=c0EF(l)+C0EF(2UCÜEF(3)*SUMP^C0EF(iO 
GO   TO   11000 

1600   CONTINUE 
C rERM=Cl+C2+(C3   ♦P1)^^C'+ 

CALL    .ETPAR 
DO   IblO    I=1»IP 
SUMP=bUMP+PARAM(I) 203 

1610   CONTINUE 



TEK.virCOLf- ( 1 ) »C0EF(2) ♦ ( COEF ( 3) ♦bUMP) ♦*COEF (i+) 
GO   TO   HUGO 

1700   CONjlixUL 
C iLKM-C1#C^*(PI/C3)**C4 

CALL   GE1HAH 
DO   1710    1 = 1» IP 
SUMp=bUMP+PAHAM(I) 

1710 CONriNUt 
TtKH=tOtF( 1 ) *C0EF(2)*(SUMP/r,0EF (3) )**C0£F(U) 
GO 10 UUOO 

1800 CONTINUE 
C IEHM=C1*P1*P2 

CALL üETPAR 
TEKM=COEF(1)*PARAM(1)*PARAM(2) 
GO TO 11U00 

1900 CONTINUE 
C TEKM=Cl*P,l*P2*Pt+/P^ 

CALL 6ETPAR 
TEHM=COEF(1)*PARAM(l)*PARAM(2)*PARAM(4)/PARAM(3) 
GO 10 11000 

2000 CONFlNUt 
C rtRM=Cl*C2*Pl/PP 

CALL üEIPAR 
IF (PARAM(2) .EQ. 0.0) GO TO 11000 
TERM=C0EF{1)*C0EF(2)*PARAM(1)/PARAM(2) 
GO ro iiooo 

2100 CONTINUE 
C TERM=C1*C2*P1* P2**C3 

J£Rfi  = 0.0 
CALL ^ETPAR 
IF (PAKAM(2J .EG. 0.0)  GO TO 11000 
T£RM=C0EF(1)*CÜEF(2)*PARAM(1)*PARAM(2)*»C0EF{3) 
GO 10 11U00 

^200 CONIlhUE 
C rERM=Cl*C2*Pl**C3*P2**C4 

CALL GETPAR 
IF (PARAM(l) ♦ PAPAM(2) .EQ. 0.0)  GO TO 11000 
TERM:LOEF(l)*COEF(2)*(PARAM(1)**COEF(3))*(PARAM(2)♦*COEF(^)) 
GO TO 11000 

2300 CONTINUE 
C TERM=C1*C2*(P1/P2)**C3 

CALL OETPAR 
IF (PARAM(2) .EQ. 0.0) GO TO ilOOO 
TERM=C0EF(1)*CÜEF(2)*(PARAM(1)/PARAM(2))**C0EF(3) 
GO TO 11000 

«iUOO CONTINUE 
C CKAWFORü-LOG LINEAR UNIT LEARNING EQN 
C IF P2 LE 20     TERMr P1*SUM(1**X) I»1»IF1X(P2) 
C + PI * (=>2 - FLOAT(IFIX(P2) ) ) 
C * (1FIX(P2) + 1)**X) 
C uT 20     TERMzPl*( (P2**lX-fl)-l.)/(X+l ) 
C +(P2**X+1.)/2.) 
C wHERE     X   = LN(P3)/LN<2) 

CALL oElPAR 
DECODE(iÜ»211»TEMP(L00P8))   KLINE»KCOL 

211   FOHMATdX» I3»1X»I2) 
PARAM(l)   =   SAV(KLINE»KCOL) 
IF   (PARAM(2)    .LE.   0.)      GO   TO   11000 
X=AL0G(PARAM(3))/ALOG(2.0) £04 
IP2=iFlA(PARAM(2)) 



IFUP2.(JT.20)GO TO 2410 
SUMH=ü.O 
DU ^H^ü  1=1»IP2 
TEMM=I 
SüMP=bUMP+TLKM**X 

2420 CONTINUE 
SUMP = SUMP + (PARAM(2) - FLOAT(IP2)) * (FLOAT(IP2+1))**X 
T£RM=PAH.AM( 1) *5UMP 
GO [0 11000 

241U TEKM=PARAM(i)*({PARAM(2)**(X+1.)-l.)/tX+l.)+(PARAM(2)**X+1.)/2.) 
GO Tu 11Ü00 

2425 CONTINUE 
C 
C        SAME AS LQ. 24 BUT Pi AND P2 CAN BE ANY VALUES. 
C 

CALL bETPAR 
DECUÜt(i0r211,Tfc.MP(LOOPB)) KLINE.KCOL 
PAHAMd) = SAV(KLINE»KCOL) 
IF(PARAM(2) ,LE. 0.) GO TO llOüO 
X = AL0G(PARAM(4)) / ALOG(2,0) 
IP1 = IFIX(PAKAM(2)) 
IP2 = IFIX(PARAM(3)) 
SUMP = Ü.0 
DO 24b0 I=IP1»IP2 
TERM = I 
SUMP = SUMP + TERM*«X 

^450 CONTINUE 
SUMP r.   SUMP + (PARAMO) - FL0AT{IP2)) * (FLOAT (IP2 + 1)) **X 
TERM = PARAM(l) * SUMP 
GO ro 11000 

2500 CONTINUE 
C TERMz PltP2**(X+l) 
C BRIGHT LOG-LINEAR CUMM, AVG. LEARNING EQN 
C WHERE   X= LN(C1)/LN(2) 

CALL GETPAR 
IF(LUEF(1) .EO.O.OGO TO 10997 
X = ALOG(COEF(l) )/ALOG(2.0) 
TERM=PARAM(1)*PARAM(2)**(X+1,0) 
GO TO 11000 

2600 CONTINUE 
C       SAVlHNRfICOL>=SAV(LINE,ICOL)*C(I)*P(I) 
C WHERE I=l»MAXO(ICrIP) 

TERM-UcO 
CALL GETPAR 
IF(1P.EQ.O)GO TO 2610 
DO 26Ü5 I = lf IP 
SAV(LINt»ICüL)=SAV(LINE»ICOL)*P«RAM(I) 

2605 CON1INUE 
2610 IF11C,EG).0)GO TO 1100Ü 

DO 2615 1 = 1» IC 
SAV(L1NE»IC0L)=SAV(LINE.IC0L)*C0EF(I) 

2615 CONTINUE 
GO ro 11U00 

2700 CONTINUE 
C        rERM=Cl*C2*(Pl/P2)**C3*P3*»C4 

CALL GETPAR 
TERM=C0EF(1)*C0EF(2)*(PARAM(1)/PARAM(2))♦♦COEF(3)»PARAMCj)**COEF(4 

♦ ) 
GO TO 11U00 205 

2800 CONTIfJUE 



c 
c 

^öüb 

£810 

<:82Ü 

i;Ö30 
UOüO 

1U997 
1U996 

1U998 
10999 

11000 
0) 

-   2ü.) 2805,280b.282Ü 

»  N2 = IFIX(PARAM(2)) + IFIX(PARAM(3)) 

CRAwFOHÜ LOO-LINEAR LEARNING WITH PRIOR PRODUCTION AND 
DIFFtKlNG LLAKNING SLOPES 
CALL GE1PAR 
IF (PAHAM(2) .I.E. 0. )  GO TO 
XI - ALÜG(PARAM(4)) / ALOG(2, 
X2 - AL0G{P«RAM(5)) / ALOG(2t0) 
IF (PARAM(3) - PARAM(2) 
SUMP = Ü. 
Nl = IFIX(PARAM(2)) + 1 
DO 2610 I=NlrN2 
TERM = I 
SUMP = SUMP + TERM**X2 
CONTINUE 
SUMP z   SUMP + (PARAM{2) 
GO TO 2830 
PI = PARAM(^) + 1, 
SUMP = (P2**(X2+1, 
TERM = PARAM1) * 
CONTINUE 
JTEKM=1H 
RETURN 
PRINT lu996fLlNErICÜL 
FOKMAT(*U  ON LINF*»m»* cOLUNM*rI3f* 
TERM=U.Ü 
RETURN 
FORMAT (*0*»20X,*TERM = *,I5»* THIS VALUE IS NO"!" PERMIS5ABLE%) 
PRINT lU998rITERM 
TERM=u.U 
RETURN 
ENÜ 
SUBROUTINE REAÜW 

* PARAM(3) - FL0AT(N2)) *(FLOAT(N2+1))♦♦X2 

$  P2 = PARAM(2) + PARAM(3) 
, )-Pl**(X2 + l,))/(X2 + l.) + (Pl**X2+P2»*X2)/2. 
PARAM(2)**(X1-X2) * SUMP 

THE VALUE OF Cl IS ZERO*) 

c 
c 

** ** THIS SUBROUTINE READS INPUT ' VARIABLES FROM SIZE NAMELIST 

COMMON LlNErICOL.LOOPt J.LOOPE. KEYrNREAPrTEMP(lfa),SAV(800rl3) 
COMMON/rtEIGHT/MAXWriWD.JWDrWLlST(350),ELISTI 6) rPL(2100) rTYPE»5) 
COMMUN/BLOCKW/ 

1 wl »CF1   ( W2    . CF2   i W3 CF3 »WT W4 CF4   , 
2 W5 rCF5   ( W6    • CF6   . WT1 W7 »CF7 Wo CF8   , 
3 W9 iCF9 WT2   i CM1 CM2 CM3 rCM4 CMS CM6   , 
4 CM7 .CM8   i CMg  i CN RN SNE rSNI SPE RP    , 
b TJH rTS4   i FF1   . FF2   . CB1 WD1 .CC1 CB2 WD2   , 
6 CCü ,CB3   ( WD3   . CC3   i CB4 WD4 .CC4 CB5 WD5   , 
7 CCb rCB6 WD6 CC6 CB7 WD7 fCC7 CB8 WD8   , 
e CCb rCB9   . WD9   i CC9   ( CB10 WD10 »CCIO CB11 WD11  , 
9 ecu »CB12  i WD12  i CC12  ( CB13 WD13 rCC13  . CB14  . WD14  , 
« f:C14 rCBlb  . WD15  i CC15  . CB16 WD16 rCC16  i CB17  . WD17  , 
1 CCi7 »WRRP  . CSO   i FSL   . ERL   . RSL rTJ7 TS7 FF3   , 
2 CMb ,AS2   . RMC1  < RMC2  i RMC3 SF1 rbF2 SF3   . RMC4  , 
3 RMCb ,RMCb  . SF4   . SF5   i SF6 RMC7 »RMCB RMC9 SF7   , 
4 SFÜ fSF9   . RMC10 . SF10  . RMC11 SF11 »RMC12 SF12 RMC13 , 
5 SF13 »RMC14 SF14  . RMC15 i SFlb RMC16 ^SF16 RMC17 SF17  , 
6 RMClö rSFlti RMC19 5F19 RMC20 SF20 »HMC21 SF21 RMC22 r 
7 SFi;2 rRMC25 SF23 RMC24 SF24 fRMC25 »bF25 .RMC26 SF26  , 
8 FM1 fFM2 EH WAMPR TMF »ECLR »TAM »RM -THC   , 
9 TEC ,TDC RQC RT PN1 ,Pt i2   ,   PN3 fPN4 .PN5 rPr th 

( ;OMMO|M/BLOCKC/ 
1 PC11 ,PC12 PC13 PC14 »PC15 »PClb »PCI? »PC18 »PC19  , 
2 PC11U »PClll .PC112 .PC113 -PC114 »PC115 fPCllb 'PC117 »PC118 r 
3 PC119 ,PC120 .PC121 -PC21 rPC22 rPC23 »PC24 rPC25 »PC26  , 
4 PC27 .PC2b »PC29 »PC210 .PC211 .PC212 »PC213 »PC214 »PC215 , 
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b 

7 PCMJ 
COMMUI, 

1 

3 

b 
D 
7 
8 
9 
» 
1 
2 
3 

C ** 

ww 

F9 
WAp 
Flo 
TFb 
TMFü 
UCF1 
UF7 
UFlb 
ECLH.i 

Ütlb 

rPC2l7 
.PC3b 
rPC3l4 
'bLOCKS/ 
,WH 
tf5 
»«EC 
»F1U 
. FW 
r TFb 
,MAF 
fQCF2 

,UF8 
rUF17 
. ru 

, JC2u 

PCP18 
PC36 
PC31b 

WV 
F4 
F10 
WA 
ECLR1 
TF7 
MALR 
OCLRi; 
UFg 
ONI 
1MEC 
QC33 
QC36 

:JC219 
PC37 
PC316 

WF 
Fb 
WHP 
Fib 
FM 
R 
MDF 
W 
UF10 
QIM2 
QCU 
QC1U 
QC17 

PC220 
PC38 
PC317 

WN 
F6 
Fll 
WEA 
Tl 
TH 
MDLR 
UF1 
UF11 
QMS 
QC21 
QC24 
QC27 

FC221 f-;31 
PC39  .P.310 
PC318 rPC319 

WL 
F7 
WEI 
F16 
TF1 
TMLR 
S 
UF2 
UF12 
QN4 
(iC31 
QC31 
QC37 

»El 
»rtAMP 
»F12 
rWFS 
iTF2 
»TEF 
»UD 

iUF3.UF4 
rUF13 
»(jNb 

»UC12 
tQClb 

PC32  ,PC33 
PC31i »PC312 
PC320 rPC321 

E2 
Fti 
Wl 
F17 
TF3 
RTEF 
RI 
UF5 
UF14 
QN6 
QC22 
QC25 

DIMLNSIUN PTEMP(172)»PTEMP2(b3)fPTEMP3(llb) 
EQUIVALENCE(PTEMPiWl) 
EQUIVALENCE(PTEMP2»PCI1) 
EQUIVALENCE (PTEMP3»WW) 
REAL MAF»MALRrMDF,MDLH 

DATA (WLIST(I)tI=lf70)/ 
bhrtl 
bHv»H 
b\if,7 
DHLMl 
bHCMo 
bHKP 
bHCCl 
bHCüH 
oHWUu 
bhCCb 

»6HCF1 
»6HCF4 
»6HCF7 
»6HCM2 

»bHCM9 
fbHTJU 
f6HCd2 
»6riw04 
»bHCCb 
»6rlCB9 

DATA (WLISKIMI: 
bHCbll 
bHrtÜlJ 
bHCtlb 
bHwKRP 
bHFl-O 
bHbF^ 
bHbFu 
bHKMtlU 
bHbFl3 
bHKMcl7 

'6HwUll 
»6HCC13 
»bhCBlb 
»bhCSO 
rbHCMB 
»6HSF3 
f6HRMC7 
•6hSF10 
»6riKMC14 
'6hSF17 

»bHW2 
»bHW5 
»bHW6 
rbHCM3 
fbHCN 
»bHTSH 
rbHWD2 
»bHCCi+ 
fbHCB7 
»bHWD9 

71»li+0)/ 
rbHCCll 
»&HCB14 
»bHwDlb 
»bHFSL 
rbHAS2 
»bHRMC4 
»bHRMC8 
»bHRMCU 
rbHSFlt 
fbHRMCIS 

DATA (WLISTd ) ,1 = 141,210)/ 
1 faHiF2Q  'biiRMC21 ,bHSF21 
2 6HKMC24 »6hSF24 ,bHRMC25 
3 bHFM^   ,bHEH »bHWAMPR 
4 bHTHL   »bHTEC ,bHTDC 
b bHPN2   »bHPN4 ,oHPNb 
b bHPCl4  »bHPClb »bHPClb 
7 bHPClll fbHPC112 ,bHPC113 
Ö bHPCllb »bMPC119 ,bHPC120 
9 bHPCt'4  ,bMPC25 ,bHPC2b 
» bHPC21i rbHPC212 ,bHPC213 
DATA '.WLIST (I) , 1=211,280)/ 

1 bHPCllb ,bnPC219 ,bHPC220 
2 bHPC34  ,bHPC35 ,bHPC3b 
3 bHPC311 ,bHPC312 ,bHPC313 

bHCF2 
bHCFb 
bHCF8 
bHCM4 
bHRN 
bHFFl 
bHCC2 
bHCBS 
bHWD7 
bHCC9 

bHCBl2 
bHWDl4 
bHCClb 
bHERL 
bHKMCl 
bHRMCS 
bHRMC9 
bHSrll 
bHRMClb 
bH5F18 

bHRMC22 
bHSF25 
bHTMF 
bHROC 
bHPNb 
bHPCl7 
bHPCllt 
bHPCl21 
bHPC27 
bHPCai1* 

bHPC221 
bHPC37 
bHPC3]A 

07 

bHw3 
bHWb 
bHW9 
6HCM5 
bHbNE 
bHFF2 
bHCB3 
bHWDb 
bHCC7 
bHCBlO 

bHWD12 
bHCC14 
bHCB17 
faHRSL 
bHRMC2 
bHRMCb 
bH5F7 
bHRMCl2 
bHSFIS 
6HRMC19 

bHSF22 
6HRMC2b 
bHECLR 
bHRT 
bHPCll 
bHPCIS 
bHPCllb 
bHPC21 
bHPC28 
bHPC21b 

bHPC3l 
bHPC38 
bHPC31b 

6HCF3 
bHCFb 
6HCF9 
b.MCMb 
bHSNI 
bHCBl 
bHWD3 
6HCC5 
bHCB8 
6HWD1U 

bHCC12 
bHCBlb 
bHWD17 
6HTJ7 
bHRMC3 
bHSF4 
bHSF8 
bHSF12 
bHRMClb 
bHSF19 

bHRMC23 
bHSF2b 
bHTAM 
bHPNl 
bHPCl2 
bHPC19 
bHPCllb 
bHPC22 
bHPC29 
bHPC2lb 

CHPC32 
bHPC3y 
bHPC3l6 

,F1 
,WS 
,F13 
,WAD 
,TF4 
,TELR 
,Y 
,UFfa 
,UF15 
fES 

,QC32 
,QC35 

bHWT 
bHWTl 
bHWT2 
bHCM7 
bHSPE 
bHWDl 
bHCC3 
bHCBb 
bHWDS 
bHCCIO 

bHCBl3 
bHWDlS 
bHCC17 
bHT57 
bHSFl 
bHSFB 
bHSF9 
bHRMC13 
bHSFlb 
bHRMC20 

bHSF23 
bHFMl 
bHRM 
bHPN2 
bHPC13 
bHPCHO 
bHPC117 
bHPC23 
bHPC210 
bHPC217 

bHPC33 
bHPC310 
6HPC317 



'4 bHHtJlä »6HPC319 rfaHPC320 bHPC321 »6HWW »bHWH 6HWV    , 
5 DHWF r 6HWN » DHWL bHtl »6HE2 »6HF1 6HF2    , 
0 öHFi ' bHF4 »oHF5    i bHFb »6HF7 »6HWAMP bHFß    » 
7 bHrtS »6HF9 rbHWEC bHPlü »6HWHP »6HF11 6HWE1   » 
8 bHFl6: ' 6HWI »bHF 13 bHwAP »bHFll .6HWA 6HFlb   » 
9 bHwtA '6HFie i   »bHWFS 6HF17 ;bHwAD .6HF18 6HFW    , 
* bHLCL.a »e-HFM »bHT 1 bHTFl »6HTF2 f6HTF 3 6HTFI4   / 
DATA ULISKI). I=281r350)/ 

1 bHFFb »bHTFt )   »bHTF7 bHH »6HTR »6HTMLR 6HTEF   r 
2 bHKTLF »6HTELR  fbHTMF2 bHMAF »bHMALR »6HMDF 6HMDLR  , 
3 bHb »bHOÜ »bHRI bHY »6HQCF1 »6HQCF2 bHQCLR2 » 
H bHw rbHUFJ rbHUF2 bHUF3 »bHUF4 »6HUF5 bHUFo   » 
b faHUF? »6HUFfc i   »brfUF9 bHUFlÜ »bHUFll »6HUF12 6HUF13  » 
b faHUFm »6HUF15  »bHUFlb »bHUF]7 »6HQN1 »6HQN2 .6HQN3   , 
7 bHUNH »6M0l^b   »bHQNb .bHES »6HECLR2 »6HTL 6HTMEC  » 
6 bHuCil »6hQC21  »bHQC31 bHQCl2 »bHQC2£ »6HQC32 6HQC13  , 
9 bHiJCti f6hQC33  »bHQClU tbHQC24 »bHQC3M »bHQClb .6HQC25  » 
i   bHUC35 »6HQClb  »bMt C2b »6HQC36 »bHQC17 »6HQC 27 »6HQC37  / 
NAMtiLIST /SIZE/ 

1 wl CF1 W2    ) CF2 »W3    » CF3   » wT    » WH »CF<+   , 
2 wb    f CF5 Wb    f CF6 »WT1   > W7    » CF7   » W8 »CF8   , 
3 w9    , CF9 WT2   » CM1 »CM2   , CM3   » cm      , CM5 »CMb   , 
<+ CM7   , CM8 CM9   > CN »RN    . SNE   » SNI   , SPE »RP    » 
5 TJ4 TS^ FF1    r Ff 2 »CB1   » WD1   » CC1   » CB2 »WD2   » 
fa CC2   » CB3 WD3   » CC3 »CB^   . WD4   » CCH   i CB5 »WD5   , 
7 CCb   • CB6 »WD6   » CC6 »CB7   . WD7   » CC7 CB8 »WD8   » 
8 CCd   . CB9 WD9   » CC9 »CBIO  » WD10  . CCIO  '. CB11 »WD11  , 
9 CC11 , CB12 WD12  » CC12 »CB13  . WD13  i CC13  . CB14 »WD1U  , 
%  ccm » CBlb WD15  » CC15 »CB16  • WDlb  » CC16  . Cbl7 »WD17 , 
1 CC17 , WRRP CSO   . FSL »ERL   » R5L   . TJ7   . TS7 »FF3   » 
2 CMu   » AS2 »RMC]  » RMC2 »RMC3  i SF1   » SF2   • SF3 »RMC4  , 
3 RMCb  » RMCb >SF4 SF5 »SF6   . RMC7  i RMC8  . RMC9 »SF7   , 
H SFS   i bF9 >RMC10 » SF10 »RMC11 . SFll  . RMC12 . SF12 »RVC13 » 
5 SF13  . RMCm fSFlt      . RMC15 »5F15  • RMC16 . SF16  • RMC17 »SF17  , 
b RMClb . SFlb 'RMC19 . SF19 »KMC20 i SF20  . RMC21 • SF21 •RMC22 » 
7 SF^2  » RMC23 »SF23  . RMC24 »SF2U RMC25 S^25 RMC26 »SF26 , 
8 FM1   , FM2 »EH    . WAMPR »TMF ECLR TAM RM »THC   , 
9 TEC   • TDC »RQC   . RT »PN1 »pr J2 »PN3 fPm   ff 5Nb » °m 
NAMtLiSl ' /CuRVf 1/ 

1 PC11 PC12 fPC13  i PCla »PCI5 PClb PC17 PC18 »PC19  , 
2 PCilu PCUl »PC112 . PC113 »pcim Pens PCIK. PC117 .PC118 » 
3 PC119 PC12U rPC121 PC21 »PC22 PC23 fPC24 PC25 »PC26  » 
4 PC27 PC28 »PC29 PC210 »PC211 •PC212 >PC213 'PC214 »PC215 » 
5 PC2lo PC217 »PC2ia . PC219 »PC220 PC221 PC31 PC32 »PC33  » 
b PC3'+ PC35 »PC36 PC37 »PC38 PC39 »PC310 PC311 »PC312 » 
7 PCJ13 PC3m »PC315 PC316 »PC317 •PC318 PC319 'PC320 »PC321 
NAMLLIS" r /SuMARY/ 

1 WW WH »WV WF »WN »WL >E1 E2 »Fl    , 
2 F2 F3 »F4 Fb »F6 »F7 • WAMP -FB »WS    , 
3 F9 »WEG »FlO »WHP »Fll 'WE1 'F12 »WI »F13   , 
4 WAP F14 »WA F15 »WEA »Flb »WFS »F17 »WAD   , 
5 Flö rFW »ECLR1 .FM »Tl »TF1 »TF2 »TF3 »TF4   , 
6 TFb »TF6 »TF7 >R »TK »TMLR »TEF »RTEF »TELR  , 
7 TMF2 »MAF »MALR FMDF »MDLR »S »QD »Ri »Y     » 
8 QCF1 »QCF2 »QCLR2 »w »UF1 »UF2 »UF3 »ÜF4 »UF5   , 
9 UFb rUF7 »UF8 »UF9 »UFIO rUFll »UF12 »UF13 »UF14  , 
* UFlb »UFlb »UF17 »QN1 »G)N2 »QN3 »QN4 »QN5 »ONb   » 
1 ES »ECLR2 »TU »TMEC »QCU 'QC21 »QC31 »QC12 »QC22  » 
2 QC32 »QC13 »0C23 »QC33 »QC1'+ »UC24 »QCSI »QC15 »QC25  » 
3 QC3b »QClb »QC26 »QC36 »QC17 2 5fC27 »aC37 



c ♦♦ 

*♦ 
DATA BLANK/iH / 

I*ü=550 
ICLEAK = 0 
IFUwD .£Q. 0) GO TO 10 
ICLtAK = 1 
GO TO 30 

10 DO 20 I=if6 
IFCtLMPd) ,EQ.   BLANK) GO TO 30 
D£CÜDL(b»80,TEMP(I)) (TYPE(J)rJ=lf5) 
ELIST(I) = PWORD(TYPEf1»5) 
JWD = JKD + 1 

20 CONTINUE 
*♦ 

DO 2b KIM=1»5 
TYPE(KIM) = BLANK 

25 CONTINUE 
** 
30 DO 70 JJ=lfJWU 

IFdCLEAR ,cQ, 0) GO TO 50 
DO to I=lfIWD 
ISUB = (JJ-1) ♦ MAXW + I 
IF(I .GE. 236) GO TO 36 
IF(1 .GE. 173) GO TO 35 
PTEMP(I) = PL(ISUB) 
GO TO 40 

35 KIM = 1-172 
PTEMP2(KIM) = PL(ISUB) 
GO TU i+O 

36 KIM=I-235 
PTEMP3(KIM)=PL(ISUB) 

i+0 CONTINUE 
50 CONTINUE 

REAü(brSIZE) 
READ(5»CUKV£) 
REAL)(5rSUMAKY) 
PN^   =   PN2   +   PN3 
PN6   =   PN2   +   PN5 
QN4=gN2+0N3 
QN6=UN2+QN5 
DO  60   I=l»lwD 
ISUb   =   (JJ-1)    4-   MAXW   +   I 
IFU   .GE.   236)   30   TO   56 
IF(I   .Gt.   173)   GO   TO   55 
PLUbuB)   =  PTEMP(I) 
GO   TU   bU 

55 KIM   =   1-172 
PL(ISUB)    =   PT£MP2(KIM) 
GO   TO  60 

56 KIM=l-235 
PL(lSuB)=PTEMP3(KIM) 

60 CONTINUE 
70 CONTINUE 

RETURN 
♦ ♦ 
60 FORhAT(bAl) 

ENU 209 
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SECTION 1 

INTRODUCTION 

The objective of tins study was to develop a digital computer program to predict 
the structural weight of fuselage and nacelles, and the landing gear group weight 
for fighter, bomber,  and transport aircraft. 

The input requirements are to be of the type typically known at the preliminary 
design level relating to weight, geometry, loads, and dimenslonless ratios.   The 
output for the fuselage is developed from an empirical analysis based on statistical 
data (Reference 1), as well as, semi-analytical analysis that utilizes a multi-station 
structural analysis (Reference 1) for the basic shell.    The nacelle structural weight 
and landing gear weight outputs are developed by an empirical analysis based on 
statistical data (Reference 1.) 

The math models developed for this study are an assimilation of previously developed 

equations.   The backup data, curves, tables and figures are presented in detail 
in References 1, 2 and 3. 

The program is structured so the user may use all equations, or with the use of a 
tailoring constant, zero out the equations that are not applicable to his particular 
vehicle definition. 

This program is written in Fortran IV and can be easily adapted for use on a small 
computer. 
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SKCTION 2 

KNCINKKIUNC  DISCTSSK iN 

Li. I     TASK UiyKCTlVK 

The objective of this study w;is to develop a digital computer progTam to prediet the 

slnjctural weight of fuselage and nacelles, and the landing gear group weight for 
fighter,  bumher, and transiml aircraft. 

•:.2     PIKi'OSK OF THK  I'ROCILAM 

The puriwse of this program is to provide fuselage and nacelle structural weights, 
and landing gear weights to be used in the evaluation of preliminary design aircraft 
concept.;.    The stand alone Operation of the program allows the user to iniiut data 
from other analytical programs; and to output data that satisfies this input requirement 
for cost math models developed under Air Force Contract AF 33615-72-C-20R.'l, 
"Techniques For Estimating Wea|)on System Structural Costs". 

2.:i     PROGRAM REQUIREMENTS 

The input requirements of the program are to be of the type typically known at the 
preliminary design'evel relating to weight, geometry,  loads, and dimensionless 
ratios.    The output for the fuselage is developed from an empirical analysis based on 
statistical data,  as well as. a semi-analytical analysis that utilizes a multi-station 
structural analysis for the basic shell.    The nacelle structural weight and landing 
gear weig' u outputs are developed by an empirical analysis based on statistical data. 

2.4     MATH MODELS 

The math models developed for this study is an assimilation of previously developed 
equations to provide a computerized output of fuselage and nacelle structural weight 
and landing gear group weight.    The mathematical expressions used in the math models 
associated with this computer program development is documented in Reference I. 

In the following discussions of the fuselage,  nacelle and landing' gear math models, 
the equations and methods are presented in general form and in normal algebraic 
notation so that they will be easy to follow.    In the computer subroutines, the equations 
and methods are, of course,  in Fortran, and they are a\yeciiic in application.   Only 
the major equations are shown in this section.    The sub-equations used to restructure 
internal equation input is documented only in the computer listing of the specific model 
as shown in Appendix 1. 
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This scclion duscrihcs the vvctghl ealculatioius thai are necdod to produce the fuselage 

stnu'tural weight.  Ihe nacelle slruclural weight, and the landing {rear weight.    The 
equalioiis listed here are nol the only ones that could apply, hut they are representative 
and may l>o modil'ied or replaced if need be. 

2.A. 1 11 St: LACK HCjlATlONS. The fuselage structural weight is estimated by one 
or both of two methods. Hoth methods utilize structural i>enalties in the development 
of the final fuselage weight,  but differ in the development of the basic shell weight. 

The first method estimates the basic shell material required to wrap the body volume 
and resist local airloads.    Body and configuration penalty weights, as well as. 
sjxicial increment weights are added to the basic shell to develop a total fuselage 

structural weight. 

The second method differs from the first only in the derivation of the basic shell 
weight.    The fuselage shell weight is developed by a separate structural synthesis 
analysis program with the output being- provided to this program as input.    Body 
and configuration penalty weights, and special increment weights not accounted for 
in the structural synthesis are then added, within this program, to develop a total 
fuselage structural weight. 

The equations and definition of terms associated with the first method are documented 
in the following paragraphs and in Reference 1.   The analysis associated with the 
basic shell weight derivation used in the second method is documented in Reference 2. 

Basic Shell   (Material Required to Wrap Body Volume and Resist Local Airload) 

-2      2 
Wt     ■    .8 7 (q ^  10    )   '    SFF 

Where: 

2 
q -    Maximum operating dynamic pressure based on V,. - lbs/ft" 

S -    Fuselage aerodynamic wetted area minus summation of large 
r r o . 

fuselage cutout areas - ft /Al5 

Cockpit Provisions 

.78 .35 
Wt,,    -    1.5-1 (VC) (1  ^ Pc) 

Where: 

V(j     -    Cockpit Volume - ft 

P^      -    Ultimate Cabin Pressure - lbs/in^ 
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Nosu liamlin^ dear Uoors 

Wl ■M(q)-;!SN1) 

Where; 

2 
Nl) 

Nose landing ^ear door area - ft 

Maximum operating dynamic pressure based on VTI - Ibs/rt' 

Nose Landing Clear Cutout and Load Introduction 

Wl :-    .O.'iRf) IF       L        >< IQ    ) 
1 v   VN     MX ' 

3   .9 

Where: 

F        -    Nose landing gear maximum vertical reaction (Ult.) - lbs. 

L        -    Nose landing gear extended length 

Wing Reaction (Wing Fuselage Tie) 

Wt 

Where; 

. 8 W N b' •<  H) 
DES 

W       -    Design gross weight - lbs. 
DES b   h b 

N        -    Flight design load factor (ultimate) 

b'        -    structural span - ft.    Measured along .50 chord 

Tail Provisions 

Wl     -    G. 7 
6 

(F     i  F   ) x ]0 v   V        H 

Where: 

F        -    Ultimate horizontal tail load - lbs. 
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Winilslüclil :mil Cnnopy 

. CSC, , L:07 
Wi K   (S   ) (IM') 

7 '  C C 

Where: 

C 

C 

Wimlshield nml Canopy area - 11 

l.'lliniale euhin pi'e.s.sure - Ihs/in 

1 1  (5 - single seat canopy 
17..r) dual side by side canopy 
in.D - imdti-.sla landein canopy 
IZLO - viindshiei     iad windows 

"orward Vertical inertia 

\V1 
1 o. n W     N i L     ) 

FI       1   FI/ 
l; 

-G 

Where: 

W        -   Wl    ut body structure, equipment and useful loaii (excluding I'uel) 
forward of the (f, of the wing structural box - lbs. 

L.._ Forward longeron length - ft.    Measured from C wing box to 
forward radome bulkhead 

{■I. 

i) , ,   -    Forward fuselage average effective vertical bending depth -ft. 

Flight desi "n load factor (ultimate) 
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All Verüral Inerü: 

Wl 
IJ 

AK 

Where: 

W        -    Wt.  of body structure,  üüls ainl ui|iu|)i;ient (excluding engines and 
fuel) aff of tf, winn struelura! l)ox     Ihs. 

IJ        -    Aft longeron lont;tli - ft.    Measured from ({!, wmv, box lo end of 
ail longeron 

1)     ,   -    Aft fuselage avei-aii,e effective vertical bending depth ■ ft. 

N Flight design load factor (ultimate) 

Forward Side BeiKlmg 

Wt 
10. 9 F     L       L        -   10 

\'     FL    VT 
I) 

W 

-6 

Where: 

L ir    -    Distance from (^ wing structural box to (£, vertical tail structural 
box or spindle - ft. 

1) 
WF 

Forward fuselage average effective side bending width -ft. 

L'ltimate vertical tail load -lbs 

L... Forward longeron length - ft.    Measured from (£ wing box 
to forward radome bulkhead 

FL 
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ATI Siili; Hciiiliii).; 

2 -C 
LT». 0 !•"     (L      )    /  ]l)  v   _v;r  

11 I) 
VVA 

Whurc: 

L .      -    DLsüince from (f, wing slructural box to (£ verticul Uiil box 

1)        -    All fuHchigu average effective .side bending width - ft. 
W A 

!•' -    I'ltimate vertical tial load - lbs 

Fonvard fuel inertia 

25.9WFF N {\.    / ■< 10"G 

Wt 
12 1) 

F V 

Where: 

N        -    Flight design load factor (ultimate) 

W       _   Wt. of forward fuselage fuel at design condition - lbs. 

L 
Fl    -    Distance from (£, wing structural box to center oi gravity of forward 

fuselage fuel tank - ft, 

D        -    Forward fuselage average effective vertical bending depth - ft. 

Aft Fuel Inertia 
2 -G 

25.9 W       N (L      )     x ]0 
FA      ^   AF 

Wl  

Where: 

N        -    Flight design load factor (ultimate) 

WpA  -   Wt. of aft fuselage fuel at design condition - lbs. 

F'AF   -    Distance from (£ wing structural box to center of gravity of aft 
fuselage fuel tank - ft. 

'^AF   ~   ^ fuscbige average effective vertical bending depth - ft. 
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Al't Kn^Lnü HemUng 

2 -(> 
Lin.n w   N (i,    )   .-- jo 

wi 
14 1) 

A V 

Wlierc; 

N        -    Flight design load factor (ultimate) 

W ,     -   Wt. of fuselage mounted engine and accessories - lbs. 

L        -    Distance from (£, wing stmctural box to center of gravity of engines 
and accessories - ft. 

1)        -   Aft fuselage average effective vertical bending depth - ft 

Aft Horizontal Tail Bending 

2 -G 
25.9 F     (L      )    x  10 

11 v   11 r 
W t  

15 1JAF 

Where: 

F        -    Ultimate horizontal tail load - lbs 

L        -    Distance from (£ wing structural box to (£ horizontal tail structural 
box or spindle - ft. 

D        -   Aft fuselage average effective vertical bending depth -ft 
A F 

Fuel Provisions 

. 75 .1575 
Wt       -    K (G) (N ) 

] u I I 

Where. 

Cir       -    Fuselage fuel capacity - gal. 

N,-       -   Number of fuselage tanks 

K        -    . 05 Bags 
-    . 75 Integral tanks 
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ArrcKtiuK (.ioar I'rovision.s it'arriur linsml) 

Wt . Hi 1)    •■ 10 " 
17 v 

Wlie re: 

I) ritiir.nto ane.sl hijj, liook draj; coiiiiK)iient - 11)S. 
v. 

Catapult [int] Lkiidljack ■   Fusulu^e 'low 

Wl . 102 N     W    -■   10 
1R X      c 

Where: 

N r     -    laU'pult load factor (ultimate) 

\V -    Catapult design gros.s weight   - lbs 

Catapult and li'M ibaek ^ _Nü.se LaiulinK Clear Tow 

/W   vl.OD    I \,      VA 

Wt ••,i<)(—^|  —)       W     N     -.  10~G 

Where: 

W        -    Cata|n, 1 design gross wt. - lbs. 
c 

W        -    Landing design j^ross wt.   -lbs. 
i J 

Fi Nose landing gear length, ^ trumiion to (£ axle - extended - in. 

N        -    Catajailt load factor (ultimate) 
A 

I) -    Forward fuselage average effective vertical bending 

220 



,iiRinu iTonsion.s 

Wl 
20 

3.85 (T   '   U)    )      N       '    a.^l     I-      1)      N 

Wliurc; 

M;Lxiniuin engine tliruat     Ib.s/en^. 

Number of engines 

L 

1) 

Kngine compartment iengtli - It 

Kngine compartment diameter - It. 

Uuct Provisions 

Wt 044 N     1.     \ —-1  (P   ) 
D    Ü  \       2        / I> 

Where: 

N - Number ducts 
1) 

L - Duct length at S   - It/duct 

C   .i; - Duct circumference at inlet - ft/duei 

C , - Duct circumference at engine face - ft/duct 

P        -    Ultimate duct pressure - lbs/in 

Main Landing Gear Doors 

Wt       -   K (Sn,, ) 
22 v Mir 

125 

Where: 

K        -    !5.22IJ   -   Separately actuated doors 
-    J. 788   -    Doors actuated and United to landing gear 

2 
S.        -    Main landing gear door area - ft /AP 

MD 
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Main LamlinK Clear Cutout nm! ur Load Inlro'Uiction 

Wl ;jR.r !■■ L        * 
\'1\I      KX 

N 
')      ST 

Where 

\M 
Main landing gear muxtmuni vertical reaction (ultimate) 
lbs/side 

I' ,      -    Main landing gear extended length ,   (^ trunnion to ^ axle - inches 
!•; X 

M 

N 
ST 

Main huiding gear stroke - inches 

Number main landing gear  jtruts ixjr A/]' 

Kxternal Stores Provisions 

Wt 
2-1 s v  s N 

Where: 

W 

External store constant 
.007 USAF 
. 10 USN 

Maximum or design store wt. - Ibs/sta. 

N        -    Number ol' store stations 

999 



ijpecd Brakus 

.98 -,"!     -11) 
VV1 ].n^r-; (K   N       S     ) (q C     S       •■•  JO     ) 

Where: 

■'/I S -    Speed brake area - 11 /brake 
SH 

N        -   Number of sijoed brakes 
SJi ' 

2 
(| -    Sjieed brake design dynamic pressure - lbs/ft 

C        -    Speed brake drag coefficient 

K        -1.0 for Uvo brakes i)er airplane 

-    . 565 for one brake per airplane 

Bomb and AUssile 13a\ Cutout 

.37    r -4 ] .494 
Wt       -    K     (N) > W        h        D        - 10 

2G li '   ; i    WE     BM    MB j 

Where: 

W       -    Maximum weaixm vvl. - lbs. 
WK 

L.,,   -    Total bomb or m ssile bay length - ft. 
M B 

1) „     -    Bomb or missile bay width - ft. 
MB 

K        -    Bomb bay tyi)e factor - 19.24 Conventional 
B 

- 24.05   Rotary 

N        -    Flight design load factor (ultimate) 
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oml) and .Missile iku  IXKM'S ami MuHianisiu (Coinentionalj 

.■1H,i 12 -2   .21 
Wt .1.(15    S , (N) (q /   10     ) 

27 MM      MB   i ^   ' u ' 

Where: 

N -    l''lii;iit ilesinn load factor (ultimale) 

S -    Missile ur bomb b.'iv door area - 11 
Mli 

L -    T'lal bomb or missile buv length - It 
MH ■        h 

q -    Maxinuiin operatin.u,' dynamic pressure based on V     - lbs/ft 

Homb and Missile Ba.V Doors and Mechanisin (Rotary) 

r i . Tf.fl .10 -2    . ,'iR 
Wt S L , (N) (q  --  10    ) 28 MH      iMI3 j \   / \H i 

Where: 

N        -    Flight design load factor (ultimate) 

2 
S -    Missile or bomb bay door area - ft 

L,        -    Total bomb or missile hay length - ft 

q -    Maximum operating dynamic pressure based on V,, - lbs/ft' 

Cabin Flooring and Supports (Transports) 

Wt        -   G.51  l N W„ A, -'  10"''   .•n:M 

29 i f    t J 

Where: 

N -    Flight design load factor (ultimate) 

Wf      -    1.0 c; Design floor loading- lbs/ft2 

v 

A,.       -    Cabin floor area - ft 
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Cabin Windows (TransiKjrt.s) 

Wl K A 
.'SO (IL 

Where 

\ -   Window glass area - 11  /AP 
C.L 

Haages from 5.0 to 100 depending on inslallaLion.    .Most likely 
to be 10  0 if a pressurized transport. 

1'res sure Wfel) ant I Soul a nt (Transports) 

Wt ;n )7   s       v 
WI'    c 

Where: 

WP 

intimate Cabin Pressure - lbs/in" 

2 
Cargo-passenger compartment pressurized wetted area -ft /AP 

Air Extraction Provisions (Transports) 

Wt 2-1. G5 L 
;!2 FLR 

Where: 

L        -    Cargo Floor length -ft 

This penalty includes pallet side rails, conveyors, and rollers. 

.Cargo Loading Romps - Actuated (Transports) 

Wt. 
a;] 

S       L       W   x   10 
HA     HA     f 

Where: 

S.  .    -    Ramp Area - ft" 

L,RA   -    Ramp length - ft. 

W„ G design floor loading - lbs/ft 
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Main Ijainliiig Clüar Kxlefual Fairings 

_<;       on 
Wl 

:M 
OK);1, SI, ( (i  ••:  ]()     ) 

GK     (IF       ' y 

WllCfC: 

'1 Maximum operating dynamic pressure base on V    - ibs/fl'' 

2 . 
8 -    Tianding gear lairing area - It /AP 

( 1 r 

L        -    Landing gear fairing' length - ft 
(11' 

Side Loading Doors and Mechanism 

Wt 0.0 S 
35 DA 

Where. 

S,  .     -    Side loading door area - ft /AP 
DA 

Clamshell Doors and Mechanism 

Wt 2.75 C 
ao SDA 

Where: 

C(.I%A -    Clamshell doors area - ft /AP 
SDA 

Flat Cargo Clearance Doors 

Wt       -   9.0   F 
37 CCDA 

Where: 

^'V,,,,.. " ^t cargo door area - ft /AP 
CCDA 
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Fuol Tank Floorinir 

Wl 7.25 F 
3S TKA 

Where: 

F,       -    Fuel tanking Hoorin^ area - ft /AP 

Swing Tail or Nose Provisions 

Wt       -   (53.5 C 
:]'.• F 

Where: 

C ,      -    Fuselage circumference - ft. 

Over Wing Fairing 

Wt        -   1.95 S 
40 WF 

Where: 

S -   Over wing fairing area - ft /AP 
Wr 

Wing Slot Seal 

Wt 5.84 L 
41 WS 

Where: 

L        -   Wing slot seal length - ft/AP 
WS b b 

Wing Glove 

Wt       -   3.50 S   T 42 GL 

Where: 

S -   Wing glove area - ft /AP 
GL 
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Wim I.shield l-'aii'iiw 

wi i.r, a 
i;! i'\v 

Whure 

vS -    Windsliichi rairiiH): area   ■ It  , Al' 
VW 

IJudy Cüiü'i^Mratiuii l'unaUiea 

Wt Hodv 
M 

Where: 

Body -    Sum of confi pi ration |)enai ties weight (Ref:   i)elo\v) 

] .  Noise -   boundary layer and engine blast impingement 

2. Temperature - aerodynamic heat ant! engine blast impingement 

3. Fatigue - service life 

1. Aeroelastlc considerations 

5. Special and advanced materials 

G.  Unusual structural arrangements 

7. S|)ecil'ic considerations due to configuration requirements - fail safe - 
sale life - safely - high altitude decompression effect on passengers, etc 

8. Miscellaneous 

Fuselage Miscellaneous Weight  

This weight item Is a correction factor based on a statistical prediction error minimi- 
zation study.    This correction may be positive, zero, cr negative. 
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.I'SAK Fighters 

Wt 
45 

[ITA. 4 - 2.,r)7R 
L        i    I. 

FL AL 
1)        i    I) 

K !•' A F , 

S,   N   W 
l)K8 

/     10 
- i 

Where: 

Fuselage aerodynamic wetted area (total) - ft' 

L , - Forward longeron length - ft 
V l-j 

TJ - Aft longeron length - ft 
AL 

D , , - Forward fuselage average effeetive bending depth - ft 

1)    „ - Aft fuselage average effective bending depth - ft 

N - Flight design load factor (ultimate) 

W        -    Flight design gross weight - lbs 

USN Fighters 

Wt 1.0788 
45 

L ^   L       , 
FL           AL \ -7 
         S    N   W          x   10 
DKF   '   V/        [ DF:S 

11.08 

Where: 

S    -    -    Fuselage aerodynamic wetted arer (total) - ft" 

L -    Aft longeron length - it 
AL 

L -    Forward longeron length - ft 
FL h b 

Ü -    Forward fuselage average effective bending depth - ft 

D 
AF 

Aft fuselage average effective bending depth - ft 

Flight design load factor (ultimate) 

W    ,  -    Flight design gross weight -lbs. 
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lUiiiiliui's 

Wt 
•If) 

4.1 

\ 
0. <mu\ 

wt. 
■11 

V WL 

TraiisiKJi'ts 

Wl n.7sn 
/ l\ 

Wl 
027 11 

\ WL 

ToUtl liodv Weiuiit 

T 
B 

•15 

\ Wt     TK 
i        i 

2. 1. 2    LANDLNC. GEAR EQUATIONS.     The equations and del'miUon of terms 
associated with the landing gear group weights are documented in the lollowing para- 
graphs and Ilel'erences I and .'i. 

Main Landing dear Structure 

Single Wheel-Vertlcal Column-Land Based 

Wt. liG N 
ST WMAXNT0'-WLNL<10 

.619 

"'H' ,LI.;X 

N 
ST 

1    .51 
;,H)L      ) 

TO 

Whe re: 

N -    Number oi" main landing gear struts/AP 
ST 

W.,A, -    Maximum gross wt.  -lbs. 
MAX h 

N. Taxi load factor (ultimate) 

W        -    Landing design gross wt.  - lbs. 

N r       -    Landing load factor (ultimate) 

;JO 



Wliei ; ru 

h 
Drat;' ''i"i<-'C ratio 

C 
L      ^    L 

C H 
(Vivii Condi lion) 

1, -    ]/2 (S    ) 
KX M 

li.-iadin^ Conflition 
L        f L    -  1/2 (S    ) 

L Compressed lun^li - (j^ Truiunon to (£ ;L\1O - in. 

I; - Hruce length - (}', Trunnion to drag brueo fitting - in. 

L     . -- Extended length - (^ Trumiion to ^ axle - in. 

L - Strut length above rrunnion - in. 
TH 

S. - Main huuling gear stroke - in. 

Main Landing (.ear Structure 

Single Wheel-Vertical Colunm-Carrier Based 

Wt 11. 75 (N     ) 
52 ST 

!;;[,, i -i iAr\ 1-565 
WT   N     x  10 R     (L        *  . 30L       ) 

L     L J      [  D      KX Tir 

Where: 

N -    Number of main landing gear struts/AP 

W. 
L 

Landing design gross wt.-lbs 

N -    Landing load factor (ultimate) 

R. 
R 

Drag brace ratio 
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I. 1/2 (S    ) 
EX M 

L        i   L 1/^ (S    ) 
KX       n M 

(Tjaiiding Condition) 

I'i.-v; ■ Kxlondoil len^tli - (j', Ti'umiion lo ^ to axle - in. 

S - Main landinu; sicnr strokes - in. 
M 

\l - Hi-aco length - §\ 'Trunnion to drag brace rilling - in. 

L-p, Strut length above Trunnion - in. 

Main Landing clear Structure 

Multi -Wheel-Vorlieal Column-Land J3ase( 

W 
HRA 

Wt W-> (NST) 

N    11    (L        ' . ;JOL     ) K        / 10 
.MAX    T    13 v   EX TR      MA 

N 
ST 

Where: 

\V 
MAX 

N 
T 

R 

Number of main landing gear sLruls/AP 

Maximum gross wt.-lbs. 

Taxi load factor (ultimate) 

Drau brace ratio 

L 
C 

L     ' L 
C        15 

(Ttwi Condition) 

L        -    Lxtended length - (£ I'runnion to  (£, axle - in. 

IJ,,..,   -    Strut length above Trunnion - in. 

K 
MA 

L 
C 

L 
H 

Structural ly|)e factor 
1 . () tor Civil and military transports 
. 7.'53 lor bombers (conventional) 
. 17() ior bombers (I3--58 design) 

Compressed length - (£ Trunnion lo (^ axle - in. 

Lrace length - ^ Trunnion to drag brace fitting - in. 
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Main liuntUiHi; Clear Hlruuture 

Sintj;1 e W heei - rrrl|)Oti Tyi JC-T; am I liasc( 

Wl . B2-1 N 
5-1 ST 

xv N    or W    N 
MAX      T L    I; 

-1 
l{     (L        '  . liOL      ) 

H v   KX TH 
-i. 062 

J L N 
S'l" 

Where; 

N ,,,    -    Number of main landing gear struls/AP 

W        -    Maxininni PTOSS wl.-lbs. 
MAX 

N Y      -    ri";L\i ioail factor (ultimate) 

\V        -    Landing design gross \vt.  - lbs. 
IJ 

N -    Landing load factor (ultimate) 

R        -    Drag brace ratio 
B h 

L 
C 

L       '    L 
(Taxi Condition) 

L       - 1/2 S \-:x M 
 —- rJT.'Z'     (Landing Condition) 

EX       B M 

L , - Extended length - C Trunnion to (& axle - in. 

L - Brace length - (£ Trunnion to drag brace fitting - in. 

L - Com|)ressed length - (£ Trunnion to (fj iixle - in. 

Lr.,., - Strut length above Trunnion - in. 
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Main Inmling (_le!ir SI mcturu 

Singk1 Whcc! -'l'riiKx! 'I'ypc-i'arrii-.'i' liasc^ 

\V1 !. :!7r) is W N 
MAX      ' 

or W    N 
L    L 

. 7GS 

1{       (I. i 
H   v   EX 

ST 

.'JL      ) 
'I'll 

. (.K2 

Whuru 

N        - Number of main Umtlimi; jioar struts/AP 
ST 

W        - Maximum üTOSS wt.  - lbs. 
A LAX h 

N, ,     -    Taxi load factor (ultinmle) 

WT      -    Landing design gross \vl. - lbs 

Nr       -    IjUiuling load factor (ultimate) 

R        -    Drag brace ratio 

C 
L      '   L 

C J! 
TiL\i Condition) 

f. -    1/2 S 
KX M 

L        >  L 
KX        ii 

1/2S 
(Landing Condition) 

M 

L 
i;x 

L li 

I. 

Kxtended length - ^ Trunnion to C axle - in. 

Brace length - (£ Trunnion to drag brace fitting- - in. 

Compressed length - (£ Trunnion to (£ ILXIC - in. 

LTU Strut length above Trunnion - in. 

2-M 



Nose Laadinti (ioar 

]}oml)ürs and Fichters   - Land Hasuc 
^ .595 

Wl .70!     \V N    or W     N 
r,(i MAX    T L    L 

no-i 
L K 

EX      NOj 

Wlieru: 

\V        -    Maximum PTO.S.S wl.-lbs . 
MAX h 

N 

W, 
L 

L 

Taxi load factor (ultimate) 

Landing design gross wt. - His. 

Landing load factor (ultimate) 

L    r   -    Kxlended length - (£ Trunnion to ^ axJe - in. 
KX 

K 
NO 

Nose landing gear design criteria factor 
1.0 (Conventional design) 
.■17 (15-5« Design) 

Nose Landing Clear 

Transports - Land Based 

Wl 15;i W N    or VV    N     x JO 
MAX    T L     L 

-4 i 
.772 . 17;! 

L       K 
EX    NO 

Where: 

W,.,,_    Maximum gross wt.  -lbs. 
MAX 

N' ,     -    Taxi load factor (ultimate) 

W. 
L 

N 
L 

L. 
'KX 

K 
NO 

Landing design gross wt-lbs. 

Landing load facotr (ultimate) 

iv'.ended length - ^ Trunnion to (£ ;Lx.le - in. 

Nose landing gear design criteria factor 
1.0 (Conventional Design) 
.•17 (B-58 Design) 
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Nusc Land ('.ear 

l-'iiiiiiers ami Attack - Carrier Hasoil - Fuselaee Tow 

-1     .im .180 
Wt        -   8. I,''. W      N     -■'  II) (L      ) 

5" I-      I. EX 

Where: 

W Landing design gross wl.-lbs. 

N        -    Iianding load factor (ultimate) 

Ln r   -    Extended length - ^ Trunnion to (£, axle - in. 

Nose Landing (jcar_ 

JLLglllJ;rs aiid AU;^'^-- Carrier 13ased - Nose Ljinding dear Tow 

w,r,n     ■'■77
;
W

C
N

X
L

KX
X10 

■li     .480 

Where: 

W        -    Catap.ilt design gross vvt. lbs. 
e 

N        -    Catapult load 1'aetor (ultimate) 

L        -    Lxtended length - (g, Trunnion 'o ^ axle - in. 
TJ A 

230 



Main L;injIijig C1 ear Ijo 1JJi\g SUx;I 

Wheels - J^11^1_l^jiso(1 lliuh Prcssun 

Wl M.O.'i (N      ) 
GO WH 

■IOC, .610 
WMAXNT   -WLNL.J0 

_„  -, .594 
D W        ^   ]0 

WI1       FL 

Where: 

N        -    Number main kimliag gear wheels per airplane 
WII 

W   .   -   Maximum gross wl.-lbs 
MAX 

N        -    Taxi load factor (ultimate) 

W       -    Landing design gross wt - lbs. 

N        -    Landing load factor (ultimate) 
lj 

Uwn   "   Wheel bead ledge dia.  in. 
WH 

W       -   Wheel width between Hanges - in. 

Wheels - Land Bused Low Pressure 

Wl 2.0 Wl 
00 
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Wheels - Carrier liasetl 

WI
(;L'    '"■"'-VH'"'^'^'^'1""4 

4J!) r>vr, 

\)       W       s 10 
Wll     FL 

Where: 

Wll 
Number main lamliiig gotir wheels per airplane 

W. 
1, 

Landing design gross wl.  - lbs. 

N 
I, 

Landing load factor (uUimate) 

IJ 
W! 

Wheel bead ledge dia.  - in. 

W        -    Wheel width between flanges - in. 
FL h 

Brakes - No Drag Chute 

Wf 
G.'i 

_6     .8752 
Hi. 10 (K.E.   -< ]0    ) 

Where: 

K. !•: 
(W ) 

MAX 
G'l  -1 

(V 

Landing configuration |X)wer off stall speed - ft/see 

(ü   T.Ü. gross for land based aircraft 
(u-   Design landing weight for carrier based aircraft 

W , .   -   Maximum gross weight - lbs. 
MAX 
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mnikca - With Drug Chule 

-(;    .H.NR 
\V1 10. K; (K. K.   ••:  10    ) 

0-1 

Where: 
(W 

MAX) 2 
K.K. ■ -*-   (\- ,) 

(1-1.-1 v   Sy 

Vc      -   Landing eonl'iguration iKDwer oil sUill speed - ft/sec 

14   rr.C). gross for land based aircraft 
(!i   Design landing weight for carrier based aircraft 

W,.    -    Maximum gross weight - lbs 
MAX 

'fires (MLC.) 

1. If tire size has been determined select tire weight from manufacturer's handbook 
for maximum static load rating. 

2. If tire selected is notstandard use: 

Type 111 and VII 

.960 .864 
Wt      - 2.05 N      (13   i 1)       ) (W       i I)   - D       ) 

05 Tl V   t        WH ^    TI        t        WI! 

.384       -;s 
(Ft) x  10 

Type VTD 

Wl I.D8 N      (I)   tO      )   '    '    (W      »D-D      )   '   0 

GO Ti v i     wir v  Ti     t     wir 

.468 -1 
(l't) X 10 

Where: 

1)        -    Miux. outside diameter - in. 

!;)„...  -   Bead ledge diameter - in. 

Wrpj    -    iVhix.  section width - in. 

Vry      -   Max.  static load - lbs/tire 

Mr,,.    -   Number main landing gear tires per airplane 
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Nosu Lamlin^ Uuai' HoUin^ Slock 

Nose I^imlinK tlear,  Tirus, Tulius and Whocl.H 

(id 
V    W       VV W 

. 8 1 5   i    51 i_ Qjj (M 

(WMAV •■' io •*) 

Where: 

W -  Mjucinuun weight HKS 
MAX s 

La in I trig Clea i; Controls 

Total Landinn- Cioar Weight 

G8 
Wl        -    V      W(      »•   T ^   F i   T 

60 L* li IRWT 1XED A1LB 
i    .') 1 

Where: 

T -   Input tire weight 
IRWT ' h 

1XK1J -    Fixed weight input 

T -   Tail ljumper weight 
A1L13 

2.4,3   NACELLE KUUATIUNS.    'J'he equations and definition of terms associated 
with the external nacelle group weights are documented in the following paragraphs 
and Reference 1. 

240 



Nacelles 

Cüwliim 

Wt 35.-15 N 
,S0 N 

H 1) 
, N N -4 

K      \\ S     — or <    10 
N       NC     N   D H 

N N J 

Where: 

N 
N 

K 
N 

Number of like nacelles per airplane 

Nacelle type constant 

] . 00 - Single subsonic - turbojet 

2.15 - Single supersonic     turbojet 

2.33 -Single supersonic - turbol'an 

.32 - Siamese subsonic - turbojet 

1.00 - Siamese subsonic - turbofan 

.69 - Siamese subsonic - turbojet with outrigger gear 

W 
NC 

N 

V, 
N 

1) 
N 

Wt. nacelle content (excluding nacelle structure) - Ibs/nac 

Nacelle cowl surl'ace area - ft /nac 

Maximum nacelle breadth - It. 

Maximum nacelle depth - ft. 

H 
N 

1) 
N 

Use    77—     or     — 
N N 

, whichever is greater 
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l'vlons 

Siiu;Ic Kusine liistalhiüon 

Wl IM. 11 N 
81 PYL 

K N   VV L      1) 
PYL NC      N      N 

■0^A_ PYL 

:)r,v. 

10 V   PYI/ 
Rl 

Where: 

PYL 

K 
I'YL 

N 

W. 

L 
I 

1) 

NC 

j\_PVL- 

PYL 

Number of like pylons per airplane 

1 .0 Military   transiiorts ami bombers 

1.40 Commercial transports 

Flight design load factor (ultimate) 

Wt.  nacelle contents (excluding nacelle structure) - lbs/nacelle 

Nacelle cowl length - ft. 

Nacelle cow maximum depth - ft. 

Pylon leading edge sweep angle - degrees 

Pylon planform area - ft /nacelle 
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tSUimcsu Knujine 1 n.stallalions 

H2 1'VI, 

GO;] 

K      N   W S /    10 

cos 
l>YL 

VV lie re: 

N ~ Number of like pvlons iKir airphme 

K - 10 No gear in nacelle 
(] 

- ] . 2C5 £Vdv in nacelle 

N - Flight design load factor (ultimate) 

W - Wt. nacelle contents (excluding micelle structure) - lbs/nacelle 
NC 

2 
S - Pylon planform area - ft /nacelle 

] i 1-j 

-^ *-PYL- Pylon leading edge sweep angle - degrees (See Figure 10) 

N -    Number of like pylons i)er airplane 
PYL ' • ' 

Turboprop 

Cowling 

Wt       ^   11.81   N 
83 N 

E D 
N N -3 

W        S          or          x   10 
NC     N    D B 

N N 

.593 

Where: 

N 
N 

Number of like nacelles per airplane 

W 
NC 

Wt. nacelle contents (excluding nacelle structure - (including 

propellers) - lbs/nacelle 

S -    Nacelle cowl surface area - ft /nacelle 
N 

13 
N 

Maximum nacelle breadth - ft. 

1) -    Maximum nacelle depth - ft. 
N 

Use B,/l) ,   or   IJ   /P T , whichever is greater. 
N     N N     N 
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Main l.ianclii\};- Clear Doors 

Where: 

Wl .inil    (N   )    (S       /2) 
9-1 v   (,     v  Mi) 

Number of inain Umding gear Installations per airplane 

S 2 , 
Ml)   -       Main landing gear door area - It /AP 

Nacelles with Cowl Flaps 

Wt 35.97   N 
85 N 

J5 13 
N N 

W        S     : or   
NC     N D 13 

N N 

x    10 

465 

Where: 

N 
N 

N 

n 
K 

N 

Number of like nacelles per airplane 

W    , --      Wt. nacelle contents (excluding nacelle structure - (including 
propellers ) - lbs/nacelle 

Nacelle cowl surface area - ft /micelle 

Maximum nacelle breadth - ft 

Maximum nacelle depth - ft 

H D 
N                  N 

I se     or      
1!N 

whichever is greater 
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Nacelles wilh Air 1'lu^s.   1 Viriles, CIL-. 

W( 
RG 

■i n. f;;j  N 
N 

W 
N 

I) 
N 

or 
NC     N     1) H 

N N 

]() 

:',H2 

Wliere: 

N 
N 

Number of like nacelles per airplane 

VV     , -      Wl.  nacelle contents (excluding- nacelle structure - (including 
l)ropellers) - lbs/nacelle 

N 

N 

Nacelle cowl surface area - ft /nacelle 

Maximum nacelle breadth - ft. 

1J ,      -      Maximum nacelle depth - ft. 
N 

13 I) 
,.          N N 
Use      or ,   whichever is greater 

N N 

Main Landing Gear Doors 

Wt        - . 1G1 1 N     (S      /2) 
87 G     MD 

2.0. 

Where 

S .      -      Main landiriü; [»ear door area - ft /AP 
Ml) 

N .      -      Number main landing gear installations |>er airplane 
(i 

Nacelles Total Weight 

N 

S7 

Z^        W      T 
i--80       t.      K. 
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-!. 1. 1    srPPQUT KCjCATloNS.     The etiuatiotiH and definiUon of (ernis associated 
svitli (lie supporf equaUüiiH arc documented in the following paragraphs and Reference 

1      Thu snpiKjrl equations are optional equations used to obtain preliminary estimates 
of loads, vie. 

Support Kquation 

Fun Tai\_ Load (U!timale) 

-1 

\' v        DES 

R0] 

Where: 

Fltimate design load factor 

\V        -      Design in'oss weight 
DES 

Jlorizontal "i'ail Load (ultimate) 

F      -   nrj.liON 
11 

W 
DES tw 

w 
DES 

W W 

Design gross weight - lbs 

x    10 
-3 1.008 

C 
W 

Wing mean aerodynamic chord - ft. 

Til 
Hori/,. tail length - .25 MAC wing to .25 MAC 
Noriz. tail - ft. 

11T 
Horizontal tail area - I'C/AP 

W 
Cross wing area - ft' 
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Landing ConJ'iguruUon 1'owcrj )fr SUtl 1 Speo(I at Dcsiffli Landing Weicht 

W \ 0.5 
MAX \ 

s   \o. ooi im) s   c 
W    L 

Where: 

W -    M;L\ gross weight - lbs 

. 2 
S -    Wing area   -   It 

C -    Landing' configuration C 
li L 

Ultimate Duct Pressure - lbs/in' 

PD .KM (q) 
1. 085 

Where:      q is based on V 
II 

Arresting Hook Drag Comixment - Ult. - lbs. 

1)     -   14G0 
c 

2 -G 
W      (\'  )      x    ]0 

Li O 

71 

W        -      Design land'ng weight - lbs 

Landing configuration power-olT stall speed at design landing- 
weight - ft/see 
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None Landing Clear Maxiinuni Nurtiral HeacMion - ll).s (UltLmale) 

FVN 1"(;MWMAX   NTürWL   Nl/J,rl)    '^ 

.No(e:    Cse VV N     or VV     N    , whichever in greater 

Carrier I'.asei 

-1     -782 
F IS.SIM; (W     N     -<   10    ) 

\ N L      L 

Where: 

\V       r -    Maximum gross weight - lbs 
A 1 i L/\ 

\V -    Design landing weight - lbs 

My        -    T;L\i load factor (ultimate) 

N, -    Design landing I'actor (ultimate) 

Main Landing Clear .Maximum Vertical Keaction -lbs (Ultimate) 

Land Based 

F      /Side        :iS55.7 (VV N    or VV      N      x    lü~' ) [' 
"\ M MAX      T L      L 

Note;     FseW,i4^   Nri,   or WT    N      , whichever is greater 
MAX      T L      L h 

Carrier Based 

-1   .707 
F      /Side        sn-IR.n (\V      N      x   10    ) 

VM L      L ' 

Where: 

W -    Maximum gross weight - lbs. 
MAX H h 

W -   Design landing weight - lbs 
i j 

N -   Ultimate taxi load factor 
T 

N -   Design landing factor (ultimate) 
LJ 
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SKCTION ,') 

co.MinrrKK PHUC.UAM DISCUSSION 

li   1       I'ROC.IUM DISCTSSION 

This program consists primarily oi' oniiiii-ieal equulions defined in paraKi'ap'1 -■ '■ ' 
through L'.-I.l and Reference 1. 

Tliu progrnin is structvired .so the user can go through and use every equation and 
then with a tailoring constant (TK(l)) zero out the equations that are not ai.plicuble to 
his vehicle definition.    This tailoring constant, can also be used to tailor weights up 

and down as a function of exotic material utilizations, design concepts and particular 
configuration penalties 

The program contains nine subroutines and a driver program.    It is written in 

Fortran IV and can be easily adapted for use on a small computer.    The deck setup 
for  CYBER 70 .Model 72-1C is presented in Figure 1. 

3,1.1     DESCRU'TfUN UF BUJJRUUTINES.     This section describes each individual 
subroutine to further represent the internal structure of the program. 

,'i. 1. 1 . 1     Driver Program BLN.     The How chart presented in Figure 2 represents 
the various subroutine modules and general program flow of the driver program. 

3.\. 1.2    SubniLinp.c I'RFSFT.    T;\o p ifpuse of this subroutine is to preset the input 

values and weights to zero and to es'ablish a number for the input and output devices. 

3.1.1 ..';    Subroutine IDATA.    The  purpose of this subroutine is to input data by means 

of a name list device. 

3. 1. 1.1    Subroutine RVVT.    This is the body empirical weight prediction subroutine 
utilizing empirical equations defined in paragraph 2.-1. :i and Reference 1. 

3. 1. 1.5    Subroutine WTSl.'M.    This is the body send analytical weight prediction 
subroutine utilizing the iiqiut weight for the basic shell in Reference - and the empirical 
weight penalties computed in the BWT subroutine.   It also distributes empirical weight 
penalties into panels, longerons, frames, webs, and non-structuiv by percentages 
as shown in Table 1.    The following procedure illustrates the method used to change 
the percentage of Wing Reaction Body Tie penalty distribution in Frames from 40 to 35 
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peivunl and in Longerons from 10 to iG'/i).    Locale the column number lor Longeron 
(2) and Frames (.'i) and the How luimbcr for Wing Heaclion iiody 'i"ie (5) and input 
i'CVV (2. 5}     0. 15 and I'C'W (.'i, 5) - 0. .''.r,  (reference example bottom of Table 1). 
All  ])crccnlagc references in Ihe table can be changed by the input variable PCW (I,./) 
where 1 - column number and J    row number. 

H. 1   1 . fi    Subroutine IK )I)V().    This biibroutine outputs the body weights. 

,'!. 1 . I . 7    Subroutine LCAV'!'.    This is the landing gear empirical weight prediction 
subroutine utilizing the empirical equations defined in paragraph 2.A.2 and  Reference 

M. .   1. S    Subroutine LCiül'.     This is the lanwing gear output subroutine. 

,'). 1 . I . D    Subroutine NAC.     This is the nacelle empirical weight prediction subroutine 
utilizing the empirical equations defined in paragraph 2.4..'i and Reference 1. 

3.1.1.10    Subroutine NACUR.    This subroutine outlets the nacelle weights. 

3.2 PROGRAM INPUT 

The inin.it to this program is read through the namelist library subroutine.    The 
namelist input deck consists of one card for each input variable.   Each input card 
has on it the Fortran name, the present value of the variable,  and a brief definition 
of the variable.   All input variables are initialized to zero.   On multiple runs, 
every variable that is not used on the second run that was used on the first run and 
all support variables must be input as zero. 

All variables that are support variables that do not have a known value,  must be 
input as zero.    If the supijort variable input is zero, the program will use equations 
in paragraph 2.4.4 to calculate the value. 

The input card is automatically printed back in the outiJiit.   A list of all (»ssiblc 
input variables and their definitions is presented in Api^mdix II. 

The variable FLAC! is the only control variable in this program and its function 
is illustrated in Figure 2. 

3.3 PROGRAM OUTPUT 

This program was developed to print out the answer to every equation,  even if the 
answer is zero,  in order to verify if all equations intended have been applied. 
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The output includes a print-hack of Llic input,. 

Fuselaire Output 

The lusela^e weight is output in seven columns.    The first column presents the pure 
empirical weights.    These weights subtotal at the bottom of the column tor total 
empirical weight.    The next five columns are the printout of the semi-analytical 
weights.    The top line of numbers are input from AI'AS and are analytical weights. 
The remaining columns show the weight of penalty per item (Table 1) (Panels, 
Longerons,   frames, Webs,  Non-Struc) and are empirical weights.    The remaining 
column is the horizontal sub-total of the semi-analytical rows.    The bottom line 
presents the sub-totals of semi-analytical columns and in the last column the total 
semi-analytical weight.    The remaining four items present the actual body weight and 
body predicted weight, as well as the two weight factors (body actual weight divided 
by   ,emi-analylical weight and body actual weight divided by empirical weight. 

Landing Gear Uulixit 

The landing gear weight output is all empirical, except for the tires and tail bumper 
weights.    The lire weight can be empirical or input.   The tall bumper weight must 
be input. 

This section also outputs the Landing Configuration Power Off Stall Speed,  Design 
Load, Drag Brace Ratio, and Kinetic Energy. 

Nacelle Output 

The nacelle weight output is all empirical weights.   The actual weight is presented 
along with the weight factor. 
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SECTION 1 

CXJNCLUSIONS AND RECOMMENDATIONS 

This suction summari/.es the conclusions reached as a result of this development 
effort.    Recommendations are made for future extensions and refinements of the 
computer program develoixsd on this study. 

Conclusions: 

A computer program to estimate body, landing gear, and nacelle weights was 
successfully developed.    The results of the test study effort have been favorably 
correlated with aircraft data in three test cases. 

Recommendations: 

a) The program should be expanded to include wings, tails and subsystem 
weight subroutines. 

b) The math model and program should be expanded to include geometry 
calculations. 

c) The math model and program should be expanded to include exotic 
materials and composites. 
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SKCTION 5 

HKFKIIKNCKS 

''Aircrat't Structural VVoiglit I'.'.stimatui^ Müthoda.''   Convair Aeros|)ace 
Hcmrt EilR-KW-IML',  Sontuniber IHü-l. 

Kruse. (l.S.. Peterson, L.M. "Automated Stnictural Sizing Techniques 
For Aircntlt and Vehicle Structures, "   CIDCA-Kllil-] 748,  DecetnJjer ]972. 

.'i.        Cnddell, VV. E. Geiierali/.ed Wgij^it Estimating' Methods lor Aircraft 
Structures and Equipment.  Convair Aerospace Report (IEC-ERR-1^-039, 
1960. 



APPENDIX 1 

Program Listing 

25G 



a '. ) <j CD o i-> c-T t_j cj 11 o o t j o i_> o tj   J cj cj o o (_) CD r,j o C3 <~J ''J O i-D > J U 
THr\|f^    tin'nK-ai(TiD^H(Mr^.-tin>n^nr'"'vnDT-lt\iro    J-lfV-or^'^^rD-Hniro 

ri-rt-rir-iy-t-r-iririri   ,-4  CM  r.l  f\!  I\J  f\j  r-j   To  (\J   (\J  (NI   K   r») fi   f- 

c;; 
(M 

> 

m 
n 

i 

•o 

z> 
CJ 

|i 
<£! 
li 
Q 
«3 
h- 

H 

li. 
^- 
v-l 

II 

U 
u 
a 
<r 
t- 

H 

a 
h- 
D 
i."2 

n 
z 

rr ■^-1 

a) •. ^~ -J z. 
j- •> C3 c <i 

t— •» C" o rv 
[_ •• CD CJ 
z> •- CJ i' c 
o •s f n a' 
> •« « •. a 
ÜJ •^ UJ O CT 
z (/) C/ _J 

o ^- ^-i ^ a 
T T r o 
• n li' 11 h- 

o ii-' fr' . J 

Lu 
> 

n 
3 
<J 
(V 
LD 
o 
'l' 
a 

Cj O C5 C-1 o 

a o - a  -J (t X  >   3:    » 
<r\ T o   ».  ^.JTO    »ir> 
Ul    » 0<TLL     " -Z   'P  i-{  ^ 
_i i/i ••U.'Jtt      ».     •• <I   Q 
^ -x Li.i-_iai-H0 3k- 

UJ    _( «   Li      -._!,-   .1     - 3 
_J    •■ o   ► i/)   - ^: t/) 'yi   ► 

•* i— ► i D V rx    ^   ^■^h-1 

n ^> <<     »^H-   -J      •■(— 
_j _i "1 _J  _i    J  Z    0 O 3 

•> ^ 1/1 U    >     ^    ^    ^ >.     ^ 
m (i-: <-J    - U.  ^ >- O    •■ r\l 
_i >- »• O V _j l/) y LL   r/) 
^ _)   X _jU-    •«••Zi/l_jJ: 

_I    •> 2'. CJ X  O Cf)    *   - 3    ► 
<!    <I      * - t-i ^ T n"1 c.    •> -H 

_i u   X r-l   U.    ^    _J   Wl    1     ÜJl/, 
- _l 3 c_,   ►  ►  ^ r  /i a. 3 

U      •-7' « X   .'' 1-   »>   ». >•    - 
•a  Ci     •« b  a  v x w r »- i/i 
_j a  i-H O    »>   •• _J CO 'yo    •» 3 
- _J >- •^eJCi     -Z     ^ Ui    - 

oo   «^ r Lull—J_JU      »^.JLLD 

V  X    »- o o r o -rH u K- a 
" r l- •«CIV.jlOivO     *3- 

_j _i r OU      ~    " 2'     - >-     - 
>-   -  - o   »> «a a'   - u. x o 
a  ^ »-■ ••l    i     „Jl/JtOU'Z 
V   _J to a   3   V  U    Z (/< HI 3 
^   ^ p- rp r^   »^ ^J   *•   »* i—   ** 

o to  •• ►     ^LD     ^_JX      - X 
z i  en >u.v_j>-u.—«a 
br    _J  l/) Q3     •> li. Ü-   l/l  >0  1 
^    ». ^ ODLL.JÜ'     ^—3 

Z   h-     •> Tl     -V     ^«.LLUI     ». 
v   T   C\J »- <i   •> u   r u   _i f.n 

». _l i^ ?:2TU     ri/IH-^. 
n   •■ 7 m o v _i   •■   ».i-ifT 
_J u     ► -  »•  -  •• ™J «i ►   _j 
r o ^ _J H- v z r c;   ».3 
i    -J  uO O  Q     *-  X      •-  C/-;   Ul     - 

•>  »• r' •3      ^ ^   lil   U      ^ _J  H( 
<r fy   ► -T-roj^'c-'nü 
r _/ i^. U.  O  ■-'    ••    •« t/1  «   i 
v u. ^: o     »«H-^U.     - h-    * 

•> _j   •• ► r" 3 Ui r o   - _j 
i"1   ^ _j —. T n  _i   •»  •» n u 
V   _) >- C-i   O   l-H     ». Ul   f 1   'C   "C 
^ u  a O     ^    •> _J Z   Q.   l/l     ► 

,-, u   -J ^ »-(ü_(-^>-     •-    ~    •'U 
in v   »  ^ ^- LL   -> n   rt ^ U   u 
(M ► U    ?■ V   O H   f/) 7  U"*   3  3 
t\J o) U- r: H-    •> a   UJ   •- j   l/;   ► 
>— V   _J    ^ ^   »■ _l I/)   -   »• <J 
T •>   •■ _j vvPU.   ^-ri^^u. 
Q V   7  2" 0.    — O Ul  _)  —  C^  3 

».x    ~ XU      •>_*•« 3     •>    »■ 
■7 t-  U> ID HH  111   7"     •■ 1—   O   'P  U 

O 3   _J  T» vo->r-->a  005 
H a   -  - »■ U.   _J   J     »-OO     •> Ul 
C/l »-I   X   LL 2.UI    ^^»u     ^i/)3r 
-y UI r ooi   rr .-v n   «TUIT 

U _i _i  - r   *^>_JH-   -o-o   ^ 
J «3       ^ U- i^u    f-_j>y)3^ 
HI Ul   _1   T oo   -_j   •»it   -  *.ir\ 
n (V  >     - C_>Or>cI<T      ~_JC5^ 

TH   {\J »H ru ro j- iri 'X) t^ co 

*- <^    C_)   1_1 •» • 
■r-l •          «s         • „A r-> 
• ■-1   C. i   c- « ► 

•- •S            •              «N CD LTi 
rr Cj  ■ -> o >. « 

• •              »V            • 1-\ -J 

*• cj CD  cn • 
J 1.1 

T-i iH  <_->   O »s • 
• •          »v         9 r u ■ 

*. J t .  c-j ■ »- 
■ D V,   •    •■ 1 D C 1 

ro U^ '-> o •. • 
• •       r.      • v i-: ■ «( 

ex t-^  t_J   o> 1 D      • •^ 
C.i ».      •       ». •   CJ c) 
•H 
• •       •<      • 

o    •» • 
•> ''I   (-1   o CI    • •< 

IT. ».       •         «s •   CJ d 

(M CD   O   O ■ :J    ». • 
• •     m     • - J CD 

•X o CJ c, i j    • »• 
LH »   •    *>. • o U^ 

00 
• 

J-   CJ    CD CJ     •. 

•- r-D 

• 
m CD o  o CD      • » 

ID •«     •     »• •   CI in 
• ■»H   C_i   (—• O     •- • 

r3 •     ^    • •. n ra 
^ UJ    ^J   CD o    • •* 

l—' •*     •      r* ■   CD Ci 

• U\   UJ   O CJ      •> • 
l_T •     m     9 •> CJ KJ 

~ O      1   ^3 -3      • •. 
1    > »t     •      *• •   CD ^1 

• CJ  o  o Cl      •> • 
rj •        w^        • •• m (.j 

m »->   <7D   Ci r*1    • w. 

} •«     •      » •   j) ■»H 

• 
1"' 

O   O   C3 '3    ~ 
•> CD 

• 

•. eri n m r i    • •^ 
— I ,» •»    •    ^ • I_I aj 

<r. • C\J   »H   t' Cl   ^ • 
c f» •    »,   • •^ ^^ o 
T-l V f-i r-i  o r-> en n 
•— — ».    •    •> • in >-c 
H- ITi co CD CJ rr   TH • 
T S. »      «t     A •^   •• a 

•■ •^   '.T   l—t •-i .n •n 

V —1 T-I C         •      »- • rx- HI 

K ** II •   CO c-i   II • 
i i- Hi CJ     ^     • •^ HH C 

LI •» ••. r-i o C J      •> •fc 
HI V ^. cr-     •     r. •   rf-h C" 

Ul o HI •   CO r.   Hi • 
-x M ^ f-1    ^    • •V   «-^ Cl 

■^ V T •> en "< c-. X •, 
a CD     •     •> • a r-4 

i: -^ •-' •   CD   CJ o — • 
o o r^     »N     • ». r—» 

X I «a - O  o CD   «3 ■* 
i. J, H (_J      •     ». • H a. 
o o <I •   CJ   CJ LJ «3 • 
c^ CJ o o     ^    . •> n CD 

tH CM  r' J TH 

o c. (.1 o 

257 



I-) >_> <^; '-0 <_) O O CD  O O 13 O <J CJ O O CJ CD O O O CJ CD Cl O O O O O CJ CJ O O O O l_) <.J 13 
t  irv .0 r-   o T1 <-3  T-( (\j r^   t »A ifi rs. «n r« o '-< nj PO    t m 'O N- "i IT' r> -^t .Xl f^ -* m if) f^-  no ff O »H 

ro ro r-- rw-i ro  ,t   J- j -_t J- J -J    f j-  j- in ii> in in ii\ u■^ IO ui ui ip« aj vi/ vX) >x) ^ aj iX) »o ^D OJ f^ r^ 

•- • ÜÜ  o   O   T-t 

I—i r-i ••.••■ 

• ^ o   *-4  C    I 3 

^ j l_) r.     •      ^     • 

•.     • i.j   C3   --I   t J 
.,1    it •      ^     •      ». 

• «K •-*   vD   TD   r J 

■»      ■> »»    •     »^    •   S. 

•>     •   X   fj   CJ   <H   ■ J  f\l 
r^     -i  ,  .     .     •.    •     ►    . 

• ».     •   ■ J   f\J   CD   Ifl   CD 

C»   O   *^     I*     •     »«     •      »s 

•>     •     •> t3  O  \0 O   t^1 

00'_)l_)     •     -• •-     • 

• P»    •   CJ   Cl   O x^j   c_l 
'D       D   t_ ■•.••- •       »- 

». •    ououjro 

ri'-D^D     •     •-    •     •-     • 

• •.     •   O   »-<   i ^   tf>   CD 

(_j V-i i.4      •«     •      »^     •      r 

•^ «      ».kJ)OC_>wjf\J 

O O  'J     •     ••     •      •>     • 
• ^«CJT-ITHOCD 

Cjcatj   •.»•«•    •- 
^    •    ►. o o o  «-4 fM 

in '-' c   ••■••-   • 
• ^«OvDOOCD 

CD    x.J   C _>       »»      •       »«      •        ^. 

•^     •     •» O   C»  O  O   CD C ■ 
IT. r-i o   ••>•••>   • r^- 

•■•»-CDi-JCDiDtD t— 

• «^    •  O  O   O  r-> O O 

•^      •      »CJCJCXJCDCD 

(   >    CJ   *_>      •       »^      •       P-      • ^* 

n  ra '-i    .    ».    .    ^    . c: 
• •.   • o o r-j CJ n • 

i_p  i-j o  X     •     ••    •     •• i.3  U5 
^••»^-^O^HCDO *— <I<I 

'T<<-i'_llA      ••••.• .^ _I_J 
.^.nrr-CDnT-i | UU. 

*J3    ^.D   CD   (\J       •       »      •       •• V-H H   H 

•.     •     ^     ♦.   vH   ^H   t:j   CD (—4 • 

'3rD'DiH»>»»>» + ^»N 

ri   [•■   r-i   ^-4      •      •.     •      •> l(> ^- «CD 
••••^IIOvDCDCD r. X -HvD 

O  cj t-i M    •>    •    (^    • a> iX •     •. 
«»■•«.rticDrDCD (\J IAH h-CD 

^-ir>i CD -»••■••-        t— LH «-^^ _jLr\ 

• ~    «Tt-irDnco ü 11    +nniiJ<T_J<I    -ft— f/iOr^-COCDOfcDLit— f/iOTOOCI 

'Dli\iDa      •    •>    •     •■        O;         Hh-I)^    •-3ULi._J--'3Ct—  O^LDOr^i^eiro^if-OLDLD^lct 
►   •^>-OOTHO      a. M      nzniiu.       c J en      _J_J      z^      ^■ai3:a'_j_ii'z; 

r-i n o «.••.» cj'TDiHmf-«»—i       ("MO O ^^ f^^^ 

.    ►   . < T-t o (M o       -JI|(^lif\i-'k-_l'a^'>-_j_j_JV-_l_j>-_i_j>-h-^l_l_J_l_J_i_i 

•.    t    ►«tDT-iriCD        «at-tOHOOO<lU-LL.O<:J<I<JO'3<IO«:i<OC<t<l<I<l«J<r<l 
TD i o -7)   »-   •   ..   •      u •-• n KH n ci. o o M n ir ci c,5 o i') CJ c/) LD f> o ID ei o o o o cj o c." 
rvj K)   r       tH CM M ^f 

CD   CD ..D <J CD i_/ 

(MC, J IT vD f^ 

258 



I 
o o 
(M   P^l 

<I   <I 

O 
f- 

o 
o 2r 

250 



o   o  o  o   o  o  o   tj   Cj O  U   O CJ 
-i rv *-■   J  ir\ iD N. no rr o T4 f\c t^ 

^CTü-TmmcrcD^cncncr'CD 

o 

H cr T 
u; iD 
(/i -' V "N 

U   CL H ». 
or X 1 CC <_i a v L^ on CJ 

a (-1 v UD »H 
UJ 2: a-' O »■ V« 

2 1-1 "5 n »H rt  O 
M  -v Vx v II O II      • 
H- H • HH  O 
Z)  Z 2 ?• O II 2 
O  O 0 O O II O   — CK et r r t CM ^ r-i hi ZJ U) J J: a. u> vO HI 1— CJ 
3 0 0 0 II II O .^ 0 1— UJ (/I   CJ c^ c —1 r O a n 2 cr ii 

0 c_> 
fM K 

o 

^Gü 



t"j o o o ' J o ' j o o o o o o o u i_3 o o o rj o a o o o o t_j cj o 
■^-1 n r^ ' •-  - ~ -■  ' *■ ■ '■" -■ • 

O • J CD • J CJ ',3 CJ tl' CD 'D 'O l-> l_J O O ' 3 rj CD a 1_1> CD ^J '3 <_) CJ CD   3 Cj C 5 CD LJ CJ CD CD O 
^  in  vO N-   no  m rD  —(  rvi r--i    t  LA   O  K   Ti n^ rD  -TH M  "^    t- in  iD  N-   ^  CT ^D -H fVJ  ^    r in  vfi N.   -o 

TH -in TH T-( •rH -r-i ^ -r-i r-( -rH r\j ',\j C\J r\j txj f\j (\j (\j oj fvi fo ro r>".. fo f- ro fi r-o r-i 

(     r 1 CJ  O O iO C»  O  C5 O O CO O O O  OUUOOCJCJOOOOOOCJUCJOOtJOO u 

t-l 

a 
D 

n  o -Li._jaiX>-3    ► 
o ?• f i   -   ► j "r n     - in 

u    ► o «a u    •> 2r «/) n ■>-' 

_J  U1 •» It.   <J   fi      •-     •> «3   LL 

► i IJL>—  .jO-HQIt— 
U    _J ■ju.   -._(,- ^r   ^3 

_J   •■ O     »• (/)     ►  ^  (71   W     - 
^ ^•nvv     ~   « ■>  .-( 

c > <3-3     -^»-^     »«H- 

j  -i r, _J .j  j ^ ./i u x 
..   »^ ■/1L1_>-      ^-^^>      ~ 

m nr c)   - n   :r t- a   •> rM 
_i i- •-nv_joo7"u  i/) 

»- _i X _IÜJ     »■    •> 2  t/1   _J   jE 

_J   - Z. O  X   O C     -   •• Z)    • 
d   «a m. ► n ^ x   m n     ^ ^ 

_) ^i I »-tu. v _i to x: LU k/j 
•>  _) -x O    «^   -   » 2  i/3 a   3: 

U.     - ~* - X 7  t-    -^>-    - 
'I    IL ~ u  u .^  T rv J.  »-• u) 

_i a. >-( O    ~   ~ _J C^ '/I    ^3 
•> _J t— "«SO     -Z     -LJJ     - 

en    * ^ üLO-JLL    •'-jao- 
V    K •^ ooro^oi-u 

•^   IT t- -ov_)oot^   ►i 

_J   _1 i' .—i u    ►   ^ 2-   ~ >-   ». 

V     »■ •s c?   ^«a   -U30 
a   2; t— - x y  _J (,o o it z 

V   _J oo rL^vu  z'nn^ 
•^      «s T -nn   -j   ^*i_   « 

O  IT. •* -    -O     «_J2      ^X 
ir J (T >   LL   V   _l   V   U        ,   «i 

v  _J U) rj T   - u  a. /} >ü r 
n    •. -r o .o u.  _J ^r   ~ — 3 

"^   ►■• m rn     ^ V     ~    ~ U.   14J    •. 
V   3 fN: - <l      •" U.    i'   ll     _J   c 

- _l l>0 Z3mLi.^^)(—   2 

r_"   •« .' fo^v^     »    », , 4   <3 

_J u ^ •~   •■  -   ~_I<I1-_J 

r o r-l _J   (-   V   Z   »I   C-     - 3 
V    -J LD o o   ► x   v ,/i in   •> 

«  •. 7» «t      •- —   U)   t 1     •>  _l   i-H 

«a    f ». •■r,r^_)7c">i-iii- 
r _i ■n LL   O  ^-     •.»•■/) «I   3 

v u £. <(     ► (_   >.  LL     •> >-     •> 

■« -i «- - ^ 3 iiJ j- r-    ^   j 

i"   ► _) —   T-Q^      --QU 
V    _I > r- O M    •• 11 • ('i  3   3 

•■ u. a o     •»    »^ _J   lr  QL   uO     •> 

ii   J z •^iUO>     ~^^U 

V    •■ PK ■— ü_  -> 0   i-^ — U   U 
► u 7 vr~>>— i/izinx^ 

CD   LL Z. y-    ►Tin    -JI^    - 

V    _J •* ^    •• _i iA   »-   ► <a 
»*    ^■ _l ^ 03 u     •- "r in 3 ii 

V   Z •T a   ~- c m _i — .tn 3 
r.  X •> Zü      ► _J     ► 3     »-    ► 

V-   Ü CO ►-HUI^-    -t-(">rru. 

1    -J T ■vn~>n~>o   (/i3 

LL      •> •. ».li._J_j     ►L.O      "-Lll 

H   X U P-U.      ►►►Cl     »(/ji 

U -* o r- 5- «^ r»' a  <-r in T 

-1   _J ♦* 3      ~>_J»-».(YO» 
■a    •- iL. 3    Vü-     «-^Xl/S^ 

U1   -J < . DC   -_)   »-z   ••   •■in 
V   V ». C"1   LI   >   O    d      ►  _1   CJ    ^ 

i-t r\j t-t (M ro j in xi r^ ou 

3. 
(.5 

O 

I-   3" 
r-  •-. 

•~ U 
o - 
o ■> 
- u 

U- ► 
■3   -3 

<t  li 
Cl - 
00 LD 
CJ <I 

•« _l 
-J u. 
o    •• 
- n 

n ui 
(.J  x 
- M 

U.  L. 
c:   - 
»-1 

U    ü 

«. <J 
Ci o 
C< C i 

•- CJ 
a u. 
rp    •. 
* X 

>-    3 
^ n 
a * 
rf> u 

•» 3 
T O 
Tl ^ 
•s <\ 

_J 3 
(.1 O 
«1 ». 
- y- 

u  o 
»3 •> 

V   Q 

o > 
-J _J 

n o 
r i: 
T X 
o o 
ci ci 

^ 7 
<i a 
i— •> 
<i u 
n LL 
v r 
l- LL 

(/l LU 
M n 
-j - 
u. u. 
J a 
«3 «, 

_i .y 
»- J 

u.   - 
«3   Ll 
_J   0- 

•> -J 
(/)     •> 
V X 

-J _1 
>    ^ 
a ^.r 
v _| 

o cr 
Z.   T 
v  _| 

Z (- 
V I 
- _l 

o •« 
-J u. 
X (-•) 
V _J 

r _i 
v u 
- _J 

L?      ^ 
V _i 
^ U. 

Ll      J 
V •. 

•> u 
ai LL 
v _j 

».   *• 
V V 

•> X 
I— lü 
3    J 
a    " 
H   X 

•* UJ 

O  _I 
■>    ♦. 

h-  _J 
T   >- 
- a 

LL I/) 
(J UJ 
- _J 
z - 
•> u 
Ü-   _J 

Q   (/) U. 
- ^ li 

0 3   3 
a i/)   ► 

^. ^ «3 
X T U. 
Z   (^   3 

1 •■ U. 
C   «3   3 

■7   it'    - 
*• m in 

n »> UJ 
H- _j a 
Z   >-   3 
^ a    •> 

I— y) O LL. 
Z     - 3 3 
► o   ► 3 

t~    Z   HI •> 
i/) ./) <3 a. 
Z »- 3 t- 

•> Z     ».3 
rn to (/; - 
on   ► > n 
z n   •> F- 

•> X  O 3 
(V l/i   ^> •• 
(/'     •>    •> (V 
Z   Ti U. f/l 
* X   _J 3 

TH  (/)  O •« 

z x UJ (/> 
•^ yi a 3 
{/!•.>-•■ 
Z   _1 (— LO 

«. O     ^3 
_l  C/) UJ - 
>   •- a a. 
U. U. h- Q- 
z e-   " 3 

•> CO  t— •> 
Z     ► 3 CJ 
Z   3   Ct Z 

•> lL   H 3 
_J L/i t— » 
Z     «v    ». x 
- LL UJ «3 

O U. _l X 
■^  fl i_ T 
»    r. >—i •> 

LL   -3   >- LJ 
z o   »- z 

t« to m <J 
Lu     •-  _l _l 
Z   O   hH 3 
« co <r •> 

r- ► v- n 
z c-   •« u. 

•>  •> a 3 
'/O O "T ► 
3 Q t/) _J 
_l     •-     - LL 

•> 3   U 3 
V-   C -   3 »> 
-t u^ iu r^- 

« «t 

O H- 
(\1  <rt 

». O 
y     *, 

^-   -) 
»- z 

U i •Y 
1- c. z? 
hH   «3 t- 
(V LL. u. 
3 rr .r. 

(,    CJ c o a ci 

261 



I 
o a o 
T   O   »-< 

O O (.'' 

•cl 
r 
a 
o 
LL 

O 

CJ 

202 



■ 3 .-^ i_i .-j CJ t_j >-T    n o o o tD CJ CJ CD LJ c_i o -J tzj o o   :> o o «J o o «^   _) c i (_> (_i ra CJ en <_) ro 

T' T-< •TH •rH ■H TM -ri »H -ri TH (\j (\j t\, C\J (\J r\j t\i cv (\j Oj fi ro r-; ro ro K. ro ro f; 

""i o ri n o n n ii n n o o ri '") o ri ci n n o n n o n o n ra ci o n o noon 

T 

U 
7- 

3 
O 

rr 

37 

O 

a 

o 

c - 

U' 
n 

ui 

>- 
c 
o 
rr 

a ■> 

(I'   U 
_l   h- 

•-   _J X 
_)     •* Z 
<a   «3      •- 
-j a x 
- _) t 

u * 7 
•a a •> 
_J o. n 
- _J t- 

oo   ► i: 
V X      - 

_J   _J Z 

a  z >■ 
V _J '/I 

O   CD    -^ 
^    1 Ll 

^    T    (M 
► _J l/i 

O    ► r 
_J  U      •• 
X   O TH 

v   _J i/i 

ö   fV    ~ 
7"   _J Vl 
v u ir 
.. _j   ». 

n    •- _J 
V _J   V 

•~ U   Q 
UL   -J  Z 
V ^    « 

«- u   r- 

rr u. ?■ 
^ _i   •> 
^ ~ _j 
v ^ r 

»- X     •. 
I—   111  Lt 
^   _l 7- 
a    ^ •- 
t-H   X   Ü- 

_l  _l    - 
«     •- u 
u   _i ir 

•^1 C\; 

r. U.   _/ u    3 
f 1    ►    »    j -r 
n o u    - ~ 

•> u. «a a. •> 
u, t- _i a. n 

a   «^./)   - ? 
r-  O   V   >      - 

•d «a •• Z i— 
O J —i J ^ 
'/) u. > ••   •• 
O - Cl z »- 

•^ Cl V _J LO 
_J LU - ». Z 
O x O .'P    •> 
»»-i z T n" i 

M   LJ-   V    _i  (/) 
e   -►-:.' 

•> T Z H- •• 
U,   U.   V   T   tv 
O    •-    •-_/(/) 

•> <I TD ». Z 
UJ O  _J U-    •- 

► C5   V   _J 00 
o u    -  - r- 
o   •- ^ ty  •• 

»■ x 3   _t l/l 
u   :i Y u z 
rr n   •> _i   •• 

>- u   v _i >- 
a^   - u. a 
j o u. j z 
rr   •> v » » 

z 3 m u. z 
rr   r   V   _j    .. 

»t     ».     «^     «K  I 

-j t- v z ;t 
O C_) ^ X »> 
e3      .« -*  U MJ 

•^ Z r^ _i 7 
u n *^ ». ^ 
«a    p' t— x u 
- m 3  iii z 

—   3'   0    _J    " 
o n   H   ^ uj 
CJ     -     - _J   Z 
■rH   Li      C ^    >-      •■ 
^ u ^ n ^ 
v  r h- '/i ?■ 
i—    ^ x Ü- •■ 

— •■ _J i/j 
^    vX)    li. »-3 
a w L'- u _i 
z li    - _j   ► 
H U'  7    ►»- 
•^ ^ ■> n •> 

»■ U-  _J -J 
Z LU •> "■ •• 
O r- T c- rv 
y     ► >   _j »_ 
i   v u.   ► _j 
O  U    ♦- _J    « 
c.- o ■> <i •rr 

■H C\i f-   j- 

n     •> in 
(/I M   "- 
- .J   i 

o 3 >_ 
Z     »-  2 

1  00     ^ 
f- ■> M 

Z     - H- 
•/) o x 

», ■> ^ 

r. i   •< IM 

r u oo 
yi _j 3 
- 3 ». 

tXl •> iH 
X  U-   y) 
■vi a  3 
- x    . 
7^1/) 
(/)    •■ 3 

_1 Q   (1 
o i- a 
00    •■  3 

ii_ 3 a 
Oil   z 
00 l-<   3 
•-I— •■ 

3     »^ X 
Li.  — <l 
1/) >ü J 
- — 2 

Li-   LU      c^ 
ü i a 
oo t- z 

T t- _J 
i_)    •- 3 
i/) ru    «H 

► _J IH 
O f-< ti 
00 <I    3 

■»(— ► 
C"     ►  ...I 

•- n L 
n 3 3 
a to   •» 
^ •> Li 

-« U li 
Ifi 3 3 
^t   OO     •- 
► r. CJ 

LH 3 U 
^« OO 3 
3 »> •- 
O "^ U 
O    0"   3 

•> I/)     •• Ui 
CJ    " (/J 3 
a  i ii' 3 

•»Q-. n   ». 
X   t/i   3  ^ 
Z    •>    -iT» 
- -J o   J- 

LTi vC   t^-  * 

z 
CT 
r 
i 
o 
a 

3 

11 

Ui 
3 

z 
o 
T 
2 
O 
o 

i 

i 

3 

LA 

■> 

t- 
3 
r. 

1 1 
t- 
3 

a 

in 

oo 
ui 
t- 
o 
c 
T 
O 
a 

Q 
<3 
a 

M 
<I 

V- O (*■■ 

IH •* 
N. h- UJ 

H tY (\J 
^i UI »• 
O ■> c 
rr- ro 
V n lü U. 

z (- — O 
z «3 «3 > z 
n .J •'" U-   ►-I 

I 3 M *- t- 
X 11 t— z 
o _J -J LL   Ci 
o 3 O 

CJ 
(VI 

rr 

* 

J 

* 

UI 
o 
3 
* 
U. 

• ll 
ro _J 
a z 
|r> L   -1 

^H (- 
II ^ 
> o 
u o 

o 
m 

U C (_) '_  u CJ CJ CJ o c c a 

2G;! 



T» o .-( {\/ r^   t   n 
r-i  J   J   j   j   J   j 

' J   O <-3   t-J   -Z> C3  n   C_I O  O  O O   t3   «J  CJ   O  O  C3   C3 tJ   CJ Cl  tJ O   <•>   O ^J   O  O  O   t.1 
i.0 N-  -n  1^ <"• -H (M po   t in iD K    ri   T> CD  ^i oo r~-i   j- ir, .0 r^-   rn ^  r^  ^, (vj  rv-i    r Lr,  JD 
J-    I  Jt   J u» u. UN U'» in ui LO u\ u^ irv .o ..u ai   u a; >u OJ vO vjj .o r-- N- r- h- (»- K  K 

rsnnocjooon.n c t -) o n a n o n n ci o ^ o o n o r o n n n n n ~i o n 

c (_) 
--^ .-< ^ • ^-^ 

1 J 

^* 
_l 

o —. 
1.. 

LLJ • c C) UJ t- 
■" J 1 

u 
» f^J 

3" 
(n » -1 l.r1 (/] hi 
<! 

r ■^ 
«T 

_l 
H r— 5 a t— 3 
3 I h-i -' 3 
LL ^ u > «J u 
* 1/ U _J ^y .n 

■ H ll 

t ; 
1 T M ^•1 

U :r /■ ■ 11 U_ 
h  4 

» 
<I _ H 

1/ 

i 

l/T u c: o 1/) ffl 't' 
U _j Ü ar ,-, Lii _J c 
h- "i LJ ii rj t- »-< 
O » 0 p» • 3 t h- 
Q 0 j > .—i 0 <_) 
T r^ o-i * 3 h- <y 
r • -i <t li i O y •ii 
o in _J Z CJ LL. a 

n 
i 

I— 
in 

• 
o 
a tH 

<n U. rr "O fM r N. O 
rr LL HH —I ^ o • H i 

• 
LL 

C 

• 

t-i 

V, 
a 

(j 

L3 
» 
* 

r 
LU 
-> 

Q • Li- w o „ fV vD 
<-T Ü 1 X 111 » o » "T 
r^ 7 r^j t— _J I * —) 
_) U 3 

Ü LU 

in 

or; o 
• 

CJ 

3 

H 
_J •> X "r- X <Y T o ■r-i V n 
M V- O n in —) ■ T V «■ a 
<r T (-4 ( 3 •— i/l T-l nj J Wk 
K • S-- • (/I 

U) 
* tD 

r;' 
~T -r rs ^, 

f%/ o ^. '-» r^ 0 cT —I 
a <I ^ o «3 n in • y- r^ > Hi ^ 
M • 15 U) • P« t-3 \ri » » O o 
n UJ »-H I'J 1—1 H <_. t.J u CJ a •o 
fV • LL •v ■ <.: * —( a- iC V o 
o rr^ -z 1- (-1 3 ^ ^ Y ». .-t 2 ^^ 
7 • o 

t i 

Ll • o 
in 

c <i 

N- o 1 
UJ in 1 u in U' * Ul in in ^ Ul ? Ul 
H- • Tl o • U\ H- -^ 3 J Z) H ^H ^ * 3 «3 a 
«3 T O z. H- (/) • «3 o z. r^ z <] o Z V Z _l >- 
7" 1. f "> h-' T ~> » T n 1-1 ■*-* t-H ^r' n t-H f >-< V- 
M — • c t-'J *•' » h-t *^ (- • h- H w t- G K UJ 
t- T-l z n ~ h- z n j* I— z II 2 1/1 
,J U. * d U U- » _l LL o (- O _l LL o Ü C) o u 
"J t-H 

1-t 
_l TC KH D t-H 

o 

D CJ 31 n c 

C.I 

n 

r i 

z n 

c- CJ t ■ ii c   c;, c c O (. '  (J cj o c i c ■■ c- c c: u (.. o c   o L- 

2G4 



0'.jju>ac")ooooaooiooc-voooaoc^ooo«3ooooiJi_30c:3C30ooo 

r^r^r^^cccoaüao'^co>ooooocpcr,ö'Cro"cr'CJ>cr(Ticpo<^>c3<-JC3cac>cj — ■■■■ —' --•        j -j 

 i i  ■  i  i i i i ■ri   T*   r(   -H   T*   ■r* 
O   O   "H   TH   »H 

T-lt-t'»-1»-1-r-t»-l^-l»HT-(tH^-t'«-('r-l»H'»-( 
nQQnQnooononoonnQooooQooDQQociaooQooaaa 

ii: 

in 

2. 
O 
»-! 
t- 
O 
<t 
u. 
u; 

CO 
in _J -t (NJ 
03 <a tn o • o • N- 
u n iH « N 
* h- * » CT 
* Q' n- » r>- ^* Ui —H *-. • » > J" 9 * 
ui 4 U * 
r_- r * n <-» 
o rD • d • 
ID J O o <-i 

•H M •^t ■H CJ 

V. X V V r~> 

_J «S en _J c: -J rn C5 

<-> 7 T (\: z Lfv l' ^- •^H 

CJ * ■^ * ■H » ■H v^ 

^-t n & •»■ n #» n ^ _J 

•k r <T ■-3 -* <—> z rs T. 
r-» ö Ul •rH «a .T <j vO »■ 

cr -J o TH _i T-l j ■rH _) 
•» 3. ■h ^ •^ ■-C ■» 3: 

r3 ^^ in O >-^ O ^^ -> w 

tD * ■z tvi » ir> » f^- * 
■r-» a0 

• T-l 

• c-' 
,-i 

• 
■r-l O1 

• 
Ui ^^ U1 .0 U> ■z ^. U) in UJ CP Ui ^. U' (P UI -» U' CO li'  UI 
3 z 3 tv ZD «a I 3 tn 3 T*. 3 z 3 Ui 3 XL Z3 J- 3  3 
2 > .2 CNJ ■^ -J !> z 00 z Z > Z 0O z > Z vC z z 
(-( u. n ■t t-i ll l-l ro M o M u H J l-( U t-t 'O M   H 

^- ^^ H- It H 2" w h- II K H f- *^ h- II H -' H- II K  \- 
z: Z z •^ M z X z z z z z Z > Z   Z 

o u. o > O CI u o > o O o u o > o u o i» o o 
o l-t C1 IX. c: T H c: u (_: (i o (-1 o U a l-l o u o o 

CD o C_l u t.» a 13 o C3 o o 
nr cr U' T-l c«. r" J u. vD N.   co 

a C' <  c O O C' CJ o o o o a CJ CJ o C  Ü 



iri'Or^'OfT>'-)^f\jM^-u>i,oi>^®T>0»Hf,i]'N0   ^•tr\Or>-or)'Tir3T-l(\iro   J-iri<DS-T3<Tin>'H»\J 

0000000000000000000,-3 00  0 00000000  0  000000 

u. 

o 
* 

a 

* 

V V 
00 00 
* * 
» * 
_J _J 
LL •^f 
_l _l 
* * 

CT> U- M 
in Q • r* _l <t 
f^ O ry iLl 1^« o ■£ 

• CH * M a » * 
o y- K- H- vß >- 00 l-H Ix 
* ■? ^N t a • <x u. <r _l 
» n • >• in C3 o o M 3r M O 

U. m ^. 1-J a * ♦ z * h- » h- » 
Lu dZ. CJ Q C3 o » ♦ d » & er a; er 
W o a «3 r-? rr • ~» o ^. Lu • Ul • o 
» M + D ^-< — rs 00 » o Z ra z C3 z 
(N! cn • _l V TH '*.' (-' Q a l—i T-l i-i -H H 

• i-i TH 2" ?. ^ o o ^. + 11 11 o 
CT ■> »^ n V X o 0 M TJ <I • _J Ä .j ^, J-.- 

_l * o If T- UJ n rp 00 ■«-( »-< <J tr-i <J rr UJ 
-J * fV tr> oo H- _J 1- M- l-l ■v O —> o ^-> o ^- a1 

LU ,^ a. K. V) * 3 4 (_/ U- ^ ^> _J * M t- l-l (•- 
T • • (y ro O 3 er _l o X LU >o J- 3 t— •r LU 
'/) 'S u- <-> (-v • 1— ■> iji -> -y u. 1-1 'n iV •y o 

C.l n » O o o LL (V * a * T iT Ul ^^ Ll; -^ M 
O •»H Q. • O » o v^ (/) > (/) • > CJ 2» ^J 00 
t-H N ^ U * * u LU -J Lu Q _» • • 
t/5 C3 O > u o o iri ■z. o n *^ T * o i-» H- -rt n 
<r «^ O » _l * J or IH 3 «3 *-* 1-4 ♦ 3 • ü • 3 
rfi * 

N. 
rr 
• 

II 
*-* 
»-i 

H- 
3 

O 
IA 
• 

■H 
II 

00 

h 

z 

• 
o 
II 

z 

• 

n 

3 * 
'O 
• 

CO 
II 

in 
*-* 

»- * 

• 

II 

3; 

3 O 
oo 
* 

it 

K 
-x 

u UJ 

o 
Ü. 
U. 
o 

Li. 
i-( 

«3 ÜJ 
Z 
• 

<f 
o 
*-* 

u. 

U 

O CJ o o o o o c^ o O O CJ CJ O CJ O ü o CJ o o f i  f.1 CJ CJ CJ CJ o o 

2G6 



o o 

UN 

CJC3000C30C30 
.i-miON.oO<T,0^(C\JI,0^-lftiON.roCT,0»-lfVJfoJ-iniOf>~oO(T 

OOljOOCDOO C30C3aOCDCJCJ>C3CDCJOCDL3CJOC3wi-^i_ii_.vj^->1_iv-^ 
N.r0CT,O»-lfVJf0J-ini0r>~00(TCD'«-tfMly^-tinv0^'»(T>O 

'      ---------     00  - -    - -    ■-   —     -    -    ••'- oycoaOcotOOOoO'OQOO^ 

OaOOOOQQOQOOOOOQQOOQQaOOaQOOQOOaDOOOOO 

CVJ 

CP 

• 
-* 
* 

LL u. U- *• 
LL <r ö ^ 
Q a n Q 
\ V v 2 

LL ^D -JO OD «I 
3 ■a * * * LL -J 
O 3 * » * <I 3 
N. O • • • O V. 
a? V o CJ ca X a 
» il) T-l TH ■H O) 3 
» * V \ V 4 *-■ 

• * CJ co (M * * 
n • » * If • o 
•^ o 4 * » o ro 
^ ^H U. u. U. T-l • 
V- V LL «3 a V o 
■> (M _l _i _J CM II 

_1 » » » * * (-S 

» » Ü- U. u- * cr 
_J f- _J -J -J »- /) 3 3 TH 

IJ. > 3 Z) 3 X 2 O O *-* 
-i -J » * * <5 -J O 1- f- 1" 
* » LL <r a z. * t-l 3 
2> > LL LL a 1-1 X CO co o 
LL u 3 •x 3 Q u. M =) _J ^* 
* » * * * 2 * \S\ :> u. 2 o 
cr> cr cr> cr (J) CP UJ CP X^ o • 
• • ■ • 2- • CD • ro o: V iir o 

o O ir\ < LTi «3 ir> M in in • Q. o a • 
T-l T (M M (M M (M O w _l (\j to CD <I <t UJ 
II M ii 1- II >— II -z. II n II 2 * a' a.' • a 2 
^ o *-* CK ^* a: ^-^ UJ ** ct ^s O * d a O Q « 
£-1 ^ UJ (\J LLI r^ m J- 1- tn M LL UJ _i to _J *-. 
»-I Ul H 7 TH rf. -H T-i 'H f/1 2 (.!) o «n o V 
'w' cr —- M *^ f-t «^ UJ ^^ • S-* M » • X T-l X 7.' 
►- t- h- »- 2 \~ K1 

h- > in O o N. ^ V ♦ 
■x u 3C -J i _J ^ M ■x n 3 o N- 2 o 1— o t~ O 

-i IÜ Ul L5 (V fV • n ra _J 3 _l ■C 
^ n ^ Z) «MM Z3 «■* 2 *~ O ^^ D. O h- TH => » r) 4 
« w o u. (_J u. o UJ o X o * co •v a X Q- LL 

• • • • • • -J *• UJ o <i ~v ■a U. 
o H o (-1 C3 y- o »- o »- rs UJ UL Q' o »— * H- a 

• U • ^ • u. t u. * LL • 3 O (y 4 <3 CM <I » 
LU <I UJ Ij- UJ «t UJ •J U.: <I Ul U. » < 1.0 O CT O n 
■? ■z -z ^■ 2 2 U. -J- ■H 2 

V • • • • t V • • <r 
U «a LL u. U. U. II II II _) 
IS i LL <3 «at <I «^ »■s *•* 3 
o r- n o n n «D N. fD ^^ 
^^ ••^ ^^ «<-^ w^- M T-l 

••* 
T-l ^ 

u u U- LL U- LL t- f- H- LL 

M M M H-I M M 3- 3 3 M 

o o o c O <J (J CJ o c: O O  C.T ci o o     o ü o o o o      o o o o o c 

2G7 



oooooooooaoooocjaoooooocjootjoooo<n>ooaaooc3 

(jicr>cyi(Tia^o^cr'or'(r'ooaijoac;Jooo-H^H.TH-HT-tTH-HTH-rH-Hrvicvj(\j(\jc\jc\jc\jc\j(\j 
T^^TH^^THTH^TH(\JCVJ(\Jt\iro<MCM(\jrOCJf^Cvjr*J(\J(\JCM(Mr\JtMC\JC\ICM(MC\JOJ(VI<\JfMCV 
aoaooQonQQciooaooQoanraaooQaorjoacinnaoooo 

CM 
y) 
2 
* 
s- 

I. • 
(/I » 
V * en •r-t 

a> H- CM J J CO 
• 00 CO • (\J fo 

» z 3 o i • 
* * 4- » » * 
,— en •^H » * * 
ULJ • 00 >^ J- •^ «-» 
2 * 2 a CP • • 
* * * CD J- Cl o 
UJ vß *^ N- O • o a 
o • • • o * »H ^H 
♦ » o *• »-! » X V. 
UJ » CD * V «^ O o 
_J o CD T-t CT « ^* N-^ 

<-' a ■rH 00 in o » » 
* » V 3; (/) o CM cr 
J- "O X + * CJ ^- •H TH 

(\) • UJ i/) a o 2 • >- • 
* ■H _l z u t-l Ul * CK * 

m » ■f If * 'v •> * <I » 
+ * o at. N. CJ! f- tn 2 u h- u. 
UJ ^~ o > • ^^ => r o _J O _J 
2- • ty u •> * * o r- 

C1 3 DC =) 
* (M i— *i^ o * 00 1- * * » 
OJ ■v z * X. (/) a> 3 CD X r» T 'X3 

(/) • i* n m CL I • o X o OC (_) U» 
?• * U' oC v^ CJ _J Ul J- UJ t^ 
O >r in c o rr- in * » V * r • T • 
n ^v i. 4- «a • UJ ^-* * «a u + X- + * 
(/) • o H IT» o M a- ro .-. n 3 CO » 00 >•■ 

M <-) M a M _) m n r^ CO m 3- n- »•^ (^ ,_. 
■> CD in «-' •H s. ro »- o UJ w UJ «h^ o rr o rr 
o <r« \-t ^^ • f- CM CO • V f/i _J * o T" o r 

vD CK 7-t ■> » to TH =) »* » «3 * CO K n _J o _» 
* a V, o o V * o t~ _i UJ (V m (/I ro * * 
» 111 rV _i o If >- T «J 0 Tl CO i-( • V m V prt 
o UJ a a * o o S ? >- ■? y * « y «a ? 
• ^ H- o o r c-> >-H CK (- a *-' V » m en CD (/) 

o M *-»■ >- 2 (/J U UJ ■f UJ » UJ u. <— w 

•rH Li * o * o » o • (- K. Ul m r _J T * r- * 
"V z ir\ 3 -* _l o -i o X iD a CM o **~t V in •^ ro 
X UJ <XJ a ^t r _j 1 • u ci CO cr> CP * m vO a: vn 
7" • o r U • • rr • CO 
* r^ * V ■z ^- -i V in • 
U ii 11 II m II II II n II 
3 *-» ^—' ^% r ^s 0r% .-» ^ «m. 
* CD TH rvi CO J- lO >0 K ■Xl 
U C\l (\l CM w CM CM CM CM CM 
u. •>» w w* ^^ ^' ^^ w w** 

D 1- K- h u h- l- H- H 1- 
v. ■z 3 3 H 3 ■x 3 3 ^ 

O CJ u O C_) o o c c O O  CJ C.  CJ o C1 o o C) Cl C) o o c- 
O  Ci C_' o 

208 



iji^uooooocaooaoooaoooooooooooaooocaaocacjoo 

C\J^JWP0OJCM(M(\l(\Jt\jCJ(\J(MtM(VI(MC\JCM(\JCMOJ{MCMfMCMCjWt\JCvJ(MfMPJ^C\JCM^ 

z. J- 2 u^ 
(H OJ iT CD LTi 
1— Z 

z 
t- 

• 
CV) 

• 
H- » Ck^ 1- Of O A- * X 
Lt * O 1- CJ ♦ CO * o 
O „ Q. t- <r ,^ u _ Ul T UJ 
Q • (/) 2" > ♦ t z ■ r U o 
a. -3 Z. <t o a U M o 4- ; Lü z LD 
D a «3 _i a: r O tu C3 Oi o- i «s Z 
(/0 o IT <t • a «3 ■H KH ■H o + ry M 
•f •r-t H- Ü1 o or V «3 V o 00 d (V 
o v l/J o ^. u. u C3 o ^ LU O 
z u. 00 + o o o ■3: *^ o -J O 
»-I d rs. rr ■H M 7 » -J * u o O —1 
(V » o U' "V t- M •a cr U. z n IL 
o U- a 1 o o n fV z '.r1 

M o 
o •x z a «5 <t _J or _J Z3 _i LD V 
_J » n LU * -^ c^ o » LU • <I -i ry "»• 
IL IA. T rs Cl t- _« _i <i \~ u r-i ui <r <r <r «T 

_J -I 3 ■x X u. ir X o -J T o C" □ 1— 
2 -D 'Z. o Ü0 (/I u. -J a 00 LU (/) < 00 00 o 
n >-* n •d (/) » » o — » U. Q 2. o K u -1 
in * rr * Lü r^ rv m »y * tj ro n V) <r * < u. UJ 
<j YH < C3 a' LTi M vO <r m _J o M * _i in -j 4 =) 
(_; in 

* 

II 

H 
3: 

u « 
o 

II 

m 
ro 

1 

a. t 

■r-l 
II 

ro 

I-- 
3 

<I • 
+ 

ii 

f\i 
ro 
*^- 
l- 
3C 

a 00 
• 

II 

ro 
^-^ 
t- 
3- 

3" 
m 
• 

II 

r 
ro 

»- 

00 
• 

(T 
II 

in 
ro 

o 
• 

CM 

II 

vD 
ro 

<t- 

U- CJ 
• 

II 

t^ 

v.- 

\- 
3r 

U- 

c-» C) o (.■• o f_> o o u o o U CJ u      o o o ci c"' a COL; CJ o o CJ u o 

2Ü9 



o o o 
r~ oo TI 
lü UD ^o r^ 

CP   CD oocDocicDtrjaoooo 
f\i fo j- m iO N. oo T o H t\j ro 
^N-r^s-f^-Kr-.h-oococooc 

(1C30C3i_>C3<TC3rorrjCDaOOe.">C3CJOCJOC3 
tin>ON.oocr,c3iHfviro.-fLriiON-<c<T>raT-<(Mro^j- 
coooaocoaDoocr>cricricr'(j'cr>cpar>cpCPc3Cjijo ^uD^r^r^rwN.f^s.f^rs,^r^oocoiocc. coooaocooococr>(xicj>c7'cr'0,cp<T>CPcnc3Cjijot_) 

CM^I0J^J<MCMt\J^JC^J(M00C^JtM(\J<MfM(\JCMC\JC^JCMCMC^I^JCMCMfMC^JC\JtMC^J(M(^J^Ororo^ 
oanooQaQOonrDoaonnoooaooanQanoaaoaaocaa 

t- 

3 
» 
U. 
u. 
(/I 
* 

<I 
o 
-t- 
u. 

u 

C1 cr 
ÜJ _j 

^, 1^ + 
• ct _i 

H- o Ü. 

3C CJ _J 

C5 _l * 
00 <I 00 

M o h- 

T l-t in 
^ 

CO 

• 

00 n I 

'Z. i~ -r 
o <x • 
M «J t~ 4- 
t/) Lu in in in 
M or Ul w ro 
> d n h- n 
o K X M 

a: o -l o in 
a. U3 

Z 
2 
(-1 2 

l-H 

UJ 
t 

UJ M C* Ul ^ h- rs 
(/i •y. _l 1-1 UL 3r (\J 

u \-\ «1 «3 o nj 

r <i UJ Ix • '-0 m ^, K 

V u. CO CT 1-4 tn n o 

_J Ul O M r (M • ■H 

M o 1- > _J u ^ o <M 

•J 7" o o UJ z Ui Cl • •. 
<s f- M _l _l \-K o C5 rn IJJ C5 
UL 3 a oo 00 (J _J T o <I y-\ z OJ 

h- LD LL 3: 3 (J (/) 3 _J •» • N. l\) 

U. 2 O JU O^J o _l o C/) O U. >- Lu (_) -•. » 
* H * IxJ ♦ 3r 4 T 1» 3 C^ o CO C5 u ■f „ 
ITi 3: in ^» in n J- l-( o n If o >- r> «Vl < • • 
CM 00 • C CP 3: 00 ^t in 3 in CD Ci u Q O •H 
• r-i • • • ■ c: ^ •4- •H O 1 

K v£) T-l in ro •^ m U) U' u V vD UJ ui U' 
II ii II n ll II II Q. 3 u c^ CM =) a r» 
** --. -> ^~ *■* -^ »^ >- z Q UJ z >- z 
ro en rr» rA (Vl r«-i -* K- M «— n o n H- M 
m ro J- JT J- J- j- «M« ►- w x »~ f- «-' (- *-* —' *-* «^ ■w» »■• ■te* z * z ■~T 

H H 1- H- f- J- i- u o u u. o o u o 
^ -x S. 3- 3 3 ^ n o 

C-l 
cr 

(-. j o o 

t\l 

o o o o o o o o O  C3 O CJ» f^ o u o o O  O C5 O C.1 c: 

270 



o o o r;> o CD 
lf> vD N. ns n> o 

■Z>n0)tJOC>OiJC>OC3O«=>t3r3OL3C30C3aOlJt3C3 O  U»  UJ  '-J 
I 

to 
iO ^ op CT1 en) 

oe>o<jaTH^^TH^rHTH^T^^CMC\jCMCMC\JtM(\iCMC\jcviK>rorcr^>ror')rr:ro^i,OJ- 

oooaanoaoaoaooocionDOoooooaonaoQaanoo 

3 
* 
U 
_J 

* 

* 

ü 

U. 

O 

CO 

to 
1^ 

\- 
■z 
o o 
ID 
■2 

3: 

o 
• 00 

IxJ in 
-z   • 
•    T-( 

^    T-t 

U    1 
«5   ^ 
C  1^ 
+ » CD 

u. * vD u 
u.   • (M 3 
O o 2" 
w    1-< O l-l 
»- v H- 1— 

(/) 2- 
LL UJ O O 
l-l o LI o 

TH 

V 

II — 
M  »- 

+ 
rr 
n 
li 

C3  C 

II 
ro o 

in 

t 

in 
t\j 

C1 

(M 
1 

Ul Ul 
Ü. 3 
> ^, 

t- l-H 
^^ »- 

2 
u. o 
M o 

CO 
• t 
Oü 

If 
» 

* 

o 

CM 3 
Z 

a M 

t- o o 
T  O CJ 

a 
in 

o 

cr H- 
d M 

1 W 
K ■M 
CVJ V 
o H- • 
•H I 
* h- ■~* 

* M »-s "* 
rn 3 w 

«a V 
* H- u( e- 
(p X J * IT» 
•JO o ^ ^^ • ^, 
N- M •H HH 4 l-l • Ul II *-^ «x ^- x' 

tn UJ 3 M H- M ^ »- 
ll 3 3 w^ M 3 

^» z GC o C3 II K 11 + 
m n O • s. .-. X ^ m 
^t K _l «n (\l H II M \- 
v^ ir H II s^ H •w II 
t- o <I rn O t- -z t-- Ol 
^ h- y~ a 3 n 3 t- 

o 

(V 

0' 
3 

liT 

Q 

UJ 

CJ O C1 (J CJ CJ (j c; CJ O O o o 

271 



OOOaocjOOOOOOOi0OC3C3c0OOCJOOOOOC3i_TO\-JCDOCDCJC>OO,J 
■r-l(MrO4-ir>vDN.'t)fT'CDT-|fViP«,*'l0'DN-fOfT,c3-H(\Jf«    +invON-'r>|T>n.H(\JM^ir»kON-'r) 

UJ Li" UJ Ü.J UJ IjJ UJ Ui UJ UJ U) U. UJ  UJ Ul Ü.I lij UJ U, UJ Li)  Lü UJ UJ Ui LL' UJ UJ LU U' U, UJ lij LU Ul UJ u: UJ 

a O Vo u. ^J f>: I V 3 »^ 
1-0 7» o ». •» _J TT n •■ IA 
U-i •^ o <s lj- ^ z m M V*» 

_J A •s u. et Q. Ä VK •a CL 
•» S. u. ►- _J CL l-( o 3 )- 

u. -J «a Li. »V -J h- -? »\ .5 
_l »V o tv '/) •* z (/) CO •> 
» t - •« a ^ X •1 Pfc -> M 

a > «a «a ^ z 1- *y •. h- 
_) J r— -j _J ._» T r/i u T 

*% ♦■ CO u >- ♦* m>. ^ ■> •V 

m tlr' u »s Q. z t- a •* (M 
_J \~ *k O V _J f/l X u. (/) 

Vt ~i X _J UJ •«. •«. z t/"/ —I 3 
_J *■ z C3 X o no •» •s r» •v 

•a «a ♦. *N n z X en ai *» rH 
-J ,^ X n Lu V _i 00 X LU U) 

•V _i 3 u •^ •* •. z i/) a 3 
u. r\ z •^ X 2 f— •» ^ V •» 
•a a »• Ü- u. V x I\J X *- C) 
_i a M o •s •< _j CO CO •* 3 

^. _J t- •K «a n •K z •s LU »> 
I/J •. z u. CJ _j u. •* ||| 1 a a 
V X VK o o X o •H O H a 

9- ■z. (- •>. o V -J 00 CO *s 3 
U! _J ~i z n u. »■ *=» z •* >• 9- 

2 >» •* «^ o •^ «I 0t;■ m LL 3 O 
n a z »- •». I X _i IS) u a' z ^ 
t- V _J CO a 3r V u. z (^1 n 3 M 
^ *. M z nr n «• j ♦. •v H «. M 
o o CO •* •^ •* o v _l 3: * X »» 
a: 

-j CO 
>- 
Q 

u. V _J 
u 

>- 
a 

U- 
OJ 

■a 
X in 

a •* •- z O C1 U- _/ z »> *—* 3 ^ 3 
t; z t- *. rn »> V •>. rv u Ul »« w O 
H V i CJ •^ <l ^ U. z u _J O X a 
r •s -j w Z 3: cr u z (/I h- z h- * 
D o » z or O V _) ^ ■K M «a 3 
CO 

r 
u. 

rH 
9>> •* 

t- z 
-J <a 

o 
1- 

<*• 
_J 
3 

t- v _i oO o o *. X •« l/l cn *v u^ «*^ 
X •» r. «3 »» — Ul o *l _J n ^^ t- _ 
(.5 <r rv •* «^ z ro _l z o I-' U •> 3 t-( 
M X _J C/0 Lu rj «-» •> •s w «a 3 ^x h- II l-l s- 

Ü. V u. z «a •» »- X u •s ►- »4 o 3 ^ •s M 
3 •> _i Is •> rn T LiJ z c •» -J (3 •^ M l-l 1H 

LO •> ^J — 7" a _J •s •^ o U ^-1 U f-< >— •. 
_J y -j >- t?r o n »• IJ' o 3 3 «- 1— •• a l-l 
cl ■s Ü. a O »t •* _J z Q '/) f* H 3 M i— »- 
o U- _J z. ■r-l u. cj >• •> •■ •S U 3 *> w 3 a ,^ 

■r- 1-1 V •» •^ «— Ij- -> a n «^ ll. u rn f\ * H- 1-1 
-T f- «V Ü- -X V fl t- (^ z IT 3 3 1 V H- 1— ,~ 3 l-H 
IS) _) ai LL Z y- ■s i UJ •» ^ (/) •* »» H 3 t-H + •• 
H «a V -J •V *~. »• „i V) » •• «a X X N> IA M <-N l-H 
-x z Vk »■ -J ■>^ vD u •t ■x u> T. u o t- m ■t ^, •— 1-4 v^ 

«3 y 2 z a '— U) bj _J — co 3 ^v M 3 ^ 4" •> \S\ ■H T ^^ a 
UJ 1 ♦* X *« z U •t -J •. I »V •v o Ul O ^ O •N t3 •rH •* ff t- t> ►- 
r H I— UJ (J V-4 UJ 2: *>. t— o m U t-H 3 cn TH # TH • II ■H Ul 3 t- 3 
n 7" 3 _J XT V n i> O > a '/) 3 N. V >v II C5 M n M II z II 3 ■f 
f- . H a r* IK •». u. _J -1 •* CO ^ Ul O M II M II H 1-4 • «-* II L3 
Z) to ^ X U. z UJ •* *- •s o * KA 3 z 2 z • ,■* M M ,» H 
o U' -»■ o ro X rr* T 0 o 111 3 o O o »-> o M O M tP r-' (~l H 1-1 3 
at V _) _l »• X •• 5» -J H- ^ rf n »> X X r H   OJ v^ ro ^^ J -t ^-» ^-^ ^* II 
a o <r »» Ü X :* U •s _l X 00 3 »- X 3 3 O > X X •> e> 
z> c LU _l Z o a •• -J w> z «S •» in o O o H  O »- c 1- o O u h- t- H 
\n IT (V >- 

C\J 
o 

•r-t 
«a _J C.5 

00 
o o o 3  O 3 

CJ 
(VI 

o 3 n o l-H 3 X 3 

03 O (J O  CD ^1 o o o 

272 



o o o 
CP> O -( 
ro j- j- 

üi Lü Ul 

3 
H- O 

QL Ul 

O 

'11'?, 



rH (\j ro .t ir> ^0 ^  o er ^ ^ f\i ^  .+ in 03 ^ ^ <T ri -^ c\) rr  t in -o N- fr> er r-i ^ rvj ro j- irv i,D r- ^o 
^^^^^TH^'iH'rHT-(\j(\j(\jc\jr^t\j(\j(\j(\it\jK)K)(v)r')ror>oror';ro 

U.   LLLLILLLU.   U-LLLLU. ü-LLlLli-U-U    U-U.U.U-LtLl.U-Uli.U.U.U.ü-U.li.U.U.lcU. U-IJ.U. 

a a ^ LL _( Iü X > 3 •i 

w y (.: •> Pi _i ^ n p» LA 
Ul •* o <i u pi 2 00 l-H is^ 

_l CO «K U- <i a. Pi •* <x CL 
M ^ U- t— ~i 0. n a 3 \- 

U- _i «a u. •s .-j ,- 2 »» 3 
_J •K O ft. 00 pi z 00 CO Pi 

^ ■- — ^ o ^y X Pi PS -> «H 
c ^> <£ «I ^ z ^- 2 Pi t- 
-J J a _l .-) _J 2 /) u J: 

•^ m .ys u_ >- Pi pi PS ■^> •s 

m lY u PS a 2 y~ 0 Pi (\l 
_j \- Ps o inr -J CO r LL 00 

•* -J X -J Lu Pi Pi z 00 ~J 3: 
_J ^ —^ o X o CD Pi »* Z) PS 

«a d r. p» (-H 2 X en ro Pi r-l 

-j ai X >-* Li- V «a i/i T. UJ 00 
m% -j 3: o ps p. ^ 2 CO a ■x 

LL ^ ^ Pi I 2 s- PS «•>. V pi 

«a la. *l U- LL *r X CM r j- co 
_i a M o PS r\ _J 00 00 •>• 3 

». _/ h- *• <1 a PS 2 PS UJ Pi 

u^ •«L 2 Ul O _i LL PS _l a a 
V X •s o o 7- O T-l 0 H- a 
^ z H- *• o V _J 00 00 ts 3: 

_i -J zr o u pi •* 2 Pi h- pi 

>- *s •k o •< <r Q; PS LL 3t u 
a 2 t- *■ I J -J (/I LD U 2 
V _J co Q rs V Ü. 2 00 M 3 

•K ^ ft rr a Pi _l ^. ps V- ps 

o m #» pi •s ID PS _J 3; Pi X 
^ X en >■ u. V _J >- U. » <I ^ 
V -J IS) o 3: Pi u. a. \J1 0) r in 
r, * £ o o LL -I 7^ ps ^ 3 -t 

z i- •N CD Pi V c» PS LL ID Pi »-* 
V X 00 ^ <r Pi LL 2 LL. _l a 1 
■. _i 00 Z 3: en LL, 2 00 ^- 2 f- O 

1-1 ^ ?• rr o V _l PS p- 1—1 <f 3 ■<- 

_J u. •^ ^ ^ Pi Pi _l <s H _l pi 3 
r V-D •H _j h- ^r *~ 2 a pi 3 _ CD V. 

UJ •x _l r/) o Q p> X PS in (D Pi in H H 
2r •s •h 2 d •> ^ UJ 13 PS -J M ^^ x 3 
M <I ry *. P. 2 f _J 2 0 M LL ■> \- Q 
V- r -1 (/) LL a *— ^ *t 00 "3 3 .-i h- :i.' 3 H 
_) V LL ir <3 •i (- X LL ■^ 1- p. C_) 3 O a Q II 
o •« _J •» •» rr :* UJ 2 0 pi _l cn pi )— 1-1 O cj 
Q^ o •s j .-. r p _l PS ^ ft lL •r* n CJ 11 »— b. 

V -J V CI n M Pi U 0 3 :< *- 1— <I IL O O 
t~ w» u. 0. o pi pi -J 2 a (/) r. y- 3 U- O ct 2 
3 U- _i z ■H u. O > PS Pi Pi lL 3 Pi 2^ u. cn 

o a. V PI. n w LL "» ft -n ^ u lL rn »— r"! 
V »- •> u. 7 V n ;- (/) 2 in 3 3 —1 V H- 1 _J ^, 
a r) m u. 2 h- »• I Ul pi ^ I/) pi pi h- u «>s <t 0 
a a )* _. •>.   ^ -J i/) pi ps >a i. X Vs n i_v 0 • 
rn *■ •v _J •»V •X) U. Pi TT in ■x LL cr» h- Ul p 1-4 0 ^i 

h- V -z 2: a <w LD u. _J — tn ,T v i-t 3 3 0 >- p CJ 
UJ i »> X Pi z Ll •>. _J pi 3: p pi 0 in O • >- LL iD 
7r (.I h- Ul UJ n ID 7- pi t- a m u. n 3 0^ CD _J UJ -J Zt pi 

n M ^ -I z V CT > n > a in 3 X ■v V «-•    • <r 2 <r • T 
f- UJ CL ^ ". pt LL _i .J ». if) Pi U- p a 0 • 2 LD ^^ 
2> 3: H X u_ 2 U. pi •s P u ^ 00 3 ~r 2 2 0   11 l-H O' « K 
o Li) T: O n r ro rv n <i UJ 3 O 0 O 11   d cr l~ 1 3C U' 
CK >- -J _J #* r p> ■> _l t- pi a 0 Pi 3- r X LL  ü- i-t ^-f n ■»-*■ y- 
ai D «3 » UJ i. V u. pi _J X 1/ 3 ^^ I X X O O a 5" \-\ 
r? O li.J _( Z o o ^ _J p» 2 pi Pi in O 0 O 2  2 X LL UJ U. ■r 
co m rvr >- 

CvJ 
o n «3 < 

J" ITv 
-J 

CO 
O 0 O n.< rp UJ M ^1 H 3 

o u o c u o a o o (_•>  O CJ C." C1 o c 

274 



oooooaoaaaootjaaooooocjooijoooooooooocjorTio 

ü.ü.li-UU.Ü-li-UUU-U-lJ_Ü.U.U-U.Li.U-U-Ll.Li.U.lJ.U.LuL.li.ü.U.Ü.Luü-LLU.LLU.li_LL 

^TH-HT-(TH»-i'rH'HT-(-iH(\j(\Jt\jc\JC\j(M<\j(M(\j(\jrororor<r)K)M 

— <^ — XXXXlx^3333:i3r33:33C33^3:xi333::r3C33:3:3 
IXX^f-l-J-^-t--    •>*••■•'•••>•-•'*•>•»»>►»••••••••>••   ••••'»^••»' 

3; 3; 2   «  K ».  ». r>  •» iA in IT» in in m m u\ U'» ITS ui w\ in irv 10 u1» u> in in in IA tn in kjr» in in 

^^^tn^inininin^^T^^^^T^^^^^-w-rH.H^'t-t-i-t^TH'rH-H^-ir-i'rH-H'H 
in in in »»..».»>•.»( 11 11 11 11 11 11 11 M 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 

rJ   y-i  -rA   H    ||    ||    ||    ||    ||(-(nMMHMMI-tMHMMMI-H»-)Mt-lMMlHMfHHl-(H»-4 
I     lll|i-)Mt-IMMM     •V»..».Iä».»>»-^^^<S«^^^»>»»^^^^^^»> 

MMH   *  •■ ^  •> »•  •«e-H«Mfoj-in<i;h.coo,oi-injro4-mvON.<no,oiH<vim^fm 
*.    ».   ».^^^^^^•rHTHTH^^.H.H'HT-(T-t(VCV0J(VICNJCVIC\J0J(\l(\jrOKrorO(OrO 

^HtVjrO    ••    •.    •>    ».    ».    r.»-(»-ll-IMMMMMMMMMMMMf-<Mt-IMMMMMM»-IM 
•.     »,    ^i^MhHMt^t^t^MMMMMWMIHhHt-iMMMM—4t--IMMMMt-l(-(i--l»-(l--l 

nMMw — •-'«--' — QQQO. CLQ aaaaaQ-aa a a. an a a n aa  an 0 

QQai-»~t-H-l-»-33^3:3:3:23:33i3:23iii33c^33:3r3C3:3 

•>   «.   i»^.^^-.^«^.^scr>TH(\j>v^.3-in(X)r^co(T'r>-rH(\, roj-iAvOr^<rl'T'cj'?-in.ir«   tin 
LU      ^^^^in>i)N<ocr>^THTH^^^T^^^^(\jCMOJ(virjfMni(\j<\jc\jrirororororo 

|_ ww»->_>_>_)_J_|_|_v_(_|_)_(_>_f_>_>_f_»_l_(_t_>_>_|_(_f_^_>_^_l_t_t_ 
t-t      ^KH-3r33:33r;r33:3C33:33ii3:^^TJt^^33C333cx3iS3 
»-       3 3 3 

,^äO-^»--— ooooo<Tj(uOdrDooc300ooar50c^c70<nc->ooor-»r3C5rD 
oo^oooc^•H(^l^oJ■u^^D^.ooc^o■H(^J^^J•ln^£)^.'t)^^cD■T^nJ^.4■ln^D^■«)CTo■H 
^ininKor^O'TH^^^^^TM^^^njtvjojninjrvjcvjtNjnjnjMroror^nrorrir^Mrr^^ 

T-rrT-T-rrT-TT-TT-T-TT-T-rrTxrT-rrrT-rrT-TT-rT-xT-T-rx 

in Ul ÜI U'  lit Ui Li' Ul UJ UJ U' Ui  LLI  L11 U) lij UI U' ü I LU  L    Ul  b; UJ U1  Ul Ui U.'  ÜJ LU Ul U.I U.l UJ U' Ui Ul 111 
h-h-H-^t-H-H»-»-»-»-»-»-»—t—Hi-Kt-H-h-»-h-t-HK-i—>—^-^-^-^-^-^-»-l-^-^- 
H^^^MMMMMMMMMMMH^»-^M^^MMMMH^^^Mt--i^-l(--^M^-^MMMMM^-l^-^MM 
(y D CJC ar c^ a a' a' tv o a: a' cv or a' c^ D' ct or a' o' CK a of or rtr &' a; or or a' or a' o-' a a or cv 
333-r3333333T3ri333333-3333333:333333333^3 

'275 



aoOOOOrDOOOOOOOO<^C^OCJOl..10C:)OCJOkJOl_)f:JCDC-lOC.>0   0   00 

r^r^r^aDa^coweocooococooocrcpo^eT'cr'O'C^cr'cro'cjfjiJootjcacjcacD'H^HTH'H.r-t 

LL-UULLU-IXU.  UU-U-U-LLU-U   |j.li-U.U,UU.U,U.U.U.Ü.U.UÜ-U.U.ti   U-U-ULLLULü-ü. 

HD K CO a> tJ TH t\J ro j LH 
ro ro m ro ^ -t .* -t t J- 

I X I I X I I X X I 
K- H- H- ►- 1- 1— H H- ^- h~ 
3: 1 

** 
3 3: 3 

V 

3 
•■ 

3: 3 
•* 

3 3: 

in 
IK 

UN 

II II M II II M |l II II II h- 
Ml-tMMMMMI-IMH^ 
MUt-Ht-l'HMUMMH     » 

a)h^<c(T'o-Ht\iroj-Ln •> 
ro r^. ro f) j- j^ .^ j-   j- -j- TH 

^-^^-»t-^t-^^-^^-4Ml-l^^^-^M 
M   H   t-l  M   <H  H  iH   ~4   M tH   i-l 

aan. ncLQaacLtx^ 
V-(-l~h->-l— f-H-l— H-MU) 
333^3;33333:i-Hl-<t 

^JD^^<I.>0,   rTi-HtMroj-irs^^-ICP 
ror^ronj-jj-j-jj'-'w   » 

t~t— >—»—►-»—I-V—1—»— TITO 

3T33333333h-CI    ?• 
w ro 

CM I»"   J-lfNvDKtnCTcj-rHOOoo 
J-J-Jj  J  -T-t-^Lninairvjro 

T-T-rrT-T-rT-T-T-r-rT- 

b-i  Ul Ü1 Ul  U-l  Li   111  ILI  ÜI U    u: U.  U 
z> 

UJ 

V T 
0 U' 
0 y) 
CO 

X 
I J- 
J K 

ro •* 

ro 

CJ LJ o  CJ u CJ CJ o 

1-1 

LL 

CJ   UJ  CJ 
i-Hi-t-H-H'HT-l-H-r-lT-li-li-li-l'H 
U.Li-Li.Li.U.li-U.U.U.U.Ü.Li.U_ 
^.r^^-r^^-^~N.^-^^-s■^-f^ 

2r 
o 

r  • 
O c_i 

<t 
z> 
\~ 
c> 
<r 

>■ 

D 
O 
m t— 

x 
X u 
-^ M 
ro ui 
- 3 

X 

^ Ul 

o 
H- --» 
O ro 
<i • 
U. o 

■H 
H L- 
X 

M 
UJ 
3 

UJ 

CJ 

0' 

a o 
^ h- 
Ul (> 

«3 
X u. 

ro 

x <t 

X 
15 

LU 
3 

a 
o 

x 
ro 

00 
T 
O 
H 
(/) 

5 
a 
o 
a' 
I- M 

M 
>- 

=1 o 
o rn to 
_J       ^ 

N.   O   h-l 

C-1 o 

<r o 

> 
a 
o 
z 
<i 
o 

n 
z 
<i 

LO 
t-i O 
^> _J 
O Lu 

U,i o h-i 
fK Ü. X 

C^ 
O _l o 

o o z M r* 
_)   _J   M  O   1 
T   T  T  l~   '• 

o o 
o y- 

o 

Lu Ul CD 
Z  2 Z 
M H( M 

a 
_l _J 2 
<1  < LU 
O O T 
t-H M 
(—  I— I.Ü 
a' ff o 
LÜ UJ M 
^ > (/) 

O «a «a 
Z M t-H 
t-H I- V- 
o ly cv 
Z Ui UJ 
Ul z z 
m M n 

D U 

l/l u 

UJ 

o t- a t- ot- 
3   U.    3   lL    3   U. 
u. -« u «t a •* 

XXIIXX3    IIXXXX 

ror»"pnr>-irorororom^-rororo 

vxxxxxxxxxxxxxxx 

»- h ►- >- t- 
<iM«3_l«3<j<ici<r<i<i<r<r<r<r«TcicT«3<T 
x oxcrrrrrrrrrrirrrrrar 
et' lu 0^ 2 or a' Q oi a ß'C^ao'CkKQrüro Q a 
OiVO<I   OOOOOCOOOOOOOOOCi 
u. r.  u   11LLLÜ.U-UULLUU.U-UUU.U.U.U 

c 
01 

o tj cj <_) c_. c^ CJ cj o ci cj cj u m c C' CJ 
.*  ^ u'/  K   a"  CT t3 ■r-t fM  r^  ^t 10  ^D N ec (J1 

»-*  T-* -»•<   T-4  ^  ^   fH   »H  ♦-<  -»H 

U        CJ o <_> 

27 G 



I 

^^THTHTHCM(\j(\joüc\jCM(\Jc\j^jCMr^ropoir5foroi^jrrirof,o^j-.jj-jj-,t'j-j-j-Ln 

U-U-ULU. U.UU.U.U.LCU.U.U.U.U.UU.11.U.UU.U.U.Ü.U.IUU.Ü.U-U.U.U.U.U.Ü.U. 

UJ 

X 
o 

L.T C' o fj t_l CJ rj o CO O C' CJ CD C-l -J C3 o CD c_» a o a o C3 tu CJ l_l CJ CJ cj a C3 T-t 

ü-Li.Li.L.li.U-U_U_li.ü-U.U_U.U-ü-lJ-Ll-U.U-U.li.ü.L.U.U-Ü.U.U.U.lxU.lJ_r--UJ 

<i 
a: 
u. 
X 
o 

H- z z CO CO 
CO I 3 Z >- & a- or z 00 
^ o o U.' or y~ (/) z !— o o Z 
o 1- (— t> «a 1- Q^ z o n O 

n n n h T >— h~ V»- r^ O X n f/) rv' 
2r in (/) o o a O o oc o ►- u IS) o n 00 Ul t^ 
n t-i l^? -J or > o l_) u. o a K «3 CD UJ X u- > Ul t— CD V 
a > u. z H- o »- 0. CO wü !> + z X o o o M X 2 (/i 

(J z. o v* Y 3 X X a. z «3 a a h-t ■f Ul 2" CD it; CD \- CD O _j 
3 Ul ff V V o •-« a O o o 3 <T J (y T" & nr X <I z a. CD ■z _l M -J <r 
M en a CJ CJ ^ Ul UJ 00 a <t Q. •a M o + Cf n z l-H •=1 U' X \~ 
O (/) «3 <I o C/) a co >- X X ♦ H- UJ L£ < o 00 <3 a; lu t-t LL z 3: C3 o 
7 _) f  0' tr r« iH z «3 u «a + •4- o f/1 z U n f>' Ul o 00 «v _j M UJ •H »-- 
\J.. t-H o < o n on o o x m oo l/l z co + o CD o _l o o n <a •d a o i 
it' «a M   UJ -j _J i-i t-{ _i o (/, ft ■ii l-H 3 m M .7 _i CD o a _i z < UJ Lc iyi M 

H- 10 L0 o o > (/) ■v h- UJ UJ o o a: o Ul K M <I r a u. X U. i/) CD M >- LÜ 
Ul '-H X T o ■-H (— m V _J o o o o ^ O a z 1—1 o -J UJ O M X n O 
■z N' ^> u V •v rr •> (/~ 3 cr cn o o o z er «3 r>' D _J CD V l-H CD H- 5» _J u. o on X 
»-H H O if K- t- a o CK O _J a: 0" _i M Ul IX o u. «3 _J (V z <r z O o Ul z u cr ,J 
li Q- .t  t-H _J _l Ü o t- < tr i—i > > u JC Q' h- -I K o u. «3 •a h- »-I -J _J n o 'D Ul X 
z n a i- -i 3 UJ n o 3 z T <r *J 3 X X _l X o i- •x r/i CD X Ü <r -J ^ (\l 

U' X C/i a n V o O o-- n V m m z z GO Ul o Ul t/1 (D 00 _J «3 <3 TH 

-   Ul <r <3 H i— UJ Ul rr (-4 M 00 (0 Ul X v—. _j Z rr CD <5 o >- Ul H- a »t 

K *- U.J Cr t- v- e) o o O K U. X X x a; cr UJ a; a: o Q «3 «a UJ n UJ z Z. z o 0D O x 
u. ii. => or <i <t z Z) _l _I X Q- o V, •v <t <i m M •3 _l l-H _J _i 3 3 ^» M n »-( a 3 (— o O 
•T <T II •=r C! 11 Ul r-i 7" ^ Ul r/i m T1 n o o n <r o T- 

f/1 o u U '0 n ^ ^ T in U 
X 

■rH —1 
(y 

X X I I X X X I X X I X X X X X X X X X X X X ^j" I X X X X X X X J X t- 
■J J -J ~r -J j ~r 'J ~r J J j- J- ^ -* J- J- -j -j- J J J- -J J- •J ~r ■* ^ J- -f •4- J- r^ O) 00 
N* f> p« ro r^ fo r^ M r«- r«"« t^ Kl r»> ro m ro r^i c» M ro ro r^ r^ n ro r^ ro r^ ro ro ro ro •» J- 

X X   X X x X X X X X X X X X X X X X X X X X X X 
•• 

X X X X X X X 
X 

X 
z 
o 

•r-l ■H •r-l ^( •r* «H •r-t 1-1 •rA T-l T-( T-l •rH T-( ■^-t T-( •^ TJ TH y-t ■^-1 ■rH »-( •H 
*-* 

■H ■rM ■»-i •r-i ■«H »-* T4 •rH 
X 

h- \- K »- H- >- \~ h- y~ »- t- K- t- (- »- H- y- t- 1- H- K- »- 1- i- v~ t- h- *~ l~ (- h- 1— »- H- r-l 
<f •3 ^T   <T <3 <3 t «1 <\ •3 «rr «n <n <I <r <T <3 «3 <3 «3 «rr <I «3 <T «J <3 ■a <3 <s <3 ■a <r «r <3 •» 
X z r T r X X T. T r 1 r T r X X X X T X X X X X X X X X X X X X r X 
a- Q a   D' Q » a' or a" a r\- Cl. X. rir (1 G x. rt u. a Q: a- a- a; a' or a liT a 0 a or a a 
o O O O O o c c o o C> o O o o O o o O o o o o o o o o O o o c o o o 
u. u LL   LL u IL IL u. u ti. u U- u. U. U- u u u. U u u. u u u LL u u U. U. LL u u. LL Ü- Ul 

CjC-itJC3CJl.J<3OC3l_Jl-JC.'C'lOl-JCJC3C_/CJ_jCJC_<C^C0CJCJCjCJC_)CUaCJt_><—i 
r-iTHc\1r'^u>^^ocCT1ci'-4'N'r^-*L',i>r)r-cocrovH(\jr"jiriv£)Noocro»H(Nif^ 
M (^i r   c, r\i (\j (M (V fv (\, f'* f  ro ro c- ^ f-1 f- r^ ro  -t ,t J-   t  j j- ^f j ..t J- '.r- in u^ to 

277 



a O ■s U- _) (^ X >- 3 •ft 
t/i -r O n ^ -J -r n ^ in 
U-l *• a < LL •* 2 to n «-' 
.J iA •» u. < a •* •* <i ü- 

»« n. u. (— _) 0- M 0 ■x t- 
LU _i < U- •» _J V- 2 •\ 3. 
-1 •K a •ft (/) ^ 2 •n 00 ^ 

•s 1- ^ CD V >. •ft ». ■> M 
a ■> < < •ft 2 h- 2 •ft H- 
„j J 0 J _J J -r 0 13 X 

•» <n r/) li. >- •* •« ^ •> •ft 
m tz LJ •«. 0 2 H- 0 •ft CM 

-i t- •ft O V _i 00 r u. 00 
•» -J X _J UJ V« ^ 2 CO _l 3 

_i *« 2 O X 0 CD •* •• D •ft 
<i <I •\ •ft M 2 31 ID co ». •H 

-J IJC. X l~i u. ^ -1 CAJ X Lu i/; 
•s -J 3: O •ft »•. •v 2 '/I a X 

LL •» *- •ft X 2 (- •ft •. >- ^ 
<1 a •s U- u. V X tM X H (/- 
_l a M u •ft •ft _i 00 uO •» 3: 00 

»* _j h^ ■H «a O •* 2 •ft U! •s 2 
CO ^ -Ä^ UJ O _J lL •« _l a a i-t 
V X *N 0 O r LO •^t u f- a •» T K •ft O vr _J tn LO •ft ■x 1 
_l _J 2 n LL •ft •» 2 •* 1- US 

>- •k ♦> 0 •ft <i Oi •* u. 3 0 LU 
a H ►- •s X r _i 00 d a 2 -1 
V _J (^ a. 3: V LL 2 t/) M 3 X 

•v •* -r rn 0 »• _J ^ •>. v- •V <x 
o cn «K •ft •ft L9 •» _J 3 •ft X 
2 1. rrt >- u. y _J >• LL ^ft «1 -J 
^ _j •y) a 1 •ft LL CL 00 vO X 0 

•» «V 2 0 a U. -J *~ •ft ft^ X 
7- *~ •» ro •« V •ft •ft LL LU •» 0 
V I CM •■ <i •« LL 2 LL -I 0 1- 
rt _) /3 2 3 03 LL 2 U) H- 2 

a ^. 7^ rr n y _J •ft •« M <t 2 
-J LL ^ •« ^ ^ •ft -J < h- -J O 

LU r U •H _J h- y 2 2 O •ft 3 Ctj n 
2 ^ _J tn I.D Q >. X *\ 00 a> •ft Of 2 
t-H •^ *^ ■7» <! •ft ^, UJ O •ft _i M <l 2 
►- cr ty •»■ •ft 2 r^ -J 2 0 M U- •ft D in 
r) 2: _j 00 U- O ftwrf •ft *. 00 < X ^ft 0 ir 2 
o V LL 2 <J ^ H- X U. •x H- 1^ O «a 1- 0 • 
tv ^» ■K _J •^ •< m 3 UJ *- O «ft -J cn 0 n 0 

f\l O •\ _J «<« T 0- _) •K •. Q u ■rH _J _i »- n • 
V- *^ V _J >- 0 O ■_J •ft u n 3 3 ^^ c.< 0 < r-> 0 
X m »-. *S Ü- a. O r» ^ _J 2 a (/) •ft »- ^ i _J O C3 
o nf fVJ li. -J 2 TH Ü- a V •S ^ •» U. 3 u T 3 ■H 1-3 

•-H ^ <— V •w •» v- U- '^ 0. O Ä lL LL V t— O V <-> 
t— I'J -K O *■ U- -r y 0 ^— 00 2 ir> 3 3 -J V L'J _) f- TH 
3C J£ (M <3 en u. Z 1— •ft 1 UJ •ft •T 00 •ft •ft ►- "S, 2 < 2 "v 
o -' o v -t <K ~. •k _) GO •ft •> <I T X ;— UJ O » -J 
_i cv rp _J « •k -J V iO u. •ft :r in ■x LL 0 r5 -J X -T 

<I <i •* y 2 2 a «-- (J LU -J ^-- I/) 3 V l-l 0 ro <J » 
UJ UJ UJ ■k X ^ 2 u •ft _l ■ft •x •ft •ft O UJ 0 Q 0 X _J 
7- (,T r" V ►- tu '3 t-i Ul 2 •1 »- 0 rr lL H 3 _i UJ T 0 3 3 
t-H n »>. T -I 2 >v r > n -> a ol 3 V V "v W C/1 _i n II 
\~ e> t-i u U. •• » •ft U. _J _i ^ 00 •. LU 1/1 1 ^ A 

z> 2 w _J n X LL 2 Ul •ft •ft •ft 0 •* 01  3 2 2 2 LU X 2 •H f\l 
o t-t -T UJ 7 O n 37 rp n- a <r Ul  3 O O 0 tv Ul Ll w w 

<Y O LL' _l -J _l » r •ft > -J H- » 0 a   ^ X X r a _i H 0 a 
cr 2 I «3 <l *< u. a V U. •ft _l X l/l 3 „ 5. X r X II l/> •a <i 
D <J M u LJ _l 2 0 a •>. _i •ft 2 •ft «. ir> O 0 0 0 0 UJ O 0 
c>o J rj or rv >- 0 > «rr 

ro 
•* 

in K   00 
«J u (.1 0 _J a _J j 

c 0 o o 0 CJ C) a o o 000 c> c: o 

278 



OO'nLJCDLJt3OO0^OOC^CJOcjO(i;LJOL3OC_)C">Otlr3CjOl_)C3O0OC3C_)a 
(T^^^^^I^^^lf\vO^-«o^r^^(^Jro^lo^^■^o^c5^(^I^^^lA^t^<«'T>^^■r^(\J^^J■Lr^^D 

(T 

x 
<i 
T 

II 

Ui 
or 

a 

T 

n 
UJ 

u. 
7 

a ^- 

II 
>- u 

«3 
(V 

UJ 
o 

cr 
tr 

n 
<i 
(V 
n 

T 
1/1 
» 

« 
I 
rr 
_i 
4- 
x 
U' 

•y 

* 
IX. 

• 
I 

X 
u, 

-J II 
■f -~ 
o «vi 
_J ~ 
^ c- 
V  0' 

r-> 

rr 

Ui 
2- 

u 
7 

(/I 

« 

I 
rr 

tr 
ra c> _J 

o a U 
II   II   _J 

x 
u 

^ CVJ   <-'   ^ 

a  en u 
tr ry f-n 

o 

3 
a 
j 

<r 
u 

U' 
t— 
<r 
i-< 
o 
UJ 
I 
rv 
ui 
I— 
7 
M 

Q: 

r. 

x 
UJ 
_l 
II 

«a 
U 

Q 
UJ 
00 
<I 
T 

O 
■z 

r 

_l 

< 

l- 
u 
UJ 
> 

I 
_J 
UI 
UJ 
I 

UJ 
_J 

L0 

^- 
m 

UJ 

rr 

v£) 

o 
d 
O 
J 

t- 

z 
» 
OJ 

• 

II 

cr 

• 
CD 

CM • 
•- UJ 

T-(  r-> ^ 

II      • • UJ 
H   C1 >-   Z) 

II lO Z 
O — Z  t-l 
CU M »^ H 

w z 
o m u o 
o <x n u 

UJ 

D 

o 

^ 
f) 

u 

o 

r-i 

00 

m ^       ^ 
«3^-1 CM 

^* rr»       rp 
•r-i <r a <r ui 
^   11 UN   II 3 
ai ^       ^ z 
«a T-i c? '-' n 
^ in f- LTV t— ^^       ^^ ^ 
Lu  t- O h- O 
i-i "r i.i x o 

LTi 
a« 
LT. 
• 

* 
» 
,-* 
^ 

o uJ D 
u. -1 UJ 
CO * co 
<I ^^ cJ 
rr M rr 

or n o 
or a' z 
<i w <r 
CJ 

lA 
_i 

z -t z 
r • J 
D • z> 
-J • _J 
O -^ o 
o CM c 

•> ^^ ■ 
>- Q t- 
a «3 ry 
UJ O U) 

i 
_J 

i 
_J U _j 
Lu r' UJ 
UJ -J Ui 
T • 3 
3: » 

* 
3 

UI V- UI 
_i 'n t-i 
o z h- 
i^ » ~i 

h-l in ■o 
(-0 

1 • 
2' 
t 

o ^-i CJ 
z> T-i 3 
a: n QC 
i- m h- 
on CM m 

o w (.0 

o 
CM 

CJ 

coo o o cj o o o o o o c; O o a o o o o CJ) 

27!) 



^.a^^^^^^(^J^^^u^'0^^<^^'^c^^r^l^^J-lO^£)^-<t)'^^T)^^f\Jf'^J•Ln^^|^-'r>'T,rr)•r-tf^lr,^J• 
r^^^t^coctcoco^ua>a>aJaJa:lC^>CPO, a'cra'acr(pcr>cjt.jo.jij(_icjijcjcj'rH-H-rH^-r-i 

•rlT-l-rlT-i-HT-i'rl-r-l-rlT-l-rl-rll-i-r-lT-t 
C O O (5 Li O tl L3 CD «3 f* l") (9 O O 1.T LD O (-") O 1.3 O L3 CD O O O O CD CD CD CD 11 CD CD CD CD CD 

C/1 
O 

d 
r 

en 
• 

(/) 

z 
«a 
ÜJ 

_l <-r tn 
* Li (y 

T-l * * 
^ o .-. o rr 
tn u. n La. ^D 
u in ■— i/1 f^ 
» «3 m <r • 
K- rr Cf rr * 
Z *-* * 
» D » a: ^^ 
V r   (V hH 

«T «I n <J — 
T _J «— c a 
i C_) •a 
»^ UJ <a UJ o o 
— a T a. _) 4- 
» > _) V * TH 

t- t- » 1- f - •s 

t^ h- UO u. 
T' c ./i Ci 7- J 
* o z o » o TH 

ro a » a in TH •■ 

o n J t-H r- ^H a 
r^ ir oo ZD tt- fO rv in 

• »- D r^ H- • C i T-( 

ii i • »- t •H C\J 

~ _J II CJ _l II T-l ^, 
i^ u -~ t» U — T» ^. 
in u (—" •• 111 n CD H- ■ • 
•" JC —' o X ^- f\) Z O n 
H- 3: fT 00 .1 CP r-\ * o CD 

3 
m 

<f ^^ hJ 
■a _ CD 

.~ _j — *-* _i *- *— r TH TH 

o CD CD CVI CD CP t\J ■x » » 
• 4- • «-' -i • >^ ■^* *-* ^. 

C3 H O (T ^* ^ n OJ o m ^s «^ I m TH 

• w f\) • <3 rH fV t/) *> • o TH f\J ^•^ w* *- 
cu 1 ^ LU 1 •^ w 1 •r-i UJ i ^* ^^ _i D a 
2- C T-l f-D T ~ rp rr Cs II n 7- ^ m n m T <r ^ I'D <r 
• ID II • 0 IxJ T-l <r O «3 LU ri t-H • • UJ T-l *i r«- <J |.J * Ui O T-l •X) III o 

h- -I a (-1 C3 H- 3 
w 

II 01 II 3 iX o »- r) •w II ■H II Z) _) 3 _i — ■H 3 _J 
(/) aj K II l^) .£• CC ^. <-« Z t- ro II in 2 cn «, «. z I 2 Ii ai 2 II 
7 cr> (^ n ^» Z t-< ^ t c -t n <r\ o » 7 n <r in a in l-( *^ M o tY n M n 
>— • vT« l-H •^ H- ""^ in H in \- T-l n *** h- *-^ in »- in H w t- d II h- r— «3 

» cy — 2 w *-* Ü CD ^-^ Z «- w 2 2! O a 2 o 
Li. » _i a a u. O L. l- O *- O _J O m Ü. c u H o h- O a a _) ty O O _i 
t-H .~ r O <J H (J H 3: (.D ^ O r a <r l-i (\J O t-H 3 «.D 3r o n Ci O «3 ( 5 O ra 

T-\ T-< 

CD c (_J Cl CJ o Ci UJ c> CJ 

Vl) ^ 0O r- TH 

TH 

(\j 

T-l 

in 
i-i 

(.> u a o CJ o (.) a C ' 

280 



oOi-joooooocJOi:iooijcjoc:iooi3CJi_)ouoijc_)Ojc:ji_jai:3C3cr)(_JO 
invDN-a">fT"''_l'-|<Miv">   i-iriiON-t^mcriTSfv]!^   •finifl^ioiT'rj'Hfvir^   tin'Or^-aorMn^Hrvj 

i_D  1-5 15 O t5 (.5 15  (.5 1.5 15 ;_5 O O <.5  11 L5 15 1.9 (-0 (5 L5 O L5  IJ3 O 11 O O L5 O U3 l_5 1.5 U5  t.5  O LD  L5 

— "O 

ll h- 

rr c 
<r o 

e 
■H 

a in * • 
■a ♦ 
_> » 

^* 
^ «^ 
o o- 
n a. 
>.') TH 

u -I 
a ^) 

LJ 

Q 
U 
UJ 
a 
U5 

o 
a: 
u 
M 

00 

«a  h 

/)  Q 

U.   K^l 

U. 
O U- 

X 
Ui in 
x  UJ 
a h- 

a 
?   T 

o o 
H O 

H-  ^ 
cr 
(V 
ri CJ 

O UJ 
»-• C/J 
u ^ 
z t- 
o u 

I 
u 

>-H T 

Z  M 

<f u. 
_) 1 

05 

2 

II 
05 

o 

* 
f 1 

* 

u 

>- 
o 
ty 

UJ 

? 
UJ 

t— 
UJ 

» 
'5 

* 

t 

V 

X 
<1 
r 
3r 

II 

u; 
v 

o 
Ul 
05 
<r 

o 

05 
IV 
UJ 
t— 
X 

o 

n 

d 

'/) 
Ul 
rn 
x. 
o 
rr 

I 

n 

t 
rj 
cr 

* 

o 

V 
♦ 

UJ 

in 

in 

* 

o 

Q 

a 

in 

a 
UJ 
LO 
d 
IT 

a 
2. 
d 
J 

a 
a 
05 
2 
<] 
CkT 

\- 
I 

O 
D 

\- 

o 

V 
» 

x 
U- 

(\J 

■ 

to 

o 
d 

n 

* 

in 

in 
1.5 -' 

_J H- 

L5 '»' 

C1 
U) 
(/5 
<r 
r^ 

.L 

0' 
<r 
O 

2: 

O 

CO 

LL 

V 

c; 
<3 

♦ 

ry 
Ul 
t- 
I 
o 
U. 

I 
(i 

Z> 
:t 

m 

o 
_j 
z 

03 

* 

x 
u 

on 

o 

or 

ll 

T 

in 

n 
UJ 

(/) 
•d 
m 

or 
d 
u 

o 

(/I 

a 

V 

(" 
d 

•V 
ID 
I— 
I 
o 
n 
U 

I 
o 
r> 
iC 
K- 
L5 

CO 

* 

O 

UJ 

(^5 
d 
(T 

Q 

Z 
<x 

a 

x 
■5 

(/I 

UJ 

T 

I 

V 

o 

x 
U) 

_l 

X 

* 

-c        t- 
—        05 
* 
N lü 
N. Z 

1^- _l 
11 -J 

—      o 

J -t 
cr cn 
in u\ 

• • 
* » 
* * 
,_» *m. 

• • 
r i o 
Oj LD 

* 
X 
3: 

O 

* 
cr 

* 

O 
d 

O 

» 
vT 

.1- 

T 

» 

O 

UJ 
LO 
d 
rfi 

0 
z 
d 

1/) 

r 
Q. 

O 

UJ 
UJ 

X 
:r 

1 

v 
o 

I— 

05 

1.5 

t      l-t 

u. 

* 
X 
3: 

o 
» 

• 

* 

d 
O 
_l 

o 

* 
a) 

* 
* 
T 
T 

CJ 
« 

or 
CM 

II 

rr 
in 

v^ (J) v^ 

O 
rv 

r 

Q 

UJ 

C/l 
d 
rr 

Q 
ry 
d 
o 

05 

■V 

CL 

I 

(/) 
_) 
UJ 
UJ 
x 

I 

V 

o 
o 
f— 

05 

L5 

z 

o 

_      0 

a 

OCJOO a c.1 o o (_> CJ O CJ o o c> o c cj a CJ  (J  C.'1 
CJ 0 0 CJ o u 

281 



o t j a c> o o o cj 
<0 f^.   T)  Ti l-! 

'_^      V J      '      ■      l_ I      V_J      l„J      1   J      «_^      »—*      » -rf      ^-^      »-^      w^        _^     ^-^     ^»-      w~.      —      ■   j 
f^   -t   in  iD f--   «3 T'  C3   -^H f\J  fO   ,t  IA iD N-   Ti  T« C5  -^  rvi  ro   i-   in 
Lriu,iiriinLAiAir>'Xi>x)vDa3'D>Ov£>u0iu<x)N.h.N.N-r^N 

CO  O t^1  IS  I'  O LO O O  O O 15  O LD O  O  'J O  O LD LO t.D O 1.1  U '-0 C < 0 o o c 

o rj cj CJ o 
■r-t r\j r^i 

tv, s- r^ r-> x) to tJ cr oo co oo 
■^<   »H  ^ 

O   CJ   O   U   CJ  CJ   CJ 
t in .0 N- T) (T> n 

to oc aD rr 

Lf) CO O (J O i3 <-" 

in 
nj 
IT 

» 

» 
T 

o 

CP 

Ü 
1 

r « 
(O » 
to * 

• 1- 
» u. 
» » 
K- • 
u. ' J 

» --> 
• ■ -> 

Ci (_) 
'_» H 
o ->v 

T-l r-i 
X u. 
t C   I 

aJ « 
CO TH 

• * 
• * 
* -^ 
^ 1 
X X 
3: n 
O i 

1 t-- 
f- o 
o + 
+ f-i 

0 

* 

Ln 

+ 

O) 

■J 
03 

» ^^ » t- 
» f\J (O * 1-3 x — 
^, ITi T-t O O 1^- — N 
M r^ f-l r^ vD T-( *    ..D 
*^ 00 to •r-t CP • in w 

n • • • TH ■rH   V 
•i * * o if * OJ t- tn 
o * » t— » » •   » -j 
_j s* --* _ ^^ 11   IT o 
» t0 vD o X I ^   'O ,r 
Ul » * o M X ■x r, ro t^- 
r- u * Ul * M n n .D    • z 
j- i— • H • — ^> + •♦■ ~- * o 
• ID (o n <—> X h- i ^ » o 

» X T-t X ■M 3r a o n 3   ^ 
* u ^ o V n TT w —- «, V • '/) 
T 111 IÜ V «* » » VH t5 ^ o f/l 
S 10 V (0 V UJ n \-A »-< *-' O o o UJ 
2 •3 — •c v^ _( M t- M h- ■o ^r y- • o _l r^. 
* ce * ji :;. • : -( » M -* a? ^- ■S) CJ    Ti vl» 
T-* n o n «O ^. l-l » ^> » •>> » •   V n' •\ 
CD •rH ^ »— in CO •r^ ^, u U.' V «a T-l -. »- 

• o • « Q b. (j L. rp L i i—< ^ 7 « U. IT! H*  2 
CT T' '0 cr + Q • 0 • ll ■— n • r 1 0 II v^ ry 
■rH 1 .r-l i •^ n V r\i >- ■^i Ul *-* l- Ul _l V 3r n H-  M 
II II II h- h- n H- ll 3 ■x o -I «a w to -«   1- 
^. 00 •n w «. X 1 *^ 1 -~ 2 CD ii 2r o r v z. a •f    -f 
r Ul r^ U' t »^ t/i Ln m vD ■-t rr «^ n a' T ^. 1-1 CP O u 
>n V O) V <X) «— ÜJ iO LU O) K •^t n K- '- »- n o r-< K- f- ^-* «3 »^ ö •w-- 0 v^ Q' w ?. w Z IS x z. II II    II 
»- IY t- a- 

t— LL l-H t- l-H H O O »~ O _i LL Q <t o O 15 U 
■r rp I rr T n t- s H X  ai  tj O T: o i: n n _i f— n I- f- 

o CD c. 
p- or cr 

Cl CJ C.i C1 o o o o a o o o o o o o o c. o o a 

282 



I 
ocjoaooocjocaaciai-iauoo 

rrcT>0^cr'cricrcr'(T'cr>cic3(_)oani_icjcj 
x-l'rH,-l-M^H»-<T-(TH'HC\JC\J(\JCMC\jrvjrjCOC\J 

L5 U O O O 1-5 1.0 O O O t-D t5 13 C9 O U> O 19 

r 

«3 

f — 00 4. 

'JO -1 o 
OD c a UJ 
»-' d' o >< 
V H- o t-H 

(/) ► - 2" nr u 
_J * O LO <* 
o r o ^ h- 

Q; • 1/1 

n 3C 

^ ♦ -> t_ UJ n 
o * _J X 11 1- 
o a CO •♦ 

o 
•f 

rv' » IV ^ ITN rr T rr 

<i f, < TH • vP n v£) 

ÜJ ro UJ LO + -' o *■' 

i^ -f l- • II r» H H- -y 1— 
• fT) M t-t 7- T <r S. 

e) ii u II •— M II _l II 

'Z. «% z. ^ O \- II ^> *» z 
M Tl n ^^ rt -K ^ fTs -J r- rK 
a 03 o vü M II 1--» k.0 <l tD 3 
2 *»-• 2 — h <-> -^ h- *-' H (Tl 

<J t- «3 1— O 2 l- H- O (- UJ Z 
_J 3- I O t-1 3t 3: 

o 
o 
CVJ 

V- 3 nr laJ 

tj o o o (_> o o o 

28:5 



rj   CD   o   ra   CJ   O   ij   CD   >J   O   CJ   O   O   O   CJ   O   O   O   LJ   C3   C   O   C3   O   O   LJ   C!   C3   C_>   CD   O   t>   O  C3   O   l_l   CJ   t_) 
•^t (\j po -t if\ iD r^ tn rr <->»-( f\i r^   t i^ ifl N- «J (T1 CD ^ (vi ro  j- in «j? t^ «o T» o ^H rvj ^ ,+ in   n ^ cr 

■^J t-t tH TH -^ -rH t-i «H •H -H m ni OJ (\j (\i tvi CM C\J i\: rj rr r«o f^ ro r>- ro fj r', N-J 

TTTTITTXXXTXTXTTI1XTITTXTTXTXXI3XXIXTT 

a o •. U.   _1  a  1    >-   3     - 
t/l T u »  •> _j t n   - "^ 
Ul   ». o ■«3   U      •■ Z   l/l   »-H   -' 

_l  ^0 •^ U- «3 Q.   "   »• «a a 
». X U- t— _i a. i-t o i H- 

til _l •a U.       - _l   r-    <-       -   3 

_t   ^ a •- i/l    ^ Z  1/1 (/)     •■ 

" 1 « 1 ^   V   X      ».•-•>»-( 
o >■ «J cr   ^ z h- z   •• i— 
J   J CJ -_i .J _J i:   /) o x 
•>   ». I/) u. >   .*„..:>   ». 

CT   t> CJ - Ü    Z  ^   LJ     •- C.I 

_l f- •. O  V  _l t/)  T  LL   (/> 
». _l X _l U.     •■    - Z  00 _J  -I 

_l  - ü a X  O CO    -    - 3     - 
«3   <I •- •. i-t z x tp cr   •. »H 

_J j.' X >-H u. v _j oo i UJ u< 
*■ _l I U •K  - - z '/) a 3 

u    - 7t r. x z »—   •.•>>-   - 
«a Ci, •- u u ^ a CM y H- o; 

_i a H-4 o •■    •■ _J  00  k/l     »-3 
•^ _j (— •» «1  C     - Z     - LU    •* 

00     ► z UJ a _J u   ». _i a a 
y x «> u u r o «H LD »- a 

•^ T f- ^ Cl V  _l 00  00    •> 3 

_J _J z n LL     •■    - Z     •- H-     *• 

v   •> •• o ► < or  •- u 3 o 
a ^ t- •>. x 5  _j oo o or z 
V  _J t/l a 3   V  U   Z  LO H  3 

*>     •. ■?■ r" O    •> _)    -   •>»—    •. 
o m ■«> •k •• U     - _J  3     •- X 
^ 5. ai >- U.   ^  _l ^-  U   ^ <l 

UJ V  _J 00 a 3   -u- a i^ iX) r 
■z •■        •« ü o O U 1  Z     ► —  3 
n Z. (- v>. T) - y    •>   - LL UJ    .. 

H V   I CM •- ct     -K LL   Z  U   _|  ri 

ri •-—I 00 Z 3   CT U   Z  00 |—   Z 

o o   - '*? fr\ o y _j   •-  -no 

(Y _J u 
3    O _l 

f»  ~  •■ _l < »- _J 
t-   V  Z  Z  O    »3 a 

h- V  _J C/) o O    •> x    -0)0:1    - a- 
3 *»    ^. 7" «3 - — UJ O    - _j n «J 

a <i a' •» »^ Z fo _) Z U t-i LL •» 
t- X  _J C/- U_ L3   —.      ^    ^ y)   «3   3 M ,ri 

2 v u ^: <3 »   - X   u     - »—     - C- «3 
o - -j 

-i 
^ m 3 ui z C".   - _J 

r n  _i   -  - Q  u ■ J 
V- V   .J >- cn Q   HH     - Ul  (J   X   3 — Ll 

X *~ -U. a o -   - _l  Z  0    00    - H- M. m UJ O 
o 0J U   _J -z •^l u o v   -  -   - u 3 LL! • T _l <r 
I-l *-* v   * •*. *—' LL   -> 0.   o -v II U y /-i ■0 >- o 

a Ul n •>u ■z V n t-   co z in 3 3 —> »v •n •w L-t in _l 
o i «3 m u. z K- - I UJ   - J- oo   - * »— ^ o t- t- > o 
o o ^  -J »- -.     - _J   00     -    - <3 x; I t- rH 3 r*. 

_J 0' _J •>  •. -J V vO U    - 3 in 3 U. 15 3 V v. ^-* ^ o -» *-*. 
<x •» v -? z Q — O Lü _J ^-  00  3 \ n CJ • o «. CD CD i-l o C 

UJ UJ u. - X •. Z. U     - _J    - 3     —    - o Ul LD C'< cr «3 OJ ro (M ro j- U\ 
T i.^ V t-  U1 u? \-\ Li' z   - K- t.> m u n 3 _J o IO O w ». — •*      «s •* 
M •■ 3: _i ■z V n > a -> a  (/o 3 V V v. o * -I >- T X T X T 
t- LD o a   »■ •* - U    J  -J    - 00    - Ul iH i-i o 3 *■.* w w     «^ ^^ 
3 Z. -J l-l   X u z. U)    •.   •>   - O    ».00 3 z Z Z "^ v II a 
a l-< u: 7 n n x rn jv n   «a ui 3 o O O li. CyO n M Ul IL LU  111 u 
(V a -J _J —I •• 3" - :> _j K   - cy Q w. £ r X y ;> ■a n t- >- »-  (- »- 
c z d «3      •« u v y u    • _i x 0) 3 ^■^ 2 i 2 H ll O u l-t M M  M t-( 

3 CT LL Ul _l Z o O    — _J    — z    —   — in O o O u. (/) _l *- a' or or a' a 
cn -J cv 

CM 
o n -> «a «a   - _i o 

i-i tM ro ^t m iO r^ CO 
o o o y > n 3 TT 3 3  3 :r 

c o u o o a o o u c 

284 



O   CD 
CM ^ j- ir\ 'D h^ m '^ es i-i M ro j- in VJD f~. m T» rs '-< ^VJ f^   t-ifiiON.*»rnOT-4'MfO  * in <X) 

.t-   jf  .♦ ^+  ^t  _+ 10 ii\ in Lr\ in in irv in m m iO vO vD aj   D vi) 03 UJ vD a) t^- t^ K. r-- P^- N. t^- 
o -r-t fvi f>o j- in 'D h^ m T> es ^J M ro j- in VJD f~. m T» rs '-t ^VJ (^   fifi>ON.*»rnOT-4'Mf^>  T in vo 

TITXXXXXTTXTIXIXX XTTXIXTXXXTTXXTTXXTTI 

(VJ f\j ni CM 
• • •    • 

tn in in in 
■H -H T^ T-i 
U. U U.   U. 

o 
z 
X. 

a 
UJ 

OL 

ro   t in >o r^ m en CJ ^H M ro ,t in '0 ^- N- <r) T1 o cr ^- 
iAtAtrvininLr>triiXJvOi0yoa3>i3vD3vöa)_iu. »ni- 

X DC 3t 3r 3   3:33r3ir3:TrTC^CK-^7:>-u.   IK-II 

-oncscDoaoo'-joncJcsar-cicscn'rscDcar.-j 
■-nT-it\jro   tLn\ri^'H<''>crc3(\iroviD   jin'fK-crnjpo 
»-(^Hi-)TH'»H-r-(^THf\i-HTH(\jcv/r>jnjnj(\jOJC\jt\jroNi 

TTxxTTrT-r-rT-rrrrxT-T-rT-rxyT-TT-i- 

•^ nj 
•n in 

rf w i—* 

<Y u 1— t- 
<u * 

^^ 
i i 

^^ ^ a ^-. ^•. 
a o C3 CT o 
<X) 1^ in 00 cr 

< 
>- cn 
(/I _J 

U- t— 
,-* LL u. 
\ n 
v o 
v. tÜ u 
CJ UJ C3 

T-t J ■H 

<J o • "V 
ÖD Q c:) V 

». • CD O CD 
X U. CD >-l (y 
«H r T-t v~ UJ »* o V <i 2 
a u u UJ 
<j o 
U1 t? <I Ul c 
ei 2 o c- l-l 

l-i _l <t 1- 
t_o a -v' UJ 
2- i- T m ■y 

1-1 «a L.0 M 
O _J t-H o V 
-*■ 1 in <r 1 
<^ f/o Ul r^ Ul 
_J > n o V 
X X x X x 
l\J m in in u> 
TH -^ J- -t -t t 

•^ *-i   •» M ■». •K 

>< I    X X X X 
(T> fT> en 

u   u1 Ui ui in u   u UJ u  if ui u' u   ui ui ui w UJ u1 ui ui UJ ui u' ui ui ui n.' 
l->->-h-K»-»-»-K-»-»-t-Hf-H-h-K»— H->-f-K-t— »->-h-H- 3 
l-iHtH^KIl-l^t-IH.   >-HMI-(HH>-(MM>-4MHHt--"l-lt-l)-HMMMMM h- 
■ycfcyfj/Qro'cvtvQ'c^Lr^c^c^tya'd'Qra^c^c^Qo'ai'aaa' LL. 

«a d <i <( <i <r 
r x r r r r 
fi a' a a' a a 
o o o o o o 
u. u. a u u. u. 

CJ   C3   C1   c   tD   CJ 
CM r<-i -t uv iT) K 

L  c: CJ 

285 



I 
ocDtji-joocjOafjcjcjao.jaO'-'Jocaoo   aooaoraa 
r^rorfriT-tfM-o   ■)-ioD^fr>T'n^-tf\jro.'tir\.Dr^'10'TiO'-<(Vi'v^   t ir\ 

TH   iH   TH   ^   -H   TH 

TTTTX    rTIXXTTTXTTTTTTXTTTTTXTX 

,-. T-( ro 
_ _ ^,  „  „ ^-^ ^.  --. ^^    ^^ ^^ ^-,   ^. ^-. ^. ^ ^ -^ ^ ^^ T-t ^ «^ • • 

TH    ■r-l   -H    TH 

•       •       •       • • 
^H    ■r-l 

•        • 
•r-l    r-l 

•        • • • • 
•H 
■ • 

■r-i 
• • • • 

T-l 

• 
•H 
■ 

• 
N. 

v 
v 

•D 
■H 

OJ 

in m LTI in LO in in in in in a> in in m U^l in in in m in in »H u. Lu 
-H ■r-t    '-t   rA   - t rH ■*-<       T-t ■H   ri »H ■rH T-i •M ▼H .-( ■M TH TH tH T-l Lu 
lu U  IL u.  u. Lu Lu  U. Lu  Lu LL u U- lu U lu u Lu u lu Lu 
~1 0    1 rj n r n 0 C3    T c .5 
UJ liJ Lu Lu iu LU LU   UJ LU  LU Lu LU 
.0 ■-1    0  (O   ^T ■n '-0   .0 ,0  n !/0 n 
ti •a d <i «3 <t <j <i <x <a «3 ■j 
rn •:   n   rr ir IV rr   n ,r rr r fTi 

0 (to a a- D O   _u o^ a a: L_) 

4. ^ z 2: fV Z 2 li^ a  z Lk: z 
<r ■d   d   <   < «a 0  <l •d <I «3 <I 

_J 0 _i ^J i_; _J _l u CJ  -I 0 -J 

-T z 2 u   u. 3: _^ on 
J. x 3   a a c cj LI; iyO 

3 3  3  >-   >- 1- H- a ^ 
-J _l  -I  h- 1— Q. 
O O O 00 c^ 1^ X 
O OOOO ;V rs O   LD -x 

• •     • O O LU u Z >-( O 
t— i- t- a. a »- X -J 
a IV CK •-) n X V V 
Lu Lu LL. a ur 0 0 0 {/I u, (/) 

1 
>   5>   h-   1- 

1      1      t      1 u 
«3   _J 
»_ 111 UJ 

_J 

1 -i   -J   -)   -J t- i-   L.I LU UJ l-l 
Lu LU   Lu   Lu   LU 0 «a •a   X I LU X >H yi Q: 
LU IU   Lu   LU   LU z 00 Jt 3: 1— X > _i <I 
I I   I   I   I <I H-    •♦• +   ) 1 r> 1 0 Ul 
T ■x 1 1 -* 

'71 
I* 
0 ct it y V 

X 
0 

lu) 
V 

n 
z V 

r ID 

Ix, Lu         UJ   Lu Q- a u LU O 0 3 CJ <i 0 2 CD f- l^ 
_J _l   H   _J   _J U CO  1- (- CJ 0 ID T 0 »-I a a LU • z X O 
O 10 t- 0 0 m z X X  t- »- «J <_) >- t-H M K 0 t- cy t- M LD t- 
z Z  _l  Z  7- X <r 0 U 1/) C/i t '/J .-) 1—t t/i O 0 3: O M O 
t-H H-I :D (-4 n 0 ar M HH a O H-t ■> a: a P- Z Ul d 

00 (O   X   l/)   (/) rr h- Lu lu <o u ■CT CD LD •a' z CJ cr «3 3 U 
1 1    1   1    1 1 1   1 1   z ^r 0 cv ;" U) U, z U n 3 Ul _l 00 

( ) u 0 t- a (- 0 0 CI  H ^H z □ l-H Q a. M O L' a. ^- t- -1 »- 
r> 33^3 0 0 3 3 _J _l 1 • -J >- >- _) • h- X _J X 3 d X 
,y rv v tv a' cv nr .r CY _l _l _J 1— t— -J 15 1- 00 3 •a 0 fl 3 0 
t— 1— »- t- »- t- t- ►- h-  O O in f/O O 1 1 O Z -X rr t~ n H- >— t-H 
0 (/)   'O   (A   ■/! 00 n in r/i rv ry u: Ul O' 00 (/1 ry M n 0 u; 3 O u 

V ^ Lu Lu a u. UJ _J »— ^ O <r 3 
0 (^   ID   C   (J 15 LO 15 LO u 'J3 <t -t iD (V ty LD tr IV X >-H X X X X X 

1 _J    J    _J   -J _J j -J _i _i _) IY <v J t-H M _l "J n 1-H <t 1— ir\ m -f t 
X X   >    3    X z T   7 7 T 5 n rri T »— h- Z _J h- Ll t- J J- J- t J 
1 I   I   I   I X X   1 X   X X I I I X X X I I X I *>. #s »« •» »• 
ITi in in in u"\ in in u^ Ln a\ in li^ in u^ u^ m U^i in in in in X X X X X 

t !■ 4- •*  J- t -t  * -r  t 4- -t j- 4 * * 4 -t J- 4 t r^ CT cr (p tr 

X >    X   X   X X X    X X   X X X X X X X X X X X X >v v. ^v •v >v 
rf\ CT^ rr> rp f7^ cr CT" rr« cr rr m m CT^ m 

*—• 
(Ti rr -v N. V V ■v 

*- t- H K 1- t— i- t- t~ h- H t- t- h- t— f- 1— (- H- »- H- 1- t- (- >- t- 
<-T 0 <-r 1  d •rt <3   <I <T   <I <I <r <T «T <r «T T <i <r <T <i <i «3 ^T 0 <r 
T x T x r i. X   X X  X X X X X X X X X X X X r X X X T 
LI. a' r/ LU a- OK (y c<- ir  O ilT Ü u Q' a a u a (Y iV a: tx (iT 0 iV (Y 
O OOOO 0 0 0 O O O 0 0 O 0 0 0 —' O 0 0 0 O 0 0 O 
u u. u. u u. u. U    lu U   Lu u. Uu u lu U. u u u U IL u Lu u LU u ^. Lu   -~ 

Ci CD   CI   CD   C1 c. 0 0 a CJ u O 0 rn CD c_. cy c. CD CJ C3 cz 0 a 0 C 
a" (T    O   »-(   (Nl 1^0 3 in ir K a' cn 0 T-4 (M ro t in >U) r- (C rr> CJ ■H M r>-> 

•r-l    -r-l    T-l 1-f »-I    •r-' ■r-l   -W ^H T-l r 1 n; rj PO rvi f^ f\l (M CM (\. ro r^ K ro 

280 



■r-t-r-<TH^(-HTH.rHTH^H^ir\if\jf\ji\i(\j(\j(\jt\j(\j(\jr'')for"r<, fofjror-'jr'j 

H   H   M  l—l   ^   H   H   >-H H I—t n n n H n H   M  ► <   -t   M  M   H   l-H 

a o •> u _i a a >- i   »■ 
"i ~r f •<   -  •. _j T n    .. ir 
b ri <i u    * r* to M •>- 
_J    /I ^ U   a   ca.     «.   ^ <j  a 

•- -x u  ^_ja.nOi(- 
U      J ■J  U-     ^ _l (—   z     - s 
_l    •> n   .. (/)   - -^ i/i 'JO   •> 
», ,- »■ i D V  v    »   ^ ^> . < 

CJ •> <I   <1      •« Z   J—   Z     »- H- 
.1   -1 ■ .I   _/     1  - J    _•  1/1 c ■    t 
».   » i/i   U    >-      ».    ^    *  >      ^ 

a. rv c    - Q   z i— n   ► CM 

_j H .. ov_i^ru.(^ 
►   _i   X _IUJ     »■    »-Zl^-IJ 

_J   - z OXO'O    w».^    ». 
•a   d    ► n •-< z T er cr   ^•rH 
_/ ur a nu-V-jt/iruji/j 
- _J ^ C -i    ^    •-    - Z  '/l Q    1 

u.    ► z -TZt-     »-^>     ^ 
«a fx    - u. u. v  x cv; r h- i/) 
_J   Ü-   M (.1     -    -«-JC/)!/)     -T 
•• _i ^- ». <J o    •* z    •* u.    ** 

w   ^ Z u. o_iu   ^_jaa cr 
v >    ~ O O T" O x-^ o t- a LTV 
^ z ^- •■C_, V_J(/)CO    ^^ ■» 

_J  -J z o u.    ••   •> z    •■ h_   - o 
>-•.•. O    »-«Cf    •»U-IO * 
a z h ► i 2  _J c/) o a z » 
V    .J  t^j a3vu.z(/iM3 ^ 

M»        ^   Z rro     *_l     «►!-     - J- 
C   (T      •> ►   ^o   ^_j3   «x * 
^ >: m >-luV_l>U.—.<! « 
^ -I Vl QI   ► u. a i^ as x o 
-  ► z OOU._JZ     •■—  3 • 

Z  1-    ^ T*    ~V     *    ~U.UJ    - —> 
V   T  OJ •-«a    ~uzu._ir3 •H 
► _J w Z^cnU-ZLOKZ ■v 

n   •• z trov_i   ^►M«^ <t 
_J u    - -    -    »•    --JlK-l CV 
IT   O -^ _i>-vzza   ^^ ^J z * 
V   _j t^ oa   •• x   •»(/icn"*« Co tr z 
* - z <3      -—   UICI     -_JH _l v t/1 

•ö rv   ► •"Zr"_jz OULL _J T» » 
r _i i/i U    Q—     •■    ».(/JöS ^•. b. a (_' 

u. v u. z <i    «^xu-   »»h-   »■ o CJ ii 2 

7 ► _J   ► ► rP3:LuZO   ^_j f-t ■n <i I 
n t-i   •■ _J — rn   _J   ►   -nu »H Z (V » 
H- V     J  V ODHH      •■ UJ  O   I   1 v^ z 
3 •■ u  a o   -»._Jza(/>   »> t- CJ ^, V 

O LL  -J -*■ x-tUOX-    ~^~u. T U! •d _ 
-y v   ►  •■ ^u   ^(l   O^.UU -T >— V » 

► u. z y   CJ *—  t/i  Z  lO  T   T —) V K ^r • z 
u t- muz H-    »-XUJ     ».-J-C/)    •« »> f- 5 UÜ z 
<1 X V -J    »■ ^    •■ _1  C'l    •>    »■ >J X. X V o O * 
T- o ►   ► _) ViDU.     »-^ in TU. o o T- UI • in 

M y z z Q    — 13 U1  _i «^  W 3C V l-l c en z LD n J 
Ui UJ ^ >    « ZU     -_J    •'T     *• o u «a lI^ >- n z Z • 
Z T K- UJ o M uj z   - H c cn u l-l T z (T' _J LD n m Lr\ 
l-l T   _J  Z va^o^Q c/i3 v. V V f\i _) Z _l z N. r^ 
►- U! a    -  ► •>U-   _J  _J    -xn    r. ÜJ • <3 UI J CJ z n 
3 _J H X u. 2UJ    »   •   * (J    •■ (/) ■x A- z z K z o V a ^■^ 

O -1 UI z o »-i r  rr rv n   <i ui "r o o n ir> ■>' 1— 11 z — c-i 
rv LU _/ _J   •■ r   ►S.-JJ-    »«Q'o u. X T T li Ui UJ rr •^ CO 
c o <I     •. UJ iVU     ^_JX(/)2 —. I. 2 1 Ci H -1 II ^- 
3 <t U   _l z OCJ    ►_!    »«Z     •»»- tn o o O •d X «a u. \~ 
1/) z 

•H (\J 
C5 n ■> <J «a   •- _j o 

•«-<  t\j   r',   J- ITl  vU N CO 
L5 o o (V UI rv »-i ■x 

(.' L C.5 O O c.v o C) o o o o o u o o o 

287 



L^ o rj tj cj o o o t j rj i D o (j o o o o o o o o o o o o iJJ o ei o C3 o o a en o cj o o 
rT\ r->   ^ r\i  rr.    J^ |.n   •?> K-  00  fT  'I  ^ (M f»*'   ,*■  in    0 N-   « 'T1 O  TH  f\r M   .t  ir>  '0  K   rr -T>  ra  TH f\l ro   J- in  >0 
POJ-J-J   i J■J■^t^J•J^u^ü,lU^u^Lr^Lna^Lnlr^u,laJ^JDa)^.PJ)^iJ■x)^D^JDKP^-r^^-N•^-N^- 

1-4   M  f-l   t-(   ►-<   f-<   ►-( l-(  l-t  tH  l-H  l-(  H   M  M H   t-t   H H  M  H I H  I-1 

o V 

» J 

z >- 
-J a 
* to 
o * 
£ O 
i -1 

» Tt 

u » 
-J u 
rD _J 
* 3 

..) » 
> LD 

u. V 
V ^ 
— » 
* _i 

_) V 

V a 
a ■H -^ 
2- « ♦ f- in CM 

»  M K0 (T vn rO 

'<H     t (\J LO -* ro 
»H  l_J • • • • 
•   » l "3 c- C) • en 

J-   » J- * » o » 
r\j _J m » » t- t> 

ii >- II *~. ,— LU r~ 

— CL l/l — ro ro »* M 

'71 •rH    CO TT r^o * » (/I ■» 
-» rt^   # 6 -o » 1A * Ix) » in 
CD «--   00 n 

w 
r^ CT' C-l -J CJ o 

n K- U^ t- r— • • • b. * • 
t- 3r IT <I T r^1 (--* t\J o U. o (\1 

<3 • -J cr- ■^ » ■H «a T-l » 
_I ^ u -J ^, 'D X » V. CD ^ * 
_J O » < o t <3 ^ 00 « w< d ^ (- 
<r •  » H • r-» or r.o CD Q, or (/) Cf C3 X 

»- en — C^ o ♦ * iV • <r •*• LD * • o 
U) • J-* • * z. c CM _) z Z) z 1/1 cv M 

^- Ui O M LL. — IS) o V u. i/i _J UJ u % Ixi 

t-4 T*   «T ^ ,-, * n a » Q * o n I 

• ty Ü • r^i C5 r _i f i CJ rp r 
li --■  V z- ^ <r z: v /i s z r #■. Ö to n 
z. O _J (H o Q- 3: •n ^ o I M 3 *-■ 3 
M <r v ( 5 <J V ^- UJ » o "-« «I -^ rv' * O 
■ I iv n 7" fV _l » ii ID * » •rr 11 fjf 

.r v. m U V > z 7" T ?• X -r ÜI Z n 
Ix- _» UJ _l a z e3 * 00 »- z 1- Z o » 

> _j Ll, > i/i » z. ri Lu n » --( * ■H Lu 

LU a — (/5 a U.1 •^i M *4 r T: N- I fn (J ^1 _J 
_J (/) to U on _) tr (O C". OD M cr vO Z OJ _i 

00 O Ul o 1 u. •- a ■z • 2' •^1 o 00 • C/J « t-t ■^1 LU 

T ^ _J c^ <I _I t/i n n •r-l cr • z u in u u> O • C) 

O t-( ^  V (-1 »- o IV -J »-I _i o Ul -J r^ -J t *. en <I 

-J CO t/) vXJ (/) to o u. 3 II II -J n -1 II «a ll z 
>- o » o V o O «-. z #-* z UJ *-. LL. «^ -J ^x 

n o » C" ^o fV < ' r<-> ►--1 f o o in C >0 r^ _J 
w a >.» » =5 Oj <3 or. t- «3 as <I oo 2 or d 

• » K — 3 w (/ z •^ Z •w n «w h- 
U. c^ u o K- »- n t- K «3 (- O 
M   -rH 1-4 • I ^ a :r I 7" 3: v- 

■rH »•H 

L-  L'! O O tJ C  t    C C^ O O O  C' O O U Ü O C5 C  C> O CJ ( 5 O t' O (.N O 

288 



I 
oooouoaaa 

rs.f^N.cUQOOOoocOLrJ 

t-i M n H-l M n t < H V-H 

V 

r- H- 
CO ■» 

•^ --^ *^ 
o l-t t-H 
ar> ^ ^^ 
II »— V— 
n 3 3 

C3 II •f z. 
• ro ^ 7 v 

n OJ HI h- -D 
II — ii h- es 
2 O H- z Lu TT 
►- n "T ^- 

O 

IK UJ 

U (_i 

289 



C3  r-T • J   «J U   CJ   I"!   CJ   o 13 

IM  ^ t in ■ OK   f»  '"" f» TH 

rH 1-4 

tj o tj o o o o o o a o cj «j o o o 'a o o o cJ cj c> «_i o Lj a 
f\:f^    t in   0 N. "0 f^ »3 i-t M f^   ti',i.or--'OTirD-r-<r\jroj-Lri>DN-<r) 
■^(i-(^l'^i-H'rHT-ii-((\j(\j(\i(\j(\jcvi(\)(\j(\jf\jt,oro^ror^'f^'r')rr)fo 

a □ •• LL _l u I >- ^ ^ 
',1 7^ o *• •^ J T a •. m 
Lu »^ o <3 u •. ^ in »M — 
_l I/) •^ u. cl a •V * < IL 
-. X u. h- _) a. l-l n 3 t- 

UJ -I <u U. •« j t- z ^ ^ 
J • a •K CO »■ -r '/) /i - 
•. _ •. i ') V X r- » •> 1 -1 

Q 
1 -1 

<r 
a J -1 

Z 
1 

\- 
i/i u 

1- 

•* •K <r\ LL >- r. - •* > i^ 

.11 IK c. •< Q. Z 1— n •■ C\: 

_J t~ •- O V -J 1/1 r u. 00 
•s -J X _J LU •^ V« z. /) _J J. 

-J »- y. o X o CE •» •. 3 •s 

d «3 •» ^ t-H z r ITI m •H Tl 

_J :J; X Kl U. V _j t// z UJ UJ 
p. -J i c: •V » »» Z i/i a Tr 

U M ^7 *. T z H- ». r> >■ •v 

«I a »\ u LL V T fvl X h- 00 
_l Q- M u •V •- _l (,■■) uo •* X 
- _i h- •> <I n •■ Z ^ LL •» 

iyi •- Z UJ O ~i LL •^ _i a a 
V X •« o C) -i U •H (j >- a 

*N z t- t* o V _l in 00 •» ac 
-J _J z o li •^ •* T •> h- M 

>" #s •» a n <J Qi » li. 3 o 
u. z. H »^ J X _J ^/i o LV z 
V -1 W a jl V LL z [/) t-i 3 
^ •«. ~T rr n •k _l •■. •. H- n 

o aa *• w. •. LD r» _i ^ •^ X 

^ X ai >- u V -J >• u. ^ tl 

V -j i/i O -x ^ LL a (/) a; X 
•. •> z O o u. -I 2 ^ *^ X 

-r H- r. T) p, V K ^ u. Ul r> 

V I OJ •» «a *» LL z LL _j o 
», _J tn z 2 rr LL z 00 h- z 

u n •■ T r' i"1 V _1 >. •K t-t <I 
-z -J U •^ ^ ^ «s ^ _l «s \~ _J 
r—I T o T-I _J h- ■-^ 3 z C1 ». 3: 
H- V _l n LO tr. •^ X •. 1/1 CD » 
-> •> •■ z cl - ^ LL e -- _J M 
o <\ (Y •. r- -? r^i -J ^ u n U 
a T _j C/l LL o ^^ ^ •> l/J ■a x ^-« 

V LL z <x •s H- X LL •. 1- p. o 
H- •> _l «K - m 3: Ul T* C! •^ _l n 
n o •• _i *-. y 0 -J •V •> n Li TH 

a V -J >- Ci o hH K UJ o ^ ^c «-> 
y- •* U- a CJ •V •* _l z Q 0) •. t- 
3 tl _J z •rH LL CJ > »* p. •> LL T: 

0 m V *K •« •.^ U_ -> 1 o ^ u U -» 
o •» ll z V n t— (/I z IT ;c T —) >. h- 
u »- ai LL z l- •> X LL: •> J- iyi •- *. 1— 
ti i V _1 *> ^ •> J i/) r* •- O i- X N ^ ,-, 
2 11 «. •• J ■v '0 LL ♦. "? ITi T u (5 CJ C7> f-5 

t-i V ?. z Q ■^ ' r1 
LU -j ^' ^1 3 V l-^ o C\J K 

UJ 
"5 

UJ 
_J 

1 
X 
III 

z 

Z u 
111 
o 

n _l 

> 
_J 

3 
CJ 
n 

LL 

TT 
•. UJ 

00   I 

o 
^ 1 

U' «7 
z 
V 

•r< •rH 

a 
n 

_J V a 
-j 

00 
tn 

V V T 7" 

X U- z LU u z z z 
r-i _J III T o n r T1 Q- n «-i U    T o o n Ul Ul 

or u. _J _l •* r -> _J H- »• ■v n   •» r r r t- t- 
a o a •> LJ i V Ll •> _J X l/l .t ^ 2 2 3 »H ►-( 
=) <r U' -J z o c •. -J •. 2 »* ^ UN O O O u^ Q' 
i/l 'S rv > K LJ n ■^ ct «3 *. -J u j- o O CJ X T 

■rH (V ■H r\j ro J in vD N.  UO 

UC-D •^cviro^invD'O 
_JcO    nTDcCtOT300w 

nt— I— t-t— l—t-t-3: 

J- n tj n cj t-5 CD c. «.3 o 
iHC\;r<o^rLniOK<BCrT-i 

XTT  j-T-T-jrrTr 

ll ' UJ UJ Lll U li ' ll' III U' ll) 
t- h-H-l— KI-t-H-t-r- 
H  H   H   ►-<   t-H   H   »-<   (-1  »-I   I-- 
iü a a' cir or fu o x <x a: 

O CJ O CJ o o c- C1 

290 



it» n 
■j 

I 
'J -TJ CD CJ U C CD C3 C.J CJ c V3 C3 '3 IO CJ r_) (_) O CJ LJ ^ 

j ^t j j j- ^ ifv u^ IT» u» in m ;r> m ui LA kO a> ii) «x» vt) 

•v >K V "V >v V V V V 

• 
1 •( 

• • • • • 
•^1 

• • 
■H 
• 

■J   'J   l_)   '   J   fj     J>   UJ   !_■   ia 
■r^■r^•^-^T^T^■r^■r^•r-^T^ 

lu ii.  u   IJ- U. li. u. U.  li 

■ • 

CD i. > 
•H »-I 

U IL 

m 

J u. 
n »- 
M      s. 

C3 r-) CD   V CT1 

J- ^ ^ ^ IP, 
TH -r* -ri rn T-i 

T T T y- T 
s^ W w   ^ ^, 

a 2 
Ll UJ LU t-l LT ft* 
►- H- H   It »- r> 
t-H i-i n u. M      ^ 
a' a u' e- cr      UJ 
x "f i 3 x      rv 

O 
O 

^/j O 
Q7 a CO 

U-1 O <i LD C,- 

UJ x! a -j 3 cl 
^ n a u -J Ui 

HI C Q O 
o 2 c/ .J 
i" UJ ct T 0 o 
UJ 111 a (-H 3 

Ul LI C- ■a n 
^ UJ r-_ o 
'v _J i ^ IJ3 X I z 
V CD y 7 \- t- «3 

o ^: <r >-! i  : r ~* _l 
.H >-< n c- X i 
«J i/» r/ 7 z U 
D LD <J o u ►-4 3 
Pk ^ lyl './I J' _i <1 <r ■a o 

H -^ 3 r-( T 7» T: Ckf 
_J Ü O _J ^T o 

H- H _J _l I M (A 00 00 
T o > >- o «3 LI UJ lil UJ 
LD a a Q o r z z z _J 
n 1-1 H-* f-H _J 
UJ UJ UJ UJ o L5 o u. 
7 ?■ 7 T Q n ^ 7 -^ c; 

>-< l-H t-i O a Ui U.' Ui <r 
Ul (J O LD ct: ar z 
_J .^ 2" Z Ü D z z z 
_J U. u UJ o a a o Ü _l 
iii rr rr H- h- H «T 

t.') 1- ►— h- rr T cr 1/1 OO (- 
<t LU U: Ui n ID H-t M t-t o 
:?• —> —\ —> t— ►- a Q Q. t- 

T   X   X   J    XITTIX 
oo f\j CM f\j ro (\j t-J rvi OJ CM 
■^ -f ^t J- J- -t  t -t J- -J- ~ 

xvxxxvxxxxx 
(TcrfTcrcri(TcrfT'cr>cr'T-i 

CkT (- 
o X 
t- C' 
u t-l 

<s Ui 
U. 3 

h- _1 
X «a 
l.-l r^ 
n t- 

UJ o 
T <t 
T J 
c=> o 
J- J 

^ XX 

(— H- K t- »- 1- t- h-  h- H »~ t- H- (- 
<I <r o <r <i «rr «j «a  CT   «3   <J   <T <i  «n --r 
y J r r r y r T i i r i r a   i 
u. Q: rt rr a: ct: a ü cf o- or D' a' Cü &' o 
o o c o o o o O O O O C' o o o z 
u u u U   LL u  u UU.lj.U-  u u. u u ;jj 

o 
a 

CP 
<_><_!   CD   l_l   O   l_>  O   t-'   CJ   C   l_J   «-■'   C>   Ci  CJ 

O O  Li O 

201 



Of M 

X 

o 

(/) 

o 

t^ 1/) 

^>   -~) 
C/   H 

a HI 

f- o 

a 

o 
o 
rr 

o — l/) 

z o 
a M 

a 
l-t v 
(/) o o 
<a o _i 
n- c ^ 

O > 
«a o 

Q: a 

LD _i 

M  «3 
it   3f 

>- 
a <5 «a 
u  M tH 
z K >- 
«i ry or 
O lU  LU 

z ^ 
0 H t-H 
z 
•a _i 

< 
o o 

ÜJ t- 
M a- 

1 CLJ  LU 

n 
z a t- 

X  U   <( 

«3 
o 

it; 

O (J «a 
Z Z. M 
H  M  t— 
o o .■>: 
T 7- UJ 
U.1 Lu Z 
cr CP i-i 

ÜJ UJ _J 
Q  O Ul 
M n ra 
(/I   LO U. 

LL   « 

u 

•a n 
1-1 u 
y- z 
»r u- 
ui m 
z 
H   tjj 

z 
u. o 
3   Z 
Ü.  u 

I— h- 
U U 
«3   d 

O 
z 

a 
z 
b 

zoo 
o t— h- 

(/) 
z 
o 

or 
•3 

fH   UJ 

o z 
a. >* 
-j tu 
ui re: 
D Q. 

U. Z 

y v 
u a 
•a <3 
m m 
a a 
j _J 
o o 
i i 

o 
o 
& > 
K  O 
Z  G' 
IM a 

I_J i/) 
«a LU 
O J-.' 
_J o 

o u 
Z   13 
ui n 

t~ 

o 

>• 
«a 
D 

'n 
V (-  UJ  Ui 
f- CO 

o _l 
i- «a 

(n 

>■ or 

«3 

o nr 
a: o 

a 
T Q 
O D 
UJ  I/) 

O 
Z 

O _) z 
'O U fV 

U.' 
u O t- 
_l _J > 
T   T   U, 

(V CO 
en n 

r 
Q  >>- 
IJI rr 
u I 
a a 

1 
4- 
uO 
IV M 
o or 
o o 
o o 

>- U- 
«3 
T Z 

1—i 

3. C 
>« «I 

ar 

z 
a' 

z 
or c 

00   + 

O   lu 

«a 
> 4 
O 0 
(V  T 
a «a 

a: 
z 
O o 
'H   Z 

'1 
CD 

ry 

Hi 
«3 
o a 

< 
z 
a' 

(V o lu 
H -I \- 
x      x 
Ui  O  IJJ 

CD 
ar et: o 

«3    f   T 

<f   «3 

UJ 

c 

u. 

IA ir» in in iri in LTI in in tr\ LTV m in iri in in in in in <c\ in in in in in to in in in in in in in in 
in in in in in in in in in in m in in m in in in in in in m in m m in in in in in in in in m in 
n   n   ii   ii   ii   ti   n   n   n   n   n   n   n   n   ii   ii   ii   ii   ii   ii   n   n   n   ii   n   n   n   n   ii   n   n   n   ii   ii 
UUUUU11-UUULLUUUU-UU-UU.U.U.   U.  11.UU-UUU.U.   UU_U.  U.UU 
uju^uJUJUU/UjcumuicüUjUjujLuujuJUjUjUjcuU'U. UIUIUJUJCLIUJUUJUJUJU. 
nonnnonnonnoooonnnonnooo'"'r">r"'0(~iononr-i 

CO 

o 

n 
ft 
Q    U 

cni—  or-irio<-)<->orH>or-' r^ rt> t"y r^c7irDcir*>f'nr-<nr->r-»r->r-»c~)r^<r>r« 
■     •    • 

■«H     T-t    TH 
• 

T-1 

• e     n     m     m 
Ti   Ti   r-l   -r-l 

• *      • • • •     • 
•ri   O 

• • 
n 

* • • 
t-J 

• • • • 
CJ 

• 
CJ 

• 
CJ 

• •     • 
•r-l  n 

• • 
Cl 

• t 

1!     11    II II II II   II   II   II II II     II II It II      II Ii II 11 II !l II II II II II II II II      II II II II n 

•H CM m -t IT. >X) r«- to (T1 
C3 T^ (\J ro ~t in iD N. «0 0' CJ •H CM CO J Us VJO s- CP CJ^ cj •H CM ro ct 

N^    «^    w> w ^^ N^      S--      ^^      "w» 
■^ •rH   T-l ■»-i ■rH ■H T-l 

>-* 
CM n. CM (M CM CM CM CM (M evi r» f) CO f m 

vvvvvvvvvvvvvv^'vvvvvvvvvvvvvvvvvvv 

292 



o o 

n n 

00 

o 

I— 

/I 

a) Ui 

3 O 

O _) 

oo «a 

r in 

?: ir 

J _J 
o o 
o O 

LiJ UJ Ui UJ Lu Ul U ÜJ lu UJ 

on oo /) oo oo yi (/) (/i oo '/) 
«i--t<iot<i<i<a<J<t<i 
,n   D tT) a- ix JJ tr- aj OJ ix, 

on  i' a o ,- ._• a c. ,i.- 

•3   •-!   <I -T rr <r •! <t <3   n 

_l   -I CJ J _J C C.) _J _)  u 

t/1  'O 

(/) 

T 

o 

3 

+ 
T 
O 
CJ 

uO 

o 
n 
00 

or LU 
O   -J 

n 

o 

o 

o 

:n a u 

2> 
o 

u a' 
ir Q 

cy. LU 
o •/) 
o o 
_) z 
li-   >v 

_l 
V   K-, 

Z «a 
i *- 
t— 

_l ^ 
Lu n 

u. 00 

o 

UJ 

<Y 

o 

ct 

<r <i 
uj u. 
ir 

UJ Q 
h-   ~> _J 
O  O Ul 

_1   -J n 
(/) U X 

(>0 

o c n 
?■ z z 
►-1 M n 
3   "T "C 

10 '/) 
UJ «- 

M (- 
K- X 

_J <0 
«^ M 
Z U) 

CL 
O 

• f/1 

O Hi 

M X 

u 
Z Ul 

Ü o 
CJ <I 

_J 

>- u 
O (/. 

Ü 3 
T U 

U    Ul 
^> ^> 
I   I 

-1 _l 
Ul UJ 

Ul UJ 
X  X 

T UJ u 
3. a a. 
=3  ^-  > 
_l t- t- 

o 
cj n n 

• o o 
t- a a 
a' M M 
Ui x ct 
:> I— »- 
I •    I 

_J _J _J 
in u  u 

UJ UJ b) 
XIX 
7. * T: 

U   Ul LU  Ul Ul 

z z 
•-* ►-• 
00 00 

I   I 
O C" 
3  =) 

(- H- 
(/^ '/) 

x y 

(— o u 
_J z z 
3 t-t 1-1 
T (/I 00 

I      I      I 
o o u 
3  3 3 
^ a.' cy 
►- H- h- 
00   00 1/1 

LD (.0 U5 

_)  _J  _J 
r x r 

00 

fV 
Ul 

K 
X 

o 
n 
u 

a 
z 
«3 

{/I 

a' 
LU 
rr 
r 
a 
m 

i 
o 
3 

f/) 

o 

uO 

3 
u 

^r 
c 
<r 

Or' 
O 
a. 
(/) 

d 

yi a: 

a- a 
a 

x 
I CO 
n n 
-J z 

IV 

ui 

K- 
X 
L0 

Y H 
I- U 

I t 
O Ci 
3 3 
ry Y 

I- H1- 
00  t/1 

LD  CO 

O iY 
H- U- 

t/) X 

O ',D 
Z M 

I 
V 

CJ '/) 

<t _J 
I— Ul 
»- UJ 
<I  X 

■♦    I 

Tf V 

Lu CJ 
H- O 
X h- 

O (/I 

t-t 
U   LD 

I    Z 
CJ >-( 
3 .J 
-y _i 

1/1 Ik' 

LD O  LD O 

r x x 

UJ 

—i 
< D 

Ui 

Lu 

_J 
o 

LD  00  '0 

00   C/) 

—I   _) 
Ul UJ 
LU Ul 

X   1 UJ  U' 

■* * y- y- 
113 3 

T   X 
V V u c 
O (J 
O O LD J) 
r- I— d  <X 

'/i o) a; fY 

LD LD 

Z  Z O 
i—i M r- 

_i _i I    I 
_J _J 
O U 00 CO 
'i' nr u til 

y Y 

z 
o 

3C 

o 
(J 

CO 
_l Ul 
o z 
rt'  r-H 

z z 
o u. 
CJ 

o 

Ul 

Ul UJ UJ 

a. 
o 
u: 
CL 

o 

3 
»— 

LD    I 

2 t- 
l-l Ul 

_J ~> 
3; ^ 

o (yi 
o ^r 

o 
o 

a o 
o 
ir a' 
a <i 
o UJ 
m LD 
a 
3 LD 
H-  Z 

U. JJ   llJ 

Z Z   Z 
i—I i—t >-t 

(.0 J  LD 

z z z 
Lu LU  Ul 

Z Z  Z 

o o o 
t~ t— t- 
yi t/i '/) 

a. Q. u 
kM' ■-rf'     t»^ 

in 
00 UJ 
a ..j oo 
■a u (y 
_J u n 
Lu cl o 

a   O 

3: 

o 
o 

X 
I— 

n  3   3 

o 
Z K 
«a >< 
.J Lu 

h- n 
z z 
3 d 
U _l 
X 

Ul  X 

n «a «a 
«3   LU UJ 

LD ty 

x < 
\-  LD 
M z Q: 

HI Q 
n o 

oo on z _i 
LU  U- <t U 
_J  _J _l 

_J  _l z 
IxJ UJ Z M 
cj (J M tr. 

«a «a «i «a 

Z 2 T O 

IIZXlITXriXXXXXXIXIXIXIIIXXXIIXXXXXXXX 
iri in 'r> u^ in in in in ^ in in en UA Lr\ ir» Lr\ IO in in LP ir\ Lr\ IA ^ i^ in in m ir\ i^ in ir\ ir» in Lo ir\ iri ir\ 
in ir\ in tn in m m m in en m 'n in m in in in tn in m in in in in in in in in in m in in in 'n m 'n in in 
ii   ii   n   ii   n   ii   ii   ii   n   ii   ii   ii   ii   ii   n   ii   ii   ii   n    n   n   n   ii   ii   n   n   n   ii   ii   n   n   n   it   n   ii   n   ii   ii 
ULuU.  U.UUULLUUUU-UUU.LLUUU.UUUULI.U.Ü-U.LUUU-U-U.UU.U.U-U.  U. 
L^UJUJUJUJUJ'^ULUUJUJU. UJU,UJLuUjLuUIU.LuUjUJUJLULUUjU,ixl,jLuUJUjUJUJLuuJUj 

i^^nnnnnnnonnoaoonnTnoo^oronnooonocicinoan 

n  n  «~i r-i  o a en r^  r-i !-•   O  '"'   O   Cl C"' o n  r-j r-^ c3 t-i o ra i"» c-i o o o r"* o 

»-ludrjaooaoiH^ocn IHCJOCST-IOO'^HOOT-IC.   »-icj'^-ii-injr\jocj<ocp«_'Ot^ 
n   n    n   II   ii   II   n   n   ll   II   Ii   li   li    II   II   n   H   II   li    il   n   ll   II   II   il    ll   il   ii   il   n   ll   ll   ll   ll    II   n   II   n 

u^^r)^•TOO>t^^fMM4■ln^nJro^Ln>X)K<ocvt3T^(\Jrr!J■Ln^lJ^-^XJ^->•^^(^J',r)-TLna)r^ 
r')rornr^i^^j^jjju,LnliAin^inininu\vuajaiuJa)aJvija3ajajcooococoooa,tci 

vvvvyvvvvyvyvvvvvvvYvvvvvvvvvvvvvvvvvu 
i--t-i-»-»-»-»-i-f-»-»— t—t—^K t-\-y-i-\-*~\—y-\~}-\-   •— »--»—t—i—*-»—»-f—»->-<■ 

29:3 



UJ 

<3. 
y- <* z 
CJ r- l\. -J y) 
3 o -J U .■^ z 
Ci D 1 i-H '^i -1 
V D z H- h- 1 -n 

V-  - 

u. 
1— 

U- 
1 

v. 

t- 
Ll_ 

D 

t— Ci 

1— 

u U- 

z 1— 

i - 

u 
1 

■/I 

UJ 
cy 

j 

cy 

y 

u 

i 

Li 

t-l 
o 

1 
»— 
UJ 

-I 

•a 
ty 
Z) 

U 

X 
h- 
C 
Ul 

o 
a. 
z 
a 

in 
z. 
o 
u 

X 
H 
a 
Ul 

U 
1 

u 
1 

t— 
u 

■in 
T 

i c 
Ul 

a ./) 

t— 
Z 

u ■/) 

UJ 
LD 

LD 

LT» 

Ul H- z Ü HH a u y~ a _l X X ^ •J l-H z M a3 LD 1/3 t- (\J 

y- U. U, H u C" Ll u T y- h- c ry nr i— 00 o O _i z m z • 
Y 1 H- 4.. (A 5 Ll z i o l— r, o 1/) «a u V _J >H i hH _i <f T-l 

O c ^ »-• t— o 1 z. tl •-H ü z u U l-H l-H 1 u f> !/) _J LL. > Q i K II 

a < - y UJ <J <I o <3 M a.' > UJ M 1 o ■x 3: «a LS i a Ti •ci U a Z o i/l 
O"! LL a n U O Q _l h- n 1 u o 00 -1 LD Ul o < <3 z O 

z 1 T (_: LLJ Ul o CkT z a UJ z h- f- iV U) O u C/l L3 _i i 1 — o m _J z o «a 
<i r O i—i C.3 o z <r Ul V M r u O u UJ z z 00 <a CD Z <r o u u z 
or t- u_ z H n ff o H- «3 m l-H i K- HH M z •* _l M (Nl UJ 00 <I (0 >■ Q 0. a h- 
h- n (.0 o u. ll UJ n T o _J 1—1 I I Ul r. o 1-4 fK • n | ty rr o m t- ll 3> 3 3 V Z z 

■a a a Ul (y 1— a: 2 o _) T D Q -J y- 2" z z 1 Q o z >- «a _j _i _) l-i r O Ö O a ry <I »-I 
». UJ _i o LL. u. U o U «4 r. d >- a «a Ul u IL <a «a Q i i u 3 iy cy cy o o (- 
r ty i C' CN U. 1 u _J r u o w ^- CJ «3 Ul i—i m IT' Ul ll. o _i O (.1 n _i c ■a _J o LD LD z h- 00 ct 
(-1 rr H- IfN T Ul T n 7 -» M rp n n t— O _) v- m z <t <T < Q. o <I O ^ <r 
fl' I LD 3 u a K- c 1- M t- Ul t- Ul UJ u. z n o o o «a > u U U o <T o Ul 
*1 UJ O u <t U *. (_) ^ z a »- z X :y Ul u u o o 3 «a _i u T-l or _i n -J U o LD O u CJ LD 
u -i M *^ frT -y •a u.' Ul <t UJ I/) <r V- Ul _J _i o n l-l < ty l-H cy I o h- _J Q 

_l u.. o n M if n l-H ■> UJ l— ty 2> t-H _i »-H f/-) <S) n «a «a 3 LD o _j iy -J -I l-H i- y- 1— ^ UJ v O 
•K UJ "C J (-.1 UJ o CJ cy ry (/i «a <A UJ t/1 O 1U i— 1— -J _i M Ul <a Ul <S X X X rr a z z 

« <_- <r ix. u. l-H i J o <Y z a o 00 o f- LD ej j O ~ u «a ■> o 3 h- LD LD LD >- d 

UJ <t >- V H- T H U > <I o T ^ M «3 3 ■> > LU o _i 3 a f- n U n l-l H a H- y- CJ 

(V' jr o T» <r u D a U _J <r o O «I r z O «J <t Ll «a n/ <i V (y h _J U Ui Ul -j b 

<s o <I ttT 3 q 3 Ul _J UJ o O o f- y~ z U" _j •a cv Ul «a 3C 3 3 UJ >- _i T-l 

r CT a. CD o u' a o u 00 H- u (/) .y r J. 00 I/O U LD z '/i » < < Ui Ul LD z n «a '_*_! II 
3 a (/) 1—i u T 3 «a 1 U) 3 o 3 3 3 3 _1 U o >- t- o LD J» •a. o -1 _J _l X a 3 ty 
O x tr c t— CJ> t— VI U. T rr 4 U X X U U M o n i-i —i fv «a <1. <3 00 U o 
o 1-4 LU a u u* UJ 1— X l-l 3 l-t en n l-l (P »- H Ui n _J y- Z UJ UJ Kl 3 3 3 a m t- 
r* K > z UJ _J t/) _J u «3 t- t— W (J O i: X X 1— o «I < Q. X cr UJ a M 00 00 at' y- 1- H -» r 00 (_- 
H ; <i hH ►-I u. ^• D z M _J u -J z 3: o «a cr u 3 UJ _J O >-( 3 UJ «a o 3 o <_) (_) (_ M o 3 <a 
"E T U. T in M U. n _J CJ «J 3 n Ul U r- T r TT u rr u T u «-i u > y -^ U T <a «rr «a T rr u U 

3XXIXXXIIXXIXXXIIXIXXXIXIIIXXIXXIXXIIX 
LTI ir> LH tri iri IA ir\ in LTV in iri in in in in iri i^ un in ii> in i^ L^ iri in u^ LT» in iri in i^ in u^ in i^ 
m m in in m in in m in in in in in in m m in in 'n in in in m in in in m in in in in in in in in in m m 
ii   n   ii   ii   n   n   ii   ii   ii   ii   ii   ii   n   n   ii   n   ii   ii   ii   n n   ii   n   ii   ii ii   ii   ii   ii   it   ii   n   ii   ii   ii   ii   ii   ii 
uuuuuuuuuuuuuuuuuuuu uuuuu uu uuuuuuuuuuu 
UUUJUUIUUIUJUUUIUIUUUIUIUJUIUJUU. ajUUjUiUJUJUUUjU.UUJUUiUUIUi 
onoononnnonnonnooooooonoDnoonnaooonnor-i 

CD 
CD CD » 

« «r CI 
rC) ■ o 
m r-o U-. 

ll n II 

> 
-J cr 
L^ * o 
Ö rr rp 

(M rj t-^ c-) o 
U- 
■D 

cy      in in o 
.•t r-j m n.i   • m  rj> »H n m 

ro CP 
rs, ui 

cr 
■r-iooocD»-lc-iCPoor:-Cro,J l^i O' 

II II II 11 II 11 II II ll II 11 II II II 11 II 

<_) O -r-l O Ci 

II II II II II 

O O Ci 

II II II 

O CJ  II 

II II ^ 

en c3 
r-i CD 
•  • 
m in 
ro co o 
rr-  a'  • 
\lj r"> ^ 
II II (V 

^ -~ II 

O CJ C- 

II 11 II 

<t      o 
«a a      u LD <a 
ou      v      un <iuxc)      x<:u 

„._(/) -a c ~> <' u  u x z i- 3 n :r o :r n j i- 
oootToonnoocincoonrDnij   uuu 

o   o u   u n _i 
T   Z       "> 3: 

»-  > ^>  ^>  U  K   Q 
U   U   U   U  LD X 

3   3 
n a 

l-t H H   V 
r" u   co 
V    V    V 

29-4 



1/) 
v 

_) 
i 

.T" <3 t- 
r l-H u. 
o U) 

rr 
IU b 

r^ Ix, r ct Ul u0 00 H- h- 
f" , 1 T 1- a' i-. ■ t' ^ "— r - U- 1- II y- 
N- 1-1 -l ^-' l-L cn o !.■> n n U 1 LL 1 u Ul • z> <i c. 1 1— Z3 Ul 1 1 1 L) 1 h- ~ I 0 or 2; 
O 

1 
LD 3 

ro _J 

u. LD 
C3 

n n 
UJ LU _) 

X 
(7) 

-* u 
i 

_l 
(- 

*-* 
X •a 

o 
_i 

UJ 

^ (y-) <i n llJ 1- ar t— i -J -J Ul X i 00 Ü Ü LL •a 
•3 ft r 3 U- C' u. X X 3 O^ o ^- Z (/) cn rv <f (/ _J 
U. UJ a^ u. < I Lu <J «at UL t— IIJ O H* 2 Ui UJ u- HH LL 

t— n u; r o -^ _l V V ■v u. Z >-^ -^■ 2 (/) a. < -L' ~~^ ijj o t— o ^- t- t— n 2 2 o o 1 t— U LD 1 t-H <r V r1 
H 

fH (/; en u z o u ~r r) 3 3 —r X J _J 'Z. ^ U. _J 2 0) «a L «a 
1 UJ i «a M 7- o 1 <I a: ,1^ a M 1— Ul o a <L -r o Ui •rH CM 
a u d c I o o T H- *-- 3t LD _J > n _J Cf t— c _i D if 
o t— (^ i-H 2 t- LD M t- a >- ■»^ LD 2 V <3 LD 2 ^ n l-H lu CO 00 I/) 

t- Z ^ or cl -z u -1 2 _J LD UJ -J —i O _J UJ CJ rr i— O 2 o <1 _J h- UJ 00 a 2 2 2 
C1 «3 u: <r V z ■v 2 u V V V -J Lu 3 (- UJ <i t— UJ O O O 00 
<T U t- H- 2 t— s. o r) C Ul T cv 

c-i V CJ t- V u V f>' "v U (yo (V 3 _) «-T -1 00 l-H I—1 l-H Ul 

U. 00 ^ n «J 00 > or  i 00 X' LL LD X _i I X • V- X 1 \— UJ U. _) X -J 2 h- f- 1- V 
-r <: ix' Cf 2 CJ T t- w 

X X o I 1 2 o M I o t- o »- a CL <J t-l u O «3 «a •a >a 
Ul o »■- O h- o or »- H UJ h- k- cr t- I n cr 00 t- CTi LL UJ m O 3 UJ ►- H- o _J \~ K- t- or 
a u m o L0 _i T T" (D L5 (J) LD K- r^ tn L3 1 > _l n 00 LD 00 _l <r V 00 (/l f/) m 
>- ■z. z _< e> z V H Ui Q if 2 u 2 LD n LD f-t 2 LD o L5 CO LU ■a 2 3 2 CL 
i— Li. o (J i-H C// 2 UJ CJ o i UJ Lu UJ 2 UJ 2 •a 2 i. UJ 2 I CD 2 h- Z _J l-l Ul U Ul Cj 

a. o ►-■( XT u t-H _i z t— -J _l n _J UJ u. h-t -J n l- < n LD Ui n UJ LD Ui UJ a; ai QC Lu 
Ui > oo ar 3 1 UJ cv L^ 3 -J 3 X I LD 3 Z -j LD 00 LD 2 ^r V o a O UJ 

r t— U' Ul (K o 7 X _J <r 7 a n 2 T 3 _l 2 T l-l 2^ 2 3 _l M M t-l H i— h- a 
3 a a O 1- _l CJ 1- (i i-l Ui UJ ._! O or <l _J 3: _J U: t~ _J i M Lu LL 1 Cl _J _J 00 /) 00 00 

1— >- u. y, •v o: L? h- r Q o D v. c o Lu V m O V _J LD V 2 
O r/i t- f>' O Ul 7 c^ o «I *? 2 L. I'J n ID n r O (J) 2 U u. LL U. U U. <a U tu u u u u 
3 rv <r •r-l _J LD UJ 3 ü Lu Ul LU LD _i o o a UJ v-* o O O O O _i o O o o o o 
J:' o u u. II •a ^' ^. _J O -J (— (- -' 2 U- KD -' cn u. UJ w X _J 
f- o _» c; u. z. 3. O hj X X T O 2 T _J uO X <r a X Ct or lu vc 2 li.' CK a: a' ur rt 
(.1 C) _i o rv t— _J u t~ ZT Z u UJ 1— -J o n H- _J J 3 t- a. t- i- )— UJ U: UJ Ul CD Ui UJ UJ u ll! UJ 

u u: \- U' LI o u n O (.1 LD O ID <3 Ul LD 3 LD LD cr fr m or M rr tn cr m m CP 
(.') o o (/J c_ t— 2 t- «a _i LO -J c LD ? CO ar 2 2 V— CJ h- 2 o QL 2 2 X X 3L j. C/) I 7 j. r i T 

-J _J «a U «a X UJ li. (XT z 2 > _J _l IJJ ■3. «n d UJ o «x O UJ LD \~ UJ UJ 3 3 3 3 u 3 3 3 3 3 3 
3 T Z T U u _l <r m n Ul a X 2 -J u C' _l _l i— "" 2 J L1 in _l -J T. -^ 2 2 r *■ IT 2 2 2r z: 

X I IXIXIX1XIIIXXXXIXXIIII 
iri trv in m in in m in u-» in in ifi in LA in in in er» m if» LTV cn IA iri '.n 

XXXXIIIXXIXXI 
in in in in m in in in in in m m in 

in in ir\ io xrs in in m if> in in m in in in 'n in 
n   ii   n   ii   ii n   n   ii   ii   n   ii   n   n   ii   n ii   ii 
uuuuu uuu  uuuuuuu uu 
UJ Lu Lu Lu UJ U UJ Lu U U UJ Ui UJ Lu UJ U U 

in in in in in m in in in in in in in in m in in in in in in 
n   II   II   ti   n 
uuuuu 
LU  Lu U  U   Ul 

II   II   II   II   II   II   II   11 

u uuuuuuu 
U U  Lu  uJ U  UJ LU Ui 

II   II II n II n II 
U ü u u u u U 

u u, ÜJ UJ UJ UJ u 
r. nnoo^ooonnnooooonnnnonnnonronnononn (-»ron 

1^0 
c\i \v CJ c. a CJ fD 

nniran    ■rcrjr"'    •    »no    •    •    • 
f^        in                         J 

ci    •rr»    «ric-i r-if-j    •r-)r-<c7)r"ir-vin(—ic->c->crir-in 
iif^.«vO.».«vO.. ••*•• 

■r*   V    •rH   ■rH    rH   (Tl   C •    Ul   J    O   O   N    Of     U)    O   J-   O   C      in   CJ rH   C) C O   CJ U-! CJ   n CD   <-3   O    (\J   CVl   Ol   CT C3   r3   l_) 
II  II I1 II  II 11 11  II 11 11 11 11 11 11  11 II  II II  II  II 11 II II II II II 11 II 11 11 II  II 11 II II V     II II 

_J 

Cj               _J                                       a         2               11- _J 
<I_I      o>-      U_J               Lo>«xu_j_ju»-a > o. <s. W \— in >■ •rHivcr 
r 7 -r ^ n  i/> <r <» rr o u U' 1J  UI u U  U  LD I X Z 2 Q CK t- > 3: n U U  L^ _J Z Q  C/I ^ (/■) CO 
vyyvyV_J_J_J_JJ_J_)_J_J_l_J_J_l_|_)_l_J_|_J_)_|7'7-7ZZZ2ZZ22 

295 



h 

L, 
L. 
•o 
•v 

a 
„ 

1— 

U- 
c i- 1 

~ h- i/i V —, 
y h i —1 V ./i iS) 

Ul z • i Q ;f ffi lO 
."■■ •-1 C -L, ■r <3 . J . J 
«3 _J r/i C" Ul (V d. J t i 
J n I «3 _J d d f" ei r 

a u OO 2 _J cy ry 2" o 
^ U i/) t-    t- UJ .J3 ^ o U -H l-H 

i—t l-H a h- u   3 \ u UJ i— 1 -1 7" LO 1— 
ij 

_i UJ CJ 

i u a i- 
c 

O <1 

1- CJ _i 
fii 

CJ 

n Ul 1— U IY c oo n 1- 00 UJ ► U. II. \ i -1- 

U Ul «3 h- -D </) t  u u o l- \ (-■  3: n' — o H fjO o 
u a 1 3 U U) t j (/■ t- u c 1— u U    CJ —> X rr LI 
•d 

u ,yi 
.T n 

1— 
u. 
i u. 

o oo 
U.   3 

o 
oo 

i 
<3 

u. 
•d. 

i/j u er d 
3   o 

CL 
X 

l- 
u 

LD -i 
i   ir 

'i' i— Lu. a.' _i o r^ a r ^r 1 U h- *• Ui H o 00 LU l/l o _l CD «a Ul LD  L3 

U ■d a' «3 r? UJ o ei <3 n <I a U- • L^ u GO 1    X !T> m O -r. ■/) e M 
o r n Ul w CV •-' O  X ll «3 (Y <r 1 <r t- 00 _l Ul —. _J rr H 00 

t-i >— I ^ 3 o V 7 V o n 1 i— X u   »v 0 1 (O tVJ  |~ u (n _J n ui 
(/) K or GO t-l a <I   <I «3 O 00 ^ UJ U- o »- or « _) H- cc i H 3 to i «3   O 

t- _j LD e. o '/( 3 c UJ j- 1 >• \— o t- «3 <I u <   Q. 1 3 _i -7 U. u o H o 
Z) n rr z \- U <x Z" -y o M < 00 «3 u <I u u c Ul X H- a i Z   M « (V X -J (- 
fV i ►H t-t o •Y l-H ~w <i ry- <r -r rv Ul UJ m Li_ (V '/) c- LO   O T i» Ui 00 h- n n L0 n tr 
t- a: r, n d Q W >- CJ O l-l n or X c a: c a 1 «3 to T  C_ LS M Z 3 _J L) 3 IH a: 
00 o ^: -£ U. a C! O  Li J. «a < (_) ou /I ^ 00 d UJ »-( l-H t-l TH   _J • _) 2 UJ O  _J 

i- < «5 Z I Ci O  UJ I-H u T: X 1 i/) 1 r UJ iy o a. '/i UJ U. O UJ o (J 3 O  UJ 

U5 o -J _) O r-H Ul o J" 1— «3 Ul M o «3 <i u rtr <i Jj M   i/) X H z - 2 X V 'H _) 3 

J <i •3 -O V '* <J I 0   f— U T o w m UJ _j UJ o <T X •=1   -cl Ul lL   LD 3 UJ oo 'O LL IJ. 

r u Z ^ o <J r) hi Z   U' CJ d or X U u. UJ H u. a cr H- «a i-i -I Q Lu ^) 
t-( (—1 -J o _i 00 1— o l-H   3 c 111 u Ul a- <i o <1 ^ a V 1 UJ X u. oo to o U > O o 2-   > 

u r «:l «r; <i ■y) «CT _J : j _J O ür V o Li <3 X d <3 o o Ü L11 u r? ui ■> Ui o a LD a 
o <f T 7" h- Ul r; in n' UJ «J   UJ Ul r» o tr ry _l <r (Y UJ :z 7" X >--( a o a o \— f M  O 

o _l h- i' i- UJ 1-4 O LD t-H e> U) ^ UJ c_> UJ a Q LL a ä —1   «3 s> UJ CJ t- ■v i ■n -J ■JO rt^ 
L^ _J a u: =) <i ■a a a X _J <x X i- f- -j o _J o d 3: rij :i H- ^ 1- l-H t— ZD ^r tu H- 
'U u i u a T 3 o 00 _l iyi n Ul 00 n C-i _j o I' O c O (/■ 3 0 _J u n (0 n u 
m HI cr rr <r n t— n u  u n n > oo m O o U-1 LD <Y   Ll _J UJ 3 Li 15 y _i «r «i I-I «3 
T V 3 7 H- t- LL. u X ^ O l/J I* ^ o o oo o c j _J ^ LU A UJ nr l-H a' D •3   H c «3 H- GO o 
3 <i U U <3 _1 U r) «3 t-i H 3 t-i «a _j _J l-l _J «3 _J >- <3 a H ^> «i «3. t-H X -J  _J c 1— H «3 U- K 
* t- 7*' "^ (.1 fO n y T 'O UL T _J (0 T X T" ^ ** Q rj f/T,:r o c> H k- H Ix  Ü o fO ^ (J) ra •H   1 

I I X I I X X i X 1 X   X I I T I X I X X X X x X X   X I X I X   X X I X X i I   X 
in ir, U^ •n IT. LA LO i ^ in in in in in in m in m in in U"V in in in in in in in m in in in in in in in in in in 
in '0 ir 'f> in in in in in • n in in in in in in in m m in in in m in in in m m in m in in in in in in m in 
ii II 11 II li ii II ii ii ii n   II II n n II n II !• M ii ii n II II   n ii n n n   ii ii n ii n n n   II 
u u. Li. U. U u u. UL Ü- u. u  u. u u. u. LL u u. u. U. U- u. u u. LL U u. U- u. u. u. u. u. u u u LL LL 

LU LL. U. u UJ U) u. Ix1 UJ u> U-    UJ ÜJ u. Lu U, u. Ul u- UJ Ul Ui u. u. UJ  UJ UJ U- UJ UI   Lu UJ UJ LL UJ UJ UJ Lu 
n o n n n n n O n o n n n n n 

•• 
n n n n n o p n n n n n Cl n n n ro n o n n o 

ro 

r*i c? r> o 
• • • ■ 

r.j r^ oo a, 
ll ll II Ii 

nj • C3    • PO CJO''» 

• r*. n m    •^    -»-inr-io    »r-i     •r-'    •     • 
• f^njna>    •    •    «tn    «vncaiDvD 

«J-J-J   ^r^oLjatv, cujnj 
Ii    n   ll    ll   ll   Ii   n   n   ll   n    ll   li 

CJ 

II n 

oo in o      r^        > m 
r-)r-)r->nfv,irD'T>c"5C~t^ 
•    •t"3«an    • O'    •    •    • 

.-i,Joot\icj(\iv£jr'^orr. r* 
II   n   ti   n   ii   II   ii   II   II   n   II   n 

i j 
r> m r-. 
• ii) • 

LJ    J- O 

11   11 II 

CJ C-i 
• n • 
a. in 

II 11 

CD t- 
_l _J   X 

i—      »-. T x <IU^LL_J      mci      o>dcr      u Onau 
to v- i- 3 > c. cr n      c   i-i u u  i' L'1 x 3   x T- ^ n  D' to at 3- ^ «J M n 
7" Z T' ^ ?• n   n   n   t ^ GO r.o f/' to fo r/i t/i to to GO t/i t/i c oo ro ro ro K h- t— 

u l/i 
Q   u l-l U1 d 
>   _l  C     (A «3 O -0 U   li 

2DG 



'j i/1 
Cft IT. 

J 
1 

J 
1 /) 

T O ni 

O z- _J 
n H-l 1 

1- I _J 

HH -yi 00 «3 

J ^ _i (/j CO /) 0) u: 
n t-H \ m (/) _l ^ rn a 
c~- 1 u _i rr 1 -H .T _J i/l i— 
i_ t/") i _J <3 1 ü 1 LU l/l t) 

UJ n i/i 1 »- X _J -T _J 00 3 
iz ID 3 f/) t- z on i/) Ul H- 1 o i _l U 

LD -Z u cr- ./) z o (T cr Q 00 0.' 00 1 h- 

n «a _j m u HH ii _J _J M _J LU UJ i/i oo 
00 -J _i I _J t- »~ LU I I 3 UJ 'J r m 1 

Ul U tu V- i 7 <T 0 ■r-l M T T ■n Ul 2 

D D I H O _J 2 «a a LkT i o 
z LL o I o —1 l- ^r 2 O a _j u. z 

t^- u. • n <J <-r X o O n 
<! Ui a U' ►-i UJ \~ 1,5 »-I n h- 1 (A 

3: => "E UJ _l 00 M H \~ O on 00 00 </) m 
_l ►- _i i -J z UJ «a «a U- i/j 00 l/l O) l/J _i 
UJ UJ o U UJ n I ►•- H- (/) -a <I •a «a «a 1 
3 CD X *.' Vl CJ uO 01 Q. a (x a 0. H- 
LL Ul t-t (/I <T 111 UJ r T «a <a i <r 3: 

X n O ^ ^ 1^ UJ UJ 3 

>- >— >- -» u. n o a ■JC T 5 r X % r. 2 
r r^ a <i O LL (5 h- c o M O o o o o O 
o M o _i O 7- (/I h- >— X fV r/ (V T r>' 0 
if I ai X lu u) O) •a U. u- u. u. u <a 
a O z 3 H- S- X Ul 
-K. ._! -r LD 1 T ll (.1 1— H h- \- t- H- i- JC 

u u u n t-H O o n <I «3 UJ 3 3 3 1 

Lu CO X t-H oo (V Q. CL Ll \ * X 

(- 1 H- U- <1 Ul V- lu \- t— l-t X 2 , -i 

T T "C r^ r T -r n ■x X 1— Kl n .  - 

IXXXIIIIIXXIXIX 
in in in LA ITI iri in in in in in in in ITI LA if rs 
m in m "s in in m in in in in in m 'n in in in 
ii ii n n n n ii ii ii ii ii n ii n ii ii n 
U.U.U-U.U.Ü.U.U.U-U.U.U.U.U.U.U.U. 
U-LuLUUiLuUJU.  LUU-JUJUJUJUJ   LUU   U-LU 
oonoooooooor-io nonci 

«j CD co       in in 
'■3      •      • • •   f-J 
• n o o !T        rn    » 

00 CJ C3    • lOrjh-Lno 
or«-ooo                          o   • ru m   • 

<-)    • vt) in in   -T •-> r-i c- ra c   o f-1 -»-1 iX) '—' "^ 
• o J- « <u ro    •    •   •    •    •   ll   ii ii   ll   ll     • 

u^ifv-T-i'r-ir'Ooarirao*"..— ^.<-»»~CD 

11  II  11  11  II  11  II  11  II  II  II -H TH T-4 *-l r-l 11 

a -H tvi ro j- ui 
2    X w   w    w    w-   w 

U_Jl-i<I<J(_iQ THCVIi-iCO-ClQaUj 
u   ii   u.  _j T  2 n   (/i (/i c- K   h- ►— H- f- t- :r 

cr- 
2 
U 

C-i 

297 



t- z z 
U) 3 -x Z >- tx or; 

Q -. z O o UJ iy >— l/-j IT t— 
O u (3 o t— 1— •> «3 H- 'tr z 
cv n z l-H o t- 2» k— H- ty h- cy 0 
H- t- > n IJt f/> U) r-\ 771 0 0 rv 0 1— 0 [/> 
z a <3 <t a H 3 _J Ct -> O CJ cy O a »- < 0 
n >- o l-H *~< z > U. z k- (.i H- O. 00 z =» 4- z 

00 o z t— \- o UJ o 2 & Z) I 3 a z «3 0 a hH 
z n o <r f •y: 7" rr ry V V w l-H fi 0 u 0 T> ■n _) ry T fy 
o •a en o u UJ o LD •3 <. V-l a. CJ o z UJ UI </) X «3 a <X n 
t—1 o >— 00 z ^ ^. z ■-( M a _) 01 d ■a o 00 a 0J V X X + h- UI IX. <3 
00 00 _i "T n n t—i M l-l 1— h- 2 t-t z LtT oo ro n z •CT UJ •a •4- •f 0 00 ^r U. 
►-I 2: -* o ^ Q ÜJ 0- IK UJ <3 Q «a Q Q t/' o CJ X m 00 1/) ^c 1/) ■♦■ D 0 
-> o ^v Q l-H <J _) j if -r lll UJ n V- i-H UJ _J J IH M _) o in fy ■v t-H 3 ro M z -J 

._i o HH i-t 00 a «3 LU UJ z z yO o o o > i/1 X ^- UI U- 0 0 ry O u 1— M «3 

-J u O1) H- h- 1-1 o a o CT m n l—l UJ • r-< X X o I-« 1— o-i V -i 0 0 0 O ■x O c z 
Lu a 1-1 ^ O > _i t-t K—1 i* fv. ■> o V •v ry > •n 3 <j 00 n 0 0 z d <I Q' 
T > O <I o UI H- 1- UJ UI _J J (-1 f-l o —^ 1- »- a o Y O _J fV 00 _) n UI IT 0 UJ 
1/3 »— o h- U a -^ ■ir a; a o UJ u. o ,-, ■ Jl t-i _J -J Lt a 1- cl m n >- >- LL 3 cy t— -J »— 

t-i or Z) .J; a X ÜJ u M n 3 Ti z O a H- r» z> Ui a o 3 Z X <i < 3 X X 
Ci a a tj 0' ^> TJ 00 (/I u. u U! X (/i a Q z a c n- a V tr T r- ;* 00 UJ 0 UI 
1—i V L5 .J n -j UI <r <3 n i— UJ LU 03 n H-l 00 0 
iy< u l_U o ?. i—i 2 C K- o h- r; >- f-- H- u. JL t- t- o o u U'J t- UJ iZ X X a1 n^ u. a' .t 0 
«J o _J _l >-i <3 H 3: u 3: LL i 'i. a. U 3 i^r «3 •<3 ^ ^ .J _l x a. O X V «3 <i et ►--I «3 -J 

Ui 
rr o 7 z -t 1- 3- U <I u. •C u ?- rr <s U- <i C^ O UJ n T T" U) 00 rp m rr O <_• a <i CJ ^r' 

in 
X I X X X X I X I X I X X X X X X X X X X X X X X 1 X X X X X X T 

o IT. iri IT» in in in in in in in in XA in in in in in in in m in m m in in in ■ n in m in in in in in 
in 'n m in in m in in in in in in in in in m in in in in in in in in in in in in in in in in in m 

11   11   11   11   11   11   11   11   11   11   n   11   n   11   11   11   11   11   11   n   11   11   11   11   11   11   11   11   n   11    11   11   11   11 
U.U   U.U.Uli-Uli-U.U.U.U.U.U.  UU-U-UU-U-U    LLLLLLLCU-U   U.UU.U.U.U.U. 
U    U^   u^   U-  U.  Uj   UJ  UJ U_   U-   U^  lij  U,   ixj  Lu   U.   U.  UJ   UJ  U    UJ  UJ   UI  U,   UJ  uJ UJ   UJ   U, UJ   u,  U-  U-   UJ 
ooi— onooonnnnnnnoooonnnnnnr-iciococ-incii-ici 

< 

in 

o 

UJ 

1 . 

Hi 

a o 

r—* •-3 r7> r-i n Cl m t-i n f—1 n L-l 0 n ra fi f-> m r-i (—» 0 r-i r—» c-> l-l (-1 r-i r-i 0 r . m r-i r^ ri 

▼H rH ■^1 T-l »-t T-H rH T-l <H T-l ■H ■r-l TH ro CJ TH O O CJ a c_- U cs TH 0 C3 CJ O C-' CJ 0 0 t_- c-i 
II II II II II II II II II II II II II II 11 II II II 11 11 II II II II II II   II II II II |i 11 II II 

TH nj ro ~r in 03 r^ * (Ji O T-l nj ro J- in vD 1^- 0Ü CT CJ •H nj r^ J- m <£> tv 00 cr O T-1 CVI r^ -t 

^^ ^^ ^^ ^^ ^^ w w ^^, ^_, TH ■rH rl T-l T-l ■H T-l TH l-H TH CVI l\l (\j 00 CVI (VI (VJ IVI CVI CVI ro r-. ro ro ft 

vvvvvv vvvvvvvvvvvvvvvvvvvvvvvv vvvv 

298 



z. z. 

(-  h- 

^-  LL.  Li I  U) Li i  UU  U    UJ U;  liJ  Ix,  in  1-L, 

»:  ^j i/i j) <JI U) in   n 1/1 ',/) to 1/1 L/J 

r-i cv ji ji in OJ ^j (..-. JI .11 'O c m 

<   <3 
I-   I- 

T 

C> 
UJ 

x. 
* 
D' 
O 
O 
O 

I 
(_ 
u. 
r 
+ 

>/) 
or 
o 
o 
l_J 

_l 
_l 
Lu 
X 
'O 
r 
<t 
_J 

CO  C) 

CJ 

l-l 

o 

o 
(J 
(V 
«a 
o 

«a U- 

Ix.   U 

(J0 

o 
M 
CO 
v—I 

■> 

c, 
a 
a. o 

z 
UJ t-H 

00 C£ 
O —t 
Z <l 
v u 
_J 

<f T 
t-  H 

JC 

L" 
Z rv 
I—I Lu 
3   > 
CO  O 

u 
UJ 

•   >' 
1-- u 
3:   O 

U  _J 
y, <i 
(H  O 

M 

CJ   i   -"i o  , n ^3 >' ■•' ci o y 
zu'zza^zza'Qfzza' 

_l C1  _l  _J O _)  _J C1  (J  . V  _) (_■ 

(/) oo 
UJ •-' 

T 

z z 
i  i 

_J J 
O CJ 

O O 
• • 

► t— 

UJ  UJ 

> > 
I   I 

-J _l 
ui uj 
u. UJ 
X X 
i 3: 

z 
u 
n 
<I 
u. 

UJ O 
J 

O UJ 
_/ M 
o x 

to 
u o 
z z 

Z U UJ 
i. a a 
z> > > 

O UO 
u o n n' 

• o n u, 
i- a a K 
ar M H x 
Ui Q' Or' u 
> h- H-   Kl 
I     t I   ü. 

^ 
o 

U- 

V 
o 

U Ui 
U UI 
X   X 
3 3 

UJ UJ  U,  UJ 

o 
o 

LD M 
Hi 3" 
LL 

Z U. 
O O 
t-. <t 

^1 z 
M H 
f) CO 

I I 
O C" 
3 3 

H- F- 
(O to 

H- 'J 
_l Z 
3 »-( 
X 00 
I I 
o o 
3 3 
ct a.' 

UJ z 
X <i 
■x 

Lu Q^ 
_J UJ 
LD CD 
z r 
M O 
uo rr 
I I 
a o 
3 3 
(y .i 

x 

co oo io (o 

>- u. 
) t 

CI o 
3 3 
CL' u- 
H4- »- 
00 'O 

3   U0 
O OL 

H- a 

OO X 
o o 
Z  l-l 

X 

0 00 
<3 _J 
H-    ÜJ 
I—  UJ 
<T   T 

"3C 
+     I 

&■ V 
UJ o 
h-  CJ 
1 h- 
CD .O 
l-t 
LL CO 

I Z 
O l-l 
3 _J 
or _i 

1/1 f 

00 
oo a 
u: a 
a 

x 
10 
M 
X 

oo oo 
_i -J 
UJ UI 
UJ Ui 
X T 
3r i 
I I 

V V 
a o 
o o 

00 '/) 

CO o 

z z 

CD O 
.z z 
U. Ui 

UJ 
UI 00 
_J UJ 
CD 3. 

Z "* 

Q 

3 

a. 
o 

or 

cr o 
z 
M z 
_J o 
2 _J 
o >- 
o a 

r/J c^ 
Z 

aJ UJ 
z z 

u 
z 
►H    >-l   1-) 

CD  CO CD 
z z <r 
U!  UJ 111 

z z 
o o 

f/J (/o oo 
1-4   ►-(   H 
a a a 

M LL,  w. w 
00 
Ui 

U: UJ  t-l 
t-  > 

3 3 
X X 
O (J 

CD CD 
«a <t 

o o 

_J -i  t   i 

ir, 
_l 
O 
ty 

v |- 
o z 

M o cj 
H H-  O 
H  '0 
>      fy 

CD  «3 
2  U. 

3: -^ 
O  00 
o ry 

o 
ui O  LL 

O:' ?y 

■x -z :t 

>- U! 
Q C/) 
O 3 
m u 

CDCDCDCDCDCDOOCDCDCDCD 
_J_l_J-l_J_J_J_i_J-J_J-J 
TTT-TTZZZZr-X   X 

I/) l^    I 
üi UJ ro 
V V UI 
«a «n U- 
tkr a M 
r" m i— 

U 
0 l-l 
>- _J 
l- _J 

• o 
CO IY 
UJ 
a CD 

CD CO 
z z 
LU UJ 

(- t- 
U) UJ 
-) 3 

I ^- 
T Z 
3 3 
O O 

h- t- 
X X 
ui u 

z a n 
w o 
CD rv <y 
z a. <i 
UJ o u. 

CD CD 
h- y 
UJ 3 (0 
~> h- z 

l-l 
h- t— o 
z z z 
3 3 «3 
O O  _J 
r 7- 

x  x <a 
U  UJ  X 

-I 

o l-l 
o «a 

X x 
h- f— 
1-H H 
3   3C 

to 00 
U.  UJ 

to LL 
cy 
o cr 
o to 
Q I 

ry 

UJ Ld 
CD IX 

CD 
z i: 
M O 
n o 
z _i 
<J U- 

_J _l        z 
U1 UI  Z  M 
c_. CJ n ro 
■a «a «a <i 
z z r o 

XXXXXXIXX.   XXXXXXXXXXXXXXIXXIIXXXXXXIXXI 
en ir\ irv LTI u^ iri i^ in in ir\ iri ir\ ir« Lr\ i^ u^ ^ in irv in in ir\ IO ir\ in LTI IJ^ iri in ^ in 'A in iri iri ir\ LT» in 
in in in in m in in in m in en in in in in m m in in m in 'n in in in in in in in in m in in in in m in in 
n   ii   ii   ii   ii   n   n   ii   n   '<   n   n   ii   ii   n   ii   ii   ii   n   ii   ii   n   n   ii   n   ii   ii   ii   n   ii   ii   n   n   n   n   n   ii   n 
ULLUULLULLLLU   U.   ULLUULLU   U   LLLLLLU-UULLLLULLU   ULLULLLLLLULLLLU 

UJUJUJIJ-UJUJUJUJU^U^UIU    uJUJUjUJUjU-U-UjaJUJU   UJUJIL;UJUJUJUJU.UJUJUJU.  UJLLLU 

orooooooooononr-ionrinoncinonor-inncioonnr-ioonn 

r-i i-i n n r-i r-j r-) n rri n «-' try r-» l— r i r3 c r-i r-i n CD r- r-> r-i cr c-* n (-> r-> o o cr> rD i—• r-i r-i r-i a 

C' 11 o o O C o Cj •Ci o TH CJ O ^ o O r* '3 CJ C3 TH CJ cm o TH CJ o •rH •H tH T-t o o C3 C Cl <_) CJ 

II II 11 ll II II II II II II II il '■ II II II II II II II II II Ii II 11 II n II tl II II ll n 11 II ll II II 

ir. 03 K 00 O1 
CJ tH f\j fl -t in ■rH CM ro -4- in vD N- UO CT CJ ■H (VJ r^ J- in UJ N- cr CJ TH Co ro J u^ v£) f^ 

f fO l^i rr. !<••) ■4 J -} -t J^ j- ui U\ u. Ü1 in in in U. U^ 03 «Xl uO vU vU O) a.1 aj aj ai a. a^ CC' a.. CXj 

vyyvvvvvvvvvvvvvvvvvyvvsvvvvvvvvvvvvvu 

299 



a 

ÜI 

.-i 

c 
d 

,_ a; 
._j WJ 

Z 

D C 1 _j u z -p 

r, r) 1 1 -i i 
X Q ■r H h 1 

I-- .- v y^J (- ^ " i - '■, ">' 
u U 

1 u_ 
»■H 

(i 
u. 

1 
UJ «■3 U Ü J 

0 
d 
UJ 

O u. 1 <3 «3 X O 00 X ►-I oo (T 1.0 

l UJ 

-1 

a.' 

to 
»— 
U 

t— 

UJ 
o 
u 

Q 
Ui 

1- y- 
u. 
i 

t- 
U 

1 
I— 
u 

CD 

_J 
1 c 

UJ 

a 00 

1- 
z 
Ul 

3 
1 

Q. 0 
yi K- ^: ^1 HH Q u H LJ _J X X ,-, >a M ^i r-H 3 1— t\j 

t- U. u ' H U o IJ U T ►— t- a rv z t— (/I o 3 rr O rn Z • 
/ 1 >- •L U) U L0 •( 1 1.1 h- o r, ,/) <3 u. V 3 H _j .r _J d ■r < 

o o »: H- h- a 1 ^' «3 M or _' u. u Ki M i Ui to OJ _J u. l 3 1 l- II 

a (— rt U) •3 <l a <t M a; >- UJ tH 1 o T "S <r LO 1 c ai •3 u. a D 00 

uC b o n L a o _l h- O X U o (/) 3 CO UJ ~ 0 3 z o 
IT 1 X O Lu Lo o Q.' ■z 0 u^ 2r t— t— Y U o u 0^ LO _J 1 | »*-• o o d O o d 

«3 X o n CJ O 2" «3 u. V M r UI Hi u. Li 2 2 00 <r m z »3 Q o a U/ Lt CJ Z 
rv h- ti. 2- ■z n cn o ( «i (Tl v-* i t~ n n z » _i n tv Ul (/I <r (/) V LO O u t- 
h- o (/I c • LL U' Ul n X o _l t-i -f X U !   i r 1-1 ft' j O 1 ry rr o an H- u >- z z 

<I cn a UJ or \- Or' r o -i T ID o _1 V- 7" 2 •z 1 O o z >- <i 3 3 3 t-H r >- O UJ a or d »-< 
K li _j Q u. u UJ <t u <i I «3 >■ 0 »3 UJ UJ 0' «3 «3 o 1 i CJ 3 CJ z 3 o o (- 

7 .V i c- o u 1 u _) T- o U -— t— C) -a u_ t-l (T m u. UJ o _J c u o 3 n <r 3 o t-t 3 z. t-- 00 0 
i—i T t- LO r UJ y. M 7" z H r^ n f~l 1- o -I ^^ m z <r «3 •3 a O r- n Ul d o z d 

nn X O D o z> t- o h- l-H h- U.I t- UI U_i Ui z l-t o o o «3 =» z -> o d o UJ 
«a a- o O <3 u z c_ z. 2 UL t- k: I_ a UJ U- UJ o □ T <1 _l UJ T-4 a 3 M 3 u u. d d U CJ o 
o _l i-H z JL c^ «3 it UJ «3 UJ 00 <i »— UJ -J .j a n 1-4 <I a' n <X 1 o l- 3 o 3 T Q 

_J UJ fj n l-H 'y »-H H-t ^ UJ H 0.' > ►H _i n (/) OO M <3 «3 3 u o 3 a 3 3 rH z Ui it: o » UJ -r _) o ijj o o ry y 00 «3 00 IU 1/) n UI t— t- -J _J H UJ <[ Ul d 1— 1- »— d a z 2» 
«3 c <r UJ u t-1 r^ (J rr * U (J irt o h- Ci o _i O •> u. <3 ■> (_> 3 ^ X I X >■ d 

UJ d >- V 1— i y~ u ^ <r o r 5» i-t ex ^ > •> UI o _J 3 o r— M U. o (3 U a h- K- CJ 

C>' *. o T <I o 3 o u. _J «3 c: o <7 r 7 o «7 c3 (1 <J IV <3 V r>' t- -J t-l i-i n 3 • 
<T o «3 (y n o n U) -J UJ o o o »- K- z z 3 «3 ry UJ d U' Ul Ul UJ V 3 ■r-t 

r m a T a Lt a o U. y) t— u 00 u i r oo IAJ u, L0 
■ -r ^ ». d d UJ U- CO .2 i JC i M d Ul II 

I -3 00 n c_: X D cl I Ui 3 O 3 3 3 3 _J o o > H- U o > d O X cr 3 Ü.' 
o r Cl r^ V- c: h- l/l u 3" rr r u r T u. LL Ni n r t-l 3 N.' _l _l 3 iy) U. C 
n M UJ u> li UJ UJ ►- T kH —i \-K rr n (-( n h- HJ u r~, -J f- z U' Ul f-" d d d O er H 
Z > X ^ 1J_ _) UJ _J u a »- t— 00 (r) o 3 X X K Q <3 «3 r» > 01 UJ a n U' 0^1 D 3 3 3 —? X 00 o 
M <1 H-i M a 2 3 ^' i-i _J u. _J Z Jt O «3 <l u 3. UJ _J O n 3 UJ •3 c 3 Ü (— K (- n o 3 •a 
1 I U T (/i n u n _J O <r —1 n L u. n r y «3 It cn u r iL f-) U t> T" 4* U X CI 

d d 
C1 

d 
3- rn U u. 

XXIXIIXIXXIIIX3. I3XXIIIXXIXXIXIIIIIIXIX 
ir\ LA in i^ in in in ITI ^ in ir. tri in ir\ ir> iri ir\ LO TI in IO IA in in u', in in in in in in in in in in in in in 
in in in in in in in in -n in in m in in in in in in in in in in in in in in in in m in in in in in in m m in 
ii   n   li   ii   n   ii   ii   n   n   ii   ii   n   n   n   ii   n   n   li   n   ii   n   n   ii   n   n   n   n   n   n   ii   li   li   n   n   n   n   n   n 

i' i' U.U-U.U.U.U.U.U.U.Ü-U-U.U-U.U-U.U.U-U.Ü-U.U.U.U.U-U.U.U.U-U.U.IJLU.U.U.U- 
UJ UJ UJ UJ Ui LUUJU, LUUJU UJUJU.'UJU.UJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJLUUJ 
oon^r^or^r^r^orir^oooorioor^r^oorioor^^oor-ir-ir-ir-ir-vr-i 

U-   U. 

UJ    UJ 

noon 

V J- ~I rvj in 
•rH N- f in TH a •r-l f^. »-I r- U> 

• 
f—» 

• 
CO 

• 
• 

nj • •   • 
cr> 
• • • m 

r—t 

• • 
c-j 
• • • • • • • 

• 
nj • 

rti 
• • • « 

n 
■ • • c-j U^ 

.T ID • 
• 

in <-> 
• 

c -t o N. CJ a cj t_j •rH o J- CJ O o t (n ■4 e) r\j ro TH <_-' o cn » «n o o C) m • II II n iH C' • o 
n II II 

> 

II II II   n it II II 

d 

II II II II II II n II n H II II 

d 

CJ 

II II 

O 

UJ 

II 

LI) 

ll 

«3 

II II ll M II 

3 1- 

IVI 
ll II II II 

_i Li n U V u rr d u I O X d U r ^ > 3 x 3 
S C P r li   li i-i _1 •rs d f. < c^ 1J u r J (— T T T O X t-< .1 h- -> •> > ij 1- n n (I rr u. I" 

m C i (1 Ci CJ C ' O (^■i n o n n n r- r—* n CTl n U- u U u u u u u. Ll X n t-i t-l Y V V V 

:500 



1/1 
'V 
Ijj 

T 

^1 

I 
11 

«3 
M 
U 

rf 

V! 

in I/) 
u 

r^ U) y <a liJ i/) t/i H- H- 
r^ -^ T 1 ■ r- ) - (' z r* t- u_ i— lL v - 
r^ !—) _) O u_ (Ti o 1,0 r—1 t-t UL      1 lu 1 LL UJ 

• 3 ■d <_ 1 V- 3 Ul 1 i i  a 1 ^- — 1 a rt: 2 
o 

l 

a 3 
ro _J 

u. 
1 

13 rr. Q 
u UJ 3 Cn 

" U- 
i 

3 
X 

o 
3 

UJ 

^ i/) «3 ii u. t— ^ t- 1 3 _l UJ X X 00 O 3 a «a 
Ki i' 4 "3 u 3 LL > X 3 a: c H 2 3 rr; a. ■a u 3 

a UJ CD U- «a 1 UJ <I <J. u. h-  UJ O M 2 UJ UJ u. M UL 

^— IA Li 5_" O ^ _J X V X u 2 H z Z ■j-\ a •a (Y 
3 UJ o t— 13 1- )-~ 1- a -r 2 O 3 1  t- U. o 1 n «I V Q r-\ 

■»-* (/; (1. u Z (_s u^ w 3 3 X   2 X   X _J > 2 u. 3 z i/i <t LC. <a 
1 UJ i •a n z 3 1 <t (X QL' U.  M (— Ul 3 OL <r z O UJ »H CM 

t' u. <i o ■x o Cl I h- I— ■x 3 _J >- n .J or H o 3 a Lr' 

O h- in n -r 
t- O t-1 H a ^-^ w 3 2 N. <f 13 2 X M M UJ (/) (/5 00 

H- Z w u: «i z o -i 
-T 

3 3 UJ 3 3 O 3 IJU U (T H- (3 2 o <l 3 »— UJ 00 0. 2 2 2 
C <J U. <r ^ z V Z UJ X N. X 3 u. 3 1— Ul •a v- UJ O O O 00 
<i 1- »- H- 2 ^- V Ü 3 u U1 jt o o V O 1- X Ul V fV V U 00 a' 3 3 <i 3 '/I M LH t-4 UJ 
u. 00 2 n <I 00 X Or' 3 00 X U. 3  X 3 I X • 1— X 1 »- UJ U. 3 r 3 Z l- »- t- V 

z a u_ it *- o X (- w X I O T 1 2  O »-I X o 1- o \~ O a <a M UJ o <I cT «a «a 
UJ a ^- O t— o rr 1— H- u. y- i- or »- T M m (/) \~ cr u Ui cr o 3^ LL v- \- c: _l 1- ►- h- Q' 
Q c (/> C1 1? 3 T z CO ^ LD (3 t- «Y '0 CO 1 :> 3 n 00 3 00 3 <i > f/1 ro 'O rr 
>- IT z _l 13 z V 1— Ui Q z Z 13 Z l? M  3 n 2 3 o o 10 UJ <J 2 3 2 a 
y- UJ O o t-H >/) Z Lu CJ O X u. Ui u 2 UJ 2 •a 2 r Ul 2 1 m 2 K 2 3 H UJ UJ UJ Q 

Q. o t-t I: UJ r-i ~J 2 t- 3 3 ►H 3 LU Uu  M 3 t-t \- < M 3 UJ M UJ 3 UJ Ul Qi Of or UJ 

UJ ^- ^) C^ X t UJ 1^ 13 3: 3 X cr X 3 J 2 3 3 tn 3 2 V ^ a o o UJ 
.-v' H IÜ UJ V 3 z T 3 <I z O -1 / V o 3 ^_ T v-l Z -* 3 3 M n i-i i-. 1— »— a 
3 u a CJ H- _J o H- a M u UJ 3 a ur •a   J I 3 U 1- -J I M UJ U i. C^ 3 3 '/i (/) 'yi yn 
1- > LL vO 's O' O (— r a C_J o s. a o UJ v en O X 3 3 X z 
O l/i t— v o U..' Z O r. < 2 z O UJ o 3 O r u u Z C3 U u. u. u. LL d U U. U U. u. u. 
3 ry <i •^ _J ID Ui 31 o iij Ul Ul LD 3 o o a u >- C o o o o 3 Q O a O o o 
u a u. UJ II •a *•* 3 3 CJ 3 1— i_ <—  2 U 3 ^ it) UJ u. *-» r 3 
1- a _l o fK Z r o UJ X X r o 2  I 3 U) X <a I 1 iY or a- LT 2 Q". rr ar liT V a: 
i/1 n _l o cy K- 3 u; ^- z 2 Ul u »•      3 o M ►- 3 3 3 (- ^ h- y- t— Ul u Ul UJ 10 Ul Ul Ul U) U) UJ 

Ul Ul h- ui U O u M O o 11 n ii <a UJ 10 3 i" 1.9 m rr rr rr i-i f^ rp (T rr. rr rr 
O O L u) o h- Z t- <r 3 o 3 13 u 2 Q f> 2  2 i- o 1- 2 o iy 2 2 X T z r 0/ I. X r X ■*- r 
-J _J «a o «3 X u- LL a 2 z >- 3 3 UJ  X »a cj   UJ o •d o u. 3 t— UJ Ui 3 3 3 3 U; 3 3 3 3 3 3 
T t- -•■ ■;' u ll) -J •ta- r^ n 111 a r Z 3 U o 3 3 i— 3 z J Ü ir\ 3 3 2 Z -T Z ri 2 2 2 Z Z 2 

XTIIZrXXIXIIXXIXXJXXXXIXITXXXTIXIIXIXXX 
io u^ in ii^ LTN in LH in iri LT^ in in in LTI Lr\ ir> in ir> in in iri IA m u> IA in lA iri IT» in u> LTI iri u^ 
m m m in m in in 'n in tn m in in in in in in in in in m in in in in in m in m m in in m in m in in in 
ii   n   n   ii   n   n   II   ii   n   n   n   ii   n   ii   n   II   n   II   II   n   ii   II   II   II   ii   n   it   n   n   II   n   n   n   II   n   ii   II   n 
UU-UULLLLU-LLU-UU   LLU-LLULLU-U-ULU-ULLU   LLU-LLIJ-U-LLUU-UU-LLUU-LLU. 

LIJ   b.   UJ   U.   LI     Ui      JLULUUJLLU.   UJUJUJUJ UJLLLL   LULOLJUJUJUILULDUJUJUJ IJJ  Ul Ui 
nonaon^. naaooonooonnannoonoonnQQnnooncio 

r^i N- n o1      in 
vD       in N. oo ^-t Lf\ .    « tn ni 
r,   '"iT-ifv.r-i.o     •     •     •  r-» n     «r-jnnh-     • 

13 U> 
(\J (VI 

r-ir^     »nc-icDr-t •c~,crini->r^inf^'rnc—'cr^r-icri 
.      .   CO      •      •      •      •   (^ «•• 

.ran-   »»-t   »»Hr^o   ooK'H'Harj-cjraootvjotjcjanjcaciOf^arojnjci'^icao 
n   n   II   n   n   II   n   II   n   H   II   II   H   II   II   II   n   n   II   M   II   n   II   n   ii   II   n   II   ii   n   II   n   n   II   n   n   n   II 

3 
V 

C. 3 a 2 i* _l 
<i3      o>       LL3 c/)xxu33UHrr       xa«aof-e/) >-       ^(xm 
T"   T  Z  Z 0    00  «a   o   r"  n.  Ii    UJ UJ   U    U   ü    U   LO  T   T   2  2   Q    fy   t-■   ~>  3:  r1  U'  U   3  3  2  0    1/0  00 (7   '7) 
VYvyyv_J_J_l_/_l33  3-J3-J

,3333333333Z22Z222222^ 

;u)i 



'- 
'/I 
N 

U _ U 

o f- 1 
™ \— 1/1 ry -^ 
V u 1 o V f\ 0. 

LL 
» <a a z: Ti Tl * s n ui yi «a . J J 

cl -J '/5 ( i Ul \: ^ _) 1 1 
-I a. 1 •3 3 <x <3 rf 3 Z 

Cl u 00 z 3 (V a: Z a 
LI; u. (y0 f- h- UJ o »- a u l-l ►H 

t-i M a. f-- U. 3 Vv O UJ t— n I ^0 (■- 

i 

UJ Q UJ 
u 

o 
O 1- 

U. o 
o 
00 

n c 
< a _i 

tn 
_i 

ti u.. »— U ry O n 3 ►— '0 Ui *u_ Ul V i z 
u u. •J H- 3 00 i O u o K- V 1-  ^ Y t— u ►- CO 3 

a a I i 3 (/) 1 i '/) h- U a K" u ui n 3 X JJ O 
«j 

LU t^i 
■x 1/5 

U 
«I 
ll1 

o 
tu 

00 
3 (/I 

1 
«a 

U- 1 oo u m «a 
x o 

0. 
r 

1— 3 
1   z 

u- >— u. Cl -i O O' u X Z 1 u. ►■ ■ ». u. v- o 00  IU (/) O  3 o cl lu 3 3 
u. «3 rv <I 3 UJ O CL <t l-( <3 Öl Ü. • a' u. 00 i   r CD ro o l;i 00 Z M 
a T n u — ry. ^ a X Ijj <a r/ «3 1 «a t— GO 3 Ul <— 3 no M (/) 

^-^ t— 1.1 T> O > -^ rv n n i »- T ü   iV rr 1 (/i M t- U. 00 _i a u 
00 t- ceT GO t-H CL «3 <r <i o M ,-» UJ u Ü t- Q: <t 3 y- CD <t »- 3 CO i < o 
h- _l o o o 00 x o u z i >- t- o f- < «a u. •ö a 1 3 3 ^1 u u. a t- o 
D D z- z V— lu «3 z o 3 M «3 00 •3 u •el IJL UJ a U; r h Q. t Z   M • r^ x 3 H- 
Y 1 n fH Cl Y i-l 7- •d T <! z fV U1 Ul rr Ü- a' f/i (-" i" o T Z lü GO y- 3 n i? 3 < 
h- or C) n «I a (/) >- o o l-l \-\ o: X o (Y o <i i <I 1/1 Z  3 3 M Z 3 3 U 3 M (V 
(/) a z. <£■ u. a O o (3 u •a <I o m oo 3 y> •a UJ n n M ■H 3 1 3 z. Ul 3  3 

(— <x ö z I Q o Ul t-H u. z T I 00 t X Ul rt: 3 V I/) UJ U. 3 Ul O 3 ■x O Ul 
O o -J _l o IH UJ '3 z t— < Ul M O < <i it: Y < Ul l-H   'A -x M 2 *• Z X X l-H 3  3 
_J <J <I rp (Y r •a o h— U. rf o »«^ T Ul J UJ 3 <t r «a <a Ul u. (0 3 UJ 'O tn U.  U. 
I a ** ^ o <I 3 n z Ul <i <i Y JC i V U Lu \- U.   Q ^ h- <t   M 3 o lu oo 

1—< M _l CJ _i C/ 1- Q 1—1 3 a Ui u Ul Dr- <I O <I z Q. V i Lu X rr Ut  CO O U; >- a o Z  >- 
LL. a «J «t «a W 1 _J o _i (j Y V O o <t r «3 <3 3  O 0 I.» Ul 3  Ul 5» UJ (3 (V 3 n 
O «J X r H- UJ 3 u.. rr UJ cr IU UJ 3 o (V (V 3 <i rv ui ^»    T X (-> a O a O t- 3 i-t a 

o _J H- Z. "t' u. M o o n 3 l/l .x? UJ o lu O a ci: rr CK h-i 5 3 u. CJ \- /) m _) \n cr 
a- _J a' a 3 < «a a a. X _l <i I Z H- 3 (J 3 O ■a 1C OJ 3 t- w H- M t- 3 z Ul K 
U. LU u. a r r D 00 _J CO i—t lu 00 n 3 3 o r o n o 00 X n _j u Q 3 3 U. 
rr n (T f «3 >-( t- n u- UJ n n •> '/0 UJ o 3 u 3 rr o 3 U' 3 ei n y 3 cl «I <-l <I 

r X I 7 (— t- UJ o X 2 o C/J z z O 3 00 3 u (3 3 Qt' u. Z UJ   Y l-H a' '»: «a M 3 <I H 1/1 3 

O <J ^ ^J <1 _i UJ -J <. n n 3 M «3 _l 3 n _l <I 3 >- «3 a M ^> <I «a ►-I X 3  3 O t- >- «3 UJ h- 
z V- 7 *:.- o ~> '0 n x T '/I u_ 3t 3 3 T T X z T: n rji '/) ^ O  3 \- ^— \~ Ü. u Cl 00 ^ 3 O r-»   T 

I XIII IIXXXXXXXIIIIIXXXXXIXXXIIIXIXXIIX 
LA in en in in  n in us in in en in in m in in en in in m in in tn in in in en en en in in in in in in in :n in 
in m m in in m in 'n in 'n in in 'n in in m in m in m in in in m in m m in m in in in in in in m in in 
II 11  II  11  M  II  II  11  II  II  II  II  II  II  II  II  II  II  II  II  II  |l  II  II  II  II  II  II  II  H  II  II  II  II  II  II  II  II 
UUU-IJLUU,UUUULCU.U-U.IJ.ULLUü-LI.UU.U-ULUU.IJ.UIJLUUUU.ULLUUU. 

Uu^ujU.UJUjL^UJUJLUUjU-UJUJUJU.UjUJLuliJUjU.liJUJUjUJLuUJujUJUjUJUJlj-UJUj3LU 
onorionononooonnnoooonanonooonnnnraronarin 

o c n    • o 
vD    • J- 

PO  u>  »-I 
H    ii   II 

3      • CJ 
r-)c     romr-jn!r-»f—i 
•   »f^OLn    «CVJ   •    • 

L3  O   »•*   'H   U   •«-<  CJ   <-3 
II     II     II     II      II      II     II      II 

r-l   r-\  a0 • • Ci 
•     • in N» ^O    • 

CD ci (vi fvi in en 
II   H   ii n II   n 

in 
« 

CM 
rr   t cr» 'T n 

• u\ • • • 
a T-i c-j CJ <_> 
ll   II II ll n 

(\j ro 
n   n 

• (\J 
m n h* <r» 
vD • cO • 
^ o in CTJ 

ll II II II 

n 
O 
CJ rv 

on 
C_. 
II 

CD 

t- HI 3t <IU3U3        CT'C- t-, >■  <l   <X UO 
y- t- i— 3c x o o n      f r- u u  ot^Tj'T'Zzao  t/ ^ 3 :r 
T' 7" 2r i' ^r a Q  Q  c r/) ro t/i co t/i r/i co o i/i '/> en co (/) en r/i co oo 

X Ul l/l 
Dy UJ Q. U t-(        U'        «a 
►-•n >-3 3oo<3cvr,ii  u 
h-|— f-^^^yTXX.T 

;]üI 



I/) yi 
er m 
-j _i 

1 
2" 

( 
to 

O IT cr 
t-( r~( _; 
h- ~X i 
r < J) I/) _J 
O Ü _J \ji dJ i/) ■a 
T, >-i "v rv ■^ _J y m u. 
O 1 a _l (T 1 >-l _i Ti 
(. ■ 1/ 1 _l <I 1 1 (— 

UJ a (O 1 H- X m yi T. O 
^ o ^ LO (— 2 l^ U) 00 H -J z -1 3 
o z u fTi \j~\ Z O CD (T a 1 o 1 rr. Or 
1—I <I -1 m LU M ft' -J -J n LO c^ CO -j H- 
(^ _i —i t _) t- »- UJ t 1 3 _l UJ UJ i 10 
u u u t— • -JF <T 0 •r-t CM U L1) r 00 1 
C) 3 T h- O _I Z z z «a tr z 

z U O i O _I h- z z o <3 o a' UJ o 
\- u • »-H o <I X o o M a _J U- ^ z 
<r UJ r; UJ n U.' ►- a n t-l \- 00 

X 3 1 L -1 '/0 M »- ►- O i 1 1 t 1 CD 
—i H- _) -C _l 2 UJ «a <3. UJ _J 
LU UJ O o UJ )H I t- k~ 00 00 I/) (/) oo to 1 
3 rn X z /I u U) (/) «a «a «a a <* h- 
Ü. L. 1-1 on < UJ UJ T a a n. a a ■x 

T C"J O z Z Ct UJ u. 3 <t <i < <T «3 

> h > z- Q M O a a: r z 
n O n cr er u O t- a o n T T J- J 3" o 
o n o _l o z '/) h- i— >r O O o o CT a 
T. 3 LT r LU iS) iT) «a Q' a: or Ü' Q-- <r 
a a 2 3 f- z i U. u. u. u. U- LU 
3 _l T Li T- T u IJ) 1— s- 1 
U lii u t-t t-l o o n <I <i ÜI t— f- \- H \- 

Ü) l^ > n 00 ft Z) 3 3 3 3 X 
H X »- Ul «3 Ui t- UJ »- h »-- a a a 0. P- < 
1t "t 3r n T T: 3 n 3: 3X \~ z z ^" -T ^ r 

3    XTXIIIIXIXXUXXXI 
ir> in in in iri iri to in iri iri LTI in in in ir\ in in 
in in in m in in in in in in in in in in in in in 
it   n   ii   n   n   it   ii   ii   n   ii   :i   ii   n   ii   n   ii   ii 
U-U-UU-li-U-U    U.U.11-U.U-U.U.U.LLU. 
UJU.   U,UJLLIUJU    UJUJUJUJUJU^U.1  Ujli-LU 
r-r-oQor-inonnnon~)noa 

&j in 
r>. <-i r«-- 

in ^D «. 
II 11 II 

• o • 
cj a    • o 
CJ C3 in r^ 
<—i r^i in n n j- 
in iD K.    • • vX) 

f^ • • • 
r~ co f^ uj to 
a. rv- ro co • 
ni ^-i .n 4^ n 
ii ll ii li n 

0' ■•-♦ c: es ra p^ o tu <-•#"•■"»•"»<■-> o 
II   n   n   II   li   n   n   li li 

oj ro j m a 
ZX ww  —  w^c, 

U_JH<I«3UQ      -rifvt-tQaanau.z 
UU_U    _IXZaOO(/)'0(-l-^KH^^U 

;io;5 



UJ 
(/) 
<I 
o 

u. 

i- 2 2 
l/J 3 3; j» ^- ^ u 

c, ^ 2 O O in ar h- 00 2 t— 

o u, o o (— ►— ^> •3 1— 
■^ 

i: 

f^ n « n O t- 2 \- t- cv H Q' u 
h- \- V M '/I (/I lO o r> O o (V o V- ü 00 

z a Ö <3 a M D _) or > o o CK o a »- <r e; 
t-t > o > H H 2 ^> LL 2 »■- o t- Q (/i 2 ~> + 2- 

yi r z* ►- H- L5 UJ O 2 or 3 T T a z «I O n l-H 

z n a <3 (V CK Z on tr V y CO M o ct O o 3 <i _J rK V IV 
o •3 nr o LU U.' L5 o < «3 H Q- O o 2 UJ UJ 00 a < a <t M 
1—4 o *-' 1/) i: Z 2 2 H H u -J on ö <i O l/J Q i/j > r r ■f H- UJ (ü «3 

'/I (/) _J i: a M t-t l-H t-l t- t- z n 2 v en m M 2 d UJ < + •♦• o (/) z U 
.-4 ^ z o ^ o n IV a' UJ «3 O <a Cl n 00 O O nK a' ^) i/i ^L O) 4- o o 
^> o ^v o VH d _J _J z ^ LU U.I m f- H LU .j J n n _J o '/0 rv ■v n jt 00 1-4 2 _, 

_l T 1 H cH /) tl d uu LU -z z GO u o o ^ on V t- UJ UJ o o cr o LU ^- H •3 

_J ^r (/) h- h- 1—1 O u (_) m en M M UJ • M T T o l-H H- on V _i o o o f^ 3: u O 2 
u r. t-l Z) C •> —1 M n V M > LO V ^ V > i/i D <r C'l n n o •^r <T ■3 ry 
T ■> o <r o Lu t- (- LU UJ —I -J n M O 2 H »- a o iv O _J a: (/) _j n UI ty o UJ 
C/l h- o t- u. irT n a OL' a o Ly U: o t. 0' >-* —1 _J or o \- «3 CO n > >- u_ iz it. H- _i t— 

hn Q 3 o: a I u a. M t-H 3 =5 z O LL (— 3 3 UI a o Z) 2 X «3 «3 3 X X 

u Q a o '/I "> ■> (/I m LL U. l[l 1 l/i Q a i; a o rv n V rr a' ^r 7" C/l UI o UI 
M V L" _i n _) Ui <r <i n •- Ui u tr t-H t-H 'y) L" 
l>0 O o o ü M 2 o ► - O H- D h- H 1- U.I a H- h- o o o o H- Ui 2 X. r CT cr. LJ K v L.0 

«a u -j _J M <l n 3 ii- 3 U. 3 U U. u 3 Q; «3 «i 2 3 _j _J >< 0 O V v «3 •3 IJ' t-H «3 _) 
cr o ^ z 1 h- 3 u. «7 u «3 u < 1 «3 u. «3 o f ? UJ n T T U' r/5 m m rr C.5 O n <r o x- 

I XXIIIIIXia IITXIIIIIIIIXIIIIIXTIIT 
jAirvLninu^ioif\iriLriLr\iri^iAirir>LnininiALnu^ir\iAirii^irvir\iniriirvir\tALrvLri 
iri in in in m in m in in m in in m m in in in in in in in m in in in II> in in in in in in in in 
ii   n   n   n   n   n   n   ii   ii   n   ii   n   ii   n   n   ii   ii   n   ii   ii   n   n   ii   ii   n   ii   ii   n   ii   ii   n   n   ii   n 
UÜ-U.ULLL1.UÜ.LLL1.LLUUL1.U.U-U.U.LLUUÜ-L1.U-Ü-UULLUUUUUU. 
U.U, LL-LUUU-LUUU   UJ UJ UJ Lu U1 U. UJ Ui UJ OJ U' UJ l.u aJ UJ  Lu U- LU UJ U. Ui UI  U   U! LU 
onnnnooooonnnnoooonononor-inoorooroni-iQ 

r i  o r-i  i-3 r-i oc    r~sr-i(_)r—if—«nr-tf-^r-^f—»r~)f-ir^r5r-5<~» r-   --i i—i <—• n n 

t) 
vD 
II 

«3 UI 
1- _l 
<3 \- 
n t-i */» 1- 
a c. 

• 
■^1 

• • • • • • • 
•rH 

• • • • • 
1-1 

• • 
1-4 

• 
i-l 

• 
iH 

• 
iH 

• 
iH 

m 
r-i 

• • 
CJ 

• • 
C3 

m 

C.i 

• 
CJ 

• 
CD 

II II   II   II   II   II   II   11 II II II II II II II II 11 II II II II II II II II II II H II II II II II II 

^-1 tvi ro j- in vD K so cr o ■H (M K- •4 in kD r*- 00 cr o »-I (M ro -t m <D ^. OC) 01 Cl i-l CO ro J- 

w _ TH ■rH T-l T-l •»-1 i-4 •«H »-4 TH T4 00 0J CM r\j Co 00 C\l 
•** 

CJ CM CVJ ^o f. ro ro ro 

vvvvvvvvvvi-yvvvv vvvvvyvvvvvvvvvyv y 

:m 



^  U   UJ lü Ul U    Ul UJ Ul U.   UJ Ui u 
2 (/i IO i/i '/)  /) i/) oo m m i/i i/) .-./> 
0<a<i<i<i<i<J<t<i<j<i<t<i 
■ ^ .D i.-'; .n uj ai ID a- ai r^ c." ^i if 

o a 

yi r/) 

U.   UJ 
a n V '■) n ,,' n a s / n CJ 1. ^-' ^ 3 !., 3 
Ul 2 V z z (^ z z V V z z (V i-l I-H ^ v^ z Z 

^^ v «I •n <i <i <3 •a •a <a «a CT <a «t 3 1 0 a H 4 —4 

• V _) O J _i u J _i (J O . J _J 3 ■^ ■?_ a 3 3 3 
¥- o 3 u 0' Z Z Z 
jf o 2- 

X T 
z 
r 

UJ 
a 

u 
LL 

1 
O 

3  00 
o a: 00 

00 
LV: UJ 

3 
o 

Ui 3 Ul 

O _J r) 3 3 >- >- h- »- (i. V a. 3 3 ai z Z *— 
00 ■a _J _J ._! y~ h- a 3 r (IT 3 3 3 
l-t u a O a y) Ji i/) X X Z <a 3 H- h- h- 
r n o o o 3 O V 3 O 3 :t 3 t-l 1-4 t— 3 3 3 
^^ 

(/) 
• • 

1— 
• O 

Q- 
O 
u. 

Ul LL Z  t-l 
X 

o 
3 

I-H 
X 

3  (/- 
Z 

3 3 
Z 

1 M 
a a 

1-4 

a 
1/) n fV or v l-H HI X V V —( 2 z l—l Ui »^ w w 

Ü »- U u. UJ ac V LD CJ U 00 1/1 1/1 3 3 3 3 —> 3 
O «a > 5» -> r— H- 1-4 <a «a _j 3 3 3   _l -1 3 —> 3 3 «— 
M «a h- 1 1 1 1 1 U l— 1- lu UJ Ul 3  >- >- 3 3 a -J 3 u 

T 00 UJ 00 00 _1 _l _) 3 3 t- t— Ul UJ UJ M 3 Q a 3 QT <3. 3 cv 
o t-1 ry UJ ^ UJ Ui Ul u U-" ^-\ c3 «a T T X UJ Ul 1—1 (/) O 3 U o c- 
U' I UJ > «3 »-1 \- UJ UJ Ul UJ UJ z 00 ^ 3 ■x (- 1- •> 3 3 UJ 3 o U <I o 3 
1 o o o f- X I X X i X «a l— + +   I 1 e 3 3 O z z r a n (T 3 1 
4- LJ r- o a u _l u ■x 3; -z •x I a' T X O V M   t-1 I-l 3 3 
IV 3- <r r a. O y <T 1-1 (n o v .V V V V 3 3 Z V »- 10 3 3 (y V X tv IV 
o •4- CYT M ^ n -z UJ U' Ul UJ Lu lJ. cc a UJ U,  3 3 3 d 3 2 z z Z a <x O M <a «a 
Ü I/) <a CK UJ M a UJ i _J _i n 3 _i 3 00 ►- H- O 3 O 3 3 l-H O 3 LU LU 3 3 3 3 •a 3 3 
CT :i: UJ o in a .J M a. o o ¥- O o CD z X I f- *— \~ «a «a HH I-H r— 3 an LD LO a: 

o _i o o M «3 < u ü: 2 _J z -ü J" «a 3 3 i^ (/) 00 V X 1 H I-l ■n t—  t- K- -t-' X X «a 
i.5 D C) -I ? <T Ul U- • 00 n i-i 3 I-« M o V M i-l 3 3 H ■>■ fV 3  Ul 3 3 (0 1— ^- 3 
j a u. V U. I/) ID n /) o") r ■./I 00 ai »— U. U  ID 3 O 3 «a -)  —> •—\ »— z M i-i Z (K 

»-I o _i U. l_) l-H X 1 i i 1 1 i ) 1 1    Z Z. z 3 LU 3 z UJ H! 3 3 n 3 
n -i (1 y »-< LI ^- > _J U a c c o o o u O 3 M n M T' a a. t-i 3 t-  1- 1- 1— C"' O O 
<T _J iV z < •jr rj O UJ 7- Ui 3 r) 3 3 —1 3 3 3 3 _J 3 3 i 1 V > 3 z z Z Z z 3 3 z 3 
o u. «J <t H n _i _l n O o CL ki. cy OL a: Lt! IX. CK t.   3 _l 3 h— i- _1 3 3  3 3 3 <1 UJ 3 «a U 
_J X u h- .£ i/i CD X U «I H- K- F- (-«■ K H- 1- H- t- 3 O 3 oo OO I i 3 Z 3  3 3 3 _l 3 J _i 

/I U) to _l '/I V) cn Of) (^. i/l 00 00 00 (V IY ry u. 3 00 oo r\' ►-1 r T: r r 3 -J z 
Ul 37 ►- _l ^ V or- LO n > lr V V Ul u 3 z 3 Ul z 1-4 
a ■a <J U i-l u. 2' Z ? a l/i L5 O o o LD 3 o o 3 3 3 3 «a «a a' Oi. 3 Z H- H- t- H- H-l 3 3 M n- 
n _J -i U ^ ^ n t-( I-H o 3 -J _l 3 3 3 _J -J _J 3 _J _J 3 0: or M I-l 3 «a X   X X X «a «a •ei <a <t 
(/■' tl Ll ti_ (/i o T ■r 3: m lL r r r T r 7" A .. z Z  T r T r*"l m 1- 1— ^ 3 Ul Ui Ul u T A . Z T- 3 

XXXXIXXXXXaTXIIXXXIXXXIXIXXXIXXXXIXXXX 
in in -^ irv in m in irv LTI ir\ ir> in IO ir\ in in in in u. IA in Lr\ ir\ in in iri iri m on ir> ir> in m in iri in in in 
in in in in in in in >n in m m in in in in in in in in 'o 'n m m in in in in in in in in in in in in in in in 
n   ii   ji   ii   n   n   n   ii   n   n   n   ii   n   n   n   ii   ii   ii   n   ii   n   ii   n   ii   ii   n   n   n   n   n   n   ii   ii   n   n   ii   ii   ii 
Li-U.3UuUUU.3UU    U    U3UUU3UU3UULL3U333333UU3U3U3 
3  U; 3 U   U. LU Lu  3 UJ Lü ui  U   U., 3 Ul 3 Ui 3 3 UJ UJ 3  Ul U. UJ 3 3 U. 3 3 3  3 UJ 3 U- 3 3  U. 
i^nnnnnonnno-DOonooon-i'^noooonnor-ir-iaorinnoo 

r • r~t —» o o o o f-J n r-> r-i r • en O 1-3 c-i (-) en r~i r> c~ c-i r^ n t-1 r-1 r-i m eri n n m c-> o rD *-~i rr» o 

O O C3 o L'J o o CJ en C5 ■^-1 <_J CO o xH C) •rH en C_) CJ o r-\ Cl *~\ ^;i tH tn ■rH ■H »-I T-l o CJ o O c C3 o 
II II II II II !l II II 1' II II II M II 11 II II II II 1! II II II II II II II II II II II Ii 11 II II II II M 

3 3 N. ai CP c • •^ 00 ro t ^ TH (\J ro -f in 3 N- 00 CP en •H CM f~> ■i '0 3 N- aj> en •^ tvi r^ J- 3 OJ r^- 
ro f m rr IO J o- J- -J J- -J 3 3 Lfi in Ul U1 Lf. lfi 3 3 3 OJ 3 3 ■u 3 3 «x. CLi UJ OL a,- «x a^ OO 

vvvy.vvvv  vyyy^.   y^-vyyyvyyvyvyyyyvvyvyyyvu 

.■505 



ÜJ 

1.1 
CJ 

h- ar z 
u H- p Ly ■'> 

r^ CJ _J lL Z z 
r-' T 1 1 t-i 
\ O ^- h- h- 1 

U. 
i 

^ - 
U. 

o 
H- a 

t - 
u 

1 
iLl 

■ * 

«3 
1- 
u 

i 
u 
0 

■v 
>3 
UJ 

O LL. 1 <f <r I o 00 i 1—1 00 rr L5 
t/) 

1 t-l 

r— 
LU 

et V. 
n t- 
O Li. 

LX 
LÜ 

a 
r 
o 

o a. 
UJ 

h- 
U. U. 

lL 

a 
3 

1   U 
Lü 
a 0) 

z 
UJ 

_J 
1 
a ■i) 

U) h- ts ^ n Ü o t- a _) X X ^-.   <3 rH .<i 1—1 3 1- fu 
t- U. u. n LL   C (J a r h- i— o (V Z t— ■0 Q CJ rr O i; 1 z • 
(y 1 h- ■z m O o ir i o t- n n (/1 <t U N, 3 t-H 3 0' 3 ■3 ^H 

L o ^i H t- O    1 -<i «3 n ix jtS U- u Hl Hl 1 UJ 'O 00 3 LL 1 o 1 t- II 

a 1— cy üü «3 «3 CJ <r n r*r >- UJ .^ t o S 1 •a O   1 o rr. <3 LL. a a yi 
in u. o i-i u. :J o _J <— n X U. o LO _J Lf u; 3 If 3 z (^ 
'Z 1 i CJ u U. 1.0 rY Z a UJ z V- \~ ä. CD LD Q- 00 O  _| ( l w ■■_, U <i O o «3 
<x T o KJ a o Z «3 Ul V •-( r Lui o U. ID 2 Z 00 «3 rr> 2 et u O Y Ul tv 3 Z 
(V 1— LL ■z. ^ (-< cn c f- <i rr M 1 f- »H n z •• 3 M  CM Ul 00 <r (O >- C5 00 L5 t- 
h- r to o U Ul Ul a x o -j H-l •x X uj O n l~l ry 1 n i Y rn o m t— Ul > j- z 

<j m a Lu Qf H- a: r u -j X 3 o _J l~ X z z 1 a O z > •3 3 _J 3 H r >- (3 UJ a cy <i t-H 
f» UJ -j O U LL UJ <1   UJ «3 r «3 V a < •u.■ UJ ar «3 «3 n 1 o 3 3 Z 3 CJ CJ i— 

2 (V i o O u. 1 ü. _J r o L? «- (— o a U: M er m Ui UJ o 3 O LD O 3 a «3 3 O l-t 3 z t- (/) r> 
w-t C" t- ir> T- u r n r* 2 n rn n o t— o 3 w m 7^ <t •^r <i a. o Tl o lL) <3 O T <r 
cn T O n u 3 y- o K M H- U' t- UJ UJ Lü 2 M o o o ■3 > z o CJ <3 O lü 
<i ÜJ O o <I u 2. CJ ^ i: u: »- ^ ac u. LÜ Lu UJ o a r «3 _l UJ    T-l u 3 .—< 3 CJ LL < <t u. u 3 
CJ -J t-H 2 cy ■Y «3 ;r LÜ «X LÜ (/) ■a ►— LÜ _i _I o M ►-I <3 •t' M a:   1 O ,- 3 O 3 z a 

_J 1U CJ n M t .H H4 > ÜJ 1 - iy > M _) t—i y) •n M «3 < 3 U O -J cy 3 3 t H -r UJ ^ O •. liJ -z _J tj UJ o o -y f '/) <i (/1 UJ •n n Lü y- 1-   J 3 l-( Lü < Lü <3 \— 1— t— <t a z Z 
•3 (_) <r u. u. Kl CJ 10 Ü 2 a. L3 (/) CJ t- e; o 3 O    - U. <r •> CJ 3 1- X X X >- <1 

LL <r V v t— i: h u. 2> «3 O r -> l-t et 3 ■> ^> Ul (J 3 3 CJ h- M U 3 3 13 o t- H 'U 
(-V -r n 7- <r o z) c LL    _| «I (J o «3 X z. O <t «3 19 «3 Ü-"  «3 V (r t- 3 !-• i-l t-l _l • 
<I o <r rV Z) ei 3 U1 _l UJ CJ O O 1— v~ z z 3 <I cr UJ <I Lü UJ Lü Lü V 3 TH 

r n, a r. U) ■ JL .T <D UJ CT h- o '.0 ti.' X. X 00 00 u> L0 z 00    •> «3 <I iü iu o ^ 3: jt 3 l-H •3 U. II 
3 3 (/) -4 (_J  X 3 <1 1 UJ 3 o z> 3 3 3 _I CJ o >- 1-^ U 3 ■> «3 O X rT 3 It' 
O r o a >- o h- 1/5 LL T Tl z tl T r LL LL KJ a o t-l _l N. 3 _J _l 00 LL O 
n »-< ü L") Ui UJ 1U h"  T ►-I r> t-l rr t-H t-i f- 1- t-l Lü O 3 h- Z UJ Ul M <I <f <i a er »- -» >» V ^: ij. _l (/, _l U   «1 ^- f- w o a r X X K- □ <t <l T; > rr U. (V I-. yi oo CL' 3 3 3 2 X 0) c 
fH «3 M M a z 3 z M _( u _l i: 3. o <l «3 U. I Ui 3 o M 3 Lü «3 o 3 o H t- t— t-l o 3 « 
T r tl ^ on n U n _J C •3 3 n U1 U rr- T T. <r li er U T LL  r~> LL ^> y ■? lL T O 

<3 
O 
«3 

T rr lL u. 

IXXXIIXXXXIIIXXXXXXXXIIXIIIXX 
in in u^ in u^ LTI Ln Lr( in in io in iri iri LA ir» Lr\ u^ ifi Ln iTi LTI in ifi iri ir> iri ipi in 
in in m in in in in io in in in in in in in in in m in in in in in in in in in in 'n 
ii   ii   n   ti   ii   ii   n   ii   n n   n   ii   ii   li   n   n   ii   ii   n   n   ii   ii   ii   ii   n   n   ii   ii   ii 
LLLLLLLLU.LLU.U_U U.U.U.U.Ü.U-ILU.U.U.U-U-U.U.Ü.U.U.U.  U.U. 
Lu   Lu 
n n 

xxxxxxxxx 
inininininmLnin'n 
in in in in in in in in in 
ii   n   ii   II   n   II   II   ii   ii 
LLLLU-U.ILU.IJ.U-U. 

1_LüüJLULUUJUJLULüUJUJLL   LüLübJU   LuLuLUU^aJUJLu  UJ LULLJUJLULUU-UJUJUJLüUJUI 

nnnonanonnnonnonoooaonaoon—innnnnnnoCT 

T-l   C3 
•     •  cr> 

cam cc CD ^niv.otDc\j 
r^r-     •    •rrc^'~)r-^n)r-»r3i~",r^r~icf,(_>'—»    • n1 T^    *c3<~'Ocrir-if~)C3nr-th.   inr^rv.    •    «C^LT 

•    •cjor.   •••••••••   ••••J'»»CJ«    •••••••    ••(\|T-|^£)J•^,•• 
u> r<"  J  J-  cj  fj o L3 t\j es r^ CD o o ^J- iD r«'  ro ro  f»-   TH cj c^ n o o o u o CT CJ   (i    li    M   ^ -»-i CD TH 

II    II    II    II    II     II    11    11    II    II    II    II    11    M    M    II    11    II    II    II    11    II    II    11    II    II    11    ll    II    II    II   *«.  -. —.   II    II    11    11 
T-t (v fi 

Cf Q —   <_    ._ 
>- <1 OLuU« Oj-t— |— 

3      Q au      v      utr <iu.xc      Xöü.      XZ      ^3:33 
on  i-1 ti  u t-i 3 o) <i C3 c.i u. ü. x ~ t- ^ T t o x t-i _i f- ^» > t> u t— o  no       er u o c" z 

«j  rr« fT-rroc^ciooonoi^i~>tnnrifnnor)u.u   ILLLU   ULLLLC^X t-t v v v y 

:i()G 



l-H 

u- _l LD 

ri < »— 
r l-H U. 

^J U/ 

m V 
U.1 

ijj 

u 
f/1 

111 

ro LÜ r <I UJ 00 00 1- t— 
ro f.J i ,- '>' ; - i^ ■y -* 1 - U t— li. ,- 
r^ rH .-J o u_ T> O ■5 ^H 1-1 u 1 u 1 U Ui 

• 3 <i c 1 h- U UJ 1 1 1 o i H « 1 Q r 4C 

o 
1 

O 2 
CM -J 

UL  O 
1    <I 

n n 
Uv UJ -J 

X 
OJ 

-~ U- 
i 1— X •a 

o 
1— 

<a UJ 
z 

^r lyO «a II UI H  (H ^- i -> —1 u. X I 00 o o a <3 

«a a. r Ij U-  O u. X X 3 ai' O H- ^ 00 cr LIT <I ^ _l 

a. Lu U3 u. «a. i Lu «a < U- 1— CD O r-1 z Ul UJ U- i-t u- 

t- 00 Ui T o ^ J "N ■v \ u. 7» l-H z z o n <3 .V 
r) tu a i- O H- t- 1— O ^ z n LD 1 1- - UJ :D 1 n <3 V Cl 1-1 

TH (/J m LL z o u z 3 3 ^ Z I X _1 |r 
iT U- _1 z uj d U •a 

| UJ I <I H   Z 3 1 d Ü- & U. M r-— UJ o Q <I z o Ul ■r-l evj 

Q.' U- < c. X o C' T t- 1— I L? -J >- l-H _1 or K o _l a (V 
O t- 00 t-i z t— o l-t h- Q. ^ — o z V <a LT z •V M l-l U- c/i t/J t^ 

1- 2 —» a: <i 2 o _J z _J O UJ _) _1 o _J u. o ro 1— O z o < _l h- UJ oo Q. z z z 
o «r UI <I V z V z Ul V •s V _J u. 3 1- UJ <r t— UJ o a o to 
«5 »— ►- \— z ►- V O 3 o UJ 3 O CJ ■N. u 1— V UI V (V -v u m (X 3 _i <s _J 00 l-H i-i 1-1 u 
u. 00 z t-H <r CO X or _J m X u. o X _J 1 X • k- X 1 t- UJ u. -J r _J z h- »- t~ V 

y <i f^ lY ^T o X  |- •-' T I (_J X 1 A o 1—1 X o t— O »— o X <a l-H lu o <l «3 c3 •3 

u. o h- O H o cr K »— UJ k- t— cr »— X n CD 00 f- en u U' fP o 3 Ü. K- t— (_" _J t— 1— H (Y 
Q. o t/i a O  _l T T u ei (0 o t— rf (A 10 • ■> -J n 00 LT) 00 _J •a >- '/) oo 00 rr' 
> z z _J e> Z  V h- UJ Q z z o z u l-H U) H z: o o o f/1 u, cr z 3 Z n 
t- ÜJ o o n 00 z U- O UJ r UJ UJ UJ z UJ z <a z X UJ z X CO z ►— z -J n u UJ UJ o 

a (_l HH r IJJ M _i z t— _J _i l-H -J UJ U- M _J n »- «a M o UJ f-1 U.I O UJ UJ j^ u & UJ 

UJ > 00 t^ 3 1 UJ or a i -J X a^ X o X z -j (J? in o z V ic o o o UJ 

rtr t- U.J Ui 0^ o Z  T -I CT ■y a n z (V o -J z T l-< ^r ?■ 3 _) >-< ■r-t i-i 1— 1— »- a 
-« CL o a 1— -I O 1- Q t-i u u. _J o a- <a -J 2 _l UJ h- -1 I n UJ U- r n —I —i yi '/I 00 00 

►- >- IJL 00 V CkT LD 1— r Q a c? "v cir o u. •v rr O X —1 O V z 
C3 '/) h- or- O U' Z o o <I z z 13 u. o LD o T a o Z o u U. li. u. u. CT u. u u. u u u 
D a- <r T-t _l O UJ 3 o UJ UJ UJ lO -j O a a Ul •i^' o o O o o _J o o o o o o 
u. o u. LU II <t W Z  _J o _I H- ^- *** ^ u. li ««' a. UJ UJ —' r _J 
H- o _l LD a: z I o U- X X X o Z X _j I/J X <a X I u: c*. a: oc z o: a a Lt a iy 
(/) a _1 o .f 1- -J UI »- z ^r U- u. h- -J o H y- -J _) 3 H rr- 1— 1— H- UJ UJ UJ Ü 1 1 r UJ Ul Ul UJ Ul Ul 

Ut UJ >— UI o o U) t-l o o CD n uo <r u o 3 u (.5 m cr rr rr 1-1 rr cr 0" m rr rr 
O CJ o 00 o »- z H-  <i _) ei _i o o 2 c. (V ^ z t- o ►- 2 O üf z z T. T r r 1/1 r r T J: I 2 

_J J «a o < X UJ U   Ct z z >■ _i _J Lu 2 <i •a u. o «3 O u. C3 H u. Lu 3 3 3 3 u. 3 3 3 3 3 3 
T r ■z z U. UJ _) «I fIJ l-t Ul Q. r z _J u_ c^ _J _J 1- z z* -J O 00 _l -J T Z Z z n Z z Z T- z Z 

X XXXXIXIXXIXIXIXZ XXXIXIXXXXIIXXXIXXXXX 
LninirNio^iniriiniriLnijriiriLr\iriLr>iriLrNinLfNir\inti^iriu>:r>irNirii^ir\ir>ininLr>Lni^ 
\r\ \t\ IO in IO ir\ Ti in in in rn LO in in in in in in in in m in in in yr\ in in in i^ in in tn m m in in tn in 
ii n ii ii n n ii ii n n ii n ii ii n ii ii n n ii ii ii n ti n n n ii ii n n ii ii n ii n n ii 
U.UU-U.UUUUUUUUUUUU.UU.UUUUU.UU.L1.UUUUUUUUUUU.U 
UJUIUUIU'UJUJU   UJUJUJUJUJUU-<U.  UJUJUJUIUILUUUJUJU'UJU.   UIU'LL'UJUJUU^UU    U 
onanonooooonnnonnQooooonoonoooaDOoaaon 

(Mfl U300 OOCTO CPPO Ifi 
r-5 nj rn cj f^j r-j c*!    •    • rri c     •    •    • IT"    • rr* O    • C^I    • ci CD c^ r-«    • *—» n c-» c ri m f.'1 c en tr^ c-t  r*- 
•    •    •••••ao    ««s. nj-    »a    •••H«o«»«»m    ••••••    •••••• 

com ^«i-it-tcjon   j «jOKN-UicstVjcscjnjoo^cjooo^ciootofM .yn^nin. CDCDCVJ 
II   II   n   n   n   H   n   li   II   n   n   n   II   H   II   n   n   II   n   n   n   n   n   H   II   II   II   ii   II   II   II II   n   n   n   II   n    n 

_i 
>- 

a           _J                             a       z           a: _j 
<I_J       o>-      u_j                 oox>u_j_iui-a        XCL<ICVH-(/) >       »nnja 
XXZZD    l/1«T<IiT'OU^L    U;U    UUU    "iTXZZa'VI—  ■>3:OU!Ul.r,_jZQ    OOCOCIO^ 
y v v yyy_)_j_i_i_i-J_i_»_i_J_i_i_i_i_)_i_j_j-j_j_jzzzzzzzzzzz 

;i07 



u 

 , a 
c- *— i 

,- I— 1/1 <y j^ 

V U- 1 ._ V yi 0') 
tu T d a z nfi cn 
- r ■1 r> u r\ d _J _J 
«3 _J i/1 o U. ry T _J i i 

_J rr 1 «a _1 d d n> CO z 
a u. >/) ~r _l y a' z o 
a u. y: f t— u, a t~ o a i-H I-H 

n M a. t- U. 3 V CJ UJ i— ►-I JC 00 t~ 
<J L/1 

_J UJ O UJ 
u. 

O 
U 
t- 

i— 
u. c: i/J 

d ro u 
d o -J 

a 
_J 

H 

V U. t- lu Ul c (/I 3 »— yi Lu ^ a u. \ i z 
l,i UJ •3 (— '~, 0-) 1 O u. (T 1— X. H 3 f.' h- O <r- ',0 o 

ü u 1 i 3 I/) 1 I O, i— U u l— u. Lu Q 3 X CU u 
<t 2 H-l a 00 <t o 00 C" I u. I 00 LL h- m < a h- o _l 

u iy) h- 3 U.. u u. 3 I/- < <r c Z X o X a i-H 1 z 
a' »— UJ ty _J O lü Cf r z. 1 U. »-- •> U.1 I— o 01 lü -0 o _J o d U1 O o 
u d a; <t 3 U. CJ a. <J r-( d or u • L' U- 00 1 X cn re o 3 i/l z t-H 

a r K( UJ W OET >- n 3: U) <I CK ■a 1 d y- 0. _i ai ^^ —1 0". h-« oo 
f-H t- L'1 3 CJ >- r ry c n 1 >— X UJ ff rr i 00 (V t- UJ (/) _J o Ul 

00 K- C^ 00 n 0. «3 <r «3 o 00 o. UJ u. o H- or d _i »— CP d \- 3 00 1 d a 
t- _l o c- o (/■ r o uJ ^ 1 > t— o y- d d U. d a i rj _J •v X a a o »— O 
D 3 z ?: 1— U' <i 7 fy to fH <3 oo < U d u. U o U1 r »— a 1 z t-l « cy X -J t— 

^ I >-l t-H C5 Y >•-( -r <r fK ■d z »r UJ UJ r^ lL (V (/I a e» o T * UJ t/1 t— 3 n 10 o d 

V- a- o O <i. a 00 >- CJ C l-l t-H o X o (y c? d 1 d O) z o O \-\ z 3 _J (j 3 K-t (y 
1/) o z. -r Lu D O O O ct <I <I l-J Ci l/J 3 O0 •a UJ t-4 n l-t ■rH 3 t _l z a o «J 

t- < «J Z 1 a a liJ l-< U. z X 1 'yj I X. UJ Cr; o Qi I/) UJ U. u LU O U ■x o u 
U o _J _J (_' i-( UJ o "y >— <I UJ M o «3 <i or ütr d IÜ H l/l X i-l z <K Z X X f-( _( rj 

_1 <i <r T^ (T T <r o u— u. •y (3 «- T) UJ -j LU o «3 X d d u a LT) 3 LU !0 '/) a O- 
a: LL T. )r O <S 3 r-H ^ UJ «a d a- i ..v u. u. t— u a D \- d »-H -I o LU 'J0 

I-H h-« —i u -J 00 H a n 1 o UJ U UJ or «a o d z Q V • UJ X iy C/1 00 a UJ >- CJ o z > 
u. n «3 «3 «3 f/) cr _i n _l o r>' V c CJ d X d d (0 c, a. d UJ' 3 u ■> a O ty LD o 
o d r r t- UJ 3 UJ cm UJ <x LU u. 3 o Cr' rv _J d fV UJ 2: z X M a a a o H- 13 t-t o 

O —i r— -T a.' u. I-H o li n o ■yi a u. O UJ o a •tl cr. 1^ ♦—* d 3 Ul CJ i- :/1 •■o _l i/i rr. 
cr _l a a 3 «a «3 a u. I _j a X z t- _i CJ _< o d ^ fD 3. »— ^-^ r-- i-H r- 3 z UJ H- 
h.. It: lu n T r C) 00 _l t/; t-l U (/i n n _j n TT o o 3 00 T a J a a '0 o a 
(T ►-< (T rr <i l-l h- n u UJ a r "> f/1 Ul O 10 UJ L0 Q-' LD _J U' 3 LD CO V -J d <r 1-H d 

I X T 7" (— ^~ u U X 2" Ci to z z o L3 (/ LD (J C/ _J a UJ z UJ LL r-( (y a' d n o d t— oo o 
3 <3 r> 3 «3 _i u- 3 <I n t-1 3 n «3 -j -1 t-i -j d _i >- d a 1-1 > d d i-i i -J _l o H ►- d a f- 
■^r »— 2^ TT ( 5 D (/) O 7' I 00 u. T _J o 3" T T: Z -r n. O 00 ^ o CJ H- h- t— a a a 00 -x CJ 3 T-t T 

IXtriXXXIXIIXIIXXXIIXXXXXXIXTXXIXXIIXXX 
ir\ Lo in ^ L^ LT. LTV LO ir> u^ m in Ln iri LTI LH in irv LH LH UA LH iri in LTN in i^ in in iri iri LTV iri in i^ 
in 'n m in in in m in in m in in in in in in 'n in m in m in in m in in in m in 'n in in in in in in in in 
n n n ii n n   n   n   n   n n n   n ii ii ii   ii ii   ii n n   n   n   ii   n n n   n ii n   n n   n   ii   ii ii ii ii 

i. it i. ii ii ii   ii   ii   ii  ii ii ii   ii ii ii ii   ii ii   ii ii ii   ti   ii   ii   ii ii ii   ii ii ii   ii ii   ii   ii   ii ii ii ii 
n   n   i 
a a u 
a u   a Lu a u 

u.aaaaaii.aau  aaaaaaaaaaaau_   ., „ _ ,   _ _  _ 
UJ u  a a- a a u, LU UJ a a LU LU a., a a UJ a a u, L'.' a LU a a a a ai a LD UJ 

u. aaaaaaaaaaa 
UJ u   u- UJ UJ UJ w_ UJ ^  I*- **- WJ i^ u. i^ UJ UJ i^ ^J ^J ui-/ VAJ uu -J, I_»J .-^ a L'.' a LU a a a a ai UJ LU UJ 
ooonoroooo-nnnonnronnDrirrir-icinnooooncriorrioo^nQ 

• c i u *       in 
c- rj ^ • cj        o c_i <:_• cj        tj    • t* c        CT*        -J 

rj*^nr-ir—i     «cTO-f    »CD^'nc^rn    • f~i    •    •     •     • m    •r')C",c_>r-ic~>r3f~'    •    •o.T'~5Lnr~,'~' 
•     •     •     •     »in     •     m  m  T+     «fVJ     •     •     »LI^     »CC   J'^HC"!     »(MO     •     •     •     •     •     »(VJUD     »J-     «ro     •     • 

(\jK  (\jt\jr-)-^it_.c:)-Hnju(vJDt;jtDCj-Ha'<HCr'>H-«-it   »HJ-cooooiri-HT-JofOOMoc; 
H    n    ll   ll    11    II    ll    II    n   ll    H    II    n    M    ll    Ii    n    ll    n    II    H    n    n    ll   ll   ll    ll    n    II    II    M    II    II    ll    II    II   II    |i 

_i _J J-       a i/J 
y-      nx -x dU3a_j      rrc:       ovda       aanixaoa n      u       d 
r/i (-  (_ '-*■ >«■ CJ CJ a     c <"* a u  cr LO 3   7" 7" ^ z n  ty t/i i ^ ^ d -H u   v _J c o" d a1 c u  u 
Z Z Z "^ Z D  Q   n   r,'crt/ii/i(/it/it/iforj"tot"(/i(/it/iro'n(/^oo»—t-^»—3~»">'''3'XX"< 

308 



1/) »yi 

m rr 
j .J 

■ i 
z 

1 
L"1 

c ^ m 
t-t n _i 
h- J: i 

HH l/J 00 _i 
o Jl _I I/) (li yi <t 

T IH v cr 00 _J z rr (Y 
a 1 C _i Tl I ►—* _i n 
c L/i t —1 <I i l K 

UJ a OT | V- i m y) (Ti O 
▼ O i ■/l H *r 00 oo 00 H- _J z _l 3 

o 7 U- CT: l/l 7 o en m O t o 1 cr 0' 
1—t cl _I IT) LU t-i Cl _) -j n to rx: 00 _J f~ 
(/) _l _» 1 _J h- t~ UJ • i "t _J UJ UJ i 00 
U) Ü li t- 1 ?: «-r a ■•-» n UJ o 7~ OO 1 

o 3 X f- o -I Z z z «3 no z 
z U. o X u _J H- z *r Q «a o ur u. o 

►- U ■ rH o <l T o o M a _l u 3 z 
<r U' n UJ l-l U) t- e> n n h- 0^ 

^ 3 3 UJ _J 00 •-i ^- t-~ o i 1 t I 1 cr 
_) (- _i s _l z Lu <i <1 u. _i 
UJ UJ o LD UJ n 3 v~ 1— iyo oo yi oo 0) oo t 
r> m >< z 'n (_) I/J '/I < o <r »J ■d l- 
LL Ul M on «a UJ UJ T n Q a n. a 3 

i n O «r »: It LU UJ 3 d <J <-i <i <i 

> f- >- y (i i—t o Cc OL 7" z 
o n n <i (.f u c >- n a 1—1 T 7" ?- r TT o 
o M o j o ^ 00 t- »- X O O c o n Q. 
rr' T en i u U) '71 1 ui a: a U' a <3 
Q D z 3 H z I U. Lu LL u u. Ul 

i _J X Cl r T u C1 
t- K- H 

u UJ u. t~i M LD o 1-1 <3 "^ Ul f- H t— t~ t- 
U. 00 > M 00 cv Z) 3 3 n 3 X 

h- 3. H u. <3 U H u. l- H n a a O. u a. <I 
"C t -r (- T T D: o 3 T t~ z 

n 
z 
n i-i 

7" 

XITIT3XX3XIIIXXXT 
in in in in IT. iri m in LO in in m in in u^ ^ m 
in m in m in   n in in in in in in in '.n in in in 
n ii   ii   n   n   ii   ii   ii   ii   ii   ii   ii   ii   n   n   ii   n 

U U-Li,LLU.U.U.UlLU.U.LuU.U.lLU.U- 
U. UJ U. Ui U) U. lu Lu UJ LU U   UJ U    U-   LLI UJ  Ui 
ori'ir'ion^oonnonnnQn 

i-i 

in o a       it a                   j 

• CJO« •               cp   • f; N. o   •     (_> 
«-j r.i C3 CJ (Xi u             o (\J T-I nj CD    •  '"3 

r—i     • in m r> en c O t~» O    • c* r^-  rvi  ^-i r^ rn        7* 
•  ^ Cr «c en iß    • o    •    • lf\   II    II    II    II    II   o        M 

II  II  II  II  II  II  II |l  II  II  |l •.-< •r-l -r-l ,-1 vH 11     cr 

o »H CM ro j u^            If' 
ZX WWWW^O 

LL_JHH<I<JCO ■HC:»-iaQQaaUZN. 
u u   u  _jrzo c/iooiot-t-Kt    t-i— .ru 
•T3:TTJIX3:TI^JC33t3:X3TMlir> 

;iü9 



APPENDIX 11 

Test Cases 

'.HO 



ei ci o o c ci ■- J 
^. Ui UI UMiJ I.    I., u 
*£. LO .» t/1 1/(   .11 t) 
O <I -1 »I  -J   «   '<   •' 
M m rr j tr "^ T   r: 

O O n .-i O    r* O O 
LU :- iv z r   i  .* r* 

i u r* r r u.. u. 
3 3   r a a 

(j j D r^ Z) > >- 
'/> <i .i _i _J i— *- 
M o o o o 
x ►-» e^ (-■, o c f 

O UJ 

l/l x  x 
J.   (_) Ci 

O Q   I-    |r- 

t- i-  ■/) o 

T    T  i 

»-* fy n' Y i 
(- UJ UJ   U- 
•3 Tr •>    ■>   l 
t- I       I        I 

Vl     0 .) _l   _J 

- UJ  Lu    CO    J 

'/I t/i -j 

> u s c 
-I f n ) 
-J r (,i »■ - t- 

u.. a *. —■ (- I   1  '■"■ 

Ci   L..    «I    _( 
LO   t O  v-   u. 

i   o   .1 J w -I »1 
fT tJ -'  «"    it-   1 

n U    N U VI < ■  t .  I -nil 
r ■ , i ui n '  <   3 >     I     I i 

U            t 
-j :. .*   «> O CJ I. T"   I.     " •    ■)     3   -) :> 
i.i 'i ■ I   I— .  1 j J • « ■. i     1 -    ;'   > ► 

T    ( ■> r 1  .-.   T ( :   i   t 
I T l/" (/i 

1     t- U    ■' .i .1 i3 Ci >-  u 

i  >■   0.    '"- 
n   i L ' j   i/t (.> u   i< 

TTITT     TT7T 7    T   T    T   T     r    T T     T    T    T    T     T 

\    -.    ■.    i    V 
t-   I    f- t 

Ü.  < ' U 

:!li 



ft cr 

T ■> 

l    1     U 
X J  r- i 

•3    <1 

l/l   I/) 

M n _ ^ ,■ 

O 13 u i  . ,  , 
2 ? i-T ! 1 
U. Ui f> 

Ul n *J L. ... 
u> (/"I ,. n .' t* 
■ -5 7 <>■ ) t ' ■. 

r •J 

K 

►- * '" 
(i i/i u; i r | , • ^ 
n   ? V i* L w — ^. 
_J   L- ^ ,. 
'K      J J t — .1 i.. 

i cr 1$ {r \~ 

' n   i  < i a- ■ i 
—     -    1 

t    T     -t    ...     J-     .J 

7   7    T   7    T    1 
ir m   n i.'i u' u 

"TTITTTITT'TTTTlTTTTTrirlTTTTlTT 1TTTTTT      T 

r       • c i r ^ i . f 

i-   ^   t- t-   t~ *■ II,   H    n    L    U-  (..  l.>  L.   L 

.■il:.' 



U  <1 I 

i ■ j 11  i »~ ^ 
O           M           »- .1     —    — 
CJ   _J    -*     J   »" *'      J     .J 

V '>v      it'.; f    -^   '-. 

O   1    t-     — II 

T    T 

1 

fV *i rt'  .i 
lil  U    hH  Q 

u       o a   " .' 

r. u 
a  T 

i 

.  i  <   i. 

t-. n.  -:  -i 

O ^ 

-■ :   ;   i*  .' O  l(       t    ■       L_    h-    I 

T   T    T    1     T    1 TTTTTTTTT 

n        <-J 

:;i:: 



o 
Ul 

Q: ^ 
o V (/i 

a z TI 
(^i «I _j 

2 . j t 
<I t: ■ o 
o? a: ^ 
l« o u —1 

>- »-4    "I 

<I 
-■ u 

ui o 
CD «I 
r o 
m 

^-   r- 3 

in 
en 

(/)       en (/) l/l af 
a. t/i _J ^ :J 

j r-   i l-H '/I   _I '/I I- 
i   _) <J 1 rr   i T '/)  L"1 

i/i   i   i— T -) i' _J IT)   3 
t- *■  v) yi <>) .- i   UJ 1 _J   Y 
*'. e^ a. ./)  r ./) 1    t- 

4   r' _j J H _j    Ll, 'if :/1   yi 
V-    t _     'J t i c .,   ' 1 T Tl    | 
"*  *:   L: -' p j *'     -' '1 u. ^ 

t :: J: I ei 

r n (/) t— 73 ^ -J O *-< 71 1 

■> ■f 3 
u. c-. 1) 
■a V-4 . ) (/- t/l r- 

■-1 ,_ 

Ct   7 

l/J   t/J   li-    ü     L. 

f t 1— r £ /) (/". ro ;/) 
.,   -I ■ J u ( -« ■/I n yi (. 1 
3: t— h~ f/ -■: «1 -■7 «i • 1 

y 1 ... 3 .1 L.. 
u 3 *i »j ■ t •■1 ■a 
r      [. ii' —» 
r-    ,v. F> " T r r T r 

1/1    h- y - '_ r. a fr a 
L^ L'J ■ 1 u u u. Li. U 

—  V—   f -* 
7 n -J li ft t." 

O  O ■i .J .-• <J i « 
«3   H LJ • 1 t~ L/l 
_l   _J O ► - ►- -f It.' 
u  u O (/■j T t; n 

T  1 T 7 T T T 
in J-^ m Ui L'. li* ir- 
tf»   Lf. U 1 J". u - Lf> u. 

11    t' 11 11 li 11 

U    U u U U u u 
U-  u u. u. Sj u u 
0 c r /I E ) C 0 

T    T 
1.^ m 

u   u   1.   u   U   li 

7 T   T   7 
IP ir if« tr. 
l.'. 0"! -n LJ> 

11 11    11    ti 
U II    U    tl 
U u   1.   u 
^5 (1 r n 

U- ir\ • c> 

N-    If    ■   1   If'   O I 

c. 
u- (/) ^ 
(i. u ►-H            UJ ■i   u _1   t~t   •-! 

>• .J (.. -1  ^   L- r-   u h     '1 •t      '1       .) 

1- D > LI    I  "I   i i  j; i   3   J 

II     r*    .^    »4    ,.   r4 l| 

, 4 r 1  rr>     f u 

a .1 li 1. ■ 
.■11     c 
3   -t    c .1 

^4 f\j 1-4 G  n 

:i j 3.   ix 

;;i-i 



'->   O   ' J     3   ' 1.3  r~t   CJ   r-t   KO  (-1      j   tZi  K3  CJ i 

'    UJ     J    O     .  J    <\l     _)     ^.'    L_J    O    _)    " UJ   <. >   i—>   ' 

a (.i «J > 

ir\ -^^ o   T 

t»   o   .u   t->   '.» 

ci  o o i-» o ' o CJ - > f"  o *3   13   U3   O   C   t i   iT   CJ LT» 

CD   ^    CJ    -Ü   1)   ll       —   i t '   C'   i_l   C>   I J   .J    O   in   (_.    '".'   CD   U   O   L_y   O    l^,    ' 

t ci n 'O ir> '~i CP  r.i fj (~) ri  o j  o O ,p  'i 

0  ^-   t»  n  i 

i/)       n   rv r-- c» tn c-> rj t 
CJ ii%       '*> 

i^)    r )    r->   O   'I   ' 

r      ■>  rj  ■ 

Or   ui 

2-   C   l ' 

u^ a   T 
r 

3 >- •! 

IT  l.1   ^     "I i   J    3 
.  ■   (    .1   , I     >    1       • i  (  '  (      t 

7    i   '  i-J  U    i^     "■  O    »     I     I 



LAfOi-jf, G:a: ^flC   TFSr    CASF 

OUT PUT 

^S-L/HOING   rogp.PDWt'R   OFF   SI ML 
DFSIG'-l   LOAD   /1GC0. 
J.^AG -woo-   ■Jfl'ir 
KF-KINF1IG   r-N^9GY/103 J    FT-L^ 

SPE^O   KNOT! 
5 ? 5. 0 C 

.65 

WEIGHTS 

MLF- 
MLG 
•ILG 
HLG 
•1LG 
NLG 
NLG 
NLG 
NLG S 
MLG R 
>MG R 
MLG   9 

Ü R & " E 
TTc^S 
TIPPS 
TIkt 
NLG   R 
LAND! 
TAIL 

TRU 
TRU 
r^u 
TRU 
TRU 
[»U 
TRU 
TRU 
OLL 
OLL 
OLL 
c. - 

S - 
-TY 
-TY 
*T . 
OLL 
NG 
•l U K 
ST 

C-Sl r.LF 
C-S1NGLF 
C-MULTI 
C-S1NGLF 
C-SINGLF 
C-BOMWF^ 
C-T^ANSP 
C-^IGMTF 
C-FIGHTF 
IMG STOG 

STCC 
N) ORA" 
DKAG JHU 
PF III A 
PE VIII 
I ^Jp U T 

IMG sroc 
GFAr CON 
PER WT. 
RünTUR"7 

WHFEL- 
WHEEL- 
WHFEL- 
WHEFL- 
WHEFL- 

S AND F 
ORTS 

I *C, 
T\ir, 

4- ATT 
» ATT 
-WH^E 
-WHEE 
-WHEF 

CHUTE 
IF 
NO VII 

K 
TROLS 

VERT.GOLUiN LAND ^ASED 
VERT.CfLUiN CARR BASED 
VERLGCLUIN LAND BASED 
TRIPOJ TYPE LAND RASED 
TRIPOO TYOE CARR BASED 
IGHTF^S LAND BASED 

LAND BASED 
AC< FUS TOW CARR BASED 
AGK NOS T3W CAR^ BASED 
LS HIGH D^S LAND BASED 
LS LOW PR3 LAND TASFD 
LS CARF BASFD 

Ü.C 
U.L 

2819.0 
0.0 
3.0 
3.C 

Q.C 
Ü.D 

516.0 
3.0 
Q.C 

118 2 . G 
0.0 
3.0 
0.0 

709.0 
149.0 
tl5.C 

6.C 
191.0 

TOTAL LANOING GFAK 6630.0 

ACTUAL    WEIGHT 

WFIGHT   FACTOR 

6933.0 

1.046 

aic 



NücrLLr wriGHT   ^ao 1CS1   CASC 

JtT F.NGI^F COWLING 

J^T FNGlNr :,YLGNS SlNGLr FNGIME 

J^T FN&INR ^YLOMS SIAMESF ENGHF 

TUR-lOPklP  COWLING 

TUR30PKDP  MAIN LANTING GFAR QJDR 

FISTOrs ENGINES NAC WITH COWL ^LAPS 

PISTON ENGINES NAG WITH AIR PLJGS 

PISTON ENGINfS MAIN LANDING G^A^ DOOP.3 

1758.5 

G.O 

CG 

o.r 

L.C 

c.c 

L.C 

TOTAL    NACFLL^   GROUP 

ACTUAL   WEIGHT 

WEir,HT   FACTOR 

7 60 2.9 

^685.C 

1.C23 

317 



—   UJ   It    U*  UJ   l.'   .^   I.     U     Ul 
z. w --i  yi Vl    1   ;    . I -■•     1 
O oS  <<   "X   t ■* •■ »I  «t  «1 
»~t ir (0 T. rr 

o o .v n o v 
uj ü Lr* r .- ^J 

-» Ul   <*   «J   1   «4   1   ■ 

r r J   a  ci 
o _i n :> r> v  ^ 
w «a _i _j . i »-- k. 
1-4 o o o r 
a. »-< o L L 

i/>        i/i I/1   I 

W  3   I 
? O CJ 

./)   "1   Li 
»-*  D  _J 

1--   T    T    T    3     1     I 
_j  O    «    "t     T    "t    5 

l/l   W   •J ^   i"-)  t 

-J O 
-J •¥ 
Ü Q 
1 
^1 i— 

t * 

L" fl 
►-* M </. l_ 

I     .J 
7    T      I     T 

7     T    7     T     T 1     T     7     T     7      T T7     T     TI     TTTT1T11TTTT 

<   c    f   r. t 

:!l.s 



<I «1 
er 3' 

otv 
T  '-' 
«J «1 
_JCJ 

>r\ 
wx 
»a 

1/1 tr u u. 

a; M       L, 
«1 r^.       »-«  „j 

»- n   7   >. u^ z V   -3 
0 <I '>    J (^ Q l.i 

*  _l ^) I - 

T    1     T     1     T      T     T t    T     I      1      I      I     T 1      1     T      I     T 

U    'J      L.     I. 

I,      it    „    _    ~,     H 

.ill) 



IL.      mo 
( ►- -i .*.. | 1 1 1 

— u i »1 n r. — - -. 
-J  1 ■^ V li. _J .T 

u- ►- r- ' J 

O u ' "; li - - ~ 
U.  «I f u -i •a Ü. 

f. 

t- o t- t- , - r .• r^ 
u r ( ) t. .• ' 1 " T .■" 

< ►-. ,• T; 1 -i K •i u n 

J i.. I 

o . i ,- Cl -' -' ■> 

(_) _( 3! J i _J 

v. 
T 

V T Ul ■». V, ■X 
S. L J3 l_J I. J t.j V 1. 

V) rr -J I/' <4 

O 1 ►_. — • T 

rr t- 
(.1 i T 

o ^ v H- L, „• 
T u U J 

U   ' 1 
►H a 

l^  „ 
_l UJ n ui 

. i*. _J /) --1 

^1 1   j" -r 
1 r <'  j 

>-   T "    I i -i 
U.   L," 

■r iT ■ 
1   -1 v1 -" .J 

c» u. »- a 
C"* i i   j- Ul 

1   'I ^1 . ■J .-i .' 

C J O     J  ' 

J «i  r-     .  _,   ;i    J ,-  n   O   i   i 

r»s .r 

T    T    T     T    T 

«1   *i   T   'T  I, 
-J -J -J -J J _i _J _J  _l  _. 

:;:!ii 



o 
Q 

Z < 
or nr 
>- o 

t- 

O" 
ijir, 
ai <J 
i" o 
o .J 
rr 

Du 
O 

1/1 :/i t^ 
-r ;rp rr 
-^ _j _J 

j- '- -.0 
o Q 

k- t— 1 
n •-* n 
Q O Z  _J ,' ,* —< ^. 

/l o r* i   c_; 

<  u^        Ci 11 v 0   r u-   ■ r< 

"■   '..    U    U     Ul >- 

■a t ' r"       —   T 

^  '/) i/i t/: »— 

_i i- i-  .ij   i 

»-H   -/.    •!    i^    l. 

cc ty 

1 
a f/) 3 C J 
.j 
i ') 1 T" 

n i' ■ '1 i I - 

i i j UI 1 /i 

Lj i ^ j i  1 1 - ■- ■ 1 a .- 
• 1 ■> '>' ii r < 
1 J u. T * 

i/i ■n (/' 
11 L »(. c. 
• i ■^ <! • 1 o 

-) ,-.  1    1 

u u 

.J    <3     O    H t-    t—   t~ 

TTTTTTT T^TTT TT T 
uvu* u. 1*1 a« tn HI ./   u' i' ui i* ^ u .i 
li^ iX- m u- m u- L.- „'. w- .. :'.- ii uv i. ■- 
n   n   ii   " i     •>   •• ' 'i   

U.  U    U    U U     U    ü U    tt li. u U U    (i U 
UJ U.    U   U. «     L.     ... J .. .- U U    V. - 
oo c o ci o o r. f '■ c c (.-i c -■ 

T     T    T    T 

u   u   u   u   u 

rj ^  ^ «-)   no-* 
ii   li    II   II    n   II   M 

• c I 

ir --t •--< 

a. u »-4      u-       *I u   _J K* »t -J c   i.       >-< r«! ►-• a   "L   J   u   <i   u-. 
>- ..j ( - to •' c ^ r   u   u   ^ u   h    j :     ' ■-    n   n --I ■    ►-  »— t    ^   ^     r 
>-- L> %• "> i  ^   x   i .:   -:  ^   J   l   x    i  -x  i   i  ^  J   -t   i   A   i   -E  ^ 



I   v.J   '1   '-3    ■  >   i 

ce     . J f\j 

i  (_>   ("j   f .      ,  U   UJ   O   ■ '   t—'   U    U    LJ    LJ    . J    i 

c_j LJ  u  ' i_j  c"  u* u>     t   ' 

O  C3 n  O 

C>   *_J   (.1   o ' o o   _,  c. -1  J (.J (_' I 

t3 ü>     J    'U   <"j   .p 

11 IP •— ■ 1 'I-   - 
t- tr\   ^' -i) TJ r^ 

,_j • j i J CJ '■T ..^ i_) cj a ' J 

■ 3 '"i <u  ;3  '^ '">  r-i  CJ  '-»  fT  ^ 

■-J   (J   CJ   CJ   ^-t   i J   Ui    J 

'i  n  O  O  ej  n  o  f^ i f\i o ri  i-y (Ti ry • 

a \s\  & ci t i :» tj  CJ  c    c">  i'-  r-j t.    O  n ■)<"'  rj c-' ( ü  -_>  . -i  »-»  c:>  n  . 

C3     J  ■ i   u  tj  ^* 

!3    ^       u:* 

(_i ^ j 

> n  t n  t >  ti  i 

t3    J-   •. 1   ^1 ' c> ' > a o o f o v» i 

ir\      u^ vii 

z   (..- o L* rr t-- L'i 

y t t .i 

'.. n   ■ •   i 

t  )   -l f  ! 

I     t     '   r    u 



1  INOTJG V      ^-S-^a   TF5T   CASL 

OUTPUT 

VS-LÖHOlNj   OINF.POWFR    OFF   STALL    SPFFQ   KNOTS 

OtSIGM   LOAD   /10C0. 
DRAG    ^RACE    "^ATIO 
KE-XINFTIC   rNF^GY/lOOO    FT-LR 

139.i+o 
U89.0 0 

1'+0 5 ^2. 56 

WEIGHTS 

HLF, 

MLG 
HLG 
'1LG 
ILG 
NLG 
MLG 
NLG 
NLG 
MLG 
iLG 
•^LG 
B^AK 
3<h< 
TIRr 

TIRC 

T I f-. 'r 

NLG 
L A N n 

7 AIL 
FIXE 

SIRU 
s r R U 
STf;U 
STPU 
S T R U 
S T ^ Ü 
SfRL 
bTRL 
iTDÜ 
kOLl. 
ROLL 
KuLL 
ES - 
ES - 
S-TY 
S-TY 

'ril . 
f-OLL 
ING 

JUM, 
Ü   ST 

C-SINGLf 
C-Sr-lr'LE 
C-^JLTI 
C-SINGLE 
C-SINGLF 

C-TRANSP 
C-FIGHTF 
C-FiGHTF 
ING 3TOC 
ING STOC 
IJG S^or 
NO TRAG 
n^AG C^U 
FE III A 
PE   7III 

IN-'UT 
IMG   5TOC 
GEA\   ^ON 
PER   WT. 
«JCIURF 

WHFEL 
WHEEL 
WHFEL 
WHFFL 
WHFFL 

?    AND 
'ORTS 
R    *■    AT 

■P    4-    AT 
-WMF 
-WHE 
-WMF 

CHUTF 
)TE 
tNO    711 

K 

TROLS 

-VE^T.GOLUIN 
-VERT.CLLLHN 
-VE-?T .COLUMN 
-TRIPC'D TYPE 
-TRIPOD TY-^E 
FIGHTERS 

TACK PUS TJW 
TACK HOI    TJW 
ELS HIGH ^S 
ELS LOW PIS 
ELS 

LAND 
CA-^K 
LAND 
LAND 
CARR 
LA JO 
LAND 
CARR 
CARR 
LAND 
LAND 
CARR 

3ASED 
^ASED 
BASED 
3ASEO 
1ASED 
BASED 
BASED 
BASED 
BASED 
BASED 
BASED 
BASED 

^   «  J 
0.Ü 

1569.0 
0.0 
3.0 

2^9.0 
}.C 
0 
0, 

395, 
0 
0.0 
0.G 

560.Ü 
0.C 
0.0 

1 0 7 . C 

3 8 5.0 
0.C 
1.C 

TOT AL   LAN-}IN1   GEAR 3751.0 

ACTUAL    WEIGHT 3<+li?.0 

WEIGHT    FACTO? .910 

:vz:] 



NAC^LLF   W I:,HT ^-:,8A   TFST    cast 

J>"T    rNbxNr   FOWLING 

jr'T    ^tiGIir    nuONS   SINGL^   ^JGINE 

JrT    FfGI:Jr   nYLONS   SIAMFSF   ENGI'^ 

T U >•'' J Ü F P ] P      C H W L T M r, 

ni^-Qf-PTP      MftIN   LAN1IN",   G1 AP    DJOR 

PISTON   PNJGItjPS   f4AC   WITH   CJWL   PLAFS 

FIbTJN   eM'jI'iFf    NAG    ^ITH    AIR    PL'JGS 

FIbiON   c-jspJ^S    ^AIN   LANJING    GFAR    OOORS 

3 -j 3 9 . 1 

b .0 

u • u 

C .C 

u . C 

u.C 

a.u 

TOTAL NACPLL^ GROUP 

ACTUAL ^FIG-IT 

WEIGHT FA^TOP 

^76.3 

^6/5,0 

1.022 

;j24 
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LANTING   Gra^      AX   T-ST   CflSF 

OUTPUT 

VS-LüNHIfJG   CO^.POWFR   OFF   STALL   So^O   KMOTS 
JCSIG^   LCAO   /1CC0. 
J7/5G   IPAT'-;   -:Arin 

KE-^INFTIl    FNFPGY/110D   FT-LR 

112.76 
11^.00 

.62 
2U29.7 3 

WFIGHTS 

■^LG 
HLG 
HLG 
UG 

HLG 
NLG 
"JLG 
NLG 
NLG 
HLG 
HLG 
HLG 
■IRA 
I'A 
TIR 
Til-. 
TIK 
NLG 
LAr, 
TAI 
FIX 

S.'KU 
SI-U 
STRU 
ST^U 
STRU 
ST^U 
STRU 
STRU 
ST^U 
^ÜLL 
ROLL 
ROLL 

KES   - 
KE-5   - 
FS-TY 
-S-TY 
•-    WT. 

ROLL 
H N G 
L    TUH 
<rC   ST 

C-SINGLF 
C-SiNGLF 
C-HULTI 
r-SINGLF 

C-SINGLF 
C-'lOM.lF^ 
C-T ' A'JSP 
C-FIGHTF 
C-FIGHTF 
I iG STOC 
I JG ST^r 
ING STOC 
NO DRAG 
O-^AG CHU 
^F    III    A 
FE vin 
INPUT 

I JG SrOC 
GFA'< CON 
PER WT. 
t^OGTUPc- 

WHFEL 
WHFFL 
WHFEL 
WHFEL 
WHFEL 

S AND 
ORTS 
R, 4- AT 
R 4- AT 
K -WHC 

K    -WHC 
K -WHF 
CHUTF 
TF 
NO VII 

K 
T ?OLS 

-VERT.COLU1N 
-VEn.COLUIN 
-VERT.CCLUHN 
-TRIPÜO TYPE 
-TRIP01 TYPE 
FIGHTERS, 

FÜ< TACK 
TACK 
FLS MT^ 
EL5 
ELS 

row 
TOW 

LOW P'iS 

LAND 
CARP 
LAND 
LAND 
CARR 
LAND 
LAND 
GARR 
CARR 
LAND 
LAND 
CARR 

•3ASFD 
^ASEO 
BASED 
BASED 
BASED 
BASED 
BASED 
BASED 
3ASFD 
BAS.'D 
BASED 
BASED 

CO 
0.0 
0. 

26 3. 
0. 

110 
a, 
i. 
o.o 
Q.O 

177.0 
0.C 

235.D 
0.0 

167.0 
J.O 
0.0 

7^.0 
U^.O 

0.0 
3.0 

TOTAL LANDING GFA^ 1175.G 

ACTUAL    WEIGHT 1323.C 

WEIGHT    FACTOR 1.126 

330 



NACriLr   W^iGMT ßX   TFST   CASf 

JrT   FNGINr   COWLING 

JET    FNGINi-    ^YLÜNS    SINGLE   FNGINE 

JFT    PNGI-'JF   PYLONS    SlflMFSF   ENGINE 

lURBOPKOP      roWLING 

TURJGHKOP      MfllN   LANDING   GtrAR   UQR 

PISrON   ENGINFS   NAC   HITH   COrIL    FLAPS 

PISTON   ENGINES   NAC   HITH   AI.-?   PL'JGS 

FISTCN   ENGINFS   MAIN   LANDING   GrAx   JOORS 

c.c 

L.C 

J.C 

Ü.O 

0.0 

u.C 

TOTAL NACFLLF GROUP 

ACTUAL WEIGHT 

WEIGHT FACTOO 

732.2 

676.0 

.923 

:m 
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