
~ '2
AD-751 242

GENERALIZED ELECTRONICS MAINTENANCE

MODEL (GEMM)

Robert Dale White, et al

Army Electronics Command
Fort Monmouth, New Jersey

November 1971

;11

I I

II
[9

I.I

DISTRIBUTED BY.

National Technical Infonrmatin Service
Ui. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

:1
* '



V -t
- .

RESEARCH AND DEVELOPMENT TECHNICAL REPORT
S ,ECOM-3502

0

0

i! .• GENERALIZED ELECTRONICS MAINTFNANCE MODEL (GEMM)

I .S

S• R. Dale White
David A. Tyburski

•-" D C\
• ~~~D ISTR IBUT ION STATEMENTD

Approved for public release;

SN v m e distribution unlimited.

S. November 1971

""B•B

UNITED STATES ARMY ELECTRONICS COMMAND FORT MONMOUTK. N.J.
• Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

U S Department of commerce
Springf.eid VA 22151

, 7/ 3

(; '



Seruffty CZ1.assiffatiou
DOCUM•NT CONTROL DATA-R & D

(Security Clasilllcation oltitle. 600 of abstract am Inde Ing wannoltaton, must 6a entered whoo. ame ae.ail "poet I* t arala d')

US Army Electrnj c.; domma~d / - CUITY CLASSIFICATION

SFort Mcrrouth, 4ew Jeroy 07703 belassified

3. REPORT TITLE

"• Generalized ElectronidS Haintemnee Model (GEMM)

4. oESCRIPTIVE NOTES r2r' o1 rpot and Inch:lsve de*oe)

Techr'ial1 Report
S. AUTHO- - Pomfi RM 0e pool. IRSl ,eame)

Robert Dsal 'White
.David A. Tybur,:ki

.REPOR T ONT S 7a. TOTAL NO. O F PA GES 17 6. NO. O r mEps

Novambocr 1971 25h: None
"s.h4 CO RTACT OR GRANT NO. 5H. ORISINATOWS REPORT NUM'89II(B)

6. PROJECT NO. ECM-3502

a.5. OTHER REPORT NOMe (AJ? Ve8WCIs~ &or Ma be eaomedd

I0. OISTMIDUTION STATEMENT

"Aunroval for public felease ,1-stribution unlimited.

It- SUPPLEMENTARV NOTES j13. IPONSORINS MILITARY ACTIVITY

"~ I•S .Army Electronics CommandIATTN; AMSEI-PL-SA
Fort Monmouth, New Jersey 07703

3S. ASSTRACT Te rapid advances in -tchnoloUy and the ever-changing mission requirements

of todays Army create a rmutitude of problems in the logistics support ares. With
support costs over the life cycle averaging from 10-100 times greater than procurement
costs for electronic equipments, it becomes obvious that the area of logistics support
requires a great deal of detailed scrutiny and analysis. What is not so obvious is tha'
this analysis cannot be restricted to logistics support per se.

The effect that design paraneters have on logistics support must be determined.
This interaction between design and logistics support permits trade-off analysis for
the express purpose of optimizing the logistics profile with respect to effectiveness
constraints.

In order to accompJiish trade-off analyses in a timely manner, it is necessary to
employ the technique of mathematical support modeling. A support model is a mathemati:-
cal representation of ant actual support system that permits detailed support require-
sents analysis and desigi trade-offs. The Generalized Electronics Maintenance Model
(Gffý) is suci a model, 4 :signed in-house by ECOM personnel for the study of EC(H
equipments.

GEKM is a management I\ooI designed to assist the manager in the de-ision-making
process during the develop nt of prime equipment and its supporting logistics system.
Implementation of cGQ4 wil provide management with the capability to study the inter-
action of the many elements of equipment design and logistics support and the effect
that each element has on li e cycle support costs and operational availability. The
effect that changes in s policies, manpower, test equipment and transportation will

on teoUlragyge support costs and operational availability can he shown over a
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ABSTRACT

'he rapid advances in technology and the everchanging mission require-
ments of today's Army create a multitude of problems in the logistics support
area. With support costs over the life cycle averaging from. 10-100 times
greater than procurement costs for electronic equipments, it becomes I
obvious that the area of logistics support requires a great deal of detailed
scr-d.iny and analysis. What is not so obvious is that this inalysis cannot
be restricted to logistics support per se.

'The effect that design parameters have on logistics support must be
determined. This interaction between design and logistics support permits
trade-off analysis for the express purpose of optimizing the logistics
profile with respect to effectiveness constraints.

In order to accomplish trade-off analyses in a timely mariner, it is
necessary to employ the technique of mathematical support modeling. A
support model is a mathematical representation of an actual support system
that permits detailed support requirements analysis and design trade-offs.
The Generalized Electronics Maintenance Model (GEM~d) is sucb a model,
designed in-house by EWDM personnel for the study of ECOM equipments.

GEMM is a management tool designed to assist the manager in the
decision-making process during the development of prime equipment and its
supporting logistic, system. Implementation of GEMM will provide manage..
ment with the capability to study the interaction of the many elements of
equipment design and logistics support and the effect that each element
has on life cycle support costs and operational availability. The effect
that changes in spare policies, manpower, test equipment and transportation
will have on the life cycle support costs and operational availability can
be shown over a wide-range of values. Likewise, the effect of design changes
in reliability and maint&inability can be assessed and reliability versus
maintainability trade-offs can be performed.

Utilization of support models, such as GEHM during the early stages of
an equipment design and continuing throughout its life cycle, is the only

method by which accurate and tii.,iy. 4•eions , an be rendered concerning
the support of modern Army equOments.'. ,..I
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CHAPTER I

INTRODUCTION

V This document r ½e final report on the Generalized Electronics
Maintenance Mode';el (GEI24). GEMM is an integrated design n-d logistics
support model written in FORTRAN IV computer language. nfbis report
contains information of the purpose of GEMM, the model inputs and outputs,
logic 'low, derivation -f equations, sensitivity analysis, and two sample
p oblems utilizing GEMM. In addition, the appendices contains the computer
fl',w chart, a program listing, a .description cf input data requirements, and

r-a• dentification list of variable names.

F ROUND

Ssituev ., for this model was develobed by the Systems Analysis
Div ,ion OL U" 'V " hen the Sy-tems/Cost Analysis Office and first
prer--ted to "-r. .ýJM Special Studies and Review Board in November of 1969.
This proposal -i,. approved in December and the importance of the project
was r'cognized and emphasized by the Deputy Commanding General, ECOM. In
March of 1970, a meeting was held between Systems Analysis Division and
Maintenance Engineering Directorate to discuss support modeling relative
to Integrated Logistics Support. This meeting resulted in a joint venture
to develop GEM" with both activities supplying the necessary resources.
The GENM development was initiated in April of 197C and two man-years of
effort has been required for this development.

SUPPORT MODELING

Th.' GEMM model belongs to that class of mathematical models normally I
referred to as a "Support" model. A "Support" model is a representation of
an actual support system. This representation aLay be accomplished in a
number of ways but the most common means is by 6imulation or mathematical
equations or a combination of both. Some support models can be exercised
by hand but in most cases support models are computerized.

The definition of simulation is "to have the external characteristics
of or to look or act like'." This is analogous to building a scale model
of an airplane to test its air flow characteristics. Applied to simulation
support modeling, this means that a computer model is built that has the
charateristics of and acts like an actual support system.

The type of model utilizing mathematical equations is called an analy-
tical model. This type of model utilizes mathematical equations to cal-
culate the elements of the actual support system in question. Mathematical
relationships are derived that enable the determination of spare require-
ments, maintenance manpower requirements, and other support elements.

__1



By utilizing a computer model of an actual support system, it is possible
to obtain much information about a system at a substantial savings compared

to study of the actual physical system.

The steps that are taken during the development of a support model are
extremely beneficial. The first step that must be undertaken in the develop-
ment of a support model is the determination of all the key elements of
support. This is a big job in itself and one which imparts a great deal of
useful k' fledge to the model developer. An abundance of insight into
various pnases of support is a side product of thirq activity.

An in-depth evaluation of maintenance ant] logistic flow must be
completed before a simulation or an analytical support model can be develop-
ed. Once again, thedesirable side.effect cIf this task is a better under-
standing of the maintenance and ingistics u-stem and its problem areas.

The determination of the possibJe support policies for various
equipments requires a great deal of inve3tigation into equipment repair
and maintenance procedures and a thorough understanding of transportation
problems, stockage procedures, repair shop ope'ration and other phases
of maintenance support. The support model muit• be developed in such a
manner that it can be readily applied to a wide-range of support problems.

The detailed investigation of maintenance and logistics discussed above
enables the development of a support model with the necessary ingredients of
versatility and applicability.

GEIM APPROACH

For the GEM4 program the decision was made to develop an analytical
support mcdel rather than a simulation model. This decision was based on
several factors. A support model was needed that could be exercised several
times during the life cycle of an equipment with rapid turn around so that
ti,-.ly decisions could be reached through application of the model. Also
, great deal of sensitivity analysis will be required to facilitate the
evaluation of alternate design and logistics plans from the standpoint of

life cycle support costs and operational availability. The amount of
analysis that would be required is substantial. This type of analysis takes
time and costs money. The computer time required and the huge amounts of
input data required for simulation makes the simulation approach prohibitive.
The type and quantities of data required for large simulation simply is not
available and 'e validity of this type of data is highly questionable.

To be realistic, GEMM is capable of evaluating thirty-five different
possibilities of maintenance allocation. These maintenance allocations
cover the realm of possibilities which could actually occur witbin the
Army structure.

2



For the most part, GEMM utilizes mean value for input data. This type
of data is available or may generally be obtained within the Army structure.
GEVM does, however, consider confidence limits for stockage based on the

Poisson Distribution, via TM 38-715-1.

Again, to be realistic, GEMM is compatible with the force structure
approach. GEbM can consider almost any type of force structure from a
battalion deployment to a field Army. Force structure data such as number
of equipment in the force structure, the number of organizational, direct,
general and depot support shops, distances between shops, etc., are
required by GEMM. Decisions made by the model are based on life cycle
support costs. Additionally, the operational availability of the end item
will be calculated for the optimum policy. Operational availability is the
availability of the end item to the user in the field taking into consider-

V ation both the design and logistics system.

This computerized model is not a compilation of sophisticated mathe-
matical manipulations. It makes use of standard Army methods of determing
logistics support requirements. The attribute of GEMM is not its
utilization of complex computer-oriented operations research techniques
but the speed with which it performs previously manual calculations and the
integration of design and logistics variables to provide a total-picture
approach to design and logistics decision-making.

GWM APPLICATIONS

GEMM is a management tool designed to assist the manager in the decision-
making process during the development of prime equipment and its supporting
logistics system. Implementation of GEMM will provide management with the
capability to study the interaction of the many elements of logistics
support and the effect that each element has on the support system life
cycle costs. i

The effect that changes in spares policy, manpower, test equipment, etc'.,
will have on the support system life cycle cost and the equipment operation-
"al availability can be shown over a wide range of values. Likewise, the
effect of design changes in reliability and maintainability can be
assessed and Reliability versus Maintainability Trade-Offs can be performed.
These investigations can be accomplished using estimated and predicted values
to assist in the decision-making in the early design stages before equipment
design and logistics policy have been firmly definitized.

The speed with which GEMM can be exercised on the computer permits
sensitivity analysis yielding instantaneous evaluation of alternative
solutions, thereby creating a direct man-machine interface. Many iterations j
of the input data such as different MTBF's, K'TR's, stockage confidence
levels, and many other input variables. This sensitivity analysis will
permit detailed analysis of the effect of design and logistic parameters on

*11
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life cycle support costs and operational availability. Sensitivity
analysis can be used to pin-point system parameters that will have a
significant impact on life cycle support costs and operational availability
in order to "zero-in" on these critical factors.

Rirthermore, the model can be exercised with updated information as
performance data becomes available to verify earlier decisions. The
maintenance philosophy of fielded equipment can be analyzed to determine
if certain changes might yield a more cost effective support system. The
advantages of the model are varied and as experience is gained in its use,
applications in areas other than thooe discussed herein will no doubt
be discovered.

'4

"if

It
ii



CHAPTER II

MAINTENANCE OPERATIONS

There are fou-" categories or echelons of maintenance in an Army
theater of operations. These categories are: Organizational Support (0),
Direct Support (DS), General Support 'GS) and Depot Support (D). Figure 1
briefly describes the type of work normally accomplished at each echelon,
the location where the work is done, the person or group doing the work,
the equipment that is maintained, and the basis of the repair action.
This figure describes maintenance operations as they are normally performed
within the Army. There are certain equipments that do not lend themselves
to this type of o'ganization of maintenance. And other equipment, while
lending themselves to this type maintenance structure, might be repaired
more efficiently with a resulting lower cost if allowed to follow some
other maintenance policy.

The GEMM model is not constrained to the general maintenance organization

shown in this figure. It has the flexibility to investigate various
structures. To accomplish this variation of structure, it was necessary to I
identify several maintenance actions without restricting the echelon at which
they could occur (except in one instance).

These maintenance actions are: Check-Out Equipment (COE), Fault
Isolate to Component (FIC), Fault Isolate to Module (FIM), Fault Isolateto Part (FIP), Throwaway Module (TAM), Throwaway Component (TAC), and

Throwaway Equipment (TAE). COE is the only restricted action and it must
be accomplished at organizational support. COE is the action required to
determine that the equipment has failed. FIC is the maintenance action that
is required to fault isolate the failed equipment down to the component
level, i.e., to locate the failed component and it can occur at any one of
the four echelons.

Correspondingly, FIM is the action required to locate the failed
module and FIP is the action required to locate the failed part. It is
assumed that the actions must be performed in sequence, i.e., before PIP can
be performed it is necessary to perform COE, FIC and FIM respectively.
Figure 2 denotes the equipment breakdown and the order of performance of
these maintenance actions.

To make GEMM general purpose it was necessary to consider a wide
• , range of maintenance philosophies. These philosophies are made up of the

functions described above and the different philosophies exhibit differences
due to the echelon at which the maintenance functions take place. After
extensive analysis, it was determined that thirty-five maintenance philoso-
phies defined the universe of possibilities for Army electronic equipment.
Other possibilities were removed from consideration as being infeasible.
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These thirty-five possibilities will cover any situation of equipment

type, operational environment, maintenance structure, etc.. Figure 3
is A list of these possibilities. Similarly,. Figure 4 is a graphical tree
representation of these sane thirty-five possibilities,

It: is important to understand that for one-and the same equipment, it
may be possible, and desirable, that several of these philosophies describe
the maintenance actions required to maintain the equipment in an optimal
manner. For example, a particular radar equipment might exhibit one throw-
away component, while another component might require FIM at the DS level
ard still another might require FIM at GS. Likewise, some modules might
be thrown-away rather than repaired wbile others might be repaired at
different maintenance echelons. This is a real situation and one that
places a definite requirement on the evaluation capability of GEMM. Other
podels;were investigated and found to be excellent in many respects. A
However, too many models could not consider the repair of modules at

different echelons nor could they evaluate component repair at different
levels. This is a "must" as far as realism and versatility is concerned
in a support model.
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POLICY COE FIC FIM FIP TAE TAC TAM

10 0 0 0

• 2 0 0 0 DS :

3 0 0 0 GS

4 0 0 0 D

5 0 0 0

6 0 0 DS T)S

7 0 0 DS GS

8 0 0 DS D

9 0 0 DS DS

10 0 0 GS GS

U1 0 0 GS D

120 0 GS GS

13 0 0 D D

14 0 0 D D

"15 0 0 0

016 DS DS DS

17 0 DS DS GS

18 0 DS DS D-

319 0 DS DS DS

20 0 DS oS GS

S21 0 DS GS D

22 0 DS OS OS

2 23 0 DS6 D ",

24 0 DS D D

25 0 DS DS

Figure 3. Maintenance Policies (Sheet 1 of 2 sheets)
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POLICY COE FIC FIM FIP TAE TAC TAM

26 0 GS GS GS

27 0 GS GS D

28 0 GS GS GS

29 0 GS D D

30 C, GS D D

31 0 GS GS

32 0 D D D

33 0 D D D

34 0 D D
35 0 o

Figure 3. Maintenance Policies (Sheet 2 of 2 sheets)
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CHAPTER III 1,

CALCULATION PROCESS LOGIC

which calculations are performed by the model. In order to accomplish
this a figure is included that illustrates the various maintenance
policies that are capable of evaluation by GEMM (Figure 4). Figure 4
exhibits four maintenance actions: COE (checkout of equipment), FIC (fault
isolate to component), FIM (fault isolate to module) and FIP (fault
isolate to part). All Checkout of Equipment (COE), is assumed to be
performed at the organizational repair level (0). The other three repair ,
actions can be performed at any one of four levels: Organizational (0), /
Direct 3upport (DS), General Support (GS), and the Depot (D). Also
included in the figure are the throwaway maintenance functions: Throwaway I
Equipment (TAE), Throwaway Component (TAC), and Throwaway Module (TAM).

• In addition to this figure a logic flow diagram of the calculation

process is presented in Figure 5. The flow chart is essentially self-
explanatory, therefore, detailed discussion of the flow chart will not be
presented herein. However, a summary of the calculation process will be
presented below to provide a general understanding of the calculation
Slogic prior to study of the flow diagram.

The Principle of Optimality states "An optimal policy has the property

that whatever the initial decision, the remaining decisions must constitute
an optimal policy with respect to the results of the first decision."
This is to say that in a problem constituted of a number of discrete parts, i
an optimum answer for the totality can be built up if an optimum answer is
obtained for each separate part. Applying this principle to F'igure 4 forus
the basis for GEM1's calculation process. A determination is made of the
optimum repair level for each module under a particular FIM. This con- |
stitutes the first decision and it is an optimal decision.

The optimal FIN level is then determined for all components under a
particular FIC using the information calculated previojlsly for the optimal
repair of the module. This procedure is repeated und•.r each FIC. Finally
the optimal location for the FIC function is determfted utilizing all of
the information that has now been determined (infor'mation on the optimal
FIM level for components and the optimal FIP levels for the modules). The
requirements for performing COEO are then determined and combined with all
previous results. An optimal maintenance philosophy has now been determined.This optimal philosophy will specify the level at which all modules and

components should be repaired or thrown away.

A
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MAINTENANCE PHILOSOPHY TREE[ COEO1
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In addition, test equipment, manpower and stockage requirements will be
determined for the optimal maintenance philosophy for the equipment under
study. These are three general categories of information calculated by
GEMO. However, more detailed breakdowns of cost infrmmation such as
training, inventory management, etc., is also an output of GEMI and will be

discussed in the output chapter of this report. To follow the flow logic,
Figure 5, it is necessary to refer back to Figure 4. The flow logic
refers to Figure 4 from left to right and from bottom to top and also makes
reference to specific functions by the use of numbered "flag identifiers".
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CHAPTER IV

IN'PUT & OUTPUT

This chapter discusses the input requirements of GEMM and the output
that will be obtained from a computer run. The discussion in this chapter I
concerning inputs and outputs is general in nature. A more detailed list
of input data requirements can be found in Appendix A.

The GEMM model utilizes mean values for inputs in order to reduce the

magnitude of the data collection effort. Also, to further minimize data
gathering, the number of data inputs is held to the absolute minimum
Scommensurate with the level of detail provided by the GEMM program. Figure
6 indicates the general data requirements for GENK.

Reliability and Maintainability information is required for the end item
and for each component. module and part class within the end item. In order
to avoid data collection for individual pieceparts it is necessary to
structure the pieceparts into what will be called part classes.

A part class is a means of structuring pieceparts according to some
applicable characte(ristic such as failure rate, cost, weight, etc.. The
selection of the particular pieceparts that should make up the parts
classes should be done by a research and development engineer. For
example, all passive elements might be assigned to a particular part.class,
say Class 1. There might be twenty-five different pieceparts within this
parts class. Each piecepart might be assigned a failure rate and a cost
equal to the average of the twenty-five elements of the class. Thus,
whenever a piecepart of Class 1 is encountered, the failure rate and cost
of Class 1 is used rather than that of the individual piecepart. This wi.l
reduce the quantity of input variables required for GCEM. If care and
consideration is taken in the structuring of the parts into parts classes,
it is felt that the errors introduced will not be significant and the

- benefits derived, i.e., the substantial reduction in this averaging method
does not give sufficient detail for a particular problem then each piece-

P+ part can be considered as being a part class itself. If only part failure
rates can be determined, then one of the subroutines of GEMM will apportion

the reliability parameters to the modu)les, components and the end item.

The mission profile for the equipment under consideration must be enter-
ed into the model. The mission profile includes such information as:
hours of operation per day of the equipment, number of days per year of
operation, and restrictions on maintenance shops such as number of shifts,
hours per shift, etc..

Research and development costs are read into the model as a total cost
and may be used to reflect higher research and development costs incurred
when higher mean-time-between-failure figures are desired.

15



* RELIABILITY AND MAINTAINABILITY INFORMATION

* RESEARCH AND DEVELOPMENT COSTS

* MISSION PROFILE

* FORCE STRUCTURE

* TEST Eý.LPMENT

* PERSONNEL

*ATTRITION FACTORS

* TRANSPORTATION

* PUBLICATIONS

* STOCKM3E INFORMATION

* EQ)NOMIC, LIFE

Figure 6. Inputs
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Force structure information is required such as the number of organ-

izational shops supported by one direc.t support shops, the umber of
direct support shops per general support shop, etc. Also distances between
shops, and number of equipments supported per shop are other examples of
force structure data requirements.

Test equipment and maintenance personnel requirements are needed as
2 ,,•input to the model. Test equipment information is input by type and cost

* and maintenance personnel are described by M!DS type and pay allowance
per year.

Attrition factors are input to the model to reflect geographical
location and peace time or war time conditions. Transportation information
includes distances between shops, as mentioned previously, the cost per
pound per mile for transportation, and the weights of the modules, components

: and the end item.

•" ~Stockage information includes the array of confidence lew.Is to be
investigated, the turnaround times, order-ship times and the length of the

replenishment periods.

Also included is the cost of the spares. And, a final input is the
* economic life to be considered for the equipment under study.

These inputs have been discussed in general categories. Appendix A
gives a more detailed listing of input data requirements.

Outptuts

One of the most important outputs of GEMM is the operational avail-
ability for the equipment being analyzed. This is calculated for the
maintenance policy that is determined to be the optimum policy. However,
it may be calculated for any of the thirty-five policies.

The Life Cycle Support Costs form an important category of output
information. The support costs are divided into the following factors:

(a) Test Equipment Cost (g) Publications Cost

(b) Spares & Repair Parts Cost -(h) k,. ,arch & Development Costs

(c) Personnel Costs (i) Production Cost

(d) Transportation Cost .

(e) Training Costs

4(f) Inventory Management Costs

J
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The maintenance allocation for repair of all modules, components, and
the end item is an output of GEM1. Any module nr component that should
receive throwaway maintenance is indicated along with the level at which
throwaway should take place.

The requirements for stock, test equipment and maintenance personnel is
presented in the output. The stockage requirements are shown as the
quantity required for each level of maintenance. The test equipment
requirements at each level are presented by type of test equipment and
quantity required. The MOS designation for the maintenance personnel andthe quantity that is required at each level of maintenance is indicated.

The outputs for test equipment and personnel are presented on a per shop
basis. In addition, the total force structure requirements are also
computed.

GEMM also makes use of graphical outputs. Graphs are plotted by the
computer to show the inter-relationships of key variables. The relation-
ships that are plotted are listed below:

(a) Availability versus Sensitivity Run (SR)

(b) Support Costs versus Sensitivity Run (SR)

(c) Cost Effectiveness versus Sensitivity Run (SR)

Each sensitivity run may represent the change of one variable or a
combination of several variables. Since some variables are not independent,
a change in one variable may demand a change in some other variable. For
example, if it is desired to determine the effect of a change in the equip-
ment MTBF, this change must be reflected in the component and module MrBFs,
the MTTRs, and also in the costs of the equipment.

18



it CHAPTER V
DERIVATION OF KEY EQUATIONS

The following discuss'on concerns the derivation of key relationships
Sthat are utilized internally within the calculation portion of GEM4. The

key equations will be presented in the followin, order: Annual Maintenancc
Manhour, Test Equipment Requirements, Manpower Requirements, Transportation
and Stockage Requirements, Availability, Inventory Management and Training.

Annual Maintenance Manhour Calculations

The Annual Maintenance Manhour computer subroutine is exercised for
each module and component and for the equipment to determine the Annual
Maintenance Manhour (AMMH) requirements for maintenance. The AMMH is

defined as the number of failures per year multiplied by the mean time to
repair (MTTR) per failure or,

ANMH = (Number of Failures/year) (MTTR/Failure).

In more detail this equation becomes,

AMMH = (Operating Hours/day X Operating Days/Year) (MTTR/Failure)

SMean-Time-Between Failure (MTBF)

Test Equipment Calculations

The routine that calculates test equipment requirements makes use of
the AMMH information to calculate the test equipment required for each
module, component and the equipment. The -test equipment required for the
Unit Under Test, UIYT, whether it be module, component or equipment is
defined as the AMMH for the UUT divided by the number of shop hours avail-
able per year. In equation form this becomes,

Test Equipment of Type I per shop = MHof UUTXN ,

Shop Frs Available/year

where N = total number of UUT's per shop.

In more detail,

TE (T) per shop (AMKH of UUT) (UUT s/Shop)
S(Operating Hour/Shop X Operating Days/Year)

and the total test equipment requirement for Tjpe I in the force structure
is

19
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Total Test Equipment I TE (I)/Shop X Number of Shops/Force Structure.

These calculations are performed for the checkout and repair of the
equipment being studied and for the repair of each module and component iiith-
in the equipment. The test equipment requirements are summed over all the
UUT's (modules, components and the equipment) to get the total tqst
equipment required for full equipment repair capab.lity.

Maintenance Manpower C4lculations.

The equations for the calculation of maintenance manpower requirements
are derived in a similar manner using the AMM values for the UUT. In
equation form,

Mos (1) (A1Q of UUT)
(MOS Hours Available)

or

MOS (I) per shop (MofUUT) .(UUT's/8bop)
(Operal~ing.Hrs/Shop x Operating Days/Year X PF)

where PF = Productivity Factor

The productivity factor indicates the percentage of the time the

repairman is productive when he is available.

And for the total force structure this becomes,

Total MOS (1) = MOS (I)/Shop x Number of Shops/Force Structure.

Stockage Calculations

Stockage calculations are based on the Initial Provisioning Manual,
TM 38-715-1 for the Initial Provisioninig Stock, and on the Consumption
rate for Reorder Stock. The model calculates stockage requirements in a
similar manner to the way it is now done manually.

There are two types of Initial Provisioning Stockage-: Non-repairable
stock and repairable stock. Non-repairable stock is stockage forý items
that are not repaired such as parts and "throvaway" items, i.ie., throwaway
modules, throwaway components and throwv.way equipments. Repairable
stock is stockage for items that are repaired such as rejadrable modules,
components and/or end items.
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For non-repairable stockage, three classes are calculated for initial
"provisioning:

I:) Initial Issue Quantity

(2) Order-Ship Quantity

(3) Replacement Quantity

Initial Issue Quantity is the issue of stock that is placed in the
field concurrently with the initial deployment of an equipment. Order-
Ship Stockage is the stock that is necessary to fill the stockage pipe-
lines and is based on the turnaround time. Finally, the Replacement
Quantity is the non-repairable stock located at the depot that is utilized
as back-up or replacement stock for the field stockade as it is used up.

For repairable stock there is no need for intial issue stockage or
replacement stockage. SLnce the item in question is repairable, it I.s not
lost to the system when a failure occurs. The only stockage that is
required is pipeline stock which is used to replace the failed item while
it is being repaired (turned around). This stockage is analogous to Order-
Ship Stockage for non-repairables.

The first step in the derivation of the equatior to calculate initial
issue stock is to determine the number of failures within a 15 day period.

Failures/15 days = Operating Hours/Day x Number of Days/Year

X 0.04 Mean-Time-Between-Failure (MTBF)

This mean demand per shop for the stockage objective (B) in calculated
as follows:

Mean Demand Failures/15 days x Number of Uses/Equipment

X Number of E.juipments/Shop x B,

where B = Number of 15 day periods in stockage objective which is defined
as the amount of time for which a maintenance level is allowed to stock.

Thus, the stock required for a given protection level (K) at a
particular support shop becomes,

Initial Issue Stock = Mean Demand + K (Mean Demand) y

The total stock required for the entire force structure is therefore,

Initial Issue Stock/Force Structure = Initial Issue/Shop x Number of

Shops in Force Structure.
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Combining these three types of stockage, the Initial Provisioning
Quantity for non-repairables becomes,

Total Initial Provisioning/Force Structure = Initial Issue Stock/
Force Structure.

Order-Ship/Stock
Force Structure.

+ Replacement Stock/
Force Structure.

As mentioned previously, only pipeline stockage is required for
repairables as compensation for the turnaround time necessary to affect
a repair on a failed item. The equation for calculating the Mean Demand
for pipeline stockage per shop is

Mean Demand = Failures/15 days x Turnaround Time x Number of uses/
Equipment x Number Equipment/Shop.

For a given protection lev;el K, the Pipeline Stockage is

Pipeline Stockage = Mean Demand + K (Mean Demand). 1

Per Shop

The total stock required for the entire force structure is

Pipeline Stockage/Force Structure = Pipeline Stock/Shop x Shops/
Force Structure.

Reorder Stockage Js calculated for both repairables and non-repairables,
and is based on the consumption rate. For non-repairables the Reorder
Stockage is equal to the number of failures expected in the force structure
and the life cycle plus those failures which will be caused by attrition.
Reorder Stockage for repairables is simply the number of failures caused
by attrition as all o~her failures are corrected by repair rather than
replacement action.

Availability

GE calculates the operational availability of the equipment under
consideration at the organizational level. This operational availability
is the actual availability of the equipment to the equipment user. The
general formula for operational availability, Ao, is:

Ao = Mean Time Between Equipment Failure
Mean Time Between Equipment Failure + Mean E4uipment Down Time.
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Mean Time Between Equipment Failure is an input to the model while the
Mean Down Time of the equipment must be calculited within the model. Mean
Down Time (MDT) for the equipment can be stated as:

MDT = (Probability of Equipment Spare on Hand) (Mean Check-out Time of
Equipment) + (1 - Probability of Equipment Spare ou Hand) (Mean
Check-Out Time of E4uipment + Turn Around Time for E.Luipment).

This formula assumes that if an equipment spare is available, it can
be obtained in time, t, where t = 0. The Turn Around Time for equipment
is the time required to transport the equipment to a maintenance shop for
Kbatever maintenance is required to repair it to its previous operational
condition. Tht only unknown in this equation is the equipment Tufn-Around
Time (TTE). This variable can be calculated as follows:

TE = Transportation Time + Waiting Time for Service +"(Probability of
Component Spare on Hand) (Mean Time To Repair E.uipment) + (l -

Probability of Component Spare on Hand)(Mean Time To Repair
Equipment + Turn-Around Time for Component).

•*. Once again, the unknown variable is the Turn-Around Time, in this case, the

Turn-Around Time for the Component (TTC). This variable is determined in
the same manner as TTE. Therefore,

STTC Transportation Time + Waiting Time for Service + (Probability of
"Module Spare on Hand) (Mean Time To Repair Component) * (1 -

Probability of Module Spare on Hand) (Mean Time To Repair Component
+ Turn Around Time for Module).

The eauation to calculate the Turn-Aro, nd Time for the Module (TTM) is :A

TIM Transportation + Waiting Time for Service - (Probability of Parts
Stock on Hand) (Mean Time To Repair Module) + (1 - Probability j
of Parts Stock on H~nd) (Mean Time To Repair Module + Requisition
Time for Part).

In this equation there are no unknowns as the Requisition Time for Parts is
an input to the model. The complete equation for Ao is Ziven in Figure 7.

The transportation and waiting time depend on the levels of the respect-
ive repair actions and the repa*r times depend on the module, component,
etc., respectively. The Turn-Around TIme for parts :s a function of the
level of parts stockage as would be expected. The GEMM Model considers the
variat ons internally and will yield the operational availability of the
equipment to the equipment user.
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In the case of a throwaway end item, component, or module, the turn-
around time of that item would be the time consumed in obtaining a
replacement for that item if one were not available at the level where
maintenance was being performed.

Inventory Management Calculations

Inventory Management costs for stockage inventories are calculated by
the use of an inventory factor. This inventory factor is a percentage of
the total stockage costs over the life cycle being considered.

The :nitial provisioning quantity mrnus the amount consumed during the
initial provisioning period is maintained throughout the life cycle and
reorder stock is requisitioned for each year after the initial provisioning
period as stock is consumed. An average reorder stockage is considered
since the stock is not on hand for the entire period. This average is
approximated by one-half of the total reorder stock since theoretically,
at the beginning of each year there will be a large quantity of reorder
stoc'" on hand and at the end of the year there will be none. Thus, the
reorder stock divided by two is the average reorder quantity on hand
during the year. The formula yielding the inventory management cost is

Inventory Minagement Cost (Initial Provisioning Q4uantity - Stock
for Life Cycle Consumed During Initial Provisioning Period)/2

+ Initial Provisioning Stock remaining x the
rema:ning Life Cycle + Reorder Stock/2 x Cost
of Stock x Inventory Factor.

* Maintenance Training Cilculations

Training costs reflect the number of maintenance personnel required,
the type of MOS and the turnover rate of maintenance types. The formula
for maintenance training is:

Training Costs = Number of MOS type x Cost of Training per MOS type x
Life Cycle (years)/Turnover Rate

Publications Cost Calculation

Publications cost are calculated for the check-out equipment, fault-
isolate-to-component, fault-isolate-to-module and fault-isolate-to-part
maintenance functions. In general,

Publications Cvst = Cost per page x Number of pages required for
specific maintenance action
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Research and Development Cost

This is the total cost of research and development and ts an input
into the model. It is useful for sensitivity analysis to reflect changes
in research and development costs when equipment design and failure rates
are changed.

Production Cost

This is simply an estimate of the total production costs including
the cost of prime equipment.

Overhaul Costs

Overhaul costs are considered using a time-between-overhaul (TBO) and
a cost per overhaul as input information. Overhaul costs may be considered
for modules, components and the end-item. The equation for overhaul cost
is:

Cost of Overhaul = Equipment Life Cycle/TBO x Cost per Overhaul.
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CHAPTER VI

SENSITIVITY ANALYSIS

Purpose

Aside from the maintenance allocation optimization process contained
F in GEMM, the sensitivity analysis capability of GEMM is its thost powerful

• .attribute. Sensitivity analysis has two major uses. The first is to
determine the effect of changes in different key variables on support
life cycle costs and operational availability. Not only may the effect
of one variable be measured, but the effect and interaction of several•' variables may be studied at one time. This is necessary because the
physical variables which are simulated in a support model do not act

independently. Though the chaage of one variable by itself may seem
advantageous, it may not be. It is possible that the perturbation of
one variable may cause a change in another or several other variables
which is detrimental to the system considered as a whole.

Cost Effectiveness

It is for this reason that a sensitivity analysis is performed on
4 reliability and maintainability factors to see what effect different combina-

tions of.these factors will have on system costs Pad effectiveness. This is
a tool which allows the system designer or manager to evaluate the effect
his decisions will have on costs and effectiveness before they are initiated.
Therefore, errors that are made will effect paper exercises and not actual
hardware.

Sensitivity of Variables

The second major use for sensitivity analysis is to test the sensitivity
of different variables. Unfortunately, design predictions and field data
are not one hundred percent reliable. Therefore, it is necessary to know
how sensitive a variable ;s, or how far off an estimate of a variable can
be without affecting the solution received by using an estimate of that
variable. In other words the risk associated with using a certain value
of a variable may be investigated by using sensitivity analysis to deter-
mine the changes to system values when a given variable is varied over a
range of values. This option allows the system planner to evaluate his
decisions armed with the probable outcomes of his decisions if variables
do not take on the values his predictions suggest.

Support Parameters

The following support parameters can be varied over a range of values
during sensitivity analysis, either separately or in combination with each
other:
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(a) ?MfrBFa

(b) MTTR s

(c) Cost of Equipment

(d) Test Ejuipment Information

(e) Manpower Information

(f) Weight of EI ipment

(g) Force Structure

(h) Transportation Information

(i) Requisition Times

(j) Operating Hours Per Shop

(k) Stockage Confidence Limits

(1) Attrition Rate

(m) "Stockage Objectives & Order-Shipping Time

(n) Economic Life

(o) Training Factors

(p) Inventory Management Factor

(q) Maintenance Policies

(r) Research and Development Cost

(a) Round up Option

(t) Maintenance Publications

(u) Overhaul Considerations

Optimization Under Constraints

The Sensitivity Analysis f~inctior. of the GEMM Model provides a vehicle
for optimization of system parameters under constraints. The GEMM Model
itself minimizes support life cycle costs with no constraints.

Using sensitivity analysis it is possible to obtain different combina-
tions of life cycle costs and operational availability for different values
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of key system parameters. From these comoinations of output it is possible
to eliminate combinations of parameters which do not meet operational con-
straints and to choose that combination of parameters which minimizes or
maximizes an objective function subject to the constraints of the problem.

Figure 8 is an example of how this type of optimization may be accom-
plished using GEN4 as a vehicle. By .sin- the sensitivity analysis option
of GEM4 on stockage confidence levels, a table such as the one in Figure 8
may be obtained. Looking at the values in tLe table, suppose we are con-
strained to have a confidence level on stockade of at least 80 percent
and a constraint of 93 percent on operational availability. We would like
to determine the combination of parameters that would yield the mrin'm m
support life cycle costs. In this case, it is policy 3 with life cycle costs
equal 4.6 million dollars, confidence limit equal 85 percent, and avail-
ability equal to 93 percent. It is possible under another application
that policy 4, 5, 6 or 7 might have been least cost and still met the
constraints of the problem.

The example given is a simple one but illustrates how GEMN may be used I
to optimize under constraints. The number of constraints that may be
applied is limited only by the amount of senz tivity analysis which is
performed by the model. The number of constraints may range from 0 to a
maximum of 54 different types.

The process of optimization under more than one constraint is accomplish-
ed in the same manner as one with 1 or 2 constraints, as combinations are
eliminated from consideration as soon as any of the constraints are violated..
If several combinations meet all constralnts, then the least cost combina-
tion is chosen as optLmum.

2 I

I, 29 1 .

A:



LIFE CYCLE CONFDENCE,
,POLICY .COST AVAMI•ITY• LIMIT

1. 2 ~ .75 .75

2 3.4 .83 .80,
3.93 .85

4 7.9 .95 .900

S5 8.3 .96 .95

S6 9.2 .909 .975
7 10.2 .999 .

.99

Figure 8. Optimization Under Constraints
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CHAPTER VII

CONTROL AND DATA CARD ARRANGEENTS

General

This chapter discusses the card-deck arrangement and input card formats
required for operation of the GEMM Model. The de.ck arrangement discusbed
herein is for processing on the Borroughs 5500 computer using card input. A
detailed step by step input procedure is included which requires no prior
data processing knowledge for its use. The process control cards required
specifically for the Borroughs machine are not listed but may be obtained
from the Computation Agency.

GE4 Card Deck Arrangement

Figure 9 shows the overall card deck arrangement to be usMd when the
GEMM program is run. The GEMM Progrem Deck is loaded and behind it is
placed the Data and Program Control Deck and then the Sensitivity Analysis
Deck.

Figure 10 shows the arrangement for the Data and Program Control Deck.
The cards are specified by card types and the shaped cards indicate cards
which may not necessarily be used depending on the specific use of the GE4M
Program.

(1) Card type 1-4 are required.

(2) Card type 5 is a control card.

(3) Card types 6-8 are used if the value of card type 5 is 1, other-
wise they are omitted.

(4) Card type 9-42 are required,

(5) Card type 43 is a control card.

(6) Card types 44-46 are used if the value of card type 43 is 1, other-
wise they are omitted.

(7) Card type 47 is used if the value of card type 43 is 0.

(,) Card types 4W-53 are requfred.

Fieu.Aire 1. illustrates the sensitivity variable groups that may be used
to perform 6en-sitivity analysis. Any one of these 6roups or any combination
of these groups may make up a sensitivity run. All this means is that after
the initial .odv-l run, one or several variable values are changed r-utomatically
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to determine its effect on life-cycle support costs or operational avail-
ability.

If any of the information for any of the sensitivity group is used all
the information for that group must be re-read.

Figure 12 shows the deck arrangement for sensitivity analysi .. The
first card is a control card type 54 contailling the number of sensitivity
group. The next group of cards are the card types which make up that
sensitivity group. If other sensitivity groups are to be changed a type
54 card is required for each followed by the card types to be changed.
The next card iu a control card type 48 containln.ý a 0 to indicated the end
of the sensitivity group cards. These groups of cards (control, sensitivity
and control) are repeated for each sensitivity variation desired. The last
card of the deck is another control card type 54 containing a 100 to
indicate the end of sensitivity variations. If no sensitivity analysis is

Srun the only card in the sensitivity analysis deck is a tyPZ 54 card con-
taining the nut er 100. The sensitivity groips are as follows:

Sensitivity 1 - Mean-Time-Beteen-Failure Information
Sensitivity 2 - Mean-Time-To-Repair Information

Sensitivity 3 - Acquisition Cost Information
Sensitivity 4 - Test Equipment Information
Sensitivity 5 - Manpower Information
Sensitivity 6 - Weight Information

Sensitivity 7 - Force Structure Information
Sensitivity 8 - Transportation Information

Sensitivity 9 - Requisition Times and Waiting Times
Sensitivity 10- Operating Hours Per Shop
Sensitivity 11- Confidence Levels, False-No-Gos, Attrition
Sensitivity 12- Stockage Objectives, Order-Ship Times turnaround

times and Reorder Period
Sensitivity 13- Economic Life

Number of Days of Operation of the Equipment and
Maintenance Shops, Operating Hours Per Day of Ejuipment.

Sensitivity 14- Training Cost for Manpower
Sensitivity 15- Inventory and Training Factor
Sensitivity 16- Known Maintenance Allocation Policy
Sensitivity 17- Maintenance Policies
Sensitivity 18- Research and Development Cost
Sensitivity 19- Round Up on Test Equipment and Manpower
Sensitivity 20- Publications Cost
Sensitivity 21- Overhaul Considerations
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Data for GEMM Card Types

Distances given are in miles, weight is n pounds and time is in hours
unless specified otherwLse. The data is as follows in the format
indicated:

Type One Card -

Column 1-3 - Number of Components (right justified)
Column 4-6 - Number of Classes of Parts (right justified)

Type Two Card -

Column 1-3 - Number of Modules in Component 1
Column 4-6 - Number of Modules in Component 2

(3 columns for each number, righot justified, 10 numbers per card)'

Type Three Card-

Column 1-3 - Number of Class 1 parts in Module 1 of C:umponent 1
Column 4-6 - Number of Class 2 parts in Module 1 of Component 1

(Cc:ntinue for all classes on same card. One card foe each of

the modules of Component 1, then all modules of all other
components). (Right justified, 20 numbers per card).

Type Four Card -

Column 1-8 - Mean-Time-Between-Failure for Part Class 1.
Column 9-16- Mean-Time-Between-Failure for Part Class 2.

iContinue for each Part Class, right justified with two

decimal places, 10 numbers per card).

Type Five Card-

Column 1 - Reliability Assessment Indicator a 1 in column 1 indicates
you will read the Type 6, 7, 8 cards. A zero in Column 1
indicates that GEMM will apportion the module, component,and end item mean-time-between-failure numbers. If so

skip to card type 9.
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Type Six Card -

Column 1-8 - Mean-Time-Between-Failure for Module 1 of Component 1
Column 9-16- Mean-Time-Between-Failure for Module 2 of Component 1

iContinue for each module of component, one card for each
component, 10 numbers per card, two decimals).

Type Seven Card -

Column 1-8 - Mean-Time-Between-Failure for Component I
Column 9-16- Mean-Time-Between-Failure for Component 2

(Continue for all Components) (Right Justified, two decimals

10 numbers per card).

Type Eight Card -

Column 1-10- Mean-Time-Between-Failure of the Equipment (Right
Justified, five decimal places.)

Type Nine Card-

Column 1-6 - Mean-Time-To-Check-Out the Equipment
Column 7-12- Mean-Time-To-Repair the Ejuipment (Right Justified,

two decimal places).

Type Ten Card -

Column 1-6 - Mean-Time-To-Repair Component 1
Column 7-12- Mean-Time-To-Repair Component 2

iContinue for all Components, Right Justified, two decimals)

Type Eleven Card -

Column 1-6 - Mean-Time-To-Repair Module i of Component 1
Column 7-12- Mean-Time-To-Repair Module 2 of Component I

iContinue for all Modules of a Component, one card per Component,
right Justified, two decimals, maximum 10 numbers per card).
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Type Twelve Card -

Column 1-8 - Purchase Price of an End Item (Right Justified two decimals)

Type Thirteen Card -

Column 1-8 - Cost of Component 1
Column 9-16- Cost of Component 2

iContinue for all components, ten per card, right Justified,
two decimals).

Type Fourteen Card o

Column 1-8 - Cost of Module 1 of Component 1
Column 9-16- Coct of Module 2 of Component 1

(Continue for all Modules of Component 1. Repeat with new card
for each component, 10 modules per card, right Justified, two
decimals).

Type Fifteen Card-

Column 1-8 - Cost of Part Class 1
Column 9-16- Cost of Part Class 2

(Continue for all part types 10 per card, right justified, two

decimals).

! ~Type Sixteen Card-
Column 1-3 - Number of Different Types of Test Equipment (Right Justified)

Type Seventeen Card -

Column 1 - Punch a 1 if test equipment (TE) type 1 is used to check-out
the equipment. Punch a 0 if test equipment type 1 is not
used to check-out the equipment.

Column 2 - 1 If TE type 2 is used to check-out the equipment.
0 If TE type 1 is not used to check-out the equipment.
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iContinue for all types of TE, with a (1) or (o) for e~rh type,
forty numbers per card, maximum)

Type Eighteen Card I

Column 1 1 If TE Type I used to perform equipment repair.

o If TE Type 1 not used to perform equipment repair.

Column 2 -1 If TE Type 2 used to perform equipment repair.

0 If TE Type 2 used to perform equipment repair.

(Continue for all test equipment types 40 per card).

Type Nineteen Card -

Column I - 1 If TE Type 1 used to repair Component 1.
0 If TE Type 1 not used to repair Component 1.

(Continue for each type of TE, one card for each component
forty numbers per card, maximum).

Type Twenty Card -

Column 1 - 1 If TE Type 1 used to repair Module 1 of Component 1.
0 If TE Type 1 used to repair Module lof Component 1.

(Continue for each type of TE one card for each Module of
Component 1, then repeat for all components, forty numbers per
card, maximum).

Type Twenty-.One Card -

Column 1-8 - Cost of Test Equipment Type 1.
Column 9-16- Cost of Test Equipment Type 2.

iContinue for all Test E uipment Types, right justified, two
decimals, maximum ten numbers per card).
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Type Twenty-Two Card -

Column 1-3 - Number of d-Ifferent types of maintenance personnel (MOS).

Type Twenty-Three Card -

Column 1 - 1 If MOS Type 1 used to Check-Out the Equipment.
0 If MOS Type 1 not used to Check-Out the Equipment.

Column 2 - 1 If MOS Type 2 used to Check-Out the Ejuipment.
0 If MOS Type 2 not used to Check-Out the Equipment.

iContinue for each Type of MOS, maximum 10 per card).

Type Twenty-Four Card -

Column 1 - 1 If MOS Type 1 used to perform Eiuipment Repair.
0 If MOS Type 1 not used to perform E juipment Repair.

SColumn 2 - 1 If MOS Type 2 used to perform Equipment Repair.
0 If MOS Type 2 not used to perform Equipment Repair.

(Continue for all MOS Types, maximum 10 per card).

Type Twenty-Five Card -

Column 1- 1 If MOS Type 1 used to perform repair on Component 1.
0 If MOS Type 1 not used to perform repair on C.,mponent I.

Column 2 - , If MOS Type 2 used to perform repair on Component 1.
0 If MOS Type 2 not used to perform repair on Component 1.

iContinue for each type of MOS Type, one card per component,
10 numbers maximum per card).

Type Twenty-Six Card-

Column I - 1 If MOS Type 1 used to repair Module 1 of Component 1.
0 If MOS Type I not used to repair Module 1 of Component 1.

Column 2 - 1 If MOS Type 2 used to repair Module 1 of Component 1.

0 If MOS Type 2 not used to repair Module 1 of Component 1.

(Continue for each MOS Type one card for each Module of Component
1, then repeat for all components, right justified, maximum 10
numbers per card).
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Type Twenty-Seven Card -

Column 1-8 - Salary for MOS Type 1 at level 1.
Column 9-16- Salary for MOS Type 2 at level 1.

(Continue for each MOS type, right justified, two decimals,
maximum 10 numbers per card, repeat with one card for each
level 2, 3 and 4).

Type Twenty-Eight Card -•

Column 1-7 - Weight of the end item. (Right justified, two decimals).

Type Twenty-Nine Card -

Column 1-7 - Weight of Component 1.
Column 8-14- Weight of Component 2.

iContinue for all components, right justified, two decimals..!

Maximum 10 numbers per card).

Type Thirty Card -

Column 1-7 - Weight of Module 1 of Component 1.
Column 8-14- Weight of Module 2 of Component 1.

iContinue for all modules of Component 1, one card for each
component, right justified, two decimals, maximum 10 numbers
per card).

Type Thirty-One Card -

Column 1-4 - Number of Equ-ipment suppurted by one shop at maintenance
level 1.

Column 5-6 - Blank.-
Column 7-8 - Number of maintnance shops at Level 1.

iRepeat fields 1-8 starting in column 9 for level 2 thru 4,
right justified, all one card). J
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Type Thirty-Two Card -

Column 1-6 - Average transportation distance between level (L) = 1
and next level (NL) = 1. (Right justified)

Column 7-13- Cost per pound per mile for transportation between
level (L) 1 and next level (NL) = 3. (Right justified,
four decimals)

iContinue for L equal 2 to 4 with NL equal to 1. Then repeat

with NILu2,.L=2, 3, 4; then NL=3, L=3, 4; then NL=4, L =4 all
on one card).

Type Thirty-Two A Card -

Column 1-7 - Transportation time between level L=(l) and level NL=(l).
(Right Justified, two decimals).

Column 8-14- Transportation time between L=(l) and NL=(2).
Column 15-21-Transportation time between L=1 and IL=(3).
Column 32-28-Transportation time between L=1 and NL=(4).

(Continue on the same card for L=2, NL=2,3,4; L=3, NL=3,4; L=4,

IqL-4.)

Type Thirty-Three Card - I i

Column 1-4 - Requisition time of a part from level (L)=I to level 4.
Column 5-8 - Requisition time of a module from level (L) = 1 to

level 4.
Column 9-12- Requisition time of a component from level (L) = 1 to

level 4.

iRepeat with one card for (L) equal to 2, 3, and 4, right

justified).

Type Thirty-Four Card -

Column 1-8 - Requisition time of an equipment from level 4, throwaway
equipment case (right justified, two decimals).

43



Type Thirty-Four A Card -

y Column 1-8 - Requisition time for an equipment float at organizational
•0 ~level.

Type Thirty-Five Card-

Column 1-4 - Waiting time at level 1 for maintenance.
Column 5-6 - Blank.
Column 7-10- Waiting time at level 2 for maintenance.
Column 11-12-Blank.

(Continue for level 3 and 4, right justified).

Type Thirty-Six Card -

Column 1-5 - Operating Hours per Day of Maintenance Shop at level 1.
Column 6-10- Operating Hours per Day of Maintenance Shop at level 2.

iContinue for level 3 and 4, right justified, two decimals).

Type Thirty-Six A Card -

Column 1-8 - Manpower Productivity Factor, (four decimals, right justi-
fied.)

Type Thirty-Seven Card -

Column 1-4 - Number of standard deviations that yields confidence limit
desired for part stockage. (Z value, normal distribution).

Column 5-8 - Z value for module stockage.
Column 9-12- Z value for equipment stockage.
Column 13-16-Z value for equipment stockage.
Column 17-20-Confidence limit or safety level (SL) for part stockage.
Column 21-24-(SL) for module stockage.
Column 25-28-(SL) for component stock.
Column 29-32-(SL) for equipment stock.
Column 33-36-Probability of false-no-go at equipment level.
Column 37-40-Attrition factor. (All previous fields right justified,

three decimals).
Column 41-43-Requisition objective period in months (right justified, no

decimals).
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Type Thirty-Eight Card - Number of 15 day periods

Column 1-5 - Stockage objective at. level (L) = 1.
Column 6-10- Order ship time at level (L).= 1.
Column 11-15-Turnaround time for modules at level (L) = 1.
Column 16-20-Turnaround time for component at level (L) = 1. '

(Repeat with one card for each level' (L), right justified, two

decimals).

Type Thirty-Nine Card -

Column 1-5 - Economic life of the equipment. (right justified, two
decimals, in years).

Type Forty Card -

Column 1-3 - Number of days per year of operation of the equipment
(Right justified).

Column 4-6 - Operating hours per day of the equipment. (Right justified
no decimals).

Column 7-9 - Numbers of days per year of operation of the maintenance
shops (right justified).

Type Forty-One Card -

Column 1-2 - Blank.
Column 3-7 - Cost of training MOS Type 1 (Right justified).
Column 8-9 - Blank.
Column lO-14-Cost of training MOS Type 2.

iContinue for all MOS types, maximum ten numbers per card).

Type Forty-Two Card

Column 1-5 - Inventory management factor. (RLght justified, three
decimals).

Column 6-9 - Time between retraining periods for MOS types at level 1.
(Right justified, 2 decimals).

Column 10-13-Time between retraining periods at level 2.,
Column 14-17-Time between retraining at level 3.
Column 18-21-Time between retraining at level 4.
Column 22-25-Depot maintenance factor.
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Type Forty-Three Card a

Column 1 - 1 If you are reading in maintenance allocation.
0 If allocation not read in, skip to type 47-.

Typ Forty-Four Card -

Column 1 - Level at which fault isolation of components occurs.

Type Forty-Five Card -

Column 1 - Level at which fault isolation for modules of component 1.
Column 2 - Level at which fault isolation for modules of component 2

takes place.

(Continue for all components).

Type Forty-Six Card -

Column 1 - Level at which fault isolation of parts (FIP) of module 1
of component 1 takes place.

Column 2 - Level at which ?7P of Module 2 of component 1 takes place.

iContinue for all modules of component 1, repeat with one card

for each component).

Type Forty-Seven Card -

Column 1-2 - Number of policies to be analyzed.
Column 3-4 - Number from Figure 3 of a policy to be evaluated.
Column 5-6 - Number from Figure 3 of a policy to be evaluated.

iContinue for all policies to be evaluated, list in ascending

order, right justified)

Type Forty-Eight Card -

Column 1-12- Cost of Research & Development, two decimals, right justified

Type Forty-Eignt A Ctrd -

Column 1-12- Cost of Production including prime equipment, two decimals,
right justi fied.
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Type Forty-Nine Card.-

Column 1 - 1 If round up on manpower and test equipment desired.
0 If round up not desired.

Type Fifty Card -

Column 1 - 7 - Cost per page for publications (two decimals, right
justified).

Type Fifty-One Card -

Column 1-5 - Number of pages of publications for check-out equipment.
Column 6-10- Number of pages of publications for repair equipment

(right justified, no decimals).

Type Fifty-Two Card -

Cclumn 1-5 - Number of pages for repair component 1.
Column 6-10- Number of pages for repair of component 2.

(Continue Zor all components, maximum 10 to a card, right

justified, no decimals).

Type Fifty-Three Card -

Column 1-5 - Number of pages required for repair of module 1, of
component 1.

Column 6-10- Number of pages required for repair of module 2, of
component 1.

(Repeat for all modules of component 1. Maximum 10 numbers

per card, then a new card for each component).

Type Fifty-Four Card -

Column i-8 - Cost of oyerhaul for end item (right justified, two
decmals).

Type Fifty-Five Card

Column 1-8 - ost of overhaul for component 1.
Column 9-!6- Cost of overhaul for component 2.
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(Continue for each component, maximum 10 per, card, right . .
jus53ified, two decimals).

Type Fifty-Six Card -

Column 1-8 - Cost of overhaul for module 1 of component 1'.
Column 9-16- Cost of overhaul for module 2 of component 1. ,

iA

iContinue for all: modules of component 1, maximum 10 numbers
per card, right justified, two decimal,-. Then repeat for modules
of each coXponent).

Type Fifty-Seven Card-

Column 1-3 - Time-between-overhaul of the end item in years (right
justified.

Type Fifty-Eight Card -

Column 1-3 -Time between overhaul for ceomponent1.l
Column 4-6 Time between overhaul for component 2.

I iContinue for all romponents (right justified).

Type Fifty-Nine Card -

Column 1-3 - Time between overhaul for module 1 of comiponent 1.
Column 4-6 - Time between overhaul for module 2 of component 1.

(Continue for all modules .of component 1. Then repeet for
modules of each component.)

Type Sixty Card -

Column 1-3 - 1-20 If sensitivity variable to be exercisdd. Number
indicates which sensitivity variable to be exercised.
0 indicates the-laut sensitivity variable has been
exercised for a run.
100 Indicates en& of all use program.
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CHAPTER VIII

SAMPLE PROBLEMS

The sample problems included in this report are desigmed to give the
model user an idea of type of model outputs which may be expected, their
form, and possible uses for these outputs as an aid to decision making.

.These examples may also be used to test the program itself if this is
desired.

Example I. Maintenance Allocation

This example illustrates the inputs required by GEa4 and the results
obtained when GEMM is used to optimize the maintenance allocation of an
equipment/system based on fixed inputs. The equipment being analyzed is
hrpothetical and all of the data herein "s for illustration purposes
only.

The inputs required are listed below.

Type 1. Number of components = 2
Number of classes of parts = 2

Type 2. Number of modules in component (1) = 2
Number of modules in component (2) = 2

Type 3. Number of part type (1) in module (1, 1) = 2
Number of part type (2) in module (1, 1) = 2
Number of part type (1) in module (1, 2) = 0
Number of part type (2) in module (1, 2) = 10
Number of part type (1) in module (2, 1) = 5
Number of part type (2) in module (2, 1) = 01 Number of part type (1) in module (2, 2) = 10
Number of part type (2) in module (2, 2) = 10

Type 4. MTBF for part class (1) - 200,000 hours
(2) = 300,000 hours

Type I. MTBF Identifier = 0 (MTBF's apportioned)

Type 6, 7, 8 not used.

p Type 9. MTTR Equipment = 1.32 hours

Meantime to Check-Out E4uipment = 2 hotrs.
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Example I (Contd)

Type 10. mTTR of component (i) - 1.33 hours
TTR of component (?) = 1 hour

Type II NTIR of module (1, 1) 1 hour
MTTR of ridule (1, 2) = 2 hours
mTTR of module (2, 1) = 4 hours
TTR of module (2, 2) = 3 hours

Type 12. Cost of Equipment = $5000
Type 13. Cost of component (1)= $2000

(2)= $3000
Type 14. Cost of module (1, 1) =1000

(1, 2) = $1000

(2, 1) = $1000
(2, 2) = $1ooo

Type 15. Cost of part type (1) = $5
Cost of part type (2) = $10

Type 15. Number of test equipment = 3
Type 17. Test equipment types for checkout = 1 and 3
Type 18. Test equipment types for repair of equipment 1
Type 19. Test equipment types for repair of component (i) = 1 and 3

Test equipment types for repair of component (2) - 1 and 2
Type 20. Test equipment types for repair of module (1, 1) -3

Test equipment types for repair of module (1, 2) = I
Test equipment types for repair of module (2, 1) = I
Test equipment types for repair of module (2, 2) = 2

Type 21. Cost of Test Equipment type (1) = $1000
(2) = $700
(3) - $200

Type 22. Number of Manpower types = 3
Type 23. Manpower types for check-out equipment = 1
Type 24. Manpower types for repair of equipment = 2
Type 25. Manpower types for repair of component (1) 1 and 2

Manpower types for repair of component (2) 3
Type 26. Manpower types for repair of module (1, 1) 1 and 2

Manpower types for repair of module (1, 2) 1
Manpower types for repair of module (2, 1) = 3
Manpower types for repair of module (2, 2) = 3

Type 27. Salary of manpower type (1) = $8000
Salary of n anpower type (2) = $10000

Salary of manpower type (3) = $8000
These remain the same for all four levels.

Type 28. Weight of equipment = 1000 ibs.
Type 29. Weight of component (1) = 500 lbs.

Weight of component (2) =500 lbs.
Type 30. Weight of module (1, 1) = 200 lbs.

Weight of module (1, 2) = 300 lbs.
Weight of module (2, 1) = 300 lbs.
Weight of module (2, 2) = 200 lbs.
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Example I. (Contd)

Type 31. Number of equipment supported at level (1) 125
Number of maintenance shops at level (1) = 8
Number of equipment supported at level (2) = 250
Number of maintenance shops at level (2) 4
Number of equipment supported at level(3) = 500
Number of maintenance shops at level (3) = 2
Number of equipment supported at level (4) = I000O

Number of maintenance shops supported at level (4) = 1
Type 32. Transportation distance (1, 1) = 0 miles

Transportation distance (1, 2) = 20 miles
Transportation distance (2, 1) = 100 miles
Transportation distance (2, 2) = 400 miles

4 Transportation distance (2, 3) = 80 miles
Transportation distance (2, 4) = 350 miles
Transportation distance (3, 3) = 0 miles
Transportation distance (3, 4) = 300 miles
Transportation distance (4, 4) = 0 miles
Cost-per-pound-mile (1, 1) = $.000
Cost-per-pound-mile (, 2) = $.0001
Cost-per-pound-mile 1, 3) = $.0001
Cost-per-pound-mile (1, 4) = $.0001
Cost-per-pound-mile (2, 2) = $.000
Cost-per-pound-mile (2, 3) = $.0001
Cost-per-pound-mile 2, 4) = $.oool
Cost-per-pound-mile U, 3) $.000
Cost-per-pound-mile (3, 4) = $.0001

SCost-per-pound-mile (4, 4) = $.000
Type 32A. Transportation Time (1, 1) = 0 hours

Transportation Time (i, 2) = 5 hours
Transportation Time (1, 3) = 10 hours
Transpoa-tation Time (1, 4) = 240 hours
Transportation Time (2, 2) = 0 hours
Transportation Time (2, 3) = 10 hours
STransportation Time (21 4) = 24o hours
Transportation Time (3, 3) = 0 hours

Transportation Time (3, 4) = 240 hours

Transportation Time (4, 4) = 0 hours
d• Type 33. Requisition time for parts from level (4) to level (4) = 700 hrs
Tye 3.Requisition time for parts from level (4) to level (2) = 480 hrs

Requisition time for parts from level (4) to level (3) = 240 hrs
Requisition time for parts from level (4) to level (4) = 48 hrs

Requisition time for modules from level (4) to level (1)
= 720 hours
Requisition time for modules from level (4) to level (2)
4 480 hours

Requisition time for modules from level (4) to level (3)=240 hours

Requisition time for modules from level (4) to level (4) 48 hrs
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Example 1. Contd

Requisition time for components from level (4) to level (1) = 720
hours
Requisition time for components from level (4) to level (2) = 480
hours
Requisition time for components from level (4) to level (3) = 240
hours
Requisition time for components from level (4) to level (4) = 48
hours

Type 34. Requisition time for equipment from level (4) to level (1) = 720
hours

Type 34A. Requisition time of an equipment float a 2 hors
Type 35. Waiting time for maintenance at level (1) = 2 hours

Waiting time for maintenance at level 2) = 4 hours
Waiting time for maintenance at level 3 = 6 hours
Waiting time for maintenance at level (4) = 8 hours

Type 36. Operating hours per shop, level kl) = 5 hours
Operating hours per shop, level (2) = 5 hours
Operating hours per shop, level (3) = 10 hours
Operating hours per shop, level (4) = 10 hours

Type 36A. Productivity factor = .75
Type 37". Confidence limits = 95% value = 1.65

ProbabiLity of false no-gos = 5%
Attrition factor = 5%
Requirements Objective Period = 12 months

Type 38. Stockage objective period at level (1) 1 1
Stockage objective period at level (2) = 2
Stockage objective period at level (3) = 2
Stockage objective period at level (4) = 3
Order shipping time at level (1) = 1
Order shipping time at level (2) = 2
Order shipping time at level (3) = 2
Order shipping time at lev-l (4) = 3
Turnaround time for modules at level (1) = .5
Turnaround time for modules at level (2) = .5
Turnaround time for modules at level (3) = 1
Turnaround time for modules at level (4) = 1
Turnaround time for components and equipment at level (1) = .5
Turnaround time for components and equipment at level (2) = .5
Turnaround time for components and equipment at level (3) = 1
Turnaround time for components and equipment at level (4) = 1

Type 39. Economic life = 10 years
Type 40. Number of days per year of operation of maintenance shops = 365 days

Number of operating hours per day of the equipment = 8 hours
Number of days per year of operation of the equipment = 365 days
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Example 1. Contd

Type 41i. Cost to train manpower type (1) = $1000
Cost to train manpower type (2) = $1000
Cost to train manpower type (3) = $1000

Type 42. Training factor = 2.5 years for levels 1 - 3 and 5 years for
level 4
Inventory factor =.01
Depot maintenance factor = .30

Type 43. Known allocation identifier = 0
Type 44. Not required.

r Type 45. Not required.
Type 46. Not required.
Type 47. MMAX = 4

Policies 8, 9, 21, 25
Type 48. Research and Development Cost =$1,000,000
Type 49. Round up equals 0.
Type 50. Cost per page for publications = $150.
Type 51. Number of pages for check-outs = 15 pages.

Number of pages for FIC = 20 pages.
Type 52. Number of pages for FIM for each component = 15 pages.
Type 53. Number of pages for FIP of each module = 15 pages.
Type 54. Cost of overhaul of equipment - $400.
Type 55. Cost of overhaul of component 1 = $0

Cost of overhaul of component 2 = $0
Type 56. Cost of overhaul of module 1 ý2 component 1 = $0

Cost of overhaul of module 2 of component 1 = $0
Cost of overhaul of module 1 of component 2 = $0
Cost of overhaul of module 2 of component 2 = $0

Type 57. Time between overhaul for equipment = 4 yearsType 58. Time between overhaul for component 1 = 50 yearsTime between overhaul for component 2 = 50 years
Type 59. Time between overhaul for module I of component 1 = 50 years

Time between overhaul for module 2 of component 1 = 50 years
Time between overhaul for module 1 of component 2 = 50 years
Time between overhaul for module 2 of component 2 = 50 yearsThe fifty year figure is used to assure no overhaul will take place.

Type 60. Sensitivity variable = 100 (no sensitivity)
NOTE: For this example MTBF's are apportioned by the model andare not read in. Also, since type 60 input is 100, there is no sensitivity

analysis required.

Using these inputs we are manipulating the GEaV Model to simulate the
operation of this equipment for its entire life cycle. In this case, we are
using the GEMM Model to determine the best maintenance policy for the
equipment to follow from the set of possible maintenance policies listed inthe inputs based on life cycle support costs. The equipment may follow any
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one of these policies or a combination of any of these policies.

In this example, we are looking at a policy which reflects maintenance
support positive, a throw-away module philosophy, a four-level philosophy
and a throw-away component philosophy. It is very possible that the
best equipment philosophy may be one in which some modules may be repaired
in the field, sor.e in the depot and others may be thrown away.

The first output from the GE4MM Model is the input information. This
allows the user to check his input data and provides a record of the input
parameters for this run. The data is listed by its variable name in the
program. See Table I.

The next output is the reliability apportionment (Table II). Only
part failure rates were input in this example and the program apportioned
the failure rates, in a series manner, to the modules, components, and the
end item.

The next output is the maintenance allocation for the equipment, its
components and modules (Table III). Here, fault isolation to components
is carried out at level (1). Component 1 and 2 are fault isolated to the
module at level (2). In this case, a.U modules are fault isolated to the
part level at level (4). For this example, level (1) is the organization-
al level of support, level (2) is direct-support, level (3) is general
support, and level (4) is the depot level of support. This is the least
cost maintenance allocation based on the input data.

The next output is a break-out or the life cycle support costs for the
best maintenance allocation and the Operational Availability of the equip-
ment (Table IV). Research and development and production costs were read into
the model. Test equipment costs, manpower cost and training cost are based
only on that percentage of resource which is used for the equipment under
consideration. It may be possible that a resource is not used fully at
some given level. If so, only a percentage of the cost of that resource is
charged to the equipment under study. Stockage and inventory costs are
for the entire life-cycle. The operational availability figure is the ex-
pected availability of the equipment to the user in the field.

The next output is stockage information. Table V shows the different
types of stockage required for the maintenance allocation chosen by GWf.
It is broken-out into four types, parts, modules, components, and end-item
stock. Under each type, it is further divided to indicate the type, cost
and level at which each repairables or non-repairables will be stocked.
The quantities listed are for the entire force structure based on the
force structure information input to the model. These are the initial
provisioning quantities. Reorder stock is simply based on demand.
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-. Table I. 1.NIF1JT INFEJI'M.AlIOUN . ...

NCZ 2NCLASI~3 2 -

NM1K(COMPOPJENT)a 2 2

__ _ __UhRR(CCMPI'UnULI.CLASS)3 70 50
-- NtJHRcCCMPMUDULLPCLASS)= 70 50

NUMiqR(CO94PPMUOULLCLASS)8140100__________

HTBFP(CLASS)3 200000.00 300000.00
MTBFID= 0

MTTRCEz 2.0014T'IIEN 1.32 V.~
MTTRC(COMP)2 1.33 1.00
MTTRM(COfIPPMUI)ULk.)x .020
MTfRM(COMPPNUULILk.~z 4.00 3.00

CSET: 500Q0,0
CCC(COMP)m 2000.00 3000.00 ~
CC(CaMIPHObuLE)x 1000,00 1000.00
CC(COMPPM(l0LlLF)a 1000.00 2000.00

CCCLASS)x 5,00 10.00
tNTE= 3 _ _ _ _ _ _ __ _ _

T---ECF(TYPE)u101
TEETCTYFL):1Uo.. .

TECT(CUMPPTYI'E):101
TECT (CUtftFTY9'E)110

TEMT(CUMP.I#4OUULLPT YF~ IO

TEMMOCPtPM~lURETYPL)3100 ____ ___

IEMT(CUMFM1OPfU(JLE.9TYt'L.)x010

MOSF(TYPE)x010

MV5C(LUMPS TtrE)311 I (F
MOSC C CMtIJPTY'E )uUOI
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TABLE I. nIMW~ flORMATDX0N (Contd)

MOS)4CCOMPPM9UOULLTYPL.)il00

M0SNCCUMP~pM0WJLETYPL)xIOOl

MCOST(TYPE)a 8000*0010000*poo 800 0.
MCOST(TYPE~a 8000*0010000,Oo 8000.00
MCOST C TYPE )zB0 00 5boO-O-oO..............*60-0

t4CtSTCTYPE)u 8000.oolooo0oo_000.00so
WTE-v 1000.00 - -- - -

ViT(COP~a500.00 50U,00WTMCCOMPPMODULE)s 200.00 400.00 $WTMtCOMPPMODULE~a 300,00 200.00

NUNFS(LEVEL)s t8 4 2 1 0-- 1RA-N-sTCLjEVE[LNtxT LEVE.)a 0 20. t00, 400.
W. 6. 350. 0. 300. 0.

TRAPJSCLEVELDNEX7 LEVLL)3 0.00 5900 10,00 240,00 0.00
20.00 240.000 0.00 240.00 0.000

(0SLO(LEVLLEtlEX! : LLVLIU*0 UDU0,U01 D.00010U DOtTO~U

HEQPTCLEVELD4)720.REQt4T(LEVEL(4 )T20.REQCT (LEvEL'* )7?0#
--rVTEEi)aoE~CEE()8*EC (LEVELPA4)80.
REQPT(LEVELD4)240,RLgMT(LEVEL(4 )240.REQCT (LEVELx4)2 '1.
H EQP T(CEVLvW'-41ff-REt-g LEM(tC4) 47GREQCT (LEvELT'4) 49-,-.*
REQET= 720, ______

tNEQ= 2#00
WAIT(LEVEL)m 2

WAITCLEVEL)o 6,
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TABLE T. 7IJTMUT TINF)RYATTON (Contd)

WAITtLEVEL)m

UPHRSH(LEVEL)2 5.00 5.0010.00010.00
PMUlICT!VE FACTOR= 0.?500K1C 1*651(?a 1,65K3u 1@65xK4u 196SIKin 0*95TK~s Q1oo5TK3n 0.95

TK4z 0.95 PFNGflu 0.05ATRFS 0.05R0PN12*[ BLTFVEtLI& 1V.0ff~tLVFL3x V, GUTURNW1ffEM~T& * TUW MqN? (L VE TRi7:3T
I1(LEVEL)a ?.00GUMVIOL) ý`*OOTURNICLEVEL)u 0.50TURNMCEVEL)a 0:50
R8(LFVEL)x 2.UOG(LFVIL)a 2900TURNIt(LEVEL)m 1.00TURN2CLEVELIN 1,00
H(LF~VEL)a 3.OOG(LEVLL)z 39OOIURNIeLEVEL)= 16 00TURNM(EvEL)a 1,00
QLLIL2'10 .00
NDAYv365UPHI10Yz U*Nt)AE=365

IlFAC'TIN= 0#1700THA1N(LfVtkL)u 2.50 2.50 2950 5.00014Fu 0,30
KNaTWfW:ý' 0
FOLT1E.S tI 92125
RESEARCH ANI) DEV.L0-OMENI C0rT 1000000,00
PRHODUCTION CUSTa 5U00000,00 ______

ROUNU UP E QU A'L- 0
f'PCZ, 150.0(0
IPGCz 15*OOPGL2 20o00
I*G1(CUJMP)a 945*00 15.00
I~Pd(COMP,Pl0t)Ut.E,= 15.00 15.600
PGP~cCOmpvmnOULE)= 15900 15.00-
CT0F= 400*00~
CTUC(CUMFP)x 0.00 0.000
CTDjAcMSC~kM0UI)L 0.00 o.no
CT0M&8CUM'PPM(IU)x 0.00 0.00

TREOC(CUMP)c 50.00 50.000

T8Utl(CUMPPfdUYU): 50.0 5('.00

57,



TABME Ti. RLLIA14LT~Y INFUJIMATION -

ITEMi MEAN~ T19ML BLIWELN FAILURE

COPPIOt;I.NT I 96r.742
CUMIP0NENT 2 645#i61
MtJLJULE to 1 1935.484

Mii.L -1 .-1935 48 ___

M11OULE 2j, 1 1935.484

FAH1 TYPE: I 200000.
1FAkT TYPE 2 30O0000
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TABLE 17I. _MAJNTEtANCL ALLOCAfIOP4

CM o M UD F 11 Flt IN FI

2 2'
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TA1L iv. LIFE CYCLE COSTS ,_

R AND U COST 1000000.00
PRODUCTION COST 500000000iTEST EQUIPMENT 25239,79

STOCKAGE
IN IAL PROVM ISU 1 00. 888.0_
REORDER STOCK 13492590.00
TOTAL STOCK 14501478,00

MANPOWLR 2731_6___8

TRAINING 1179T0,84

INVENTORY 355053*95

TRANSPORTATIUN T1028000,

PUBLICATION 18T5000

OVERHAUL COSTx 800000,00 Tl

TOTAL LIFE CYCLE COST 25260134,36

OPERATIONAL AVAILABILITY .99--
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A' C. -•• , •- • •! - 1

*~ 'I

-~ TABLEV. I&XftGB

P'ARTS STOCKAiE

.2 n. 0.00
- .,0600

p] k ... , -- ,000

3 2 00
.. ~ 298 . 29310,8000

MUI)ULE. bTUCKA4E

CUMPINENT MAUOULL LE VYL STUCK CUST

1 _ 11 ._ _ .0.000
1 2 1 0, ),00

.0*
1 1 2 .52. 52000.00

S2 52, . o000o00
2 7 2 s, 1?6000,O0
I .1 3J .0 0:00
1 2 3 0. 0.00

21 2 0.0000

2 1 4 0, 0.00
S2 40. O.O60
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.*A V. ___ ( td

COMPUNEN *T~cA1 (TCKond) _

COMPOP.ENT --LEL STG. COST .--

* T67 408000.cVU---

1 2. 0.. .
1 3 0, 0.000
? 3 0, - 0.00

. .. . . . .0,00

END ITL. STcKA

Is~?K~ c UfsT -

00oloo I
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In this example, initial issue and order-ship part stock is required
at level 4 where FIP is performed. Replacement stock is also required at
level ((4). Module stock is required at level (2) where FIM maintenance
is performed. Since COE and FIC are accomplished at the same level no
end item float is required.

The next output is Test Eq~uipment. Table VI lists the .type, quantity
and cost of test equipment required at each level of maintenance. Also
listed are the requirements for test equipment in the whole force struct-
uree

Note that no test equipment is reqaired at the general support level
since no maintenance performed at this level. Also the values listed
under "quantity" are the percentages of the test equipment which is
used by the equipment being evaluated. If this equipment is the only
equipment using the test equipment, these numbers must be rounded up
to the nearest who'. number. A type 49 card with a value of 1 would cause
both test equipment and manpower requirements to be rounded up. The
information listed under "Total Test Equipment Requirements" is for the
entire force structure. Again, if the equipment is the only one to use
these test equipment, the quantity values on a per shop basis must be
rounded up and multiplied times the number of each shop in the force
structure.

The last output for this example is maintenance personnel. Table VII
shows type quantity and cost of the different manpower categori.s. The
costs here is on a per year basis. Again the quantity and cost information
are based on use chargeable directly to the equipment unc:r consideration.
Also, as with the test equipment, "Total Maintenance Personnel Require-
ments" ame based requirements for the total force 3tructure.

The last two outputs, one graphical and one table of cost, availability
and cost-effectiveness are not used for this example since there is no
sensitivity analysis performed.
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TABLE VI. TEST E JI*'MH.NT IEH"SHnP

ORGANI7ATIONAL StiPPOHI"

.... TYPE .... UAN ITY . .

1 1,915 1115933
_ _ _ _ _ _ . ...._O__ __ __. ... .. ....
_____2 0.0000 0, U

3 1.U33 206Nr
DIRECT StJPPOR1"

TYPE QUAN1ITY COST

1 10170 1169.73
2 0.620 434 LU_ 4 . ..
3 0o550 10•e9s

GENERAL SUPPORT"

TYPE QUANIITY COST

1 0.000 0.000
2 0.000 O90 . .
3 0.000 0,00

DEPOT SUPPORT"

TYPE GIUANI1TY CUST
1 1.736 1736,.0
2 1*736 1215.20
3 0.289 . .

TOlTAL TEST EQUIPMENT RL.UIREMENTS

... .TY...P E ... .QUAN.TIT Y
1 ?0.138
2 ,4216
3 10.o55



4J

TABUE VII. ?oA1).,TFNbNCE FERiSUNNEL PFH SHOP

OIRGANIZATIfONAL _S(IFPOKI"_______

4os -. UgUAN IITY COST

2 0.909 4033

3U0.000 0900*o
DIRECT sIIppflRT"

1405 QUANIITY COST
9 3'. '3 5 d63-82

.2 f 66131.33
GENFRAL SUPPn'IT" __________________

miS----UJAtdTY (s1 --

us.00640
2 (j0.000 0.000

DEPOT Su 0~'1RT" 3_ __ _0___ __ _0___ _. _

mn U UANTITY __COST

2 - V 0289 2893e33

T.OTAL P4A-INTENANCL. PL.1bUNN-LI RLOUTHEMENTS
mus), QUANTITY

*~~~~ -V-._- W2P

10.496
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Example 2, Maintainability vs. Reliability Tradeoff

The input data for our hypothetical equipment is identical to that
used in Example 1. In this example we are interested in knowing the effect
changes in Reliability and Maintainability have on support life cycle costs
and operational availability.

To accomplish this we employ the sensitivity analysis option of GEM.
In this case, we will make four sensitivity runs perturbing each time:
the mean-time-between-failure (MrBF) of parts, the mean-time-to-repair (MMTR)
of the equipment, components and modules, and also the acquisition cost of
the equipment, components. modules and parts.

Table VIII shows the values over which these parameters are varied.For each sensitivity run there is a set of parameter values. These sets of
values may be thought of as the parameter values given by four different
contractors vying for a development contract.
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TABLE VIII. SENSITIVITY VALUES

PARAMETER SENSITIVITY I SENSITIVITY 2 SENSITIVITY 3 SENSITIVITY

BF Type 1 Parts 50000 hi's 100000 his 200000 hI's 3 300000 hSEs

MTBF Type 2 Parts 75000 hrs 150000 hrs 30000o hrs 4 0000 hrs
MTTR Checkout Eqpmt .5 hrs 1.5 hrs 2 hrs 4 hrs
91TfR Equipment .5 hrs .75 hrs 1.32 hrs 2.0 hrs

IMfl TR Component 1 .5 hrs 1.0 hrs 1.33 hrs 3. hrs
MWIR Component 2 .5 hrs .75 hrs 1.0 hrs 5.0 hrs
MTTR Module (1,1) .5 hrs .75 hrs 1.0 hr 2.0 hrs
MTTR Module (1,2) .5 hrs 1.0 hrs 2.0 hrs 6.0 hrs
MTTR Module (2,1) 2 hrs 3 hrs 4 hrs 8 hrs

M DTR Module (2,2) 1 hrs 2 hrs 3 hrs 4 hrs
Part Cost Type 1 -.00 $80.00 $5.00 $10.00

Part Cost Type 2 $5.00 $14.00 $10.00 $20.00

Equipment Cost $2500.O0 $3000.00 $5000.O0 $15000.00
Component 1 Cost $1500.00 $1500.00 $2000.00 $5000.00
Component 2 Cost $1000.00 $1500.00 $3000.00 $10000.00
Module (1,1) Cost $ 500.00 $5.00 $1000.00 $2000.00

Module(l,2) Cost $ 500.00 $ 750.00 $1000.00 $2000.00
Module (2,1) Cost $ 500.00 $ 500.00 $1000.00 $2000.00
Module (2,2) Cost $1000.00 $1250.00 $2000.00 $4000.00
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In this ecample, we are optimizing over the same four policies that we
evaluated in Example I, but this time the optimization is accomplished with
the original data and the four groups of sensitivity data. For each set of data
the same output is obtained as in Example 1.

Table IX depicts the maintenance allocation for the second sensitivity
run. Module one of component one is thrown away at level 2 while all the
other modules are repaired at depot level (4). ThIq table illustrates that
thru optimization repair of modules of the same cc.. -'nt can be allocated
to different Levels. This versitility in a model is 1r.quired since one module
may be mostly electronic and may be repaired in the field, and another module
may be optical in nature and may have to be sent to the depot for repair.

Table X is a summary table which shows for each sensitivity run the
life cycle cost, the operational availability and the cost-effectiveness.
Cost-effectiveness is defined as availability divided by life cycle cost.
This table is useful if a constrained optimum solution is required. In this
example policy 1 is the original data, policy is the first sensitivity run
and so on for policies 3, 4 and 5.

Suppose there is a constraint on operational availability that it must
L be greater than 99 percent. This constraint would eliminate policies 2 and 3

* from consideration. Of the policies remaining, policy 4 is the least cost
Smeeting the operational availability constraint. The life-cycle cost is

$25.26 million and the operational availability is .9909. Policy 4 is also
the most cost-effective system. That is, you receive the most availability
per unit dollar with policy 4.

The last three outputs, Figure 13, 14 and 15 are graphical outputs.
Figure 13 provides a graph of life-cycle cost vs. different sensitivity
runs. The first bar is for the original data and the remaining bars are for
the sensitivity runs. Cost is in millions of dollars and each dot is one
million dollar. Figure 14 is a graph of availability vs. sensitivity run and
the last graph is cost-effectiveness where each dot is a unit of cost-effect-
iveness.

These graphs are designed to give the user .a graphical representation
of decision factors and to aid the user in any trend analysis.
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TABme; iX. _MAINTENANCE ALLUCATION FOR SENS3IVIVIT

cOMP MUD P 'C.. FIM "FI

SI 2
1 2 4

2 4

I4

T l , x..._ SUMMAHNY iABLE

POLTCY CVST AVAIL COST-EFF

1 25.26013 99,099 3.9231
2 41o2091b 970352 293624
"3 30.0519 Y.510 3.2"9
4 25.26013 99,099 399231

S5 39.6879t 990214 2.4999
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CHAPTER D(

CONCLUSION

The GEMM development program has been completed•., The GE241 Modil is now
operating on the Burroughs 5500 and IBM 360/65 computers. The equations in
GEMM have been reviewed for accuracy and the logic flow of the program har
been tested for errors. A sample problem was constructed of fictitious data
to test the logic flow and computer subroutines. Manual calculation mere
performed on a small desk-top computer and compared to the G124M outputs.
The results of the comparison proved the accuracy of the logic flow and
computer subroutines.

GEMM exhibits a degree of versatility not commonly found in support
models. It is capable of optimization in an automatic mode and it gan also
be used to analyze a variety of maintenance situations in a manual mode.
In the automatic mode, a specified number of maintenance policies can be
evaluated and maintenance requirements will be output for the optimum policy.
If it is necessary to review the maintepance requirements of each policy
independently, then the manual modeý can be used to obtain output for eachpolicy.

Sensitivity analysis is another very important attribute of GEHK that
yields a high degree of versatility and flexibility. GE,44 is capable of

sensitivity analysis on numerous different inputs variables. This is an
invaluable tool for identifying variables that have a large impact on life
cycle support costs and operational availability.

A connnon fault with many support models is the severe structuring of the
model that allows little or no activity at the man-model interface. This
type of model is completely automatic and the user merely inputs the data

Sand interprets the results. This restricts the user from becoming involved
with the analysis and denies him the privilege of applying his first-hand
knowledge to the problem. GEMM provides the user with a powerful tool to
which he can ap '-"his first-hand knowledge for a more detailed and bene-
fc-'al analysis. The automatic mode of GVII can be used to determine the
optimum policy and sensitivity analysis can be performed at the investi-
gators di scretion. GEMM enlarges the man-model interface to permirt more
personalized analysis of design and logistics problems. Decisions on design
and logistics of modern, sophisticated systems are much too complicated to
be !rxde by one man or group of men without a detailed analysis of many
corre.aed factors. GENM enables this detailed analysis at a ti'emendous
savings in terms of time and rmoney. This model is, however, only one step
in the design of an aatomatic decision-making process that must be evolved
in order to provide timely and cost-effective decisions in this rapidly
moving age of technology.
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APPENDIX A. Ca( Input Requirements

1. Number of component- in equipment

2. Number of classes of -.arts in equipment

3. Number of modules in each component

4. Number oi each part class in each m.duiAt

5. Reliability information based on equipment operating hours:

a. Mean-Time-Between Failure fir each p;rt class.

b. Mean-Time-Between Failure for each module

c. Mean-Time-Between Failure for each component

d. Mean-Time-Between Failure of the equipwent

6. Mean-Time to check-out the equipment

7, 'lean-Time-To-Repair Information based on active repair time (Fault

Diagnosis + Replacement Time + Retest and Re-Calibrate Time):

a. Mean-Time-To-Repair the equipment

b. Mean-Time-To-Repair each component

'. Mean-Time-To-Repair each module

8. Co~t of the equipment

9. Cost of the ccmponents

10. Cost of the modules

11. Average cost oL each part clasi

12. Number of different typ-!r of test equipment rtuired to perform

all maintenance functions.

13. Test equipment required to check-out equipment.

14. Test equipment requ-red to fault isolate to the component.

15. Test equivment required A.o fault- isolate to the iou le.

16. Test equipmer. required to fault isolate to the part.
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17. Cost for each type of test equipment.

18. Number of 'different types of manpower classifications (MDS)).

19. MDS required for check-out-equipr..-nt.

20. MOS required'for fault isolation tb component.

21. M0S required for fault isolation'to module.

2Z. MDS required for fault isolation to part.

23. Cost for each type of MOS (Per Year)

2U. WeighL of the equipment oP

25. Weight of each component 'bestes -

26. Weight of each module

427. Number of equipment serviced per shot at each maintenance level2

• 28. Number of maintenance shops of each i...ntenance- level in the

force structure

29. Distance in miles between each maintenance level (Between Oig
L0

and DS, DS and GS, GS andDepot, also Org and GS, ( , and Depot, DS

and Depot).

30. Cost per pound per mile for transportation (Between the different

9shops)

31. Requisition time for apart from the depot if part out of stock

at level WL) where I can be DS, GS, and the Depot.

32. Requisition time for throwaway moiule from Depot if

module out of stocr. at leve" (L) where L car. be Org, DS and GS aiid

Depot.

S33. Requisition time for throwý-wsy component from Depot if component

out of stock at level (L) wV.jre L cart be Orgn, DS, GS, and Depot.

34. Requisition tin~e for spare equipment from the Depot.
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35. Number of days per year that maintenance ahops at each 'levgl

operate.

36. Number of days per year of opeution of the equipment.

37. Operating hours per day of the equipment.

3r. Confidence limits for stockage of parts, modules, components,

and the equipment.

39. Probability of false-no-go.

43. Attrition factor.

41. rX'uirements objective period.

f 2. Storlkage objective periods between levels.

43. Order and shipping times between levels.

44. .Turnaround times for modules between leveld. 21

45. Turnaround times for components between levels.

46. Economic Life.

47. Cost to train each MDS type.

4&8. Turnover time for manpower.

49. Percentage factor of total stockage cost for Inventory Management.

50. Fraction mean-time-to-repair reduced if maintenance is accomplished

at the depot level.

51. Total cost of research & development.

52. Publication information.

Parts must be classiffed into different classes. Could be I
classified according to failure rate, cost, ei.c.. This classification
should probably be done by the R&D engineer. ,

T6V
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APPENDIX B. 'FO Nvi•_s and Descriptions

This appendix is divided Into three.. rijoi ..,rsctions: Input VaiableL
Pr*ogram Variables and Subroutines. For each variable the FMTRAW name is
given along with a brief description of that variable. This listing may be'
used along with the flow diagrams in A~ppdlx C to follow the logic of the
GENM Program given in Appendix D.,

VS
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. .INJT VARIABLES

SYMBOL DESCRIPTION,

NC .oNumber of 'components

NCLASP Number of classes of parts'

NNMK (I) Number of modules in a component

DNUMBR (I,J, KS) Number of part type (KS) in module (IJ)

SMTBFP (K) Mean-ti:4e-between failure for part class (K)

SMTBFM (IJ) Mean-time-between failure for module (I,J)

MTBFC (I) Mean-time-between-failure for component (I)

MTBFE Mean-time-between-failure of the equipment

MTTRCE MKrn-tlme to check-out the equipment

MTT E Mean-time-to-repair the equipment I
MTTRC (I) Mean-time-to-repair the component (I)

MTTRM (I,J) Mean-time-to-repair the module (I,J)

CSEI Cost of the equipiment

CCC (I) Cos f the Component (I)

CC (1,J) Cost of module (IJ)

C (K) Cost of part type (K)

NTE Number of different types of test equipment rec..ired.

TEC (K) TeSt equipment use identifier for checK-out equipment
2 or 0 for all K

TEEI (K) Test equipment use identifier for fault isolate to
1 or 0 for all K component

TECI (I;K) Test Equipment us- identifier for fault isolate to
1 or 0 for all K module

TERI (I,J,K) Test Equipment use identifier for fault isolate to

2 or 0 for all K part

------ 8



SYMBOL DSCRIPTION

TECOST (K) Test Equipment Cost for type (K)

NMOS Number of different types of manpower clessifications

MOSCE (KM) Manpower use identifier for chec,± out equipment
. or 0 for all KM t

MOSE (KM) M npower use identifier for fault isolatign toý component
1 or 0 for all KM

MOS (I,, KM) Manpower use identifier for fault isolation. to module
1 or 0 for all KM

MOSM (I,J,KM) M npower use identifier for fault isolation to part

1 or 0 for all KM

MCOST (KM) Manpower cost for, type (KM)

WTE Weight of the equipment

WTC (I) Weight of component (I)

WTM (i,J) Weight of module (I,J)

NSHOP (L) Number .of equipment serviced at maintenanci level (L)

NUMFS (L) Number of maintenance shops type (L) in the force
structure

TRANST (L, NL) Distance in miles between maintenance leel (L) and (NL)

COSLB (L, NL) Cost per pound per mile for transportion from level (L)
to (NL)

REQP•I (L,.4) Aequisition time for a part from level (4) if part out
- of stock at level (L)

HREýMT (L,4) Requisition time for throwaway module from level (4)
U' f module out of stock at level (L)

RREQCT (L,,4) Fequisition time for throwaway component from level
"" (4) if component out of stock at level (L)

REQET ,iequisition time for spare equipment

WAIT (L) Waiting time for maintenance at level (L)

OPHRSH (L) Operating hours per day of maintenance snop at level (L'

zT9
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SYMBOL DESCRIPTION

NDAY Number of days per year of operation of maintenance
shops

NDAE Number of days per year of operation of the equipment

OPHRDY Oj.erating hours per day of the equipment

Kl,K2,K3,K4 Co~nfidence limits for stociage of parts, modules,
components, and the equipment

4
PFNGO Prohsbility of false-no-go

ATRF Attrition factor

R0P Requirements objective period

B(L) Stockage objective periods between levels

G(L) Order and shipping' times between levels

TURNl(L) Turnaround times for modules between levels

TURN2(L) Turnaround times for components between levels

ELIFE Economic life

XMAN (KM) Cost to train manpower type (KM)

TRAIN Turnover time for manpower

FACTIN Percentage factor of total stockage cost for
Inventory Management

TRANS (L, NL) Distance in time between maintenance level (L) and (NJL).

PRO Productive factor of manpower.

CTE Cost to overl.aul equipment.

CTOC (I) Cost to overhaul component type (I).

CTaK (I, J) Cost to overhaul module type (I, J).

TBOE Time between overhauls of equipment.

TBOC, (1) Time between overhauls of component type (I).
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T•C• (I, J) .. .•In betwen overhauls ,of mbdule''"týW

REQ Requisition time of an equipment float.
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FROGRAM VARIAPLES

AMILC(T1) - ANMH for repair of component.
AMMCE - Annual Maintenance Manhours (AMMH) for --heck-out equipment.

AMMUM (I., J) - Annual Maintenance Manhours for a module.

AM4HM (I., f) - AMMH for repair of module.

I
ANE- A2NMH for repair of equipment.

AVAILA - Operational Availability

COE (I) - Level for Checkout of Equipment.

CSTK (L, K) - Cost of part stock for printout.

CSTLC (L., I) -Cost of Component Stock for Printout.

CSTKM (NL, Ij, J) -Cost of Module Stock for Printout.

CSTRNC (I)-Cost of Transportation for Components.

CSTRNE - Cost of Transportation for Equipment.

CTINTVI - Adds up inventory costs for printout.

CTRM - Adds up training cost for printout

FIC (I) - Level for Fault Isolation to Component.

FICT - Tradeoff value for FIC level.

FIM (I) - Level for fault isolation to module.

FIMv (I) - Cost for Optimum level for FIM.

FFIMT (I) - Tradeoff value )r FIM level.

"FIP (I) - Level for fault isolation to part.

FIPS (1, J) - Cost for optimum FIP level.

FIPT (I, T) - Tradeoff cost for FIP level.

GAVAL (I) - Values for availability for different sensitivity runs.

GCOST (I) - Values for cost for different sensitivity runs.

GCSTE (I) - Value for cost-effectiveness for different sensitivity runs.

I- Component Indicator
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II - X Value in graph routine reprasents input policy run.

IR - Sets pol I equal to next policy.

J - Module Indicator

K - Part type indicator

L - Maintenance level where FIP accomplished.

LEVIN - Optimum repair level for the equipment.

LMMIN (I) - Optimum repair level for components.

IMS (I) - Optimum level for FIM.

LrP.IN (I, J) - Optimum repair level for modules.

LPP (I, J) - Optimum FIP level for given FIM level.

LPS (I, J) -Optimum FIP level.

LXU- Indicates next policy to be evaluated.

M - Specifies policy to be investigated.

"MMLEV (L, KM) - Adds up manpower requirements for printout.

MMNUM (KM) - Fbrce structure requirement for printout.

MOSCC - Total manpower cost for FIC for a given policy.

MOSCM (I) - Total test equipment cost for FIM of a component.

MOSCP (I, J) - Total cost for mal, ?.er for a module.

MOSEC - Manpower cost for COE

MPT Mean down time for equipment

NL - Maintenance level where FIM accomplished.

NNL - Maintenance level where FIC accomplished.

NNLEV (L, KK) - Adds up test equipment rejuirements for printout.

NOFAIC (I) - Number of components which fail during a year.

NOFAIE - Number of equipment which fail during a yeaI

NOFAIL ( I, J) - Number of module which fail during a y-ar.

REST - Total reorder stock cost for printout.
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HOPAIT - Adds up reorder stock cost for printout.

STI (K) - Initial provisioning replacement part stock.

ST3 (K) - Initial provisioning initial issue parts stock.

STCM (I) - Cost of the stock of modules for a component.

STCP (I, J) - Cost of initial provisioning part cost for a modAle. i

STKC (NNL, I) - Requirements for component stockage.

STKCR (I) - Requirements for reorder component stock.

STKE - Number of end item stock required manpower.

STKEO - Cost of end item stock for printout.

STKM (NL, I, J) - Initial provision',-nt stock for modules.

STKMR (I, J) - Reorder stock for modu i.

STKTC (NNL, I) - Number of throwaway components required for initial provisioning.

STKTC (NNL, I) - Requirements for throwaway components.

STJ(TCR (I) - Nutber of throwaway components required for reorder.

STKTCR (1) - Requirements for reorder stock for throwaway components. Z

STKTM (NL, I, J) - Number of throwaway modules required for initial provisioninrg.

STKTM (I, J) - Requirements for throwaway modules.

STKTMR (I, J) - Number of throwaway modules required for reorder.

STKTMR (I, J) - Requirements for reorder stock for throwaway modules.

STL (K) - Initial provisioning order-ship part stock

STR (K) - Reorder stock for parts.

SUMC - Total of optimum FIMS's for the equipment.

SUME - Total cost for repair for modules, components, and the end item.

SUMEM - Optiwum total cost for the whole equipment.

SUMM - Total cost for modules of a component and component itself.

SUMP - Total of optimum FIPS's for given component.
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SUN - Cost for reorder stock for a module.

SUNN - Cost of reorder stock.

SUNNN - Total cost of reorder stock.

T (I) - Indicator for throwaway components.

T (I, J) - Indicator for throwaway modules.

TMCX - Total test equipment cost for a given policy.

TECM (I) - Total manpower cost for FIM of a component.

TECP (I, J) - Total cost of test equipment for a module.

TEEC - Test Equipment Cost for COE.

-TINVIN - Inveatory Costs.

TOMOS -Total MOS cost for printout.

TOMOSS - Total manpower cost for printout for life.

TOSTK - Total stock cost for initial provisioning for printout.

TOTCSC - Total cost for repair of components

S~TOTCSM (I) - Total cost of modules for a component.

TOTCSP (I, J, L) - Total cost for repair of a module at a given level of maintenance.

S~TOTE - Total test equipment cost for printout.

TOTEND - Total cost for check out of equipment including end item stock.

TOTRNS - Total transportation cost for one year.

TOTRSS - Total transportation cost for printout.

TRM -Training Cost

TSTOCK - Total stockage cost for printout.

TTC - Turnaround time of a component.

TTE - Turnaround time of equipment.

TTM - Turnaround time of " module.

TTT - Indicator for throawaway end item

VALUE (II) - Y value in graph routine represents cost, availability or cost
effectiveness.
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ZZ - Resets policy indicator.
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SUBROUTINES

SYMBOL DESCRIPTION

MTBFMD Calculates me&n time between failure of modules

MTBFCM Calculates mean time between failure of compone'nts

MT.BFEQ Calculates mean time between failure of equipment

ANMH Calculates Annual Maintenance Manhours (AMMH) for modules,
components and the end item.

XFIM Calcuý.ates repair or matntenance requirements for
components except for stockage. Those requirements
include manpower, test equipment and training.

,VIC Calculates maintenance requirements for the repair
of the end item itself except for stockage. These
requirements include manpower, test equipment and
training.

XCOE Calculates maintenance and stockage requirements for
the chec,.-out of the end item. Requirements include
manpower, test equipment, training and enil item float

'-sr throwaway end items.

TRANSM Calculates transportation costs for modules between
levels of maintenance

TRANSC Calculates transportation costs for components between
levels of maintenance.

TRANSE C•,lculates transportation costs for the end item between
"levels of maintenance.

TH•IOD Calculates stockage requircments for modules to receive
throwaway maintenance.

THRCOM Calculates stocKage requirements for components to
receive throwaway maintenance.

NRFP.E Calculates stockage requirements for the end item to
re-ýeive throwaway maintenance.

NONREP Calculateq stocrage requirements for non-repairable
parts fc c all levels.

W4D Cilculates stockage requirements for repairable modules.

REPCOM 7alculates stoc~age requirements for repairable componentsA

REIEND Calculates stoc,\age requirements for repairable end items.
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SYMBOL DESCRIPTION

AVAIL -Calculates operational availability for the equi'pment understudy.

GRAPHA Output routine~for graphical representation of cost,
availability and cost-effectiveness. 9

I -irN

8I

• >1
F!,'i



APPENDIX C. FLOW DIAGRaMIS

IN

MAIN PROGRAM.

1I
f. i

put

Read
IInputs

t *1

F 
.E~al=

x'Li

\8



I=

xi

1+1 L 1

J= J+l

j Catculate CotCall
NONHb.'

Determine Cost

of Parts Stock
and InventoryMgomt ,

[Determine Total
ICost for FIP
MMintenance

No 4

S. .... es

Is



X2

pg 11~

Y 0

M=II
91=

P R(M)



X3I2
SYes L

CalC0al)l

Cal• • (:•Call

call -cs C•• (+ I OCS (1
S0Trali(No Transporta-

s Transportation +1
M.;. MMAA> Module Stockage

RequirementsM M+

x4

92 J



:17-77

LIPP(IJ)=FPP

II

OV Yes >MA

93



X5

JJ+1

Call TR!PjCO for

Effect of FIM
Level on Compo-
nent Stockage

Determine Total
Cost of Mainten
ance Through F
Function (Add
Optimum FIP's t
FIM' s)

94



y0

SYesI

S•~av 

Least Cs

:ntenancie
I - s t

(P = Yee LPS(I a) =f FIP(Pi

No*

Is y=1
) Y9 J-5FIC (LX) IR=M2

2: 95



GJTIC=SLIMC+FVMS( I

A s

110NN
CalTAS FC2TTS

FIT
FI- +TOTCSC +

rran p rtIi .

I~all COETC

96



X8

I.s
?o

4--

Ii _

Srjk""A
S1Save Optimal

|Maintenance
Allocations

S~Initialize
VariableL

r• . 9 7



I I

Li- ICtalcula e Cot.

.1-i-i S tr u c t u r f o r F l j

T I

L j

ISTOWIIl~alclate ostI
98N

- '~A1M0



s- k-o 0

Call THRCOM

tL II~
INo

t-ni SV CallRETMO
No-1

99



I -l i
01all VPIC

Noo

Ier Lev or

Call RT JOM

Noo

IK

?0



~!

X12

Add TE and MDS fo
Org. Level for C33

Add Costs Into 
I

Total Cost Cate -
gories

OutputI

iii

--01

I



I-

* Real
Variqbles

1+1l

j J+INo s

No ,

[--]NC
, " • ,es .

E02



SUBROUTINE MDBCM

SH

I-I

Calculate

N~o J =NMC

S~Yes Io Is
IJ

SI
-; 103 I

NC3



SUBROUTINE M'TBFEQ

Real

Variables

fl

• I

104

•'.i0



WBRhfOUTfIM MC46

iI

II
Real

Variables

C IC.Ie, e
AMMCE & AWWR

I III1
I 

Calculate
.

AMM C(I )

1 1+1 !(lu

40 %

Calculate

J= J+l

IsI

StYesI. io
I NC

MiDi

2 105



•: Th _4 - - -! - •'1Ji i _ ii I i

SUBROUTINE xvIM

Equip. Require-
ments for FIN
per Component

Ad ip4)S Re-
quirements for
F1I4 per Compo-

a.lculate Number1
of Test Equip.

r Shop1

TPal-utCost oj
-Test Equip. for

114 for Entire
orce StructureICalculate lDS Rquirements per r"°" I

Shop

alculate Cost oI
S Requirements•

or F3X for En-
Are Force Struc.

Calculate Trng.1
Costs

dd Tcst Equip.
obt, 1.- Cost I
raining Corts
TOTC

CEND

106



•JBROI7N XFIC

Init.La.L,-ze

Variables

I Determine Test
Equip. Require-
ments Per Equip
for VIC[Determine MOS Re

quirem4ents Per
Equip. for VIC

I aculate Test
quip. Require-

ments Pr Shop
for XFIC

Calculate Total
Test Eq'vp. Cost
for Entire Force
Structure

Calculate MOS Re
quirements PerShop for XFIC

Calculate Total
MIS Cost r En-1
tire Force Struc

Iturej

acul•te Cost of
Training

d up Todt a u.
aest Equipn=It &8

training Costs

107



SUBROUTINE TRANSM

START

L Real

Calculate Nub
of Failures per
Year in Force
Structure for El
Module

Determine Cost of'
Transportation
for Entire Force|
Structure per t

Module

END

108



//
SUBROUTIN~E TRANSO

Real
Variables

]4 I• --

Calculate Number
of Failures per

1 Year in Force
'Structure for Eal
iComponent

f ete~r
minoso

ransportati on
0or Components i•

ntire Force

Ftructure

END

%I

109



SUBROUTINE TRANSE

1START

Real
Variables

TI

Pete ne Rmer
f Equipment
ailures oer yea

Calculate Trans-
portation Cost

for All Equip. of
Force Structure

END

110



FSBFhUTlmE THr!D)

START

of Failures -,f E

Module in 15-dayI
Period

Determine Stock-

age Objective
Period for Level
of Throwaway

Determine Initia•
Issue Stockage

for Level of Th-
Srowaway

Cacute rnerI -I

shipt Stockage |
RRequirements I

DetermineRorde

Stockage Require.

Smenit sI

I~I

Vi 
Tn



77.

i

SUBROT7Y"INE THROOM

Determine Number
of Failures of |
Ea Component in
15-Day Period

Letermine Stockage
Objective Period
for Level of
Throwaway_

Determine Initial
Issue Stockage
Requirements

Determine Order
and Shipping Time
per Level of |

ThrowawayJ

I Calculate Order-
ship Stockage 1
Requirements

Calculate Re-
placement Stock-
age Requirements

etermine Reorder
Stockage Require-

ents7

Uot ..
,I,

- -



.TUBROUTrX, NON.REP

STAURT

Deerlne tober -
of Failures of
Ea. Parts Class
in 15-Day Period3

Dtrmine Stock-.
age Objective
Period for Level
of Throwaway J

Met ne Initial
Issue Stockage |
Requiremen ts

IZZEJ

IDetermine Order
Sand Shipping Time

for Level of
lThrowaway

Determine Order-
ship Stockage
,Requirements

Calculate Replace
ment Stockage

Requi rementsi -I
Calculate Reorder
Stockage Require-|
ments

* ~END

113A
• "

-'-' -

---- ~- ~ - - - --



~~~ 

4 
S TLiTO•• 

]4]

No

of Failures of Ef,:

Set SM--STKTM Determine Turn-
and STBKMMR- around Ti•e for

Modules Between
Levels

Determine Pipe-
Is line Stockage

NL R equirements

No

Calculate Re-
STKK(,1,j)order Stockage
MIXTM(,IJ)Requirements

U4t



SUBROUTMIE REFCOM

Determiae Number

of Failures of Ea
Component During

15-Day PeriodS Set " ' - '-

S T C = T IC R D e t er m i n T u r n -•
around Time for
Components Bet-
ween Levels

? Determine Pipe-
line Stockage
Requirements

1 1
SM,-( I )

Calculate Reor-
der Stockage
Requirements

I k

3115



4 * I •

i I

temuinwz Test

I I I

cann

i .P

Calculate TestI

| :I-

Iqip a MI•S Ie-
lquirements forFE (per Equip)] .

COCO for Force

Inventory Costs

~e Tota

CILD

116

i j



SUBROUTINE REPENDI"1
ST'ART

Real
Variables

Determine Equip-
ment Failures in|

~~ 
15-Day Period

j Calculate Pipe-.

line Stockage
Requirements

Calculate Re-
order Stock

I I

U I

3.1
" lit1



SUBROUT•E• NREPE

STAR

Real "
Variables

Determine Equip
ment Failures
per 15 Days

Calculate Ini-

tial, Issue Stock°I
alct.late Order-

Ship Stockage

Falculate Re-
lacement Stock-

[e I
Calculate Re-
order Stockage

EN~D

Ck 4

118



SUBROUTrINE AVAIL

I 1

(I , NI0I ?
Yes~~~ ~ Iuae un

Isi
Yes IN=0DtrmnIeg



Determine Turn-
around Time~ for

Dtermine WEquip

ovnt Turnkaround

No s

bIlt Withou

?2

Ye s.



SUBROUTINE GRAPHA

Print Dots
for Y-Axii

I-i

I IP

Blank Out Line

I+1 rint3 Dots

I~l :Between Bars

J= Value (1)

Print Bar With
Height Equal to
J in Asterisks

bIf J Lar ger To

100 then Print
Dot on Top of

No I

• 121

I • • ....... .. ........ •....... •......................... • ....- • .... es



APPENDIX D

PROGRAM LISTING

I
!12



1c 0D s0 0 0 0 0 0 AD 0 go so ' 0C 4
141 V 4 f Al V 4f At 411 41 4W w r.4 4t at 4r -4 v

0 0 00 0 10 0 0 io

0 04 .~ 40 In ;Q N M C 0 .04Car W V 4 4

W, i t W, i.att I I it Itr i C 'e C %C %c -C, * C z 4D i,0
ao co oo 0 0 OD loo 0 or, 0 lo CI no Go C c OD :0D

i t o kn in in IA inA In 6n U' lmA. S' &r. 0t It it p in '
04olp o 0 0 0 0 0 0 a 0 0 0 0 0 0 0 .c 0 ~

0 0 0000 c 0 C C 0 .0 0 0

I j
m z

In z' Z= '

z UU.1U -

InJ -a I=-

Ito,
.U z -J

-It
X ILs z .

40 z z - 0 91 0 w 1 0 0
1- 6- o- -C 0: 1. 0: iZ -r 0c

0 z 0 z -
CLI " .& im --

JL KJ3



a0 1: 0 0

0l .7 :0 0 Ic0l 0

Oh. o 0 0 0 0 10 0 0 1 c o .
Ch c 00 0 0 0 0 c 0

* 0 00 ~ si o c ~ & c

ccCIh

g~g gg ~ 0

U. m vz.

4rs

N~ N AV4

2. A 1 -
94 4w 04.

.w x) CU.
= 4W '. Q, 4k 1. Z 1. N V'I

10 1 cc N.- cy )

4% 4a 6,4-1%A

P- z x: Ni 4k CL V %I 0

A ~ 0. "%- W 0 ,-

x -4 0 N 0

UA . - 4 A C

4v LL A 4% Ai * IV A

*~2 D N N .

A~ ~ Z LQ6 NN ~ -

x C\, & . 46 0.
01% Aý ak C~ CV 0-%.

1:4 0 C~ u cu m

LP I * -r4 w_ C

U! it ... 4 ' *U 4d ' . 4c

.124I



o~~~t a 0 0 0 . 0 .

0c 0* 0 C 'kc0 0

C 0 0 0 Oc 0 0 b0 Cc c 0 0 C c .000 0 c .0o a 0 0 c 0 0 0 .0c 0 !C b
c 0 0 0 0 0 0 0 0 0 c 0 0 *0 0

c~ 0 0 a 0 0 0 C 0 C C C 0 0 10 0

cc :0 RN 0

_ 41

cc 25



000o 0 0 0 00c

0 . 00 i C 0: 0 C. C x 0r I It
.0 0 0 Ito 0 0 C 0 0 0

c. o I C re. 4r In~
-o C 00i co l cc 4 .4 cc toc
o0 0 0 !c 0 0 jC 0 0 0 .00
0 0 00 .0 C, C ?c C C c C

z -IxI
4v 4T

4w 4

LL z. ILL.X

0 4 4

Ar~A

4-. -hi f I
I- Z 2 ~X i k

*fl) :,

*L I-. a. -E S

Lo s-4 C.. x~ M
c C- It a U

:x I- ~ L. A

0 IxC~. C C , O C C

126



Fi 
,F,7771'

.. , A*, *, ~77

r 40 C0 0 10 0 C. C e? C. 0N - 0 C. 40 or,~

W Wo in 140 N c o 0 0W"-. *" 0 0 f N04

cc m C ic o' a~ ;0. o~
o o:oc c c C0

cu z

'4% 4k

N O L'.
im-J

6 41

ImI

a 0 4 0
oft a.z 4% 4

z~~4 N 1f %
4c 4k -k 1

0 In 0 LL, Z_6*q *6 u %; 0t (. f

a.-.4 .

iai a

4K 4113 ý - '

IIt
J) Li La. L. 12T



IV

Iol C~tA

- 0 4 , 4 . E ~ 4 w . 4 q . 4 . - [ .S7

C C 0 ~0 C' ~ !c C 1 0 C0 A

: .a~ Q -

~0 0 0 ak

< I

%1 1

wl in 0 X I

0.. . 4 en

0 4

1.4 -n

co X

I ~ 128



C4 cm4p# W4 W in in ~ *u0 C. p 0~ 0 04
0 40 !0 o 0 10 Y m e M * In' Inl on

Cm CY C% I Cu N y cy 4% 4 P. Pd cy W

A-.

c C C C. ~c C C 0 .0 C 0
in %~0 S. 40 j0 0 W w ln .o P

S" W lpq W" W. N# W wt 0" 'W" Iwo 04*

4. I
a w

x .Y

06 0

CL C h 1 .

in~~ 0-

fn W4 ,% -k f"L

cc~ ~ La 0

k& . 3, a L& C.. Iý IX M L& L

no I4 Z

-~ 129



*4 In In,

-' ý c-, - 0 !o t- C F I

0 0 @

C% N W. i- m m r'mmc e 4

w.4 9-

' 9.

cc1

k L> I

K :I... &. AJ
Lk. I-

m !: z X % m

L) I- :& - I-- ~ - a

1- 0~-% 0, M. C\ I- t

_ ~~ ~- NO a - N ~ 0 '

~ #. f) 0 0 CC~ 0 ) CUl :C )C '

4k I ' 4% m~ t)CUj 4% U J

LA- tr. t.- !- L L- b-

It'0

jO~



0 C%

C c 'c 0 c c c c c 0 0 C. C a c
fn i Ian '0 z. Iy a~ 0 4 U M 4W JA MD 0-

4w~~ ~ ~ 4 JAC 4 4* 4C 40 Lp W -U i ^ i

CE a

CL LL, 0

zL Ll Is ~
9o ýo z

'0 *%S6

Li-. -Z -1A' Oft

p-~ 0k: k 4k14 L

-~ .. ~ - 0- w -O --



0~cp 0 0

0c p 0 0 tO in in
io C ) C 0 Cg: 2: ccc

I00

W0 K
04N

J: 0

W4 W- q 0

o: -c ID 0

0 k 0 3
tr I P.-i W,-C i

'5 W d % a,32

1- LI



0 in Ny ty W% Ara V% to @v @h 0t

An Ir. in An 4 le %C No 1C o c'a a 0 :16 o'.P4
o c ci 0 0 ci Ci 0 0 0 0 -0 0 0

Ix ir t. ct ( a. a. a. m. cc x. IL m. Ix ma c cc

C.4 C 0 c c C C 0 0 0 Cc C C C CO
q It 4 .?4. z 0 0 N AT qL 4D 0 N- g 0P 0

. ,. - . . '4 " I- W4 ,

I- c ' Ae ' a
Ul,-, N : • n

Z I c

n3

gC

CV) 0 n en s



777

MA 1

o ~ ~ ~ ~ ~ C o Coo o 0f"o ape 'p ,I
:40, c

(v~00' 00 m0 c% NC C%

w~ 0' 0Z 0-- 0ai 0'2 
; C

ft r- 6.-
,LI 4k t. " "w Z1--f - Z

z~A ? ~
*Ia j

4k 4%.

Xi ~ ) Ix~~ :; 4

k CIA -k -k

W 
-c

o oo

1.34



7A

C 0 40 C0 N d AS .w1 s0 Qa a. 0-
m ~ ~ 01 0i 01 04 i 1- 04 w4 C 0 CW 9% C

40 0 jQ 0 60 0 00 C6 O 0- 0- O 0 0 k ' 0%

ix it a:. c ix x - c ix ix c. cc ix0 CII
%C ;40 0ý 0c r W. % ý m 0

co~~~~~~' -- .) - - .W4 -

IfI

z4 46 ~ :t . 4k

x I t6

*4 0: .m0

0 x 4r 0 x O IT x It 0 0

S~~a ac C ~ 0 .cc A 5- F ' L .

I .- P %0 .b. .- La. 0' Ln Lb '

za. - A.j x C: Ix~ . .. Z-
t- .; CA: 3 L&. 0' 37 L , ab t' X LL..

4t kg1.

0e m

.4 -135



ix CL lz mA-m CL c. m 4

0~~ 0z c'tj"C~ C4 j:
.' M 4w ~ Ln to ok. OD Ok 0o N w 4 o r i

I 4 M

0.0- .0 ~0% 0 IIA --

z z

0 ~ ~ 1V7LL

040

04.

4k --

z NOs Z M

C) -% lz C
a X L& LL

Nr.-

Ok 4Cr

U ~ -. ~! H36



th W - 4 W t.o 00 0 CY 4 . .41 4w .4
~~'V W4C , 0 ~ ~ C

C 0 co 0 c Q 0 0 000

C~j C%) AC% C% C% Ck ft N

PS .4 N W

-jM

N ~ I!

4i



b, ~. 0 4 4.. a on go 4 a 60
*0 .,o 0 60D 0 0 0 0 0 4" 411 M11 C.0 0wo V. '4 u'.4N N N N' IV N N

0 0c c c 0 0 C. C) I 0 0 .0 c 0

4F i. %a N. g ý Q ; N f n t

NY NY C N - NV N m N 06. N m !c% C%. N N

CY3

0"% 4 '

ft 01f

4k ,-

4kV

z 1-j N,

:.A If ix *
CT .4 W a x.8

Lf -4* a .

La z.. % o.... 4% 4s

x~[ ft t z I4 I : q
cy -4 N Y ~l 41

4 0 C 60 0 ' 0 01% it. iC 0
ON .A co~ 10 ON~ &r 10 c N a :v U* I. ) aD

a t M0 % IV. 4k' Z- (q e.~

.o- %- a ; ý- 1.- Ir . a -% . .a

&- 0. $--

c I ic* U ISr V&c x .

.138



ifn if) 0h in m C* Sr Y Nw

in f" on M M Jr - O too 0 10 0o 0 C
C)

C* M :0 In j0N DO o

400

at

Lai.

4. w
06 416 s

ZD .
*'0

L6. 0- n

1w : ff c

M~ w Ix M

"'3X IA. -A.4 i

0 ~ .139



N# V' W -. In AnV 10- Co. 10 .a 0
to A* .ýA 4,- ;4 f 1 n i ni

oWO -~cr de4 00 tC40 C4 N0 A Ct .0 w C% N0 ftQ'~C 0
NL4 Nv MN£.N N N I IN NN N N

* II

IxL

IIlk

4wa

We 0- 14

V4 -j 4 % *J-f

41 *Q PC IL X lo

'C '* j 9 . ~ ' I ~ Iell

4kO



41. 4 w 4r>wN ?. m 9

4- 16 fk- -ý tS P- 1$c y

I. to 4 0 . ~ @~O h (

ix ý a:. cL cx L aL c. ix qc ql4 a

0P 2 0 0 ON 0 0 0 0. 0 C C, 0 w 0

II
wr

IW h

CL

L A t L 46%

a IL

II*0

LAI.
4k '.-

U--
Oh *Vb *

414 x C[oýJ



-~~~~I %-0 0 -Ev'A N 0

t%. lik 70 c~~C U W
C 0 ' '40 10 'Q NO %0 s0 '0 . 1 : f.- IN.

000C0 0 0 0 0 a 0 C 0 C

0 "o: 0 0 0 c a~C !Q Q0~ 0 0

C C~ f'0 0 g~ 'C C 0 0 t N :

m A.

M5 I
< a.

z If

zr

LL 01-

CV 10

P.- I-I

*JlI Sf U * % -z

, 0% m .- 0' f"



o7

:11'

-. - -- -* P

o r to ' 0 N ~ 0 0'o CP lip

CO C. : '

C~i C4 m 'C

.. ': -•" 0'

Ac 0lc0

c 0. CU -i 6n Z'.C • •

'CU

U.

IL

.16,

m

4 I
4C

'T -. X Z 0.

CY p.- 10 4.

cvi Z M A-4.fl
Z~k to- .

&~ -' C 'a .7 6 -

7. cr X O e

.- L. a ~ -LA f Le..

C -0

;... 143 -



,.1 -*' -0 ','40.

1'a K .. [ý , C 0 o f

w- 90 0 40 z .z c 0.0 : 0% 0- 0) 0ý
C5 Ic 0

t~0 CC cC C C C. C * CC
tv on cN !,U %0 fh Nc % oc

;'- I.I

I;I
4k x

I 1 4

CO C%.t Z

UN N
0 LI 11 - x 10 x

1- LI, W. C
WW -ak a4

U, CCDin- !rA-e
4:7 Ac

144V'



Ir *a t-* 0

.0 -CK 0% 'Ch Ok 0. Jo~ 0 4:4 04h _O -~0 -C,0 AO)
C C 0 0 c C- C' F; Q~ , C m*W .o- St-o :

C 00 C 0 .0 0 !c 0-~- 9
o C0 c c VI' c C= Cw .c C -Z
f" 4w m~ 0 W% 0t v0 P.- 40 1= 40 C% .-f" 41r I

SU) i' Ut' Le ir Ir if Ir. it, -6r. A _c Az Ic1 .to

cc c
C0 C

o4 CLC.

a I-WI LW

3- x

.1* 6-4,..0

x C1.

16 -C II *4c

cr 'S L- L& D.-a

m 0c 0 * , * .
.4 k in ~A'I L

4-, ,I145-



It 0 0 - '0V M 0' ' o~0 0-
* * V c -cO 0 C 7c: 0 ) 0? 0 c .

1- to -*0 to 0 0 .0 0 0 00 c i;o -0 0

2 C C C-C C C IC 0 0wa 9) ll- %C 4- co O 0 . M 0 hel1~ 0

Cm. U) ," : if i " f

I-C

U. 4

Lj I

0 m

NC6

!LL.;



.0 ll AV a W4 0 0 0

*3 ol9 0% 42% 0. 0% a ' 0 C% 0
P- P -. t-.. S. . . . Fl- P.. N' r.- F.. P. .. t- .

~ iv m' en m' fr. M OV f" ~ V f
lo Ic C, c c C c C . cC

0- 0000 0 0 0 a
1010 0000C000300~

101

IAJ I
In . 4 0ON !,j f .

Lai. N. -IN- (0 ) re ) fh - .

b.b-~ CL

147



P . tu C4 c . *v 110 C ) tI 1 ! I 0c cS0 '0 IC 0 0 0> 0, 0e m

I ~ ~ ~ ~ ~ A c00 0 0 I 0 0 0 ~ o 0 j 0 c

0 o ok -;o 0C0% C 0 0% 0k 
0t- ~ 
CY Y V ~ ~ ~C CC CC CC C CC CD

c 0 a ~ a a o 0 0 's. C0 ic .q I
0CC 0 0 I c, C C -0 0

0 0LA 0 0

JI w x~

Ix c V

ON -4 
m

94 <. A,

i f0 M 0

zJ 
0mM 

m z m mxx z ý
z ix I- M . t- -. Li:l

~ %%- % 4% 
Lai -

.4 co *-4 N 
.LA4 - c4.' 46 en, f n m -

C>' 0 10 1- ,

V Z L & 4c a b.- 6- 
4

r C, m-j a 0 = 0 L. C La.i-
-r :1 L A A- 

x C.

NC~l m cc

148



P- F- 0 0l 0 a 0P 0 0 0 in W4
W4 9- W" -- -(CV C%I fl MV M~ V
en mf f f f f f f"1 Off ff" Off en1 mf 6

. .0 c~ a 0 0 C'000

14,
Er r cr m. 0. a: 0: i. CL (.L~ m

0 00 00 0 0 0 00
C c C 0 C c 0 c 0 C c c 0 0

C% 0 Ct ooNf1 ~ IA C N
cc cc ac 0a a' .0 0 C, 0' Ch a- 0 Q 0

I.-

Lh Z 4 LLaJ LhJ
m LLa, Z

6.L4

uca Li l)Li

4a I.- ' -

4 3.Li07

~z 9x -0

Ma.

A- co ZL 0-

C, -Kc'
LL, 1 .

l'- Z

Li. *.a. LL a

tp) La L6

Li. LA. ' i c- LA. I-- ~
9- Z 3.1- U I 3 ~ ~ ON

> ~ - < Z -1

z.. x. a. W ~ U.:j -c a L%99&. J I4

m 3. X ) $- ZCIA

41 u9 1-uci4



** in 4t i :n o, 0 o

In IA 10 00 10 .1 0 1o C O CD W 06 0 00 0

4t 4f V 4w 4w 4 4T 4 4t 4 4 4p 4 :4W 4c 4o

14 X

IAL -1

I , I - , i

c~ ~ z Z.b 4

0150



o 10:0 0 C C 0 0o 00cc 0 0C

c~ 0, '4 N fl0 '0 0h 0

m CV m Ow 06 06 N Z6 m
*4f . 4 4t t 4r 4r 4 4 4 AV

Ir

LL

-J

in>2

(i 4L )X A Z Q

151-%



~~' 4f In,0 0 0 0

cr~~ 0 0 0i Ec

'"? go 0v I " 4r I i 0 %

4 W 4 W 1 4 4 w 4 4 4 v A . %I 4 C' 4 j 4 4 4

L*.L

0 N

x Iox

ýj*

-j A

*.o~AJh Nc. c 4

U, z ft t_1:

u z -' i Q I - o W .C . 1 .- LP It .+
41 41in 1~j~

41 ~

152j~n .



o 0 yW'.' ~ ~J N NN N~ ~ ~ rin in in. in~ n in in af ir. it r n i n n -

C C 0 0C.000 C. 00 0

ccc c c c c ecCce
OD 0. 0 N M 4f '0 v .N 0o '

4? 4t a? Ir U% I . x I? In tn &C, cr ~ '4C? 4w t 4a 41 41 44? 4 a 0- V- 4t 4 41&-

L*

b-

cr. IL

LA.
I-. 0

AjL

-J X 0

C-0

7 L )

-t - C. I- i

0-- z A a

91 V1c_



~~M Mv

0 0 in in IA in 0 0

to 0

b0 0 !

I.-

La

* .~ z

IA..

ui.

-~ P. 
I

LaJ I
Z a. "4

Lai.

4z z. >

z >_

'C T

1.545



4D 
.C 4a.0

on d% W) Jr., tCn wy.. n"~

a: 0k; W- * @ Or. @'. W. W

0 '0 c - o 0Z

0 c cC., c~ -- c c c c C cC c' C,O~ ) ~ N. w~Z. in' ýoh.o '
4 4r 4S a. 4 4 4t 49t 4T 4w 4 4f

to z

x~ Al

Lai 4k.

0- o La.'

cr. z

I..- w~ I.-

'S. 2.

.kA u 2 Ef

-6 i A Z

If. cr 4J C
Ia. 6- in fn..-

.5-)" . z.Z. 
- JC4'-A.

155



0- V -C '

Cm~ - W) 0 )ý ArN : M '*ý I.
V * qo~u wi, a 'ar. -, N- U, f l4.?a'-

-1 0 40- 4

ix CC m-Cr c % 2 c x I X xI
0 io C. c) *c a0i0da- C o ' C, C C t0- '0 0 , ! gi C4r k : N CC ON 0 - %j (n a- 'c ;c C. I

Oh aO Cý 0. 0, 00 cC O
w 44 4 A* Iri in irin In in In in U

C% z

z ur

~ *% 9 4+

C%..I
+- - ..

- 4,) 1+ '+

-~ -l2 7
m I-

Lb.. ft le% a;

x 2~ktA. XtT:jk , f . *,. ,.~.kg ~



4CC-

-2.I. -. & " -i A

o€

3 $Z

A0 . -- 0 U9,, O o I

-4.- = ..- .I0

-;~I t <<-

-0 0 00 C0 L a A a t

T- cc- ' •

"- C - .t " •. II ' -L. - p . . .15

SI1I

-" i'• • • "0



71'1

' 
* I

)j

.. (\ CuCu N .C. 1•~~E f ' , ;eI~

v% In~ in~ w% In~ o u~ n in ~ ir I'a In ;IP inf in' I

U.

9- I n

L16J

i m.

0 I Ii

IA.

C•~~~ X " •

I'. '

Al z

LQ" W, Z - i'

0.r i La.

:,o z

Ac C., -

I *

* -l '"j '.a *.• I

158



0- u c ~ c . c a
c'O Ln %0 r0 Cy in. . 0

0 4 C d 4* vi c 0 V 0 L ci in cIr o ro
Le CO C n w m 0 w 9r C C ..

ab Z = Z .

2 . -Z * - j-
c 4k Z l

z ;n L16 0

V) I f-

0-1 b -4 ;n Z

Q~J . 4d L~A.
If- 4 aZ ft 6L

~~a~ Zs 2C

0. Z* 4, La-

I -

46 .h 0.Z

X 5'

% #

W LA 46 + Z 4o

LNC.)Z C% ) C:

159



OW r to l Oh g.h 4 0 C4 v 'h c f" do0% ot P.. :P- k 0 W4 -I # Y cu C* in 41 C
C. : C 0 00 0 40 0. c c 0 cc

o 0 0 0 0 * 0 0 0 0 10 0 0

I* I0 40 C% 0 .0 j M 4w C r C' .0- C0 C 0
li in 

'C% 
M0 %C 1,4 -t -, ,%r 4.. c ý , I

c Cc

4k~ 
C>

ICC

zz

I.-4

' ,-. 4 >

z) V

I- ~ +

0~

.z +

N. +, I _-

L- z V)4k L. IN
lk ~ . - ft LA f~

- I AC\ -j +
z. U..

%40 1 9 ~ * L I. 1 n ) -it

S-~~~V 0 -U) I * 1
z z 

ir4 j I .r -

ILI
LL cI 

-r L
cc-

o l-



v 40 a c . C- 0
4t' 4 U'. if, 1 in In, IM In * * ~ .~ ~ ~

40 w o- W~ c C- go ;
S e o C., C

C~~~ 0 CCc0 00 c C* ~0~
p. N- I-- cc -' W, Q c-~ iI .1

U N N r tN iN AN %r' ir -. i' i. in;,

IC.

[az

LCL

-c LL. 6. b- b 0

ZL L&

IcL

sa cc.

-161



0, c %. qop~~c 40 Ok P.,p. * h 00 0 C' *O ;C, Oh 0 0o 0 0 0 Oh 0 c

c 0 , 0 0 C C C K C K. C 0 Oo 0 0 0 '0; 0 0 jO 0 c C, a c c

CC 00r Cý 0 0 0a 0 0 0% 0, Q0 C c0
;n Un V0 V). n 0.r in Ul tjr'0 4

z
IL r

:a

&L. 0IM

C) VW4

AL

1.-. Z W

dz

LAI. CL e
U) z.. .

'L& X*

iQ ~ tr -C

16.1



Ir ' # W &r ft go 40 Lp ot N0 06a e0 000 c 0 W4C41C M M n
9 0 O k Qh 9 ~ k C~0 0 ~ 0 ~ 0 0 . 0 ~' Q ~ 0

0 0 0 .. 00 0 100-

00 'I0 .0 cc 0 c c cO c c 0 co c

I IC, N OD 6 - m' . in Z' r,c hO c '0 '0 ' C ' i 0 ' 0 ' C-
0 C'4

z CL 3.

W f k

z L. 1- 3. -w '. z :z 2
ft 44 x Z .

% .Aj -

94 0 U e- z *k

~z 06 $ . . u-PI - V) Ia.- X ,
LL 0.

L. x

.L~ Z U) .4

I-.. w *

L6 P.- ~ 7 &4

4' it' 41 I .4t

.41 .'4 u 441



40 4wA iio P ý P ýS*ý *- IO Oc 43 *. C, 0* ~ 4 *0 
C) . ol 0 0 0 0

ok.0:0 0
Ct Cm 44 0r 14 1 C *. !C 0 C CIN t% cm. IN IN Cl IM t"- in% I ~ ~ 1

NO .0 -c ING 
'0 L, vC ,

CLC.) u.

0 M

C l.t z &i.
2;;L LA& 

-

a .' in CP

0.~V Ia.. z' U

ta.. Z * LMJ

X4X

W~~C CL W)

4.2.

Q: 1-

-14 .w '

X, Ok 0% ;

+ U I- U.1)

U) L16+



W,~~-. 0% 0.o.4

*0- 7Z CPQOh" 0.0- 0 a,-- @o IC-- 0CI 0 '

C. c' c: ' -C C C C C c

4w 49, 4C 4 4 49? 46 4r a - :

to- to '40. C ' INC 10 %C ''Co -4-- 144

U, 0

L6 Ia.0

U.11

U) I

z 04 Li a

4k t

If III

SiZ.

165

.... ...



0.~- O-V.. *
o~~t e-' C, . o C- . . o 40

0' o-C). 6 c a~ !Q C0 o~ clo o 00 0" C- C, 0 O2'. c 10E'or . W, :&r., &r. . u&. T v a-, ýc c c o

b.- ,-
4x

i -x
:w4 ;>-

C. 4a. ;3.z -' 'am f

lg 4x 0
:.L. ~AJ n -

z -.

Op JI 4.
.4 0

0. z z L.uJ_

I:<
ff ;6. LAz e-4 00 to



-' ~~~N I N 0E~*~ *'
cy 94 0

Ir I= C CL 99
Co00 0 C 0 0 )

o00 40 N C 0 0 C C 0 0
3 I _ý so in -4 Nt -
V0 o ~ - - -

%C C 1%0 %C 'a 0 ' 0 ' O ' ~ '. '. '

c : 00

CL
zc

zz

0.4 ;* %0 4

u. 0. ,, 313 44

In-

+ UU

-7 .j V., ax D .

Li La4.3 i L6

44; -7 1 w~ z ý
wj ft -Ii

a IJ
4 14 ~ IL I .~ 4

* ~z ~ ~1.67



7, M,, 717?F

cr si' : a c

!a0

0. 0.0 0, 0

La I.-a

z 0 1 I.-

im a J L5m 0 im !m 0 w
Sok

UZO~
('m Aj

* ~ .+

cc,

"I- - 6 4k

A, ok ;& I . J

tu L4 C-) VIw z X, -

4d iZ-) a--i
ip - 0 -1~ -

w ax

a1 Zi 0 4% . r L.

F. + -3 0 'L
7A IA, I- If .. * - IC 0

#A. X. & *

49 i4

3 168



Pb -p r--4

~ C C C C C C C C C C C

ol a. a Oc t~0 CC c C C V P
'C 'C '~ '0 '5~ 'C r. - $ 1- P ~ ' P

z

* ar

LAw

2..

-AA

1;I z.- .- b .

-q 4

c ~ ~ I LL ' N AI
~ low

'-D~ ~ ~~% .1 I m0 1- C m .
fir m e ..7 -N - t . . .

-~ 169



01 L m

a 0 Cj 0 0 0 0 c

OQz gr ix M I Cc~ CC 'C O

0e C 0 CY 1-. C 0 00 ol 4t
W. W-4- C16. N ^v A ft, O

IsI
Itj

44 m

x U' 4jrj Y.j LAJh Ln it)

4ru c C, u". cr Cr 2 .-- ,C*:

at
0 ~0

170



IN N~ cv IN -A Vy *y *Y C g l

or m x lz x cr x cc cc cz

o 0 :0 ek 0 C' 0 0 Ci 0 0 Ci 9 C

N C v C., m' V f f

th.

" a. 4 t

I-D a

II

z Z' ij a O -

-a M. . . - -

Jf*? n~ I t -I,-

1711



-- 7-* %0 
-174W½ 

.

:-~ 41 41D to -4. , -1 r
vtY M u Cs :. ACm~ N Nyft ', 4p I.0 . "

e~ C en m~ C 0
0

C C C
C14 qr tr To C- 'C

40 '4 o 4t 4* et t0 W

IxI

ON :n

40 t

* a.

ir-

Z- r

172 1



/

N i i'cQu i ...

W$ W4 N N CN w fn I" r At I) 41 i
ifn en f" m on) on~ in f" or~ if" f f
C. 0 0 0 0 0 c .C C C C

(r m c x Ix m x Xi

c C c C C c C C; CI C: C. C C
cc ON 0 '- ft in ar &A I N c'r Ok
Nr v -cN NI %G sN %Q It N , c N Oft

*

Q-4

n-

CL&

c.

uj 0

cr I.-
,-,,

-4 v-4

I- iA.

it*



1) 0 fo f..o i

4tr 4r 4r

0:, ---' 
r. ,

in 4 . 0 C 0

0 C C C C4 4C cc cc cc 0 0
N 4x. w. !CD cc . . a

4') ,, anJo• aw n .. t.

.- - . ... ., p. . ,.

IL

a-A

-Ile

LA..

174

- -



we VW jw CII 04 C' M M m V 4w In .
0 0 V 1P4r * ' * ' w v A 4t i 10 .0 Af 4

%~ C c C Cc C C C C C

0 c0

xf

zz

Xrc

a. ' Y-.I > -

-j

e3:C j -c

>. a.a C.

zz

41

C~

175



b"Ifo. o 0 D 0 c p 0 0 0 .41V A 41 4a -p 4 W i

A, o c o cocc
0 Ic-e 0 1 0 C :0 0 0 4 '46w 1 C C I -t cc c cc cc cc 'cc 0 CC CO C Co

00 c
1 0

o i

< + z I
cc I.-.

w 41-

j x
z- f..l. ok a. Z 2

-7 ~ Z 2: LA x :

C. 4- I r0

7u6



W ,4 IN. t- M 4f 0 tO tN. 40 0 o• i .P 0
wo W" .. IN 0" EY" M 4w A W 40 At 11%. WN in I

wP 11 if" to•P If Inr Iun in I. In In Ir- 1 11% m or.

o c CD(: 0 0 0 0 0 0 , 0 0 0 • 0 00 0

c' c c c c c c c c c c c c c c c c
cc 01 0 97 C% Y In '40 P.- 00 (1 cl m- 4r

0 N ,. M 4 C A. - C " C to

LCI

I--~

~.4m

- _ I". Lb

Lq.' -- ".-- - . r.-, t- i•,- •i,

""- "77 ..

.5.

I-. . L&j

~~ z

Ic z



U,~c C k N 'mw E
o~~~ go cc 0 0 co c

An &n 0 In a-. 10
o o on 4g) In o% 0 '0 ~ :

o C~C C. ' C C C ;c.U, '0 r- ito 6, 0 - m cr ITm Y M~ M ~ ir 4C -r 0r 0c- O

4r_- ~ I cr 4t . 4

a -. 4k
EL

a. .4

o 2:

II )



T 77 71 r

wolIi c: it Ix I ,WiI II
0 0 0 C) ,I

c C z

4L

L I

:A2:

C\. z ,r Is ,
4t I- .4c 

-%. IA. ,

a- x~ I.-A

I. .4 
I

179- -. C



to ~ 40 'o -p, C% cNI-y
0 00 0 0 - - N N r

00 0r .0 0r 0r 0, 0rm ci

In 4~~0 06 0 0 0 I 0CC) CO c 0, o CV en c M 0 NC C
%0 %C ND IN NC r r- P ?.- N " N ' 1,. I N lN

cc CC N c C c -K tc o 0 c CC c CC 1cc rIc
C).

z L

z -

z

z ** X ic z

Z CL 4k AJ

Q*I z Z -

"-4 :% -J ko

lo-.m CL z - . ~ _ -

W C) t'lo



O 0 C Cc c C., c. o: 0

o 0 c 0 C. 0 0 0 0 0 0 0 0
c c C C C 0 ,C C C. c c cN 03 %V in~ c K. OD C 0 W. m 9" Vcc c. w X- Cc c c c c c 0 0 5, 4 o

cc cc cc cc cc cc c c c- cc cc cc, cc m. w

C C U~- -.cc

z z

- i . 0. O*)

a. - z

S. Li w'
6n. .~- L

'~ U U.

U ~ O +

4181



In'r %f A B 0, f. to 40- Go

*e- C. to 0o 00 cc c cc CC cc g40 0 0

CS,' ( cC c -C C. c c- cC C0M cc N 0%A~0 P 0 I N fn 4
I CC

C 00

444

5- '-.,. .7

C~l

'% •: I 4) II --" L I..

1810of z

L L&

45 .k

182



C4 tOA N% 4" ff" 0" f0 0" f"

o o : 0,' 0 .0, 0% 0" 0 Ci & a0

C e C ce c c c c c 0In %a I- a 0 *. CK 4 n iI' S. w m 0 W
C'* m 'N C'% f" fn~ to, M 4W~ 4w

0N C.) a

rr b
~x

-L _ I

I.

f~a u - La 4

x L

a.

L) LIL: -

Z 4kZrk 0

4-4)



MI IQ 04 '-w %C 40 c% Co 06 c 4cri E'0 4t 4r nA 1~I 0 '40 14D N% es.. N1

Oh~~a 0. 0u Q h Q h Oh 0 h O * h O

40 4C '0 41 C z 4 . c r- 0 0 0

ON 0,0 0i 0' oh 0k O 0 0 0 .

C, C~ C . 0 C C F C

IS
IS W. 4

*i 
MCL I I-'2-1:

184



~~~- 0s 0 . 'C'N NO en f" If E"V~ P~cc 0 0 01 C? 0 , 0 0 04 0C0 0 C C- 000C c 0

0 0, c.0 C 0 0 0 00 o 0 C; 0 0

No 'C ý N. C 0 - l m %n %c lC cc 0% 0 .-4
a 0 Ol (Y. 0, a.0 ? 0, 0, & 0 O k

61. L&&

z 2:J 3LJ

zz

0 1 10

IIl

>A LAn:

16- + 
'

C.k 2. I: 3.
+4 + C.

"I LL; ItA a.-
CIO -A --z

-I. :, z z
c

!X
.0- L. in

N -. 
.



-C cc N N V.. % 1- 0 0 ~ . '
P. 4 c ok a, (7 -4 W 4 ,d w

0. 0 0 a $A a 490 O . ~ C ' C V

CL cr. a: m~ a. ar w ci

cc .7 c 04 M 0T X. 0Q C.ý cc
iC W" &CCC Cc C c %C C4 eNC 2

w a

II
zo

Li. .

Z .

.1U, AJ'4

S... )- 5 -'I I I
cr0 Xa X

M, .* N o, N~ ft CVN J
NC AC 'I NO % I'

JI. 2-
L- C:

Z E - - -



C ~~O Ai 14 
0 . C C C

a a a a: m ir ac ta a .
o ir 0 0 0C- 0cc 0v 0t 0r o o oC 0 C C C, CK ON C C C

L464 L I. ) -a N ~ i~ 'lk 

.
~ 

o 
.

a. 
a 

o 

~ 
o 

~ 
o

in LdI

a"

lkl

7A. J.

m4 'a4Z
yo,

%C 44 %.0

- .4 £ ~ - ic.
X

- 0 - ' ,'a N.

a .- - 4- 'a..: L 8 6



'C ~ ~ ~ ~ ~ P W4 4 C@ ~ O~( ~ '
'C~. C, Z c Cc 0 E W - -_E N

Cc li 0r I0 0 W. ..4 WE cc WE WE mE~

C 0 C- c C C C' C

GD 0 0 ;7 CJ MIr. 'N ID

W cc a, a ý C ;ý * a cV

m 4k

x'

-k a .4 A ýi

x - C, X,

7, 1. c

x' c z# L% T L& &
cc C%'W

C - a a *Q ~ %.. .J~ it
-* -. c a a %

10 4 . % I.

w e z i~ I - ~ ~ IL L' IL187



INI
X 0: (Z C C' a: m 0 C. m c. 0

'0 p.. ,4 Qo0: 0 4

C . C ' C - C , - - *. 4-. 4 - 4 .in

o ~ C 0 0 C C 0 0 0 0

91 If

Lt.

I In

188



' ~ N %r %C C c -CS'~ ~
0 04 0 A rV E ~ # I t. N..

M C% NNN N. L4 m & N
~* 0 ~ 0 0 c - c c ~ '. C: C, 4.> Q c C

0 Q O C, 0 0 - 00 0
c C C. C C C C

cc~~ c 1n 4 i CI- CL 0. ;j

e. C'. C, V. N\ C'. L\ C'. m M ', ( ~ i'

c 0 C .CCC 000

0.

0

0-4 It

-cl .4k

ft '

4'K

C89A



0 0 * 4 P. N. Nl N C~ 0 14 0 'o
t0 4.C 0 Go 0 0 0 0 0 wq Nv C4 N

o ~ ~ ~ ~ ~ ~ 4. 0.0 C o c C ' CC c'~

LX ct X r cca a. C. X~

o 0 0 0 Q,; 0 Cd 0 c C.) 0 0 C 0
c C . C 0 C c C C C C C

4 (~.4' P- ON0 0 W-. Nr f 4 U ' i- cc
fv 4 47 Q 4a AW~

LA
:5 AJqa.

CýC

5% .)

j a.

U).Lai 4k3

.% 3. - J 4

m. 1.0 Zk

4k N, el 41 L

LA -A LA 0

*3 5 4. -

- %. N n') .j4 5 3 *



N ~ ~ f 4. 4') or Y~4) 40 . * *
1c C Q C ) c, C C. o 0 0

a Ix Ax ix m. m a a (x t a 0:c

4. 0 0 0 Q)0 C ' C j 0 0 0 C 0 C.3,CC C C C. c C., C. c C C C. c
ly IN fn -%* 4') N %16 4'- .4 0a In N

101

lk1

XX

CL

z 4- 4j -AAoft If
46 1A -k I

8- j AL .

3r LL tr LL. C,-z £.z

0 -' C .' ~ 0 # -. '-~ I 84SI U
- .10 I 0 ~ U 1.-

in n Ln 4n in in



tQ If '% 0 10 0 c sr c C16 U
06 0 0 0 1- . - NW inon IC 0 4f 4t ja A 4 W 4f 41 4w 4 4'

0t a: m a cr x a 0 0x 0: 0: 0x 0 A

C 0 C'CCCCCCc C. C. C C C
'0 1- cc a 0 -4 N . N' U .. OD 0N

'0 No %C %C - N - N - I - - N -

4L4.

I ;z I
-A

j t: Li-
'a

.%

C% La. + Z '

cc- .- .z at 111
x. zV .90- m x -V +" x C

4k -4 46 1-- -0 La at -4 ', 4

-L X- .- C 9-J P4 u
U' a SI ' N LA N ~ I La. ( ~-An

a ~ ~ ~ ~ ~ ~ ~~7 LL'. 1  - 4 L.

'C ' ~ S '0 - V s.. ~ ~ C'~ - = 'C '
~~c w LA. C L. - LA - L. L.

L .~. ~- I ~ .192 A - A. . 19



4w 41 V' In in 4 %0 %0 'C %0 40 P.. 1.- 0%. do 44C 49 V 4f 4 4W 4T 4r 4tr 4t 4w a 41 4w a

x~C OCa x 0 . x Jr x Ix Ix
0 0. 0 a

m -* I.c - N 4w W %C

I.00

0.0

OI

zo

I- j~j !

I-.- ze

U' P.SI C . -

0- -- - - -

LPt x t I .A JaLr

193



0w tr. 41 Le ION ~ &r 00 )- 0- 0 %j N M. er (A" .wM "
o w VS ir 0* r. CO &A op t

cr m Ix cr i . x r z

C0000 0 0CC 0 0 a

0- 0 0 0 C - C 0. -.

-- - - - - - - - - - .4

oko

x kr 9-0 W

Ir r o-%

4k -. L . C i

4. NO

Lo IA It.I

14"



In un I -j Or In Ir L P~ . F-Ln &. I'- P. NEI F-C P

'-X M M- M W X. M M M M

1 0 0 0 0 C - 0 0 0 0 0 0 0 9c 0

0 Lr% c 0 Q n 'C P. U; c ' 0 C ,. G' c c QQ1. U 0
&- -c P. -~ cc 0 '% C' N 4T. IN Q N M% OI

.g4 ~~ 4 -4 - 4 - .,W4-

PAA

~~C14

A~~ ... n

-44az Z6
I., In ;c r. c-

AJ ~ 4k- * 4 4k

; LA- IF - b IQ
%n .j p- I- r - A Lj*

in. -

L

,4 g.- 0 cc M,
'I) Ni P-aC=0 C -pI

i9) 4



9) inN*) e' ~ w in' Mt in M~ to F-
0 A*4 4r in in in' P~~ - - 4D c I

a 0 0 c Q ~0 C0 00 ci 0

-0 N (f atw I() t-. !,Q ON t 4f
m~ mW #-' E'm m~ fnW M. m~ h14a~~ 4r 4

04 0=- -0=0

I UI
39I

- Cu

Vi J~

as OI Z) A ' 4k, Oxf t m c

Ck X 40 0 Z 4l x - x (> x 1- 0s U
U) 0 W 01. G* 0 .1 c zl z 0. -

C' . 44 0. m 0- 1
060'1
Oh I.- 0

Cj LL. Lm -4 Aj

C= in arL C C, C=

L96 j



S1I I

N . o u - c ' N C% .. e

14D N Vl) N I- P. Ot~ N N .N S. I N N.

II

Nt

S! ~

"o 0 11-1 0 An 0 in C C0 'o i 1  0
- N N f if .r fc VC N

i.n %J 1- 11 II ' % to %0 %Q %L I 4I 0 U140 IC A0 %a '
z 4 r Q 4c 4 4a 4a 4 4z 4

• -. • -•9 9'" 9- <" , •,,- r r- ,r_ 4? I• q.

0J 0 0 0 0 0c .

ON

LA I

Z€ ic I-

w *1
-8-

1'; Lu -C 0~ zI p-. c), I

sI- It $I s. o m~ I& J 4 . 1 0"' a

*~LL C- . . 1  Z N L. c 0

9- Al S -' B
9- a.~ *L II L M L.,'.r i' V

~ - - £ 17



in 
OD p.. 

0%~ N P. 0 0 qo
0o C C 0 C 0 e 0 00 c 0

%t. 0' 0% do 07 0) 0, P0 CO 06
U4. U' 4w 4w it At in it I'

0 04
N, 0 6

C" 3r
16 z Lai

to 0- m - Z

+ C.) N L
X, +

t ~ ~ ~ 31 ! l . .
*~~ -,A AJ

ALL 4.z

4 + 
4k

A. ..6 W

V1 MI C.) z -a: tI Ok. a %, .- S
x #- ON. x 0w3- C.J o') 0 - P- % 0qtn A4 m -.. a IA o -

41 %. > 4. 2. .J

4 *za.L 
W4*A I- 0 

4 l

IA. tr La. "V ar L4 - - A .

.198



-* In0P1;t eý* i

SD 0 0 0 0D W so c OD e c c 0 0 w 40 40

cc la m r a: l cr :cr x x

0C 1 0 0 00c 0 c 0 0 0 0 0 0 0c.£ c Aa -4 14 C4 IC IN c NoJ. t . N - F

Ok VI

LLA.

a, C
p- p.0
4 4)



C O 4 0 t v t v c O N.- C - N .- V ý

4D ON *V Oh Oh 0 0 0 A) LU CY c

w c 40 so do to 04 C h C ( 00 Ch

0 0 0 0 0i 0 0

t- t c C 0 CC C c c -C c c Z
S. c- al . 0- 4 N m~ 4T 4 LA P- cc -
P.- r.. t. cc cc Cc cc C -0 00 dc C

LIJI

9-0.

cc.

-LJ CL>A
CD

Li

IA. 4I
* 3I- J In

u 0

CL

4T 4r gr 00 x 0 x

m- cc 0 cc m. W

x jo

I.S aj T- .-. -tUJ L

L.% NE cc Ir

200I



ii ci C C C C C

x

INC m
'.z !L I



o IY r m I

IX m

CL,

-L-

b-..

'.202



*0~~~ 0 9 0 0 00- N N e

*0, 0 0 0 0. m a0 0 0 0 0 c 90

Lbo in 14 N0 P- N t -O Y " a 'n t *
0 00

W. W* b. W. 4p W

CL

4k x

Ii.

X +

x 0 *

La cct

Z- La A I

L) #1% -'.1 ,. 49 C 4

m a M . a ( 2 lo C
1- :D "- A I

It IIx I~
Lii ~N ,U ~ 0 5 4
2 C Z7 La - C~ ~a

Ow000 . a

b 0.9 II C Ii '

203f C



* i 0 0 0 0 0 0 0 #AI

*0 '0 0P 0 0 0 0 IQ 0 a V
c0 0c 0 0 0 0 .0 c0 0 0

he7 IN - % l I I10- W4 W4 IN Cm C~
4n

LA-

'La.

ILaJ

2.,

C: 1 .; . z

-j 0,

9- Aj0-.w z
: ILL-cLA

411
c. 10IC A

La.~o .. * .

2o4' ~ s



-~ C 0 0 c.0 0 C 0 C Nc 0 0 0 0 a 000
* 0 0 0 00 C009

*o 0 0 C'0 0 0 0 C 0

0- 0 0 0 a 0' a 0c0 0
Go C C 0 IV 0 on in 4 Ir tc 0jv rv f" fv " f " o ln f

U .2

x e41 I IC La
7- CL(j Ixi

at Li

UJ I.-

Zj Li

2~O 9- .J

2 k :3t z a a

a G Ica z AJ

2 vs Ca, 9-

a ~~05 ~g~



0 c .c - ~ ~

Ok0 0 0t :i0n0 0
w ' 41 :4r 40'tv 04 'MN N C% v ml N i

LIn

-4
z

I-..

22o



* 0 0 0 0, 0,0 0c 0 0 c 00 a 0 c 0r Cp 0

u6 OD 0 V" 0 ~ e" f" 0 o a in 0 0
x o o L in &n W, LA in UN IA in it. in in0 % N y N ~ N k CY N NV% N m

0 0) 0k 0 x .

oI.- qc 0 41"

~~110
CL 0a 0. IJ Y6

46 z

- 0 LL . -'.

Z 16- 41 4T

Q

CD I- cm

c0 %- .0 0% .0.
V) _ j to 0 .

4A - L %

La I.- -v*

x. j = q 6

0. q 4 . I IU claIP C:a UU6
2 in z 6- 2 (4wZ6k L0 AT to 0 0 0

0 0 2a W 
Aj1 

- - . a- C~~4 LO Z Li bi C. 1L
0. ~ .- . ~ U L. ~ 0CC

207



00lo 0 000000 0 la 0 0
00 'a 0 0 0 -0 0 0 0 0 0 0 C.0 0 0 0)

00000000000c 0 00! 0 0

@47 0 0, 0 : 00 0 a 00
U"r a' c) v :u' & .40 or c .C Vi 0

' 0 t'o p- 4I. I,,- co 10 10 OD '0 00' C W-. " 0
an in jin W, in iý Vi V U"r in o -in VIr -D :'c '0 le
cm (4 Nc ft u C%61 m m 'TV ('4 C'4 :('4 C N M, N

000 0" 0c 0 oC " 00 0 C

0 0 0 0 0 00 00 00

0$

IC% >

x in

I'X

C11 Ln u0



a: U-1 4 l m N I C 4 P. 4 0r

c c 0 0 0 c 00 C0 00 t
cc 0 in 0r 0n 0% . 0 0 00 P0

to %C %r0 c %C 0 0P ... C 4 4 U 0 P..
m N NN N N Nv N N mN Nv ft

LLII

6-

An I
Y 7 03

11 z

En x 0 f

7

to IVL W ~ ~
a N 401

209



* 0 0 q ' 0'0 0 E~

Vl ' 'm0: or Ix- 9 0: 0 X, J 0 : 600 Ix 0 K cc 2: w

0000 0 0 0 0 0 00c 0 ccc0

0i m .0 0n %0 F. 0do 0 0 p" 10 m04r4

ir
M

LL

C.

t.&. 1.0 .

Lz 7- tn

-b -

v" w

- -J w

z to O 4 Q- it z

*0 M .
4k tr 74 of 2r BC

_jj 0 - 1- % . 1 -
%- 2 %- Z -c C ;

r 16 - z 0- 1- Va.-'1
CC 49, a Lr 4%

La.2 t..JUk
4%4 ' 2 f '.

~ L I .o * - ~ LiN C.) 210



m Ix w4 cr I i . m Z. ic -c tr m

c %o0 C0 0 0 0 .0 0 C~

in p.;t. P p.N. cc Ol 0 'W" Y m" 4 in 'c N cc
ON a.0 0 0 ON C 'C p a 0 0 0 C 0 aI
C% IN. t '. C' C I N ( M f" fnV in4 M f"

LL.

CJ

x I

zz jU

IAA

cr a I a
iz z .. jA

0 . Z :D -

xn II. '- -b zk + i. 4t b

ox 61 z o- If.. ~ =
N CCA W ff, IF - 7 L 7 1 CL ' I

x Zp .fl x x- I-*
"" n > (,) %_ w I.. ~ .a~

a. LL cc cr.

7 * 'C.ý O A

211



*aaoo0 0 0 0 0 0 0

Ac01 0 0 c 0 0~00@ '

2 Ic C 0 a 0 04 Io 0' Ox 0

a- c0cc c 0 0r 0 0 400W ~ ~ ~0 0 0v on 0 U0i.'0 4 'D N lý

IA. 41

IT 0

x ;z CL

(L IA t 4

W

to It z2
.0. tv)A

:I- * xI x 0

A ot, cr LIj 4

LA

m z 4 4k1
AJ I-. @' U

~ ~ I.- -. cc-

Ii ILI I A *

A Z~ 4k 4k

PA x C-) C-)k

U) 4 Z UA.1 U

b- 0 CL .. j

.hJ w x 4k LIo **
0i' a- x $-

m 4z

LI~ N.I 7a L

X z -%W A A , " I- - M0 e-t

z ai a C- zC
it 41) 4t A .r-

* La.) -



F c c cc C a C 0O C~ 4w.
o0 00 000 0 00 0 0 0 0 0 ueo

do 0i a 0 0 0 0 Q C ~co 0 C. C. 0
0 00 C0 0 ' C0 0 C0 0 00

Ix Ix ix 0: c L cx 'I L IX (x cL. tr ix Ix cL c L L

O0 0 a. 0 ON 0 ol 0 0 0 0 0 C. 0 0 C00
0 0 w a' t CP a' 4 C U" c cf 0 r C C. c C C C

cc,£ 0D 4D M. 0p c. Nl Q M 4W in 'O t-. f..
V. V W V~ .m. C' j N e, N m% C% O

IlIa
6..

4w-

Ij z

0'1

a'C.£

0.0 - -j* ~

;. A a:i~
- z C .) 7 f

CL~~C Ilk WLC S ' ? 2. c
z c > c

2130

o-44



Ir 40

C-± 4±

Ix (X ix m. z a:~ &o ct at,~

IN m d m d en EWn en 0 4o~0- 
m 4t U 0 C

c-

A."

Id)6

u'a

4-x

-PZ'
00m

I-

4U) 
Lai

14 p4
a. .4 - t-&

LLI -J z.

1±b- 
At~

4 4tit -
Scm.



I,, '0 t . 9. . 0 ON 0ý 0. C 0 0 w

4 0 0 0 0 Q C.0 wo ) 0 0 .

o c c 'c C G c C c c C C c 0 C C, C_
f~ 4w aln iQ 1%-. CU~ UK~ - N~. en Q &. '4. N- a,#. OP

40 4w 4a *4 At 4 . UN it Ir- 4r or. Ul- it. L.It I' aIn

00
W6

-64

I-L

U La '4i

I-.L

7x- X~xLai

ze L7,

16 >

m~~L a _ ) .

-9. Ile 2.
x L>

215



" cr ct a :' , 8 • 84 • . 4 ':"

ar, o C ... a,, ,, , - "- C C ;c c. c *c C
m. . .. . ..4 .-,f,,:

"La"

00

I 
S.

0*i 
0

.41-

Vcr.

C-' I ;

-La 6 L•

6. a 
' " "

LL.

I

.&h +

4. ! l • 
* •

. - .)•A-S- - * L .. , - ,:

216-



c C. c 0 0 0 0 0 c~ p. C^ M

* ~~ 0 a ae a 0 Ok aaa
2 o c a c La a c cc w c c. 0-

I- 0 ~0 0 0' 0 0 0 CCC000

Lf.

44=

U- Ilk

I- La.

L6 3

A -j
4 X 4c '-I -j

fr. 4k c L a
-~ a.X

A a -21-1



2 cc 0 ci a ci a ci o c C C. p

M, C 0 0 04 41 C. in NO 0k C 0 0

0%C 0 OCk 0. ON a 0 0 C 0% 0en Cn m0 m m m M r ot 0

LbL

6L~~z
a: 3C L

I-IX

2.49

a: .

a-. 
-. j

z h X LA.

dc 4.

2.18*



7-,77 -77 
-7'ý:'17-Z7ý - x-

0 la - ~

.- C 0 ~ ~ C 0 c c 0 g- 0

zcr c o c c*A c CLi ~ . M ~ ~ 0 '0 t ' C ~ O . t

00

4 *
C.)

ILI
Lai V.

An
U ob

4 0-3 1 D 0

LL I. w- U-lp 4 -

-) I C c-~ Si

~ Li S S i - Li 2 1 9.



it 0 !or. 0 0 0 0 0 0 0
~ 0,1 0 0 0 0 0 C

*1 (X cc Ix 'M Cr i. a. r IX C . La.
1.- 100~ o 0 C 0 0

2 a to CD 0 Vr 0 a 'C c
Wa. M~ or W' Q fe. I- p.. 9-ý0 0

IxI

~[I -

U ( It CLCLI

Inif z 4k

w- LA. r 0

9- e4 4 6
0% . J sk w x-K ~

Aj -

a. . LA. O-N% 9.

C. z I . ,

UZ u r 3C z z I.I

a a. ct CL C:.~ .~

In!! ~ ~ ~ C c -,zec ~ ~ aX CL a

Nv
V

220



0 m' "t-0~@ CIW C- m ft j j % f" -p

o0 co0 0 8 0

o o0cA 0 .0 0 0c c c 0 0 0 c 0 0 0
W. C, M 4T in V2 -p o a C. w e ft fr I* in 40
C% 0. f N C. C. C. ' " fV" f" M' ' V
4w 40 4 4 4' 4 4w 49 A' 4' 4r 4w 41' Of 4.v V 4w

4L

-J .

Lai

* .4

xS

N -. I-

W4 L1

I -

-CL
.m CA x O C
% x + "I
06 LI x b 6.) 14 0- o
S. i. m A 43 It .0Ina Li in iI.- ;:

cr~- to I- ! -V

M 41 N 4 Z 0 1)

~ JJ l ' - .0

o 0 * ~ ~b*~ C N ''221



~-i ! ~ 49 10 N -0 - 4W P- Vc in ;in in i l n w.o 1 0 1. t
C.P~~~ G 0 o 0

ix a. !a . i Q. o i x CL 0: co:L . . a
C . CC 0C 0C0 0~ 0 0 0VC Ic 0 c 0c 'C c~ c c C *c C c.0 0 1 f .f w 4r 4w o r &C Mq9 40 4w V 417 4 A 4w 4tf 4W 4t

L it
P..

V O L L , =

0 p LA 0 Z0~ Z L& 4t
2 - C

CCZ

4 4

10a 4x.

If~-46 Z2. .-. 0.Z

40 Ju
*~ ' iZ .j .

222J



""MM7ý m *WT "M74

!4D

ix m m c a: c :we

4 : S.-

o f 0 f*j

s-4 4w Wfd 9 -

ILI

w 11
4j.

La.
CS.

0L I- c W

CI I.-
0 r. W

22



*t r *e Ix o; ix i o cr m a
*0 0 0 0 0 0p !0 04 0 C%0 0!C 0 0 000 C 0 0 0r c

14W 'C. 41T v OA :0 Iw 0w 4 t 4 1 .4 4:. W. 0

o4 C

a- 41

IC2

I- IIA.

4h.ct

~~i:r

4k4

- La-

M L-
z* 'LA. @

-j -

U) a I~-CL

.:Zz

IL) c

LA 3 i

2 L ZZ Z ~ 2.224



0 ' 0 Q c0 Q. c o ' a' 0

m. m. a. m ja. a.i cc. w. a . ~ a
o c-o 00 .00 00 0, 0 0 0000C C. c 0 C c c C. cC C C c CC0N C Ok . C. ' in i.Z '.~ ~

4r V 4I 4 4 4w 4 4r #4w,4 a'

Lai
z

ILI
31.

IL.I

2. I.-

Z d9C

-I.-

r.)

225



0 C> 0 C4 ' 0 c ~

co 00 0 0 CC 0 a 0 0 0
0 0 0 0 c c~ c c c -

ir,~ ~ ~ ~ NL rC Cc cC Co -t) n t

cc 4x ac 0c 0 go a 0% 0 0, a C 0 0

4 4 4z IT 4 A* 4a 4C 4w 4 V 4t 4w

z 0I
= 0.

oo

49--

AA

it

cc 4 4

i ~ ~ ~ ~ ~ ~ t P % ~ - ~ - .-

- -226



0 co G in0
'0 to gh 1 Qb QI Q

cc0 0: 0 m. ' CU

to c :0 c
000 c W, C .C c

'S 0 0 W. W" N m
.0 a, c c 0 0 iC r-!,ir . r

W.1

I-. -'

~ z

w 4

1%0.

Sz

CL~ 41L

ea % LU

ii
5L

-- t ~- _________LA._



C :c 0 a 0 .0k 0 0.00 00 0 0 c c 0 c 0p 0 01 QL, in 4r.00 0 0 ; Q

46Z c
IL 0 0 C C d ~ O

~C 0 0 ~ C # u C (~ ~ ~ I

ILu

CL

4k x

-j LLICL' z -
44 - I

CL V).
04

04k

i- z

0ý0



M 0 11% CC m c N W- le .C-

o !C 0 a0 0 C 0 0.0c 0 0 10 0 C
0 0 0 0 ;C c c to 0 Q 10 Q a

or c 0 0 c 01 c 0 c c c c c :c0
It C C C C C C C CN C% Cl

Ir. IN iU. 0C i.. Ir iOf Cr In's M #

m AA

Li.

i 0r

rg~ 2.

QI fe

l- c

LL. it *4

6 CL a, CI

a: ~ ~ ~ ~ * c .1.V)i -49 ,

I-. ~ 44 L

229



0 C- 4V r 0 N N '0 Ok. P go ok IN I. f
41 V *r 40 n in in %0 ' 'he r. ek. o'.

C 1. CeC 0 C0C0
c C.0 0 0 0 c 'C 0 0 .0

0 C j 0 C 0 00C0C00 CC.C0 c c c c C C CC. C CC C 0c 0, to m M 4* in %C P.- cc 0% Q -q IN
anin Ir. anl tr. in U', an Lin in Sr. Ir. I n In Ir

i.i

U)U

40

4f

V) --j

U) V)a it &C

-c z a . I

IP 144 2h. -J %, -

V. -k c e% a% C f.

-jof ! C c

It IS t1 
of'

3 . c ' Z T

-qx

23D



N. c. on Ike O Q Q 0 we AtN N
No -C 0 4D Ck 0 0 0 p4 p4 c4 NO

o 0 Ic 0 0 0 0 C) c0 0 ; .0 (ý. 0 0o o c c c .0 c -:~ c c c c c c 10
M 4C 4A %c I,- CC 0 I d. U4 N t '- AT i t. V

4a V '4 -a At 41 4 W-- r It ý &
W. I n Ul 0 W, 0 e . W. in 0 w 0

oCd

+I

64) A3

Oh

L&h

0 49 0

zI LA. x4
uj x W4

FZ-

C:

Z6, Z,) J.

IZ LL. LA V *

s-a z C.x)c

Lai + ' W' .

49 X 1 .jz it .CY -~

JL Z 0

231



S 0 0 0 ce 0 00 c c ~ 0
*00000 0 0 0 .0 0 0ý 0000

m Ix mC (0 c r ~ 0 0: 0 Ix

~ 0 ~0 0 0 oý c 4w~t ~00'
20C 0 c a 0 t\ t\ 49 I a C C C IVLU CC i 0 M m N C%, C 4f W
2 & u. NC C 'r. %V 'c IL le vC 'c 40 'c v

0r 0I0r. 0 0n In 0

0:
cc

oz

L46 ..z

Z V N L3.,4

x L..-
M. cr 0

CL Z Lh.

%4

x1 X. 4m TI
ufL m a. Q-a

c C-1 I- c
eC~~ Q: . ~-NIC

'-

I-232



oocc c 0 0 c c 0 0 0 0 00
C 0 0 0 CCCCCC 0 0 C 0

c .i .m .x. ox a. a. cca a..

c c c ;c c c c Q c c c 0 c c 0
%G N C 01 :Q W4 C%.- f10&. G ~ . ~ O

1C 4 C ~ F' P. .- P. No- %C N.. f. -
U ~ul r a a t U' Ir. 4 r. In sri 0' si

I-"IN

0.

U~ La Z X,

ON4 ~ -

LL x .- 4 ; x Of L
ON J X . _j. N~*

.5 -. :-4~ - -

h* cc !a.. 4m

C: 0

0 c
L66

U U -

233L



ti "P t- .~ 0o :0t %

c L ' cýc'cQ C c 0 c c0

in in 0 W. w W, O mCu 0 Ill In

4.

4 4

-24



*00C000~ 0 c 0 0 0

0 00000 0 k 10 00 000
2 o . 0 0 0 1* 0 V : if a 0-0 0 i4

0 W 9) 0 0 C- cc a. 0N ON 0 0" v 0% f"

=04 0, a. * a 0 a. 0 0 0 a 0 c

c. ir vg Ir. af I n V) In an' 14 'C 14 No %a

I0

SCL CL

z x
X 0m

m

!A.
z M.

z ftx

Z le

46 -a- a- #-

U U

t23

*~f~J ff~!.~& U) - - -4a~..-.N....- ~-



OMI

In llyý tCpk.. 0 .-. 4w or N' to. 0' 11 IDo 0 0 .4 cu N N (%j CA m N m m ono cc 'o CC 0 00 0 c 0 Co 0 C0 0C ~ 0 0 0 0

cx ic x m 0: a: a:

Z)0 ~ 0 0 0 0 '0 00000
* C N or IO' 0 -4 Nv fr V~ t C t.ý. O

0 , o IC c C. I0 C . - - - -. - - -
'C -0jC 'C '4C -'C 14C %C 'C vC NO le 10' C C '

-4

Ix'

i(E3
U .

- >- I-

- h ) LJ 0 -Is

jD C.d N ~ Ni

it. 'It it to ---

-4 0.z %J g

'-ii- 236

'a.~~~ *-.uQ' 2J.



41 In 0 %C e g

S1% cc: it m

ic Ic c 4 i c % 0U

Z

CL.

-j

z0

U)

zON

237



* 0 0 0 0 0 C. 
0

* 4z ~ C C C 0 0 C

t-- _6 Q- cc
I' C %0 ' C

iiC.

00

4k 66 ar, .

U)) I

a.a

-4 6

-J.

z~-

4h C. UU

4k3



7A

I I 1* -4ý w q v e

0 10 0 V. 0 C 0 000 0

0 to 00 c 0c 0,0 %0 MA00,00

oI 0*

dk s z

It.

X1 0 9

.1 M

Le 4

#- x 01

N' X
=1 CI

Iv N
239l



£% I a '% M.
err 61% -i i~v n in ' al b

.0; C C %CCa 0 I . 0 .

Ir z c oe %o 14 c'A • .• a $o

• •J
I-i

0LA 0 C 0 0 . 0 00
C C~~~ ~ ICEC C 0 C *

// ' ir a. c ' c C *c c,'0 *~~

W, C

$. :.

., u,

M4

0

La , ,. g a~

m z

S.- - . $.,

LL.~La 4k C-Jca. -

cc cc o

La. - t.. 1 • •••. • . - b-..

4W " .41 P

240



it To a V. N 'a 0 N Ncwv c c p v qO

c c c 0 0 c c 0 0 10 0 0

o C. c c c 0 c C. c c c c c c 10 c O
cw Cre~ .. % Ok 0 "- IN f" r n q P..

%C %C to NC *c NC NO 14C %z * C . %C .14 qo qG'o o

I- Ix

I-

o- CL
Z m-

zz
C,-

Ic x

Aj 3-

cr < I- L.
z z4 ek > z --

m a LL411.

1.- * % 1- . A) w .e
a- L- 6Y- L

c Wi
D n

~~k1; II c z ~I i i



P4- 4C i r C c -~OF4 W" 0 C - Y N N~

0 C CC C0 0 C0 0 0

cc a% M Z . 41 La No aý :c a

o D0 CD L6. C .

C C C U.C. CL C
a' o' c~ C ' o~ a ~ 06 0'

'C ' 'C C 'C 'C ' 'C C 'C ' C C C '

- - - - * - -

W0

xI

Laa:

if CL I C xC
1.- 0 U CP 1 I

IN C\ 1.4a

u .

-~ a 242



- ~ ' 4 &fl

C~~ cc 0: C C

I z

0-C -WC C c

LA- -

600 j0 w

< z

'243



0- Q

:C C 0 c 0 C 0
C)C 0

I. ct C: *.t cr. I.- ix '

L&. 0.4"win
z0

1w I& 
.

Gog-

z M 44

6, 0 7

C...

LA. UA.

* x
it .'4

p. 0
N-4 .

M 2n +



c- 0. C, w 0 c c c 6 r

31 N 0 C ut 0 t ;0

0" o 
01

cz L.

Li. 0ZC

1.- 0-4 . L

.a.

C..L

cc 2 :
La. Li x

N Ln L

I.
-, - C

24--



I, N N 0% 41 i :%c en a P,
. Y CU rv m )

.0 00 0C 00 0 cC /

00 10 a f 0 0 Cc 0

0 0 0 c 0 10 c C c
'u0 10 N. fr (3 0 m CI " A

4 *

LA.

49 I ,

O-W P"
or -a.

.b9 LJ ih

'-or

-iLt

x x - 0

-. 5 ~246



*c ~~~1 c a aaCC0

2 C 0 C C V C 0 0 C
*L Jr 40 cc ý C 7 0 .. -- M m m C c
x a 4 2I r r r k.I

ACL

LC. 0 0 0k 0

En a ;0 04 0 0 0

C~A.

-k-J

z Z.

0 :

Eal 4 ! Cc.4'

I I N

* 44

a C a

247

- -- -- - - - -



m x m a Ix ;a 3:cc

c0 o 0 0 c- 10 qsNNE~f
000 0 ; C. 0 0 C 0C 0 0C 0

W. 14 N C 0 Q o c NC Ik -* 0 0C .c
-k - . -- - - - ,:f - I - N

IC 0
0~~a 0 t00 0 0 -cc :

o c o ~c.c o c~ e o ; £ o ,L7

X 0

Itx 0 1.-
.W1 LA..t

0. 0- -
0 T c C, .;K%

i % uL. 'n u

C t

2148

........



~~~~~~1 A. N -~ 0 N C N N N
40 U 0 ai 4 %C '0 INC '0 lk fl 1- p. P.

. 0 0 D 0 0 0 c 0 c 0 CD QD

c c cz 0 0 C- cD c C 0 C; c~ 1:

CD f .- co a. -0 U 0 r 4z

I=I

CDC

1. .-. 0%

4A.-

2: -r_ - ~ ~

d...

m- it .*-i

249



$ C~. Cl in Ct 00.O O C O C *e . ~
cc C0 o CC Ca *1 0 0, C C" Cj

cA Q 0

0 0 c

ir4 .. 0. W- !Z V
4--

0

.I- L.'

LLL
-4 ...-j

x T LL '(3* %'3
- I.-~A

+ w'

X ~ ~ [4 La

+L- +

#ý 1- - Lu a

IM c 4m i

- 9 - . I-- W. 3

= z

+ X- qD P . 4 - qz a 'm *

Li L - . A.. m LU L. it * ; a
Lai--c I.- of 2 IA-- L. b- . 2 6 --

11. . t, -* I.- u- 2 . %.
4%~ ~~ ~ -. I . - 9 a-- . ~ o .. I-..

a- I . 4 " 1-- .4 3: P-- I.- +

~N C\- 4.?..

a- ~ ~ ~ ~ ~ ~ ~~~~, 50.~ .- a- g J ~ . # - a



C -. M ~ .1 t-* X

C. C 0 0 0 C.

6-4'

41-1

z Lb I-z $-.

s-I
1- N.. 3 -t



g .. N An c... it c # v

*0 0 a. 0 0y (7 e
*o ,0 0 = C C. 0 C C 00• C C

c= c

ix >" ix ox CL M 0L a: m. r UM
*"0 10 0 C 'o C C 0 0 c 0 0 0

C CC C CO CC C CC CC CC C. CC t M CC CD

II

LA.;
0-4

a.~

I-- vgr'~ it tN



O~ ' I- c a N *qg AA 9., u, wq
M' 4w 4t ) W I r_ t. w. - dI W to 11) 4

c 0 0 c0 0 0 0

ix Ix r lz 0: 0.: CL ý MX' L ox lix cc Ir
o c 0 0 c 0 0 0 C 0 oc In c c c c c c .c c CCCn' -~C P-4 OC O 0 W. N% m Z4 r 4 lat- CI 0%

N' \ C C%' C%_ 'c' C0. '* E M, r^' On! m. 4"u: 0% fffm o
cc c, w OD fi O a cc go x c C OD c

*c

444

L6L

4CE 4
CU



II

1' !

,cl

S-" -.. Y

" ° I.

4e4

""t

*

"251


