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ABSTRACT

The 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
obvious that the area of logistics support requires a great deal of detailed

scruciny and analysis. What is not so obvious is that this «nalysis 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 manner, it is
necessary to employ the technique orf 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 (GEMHM) is such a model,
designed in-house by EQOM 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 logistics system. Implementation of GEMM will provide manage.
ment with the capatility 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 operetional 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 maintsinabilityv can be assessed and reliability versus
maintainability trade-offs can be perfoimed.

Utilization of support models, such as GEMM during the early stages of
an cquipment design and continuing throughout its life cycle, is the only
method by which accurate and txmeLy geclalons can be rendered concerning
the support of modern Army equ*pments,‘4r
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" CHAPTER I
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%g ( INTRODUCTION

G This document -« “ne final report on the Generalized Electronics :
Maintenance M¢7el (GE;M). GEMM is an integrated design ~nd logistics 3

S0 e vy T

support model written in FORTRAN IV computer language. 'This report 3
contains informatioci of the purpose of GEMM, the model inputs and outputs,
logic {low, derivation ~f equations, sensitivity analysis, and two sample
2oblems ntilizing GEMM., 1In addition, the appencdices contains the computer K
fi1-w chart, a program listing, a description cf input data requirements, and ;
ar .dentification list of variable names.
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stucv pri, o .. for this model was develop2d by the Systems Analysis
Div .ion oL w’ »i w® then the Sy<tems/Cost Analysis Office and first
prese-ted to o ...UM Special Studies and Review Board in November of 1969.
Thie proposal ‘-« 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 GEMM development was initiated in April of 1977 and two man-years of
effort has been required for this development.
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SUPPORT MODELING

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

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

CowdA o«
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The type of model utilizing wmathematical 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.

%
3
i
:
:
1
g
3
H
if;
2
3
E
g
k|
3
F

= PRS- s PRPSIICI, DS = e incaiiaiin 2l Koaiius SPPRESIFENT prees S =2 - =5




kT i - AP R

Lrl s s e L )

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. vledge to the model developer. An abundance of insight into v
; various prases of support is a side product of this activity.
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An in-depth evaluation of maintenance andl logistic flow must be
completed before a simulation or an analytical support model can be develop-
ed. Once again, thedesirable side .effect ¢f this task is a better under- ;
standing of the maintenance and :sn3gistics gystem and its problem areas.

The determination of the possibiz support policies for various
equipments requires a great deal of investigation into equipment repair
and maintenance procedures and a thorough understanding of transportation
problems, stockage procedures, repair shop oporation and other phases
of maintenance support. The support model must be developed in such a
manner that it can be readily applied to a wide-range of support problems.
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3 The detailed investigation of maintenance and logistics discussed above i
: enables the development of a support model with the necessary ingredients of ]
: versatility and applicability. E

GEMM APPROACH

For the GEMM program the decision was made to develop an analytical
support mcdel rather than a simulation model. This decision was based on
gseveral factors. A support model was needed that could be exercised several
3 times during the life cycle of an equipment with rapid turn around so that E
: tir~ly decisions could be reached through application of the model. Also ;
f a great deal of sensitivity analysis will be required to facilitate the 3

(2]
Sd e S A

A,

evaluation of alternate design and logistics plans from the standpoint of
life cycle support costs and operational availability.
{ snalysis that would be required is substantial. This tvpz of analysis takes ;
3 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 quaantities of data required for large simulation simply is not
available and "he validity of this type of data is highly questionable.

The amount of 3

Yl ot e A by B

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 within the
Army structure.
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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.
GEMM does, however, consider confidence limits for stockage based on the
Poisson Distribution, via T 38-715-1.

Again, to be realistic, GEMM is compatible with the force structuyre
approach. GEMM 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-
ation both the design and logistics system.

This computerized model is not a compilatioan 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 ccmputer-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.

GEMM 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.

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-0ffs can be performed.
These investigations can bz 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 yilelding instantaneous evaluation of alternative
solutions, thereby creating a direct man-machine interface. Many iterations
of the input data such as different MIBF's, MTTR's, stockage confidence
levels, and many other input variables. This sensitivity analysis will
pemit detailed analysis of the effect of design and logistic parameters on
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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 availabilxty
in order to "zero-in" on these critical factors.

Furthermore, 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 thoce discussed herein will no doubt
be discovered.

'

“ o 8 0y e '™
S oA ARET i (ke ek ZRN A T LA \H;Mv;&hﬂh\m&m\h«w‘\!_ﬂm.bxmy.-»x.!&f.mxtf S

L3

PAAY)

$

FOPITCIUY, YT WPRWEer=L L8 URY OV L2 2 ERT MWy WP

s iaad Tt w md Tean®

+ e

T i B o MR ST R SR T g, SRR Kot

3
"
s,
LI CPLIR TV SRS UL PP R P AL




[ oy T o) W DR d A DRy
SRR AR LA B SRR O L RS T TN R T MR R R A R T R v

CHAPTER 11l

MAINTENANCE OPERATIONS

There are four categories or echelons of maintenance in an Army
theater of operations. These categories are: Organizational Support (D),
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 donz, 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 squipments that do not lend themselves
to this type of o-ganization of maintepance. 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.
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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
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 Isolate
to Part (FIP), Throwaway Module (TAM), Throwaway Component (TAC), and
Throwaway Equipment (TAE). COZ is the cnly 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.

IR P R SRV W X
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Correspondingly, FIM is the action requirec to locate the failed
module and FIP is the action required to locate the failed part. It is
assumed that the actions must be porformed in sequence, i.e., before FIP 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 thé maintenance functions take place. After
extensive analysis, it was deterwmined 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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. and still another might require FIM at GS.

ke g St i L R s DS L

These thirty-five possibilities will cover any situation of equipment
type, operational environment, maintenance strugture, etc.. Figure 3

is & 1list of these possibilities. Similarly, Figure 4 is a graphical tree
repregsentation of these same 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

Likewise, some modules might
be thrown-away rather than repaired while 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
modelsywere investigated and found to be excellent in many respects.
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"EEEE as far as realism and versatility is concerned
in a support model.
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CHAPTER TII

CALCULATION PROCESS LOGIC

3 This chapter attempts to familiarize the reader with the manner in

; which calculations are performed by the modei. 1In ocder to accomplish
thie a figure is included that illustrates the varicus maintenance

policies that are capable of evaluation by GEMM (Figure 4). Figure 4
exhibits four mainterance 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 thrze repair /
actions can be performed at any one of four levels: Organizational {0}, /
Direct 3upport (DS), General Support (GS), and the Depc: (D). Also
included in the figure are the throwaway maintenance functions: Throwaway
Equipment (TAE), Throwaway Component (TAC), and Throwaway Module (TAM).
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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, thecefore, detailed discussion of the flew 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 ;
logic prior to study of the flow diagram. 3
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The Principle of Optimality states "An cptimal policy has the property
that whatever the initial decision, the remaining decisions must constitute
1 an optimal policy with respect to the results of the first decision." } i
E This is to say that in a problem constituted of a number of discrete parts,

] an optimum answer for the totality can be built up if an optimum answer is
obtained for each separate part. Applying this principle to Figure 4 forms
the basis for GEMM'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.
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The optimal FINM level is then determined for all copponents under a ;
particular FIC using the information calculated previously for the optimal
repair of the module. This procedure is repeated und¢r each FIC. Finally
the optimal location for the FIC function is determjfied utilizing all of
the information that has now been determined (infox‘t};ztion on the optimal

, FIM level for components and the optimal FIP leveis 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 modyles and
components should be repaired or thrown away.
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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
GEMM. However, more detailed breakdowns of cost information such as
training, inventory management, etc., is also an output of GEMM 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 algso makes
reference to specific functions by the use of numbered "flag identifiers”.
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CHAPTER 1V

INPUT & CUTPUT

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

Input

The GEMM mecdel 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
commensurate with the level of detail provided by the GEMM program. Figure
6 indicates the general data requirements for GEMM.

Reliability and Maintainability informaticn 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 characteristic such as failure rate, cost, weight, etec.. 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 & 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 wisl
reduce the quantity of input variables required for GEMM., 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«
part can be considered as being a part class itself. 1If only part failure
rates can be determined, then one of the subroutines of GEMM will apportion
the reliability parameters to the modules, ccmponents and the end item.

The mission profile fer the equipment under consideration must pe 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 figurec are desired.
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A * RELIABILITY AND MAINTAINABILITY INFORMATION
X .
3 * RESEARCH AND DEVELOPMENT COSTS

% MISSION PROFILE

é * FORCE STRUCTURE

£

: * TEST EQ.{PMENT
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1 * ATTRITION FACTORS
* TRANSPORTATION

* PUBLICATIONS [

* STOCKAGE INFORMATION

* ECONOMIC: LIFE

Figure 6. Inputs
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Porce structure information is required such as the number of organ-
izational shops supported by one direct support shops, the number of
direct support shops per general support shop, etc. Also distances between

shops, and number of eguipments supported per shop are other examples of
force structure data reguirements.

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

» and maintenance personnel are described by MOS tvpe and pay allowance
per year.

Attrition factors are input to the model to reflect geographical
location and peace time or war time conditions. Transportation informaticn
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,

¢
Tx
»
(3
H

vk,

Stockage information includes the array of confidence lewls to be

investigated, the turnaround times, order-ship times and the length of the
replenishment periods.

C L AR, H B T

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. E

P R L P e
o

Outputs

Lo One of the most important outputs of GEMM is the operaticnal avail-
i ability for the equipment being analyzed. This is calculated for the 3
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:

:Q (a) Test Equipment Cost (g) Publications Cost !

rnet AR G S Eaiin S ik ST T Sl

o § (b) Spares & Repair Parts Cost -(h) ke.arch & Development Costs 3

i . (¢) Personnel Costs (i) Production Cost

. (d) Transportation Cost

. A (e) Training Costs

o
A G

(f) Inventory Management Costs

.
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The maintenance allocation for repair of all modules, components, and
the end item is an output of GEMM, Any module or component that should

receive throwaway maintenance is indicated along with the level at which
throwaway should take place.

The requirements for stock, test equipwent and maintenance personnel is
presented in the output. The stuckage 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 and
the 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
couputed.

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 MIBF, this change must be reflected in the component aid module MIBFs,
the MITRs, and also in the costs of the equipment.
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CHAPTER V

DERIVATION OF KEY EQUATIONS

The following discussi:oa concerns the derivation of key relationships
that are utilized internally within the calculation portion of GEMM. The
key equations will be presented in the following order: Annuel Mainterancc
Manhour, Test Equipment Requirements, Manpower Requirements, Trensportation
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,

AMMH = (Number of Failures/year) (MTTR/Failure).
In more detail this equation becomes,

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

Mean-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, UUT, 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 = LéyMH of UUT) X N s
Shop Hrs Available/year

where N = total number of UUT's per shop.
In more detail,

TE (T) per shop = . (AMMH of UUT) (UUT's/Shop)
(Operating Hour/Shop X Operating Days/Year)

and the total test equipment requirement for Type 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 with-
in the equipment. The test equipment requirements are summed over all the
UUT's (modules, components and the equipment) to get the total test
equioment required for full equipment repair capability. * - i

. H

Maintenance Manpower Cilculutions .
The equations for the calculation of maintenance manpower requirements

are derived in a similar manner using the AMMH values for the uur, In -
equation form,

MosS (I) = (AMME of UUTi ;
{MOS Hours Available)

or '

MOS (I) per shop = " (A or UUT)f(UUT's/Shop)
{Operaiing Ars/Shop x Operating Days/Year X PF)

where PF = Productivity Factor

1
[

The productivity factor indicates the percentage of the time the
repairman is productive when he is available. . |

-

Ané for the total force structure this becomes,

Total MOS (I) = MOS (I)/Shop x Number of Shops/Force Structure.
' )
Stockage Calculations
Stockage calculations are based on the Initial Provisioning Manual, '
™ 38-715-1 for the Initial Provisioning 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. o)

There are two types of Initial Provisioning Stockage: Non-repairable
stock and repairable stock. Non-repairable stock is stocksge for items
that are not repaired such as parts.and "throwaway" items, i.e., throwsway .
modules, throwaway components and throwaway equipments. Repairable

stock is stockage for items that are repaired such as repairable mcdules,
components and/or end items.
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For non-repairable stockage, three classes are calculated for initial
‘provisioning:

/1) 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 stockaze as it is used up.

For repairable stock there is no need for intial issue stockage or

3 replacement stockage. Since the item in question is repairable, it is 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/lS 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) is calculated
as follows:

Mean Demand = Failures/15 days x Number of Uses/Equipment
X Number of Ejuipments/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 givern protection level (K) at a
particular support shop becomes,

-Initial Issue Stock = Mean Demand + K (Mean Demand)%

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 = Fallures/15 days x Turnaround Time x Number of uses/
Equipment x Number Equipment/Shop.

For a given protection level K, the Pipeline Stockage is

1
Pipeline Stockage = Mean Demand + K (Mean Demand).Z2
Per Shop

The total stock required for the entire force structure is

Pipeline Sgnckage/Force Structure = Pipeline Sgock/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 foree 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 timn
replacement action.

Availability

GEMM calculates the operational availability of the eguipment under
consideration at tne 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 Equipment 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 calculated within the model. Mean
Down Time (MDT) for the equipment can be stated as:

MDT = (Probability of Ejuipment Spare on Hand) (Mean Check-out Time of
Equipment) + (1 - Probability of Equipment Spare on Hand) (Mean
Check-Out Time of Ejuipment + Turn Around Time for E;uipment).

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

:
;=
1
-

L0 e

B e Ty e b B | Iy 8

TE = Transportation Time + Waiting Time for Service + (Probability of
Component Spare on Hand) (Mean Time To Repair E uipment) + (1 -
Probability of Component Spare on Hand)(Mean Time To Repair
Equipment + Turn-Around Time for Component).

AT L e

: ¢ Once again, the unknown variable is the Turn-Around Time, in this case, the : i

3 Turn-Around Time for the Component (TTC). This variable is determined in 3
3 the same manner as TTE, Therefore,

Lk e b

TTC = Transportation Time + Waiting Time for Service + (Provability of :
‘Module Spare on Hand) (Mean Time To Repair Component) + (1 -

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

T
L I Y R

The eauatior to calculate the Turn-Aro.nd Time for the Module (TIM) is

WE o Ar ey

B L e W

3 { TM = Transportation + Waiting Time for Service -+ (Probability of Parts
L Stock on Hand) (Mean Time To Repair Module) + (1 - Probability

of Parts Stock on Hand) (Mean Time To Repair Module + Requisition
Time for Part).

AT
R T T

In this equation there are no unknowns as the Regquisition Time for Parts is
. an input to the model. The complete equation for Ao is ziven in Figure T.

The transportation ard waiting time depend on the levels of tre respect-
ive repair actions and the repa r times depend or the module, component,
ete., 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
é variat ons internally and will yield the operational availability of ti.e
E equipment to the equipment user.
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In the case of a tlrowaway 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 cne were not available at the level where
maintenance was bein; performed.

Inventory Management Cualculations

Inventory Management costs for stockayge inventories are calculated by
tne use of an inventory factor. This inventory factor is a percentage of
the total stockage costs over the l.fe cycle bein; considered.

The 'nitial provisioning quantity m'nus 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
stoe™ 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

(Initial Provisioning quantity - Stock

= 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.

Inventory Mainagement Cost
for Life Cycle

Maintenance Training Cailculations

Training costs reflect the number of maintenance personnel required,

the type of MOS and the turnover rate of maintenance types. The formila
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-
isvlate-to-component, fault-isolate-to-module and fault-isolate-to-part
maintenance functions. In genersl,

Publications Cust = Cost per page x Number of pages regquired for
’ specific maintenance action
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Research and Development Cost

This is the total cost of research and development and is ar 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 (TRO) and
8 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 Li.fe Cycle/TBO x Coet per Overhaul.

e s Lt e D T R
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CHAPTER VI

SENSITIVITY ANALYSIS

3 Purpose

E Aside from the maintenance alloecation optimization process contained E
] in GEMM, the sensitivity analysis capability of GEMM is its most powerful g
3 . attribute. Sensitivity analysis has two major uses. The first is to 3

determine the effect of changes in different key variables on support
life cycle costs and operational availability. Not only may the effect 3
of one variable be measured, but the effect and interaction of several 3
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 cha.age 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.

A
T T e | B

Cost Effectiveness

T T
-

At ST § D0 it 5 S Nl AT

It is for this reason that a sensitivity analysis is performed on
reliability and maintainability factors to see what effect different combina-
tions of .these factors will have on system costs snd 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 :
hardvare.
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Sensitivity of Variables

NS

The second major use for sensitivity analys. s 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 vaiue
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 nis decisions if variables
do not take on the values his predictions suggest.
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Support Parameters

: The following support parameters can be varied over a range of values

3 during sensitivity analysis, either separately or in combination with each
3 other:

FE B N e 1 AR A, At

PRSP

27




e £ T R 4 A T O MR T T T T T ]
s g8 R e e o S AT RN R T Lo e TS G R L

(a) MTBF's
(v) MTTR's

(c) Cost of Equipment
(d) Test Ejuipment Information
(e) Manpower Information

(£) Weight of Ej.ipment

T RN AW A

Lot AN KA ot d

(g) Force Structure
(h) Transportation Information

{
(1) Requisition Times . {

A TN

(3) Operating Hours Per Shop

(k) Stockage Confidence Limits

3 (1) Attrition Rate %
2 (m) ‘Stockage Objectives & Order-Shipping Time ;
: (n) Economic Life %
; (o) Training Factors ) ;
% (p) Inventory Management Factor %
E (@) Maintenance Policies g
% (r) Research and Development Cost 3
i (s) Round up Option

% (t) Maintenance Publications k
; (u) Overhaul Considerations !

Optimization Under Constraints

The Sensitivity Analysis function 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.

L Using sensitivity analysis it is possitle to obtain different combina-
3 tions of life cycle costs and operational availability for different values

28
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of key system parameters. From these comoinaticns 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 GEMM as a vehicle, By using the sensitivity analysis option
of GEMM on stockage confidence levels, a table such as the one in Figure 8
may be obtained. Looking at the values in tie tuble, suppose we are con-
strained to have a confidence level un stockage 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 yleld the minimum
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 %, 5, 6 or 7 might have been least cost and still met the
constraints of the problem.

The example given is & simple one but illustrates how GEMM may be used
to optimize under constraints. The number of constraints that may be
applied is limited only by ihe amount of sersitivity analysis which is
performed by the model. The number of constraints may range from O 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 constra.nts, then the least cost combina-
tion is chosen as oplimum.

29
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LIFE CYCLE

CONFIDENCE

POLICY COST AVATLABILITY LIMIT
1l 1.2 TS .75

2 3.4 .83 .80

0

3 .93 ° S
4 7.9 95 .90
5 8.3 96 .95

6 9.2 .99 .975
T 10.2 999 .99

Figure 6. Optimization Under Constraints
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CHAPTER VII

CONTRQL AND DATA CARD ARRANGEMENTS
General

This chapter discusses the card-deck arrangement and input card formats
required for operation of the GEMM Model. The deck arrangement discussad
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 Commutation Agency. .

GEMM Card Deck Arfangement -

Figure 9 shows the overall card deck arrangement to be uséd 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 GEMM
Program.

(1) Card type l-4 are required. -

(8) Card type 5 is a conitrol card.

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

(4) Card type 9-42 are required.
(5) Card type 43 is a control card.

(6) Card types Lu-U6 are used if the value of card type 43 is 1, other-
wise they are omitted.

(7) Ca=d type 47 is used if the value of card type 43 is O.

(%) Card types 48-53 are required.

Figuive 11 illustrates the-sensitivity variable groups that may be used
to perfora sensitivity analysis. Any one of these groups or any combination

of these wroups may make up & sensitivity run. All this means is that after
the initial mode2l run, oune or several variable values are changed sutomatically
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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 aralysi.. The
first card is a control card type 54 containing 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 chanzed.

The next card is a control card type 48 containin; a O to indicated the exnd
of the sensitivity group cards. These groups of cards (control, semsitivity
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
run the only card in the sensitivity analysis deck is a typz 54 card con-

Sensitivity 1 -
Sensitivity 2
Sensitivity 3 ~
Sensitivity 4 -
Sensitivity 5 -
Sensitivity 6 -
Sensitivity 7 -
Sensitivity 8 -
Sensitivity 9 -
Sensitivity 10-
Sensitivity 11-
Sensitivity 12-

Sensitivity 13-

Sensitivity lu-
Sensitivity 15-
Sensitivity 16-
Sensitivity 17-
Sensitivity 18-
Sensitivity 19-
Sensitivity 20-
Sensitivity 21-

taining the nuw er 100. The sensitivity grows are as follows:

Mean-Time-Between-Failure Information
Mean-Time-To-Repair Information
Acquisition Cost Information

Test Equipment Information

Manpower Information

Weight Information

Force Structure Information
Transportation Information
Requisition Times and Waiting Times
Operating Hours Per Shop

Confidence Levels, Falcse-No-Gos, Attrition
Stockage Objectives, Order-Ship Times turnaround
times and Reorder Period

Economic Life

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

Inventory and Training Factor

Known Maintenance Allocation Policy

Maintenance Policies

Research and Development Cost .

Round Up on Test Equipment and Manpower
Publications Cost

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 otherwise., The data is as follows in the format
indicated:

Type One Card -

Column 1-3 - Number of Compovents (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, rizht justified, 10 numbers per card)’

Type Three Card -

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

(Centinue 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 -

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

(Continue 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 -

Colum 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

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

Type Seven Card -

Colum 1-8 - Mean-Time-Between-Failure for Component 1
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 -

Colum 1-6 - Mean-Time-To-Check-Out the Equipment

Column T-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

(Continue for all Components, Right Justified, two decimals)
Type Eleven Card -

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

(Continue for all Modules of a Component, one card per Component,
right justified, two decimals, maximun 10 numbers per card).
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Column 1-3 - Purchase Price of an End Item (Right Justified two decimals)
Type Thirteen Card -

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

i
3
Type Twelve Card - g

L DA RS

ek

(Continue for ali components, ten per card, right justified,
two decimals).

2 had s,

4

Type Fourteen Card -

vy

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

K.

(Continue for all Modules of Component 1. Repeat with new card

for each component, 10 modules per card, right Jjustified, two
decimals).

o A L il At
12 VNI By DAL« W 2% EAT o RIS IR TR SRR,

Type Fifteen Card -

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

ESMPLe il kTR e e

Laar T Nas Sk ekl

y : (Centinue for all part types 10 per card, right justified, two
E 3 decimals).

ORI SO PRSP

s

Type Sixteen Card -

e
N A SR

Column 1-3 - Number of Different Types of Test Equipment (Right Justified)

2PV T O

Type Seventeen Card -

L gy e,

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

PIIRE W 2 YR 2 XX

sALb AL LT ) N

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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(Continue for all types of TE, with a (1) or (0) for erch type,
forty numbers per card, maximum)

Type Eighteen Card -

Column 1 - 1 If TE Type 1 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 -

Colum 1 - 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 1-of 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 Equirment Type 2.

(Continue for all Test E uipment Types, right justified, two
decimals, maximwn ten numbers per card).
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Type Twenty-Two Card -
Column 1-3 - Number of cifferent 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 Egquipment.
Column 2 - 1 If MOS Type 2 used to €neck-Out the Ejuipment.

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

.

.

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

Type Twenty-Four Card -

Column 1 - 1 If MOS Type 1 used to perform Ejuipment Repair.

0 If MOS Type 1 not used to perform E juipment Repair.
Column 2 - 1 If MOS Type 2 used to perform Equipment Repair.

0 If MOS Type 2 not used to rerform 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 1.
Column 2 ~ 1 If MOS Type 2 used to perform repair on Component 1l.

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

(Continue for each type of MOS Tyve, one card per component,
10 numbers maximum per card).

Type Twenty-Six Card -

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

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

O 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 =t 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.

(Continue for &ll components, right justified, two decimals,
Meximum 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.

(Continue for all modules of Component 1, one card for each

component, right justified, two decimals, maximum 10 pumbers
per card).

Type Thirty-One Card -

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

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

(Repeat fields 1-8 starting in columm 9
right justified, all one card).

9 for level 2 thru &,
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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)

Colum T-13- Cost per pound per mile for transportatior between
level (L) 1 and next level (NL) = 1. (Right‘justified,
four decimals) ,

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

with NL=2,.L=2, 3, 4; then NL=3, L=3, 4; then NL=l, L =4 all
on me card).

Type Thirty-Two A Card -

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

Column 8-1k4- Transportation time between L=(1) and NL=(2).

Column 15-21-Transportation time between L=l and NL=(3).

Column 32-28-Transportation time between L=1 and NL=(4).

égfitinue on the same card for L=2, NL=2,3,4; L=3, NL=3,4; Lsk,

Type Thirty-Three Card -

Column 1-4 - Requisition time of a part from level (L)=l1 to level k.
Column 5-8 - Requisition time of a module from level (L) = 1 to
level 4.

Cclumn 9-12~ Requisitlon time of a component from level (L) = 1 to
level 4.

(Repeat with one card for (L) equal to 2, 3, and 4, right
justitied). .

Type Thirty-Four Card -

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

Column 1-8 - Requisition time for

an equipment float at organizational
level . : ’ ¢

Type Thirty-Five Card -

Column 1-4 - Waiting time at level 1 for maintenance,
Columa 5-6 - Blank.

Column 7-10- Waiting time at level 2 for maintenance.
Column ll-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.

(Continue 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 -

Colum l-4 - Number of standard deviations that ylelds confidence limit

desired for part stockage. (2 value, normal distribution).
Column 5-8 - Z value for module stockage.

Colum 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 37-4O-Attrition factor. (All previous fields right Justified,
three decimals).

Column 41-43-Requisition objecti/e period in months (right justified, no
decimals).
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Type Thirty-Eight Card - Number of 15 day periods

Type Thirty-Nine Card -

Type Forty Card -

Type Forty-One Card -

Type Forty-Two Card -

- ﬁwn-~32iu~
\ .
e

»

Soite

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. -

SR,

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

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

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 - Numvers of days per year of operation of the maintenance
shops {right justified). '

Column 1-2 - Blank.

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

Column 10-1%-Cost of training MOS Type 2.

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

Colum 1-5 - Inventory management factor. {(Right justified, three
decimals). . '

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

Column 10-13-Time between retraining pericds at level 2.

Column 1l4-17-Time between retraining at level 3.

Colunr. 18-21-Time between retraining at level 4.

Column 22-25-Depot maintenance factor.

L5

e RSN

Z . L2
L Baza gy o = . Atk
Lo e i




oot

g
4

et s RETEETEY S RETR i TR L
.-W~\@u««~@WTNW TR R T R :

yg:yy,ww -——-";;:;w”,/%ﬁﬁﬁabif

Type Forty-Three Card -

Column 1 - 1 If you are reading in msintepance allocation.
0 If allocation not read in, skip to type 4T-

Typ- Forty-Four Card -

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

Type Forty-Five Card -

Colum 1 - Level at which fault isolation for modules of component l.

Colum 2 - Level at which fault isolation for modules of component 2
takes place.

Ll

(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 £ - Level at which ¥IP of Module 2 of component 1 takes place,

(Continue for all modules of component 1, repeat with one card
for each component).

Type Forty-Seven Card -

Cclumn 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. |

{g
g
|
3
3
2
P
4
?

(Contlnue 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 Card -

Column 1-1z- Cost of Froduction including prime equipment, two decimals,
right justified.
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Type Forty-Nine Card ~

Colum 1 - 1 If round up on manpower and test equipment desired.
0o If ;ound up not desired.

Type Fifty Card -

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

Type Fifty-One Card -

Colwm 1-5 - Number of pages of publications for check-out equipment.
Column 6-10- Number of pages »f publications for repair equipment
(right justified, nc 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 for all comporents, meximum 10 to a card, right
justified, no decimals).

Type Fifty-Tbree Card - ]

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

Colum 6-10- Number of pages required for repair of module 2; of
component 1.

(Repeat for all modules of component 1. Maximm 10 numbers
per card, thei a new card for each component).

Type Fifty-Four Card -

Column 1-8 - Cost of overheaul for end item (right justified, two
decimals).
Type Fifty-Five Card

Colum 1-8 - .ost of overhaul for component 1.
Column 9-16~ Cost of overhaul for component 2,
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o Then repeat for modultes
of each copponent). ) >

Type Fifty-Seven Card - '

' i
Colum l-3 - Time-between-overhaul of the end item in years (right
Justified.

' !
Type Fifty-Eight Card - ! '

1
Column 1-3 - Time between overhaul for Eomponent'l.
Colum 4«6 - Time between overhaul for component 2.

.

. H
- 1

(Continue for all components (right Justified).
Type Fifty-Nine Card - : '

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

(Continue for all modules .of component’l. Then ;epeét for
modvles of each component.) AN

Type Sixty Card -

Colum 1-3 - 1-20 If éensitivity variable to be exercised. Number
indicates which sensitivity varigble to be exercised. '

0 indicates the:last sensitivity variable has been
exercised for a run.

100 Indicates end of all use program.
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(Continue for each component, maximum 10 per card, right . li
Jussified, two decimals). . . ' ; :
Type Fifty-Six Card - . . 3
Colum 1-8 - Cost of 9v§rhaul for module 1 of component 1. E
Column 9-16- Cost of overhaul for module 2 of component l. 3
‘ ! : ! ) E
(Continue for all modules of component 1, maximum 10 nulnbers ! ke

per card, right justified, two decimale.
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CHAPTER VTII }

SAMPLE PROBLEMS 3

X

g

The sample problems included in this report are designed to give the g
model user an idea of type of model cutputs which may te expected, their 3
form, and possible uses for these outputs as an aid to decision making. 3
.These examples may also be used to test the program itself if this is 9
desired. ]

' Example I. Maintenance Allocation ;
This example illustrates the inputs required by GEMM and the results y

! obtained when GEMM is used to optimize the maintenance allocation of an 3
equipment/system based on fixed inputs. The equipment being analyzed is f
hypothetical and all of the data herein ls for illustration purposes H
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) =
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 moduie (1, 2) =@
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) = O
Number of part type (1) in module (2, 2) = 10
Number of part type (2) in module (2, 2) = 10
. Type L. MIBF for part class (1) = 200,000 hours
S (2) = 300,000 hours

Type 5. MTBF Identifier = O (MTBF's apportioned)

Type 6, 7, 8 not used.

Type 9. MTTﬁ Equipment = 1.32 hours

Meantime to Check-Out Ejuipment = 2 howrs.
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Example I (Contd)

Type 10. MPTR of component (1) = 1.33 hours
MITR of comporent (2) = 1 hour

Type 11 MR of module gl, 1) = 1 hour
MITR of w.dule (1, 2) = 2 hours
MITR of module (2; 1) = & hours

MITR of module (2, 2) = 3 howrs
Type 12. Cost of Equipment = $5000
Type 13. Zost of component (1)= $2000

3 (2)= $3000

1 Type 14. Cost of module (1, 1) = $1000
g (1, 2) = $1000
3 (2, 1) = $1000
: (2, 2) = $1000

Type 15. Cost of part type (1) = $5
Cost of part type (2) = $i0
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 (1)
4 Test equipment types for repair of component (2)
3 Type 20. Test equipment types for repair of module (1, 1
Test equipment types for repair of module (1, 2
1 Test equipment types for repair of module (2, 1)
3 Test equipment types for repair of module (2, 2)
3 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)
3 Manpower types for repair of component (2)
. Type 26. Manpower types for repair of module (1, 1)
Manpower types for repair of module (1, 2)
Manpower types for repair of module (2, 1)
) . Manpower types for repair of module (2, 2)
Type 27. Salary of manpower type (1) = $8000
3 Salary of nanpower type (2) = $10000
Salary of manpower type (3) = $8000
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3
These remain the same for all four levels, 3
Type 28. Weight of equipment = 1000 lbs. §
Type 29. Weight of component (1) = 500 1bs. : i
’ Weight of component (2) = 500 lbs. ' 3
Type 30. Weight of module (1, 1) = 200 lbs. ' 3
' Weight of module (1, 2) = 300 1bs. ;
Weight of module (2, 1) = 300 lbs. ]

Weight of module (2, 2) = 200 lbs.

Sl sy ety

- PP
- ek s
g T 3 0y o St
- gt S e il




P e

TR

(ELER g 88 I o O RN L LB N D

SCoh vl ey

fee S AT S

T ey

e
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) = 1000
Number of maintenance shops supported at level (4) = 1
Type 32. Transportation distance (1, 1) = O miles
Transportation distance (1, 2) = 20 miles
Transportation distance (2, 1) = 100 miles
Transportation distance (2, 2) = 400 miles
Transportation distance (2, 3) = 80 miles
Transportation distance (2, 4) = 350 miles
Transportation distaace (3, 3) = O miles
Transportation distance (3, 4) = 300 niles
Transportation distance (4, %) = O miles
Cost-per-pound-mile (1, 1) = $.000
Cost-per-pound-mile (1, 2) = $.0001
Cost-per-pound-mile (1, 3) = $.0001
Cost-per-pound-mile (1, 4) = $.000l.
Cost-per-pound-mile (2, 2) = $.000
Cost~-per-pound-mile (2, 3) = $.0001
Cost-per-pound-mile ée, 4) = $.0001
Cost-per-pound-mile (3, 3) = $.000
Cost-per-pound-mile (3, 4) = $.0001
Cost-per-pound-mile (4, 4) = $.000 )
Type 32A. Transportation Time (1, 1) = O hours
Transportation Time (1, 2) = 5 hours
Trangportation Time (1, 3) = 10 hours
Transporsation Time (1, 4) = 240 hours
Trensportation Time (2, 2) = O hours
Transportation Time (2, 3) = 10 hours
Transportation Time (2, 4) = 240 hours
Transportation Time (3, 3) = O hours
Transportation Time (3, 4) = 240 hours
Transportation Time (4, %) = O hours
Type 33. Requisition time for parts from level (4) to level (1) = 720 hrs
Requisition time for parts from level (4) to level (2) = 48O hrs
Requisition time for parts from level (4) to level (3) = 24O hrs
Requisition time for parts from level (4) to level (4) = 48 hrs

=
Requisition time for modules from level (4) to level (1)

= T20 hours

Requigition time for modules from level (4) to level (2)

= 480 hours

Requisition time for modules from level (4) to level (3)

= 240 hours

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

Type 34.

Type 3UA.
Type 35.

Type 36.

N ——— -

Contd

Requisition time
hour's
Requisition time
hours
Requisition time
bours
Requisition time
hours
Requisition time
hours
Requisition time

of an equipment floet = 2 hours
Waiting time for meintenance at level
Waiting time for maintenance at level
Walting time for malntenance at level

= 2 hours
= 4 hours
6 hours

&

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

Operating hours per shop,
Operating hours per shop,
Operating hours per shop,
Operating hours per shop,

level (1) = 5 hours
level (2) = 5 hours
level (3) = 10 hours
level (4) = 10 hours

for components from level (4) to level (1) = 720
for components from level (4) to level (2) = 48O
for components from level (4) to level (3) = 20
for components from level (4) to‘level (4) = 48

for equipment from level (4) to level (1) = 720

Type 36A.
Type 37.

Productivity factor = .75

Confidence limits = 95% value = 1.65
Probabiiity of false no-gos = 5%
Attrition factor = 5%

Requirements Objective Period = 12 months
Stockage objective period at level (1) = 1
Stockage objective period at level 223 =2
Stockage objective period at level (3) = 2
Stockage objective period at level (&) = 3
Order shipping time at level (1) = 1
Order shipping time at level (2) = 2
Order shipping time at level (3) =
Order shipping time at levol (4) =
Turnaround time for modules at level (1)
Turnaround time for modules at level (2)
Turnaround time for modules at level (33
Turnaround time for modules at level (&4
Turnaround time for components and equipment-at level (1)
Turnaround time for components and equipment at level (2)
Turnaround time for components and equipment at level (3)
Turnaround time for components and equipment at level (4)
Economic life = 10 years

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

Type 38.

3
-5

= 1

l

nn

l
1l

33
5%
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Example 1. Coatd

Type U1l. 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 L
Inventory factor =,0L
Depot maintenance factor = .30
Type 43. Known allocation identifier = O
Type Ul, Not required.
4 Type 45. Not required. :
) Type 46, Not required.
3 Type 47. MMAX = & i
Policies 8, 9, 21, 25 |
Type 48. Research and Development Cost = $1,000,000
Type 49. Round up equals O.
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. HNumber 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 o, 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 years
Type 58. Time between overhaul for component 1 = 50 years
: Time between overhaul for compoxent 2 = 50 years
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Type 59. Time between overhaul for module 1 of cormponent 1 = 50 years 3
Time between overhaul for module 2 of component 1 = 50 years i
Time between overhaul for module 1 of component 2 = 50 Years 3
Time between overhaul for module 2 of component 2 = 50 years i

The fifty year figure is used to assure no overhauyl will teke place.
Type 60. Sensitivity variable = 100 (no sensitivity)
NOTE: For this example MTBF's are apportioned by the model and

are not read in. Also, since type 60 input is 100, there is no sensitivity
analysis required.

Using these inputs we are manipulating the GEMM Model to simulate the
operation of this equipment for its entire life cycle. In this cuse, we are
using the GEMM Model to determine the best maintenance policy for the :
equipment to follow from the set of possible maintenance prolicies listed in
the inputs based on life cycle support costs., The equipment may follow any

e i e et n o T A s it

23




2t S ol

Rt

LT L RN T

raates

AT LRI

- T ok BNk M £ RO
e - T T .

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, sone in the depot and others may be thrown away.

The first output from the GEMM Model is the input information. This
allows the uvser to check his input data and provides a record of the imput

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, all 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 bremak-out or the 1ife 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
cherged to the equipment under study. Stockage and inventory costs are

for the entire life-cycle. The operational availability figure is the ex-
pected availablility of the equipment to the user in the field.

The rext output is stockage information. Table V shows the different
types of stockage required for the maintenance allocation chosen by GEMM.
It is broken-out into four types, parts, modules, components, and end-item
stocke 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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__.__Teble I INPUT INFURMAIJON

NCz 2NCLASP=® 2 '
NMKC(CDOMPUNENT)® 2 2 ;
NUMRRCCOMPsMUDULEsCLASS)= 70 S0~ ~ ~—~ ~ 7 e TommmmoT
NUMBR(COMP , MUNULE»CLASS)IE 70 50
NUMBR(CCMP,MODULE,CLASS) 70 50  ~ ~ ~ ~— 7 77— 7 =77 3
MUMRR(COMP, MUDULE »CLASS)®140100
MTYBFP(CLASS)®= 20000000 300000400
MTBF1D= U
MTTRCE®= 2,0UMTIRE=® 1,32 ToTTT oo o s T e
M;TRC(CUMP)= 1,33 1,00
MTTRMCCOHP,MUDULED=® 1,00 2,00 ~  ~ 7~ 7 7777777
MTTRM(COMP, MUDULE )= 4:83 g'gg
CSET= 5000,00 *
CCCCCOMP)= 2000,U0 3U00400
CC(COMP»,MODULE)® 1000,00 1000,00 7~~~ =77 =7 == "1
CCCCOMPo MUDULEY® 1Q00,00 2000,00
C(CLASS)= 5,00 10,00 TThn v TTmTmTmTTTm T T or T T
NTE=2 3
TECFC(TYPE)=T101
TEET(TYFEI=100
TECT(CUMP,TYPEY=101 ~~  ~ ~ 7
TECT(CUMPTYPE)=110
TEMTCCOMPs MOUULESTYPEY®0OT "~ = = "7 777 7 T T T
TEMI(CUMPsMNDULES»TYPE)=100
TEMTCCOMP»MODULES TYPEIETUD
__TEMT(CUMFsMODULE»TYPE)=010
“"‘:EEESTITWngs‘rnvvxov'-Tou.ov"?av;oo
= 3
: TROSCECTYPESEIOO 0 0 C 0 T . . -
: MOSEC(TYPE)=010
T WUSTICUNFSTYPEY¥ITOC T Tt ot ot

MOSCC(CUMP,TYFE}SVOY
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‘ TABLE I. INPUT INFORMATION (Contd)

ot Lo e 2 3,

‘ MOSMCCUMP,MUDULE»TYPEIS110
: o MOSM(CUMP,MOLULE»TYPL)=100
’ MOSMCCOMPH MOOULE» TYPEY=001 -
g MOSM(COMPsMODULE» TYPE ) 2001
MCOSTCTYRPE)®s 8000, . 000,00
MCOST(TYPE)= BOUU,0010000,00 8000,00
MCOST(TYPE)®= B000,00T0000,¢0 8000.,00 "~ ~
MCOSTC(TYPE)=® B00VLO,0010000,00 8000,00
WTE= 10060,007 "~ " vt s mrme e
WTCC(COMP)= S00,00 S0U,00
T WIM(COMP»MODULEJ® 200,00 300,00
__WYMICOMP»MODULE)= 300,00 200,00 !
NSHROPC(LEVEL )& 125, 250,7500.1000, B ”
NUMFSCLEVEL)s 8 4 2
TRANSTCLEVEL2NEXT LEVEL)=
0. &0, 350, 0.

N Criis .
et LA A AD T e NI WL SIS

o 2E
¥y

f

0. 20, 100, 400,

300, 0.
TRANSCLEVELSNEXT LEVEL)®  0.00 5,00 10,00 240,00 0,00
10,00 230,00 0,00 240,00 0.00 '
EC, NEXT LEVEL)¥U, . 000,0001 000, UUDYOO
U, 0001000, 0001000, 0501000, 0001000, 000100

____ REQPT(LEVEL»4)720,REUMTCLEVEL(R)T20,REQCT (LFVEL»2)720,
REQPTULEVEL»4)380 ,REUNTCLEVEL(&)480,PEQTT (LEVEL»2)380,
REQPT(LEVEL»8)240 ,REUMT(LEVEL(8)280,REQCTY (LEVELs2)Y? .

T REQPTC(LEVEL»3) 38,REUNTILEVEL{A4) FB,REQCT (LEVELEY) a&,
REQET= 720,

Relds 200 T
WAITCLEVEL)*® 2,

TTTWATTTCEVELYE 8,

____WAITCLEVEL)® o,
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TABLE T. TNVUT INFORVATION {Contd)

WAITCLEVEL)= 8,

UPHRSH(LEVEL)=2 9,00 5,0010,0010,00

PROARUCTIVE FACTOR= (,7500

K1z 1,65K2= 1.,65K3% 1065!!“__. 1.8651Ki® N.95TK2= 0.05TK3I= 0,95
TKaz 0,95 PFNGN= 0,05ATRF= 0,05R0P=12, )

BILFVELI= {1 00QTLEVFL)= UV, O0TURNICT EVELY® T, 50TURNZTLEVELY" 0,50
HCLEVELY® 2,00G(LFVEL)® E,00TURNSCLEVEL)® 0,50TURN2(LEVEL)= 0,50
BCLEVEL)= 2,00G(LEVEL)= 2,00TURNICLEVEL)® 1,00 TURN2CLEVELS= 1,00
HCLEVEL)® 3,00GCLEVEL)= 3,00TURNLCLEVEL)= 1,00TURN2CLEVEL)= 1,00
LLIFE=10,00 :
NDAYE3650PHRUY=E B NDAE=365

XMANCMOS)= 7000, 100U, 100D,

FACTINS O¢1700TRAINILEVEL)S 2,50 2,50 2,50 5,00DMF= 0,30
KNOWh= 0 T o ) -
POLICIES 8 92125

RESEARCH ANUD DEVELOPMEN! COST 1000000, 0¢

FRODUCTIUN CUST= 5000000,09

HKoUND UP EQUAL O e -

PPCx 150,00

PGC= 15,00PGk= 20,00

FGMCCUMPI= 15,00 15.00

PGP(COMP,MODULE)= 15,00 15,00 T
PGPCCUMPMOUULE)= 15,00 15,00

CYOF= 400,00 Tt

(Y s i -
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¢ e e mt e o e cmca e

TEOK=""4,00

TROC(CUMP)= 50,00 50,00
TBOMCCUMP-MNDY=" 50,00 50,00 ~ "~ =~~~ - -
TBUMCCUMPSMUDI= 50,00 50,00

3
CTUC(CUMP)= 0,00 0,00 :
CYGHBCUNMPs MDD ) = 0,U0 0,00 b
CTOMBCUMPsMUL ) = 0,00 0,00 g
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TABIE II. RELIAILITY INFURMATION

— e ——  o———

MEAN TIME BEIWEEN FAILURE

C— ENU_ TTEM
CUMPONENT
CUMPONENT

P

e e 2BT 09T
967,742
685,161

———— -

MUVULE 1,
MUUULE 1,

1935.484

MODULE 2
____MGUULE 2,

. . 1935,484

1935,484

TTPAKY TYPE
FART TYPE

nwv-a:0.4IVnai

e e 967,742

200000,
2 300000,

B
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TABLE TII, ~_MAINTENANCE ALLUCAYION
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TABLE IV. LIFE CYCLE CUSTS
R AND D COST TTTTTT1009000,00 T
PRODUCTIUN CUSY 5000000,00 : %
TEST EQUIPMENT 25239,79 o
STOCKAGE .
. INITIAL PROVISYUNING _..1008888,€0 P2
REURDER STOCK 13492590,00 L3
TOTAL STOCK 18501478,00 P
. i %
MANPOWER 273136178 L
i %
- TRAINING 117970,88 ! %
INVENTORY 355053,95 _ :
3
TRANSPORTATIUN 710280,00 3
. PUBLICATION 18750,00  _ 3
UVERHAUL COSTs= 800000,00 C
TOTAL LIFE CYCLE COST 25260134,36 :

UPERATIONAL AVAILABILITY 0,990 — T
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TABLE'V. SLOCKAGES .
T T PARTE STuckasE Coomm o
LEVEL  CLASS NUANTITY ST
CL1 . — 0 e De00
1 2 0, 0.00
N 4 - A 0 - s .20e00
? 2 0, 0400
3 1 0, 0,00
3 2 ﬂ. 000
A 1 6214, . 31078,00 .
A 2 2981, 29810400
MUDULE STUCKARE

CUMPONENT

nuouLE

LEtvel STUCK

CUSY

‘t-h'\)-.t\)..‘

l
|

by S o @ P

[
v
[]
H

B S L S

D00
0400
e . Ve00
0065-
52000400

T 52000400

52000,00
17600000
.Ue09
Ve00
0.00
V.00
J¢00
0400
000
V.00
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TABLE V. -STOCKAGES (Contd) , :

" COMPUNENT STUCKAGE ~ .~~~ | . ‘

COMPORENT  LEVELS $T0CX

— r———— o ——— ——

.cosT

R R N e i

‘198, _ 208000,00

) oy A e o Sl
; - S e o, .,'”. e AN KA
c@a.;m,az‘.ﬁz:-a.m:;ﬁms«,s:.x‘ﬁ@gw:mmmvm&mﬁ&mﬁwm A

1
1. 136, §08000,00 "
1 2. O, : 0,60 '
2 F ] (VI 0,00
-y 3 e 0,00
? 3 0 0,00
1 .. -.9_ e e .._...__9_'. 0,00 - 3
——— A~ -t .---?1 - A 0w u - - - . U.- 0;00 :‘%
—renms s - - \ .'1
1] ’ | :::
; . H ] ;
' ¥
1 . )
, :
T END ITU’; STOCKAGE S --.‘ ) -
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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 Equipment. 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-
ure.

Note that no test equipment is required 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. IJf this equioment is the only
equipment using the test equipment, these numbers must be rcunded up
to the nearest whol. number. A type 49 card with a value of 1 would cause
both test equipment and manpower reguirements 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 cosv information

are based on use chargeable directly to the equipment undsr consideration.
Also, as with the test equipment, "Total Maintenance Personnel Reguire-
ments" are based requirements for the total force structure,

The last two outputs, one graphical and one tablez 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 EQUIPMENT PER SHne 777 %

e, e ;

: ORGANIZATIONAL SUPPORI® 3

;

i 1YPE QUANTITY cust e e é

: 1 14715 1715,33 3

2 0,000 000 ;

3 3 1,033 06,67 3

: DIRECT SUPPORI® 3

P TYPE QUANTITY cusT L :

3 b 1170 1169073‘

¢ 2 0620 434,00

. 3 Ue550 109,95
GENERAL SUPPORT®

3 TYPE GUANIITY CUST ) - i
X 1 0000 o.,00 T %
2 0.000 _ 0,00 i
3 0,000 0,00 T "7 :

DEPOYT SUPPORT"

TYPE QUANIITY cust_.
1 1.736 $736,00 ’

1 _ P 1736  1215.20
F 3 04289 st.er " 7

AT A S A AR R Bt m e PRI LIRS W DT

e TYPE 0 QUANTITY
1 20,138
2 8,216 3
3 10,755 -
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"PARLE VII.  MAINTFNANCE PERSUNNEL PER SHOP

ORGANIZATIONAL sSuPpOni™

TSR EEM T 0 AR R 2, B R R T T

MOS  _ WUANITTY

— e — { e ¥URT 14378
. 2 Ve909

3 V. 000
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E: Example -2, Maintainability vs. Reliability Tradeoff

3 The input data for our hypothetical equipment is identical to that

N used in Example l. In this example we are interested in knowing the effect
changes in Reliability and Maintainsbility have on support life cycle costs
and operational availability.

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

PR A O e

o

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
4 values may be thought of as the parameter values given by four different
. contractors vying for a development contract.
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PARAMETER
MIBF Type 1 Parts
MIBF Type 2 Parts

MITR Checkout Eqpmt

MITR Equipment
MITR Component 1
MITR Component 2
MITR Module (1,1)
MITR Module (1,2)
MITR Module (2,1)
MITR Module (2,2)
Part Cost Type 1
Part Cost Type 2
Equipment Cost
Component 1 Cost
Component 2 Cost
Module (1,1) Cost
Module(1,2) Cost
Module (2,1) Cost

Module (2,2) Cost

TABLE VIII. SENSITIVITY VALUES

SENSITIVITY 1  SENSITIVITY 2 SENSITIVITY 3  SENSIWIVITY 4
50000 hrs 100000 nrs

200000 hrs '300000 hrs
75000 hrs 150000 hrs 300000 hrs 400000 hrs A
.5 hrs 1.5 hrs 2 hrs ‘ 4 hrs :‘
<5 hrs 75 hrs 1.32 hrs 2.0 hrs «.
«5 hrs 1.0 hrs 1.33 hrs 3. hrs *
.5 hrs .75 hrs 1.0 ars 5.0 hrs
«5 hrs «75 hrs 1.0 hr 2.0 hrs %
.5 hrs 1.0 hrs 2.C hrs 6.0 hrs ﬁ
2 hrs 3 hrs 4 hrs 8 hrs
1 hrs 2 hrs 3 hrs 4 hrs 5
$2.00 $80.00 $5.00 $10.00
$5.00 $14.00 $10.00 $20.00 ﬁ
$2500.00 $3000.00 $5000.00 $isooo.oo ;
$1500.00 $1500.00 $2000.00 $5000.00 E
$1000.00 $1500.00 $3000.00 $10000.00 ; ;;
$ 500.00 $5.00 $1000.00 $2000.00 g %
$ 500.00 $ 750.00 $1000.00 $2000.00 § é
$ 500.00 $ 500.00 $1000.00 $2000.00 § %
$1000.00 $1250.00 $2000.00 $4000.00 3 g
:
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In this ecample, we are optimizing over the same four policies that we
evaluated in Exarple 1, but this time the optimization is accomplished with
the original data and the four groups of sensitivity 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 (k). Thi< table illustrates that
thru optimization repair of modules of the same co,. -~ ~nt can be allocated
to different tevels, This versitility in a model is 1vquired 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 semsitivity run the
life cycle cost, the operational availability and the cost-effectiveness.
Cost-effectiveness is defined as availability divided by life eycle 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 & constraint on operational avallability that it must
be greater than 99 percent. This constraint would eliminate policies 2 and 3
from consideration. Of the policies remaining, policy % is the least cost .
while meeting the operational availability constraint. The life-cycle cost is
$25.26 million and the operational availability is .9909. Poliey U is also

the most cost-effective systems That is, you receive the most availability
per unit dollar with policy k.

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 dats and the remaining bars are for
tte 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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TABL: IX.  MAINTENANCE ALLUCATION FOR SENSITIVITY £

coMp MUD FTIC FIw FYP

% . . e e

BN IS VY PN
n

A X, SUMMARY 1ABLE

rPOLTCY cOST AVAIL COST=EfF

25426013 99,099 33,9231
81.20918 97,352 2.3624
36.40519 9R,510 3.23%%
25026013 99,099 3,9231
39,68797 $9,214 2.499¢
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CHAPTER IX
CONCLUSION
The GEMM development program has been completed,. The GEM{ Model is now g
operating on the Burroughs 5500 and IBM 360/€5 computers. The equations in -
GEMM have been reviewed for accuracy and the iogic flow of the program has

been tested for errors. A sample problem was constructed of fictitious data a
to test the logic flow and computer subroutines. Manual calculation were

performed on a small desk-top computer and compared to the GEMM 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 can 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 neccessary to review the maintenance requirements of each policy
independently, then the manual mode can be used to obtain output for each
policy.

R R R

oy

Sensitivity analysis ig another very important attribute of GEMM that
yields a high degree of versatility arnd flexibiiity. GEMM irf capable of
sensitivity analysis on numerous different inputs variables. This is an
invaluable tool Tor identifying variables that have a large impact on life
cycle support costs and operational availsbility.
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A conmon fault with many support models is the severe structuring of the
model that allows little or no activity at the manemcdel interface, This
type of model is completely automatic ané the user merely inputs the data
and interprets the results. This restricts the user from becoming invelved
with the analysis and denies 4im 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 knovwledge Ior a more detailed and bene-
fi¢Tal analysis. The automatic mode of GEMM can be used to determine the
optimum policy and sensitivity analysis can be performed at the investi-
sators discretion. GEMM enlarges the man-model interface to permlt more
personalized analysis of design and logistics problems. Decisions on design
and logistics of modern, sophisticaied systems are much too complicated to
e made by one man or group of men without a detailed analysis of many
corre_acved factors, GEMM enables this detailed analysis at a tiremendous
savings in terms of time and money. This model is, however, only one step
in the design of an automatic decision-making process that must be evolved

in order to provide timely end cost-2ffective decisions in this rapidly
moving age of technolegy.
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APPENDIX A. CBEMM Iaput Requirements

: 1. Number of components in equipwent

" ' 2. Number of classes of _arts in equipment
3. Number of modules in each component

l&.. Number ni each part class in each mcdual

5. Reliability information based on eguipment operating hours:

' E ; a. Mean~Time-Between Faiiure f-r each part class, |
] ;
oY b. Mean-Time-Between Failure for each module i

3 c. Mean-Time-Between Failure for each component
X K d. Mean-Time-Between Failure of the equipment

6. Mean-Time to check-out the equipmwent

3 7. “ean-Time-To-Repair Information based on active repair time (Fault

|
g A Diagnosis + Replacement Time + Retest and Re-Calibrate Time): :
'g f a. Mean~Time-To-Repair the equipment ‘
) b. Mean-Time«To-Repair each component
A r. Mean-Time~To~Repair each module ?
f, 8. Cost of the equipment
0 9. Cost of the ccmponents : ;
10. Cost of the modules ~
y E: “11. Average cost ot each par: class

12. Number of differemt typ:rs of test equipment reguired to perfe.m

Cod all maintenance functions.

. 13. Test equipment required to check-out equipment.
:3'7, 14, Test equipment required to fa.ulr isolate to the com;;onent.
V. 15. Test equioment required o faul: isolate to the .ocule.

..

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

8. Number of ‘different types of manpower classifications (MDS).
19. MDS required for check-out-equipt:nt.

20. MOS required for fault isolation to component.

. 21. MOS required for fault isolation’to module.
2z. MOS required for fault fsclation to part.

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

2k, Weigh. of the equipment
25. Weight of each component

26. Weight of each module

.
e bt e R B A e Y A B

27. Number of equipment serviced per shor at each maintenance level
28. Mumber of maintenance shops of each w. ‘ntenance level in the

ferece structure

Ay

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

and DS, DS and GS, GS andDepot, also Org and GS, ¢ ., and Depot, DS

A e oSS
et ot AN AT AR 2t O TR PR B fO Ty

and Depot).

£ 3% ML,

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

shops)

R Ty e S TR e

s
2

31. Requisition time for a part from the depot if part out of stock
at level (L) where L can be DS, GS, and the Depot.

. 32. Requisition time for throwaway module from Depot if

R

module out of stock at leve” (L) where L can be QOrg, DS and GS and

WO BT SN A T

.
rhesxt,

Depot.

Y
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33. Requisition time for throw:wsy component from Depot if component
cut of stock at level (L} wi.ere L can be Orgn, DS, S, and Depot.

34. Requisition tine for spare equipment from the Depot.
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52,

35. Number of days per year that maintenance shops ‘at‘ each 'levéll '
operate. | 1 ‘ V
36. Number of days gper year of opemtion c;f tHe equxpment.
3 37. Operating hours per day of tbhe equz.pment. K
3. Confidence limits for s‘tockage of parts, nodu}es, célmponents,
S and the equipment.
39. Probability of false-no-go.
‘< 49. Attrition factor. ‘ ) | "
: 41. TIequirements objective period. I :
E #2. G&toiikage objective periods between levels. .
; 43. Order and shipping times between le\)els. L ' ' 2
; 4. .Turnaround times for mlodules~between levels. |
F 45. Turnaround times for components between levels.
; 46. Economic Life. . H
47. Cost to train each MOS type. ' '
48. Turnover time for manpower.
E 49. Percentage factor of total stockage ‘cost for Invento'ry Management.
504

Fraction mean-time~to-repair reduced if maintenance is accomplished

at the depot level.

[y

Total cost of research & development.

Publication information.

* Parts must be classiffed into different classes. Could be
classified according to failure rate, cost, evc.. This classification
should probably be done by the R&D engineer.
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APPENDIX B.

 FORTRAN Narss and Descriptions

This append.ix 1s divided into three:major seetions: Input Varisbles, it ..
Program Variables and Subroutines.
given along with a brief description of that variable., This listing may be
used along with the flow diagrams in prﬂdﬁ.x C to follow the logic of the

GEMM Program given in Appendix D.: -

’

For each variable the FORTRAN name is

.
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SYMBOL , -
.
NCLASP
NMK (I)
NUMER (I,J,KS)
MEBFP (K)
MI'BRM (I,J)
MPBFC (I)
MIBFE
MTTRCE
MITRE
MITRC (I)
MITRM (I,J)
CSEI
cee (1)
cc (1,J)
¢ (K)
NTE

TECE (K)
2 or 0 for all ¥

TEEI (K)
1l or O for all K

TEcl (I1,K)
1 or QO for all K

TEMI (I,J,K)
2 or O for all K

INFUT VARIABLES.

DESCRIPTION
Ndmber'of‘componéﬂts
| Number of classes.of parts’
Number of modules in a component
Number of part type {KS) in module (IJ)
Mean-tj:ie-between failure for ‘part class (K)
Mean-time-between failure for module (I,J)
Mean-time-between-failure for component (I)
Meaq-time~-between-failure of the equipment
M rn-time to check-out the equipment
Mean-time-to-repair the equipment
Mean-time-to-repair the component (I)
Mean-time-to-repair the module (I,J)
Cost of the equipment
Cos: f the Component (I)
Cost of module (I,J)

Cost of part type (K)

Number of different types of test equipment rec.ired.

Test egquipment use identifier for checs-out equipment

Test equipment use identifier for fault isolate to

component

Test Equipment use identifier for fault isolate to

module

Test Equipment use ideatifier for fault isolate to

part
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SYMBOL

TECOST (K)
NMOS

MOSCE {KM)
l or O for all KM

MOSE (KM)
1l or O for all KM

mosc (I, KM)
lor O for all KM

MosM (I,J,KM)
1l or O for all KM

MCOST (KM)
WIE

wIC (I)
WIM (I,J)
NSHOP (L)

NUMFS (L)

TRANST (L, NL)

COSLB (L, NL)
REQPT (L,4)
REMT (L,4)
REQCT (L,k)

REQET
WAIT (L)

OPHRSH (L)

Y,
Me.npower use ident.ifier for checs out equipment

)

M npower use identifier for fault isolatign to component

DESCRIPTION .
Test Equipment Cost for type (K) .
Number of different types of manpower clessifications
Manpower use identifier for fault isolation to module

M npower use identifier for fault isolation to part

Manpower cost for type (KM)

Weight of the equipment

Weight of component (I)

Weight of module (I,J)

Number of equipment serviced at maintenancé level (L)

Number ¢f maintenance shops type (L) in the force
structure

Distance in miles between maintenance level (L) and (NL)j

_Cosf per-pound per mile for transportion from level (1) 2
to ( NL) ,

dequisition time for a part from level (4) i part out
of stock at level (L)

Requisition time
+f module out of

Fequisition time

. (4) if component

nequisition time

Waiting time for

79

for throwaway module from level (L)
stockx at level (L)

for throwaway component from level
out of stock at level (L)

for spare equipment

maintenance at level (L)
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SYMBOL

NDAY

NDAE
OPHRDY

K1,K2,K3,Kk4

PFNGO
ATRF

ROP

B(L)

G(L)
TURNI(L)
TURN2( L)
ELIFE
XMAN (KM)
TRAIN

FACTIN

TRANS (L, NL)
PROD

CTOE

croc (I)
cTeM (I, J)
TBOE

TBOC (I)

Sk 5 A STCIAS SR
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DESCRIPTION

Number of days per year of operation of maintenance
shops

Number of days per year of operation of the equipment
Orerating hours rer day of the equipment

Cnnfidence limits for stocwsage of parts, modules,
components, and the equipment

Probebility of false-ﬁo-go
Attrition fector

Requirements objective period
Stockage objective periods between levels
Order and shipping times between levels
Turnaround times for modules between levels
Turnaround times for components between levels
Economic life *
Cost to train manpower type (KM)
Turnover time for manpower

Percentage factor of total stockage cost for
Inventory Management

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

Productive factor of manpower.

Cost to cveriaul equipment.

Cost to overhaul component type (I).
Cost to overhaul module type (I, J).
Time between overhauls of equipment.

Time between overhauls of component type (I).
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n- overhauls ‘of moduleé type

twee

\

be
J)

gme
I,

Requisition time of an equipment float.
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FROGRAM VARIAPLES .

AMMHC('I) - AMMH for repair of component.

AMMHCE - Annual Meintenance Manhours (AMMH) for check-out equipment. . ‘

AMMHM (I, J) - Annual Meintenance Manhours for a module.

e Al AT -~ S A 2
mww;zmymm.miﬁ?mﬂzfmmw

AMMHM (I, .) - AMH for repair of module.
AMMHE - AMMH for repair of equipment.

AVAILA - Operational Availability

COE {I) - Ievel for Checkout of Equipment.
cSTK (L, K) - Cost of part stock for printout.

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

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

Vot s &SRS AV RN L e Ll o AR D2
e P A1

] CSTRNC (I)-Cost of Transnortation for Components.
1 CSTRNE - Cost of Transportation for Eguipment.

CTINVI - Adds up inventory costs for printout.

ot AN aib Pt T U e et AR

CTRM - Adds up training cost for printout

s

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

B s L AR

228 e S

FICT - Tradeoff value for FIC level.

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

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

FIMT (I) - Tradeoff value »>r FIM level.

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

o P e

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

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

TR

GAVAL (I) - Values for availability for different seusitivity runs. '
GCOST (I) - Values for ccst for different sensitivity runs.

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

I - Component Indicator
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I - XValue in graph routine reprgsents input policy run.

IR - Sets poli ; equal to next policy.

J = Module Indicator

K - Part type indicator

L - Maintenance level where FIP sccomplished.

LEMIN - Optimum repair level for the equipment.

O . ar A % PN 2 D

R G T,

LMMIN (I) - Optimum repair level for compouents.

IMS (I) - Optimum level for FIM.

AT T

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

SR AR

Tl I ST LR W3/ PP

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

®  1PS (I, J) - Optimum FIP level.

TR TR R

LX*i Indicetes next policy to be evaluated. 3

et ek GIEMMLE LT L7 Wi

M - Specifies policy to be investigated.

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

MMNUM (KM) - Force structure requirement for pgintout.l -
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 man-~.er for a module.

MOSEC - Manpower cost for COE

NREE,

MPT - Mean down time for equipment ;

NL - Maintenance level where FIM accomplished.

T TP vy Ve S Lr o

NNL - Maintenance level where FIC accomplished.

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

T Y RIS T

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

CAbT Lo i aatiis G
§ I RN e LAY S, T, £
d P R I e P AV TR R ST s SR S T i S e

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

REST - Total reorder stock cost_for printout.
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ROPART - Adds up reorder stock cost foi pfintout.

ST1 (K) - Initial provisioning replacement part stock.

s3 (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 module.

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

B b adeh b ies

£ STKCR (I) - Requirements for reorder component stock. 5
f ! STKE - Number of end item stock required manpower. 3
; i STKEC - Cost of end item stock for printout. ~§
E ! STKM (NL, I, J) - Initial provisior.n,: stock for modules. é
? } STKMR (I, J) - Reorder stock for modv: ‘=, %
; ! STK™C (NNL, I) - Number of throwaway components required for initial provisioning. g
1 STKTC (NNL{ I) - Requirements for throwaway components. %
i { STKTCR (I) - Nusber of throwaway components required for reorder. g
: % STKTCR (I) ~ Requirements for reorder stock for throwaway components. ~ é

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

TR SIS RV Y Y U

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

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

TR T L T R ALy

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

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

T g

e

STR (K) - Reorder stock for parts.

TR w0

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

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

(SRR s Fitrin)

SUMEMN - Optimunm total cost for éhe 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. N
T (I, J) - Indicator for throwaway modules.

TECC - 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.

SRy iy
R A P A LA A S R

TOTICSC - Total cost for repsir of components

PTSY T VDT RO TP

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.

RTINS,

TR

TOTE - Total test equipment cost for printout.

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

Erl T TR

TOTRNS - Total transportation cost for one year.

TOTRSS - Total transportation cost for printout.

TRM - Training Cost

P PR ST S

TSTOCK - Total stockage cost for printout.

ot M

;
PIC - Turnaround time of & componens. é
E:

B TTE - Turnaround time of equipment.

; TTM - Turnaround time of « module, . ' p

TTT - Indicator for throawaway end item

A

: VALUE (II) - Y value in graph routine represents cost, availability or cost
. effectiveness.
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SYMBOL DESCRIPTION

MIBFMD Calculates mesn time between failure of modules

MIBFCM Calculates mean time between failure of components
‘ MI'BFEQ Calculates mean time between failure of equipment'

ANMH Calculates Annual Maintenance Manhours {AMH) for modules,
. components and the end item.

AFIM Calcuilstes repair or maintenance requirements for

components excep: for stockage. Those requirements
include manpower, test equipment and training.

O R droadisd

NN

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

i

RRLE Mt

XCOE Calculates maintenance and stockage requirements for
the chec.-out of the end item. Requirements include
manpower, test equipment, training end en] item float
~v throwaway end items.

SEERNT LrAEA

TRANSM Calculates transportation costs for modules between
levels of maintenance

TRANSC Celculstes transportation costs for components between
levels of msintenance.

AT A I TR I AT SR
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=
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; TRANSE Csleculates transportation costs for the end item between

4 levels of maintenance.

; ? THRMOD Calculates stockage requircments for modules to receive

: v throwaway maintenance.

. { THRCOM Calculates stockage requirements for components to 3

receive throwaway maintenance.

i . NRFPE Calculates stockage requirements for the end item to
: - receive throwaway maintenance.

3 ' NONREP Calculate=s stockage requirements for non-repairable
" parts fe¢. all levels.
4 REPMOD Cslculates stockage requirements for repairable modules.
REPCOM ~glculates stockage requirements for repairable components.

REPEND Calculates stoc.age requirements for repairable end items.
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AVAIL t

-Qalcdlates operational availability for the equibment under
study. ) |
GRAFHA dutput routine!for graphical repiesenﬁatiqn of cost; ’

availability and cost-effectiveness. '
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SIMC=SUMC+FIMS(I

‘Call JFIC
I Call TRANSE FICT=TOTCSC i

FICT=TOTCSC +
Transportatiog

Call XCOE
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SUMI = SUNC + ‘
FIC™ + TOTEND . .o
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SUBROUTINEﬂTRANSE
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SUBROUTINE THRMOD

Module in 15-day
Period

h 2 AL S e L L o

Determine Stock-
age Objective

§ Pericd for Level
é

Rrirairis

of Throwaway

y

Determine Initial
Issue Stockage
Requirement

il

ALY

for Level of Th-
rowaway

Calculate Order-
ship Stockage
Requirements

| Calculate Replac
ment Stockage
% Requirements

g

s . . ’ Determine Reorder ;:
g’ -Stockage Require- -
E ments 3
| ]
# K
¥r {
g A
g 3
; Coo) %
& m 3




Rl S ST R T ,F,}i S 7o i THRR e s R S S S R XSEG Ao, ?.‘.‘:LW«E#?& e

SUBROUTINE THRCOM

P oo

-,

[ 4
N

~ AR e T A T

Determine Number
of ¥ailures of
Ee Component in
15-Day Period

N

betermine Stockage
Cbjective Period
for Level of
Throwaway

Determine Initial
Issue Stockage
Requirements

? N

¢ Determine Order
and Shipping Time
per Level of -
Throwaway

w

3

o e L. e b e D AT CRA DS D IR 0T o s husah] 520 w3 AL

7

(o)

Calculate Order-
ship Stockage
Requirements

] Calculate Re-
placement Stock-

age Requirements

: N

etermine Reorder
Stockage Require-
ents

A
~

4
%
Edm.mm e e S n T o Pk - MR a e A S AR o RS BT e it o AR KL i

: = PO, T
Py DAY e ak g 2 setnat -




of Failures of
7a. Paris Class
in 15-Day Period

Determine Stock-
age Objective
Period for Level
of Throwaway

‘Determine Initia
Issue Stockage
Requirements

Determine Order
and Shipping Time
for lLevel of .
Throwawsy

Determine Order-
ship Stockage
Requirements

tﬁzlculate Replace
nt Stockage
Requirements

Calculate Reorder
Stockage Require-
ments

e, A S YO ErN XA

5

¢l
b
b
&
£
:
§

AL e OIS o s B B e i AL

S Cpob v - o . " "y o -
e s s P Lay _ e » PR .. o -




S EERY o

[ — s e A% z 3 Y -
o e i+ e < R T G, AR R A R AR T v b e s a e e RO )
A A B M TR P 5> s S i

i3 - . S e - —— - -
| ‘
" i :

4 SUBROUTINE REPMOD

2 Determine Number

k< of Failures of Ee

- Module in 15-Dey

] Period
E iﬁ; mqur% Determine Turn-

E. around Tiue for

E ) Modules Between

3 , ‘ Levels

¢ ! Determine Pipe-

E: ‘ line Stockage

' Requirements

E

" . ]

‘ : Calculate Re-~
4 j STKM(4,I,T) = order Stockage

3 : STKTM(4,1,J) Requirements

; 1k ]

e o i g o Y R i s e eafe T i ekl 2 e n M
A ierrny it oaae R it £ii RN Sl R a0




~ A A Ay Atk DL XA T PV

Y h -
3 ° .
4
; . L
E soaveam R PN 7

SUBROUTINE REPCOM

!é Yes

;
3 No
4 [Determi:ie Number

: . of Faliures of Eu
; g Component During
5 ‘\b 15-Day Period

E: Set

3 3 STKC = STKTC and
. STKCR = STKTCR Determine Turn- .
around Time for

Components Bet-
ween Levels

it
Cron o)

K Determine Pipe-

3 line Stockage

K Requirements

& 3 '
3 £

? ;.f Calculate Reor-
3 o der Stockage 3
g Requirements ;
£ ;
::é: . %
5 b
! \1
S .. J :
8 4 ’E
R E

115

Tz ded .
"M"”ml'ﬂﬁt‘“ [l ]
SRRy A

.
3

4 s

3 - S reaeiaadfd
%

QA e o Loy g

3
i
g
4
b

OIS

[T




PR

FTH e RGN

R R S R DAL b 1 Sl B

Trltialize
Variables

quirements for

Calculate Test
Eqaip and MOS
Requirementsg for
COE for Force
Structure

T

Detem:_lne Train-
ing Costs and
Inventory Costs

¥
T o

ety ot g & B

Pt At S e x e b et BN e

P

¢




. £ 2 e 2P Ao i et Ll T o
e T e RN T IR Ve LSRRI g Y ¢ SANERA T U T AR T s s X e R SR AL T i 'ty

i

L]

DA R e PR Al A R e 0 AR S

SUBROUTINE REPEND

Real
Variables

{Determine Equip- ;
Jment Failures in s
15-Day Period 3
:ft ' ‘L
& Calculate Pipe- 1
3 line Stockage i
g | Requirements g
k !
E Calculate Re- } ‘
§ order Stock
;
A , ~,!,
1
4

. E

¥ : {

| 117 .




Rkl X o St (S Tl R34 Tl T it

RUPT R i £ Sk Pk

TTATE

SUBROUTINE NREPE

r_“

Real
Variables

Determine Equipi
ment Failures

per 15 Days

L

Calculate Ini~
tial Issue Stock

alcvlaté_oéder-
Ship Stockage

alculate Re-

Placement Stock-
age

Calculate Re-
order Stockage

A e S bt i it




cRe P A LT

prdadd

TS AT WY

S i e o]

TR

TR T

T

Crlat e Ay

¥ s

]

RO

)
&

PRI

A

WA

TRy

TRELA U RS I R0, G A e T REITRE T Y

PRR e

Sred ) T ARS

A mirtn + oy R GT R A F N R e 16

SUBROUTINE AVAIL

START

TRC(I)-RE
(NNL, &)

5

™(I,J)=

o ‘F‘(.;H‘(NL k)

alculate Turn-
round Time for
odule (1,J)

&

19

No

Deternmine Weigh
ted Sum of Mod-
ule Turnaround
Time

TN

TATT

it e AN, e 08 mded sk

4
]
3 3
Ed
2
; ¥
£
B
2 4
1 4
* ]
H

e
b

G,

ﬁd‘




P i~ e Rt Tt B e A i L

T Ve i e P S

L

TR

T Bt

Determine Turn-§ -
around Time for
Components

Determine Welgh-|
ted Sum of Comp-
orent Turnaround
Time

No

Yes

etermine Vieigh
d Average Turn-
round Time for .
omponent s

termine Equip~
nt Turnaround
imes

¥

Calculate MDT

Is No

&5

Yes

Calculate Avail-
ability without

Float
v
J

y

Calculate Avail-
ability with
Equip Florat

"
k}ﬂm’ It AL b AR WP LA S




T PR

S Pt

i AR

T T T T AT P TDATT

Lo

3

TR T R T

e

;- ¥

i
%

Lt

LY,

PNl C T eV By T i S

s

AR

WAL

SUBROUTINE GRAPHA

Print Dots
for Y-Axis

y

Ial

Blank O_ut Line
(1)

I =141

[Print 3 Dots

Between Bars

N

J = Value (I)

— 4

ferint Bar witn |

Height Equal to
J in Asterisks

If J Larger th
100 then Print
Dot on Top of
Bar

Print 3 Dots
on X Axis

asliiie Sac

X TR TR N A

BBn s d o byl b e Bt S A bR | DA e 0 0

Eﬂwm-»

i

e to s

e ot Bt o

ESS, ST 3 Haih



B T T B T T A R R T T s i T A T e e s I T o e

T;.?.;;,%-.( R R

i
.

APPENDIX D
PROGRAM LISTING

'
PRttt N Wt g p il A st n oy e Dt b ATV B B e X0 i oA T e o W A K B i o BN S e g

o X




" AR

T e

-

woc b,

R A L RN

¥ e AT

bt T W L SR AR

PPN

T TR R PR LT

T

L Th bt O L T LT R

OB T L P

8400 ¥ 99850000

8v00 ¥ SY840000
€v00 ¥ 89850000
eroo ¥ £9850000
9v00 4 ¢¥850000
8¥00 ¥ 19850000
G¥0U ¥ 09850000
8v00 ¥ 69850000
8y0u M 85350000

8y00 o 25850000

Y¥00 ¥ S5850000
9900 ¥ 99950000
9¥00 ¥ £5950000
8400 * ¥ 29850000
gy00 o 15850000

¥you__ Y4 09950000

1 JNOND NI SINIWITI 11V _3IINVHI=SLININOLWND 40 HIBHNN 3IINVHI 0L 2

— N . ‘11 4NDYD NI _SININITI _ONZ2 aNY__ 9
¢z 40089 NI SINTHANT 1V ANV 2
. ¢y 40089 NI SINIWITD anZ ANV b)
¢z dnoy¥y Nl 2

WHROWa NI (NINITY HE FONVHI-SNA 4N HIAWNN JONYA) UYL 9

*01 dNO¥D N1 SINIWITD ONZ ANV 9
o _ 49 dNo¥Y NI SLNINTI] J_M|mq< . o)
e 4NOYD NI SINIWITT NS NV 9
2 d4N0MH NT wlWidle Nl J
RUELERE ANE JONVHI=SININAINGT 1831 40 434NN JUNTHD UL ] .
s 4NUYY NI SININITT ANS NV ] ~
G dNUHY NI SINIHITI TIV GV R
/2 dnuHY wl 2

WHENANG 40 LNINITT UHE TUNVHISLNVA d0 HIGWAN JONVHD U4 d

*q dNON9 Nl SINIWITIT ONE FIHL NV J

€2 4nO¥n NI_SININIII ANZ_FONVHI=S3INANA_ 40 dIA4ON 3UNVHI OL D

*q dNONY NI SINIWIIY ONZ FHL NV 2

¢ NVYE‘Z SANOHD NI SININITT L1GT IHL ANV 5

TAC T LS v 8 Gt Tk 2% T TR .

SoaTeb Sk ne s b e o ba o S 38

e

» . ® g gartd ot
o i gt 0 €y st S o W il o B L s R b

ghas A

Aoy




e T Ty § AV TS R e T R ITTEETY

T TSN Y. SR T IR R T AR DN T R o S R A WYL,
! # R 3 TR G T AT TG NI AL A
TS AN L RO TR A FLRTSIT S i P O g s il Sk ST

; SRR

i AT

0000 ¥ 00040000 (2Z¢nINIME(C2aNININTNLS

0000 ¥ 00690000

U e229)ASIUNL B2 INL L2 ITHIL (22 NI4034"

0000 Y 09890000 ST AL RL IR IR,

w 0000 _ ¥ 0Ug9YL0V00 " L f(R2eu)Le(22 U dHNINLS (2R HIUNNLS (2R NIADLS A (2e VI LHaTAS - .

w 0000 ¥ 00290000 €022¢0)1dUNAC (22 ) dDd(REFZ2an IMAWNNG(CZan ) TIVINNS A
m 0000 Y 00990000 LCeNINHLLN (22 INIRL LN (O 22D INSONS(22¢n)adSON (2C nISTTI*

¢ 0000 Y 00590000 (224 ddTe(220ININAITIr (22 21d149C22op)8d1 470220703 ;
m 0000 ¥ 0S¥90000 N . (Z2eMINuLIN

m . 0000 Y 00490000 (22U INNNLISI (22 0INLSI(22h)IDD (22 IWHWNY NOISNIKIY L M
i 0000 ¥ 66€90000 , o ' o . ¢ cnudy 3 .mm

w 0000 ¥ 00£90000 . . CEIDLMACHIRLI“CHIILeCHrIDNL (HIJUINVYLS

WM _ 0000 _¥ 00290000 CCYINSILOLCCHINIIL(UIIABLYCUIHILNLS S CHIUINLS S (HINULS®

m 0000 ¥ 00190000 .nav»u;ux.ﬁawzmou.wevzumwwavum<u=z.nevxxz.navuxppz.

w 0000 ¥4 00090000 .acvoumpz.nquzumo:wnapmxd.ﬁquﬁ:z4~hau*zuu.ncvmznu.ﬂcv~uum. :
e 0000 ¥ 00650000 L “CulINLICCHIINYLSICCRIILSI(H)IIIDCHIIHRAY NOLISNInIY

sayensvs LNINDIS 30 LYVLS o -

!
i
'
|
|
t

9900 ¥ 66950000 o . 1 ano¥e o

g e T 9T T

CeE

.

e

4, N LT Ly
. g i T e 0y B o
y - et g e o ot W S
. it b 4 2l
e oty s oy T AT LRGN A L0, a

Sl v o G P s S A W i



. 9890 ¥ 90020000
0000 ¥ 00640000

_n.mkﬂv.. o —————— e = % -

000C u 66920000

A 000 ¥ 008.0000

% 1
3 J
£y E

b
3

Q000 ¥ 00240000

Saioh

0009 8 66940000

R

000U ¥ 90920000

(AT,

0000 ¥ 0USLOUVOO

o 0000 ¥ 66640000
i 0000 ¥ 00y20000
W,.M 0000 ¥ 00€,0000
m. 0000 ¥ 66220000
w u 0000 ¥ 002£0000
mu 0000 ¥ 66120000

o 0000 ¥ 001L00V0

0000 ¥ 660200C0

(2260t )NINLS*(yendILn]SH

“C22IHUINNISICOINIINIS (SN TINNISICCneyIINLISI NOLSNINIA

& oNUYY 3

CUSALATE

v

“LOTIASTRCOTIIISUHCOTINONNCUTINNONNRCOTIAITIH NOISN Ty

.
L e e e e o an a

12 wNuMYy J
(OHXL5N273Le

“C08133L900)IDIL OV INANSLOBINNNN CCOBIATIN NOLSN InTU

125

Yy aflidy J

(HED tiS»

P

CUEIELSI(REIZLIS(RAEITLS(UEILS4(REId4HIH(HEID NOLSH DTu N

S dNLYY 3

SRR St s s,

CeZsm¥0San NOISNLLTU

v 4NudY J

(Otend1240 MOISN Y Tu

€ danNudy o]

SeTaa s,




T

e e,

(SEIHC(GEIDII (SEINIA(GEIDT I (GFIINI NOISNYIRID

€1 d4Nudy

J

0000 H 0SY¥OLOD
0000 ¥ 6%py0u00
0000 d 0Yy80000
0000 ¥ 0tvrv0000
0000 4 0¢E0000
0000 ¥ 6iyu000Q
Goo0_ ¥ 0bwe0000
0000 ¥ 0UHEOVOD
0000 ¥ 60EBOVOO

0000 ¥ 0040000

0000
0000
0000
0000

¥ 002680000
¥ 66180000
4 00140000

¥ 66080000

Aaupuczq%svwzz:%.navﬁzx:—.nc.awhwqup.nnngmzqzh;

SCRINIVHI (b en)LdDTHe(neqadiNOINC(nen ) DVIY e (pIHSHHDD®

C(HISHNNANC(RIAUHSN(BILe(pen)RISNe(t)d NOISNINIY

el A4N0HY

(OIS NISONCCOTerIATIHHSLOLILIAT IS

sCOTOYIISOINCCOT*HIAITIHCCOT HIATTRNINI NIISNInTU

1L anuyy

Cogen)Iie

CCOUIUIATINNCCOUSOINATINCGLOD S HINSTIOINCOR HIAITINND NOISNI:Id

01 dnuyy

(BECHINLS LU C4INLSI NOISNInIU

T AT o)

Lo ot P NN G » e

e g SO

g gt

6 ollyYo

.

g gl

J

d

b

d

T AT S TU T A TSR PR R

&




o A A e T e T T Py e e we e G
~1 Y TR

Wuﬂﬂmmﬁiu .ﬂ..fa”.mwwn.wmuu..u R, T RS BT AT N A TR A B TR PR S R S 4 Y

B A T T R IR T NI III——~
i«i 1

¥ 05960000 7°0%09/S0N V4VU _
4 59960000 . ) Avareavun v g | _
.z,m%%cg e o _..07SOMYSIMON Tv3Y o
3 Womm. . HINN CHONHHEATTING A TTIHAITHACATINN CANNH AT I MONEATIN TV3d : .
m.rmw%. 2SO HISAHEN A7 1N JISOW ¢SO EHENNT CWIDNY 19 1SUdN» .
4 006 € 4UMSN CdABLNONAB 44D 4RLN AIHLMINLLN HAL I HOINI LU IIHLLN 103 U
¥ mwwwocco o /°08091/1L %ivu
x,ocwpocoo . 7°0%2GE/N1S YaVy |
x ccno . . L . \,wum\c.e«o.on.@.o.:.m.oSQsc\:.m. N m. “
: omoo ] ocwo .o.a.m.m.o.a.a.o.w«m.oJa.m.-3.=.m.m.~\a~m Vivu
wm\w  4wwoc ] ccoc /082 enen 0 ez FsECOINIZIEHEIZHT 0 yZerNFZan VS /N1 VIVY . ]
mws | Jma 0. _Y 00280000 \o.e.m.mao.wca-«¢m~\9mu VLV _ M
Wmu_w ,mooo H 00940000 . o /1%4€/300 VIVY ;
%&w 0000 Y 0580000 MedONTIOdI4LiLaLLe L INILII0ALAIIILOIIILOSNTS 3134 835 1NI |
mﬁ L ,9000 4 _09y80000 i  €0p)3LS09°C01)1S80)9¢(ArITVAVY NOISNInEw M
wﬁ , 0000 ¥ 65¥¥0000 o : vi dni¥e 9 m
9 g e ) 2
: .

g ot b T ¢ abmg g il 2 . R ,
b vdey gutitane Yo g afpn g 38 LZ00 Damrd T L A R L I R R T T L




BTN TR

<3

ke

L T T e . o

I T A -ﬂ"‘!"‘(‘:ﬁﬁ

'
£
¥
>

L

I NS T A

e LA

w3 AN LS Frisag-b g bl ey
EA L S RS S B T SRR AR E R S G e

6510 ¥ o0giy

e e cm——— s ——lra——

PAGE IR AR S L Ml S S S S 8 St £
< A .

i
(dSVIINTRSHLSH P e 1INAWNAND CETTCSIIVIY. ]
M

"SI0 ¥ 00211 S NNCT=r 2661 OU
esic 4 00111 . o . CIDMANTINN ;
49310 ¥ 0001¢ e ) L _IN4i=] 2S6[ OU #
. 4¥10 o bcwm« e e MELOTECANTHOAWND ) N NHETOXOE) LVNA0S ¢T0Q M
_O€10 ¥ 00801 (UNST=1¢C1250n)(210092301Nn
‘-..n:\c 4 00201 e e .ﬁ.w:z..-ﬂmw.:,ﬂ.wm.‘._,_:omou.mt::z M
€110 ¥ 00901 o o CELI=dSYTIINHICET C3INHE ¢XOE)ILVHANd TTon o F
1080 ¥ 00501 dSYIONCANCTT08¢9)3LiNM N a
10§80 4 00y0} o e ;wn—ow\m~o~5~<;m=u 0661 ’
6800 ¥ -00g£0¢ : e H.ﬁu.o.f.p.fomo:m.;ct | ,,,
6900 ¥ 00201 (//NOILVAYOINT LNANTHITX0b)1¥HuNS 070Q |
$000 ¥ 00307 T 2 01 L4 D IR R T
900 ¥ 0000} , e a=11

¥e(0 v

0066

. NO3IWIL 1VD

Sk AWk 2 ua

i g




o ———
- ROk e R T

ard \ﬂ%ﬂsuw..._?.uﬁ...a.uﬁw&.ﬁﬂﬁ%ﬂﬂﬁﬁu’é b7 g Ll SR Y E A e A T O R R

_
;
pE .
4 6520 U ocsm« . 0ouye nL 09 (T *3N* 0IduiW) 3]
omwcim. 00921 . R LVHKDA i .
on«@ -.m;oonﬁ.. R (21¢=0TIAIHHLIXOEILVHANS GTCR .
; 8920 "4 ooves e L E LI (S R R TV L
2 m 6€20 Y ovgal ) 3y . uldugw (vlges) aviy
P om..\.o:r‘comﬁ | (2°9401)4VHH04 €12
M . 6¢20 Y 007¢ét o o aw.-!m.ﬁmmauummw,“um.uxaum.»z.d.:.xcmZ«.Ecu vion 4
; ¢eeo 00021 ) S ) nzm»mm_uz.ﬂufnf...,_m.xw;Sw.o::zx m.m n
w $020 ¥ 0061F CSVIONTT=d<(¥Id4ALHI(ET27EIAV Iy N .
w . soco ¥ ovgit S o  3nNlwnd oger
W vozo u ooz i _ 3UNLINOY 2s6T |
Mm k uwmc,.-:z 00911 . €0°G4S1¢x(SSVID“ITINAONdWOIIHANNNHSZX0E I LVHa0S €T08 “ L
n, . 2910 4 00gil L CASYIONCT=SNO(SACTCIINARNNICEL08CYIILINM ]
W 2910 ‘¥ 00vIE . t0"t402) LVHHO4 el :
o




(s 1T

Soa

e

T T e,

=

TR AER

T e

5

TR «': _swgﬂlﬂzn&:m

1

IR S T FSSIRASE 5 MR P TITIES  OIRS A rTe af ee I g5 T T - -
o . ) - . e :
s ) ) R ) i . i _ i 3
. \ . w
09€0 ¥ 002y - . , ) B INN1 LaNJ 009¢
@awxbmmo o 00TYl - . - 1961 UL 09 T
) onwwasm;wﬁpuq:-z. e . - - oL (ELYAVHADY 6l61
u.w-ommc 4 006€F - - - (S°0T4) LVvWand cee ”

-ommm - Y chm‘ ” .  (Z0940234R10HOXOF ILVHA0S HIO0R ] T
7 eee w002y i R  AmINCL0se LN o
ﬂ,”~omm: ¥ 009¢T - ) T4NLH(ZB2 SV Ty .
S oﬁwe ¥ 0UsET ) nm.cmca.uﬁmz:uuuﬁs_::wﬁ.xomvhqzzou 108 Jm. )
o 2.

“%2€0
i mo«o
momd

onmc

4 009€1

.

¥ 00gel
¥ 002¢l

4 QUIE}

B Y
ﬁ‘; '

cowo
NN .1

W

oowo

~¢NC=

¥

¥ 000¢t1}
¥ 006¢t

¥ 00g¢H

(IN¢l=1¢(1)D4E msvau.cchu

2

LLMK

(ONCT=T (1D 46 NI CEE29G Iy T

(2°R40T¢=(INMUURCANUDIINIBINHOT XO0FILVHa0d Y100 .

L T CONNSEEC(PIINABINICOL0RS) 31 1HN €SET
CONMOE=C (P I mARLWICETZ SNV Il
CI)AMN= I
. - . JINCI=1 esel QU

.

o




SRR R T PR AT I

B TP LT R P s g T

TSP

A WA A SN

IR T T LR 73

tyve ¥ 00ss}) o COWNCIEPOC(ROTINNLIRDI(OSOTSIUVIY ;

SENC o 0094} CIIAAN= N

SEV0 ¥ 00GS) INCI=] 950l 00

VEYC ¥ 00y oL .82t 9401 e =(dW0I)IINLIHHETCXO0E)1¥NADI V208

L1v0 4 00€st (ON*T=1¢CIIONLLNI (02089 ILINN

oove 4§ 002sT CONCTRI CTIDNLIKICOS6T9S )Yy
, 00vC ¥ 0061  (2*94¢mINLINHYCZ*94¢=IINLINHLIXOEILVHA0S 6108 ;
5 2060 ¥ 00051 JYLIACIDNLIN (610849)IL1NHM = w
m 9.€0 Y OU6YI INLLWOIDULIN (SG6T*SIUVIY -
m S16C ¥ 00wyl . T 3NILNOT TEEY

~
1
!
+
'
.
i
H
t

AN

€280 ¥ 00401 1961 O1L U9 CO°*3N°11D41

TR v,

==
k4

€4€0 ¥ 009vu} INNILI0D LS61

it

T petn

0ZE0 ¥ OUSYT (A1494H“3IGLH D IHINCONIDIIALA T1IVD

99€0 H 00wl COTABLW Y IIALA S WIGLN S HHN CININI ALK T 1VD

‘j:aw\

00EYl (QIJALWN WIB LN HBRNN JIBLW DSV TON S HHNSINIUNIALN T1VD

Q
°
™M
<
4

B LR A PR R R S R RIS R AR i i, R Ak A R -

. - e . . . s ey £ PR 4
R e P T O AL oS IO W G - byt Sensis e A cdiviors! K. Lo Al LA




TGRSR R,

L)

vy

sl W5 TS

=N TR

A~

o T

g

S

Pagr BN

)
i

H

e

il

PR
PR e

{3

PR

FEOT

i
R

o
W7
:

%,

S B

-

T

oA
t

:
<

PR s

6650 ¥ 00gg1 COWNC L2l e(ra1)n2)Cyc0ge9d sLinm
© TeS0 M 0024% . CORNCT=P e (P eT)9D)CET24SINV 1Y
.bgse _w ooygr , SR ¢ $ .. L E L1
¥ESO ¥ 00021 INeL=] DYol DU
YESO u 00691 (2°9401¢=CdunDIINIHOT $X0EILV 4903 £208
4IS0_w QOy9r e CONYT=1001)930)(EC08e8)3LINN
00S0 ¥ 0u91 CONST=T¢(1)320)(E127%, 174
0080 ¥ 0099] AN.D*a.uudnu:n\xom»h(z:au cCOy
6¢v0 y 00§91 . _ 13SI02¢0ReY)ILINM ™
08%0 8 0Vhyt TASICETZ6) MV Iy
0g¥0 § 0Ugyl INILNGD 2Eet
_0R¥0 _¥ 00gey . (2°94n1/2°¥401) VU804 SSe1
4290 ¥ 00191 ] (R61 UL U9 CO*IN11)41
22v0 800091 o INMILNOD 9S67
%581 8 inamais L
3o ¥ o0est (clOT401¢=(ITNAUN“4HOSIWNL IWK6TXOEILVHENI 120Q
_65#0 ¥ olgst

BT

et
1N

)
7

CORNC Tl e C(reIINNLINICT208°9) 311NN

e

2




. €0l0
6990
6990
2490
$€90
SE9O

w ¥299

.

*190

Qtye

S T g
{ Fia w_:' RoTER - P

2190

DA S)

c190

$6G0

w7

3 8450

' 8450

“ 4150

9990

X 4

a o o &

00061
00631

00uel

ovzetl
Quowi

ouswl
000wt

00g9i
00241
0091
000l
Ovell
00wl
0Vl
00921
00g2t

09Il

Mo b £ o A S ke sk s S g g 8Tyt 2 g B g e kb e

INei=] (Y6l UG
CTINV!=(3dAIITIAIHITOXOEILVAN0UL weOR

CIAINCT2NCMITITII(NENB Y ITLiYA

CILNCTEROOMITISLILEOT* SV iy

(110U =(3dA1)IDFIHITSXOEILVANND L2000

- R & L L LA LA RE ERIRATTL L AR L EL.L I

CILNC[=Ne(MIAIDILICEOTSI IV
(PRI 1IIHN XO0RDLY {40 Y209

FINCOLORCII JLLIMA

IINCIS6T 9 1V

JINLL4DO EEET

BLLINY 719 (0°3IN*LIT) L

(2°8401¢=(SSVINIIH6X0EILVIa0d uiOR
(dSVIINTmNe(NINI(GL0UYIILINM

(dSVIINe =4 CNIDI(ELZ*S) 1V I

(2°430T¢=(INANN 44D IIIHIT“XOE LV 4409 1204

JNNLLINI vYet

B R B A T NS S R L T MR Bt $ dFon i A,
. RSN VR R AR Do s SR ST, AL A

B L Ty TR T T T T A T A TRT L Nz b g sty n ) "

133

4

-

s be




¥

2690 ¥ 00§0¢
0290 d 0Uv0e
g togo

RS

¥ 00€02 _

e

2000 ¥ 002oe

V0 ¥ 0utoe

! 0820 ¥ 00002

2620 3 00661
wﬁwd 4 00461
QL0 400,61

p20 'y 00901

i ‘$¥’o x.qcmon
%
. Sviiv Aw,qemwﬂ
4240 ¥ 00261

{¥0L0 "84 OUTS1

AN = "

C

A T G TR

(Z°RIOT*=(I4ALIISNITIHETXOECILVWNGI (€009
CIINCE=ANCCMNIISADIIICTIE08¢9)ILINM

CILNCTENNCCHNILSNIILICETZSI VI

- e TE e me e ————— e+ e v s Praty . ————— — e n — -

FINILI0D Y61

CT1an =0 AdAL IVIUON 40D TN ILHEZ Y XOEILVAI0I IEOQQ

_(3iNeT= xx«ﬁx;.7u~v~za_»ﬁoromacuuh_zx

CIENCT=NNCCUN P e IINIL) CEOT4G) Iviy

JiINei=r 2961 Ny

134

CIINAN=OUN

INeil=] ¢Yol Nu
FINL LDy (961
T 5. 2 .12 B A A EIERE 3

n—noc.unma>»q;::uvuuu.zcﬁqxcm~hc‘u:u 520¢
(ALNECTIAN NN ITITIIICHSNRYIITL L NM

athq—uqunxxauuao*kuﬁmoﬁ.musq*a

AL et Bk e i T e

P




3 s ¥

0260
2<6u
ceso
9260
8260
116y
v680
v639
1130
0980
0980
6%90
0va?
0v40

. 2€4C

AN 3
‘ gh‘%‘% %
E = ﬁﬂ

4 00022
4 006k
4 00g1e
4 00212
4 009(¢
4 00s12
4 0081
¥ 0VEl2
¥ 00212
4 00112
4 00012
4 00692

3 008328

emn o e amte s cAmirmm % e m 4t miveme ——

4 0002

4 00902

*

(110ne=(IdALeAHDNIISANHITIX0EILY 1304 SE07
(SOANSTEANC(WnTIASNKICGEOR YD JL[HM
(SOWNS LI CHUTIISONICHOTS)IT Iy

IN¢l=]1 t961

(TIOUO=(3dALIISNWHTIT XOEILViInNd nEOQ

CSAOWNE =N CCUNIISNWICHEDRYIIILLINN
. CSUNNC T2 (W) ISUNDI (V0L €S 1V
CLI0OP* =( 3401 3ISNWHETX0EILV-InI EE0T

(SOANSTEANCCHYNIINISNKICEEDD DI 3L NN
(£19=2SNWNHGX0OEILVH4Dd 2€03

SNWNCZENReYI ILINM

SANN(266T 452UV

JANLLN)D pEET

Tesl 01 UY (0°*3N°(I)44

B e S IR SN AR e Wb T 05, S5 B Lo o

s R I AR Larald 3 At PRk G T

135

R L ]

Cndahee

-




A TR
=

#EL,

POARE SR X FE

]

1}

e TS T VT Macak

ALY RS

I

Ak

gk

Ry
ey }va\(:.!:; T

s O Rt

R R

GESRGsSe A o KU

9400 ¥ 00g€2 . INNLL40D GEEY
€¥00 4 0UgC 14T 11 UY O0*IN*LD) I

€900 .,_.&mmw,z-r._ e (2°940142C34A1)1S0IMHZT XUEILT 1904 LE09
“ﬁwyo u oowrw i CSONNCTERACCUNCTIISNINI (L4089 L1 HK 6ERQ
ﬁeww ¥ 00462 CSONN ¢ TR CHNE 1) LSNIW)I CETZS )TV 3y
;:,w:,.mi?s%%-up s . L
0l S1 v w.._tzaum .

wmv, 4 ocomu peya] 6EW9 U

.mo— *] ooommsf.i-.-:: _— JUNLLHGY 7961
1206 4 00922 CLL0T) LVi4ud 10}
1201 o 00222 C310neaCdALeIINUIN AN IWSAUIEZ 4 XOEILY 1402 JE0Q
mo.: _d 00922 o CSUNNS TR (RN e TIWSNW)I(ENQ€9IILiNn

mnw_.w u ommmm (SONNTRNACCAN ST IINGNA) (N0 (S9) TV 3d
mwwa M_ amcmw ) JNCL=P 996! OC
thwm -} mcmmm (I)XNHN=INN

wwwe 4 00222 IN¢T=I w961 OU
. 0260 d 00122 IONLLNOD €961

"
L

b gt ge b M LR R COEES s wan LA

i b

A TR T L R

1%

.t




(o S s i e D R AR S A i S T st

TN T

]

WY

i TAL
N
-
UN WIS

LD L A

3NNLILN0D 9EET

B3
b3

J 4%10. ¥ 0G0O0S2

T PR P

Yoo - ¥ 00602

e e . 1861 01 Y CO°IN®{()1]

(2°J)30Y/7¢°2400)1vand vi61

Sk,
K
!
1
‘

*Wwi0 M 00gyg

.

3 Y¥id 4 0usve (7401 ¢=C31U0.4 *dWNIINIWHL L *XOEILVIaNd 0800 |
. i
,m.. M'ﬁc 4 009p¢ L . o JUNILLN0O2 5261

: S22 ¥ ougwe CSHNCTZPe(P el NIMICAT00e9)IL 1NN

4010 ¥ 00902 COUNST2LeCrelINIAICNIOT¢S) IV iy

: SO0 ¥ vvgye CI)AANZ YN
; : . —_—— .

; 0060 ¥ 0026¢ INCE=] GlZo! 1y Y
-t
: T Sl 2 1343i193s
) 1
; 001y 8 0Utye

2224019200 LMH0T¢X0E) LY lund oE0q

€800 o 00Owe (ONCTI=TeCTI)NIMICOEOReIIILLMN :

9900 M 006€¢ CONCT=YeC1)V14)C0L65°G) 773y

|
9900 4 00gce ﬁwxmﬂuanu_sza.xomvhq‘uau Q€0N

$SS00 ¥ ovusce AMACQEQBIYI ILiyn

9900 ¥ Ouyee

IlCvi6leg) Iviy

.

Tr orrer N @ h PN T SRY RTINS T K AR e

AL,

LM PR o, 4, oo R AR P

Jo 0 S VA g A St g b b T A 5 2o Qb e e O ben b e s ol 3y g by e,




" T o SOV LTI
YR o o e e R A S R Lt En i N T e R 3 3 s e e e MEE

- []
. . b
3
w 2990€0 Y 00992 (Vel=INYCO s INSTOCINY 1)ATS0D) ICHHO0RCIIILINM 3
ww +790€0 ¥ 00592 (2°2401¢2C13A3T LXINCTIATISNYHIHNZIXOEILVIdN S 666G u
W A 9060_ ¥ 00939g — - L _(2°G4 01)1vaNI ¥665 ;
w . +'E€9e0 ¥ 00€9¢ ﬂq.vqu.nc.Jqu.ng.qVnz<x_anaoom.c~uph4z
w F 9620 H 002v¢ (pefaINSCyINTICCINCTISNYHE DI (H666¢5) 17 Ju
, 8620__ 4 00592 . . €0°2405¢=CIATL LXANCTIIAITIISNYNIHGZ OX0EILVIANI ENO9 _ ;
m © EECO d 00092 - (e T=INCCHeTINZTOCINCTIISNYHE ICENOREY)ITLIYN !
m ¥020 8 006G¢ (ReT=INeCheINTTOCINSTIETISOICCING 1Y LANYNLD I(IT2S)iT Ty M
WW 9020 ¥ 00gse e e e e oL YNLLNOD LEET ke §
ﬂ - 1020 ¥ 00152 [R6T 0L U9 CO*INETDAI ) ;
M -, 1080 ¥ ol9se (CO°244X240°03)n)LvA40S 012 wt
:, '3
W L2100 M 00sse o L0tEdre=(1INIISINANHET CXOEDLVNA0d chOR :
W. <-¥QI0 - ¥ 00%5¢ (Fel=TeCIISINNNI(ZTO0RCIIFLLIHM ,
' *-9880 - ¥ 00gse C0°G4p¢=(1IATNIANHSNHE T *X0EILVHAOI 100Q
- 4910- 8 00252 SRR S S BAS R LU LLIRAR S4 L RA R TN L. L I
o 2010 4 001§2 CHetaleCIISIUANCCIIANHSNI (612957 W
. |

s g a3 i RPN s Lo bt LRk

py . Lt T T T,
A ot g P i e i e S ) b el D O 8 Al TTmed
g\ i s S e N St NS e ey L IR e Ty [




70 ™ VT T TN T TR R

T e B T N T T T G PR T T W I e A T TG eI o, 2 R S o

NN
|

1gv0 ¥ 0wgle000 e (2°0T4ex0YHNXVEILV V403 1964

0390 4 0€822000 HI4CTIG69)ILUdM . h

10%0 Y 06922000 03M(ELI24S) IV iy

le€0 4 o0geg_ L o 430349(9v06¢9) 3L 1Nn L
; 28€0 ¥ 0022¢ 1I0INCETLSINV I
- 2960 8 0092 (0°wdEllvdud 212y

ZeEV__ ¥ 00542 . (0°y4ly i3Aane |

2QE0 d 0UwZe LO03UHGI“0° 6 4¢C ) IIATNILNOAYHNT0°vd (o TIATVILAOINHETX0EILV Ig0d SU0Q mw ;
i Q9€0 o 00g4¢ ne.q._:.uauz-n#\.:._.:euzancu,Cpmsuw:neocQOVw..Lzz 2509 ]
, 65c0 ¥ 00222 e e _weya19m03 04

9€€0 ¥ 001L2. CoeT=1eCn eI 1003 (oM INOTHCH 1) LADIAI(STZTSINVIY m
: 9€€0 ¥ 00042 ‘ FINILNOD wEE( ;
W _€EE0__ ¥ 00692 F96T 0L 09 CO*IN*L[) 4L ‘
ﬁm €EE0 4 00g9e . L01%2490°94)G/7(€ 22 1490°9426)1VNE04 912
WN - €EE0 ¥ 00292 (9'9401¢8(13A3 1X3INCIIATNIRISNIMIZ Y XOE) LVHE0S vv00

.

T

R A I S R A S i o TR




o CRdRY LRSS LA
e O L L e}

— gu,:%ﬁﬁﬁ?ﬁﬁéi?éﬁiﬁ% e e R
;
viS0 ¥ 00162 dOY ¢ IHLY 09N I uNLOENLeZNLOTHL AKX CE N OO [ACTGHT ¢SV m
<A1S0 - ¥ 00062 _ , . INILVDD OnEl
T Ms0 . W O%swe TR6T Ot 39 €0°3N°tlraf
amaMo..a.oacwwcom . : C(9*@4e=HDLOVA JALLINAOAAHBTXOEILY440 1966 .
30S0 4 0E@2000 . N0MAC29569) 3LLxn
JoS0__ 4 0cgpecoo : Cv°84)1VAgnd €966 _
- 1600 ¥ 01892000 ANYd(E9S675) 1V Iy M
L36v0 4 00982 (2°GIpe=2(NIAT IIHSHHANHR T XOEILVHUOS dVOQ
-8R0 ¥ 00492 L - CoeizTeC1IHSHHANI (AR08 eI dLinm m. -
. .4SHO ¥ DUSEE (5274 C1IHSAHAD)I CEEES) 17 w
ASYO ¥ 00592 N : INNILV0D 6EET :
_AS¥0__¥ 00wse ~ CCXZ0°y4In)ILV 404 vigl m
4S80 ¥ 00g8¢ ~ . €0°94¢aC1INIVLIVMHZTXOEILVWANS Luog :
0vv0  u 0022 ] LRI eCLIVMIC2u0849)ILINN
“ -Mmmﬁo 4 00192 (Rer=1¢CIDLTVNICOE2T €SIV I _
; 1290 4 0009 ) e ... 3RAL 0L 09 CO*3NII} 4
L 1Zv0 ¥ 0usLZ - (0°01¢213094H9 FXOE ALYH403 9406 M
b :
L

serda

. < - a3 P T T D N TP PR, ToL e ag T
N S Gl
o sy AT e e bt B S 2 i b

ot " .
P oy iy Bovs Fadar s MLy ] g g b Vo M o

i
{
;
I
e,
k
m‘



T ——_ PN T T

- 1.4.&1.
S T e e S TR AT AR R TR YT ISR T AR

. comecemr SR
s ; :
m i
M w
SN B h
¢E€90. ¥ 00gUE _ __€(e°sIw) Lvdaud e
6290 ¥ Oupng tast 01 09 (0o IN*Lly4l
6290 ¥ OVECE (2°G4e=(TIAINIenY L e T ¢
6297 Y J020&  2°S4¢=(NIATVIINUNLUET €2 9G30x(TINITVIOHE2E S I C TIATNIIHE4X0EI V2404 0S08 q
,W. 6G92. & uulul CId2HdNL e CLIINENLCCIINACTIHNI0S0R7YIIL LN 1GOR m
Mm< €090 4 0000€ ezl 1503 U
mzu 2290 4 00662  Cuer=IeCI)2NENLCIIINSNL (T IO CTIHNICEEE S IVY
% 24280 ¥ JUg6e INNILNY IveES .m
ww ¥250 4 0vl6¢ inht CL ud C0*IN 114
. YIS0 u 00362 . o (D€ 40zatamys
m T 9260 ¥ 0ug6e2 620530z UIVHG 2 G e=00NIdHY 2o SdomuliHY 2o G dezgiiHn 2 ndoziLusce
WW ; V4SO M 0UR6Z  *SA¢mINLHV G2 GAe=nUXHR I G eZENYTIZ GIOZaNHE 7L G = LAHEXOEI LV 8N4 6409
mmwwm 950 ¥ 0UE6L dOMC4HLV QDM IACONT CENLEZNLCTHLIDAXCENEZNTN(AY0BYIILINM
w % 24 S1 ¥ . .4n3n93S
w w.m &cm& LR D FL YA (needecopd0E4vAdid G561
& . N
. {
3 |
g L e




020

0240

4140
410
0020

€890

MGVO
£890
0990
0999
0g99
4990
©890
<4890

1990

2£99
ce90

4 00¢ce
4 0014¢€
4 000¢€

¥ 00s61¢
4 008i¢

4 0041E

¥ GO9it
4 Jusit

4 00ulE.

4 00EiE
4 002ig
4 001 L€
4 000tLE
4 0060€
¥ 00gue
4 00408
4 0099¢

>

TR A N N R i T

INNILNDGD woEl
CCO*G34X2)I0TILVvA4DS OTET

I¥AT 01 09 (0*3N°*1T)4l

(0°G4e=3YUNNGID CI = ANNHAUHZ ¢ GHe=AVINHGOXOEILVI4NS 509

C0*RIVT =(SNAINVAYHOTXOEILVIgNd v$09
CSUWNY B3R F CHRINVIX) LHS0B YD 3L LMK
(SOUNC TSN  ANINYAXIC(DTET S Jv Iy
INNLLYNY EnET

(c°Ggd)Llvvgld vle6t

—xmm Nt ;c cne* uz.-.~*~
CCO*E JIEILV 404 Q6

<cz.>:zr;a.x<:~noroeqcv LIdh

AVANCATHHANFAVINCEROT %) IV 1y

-z

(2°S4¢=34[1IHOXOEILV i) 29097

1477130250993 L4n

34171300261 °GI 1V Y

JANLLaNY g

© rrr e ol kS L LS




A

T g,
PE

Peiled o

-

SR TR
F
;

TRy

. 6380, ¥ DOYEE,

Tak M

0189, ¥ 0CSEE00

03180
TEOB
6640
R

Tl
4

0649
<z

L

069 3 002¢€

PO+ S

N
WA &

¥ QUSEE -
@ O@QMM

ORI

d 00gxe

v S, 0s

Y
o -

4849 4 001¢E
R

Y A

2949 ¥ 0VOEE

s KN

3 48 N

9240

¥ 00e62€
vy

4940, 4 mmcmm.

2940, 4 ovseE.

¥940 .4 0092¢

Y940 8 ovses

3

1v20 4 ouwee

0229 ¥ 00g2€

RS EST e Bt i

TLTET Y (KRS S R TR LR A T aa e,

! CCONTI=10tTaNTINWT) (E0T°GQIOVIY

- ‘e —— e blome . - e e mses saw

466049 ALINK

CETVSRIRDTIHIIXGEILINNGS L5509

NIWDT(20080G) 3L iHm

NIWDY (RRZ4Q)01Y 3y

I LD Snet

0GhE NL 89 (O VINUONHI 4L

(EXexzmMMNMIHD e X0EILY I4Nd vG0Q

NENOMACOCQETIIT LI
L HMOMN (¥129S$)A71H

(E'hAGeE*SHILYid0d CL6T

IRAT 01 39 40°*3IN*LI) 48

(2°9 3% dHAHY$2°945 93 (VIAIVINIVHIHED cr* 2 4e=NTLaVIHI CXOEILVVNG2 C -1

NG Cu IV CIINIVHLIANTLAVI(26LL¢903)L4dh

JHA (O T=TCCTINIVHLIINT IOV I(CL6T 51V

143

|

et o



e
SR WY

SRR

>

1

STE

-

X

ey

e e ey
Ty T o

FATHRRSRTT T

R

et e e = ——e

S+ R o AN

X

»

€1 S1 6

9£6C Y 002gE

9€60° 4 0UTSE

- —e—— s - e

9€60 ~ 4 000S¢E

6T60 ¥ 006%€

S
9060 4 ccncm

. = e -

006U & 00Z2%E

*

9680 ¥ 009¥€
_S68U Y UUSHE

9620 ¥ 004YE
9660 ¥ 00EVE

Qs&ﬁ ¥ 002t

v Sz i e e -

~ 0990 H.GUIYE

ecg: ¥ 000nE

€69y .M O06€EE

e

AN3ND3IS |

AR Ve T

Tgal 01 0OY (O0*3N*II)41

. (21SE9¢] JLVudhd Cle

e v memem e e mm e e ————— - tan W S ————a s

(Z14EXECSTINITNEHRIXOEILVAHN0I 0900
(XVHRNATSHELHINICO90W 9 LI NHnm

axqzzaaus.nzuzv.x<zznmmmwm~:<u: ¢EYl

——— ——— - g g e e e

IHINIL0Y OG0

Tevi ul OY

C186T 01 U9 (D°INT1T) I

.. . ANNLLN00 160

(Z10T¢=C3MNAUNCANNDINTHATHOLYXOE JLVHH0S 660%

(OIHNCTEP (P TIINTIRATIICOGOU I I 4LIUM

CONNCT=relreDINTHATICEOT*SIUV I

C1)HHNZ IHN

IN¢i=]l 15T LU

£690 ¥ UCREE

. 9€80 . ¥ 0GJEE

Dbk O et

(CI01=(dNAIINIHKTIHET *X0EILVHI0S 8S0R

CONCTRICCIINTRWTII(RSO0B9I3LINM

'
AP

x;




€91 81,2, - aNINRIS .
¥i01 ¥ 0Uv9E DAJ(HLBLOYIIL NN

. S00% ¥ 0Ug9E . Ydd(n 2614910V 38 6L€1

001 M 0UgYE Taal OL UY (0°IN*1I,4l

¢oul & QuUiIvE CZ1¢ VAT di (NNIMHGT YXOEILV Igd 5909
w w@nc ] cmmxm AHI(G0 Y. 4L iHm
w‘ 2869 ¥ VeSS QIC(NEZeG) IViH 9ugl
m 6460 8 0VgSE el 01 UY (0°3N‘13041
1 : R C e - - e .. o
4 6l00 ¥ QUisE C2°ET14¢ 1SUD ININDDI3A30 ONY HOMVISINHOE XVEILVHAOS 904F ~t
3 0460 ¥ QU9uE (2°204)1V 1404 s0z¢€
6463 H 0%S%€000 . (ZPET49=1SUD NOTLONAONAHGT*XOEILVAUUL 0YER
8960 J 0¢s4£000 ) MACEY68¢YIILLHN
j $660 d Olguedun 2Ud(GULE“S) UV Jy
8¥60 H 00GSE B COUNVACQOLEYYIALINN
6E60 ¥ 00bLE Aanve(QDLE “u)dvia 9eLT
o, 6£60 Y 00gSE INNILNOYD T60Y

3 .

A I R N L S Ao U A S R

T R B A L T T Ty AT,




R C T AT A R R AL S e .

2010 M 009it

(0*S42)lVny0d Hlgy
8010 ¥ 00248

A

(P°Cc401/70°5401314VHHUS 2120

. 8QI0. ¥ o092 £2°00401¢=(3NNADUAHNIIdIAHLT *XOEILVHINE €86/

6800 Y 0US!E

TR e s I e

CORMETRP e el 1dBA)CEUGLYIILINN L1E4L |

@

23

1400 u OUYLE

(OHNCT=r (P eI)dnddI(LERL*S9)0v Yy

CUS RO £

6900, Y OVELE . _ . . e . o CLIMANZ NN

900 ¥ 00447 INes=] 212 NU

T

¥90u ¥ OviLE

S VTV

(29401 ¢2(dUN)DINOAHOT ¢ X0EILVIynd 2867 Mw

¥ 4990 & 0V0LE . o CONSI=10CIIHDAI(ZNOL 09D ILINM L
g QEVO ¥ 0069E CONCL=ZTe(TIWUAICLT2L9G) IV IY ;
L .

£ 0€00 y 0V@vE

(2°93¢=23YdHP¢C*94¢=00dHN *XCEILV 1a0d dvL) :

Ty

3 V00 9 OOLYE o 3N4ea94CAulles) Al

§

e $000 ¥ 00yvE 394€294CUTEL¢SINVIY

3 N3 0 § S TELLY 1

’0-
!3

(™

— 9600 ¥ 0099 .
teaprsverns AIN3HO3S IO LYVIS

L K2t paeEnadHy e X0EILVHND 02y

alk i

e

Y

LB

e
<
4

1 4 ) T Bk 2aL o ity Fu b e
22w o e 0P Vet kot bR saC




RS AR 1 R SR P MU R AR R 7 X

{
Vhee o

TEmw TR SRR T

24

T grces

R R TN T

R

Y C L. dneLCelegeyiatiin
(0°402)1viald 2126
INYLCLTLHSIAVIY

(2°0T4R=CUDA CANNIINNLIHGTOXOEI LY iuDd 21609

(Z°014ue=CANN I TTX0EILVIq0d S1ER
(2°QT 4= 401 IHGOXOEI LV ulld witER

ngzz..nﬁ\ﬂﬁ._vz:.gva~—mxxrvuh»z= 9iE

CORNEI=PC(PaTIIRNLIICEILZ 9)aVTY
CIYMAN=IONWN
.uz.,n~ g1eq 04

(ON¢l= anuvaa_quan—mwntuuhuxz

CINfT=T¢(1270L)CEL2?S)UV Y

ININCHTEBCYIILINM

8Ig0. ¥ 9&6LEVOL.
RI20 ¥ VC6LEVOO
U020 o 2¢6.1€V00
Y020 o TSolEV00
8020 ¥ 0C6LEV00
90Zu Y 2462E000
6810 ¥ 9362000
1210 ¥ 9I6LEV00
6910 ¥ 2162£000
¥9l0 4 0162E000
L¥10 ¥ BUGLEVLOO
0E10 ¥ 906.€000
0210 Y 106££000
1110 ¥ ¢062€000
9010 ¥ 006.€

JULICETZCIIVIY 1€44

161 01 UY (O°*aN‘IT)4]

LIRS . 2

2w .
e e L EapOL o e L LB e aEE LAY e A it Pt gL w AR S o 3. ot Lib  Nattabidss Lt m A o o ) ety 0 AR

1467

g A Y

it S P Faodlile At

TR %ﬁﬂﬁw.ﬂﬂ.ﬁ«i%wﬂﬁﬁv_éﬁﬁﬁa.ﬁiﬁﬁasqiﬁﬁaﬁg.ﬁ.!.




N T e et T T ook TR TR
k4 T e e U e L ,

. ,... .. = . /ﬁ v i Iz rgf U aeting g 3 3 > L

1~ ' L} . d
3 d
1 4
: _ 43¢0

¥ 0098¢ OL SI AJIT0d @314193dS v N3IHL 0 GL TVNG3I 10N wmnnY 4]

*UININYIL 3y )
. 41€0 & Ougue 38 LSNW AJ1Ud WNWLLAD NIHL €0 0L VB3 s)1 enmanw ‘IIBVIUVA dlxexvs2)
. 2I€0_ ¥ 00y mu.._mn_.F......lu:zzf.iz:q.u:smxu:.x:.ﬁ\...W.Mmrtﬁw.ﬁ.muus!‘- ;
m $0€0 ¥ OUgwE CHIHLW WYL LR OANN CINCAVANCABHAN ©IM 1 LW OIINL LW IHRNY 1175
% 80€0 & 00c¢ut *ININAINDI IHL ANV ININOGHOD HIVI “49000W HIV3 30 MiVdiy Jd m
ww VOEO_ ¥ OUISE  3HL HUJ SINIWININOIN $NUHNYH FINVNIUINIVE Tvnnny IHL 3LV INOTvI*vansnty “
“ 80EV o 0Q0ovE FNNILINGY 0861 :
W SO0E0 ¥ WU6LEVGO 1R61 0L a%C0 *4N°* IT) 4] W
h‘ $0£0 ¥ 9v6sE000 — e K29 408 = C(A0HdHHIIMOBIHGT ¢ X0E ) LVHAD 4 2een w g
W SO0ED M Hw¥6L2£000 nm.oucﬁqua&zauuu:npxanqxcmvh<zzau 12€q
3 S0E0 ¥ CY6LE000 (2°94¢=3NALHGX0E)LVUNDI 61gq
m 982y ¥ BE6LEVON - (ORNC (=P e(PeTINNAIIZEERe9D 3] [Nn 02€R :
m 9920 ¥ 9€62£000 ) aozzaﬂuﬁqhﬁamuzaxhuhhﬂwa-mvacum
1 9920 ¥ BESLEVO0O . CI)nHN=)Hy j
P 1920 ¥ .2€64€000 IN¢i=1 02€8 Oy N :
9920 ¥ 0€6.1€000 e e AON€EaLOCT30081)(TEER 4931 1y
; ., 4220 ¥ 826.€000 N (ON‘T=Iec1)onAL)(L126%5)0v Iy ;
m ‘ ; hind
£
: ﬁ —
g s T L g e g A S Sy L S D Bt Y G i il e e
N S T S S N T T Y




58

€€€0
ie€0
QeEu
02€0
61€0
61€0

61€0

; 61¢€0
: 61t0
6lev

3 61£0

410

AR Y

R L

45¢0

A

PESS AT VR Wl AL

WA e X e
el 3

ERE e atie L S

»

a meme

R R A YT

H

0066¢
ovgot
00s6€
0096E
00G6¢
0Uy6E
00€6E
0026t
0010t
00pot
0V6BE
009ut

0Vsut

\

NCE=NN 1% 0Od

(40U ) (P I INHWAV=(P e[ IWHAWV(E*DI* )41

JAN¢T=r w6 DU
hh VI:ZHILZ

InNel=l w6 OU

gei=1 #A U

0 H3LVY U3NINHIT A0 34 THTIM uc«qwcwm:::-lm

3N00W 40 LSO 34t NO AV TTIM NUILINNS AT 4 ML 30 NulvVIod h] m”
INL LVHL 123443 441 anV SISO NOILVLINUASNUML *UdnlRHYLidy IV 2
INAWIVUNVA ANOLINIANL OGNV 39VAONES SLHVICCSOEI IINNUSH Id JINYNIL 1V D
SC3LIAININGINDT 1S31L HO4 SINIWININGY °*86= {MINIIVLIS URV IN[Ud SIHL J

N33A1 38 031vINDIVD 38V NOILIINGY aT14 3HL ONIuTHAISTIN SHILINVHVAR¥exN(c)

OOQ"ZJ ‘-:_J.V,

666 N 09 (0*AIN*NMUNY IS

‘(666 111 Nu) GALVRTIVAI 3Id o}
el RIS T AR FE gt T R o B W T B e A RN " ” .
KGR e, R B T s R SN o A AR o S DY




nE s

) e AE

SH TR, R R a0 ey T e,

v
-

IR ¢ Gy

9000 ¥ 00Ug1LY CVIDOHSNECIVANPCTIIHSHHAO I ZCANCTITL=AT INK

EOV0 ¥ 0021¢ JIN“T=XX% €0 Ou

20%0 ¥ 0091y

e . *0=LSyIL

C0%0 Y 0UgiY ANNTLNDD T,

Y6E0 o OUBLY CHASTISORH+CP ST YWHRWYSCHNC)ISOn
69€0__4 OUEly N S —— 2 S (i S L AN P LR S T P VR
SEE0 M QuZiy HIVAIY FINA0OW HIVE HOd SOW S3ITJITLINIA] WSuWrsx¥sq)

PEEQC ¥ 00TV STRNST=HA |y Ny

V€O 4 0001Y. . e L

. - S .. ANLLINGY of

4.€0 4 00601 (AP OTINHWAYE( AN 1) 3L

69€0 8 00Q0Y 6t UL 1Y Creane(MAereIXIngdioi]
S9E0 4 00400 e e L 3T000W VNI LeYY )
S9€0 ¥ QU9oY V JU HIVd3IH 34l vyas A34INUIN ST LVHL 31 -jui SITATINIQL [H3levrernp)

¥9€0 u 00g50% JINCT=NY o€ NU

....... e R . .@»m:z.wum:z cey
“'GGE0 " ¥ 00E0Y

SOHNCL=NWY 28Y% Qu
2S€0 o 0020¢%

*O=(RNC1IIL THY

150

ke TeailoSr o




D o L S C T L B e A gy - .

L

250 ¥ 001¢v WHL+CTINIVEL/ 34T T30 CWMIMYWX 3 CHADHANE =0l

eov0d o 000t (RNY D LSOIAS(HNIWNUNSLSUIL=LSUIL ;
vov0 4 0064y . . CHISIANNECHIDI AT IH= (M) NN : .
2ov0 ¥ 0UgcY . - o LERED CISIE PRWR T
YEV0  H 00 20 CDADHSH*CIVUNLADAA2C DIHSHHAN) 7 (AN TISNRSA ] (X
pELO H 0994v000 *l=wldd(b*03*) 41 ;

tEv0 Y @wcmccoc dddsNd

82v0 4 0092y SCWN*T=Wa SV (U 3
- ,

lzou  d 00GeY 9*0=ayl ~ |

9200 o VOvey . o N f0=Su0L . ;

92v0 Y OLECY 3ONLIW0U EY ;

€2v0 ¥ 0022V 1S0aL=(rel)4u3l

6190 ¥ 001y e (OIMI LSO A1 v (HMINNN+LSUIL=LSIY

2190 d OVOCY (DISINNECHAIAS TN OAND v NN

Yiv0 ¥ 0061V AITINXECHNIALIN

S A TR AR

> - »
. .

S A A I s MBS b 3 o T ST B ol



Rrgon,

P R SR R PR P R E s ————— S E S S S
w
4060 8 0¢9pp000 NIANLL+» |
1. 4690 ¥ 0b9v%000 z_hu<uahzuuah.w\a‘vzpwwn.mﬁ\mcx.du~Juv.ﬁﬁ.a.\moz.uuaquv\; ‘
g .v.wmmp 4700999000 S AMIHAS=(NILSI 2/ (e i/ dON- 4TI/ CUIMLSCHILS ) IENEANTL i
,uw }99¥0 ¥ 0USEY (MID*CHIBLS+NAS = NN
: ‘9R¥0 ¥ Q0yyYy (S00L=Cre1)duls
2 2evo_ ¥ 00gwy . _ . . ()27 (¥)LS+1504518000
mm 40 4 002y ASYIINe =X (b 00U “
ww , 9L¥0 4 00wy 0°0=NiANTL h
w © Suro W 000wy . C e e . . Qfo=NImwIy @ ;
wma;\ ‘GLTC 4 "006EY 0°0=nNS u
m E 8950 ¥ 008EYy CAYLV S A0 T IA0ULS LS D eI s :
w _BON0 Y 004EY  SAWNNCDIBLROHENINCAYONCAGHHAD ¢ 1°AO0HSNALSCdSYTINP«1) aJ¥NUN 1 vy )
i o990 ¥ 009Ew SICAT 2 |
wm A 9¥0 4 .00SEY 3INGON HO04 GIHINOTN SIUVAINLS SLHVA SINIWNILIN INTINUHUNS dIHNUN**5%30)
T . 3990 8 00vEy *0=(SudL
Wh WevD U 00f¢y o . o asULE(r L) dISOR
. . OGP0 4 '00ZEw ' , JONIINDD Gy
|
L




AN RN

YR KATRIN A AP 4 e ol 4

T et T

... Civve= AINIHILYIS) H1VaIN d
I€S0 ¥ 0VLOYY INIWAINOT v ¥NNT *NS 41 “a483INLISNDI NIIT QIMINOEWGD TV IAvH*¥rsag)
1€S0 ¥ OUsup =1
] OESU ¥ vugyey nNs Ml “
m 0890 4. 00249 .cn.?.;v. ,..kwo
w BZGQ o 0094Y F=n
A
- 4290 M 0UGQYY .zu.<¢wﬁmm>2m 38 GL SATITINA L SIL41)4dS 2 m
4290 Y OUpLY LYHL adVD ViVe 1ndNl NU AOTIT9d L1SHI4 LY M0 ul [=a L iSevexap) w
4250 o OUVESY IINLIEDD 66 5 m
0csv 4 ovesy (FOldddnds WHLAHIANLL4NLS+% h
SISV ¥ 0014y (PIdILS+ 34T 13201 6 1IdISUNACLeTIAITISCI*P[IdSILNY
10 ¥ 0VU04uY (30VA201S 4700UN 40 19443 40 NOLIVIAOESNY YL FanTavd FuN S30U) *1 4] "
1180 o Ovenw ]

‘I3A37 LV 3INA0 HOVI 40 dI4 403 1S90 IVIOL M SI (1M ¢1l) dSIlule**%ay)

S A )

o~
Q
n
[~
[+ 4

0vgY Y A (P e1)49d:(r 1) deng n

408C¢ ¥ 00zyy JONLLLDD) 29

o oserm muse

YRy e S R e A o eI

o IR 11 R s Aot Aedvaven o Ly




e S T IO S TS T T

ST E TN B e SR TSRS RN N R RN, b
1,
;
4

b

L9960 y 00y, SNHNCTaRY pgn Oy

< 0960 o 0022y rel=T hyh 0

. 4dSSO__¥ 00924

T e L MOEOM D L £y
10650 d 000Gy ILNCL=xNN Egh U i
4980 Y OUyLe PeI=) Eud Ny |
: | WeS0_ ¥ Ovgyzy e Lo CWda=g 4 ;
w \ C¥SO0 ¥ 0024y *08YJ VIVA 1ndnl NO INTHVIddY «(WIN “338HNN 4n 3nvA S1L d AJ[1gd**ss21)

o 2880 4 -0012p

®y=x

ot b TS IR
s

L

A 2950 .4 0UO0ZLY .

e C e e e sl A

X ;
ms‘_ VRS0 ¥ 00691 T3IML HIA NAALY MAANN ADIN0M LSHTH U1 NNALIN SISNV)ereiro

L F
.,

S 6€S0 o 0089y Zhno (1L NY (OHN*LY*P, 3L a6

- ABEO 4 00290 e L (Zpp9= INJAILYLS) 3 L

“f e “
3 LESO M 00990 UIVA3N INANUAKOD LV H0AT eny 47 ‘OFUIAISNOD 936 STUUON TV JAviesssgr)

e LESO .M 005yy =

| smso. w ooyew S PSP m

K SES0 ¥ .00cyY

m €€SG ¥ 00299 Inn9 0L NY (IN*LY*T1541 00] :

s

CLYARNZ=IHN




A AR A S e S adsiia e e _ R . qm
|
|

4 dugew . (Vere1dasoiniat *¢Idiald ¢ |

& 00866 - *SNUILVYILATWYE 3VVMIULS FINGOW 80 S1S09 NOTLFELNUDSNYL 5 “

4 001by ON 30434341 €13AT INYS LV Q3uNU4NI4 INT K13 0NV 41 d+v38G1) ;

; 1650 o 00coy o e £ 0L w M
w 650 4 006ub (SAMANCNNY LRI W I IVHEL *dOHSNE AuMr» :
w 2650 4 vy dOWIELHCAVONHIMCGTISUD S LSNVYEL CONTINOTOr € {INSNVYL T 1V “
; 90SO 8 002 13TV Wiy GME_ D3431 413 NIIMLIN SIS09 NOLLVIMDASAYHL ILVINGTeIeereris
¥eS0 § 009ub . . 2 01 nnCo*d3* 31N 4: pa
€650 ¥ OUgwy . . INe 1= § 1y ;
i90  u_ovyer e L .__O0OF Ny uY (0*93%1)4i “
w 0960 Y 0Gggy 3INAUN AVMYAONHL HUd iSslswsagl) \
w 6260 ¥ 00Zwy Cd)9T 421N M
m giso_ ¥ ovigy __tdmra=N J
;. “'9is0 d oocut . o (d)dla=)
- €450 ¥ 00610 N S t0=(MAISON ey
j
7
R e B N SR8 oA Lo osiintc e SR S

ot he D o B A S 4, N LS T T




v
A

8990 ¥ 00go0S
u, * Kl ﬁ., . .
NM@O d Oﬁuom
f oy dvis :
9% & be9ds000 -

9690  # 01906000

690 o 0090500

zz:m+z~>z~»+,m:qp+uﬁh4u¢ﬁ¢,~uxzmhmo+nJ.u.Hvmnu>:»uhw.hvhanh

CiPeIdDIwC2/CPelINHNIS+( 2

1SuUd1=C12401Ls

..Z» Vies

F/7d0H=34I7 )2 (2T /30834l 14) /%

(P OIIURNLS L UHSI+22/0( 21/ d0MaT 4113 /(P T IHUNIS=LMNS) I =NfAmT L

S¥90__u 00gos CPeLouINNLS+INUSE LUNS L IN T, 41
2690 & 06sus (P eT6IINNLS = LM

Nmoo d omnom (FerIDIR (Pl 8NNLSEY NS

-wmuo 8 00204 ) o mﬁq~Uuu¢h3.~.cv:xhn+hwag_nwnogwa:wuiuwwmw.!(-
¥290 u 001US (Fe1)Dn (P e iMINNLS=1S

ﬁmwo ¥ 000us 0=(r i)y
_910_ 4 ovesy CANYC ANLV L CHNY LSS4T TIENNLNLG L AWLN LIS FAUNIHAUS