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determine inventory levels at various echelons of supply for
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generally, to maximize some measure of equipment readiness, subjec
to budgetary constraints. These models vary in their structure,
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This thesis examines the characteristics of these models
and offers an alternative simulation model, Multi-Echelon
Technique for Evaluating Operational Readiness (METEOR), which
can be used as a common framework from which to compare and
evaluate the analytic models. 1In the examination of other
simulation models used by the Navy, it is believed that METEOR
is unique in its ability to accomplish this purpose. METEOR
may also be used to evaluate the impact of changes in supply

related policy on equipment r:ea«:lines;,,‘i
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A BSTRACT

There are many multi-echelon iaventory sddels in use
vithin the Depar*ment of Defeunse. These mcdels have been
used primarily to det2raine inventory 1levels at various
echelons of supply for coamplex, aulti-indentursd, hardware
systess. Their objective is, genarally, <o saximize some
measure of eguipment raadiness, subject to budgetary
constraints. These models vary in their structare, assump-
tions, mathematical objectives, and optimization procedures.

This thesis examines the charactaristics of these models
and offers an alterrative simulation model, HMulti-Echelon
Technique for Evaluatiny Operatisnal Readiness (METEOR),
vhich can he used as a common framework froam which ¢to
compare and evaluate thz analytic 1iocdels. In ¢he examina-
tion of other simulation wmodels usad by <+he Wavy, it is
believed that METEOR is unique in its ability to accomplish
this purpose. METEOR aay also b2 used +o svaluate the
impact of changes in supply relatzd policy on equipmen*:
readiness.
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I. LEIRODUCTION

Cosmercial enterprise has traditionally regarded profit
as a primary sotivating factor in decision making.
Decisions to makeé or buy, sell or lease, invest or spend,
are usyally guided by the notion of profit. By using
profit, or a suitable surrogats, 2as a measure >f effactive-
ness, decision alternatives are re2adily quantified. In
regard to matters relating to logistics support, and inven-
tcries in particular, businesses haive generally socught to
minimize their costs. Sost ainimization is a reasonabla
surrogate measure of effectiveness ia this instance, in that
reduced costs in an ovarhead account are tantasount ¢
increased profits -- th2 underlying >bhjective.

Historically, the Department of Defense has used tha
sase gereral mcdels as industry t> establish invertory
levels at their numercus inventory stock points. Claarly,
the objectives of +the Departmert of Defense are pct profit
oriented. This obvious fact has besi duly recognized ir <+he
racent past and policies have shifted accordingly. The
following excerpt from th2 PY78 Defense Authorization Act is
evidence o this fact.

The budget of ih. Dega:tleut of Defense submitte to
F sar 979 and subse uent f scal

congress
¢ars s rclude data proj ccti th the
;ppropriations regqueste fg Razer g1 readgnass require-

fents.

Logistic support of complex weapon systeas is a large
part of the resowces to rseadiness problem addressed above.
This, tcqether with other high 1lev2l directives and policy

guidance, has provided ths impetus f£or the development of
inventory models that measure hardvare performance and

aission readiness charactaristics.
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Addi+tiorally, when saseking the nmost effective u:iliza-

ticn of resources, one aust know where thiose resources

should be placed to have the greatast affect an the *otal
force readiness structure. Optimizing at each hierarchical
level of an orgemnization will rarely result in an optimal
strategy for the vhole. In respons2 t> this need, inventory
models have been developed which encompass the antire supply
system rather than irdivilual levels, or echelons, which
make up the supply distcibution network.

A general class of mcials has evdolved which feature both
equipment related perforiance objectives and multi-echelcn
supply optimization. Onfortunately, thke complex modeling
issues irvolved prohibit the use2 of exact aathematical
representaticns and closed form aralytic solutions. It is,
therefore, =xtremely difficul:t to »>hjectively evaluate *th2
relative m=rits of thasa mod:zls. In this thesis, one
approach is offcred. It is a simulation that featurass a
multi-icden*ure, equipment :orientsi model, Yulti-Echelon
Technique for Pvaluating Operational Readiness (METEOR),
that gererates demand cn an integrat23, multi-echelon supply
systen.

Chapter II provides a brief backround and some coamon
characteristics of nmul4i-echelon 1aodels. An objective
shared by many such aodels, operational availabili:y, is
discussed in some detail. Chapter III outlines “he priamary
multi-echelon simulation azodels currently in use by %he
Navy. I+ conclules that METEOR is unique in its abilisty ¢to
assess mnmulti-echelon javentory =asddels and the supply
systea's impact on weapon system pacformance in a shipboard
environment. '

In Chapter IV, the eguipment r2lated aspects of METEOR
are presented. The hardware system, its operation and meas-
ured performance, is =modsled through the use of TIGER, a
product of the Naval Sea Systems Comaand. TIGER's operating

10
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characteris«ics and options are raviewed and discussed.
Chapter V offers a detailed presentation of the METREOR simu-
lation. The potential usar of MEIrEOR is provided, in the
appendices, with the docuaentation nescessary to understand
ard exercise the simulation.

Finally, in Chapters VI and VII, the reader is provided
with model validation results, concluding remarks, and
recommendations for futura resesarch.




IT. BULTI-ECHELOE INVENTORY HODELS

A. A BRIEP HISTORY

Classical, anmalytic iavertory md>lels have been in use in
both the public and private sectors for mary years. The
earliest and perhaps most wall known model is Wilson's

Bcorcmic Order Quantity (FOQ) foraula. The field now
abounds with a multituda o>f variatisas on that 1odel, but at
the hear+t of each, two considzrations are generally

iaplicit: (1Y the objective function minimizes the total
variable cost of inventory, and (24 given a hierarchical
supply retwork, an individual invantory stock point acts
(optimizes) independently of i+s source of supply, lateral
courterpazts and customers ir terms >f system-wide inven‘ory
levels.

The term "multi-echelon" first appeared in the litara-
ture ir 1958 ir a research memorandum by A. J. Zlark of Rani
Corporation working und2r «cortract :t> the Air Porce. The
moiel wused dynaaic pr:qfalninq techniques in pursuit of
optimality but made no claim that optimal solutions would b2
achieved. Most impcrtantly, howsvsr, there was a perceived
need <to integrate ths inventory stockage policies of
ccaplex, hierarchical supply systeas. During the ensuing
decade, Rand Corporation continued rasearch in the field of
aulti-echelon systeas, anl, 4in 19653, Craig C. Sherbrooke
published WMETRIC: A Multi~Bchelon Tachniqgue for
Recoverable Item Control” [ Ref. 1]. I+ vas purported to be
the first =multi-schelon, aul<i-itam aodel proposed for
implementation. A notabla featurs >f this model was a shift
in emphasis on the objective function from one of cost mini-
aization <through arbitrarily assigaed backorier costs %o

12
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that of system perforaance uwmaxipization. As Sherbrooke
stated [Ref. 1],

Instead of coa tin; stogck levels on the basis of arti-
ficial ‘it mnates o holding cost rate and  backorder
cost, thls approach focuses aanajgsaant zttontion_on the
entire weapons s{stel s9 that an appropriate cosbination
of systeam 9ffectivseness ind systas C>st can be selected.

There have leen several aulti-echelon wmodels developed
since that time. In the Departament 2f Defense, each service
has adopted different moials. Although each service has
employed gmore “han on2 such aod2l, the following three
deserve mention:

1. Availability Center2d Inventory Model (ACINM) - Navy

2. Multi-Bchelor Techaique for Raco>verable Item Control;
Modified (Mod-~-METRICT) - Air Focce
3. Selective Stockags for Availability, Nul+i-Bchelon
(SESANE) <~ Arnmy
Some of <*he comamon <charazteristics and features of these
models are discussed in *has paraqraphs that follow.

B. CHARACTERISTICS

The models referrsd t> abovs hava been developed prima-
cily for use as tools t> be us=2i in the detarminaticn of
inventory 1lavels at wvarious sapply echelons for coaplex
equipmerts and/or hardware systaas, The number of echelons
represented can be as faw 1s two, >or in some cases, @gay be
theoretically unlimited. 3 typical supply echelon structura
is shown in Pigure 2.1 .

The hardvare systems are typically nmodelsd as a hier-~
archical series of compounents and subsysteas, coamonly
referred to as indenture levels. - Again, the number of
injenture levels repressa2ntable by any particular amsodel
varies, but is generally limited to two or three. In most

13
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Pigure 2.1 Typical Supply Bchelon Structure.

cas2s, <the ccaponents ar® +reatsd as being connected in
series ir a reliability se2nse and, therefore, a failure of a
component resultes in failure of tha systenm.

Because of the extrem2 analy*ic complexity inherent in
multi-echelon modeling, closed-form solutiorns t> the prchlem
ars impractical for implemantation. Therefors:, most models
in use today rely on analytic, highly structured, solution
techniques orimarily through mathematical programaing.

Another characteristic cosmon +5 many aulti-echelon
nodels 1is their assumption that raordering is done cn a
one-for-one basis, and *hat an echszlonr aay only be resup-
plied froam a higher level (i.e., n> lateral resupply). As
in any modeling effort, assuaptions 1like these are made %o
erhance <the aodel's tractability. Howvever, these two




B b VWS !

e N BAG ,-

T R

P e

b in iy g

par+-icular assumptions are clearly violated in real worli

practics. In general, reorisriny 4is done with economic
orler guantities of some sort, and critical equipment fail-

ures will invariably result in lateral resupply if necessary '

and feasible. The effect of thesa assumptions has not been
made clear ia the lileratare.

The relative merits and limitations of =zulti-echelon
models versus 'ccnventisnalt' singla 2chelon models is not at
issue in this rarger. Hovever, the following points deserve
consideration. One characteristisz common to these mcdels
+hat has 1limi*ed their use to 1isolat2d4 cases rather than
full scale adaptation, is their requirement for a de+ailed,
ard accurate data base. Generally, <the data required by
these models is not readily available and an entire manage-
ment information system (MIS) woull have to be structured
and implemaented *o support a multi-2chelon invantory modal.
On the other hand, th2s2 models, as a class, possess an
extremely s*trong intuitiv2 and analytic appeal. Not only do
they inteqrate the supply system so as to rapresent th2
various Interactions betwvean echeloans, but, <+hay also focus
managemert atten*ior on the impact of a supply system on
wveapon systems instead of pieca part suoport.

There has been a trend, in ra2cant years, to emphasizs
tha relationship between readiress and resources. These
modals endeavor to provide a framework from which to analyze
that relationshir. Por this reas>n alone, they warrant
fur*her development, study, and investigation.

The next section discasses the z2asures of effectiveness
usad by the sulti-echelon models.

15




C. THE OBJECTIVE PUNCTION

1. Qperatiopal Availabijlity: O0Oiscussjon

Historically, the most <co>rad>n measure of supply
performence has been requisition effactiveness* and an asso-
ciated measure of stockout risk. Po>r a given item, it is
possible to calculate the probability <that the item will be
available at any arbitrary time. Thus, it is possible to
deteraire inventory levals by nminimizing *he t>tal variabla
cost of having an iteam in inventory subject t5 a spacifiaji
stockout risk, c¢r, to s>lve the dual problem of ainimizing
stockout risk sutject to a cost constraint.

Multi-echelon m2d2ls, on the o¢her hand, genezally
purport +to measure sSystaa effectiveness vice requisition
effectiveness. The most c>mmon vehicla for this measurement
is operational availability (Ag . dJperational availability
has been defined by the following 2quation:

MTBF

Ay = <===cccccmmmcecceeno (2. 1)
MTBF + XTTR + MLDT
vhere,
MTBP is mean tim2 batween failure

MTTR is mean time t ir the equi nt
T subsquent to ?affﬁ%e qupme

MLDT is mean logistics delay time

In words, operational availabil ity is, in the long run, the
probability that an equipmant will bs available vhen needed.
It is here “hat a controversy arisss.

opt TS E0 SRS 000 ) P, e IR RS SREAREED:
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This measure has been criticized f2r its <to<al

; dependerce upon mean times, vhich say or may not be relevant
i to the mission at hand. Por sxampla, assume that an equip-

ment is +0 be evaluated on the basis of i¢s operational
availability vhere an accaptable leval is 0.90. Given thnt
the equipment has a demonstrated MIBP of 100 hours, HNTTR of
1 hour, and NLDT of 9 hours, the calculated A i3 0.92. The
‘ equipment would be evaluated as having an acceptable A,.
However, consider that the equipment will be wused in
mission scenarios which have 120 hour durations and “hat all

e PN e

failures are catastrophic and result in mission abort. The
acceptability of this egjuipment is nowv open tc juestion.
Second, one of th3a key assuaptions made in arriving
at thLe steady state formula given by equation 2.1, is that
unlimited spares are available t> 9affect repairs to the
equipmert. This seems somevhat incongruous in light of th2
fact that the fcrmula is used to Jjeteramine the ‘aumber of

TESED L et et e L A A R -

spares +o0 be allocated to achiavs a statsd operational
availability.

Third, although ejua*tion 2.1 is the "acceop*ed" defi-
nition of operational availabilicy, the definition mzy be
applied differently depa2niing on the scenario at hand, when
applied to hardvare systeas and their component subsysteas.
Kaplan presents two such cases ([Ref. 2, p. 18]. In both
cases it is assumed that a coaponan*t failure resulss in
system failure. Consider Zase A, wherein it is also assumel
that no other subsystem or component car fail when a systea

AETS maen L o~

is down. In this case, the formul: for Ay is as shown in
equation 2.1, and may ba calculated vith the following
equations:

17
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MITR; ¢ MLDT|-1
Ao = 1+, ===bo ool 2.2
° 1§1 NTBF, -2

vhere, i represents the i-th system conponent.

In Case B it is assumed that component failures are not
affected by the status 52f the systea. The resaltant opera-
tional availability for the systeam is *hen:

n
MTBF,

i = SRt D (2.3)

i=1 MTBR, + MTTR, ¢ MLDT

where, i represents the i-th system conponent.

On applying both formulas +o four tast problaas, Kaplan
found that there was no significant difference in A, calcu-
lated by the two methods. However, inspection of *he two
forsulas revaals the potantial for sigynificant differences.

The preceeding paragraphs 2-2 offered to demonstrate
that there is a need to saricusly consider and svaluate the
manner in wkich the objectives ar2 juantified in any given
model. As a matter of practical conzern, howevzr, the oper-
ational availability measure has besa, and is being used,
with varying degrees o3 saccess in many applicatioms. Tha
following paragraphs will lemonstrats its application in the
three specific nodels aentionad previously: ACIN,
Mod-METRIC, and SESAME.

2. Qperatiopal Avajilability: Application

Given +he opsrational availability definition
provided in equation 2.1, it is readily apparant that wvhen
holding MTBF and MTTR fixa21, Ao is maximized by miniaizing
MLDT. Therefore, the aost common form of the objectiva
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fuactior for a supply model is to minimize soms me2asure of
requisition delay tim2 (2.9., tize-veighted backorders)
subject to a constraint on investaent. There is ornly a very
subtle difference in this =rejard betweea ACIN and
Mod-MBTRIC, as evidencad by their objective functions which
appear in Appendix A. 8043-METRIZ aminimizes time-weightedl
backorders, and ACIN ainianizes times-wesighted backorders per
desand. Both models are constrainad by investment. The
SESAME model is somewha* 1ifferent. The objective is +o
ainimize total variable inventory costs (i.e., ordering ani
holding costs) with a constraint oa the expected number of
backcrders. The constraint is placel in the objective func-
tion and <the associated Lagrangian aultiplier represents a
backorder penalty cost. Prom the =xpected nuabter of back-
orders, SESAME calculates the ovarall "average logistics
downtime” and uses this calculation as the MLDT for input ¢o
the iy formula. An axplicit formulation for the SESAME
objective functicn appears in Appendix A,

3. Qther Measures

Although operational availability, or some fornm
thereof (e.g., *“ime-weighted backoriars), . is the prevalen*
measure of effectivenass in multi-echelon, mul+ti-item
mocdeling, other objectives have been proposed for use. The
Air Force has shifted Zits emphasis in some of their more
recent models, toward a asasure vwvhich reflects the maximunm
nusber of sorties which are capable of being flown at any
giver time. Ancther measare wvhich 1is used in 2 coamercial
multi-echelon package, 0PUS, ([Ref. 3], is termed "mission
effectiveress", and can ba thought of as a measare of systea
reliability. OPUS also eaploys other measures o>f effective-
ness such as Ag, risk of shortage, 31d waiting times, in its
various applications.
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IIX. BOLII-RCHELON SIHULATION

A. IRTRODUCTION

The analytic models liscussed in the previous chapter
generally serve to provida actual inventory levels for each
echelon of supply, and the resultant ‘*readiness' measures
asscciated with these lavels. Multi-echelon simulations
have been developed, in large part, to evaluate the sensi-
+ivity and effects of changing various parameters upon
readiness. Generally, 3imulations are developed to repre-
sent systems arnd events which are too complex <to analyze
analytically. The analytic aulti-echeloen =mo2dels in use
tcday are not exact <treatments; they are hearistic aagd,
tharefore, may nct provida globally optimal solutions to the
problems they endeavor to solve. When additional
constrairts and embellishmsnts are added, even a heuristic
treatment often becomes iantractibla.

By theiz nature, simulations oaly provide estimates to
tha performance measuras of interes:. Repeated sampling
improves upon *his estimate, but even with a vary detailed
model that is run many tiamss, there is no guarantee that the
estimate will be an accura*e repr:sentation of the real
world. The objsctive, rather, is %> have “he facility to
compare many systems and/or policies under controlled condi-
tions, These conditions should represent the salient
characteristics ¢f +the eavironment in which those systeas
anl policies will be operating.

In +*he next section of this chapter, four aulti-echelon
simulations which have bezn developel for, and used by the
Kavy are examined. In the final section, the nead for
another such model is established, and a nev mcdel, MNETEOR:
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Multi-Bchelon Technique for Evaluating Operational
Readiness, is introduced.

B. CURRENT MODELS

1. General

Multi-echelon simulations have beer 1aveloped as
tools to aid in the evaluation of alteznative supply poli-
cies which affect the material readipess of hardwars
systeas. At issue may be the da2tarminatioa 2f various
inventery and recrder levels, <transportation amzthodologies,
budgets or any cther numb2r >5f supply related parameters.
- In this context, the systaas being suppor-ed may range froa
relatively simple equipments to entire fleets cf ships or
aircraft. In a quest t> juantify its readiness posture, the
J0.S. Navy has sronsored and/oh developed a nuaber of readi-
ness assesssent type simulations. In general, these may be
partitioned into two groups: equipmant and supply. The two
groups are distinquishel by their z2asures of 2ffectiveness
vhich are characteristically equipment-oriented in one case
and supply-oriented in the otker. All models 1iscussed arz
Monte Carlo, discrete avent simulatioas.

2., gships surply sSuppagt sStudy (s4)

This simulation was devalopel in +he early 1970's in
response to a Chief of Naval Jparations (CRO) call for an
automated model which would relat2 3ollar outlays to fleet
capabili+ies. Surface forces of the Sixth ®lazet fora “he
basis and operating scenario f£or tha wmodel. Pour echelons
of supply are represented and modelsl in great detail. Each
discrete echelon model eabodies the actual forecasting and
replenishment routines that were in current use by the Navy.
Each echelon, lovever, is treatel independently of the
others. They are linked *o>gether only ir the final analysis
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by seans of a2 synthesizer which computes system performance
statistics as a function of the output of each achelcn. The
output offers various msasures of supply effectiveness. 1)
4id not mcdel an equipment repair process or pipeline.
Because of the detail modeled at each a2chelon, the data base
regquired was extensive ani, consequeatly, the mddel has been
considered cumbersome and limiting.

3. Aviation Afloat 21] Ashore Allowance Apalyzer (31)

The SA simulatisn was a follow~on to the S4 study.
I+ vas also sponsored by the CNO t> evaluate resources and
their impact on readiness. This effort shifted the scenario
from a shipboard environaant to thz2 Naval aviation supply
coamunity. The 52 study modeled three echelons +o reflact
typical Seventh Pleet aviation resupply, transportation, and
coamunication channels. As with th2 sS4 study the echelons
are treated independently being link2d +ogether by means of
a synthesizer. Output is supply >riented and data base
rejuirements are extensive. The individual echelon models
may be used independently for analysis of probleas a¢t any
particular echelcn desirei. A major difference between 5A
anl sS4, is SA's expliczit treatment of <repairable material
and the repair p ipeline.

4. SRECTRUM

Unlike the supply oriented S% and SA simnlators, the
Simulation Package for Bvaluation of Carrier Technigques,
Readiness, UOtilization and Maintenance (SPECTRUN), is equip-
aent and system oriental. It aodels an equipsent’s

configuration in terms of its compon2nts and provides output
in the form of equipment availability and reliability. It
vas developed unrnder sponsorship of the Naval Air Systeams
Coamand, Readiness Improvement Offica.
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SPECTRUM is a highly complax, modularized, discrete
event simulation designal to project readiress values for
Naval airborne weapons systems as 2a function of their total
logistics support systam and osperational esployment. The
mnolules are clascsified in two groups, PRISM and RETINA. The
PRISH group simulates organizational and ingermediate level
maintenance and local aviation supply. RETINA simulates
depot level aaintenance ana its associated supply and
distribution network. The PRISM group consists of ¢the
following modules which =an be run 2ither indapendently or
collectively:

IMAGE - encompasses the material, physical, persornel
and procedural processes involvad with aviation inter-
mediate level maintenance

PEER - simulates readval of aircraf+ engines and the
handling of the failed ergine and its replacement.

OPTICS - simulates the effect >f organizational level
maintenance and supply. Incluies aircraft haandling,
squadron manpower, sapply responses, ejuipment rteli-
abili+y and operational -aquireaents.

LASER -~ models and 2analyzes sipply performance as a
function of initial stock 1lavsls, demand and supply
policies.

The level of detail in SPECTRUM permits studies of a
very specific nature. Changes Lo 2ersonnel, test equip-
sen*ts, supply, reliability, maintainability, operating
characteristics and budget constraints can be evaluated and
their impact on readiness predicteil.

SPECTRUM is generally considasred %o be a maintenance
model. Technically, however, it may be considered also 2
aulti-echelon sugply adodal due to the fact that it models
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th2 end use echelon which is suppocted by a conglomerated

‘higher' echelon. Howevar, specific requisition charrels
are not eaployed and its usefulness as a amulti-achelon model
is therefore limited.

S. SINOLAIICN OF A LOSISIICS SUPPORT SYSIEM

This simulation was davelopad in a research effort
by the George Washinjyton University Logistics Research
Project under sponsorship of the WNavy Special Projec:s
office. The simulation is aore spacific in nature than
+those preceding in that it deals exclusively with thz2
Polaris weapon systen. Although th2 simulation uses actual
ocatfitting allovances as an input to <+he model, it does n>
configuration modeling anxi should therefors bz considered
supply oriented.

Unlike 5A and S4, hovever, tais model racognizes *haa
inherent Jependence amony supply echelons and models <the
supply systeam accordiagly. The four echelons modeled
include up *o nire end use activites (submarines), & subma-
rine tender, 2z2n ashore da2pot, and the ul“*imate sources of
supply -- “he manufacturer and repair faciliiy. I+ offars
three alternative modes »>f opsratinsa. In the firs+, +h2
submarire echelon may b2 studisd independectly of the
others. Second, to estimate rsaliness degradation as 2
function of time, submariaes may bs supported by the higher
echelons for a specified time, after which all resupply from
upper echelons is termiratad. Third, it is possible “o vary
depot stocks during +“he simulation in an effort to simulat=2
policies associated with the budgetiig process.




C. PROPOSED NMODEL: HNETEOR

1. Puzpose 2p]1 Qbjectives

Initially, +here was but one intended purpose for
the developmert of a nev multi-echzlon simulationg +5
provide a coamon framevork from which *o analyzz and compare
the various analytic models discussed in Chapter II. It was
shown that +*hose models vary in th2ir assuaptions, their
struc*ure, 2and their objactives, ai1d that simalation is an
acceptable vehicle for per forming side-by-sids coamparisons
of these models. Furtharuaore, it was deamonstrated in
Chapter II.C.1. *hat the prime cobjesctive of tkose models is
equipmen* oriantead. That is, they attempt to reflact the
interrelationships of <*“he components which <ccmprise +th2
systen. Supply performance is then measured by its ability
+c keep the system operational. Th2 author 1is unaware of
any current simulation that coabines both hierarchical
equipment confiquration data and multiple supply echelons
with enough detail to 13ccurately assess eguipmant readiness
in a2 multi-echelcn supply 2nvironmant.

Another btasic purpose for th2 use and davelopmert of
this simulation came <+> 1ight i1 <*he <course of *his
research. The Navy does not <currzntly have a3 model that
will evalua*e the impact >f changes in supply related param-
eters on shipboard weapon system 'readinesst, The SPECTRUM
model has a wide rang® of variable input parameters,
including supply, and has been uszd successfully in the
assessmert of hardware system readinsss. However, i<s lack
of multi~echelcn supply r2alism has b2en noted and, further-
more, the simulation is very much limited to airborne weapon
systea applications. In it curcent state, METPOR is
capable of assessing weapon systea readiness as a function
of the system configuration, the ejuipment reliability, <the
repair process, the wmission, and the logistics suppor:
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system. With *he enhancaments outiined in Chapter VII, this

capability could be greatly expanda:i.

2. 1Iype and Structyre

Similar %o +the siaulation 1asdels discussed above,
METEOR is a Monte Carlo, discrete 2veat simulatiorn. The
simulation code 1is writtan in the PORTRAK IV programming
language., It has two priaary units: +the equipment corfig-
uration and hardware system evaluation uanic, ard %he
multi-echelon surply ani supply effectiveness unit.

The first unit, eguipment zopfiguratiosn, iIs named
TIGER. It is the product of previous work done by the Naval
Sea Systems Command (NAVSEA) Reajinz2ss 3Branch in 1979
(BRef. 41.

TIGER is a generizc name for a family of coaputer
programs which can be us2i to evaluatz, by simulation, a
ccaplex system in order t> es*imatsz varicus rea2diness meas-~
ures. TIGER is being us23 on a stand alcne Lasis by NAVSEA
to evaluate Reliability, Yaintainability, Availability (RMA)
per formance characteristizs of nev ship classes [%ef. S]).
TISER will allow wvirtually an urlialitsd range of sqalpmant
confiqurations tc¢ be model2d, from va2ry broad system repre-
sentations *0 the minute 3etails of piece parts. A morez
detailed analysis of the IM'IGER aodezl is provii2d 3in Chaptsr
Iv. :

The secord unit, aulti-ech2lon supply (MULTE), was
developed to satisfy the objectivas outiined ian Sec*tion 1,
absove. Basically, it modals up to> five achelons of supply,
which can be varied t5 suit the user's scenario. I+ is
capable of modeling up to 30 end-use activities (i.e.,
ships). F-om one to 15 ships may b2 positioned on the east
or vwest coast. Requisition channels are determined by the
ship?!s coast and its oparating audie, of which there are
three: (1) operations withia the continental Onited States




(CONUS) , (2) operations “outside CONUS without Mobile
Logistic Support Porce (MLSP) suppocrt, ard (3) operatioms
ocutside CONUS wi*+h MLSPF support. A jeneric repair facility
and the associated repair pipelin2 is modeled for each

e T — DAY )

coast.

The tvo units are combined to form METEOR. TIGER
generates equipment component failuras (demands) and accumu-
lates equipment realiaass statistics based on the
equipment's operational status. Sivern a2 demani, MULTE will

: process the requirement through the supply echelons, corder

E replacements for stock whan necessary, and raturn a supply

% response %ime (SRT) to TISER. The component is restored *»>
operational sta*us when the replacement 1is received and
installed. A detailed analysis of METEOR, in particular *the
multi-echelon unit, is contained in Chapter V.

3. Advaptagss

METEOR is wunique. Thera ar2 similarities between J
METBEOR and SPECTRUM, however, thay are desibned around two
very different supply ani maintenanca netwcrks. The Navy
has nro other simulations which 1integrate a hierarchical
system configuration with 3 multi-2chelon supply systenm.
METEOR tas a significant <capability for modeling
flexibility, as will be seen in the following two chapters.
Tha potential user has an extremely wide rarnge of modeling
options which may be employed ¢to build a detailad scenario.
| Injeed, the nuaber of usar optioans are sc¢ gra2at tha* *his
B tadvantage' may actually be a hindrance to tha uninitiated
user when first attespting to exercise the simulationmn.

The primary advantage of MBTEOR, however, 1lies in
the fact that it provides a tool that heretofore did not
- exist, It will allowv tha intarestsl analyst to make direc:
comparisons and to evaluate the relative performance of

analytic multi-echelon invantory msisls.

"
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IV. IIGER

4. INTRODUCTION

This chapter proviiles an sverviaw of the NAVSEA TIGER
siasnlation and tlke modificarions ressulting from in*egra*ting
tha multi-echelon supply simulation. BExcellent documenta-
tion for TIGER in its stand-alone form may be found ir *ha
TISER Manual [Ref. 6]. ITIGER was amended for use or the
Naval Postgraduate Scho>l computer in 1980 by Leather
[Ref. 7]. I+ was further mcdified, for application on the
IBM System 3033, by O'R2illy {Ref. 8]. O'Reilly's work
necessitated some wmin>r adjustmants to TIGER output to
facilitate his particular applicatioa. Thes2 adjustments
have been removed to keep TIGER in basically its original
form. Por random number genaratioa, TIGER calls on thes
LLRANDOMII randos number g2nerator I Ref. 9]. The complate
set of computer programs which comprise TIGER, and a compre-
hensive variable listing, are contained in Appsndices B and
D to Reference 7 respactively. Porticns 2f the TIGER
program which have been changed +¢2 implement METEOR are
included in Appendix E o>f this thesis.

B. OPERATION

1. General

In TIGER, a striag of ranjom numbers is used %o
generate simula‘ed equipma2nt times to failur: (TTF) ani
times to repair (I'TR). Based sn tha system configuration of
coaponent equipments, tha system 'up' and 'down' times ars2
determined, ard various raadiress 1easures ara2 calculated.
The simulated mission is repeated 2 number c¢f times. The

28




readiness measures are aqggregated for each mission, z2néd an

average is calculated to provide a statistical es+imate of

! ths actual system performance characteristics.

L Failure and repair times aras drawvn froam exponerntial
distridbutions with paramaters being mean time Dbetween
failure (NTBPF) and mean time to repair (MTTR) for the given
equipment. At the beginniaog of each aission, all equipments
are assigned TTF's based on their NIBP's and a rszndom draw.
The TTP's are placed chroa>logically in ar event gueue. The
first time *o failure is accessed and the simulation clock
is advanced to the corresponding 2vent time. A TTR =is
generated fcr this equipmant again, based on its assigred
MTTR and a randcm dravw. The TTR is added to the curren+
tine (and flagged to identify it as 3 repair +ime), and this
rev evert time is placed chronologically in the evert queua.
This process continues until the naxt event tims exceeds the
end of mission time, at which point +he currant amission is
terminated and a nev on2 is star<ed. )

The number of missions to be run is 3Jetermined by
the user in one of two ways. In the first c2se, he may
spacify a fixed number of missions to be run (from 50-1200
in increments o2f 50). In the seco>al case, the user speci-

fiss a target and lowar confidesnc2 limit for “he systenm
reliability perfcrmance measurs. Yissions are rum in incre-
ments of 50, and system reliability is computed after each

increment. If the *arget is achisved prior to a specified
nusber of missicns, the systsm meats reliabil“iy require-
ments, and execution is taraminated. If the system does aot |
attain the 1lower confilearce 1limit prior to the specified {
maximum number of missions, the systam fails its reliability
requirement, and execution is terminated.

£ N L
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2. Eauipment Chapactecistics apd Systes Coafiguration

The hardware system under scrutiny is divided into
syhsysteas, and *he subsysteas further divided into any
level nrecessary to depict the system in accord with the
usar's requireamerts. Tha lowast lavel identified is teraed
an "equipmert type" and must be assigned a MTBF, MTTR, and
tk2 percent of time i+ will be usel in *he systam. The most:
convenient methoé for dapicting th2 system is to> cons*truct a
reliability block diagram such as that shown in figure 4.1 .
Bach bleck in this diagram can be idertified as being in
either ar up or down state at any given time, By tracing
through the various coapoaent statzs, it is possible ¢o
determire the overall system status 2s being either tup' or
‘down'.

3. Mission Timeline

Each mission is made up of a sequence of operational
phases of user specifiel lurationm that describe the amission
scararic. In e2ch phase, the equipment may be configured
dif ferently and operatad under various conditions. TIGER
will recognize up to six 3ifferent phase types in a mission.
Up o0 91 phase types may be struny together in any order
desired +o represent th2 mission to> be completed. For
example, if the user desires +o rapresent a2 mission that
consists of transit, alert, and enyayement phases, i+ would
be pcssible for TIGER to vary the w2apon systea's cpera+ing

mcde during each phase type. This feature provides TIGER
the capability fcr modeling complex aission scasnarics.
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C. PERFOREANCE HNEASURES

Over ¢the course of sach namission, TIGER accumulates
various statistics which are used t> compute £four perfora-
ance estima*ors. They ara:

1. Reliability

Estimated reliability is the probability that a
systea will perfcra satisfactorily fo>r an entire mission.
Nr. of Mission Fallures (Aborts)
REL(Estinate) = | - s<-ccoommccccccaccccccnncccccnnes (4. M
Ta*al Nr. of S*nulated Missions
2. Ins“antaneous Availability
Fstimated instantaneous avallability is one of two
avaiiability measures used in TIGER. Instantaneous avail-
ability s the grobability +*hat a2 system will be in an up
state a*+ a specific point in tinme. I+ is calcalated at the
beginning and end of each phasa.*
Number of Missions Up at Tzne ()
AVA INST = O S e (4.2)

(Es*imatq) Total Number of Missions Slnulated

3. Average Availability

Estimated averagas availability 4is the probability
+he system will e in ar up state at a random posint in time.
This weasurs corresponis +to ths operational availability
neasure discussed in paragraph II.C.1.

To>tal Systea Uptime
AVA AVERAGE * = =vwcccececerecicacccccrsnancccsne=ua (4§, 3)

(Estinate) Total Mission Time for all Simula%tiorns
4. Readinpess
BEstinmated readiness is defin2d4 in TIGER as.the prob-
ability that the systes will be in satisfactory operating
condition a+ a random point in time. Satifactory operating

- s b G P b A S D WP A B S G @

#Altktough cne ba ing wvhera a previous end the
instantanoogs ava } gva ue g2 bg Xifg;rent ff the
system statesg are cren in the tw> phase types.
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copnditior is considerzd to be wh2n +there is neither 2a
sission abort ner a system down.  When a missicen abort
oczurs, the system will oot -eccver to an up state for the
remrainder of the mission.

Downtim2 Prior to Mission Abort

Time after Mission Abort
RED (Estinate)s =w——cecerrccecrccccccccncanaccana-" ~——= (4. 4)

Total Mission Time for all Sinulatlons

Pigure 4.2 provides sample calculations for reliabilty,
availability, and readiness performanc2 measuras.

System ) End of
Mission §t¢t, C. Misgion
Up
1 e 12 | 2
- 100 Hrs.
Up
2 A2 r
B = |~ ey e 7 7Yy e ——
25 Aborted
. 32 ]

Mission Mission Simulation

i 1 { 2 | Total
Calendar t*me | 109 } 10) i 200
Dovnt ne éAVA) 7 14 21
Uptime_ (AVA 93 1 86 179
Avallabili-y .93 . .86 « 895
Downtime éRED) 7 | 8) 87
Uptime (RED 23 , 2) 113
Readiress .33 e2) <569
Nr. Missions 1 1 2
Nr. Successful
Missions 1 0 1

Reliabilz* 1.3 0.9 0.5

Pigure 4.2 Performance Neasures: Sample Calculations.
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D. OPTIONS A¥D SPECIAL PEATURES

TIGER has a number >f user optisns that allow for added
realisa in scenario developament. some of these features
have been exarcised in tha course 5f this research, while
others Lave been held constant or suppressed. Fcllowing,
are brief descriptions of the available fea*ures. The TIGER
Manual should be consultel fcr additiosnal de-=ails.

1) Logistic Systena. In its stand alone mode, TIGER allows
for spares t¢ be drawn from <three 1levels of supvly.
Inventory levels ani i2lay times for shipment from one
echelon to another ar2 input parameters. Urnlimited
spares is also an optisn. This is no* %o be construed as
a pulti-echelcn supply system, as there is no interaction
between echelcns and no reorder capabiliey.

2) TIGER/MANNING. A saparate- praygram is available to
neasure the effects of manning 1levels and maintenance
personnel on equipment performancs. This ootion was not
used and is pot* included in the current simula‘*ion
package.

3) variable Duty Cycle ani Variabls YTTR. The variable duty
cycle option aliows +the user to assign different MTEF's
in different mission phases for +*he sams equipment.
Variable MTTR is essentially the same option for repair
times.

4) MTBF and MTTR Multipliars. Thasa >ptions change NTBF or
MTTR across tle entire mission tiasline ard are useful in
sensitivity analysis and in detecrmining lower and upoer
bounds on simulation es*imators.
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S) Equipleﬁi Operating Rulas. The usar has the option, when
establishing the equipment configuration for each phase,
to place equipments in either aa operating or standby
condition. Equipments can only £ail when thay ara oper-

! ating. These rules 1also offer the facility *o nmore

realistically model the systea, subsysteas, and equip-

ments as they wvould function whan connected ir series or
parallel fashion.

S

6) Allowable Downtime. This option allows the system ard/or
subsystems to be functionally opsrative for a period of
time even though the group has changed to 1 down state.
During this time, if r2pairs ares nade, system performance
measures vill not be degraded. There are two vazlues

assigned to allowable dovntinme. The first applies to
phase type only and controls <traasitions from up to dowr
state during that phase's duration. The second 1is

mission allowble downtime ani is assign=d orly once
during <*he rmission, 1€ cunulative amission downtime
} exceeds *his wvalue, th2 mission is aborted.

E. MODIFICATIONS TO TIGER

Every effort vas made to nmipimize the numbar of changes
: to TIGER in adding the wmulti-ech2lon supply simulation.
Those changes *hat were nacessary ar2 idertified in Appendix -
F, the TIGER prograam listing. The usar does have the option
to exercise TIGER in its stand alon3a fora. If this option
is desired, all changes will be ignoraed.
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V. THE BOLII-ECHELOW SURPLY SIMULATION MODEL (RULIE)

A. DESCRIPTION AND MODELING CONSIDERATIONS

The following sections outline the operating character-
istics ¢f tha multi-ech21o2 simulatisn subroutines that have
beer Jeveloped to complament TIGER. A description of
various user options which may be éﬁployed in the simulation
is also included.

1. TJTermipnolcgy

For simplicity, the system to be evaluated by TIGER
is hereafter kncwn as the '"weapon systea". The 1lowest
inlenture leval cf the w2apor systa2n, as configured by the
user, will be called "equi pments". If two or more equip-
ments have exactly the same salisant characteristics, they
will be said to te of the seme “equipment type”. A series
of equipments which constitute a subsystem or respair part in
i+*s own right, will be ta2raed a “grouap".

2. Geperal Cperation

All aquirment <types in TISER are assigned a wmean
time between £failure (MTBF), ard it 1is assumed that all
equipments fail independently and at an exponential rate.
Based on the mechanics >f discret: event simulation, 3
failure time is initially assignesd ¢> each 2juipaent and
placed in an event queue. The first failure time is exam-
ined, a time to repair that equipmen* is generated, and that
tize is placed tack in the queue. Fhen that repair time
becomes the current event, a new time to failure for the
equipament is generated, and so forth.
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The multi-echelon supply sisalation is invoked when
the time %o repair a failed equipment is to be generated.
The supply system must now react t> provide 3 replacement
for the failed unit.* On-hand stocks for that¢ egquipmert are
checked at applicable support activities in the supply
network and a replacem2nt is issued to the end user by the
first activity having the part. Dspa2nding on from wkere tha
part was issued, a supply response time (SRT) will be gensr-
ated ard sent tc¢ TIGER. TIGER genarates a random time t2
repair and adds to it thaz SRT. Statistics ara then gener-
ated by TIGER, as before, to determine the availability ani
reliability of the weapoa system based on the failure and
repair if i*s corxponents.

3. Scenagrio

The mult i-echelon  simulation subroutinss have been
develcped to provide the user significant latitude in estab-
lishing +he desired operating 2nvironaent. Up to 30 ships
may have the weapon system installesl on board. The weapon
system configuration need not be th> same on any two ships
and outfitting may also vary frow ship *o ship (input
requirements are simplifi2d, however, when this is not ths=
case). Up to 15 of the 30 ships may be assigned to the east
coast arnd up to 15 assigned to the west coast. The user
determines under what conditions *he ships are operating
and, as a result, specifies the razjuisition channels to be
employed. Three operating environments are recognized:
CONUS operations, overssas operations with MLSP support, ani
ovarseas operations without MLSP support. Pigure 5.1 summa-
rizes <trke rTegquisition chamnels us2d for each of these

*Note *he assumption {hat an equipament gﬁlure a sgges
that a rep acenent art cessay to Te a he

equi nent gf vali of this assnngt on ends upon th2
leve deta enp oyel by the user in lodel g the weapon
systes confiquta+ on.
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conditiors.

Although TIGER allows up %t six different phase
types and 91 different phases to bs a2mployed over the coursa
of a specified mission, it should b2 noted that requisition
charnels will be fixed over the entire mission timeline.

4. Reguisitioning, Issue, ard ksyrder Procedures

When a weapor system equipazsn® falls, the 2nd use
activity (ship) checks %5 determin2 if spares are carried
ard are cn-hand for that particular zquipaent type. If so,
ths part is issued from ship's stock and a user specified
issue delay constant is rzturned *o TIGER as the SRT. The
ernd user “hen checks his 1inventory position to determine if
tha reorder poin+t for that =quipman:t type has been reached
and orders for stock as appropriats. £ the part was not
available from ship stozk, <=h2 reguisiticn is passed to thse
rext supply echelon in accordance with the requisition chan-
nels in,effect. All othar activitias in +he sipply network
operate in essen*ially +h2 same manner. If no echelon is
capable of providing ths raquired rc=zplacemen:, an order is
placed with the manufacturer for procuremant. Refer to tha
system flowchart, Appendix D, for a more detailed process
analysis.

It should be noted that +hs reorder process for the
supply depo* and two supply centers is controlled solely by
tte iInventory control poiit (ICP). W#hen the ICP's inventory
position reaches the reordsr point, an order is generated to

either the manufacturer or cTepair facility as appropriate.
The acquired assets are divided betwa2en the thrae activities
(based on +heir current d2ficiencias) and shipped based on a
rardomized procuremert or repair leai time. The l2ad times
are generated from a gamma distribution with 21 user speci-
£ied mean and shape paranmater. As in TIGER, the times so
generated are placed in an event quz2ue. Thus, each time an




activity is called upon to <check its on-hand balance, it
must €irs® look at tha avent queuas tc ascertain if any
material that had been requisitionad for stock, is due in at
tha current time.

S. Repairable Materiajl

In TIGER, equipma2nt may be iesignated as being not-
repairable during 2 given time frams2. If so, even though an
equipment fails, no repair time is established. Sigilarly,
a user may specify a probability that repairs will not ba
accomplished during a given phase. These options are elimi-
nated if the multi-echelon supply simulation is in effect,
since it is unrealis*ic +#> assume tha* a spare would not be
rejuisi-ioned simply because repairs were impedad.

The multi-echelsn simulation does, however, allow
the user to designate equipment as '-a2pairablet. These ara
items that are required to be turned ir %0 a repair facility
anl ars no* authorizel £for shipbr>ard repairs. When a
failure cf this +ype occurs, the eni-use activity must turn
in the carcass (failed unit) %o a geceric east or west coast
repair activity. The us2r amay sp2cify a positive prob-
ability tha*t carcass attrition will take place. If the
faiied upit arrives at th2 rspair facility and is determined
*o be economically repairable (both are determinants of *he
attritior rate), it is held there until either the nuamber of
carcasses on-hand equals or exceels the economic repair
quantity for that equipment type, or “he ICP directs a
repair action to satisfy an immediat:z requiresment.

The ICP inventory position for repairable material
is decremented only wvhen attrition ozcurs. Repairables are
procured from the manufacturer when *he number of failed
units and ready-for-issue material in the system is less
than the system reorder point.or, to satisfy an end-use

requirement vhen no carcasses are aviilable for repair.
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6. Priority Shipmepnis

The mnul*i-echelon simulation does not currently

allov for prioritized shipments >f critical materials.

There are, however, *hree routines which are us2d to improve

supply response times., Thay are, in order of precedence:

a)

b)

c)

Redistributicn between ICP stock points.

When a request for material is received at one of the
three ICP stcck point ac4ivitiss (i.e., depot and two
supply centers) from 3 lower echelon, and the material
is unavailable at that stock poiat, +*he ICP will redis-
+ribute assets latarally or downward through the
echelorns. For example, a raquisition received by the
east coast supply cart2r which zaarot be filled, will be
passed -o and filled by *the west coast supply center if
stock is available thare. Howsver, the ICP will no*
redistribute assaets from the ovarseas depot to f£ill an
east coast requirams2nt since that would <constituts
upward redistribution.

Substitutior due-in-for-stock it2m for end-use require-

sen*,

Whenever an item is issued from 2 higher =achelon to an
end use activity to satisfy a r2pair requirament, an SRT
is established. However, before passing “h2 SRT back to
TIGER, <*he end us2 activity's doe-ir-for-stock event
queue will be checked to ascertain if an item for stock
is due in prior to tha2 SRT. If so, that iteam will be
used to satisfy the repair raquirement and the other
vill be diverted to stock.

Substitution of due-in-for-stock items at ICP stock
point activities for lower echalon requiremants.
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Wher “he stock point activities cannot prolduce mazerial

reguired by a 1lowsr echelon, the item(3) Wwiil be
obtained frcam the manufacturer or repair facility as
appropriate. If, howaver, an ICP contrnlled activity,
on the requisitioner's coast, has a stock t3m due iz
and can ship it there faster ¢than +the establishel
procurement ¢r repair lead time, the stock item will b2
diverted to the lowar achelon waiile the lawer echelon's
material will be sent tc the supplying aceivisy f£o:
stock.

B. INPUT REQUIREHMENTS

1. Genperal

Inpu* requirements and formats for the TIGER sinmu-
lator are vwell-documented in Referznces 6 ani 7. Thase
refarences should be r22i carefully by the us2r prior to
exercising the simulator. Significan* changes to the TIGER
equipment configuration data are discussed belov.
Noteworthy input requirsaants of <+the supply simula%or axe
alsc addressed, while detailed requireaments anil formats for
the entire input deck are sontained in Apperdix B.

2. TIGER Copfiguratisn Data

The TIGER simulz2tisn, by itself, models and evalu-
at2s a single wveapor systaa. The user may configure “hat
veapon system tc virtually any desired level 5f de+ail in
accordance vith the provisions of rsference 6. Basically,
it requires the formation of equipam2nts into "groups" that
are connected in either series or parallel. The groups are
connected into "subsystzas" and finally, the subsystems are
connected in ser ies to form the "system".
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In order %o intejyrate *the supply system and TIGER

simulations, it was necessary to exploit this configuration
arrangement. The TIGER subsystems becose individual ship-
bcard weapon sys+tems in *he MEFEOR siamulation, and the TIGER
ngystea" nmay ke +then conceptualized as a fleet-wide

composite of such wveapon systeas. The specific subsystes/
ship numbering conventions to be used in METEOR ars
contained in the input forsats, Appendix B. Figure 5.2

depicts a typical configquration schame which has been used
in the TIGER simulation with the multi-echelon supply system
option in effect. Nota the subtle differences betwveen
Pijure 4.1 and Pigure 5.2.

3. Multi-Bclelon Simulator

The potential usas »>f METEOR were 3iscussed 1in
Chaper IIX.C.1. The da2gr2e of detail required in the input
file will be dependent on the objectives of the user.

For a real-worli scenario, the multi-2chelon simu-
lator requires a relatively large 2and extensiva input file.
Ide=ally, METEOR would =:calculate2 provisioning levels (or
stocking objectives) for 2ach activity using varicus multi-
echelon provisioring models as subroutines. Similarly, it
wculd be a convenient anil wuszful f2ature to have optional
reorder level coamputations imbedded in the siaulator. The
lavel of complexity andi computer storage and run <+ime
considerations hcwever, rander th2s2 options iapractical at
this tinme. It is imcumbent on th2 user, therefore, %o
obtain data froa existiny provisioning and replenishment
models prior to exercising METEOR f£or these purposes.

In those cases wvhera the user desires t> assess
basic supply policy altarnatives »or perform sensitivity
aralysis in regard to parameters imbedded in METEOR, i+
wvould be feasible to contrive a realistic control data set
tha+t would measure the relative merits of these alternatives
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and parameters. Data input in these cases is greatly
siaplified. Por each egquipment ¢type, +*he user has the
opticn tc establish the same stocking objective and reorder
point on all ships. This option serves to further simplify
+hes input task. An exampls of a data input file of this type
is shown in Pigure B.1.

C. SINMULATION OUTPUT: STATISTICS AND SUMMARIES

1. Geperal

The TIGER simulation offers ssveral output optioms
when used on a stand alone basis. The four measures of
effectiveness, 'discussad in Chapter IV, are calcula*ed and
prirted after each 50 mission incremsnt. In addition, when
tha system exceeds its allowable downtime criteria, TIGER
will print a mission abort message which summarizes the2
status of all down equipments at the time of +*hz abor+. For
detailed analyses, the user has the option to review all
changes to equiprent, subsystenm, and system status. The
usar will s=lect +the dosired TIGER >utput froa the optioans
provided on the Frintout Option input card (see Appendix B).

When TIGER is used in conjunction with +he multi-
echelon supply simulatioa, output format and content are
altered significantly. In exploiting +*he equipment configu-
ration scheme employel by TIGER, *he individual ships
simulated in METEOR are necessarily ccnnectei in series.
Tharefore, if ore ship's hardware system is 'down', TIGER
considers *he entire <fleet of ships +to be ‘t'down’.
Unfortunately, <*his inaccuracy is reflected in all measures
of effectiveness calculatad by TISER. Except for very
unlikely amission scenarios, vherain all ships would be
required to be fully operaticnal for a givern missicn, the
measures of effectiveness calculatel by TIGER have listle
practical meaning. It s *therefore2 recommendad that only
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TISER input parameters b2 printed, vhen oxercisircg the
MET EOR simulation.

Various examplas of the oatput formats available
from METEOR may te fourd in Appendix =.

2. Egquipment Relatsd QJutpyt

In METEOR, <two of the TIGER aquipment-related meas-
uras of effectiveness have been ra2constructeld to provide
meaningful measures cf 2quipment pecformance. The measurses,
average (opera+t ional) availability and reliability, are
calcula+ed for eaca ship in the simulation and then averaged
across a2ll ships to provide an agjregate measure f£or the
wveapon system ander study. The two measures are calculatsd
for the individual ships just as TIGER did for the entire
system (Equations 4.1 and 4.3 refer).

To compatre aralytiz multi-2chslon inventory models,
the average availability should be used as the standard
since +this 1is the measur2 +they gensrally purport to cpti-
mize. As shown in the following chapter, availability is a
functiorn of time. To obtain steady state results the user
must therefore ensure that <the specified wmission time is
made suitably long. ’

Conversely, naission raliability is a measure which
would be useful when assessing the likihood of successfully
surviving a mission of spacified duration. Clearly, reli-
ability is extrepely sensitive to mission length in relation
to the system®s mean time to failure.*

*Th useﬁ choose to Iig rol abilit leasure
by, g42itnd het pe i ead Slofuliaoyiptis siladh 2
systea will notﬁfail unt % ] exceodod ‘the allovag
dountime i z Hence, Ire vi be fcv T !*ssion aborts.
a gizatet 1ikihoocd for liss OR sSuccess, sproved! reli-

us
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To evaluate the effectivensss of supply perforaanca
over time, mos*: scenarios of interest in METROR will incor-
porate relatively long mission durations, In this regard,
system reliability will necessarily be driven toward zero,
while average availability will teni %to achieve Iits steady
state value.

3. sSupply Belated dutpyt

Detailed, event driven, supply relatad outpur is
available at the user's option. Subsequent “> every 23uip-
ment failure, a printed suamary is jenerated raflecting *%ha2
supply system's actions resulting froam the dsasand. This
output is volumirous and, consequaatly, shkould be selecteld
with with care. The following inforaation is included:

- Supply Response Tiae. The amduat of tims reguired to
satisfy the end-user's demand for material o effect
repairs to *he failel unit,

- Issuing Activity. Identificatiorn numbar** of ths
activity that issues the end usz requirement,

- Orders For Stock. As a rasult 3>f the issus, all susse~
quent orders for stock are displayed with the following
information: ordering activity, issuing 2ctivity, and
the <time that +h2 stock is 3Jue in a+% the ordaring
activi+y.

~ Carcasses Lcst Through At4ritisn. If the equipment
that fails has been designated as a repairable item,
the end use activity is required to ship +the fziled
carcass to *he nearest repair facility. If the *urn-in
is lost thrcugh attrition, a message will be displayed
to tha* effect.

oss ere en-i +
pravidod ai tho on endiid % f%;a %gn -.?u-b 3 %s
ra lected ian uﬁtni a ict in  Pjigqure 5.1
hese rcforenc.s shou be consulte vhen analyzing METEROR
output.
47
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- Repair Inductions. If the nuaber of carcasses on hand
at either repair facility is greater than or equal to
the ERQ, a message will be printed, stating tha%t an
induction was initiated, to whom the iteas will be
shipped upon completion of repair, and the time due in
*o the stocking activity.

Upon completion >f all simulation rums, a suamary
analysis provides statistics pertaining to supply related
costs and supply system pacrformance. Rather than assigning
arbitrary costs %o supply actions, most 'costs' are giver in
teras of the number of actisons takan vice actual doliar
costs. The user may s2l2ct to review the summary by supply
echelon, by equipment *type, or both. The following
suamaries are prcvided.

- Prccurement Costs. The nuabsr of procurements per
mission is given as an indication of the fixed cos:t of
procurement at each echelor 2and <for each equipment
type. Alsao, the actual aumbar of items procured is
provided to reflect the variable cos+ts associated with
each order rlaced.

- Repair Costs. As with procursmant cos%ts, the fixed and
va-riable costs of repair are presented in terms of the
number of repair iniuc*tisns an3l total rumbar of iteams
inducted. Also given is +the to%al number of items
shipped@ from enrd-us2 activitiss to repair facilities
and the +tctal numbar of <r3pairable carcasses lost
through attrition,

~ Shippirng Costs. Tha total number of shipments between
inidvidual activitiss is providsd as a measure cf ship-
ping activity and the costs associatel therewith.
Since the cost of shipping t> an end use activity
(ship) will vary with 4&ts location, the ships are
assigned six destination addresses that are defined in
Table I belcw.

M —————




TABLE I
Destination Adiresses

Destination Ship

Number Location
1 West Coast, Continental O.S.
2 Western Pacific, without MLSF
3 Western Pacific, with MLSF
4 Bast Coast, C>atinental 0,S.
5 Atiantic/Mediterranean, without MLSF
6 Atlantic/Medi*erranean, with MLS

Inventory costs. These costs are givan in actual
dollar values which are based oan the squipament <*‘ype
costs and initial inventory lavels input by the user.
Two measures are iisplayzd. First, initial provi-
sioring costs are given to r2fl:ct the cost associated
with provisioning all echelons up to their respective
stocking obdectives. Seconrd, aa average on-hard inven-
tory value is calculated as 21 measure 5f inpventory
carrying costs. The average invantory is calculated by
time veighting <the inveatory cn-hapl a*t 2ach activiey
over the course of tha simulatiosa.

Supply Perfcraance. supply performance is measured in
terms of net ani gross ra3aisition effectiveness.
Total demands are shown for =each echelcn and/or equip-
ment type. A1l requisitions that cannot be satisfied
are counted as not-in-stock (NIS) when +he activity has
an allowance for that item. If the activity has no
allowvance, it is counted as a nyt-carried (NC) demand.
When the ICP redistributes assa2ts between stock points
to satisfy fleet demands, the affectivenss statistics

are not* affected.
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VI. RESULIS

Because of the complaxity inhersnt in a typical METEOR
scanario, model validation was performed using very simple
scenarios wherein it was analytically feasible to evaluate
theoretical equipment pa2rformance. The scerarios were
establisked with *wo ships having identical two-compornent

Ship 1 'Systen' Ship 2 *'Systen!
D R bt nm -
| . | | . (
+==4+ Equip 1 +4--+ +--4+ Equip 1 ¢--
| B | ‘ | (.
| 4 c—ee—- + | #emmcemmnw=s + |
-+ b= =4 -
R Lt ey D T +
| 1 L !

l
+ 'T Bquip 2 %-—o +--+ Equip 2 T--'

{
porm s ame———d e rc e

Scenario 1 2

Equip 1 l 109 l 12 1 130 *I 9999 |
E2quip 2 { 50 |} 8 | S50 | 9999 |
Duration ! 5000 ] 100 |

Figure 6.1 validation Scenarios.

parallel systems, as shown in figur2 6.1 . Unlimited spares
vere available to the end-use activities and tha nmean
logistic delay time was assumed t> be zero. Ir the firs+
scenario, aissicn Auration was st +o 5000 and allowable

S0




mission downtime to za2r>. The intent 5f +his scenaris is <o
determine average operational availability over ar extended
mission duration. Reliabili+y wvas validated under basically
the same scenaric, with the following exceptions. Mission
duration was shortened to 100 t2 provide for the possibiliiy
of successful aission accomplishmert; and, the equipment
MTTR's were given large values (9939) to preclude repairs on
+ha equipments during thas amissiorn. Three random number
se2ds were used and 100 wmissions wer repeated for each

o e

sead,
The thecret ical operational availability for this systea
can be eoxpressed in teras of <~h: following equations:
{ (Ref. 101,
j T
: Average Availabili:y = —%-‘/ A(®) dt (6. 1)

i J

From *he system reliabiiity diagranm,

A(S) = A () ¢ &, (£) - A, (E) A, (t) (6.2)
WLere,
MTSF MTTR;
Bi () = =m=emocheae 4 ——oCllliooo EXP (- (A L) &) (6.3)

MTBF, + MTTR; MTBF, + MTTE;

The limiting results for average availability are:

Limiting_Average . 1
! Availability = A = 1lia --- A(t) 4t {(6.0)
H I—s00 17T -
i 0 .
MTBP
2 eeoewomceseo (6. S’
MTBF + MTIR

Fcr *he systea under stuly,

A= A‘ ¢ ‘z - Ax Al (6.6)
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Assuring no repair will be made to the syst=a during =zhe
sission, theoretical reliability may be computed as follows:

R(t) = Rylt) + Ry(t) = R(T)R(Y) (6.7

W#here F(t) is the survival fuanctioa for the systen.
Assuming exponer tial times to failure, the survival
functior for an equipment i s:

R(t) = BXP(-At) (6. 8)

In scenario 1, theoretical availabiliczy is compu*ed using
the limiting results; equation (6.1) is used in scernario 2
dua to the relatively short missicn laration. A comparison
of the computed and simulated wvalu2s fcr availabili*y and
reliability is displayed in Table II .

The test results iplizate that the model sutputr closely
approximates the expected theoretical values. It is recom-
mended, in the following chapter, that further research be
directed toward more exta2nsive testing of the METEOR model
to verify its rperformance over a wide range of possible

scenarios.




TABLE I1I
Simulsz tion Results

Scenario #1

Run { Sced | Availability l Reliability
1 8720 . <9855 .
ol o | i
3 ] 4534 .9853 0.0

Theoretical Values .9853 | 0.0
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VIX. SUSNARY AND BRECOMMENDATIONS

A brief survey of multi-echelon aodels currsntly in aise
ir the Department of D2f2nse has bzen presentzd. It was
showr *hat dJdiffersnces exist in th2ir assumptiors, their
structure and sbfectives. To compar? the relative merits of
thase models, therefore, a common frame »f =refer:ince is
readed to evaluate their parformance oSver timpe and “he costs
associated with their implesmentatiosc. Due %o the inherent
complexities of multi-echzalon, multi-indenturs models, an
analytic comparison was ragarded as imprac*ical and simula-
tion was suggested as 2 feasible alternative. To make a
valid acssessment of th2 multi-echelon, multi-indenturs
inventory models, a simulation with these same festures is
required.

Chapter III provided an overview of multi-zchelon simu-
lations currently in use by the Navy. With the possible
excep*tion of the SPECTRUM model, nona2 of those revizued wers
fourd <o be adequate for use as a nulti-echelon evalua=ion
*o>1., Addi*ionally, it was determin2d *hat no currsat simu-
lation exists which offers multi-echszlion, wmuiti-inden%ure
characteristics in a surface fleet 2nvironmen=. 1In ligh* of
these facts, 2 simulatioa model, METEOR, was developed to
satisfy these needs.

METEOR is a multi-echalon supply acdel tha* incorporates
a nmulti-indenture, equipment-relata4 model, TIGER, to
generate equipment failuras and subsequent supply systes
demards. The METEOR sodel offers 2a wide rangs of possible
user-developed scerariocs and 2juipment configuration
schemaes. Its output copsists of various measures of supply
ralated costs and supply parformance, as wvell as, the equip-
mneat performance aseasures of operational availability and
reliability.

Su




Chapter III statel tha%t the primary aotivation for
i building this mcdel was to offer an evaluation *ool tha%
heretofore was unavailabla. The actual use and employment

: of this model is left to future research. The interested
student/analyst might consider *he following recoemendations
and proposals:

1. Any nev acdel must necessarily undergo the test of
objective analysis vprior to its accaptance and isplsmenta-~
tion in the field. In tals tagarl, continued validaticn of
“ha METEOR =model is encouraged. confidence in any model
increases with 1its successful application under diverse
scanarios, and when it is successfully 2xercised by
dif ferent users. Morz iatailed 223 varied scenarios than
those found in Chapter IV have feoasible analytic solutions
which could be ccmpared statistically to simulation results.

2. To accurately assess mul:i-echelsn inventory models, the

primary objective of METEOR, a reiatively large and accuratez

data base is required. An actual sp2rating hardvare system
: should be %the basis for model pzarformance comparisons.
i Admittedly, a hyvpothetical system could be used. Hovwever,
' modeling an actual operating system wouid lend credernce to
the study effort and offer the historical parts related data
necessary for mcdel inputs. This data set would be %the
control f£ac*or in the evaluation process and provide inputs
to all acdels under stuly, as w2ll as the METEOR simulation.
Bach multi-echelcn inventory model under considaration would -
ne2d to be accessed and exarcised with the control da%a set.
Tha inventory levels generated by thase models would serve
as input +o the initial provisioning levels in the METEOR H
simulation. The purported costs and aguipment-related meas-
ures of effectiveness provided by each modsl shculd be
3 recorded for use in the fiaal analysis. FPinally, it would
f ’ be necessary to process the data through the Navy's current
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repair and replerishment models to ietermine reorder levels

and economic repair gquantitiss. Provided with thesa inputs,
METBOR should raturn an objective assessment of the rslativs
performance of the models under stady.

3. There is no reason t3 restrict the use of METEOR to *he
evaluation of aulti-echalona models. In fact, the multi-
echelon characteristics of METEOR make it anp extremely
useful +ool in assessing the e&ffect of parameter changes at
any one e€chelon cf the supply syst2a, in that the Zapact of
those changes will be reflactel at 21l levels 5f the systenm.

4. METEOR might alsc b2 used as a resource-to-readiness
evalua*ion model. The 3vailability -f investmeat capi%al is
normally *he binding constraint on inventory leveils. By
varying inventory levels at the stocking activities, 3
determination could be mad2 as to ths investment required to
cbtain a given level of miterial reaiiness. Addi*ionally,
some insigh* might also b2 gained as to which echelons offer

" the highest rate of retura on investment.

5. In *erus of mcdel enrichman=, thara exist saveral areas
whare METEOR might be emnb2llished. - Some of *he more Impor-
tant extensions would inclaude the following.

a) Prioritized shipmants for critical material.

b) Expansior of the m>del to allow for amdre zhan 500
total equipments to be modelad. This should be a user
specified parametar.

C) Parameters that exhibit large variations from their
means should be 2ald2 rapndeom variables if such action
would significantly enhance aodel realisa. METEOR
uses average valuss for order and shipping times, angd,
does not mcdel geographic proximity of the ships and
MLSPF. Depending 5n user rsjuirements, it may be
corsidered beneficial to mod2l <+these as stochastic
processes.




d) In the real world, an>t all equipment failures recessi-
tate replacesment of coaponett pieces. A randoaizei
determination of whather or not parts are reguired tc
effect repairs coull be made by MEZTEOR.

6. METEOR is a relatively easy adiel to implement. Once
the input data is prepared, it takes only 4-8 seconds of CPU
time on the IBM 3033 t5 ran 1000 missiors of duration 5000
hours. This offers an esxcellent opportunity to sexplors

supply systes interactiocas and paraaetric sensitivity in a
multi-irdenture, multi-ach2lon enviconaent.




ARRENDIX )
EXAMPLE OBJECTIVE PONCTIONS

The following ob‘ective functions, ACIM, Mocd-METRIC, and
SESAME, are reprentativa of those used in other =multi-
echelon inventory asodels. For wmore detailed treatment,
consult the cited referenca.

1. Availabhility Centered Inventory Modei (ACIM) [Ref. 11].

MIR Dey

T i

S.t. g; CxSy = B

where
’  De = the expected delay time for,
equipment e, at oparating site u, and
= Total allowable buldjzet
compon2nt of &

= unit cost of k

n {9« &~ w
L]

stocking level of k

D ,*he expected d=lay per demand for itaam i,
at stocking location v, can be expressed as:

';"‘ Z (X=Sgy ) P (X3 )\i‘lriu ) u=(0,1..., ) L -
! B x=g, o2
f where,
: )Q‘ = prectea puaber of demands for item i, ﬁ
at oparating sita u.

r H T robabili f x units of stock ductio
P )\*" w ) = pIobabdl H it opgtatiug site g, reduction

Tiw = Mean resupply time.

e e, L




2. Multi-Pcheicn Tehnigqas for Recovererable Iteam Control; |
Modified (Mod-METRIC) (Ref. 12].

> ¥
4IN i§; r =spt (xi-s;»p(xiukdri)
wvhere,

M = Total number of basas.

s;= Stock level of spare components :
*¥ 3t'base 1. P P ;

T; = Average resupply tiame at base i. i
A= genovil rats of componants at a
 base i,
s.t.
M N N
ZI CeSi+ L Gy o Yocisy + S =C
i=1( ¢ Si 51 4y ) 51 1Sej *CiSe=

where, Vi
Cs = Ccst of equipment
¢j = Unit cost o>r molule 9
N = Number of modules R
Se = Number of spare modulas at depct, o i

C = Tctal allowable budget

3. Selec*ive Stockage for Avaiiability, Multi-Echelon |

(SESAME) (Ref. 2. !
} | E ;| B |
‘ MIN 1;1 _J; Syy - N, By + :'.21 132128013 + RDTy- §; PC !
i :
' t
f whers,

M = Total nuamber >f items

E = Total number of echelons

Sy = Stock level for item i, at echelon

- N; = Number of stocking activities at echelon j
| P; = Unit price of item i

Expected number of backorders for item %

5]
]
o
&
"
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at echelor j
RDTy = Demand for itam i, at echelon J
PC = Backordar peaalty cost

£ s . e s AT TR L s msatid
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ARREEDIX B
HETEOR INPUT REQUIREMENTS AND PORNATS

Nost input requiremsnts applicable the the FIGER portion
of the METEOR simulation resmain unchanged froa the formats
provided in the TIGER Manual. Howvever, there are some vari-
ations ir user ortions ani fils organization. TIo facilitate
the use cf METEOR, therefore, formats for the 2ntire input
file are provided below. Annotations are provided, whera
necessary, to reflect fila structura when exercising TIGER
on a stard alone basis. A sample input file is provided a+«
the end of *his appendirx.

A1l data is erntereil in 80 <coluan, card/card-image
format. Da‘ta tyres are integer, rzal and alphanumeric. All
integer data fields must ba right justified.
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card Iype 1. MEIEOR option Cacd. -

The METEOR option will injicate that the multi-echelon sup-
ply simulation is to be invoked on this rumn, or, +tha¢t TIGER
is to be run ona stani alone basis. Depeading or the
option selected, some of the input cards that follow will
not be required. Additionally, varisus Znput parameters and

option settings will vary betwsen the twc simulations.
These changes will be reflected in tha no*tes that follow the
card formats.

Variable .
Coluan FPcrmat  Nape Dascription
1-4 Iy IOPTN MEP EOR option switch
= ? fo run TIGER only
= <o run AETEOR
5-8 I4 IOETP METEBOR print option swi:ch for
ggg gy erfa:l nce summ2ry
uipzent ¢t
= 1 By sipstycecnelly
. = 3 by equ paent type and supply
achelon
9-12 1I4 JOETP1 MET EBOR print og rion svitc&
anv oke or sup ess printe racord
of all supp’y act cns
= ) t0 supprass
. =1 %o ingg
13-16 14 IRC Raquisztlonlng Channels
= 1 ONUS spsra%tions
= ep oysa wlthout MLSF
= deploy2d with MLSPF
17-20 I NR SHPS Tptai nugber of ships to be
simulate
21=-24 Iu ITOTEQ Total number of equipments %o be
siaulated
25-28 14 NRWSC Namber of ships assigned to the
W2st Coast
29-35 F7.0 SSaDT Ship's systea allovable downtime.

Notes:

IopTH -If o ly TIGER dasired to be exercisel, a%l other
entr es ¢n car after IOPTM, may be ignore

IOPTP1 ~The recozd of all supply actions can be voluminous.

IRC -See Pigure 5.1 for resultiny raquisition channels.
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SSADT ~This ingut replacas TIGER allowable dowpntime para-

neters

ound on input cards 4, 18, and 19.

cacd Ivpe 2. ship (subsysiem) Idencification Numbers
This c¢ard is used to ralate TISER subsystes numbers to

METEOR ship nuabers.

Variable
Column Format  Mame

g:g 2014 NUBESS (1)

9-12
Etc.

card Type 3. ZIireline

It aust be omitted if IOPTM is 0.

Daszription

SRt PP toYst uabened

88 ast coast) and proceedirng
to the highest ldenti‘y 211 ships
to,be silula tad.” If more thap 2
shi gs are to be simulated, follow
with anotker card using same forma+.

Ltagation cati.

If TIGER is to be run on a stapnd-alone basis, it is possible

to run more than one mission scenaris> (timeline). If METEOR
is used, only one aission scenario is permissibla.

Variable
colyan Formai  RNage

1-4 I4 JCC

5-80 19A4 RUNID

Notes
JCC -If *unnin TIGER and JCC exceeis 1, onll phase ¥pe

nd urat- gocard(s) aust be adled in the the
llowed by a blank zarad.

ata deck,

Deszription

No. Qf tigeline v riat*ons to b
run froa Sata 3ec% Set JCC = ?
if a2xercisiny METEO

Alphanumeric run identifier.

back
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card Iype 4. Statistical Parameter card.

This card is used to govarn the number of missions <o be
per formed in the siamulation. If METEOR is ussd, a prede-
fined rumber of missicns should be ruan (see notss below).

Variable .
Column Format Name Description
1-4 I4 NMAX Maxi mym numpber ssions _to ba run.
h:uf& be gn nuitlp 1as 0£ 50 and must
, no‘ exceed 10)
5-8 Iy NOET . opti gl number of missions (not *o
ex cae AX) .
9-12 F4.0 PL Spessification requirement: for relia-
BRifict 1 :
13-16 F4.0 XK St in ird deviation *o0 he fed in
ca ating lowsr control limit.
17-20 I4 ISEED Raniom number seed.
21-24 14 NPH No. of phase types, not to exceed 6.
Notes:

NMAX -To run_a predefined numpber of aissions, s2t PL = 1.0,
and HOPT and NMAX t> the desirsd number of missions.
be convenient, wkesn rurning YETEOR, to run less
than 0 missions., If so, refer to TIGER main progranm
line labels 210 ard 540. Changs 'S0' tc¢ *he desifed
number of missions t> be run.

IK -3 .value of 1,28 corrasponds td a 30% lcwe; confidence
ilimit (assunlng normality). Inconsequential whan
rurning METEO
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card Iype 5. PRhase Iype 22d Duratioa Card.
Phases are “he key to constructing scenarios in TIGER. Up

to 6 dJdifferent phase types may be specified. The phase
types may be put together in a sequarnce of up to 95 phases
which comprise the wmission to be exarcised. For example,

normal steaming may be simnlated in one phase, wkile combat
operations are simulated in anothsar. Equipaent related
para- meters may be varied, on the input cards that follow,
to correspond *c the type of' Jperatisn modeled in ary given
phase. Note tha* requisitioning channels do not charnge with
phase +ype.

Variable

Column Format Nape Dgsgzzription
1-2 F2.0 XXT(1) Phas tIge nuxbar for first
simulation sejuencs.

3-10 F8.0 XXT(2) Duration of first sequence.

11-12 F2.0 XXIT(3) Phas {pe nuaber for second
simalation saguence (if any).

13-20 F8.0 XXIT(4) Duration of s:cond phase.
Note: Centrnue this format throgy gh sard colun% 50, duration
of phase sequence (i nsede more than

five Ehasc sequencas ace reedad cont nus on adadi-
+3ional cards using the same fields.

card Type 6. ****% Blapk Zard *x%««
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cacd Iype 1. BRriptour Optien Cazd.
This card is used <*c selact the ca*put options available

fros TIGER.
Variable e
Column Format  Name QReszription
1-4 I KOPT Printcut optio>n switch.

= 1 for amanag2ment summary.
= 2 for enginazering summary.

= 3 fc* det
(used ¥ phabsgggnsléily)

= 31,0 supprcess printout of inpuz
ta.

LB LIRS e

IGER/HANNING complete
(debugging onl yF

"
<m

1}

T
s
gollowlrg output options as

If _KQPT=5 select fronm ¢t
2 lank.

needed, otlerwise leave fi
5-8 I4 Ks (Y = 1 Input data
9-12 Iu KS (2) = 1 Egglgment dqvn a* time eof
1
1

ailure.
13-16 I4 KSs 3) = Down tiae a* end of phase.
17-20 I4 KS (W)

Abort massages.

- 41-44 I4 RS (10) =
45-48 I4  KS (11) =
49-52 TI& RS (12) =

System 5 subsystem status.
TIGER/MANNING dedugging
Status of all groups

21-24 I4 KS (5) = 1 All eveats.
25-28 I4 KS (6) = 1 ETIME matrix (debugging cnly).
29-32 I4 KS (M) = 1 Not usei.
33-36 I4 KS (8) =z 1 No* usei.
37-40 Iy KS (9) = 1 Not usei.
1
1
1

53-56 I4 Ks (13) = 1 Downtime 18ssage
Note: When runaiag METEOR, KOPT = 5, KS(1) = 1 is

Tecomaenge




capd Iype 8. DRhase Repair card.
This card is used to spacify the rapair option in efizct for
each phase type.

Variable
: Golumn Format  Name Desgcrition
¥ _ 1-4 Iu IPLAG (1) Egp air op%gog 2?: each phase “ype
5-8 Iu IFPLAG(2) = 8 i on-boafd ﬁepair allowed.
= 1 if o on- boar ipazr al;cwed
9-12 I4 IPIAG(3) = 2 1if on-board repaiy allowed
but  faflare irhibited. 13-16

i § Iu IFLAG (4)
17-20 Iu IFLAS (5)
21=-24 I4 IFIAG (6)
. I o = it €
Notes: IPLAG 1,.will inhib the :rggi gg of repair ga:t

evan though an equipwment has £ This optiot 1is,
therefore, not ra2commended wharn running METEOR.

Ccazd Iype 3. Repair Polizy Cacrd.

This card 1is used *o d2t2rmine ths rspair policy to be in

effect during the simulation, by specifying the percentags
g of repairs to be performel at the orjyarizational level.
P Additionally, the user may specify a period of time that <“hs
system pay be dcwn during the missiosn before the missicen is
aborted.

: The MTBF and MTTR multipliers may be used +o vary thess
; parameters for a given simulation ruan and are, therefore,
useful in sensitivi+y apalysis.
Varaiable L. '
Cotump Format Nane Resgription -
. 1-4 F4.0 REFOL Decjmal fraction of repairs to be
L ¥ performed aboard ship.
5-12 F8.2 TAT2 Mission allowable downtiacs.
13-16 F4.0 XM MTBF multipliar.
17-20 P4.0 XT MTTR multipliar.

;- Notes

/ REPOL -In EET ihe rep ir process is hand%ed explicitly ;

1 g esignat a Enents as cepairable or cousum- p
f us ETBOR, set REPOL = 1.0. ‘

TAD2 ~If using !!TEOR, sat TAD2 = 120000.
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Gard Type 30. Zguipmeat Iype Carjs.
All equipments in the simalation are given an equipment *typ=

nuater. If two cr more ejaipmants are essentially the sanme,
(i.e, would have the same values for the eight parameters
shown or this card, and would treated as the same item by
th2 supply systen) they would be dssignated with the sanme
equipment type. METEOR deals exclusively with equipment
types in +he provisioniny and repleaishment of inventories
a* the various echeloans.

On2 card is reguired for 3ach aquipman*: type.

Variable
Colupn Format me Deszription
1-4 I4 I 1i pmegt typ2 number. Should be
=g Jgn gallgpstartgng with 1, not to
exceed 200.
5-20 4A4 F1 Equipment typ2 nomenclatare.
21-28 8.0 XIMIBF Mean time betwean failura.

29-32 F4.0 XMITR uean time %o raoazi Proceed by a
gatlve sign_ahd include the vari-

2 MTIR cari, if this option_ is
esired. Non- repalraole is irdicated
value of 9399,

33-36 F4.0 T czc%e/UtLllzat~on {non-zeco
raction).

37-40 F4.0 Vv istrativ2 delay *ima from

T to enlp.

tbbB

d
b
D
a
A
t
41-u4 T4.0 W A
i
u5-48 I4 IUT g vgrlabl° duty c cle (VDC) is
ad, ass;in uential nuaber
é ween 200) and include_the
i following. Otharvise leave
this field blank
s:
R -If an egulpnent tygs is g-vsn a XMTTR of 9999, it
Wi no orderel froa *the supply systsa in ' wETEOR.

Th s opticn, therefore, ls not recommendad.

- ¥
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gacd Ivpe 11. VYarjable Dyty Crcle zaczd.

A variable duty cycle may be employel to vary ¢ha percertage
of time that an equipment is utilizz4 during a phase type.
This is an optioral impu+. If 1IUI on the previous card is
non~zero, place this cari immediately behingd the type card
to which it refers . A maximum of 5) VDC cards are allowed.

Variable ..
Columz Format Name Daszription
-4 p} IV yDC identtfle: sequent.al aumber,
sama as the value 'of TUI or the

pra2ceding equipment type card.

8-8 Fu. yDC(1 Dut cycle/ut;llzat~on of the agulp-
-12 Fu4. VDC(2 nen ¥g utlnq each phase tz

13- 16 P4, vDC(3 ese valiues override the valu2

17-20 F4.0Q0 VDC{u af O on the pceceding card.

21-24 F4.0 VYDC(5

25-28 F4.0 VDC{6

Card Iype 12. VYagiable Mean Time to Repair Card.

This card wmay be used to vary an =sjuipment's mean <*ime to
repair between phase typss. It is an optional card. If
XMTTR is negative cn th2 equipment *ype card, place this
card behind the VDC card sr Equipm2rt Type Card =as appro-
priate.

Variable

Colump Forma>  Name Desgription

-4 F4.0 VATIR() !Tr values >f +the equlgnent tg

in 39 each phase type N

5-~8 F4.0 VMTIR(2) re a-table is irdicated by 9999,
9-12 F4.Q VMTTR(3) but should a3t be so designated if
13-16 F4.Q0 VMTTR(4) METEOR is beiag run.
17-20 Fu.8 VMTTR (S
21=-24 Fu. VM ITR (6

Card Type 13. *3s%%* plapgk Cagd *s«x¢
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card Iype 14.

equipment ir

Egquipsent Cardas.
Equipment cards identify similar

sent type.
total. Starting with the first equipment type, number each

Their may b3 no more ¢*han 500 equipments in

sequential order starting with nuamber 1.

Continue in unbroken sequsnce through all equipment types.

column Format

1-4 I4

- I4
3-?2 I4
13-16 I4
17-20 I4
21-24 I4
25-28 I4
29-32 I4
33-36 I4
37-40 4

and so on to

card Iype 15.

variabl
“k:g ° Deszription

NTYPE T Nuab2 ci d with
ggélégggplgﬁt 2883 igtgge'next
Y 5 L]

LOAD EBquipme umbaers of those equip-~
LGQAD 5 mgntg vEEcR ga ang to the deggggated
LOAD{3 aqui pmant typa. g to 19 amay be
LOAD (4 designated psr card. If more than
‘LOAD(S 19 afe associated with a given <ype,
LOAD(6 us2 additional egulpnent cards an
LOAD (7 rezp2at the saie type number.

LOAD(8

LOAD (9

LOAD(19)

232%* plapk Cagpd x2ert

70
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catd Iype 16. Spagre Qpti2n Gargd.

Thare are four options available t> input spares 3into the
siaunlation:

(4} If METEOR is being ?xercised, spares will be input in
the MULTE input section, and this card must be saitted. If
TISER is being used in its stand-aline mode, the following
three options aprly.

(2) Use the literal "OUnlimitad Spares" in columns 1-16 to
simulate unlimi+ted spares (90,000 spares arz interrally
assigned *o each equipment typs).

(3) If spares are to bz input by tkz user, laave this card
blank and enter spares data in the cards that follow. If a
spare part sensitivity asalysis is 1ssired, eanter a spare
parts multiplier (SX) in columns 21-24 of this card. Th
nultiplier will increass >r decrease (depernding osn tha value
assigned) =he srare parts levels that are spacified on on
the follcwing cards.

{4) Enter "999" in card columns 21-24 to invoke +the SPARES
subprogran. This will dstermine levels based ot the calcu-
lations cf the .25 PLSIP CJSAL Mod:l.

0

card Iype 17. Srages Cazd.

If METEOR 1is being exerc.sed, this card must be cmitted.
For TIGER, these cards ar2 oanly us23 if the allowances for
soares are “he be input Iirectly (i.s.., +the previous card
dil not specify unlimitel spares or invoke <the SPARES sub-
program). One card must be input for 2ach equipment type.

Variable :
colump Format  HMame Rascription

1-4 I ISPARE (1) Naabsrt %f o:aanizn ional level
spares for the equipment type.

5-8 I4 ISFEARE (2) gulbeﬁ of sparas at the tender
or the equipment type.

9- 12 I4 ISPARE(3) gg;bgﬁaogqgfsgggtagygg? depot

"

ey




card Iype 18. gSystenm Carxd.
card types 19-23 govera the hardvars sysctes cosfiguration.

Since that configuration aay change from phase type to phase
type, o¢ne complete set of these cards for each phase type
must be placed sequentially in tha 3sta deck. An exasmple of
a reliabili*y block diagram <for MErBOR appears in Pigure
5.2. Starting with the individual components, groups ar?
formed from subsets of coamponents which are connected in
either series or paralisl. The groups are nested and
combined with other equipments to £form new groups. This
process continues for each ship baing simulatei, urtil *he
hardware system on each ship can be represent2l by a single
group. This group is called a 'subsystea' by TIGER. The
individual subsystems (ships), are then combireld in ‘series?
to form *the overall 'systaa’,

_ Variable
Columpr Forma: Name Description

1-4 A4 ID alphanygasrisg . the literal
"F{r")pueeg t> Ia é tifi the overall
system.

5-8 I4 LL ghzse tgpe nuabar (sequeatial),

roa 1-

9-12 I4 NSS begaaf subsystemas (ships) in.

Nua
the

13-16 I4 ISS Es E 1dent1 ication ruabe

hf all

% iSt group nunga' on
corn 1qurat 5n matrix cards.)

17-24 F8.0 SSTIME ! allouabl° sustainzd downtime

b2 less t an subsysten

yste
sho
11:wab1e downtzne va ue:& hould
e less than o>r equal +*5 TAD2 (Repailr
olicx Carda. To inhibit abor:s,
s?
Notes:
NSS -In HETEOR. the nulbcr of subsysteas (ships) must
remain ccnstant for each phase type.
SSTIME -Bec use i r -o f ies in METEOR
sael afi Babi ¢S5 ig ganing. The
syston wcu '1own' e one or

nsi
more of the nviguaf shfp's systol v s down,
Thereforc, SSTIHB should be sat to 100000,




card Type 19. Subsystem Cards.

Thare must be one subsystam card fosr each ship/subsysten,

being simulated. At laast ona ship or subsystea is
required.
Variable

Column Forpat Name Dssgription

1-4 Al ID Any alphanuaeric (e.g., the

nS§fp I5f. (e-9.,

5-8 I4 LL Phase type number.

13-16 I4 ISS Subs ideatificatic u T.

3 rﬁ?;’iii! te £ grogs %ugbgrnggom a

configuration Matrix Card that
follovs.

17-24 F8.0 SSTINME(2) Subsxstem allowable sustaiaed
downtime. This value shou b
less than or egual to SSTIME c
the System Card. To inhibi+
aborts, use a value of 1000

Notes:

Iss -In 4ETECR, the ISS for ships_must assigned
sequenti 11y runaing from 370 to 884, for
Wast Coast sﬁips: from 885 to 899, for Bas*

Coast ships.

SSTIME ~This dog&t%gf Ea:aneter wil imgact reliabilic
and availability aeasures whan NETEOR 1S in us
since all ships will not function is anothsr is
down. _Set this vilue to 102000, and use the
variable $SADT on card typs 1, 1if an allowable
downtime is desiraad.
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cacd Iype 20. Equipment/subsysiem Zross Befersuce card.
This card is required in METEOR to identify on which ship
the equipsent failure ocarred. If 1I0PTM = O, omit this
card, othervise one set will be required for each phase
type.

Variable
Colump Format Nape Description

-4 I4 NSSEQ (1 rder shi umbers SS rom
e(h owas* tophighast aég ags gn each

5-8 I4 NSSEQ (2) 2 ssquential number starting wit
2(2) Assfgn that namber +to NSSEQ(i), g

9-12 I4 NSSEQ (3) equipment number 'i* is installed
on that ship.

13-16 I4 NSSBEQ(4) If aore than 18 equ
mod2led, use as mar

1.
£

pnents are

-

i
Y cards as

17-20 E}u NS SEQ(5) nec2ssary in the same format.
tC.

cacd Iype 21. copfiguration Matrix Zazds.
Thase cards define the raliability block diagrams configura-
tion of *he system under 2valuation.

Variable L.
Column Format  Name Description

1-4 I4 NRO sgginggber of

er th*g mbers in the group
p

e
card that are
required to b2 operating for the
szsteu to be operational,
Tha group number zssigned to the
group of meabsrs defined on this
carl. It may vary from 501 to 1000,
in any order.
The numbers of the equipsents and
gvan s which aake up the group de-
insd on this card, The maximunm
nuige' of members in _a group is
unliajted; however here are more
than 7, 4 cogtin aiion,card is
rejuired, which is of th2 sane
foraa*. The number required and
nister group nuaber must be iden-
tizal on all saniinuation cards,

-
&

IB (1)

U000 0o 00 o s L
FWN

[~

I4
Iu
I4
I4
I4
I4
I4

[ elalalglalale]

i o A
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cacd Iype 22. Equipment Opazating Bule cards.

Thase cards indicate thas equipment operating rules for
string or standby equipsent. The string equipment operating
rules cause shutdowvn of a2 designateld series equipment upon
failure of any of the othar eguipmant or equipsart groups on
the card. The standby sequipment osperating rule, causes
designated equiprent to b2 energized upon failure of any of
+he other equipment of equipment groups on the cari. This
is an optional <card which is placed immediately behirnd the
Configuration Matrix Card which refers to the squipment and
graups on this card. The maximum number of equipment oper-
ating rules is 49. (One rule defined per card.)

Variable ]
Colupn Format  Name Desgription

1-4 I4 ISTB(1) iha,designatei equiglent nugber. If
t is a Standby equlipment, it must
be preceded by 2 minus sign.

5~ 8 I4 ISTB(2) Thz othar eguipment or ejuipment
group numbefs.

9-12 I4 ISTB(3

13-16 Iy ISTB(4

17-20 I4 ISTB(S

21-24 pel ISIB(6

%5-28 I4 ISTIB(7

9-32 I4 ISTB(8

33-36 I4 ISTB(9

37-40 I4 ISIB(10)

41-44 I4 IRUL

EEEERTE N I
i 2qu en or =
rds %rangCOngiggra gon Cagds.

Hafe g
at?ng éa




€ard Ivype 24. MIEIEOR Pazamster Card
This card, and those that follow, 2are only rejuired if tha !
METROR siaulation option is in effact.

Variable
Colymn Format Name Description
- 1
=5 15 . Ingut gp iys Iption 1s selected
: supply nput iata for only one ship
is required. &1 other ships will
be co %.gurtd with *he same stocking
dbjectives ani reo der points.
Supbly inpes 3h¢aChust ba iSes
ssg gtilg for sach ship. P
6-15 F10.0 CR2R £sga etur att§i*ion ratf Enter
3cInal Practisn o repairable

var~asses that are lost due to
attrition.

16-25 F10.0 NMSDT MLSF een delal time.
Enter the tims requ {eﬁ to
€r3~ess a NIS reg isition through
he MLSF, andl refer the requisition
to the pext echalon.

26-35 F10.0 SSRT The amount of tiae reguired to issue

an item from shipboard stocks.
36-45 F10.0 ALFaA1 alla distribution shape parapeter
or repaf able }ten tu nagoun ile.

46-~55 F10.0 ALFA2 jamna distribution shape parameter
for procurem2at lead timas.
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Cazd lype 23.
Ths following 4 card types
for each aquipmert type.

for each equipmert type whan M1 = 1,

sSuyeply Iafermation =ari-

input supply rela*ed irnformation
One set of these cards is required
When 41 = 2, the set

will consist of only card types 25 and 26.

columr Formak

1-10 I10
11-20 F10.0 MPLT
21-30 F10.0 ECCST

Card Iype 26.

This

variabdle

Resgription
Repair Code.

= 0 Consumabla iteams.

=1 iabla itemg. Cannot be
tapa*re :rqan¢zatlonal level,
Jpon failur2, will be shipped to

n2arest repalr facility.

Mz2ap procurzmant lead tias £or this
2qul phent.

c?gt per item for this a2quipment

Repairable Item Ipforaation Card.
card will be

placel immediataly behind the supply

information card whenevar RPAIR = 1.

Variable L
Colupn Format Deszriptio:n
1-10 F10.0 MRT Mean repair turnarcund time for this
aquipment type.

11-20 I10 ERQ Econonmig reggif guan* ty for the
repair facilitls en their or-
hani bhalance >f_ carcasses guals or
exceeds ERQ an induction w:
initiated.

7
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cacd Ivpe 27. High Limit Tazd. (Qetiog 1)

If M1 = 1, cards 27 and 28 are us2d to set activi<y high
lisits and reorder points. In this case, all ships will be
given identical high limits and reorier points. If 41 = 2,
thase cards are caitted anl cards 29 and 30 vill be used to
inrpu*t high limits and reorier points.

Vvariable .
Colump Forpat  Name QRaszription

Inyantory high limict:
-5 15  mILIM(1) Ships -y

6-10 15 HIIINM (2) ®. Coast MLSF

11-15 IS HILIM (3) E. Coast MLSF

16-20 I5 HIIIM(4) WESIPAC Overs:sas Depot

21-25 I5 HILIM (5) E. SONOUS Supply Center

26-30 I5 HILIM(6) W. CONUS Supply Center

31-35 I5 HILIM(7) Not Usel

36-40 15 HILIN (8) Not Used

41-45 I5 HIIIM (9) ICP (Usually sum of HILIM(4,5,6)

cacd Iyre 28. Rsorder Point card. (2ption 1)
This card uses exactly th2 same format as the preceding card

except the variable now is the activity's reorder point.
This caréd will follow imm2diately behind Card 27.

e A
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card Ivpe 23. High Limic Cagd. (Qptian 2)
Wher read option 2 is ir effact, high limits and reorder
points must be individu2lly input f£for all ships and activi-
ties in the simulation. Cards 29 =2nd 30 will follow a
complete set of Supply/Repairable Information Cards.

Use one High Limit Card (Option 2) for each activity in
the simulation starting with the 1liwest numbered ship and
proceding througk the highest. After all ships have been

}_ entered, Bnter the resmainder of the activities ia the
} following order: W.Coast MLSF; E.Coast MLSF; WESTPAC
Ovarseas Depot; E.CONUS Supply Canter; ¥W. CONUS Supply

Cen*er; E. Repair Facili%y; W. Repair Facili*y; ICP.

Variable ..
Colupp Format Name Description
8

1-5 15 HILIM (1) 8igh limit f£or Zquipment Type 1.
6-10 IS5 HIIIM (2) digh limi+ for Equipment Type 2.
11-15 I5 HILIN(3) High limit for Z%quipment Typs 3.
. Continue same format to:
76~-80 I5 HILIM (16)High limi% for Equipment Type 16.
Note: Epter high lln*ts E:r egcb agu* ment <

simuiatidn. ha number of pes ang ds 16,
use as many cards as nz2eded i1 same format.

Card Iype 30. BReorder Point Card. (2ption 2)

Reorder Point Cards (Option 2) £ollo immediately behind
Card Type 28 for eachk achtivity. These cards have exactly .-
tha same forma* as Card Type 29 exc2pt the variable here is
the activity's reorder point. ﬁ

79
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cacd Iype 31. Qrder apd shipping Iine: Skip to Repair.

The following three cards refer to the shipping +times
. between the varicus activities, This card inputs the time
required to send a carciss from a given ship locatiomn to the
nearest repair facility.

Variable
Coluynsn Forpat JMape Deszription

(1-3£,refers te West Coast
sending carcasses to
ast Coast repair facility.

nnx

1-7 F7.0 0s
8-14 F7.0 O0s
15-21 F7.0 o©s

h

hipment tim2 from ship in CONYS.
hipment time from deployad ship
ithout MLSF support. .
hipment tima fIZom degloyed ship

MLSF suppocct.

]

SR(4-6) refers _to ships sta*icned
East Coast sending carcasses, to

t Coast (CINUS) rapair facility.
p

time f£rom ship in _cowgs.
HElme ron depfoyed shgp
4

SF support. .
ime from deployed ship
suppart.

3-8 F9:0 G3RRE
R

36-42 F7.0 OSTSR(6)

card Type 32. Qrder apnd ship [ime: Yanyfactursc.
This card is used to input shipping times from the manufac-
turer *o all other activities in ths supply network. Not2

R S E e e

that these times are iniependent of procurement lead times,

Variable L.
Golumn EFormat  Name Desgription .
Frya magufastyrer to:
1~7 F7.Q0 OSTM(1 W.Coast sh%p gn CONUS |
8~ 14 F7.0 O0OSTM(2 #.Coast ship overseas withou* MLSF
12-21 F7.8 OSTM(3 «Soast ship pverseas with MLSF
22-28 F7. OSIM(Y E.2%ast ship in CONUS |
29~35 F7.0 OSTIM(S B.Cdast ship overseas without MLSP
36~42 F7.0 0OSTM(6 E.Coast shig overseas with MLS?T
ua-u9 F;.S OSTH (7 W.Coast MLS
50~56 F7. 0STH (8 E.C%ast MLSP
] 57~63 F7.0 OSTA(9 WEST PAC overssas depot !
y 64~70 P7.0 O0OSTM(1 B.20oast supply center ;
. E 71-77 P7.0 OSTM{11) W.C>ast supply center :

8
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cacrd Types 33-40. Qorder ani shipping Times.
A total of eight order and shipping cards will be input,
each refering to a shippiny activity. The entries on each
card are of the exact same format as Card Type 34, and
represent the order anl shipping times from the shipping
activity to a destination activity (as above). Nots that it
is clearly ipappropriata £for somsz activities to ship +¢o
others (e.g., MISF tc supply centari. In these casgs, no
entry is required. Cards must be input in the following
orier:

card 33. W.Ccast NLSF

Card 34. W.Ccast ovarszas Jepot

card 35. W.Ccast supply center

Card 36. W.Coast repair facility

Card 37. E.Ccast NLSF

Card 38. ** EFlank Card =*»»

Card 39. E.Ccas* s3upply center

Card 40. E.Ccas*t repair'fazility

81

5

LS v ClR N _ T . T W W PR T amwe R Yo d L TS W T o
P I NP SN . - L e :N("T":fm";;i,x“\ T ST

L -

-

e o Ty




o

card Type 41. Qrtiopal Qutput Cari.

These are special TIGER options that have not beer discussed
in this report. They are includel here for irnformaticn
only. For details, consult the TIGER Manual. The card may
be omitted.

Vvariable

column Format Meme Deszription
1-4 Al 2 o ) i i i ield
SPES RIoe iRl CHRipyReniis.hst oo

jesired. Note: will not be printed
1£f YETEOR is being rumn.

5-8 Al APEL g%a:e an alphaggner%c in, this fieid
£ a summary table cf equipment that
saused aissisy failures apd system
downtimes is desired.

9-12 AU GMMA ase any alphanumeric in this field
g% t he qgnmapigstrgbuticn outpu* is
jesired.
82
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ARRENDIX ¢
VARIABLES USED IN METEOR

Table III prcvides a lescription of the variables used
by tke MULTE unit of MBITBOR, its assd>ciated subprograams, and
those variables inserted in TIGER <*ha* in*teract with MULTE.
Reference 5, Arpendix B, provides a similar listing for
those variables unique t> TIGER. Note +that the FORTRAN
variable naming convention is not necessarily adhered to
with MULTE variables. Variable type is roted ia tLhe listing
that follows.




[

Ay

Variable

PABLE III
Variable Listing

Name 1IType Description

A

R

AADV (i, )R

AAGTYV
AATDV (i)

ACT
ALFAN1

ALFA2
ASA VA
ASREL
AVASS (i)

COAST
CRAR
CTIME
DELOH (L)

DESTN
DNUM

DTIME
DTOT
DTSS1 (1)
DTSS2 (1)

DUEA (1)
DUEE (1)
DUEN

R
R

R

R

R

Random nuabar array.

verage dollar value 9f inventory per mission
or equipment i, echalsn 1.

Total averaj2 dollar valus of ipventory.

Average dollar vilue of inventory at
echelon i.

Activity number designatior.

Gapma dlstr*bu ion shape parameter
(repair time) .

Gamma distribytiQn ha?e parameter
(procurement lead timef.

Averagﬂ ejuipment availability per mission,
per ship.

Average equipment reliability per mission,
per s

Ayerege ggulggent availability pe

= 1 (West); =2 (East).

Carcass retarn attritisn rate.

Curren+ timse.

Change in op-hand at level i, durirn
| it T§ ’ g

currént ca to MU
shipp*ng lest ination of material.
c+ivity dssigrator 5f activity with minimum

qe- :.n ime.

Ciliula+ei iue--n time f£or current requi-
si+ion in process

5 tal nr. of due-; i's as+*ablished for stock
ring curgent cail to NOLTE:

Rupni ntime of hariware systea on
shgn ggdur!ng current phase. ¥

Ru dovatinm hardwvare systsa on
shgg ggduring n?ssfo Y

Activity lesignator of due-in nar. i.
Equipment type of due-in nr. i.
To+tal number of due-ints,
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DUBQ(1) I
DUES I
DUBT(i) R
ECH I
BCOST (i) ®r
ENUSE I
EQryp I
ERQ (1) I
HILIM (i, DI
IA I
IASFT T

IDOEJ (1,1

IFLAG I
IOPTI I
I0PTH I
IOPIP I
IOPTP1 I
IP(L, ) I
IRC I
ISHIP

I
ISSQyE I
ITENA I
ITENP I
ITENQ 1
ITEMSS (1)1

ITMSN I
IX_ I
ID@E,§ 1

Quantity iu2 in on due-iz nr. i.

Due in erial ich is av € *h
currentII %na. A!& E t> on~ ﬂ quaétit

Due-in time on due~in ar. i.
Ec%g%on: 1-MLSF; 2-Depot; 3-Center; U-Repair;

(-3
1
'

Cost of equipment typz2 i

End use activity desigaator.

Equipaent type number.

Economic repair quantity for equipment 1i.

aven*o high 1i at activity i
or equi%meng *ype § ¥ i

Issuing activity.
SSK of activity issuiny end-use raguiramenm+.
i 1 SSN ¢f o derzn 3g+ivit

2 91 $ime at ord

Due-1a i Tin act'v’t
3 SSN of issulng a:t?v%tg Y

geguent.al number if due-in's established
ing carrent cal MULTE.

Indicator variable.

Input option.

Multi-ech2lon supply simulation option.
Print option.

Print option.

Inv ntor gos1t1on of activity i, for
pmen ype 3.

Re lsltzon charpel indicator.
= CONUS opa2ratlions

= Z Overseas operations without MLSF

= 3 Overs2as ope:atz:n: with MLSP

Ship (subsy.tem) identification nuaber.
Issue quan*tity for this requisi+ion.
Ac%*i7ity number.

Temporary variable.

Quantity rajuired.

indicgz if cn rent aission has been aborted
or ship i. (no); = (yes).

To*al nr. of missions run.
Randoa number seeds.
Initial provisioning lavel fcr equipaent
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i, at echelon jJ.

_ K I Coumter.
] KEQ 1 Failed component (pass:d from TIGER).
! KM1 I K minus 1
KR I Counter
L I Coumter
:! LEQNR (i) I Last equipment nr. om ship i.
| ' LEVEL@(E) I = 3 Shig; when, SSN & : 3;282
‘ Depot) = 33
o4 u Center) = 34-35
Tg MAXD I Maximnum due-in vector size (1000).
L MAXEQ T Maximum nr o>f equipmesn‘ types (200).
MAXSS I Maximum nr of sybsystsas.
MFLAG I Signals start of new mission.
MIN R Minimum (Duz-3in time ¢ OST).
g MELT(i) R Mean procur2ment lead time equipaznt i.
- % MRT (1) R Mean repair time eguipamzpt i.
1§ MSD R MLSP screering dalay.
2 MSDT R MLSF screening delay time.
P MOLTC I  Nr. of calls to MOLTE.
| , N I Temporary variable for ORACT(1).
f NEED I Stock point leficiencias for repairables. ;
3 NISs(i) I Nr. of issues of ship stock for eguipment i.
NIST* I Total rr. of issues f£oom ship stock.
NMPR({i,J.K) I ﬁiﬁu gc% ulpm nts ve*pgocu'ed fron

k = NT. gtocuran=nt actions
k = 2 Nr. af items procured
N
K

NMPE (i,k) *I ris°f egglpnents, i, procured froa afr.

NMPL (J,k)*I !e' 2f equlomevbg rocarad from afr for

above. i
NMPT (k) * I Total nr. sjuipments procured. K as above. (]
‘.
' ‘ L] fd a ° i
AL CTR I s Rra §° g804 gugger 35 gemanig 3 where, !

k = 3 Number NIS denag
k = Number Not Carried demands

NENE (J,k) *I Nr. of demaals for equipment . K as above,
NNNL (1,k)*I Nr. of demanis at level i. K as above.
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NNNT (K) * I Total pr. of demands. K as above.

NRA* I Total nr. of carcassas l>st through attrition.

NRP(i,9,K)I T. if uip, 1, inducted by repair facilities
or leve %; vhere

=1 Nr. 3f inductioas
k =2 Nr. of items repaired

k * . (3 N I3 o .
NRPE (3, k) *I gr 223§En§?tsxlggugggee?y repari facilities

NRPL (I,K) *1 Nr..equipaents, i, inducted by repair
(X% faciifeiBs e R as  above. y =ee

NFRT(K)* I Total gr. eguipmernts iiducted for repair,
K as above.

‘f NRRT* I Total nr., it2ms turnad in to repair facility.
j NRS HPS I Total nr. of ships in simulation.
; NSHIP(i,J)*I Nr. of shipmants froma i to j.
NSPT* I To+al nr. of stipments during mission.
NTY I Nr. of equipment types being sinmulated.

/3 NOMSS (i) I Ship (subsystem) nr. of ship i._
: ONHND (i, I On-hand iggngity of 2quipment type 7,

at activ

oQICP I System stock deficiency at ICP.
OQREQ(1) I Stock deficisncies at ICP stock pdints. k
ORACT (1) I SSN of ordering activity, ra2quisition i.
ORDER (L) I Order quantity for stock at ICP stock points. :
ORDQT (i) I Order quantity on reguisition i. é
osT__ R (See below).
OTIME R CTIME of last call +to MULTE.

, PLT R Prccurement lead time.

: QTYD I Quantity dus.

; RELSS (i) R Average eguipment reliability for ship %

i per mission.

§ REORD (L,9)I Reorder lavel for activity i, equipment j.

? REQYN I Nr. of requisitions currently in systen.
RESON() I =1 - end us2; =2 - stock, f£or reguisition i.

i RORD I Quantity to be repairei.

RP I Issuing rapair facility.
BPAIR(1) I

For eguipment i, = 1 - repairab%e equigneat

2 - consumable equipment

N RTINE R Repair tiame.




SHIPR I Shipping activities 2d3rass.

SHPR1 I Shipping activities adirass.
SHPR I N of tzv vh tock dye-in i
giverte %ixl o ugaogequ reégnt?

SHLOC I Ship location (see baolw).

SRT R Supply respoanse tiame.

SRT1 R Temp holdiag variable for SRT.
) SSADT R Ship's continuous allowable downtime.
i SSN I Activity idantificatisa nmuber (see below). »
11 s i uppl 0 3 ,
] SSET @ Shp SURPILTOSROPER BLSE LiEEBERI“HESAGS

ST R Shipping time.

SUMXD (i, )R Cargent on-hand lnve&t:r level for

T R S‘ée“tlﬁei‘i.e piussgsg. )

TO I Level of rejuisitioningy activity.
TOTAVA R Summation of shipboard availabilities.
TOTREL R Summation ¢f shipboard reliabilities.
TPY R

THSN R Real valu2 for total nr. of missiorns.

UgP4sSs (i) R Total system uptime for ship i.

Tine per mission.

XCUMSS(i)R Total number of succa2ssful missions for ship i.

XD(i,§) R Inltl?l invantory investment for aquipment
tyre i, at 2cheldn 1.

XT (1) R Initial inventory investment at echelon i.

XG R Initial invantory investment.

* Indicates that when this variable is preceeded bI an 'A'
it represente an average value based on the total nr
of missions ram.

Explanasocy Notes |

The configuration reguirements >f TIGER, require each

subsysten (ship) be assigned a2 unigue aumber. MULTE will g
require that ship's on the West Coast be assigned numbers 1
870-884, and those on ths Bast Coast 885-899. A corre-

sponding SSN (1-30) will be assigiad 4internally to each
ship., SSN's 31-38 are assigned to each of the other activi- 4,
ties in “he supply network.
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Each ship is assigned 2 ship location based on its coast

and the requisition chann2ls assign2d by IRC. The ship'’s
locatior will determine which order 2and shipping timz is to
be used. There are thra2e order and shippirg time variables.
OSTSR (i) Prom ship location i, to repair facility

cn oorrespo>niing coast.
OSTM (1) FProe» manufacturer to location 3.

OST (i k Prom coast i, echelomn k, to location 4.
(i.,3,k) vheTe. Er_ 7 -CRiSF ) 2

TABLE IV
Activity Designators

Dasignator

Activity ISHIP SSN DESTN LEVEL ECHEILON
West coast ships 870~ 884 1-15 1-3 1 -
Bast coast ships 885-899 16-3) 4-6 1 -
MLSPF:

West - 31 7 2 1

East - 32 8 2 1
Depot (West) - 33 9 3 2
Sugplz center s:

as - 34 10 4 3
. WHest facilit - 35 1 4 3
epair facility:

gast Y - 36 12 - -

West - 37 13 - -
Manufacturer - 38 14 - -

V-



ARRENDIX D
METEOR/BULTE PROCESS PLOW CHART

The process flow charts which £>llow are provided as an
aid *to +he potential user in understanding how the amulti-
echelon supply system has been md>dalad. A similar flow
chart for +he TIGER portion of METEOR can be found in the
TISER Manual (page A3).
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Flowchart: MULTE Init_ializat.ion
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Flowchart: Ship Issue and Reorder Process
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Flowchart: MLSF Issue and Reorder Process
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Flowchart: Depot and Supply Center Issue Process
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Flowchart: ICP Redistribution and Reorder Process
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Flowchart:

ICP Repair and Procurement Process
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APPENDIX E

) nisStine LE ,METEOR OUTPUT

(Event Driven Output)

BRILVRECINTRNIPFEL LT RE ooty AT 3G AT TINE ™
ENC USE RFQUIRENENT FILLEC SY SSN 6.  SUPPLY RESPONSE TIPE 1S3
ORCERS FOR STCCK WERS GENERATEC #S FCLLCWS!
REQUISTTICNOR(SSK) JUE-IN AT TIng ISSUED FAGN(SSN)
16 ne 7Y

:élb!#!:‘fu'?aé’:Ef{c3¥5£ szS?vS:!?xa§s§7 TInE 167,
ENC USE REQUIREMENT FILLEC BY SSN 35, SUPPLY RESPONSE TINE ISt
ORDERS FOR STCCK WERE GENERATEC AS FCLLOWS:
REQUISTTICNORISSN) OUS-IN AT TINE ISSUED FACMESSN)
1S ase 38

2%,

‘® CE & WENT TYPE & CN SKHIP AT TIN 4
RRLGUR B TN TTUEPFELTCITRG stoSty aiT dNslT TINE 14
N0 USE RECUIREMENT FILLEC 9Y SSN 34, SUPPLY RESPONSE TIPE 1S3
NO OROERS FCH STOCK RESULTEQ FRCM THIS ISSUE.

024,

FATLURE CF EQUIPMEXT TYPE T CN SHIP 16 A* TINE 3
HH D PR A ST M4 J I ¢ L P8 1 11,

ENEC UST PEQUIREFENT: FILLED AY SN 233, SUPPLY RESPONSE TIVE IS:
MO OROERS PFCR STOCK RESULTED FRCW THIS TSSut.

523,

FRBRESTERITENTNAE (LR Rifdst” T e

ENC USE REQUIREMENT FILLED BY SSN 16, SUPPLY RESPONSE TINE IS:
ORDERS #OR STCCK WERE GENERATEL AS FCLLCHS:
REQUISITIONORCSSN) DUE~IN AT TIME ISSUED FROM(SSN)

i oft 3

12.

o 4

FAJLURE OF EQUIPMEAT TYP CN SHIP 1 AT TIME 370
R e TN TE FELionTNG supFry ACTIONS | 310,

ENC USE REQUIREMENT FILLED 8Y SSN 1. SUPPLY RESPONSE TINE [S:
ORCERS FOR STCCK WERS GENERATEL AS FCLLCWE:
REQUIS ITICKOR(SSN) QUE~IN AT TINE ISSUED FROM({SSND

i i i

12.

AeLbUTE TN T eI CIIRE s8oily "ilT1ons T TINE 3T
N USE RECUIRENENT FILLED BY SSN 1.  SUPPLY RESPONSE TIPE ISt
CADERS FOR STCCR WERE GENENATEC AS FCLLOWS:
REQUISITIONORISSN)  DUE=IN AT TINE  ISSUED FRON(SSN)
) o ’»

12.
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Sample Summary Output

DATA SUMNARPY: MLLTI-ECFELCN SUPPLY SYSTEM

soARaRi"PHTIR T IRESoNE 28 BCUvENNEe TURalRY TR Msston,

e PRCCURENENT COSTS
ECPELLN SuMMNaRY

SHIPPED FACM MFR TC: sHies mse . oeroOT SUPPLY CENTERS
ue, QP "'NYS 4 [ ] $.9
N Rt P3| | 03 t:3 F9¢1

ICL!”!NY SUNNARY

ue. PO 3l 21 6l st 13 1% 3t 6 €% 68 9%

11« REPIIR COSTS

SCPrELCN Su“wapy
SHIPPEC #R REPAIR FACILITY TCs SHIPS M.SF’ OEPCT SUPPLY CENTEARS

. t
v IYBETIRS creo % 93% %1 %%
SOUIPMENT SWﬂA"

m: TR TReres 39 832 €33 83§ 833 575 i3 ' o8 83 88

M. ITERS RETURNELD BY SHIPS TC REPAIR FACILITIES: 2.4
NR. REPAIRASLE CARCASSES LCST OLE TC ATTRITION: Cel

Ille TRANSPORTATICN CNSTS (NR, SHIPPEATS)
CESTINATICN ACTIVITY

IR EEEEENEREE:
peed il B OH %g asé HHEEEE

TOTAL AR. OF ISSUES FROM SHIP STCCK:11.9
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Sample Summary Output

TVe INVENTCEY CCSTS
INITIAL ENVENTCRY INVESTHENT
€HELON3 s nse (13 CENTERS
lmmm‘m ‘9" . L3 o€ X
3 . £82.2¢ : gg
L ] - * -
. o 2000.¢0 2 .
17 5 T 1 :
[ ] . - * *
4100+ wce +C00.
$ 18998263 8:8 2698-§ $633:8
TCTALSS 29492.00 2600.¢8 7250.C0 23548.00
TOTAL INVESTMENT:  €3296.C0
AVERAGE ON-HANC INVENTOAY CCLLAR VALUE
CHELENS T nse pEPCT CENTERS
PUEN
rourswiny 467.73 443,93 . 26689
313:38 28033 . 8.2
8029 0.0 . 1580
. g-0 18802 7¢ 1561297
89747 947 §89- 22 J50s-3
o2 .ix §.§ .§z ’29’32
s73. . 7S 341 3587018
AR . 104825 3829.36
TOTALS? 16167.61 179,05 4700.29 13184.89
TOTAL INVESTMENT:  33172.¢4
V. OEMSKC MISTORY (TCTAL/ZAIS/NC)
) NELCK2  SHIP wLSF ATER 10T
R JloueLons s LS OEPGT CEATERS OTAL
3:4/0.8/0.0  3.8/1.3/C.C  146/6.0/1.6  1.8/1.£/0.C 1€.2/3.1/1.8
A.ofg.g;s.g A R: .1;@.0;2.1 1297 .s;c.g 13072207201
. 52253225022 ?2z;c2c;oiz :5; Z§;325 Elz; I§;3: {:g;glgggiz
; $$79:3/%:68 323/82%/323 1331528/8:8 Ziglfluglg $:3/8:2/9:3
2470297304 3.473:6731% gedsdigrate  coBsgigrels 1i2/0ig7éds
g phaldd bedel Ghegr! ooy i
vorar” 1028779:57%3% 18549°5785%.55°18%:078:3, 223079580 9.5/°1740 %2+
GRAND TOTALS £5.67 8.8/ 22.3

MARDWARE SYSTEM PERFORPANCE SUPFARY

2 _ENC USE ACTIVITES “SRE SIVMULATED IN A .
10 2!!0&‘7!0 MISSICNS KERE RUN PISSION OF OuRAYICN 1000

THE POLLCWING STATISTICS REPRESENT AVERAGES PER MISSION, PER ENC USE ACTIVITY
Lo SYSTEM RELIABILITY (PRCO CF SUCCESSFUL MISSION)

® 0.0
Q¢  SYSTEM AVAILABILITY (PROE SYSTEM GPERATIONAL AT AN ARSBITRARY TIME)

s 0.45089 .-
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ARRENDIX £
METEOR PROGRAM LISTING

The program listing which follows, includes pertions of
the TIGER simulation and the complate multi-echelon supply
program listing. Only the TIGER nain.ptoqram. +nd those
subprograms changed as a result of YETEOR, are presented.
The major changes +to TIGER are as follows when <tie multi-
echelon supply option is in effect:

a) Deletion of the TIGER logistics system and associated
input parasenters in subroutinzs TTE and PACX respec-
tively.

b) Call statement to subroutine MULTE in TIGER subroutine
TTE.

c) Call statement t9 subroutinz MSTAT (supplvy systenm
statistical suamary) ,in TIGER main program.

d) Additional read statements for supply system parame-
ters in TIGER main progranm.

e) Compu*ation of equipment related performance mezsures
in TIGER main prograa 2and subro>u+ire EUN.
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