XA XRR ' RRAR

1

NAVAL POSTERADUATE SCHOOL

Monterey, Galifornia

THESIS

AN EVALUATION OF THE UNITED STATES ARMY SESAME
AND SWEDISH OPUS VII PROVISIONING MODELS

by

Carl Frank Menyhert

December 1983

Thesis Advisor: M. Kline

Approved for public release; distribution unlimited.




SECUMTY CLASSI CATION OF THIS PAGE "hen Deta Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
L WUM 27, GOVT ACCESSION NOJ 3. nzctinzm's CATALOG RUMBER

< D- AL

4. TITLE (and Subiitic) $S. TYPE OF REPORT & PERIOD COVERED

An Evaluation of the United States Army SESAME Master's Thesis

i isi i 139RKk13
and Swedlsh.OPUS VII Provisioning Models 'E'Eff§§¥e%ﬁ?onc.aenoaruuunea

T AUTHONS) : 8. CONTRACT OR GRANT NUMBER(s)

Carl F. Menyhert

3 PERFORMING OR CaT, T T 10. PROGRAM ELEMENT PROJECT, TASK
. PERPORMING ORGANIZATION NAME AND ADDRESS AREA & WORK UN

Naval Fostgraduate School

Monterey, California 93943
1. COMTROLLING OFFICR NAME AND ADDRESS 12. nEDPeog'émok;ef: 1983
Naval Postgraduate School T NORBEA OF PioEs
Monterey, California 93943 120

I8 NONI YoRING Aa‘NaY HAMA & ADORaS(M dif{erent irem Controlling Oflice) 1. SECURITY CLASS, (of this report)

t3e. DECL ASSIFMICATION/ DOWNGRADING
SCHEOULE

[T6. CAETRIBUTION STATRMERT (o/ thin Reperi)

Approved for public release; distriubtion unlimited.

17. OISTRIBUTION STATEMENT (of the abetrast antered in Bleck 20, I1 different irom Repert)

75 JUPPLENENTARY NOTES

[75. KUY WORDS (Continue on rororee eide I nesossary and identity by dlock number)

Operational Availability, Provisioning Models, Standard Initial Provisioning,
Essential Repair Parts Stockage Lists, Spares Stockage

\

20. ABATRACT (Cantinue en reverse olde If Aecosenry and identily by block bor)
\\

' Two existing provisioning models using operational availability
as the key operational characteristic for measuring systme effect-
iveness are compared. The two models are the 1J.S. Army Seclective
Stockage for Availability Multi-Echelon Method (SESAME) and the

(9 Swedish OPUS VII.
:ﬁ} The SESAME and OPUS VII models and their problem-solving methods
e ‘

AS

Lo g
L}
[
P

Fonu
DD %oy 13 1473  coimion oF 1 oV 813 0BsOLETE
$/N 0102- LF- 014- 6601

SECURITY CLASSIFICATION OF THIS PAGE (Whan Dats Entersca

v
e
o s
R S




SECURITY CLASBIFICATION OF THIS PAGE (Yhea Data Enteredd

Block 20 Cont.

.)Jare described. Mathematical overviews of each model are examined.
’4/ "Differences between the models, their advantages and limitations
S are discussed. Each model is evaluated in terms of input parameters,
. required structure of systems, types of outputs, and model
shortcomings.?\

Accession For

TNTIS GRA&I H
DTIC TAB
Unannounced |

Justification .

BY BXi¢ N,
i butien

Disteibution/ [
Availability Codes mergcren

B Avail and/or
Dist Special

A

SN 0102 LF. 014. 6601

2
SECURITY CLASSIFICATION OF TKIS PAGK(When Deta Entered)




MR ¥ N

Approved for public release; distribution unlimited.

An Evaluation of the Onited States Army SESANE and Swedish
0PUS VII Spares Provisioning Models

by

N Carl P. Menyhart
o Captain, United States Army
B.S., Onited States Military Academy, 1976

i Submitted in partial fulfillment of *he
: requirements for the degree of

- MASTER OF SCIENCE IN COPEBRATIONS RESEARCH

from the

NAVAL POSTGRADUATE SCHOOL
Decamber 1983

wsor: L 0. Monofut—
o Tty P

A0 7

)
TRl —

Second Reader

Tha2sis Advisor

—

- a T—— ——— -

Chairman, Depa:rtm2nt of Operations Research

Dean of Iﬁ?ggaisziband Policy Scisaces




ABSTRACT

Two existing provisionirg m>dels using operational
availability as the key operational characteristic for
measuring systea effectiveness are compared. The two models
are the U.S. Army Selactive Stockagas for Availabili«
Multi-Bchelon Method (SESAME) and the Swedish JPUS VII.

The SESAME and OPUS VII models and their problem-solving
sethods are described. Mathematical overviaws of each model
are examined. Differences between the models, their
advantages and limitations are discussed. Each model is
evaluated in terms of input paramet2rs, required structure
of systems, types of ocutputs, and modal shortcomings.
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A. BACKGROUWD

Recent studies show that the ability of a modern army to
fight has placed additional burdens upon the logisties
systea that support it (Ref. .)]. Success in modern combat
requires operationally and technically suparior combat ready
material, men, and support systeas. With the advent of high
technology weapon systems, the shertcomings in the present
logl.stics systean have warranted the revision of supporet
concepts and structures.

Rear Admiral Henry Eccles (U.S.Navy-Ret) has pointed out
that, although great strides have b2en made in the field of
logistics management, some of our most important unsolwved
probleas are logistical in nature [Ref. 2]. The
deficiencies and contradict ions within our lcgistics systeams
are often caused by our lack of or imperfect knowledge of
the art and science of logistics. The importance of
logistics in the nature and conduct of modern warfare must
not be disregarded.

Logistics managers are required to develop new concepts
+to meet the naw demands and challenges that the modernized
Aray has created. In addition to budgetary constraints,
Prof. W.H. Marlow states that the logistician must deal with
the newv readiness and responsiveness postures that have been
outlined in D>D Directive 5000.39 [Ref. 3]. Maj. Gen. Homer
D. Smith (U.S. Army) points out that one of the major areas
facing lecgisticians and rasearch engineers is the coupling
of system reliability to the cost of manpower and repair

10




parts [Ref. #4]. Purthermore, the crisis in “he M/ddle Fast
in October 1973 has shown that the 3ffactiven2ss of our
tactical forces are more dependent than ever upon their
ability to deploy rapidly in full resadiness for combat. It
is, thus, eviient that our ability to sustain prolonged
comba+t depends upon our logistics affectiveness. A Joint
Logistics Reviev Board chaired by Ganeral Prank S. Benson
Jr. (0.S. Army) produced findings concerning support during
tha Arab-Israeli War. These findings showed the need for
forwvard support during the early days of the conflict

[Ref. 1]. Ti2 Board accurately identified the spare parts
layering problem but did not mention the consequences of
shortages. The JLRB defined th2 layering problem as how many
spare parts to stock at specified maintenance echelons.

Effective logistic support is essepn+ial to maintain a
high degree of military readiness. Bfforts have been
initiated recently tc correct the daficiencies within
existing logistic structures., DoD has established quidance
in DoD Directive 5000.39 [Ref. 5] and DoD Instruction 5000.2
[Ref. 6] which directs the acquisiton process towards the
goals of readiness and availability [Ref. 7] According to
Assistant Secretary of Defanse James N. Juliana, efforts are
being made to relate stockage decisions to weapon systems
readiness {Ref. 8)]. The key phrases within these new DoD
guidance docurents are "quantitativaly related" and "system
readiness". A key ccncept of this new guidance i~ that of
operational availability.

Availability is now baing consilerad the key operational
charactaristic for measuring system effectiveness (Ref. 9].
Tha increase in readiness through iancreased availability bhas
becore a major concern of recent logistics efforts. One way

to increase eguipment availability is to insure that “he
correct amounts of the rejuired spare paz%*s are on hand at
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the proper place and time and to the proper depth in the
systea hierarchy [Raef. 10].

Through the use of coamputer modasls, potential sclutioans
to logistics probleams can be quickly evaluated base? upon
defined measures 5f effectiveness such as availabil.ty.
There exists a need to relate these measures of
eftectiveness to specific decision~making processes in
supply and saintenance msanagement.

B. OBJECTIVE

The objective of this thesis is to provida information
about logistics provisioning models through the evaluation
of “wo specific medels. It is part 5f a largaer study being
conducted by the Department cf Defense to analyze and
evalaate several level-of-repair ani provisioning aodels.
the measure selected is operational availability (A,) shich
is the currently specified DoD measure of effectiveness
{Ref. ¥tJ. Operational availability is a measure of the
field reliability, maintainability and supportability of
systeas and egquipments and the impact of these parameters
upon mission fulfillsxent.

C. TYPES OF EQUIPHENT

Different types of systems and a2quipment usad within the
Arasd Porces canndt be treated in the same manner. The
technical characteristics of electronic equipment cannot be
corpared to the technical characteristics of a whesled
vehicle. There are several simplifications when dealing with
elactronic equipment. Poremost is the fact that tinmes
betveen failures are cocften accurataly modelled with the
exponential distribution. This results in much better
mathematical “ractability with failures occurring in
accordance with a Poisson process. Both computer models

12
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evaluated in this thesis defing availability in terms of
exponentially distributed failures. Due to the nature of
electronic equipment, maintainability is mostly concerned
with correc+ive maintenance. The arza of preventive
maintenance is limited to such things as tests, calibrations
and monitoring during normal operation. Studiass have been
conducted that indicate that corrective maintenance time
follows a lcgnormal distribution [Raf. 12]. Mathematical
evaluation of failures, repair time, and supply response
times leads to an evaluation of the sxpected systen
effectiverness (operational availability).

D. APPROACH

This research is geared to the investigation of the
numerical outputs of two logistic mdodels with tha emphasis
upon analyzing differences caused by different problem
solving algoritkms and input data. The intent of such
investigations is the deteraination of cumputational =mcdels
that are simpler to use and evaluate, thus enhancing the
applicabili+y of the nodels [Ref. 13].

The structure and problem solviag algorithms of each
model are axamined in this thesis., Sathematical overviewus
are presented vwhich shew how solutions are detersined. Each
model is evaluated in terms of input parameters, required
structure of systems, types of outputs, and model
shortcoaings.

A sample probles is run for both aodels and the outputs
are compared, Differences are avaluated with respect to
isolating the input paramsters that caused the change and
the sensitivity of each maddel to changes in inputs.

The analysis consists of the uss of computational
techniques leading ¢o0 the ranking of alternatives based

upon :




--operational availability at 1 fixed cost level;
--minimum cost tc achieve a spacified operational
availability.

B. THESIS STRUCTURE

The structure 2f this thesis and the relationships
betveen chaptsrs are illustrated in Pigure 1-1.

Chapter II discusses the functions of the U.S. Army
SESAME nmodel. It describes the structure and purpose of the
SESAME aodel, and the gensral uses >f SESAME.

Chapter III discusses the functisns of the Swedish OPUS
VII model. It describes the structure and purpose of the
OPUS VYII mcdel, and the general uses of OPUS VII .

In Chapter IV, sample input structures used to compare
the two models are developed. The rationale and an
avaluation of possible causes for error are discussed.

In Chapter V the results of thes2 modsls ara coapared and
evaluated, including relative strenyths and veaknesses.

Chapter VI provides conclusions and recommendations
resulting from the analysis.
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II. THE SESANE HODEL

A. BACKGROOND

The concept of "sparing to availability®™ has become a
policy of the Department of Defense. The idea of "sparing to
availability" means that it is now necessary to zonsider the
effect of each item uypon the systeam's ability %o compleze
its mission. Jne important requiremant in the sparing %o
aviailability concept is that the spacified level of
availability aust be achieved at a minimum cost.

SESAME stands for Selacted Stockage for Availability
Bulti-Bchelcn Method. It is used by the United States Army
for deteraining provisioning levels and war resarve
raquirements (Ref. 14). SESAME wvas developed by the U.S.
Arny Inventory Research 0ffice as a tool to support weapon
sys-eas and end itams vwhichk could not be supported by

demand-supperted criteria. As a spares optimization modsl,
SESAME coaputes the least cost aix ef spares that will
provide a specified lavel of system availabilty (Pigure
2.1) . Pigure 2.1 represents the optimal stockage using the
SESANE model. The endpoints represant boundaries created by
cost limits and the Standard Initial Provisioniag (SIP)
requireaent. I%¢ is one of four spares optimization models
that have been used by the Army as initial provisioning
nodels [Ref. 15].

SESAME is an analytic computer model that can handle
multi-iter, multi-system, multi-echalon inputs. It
determines vhich items to stock, and where and in what
quantities to stock them. SESAME determines these amounts
vhile optimizing operational availability for 2 given cost.

16




The model was developed by the United States Army
development and Readiness Command (DARCOM) Provisioning

Y i o N

o évailability :

Goal ;
Operational :
Availability

o (°1P) i |

$ Spares

rigure 2.1 Spares Stockage versus Availability.

Technical Workshop. The Army Inventory Research Office
(IRO) had previously developed a model which was capable of
calculating the range and quantity of spares and repair

17
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parts necessary to support a new itam/weapon system, *he
Standard Initial Provisioning (SIP) model. SESAME is aun
outgrowth of these earlier efforts.

B. APPLICATIONS

There are two ma jor usages of the SESAME Mod=l, (1)
budget preparation (both peacetime and wartime), and (2)
deteraination of essential repair patts stockage 1list
(ERPSL) items (Pigure 2.2).

In the budgeting mode, the program computes a projected *

total cost which serves as an estimate for the funding
requirements for new systems that are to be deployed. Since
the systems are usually still ia early stages of
development, in this mode SESAME rejuires only aggregated
dollar figures as input. This iaput uses data gathered from
vhatever assemblies are available at the time. These items
are ranked by means of the rarameter Maan-Time-Batween-
Failure per Unit Cost, aund the provisioning cost for each is
calculated by SESAME. The ERPSL application determines
availability and cost based upon detailed data about the
conponercts and parts.

SESANE may be used for toth Peacetime and Wartinme .
applications. Both share the same algorithms. The Peacetime
requirements are used tc represent a2xpacted initial
deploynent and peacetime usage ratas. The Wartime
raguireaents are used to examine diffarent scenarios, which
can represen”~ differing levels of combat intensity, comba*
loss and delays due to combat. At present, SESAME cannot
handle a surge in supply reguests.

18
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. C. ASSUBPTIONS

The following assumptions are mads by the SESAME model:

1) A system of up to three ech2lons exists; each unit

<L W8 27 T R

i

1: ;

: 1

i SESAME

.:‘ [ ‘
i POM &% Budget Stockage List

. Estimate Components

.

. :
y ‘
\ |
; Peacetime J War |
. i
4 |
j |
. - Austere - Austere ;
\ L Spare to L Spare to L Spare to

‘ Availability Availability Availability

}

i

N

"

:

\

: — ]

Pigure 2.2 SBSAKE Usage Modes,

may be supported by only a higher echelcn.
2) SESAME is run on only one w2apon system at a time.

—F
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3) Upon failure, a replacement is automatically ordered
and the bad part is either discarded or sent *o a
repair facilits.

4) Line Replaceable Units (LRUs) and Shop Replaceable
Units (SRUs) are identified.

5) Pailures are independent, occur at random times,
and follow an exponential distribution.

6) SESAME does not recognize constraints such as
states of limited operational capability.

7 In order to deal with operational spares (rctatable
items that can be put intr use while a systenm is
under repair), the failed item must be dealt with
as an LRU, or SESAME must be supplemented with
additional prograss [Ref. 15].

D. PERFOREANCE USING OPERATIONAL AVAILABILITY (A,)

SESAME uses operational availability as a parformance
measure. Operational availability measures the ability of
an end item/systea to enter its mission and is defined as
the percentags of time that a system is mission capable.
Operational availability is a requirement determined by the
user.

Operaticnal Availability is defined by Army Requlation
702-3 as "the degree to which an itsm is either cperating or
is capable of operating at any random point in time"

fRagf. 171, This ie equal to the amrant of equipment u

______ - = 3 ==F ~

o ptlee
divided by the amount ¢f equipment dowrtime plus uptime. 1In
the case of this equation uptime is defined as either
oparable or in a standby state.

Uptinme

L, = eceeememccmr——ee - (2= 1)

o
Uptime + Downtime

20




SESAME converts this equatiom to

Average Uptime per cycle

A = somcccemeccmommecemcmsenmeeae (2-2)

° Average length of a cycls
vhare a cycle consists of two cunsecutive time periods; 2
period where the system is up followed by 2 period of time
wvhen the systeam is down. This utilization of cycle time is
an attempt to make SESAME more applicable to systems which
are not evaluated solely by operatiag time, Some systeas
used by the U.S. Army are avaluated by the actual operating
hours per day rather than operating 24 hours per day. Por
exaaple:

(---One Cycle-~~) (=~===-==0ne Cycle-==-=-- bbbt )
up Repair up Avaiting Repair gp
Time Parts Tims &
D T ettt Sttt X LTt + - .
T1 T2 T3 T4 TS T6 ‘

vhere Repair Time is part of downtinma.

Prom the abovs diagram:

EU

A: D W A w D A A . — . - - - ¢

)
BEU + EBT ¢ ED

vhere
BU = Expected Uptime per Cycle
BRT= Bxpected Repair Tize per Cycle
ED = Expected Delays unti) Part is Available per cycle
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This definition of availability is important when the cycle
time occurs for a period vhere operating hours is less than
24 hours.

SESAME defines operational availability as; (Bef. 14]

MCTBP

Y ettt (2-3)

°
MCTBF + MTTR + MLDT

vhere
MCTBF (Mean CTalendar Time Betw2en Pailures)
= Bxpected uptime per cycle
= (Sean Time Retween Pailures) MTBF/ OPHD
vhere OPHD=Operating hours per day

MTTR (Mean Time To Repair)
= expected repair time wh2n spares ar2 available

MLDT (Mean ILogistics Delay Tima)

= expected delay until a serviceable spare is
available.

The demand support stockage policy requires the stockage
of spare parts based upon the demanl ganerated by failures
of those parts within *he operational anvironment. The
probles with a system of sparing based upon demand support
is that a reasonable availability cannot be readily
attained. This is because of the criticality of specific
itens which have a low failure rate. These items fail
infrequently but their failure has a significant effect upon
the availability of the system. These are not adequately
represented by the desand support stockage policy.

Figure 2.3 represents this occurrence for an equipment
consisting of a mixture of demand and non-demand itens
{Ref. 18). The figure shors that the demand support sparing
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vill yield a system availability that is not on the optimal
availability curve. Therefore, any availability received

' SYSTEM.
l AVAJLABILITY
|
{ 1.00
| .90 ¢ I
n
Provisioning Model !
. Optimization Curve !
.75 i
l
l
.60 ¢
.45 ¢+
30 1 ¢ Demand Support
e Sparing Computation
A5 ¢
.00 - . A L 1
2 4 6 8 10
STOCK IN MILLIONS OF DOLLARS
!

Pilgure 2.3 Demand Support Stockage vs. Sparing to Availability.

from this stockage policy will be lass than that using a
policy represented by the C~E curve. The curve in Figure
2-3 represents the lcwest cost mix of spares to achieve
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different systeam availabili ties when the optimal stockage
policy is usel for all critical iteas within the system. The
mixture provides a higher level of availability at the same
approximate cost level.

There are several equipments that are well suited for
the application of provisioning modals:

1- Equipment having high operational availability
requirenents,

2. PEquipment with low density deployment quantities,

3. Equipment designed with redundant configurations
below the end-item indentura level [Ref. 18].

B. SESABE STRUCTURE

SESAME can handle both symsetric and asymmetric support
structures. These structures define the number of units
supported at each maintenance/supply echelon.

1. support Jtructure

A symmetric structure is ona in which each supply
point within tho system has exactly the same demand
Tequirements as any other point on the same echelon level
(Pigure 2.4). An asywmmetric structure is one in which each
point within the systea does not necessarily have the same
demand requirements as any other point (Pigure 2.5).

SESAME' defines a non-vartical structure as one in
which an echelon has a maintenance function but cannot £ill
supply requests. This represents the ability of a higher
echelon unit to perfora the required maintenance functions
for a supported unit but not the supply function. In order
for the demand generating unit to receive the reguired
spare, it must pass the request to the next higher unit in
its supply hisrarchy (Pigure 2.6).
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ORG.
i
‘ !
| i
|
l !
Pigure 2.4 Symmetric Structure.

2. System Structure .

Within SESANE an indenture level refers to the
hierarchical reole of a component within a systea. A
comnponent may be an LRU or an SRU. Por example, a second
level component (SRU) is used to fix a first leval component
(LRU) which is used to fix an end iten.
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SESANE computes stockage on lower level compoaents
based upon economic ccnsiderations, but does not explicitly
model their effect upon down time. By using

AT I

o — — ——

|

ORG.

Figure 2.5 Asymmetric Structure.

BEssentiality/Fault Isolation Module codes (ESS/FIM Code),
the SESAME nmcdel determines whether to stock an item. If a
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part is essential, it is alvays stocked. If a part is
noa-essential, it is treated as a non-LRU even if it is an
LRU. As a non-LRO, the item has no 2ffect upon determining

Only Supply

G.S.

------- represents maintenance support without supply support
———— represents supply and maintenance support

Pigure 2.6 Non-Vertical Structure.

the total systeam onerational availabiliy, Similarly, if an

jtem is denoted a Fault Isolation M>dule (PIM), it requires




removal to determine failure. Items designated PIN are
requirad to ba stocked at least onc2 at each echzlon where
the item can be removed and replac=d. An item designated
FPIN can be a non-LRU item. A part can be designated FIM when
it is an SRU if it is deterained that the part must be
removed in order to deteraine its status. If an item is
essential it is required to be stocked, if the item is
non-essential it is treated as a non-LRU ever if it is an
LRO. 1I£f a spare is PINM it aust be stocked at least once at
each echelon.

3. Maintenance Eolicy

SESAME recognizes that parts need not fail in orxder
to be removed. It treats item failures as system failures.
SPSAME defines the level at which repairs carn be conducted
for specific spares. This is the Maintenance Task
Distribution.
SESAME does not treat cannibalization at the present
time. HNO steps are presently being taken to add this feature’ .
to the SESANME model.

4. PRegupply ¢onsiderations

%hen an orgapization (ORG) is out of stock and
Iequests a part from a direct support unit (DSU), the ORG
wait vill dspend upon the DSU due-in date. MNost
multi-echelcn models incorrectly assume that the ORG request
vill be delayed the full Order ard Ship Time (0ST} from
Depot to DSU. SESAME uses the Two-Point improvazent to
METRIC [(Ref. 19] and plans to adopt VARIMETRIC [Ref. 203 %o
the pres«cnt software used vithin SESANE. The Two-Point
. improvement is a means to calculate tive weighted
backorders. This process is based upon the fact that the
due-in to a stockpoint is represented as a Poisson Process
" compounded by a twvo point distribution of the mean. The two
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points result from a simplified represantation of the
continuous distribution derived froa the observed Order Ship
Time. The tvo points reprssent an 0ST based upon the input
OST, which assumes no delay, and tha OST augmented by the
average time of backorder, given that a backorder exists.

P. HATHEMATICAL OVERVIEW

SESAME can handle large problems very guickly by
utilizing a Lagrangian multiplier optimization technique
(Ref. 21]. The basic optimization objective of the model is
(Ref. 22]

winimize D 2. S(I,Jd) x N(J) x UP(I)
I3
Subject to PNORS < A

vhere

S(X,d) =amount of item I stocked at an echelon
J unit

N(J) =nuaber of units stocking spares at
echelon J

P (1) =unit price of itea I

PNORS =% of time systea is down due to
unavailability of a component

A =maximam permissible PNORS

The PYORS constraint is modelled by restating the problem as
followvs:

#in 3 D S (I,J)xN (J) xUP(I) +T T EB (I,J) XRTD (I,J) xN(J) XBRC(I)
I 3 T3
(2-4)

vhere
EB (I,J) = expected amount of item I backorderd
at echelon J
RTD(I,J) =replacement task distribution percent
BPC (1) =backorder penalty cost
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(The replacement task distribution is a standard Arny
provisioning term =:kich represents where the component is
renoved and replaced; for example RID (I,1)=100% means *hat
the component is solely used by the elsauwent at the
orvianizational echelcn.)

1. Qptimization Iechnigue
a. Single Item Optimization

The objective of single item optimization is to
determine upper bounds for the optiaum stockagce quantities,
thsn dynamically reduce these bounds based upon potential
optimum solutions as they are svaluategj.

The procedure used is based upon deterrmining the
lovest and highest values of total cost where total cost is
the sum of ¢f backorder and inventory costs, given stockage
at a specific echelon J, and inventdory cost is rharged oaly
for stock at achelons 1 thru (J-1).

* . . L m e {2«
(Sa) (UR) + IT (S, )< (8) (Up) ¢ T2 (O} (2-5)
¥
where sn sStockage at echelon J
E 2
Tqu (S) =Lovest possible sum of backorder and inventory
) -
costs, given Sn = S54°
up =Unit Price.
S: =0ptimum stockage at echelon J.

This implies that as upper echelon stock is raised, delays
to lower echelons drop and so do echelon costs. For the
upper echelon n, all values for S are tried until an upper
bound on S is reached. At the lowest echelon, cost is a
convex function of S therefore the bounding proacedure is
not necessary. PFor each value of S:, a value of TC: (54)

-1 N
is detemined.
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b. Multi-Item Optimiza+tion

Malti-Item Optimization within SESAME is
computed using the A, formula to mininize inventory
investnent subject tc¢ Mean Logistics Downtime (MLDT).

> (ALDT, /MCTBE, )
MLDT = ==~e—meeecee—en (2-6)
2 (1/4CTBE; )

and /
|
A, |
EMF & <~veccmccaa |
MCTBPF 1

wvhare

EMF = Effective Maintenance Factor, the number of LRU
removals per end item per year.

Relative removals are proportional to relative failure
rates, therefore,

(E4P) (1/MCTBE,)
ENF, = ===coosssssmmsoo-- (2-7
1/MCTBP

substituting the foraula for EMF , in 2he formula for MLDT

2. (MLDT, ) (EWF.)
MLDT & —cwewe———eman-

vhere

THB,
MLDT = ==-=-==-c=- (2-8)
(E!Fi) ()

where
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N = the number of weapon systeas supported
TWB, = the expected time weighta2d backorders for the ith

component.
Therefore
TWB,
MLDT & ~e—ecccecee=- (2-9)
(EMF) (N)

2. Qperatioyal Availabjlity

The Operational Availability (A,) calculatec within
SESAME is a functiofi of the expected backorders of the
components, the yearly removal rate of each component, the
average time betveen system failure, and downtime while
system is in repair. In determining A,, only essential LRU's
are considered.

SESANE defines operational availability ia terms of
MCTBF, LDT and MTTR. This formula has the advantage that it
ccn estimate the system MCTBF from the component failure
factors without depending upon the MCTBF of the indiviual
itens.

BRCTBPF

A = ~e—~ccoessccsuemecoos (2-10)

o
BCTBF + MLDT + MTTR

SAR 1=  —cce-cwe- ——m———ma- (2-11)
MCTBP + MLDT ¢ MTTR

Given that MTTR is very small,
SA =MCTBF/ (MCTBF + MLDT) (2-12)

where

i, = Operational Availability, hours the systen
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is up as a per cent of total hours.

SA = Supply Availability, per cent of hours
system is not down due to unavailability
of a component.

MLDT= Logistics Down Time, average time to
get an LRU when needad.

SESAME is an analytic computer model that can be run
interactively or in a batch mode. SESAME can handle four
echelons but it presently optimizes three. One of the major
products of the SESAME model is the HMean Logistics Delay
Time (MLDT) which is the weighted average of the delay for
the LRU spares. Availability is detarmined but it is through
MLDT that spares provisioning affects A,. SESAME allocates a
fixed budget to achieve the highest possible A,. Since MLDT
is the only factor affected by stockage decisions, achieving
a maximum A is eguivalent to deteraining a minimum MLDT for
a fixed budget.

MLDT=s --w--- x MNCTBF - MTTR (2-13)

3. PRipeling Quantities

Pipeline quantities are the basis for stosckage. The
pipeline is the amount of spares to be stocked at each
echalon baseéd upon demand, the percant of repairs to be
performed at that echelon, demand causing a request from the
part supplier, and the order skip time. The general formula
for pipeline at a stock point is : [Ref. 23]

Spare stockage according to pipeline=
(DDR) x (PRS) X (RCT) ¢+ (DDR) x (D=0) x (OST + OLD) (2~ 14)

whare
DDR = Daily Demand Rate
PBRS = X of demand to be repairad at stockpoint
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KCT = Repair Cycle Time

DCO = % of Demand Causing Order from supplisr
OST = Order and Ship Trime

OLD = Operating Level Days

The nature of the pipeline makes th2 following input data
critical:

-The failure factor is the most critical icput.

-A change in the saintenance task distribution will
tesult in repairs of LRU'sS clcser tc the user which
will cause lowver demand rates.

-2 change in the replacement task distribution will
result in replacement of non-LBU's at higher echelons
which will eliminate some of tha pipeline required for
those spare parts.

~-Changes in Order ship Time aff2ct all spares at that
echelon.

4. ZIhe Stockagse List Hethod

The Stockage List Method is used when th2 input data
contain detailed information abocut the number, type and
specifications of the parts. SESAME will produca the
stockage cost for the sample required to achieve a target
availability that the user has entared as an input.

SESANE determines the retail stockage requirements
in terms of two retail budgeting approaches. One approach is
to take the total initial issue funds required to> support
all operational items at the end of a deployment year, and
then subtract previously budgeted initial issue dollars.
This approach is called the cumulative approach to retail
.tudgeting., The other method is to consider only the
Tequirements of units that come into existence during the
respective deployment year. This is called the incremental
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approach to retail budgeting. The type of retail approach
used in the SESAME model should closely resemble the actual
plan for deployment wvisualized withia the budget.

In determining the budget, SESAME divides stockage
intoc wholesale and retail requiremants. The wholesale
requirement covers the consumption >f spares due to washout
and the impact of the depot level rapair cycle.

SESAME defines consumption as:

consumption =

{BDENS+DENS)
-------- --x (BYEARS) x(vashouts/item/year)
2 (2-15)

vheyre
BDENS =Beginning density (units of program)
DENS aPnding density (unitsof prograa)
BYEARS =Years in bhadget horizon

G. SUERHNARY

In sumaary, SESAME can allocate spares to units at
different echelons based upon a firxred budget, By defining
the input parameters to the pipelina, an analysis of
stockage policy is possible. By using aultiple iterations of
SESAME vith different supply 2and maintenance distributions,
the user can letermine the optimum stockage policy to use at
a given budget and requirad operational availability. _
Deployaent of spares according to the budget can be modelled f;
and estimates of total system cost can be generated when all '
system knovledge is not available. SESAME produces output
vhich allows the user to know whers parts are alloca+*ed and
hov much the total cost of spares will be at each echelon
for a target level of availability or total cost.
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III. THE ORUS VII MODEL

d. BACKGROUND

The OPUS aodel wvas initially developed (1970) by
Systecon AB, Sweden, as an in-housa sponsored project for
the Swedish governaent. The improvements that have been
incorporated into the OPUS model since then have been made
as a result of contracts from the Matsrial Departments cf
the Swedish Defense Material Administration. [Ref. 24].

OPUS was created as a steady-state model for optimal
allocation of LRU's and SRU's in a maintenance srganization.
The original intent of the model was to serve as a
coaputer-based aid for initial provisioning. Continued
refinements have enabled the OPUS model to deal efficiently
vith the following types of probleas [Ref. 25]

-Initial procurement of spares (allocation >f spares
within the organization),

-Reallocation of a given assortment of spares,
-Replenishment procurement of sparss,

-Reallocation of & given assortment and initial
procureaent of new types of spares, and

-Cost~Bffectiveness evaluation of alte;native
majntenance and supply concepts and alternative
system configurations.

OPUS is designed to use any or all of four different
seasures for evaluating the effectiveness of a problenm
solution. These Heasures of Effectiveness (MOB) are:

a) System operational availability (3,)-

b) Probability of successful mission performance.

Cc) Risk of shortage when a spara is deranded.

d) Mean vaiting time for a spars (computed for

each level of the maintenarnca organization).
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B. CHARACTERISTICS

The original design of the OPUS mcdel placed emphasis
upon the ability 2f the model to be efficiently used as a
studv tool. This design concept provided the OPUS Model with
sevaral special characteristics:

~An ability ¢5 handle LRU's and SRU's in a hierarchic
paintenance organization with an arbitrary number
of echeloans,

-A means by which to choose different measures of
effectiveness,

- means to run multiple levels of investaent and
spares allocation,

-2 computer methodology which is not costly to run and,
therefora, enables extensive studies of possible
solutions, and

-A capability to handle different systems
simultaneously.

As with most computer models, the value of the OPUS VII
outputs is directly related to the guality of the input
data. OPUS VII has the ability to parform sensitivity
analysis upon its input variables. In this manner, the user
can determine the importance of each input and the amourt of
precision that the input data requiras in order to provide a
valid result.

OPUS VITI is user friendly. The butput is designed to
assist an apalyst and the 0PUS output will provide him
with:

-Graphs depicting how the MOE is related to level of

investment,

-Tables of different levels of investment, showing
number ¢f each type of spare t3> be purchased, and the
best location for the storage >f these spares,

-Tables reflecting the distribution of initial
investment costs among the different levels ~f
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C.

techniques. The techniques are definad within a macro and a
micro structure. Both structures can be described as

the organization, and
-An ovarall cost-effectiveness curvs.

ASSUNPTIONS

The algorithms used by the OPOS VII Model ar2 based upon

following assumptions:

-The demands are Poisson distributad.

-Mean values 5f turn-around time are known.

-Pailures are independent of other item failures
and are known.

~-Repair times are statistically independent and
are known.

-No waiting times at the maintenance facilities
(no batching of repairs).

-A8 soon as .a spare is requestal, a replaceament
spare is ordered (an (S-1,S) stockage policy).

1. Optimjzation Techpigues

OP2S VII utilizes two types of optimization

imbedding methods. The microstructure can also be viewed as
a dynamic progransing method. The macrostructure divides

the

prcblem into aultiple subproblams. Bach subproblem is

restricted to no more than 1500 indapendent variables. By
utilizing both methods, OPUS can handle very large and very
complex probleas.

The concept cf cost-effectiveness is a major part of

the optisization procedure used by JPUS. The measure of \
effactiveness is considered as a function of the stock

levels, given all relevant information conceraning the

activities and support flow of +he brganization. The measure

of cost is the total investment in LRU's and SRU's which are

38




to be distributed in the organization. If a specific cost
constraint is given, it is possible to deteramine values of

ﬂ' -

Operational

Availability

MOE

MOE's such as probability
of shortage, pronahility
of mission success,

expected
waiting time I

e —— - ———— o — o —

INVESTMENT

Pigure 3.1 C-B curve MOE as a Decreasing Punction of the Investaent. |

spare stock levels where the chosen measure of effectiveness
is optimized (Pigure 3.1) [Ref. 2&].
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D. SYSTEHM STRUCTURE
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0PUS VII wvas designed to handle systems using Line
Beplaceable Units (LRU's) and Shop Replaceable Units
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Pigure 3.2 OPUS System Structure.

(SRU's). The ability of OPUS to handla more than one systenm
at a time and the ability to handle additional systenm
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indantures requires that specific input data be available.
This input data msust contain:

SRU Data
-nunber of different types of SRU's
-for each SRU type, replacement rates anrd unit prices
LRU Data
-number of different types of LRU'
-for each LRU tyrpe, replacement rates and unit prices
-for each LRU type modularized into SRU's,
identification of those types of SRU it cortains,
nunber of units of any such types.
System Data
-number of different types of systeams
-Por each system type: identification of those
types of LRU it contains,
nuaber of units of every such type.
-System Mean-Time~-Between-Failuce (MTBF).

Pigure 3.2 depicts an example of th2 structure 5f a systenm
(Ref. 281,

1. §tructure f£or the Support Qrganization

OPUS VII places very few constraints upon the
saintenance and suppcert organizations tlat it models. The
only major reguirement is that the supp.-t structure be
built in a hierarchical way. By Liasrarchical it is meant
that every unit on one level (echelon) will be supportad by
2 unit or units of a higher level (2cha3lon). This structure
allovs for the flow of spares betwean stations at differant
levaels by the use of "dumay™ statiocas. "Dummy" stations ure
added to the hierarchy and they have turn-around-times but
zaro stockage levels (Fig 3.3). OPUS algo allows lower
echelon units to be supported by more than one upper echelon
unit. This support system is done by defining the
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probability that a lower echelon unit s supported by a
given upper echelon unit (PNYPR).

ESS (Depot)

SS (Intermediate) SS

SS (Organizational) SS
. ¥
!
[
L
DGS DGS
----- represents turnaround time to and firom the

"dummy" station. A "dummy" station may pass
but cannot stock spares at its level. |

rFigure 3.3 OPUS Support Structure.




a. Eleaents of the Support Structure

T> model the support flows, OPUS uses a number

of basic elements. These basic elemants are combined with a
set of rules vhich define the wvay in which basic elements
are put together. The basic elements are:

-station

-jdentifier

-address

-denand

-suppert

b. Stations of the Support Structure

Thers are three stations within the support
organization that are built up by the basic elements. These
stations are:

a) End Support Station (Essi- corrasponds t>
depot(aaintenance) level, and may include stockage
facilities.

b) Support Station (SS) ~corresponds to intermediate
or organizational level of maintenance, and may
include stockage.

c) Demand Generating Station (D3S)-tha organizational
user.

c. Rules for Creating Support Systems

OPUS enables these stations to be coabined

arbitrarily, forming a support systam. This support systen
can be handled by OPUS as long as the following rules are
followved:
-Bach DGS aust be supported by osne and only one SS (at
Oorganizational 1level).
-Bach SS (at the Organizational lavel) must be supported
by one or more SS (at an interaediate level) or ESS.




An SS may exist at the organizational level and serve
as the unit that stocks spares at that echelon, this
unit is separate from the DGS.
-There exists at least one ESS and at least one DGS.
~A specific demazd, ard its resultant demands, must
nct loop back and regenerate another demand.
This refers to the fact that if a spare is not
arvailable at the next higher schelon and a due-in
is astablished, the lower echelon unit will
receive notification that the part is due-in and
should not re~order the part.

d. BRequired Support Station Input Data

In order to run OPUS, the foliowing Support
Station data are required:
~A demand history which identifies which stations
initiated which demands, _
-Identification of which itemas are allowed t> be kept
in inventory,
~The time to repair an item required at a station, and
~Tine to receive a spare from the next higher SS when
no shortage exists,

2. The Macrostructure

A given probleam is divided into a number of

S_ o . _ _ @ __ — - L v e __ _ o~y wca—Ll e Al 4 o 3 o nam XA - 2 M o
ilaepencdent SUDpPLUDLIeSERS. L0€ LUUBRDwWL UL Lludepenusint varliavied

vithin each subproblea is dependent upon the type of
computer used [Ref. 26]. By solving subproblems, OPUS comes
up vith a cost-effectiveness curve. By performing a margiral
cost analysis upon the results of aich subproblea, a final
C-E curve can be produced.




3. ZIhe #icrostructuge

The system is defined in terms of the set S of all
independent variables, where !

u‘..
S= S|U %a U Sk

:
. ard the subset S 1is independent of all other subsets. The :

variakles of Sk are mutually independent. ‘
Por exanmple, "

S,®= (A1l SRU's at the ESS)
S,= (All LRU's at the ESS)
(A1l SRU*s at SS , SS , SS )
S,* (All LRU's at SS level)
(All SRU's remaining at SS levsl)
S = (All systeas of DGS 1, DGS2,...,DGSKk)

The optimizing procedure calculates a C-E curve of
the subset S1. Subsequently, a C-E zurve is determined for
subset S2. This is possible because S2 depends only upon S1.
This procedurs is contipued for all subsets. This procsdure
produces stockage levels for the entire space S.

B. HATHEBATICAL COVERVIEW OP OPUS VII

1. Qpys Optimization Algoritha

The algorithm used by OPUS VII to determine an
optimum solution is defined for problems in general and
then modified to handle more difficult (multi-level) type
probleas. The algorithm determines 3 C-E curve in terms of a
subset S. The subset S is denoted

( c‘.Q El.l ), i=1,2,...,1 (3-1)

where

C(i)= unit price per iten
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E(i) = measure of effectiveness 1 represents the
corresponding stock levels.

The total demand rate of § is definzd as

Na
DTOT = > M(i) D (i) (3-2)
(:(\.‘H
vhere

N(i)=multiplicity factor used in describing symmetries
in maintenance organizations.
D(i)=Demand Rate

and the Turparound Time (TAT) is

T(i)' 131,2.-...1'11.

vhare

Td)=T0W@) ¢+ = p(i.J) E(J)
T0(i'=a constant independent of stockage levels.
B(J) = Ixpected vaiting time at position 1.

P is the triangular transition matrix (p?/i,q§) I=1,2,...n)

describing the step transitio: probabilities betweern
positicns of S (Pigure 3.4)

The first point of the Cost -Effectiveness Curve is 1s1

C =0

l\i
¢ (i) TH)
B, = mem—emmemememeeee- (3-3)

DTOT

with NMQ (1) =0

E,¢ ()= T (i) vhere i-\’\.*i-l) n,+Q, - na .
From the values of i, OPUS VII determines the Lagrangian
multiplier (Ref. 21]
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Pigure 3.4 The Transition HMatrix.

Q (i)
N () = =
Cc(i)

where

P(l)= exp ( -D(i) T (1) )
Q(i)y= 1-P(i) .
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These Lagrangian multipliers are sorted in decreasing order

I= (I, gz v, N+, 0 - 0 Oy )

The optimization procedure starts by investing K(3j) units at
position number j of subset Sl' vhera
i=n + I(1).
Therefore, the next point in the curve is
1=1 + 1
Ca * CHL' + C(H 8P (3-4)
Ey = Bl -4 (3) Q(J

S e W DWW -

DTOT

and the individual values are
ngtu’ = N, (e (3-95)
z‘..m = El,“ (I - QP

D(J

From these OFUS calculates
P(3H = P(3) D(I T(I (3-6)

Noa (3
Q(I) = Q@) = P(J
WD = QI (P

The calculations are stopped vwhen to>tal investmsnt is

greater than a prescribed upper limit or when the waiting
time is smaller than a prescribed lower limit. (Pig.3.5)

2. Measupes of Effectiveness

OPUS uses four measures of affectiveness, expected
vaiting time, availability/number of available systenms
(NORBRS), probability of a shortage given a demand, and
probability of a successful mission.
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a. Operational Availability

The availability determined in OPUS is
associated with the waiting time at the operational level of
the organization. OPUS defines availability as

E(i) =1/ (1+D(L) (T (i)’zp(i NEM)) for i=n +l.....n (3-T)

NEY]
vhere B(j) is the expected waiting time for j énk:
The Expected Waiting Time (EWT) is the average time needed
to satisfy a demand. Availability may be rewritten

l°t MTBF/MTBF+EDT

whare BEDT is the average downtime par failure.

The expectaed number of non-availabls systems (NORS) is found
HORS= R x (1-!0) ' (3-8)

vhere N is the total number of systaas.

b. Probability of a Shortage

‘ The probability of shortage refers ton the
inability of a2 unit to satisfy a demand within a certain
anount of time dAue to a shortage in stock. This is
represented
z(i)-E iy TATED D (L)) (3-9)

"m0

where i is a position number of a given subset S : i=n +1,

0 +2,...,n and the turnaround time is
N\

TAT(1) = TO(i) *;;‘P(icj)E(j) (3-10)
Jﬂ
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Pigure 3.5 OPUS Optimization Curves.

where E(J)) is the expected waiting time at the position
nuaber j, where j‘nn.

T=gshortage in stock, lasting less than T units of time from
the point the demand was generated froa.

87 (1) =8 (1) + AN (3-11)
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‘i THTAT(L) oo

N=
integer part of [(N(i) T/(TAT(i)-1))]
Lf TLTAT (i)

Then the probability of shortage given demand can be written

as
Nyl
A -
B, ) = 2 p(i) E(d) (3-12)
J
vhere
K () D (d)
R (3-13)
<"8(4 DY
_":(\K‘H

C. Probability of a Succassful Kission

The probability of succassful mission refers to
the periods of time wvhen a unit may not be connected with
the rest of the maintenance orgapization, such as a ship at
sea. The weighted probability of successful mission

performance is given as

N m(i\
B(S )= T DPSH (N(i),D (i) ,MT (i) ,Q(i)) (3- 14)
LS I L W

vhere PSM (N(@i), D(i), MT(1),Q(i)) is the probability that
there will be no occurence of a demand that is unsatisfied
during the mission time MI, provided that the mission
started with no more than N (i) units of spares. Q(i) is the
probability that a demand could not be satisfied froa

stations supporting the mission.
Ny
Qi) = :f pi.3) E(J) (3-15)
SEL WL
vhere
p(i,d) is the probability that position i is supported
from position j, and
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E(J) is the probability that a iemand could aot be
satisfied within a specifiaed time between missions (TBM) at
position j.

PSM is defined as

W) o & o
PSH = 2 B, 2 P (D(1) MT (i)) (3-16)

LT~ mi0
wvh2re P is the steady state probability that a ship will
start a mission with n units of iteama i on hoard. The
probabilities p , n=1,2,...,N are the probabilities of a
Markov chain with the steady states -1, 0, t,..., N and
vith the following transition probabilities

P (N, ) = B + (1-2,) (1-Q)
P(N,N~1) = (1-B,)Q

P(d,n¢1) =B, (1-Q)
P@,n)  =2PQ + (1-F) (1-Q) 0€n<N
P(n,n-1) =(1-P,)Q

vhere P = probability that no demand for tha* item has
occurred during the wsission.

3. Allocation of Spares

The basic procedure used by 0PUS is the initial
allocation of LRG's at the highest (Dapot) level. The LRU
giving the best return on investment (in terms of MOE per
dollar) is procured first. The next hijhest return on
investnant deteramines which LRU is procured next. This
pattern is continued until a lavel of investment is reached
or a spacific MOE is obtained. The procurement of LRU's
creates a C-E curve. The next step is to procurz SRU's at
the highest lavel and LRU's at the next highest level. By
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choosing points (maximum of fifty) from the original C-E
curve, OP0OS determines the marginal return on inves*ment of
each itam and procures the one with the highest return per
dcllar given previous investments. This procsdure continues
for each echelon until LBUO's for the maintenance level
directly supporting the system is stocked. Prom this
procedure OPUS gives the usser,
~optimal value of the MOE, for 2ach level of investment,
-optimal assortrent of spare parts by investment lavel,
and
-optimal stockage policy, based upon each assortment
of spares.

OPUS is designed t> kesp tha number of calculatiens
to a ainimum. By chocsing a representativa number of points
on the C~E curve, computer time is saved. An example of this
is the selection of cnly equally spacsad points oa the
investaent irterval. A similar means to save computer tinme
is to separate storage of stock lev2l distribution and
candidates for final solution. OPUS calculates which points
are on the C~E curve, so vhen it dstermines candidates, it
knovs beforehand which candidates will be final points on
the C-E curve. Whap the final point is achieved the
corresponding stock level is paired to it.

The 0PUS coaputer program can randle a maximum of
500 different LRU's and SRU's. The number of stock points
and different types of spare parts cannot exceed 1500.

P. SUBHARY

In sumaary, OPUS has the capability of deteraining where
spares vill ba stocked in order to optimize a specified MOE.
A user can specify boundaries for the decision and the model
wvill optimize the stockage policy according to those
boundaries. By using the various MOEs, the user can identify




stockage problems that will require spacific attention (for
exaaple, minimum stockage at user lavel).
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IV. IEST PRQURLENS USED POR TEE NUMERICAL EXAHPLES

id. YNTRODUCTION

In order to compare the SESAME and OPUS VII provisioning
models, a problem structure was chosen to enable similar
data to be eviluated. The different algorithms that SESANME
and OPUS VII use to optimize item stockage required a
thorough evaluation and of each modal's inpu*t data
requizements. By studying the input data, similarities were
identified and differences were notad.

To avaluate both models, two test sets of data were
employed. One set of data was creata2d for OPUS VII, while
the other set vas created for SESAME. Data for the sample
inputs are included in Appendix A and Appendix B. These sets
of data vere choser because they both representad asyametric
structures which are representativa of viable systems and
each set of data could be translated into the other model's
data input structure. Inputs that ware not applicable to
both models ware 5riginally given their default values. The
test sets wvere run for beth models and tha outputs coapared
as shown in Pigure 4.1 .

B. OPGS VII DATA

The OPUS VII data were derived from earlier OPUS VII
research and edited in a manner that made it more compatible
with the SESAME model (BRef. 26]. The system breakdown used
consisted of 2 single systea (because SESAME only runs one
system at a time) containing six LRU's and eleven SRU's. The
system breakdown is depicted in Figure 4.2. The OPUS VII
data defines the asymmetric structure with one end support
station (BESS), tvo support stations (SS), and thirty demand
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generating stations (DGS). Figure 4.3 represents the OPUS
organizational structure. OPUS definaes the C (Depotj level

|
|
. - SESAME 0PUS |
INPUT INPUT }
|
3
|
Run 1 -
Models 3
Using SESAME Input Using OPUS Input

SESAME OPUS SESAME 0PUS .
ouTPuT QUTPUT QUTPUT ouTPUT R

— _ — e —————— e —— e

| , Evaluate

rigure 4.1 Numerical rest Problenm.

as an ESS5, B and A (Interamsdiate level) as SS, and CU
(Organ: zatioral level) as the DGS. A represents the supply
and maintenance capability and CU raprasents the combat user

56




{ | f
< LECL ax LR 11 2+<«LRU3 7«<LRCY 2<LRLS LRU6

- SAL1 - SR — 2<SFC1

— 4<5RL2

SRL3

2%<SRCY

3IxSRU6 —{ 2*SRU6

Pigure 4.2 OPUS Systea Breakdown.

located at that echelon. Turnaround times are given for the
BSS, SS and D3S levels. The DGS level reflects time required
to get the part to the CU frcm the T 35S,
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A (ESS)

B1 (Intermediate SS) B2
C1 (Grganizational SS) c2
cul (DGS) Ccu2
12 each . 18 eacn

Pigure 4.3 OPUS Organizational Structure.

C. SESAMHAE DATA

The SESAME duta wvere derived from test sample data
received from the Aramy Inventory Rasearch Office used to
validate the SESAME model. The SESAME model was modified
bacause the SESAME model uses only LRU's in determining A
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wvhile the OPUS model uses LRU's and SRU's in detarmining A .
The structure of the SESAME test systam is therefore only
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1 LRU LRU LRU LRYU LRU LRY

Pigure 4.4 SESAME Systea Structure.

LRU's (Figure u.4).

SESAME uses SRU's to deteriine total
syctem cost vhen the item is essential to the operation of
the system. By using Bssentiality/ Pault Isolation Module




codes (ESS/FPIM cods), the SESAME moiel determines whether to
stock an item. If a part is essential, it is always s“ocked.
If a part is nson-essential, it is treated as a noﬂ-LRU even
if it is an LRU. As a non~LRU, the item has no effect upon
determining the total system operational availability.
Similarly, if an item is danoted a Fault Isolation Module
(FIM), it requires removal to determina failure. Items
designated FIN are required to be stocked at least ornce at
each echelon where the itam can be removed and replaced. An
item designated PIM can be a non-LRO item. A part can be
designated FIM wvhen it is an SRU if it is determined that
the part must be removed in order t> datermine its status.

The SESAME organizatisnal structure consis*ts of ona
genaral support (GS), two direct support (DS), and thirty
organizational (ORG) units (Pigure 4.5).

D. INPUT DATA COHMPARISON BETWHEEN SESAME AKD OPUS

Several probleas exis* in coamparing OPUS input data to
SESAME input 1ata. SESAME does not handle multiple
requirements for the same LRU in a systea. Therefore, vwhen
OPUS inputs a requirement for thres of the same LRU's irn its
systes, SESAME vwill only input a requirement for ome. To
compensate for this, the failure factor in the SESAME model
is multiplied by the nuaber of items raquired by the system.

OPUS defines failure rate as th2 number of failures per
which is the number of peacetime ragzovals of tha2 part
expected per hundred end it ems per year under specified
usage and arvironmental conditions. With regard to this,
SESAMZ also defines wartime versus peacetime usage and +the
different deployment areas (e.g. Europe, CORUS) where the
part may be eamployed. Assuming Operating Hours per Day
(OPHD) equals tventy four hours we zan determine
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OPUS (MTBP) x (24 hr/day) x(365day/year) x (100 items)= SESAME FF
(4=

wvhera
MTBF = nuaber of failures,/1000000 Hours

e e e v mmm . e tim——— e o - = e e e

G.S.

0.5 D.S.2

ORG. ORG.

12 each 18 each

Pigure 4.5 SBSAME Organizational Structurae,
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SESAME rejuires Mean-Time-To-Rspair as a contrcl
paraneter in its optimizing algorithm. OPUS does not
explicitly define an MTTR. To obtain a value of MTTR for
SESAME, OPUS values vwere used to detarmine MTTR as follows:

OPUS MTTR= (FIM) + Time to Replace Part (TTRP) (4-2)

Upper and lower bounds are delineated by SESAME in terms
of availabjlity, AVMIN and AVMAX. OPUS determines its
boundarieslin terns of cost, CMIN and CMAX. Since these
figures are related functions in both algorithms, setting
boundaries caa be accomplished and avaluated by manipulating
one to oktain the other. Por exampla, in SESAME, the targst
control parameter can be used to search for a specific cost
or availability level. In OPUS, a combination of MOE's and
CMAX can be used to ob*ain similar results.

The time necessary to restock an item from the next
higher schelon is describad as Order Ship Time (0ST) in the
SESANE model. This OST is broken down by organizational
achslons. OPUS usss Transportation rime Return Trip (TRPT)
and Transportation Return Trip (TNPYR) where each different
support station may have a different raturn trip time. The
difference betveen TNPYR and TRPT is that they rapresent the
transportation times at dif ferent 2chelons. OPUS views each
time independertly, while SESAME tr2ats them as the same at
each echelon. The test problems wer2 <un using unifornm
Teturn trip times for the 0OPUS suppport stations. An
important factor to note is that SESAME does not include
transportation tima of an LRU to the next higher echelon if
the LRU cannot be replaced at the present echelon. This is
iaportant because that time is not considered in determining
MLDT.

SESAME defines its Repair Cycls Times (REPCYC) in terms
of days necessary to ship the part to the repair facility
plus the days neecded to repair the item. SESAME denotes this
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time at each organizational level. JOPUS does not define a
value similar to REPCYC, but a value can be derived as
follows,

OPUS Repair Cycle =TRPT ¢ Admin Delay Time (ADT)*FIT +TTRP
' (4-3)

It is important to note that, REPCYC in SESAME does not

include the time it takes to return a functional part back
to the user.

E. VALUBS UNIQUE TO BACH HODEL
1. SESAME Valyes

SESAME uses several values that are not considered
by 0UPUS. These values have an effect upon the computation
perforaed by the SESAME model and are discussed below:

a. Replaceaent/Maintenance Task
Distribution (RT D/MTD)

SESAME requires inputs which define the
percentage of total removals of an item at each level (RTD).
These percentages across all echalons aust sum to one
hundred percent. Similarly, the MTD is the percentage of
total iteas that are removed for rapair at each level. The
gsna of thase parcentages plus the washout rate (REPR) must

~ - = -

equal one hundred percent.

b. CURPAR

COIRPAR is the sstimated penalty cost associated
vith downtime. To represent minimum s*ockage, a CCRPAR of
.01 was used. A CURPAR of .01 represents a penalty cost for
systea downtime.
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C. WHOPIL/CCNDEL

WHOPIL is the wholesala stock availability,
while CONDEL is the conditional delay time (the average time
required for a major subordinate command to satisfy a
requisition for an out-of-stock itea). Both WHOFIL and
CONDEL are set to default values as they have no effect on
initial retail stockage in the standard initial provisioning
{SIP) mode.

d. Unserviceable Return Rate (URR)

URR is an estimate of the ratio of unserviceable
returns to the wholesale lavel to tae total demands om the
wvholesale level. This value was set to zero (although
typical values would probably ranges from .02 to .15) to make
SESAME compatible with OPUS.

2. OQRUS ¥aluss

OPUS lefines several input values that are not
consj.dered by SESANE. These values affact systenm
capabilities and are listed below:

a. Systes Breakdown Values

These inputs are listed together as they refer

~ to the description of LRU's and SRU's in the system desiqn.
A5 SESAME does not uge a coamplicatad system design, a vory
simple test set from SESAME was used for OPUS. This tes*t set
consisted sclely of LRG's with no multiplicity of parts.
This was performed only for the SESAME test problem using
originai SESANE data.
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k. Nuaber of Different Systems (NYMAX)

OPUS has the ability to handle more than one
system at a time. This parameter definas the numbers of
systeas and the requirements for defining those systens
organizations. In running the problem, only one system vas
used, since SESAME c¢an handle only o2ne system at a time.

C. Probability that a station is supported by
ancther (PNYPR)

This factor allow OPUS to cross level
requisitions from higher echelons based upon the probability
a DGS is supported by different SS 2s is shown in Pigure
3.3. This probability is known as PNYPR.

P. RUNNING THE NODELS

The learning time required to become familiar with the
operation of each model differed graatly. This is Gue in
pa:é to the fact that access to persons knowledgeable with
SESAME was somevbhat easier than accsss to persons
knovledgeable with OPUS. The SESAME usar manusal was easier
to read and cosprehend than the OPUS user manual. SESAME ran
in an interactive mode, therefore it took less calendar time
to execute than OPUS in its batch mode. Calendar time is the
time from job submission to receipt of model output. There
is, hovever, an interactive version of OPUS. SESAME and OPUS
both ara sensitive to the input datx, but it appeared that
more problems were encountered entering and undarstanding
the applications of the OPUS model. This was in part due <o
the lack of explanation of some teras in the OPUS user
manual and the qgreater flexibility provided by the OPUS
nodeal.
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G. SUMMARY

Both the OPUS and the SESAME models optimize spare
stockage with regard to cost and oparational availability.
The design of the models causes different decisions to be
sade by the user when he uses these models. QPUS allows the
user to deteraine the system structure and declare different
repair policies at different echelons. SESAME allows more
input to be made in terms of possible delay-causing factors,
such as wholesale stockage. The SESAME modsl can search for
a user specified cost or operational availability; OPUS
lists the ccsts and availability basad upon a gsneration of
pocints from its C-E curve for other specified MOE's (waiting
time, risk of shortage, probability of mission success).
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V. EVALURTION OF IHE TEST PROBLENS

A. INTRODUCTION

The purpose of this chapter is to compare the outputs of
the two models. A comparison of tha outputs would manifest
differences caused by the optimization algorithms used by
each model. By varying spacific parameters (e.g. MTBF,MTTR
and turnaround time), the sensitivity of cach model to the
varied parametaers could ba explored.

1. Assumptiogs

In couparing the two models, it was necassary to
construct the values of some of the model parameters from
other parameters used in the models. For example, neither
SESAME nor OP0S define a vitlue for MTTR. In order to
construct this paraaeter, the SESAME value REPCYC and the
sum of the 0PUS values Faul’. Isolation Tise and Time to
Repair Part were usaed. Similarly, for MTBF the SESANE
failure factor anl the OPUS failure rate were used, and for
turnaround time the SESAME Order Ship Time and 0PUS
turnaround times wvere used.

B. DIFPERESCES IN THE INPUTS

1. 3Sofiwarg Limitations
In conducting the comparison, certain problems arose
becanse of the az.=nmptions made and bacause of softwarse
limitations that existed within tha modsels.
The problesms caused by the software in the SESAME
model vere encountered when evaluating the 0ST and REPCYC.
OP0S is limited to a maximuam number of 500 diffarent LRU's
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and SRU's. This, however, d4id not affect the execution of
the problem.

a. REPCYC Value

In SESAME, the REPCYC value is rounded off to an
integer value by the software. FPor axample, an input value
of 0.5 is returned as an dJ>utput value of zero. This rounded
value will lead to inaccuracies in the stockage of spare
parts because the REPCYZ is used in the determination of ths
ripeline at a stockage _oint.

b OST Value

The OST value is represanted by SESANE in terms
of days. The so.tware used by SESAME allows for the input of
integer values only. The transformation of hours to days
caused the craatison of values that were rounded off by the
SESAME n0del. The use of integer values limits the lower
value of the OST to one day and bounds the upper limit to 99
days. These value liaits may be reasonable but 2xact values
would be prefarable in the computations of stockage levels.
Since 0ST is also used in thhe determination of the pipeline
gquantities the use of integer values will cause an inexact
ansver to be rendesred. *

2. Differences ip Output

[T N |

a. Differences Caused by Assaaptions

Saveral problems were found in trying to compare
the outputs of the two models. The comparison of the failure
rates produced the best results in terms of total cost
comparisons and stockage.

The comparisors of MTTR and turnaround time were
hampered by differences in nodel software and value
definition. Por example, in determining the MTTR of SESAKE,




REPCYC does not include the time necessary to return the
part to the user. In creating the 0PUS value of MTTR, this
meant taking srly half of the turnaround time for the part.
The other problem in using MTTR is the fact that
OPUS does not define a system MTTR. The value of MTTR can be
determined at each echelon but & system value is not
determined. A value for MTTR is insartsd as a control
paraneter in SESAME and it is used to determine the
oparational availability of the syst2m. This operational
availability forus an upper bound for the optimization
calculation. Therefore, an incorrect input value of MTTR l
vill raise or lower the level of availability that the |
SESAME model ~can attain.

C. PROBLIHS CAUSED BY THE ALGORITHAS {
1
1

1. Diffecences jin the 3ESAME Algorithm

The SESAME model has several different compcnents
that are necessary for its determination of availability in
its two operational modes of budget.and availability. OPUS
uses only one method of optimization. |

a. Different Proce:lures usad by SESAME.

SESAME uses the extrapnlation procedure and
stockage list method to forecast tha budget. The

e:t:apolatien [.“."-‘Ced‘l'." ia nsed whan only nar+{a1 data are

available. The stockage list budget method is used when more
information is available about the parts. In the comparison
used, the stockage list budget method was used.

b. Different Stcckage Critarion used by SESAME.

The stockage of parts within SESAME is broken
into wholesale and retail levels, QOPUS does not make this
distinction. rhis becomes important if the number of
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vashouts per end item per year is vary large. The washouts
of an end item are the number of itams that cannot be
repaired economicably. OPUS does not use washouts in its
determination of stockage.

c. Differences in Measures of Bffectiveness

The differences in the stockage policy used by
SESAME and OPUS made it extremely difficult to compare the
modals. The comapariscn of operational availability does not
take into account the different levels at which each model
requires stockage. Fcor exanple, OPUS may provide a higher
operational availability but at the same time have a high
risk of shortage at the Demand Generating Statisn level.
Tha pipeline stockage used by SESAME allows it to stock at
the e¢chelcn vhere the repair is expected to occur. Therefore
it can stock at lower levels first. In order for OPUS to
reach the same level of repair, OPUS would have to stock
additional parts at the organizational level.

D. DIFPERENCES IN OUTPUT

The SESAME model allocates spar2s in the stindard
initial provisioning mode according to pipeline quantity
rounded to an integer. The stockage value deterained by
SESAME reflects the values used to determine the pipeline.
SESAME requires the user to input the percentage of demand
to be repaired at a stockpoint. The pipeline value of
stockage therefore reflects the echalon where the demand
vill be replaced. Por example, if 211 repairs for a given
part are to ba at the organizational level, then the
pipeline vill not stock parts at a higher level. An
exception to this i3 when the pipeline is less than one but
the expected annual demands exceed the Retail Stock
Criterion (6 per year in this case). In this casz SESAME




uses the value one regardlass of ths pipeline quantity. OPUS
stocks on the basis of the spare which gives the highes-
Cost-Effectiveness at the highest echalon and then continues
stocking according to the next highast ranking. In this
sansa, OPUS stocks from top down without determining what

. the echelon rapair breakdown will ba.

1. Rzinted Quiput

SESAME returns all input data to +*he us2r. By
salecting a2 parameter called TARGET, SESAME can search for
availability or total cost as the optimizing factor. Waen
SESAME is run in the SIP mode, a datailed printout shows all
values wvhich satisify the targat. A sanple of this printoutx
is given in Appendix D. The SESAME printout lists all spares
and guantities for each demand generatingy organization. It
further coapiles a liscing of the stockage cost for these
spares by echelon.

OPUS 1lists ail its parts and stockage in a more
concise manner. It is easier to read but does not include
the total cost of stockage that the SESAME nmodel provides.
The OPUS model provides all the points it uses to create its
cost-effectivaness curve. This causes the printout of the
OPUS model to take more time. The aivantage of this is that
the user can examine various points of the curve with regard
to the various OPUS MOE's without having to rerun the model.
To conduct a similar task with SESAME would require multiple
runs using different parameters. A sample of the OPUS
printout is included as Appendix C.

B, COHPARISON OP THE OUTPUT OF THE MODELS

Each model was run using its own input data and the
inputc data of the other model. A tdotal of four vutputs were
produced and compared. For all comparisomns, a target

A




availability of 0.975 was used. If this value was not
reached, the next value higher was used as tha reference
point. Por SESAME, vwhen ths target parameter was set, the
model would search until the stockagye allocation reached the
target avajilability or the Standard Initial Provisicning
stockage. Tables I and II give the OPUS and SESAME stockage
allocation for OPUS input.

TABLE I
OPUS Stockage Using OPUS Input Data
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TCTAL COST 996 1500

The diffecence in stockage betwaan SESAME and OPUS can
be recognized vhen cceparing the respective stockage
outputs. OPUS stocks at different levels depending upon
turnaround time and repair time. Tha SESAME output using
OPUS data stocks at the lower echelons in more cases as a
result of the s3sumed levels of repair that were used to run
the SESAME model. The maintenance/repair task distribution
entered in the SESAME model (Appendix A) reguires that
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TABLE II

------

SESABE Stockage Output Using OPUS Input Data

SPARE TOTAL INVESTMENT
LRU 1 32 524800
LRO 2 36 303610
LRO 3 32 710400
LRU 4 32 518400
) LRU 5 46 2741600
LRU & 54 2986200
SROU 1 2 11400
SRU % 0 0
SRU 0 0
SRO 4 6 56200
SRUO S 0 0
SRO 6 5 56500
SRUO 7 0
SRU 8 2 174900
SRU 9 1 3900
SRO 10 0 0
SRUO 11 2 13800
TOTAL COST 8546200

spares be repaired at the lover levals,

TABLE IIX

c B1
0 1
0 2
0 1
0 1
13 1
19 2
2 0
0 0
0 0
4 1
0 0
3 1
0 0
2 0
1 0
9 9
2 0

o
[\S]

dOOOC RO alOCOOWN =D

The ability to
replace LRU's with SRU's 2nables OPUS %0 have a smaller
stockage of LRU's at the Demand Genarating Station. Opus
stocks more LRU's and SRU's cumulatively than SESAMNE.
Although SESAME does not use SRU's in its availability
computation, SESANE will stock a nuaber of SRU's based upon

OPUS Stockage Output Using SESAME Input Data

SPARE TOTAL INVESTMENT
1RO 1 28 739600
18U 2 8 294000
LRO 28 266000
IRO & 28 140000
LRU 5 8 263200
LBG & 28 484400
TOTAL COST 2167200

the Retail Stsckage Criterion.

OCOOo0OC N

o
S N

-

[el=tololol=20y..]

R
. Cam . Ee T

-

OOO0O00 w

2

Al A2
12 18
12 18
12 18
12 18
12 18
12 18
0 0
0 0
Q 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
A1l A2
1 1
1 1
1 1
1 1
1 1
1 1

n .

<

<

.............




R e R e e R A I T T L T N i N D

Tables III and IV represent the differences that occur

TABLE IV
SBSANE Stockage Output Using SESAME Input Data

SPARE TOTAL INVESTHMENT c B1 B2 A1 A2
LRO 1 12 308400 2 5 5 0 0

LRJ 2 5 52500 1 2 2 g 0

1RO 3 14 133000 2 6 6 Q 0

LRO ¢ 45 225000 1 13 13 14 14
LRO S 23 216200 21 1 1 0 0

LRO 6 2 34600 2 0 0 0 0

TOTAL COST 969700

wvhan both modals are run using the SESAME set of input data.

In Table IXII the stockage deterained by OPUS is
primarily at the lowver echelons. This stockage is caused by
ths high Order Ship Time betwveen levels used by the SESAME
model. The high turnaround time betwasa the GS and lower
echelons require that parts be stocked at the lower echelons
if the availability target is to be met. Table IV reflects
the iaspact of the Maintenance/Repair Task Distribution on
the SESAME stockage levels. When ths stockage levels are low
it reflects a lov Maintenance/Repair Task Distribution
(ATD/BTD) at that level. When MTD/RID is high at a 1level,
the stockage at that level will be high.

P. CONPARISON OF OPERATIONAL AVAILABILITY BETWEBY SESAME
A¥D OPUS

Table V rapresents the target operational availabilities
achieved by each model with each diffesrent set of input
data. It should be noted that although OPUS achieves a
higher operaticnal availability at a lower cost, it is
accompanied by a high risk cf shortage. Data set 1
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repreaesents the OPUS criginal input data set. Data set 2

TABLB ¥
SESANE and OPUS Operational Availability

MODEL INPUT DATA A TOTAL COST
SESANMR Data set 1 .945287 8553100
SESARE Data Set 2 «930158 1019700
1

OPUS Data Set 1 97691 1807600
2

OPUS Data Set 2 « 99309 0

NOTE 1: This point has achieved a highar availability than the
SESAH! rodel. The risk of shor*age at this point is 1.0. At
tal cozt of 9158800, an availabhili ¥ of 9889 vas

ach eved a risk of shortage of .0
f i This point reflects the excallent abilit of ¢he repair
fac lities ¢to refa g aras, The risk of _shortag e is 1.0.
ave £ 1153600 an availabpil t of .99773

a
vas a hi ved with a relatively high risk of shortage
of 966024.

represents the ori¢cinal SESAME unput data set.

G. COMPARISON OF MODELS VARYING PARAMETERS

SESANE and OPUS were avaluated by comparing the output
of each model vhile varying MTBP, MNITR and Turnaround Time.

hl

V. compagigon Qf SESAHE and OPUS whey varying HIB
To coapare OPUS and SESAME, ths failure factor and
failure rate 5f each model were varisd. The original
paranmeter values vere divided by tw>, multiplied by two, and
multiplied by four. In all, this led to 16 sets of output
data when including the original data set. Table VI below

depicts SESOPUS wvalues which are tha total cost 2f +he
SESAME aodel using OPUS input, SESAME are SESAME cost asing
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SESAME data, OPUS are OPUS cost using OPUS data, and OPUSSES
are OPUS cost using SESAME data.

TABLE VI
Bffects Upon Total Cost When Varying Pailure Rates

NTBF VALUE SESOPUS SESANE OPUS OPUSSES
MTBP/2 8569200 5066300 9953900 2573200
NTBF 7628600 3206800 9578300 2307200
2NTBP 6498900 1092107 9961500 2167200
4NTBP 6376400 487900 9761900 2167200

TARGET AVAILABILITY 0.975

By varying failure rate, we see that the SESAME
mod2l produces more predictable trends in total cost than
the OPUS model. The SESAME2 output using SESAME input data
alasost reflects a linear increase in total cost. The OPUS
model using OPUS input reacted in a different maaner,
increasing when the rates were diviled and then again as the
rates vere quadrupled. This occurence is created by the 0PUS
algoritha which selects the spare which gives the best C-E
curve. Changes in the failure rates for OPUS cause changes
vhich are not as large as thosa craated by SESAME, nor is

bl ama
[WT R

2. Gompatigon Qf SESMIE and QRUS when ¥arying MIIR

Table VII illustrates the effect of varying MTTR in
both the SESAME and OPUS models.

76

.......................................
. - "




TABLE VII
Pffects Upon Total Cost When Varying HTTR

MTTR VALUE SESOPUS SESAME OPUS OPUSSES
MTTR/2 6443600 747300 9960300 2167200
MTTR 6498900 1092100 9961500 2167200
- 2UTTR 11083400 1731100 9731500 2307200
UMTTR 16287000 3124102 9793100 2573200

TARGET AVAILABILITY 0.975

The results of changes in the values of MTTR
indicata that the SESAME model is more sensitiva to changes
in the values related to repair. In both the SESAME and
SESANE2 outputs the changes are mors dramsatic than in either
of the OPUS outputs. This differencs implies that the Rapair
Cycle Time used *o estimate the MTTR for SESAME has more
impact in its algorithm than the assumed value for MITR used
for the OPUS model. In perforaing the comparison, one
difficulty was the determination of ths systen value of MNTTR
for OPUS. The valae assumed for the OPUS system MTTR pay not
accurately reflect the actual systez MTTR.

3. coapacison of SESAME and QRUS when Varying
Tuznaround lise

TARLE VIII indicates variations in output when
varying turnaround tinme.

The comparison of turnaround times caused several
probleas because of he limitations of the SESAME software.
The Order Ship Timv used by the SESAME model quickly reached
its upper limit of 99 days therefors preventing the use of
any greatar value., The SESAHE problem therefore had no
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Bffacts Upon Total Cost When Varying Turnaround Time

TAT VALUE SESOPUS SESANE 0PUS OPUSSES
TAT/2 8553100 3056200 9698 200 2167200
TAT 6498900 1092100 99261500 2167200
- 2 TAT 8553100 3195400 9029600 2167200
4 TAT 8553100 3195400 90u1890 2167200

TARGET AVAILABILITY 0.975

change in Ordar Ship Time for the 2 TAT and 4 TAT levels.
Ths OPUS probleam was able to handle tha changes in the TAT.
The OPUS ou«put indicates the sensitivity of the OPUS nodel
to turnaround time.

BE. SUUAARY

The coaparison of model outputs reflects the differences
in the nature of the algorithms used by each model. The
SESAME model stocks as a function of the pipeline fumnction
vhile OPUS stocks with respect to rapair and turnaround
time. The SESAME model tells us how much to stock at each
echelon if we know how amauch repair will occur at that level.
The CPUS model tells us whare to stock parts based upon how

aam 1 1 "nan

koo 4 b -~
WVoaa wHS BILBCSHRARCS £ r2 v +ize and

dAan ~ na
RV YA LT

turnaround time) function. In general, SESAME appears to
stock for Standard Initial Provisioning at a lowar total

cost than OQPUS.
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VI. CONCLUSIONS AND RECONMENDATIONS

A. COBCLUSIONS

Basaed upon the model analysis and the test problems, the
following are concluded:

a) When budget considerations impact upon the fielding of
spares, the SESAME model should be used.

b) When thera is limited information available about tha
level at vhich repairs are to ba made, the JPUS model
should be used. SESAME is a useful model for deteraining
optimization when repair requiraments at each level are
defined.

¢) In both models, the gquantity and optimum allocation
of sparaes are sensitive to the value of MTBF.

d) The effect of time elements in the repair cycle have a
greater effect for the lower lavels of tﬂe support
organization. This is shown by the greater stockage at
lover echelons when turnaround tims is very highk at the
upper echalon units.

@) OPUS VII has several MOE's and therefore allows more
detailed analysis in taeras of the cptimization of
spares provisioning.

(3
-

SESANE zust bs rTun =

g) SESAME must be run several timas to determine optimal
stockage vhen the required repair level for parts is
not specified.

h) SESAME does not use a system structure which allows
the stockage of an SRU when it fails.

i) oprUS does not differentiate betwean different types of

SRU's, for example, Fault Isolation Modules.

Pault Isclation HModules are mandatory stockage within

the SESAME nodel.
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k)

1)

a)

n)

o)

B.

a)

cr

d)

e)

£}

OPUS allovs units to be suppor+2d by more than one
higher echelon unit through the use of the parameter
probability of being supported by the next higher unit
(ENYPR) «

OPUS allows for selection of stockage points by
providing selected points and MIE's along th2 C-E curve.
SESAME provides a TARGET functisn which allows the user
to quickly determine if a specified Operational
Availability is possible and at what cost.

SESAME handles Wholesale and Ratail level stockage
requirements in that it defines wholesale repair and
depot washout rates while QOPUS 3oes not handle
wholesale level stockage.

SESANE addresses the problam of parts that are
uneconomicly repairable. OPUS does not define depot
level washouts nor ths unserviceable repair rate.
SESANE uses a.Retaill Stcockage Criterion which affects
the minimum stockage.

RECOANMBEDATIONS

As a resulr of the analysis and the test problems the

following recommendations are nade:

SESAME should aodify REPCYC to handle +otal turnaround
time.

Softwars in SBESANE should bse umcdified ¢o allow for
actual values (in hours) for Order Ship Time.
Softwvare in SESAHE should be reviewed to eliminate
the effect of round-off errors.

The SESAME algorithm needs to address the fact that
LRU's that fail as a result of component SRU's may be
repaired by repairing the SRU.

If possible, additional MOE's should be investigated
vhen utilizing the SESANE model.

The output of the SESAME model should

30
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9)

h)

1)

3

k)

1)

DR SR A

be simplified.

OPUS shculd introduce MTTR valuss for the system, LEKU's
and sSav's,

OPUS should use a target parameter whick will provide

a specific answer based upon spacified boundaries. This
will save the user searching thz output for a specific
ansver,

The OPUS input data format needs to be simplified or
raestructured to make it more usar efficient.

OPUS needs to print the number >f spares that are not
repairable and have to be replaced by steckace.

SESAME needs to have more station values rather than
systea values, especially in tha asymmetric structure.
Por example, the CST is the sama for all stations in the
structure.

SESAHE neads to lcok at the asyametric structure and
the impgact of RTD/MTD values on the asymmetric
structure. The asymmetric structurs aay cause thess
values to he noan-uniform for all stations at a given
echelon.
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ABPENDIX A
SESAME MODEL INPUT DATA

This appendix shows two examples of input data into the
SE5AME model. The following is an axplanation of the format
of the two data sets. The first data set will be used as an
exaaple.

A 2 » I NOWECEYs oA W UEEENTE 7 T

1) The firs+ line starting with 6V repraseants the End
Item/Weapon System Data (Peace). Pollowing is an explazation
of aach entry:

x

6 represents the Retail Stockage Criterion,

v represents the Supply Structure Option (in this
casa vertical),

AT A e = 4 e e

30 2 ¥ represents number of units a+ each echelon in this
! case 30 Organizational, 2 Diract Support, 1 General
‘ Support,

010360 Tepresents OST at each eachelon, 1 day at ORG.,
J at DS, 60 at GS

30 reprasents cumulative end itew density,
- 440 an - erem o woam b - mommamahd ana ) and b~ AFE menAaceam fon mdn vsew AA
1 19 2\ LBYPLTGIT UWD VpoLAVLWVIG L VUL V& PhehvYyeamy Qv e W S

1. unserviceable return rate,

N 30 30 30 orerating level days at each achelon, OBG,DS,GS,

, 0 beginning density,
( 2 asynmetric suapport option code,
o geographic area sslector (C=Conus).
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2) The next line is 3 CGS 1 510 1 1. This is the
btegiuning of the asymmevric support s+ructure data. This
data ends with the 1 a201 17 18 18. 3

represents the echelon numbsar,

CGs1 is the unit identificatien.

S10 is the nuaber of end items supported.

1 is the number of units of the type identified in
coluan two that are in the system by budget
allocation.

1 is the number of uni*s supporied.

3) The next 17 lines repvtesents the part data. The first
line of this data begins with 000033001, The last line of
this data begins with 000000111, Th2 first 3ix lines are the
1LRU's, the next gleven lines are tha SRU's. Using the SRU
data itenm

000000101 is the part number.

18. 1 is the failure factor.

v is the replacement or washout rate.
5700.0 is the unit price.

22200.0 (see line with paxt numbar 000000101 is the unit
price of the next higher assembly.

80 10 10 represents the rapilacement task distribution at

each
level, ORG,DS,GS, respectivaely.

801010 represents the mainterance task distribution at each
level, ORG,DS,GS, respectively. The values .55.167.
represents the repair cycle time in days.

.56 .069.) is the ORG REPCYC .5 days for ORG, DS is 6.0, and
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G5 is 69.
3 represents the essentiality cods. (1,5,7 are

essential and 2,3,4,6,8,9 ara non-essential).

N represents the LRU indicator (L is LRU, N is
non~-LRU).

Y e e ™ ala
[}
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84

ST e AT WL & 4 K 3 F NN . .

B S e Py

PN‘JH"J\.\\.,'!_‘:L"-".\-_IJH.---. a'atatitm +2 e A s oaom R - - . . - . . - e . - e s 4 e e a e e e e e e a



MAVAL PCSTGRADUATE SCHOOL

SESAME MODEL USING OPUS INPUT DATA
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SESAMZ MODEL USING SESAME INPUT DATA

APPENDIX A

NAVAL PCSTGRADUATE SCHOOL
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APRENDIX B
OPUS MODBL INPUTS

The following are sasples of OPUS input data sets used to
run the OPUS acdel. Listed here are two data sets,; one
representing the sriginal 0PUS data, and one representirg a
SESANME data set. The following information will provide the
reader with an understanding of each data input variable,
The first set of data will be used i3s an example.

) The first line is the titie card. It names ths run as
exanple 2 dated 23 Octnber 1983. Tha MOE used is Expected
Waiting Time and the probles type is initial procurement.

2) The next line 0 0 0. 1.2 +7 90 0 0 0 0 1. 0 is
the problem card.

0 represents problem typre in this instance 0 is the
initial procurement of spares.

0 repressnts the MOE used in this case 0 is Expected
Vaiting Tinme.

0. 1.E+7 represent the minimuam ard aaximua level of
invastment for this run.

0 is a default notation which means that the number of
points selacted for an internal C-E curve of the
optimization process is 15 (this is optional).

0 represents the number of points to be selected for
the final C-E curve, in this ~-ase 30 (this is
optional).

0 represents the IOUTP vhich is the output printing
control. In this instance the 0 means that no printing
of points of the C-B curve will occur.
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0 represents IPLOT, which is a plotting con*rol. IFLOT
set to 0 tells the program to ploct all points,
calculated by the program, from which internal and
final C-E curves are plotted.

0 is the value for IPONCH which talls the program nct to
use OPUS7W wvhlich is operated by punched cards.

1. is a value that is multiplied by the demand rate if +the
user determines the demand rate requires adjustment.

3) The next line has an 11. This 11 is the number of
different SRU's that are present within the systenm.

4) The next block starting with SRU 1 and ending with SRO 11
is the SRU data block.

SRUO 1 is the identification ¢f the particular SRU.
57060 represents the unit price of the SRU.

20.7 is the failure rate of “he SRU.

1. represents the application factor for that SRU,

If the system has no SBU's, then this block may be onitted.

S) The next line beginning with a 6 represents the number of

different LRU's. The two 75°'s represent the length of the x
and y axis of ths plot.

6) The next block beginning with tha value LRU 1 and ending
vith the line beginning with 6 (following line baginning
«ith LRO 6), is the LRU data. The first LRU data set
consists of two linses.

LRU 1 is the identification of the LRU.
16400. is the unit price of the LRU.
54.0 is the failure rate.

g8
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1. reprasents the applicaticn factor.
3 ' is the number of diffsrent SRU's within this LRU.

7Y The next line describes the breakdown of the LRU into
component SRU's, In this example, there is one type one SRU
in «his LRU, four type two SRU's, and one type three. This
pattern may be continued for as many SRU's that may amake up
a specific LRU. This technigques is usad for all the required
LRU's.

8) The next line following the LRU block is the systems
card. This is the number of differant systems that are to
be used in the computation. For this problem there is only
ona system.

9) The aext line defines the system data.
SYSTEN 1 is the identification >f the systaam.

1.0 represants the utilization rate ver calendar
hour of this system.

6 represants the numher 5f different LRU's that
make up this gystem.

10) ‘The seven in the next line represents the nuaber of
different stations in the organizational structurse.

11) Tha next block represents the organizational data.

1 represents NYSM, the number of stations of this type.
There¢fore, there is one C type station.

c is the identification of this type station.

0 represents HYPR or the number of the station that
tbhis station is supported by. In this case, this
station i3 not supported by any higher station.




wuu0

1

720

6.

168.

720.

6.

48,

is the level identification parametar. This means
that this uvnit is a first lsval unit, A unit with
a 2 as a level identification parameter would mean
that it is a second order unit.

is the TRPT or tLe transportation time rsturn trip

for this station. This means that it takes 1440 hours
for this unit to receive and .esturn a part for repair.

represents the number of diffsrent SRU®s to> be stored
by this unit.

is hours of adsinistrative dsiay time.

is the fault isoclation time for an SRU at this
station.

.

is the time to replace the SRU at this leval.

is the numnber of different LRU's stocked at this
station.

is the administrative delxzy time for the LRU's.

iz the fault isolation tine of the LRU at this
station.

is the time to replace the SRU of the LRU at this
station.

12} The next line starts with a 0 which is the stock level
of this station.

‘

1

is the SRU type.

is the pr-portion to be stocked at this level.
This format of stock level, SRU type, and
proportion to be repaired is continued for all
the SRUY's stocked at this level. In this casg,

it is carried over to the next line and ends with
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13)

a 0 stock level, SRUO type 11 repairad at 1.0.

This format is similar for all data entered at
diffesrent levels. The exceptions being tha* it is
possible for a station to pass a supply reques*t and
not stock at that station. In this problen,
stations B1 and B2 both serve as "dumay" stations
and have a -11 in column for number of SRU's to be
stocked. This indicates to tha computer that none
of the SRU's are to be stocked at these stations.
Similarly, for stations AV and A2 the -1, -2 for A1l
and -1,-3 for A2 represent the fact that they are
not the DGS at their level. They are supporting CU1
and CU2 which are the DGS at that level.

The line 24. 12, 1. 24, represents mission times for

possible different amissions at that station.

24

12.

1.

24,

is the aission timse (used in the optimization),
is mission time (used only in MOE calculatiorn),
is the application factor.

is time between missions.

14) The next line is data about “he staticp supporting this

station.

2

represents the station level parameter which
supports this station.

1. represents the probability that this station is
supported by station 2.
24, 1is the transportation time retura trip between this
station and the supporting station.
15) The next line describes the LRU stockage at this level. |
It states that there is 0 stocked for each of six LRU's S
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which have 0. proportion 5f repair at this lewsl. This last
station CG1 and CU2 have the same format in their first
line.

12 C01 4 4 1. means that there are 12 type CU1 stations
supported by station 4, with level
. parameter identification 4 and
transportation tims return trip this
station of 1 hour.
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EXANPLZ NO.2 102383 BOZ=EXPECTED SAITING TINE PT=#INIT DPROC
% 0 0. 1.E +7 0 0 1. 9
0. .0 1.
3 75" 718
Lnoc1 o2570c. £1.1 1.
L2002 o10500. 25.1 1. :
_ Lauoa 0 9500. 52.% 1.
e . 1204 5000. 206.6 1.
. Lxuos 0 9400, £3.7 1.
' LRO 6 17300, 76.5 1.
(1) 0
SYSTEN 1 1.0 6
] 1 2 1 3 1 4 1 5 1 6 1
10 0 11440, 168.0 6 936. 2.
0. ' 1.00 2 1,00 3 1.0 0 4 1.00 S 1.0 0 & 1.0
191 1 : 72, & 24, 12,
" 0 1 1,00 2 1.00 3 100 &8 1.00 3 31.50 % 1.0
182 1 i 72, € 24, 12,
0 1 3.00 2 1.00 3 100 4 1.00 5 1,00 & 1.0
1w 2 3 24, 6 &, 6.
0 1 1.00 2 1.00 3 1,00 & 1.00 5 1.50 & 1.0
Wiz 3 3 24. 6 6. &,
0 1 1.00 2 1.00 3 100 8 1.00 5 1.00 & 1.0
ol u i 1. 0. Sa&. 1
102 4 N 1. 0. Su. 1
11 9.
7”7
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i APPENDIX C OPUS MODEL OQUTPUT USING OPUS INPUT DATA
2 ALL POINTS

o

Q SCALE OF X-AXIS

™ INVESTMENT

! MINIMUM = 0.0

“ STEP LENGTH= 0.18611E+0°C
’ MAXIMUM = 0.13772E+07
i SCALE OF Y-AXIS

N WAITING TIME

: MINIMOM = 0.17441E+01

STEP LENGTH= 0.13177E+02
MAXIMUM = 0.97686E+03

COORDINATE AXIS
oy POINT NO. INVESTM

20 352605, 3
) 30 539713. 4
o 40 725821.5
i 50 911929.5
; 60 1098037.0
; 70 1284145.0

i 1 0.0
o 10 167497.2
y

M AP N T Te Ta Ta W
ST IR

96

SRR O WL

WAITING TIME

1. 744063
120. 338806
252.110779
383%.882568
515.654541
647.426514
779.198L486
910.,970215
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APPENDIX C OPUS MODEL USING SESAME INPUT DATA
ALL POINTS
SCALE CF X-AXT
INVESTMENT
: MINIMUM = 0.0

STEP LENGTH= 0.29286E+05
MAXIMUM = 0.21672E+07

SCALE OF Y-AXIS
WAITING TIME

MINIMUM = 0.90116E-02
STEP LENGTH= 0.16204E+00
MAXIMUM = 0.12000E+02

COORDINATE AXIS

POINT NO. INVESTM WAITING TIME
1 0.0 ¢.009012
10 263578. 3 1. 46737L
20 556443, 2 3.087776
30 84,9308.0 4. 708179
40 1142172.0 6.3%28582
50 1435037.0 7.948985
60 1727902.0 9.569388

70 2020767.0 11. 189791
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ARRENDIX E
SESAME ACRONYNM LISTING

Asymaetric System Mode. Tells the model tha*
a non-symmetric systes is being entered as data,

Beginning Density. BDENS is the cumulative
end item density
at the beginning of the daployment year.

CONDEL is the conditional dalay time required
for Major Subordinate Command to satisfy a
demand for an out-of-stock

iten.

CURPAR is the astimata, in dollar value of
the cost attached to systea downtinme.

Bssential Repair Parts Stockage List.
An BRPSL is a stockage list of demand

'snppartnd and essential non-demand supparted

spares required to reach an operational
availability objective,

Essentiality Code. The ESS Jetermines whether
the part is essential
to the systes.

Pault Isolation Module., FIM is defined as an
iter that requires removal aand replacement
to datermine failure. If an itenm

is defined as FPIM it is raquired to hava

a sinimum stockage of one spare.

Line Replaceable Unit. An LRU is an essential
iter vhich is removed and replaced at field
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L] nm'.' ".

QLA =

level to restore the end itenm to

RS

operationally ready condition.

MCTBF Mean Calendar Time YJetween Failure. MCTBF
is the sexpected uptime per cycle.

MLDT Mean Logistics Delay Time. MLDT is +he
expected delay until a operational spar2
becomes available.

MTD Maintenance Task Distribution. These are
rercantages of total systea removals of
+he part that will be repaired at sach level.

MTTR Mean Time To Repair. ATTR is the expected
repair time when spares ar: available.

OPL Operating Level Days. OPL is the number
of days of stockage that is used to sustain
norezl operations.

OoSsT Order and Ship Times. This is thas time regquired

. to move a spare from user and support units.

REPCYC Repair Cycle. REPCYC time is the number of days
it takes to ship the part to the repair facilisy
plus the number of days naaded to repair the part.
This value does not include the time
necessary to return the part backed to the user.

REPR Replacement Rate. REPR is the percent of removed
parts that is uneconomicably repairabla.

2 BRSC Retail Stockage Criterion. RSC is the number
of demands per year that must be experienced
by a unit before it is authorized

to stock a spare.

RTD Replacement Task Distribution. RTD are the
percentages of total systam r2movals of the par+
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SIP

SRU

TARGET

URR

WHOPIL

at each echelon.

Standar< Initial Provisioaing. The SIP mod=l is a
mathematical modal containing “he procedures used
in the provisioning procedure.

Shop Replaceable Unit. An SRU is a component or
assembly used in the repair of a component LRU
vhen the LRU has been removed

from the non-operational systaa.

TARGET is the sear~ featurs used in “he SESAME

model. When the TARGET value is set less than 1.0

it rapresents a target operational

availability. Por exaaple, .95, repres=ats a target

of 95% operational availability. A valus greater

than 1 represents a dollar value, Por example,

100 reprosents a search limit of

one hundred dollars. Therefore, the model will

search for the best cperational availability usinag e
only ore hundred dollars. :

Unserviceable Return Rate. This is the amount of .
itens that cannot be repaired at the depot level
and aust be replaced through wholesale stocckage,

WHOPIL is the wholesale sidck availability.
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