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THE REASON FOR PERFORMING THE STUDY was that the two models recommended by
the Aircraft Spares Study, Overview and PARCOM, could treat a full-
substitution or a no-substitution part replacement policy but lacked the
ability to represent a more realistic partial-substitution replacement
policy. Of the two models, PARCOM was judged to be the better candidate
for incorporation of a partial-substitution capability.

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The basic PARCOM (Parts Requirements and Cost Model), developed
for the Aircraft Spares Study, was extended to include the effects of
partial-substitution replacement policies and deployment of initial stocks
over time.

(2) The resulting extended model relates spare requirements to a
flying hour/aircraft availability objective, parts replacement policy, and
stockage deployment schedule--all subject to optional cost constraints.
Example applications illustrated the plausibility of the model logic.

(3) The extended PARCOM significantly expands the range of applicatio
and results of the basic PARCOM methodology. As such, its implementation,
in place of basic PARCOM, is warranted.

THE MAIN ASSUMPTION was that partial substitution can be usefully defined
in terms of a partition of part types into a full-substitution part set and
a no-substitution set.

THE PRINCIPAL LIMITATION was that definitions of partial substitution other

n

than the assumed definition might not be addressable by the extended PARCOM.

THE SCOPE OF THE STUDY addressed the relationship of spare requirements and
fleet capabililty for a notional Army aviation program to a flying
hour/availability objective, part replacement (substitution) policy, and
stockage deployment schedule--all subject to optional cost constraints.

The study applied the subject model to an example, using four part types
over 5 days, and to an all-up case, treating an AH-1S scenario involving
334 part types over 120 days.




THE STUDY OBJECTIVES were:

(1) 'To evaluate the potential for extending the capability of the
basic PARCOM, developed in the Aircraft Spares Study, to include partial
substitution and other desirable features lacking in the basic PARCOM.

(2) To make the above extensions and to report on and illustrate the
application of the extended PARCOM and methodology.

THE BASIC APPROACH was:

(1) To assess the limitations of the basic PARCOM.

(2) To select features and capabilities, to include partial substi-
tution, for incorporation into an extended PARCOM.

(3) To develop an extended PARCOM incorporating the selected
capabilities.

(4) To report on the nature of the extended PARCOM methodology and
model through exposition and illustrative example applications.

THE STUDY SPONSOR was the Deputy Chief of Staff for Logistics, Headquarters,
Department of the Army.

THE STUDY EFFORT was conducted by Mr. Walter J. Bauman, Force Systems
Directorate, US Army Concepts Analysis Agency.

COMMENTS AND QUESTIONS may be directed to the Director, US Army Concepts

Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.

Tear-out copies of this synopsis are at back cover.
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PARTIAL SUBSTITUTION AND OTHER MODIFICATIONS TO THE PARCOM MODEL
(Short title: PARCOM Partial Substitution)

CHAPTER 1
MODEL DEVELOPMENT

1-1. BACKGROUND

a. Model Origin. The US Army Concepts Analysis Agency (CAA) developed
the Parts Requirements and Cost Model (PARCOM) to generate cost effective
mixes of aircraft spare parts and to assess aircraft fleet performance under
specified wartime scenario conditions. Development occurred during the
course of the Aircraft Spare Stockage Methodology (Aircraft Spares) Study1
conducted by CAA. That study, and PARCOM development, were in response to
interest shown by the Deputy Chief of Staff for Logistics (DCSLOG) in devel-
oping a methodology (or methodologies) relating aircraft spare parts stock-
age levels to combat readiness and flying hour capability. The calculation
of spare parts requirements, and of the effects of budgeting changes, had
been a slow and cumbersome peacetime oriented exercise. The principal
criterion for spares stockage had been the achievement of acceptable stock-
out, or fill rate, levels. To more realistically predict wartime spare
parts requirements, and to better justify budget requests for spare parts
procurement, the Army needed a more responsive methodology based on wartime
flying hour expectations and system readiness/availability requirements.
PARCOM was developed to meet that need.

b. Current Study Purpose. Results reported in Aircraft Spares were
sufficiently encouraging to warrant a follow-on study, designated the
Overview/PARCOM Turnkey Project (OPTP). Included in the objectives of OPTP
were the following actions pertaining to PARCOM:

(1) Document the PARCOM, as developed in the Aircraft Spares Study,
and deliver it to the US Army Aviation Systems Command (USAVSCOM).

(2) Evaluate and report on the potential for extending the capability
of PARCOM to include partial-substitution parts replacement policies and
any other features deemed desirable, but lacking in the model (PARCOM) devel-
oped for Aircraft Spares.

This technical paper is a report on the model extension. The extended
model reported herein is denoted as extended PARCOM; the original model, as
developed in the Aircraft Spares Study, is denoted herein as basic PARCOM.

1-2. BASIC PARCOM PROBLEM SPECIFICATION. The basic PARCOM was designed to
generate cost-effective mixes of add-on spare parts needed to permit an
aircraft fleet of specified type to achieve specified flying program and
availability goals under various cost constraints, part replacement poli-
cies, and aircraft availability objectives. These are described below in
summary fashion. Additional detail may be found in the PARCOM User's

Guide. i
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a. Cost Constraints. The two cost constraint modes are:

(1) Unconstrained Funds - where unlimited funds for procurement of
additional required parts are assumed available.

(2) Constrained Funds - where a cost (funding) limit for add-on spares
is set. If unable to meet the flying hour and, possibly, availability
objectives with the limited funds, the model generates a "best" solution
mix with the funds available, i.e., it seeks to maximize program flying
hours achievable within the funding constraint.

b. Basic Part Replacement Policies. The two basic part replacement
policies are:

(1) Full Substitution - where a failed part on an aircraft may be
replaced by either a spare (if available) or by a serviceable part installed
on a not-mission-capable (NMC) aircraft (if a spare is not available).

(2) No Substitution - where a failed part on an aircraft may only be
replaced by a spare part.

c. Flying Hour Objective. A flying hour objective is a requirement for
the aircraft fleet to achieve a specified number of flying hours on each
day of the scenario. An input flying hour program designates the daily
goal. A basic PARCOM objective is to generate a parts mix which will
achieve the specified flying program at least cost.

d. Aircraft Availability Objective. An aircraft availability objective
is a requirement for a specific minimum aircraft availability on each day
(different days may have different minimum required availabilities). In
this context, aircraft availability = 1 - NMCS, where NMCS = the fraction
of surviving aircraft in not-mission-capable-supply status. An aircraft is
in an NMCS status if it is nonoperational because spare parts are needed
but are not available to restore it to serviceability. Specification of
availability objectives is in addition to the flying hour objective.
Specification of a zero availability objective is equivalent to no availa-
bility objective at all.

1-3. SUMMARY OF REQUIREMENTS OUTPUT FOR BASIC PARCOM. The following are
the types of print output produced by basic PARCOM for requirements
problems. Details may be found in the PARCOM User's Guide.
a. Unconstrained Cost Cases
(1) Total Requirement. Total least-cost parts mix and costs required
to achieve the case objectives (flying program and availability) given a
zero initial inventory.

(2) Residual Requirement. The least-cost add-on parts mix (to an
input initial inventory) and costs required to achieve the case objectives.

1-2
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(3) Cumulative Cost by Day. For each day N (N=1, 2, ..., through end
of war), the total and the add-on costs of the full parts requirements to
meet the case objectives through day N only, i.e., it is the cost of the
requirement for a truncated scenario of N days. Parts mix is not shown.

(4) Cumulative Requirement by Day. For selected items, for each day
N, the cumulative total parts requirement needed (in the full parts scenar-
io) to meet the case objectives through N days. A zero initial inventory
is assumed in this output.

(5) Daily Aircraft Available. For each day of the full scenario, the
fraction of surviving aircraft which are not NMCS, assuming that the start-
ing spare inventory is set equal to the sum of the computed parts require-
ment and the initial inventory.

(6) Daily Flying Hours per Aircraft per Day. For each day of the
scenario, the average achieved flying hours per available aircraft per day
assuming the computed solution parts mix is stocked.

b. Constrained Costs

(1) Total Requirement. Total best requirements mix, with zero initial
inventory, and with a no-substitution policy, that can be bought with a
funding limit equal to the sum of the values of the current spares inventory
and the input cost limit. The objective of a best mix is to maximize flying
hour productivity with the constrained funds.

(2) Residual Requirement. Add-on (to input initial inventory) require-
ments mix, with a no-substitution policy, that can be bought with a funding
1imit equal to the input cost limit.

(3) Daily Aircraft Available. For each day of the full scenario, the
fraction of surv1v1ng aircraft which are not NMCS, assuming that the start-
ing spare inventory is set equal to the sum of the computed parts require-
ment and the initial inventory.

(4) Daily Flying Hour Fraction. For each day of the full scenario,
the fraction of the fleet flying program which can be achieved assuming
that the starting spare inventory is set equal to the sum of the computed
parts requirement and the initial inventory.

(5) Daily Flying Hours per Aircraft per Day. For each day of the
scenario, the average achieved flying hours per aircraft per day, assuming
the computed solution parts mix is stocked.

1-4. LIMITATIONS OF BASIC PARCOM. The following limitations of the basic
PARCOM were noted as a suitable base for future model extension and/or rede-
sign.

a. No Partial-substitution Requirements. A partial-substitution parts
replacement policy can be conceptualized as one in which some (but not
necessarily all) part types installed in NMCS aircraft are substitutable

1-3
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for spares, i.e., such a part type installed in an NMCS aircraft can, if
serviceable, be applied to replace a failed part (of the same type) in
another NMCS aircraft if a spare is unavailable. The basic PARCOM does not
consider partial substitution. The basic PARCOM requirement algorithms
process only a full-substitution replacement policy (all parts substitut-
able) or a no-substitution replacement policy (no parts substitutable)
depending on the case treated.

(1) Unconstrained Cost. The basic PARCOM calculates unconstrained
cost requirements with both full substitution and no substitution.
However, using a common scenario, PARCOM-generated solution requirement
costs under a no-substitution policy are much larger (for nontrivial cases)
than solution costs under full substitution. It may be useful, therefore,
to examine the effects of partial-substitution policies with corresponding
intermediate solution costs.

(2) Constrained Cost. While the standard unconstrained cost require-
ments solution of the basic PARCOM can treat both full substitution and no
substitution, the constrained cost algorithm of that model treats only a
no-substitution replacement policy. Extension to processing of partial
substitution would enhance model capability.

b. No Partial-substitution Fleet Capability Assessment. The basic
PARCOM assesses fleet flying capability (resulting aircraft availability
and fraction flying program achieved) based on a solution inventory being
stocked or on a current (input-specified) parts inventory. Capability
assessments based on unconstrained cost solutions treat both full substitu-
tion and no substitution, but assessments based on constrained cost solu-
tions or on a current inventory treat only a no-substitution policy.
Application of full substitution and no substitution produce upper and
lower bounds, respectively, on assessments of fleet flying hour capability
with a fixed spare inventory. Modeling of partial substitution will enable
a cause-and-effect analysis of flying hour capabilities between those
bounds.

c. No Parts Distributed Over Time. The basic PARCOM, in both
assessment and requirement calculations, assumes that all initial spare
assets are "front-loaded," i.e., that all initial spares are available at
retail on Day 1 of the scenario. Since a spare has no effect unless it is
needed, this is equivalent to assuming that all initial assets will reach
retail before they are required (as replacements). An efficient stockage
and transportation system will achieve this. However, some scenarios will
not be optimally matched to the time-phased parts deployments reflected in
the authorized stockage list (ASL)/prescribed load list (PLL) of deploying
units and the depot-retail pipeline lag for stocks initially at depots.
The basic PARCOM, therefore, may yield overly optimistic results. Greater
credibility and conformance to real-life constraints can be achieved by
enabling PARCOM to process time-phased parts deployments.

1-4
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1-5. PARCOM EXTENSION

a. Need. The objective of the Aircraft Spares Study was only to develop
and demonstrate a feasible methodology. The follow-on study effort, OPTP,
was to document the basic PARCOM and to deliver it (as well as Overview) to
the US Army Aviation Systems Command (USAVSCOM). The selected models
included the basic PARCOM; however, OPTP also proposed to study means of
extending the basic PARCOM to include partial substitution and other capa-
bilities found feasible and useful. The final OPTP report was to include
an evaluation of the feasibility of implementing these model extensions.
This technical paper presents that evaluation.

b. Aspects Selected for Extension. The basic PARCOM limitations noted
in paragraph 1-4 were chosen as the basis for extending PARCOM capability,
i.e., the extended PARCOM was designed to have the capability to analyze:

(1) Effects of using partial-substitution part replacement policies
in requirements calculations.

(2) Effects of using partial-substitution part replacement policies
in fleet capability assessment.

(3) Effects of using input-specified parts deployments over time.

(4) Effects of cost constraints on requirements solutions using par-
tial substitution.

In the above context, partial substitution includes full substitution (full
sub) and no substitution (no sub) as special cases.

C. Methodology. The approach to PARCOM extension included:
(1) Selection of the capabilities to be added. These are noted above.

(2) Construction of a concept for partial substitution amenable to
processing in an extended PARCOM.

(3) Revision or replacement of program code in basic PARCOM to enable
demonstration of concept feasibility for the extensions.

(4) Checking, via selected manual examples, or all-up tests, of con-
cept feasibility for the extensions.

(5) Provisicn of an undocumented copy of the FORTRAN program source
code for the extended PARCOM.

1-5
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1-6. FUTURE OUTPUT. The products of the OPTP do not include delivery and
documentation of a complete extended PARCOM (only the basic PARCOM is
delivered and documented). However, a follow-on effort of limited scope
will provide:

a. Publication of revisions to the (basic) PARCOM User's Guide and
Functional Description.

b. Documentation of the program source code for the extended PARCOM.

1-6
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CHAPTER 2
REQUIREMENTS DETERMINATION WITH PARTIAL SUBSTITUTION

2-1. CONCEPT FORMULATION

a. Definition. In the extended PARCOM, a partial-substitution parts
replacement policy is defined by partitioning all part types into a full-sub
set and a no-sub set. A part type is in only one set and remains in that
set throughout the scenario. These sets are defined as follows:

(1) A11 parts in the full-sub set operate with a full-substitution
replacement policy relative to aircraft which are NMCS due to lack of a
part from that set. That is, a failed full-sub part on an aircraft may be
replaced either by a spare (if available) or by a serviceable part installed
on an NMCS aircraft which is awaiting a full-sub part, if a spare is not
available. However, no failed full-sub part can be replaced by any part
installed on an NMCS aircraft awaiting a no sub-part.

(2) Parts in the no-sub set operate with a no-substitution replacement
policy. That is, a failed no-sub part on an aircraft may only be replaced
by a spare part. An NMCS aircraft lacking a no-sub part may neither receive
a serviceable part from another NMCS aircraft, nor may it provide a service-
able part to (fill a "hole" in) any other NMCS aircraft.

b. Implications. The full-substitution and no-substitution policies of
the basic PARCOM are special cases of partial substitution in which all
parts are either in the full-sub set or in the no-sub set. The analytic
usefulness of the above definition arises from the consequence that any
NMCS aircraft will either be awaiting exactly one no-sub part or at least
one full-sub part but will never be awaiting a mixture of full-sub and
no-sub parts.

c. Selection of Full-sub Parts. Before requirements processing begins
in the extended PARCOM, a full-sub and a no-sub part set, applicable over
all scenario days, must be defined. One option allows the user to specify
those part types which comprise the full-sub set. By default, all nonspeci-
fied parts are presumed to be in the no-sub set. However, the model has
another option, allowing the user to specify three screening limits--L1,

L2, and L3. With these limits the model selects a part type for the full-
sub set if at least one of the following apply:

e The (input) depot repair cycle time for the part exceeds L1 days
and the not repairable this station (NRTS) fraction exceeds zero.

e The (input) NRTS fraction for the part exceeds L2.

e The (input) retail repair time for the part exceeds L3.

2-1
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The model, under this option, examines all part types and assigns those

that satisfy the screening Timits to the full-sub set. A1l other part types
are assigned to the no-sub set. The above screening criteria were chosen
because it appeared plausible that full substitution would be most likely
practiced on parts which took a long time to cycle back through the repair
pipelines; however, other criteria could also be selected.

2-2. EXAMPLE TEST. The application of the partial-substitution concept is
demonstrated below via illustrative examples. For review and comparison
purposes, the effects of standard (basic PARCOM) full-substitution and
no-substitution policies are also shown, followed by a summary of partial-
substitution logic and effect calculations.

a. Problem Framework

(1) A data base containing four part types was applied in a 5-day
scenario. Table 2-1 shows input parts data for the example. QPA denotes
the quantity per application, i.e., the number of installed parts per oper-
ational aircraft. OST denotes the one-way, order and ship time between
depot and retail. Overall repair cycle equals the sum of the depot repair
time and 2x0ST for depot repairable items and equals the retail repair time
for retail repairable items. Essentially, it is the (pipeline) time between
removal of a failed part and its return to the retail pool of serviceable
spares. Table 2-2 shows scenario input data for the example problem. The
two columns on the right define the flying hour and availability objectives
for the problem. The cumulative aircraft deployments and losses are also
input. Cumulative aircraft surviving is calculated from them.

Table 2-1. Example Problem - Parts Data

PART 1 PART 2 PART > PART 4

¢ PARTS CHARACTERISTICS

- FAILURE RATES (PER FLY HR) -08 .02 -06 -02
- QPA 1 1 1 1
- UNIT COST ($) 400 50 40 30
- INIT CINITIAL STOCK) 250 10 260 30

o PARTS REPAIR CYCLE DATA

- 0ST (DAYS) 1 0 1 0

- RETAIL REPAIR TIME (DAYS) 0 3 0 2

- DEPOT REPAIR TIME (DAYS) 1 0 2 0

= RETAIL CONDEMN % 0 0 0 0

- DEPUT CONLEMN % 0 0 0 0

- NRTS 2 100 0 100 0
(OVERALL REPAIR CYCLE) (3 DAYS) (3 DAYS) (4 DAYS) (2 DAYS)
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Table 2-2. Example Problem - Scenario Data

Cum CUM CuM FLYING MIN
ACFT ACFT ACFT HR PGM ACFT

LAY  DEPL  LOST  SURY  (FHP)  AVAIL

1 150 0 150 500 .10

2 200 0 200 1,000 .09

3 200 0 200 1,000 .09

4 200 0 200 1,500 .09

5 200 0 200 1,500 .09

MAX FLY HRS/ACFT/DAY = 10

(2) Given the problem input data, Table 2-3 shows necessary prepro-
The allowable NMCS aircraft
for a day is the maximum number of surviving aircraft which can be NMCS on
that day while still allowing fleet accomplishment of the case objective
FHP denotes the specified

cessing used in all algorithm calculations.

(flying hour and availability) for that day.

flying hour program for each day.

Table 2-3.

Calculation of Allowable NMCS Aircraft

¥l
MIN ACFT RuR
BY FLYINu HR

LAY —PROGRAM
FHP/MFHAD®

500/10=50
100
100
150
150

VI B WO

® MAXIMUM FLYING HOURS PER AIRCRAFT PER UAY

MIN ACFT RUR

12

BY AVAILABILITY

CONSTRAINT

SURV AC X MIN AVAIL

150x.10=15

18
18
18
18

OVERALL
MIN ACFT

#5

_REWULKED
MAX (#1, #2)

50
100
100
150
150

ALLOWABLE

_NMCS ACFT
SURV AC -#5

150-50=100
100
100
50
50
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b. Unconstrained Cost Requirements Under Full Substitution. Tables 2-4
through 2-7 illustrate the basic PARCOM logic for example data under a full-
substitution policy. Formulas used in calculations are shown in the table
headings. The allowable stockout for a part on a day is just the maximum
number of backorders (unfilled demands) for the part which will still allow
accomplishment of the case objectives on that day. The day requirement is
the minimum add-on stock required to achieve the objectives on a given day.
The largest of all the day requirements for a part (circled in the table)
is the overall (minimum) requirement for the part. A1l stock is assumed
front-loaded, i.e., available at retail when needed.

Table 2-4. Unconstrained Cost Residual Requirement with Full Substitution
- Part 1 (initial inventory = 250)

#1 #2 #3 #4
CUMULAT IVE CUM RET CUMULATIVE ALLUWABLE LAY
DAY EAILURES REPAIRS _ NET DEMAND  _ STOCKOUTS =~ ___ ROMTS
(FAIL RT X FHP X QPA) MAX [#1-(KZ+INIT)] NMCS AC X GPA  MAX (#3-#4)
OR (0) : O0R (0)
1 -08x500<40 0 40-0-250 OR [0] 100 x 1 = 100 0-100 uk [0]
2 40+ .08x1000=120 0 0 100 0
3 200 0 0 100 0
4 320 40 320-290=30 50 0
5 440 120 70 50 @

PART 1 OVERALL RQMT = LARGEST DAY RQMT = 20

Table 2-5. Unconstrained Cost Residual Requirement with Full Substitution
- Part 2 (initial inventory = 10)

#1 #2 #3 #
CUMULAT IVE CUM RET CUMULATIVE ~ ALLOWABLE DAY
LAY FALLURES BEPAIRS NET DEMAND ~ _STOCKQUTS ~ ___ RUMT
(FAIL RT X FHP X QPA) MAX [H1-(#2+INIT)} NMCS AC X QPA  MAX(#>-#4)
OR (0) OR (0)
1 -02x500=10 0 10-0-10 0k [0]  100x1=100 0-100 UR
2 10+-02x1000=30 0 20 100 0
3 50 0 40 100 0
4 80 10 80-10-10=60 50 60-50=10
5 110 30 70 50 70-5040

PART 2 UVERALL RUMT = LARGEST UAY RuMT = 20




CAA-TP-84-11

Table 2-6. Unconstrained Cost Residual Requirement with Full Substitution
- Part 3 (initial inventory = 260)

#1 #2 #3 #4

CUMULAT IVE CuM RET CUMULATIVE ALLUWABLE DAY

DAY FAILURES REPAIRS ___ NET DEMAND = _STOCKOUTS = ___RUMT

(FAIL RT X FHP X QPA) MAX [#1-(#2+INIT)] HMCS AC X GPA MAX(#3-#4)

UR (0) R (0)

1 30 0 0 100 0
2 30 0 0 100 0
3 150 0 0 100 0
4 240 0 0 50 0
5 530 30 40 50 O)

PART 3 UVERALL RQMT =0

Table 2-7. \Unconstrained Cost Residual Requirement with Full Substitution
- Part 4 (initial inventory = 30)

#1 #2 #3 #4
CUMULATIVE CUM RET CUMULATIVE ALLUWABLE DAY
LAY FAILURES BEPAIRS NET DEMAND —STOCKOUTS = __ HGMT
(FAIL RT X FHP X QPA) MAX [#1-(#2+INIT)] NMCS AC X WPA MAX(#3-#4)
UR (0) R (V)
1 10 0 0 100 0
2 30 0 0 100 0
3 50 10 10 100 0
4 80 30 20 50 0
5 110 50 30 50 ©)

PART 4 OVERALL RQMT =0
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c. Unconstrained Cost Requirements Under No Substitution. Tables 2-8
through 2-11 illustrate the basic PARCOM logic for the example under a no-
substitution policy. In this case, requirements must be calculated in order
of decreasing part unit cost (i.e., most expensive parts first). For a
no-substitution policy, the total allowed stockout consists of the summed
stockouts over all parts treated. However, since requirements are calcu-
lated (purchased) sequentially, each successive calculation uses an "unallo-
cated allowable stockout" equal to the original (Table 2-3) allowable stock-
out reduced by the sum total of allocated stockouts reflected in purchases
of parts already processed. As before, the overall part requirement
(circled) is calculated as the largest of the day requirements.

d. Summary of Full-sub and No-sub Results. Table 2-12 summarizes the
results thus far. The full-sub requirement cost is the cheapest over all
part replacement policies while the no-sub cost is the most expensive. All
partial-sub requirements costs must be between these values. This will be
illustrated subsequently.

Table 2-8. Unconstrained Cost Residual Requirement with No Substitution
- Part 1 (initial inventory = 250)

CALCULATE FOR MOST EXPENSIVE PART (PART 1)

#1 #2
CUM NET
DEMAND UNALLOCATED
PART 1 ALLUWABLE
LAY (INIT=250) STOCKOUT DAY RQMI
(FROM "FULL SUB)  (=ALLOWED NNCS AC)  MAX(f1 - #2)
1 0 100 0 - 100 or[0]
2 0 100 0
3 0 100 0
4 30 50 0
5 70 50 @

PART 1 RAMT = LARGEST UAY RUMT = 20
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Table 2-9. Unconstrained Cost Residual Requirement with No Substitution
- Part 2 (initial inventory = 10)

o CALCULATE RQMT FUR NEXT MUST EXPENSIVE PAKT (PART 2)

o ASSUME PREVIOUS (PART 1) RGMT "BOUGHT® SU THAT NEW PART 1
INIT = OLD [NIT (250) + RGMT (20) = 270

#3 # #5
CUM NET CUM NET
UEMAN UEMAND UNALLOCATED
PART 1 PART 2 ALLUWABLE

DAY (NIT=270)  _CINIT=10) —STOCKQUT —DAY RGMT
#1-20 (FROM 'FULL SUB*) #2-43 HAX(#4 - #5)
OR (0) UR (0) R (0)

1 0 0 100-0=100 0

2 0 20 100-0=100 0

3 0 40 100-0+100 0

4 30-20=10 60 50-10=40 60-40=20

5 70-20+50 70 50-50=0 70-0¢0

PART 2 RJUMT = LARGEST DAY RQMT = 70

Table 2-10. Unconstrained Cost Residual Requirement with No Substitution
- Part 3 (initial inventory = 260)

#5 #6
CUM NET Cum NET
DEMAND LEMAND
PART 1 PAKRT 2
DAY  (INIT=270) CINIT=80)
#1-20 #4-70
OR (0) UR (0)
1 0
2 0
3 0 0
4 10 0
5 50 0

o CALCULATE RQMT FOR NEXT MOST CXPENSIVE PART (PART 3)

o ASSUME PREVIOUS (PARTS 1 & 2) RAMTS “BOUGLHT* SU THAT NEW PART i
INIT = 270, NEW PART 2 INIT = 80

#7 #8
CUM NET
DEMANU UNALLUCATED
PART 3 ALLOWABLE
—CINIT=260)  __ STUCKUUT . —DAY RUMT
(FROM ‘FULL SUB')  #2-#3-#6 MAX(#7 - #8)
0k (0) R (0)
0 100 0
0 100 0
0 100 0
0 40 0
40 0 @

PAKT 3 RQMT = LAKGEST DAY RUMT = 40
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Table 2-11. Unconstrained Cost Residual Requirement with No Substitution
- Part 4 (initial inventory = 30)
o CALCULATE RGMT FOR NEXT MOST EXPENSIVE PART (PAKT 4)
o ASSUME PREVIOUS (PARTS 1, 2 & 3) RUMTS “BOUGHT* SU THAT NEW PART 1
INIT = 270, PART 2 INIT = 80, PART 3 INIT = 500
#3 #6 #9 #10 #11
CUM NET CUM NET CUM NET CUM NET
DEMAND DEMAND DEMAND DEMAND UNALLUCATED
PART 1 PART 2 PART 3° PART 4 ALLOWABLE
DAY (INIT=270) (INIT=80)  (INIT=300) (IN]1T=30) STUCKOUT LAY RQMT
#1-20 #4-70 #7-40 (FROM FULL SUB)  #2-#3-#6-#9  MAX(#10 - #11)
0R (0) UR (0) 0R (0) 0R (0) 0R (0)
1 0 0 0 0 100 0
2 0 0 0 0 100 0
3 0 0 0 10 100 0
4 10 0 0 20 40 0
5 50 0 0 30 0 G0
PART 4 RQMT = LARGEST DAY RQMT = 30
Table 2-12. Summary of Unconstrained Cost Residual Requirements

'FuLL SuB’ ‘NO SuB’

ALD-ON RWMT ~ ADD-ON RGMT
PART 1 20 20
PART 2 20 70
PART 3 0 40
PART 4 0 30
TOTAL COST 9,000 14,000

* FROM CUM NET DEMANU COLUMN OF TABLES 2-4 THRU 2-7
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e. Partial-substitution Algorithm Logic. The order of partial-
substitution algorithm operations is described below. They will be illus-
trated in succeeding paragraphs.

(1) Partition all part types into a full-sub set and a no-sub set as
defined in paragraph 2-1la.

(2) Calculate the allowable NMCS aircraft for each day.
(3) For each day:

(a) Generate all possible nonnegative integer combinations (AF, AN)
(for full-sub and no-sub, respectively) such that AF + AN = allowable NMCS
aircraft for that day.

(b) For each integer combination (AF, AN), compute a basic PARCOM
full-sub solution gver only the full-sub part set for the scenario through
that day, assuming AF allowed NMCS aircraft (awaiting full-sub parts) for
that day. Also compute a basic PARCOM no-sub solution over only the no-sub

art set for the scenario through that day, assuming AN allowed NMCS air-
craft (awaiting no-sub parts) for that day. Calculate the total solution
cost for the combination (AF, AN) as the sum of the costs for the full-sub
and no-sub solutions described above.

(c) Select the solution for the combination (AF, AN) yielding the
minimum total solution cost. This solution consists of the requirements
for each part on that day and is called the day requirement. The combi-
nation (AF, AN) used in the selected solution then becomes the allowed
stockouts used during cumulative (from Day 1) calculations on all suc-
ceeding scenario days.

(4) After all days are processed, select the largest (over all
scenario days) of the computed day requirements for each part as the over-
all requirement. The logic for computing a basic PARCOM solution is
described in the PARCOM Functional Description.3 The above algorithm tends
toward a least cost solution mix (assuming unconstrained funds) for the
partial-substitution replacement policy defined by the full-sub/no-sub
partition of the part data base.

f. Unconstrained Cost Requirements Under Partial Substitution - Example
Conditions :

(1) Simplifying Assumptions. The full set of algorithmic calculations
was too complex to represent, so for this example only, the following simpli-
fying assumptions were made:

(a) To simplify computation, the combinations (AF, AN) chosen were
multiples of 10.

(b) Since, in this example, Day 5 drives (has the largest day
requirements for) the solution, the only calculations shown are for Day 5.
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(2) Definition of Policy. Part 1 and Part 2 (from Table 2-1) were
selected for the full-sub part set and Part 3 and Part 4 for the no-sub
part set.

(3) Calculations for Example 1. Table 2-13 shows the algorithm calcu-
lations for partial-sub for Day 5. Note that:

(a) The calculation of daily allowable NMCS aircraft used in full
sub and no sub also applies here.

(b) For AF = 0 on day 5, the full-sub solution for the full-sub
part set is just the largest daily cumulative net demand for each full-sub
part. From Table 2-4, this is 70 for Part 1. From Table 2-5, this is 70
for Part 2. These are also the requirements for these parts under an "NMCS
= 0" policy in basic PARCOM.

(c) For AF greater than 0, to obtain a full-sub solution based on
AF allowed NMCS aircraft for the full-sub parts set, AF x QPA = AF (since
QPA = 1 in this example) units are subtracted from each part requirement
in the "AF = 0" solution. This is done because each reduction of stock by
QPA units creates QPA backorders which, in turn, correspond to one NMCS
aircraft.

Table 2-13. Unconstrained Cost Residual Requirements Calculations
for Day 5 with Partial Substitution - Example 1

ALLUWABLE NMCS ACFT = 50
AF = ALLOWABLE NMCS ACFT FRUM 'FuLL SuB’ SET
Ay = ALLOWABLE NMCS ACFT FKUM 'NO SUB' SET

'FOLL SUB’ 'NO SUB’
SOLUTION SULUTION CUMBINED
COMBINED PT 1/PT 2 PT 3/PT 4 SOLUTION

SOLUTION # A  (8$400/$50)  COST Ay ($40/830) COST COST

1 0 70/70 $31,500 50 0/20 $600 $32,100
2 10 60/60 27,000 40 0/30 900 27,900
3 20 50/50 22,500 30 10/30 1,300 25,800
4 30 40/40 18,000 20 20/30 1,700 18,700
5 40 30/30 15,500 10 30/30 2,100 15,600
6 50 20/20 9,000 0 40/30 2,500 11,500

PT1 PT2 PT3 PT 4

MIN COST SUL = 20 20 40 30
(ASSUMING DAY 5 HAS THE MAX RQMT)
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(d) For AN = 0 on Day 5, the no-sub solution for the no-sub part
set is just the largest daily cumulative net demand for each no-sub part.
From Tables 2-6 and 2-7, these are 40 for Part 3 and Part 4. These are
also the requirements for these parts under an "NMCS = 0" policy in basic
PARCOM.

(e) For AN greater than 0, to obtain a no-sub solution based on AN
allowed NMCS aircraft for the no-sub part set, AN units are subtracted from
the stock requirement for the most expensive item(s) in the "AN = 0" solu-
tion. Each reduction of stock by one unit creates a backorder and corre-
sponds to one NMCS aircraft.

(f) The minimum combined (total) solution cost ($11,500) is marked
in Table 2-13. The combined parts requirement for the associated (AF, AN)
combination is the day requirement for Day 5. If (as assumed in this exam-
ple) Day 5 has the largest day requirement, then that day requirement is
also the overall minimum cost solution for our partial-substitution Example
1. From Table 2-12, the resulting solution cost ($11,500) is between the
full-sub solution cost ($9,000) and the no-sub solution cost ($14,000).

(4) Calculations for Example 2. The conditions of the previous exam-
ple are altered slightly in order to illustrate another case. Example
2 is identical to the previous example except for the part unit costs.
Table 2-14 shows the new (Example 2) part costs alongside their old (Exam-
ple 1) values. The following observations apply:

Table 2-14. Part Unit Cost Data for Example 2

PREVIOUS EXAMPLE #1 WITH NEW PART CUSTS AS FULLUNWS:

PART 1 PART 2 PART 3 PART 4

NEW COST $ 40 $ 50 $ 400 $ 50
OLD COST s 400 $ 50 $ 40 $ 30

(a) Table 2-15 shows the partial-sub solution calculations for Exam-
ple 2. Note that the Example 1 full-sub and no-sub solutions for (AF, AN)
combinations also apply to Example 2. This is true because:

1. Alteration of part unit cost data never changes a full-sub
solution. F—

2. The no-sub solution with new part costs does not change if the
cost ordering of no-sub parts is unchanged with the new cost data (since
the most expensive items remain the same then). In the given examples,
Part 3 is always more expensive than Part 4.
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(b) As in Table 2-13, the minimum combined (total) solution cost
($6,300) is marked in Table 2-15. As before, the combined solution asso-
ciated with that minimum cost is the day requirement for Day 5 and, by our
assumptions, is also the overall minimum cost solution for Example 2. Note
that, all else being equal, the relative unit costs of parts drives the
partial-sub solution.

Table 2-15. Unconstrained Cost Residual Requirements Calculations for
Day 5 with Partial Substitution - Example 2

ALLOWABLE NMCS ACFT = 50
AF = ALLOWABLE NMCS ACFT FRUM ‘FULL SUB' SET
AN = ALLUWABLE NMCS ACFT FRUM ‘NO SUB' SET

'FuLL SuB’ ‘NO SuB’
SOLUTLON SULUTION CUMBINED
COMBINED PT 1/PT 2 PT 3/PT 4 SULUTION

SOLUTION # Ap  (840/850) COST Ay (3400/$3Q) (COST COST

0 70/70  $6,300 S0 0/20 $600  $6,900
10 60/60 5,400 40 0/30 900
20 50/50 4,500 30  10/30 4,900 9,400
30 40/40 3,600 20 20730 8,900 12,500
40 30/30 2,700 10  30/50 12,900 15,600
50 20/20 1,800 0  40/30 16,900 18,700

[~ 2 TEEELY o BE — B VO L I

PAETL (P28 SRS SRILY
MIN COST SOL = 60 60 0 30

(ASSUMING DAY 5 HAS THE MAX RQMT)

2-3. APPLICATION TO FULL-SCALE DATA BASE

a. Background. The previous section treats relatively simple stylized
examples of little practical interest. In this section, requirement
results are presented for extended PARCOM applied to the AH-1S helicopter
parts data base and scenario used in the CAA study reports for the Aircraft
Spare Stockage Methodology Study and the MAX FLY Study.% The extended
PARCOM case will be denoted as the MAX FLY example. The associated parts
data base has 334 different part types tagged as essential to aircraft
operation. That data base was applied in a 120-day European scenario.
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b. Partial Substitution Policy. A partial-substitution policy in
extended PARCOM is defined in terms of the part types (in the parts data
base) which comprise the full-sub parts set (see para 2-1). The full-sub
parts of the MAX FLY example were defined as all those part types with
either a not repairable this station (NRTS) rate exceeding 50 percent or
with a retail repair time (as specified in the data base) of at least 30
days. The resulting full-sub part set employed by extended PARCOM contains
102 part types. A1l other part types are in the no-sub parts set. Again,
a full-substitution policy is just a special case of partial substitution
in which all part types are in the full-sub set. A no-substitution policy
is a special case in which no part type is in the full-sub set.

c. Comparative Results. Table 2-16 summarizes the comparative residual
(add-on to current inventory) requirement results, by replacement policy,
for the MAX FLY data base and scenario. The partial-substitution policy
represented therein is the one defined above. The relatively small dif-
ference between the partial-substitution and full-substitution requirement
costs is primarily due to the dominance of the requirement costs for a
single part type, the stability control amplifier, in all three policy
cases. The full-substitution cost and the no-substitution cost are lower
and upper bounds, respectively, on all partial-substitution policies. The
partial-substitution policy applied here is just one of many potential
policies. If new partial-substitution policies are defined by transferring
some no-sub part types to the full-sub part set, then the associated require-
ments costs will decrease and will approach the full-substitution policy
cost. Conversely, if policies are defined by transferring some full-sub
part types into the no-sub set, then the associated requirements costs will
increase and approach the no-substitution policy cost. The size of the
change in requirements cost associated with an altered full-sub part set
(and hence a different partial-substitution policy) depends on which parts
are added to and/or removed from the base full-sub set. Further sensitivity
studies, not performed here, would be needed to explore the comparative and
marginal effects of variation in the partial-substitution policy employed.

Table 2-16. Add-on Requirements Costs by Policy - MAX FLY Example

Add-on Number of part Largest part
Policy cost, $M types w/add-on rgmt (% of total)
Full substitution 20 6 99
Partial substitution 21 60 94
No substitution 43 99 72
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2-4. WORKAROUND - AN APPROACH THAT FAILED

a. Background. At the start of OPTP, when it was first determined that
partial substitution should be investigated, the prospects for successfully
designing appropriate partial-substitution logic for PARCOM and the ease of
integrating it into the model were unknown. In view of those uncertainties,
it seemed desirable to seek some simple way of working around the limita-
tions of the version of the model in use at that time by developing some
kind of input or run modifications that would permit PARCOM to effectively
represent partial substitution without changes having to be made in the
gr?gram code. An approach that seemed feasible at the time is described

elow.

b. Approach. First, an unconstrained cost residual requirements case
is run with a full-sub parts replacement policy. Next, the same case is
run with a no-sub policy. Relative to all possible part replacement poli-
cies, the former generates the smallest number of required parts and part
types and the latter the largest. In order to represent a partial-sub
case, one assumes that some parts from the no-sub requirements list are
substitutable and would not be required in a partial-sub run if they are so
designated. The appropriate substitutable parts are those showing up as
required in the full-sub run. For the partial-sub run, then, two sets of
parts are established. One set consists of those part types designated as
required in a full-sub run, plus those additional part types designated as
substitutable (which are associated with the "holes" in the NMCS aircraft
generated in the full-sub run). The second set consists of the remaining
nonsubstitutable part types. The workaround solution to a partial-sub
requirements run is just the original full-sub solution, plus the no-sub,
NMCS = 0 solution for the set consisting of the remaining, nonsubstitutable
parts. NMCS = 0 is appropriate for this set, since all the allowable NMCS
aircraft are assumed "locked up" supplying parts to the full-sub set.

Cc. Results. The above approach was tested with the example cases of
the previous section. For Example 1, the extended PARCOM and workaround
solutions are the same--the set of required parts costing $11,500 in each
case. For Example 2, however, the workaround solution is three times as
expensive as the PARCOM direct modeling solution--$18,700 versus $6,300--
thus proving that the workaround approach does not always provide the right
answer. The difference is due to the assignment, in Example 2, of greatest
cost to Part 3, one of the nonsubstitutable set. It appears that whenever
one of the parts from this set is the highest cost part, the workaround
solution may not be optimum, depending also on failure rates and other
factors. The workaround approach to partial substitution was therefore
discontinued, especially since appropriate partial substitution logic for
PARCOM had, meanwhile, been accomplished.
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CHAPTER 3
CAPABILITY ASSESSMENT WITH PARTIAL SUBSTITUTION

3-1. BACKGROUND. After each unconstrained cost solution mix is computed,
PARCOM generates a record of daily and average fleet operational capability
achievable by stocking each computed requirement. In particular, these
records include achieved daily and average aircraft availability, achieved
program flying hours, and achieved flying hours per available aircraft per
day. In computing these outputs, the new initial inventory is assumed to
be the sum of the computed requirement and the original initial inventory.

3-2. CHAPTER ORGANIZATION. Subsequent paragraphs first illustrate the
basic PARCOM capability assessment under full substitution and under no
substitution for the unconstrained cost requirements of the example case
defined in the previous chapter (Tables 2-1 and 2-2). The extension to
partial substitution is then shown for its example cases (defined in Chapter
2). Lastly, assessment of current inventory is portrayed.

3-3. ASSESSMENT WITH FULL SUBSTITUTION. Tables 3-1 and 3-2 show the basic
PARCOM capability assessment calculations, under full substitution, of the
expected effects of stocking the requirements computed in Tables 2-4 through
2-7, Chapter 2. Cumulative net demand for each part type is based on
initial inventories being set to include the computed requirements. NMCS
aircraft for each day are set equal to the largest of the "cumulative net
demand/QPA" entries for the day. "Surviving aircraft" are from the "cum
acft surv" column of Table 2-2. Aircraft availability is 1 minus the quo-
tient of NMCS aircraft and surviving aircraft. Flying hours per (available)
aircraft per day are calculated by dividing the program flying hours for
each day (see Table 2-2) by the number of available aircraft on that day.
Average availability is constructed by weighting daily availabilities by
the daily surviving aircraft. Average flying hours per (available) air-
craft per day is weighted by the available aircraft on each day.
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Table 3-1. Capability Assessment for Unconstrained Cost Residual
Requirement with Full Substitution

RESIDUAL RUMT (20,20,0,0) IS ADLED TO ORIGINAL INIT (250,10,260,50)

#1 #2 #3 oo #5
CUM NET CuM NET CUM NET CuM NET
DEMANL/QPA DEMAND/QPA DEMAND/QPA DEMANb/QPA
PART 1 PART 2 PART 3 PART 4 NMCS
DAY _C(INIT=270) _CIMIT=3Q)  _(IMIT=260) = _(IN[T=30) ACFT
(ORIG*-20)/QPA  (URIG®-20)/G4PA  (ORIG®-0)/4PA (ORIG*-0)/QPA  MAX (#1,#2,#3,44)
(0R 0) (OR 0) (0R 0) (0R 0)
i’ 0 0 0 0
2 0 0 0 0
3 0 20 0 10 20
4 10 40 0 20 40
5 50 50 40 30 50

* ORIuINAL CUM NET DEMAND BASED ON URIGINAL INIT

Table 3-2. Capability Assessment for Unconstrained Cost
Residual Requirement with Full Substitution (continued)

#5 47
NMCS SURVIVING  ACFT FLYING HUURS
LAY ACFT BEEL. AVALLABILITY [ACFT/DAY
DATA 1. - #5/#6 FHP/(#6 x #7)
1 0 150 100 ok
2 0 200 1.00 , 5.0
3 20 200 .90 5.6
4 40 200 .80 9.4
5 50 200 .75 10-0

AVL AVAIL = .88
AVo FH/ACFT/DAY = 6.5

3-4. ASSESSMENT WITH NO SUBSTITUTION. Tables 3-3 and 3-4 show the basic
PARCOM capability assessment calculations, under no substitution, of the
expected effects of stocking the requirements computed in Tables 2-8
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Cumulative net demand for each part type is based on initial

Under a no-substitution

policy, NMCS aircraft for each day are equal to the sum of the cumulative
Surviving aircraft are from Table 2-2.

net demand entries for that day.

Other calculations are analogous to those for the full-substitution case.

Table 3-3.

Capability Assessment for Unconstrained Cost Residual

Requirement with No Substitution

RESIDUAL RGMT (20,70,40,30) IS ADUED Tu ORIGINAL INIT (250,10,260,50)

#1 #2 #3 Yy #5
CUM NET CuM NET CUM NET CuM NET
DEMAND DEMAND DEMANU VEMAND
PART 1 PART 2 PART 5 PART 4 NMCS
DAY _CINIT=270) _CINIT=80) (INIT=300) (INET=60) ACFT
(URIu*-20) (0RI6*-70) (ORIG*-40) (0RIw*-50) SUM UF #1 - &4
(UR 0) (0R 0) (0R ) (0R 0)
1 0 0 0 0
2 0 0 0 0
% 0 0 0 0 0
4 10 0 0 0 10
5 50 0 0 0 50

® ORIGINAL CUM NET DEMAND BASEU ON ORIGINAL INIT

Table 3-4.

Capability Assessment for Unconstrained Cost Residual

Requirement with No Substitution (continued)

#5
NMCS
ACFT

0
0
0
10
50

wVoE W

AVG AVAIL = .94
AVo FH/ACFT/DAY = 6.2

Y
SURVIVING  ACFT FLYING HUURS
ACFT AVALLABILITY LACET/DAY

DATA 1. - #5/#6 FHP/(#6 x #7)

150 100 $nd

200 1.00 5.0

200 1.00 5.0

200 .95 7.9

200 .75 10-0
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3-5. ASSESSMENT WITH PARTIAL SUBSTITUTION

a. Example 1. Tables 3-5 and 3-6 show the extended PARCOM capability
assessment calculations, under the partial-substitution policy of Chapter 2
(Part 1 and Part 2 are the full-sub set), of the effects of stocking the
Example 1 requirements computed in Table 2-13. Each day consists of a
full-sub assessment phase and a no-sub assessment phase. Each full-sub
phase is equivalent to a basic PARCOM full-sub assessment of NMCS aircraft
with only the full-sub part set considered. The resulting NMCS aircraft
for the day are computed as in Table 3-1. The no-sub phase is equivalent
to a basic PARCOM no-sub assessment of NMCS aircraft with only the no-sub
part set considered. Resulting NMCS aircraft for the day are computed as
in Table 3-3. Under our definition of partial substitution, each NMCS air-
craft is "down" due to either at least one needed full-sub part or for a
single needed no-sub part, but not to a needed combination of the two types.
Therefore, the order of performing the phases is irrelevant. On each day,
after the two NMCS aircraft calculation phases are completed, the sum of
the two results yields the total NMCS aircraft for the day. Other calcu-
lations on Table 3-6 are exactly analogous to those applied by basic PARCOM
in Tables 3-2 and 3-4.

Table 3-5. Capability Assessment for Unconstrained Cost Residual
Requirement with Partial Substitution - Example 1

RESIDUAL RUMT (20,20,40,30) IS ADDED TO URIGINAL INIT (250,10,260,50)

#1 #2 #3 #4 #
CUM NET CUM NET - CUM NET CUM NET
DEMAND/QPA UEMAND/QPA DEMAND DEMAND
PART 1 PART 2 PART 3 PART 4 NMCS
DAY PHASE* _C(INIT=270) (INIT=30) (NIT=500) _CINIT=60) ACFT
(ORIG**-20)/QPA (ORIG**-20)/QPA (ORIG**-40) (ORIu®*-350) MAX (#1,#2) (FS PHASE)
(0R 0) (UK 0) (0R O) (0R 0) #3+ #4 (NS PHASE)
1 FS 0 0 = e = 0
NS = - 0 0 0
2 fS 0 0 == = 0
NS 5= -- 0 0 0
3FS 0 20 -- = 20
NS -- -- 0 0 0
4 FS 10 40 -- -- 40
NS = e 0 0 0
5 FS 50 50 = -- 50
NS -- == 0 0 0

* FS = 'FULL SUB' PHASE (PROCESSES 'FULL SUB' PART SET (PARTS 1 & 2))
NS = 'NO SUB’ PHASE (PRUCESSES ’'NO SuB‘ PART SET (PARTS 3 & 4))

** ORIGINAL CUM NET DEMAND BASED ON ORIGINAL INIT
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Table 3-6. Capability Assessment for Unconstrained Cost Residual
Requirement with Partial Substitution - Example 1 (continued)

#6 #7 #8
TOTAL
NMCS SURVIVING ACFT - FLYING HUURS
DAY _ACFT ACFT AVAILABILITY LACET/ZDAY
#S(FS) + #5 (NS) DATA 1. - #6/47 FRP/CHT x #8)
1 0 150 1.00 5.5
2 0 200 1.00 5.0
3 20 200 -90 5.6
4 40 200 -80 9.4
5 50 200 .75 10.0

AVo AVAIL = .88
AVG FH/ACFT/DAY = 6.5

b. Example 2. Tables 3-7 and 3-8 show the extended PARCOM capability
assessment calculations, under the partial-substitution policy of Chapter
2, of the effects of stocking the Example 2 requirements computed in Table
2-15. Calculations are exactly analogous to those of Tables 3-5 and 3-6.

Table 3-7. Capability Assessment for Unconstrained Cost Residual
Requirement with Partial Substitution - Example 2

RESIDUAL RUMT (60,60,0,30) IS ADDED TO ORIGINAL INIT (250,10,260,30)

#1 #2 #3 #y #5
CUM NET CUM NET CUM NET CUM NET
DEMAND/QPA DEMAND/QPA DEMAND DEMAND
PART 1 PART 2 PART 3 PART 4 NMC S
DAY PHASE® _(INIT=310Q) (IN[T=70) _(INIT=260) _CINIT=60Q) ACFT
(OR16**-60)/QPA (ORIu®"-60)/8PA (OR1u®®"-0)  (URlL®*-30) MAX (#1,#2) (FS PHASE)
(0K 0) (0R 0) (0R 0) (Uk 0) #5+ #4 (NS PHASE)
1 FS 0 0 o -- 0
NS = -- 0 0 0
2 FS 0 0 -- -- 0
NS - - 0 0 0
3 FS 0 0 -- -- 0
NS -- -- 0 0 0
y FS 0 0 -- -- 0
NS -- -- 0 0 0
5 FS 70-60=10 0 -- -- 10
NS -- -- 40 0 40

® FS = 'FULL SuB’ PHASE (PROCESSES 'FULL SUB’ PART SET (PARTS 1 & 2))
NS = 'NU SUB’ PHASE (PROCESSES ‘NO SUB’ PART SET (PARTS 5 & 4))

°* ORIGINAL CUM NET DEMAND BASED ON ORIGINAL INIT
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Table 3-8. Capability Assessment for Unconstrained Cost Residual
Requirement with Partial Substitution - Example 2 (continued)

#6 47 #
TOTAL
NMCS SURVIVING  ACFT- FLYING HOURS
LAY ACFT ACFT AVAILABELITY /ACET/DAY
#5(FS) + #6 (NS) DATA 1. - #6/#7 FHP/(#7 x #8)
1 0 150 1-00 5.3
2 0 200 100 5.0
3 0 200 1.00 5.0
4 0 200 1.00 7.5
5 10+40=50 200 .75 10.0

AVG AVAIL = .95
AVG FH/ACFT/UAY = 6-1

3-6. ASSESSMENT OF CURRENT INVENTORY WITH PARTIAL SUBSTITUTION

a. Logic. By current inventory is meant any user-specified inventory.
This is in contrast to the "required inventory" as assessed above. The
basic logic of assessment of current inventory in extended PARCOM is the
same as in basic PARCOM. With unconstrained costs, net demand was based on
the entire planned flying hour program being flown. For a current inventory
mix, some unknown (at first) number of hours will be flown. That number
must initially be estimated and an iterative approach applied to determine
NMCS aircraft, availability, and achievable program flying hours. For each
day, therefore, a starting estimate of flying hours flown is made. The
starting (first day's) estimate is the program flying hours. Then, net
demand, as based on the estimated flying hours, is computed, followed by
implied NMCS aircraft (generated by the estimated flying hours), achievable
flying hours, and flying hours per available aircraft. The achievable
flying hours are compared with the estimated flying hours flown. If, based
on input thresholds, they are close enough, the iterations stop. If not,
the calculations are repeated based on a new starting estimate of flying
hours equal to the average of the estimated and the achieved flying hours.
After iterations for a day are completed, the available aircraft for the
day and their flying hour potential are calculated based on the last calcu-
lation of NMCS aircraft and on the maximum flying hour potential per air-
craft per day (an input). Processing for the next day uses a starting
gstimate of flying hours based on the achieved flying hours of the previous

ay.

3-6



CAA-TP-84-11

b. Example. Tables 3-9 through 3-11 show the extended PARCOM current
inventory capability assessment calculations, through 4 days, for the
example of Tables 2-1 and 2-2. For example purposes, iterations are limited
to two. Calculation of daily NMCS aircraft is done in two phases, as
before, but cumulative net demand is based on the current inventory and on
the estimated flying hours for the iteration. The NMCS aircraft for the
last iteration of each day become the basis of final daily calculations.

In column 7 calculations, surviving aircraft are from Table 2-2, while NMCS
aircraft are from column 6. In column 8, achieved flying hours are capped
at the daily program flying hour objective. Column 9 shows the calculation
of closeness thresholds for estimated versus achieved flying hours. As in
basic PARCOM, the model user sets the 1imits on iterations and closeness
thresholds.

Table 3-9. Capability Assessment of Current Inventory
with Partial Substitution

INVENTORY = (250,10,260,50)  ITERATION LIMIT = 2

#1 2 3 Yy #5

CuM NET COM NET COM NET CUM NET NMCS

EST DEMAND®** UEMAND'T' UEMAND®®* VEMAND®*® ACFT

ITER- FLY PART 1 PART 2 PART 3 PART 4 MAX (&1,42)
UAY ATIUN PHASE® HRS®® _CINIT=25Q) _UNIT=1Q) _CINIT=260) _CINIT=3Q0)  _OR (#3 + #4)

1 ] FS 500 0 0 5 = 0
1 NS 500 == i 0 0 0

2 1 FS 1000 0 20 s =2 20
1 NS 1000 -- == 0 0 0

3] it FS 1000 0 40 = i 40
1 NS 1000 s 5 0 10 10

4 1 FS 1500 30 60 == == 00
1 NS 1500 = B3 0 20 20

2 FS 1350 13 57 -- o 57

2 NS 1350 2 = 0 17 17

® FS = ‘FULL SUB* PHASE; NS = "NU SUB‘ PHASE
°® = FHP UN ITERATION 1; = (EFH + AFH)/2 ON [TERATION 2
°°® CALCULATED AS COM FAILURES - CUM RETURNS - INIT INVENTURY
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Table 3-10. Capability Assessment of Current Inventory
with Partial Substitution (continued)
#6 #7 #8 #9
TOTAL
ITER- NMCS AVAIL ACHIEVED (EFH - AFH)/
ATLON ACFT ACFT FLYING HRS (AYG DAY FHP)
#S5(FS) + #5 (NS) SURV- MINC#7 X MFHAD®)
NMCS OR (FHP)
1 0 150 500 0
1 20 180 1000 0
1 50 150 1000 0
1 80 120 1200 .27
2 74 126 1260 .08

*

MAXIMUM FLYING HOURS PER ACFT PER DAY

Table 3-11. Capability Assessment of Current Inventory with
Partial Substitution (continued)

#10
SURVIVING
DAY ACFT
DATA
i 150
2 200
) 200
4* 200

ACFT

AVALL
#7/%10

1.00
-90
.75

.63

* LAST ITERATIUN'S VALUES

FRAC
FLYING PGM
ACHIEVED

#8/FHP

1.00
1.00
1.00

.84
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c. Full-scale Data Base Application. Figure 3-1 shows comparative (by
policy) capability assessement of current inventory, in terms of fraction
of daily flying program achieved, for the MAX FLY example case of paragraph
2-3. While the partial-substitution policy has almost one-third of the
data base parts in the full-sub set, there is only a small difference
between program flying hour achievement under partial substitution and under
no substitution. Part of the reason is that the mix of parts comprising
the full-sub set under the chosen partial-substitution policy is probably
not the best one in terms of maximizing fleet capability. Apparently, the
criteria defining the chosen partial-substitution, full-substitution set
(NRTS> .50 or retail repair time > 30) do not correlate closely with per-
formance. That policy does have a plausible aspect in that parts which are
repaired at depot and/or which have a long repair cycle time appear to be
more likely candidates for substitution. However, items with high failure
rates may be more appropriate as members of the full-sub set. Preliminary
testing indicates that this may be so. In any case, Figure 3-1 suggests
that use of partial substitution may not always be justified by the returns
in terms of improved flying hour productivity.

2500 = )
Required
2000 -
Daily
fleet ree

Full substitution
flying 1500 -

hours

\ \ Achijeve
1000 = ‘-\ A Part1a1 substitution
e e
H
Achieved
No subst{tution -—>\ v \
500 o o’c\ L
‘/’ " : ”\
2\ ? § %
L ‘' =t
o\ I N\, PPN
M BN W
T ! T 0
0 30 60 90 120
Day of war

Figure 3-1. Capability Assessment of Current Inventory -
MAX FLY. Example Case
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CHAPTER 4
DISTRIBUTING PARTS OVER TIME

4-1. BACKGROUND. The basic PARCOM Model assumes that all spare assets are
front-loaded, i.e., that they are all available at retail on Day 1 of the
scenario. The Overview Model (evaluated in the Aircraft Spare Stockage
Methodology Study) allows the user to specify a phasing-in of parts (into
theater) over time. Such phasing-in is more representative of reality since
it reflects movement of unit ASL/PLLs and transit of depot stocks. The
extended PARCOM was reconfigured to allow initial stock to be received in
theater according to a specified planning schedule. The planning schedule
is assumed operative; disruptions in the schedule, due to attrition of
resupply lines and facilities, is not simulated.

4-2. LOGIC. Extended PARCOM distributes parts over intervals of 5 days
rather than over individual days, as in Overview. All parts due to be
received during a given 5-day interval are distributed uniformly throughout
that interval. An exception is Day 1 of the scenario. All parts due in
(or in place) on Day 1 are treated as received at the beginning of Day 1.
The categories of parts treated are as follows:

a. Depot Serviceables. These consist of serviceable parts located at
depot at the start of the scenario. For each part, the initial stock of
depot serviceables is entered in the part data base input. The scenario
input specifies a depot lag, L, and a depot distribution time, D,
applicable to all parts, such that, for each part, the initial stock of
depot serviceables is distributed (received at retail) uniformly between
Day (L + 1) and Day (L + D).

b. Depot Unserviceables. These consist of unserviceable parts located
at depot at the start of the scenario. They are at various stages of the
depot repair process and, after repair, are to be shipped to retail. Since
a part may be at any stage of its repair cycle, distribution of uncondemned
depot unserviceables for each part is assumed uniform over an interval
equal to the depot repair time (DRT) for the part, with the first receipt
(at retail) after a lag equal to the order/ship time (OST) for the part.
For each part, the initial stock of depot unserviceables, the depot
condemnation rate (DC), the OST, and the depot repair time are input in the
part data base. Letting A = number of depot unserviceables, the extended
PARCOM distributes (1-DC) x A parts at retail between Day (OST + 1) and Day
(OST + DRT).

c. War Reserve Serviceables. These consist of serviceable parts in the
war reserve located at retail. For each part, the amount of the
serviceable war reserve is input in the parts data base. The entire stock
is treated as available at retail from the scenario start (Day 1).
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d. War Reserve Unserviceables. These consist of unserviceable war
reserve parts located at retail at the start of the scenario. Some of
these will be condemned. Others will be sent to depot for repairs. Others
are in various stages of repair at retail. The distribution of these parts
is as follows:

(1) 1Items repairable at retail - for each part, let NRTS = the NRTS
fraction, BR = the retail repair time, BC = retail condemnation rate, and
A = number of war reserve unserviceables. Then extended PARCOM distributes
at the theater (1-NRTS) x A x (1-BC) parts repaired at retail between Day 1
and Day BR. A1l of these factors are input in the parts data base.

(2) Items not repairable at retail - for each part, let NRTS = the
NRTS fraction, DR = the depot repair time, DC = depot condemnation rate,
0ST = the order/ship time, and A = number of war reserve unserviceables.
Then extended PARCOM returns to the theater (NRTS) x A x (1-DC) parts
repaired at depot between Day (2 x OST + 1) and Day (2 x OST + DR).

e. ASL/PLL Deployments. For each part, the extended PARCOM parts data
base inputs on Day 1 the total in-place ASL/PLL parts. In addition, total
ASL/PLL parts deployed after Day 1 are input for successive 5-day intervals
of the scenario. '

4-3. IMPACT. The distribution of parts over time, as opposed to front
loading of stocks, has no effect on PARCOM results if all initial assets
reach retail before they are required (as replacements). An ideally
efficient stockage and transportation system will achieve this. Parts
distribution over time may effect an increase in requirements, relative to
front loading, if initial assets are sufficiently delayed so that they do
not arrive in retail before all retail stocks are drawn down. In effect,
such delayed assets may have their usefulness negated because they are in
the wrong place at the wrong time. Similarly, the effect of such delays on
capability assessment of current inventory may be a decrease in the period
over which the flying program can be continuously sustained.

4-4, EXAMPLE RESULTS. A comparative example is presented of the effects
of part maldistribution in the full-substitution demonstration example of
Chapter 2, which assumed front loaded parts. The parts data of Table 2-1
are used, except that Part 1 initial stock is distributed over time as
specified in Table 4-1. Since just Part 1 data is altered, only the full-
substitution requirement for that part is recalculated by revising Table
2-4 in accordance with the parts distribution. Table 4-2 shows the revised
calculations. The basic change is in column number 3, in which INIT (front
loaded initial stock) of Table 2-4 is replaced by STK (cumulative stock
distributed) from Table 4-1. The net result is that cumulative net demand
through Day 4 is larger under parts distribution. The overall requirement
is larger (70, versus 20 for the front loaded case) because the parts
deployment is badly timed. On Days 2 through 4, net demands exist while
initial assets are unable to fill them, due to distribution delay.
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Table 4-2.

Table 4-1.

o ALL [NITIAL STOCKS UNCHANGED EXCEPT
= PART 1 DISTRIBUTIUN

CUM sTUCK
LAY DISTRIBUTED
1 40
2 80
3 120
4 160
5 250

CAA-TP-84-11

Example - Part 1 Stock Distribution Over Time

Unconstrained Cost Residual Requirement with Full Substitution -
Part 1 (initial stock distributed over time)

DAY

[V T ~ B VL I

PART 1 CALCULATIONS

#1 #2 #3 #
CUMULATIVE CUM RET CUMULAT IVE ALLOWABLE
FALLURES REPAIRS ___ NET DEMAND = _ STUCKOUTS
MAX [#1-(#2+STK*)]
OR (0)
40 0 40-0-40 = 0 © 100
120 0 120-0-80 = 40 100
200 0 200-0-120 = 80 100
320 40 320-40-160 = 120 50
440 120 440-120-250 = 70 50

PART 1 OVERALL RUMT = LARGEST LAY RQMT = 70

CUMULATIVE STOCK DISTRIBUTED FROM TABLE 4-1

DAY

—RQMIS
MAX (#3-#4)
UR (0)

0
0
0
70
20
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CHAPTER 5
CONSTRAINED COST REQUIREMENTS

5-1. BACKGROUND. While the unconstrained cost solution is the one that
best meets the flying program, a full requirements buy may not be afford-
able if funds are limited. With constrained costs, a user wishes to apply
limited funds to buy a cost effective slice of the full requirements. The
basic PARCOM only treated the constrained-cost case for a no substitution
policy. Neither full substitution nor partial substitution were addressed.
The extended PARCOM incorporates a method for deriving cost effective con-
strained cost requirements under partial substitution. For a no-substi-
tution policy, the extended PARCOM constrained cost algorithm yields the
same solution as the basic PARCOM constrained cost algorithm.

5-2. CONSTRAINED COST NO-SUBSTITUTION REQUIREMENT IN BASIC PARCOM. This
algorithm is covered in the PARCOM Functional Description. To summarize,
after the unconstrained cost, no-substitution requirements are computed,
they become the basis for the constrained cost no-substitution solution. A
cost 1imit on spares is input along with the other scenario and objective
data. A constrained cost, no-substitution parts mix can be constructed by
the simulated purchase, in order of increasing part unit cost, of the part
requirements of the unconstrained cost solution until the money is exhausted.
That would entail the procurement of the largest number of total parts from
the unconstrained cost solution. However, another characteristic of such a
constrained cost parts mix is that it is the mix which has the fewest
unbought (hence, unstocked) items from the unconstrained cost solution.

The PARCOM algorithm arrives at its solution by calculating unbought items.
Initially, it spends the full cost of the unconstrained cost requirements
mix, assuming it to be the constrained cost solution. Subsequently PARCOM
selects the fewest number of items to remove from that solution until the
remaining parts mix is priced at the input cost 1imit. Because the pro-
gramed algorithm solves by unbuying items rather than buying them, parts
are processed in decreasing order of part unit cost. Under a policy of no
substitution each unbought item (regardless of part type) creates an NMCS
aircraft. Therefore, our constrained cost, no-substitution solution mix
minimizes the instances of NMCS created by the constrained funds. The
solution tends, heuristically, toward the achievement of maximum cumulative
flying hours.

5-3. APPROACH IN EXTENDED PARCOM. First, a method for treating full sub-
stitution was devised. The basic PARCOM constrained cost algorithm for no
substitution was retained and combined with the full-substitution algorithm
to yield a composite algorithm applicable to all partial substitution cases.
However, since this algorithm is not known to be the best in all cases, its
solution is compared, in terms of resulting program flying hour productivity,
with a solution derived by another algorithm. The solution yielding the
most program flying hours is selected. Herein, we denote these two algo-
rithms as constrained cost algorithm one, and constrained cost algorithm
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two respectively. Since both are based on the approach for a full-substi-
tution case, that case will be discussed first, followed by its adaptation
to the two constrained cost algorithms.

5-4. CONSTRAINED COST WITH FULL SUBSTITUTION. For this case, the con-
strained cost solution is equivalent to using maximum consecutive days of
flying hour program achievement as an objective. This algorithm is
described in the PARCOM Functional Description. The nature of full
substitution is such that the solution yielding the maximum consecutive
days of flying program sustainability for fixed funds will also be the
solution yielding maximum total program flying hour productivity. As was
shown in the Aircraft Spare Stockage Methodology Study Report, this was not
the case with a no-substitution policy. The algorithm for obtaining such a
maximum sustainability solution also is described in the basic PARCOM
Functional Description. Solution generation in extended PARCOM is automatic
for full substitution.

5-5. CONSTRAINED COST ALGORITHM 1. After the unconstrained cost partial-
substitution requirements are computed, they become the basis for a con-
strained cost solution as follows:

a. The no-substitution constrained cost algorithm described in paragraph
5-2 is applied to yield the portion of the unconstrained cost requirement
for the no-sub part set which yields the most cost-effective mix of no-sub
parts priced at (or below) the input cost limit. If the input cost limit
is less than or equal to the cost of the unconstrained cost no-sub require-
ment, then the algorithm solution for the no-sub set is the overall solution
and the algorithm terminates. However, if the input cost limit exceeds the
unconstrained cost no-sub requirement, then that entire requirement is
assumed bought and the input cost limit is adjusted by subtracting the cost
of the entire no-sub requirement from it. The second phase of the algorithm
(below) is then applied with this adjusted cost limit.

b. During the second phase of the algorithm, a version of the full-
substitution constrained cost algorithm described in paragraph 5-4 is
applied to the full-sub part set using the adjusted cost 1limit as follows:

(1) During the solution of the unconstrained cost case, the model
stores, for each day, the cumulative total cost of all the full-sub parts
in the partial-substitution unconstrained cost requirement for the scenario
truncated at that day. The model determines D, the last (latest) day for
which the associated cumulative requirement cost of the full-sub set is
less than or equal to the adjusted cost limit.

(2) Next, the model generates an unconstrained cost partial-substi-
tution solution for the scenario truncated at that day. The full-sub parts
required in that solution, when combined with the no-sub requirement which
was bought in the first phase, comprise the overall algorithm solution.
There is no guarantee that the above solution is optimum, but it does com-
bine the two algorithms discussed earlier.
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5-6. CONSTRAINED COST ALGORITHM 2. This algorithm is a version of the
maximum sustainability solution described in paragraph 5-4. It will
generate a solution yielding the maximum consecutive days of program flying
hour achievement. However, the resulting solution may not yield maximum
total program flying hours achievable. The algorithm is:

a. During solution of the unconstrained cost case, the model stores,
for each day, the cumulative total cost of all parts in the partial-
substitution unconstrained cost requirement for the scenario truncated at
that day. The model then determines D, the latest day for which the
associated cumulative total requirement cost is less than or equal to the
cost limit.

b. Next, the model generates an unconstrained cost partial-substitution
solution for the scenario truncated at that day. The resulting solution
mix is the overall algorithm solution.

5-7. SOLUTION SELECTION. The preferred solution mix, of those generated
by the two algorithms, is the one which yields the maximum program flying
hour productivity in the scenario. The model therefore does two separate
current inventory capability assessments of the current inventories based
on the two constrained cost algorithm solutions being bought and stocked.
The add-on solution requirement is assumed to be added to the war reserve.
The final constrained cost solution is the one (of the two generated) for
which the associated capability assessment yields the larger value for
average fraction total flying hour program achieved.

5-8. SAMPLE RESULTS. To illustrate the algorithm described above, the
extended PARCOM was applied, in a constrained cost mode, to the partial-
substitution MAX FLY example of paragraph 2-3. Table 5-1 summarizes
requirement costs with an unconstrained budget. Total cost is the sum of
the cost of full-sub parts and of no-sub parts. Three cost limits, as
shown in Tables 5-2 and 5-3 were applied. Table 5-2 shows the comparative
results, in terms of flying hour productivity, of the two constrained cost
algorithms described previously. Notice that the solution selection, using
the preferred algorithm, is based on algorithm 2 in one case and algorithm
1 in two cases. Table 5-3 shows the composition of costs of the constrained
cost requirement. In this case, the no-sub parts seem to be preferred by
the extended PARCOM algorithm. For the example cost limit ($.2M) which is
less than the total cost of no-sub parts in the unconstrained cost require-
ment ($1.1M in Table 5-1), only no-sub parts are bought. For the example
cost Timits ($2M, $3M) which exceed the total cost of no-sub parts with
unconstrained budget, all of the no-sub parts in the unconstrained budget
requirement are bought. Algorithm 1 always prefers no-sub part purchases.
However, algorithm 2 may buy a mix of both.
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Table 5-1. Add-on Requirements Costs - Unconstrained Budget with
Partial Substitution - MAX FLY Example

Cost (3M) by part set

Total cost ($M)
Full sub No sub

2.0 19,9 Il

Table 5-2. Comparison of Constrained Cost Algorithms - Add-on
Requirements - Partial Substitution - MAX FLY Example

Fraction flying program achieved
Cost limit (3$M) Preferred
Algorithm 1 Algorithm 2 algorithm
0.2 .49 .54 2
2.0 .81 .58 1
8.0 85 .62 1

Table 5-3. Add-on Requirements Costs - Constrained Budget with
Partial Substitution - MAX FLY Example

Solution cost ($M) by part set
Cost limit ($M)

Full-sub parts No-sub parts
0.2 0.0 0.2
2.0 0.9 Tixl
3.0 19 1.1
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CHAPTER 6
OBSERVATIONS

6-1. PARTIAL-SUBSTITUTION REQUIREMENTS. Extended PARCOM is restricted to
partial substitution policies in which all part types are partitioned by

the model user into a full-sub set, within which all parts are substitut-
able, and a no-sub set, within which no parts are substitutable. However,
considerable flexibility is allowed by such policies. Iterative, automated
application of basic PARCOM logic enables calculation of least-cost require-
ments solutions under partial substitution and a no-sub set within which no
parts are substitutable. Example application showed extended PARCOM to

give plausible results with partial substitution costs between (low) costs
under full substitution and (high) costs under no substitution.

6-2. PARTIAL-SUBSTITUTION CAPABILITY ASSESSMENT. Extended PARCOM can eval-
uate fleet capability (availability, fraction flying program achieved) for
an input-specified initial spares inventory or for a spares inventory
reflecting a PARCOM requirements solution being stocked. Example applica-
tions showed plausible results with fleet capability under partial substitu-
tion between (low) capability under no substitution and (high) capability
under full substitution.

6-3. PARTS DISTRIBUTED OVER TIME. Extended PARCOM allows initial spare
stocks to be deployed to retail in 5-day intervals, according to user
input. Example applications showed plausible results with spare require-
ments increasing if initial stocks are withheld so long that they are
unavailable when needed at retail.

6-4. PARTIAL SUBSTITUTION WITH CONSTRAINED COST. A constrained cost solu-
tion algorithm for the full substitution case was developed. This was com-
bined with the basic PARCOM solution algorithm for the no-substitution case
to yield a composite algorithm for treating constrained cost under partial
substitution in extended PARCOM. However, since the algorithm does not
always give the best solution (i.e., the one yielding maximum achievable
program flying hours with the constrained funds), a second algorithm was
also devised. Extended PARCOM applies both algorithms and chooses the solu-
tion mix from the one yielding higher flying productivity. Example results
appeared plausible.
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APPENDIX A
EXTENDED PARCOM - INPUT SUMMARY
A-1. PARTS DATA BASE INPUT. The major portion, in terms of quantity of

records, of the extended PARCOM input data is the parts data base. The
elements shown in Table A-1 must be input for each part type used.

Table A-1. Data Elements for Each Part Type in the Parts Data Base

National stock number (NSN)

Unit cost

Retail repair time

Depot repair time

Order and ship time

Failure rate

Retail NRTS rate

Retail condemnation percentage

Depot condemnation percentage

10. Item essentiality code

11. Quantity per application

12. Number of initial depot serviceables

13. Number of initial depot unserviceables

14. Number of initial war reserve (retail) serviceables

15. Number of initial war reserve (retail)
unserviceables

16. Total parts in retail ASL/PLLs on Day-1

17. Distribution schedule of parts deployed after Day-1

(by 5-day interval)

WoOoONOYO B WN)

A-2. CHANGES IN PARTS DATA BASE INPUT. Extended PARCOM shares elements
(1) through (11) of Table A-1 with basic PARCOM. However, while basic
PARCOM at Day 1 emplaces in the theater all the available for each part,
stock, extended PARCOM allows for distribution of that stock over time,
through the inclusion of the additional data elements (12) through (17).

A-3. SCENARIO DATA BASE INPUT. 1In addition to the parts data base,
extended PARCOM inputs the scenario data listed in Table A-2.

A-4. CHANGES IN SCENARIO DATA BASE INPUT. Relative to the parts data base
used in basic PARCOM, the extended PARCOM includes essentially all basic
PARCOM scenario input, but adds the following data/capabilities:

a. Depot distribution and Tag times. ATl basic PARCOM parts were front
loaded.

b. Partial-substitution policy specification.

A-1
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c. Options to specify the list order of part requirements. Basic
PARCOM listed requirements only in order of decreasing part unit cost.

d. Options to do only a capability assessment of current inventory

under several different partial-substitution policies. Basic PARCOM did a
current inventory capability assessment only for a no-substitution policy.

Table A-2. Data Elements for the Scenario Data Base

Scenario Specification Data

Case identifier

Length of war

Flying program

Aircraft deployment schedule
Aircraft losses

Scenario Constraint Data

e Cost limit (for constrained cost)
e Aircraft availability constraints (minimum daily availability)
e Maximum flying hours per aircraft per day

Additional Parts Data

e Order ship time offset

¢ Maximum essentiality code for part to be processed

e Lag time before initial depot serviceables are sent to retail

e [Duration of time required to distribute initial depot serviceables to retail

Part Replacement Policy Specification Data for Requirement Calculations

e (lst Option) Number of parts in full-sub parts set and the part numbers of the
parts designated as full-sub

e (2nd Option) Screening limits on depot cycle time, NRTS rate, retail repair time,
and failure rate. A part type with parameters exceeding any screening limit is
selected for the full-sub set.

Part Replacement Policy Specification for Current Inventory Capability Assessment

e Number of parts in each full-sub parts set and the part numbers of parts
designated full sub

Print/Calculate Options

e Options to print various input/output lists

e Options to omit requirements calculations and only do capability assessment of
current inventory

e Option to select the order in which part requirements are listed in output--either
by decreasing part unit cost or by decreasing amount of requirement

Tuning Parameters

e Desired closeness of "flying hours flown" convergence during capability assessment

e Maximum number of iterations used to calculate "flying hours flown" during
capability assessment

e Increment step size used during partial-substitution requirements calculations

Miscellaneous

e Designation of (up to 100) part types for which cumulative requirements through
each scenario day will be listed

A-2
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APPENDIX B
EXTENDED PARCOM - PROGRAM SOURCE CODE

MAIN PROGRAM

SUBROUTINE CCCAP

SUBROUTINE CCLIST

SUBROUTINE NCRNC

SUBROUTINE UCCAP

SUBROUTINE UCRQRS

FUNCTION MAXC

FUNCTION SR

SUBROUTINE DIST

pages B-3 thru B-11

pages B-13 thru B-14

page B-15

page B-17

pages B-19 thru B-20

pages B-21 thru B-23

page B-25

page B-27

page B-29

B-1
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(NOT USED)
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MAIN PROGRAM
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GLOSSARY
AC aircraft
acft aircraft
AFH achieved flying hours
ASL authorized stockage list
AVAIL availability
CAA US Army Concepts Analysis Agency
CuM cumulative
0C depot condemnation rate
DCSLOG Deputy Chief of Staff for Logistics
DEPL deployed
DRT depot repair time
EFH estimated flying hours
EST estimated
FHP flying hour program
FS full substitution
HR hour
INIT initial inventory
M million
MAX max imum
MAX FLY Maximizing Daily Helicopter Flying Hours (study)
MIN minimum
NMCS not mission capable due to supply
NRTS not repairable at this station
NS no substitution
NSN national stock number
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OPTP
ORIG
0ST
PARCOM
PGM
PLL

BT

QPA
RET
RQMT
RQR

RT

SOL
STK
SURV
USAVSCOM

Glossary-2

Overview/PARCOM Turnkey Project
original initial inventory
order and ship time

Parts Requirements and Cost Model
program

prescribed load list

part

quantity per application
returned

requirement

required

rate

solution

cumulative stock distributed
surviving

US Army Aviation Systems Command
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¥ i PARTIAL SUBSTITUTION AND OTHER
g CAA % MODIFICATIONS TO THE PARCOM MODEL

A

*, g (PARCOM PARTIAL SUBSTITUTION)

THE REASON FOR PERFORMING THE STUDY was that the two models recommended by
the Aircraft Spares Study, Overview and PARCOM, could treat a full-
substitution or a no-substitution part replacement policy but lacked the
ability to represent a more realistic partial-substitution replacement
policy. Of the two models, PARCOM was judged to be the better candidate
for incorporation of a partial-substitution capability.

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The basic PARCOM (Parts Requirements and Cost Model), developed
for the Aircraft Spares Study, was extended to include the effects of
partial-substitution replacement policies and deployment of initial stocks
over time.

(2) The resulting extended model relates spare requirements to a
flying hour/aircraft availability objective, parts replacement policy, and
stockage deployment schedule--all subject to optional cost constraints.
Example applications illustrated the plausibility of the model logic.

(3) The extended PARCOM significantly expands the range of application
and results of the basic PARCOM methodology. As such, its implementation,
in place of basic PARCOM, is warranted.

THE MAIN ASSUMPTION was that partial substitution can be usefully defined
in terms of a partition of part types into a full-substitution part set and
a no-substitution set.

THE PRINCIPAL LIMITATION was that definitions of partial substitution other
than the assumed definition might not be addressable by the extended PARCOM.

THE SCOPE OF THE STUDY addressed the relationship of spare requirements and
fleet capabililty for a notional Army aviation program to a flying
hour/availability objective, part replacement (substitution) policy, and
stockage deployment schedule--all subject to optional cost constraints.

The study applied the subject model to an example, using four part types
over 5 days, and to an all-up case, treating an AH-1S scenario involving
334 part types over 120 days.




THE _STUDY OBJECTIVES were:

(1) To evaluate the potential for extending the capability of the
basic PARCOM, developed in the Aircraft Spares Study, to include partial
substitution and other desirable features lacking in the basic PARCOM.

(2) To make the above extensions and to report on and illustrate the
application of the extended PARCOM and methodology.

THE BASIC APPROACH was:

(1) To assess the limitations of the basic PARCOM.

(2) To select features and capabilities, to include partial substi-
tution, for incorporation into an extended PARCOM.

(3) To develop an extended PARCOM incorporating the selected
capabilities.

(4) To report on the nature of the extended PARCOM methodology and
model through exposition and illustrative example applications.

THE STUDY SPONSOR was the Deputy Chief of Staff for Logistics, Headquarters,
Department of the Army.

THE STUDY EFFORT was conducted by Mr. Walter J. Bauman, Force Systems
Directorate, US Army Concepts Analysis Agency.

COMMENTS AND QUESTIONS may be directed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.
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policy. Of the two models, PARCOM was judged to be the better candidate
for incorporation of a partial-substitution capability.

THE PRINCIPAL FINDINGS of the work reported herein are as follows:

(1) The basic PARCOM (Parts Requirements and Cost Model), developed
for the Aircraft Spares Study, was extended to include the effects of
partial-substitution replacement policies and deployment of initial stocks
over time.

(2) The resulting extended model relates spare requirements to a
flying hour/aircraft availability objective, parts replacement policy, and
stockage deployment schedule--all subject to optional cost constraints.
Example applications illustrated the plausibility of the model logic.

(3) The extended PARCOM significantly expands the range of application
and results of the basic PARCOM methodology. As such, its implementation,
in place of basic PARCOM, is warranted.

THE MAIN ASSUMPTION was that partial substitution can be usefully defined
in terms of a partition of part types into a full-substitution part set and
a no-substitution set.

THE PRINCIPAL LIMITATION was that definitions of partial substitution other
than the assumed definition might not be addressable by the extended PARCOM.

THE SCOPE OF THE STUDY addressed the relationship of spare requirements and
fleet capabililty for a notional Army aviation program to a flying
hour/availability objective, part replacement (substitution) policy, and
stockage deployment schedule--all subject to optional cost constraints.

The study applied the subject model to an example, using four part types
over 5 days, and to an all-up case, treating an AH-1S scenario involving
334 part types over 120 days.




THE STUDY OBJECTIVES were:

(1) To evaluate the potential for extending the capability of the
basic PARCOM, developed in the Aircraft Spares Study, to include partial
substitution and other desirable features lacking in the basic PARCOM.

(2) To make the above extensions and to report on and illustrate the
application of the extended PARCOM and methodology.

THE BASIC APPROACH was:

(1) To assess the limitations of the basic PARCOM.

(2) To select features and capabilities, to include partial substi-
tution, for incorporation into an extended PARCOM.

(3) To develop an extended PARCOM incorporating the selected
capabilities.

(4) To report on the nature of the extended PARCOM methodology and
model through exposition and illustrative example applications.

THE STUDY SPONSOR was the Deputy Chief of Staff for Logistics, Headquarters,
Department of the Army.

THE STUDY EFFORT was conducted by Mr. Walter J. Bauman, Force Systems
Directorate, US Army Concepts Analysis Agency.

COMMENTS AND QUESTIONS may be directed to the Director, US Army Concepts
Analysis Agency, ATTN: CSCA-FS, 8120 Woodmont Avenue, Bethesda, Maryland
20814-2797.
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