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PREFACE

This user's guide describes a model for determining repair level decisions by considering
{ife cycle maintenance related costs. The model formulates the repair leve! decision
problem as a network analysis problem. This approach was chosen because it explicitly

considers the indenture level relationships between items (Line Replaceable Units
-~ {LRUs) and {Shop Replaceable Units (SRUs)), ‘and considers support equipment as a

resource shared by a group of items. Although the decision problem is formulated as a
cost network it is not necessary for the user to construct the network or manually solve
it. This is done by the computer program written for the model. <

This edition is identical to the February 1983 version except that (a) several appendices
issued after that date have been incorporated into the body of the work, (b) procedures
for handling multiple identical SRUs in an LRU and one type of SRU in several LRUs
are given, and (c) some technical explanations have been expanded. The explanation of
the operation of the network, the glossary of variables, and the NRLA cost equations
have been removed from the main body but retained as appendices. The main body of
the text now consists of material required to understand why Network Repair Level
Analysis is done, data preparation, and interpretation of output.

Earlier editions of this guide should be discarded.
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1. General Description

.l Repair level analysis (RLA) is the general process of determining whether
components of weapons systems or other systems should be repaired or scrapped and, if
repaired, where repaired. The regulation Repair Level Analysis Program
{(AFSCR/AFLCR 800-28) gives policy. The pamphlet Repair Leve! Analysis Procedures
(AFLCP/AFSCP 800-4, 25 Nov 83) gives technical procedures. The pamphlet describes
severai ways of doing repair :evel analysis including network repair level analysis
(NRLA).

NRLA is the preferred means of perform.ng RLA. +.) {t solves the RLA problem
for line replaceable units (LRUs) and shop replaceable units (SRUs). (b) It solves the
problem by failure mode, recognizing that an LRU may fail in any of several different
ways. It treats the individual failure modes as part of the overall problem. (c) Most
important, it treats the probiem of shared support equipment (SE) successfully. When
different items share use of SE, item repair level analysis (IRLA) and other solution
procedures require proration .- SE costs to the LRU or SRU to achieve a solution. It
can be shown that any proration procedure is inherently incorrect. The NRLA computer
program structures the problem as a network, solves the network and achieves a
systemwide optimal solution to the problem with ~» proration.

The repair level decisions involve choosing among the alternatives: depot-level
repair, discard, and intermediate level repair. For many components, all reparable i
failure modes are assigned the same repair alternative; however, some components may,
for example, have intermediate repair assigned for some failure modes and depot repair
assigned for other failure modes. Included among the factors influencing each repair-
level decision are the life cycle costs associated with each repair level, mobility and
deployment requirements for the end-item, available maintenance personnel and skill
levels at base and depot, and the availability of support equipment and repair facilities
at base and depot.

The NRLA model described here deais only with economic factors affecting the
repair level decisions. Thus, the repair level recommendations made by the model must
be used in conjunction with the non-economic factors when making final repair level
aecisions.

In the model, the economic analysis of repair level decisions is based on specific
life cycle costs associated with each repair level option. However, the NRLA model is
not a comprehensive life cycle cost (LCC) model because it does not attempt to include
all life cycle cost elements. It only includes those costs which directly impact the
repair level decisions.

As its name implies, the NRLA mode! formulates the repair-level decision
problem in terms of a network. This approach is used because it specifically considers
line replaceable unit (LRU) to shop replaceable unit (SRU} indenture-fevel relationships
and it treats each unique support equipment (SE) as a repair resource which may be
shared by a group of LRUs and/or SRUs. In essence, the model uses life cycle-costs
with LRU/SRU/SE interdependency relationships to construct a network representation
of the repair level decision problem. Details of network construction and solution are
given in the appendices.




1.2 Uodating NRLA. When a NRLA user is to begin a new program, it is his
responsibility to confirm with the program office or AFALC/XRS that he has a current
version of the NRLA computer program. When NRLA updates become available during
the course of a program, these changes should be implemented with consent of the
program office and AFALC/XRS. Any programming changes made as a result of this
paragraph must be at no charge tc the government unless normal contract change
procedures have been followed.

1.3 Basic Approach. The NRLA model is an analytical technique to be used as an aid
in making repair-level decisions. This technique is fundamentally different from the
previous Air Force repalr -level analysis methodology in a number of significant ways.
(1} The model recognizes LRU and SRU indenture-ievel relationships and uses the
information to preclude inconsistent decisions; for example, discarding a failed LRU and
doing base repair for one or more SRUs within it. (2) It determines repair-level
recommendations simultaneously for all the failure modes of a group of LRUs and for
the SRUs associated with the LRUs, as opposed to considering each failure mode and
SRU independently. (3) The support equipment required to accomplish LRU and/or SRU
repair is considered to be a resource whose cost must be economically justified by the
group of LRUs and/or SRUs which require it. This cost is jointly shared by the group of
items requiring the resource; however, the cost is not prorated to the individua! items in
the group. (4) Finally, as a consequence of these fundamental differences the model is
able to make repair-Jevel recommendations such that the tctal cost for the group of
LRUs and SRUs is minimized. Thus, the model determines the economically optimum
set of repair level decisions for the entire group of items.

The model determines repair level recommendations based solely on economic
considerations. The costs associated with each repair level option are those which are
specifically incurred as a result of choosing the option. Thus, the life cycle costs for
spares and support equipment are inc!uded because the total expenditure is a function of
the repair-level decisions. Conversely, costs associated with repair-in-place
maintenance and LRU remcvai from the enc-item are not included in the model because
they are incurred -egardless of the off-equipraent repair-level decision.

Cost values used by the model for determining repair-level decisions are based on
data factors relevant to the: (1) end-item utilization, (2) maintenance system costs,
(3) supply system costs, (4) support equipment costs, and (5) LRU and SRU costs.

Throughout the NRLA pamphlet the following definition applies: Life cycle cost
means life cycle costs with respect to the NRLA model. Therefore, the term life-cycle
cost, as used throughout this user's guide, means the total cost to the government over
the life of the system which can be affected by the repaxr -leve!l decision. This may vary
greatly from cost values derived from other kinds of LCC models.

14  Model Assumptions. The mode! makes a number of assumptions which should be
understood by the user. Appropriate mod:fications should be made to the model if these
assumptions are not valid for a particular application.

1. The logistics system is composed of some number of operational locations
(bases) and some number of centralized repair facilities (depots) supporting the bases.
The user specifies the number of bases and *he l2vel of end-item utilization at a base
(assumed to be equal for all bases). The number of depots utilized by the bases is not
specified because it is irrelevant. It is assumed that if the bases send a particular LRU
or SRU to a depo* for repair, then all baves send their reparables of that item to the
same depot for repair. Thiz, the system behaves as if there were only one depot.

4]




2. Base-lev=| maintenance systers cdata (availab:z work time per man, labor rate,
and turnover rate) are assumed o be equai fer all bases and all types of repa.r tasks. it
is aluo assumed that the corresponding data "ac.ors are constant for the depots and the
various repair tasks azcumpiished at depot level.

3. Supply system data fectors (see Chapter 2) are assumed (o be constant for ail
LRUs and SRUs being analyzed. Thus, the order and shipping time from depot to each
CONUS base is a constant for every item. Similarly, the order and shipping time from
depot to each overseas base is a constant.

4. Only one set of technica! data is nurchasec from the contractor. Further,
duplication and distrib.tion costs for additiona: scts o1 data are minor and are ignored.

5. Scheduled .na.ntenance actions are .ot specifically considered by the model.
If they exist they may be included by designating an additional failure mode for the
aftected items and appropriately modifying the LRU failure rate.

6. The model explicitiy evaluates each LRU failure mode for a repair level
decision; however, a simplifying assumption is made for SRUs. It is assumed that the
different failure modes of an SRU are sufficiently similar (in terms of support
equipment, repair time, and repair skiils) so that explicitly evaluating the principle SRU
failure mode is adecuate.

7. Deonot stock of SRUs is computed to satisfy base-level demands for SRUs,
that is, to resupply the bases when they send SRUs to depot for repair. Thus, the SRU
stock ievel supports base level SRU remove and repiace maintenance actions but not
depot ievel temove and repiace actions.

1.5 Treatment of Support Equipment. The maios difference betweer the NRLA mode]
and some other repair level analysis techniques is the treatment of support equipment
and its cost. The ratiora’e for the NRLA approach can best be explained by illustrating
a problem inherent in Itermn Repair Level Analysis (IRLA).

Suppose that five different items (LRUs and/or SRUs) are being analyzed for
repair-level decisions and that ali five items require the same piece of new support
equiprnent which costs $10,000. Further, suppose that each of the five items would
require precisely the same amocunt of support equipment time per month and that one
unit of the SE would be more than adequate for all repairs.

When considering the base level repair option for these items, some repair-level
analysis techniques prorate the 510,000 ST cost. In this case, $2,000 is applied to each
item. This leads to a problem if some, but not ali of the items, are selected for base
level repair.

For example, the analysis might recommend base repair for three items and depot
repair for two of the items. This result would imply that two of the items could not
economically justify their $2,000 share of the SE cost, the other three could.
Tinfortunately, these decisions only account for 60% of the total SE cost. Therefore, it
would be necessary to reallocate the SE cost to the three items and once again
determine the repair level recornrnendations. Unfortunately, it is again possible that at
least one of the threc items would not get a base-level repair recommendation.
Consequently, the total SE cost might have to be reallocated again and the process
repeated.




Successively eliminating items from consideration for base repair could lead to a
depot-level decision for each item when, in fact, it is economically justifiable to repair
them at base level. That is, there could be some percentage allocation of the $10,000
such that each of the five items could economically justify its share. As an example,
suppose the above five items could economically justify SE expenditures of $3500,
$3500, $2000, $1000, and $1000, respectively. The iterative SE cost allocation
procedure described above would ultimately lead 1o a depot repair decision for each of
the five items even though they collectively could economically justify the expenditure
of $11,000 for SE. Determining the best way to allocate SE costs is often extremely
difficult, particularly when many items and/or many support equipment resources are
involved.

The NRLA model has a distinct advantage over proration methods because it
avoids the proration problem by not attempting to allocate SE costs to individual items.
In the network formulation the total cost for each SE is structurally tied to each LRU
and SRU which requires the SE. This structural tie is constructed in a way that permits
the network solution algorithm to select only the SE resources which are economically
justified by the using items and which minimize overall costs.

It should be noted that IRLA was satisfactory when SE costs were relatively low
compared to total RLA costs. As SE costs have risen, the proration problem has
become acute, leading to the development of NRLA.




2. NRLA Prog:-a:n QOperation
2.1 introduction

The INRLA Prograr has been set up to rake «t easy for the user 1o understand the
input and the outpui. Acronyms have delibecately been avoided in the output for this
reason.

There are eighl types of data records used for input: (1) Weapons Systein Data
and Optiuns, (2) Maintenance System Da.a, (3) Supply System Data (Figure 1),
(4) Support Equiprnent Nata (Figure 2), {5} LRU Description (Figure 3), (6) LRU Failure
Modes (Figure &), (7; SRU Data Record (Figure 5), and (8) SE Resource Numbers
(Figure 6).

Identification of input records is as follows. Input data records are numbered two
ways, (1) by data record type, and (2) by tne entries in columns | and 2. The former are
for rapid reference by the user. The latter are for use by the program. Tabie | shows
the relationship.

Teole ]

DATA RECORD RELATIONSHIPS

DATA DATA I coLumns

RECORD NAME RECORD TYPE 1 2
Weapons System 1 - -
Maintenance System 2 - -
Supply System 3 - -

' Support Equipment 4 | -
i LRV ) 3 1
? LRU Fail Mode 6 4 {
| SRU 7 5 |
: 3 2
' LRU/SRU/SE 8 4 2
L CROSS REFERENCE 5 2
*The "-" means that input section gives the required entires.

There are also eight types of cutput: (i) General Information, (2) Support
Equipment Input Values, (3) LRU/SRU/SE Relationships, (4) Computed Support
Equipment Costs, (5) Support Equipment Requirements, (6) Repair Level Decisions,
(7) Repair Level Decision Details, and (8) Sensitivity Analysis.  The output will be
discussed in Chapter 3.

The Data Input Forms, Figures 1-6 are suitable for reproduction. Figure 7
contains a listing of the data used to generate the sample problem.
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i ATLRUCY 1.0 2 0192, 1.0 & 2 .36 .34 .06 200. 3 0100 .36
| ALLRUO 1.0 10 209, .01 o 2 .35 .1% .06 260, 4 0000 .35
g ATLRLO4 1.0 10 775, .ot & 2 .55 .55 .06 200. 3 0 1 .55
' 41LRUGS  1.47SRUS3 CCALCHRG ' 0 G. .0V & 2 .41 .41 .06 200, 3 0 41
41LRUOS  2.33 1 0 &83. .65 & 2 .BO .80 .04 20G. 2 0 .80
A1LRUOE  11.0 10 266. .01 & 2 .65 .45 .06 200. & O .65
! 41LRUOY 1.0 10 246, 0% o I .65 .69 .06 200. 5 O .65
‘ JLRU0B 1. 10 229, .07 & 2 .45 .65 .06 200. e D 11 .65
’ A,LRULY  1.1/SKUSA DLAY.KET 1 0 0. .10 & = .40 .40 .06 200, 1 9 .40
4:LRUOS  Z.17SRUS? S.TRANS 1 0 0. .01 & 2 .50 .50 .06 200. 1 9 .50
AVLRUOS  3.33SRU&U TTALS.SC 1 O 0. .50 & T .55 .95 .06 200. } 0 .55
AILRYI9 4,33 2 02651. .10 & 2 .53 .51 .06 200. 2 0 .53
ATLRUTO 91,0 10 151, .61 6 2 .23 .23 .06 200. S5 0 .23
41LRUT4  1.71SRUSS CSWT.IRNS t 0 0. .20 & 2 .80 .30 .08 200, 3 © .80
41LRUTZ  2.25GRUS6 PLS.FNET § ¢ 0. .01 6 2 .55 .35 .06 200. 3 9 .55
AILRUI4 3,04 102972, .36 6 2 .40 .40 .04 200. 4 0 .40
41LFUIS  1.14SRUST PLST.TOR 1 0 0. 1.0 o 7 .46 .46 .06 200. 2 O .46
4ILRUTS  2,355RL52 FILT.TOR 1 0 0. 1.0 & © .46 .46 .06 200, 2 0 .46
AILRULS  3.51 300 816, .30 6 2 .84 .46 .06 200. S5 0 .45
ATLRUTE 1.0 T0 402, .01 & 21.581.38 .06 200. 8 0 1.33
ALLRUYT  11.0 2 01448, 2.0 & 2 .83 .83 .06 200. 3 .01
AILPUIS 1.6 i ¢ 188. .50 & 2 .55 .55 .06 200. 3 0 .55
4T LRH19 11,0 10 174, .05 6 2 .51 .51 .0s 200. 3 @ .5
4ILRU20 1.0 0 01473. .10 & 2 .53 .63 .06 200. & 0 63
41Lku21 L0 b0 79, .25 4 7 .46 .48 .04 200, 6 O .44
4ILRU22  13.0 10 402, .01 A& 7 .50 .50 0m 204, & 0 .50
4108023 11.0 101673, .25 6 2 .46 .46 .06 200. 5 ¢ 44
41LRU24  11.0 10 272. .50 & 2 .46 .46 .0s 200. 3 O P
A1LRU2S  1.335RUS8 GRD.T.BD 1 O 0. .01 4 2 .40 .40 .06 200. 3 O .40
41LRU2S  2.62SRUS9 HY.BD.AY 1 0 0. .01 6 2 .40 .4y .06 200. o O .40
41LRU2S  3.05 4 02340. .50 & 2 .47 .43 .06 200. 1 0 .43
41LRU26 11,0 b0 533. .10 & 2 .70 .70 .06 200. O O 70
41LRU27 1.0 10 0. .01 4 2 .33 .33 .06 200. 0 0 .33
99
S15]US3  698. .5 209. .01 1 0 7 8 1.5 1.5 .33 .41 .41 & 2 .G 20C. A
S1SRUS4 674, 2.0 202, .10 1 0 3 B 5.5 1.5 .33 .40 .40 & 2 .06 200.11 .40
S1SRYS? 544, 5.0 163, .01 1 0 4 2 1.5 1.5 .33 .50 .50 6 2 .06 200.1 .50
S1SKU&O 1500, 6.6 0, .50 1 0 S10 1.5 1.5 .33 .58 .S58 4 2 .04 200. .58
S1SRUSS  956. .5 287. .20 1 0 3 2 1.5 1.5 .33 .80 .80 4 2 .06 200. .80
S1SRUS6 1628. .2 488. .01 3 0 410 1.5 1.5 .33 .55 .55 & 2 .06 209. .55
S1SRUST 1030. 5.0 309. .0 1 0 3 6 1.5 1.5 .33 .4s .44 6 2 .06 200. .44
S15RUS2  675. 40. 203. 1.0 1 0 3 4 1.5 1.5 .33 .46 .46 6 2 .06 200. L46
SISRUSE 1169, .5 350. .01 t 0 50 1.5 1.5 .33 .40 .40 o 2 .06 200. .40
S1SPUSY  905. 1.0 302. .01 1 0 S 0 1.5 1.5 .33 .40 .40 6 2 .06 200. .40
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32 LRUO2 100120052006500140054006
32 LRUO3 100120022003200550014600260036005

32 LRUO4 100120022005500140026005

32 LRUOS 10015001

32 LRUOG 10012002200320055001600260036005

32 LRUQ? 10012002200320055001600260036005

32 LRUOB 1001200220032004200550016002400360044005
32 LRUOY 10012002200320055001600260034005

32 LRU1O 1001200650014006

32 LRUTA 10015001

32 LRUTS 1001200550016005

32 LRUTS 100120022003200550014600260036005

32 LRUI? 10015001

32 LRU18 10015001

32 LRU19 10015001

32 LRU20 10015001

32 LRU2A 10015001

32 LRU22 100120022004200550016002600446005

32 LRU23 10015001

32 LRU24 10015001

32 LRUZ2S 10015001

32 SRUS3 10012002200320055001400260034005

52 SRIS4 100120022003200550014600240034005

52 SRYS7 10015001

52 SRU&Q 1001200220032004200550016002400360044005
52 SRUSS 10015001

52 SRUS6 10012002200,2004200550016002600360044005
52 SRUS! 100120042005500160046005

52 SRUS2 1001200550016005

Additional input data for the sample problem is as follows:
wholesale change factors
1.0 1.0 1.0

{
pareto change factors
2002 1.5 6002 1.5 LRU14 1.5 0.75 j
Figure Jc. {
|
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2.2 LRU/SRU/SE R-:ationships

In order to understand how MNRLA works, it is important that the user understand
how LRU: and SRUs reiate to SE and how 1nese relationships are entered i1rto the
program.

Table 2
LRU/SRU/SE Reictionships
Inter Depot
1{2]3 SRR
LRU-1 X X
LRU-2 X X X | X
SRU-21 X X
SR1J-22 X ! X
LRU-3 x| x X
SRU-31 X X |
SRU-32 x| x j X

Table 2 shows LRU/SRU/SE relationships for a sample problem. LRU | has no
SRUs associated. LRUs 2 and 3 have associatec SRUs. If intermediate repaired, SE-i is
used. If depot repaired. SE-1 is required at depot.

The Xs indicate which SEs are required for repair of LRUs and SRUs. Note that
the SE at intermediate and depot need not be identical. Also, note that there is one
repair involved if an LRU has no SRUs, namely, the repair of the LRU. If an LRU has
associated SRUs, two repairs are involved for each SRU, (1) removing and replacing the
SRU from the LRUj, called the LRU failure mode repair, and (2) repairing the SRU. A
third repair, removing and replacing the LRU from the line item, is not considered,
because this repair is identical regardless of how the LRU and SRU are repaired. It is
advisable but not necessary that the user prepare such a table. lts exact preparation is
described in Section 2.4.1.

It is of interest that the LRU/SRU/SE table is translated into a network by the
computer, enabling the system to be solved as a network. Technical details of network
construction and solution are given in Appendix 4.

2.3 Input Data File. The input Jata file for the NRLA program is composed of eight
types of data records. The following pages contain a description of the values specified
with each type of record, show an example of data forms with sample data, and show
the format used to print out the input values.

rFor all data input a decimal between the characters locates the decimal and
indicates floating point format. The user by insertion of a decimal as a character may,
where space permits locate the decimal where he chooses.

15

Cramm e e O




Where no decimal point is shown between characters, the fields are in fixed point
and all numeric entries must be right justified with no decimals permitted as an input
character.

Table | shows the required and op*ional entries for Columns 1 and 2 of all eight
input records.

The first three records (Figure 1) of the data file must be the weapon system data
card, maintenance system data card, and the supply system data card. The data
elements contained in these records are normally supplied bv the Air Force program
office.

Input record separators must be included following input Records 4, 5, 6, and 7,
(Figures 2, 3, 4, and 5). A card with 99 in Columns 1 and 2 must be entered to act as a
separator. See Figures 7a, b, and c for an example of usage of the "99" carc. 1f SRU
data are not to be entered in record 7, a "99" separator card must still be entered to
represent the record 7 data. In this case the record 7 "99s" card will follow directly
behind the record 5 ""99s" card.

Record 8 (Figure 6) is the last data type to be entered.

(1) Weapon System Data. (Figure 1) Data values should reflect a mature (steady
state) peacetime leve!l of operations for the weapon systein,

1. End-Item Name - alphanumeric end item name to be printed on each
output page

2. No. of Bases - the tctal number of operational locations for the system
{eachis 1ssumed to have intermediate level repair facilities)

3. Ratio OS - fraction of the total number of systems which are deployed to
overseas locations

4. Yr System Lijfe - operat.onal service life of the weapon system in years

5. Equiv. Weapon Systems Per Base - the number of systems operating at
each base

6. System Operation Hours Per Month - flying hours per month, operating
hours per month

7. SE Development Cost - the cost of developing SE for the system, in
S$1000 units

8. Sensitivity Alternatives Swept and Extremes Only - sensitivity analysis
is available in different combinations:

'0' No sensitivity performed
'l' LRU Cost sensitivity only
'2'  SRU Cost sensitivity only
'3 LRU MTBF -ensitivity only

W' All types of sersitivity (Types 1, 2, and 3 above)
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(2)

(3)

9.  Senntivity Range - Lower Rang: (L) 1s the lower ratio of the renge for
the i"em being analyzed. Upper Range {(U) is the upper ratio of the range ior
the item being analyzeda. As an example, if an LRU cast $2000 with L = .5,
and U = 1.5, the LRU cost would be investigated over the $1000-$3000 range.
Similarly for MTBF, for an item with 300G hour MTBF the range would run
from 1500 nhr-4500 hr. !f no range entry is made, nc sensiiivity will be
nerformed regardiess of the entries under Sensitivity Aiternatives.

10, Sensitivity Type -~ If it is cesired to compute the solution for the
extremes of the indicated range only, a "3" is entered in Column 54. 1f
complete sensitivity is cesired the "1" is entered.

11. Optional Information - If it is cesired to :dentify specific runs, Columns
55-74 may be used. This alphahumeric entry will be printed on the first
output page.

Maintenance System Da:a (Figure 1)

1. Base Shop Man-tours - ava.able work iune per month {nr an
intermediate level maintenance man {man-hours/month).

2.  Base Labor Rate - hourly labor rate for intermediate leve: maintenance
men {$/hour).

3. Depot Shop Man-hours - available work time per month for a depot level
maintenance man (man-hours/month).

(DSS ot_Labor Rate - hourly labor rate for depot level maintenance men
hour).
’

5. Base Turnover Rate - annual turnover rate for intermediate level
maintenance nersonnel; 1f personnel turnover every three years, use
0.333,

6. Depot Turncver Ra*e - annual turnover rate for depot level maintenance
personnel.

Supply System Data (Fisure 1)

l. Initial Management Cost - initial management cost to introduce a new
item (assemnbly or piece part) into the Air Force inventory system

($/item).

2. Recurring Management Cost - recurring management Cost 1o maintain an
item (assembly or piece part) in the wholesale inventory system

($/item/yr).

3. Base Supply Management Cost - annual cost to maintain an item in the
base level supply system ($/item/yr).

4. Order and Ship Time CONUS - the elapsed time between the initiation of
a request for a serviceable item from the depot and the receipt of the
itern at a CONUS base (months),
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5. Order and Snip Time OS - order and shipping time for overseas bases

(months).

6. Packing Cost CONUS - packaging cost for shipments to CONUS bases
{including both labor and materials cost) - ($/pound).

7. Packing Cost OS - packaging cost for shipments to overseas bases
($7n0und).

8. Packed Wt Ratio CONUS - ratio of packaged item weight to ite'n weight
for CONUS shipments (if an item weighs two pounds and its packaged
weight is ithree pounds the ratio is 1.5).

9. Packed Wr Ratio OS-ratio of packaged weight to item weight for
overseas shipments.

10. Shipping Rate CONUS - cost for shipping iterns to CONUS locations
/pound).

1. Shioping Rate OS-cost for shipping items to overseas locations ($/pound).

12. Tech Data Cost - cost per original page of technical data produced by
the contractor to support item repairs. This is the cost of data
prenaration and excludes reprocuction and distribution costs (3/nage).

(4) Support Equipment Data Record (Figure 2) Immediately following the supply
system data card are data records describing support equipmeni resources usec for item
repairs. A data record must he supplied tor each kind of SE to be considered for depot
use and for inter:r ediate leve! use.

In order to accurately identify SE resource requirements to the NRLA program it
may be necessar. for the user to analvze the costs and capabilities of sophisticated
mul+ipurpose support equ.pment. The need for such an analvsis can be explained with an
example.

Suppose tha* a particular SE huis certain canabilities such that 't can be used for
the repair of two different LRUs, LRU A anc LR B. Further, suppose that by
developing additi-nal software tor the SE it can ~upport the repair of LRU C, and that
by developing sorme additiorz! hardware, LRU D can be added to the worklead. In this
case it would be incorrect to consider the hasic SE plus the additiona! software and/or
hardware as a sngle unit. This is true becaise the first two LRUs should not be
expected to help justify the added expense of software and/or hardware thev do not
require. Similarly, LRU C should no* share -he cost of hardware reguired by LRU D,
and LRU D should net share the cost ot software required by LRU C.

Representiny the basic SE, plus additional software, and additional hardware as a
singie unit can produce illogical results.  Spec ficallv, the NRUA program could
recommend the pur-hace of the SE and recornmend a discard decision for LRU C and/or
LRU D. Thus, 1t wold recommend a discard decision white  simuitaneously
recommending the purchase of sottw.are and/or hurdware recuired only for the discarded
items.

S




To oropecly enter SE costi, SI omust 2 identiied as comimor, and petular,
additional hardware, ~r aadizional software, each at intermedicte and a4t depor,  This
enables all four LRUs to share the cost of the basic SE, whuie LRU C and I ~an be
required to economicaliy justify their own umique suppori equipmernt requireinents.

At intermediate and depot, for common SE the program first uses availuble time
on existing SE before = uwchasing additienal, if required. For peculiar SE ana wuditional
hardware, the prograrn purchases the required iiers in the required quant:ties. For
aaditionai software, the program purchases oniy one set, if required. See Sec 2.4.5 for
additiona! comments.

Eich SE data record contains the digit "U' in colurnn one. The reraining data
iterns are:

i. SE Iient No. {SEN)- The support equipment .dentification number is a
four digit integer value assigned by the user to each SE resource. It must
be entered low to high according to the first digit. The first digit
identifies a resource type:

'1' for cemmon SL at depot, i.e., SE that already exists u:i the depot for
Jse by items not being analvzed in this repair level analysis.

[Eal]
e

for peculiar SE at depot i.e., SE specifically designed to support the
repair of items being analyzed.

'3'  jor supplementary hardware (e.g., special acaptors, interceanesting
cables, etc.) at depot which augments other SE (commor or peculiar)
to provide additiona’l repair capability.

‘W' for supplementary SE software at depot, i.e., software which
increases the repair capability of automatic test equipinent
(common or peculiar).

'5'  for common SE at intermediate jevel.

's' for pecuiliar SE at interrnediate level.

7' for supplementiary hardware at intermediate level.

'3'  Lor supplemen:ary SE software at interinediate level.

The remaining three digits are arbitrarilv assigned but rmust be unique within each
resource type.

2. SE Name - alphanumeric name for the resource, e.g., oscilloscope, LRU
tester, etc. Embedded blanks permitted.

3. SE Cost - cost per unit for the support equipment; production costs
unit).

4. SE Operating Cost - annual cost to operate and maintain s unit of the
resource {S/year).

5. No. of SE - number of existing units of the SE per location (applicable for
common SE only).
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6.

7.

8.

Current Usage - average in-use tirne for each of the existing SE units
{appiicable for commor SE oniy) {hours/month).

Ava:lable Time - expected time bovh existing anc potential) that a unit
of the SE will be gvailadble for litein repars (not appiicable for SE
software) (hours/month).

trol. required tor 1. ST (Dollars).

(5) Line Replaceable Un:t (LRIN Data Record (Figure 3). The LR dat: recerd

contains descriptive data for the first-indenture-tevel comnoenents of the end-item,
Each data record Pus 31 i the first two coaturrns. The reqnaining data elenents ares:

1.

LRU Ident - user assigned alphanumeric LRU identifier, e.g., LRU work
unit code or part nimber.  Lmbeddad blanks permitied.

LRU Name - any zlshanumeric LR!! descriptor {used only for print out)
Embedded planks permitted.

Number of LRils Per End-ltern - The number of LR''s ner aircraft or
other end-itern.

using components of an existing LRU, the rebuilding costs should not he
used in lieu of a purchase ~ost. Rather the estimatec economic value to
the sovernment if purchased chould be used. This assures that pipelines
will be properly evaluated. This situation implies that the rebulit item
will have a new national stock number. 1f the rebuilt item wiil maintain
its old stock number, tie existing level of repair should be used =xcept if
the use under considarition is the only use of the item. If the sole use,
ther RLA should be performed in thie nerima! fashion and the SMR coce
of the iteri changed, if necessary te conform to the new situation,

Unit Cost - unit cost of LRU (S/unit). Note: 1f the LRU is a rebuilt one

Weight - of th= LRU (pornds).
Cperating Ratio - ra*io of LRL' operating hours fo end-iten operating
nours.

Depot Repair Cycle Time CONLS - the elapsed time from removal of a
failad LRU at a CONLIS base until the item could become a setviceable
spa~e in depot stock, it includes the time required for base to depot
transpertation and the cepot shop flow time reguired for 2pa.r (nonths).

Nepot Repair Cycle Time Overseas - the elapsed time, {rom removal of @
faiied LR at an overse.is base until the item covld Secome a serviceable
spare in depot stock (ionths',

Base Repair Cvcle Time - the olapsed time from removal of a faded LRU
at a base urtl ot coeuld hecome a scrviceable spare in base stock
(‘nonths).

Repair-in-Place - fraction of LR failures which can he repaired at the
organizitionai »vel ‘od-empniment maintenance).
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1. Mo, Kinds of COSE Regd - the ial number of kinds of jeneras parpuse
TG—PT—S—E"esourCev (‘?ooo' 26 hotEl ausosiated with LRU reoury L ore
type of 33 would be required 1 A2pot repairs B two type required for
intermediate level .’ep(.rs this va.ne shouid e 20 GPSE 15 8D sec on
every failure mode o2 rme LRU inquestion. A narticular Sk srouis not se
listed as both GiPSE ana SPSE Jor a given LRU. Reter o Serton 24010,
Trus entry mast match e aumbder of SE ~esource numbers entered un g
corresponding record 8 (32" i first two columns).

120 MT8C - nean tore petwton fahoses 107 The Ltem 0TS dperationa
s i tne der

ervironment, T ated MTBF operating houars)

(6) LRU Failure *iod la Rer Vopore 4 Indiedual daa recorss are used
to provide data Zor each faliuce fmoode of coc Lt an WR hiay SR, tnere shoutc
be one recard for eact SR of ¢ LRL e proviae infor.nanion ooour the LRU repas
tasks which involve removing and rep acine @ failed SR rcdaitioralive one or rore
records may be reju:ad to provide information adbout LRU repairs which as not . avoive
removing and replacing an SRU. if the LRU hag no SRS, there must be at .east ory
LRU failure mode date record corresponding tc the recalr of tre LR, Tach dats
record has "6i' as its tirst two chaacters. A farure modes of a partic.oiar Lo must
be grouped together. The remaining data elements are:

I, LRy Ident - user assignua alphajumeric LRU .dentifier, e value m .-
matr‘w the corresporciag entry on a type '31' data cecorg, mcluong
embedded blanks if any.

2.  Failure Mode Ident No. - & user assignea 2 digit nteger value used to
distinguish the different failure modes 10r an 1_?14.

5. Fallure Mode Ratio - the expected trequency of this type of failure a5 a
fraction of all failures for the LRL.

4. SRU lIdent - wuser assigned alpha rumeric identfier for the SRU
assoriated with this tailure mode (f any). This wdentifier muy incluoe
embedaed blanks.

5. SRL Nzme - any alphranumeric SRU descriptor (used only for print outh

6. No. New Parts - the number of new piece-parts and/cr assembiies
required for the repuir (new items are those not already in the Air Force
inventory svstem.) If apolicable. this number should include the SRU.

7. No. Std. Parts - number of standard (already stock rumbered v AF
inventory) items which will have to be entered into the base inventory
system it the LRU is base repairec. [ applicable, this number should
include the SRU

8. Repair Pacis Cost - total cost of all non-reparable assemblies andior
prece-parts cercuired for repair of thus fraiure mode, this cost does not
include the cost uf the SRU associated with the failure mode (Dollars).

9. Weight of Piece-Parts - total weight of all non-reparable assemblies
and/or piece-parts required for repair of this failure mode (pounds).

i0. No. Persons Trained at Depot - minimura number of depot maintenance

personnel to be trained for the repair task, this failure mode only. (This
entry s optional.)
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Depot Mai tenance Man-Hours/Soepalr - the tme requiced {or repair at
deput (hours).

Bsase \Va.ntenance Man- J."\'/’RGDS‘L' - the time required for repair at
k b
ldase (hOU!’S).

r
73

Depot Trainees - No. persens 0 de trained at depot, this SRU.
entry is optional.)

Base Trainces - No. persons to be trained at base, this SRL. (This entry
is opticnai.

Maintenusnce Treining Ween. - time it takes to train a repairman (weeks).

Maintenance Traming Cost - the cost of instruction and materials to
train a repairman ($/person/weex).

Ferced SRU Decisions - Lee discussion of Forced LRU Decisions  {Input
Record 6). Columns (74), (75), anc (76) wili be used for Depot, Scrap, and
Basc respectively.

SE Hours per Repair - the number of hours the SE is needed to repair this
SR "{hours. repair

-
S

-
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(3) LRU/SR'YSE Cross Reference Tadle (Figare A Thes ot aseociates she
various LRUs, LRU failure nades, ane SRUS with e reqepired S

I, Record Type Identifier - Cob. ', enter '3 [f URUVUSE ool nencung are
beir g entered, 3 1f LR fadlure seode/SE relationshiins, and 191 SRS

rela-ionships.  {Col 2 must have o "2 ooty

2. LRU or SRU identifier - These contan e LRU or SRU dent fier and

musT  match, incluaing  embedcced Hlanks f anv, e gintonprenic
identifiers used on caras 9, 6, or 7.

3. Faiure Moede - IF colemns | oand 2 contiln 42" enter the appropriste

fail ire mode from carc 6. Otherwise leave hlank.

4. SE Resource Numbers - The next 1A fielde contain four digit ST odentifi-
cat on numbers matchong those enteres on the SE “qta recorcs. These
relzce LRUS, SRS, and LR failre modes t0 e support ecupment
reguired to repair thew at Interreciate and Denort. They rmav e
entered in any order.

2.4 Additional Data Entry Explanations

2.5.1 Entering LRUJSRU/SE Relationships: Certain data from input records 4,
5, 6, 7. and & mus. be coordinated in osder for the program to operate proper.v. Input
record 4 lists the SE available for use. Records 5, 0, and 7 U !

lny LREUs, LRU failure
modes. and SR di tg, respectively. Includea on these records fu count 07 the SE types
reanired for the reoair.

Rer wrd & expresses the relatignahips 2eoween LRUs, SRU's, ant ST, If
Record 8 shows th it a particulas LRU or SR recuires 4 particalar tvpe of NE, “hen that
SE should have be-n lintec or Tecor? 40 M an TR or SRU ¢ bsied on Record &, detatls

concerning 1t shot 3 have beens listed n Recards 5, 6, or 7.

Refore the dwer Segins data preoaration, this ~ection should e curefully
rexd and understocd. Trrterop LRU/NSRU/SE relarionshios Las Boen the oo Tause of
user problems.  Dnfferent.ation of SGPSE g SUSD L e 0 e e source of

misunderstand ng.

Txe pining Table 3, in vose Las o0 LRY qas oo 1t gre mode gnd no
related SRUs. Ono 31" card is engered showing o 000 v e SE s related o the
failure mode; therafore, the " card shows e SEL The e of SPSE enterad in the
"Wl card is simply he sam af the nuaaner of X oo e o e e

Cas<e b shows an alternats = cans of 2arer e e e data. Here the
SE 1s related to the LRI rather than ibhe R S difore coaw 0 T Rk q5e. the TR card
has 4 2 enterad as GPSE and the "WV card 5 7 enrv, Aoy, 2o s o 00 e aumber of XS
determines the entrv. The reacen that o aeos 'aoand s e destieal eforeeation s,
that the defimitton ot GOSE s oot s vens - oarh o oy my o lame mode, Here there
s only one failure mode; thernfore, casen nad T are Lo e neans of entering the
same data.

Sim:lariv, cases 2a aoC S are alterhans mens of enterong the sane data.
In case 2a, SE-Z is relared 1o the s d vidna T re e therefore, 0 G SENTL In case
2b, since the SE s ised tn each o Dovery f 0 o mnde, the S afaea it i gy be

entered as GPSE.




In oast cases, a wwilire requares SE 1o offect the repair. Woen s
happens, 1 '42' card inusi ve entered fur each 'l type card, and 4 ‘32" cuarg may e
entored for exs 21" type card. By desoo-anng the SE o< GESE, the rumber f Zata
entry iteras 's reduced. Tris 15 the sole nurpose of the GPSE and SP>L designations. As
an =xample, i1 the GI'SE des:gnation did not exist uid ar SE were required for each ang
! every tailure mode, then with 10 faiure nodes, (0 tvpe ©2' cards would be required.
‘ by designating these SE as GPSI, en wring the data on the '31' carg, and entering a
matching '32' card, ten '42' cards e omitted, and one '3 15 adned reducing the number
ot entry cards py rnne.

Tahle :
GPSE ang SPSE Relstionsin,

| nrer Depot ‘] Cara ) Card
Case ! SE SE jj ]
— f — + l g( .
LRU LRU} SRujl 1] 213t e Hi ]2i 3ls ‘]Type L Entry | Typel No. Entries
FM ! ; E : l Rec.ired
! ! ; ) |
}n_ . ; | | . |
la i f . K 6o REY L 0 !
i X X3 i b b 2 w2 2z
Ib I ! HES X 2 132 2 !
: gl R Y, 0
2a |2 i 1IEY G| 32 C
| v X X oG 2 i 42 2
12 4 X X ki |2 | ez 2
3 e x i 41 2142 2
> 17 i X x| 1 3] 2 {321 2
i b Vi 0 i o4z 5
2 b ;l il l Y 5
3 B i s 1ooooou2 .
a 3 s i 350000, 32 3
! ' X Xy 4] ; 2 4id 2
2 ! X 8 TR T Y U S S 2
3 XX o iX X i X tlul 40 l 42 5
33 X X 31 1 2 1 32 P
i 41 G L2 g
2 4l o) 42 5
3 X X X |l a1 3 42 3
3 5 1 LIX X X 131 EEN VI SR
T X X 41 2 42 2
| z X X i z 41 2 42 ?
i 3 boaxl x Ix 5 3 42 3
| e f;"‘i +— oot a2 i -
., o ix X Nl HOT 3 52 3
! 2. i= X X 51 2 52 2
L > s I x M e x dise s |50 3

*Note that if "0" entries are required on a '32' card, no card need be entered. Similarly, if
"' entries are required on a '42' card, no card nced be entered.

!




Cases 3a ard 3b again show alternate meg 5f mrter e e e
Notice by calling SE-2 at intermedia e, GPSE, ing enter v e o000 2300 e 20
cards, two 42! cards may be omitted. Where {rere qr - e T s e DN e
an LRY, there is no reduction in '%2' cdrds erntere” v 4 s qon 0 redo o 0 e

number of entries on the '42' card.

Casi® % shows an _R! with four [ e s atog o e S0 0 TN
entries should be made ip "3, AT NN qad LD e ee e et T ST
entries should ther he mude ndepeder 'y 3 e T LT LR
Even £ un SE has een dovpoased e o CENE LT e

must he made.

Pertaps the siindlest approach for o e Jser < b eadame 0 et S
as the one displayed, anc enter Xs where the LRI Du s epdee g SRUC e SEL
there appears to b & signiicant ~dector odaty orcmy, v aocertoog che SEoceed
each and every far ure mode for ar LRI <y GPSE] Cog can e he mpne. By sreparing
such a table. the ser has an oppor tunity 1o hank hesagh we melar o pal A
data has been run on the cnmpyter, the coer can cherw his e gl preoart G Goe
against the comp:ter printed tablie, as shown in e 0 ol e NRLO gaide.
Figure 7C is sample data reaay for co.nputer (apos.

LR TS ok
o

2.4.2 One Type of SRL' in Several LREIs: When rysy it gtior o curs, the user
shruld enter the SRU data into earh ~¢ the LRUC 35 0% the SR''s Fig not exist i the
other LRUs and ru~ the orcgram. This witi eniall wnogue den % 200m 00 the ST with
respect to each LEU in which 1t ccnusse If =Fe SEL oyt s o are seiectec for the
same level of repa.r, the issue s rescived, s~ no fur-er caranons need Le mude,
This is very likely to cccur since denviical SEos used by
justified for depot or intermediate, a!' the SEFUs uang 0wl Swve 3 otendency 1o be
assigned to the same locatior. Only if the SE is hustufied for notn ocations s a sphic ap®
to occur. In this case, the SRU from one LRLU mght have o 2 fferent rapor jeve!
selected than the SRU from another RN

SR Qnce the SEs

If this happens, the users should use the forcing procedure, forcing al! the
SRUs into intermecdiate, then cepot, then scrap in thre2 separate compiter rans. Total
costs can then he examined to daterininy the jrelerred ropuir Tever,

2.4.3 Mul-iple SRUs of One Kind in an LRI

Muliple SRs in an LRY mav he handied an desc ibed below. Table &
shows two situations, (a) the usual situation ard (H) muttinle SRlis in an LRUL Supnose
that in situation Table ¢ (a) SRU-1 and SRI/-2 are identical caca causing 25% of LRU-
I's failures. This situation of multip'c SRUs ™ an L' can he modeiod bv NRLA a9 1
situation Table 8 (7). Note the da“. o SRU-( s vntered once tone 5 card an® ove 5!
card) but it now has a fatlure mode r 1.0 double 115 orevoous value. Ne ather changes
need be made. The modified failire 10ce ratios 2~ enterc d o cata record A, 1ie LRU
failure mode card (4] card). Note that he cost of “he SRT' should not be changed since
pipeline costs relate to the cost of an individual S22, act the multinle SRUs in the
LRU.

2.4.4 Num:ber of Person:; Traned: These entrics on the LRU faiture inode and
SRU records (carc’s 7 und 8), for bot> depor arnd intermedizte, are optional. The
program calculate: the SE vaiszs and rounas them up. 1 there is no user ertry, the
program computec values are used. If the user enters oo or more values, the user
entered values are compared to the sonputed vajues, ang the higher of the two 13 used
in calculation of maintenance trajning costs. Sec eguations T4 and 76 of Lroencix 3
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2.4.9 Dotfereoatiar g Srmer ST Tyoes: SE inay be ~ategorizad as depet o,
2eees 3e OF Yool Or riormediate e 6 vy Teee nr Baees 1 SE G5 eriered oS tope 5oar 5,
existing SE is used vuc any availabie tne, bef:re additionat S 5 nsurchasec. Types 2
and 3, and 6 anc 7, are derticallv rreated. of any hours ¢f these types Lf SE ar » userd,
the SE rmusi £e purchasec.  The progian  tredts types 2 and 3 Jlerticalive The
distinction peiweer them was oripinally itended to help the user clarity hus thoughts.
When priorities pe.uf, these two Categories wiil be comniaed inte one. Tne samne
commient applies 1> typru € and 7. If nercessary, more than one SE of types [, 2, 3, 5, 6,

or 7 will be purchased.

Tvpes & oanu 8§ are intended 1o represent associaiec SE software or
development corie. Since onity one set of <ottware or decelopment Lo nurchased, the
PDEOELAM wirl iN01Ca’s thial eIther NoNe or On.e se. o, 10 De Hurcdasec,

Table &

Two Possibie NTILA Situations

f
i [ } No. SRUS/LRU ! No. &#1/51 Cards Failure \L_-fg_Pa:ug
8 i - i
T — Y ’ n
Lay ﬁJsuai Siteation i i §
T T 1 i 1
| LRU-1 ‘ ' !
; SRLi-1 ! ! i .29 ;
i -2 ! | .25 |
-3 i ; 1 .20
-4 I i ! ; 19 .
— ———— e e . . e e e —— — —— o — - -— —_— - —_— -~ -r —_——— ‘—ti
Totals " 4 | 0 {
, | ; . i
(b) [Muitiple SRUs 11 an LRU '. i
LRU-! f
SRU-1 Z | i 5%
-3 1 L | 2%
-4 RS | Lo o 230
Totals } 3 N L.60

2.5 Data Preparation Summary. Wnen preparing daia, especially thie first time, the
user stciild consider that Table 2 is the heart of understanding data preparation. Data
Records 1, 2 and 3 represent system wide date and usually present few problems to the
new uscr. Data Records 4, 5, 6, 7 and 8 are de-ived trom Table 3.

2.5.! Nata Record 5 - For every LRU listed verticallv at the side of the table, a
description of the LR must be entered. Trus is done on Data Record 5 (the '31' card).
5.2 Data Record 6 - A description of each tailure mode listed in the table
must be entered. This is done on Data Record 6 (the '41' card).

]
La

2.5.3  Data Record 7 - A description of each SRiJ item listed on the table must
be entered. This is done on Data Record 7 (the '51' card).




2.5.4  Data Record 4 - A description of all the SE used in the problein must he
entered. The SE are listed across the top of the table for both depot and intermediate
SE. The SE descriptions aure entered on Data Record &.

2.5.5 Having entered descriptions of the respective SE, LRUs, LRU failure
modes, and SRUs on the respective Nata Records 4+, 5, 6, and 7, i1 s pecessary to enter
the LRU/LRU failure modes/SRIY/SE retaticnships. These are represented by the Xs in
the table. The X. are translated by the coumpuier Crogram Into g networs, wvhich s
solved to determine the optimnum solution, These Xs oo entered nta the camnsiter
program using Data Record 8 {the 37, 42, or 52 card) In essence, each eatry i the
groups of columns Yeginning 13, 17, 2:.. . . represents an ‘X',

If the user indicates SE at one location but {ails 10 ‘ndicate the SToat the
other location, thc algor:ithm will probably select the level of cennir witnour the SE|
since it will likely he a less expensive soluticn than a syluren with the SE,Tf
intermediate and depor are feasible solutiors, srepor ST omust be cotered ot both
locations. if the user wishes to exciade a repair level, he oroper oxclys v leve 5 should
be entered on LRU faiiure mode or SRU ards.

2.6 Types of Sensitivity Analysis

Sensitivity Analysis (SA) is performed in order to investipete affects due ‘o
(1} incorrectly estmaied data, (2) prozess chanzas, and (2} to latermine areas of
investization which mav be mnost useul, or (4) to answer " what I questions. The user
may then use the sensitivity mforration as a rationale [or irnnroving estimates,
selecting projects for further developmental work, or doiny neting, as the oarticular
situation warrants.

Four types ¢l SA will be discussed. These are Swept, Extremes Only, Wholesale,
and Pareto. Swent and Extremes Only sensitivity rnav presont difficulties in large
problems. Computer run time or output may be «xcessive, either making the program
expensive to run o the output difficsit to interpret becanse of its velurne. Compurer
run time is a funarion of the number Hf times the network st be solvec. Difficulties
of interpretation are related to the numbe-s of Lolutions whi~h mass He nterpreted.
Neither is directlhh reiated to the ocrrouant of orinted outpur. Y hilesals Changes (WCY
and Pareto analyss are intended to shorte) the SA process In terpae v Ses comnuter
time and outptt.

261 Sens :ivity Assumotions. The LRI unit cost sensitivity anaivs's n.akes the
assumption that as the LRU cost increases or decreases there are corresponcing cost
changes for the LU repair piece parts and for the SRUs within the LRUL Thus, if the
LRU doubles in cost the) the cost of pirce parts required {or repair doubles and “he cost
of each SRU (if anv¥) also doubles.

A ditferent assumption is made for the SEU cost sensitv tve FHere it s
assumed that & change in LRU cost ocrurs solelyv becase of « changs .n tne cost of one
SRU. Consequent’y, .f the SRU cost e hing thon 9 TR cont v -eases Sy @ e dodlar
amount of the SRU cost change.

The . ssurmnption for e L0 AITED sens bvia is that tie total nomber of
LRU failures charges, but the pror roon of {ail mes o7 canh tvpe reinains - onstant.
That is, the relat. o freauency of the differant fulure noces renans anchanged., The
case where the L7 MTET (ige. heaoie sve of Tt SRUTS fals grare lor fess)
frequently 1s not ¢ cated. A'so 0t P eater s the case whiere the DR failore rate does
not change hut the relative o eruencies ¥y the difloent fadur s v dFes o Shangee,



2.6.2  Sensitivity Range: Tohe ool sewecs U.€ ranges at wmich the sensitivily s
to be performed. As ar example, ne mnight choose LRU MTBE ut 0% and O0% ot the
baseline case.

} 2,6.3  >Swept Sensinvity

Swept sensitivity 1s so Called pezause orice the range of investigat.on is
selected, the propram sweeps through the range, one LRU or SRU at a time. As an
example, i M/BF for an iten is astiinated o be 500 nhours, and the range being
investigated o 9% to 200%, cach change . repair ievel is notec as MTBF charges trom
250 hours ty 000 hours. 1 no changes in repair leveis are noted in the vicinity of the
500 hour MTBF baseline, the situat:on is consiercd o de insensitive.

When the entire range is tnvestigated a <ear:h iy periormed for . poirts
at which SE and/cr LRU and SRU decision changes occur. The search for a decision
change point ter ninates whe the program has determined a relatively sinali range such
that some change ocuurs within the interval. The interval width has been arixirarily set
to pe 1% of the input LRU cost for the LRU and SRU cost sensitivities; and o be 1% of
the inpul MTBF for the MTHF sensitivity. Specitic assumptions are incorporated into
the analyses.

If repair levels change when small changes in MTBF tske place, the irode!
is consider=a to be sensitive. Precise detinition of the boundary uetween a sens:tive and
insensitive 1odel must depend upon the user's system and needs. IRLA uses swen:
sensitivity. Since IRLA considers one LR or 5RU at a4 tiine, changes 111 repar levels ot
one tem do not ordinarily affect other iterrs. However, since NRLA consicers the
whole system at one tirne, repair level changes occurring during SA can successively
affect othzr items throughout the system, possidly making the SA extremely complex.

Therefore, swept sensitivity may be used on snali NRLA probiems, bat
computer tine and nurnbers of network solutions to be interpreic.’. may gaickiy becoine
excessive if this approach is used for larger NRLA probserns.

2.6.4  Extremes Onlyv Sensitivity

With extremes oniy sensitivity, only two levels, the iower aivd upper
extremes, are investigated. As an exampie, 1 there were three LRUS and the selected
range for MTBF were 50%-200%, the NRLA program would ,.ve -esults as cach LRU-
MTBF was sequentially changed to the exiremec of the ranges seiected. The network
would be soived up to six times (two solutions per LRUi or SRU) .n addition to toe
paseline case. Table 5 lists the input for six network variations that would be solved.

TABLE 5
INDIVIDUAL CHANGE MTBF FACTORS
INPUT VARIATION
,{ 1 2 3 B 4 b} 6 !
LRU i 50% 200% 100% 100% 100% 100%
LRU 2 163% 100% 50% 200% 160% 100%
iLRU 3 100% 100% 100% 100% 0% 20
|
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It LRY cost and MTBF were being investigated, np *o 12 outputs would be
produced, six for each of the factors being ‘nvestigated. 16 0% LR/SRUs were hepy
investigated, up to 2640 outputs might fe produced:

60 X 2 1% 2 i 2[4()
LRUs/SRUs X outputs x No. Furtors C outmuts
factor ivestigatng

The words "might be produced"” are used since if no changes ocour at the extrerne berng
investigated, only a message is produced. NOTE: The number of conputes sins thuy oo
different than the number of outputs, since cutput s onlv produced f reocr levels
selected are different from the baselire,

This type of investigation for a large NRLA problem though auicker than
swept sensitivity, may sti'l use excessive camputer tirne and nroduce excessive utnjt.

2.6.5 Wholasale Changes (WC) Sensizivity is similar to extreqnes onlv, except
that all changes tor a given factor are made at once. However, sace oubiing or
halving all costs or MTBF at once is rather extreme, the simple range ‘or Wi s 80 -
125%. The user should select a realistic WC range in keening with the nature of  ‘us
system. For the three LRUs used earlier, see “able 6.

TABLE 6
WHOLESALE CHANGE

MTBF RANGE SACTORS

INPUT VARIATIONS

-
L

LRU 1 809% 125%
LRU 2 5 125%
LRU 3 30Y% 125%

AP SR

Instead of up to six outputs. only two are produced. Thux, if LRU cost and
MTBF, and SE costs were being investigated, exactlv six cutput reports would be
produced, two for each factor, regardless of how many LRU/SRUs or SE were in the
system being investigated. The just:fication for maxing such "wholesale" changes is
that the user is less interested in the repair policy for uny particular LRU or HRU than
the affect on tota! svstern costs.

If a group of changes are made s'multaneons'v in one direct-on, e.pg.,
doubling the cost of all LRU's, and the system cost or the ropair levels selected do not
change significantly, we may conciude hat any one of the LR!} costs if doubled, would
have even less of an aifect. We wouid have avoided the need for individus! change
sensitivity for all items. If ther> is an interest in a particular variation of 4 particular
LRU or SE, this can be set up for a spacial corrputer run,

-
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I'oome systemn o3t ool the wiobr el ST uges s sIRTLNCant O T tenain
levels se.pctea wre ey Cufterony, bl ase sooald pellor o Pareto aoass 10

determine (.i¢ most SigmiliCanl e M fepafIS 1O SeNY. Tiv: Ty,

2.6.6  Parcto Analve.s

Pareto Anatvsis s perforiaed in a fashion wrn..ar 1) extrenes o0 The
major difierence 15 thii nstead of all LRUSs, SRijs, anc “E oveny: Adividaaliv
MVESTigale.. With regdrd to Sonsitvity. ooty the nighest cost or cowest \YTRF ttems are
ryiestigoted. Lsing Parcty afanysts, The aser can geter nine ooty how  nuce
compuicr time he can cfiord, how much oulpbut he wants, «nd can tatlor the
MVESTIgAtion 16 Nis resolrees. 10 snuw e uvuitage of the Parens Cooroach, Tuole 7
was prepared.

We cai the varnooss situation, bascrue (DL), t.e orginaly projectea
levels; Pessimistic {Pess), scrne siteation warse than the Baseline; anda Opumisti” (Opt),
some situation better than the Baseline.

Table 7 1s the result of an oxiremes oniy Fessimistic and Optunistic)
investizancn of tne ndividual LRU MTBE (Upze part) entt LR Costs fiaver nart), The
iett hana group of volumns gives the MTEF or LRI Cost, systen Coste ahd po. Jert of
baseline cost of o opiimistic extreme. The center colunens 1t the Baseline MTRF and
systera cost. Ta» aght hand columns Lst the pessimisac VTBF or LRU cost, system
cost, and percentage of baseline.

In the center columns, the baseiine NRLA computer run haa 4 systeirn cost
ot $10.79:,L00. The respective baseline MTBF cnd cost/LRU are shown. if LRU-i
MTBF «tomzos from 775 hours (Baseline). to 1530 nowrs Optimastic) snd no other
changes are made, the altered system costs $10,664,300 o coerate, or 99'% of the
haseline vawue, Thne "zll" rows show the system cost ¥ ai. MTBF or LRI costs were
sirnuitaneously changed. Thus in the oaseline columns, an 82 noiur MTBP s the
composite MTBT of all {ive LRUs taken together ana $216,060 1s the cost ot ail five
LRUs.

y .

To prepare Table 7, 25 comiputer runs were necessary, one for the basejine
and 12 each for Optunistic and Pescimistic levels.

Using e Pareto method, only the worst MITBF and cost items would have
~een selected tor investigation.  In this case, LRU-5 (MTBF) and LRU's 2 and % (Cost)
only rnight have been selected. Seven computer runs would have been made, Baseline,
Optimistic, and Pessimistic MTBF for LRU/-5 end optimistic and pessimistic costs for
LRUs 2 and 5. Comparing the computer runs that would have been selectea for Pareto
analysis wich the other ones, we note that the worst MTRF and LRU cost itemns had the
greatest cifect on system cost. Had we examined ihese oniy, we would have
determined the sensitivity of system costs to changes in LRU cost and MTBF of these
iteins.  We would have gained the most important information with 7 computer runs
insteac of 25, Note that for LRU-5, system costs are mucn more sensitive to MTRF
han ~ost variation. Doubling the cost of LRU-3 causes a 7% increase (n svstem cost.
Halving the MTBF causes a 44% Increase in system costs. improving or controlling the
MTAF of LRU 5 s significantly more important than reducing coc controlling its costs.
An opporiuruty presents itself to invest money in the LRU, increasing its necessary
costs if ihe MTBF could be significantly improved. This analysis appiies to the sanple
problemn only. Each problem would require individual analysis. The example describes a
Parete anaivsis for LRU MTBF and costs. A similar Pareto analysis should be
performed for SE costs.
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The va'ue of Pareto analyis 1s redu ed comoater run time ond sens Laivity
outpui. It encbles the user to focus on the imoortart predles and not tecome lost /o
excessive analysis ot probable low unility.

2.6.7 Sensitiv.ty Var:ations: Table 8 summarizes the sensitivity variations
available withuut changing the base.ine data.

T.uie 8 - Stantders Sensitivity

rSwept [ E‘r.tremes} Wholesale l bPuareto

] '

[ o Oy |

t 1 { ;
LRU Cost DX X X x|
SRU Cost X X } | 3‘
LRU MTBF ‘ X % l X { X :

L 5£ Cost { l { X ! X

]

Mult:ple Runs. Because the program invesugaies a limited nuinber of
variations the use- rmay wish to rrake wultipse runs. It may be necessary 1o investigate
the efiect of different end-item auil:za-ion rates, repur cvcie times, or ditferent
upoort equipment configurations and rejuirements.  Additionally, joint sensiuvities
may be cal-ulated in which costs o MTBrs change simustaneous:y for a group of items.
Fucther, (he affect of higher unit cast coupled with nigher MTBF could be examuned, as
well as tho highly undesirable situation of higher cost coupled with a lower MTBF,

2.,6.8  Sensitivity Anaiysis Strategy

Sensitivity analysis for NRLA should not be performed blindly or by rote.
Rather tne user should perform a step-by-step investigation at each stage rarefully
determining the cost and probable benefits of continued investigation. Figure 8 srows a
suggested diagram of a NRLA sensitivity analysis. Notice that at everv phase of
analysis the user reevaluates where 1¢ stands and the value of cortinuing the
nvestigation.  He should not blindly use computer powers, 1o generate voiuminous
output, ol questionable use, at potentially high cost.

In determining whether to continue the investigaton, the wer should
estimate how .nany times the NRLA program will have to solve the network and the
estimated computer time or cost. This is relatively easv except for swept sensitivity,
He should also note the expecied volume of output, and whether or not SA gireadv
produced yields sufficient information to warrant s:oppIng. In generai, swept
sensitivity and possidbly extremes only, will be prohibitively costly for large proniems.

The computer run time can be estimated by solving the problem once with
no sensitivity. The CPU! time would be a conservative estimate of the network solution
time. In a problem of iny magnitude, solving the network takes the bulk of the time
compared to the input and output.
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Cara 9 iTapic mulesale Change Facter Wu Cn Card
enwcies. The first m‘.,lrt_i.:f).fi ard LR prede [ars costs and SRU ine SR PREST
24arts Costs, 1°¢ seCord Mmuiiphes all LRO MTHFs, and the trd mustolies 4l SE coste.
Any comdimatien of positive [actors is possikle. 1 u paseline case 5 feseed, SADLY UsSe

v

1.0 for eacr inuitizher eniry.

Carer 73, (Table 1.} Linvedual Change Facior Camo. ST an aenen
iieids. The [irst two sairs are for SE rosairee numbers ang (he ¢ ANt ca 7T
A

Pairs 0f entries are given 50 that the tser can chiange SE costs 5300 a0 4 miiedh, e and
at Depot wath one cards 1t dees not matter whether dejot or i termec,ate aata o
cnteses iy a particulss et of cotutime. The SE Resource aunbher vasirncis te prows i
5 fo which ar ose The it Lold s o tha LR rdentifier (wori anit L o0e) ane mast
match cowumns 4 2o L0 of e LRU deta s wrae Dae sixti and seventd are or LRU ot

and MTBF ractors.

Table 11 gives 4 sample of 19 runs W abiusrate w0 0! TIC ey sty
aralvie festure. Notio: tha data tor each rus s begin witn & Card ¥ aad ender wiin o
99999 carc. Variable data in v pe <ntered in the Card 9 and the Cart 07 wre e used.
Rums 1-6 Chisrale aowiesaie changes. R costs, MTBI, id ST "ot e v Casivey
dousicd and aalved, These dre e six vareions discussed carbes we, oo ar
ammount o infornation nosruns. Runs 7-16 (Lustra.e Tndiviaaal Changes. These are
used for Pareio analvsss. Runs 7 and § gouble and hali SE costs for SE 290, w2 6071,
Runs 9-12 aouble and half costs for the indicated LRUs. Runs 2 and 14 aounie ana halt
MTBE for the indicated LRU. Run 15 qoubles the cosy of SE 2001, doubles the cost o
LRUs C2381 cnd C4586 and haives the MTBFs. Tt iliustrates how muitiple changes can
» made on one coinpater run. These changes to ndividue! tactors, Runs 7-19, are
perforined to determune the individual cffects on costs and repair levels.,




Since each computer system may accept data input in a slightly different
manner, the descripzion of the data input process for wholesale changes and indiv.duz!
changes is given in ge-eral terms only. The user must adap* the input to Ais specifis
computer system.

If the user is making wholesale changes, then data records (Card ) as in
Table 12a must be prepared. One data record {one Card 9 followed by a 99995 Card)
must be entered and run at a time.

If it is desired 0 do individual changes, then Card 2 with cnes inser-ed
must be entered fo'lowed by one or more Card 19's. (Table 12b). If more than one
Card 10 is entered, then all the changes will become part of the run.

Tables t2a, b and ¢ show the data of Table I! as it would be listec in-
actual data entry. Table 10 is a data form suitaktie for reproduction.
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3. Program Qutpurt

3.1 Gener.l - There are cight types of ournu. Taey contdin data wnput, ater mediate
results, suzsiementary information, the optima’ soiution and sensitivity analysis. These
may be mixed ia the output, so that closely relatea tnformation is presentea togetier.

Input types (1), {2), and (3) (Figure 1) ace printed on Ouptut (1) (Figusc 9), Genera;
Information. Input {4) (Figure 2} is prirtea on Qutput (2) (Figure 12), Computed SE
Costs.  irnuts (9). (6], and (7) (Figures 3, 4, and 5) are printed as part of Output (7,
{Figure !%), Repair Level Decision Detaus., Inpoi type (8) is printed in mosified form o
Qutput (3) (Figure 11).

The LRUs are printed 1n the order of input o Recaord 3. The assocratec LRI1
fatlure modes are printed immediately foilowing the LR:iJ and are in the order of mnt
on Record 6. The associated SRUs are listed directiy following ihe LRU revaraless of
the order of input un Record 7. The SE are listea in the oraer of input o Record &,
Where the output simply lists the input the user snculd refer to the input descriptions
for added detail not shown with the output descript:on.

3.2 System Factors. Figure 9 lists in three columns the data from input recorus ., 2,
and 3. The listungs ire in the same seqience as the input record.  See 2.3 Input Duta
File for an explaration ot this output.

3.3 >upp .t Equinment Input Values. Figure 10 Jists the same information as given on
input record % in SE code sequence.

3.4 SE 1o LRU/SRU Relationships.

Figure 11 shows data originally input as record 8. Horizontally across tie top i
sequence the SE coces are given. Vertically the .RU and SRU names ard identiticauon
nurnders are given. An X in the body of the table indicates that if an LRL has taned n
a particular faiiure mode or an SRU has failed, the inicecsecting SE must be used for the
repair at depot or uase, respectively.

In addition to the basic data relating LRUs and SRUs 10 SE, data related 1o use of
the SE (5 inciuded for information. In Figure 11, the referen:e numbers correlate w.th
tne following .tems, They consist of (1) the Kepairs/Month ot the LRU, (2} tne pervent
tailures by fauure mode, and (3) the Repairs/Month of the LRU in each of .ts fallure
modes. Also contained are the number of nours/month the SE wouid be used at base and
depot if assigned by the respective (4) LRU failure modes, and (5) the SRIis,

In understanding this output it 15 imporiant that the user recall the meamry of a
tailure mode. Whken an LRU fails, it is assigned to SE tu determine the fault and to
reparr the LRU. The repair consists of removing and repiacing an SR1L. Th.s, the LR
used a set of SE for repair. When the SRIU! is repaired, 1t is assigned 1o a set of SE for
its repair, thus, two sets of SE may be involved for each failure mode, (1) a set for
repair of LRU and (2) one set for repair of the SRU. This explains why two rows of SE
data are entered for each failure mode.

Where the failute mode has no associated SR1J, then a chassis or carcdass failure
has occurred. The SE to repair the carcass is then given in the body of the table.

13
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A failure mode with no assoCiagted SR couid alae He moluded o oac,c e o e
fraction of time that LRU retestc ~hav (RTIKY, e the cace, whoae STt vaus st Um0
. . - !
given in the bodv of the tadic.  The ontrice mnoc e the ogensiy e e L
assignment of LR s and SRU's 1o SE.

This b6 port'y ooty Ton s dme Te e d (L) e

partly computaticns based upan Recard W The firvs o st ve SV ndng
and SE names. Colums 3) and f4) 2i,¢ the ntprher 8 o v ond rpa om o figter T

3.5 Computed SE Costs (Figure {20,

new purchases. Coluans (57 ana (6 give gvare By od Ser 0 o0 T e T g e
percent dusy Or urage rate. Column i8) glve. *he qoc s VT e e e

Column (9) cives the Life Cyile Operutivn Cost o 256 w08 on o r e
Column (19} give the <ost of any facilitios roguirced oy e e ' .
the sum of Colurras (8Y, (9) and {(10), gives the (ol ey o v o Lo e
basis. These costs would be incurs={ if gy particiar S5 L, a0 0 Simce USE 0 s ae e

used, totals are not meaningful and are w0t Ziven,

3.6 Support Equpment Requiremeriss (Figure 130, Thjc aspla 2ovoe oonrs oo
NRLA solution re ated to S5, For denct and hace, ol 70 vl o e S D ade ood
]

name. Column {7} tells now many ST 2l he reouired, oo DU ane Tl rean e
information from Zolumns (6), (7), and 17 ) of Togare 12,

Note the gJuantity of SU of a particilar tooe reauired <o 0, bhe e cuant. v
listed in “igure 17 or none. If none ars required the 57 g ey L Ifitis
required the quaarity shows o Figure 7wl e recaired . Lo T,
Figure 12 shows 3 of a particular kind of S5, etne- ' or Twil! e ndocted oy Fuaure 172,
The use of 1 or 2 will not occur. et
the cos* of purchesing the cuantitv.

use and Columin (£} shows the norcentage of

Co e et o’ algonith. Catam Sogives

Show s the houramonth cte ST e

abcente oo the ST gl be onogse.

3.7 LRU and SRU Repuair Level Decisions. Figere Hoand tts continuation, Fanre 4,
give the repair lesel decisions Jius rejated informat.on, The ournor s o four gronps of
colum s, 1a) LRUSRL sorrre and | LR
for <he repair opior sel~cted, o} SR Ve ool ooyt ser Sase for the re

H N N ‘ - p
setacted, and (d) ~ost of e LRU or SRI, fajhyp e rates, MWTRY) A{TRR, 40:
demands ner intermediite location.  MTRE oxiludes 2ffects of renair in place. It
nciudes intermed ate, depot, Or sCra) Apt o anp

fe cvele mont e S

cption

A cost entrv indicates that the rapair s made ar Uhe location indicated. The cost
entered relates oniy to the LRU or SR Tt does not include SE costs which were shown
in Frgure (30 If 1n optien nas heon deliberately excluded usinyg the procedures of [hput

record 6 or 7, the word XCLD indicates the optinn excluded.

At the bottan of the figure to s for P RU e SR fecision cos*s are iven by
location selected '2), for the SE {f) “rom Outpuy* © for the S7 dev~ioprment
cost {g}, and then 1) the ortima’ lite rycie Sogt per Suse for the selected ¢aow an aet,

These are the totas of the ton Svoes 57 casts T yen o Lo far the jte ns o the
optimum solution. Nctoe that there are depns, woran, nd stermedigre N nd rongr

costs tor LRV’ and SRUk,  Tmere arn cos o coper n o terimergte SUL e aon
Related Costs (DECT and MEC2T 2o melided otk on monor eve! e ison oo o0 Thyg,
there are % entrics :n he om0 2ahle weore 2 s e T tener o0 e te o the
network., Onlv th an casty qre vcluee b wb sho g e sy e o e e
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There are sever 038D 2 Gewiswons o cect Lidt SRUD facure noce Sor DSec
TQDL? I+ 0 Ap.Jk-lﬁ.LI\' Lai THE seventn Ao 0N (LP[ ‘;(_r{;;, andad st .QQPJ;) yoan

smdesiresdle outoome.  For tect noal Loc@sont s possility of oo ruareencs can oL e
Srovented. oty axelinede of vomarreace Lowever iy overv jow.  Whea 0ooccurs, the
ressage 'CASE 7 DRROR’ wiil appear W the output under the SRU Life Cycle Costs
col.nns. Anpendia & gives additionel deta:i. The user sho ad then rerun the Droarun .5
two  varlaticas for eawn occurrence: (1) excliing the LR serap optinn, and
2 exTiiGing o2 SR depot repans 00100 The miarmdim Zost variation of the cwo s

SaaUlT rhen oe o soaected as the GedisidN.

5.8 Repur Leve Ddecson Delant . Ftve 50 Contains fve types o caia T LR,

C) a st 0Dy recore 9 O3kus iTe (v (e ands and mmesh foe Detween CR anas
Lorothe LRU, () fatture node apat date for cthe LRU mlus ATRIC ait e o de
demands/hase, (Y SR aput aata values, {aj cxl togiscic <asts, and ler DRI - ot
costs. lteras (2)-(e) are so inarked 1 Figure 15,

Ag part of tre inoat the aser specifies any forcea repair leve; exclusio o, These
are histed 1n seCct.ons D and € since tnev ire part of the input data. A 'zerd'  eniry
inaicates te.. was ot «xcluded. A ‘one' ertry iadicates 1orcime exctasion. Twa 'ones
means that (e thire tem has been forced .n. If three 'ones wece erronecusiy wniere:
these wer> changed *o 'zeros' os part of the compuiation and o nessage proater
toLowing the Suoport Eguigment Input Vaices, Figure 0. The run was contunued w.i-
no exciusior.s for the item and ai: ‘ceros' wouid be printed.

Jections () and (o) of thus display pive the ten joyistic CUSTy TC De GiSCUeseC 0
conjunc won with Taole 13 in Appendix 1. They are intendec for informaticnal us- orav.
It Is ne. possanle 1o compare the tutals and seiect the proper repair jevel, «ince Suppor:
Equipment costs and new repair facilities costs are not inc.uded.

No SE acquisitior ana mainternance costs are shown. Rather **¥ .5 printed. These
SE cosis are civen 1 Output 5 (Figire 13L They are not shown with the LRLs or SRYs
since no proration s periormed. Finally, the opt mal decision is given for the iten. 1f a
Case 7 error has occurred tnis message win be printed below the optimial c2oaision
statement. The # indicates that the cost occurs only if the LRU is base repairec.

, 39  Seasizivity Analvsis. In order to understand the sensitivity output the user should
understand the sequence of computations for sensitivity analysis.  Tne bas~ Line case i
compuied for which the solution has already been given. The problem is tien soived
scquentiativ from the Lower Range (L) o the Upper Range (U) for the LR:' or SRU
paramester dDeing tnvestigated.

The vaiue at which a change cccurs Is determined within 1% of tne vatue of the
i LRU. Thus, twe ranges must be displayed (1) the range over whicn o given RoA
decision holds, and {2) the 1% range of unzertiinty in which the change of RLA “ecision
occurs. 10 1% pertains to LRUs only. The eftect on SRUs may be tar ditferent thai
1% ot the SRL value.

3,10 Surrmary Resdlts - These arve priated as dart of the Repair Level Decision Details
following “he respective fcliure mode details. In Figure 16 {a) two vaiues appear
vertically as the decision change joint, tie upoer and jower Limits of the % range.
‘ Vertically down the left (olumn the LRU or SRU' involved i the changes due to
t sensitivity analysis are given.  The decision 1+ showr between the change paints
nadicating that tre decision 1s good aniyv over the range indicated by the ¢hange point.
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The nultiple asterisks %) over ore ser of decisions oaies e Dase!l e ke
optima! decision. The asterisks related 1o e Lower Ll range o

oG e the number

of changes from the naseline .se th the Liwer ond ¢f 1he range. Tre sangle osteriss
{d) in *re bodv of * @ tabie indicate where the Fanae oo r.p\n'wj i the drogcenst
decis:ons.

Below a court of the changes :s given. The cour! Gl the very left hard <olyr-

{e) is the number Of changes t-o'r the haselne Case [nu o' asier.sks) o e lnwer
Hrnits, Sucr‘eedmg COLRtS MOvIng to e r.ght TEY arc e v T Y

prececding lower velue dec sion. Note that oaly the detalls f'rgrw'")'x ""'-ges for
LRUs and SRUs being investigated are given. This 15 due o space mitatior. If the
count of changes is greater than the nimber shown, “he comniere ;:r‘.ah',‘n T end of

she run should be consulted.

Where no changes occar aver the entire range, the statement NO DTCISION
CHANGES is printed in e o1 4 table (Figure )70

The count of SE changes is given as part of Sensitivity Surnmary, but the listing of
the SF changes is given with “he :.Qmp!me sensitivity resul*s Yotput &, Flgure (9.

As an examp'2 in Fizure 16, LRU 9 (s Depot recaired 3t the origing! solur on when
SR!" 57 is tne fa:tire mode. When the NMTBY is redquced 50% w0 1255 s, the LRU s
hase repaited in e SRU 3T is failure mode. It renains buse repairec &s MTBF
ncreases until MTHE = 1640, Retween 16470 and 1660 the LRU rhanges to depc* repair.
Thrs s the (% ranve of uncertainty. Notice thar SRU %7 “hanges froin hase to scrapg in
the 13651465 hoyr range.

Afrer the .o il problemn has seen optimized {indicated ov ****), the lower bound
solution s calculcted,  nere the 250 hours level. The number ci RLA changes
fron optiminn T tae lower bound for LRU and SR! gie indicated by the aciacent . A
count of che numbor of changes 1 made and the total {here 3V i indicated. Exzept for
she first coluwn, * ar each colunar intirates the iten chapged fro~ the nreceding
column.  Delow =f 2 count of the chenges is povep.  See Fogure 14 waere S change
counte yra <fown, »

LUESuremary Stetistics

Following *1 - Repair Lovel Decision “(‘tdl}S summary, statiz ics for the mode! are
given.  Those are shown in Figure [&. They are orinteg ust before the Detailed
Sensitivity Analys s Thev are seli-cxplanitory excepi fot SE Cross Reference Nize.
This s the number of Xs which appear in Tigors 11, Alternat.vo'v this is the nmber of

wave Le and SRWs relate to SE. The aumber of aetwork arcs listed inc’des the
ratationg; of dume -y o,

3,172 Netarled Ser.itivity, Analysis

The last NRLA ocutput gives detailed sonsitivity ana'vsis. The LRUS are numbered
sequentially (Figu 2 19 For 5RUs both LR1is ang SR g woe pomberod (one T, wre 9,
The alpnabetic lisming helow Ras v hing aloaabei,e dent fooation in Tigures 19 and
19a.
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(a) The idertification of the LRI SR L ype 0f v cinivity Dopse o AT
and the baseline level are given (Figare 19).

(b? Overall (MTBF o Cost) Range.  This (MTBE or Cost) Range. The frst

range listed represents the change fror the hase 0 the ¢ a-
containing the base value ard the TO contaming the o Lt T saer cedng coses
the lower limit represents the feve! it which the FRON cec sion maide and the Loper
limit at which the TO gecision holds. The 1% (or locs) range Hetweer e Dywer anrd
upper himit represents the level of acouracy,

Totre FRONV

{c) If 5% changes occur the total value of all SE used at ti» "ROM ¢ TO
levels is given (se. Figure 19),

(d) It St changes occur, these are listed along with the SE codes and cost of
the SE involved, "he Adds and Delet»s represent the change in cauipment whic ', grours
between the FROM and TO range.

(e) The next output is listed in two groups, LRUs at the lefr and SRUs at the
right. The SRUs are lister adiacent to toe relited LRU failure modes. The LRU
identifier is given, 1ts failure percent and the decision change. Only items which change
are listed. Thne tcial RLA lite cycle cosis/oase are given.

(N If no decision changes take place cver a range a inessage stating NO
DECISION CHANGES is printed. This messege can onlv occur hetween the baseline and
lower linits or bezween the upper lirnits and soine value !2ss than the upper limit.

If 1t is destrad to know the tota! SE or LRU/SRE statys at some level, it would be
necessary to trac~ all changes from the baseline case. As an ex*reme example, an SE
might be added in going {rom base to lower {imit and then deleted and added severa!
tirnes as the cost or MTREF increased. These changes coupled wiith other charges in SE
would have to 2c traced if .. total SE status were desired. An alte-native wouid be 1o
make another cor puier mun at the leve) of cost or MTBRE that the status was desirad,




. Execuaon Requiremnent; add Error Messages

4,1  Executior Reguire ments. The NRLA Computer prograin was written n
FORTRAN so that it can be uadapted to different computer hardware and software
contigurat.ons with minimal etfort. This soction presents information about data arrays
In the srogram, so thew can be adjdusted for individual applications. 1t aiso presents
informarion abou: cata fiies used by the prozram.

The data array sizes specified when e nrogramn is comrnpl.ed deterrmine Uie
amcunt of data tnat can be stored and used by he orogrami. Therefore, for citferent
applications with different ainounta of support eguipment and numbers of items, the
array sizes may need modification. Any size changes reguired snculd be rnade in the
main routine of the program and 1n all subrcutines.  Array size reguirements are
described as a functio: of the type of data storedin the arrays.

Suppcrt Equipment. All arrays in the labelled commor areas SEIN anc SLCOMP
should be dimensioned for the total number of support equipment resources 10 be
considered by the program. The program variable MAXSE must be assigned & value
equal to tne size of the arrays 50 that it cin be used to prevent array overfiow.

LRUs. Arrdays in the labelled cornmon area LRUDAT are used to store LRU input
data. Therefcre, they must be dimensioned at least as large as the total number of
different LRUs in the cata file. The value assigned to the variable MAXLRU is used to
prevent acray overflow. Consequently, ic should be set equal to the array dimension

size.

LRU Faiiure viodes. Fauure mode input values are storec ;n the arrays of the
common area LFMDAT and computed values are stored in the arrays of the common
area FMCOMP. Ali arrays in these areas should be d.mensioned for the number of
faiiure modes in tne input data fi.es. Ia addition, the arrays LDARC, LSARC, and
LBARC in the common area ARCPTR should be Jdimensioned for failure mocde data. The
value ot variacie MAXLFM is used to prevent array overtiow.

SRUs. Arrays to pe dimensioned for SRU' input values are i1n SRUDAT and the
arrays for computed values are in SCOMP. The arrays SDARC, SSARC. SBARC,
SBSARC, and SEDARC in the common area ARCPTR must also be dimensioned for
storing SRU data. The variable used to prevent array overflow is MAXSRL.

SE Cross Reference. The arrays used to store SE to item relationships are
contained tn the labelled common area SEXDAT. The minimum size requirement for
these arrays can be cetermined by summing for every LRU failure mode and for every
SRU the number of SE resources utilized for item repairs. Two variables, MAXREF and
MAXITM, are used to prevent arrav overflow.

Networs Nodes. Data related to the network nodes is stored in the arrays of the
common area NODDAT with the variable MAXMNOD used to prevent array overflow.
Tne size of these arrays can be computed as: (2 + No. SE + 2 {(No. LRU failure modes) +
2 (No. SRUSs)).

el
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Network Arcs. Data reiated o the network arcs is stored In e urrave of the
common area ARCDAT with the variable MAXARC used to prevert arrav overilow.
These arrays shou'd be as large as the number of arcs :n the RLA Network. Thus size is
computed as: No. SE resources + 3 !No. LRI failure modes) + 6 (No. SRUs) « (No. of SC
to item relationsh.p). This 1ast {actor is the sarme as the size reguirement for SE Cross
Reference arrays Jdescribed above. Two of the arrays in ARCDAT, FLOW, an SAVFLO,
are dimensionecd for 2 values more than the other arrays.

Sensitivity .nalysis. Data arrays used for sensitivity anralys:s informatior are
contained in the labelied common area SENSIT. The arrays LOSTAT and HISTAT shouid
be dimensioned the sanie as tne arrays in NODDAT, LOCAF, HICAP, LOFLOW, and
HIFLOW should be dimensioned the same as the arravs in ARCDAT. The first dimension
of SADECL shoulc match the size of the arvays in LFMDAT. The first dimension of
SADECS should m.-tch the size of the arrays in SRUDAT.

A+ with any computer program, care must be exercised when changing the sizes of
program arrays so that (1 sets of arrays which the program code assumes are al! equal
in size actualiy are, and (2) each array has the same dimensioned size in each
subroutine.

The NRLA program uses eleven different da-a files guring its execution. They are
referenced as file codes 5, 6, 8§, 10, and 13 through 9. The characteristics of these
files are oresented pelow 50 that the us2r ~an prenare appropriate file definition contro!
cards,

File code 5 s used to input the wholesale change and Pareto chenge {actors.

File codes § and 8 are used for program output print fifes. Each output record is
written with a prirter carriage control character and is no longer than 32 characters.

File code L0 is used for the input data ‘ile, as previously described.

File codes 13 and 14 are used during sensitivity anaivsis for temnorary storage of
network node ard arc data. Each file is accessed as ¢ randor access fie and contains
only numeric nio matio. written as binarv values. Sarh recors on tie 13 contains 3
values plus | value for each node of the metwork. The -ccords on fil» 14 contain a value
for each arc of the RLA network. Each file is usec, essentialiy, as a "push-down stack"
for data. The muximum depth required for the stack is denendent on the cegree of
decision sensitivity for the input fife. [t is uniikely to exceed 57 recerds per file.

File codes 5 and 16 alio coatzin ~nly nomeri= information written as binary
values to random access files, File 1S rortains one -ecord, with 24 vajues, tor eacn

LRU failure mode. Tor cach 3R are-oard of 26 valies = written to tile code 14,

File codes 17, 13, an+, 1Y are used tor temporary <torage of sensitivity analvsis
results. The filer are written ard later read usiap sequential access 1/O commands.
Each record on‘ains 'l rumerio val.os written o ainary formate Although the
maximum file spa e reauired ‘s depencent on the Zdegroe ~f decision sensitivily for the
input filc a rougt esiinate sy be cracde, For filen 7 and 19 che number oo renords
written will normally Se jews <har (= No. LRI - 2 /No. LR fulare Modes) . For
file 18 the numbe of records written will nermally e iess thar % timmes the nomber of
SRUs plus 2 times the omer C0 LR tature medes,




One cther execution reieted requirenent exists tor the NRLA program. A call is
executed 1o a software supplied subroutine named DATE to obtain the current date as a
six digit integer in the form YYMMDD. The subrcutine name rnay have to be changed,
as appropriate, or the CALL may have to be replaced with a READ instruction if the
current date is not readily available to a FORTRAN program.

4.2 Error Message Explanations

. VALUEOFOS & 0 OR100% _ _ _ TERMINATE

.

Percert of force OS is not feasible. It is less than 0% or greater than 100%.
Program terininates.

2. INVALID ENTRY FOR SENSITIVITY VALUE SET TO 0.
Entry is 5 or greater. Only 0, |, 2, 3, or 4 are valid entries.

3. INVALID ENTRY FOR SENSITIVITY LOWER BOUND VALUE
SENSITIVITY TYPE S£7 TO 0.

The lower sensitivity bound has been entered as less than 0.0 or greater than
1.0. No sensitivity will be performed.

4. INVALID ENTRY FOR SENSITIVITY UPPER BOUND VALUE .
SENSITIVITY TYPE SET TO 0.

The upper sensitivity bound has been entered as less than .9999. No
sensitivity wil! be performed.

5. INVALID ENTRY FOR SENSITIVITY QUANTITY. SENSITIVITY TYPE SET
TO 0.

When determining whether "Extremes Only" or "Complete" sensitivity only 0
and | are valid entries.

6. OUT OF SPACE FOR__ DATA

Record __ ~ ignored- Terminate.

Out of space for LRU, SRU, or SE Data. Redimension in order to run.
7.  EXPECTING SE DATA OR 99 BUT FOUND __ . TERMINATE

Either invalid data was entered or a 99 separator card is missing after the
SE Data.

8.  SE DATA CARDS NOT IN ASCENDING ORDER.
Column 2 of SE Data entry record must be in ascending order.

9. EXPECTING LRU DATA CARD OR 99, BUT FOUND _
TERMINATE

Either invalid data was entered or a 99 separator card is missing after the
LRU Data.

57




10. IDENT HAS RIP<{ 0 OR )1.00

RIP=___ TERMINATE

The LRU identified has less than 0% or more than 100% repaired ‘n place.
Run terminated.

tl. CANNOT FIND DATAFOR __ . RUN TERMINATED.

SE resource cross reference, data card 8, contains LRUs, LRU failure modes
or SRUs which are not listed in LRU, LRU failure mode or SRU da‘a records.

12. 2 SE RECORDS GIVEN FCR 2d1S . TERMINATE
Duplicate SE cross reference card type 8 have been entered.

13, CANNOTFINDSE _ FROM RECORD __ . TERMINATE
SE cross reference card calls for an SE not listed on SE data card.

4. OUT OF SPACE FOR SE CROCSS REFERENCE . STOP AT
. TERMINATE.

SE cross reference card not dimensioned large enough.

15. RECORD INDICATES __ SE RESOURCES REQUIRED BUT __ WERE
ON THE SE DATA RECORD.

The cont of SE required on the LRU data record does not inatch the count
on the SE cross reference.

16. CANNOT FIND LRU BASIC DATA FOR . TERMINATE,

For an LRU failure mode no corresponding LRU' was entered. For a card
type 6 no corresponding card type 5 data was found.

17. LRU FAILURE MODE RECORD COUT OF PLACE TERMINATE
All type 6 cards were not entered together. Run terminated.

18, TOTAL OF FAILURE PERCENTS ) I.0 FOR _ . TERMINATE.
Failure percents for the failure modes of the LRU total to more than 100%,

19, '™MPRCPER SPECIFICATION QF DECISION OVERRIDE VALUES FOR _
ALL THREE VALULES SET TO 0.

Input data excluded all repair ievel options. At mnst two of them mav be
excluded. All exciusions are deleted ‘or this item and the r,n is continued,

20,  NOT ENCUGH SPACE FOR SRU DATA . TERMINATE
Insuffi--ient sbice was dimensioned for YR data. Run terminates.

.\c




21. CANNO7T FiIND LRU FAILTINT MODI: FOR _ . TERMINATE

An SRU was listed with the SRU datc for which there is no LRU failure
inode data record. Card type 7 had no maiching tvpe 6 card.

22. INCONSISTENT LRU AND SRU DECISION OVERRIDE VALUES FOR
SRU VALUES SET TO 0.

The repair leve! exclusions are inconsistent. The SRL was forced to base
while the LRU was forcea out of base causing undesireable repair level selections. SRU
exclusions are deleted and the cun is continuead.

23. SE DATA NOT FOUND FFOR . TERMINATE

LRU data card 3 showed that SE is required but no type &, SE cross
reference card was found.

N 24, OUT OF SPACE FOR SE CROSS REFERENCE AT
TERMINATE

SE cross reference arrays are dimensioned too small. Run terminated.

25. SEDNDATANOTFOUNDFOR __ . TERMINATE
LRU failure mode card 6 calls for SE but no corresponding type § card was
j. found.
; 26. THE __~ ISNOT USED BY ANY LRU OR SRU.
: The indicated SE is not used by any LR, SRU, LRU failure mode.
27. __ CANNOT FIND PROPER ARC

Probable program dimension error. See especially arrays FLOW and
‘ SAVFLO in subroutine MAXFLO. The arrys FLOW and SAVFLO must be dimensioned
i exactly 2 higher than the dimension of MAXARC. See also Program Array Dimensions,
' Appendix B of NRLA Programmer's Guide.

28. CASE 7 ERROR.

The model selected an inconsistent decision (LRU scrap and SRU depot).
See also section 3.7, LRU and SRU Repair Level Decisions.
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5. Lser Questians ona Arnowers

ol mtraduc oo, The purbese b thas puper o e provide e wogran aser et
d Mo tion woieh wa e peloin for conactng repa fevel dhars €L e the NELA
model. Some oi the materidl expands and carifoss informacon fron, chewhere o e
NRL A Uicer's Guide. Other raaterial provides INSIENT LNTC fow The mioder operares so
that the aser cun tully understana and atilize 1 specias feawures.

9.2 NRLA Output Report. As & foost st poan perfornidng  anatvsis wila the
NRLA moiel, the user shouid run the program with test data anc ensure that e resalts
are accurate. (Tes: data end z sampic of oitLui using e data are Drov:ded by
AFALC/XRS with :ne computer program.) L .» - 1oilowing, page nunbe s ‘efer o the
sample outpur and tigure numbers refer to tns Jo.de.

Tne user should then jointly review “he input c.ma and output renourt te becerne
farmiliar with where the input data is "echoed" for verification. In admitie:, the user
shouid be certai ne understancs all of the cutput information >0 that itemns 01 interest
con be easily snd gquickly located. The review of the output report nay genorate soine
questions. For exarnple:

a. Pages 9 & 50 (Figures 14 anc 19) show the "_R.) & H“RU Repair {ceve:
Decisions" and have columns labeled "input MTAF" and "MT3 Repair. Precisely wna!
do these nuini.ers represent?

A vaiue gppears 10 the Input MTBE cowumn for each LRU and it s the MTBF
value from the LRU Nata Record. Immediatelv to the right is the MTB Repaur vaate. It
represents nodifving the Input MTBF tc¢ account tor organizat:onal level {(or on-
squipment) naintenance. [t 1s caiculated by dividing th=2 input MTBF bv 1. minus the
LR U's repair-in-place fracuon. For an LRU with MTBF = 2500 hours and a repair-in-
place traction = 0.1, the MTB Repa.r would be 2778 hours (..e.. 2500/(1. - 0.1) ). Below
the MTD Repaur value for the LRU are the corresponding MTI Repair values tor each of
1ts failure modes. These values ara calculated by dividing the LRU's MTB Repair by
ewch failure mode frachion (from the LRU'S tailure mode data records), Tor Lo ubove
example, a tailure inode which represents 33% of the otf-equipment repairs has an
effective MTRD Qepair of (2778/.33) = 8418 hours. If this particular tadure oo has or
SRUi associared with ¢, the implication is that the LRU needs repair because o1 ann SRU
tailure and that the SRU's MTB Repair is 8418 hours. Thus, the output report shows e
SRU failure rates 'mp.ied bv the LRU MTBF and the {iilure mode {ractions.

b, Starting on Page 50 (Figures 154 and e) is the section titled, "Renar Leve]
Decision Details." It lists input values and the compuied costs for each LRU faiiure
mode and cach SRU. Why does the cost element "SE ACQ. & MAINT." nave '™
entered in both the depot and intermediate columns”

The cost for support eguipment acquisition and ma.ntenance s otten Orilica,
for determuning repair levels which minimize tote: cost. In NRLA these SE costs are
co:npuiad but not prorated to widuovidual LRUis and SRUis.  Consequentiy, t-ere s no
speciiic lixed amount to be adaed with the oiher costs wihich are directly attributable
to 4 falure moce or SRUL  The "** entry is includea 1o rermind the user that the SE
costs are accsuated for and do a'fect the optimal decistons. (The absence of the
support eqaurmrent costs exprains why the column tetal tor o on-opting decision may
be iower than the covirnn totul for the optimal decision.)




<. The cost element "[tem Entry" has values v fe conat e frermed gte
columns but not in the scrap ~o'ursn, An LRU will have cens oniry oot myes of ot
discarded when 1t tails, so shouidn't there be ar entry o the 7R -0f jimn?

No. It s true that an LRU wiil have item entryv - osts regordless of whish of
the three repair lovel decisions s chosen. However, ths cost o eoag! for (U shree
choices and s ignhored.  The cost entries in the denos e ntermed ate oo e
represent the ttern entry costs for new pioce-narts a0t gemhloy reguirec o LY
repair. Thus, thev are item entry costs whicn are wrrred (f the LR g ren frec, ar
depot or intermed.ate leve!, but are not incurred if the LRI s discorded wher 1 fois,
Similarly, the "Tte'n Entry" costs pertinent Tor the SRU repuair ove! decisivr are the
item entry costs for the piece-parts and assemblies required for SR’ repair. [tein entry
costs for the SRU itself are a "wash" across its three decisions. (The SRU™S (teen ontry
cost is accounted for by ceunting the SRLU as one of the new paris reauired Tor LRD
failure mode repair.)

d. Page 50 (Figure 15¢) shows input values ..nd computed costs for an SRUL Why
are some costs flasged with a '#'?

Certain SRU related costs are ancurred if the assoriated LU failare iy
repaired at intermediate level, but not if the LRU! s mmpaired at depot leve! or is
discarded. The SRU costs which are conditionza! on the LR decision are {lagged with a
l//l

Packing and Shipping costs are an example. f the ontimal LRLU decision s
intermediate level repair, but the optimal SRU decision s depot repair, then the faijes
SRU rrust be shipped to the depot for repair and serviceable SRUs roturaed to nase
level supplv. Similarlv, 1t the LRU is repaired at interimediate 'eve! g 15 SR
discarded, then rentacement SRUs must be shinped from the dennty Converze'v, f he
LRU is repaired a- depot level, then there will be no specific ~ast for <hipping the SR
to the depot (the cost is part of the LRU pacxing and shupping cosld and sheve go no
requirement to shid serviceable SRUs to hase level supplv.

The SR!'J "Base Spares Level!" costs flagged with o ' aceonr o the
serviceable spares in the depot to basc order-and-shipping time pipelire. T, thev e
costs incurred if the LRU failure mode is repared ot Hase 'ovel o e acviy o”
replacing the fajled SRU and that SE' s not repairad at Sase love! fle,, SR Aeogoe
renured o- discarded).

The "Depot Spares Level" cost for an SRU has a ' because 1 g oames o
the depot repair pineline assets.  As above, this pineline of anse viceahle SETT e
will only exist if the LRI s arernediate tevel repaired and e SRU s aroar oo e e,

“a

As a fimat comments wheny SPU rfgted costs are HcerT there 18 gy ooty
"Packag and Shonsing
have the ' Doc pse oy wre diwavs ncurred frote SR e renagred
fevol (e this case she LR dects: on w0 alea he intermediate Tove’ —onaar
and shipping cost accounts for the shippoang of SRU repar parts o Adeps o Hase
supplv, and the Sose spares Leve! acconnts for unservie onbie SRETT gsaets o the Dase
repair pipeline,

"and for "Base Soares Level™ i the INTER cojumn. 7o e oo e
v e e diate
The Dacking




L~

e, or cach lanatt acde ang Dol nLe LDRISUECS SOl Clernents ar o (e
together. 11 (s sorr. 1or @ non-opuimna. dedsiun che.ce is close 10 tne sav for the
opu.mal ceision, Joes that rnwean that the non-optimal dzaision s oalinas. as zooc 4
cnoice?

NO. 1T must be rermemperda wid: the toiais do 1ot 1ndiude sUpport equp o
costs and those ~osts can be very sigmticant ir cetermining zhe Solumas @

Zeterming LIe el Rome innect of e non-adiat ian Jecision, o woedld e neossaty o
cerun the Lrogrwm using tne 'forcing' capabiaty o exclude the crner t.o decision

<hoces,

Loice. 1o

O The

5.5 NRLA Input Data Fle.  Having oblaadec a ooy workin, “no.w e s
orogram's iout and output, the user should be reacy 10 prepare ™ Swe Laie {1e.

The first three cards of Jata Zrovide the program with weapon svst. o alllication
information, maintenance systern factors, and sugport system i{actors. oo-ve data
elements are geperally obtaired trom, axaiar approved by, he approp- e -, Force
program office. (Maintenznce system and supnly sysiem factors can be {ouinn - AFLC
Pamphlet 173-1u, "AFLC Cost and Planning Facturs.")

5.3.1  The roxt group of nputl daty recores contain nformat.on asont supaort
equipment (M) rescurces required for the repair of one or nore LRUs and/or SR
Questions wnich codid arise about these recorcs ingude:

<. Since sophisticated, Multipurmose SLPPOTT eQuUiPment Ay reed 1o e
portrayed i r uilipie resources (reference the Sodiscussion in Seation 2.2 of e ser's
Guide), does (hdt mean it is necessary 10 separ 1teiv iGentily eacn and everv suaport
equipment item?

NO, NOT @CesSariiy.  SOPrusTirite 1Lt DU »ase STDPOST e QuLDTIen T
should ve portraved as a basic urit plus add:tiona, hardware and/or scfiware 0“4t he
has.o unit and the 'zdd-cns' can be economically judpgec according o the capabiitties
they provide. A aifferent situation exists in which Luppoirt »qQuipment (1oms windn are
obviousiy separate and distinci can be jumped together ior analvic convenmence.
Specif.caiiy, 1f & group of support eguipiment items {e.g., nand tools, or electroni
device,, or some cemtinetisn of thingsi is always used togetier thet there s 7o
mompeliing reason to dentify the items individuaity. This situation is different thar the
NTIOr ONe Decause the individud: support equipment 1tems can be viewed as providing
renair capability onlv if all items in the group are purchased.

in addition to the convenlence of grouping support equipment items,
there s an inplication fH the program's execution time. This ime s a gire -t function
ol the nur.her of arcs Lo the RUA network. Therefore, some execution Lume reduct:on
i occur because the arouping of SE 1tems reaices the number of network aros,
b. /hen develodltg “he sunport equipmert Jatd recoras, now aoes the
program recognize that an SE resource could be purchased for use at denot, or
ntermediate, or at both levels?

There is no specific "code” for this sttuation. It 1s necessiry to have

w0 SE aata records, one for depot and one for intermediate. The program will then
ccongimically determine if one, both, or none should be purchased.
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D.  W..at aoodt ather o cays o' the program’

Otner wrrays ~oid caia too e LU ans SRU versus SE relationsrips, the
AetWOrK 1daes, and the motwerk a5, T ne defaalt wizes for thee - arrays arer 200 for SC
relationships, 205 for n2twark nades, and 409 for network arcs.

3

co How cas couser cetermine L the artays are bz enougn for fily cate ‘e’

TaroLuToolt equin vent, LRUS, LR tadure onodes, and SRUS siipsv count, of
of eacr. tyze anc coanare o the sizes

estimate, e aarnser of inpet file duta recors
spectfied cbove.

For SE relationsiups, “wo tvdes ol coapuigtions aust de periormed and
coropared 1w the delault size of 210, The {irs: cornputation simply tnvolves counting the
number of SE identifiers or the tyne 37, &2, and 52 data recoras. T'e second
COMDULATION 's @ TwWo 3tel process. The first siep uses each type 32 recora separately.
The numbei i SE icentifiars on cach record s multuiplied by the pumber of failure
modes iaont.iiad jor the correspording LRU.  The second part is summing these
products pius the nuriber of ST idenu fiers on the “ype 42 ana 52 cata recorcs.

The: size recguirements for node and arc arrays are determined by formuias.
For node arcz/s tne coraputation is:

2 -+ INu. of SE) = 2* (No. of LRU failure modes) + 2* {No. of SRUs)
and for coov 2roarcs 1t s

{No. of SE) « 3* (No. ot LRU failure moces) + &€* (No. of SEUs) + (No. of SE-to-item
relationships)

The last term of inis formaa is tre sam= as the second corrputation for SE relations, as
described in the previods paragraph.

d.  Snould 1he acfault sizes be adequate, and what shoulad be done if they aren't?

Tty qu.te bikelv that at jeast some array sizes will have to be changed. The
cefau.t sizes exist primarily cecause they were zdequate and convenient for test data
fnes used during progran Zeveloprnent. Recognizing that different NRLA appucations
would Likely have very different array requirements, no attempt was made to
determine "iypical” array size requirements.

When array size changes are requirec, they should be dene foilowing the
guidance 1. Appencix B of the NRLA Mode!l Programmer’s Guide. As is stressed, the
redimension:ng showd -2t ne difficult, but must be done carefully, accurately, and
Loinpietery. The progren jogic makes certain assumptions about array sizes. For
example, ail arravs for .kl data are dimensioned to the same size; further. LRU
arrays are the sarne size in every subrout:ne. If these assumptions are false, program
anorts <ould occur or, even worse, computational errors couid occur and remain
undetoected,

An additionai point on redimensioning array sizes is that some temporary disw
files usea by the program may need to have their file defiaition parameters changed.
Thus possibility 15 alwo discussed in Appendi« B of the programmer's guide.
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Anpendix i

Legistic Costs Related te Network Costs

In order to opera:e the NRLA program, it is necessary to transfate logistic costs
o network costs. Froon the input data {(see Chaprer 2 for a complete list) eieven
rvpes of logstics costs are computed; ten types specitically related to LRUs and SRUs,
and one snecificaliy reiated to support eouipment. These eleven are comnputed ang
summed, as appropriate, to determine ter. types oi cost elements used for constructing
the repair level analysis network.

Table 13 Lists the eleven types of logistics costs and shows how they relate to the
ten network cost elemeris. The individual identifiers wizhin a row o1 the tabie
correlate with the ejuations in Appendix 3. They incicate which logistic costs are
components of the respective network cests. A detailed description of the togistic cost
equations is g.ven in Appendix 3. As an examnple, the logistic cost for Mainienance
Training at Depor for an LRU (C3ID) is computed using the eauations giver in
Appendix 3. This result, C9D, then becomes a componen: of the network related rosi
LRU Depot Repair .45). The network cos' is applied to the network and is used in the
max flow - min cut algorithm. Figure 20 shows the network costs associated with a
sample network.

The computer program then uses the LRU - SRU - SE rejationships at Depot and
Intermediate to define an RLA network, The ten types of costs shown in Table 13 are
then associaicd with the respective LRUs, SRUs, and SEs. The algorithm can select any
of the seven decisions shown in Table {4, [t selects the one that will vield the jeast cost
set of repair leve! dacisions based upon the associated costs. The same network 1s used
for sensitivity analysis investigations by properly modifying costs.
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NOTE: DECY and DECZ are SRU costs which are incurred
if the LRU decision is intermediate level repair
and (a.) the SRU decision is depot repair (DECY Y,
or (b.) the SRU decision is either depotl repair
or scrap (DEC2). Eguation numbers are shown in
parenthesis.

FIGURE 20. Basic Structure ot an RLA Network,




TABLE 14 RLA DECISTON COSTS

l U —_—————— -
1
‘ RLA DECISTON COSTS f
T |1
Decision i Included Costs
er i !
LRU SRU DEP | INT !DEC 1 DEC 2
1 i Depot Depot | Yes | No . No No
I | |
' i '
2 | Inter Inter No i Yes | No No
3 | scram | Scrap| NWe | No , No No
- - — A :
4 |, Depct . Scrap Yes No . No No
5 , Inter scrar | wo | Yes Mo Yes
t | i i ;
! ! , !
6 | Inter | Depot| Yes | Yes | Yes . Yes
—— —— S |
7* Scrap | Depot Yes i No | Yes No '
| I B} .
* This alternative cannot be eliminated for technical
rea<sons however 1t is extremely unlixely to occuar.
Methods of handling 1t should it occur are aiven in

Chanter 2.




Appenatx 2

Clessary of Varidaoies

This section is an alphabetical listing of the acronyras used in the equation: o1 Appendix 3.
With each acronym is its description, units of measures, anc the source of ine data vdiue.
The source will be one of the input data rccords or will indicate that t.e value s
computed from input data values.

A

AVIIRS

BAA

BLR

BMMH

BMMHS

BRCT

BRCTPL

BRCTSL

BSYHRS

DAA

NDEV

DLR

the expected annual cost for non-reparable assembiies and/or piece-
parts required for repair of an LRU or SRU ($, Computed).

the expected number of hours per inonth that a partitdlar e of
currently installed support equipment will be available tu suppoii new
workioad of repair tasks (hours/month, computed).

available work time per shuft per month for an niermediate leves
maintenance man (man-hours/shift/month, Maintenance Syster Data
Record).

hourly labor rate for intermediate level maintenance inan ($/hour,
Ma.ntenance System Data Record).

the numbder of mairtenante man-hours required for repair of an LRU if
the repair is done at intermadiate level {man-hours/repair, LRU;
Failure Mode Data Record).

the number of maintenance rar -hours required for repair of arn SRU 1f
the repair is done at interinediate level (man-hours/repair, SRU Data
Record).

the total elapsed time from removal of a failed LRU at a base, through
intermediate level repair, until it is returned to serviceable base stock
{months, LRU Data Record).

the expected number of unserviceable LRU assets in the base repair
pipeline (No. LRU, Computed).

the number of spare _RUs to be purchased to satisfy LRU demands
expected to occur durirg the base repair cycle time (No. LRUs,
Computed).

average monthly in-use time for a particular type of currently
installed support equipment (hours/inonth/unit of SE, Support
Equiprnent Data Record).

available work timez per shift per month for a Gepot level rnaintenance
rnan (man-hours/shift/month, M.intenance System Data Record).

tne cost to develop SE for the system (31000, Weapon System Data
Record).

hourly labor rate for depot level maintenance men ($/hour, Mainte-
nance Systen Data Record).
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DMMH

DMMHS

NRCTC

DRCTO

DRCTPL

DRCTSL

EOQ

FAILP(})

MC

M

MENREQ

MTBCT

MTRE

NAB

the number of mairitenance man-hours required for repair of an LR1J if
the repair is done at the depot (man-hours/repair, LR Failu-e Mode
Data Record).

the number of maintenance man-nours required for repair of ar SRU
if tne repair 15 done at the depot {man-hours/repair, SRU Data Record).

the elapsed tirme from removal of a failed LRU at a CONUS base until
the item ceould becore a serviceable spare in depot sioci:, it ‘ncludes
the time required for base to depot transportaticn air ¢ the denat shop
flow time required for repair (menths, LRU Data Record).

the elapsed time from removal of a failed LRU at an overseas bhase
until the iteni could become 2 serviceabls spare in depot stock
{months, LRU Data Fecord).

the expected number of unserviceable LRU assets in the depot repair
pioeline (No., LRU, Compute d).

the number of spare LRUs o be purchased to satisfv LR} demands
evpected to occur during the depot renair cycie time [No. LRUs,
Computed).

the dollar value ot the hase Jevel inventory of non-reparable
assembiies and/or piece-paits required for LRU or SRU repair (S,
Computed).

. : .th
the LRLU! failure mode percentage, the expected frequency of the i
tvpe of failure as a fraction of al! failures for the LRU (dimersionless,
LU Failure Yode NDeta Record).

initial management cost to introduce a new 1tern (assenbly or piece-
part) into the Air Force wholesale level inventory systemn (Sirem,
Supply System Data Record).

the total number of aperational locations for the end-"trrn (No. Bases,
¥ eapon Systein Natal.

te minimum  number of trained maintenance men regiltired to
accomplish the expected monthly workload of LRU or SR repairs (No.
men, Computed).

mean end-item operating time helween corrective repoir  tasks
{Hperaring nours, Computedi,

mean time botween {atlures for on LRU inits operatioral environment
{ .Rlioperating hours/te'lure LRU Data Recard)

the number of standard (already stonk nombered in AF Doventory)
femns which wil' have to be entered in.0 the huse inventory cystem if
LRY repair s et 0t e base (No. ten, LR Fovigre Mode Data
Frecord).




NABS

V'()‘v;‘

NPPAY

NSE

NTDFM

NTDS

OPHRS

O\

OSTC

OSTO

QOSTPL

QSTSL

PCC

PCO

PCGMB

PGMLCH

re nander vl ostentare (alr ety ostote B L

Lens wWo S Wi tave o D eive red o T e g cet et
SRUDred or s done ot the base cNow L o, ST o

e er L pew (oo A e e T .
e T X F VI St L CeiaL T S o Lt L | SO W

O S N P IVI SN b R SRR [N N MRV I RS T M VIS [

.
T
IZSIVIOTITUTE L U VN TEIRS N S S L

the Aumbder of techine 07 Lrs pages foontes e pt it oo repalT
tass (No. pages, LRY Fujiare Mod Data heco 1,

the number of technical aata pages roguirec for SEU re, a0 (No.
pages, SRU Data R >cord).

expected time thet a unit of SE wiil be availadie ‘o0 e eralns
{hours/month, SE Nata Recordi.

the fraction of the total number of end-iterms acpioved to over-eas
iocations (dimensionless, Weapon System Da:a Record).

order and shipping time for CONUS lomations, the eiapsec tune
between tue initiation of a request for a serviceable iten tron tne
depot and the receipt o the item at a CONUS base (months, Suppiy
System Data Record).

order and shipping time for overseas locations {(months, Supply System
Data Record).

tne oxpected number of serviceable LR assets in the depot o base
order and shipping time pipeiine (MNo. LRUs, Computed).

the number of spare LRUs t) be purchased to satisfy LRU genands
expected to occur during an order and supping time cycle (No. LRUs,
Computed).

packaging cost, including both labor and materials, for 1temn shipments
to CONUS bases ($/pound, Supply Systemn Data).

nackaging cost, including both labor and materials, for item shipments
to overseas bases ($/pound, Supply System Data).

monthly end-item utilization hours at a base (hours/intr jocation,
Computed).

life cycie end-item unlization hours it a4 hase (hours/intr location,
Computed).




PIUP

PSRC

PSRO

PWRC

PWRO

QTY

REQMT

RIIMC

RIP

RMC

SA

SBRCT

SBRCTL

SBRCTP

SDRCTC

program ‘nventory usage period: the life cvcle of the syster fears.
We=apon Systemn Data Record).

pachaging and shipping cost  for CONUS shipmnents {(S/poun”
Cuomputed).

packaging end  shipping  cost for  overseas  shirnerss (¢ /oound,
Crmputed).

packed weight ratio for CONUS shipments; the ratio ¢f the packared
item weight to the ite:n weight dimensicniess, Sipp'v Systen Ding
Record).

packed weight ratio for overseas shipments (dimensionless, Supply
System Data Record).

fo- each LRU, the number of occurrences of the LR in the end-item
{No. LRU/end-item, LRU Data Record).

the number of units cf & support equipment that will have to de
purchased to satisfv the repair requirements (No. SE, Compute. .,

the life cvcle recurring bnlus  initial  item  management <ost
($/item/intermediate location, Co.nputed),

revair-in-pla~e fraction; fraction of LRIV {ailures which can be
redaired at the orgenizationul level, on-ecnipment mairtenance
{d mensionless. LR Daza Record).

recurring managemnent cost 1o maintain an itern 1n the wholesale
irventory system ($/item/year, Supply Syster Nata Record).

annual cost 1o rnaintain an iterm in the base level supplv svstem
($/item/year, Supply Systain Data Recorc).

SRU base -cpair cycle thre; the total e'upsed time from remeval of a
fa.led SRU {rom an LRU, through jnternediat > tevel repair, until it is
returned to serviceable base stock (montas, SRU Nata Record)

the numper of spare SRUs to be purchased to satisfy SRU demands
expected to occur durog the SRU base repair oecle time (No. SRU,
Computed).

the expected numbe, of unserviceadle SR assets i the base repair
meline {(Noo SR, Coimputed).

0
V]

ST Aot vepalr oyl cone for JONVES hagesy the olapsed tine from
recanva of 1 dailes ST Teaes the LR ot o CONUS hase ntil the
e cout o aece e ¢ servic cgale spare 0 st pot stoce nenths, SRI
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SDRCTL

SDRITO

SCRCTE

SEACQ

SECOST

SEFAC

SEHRFM

SEARS

e alater of spare S 0 e (,\.rf'r“av.“‘ Uosatisty s L'('..'.k; i
exnected to occur duriy tae SRU dedot repaur cycie tiine No. SR,
Conputedt

SRU- cepdt repalr ©/Cle tine 10T overs: as Jases; Ne @lansel umes roin
removal of a faitec 3RV from he LRU at an overseas suse aotld 1ie

item could become a serviceab.e spare In depot stoce (.:‘mv:v.>. SR U
Data Record).

the expelted rumoser of unserviceable SR assets 10 the Gepot regod
cipelire (No. SRi’s, Cotnputedl.

SUppart equipment  acauisi aon odst for o parucatar v o S L,
Computec).

the total faciities, accuisiton, and operations <osy v o arie ulas
type of St {5, Computed).

cost of new farihities tor support eguipment (S, Sunuert o0 nent
NData Record).

the nuinber of hours the SU s needed o repair tne LRE fuiiare . ode

{hours/repair, LRU Failire Mode Data Record).

the number of hours the SE is needed to repar the SRU he s /resair,
SR1! Data Recora).

the anaual cost of operations andg maintenance for @ supPOrT eauidinent
($/ sear, Support Equipment Data Record).

L fe cycle cperations and maintenance cost for a support equipimens (S,
Computed).

tne expected number of serviceable SRIT zssers a0 the gepot o Sase
crder and shipp'ng tume pipeiine (No. SR, Jomputed).

*he awmaber of spare SRLUis to ne purchased to satisfy SRI cemands
expecied 1O occur aur.cg an order and shipping time cyoie (No. SRUSs,

Computed),

cost for shipping iteins to CONU S locatons (3/pound, Supply Svstemn
Data Record).

cost for shipping 1t2ns to overseas locations ($/pound. Supply Svstem
Data Record).

SRU weighted depot repair cycle time (monthy, Computed).

cost per original page of technical daty produced by the cantractor to
support item repairs ($/page, Supply System Data Record).

training factor for base; the cxpected number of times that forral
riaintenance training will be required for base personnel {(dimension-
less, Computed).

———— e ..




TFD - wraining facror for depoty the oxpectel counaner 3T e T T
madntenan e trairing vt e e ored o denat Dessanme T e

5, Comauted),

TLCD - total life cvele reopair dempnl ror qe TRV s erer i ING e e
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Rocordh,

e expectec raining Cast, (astrutton and mate S URU repairs

s

TRC - t
(5

'man/weel, LW 'm re dode Narta Record)

e expected train g costy instruction and rmawer als, far SRU replins
Vman/wees, SRU Dara Rw"r)r;‘

TRCS - t
&

TRD - anual turnover rate 1o
0 mersoran’ renaced/ve

Love!l mainteanee porsonne!
soenanee Sygtoon Daty

2
IS,

TRW - arnoun® 5f traind ne, titpe required for LR reno faees, LR T are
Voode oty Re s

TRWS -

anount of training time regured for FRU renzrs Twesiss ST Data
hY
Rocorch

T'CPPFW - total cost of alt nonrenarahie assemhlics o “ecuired
Vor o repair o7 oap LT Teomo e S, LI Tt RN

eparadie ssenh

SR Dan, W

HCPPS - total cost of alt nor
cor repalr of an SWT

0

-S - vt cost of ap SR TASRET SR D Record.

U

1CSE - LAt €ISt ot a seno vt g foment S, Sorport Zoopnent

TEBASE -

pu

he runber of oro-tem: cperdlty 7 cach Boac flenen s ooess,
capon Svoten N T

<

vy

R - Lt agtiioanine TR N GperaTie e et
Skt oty e aeya T te T ey .

1R - ead-ten By Rt T WS e e e ety
Uanar il




WORCT

WGTL
wGTS

wWOST

WESR

WTP2EM

WIPPS

wergntad average of CONUS and everseas depot repalr Cycie times for
a1 LRU (months, Cornuted).

weizht of an LRU (peuras, LRE Data Record).
weignt of an SRU (pounds, SRE Data Recard).

weigiited average of CONUS ard overseas orcer and shipping times
(rmontns, Computed).

wewzhzed average of CONUS zn averseas pucking and shipping rates
{3/pound, Computed).

weignt of non-reparable assemiues anc/or Liete-parts required of LRU

repair {pounds, LRU Failure \ode Data Record),

weight of non-reparable assembiies andfor piece-parts required for
SRt repair (pounds, SRU Data Record).
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Apperdix 3

NRLA Cost Equations

L. Introduction. The Network RLA program is composed of two major parts. The first
reads the input data and computes the costs associated with the repair level aecision
network. The second solves the repair level decision problem using a max-{low, min-cut
aigorithm and p=-farms sensiuvity analyses on the optirna: solution. This chapter presents
tne rationale w4 a2quations for the first part of the program.

It s impo-tant for the analyst using tne program to understand te cost equations
used. Then the program can be modified, if necessary, to more accurately portray the
costs associatec with eacn specific application.

In general, the program coimputes two types of costs: item (LRU anc SRU) related
and support equipmen:z (SE) related. Item related costs are further classified into the
costs that occur if the item is:

a. depot repaired when it fails,

5. scrapped (discarded) when it fails, or

C. base renatred when it fails.

The aifferent logistics costs computed for each repair lever decision are shown in Table 13
(see Appendix 1).

The equation descriptions involve numerous acronyms for input data elements and
computed values. Each acronym is defined at its first usage and a glossary is provided as
Appendix 2.

2.0 Computations.

2.1 Logistics Systern Corputations. in order to compute the item and SE related costs
some general inforrnation is required. This information is contained in the weapon system,
maintenance system, and supply system data records.

From the weapon system factors the monthly ead-item utilization av i base (PGMB)
1s computed as:

. PGMB = UEBASE * Uk
i (syst/base) * (hr/syst/ mo)
! where UEBASE = the number of end-items at each base, and
' UR = the utilization rate of each end-item in operating hours

per month

,: The corresponding life cycle utilization at each base (PGMLCB) is computed by:

2. PGMLCB = PIUP * 12. * PGMBR

(yr/L.C.) (mo/yr)(oper hr/base/mo)
where PIUP = program inventory usage period {(the life cycle of the

system in years)

8]




From the maintenance system data record the annual turnover rate for dennt
maintenance persornet (TRD) is used 10 compute the expected numoder of times That
formal maintenance tratning w~i'l be recuired. Assuming that training is required at the
beginning of the system's life cycle, but none 1s requirec during the last vear of the
system's life, the training factor for depot personne! (TFD; is:

3. TFED* = I.+ TRD * (PIUP - 1)
I+ (turnover/yr) * ({yc/L.C)- 1)

The corresponding training factor for base level training (TFB) is:

4L, TFB» = 1. + TRB * (PIUP - |)
= 1 + {(turnover/vr){yr/L.C.)- 1)
where TRB = the annual turnover rate for base personnel
Note: TFB and TFD 1re both rounded down.

The supply system factors are tir;t used to compute a life cycle cost factor for new
items entering the Air Force wholesale level inventory system. The life cvele recurring
plus initial item managenent ¢nst (RIIMC) iy compu-ed as a cost per base as:

5. RIMC = (PILP » RMC « INC)/\W
((vr!C.C * S yr) « (S/part intro)}/(No. bases)
where RMC - the unnual 1te'n managemert cost,
IMC - the initial cost for introducing an item
into the wholesaie leve! inventory system, and
“ = the number of operating bases.

The secend fa-tor computed trom the wupply system: data is a weighted srder and
shipping time (WOST) for itern reguisitinns:

A, WOST = OS * OSTO + (1. - QS) * OSTC
{rat:o OS ship)mo OS shup) + (ratio CONUS ship) *
(mo CONLS ship)

where OS5 = the overseas deployment fraction,
OSTC - the order and shipp/ng *ine to overseas iecations, and
OSTC = e order and chipoing time o CONLUS focations.

Next, a packing and shipoing rate for CONUS (PSRC) and overseas {(PSRQO) focations
is computed:

7. PSRC = PCC + PWRC *5RC
(8714 paciing CON)Y « retio ($/1b ship)
where PC = the CONUS pazking cost for labor and materials,

PWRC = the packed to unpacked weignt rato for CONLUS
shipments, and
SRC = the % oping rate, dotlars per pount, *o CONLS

N TTONS.




§. PSRO = PCO- PWRO * SRU ,
L (3/1b packing OS) + (ratio)($/1b ship)

where PCQ = the overseas packing cost,
FWEO = the yacked to unpacked weight ratio {or overseas
shipments, and
SRO = The shippirg rate w overseas locations.

Finaily, the weighted packing and shipping rate ("WPSR) is computed:

9. WPSR z (1. -0S) = PSRC + OS * PSRO
- (ratio CON ) *{8/Ib pack X ship) + {ret.0) * ($/1b pack
& ship)

2.1  LRU Computations. LRU repair decision costs are computed usirg factors from the
LRU data record and from the LRU faifure mode data record.

Factors f‘rom the LRU cata record are used to cornpute quantities woich are
required for the individual failure mode cost computations. For each LRU the {olicwing
seven values are computed:

a. Mean iime between corrective tasks (MTBCTY,

16. MTBCT =  MTBF/(UF *{l. - R’}
MTBF/ (LRU oper hr/syst hr)(] - ratio)
where MTBF = mean operating time between failures
UF = ratic of LRU operating hours to end-item operating
hours, and
RIP = fraction of failures repaired-in-place

b. Tota! questionable corrective tasks generated monthly (TQCTGM) at each base
(tasks/mo/base):
Il. TQCTGM PGMB * QTY/MTBCT
(oper hr/mo/base) = (No. LRU)/(hr/failure)

won

where QTY = the number of LRUs in the end-item
‘ c. Total iife cycle repair demands (TLCD) at each base,
!
| 12. TLCD = TQCTGM * PIUP * 12,

{(tasks/mo/base) * {yr/L.C.) * (mo/yr)
d. For LRU failure modes and matching SRUs, allocated life cycle demands.

13. TLCDF TLCD * FAILPG)

L.C. demands/base * ratic of failures this faijure mode.

"ot

e. Weighted depot repair cycle time (WDRCT)

§3




4. WDRCT = DRCTD * OS + DRCTC * (1. - OS)
{mo. depoft repair cycle time OS)rastio) +
{mo. depot repair cycle trme CONXratic)

where DRCTO and DRCTC are the depot recair cycle times, 1n
months, for overseas and CONUS locations, respectively

f.  Depot repair cvcle time nipeline (DRCTPL} for a!! bases combined and the
depot repair cycle timne stock level {(DRCTSL) evaluated o a per base basis.

15. DRCTPL = TQCTLM * WDRCT *
(tasks/ino/base) * (mo repr cycie time)(No. bases)
6. DRCTSL - {DRCTPL «+ VE. * DRCTPLY/M

= A function of No. of items in depot pipeline

g. Base repair cycle time pipeline (BRCTPL) and stock leve! (BRCTSL)

17. BRCTPL = TQCTGM * BRCT
(tasks/mo/base) * {mo hase repr cycle time)
where BRCT = the base repair cycle time in months
18. BRCTSL - BRCTPL + ¥ 3. * BRCTPL
= A function of N». items .n bese pipeline
h. Item requisition order and chipring time pipetine (OSTPL) and stock ievel
(OSTSL)

19. OSTPL = TQCTGM * WOST
{tasks/mo/base}mo weighted ship time)

20. OSTSL = OSTPL + 3.« OSTFL
- A function of No. of items In transit

The above quartitics (@ through h) are used in various equations. For the Poisson,
the rnean of the d.stribution. m, equals the variarnce, v, ot m=v. Tor the Normal
distribution with the standard deviation, s, s- Jv. Ther using, the Normal approximation
to the Poisson at the 96% confidonce level and a one tatled distribution, the stock level =
fm + 1.73 ﬁ) = (m o+« MBin)

The rernainder »f this section presents the cost equations used for each of the three
repair leve! options “or an LRU: depot repair, scrap, o.¢ hase (i.e., intermediate) level
repair. The cost equations will be ideriifier as Cl through C9% to correspond to the nine
item related logistic: costs shown i Teble 13, Further, each identifier (Cl,..,C9) will
have D, S, or B as a suftix to designate the depot, ~~rap, and Hase options, respectively.
Thus, C1D is used for the Life cvrle replacements equation for the depot repair option, and
C15 is used for the li‘e cycle replacements equation for the scrap option,

The logistics cnst equations ere com puted using the LRU cost and weight with the
factors that are specified {or each LR {ailure modo. In reviewing the equations it must
be remembered that nach equa-'cn < era'uatea for each fallure mode of each LRUL




Ci. Life Cycle ReplaCainents.

For the screo option the cost vi purthasing a replacement for every failure 1s:

2i. CIS = FAILP(:) » TLCD * UCL
(ratio) * (repr/L.C.0 * ($/It?m)

when FAILP(i) = the failure mode fraction {frequency of occurrence of tne
17 failure mode as ¢ fraction ot all failures of the LRU)
LCL = unit cost of the LU

For the repai:s oprions the cost of purchasing piece-parts and/or non-reparable assembiies
consumed in {he repair process is:

22. CID = TLCDF * UCPPFM
(tasks/L.C.) * ($/fai!)

where TLCDF = FAILP() * TLCD
| {ratio) (tasks/L.C.)
UCPPFM = :ho rotal unit cost of recair parts and/or
assembijes
23, CiB = CiD

C2. Life Cycle Packing and Shipping Cost.

For tre scrap option the cost of shipping replacement LRUs from depot to pase is:

24, C28 E TLCDF * W3TL *» WPSR
(tasks/L.C.)\b/package)($/1b pack & ship cost)

where WGTL = the weisht of the LRU, in pounds

For the depot repair option the LRU must be shipped to the depot for repair and then back
to the base:

25. C2D 2. * TLCDF * WGTL *» WPSR
{(directions/trip)tasks/L.C.) * (Ih/package) * ($/1b packing
& ship cost)

If the LRJ is base repaired then the necessary repair parts must be shipped from the
depot to the base for each failure:

' 26, C2B =  TLCDF * WTPPFM *WPSR
; (tasks/L.C.X1b parts/task) * ($/ib nack & ship cost)
where WTPPFM = the weight, in pounds, of repair parts and/or
assembiles

3. Base Stock Levei.

| For the scrap and depot repair options the base will "o 5t 1 ~tock of spare LR
i to satisfy demands which occur during a depot te base order and < vying time - vole, The
/ guantity of spares required for the LRu 15 OSTSL. Therelore, ©e value of the assets,

drorated to the i fail.ire mode is:




27. C38 = FAILPU) = OSTSL » UC?~
(ratio) * (No. LRUs) * IS/LRY))

28. C3D - C35

If the LRU is base repaired, then the base will have an inventorv of spares to satisflv
demands during the base repair cycle time. The value of these assets, by fallure imade is:

FAILP() + BRCTSL = 1/)CL
(ratio? * (No. LRU}) * (S/LRU)

For each faillure mncde, there are certain piece-parts and/or nonreparadble ass2:nhblies
required for LRU repair. Tho experted cnnua! cost for these parts 1t each base wiii be:

29. A : UCPPFM * FALLP() * TQCTGMV * [ 2.
{S/task) * (ratio) * (failures/ino/base) * (mo/vr)

The value of the base level inventory of these parts is based on an Economi Order
Quantity (EOQ) formula (see AFM 67-1, VOL 2, Part2, Chapter 11}, Let O : ¢ onomic
order quantity in uni's, EQQ = econoric order gquantity in “eilars, X = annual de-nand i1
units, K = cost to eraer, C - urit cost, A :/\C = annual demand in dotlars, and 1 - holding
cost as a portion of ~ e unit ¢ost. tsing the classica, 2OCQ formula, Q = JZXK {1, anc
EOQ - CQ - J?K’ 7 J A, But K = S4.05% and 1= .26 from AFM 6741, Vol i, Part One,
Amendment 20, 18 May (981,

Then the current val-e of EQQ = 2{S4.54)/.24 I A - 5.2 f A, "lers should peradically
review the reference ind update the coefficient JZR/T. now 5.9.

30, EOQ : 5.2 * A
This value is then checked and, i necessary. nodified so that it refiects a cost nc greater
than the annual cost (A) and no less than the corresponding mentiriy cost (4/172.), Finally,

the total base stork lovel cost is:

3i. 38 - FAILPG « BRCOCTSL »1ICL + EOQQ
(ratio) * (No. L 2L /hasaS/LRU) « (EQQ S)

C&4. Depot Stock Level,

If repair for the LR iy done ar derot irvel then the oepo* wiil stock spare LRUs to
satisfy dernands which occur durine e lepar ceoain oyOle thinel The cost of these assels
prorated to the failure mocd 1o:

12, CHD : ATLPGy s DRUT e e
(rato) * (No, 377 ngepot) * 8T R0

It renair for the LRY 15 done o0 hase jevel Uere bn e cea o oo o spare LRUS at the
denot. Therefore:

33, C4B 0.




C>. Life Cvcle Kepair Lebor Costs.

For aepor repa:r:

[

34. C5D = TLCDF * DvMH * DLR
(taske/L.C./hase) * (hr/tasks) ($/hr)

where D%2MH = the depot level maintenance man-hours required
for repatr, and
DL R = the depot iabor wage rate

For base repair:

35. 5B = TLCDF * BMMH * BLR
(rasks/L.C./base (hr/task)($/hr)
where BMMH = the pase ievel naintenance man-hours required for

repair. and
BLR = the vase labor wage rate

C6. Air Force Inventory Item Introduction and Manayement Costs.

36. CéD = NPPA * RIIMC
(No. items) * (S/it=m/base)
wnere NPPA = the numper of new piece parts and assembhes
required for repair
37. CéB = CéD

C7. Base Level Item Management Costs.

A decision to do LRU repair at the depot implies that the base supply system will manage
one new item, the LRU. However, since the same cost is incurred for the scrap and base
repair options it is not computed for any repair level option. Thus:

38. C7D = 0.

Conversely, if the LRU 15 base repaired, then the base supply system must manage the
LRU, all new piece-parts/assemblies required for LRU repair, and other piece-parts/
assemblies required for LR repair which are already in the AF inventory; but which will
be new at the bases doing LRU repairs. Therefore:

39. C7B = PIUP * SA * (NPPA + NAB)
(yr/L.C.XS/item/yr) * (No. new parts + No. new parts at base)

SA = the annual cost to manage one item in the base
supply system,
NPPA = the number of new rtems, and
NAB = the number of items which will be new at base
jevel




C8. Technical Data Costs.

The cost of acquiring technical data for perform:ng LRU repairs is computed on a per hase
basis as:

40. C8&D = NiDFV * TD/W
{No. pages) * ($/page)/(No. bases)
41. C8B = C8D
where NTODEM = the rumber of technical date pages required

for repair ¢f the LRU, and
TD = the cost per original page of tech data from the
contractor

C9. Training of Maintenance Fersonnel.

For the depot repair option the expected number of repair man-hours reguired per month
i1s computed as:

42. Hours = FAILP() * TQOTGM * DMMH * M
{ratio) * (tasks/imo/base) * irepr nr/task) * (No. bases)

This value is converted to the number of maintenance raen required by:

43, MENREQ = Hours/DAA
(hr/mo).(hr/mosn:an)

where NAA = monthly availanle hours per man at the depot repair
facility

Then, MENREQ is rounded to the next higher integer and compared to the user supplied
value for the number of men io be trained. The larger vaiue is used for MENREQ in the
corrutation:

44, C9D = TED* MENREQ * TRW * (TRC - 40. * DLR)/M
{ratio)*(No. man)*(wk/man)*($/week + ir/wk * $/hr)/(Ne. hases)

where TRW = the ambunt of time -equired for training expressed
in wegs, and

TRC = the exracted trainirg cost per week for instruction
and meolr-ials

The corresponding compitations for hase leve! training are:

45, Hours - FAILRPGY * TOO TG M * RMME
Gate) © (Failures/mo/'base) * (hrs/ailure;

MENREQ - Hours MAA

v, ! e
R NN

sasar - fimo fmont

whera BAA ety v e o e gt the Base teparr

L o e i i i =
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46, CYs ; TRER O MENREGQ C THOW Y JTRO « 40 * 2LR)
irav.o *ANo. raen/sase) * {lwk/mar) (S/ween - nrfweek * S5

The above vus. cguations are sdanmed for cacn fadure ode w ovield e wia, tepot
repair, scrap, and base repals costs:

7. DEPOTS = CID+« C2D + C2D + C4D ~ COHN + C6D + CED + CID
48. LCRARS - Cls - C25 « C3S

CIB +C25 + C3B L Oy . 6B « C7B - TER - O9B

49, EASE S

2.2 SRU Comcutarioas. SR ost eguations are essentially .dentical 10 these for LRI
except that SRU faciors are ased i place »t L8t factors. Two excepuons to this rule
exist, the use of TLCDI™ end FAILEG) * TQCTGM. TLUDF s the total L fe cvele dermands
for a particular LRU [ailure mode and, therefore, is also the total life cvcle d:mands for
the SRU associated with the LRU tailure mode. Simiarly, FAILP(I) * TOCTCM ;ives the
expected number of monthly fatlures for a particaiar LRU faiiure mode and, thu,, is also
the expected number ¢f SRU 1ailures per moath,

As in the previous secten, the cost equationy will be identified s Cl throagn CY
with the suffixes (&, 5, and DN, In adcition, since some SRU related cosis are incurred
dependent on tie LRU decision the cost equaucns are ass:gned tne suffixes DI and D2,
D1 and D2 correspond to DECI and DECZ2, respectively, as shown in Tatie 13.

Tne logistics cost equations for SRUs are:

Cl. Life Cycle Replacement..,

For the SRU zcrap option the cost of purchasing a replacement for every failure s
cotiputed as:

50. CIS = TLCDF * LUCS
{tasks/L.C.) * (5/SR1)

vhere UCS = the unit cost of the SRU

For tie repair ontions the cost of purchesing piece-parts and/or non-reparable assemblies
consumed In the tepair process is:

51, €D = TLCDF * UCPPS
(tasks/L.C.) * (S piece parts/task)
52. CIB = CIDP
where L CPPY = the total cost of SRU repair parts

\

Ci. Life Cycie Packing and Shipping Cost.

For the scrap optios an SRU must be shipped from depot to base for each SR
lallure (f the LRU is repaired at the base. Therefore, the cost of shipping replacement
SRUis is:




53, C2D2 = TLCDF » WGTS » WPSR
(tasks/LL.C * (5/SRUT # (571 pack & ship)

where WGTY - the weight of the SRU in pounds

For the SRU depot repalr option a cost is incurred f the LRI 1 hase repaired. In this
t =1 b
case, Two wav pack g ont saipning charges cre incurred, Tre caqustion:

54, ("2M) - TLODF *+ WGTS = WPSR
Pk ALY {h/SRUD * (/18 pack & ship)

represents one wav frgnsportatian and s used with S22 to reflect the round trip total
CcOst.

Base repair o the SR only occurs if the LRU is also base repaired. In this case,
piece-parts anc:or non-reparable assenolics must be sent to the hase for each SRU
ta.iure.

55, CZH = TLCDHEF = WTPEFS *» WPSR
(tasks/1..C.) * {Ib piece-parts/task) * {8715 pack & ship)

C3. Base Stock Level.

For the SRU scrap optrion and the ST depot repair optior the base will have an
inventory of spare SRUs if the LRUT s hase repaired. The spare assels are needed 0
satisfy SRU demands expected to occur diring an arder and shipping time ov<le, The
appuacable SRU pine'ine (SOSTELY and SR stock leve} (SOSTSL) quantities are:

56. SCSTPL = FAILP() *» TQCTGM *» WOST
fatio)r * (rasks fino/base) © Gro order & ship time)

57, SOSTSL - sosteL L J e sosTpL
- 2 tinction of BRI binedine gty

e value of share assets 5:

58, CID2 HON *SOSTR
(S50 1) » (No. SR/ 5ase)

For the SRU base repair option, the nase level inventory will cortain spare SRUs and
repair parts for SRUs. The <pare SR are oot casisfy SR demands f1o supoonrt LRU
repairs) during the SRU nase ren om0 e gime and the SR repar narts are used ta

St LIV o repair parts demands, Dlaae w00 P OO formula coentared o the Dreviens section
for oL ToDaIr parts computation:

590 A VO F EAILPGY C TOCTGM Y L2,

& N . . ; ’ .
CRleagtah v Teaeiad ¥ leggica/mefhaset 2 ino e

65, EOQ . LTSRN




where EOQ & crarged, o ne eriary, oo ra gre e iy the arnual ¢€osooand ro Less than
the corresporzing mionthiy coste The Lverory cont for spare SRUS s shtanen ) first
com.puting the exnected SXU dase repalr ¢vle mine ppeline guantisy (SB3RCTF} anc the
associated stock level {<SBRCTL):

61. SBRCTE = FAILPC, * TQCTO W » e CT
(ratio’ = (tasks/monase) * {Mo base repr Cycie tine)

wiare SBRCT = SRU newes renal 7y 2@ e o 1ol
62. SHRETL = SBRIT2 + ~ 20« SO

= a {incuon of base regair oy cie titme

then

@
w

B = UCS * SERCTL - EOQ
(S/SRU) * {No. SRU/base) + ($/base)

C4. Depot Stock Level.

A depot nwven:sry of spare SRUs v required 10 meet base demands tot SRijs ¢ the
LRU is base renairad and the SRU 1[5 depot repaired.  The value of Gepot spares 1o be
prorated it 2ach base is a function of ihe 3RU weijhted depot revair oycle time
(SWDORCT), the expectced pipeline quantity (SORCT M), and the sssociated denol S1ock leve.
(SDRTTL).

63, SWNRCT - SDRCTO * OS + SURCTC * (1. - 0%,
fng depot repr cycle time OSHratio S -
20 depot repr cycle time CON)ratio CON)

wrere SPDRCTQ = 3R deport resalr cycie tine for overseas
locations, and

SDRCTC = SRU aepot repair cycle tiae tor CTONUDS Jocations

64, SDRCTP - FAILPO) * TOCTGM * SWDRCT « M
(ratio) * {tasks/ino/base ) * {mo) * {No. hases)

&5, SDRCTL = (SDRCTP + 3. * SDACTPH/M

f6, CHDY = UCS *SDRCTL
{§/SRU) * (No. SR /base)

C=. Lite Cycle Repair Labor Costs.

ol depot level reoars

57. CHD z TLCDF * DMMHS * DR
{tasks/L.C./saser * (man-hr/task) * (S/maint man-hr)

where DMMHR = cepot fovel maintenance man-hours required
for SRU repai-

Tor hase jeveg reoarrs



> SB B TLODE »
tasks/LLC

where AVIVHN - oase tevel mmaintenenoe man-haours redgired
for SR repa

C6. Air Force [nvetory iten Irtroducaon and Managerment Costu,

As s the case for LR renan, th o conr i the saine for denot tenaim and haie renc o,
69, CAD . NPPRAS = RIVAT
s 2 (S/hase lirerd/LLCL liem gt most!

{Noniece-n

0. CéB caen

whero NDPBPAS = he romber of now plele-parys nd assemizl

roquites for SRU

@

C7. Baseg Level Te 1 Management Cost.

For the base -epair option, the biuse inust manage all hew repar

and all repair par<s which are o the AF faventory, oot whiich will Be one ceeynL e
bases.
AT abAct TIPS T INPDAS N
T LG I8 Sram e # 00 & tetr svet v No. new o
e
whers NOPAS s oshe umber of new Ttemns. and
NARS e ppnher o0 tens thet wil e new gt b ose Teve!
Nat
The cost 5 coaring torhieodd date for pororming SRU ronars s Tomnpated on
e Base Nasis A4
700 CED - NS 2 T s
VoL st S e e INTG D e
TALuR Ty
where IR R R TA LIS Bt SRR VETET T T4 LN T IO PO I AL R e
+
1ining of AR 0
Tranng coste e o e I PRI TR , IR ETRTERE RO
depot ontion:
74, Hour B T ) TRt A%
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76. C9D = TFD* MENREQ * TRWS * (TRCS + 40. » DLR)/M !
(ratio) * (No. man) * (wk/man) * ($/wk + hrs/wk * $/nr)/
(No. bases)
where TRWS = the amount of time required for training, and

TRCS = the expected training cost per weex

Hours = FAILPG) * TQCTGM * BMMHS
(ratio) * (tasks/mo/base) * (hr/task)

77. MENREQ Hours/BAA
{hr/mo/base/(hr/mo/man,

78. C938 = TFB * MENREQ * TRWS *(TRCS + 40. * BLR)
(ratio) * (No. men) * (wk/man * (§/wk + hr/wk * $/hr)

79. DEPOTS$ = CID +C5D + C6D + C8D + TID

§0. SCRAPS = C'S

81. BASES = CIB+C2B +C3B - C5B + C6B + C7B + C8B + C9B
82. DECIS = <C2DI + C4Di
83. DELz$ = C2D2+C3D2

The surr labeled DEPOT § is applicable if the LRU containing the SRU is depot
repaired; if the LRU is base repaired, then the applicable SRU cost is DEPOT $ + DECI1 $
+ DEC2 $. Similarly, the SCRAP $ cost is applicable if the LRU is depot repaired, but
when the LRU is base repaired then the SR cost is SCRAP $ + DEC2 $.

2.3 Support Equipment Computations.

. Three types of support equipment costs are summed to reflect the SE investment at
depot and base level: new facilities, SE acquisition, and life cycle SE operations and
maintenance cost. The SE facilities cost (SEFAC) is not computed by the program; it is a
user supplied value for each SE resource. The other two costs are determined as a
function of the number of units of the SE required to support the repair workload.

The monthly workioad for each SE js computed by summing, for every LRU and/or
SRU which requires the SE, the product of the expected number of monthly failures times
the maintenance man-hours required for each repair. For new SE resources the number of
units required (REQMT) is the total usage hours per month (USEHRS) divided by the
number of hours per month that the equipment will be available (OPHRS). That is,

84, REQMT = USEHRS/OPHRS
(reqd user hr)/{hr/mo avail on SE)

with REQMT adjusted to the next higher integer.

For SE resources which currently exist, at depot and/or base level, the REQMT is
determined based on the existing available repair time (AVHRS):
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85. AVHRS = NSE *(OPHRS - BSYHRS)
{No. SE) * (op hr/SE - busy hr/SE)

where NSE = the number of units currently installed, and
BSYHRS = the number of hours currently utilized on each unit
If AVHRS is greater than the new workload requirement, USEHRS, then REQMT will be
zero; otherwise the REQMT is successively incremented by 1 until the additional available
hours will satisfy the USEHRS required.
The SE acquisition cost (SEACQ) is:

86. SEACQ = REQMT * UCSE
(No. SE) * ($/SE)

where UCSE = the unit cost of the SE resource
The SE operations and maintenance cost is:

87. SEOPNS = (AINT (USEHRS/OPHRS) + 1) SEOPFF * PIUP
(reqd user hr)/(hr/mo avail on SE) ($/year) (yr L.C.)

where SEOPF = the annual cost of operations and maintenance of the SE
The total SE cost per life cycle is:

88. SECOST = SEFAC + SEACQ + SEOPNS
($ facilities + $ SE acquis + $ SE operations)

For depot SE resources this value is divided by the number of bases to obtain a per base
cost. Similarly, for SE software to be used at depot level the total cost is divided by the
number of bases in order to obtain a per base cost for software development.

The SE development is

89. SEDEV = DEV* 1000./M
($/base)
where DEYV = the SE development cost in thousands of dollars.

NOTE, the SE development cost is divided by the number of bases to obtain a per base
cost.
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Appendix 4

Network Formulation and Solution

In order to understand the NRLA nerwor!: formulation and solution a small non-NRLA
example is given and application of the Max-Flow Min-Cut process is shown.

{. Max-Flow Min-Cut Applicability. The NRLA mcdel employs 4 max-flow min-
cut algorithm to deteriune repaic level decisions which minimize expectec costs. The
applicability of this technique will be explained by in example.

; Cons:der & situation in which a fluid is 0 be pumped through a pipeline from location
i S to location T. The locations are connected, v.a intermediate locations, by two
pipelines, S-A-C-T ana S-B-D-T as shown in Figure 21. The rumbers next to each arc
i represent the fluid carrying capacity of the pipe cornecting the leccat.ons. Thus, the
maximum flow from location S to location A is 18 gallons per minute and {rom S to B the
maximum is 9. Theretore, the total output capacity of S is 18 plus 9, or 27. Similarly, at
T the maximum input capacity is 15 plus 13, or 28. However, the actual maximum flow
from S to T is not 27 or 28 The flow along the route 5-A-C-T is constrained to 15, the
maximum capacity from C to T. Similarly, the maximum capacity irom S to B lim:ts the
flow along the other pipeline to 9. Consequently, the total maxirnum flow from S 1> T is
15 plus 9, or z4.

The above discussion focused on finding the maximum flow through a network. This
maximization approach may seem inappropriate for the repair level decision problem in
which the objective is to find a minimum cost solution. The apparent inconsistency can be
resolved by taking a different view of the network shown in Figure 21.

Suppose that the network still represents a pipeline through which a fluid fiows but
the problem to be solved is to determine the best way to stop the fluid flow. Assume that ‘
the flow in any of the sections of the pipeline can be stopped by purchasing a plug, and ‘
that the cost of a plug is directly proportional to the capacity of the pipe for which it is
purchased. For example, a plug for the section from S to A would cost $18, and for the
section from S to B, $9.

The tota: flow could be halted by plugging the two pipes emanating from S at a cost
of $18 plus $9, or $27. Similarly, the flow could be halted at T by purchasing plugs costing
$15 and $13, or $28. There are seven other combinations of two plugs which can be used
to cut off the flow from S to T. The least cost combinaticn involves the arcs S-B and C-T :
at a total cost of $24. ;

The fact that the numeric value of the minimum cut, 24, is identical to the value for
the maximum flow is not coincidental. This occurs because each is directly a function of
the constraining arcs in the network. That is, by finding the minimum cut for a network
the maximum flow is also found.

To convert from the fiuid flow network to an RLA cost network, consider a redetini-
tion for the numbers on the arcs. Now the 18 and 9 represent the cost of performing
depot repair for two different items. The 20 and 16 represent the costs for scrapping the
items, while 15 and 13 represent base repair costs. The problem is now to find the least
cost repair alternatives.

The cost for depot repair of both items would be 18 plus 9, or 27; scrapping both

items would be 36; and base repair for both items would be 28. The least cost alternative
is 15 plus 9, or 24. This decision represents base repair for one item and depot repair for
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FIGURE 21. Sample Network.
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the other. Note that the cost of these twou decistons, 24, 1s the same as the result ob-
tained in the fluid flocw example when considering the maximum flow and the minimum
cut. Thus, the repair tevel cecision problem can be formulated in terins of a network and
solved witn a max-£flow min-cut algorithm to determine the least cost decisions.

Although the above example does not include LRU to ‘SRU rejationships or support
equipment requirements they are easily accommodated into the network structure. The
method for including them is presented in the next section.

2.0 The NRLA Network

2.1 Network Construction. In order to fully understand the operation of NRLA it is
necessary to understand how the ten -ypes of decision cost factors can be structured as a
network. Figure 22 a, b, and ¢ show: such a network. Three variations are used in order
that all information required may be easily visuaiized. They all represent the same
network. The circles or nodes serve to act as markers defining the arc ends enabling easy
identification. In terms of a pipeline they represent joints. The lines 1 through 7, and 2a
represents cuts. These are discussed in section 2.3. In Appendix 3, Equations 47-49, 79-
83, and 88 are used to represent ten kinds of costs. (Equatior 88 represents SE at depot
and at base when different variable data is used.)) These equations were shown in a
tabularized form in Table 13 in Appendix 1. We see how the eleven logistic factors were
summed to ten decision co.t factors representing the ten decision components. Figure 22
represents the ten cost factors as a network.

2.2 Relational Arcs

The normal sized arcs represent pctential decisions. The heavy arcs represent
"dummy" or reiational arcs. They are used to permit flows but they can never restrain
flows. [f the network is viewed as a pipeline, arcs 1-2, 1-3, 4-6, 5-4, and 5-6 would have
very large diameters, each perhaps with a diameter as large as the sum of all other (non-
dummy) arcs. In terms of costs the very large costs associated with large diameters are
pseudo-costs. The large pseudo-costs prevent the dummy arcs from ever limiting or
restricting the flow. We always chocse to avoid them. The amount of flow in 1-2 and 1-3
is controlled by the flow in S-1. The flow in 1-2 or 1-3 can never limit the flow in S-1.
Notice that there are ten non-duminy arcs. These represent the ten possible decision
factors discussed in Appendix I, Table 13.

The ten decision cost factors when structured as a network with the proper set of
relational arcs permits the seven decisions in Table 14 and the seven cuts of Figure 22.

2.3 Cuts

Before explaining the dummy or relational arcs it is first necessary to define a cut.
We should consider that when a set of decisions is selected, mathematically the nodes of
the network have been divided into two sets, those associated with the S or source and
those associated with the T or terminal. This is a cut. In Figure 22 we note that each of
the cuts individually considered divides the network into two sets of nodes each associated
withanSor T.

In "max-~flow min-cut" problems we wish to find the least cost means of stopping the
flow. Once a cut has been selected ail the arcs leaving the S set or entering the T set and
only these are the ones which "plug" the network. These are the cut set. The reader
should consult a good book on network theory for greater detail on networks and cuts.
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Referring paca to the figure we rot.ce that noae of the dummy or relational arcs act
as plugs. They all enter the S set or leave the 7 set. The network was delberately
constructed in this fastaon. The purpose of them s to prevent certain decisions. As an
example: if cut 2a is used then LRU and SRU are both Base repaired but no SE is
included. However the relational arcs 4-6 and 5-6 are so large {costly) that any solution
excluding them and ¢ ther dummies, will be less expensive.

Thus, 2a is a viabie cut in that it would separate the network into an S and T set, but
since the durnimies 4-6 and 5-6 must be counted in the cost of the decision, it is a very
expensive decisicn and cut 2 will always be a better selection. Thus, the dummies 4-6 and
5-6 force the use of SE at Base if either LRU or SRU is Base repaired. Arcs 1-2 and 1-3
act analogously to 4-6 and 5-6 except at the depot 'evel. Arc 5-4 serves 1o prevent depot
repair of the LRU cormbinea with Base repair of the SR1J.

2.4 Decision Arcs

The arcs 2-3 and 4-5 (DEC1 and DEC2) are used in order that certain inventary costs
may be included with certain decisions. If the LRU is Base repaired and the SRU is
scrapped, replacement SRUSs inust be transported from cepot to base and stocked at hase.
These are DEC2 costs. If tne LRU is base repaired and the SRU is depot repaired, SRUs
must be stocked at both depot and base and transported both ways. Since DEC2 already
carries Base Stock and one way transportation costs, DECI carries the depot stock costs
and one way transportation costs. Combined as in Cut 5 they represent round trip
transportation and stockage at base and depot.

| 2.5 Scrap Costs

Table | shows how the logistic costs are summed as necessary to obtain the ten arc
costs. Equation number: from Appendix 3 are then used to relate specific equations with
the table. This is correct for all items except LRU scrap costs. For LRU scrap costs the
required arc cost is the difference between the LRU cost and the SRU cost for the related
failure mode. This is the difference between equation 48 and 50. This difference is used
since cut 3 which is the cost of scrapping the LRU involves 2-4 the LRU scrap cost and 3-
5 the SRU scrap cost. If summed as described then the SRU cost would have been
included twice, once as part of the LRU in arc 2-4 and once as the SRU arc 3-5. By
subtracting out the cost of the SRU from the LRU arc 2-4%, cut 3 which requires the sum
of 2-4 and 3-5 totals to the cost of the LRU when scrapped.

2,6 Soiving the Sample Network

Returning to the non-dummy arcs the costs associated with the ten respective
decision components are used to represent the diameters of the respective arcs. If the
cost of stopping the flow in an arc (purchasing a plug) is proportional to its diameter, the
question is, what 1s the minimum cost means of stopping the fiow in the network? For
which arcs should we buy plugs? It is precisely this problem that the mathematical
algorithm called "max-flow min-cut” solves. This total then is the system cost of the
decision. As an example in Figure 22, Cut 6 selects LRU at intermediate, Intermediate
SE, DEC2, DEC1, SRU at depot and Depot SE for the failure mode represented. These
costs then would be totaled to get the system costs.

ff S-2, 2-4, and 4-T represent Depot, Scrap, and Intermediate repair for an LRU
respectively, 5-3, 3.5, 5-T represent the same for an SRU, and 2-3, 4-5 represent certain
inventory carrying costs. There are seven possible valid decisions. These are shown in
Table !4 and Figure 22,
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As an example, Cut 4 shows LRU at depot, SE at depot, and SRU scrap being
selected. Arc 2-3 (DEC1) is not cut. It enters the source group of nodes. The total! cost
for the life cycle is determined by summing the three elements (a}) LRU at Depot, (b)
Depot SE, and (c) Scrapping the SRU. Table 14 shows the same decision in a tabularized
form.

By careful review of Tables 13 and 14 and Figure 22 the user will see how the eleven
logistic factors developed in Appendix | may be summed to ten decision components.
These ten decision components may then be structurad as a network if the dummy arcs are
used. The network permits only 7 feasible decisions. @ The selection of a particular
decision depends upon the costs associated with the arcs of the network. The total cost is
the sum of the cost of the cut arcs.

Cut 7 represents an anomolous situation. The LRU is scrapped, but the SRU is depot
repaired. [t is not possible to structure the network to exclude the possibility of Cut 7. If
this result occurs, as previously noted, the user should rerun the network twice for each
occurrence using the forcing procedure. The runs are (1) excluding LRU scrap and (2)
forcing the LRU and SRU to be scrapped. The minimum of these costs represents the
optimal solution.

2.7 Full Size Networks

Where more than one LRU or SRU is involved, additional arcs in parallel to those
shown are required. Figure 23 shows a network with two LRUs, two SRUs, and two types
of SE at Depot only, and one type at base.
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