AD=AO94 616 NAVAL POSTGRADUATE SCHOOL MONYEREY CA
AN ANALYSIS OF THE 1977 AD/AR TARSLL.(U)
SEP 80 J W HARGROVE

UNCLASSIFIED
ol 2

RoRari6




ADAG94616

NAVAL POSTGRADUATE SCHOOL

Monterey, California

THESIS

s AN ANALYSIS OF THE 1977 AD/AR TARSLL, -

by
James Wiley/{argrove, Jr. _
// e e ey /,{ ya I,/-l
-« September 1980 - e

Thesis Advisor

F. R. Richards

Approved fnr public release; distrihution unlimited

)/ g ,./’ // '7/

/

81 2 o=




UNCLASSIFIED

SECUMTY CLASSIFICATION OF Tuis PAGE (Whaen Deate Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

3. GOVY ACCESSION low B yc’(ﬂllnv‘l CATALOG nuMBER

Ap —HOTY 62E

+ REPO UM

4 TITLE rand Subtitle) 8. TYPEZ OF REPORT & PERIOD COVERED
Master's Thesis;

An Analysis of the 1977 AD/AR TARSLL September 1980

S. PERFOANING ORG. ARPORT NUMBER

————
7. AUTHOR(S)

James Wiley Hargrove, Jr.

—

T. CONTRACTY OR GRANT NUMBEN(e)

5 PERFORMING OROANIZATION NAME AND ADORESS S, PROGRAM ELEMENY. PROLECT, TASK
AREA & WORK UNIT NUMBE RS

Naval Postgraduate School
Monterey, California 93940

12. REPORT OATE

September 1980

1' CONTROLLING OFFICE NAME AND ADDRESS

Naval Postgraduate School
Monterey, Califbrnia 93340 3 HUMBER OF Paaks

18. SECURITY CLASS. (of thie rdport)

1) NONI'O.ING AGENCY waME & ADDRESSK(I! diff t ‘rom C. {1ing Oftice)

UNCLASSIFIED

e. CLASSIFICATION/ DOWNGRADING
lguouu

b cr——————a——————
16. DISTRISUTION STATEMENT (of thie Repert)

Approved for public release; distribution unlimited

_{_\ccess ien For

7 -.ﬁVIIil-lit “liswr Cedun

AVl and/op

- — —"'___-
17. DISTRIBUTION STATEMENT (of the anetract entered in Bleck 30, Il difterant ram Repeort) i T f
DIIC TaR ]
Unning e ed T ,
vUstifdeation ___ !
o e - ‘—““I
18. SUPPLEMENTARY NOTES T ]
L istributiony

R S A Y |

20. ABSTRACT (Continue an reveree side if
The industrial mission of Destroyer Tenders (AD) and Repair

Diot 4 ~ni9
19. XEY WORDS (Continue an reverse aside I y and | &y by block number) K . ,.‘
Inventory Model TARSLL d l }; ‘f
Load List ’ - -
y and (dontify by bleck mumber)

Ships (AR) is to provide intermediate level maintenance and repair
for supported ships. The Tender and Repair Ship Load List for these
ships (AD/AR TARSLL) designates the range (number) and depth (quan-
tity) of repair parts to be carried to support this industrial mis-
sion. This thesis details the logical reasoning and mathematical
theory used to develop the 1977 AD/AR TARSLL, including an analysis

DD , rons "73 ZOITION OF | NOV 68 13 OBSOLETE

(P

JAM 73
age 1) $/N 0102-014- 4801
|  SECURITY CLASSIFICATION OF Twis PAGE (When Deta Bntared)




UNCLASSIFIED

GOCUMTV CLABMPICATION OF Tuil PAGE en Nate Bnteres:

f
i
:

20. (continued)

of the data development, the mathematical inventory model and
procedures used, and various assumptions and constraints applied
during the process. Actual demand history for the six AD/AR's in
the Atlantic fleet for a two year period from 1977 to 1979 was
used to evaluate the effectiveness of the load list. The effects
of certain assumptions-in the mcdel on the load list were anal-
yzed. The proposed changes for the 13980 TARSLL were incorporated
in the 1977 TARSLL and evaluated. Also, alternative models and
methods of load list development were proposed and evaluated.

DD

orm 1473 2 UNCLASSIFIED

01'52’01"6601 SECUMTY CLASHIPICATION OF THIS PAGEen Dote Entered)

FRPRINPE

ok Lhmroe,




Approved for public release; distribution unlimited

An Analysis of the 1977 AD/AR TARSLL

by

) James Wiley Hargrove, _ Jr.
Lieutenant Commander, Supply Corps,
. United States Navg
B.S., Georgla Institute of Technology, 1970

Submitted in partigl fulfillment of the
requireaents for the degree of

MASTER OF SCIENCE IN OPERATIONS RESEARCH
from the

NAVAL POSTGRADUATE SCHOOL
Septaeamber 60

Author: = =====-- {;ﬂ—a\a‘o -ég.az_lqcﬁcy::/

Approved by: = <s-mee-smeedit el r s e e

Cooon TV ML

- R - D D P D D A D R WD D D D D - — - - -

Dean of Information and Policy Sciences




ABSTRACT

™

Repair Ships (AR) is to provide intermediate 1level

The industrial mission of Destroyer Tenders (AD) and

maintenance and repair for supported ships. The Tender and
Repair Ship Load List for these ships (AD/AR TARSLL)
designates the range (number) and depth (quantity) of repair
parts to be carried to support this industrial mission. This
thesis details the logical reasoning and mathematical theory
us2d to develop the 1977 AD/AR TARSLL, including an analysis
of the data development, the mathematical inventory model
and procedures used, and various assumptions and constraints

applied daring the process. Actual demand history for the

six AD/AR's in the Atlantic fleet for a two year period fron
1977 to 1979 was used to evaluate the effectiveness of the
load list. The effects of certain assumptions in the model
on the load list were analyzed. The proposed changes for the
1980 TARSLL wer=2 incorporated in the 1977 TARSLL and
evaluated. Also, alternative models ard methods of load list

development were proposed and evaluated.




TABLE OF CONTENTS

GENERAL BACKGROUND AND INTRODUCTION

A'
B.
C.

DEFINITION AND PURPOSE OF THE TARSLL

PROBLEMS WITH THE 1977 AD/AR TARSLL

@ ~

THESIS PURPOSE

GENERAL DESCRIPTION OF TARSLL DEVELOPMENT

A.
B.
cC.
D.
E.

GENERAL DESCRIPTION OF THE INVENTORY

EQUIPMENT SUPPIRT DETERMINATION

INPUT DEVELOPMENT

RANGE AND DEPTH DETERMINATION

TARSLL IMPLEMENTATION

DESCRIPTION OF THE INVENTORY MODEL

A.
B.
C.
D.
E.
F.

ANALYSIS OF THE 1977 AD/AR TARSLL INVENTORY MODEL____

A.
B.
c.
D.
E.
F.

FORECASTING EXPECTED DEMAND

RANGE CUT PROCESS__

DETERMINING ESSENTIALITY

COMPUTING LOAD LIST QUANTITIES

QUANTITY CONSTRAINTS

EFFECTIVENESS PREDICTION__

THE BASIC TARSLL

ACTUAL EFFECTIVENESS COMPUTATIONS

ESSENTIALITY DETERMINATION

IMPACT OF K3 FACTOR

RANGE DETERMINATION

EFFECTIVENESS CRITERIA

ALTERNATIVE MODELS

A.
B.
c.
D.
E.

MODIFIED 1980 TARSLL MODEL_

FBM SUBMARINE TENDER MODEL

GAMMA DISTRIBUTION MODEL

UNITS SATISFIED MODEL

UNIT EFFECTIVENESS MODEL

CONCLUSIONS AND RECOMMENDATIONS

3
;




APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX
APPENDIX

APPENDIX

BIBLIOGRAPHY

Z &R &R O 4 2 Q™ O N o >

1977 AD/AR TARSLL STATISTICS 42

1977 AD/AR TARSLL EPPECTIVENESS 47
MLSP DATA ANALYSIS 54
STATISTICS FOR MODEL WITH E=AQD 56
STATISTICS POR MODEL WITH K3=0.6 59
STATISTICS POR MODEL WITH RC=4 62
STATISTICS FOR NO-RANGE-CUT MODEL 65
STATISTICS FOR MODIPIED NO-RANGE-CUT MODEL____68
STATISTICS FOR MODEL WITH A=1 72
STATISTICS POR 1980 TARSLL MODEL 75
STATISTICS FOR AS-FBM MODEL 79
STATISTICS FOR MODEL WITH GAMMA DISTRIBUTION__B83
STATISTICS FOR UNITS SATISFIED MODEL_______ _ 86
STATISTICS FOR UNIT EFFECTIVENESS
MODEL, h=.154 89
STATISTICS FPOR UNIT EFFECTIVENESS
MODEL, A=2.10 _ 92
95
96

INITIAL DISTRIBOTION LIST




——

I. GENERAL BACKGROUND AND INTRODUCTION

A. DEFINITION AND PURPOSE OF THE TARSLL

The industrial amission of Destroyer Tenders (AD) and
Repair Ships (AR) 1is to provide intermediate 1level
maintenance and repair for supported ships. The Tender and
Repair Ship Load List for these ships (AD/AR TARSLL)
designates the range (number) and depth (quantity) of repair
parts to be carried to support this industrial mission for a
specific period of time., A separate load 1list is developed
for the Atlantic and Pacific fleets. Each Destroyer Tender
or Repair Ship in the same fleet carries the same 1load of
itams. This 1load has been designated as Prepositioned War
Reserve Stock (PWRS) by the Chief of Naval Operations (CNO)
and as such is not only to be responsive to peacetime
demands but also to satisfy wartime requirements. The normal
support period is therefore specified as ninety (90) days
since this is considered the required support period for a
wvartime environment without ©resupply. The CNO has also set
an 85 ©percent net requisition effectiveness goal for the
AD/7AR TARSLL. This means that 85 percent of all of the
rejuisitions submitted in a 90 day period for items carried
by the TARSLL should be coapletely filled from stock. This
excludes requisitions from supported ships for resupply of
tha2ir stock since the TARSLL 1is not designed to support
this. A new TARSLL is produced about every three years.
Prior to 1979 the Flest Material Support Office (FMSO) was
responsible for development of the TARSLL model and
production of the actual load 1list. The production function
is now th2 responsibility of the Ship's Parts Control Center
(SPCC) .

T et e
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B. PROBLEMS WITH THE 1977 AD/AR TARSLL

The AD/AR TARSLL developed in 1977 for the Atlantic
fleet had a per ship range of about 13,000 different line
items and a per ship value over $750,000. In August 1979 the
Commander Naval Surface Force Atlantic Fleet (the type

commander for Atlantic fleet tenders and repair ships)
critized the 1977 AD/AR TARSLL for not being responsive to
fleet needs. In particular he claimed that over 9000 of the
1534 list items had no demand for two years. The current
model is about 16 years old and has not undergone a complete
analytic review since inception, although there have been
several interim changss to <correct apparent deficiencies.
Some people involved in the development of +the 1980 TARSLL
at SPCC have recommendsd several changes in the methodology
anl parameters used in the model prior to development of the
1980 TARSLL. The more important changes concern the criteria
for detecmining the range of items ¢to be <carried, the
essentiality of items, and the average quarterly demand for
items without a demand history. FMSO has been tasked by the
Naval Supply Systems Command (NAVSUP) +to review the AD/AR
TARSLL dev2lopment process and recommend procedural changes
for the 1980 load list.

C. THESIS PURPOSE

The purpose of this thesis 1is to detail the 1logical
reasoning and mathematical theory used to develop the 1977
AD/AR TARSLL, including an analysis of the data development,
the mathematical inventory model and procedures used, and
various assumptions and <coanstraints applied during the
process. Actual demand history for +the six AD/AR's in the
Atlantic fleet for a two year period from 1977 to 1979 will
be used to evaluate the effectiveness of the load list. The
effects of certain assumptions in the model on the load list
will be analyzed. The proposed changes for the 1980 TARSLL




will be incorporated in the 1977 TARSLL and evaluated. Also,
alternative models and methods of load list development will
be proposed and evaluated. The scope of this thesis has been
coordinated with FMSO to support their efforts in improving
tha 1980 AD/AR TARSLL.




II. GENERAL DESCRIPTION OF TARSLL DEVELOPMENT

A, GENZRAL DESCRIPTION OF THE INVENTORY

There are two distinct categories of items considered in
the development of the TARSLL. The first category is
equipment related (ER) items which are load list candidates
based on their identification to an equipment or component
to be supported by the tender's repair capability. The other
category is non-equipment relatad (NER) items which are load
list candidates based on demand. If an item does not meet
the criteria to be an ER candidate, but does have industrial
demand reported in the last two years by a tender or repair
ship to be supported by the load 1list, then this item is
designated an NER candidate.

B. EQUIPMENT SUPPORT DETERMINATION

The first step in determining the ER candidate items is
to> list the ships by hull type and number to be supported by
the tendecs and repair ships of each fleet. TLis is called
the hull mix. Once it is established, SPCC retrieves from
its master files all Allovance Parts Lists (APl's)
applicable to the hull mix. These APL's are then filtered

[}

through a1 component cut which basically eliminates from
further consideration any APL's that are not applicable to
at least seven ships in the hull mix. Of course the type
commander can override the component cut for any APL. The
repair parts appearing on the candidate APL's are then
screened to eliminate +those items that cannot be installed
at the tender or repair ship 1level. The remaining items,
plus any other identified by the type commander, become the
ER candidate repair parts, During this last screening, the
total quantity of each item installed in the supported ships
is accumulated along with the lowest level at which the itenm

10
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can be installed, i.e. either the 1lcad activity or the

supported ship. Once the ER candidate items are identified,
tha SPCC master data files are entered to obtain additional
information about the 1item, 1including price, minimum
replacement gquantity, and Best Replacement Pactor (BRF). The
meaning and use of the BRF will be explained later.

C. INPUT DEVELOPMENT

The n2xt step is the retrieval of the historical demand
data for these items. Destroyer Tenders and Repair Ships are
a part of the Mobile Logistic Support Porce (MLSF) and as
such are required to report their parts demand monthly to
SPCC. SPCC retains this data for 24 months on tha HMLSP
demand file. In the retrieval process the 24 months of
demand history for each item is summarized as eight quarters
of demand quantity (number of units demanded) and demand
fraquency (number of times demanded). Only those demands
identified for use in support of the tender or repair ship's
injustrial mission are extracted from the MLSF demand file.
Additionally those 1items on the demand file that d4id no+
qualify as ER candidates are classified as NER candidates
and their demand history is summarized as was done for <the
ER candidates.

D. RANGE AND DEPTH DETERMINATION

To determine the variety of items to be stocked, the
model applies a rangs «cut; that 1is, any item that has
anticipated demand in the next two years greater than a
spacific level (the range cut parameter) will be stocked,
and any item with anticipated demand less than the range cut
parameter will not be stocked, stbject of course to
individual item quantity overrides. The range cut really
determines the linpe items to be carried on the TARSLL,
while all other calculations only determine the depth to be
stocked. The range cut criterion is applied to each item as

11
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it is being considered by the model. If an item does not

pass the range cut, and is not forced on the load list Ly an
override, the total demand gquantity and total frequency of
demand are accumulated, and then the next candidate 1is
considered. If an item passes the range cut, it proceeds to
the depth calculation. The model that is used for depth
determination is a variaktle-protection-level,
single-period-constrained, inventory model. The objective
fuaction is to minimize the total essentiality-weighted cost
of the l7ad, subject to the constraint that requisition
effectiveness be at least 85 percent. Essentiality-weighted
cost is used in the objective functicen to provide increased
depth for more ¢ sential items in a wartime environment. The
problem is solved by an iterative process based on a
Lagrange multiplier approach. The variable input risk
parameter (the Lagrange multiplier) is set and the
essentiality~-weighted cost equation is solved for the risk
factor. The stock level for each item is set by using the
risk factor to adjust the predicted demand, which is assumed
to be norsally distributed, subject to various constraints.
After these preliminary stock levels are set, a pradiction
routine is run to estimate the net requisition
effectiveness. If +the desired 85 percent effectiveness is
achieved, then the TARSLL is set. If the desired
effectiveness is not achieved, then a new risk parameter is
input and the process is repeated.

E. TARSLL IMPLEMENTATION

Once the load 1list has been determined by the computer
model, a series of listings are output for review by SPCC.
These listings allow an analyst to review the 1load list in
several dJifferent forms to determine if additional items
should be deleted from the TARSLL based on quantity, price,
or demand freguency. After these "post model" changes have
been made, the financial statistics for the final TARSLL are

12




forwarded to NAVSUP for approval. Upon approval, a tape with
the load 1list itenms and all data necessary for
reguisitioning is provided to each 1load 1list carryirg
activity. There it is merged with other "ship's stock" to
determine the quantity to be ordered. Throughout the life of
the TARSLL, adjustments can be made by individual ships
based on actual demand. Additional items may be stocked if
there are four demands in 12 months and additional
quantities of a stocked item may be <carried if certain
gquantity and frequency of demand criteria are met.

13




ITI. DESCRIPTION OF THE INVENTORY MODEL

The procedure described in this chapter is not the
result of the rigorous application of inventory theory.
Instead, it has evolved over time through the process of
trial and error. There have been many patches made to
correct apparent deficiencies in the model, as evidenced by
the many overrides and constraints. Consequently, there is
no theoretical discussion of the 1inventory model in the
basic documentation for the process. The mathematical model
pr2sented later im this chapter, therefore, 1is necessarily
the result of reverse derivation from the mechanics of the
procedure. The model was derived to provide some insight
into th= objectives and basic constraints of the procedure,
and should be viewed from this perspective.

A. FORECASTING EXPECTED DEMAND

The first steps towvard the determination of the range
and depth of 4items to be carried on the TARSLL are the
computations of the average quarterly demand (AQD), the
standard deviation of demand (SIGMA), and <the average
requisitiorn size (A). For items with demand history, AQD is
the straight average of the eight gquarters of demand. For
items without any desmand history, the Best Replacement
Factor (BRF) for the item and its installed population are
used to estimat2 the average gquarterly demand. The BRF for
each item is the expescted numker of times an item will
require replacement in one year. Since the BRFP is developed
based on all usages of the item, it may not reflect the
expected replacement rate in the equipments supported by the
TARSLL. The following formula is used to determine the
average quarterly demand:

AQD = 1/4 BRF [(POPs x K2) + (POPt x K3)]

14




POPs is the fleet populatjon ,of _the  item _that |is
installable at the organizational (shipboard) level;

POPt is the fleet population of the_ item that is
installable at no lower than the tender level;

K2 is the fraction of the item's population installable
at the organizational lavel that 1s to be supported
by the tender;

K3 is _the _fraction of the item's_population that can be
installed at the tender level that is to be
supported by the tender.

K2 and K3 indicate the probability that the tender or repair
ship will see a demand for parts installable at the
different levels of maintenance. The value of K2 1is set to
be 0.1. 'his means that a tender or repair ship should
replace a part installable at the organizational level only
10 percent of the time the part fails. The value of K3 is
set at .33 which means that a tender or repair ship should
replace a part installable at no lower than the tender level
33 percent of the time. If AQD computes to zero then a value
of 0.001 is used. Tha standard deviation for items with

demand history is computed as follows:

2 2
SIGMA= \]?:,(Di - AQD) ,where

Di is the demand for quarter i.

For items with no dsmand history SIGMA is taken to be
1.6xACQD if AQD 1is greater than or equal to 1.0 and 2.1xAQD
otherwise. If AQD was forced to be 0.001 <then SIGMA is
forced to be 0.0001. The averags quarterly demand and the
standard deviation are then supposed to be factored by the
number of ships using the TARSLL to reduce demand data from
an ocean level ¢to an individual ship 1level. 1In the
development of the 1977 TARSLL, however, there was no
factoring of either AQD or SIGMA. Por items with demand
history, the average requisition size, A, is equal to the
total demand quantity divided by the total demand freguency.
For all other items, A is set to one.

15




B. RANGE CUT PROCESS

Once the AQD has been predicted, the range of items to
be carried can be determined. This is done by the range cut
process which is distinct from +the depth determination
process. If an item has a predicted two-year demand (8xAQD)
greater than or equal to the range cut value, the item is
stocked. Jdtherwise, it is not stocked. An item passing the
range cut then goes to the depth computation. However,
should the computed depth be less than one, the range cut
process forces the load-list quantity to be one.

C. DETERMINING ESSENTIALITY
To determine the depth of an item, its essentiality must
first be computed. For items without demand history, i.e.
demand was estimated by the BRF method, the essentiality

factor E is computed by the following equation:
- (116~MECs) ALPHs - (58-MECt) ALPHt

E=p0Ps x Ks x e + POPt x Kt x e
POPs + POPTt

PCPs _is the _fleet population of _the item that is
installable at the organizational level;

POPt ,is the _fleet population of +the_ item that |is
installable at no lower than the tender level;

Ks is a arameter used to weight _the applications
installable at the organizational level (value ¢ 1);

Kt is a arameter used to weight the applications
installable at no lower than the tender level (value

)

MECs is the military essentia;iti.code of those items
installable at” the organizational 1level (maximum
value is 116) ;

MECt is the military essentialit code for those items
installable at’ no lower han the tender level
(maximum value is 58);

ALPHs is a _parameter used to control the range of
essentiality for items installable at the
organizational level (equals .12);

.o

ALPHt is a _parameter used to _control the _range of
essentlallt{ for items installable at no lowef than
the tender level (equals .12).

Ks and Kt indicate the relative essentiality of parts

16




installable at the different levels of maintenance. The
current values of Ks and Kt are .67 and 1.0 respectively,
indicating that parts installable at no lower than the
tender level are S50 percent more sssential to the tender's
repair aission than are parts installable at the
organizational level. It should be noted that, im all cases,
the value of E computed by the above eguation will be less
than one. Should E compute to zero, then a default value,
which 1is currently unity, 4is used. For items that have
average gquarterly demand estimated from historical data, AQD
is used as the measure of essentiality (i.e. E=AQD). This is
designad to increase +the depth of items with historical
demand, since the range «cut forces the AQD to be greater
than one.

D. COMPUTING LOAD LIST QUANTITIES

Once these variables have been determined, they become
inputs to the depth <computation, which is the only place
wvhere the @mathematics of the single period constrained
inventory model is used. The assumed model is :

L}
minimize S-ci x zi /BEL
te)
n . .
2: (Ull- Vi)
subject to il ——— > .85
Ui/zAi

Ci is the unit cost for item i;

Ei is the essentiality for item i;

Zi is the quantity stocked of item i;

Ui is the average quarterly demand for item i;

Vi is the average quarterly units short for item i;

Ai is the average requisition size for item i.
Th2 solution of this model is by the Lagrange multiplier
method. Assuming a normal distribution for demand, the
following equations are obtained:

-}
1. 2i = Ui + si x§ GC%J,H i=1,2,3,...n
l-

17




2. .13 :Z'%Ji:_= ési[ﬁ % - @ﬁ_ﬂ)}%%], where

@ is the Lagrange multiplier
Si is the standard deviation for item i;
# is the density of the normal distribution;

is the cupulative distributiion function of the normal
distribution.

Equations 1. and 2. must be solved simultaneously for Z2i and
0. The iterative approach is used for sclution. The Lagrange
multiplier is fixed, the quantities Zi are computed for each
item using equation 1, and then equation 2 1is solved to
determine effectiveness. The Lagrange multiplier is changed
and new Zi ars computed until constraint eguation 2 is
satisfied.

The controlling term in the solution of the model is the
Lagrange multiplier. 3In the TARSLL computations, the risk
parameter A is defined as 1/6 and the following is called
the risk egquation:

P = ACA/E ghere p is the "risk®
A guick look at the term § (%ﬁ}) = %q(p) will explain why p
is referred to as the risk. The risk is the probability that
demand will be greater than the value t = o (p) as
determined from a normal distribution.

P
/7

t

Since p i3 a probability, it must be greater than zero but
less than one. The solution of the risk equaticn is the
first step in determining the depth of an item. As mentioned
earlier, the risk parameter is set for each iteration and
the cost, average requisition size and essentiality are
known constants for each item. However, there is no
guarantee that the solution of the risk equation will result

18




in a number in this range. Therefore, the value of p is
constrainad to be between 0 and 1.

After the risk p is determined, the normal distribution
is used to determine the nuamber t such that the probability
that demand is greater than t is the risk. That is, t=§?p).
The depth Z is determined from the equation

Z = AQD + SIGMA x t
It should be noted that t can be either positive or
negative. Thus depending on the risk allowed, t standard
deviations of demand can either be added to or subtractedl
from the average quarterly demand in computing depth. This
preliminary depth is then rounded and subjected to several

restrictions to give the final load list quantity.

: E. QUANTITY CONSTRAINTS

The primary coastraint is the wminimum quantity (one)
specified by the range cut criterion. Other quantity
restrictions are minimum, maxiium, w®mandatory, and exclusion
overrides applied to specific items. These are used to set
upper or lower limits on the gquantity to be carried or to
speacify a mandatory quantity. An exclusion override is a
special case of the mandatory override in which the quantity
is zero. JQuantity overrides are usually identified prior to
the running of the model. One of the more common overrides
is a maximum guantity override specified by the fleet

because of volume constraints. The next restiction is that
no less than one dollar's worth of the item will be stocked.
i.e. the guantity is increased such that the extended dollar
value is greater than $1.00. Another restiction is that the
change in the 1load-list quantity must exceed 25 percent
before the load 1list will be adjusted to the new guantity.
This 1is to eliminate the handling costs associated with
small quantity changes. The new load-list quantity must also
be in even multiples of the item's minimum replacement unit
(MRU). The MRU reflects the minimum number of units

19
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required to perform a task and may vary among APL's. The MRU

for any item is the maximum of the MRU's appearing on the
applicable APL's. PFinally, for items without historical
demand, the load list gquantity is constrained to be less
than 50 units and have an extended value less than $100.
This constraint is designed to prevent the stocking of an
excessive quantity or dollar value of an item based on an
erroneous BRF estimate of demand.

F. EFPECTIVENESS PREDICTION

After the item guantity is determined, preliminary
statistics concerning the itenm are accumulated. These
statistics include a <tally of the various overrides and
restrictions applied, the method of estimating demand, and
ths extended dollar value of the item. The predicted
guarterly demand quantity and frsquency and the number of
units and requisitions satisfied are also accumulated. These
last statistics will be used to predict ioad list
effectiveness after all candidate items have been processed.
The number of units satisfied is estimated by assuming a
normal distribution of demand to estimate the wunits short
and subtracting this from the estimated average gquarterly
demand. The following formula is used to predict the units
short:

Units Short = S l? (z;u) - (ZEU) § (zgu)]
The predicted units short is constrained to be greater than
zero, but 1less than or equal ¢to the average gquarterly
demand, to prevent absurdities from entering the statistics.
Similarly, requisitions satisfied is the difference hetween
the quartarly demand frequency and the requisitions short.
The requisitions short is computed by dividing the units
short by the average requisition size.

After each candidate has heen evaluated by the model to
determine its load 1ist gquantity and the associated
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statistics, a final computation of effectiveness is made.

Net unit and requisition effectiveness are calculated by
dividing the total units and requisitions satisfied by the
total demand quanticty and frequency, respectively, for load
list iteas. Gross unit and requisition effectiveness are
similarly computed except that non-load-list demands are
also included. 1If the net requisition effectiveness meets
th2 85 percent goal then the optimal load 1list quantities
have been determined. If requisition effectiveness 1is less
than 85 percent then a new risk parameter smaller than the
last A\ is picked (i.e. less risk), and the model is rerun
for all candidate items. If effectiveness 1is significantly
more than 85 percent, then too much money is being spent for
the desired effectiveness, and the 1load is reduced by
picking a larger A (i.e. more risk). Each successive run of
the model 1is analyzed, and the risk parameter is changed
until the predicted effectiveness is within tolerance of the
desired effectiveness.
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IV. ANALYSIS OP THE 1977 AD/AR TARSLI INVENTORY MODEL

A. THE BASIC TARSLL

The first step in analyzing the 1977 TARSLL was to
develop the basic load list. A detailed flow chart of the
TARSLL computer program obtained from FMSO was used to
develop a FORTRAN program of the TARSLL model. In addition
to the normal range, dollar value, and effectiveness
statistics normally output, the program was modified ¢to
provide the distributions of essentiality, average quarterly
demand (A)D), average requisition size (ARS), cost, and load
list quantity. The input to this program was obtained from
SPCC's files and included the parameter values and input
tapes of the candidate items used to run the 1977 TARSLL.
The results given in Appendix A w2re obtained from a run of
ths program. The load list range of 13,217 line items and
value of $760,671 are comparable to the final 1977 TARSLL
that went to the fleet. O0f interest is +the fact that no
quantity overrides were applied to> any items. Also the 85
percent effectiveness criterion was not met (see Figure 1).
This presented no problem for this analysis since this
TARSLL serves only as a baseline of comparison for other
models. Another interesting feature of the output is the
observation that the distributions of AQD, ARS, cost, and
depth all decayed at an exponential or greater rate. To
accomodate this the 1logarithms of the gquantities were used
for graphing purposes (see Appendix A). Other aspects of the
output statistics will b2 discussed as they apply to
different changes in the model.

Figure 1
. 1977 TARSLL

Przdicted ER NER TOTAL ACTOUAL
Net Unit, 84.50 68.84 78.66 78.63
Gross Unit 71.21 58.08 66.32 59.18
Net Rejn 57.82 41.15 42.72 61.61
Gross Regn 38.77 38.92 38.90 34.04
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B. ACTUAL EFPECTIVENESS COMPUTATIONS

To determine the true effectiveness of the 1977 TARSLL,
and to evaluate the effects of various changes to the model,
24 months of demand history from the MLSP data file were
retrieved. The data was for the period October 1977 to
September 1979, and included all of the demand data for the
5 currently active AD's and the only currently active AR in

the Atlantic fleet. Por the effectiveness computations the
24 months of data were divided into 22 consecutive
overlapping quarters, i.e. Septamber, October, November 1977
was the first quarter; October, November, December 1977 was
the second quarter; November, December 1977, January 1978
was the third quarter; etc. Each 0f the six load list ships
carried the same load, and no allowance was made for
demand-based changes to the 1load list. The load 1l1list was
considerel “o be 100 percent on board at the beginning of
each quarter and was not resupplied during the guarter. This
was done to simulate the 90 day wartime environment. Net and
gross unit effectiveness and nst and dgross requisition
effectiveness were computed for each of the 22 quarters for
each tender or repair ship. These were then averaged to give
the fleet effectiveness by quarter. Unit effectiveness is
the simple average of the number of units satisfied by a
tender or repair ship in a three amnonth period divided by the
nunber of units demanded in the same period. For net
effectiveness, only desmands for items on the TARSLL are
included in the computations, whereas for gross
effectiveness all d2mands are counted. In computing
requisition effectiveness, each data element is considered a
regquisition, and a requisition which is only partially
filled is considered not filled. Requisition effectiveness
is then computed as the ratio of requisitions filled divided
by the total requisitions in a three month period.
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The first item of interest to be examined in the output
of the historical effectiveness computations (see Appendix
B) was the relative effectiveness of the load list on the
five tenders and one repair ship. No single tender was
better or worse across all four measures of effectiveness
than the other tenders. The repair ship, however, was worse
in all measures than each tender, averaging 'about ten
percent below the wmean. Even so, the total variation in
effectiveness was small. The standard deviation was less
than 3 percent for net effectiveness and less than 5 percent
for gross effectiveness. These results held for all
effectiveness computations for all variations of the TARSLL
model. Therefore only the fleet-wide summary statistics will
be used in subsequent comparisons of different models.

The effectiveness results wers also examined to see if
thare was a serious d=gradation in effectiveness over tinme.
It was obvious that some degradation was occurring over the
two-year period, but the amount was less than 5 percent
across all measures of effectiveness (see Appendix B). This
indicates that the current policy of developing a new TARSLL
every 3 years is adequate to provide the desired
performance,

The last analysis considered the interrelationships
among the four measures of effectiveness, and the
relationship between the predictions made by the TARSLL
program and th2 four actual measures of effectiveness. As
expected, the net effectiveness measures were significantly
higher than the gross effectiveness measures, and unit
effectiveness was better than requisition effectiveness. All
of the effectiveness measures were within 5 percentage
points of the predicted values except net requisition
effectiveness (see Pigure 1). These results were not too
surprising although the actual net unit effectiveness was
closer to the predicted value than had been expected, based
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on the type commander's comm2nts. The closeness of the
predicted and actual effectiveness measures 1indicates that
the composition of the 1977-1979 data 1is similar to the two
years (1975-1976) of data used to develop the TARSLL. The
big surprise was the size of the difference between actual
and predicted net requisition effectiveness. The difference
of almost 20 percentage points indicates that net
requisition effectiveness may not be a good goal for the
moiel. This will be investigated further as different models
are applied.

C. ESSENTIALITY DETERMINATION

The first <change to the model to be investigated
concerns the determination of essentiality. As described
previously, the 1977 TARSLL used the AQD for essentiality
for all items with a demand history and used an essentiality
factor between 0 and 1 computed £fronm the Hilitary
Essentiality Codes for all other items. The proposed change
is to use the predicted AQD as the measure of essentiality
for all items. Since the BRF method was not considered as
reliable an estimate of future demand as historical data, a
larger risk of stockout was allowed for items without
historical demand. This was accoamaplished by using +he
smaller essentiality factor computed from the MEC's. Because
essentiality appears in the denominator of the risk
equation, a decrease in its value increases the risk of
stockout. An analysis of the MLSF data (see Appendix ()
reveals, however, that for the nmajority of the itens,
historical demand may be no better an estimate of future
demand than the BRF coaputation. Almost half of <the MLSF
items appeared only once, and 77 percent appeared 3 times or
less. This low demand frequency ovar a two year period makes
th2 problem of predicting the number of demands in a period
very difficult. With the increassd confidence in the BRF
recently shown by SPCC, the essentiality factor was changed
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to the AQD for all candidate items for the 1980 TARSLL. This
increased the essentiality for items without historical

demand from an average value of .67 (see Appendix A) to over
1.5 (forced by the range cut). The resulting decrease in
risk will increase the depth of items with high predicted
demand and reduce the number of maximum risk constrained
items. The result should be increased net effectiveness.
When this change is made to the model, the cost of ER iteams
increases from $375,744 to $435,236, and the distribution of
the depth of the load list items shifts upward (see Appendix
D). The number of ER items with a maximum risk constraint
decreased from 2778 to 1863, but the number of minimum risk
constrained items increased from 1237 to 2899, confirming
the general risk shift due to the essentiality change. A
total of 22,792 units were added. The predicted unit
effectiveness showed modest increases of 3 to 5 percent (see
Figure 2). Requisition effectiveness, however, showed large
gains, with net requisition effectiveness increasing
dramatically. Of course ¢the key question is whether the
actual effectiveness showed a corresponding increase.
Unfortunately this was not the case, as all four of the
effectiveness measures increasad only slightly. 1Thus the
small increase in depth and dollar cost from this change
does not significantly improve actual effectiveness. It
does, however, bring the requisition effectiveness
predictions much closer to the actual figures.

Pigure 2
1977 TARSLL E = AQD
. Predicted Actual Predicted Actual
Net Unit 78.66 78.63 83.717 78.69
Gross Unit 66.32 59.17 69.99 59.21
Net Rejn 42.72 61.61 71.78 62.05
Gross Regn 38.90 34,02 62.31 34.25

D. IMPACrI OF THE K3 PFACTOR

The next change to be investigated was the change of the
K3 factor from .33 to .6. K3 is used in the BRF method of
computing AQD to indicate the percent of items installable
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at no lower than the tender 1level that are likely to be
installed by a tender or repair ship. The value of .33 was
chosen when tenders and repair ships had separate 1load
lists. Since tenders are one of three activities (tenders,
repair ships, and shipyards) that can install the part, the
likelyhood is .33 that it would install the part. With the
introduction to the fleet of 1larger and more capable
tenders, most of the repair ships were decommissioned, and
their share of the workload was split between the tenders
and shipyards. The reduction in repair ships also brought
about a merger of the AD and AR 1load 1lists. When this
happened, though, the 1likelihood value of .33 was not
changed. The new value of .6 for K3 is designed to represent
this merger of the AD and AR TARSLL's and the new split in
workload between tenders and shipyards. This change to the
nodel, however, is more of a theoretical purification than
an actual substantive change. The change resulted in a small
increase in the number of units carried, and a corresponding
increase of only $6000 in total load list cost (see Appendix
E) . The pradicted effectiveness dropped slightly across all
measures >f effectiveness, and actual effectiveness remained
about the same (see FPigure 3). This is due to the higher
demand predicted for most ER items. Again, there was a large
disparity of over 20 percentage points between predicted and
actual net requisition effectiveness.

Fzgure 3 .
1977 TARSLL MODEL WITH K3=.6
] Predicted Actual Predicted Actual
Net Unit, 78.66 78.63 77.66 78.63
Gross Unit 66.32 59.17 65.57 59.18
Net Rean 42,72 61.61 39.83 61.61
Gross Regn 38.90 34.02 36.56 34.04

E. RANGE DETERMINATION

The range cut had the greatest affect on the TARSLL.
Without changing this factor there can be no change in the
line items being carried. The Commander, Naval Surface
Forces Atlantic Fleet has specified the number of line items
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to be about 15,000. This number is derived based on past
experience to provide an adequate balance between the range
of 1items carried and the number of items <that have no
demand. This 1is also wused to meet the volume constraints
aboard the tenders and repair ships. The range-cut factor
used in the developmernt of the 1977 AD/AR TARSLL was 12.
This means that an item had to have predicted demand of 12
units in eight guarters to be carried. This is equivalent to
an AQD of 1.5. Less than 7 percent of the ER and 25 percent
of the NER items satisfied this very restrictive criterion.
The twvo options of interest are 1) a range cut of 4
(A2D=.5); and 2) no range cut. The range cut of 4 has been
suggested for the 1980 TARSLL, and the "no-range-cut" option
is used for FBM submarine tenders.

Because a range cut of 4 forces onto the 1load list any
item with an AQD greater than 0.5, the number of line items
carried nearly doubled to a total of 25,226 items, with
12,215 of these at a depth of one. The distribution of dept
was essentially unchanged above 10 units, with the total
nunber of units increasing only 7 percent (see Appendix F).
The total cost of the load 1list also doubled to over $1.5
million. Interestingly, over 85 percent of the increase in
both line items and cost came from ER items, with two-thirds
of those using the BRF method of predicting demand (see
Appendix D). The results of the effectiveness predictioms
were interesting because net unit effectiveness decreased
while net requisition effectiveness increased (see Figure
4), indicating that the wunit effectiveness for the added
items was less +than for those in the base TARSLL, but that
the averiage requisition sizes were smaller and yielded
better requisition effectiveness. As was expected, both
gross unit and gross requisition effectiveness increased
slightly. Even more interesting were the results of the
actual effectiveness computations. The gross effectiveness
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measures both increased slightly but the net z2ffectiveness
pmeasures both decreasel slightly (see Figure 4). Therefore,
this range cut does not seem justified.

Figure 4
1977 TARSLL . RC =4
] Predicted Actual Predicted Actual
Net Unit 78.66 78.63 77.65 77.28
Gross Unit 66.32 59.17 68,17 59.69
Net Rejn 42.72 61.61 45.07 38.01
Gross Regn 38.90 34.02 36.56 34.04

There are *two aspects of ths no-range-cut option that
affect the load 1list. The first is <that items are not
requirad to have a minimum predicted AQD to be considered by
the model as candidates for inclusion in the load list. The
second, and perhaps more important, fact is that no items
are forced on the load list. The results of eliminating the
range cut are startling. A total of 19,915 items are carried
cn this 1load list. The numbar of ER items nearly doubled,
but the number of NER items dropped by over a third. The
depth of the line items carried also showed a significant
increase with less than half of the number of items stocked
at the level of one. All other depths less than 10 had large
increases, but above 10 units there was very little change.
This resulted in only a 13 percent increase in the total
number of units carried. The greatest change was in the cost
of the load 1ist. Despite the large increase in the number
of items carried, the dollar value was half that of the base
TARSLL (see Appendix G). The predicted effectiveress
improved significantly with net requisition effectiveness
nearly doubling. Actual effectiveness gains were not so
dramatic. Net requisition effectiveness was the only measure
which had an increase over 3 percentage points (see Figure
5). That net requisition effectiveness went from a value
considerably below actual effectiveness in the base TARSLL
to a value slightly above actual in the no-range-cut load
list is particularly noteworthy. This again points to the
unreliability of predicted net reguisition effectiveness as
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a measure of actual load 1list effectiveness. Thus, despite
tha large number of 1line items carried, the no-range-cut
option deserves further investigation because it produces
generally better effectiveness at a much lower cost.

Figure 5
1977 TARSLL MODEL WITH RC=0
. Predicted Actual Predicted Actual
Net Unit, 78.66 78.63 90.86 81.37
Gross Onit 66.32 59.17 67.90Q 59.28
Net Regn 42.72 61.61 80.69 76.14
Gross Regn 38.90 34.02 65.55 32.40

A simple @modification to the no-range-cut option would
be the addition of a constraint that requires an item have
an AQD of at 1least 0.5 in order to be carried. This is
essentially equivalent to requiring a range cut of four
except that no items would be forced on the load list, since
the items with an AQD less than 0.5 would be the only items
eliminated from consideration, the results of this
modification should be a general reduction in the number of
line items <carried without a significant redaction in
effectiveness. This 1is in fact what happens (see Appendix
H). The number of line items drops to 13,477, just slightly
more than the base TARSLL number. The greatest decrease is
in the number of items with a depth of one or two from 4505
to 2251 line items. The total number of units also drops to
only 5.3 percent above the base TARSLL. The total load-list
cost drops only slightly to $366,755, but is still less than
half the cost of the base TARSLL. A quick look at the cost
distributions for these two 1load 1lists explains the
difference. The cost of about 72 percent of the items on the
1977 TARSLL was less than five dollars each, but the rest of
the items ranged to a maximum of $34,780, including 85 items
over $600 each. In contrast, over 97 percent of this
modified no-range-cut load list had a cost of less than five
dollars and no item cost more than $286. In comparison to
the no-range-cut option, the predicted effectiveness drops
slightly but actual effectiveness remains about the same In
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comparison to the basic TARSLL model with a range cut of 12,

this load list has about the same number of 1line items and
total units at 1less than half the cost, yet with generally
better effectiveness (see Pigure 6). Therefore this range
cut modification appears to b2 a significant improvement
over the current range cut procedure.

Figure 6
1977 TARSLL MODIPIED RC=0 MODEL
. Predicted Actual Predicted Actual
Net Unit. 78.66 78.63 90.82 81.76
Gross Unit 66.32 59.17 7.34 ;9.11
Net Reln 42,72 61.61 9.62 6.62
Gross Regn 38.90 34.02 63.68 31.70

F. EFFECTIVENESS CRITZRIA
As noted previously, the predicted net requisition
£fectiveness can flactuate widely without corresponding
fluctuations in the actual net regquisition effectiveness. A
similar but more stable measure of effectiveness is the net
unit effectiveness. This measure did not vary as much
throughout the many changes, and 1its predicted and actual
values were fairly close. Net unit effectiveness also has an
intuitive appeal. Since tender peacetime industrial work
often involves the overhaul of 2quipment, more units of a
line item may be used than would be necessary for the basic
repair job that vould be accomplished in a wvartime
environment. Also, the wide variances in the distribution of
average requisition size <for <the MLSPF demand data (see
Appendix B) indicate that one requisition may not be used
for only one job. Although half of <the items have an ARS of
5 units or less, over 85 units have an ARS greater than 600
units and one item has an ARS of 25,250 units. Thus unit
effectiveness may be a better indicator of 1load 1list
performance. A change in the performance measure, however,
necessitates a change in the mathematical model. In the
basic TARSLL model the risk eguation is
P = ACA/E
The "A" or average requisition size appears in the equation
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because >f the constraint of 85 percent net requisition
effectiveness, With the <change to the unit effectiveness
measure, A disappears. This is the same as setting A=1 for
all items, which is done for those items that use the BRP
computation to estimate demand. Therefore this change only
affects the depth of those items with historical data based
demand predictions. S=tting A=1 for the depth computation
will reduce the risk and correspondingly increase the depth
on those items. The result is a large increase in the depth
and cost of these items. The number of units carried jumps
to 815,202 and the cost increases by $640,000 to over $1.4
million (see Appendix I). Actual and predicted effectiveness
increased for all four effectiveness measures. The largest
increase was found in actual net requisition effectiveness
which increased over 15 percentage points (see Figure 7).
Thus 4 change in the measure of effectiveness to net unit
effectiveness results 4in a significant improvement in all
effectiveness measures, but at a correspondingly large
increase in cost.

Figure 7
1977 TARSLL MODEL WITH A=1
Predicted Actual Predicted Actual
Net Unit, 78.66 78.63 89.01 84.68
Gross Unit 66.32 59.17 75.01 63.64
Net Rejn 42.72 61.61 46.63 76.11
Gross Regn 38.90 34.02 42.46 41.93
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V. ALTERNATIVE MODELS

A. MODIFIED 1980 TARSLL MODEL

As mnmentioned previously, several changes have been
incorporated into the2 1980 TARSLL model. These are the use
of AQD as the measure of essentiality, K3 equal to .6, and a
range cut of 4. To determine their cumulative effect, these
changes were incorporated into the 1977 TARSLL model. The
range cut criterion was modified so that items passing the
range cut were not forced onto the load list. This was done
because, as discussed in chapter 4, the normal range cut
procedure would have resulted in a range of over 25,000 line
items, far exceeding the 15,000 line 4item target set by the
type commander. This @model results in a 1load list with
15, 166 line items at a cost of $444,311 (see Appendix J).
This 40 percent cost reduction from the 1977 TARSLL was
achieved despite a 10 percent increase in the total units
carriad by eliminating any item with a unit cost over $286.
The cost distribution for this model is nearly identical to
the modified no-range-cut model. As expected there are large
increases in both predicted and actual effectivenaess (see
Pigure 8). The predicted effectiveness rvesults were better

Pigure 8
977 TARSLL 1980 TARSLL
. Predicted Actual Predicted Actual
Net Unit 78.66 78.63 91.76 81.73
Gross Unit 66.32 59.17 71.18 59.17
Net Regn 42.72 61.61 88.40 76.70
Gross Regn 38.90 34,02 70.87 32.07

than the results obtained when each of the three changes was
implemented separataly. The results of the actual
effectiveness computations were similar to the modified
no-range-cut results. This is not surprising since the only
one of the three changes that had a significant impact on
actual effactiveness was the rangs cut change. In light of
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the improved net effectiveness and the significantly lower
cost of this model, the changes appear warranted.

B. FBM SUBMARINE TENDER MODEL

Tenders supporting FBM submarines (AS-FBM) use a model
that is slightly different from the 1977 TARSLL model. Two
differences that have already been discussed are the use of
AQD for dstermining essentiality, and the use of no range
cut. A third difference is the use of the Poisson
distribution to represent demand for items with a low AQD.
The Poisson distribution is coammonly wused in inventory
models +t> represent independent demands occurring at a
constant rate. In inventory situations at SPCC, the Poisson
distribution is only used up to a demand of 10 units because
of the «computational problems resulting from the iterative
process usa2d to determine the probability of demand. Above
10 units the normal distribution is used with the central
limit theorem offered as Jjustification. The no-range-cut
procedure was nmodified to allow for consideration only of
items with AQD greater than 0.5. This is the sanme
moiification that produced significant improvement in the
1977 TARSLL. It also results in ths same range-cut criterion
that was used in the 1980 TARSLL model examined above. This
makes analysis of the effects of the Poisson distribution
easier, since now the only difference between the AS-FBM
model and the 1980 TARSLL model discussed above is the use
of <the Poisson distribution. The use of <the Poisson
distribution produced unusual results (see Appendix K).
Compared to the 1980 TARSLL, the AS-FBM model had a
significant increase in the number of line items to 16,225.
The total number of units, however, decreased slightly to
685,010. This was due predominantly to a substantial
reiuction in the number of items with a depth of between 20
and 40 units, and an increase in the number of items with a
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depth of up to five units. Despite ¢the decrease in tctal
units, the load 1list cost increased by 25 percent. This
resulted fron carrying wmany more high priced iteums,
including one that cost $34,780. The effectiveness
predictions improved slightly in all areas except net unit
effectiveness, which remained essentially the same (see
Figure 9). Actual effactiveness, however, had the reverse
trend. Gross requisition effectiveness , which had the
largest predicted increase of nearly S percentage points,
vas the only measure to show an increase in actual
effectiveness. The greatest decline was the over 5
percentage point drop experienced by net Tequisition
effectiveness, which indicates that the predictions obtained
using the Poisson distribution are misleading and do not
represent the demand as well as the normal distribution.
Thus, despite higher cost, this model does not perform as
well as the modified 1980 TARSLL.

Figure 9
AS-FBM MODEL ) 1980 TARSLL
) Predicted Actual Predicted Actual
Net Unit 91.75 80.04 91.76 81.73
Gross Onit 73.08 58.96 71.18 59.17
Net Regn 90.02 69.03 88.40 76.70
Gross Regn 75.59 32.79 70.87 32.07

C. GAMMA DISTRIBUTION MODEL

An alternative distribution that has greater flexibility
in fitting empirical distribution curves is the ganmma
distribution. Using this distribution in the 1980 TARSLL
model has a major impact on the size, cost, and
effectiveness of the load list (see Appendix L). The number
of line items carried is reduced to 13,704 and the total
nuaber of items carried is reduced to 616.616.
Correspondingly, the dollar value of ¢the 1load 1list is
reduced to $330,514. Unfortunately, the predicted and actual
effectiveness measures are also significantly lower than the
1980 TARSLL effectiveness valuas (see Figure 10). Thus the
gamma distribution does not appear to provide significantly

35




better results than the normal distribution. The ganmma

distribution is also more difficult to implement, increasing
the computer time reguired to generate the 1load list by
nearly 50 percent.

Piqure 10
MODEL WITH GAMMA DIg 1980 TARSLL

) Predictad Actual Predicted Actual
Net Unit 81.31 77.13 91.76 81.73
Gross Unit 63.56 56.117 71.18 59.17
Net Rejn 78.10 68.13 88.40 76.70
Gross Reqn 63.05 29,09 70.87 32.07
One reason why neither the Poisson nor the gamma

distribution improves the 1load-list effectiveness may be
that the distribution is being f£fit +to the wrong data. The
constraint on the basic TARSLL wmodel 1is net reguisition
effectivenass of 85 percent. However, the distributions are
being applied to the unit demand. The ARS factor is then
applied to convert the unit demand data to reguisition
demand data. The proper procedure would be to fit the
distribution ¢to +the actual demand frequency data. An
alternative to this is to use a model that has unit
effectivenes as its objective.

D. UNITS SATISPFIED MODEL

A completely different approach to the model 1is to
maximize the unit demand satisfied, subject to a budget
constraint. Since there is no formal budget constraint on
th2 AD/AR TARSLL, the value (K) of the modified 1980 TARSLL
is chosen for comparison purposes. This w@model can be
expressaed aathematically as:

n
Maximize Z Ui - vi
(=1

Subject to Y Ci zi £ K
A4
As with the basic TARSLL model, this problem is solved using
a Lagrange multiplier approach. Assuming a normal
distribution for demand, the following equations are
obtained:
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Equations 1. and 2. must be solved simultaneously for Zi and
0. This leads to the sam2 iterative solution procedure used
for the basic TARSLL. The only difference is that now the
risk equation is p= AC where Z=9. The "A" term has dropped
out of the TARSLL risk egquation because units, not

rejuisitions, satisfied is being maximized. Similarly, the
WE" term has been delated because there 1is no essentiality
veighting, i.e., one wunit demand satisfied is as good as
another. If unit effectiveness were maximized, the only
difference would be a constant term representing the total

demand. Ihe same results could have been obtained by
starting with the objective function +to minimize total load
list cost, subject to the constraint <that net wunit
effectiveness be greater than 85 percent. For comparison
purposes, this modei was inmplemented by changing the risk
equation in the 1980 TARSLL model above to p= A-C and
recunning the program. For want of anything better, the
value of the risk parameter was not changed even though the
two parameters do not. have the same interpretation. As
expected, the results were not optimal. The cost of this
load list was less than two~thirds the cost of the modified
1980 TARSLL (see Appendix M4). Even so, predicted and actual
effectiveness were not much worse than the 1980 TARSLL (see
Figure 11) . Each of the actual unit effectiveness measures
was only about one percentage point lower. The seven
pecrcentage point shortfall in each of the requisition
effactiveness measures caused a little more concern, but the
outlook for significant gains was encouraging. There was one
major drawback, howevar: the load list range of 16,382 items
was already considerably above the 15,000 goal set for the
TARSLL, and the total units of 711,678 was omnly slightly
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less than the number on the 1980 TARSLL. Therefore, despite
its significantly 1lower «cost, this alternative did not
satisfy the +ype <commander's criteria as well as the
modified 1980 TARSLL aodel.

Pi§ure 11
ONITS SAT MODEL 1980 TARSLL

. Predicted Actual Predicted Actual
Net Unit 90.12 80.52 91.76 81.73
Gross Uni« 68.395 53.47 71.18 59.17
Net Rean 79.85 69.58 88, 40 76.70
Gross HKegn 63.54 25.97 70.87 32.07

E. UNIT EPPECTIVENESS MODEL

The last alternative to be explored was the application
of the net unit effectiveness measure to the modified 1980
TARSLL model. As described in chapter 4, the use of the unit
effectiveness measure raquires setting A=1 in the risk
equation. When this is done, and the program rerun,
impressive increases compared to the base 1980 TARSLL are
obtained in both predicted and actual effectiveness (see
Figure 12). It should be noted that these actual
effectiveness results ars2 similar to those obtained when
this change is made to the 1977 TARSLL nmodel. These
effectiveness improvements are accompanied by a significant
increase in the size and dollar value of the load list (see
Appendix N). At 17,792 line items and 885,655 total units,
this alternative 1load list is much larger than either the
1977 unit effectiveness load list or the basic 1980 TARSLL.
The cost of $1.1 million is over 20 percent less than the
cost of the comparable 1977 model, but 1s still over twice
the cost of the 1980 TARSLL.

. . Pigure 12
Unit Effectiveneéss 1980 TARSLL
. Predicted Actual Predicted Actual
Net Unit 96.95 84.46 91.76 81.73
Gross Unit 80.53 63.90 71.18 59.17
Net Regn 90.13 81.43 88.40 76.79
Gross Kegn 76.51 41.44 70.87 -32.07

An interesting gquestion is whather the large increases
in the number of items and <the dollar value are required to
obtain the additional e2ffectiveness. To answer this question
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the unit effectiveness modification to the 1980 TARSLL was
rerun with a 1larger risk parameter. The result was a
significant reduction in the nuaber of line items +to only
9271, but the total number of units decrease only slightly

to 764,941 (see Appendix 0). This was caused by the
elimination of a 1large number of items with a depth of one
or two. Although the load~list cost is reduced by over 50
percent to $465,605, it is still slightly more than the cost
of the 1980 TARSLL. Actual effectiveness decreases, however,
were minimal (see Figure 13). Thus this wmodel provides
significantly better net effectiveness <than the 1980 TARSLL
molel at anly a slight increase in cost.

. . Figure 13
Unit Effectiveness 1980 TARSLL
) Predicted Actual Predicted Act
Net Unit, 94.54 84.06 91.76 81
Gross Unit 70.83 60.18 71.18 59
Net Rejn 80.73 77.98 88.40 76
Gross Keqn 57.55 25.54 70.87 32
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VI. CONCLUSIONS AND RECOMMENDATIONS

The foregoing analysis of the 1977 AD/AR TARSLL examined
the mathematics of the load 1list model and investigated
proposed changes to the model. The conclusions to be drawn
from this analysis can only be made with respect to the 1977
AD/AR TARSLL. Recommendations to implement certain of these
changes on the 1980 and subsequent AD/AR TARSLL's are based
on the <conclusion that the demand data base is reasonably
stable. This was evident from the wminimal degradation of
effectiveness over the two years of demand data and the
closeness of predicted and actual effectiveness
computations. This stability also Jjustifies the creation of
a new load list every three years.

The <change to the use of the AQD as the measure of
essentiality for all items has a marginal impact on the 1977
AD/AR TARSLL. There was a modest increase in the size and
dollar value of the load list. This was accompanied by an
increase of 1less than one percentage point in each of the
four actual effectivensss measures. The increase in the K3
factor from .33 to .6 has minimal impact on the load-list
size, cost and effectiveness. Although +the change is merely
a theoretical purification of <the TARSLL process it is
justified. The current range-cut process is too restrictive
and reduces the effectiveness of the mathematical inventory
model. The proposed range cut of four demands in two years
produces a load list that is twice as large and expensive as
the 1977 TARSLL. However, even with these increases, net
effectiveness decreases. Elimination of the range cut
provides significant improvements in cost and effectiveness,
but the range of the load 1list is too large. Adding the
criterion that predicted demand must exceed four demands in
two years for an item to be considered by the model reduces
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th2 load 1list to the desired size, without significantly
affecting effectiveness. The implementation of the
essentiality, K3 factor, and range cut changes into the 1977
AD/AR TARSLL resulted in dramatic improvements. Th2 net
effectiveness measures improved significantly, while the
cost was reduced by 40 percent. Therefore, these changes
should be implemented in the 1980 AD/AR TARSLL.

The use of different distributions to represent Jemand
did not rasult in any major improvements over the use of the
normal distribution. The use of the Poisson distribution
produced a larger and more costly 1lcad 1list with lower
actual effectiveness. The gamma distribution produc=d4 a load
list with 1lower cost, but also with correspondingly lower
effectiveness. Without major improvements in either cost or
effectiveness, the ease of application of the normal
distribution makes its use pr2ferable. Therefore, the
continued use of the normal distribution is recommended for
the 1980 AD/AR TARSLL.

The ¢two basic changes tc the model itself were both
promising. The units-satisfied model had a lower cost than
the 1980 TARSLL model, but its effectiveness was not as
good, and the number of line items already exceeded the goal
of the type commander. The total number of units, however,
was less than the total units on the 1980 TARSLL model. The
unit effectiveness model had exactly the reverse situation.
It had a low number of units, but a high total unit count.
Consequently, it had a higher cost than the 1980 TARSLL. It
also had better actual effectiveness. The unit effectiveness
model 1is preferable because of the fewer number of 1line
items. It should be considered as a replacement for the
current AD/AR TARSLL model.

41

3




ity T

i

APPENDIX A

1977 AD/AR TARSLL STATISTICS

.

te JL'-_

7 ~ [ el
Y
Yok e
R SR
IR S
- '
~. -~
— . e e
L C K3 -
NIENTIC N S
PR T S
4 -~ a
TR S .
R 4
IS ¥ S
RPN
AR oW N RN
N
- r
v, e
el ~

« 8 s 0 s ® o 0 "N
N Y g e Y YN
I .l A Rt

PR T S e
.J. (AR AT b T I N A

wed + ¥ N ey N~
-4 ~et
* e e o + LR
NN — e n
T N— . [ Il
—ar ot b + N
P Y . LT
~ 4 a7 a hEES
o * & 0 LY R T LN
—t ~ Y N Nyt -~
[T -+ [
F A9 ~e TP DN
gt T e~ d e * s o
al Ny - e

-4 -t

-

s

r

— v N~ ..
[ LT + o+
- T —
—
- -~ o
4 —.t +
— (el ~N
- ™ e . ..
- v
—
3
.t Ty 4
—_— 1 il
-~ -
A -
-
~
Al
3
4
.

e Sy

~ ] ]
— -t +
v K o
B
~ B
~ ~
~ —t
N
A
Ve
—
’-
TN R u
vy ~
Yo —t
—
I
-
o
[y
~ o ) -
RN [N S S R i |
SRR S R 4
“

N7 -
fal Eal
— -—
. v
< -
-« .
- o

—~ TN~

B ashat &

N e

42




1977 AD/AR TARSLL STATISTICS

0 P TR I S S L N S S R N R

.
Cean g

SRS

e e

roan oy

[SER

ceroy

..

IR .
N N R Y E LR ey

.
i
P

R N N L I R A AR R RN ]

: feeces v
Sy o r f r n . ' o . " ' .
L ¢ : 1 " 1 ¢ 1 1 1 3 ( s
- : : ‘ { 3 ¢ 1 7 1 1 { ‘ . < <
Ce . , « - " . v iz v - X ) "
. e “ : [ R . 1 i TR

LA L4 s 1 fe 1e e i [ A 1 & Y . PR Corl o0t

CEoETFCT ary sy [T S AR B LA S S U L RS I S

" & [ o)
d e [ Ly

fc




LYY LR ND

IREEY IS

LT

PR IR SURN

Ll SN SN

1

— .
“

-

+

- v
DI Tkl TS
.. -
»

- «
< «
P
-

n »
~ -
-

-

-

~

- »
)
NP QOUINT
- -

v

+

>

s

-

»
AN
e

- -~
N I
~-~NA AN AN
"~ »
~ »
2

- -
DONWNT D B
A .
-

- .
3 »
TIMNZTO o
- >
" »
he .
e e ™
- e
.

= ~
- T

.
Ter e Veues
~ -

-

J
A YRR R R LN Y AR RN

1977 AD/AR TARSLL STATISTICS

N

R XX

.
LIRS

esana

EXVINIY

-
-
»
ks
-

cesa

]

s

L ig sV
,o

+rG2e LT AR S LN vateqg st T

Loe




R At [ cotlod o
Kl LRI R R T R e L R et LI T N R T IR I A ]
) + Lt -
T e seee o “en ee : ]
[
i
3 ¢ 9
B > 1
¥ -
» ® E
. -
e PR A L L D I R e L LR T L LR T T R R R S A, oo
. . 1
. .o o ae e . :
N . P . . . - - - .
. . . fe  ae o 4 e . E
: .« . . . i
X N .. . .
O L) - . .- .. N No e
—4 N ee e e e '
= cLt : }
(4] . .o R
H -
) . :
s . ’
. . €
e . . ;
(%< . . . N e
w0 ; . N
. . : w b
| ) . . . =
— : :
. - M 3
& : :
¢
< . - .
= ¢
o, . + B
24 X .
~ : N
w X . * ]
¥ M
4 A\l
N x
™~ S N DO |
o~ . -
— . t
- <
v . N
- »
Cot . o ey
L A E S e A AT EA AL YL ACE N e et IASAS AL L naa g hg e b -
X R ;
.- © 1 1 " ¢ e - ¢ $
e ‘ 0 i 1 1 . !
. ‘ r 1 7 1 [ e -
. .*» o 9 14 q o = R
. f . [ a4 1 wl ] ot
. e Py s iy an (A 135 Wi (SR B B
r K s “l [ < £ t 1 .

opcrel g




N 5 . - . -,
: . . - . .
N . . . . -
N t Ll
e e e

Sl nta s te e s b e S e e e e R .

. ~ R .
i - . . .

. . . .
T ONT e . -
P e v . . .
. . k4 —
. . .
. . .
T . . v
- . . ;
. . 3

A . . pe
- . . . -
e~ . .

- . - . .
E . .
. . .
- . .
M s . ~
. . -
. . . - =
. . s
- . . . .
! o . : =
- * LY . L B
- . . »
- .o . :
. .
: . . .
. . -
Fal . - ~
- . . .
. . ;
IS . .
> .. . -

' . . »
- . . . .
- . . .

~ « . . .

- . . -
- - . =
- . . .-
e . . . . .

- . . -
< .. . s
- . - -
. . .
. . 5
- . . . M
. . . . b4
A . . N
M ~ » - -
- . N 3
' .- -~ . . -
~ . . <
. . M
. . +
. . .
- T . . . .
laj . . .
. . . .- k

- . . .-
- . . . .
- o~ . . i~

. . . .

. . .

. .. . .

. . . M

E i TR . . N N

- —-s N “ . . N
- - > .o . :
* - . . .
. . . .

b oA saama . . . v
Sy - . . . !

- - - . . .

- B v . .

. . . .

T e R S . . "
- R, - . .

- ’ . . . -

N SR . .
- - .
e I I T I N R I T O O S A

- R ;
N . .
» -

'

4e




LL
NET UGIT

[ &
-—

31

PO TN O C DG~ i Wb —

S A T R e ot md sl e 2t s

E4
m
-
<

APPENDIX B

1877 AD/AR TARSLL EFFECTIVENESS

“ e \; vy

S

[ & C.C g

L] . . e ® e

. -~ ~il8 G

~NU N WU OO N O

2 6.C.CLC
[ ]
LS
(2 NIVITS SVER RN gt )

.ot
.
-~

<.

.

-
MO e

< a
» .
~— e —

J.
el

.

[

LY

-
L

i d roibet L5 0w P~ W ~C oo

VeV Lu

(S
L N
~=
C o
C
~

Lisi

chEe T IVENFSS

2293 Ul T

0.5964
‘.‘40 CUSQ
C.6217
“e021
we0d 77
\;o()é "}~_)
Seades
v e 3
Je692 17
CenT13
Jen 313
\..54\4‘\)
‘-{"‘OIU(JO

3
.

A\
(&)

TRV el LNl

PO $OIC ~,

Jedbon

ATLANT L

veT Kedin

Je 034
‘)_o(ll.j SO

e

.
.

OO
* * o o 4 o
LEANENVIAV A5 2L CZ2¢ NIVITS 11N,

o
—

,4
(-
L]

<
L]
<
I~
‘0
[ 9

fh
&
-

o
.
AV

MO G L CNiwO

[ ) S Y SR Y
e ® o & & 2 @
E R VR U S VR VW)

[

.
o

G

€.
*
-+
W NGNSV R UG oias w e VO

CcC
. o
-\
W
UG C e —OCNYG O 0 G e

C.
.

(2 SO WY VY SO QY i
® o & 0 ®» @ »
LA L NN O

[AVT AN RSN SO TR




[

'S
-
A

N COVENT NF LN~ O ~NC VP whurm—

NN et e e

AEAN
SOJCV

1877 AD/AR TARSLL EFFECTIVENESS

LLAE Lo

NeT LT

*
~NN
o d
(U e Y
Cuv

[¢ A NPT PRI I SO eV ST WE N £ N D WL N

e ®
-~

CLeCLlL el CUmrme.Cluwl CCe.C.
.
P~~~

T e R R O g e P e L SNV
~TUd LMW G L CWmUtIr e U n
CUDUNU OOV Lt e o — S

~
“e

C
L ]
—~
oy
I
«

Jedcub

cErECT IvENESS
LauSS JUnIT

Cets Ty
welta
veO A
Jehls2
"\:- 2300 )
Ve 227%
2373
Covitdh
CedFE R
Ccendls
Co EE VIV
Ceb395
u‘.t)u5?.
:04 IO+
Jell22
Led75 4
Je3253
J-?:SJU
Je 9032
C.5523
".:052(}.‘

Ued545

Cel297

48

o

-~
&

ceCeute -~ O

® & 3 & 0 % 0 5 0 0 % a0 s 0 ® e * g 800

~
[

MV BV T O NS NN NN N N N~
~N ONOCLUAN TSNP UIswLwOeN N M~y
LI W O NS W Ca— DU £ e w

— NV COCHOO 5T 40l G M WIC —

OCCCLOC LUl G

<
.

o
«

:)o"’)(’)?'*

\)RJSé RE o«

Je 33C ¢
Jas T4
Je 123>
\)o’?jl‘_'
Jet+l
~J.510Q
J-#ZE\/
Jo'f\)lj
)o**bv)
Je+lu1
vet2Ja
Ve ¢t 02
\)o fdlj
\)oj()7l
Je _){91\4

Cedbhou

e J?j}.




LLAZ

.
—_
pal

P C LN PPN CO W~ Ui Wl -

NP s e 1 s 1 s P o e

1377 AD/AR TARSLL EFFECTIVENESS

Jel557
Je 13,
J¢1047
e {J\u:‘
Je 11'2
;.jLVQ
Jel 713
Je3dsl
‘)odl'\)‘,'
Jelaod
Jelnlu
Je (4D 3
veS.J)97

Liof

crreol fveiesd

2SS UNIT

C.610c
ved G4
Cedlrl
305737
\.-?331
J-?SjJ
LeZl 7>
JeD3o+
CQQTOJ
“e 3951
el
Jac‘)ji
Ue 7)21
uaﬁéls
u00241
’:o.) 34 )
‘vc‘)l.é)g
u-{_\'J.Z’J
sedn 1
\J-)‘)L_L
Jedud7
J.\)L/"J

ve D IO

C.uﬁdu

4q

<
-
<

U.C gl iviCc oG

[
L]
CLPFUr .S OOV C

LU U O L
SU VLY NLOOLCSUD WO
T WD OE T T~ NN N

® & 4 ® * 3 2. 0 0 4 % 3 0
VIO

o
.

o~
[
o

N
\Jl
[}

[
.
<

27U Rt

(9
.
B VAR VL VS

..‘.....‘..I.Q..l
CLLC COUNU ~IV e Ul L1 O
NI N N = Lo T G O8I 0, N (8 =
~N NPV OR GG $C PUleaea C

Tewlnle NNILwWwL L L L e b

Pl

[ O SN Y G Y Nl O ST ST O SN SY S

bo)3d
JeJd3 55




1877 AD/AR TARSLL EFFECTIVENESS

LUAL LIsT chralTivVeiess Ao 13

iR NeT Jnlr oSy Jhli T g URU20  C wiN
l J.?I:" 4'505") )oubll Jedbbs
Al o372 e DB un JeH33EC Je3uvo

3 J.JLID v-'")Z_)*-r ).)7’)2 JQJJ".Z
4 Je3dl2 ve 352} Je5ald Je3lJy
5 ve 33l Co 1207 Jad902 Je3357
6 \)tda’l'?‘} ...752‘”. )o()Zl? \J.j_’l"
7 dellzd ceb 2y Je 36 Je3d s
8 ve 3045 LedYUY Jelbuidy Je373:z

9 Jellcd oYL JeDULSH Je 3330
1V Ce3dL7 _eH517 JeD 2 Je 3255
11 Jeldeh Je 5%t Jed U2 Je 3204
12 )n?J f.‘z \-o';“‘f-.)*f ')- JJ)i O. 3"02\:
13 veSIud Jedl 75 Je056G3 Jeoslel
l"t J."Slj ~e LU 2 Jori}’ \J‘DZ?CJ
l‘) Je lib 1.5.,5.4‘) ).37_@3 -).27')\7
145 velJdl i \:oﬁ"l(‘ Je5290 Jde2n s
i7 vel235 cedldo0 JeS 353 Jel1 1y
15 Jelni3 cen 103 Ja5572 Jeb 35
Ly Yo QUL Lel%2 7 D.5033 JelbH3)
24 cet2.iB Ted4ll Je3167 Jelakl
Ll. UQJKIJ ;-317.1‘ ‘3057‘.7 J-nib:‘
P cetdfd3 Ced500 Jeb2l0 Vel Ts
de cel 19I5 Jeb1l54 JeST51 Je3 L1
SQIJEV JeulL U velb (D Jeiu32o Veu$IZ

1
50
S ——




1977 AD/AR TARSLL EFFECTIVENESS

LLALS LIoT cFrecTiventoss \J 26

JTIR del LT LRSS JNIT val g GRUSS Koo
1 Jo"flb Lo?él\) U.7J53 )o”??b
Z )od").’ ved3 Je -)-UJéO uo'/?jffo
3 Je 2D ceu? (2 Jes 53 Jet 135
4 weldJdl 7 CedY 2 (--0602 Jevsle
S vetCu 12 L-?I.‘If'j Je O3 &S \:-1-‘9"5'4*'1
0] Jedldin ieliz) Je 1613 Jeblie
7 Jedld i vel527 el o Jed34 2
5 Je33.3 Sa 1617 Je7251 JealT.
9 Jeliy} wellis ve 1322 Jer+is
l\) Jedla4 LQIJU) (.()‘1"'/’ -).15)L
11 ve ld26 Jeoi 21 Jena €] Jde 371G 5
12 veldly Ced3LD Je 5595 CeldDOY
13 Seld0ul Ce 3200 Jeuddl Je 5337
14 Je {37 Sed504 Jen 338 Je 3528
15 c.81.2 Sioluo 316255 Je34B2
16 \Jo_}“771 L:-Q\,b.i Jebilll \_JOJZCJ
L7 Cedlc) Je5604 Je3oh Ue 3156
Lo Culgll 3e590 D 5476 Jes253
l‘; VelOUD CoD"""f 005/732 \)03)15
20 velooud cebHIh 3 NENL AR Je 334
<l JeedT) CeDGID Je 6537 ve 3222
22 Ceaisl Jeuk4) Je 347 Je3dlsy
Aza.0 veudldl CedDAl Jjet 533 vetJ T
SeJtV Jed3is seJdT0o. Jeu3l2 Jevidy

~




i R - LT e hm e inR A L A »-vmu'—mr‘l"«v et

t
|
' 1977 AD/AR TARSLL EFFECTIVENESS
E

Li.ae Llst EeFrciTive s AT 33
b NEdoJdT wicos hJdT FESE BN SRR 0is30 I an
l JelldJ) CeD44 3 Je 536D Je3 10
ya Jel>33 velne i Je 5535 ve 33
3 e 213 celbed Je DB T+ seldbh 3l
4 ve 3l 2 Sed9 3y Je S Je *tl 34
5 Jujfo; u.l??g‘ Jo’)l"”_‘} Uo'f'.}léf
[¥) Y 3353 \a"_)\j":“_) ‘JQSZZ] )030'3-’
7 Jedulo celuud et 12 veldce T3
o .J-\).‘:Y.f .:-6(.;].4 )-5"4'\) ).)#]l
G qoi’.)u' \.;o]-)?D \)o375} Jo?J)L‘
10O e 3020 ce3lo wen5 T2 Jedd T
11 :l)_)/a‘ ';0‘1)'))1. \)o‘f')553 J051J7
12 se 3331 Jeunil Jeian 216 Jel B3
13 Ce3dU0 cecI®7 UJe23533 Je3U3%
LI* JnCJ_j el 33 uoO].!Qi \J.iu‘:‘:
15 ve 3290 Ceu L et 123 Ve s [E5
14 el d Ceddus Je4230 Jel 3l {
17 ce 3+l cenld T2 Jen 327 Je 32 3%
].8 ;..;,.)j’ﬁ [V ))dJ \J.JZSI \)03135
19 we 3% Ceb¢ JeO3J0 JedU o
v celdnll Sevldin Ue 553 Dol 142
¢1 celdtulf TedTus el 21 Jes)2o
22 ceotaf vedald SeJdEH Je 314
-4-tr\r\' u-JS)J J.)S.)") \Jo‘.l‘)? \J.QZ:';J
S.tLV Jevu=3l JeJdS4 Je 4l Jel®40

52




crec T iv=F5S s

153 Jalil

-

—
--
—
-t U,

I O O A TN U PR e

N S R P I I G VU I N &

e, U uiw G —C

[SEN QN OF) O WY L T A
* ® 2 o o @
LINULUIG
RS T W I =1 U 28 ITYY
+ U ey

S S A X U G G\ V1S ]
ML

o

P AR VI L o oY O ST YR U VTN

AT b a0 AU
RV

Vg Lo U o4 4 i

[P IEVERV} R
B B ol VSNSRI G

[ QR O i S Y S U U G v Sy
.

N PV R VA

[ T AN
E VNG TSR W oY

Civd

.
[V

Forme Lo -G o il m=CoJ 0 ~C Ui

N DL~ P —p—

"
.
-
<
<
(91
<
»
[
-

(V2
[
.
.
4
[
-
r
—
I
.
-~

1977 AD/AR TARSLL EFFECTIVENESS

[ ST T
** o 0 e

[N ¢
*® & 9

-e
J
e
P
Je

e

WJi

e
s

;o

J
4
N
N

i G ¢

N
R N A I P S L S [ ST ey 3]

L

(TR CARN 7RV FENPRY SRVEY S VY P T Y]

MM LT e
FEA L B Y S NI 5

FOENERIY
[ U TV N VI G ST RO 3 R PSRN

"IN

VUi N s oo e

r~

eI L C e NG O — G e

S
[N ANY RN
G vy hurih .+ U
N SO I o Y S SO Gy

T e 4 Ve

N

Con L Lol ¢
[

[ORY o AP 6 S NRVIFY S

~ 1,

s

"

Ao
Na
P
~
[

L}

C
(&
)
—




o

- - 4 - ~i- ~ - ' ' st 3
- - o - - T B . — P R - a ~
’ DRI NN SRR R -
.- 4" - - - -~ - - . - , PR -~ s ) ,
' ' ' ' | ' ' Vo ' ' '
2] N
— - S T Sy e ST SR ) L S Sl Ll o ST R S e e el S B S
‘e D B L T L T EIE  y SH I (P Uy U U G U I PP
[72]
x| =2 =+
| < w
=l < e, . ) . - . e e e e
b e TR TR AL Tl
(%) . . N . N . . . . . I
= " o o e . ' Lot (] ' ' .
N . T T T e e T NN
. . . : N
- . [ ' n ' ' ' ' o ' B
i i ot L Lo - - - (S
NN TNSN TN NTNE N NN e SN ey R R L AL T T
B - L e e it . - R Cem mvewme —e o —~ -
S S T T R A PR . R I T N R
T TR - - e - o P - e m e i e e L e e e -

b e G L L O N ) LI Uik Yoz L v B e ML St L ) )
R I i T e i e e e o P Y Y Y e R Y e R e T Tt T IR R Ve T Vel Tt ol P ta L R ate Fo Yalie

o




Bk S

JISTRICITION OF AVG REQN SILZE

12.50

AL AR S R T REFPERTE R ENE I E S N R LN R RN RN PR R Il )

19.1)

R T N S $8 A, SO i R AL W

MLSF DATA ANALYSIS

3 B
o ] < o
. . . 0
~ A ~ k)

.
.
.
.
.
. .
. .
" - .
k) . .
AQnem—t » .
~— - .
el .
2 » .
- .
NA=pH=N » . .
T - . .
- . .
w - .
~ . .
—“~ONTDDe .
1 - . .
[ .
cd e .
" .
AArNuDdse . . .
3 .
» . . .
') * .
& . .
FENL— # .
St - . .
- - . .
(2] * . .
o - . .
DOV O = & .
~ » . .
@ . .
w - . .
[} o .
NO=AS D * . .
NN D . .
L 4 (a4 . .
3.4 . 3
3 . ]
R X P} 4 . . .
- » . .
- . . .
" - . .
L b . . .
ONDrtmy & . .
T~ . . .
- - . .
) <+ . .
. . .
DOV # .e .
—— - . .
- - . .
“w - . .
-~ - .. .
PP adDV e . .
o~ - . . M
~ o . .
. . .
“ o .
NONN——y . .
- - .
<+ . . .
L) » )
~N #* .o .
DIAN - . .
2N * LY .
*» . .
~ - LY .
~N - . .
F=t DL # . . .
~e . . .
. . . .
F) - . .
—~ - . . . .
O*mPras & . .
P~ D> . .
- -
30y IR Y Y R TRy Y R Y P R PP TY YR YN P EY T RE ¥ I
~
IHPrAN
Calal 2 o Q 2 o
) o o n 2] ~ -
‘n.y 0 3 . . . .
~ ) ~ ~ ~ -
e Ay - -
——~A—
-
Qo
-

55

-2.50

doNB RO R g Oyt

IXE RN N R RY WY

~2.50

61300

4%0.00

399 .00

15039

e
2

(I RS Y R A NN Y RIS AT R T RN R IR A Rl PR R R Y Y S RS R R Rl N RN R R R NIEYRYTRIE AR Y Y ¥




APPENDIX D

=AQD

STATISTICS FOR MODEL WITH E

STATISTICS

LJAD LIST Lur=2aT
1.‘.}

.
-~

TAob

<13

Ly

-
CIP P~ aP~ 0™ efmrny

IR d ™ T e

(DY LatfiNs Ko¥ Bia) N

—t Y Ny [Aa P
(TR T T
—_ NN
" m

[ R I I YT ST

W 8D Moy
L oM - —t
mC Ty N4
[SaIUIR W o
M

<+ T

Ll S T o R 10 Aev]

MO~ INA [l 5 4

[SWITaANa TaNI o WaN] )

TENSTN —
N
0w
- -

>~

-

U LA B

T

d-D

vy U !

2 T >

ey o L)
LN AN T
AT A=D>Uurnmny
—l g = Lid—
DL >IALIUL WA
4 DI I Z
T A DN
QI L IDLL

55 AT\

cl

FFsCHlv

195 )

s 0 % o 0 9 0 o Nem
= Ot N SNy
B S P i A LN
A NS AR Y
FNNNUAT £ AT 8 8 0 e
Yed Y P [EN B S T W ¥

L4~ Nj
e 8 * 0 L] LA RN VN
AP Fed DY N D e
NF e g e L gl o
oSN 200 K BENES S O 0
B A DA RSl S g ] ¢ o o @
DewdP i ~ TN

o & 8 o o e MR R L |
_— TN AN~
K 21 VSR SEan BN JiS SN, ol bl
FNTT s N AMm
[ JaURS oo & BRSO " o o o
laEERTaTaN} oS

— —

[TV
woow
(VU I YY)
U L
L= W el
- — v
T ) e TTW
NT I YIS jd=T Y
NJITII22<1.7 )

v DLy
- A [V RN |
—rrm Wi —=0
Pa S 5 4 woatung
YD (1% ZDZWY

17

»

A AN R L N e .

APt N
oy A
S rns Yy
RY LN IS, pu)

—

[l Ly

[Ta XS SR

Ea R a¥ ol

S+ an-
[ah)
—t

—p-0 DD

[ IR

<IN ™

[ Sdiah A

=™

Y

-

o]

(SR

-~

>

T

-

w0 g

Nt
A
R
- -4

o

NA I I I3
AT T del L

N
)
- -
()
uJ
>
1
<
b
~
(@]
—
N
L

I

X PP

BRF

FURCED FCST

-~
-

1S«

LTI

[ e,

8

i

a4
1t d
T d
<

]
z

RISk

MAax

e R TS SR T Y

BRI B
~EN L)
AT A
~ -—~
-
g}
oJ
D DD
Nl
—
JEN N RO |
PSS NS R S
el O D ¢
A4
Ve
—
(g%
i
Ll
-

0

AP Ll

cs

JVEAILD

o~

[ Y

el Tale

>=>
[y T
<t Y-

T
b €= LN
=3ro

56




STATISTICS FOR MCDEL WITH E=AQD

e s g . .
e Y TR Nacal N eyuEr s tiorashsanvianager [N A ta e Ayea v asa
. .

.
-~ 2
N -
) .
. +
e L R R N I I R X R .
.

.
. .
. .
\ N
.. .
' .
. .« e .o . N
. . . . . . s
. . .. .. “ae .
N . “oe . . . . .
. . « . . . .
. .. + e o .
. <
. e e .
. cesaes .. .
; . . :
. .. 3
. »
v A .
N L
N . . +
) + e
; . .o .
5 ces e .

N .e
- .
v N .
. .
: *
. . .
. 4
. -
. ]
K N . E)
. .
)
LAEAALD L NI DA IM AL LI N AIAYEAIELET S aprpd
‘0 0t cc (°:
1 t o1 . ‘ * « !
G t <1 5 3 ‘ " b
< t -1 11 1 P -
PN ) fe .- o «
o A oy ¥ LIS B .
AR "t % et 1 N ]
1S s 1 a ‘“ d k8 ¢ o1 ’ ¢ H 2 ¢ - ¥

ARIA ¥ A 5! thee ot 1216t ST Sy il bppe ot cetet ALE N acr

EE R

oo

AU IR A B AR R 2 1¢

ey

sk




=AQD

STATISTICS FOR MODEL WITH E

FL=ET

ATLANTIC

A
a

2.1 IVE s
JULT

cr i

Litaw LT

W )‘:))

JnlT

nET

aTR

G AICS I MS YA Y e N AT
e A M a A R RS Sl Ko BN JPOVINR T AR B R N R WK I YN
el Ea Bhe Ladiaali NS SRR IR L P L A S R T SRR T4
e R I R I N A W NN
® 9 s 8 8 0 S 9 0 0 v s 90 e
Mt A RN R A B el A ]

et MATTe Rar Raal SN e o Lo NG T N QP e R gy ST N 3
DN TRET A DUNINMOE (NP et D N0
Bal oINS S T Do ITa NS BN JaVFT oW s Ron Finto sl ¥ o N a8 PR, YT oY
PEIS L ARG ERARVUIN »SN0lTe 1% LY SN sl RV QN o ¥ fod Sa  TONNN o ST o Y TR}
¢ 2 & & 9 % 5 2 & ¢ 0 o P 0 O o * 2 0 ® o
OOJJW)J)J)J))JJJWJJJDQ

ANE T AT A Pard g AN 003 g TA A
o J5 RN Regiia il B o eV B eaiion LR R I s RE i SRS a N o W
DN NDNNDINAS T+ d 00 edtP= 30> 10
HaWaRENO AN o IEOED I IID I o TTA T oWNo KX ol o Nl itV W o W o Wi 11 o V1o
® & & & ® & 0 0 0 o ¢ ° o s 0" 9 9 e s
LT R S B A A Rt e T b B T W W B i R e

NS RTINS FANITNIAN A Y R 9
e Lo AT I TS ST WU TToREM Rt o NG e TG JK S P T
DITOITNTI BT A0 A TR AN T Sy
laale o¥zals ol o Toal ot o o SR N R N e ol s
® 6 8 8 6 0 2 8 P 0 0P s e s o0 e 0
TOODIIDNT AT TN NIIATININD N

NP INCA~D GO IN O T P O ity
ol b ool ol et e A b SN N

(B

~y

Jelnos
Ye3233

[N
o~
L]

Je 1-0_53

S.0cV




APPENDIX E

Q.6

STATISTICS FOR MODEL WITH K3

TRSLL LOAD LIST OQUTPJT STATISTICS

|

K13

l.0

T

Je.l54

LIN

Jel54

LE

—ad
OO +O O shm

—NSNEN D@
oo JaVR Al dd 00
—mimin -+
Nt 0 0
-~ N~

~ ~

A edt) o 0O ™M
WIrrmE oy O~
Relools oo hb g O
(St e bV o e 0N | [}

A . -
—_ > ™
MmN

G IR Yo 3 Yo Yo
ZonM~ind o9
wun AN Ny n
2D —_

-~

«©
)

384

>

-

U oy

B bay S |

- d 2

w) IRy W
w -Ju.>Z>
[ dVETTT R | (e POV
qADHOIVIVY
OZ d=>uWne
— b=
X >S>NIUWOWL
b= DA N>
L4 O
LVJdudegDIUNQ

DAT A

S

EFFECTIVENES

e 8 g0 8 ¢ s DM
NI $ .00 OO
P20V 0 AN o
PUODOODD $he b0y
AAOM O ™M o ¢ o o
PTIFE OO0
- NNy
s ® g 0 * s MO
—~E™N I My
Ty c0 OO0
NT s O oMM
AP Py s e e e
O~ — ™M [oleToYe)
L I ) o ¢ OQemirym~
[ 2o LN LN IRT ¥ NT, T
ninNed ¢ S~
+TDM® - O
Degdon mMet 0 6 0
laa IR 2 YoX . ODoo
-
Wy
Wy

Wi

W W

wrwz
= - Y

A ded DAz W
NL D 3 I D Dy
VNAZD 22 W

(7] SnEwv
-z [« ] (72 7Y
—T w =)
WUz oL o uwio
DD u ZOZn

Land¥s Zaa Yo R X Yo JEFRS]

OQMhmMmDa i

P~ O om NN

N OiINP-n

N Omd ~dd
-ty

DO M O
ny MmO 0
- 9 -
*E N 22
(] —d
-d

s

o

N0 OO0 Og

=uney o

il fo)

[andaglea) —

o ]

a.

=

(o]

(&)

o}

Z

E=¢

=

W Jdd Idd g

AL DA I I 0.y
s G g g bl -

W

(14 ]

aE

xD

W -

> v

a< Q (8]
Q &) u.
— a

@ a
j@) > w
b= (&)
(7] w. 34
- o Q
h s &) w

ONSTRAINE)D

MTOPEFOT
® BE &
E T N o

F F

28 44
1273

5
0
b0
0

N4
[aa} —t
—

48X RISK
MIN RISK

OVERRIDES APPLIED

(2{elely)

o000

[olelole]

54

o>>
=t
<O I~

Z2X>Jd
Ll
¥II¥XO

ncilishindin

e




T e T e T i T . o e e e

sl R UN o0 ey (L0t osr
IR AR AL R E AN R AN R R Al N Y L R Ry A R R YR N R T Y e T

1
) 1
0N,z - . . oGt - !
» * . 4
L .
- )
* .
° 3
*® &
. .
3 L3
¥ r
[ . ¢ ngor-
* L d
R LR R T R L LR LR RSP PP b
* .
-
; .
(e} < . °
" SO | . . 1
o . . . ese o s .o . .
v . . PR . . .
. . o ee “ e e as cee o
5 . . [ e
jand » . . . . . .
B . . . e ee .
M . .e
H » . . “ .
w 2 . .
L = . . “e . . . 06°f
5 e s ees .
£ ; e :
(&) s . .e . o
(e} “ .. . w
= 3 M u
P . . . .
o] {a°¢C n M u 06°¢§
m » .
: "
3 ;. :
— : ) :
> : :
0 AY] : .
— . n t
M ” *
. x .
-
T 5 ‘ * ..
[¥3] - .
» s
M *
LA 4 u 0s°%
CILPATFREIIT OO PE 26 R22 2408040084030 004 000X P 2P 200000 IPB 2022022001202 02000002)
cotesl orcan (W R (2°0¢ o2
c21  ¢671 fF 1t { 9 & Y 9 s ] 1 f (] < 6 9 5 f & s
0ot ce 5 £ 4 S < L 6 1] J] £ 6 21 S 9 ] 1t &1 [\ (81
(3 ¥ 51 21 2 R 21 < [ 21 [ |13 I3 M| 11 8 t 2t <1 1 1
"7 1 L3t € -~ ¢ 11 cl [ o1 [ 34 [ S T4 .7 17 e 1t 27 133 Tf €
[ T 133 a8y Lf 24 1% hed 6y fg ts 34 16 ¥ nc on £Ll 0 A o «l X
x4 Cle  2h 201 661 0¥ €81 0%l €91 1CZ  GNZ  9R2 €12 BZ¢ €9t 21t €% OULE €9t 1LY Tco*
0Z 6 ] L 9 S 4 f '4 1 o1 [ L ] 9 < k4 £ < 1
yeELl ST SW3MT AN BN MUY ] A1D S¥LE 40 NONINBIYPESIO
. . _




L iSamihe N i b

5t AN

.6

STATISTICS FOR MODEL WITH K3

T

-
-

FLe

-~

ATLANT

(235

TIvVe

So

LOAD LIST k¢

>
1)

REEN R

T e

D
O

2SS 1T

N

G<

Uil T

NET

ATR

DIOT NN D RAY P AN -a ) g m D]
TN O R AT 4Ty AT e IR A - e
L e R o T I R P B N
AL RO SR T tao et B B R TV I P INENEN TN T
A I I I O T S S
TN RT AT AN ANy Y

I AR ISR Sl A R PV I TR TRN e
TP DD L el 0 At D 2Dy
DN NP DN AYOIN TN TN e
SN0 O U S Nl T g N A

£, 8 2 0 s % 00 e b0 v

(
L]

d Y — - — -
R T Lo o L

AT AR IR P AT R AT Y TR N T it AR
Nolia Rk Sl Sa R INAFS At A X O SR  TRUR S RV R A FPAN ot
IO g ™IS DA AT A (et Yy P
NDADOIIDIC DN NN [T N AN
on.ooo.oco.co...o.oo-o
L e e e R T T e R e B N R R T SR oy

DAP0 O » D™ o F e DA gy D4
=TT DT YDA AT a0
Dt DN RN LA DD 1R~y
etlaake e oo 4 B 'al SN T NI AR N e NI Ay NN
S 9 % ¢ % 4y % 3O P e 0 P 0P 0 e g 0 o
PIDATDDIDONNAANTY IV NNy Y ey N

—HNMFD OO I F DO DT Oy
Ll R R h R R R e e TN SN N

Je 3t) 4

Je clnl

)a‘i“Li

Uo/lJé'J

Z
-1
w
s

Je J+ 13

Je 52 87

e it l

-+

~)
>

S.otv

61




APPENDIX F

=4

STATISTICS FOR MODEL WITH RC

LIST CUTFUT STATISTICS

TRSLL LLATL

kK12

l.C

T

(. 1524

LA

C.154

Le

-
AW O oD T F

U ONUITO S Y

(2 RaVaNIa Vg 4]

P G VDI -—
WAITNINONLLNY —
- U\ uy

oy
— .

iy #IN o0 eV
L AR AR 1l AR Tand

EVITRIS JYREN W=
VOt et “w
FHINS= O~
—~ O 0
(S e
— -
Ui A AT 1 1V )
D RS0 V1 VANY VR RN
[SER ST R V] uy
CNNTUN Y N
hon N VR NNV §
w W
RN 4
P o
-
P S |
~ D
-~ d D
(%] PATED- 0 - QN
u DoUD>PZZL
Ll LS g o
NI U G
Al (3
g andandi ST
(S Y 1V, DYTREY

Z DD add Y 2
[c PEESTR TS RVITE I]
Cdd AU

LD
[aalad

D

-1

a7y

EFFECTIVENESS

a0 g0 g O\
fanh Hand SaL PR SNTARAL IO F-cian Kb }
O WM A A P OV N
(VAR G AVEVEIT VRN e JTRY o RVERS SN o
AT DUNYININI= 0 ¢ © @

[NV [Talea TV, BN SR J 5 10 (6 1 ]
- N N
¢ v v 9 L ] UMW
NOLOO WYV ==
TRCU MF r~oyrm
NN rC W T
DO~ o~ o e s,
L S QLC D
—
e e 00 * e VT W
[WIXNIE 152 (1= ~J I
PEANNTTY - A NS XAV
PRINNT T N AUV
(S ARV T N e s ® 0
(AT IRNTE FRV] L L3 X
et
[ ST
[TV

U Lty

&L W

AUl Z
[aad —
g e d DA
VIS ad o DD

NALAN Dz 1L '3

N 2nxn
— 2 vy
—s L g Yl SV
ZUIE x U JVNESA
2xQ 7% Z3Z.)

~ oMM

[ R L}
Uit DI g0y

o'V
oy
I

—r

1Ce¢

NWF I

o Nt [
ol

o W UV

i ert)

—_..C.J M~uny

Suy
—
—

P

)

—Jw ot Nt

et

e SV

[l V)

2

-

-

[

o

<

<

[ QU T R P R
[ R s e L P
AL AdL Ve R

~
»-t
X
o]
—
v
-
&

et X FGP

FUST

FURLGEG

GF ITews RISK

NUMBER

~

w

177¢

LL

MaxX KISk

T O
INW W
0O O
QN N

¢
e

125

e o d
A ydd Y
P PP §

MIN 1Sk

UVERRICES ArFLIEL

(&1l | &)

A\ LW L L

~t )k I

62




JE

24

N KEIN TTENMS S

ic

17¢4c.,

Mex QI

iy

DISTAlELTIEN CF TrSL

[CTNC AN TS ]
NT I
——

NI SRR
NN TU e

ey ~Oe
e

o

PT sS .
L N
—

w

-

PUSPRPITY TP
D A
+

-
RGN -
-m o
o~ o
-

-

MOrTN G
e -
- Cw
Ce

-

™G NS
i el ded D
~ *
-

-

NG @
V- -
- °
-

-

I VXV T VIS
~ -
- -
.

-

MNT—A e
A »
Tw

e+

3

—_ P~ D .
£ At Sve
-

v

-

Y RV ]
~w -
R »
-

"

~S e @ w
“r - .
Ll -
»

»

v

-

S syt
Ny
il

bl T alaadi *]
ety
-~

L3N Ny
- -

%91
Setcctiatestiageni

L

e
A LR AL LR P A PR RS Y N AN N RS AN RN R RIS EX R X IR IR XN X X 3
—

ram™

S5t

cosae

STATISTICS FOR MODEL WITH RC=4

@

PN P R NN B PP R PO IV SR TR RO I ANIT L YUY D Y *P IV NP P AT oW PP RUVENY UV ORPPRER v

seoe

)

“C.

Cet' v

)

)

3

YU

[§]

th e

.
.
.
.
.
.
.
.
.
“
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

et

2

£24C30T L vt p IRt AC AL a7 BRI BLCIIICTLOYCIPECHL RIS TPC DI IS0t U LISt er dytttLrany

Ve

BES RERE RLE A &




=y

STATISTICS FOR MODEL WITH RC

ATLANTIC FLEET

EFFECTIVENESS
NET REQN

LCAD LIST

Zz
<)
w
X
(7]
[Ya)
(]
X
]

ORJSS UNIT

NET UANIT

QTR

OOMPFUT O T $Fd FAINITDON D FININ
M AADOPN A OO DAMAD T AU o~ N
SN FANINGF DO Ayt =N MOy
444*4#444%533353553333
® 0 0. 8 ¢ 0 0 0 0 00 g % 0% o 0 g 0t 0

OJOOOOJODJOOOO)O)UJJJO

T O D 00 DONGFNONUN'N~ M OO T
OMPAaOOTMNMOVO~NMNT OO OO0V
TOOO~RDIMNMORCToOITMTrINOIO
00200 NN O OO AN NN NN LIN
® 0 8 o % 5 0 g 0 a0 % g * o0 s g 0,

OOADDODONDOAHOTODODARODO

Ard P AN D AN AN OO DN D
R e Ta T T Vo D B f Ta WV Raa1Va Yo e YN JVORE o Yo ]
O aAINOMNONOYL F PNy DD D
0000V D 000 O'NNADINNINIA'N O -0 NN
8 0 0 ® o0 o 0% 8 0 g 0000 a0t s
ODOOOIDDIONDCDDADHLIDVIDO

NNV AP g DO ed P NN T T O™
AN ENIODOO N ODON—DIF O~
CROP~OTOONG NN S+L OO
P P CO P DA oo P P P e P o P P N P o P P e P
® ¢ 0 g ¢ g0 0 9 % 0% 000 g g 0 0 g 0,

A FN OO T NA TN~V O~
ot ol e el ol g et =t = N O N}

J.3801
0.05138

0.5969 0.5828
0.2362

JeJ434%

V7728

Z
<
w
b

C245

-
Ve

S JLOEV

6u




-~

el o JTA T IT W Yon BN Y an LS9} * e 0 08 & & s DULIIN MO NNy a WO WN nOCC
Fin—tnN—tn O AN OAC g On MNENSUNN N —t—t O~ &
[ToNToYaate Naa! ool (STt STATT Vool Ny Yaliandlal TNty M N et O
—FooNe TN R Lindte ol J s o s RV¥aRR o INs ] o s O £ ¥ CDa—.g
w 0\ N 0 O AN ALY o o 0 » NEJrd Nt [
L ~ A~ N~y N O —
[ ™M ~ NN
[
w
— ]
— -
1
1 - o™ o o O LI Y ¢ s oWT™ ~n i oy onN T o cCrom
48] [7,) WHAS Nt Y~ NOEN Weg 0N ~—d M~ Rs W e~
a ) wregr~g @ NOAN M~ BNC— NOY o~ ~N Ui
O —_ - s 0r~.0 iy N N DO o Mo aa o« NN
= o X L FON N e e e e —en — o <C
a - N ity N cCoaCr uw,
B - —_— o~ -
jo] - o~ —
(@) o e <)
1 —~ R
Ll — = k-
(U] (V4] [end w
o M —_ ~O Q0 °C D ee e o INCON O~ OO C& ZOo ~0 onoc
- wINTngE o TONGE TN O 40Mm ey 0 ~ o~
XM - LN OO ~ANOO BC Nt D A= e I N w
— | o TN LCON 0 OMDmM Ny — o~ 0
Al o 1 -~ 0 C ONt 4N e e e D Y
= =z [ 45 TN 2 - m T oVAN A ")
78] PR 3 NN . o~ > —
[a B ~ — S (&) o (o
o, o - L] -~ Q (t1]
< f - v ) vy —
v ) = -l
0 124 7 Z w [«
o - " n - — a
— ty 2 — <
B+ z < W e )
[75] ] u O d g d I3 a3 W 72}
= > AT AdAZ A YTt U 13
e P e )
< ~ - w ow uwn @ =
£ uy i T e S w w ety W g dd.2 3 X
0 — a0 ut [FRSEITR LT B NyTANZTA o
. —_-l u w ot w — 2 w
(&) v e 112 =4 [*8) [T etz P o v - -
w ~DUS>LZ W — 3 a9« o QO <z cC»
Lol SRV LI (W] L AN RS U R DI | T - T (8] (@) w L4 x o
n aUIOqNIN QA NQAIS I b I I DI — o. (7] (7] > >
O ->WwwnNo NJAZA _JLC e W o a) — — P T SRTY)
w "o of [ ant ol LA v pe 1721 X7, o > uJ w or q Q-
. QD> NNLHIOWVY - < o (.Y, } - %) o 1Y)
P QoJdax —re us 00 w uw o > z X2 -
] DI OWWLUC ZW2 [+ 4 oo - w (&) < e g <™l
Ao BEL P L ol NS ] e w 2020 x o U > > IFT2L




1< l9uéc

IRONLIN 1TSS

11945,

sour TeSLoRTY “aas JTy

K

niLie

?n

1)

STATISTICS FOR

< o o
< Ll Tl
. . .
w ~ n~

IEC L
N DSy
——

Frecamas
U ety L3 )
~

.
.
L}
-
-
»
-
[
-
[
-
»
*
.
.
-
.
.
.
.
.
-
»
.
L]
.
-
3
2
-
s
*
-
L]
-
»
<
»
-
»
*

TN -
Fr - e

AU Y
T A

- 2
o
f
—_——h e
A" D
~N

P~
\

ot
-

FISY LW
R e
>

o (XY

R
TP L L T VR I T Ty Y )

NO~-RANGE-CUT MODEL

3.50

14

1.%2

PR P U IPPIECIAT YIS b

..
R P R I A N N R R N A A R R AN IR S RS

AN » .

. > ~ ws
~

~

AN EL LRI Ea
P as
B

66

.
.
.
.
.
3
.
.
.
.
.
3

cenan

.
)
.
.
.

ces g

.
.
.
.
.
.
’
.
.
.
.
.
»
.
.
.
.
.
.
.
.
.
.
.
.

'

.
.
.
.

-J.5%)

-2.57

3n.32 62,0 9090 123.%0

Y I N ey e A N L T X L P S R PN AR R AR R A AN IS R L AL AL AT R

]

I3

-2,
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STATISTICS FOR MODIFIED NO-RANGE-CUT MODEL
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STATISTICS FOR MODIFIED NO-RANGE-CUT MODEL
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APPENDIX I

STATISTICS FOR MODEL WITH A=l

CUTPUT STATISTICS
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STATISTICS FOR MODEL WITH A
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STATISTICS FOR MQDEL WITH A=1
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APPENDIX J

STATISTICS FOR 1480 TARSLL MODEL

QUTPUT STATISTICS
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STATISTICS FOR 1980 TARSLL MODEL
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APPENDIX K

STATISTICS FOR AS-FBM MODEL
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APPENDIX L

STATISTICS FOR MODEL WITH GAMMA DISTRIBUTION
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STATISTICS FOR MODEL WITH GAMMA DISTRIBUTION
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APPENDIX M

STATISTICS FOR UNITS SATISFIED MODEL
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STATISTICS FOR UNITS SATISFIED MODEL
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APPENDIX N
STATISTICS FOR UNIT EFFECTIVENESS MODEL, A =.154
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