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FOREWORD

A computer program to model life cycle costing of equipment acquisi-
tions has been developed and implemented at the Naval Surface Weapons
Center, Dahlgren Laboratory in response to the need for an interactive,
user-oriented routine which could be easily adapted to other areas of cost
analysis. The requirements for the model were conceptualized at Marine
Corps Development and Education Command (MCDEC), Quantico, Virginia and
were communicated to NSWC by Mr. R. Sparbel of the Electronics Systems
Department (DF). Mr. Sparbel was on TDY at MCDEC during model development,

This work was accomplished under project order no. T-0036 dated July 19,
1976. LCDR R. F. Rowland, Technical and Evaluation Department (DT) was the
project leader. Mr. W. McLaughlin of the Computer Programming Division,
Warfare Analysis Department (DK-70) was the analyst/programmer. Mr. J. C.
Grey (DT), a cost analyst, contributed to the effort in the area of tech-
nical assistance.

Released by:

(/7 g
(Pt &V teresn—

RALPH A. NIEMANN, Head
Warfare Analysis Department




ABSTRACT

This report provides instructions for operating the computer program
which models life cycle costs for equipment acquisitions. The program,
written in the Fortran IV Extended programming language, was implemented
on the CDC 6700 computer under the SCOPE 3.4 operating system at the Naval
Surface Weapons Center, Dahlgren, Virginia, in January, 1977.

Designed for use from an intercom terminal in an interactive manner,
the model has a wide variety of built in capabilities which can greatly
facilitate the task of performing life cycle cost analysis. A detailed
discussion concerning the use of eacnh feature is presented. This is then
expanded into an overall description of the program's operating sequence,
to aid the potential user in ascertaining if the model can be used to meet
his specific needs.

The remainder of the report is devoted to the actual operation of the
program. Execution involves the sequential display of requests by the
terminal for input, followed by responses typed by the operator. Thorough
coverage is given to the choices available to the user in each situation,
including examples of input and output.
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Section 1., INTRODUCTION

1.1 Purpose

Studies and analyses of life cycle costing of equipment
acquisitions are being conducted at the Marine Corps Development and Edu-
cation Command, Quantico, Virginia. A computer program to model life
cycle costing, needed to provide assistance in this effort, was requested
and has been implemented on the CDC 6700 computer at the Naval Surface
Weapons Center, Dahlgren Laboratory. The program, written in the FORTRAN
IV language, is executed from a remote teletype unit in an interactive
manner. This report describes the computer model and supplies instructions
for operating the program.

1.2 Model Description

The model uses a set of cost elements, together with asso-
ciated cost estimating relationships to compute annual operations and
support costs, as well as life cycle costs. The set of cost elements and
estimating relationships, as set forth in reference 1, was used as a
starting point for developing the model. Several new cost elements were
defined and added, and some of the cost estimating relationships were
modified slightly, due to specific needs of the Marine Corps and to expe-
rience and insight gained from using other computer models which already
existed., However, the program user may still compute life cycle costs
which conform to reference 1, by ensuring that these newly added cost
elements are set to zero., The cost estimating relationships and the der-
ivations of the cost elements may be found in reference 2. (Marine Corps
TRI TAC Cost Model) The cost elements used by the present model are listed
in Tables I and II.




Cost Element

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
RI11
R12(1)
R12(2)
R12(3)
R12(4)
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R24
R25
R26
R27
R28
R29
R50
R51
R52
R53
R54
R55
R56
R57
R58
R59
R60
R61
R62

Table I

INPUT COST ELEMENTS

Definition (Units)

Operating hours (hrs/year)

Depot Overhaul Rate (%)

Transportation Cost Factor ($/1b.)

Support Equip. Maintenance Factor (%)

Repair Material Cost Factor (%)

Years of Operation

Holding Inventory Factor (%)

Power Cost ($/kwh)

Equipment Quantity (#)

No. Operators/equipment (#)

Annual Operator Cost ($/yr.)

No. of new FSN, value greater than $25,000 (#)
No. of new FSN, value - $10,000 to $24,999 (#)
No. of new FSN, value - $2,500 to $9,999 (#)
No. of new FSN, value less than $2,500 G*)
Equipment Weight (1lbs.)

Avg. Replacement Assembly (LRU) cost ($)

MTTR (Org. level) (hrs.)

MTBF (hrs.)

LRU MTTR (Int. or Deport Level) (hrs.)

Unit Production Cost Est. ($)

Quantity Used for UPC Est. (#)

Learning Curve Slope (7)

Power Rating (kw)

Preventative Maintenance (hr./yr.)

Material No. 1 Consumption Rate (units/yr./equip.)

Material No. 1 Cost ($/unit)

Org. Level Maintenance Personnel Cost ($/hr.)
Discard Rate (%)

Int., Level Maintenance Personnel Cost ($/hr.) ;
Common and Peculiar Support Equip. Cost ($) 3
Operational Facilities ($) ; b
Equipment Leaseholds ($)

Other Operating Costs ($)

Maintenance Facilities ($)

Contractor Services ($)

Supply Facilities ($)

Other Logistics Support Costs ($)

R & D Estimate ($)

Other Non-Recurring Investment Costs ($)
Other Recurring Investment Costs ($)
Transportation Cost Factor (%)

Wt. of Avg. LRU (1lbs.)

Wt. of Repair Parts (1lbs.)




Table I (Contd)

INPUT COST ELEMENTS

Cost Element Definition (Units)

R63 Dist A (Org. to Int. Level) (mi.)

R64 Dist B (Int. to Depot Level) (mi.)

R65 Transportation Factor A ($/1b./mi.)

R66 Transportation Factor B ($/1b./mi.)

R67 Non-Recurring Investment Cost Factor (%)

R71 P2 (% of failures assigned to Int. level for repair/
discard) (%)

R72 P3 (% of failures assigned Depot level for repair/
discard) (%)

R75 Material No. 2 Consumption Rate (units/yr./equip.)

R76 Material No. 2 Cost ($/unit)

R78 Special Materials Cost ($)

R79 Transportation to and from Exercises ($)

X(1) First year cost of new FSN, value greater than $25,000 ($)

X(2) First year cost of new FSN, value $10,000 to $24,999 (S)

X(3) First year cost of new FSN, value $2,500 to $9,999 ($)

X(4) First year cost of new FSN, value less than $2,500 )

Y(1) Annual recurring cost of new FSN, value greater than
$25,000 ($)

Y(2) Annual recurring cost of new FSN, value $10,000 to
$24,999 (S)

Y(3) Annual recurring cost of new FSN, value $2,500 to
$9,999 ($)

Y(4) Annual recurring cost of new FSN, value less than $2,500 ($)

R80 Software Procurement Cost ($)

R81 Software Maintenance Cost ($/yr.)

P L

Additionally, four pseudo-cost-elements have been added to the list
of variables:

TF - Informs program how annual transportation costs (R44) are to be
calculated.

UP - Informs program whether unit production cost (R49) is to be com-
puted according to the model or overridden by the user.

INVN - Indicates whether or not the cost estimating relationship for
computing investment-non-recurring costs (R45) has been overridden.

INVR - Indicates whether or not the cost estimating relationship for
computing investment-recurring costs (R46) has been overridden.
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Table II

COMPUTED COSTS

Annual O & S Costs

»

Life

Electric Power (R33)

Special Material (R34)

Operator Personnel (R41)

Org. Maint. Personnel (R36)

Int. Maint. Personnel (R37)
Depot Maint. Personnel (R38)
Total Maint. Personnel (R35)
Support Equip. Maintenance (R39)
Software Maintenance (R81)
Supply Personnel (R42)

Spare Parts & Repair Material (R40)
Inventory Management (R23)
Inventory Holding (R68)
Inventory Administration (R43)
Transportation (R&44)

Cycle Costs

R & D Estimate (R57)
Investment~Non-Recurring (R45)
Investment~Recurring (R46)

Total Investment (R47)

Operations (R31)

Logistics Support (R32)

Operations & Logistics Support Total
Total Life Cycle Cost (R48)

T L ¥ 1Y P T O O W VR I




Section 2. MODEL FEATURES

2,1 Input Instructions

Instructions on how to provide input for the program are
optionally available for printing out. This is the first decision that
the operator must make after initiating execution of the program, and only
one opportunity for obtaining these instructions is provided.

2,2 Families

The tendency to group distinct equipments together for
analytical purposes results in the desire for obtaining grand totals of
the life cycle costs obtained from these multiple runs. Consequently, the
"family", whose members consist of the individual equipments whose cumu-
lative total costs are to be evaluated, was chosen as the fundamental
computational unit to be processed by the program. Independent runs may
still be made, however, by merely viewing the family as consisting of but
a single member. In this case, of course, total costs are not computed.

2,2,1 "Systems'" Costs

When the size of the family being processed exceeds one,
the model automatically assumes the presence of an additional "pseudo
member", i.e. those costs which apply to the family as a whole but are
not directly attributable to any one of its members. The user is required
to submit input for these "systems'" costs in addition to the other members,
in the case of a multi-member family.

2,2,2 Multiple Families

If a multi-member family is being processed, it is possible
to have the input cost element values saved on a temporary file, for each
member of the family. This option is selected when a number of similar
families, all of which have the same number of members, are to be run. Be-
fore receiving the input for the member of the current family being pro-
cessed (other than the first family), the program uses the saved data to
initia ize the input cost elements to the corresponding member of the pre-
vious family. The life cycle costs for a slightly different family can
thus be determined without undergoing the laborious process of submitting
values for the entire set of cost element inputs, for every family.

2.3 Input of Cost Elements

There is no rigid sequential order in which the cost elements
for a family member must be input. Depending on the situation, the user
may need to supply values for all the cost elements or only a select few.
This flexibility is achieved by providing the capability to submit input
for any cost element individually or to submit values for particular '"classes"
of cost elements.




2.3.1 Classes

The input cost elements (section 1.2) are divided into six
"classes" (section 4.8.1). These groupings, although somewhat arbitrary,
were made so as to place those cost elements which the user might be in-
clined to input as a group in the same class. The classes defined are
not disjoint, as some overlap does occur, but every cost input appears in
at least one class. By submitting a unique identifier for the class in
which he is interested, the user may input values for a group of cost
elements without requesting each one individually. Additionally, a new
class may be defined at execution time by the user, if he so desires.

2.3.2 Submitting Values

The program displays the current value of the next cost
element to be input. The user then has the choice of keeping the present
value or entering a new one. A new value may be defined by just typing
the number, or in the case of some cost elements, by instructing the pro-
gram that an algorithm will be used to help determine the value. The for-
mat of the response is '"free-field" (in a l6-character field). If an
illegal response is received, the operator is informed of the error, and
given another chance to respond properly, repeatedly if necessary.

2.4 Overriding Cost Estimating Relationships

The following cost estimating relationships (reference 2)
can be overridden, using the ''pseudo-cost-elements'" mentioned in section
1.2,

2.4.1 Transportation (R&44)

The pseudo-cost-element TF, if set to a numeric value during
the input, indicates that the model's cost estimating relationships for
transportation (annual) are not to be used. Instead, the numeric value
is taken as the analyst's estimate of transportation. TF has an additional
function -- instructing the program whether to use transportation formula
A or B (reference 2). If TF is set to 'A', use formula A and, if set to
'B', use formula B.

2.4.2 Unit Production Cost (R49)

The pseudo-cost-element UP may be used to override the com-
putation of unit production cost, which is ordinarily done according to
the cost estimating relationship given in reference 2. This is accomplished
by defining a numeric value, which represents the analyst's estimate, for
UP. Otherwise, UP is set to 'T' (tri-tac), which informs the program that 1
the unit production cost calculation has not been overridden.




2.4.3 Investment-Non-Recurring (R45) and
Investment-Recurring Costs (R46)

The model's computation of investment-non-recurring costs
may be overridden by entering a numeric value for the pseudo-cost-element
INVN. Similarly, the pseudo-cost-element INVR may be used to override
the investment-recurring cost computation, Setting INVR or INVN equal to
the character 'T' indicates that the corresponding cost is to be computed
according to the cost estimating relationship given in reference 2.

2.5 Back Up Data File

In the event that execution is interrupted by loss of the
phone line (for more than five minutes), or by a fatal execution error
caused by data abnormality, or any of the abort conditions specified in
section 3.3, the current values of the input cost elements, among other
items are saved on a permanent file. This file contains all of the infor-
mation necessary to resume execution (possibly after communication has
been re-established) without resubmitting the input thus far provided.

The exact manner in which this file is used is discussed in section 3.3.

2.6 Data Save/Retrieval

After the processing of a family is complete, the program
operator may optionally save the input cost element values for the family
on a permanent file for retrieval during a future run. This file will be
kept in the system at NSWC/DL for a period of one year, during which the
file may be accessed and the family re-run (conceivably with minor changes
to the input) as many times as desired. In this manner, sensitivity anal-
ysis may be easily performed on a family over an extended period of time,
becausz the input data for the entire family will not have to be re-entered
each time.




Section 3. SEQUENCE OF OPERATION

3.1 How to Access Program

The program is resident on the permanent file disk facility
of NSWC/DL's CDC 6700 computer, Communication with the computer via an
intercom terminal may be achieved by dialing the telephone number obtained
following proper negotiations for operating priviledges with NSWC/DL. A
successful connection with the computer is indicated by the display of:

NSWC/DL INTERCOM 4.4
DATE mm/dd/yy
TIME hr.mn.sec
The session with the computer must be initiated by typing:

LOGIN , XXXXXXX,YYYYYY.

7 char. user identification
6 char. computer charge code

where XXXXXXX
YYYYYY

[}

When the terminal has been successfully logged on to the system, as indi-
cated by the display of '"COMMAND-", the following instructions (see example,
section 4.13), each followed by a carriage return, will ready the program
and begin execution:

1. ATTACH,MCDEC,ID=LAI.
2. ATTACH,SYSLIB.

3. LIBRARY(SYSLIB).

4. MCDEC.

The permanent file on which the program is stored is accessed by instruc-
tion #1. System - resident routines required by the program for execution
are made available by commands #2 and #3. 1Instruction #4 tells the com-
puter to load the program into main memory and execute it.

Under normal conditions, the message '"INPUT INSTRUCTIONS?
Y-YES N-~NO --" will be displayed shortly after the receipt of instruction
#4, The responses to this message and the others which the program sub-
sequently displays are discussed in section 4.

3.2 Normal Execution

This section illustrates the order in which the various
tasks performed by the program occur, under normal conditions. Additionally,




the various options and choices, which are made by the user, are discussed.
3.2.1 1Initializations

At the outset of execution, certain program constants are
assigned preset values to be retained throughout the duration of the run.
These include the individual input cost element identifiers, the structure
of the various classes of input cost elements, as well as which elements
may be defined through the use of an algorithm, which elements may assume
character values, and to what degree of precision will each element be
displayed in the output section to follow, (see section 5.1). Communi-
cation to the error recovery routine is established, and the system (i.e.
the computer) is notified that certain errors which may occur during the
run are not to be considered fatal., Additionally, the input cost elements
themselves are initialized to a set of default values, which are listed
in Table III.

3.2.2 Input Instructions

If input instructions (section 2.1) are desired the (only)
opportunity for obtaining them is provided next. The response concerning
the instructions is the very first action taken by the operator during
execution.

3.2.3 New "Class"

The capability exists whereby the user may create his own
class of cost inputs at run time. This group, consisting of from 2 to 10
elements, might possibly contain, for example, the only inputs which the
use: wishes to change from run to run. Once established, this new class
remains unchanged throughout the session since the choice of whether or
not to create it can only be made once. If an abort (phone line loss, etc.)
occurs after this option has been exercised, the newly cGefined class may
be reused following a successful recovery, since all of the necessary in-
formation will have been written to the back up file.

3.2.4 Data Retrieval

A permanent file containing values for the input cost elements
for a family, which has been catalogued previously by using the data saving
option (section 3.2.5.9), can be retrieved for use during the current run.
This enables the operator to obtain life cycle costs for a family presumably
very similar (or even identical) to one which has been retained on file.

If the user chooses this option, the program asks him to submit the unique
permanent file name which had been submitted (section 4.10) when the family
in question was saved.

After this file has been successfully identified and accessed,
the number of members which the retrieved family contains is obtained by
the program, followed by an initialization of the cost element inputs to




TABLE III :

INITIALIZED INPUT COST ELEMENT VALUES

Cost Element Value
R1 2920 hours
R2 20%
R3 $.50
R4 10%
R5 57
R6 10 years
R7 23%
R8 $.48
R60 5%
R63 25 miles
R64 3000 miles
R65 $.001
R66 $.0001
R67 40%
TF VB!
UP Lept
INVR tp!
INVN i
all others 0

10




the values of the first member of the retrieved family. The number of
members which the new family to be run contains must be equal to the num-
ber of members in the family on the retrieved file. Consequently, the
user can not input another family size (section 3.2.5.1).

Following these initializations, the program is ready to
receive input (annotation and changes) as detailed in section 3.2.5.3.
The input cost elements will be initialized to those of the corresponding
member of the retrieved family prior to the requests for input, for each
member, until the entire family has been processed. The retrieved file
is then returned to the computer system, but it may be accessed again and
reused as often as desired, throughout its one year retention period.

3.2.5 Run Family
3.2.5.1 Size

At the beginning of each family, an integer representing
the number of members must be submitted. The family size may vary from
a single member to a maximum of ten members.

3.2.5.2 Multiple Families

If the size of the family is greater than one, the user is
asked if he wishes to run multiple families. An affirmative reply causes
the input cost element values to be saved on a file, over the entire
family, This data is then used to initialize the cost elements for the
corresponding members of the next family to be analyzed.

3.2.5.3 Receive Input
For each member of the family being prccessed, one line (up

to seventy characters) of identification information must be supplied, for
the purpose of annotating the output section.

Having submitted the annotation, the user may now enter
the input values for the individual cost elements. The program initiates
this by displaying a message which asks the user which type of input he
wishes to make. He may respond by typing a variable name, or a class
identifier.

If the response is a variable name, the program displays
the current value of the variable and waits for a response. This value
may be the result of the previous run, the preliminary initialization
routine, or, in the case of multiple families, the value which has been
reset from the corresponding member of the previous family. The user may
then either enter a new value, retain the current value, or possibly in-
voke an algorithm to assist in defining a new value.




If the response is a class identifier (either one submitted
by the user (section 3.2.3) or a program - defined class (section 4.8.1),
the current value is displayed and the response is received, for each input
cost element in the class, as described in the preceding paragraph.

Class identifiers and variable names may be intcrmixed freely
during the input phase, and individual variables may be re-defined by name
repeatedly if desired. However, redefining the same class of variables
more than once during any input sequence is prohibited. An input type of
'END' terminates the input for the current family member being run.

3.2.5.4 "Systems'" Costs

In the case of a multi-member family, the user is required
to submit input for "system' costs after the final member of the family
has been run, but before the grand totals are calculated. No output anno=-
tation is requested for the 'systems'" costs (the output is annotated, how-
ever (see section 5.2)), but the input values themselves are sumbitted in
exactly the same way as the preceding family members (section 3.2.5.3).

3.2.5.5 Compute Costs

When the input for the family member being run is complete,
the costs are computed according to the cost estimating relationships of
reference 2. However, some cost computations may have been overridden,
and analyst-supplied values substituted (section 2.4).

3.2.5.6 Output Costs

The output section contains a listing of the computed annual
0 & S costs, followed by an itemization of the life cycle costs. This is
prefaced by the date of the run, the user - supplied line of annotation
(section 3.2.5.3), and possibly a listing of the input cost element current
values. A more detailed description of the output is presented in section
Sa

3.2.5.7 Reset Input Variables

Upon completion of the running of each individual member,
the input cost elements may be (1) left unchanged or (2) reset to the set
of prescribed values, depending on the type of the run. If the family
consists of a single member the values are left unchanged, under the anti=-
cipation that the input for the next run (presumably a one-member family, also)
will be but a few modifications to the '"family" which has just been com-
pleted. If a multi-member family is being run, the variables are reset
to their originally initialized values at the conclusion of each individual
member, under the assumption that the different members will tend to assign
dissimilar values to the input cost elements. If the "multiple family"
option has been exercised and the family being run is not the first such,
the input cost elements are reset to the values which they had assumed
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during the run of the corresponding member of the previous family.
3.2.5.8 Totals Over Family

Throughout the process of running a multi-member family,
the totals for each of the output cost elements are continuously maintained.
After the family run ("systems" costs included) is complete these total
values over the family are printed out.

3.2.5.9 Option to Save Data

If saving the values of the input cost elements for the
family just completed is desired, the option to do so may be exercised at
this point. 1If the user elects to save the data, he is required to sub-
mit a permanent file name, which is then used by the system for identifi-
cation purposes. Following a successful cataloguing operation, the file
will be retained by NSWC/DL for a period of one year. The file may be
used for retrieval (section 3.2.4) as many times as desired during this
one-year span of retention., If it is determined, at some future time,
that retrieving of this data will never take place again, the file can be
permanently removed from the system (see section 6.5).

3.2.5.10 Another Family?

If the multiple family option has been selected, the program
at this point asks the operator if he wishes to continue with multiple
families. If the reply is "yes', the input cost element values for the
first member of the family just completed are read into the appropriate
locations and the request for entering output annotation is issued (section
3.2.5.3). The program then proceeds to process the family (the number of
members, by necessity, must stay the same) in the manner described in
sections 3.2.5.3 - 3.2.5.8. The action taken in the event of a negative
reply is described in the next section.

3.2.6 Another Run?

At the conclusion of each family, after all current multiple
families have been completed, the program operator is asked if he wishes
to make another run. A positive response causes the program to cycle back
and begin the next family by requesting the size and proceeding as in
sections 3.2.5.1 - 3.2.5.9. A response of '""no" causes termination of the
program. The terminal will eventually display "C@MMAND-". At this point,
the program may be restarted from the beginning (by entering "MCDEC.'") or
the session may be terminated by entering "LAGAUT." The program should
always be exited from in the manner just described, as opposed to just
hanging up the phone, since an unwanted backup data file may be catalogued
in the latter case.
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3.3 Restart After Abort

The following conditions can cause the program tc abort
during execution:

a. Phone line loss for more than 5 minutes. (Loss of the
phone line for less than 5 minutes is discussed in
section 6.2.1).

b. Fatal arithmetic error caused by improper input data
values (e.g. division by zero, taking the logarithm of ]
a non-positive number, etc.)

c. PP call or auto-recall error
d. Time or storage limit exceeded
e. Operator drop, kill, or rerun
f. System abort

g. CP abort

Conditions (a) and (b) will occur the most frequently, while
conditions (c) - (f) will occur very seldom, if ever. When the program does
abort for ore of the reasons listed above, a special recovery routine is
called into execution. 7The primary function of this routine is to write
the current values of certain key variables onto a file, then catalogue
this file (i.e. make it resident) in NSWC/DL's CDC 6700 permanent file
system. The program employs the following strategy for using this backup
file: <

9

At the outset of any run, the program attempts to access the
backup file prior to the request of any input from the operator. If this
file is not found, the assumption is made that this is not an attempt to
recover from one of the abort conditions (a) - (g), and execution proceeds
as described in section 3.2.

However, if this file is indeed in the system, a routine
which reads the file and places the data in the proper storage locations )
is executed. If the abort occurred during a multiple family run, another
permanent file (which would have been catalogued by the recovery routine
also) which contains the data from the previous family is accessed. As
soon as the backup file has been read, it is purged (irreversibly removed)
from the system, as a cleaning-up measure. This is indicated by a message
of the form:

1 PR ID = LAI PFN=BACKUP
PR CY = 001 00000128 WORDS. :
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Next, a display of the current values of the individual cost
element inputs is provided, to enable the operator to correctly decide what
his next action should be. The message requesting the next input type
(section 3.2.5.3) is issued and the ensuing response, when typed by the
operator, starts the program running once more. In this manner, the oper-
ator may continue inputting values at the point of interruption, or if
the abort occurred after the input had been finished, simply type 'END',
thereby causing the output costs t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>