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A. INTRODUCTION.

1. PuRPOSE: This report provides documentation f or The Computerized

Aircraft Attrition Program (THAAP). It provides a general discussion of

aircraft attrition and describes the program ’s methodology and operations.

Included as appendices are Input/Outpu t format requir~~ients and a copy of

the THMP source listing.

2. BACKGROUND: Many historical cost estimates performed for aircraft

systams are time—phased cost estimates. These estimates, particularly

Operating and Support (Otis) cost estimates, have been greatly enhanced

through consideration of time—phased aircraft induction/wi thdrawal and

aircraft attrition. Incorporation of these factors into cost estimating

has traditionally been a laborious and time consuming task for studies

performed manually. Thus, a computerized program was needed to reduce

tedium, response time, and establish standardized methods for dealing with

aircraft attrition.

3. SCOPE; The THAAP program was created to support Oti S cost studies.

It provides for a rapid method of calculating aircraft attrition and allows

for the time—phased induction and withdrawal of aircraft from an operational

fleet.

4. OBJECTIVE: This report provides to the analyst all the information

necessary to successfully exercise the THMP program. It al so discusses

bow the programs’ output can be used as input to OtiS cost studies.

_ _ _ _
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B. GENERAL DISCUSSION OP ATTRITION.

1. It is appropriate to establish some basic definitions and ground—

rules which will prevail throughout this report. In general, definitions

will conform to established Army regulations. However , there are instances

where alternative points of view will be presented .

a. PEACETIME REPLACEMENT FACTORS (PTRF): The Army Regulation governing

the procedures for computing replacement factors is AR 710—60 (Reference 1).

More specifically, the official computation formula is the following:

Monthly Replacement Factor —

Losses to Army inventory for period . Sum of quarterly in—use densities
No. of quarters in period No. of quarters in period

3 (Months in quarter)

This equation is simply the ratio of the average losses per onth to the

average density per month for a given time period. This equation represents

the simplest and most straight—forward method for computing PTRI’s. Because

of its generic construction, it is applicable to virtually all primary items

in the Army Inventory. There are , of course, many more elaborate methods for

determining PTRP ’s. However, most of these are designed to determine PTRP’s

for specific primary items.

(1) One such sp.cialized method for determining PTRI ’s for Army aircraft is

presented in USAAVSC(*1 Technical Report 74—55 (Reference 2). This report

utilizes regression analysis to develop predictive •quations which relate

aircraft losses to various characteristics of the Army aircraft syst s. It

is the USAAVSCCN methodology that presently provid es the PUP ’s for most Army

aircraft systems. In fact , the USAAVSCOM methodology was ua.d to determ ine

2
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the PTRP’s/attrition rates for publication in PM 101—20 (Reference 3).

(2) It should be noted that both methodologies described above are

applicable to operational aircraft only. The AR 710—60 methodology re-

quires that the in—use density be operational for at least 8 quarters.

The USAAVSCOM methodology requires that the aircraft system be within the

acceptable range of the data—base . Each aircraft system not specifically

in the data base must be examined on a case by case basis before applica-

bility can be ascertained. In general, the USAAVSCOM methodology is suit-

able for both rotary and fixed-wing aircraft. However, a specific exception

is the BLACK HAWK. For developmental aircraft, such as the BLACK HAWK,

factors must be derived from analogy and engineering estimates. These

factors exist for most developmental aircraft and are available from their

respective Project Management Offices (PMO).

b. ATTRITION RATES: In this report, attrition shall be defined as the

(peace time) reduction of aircraft from the operational fleet through crash

loss. The attrition rate is the rate in which aircraft are lost. More pre-

cisely, the attrition rate for an aircraft system is its PTRF. However, the

attrition rate may be alternatively defined as the average number of aircraft

lost per flight hour over a specified period of time. This rate may be mathe-

matically defined by replacing the sum of quarterly in-use densities in the

AR 1lO 60 definition with the sum of quarterly in—use flying hours for the

same period. The attrition rate may be computed by dividing the PTRP by the

average number of flying hours per aircraft per month. This form of the

definition will be used for the remainder of this report. There are tvo

other factors which significantly effect the operational fleet of a weapon

system. These factors are an integral part of time—pbas.d OtiS cost studies.

- _~~~~~~~~~~- - -  
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They are aircraft induction and withdrawal.

~~. AIRCRAYr INDUCTION: The time—phased introduction of new production

aircraft into the Army inventory; the phasing—in of new production aircraft

into the operational fleet.

d. AIRCRAFT WITHDRAWAL: The reduction or phasing—out of aircraft from

the operational fleet through management decision for either modernization

or retirement.

2. The effects of attrition, induction and withdrawal on the operational

fleet size of an aircraft system are illustrated in Figure 1. A graph is

made by ploting the relative fleet size of a hypothetical aircraft system over

the operational phase of the system’s life. t~urve—l represents the ~~eet size

overtime without the effects of attrition and ~urve—2 represents the fleet size

with attrition. During the induction phase of Curve—l, new production aircraft

are introduced into the operational fleet at some predetermined rate until a

maximum fleet size is obtained. Each aircraft is then maintained in the operat-

ional fleet f or a given number of years. (For many aircraft systems, this period

is 20 years). During the withdrawal phase, aircraft are phased—out at some pre-

determined rate until the fleet is depleted. In Curve—2, aircraft are inducted

and phased—out in a similar fashion. However, in this case, the effect of aircraft

attrition is present. The curve illustrates the impact of crash attrition with-

out replacement. At each point in time, the numeric difference of the two curves,

represents the cumulative number of attrited aircraft. For each time period the

number of sttrited aircraft is equal to the cumulative number at the end of the

period less the cumulative number at th. beginning *f the period .
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FIGURE 1. ATTRITION AND IN—USE DENSITIES

Operational Phase —)
Effects of Withdrawal

~ Induction Phase >< Attrition only >( Phase € -
)

Fleet size without attrition

Fleet sir with attrition

t1— 96 t 2—2 40

time ~onths)
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C. GEN~~AL DISCUSSION OF THE AIR.R.APT ATTRITION PROGRAM.

1. Methodology and Calculations.

The Computerized Aircraft Attrition Program (THAAP ) is based on a

cumulative theory of monthly fleet densities, flying hours and aircraft

losses. This methodology was described graphically in Figure 1 of the pre-

ceding section. The THAAP Program receives, as input, time—phased information

which is associated with Curve—l (Figure 1), then through repetitive mathematical

calculations applies a specified attrition rate and produces information assoc-

iated with Curve 2 (Figure 1). This information consists of a monthly descrip-

tion of the cumulative number of aircraf t lost due to attrition and the adjust-

ed fleet flying hour program.

The procedure is initiated by reading, as input, the number of years

of operations, aircraft attrition rate, report format, report title, average

flying hours per aircraf t per month, and induction and/or withdrawal schedules.

The procedure itself consists of an attrition algorithm. The algorithm is

performed once for each month of fleet operation. If N is the number of years

of operation, then (N x 12) is the number of iterations per f ormed by the al-

gorithm. The algorithm consists of an ordered collection of mathematical

equations which ar e defined as follows:

The in—use fleet density for the Jth month of the Ith year of operation

is represented by the variable FLEET (I,J). For each iteration (i.e. month

of operation), this variable is adjusted for aireraft attrition, induction

and withdrawal. Mathematically, this relation is expressed as:

FLEET (1,3) — FLEET + ADJUSTMENT (1,3)
where, fo for I—i, .7—1,

FLEET —

( previous month fleet density for all other 1,
3;6
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Initial fleet size + Induction (1 ,3) — withdrawal (1,3)
for 11, .7—1

ADJUSTMENT (I,J) —

Induction (1,3) — withdrawal (1 ,3) for all other 1,3;

where,
INDUCTION (1 ,3) — Quantity of aircraft inducted for the .7th month of

the Ith year.

and
WITHDRAW (1,3) Quantity of aircraft withdrawn for the .7th month of

the Ith year.

Although the adjustment to the fleet is performed by the algorithm, the

sumnation of its arguments (i.e. Initial fleet size, quantity inducted and

quantity of withdrawal) are performed manually and supplied as a single in—

put for each ADJUSTMENT (1,3).

The corresponding cumulative fleet flying hours associated with the

FLEET (1,3) is FLYERS (1,3). Mathematically, the expression is:

FLYERS (1 ,3) — CUMROURS + (FLEET (1,3) * FLY) for all 1,3

where,
CUMHOURS — cumulative fleet flying hours for the previous month

and
FLY — average monthly flying hours per aircraft per month.

The cumulative number of aircraft lost by attrition for the .7th month

of the Ith year is determined by the equation:

ATTRITION (1,3) — FLTHRS (1 ,3) * RATE for all 1,3

where,
RATE is the aircraft attrition rate (losses/f 3ight—hr).

The end of month fleet density for the .7th month of the Ith year is equal

to the fleet density at the beginning of .7th month less the iat.ger number of

aircraft lost during the month. Mathematically, the expression is:

7
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FLEET — n~~r (1,3) — INTEGER (ATTRITION ( ,3) — LOSSES) for all 1,3

where,

INTEGER is a function which yields the greatest integer less than or equal

to the value within the parenthesis and LOSSES are equal to INTEGER (ATTRITION

(1,3)) fro. the preceding month.

These equations provide the basis for the attrition algorithm. This al-

gorit hm provides a monthly record of the cumulative number of air~raft lost by

attrition. It also provides a monthly flying hour program for those aircraft

which are operational during each period . The fleet flying hours are aggregated

by fiscal year and printed at the end of the prog:am. An optional output dis-

play capability is incorporated into the program by use of the key—word, BYPASS.

The selection capabilities of BYPASS are explained in detail in Append ix A. The

TRAAP attrition algorithm is illustrated in Figure 2.

2. Inputs to Cost Analysis.

The results of the THAAP Program can be used as input to Operating and

Support (O~S) cost analysis. The procedure is simply to apply the THAAP’s ad-

justed flying hour schedule to a pre—determined annual O6IS cost per flight hour.

The costs are first determined in constant dollars and then adjusted to current

dollars. (For more details concerning cost estimating see AR 11—18, and DA PAM

11—4 (References 4 and 5 respectively)). The results of this procedure are the

annual fleet operating costs which reflect aircraft induction, attrition and

withdrawal. An example of such a cost estimate was the one performed for the

CEPLY LANCER Task Force . In this case , a version of the THAAP Program was mod —

if ied to accept the annual operating costs per flight hour. The O&S costs were

then computed by the program based on the cost per flight hour and the adj usted

flying hour program. The results , including the O&S cost were printed using

a modified ~utput procedure.

Tb. THAAP Program may be applicabl, to certain computeriged cost mode]s which

do mot have an aircraft attrition capability. On. such model is the Mixed Pl..t 



FIGURE 2. THAAP ATTRITION ALGORITHM

~~~~~~~ 

START~~3

‘if
READ

N—Number of years of operation
RATE•Attrition Rate
BYPASS Report Format
ACF Report Title
PLY’Average Flying hrs/aircraft /month
ADJUSTMENT (I ,J) INDUCT(I ,3)—WITHDRAWAL(I,J)

Where I YEAR , J MONTH

INITIALIZE

1—1, 3—1, FLEET—O , CUM ROURS—O , LOSSES—O

><: )~~
S

>{ 3 - 1  

1

FLEET (I ,J)—FLEET + ADJUSTMENT(I ,J)

FLYHRS(I ,J)—CUMHC~JRS+(FLEET(I,J) * FLY)
CUMHOURS-FLYHRS (1,3)

ATTRITION(1,J)—FLTRRS(I,J) * RATE
FLEET—FLEET (1 ,3) — INTEGER (ATTRITION (1,3)—
LOSSES)

LOSSES—INTEGER (ATTRITION(I ,3))

_ _ _ _ _ _

j 3—3+1 j

L -
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Operating ant. Support Cost Model , U SAAVRADCCF1 Technical Report 77—3

(Reference 6). The application procedure f or this cost model is somewhat

different than the procedure described above. In this case, the quan-

tities of aircraft lost through attrition are subtracted manually from the

schedule of operational aircraft before they are input to the model. This

procedure is somewhat tedious, but would be greatly enhanced by modifying

the TRAAP Program to supply directly the adjusted schedule.

3. Program Operations.

This program is written in Pt—i language and can be ~ mviled usina either

PL—lF or PL—lO optimizing compliers. Presently these compliers are avail—

able on TSARCOM/AVRADCC~4 IBM 360—65 computer. The program requires approx—

imately 100 K bytes of core storage to compile and 126K when executed from

a load module.

The source program and load module have been placed on permanent

storage in the Systems and Cost Analysis Division user library. The Job

Control language (JCL) required to access the load module and instructions

for preparing input data are provided in Append ix A. The source listing

of the computer program is provided in Append ix C, and a sample output is

provided in Appendix B.

Contact point f or assistance in running the program is the USAAVRADCOM

Systems and Cost Analysis Division. No changes will be made to library

sourc . program without the approval of this office.

11 
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This çpendix contains the instructions fr~r ~ eparing input data for

the aircraft attrition program. It also contains a data sample and the

Job Control Language (JCL) required to execute the program.

1. Instructions for preparing the Input Data.

When placing the input data on cards or creating an input data

file on disc, the data must be separated by coamas and placed in the follow-

ing order:

Card l:

Entry 1: Number of years of operation (maximum number is 26),

Entry 2: Aircraft attrition rate (losses/flight—hour),

Entry 3: Report format control (enter 0, 1, or 2),

Entry 4: Title of study,

Entry 5: Average number of flying hours per aircraft per month,

Entry 6: First fiscal years of operation.

Card 2 Thru N + 1: (N represents the number of years of operation)

Cards 2 thru N + 1 contain the aircraft density adjustment quantities

(i.e. aircraft induction and withdrawal schedules). Each card represents one

year of operation and contains twelve entries corresponding to the twelve

months in a fiscal year (Oct, Nov,.1., Sep). For each entry, supply the quan-

tity of aircraft to be inducted or phased—out. If none, then enter zero. The

quantity of Aircraft to be phased—out is entered as a negative number. If a

number of aircraft are inducted and phased—out during the same month, then

enter their algebraic sum. If the aircraft system under study is operational,

then include the initial fleet size in the first entry of card 2. (i.e., the

first month of operation).

12
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An optional output display capability is incorporated in the program by -

use of the key—vord~ BYPASS. BYPASS is a variable which is assigned a

value of either 0, 1 or 2. A value of zero will provids the complete output

package. This consists of: (1) a monthly description of the cumulative num-

ber of aircraft lost by attrition; (2) a monthly description of the cumulative

flying hour for the adjusted operational fleet; (3) a description of the cum—

ulative flying hours program by fiscal year. A value of one will produce the

reports labeled (2) and (3) above; a value of two will yield only the cumulative

flying hour program by fiscal year. The BYPASS feature is useful in the case

where only partial output is desired and the output is to be printed on a low—

speed printer (e.g. interactive processing on the IBM—2741 TSO terminal).

13
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FIGURE A-i. SAMPLE DATA FOR THE THAAP PROGRAM.

Figure A—I is an illustration of a TRAAP data set created on disc.
The input format is the same, whether the data is on disc or on computer
cards.

~~~, , 0 O f l . t 4 , 0, ’C — I ? * I ,5 f l ,7~ 
- -

n’O’O.o ,o. I, 1.1.2.2.2,2
_ _ _ _ _  

1’2 .2,2 .) , 1, 1.2 ,2 ,2 ,2  

—_________ _ _ _ _ _

7.2. 1. ~ ‘ 1.2.2.2,2
-— €.J i . ~ .? , 2 , O , O . p , O , D , 0 ,n

0, 0.0.0 , 0. 0. 0 .0. 0 , 0. 0, 0
-- — -  -n ,O ,0 ,n ,0 ,0 , 0 ,O ,0 ,0 ,0 , 0

— 
fl ,0,O, ,0,O,O,0,0,0,0.0
fl ,0.0,0.0,0.0,0,0,0,0,o
fl!Q.i9±Q !.Q !O !P .0 .Otfl .0 .0 - _ _ _ _

0.0 .0. 0. 0. 0, 0, 0, 0, 0,0 ~~ 0

_____ .!!0~ O,(~,0,0,0.0,0,0,0.0 
-

n.0’0,0’0,0,0’0’0,0,0,0
o.0.O,O ,O ,O ,O .O.O,O,0, o
(I. 0. 0, 0. 0. 0,0. 0.0, 0.0, 0 .
0 .0 . 0 , 0 .0 , 0 , O , 0 , 0 ,o .O , n
0 .0 , O , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , n  

-~~~~ -~~~

0 ,0 ,0 ,0 ,0 ,0 ,O . 0,0 ,0 ,0 , 0
n,0,0,o.0,0,o,o,o,0,0,0
o. 0 . 0 .0 ,0 . 0 .0 .0 . O . 0 ,O , o
fl,O!9,O,9,O,O,O,O,Q,0,0
0.0.0.0,0,0,0.0,0,0.0.0.

14
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FIGURE A-2. SAMPLE JCL FOR THE THAAP PROGR AM.

The following examples of JCL are given for illustrative purposes only.The user should prepare the appropriate Job Control Language for hardwarepeculiar to their organization, TSAP~CONfAflj~cnJ~ users of the ~~ 1 360—65$I&E Computer, must use the correct j ob card for their Directorate and office.Figure A—2 is appropriate for batch processing with a pr sdef ined data set.In this example , the data set ~~~e is “USERXD’TR4~~ .D~3~A”. Figure A—3 isappropr iate for batch processing with the data created on computer cardsand inserted within the JCL.

‘/ LAV BCQR 3 ~JO ~ - (?TO~~~j~,O), s~ *TE s ,~~ gSSsk 
-“Sfl~~i ExE c PGI 5&*P,PFr ,IONS)?6I~ -

/ /ST EPi 
_____

DO DONAMEBSYSIN
// SYS PPT PJT Or’ S~~~uT.a,,sqsiw -- 00 DSN$USDID.T14*AP.D*TA ,DISPSSHQ
/.

- 

. -  -. -- - —-_ _

15
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FIGURE A—3. SAMPLE JOB CONTROL LANGIJACE AND INPUT DATA.

~/ L*VPCQP 3 JOP (2TO~ ,10~0),.t*1t’ .CL*;Seic
‘ STEPi . EXEf _ PGN.s*P,PF r.tOIj s1pe~
I#SIFDL  t~~~~ 

flf) DSNC L á~V n C C A. T ,.4 a A p . I  U*t ~ ,U1SDg S~~ .
OD Dr NAMF r5Y~~N

l/SYSPP~ PiT DO 5Y~ OiiT,~_!!SYS1’~ 00 •

— 
fl.1.1,3.2,2,2,2,3,2.2,
0 .0.  0 .0 ,  0. 1 .i.1.2.2.2,2
~‘i.2,P.2.1 .1.1.2.2.2,2
v.1.2.2,2.1.1.1.2.2.2.2

2. 2.2. 1.1.1.2. 2,2.2
~.1 .2.7.2.I.).l.2,2,2,2
~‘1.2.2.?.O,0.0,0,o.0.n
f lef leo.O.0 .0.0 ,0 ,0 ,o,0,n

*_ n,O, o,o,O,0.0,o ,0.n.0.n

- - 
fl .fl.0,0,O.0,0.O,0,~ ,0,n
0. 0.0. 0.0,0,0 .0.0, 0~ 0. r.

- - 
0.0,o .o . 0 ,0 .o .0 .O ,0 ,0 .0
f l . f l . U . O , 0 , 0 . 0 . 0 , 0 , O , 0 , O

— 
f l .f l , O ,0 , 0 .0 , 0 , O , 0 , 0 . 0 .i  

- -n.o,O.0, o ,o.O ,O,O ,o ,o .o
- 

0. O . O , O , O . 0 , O ’ O e O , O , 0 , 0  
— - - - - -

f l i0~ 0. 0.0.0. 0. 0. 0, 0. 0,0
0.0,0,0 .0 .0 .0.0.0. 0.0 

____

0, 0.0,0. 0. 0.0,0, 0. 0. 0
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ACRONYMS —

1. AR — Army Regulation

2. AVRADCOM - See USAAVRAD COM

3. FM — Field Manual

4. JCL — Job Control Language

5. IC — Thousands

— 6. O&S — Opera t ing and Support

7. PMO — Project/Program Management Office

8. PTRF — Peacetime Replacement Factors

9. S&E — Scientists and Engineers

10. ~~~~ — The Computerized AirC.rsft Attrition Program

11. TSARCOM — Troop Support and Aviation Materiel Readiness Coumiand

12. TSO — Time Sharing Operations

13. USAAVRADCOM — United States Army Aviation Research and Development
Co and

14. USAAVSCOM — United States Army Aviation Systems Co~~and

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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GLOSSARY OF TERMS

Algorithm — A rule or procedure for solving a mathematical problem that frequent—

ly involves repetition of an operation.

Attrition (Aircraft Attrition)— The (peacetime) reduction of aircraft from the

operation fleet through crash loss.

Attrition Rate — The rate in which aircraft are lost through crashes. The number

of losses per month; the number of losses per flight—hour, etc. (See attrition)

Constant Year Dollars — An estimate is said to be in constant dollars if costs

for *1.1 work are adjusted so that they reflect the level of prices of the base

year.

Current Year or “Then Year” Dollars — are current to the year the work is per—

formed . When prior costs are stated in current year dollars, the figures given

are the actual amounts paid out . When future costs are stated in current year -

dollars, the figures given are the actual amounts which will be paid including

any amounts due to future price changes.

Data—base — In this text, the term data—base refers to the collection of his-

torical information of Army aircraft systems which are used to develop a math-

ematical equation, cost estimat ing relationships, etc,by means of regression

analysis. The collection consists of the set of (N + 1)—tuples

(! ,X ,X,2 ,,..,X ) where M is the sample size , Y~ is the dependent variable ;a (1,a) ,. ,m) (n,m)
are a collection of N independent variables which are

characteristic s of the aircraft system and are logically related to the dependent

variable Y4.
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Induction (Aircraft Induction) — A time—phased introduction of new production

aircraft into the Army inventory; Also, the phasing—in of new production air-

craft into the operational fleet.

operating and Support Cost Estimate — An estimate of the sum of all costs

resulting from the operation , maintenance and support (including personnel

support) of the weapon system after it is accepted into the Army inventory.

Peacetime Replacement Factor (PTRF) — The PTRF is the average monthly re-

placement factor for losses to the Army inventory. The PTRF is generally
S 

based on the most recent 8 quarters of current experience. Mathematically,

it is the ratio of the losses to Army inventory for the period to the sum of

the quarterly in—use densities for the period all divided by the number of —

months in a quarter, (3).

Primary item — An item of materiel which normally appears in requirements and

authorization documents. The primary item (P) can be identified as an end

item, component, set, assemblage, or system.

— 
Time—phased — The identification or aggregation of activities, events, and/or

associated costs by month, quarter or fiscal year .

Withdrawal (Aircraft withdrawal) — The reduction or phasing—out of aircraft

from the operational fleet through management decision for either modernization

or retir ement .
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