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ABSTRACT

This Technical Report documents the structure of an aggregate repre-

sentation of a system which governs the recruitment, training, and allo-

cation of Air Force pilots . While the model is hi ghly simplified , it

captures many of the essential policies and decisions which generate the

dynamic behavior of the overal l system. Specifically, the model takes

as given the authorized flying hours and aircraft available to the Air

Force; it combines these data wi th infor nation about projected strength

levels in the pilot force to determine training requirements. These

training requirements are used to establish the requirements for Under-

graduate Pilot Training (LJPT) instructors and recruiting quotas. The

model then allocates the existing force among three categories: (1) the

active mission force, (2) UPT instructors, (3) the rated supplement.

The model can be used to examine such things as overall policies con-

trolling UPT instructor force size, information usage in the determination

of UPT class size, and allowable limits of variation on the LJPT instructor

to student ratios. It also can be u~ed to test the sensitivity of system

adjustment process to exogenous Impacts.1,
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Chapter 1

Methodology

This model represents the Air Force Pilot pipeline as a closed ioop

feedback control system using the Systems Dynamics approach developed by

Forrester Ii]. Specifically, it uses linked series of nonlinear first

order differential equations to describe the system structure. The

system is transformed into a computer program written in DYNAMO III ,

and a particular numerical solution is obtained by applying a Cauchy

integration routine over a specified period of time .

This methodology was applied to this problem because it facilitates

both the model formulation and testing process. The pilot pipel ine sys-

tem is readily described as a continuous f low closed loop feedback system.

The mathematical model derived can be directly rendered into the form of

a DYNAMO program, and the DYNAMO simulation language is easily manupilated

in the interactive mode for modification and analysis.

Figure 1 shows the basic flow diagram symbols that will be used to

represent components of system structure.

TLEv~ 
j _ _

(sra~,v )

if—i
~J RATE
V

Figure 1. Flow Diagram Symbols
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Rectangles will represent levels , or states in the system. The “valve ”

symbol wi ll represent a computation or decision about a particular rate

of flow through an action channel in the system. Circles are points

where i nformation is transformed for rate computations , and broken lines

are information flows . Other special symbols include those shown in

Figure 2. The segmented rectangle is a third order exponential fi l ter

(delay) of an input flow. The “cloud” symbol is a source or sink that

does not affect the behavior of the system.

~ R~nE~~~rL.

Figure 2. Symbol for Exponential Delay
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Chapter 2

Basic Model Structure

In order to focus on the central features of the model , the descri p-

tion begins with the state variables being controlled by the system.

There are three crucial levels represented:

(1) The number of active mission pilots (AMP).

(2) The size of the rated supplement (RSUP).

(3) The size of the UPT instructor force (INS).

The current value of any state can be described in terms of its initial

value, pl us the net of inflows and outflows to the state between the

initial time and the present. For instance , in this model the active

mission pilot force depends upon its initial value plus all UPT graduates

(MPG) minus attrition (ATTM) minus all net flows to the rated supplement

(SUPASGN ) and to the instructor force (INASGN ) since the initial time

point. In Integra l equation form this ~~uld be

-tAMP(~t) AMp (O) 
~1 [MPG(t) - INASGN(-t) - SUPASGN(t) - ATTM(t)]cit

DYNAMO uses the following notation to represent the same equation :

AMP.K = AMP.J + DT * (MPG.JK - INASGN.JK - SUPASGN.JK - ATTM.JK)

Here the timescript K Indicates the current time period . J represents

the previous time point of state evaluation . JK is the interval between

J and K during which flow rates occurred, a timescri pt KL would indicate

a flow rate computed for the next Increment of time . The length of the

increment is fixed at some finite DT (see Figure 3). A numerical

3
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solution begins with an ini tial value for AMP(O) and uses the computer

program to evaluate the equation system over a series of steps of equal

length to obtain state var iab le trajectories . In flow diagram form the

basic state variabl es and flow rates are represented In Figure 4. In

the sequel , the equation numbers correspond to the numbers in paren-

theses on the flow diagram .

r-~1K KL

i~~ t. K- OT CUL~EWIT K.-, VT

Figure 3. DYNAMO Timescript Cov~ventions

The level of qualified pilots actually involved in flying aircraft is

given by

(1) 1 AMP .K=AMP.J+DT*(MPG .JK_ATTM.JK_INASGN.JK_5UPASGN .K)

(1 .1) N AMP=AMPI

(1.2) C AMPI=13250

This equation was explained above.

The set of pilots In the Air Force working in jobs not directly

involved in flying Is the rated supplement. Its value is computed as

4
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(2) 1 RS~~.K=RSUP .J+DT*(SUpASGN.JK~ATT $ .JK)

(2.1) N RSUP=RSUPI

where

RSUP - Number of pilots in rated supplement (pilots)

RSUP - Net quarterly flow of pilots into RSUP (pilots/qtr)

ATTS - Quarterly attrition from RSUP (pilots/qtr)

(2.2) C RSUPI=2500

The pilots involved in train ing pilot candidates are UPT Instructors .

The va l ue of this level is given by

(3) L INP.K= INP.J+DT*(INASGN .JK_ATTI.JK)

(3.1) N INP=INP I

where

INP - Number of UPT instructor pilots (pilots ) j
INASGN - Net quarterly assignments to INP (pilots/qtr)

ATT I - Quarterly attrition from INP (pilots/qtr)

(3.2) C INPI~ 5OO

Gi ven that we have the basic levels in the system designed and

valued for some initial time point , we mus t then be able to compute

the values of variables which cause changes In the system states. There

are two basic types of variables involved In state change. First are

those variabl es completely speci fied by policy as a response to the6



_______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- . - — —•-—--.—

• internal state of the system ; In (l)-(3) above , these are INASGtI, MPG,

and SUPASGN . The second are those variables over which there is either

no control or limi ted control . In (l)-(3), these include AIIM, ATTS ,

and ATTI. These variables are , for the mos t part , exogenously deter-

mined . Looking at the exogenous variables firs t, attrition from the

active mission pilot force is given by

(4) R ATTM.KL=AMP.K*ATTMC*(ADMll.K).~xTEsT.K(1)

where

ATTM - Quarterly attrition rate from mission force (pilots/qtr)

AMP - Active mission pilot s (pi lots)

ATTMC - Normal fractional turnover (l/qtr)

ADMN - Attrition management control multiplier (unitless)

XTEST - Exogenous influences test vari able

The equation assumes there is some average mean length of service

which Induces a normal turnover rate. This normal rate is modified by

uncontrolled exogenous factors (XTEST) and by man4gement (ADI~Il);ADMM is

exercised when there are aggregate force overages or shortages relative

to authori zed strengths. Similar equations describe attrition from the

instructor force and the rated supplemen . The only difference is a

factor which allows variable degrees of application of management con-

trol to attri tion from the levels:

(5) R ATTS.KL=RSUP.K*ATTSC*(ATMS.K)*xTEST.K(2)
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where

ATTS - Quarterl y attrition from rated supplement (pilots/qtr) 
•

RSUP - Rated supplement ( pi lots)
ATTSC - Norma l fractional turnover (1/qtr)

ADMS - Attrition management control multiplier (unitless)

XTEST - Exogenous infl uences test variable

(6) R ATT I.KL~1NP .K*ATTIC*ADMI.K)*XTEST.K (3)

where

ATTI - Quarterly attri tion from the ins tructor force (pilot/qtr)

INP - Instructor pilot force (pilots)

ATTIC - Normal fractional turnover rate (l/qtr)

ADMI - Attrition management contro l multiplier

XTEST - Exogenous influences test variable

For test runs of this model the following parameter values were specified

in constant equations:

(6.1) C ATTMC=O.02/ATTIC=O.0l3333/ATTSC=o.02

The va l ues In (6.2) are arbitrary but reflective of Air Force experience.

The values in (6.1) are arbitrary pol i cy specifications.

The test equations are developed as follows :

(6 .2) FOR I = 1 , TTEST

(6.3) A XTEST.K(I)=1÷STEP(ff(I),T(J))÷NN(J)*SMOOTH(NOISEO ,NSM(J))
+APL(I)*SIN(6.284*TIME.K/PER(I))

.s.RAMP(Rl(J),RT1(I))-MMP (R2(I),RT2(I))

8
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(6.3.1) C TTEST=8

(6.3.2) 1 H=O/O/O/O/O/O/0/O

(6.3.3) 1 1=4/4/4/4/4/4/4/4

(6.3.4) T NN=O/O/O/O/O/O/O/O

(6.3.5) T NSM=4/4/4/4/4/4/4/4

(6.3.6) T APL=O/O/0/O/O/O/0/o

(6.3.7) 1 PER=20/20/20/2O/20/20/20/20

(6.3.8) T Rl=O/O/O/O/O/O/o/O

(6.3.9) T RT1=4/4/4/4/4/4/4/4

(6.3.10) 1 R2=O/O/O/O/O/O/O/O

(6.3.11) T RT2=20/20/20/20/20/20/2o/20

Thus, our test equation can be turned on in varying degrees by specifying

non-zero values for such thirgs as NN(I) or H(I). For NN(I)>O we get

autocorrelated random (pink) noise between 1i .5*NN(I). For H(I)$O we

step change attrition by a factor 1+11(1). The functions ‘SMOOTH’,

‘NOISE ’, and ‘STEP’ are Internal DYNAMO functions which , respectively,

give a first order exponential average of its argument, generates uniform

random noise between tO.5 and gives a sustained step of specified heigh’~
at a specified time In the program run .
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Attrition management is Induced when there is a discrepancy between

the total force and desired total force. It is computed for each rate

as follows

(6.4) A FLEV.K=TOTFOR.K/(TOTFOR.K+FORCE.K)

(6.4.1) A ADMI .K=TABHL(TAI,FLEV .K ,.52,.5)

(6.4.2) A ADMt4.K=TABHL(TAM ,FLEV. K ,.5,2,.5)

(6.4.3) A ADMS.K=TABHL(TAS,FLEV .K ,.5,2,.5)

(6.4.4) 1 TAM= .5/l/l.5/2.O .

.

(6.4.5) 1 TAI= .25/l/1.25/l.5

(6.4.6) 1 TAS= .30/1/l.5/2.O

where

FIEV - Attrition adjustment signal

TOTFOR - Total force

FORCE - Force discrepancy

SIlT - Smoothing time

ADMI - Adj ustment in attrition

Rates fully controlled by management policy to maintain a desired

r force allocation among AMP, RSUP, and INP are : (a) the net flow of

pilots between AMP and RSUP; (b) the net flow of pilots between AMP

and INP and ; (c) the output of UPT. These rates are computed by L
equations (7)-(9). The first is designated by SUPASGN. It is a net

10
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flow rate and may be positive or negative denending upon the direction

of force imbalance . In DYNAMO, the equation is:

- 

(7) R SUPASGN.KL:CLIP(SS.K ,M4X (SS.K ,O),RSUP.K ,SSS)

where

SUPASGN - Net quarterly flow to RSUP (men/qtr)

SS - Desired flow to the RSUP (men/qtr)

RSUP - Pilots in the rated supplement (men)

SSS - Minimum manning In the rated supplement (men)

(7.0 .1) C SSS=500

This means that

¶SS.K RSUP.K >SSS
• SUPASGN.KL =~ 

—

LMAX (SS.K ,O) RSUP.K<SSS

so that we quit assigning people back to the cockpit when the RSUP falls

below some critical value . This reflects an assumption that there are

some rated supplement positions more important than any rated duties .

The crucial variable in thi s equation is clearly SS; it is computed as

(7.1) A SS.Kx ((DRTSUP.K_RSUP.K)/ASGDEL)+SMOOTH(ATTS.JK,AS)

where

SS - Desired flow to rated supplement (pilots)

DRTS1JP - Desired rated supplement (men)

- RSUP - Actual rated supplement (pilots)

11
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ASGDEL - Time to adjust for discrepancy (qtrs )

ATTS - Attritio n rate from rated supplement (pilots/qtr)

AS - Attrition averaging constant (qtrs)

(7.1.1) C ASGDEL= .3

Thus, our decision is to assign enot gh pilots to rated supplement duty

to make up for an average of past attrition rates and to adjust any dis-
crepancy between the actual rated supplement and the desired level over

an interval of length ASGDEL. The interesting variable in this equation

is DRTSUP , the desired rated supplement; DRTSUP is the di fference between
the number of pilots in flying or rated supplement duty and the number of
spaces available for mission pi lots:

(7.2) A DRTSUP.K~PILOTS.K-SEATS.K

where

DRTSUP - Desired rated supplement (pilots )

PILOTS — Pilots In active or rated duties (pilots)

SEATS - Authorized manpower spaces for pilots (pilots )

Computation of PILOTS uses the current force minus losses plus gains .

(7.3) A PILOTS.K=AMP .K+RSUP .K_(.25)*PATT.K +PMPG.K

(7.3.1) A PMPG.K=DLINF3(PREC.JK ,PTDEL.K)

(7.3.2) A PTDEL .K=SMOOTH(TDEL.K ,4)

12
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where

PILOTS - Sum of active and supplement pilots (pilots)

AMP — Active mission pilots (pilots)

RSUP - Rated supplement (pilots )

PATT - Project total attrition from pilot force

PMPG - Projected UPT graduates

PIDEL - Projected training delay

The computation of authori zed manpower spaces is straightforward

(7.4) A SEATS.K=PLANES.K*DC RATIO.K

where

SEATS - Authorized manpower spaces for pi lots (pilots)

PLANES - Number of aircraft in flying units (acft)

DCRATIO - Desired ratio of pi lots to aircraft in flying units
(pilots,acft)

The authorized manpower spaces for pilots is thus computed by multiplying

the number of aircraft in the force at a )articular time by the desired

crew ratio. The number of aircraft in the force Is exogenously given;

the desired crew ratio is a function of the progranined flying hours

per aircraft. Thus we have :

(7.5) A PLANES.K=KACFT *XTEST.K(4 )

where

PLANES - Number of aircraft (acft)

KACFT - Beginning number of aircraft

(7.5.1) C KACFTa5300

.1 
_ _ _ _ _ _  

_ _

I ____________ ,
- - • —
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(7.6) A DCRATIO.K=TABHL(CRT ,PHPA.K ,O,180 ,30)

where

DCRATIO - Desired cr6w ration (pilots/acft)

PHPA - Programed flying hours per aircraft (hrs/acft qtr)

CRT - Crew ratio table
In (7.6), DCRAT!O=f(pflpA);pHpA ranges from 0 to 180 hours per air-

craft quarter. CR1 Is the dependent variable wi th values at each point
between 0 and 180 in Intervals of 30. TABHL linearly interpolates a
function between each value . Beyond the domain of the function, the

extreme value is used. if we specify CRT as follows :

(7.6.1) 1 CRT=O/ l.5/2.O/2 .5/3.O/3.5/4 .o

then we have a functional relationship like that in Figure 5.

c~ r

~~ ‘~° ~~° ~ °

Figure 5. Desired Crew Rati o
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• Prograuned hours per aircraft is just the Congressionally authori zed

flying hours divided by the number of aircraft , e.g.,

(7 .7) A PHPA.K AHOURS.K/PIANES.K

(7.8) A AHOURS.K=KHOURS*XTEST.K(5)

(7.9) C KHOURS=477000

where

PHPA - Programed flying hours per aircraft per qtr

AHOURS - Authorized flying hours per quarter

PLANES - Number of aircraft in service -

KHOURS - Normal authorized quarterly flying hours

The relationships set forth so far can be documented in graphical form

as in Figure 6.

The second rate fully controlled by management is INASGN, the net

flow rate into the instructor pilot force . It is superficially quite

similar to (7), whIch computes SUPASGN , but its values come from an

entirely different decision logic.

(8) R INASGN.K~C1IP(II.K,MAX(ILK ,O),INP.K ,III)

where

INASGN - Net quarterly flow into TI P (pi lots/qtr)

II — Indicated infl ow (pilots/qtr)

INP - Instructor pilots

III - Minimum viable instructor pilot force

15
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(8.01) C 111=200

Thus
II INP>II1

INASGN = 
—

f4AX(II,0) INP<III

so that instructors are assigned at an indicated rate if INP is greater

than a desired residua l, but can only be assigned to the instructor force
if a viability threshold Is crossed . II is computed by

(8.1) A II.K=(DCSIZE .K_CSIZE.K)/(A5GN .K*TPI.K)

X + SMOOTH(ATT I.1J K,IAS)

— where

DCSIZE - Desired class size (pilots)

CSIZE — Actual class size (pilots )

ASGN - Assignment lag (qtrs )

TPI - Trainees to instructor proportionality factor

ATTI - Attrition from INP

(8.1.1) C IAS=4

This says that the indicated instruc tors required is an Increment

necessary to change the class size (at a particular trainee to instructor

ratio) and make up for the expected attrition.

The desired UPT class size Is an ann~al UPT training requirement to

• replace attrition, adj ust any discrepancy in total force, and allign

crew ratios and desired crew ratios.

17
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(8.2) A DCS1ZE.K~MAx(fls1.K ,VB1)

(8.2.1) C VBL=400

(8 .2 .2) A DSI.K=PATT .K+(DC RAT IO.K ~CRAT I0 .K)* PLANES.K

X + FORCE.K

where

DCSIZE - Desired class size (pilots )

PATT - Projected pilot losses (pilots)

OCRATIO - Desired crew ratio (pilots per acft)

CRATIO - Crew ratios (pilots per acft)

PLANES - Number of aircraft (acft)

FORCE - Total force discrepancy

VBL - Minimum viability UPT throughout

Projected attrition is an exponential smooth of aggregate pilot losses :

(8.3) A PATT.K=4*SMOOTH (ATTI.JK+ATTM.JK+ATTs.Jx ,psl)

where

PATT - Projected attrition (pilots/year)

AlT! - Instruction attrition (pilots/qtr)

ATTS - Supplement attrition (piIots/qtr)

AIIM - Mission pilot attrition (pilots/qtr)

PST - Projection smoothing time (qtr)

(9.3. 1) C PST=4 
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The crew ratio is the ratio of active pilots to active aircraft:

(8.4) CRATIO.K=AMP.K/PLANES.k

where

CRATIO - Crew ratio (pilots per acft)

AMP - Active mission pilots (pilots)

PLANES - Act ive aircraft (acft)

The force discrepancy variable Is computed by assuming that we

initial ly have the correct number of people on board. The force dis-

crepancy is then the difference between the current force and the initial

force values , plus an exogenous factor which represents, say, Congres-

sionally mandated changes in the pilot force.

(8.5) A FORCE.Kz(At~PI+RSUPI-AMP.X- R5UP.k)+(XT EST.X(6)-l)

where

FORCE - Force discrepancy (pilots )

AMPI/RSUPI - Initial pilot levels

XTEST - Exogenous input

The assigrinent proportionality factor for instructors is a function
- - which compensates for high trainee to Instruc tor ratios that may exist

In UPT. It assi gns Instructors to INP at a rate larger than that m di-

cated by the new inflows to UPT if the current trainee to instructor

- ratio Is high, and less than proportionally to INP if the ratio is low .

This tends to equilibrate at a point where the trainees per instructor

reaches its goal .
19
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(8.6) A TPI.K=TABI-IL (TTPI ,TP!tIs.K ,1.68,3.44,.44)

(8.6.1) 1 TTPI=3.44/3/2.47/2.l2/l/68

where

IPI - Trainee per instructor proportionality factor

TPINS - Tra i nee to instructor ratio

The instructor assignment lag is given by

(8.7) A ASGN .K=ASGNDEL*XTES T .K (7)

(8.7.1) C ASGNDEL=3

where

ASSGN - Training lag for instructors

XTEST.K(7) induces noise or a persistent change into the time required
to assign and train a UPT instructor.

A third rate that Is controlled by Air Force management Is the rate

at which pilot candidates are recruited . The recruiting rate regulates

the rate at which UPT produces graduates for active duty .

(9) R PREC.KL= .25*CSIZE .K*MREC.K*XTEXT.K(8)

where

PREC - Pilot recruiting rate

CSIZE - Annual UPT class size

MREC - Multiplier on recruiting from number desired

20
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(9.1) A MREc.K=TABHL(TR:c,.25*csIZE.K,o,l400,200)

(9.1.1) 1 TREC=l/l/l/l/l/.95/ .89/.82

where

MREC - Multiplier on recruiting from number desired

CSIZE - Class seats available

UPT class seats for the year (CSIZE) are regulated by the number of

instructor pi lots (INP) and the trainee to instructor ratio (TPINS).

(9.2) A CSIZE.K=INP.K*TPINS .K

where

CSIZE - UPT class seats available

INP - Instructor pilots
- I TPINS - Trainees per instructor

Since It may take some time to vary INP, rapid adjustment in OPT class

size can be achieved by varying TPINS in the short run . The long run

readjustment to maintain trainIng quality comes through the assignment

proportionality factor, TPI.

(9.3) A TPTNS .K=TABHL(TTPIR,TT.K,O,1 .75,.25)

(9.3.1) 1 TTPIR~0/.64/l/28/l.92/2.47/3.2O/3.6/3.9

(9.3.2) A TT.K=DCSIZE.K/SMOOTH(CSIZE.K,l)
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where

IPINS - Trainees per instructor

IT - Desi red adjustment ratio

CSIZE - Class s i ze

DCSIZE - Desired class size

The adjustment relation ship Is illustrated In Figure 7.

TPI,4S

•~~ c •~~ n u.zc s.~ siC ~
1-I

Figure 7. Trainees Per Instructo r

Actual mission pilot graduates from OPT is an implicit decision
depending upon prev ious rates of recruiting and the fraction of UPT

school capacity used. As the capacity fraction increases, the training
delay increases . Thus , we have

(10) A MPG.K~DELAY 3(PREL.K,TDEL.K)

(10.1) A TDEL .K=CAP .K*DEL

(10.1.1) C DELa7
22
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where

MPG - Mission pilot graduates

PREC - Pilots recruited

TDEL - Training delay

CAP - Capaci ty mult i p lier

DEL - Normal training delay

The capacity multiplier is given by:

(10.2) CAP .KRTABHL(CAPT ,CSIZE.K ,O ,6000,l000 )

(10.2.1) CAPT— .8/1/l/1.l/ l .2/ L25/ l.3

Figure 8 displ ays the relationships from (8) - (10.2.1).

23

~~~~~~~~~

- - . 1

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~ ~



~~_ _ ~ I. - ~~
. —_- -

~~~~—- --—- —.~--..—-,-—

- - _ _ _ _ _ _ _ _ _— -

~~!S P&~E IS 3~~T Qug1rr! PI~LCflCè~~!

FROM OO?~ FLfl~IS1~~ TO DDC _~~~~~~~
-

~4T(~~ ~~~~~
(9.I~

kLf
I~~~~~~~ -pg~~c ~~~~~~~~~~~~~~~~~ — — — — — m
V1’%% ] 

,—~~ ~~~~~~~~
(s~j

’
) /

L1 ,I..- — 

— 
CAP

— ,
,

/ /

_ _  

~~ 
F 

~~~~~~~~i. 

j $~ 
~,I 

-

—

‘
~~~~~~~

“ 
~~~~~~~~~~~~~~~~~~

• T ~ 
~~~ M (S)

~~
-

-

~ 
•

- FI~~~E 8~ COMp~flWT~o,~ O~ “~~~~~~~~

- -- 

24 -_p . • . .
- 

-



_ _ _  
-•—-—- —~~~--,-- -----— - •

~~~~~~~~~~
-
~~~~~ •,---.•----•• —-- -j  - -•—

Chapter 3

• Program Listing and Sample Runs

This chapter presents a docu nented listing of the aggregate pilot

pipeline model and a set of program runs. The listing given has the

sequence of re-run cards that generates the included output and the con-
trol cards for the DYNAMO III F Compi ler of the CYBER 74 at ASD Computer
Center , Wr ight-Patterson AFB, Ohio.

1
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11330=-I LSi”-o -0;
1640 =T SS1 -4 /4 /4 /4 ’-e/ 4 ’4 /4

- ‘ -  isso= r NN=-0/0/0/0/0/Q/0/()
-
~~ 

‘
~~ 1560=1 NST. 4 /4/4 /4 /4 /4 /4 /4

- - 1570=T APL=’0/0/0/0,0,Oi0, 0
• ~~~ . 1580=-I PER =20/2 0 /2 0 /2 (, ’20 .  20 ‘20/2’)

— 1590=-I RS=0/O/0/0/0/O,’Q,O
• 1600=-I RST=4/4/4/4!4.’4/4/4

1610=1 RSS=0/O/0/O/0/O/’j/O
1620= r RSTSz 20/20/20/2O,2O,; b ,~:’)/2 ()
1630=-C DEL= 7
1640=-N AMP=AMPI
1650=-N INP=INP1
1660=-N RSUP=RSUPI

- 1670=-C AMPI 13250/I NP I =~00/PSUP 1=25001680=-A HFPP.K= DURS.?(/Aj4pJ(
1690=-A TCJTFQR,1-s AMP.KfR5UP . -I Nt~.tc

• 1700 =PLOI TQTU Ok=T ,AMP=P, SEArs - N/k ;ur=s, INP=i/HFF P=*/ 1PINS=#
1710=PLO r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1720=-SPEC 01= • 25/LENG rIl=so/PLTPER=1

- 1730=RUN DEBUG
- 1740=*EUR

1750=1 SH=1/ 1/ 1/0/O/0/O/0
1760=RUN

• 1770=- rn’ NN=i/ 1/1/0/0/0/O/0
1 ?8O RUN
1790=-TP TTPI~ 3/2.5/2.4666667/2.42/2- 1800=-RUN

— 1310=-i SH=1/1/1/0/0/0/O/0
1820=1 NN=0/0/0/0/0/0/0/Q
1830~RUN
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Four runs of the model are i ncluded. Run 1 shows the response of

the mode l to a step increase in attrition from the pilot force from two

percent to four percen t per quarter . Fun 2 show s the step response under

a modified management policy which slows the movement of pilots into the
instructor force . Run 3 imparts a uniform autocorre lated pink noise

input into the attrition rates . Run 4 does the same with the modified

management policy . These run plot~ given represent the forced particular

solution to the equations of the model under a given set of Initial

conditions.

I ~~~~~~ S ~~~~~~~~~~~~~~~~~ 
—c•



- ‘ T 0T FOF~zT ~lP:~ ~~~~~ F- k’ IJP=~ T P P 1 I-1~~PP=~ T~ 1NS~ *

- i 0 .OO UT t ’ .lO - 1• • -)~~-r l o .C ( , OT  t~~.0 0 0 T  
~~~ I

0 .00~ T I ~~~~ ?. ‘)O .)T ~.0~ LsT ‘.000 T  ~I• 3t. .000 3~ .9 0 )  ‘7 000 5 1 . 0 0 C  S

0 .000  ~.)31  3 .0 ( s O ~.000 I

0.0. — — — T — I — — • — 1
• 

• 
. . •1 •

S • 43 • T 
•4 II3S~~~~OCTO&S ~~ .1

. • •) . °R

• . S 5 • -I S

RS, ’~

: :
1’ : “t~ ~
I ~ ~

30.0 .•...
-/

%.. 

‘

T D
•

”

~~~ 

‘
~S 

‘

1

~ 

4O .Of  ~ -‘-

,

~ ~ ~~~~~~~~~~~~~~~~~~~~~~ 

:~
S S ~• . 1  •

0 . . PR,S*
• . / . I • DR

~0.O. • , .9 . . PR
31 ThIS? 

~~~~~~~~~~~~~~~~~~~~~~PROM o~
py 

~~~~~~~~~~~~~~ ~~~ _____

- — —~ — 
~~~~~~~~~~~~ - -‘-~~~~~~

.
~~~~~~~~~ ~~ ~~~~~~~ ~~~~~~~ .- ,  ~~~~~~~,

• • ~~~~~~~~ ~~~~~~~~~~~



-

_________ 
~~~~~ITIETTT~~~~~

1’EIS ?AQ~E IS~~~~4 1IJtTY?AC?1C~~ ,~
PROIM tXWY FUB2lISH~ I TO Dã~C ~•___ - 

-

C~ A nI0 :~ ~~~~~~~~~~ 
s~~~-r,: ~~~~~ ~~~~~~~~~~~~~~~~~~ f l CS T 7~~~’)

,
S~~~ IC  — . S 2’ . ‘ C 2 . ’. C O  2•~~ 0 O ~~
0.~I10 T . ‘~~~~~~~ , I .~~ QT 1.OCO’ 15-k
0.0,01 ~~~~~~~~~ - . ~~~C 1 ~.o 0 f l T  t . G O ’ ~T C~

)
0.0. • - -

~ r. — — •

• 
~~

- 
• •

• . • .

• • r, 1 • • ~1.
- ,s~~,c

• 
‘-‘\~~~ • 

r, . .
r •

• r 
~~~~~ CLAS3~~~~ % . S

: ~~~~~ ~--~ ‘r’ R
• r SIZE
S 5 1 . R .~~~C
• • 7 7 ~ 

• C •~~~C
• . ~~~~~~~~~~~~~~~ 15 • fl •
• . •~~~~~~~

20.0 .  ~~~~~ L~ .— 15 — — — —
• I 

4
~~~~~I#~ •- 

~~~~~ • 
r-~,

S . . R

IS
• • -

~ 

I 
I

• • ;~— • 
Rflno

- • ‘S. ‘c ~~~~ • •
S .~~e 15 5 I

• .
‘1S(r~~C 

• 1  •

• . “~t ~~
‘ 

~ r •

• • • s ~ • . c n  
EL ~~ - •

•~~~~‘
_•-

__
~~~

•%- • L 4 5 • • c n
. 15 R • . C O

: ~~~~~~~~
• • I ./ ~ 5 R •

• . u • • l c D
: : I ~r;~ :
• . A r. • ~~~~~~~50.0. — — — — — — — —~~~— t ~~~ — • •

32

I
-

— ---— 
~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - ~~~ ~~~~~~~ ~ - -

~ -~~ ~..J



~~j

- 
- - 

~~!S PAZ IS 3~~7 Qj iAlftT! P 1CA~LZ ‘1
PROM COl~Y FURNIsHE.I) TO DDC

T0T~~)PsT ft .~p~~D ~~
-
~~r = P  n~~ur=~ I iP=T I.l?~~ p= e 101115:4

10.000T ~~~~~~~ 1~~.~~0CT l t . .O f l OT 16.000 1 T~~0.000 T j • I)f l I’  2. ’1fl~lT ~.00 0T ‘ • O O C T  SI
3’ .300 u~~• r)n~ 3’ .~~00 ‘7 .000 3b.00 t  ‘

• 0 .00 0 1 •~~~~ ‘.3)C 1.000 ~.Go r
0.0. — — — — — — — .~ I • • p • 4 •

• p • PR
• • p • • • 00

• . r ~~ . P R
• • rp • 

v

• • F R  • ~~ T .~~

• S ~ P • • I •

• • ~ P . ,A’ • ‘

• • o • 
Jr . • RS

10.0. — — ——— — 1 — — P  R — — . — — A  
~ R • f •

• P R • T • • S I
S • 0 P • •
• • F R • ( .

• • - 
p P • • •

• • F P • ~~~~~~~~~~~~~~• • P R  • P~t •
• • F R  • 1 ‘ ,S. Il~ TV.I~~TbR.~.

• . P . • I ~$ • •
20.3. — — — — — . — — RP— ~~~~. — — — •

• • . H

,

‘ I 

~~ :
• R~ ‘. • T •

30.0. .- — — R~~ — p , — — — -
. • ~~~~ I •

• R b  • 1 . p .
• S • ~~~~~~~ • i s

t . P P  ~M .
• S RP~ • S /
• PP • . 4 5 1 •
• P .~~ ~‘I •~~? I • P R
• I~~TI~) 

p • J / 

~
-

~~~~~~ : :~~1/
50.0. : _ _

~~_ _ ; : J 4  
~~~~~~~~~~~

_ - -
--

-  • -.-. ~_•---,-,-.---__•_____ -

2 — 
~~~~~~~~~~~~ —



_ _ _ _ _  _ _ _ _ _ _  
_ _ _ _  

— [1

• CRA TTO~~ 
r-
~:pt . Tt :  8~~~~ r,.f, r1- F~~~~ J’~: nrsI~ c=n

2 . 3 0 0  ‘.‘~~ 2 . 1.~ 0 2.10 ” “~

0 ,0 00 1  ~~-~~~-r .- 1 r 1  .750 1  1.0001 G~~

0 ,00 f l T  ~~.
—

~~~
- —  .L ] ) O T  s . 0 0 0 T  0 • 0 0 0 T  C)

0.0. — I — pr j’ — .— • ~~‘- ,: i

• f i r . . ~

• f ~ i.~~• I •
• • •

• . S • •
r ~~~~~~~~~~~~~~ ~~

S •, ~~~•• 
,•, ~~~—c a S

- 
- • 

“
~~~~ ~~~~~ •

• ~~~~~~~~~ ~~~~~~~~~~ 
. -~~ • •

S j’ ‘

~~
ic

~ 
•

• F .  p , • G C , D

10.0. • — — — — — ‘ —~~ R. 
• • • • R s

- 
S • • r,c

- 

- 

~~wse~4o u,r 

:

R :
:,:

20.0.  .~~ — — — — —
. . • •

• • S • R ; • C’)
rC” v -

• : ~~~~~~~ —.r-~~~
• •,‘ * .‘

.

S 
I 

I’ S
S w’ • 5 %

t S 10 .1
p • p ~~

. •1~~~ 
S

30.0. — — —  X’—G 
• b ~~

I ~~~~. - Z1~~~cP I : W  ~~~~~~~~~~~~

~~50.0. — — — — . — — — — G  ~~~~~ — — — • — — •

34 
_ _

IL -

~~~~~ 
—---—--- - - 

~~~~~~~~~ 
-- —

~~
----

~~~~
-- —

~~ — - - ____\__~ —



-— ~~~~~~~~~~~~ — —~•~~~ ••,• ~••••• ~~~~~ ~~~~••~

~~~~~~~~~~~~~
- - - -

~~~~~
— •-_ - - • - - -

~~~~~~~~~~~~~~~~~~~~ ~~ ________ .

TOTP)P:Y ~~qD: r) e-—. - ’- —~ p.~~IJ~’: ~~~-~~~~~ =t  ~~~~~~~~~~~~~~~ ~~i~ s=~

1~~.fl01 V. . J1 .~ I’ .i J~ T ~ J .~~C0I  17.fl~~1 ~~0. ’~Q C T  i.~ ’r ‘.0 I~ T 3 .uOOT ‘-.OOO T s:
‘ -; . ;, - h..’J J i “_ .~ fl 3 

_
~“.33’~0 . 3 0 0  L . O O r. jf

0 . 0 . —~~~~—~~T , — — — h 

~~~~~~• • • ( - . .
• • 4. • .

• 
a r

• P • • I .

~ 
—~~~~~~~~~cmts : : ~& r~ I . . 3 • TQAIN~~’S. 

• ‘I

. R • ( • f....C ’ ’PQ~~ • ‘•
• R a . S I .~~~. ft~STRi cmg.

, 

20.0. - 

R~

: ‘ € 45’$~ / :~
: ~ :
• P . 4tS . •

- . R I . • ‘

• R • • • I •
50.0. R J • — — ~~~ V — .— T •

35 ThIS PA IS B~ ST qUAI~~yy PR&C1~1C.&$II&co~i FURNIsH~~ TO DDC

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~



_____________ -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C RAY T0:~’ ri~~~~T ! = -‘ r ’G:r, ~~~~ (~~~ 7r ~~~ flrSI7~ :n

• 2. 1.50  ‘. •‘ 2.- . 9 !i ‘.510 2.,~~O Z
0.000 ‘U C. OO C il ’fl .OCO 300 .000 ~~n .o o o r  .

~~~~~~‘‘ i •c IoT 1.5001 2.0001 C)
~~~I 0 :  

~~~~~~~~~~~~~~~

“ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~• • r. • •
• r. 

• ~~~~~~~~ •
• • . “ e G L

: :

R

~~

20 .0.  ~ — — • — — —
• • . • 5’’cc__i~(’—~’~
• . ~ • ~ .4e’~ ~~ . c ~• . ~ C • .

3 Q 3
. ~

‘(  
~•

QO,,~~~~#3  S ~ \~• :
: : 1:1 : :
• S ~~~~~~G 

~~~ 
•i( S

• • P G  . C • 
~~
‘
•

~~~:~~: 

~~
t 0 T

~

5

~ 
- - - - -

- 

~~~~~~~~~ 
‘- — 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
.- -



T OTF OR=T t~IP:~ ~~~~~~~~~~~~~ IJP:~ 1p,p~~ ii~pc - .  ~~~~~~~

:: . 13.000? t~~.0G~~ 1~. . J i T  1~~.C3o1 1~ .0~~0T T~~- 
‘ 0 . 0 0 0 T  1•

.
~ rIT 

~~~~~~ 3 . O C u T  ‘..~~0 C T  S~3~~.L’u0 ~ . Jt  ~I-~.100 3i~.2 O C- • 2.000 ~~• ‘Y  ‘. -~~0 C  2 .~~00 ~~~~ I0.0. — P — — — — — — • 
I • S • I • /• S~~ • P • S •f

~ / • I •
• PR S S 4 -‘ I s.

• p 
• • • p •

— - • 0 • I
. f ~ • t

• 0

• P • ‘ •‘ • I •~~ R10.0. ~ .A— — — .

:~ e~~~j 1i~~~• P • • J~~~~~ YqI~ 1UIulI 7 p~
S P • I S I • p p
• . j’. • I •
• P • ,r 

• • 1 • P~~,’I• P • • I •• P • “M. . • 1 • P ~20.0.  — o — — — —
• • t •
• P • I 

• J . oc ,.~~0 • 1UA*3€E ’S • ~~~
, I • 7 • D~~~

• pp • pert • • • S
• PR • II~ST~1JCI~ & . •
• PP • S . .
• PR • . ~~~ •
• PR . •
• 0 • • ~~~~~~4 I  

•• 30.0. — P  S • ,p. — — I 

•• P • ‘ / S S

• • . • . .
• • -
• p 

• . • 1  • T • °R
S I S

S & _ _~~ ~~ S • pP
• P • S • 4..,~ $ • I • P ~~
• • • • I• PR I S J4 ~~4I•~ • 7• PR . • f ‘ ‘041.0.0. —PR • — — — — — — • — •~~~~- - - — • 1’

:

: 

~
50.0 .  — P — — . 

•

37

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
vaoMO0EY FU1~USø~D~U~~

C

I--—--- - 
- — 

-- 
2~~~~~L~~~ ~~~~~

- -
~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - ~



-~~~~~~~T~~
’ - - ~~ i~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~
- - - -

~
—--—-

mis ~~~ Is ~ sx QUii.ITY F L C ~ ICAB~~
X~~4~ e~i’Y Ft1~ IS1iED 10 000 

__ ..—
C~A It r =~ ~~~~~‘T ;  ~r’15t-; UFC:’~ ~~ I7::~ Of S I7 r~~G

2.i~~0 “ . 5  2,_ C,- 2.0~ ?.~ 4C V.
260.000 ‘I•~ • i, ~~~~

j j 0 • ’  170.000 3 .0 . 0 0 0  G~1.0?0T 1.1- - 1.2~ u T 1.3,OT 1.~.50 T Cfl
0 . O s  . — _ • •  

~~~~~ • ‘i’
• ‘ • 

•
• S S •

S I)• • • I ,  S , .

• • C ~~ • •
5 5 ~,j S • X ~~ 5 O
• . , • •
. • - • • •
• • • 

~~~~~~~ 
• ~~~ 115

• . c • ~ 
• 4 15

10.0. ..
~~~.. • — —  ~~~~~ _ •.~

# 

5 
____

~~I_5
_•_ 

•~ -1 S~~ 
•
~*•_,,•_ S

• • ~~~~ ~ • •
: •

~~~~~~~~

‘“ ‘
~~~~~~~~: : __ / :

20 .0 .  - - - k~~~~~~~~~~~~~~~~~~~: -

-
-, : 

_•
__ __~~~~ ~~~ : • — —‘ : : ~,• I • 

~~~~~~~~~~~ 

I S

• • c • •
I . . . .,_ ~~~ • . SC

• • ‘ R • ~~~~~—.... •
30.0. — — R  — —  . — — —  — ~~~~~~~~~~~~ 

• • • 
~~~~~p 5 

•
I%

,

• • R 1 5 .  • .)
• • p . S

• P 15 • ‘ ,~~ .

• • 15 • • . G R
• . ;~~I • S c o

• • ‘?‘
‘ 

‘ •

S • G~~ .
S — . — — — — — — — — — . 

•

I ?

RD

~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~50.0. — — —R— . — — — — — —G 

_ — J  38 I
~I

- 

,
~±_~

__ 
-

— - ---- --- - - - ~~~~~~~~~ ~~~~~~~~~ ~



- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ThIS PAZ IS B~~T QUALX TY PR&C1’ICABLZ
PROM COPY ri~~s~~ ro noo .~~~~~~~~ _— 

-

( 1) Forrester , Jay W., Pri nciples of Systems, Second Preliminary Edition ,
Wri ght-Al len Press, Inc., 1968.

-‘/

39

- cr W— r - (I

5:- T - I. •



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —------- ~~~~~~~~~~~~~~~ -

UNCLASSIFIED
SECURITY CLASSIF ICATION OF THIS PAGE (Wh.n 0.1. Entered) 

____________________________________

0E0
~~~~

’T hlEI ~I’T~~~TI~~~
l D A ( E  READ IN STRU CTIONS

i~ l _ U i ~~~I LPJS..V Ill I’ I 9’ I I’J” ~ ‘ “.J BEFORE COMPLETING FORM
I REPORT NUMBER 

f
.— 2. GOVT ACCESSION NO. 3. RECiPIENT’S CATALOG NUMBER

AFIT TR 78-6 /
4 T IT L E (and Subtitl.) 5 TYPE OF REPORT & PERIOD COVERED

The Aggregate Pilot Pipeline Model

6. PERFORMING ORG. REPORT NUMBER

7 A UTHOR(s) 8. CONTRACT OR GRANT NUMBER(S)

Jon M. Knight , Capt , USAF

9. P ER F O R M I N G  O R G A~34~~AT I ON NAME AND ADDRESS S O.  PROGRAM ELEMENT . P R O J E C T , T A S K
A R E A & W O R K  U N I T  N U M B E R S

AF IT! ENS
t—tright-Patterson AFB OH 45433

I I  C O N T R O L L I N G  OFFICE NAME AND ADDRESS 52 .  REPORT DATE

November 1978
13 ~ uM B E RO F  PAGES

14. MONITORING AGENCY NAME 6 ADORESS(I (  differen t from Controlliné Office) 55. SECURITY CLASS. (of this report)

UNCLASSIFIED
*5.. DECLASSIFICATION /DOW N G R A D I N G

S C H E D U L E

*6- DISTRIBu TIoN STATEMENT (of this Report)

Approved for Public Release; Distribution unlimi ted.

5 7 DISTRIBUTION STATEMEN T (of the abstract entered in Block 20, If dli t.r.nI from Report)

58 SUPPLEMENTARY NOTES

APPROVED FOR PUBLIC RELEASE
lAW AFR 190-17. J0SE~EjjP.)lI~PS’, M jor , USAF

Director of Inform J~N ~ 
-
~~

--

, 
/q7i’

5 9. XE? WORDS (Continue on rIvera. dde  if necessary and identify by b lock number)

Simulation
Manpower Systems

• 20. ABSTRACT (ContinuI on r.v.ra. aide If n.ceaaary and idlntlfy by block numb. r)

• This technical report documents the structure of an aggregate representation
of a system which governs the recruitment , traininci , and allocation of Air
Force pilots . While the model is highly simpl i fied , it captures many of the
essential policies and decisions which generate the dynamic behavior of the
overall system. Specifically, the model takes as given the authorized flying
hours and aircra ft available to the Air Force; it combines these data with
Information about projected strnath l evels in the pilot force to determine
training requirements . These training requirements are used to establish the

DD ~~~~ 
1473 COITION OF S NOV 6S IS OSSOLEtE 

UNCLASSIFIED
SECURITY CLASSIF ICATION OF T H I S  P A G E  (Ii~ien Data Ent.r.d)

—

~~~~~~~- 

_ _  

_ _ _

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 2~ .~~ ~~~~ - - — 
- -



-~~~ - -~~~~~~~~~ 
~~~~~~~~

- - - ITT 7~ - T~~~~ TT TT T
~ ~

UNCLASSIFIED
SECURITY CLASSIF ICATION OF THIS PAGE(W7i an D•t. EnI.rød) 

-

requirements for Undergraduate Pilot Training (UPT) instructors and recruiting
quotas. The model then allocates the existing force among three categories:
(1) the active mission force , (2) UPT instructors , (3) the rated supplement.
The model can be used to exam ine such thi ngs as overall pol ic ies control ling
UPT class size , and allowable limits of variation on the UPT instructor to
student ratios . It also can be used to test the sensitivity of system adjust-
ment process to exogenous impacts .

UNCLASSIFIED
SECURITY CLASSIF ICAT ION OF TH IS PAGE(Wli.n Data Enlep.d)

—— -- —


