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Preface

The analysis presented in this report represents a preliminary

attempt in applying the system dynamics methodology to the United

States Air Force pilot resource. System dynamics is a powerful tech-

nique for investigating complex systems. My efforts will have been

worthwhile if a better understanding of the system is provided ; addi-

tionally, I hope the model will provide useful information to managers

about the impacts of decisions on policy within the system.

In an effort to provide a useful document as opposed to an academic

exercise , I have attempted to write this report in plain English to the

maximum possible extent. However , the modeling techniques and computer

software essential to the discussion are included .

I wish to express my gratitude to Dr. Jon Knight for suggesting

this study and providing his aid and assistance. My thanks to Dr. Charles

McNicho ls for reviewing this report and offering his constructive criti-

ci Sm.

e 
Finally, and most importantly, I would like to thank my wife , Neva .

Without her encouragement and support , this thesis would not have been

completed .

Peter L. Fekke
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Abstract

‘ This research was conducted to invest igate the United States Air

Force pi lot production and a l locat ion system . It appl ies system

dynamics methodology as an e f fec t i ve  means to analyze this co mplcx

system . The Pi lot Production /Al locat ion Management Mode l (PP/AMM) is

developed using DYNA ~1 I CS III S iiuul at ion 1 anguaqe. The model is in aqgre —

gated representation of the system which deals w i t h  recruitment, a l lo-

c a t i o n , and training of p i lo ts .  It div ides pi lot resources into three

core forces, rated supplement resources . and Undergraduate Pilot Train-

ing instructor p ilots.

Initially, the system is analyzed by a discussion of a cost module

and of system equi l ibr iu r ; . Next. various force build-up, draw—down .

and attrition scenarios are analyzed . A change of management policy

involving the forecasting of attrition rates concl~ des the analysis

and demonstrates an application of the model . This example also shows

how rapidly and economicall y information can be obtained from t h e  model .

v i i

_ _ _ _ _  44
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I. Introduction

The subject of this thesis is the management of pilots within the

United States Air Force (USAF). The pilot force attracts management

interest because it is a relatively small portion of the entire Air

Force (AF) personnel system that generates a relatively high proportion

of the costs associated with that system . Management interest in control-

li ng cos ts and for ce quali ty comes from Pare to ’ s law which states “The

significant elements in a specified group usually constitute a relatively

small portion of the total i tems in the group ” (Ref 1:132). The rule

suggests emphasis on the pilot force.

In his Air War College paper, Colonel J. B. Dav is states “The dis-

tribution and training of the rated resource has often times followed

loosely described and imprecise methodologies, especial ly when subjected

to the intense pressures of change. i. e., the Vietnam buildup and draw

down ” (Ref 2:1). Pilot training is costly , and the need for training

increases as force attrition accelerates. Thus, the current si gnifi-

cant increase in pilot attrition is drawing high-level management

interest.

The purpose of this researc h is to develop a systems dynamics model

of the pi lo t force and evaluate it s use fu lness i n the forma ti on of man-

agement policy. The pilot force is a complex system that must cope

within a wide range of dynamic variables which are not particularly

susceptible to accurate forecasting . Its complexity and internal inter-

actions, along with the unpredictable nature of its background conditions ,

make it important that policies are consistently formulated to be resilient

______________________________________ _______ .. -~---_
_—----—--_
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agains t  v d r y 1  n~ inputs . One appi -ouc h to pu i cy  desi gn tha t lends i tse l f

to i i  S po o probi em i s t no l i e  t hodol oqy of -
~ v ~ terns dynamics developed

b . .~ roes  ter The Pi lot  Product ion /Al l  oc a t i ci i  Manaqem ent Model

s ~~ste ms dynanncs model wri tten i n P’r NAt- b III; it was

I und a pp l ~-J in order to provide inform ation about the behavior

p1 t o t  crce ~t ’uctu re when stressed by such things as var iab le  a t t r i —

t i ’ . e di aw-Jowr,s or bu i ld—ups , and var ious training po l i c ies .  The

in~: r - i t ~ on can aid in the evaluation of current and contemplated force

aniuer’erl t p01 i ~ I es and suggest t he  most productive areas for mana gement

at ten’ ion.

The model is an aggregated representation of the Air Force pilot

force. It does not atte m pt to track or forecast the movement of individ-

ual pil o ts . :t is not intended to provide exact estimates of costs. The

model’ s purpose is to simulate the behavior of the pilot force structure

under specit i c ori vironn iental and policy assumptions. In addition , its

purpose is to analyze the cost im plications of this behavior and discrim-

inate between different environmental and policy factors on the basis of

relative costs and critical management indicators .

~f9Re.

In any thesis research effort, it is necessary to identif y the limi-

tations of the project in order to keep the results in perspective .

First , this resea rch uses a computer model as an aid to understanding

real world systems , and such models have obvious limitations. The PP/AMM

presented in this paper is an abstraction of the real world. The author

has included in this model what his research and experience seem to him

to be the i mportant factors. The model is useful only as long as it is

used within the analytical scope for which it was designed .

wo~i1rI hø ron1~,,-~,A f.’.-,n, +& , .-. .-., 1 ,.~~~.. . . -



In the analysis presented in this thesis, the PP/AMM configures

the pilot force into only five pilot job areas. They represent the

rated supplement , the Undergradua te Pilot Trainin g (UPT) instructor

force , the tactical fighter (and mis cellaneous) pilot force, the stra-

tegic bomber/tanker pilot force , and the airlift p ilot force. The system

training delays and flying time requirements are all averages. In order

to avoid security classification , the crew manning factors are realistic

~~~~~~~~~~~~~ estimates of the author. The size of the aircraft and pilot forces simu-

lated in the model are arbitr ary , but they are of realistic dimensions.

The second necessary limitation is on the range of analyses per-

formed . In this study, three basic changes in the force are examined .

The situations simulated and analyzed are force build-ups , force draw-

downs , and accelerated force attrition rates. The research also includes

a sensitivity anal ysis of certain relevent factors and an example of a

policy change involving forecasting.

Develop men t

Chapter II explains the approach used in developin g the model and

then gives a detailed description of -it. Chapter III gives the results

of simulations used to analyze the system . Finall y, conclusions and

recommendations are presented in Chapter 

IV .3
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II. The Model

This chapter describes the AF PP/AMM . The fir st section gives a

brief explanation of the methodological approach used in developing the

model . The second section presents an overview of the model design. The

third section is a detailed description of the model structure which is

set forth in the areas of management emphQ~is. This forms the basis for

the analyses performed .

The A~pp~q~çh

Mana gement systems , suc h as the pilot pipeline system , are so complex

that a formal structure is needed to clarify ambiguities and to enable

total system understanding. Systems Dynamics is the modeling methodology

developed by J. W. Forrester of the Massachusetts Institute of Technology

(MIT) and is based on information—fee dback control theory . To support

the need for systems dynamics methodology , For res ter s ta tes ,

The general concepts of information-feedback systems are
essent ia l  because such systems exh ib i t behav i or as a whol e
which is not evident from examination of the parts sepa rately.
The pattern of system interconnection , the amplification
caused by decisions and policy, the delays in ac t ions and the
distortion in information flows combine to determine stabil-
ity and growth [Ref 3:16].

Systems Dynamics. The systems dynamics approach is applied

throu gh the use of I)YNAMO III computer proyran~nm n q language . DYNT MD is

used in continuous simulation models.

Each computation sequence occurs across time . Time is divided into

equal time segments referred to as DI and defined as a constant in the

DYNAMO model . As shown in Figure 1, “K ” is used to desi gnate the points

4
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Figure 1 . DYNAMO Time Sequence

in time to which the current computation applies. The use of time wil l

become clearer as the level and rate equations are discussed.

Level equations (denoted by “i’ on the left ma rgin) represent a stor-

age area for a resource. The current level stands for the previous quan-

tity plus the flow in (IN.JK) and minus the flow out (OUT.JK) of it during

the computation time increment OT. Th~ l eve l , Eq (1), would be read: the

present level (at time K) is equal to the previous level (at time J) plus

the net change ~tue to the flows in and out during the time increment DI

(time J to time K ).

L LEVEL.K = LEVEL.J + DT*(IM.JK - OLJT.JK) (1)

Note how this represents an integration .

Rate equations (denoted by “ R” on the left margin) control the flows

into and out of the levels. They are policies tha t remain constant over

the time increment OT. The rate OUT, Eq (2), over the next time i ncre-

ment is equal to the current quantity in LEVEL divided by a constant

calle d DELAY .

R OUT.KL = LEVEL .K/ DELAY (2)

Ra tes use information to control the flows into and out of levels.

5
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Figure 2 is a diagram to help v i sua l i ze  the relat ionships disc ussed

above . An example would be a wa ter tank with wa ter flowing out and

water f lowi ng in. The ra te of water f lowing out would depend on the

quantity in the tank and a constant delay .

informationDELAY
material

,
~~ ~F L[ vE:L~~ )‘l . LJl~~

- - - - /\ decis~on
function

Fi gure 2 . Level and Ra te Diagram

The other types of equations used in building the model are auxil-

iaries (denoted by “A” on the left margin) which simplify the rate equa-

tions. The constant (denoted by “C” on the left margin), table (denoted

by “I” on the left ma rgin) , and initial condition (denoted by “N” on the

left margin) equations are used to input parameters and data into the

model (Ref 4:21 -22).

Overv iew

PP/AMM is a Systems Dynamics representation of the portion of the AF

llia rlpOwer , i’ersruiiiel , and tr a inin g sy s t emil rel ova nt to  ~)l ~flflh1 11( 1 and e~neri one —

m g  the recruitment, training, al lo cat ion, and attrition of pilots in the

US A i r  Fo rce .

Fir st consider inputs ~nd outputs. Pilots e n te r  the system when they

are recruited for undergraduate pilot trainin g (UPT). The onl y way a pilot 6
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can leave the system is through attr i t ion from a job. The essence of

the model is what happens between acquisition and attrition.

Pilot acquisitions flow from undergraduate pilot training to an

assi gnment window (WIND) (Figure 3). This is a leve l equation and is

i nc reased by those p i lots who have gra duate d from pilot training but

are not yet at Combat Crew Training School (CCTS). The new pilot

graduates are labeled UPT. The assignment window is also increased

by pilots who are en route to uporade—t rainin g and cross-training

into new jobs, T O WI FJ D . The rate pilots leave the window is called

TOTRNG and is subtracted from the number in the window .

L WIND .K = WIND.J + DT*(SUM(TOWIND.JK)

+ UPT.JK - SUM(TOTRNG.JK)) (3)

where

WIND = pi lots  in rea l loca t ion p rocess
TOWIND = assignment rate from pilot catetory

• UPI = mission pilot graduates
T0TR~1G = assignment rate to train ing

Pilots move from WINO into a level containing those in training (TRNG).

This level holds all pilots in training . It may be CCTS, i n s t r u c t o r

pilot upg rade , training for the rated supplement , or any other training

that may be required . The leve l training is increased by the rate TOTRNG

and decreased by the rate TOJOB.

L TRNG .’K (CAT) TRNG.J (CAT) + 01*

(TOTRNG.JK(CAT) - TOJOB.JK(CAT) (4)

where
TRUG = pilots in training
CAT = a t  u’qort’ i tera t ion index

TOTRNG = assi g nment rate to training
TOJOB assi qrii;i ent rate to 

job7
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The level job (JOB) represents the part of the pilot force that is

doing a part i cu la r  job . Pilots flow from training into their job (TOJOB).

P i l o t s  may leave their job in two ways. First , they may leave in  or der to

f low through the window ( TOW I ND) to training and then back into a job.

The other flow from JOB is attrition out of the pilot force (AlT).

• L JOB.K(CAT) = JOB.J(CAT) + DT*(TOJOB.JK(CAT)

- TOWIND.JK(CAT ) - ATT.JK(CAT)) (5)

where

JOB = p i lots in each category
CAT = ca tegory i teration index

TOJOB = assignment rate to job
TOWIND = assi gnment rate from p i l o t cate gory

AlT = pilot attrition rate by category

The model is divided into five separate job categories. It uses an

array structure so that JOB 1 through JOB 5 each represent a level in

the model. The same is true of the levels for  t r a i n i n g ,  so tha t TRNG 1

through TRNG 5 are the five training flows into each job. WII4D is a

s ingle level. There are actually five tracks from WIND , one to each

training category . Track one flows to all jobs in the rated supplement.

Track two flows between all levels affecting UPT instructor pilots.

Tracks three , four, and five represent all mission pilots ; they are some-

times referred to as the core force. Track three is roughly equivalent

to all pilots in fighter , reconna issance , and those not fitting into

tracks four and five. Track four contains tanker and bomber pilots.

Track fi ve i s for a l l  t rans por t p ilots.

A fter a pilot is initially trained and enters the system from UPT

through CCTS (aggregated in TRNG), he will go to a designa ted job require-

ment. Normall y, he will cycle through additiona l trainin g throughout 
his 9
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career. Some trai n in g will be for upgrade and some for cross-training.

Mixing between tracks is allowed in the assignment window. All pilo ts

in the system are accounted for in one of the levels. As stated earlier ,

the onl y way for a pilot to leave the system is through an attrition flow .

There are six basic rate equations in the model . “The rate equa-

tions state our perception of how the real system decisions respond to

the circumstances surrounding the decision point” (Ref 5:10). The

• rates contain no pilots. They describe the rate of flow into and out of

the three types of level—WIND, TR N G , JOB .

The discussion of ra tes will follow an expec ted flow for a pilot in

the system . He is procured for pilot training , then moves into the window

for assignment to a CCTS . He next moves to CCTS . Upon completing CCTS ,

he flows to his job. After doing a job for a period of time , he cycles

• back through the window to additional training . This training may be for

upgrade to aircraft commander or instructor pilot to cross-training into

• another aircraft , or to move into a job in the rated supplement. This

type of cycle continues until he leaves the pilot force . In this model ,

he leaves through the attrition rate (Figure 4). The rates TOTRNG ,

TOJOB, TOWIND . and ATT are active in each track; therefore, there are’

five rates called TOTRNG1 through TOTRNG5, etc .

The pilot production pipeline contains two rates. The number of

students procured for p ilot training (PREC) and the nuriiber of grad-

uates from p ilot training (UPT). Currently. 95 percent of those entering

p ilot training graduate . This figure is constant and is controlled by

Air Training Command (ATC) by varying the amount of training given to

weaker students. In order to simplify the model , a constant 95 percent

(Jraduati on percentage is assumed . Therefore , PREC represents 95 percent

10
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Figure 4. PP/AMM Rate Integration Diagram
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of the total number recruited , and this will be the number eventuall y

graduated . This is consistent with the computation of instructor/student

ratio s and amortization of procurement costs. The 5 percent washouts are

mere l~ deleted i mmediately . instead of spread out over the trainin g per-

iod (F igure 5).

R UPT. k L = DELAY 3 (PREC .Jk.TDEL.K) (~ )

Where’

UPT mission pilot graduates
PREC = pilot candidat e recruitin g rate
TD[L = average time through UPT pipeline

R PREC J~L =  (CSL’F.K4 )*MREC.K (7)

where

PR[C = pilot candidate recruitin g rate
= annua l UPT class si:e

NIRLC = recruiting capaci ty

The UPT equation . Eq (t ~), represents the p i lot candidate training

process as a third -order exponenti al  de la y of the rate that the students

are recruited . The result  ing out f low repre’~e iit s the mum iher of

new pilots entering the window for job assignments each quarter. The

UPT input re f lec ts  the two—yea ,~ p1 a uni  ng prOC€’S S for the IJPT pip e line

with some management fle x ibilit y as the need for new p F l  ot s changes.

UPT is a rate into the assi gnment window (WIND).

TOTRNC i s the rate trom ~m the as si g nnien t window to the t ra in i nq level

The rate int o the rated suppi enlent I s computed di ffe ren t. 1 than the et her

four tracks, but the CLIP function is used in ea c h case’. The CLIP f unc-

tion makes a cho ic e  between the first two arguments on the basis of the

relationship between the last two arguments.
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R TOTRNG .KL(1) = CLIP(INVSUP.K ,INDISC.K( 1),WIND.K ,T ONEED .K) (8)

where

TOTRNG = assignment rate to training
INVSUP = pilots avai lable for rated supplement
INDISC = projected assignments to jobs

WIND = pi lo ts i n rea l loca ti on process
TONEED = total required personnel for assignment

The rate into training for the rated supplement (TOTRNG(l)) is the

number of pilots in the window in excess of the requirements for the

other four categories of pilots if the number in the window is, in fact ,

greater than or equal to the total need. Otherwi se, it gets a propor-

tional share to maintain a viable supplement. -

R TOTRNG .KL(PIL) = CLIP(NEED.K(P IL), IND ISC.K(PIL), W IND.K ,

TONEED.K) (9)

where

TOTRNG = ass ig nment rate to tra i n i n g
PIL = index for flying jobs

NEED = personnel requ i remen t i n the rate d su pp lemen t
INDISC = projected assignments to jobs

WIND = p i l o ts i n rea l loca ti on process
TONEED = total re q u i red personnel for ass ig nmen t f i l l s

The rate into training for each of the other four categories ,

TOTRNG (PIL), i s equal to the need i n each cate gory as long as the

number i n the ass i gnment w i ndow i s g reate r than or equal to the total

need. Otherwise, eac h ca tegory gets a p ropor ti onal share of those

pilots in the windown .

The nex t rate, TOJOB , de termines the flow from the training level to

the job level. It is~a function of the numbe r of pilots in trainin g for

each category of job and the average time required to coi~olete the train-

ing (ATUGPD). The TEST12 and ATJTI~1E are test and policy variables i n the

model. The training delajs are assumed to be constant for each categor y.

14 
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R TOJOB .KL(CAT) = TRNG.K(CAT)*TEST12.K (CAT)/

(ATUPGD(CAT) + ATJTIME(CAT)) (10)

where

TOJOB = assi gnmen t ra te to job
CAT = category interation index

TRNG = pilots in training
ATUPGD = average time in upgrade/reassignment p ipel i ne

ADJT IME = avera ge ti me to ad just pi lot  force

There are two ways for a pilot to depart his job. Normal career

progression would put him in the assignment window for upgrade or cross-

training (TOWIND). Al so, a p ilot may leave the pi lo t force by some form

of attrition. The assignment rate to the window depends on the number of

pilots in the job and the average time in the job modified by the ratio

of the number in the job to the desired number in the job (DFORCE). The

resul t i s a la rger ti me i n a job as the des i red number i n the job i ncreases .

R TOWIND .KL ( CAT) = (JOB.K(CAT)*JOB.K(CAT))/

(DFORCE .K(CAT)*ATJ .K(CAT)) (11)

where

TOW IND = assi gnmen t ra te from pi lot  ca tegory
CAT = cate gory in terat ion i ndex
JOB = pi lots i n each cate gory

DFORCE = desire d force si ze by m iss ion
ATJ = average time in job

The other way to leave a job i s throu gh an attr iti on wh i ch causes
-

• the pilot to leave the system entirely . In order to simpl i fy the model ,

all attrition is removed from the job l evel. Attrition from the pilot

pi pel i ne sys tem i s the resul t of such th i ngs as dea th , removal from fly-

ing status, promotion to 06 (colonel), and voluntary or involuntary sepa-

rations. The overwhelming majority of these losses would occur from the

job level . The few losses from the assignment window or training levels

15
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would be replaced from the p i lots in the job level , in most cases. Very

little is lost by accountinq for the remainder of these losses from the

job level.

R ATT.KL(CAT)  = JOB.K(CAT )*ATTRATE(CAT )*ATTADJ.K (CAT)/

ATADJTT-1(CAT)) + T [ ST4.K(CAT)  (12)

where

ATT = pilot a t t r i t ion  rate by category
CAT = catego ry in te rat i on i ndex
JOB = pilots in each category

ATTRATE = progranined a t t r i t ion rate by category
ATTADJ = attrition adjustment factor

ATADJTM = at t r i t ion rate adjustment time by category
TES T4 = tes t on a ttr i t i on rate

The attrition rate is calculated as a percentage of the number in

each job category and modified by an attrition adjustment factor (ATTADJ).

The a t t r i t ion adjustment re f lec ts  a l imited ability to adjust pilot attri-

tion when the desired force is different from the projected force. Thus ,

whe n pi lo ts  are scarce , separations are reduced; and when there are extra

p ilots available , separations are increased through actions such as early

out and reduction-in-force (RIF) programs.

Areas of Mana~eme n p ~~~~s

The model is divided into five areas of management emp has i s: fo rce

Structure by pilot type , pilot production p ipeline , ass iqnm ent/reassiqn —

inent control , force size policy, and force management parameters.

Force Structure by Pilot Type. Force structure by pilot type has

been explained by discussing the levels and rates in the model . It is

worthwhile to examine a casual-loop diagram (Figure 6) to further explain

the structure of the model . Consider a specific job skill. Pilots are

16
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Fi gure 6. Casual-Loop Diagram for Model Structure

lost due to assignment out or a t t r i t ion.  They are gained by being trained

to do the job. Notice each loop is a negative feedback loop, which indi-

cates goal-seeking behavior (Ref 6:37). For example, an i nc rease in the

inf low rate wi l l increase the number in a given job. As the number in

the job is increased , howeve r , the number leaving by attrition will tend

to increase. But , as at t r i t ion is incredsed , the number in the job wi l l

increase at a decreasing rate . The overall effect would be to stablize

the number in the job where in f lows equal out f lows from at t r i t ion.

In this model , when a pi lot leaves a job for reassignment, he must

be tra ined for another job; he is not lost from the system. The train-

ing and all ocation structure is driven by the need for pilots in a job

sk ill. The overall system receives pilots via an undergraduate pilot

training input. To complete the force structure , cons id er the effects

of the need for personnel in another job. Figure 7 demonstrates the

casual-loop structure for a job.

The remaining equations describing the force structure are tho value

i n i t i a l i za t ion  equations. The i n i t i a l  va lue e q uatj ons e~tah l ish values

17
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for the force levels to start the model running in equilibrium , i.e.,

where all levels are maintained constant.

N WIND = S U M ( I W I N D )  (1 3)

whe re

W I N D  = pi lo ts i n rea l l o cat i on process
IW I i~D = pilots in job for reassignment

N IWIND(CAT) = ATT(CAT) + JOBI (CAT)/ATJC(CAT) (14)

where

IWIND = pilots in job for reassi gnment
CAT = category interation index
AlT = pilot attrition rate by category

JOB I = initial force size by category
ATJC = avera ge time in job by category

N TRNG(CAT) = ATU PGD(CAT)* IWIND(CAT) (15)

where

TRNG = pilots in training
CAT = category i teration training

ATUPGD = average time in upgrade/reassignment pipeline
IWIND = pilots in job for reassignment

N JOB(CAT) = JOBI (CAT)  ( 16 )

where

JOB = pilots in each category
CAT = category iteration index

JOB! = initial force size by category

N ATT(CAT) = JOB (CAT) *ATTRATE(CAT ) ( 17 )

where

• ATT = pilot attrition rate by category
CAT = category i teration index
JOB = pilots in each category

ATTRATE = programmed at t r i t ion rate by category

19
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By settin g initial va l ues for each category of the force (JOBI), the

model starts off with no impetus for change—all model variables are

at their goal . Since values for JOBI spec i fy the number of pilots in

each job, the init ial attrition rate is specified as a percentage of

the number in each job category (ATTRATE is a constant for each category

of job). The initial window figure in each category is computed since

avera ge time in job (ATJC) is constant , JOB! is spec i f i ed , and ATT has

been computed . The in i t ia l  w i ndow quant ity i s the sum of the in i t ia l
• window figures in each category . The beginning number in each training

category uses the i ni tial w i ndow f ig ure times the aver age time i n

reassi gnment pipeline (a given constant). Figure 8 shows the composite

representation of the force structure . Note that for each category of

flying job (2—5) the logic is the same ; however , the lo gic for the rated

supplement changes in computation of the rates TOWIND and TOTRNG .

Pilot Production Pipeline. Refer to Figure 5 during the discussion

• of the pilot production pipeline . It will give a visual representation

of this model area .

The pilot production pipeline determines the rate at which new UPT

inputs enter the assignment window. It is the source of the external

input of pilots into the system . The model beings with a recruiting

rate for personnel (PREC) for pilot training [Eq (7)]. The recruiting

rate is a function of the programmed annual UPT class size (CSIZE) and

a recruiting capacity multiplier (MREC).

CSIZE.K = JOB.K(2)*TPINS.K (18)

where

CS I ZE = annual  UPT c lass  size
• JOB = pilots in each category

TPINS = UPT student/instructor ratio

20 
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The annual UPT class size depends on the number of UPT instructor pilots

[JOB .K(2)] and the student-to-instructo r ratio (TPINS.K). The student—to-

instructor ratio comes from a function specified by TPINS .K; it is a func-

ti on of the d if ference be tween the desired an d recen t, actual UPT class sizes.

A TPINS .K = TABHL ( TTP I R ,TT .K ,O,l.75 ,.25) (19)

where

TPI N S = UPT stu den t/ins t ruc tor  rat io
TTPIR = student /i nstructor  rat io

TT = class  s i ze adjus tment factor

T TTPIR = O/.47/ .94/l.4l/l.88/2.35/3.l5/4.O (19.1)

• where

TTP I R = student /ins t ruc tor ra ti o

• I f the desired class size is larger than recent class sizes , the student—

to-instructor ratio is allowed to increase in order to increase UPT output.

The class  s i ze adjustment fac tor , TT , i s use d to determ i ne the ra tio

between desired and recent class sizes (Figure 9).

O .25 .5 .75 1.0 1.25 1.5 1.75
TI

Fi gure 9. Class Size Adjustment Factor

$ 22



A TT.K = DCS I ZE .K/SMOOTH(CSIZE.K ,TST) (20)

where

IT = class size adjustment factor
DCSIZE = des i red UPT class size
CSIZE = annual UPT class size

ST = smooth i ng t imes

The adjustmen t factor i ncreases i f an ex ponent ia l  avera ge of the

class  s i zes for the las t  quarter is smal le r  than the des i re d class  s i ze

(DCSIzE) .

A DCSIZE.K = MAX (FORCE.K + PATT.K ,VBL .K) (21)

where

DCSIZE = desire d UPT c lass  s i ze
FORCE = programmed force size minus actua l force size

PATT = projec ted annual  a t t r i t i on
VBL = class size for viable tJPT operation

The desired UPT class size will be the maximum of the sum of FORCE.K

and projected annual attrition (PATT) and a minimum class size for UPT

operation (VBL). FORCE.K is the discrepancy between programed force

size and the actua l force size . Hence , des i red class size w i l l  re p lace

the net of projec ted at t r iti on an d the objective force m i nus t he ac tual

force . However , desired class size will always remain large enough to

keep a UPT operation sustained. The viable UPT class size is initialized

as a constan t (VBLC=400 ) arbitrarily and can be adjusted over time using

the TEST8 equation.

A VBL .K = VBLC + TEST8.K (22)

where
V BL = class  size for viable UPT operation

VBLC = m i n i mum v i a b le UPT class size
TEST 5 = test on v i a b le UPT c lass  s i ze

23

L • • • ~~~~~~~~~~~~~~~ ~~~~~~~~~ •~~~~~~~~~~~~~~~~~ • •



I

The desired student—to -instructor ratio is initialized by Eq (24).

N TPINS = TPINSI (23)

where

TPINS = UPT student/instructor ratio
TP!NS I = desired student/instructor ratio

TP INS I is  set at 1.88. Fo r each UPT un i t , a fixe d number of instructors

is needed in staff and aca dem i c roles . There is also a var iable number

of instructors needed , depending on the number of students. The overall

factor is very close to 1.88 and can be verified by ATC planning documents.

The other part of the recruiting rate is the recrui ting capacity

multi plier (MREC). The rec ruiting rate is the quarterly recruiting capac-

ity multiplier times one-fourth the annual UPT class size. The model

assumes the availability of recruits for pilot training.

~~‘ 1.2 TREC
U

~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0 200 400 600 800 1000 1200 1400

______ ____ 

CSIZE .K/4

F i gure 10 . Recru i t in g Ca pac i ty M u l t i p l ier

A MREC .K = TABLE(TREC ,CSIZE .K/4,O, 1400,200) (24)

where
MREC = recruiting capacity
CS I ZE = annual  UPT c lass  s iz e
TREC = class s i ze adjus t factor for UPT recru iti ng

• I TREC = l/l/l/l/l/.95/.89/.82 (24.1)

where
TREC = class s ize adjust factor for UPT recruiting

24
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It is  assume d tha t the A i r Force can mee t a r ec ru i t in g goal of 800 per

quarter; after 800, a decreasing portion of the addi tional quota can be

met. Limited resources and different recruiting capaciti es can be sim-

ulate d by changing the values of the table TREC. The recruiting rate is

the ma-i n inflow into the UPT rate (UPT.KL), Eq (6). The average time it

takes to f low through the training process is the magnitude of the delay

(TDEL .K).

A TDEL.K = CAP .K*DEL (25)

where

TDEL = avera ge ti me to chan ge UPT pip e l ine
CAP = capacity factor for UPT training delay
DEL = in iti al avera ge t ime

Th is factor is based on a normal time (DEL=7) of just less than the two-

year budgeting requirements and CAP.K the capacity utilization factor for

UPT training delay. The capac i ty utilization factor increases throughout

ti me for large annual c lass sizes and decreases the t i me for smaller

class sizes. Annual class sizes of 2,000 gi ve a TDEL o f exa ctl y seven

quarters.

1. 4 CAPT

~L/ 11 T T 10.8 0 1 2 3 4 5 6 ( i n thousan ds)
CSIZE

F igure 11 . Capacity Utilization Factor

25

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



—

I

A CAP. K = TABHL(CAPT ,CSIZE.K ,O,6000,1 000) (26)

where

CAP = capacity factor for UPT training delay
CAPT = capacity utilization factor UPT training delay

CS I ZE = annual  UPT c lass  s i ze

T CAPT = .8/1/1/1.1/1.2/1.25/1.3 (26.1)

where

CAPT = capacity utilization factor UPT training delay

A projected UPT graduation rate, PUPT.KL , is calculated for planning

purposes. It uses an exponential of the UPT delay factor (PTDEL) over

eight quarters (SI). The projected graduation rate is used to compute

FORCE.K in the force management parameters. Force management parameters

are discussed after the force size policy structure is introduced.

A PUPT.K = DLINF3(PREC.JK ,PTDEL.K) (27)

where

PUPT = projected UPT graduates
PREC = pilot candidate recruiting rate

PTDEL = perceived training delay

A PTDEL.K = SMOOTH (TDEL.K ,ST) ( 28)

where

PTDEL = perce i ve d tra i n in g dela y
TDEL = average time through UPT pipeline

ST = smoothin g t i mes

A ss-i~ nrnent/Reassignment Control . Assignment/reassignment control

is a series of auxi l iary equations that provide information to the

decision about the assignment rate into training for each category

(TOTRNG ). First, selection for the rated supplement is discussed ;

26
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nex t, the other four categories are discussed together. The number to

be trained for rated supplement jobs is determi ned by Eq (8). Four values

are needed to compute this rate—WIND , TONEED , INVSUP , and INDISC (1).

WIND has previously been described as the level in the reassignment pool

plus the rates TOWIND and UPT and minus the rates TOTRNG. The number in

the reass ignment window is compared to the total need (TONEED) to be met

for other reassignments; the difference will be sent to the supplement.

A TONEED.K = MAX( 1 , SU M (NEED.K))  (2~ )

where

TONEED = total required personnel for assignment fills
NEED = personnel requirement in the rated supplement

TONEED is computed by a MAX function. It selects the larger number

of one or the sum of the needs in the f ive individual categor ies.  The

need for each category must be computed. They result from three different

equations , which all use the MAX function to avoid negative needs.

A NEED .K( 1 ) = MAX(0 ,SUPN. K) (30)

where

NEED = personnel requiremer•t in the rated supplement
SUPN = critical rated supplement

A NEED .K(2) = MAX((I NP.K + SMOOTFI (ATT.JK(2),

AST)),O) (31)

where

NEED instructor requirements
JNP = projected instructor pilot needs
ATT = pilot attrition rate by category

ST smoo th i ng time s

28
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A NE [ D.K( MPI L )  = MAX( (DFORCE.K( MPI L )  - J O B . K ( M PI L )

+ T OW IND .JK (M P I L)

~ SMOOTH (ATT.JK(MPIL),AST)),0) (3:)

where

NEED = pi lo t  requirements by category
MPIL = inde x for noninstructor f ly ing •iobs

DFORCE = desired force s ize  by miss ion
JOB = p ilots in each category

TOW IN D = ass i gnment rat e from p i lo t  cate gory
ATT = pilot attrition rate by category
ST = smoothinq times

The need for the rated supplement NEED.K ( 1 )  is determined using a criti-

cal number which assumes that certain rated supplem ent jobs are absolutely

cr1 t i cd i  to the Air Force ui ss ion (SUPN) . This iiumber is arbitrarily set

at 500 (SSS)  so that NEEO( l )  w i l l  be the dif ference between 500 and the

number in the supplement JOB(l), if there are less than 500 in the sup-

plement. Otherwise , NEED( 1) w i l l  be zero . Normally, many more pi lo ts

than 500 are kept in the supplement to meet war-time surge requirements.

A SUPN.K = SSS — JOB.K( l) (3$ )

where

SUP N = critical rated supplement
SSS = v iab i l i t y  level for rated supplement
JOB = pilots in each category

NEE!D( ) is instructor pilot requirements. it is a function of

projected instructor pilot needs (INP. k) and a projected attrition f rom

the ins truc tor force. Instruc tor p i lot needs are computed as the

desired instructor pilot force si:e (explained in the section on force

size policy) minus the number in the job plus the number leaving to the

assignment window .

9
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A I N P .K = DFORcE.K(:) — JOB .~~(2 )  + OWINP .JK (2) (34)

whe - e

I NP = projec ted ins tru L tor p i lo t  needs
DFORCE des i red t orce si .e b’~ ml ss i  on

JOB = p i lots in each cateqory
T OW I NO = ~i ss i gnment ra te t ror pi 1 ~t ca te~ior

NEED(MP I L) desor bes the requi rements for the three pilot cate—

g~fl~~ 5 comprisi nq the ui ssi - n  pilot torce. It is computed in the s ame

wo as I N P . K wi th an added f ac to r  for a ttr ti or ’ - Se pa rat in g these

equat ions s o r e l y  adds more flexibilit y to the model design. The sum

of the f i ve  needs is the to ta l  need.

If the total need is less than the nuiuhe r of pilots in the assign-

men t wi ndow , the rate to trai ni rig for the supplement is equal to the

pil o ts available fo r the supp lerient (INVSUP.K) . If the number in the

assignment window is less than the total  need, then a share (IN PISC.K ,1) )

is allotted to training tor the supplement. INV SUP. K is computed as the

number in the assignment window less those needed for flyin q jobs

(PINVD IS .K). PIN V PIS.K is the sum of the needs in all categories

except the supplement.

A INV SUP.K = WI ND.K — PINVDIS.K ( 3 5 )

where

INVSUP = pi lo ts  available for roted supplement
W I N D  = p i l o t s  in r ea l loc ati on process

PINVD IS assignments to fl y ing jobs

A P I NVD I S.K  = SIIMV(NEED.K .2 .TCAT) (3d)

where

PINVDIS = assi gnments to flying jobs
NEED = personnel requirement in the rat~ed su pp lement
TCAT = categories of pilot jobs

30
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In the second s i tuat ion , those assigned to training for the supple -

iient is a proportion of the pilots in the win dow ( I ND ISC) .

A I N DISC.K(CAT)  = (NEED.K(CAT)/TONEED.K)*W IND.K (37)

where

IND ISC = projected assignments to jobs
CAT = category i teration index

NEED = personne l requirement in the rated supplement
TONEED = total required personnel for assignment f i l l s

WIND = pi lots in real locat ion process

The proportion is the ratio of the category need to the total need.

Note tha t the need for the supplement is relat ively small (normally

zero ) so that when those piL~ts in the wi ndow are less than the tota l

need the rated supplement gets few or no inputs. This comple tes the

discussion of the logic for the rate TOTRNG( 1 ).

The logic for the other four categories (TOTRNG(PIL))  w i l l  now be

discussed . See Eq (9). The only difference in the logic fo’ -ese

categories [from TOTRNG(l)] is if the tota l need is less than or equal

to the number in the assignment window each category is allotted its

need. The rest go to the rated supplement; that value is INVSUP.K as

• computed above.

The rated supplement thus acts as a reservoir to meet war time and

contingency requirements. The model very c losely approximate s the

• actual requirements computation process of the pi lot pipel ine management

system (Ref 2, 13).

Force Si ze Po1/~y. The force size pol i cy structure generates

factors that set and adjust authorized force strength. The description

of this area is organized around the ra tes TOWIND and is divided into

two parts . The first part eninates from the rate to the window for all

31
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flying jobs (TOWIND(PIL)). The second part explains the rate to the

win dow for the rated supp l ement (TOWIND(l )). See Eq (11) for a listing

of TOWIND . It depends on the number in each job, an average t ime i n job

(ATJ), and the desired force in each job (DFORCE). The level JOB has

been described previously. The variable ATJ will be discussed first ,

followe d by DFORCE in both parts of the description in this section.

For all flying jobs , ATJ (2-5) is a constant ATJC. This constant

is four years for UPT instructor pilots and three years for the core

oilots; it can be varied wi th a test input, TEST11.

A ATJ.K(PIL) = ATJC(PIL)*TESTI1.K(PIL) (38)

where

ATJ = average time i n job
PIL = in dex for f l y i n g jobs

ATJC = average time in job by category
-

• TEST1 1 = test on average time in flying category

Th i s i s set ar b i t r a r i l y and should be varied as a desired exo genous

var iable  i n system .

The desired pilot force in each flying job (DFORCE) is computed

differently for UPT instructor pilots and the mission pilots (MPIL).

The desired force for UPT instructor pilots is a MAX function. It is

the larger of the force based on desired dPI class size (DCSIZE ) and

the minimum viable instructor force size (III). Desired instructor

force based on class size is calculated by taking the smoothed average

of desired class size (DCSIZE) oer quarter (CST=l) and dividing by the

desired student—to—instructor ratio (TPINSI). This computes the number

• of instruc tors desired. Desired class size and student-to-inst ructor

rat i o have been ex p lained in the p ilot production p ipeline description.

• 33
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A DFORCE .K(2) = MAX((SMOOTH (DCSIZE.K,CST)/TPINSI),III .K) (39)

whe re

OFORCE = desire d force size by m i ssion
DCSIZE = desired UPT class size

ST = smoo th i ng t imes
TPINSI = desired student/instructor ratio

III = minimum instructor force for UPT viability

The minimum viable instructor force size (III) is specified as a

user in p u t an d can be mo di f i e d w i th the TEST9 funct ion. The normal

value is 200 instructor pilots to accommodate five UPT bases.

A III.K = I I I C  + TEST9.K (40)

where

III = min imum i ns truc tor force for UPT v i a b i l i t y
I I I C  = via b le force level i nstructor  pi lot

TEST9 = test on instructor force minimum viability

The desired pilot force in each of the mission pilot categories is

a function of the number of planes in each category times a crew ratio

required to fly programmed hours (DCRATIO).

A DFORCE.K(MPIL) = DCRATIO.K (MPIL)*PLAMES .K(MPIL) (41)

where

DFORCE = desired force size by mission
MPIL = index for noninstructor flying time

DCRATIO = desired crew ratio to fly programed hours
PLANES = act i ve a i rc ra f t by m i ssion

A PLANE S.K(MPIL) = POLACFT.K(MPIL )*TEST2.K(MPIL) (42)

where

PLANE S = active aircraft by mission
HPIL = index for non -instructor flying jobs

POLACFT = active aircraft by category
TEST2 = tes t on number of a i rcraf t
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The number of mission airc raft assigned is a constant , POLACFT , an d can

be changed using the TEST2 function. No value for PLANES is used in the

rate d su pp l ement or ins tructor force ; zero values  mus t be spec i f ied to

prevent error statements in the program. The same is true for AHOURS ,

APP , DESHRS , DH , an d DCRATIO.

The meaning of desired crew ratio has been modified for this model .

It is a crew factor that combines the number of pilots per aircraft air-

crew and the desired crew ratio. These figures are meant to be gross

3verd g e s for  the three m i ss i on cate gor ies gi v i ng the desired num ber of

pilots per aircraft. For example , in the fighter , reconna i san ce, m i scel-

laneous category (FRM), a crew fac tor of 1.25 i n d icates an avera ge of

1.05 pilots per aircrew with an average crew ratio of 1. 19 per ai rcraft .

The crew factor is the product of the crew ratio and number of pilots per

crew. The value for desired crew factor for the FRM category comes from

the crew table for crew fighters (CR13).

1.4 . CAPT

•

1 

1.3

0 1 2 3 4 5 6 (in thousands)

CSIZE

Figure 14. Crew Factor Diagram Fighter/Miscellaneous



A DCRATIO.K( 3) = TABHL(CRT3 ,PHPA.K(3),O,120 ,20) (43)

w here

DCRATIO = des i red c rew ra t io  to fly p ro g ramme d hours
CRT3 = crew table fighters
PHPA = programmed flying hours per aircraft

I CR13 = O/.5/l/l.25/l.5/2/2.5 (43.1)

where

CR13 = crew table fighters

As the flying hours per aircraft , PHPA , are increased so is the desired

number of pilots per aircraft . See Appendix A for a sim ilar discussion

describing DCRATIO (4) and (5).

A PHPA .K(CAT) = AHOURS .K(CAT)/PLANES.K(CAT) (44)

where

PHPA = programmed flying hours per a i rcraf t
CAT = category iteration index

A POU RS = author ized mission f ly ing hours
PLANES = active aircraft by miss ion

Programmed flying hours per aircraft, AHOURS, is the authorized mission

flying hours per category divided by the number of active mi ssion air-

craft, PLANES. PLANES is an exogenously determ i ned constant.

A AHOURS.K(MPIL) = POLHRS*APP.K(MPIL)*TEST 1 .K(MPIL) (45)

where

AHOURS authorized mission flying hours
MPIL = index for noninstructor flying jobs

POLHRS = total proyrammed flying hours
APP = flying hours apportioning factor

TEST1 = test on authorized hours

AHOURS is a function total programmed flying hours , POLF IR S, and an

apportioning factor , APP. It can be nrodified by the TEST1 function .
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A APP .K(MPIL) = DESHRS .K(MPIL)/TDHRS.K (46)

where

APP = flying hours apportioning factor
MPIL = index for noninstructor flying time

DESHRS = desire d fly ing  hours per a i rc raf t for p rof i cienc y
TDHRS = total desired m ssion flying hours

The apport ion i ng factor is the rat io of the des ired mi n imum fl yin g

hours for each m ission category , DESHRS , to the total of the des i red

mi nimum flying hours for a l l  m i ssion ca tegor i es , TDHRS .

A DESHRS.K(MPIL) = DH.K(MPIL)*PLANES .K(MPIL) (47)

where

DES E-I RS = des i red f ly i ng hours per ai rcraf t  for profic i ency
MPIL = i ndex for nonins t ruc tor  f l y i ng jobs

DH = desired flying hours per aircraft
PLANES = active aircraft by mission

The desired hours by category are dependent on the number of p lanes

in each category and the desired flying hours per aircraft , DH . The

desire d hours per a i rc ra f t  i s an exo genous in pu t, DHC , that can be

modified by the TEST1O function .

A DH .K(MPIL) = DHC(MPIL)*TEST1O.K(MPIL) (48)

where
- DH = des i re d f ly i ng hou rs per a i rc ra ft

M PIL = i ndex for non i nstruc tor f ly ing t ime
DHC = desire d fly i ng hours per a i rcra ft for c rew profic iency

TEST1O = test on desired flying hours

The total desired flying hours is the sum of the desired minimum flying

hours for each miss ion category .
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A TDHRS .K = SUMV(DESHRS.K ,3,TCAT) (49)

where

TDI-IRS = total desire d mission fly i ng hours
DESHRS = desired flying hours per aircraft for proficiency

TCAT = categories of pilot jobs

The above sequence of lo g ic genera tes the des i red fl ying force

size. This is an important factor in determinin g the rate of assign-

ments out of a flying job. The other factors are the number in each

job and the desired average time in the job.

The secon d part  of the forc e s i ze pol i cy covers the ra te at wh i ch

pi lots i n the ra ted su pp l ement ente r the ass ig nment w i ndow . The same

basic equation for TOWIND applies; however, the average time in job and

desired force are computed differently. The constant ATJC is three years.

It is adjusted depending on how well the mission force is manned . The

t manning factor is given by the sum of all pilots in a flying job divided

4 by the sum of the desired force size for flying jobs , DTMFOR. A higher

mannin g ra ti o for the fl y i n g force gi ves a rela ti vel y lon ger ave rage t ime

in supplement jobs.

A ATJ .K(l) = ATJC(l)*(SUMV(JOB.K ,2,TCAT) /

DTMFOR .K)*TEST11.K(l) (50)

whe re

ATJ = average time in job
ATJC = average time in job by category
JOB = pilots in each category

TCAT = categories of pilot jobs
DTMFOR = desired total mission force
TEST11 = test on average time in flying category
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A DTMFOR.K = SUMV(DFORCE .K ,2,TCAT) (51)

where

DTMFOR = desired total mission force
DFORCE = desired force size by mission

TCAT = categor ies of pi lot jobs

A DFORCE .K(1) = MAX(FORSIZE - SUMV(DFORCE.K ,2,TCAT)

- SUM(TRNG.K) - WIND .K,SSS) (52)

where

DFORCE = desired force size by mission
FORSIZE = programmed total force size

ICAT = categories of pilot jobs
TRNG = pilots in training
WIND = pilots in reallocation process
SSS = viability level for rated supplement

The desi red force in the rated supplement is a MAX function. It is

never less than the viability level for the rated supplement (SSS 200).

Normall y, the desire d force in the rated supplement is the remainder of

the pilots after the desired flying force, those in training, an d the

assignmen t window have been subtracted from the desired force size.

Current Force Management Parameters. Current force management

centers on adjusting the force size if it does not match the prog ramed

force ceil iny . The main ways to manage the force size stem from the

in puts and outfl ows of the system . Since attrition seems to be the

quickest  way to impac t the tota l force , discussion will begin with the

equations which control the attrition rate . As noted before, pilot

attrition by category , AlT , is a function the num ber in each job

category times a norma l attrition rate (ATTRATE= .02/quarter) modified

by an attrition adjustment factor , ATTAOJ . The cons tant ATIRATE was

chosen to be about the Air Force average of 8 percent per year. It is

easil y modified with the TEST4 function.
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Figure 16. Attrition Adjustment Tabl e

A ATTADJ .K(CAT) = TABHL(TATADJ ,FLEV.K,.5,2,.5) (53)

where

ATTADJ = at tr it ion adjus tmen t fac tor
CAT = category iteration index

TATADJ = attrition rate adjustment table
FLEV = force level factor for attrition adjustment

I TATADJ = .5/ 1/ 1 . 5/2 (53 .1 )

where

TAIADJ = attrition rate adjustment table

The attrition adjustment factor increases attrition as the force

level factor for attrition adjustment , FLEV , i ncreases base d on the

relation specified by the TAT~DJ table .

A FLEV.K(CAI) = (TOTFOR .K/(TOTFOR.K

+ FORCE.K))*TEST5.K(CAT) (54)

where

FLEV = force level factor for at tr iti on adjus tmen t
CAT = category iteration index

TOTFOR = to tal pi lot force
FORCE = programmed minus actual force size
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The force level factor is a function of the total pilot force,

TOTFOR. and the projected force discrepancy . The total pilot force is

the sum of all pilots in the levels of the model .

A TOT FOR .K = SUM(JOB .K) + SU M(T R NG.k)  + WIND. K ( 5 5 )

whire

TOTFOR = total pilot force
JOB = pilots in each category

TRNG = pilots in training
WIND = pilots in reallocation process

The projected force discrepancy, FORC E~ subtracts from the programmed

total force size the total projected pilot force.

A FORCE.K = FORSIZE.K-(IOTFOR.K-PAT I .K) - 4*PUPT.K (Ot- )

where

FORCE = programmed minus actual force size
FORS~ZE = progran~iied total force size
TOTFOR = total pilot force

PATT = projected annual attrition
PUPT = projected UPT graduates

The actual force s ize .  TOTFOR. minus a projected annual attrition, rAIl ,

plus the projected annual input, 4*PUPI, is the projected annual force

s ize.  Thus, when the projected force is la rger than the programmed

force, the p rojected force discrepancy is a negative value. The pro-

jected force is a positive va l ue when projected force is smaller than

programme d force. Operatin g throu gh FLEV . the attrition adjustment

increases attrition when projected force is too large and reduces attri-

tion when the projected force is too small.
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A FO RS IZE.K = FORCE IL + TEST7 .K (57)

where

FORSIZE = programmed total force size
FORCEIL = Con gre ss i mpose d pilot force ceiling

IEST7 = test on pror -ammed total fo rce s i ze

Programmed total force size , FORS I ZE , is a constant , FORCEIL , that

can be changed by the IEST7 function.

The equation for the projected UPT graduates was described in the

pilot production pipeline section. The equation for the projected annual

attrition , PATT , is four times a smooth of the total quarte r ly at t r i t ion

over the past four quarters, AST=4 .

A PAIT.K = 4*SMOOTH(SUM(ATT.JK),AST) (58)

wher e

PAIl = projected annua l attrition
ATT = p ilot attrition rate by category
ST = smoothing times

43 

~~- - ---•-•-- A



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

~~~~~~~~~ —

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

-

~~~~

— - -•

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

• I
III. Analysis and Results

This chapter documents the analysis arid resul ts of testing the

PP/AIIM. Determinations w i th  respect to its validity are largely a sub-

jective judgement (Ref 3:123). A judgement has to be made about how well

the model generates behavior consistent with the pilot procurement /assign-

ment management system in areas relevant to policy analysis. The model

should show the direction and relative magni tude of major changes in sys—

tern cha racteristics due to exogenous inputs or alternatives in policy.

The results of the simulations used in the analysis are presented in this

chapter under three niain headings: general analysis , situational analysis ,

and policy forecasting analysis.

~~~~~~ Anal ys i s

The first area of analysis introduces the cost module and discusses

model equilib ~ um. This information provides a basis for further analysis.

Cost Module. This section describes the cost module attached to the

model. The cost module was developed to provide relative cost information

to help evaluate different management policies; it is not intended to~~ ive

absolute estimates of future costs. Therefore , the numbers used are

wei ghted averages and they are rounded off. Only current costs associated

directly with the pilot resource that change with policy are included .

II 
For example, costs for allotted ui is si on fl y in g hour’s are not included .

Management policy relative to the pilot resource should not change the

cost of mission flying hours. Congress appropriates funds to pay for- a

speci fic number of mission flying hours. Mission flying hours are used

tor pro ficiency trainin g . The total fl ying hours appropriated are always

-U 
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ised in order to maximize pilot proficiency; manag ement only impacts the

proficiency flying hours available to each pil ot , not the total cost.

Conversely, pilot salary costs are inc l uded becaus e management policies

will impact the actual force size. An increasing force size will tend

to increase the total salary cost. The cost modul e monitors six types

of flows . It also accumulates total costs and tota l discounted costs.

The first cost category covers recrui ting, precom m issioning train-

ing, and accession travel costs (RCOST). The three sources of commission-

ing for Air Force pilot acquisitions are the USAF Academy (USAFA), Rese rve

Officer Training Corp (ROTC), and Officer Training School (OTS). The

model does not attempt to discriminate between acquisitions by source.

The actual ratio of each source varies, as does the actual cost per grad-

uate. The costs in this area were taken from Air Force Manual (AFM) 173—10.

The cost of a USAFA graduate is more than eight times the cost of an OTS

acqu is i t ion . However , the USAFA graduate wi l l  enter ac t ive  service whether

or not he or she becomes a pi lot resource. The majority of this RCOST is

not influenced by the management of the pi lot  force. Similar arguments

may be made about the RCOST for the other pilot acquisitions. Obviousl y,

management of the pilot resource does infl uence the number of acquisitions

needed in the Air Force. For thi s reason , the RCOST element is set approx-

imately equa l to the typical acquisition cost of an OTS graduate (the

smallest of the three sources). See Table I for a compilation of this cost.

The level RCOST.K is increased by the increment RECR. .J. The term RECR.K

is equal to RCR.K times the number of recruited pilot candidates each

quarter . Note the level RCOST is a cumulative figure; and , for ease of

model manipulation. RCF.K is equal to the constant RCFK , which is $13,000.

The same computational scheme is used in each of the six cost areas.
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¶ The sante source is used for the cost data for spec ia l i zed  t raining .

I This area accounts for Coirrba t (rew Training Schools (CCTS) and any other

training such as Squadron Of f icer  School (SOS) ,  Instructor Pilot Instru—

rrrent Schoo l ( I P I S ) ,  and Aircraft Cornriander Upqrade School (PUPS). All

specialized training is accounted for. The cost of specialized flying

training is overwhelming ly si gnificant. The average cost of the first

CLTS is dbout $248,000. The cost of rronf lying training is negligible in

comparison . The average cost used for ’ all spec ia l ized training in  the

nodu le  is  $015 ,000 (TCF.K). This is approxin rately a 15 percent reduction

of the CCTS cost and reflects about a 15 percent rate of nonfly ing train-

- 

• 1 ing . The vari able TCOST accumulates the specia l ized training costs .  It

is added incre ir rental ly by nrult ip lying the average cost times the number

of pilots leaving training , SUM (TOJOB .JK).

A TRAIN.K = SUM(TOJOB.JK)*TCF.K (61)

- 

_1 
L TCOST.K = TCOST. J + DI*TRA IN.J ( h l . l )

N TCOST = o 
- 

(t1 .2)

where

ICOST CCTS cost

The tou r th  cost area accounts for the addi tional expenses associated

with pernranent change of  Station (PCS) and temporary dot  t rave l ( TOY )

(PCOST). The data for - these costs conies fronr r AIM 1 id — b . The PCOST

inc rerirent, PCS, equal s the number of p ilots in the ass i qnnrent window

t inies t he add i t i ona 1 c x p on so ~ fic t or , PCI

A PCS . K = WI N~ - K* r(’F - K ( i . - ’ )

L PIOST . K = PCOST . J ~ DT~PCS . ( t O .  1)

N I’COST = o ( i ; ’ . . )

where

PCOST PC S cost ’~ 47
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The P1’S cost per iriove for officers in fiscal year (FY) 1978 is $3,171 .

The TO/FM Other Flying factor is $1, 364. A weighted average is used

which  sets PCF .K eq ual to $2 ,000. Less than hal f of the m oves a re con-

sidered to be PCS. All other costs associated with TOY and PCS travel

are considered accounted for in the TCOST area .

The next area accounts for active duty pay. There is a wide range

of pay grades within the pilot resource , but the model does not distinguish

between pilots by pay grade. Therefore, the AFM 173-10 rated pay factors

table provided the salary that is used . Actual average pilot salary is

quite variable over time since, as retention declines , the average pay

would decrease with the age mix of the pilot force. An annual factor of

$24,000 ($6,000 quarterly) is drawn fronrr the pay factor table to account

for average pilot salary , SCOST. The quarterly salary cost , SAL.K , is the

total active force, TOTFOR .K , timir e s the average salary factor per quarter ,

SCF.K=$6 ,000. SCOST is then the aggregate of the quarterly costs for

salary .

A SAL.K = TOTF O R.K * SCF.K ( so )
L SCOST.K = SCOST.J + DT*SAL.J (60.1)

N SCOST = 0 (od .2)

where

SCOSI = pi lo t s a l a r i es

The last of the six cost areas adds the cost of attrition to the

p ilot resource. A pilot promoted fronr lieutenant colonel to colonel , or

a pilot removed froni flying status is considered a loss to the pilot

force in the model. Either of these cases riiay or may not have any cost.

A certain amount of attrition results fronm factors (such as retirement)

that manager lient policy only indirectly effects. The o s t  f a c t o r s  app l ied 
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to attrition were based mainly on involuntary separations and come from

AFM 173-10. The possibility of a RIF and the associated cost is not con-

sidered . However, in any large scale force draw-down , RIF pay may become

a factor that should be considered . In this nrodu le, attrition costs

(ACOST) is computed by adding the increment ATCST.K for each quarter .

A ATCSI.K = SUM(ATT.JK)*ACF.K

L ACOST.K = ACOST.J ~
- DT*AICST.J (~.l.l )

N ACOST = 0 (64.2)

wh ere

ACOST = attrition casts

ATCST.K is the total number of pilots attrited frorrm the pilot force ,

SUM(ATT.JK), times the attrition cost factor , ACF.K . The attrit ion cost

f ac to r  i s  set to $2 ,500 , which is about equal to the average separation

travel pay. This will be the cost allotted to any pilot attr -ition regard-

less of the actual reason .

Total cost, TOTCOST , is merely the sum of the six individua l cost

areas. It represents the total accumulated cost.

A TOTCOST.K = SCOST.K + PCOST.K + TCOST.K + UCOST.K

+ RCOST.K + ACOST.K (65)

where

TOT COST = total cos t

The units of cost are based on constant FY 1978 d oll ars  and a re not

adjusted for inflation .

The final area of the cost module computes a total cumulative cost

• discounted at a 10 percent annual ra te .  The discount f a c t o r , DIA C T , is
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computed as exp(—O .025t). The costs are sunvued each quarter as QTRCST.

The discounted quarterly cost, OQIR , is then the product of the discount

factor and the total quarterly cost. The discounted total cost, OCOST,

is the discounted sum of all the quarter cost flows.

A DFACT .K = l/EXP(.O25*TIME.K) (66)

whe re

DFACT — discount factor

A QIRCST.K = SAL.K + PCS.K + T R A I N . K + UPTT.K

+ RECR.K + ATCST.K

A DQTR .K = QTRCST .K*DFACT.K

N DCOST=0

L DCOST.K = DCOST.J + DT*DQTR.J

w here

DCOST = total  cos t di scoun ted

This cost module will provide relative cost informr iation to aid in

the analysis of model behavior caused by different environmental and

policy factors.

Mo del Eq~ii1i briu m . During the initial investi gation of systenr

behav io r , it is necessary to study the systemmm in equilibrium. There are

a num ber of reasons to stu dy the model in equilibrium . The attainment

of equilibrium provides sonme assurance that the genera l formulation of

the computer model is consistent with the negative feedback structur e

of the conceptual model. It is i rimportant to start the rirodel in equilib -

rium so that when the systenr is disturbed one can observe the e\act

response of the systerim to the particular perturbation. The sarrie responses

may be present under disequilibrium conditions but could be obscured by
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confounding oscillations in the system. Als o, the system costs in equi-

l ib r i um p rov id e a goo d bas i s for ana lys i s of pol i cy chan ges w i th i n the

system. In equilibrium , the inherent stability (instabili ty ) of the sys-

tem coul d easi l y be demonstrate d an d formula t ion  p ro b lems i n the sys tem

can be identified .

Equilibrium in the PP/AMM is represented by a state in which all

force l evels rema in constant over time , the desired force levels are

exac tly met, an d the access i on rate for UPI would p rov ide an in put to
p equal a constant system attrition rate (the system output). In addition ,

• all mana gement goals would be met. These goals are explained in the

model description. It should be reemphasized at this point that the

baseline force set up in this model is hypotheti cal.

To i nit i a l i z e  the mo del , consider the force needed to man the mission

aircraft at the levels which will fulfill mi ssion requirements. To com-

pute t h i s , the pilots in job levels three through five are set equal to

the desire d crew ra t io ti mes the num ber of a i rc ra ft for ea ch l ev el

(Table II). Nex t, select any reasonable force size for the rated supp le-

ment . A reasonable rated supplement size is large enough to support the

supplement requirements to support contingency planning needs, but never

smaller than the minimum viable supplemen t size of 500. The number

chosen for this hypothetical force is 3,425 pilots.

Al so shown i r~ Ta ble I I  i s the compu ta ti onal schem e for the i n iti al

size of the UPT instructor pilot force given the mission force and sup-

plement sizes. The constant annual attrition rate of 8 percent is shown

on the ri ght. The annual production of accessions is shown on the left.

These equations insure all management goals are m et.
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TABLE I I

Initial Equilibrium Job Levels

Force No. of Desired Crew
Area A i rcra ft Fac tor JOB I 2/45*JO B I

1 — - 3,425 152.2

2 — - *640 -

3 3,500 1.25 4,375 194.4

4 1,000 3.0 3,000 133.3

5 900 4.0 3, 600 160 .0

sum : 15 ,040 *640.0

5
JOBI (2) x TPINSI = ~: JOBI (i) x (ANNUAL ATTRITION) (11—1 )

i— l

5
JOBI (2) x 1.88 = ~ JOB I( i )  x ( .08 ) ( 11-2)

i= 1

5
JOBI (2) x 1.80 = JOBI(l) x (.08) + .: 0001(i) ~ (.08) (11-3)

i=3

5
JO BI(2) = JOBI( l )  x (2 /45) + (2/45 x ~ J OB I ( i )

1 = 3
= *640 (11-4)

where 0081 is the initial condition for the number in each job
ca tegory and TPINS I is the desired student-to-UPT instruc tor rates.

*The sum is equal to JOBI (2).
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Now , the rest of the level equations in the model can be initi a li .-ed

These equations are given in Table III. The quarterly a t t r i t i on  rate m l

average time in job constants are system goals. The average tioe in

training for each category was derived from command traini n g requ i reme n t s

and is a gross average for all training and aircraft in each ca t eIo r~~. It

includes all the time rquired for travel , in— processing, local hi se level

training , and other delays that exist in the system. The figures in the

levels represent pilots , but the continuous nature of the systems dv ii ami c s

methodology causes fractions to be computed .

Next. exanr i ne the equations in Table II . It i s tv i dent that I r r eq i i i  —

librium any increase in the annual attrition rate will r equ i re  a la rg er

nunrber of UPI instructor p i lo ts , 008 (2) ,  if the desired LIPT stude n t—to-

i n s t r u c t o r  ratio. IPINSI, is maintained. From Eq (11—3) , Table II. it

can be seen that an increase in the desired value of IPINS I will decrease

the num ber of instructors required (and vice versa).

Examination of Table III also leads to some relevant conclusions.

The percentage of the total pilot force in the ass i g nment  window and

tra ining p ipel iri e is quite large—over 21 percent. Thus , a si g nificant

part of this hypothetical pilot force is in  the  reassignment pipeline and

repres ents a loss of useful manpower to the system . The relationships ~f

all the variables are very evident when all others are held cons tan t .

However, very little intuit ion is requi red to see that  when these va n —

ables and others in the system begin to vin y si ri rul tan eouslv in di f f ere nt

directions it is impossible t o tell what outcomes w i 11 resu l t  . This is

one of the nra in rea sons to use t he sys t ens dvnam i cs approach. \ppe nd I \ 0

contains an example of t he nxtdel run in equl 1 i bri our . fol 1 owed h~- a corn—

plete l i s t ing  of the m odel
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Si tuational Anal ys i s

Build —L i p A ria I v-p. I s . There are four  s ee i fi c sit ui t i o r u s that i1i ye

been simulated for analysis: force build —up , force draw-down ; a co ri rbi —

nation resenmbl i nq the Korean War’ to present , amid i ncm’eased force attn —

tion. A force build-up scenario is simulated to corr upam’e with the change

i n  force size requi rement experienced in the 1 ~ i5 to 19hZ time frame .

Ouring tha t period , the Vietnar i r build-up increased pi lot resoum ’ce requi re-

ments  by about 9,000. The simulation actually sets as a goal the doublin g

of the nri ss I on p i 1 ot force. This i s all owed by increasin g the imposed

force ceiling by 10 ,975 and doub i ing the authom ’i ~ed flyi n g hours. This

assumes no large acquisitions of aircraf t for a h u n ted conflict. The

pilot force is increased on this basis , and no other model parameters are

changed . The dec I sion to build—up is inserted between the fourth and

fl fth quarters of the s irnu I at fo rm . See append I .~ C for the model output of

the simulation .

The number of p i l o t s  in  rated supp l em inent drops v e m ’v rap i d ly  as the

need for more pilots beqi mi s . The number goes from 0,425 to 750 in the

ti rst year amid down to 385 the ne\t year ;  its m i n i mum i s 01$ in the

third year. The level of pilots in the ra t ed supplem ent oscill a tes at

about foum ’ and one—half year i n te rva l  s tw ice  amid dampens to equ i  11 bri urn

13 years a fter the initial pertu rbat ion . The supp i cu rrent scorn s t-o f i t

its role very well. It does not build up aqa in  because  of the 1 i n n ts

imposed err the force ceilin g and , I mi f ac t  , it goes to the n i n  murni V i  a hi e

level for  the r a t ed  supp  1 eunen t ( 500) -
The UPT ins truc tot’ force react s I n the opposite di i-cc t ion f rein the

rated supplement. Initially , it builds up in order to cope with the

increased product ion requ i remem it s that are i ruposed . It at t ai m is a na \ i i l i l l i l i

_ _ _ _  -
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of 2,990 instructor pilots about 3 years after the new requirements are

imposed ; it then drops to its minimu nni viable level (400) in about 7 years

and s tab i l i zes at about 995 in 13 years after the build -up decision. The

instructor force reacts consistent ly wi th  our expectat ions.  It increases

to fill added needs and stabilizes to nn aintain the increased attrition

i rn nplic i t in the increased force level .

The three mission force levels all react in the same manner. They

build quickly as the rated supplement is depleted to support the build -up.

Then , their rate of growth decreases until the UPT instructor force is

able to impact force growth. This takes two and one-half years . Then

the mission force grows rapidl y, overshoots its equilibrium value sliaht ly ,

and f inal ly reaches equi l ibr ium about ei ght years after the ini t ial

build —up input. The final equi l ibr iu nnn values are l is ted in Table IV.

TABLE IV

Force Build—up Equilibrium Values

Final Level Orig inal Level

Rated Supple m ent 456 3, 42 5

UPT [P 995 640

FR 0, 2 4 3  4.375

BT 5,995 3,000

C 7,194 3.oOO

Total 23 ,303 15, 040

Total Force 3O,~40 19.065

Since the force ceilin g was raised by 10,975 pilot— , the desired mission

force l e v e l s  a re sl i ghtly greater than the e gu i l ib r i urn force le~els .
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This occurs because the un ission force is allotted only a proportional

share of the av a i l a b l e  p i lot  resources when there are riot adequate p i lo t

resources to fill all mieeds. In this case, the rated supplement is

driven below the mnn ini m u inn viable level. This unfulfilled need causes the

smalle r - percentaqes to be allotted to the mi ssion job categories. Sonne

mission capabilities are sacrificed in this situation. A corrective

act ion would be to ra ise the force ce i l ing.

The plot of tra ining levels seems to react as expected . A di p in

t i ne  number in tra ining occurs two or - three quarters after the force

bui ld-up decis iom i . This is the tim ni e when the rated supplement inputs

play-o ut .  and UPT input has not yet  caught up. The cause of the UPT

delay is m ore easil y seen on the next plot.

The delay between the decision to recruit mnn om ’e UPT entrants and

when the graduation rate catches up i s about two years. UPT c l ass s i zes

are budgeted two years i n  advance . The course is then one year long;

therefore , the delay used here allows for’ a good deal of flexibility for

g radua t ing  diffem ’ent quali ty p i lo ts .  If qual i ty constraints are firm ni ,

then the budgeting process w i l l  have to beco m e more f lex ib le . The

author assumes either of these techniques could be applied . The large

fluctuati on in the student —to—i nstructor ratio is a noteworthy char -ac—

te ristic of  a sudden force require m ent change .

The last  plot shows the relat ionship of crew ratios to desired crew

ratios. It takes five years for crew ratios to reach the desired levels.

~hi s indicates individual pilots would be fly inq ouch more than peace

time goals . The maximum hours f lown pet’ pi lot in a quarter is 80

(HFPP(CAT) ) . This is far frounn any imposed 1 u r n t
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Table V gives the cost comparison for this change from equil ibrium .

The cost is given through the ten-yea r point and accounts only for the

faLtor s discussed in the cost module section. It is not conceivable this

type of force change would last for ten years. After even one or two

ylars , other m ajor force structure changes would have to be made.

TABLE V

Cos t of Force Build-up Scenario

Cost in 2 year’s 5 years 10 years
Millions — ____ 

_ _ _ _ _

TOT DCOST TOT DCOST TOT DCOS T
• —- ±--—-

~~~~~~~ 

- 

~~~~~~~~~

— —— — I

Pq u ili briu nm m 
• 

2,096 1 ,998 10,482 8,262 20,964 13, 272

Build -up 2 ,096 1 ,998 12, 26 1 9 ,443 30 ,199 18 ,161

1 ,779 1, 181 9,235 4,889

Comparing costs in this scenario serves mainly to introduce the magnitudes

under consideration. A feeling for the change in cost of pilot resources

ap pears realistic based on current factors.

This sim ulation ve r-ifies succinctl y the severa l modes of behavior

exhibi ted by the model and the system. It shows the impor ’tance of the

imposed force ceiling and demonstrates the behavior of the allocation

logic in the model. Not only does the distribution of pilot resour’ces

work correct ly,  but the job categories all behave as system logic requires.

Draw-Pown Ar na lys is .  The force draw -down scenario simulates a force

reduction from 30,053 to l~ ,O65. It represents a decision to reduce the

total pilot force. This is accomplished by reducing the desired force

size by 1O .~$0 pilots and simu l taneously reducing the number of aircraft

by one-half . The tota l allotted flying hours are reduced by one-half to

58 



— 
-• - ~~~~~ 

--
~~~~~~~~ 

— 
_r ‘

adjust the flying hours to the nuomber of aircraft and force size. The

resulting force is conniparab le to the equil ibrium force previously dis-

cussed .

The mission force is cut by one-half fronn equi l ibriunnm manning levels.

The UPT instructor level is in equilibrium for the beg inninq force size.

The rated supplement is near a minimum , as it would be at the end of a

conf l ic t  period . The decis ion is made between the fourth and f i f th

quarters to reduce the force.

Appendix B presents the results of the simulation. The total force

exper iences about 12 percent per yea r a t t r i t ion  and in about 12 year ’s

reaches the desired level. The mi ssion force drops to desired levels

within a yea r- and a- h n l f  with a sli ght undershoot initially, and the U PT

instructor force drops to nearly a minimunm viable level in the same

period . The rated supplement bu i lds rapidly as it is designed to do;

however , as the mission force levels out , the rated supplement attrition

begins to drop the total force level. The majority of the force reduc-

tion conies from the supp le mn ient after one to two years. This continues

until the total force size is small enou-gh to allow the desired force

size in the supplement to incr C lse to the equilibrium point. Note that

at this time the UPT instructor force and rated supplement begin damni pened

oscillations with five-year periodicity into equilibrium. The UPT instruc-

tor force begins an upswing inst less than two yeam’s after the rated sup-

plement , which reflects the delays caused by budqetary planning policies

in pilot production.

The system manages the reduction in force quite well . The rated

• supplement and UPT instructor force vary as they were d~ sion ed to  do i n :

• order to maintain the desired force leve ls .  The osc i l l a t ions  in the
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system levels are the result of info rmn u at ion and training delays

inherent in the system.

The next two plots in Appendix B shc- .~ the changes in the numbers

in the assignm ient window , training, recruiting, and UPT production

levels. In itia ll y, after the force draw-down decision , few pilots are

trained in these categories; after about two years , the training rates

again stabilize to maintain an experienced force. Flow rates into the

rated supplen nient vary with the size of the supple mni ent , as observed

during real force draw-downs. The training rates for the UPT instructor

pilot force change as needed to provide a force in equilibrium. Finally,

desired crew ratios are established and maintained within two years.

The costs of the draw-down simulation are compared to a simulation

of maintaining the original force in equilibrium. Fi gure 17 gives a

simple representation of the total cwrm ul at ive cost differences . Appen-

dix E presents the results of the equilibrium simulation for this force

before draw-down for a 25-year period.

The total cumulative cost of the draw-down scenario is higher than

the cost of maintaining the original force in equil ibrium until the

20-year point for tota l cost and beyond 25 years for total discounted

cost. Tha t is, no money is saved initially by reducing total force

size; it is not an economy measure. The added training and attritio n 
j

costs offset the savings in salary when the pilot force is cut bac k. Omie

thing tha t biase’~ this result is the fact tha t the cost module does not

include retirement costs.

Historical Simulation Analysis. The third situation sim irula tes the

p ilot force posture from 1957 to the present time . The force require-

ment and actua l inventory are depicted graphically in Figure 18. The

60

~~.- -•~~~~~~~~~~~~~~~~~~~~~~~~~~~ _:.~ - -  -~——--- -‘- — —  — — -- — —- -— -•--- - -



80 —

60 —

‘K
,
\

‘S0
0

E

C 4°

• 

•

D i scoun ted Dra w-Do w n

ted E
cJ~ sCOUm

20 —

I 1 1
0 10 15 20 ~~~25Years

Figure 17. Equilibri um Draw—Down Cost Comni p arison

61



_  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ -- ~~~~~~~~~~~ -- -~~~ - - - -~~~~~--~~~‘-- -

>-‘C-
0

— • U) C —I —‘ 0) -4--’ N.I > C
I 3 C a)

/ ~ U) .
~~

. EI • • a) Q) L0
C- -4-’ C- N-

_, I , 0 S’—
F ~ C

F 3 ~~~ U’)I’ ~ -
~~

- 0- 0) N.
• .4-~) C-

if 1 (3 .—
I ,— (3 -4--)
I ~ 0 N.I i E -4--’I 0

1~~ — C”)1 N.

1

%

. 
• 

I —~~~~

‘I’ Ii~ 
I

.‘ — ‘-N.
I N.• I N.

~ ‘ 1 I ‘ ......... CDC- /IV N.(3 ~~f %a)
/ 

0~)U’) U’) LiD C-
If) (3

C’) L ~~

• 

/
/
J 

C,’) ~3:

1~ •
• 

—

I ,  N.
£ I I I a 

~ 
1 1 1 ~~i I I I  I I

C’) CD N. ~~~‘ ‘— C’~ ‘.0 (5) 0) LC) C”) CD N. — CO ‘.0 (5) C’ LiD C”) C)
LiD ‘.0 U’) 10 U’) ~~~ ~~~

- 
~~~ C”) C”) C”) C”) C5) (5) C5)

Tota l Pilots (in thousands)



force require mni ent draws down throug h 1965, experiences the Vietna m nm

build-up to 1967, and then draws down to its current level . The actual

inventory generally lags by about one and one-half years and seenis to

react to the increased Vietnannn force requirements with a five-yea r lag.

The sinni ulation was accomplished by initializing the five job cate-

gories at 9,000, 1 ,155 , 13, 125 , 9,000, and 10 ,800, respectively. This

generates an initial total force of 54,747 which is near the actual 1957

level . This simnulates a force beginning to draw-down . The desired force

ceiling was approxi nnnate l y 57,300; and this is set into force ceiling as

the model is initiali zed. The force ceiling, omission aircraft, and

allotted flying hours are then changed proportionately to follow a force

size profile near to the requirennent shown in Figure 18. The sinnulation

results are given in Appendix F.

The levels throughout the simulation react as described in the

build-up and draw—down situations. Using this scenario, the ability of

the model to sinmi ulate the historical systemin behavior can be tested . The

ac tual  pilot require nni ents and actual inventories are plotted with the

simulation results in Figure 18. The m odel output follows the actual

inventories very well. Initially it lags sli ghtly behind , and as si nnm u—

lation timnie increases the lag becomnies greater. The Vietnannn build-up

is seen earlier than the actual systenri variation . This is not surprising

since decision-making and action ti nm me delays ar’e often underestimated in

modeling . Also, the level aggregation in the niiodel tends to cause the

natura l periods of the model to be shorter than the actual system. The

relative magnitude of the Vietnani build—up in the si m nnu l ation is slightly

larger than shown by the actual system. The siqnifi eant point is that the

model reacted properly. The actual m agnitude of the change is not as
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i nm mportant . The usefulness of the PP/AMM model is more dependent on the

proper node of reaction than the specific onagnitude of the reaction.

The nmnodel is designed as a mnmanage nm en f tool for policy analysis and not

as a tool for forecasting force sizes.

The nnodel output in the appendix also denmnonstrates how the system

unaintains a fairly stable desired mission force. The rated supplement

and UPT instructor force in  the m odel respond as they have in the real

systemni . Some difference between the node ] behavior and real world systenin

behavior is to be expected , deriving fronnn backgr ound “noise ” in the m-eal

world systenm i . The innportant fact is the mnm ode l is not meant to predict

the future but  to represent the behaviora l character -istics of the rea l

system under a given policy structure .

Attrition A naly~~s. The fourth situation is actually a series of

computer  runs  to show the ef fec t  of i n c r e a s i n g  a t t r i t i o n  on the systen mn .

They are presented in Appendix 0. The step increase m akes the changes

iii the system nnore visible. The syste mmi reaction is the same in all

cases with larger changes as the attrition rate increases. Each time

t-he system equilibrates with all job categories , except the I I P T instruc-

tot-s . increasi~ig to maintain the desired total force si:e. The nunnnher

irm training, including UPT students, oscillates for- about . te r n years .

A sudden change in the syste nmm , as presented here , is not likely;

however , a possibility exists for- this to happen if drast ic policy

changes occur. The costs are initially l ower when attrition is increased ,

but they always beco nmne greater cu mm n u lat ive ly  a f ter  th ree to seven years i t

desired force levels are maintained. The initial savinqs is due to less

salary cost when the force is be low the desired level . However , a short

fal 1 in the mi  ss ion force mimay be unacceptab le  ev en if if produces ~ocur

savin gs.
(• ( 4



Probably the mniost i m nm portam i t point to notice fronmm this situation is

how the number of p ilots in jobs decreases as attrition increases. That

is, higher attrition rates force the systenn to put moore pilots in the

assignment window and i n tm’ aining to preserve equilibrium. Since the

desired force size is maintained , less pilots are avail able to fill jobs

(Fi gure 19). The numm nber in the three nnission categories is the samnme in

each case since the nmi odel will fill the m ission jobs whenever possible.

The changes are in the rated supp lenmi ent and UPT instructor force; the

:

1 change in the total number of pilots available for jobs cami be seen as

the sunmm of the changes in these two job categories. As attrition

increases one percent, the rated supp le m nnent is reduced by about s ix

hundred pilots, and the UPT instructor force required is increased by

about three hundred . The net loss to the job force is about three hun-

dred pilots. The increased attrition has drawn pilots from the rated

supp l ennment to fill additional instructor positions , and nmm ore pilots are

required to be in training at all ti m nm es to fill additional job openings

forced by the attrition .

Pcli cy Forecastin~ Anaiysis

Forecasting is - ctu all y highly subjective ; it is based on skill ,

experience , and judgenient. It is an attem pt by a decision-maker to

detect f u t u r e  events. No inforn mma tion about the future can be cer ta in.

The uncertainty associated with forecasted im i fo rm nm ation i mmm plies the m iter’-

nimation nay not be useful. In fact , forecasted infornn m ation cain inf luence

a system nm negatively.

Usual ly, a forecast is acc oimrpl i shed by assu m nmi nq the i mm tormnia t ion

about the behavior of the m’ec nt past is per’sistent. Tm-ends or behavior-
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found in this infor mnm ation are extrapolated into the future . The method

used to forecast in the PP/AMM is described in Appendix L of 3. W.

For reste r ’ s in d u s t r i a l  Dyanmics.

For th i s ana lys i s , random noise was introduced into the equilibr i um

model in the attrition outflow. The attrition outflow is varied via a

ran dom , uniform distribution within the li m i t s  of +10 percent. In addi-

tion , the attrition rate was doubled at the 40-quarter point to introduce

a perturbation for analysis.

No i se is the effect of random and unpredictable external factors on

a system. It exists in all decision points in any system (Ref 3:108).

The decision functions in the model have been simplified as a matter’ of

modeling necessity . Factors with only a slight i nfl uence on variables

tha t are part of the system and external factors i ndependent of the rea l

- 

- 
system have been left out. Noise simulates the addition of these tactors.

For a discussion of the NOISE function , see the DYNAMO Use r ’ s Manual.

The s i mula ti on resul ts a re p resente d i n App endi x H.

The effect of noise on the ninodel is nininmal. It remi mains very stable

and exhibits little change fronm previous runs without noise. The model

reacts the sanime to the doubling of attrition with or without the effect

of noise. For example, the magnitude of the change in tatal force varies

less tha n 0.2 percent at the point of maximum difference. The periods

within the system do not change nor do the relationships between any of

the variables in the model. This indicates the pilot production alloca-

tion system is a very flexible and effectively managed system .

in order to provide an exam mmpl e of policy change and forecasting ,

information for’ projected attrition, PATT , is replaced by forecasted

attrition, FATT. Then , forecasted a ttrition is used to determir ~
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des i red UPT c lass s ize , DCS IZE , and programnmnned m nminus actual force size,

FORCE . The attrition in the last two quarters is used to forecast attri-

tion forward four quarters fronm the present time .

The effect of the forecasted inforn mmation is shown in Appendix I.

The model reacts to noise and doubled attrition approximn iately as before ,

and the equilibrium values are essentially the same . When attrition

doubles , the number in total force dr-ops and then rises past the desired

l evel , then oscillates back into equi l ibriun m n . However , in the simm iulation

using forecasted inform imation , the total force drops to only about 90 per-

cen t, as low as previous sin in ulations, and returns through the desired

force level in three years (one year prior to the previous simulati ons).

It overshoots the desired force level by nmnore than fi ve timmmes the previous

simulations , but then stabilizes with sm m na ll er deviations than noted earlier.

The nummmber of pilots in the core forces goes lower in the simm i ulatiom i using

forecasted infornnation while the supplement and the UPT instructor forces

remain large m - than before .

The syste nmn cost using forecasted info rnm ation is higher pr ’ inm mari ly

s ince  nmo re p ilots are recru i ted  and trained. Even the discounted cost

at 25 years is SlOO million greater in the simulation with forecasted

attrition.

Thi ns, forecasting infornmmation (with the technique used) does not

seenm to be worthwhile i n  this case. Increased costs , snmna l le m- nunnnbe rs in

the omission force , a greater overshoot of the desired total force level ,

and the uncertainty associated with forecastin g overshadow the quicker

reaction back to the desired total fo r’co level . Analysis of other ’ types

of forecasting techniques are beyond the scope of this thesi s.
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IV . Conclusions and Recommen dat ions

In this chapter , the model is summar i zed br i efl y and i ts usefulness

as a management tool is described . The conclusions derived from the

research a re sta ted an d , finall y, some recommen da ti ons for fur ther  stu dy

are suggested .

~~~]Summ~~~

The PP/AMM ma i ntains the pi lot force so that the re quir ed pr imary

mi ss ion forces are f i lled to the maximum ex tent poss i ble . The ra ted

sup plement i s to re duce any short-fall within the core forces as soon as

possible. The supplement holds excess pilot resources when they are

availa ble, and , of course, a certain number of pilots are necessary in

the supplement to fulfill the requirements for contingency planning .

The UPT instructor force is maintained to provide the ability to replace

pilot attrition and to provide new pilots for increased needs within the

system. The system includes the pilots in these jobs and pilots in the

assignmen t/training pipeline . In order to sustain such a complex system ,

a lar ge number of pilots are always in the pipeline. The pipeline aggre-

gates delays for processing, travel , training, an d leave. The model

represents the actual p i lo t produc ti on and al locat ion system of the A i r

Force .

Model Use fu l n e s s

The PP/AMM shows the pilot production and allocation system to be a

very well-man aged resilient system under a wide variety of external

infl uences. It equilibrates when the system is i nmpacted by even large

changes in attrition. Further , it behaves very well when impacted by
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noise. The analysis shows the nmm odel ’ s reaction to force build-up,

draw-down , and increased attrition. The analysis denmonstrates the

model’ s ability to capture the essence of the system changes over a

long span of tinme such as from the end of the Korean War to the present.

Analysis of the nmode l demonstrated an example of how it can be used as a

m anagement tool to evaluate the effect of policy changes within the

actual system. The model will provide information for systemnm mnma na gers

at a very snmal l cost. Probably the best arg ument for using this model

as an aid to nmanage mmnent analysis is the cost, in ternms of dollars and

time , of applying it. Managers can have resul ts for two or three dollars

of computer tin nme and a few hours of work by an anal yst. This cost is

negligible when compared to the cost of training just one pilot (about

five hundred thousand dollars).

Conclus ions

The IJPT student-to-instructor ratio is a very important factor in

accomplishing system goals. The m odel is very sensitive to changes in

this ratio , which suggests its i inmportance in nmaintaining the systenins

stability . The rated supplement is effective in filling needs and accept-

ing overflows . Al so, the ability of the UPT instructor p ilot to accept a

four—fold range ot student load enhances the stability of the system.

This indicates UPT training plans must be kept flexible in the future.

s~ t ios tha t are extm ’enmme should be a flag for manaqenm ient concern .

The ii: p ort an ce of the rated supplement is demonstrated in this

analysis. The number of pilots in the Air Force is decreasing to a

point where the rated supp lemrment is becoming depleted . The korean -Jar

surplus is gone, and pilot attrition is increasin g . Yet, a viable sup-

plement is essential to support the mission of the Air Force . The
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ability to react quickly to increased mission r equ i re m ents is t i ed  to

the rated supplement. The tinme has come for systeom manag ers to care-

fully examine the policy options avail able for manaqenmnent of aggregate

force levels.

The PP/AMM is useful to managers to evaluate the cost implications

of proposed policy changes. It is no surprise that system costs are

extremely hi gh. The model dem onstrated that any nmov ement out of equi-

l ibriumm i increases system cosL The greatest cost of force reductions

could be the reduced ability to perform the omission .

Recommendations -

The first recomnmendation is to apply the PP/AMM to more spec ific

problemm is of managenment interest . The author feels it wi l l  be useful as

an aid in the formation of immanagement policy in areas such as stabilizing

the size of the UPT instructor force and des i red UPT class size.

The final recom immendation is that further researc h be perfornmed to

enhance the capability of the model . The PP/AMM should be modified to

allow it to aid in the anal ysis of the absorbtion problem. In particu-

l a r ,  content m us t  be added to account for the for’ce expe rience mix . The

absorbtion problem is a vet- v com nmplex one tha t is i nmpacted by the fore-

casted increasing attrition rates. This mmmodel , when up dated , will be

applicable to a study of m anagement policy in this area .
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APPENDIX A

DCR A TIO ( 4)  AND ( 5)
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APPENDIX A

DCRATJO (4) and ç5)

DCRATIO (4) and (5) are presented in this appendix. The reasoning

is the same as for DCRATIO (3) which is explained starting on page 35

of the text.

CRT4 represents bomber and tanker resources. Average crew ratios

are 1 .5 , and there are two pilots per aircra ft (1.5 x 2 = 3).

:/~~~~
0 25 50 75 100 125 150

PHPA

Fig ure 20. Crew Fac tor Di agram Bomber/Tanker

A DCRAT IO .K(4) = TAB HL(CRT4 ,PHPA.K(4),0,lSO,25) (67)

where

DCRATIO = desired crew ratio to fly programmed hours
CRT4 = crew ta b le bombers
PHPA = programmed flyin g hours per aircraft

T CRT4 = 0/2/2.75/3/3.25/4/6 (67.1)

where

CRT4 = crew table bombers
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CRT5 represents transport resources. Average crew ratios are 2.0,

and the two pilots per aircraft (2.0 x 2.0 = 4.0).

~~~~~~~~~~~~~~~~~~ 
- _ _ _  

~~~ 
_ _ _
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Figure 21 . Crew Factor Diagra mni Transport

A DCRATIO.K(5) = T A B H L ( C R T 5 , PHPA.K(5) ,0, 240 ,40) (68)

where

DCRATIO = desired crew ratio to fly programnm ied aircraft
CRT5 = crew table transports
PHPA = programm imed flying hours

T CRT5 = 0/3/3.75/4/4.25/5/8 (68.1)

where

CRT5 = crew table transports

75



r~
r ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 

‘
~~~

__.- -_ — ,•,-. — - . .-,•, -
~
- • • _ , ‘ ‘- • . ~~~~~ ‘-~~~~~~~~~ - - -.-—,-----—-•----_- -

A P P E N D I X  B

NORMAL EQUILIBR IUM

AND

PROGRAM L I S T I N G
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A P P E N D I X  B

N rma l Eq~ili bi rum and Pro~ ram Li s tins

The first part of this appendix prints the model output every

fourth quarter. The variables are listed first and the scales are

next at E.00. If there were changes initiated when the computer run

was made , they would be listed first; then a series of plots of the

var iables across time fol l ows.

In this appendix , the entire model li sting follows the connputer

run.
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APPENDIX C

Force Build-Up Listing

The first part of the appendix prints the model output every

fourth quarter . The variables are listed first and the scales are

next at E.OO. If there were changes initiated when the computer run

was made, they would be listed first; then a series of plots of the

var iabl es across time fol l ows.

In this appendix, the entire model listing fol l ows the computer

run.
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‘A G E ‘.~~ 
PILOT ‘RD D’JC ION—AL LOCA TION MANAG!1!N MOOEL

—~~ P

CH ANGES ROR ~!5JN — 91*

O R I G I N A L  R S I I  “ . 0 3 0  0 . 0 0 0  0 .0 3 0  0 . 0 0 0  3 . 0 0 0
P R E S E N T  R S I I  ‘3 . 0 30  0 . 0 0 0  1.300 i . C J 0  1 . 0 0 0

ORIG INAL RTII 0.03 0 0.300 ‘..300 i..000 ‘..000
‘(ESE N’ .5111 0.030 0.300 ‘ . .303 4 . . 3 3 0  e.000

O R I G I N A L  R S I C  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 3 0  0 . 0 0 0
5 . ‘RE S~ MT 0S12 0 . 0 0 0  t . 0 0 0  — 1 . 0 0 0  — 1 . 0 0 0

O R I G I N A L  0T 12 0 .0 13 0 . 0 0 0  2 0 . 0 0 3  2 0 . 0 0 0  2 3 . 0 0 0
PRESE NT 5112 ‘3.0~~0 0.000 5.000 5.000 .O,i 0

ORIGINAL ~S?1 0.310
PRESENT 0571 li.0”dT

ORIGINAL RT7 I
PRESENT 0171

ORIGINAL 0572 0.000
PRESENT 0S72 —tO .a 5 I

ORIG INAL R’TZ 0.010
PRE SE NT RT 7Z 5 . 0 0 0
AS3V ! RANGE OF TA ’ L ! 1~~~C AT TIME 3 . 3 0

IN RANGE OF T A R L ! ~~ F~C AT TIME 0.00

I’

.
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P4 0! .‘~ ~ILD T ~~~~~‘4C” O M — A L L O C A T O,J ~~~~~E~!N MO’C!L 914

TIME JD~ ~~~‘J’~ NETO J~ OP .CE ~ T T W IND )1~1~~O~
2 ‘ 2 2 7 T~~L~~S T )r~~~~

3 3 ‘ CAP 1OD~~DR
4. 1. 4. 4 4- 109550 S V E

5 5 ! F O R C E  O C S E Z E
9FPO 0~~1~~” P41 1 CRAT 3 JC~~~TI ATJ A’43J~~S

• 2 ~ PR~~~ 2 7 2 2
3 ‘I TRNGFC 3 ‘ 3 3

( C~ -r r~ — 4- 4. 4.

• S ‘ T OE L 5 5
• . 

. 
SC OST RCOS TRA y
PCOS T 4f 03 ’
ICOS T T r 3 t ’ 3”
uc os r r~- 1ç—

5—0 0 5 — 0 0  ~— I 5 — 0 0  5 — 0 0  5 — 0 0  5 — 0 0  5 — 0 0
5 — D O ~— 0 1  5 — 0 0  E — U 0  E— 0 0  5 — 0 0  5 — 0 0
5— 00 5— 0 0 5 — 0 6  E- ’00 S — 3 D  5 — 0 0  S - C O
5— 00 5— 0’ S— 00 5 — 0 0  5 — 0 0  5—00 5—00
5—03 ~ — 0 T  5 — 0 0  5— 0 0  ~ — 0 0  5 — 0 0  5 — 0 0
S— GO “—03 5 — 0 0  5 — 0 0  5 — 3 0  5 — 0 0  E — 0  C
S— D O !~~0”  5 — 0 0  5 — 0 0  5 — 0 0  5 — 0 0  5 — 0 0
5 — 0 0  5—10  5 — 0 3  5 — 0 0  5 — 0 0  5 — 0 0  5 0 3
E — 0 0  5— 0 ’  5—C T 5 — 3 0  5 — 0 0  S — G O  5 03
5—00 !—0~ 5—00  5 — 0 0  5 — 0 0  5—00 03
5 05 5 fl~ 5— 0 0
5 05 “
5 06 “
S OS

3 . 0 0  ~‘.25.0 ‘ 1 .~~’ 3.20  34.25 .0 ~s.;oo 15~.0..3 l t~~t 5 .
ól.O.0 ~~~~~ 52.8 S.0.0 t ? . i 0 0  1 .8830 1 3 5 5 .
‘.375.0 5~~~. ‘.52.1 1.375.0 .50 1.0000 153.0.
3003 .0 5.12.1 3 10 . 0  3 0 3 0 . 0  5 0 . 0 0  2187. 1233.2
3600.0 5’CJ .’ 372.3 3503.3 ‘2.00 0. 1203 .

0. 3• 1 1203.2 0. 0. 22.000 0.
0. 0.~ 300.8 0. 0. 16.030 0.

‘.8.000 — .~~ 211.12 1 . 25 0 0  1 . 2 5 3 0  12.300 213.00
25.000 — .‘ 1.0000 2.0300 ‘.0000 12.000 15 .00
30.300 — •0 7.6000 ..3300 — .0300 32.300 108.00

0. 0 . 0 3  1.0000
0.00 ‘3.O~

3.
0.

I

110
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PAGE 50 PILOT ‘~ O0’IO~~~ON—A L LO CATI ON M3~1 
51C~11 M3’EL PU

‘..OO 3425.0 ‘51. ’ 0.03 34.25.3 53.530 t~~~3.8 11515.
6’.0.C 50.5 52.8 ~.0.3 12 . 3 3 0  1.~~83O ~~~~~~~
4375.0 3~~1.3 452.1 4,375.0 37.50 1.0000 150.0.
3000.0 c8’.2 310.0 30J0 .0 53 .30 1187. 1233.2
36 00 .0  5’3.5 3 72 . 0  3 6 3 0 . 0  7 2 . 0 0  0. 1 2 3 3 .

• 1 1 20 3 . 2  0. 0 .  12 .00 0  0 .
0. .2 3 0 0 . 8  0. 3 .  16.000 0 .

‘.6.000 • 1 211.12 1 .2 500  1 .2 5 0 0  12 .000  2 1 0 . 0 0
2 5 . 0 0 0  • ‘ 1 . 0 0 0 0  3 . 0 3 0 0  0 . 0 10 0  12 .000 7 5 . 0 0
30 .0 00  .0 7 . 0 0 0 0  ‘ . .J300 .. 0 3 0 0  12 .000  1 0 3 . 0 0

.58. jc .5. 1.030 0
12.33 3 .01
1325. 299€ ,.
283.  1195.

8 . 3 3  753.1 c .5. 0 . 0 0  ; 3 0 . 3  ~ .527 1332.6 2 1321 .
1602.9 585.11 4 3 0 7 . 0  537 1.1 21.129 4 . 0 0 0 0  t f l T S .
5 2 3 3 .5  911.1 384.8.6 8 7 5 0 . 3  58 .98  1 . 30 0 0  2 3 32 1 .
3499. 7 ‘21.3 2718.7 5 3 0 0 . 3  .5.1.~ 14.14.0. 5.11.8
‘.195.8 5~ S .I 3265.9 7 2 0 0 . 0  55 .3 1  10023. t0~~5 7 .

0. — 2 5 3 . 1  94.3 .8  0. 0. 6.268 0 .
0. 4 . 2 6 3 . ?  1314 .4. 0. 0.  16.000  0 .

80 .25 2 3515. ’ 211.13 t . ’ . 353  7 . 5 3 0 0  12 .000 . 2 3 .0 3
‘.2 .861 253 ) . ’ .5090  3. 97 S . 3 3 - 3 0  12 .300  1 5 3 .0 0
51.’.30 30D ~ .~~ 9.1000 • .5620 1 .0300  12.000 2 1 5 .0 0

913. 53~~ 3 .7986
25 .54. c.o~
2715 . 4271.

54.8 . ‘871.

12.00 385.2 ‘•c 114.76 530.0 5.532 131.2.~. 2583!.
2733.5  292. t~ 2319.4 .  35.3 3~~.61t 2 . t124.  2 3 t ~~~ .51.55.5 T’t.5 2551.9 3750.3 79.05 1.2003 27335 .
3705 .5  593.. 253’..9 ~ooo.o 51.70 11704. 5;9,...
44 00 .0  4.52.1 3083 .5  7 2 0 0 . 0  5 3 . 76  7579 .  35 3.

0. 1t’..~ 913.9 0. 0. 7.273 0.
0. 2201.0 1351.9 0. 0. 15.300 0.

76.987 3294.5 174.22 i.~.587 2.5330 12.000 .23.00
40.479 2294... .6178 3.7056 5.0100 12.000 13 3 . 0 3
‘.9.0~ 1 2 8 3 0 . 3  9 . 1 0 0 0  4 . .8889 3 . 0 0 3 0  12.300 2 1 6 . 03

1391. 132.15 t .O ’ . !4
35 .81 7.2’
3923. 5’.23.
94.0. 5555.
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°A G E 51  °ILOT ~ -‘~~“J~~~T O N — A L L O C A T I O N  ‘~l~~E’ 4 F NT M ODEL 014

15.33 3 1.8. 1. t l~~~ ’ 1 81.18 5 0 0 . 0  5 . ’’’ 1834. .5 23!. ’
2930.’ 21’.1 ~12.3 3736.7 ~~~~~~~ 1 .7703 7 7 3 3 1 .
574.~~.5  ~251..5 31.QQ.w 5730.3 96.11 j,25~ 7 ‘3’.?.
3917.1 0!~ .’ 23~~1.-3 60!0.3 51 .33 9241. 329~~.3
4 72 8 . 5  171.1 27~~5.6 7200.0 P 9 . t 3  4 . 365 .  5 13 5 .

3. I~~t .5 102 1.7 0. 3 .  8 .26 1 0 .
3. 335.5 312 0 .7  3. 0 .  16.300 3 .

73.109 1Y~c.7 ‘O7.’1 1.~~4.1. 2.5330 12.300 .20.00
38.29~ 70~~!.5 .6516 1.9171 5 .0300 12 .3 0 0  IJI.00
‘.5.630 !~.7t., 8.8530 1.25~ O ~.~3 3 0 0  12 .000 2 1 6 . 0 0

• 1393 .  197.~~ 1.1529
43.35 9.3’
5123 . 5Q6’.
1680 . 714.0.

20.03 356.7 4.3.7~ 1’.3.32 530.0 5.372 24.1.3.8 725.3.
2316.5 1..97 0.3 1532.8 L4. .5~~ 7 1.1981 2 5 6 2 5 .
6626 .2  1576 . - 2639 .’ .  s750.0 127 .57 1.0777 2+ .3.
‘.509.8 t!’8.’ 1839.1 6000 .0 36.59 6736. 2775.6
5 5 0 8 . 4 .  97ç .3 2114..’. 7200 .0 106.32 375. 2207.

0. 14.3.5 1231.5 0. 0 .  9 .670  0 .
0. —7 21..! 694.1 0. 0. 06.000 0.

63 .38b  21’S. ” 245.74 1.5932 2.5300 12.000 +70 .00
33.251 11 . 0 9 . 7  .7587 4..5098 5 .3300 12.000 153 .30
39.14.2 158 t .~ 7.54.35 6.1316 3.313 0 3 2 . 0 0 0  2 1 S . O G
24.70. 24 ,8 .11 1.14.76
65.30 1~~.2I
6709. 12261.
2755. ~.1.1.

24. .0O ‘.23.8 56.0’ 76.25 5 0 0 . 0  3 . 3 8 4 .  2952.2 2 2 2 3 3 .
1140.2 .5’ 0.0 2~ 9.t 24..173 .7*18 2)277.
7875 .7 2951 . ’ 1589.3 ~7 5 3 . 0  1 57 . 04  .9692 2 2 7 3 9 .
5376.5 1S~~0.3 111 1.0 5000.0 114..00 401.6. 845.8
6530.0 12”.’ 1269.0 7200.3 130.41. —0658. .30.

0. 5.’ 1519.3 0. 0. 31.291 0.
0. — 3 5 1. ’ 211.4 0. 0 .  15.000 0 .

5 3 .3 0 8  371. ’ 2 7 0 .77  2 .25 11 2 . 5 3 0 0  12.330 e ? 3 .~~0
27.857 S?1.~ .9011. 5.3765 5 . 0 ) 3 0  12 . 3 0 0  1 5 3 . 0 2
33.078 573.6 6.784-1 7.2555 3 . 0 3 0 0  12.000 215.03

3129. 2 5 0 . 2 ’  1.074-8
87 .2k 17. ”
5610 . 15 103.
4.007.  11737.
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P A G E  5! DIL3I ~~~1’J 7 ’ ’ D N — A L L Q C A ~~~)N M 2 4 1 51!N MtJ7EL 011

25 .10 75 3. 0 •V~~3’ 0.~~0 5 ) 0 . 0  t 5 . i ~~ 2711 .3  771~~’.
4 . 7 0 . 7 .5’ 0 . 0 713 .8  3 . 3 5 7  1 .206’  5 1 3 ) 1 .

15 2 3 . !  t~~~~~.t  532.3 37~~3 . 0 : 0 5 . 3 9  .31!~ 7? ,~~,.
6056.2 t~~7).5 5c3.7 50 00.0 127 .77 2099. 559. 2
7237.5 1IJ1.~ 7 0 2 . 9  72 1 0 . 0  1 5 3 . 6 9  —111! . .0 0 .

3. ~~7~~~1•3  1772.1 0. 3 .  12.229 0.
0. —2~~’.’ 14.2.3 0. ~ 16.030 0.

4.7.615 — ‘ ) .
~~ 24.7.15 2.5202 2.5100 12.300 .73.10

2 4 .76 5  — ‘ 5 . ’ 1 . 3 2 7 5  6 .1 56 2  5 . 3 1 ) 0  1 2 .3 3 0  1 5 3 . 3 3
29.8 .5  — “ .2 b .39€ 8 5.34.15 3 . O f l O  1 2 .0 0 0  7 : 6 . 0 0
3657. 7’’. 3~ .9360

110.18 2’. ?
00265 . 2O L.3 7 .

4.67.. 1’~~76.

32.03 14.47.1. 184. .3’ 0.00 530.0 73.331 2557.7 22553.
4.25.7 20!.-.’ 3 0 5 . 3  7 3 3 . 1  3 . 1 3 5  3 .31 .27  32 7 13 .
8744..’. 1576.3 9 68 . 9  5 7 5 3 . 0  175 .99  1 . 6 0 0 0  2 3 15 3 .
6004.3 1~~15.1 616.7 6000.0 123.35 2583. 1733.7
7059.5 10 16.1 752.2 7200.3 14.4..7O —193. 1695.

3. —9’.3.. 1689.8 0. 3 .  11.84.7 0 .
0. 775~~1 34.5.9 0. 0. 16.033

48. 031 5.5 226.25 2..98. 2.5303 12 .300 ,‘1. 00
24.952 —

~~~. ‘ .9995 5.0041 5.0300 12.000 1 5 3 . 3 0
30.04.3 11.- 7.000 0 7 .3385 ~~. 3 0 0 0  1 2 . 3 0 0  215 .03
4.631. 7’’. .9919
131.13 ?~ ‘.5’
13650 . 2’° 3~~.52 97. 15677.

36.33 74.5.4. 7 •5  0 . 2 0  5 0 0 . 0  : . .S’t  2255.7 233.2.
1073.0 301.51 159.8 1791.9 72 . 1 2 9  2 .1177 2 3 3 3 6 .
561.5.7 15 06.’ 909.6 3750.0 159 .31 1.01.84. 2 2 7 1 . 2 .
5527.3 t?’1.’ 679.6 D 0 0 0 . O  115.57 2587. ~~5+.J
7010.1 363.5 817.7 7200.0 118.59 59’.. 7571.

0. —7.5.. 1677.2 0. 0. 11.801 0.
0. 118.1 621.0 0. 3 .  16 .0 00 0 .

48.579 104.’ 213. 19 2.4.702 2.6300 12.000 4 . 3 3 . 0 0
25.307 .7.’ .9878 1.9273 5 . 7 0 0 0  12.000 151.0 0
30.379 39.3 7.3316 7.3)02 1.0)30 12.000 216.03
5331. 31’.5’ .96 17
150.27 31.€,~
15777. ~~~ t 5r
5551. 15~~3i.
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‘.0.30 ‘.63.! ~~~~~~~ 35.27 500.3 9.101 2273.7 23271 .
1357.6 119.6’ 72.5 1323 .9 25.6C,€, 1.7922 735.3.
554.0.9 1523.5 1073.5 3750.0 157.77 1.04.33 73771.
5657. 1 0266.’ 735.8 60 00.0 115 .05 2500. 21.33 .0
7029.6 9.33.- 381.9 72 0 0 . 0  133.08 537.  2 3 3 5 .

0. 36.7 1847.5 0. 0. 11.750 0.
0. — ‘5.’ 608.3 3. 3. 05.000 0.

45.175 739.1 213.17 2.44.03 2.5300 12.000 70.00
25.600 14 -7.5 .97~~2 , .857 1 5 . 0 0 0 0  12 .000  ~~ 2 . 0 0
30.727 171.3 7.3031 7.8107 1.0000 12.000 216.00
604.4.. 14.€,•33 1.0115
168.21 36.?’
17732. 10 193.

5872 .  18161.

‘.L..QO 4.4.9.8 4.0.5’ 50.24 500.0 3.311. 2~ 11.6 22)75.
1120.8 i’1.’5 5 .2  1324.3 22.1.51 1.5650 23750.
5586.5 1729.’ 1033.1 6750.0 172 .12 1.0000 234.7!.
5885.’. il€.9.’ 701.6 5000.0 117.55 2S~4.. 1355 .0
7074.5 1060.1 843.9 7200.0 1.1.70 —61. 1731.

0. 50 .7  084.2.3 0. 0 .  10 .84 .0  0 .
0. —95.3 4.66.5 0. 0. 16.000 0.

48.933 151.3 222.89 2.4536 2.3300 12.000 +20.00
25.4.67 11Z..5 .9807 5.8854. 5 . 0 3 0 0  12 . 30 0  0 5 3 . 0 0
30.532 1.25. 7.0000 7.3507 3.0100 12 .000 216.00

6755 . 375. 77 1 .02(7
155.52 1.1.~~.-
19700. 334.14..
634.7. 19251..

‘I~3 . 0 0  *8 3. 0 ~ 5 .37  17.00 5 0 0 . 0  9 . 76 1 24. 57 .4.  2 2 7 3 3 .
850.5 4.8.12 58.5 333.4. 17.109 1.5250 3)119.
5749.3 1755.’ 902.4. 5750.0 176.83 1.0000 2323!.
5998.3 14.16. . 619.7 6030.3 121.23 2360. 1552.2
72 00 . 3 1064.1 742.0 7200.0 1.5.52 — 1 0 3 .  111.7

0.  17 .3  1860.7 0. 0. 02.008 0.
0. —0 7 .1  3 8 8 . 0  0. 0.  16 .000  0 .

48.00+ .5 227.00 2.1.198 2.5)00 12.000 •20.C0
25.007 1.7 .9999 5.9983 1.9300 12.300 05 3 .00
29 .999  — .3 7 .0000 3 . 3 0 0 3  5 . 0 3 0 0  0 2 . 0 0 0  2 16 . 3 3
74.73. 3~~7 . 1P .9998

206 .47  4 . 5 .5 1
21764.. 36750.
68 73. ?0 ’4 5 .
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G A G ’  ... °! L2 7  ‘1~~ I ’1 OPJ _~~~( O C A r I ~~N ~~~~~~~~~~~~~ M O ’ L  n I

~~7 . ) J  5 6 3 • 3 
~~~~~~~~~ 0 .53 5 0 2 . 0  ~ . ‘‘0 .‘ , -.. ‘‘ 0 -

35 o. t ’ ’ . ~ 1 13 .7 1 1~~) 17 . ‘ 0 2. ‘ t .  ‘‘ ¶
075 1.0 I’ ‘ . ‘0 2 .  1 • 0 • 3 1 • - . 1 1. 3 0 0
6 0 0 4 . 6  1~~~~ . ’ 6 1 5 . 5  - 0 ) 0 . ~ 1 ’ 1 . c1 .  1’ 7 .  I’V . ,4
7190 .2 tO ‘3.5 ~~~~~ 2 ) 3 . )  1• . .52  — 1 1 3 .  1 ’,•:• .

0.  — t ’ ~0 .. j 0 7 ’~~~3 3. 3 .  tt.9’0 C.
0. + .  ~~~ 9 , L 3 .  0 .  16 . 0 0 0  1 .

4.7 . 95 4. — ‘ . ‘ 7 2 3 . 0 0  2 .5~~33 ‘ . 5 1 30  i 2 . J U 3  .‘ ) . J 0
24.95 1 —..5 l . 0 0 c 3  ~ . . 1 3 4 . €  1. 1110 1.’. 0 0 0  1 ’ ) . O i
30.03 3 .5 7.3000 •.fl91 3.011 0 12.360 ~I~~. 3 0
$0 95. ‘.0’.’’ .9~” 12 2 6 . 3 1 .  ;1.’ t

7 3 0 0 ! .  4 . f l t l .
734.1 . 71

3 6 . 3 0  ‘.93 .1 .  1• ’~~ 1 .20 536 .0 1 .316 2~~7 t.. ‘‘ . 1 3 3 .
1003. 3 ti...’. . 105 . 8  10 ‘‘3 .8 •3 • 1 0 7  1.1’. ~ o ‘0 )  .2
5749.1 t’tI.1. qO 4-.-1 ~ 7 - . 2 . 3  V.. ...’ 1 . 0 0 0 0  ‘‘~~,0.
5 9 9 6 . 3  t~~. . , . ’ 6 2 1 . ’  o l I O . U  • 1• ‘ 2~~7 7 .  19 - . I
7200.’. tfl — 1.~ 7~.3. 7 T ’ 0 0 . 3  1 . 5 . 5’  9 7 .  1 1 7 1 . .

0. 1.5 1876.2 1. 0 .  11. ’ .1+- 0 .
0.  ‘S..’ 4.~~8 . 3  0. 0 .  1 6 . 0 1 0  0 .

4.5.005 .5 2 2 0 . 7 ’ .  7 . . 3 1 7  ‘ . 5 100  1 2 . 3 0 0  . 2 1 . 0 3
25.007 t.5 .+Q-9 ~~~~~~~ ~ . 3 0 0 f l  1 2 .0 0 0  I~~) . C 0
‘1. 995 — .. 7. 03~ 0 • 1315 ‘ . I 1 0 0  1.7 . 3 0 0  ‘1 • 0 0

59 7.2 . ‘.4.~~.~’1 ~~~~ C
7 4 5 . 7 1  ~~...)‘
2 5 9 1 0 .  ~~~~~~~~~~~

7 7 0 5 .  ‘ ‘ t ~~’ .

60.03 ‘.~~ ‘.2 1.0.30 1.5 . t  I ;j o . o l . j’~ :‘7o .q  7 ’) ) : .
— 100 7 .7  110 . 0 dO ~~1 11  1 .~~ 71.  .1 • 9 1.36 I~ * 11.1.

3 7 7 . .8 1 10 .,  ‘9~’4 . . d  3 7 0 . 3  V ‘. 3~ - 1 . 0 0 0 0  ‘‘ . 2 .’.
558 -0.0 13.-. .’ sIl ..’ ~i J J . J  1~ ~~. ~ 1 ~..S .  1~~~~i . 5
7 1 7 ’ . %  10 ’O . ?b.’.~ 2 3 0 . 0  1. ’. t t  9 ’ . 1 1 3 .

0. ‘6.’ 0370. ’ L .  3. I1.~~70 0.
0 .  — 6 . ’ 4 9 2 . &  3. 1. 16.300 0.

*5 .  13~ ‘5. ’ ~‘1 .~~4. 2 . -.’3 .’.I •‘~~c 1 3 f l  1 2 . 0 3 0  .‘1. 0 3
..“.JS’ OS. ’ .~~‘~

‘ 1 ~~~~~~ :.i~~~ii  1 7 . 3 0 0  0 1 1 . 3 )
30.03’ ‘7.5 . 3 0 7 0  7 .37— 3 ~.1 0 0 0  1 7 .0 0 0  7 t - . C i )

9 b ’ .-’ . ‘6 .5’  .99~- 7
264.13 ~ 1.51
27993. 1.~ 61’.
5170. 7’~~t’.
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036E 55 ~ IL3T .q O ” ,2 r IoN—8LLOCATID N ~A~~~~~~ 31 *C~ICL a 1 5

64.00 *54.3 4.’.1.’ 45.07 500.0 9.100 2390.9 27933 .
1017.5 92.1. 71.1 1003.5 70.353 1.54.35 !3032.
8 122 .4 .  1117.7 926.1. 6750.0 t’1..*0 1.0000 23.53.
596 0.1 1162.’ h36.0 6000.0 115.62 21.35. 1573.8

• 7179.2 10—1 .7 760.7 7200.0 1.3.61 —5. 1353.
0. 4.5.1 1568.3 0. 0. 11.972 0.
0. —14 .3 469.0 0. 0. 16.000 0.

4.5.152 27.1 221.15 2.4921 2.5130 12.000 4.20 .00
25.053 19.~ .9969 3.3801 5.0100 12.000 150.03
30.037 ‘o.’ 7.0000 7.9768 3.0100 12.000 218.00
10362. 4.92.5, 1.0013
283.19  6’.. ? ,
30040. 4. 9557.

56 10 . 2 3608.

68 . 3 0  4.56.0 1.’.3 4.3•55 500.0 3.13! 2399.2 22323.
975.0 30.?~ 79 . 0  572.8 13.529 1.5727 303,8.

874 3.9 172C..~ 908.8 57 ,3 .0  175.14 1.0000 231.73.
5995.7 13’).l’ 623.3 5000.0 120.09 21.03. 1325.9
7195.1 104.5.’ 74.7.7 7200.0 1.4.12 ‘.4.. 1825.

0. 44.0 1869.9 0. 3. 11.993 0.
0. — . 5  456 .5  3. 0. 16.000 0.

~0.033 5.1 222.37 2.4983 2.5)00 12.000 1.20 .00
25.018 4. 0 .999 3 5 .5957  5 . 0 0 0 0  12 . 0 0 0  15 3 . 0 0
30.020 4 . .?  7.0000 1.5946 5.0100 12.000 216.00
11003. 516.61 1.0011
302.36  50 .9’
3209’.. 51125.

9060 . 71.235.

72.00 461.0 4.5.3~ 3 .°5 500.0 9.’76 2394.2 22332.
97 5 .7  109.73 86.4 981.~ 19.52! 1.6950 50052.
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• .2 • 1 • . 234.5
• .7 • I • . 234.3

• 2 7 4 .  • 1. • 35
• 2’4 • I • 35

. .1 •

• 2 3  • .1

• 2. 3 . • 1 • 31.

• 2. 11. • .1 • 35
• ~ • •04 • .1 . 3 5
• 2 . ’ • .1 • 31.5

• 2’  • .1 • 34 , 25
• • .1 • 2 3 4 .
• • 1 • 2345

1. •

5 0 . 0 .  . 1— . • 2343
1 . •
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• • 4 . .
• - • t . •
. • 7. • 2 3 4 ,
. . •
• • I • 23..;
• 2 • .1 • 2 34 5
• 2 • .1 • 23.5
• • .1 • 231.5

60.0. — • — .1 — •
• • .1 • 23.5
• 2 • .1 • 23.5
• 2 • .1 • 234;
• • .1 • 231. 5

• .1 • 23.5
• 2 • .1 • 234~• 2 • .1. • 23.5
• 2 • .1 • 231.5
• 2 • .1 • 23L.

7 0 .0 .  .1 . 23~ 5
• 2 • .1. • 234. ;
• 2 • .1
• 2 • .1. • 23..’
• 2 • .1 • 23’.5
• 2 • .1 • 2!’ .5
• ‘ • .1 • 2345
• 2 • .1 • 2143
• 2 • .1 •
• 2 • .1 • 2345

80.0. . .1 . 23’.
• 2 • .1 • 231.3
• 2 • .1 • 231.
• - • •1. • 23 ’.~
• • .1 • 2 5 43
• 2 • .1 • 2 !4~• 2 • .1 . 234,
• 2 • .1 • 23’.3
• 2 • .1 . 23.3
• 2 • .1 . 2345

• 90 . 0 .  .1. • 234.3
• 2 • .1 • 231.5
• 2 • .1 • 23.5
• 2 • .1 • 234.2
• 2 • .1 . 231.5
. 2 • .5 . 231.5
• 2 • .1 • 234:

— . 2 • .1. • 2 343
• 2 • .1 • 2340
• 2 • .1 • 2’45103.0. . • I • 231.5
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DIGS 53 DILOT ~~~~~~~~~~~~~~~~~~~~~~~~ M~~~13E~~ENT MC2EL

CR1T10 3 r1 2 0 I T r ( ~~) .2  CFATIO (’.):3 3 9AT1(k ):1. CRA r~~)(5)=~
0C9111(5):5

0 . 00 0  1.302 2•600 3.000 ‘ . O O C  1!
0.000 2 . 0 0 3  4 . 3 0 0  6 .0 0 0  ~ .0 0 0  3~
0.000 2.503 5.030 7.500 1 0 • 0 0 0  55
0 . 0 .  1— 435 — — . • 12 ,56

• • 1 3 5 . . • 12 ,34. ,5o
• • 1 3 5 . • . 12 ,3’ ,Só
• • 1 3 5 • . . 12,34,3ó
• • 1 3 5 • • . 12,3..,Sa
• • 1 35 • 2 4 . 6  •

• • 1 35 • 2 4 . 6
• . 1 3 5 . 2 1 . 6
• • 1 3 5 .  2 + 6 •

• • 1 3 5 • 2 3 6
10.3. 3—S . 4— 6 

• • 1 35. 2 . 6
• . 1 35. 2 1 . 6
• . 1 3 5  2 3 6  •

• . 1 3 5  2 4 . 6
• . 1 3.5 2 4 . 6
• . i. 3 . 5  2 4 6  •
• . 1 3 5  2 3 6
• . 1 . 3 5 2  ‘.6  .

• . 1 . 3  2 4 . 6  •
20•0. I • — 3 — 2 — — — —1.— 6 — - — — — • 25

• • 1 3 2 5  4 6
• • .1 2 5  4 6  .23

• • .1. 2 3 5 4 6

• • • 1 2 3  5 4 . 6  •

• . . 1 2  3 4 . 5
• . • 1.2 3 4 . 5 6  •

• • . 1 3 5 • 12,3.,56
• • • 21. 3 5  .34 ,55
• . • 21. 335 .56

30.0.  — — — 2 1 — — —43 5 •

• . . 21. 3 5  . ‘.,55
• • . I 3 5 • 12 ,3.,55
• • . 1 3 5 • 12,3’.,Sô
• . • 1 3 5 • 12,3.,5b
• • • 1 3 5 • 1?,3.,5~
• • • 1 31. 56 . 1 2
• . • 1 31. 56 .12

• • • 1 31. 5 6  .12
• • . 1 34 56 . 1 2

40•0. • 14— 56 • :2
• • . I 3~~~56 . 12

• • • 1 31.56 .1 2
• • • 1 3~~~56 . 12 -•

• • • 1 34 56 . 12
• • • I 3. 56 . 12
• • • 1. 3 5 • 10, 14.56

• • • 1 3 5 • 12, 3 . .Só
• • • I 3 5 • 12,34 ,-.i~
• . • 21 1 5  . 3. ,3,

50.0. •  —2 1.   —3— 5 •
• . . 21 ‘ S •

. t .,
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• . • C a . , •
• • . 1 ‘ 5 •
• • . 1 3 5 • 12 ,3 . ,5 1
• • . 1. 3 5 • 12 - 34 ,51
• • • 1 3 5 •
• • • 1 3 5 •
• • • 1 3 5 •
• • • 1 3 5 •

oO .0 .  • 1~~ 5 • 12 ,34 ,Sc
• . • 1 5 •
• • . 1 3 5 • £2 ,3 1.,Sc

• • • • 1 3 5 • 12 ,31.,5~
• • . 1 ~ 5 •
• • • 1 3 5 • 12,3’. ,5~
• • • 1 3 5 • 12.5’,5€
• • • 1 3 5 • 12 ,34,5E
• • . 1 3 ‘ •
• . • 1 3 5 • 12 , 3 4, 5o

70 .0 .  • — — — 2 5  — — —3 5 • 3’.,,,
• • • 21 3 5 • 31 ,55
• • • 21 3 5 •
• . • 21 3 5  •3 1 .,55.
• . . 1 3 5 •
• • • 1 3 5 • 12,34 ,5ô
• . . 1 3 5 •
• • . 1 3 5 • 12 ,3. ,56
• . • I 3 5 • 12, 3* ,56
• • . 1 3 5 • 12 ,J4. ,56

30.0. 
~~ •

• . . 1 5 • 12,34,5b
• • • 1 3 5 . 12 ,3.,56
• • • 1 3 5 . 12, 3..,56
• • • I 3 5 • 12, 34 , 56
• • • 1 3 5 • 12, 34 ,56
• • . 1 3 5 • 12,34 ,56
• • • 1 3 5 • i2 , 34 , 5 e
• . . 1 3 5 • 12 ,3., 5b
• • • 1 ~ 5 •

9 0•0 .  • ~~~ . 12,3’a ,56
• • • 1 3 5 • 12 ,3,,5e
• . . 1 3 5 • 12 .34 ,56
• • . 5 3 5 • 12,3* ,5o
- • . 1 3 5 • i2,31.,56
• • . 1 3 5 • 1 2 , 3— ,5â
• . . 1 3 5 • 12, 14 ,56
• • . 1 3 ~ • 12,34,Só
• • . I 3 5 • 12,34,56
• . • 1 3 5 • 12, 3.. ,5~100 .0 .  • 3 5 . 12,3* ,56
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APPENDIX D

Force Draw-Down Listing

The first part of this appendix prints the model output every

fourth quarter . The variables are listed first and the scales are

next at E.O0. If there were changes initiated when the computer run

was made, they would be listed first; then a series of plots of the

variables across time fol l ows.

In this appendix , the entire model listing fol l ows the computer

run .
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°A GE  .5 ~I L J T  °90~~ lC~~~ O N — A L L C C A T I 3 1 ~ M A l  ~~~~~4 C N  MOOIL
•— —  ? 4~~ .. ~~~~~~

(tIANG ES ~~~ ~5~~JN  —

— 0RI5I’I1L J0~~! .;‘— I  ~~~C •CUC — .375 1  3 . 3 3 0 1  v . 6311’
~9555M T J037 L3 •51) 9° .0 0 0  5 . 5 5 0T  5 .00 0 1  ‘.2 3 3 1

O9I5tN~~L ‘oL33~ 7.1’ 2 ( . 30 0  3.~~3 0 T  1 . 3 3 7 7  ~0 3 . 0 3 G
PR6Sc~V ~OLA e 7.320 C.00J 7.0001 2.0301 1.oJO T

ORIGP~A L  DQL I4~~S ‘~~‘.0 ’ ’3T
~RE55 IT D OL aI9S T~~A .~~~ 7 T

o~ xGrNIL 9511 )~~)33 0 . 0 3 0  0 . 3 0 3  0 . 0 0 0  ) . O J C
P 955 M1 9 S t 1  1.3( 3 ( .0 0 0  _ • 3 3 — .5 0 0  — .~~ 0 3

O9 I5I~ 4L 9111 ).3 1 0.000 ...000 4.030 ..300

~R5S5~ 1 9155 3.2~~2 C . 0 0 0  4 . 30 1  ‘ . . 0 3 0  4 . 0  30
0~~IGt’~~L RS12 1 .057 0.000 0.300 0•03G 3.000

P9SSEqT ~S12 3 .2 ’ 3  C . 0 0 0  .531) . f U 0  .5 0 0
09I~~t~l 3L 9T 12  1 • 3 ] 3  0 . 0 0 0  2 3 . 3 0 0  2 0 . 0 0 0  ? J . 0 0 0

~R555 IT 9112 2 . 0 13  0 . 0 0 0  5 . 2 3 0  5 . 0 3 0  5 . 0 3 7
O9tGIMAL~~ S21 . 0’3  0 . 0 0 0  3 . 3 0 0  0 . 0 0 0  3 . 0 3 0

P3ESSM1’ ~521 2 . 0 3 0  0.000 — .333 — .500 — . 5 0 0
ORIGI’IIL RT!l~ 1. 3 3 3  0 . 0 0 0  . .C10 ~~. C 3 0  ‘ . .0 00
~R5SE’4T 9121 ‘.3’S 0•000 8.013 4.330 •.000

09161’IAL ~S!’ 3 .3 10  0 . 0 0 0  -3 .000 0.000 )•000
P9~ S~~11 ~S2! 3 . 3 2 3  0 . 0 0 0  . 5 0 0  . 5 7 0  . 5 0 0

O9TGINAL ~T2 !  1. -1’ 0 0 . 0 0 0  20.030 20.030 23 .030
°9555M1 ‘12! 1.323 0.000 5.3)0 5.000 5.000

• ORIGIMAL 9S7 1 1.)(~ 3Oq55~~ fl ~ S71 • 2 3 ~~~~ 3’
0P.I~ I’~IL 917 1 1.0 1 0
P95S8.41 ,.1’l

ORIGIMAL 9572
°9ESSMI 9S7! t3 .°~~ 1

OR!5 ’IAL ~17!
P~~55~~1Y 9172

1 32

~
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o &r ,o .~~ ~:ur ~~~~ ‘l7 1 0 N — A L L 0 C ~5 t t 3 N  ~~~~~~ 4~~pi~ M0~ E L

~~~~ NF~~D O C O 9 C 0  ~r’ W INO ) r M~~39
7 3 2 T’IMS T37?39

3 3 3 ‘ CA D tOD~~~~
I’ I. ‘. I. IOMOS-O 5170
5 ç 5 c 

~Q9~~ )~ 5 ( 7 ~WFOO S~~1~~ PA YT CR4 110 ~~.5TI A TJ 1~~3J~~5
2 . ~~~~~~ 2 2 2
3 .3 TQNG~ C 3
1. 4. ~CEFC 1. 4.
C ~ 1001 5 r 5

SCOS T 9C15 1P~~V
DCO !T 3 I-1~~

-

ICOST (3153?
UCO ST 0~~15

E — 3 3  0 — 0 0  F—2 0 — C O  0 — G O  E_ 3 3  3 — G O  0 — 2 0
0—00 0—37 0— 00 0—00 3 — 3 0  0—00 0—0)
0—0 0 F—’3~ 0 — 0 0  0 — 0 0  0 — 0 0  5 — 0 0  0 — 0 0
E _ O Ø  C~~3~ 0 — 0 0  0—0 0 ~— 3 0  0 — 3 0  0 — 0 3

• 5— 0 3  0— 0 ~ 0 — 0 0  E— 0 0  5 — 3 0  3 — 3 0  3 — 0 0
E — 0 0  0_ 3 f l  3 — 0 0  0 — 3 0  0 — 0 0  5 — 3 0  0 — 0 ’ )
0—00 5—0 0 0—00 0— 00 0—30 0—00 0— 03
5—0 0 0— 30 E — 0 3  0 — 0 0  0 — 3 0  0— 0 0  0 0 3
0 0 0  0— 13 F — C O  0 — 7 0  0 — 3 0  5— 0 0  0 0 3
5— 0 0  C _ 7 7  0 — 0 0  5— 00 0—00 0 — 0 0  0 0 3
o os s ~; 5 — 0 0
O 06 0 1’
O 06 ~
~~~~~~

0 . 0 0  ‘.37.5 1.5.’ ~ 2 . 5 C 0  5 0 0 . 0  ~ .‘5 23~~~.5 2fl.5.
9 95 •0 0  t 0~~. 7 2  ~ 2 • C ~ ~~~ .3) 1~~.~~0 0  t .~~~00 ~0 0 5 3
5150.0 1’1 •~ 03 . • j 7  ~730.0 :75.00 1.0300 ~~~~~~
6000.0 L !~,~e . )  6 2 0 . 0 0  6000. 3 120.00 402.a i~~73.b
720 0.0 101.1.3 7.~~.3O 72 3 0 . 3  1.4 . 00  0. 1~~P0 . 6

0. FJ’.7 1370.6 0. 0 • 12.000 0.
0. 3.0 s67 .~~5 0. 0 .  15 .000 0 .

.5.000 — .3 2!1.~~7 1.7500 1.7 )0 12.300 +21.50
25.300 — .5 t.00G0 3 . 3 3 0 0  7 . 3 ) 0 0  1 2.3 0 0  1 5 3 • O ’ 3
30. 000 — .3 7.0000 t~.3J00 •.0-300 12.000 215 .00

0. 0.0~ 1.0000
0.00 3.

0. 0 .
0.0 0.
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3.33 45 5.1 c ’ .’ ~~~~~~~ 5 3 3 . 3  ~~.j C  23~~2.1 223*5
394 .5? ~~~~~~ 32.7 ! .55.53 13.3~~6 t..~51C ‘7333.
$745 .2  1~~:S.: 9 0 2 . 0 9  3 7 5 0 . 3  ~~~~~~ 1 . 3 0 3 0  23..6.
599 6. ’ 1” 7.~ 6 2 2 .~~~ ~ 3 3 0 . ’)  :5~~.93 2 4 0 2 . 5  1~~’t . 3
7196.! 13~~t•7 7’.7.C7 72)0.0 5~~3• 32 1. 1~~7’.5

• 0. 41.: 15 7 1.0  3. 3. 51.993 0 .
0. .‘1 ~67.~~2 u . o . 16.300 0.

‘5. 025 .7 221.~~7 1 .2— 53 1.2530 52.30C 4 2 3 . 3 3
25.011. 3. ’ .9995 2 . 9 9 5’  3 .0322 12 .330 553 .03
30.015 1.’ 7 . 0 0 0 0  3 .9979  3 . 0 3 3 0  12.000  2 1 s . 0 0

721. 2’..” 1.0005
19 .IL. 4~~

-”.

2059. ~?63.~ 3q.5 
- 

!t15:

8.00 5202.3 ,~~i.q .’ 0.000 530.0 15~~.5! 1.’32.3 1120G .
514.32 3.t~ 0.00 22~~.36 17 .3 .5  1 .0312 23 .31 .
5151.6 25~ .0 0.00 4 3 75 •3 1’7. - i5  . 32 5 5  5 17 3 7 .
‘.012.1 27’ .5 0 .0 0  3 0 0 0 . 3  11-3. 13 1.0 ,! .5
4571. 9 ~~~~ 0.00 3530.0 135.91 — 9 e O t .  . 0 0 . 0

3,  — . 7 3 2 . ’ 23 10.8 0. 0.  15.375 0 .
0. —c 3 ’.~~’ 156.39 0. 0• 16.000 0.

36.512 —1 3’S.; !15.C1 1.61.33 1.2530 12.000 210 .01
1.3.633 —1117.1 1.30~~2 4.0121 3.0330 12.300 p3.30
23.622 —9 t.0 5.~~7~~S 5.0739 - . 3 3 3 0  12.000 103 .03
1’.36• ‘‘.~~ I.11L5
‘.6 .11 1.1313.
4919.  7 ’l’.

• 856.2 561~~.

12. 30 5154.7 .503.7 0 . 0 0 0  5 0 0 . 0  1. 7 . 5 0  6 3 4 0 . 0  1119!.
31..15 •“ 0.00 252.94 3.3~~’ 1. 72 ?!~~.5.
~166.I 3~ 0.5 E9~~.75 ~?7C .Q 11..5i •~~gd.1 15~~3~~.
2350.4 5~~~.. ‘3’..36 3000. 0 51. 15 1b~ 9.5 .~~3 . 3
34 .55 .9  ~~~~~~ 5 16 .€ 5  3 5 0 0 . 0  5 5 . 3 3  — 5 5 3 9 .  . 3 3 . 0

0. —.6°..5 2122.0 3. 3. 11.635 0 .
0. — 101 .21 117.59 1. 0. 16.300 0.

5 0. 40 7 20 ’ . 9  4 4 2 . 0 0  t .t ~~0 3  t . ’~~O 0  12 .000  2 1 3 . 0 0
26.312 j 4 9 • 1 . 9 50 2  7 .310 — .3110 17.000 7 .09
30 .9 5 5  111.? E . 2b ~~5 3.37e5 .3330 12 .030 103 .03

2131.. 4 1 . 7 0  1.0655
92.66 15233 .
9361. t?!~~S.4 1210.9 t O Qt t .
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15.33 •.,37.? •53~~.’ 0 . 0 0 0  5 0 0 . 0  137 .5 f  5 5 0 0 . !  11135 .
213 ...C S — . 33~~c 

~ 2 5 2  .7’ 5. ~? S .8.80 7 ‘55
w4. !3 . t i . ’ 4~~~~.t 9  -375.0 12 1.15 .5739 t I3 ,~~.3027 .3  3~~~.5 ‘17.58 0 0 0 0 . 3 5 3 . 73 15 5 5 . 0  7 9 4 . 3
3633.3 ~~3.t 37c .17 3630.3 35.— I —041.2. .10.0

3. —, ‘~~~~.‘ 5910.2 3. 3. 12.173 0.
0.  — .5’ 9 8 . ! 9  0.  3. 16.300 0.

4.7.371 —~~0 . S  41.6.51.  1.2 ó6 1.33-10 1 2 . 0 0 C  2 1 3 . 0 0
34 .775  — 7 ’ .’ 1 . 51 13  3 . 2 2 ’ !  3 .0330 12.00C 7 5 . 3 0
29.531. —~ 9.’ E.15!1 ..-)‘.‘ó - .0)30 5 0 . 3 0 0  I O 3 . C 3

2812 . 4 - .~- ’ .°6 2 4
135.34 30~~3 .
14151.. 1961’.
1413.? t ’.9’3.

2 0 . 3 3  .638.9 3’O .-o. ’ 0.020 50-3. 0 177 ..’ ‘.809.3 111~~9.
215.76 ~~~~~~~~ 17.00 2 17 .77 7 . 5 3 5  1.1701 2 5 5 3 1 .
83 34 .5  ~~~~~ 479. 59 -.~~7s . o  tt . .5’  .~~8 3 7  1 15 3 3 .
3016.5 ~~~~~~~ 721.57 3000.0 73•7Q 1215.7 .03.5
3605 . ! ~~~~~~ !9~~.7 6  36)0.0 94 .17 —623 1. .30.)

0.  — . 1 9 9 . 1 1753.7 3. 0. 12.077 0 .
0. — 2 . 3 5  100.E7 0. 0 .  1 6 .0 0 0  0 .

‘7 .8 3 2  —~~.7  1 .35 .55  1 . 252 8  1 .2 5 3 0  1 . 2 . 0 0 0  2 1 3 . 0 0
23.353 ~~~~~ 1.002 9  3 . 3 15 6  3 . 3 ) 0 0  1 2 . 3 0 0  7 5 . 0 3
29 .93 6 —~~.‘ 5 . 1 .61 .9  .0059  3 .0 3 1 0  12 . 3 0 0  1 3 3 . 0 0
3465. 7 t.~~ .9175
175 .35 ?513 .
19500 . 2’55~ .
1546. 9 18”~~.

24.13 4398.5 ~~~~ 0.500 530.3 113 .1? ‘.314.5 1135 .
213.5’ 53.5- 1(3.71 2 1 2 . 7 ~ . 5 ’5  1 .375 ’  3 . 2 5 .
439 7.5 9’~h ’  ~7..59 1.~~7 5 . 3  119 .7 ?  .1801 5 15 3 ! .
300 1 .?  T 7 t .~ 3 2 8 .05  3 0 0 0 . 0  P 3 . t ~ 12 5 0 . 1  . 0 3 . 5
35~~7• ’ r4 •4 !89.0~ 3630.0 90.3? —5 117. .00.0

0. —3 I~~~.3 5669.1 C. 3. 12.019 3.
0. _~~5 5  100.1? 0.  3 .  1 6 . 00 0  — .

7 . 9 1 8  ‘ . ‘86 .3 9  5.25 21 t . 2 5 3 0  12 .000 7 5 3 . 0 3
?~~.995 — 5 . 5  1.0015 3 .0 0 1 ?  7.3100 12.000 75 .00
2 9 . 139 — .~~ 5 . 16(1 — . 00 12  ~ . 3 ) 0 0  1 . 2 . 3 2 3  ~73.004.~ 9C. 3 ’.3’  .9123

H 2 13.62  707 . 5~
22551. ~~~~~~• 1651.5 21.1’S.
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APPENDIX E

Large Force Equilibri um Listing

The first part of this appendix prints the model output every

fourth quarter . The variables are listed first and the scales are

next at E.OO . If there were changes initiated when the computer run
a

was made, they would be listed first; then a series of plots of the

variables across time follows .
• In this appendix , the entire model listing follows the computer

run.

_ _ _  J



~~~
—-

~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~
-‘

~~~
--— - - .;;-

~
- - ,

~~~
--——-. -

~~~~
‘ - -

~~~~~~~
—-—~~~

- - 
~~
-_- -

~~~~~~
-

OA ~~ 1 1~ °‘L31 ‘°1” 1OP~-.~L L QC A T ! 7 3~4 M.~~~53I ’ l C’ .i MO’)E~

~~~~~~ ~~ - s i - . - ”  —

CMA’417,5c F3~ ~~
‘
~~~IN —

£ O9r0!~lA L LI~~~T’4 t 1 J . 3 ” O
PPSSE’IT L 5 I ~~t~4 1C ’ ’ 3 5’ 3

OR!GIN~~L, 3031 “.-35~’1’ o’.C.353 •.‘7;1 3.0001 3.530!‘RESS qT joe: • “ -
~.

-‘ 5 1  99 1 .30’ ~~~~~~~~~~~~ 6.3001 ~. 2 0 0 TOPIGINIL ~ - 5 L A 3 F  ~.3 ’3  C . i’~) J  3 . 5 3~~~ i .030 - r  ; o s . o o o
~95S~~ 4T ‘L 3 C’ 3 . 1 ’ ’  7.203 

~~. ~GJ ~ 2 . 3 3 0 3  1. 1 00 1- - O9IGt’~lL ~~~~~~~
°PE51’4T °OL9Pc ~~~~~~~~

153

- - 

_~~~±~~ ~
-
~~~~~~~~~~~

-‘-
~~~~-. 



— 

~‘T ‘

~~~~~ 

- 

~~~~~

‘ - ‘ ‘ ‘  “

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

- — —

OA G S 1~ ‘1351 ~~~~~~~~~~~~~~~~~~~~~~ ‘. 1~~~ 5 4 5’4 ~ 0!’SL 1”

J3 P T~~’i’~ ‘.EC’D 3 C ’j ç~7~ tr” ~~~~~~ )t’~ ’3R
2 ‘ 2 3 ‘ 1° N5 r2 r~~3R

3 CAP r))C’IR
4 .. . .. ‘ T0’ ISEO S t’ !
I C’ 5 r FOPCE )5t ”I

~4 C ’ 3~~ “C”33 DA YS C~~5TtQ J3~,57 A TJ I4 )J~~S7 ‘ FRIC 3 ‘ ? 2
7 ‘C TQ NGC’C 3 ‘ 3 3
4 4 4

C’ TOl L 5 5 5 5
SC O S T Dc 15~ TR A y

TCOcT ‘0 0”3’’
UCOST ‘)(‘)S

1 — 0 0  C’ , .Q O C’~~Q~ 0 — C O  1 — C O  5 — 3 ’  5 — 0 0  ~ — 0  3
1—00  1— 10 1—10 5 — 0 0  C ’ 3 7  C ’ — C 0  5 — 0 0
5 — 0 0  C’~~0 ’  5 — C O  E ” - J 5 1— J O  C ’ 3 0  0 — 3 3
5—00 5—3 5 0— 00 5—t ~G 5 — 0 0  5 — 0 0  5 - 0 0
5— ac ~~~~~~ 5—CO 5— C O  ~— 00 ~— 00 0—00
5—00 ~~~~~~ 5— 50 5— 00 5—3 0 5—00 5-00
5—0 0 ~~~~~~ 5—C O 5—0 3 5—00 1—00 0 — 0 0
E—0 ’O 0— ’’ 5 — 0 3  1—0 0 5— 3 0 5—00 7 03
5—00 1—30 5—00 5— 00 5—30 1— 3 0  03
5 — 0 0  5 — 0 - ?  5 — 0 0  5 — 5 0  5 — 0 0  5 — 0 5  1 7 3
S OS C’ ‘~ 5 — C C
S O S  ~‘

1 0 5  I ii’
S O S I —

0.33 ‘.37.50 .5.’~~ 52.5 0 i3).C0 ~3 5 3 0  2315.5 ?!3, .
9 95 . 0 0  ~~~~~~~ 5 2 . 0 1 7  ~~ 5 . C O  1’ . l O ’  1.5000 ~0)5!.
0750.0 17t .1 QC,.~~7 0733.0 L~~5.00 ~.3000 ‘“4.5.
5000.0 t”F.. 520.50 o300.0 123.30 2412.0 I~~’3.F
7 2 0 0 . 0  53 .135  7 ’. . .CO ~~ 3 0 . 3  lE. ...10 0.3300 1353 .6

3. S 7 • ~~~’ 5 1 7 0 . 6  7. 3 .  1 2 . 3 3 3  C .
0 .  0 .3 ’  ‘67.~~5 0. 0 .  1 6 . 3 0 0  0 .

48.000 — .‘)7 221.07 1 . 2 5 3 3  5 . 7 3 0 0  12.000 .50.00
2 5 .0 0 0  — . 3 0 0 ~ 1 . 0 0 3 0  3 . 3 0 - 3 0  3.0)00 52 .000 150. 33
30.000 —35107 7 .0020 ,.0000 •.0)OO 12.030 ~13.O0

3. 335’  1.0000
0.00 0.30

~~. ) • 1~
3. 3.

154

- -- -—-

~~ 

_ _______—

~~~~

- --

~~~ 

- A4



- - - ~~---- - - _ ,• - 
- — --

~ 
- —-----—•-

~
-- 

--.--~_-__
~~~~,—.~~~~~

—._.-.-
~~~.----- - - —---------- —- - - -

5•  ‘3l ’ ’l~~~~’ . J ’~~ .~L 1 7 C ! 3 N  ‘~~~~~~~‘~ C’~~J M~~ )~~~

‘• •~~~~‘ ~~~~~~~~~~ ,‘.‘‘ — o . ~-- S ; o o .  ~ ~ .1) ’3 ~? 3 . 1  2 ? ~~35
5 ’ 3 5 ’ !  i ’ ’ . ’ 1 , 3 5~~6 ( . 5 - ~- 5 3  2 0 3 5 ? .

~ 7 .5 . .’ ~~~~~ ~~J~’ . C - . ~ ‘ - 0 . 3  ~~~~~~~~~~~~ 5 . 0 3 2 0  ~~!~~~•;~~

S~~9~~. ’ t ’~~’.’ 5’ • , C  
~ 3~~C • 3  •s).;3 3352.5 1 1 5 1. 3

‘ 1 ? — . ’ 17 - 1 . 5  . 7 . f5  ‘ ‘ 3 3 . 3  535.33 •~~S51 11 ’’ .O
.1 - ~~~ 5•~’ 5 . 3  • 3 .  1j. -~-’’ 0.

0 .  ~~~~~~~~~~ — 6 7 5 3 . 3 .  t b . 3 0 0  0 .
• • c ’ -  :ss.’’ 5. ’4-~!~~~ .7 ’C 1 3 . 3 3 0  . 7 3 . 0 0

7 5 . 3 5 4  ‘ . ‘“‘  ~~~~~~ ~~~~~~~ ~ . 0 1 ) ?  57 .330 153 .00
33.3 5). 3.71~~ 7 . C 0 0 0 3. ..9’~ ..031Ü 1 2 . 30 0  !t,. ’ O

~~35 * ~~~

1~ .14 4 .;~~
70c . ‘ . ‘

L3~~ 7 011 .

8 . 3 ]  .55.05 • - 3 5~ •...~~~7 5 3 3 . 0 3  ;.1I ’” 2 3~ 1.9 3 ’ 3 . S .
995.50 . ‘‘— 35 ‘‘ .4’ 6 :13.~~1 1~~. 3 0 °  1.1804 ‘0152 .
87’.5.5 L ’s.’ 0 3 7 . 7 2  ~ 7 ’ J  .3 F’..~~t 1 . 2 3 3 0  73.35-.
5~~9 . O  I ‘s’. • 523.’ 5 1~3 3.3 55 ~~. 3! 2.33.o 17’ 3. 0
7516.3 5-1,1. 7 9 € . C9 5 7 ) 3 . 3  1.”.’2 1.721 3 11’7.3

0 . •4.11 1~~71.1 7. 3. 11.994 C.
2. 405.5 ’- —b 7. °~ 7. 3. 16.000 2.

4 0 . 3 2 4  — .• ‘c• 735 .’8 5.2~~~4 1 . 7 1 0  12.300 •‘3.00
75. 3 5 7  7 . ~1 .9955 7.9905 ~~. 3 1 3  52 .300 5 )~ 0 3
30 .015 “ .~~~~~~~ ‘ ~ .J01 0 ‘ . ) 9 o 0  • .3 -)7~ 12.300 718.30
544T. -• 3 3 5 ’ ’ .~~5 9
~~ . 2 0  ~~.‘‘
4113. ~~~~~~~

5’3 C 0 7~~

12 .3-3 455350 ~~~~~~~~~ 4..~~ 5 5~~ ~ 3?. CO ‘. 11~~ 2 3 5 2 . 0  7’~~.5 .
1~~5..t t~~~.” ~~~~~~ -~~5. 5’ s1.3)~ s.~~, O 2  7 0 3 5 2 .

~~~4~~~• t o , .- 9 3 7 . 1 :  ~ .3 5 ’.. ’t s.C 300 ?“ ‘.. 5 .
5~ 4535 j~~~~~’35 &~~~ .- 9  ~ 3 3 3 . D  1t)35~ 3.03.7 1375 .5
7196.3 5 1 4) .  45.-~-8 73)3.0 s-!.32 .5899 15’t .a

3. •.35j 1825 .5 0. 1 . 11.15’. 0.
7 .  7 5 ” .’- . 5 7 . 0 0  0 .  ‘ . 16 . 3 70  0 .

‘ . 3. 3 ’ S  ~~~~~~ 331.~~° ~~• ‘ c J f l  5 .000 .23.20
2 5 . 3 1 ”  ~~~~~ .9Q~~5 735~~~5 ~~. -0)30 5 .J00 553.00

0 . 0 5 5  3. A ’~~~’ . 3 0 2 0 !. -~~~cO ~ . O ) 0 C  5 2 . 3 0 0  715 .30
315.. ‘‘.‘~~ 5 . 3 7 7 2
5-. .*t  1— .’’
5 15” . ~~~~~~~

13 51. ‘‘.~~ ? .

1 55

~

- -

~

—-— -

~

——- - ~-- - -  
.—--- --



-
~~~ 

— - -

~~

-.——— -

~~

-——— ‘--- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
:--.—

~~~
—- 

~~~~~~~~ 
~~~~~~~~~~ ‘~~~ ‘‘ ,_-~~~,- _ _ ‘ _ _ ,

~~~~_~~~~ ‘_ _ ‘
_ _

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

19 ~~~L D T  ~~~~~~‘l~~~ :o N— ~~L 1 2c : ” 5 :~ . ~3~~ 1 0 0 4 0 k 35 402EL

55.30 4 5 6 . 3 0  4” .~~~’ ~~~•~~;q H33. 70 .15’9 7’1 .5 321.5.
q-35.53 5l.~.c ,  7 7 . 3 5 7 ?3’ .35 .135-37 5 .5972 773 53 .
3 74 5 3 5  1’.~’,.— ~~~~~~~~~~~~~ ~~~~~~~ 5 P L . 3 5  5 . 2 3 3 0  33.35.
3995. 47 1 ~~~~‘. 5 2 2 . .. 2 o J  3 0  .3 5 5 3 .  3L 2403.. 1371. 5
‘196. 4 0 ” 6 0 . ’ ‘4t. c C  ~ 2 0 1 . 3  535.’! .2 3 ’.9 5 3 5 5 . ’ .

0. • 5 7 2 5  • 2 3. 3 - 51.99’ C
3,  ‘ .-1 ,.1 ‘.57357  - 3 .  0 .  5 6 . 0 0 0

48 .  334 4. ‘1’’. 7 2 s  .~~9 1. 4 1 I • 7 5 0 ’)  1 2 . 3 0 0  . 2 )  • 00
75.017 ?.1’~’” • 0905  Z . -~985 3.33)3 52 .100 533 .30
30.015 3. .: 7 . 0 5 0 0  3 . 9 9 : 0  - .0)30 1 7 . 0 0 0  2 1 5 . 3 0
2585. ~~~. ‘o 1.3070
75.55 1335’
5230 . ~~~~~
1753. 5 2 7 3 5 .

2 0 . 3 3  ‘56.30 • 7 3 5 3  4 1 •~~~~C 7  
~30. 30 ‘.1700 2152.1 353.5.

9 9 5 .3 3  1) ~ ’35-~ 5 2 .~~~ 7 51,. — !  13. ’13 5 .~~ 3 0 4  ‘ 1) 5 3 .
8745.5 17 15.• 007.E~ ~730.O 5’4.11 .7000 7)4.5.
5917.1 1 36735 522 .75 5300.0 :1535’ 2423.2 1 7 7 1 . 0
7116.5 13-35 35 7. 6 . 0 2  2230 .3 1 3 3. 1 !  .2289 5 5 7 5 . ’ .

0. 4’.3~ 5 3 7 5 . 2  ‘3. 1. 11.99. C .
3 .  . 0 0 .0 .  ‘.o7.?’6 3. 3. 56.300 0 .

4 8 . 0 2 3  4. ” t 4~ 2 2 1 . f S  1.2 ’. - ;’. 1 .3 10 5 2 . 0 0 0  4 2 3 . 0 0
2 5 . 3 5 7  2 . 3 3 ~~ .59c5  2351~~6 3 . 2 ) 3 ?  5 2 . 3 0 2  3 0 . 3 3
30.014 .—53’ 7.00 50 l .99~~1 ..3330 17.3-30 2 1 5 . 0 ?
36Th. 13 535’- 1.0 -3 6 0
95.51 5’.”’
10257. 5 6 . ’’
2193. t - 5~~’~’.

24 . 3 0  ~ 5 5 . 30  335’!  . .3 • 9C ’  50 3 .0 0 ‘.113° 2312.1 721,6.
995 .5 1 t ’0 3 5’  e 7 . 4~~1 ~ 15 . 5 ?  :‘. 3 0 2  5 . 0 00 ’ .  ~13 3 3 .
3 74 5 • 5  ~~~~~~~ 907.’a 3’,0.3 5 ’..91. 1 .0030 ?‘-..S.
59 97 .5  5 ” ~.’. ’ F 2 2 3 5 ’l. E 3 0 0 . 3  1 : 3 . ’’ 2.33.2 t 3- ’5.2
7 196.5 50 ’. ) . ’ 7~~S . E 1  7 7 0 0 . 0  5 .3 .1’  .4 02 5  s 7 7 5 . 6

3. . 3.9 9 ’  15 7 5 .2  C. 0 .  15.194 0 .
0. ~~~~~~ ‘.67 .~~i 0 .  0 .  16.300 0 .

43.023 4•531~ 2 3 1 3 59  135’. -~’. 535300 12.000 351 .30
2 5 .0 1 2  ‘ . 7w .59~~S 2 .19 86  3 . 7 1 ) 0  : 3 . 0 3 0  1 2 0 . 0 3
30.014 I ..3 ~~.C 0C0 3.9971 . . 0 0 3 0  5 2 . 0 0 0  7 1 3 . 3 0

4325 . I ’.C’ . I ’  1 . 0 0 0 0
1 14 .5 2  0~~1
12345 . 11 .5?

26 33 . 51355’.

156 

-~~~~~~~~~~ - - - -c, 



_ _ _ _ _ _ _ _ _ _  ~.— - , —-- - -—- --~~
‘

D .5 ’~~ ‘ ‘ 3  P?L3~ ~~~~~~~~~~~~ —C. L L ’ ~’ 3 5 3 ’ 1  ‘l1’l ’ -1 ’~”) ’ M0”5 L 4-:

‘ 0  . - -  • 3 0  . • ‘‘ 
- 

~
. 

~ • ‘3 ’ — ~ 5 -  • I’’ • II) ~ 2 ‘‘2 • 3 ‘ 2 3  • S
~ 3 I ‘‘ • ‘ .‘.~ 3 ~ 3. 1 • 3 3 1  1 .18 3~. 5 1  ) 51 .
~~~~-.‘.-‘ t ’ I .  C 1 ’~ - . 3 . 3  t -’’.351 535)00 ‘‘.-.S.
A 5 5 ~~~ ‘. ‘ 7 3 .  -J 3 3  .3 15 L 3’. 3’.3 7 .3 1 • 31 -

‘~~~ 3 .-..6 f l , ) .  ~~~~ ‘ ‘iG. 1 s . 1 .9~ • , 5 5 5  ( ‘ 5 . 2
-) • ‘ .7  • 1- ) - - 1 ~ 7 1 .,? 0 .  1. 11.9°’. 0 -

~ ‘~~7 .~~ ’ l.5’~~ ,. 3 C.  ‘1. I b . 0 0 0  0.
4 3 . 0 7 1  .. ‘Of i  ‘ ‘ 5 . ’ ~ 5 . ’ -.,. 1. ‘5 10  5 7 . 0 3 0  3 5 7 . 3 0

- ‘5.3.7 ‘ .‘l f l  ~~~ 3. 4~~ —~ ‘. 2 1 - 1 0 52.)00 S i J . 3 0
7 0 . 1 5 5  ‘ - . ~~~

‘ ‘. 7 0 0 3  ~~. 4 4 $ 5  .35)500 17.000 755 .30
2 ’ . ? .  t ’ 0 . ’’ 1 .335 0

13” .?6 ‘‘ .‘~~
1 . - .) ’ . ‘ . 7

3 3 7 9 . I S” ’’.

3 7 . 3 1  4 33 .5 0  • • — 7 . 3c 
~ 30.00 3. 113’3 2352.0 2’ 3 • A

9 3 5 . 5 3  1 5 ’ . .7- 0 7 . . - 5 , 1 355 5 ) • ’” 1 .303’ 2 0 3 3 ’ .
d~~4c .8 f i t S . . ° 2 7. ’ 1  ~~‘5 - ) . 0  17 4 . ’l 5 . 3 3 0 0  ‘ ‘4.5.
539 .1 1 ~~ ‘ ‘.‘ s 51 .  ‘s ~ 13 0 . 0  55  -~ ~ 6 2 .0  • 3 1~ 

• I •

71q6. c t ) ’+ l .  741 35L. ‘‘ - 1 0 . 0  5 4” .3 ’  .“ 96 9  1 ’’t . 6
3 .  , ‘.7’’ 1071 .2 1. 0. 11.394 0.
C .  ‘ “ .‘~~ ‘â S.-’-2 3 . 0 .  16.000 0.

‘.8. 37~ • . ‘.l ‘3t.t ~ 1.7 39 ’ .  1 3 5 ’ O O  15 .300 35-1 .00
75.35’ ‘.°l’ .‘-‘“‘-5’ ‘.3335 ‘35)10 17.300 5 5 0 . 0 0
30. 01~ ‘.-.i’’ .0 ’ ) 5 ’ 0 ‘. 4 9 ’ S  ~~. 1) 10  5 7 . 0 - 3 0 7 1 5 . 0 0

5 7 • 1 .  1” -.35’ 1.3303
5 5 7 . 3 0  1’ . , ’

5545 1. 7” . 1
1I55~~ I8~~IS.

O S . ) ’ )  .c , . o o  • “ . 3 ”  ..7 .q’-- 3 ,31. CC :. ~~~~ 31~~~.I ‘ ‘‘ .3 .
93~~.I 4  0 5 3 5’  8 7 . . 2  ~-~~ . “ 1 5 0 • 1 3~~ 1.8 5 0 1  ~3 4 J ! .
0 T. ” .S f i f i’ . 30..# 0 ‘iJ. ’ I’L. .3 1 1.C ]O 0 7’’.., .
5 4 35.1 5 ‘‘~~‘.‘ “ 7 , 7 • ‘~~- “ J - ’ O . O  113 .3 ’ .  2 4 2 3 . 2  1 9 7 5 . 7
7 5- 1 —~~ G 1 3 - 3 535 ~s ’ . c ’’ 5’17 .2 1 , 0 .31 35)75 57’t.6

2~~ 4~~~~~3~~
- 1 7 1 . 2  7. 1. 11. -3 ’34 0.

0. ~‘S. ’ ‘b .i’ 0 -3. 0 .  16.300 0 .
6 5 . 3 7 3  4 . ””’ ~~~~~~~ :. 7 4 - ’. 535 0 - 0 3 12.100 •‘0.00
7 5 . 3 1 3  ‘ . ‘‘1~~ .9 c 5 

~
‘ • 3 3.36 ‘. 0100 52 .300 15-3 • 3 3

10. 01g . 1• ~~~~~‘ ‘ 7 • 00 ‘0  7 . 4 5 0 1  • - 3)30 12.300 ~~~S . 3 3

~,‘.‘3j . ‘ 5 0 .’. 1 . 0 0 0 0
t 7 2 . 7~ I35~~~ ( 1

5 5 9 1 5 .  ‘‘..‘

33~~7 .  , 3 .f i .

157 

-~~ - --— — __‘__,,.___t~~~_



~ -“- —-~ --— -‘ - -~ --—-- ---  - -~~~~ --~~

P %G0 St 0E5,3~ 
D
~~7 I3~~~~3 N - A 4 L O C ~~r I 3 N  MIII ~~1!’4 T 1O7~~L

40.73 ‘.56.79 . ‘ • ‘1 ~. 135’- 7 ‘ 0 3 . 0 0  ; • t’’ c ‘33’ • j -
- ) ‘ 3 C . ’  ~‘4.2 ~7.’.~~9 3 5 3 3 5 1  : 4 . 3 1 7  1 .0 3 ) ’ .  ‘ 3335
874 5 . 0 5’5 5 •~ ‘3 3 7 3 5 9  1,50. 3 1’4.3I 5.60 00 374,5
cqq .t I ‘1.2. ’ 5 7 2 . 3 ”  5 0 3 0 . 0  1 5 1.3 ’  2 4 3 3 . 7  1 3 7 5 . 2
7156.~ 1 1 — 1 3 5  2..I1~~P 2  7 2 - 3 0 . 3 1.1.1’ .338 3 1 5 7 5 . 6

3~ ‘.1~~~33 1 0 7 1.2  3. 3 .  11.59’ 0 .
0 .  15~~.0~ •57 .4 ’ 0 3 .  7 .  16.030 1 .

45 3 7 7  •. ‘t0~ 7 ’ : . €°  5 .2 ’.’-’. 1.2500 17.000 .7-1.00
25.313 7353’: .‘39~~ 7.5935 ~~~~~~~~~~ 1 2 . 0 0 0  1 5- 3 . 0 0
30 .0 1 4 3.—S .’ 1.0050 3.9135 , . 3 ) O f l  12 . 0 2 0  2 1 , . 0 0
7213. 3t.T .3 1. 0 0 0 0

1 9t 3 5 7  ‘ .6 .70
30573. ‘‘35’

4 3 9 7 .  7 - 3 .355.

4-. . 3 0  456.0 0 , ‘ .‘‘‘ ‘ . 7 • 9 C 7  510 .00 0.559° 7 . 3°2 . 1  ‘ )~~5 •
995 .5 1  10’35’  02 . 65 1 4 9 5 . 3 2  5 1 . 3 4 7 2  1 . 55 0 ’ .  10 - 1 5 3 .
57 .5 .5  t’ 15. . 9 3 7 . 5 9  0 1 5 0 . 0  1 - ’ ”351  1 . 0 ) 3 0  ?!‘. .5 .
599 7.1 i. 157. 672.75 5330.0 tt’ .34 7473.2 53 1.3
7196.5 12’135  7 4 5 . 5 3  7 3 7 0 . 0  1, ’.~~~) . 3 6 0 6  ( 3 7 5 . 6

0 .  4 3 .3 ” ’  1871.7 0. 0. 11.994 0
- ; a. T~~~~• 4 -  4 6 7 . 0 1  C .  3 .  16 . 30 0  0 .

3 8 . 3 2 3  3 .7 ,’~ 3 2 t .~~9 1.7434 1.2530 57.000 •?3.7 0
7 5 .0 12  7 . 9 5 6 -  ~~~~~ ‘.-39’6 ‘.13)0 :7.300 151.00
30. 05 ’ .  3 .1 .S~-. ’ 7 . 0 0 0 0  3. 1-385 •.0310 12.000 513 .00

793 4 .  ! S ’ 3 53  1 . 0 0 0 0
2 1 3 . 2 0  ~~~~~~
22 8 3) . “c .’’48 37.  ‘13’~~.

4 8 . 0 0  ‘ . 3 5 .04 ’  • 7 .’37 ‘. 1 .9 G 7  5 0 1 . 0 0  ‘. t t~~~ 7 7 5 7 . 5  7 3 ~~ 5.
995• 5 1 ’~.’’ 5 2 •’ .g 9  1 3- , . 5 1  5 1 . 3 3 1  5 . 0 3 3 —  5 0 0 3 ! .
8745.5 1’1S.- 9 0 7 3 5 9  9 2 , 0 . 0  ) ‘ ‘.. 3 3  1 .0 0 0 0  73. . 5 .
5 9 97 . 1  ( “ 6 ’ . ’ b 2 2 . Y 5  6 0 0 0 . 0  5 5 - 3 . 3’. 3 6 0 3 . 7  5 3 ’ t . 3
7195.5 1341. ’ 745.52 ‘200.3 5 4 1 • 3 1  3 57 3 $  1 3 7 1 . 6

1. 3 3 . 3 3  5 0 7 1 . 7  0. 3.  11.394 0 .
0.  7 0 7 .” ’  ‘.6 73 5 1  0. 0 .  16 . 0 3 0  0 .

5. 171 4 . 7 5 4  • ‘‘1.59 1 .‘~~ I • 7 0 0  1 7 . 3 0 0  ‘.71.  0 0
25.117  •31’ • 99C 5  2 .  3 -31 6  ‘. 3 9 0 0  5 3 . 10 0  1 2 1 . 0 0
3 0 . 0 1 4  3 . 46-’’ ‘. 0 0 1 0  1. .4081 ~~. - 3 3 0 0  1 3.3 0 0  7 1 3 . 0 - 0

555 • 7° ’ . ’’ 1.0002
7 7 9 .64  cç • .~.
2 4 6 8! .  ‘0 k ”

— 37’? . ‘

158



‘17,F 72 ? L31 ‘ “I ~~~ T C ~, — A L 1 c ’ C . 5 ’ t 3 M  ‘.5 .1~~~~ 4~~~~’ ‘. 2i~~ 4 4 ? ’

5 7 . 3 1  ‘.~~6 . 2 4 ’  ‘ ‘ . ‘~~~‘ 4 T •~~ c 7  5 ) 1 . 7 1 )  ‘. I t ~~° 2 ’ ’7 . 1  ‘‘ .5~~
994 .15 5 1  ‘ . ‘ ‘ 7 2 .  • ‘ — - . ~~~~:‘35 ’ s • 0 ‘ ‘ 2 5
8 7. 5 . 0  t ’ tS. S17. ~ ~‘~~3 . 2  1 ’ .35: 1 .3 3 ’ ’ ’’ ..

5 ‘~~~
‘ . 5 2 7 . ’’ 5 1 3 3 • ’ 5 0 . ~~L 2 — -  ‘ . 2  1~~.’:

7595 , . 5  5 0 4 3~~’ 73.- .~~7 ’ ’ ) Q . . 3  ‘3 ’ . ’’ ~~~~~~~~~ L ’2 1 . 6
3. • ‘.3’3 ’  1771.2 7. 5. 11.7 ’,’. ‘ 7 .
3. 7 ’ l . ”’ — 67 . 3 1 0. 15.300 0.

4 3 . 03 !  ~ ‘5fl 7 3 5 . ,0  .‘‘~~‘. ( . - ‘‘ 0 1 3 . 2 3 0  . 2 - 3 . 0 3
5 . 0 1 7  ‘.911 ’ ~~~~~~ 2 . i 3~~6 ‘.0 3-7 0 t’3500 153.30
30. 0th 7.—5 ’~ ‘. 10 7 0  ‘ .4 9 3 1  - . 0 ’ - ) ’ 17.300 5 ’ . O O
9 1’7 . 15 A ~~’ 1.0000

7 1 9 . 7 5  S 1 3 5 1
25731.. 4’..

57 15. 2 ” ’ ) ’ .

56.0 0 ‘cs.30 4~~35~~’ ‘.~‘.9’7 350 .10 4.113g 2)33.1 7’’35.
995.1’.  17~ - . ’’ !‘.‘~~7 .1c~~~~7 :1 .3 53  1 . o 8 0 4  0 0 7 0 ’ .
374 5.5 .7(6.. 9 0 7 . ’’3  ~-‘30.) 176 .’1 5 .0000 7’4.E.
5317. 1 t ’6 ’ . 2  6 3 2 .3 5  1 0 ) 0 . 3  11335’ 7 . 3 0 . 2  t 5 ’ t . 2
‘196.5 13..1. ’ 7’.~~ . i 7  ‘ 2 3 ) . )  1.l . 3~~ •!~~ b~ I. ’’ S . ô

0. • ‘.3~~’ 1 9 7 1. . ’ 3 .  0 .  11.304 3 .

3 0. % 0 ~~ .3 467.5 1 0. 0. 15.000 C.
4 8 . 0 7 3  4. ‘1135 22 5.59 I • ‘ 4  1 . 2 7 0 5  13.000 • ‘ 0 . 0 0
2C . 0 5 7  ‘.33’5 .99’ 5 7.99~~ 7.3300 13 .300 1 3 2 .2 3
30.01’. 3...6~~’ ‘.0070 0.-’981 4.0100 12.000 ‘55.00
5009!. ‘4-’ . ’ 1.0000
2~~7.31 ~~~~~~~
2 8 3 0 7 .  4~~.’’
5t~~~. 7 4 5 .0 .

~ 3 .J-7 ‘.5~,.0fl •3 .73’ ‘.3•9C7 353.60 ~.tt3 9 7 T 0 7 • 5  ‘ ‘ 7* 1.
995.1’. t~~6 .7  8 2 . L. ” 8  ~~4 5 r 3  1’ . 3 0 ’  1 . 8 804  ‘ ‘ ‘35 .
5765 , 5  1’IS. Q 0 7 . r q : 7 ~~3 . J  5 7 - . . . 3 5  5 . 0 ) 0 0  3 7 .3 5 .
5357.5 t’6’35 - 6 3 2 . 7 5  L , 3 0 ’ . 3  15-1 .14  3 .71 .2 t ’ ’ L . 2
7596.5 1’.). ’ ‘46352 703.3 : 47 3 5 1  .‘566 15 , 1.6

3,  4’ .935 1351.3  7. 0 .  11.994 0 .
0. 3A 9.9’ 4 6 7 3 5 0  5 .  3. 16.000 0.

‘.8.021 ‘..‘t7’ 275.59 1.1. ’-, 5.7350 52.900 . 7 3 . 0 0
25. 017 2. 03~~’ .9 2.99’S ‘.3100 13.300 5’-). 3 3
I Q . 0 5 4  ~ • ,5~~: 7 .0020 7. -~’3.’1 .35)00 12 .030 715 .30
1)311. 354 .3’ 1.0 000
2 3 7 . O ~ 

•1.1’
30351 .  4° .’’

6595 .  7c’.~~5~

159

- - - . —



~~ G~
’ ‘1 P 7 4 7 7  ~ 7 1  6 ’ — 3LL-3 C 0~~i 1’, ~~~ ‘1:;~~

64.33 45~~.10 .‘.‘‘‘ ~ ‘35-’7 -33 .3 0 3 .15 ’” 2’’’.l ‘‘3,:.

~9 .( 4  1 7 6 . ’’ 3. ” ’ 1  -~ ;.s’ ) 3 .7 7  I.5~~04 ‘‘157.
57 1.5.3 ( ‘ 1 , . —  ~ 3 7 .’ -, ,, ‘ 3 . )  ~ ‘— 3 5 1  5 . 2 3 0 7  ‘ 3 - . . 5- .
599’ . 1 1’ ~~~~. ~ 7 •  7~ ‘ 3 ) 0 . 1 1’~ 3 . ‘‘. 2353.2 1 ‘‘5 • 3
7 196 .5  1’ * 335 7.~ • 7 7 7 ) 0  .3  5 ‘. • ‘632  1 ‘ - ‘ 5 • 6

3. 4’.11 1’’t.3 3. 3. 11.3’4
0. 1~ ~ 35.  ‘.57 . 5 1  0 .  3 .  16.305 0.

.3 . 0 23  4 3 5 ’ S ’ ’  ?7:.’-q :~~~~~~~‘. t . ’350 1 7 . 3 : 5 0 . 7 - 3 . 0 0
25.017 ‘.030’ • -, Q’- c ‘ . 4  ‘35’)0 12 . 3 ) 0  :5)357
3 0 . 0 1 4  ‘.—5;’ ~ .00 C0 5~~ -4~~~~j  ‘.0 )11 17.300 715. 00
51540. 159.’’ 1.00 12
336 . 19  • -. .0 ’
32915. ‘.‘~~

73 03~

63.30 4~ 6.fl0 4~~353’ 4’.9’’ 351. -3 d  ~ .tt3 ° 2232 .1 771.5 - .
991.:’. 504 . 7)  ~ 7~~’.C3 3 3 7 F 3  2 3 . 4 3 1  t.7~~0~ 7333 3.
37 4 5 • 4 .7 5 ’,. . 9 0 7 . 9  5 7 7 0 . - )  I ? ~~ .3 5  1 . 0 0 0 0  ‘ . . 5 .
~9l’. I  3~~~ ’.7 6 2 2 . ’~ : 0 ’ O . O  1 5 3 . 3’. 2 . 5 0 . 3  (‘‘1.7
7595o. S 5 0 4 ) 3 5  7 1.e. f 2  7 , 3 0 . 1  ~ . .9 , 3 1  .‘616 5575 .5

3 .  ‘.-335 1875 .7 3. 0. 15.394 0.
0. 38’35’ 4 6 7 . 1 1  1. 1. 1 6. 0 0 0  5’ .

~8.023 4351’— 271. 5’3 t . ’ L ~~~, 1. ’350 13 .330 3 ’l . O O
25. 01.’ ‘.~~34’ .Q ’~~~ 2. ~-‘oo 2.12 - 3 0 17.300 1 2 3 . 3 0
30.01’. ‘.34’l ‘.0050 3 . 3 Q ~~1 ~ . ) - ) 0 3  1 2 . 3 0 0  11~~. 3 0
53755 . 4.735’ 1. C O C O
3 2 5 . 3 7  ‘“ .“ ‘

34 9 73 ,
74’S. 7 5 7l ~~ .

7 2 .0 0  56.30 •‘.‘1’ 4 t • Q C 7  3 ) 7 . 7 5 ~ - : .t 1 4”  ‘‘3 ’35 7 7 3 . 5 .
995 .14 1 3~~. ’’ • .‘.~~8 ~~~ .‘ • (2 5 ’ . 32  5 3 5 3 ’  — 3 -1 ; 3

3 (‘I 3.-- ‘127. ’ 9 ‘.755 . 3 ’ . ‘4 . 3 5  5 . 3 1 3 0  7 ‘4 , 1
5 9 97 . 5  5~~~A ’ • 6 7 2 3 5 5  ‘ 3 - 1 3 . 0  1 5 4 . 4 4  3435
7 196 .5  53- .) .  7 ,b .1 3 2 3 0 . O - 7 . 33  .3355 1 5 ’ 1 . 5

3~ 
61 • 7 3  5971 .3 6. 7 .  5 5 ~~- 32

0. 73 7 . 7 ’  ~~~7 .~ 1 3 .  1 • t o .  3 ) 0  7
48.07! 4 3 5 510  351.5° 1.2’.’. 5.7350 13.700 .35.60
23. 012 ‘ . ‘3 3 .99’-’5 .‘. 4q 86 ‘ . 0 1 1 0  5 7 . 3 3 0  5 3 5 .  6 .1
30 .0 1 1 .  3 . .4 ’ 7 . 0 3 6 0  ‘. 3 5 0 5  • . J f l 0  12.33 0 ‘5— .c- 0
1291’. 4~~~~.’ 1 .0003
344.35 9435’
1733(• ~ 3 .i’
‘113. 3 ’’) !.

160



- -  ~~~~~~—.‘ ‘- -- ‘-~~~~-- .“----- .
‘ ----— - --—-~ -~~~~--

°AGE 24 ~ !L3T ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~Y~~’J’ MC?5L

7 6 . 0 3  ~5~~.30 3 ’353’  _ 3~~ 5 C 7  
~

2 l •~~Ø ‘.1 53~ 7392.1 233.8.
9~~3 . t 1 .  ( ‘ A . ’.’ ~7.’~ e ~‘°-7357 :1350’ 5.5004 03)5’ .
3 7 4 5 . 5  t ’t ~~. 9 0 7 . 5 9  ,~~3 C . 0  5 7 ~~351 1.0000 ?!4.5-.
5997 . 1  5 “‘35. 6 2 2 .  ‘5 ~ 0 1 0  .0 1 5 9 . 31 .  7 4 0 3 . 2  t ! ’ 5 .2
7136.5 t 1—). 746.72 7730.3 535353 .359. 1375.6

0. 4’.)’’ 1871.7 3. 0. 11.394 5.
0 .  ~~~735- ’ 4 67 .~~i 0 .  0 .  1 6.0 0 0  0 .

‘ 8 . 0 2”  43517 7 7 1 .59  . 7 6~~4 1 . 7 5 3 0  12 . 0 0 0  2 0 . 0 0
25.012 2.’3’ ~~5 9 C 6  ‘. 9 9~~5 ‘.0 )70 52 .000 153.00
3 0 . 0 1 4  ‘.-.S ’ 7.0000 3.9961 . .09 ) 0 13.300 215 .03
537 04. 46 ’!.?’ 1.0000
363.60 3~~~a~
39085. 735.0’-
8355 . !‘.0’~~ .

80.00 356.00 .3.”’ ‘.~~.9C7 503 .60 ;~~~ 539 2 152 .1  ? f l . E .
995.1 1. l O S . ’’ 82 . 4 5 . 5 99 . 52  11352! 1.5904 133;3.
57.5.8 t’li.. 907.59 3750.3 5 7 4•~~~5 1.0000 73’.46.
5997 .1 116’.0 5 2 3 . 7~ 5 - 3 0 0 . 0  119.54  2 4 3 3 . 2  1 3 7 5 . 2
7 596.5  50.0. ’ 7 4 b . 7 2  ‘2 3 0 . 0  1 43 . 9 3  .359’ 5 5 7 1 . 6

0 .  6’.’93 187 1 . 2  C .  -‘ . 11.3’8 4 0 .
0~ 1!’.3 - 4 6 7 . 5 1  3. 0 .  IA . 0 3 0  0 .

4 8 .0 2 1  • . 7 5 1 0  22 1 . 19  1.7354 1.25)0 12.000 *23.00
25.052 735341 .99°5 7 . 3 9~~6 7 . 3 0 0 0  12 . 0 0 0  5 5 3 . 0 0
30.011. 3•457’ ‘.OCC O 3.3985 ‘.3100 12 .000 71s.00
5.475 . 4 9 6 .0 ’  5 . 0 0 0 0
3 82 . 7 3  ~~1~~:? ,

37~~~ . 7 9 ’ 9 S .

54.30 455.00 • ‘ .‘.‘‘ 43.9c7 53).(3 1 . t ( 3~ 23 ’2 . 1  ‘‘9 4 6.
995.5’. t0” .7’ 8 3 • 1.C8 4 353 5 7  5 3 .3 1 0  ( .5 8 04  ‘00;!.
3745.8 t’ 1~~.4 °0 7 3 5 9  7 ’5 0 . 0  5’ .. -11 1.3000 33*.S.
5997.5 1147.0 622.35 6300.0 119.14 21.03.2 13 71 .2
7t96.~ (0..). ’. 7.6357’ 7200.0 1.3.-I! 35599 1 3 P t . 6

0. •‘.33’ 1871.2 6. 3. 11.39’. 0.
a .  “~~~~~.‘‘ ‘.67.71 2 .  3 .  16 . 00 3  0 .

‘.8.02 3  .. ‘t’’ 2 2 1 . t 9  5 .2 4 9 4  1 .2 5 ) 0  12 . 0 0 0  . 2 0 . 3 0
25.01? 2.5031 .5995 2.9985 7.3-3)0 12.3 30 ISO. 03
30.014 3.-.~.7’ 7.0010 3.993 5 4.0900 12.000 718.00
15(4?. 501.5’ 1 .0020
4Ot .!7 98. ’.
4 130 2 .  59 3 5 1

92 3 4 . ‘3’t1.

161



3’ ~ ? 4 ) T  P
~~1”13~~~~O N— A L L C C . . 7 3 5 ’~ I..’ ’~~ )5 ’~ ’~ MO~~1L

9 8 . ) )  ‘.5’,,. 0 0  35.’.’’ L ’ •~~ ’7  :1) .  03 1~~ 55~~0 2!’7.1 7 7 ) . ~
4- 4’ -~~~~ts 5 ’ ’ .’.’ ‘‘ 4r _o 

~ 3 3 • 5 3  5~~~350l 1.:.134 ‘1353.
37 .~~.8  I’S’S.’- °C 7359 .753.3 :~~.350 1.5300 7! . .~~.
~997.t L ‘ ‘ ‘ 35  C : 2 7 3 5~ 5 - 0 0 0 .3 t l 3 . ’4 2’.C3.3 19 0 5.3
7 196.~ 1’ . ) . ’ 74c.52 7 7 7 3 . 3  135350 35605 :3~~s . 6

3. 31~~ )~~’ 13 71.3 3. 0 .  11359’. 0 .
0. ~~1’.3’ ‘o 7 . f 1 5 .  0.  16.Gi0 C .

48.023 ,3557 271.~~’3 t . 2~~9.. 1 . 7 3 ) 0  i 3 5 . d C ’  •?J . 0
‘5. 317 2 . 339’ .9 9 C S  2 . 3 9 8 5 ‘. 3 7 - 3 0  12 . 3  70 s~~2.70
10. 31 • 3. 6’’ .0000 3. ‘° ~1 -

‘ • 0310 12.000 315 . 3 3
15863 .  31r .ta 1 .0020

‘ 4 2 5 . 3 1  10 7 . 4 ’
.525 9. ‘135

95,7’.. ‘q 1 1~~.

92 . 10  ‘54 .30  ‘3535’’ .~~ .O r 7  333. 03 ~.1 t09 3’97.1 ‘‘1.:..
99~~.54  5 1 6~~~’’ ~ 2 . —~~P 9 9 . 02 5 4 . 3 0!  5 . 5 ~~U.. ‘ 7 - 7 5 ! .
9745.8 1’.1

~~.
. 9 1 7 . 5 9  ~7 ; 0 . 3  7 . .~~ 15 1 . 7 3 3 7  ‘‘ ‘ . - .

5997 .1 t 1~~’. ’ €22355 b 030 .0 11 - ~.3L 7403.2 S~~’t . 2
‘596 .5  10 4 1 . ’ 7.635?  7200.0 5 4 1 31 .!bOO 13 ’ I.6

3. 35,13’ 1371.2 0. 3. 11.95’. 3.
0. ‘~~‘35’ 1.57.5 1 3. 0. (6.000 7.

. 9. 1 73  4.75’’ 771.59 j 35~~~ . 5.253 0 13.000 .70.00
5•357 ‘.3 3 1  .~~9’r5  ‘ .-‘~~8S ~. Q ) ’ 0  12.000 5 5 3 . 2 0

3 0 . 0 5 4  1..i’5 7.0051 ‘ . 9 9 8 1  ~ . 3 J J 0  52.000 516 .3 0
• 16383. 5 ’ 3 5  1 . 0 0 C C

.*3.54 (1’.35’
— 13 15. ~~~~.‘‘
11114. 3941;.

Q~~.J) — 5-,.60 .‘.‘.4’ .. ‘.9”7 j 0 1 .  CO ~ . 1 t 9 9  3 3 0 2 . 1  7 7 1 . 5.
9 35 . 5 4  I 3 A 3 5  82.4’8 ~9c .’ 2  1’ . 4 0 ’  1.183.. 30-35! .
87 4 5 . 5  I’S ’,. 907 .59 0770 .3 574.35 1.6- 030 2’4,5-.
53~~’.l t 1~~ 7. ’ €22355 6030.0 51-4.3 1. 3433.2 5~~’.t.3
‘t3~~.5 . 7— 3 3 5  ‘4 6 . 5 3  7’OC .5’ 1, 7 .3 1  . 3 b - ~S 5 5 7 1 . 6

3. 4~~.)’~ 1371.3 7. 3. 11.39’. 5 .
3 .  ~ 0 ’~~’.~ — 6 7 . - ’t  0. 0. 56.000 0.

49. 1’’  4.3.74 275.59 1.3”74 535350 12 .0 0 0  3 7 1 . 3 0
25.012 7. 333~ .99~~5 73598b ‘.3770 12.300 17 3 . 0 0
13.014 1~~3c,’5 7.0020 ‘•)“-31 • . 0 3 0 0  5 2 . 3 0 0  750. 30
1,111. 0 7 ~~~~ 1 .0007
45~’ .’9 It’!.’’
.3!’4 . ~~‘.

‘‘

1050. . ~~~~~~~

II

~

r

162

L. —-~~~~~ --



—
~~

- -——--
~~~

--

~~ GE 76 ~ 0 L 2 T  ~~~~‘ P ’ 1ON 0 L1( ’ CA0 ’ t JN  M A’ ~55~~ -4~~NT JJE L

10 0 . 0 3  . 5’, . 00  35351’ ~.- 3. °’7 ~ 0 - ) . C 0  , . 5 1 9°  2135.1 7 7 3 , 5 - .
99’ .14 I~~~~.

’, ! 2 . 4 ’ 8  °‘ .~~2 23 .40’ 1.8804 3703’ .
87~.5.9 t ?s 3 .  907 . :9  37,0.0 :‘‘.. 31 1.0-3)0 214.5.
(997.1 5 ‘~~~

‘ . ‘ s72.Y5 6050.0 5 1 3 . 9 4  7.33.7 1 5 .2
7 136. 1 0 — 3 . ’ ‘5.c2 3530.1 1.1 .93 .3599 1 3’ 1 . 6

3. 4~~.1°~ 1371.? 0. 0. 11.994 0.
0. 102.35 467.51 0. 0. 16.100 0.

48.02! ‘.‘t’~ 2 2 1 .5 9  1.2444 I.3~~00 12 .300 321 .00
2 5 . 0 12  ‘353’’ .99~~5 2 3 5 9 o~ 0.303 0 12.000 55-3 .00
3 0 . 0 14  ~~.45 7 )  7.3060 3.399 1 •.0000 12.300 216.00
18 03 2 .  5 - 9 9 . 1 ’  1 . 0 0 0 0

• , 4 74 ., 5  t t t. .3
514 31. ,1.S~
10393. 101 11.

104.03 456.00 • “ .‘~~~‘ 1 .3 . 90 7  ~ - 30 .  CO 9 . 15 9 9  2 3 92 . 1  3 7 ) 4 6 .
99 5 . 1 4  t04.’~ 32.458 435.52 51.3’! 1.5834 3015 !.
8745 .0  t ’l S ..  9 0 7 3 5 9  37 0 . 3  1’4 .4 1  1 .0300 73..6.
5997.1 5~ 5~• q 62 7. 75 5 3 3 0 . 0  119354 2 4 0 3 . 2  5 3 7 5 . 2
7t16.~~ L0..135 746352 7200.0 13~~.3! .3599 1 3 ’t . 6

5 3. .-‘.11” 1871.2 0. 0. 15.39’. 0.
0. 597 .55 467.51 0. 3. 16.300 0.

48.02’S 4.211’ 221.59 1.7494 1.2500 12.300 430.00
25.017 2359’’ .9995 3.99 .3€ 3 .0000 12.000 153.00
30.31~ 0.4’S’7 7.0000 3.9955 ~.J00C 12.000 216 .00
1875!. 3~~’.3’ 1.00 50

~91 .35 5 71.5’
53489 . 5 4 .0 ’
51435. 3fl7 95’~

F 
108.13 ‘.56.00 4’ .’~~~’ 43~~g07 ~ 31. (3 9.1139 2392.1 ‘73*6.

99~~.t ’. 5 9 6 .’~ 8 2 .4 5 8  4~~~ 357 13 . 4 0 !  1.590 1 .  10353 .
8745.8 t’1035 9Q7•59 3750.0 173 .31 1.0000 2”..6.
5997 . 5 114’ . ’ 6 2 2 . 75 6303.1 519.34 2.33.7 13 5 . 2
Tlg b. 101.3.’ 746.12 7200.0 5.3.1! .3599 ( 3 7 5 . 6

0. •1 .3’ 1971.2 0. -3. 11.994 0.
0. ~~‘.St ‘67.sj 3. 3. 16.000 3.

‘.835123 .‘t ’  7 2 13 5 9  1 .2 4 1 —  135350 5 2 . 0 0 0  . 2 3 . 0 0
25.012 7.331’ .9995 2.3 936 5.0030 12.030 151 .00
30.05’. 3.35-35 7 . 0 0 5 0  3 .998 1 3 . 3 0 3 0  5 2 . 0 0 0  2 5 5 . 0 0
19474 . 6 6 .71  1 . 0 0 0 0
5 16 .59  t ’5 . ’t
555.3 . 99. 1’
51973.  !-3~~t .

163

~

- - ---- 
~~~~~

—
~~~~• ‘ •

~~~~~~
- 

~~~-~~ --‘



_______________________________ 
-- -

~~~~~~ 
~~~~357 ,

PA (,F “ ‘O U T  ~ ‘l I735QN—1LL0CATt3 ’l I~~ 4 Mfl”~~~L

112 .0-)  35~~ .3C  3535’’ ~3 5 . 9 C 7  3 - 3 3 . 3 0  ~I 519 2397.1 ‘‘3,5•
9 9 7. 1 .  5 3 A ~~~’ 7  

~2. ’~~s ~o ; . 5 2  13 .403 1 . 8 0 2 . .  ‘3 3 5 !.
8745.5 5’55 - .L ~07.!’) .750.0 574 .31 1 . 3 3 3 5  2! . .1- .
c90’.( t~~ S’ . • 6 2 2 . 3 0  5 3 ) 3 . )  : 1 4 . 3 1 .  2.3 3.2 L~~’1 • 3
7196.5 504135 7.6.’? 720 3.0 5.335! 355~~’3 5 315 .6

0 . .‘.‘9~~’~ 18 7 1 . 3  0.  3 .  t l .) ’.4 0 .
0.  ‘i’ .3’ 4 6 7 3 5 5  0. 0 .  16 . 0 0 0  0 .

4 9 . 0 2 3  .351’’ 22 1 . C~ 5 . 73 5 3  1 .2 5 ) 0  1 7 . 3 3 0  4 7 1 . 3 0
75 .3 12 ‘ . 9 5 3 ’  .999 5  2 3 5 0 8 6  3 . 3 ’0 0  1 7. 3 0 0  1 3 3 . 3 0
30. 31’. 1. .6’’ 7 . 0 0 0 0  3 . 993 1  -. • 3 ) 3 0  5 7 . 0 0 0  7 1 5 . 0 0
20195 .  ~ 0 1 . 1  1 . 13 2 0
535.12 1’’35
5 7 5 02 .  3 5~~6 ’
12311. 00 ’?’..

116.01 . 5 8. 0 0  .3350 ’  4!.9”7 5 0 0 . 0 0  . t t ) 9  2 ’ 9 2 . t  7 7 3 . 5 - .
995 .54 s o c .’’ 32.455 ,90352 :4.903 t.sso.. ‘03 53 .
874 5 . 6  . 7 5 5- .  - 9 3 7 . 9 87 10 . 0  ‘4 . -3t 1 . 0 0 0 0  ?‘..‘
5997•( 5 ~~~‘. 6 2 2 .3 5  6 0 3 0 . 0  119 . ’’. 242 3 .2  I I ’ S  • 7
7195 .5 tl’9. ’ 74~~.5 2  1 73 0 . 0  53 !•3 ’  .3599 1 8 7 5. 6

3. (35~~1~~’ 18 7 1 . 2  0 .  0 .  5 1.394  3 .
0. 3~~7.3r 4 6 7. P 1 0 .  0. 16.0 00 7.

48.3!3 ..‘t’- 221.59 135.41. 1.2530 12.333 .73.00
25.012 2 . 139’  .9995 3 .3 9 86  3 . 0 ) 3 !  12 . 30 0  5 5 3 . 0 0
30 .0th 3.4577 7.0000 3 .99 : 1  3 . 3 1 0 0  1 2 . 00 0  2 15 .00
20 917 . ‘0~~.35 5.0000
554.95 5 l 6 ~~~~ -
59659 . a’.. ’
t27~~2. 3~~355 .

120.03 ~5ó.00 ‘‘ .‘9’ 4 3 . 9’?  5 0 3 . 2 0  ) . 1 5 3~ 2 3 9 7 . 1  ‘7 3 . 5 - .
995.14 10 4.7’ 82.4~~8 393.5? 19.40! 1.836’. 5035’ .
8745.5 t 7 t c . - ~ 9 0 7 .~~9 . 7 50 . 0  5 7 4 . 3 5  1 . 0 0 0 0  2 ’-.. I .
5997.1 l~~5’.S 622 .35 50- 30 .0 1.7.34 2 . 03 . 2  1 3 7 5 . 2
7 195.5 10 . 3 . ’ 74 6 . 3 2  7 2 0 0 . 0  5 . 7 . 4 !  .3599 1~~~ t . 6

0. ‘.33’ 13 7 1. 2  0 .  L I .  15.991. 0.
0 .  382.3’ 4 6 7 .3 1  0 .  0 .  5 6 . 30 0  5 .

‘.6.02! .. ‘.7 ’. 2 2 1 . 5 9  1.3494 t . I ’ i C  17.300 •2). 00
25.012 ‘.330’ .9905 7.3~~86 ‘.3310 12.300 55 3 .3 3
3 0 . 0( 4  3. 457 ’ 7 . 0 0 0 3  3 .9981 ‘. 3 3 10  12 . 3 0 0  ? t ~~35 3
716 ’S . 7 ’!q • ’~ 1.0070
574 .10 54 1~~~ ,
6115?. 9’ .’~
13 197. 15 3 9 .

164



—‘,‘~~~ ——- ~—~~‘--•.~~-.-‘ ~~~~~~-——‘~ ,-

~~GE 79 3TLDT 000r311 7 0P1_A LLO TO)N ~‘~~4’

t2~ .33 356.50 .7351’ .41~~9 C ’ ~ ~)j.13 ‘.1140 2392.1 2’3,5.
- 3 9 5 . 5 4  50~~• ’ ~~7 . ’ .C $  3 4 3 . 5 7  53 ~~433 1.38~~— ‘0-353.
57’.5.5 1’5;.- 907.5~~ 1 7 3 0 . 3  1 ’ -.35l 1.0000 104,5.

• 399’.t s’c’.’ 62 . ’5 ~330.0 053 .34 2403.2 (375.2
7 195.5 1I~~ )35 ‘ 4 b .f 2  3 5 3 0 . 3  1.1.9! .3599 1 3 ’t . 6

0. ‘.1.39’ 557 1.2  0 .  0 .  11. 39. 0 .
C .  1~~’.3’ 4 6 7 . 0 1  C .  0 .  1 6. 00 0  7 .

4 6 . 0 2 3  4 - 3 5 5 1 -  2 2 1.59  1.243 ’.  1 . 7 3 0 0  1 2 .3 0 0  4 2 0 . 3 0
25. 0 5 2 ‘.9~~’’ •9995 2.7986 3.31)0 12.000 15 3 . 0 0
3 3 .3 5 4  3. 3 5- ’ 7  7 . 0 0 0 0  3 . 3 98 1  - . 0 3 0 0  1 2. 0 0 0  !1~~. 3 0
22359 . 354.15 1.0000
593 .’3 5.7 .1’
6377’.. I’S.’’
136 12 . 7 1 ”.’.

17 8 .3 0  4 5 5 .3 0  ‘ . 7 3 5 9 ’  ‘.3.907 5 0 3 . 6 0  . I ( 5 9  2 3 9 2 . 1  ‘73.8.
995. 1’.  t 0 6 .~~1 8!..58 ‘~~5.~~2 14 . 9 0 !  1.880. 5 7 0 3 ! .
5745. !  1’13.4 007 . 09 5 7 5 0 . 0  I 7 — . 4 1  1.3000 7 1 ’ . • 5~~
5957. 1 ~~~~~~~ f 2 2 . ’5 50 3 0 . 0 1 5 9 . 54  2 ’ . 0 3 . 2  1 3 5 5 . 2
7 196.5  10~~)35  l 4e . #2  7 2 3 0 . 0  5.1 . 53  .3599 1 37 5 . 6

0. 4 ! . 3 3  1 87 1 .2  3. 0. 11.99’. 0 .
0.  0 9 ’ .81 467.61 0 .  0 .  1,6.000 0 .

4 5 . 0 2 3  4 . ? 5 1  2 7 1 3 5 9  1.7~~-4’. 5 . 2 5 0 0  1 2 . 0 0 0  3 7 3 . 3 0
2 5 .0 12  ‘35-33’ 35,955 2 . 9 9 8 6  0 .3100 12.000 1 50 . 3 0
30.014 ~~~~~~ 7 . 0 0 7 0  3 . 9 9 8 5  ~ . 0 O 0 0  12 .0 0 0  ?1~~. 0 3
73 0 8 5 .  7 7 3 .4 ’  5 . 0 0 0 0
6 12.37 5 4 0 ~~~~’
655 31 . 1 0 — .’’
1407 1 . ‘t ’97 .

132.9) —55 .00 35351’ 43.997 533 . CO 3 .1199 2392.1 223.5.
995.1’. 1 05.’’ 82..’! 9 3 c .57 11 .403 1.356’. -005 !.
3745 . 0 . ‘15.. 9 0 7 . 5 9  ~ 7 5 0 . J  17 .351 1.0 330  2~~3 . 5 .
5997.1 135735 6 2 2 . 7 5  5 - 3 3 0 . 0  119 .44  2 4 0 3 . 2  1 3’S . ’ !
7596.5 104).’ 146.37 ‘200.0 143.33 .3599 5 3 7 1 . 6

0 .  • ‘359’ 13 7 1 .2  0. 0 .  11.994 0 .
0. !02.~~) ‘.57.6 s 3. 0. 16.000 0 .

48.023 3 .2 5’ . 2 2 1 . 5 9  1 . 7 4 9 4  1 . 2 5 ) 0  5 2 . 2 3 0  3 7 3 . 0 3
25 .0 1 ? 2 . 3 3 4 ’  .99’-5 5 . 9 98 6  3 . 3 9 10  1 2. 0 00  1 53 . 0 0
30 .314  ‘.45’’ 7 . 0 0 0 0  3 . 9 9 8 1  3.001 0 12.300 255.03
238 0!. 53 ’ • 7 ’ 1 .0 0 7 0
o3 1 . 1  L 5 ’ .1
67985. 197 .’3
145 11. ‘t ~~)9.

165 



~~ GE 29 °!L2T ‘7o~ ’l ’r0N—ALL0 c 1T :39 ~~~~~~0N’ MO”OL

136.30 ‘.55.00 .‘.‘~~~ . .3 .9~~7 5 0 1 . 3 0  . t 1~~’ 2 3~~7 . 5  7 2 4 + 1 .
395-.14 I 0 ~~35’ 82.~~50  1~~5. ’7 19 . 3 0 !  1.330 .. ‘ 0) 3 5 .
3735.9  t ’ t 5 - . -  9 0 7 . — 9  . 7 50 . 1  1 P — . 3 5  1 .0 3 3 0  ? ! . . 5- .
5997.5 5 T 4 ’ •

3 522 .75 ~ 3 13.  I 11935. 2403.2 1.71.?
‘195.5 1 0.) .  7 — 6 . - ’ !  7 2 3 0 . 0  ( 3 5. 33  .3~~99 1’’ L . 6

0 .  4 ’ .3’’ 1371.2  0. 0 .  11.994 0 .
1. 1 9 7 . 3 7  ‘.57.~~1 3 .  3 .  55.000 3.

.6.023 4.75’ - 355359 535’.9’. 5 . 2 5 3 ’  12 . 3 0 0  . 0 3 . 0 0
25.31’ 7.3 435 •99C~ 335996 3.0-300 12.300 150.00
30.01’. 3. ’.~~7’ 7 . 00 7 0  3 . 3 - 4 8 1  4 . 3 ) 3 0  12 . 0 0 6  7 1 5 . 0 0
21.52 1. 3 2 ’ .’4 5 . 0 0 7 3
550.5’. ( Q .7
595’.5. t11.3 ~
t~~9 5t .  I

11.0.03 ‘.55.30 .3351’ 43.957 533.00 3.1549 2132.1 770.5 - .
595.5’. 1’!S.’ 82 . 1 .~~8 9 9 9 . 5 2  1 3 . 3 03  1 .5 - 8 0 4  3 3 1 5 3 .
5745.5 i 7 t S .  ‘0 7 3 5 9  8 7 5 0 . 0  1’3 .31  1 .7 3 0 0  7 0 4 , 5 - .
5997. 1 t ! €’ ! .~ 6 7 2 . 3 5  5 - 3 ) 0 . 0  153.34  2 4 0 3 . 7  ( 3 7 5 . 2

~i96.5 1043.’ ‘.6352 3530.0 1.0.93 .3599 1.71.6
3. 60.33’ 1871.2 0. 0. 15.994 0.
0. 397.’’ 4-67351 0 .  0.  16.300 0.

65. 0!! .. ‘t’-. 2 2 1 .0 9  1 . 7 4 9 4  1 . 7 5) ~ 1 2. 0 3 0  3 3 3 . 0 0
2c. 0 t 2  2 .9 3 5 ’  .9995 7 . 9 9 3 5  ‘. 0 ) 3 0  12 . 3 0 0  1 3 3 . 3 3
30.01’.  !. 6 5 1  7.0000 0.3981 .35300 12.000 715 .00
2524 5 . ~ 5 1 . 4 t  1 . 0 0 0 7
669.75 IS’.’’

~ 2 0 0 2 .  154. ”
15391 . 31’’!.

ti.’..0 3  ~ 5ã . 00  • ‘.‘~~‘ ‘.3.997  1 0 - 3 .3 1  4 . 1 1 ) 9  2 3 4 2 . 1  ? ‘ 4 , 5 .
995 .1’. 10~~.7 1 93.408 3-93 • 32  53 .35! 1.5 804  3 3 0 5 ’ .
8765.8 t 7 t S.~ ‘07359  3 7 5 0 . 0  5 7 6 .9 1  1. 0 3 0 0  7 ! . .5
5997.1 (‘“‘35 622355 ,333.Q 159.94 2403.2 53 5 5 . ?
7596.5 104-3 .’ 746.52 7200.0 14335! .3599 5571 .6

3. .‘.9~ 19 7 1 . 2  0 .  0 .  11.994 0 .
0.  33 7 . 8’  4 6 7 .9 1  0 .  0 .  1 6 . 0 0 0  0 .

‘ . 5 .023  ..71’~ 32 1.79 1.7.4. 1 .3510 52.302 .73.30
25 .0 1? ‘.‘1’  .99°! 2 . 4 9 9 5 -  3 . 5 1 10  1 2 .3 3 0  1 3 3 . 3 0
30.014 3.35’’ 7.0070 3.993 5 ..0)00 13.300 715 .00
259 6 5- .  3~ r35 ’  1.0300
5 9 3 . 3 7  j5~~~L!
740 83 . 1135.5’
158 1-3 . 1157” .

166

_ _ _ _



— •J_=__ r_-_ -- —-  ~~~~~~~~~~~~~~~~~~ ~~~ --“,r’ - ’- ”~~~ 
- “

30 ~ 5 L 3 T  ‘7l’V) 350~J— 8L10c,3 : O N  ‘I~~~~~’45~r M07-L

14 8 .3 0  ‘ . 5 5•3 0  . 3 3 5 3 ’  ‘ . 3 • C7 ; 3 ) . Q J  ‘.1139 2 3 9 7 . 1  7 ’ 5 . 1 .
9-15 .1~ 5 1 F~~~’’ 57 . . ’ 9 .~~~ -‘ .‘- 2 s 4 .  ~ 0 1 3 5 8 )~
57.7~~5 5’55. ’

~ 33 7 3 5 9  ~‘5 0 . d  s 7 ~, . 3 1  1 . 5 3 3 0  7 ! . . 5 .
5 9 9 7 . 5  IA ’ . 23.35 ~ 3 3 0 . 3  11 ~~. 3~ 7’ .0 3 . ?  5 3 7 1  • 2
7 196 .5  104135 . € . - 2  7 7 3 0 . 0  5 4 1 . 3 1  .‘~~9 1. 7 5 .6

• 0. 33 .9’’ 9’I.3 1. 3. 11.994 0 .
0 .  !9735  467. 5 0. 7. 16.3-3 0 7.

45.023 4.71’’. 7 2 1 3 5 9  l.S.~~. 1.7350 12.300 + ? 1 . C 0
35.012 33533” .9995 Z.3-fl S ‘.0110 12 .000 553 .30
3 0 . 0 14  ‘.35’’ 7 . 0 0 1 0  3.9991 ~.‘)30 12.000 255.30
2 56 8 7 .  C 0 . 0 ~ 1.~~0 C 0
738.05 t’’.l
76 117 . 171 .3
56270. 1.737.

‘U

I

167

L



-o

0 7 ,00  31 3!L3’ ‘ ) ) ‘ I 2 ’ t C N — ~~L 1cC0135P:  4 4 ’o l ; ! ” ’N ’  MO~~Et

J O 5 ( 1 ) : ’ 5  3 7 0 ’J C0  l)~~~C JJ9 (~~ r~~ Jo1(~~”:.5 ‘CT~~35:rrt,~~SI ’ ..

.2 0 . 3 0 0  3 ’ 1 . 3 0 1  — . 3 . 0 ) 0  4’ 0 . 0 0 0  3 6 0 . 7 0 0  5
3 . 3 0 0 0 ’  •7 5 ’~ .3 3 0 1  . 7501  1.0000’ I
3 . 5 0 3 7  2 3 5 3 3 ’  5 . 3 0 7 7  1.500 1 5 3 . 0 0 0 1  ‘
0 .3 0 0 1  ‘. 3) 5 7  ,.0 101 6 . 0 00 1  8 . 0 02 1 95
- 3 .0 3 0 1  1 0 .  31’- ’  2 0 . 0 0 0 1  ‘0. lOli l 1.0.0050’ 1’
3. 3. $ — • — — ~ 

035

• . . S 0 t 9’T’~
S 0 SA ,11

• . . 9 ‘ 1  31 91. . . ‘ 3  S 0 9 0 ’  3. . 0 5 1 $ 3 3 57~. . . 9. . . S ‘50. ( 9 3 5. . . 5 I $8 ,935
0 3 7

10.0. . 3 — — C 51, 11’. . . 9 5 0 S1 .OT’
9 ‘ S  I S A ,’T~. . . 0 

~~ 3 t Sl, 11’ —

. 0 1 5-3, 135
0 0S 4 ,10. . . 9 1 $035’ ’
0 3 0’ 51 , 11’

3 0’ 51,11’
S S 0’ Sa , -’t’

2 0 . 0 .  • 
— 3 — — 0’. . . 0 ~~~3 1 S 4, 11’. . . 9 ‘ 3  ( 56351’. . . ‘1 S S S A ,’I’

• . . ‘ 3 1 SA ,11’
0 

~~ 3 5 5 0 ,11’
• . . S I SA ,’T’. . . 9 3 0’ 58 ,11’
• . . 0 ‘ 5

0 3 1 SA,11’
30.3. . — — t 58 ,11’

• . . 9 3 0’ SA ,IT’. . 0 5 0’ S4 , ’T ’
• . . S 3 0’ 98 ,31’. . . 1 3 0’ SA ,11’

. S S SA , 31. . . 9 5 0’ 58,’”’
• . . 0 3 0’. . . 4 ~‘ 5 0’ 50 , ’’’

. 9 3 0’
‘.0.0. • 3 — — S S0.’T

O 5 0’ S*,~~35
. . . 0 5 0’ 99 , 1’’

9 5 0’
• . . 0 ‘ 3  Z S A ,’T
. . . 0 ‘ 3 0’ S8,’T’

5 r s A , ’i’
. 0 5 0’

. . . ‘ r s~,’r’
• . . ‘ 3 0’ SA , 11

50.3. • — — r s . ’r ’
O — 5 5

168



. . • 0 5 0’
• . 0 5 0’ S8 ,’I
• . 5 0’ SA ,’I’

• . . 0 5 0’ SA , ’~~
• 3 5 0’ S8 , 3 T ’

• • • 0 5 0’ 58 , 3 7 ’
• . . 4 5 0’ S , 3 5 ’
• • • 0 5 1 S8 , 1T’

~ 3 . 3 .  — • — — 5 — — S S1 , 335
O 0’ 58 ,11’
0 5 0’

• . . 3 0’ S835 ’
• . . 0 1 SA ,’T’

O 5 0’ 50 , 35’
• 0 3 5 S4351’

O 5 0’ S0 ,1T’
• . 3 1 54 , 11’

• . . I 5 0’ SA , 1T ~70.0. • 5 — — S
• . . 0 5 1 54 , 7~~

• . 5 0’
• . . I 5 0’ 54 , 11’
• . . 9 5 0’ 58 , 91’
• . . 0 5 0’ S A , 11
• . . 0 5 0’ SA ,135
• . . S 5 0’ S0 , 11’

. . 5 1 S8 ,”T
• . . ‘ 5 0’ S9 , 1”

50.1. • — —
• . . 0 3 1 S8 , 11’
• . . I 5 0’ SA ,01
• . . P 3 0’ S4 , ’l I’
• . . 3 0’ 96,5’’
• . . 0 ~~~3 5 S 9 ,’T’
• . . S 5 0’ S5 ,’T ’

• . ‘ S  5 S4 3 5 1’
• • S S $9351’’. . . 0 3 0’ S4 ,11’

9 0 .2 .  • 3 — — I SA , I T ’
o : 1 56 , 11’

• S 3 0’ S4351’
5 5 0’ 58 ,01’

• . 1 5 0’ S9 , ’I’
• . . 9 3 0’ SA ,’T’

• . 9 3 0’ SA ,~~1.
• • • 0 3 0’ S0 ,’T’
• . . I 3 0’ 54 , 1’.
• . . 0 3 0’ ~~~~~~~100.4. • S — — I S0 ,~~7 ’

. I 5 1 SA ,~~’~
• . . 0 r 

~ SO ,
’)’’

• . . 5 1 SO , ’” ’
• . . 0 3 0’ S4 , 1’’
• . . 3 1. . .. . . ‘ 5  I S0 ,’T’
• . . 3 0’ S8 , ’. . . ~ 5 0’ 51 , 11’

110.1. • — — 30,11’
• 0 3 0’ ¶ 83 5 3 5

• . . ‘ 3 0’ S8 , ’’~I P 5 0’ 5 , ~~~1’ .

• 5 0’ SO , ’”’
• P 3 0’ S9 , ’7’

S 0’ S9 , 1~
• :‘ 

~ 54 , 9” ’

169

— 
,



• . 0 3 0’ 54 ,3 1’
• . . ‘ 5 0’ 00 ,3 7’

120.’. — • — 3 — — 0’ S~~, 1T’ ’
• • . 3 0’ 54 , ’” ’

I 3 1 S4 - , 31
• . . I 3 0’ SA , I T ’
• . . ‘ S 0’

• . 0 P 3 0’ 54,4)’.
• . . S P 0’ 54 , 11’

• 9 P 3 ~ SA ,’4T•— . . S P 0’
• . . 0 P 3 1 S9 ,’T’

130.) 
• 3 — — 1 58 , 37’

. . . 9 5 0’ SA , 1T
• . . I 3 0’ SI , ’)) ’’
• • . 9 P 5 5
• . . ‘ 3 1 SA ,9T ’
• . . P 5 0’ SA ,R T ’
. . • 0 5 1 S0 , 4 7 ’
. . . 0 P 3 1 SO ,’))’’

• 3 3 0’
• • • S 3 0’ 54351.140.0 — . • — — 

~ SA ,II ~
• . . 3 3 1 S1 ,11’

• • S 3 1 54,3)’’
• . . I 5 1 SA , I 1’
. . . 0 5 0’ 5435)’’

• . 3 P 3 0’
• 3 0’ S4 ,11’* • . . 9 ‘ 3  1 5 4 , 3) ’’

• . • 0 P 3 1 56 ,”’
. . . S 3 0’ SA ,1T15 0 .0  . . P 3 — — I SA ,’T’ ’

170

L -



~ “~
p,_ -- -- - —w - 

~~~~~~~~,‘ ~~~~~~ — ‘  - - - -

-‘p

07,~~0’ ~7 P L31 ‘~~“I’I 3 5 3 N — . L 5 O C A T ! 7 1  -lO’ ~~~~~~~ O7t ~i. L’~

IR-l ’ ( 1) z l  T~~- 3 5 ( ’ ) :7 11N7,(?)s3 - ;~~ - ; ( 4 ) : ,  T~~ iG ( 3 ) . 5  4 T ’ l ) : W

0 0 . 3 0 3  55 .300’
106 . 2 0 0  1 1’- ..7’ t O o . 5 - ) C  1 5 5 . 0 0 0  1 3 7 . 3 3 0  2

1. 7 5 2 1  5 • ‘0’’ 1.? ~..T 1.7351 1.75 51
1 .15-01 ’ ( . ‘6 ’  I. 1€~2T 5 . 3 5,31 1355~~1 4
1.038)’ t .1’’ 1. -J (,,T 1 . 3 3 5 1 ’  5~~3 4 !’ 5
2. 3 4 2) ’  ‘ . 4 ; ’) ’  7.394. )’ 2 .355 1  2 . 3 3 5 ) ’  *4

.1 5 — 7 , 3*4

• 3 3? • *4 7 • . 1 .

• ~ 4 ’  • 2 3 • 5.
• .4 • ‘. 1 .  5 ’  2 .
• *4 • • • 2 .

4 • I • Ce 5
• U • I • ; 1.. ‘ 2
• *4 • 1 • 5

U • 1 • 5 L- 2 . 3
• U • 1 • 5? .3 . 2 ’ .

10 .0 .  1 . — — — ‘5 ’ — — • — 3  
-4 • S • 2 !L

• *4 • I • 2 • 3 .
44 • 1 . 2 5 ’. • 3 •

• • 1 .2  5 ’  • 3
• *4 • 1 .2 5 ’ . .  3
• w • I . ‘ c ’ . •  3
• *4 • I • 2 0 4  3
• *4 • 5 • 7 0 4  3 ,

• w • 1 • 7 p 1 . .  3
71.1. 1 — . — — — 2 ’  ~ ‘ — 4 — .— 3 

• U • 1 • ~ 04  • 
7

• w • 1 • 7c~~. •

• U • I • 75, • 3 .

• U • 1 • 2 0 ’ . • 3
• U • 1 • 2 5 4  • 3
• *4 • 1 • 76 i. • 3
• ‘4 • 1 • 7!~~, • 3

U • I • ‘ ‘4  • 3
• *4 • 1 • 7 5 ’. • 3

30 . 0 .  — — 44 1 — . — .~~‘ ~, — • — 3 
• *4 • I • 7 5 .  • 3
• *4 • 1 • 2 ‘ 4 .  • 3

• U • 1 • 4 • 3 .

• U • I • 2 ‘ .. • •
• U • I • ~ ‘4 .  • .

• W • I • 2 ’ ’ .  . .
U • 1 • 2 0 g .  • 3

• U • 1 • 2 ‘4 • 3
U • I • ‘ 5 .  • 3 •

40.0. — — — ‘4 1 — . — — — ‘‘ ~ ‘ — . — 
-~~

U • I • 3 0 ’ .  • .
• U • 1 • 7 • 3
• *4 • 1. • ‘ c L .  • 

7

• • • 
, r ~~~. •

• U • • ~~~‘
.. •

• w • • •
. *4 • I • ‘ 5 ’ .  • 3
• 4 • 1 • ‘ • 3

4 • 1 . ~~ • 
7

~ 0 . 0 .  — — — *4 I — . — — — ‘‘ s -. — . —
• 4 • 5 • 7 ‘~~~. • I •

171

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



_ _ _ _ _ _ _ _ _ _ _ _  --~~~~~- --- -~~~~~~~~—~~

- C )  • U • 1 • 7 5~~~ •
• ‘4 • 1 • 7 ‘ - 4  • 7
• ‘4 • I • 3 5 - ’ .  •
• U • I • 2 5 ,  • 3
• U • I • ‘ 0’ ’. .

• ‘4 • • • 3
• ‘4 • I • 7 0 4  • 6
• *4 • 1 . 7 5 * , •60 . -) .  — — — U I — . — — — 3 —  ~ .. — .— —
• ‘4 • I • 2 5 ’ . • 3
• U • I • 2 5 * , .  7
• w • 1 • 2 ’ ’ .  • 3
• ‘4 • 1 • 2 • I
• U • 1 • 2 5 . .  •
• *4 • I • 7 5~~, • I
• U • I • 3 •
• U • I • 0’ 5 ’ .  •
• U • I • 7 5 ,  • 370.3. — — - *4 1 — . — — -2 -  ‘ 4. — .- 6 
• U • 1 • 3 5 ’ .  • 3
• U • I • 2 •
• U • I • 1’ ‘ 4  • 9

• U • I • 2 5 ’ .  • 3 
. 

t -

• U • I • 2 5 ’ .  • 3
• *4 • 1 • 7 •
• U • 1 • 2 5 4  • 3
• U • I • ‘ ‘ . • 3
• U • I • 3 5 ’ .  • 3

8 0 .3 .  — — — U 1 — . — — —~~~ S ~. — .— 3 
• ‘4 • 1 • 7 5 4  • 3
• 44 • I • 7 ‘ C .  • 1 

•
• U • 1 • ~ 5 ’ .  • 3
• W • I • 2 5 ’.  •
• U • I • 7 ‘ 4  • 3
• *4 • I • 2 5 4  •
• U • j  • 7 5 4 . •  3 •
• U • I • 7 5 . .  • 3 •
• U • 1 • 7 5 ’ .  • 3

90.0. — — — U ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• *4 • 1 • 2 5 ’ . • 3
• 4 • j  • 

2 
• 7 •

• *4 • I • 7 ~~~.. . •
• ‘4 • I • 3 • 3
• ‘4 • 1 • 2 5 ’ .  • 3
• U • 1 • 2 c , •
• U • 1 . 2 5 4  • 3
• 4 • 1 .- - 7 •
• U • 1 • 7 5 ’ .  • 3

100•J . — — — U — — — — 7 —  5 4 — .— 3 
• 4 • I . ‘ 5 4  • 3
• U • I • 3 5 4  • 0’ • p

• U • • 7 ‘ 4. • 0’ •
• U • I • ‘ 5 ’ .  • I •
• U • 1 • 2 5 ’ .  • 3 •
• ‘4 • • • 0’
• • C • 7 5 ’ . .
• ‘4 • 1 • -• ~~~‘. • ‘
• ‘4 • I . ‘ c * .  • 3 •110.0. — — — ‘4 1 — . — — — ‘— s , _~~~ _

• ‘4 • I • 3 5 4  • 0’
• U • I . “ 5 4 .  • I
• U • 5 • 0’ •
• *4 • I • 0’ ‘ 4 . • 0’
• W • t • C ’. .
• ‘4 • I • 3 ’ . •
• *4 • I • 0’ “ ‘. • 7

172



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

0, • ‘4 • I • 7 • 3
• • 1 • • 312 3 . 2 .  — — — 1 — • — — — 7 —  ~ . — .— 0’ —• ‘4 • 1 • 7 ‘~~~~~. •• ‘4 • I • ‘ 

• 0’
• .4 

• 1 • 0! ‘ I .  •• ‘4 • 1 • ‘ ~~~ • 3
• ‘4 • • 2 • 3
• U • • 2 ’ . • 3
• • 1 . ‘ ~~~~ • 3• • I • 2 ’ .. • 6
• ‘4 • I • 2 0 4 .  .1 3 0.0 .  - -  - • - - 7 C 4 _

•
_

• U • I • ‘ s ’. • •

-‘ 

• *4 • 1 • 2 c , •- 
• U • 1 • ‘ ~~~‘. • 30 • . • I • 2 ’ ’. • 3
• ‘4 • 1 • 2 ’ i . .  3
• U • I • 2 5 .  •• U • I • 2 ‘~~~~~ •• U • I • 2 5~~ • 3- . U • 1 • 2 5 4 .  31 4 .0 . ) .  — — — W 1 — . — — — ‘ —  r 

~~• ‘4 • 1 •I 
. ‘4 • 1 • ? 5 ~~~~~~~. 3*4 • 1 • 2 5 * . •F 
. ‘4 • 1 •

~~ 
. ‘4 • 1 • • 3

II 
. W • 1 • 7 5 ,  • 3

• U • I • 2 6 ’ ..11d 
. U • S • 2 5 4 . 3

~

173

_ _



~1~~

‘l’

P4 3’ 011.01 09 3113570N_ ILLOCOT :3eJ M0 . . C .,j ’ MOJ’L L’S

0q5~~ ,p ~J 0 ) ’~~~ ~~~~ 7C537~~’3 1PI~iSr ’I ~~~~~~~~ )‘9-4; ;r2

3.000 ‘3 0. 12 ’  
~ 00.003 600.000 300 .010 R5

0 . 0 0 0 ) ’  • 5Y~~ 1 . 0 ) 0 ) ’  1.5-30 1 2 . 0 ) 0 1 20
0 . 0 0 0  • 3 ) 1  1 . 0 0 0 ’  1 .5 00  2 . 0 0 0  ‘1
0.000 • ‘ r  . , I 0  . 7 5 0  1 . 0 0 0  5

. 2 2 2  . ‘‘‘ .222 .227 •227 9
0.0. • — 0’

• • • C 9 R G , 2 n ~o
. • C E D 3 , 2 3’~. . . 7 • C “~~~S,2Y’.
• . . 9 • C 9~~~G ,CJ”~
• .3 . • • C !R G , 2 ” / .

‘ • C “ ~~~~~~~
• • C S
• • • c s~~~~,:o~
• • C 0 ’ R G , 2 1 Z

10. 0 .  • C — 0’
• 0~~, • 9 • C 0’ R G, f l Z

• • • C s
0 • 

p 
• C S

• I . • • C 5~~o~~,33~
• 0. • 4 • C 9 R0,,2”~

3. • • C 9 9G, J~
• 4. • 4 • C ‘ R G ,~~’’.
• -1. • 9 • C 1’
• 9. • 4 • C S RG, fl’I

20 . 0 • —

• 1. • 9 • C S
• 4 . • 9 • C ~
• •4• • . C E RG,2’ )~
• 1• • 9 • C F
• -1 . . • C S
• . . 9 • C 0’ R~~,3 J”.
• 9 • • 7 • C S
• .1 • • 9 • C S RG,~~D :
• -‘ C •  • 0 • C 9~~~G , 3 1 I

30.0. ‘— . C — S
• -, • . 9 • C F
• ‘ . . 9 • C —

• 4. • • C S
• 3. • 9 • C S 9G,20’:
• 4• • I • C 0’
. 4. • • C 0’
• 1• • 9 • C 0’ RG ,71Z
• ‘). • I . C ~
• 9. • • C ‘

40.0. — — — — — — I . . C — S
• 3• • 7 • ~

• 9 • • • C S
• -3. • 7 • C S 9- ;,3 ’ ’o
• 4 .  • I • C —

. 9. • • C ~
• 1~ • 9 • C 0’
• 3. • • C ‘

• ‘ . • I • C 0’
• 1. • • 3

50.3 C — 0
• I. • • 0’
• ~~. • • C ‘

174

-
_  ~- -~ 



—••-—-—- - - —,-•—,_____•• -
~
. — ——, —-— —~ _ .-- ‘---“ -j - ’ - - ___ _ —-—-w

___ 
~• —.-•-——— - ,- ,~~~ - - ‘.

• 4 . • • C S RG,2V’

• 3 • • I • C S 7~~,2 0 I
• 4 •  • • C ~

• 3 . • S • C S~~~C,C0~
• 4 . • 0 • C S
• 3 . • • C 0’

4. • 9 • C !RG,3”~
60 . 0 .  3. . C — 0’

• 3. • 9 •
• 3. • 4 • C
• 9. • • C 0’
. • • C 0’ R G , 2 D ’ ~
• 3. • • C S RG 351”

• S. • S • C S 0 ( ,20 7.

• 9. • 7 • C S RC,2’3~’.
. S. • S • C 0’ R(i, 0 01

• 9. • 4 • C 0 ’ 2~~,3~~’
• C — 0’

• 4. • • C 0’ RS ,~~~”
• 1. • S • c S R ~~,3D’.

• -3. • P • C S
. 5. • I • C S ~ G, 07.
• 9. • • C !RG,C’Y”

• 1. • S • C ‘

• 0. • 7 • C 0’
• 5 • • I • C S
• 9. • • C S

80.0. S. . C — S OG ,20’O

• 0. • 7 • C S
• ~~• • • C G , v.
• I. • I • C S
• 5. • S • C S
. o. • 7 • C S R G , C 1 0 ~
• 4. • I • C S
• ~• • • C S R G ,31’I
• S. • S • C S
• 4. • 0 • C S R G ,2’)Y~

90.0. • C — 0’

• 1. • I • C 0’
• ) .  • I • C S 7 G ,2~~X

• 9• • 4 • C 0’ RG353’

• 5. • I • C

• 9. • I • C —

• S. • S • C 0’

• 4 . • 7 • C F QG ,31~I

• ‘. • S • C S 4G,30’0

• • • ~
100.0. • C — S

• 9. • I • C 0’

• 1. • S • C S q G ,2~~ :

• 3. • • C 0 ’ R G ,2 07.
• 4 . • 7 • C ‘

. 9. • S • C 0’ RG,3 ’~/0

• ‘). • 7 • C 05,201:

• 9. • 7 • C 0’ 0 5 , 2 4 ) ’
• 4 . • I • C S 0 G ,3 7~:
• 3. • 7 • C 0’

110.). 1. . C — 0’ 75, 20’ :

• 3. • • C 0’ R G , 2 ’~
• 3 • . . C 5 . 2

• S. • 7 • C ‘

• ‘• • • C 0’~~~C..20)’

• 4. • • C

• 1. • S • C 0’
• 1. • • 3 0’
• ‘ • • • C 0’

175



- --—
~~~~~~~~~~~~~

- 
~~~~

-
~~~~~~~

- -
-

~ 
-— 

. ‘) • • • C1 2 0 . 3 .   ‘ •  .  C — 0’
• ‘. • • C 0’
• 3.  • I • C 0’ , 0~• S. • • C 0’
• 1 • S • C ‘ 0G, : r :
• S. • • C 0’ O G , ” <
• • • C ~• 3. • • C 0’ RG,3”’
• ‘• • S • C S 05,20 1
• 9. • I • C 5 0 5 ,2 1 ’ ’

130.0. 
• C — 0’

• 0. • I • C 0’
. 4. • • C 0’75, 0Yo
. 9. • 7 • C 0’ R G , 2 ’4 v~
• 1. • • C 0’
• S. • I • C S 0G, 3’4 V
• 1. • S • C S Rr . ,2 D ~• 4. • 0 • C 0’ 0G, ’D’~• ~. • S • C ¶ 0~~,0 Y 0
• ~ • • I • C

14 0 .) .  C — S
• ~~• • • C 0’
• ‘) •  • • C ‘
• ~~• • • C S
• ~~• • • C S
• . • • C S
• ~~• • S • C F
. 4. • S • C 5 0535’4)’
• • ‘ • C !4G, D~
• • 7 • C 5 0035fl :

133.0.  1. C — S 05 ,2 01

176



____________________________________ - 
_______________

G.

0350 ’  I~ ‘SLIT ~~‘“‘ J~~~ ‘3’— S LL C~~0T IN ‘C1 0 ’ 4~~~I ‘ . 3 2 0 ’

~‘J 0 ’ 3 ( s ’~~1 3~ ”~~~’ ( ’ C r ’ J ’ 0 IC 3 3) ’ ’  ~~~ ‘ 5 3 ( - , C r -  3 ’ O S C ( C :

3 ’ . ’’’ 5 0 . 3 L j  0 0 . 3 0 3  2 0 . 0 -1 0
0 . 0 0 1 ’  . 11 • . :-: . 6 0 0 ’  . 3 3 ’  2

• —3 .03 0 0.3’’ 7.0)0 4.090 5 . 3 3 3  .5
— • - • 5.5

• 0’ . 4. 3 • I • . 3 5
• . 1 .-. 3 3 ’
• . , 

• , 5 7 ,

• . 1 • 5 ~~~. 3 ’
1 • — 5  .2  6

p 
. . I • 0 ’ ’  . 3  , 2’.
. . 1 • 2 • !. . 1 2 ~ • 0’

• . 1 ‘ . , 5 .  3

10.0. 2 — • — — • — — 5 — . 
• . I 2 . • 5 .  0’

• • 1 2  . e 5 .  3
• . 1 7  • . S • •

C . . 1 2  • ‘. 5 • 0’
• . 1 2  . . 5 . 3
• • 1 2 . * 6 . 3
• • 5 3 • 3 5 . 6

• . 1 2 .  r 3
• • 1 2 .  •, • 3

2 0 . 3 .  3 _ 3 
• . 1 r
• . I •2 r

• • 1 .7 L 
~ . 5

• . 1 .2 * 
r

• . 1 •3 — r

• • 1 3 C. . 3
• . 1 2 F 0’
• . 1 r
• . 1 3. 4 r • 3

30.6. • 
• • 1 7 .  .3
• • 5 : 0 .  • . 3
• . I 3 .  . ~ . 3
• • I r

• . I 2 .  * 
:-

• • 1 3 .  4 0’ . 3
• . I ‘ . — . 5
• . 1. . 3

4 0 . 0 .  , 
•

_ ,  

. • 1 7.  — . 0 ’

• • 1 7 .  - — . 0!
• • 1 3 .  C. ‘

• . I — r 7

• . 1 ‘ • — .
• • I ‘ . C. - 

‘ . .— ‘  

• . 0’ ‘. . , . 0’

• r • !
• . 7.  Ce ‘ . 5
• • 5 - • - •- . 5

177

_ _ _ _ _  _ _ _ _ _



r —‘=‘

~~
—‘

~ 
_~~~ __ .__•___~_0 - - - _ ,--..- .

41 . . 1. 2 .  • 3
• • 1 ‘• C. ‘
• . 1 7. r

• • 1 2. • 3
• . I 2.  C • 3

60.’. _ 
• _ 6

• . 1 2.  • 
7

• . 1 2 .   r 3
• . 1 2 .  4. ‘ . 3
• . 1 2 .  4. F 3

• • 1 2 .  C. r 3
• . 1 0 .  0’ . 3
• . 3. 2. ‘. 0’ . 3
• • 1 ~~. •e 0’ . 2
• • 1 4 0’ . 3

70.0. 2. • 3
• . I 0’.  C. • 3
• • 1 _ . r 3
• . 1 2. r 3
• • 1 2. 4 0’ 3
• . 1 2. C. ‘ . 3
• • I 2 .   ‘ .3
• • 1 ~~. 4 ‘ .3
• • 1 2. C 3
• . 1 2 .  4 ~ . 3

8 0 . 0 .  2 .  •
,

• . 4. C 3
• . I 2. ‘ . 3
• . 1 2 .  4 0’ . 3
• . I 4. C 3
• . 1 2 .  • 0’ 3
• • 1 2. C

• 1 2.  C
• . 1 7.  4 C 3
• • 1 2. ~ .3

9 0 . 0 .  0’ 3 
• • 1 2. -. F 3
• • 1 2 .  C. 0’ • 3
• . I r

• . 1 2 . . 3
. 1 7 .  C. ‘ • 3

• 1 2.  • 3
• . I 2 .  r

• . 1 2 .   ‘ . 3
— 1 2 .

100.0 . ‘• • 7 

• • 1 2. 4 ‘ . 3
• . 1 2 .  F 3
• . 1 7.  ‘

• • 1 2 .  r

• • 1 2.  4. 0’ 3
• i 2 .  • .‘ .3

• . 1 . C. . 3
. 1 3. ~ r 3

• . 1 2 .  — . 5
110.3. 7 — — — . . — — ‘— —  .— 6  

• • 1 ‘ . . .3
. I 2 .  C

• . 1 7. 7 
• 1

• • 1 2. • -

• • 5 C

• . I . 4. ‘ . 0’

• • 1 2 .  3
• • 1 7 .  * C 3

-, 7 7

12 0 . 3 .  , 

178



—-_• _---w - —- .
~~-F ~~~~~~~~~~~~~~~~~~ 

- -  -—.‘

4’~ 
. . 1 2. * •~
• . 1 ~~. 

r

• • 1 5 C 0’

• . 1 2 .  C. ‘ • 3
• . I 7 •  ~ . 3

• . 1 2. C 
• 1

• . 1 7 .  • 0’ . 3
• . 1 4 C

• . 1 3 .  r -,

13 0 . 0 .  — , . 
_ .— _g- — _ 

~~~~~~
• . 1 ‘ . ‘4 7, • I
• • 1 2. 4 0’ 3
• . I 2. * 

r

• . I 4 
C. • 3

• . 1 2 .  , r 3
• . 1 2. r • 3
• . 1 2 .  ‘ . 3
• . 1 2. 3 F 3
• . 1 7. 4 F 3

140.0. 3 5 

• • 1 2. ~ • 1

• . 1 2. .
. . 1 2. 3 ‘ . 0’

• . 1 2 .  4 5 . 3
• . 1 2 .  4 r 3
• . 1 2. 3 5’ . 3
. . 1 2 .  ‘ 3
. • 1 0’ . C ~ . 3
• . I 2• ‘ 3

153.1 .  — — .— — — 1 — — — — 7 .  — — ‘ 3— _ r
__

•
_ 3 _ _ _ _ _ _

179 

—-—--~~~ ----- ~~~~~~~~~~~~ -



0455 1! P I L O T  ‘S Dl r ~~~O~’—~~L1.OC$TI)N M 1 0 ’ 4 !~~ ” UOOSL L’S

C~~*~~I0~~3 = 0 ’  0C ’3~~I ( ’ 5 2  C ’A i ’ 1 3( , ) :3  7 3 7 1 T 1( , ) : .  C R I r I ) ( 5 ) = 5
O C 0 A T t -5 )~~’7

0.000 •3 ’  5.0)0 1.500  2 . 0 0 0  12
0.000 1.00 3.3-) : 3.000 4.002 3C.5~~
0.0. . — — — 71. — — — 3 — — — — — — —  5 3. , 5

• . . 1 0’
• . . 1 3 5 12,33 ,5
• • . 1 3 5 3 . 2 , 3 4 ,5
• . . 1 3 5 t2,3..,5
• • . 1 3 5 1 2 ,34 ,5
• • . 1. 0’ 3 12, 3 . ., 5  0
• . . 1 0’ 5 12, 3’. ,5
• . . 1 3 5 12, 34 , 5
• . . 1 5 12, 3’,5

10. 0. . — — — 1 — — — — 3 — — — — — — —  5 12, 3’., 5. . . 1 3 5 12, 3.. ,5 -
p . . • 3. 3 12,34 , 5 -

• . • 1 5 t 2 ,1’.,5
• • . 1 - S 12, 34 , 5 *
• . • 1 0’ 5 12, 5’.,5-. . . 1 S 12,34 ,5’
• . . 1. 3 5 tz, 0’4.,~ -p 
. . • 1 3 5 t2,~~..,5
* • . 1 3 5 12, 34 ,5*

23.3. • 12 ,34,54

• • • 3. 3 5 12,34 ,5*
• . . 1 3 ; 12, 5..,5C

• . . . 3. 3 5
• . • 1 0’ S
• . • 1 3 5 12 ,34 , 5c
• . . 1 3 5 I3 ,!C.,~~
• . . I 3 5 12, 5*.,,,
• . • 1 0’ 5 t 2 , 34. , 5 t
• . • 1 3 5 12,34,5t

30.0. • ~ 
52 • 3* ,~~C~

• . . . 1 5 i , 3 . , SE
• . • 1 - 5 I2,’.,5~
• . • 1 3 5 12,S4,5c
• . . 1 3 3 12,64.,5t

• . . 1 - 3 I2,~ 4.~~€
• . . 1 5 12,3’.,5I
• . . 3. 0’ 5 12,34,5~
• . . 1 5 12 ,34.,~~b
• • . 1. 0’

40.0. • 5 12, 7C. •5ó
• . . 1 5 12,3. .5o
• . . 1 3 5 t2 ,~~C . , 5 s
• . . 1 5 1 2 , 3 — , t ’
• • . 1. 3 5
• . . 1 3 5 12, 34.,Sá
• . • 1 3 ~~~~~~~~~~
• . • 1 5 52, ’.,56
. • . 1 3 5
• • . I ! ; 1 2• ’..!6

. S 13 , 14 ,5 3
• . I 1

• . • 1 3 5
• . • 1 ‘ S
• . • 1 0’ 3 12.~~4,36

180



• . . 1 5 12,3..,5’t
• 1 -, i 12 ,3 . ,0

• . . I “ 5 j3 , 5. ,5~• • 1 0’ ; 12,3~~,5• . . I 0’
6 0 .0 .  •  12, I.,5~

• . . I 0’ 5 12 ,3. . , 5 *• . • 1 5 12, 0 . , S t
• . . 1 0’ 5 12,~~C. , 0’ ,
• • . ‘1 5 12, ’.- , S t
• • • 1 5 l 2, 7 . , 5t
• . • I 5 12,~~4 , 51
• . . 1 3 5 17 , 34 ,5~• . . 1 0’ 5 12 , 3 ’ , S t
• • • 1 0’ 5 1 2 , 3 3 , 5 37 0 .3  

• 3.7,34,53
• 1 3 5 12,34,5~• . . 1 0’ 5 12 , 3 C . , C 1

• • I -, 
5 i.2,3~~ , 5€

• • 1 0’ 5 12,33 ,5-
• • 1 0! 5 1 2 , 3 4 , 5 3

• 1 3 5 I2,3’.,5c
• . 1 3 5 1 2 , 3 . . , 5 c

. • . 1 3 , I2, 3’.,St
• • . 1 3 , 1 2 , 3 3 , S c8 0 . 0 .  • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5 13, 0’4 ,5€
• . . • 1 3 5 j 2~~’ .53
• . . 1 3 5 t 2 , 3~~,5~• 1 3 5 12,~~..,56

• 1 3 5 13 ,34,51
• . • 1 3 5 12, 5’e ,5~ 

*• . 1 0’ ;
• . . 1 0’ 5 12 ,3.,66
• • • I 0’ 5 17 , 3 4 , 56
. . . 1 3 5 12, 5 . , 569 0 . 0 .     

13,34 ,56
• . . 1 0’ 5 12, 3’.,56
• . . 1 0’ 5 I 2 , ’~~,~~S. • . 1 5 I 2 , )3 ,6 o
• . . 1 0’ 5 12, 5’. ,56
• . . 1 3 

~• • . 1 5 12,0’.-. ,56
• . . 1 3 5 13, O4,So

• 0’ 5 I2 ,~~4 ,5ô
• . • 3, 7 3 j 7 , 7 , , 55103.3• • 5

• I 0’ 3 t 3 , 7— ~~~ ’• • . I S 5 12, 6.., So
• . . I 3
• • • 1 3 5 11, 3— . 5,,

• 1 5 ~~~~~~~~~
• 1 3 5 12 , 0 ’4 , S6
• 1 ‘ 5 ~~~~~~~~~~• . • I 0’ 5 12. L •5 6

• . . 1 0’ 3
110.0. • S

• . . I 3 ; I2 , 0. .5~• • • 1 0’ 5 I 2 , 6 , , 5 o
. . • 1 3 5 l7. 0’4,5~• . • 1 3 3
• . . 1 0’ 5 j 3 , 74 . ,~~~
* . . 1 ‘ S 12 , S. .’-o
• . . I 1 5 i2 ,~~C. ,56
• • • 5 3
• . . 5 0’ 

~12 1 . C .  
• — — — I — — — — 7 — — — _ . _ 6

181

—



-‘7.---. - .~~~~~
—

~
---

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

I

• . • I 7 5 I’,~~C.,5
• . - • 1 -, 5 3 . ’ , 5’ . , C

• . . 5 0! 5 5 2 , 6 . , 0’
• . . 5 3 5 :2,!. ,5p 
• . . 1 1 5
• • • 1 3 5 12 ,0’4 ,5
• • . I 7I • . 1 - 3
• . . 1 0’ ; 5 • 0’ • , 0’I - 130• -). _ • — 3 17,34 ,1’I * • . • 1 3 5I • . . 1 3 5 12, 1— ,5
• . . 1 3 12 , 5 ., 5

1. 3 - 12,34,5
- . . . I 3 5 12 , 0 ’4 , 0’

- • • . 1 0’ 5 1 2 ,3 . , 5
• . . 1 0’ 3 12, ’.,S
• . • 1 5 1 2 , 3 4 ,5

1 0’ 1’ I 2 ,3Ce ,~-l 140.0. • 5 12 , 0’ — ,5
• . • 1 7 5 12, 6 — , 5
. • . I 0’ 5 I 2 , 3 C . ,5

O . . • 1 3 3 12,34 ,5
• . 1 3 5 12, 3-. ,5 .

• • . I 1 3 12 , 3 . , 5
• • . 1 5 12,~~., 5 -
• . • • 1 0’ 12,34,,
• . • 1 0’ 5 I2,3.. ,5~p . . . 0’ 5

150.0.  • ~

182



“~~~~~~~~~~~~~~~~ ‘ ‘~~~~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX F

KOREAN WAR TO PRESENT LISTING

183

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



-~~~~~ -r ‘-r . - -_ -—~~~~~~~ 
- -

APPENDIX F

Korean War to Present Listin Q

The first part of this appendix prints the model output every

fourth quarter. The variables are listed first and the scales are next

at E.OO . If there were changes initiated when the computer run was

made , they would be listed first; then a series of plots of the van-

ables across time follows.

In this append i x , the entire model listing follows th e computer

run .
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APPENDIX G

Attrition Listings

The first part of this appendix prints the model output every

fourth quarter. The variables are listed first and the scales are

next at E .OO . If there were changes initiated when the computer

run was made , they would be listed first; then a series of plots of

the variables across time fol l ows.

In this appendix , the entire model listing fol l ows the computer

run.
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APPENDIX H

Noise Listing

The fi rst part of this appendix prints the model output every

fourth quarter. The variables are listed firs t and the scales are

next at E.OO . If there were changes initiated when the computer

run was made , they would be listed first; then a series of plots of

I the variables across time foll ows.

In this appendix, the entire model listing fol lows the computer

run.

I.
I
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AP P E N D I X  I

Forecast Listing

The first part of this appendix prints the model output every

fourth quarter. The variables are listed fi rst and the scales are

next at E.OO . If there were changes initiated when the computer run

was made, they would be listed first; then a series of plots of the
- variables across time follows .

-
‘ In this appendix , the entire model listing follows the computer

run
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Vita

Peter L. Fekke was born in San Diego , California , on December 27,

1943. He attended San Diego State College from which he graduated in

1965 with a Bachelor ’s degree in Mathematics and a commission in the

United States Air Force•

• After completing pilot training at Moody Air Force Base, Georgia ,

he operationally flew the KC—135 at Ellsworth Air Force Base, South

Dakota, and in Southeast Asia. He next attended helicopt er conversion

school and eventually flew the HH-53 rescue helicopter out of Udorn

Royal Tha i Ai r Force Base , Thailand . He then f lew the KC-135 at March

Ai r Force Base, Ca lifornia. Later , he flew the FB-lll at Pease Air

Force Base , New Hampshire .

He entered the Air Force Institute of Technology in June 1977.
I

He is married to the former Neva Catherine Rogers of Live Oak ,

Florida . They nave a son , David , and a daughter , Sarah.

Permanent Address: 1224 Irvin Street , SW

Live Oak , Flor ida  32060
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