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Back 2round

The Commander , Patrol Wing , Atlantic Fleet (CPWL) is responsible for the

training , material condition and operational effectiveness of the land based patrol

aircraft of the Atlantic Fleet . Included in his responsibilities is the task of

allocating resources for operations to the fleet squadrons in the com mand.

Currently, CPWL has no comprehensive means of investigating the optimality

of resource allocations to his squadrons. In general , without a model to m ore

rigorously compare alternative allocation schedules relative to performance,

resource allocations have been made according to subjective rules. And parti-

cularly, with no objective method to assist with flight hour allocation, CPWL

• has had difficulty validating the need for operating funds .

CPWL needs a tool to help allocate its resources , and thereby justify its

resource allocations by clearly tying resource expenditures te performance. An

• optimally ~llocat’sd budget: for these resources cannot , by definition, he m ade

more efficient, so a cut in budget means a decrease in performance. Thc

allocation tool should relate. to performance becaus e the performance level s

are defensible, where the budget alone is not.

Ketron was assigned a project to develop a tool to assist CPW L with its

resource allocation tasks. A model has been developed which represents

CPWL ’s miss ion performance in res ponse to various allocation schedules of
major resources. The major resources include money, flight hours, a ircraf t,
personnel, sonobuoys , torpedoes , training simulators , and several others

• (see Appendix A for a complete list of resourcc~ represented in the model.)

• The model Ketron has deve)oped will guide a shift from rules—of—thumb to more
/

explicitly just if ied a1locatio~is based upon optimization of mission performance.

The model explicitly relates resource expenditures to performance . On the

• 
• basis of these relations it dctermincs an optimal allocation schedule using a

• straightforward decision trcc, allocating to the unit(s) which will 1ncre~ s c most

1
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in performance . The model consists of three parts : an input processor for data

preparation, a solution algorithm to determine the optimal allocation schedule ,

and an output processor to interpret the results and perform sensitivity analyses .

The model is now in a form re~dy for implementation , but it may not
be in its f inal  form . A fair amount of in—depth sensitivity analysis  and

refinement of the model as sample runs are made by those familiar  with CPWL

operations m ay  be necessary to mold the allocation model int o its final form .

This report describes the approach to the development of an allocation model

• and present s the results of the proj ect including the initial progra m documentation.

Project Objectives

The two major project objectives were to:

• Develop a tool to aid optimal allocation of CPWL’ s resources , flight

hours th parLicular. Within that obj ective , it is implied that an initial definition

of an ‘ obj ective function ~ that represent s the output of CPWL’ S missions and

tasks: i .e . ,  exactly wha t is being optimized , would be formulated . We have
chosen a combination of selected , already available performance indicators

( P I s) . The PIs are the quantitative measures generated in the mission performance

analyses performed during the VP Data Base project Y Use of these performance

indicators in the allocations model is the first step in the creation of a full

management system for operational resources.

• Run ~“nsitivity analyses; f irst , to validate the model , and second as a

follow-on effort on a regular basis to refine the model and imprdv e the inter—
~ pretation of re sul ts .

j /  VP Data Base Proj ect , ONR Contract N000 l4— 77— C-0 l4 5  Performed by Ketron .
Inc . for CPWL .

• 2
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- Other implied obj ect ive s  ar e~

• Bui l t—in ad ptahil ity of the tool to chaxi ge~ In resourc e levels ,
p required n i in imum and niax irnum allocation level s (constraints) , and performance

measurement criteria .

o Maximum conceptual and material simplicity of the model corn—

• mensurat o with its ut ility , flexibility , and realism.

Future Tasks

This proj ect’ s goal was to construct the model for determining the most
• )

effective allocation of resources , (particularly flight hours) based upon the

effect of the allocation on mission performance. That goal was attained , but

the functions relating resource allocation to performa nce were only estimated.

• The next step in the development of the final resource management  sys tem

should be a study of the effect  of resources on operational performance.  Such

a future study should rely on the VP Data Base for performance measurements

and continu c the review of resource expenditure begun as the first task of
0

this project.

Te ch ~~~~~~~~~~~~~

The project to develop and implement this model was divided into four

major t a sks .  These tasks with a short statement of the work accomplished

follows:

Task I: Review the  missions and tasks  of the patr al wings to determine th c

division of tasks within PZ\TWINCSLANT squadrons.

It is essential to the evaluation of the model ~o contin’iously evaluate the

worth of these tasks in relation to the value of the patrol wings effort as a whole.

(See “Model Inputs ” section , esp . mission v laue  coefficient) . The current work

with the VP Data Base proj ect , and a limited subjective approach were used to

provide “Performance Indicators ” .

L
3
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Futur e evaluat ion s of mi Ssion pcr iorm~:ncc me s i r c ~ will be based upon

three sources: (I) ni~> ’ie I r su lts , includj ny scnsit iv~t v a na l y s e s , (2) p erforrr tun ce

indicators qu ai~t i f i ~~J from the grow ing VP D~:to Base , and (3) a Delphi method

of subjective evaluat ion.  Though the subject ive ev ; jlu at i ons by CPW L

pcrsonr ie~ are often as accurate as rigorous mathem at ica l  derivations , they

are not as defensible from criticism , therefore this  third source will only be

used when necessary to supplement the other two .

Task II: Devel~2p allocation constraints and outline a constraint man ag em ent

system (CM S) . The constra int s on resource availability and their regression

to performance (see “Model Inputs ” section) are derived from existing data bases

(e.g. , RA INFORIvI reports , personnel record s , cost record) . Many constraint s

are estimated from physical  hardware capabiUty , such as aircraft , sonobuoys ,

torpedoes , etc . Others have been set by operational command requirement s

and measures related to flight safe ty .  A CMS details procedures for continuing

and improving the gathering of data relatinq to constraint formulation and the

analysis of regression coeJlioients. In some cases of limited data or no

adequately related P1 for a given resource , subj ective estimates are made of

piecewise linear r~ c~r ossj on cocfficicnts .

• Task III : D~~~ l~ p a r n c x lJ l .  This is closely tied to Task II , defining data

and consusints needed . A logical form of the constraints , the solution

algorithm , arid prerequisite analyses  for an input processor are complete .

Specific structure s of the problem led us to choose a “ steepest ascent ”
I

allocation model (see “Candidate Algorithms ” section) . The program Is •

• written and matched to computer hardware available .

Task IV: Perform sensitivity ana~yses and model validation.  Uncertainitics
in data , P1’s , and constraints were investigated , and estimate s made of value s
of tho factors in the model.  Further effort is needed to experiment with the
properties of non—linear relationships , and modify the m as necessary to refine

the model.  The u t i l i t y  of Fl regression coefficients should be cri tiqued with

reco nmmen:k~tions ~ change if necessary .

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ---•-- •.-- - •- ~~• —•~ ~— -~~~~~~~~~~~~~:~~~~~~:; :~~
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• In the enily stages of this projec t , having completed a lur ~e portion of

Tasks I arid I T , it became apparent that the previously suggested linear

pro yra mmin g solution algori thm was inappropriate to both the data available

and the proble~ i ’ s logical ‘~tructure (see discussion in next section) . There fore ,

i ai ~r u n l  form for the basic algori thm was developed in the Task III effort .

ihe constra~n~ CP\VL ta sks  and the factors involved in the allocation p r o c r sr

eva lua ted  in Tu sks I and II wore restated to m sl .ch  the form ci the new

algorithm. Tas~: IV is now underway. Refining t h e  model from results of

sensitivity studies is contingent upon program installat ion and training of

future users , ari d more in—depth correlation (re gression) studies of the data

bases. Some data inputs to the program are in extant personnel data files ,

but must  be dug out by hand and rearranged in a suitable form befo re the

model can fu l ly  demonstrate its potential real ism. ihi s final stale of imple-

mentat ion should be done at Brunswick .

• The next section of this report reviews our reasons for rej ecting linear

programming as a CPWL allocation tool.

Candidate Algorithms for Allocation Model

The first and most obvious possible source for a solution algorithm is

linear programming . This method is best used when there are distinct , well

• defined tradeoffs in utilization of resources , for example when we can define

• that the use of one torpedo and ten fl ight  hours is equivalent in performance

effect with , say,  twenty sonobouys , ten flight hours , and five simulator

hours .

* However , even if such tr~de— offs were well defined (which they are n ’t ) ,

In fact , even if we knew which resources could be substituted for others in

• any proportion (which we don ’t , except in a very few cases) , then the problem

would still make little sense because different resources avai lable  to CPWL

are often used for different missions . The results desired from completion

of different missions , are definitely not t r ans lat ab ln  into one another.

5
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Tlie~ ~ ~re , the I r rtd coi i Capebi  i i ly of i i i  iuu r  p lu i j  n~ i s n ot  ~pi cah l a to

this problem.

The same l oj i c  is true j ur  the second most O bV I O U S  a lgor i thm source ,

non-linear pro grucim ing . J\edCd disadvantages of non—linear  programmin g as

a tool for an operating uni t  are the large computer requirements , intricate

m a t h e m a t i c a l  o r i r n t a ~ ~ n , a~ci often co~!tpl ir ~aLc d compu ter  pro~, . ems.

Therefore , wa Oi s ( ~ ~hus c  cla ssical proq mamin g allocation models

• and have used a steepest e~ cent al location model instead . This solution

algorithm is basically a straightforward decision tree . It starts  with

nothing allocated , then for ‘~ach resource separately,  it a l locat es  ir i cr eniant al

portions on the basis of ga ining the maximum increase in performance.

Piecewise linearities of regro ssion coefficients are eas i ly  incorporated ,

unlike l inear programming . For example , saturation effects cause the

correlation or regression coefficients relating perlormance to the amounL of

resources to eventually decrease for large allocations , that is , in genera l
the rate of increase of performance wil l  decrease for very large amounts c~
any specific resource . The model is capable of representing this and other

nen— lin sori l i cs  in the relation ~~CL w C C~~i re source s an d performance .

• For som e exotic non— lin ear it ies , the steepest ascent model may not yield
a true globally optimal solution. But for the fairl y “ smooth” curves realist ically

• used in the model , this non—optima lity will probably never occur .

The steepest ascent model is conceptually much simpler than linear
programming . The computer program to i-un it is extremely simple , small ,
fa st runn ing , and easily debugged ; it is even better than C Simplex linear
program in this respect. Its fl cxihiuity for ref inement  and fu tu re  modification
is easier and more Intui t ively logical than  I,P , and require s no mathemat i ca l
expertise.

p
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to LP or r r i n - l i n c ur  programming , hut  this is fbi  I he case .  i h c y  are not gea rc i l y

sub~ t i tutub1e bocuL ’ se they a r c  u sed to solve t h f f er a nt  typ c~ of pro b l ems . It

is the n on—tr adsa l t  structure of CI’WL’ s allocation problem tha t  allow s the use

• of the steepe~ t ascent solution algorithm .

I
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Th~ s ccb l car •;i ct~; of th ree  bas ic p or t s :  r io  inp ut  proc~ ~sa~ , a solution al —

• gorithm , ari d an output processor . The input and output processors each have two

functions: administ ra t ive and analyt ic .  In both processors , the administrative

function interacts with the user for Input and output of data . The analyti c func-

tion of tha input processor prepares data input s to the solution algori thm. The

ana lyt ic  function of the output processor interprets the output from the solution

algorithm . Tha solution algorithm its elf is the operating heart  of the model .

It calculates the optim al resource allocation schedule.

The solution algorithm is , of course , designed to solve a specific problem.

The following sections discuss the structure of the problem , da ta  requ irements

and formats , and the method of deterroin ing the optimal solution .

( Variable Defini t ions

Appendix B l ists definition s of variables used in the model. These are self—

explanatory . For convenience , in some cases different symbols are used in the

text than in the compute r coding. Text notation and coding are compared in the

appendix .

Current rough estimate s of parameters are listed in Appendix C. These have

been obta ined from field sources. Some varia bles can be determined using

Bru n swick ’s da ta sources. Among these are numbers of pcil sonnel on board ,

which will come from ext a nt personnel records ; min imum flight hour require-

ment s , which will come from average replacement rates and required hours for

training and safety; detailed cost per f l ight  or simulation hour for various

missions; end reliable estimates of fl ight time lost due to aircraft  being NORS

and NORM .

Mod ci Inputs

• There are three types of ex~ 1icIt inputs to the solution algorithm and a

fourth typo u~ cd only by the output processor . The first is raw , directly

usable data such as known available resources , constraint levels , and unit

8
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• costs. The second is input processur data , t i t is , data r.’iiich mus t  be an alyzed

arid modified l y  the input proces sor before it jn hc used by the solution algorithm.

This includes personnel numbers and qua l i f i c a t .io~ s which rnu~ t he ~i ; l y z c d  to

forecast crew numbers and nualificutions , w hi r l  con t h r i  be used by the solution

• a lgori thm. The third is piecer/ ise  linear regression data v ’I)ich dcscribc a the

effect of a given resource expen diture on miss~ nn per formance .  ~ n exa mple of a

typical regression curvc~ relating resource exp cnd i L i i r c  to performance is shown

in Figure 1.

Perfor~r anC e
• Indicator

Valu e -

~1

/

/ I

p 2 ~~~~~ • - • •

of
• I 1 ResourCe
• Used

FIG . 1: TYI’ICAL RESO URCE i~EGRLSSION C UIWE

Input of these piecewise linear factors is done by entering o~~ered pair

coordinates of the segment endpoints such as (r 1,p 1) ,  (r 2 1p 2) ,  etc . The model

w ill Interpolate the res t of the curve. Whene ver poss ible the regress ion curves

are derived by statistical (regression) means. Otherwise the curves are estimated

by subjective observation of mission performance and resource allocation .

Statistical analysis of RAINFO RIVI reports , in particular the elapsed time

• data for the A~ \V mission s , that is , on—station time , search time , localization

time , tracking time , etc., should yield est lmat ~~; of regression coefficients .

Similar analyses can be done for most of the other missions.

The fourth explicit Input Is correlation data . Correlation is a statistical mea-

sure - of factor dependence~ and w ill be u sed extensively by the output proce ssor

th model vu l i e t I ~ fl ar i d se n si t i v i t y  a n o l y r e s .

9
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]i~~~ i c i i  inpu t s  to the o l ~~i i n r l n ie dat o or a I v s ~~; f i ~ t~ en r  for the inpu t

proces ;or. These funct ions  can h: r efined c o i l  rnocb fic 1 ía i r l y  eac i  y by a corn—

put er  pro ; rom rr ie r  if the in it i a l  work wi th  the nuo ) e I  in d ico t  r~~ tha t  f u r t h e r  soph i st i —

• cation of the func t io ns  is needed . New func ti on s  can be added as ~-.e]l if , for

in sta n ce , a new resource is consh iered for cat ty  into the model .

Though much of the raw usable data , such as aiao u nt L available of each

resource , is obje ct ive and easily quant i f ied  , at least oar inp ut , the mission

value coeff ic ien t , is highly subjectiv e . Thi s c-o c fi~tc iero~ ucrtray s the relative

importance of the various miss ions .  It is the ‘~r~e me ans  of d i sc r imin at in g  bc~w - r n

the net importance of parformar ice in different mI S S iO n S . Therefore , it has a large

impact on the optimal allocation of re sources.  Init ial ly,  its value is based on

mission pr ior i t i e s  as viewed by the com ma rids of GPWL . Subsequent  r e f inemrn t s

of this factor will be based on sensitivit y ana lyses .

Problem S be oture

Appendix 1) lists tha objective functio n (p erformance measure) to be max !—

mized , and the constraints and consistency chocks to which  optimization is

subject . The fo rm and 1e~ end s of the constraints  and con sistency checks are

self—expl anatory , but the structure of the oLjcc ~ivo fun c t ion  is less obvioUS ,

and will now be expla ined.

In essence , the objective function is a composite of many performance indi-

cators multiplied and added together . The basic building blocks of the objective

function are the PIs as given in Figure 1 of th2 previou s section . We can sum-

marize Figure 1 by equation (1) .

~~iJk t = f(R l .k~ 
(1)

• That is , the performa n ce of some portion of mission i relevant to resource k

(by squadron J at time t~ is equal to a function of the amount  of resource k al-

located to that mission (ari d squadro n and t ime)

10
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For cons is w a c y w  U 1 vt  t u e  I se ~ io u n  Ii condition

0 :  P1 . kt 
(2)

• Severa l resources may lw used for each f l h i S S S ) I 1 , so to C~~I c u l~~tC d (
~(OS5 P1

for the whole mis s ion , we mul t ip ly  together the  I e s i c  Pis fe: c i ch  resource .

Gross Mission P1. .  = I I  P1.. ,
• i jt k 1J 1~t

wh ore ii  is t i e  e tan der d  sym bol for continued product . At th i s  s tage v.’e mu ltiply

the PIs , instead of add ing  them , far two lo~ ico] (ti w-e qh sc ar wh a t  a r b i ~r ar y)

reasons: (1) We want the Gross Mission P 1 to he between zero and one. Suni—

mation would not ensure this .  And more importantly (2) we believe the extra

separability of addition should only apply to a ndss ion—wi de h I ,  and not to the

separate parts  of a siriele mission . Thi s is consistent with the non—tradeoff

aspect of the steepest ascent model , in that no small port ionate P1 of one

mission can be separated out and exchanged for another smell  portionate P1 of

another mission

There are some resources not explicitly allocated to a given mission which

nonetheless effec t  mission perform ance . Among these “ resource s” are crew

qualification levels , q ,  and training time ava ilable for each personnel category ,

1.

Thus a more accurate Gross Mission P1 would be given by

Gross Mission P1.. = ( I  P1.. i i  P1, - I I  P1 . (4)
ijt i~ i jkt  1 i~ t q qj t

Finally , if we are to meaningful ly  compare the PIs of d ifferent missions , we

must  take into account the relative mission priorit ies.  We do so by weightin g

the Gross Mission P1 with the mission value coefficient , 
~~~~ 

- 

(see Model lnputs

section) . This yields equation (5)

Net Mission PI
~~ 

= E j j~ ~ N ijkt ~ P11~ ~ ~~~~ (5)

11
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We now hn v~ -or mar able m~ c’su1o~; of miss ion oc~r formanc c , ri nd can average th iull

over all mission s i , squadreuis j, and time t , as fl i iOv. ’fl In equations (6) , (7) , ri nd

(8~ , respect~ zc~ly ,  to y u i - ld  a Total P1.

Single-Squadron r’Ij t ~~~ 
Net  Mission

All-Squadron 
~~ 

=

~~~~~~~~~~~

- 

~~ 
Single-Squadron ( 7)

Tota l P1 = ii All—Squadro n ~~~
12 12 - 7

= 
‘

~ ~~~~~~~~~~~ ~‘ E 11 P1 U P1 fl P1
1 2 t ~ 1 l 2  j~~l 7 i~~1 ij t k  jjkt l ljt q qjt

• This latter is the . objective function we wish to rn~ x imiz e .

• Piecew ise Line ar _I)ata

In the objective function in Appendix 1) (rerroduced in equation (9) belo~\’,

you will note coefficients prefixed by the letters W and B. These are piecewise

linear cocff ioic:~ts and wih  now he expla ined.

• 1 1 1
Objective FuncLion = ~~~~~~ 

—

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

‘ 

. 
11 (wR .. ~~~~. .  + ~~t j i [ ljt k ij kt i jkt

~ ~~~~~ ~~~ + BS1~~ 
(9)

• ,I (WN . N . +.l~N .) lq qjt  qjt q;t

Recall from Appendix 13 that WR is a ~Jngle symbo l , the prefix W mean s “ regres-

sion slope coefficient o f . . . ” , and ~~~~~~ means “regression slope coefficient

of Resource k allocated to squadron j ,  mission i , at time t” . WR does not mean

“W times R” . The symbol W never sta nd s alone ,

• Similarly BIL .kt mean s “ regression Intercept coefficient of Resource k allo-

cated to ... ctc ” . B also i~ merely a prefix . As we shall show next , the regre s-

slon slope and intercept coefficients  are essential  to calculating the value of the

12 -
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P1 for a q iven resource . The ri: gression slope coefficient Is a lso essential to

calculat inq the ste --pest a s c en L  of the objective function , as we wi l l  show in th e
$

solution algorithm section.

— 
. 

Recall Figure 1 and the method of inputing the coordinates (r 1 ,p 1) ,  (r 2 1p 2) ,

etc . to define the piecewise linear relation be tween the amount of a resource

used and its associated P1 value.

• T h e  value of any particular regression slope coefficient wiJ i shift dependir 1çj

on how much relevant resource has been allocated . For example , refer to

Figure 2 b~ 1ow for a typical piecewise li r ICa r r eqress ion plot .

- 

P1 /~
Va lu e  I

p
4 - - • - - - -  - - -- -- - — - •---.- 

-—

r -
~~~~~ 

-

P3 : -
~~

Intercept = 
- 

-- 
- ~~~ (  

- -— .
~

3 ~~~~~~~~~ • •~~~~~~~~~~~ • / s1ope =~~4~~~3

L r4-r3 -
~ 

p 2  r 4-r 3

p l ~~~~~~~~~~~~~~ ~ —> 
~moun t ofr1 -

, - r 2 r 3 r4 Resource Used

/~~~~

‘ \~~~~
I

1 slo pe = ~ 3 ~2

Intercept =
1 P-p  /

— ~ 3 2~r
2+P2

[r3
_r
2 J

FIG~~2

~ R 1~~~ Is the amount allocated , ari d r2 < R ,. 1~~
cr 3, then the reqression slope

coefficfr~nt will be

. 

3 3

~~~~~r1~iIiI1IV - 
- 

- _
~~ ‘-~~~~~~~~~~

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

----—- :=. -— 
- •



p_ -p.,
w n . . ,  = —--—-

~~
--—

‘ —— (10)
ij z t

and the regression int- : rcept is giacn by

BR .. - 
= [ ~~~~~~~~~~~~~~~~~~ (r 2) + ( 11)

ij kc L r3—i~ ] -

As the allocation prog :wssively increases so that r3~= R , . 1~~< r4
, then the model

automatically computes
p4-p,3

WR .. = —----—‘-— (12)
• ij kt

and

= ~
_
~
i
~

_.__1 (r 3) + 03 
(13)

as show n in Figure 2 .

Thus the expression

P 1.. f(R . .  ) WR . - R . .  + BP~~. (14~ij kt ij kt lJkt ijkt ijk t

is the value of the performance indicator for mission i , squadron j ,  et t ime t ,

when amount R . .  has been allocated .ij kt
• 

• Simulator hours (S) and number of qualified crew s (N~ are handled analogously .

• We have given them dif ferent  symbols because they are iterated over different

subscripts. As in equcUon (14) , we have

• 
WS 1~ S1~~ + BS1~ (15)

and

P 1 . WN . N . + 13N . 
(16)

qj t qjt  qjt qjt

Substituting (14) , (15) , and (16) into (8) yield s (9) , the obj ective func t ion .

34



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

H . /~i/ .
.
___  ~~ 

• ‘ C ~dt (~~~r iOE i 
--_ __

Crew Slol 1 2 3 (3 7 8  9 l O U

1. Pilot Xl X X
* 2. CoPil ot X X X X X

3. NAV X X
4. COMM X
5. TACCO X X X -

6. SS1 x x
• 7. ~S2 X X X

8. SS3 X X X
9. Arm . x X X
10. OR]) X X X
11. FLT Eng x x x
12. 2ndMech . - x

FIG . 3
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The models m ain  so~u~ ion a l q er i t h r n  ~, r r -  11ev ’ charted in Append ~ ~~~. Ba sic —

ally , all they do is allocate each ro ’ ~~rce , Lit ,  by bit , to v.-i ier cv er It will do the

most good . They do th~s by calculat iaci  the ~teapest  ascent of the objective func-

tion over all missions for a given resource , at a given scp edron and time , and then

allocating to tha t  unit  with  the st eer-est ascent . There E r e  scrn e variations in handling

subscripts for d ifferent  resources because constraints h ave dLl~erent form s , hut

basically th ey are all s imilar .

The ascent of the objective function is defined as Its part ial  derivative with

respect to the given resource . This is ap oro xim ated by the mission va lu e  ccof—

ficient  times the re source ’ s regression slope coefficient , or

ascent = F , - WR
ijt  ijk t

In the flow char t s  thi s is dhOrc ’~ia ted ~s F x W

E x W is not the t:w : rt i nI  ~ c r1 :Ctiv c- ~cc~w s c  the p erform ance C arves  are

in reality not independent Of one another , that  is , changing the allocation schedule

of one resource would a f fec t  almost  all he other performance curves of other resources .

A s imple exar ne l e  of this elf cct , us ino  only two hypothetical  resources , A and B , is

il lustrated in F i qur o  4 .

Performance • • —~
--

~~~~~~~~
--

~~~~~ R = 3
Indicator ••-~~~~~ 

- B

Value -

-

~~~~

--- - 

_
~
. R B 2

/ ~~~ ____

13

_______  _____ 
Amount  of R .
Allocated

FIG . 4

The complexity of ten resources currentl y in the model would preclude c~:p1icitly

defining these interrelations , even if data detcrminacy just i f ied it , which it does

• net . But the j ’ ledrI h a s  two elements in its fr i v ar  in th is  regard : (1) it impl ic i t ly

17
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I nc c) Fpc )n tc- s the h i t  -
~ dependence , thouqh only in a maP c n ~bt ic ;e]  ly ~pc i n b J e

form , n r ~d (2) le v ing  m zi n v  reeosrccs is eel u rI l ly  an advantage , hc c:a usc th~.

m a n y  l u C t  net ions to ; ci to cancel each other out , on the average , whcs e only a few

mi ht n o t .  ‘Ihe rc fc r ~’ we f eel F x W is a jus t i f i ed  ap r -i  o::ir ; e~t ion

S imulta neous w i t h  this s teepe st  ascen t allocation , the solution algorithm

l:-:enr torch of the non — l ine an i t ies  in the regression data , and ensures that con—

s~ aints are not violated .

Q3~ put Proce ssor

The output processor has two functions. Its adminis trat ive function is to

arrange the output of the solution algorithm into a readable form . Its analytic

function is to run sensitivity analyses and other calculations on this output .

In addition to the output of the solution algorithm (the optimal alloca t ion

schedule) the output processor requires two numbers for each set of regression

coeff ic ients :  (1) the standard error of the estimate about the regression line ,

S , and (2) the s L i r ~daol error of the r en i e ss i o n  slope coefficient , S . Those
y.x - 0

are easily calculated at the same time as the regression coef f i c ien ts , before input

to the ra de1 , using just  a programmable poc~h et  ca lculator . Computer tim e is

no~ nez- d od .

Estimates should be made of the expect sd error of subjectively (Delphi)

determined variables. The subjective estimates of errors can conveniently be

of the form , “We are around 90% certain that  the estimate is correct to within

about 20 % . ” These estimates do not need to be precise to yield a meaningful

sensitivity analysis.

Using these numbers , st atistical confidence intervals for each resource cr- n

be calculated . These wil l  Indicate the confidence one can have that the per—

formor ice measures in the model real is t ical ly  correspond to real—world performance

measwes (assuming real-world allocation s similar to those used in the model).

Th~ s is 11 ‘ i - ‘I ‘~‘ r  l h n ” subrout ine .

18 
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tn the 1~~ - t ~Liid~~~w-~~~ii~~ -ubeenU t v ~u — wil l ~nve~-~ i q ? ~te i•s .v  t,l~~ o~~- ma!
solution is affected by various u t i c -ci i n l i a s  in model i r ;p u i s .  For ( -x a mp i e ,

for a specific resource alloca~ Jr a r , ana lysi s  of S and S v-;fll y i e l d  a prub -~ —y .x  0
bility distribution for the value s of r c- lev ant  f ;fn form ance  ird !c~ tor s . R er u n n i n g

• the model in a Mont e Carlo fashion for these probab~l i — t i c  input s  wi l l indicat e
sensitivity to allocation shifts .

Similarly , ~shsd nv costs ” , that is , the effect on pe~forrr iance of increa : ing
or decreasing available resource levels , can be q u i c h i y deter~r~ined by loopi ng
back throuph part icu lar  part s of the model to recalculate the opL ima l solution for
each of the various resource levels. The ne du lar  fona of the model allow s this
to he done without r eninning the entire model

H

‘H 
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DOLLARS FOR FLIGI-IT HOURS

DOLLARS FOR SIMULATOR HOURS

FLIGHT HOURS

SIMULATOR HOURS

A IRCRAFT

PERSONNEL

TORPEDOES

SONOBUOYS

HARPOONS

MINES

TRAINING AREA S

TRAINING RANGES

TRAINING SUBMJ-~RINE S
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APP ENi )J~L B
\1ar P -~~) es

Sub~ c c

I = task (1 j e  7)

= ASW subtask s (1 to 6)

j = Sz~e -~ nroi i  (1 to 12)

k = Resource (1 to 8)

1 = Personnel  catc acry (1 to 11)

q = Crew qualif ication (1 to 4)

t. = month  (1 to 12)

Prefix

- B = Regression intercept coefficient

C = Cost (money)

L = Lower bound

U = Upper hound

W = Regression slope coefficient

Suffix

T = Cumulative over time

~~~

- 

,

~
-
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T’ -- l i r sion P — i~~\7 ( r v - n i t i o t l

1 = l \ J O b i l I \ ’  1 = s ( - rc~ii
2 = J~SV! 2 = dr .t r r ct
3 ~I— - . 3 =
4 = Recon 4 = ]cy-~ U :at~on
5 = Idining 5 = track
6 = El ec . S ; r v .  G = kill
7 = Stpport
(D~ ietc 8 = t ra ini ng , im- r L i zJi in all
othcr r  with S and N - - see ubj oc iiveI t  q j r ,
funct ion.)

1 = =

1 = - VP—5 1 = flight hoer -s
2 = VP—8 2 = torpedoes
3 = \~P—1 0 3 sono b cuy s
4 = \ ‘P—l l  4 = Harpoon s
5 = VP-- 16 5 = mines
6 = VP -2 3 6 = t r i i in ine  area
7 = VP—2 4 7 = t r e in ing ra nge
S = V P —26 8 =
9 = V P —44
10 VP-45
11 = VP— -i O
12 = \ ‘P—56

resource Relevant _Mi~u iovr -  I

= Crew Qu al i f ic at ion  f l ight  hour s A l l
torpedoes 2

1 = C—i sonohouy s 2
2 = C—2 Harpoons 2
3 = C—3 m ines 5
4 = C—4 training area 2—6

training rang e 2 , 5
- submarines 2 , 3

simulator hours 1— 6
crows 1— 6

- -~~~~ — - -  -~~~ -—-~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ —~~~ r -~~~~~~~~-~~~ - - - ~~~~~--- - .
~~~~~~~~ - _.



r

1 = } i - - - ~~ el ChH ~ - iCi

1 = I st leer  brand n~-v~ ( - . L l O0 ft ir s)
2 = 1st. tour v. Nb pr ev iou s  hoe! . . ( Th 0—70 0  J ; c~ irs)

PILOTS 3 = o [bc -r 1 ~t tour (~-70 0 hou r sj
4 = 2nd tour , not cc~~i~;e nd level
5 SOVCIÜ1 tour cz ea ::nd level

6 = 1st tour
NTO’ s 7 = 2nd tL er , not ccn;~isand Ic-v -I

8 = several tour coriin ~ nd l c v c l

C.RE~!\1 ~ = 1 r-t tour
- -  - ~, 10 = 2nd tour usual  craw memb er s

M ’ ~ BE 1~~ 11 = 2nd tour , comm a rd billets

13—3
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~~1;

l)~ :1 rd ~~‘ cc -

AC .t = numb er  of aircraft  (given)

CH .t = cost per fl i çj h t  hour (given)

CS~ = cost per s imula tor  hour (given)

CHT = dollars aN n or -ted to PATWINGS for f l i g h t  h ozr r L (civen)qua rter

CSJ 
- - - -~~~ - 

= dollars allocated to PA’rWINGS for s imnu ir tor  izoers (given)
qu~-e t~ c

E .. = mission w i  ue coefficient (qi ’icrm)ij t
E’ . , . t = mission value  coefficient for ASW subtarks  ( c ;N ~(:n , SCO

f (NOhd , NC hI.1~~ fract ion of avai lable  tim e which is ftce 01 mcirit e :;ance on
supply s c L h a c ~z ri (given , see “fer ict ions ”)

11 ,,  (= R . - .  ) = allocation of f l ight  hours (variable)
1~ i 1J i~

LL . t = required minimum effectiveness (given)

LhP 1 = m inimum flight hours required per person (given)

LR . minimum allocations required (cj ivr-n) (K / 1)
i jkt

LS1it = minimum simulator hours required per person (given)

= number of crew s with C—q qualification (given , see “functions ”)

~q1jt = number of q- qualified , 1-category personnel on board (given)

R .. = amount of kth resource allocated (variable)ijkt

R1~ ~~~~~~~~~~ 
= allocation of flight hours (variable) -

~ j 2t = torpedo allocations (variabl e)

= sonobouy allocations (va riabl e)

Rj~4~ 
= Harpoon allocations (variabl e)

R .. = mine allocations (variable)
1)5t

R . .6~ 
= f l igh t  hour allocations to training area (variable)

B - = f l ight  hour allocations to training rang e (variable)lj 7~

13-4
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4

f u n  i L hour  a l tec : . ~ to SVL) se i : N -; r. (vat  ia h i o )

Si .~ 
= s irnul a :ur  I a sr3  a l locaniu I - a r m

Ul1 .~ = uppom :- cuau .  on f l i g h t  ner -~e ( l iv en , see “ fu xz r -t i o r i s ”)

= r iexhaum sHoc~ N or - s  r-~1ew:-d (-~i~ c- mi )

= m a x i m u m  sic- uhzto r  h e n s  ::1~n . -~cd p — i  man ( c i  ~.rn )

UU .—~ 
= overall mcu: - r a we s im u l a t o r  ho ur -c ~ ;r - i l O L 1 r~ (n i az r-)

t 
-

N OTF : The sy md o ls ii:: wd as u~ -:a f i~~ (~ , C L U / a n-i \-V) n~.-- ~-or st - zI alone as
varN± dc s ,  t h ey  s icad y ad- ] a ~-v. c z  m L r -~ to  w: :dr . - ’r --r v a r ij i d s -  fc-1~ovJ5 ; . ICr

• t he vn~ la n le 
~~ 

d z au L os  an N loan Li o n  a r c-t nt of resource k , one
since tha p eNN \\ on~i ‘ l c : c  o r c i e n  slor-e  c e - a N i r ;~ z r ~t of . . . ‘ , t i m e  cnn - ’~~nd
symhol 7: h . .~~~~ racnr ; s  ~c- - :. : s :;~~ a n i u p~ cc- ainr . t of resource Ic v.d~e:m R , -

is ‘ a 1 -a n \~ ~a s \ 1
meantn ’ ‘y it seIi , Wi] , is a s~nc i e n cv .  nam e  for a v a r i a r - I n  oiNce~~nt ~r cm
but r~ luted to R . a -t  

~

S i m d n r ~y ,  t~hd~~r-o ;h- : U da n e t e s , “ i~p ’cr bou nd n . . . ‘ . Thus U R ., zsc.~ns -

the up~-c r bound or P ‘ . Obviously v~’e must  a r w e ~ ~~- have R . •
~~ - 

.

UR .. I:: a sinalo ~~ iiL;cie name . It does not mean U ti ;aes ]~ J~~t 1) ~t

ij kt i~kt .

13-5
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Pu:

= m i s s i o n ;  z—nr l z; cr coefficierd s 1~ r Id ~? s L 1 r - c :  - - (b ivcn)

Note: sir i~d\ ’I , i = 2

= ~ v:
2 1t P P i’jt

- - v:hc ra o 
- 

v ’ - 1 ( - ~ - 
-

~ I-’~r- - - ! - ’ -  ~ -

me: c c-a- a~ N (a. ad h n cL on cc ct ,’ he e ned P y the  input rJr t~c r  s sor

N
qj~ = number of cr~~w s v-.~:Lh C—q (eg . C — I  , C—2 , . . .~~ 

c-aa i i f i ca .. i c .n  (— duc ci ,

currently c eLLr:Lcl l ly  d~~i n in u d  If  O T ;  p cr so: t .-~ I nvai iablc h; - -

routine in Lh o input p ;oc cr . sur .

~~~
1
j t  

= upper b c - sr -N on fii ~~:t hours (gi ~; - - r - )

- flours
30 cm v - ’  — ) (2 ” -  d : - ’ ’  ‘

~ f ( J\T(~~Dr- 1-:i-P7~~~~~

* = ( ~~~-- , j  AC . ~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

- montn ~t i~ orLr . I :~~ 1) )  + ~~ ~_ 1-v~1cC t i f f l (

•~~ - N -

• a irframe limit (2-4 ~~~~~~~~~~~~~~~~~
crew limiL - - 

- 

(sortie lc- a-~ J) -4- ( L - n i c f ~r; -~ t ime)
+ (rest ti rna :‘

current assumptions:

sortie length = 8 hours
servicc time = 3 hours
briefing time = 2 hours

- 

-

~ rest time = 8 hours

B-6
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Coe] J i ( . 7 ( ch s for V- ;re ,L i  -s

P Tr--- t ’~~- -- - (~~c t r - r ’ -r Code N : mnc- f ) h r v - ’~~i -ns Total Vdn~~ -:

I C  J~1PC F~ (J) ( 12) 12

CI: .. CF1~~i i i I  (I , base~~ (7 , 6) 42ij t
$

CS .~ CSIMNR (here) (6) 6

Cl-I T q u :  L:-m (~ :1 (qu ui  L w) (4) 4

CST (~~~
l r t ( r  CS- i (CiC . ke )  (4) 4

E - 1J ’ d d T  (I , b: ’sn- ) (7 , 6) 42
ij t

- 
Ffl i ( T  1 (Ii , h r - se )  ( 6 , 6) 3C

I’ll

H , - ~
- P . ,  J -LT ;TR (i f J ,  T) (7 , 12 , 12) 1008ijt ij i t

N
qj~ QUJt1. (Q, j , T) (4 , 12 , 12) 575

r q ij t  PERS (Q, L , J ~f ) (4 , 11 , 12 , 12) 6336

TOP~P (1, T) (12 , 12) J4~

R . 3  SO1’ 0 (J , T) (12 , 12)

R , - HARP (3, T) (12 , 12) l’~4
1) t t

R..5~ 
MINE (J ,  T) (12 , 12) 144

R..6~ 
AREA (3, T) (12 , 12) 144

R .7t RNGE (I , J ,  T) (2 , 12 , 1 2)  - 2S3

SUBS (I , J , T) (2 , 12 , 12) 288

S1,~ SIMHR (L , J ,  T) (11 , 12 , 12) 1584

i
~ asc - IDT (J ,  T) ~

- base where squadron J Is stationed at time t, calculated
by c c t m ~~t a ter  subrout ine .

B—7
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‘l~wt I N  -a  ‘~ 
( I c  -

~ , ( - I ~~~” I a r  - r , Tot - 1

v - P h  3 - ~~~h - - ’ - : ; :

LE . - L L J - i - . ;1 (~, h~ ~ c)  (7 , C )  42ij t
LHP q1 LHPJ ;P S (Q, L~ T) (4 , 11 , 1 5)  660

LR , I I~ 1 ‘ (base) ((‘ ) 6
1) Ct

LR .,  LRNC i (I , hwa ) (2 , C) 12
ij 7t

LR , - LSU IPI  (1, base) (2 , 6) 12
- - 1j 8L

LS 1.t LSIIv 1UR (L , ba se) ( i i , 6) 6

UH .t UFL LL f I !-  (base) (6) CL

HR .. UTOPP (base) (6) 6
i j  2 t

UR . - USONO (bc~~ ) (6) 6ii , -,

UR . .  UHJ~RP (base) ( C)  6ij 4~
UR , r U M I N d  (br -sc ’) (6) 6

i j~ t
UR ..6~ 

UJ\RK’~ ( 1. iso ) (6) 6

U R NG E (I , 1:nm t’e) (2 , 6) 12

USUBS a,  bas e) (2 , 6) 12

USIMII1 1 (L , base) (11, 6) 66

UUS~ UUSIM (T) ( 12) - 12

C orre Ia tic’ ci S ig~ e coa If] C’- icnts

~~~i jl t WFLTHR (I , base , X , 2) (7 , 6 , 5 , 2 ) 420

WR . . 2~ 
WTORP (base , X , 2) (6 , 5, 2) 60

WR , .  \VSONO (base , X , 2) (6 , 5 , 2) 60
-; , i j 3t - -

WR . . Wl-IARP (hr -ne , X , 2) (6 , 5 , 2) 60ij4~.

WP •r  \VMI NU ( h a r r e , X , 2) (( ; , 5 , 2 ) 60
-. lj~,t

B-U

— _ 

-- ~~~~~~~~~~~~ -~~- -—--~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ‘-~~~~~—~~~~ - ~~~~ --- - —
~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



S

~I’~ ::I h -r ae  Con~m a f t r - r  fl - ‘icr  L~-ni ~~ J C L : e - . I n n ,  Tc’taJ “ - u / ’ ;

WJ~REA (h - t - -e , X , 2 )  (C , 1 , 2) 60

WR ..7~ 
wRr-:c ;i : (1 , he~a.- , X , 2) (2 , 6 , 5 , 2) 120

WR . ,  
- 

WSUPI ~ (I , t -sc , X , 2) (2 , 6 , 5 , 2) 120

\~TS WSI:’.-: iiI- . (N , X , 2) (11 , 5 , 2) 110

\‘drdh ;-L (Q~ X~ 2) (4 . 5 , 2) 40

I-Pr  - - - - a T a - - n -  .c- Unal located R e - a - - --

DEJ -FLT RL’Sl’LT Cr) 12

QRSFI T (q ’,a ’- rtcr ) 4
DELTOR J !NTOP (T) 12

R lIS F ;C — N (‘r) 12
DELIH\ R I -~JY~] i-,F~ (T) 12

* DLLIN Ih RE S 1~ IJ’ -I (T) 12
DELAPI] RES?’i]I] (P )  12

DELRNG RITiU - : C] (T) 12

DELSUI3 RE SSU B (T) 12

DELSIM RESS1M (T) 12

tot~ l word s 13524

Mis c-cUr a cous

FLA G 1 indicates constraint 4~’1 violation

FLAGS (T) indicates simu lator  constraint violation 12

13-9
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r

- 6

I ’ - - .  o, - I C

2 t 1 2  j i ~ 
~ ~~~~ ijkt 

P ijk t  + 
~~ ij kt ~ ~ 

(WSi~~
Sj~t +

r1 (WN . N , + BN , Iqjt qj t  qj t

p - m i s  si n v lu e  crc-~ Lii (; ic ; nt
u t

V. 
~~~ 

- c a  rc~~r cr  Sicr~- slope coefficient

p ~ I C  i i :- : = reyressi . - -- intercept cncffi cic-nt

R , S , N = am ount  of çn iven resource allocated or availabl e

D-1
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ci~L I: ~~~~~~~ iU ~ C~ . c 1 i,. .~d iur - , ~~t ch a , t a . J i , r i te

(1) - : 
- 

~ L i i i ’  P - 
— :- H -

— - .~ - - 
qit (j Ut ‘ -

. ijtI i
~ 1

cone a irs fI ph~ 1- c ar allocation to ru ed m t i r i c -~u ua r c~ct u3rcic ,ca:  3
over al. , a c t  nor -n-c l Cat ccjcries

(2) r-
> 11ijt  UH

J~

sets n~ a-j murn j a l lu— :’aLic fl ight  J IOUI allocation —

(3) LS1.t ~

c on sLra i r ± s  sim ulator  hour allocet ion to moot minimum require-
ment s p cr  person

(4) S1~ US1. .~

sets maximum a ’Llo-,-cahle s imulator  hour allocation per per son
.‘— C(5 )  —> CH - H . — CUT

- - 
i— , - - - ljt j t  quarter

y~ e- quarter
constrains flight hour ~i1ocation ~v~thi n quar t c~1y budget restriction

~~~~~
— ‘

~~~

--

~~ ~~~ - 

-

(6) 2 -“ cs S - P - - -
~~ CST

~t )j t  -~~~~ qlj L - quarter
quarter - - - I— - -

constrains simulator hour allocation within quart erly budget restriction

(7)-(1o ) for K = 2 , 3 ,~~, 5 : R . i k t ~ 
UR jjk t

sets maximum allowable allocations of: (7) torpedoes , (8) ~onobuoy s ,
(9) harpoons , and (13) mine s

(1 1)— f o r K =  6 , 7 , 8 LR , .  R . .(13) ij kt ijkt
sets minimum required flight hour allocations to: (11) train!ng areas ,
(12) training ra nges , and (1 3) submarines

~~~~~~~ for K = 6 , 7 , 8 R . i k t 
‘

~~ 
UR ..kt

sets arr i ximum cuilowed fl ight hour allocat ions to (14) training areas ,
(15) t r a in ing  rang as , and (16) submar ines

( 17) a - -  - / P - 

‘

~~~ UUS-
j 1 lj t  \ — - - - (~J l jt J t

s ets ov- :-rail m a x i m t m m  avai lab l e r i  i f l t l l r - t  hours

— ~~~- ~~~~~ - 
- ~~~~~~ ________
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S
( n r .j s t ,- i -  ‘‘ ~ -~~n r -  ( i I - c ~ ( N ; n s r - u i j~i s )

1 
-- 

-

( 1) - ‘ LUP 1’ — U I .
-- 

i q qit q ! i c  j t

(2) LS , US .l i i  l i t

(~~) / -> C~~ I~~ ~ p —

7 -- — ji I t  —_ 
- quart er

J 1 q
quaa . er

(4) - (6) for K ::  6 , 7 , 8 : LR ..kt ~ 
UR . . J t

( ‘ I )  
- ~~~~ ~ ~ Ejjt 

~ 
~~

TR
I I ~ 

U R jj~~ ~ 
hIL

~i : .~
) 

~
T

~
vs1~ 

us1~ ÷

H ( W N . UN . + B N , )
q qjt qjt qjt

(Note-: UN .
~~ 

not specified , esti n eete = 5 for Lhc ’se purposes)
- qj ~~

a f te r  allocat ion chc c~c:
— 

I < 
I

(8) LE1~ 
- Ej it c~

VR
f~k~ ~ijkt ~ 

13
~ lJkt ~ ~~~~~ ~~~ 

+ BS1.~)
L 

~~~ 
(VJN CJJt N

qj~ + BN qj t ~ 

~

~~~~~~~~~

‘
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