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FOREWARD

The FAST Utilities are a family of processes which con-
stitute a key el~~~nt of the Force Analysis and Sinailation
Technique *xlel (FAST) . The forecasted gains and losses to
inventory within the Navy enlisted personnel force structure
are derived within the FAST Utilities. These forecasted gains
and losses are the product of independently derived prediction
coefficients ar~ corresponding base inventories . The forecast
derivation process is further refined by provisions for nodel
user options and manag~ rent directed alternatives within the
FAST Utilities. Finally, the forecasts are subject to integer-
ization , internal normalization, and inner-consistency con-
straints .
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1.0 Purpose and Scx~~
‘I~~ Analytic Treatise of the FAST Utilities ~k~del

is intended for use by the Personnel Managers in the Bureau

of Naval Personnel, by the FAST technical analysts, and by

stixients of force structure simulation techniques. It de-

lineates the algoritl’*ns inp1~ mented within the nodel and

provides the rmeans for determining the reaction of the nodel

to a given input condition or set of conditions. The trea-

tise does not att~ rpt to recount the Iu tivating rationale

behind the nodel, nor does it att~ Tpt to provide an exacting

description of the techniques necessary to the a:xmputerized

inplai~ ntation of the ntx~iel. It does provide a detailed

account of the mathønatical and logical processes within

the nodel. The treatise assunes that the reader is generally

familiar with:

(a) the frama~~rk of the Navy enlisted personnel

syst~ n and force structure,
(b) tI~ basic design and use of the Navy Force

Analysis and Simulation Technique Model (FAST).
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2.0 Introduction
2.1 General

The FAST Utilities may be generally tl~ ught of
as a family of nodules within the FAST nodel. ‘1i~ FAST
Utilities provide essential services to the operation of
the FAST nodel. These services include :

(1) the derivation of the forecast force sturcture
fran the base force structure and the appropriate
prediction coefficient,

(2) the facilitation of manag~~~nt manipulation of
the force structure by imeans of user directed
alternatives,

(3) the inposition of rational constraints on the
nodel and on the mnanagenent directed alternatives, and

(4) the integerization of the force structure and
resolution of inconsistencies within the force
structure.

2.2 Enlisted Personnel Structure Characterization
The FAST Utilities perform operations on matrices

which -rppresent fi~~s ‘within :the -enlisted personnel syst~ n.
This syst~~ may he characterized as groups of three-
diirensional arrays which classif y all personnel or personnel-
related paramaters by paygrade, length of service, and rating.
Each group represents data pertaining ’ to a given forecast
type, where the forecast type relates the data el~ tents
associated with a given type of gain or loss to inventory.
Rating is the accepted ncirenclature for the nearly one-
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hundred occupational specialties within the enlisted
force. The rating plane of an array is the basic
processing unit in the FAST Utilities and categorizes
the rating by thirty-one (31) length of service (LOS)
and seven (7) paygrade categories . ¶L~~ seven paygrade
categories correspond to one aggregate rc~ containing
the sun of the three enlisted apprenticeship paygrades
and six additional r~~s correspond to the six descrete
petty officer paygrades . An eighth r~~ is added to this
dimension of the array to contain the paygrade vector
total over the LOS columns. The thirty-one (31) lOS
columns correspond to the thirty-one categories of
active service in one year intervals. A thirty-second
column is added to provide the LOS vector total over
each paygrade r~ i. This enlisted personnel structure
is illustrated in Figure 1.

2.3 Subroutines
The FAST Utilities are, in fact, subroutines within

the FAST software syst~ n and may be referred to by their
subroutine namas as follcMs:

(1) w~Sr
(2) FLPFLP
(3) APPFOR

-
~~ (5) ARAB

(6) ARb~3
(7) NOI~4AL

• — 3—
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3.0 Process Flow
The subroutines MAST, APPFOR, F~XJND, ARAB, and ARW3

are invoked by FAST in seguential order , as illustrated in
the flow diagram in Figure 2. Also illustrated is the
condition in which MAST invokes FIPFLP when warranted.

~)1~~ L is invoked by AR~~ with each pass through the
Utilities.

The process fran MAST through ARAB performs operations
upon a single rating plane with a given forecast type, as
diagranited in Figure 2. This process is repeated for each
rating in the forecast type before the systen flow continues
to ARtY3. The entire three dinensional data array for a given
forecast type becxines a consideration in AR~~ . AR~3 invokes
I’YJRMAL to process each rating vector of the array until the
entire array has been processed . FAST Utilities conclude
processing of the array for a given forecast type upon ~~ n-
pletion of AR~~. The FAST systen uses the utilities to
process each forecast type to caiplete the forecast of the
enlisted personnel structure.

4.0 Subroutine Sunrnaries
4.1 M ] ’  and FIPFLP Sutrnary
The individual subroutines of the FAST Utilities each

• fulfill unique objectives. MAST derives the forecast array
• for a given rating and forecast type by applying the pre-

diction coefficient array for that rating and forecast type
to the appropriate base inventory array. MAST allows that
the current values within this initial forecast array may
not conform to the defined relationships between interior
el~~ents and vector total elements. MAST inposes conformance
to these relationships while attaipting to preserve the form

— 4—
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or contour of the initial forecast array. MAST ç~. ~~
—

vides four user directed alternative methods to u n —
pose conformance. ‘l~~ nost straight-forward is accept-
ance of the current interior cells of the array and
direct replacatent of the current paygrade totals
in row 8 and the LOS totals in coluTr ~ 32 by the sum-
mations of the current interior paygrade and LOS
vectors . ‘li~ three ranaining alternatives involve
user selection of either the current paygrade totals,
the current LOS totals, or the current grand total
as the desired caxponent. MAST invokes FLPFLP to
project the selected cxriponent inward to establish
the defined relationships throughout the array, while
}x)ld ng the selected cxx~ponent constant.

4.2 PIPPFOR Surrrnary

The APPFOR subroutine accxiicdates managatent directed 
—

changes to the force structure by providing a tech-
nique whereby e~~genous values may be imposed upon
any cell or canbination of cells within the forecast
array. APPFOR maintains the defined relationships
between caiponents of the array by making appropriate
adjustments to acccztodate the inposed value.

4. 3 R~~~) Su~nary
The I~XJND subroutine acknowledges the need to provide
enlisted force data in terms of ‘whole men ’ and integer-
izes the cells of the forecast array which were,
thus far , mixed numbers. 1~XJND maintains the defined
relationships between caiponents of the array by making
appropriated adjustments as the rounding-off of the
various catponents of the array occur .

- 

• • ~~~~~~~~



4.4 ARAB Surinary

The ARAB subroutine fulfills the systan constraint
provides that no cell of the rounded forecast array
may be greater than the corresponding cell of the base
inventory array fran which it was derived. ARAB con-
tinues to maintain integer values and the defined re-
lationship betwaen carponents of the array.

4.5 AR~ 3 and 3I~t L  Sumary
The AR~~ subroutine is a nonitor routine which recon-
ciles inconsistencies between the suninations of cells
through rating vectors in the three-clirrensional enlisted
personnel structure and corresponding cells in the
all-navy prediction array. See Figure 1 for an illu-
stration of a depthwise rating vector . AR~~ invokes

D1~~ L to reconcile each rating vector , until all rating
vectors in the structure have been processed. The
total vectors are then reestablished by direct sumation
of the appropriate interior vectors.

The detailed descriptions of the algoritlin inplatented by
each FAST Utility subroutine follows.
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MAST

The initial carputation of the MAST subroutine applies
an independently derived prediction coefficient array to the
appropriate base array. This derives the forecast array con-
taining predicted losses (or gains) to the base. The base array

to be operated upon is inherent to the program. The ca~putation

is performed cell-by--cell to arrays classified by paygrade and
length of service for a given loss (or gain) type within a

• given rating . This may be expressed as:

= . 5 (t—l) {i)

where, w~~~ = the forecast array containing
predicted number of losses (or gains)
fran the base array, with paygrade i,
length of service j ,  during period t.

= the independently derived, historically
snoothed, prediction coefficient for
paygrade i, and length of service j.

- 

- ~~~~~ = the base array with paygrade i, length
of service j ,  at the end of period t—l ,
(thus interpreted as beginning of
period t ) .

and i = paygrade level Ci = 1,2, ... , 7) and i=8
• representing the LOS total vector.

• j = length of service Ci = l,2,..., 31) and
j=32 representing the PG total vector

All further caiputation within the FAST Utilities represent
occurrances within the tine period t , therefore, the rotation
of t will be dropped and considered as inplied.

The distinction between interior cells of the forecast
array and those cells representing the lOS total vector , paygrade
total vector, and grand total becxxres important in further pro-
cesses. This distinction will be arphasized by distinguishing

j mnatonics , as follows:

A-i
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Paygrade ‘Ibtal Vector Cells, beaxe p1, where:

31
p. = Z w. . and i = 1, 2 ,... , 7
1 j =l ~

LOS Ibtal Vector Cells, becxxre y~, where:

7
y.  = ~ WI. and j = 1,2,... ,3l
J i=i J

Grand libtal Cell , becares a, where:

7 31
a =  ~ 1]i=l j=l

Interior Cells, ratlain as w . . ,  and 
~ =

~~ile tracking the progress of a cell or cells through

a subroutine, the content of that cell is frequently redefined

by the process. Superscript rx tation will be used to denote the

successive redefinitions of a parameter in a subroutine. The
• initial content as it is provided to the subroutine will rot

be superscripted. Thus, w~~, ~~~~~ ~~~~~~~~ and W
1~~~~ represent

the value of an interior cell as it enters the subroutine and
progresses through three successive redefinitions. An alphabetic
superscript is used occasional ly to represent tErporary cxxrpu-

tational values of array cxxponents which do rot redefine the
(xxponent.

An array is said to be in “accord ” when the following conditions

exist simultaneously:

w13 2  
= p~ , for i =

w8,3 
= y . ,  for j = 1, 2 , . . .  , 3l ,

and w 2~~~~~

A-2
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C*~ce MAST has derived its initial forecast, it allows that the
ocroponents of the resulting array may rot be in accord. MAST
is, thus , further tasked with irx~ucing accord between these
cxzrponents. MAST recognizes four conceivable alternatives
to induce accord. Each alternative ackr~~ ledges the validity
of a different cx~Tponent of the initial array and proceeds
to induce changes in the renam ing caiponents of the array to
establish accord. The alternative cxinponents are:

(1) Interior Cells, w..
:LJ

(2) LOS Total Vector,

(3) PG Total Vector, p.

(4) Grand Total, a.

The selection of alternative is an erpiricafly established
parameter to the program and causes a branch to the appropriate
procedure. Upon cxxnpletion of any one of the alternative pro-

- 
• 

cedures , MAST executes a return to the calling program with the
forecasted array in accord . The alternative procedures are as
follows:

(1) Interior Cells, wj.
The selection of interior cells, wj~~ as the basis fran

which to develop aax rd within the array, results in a straight-
forward sumation of the interior vectors to carp.ite replac are nts
for the existing PG total vector cells , LOS total vector cells ,
and grand total cell . This is accarp lished by a call to the

9~M ’V~T subroutine.

• A-3



The 914~ r subroutine first clears the content of ail can-
ponents of the array , other than the interior , by setting p 

~ 
a,

and Yy equal to 0.0. The routine then carputes the sum of
each PG interior vector, the sum of each LOS interior vector,
and the aggregate of all interior cells. ‘Ii~~se sums may be
expressed as:

31
~~(l) = E w~~. I = l,2,.,.,7 {2}

:3=1
(1)y .  = I w~~. , j = l,2,...,3l {3}

-J j =J_ -,

31 7
a ’ ~~~= I I w. . {4}

j=l i=l ‘

~~~~~~ then returns to MAST, and MAST returns to the
calling program. The output forecast array of MAST, when
sunming fran interior cells , is represented by w . . ,  p~~~ y~~

• and a~~~.

(2) LOS Total Vector, y.
The selection of the LOS total vector cells, y ,  as the

basis fran which to develop accord within the array, proceeds
by first redefining the grand total cell as the sum of the cur-
rent LOS total vector , i.e.:

31
a W = E  y. {5}

j=l ~

This desired grand total is then apportioned to the PG total
• vector. This is accczrplished by first carputing the current

sum of the existing PG total vector , a (tp) 
, which represents

• a tarporary carputational value of the grand total. a~~~~ does

not redefine a W .

~~~~~ = E p ~ {6}

• • A-4
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The apportiorinent of the desired grand total to the PG total
vector is then cxzrpleted by applying the ratio of the desired
to existing grand total to the existing PG total cells, therefore,
redefining the cells as:

~ (l) 
= (a /a~~~~) , for i = 1,2,...,7 {7}

The MAST subroutine has, thus, established accord anong
the values of y., aW , and pW~ which are next passed to the

FLPFLP subroutine along with the original interior cells, w1~~.

The FLPFLP subroutine atterpts to apportion these totals arrong
the interior cells by means of a converging iteration. The objective

of ETPiI2 is to acccxplish total accord anong the ccirponents of

the array. FLPFLP is described as an independent FAST Utility.

(3) PG Total Vector , p1
• The selection of the PG total vector cells, p~, as the

basis fran which to develop accord within the array proceeds
by first redefining the grand total as the sun of the PG total
vector, or

7
a W = i~i Pi {8}

This desired grand total is then apportioned to the LOS
total vector. This is accxxplished by first carputing the cur-
rent sun of the existing 105 totai vector, a (ty) wnici~i represents
a tarporary axputational value of the grand total . a (t~

7) does
rot redefine a W

~ (ty) 
= y • {~~}

j=l

A-S 



apportiaxent of the desired grand total to the LOS

total vector is then cciipleted by applying the ratio of the

desired to existing grand total to the existing LOS total cells ,

therefore redefining the cells as:

Y~
L
~ = Y J (~W /~(~~)), for j = l,2 , . . . , 31 (10)

The MAST subroutine has, thus, established accord anong

the values of p1, a 
~~~~~~~
, and y~~~, which are next passed to the

FLPFLP subroutine along with the original interior cells, w13 .

As with the 105 total vector procedure, the FLPFLP subroutine

atterpts to apportion these totals airong the interior cells by
means of a converging iteration. The objective of FLPFLP is to

accxxiplish total accord anong the carponents of the array.

FLPFLP is described as an independent FAST Utility.

(4) Gra nd Total , a
The selection of the grand total cell, a, as the basis

fran which to develop accord within the array proceeds by first
axputing the current sun of the existing PG total vector. This
terporaxy cxxrputational value of the grand total , a (tp) , does
not redefine a, but is a value fran which an apportionment ratio
may be carputed.

a (tp) 

i=l 
{ fl

The apportioruient of the desired grand total, a, to the
PG total vector is then caipl ete by apply ing the ratio of the

• desired to current grand total to the current PG total cells,
therefore redefining the p1 as:

pU) = p~ (a/a~~~~ ) , for i = l,2 ,. . . , 7 (12)

A-6

±~~± ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~



r~ 
,

~~~~~~~ 
.

Jthother tarporary cctrputational value of the grand total,
a (ty) , is cxxtpita ~ fran the current LOS total vector. This value,
a does rot redefine a.

a~~~ =~~~~ y . {l3}
j=l

p~x~1 the desired grand total, a, is apportione d to the LOS
total vector by:

= y . . (
~~~
/

~~~(~~~~~~) ) ,  for j = l,2,...,31 {14}

The MAST subroutine has, thus, established accord anong
the values of a, p~~~, and y

W • MAST TK~~ calls FLPFLP to attarpt
to apportion these totals anong the interior and achieve total
accord by means of a converging iteration. The array defined
by a, p~~~, ~~~~~~~~~~~~ and ~~~ is passed on to FLPFLP by MAST.

The subroutine, FLPFLP, is described as an independent FAST
Utility.

The return f ran FLPFLP to MAST is follcMaI by a test to
verify convergence by the iterations of FLPFLP. If convergence
is confirn~~1, processing continues by a return to the calling
program. If convergence was rot attained by FLPFLP, MAST calls
the subroutine NCNCCW which repairs the rionconverging array by

• A red efining the PG total cells to be the sum of the appropriate
interior PG vector cells derived in the final iteration by FLPFLP.

- • 

?W~(YJ recogni zes that the last unsuccessful iteration in FLPF LP
• left an LOS total vector which was in accord with the interior .

MAST then returns to the calling program .

- 
-
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inter ior Vectors initial PG total (6) initial. IL~ total (9) grw~ total 5115 of

vector vector initial PG total
____________________ I vector

R&efine tce total ________________________ ________________________

celia as sun of LOS I R~~efine PG total R&ef ins L~~ total
interior vector ~~~ __j

( ~~ 
ratio o~~ r~~~ d~~~ 

vector by ~~p1~~~~ (10) total j (13 }
grani total + sun of gra~~ tota l + sun of Vector
initial PG total initial LOS totalP.~~efine graM total vector vector ____________________as tIm sun of all ~ I I T~~~interior cells 

$ vector by applying (14)
I The array totals The array total s 7 the ratio of initialI are r~~ in a~~~rd are r~~ , in a~~~ rd graM total + sun of

The array is, tlai~ , - jniejal LOS total
in ~~tplete ~~~~rd vector

Ttm array totals are
rmw in & d

Call FLWLP to ~~ JuSt
interior cells to
establi sh a~~~rd over
entire array

Did I Call ~~~~~
FU~~~~ at tain t~~ J ‘

~~~~~~
°

~~~
~~~vcrg~~~~ interior cells

• 
YES

C)~~~
• A-8
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FLPFLP

The FLPFLP subroutine of FAST is called by MAST when it
desires to project balanced total vectors inward to establish
accord anong the interior cells of a prediction array. The
desired total cells , a, p1, and YJ~ as they are received fran
MAST, are in acxxrd with each other . ¶I~~ interior cells re-
ceived fran MAST, Wjj ,  are used by FLPFLP as weighting factors
for distributing the total cells to the interior.

The subroutine first forces the interior cells to sum in
accord with the paygrade total vector cells. A ta~ orary ~~n-
putational sum, p , of the current value of each paygrade

interior vector is made. p j
ft~~ does rot redefine p1.

31

~~~~~ = E w~~. for i = l 2 ,...,7 - {l}
j1 ~

The interior cells are then redefined by a proportional
distribution of the desired sum, p1, to the interior.

• (1) (tw)
wj~ = ~~~ ~~~~~~~~~~~~~~ 

) {2}

for i = l,2 ,. . ., 7 and j = l,2,...,3l

Subroutine FLPFLP r~~ enters a series of up to 200 itera-
tions during which it atteipts to converge upon a condition of
total accord anong the xxrpor~ nts of the array. The process
performs alternating passes over the LOS vectors and the PG
vectors, canpiting the difference between the desired sum of
each vector and the current sum. The difference, if greater
than 1.0 , is distributed over the vector proportionally to its
current content. The iteration terminates and convergance is
declared when the process makes a pass (LOS vectors or PG vectors)
in which ro difference greater than 1.0 is found in any vector
during the pass. ~~n—convergence within 200 iterations results

-~
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in a return to MAST, which, consequently, calls the ~3NC(1J
subroutine to redefine the PG Total Vector .

The iteration begins by making a pass, in turn, through
each of thirty-one LOS vectors. Readjustrrent along the LOS
vector begins by determining the current, t~xçorary, LOS total
fran the current interior cells.

~,(tw) 
= {3}

i=l ~J

The absolute value of the dif ference between the desired
and the current LOS total cells is cxstputed.

d = - {4}

If d is less than 1.0, the program proceeds to the next LOS
vector, IF d is 1.0 or greater , then an adj ustnent is made
to the interior cells of that vector .

(2) (1) (tw )wj~ = ~~ (
~y~ ) {5}

i =

If no adjustmant was required during the processing of all the
LOS vectors, j = l,2,...31, because no difference of 1.0 or

- 

•~ greater was found, the program recognizes this condition as

- - 
acceptable convergence and FLPFLP returns to MAST. If conver-

-
. gence has rLt been attained, FLPFLP continues the iteration

by making a pass through each of the seven PG vectors.

The readjus~~~nt along the PG vector is accatplished in
the sane manner as that for the LOS vector . The current,



teeporaxy, PG total fran the current interior cells is cxxrputed.

1w) 
= ~~~~~ ~~~~~~~~~ 

{6}

‘fle absolute value of the difference between the desired and

tie current PG total cells is cxziputed

(tw)d =~~p1 — p ~ I {7}

If d is less than 1.0, the program proceeds to the next PG

vector. If d is 1.0 or greater, then an adjustment is made

to the interior cells of that veck~Or.

= w~~ 
(
~1/~r~ ) 

{8}

j = l,2,...,31

If no adjustment was required during the processing of all the

PG vectors, i = 1,2,... ,7 , because no diff erence of 1.0 or

greater was found, the program recognizes this as acceptable
convergence and FIPFLP returns to MAST. If convergence has
not been attained , FLPFLP continues to the next iteration by
returning to the above described pass through the LOS vectors .

As stated earlier , the maxinuim number of iterations through
the LOS and PG vector adjusthents is t~~ hundred.

B—3
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INP.1r: Forecast array
with desired tota l vectors
which are in a~~~rd

Begin edju ataent to force
PG vector interiors to
match desired PG totals

For cee PG vector, ~~~ipi
total of current PG (1)

~~~~~~ ~~ 
interior cells

eext PG vector ,
i • 1,2 . 7  M juat each interior cell

by ratio of desired t (2 )
current ~~ total

~~ve
N) all PG vector

been adj usted

YES
Interior has been adjusted
to have a~~~rd with tha
desired PG tot als

Begin or ~~~tinue itaratiecs
to eanverge interior to
accurd with total vectors

C Begin or ~~~tiwe adjusu~ent
of LOS vector thteriora to
match desired toO totals

CaTpute total of current
LOS vector interior

CtopUtO absolute difference
bet~e~en desired aM current
LOS vector totals

Is
a1 soluto

differer~~less than

~~ 
1.0?

nCxt LOS vector , ND
j  — 1, 2 31

_________ _________ Is
tal of YESvector interior
negative

P1)

adjust each interior cell No ad ustrent
in LOS vector by ratio of (5) reguired for this
desired + current LOS total LOS vector

1
vector

adjusted, if

7
YES

B
ad)Uatunri t 

~~~any LOS vectOr
r~~~~ red ?

YES

A B

• 
- 8—4
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A

Begin or~~~ tiia~eedjusbient
of PG vector interior , to
match desired PG totals

Ccepita tota l of current
PG vector intericr (6)

CaTçaite sbsolute differenc e
between desired aM current (7 )
PG vector totals

Is
abeoluto

ifference ices
than 1.0 7

Return to adjust
next PG vector , ND
i — l , 2 7

_________ _________ Is
total of

PG vector interio
negative

7
ND

adjust each interior cell No edjusthEnt
in PG vector by ratio of (B) reguired for
desired * current PG total this PG vector

1
V~C~~rS

adju sted, if

C - 7
YES

N) 00 i~~~~~tt~~-~ 
.r C ad)us~~Tent

triad 7 to any PG vector

• 7
YES N)

Convergence of the ten or
to accerd with the desir ed
total vectors is established

8—5
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Tie APPFOR subroutine ac~~~~iates manag~ient directed changes to
tie force structure by providing a technique whereby exogenous values

may be imposed upon any cell or (xxnbination of cells within tie force
structure. Such values may ref lect existing or proposed policies , or

they may represent actual changes occurring to the force structure.

The APPEOR subroutine first processes exogeiuis inputs to be
forced to the interior cells of tie forecast array, wj~~. The corre-
lative value (s) to be forced into each cell are represented , uuietKz -

ically, as f~~.

Tie process of redefining interior cells by force may be
expressed as:

w~ , if f~~= —1.0 {j.}

= 
~~ 

(1 + f’T .), if 0 < < 1.0 {2}

f’~
’. , if f’?. > 1.0 or f’~

’. = 0ij — ij {~~~~}

Expression { 1) represents a condition set to distinguish between
zero and blank in the cxzrputer and results in no redefinition.
Expression { 2} recognizes a percentage or proportionate change
to the interior cell . The maximum proportionate change is jus t
less than 100%. Expression {3} represents the basic process where
a direct substitution of tie desired value is made to redefine
the interior cell.

Follc*dng each redefinition of an individual cell of the
forecast array , the corresponding LOS total , y~, tie correspc~xUng
PG total, p~, and , consequently the array grand total must be ad-
justed a~propriate1y. The adjustment to each is the difference
between the original value of tie cell and the redefined value,
(wW

These adjustments, in turn, fo11~~ the fonn:

C-].

_~~~~i
v .

~
2
~~tT ~~~~~~~~~~ ~:
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~~~~~

• -
~~~

= + ~~~~~ 
— w~~) {4}

~(l) = p1 + (w~~~. — w..) {5}

aW = a +  (wW .. — w . ) {6}
1) 13

Tie interior cell forcing process is performed iteratively

for i = 1,2, . . . , 7 and, within each value of i, iteratively for

j = 1,2,.. . ,31 until all inte rior cells of the force array have

been tested and applied to tie cells of the forecast array.

Next in the leirarchy of processing within APPFOR is the

iterative test and application of inputs, fP~ , to be forced to

the paygrade total vector, p 
~~
, with i = 1,2,... , 7.

The process of redefining the PG total cells by force nay

be expressed as:

(1)
P~ , if f~ = —1.0 {7}

= ~(l) (1 + f~ ) , 
if 0 < < :1.0 {8}

1 

L ~~ , 
i f f ~~> 1.0 or f~~= 0  {9}

Expression {7} results in no redefinition. Expression {8} recog-
nizes a percentage or proportionate change to the PG total cell,

which cannot reach or ex~~~1 100%. Expression {9} represents

a direct substitution of the desired value to redefine tie current

PG total cell.

Fol1~~ing each redefinition of each paygrade total cell, tie array -

grand total is appropriately adjusted by:

a~
2
~ = aW + (~~~~~~~~ ) _ ~ ( i)  {lo}

C-2
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The change in the paygrade total is then apportioned to the

interior cells of that paygrade vector by:

= (p~~ / ~~~
)) for j = 1,2,...,3l {ll}

Following each interior cell change , the anount of the change is

added to the appropriate lOS total cell by:

y~2) 
= + (w~~ — w~~~) {l2}

3 3 ~LJ

The FO~~E subroutine then processes, iteratively, tie test

and application of inputs, f~ , to be forced to the LOS total

vector, ~~~~~~~~~~~~ with j = l,2,..., 3l.

The process of redefining the LOS total cells by force

nay be expressed as:

~ 

~~~~~~~~~ 
, if f~

’ 
= —1.0 . {13}

Y~~
) = - . (3. + f~

’) , if 0 < jf ~~ < 1.0 {14}

if f~ > 1.0 or f~ =0 {15}

Expression { 13) results in no redefinition. Expression { 14) re-

cognizes a percentage or proportionate change to the LOS total

cell , which cannot reach or exceed 100%. Expression {l5} repre-

sents a direct substitution of the desired value to redefine tie

current LOS total cell.

C-3 



Tie readjustment process parallels the paygrade total force
process, using tie formulas:

a~
3
~ = a~

2
~ 

+ (
~~~~~~~

3) 
— {16)

(~~~~) = w~~ (y~3) / ~ (2) {17}w ij  i j  3 J

~~~~~~ = 
(2)~ 

~~~~~~~~~~~~ ~~~~ 
{18}

The final process in ~~~ APPFOR subroutine processes the
highest order of exogenous ~~~~~~~~~~~~~~ ~~ 

a 
, to be forced to the array

grand total , ~~~~

This process may be expressed as:

a~
3
~ , 

if fa = —1.0 {l9}

= a~
3
~ (i + fa) ,  if 0 < 1f a 1 < -1.0 {2o}

i f f a > l O o r fa O {2l )

Since the grand total has been forced to change, the paygrade
total vector , the LOS total vector , and the forecast array interior

• cells no longer correlate. Tie cell -values are , therefore , reapportioned
by application of the ratio of the redefined grand total to the

. . (4) (3)previous grand total, i.e.: a /a

Tie fo11c~dng formulas illustrate the metlxx~ of correlation:

= r w~~ {22)13 1)

= r ~~~ {23)

and p
~V = r ~~~ {24}

where r =  a~
4
~ia~

3
~ i = l,2,...,7 j = l,2,...,3l

c-4
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APPFOR

INPUT: Force
array, forecas
array

Test
value of

interior force
cell

[i~o change to] Force cell contains Force cell contains
forecast ~ 1) desired value and { 3) proportionate {2 }
interior celli redefines forecast change and

______ I interi or by direct redefines forecast
substitution cell accordingly

_ _ _ _ _

adj ust LOS total
cell to agree withi {4 }
redefined inter iorl

• 1’~djust PG total
cell to agree withj 

{~~~ }

redefined interior 1

~djust grand tot~i~cell to agree withj {6
redefined interior 1

Return to do Allnext interior 
~ ) ~,‘l.nterior ~~~~~ .force cell, cells

= ~~~



r~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - -

A

Test
value of

PG total force
cell

~~o change to Force cell contains Force cell contains
forecast PG {7 } desir ed value and {9) proportionate 118)
total cell redefines forecast change and redefine

______ ______ PG total by direct forecast cell
substitution accordingly

Adjust grand total
to agree with {io)
redefined PG total

Redefine PG vector
interior cell by 11 11)
ratio of current ÷
previous PG total

I
Adjust corre—

• sponding LOS total {l2}
vector cell by
adding anount of
interior change

All Return to do
PG vector next interior

cells redefined cell in this
PG vector ,
j = l , 2 , . . . , 3:

YES

Return to do 1
next PG tota: total
force cell, force cells
i = 1,2, .. , 7 processed

?
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B

Test
value of

LOS total force
cell

No change to Force cell contains Force cell conta ins
forecast LOS 1113] desired value and 1115) proportionate {14)
total cell redefines forecast change and redefine:

LOS total by direct forecast cell
substitution accordingly

_ _ _  

I
rAdjust grand total
to agree with { 16)
redefined LOS total

Redefine LOS vector
interior cell by 1117)ratio of current
previous LOS total

Adjust corre—
• sponding PG total 1118)vector cell by

adding anount of
interior change

next interiorvector NO cell in thiscells r~ 1ef med r~~ vector ,

I 

Return to do

Return to do
next LOS tota
total force force cells
cell processed
j = l ,2 , . . ,3: ?

YES
C-7
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C

Test
value of

and total force

No change to Force cell contains Forecast cell
forecast grand~{l9) desired value and 1121) contains pro- 1120)
total cell redefines foreca st portionate change

grand total by and redefines
substitution forecast cell
_______________ . acçordinçily

Ccrrpute GI’ ratio
current ÷ previous
grand total

Redefine each —

interior cell of {22)forecast array by
applying GT ratio

Redefine each LOS
total cell by 1123)

• applying Gr ratio

I
Redefine each PG
total cell by 1124 )
applying GT ratio
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The I~JJND subroutine of FAST integerizes tie cells of
the forecast array and reestablishes the accord between vector
total cells and tie sian of tie vector ’s oczponent cells . Tie
accord existing anong the unrounded cells of the array is
often disrupted by sinpie rounding.

The subroutine uses a annon technique for catputerized
rounding to the nearest integer . Tie technique involves xitl i rig
0 .5  to the value of tie cell and trurx ating tie sum to its
greatest integer value.

1~1JND first applies the rounding technique to each cell
of tie PG total vector.

(1)
= 

~~~~~~~~~~~~ 
0.5], {i)

representing the greatest integer value within the expression.
These rounded PG total vector cells are rx~~ held constant ,
while the other ocirponents of the array are adjusted as nec-
essary to br ing about accord .

The interior cells are then rounded.

w~j~= Lw~j + 0.5] 112]

Tie rounded interior cells are then sunu~ i along each
PG vector to derive ~ (t~i) , t~~porary ccirputational values of
the PG total cells which do not redefine pW~

(tw) 31 (1)
Pj = •

I w~j for i = l,2 , . . . ,7 1 13]

j=l

D—l
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The required adjustment, n, along one PG vector is
ccztiputed

= ~(l) — ~ (tw) {4}

If n = 0, no adjusthent is required and the routine
proceeds to caipute the adjustment along the next PG~~ector .

If n ~ 0, an adjustment is required . The routine ran-
danly selects an LOS cell within this PG vector using the un-
rounded PG vector as a weighted probability function. If the
required adjustment is positive, the routine adds 1.0 to the
selected cell. If the required adjustment is negative and the
current value of the selected cell is positive , the routine
subtracts 1.0 fran the selected cell. If the selected cell
is zero, the routine makes another randan selection. If the

routine selects ten zero cells in succession , the PG total
cell is nrxilfied by adding 1.0.

1W ~~ + 1.0, n > 0 115)

~~~~~~ =~~~ 

13

13 1 ~Lw ~~’ — 1.0, n < 0 and w~~’ > 0 {6}
13 13

= + 1.0, n < 0 and w~~ = 0 117)

This process of making unit adjustments to randcznly selected
interior cells is repeated until n adjusth~nts have been made.

Upon cczrp letion of tie n adjustments for a given PG
• vector , the routine continues to canpute and process adjustments

to the next PG vector , until all seven PG vectors have been
adjusted.

Upon xx~p1etion of the adjustments to all PG vectors,
the LOS total vector cells are redefined as the sum of the

D—2
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rounded and adjusted interior cells.

= E w~~ for j = 1,2,..., 3l 118)
i=l ~

Tie grand total is then redefined as the sum of tie
(adjusted) PG total vector.

7

aW = I 
~~~~

(l) 119)
i=1

‘the array is r~~ rounded and has total accord anong its
cx iiponents.

D—3
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C)~~~~
/Ft~~tc~.t~~~~~~ /

~~~~~ ..~~ R~
total vector to (1)
I~~eru.t intjj~er

I ce1i ton~~zeat (2)Lth
~~~~

ca~~ jte t~ l1~orary
stz~~ of e~~~ 1 (3)vector frau

interior

For a~ R vect~~a~np~te~~ ju.ui~nt {4J
to be ~~~~ n

loevelop probabilit
Idietr i~k~tic1~ for
Ithia ~~ f ran

i~~ vector

1• 
____________

Randanly aelect LOS P~turn to
b0ell in thia PG I.el.ct I
I vector to be I~ ff~ent ani
ladju ated using the [~~~tzY

n-Fl-..

I, Is
adjususent 

~~ 
aeiecte~ ~~ ten trys

11 we are trying been made 7

~~~~~~~~~~~~~~~~~~~~~~ ri~2Ii ~~~~~~~
e
~~H(

5) 
~
fran ae1ecH{6) 

I~~~~~L~~~~ 

J(?)
been umede 7

YES

_______________________________ PG

~~~~1te r~~’ LOS
tot.aia fran (B)adju sted interior
celia

I Cau~xzte r~~I total fran
I adjuatal PG total

(~~~D
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ARAB

Tie subroutine ARAB imposes the constraint that no cell

in the forecast array may be greater than the corresponding

cell in tie base array, s~~.

Tie routine first caipares the PG total vector cells,

i.e.: > 

~i,32 
for i = l,2,..., 7. If any forecast PG total

cell is greater than tie base cell, a diagnostic is printed
aixi a return to tie calling program is executed.

If all PG total cells pass the test , the routine

continues by curç~aring tie 11)6 total cells, i.e.: y~ >

for j = 1,2,..., 31. If any forecast LOS total cell is greater

than tie corresponding base cell , a diagnostic is printed
and a return to tie calling program is executed.

If all the LOS total cells pass tie test , the grand total

cells are xinpared, i.e.: a >

If the grand total cell passes this test , tie interior
cells are xirpared cell—by—cell, i.e.: w~ > ~~ for i =

l,2 , .. ., 7 and j = 1,2, . . . ,3l. If a forecast interior cell

is found to be greater than the corresponding base cell, the
required adjustment, n, is caiputed for that cell.

n = w~. — 

~i 
111)

Tie interior cell and all corresponding vectors are adjusted
accordingly.

B-i
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= wj~ — n {2}

= y ~ — n  {3)

~(l) ~~~~~ {~~}

= a — n  {5}

Tie process of testing, and possibly edjusting, is carried out
for each interior cell.

Upon cxxrpi etion of the interior cell adjustments, ARAB

executes a return to the cal ling piograin.

E—2
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ARAB

n~ j r
Forecast Array
Base Array

e
PG Totals YES
. > s. ?1,32

ce -by

LOS Totals YES
y. > ?

-by-c
Print Error

Message
e

interior cell ~)
w.. > s ..• 1J 1)

Capute required { 1)
adjustment, n

_  _  ~1Adjust the interio: 112)Return to 
1 13 )

do next 
cell and all

interior cell corresponding total {5)

~~ interior

cells tested

YES

P~~ JRN
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AR~~

Tie AR~~ subroutine of FAST is a nonitor routine intended
to control reconciliation of differences bet~~en cells of tie
ALNAV array and the s1xm~ tion of corresponding cells across all
ratings for a given type of forecast array. The routine recon-
ciles these differences while att~ rpting to preserve tie form
of tie predicted distribitions across ratings for each cell of
a forecast array.

Tie routine first locates tie forecast arrays for all
ratings having the forecast type being processed . Tie resulting
data may be t1~ought of as a three-dinerisicznal array having co-
ordinates for paygrede i, LOS j, and rating k. If , as a progra!m~~
function, tie base constraint (see ARAB) is to be maintained,
the routine also locates the corresponding base arrays. Tie
routine then locates the .An~~~~.V forecast array for this forecast
type.

ARI’73 next steps cell-by-cell through tie interior of tie
array . With each step , it selects a canbination of paygrade
(i = l,2,... ,7) and LOS (j = l,2, ... ,3l) which defines a ratin g
vector (i ,j ) to be processed. Each step calls subroutine NOI~~ L
to cperate on the rating vector (i , j ) .  NORW~L is tie heart of
AR~~3 and , essentially , performs a reconciliation of the differ-
ences bets.~een tie predicted M~AV value and the sum of the pre-

• dicted rating vector . NO1~~ L involves a ccziplex process for the
— 

- 
selection of a metlod of reconciliation. NO~ 4AL , due to its

cxxtplexity, is described as a separate itan.

~ )I~~ L, when successfully executed , provides a redefined
rating vector having a sum consistant with the corresponding cell
in the ALNAV array , retains the contour of the original vector
to the extent possible , and att a~pts to canply with the base con-
straint , if imposed.

I
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Successive executions of NO}~~L for each rating vector (i ,j )
for I = l,2,.. ., 7 and j = l,2, . .. , 31 results in possible redefini-
tion of any or all interior cells , w~~, of the forecast array
for any rating, k.

upon ocitpletion of the 217th execution of ~ I~MAL, AR~~ calls
subroutine ~UTEP. For each rating, k, subroutine WRITEP sums
tie existing interior cells of tie rating’s forecast array to
establish new paygrade vector totals, new LOS vector totals, and
a new grand total . These cart ine to form tie f inal , corrected ,
forecast array for each rating within tie given forecast (loss
or gain) type. WRITEP optionally prints the final array. Upon
catpletion of all ratings within the forecast type, WRLTEP returns
to AP~~.

ARNS, then, returns to FAST where tie entire process re—
initializes to operate upon the data for another forecast type.

F—2
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NORW~L

Subroutine NORMAL is called by AR~ 3 to resolve incon-
sistencies between the deptkMise sum~~~tion of current values
of forecast cells in a rating vector and the value in the
corresponding cell of tie ALWtV forecast array.

ARNS has provided, as nF*lt to ~~~~~~~ a rating vector ,
wk, containing forecast cells for paygrade i and LOS j for
each rati ng k within a given forecast (loss or gain ) type .
ARN3 has also provided a cx:iiparable rating vector for the
prediction base , s~, if tie base constraint is to be imposed.
Tie appropriate MZ~ V forecast array cell, u, has also been
provided to NO~~~L and is cx~~sidered by NORMAL to be the

desired sum of the given rating vector .

NOR ’W1L begins by cxxtputing u”~, tie current value sum

of the interior cells of the rating vector.

n
= E , where n represents the
k—i number of ratings 111)

Before continuing ccxrpitations , NORMAL tests to deter-
mine if u, the desired rating vector total , is zero. If it

is, the interior cells of the rating vector slx uld also be

zero. All cells of the rating vector are , therefore , set to

equal zero and NORM AL returns to J½RNS.

If the ALNAV cell, u, is not zero , NOI~~ L caIputes
the requ ired-adjus th~nt , d , for this rating vector .

wd = u - u  112)

If no adjustment is required, i.e.: d = 0 , NOI~~L returns
to ARNS. If an adjustment is required , NOI~~ L continues.

c—i
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NORMAL rx~~ enters an involved process of determining
the nethod of distribution to be used in adjusting the
interior cells of tie rating vector to be consistant with the
AUJAV cell. NORMAL attaipts to make tie adjustment required
by increasing or decreasing the counts in a rating vector in
integer units by neans of a ratha’n distribution algorithm
aiploying tie original rating vector as a probability distribe-
tion function. Parameters for tie distribution algorithn are
selected according to calt inations of the follcMing criteria:

(1) Direction of the required adjustment
(increase or decrease) ,

(2) Reliability of distributions ,
(3) Availability of base data, and
(4) (*portunity to optimize cariputer costs

The selection of the dataset frci~ which to develop the proba-
bility distribution follows a hierarchy of general desirabili ty,
as follows:

(1) Forecast rating vector with base constraint
(2) Forecast rating vector without base constraint
(3) Base data rating vector with base constraint
(4) Forecast paygrade total ra ting vector with no

constraint
(5) Base data paygrade total rating vector with no

constraint
(6) Equal probab ility distr ibution , if permitted.

The process of selecting the data set fran which to develop
the distribution series is described in detai l in Appendix H.

Once Thr~~l has chosen the basis for deriving tie distribu-
tion series and, possibly, redefined the required adjustment as
the AIR~.V total to facilitate negative adjustment for cxirip uter
optimization, the program distributes the required adjustment

G—2
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by making unit increases to randanly selected cells of the fore-
cast rating vector , until d adjustments have been m~ide. Tie
process of making each unit adjustment involves : obtaining a
rarxicin rui±er; using it arxi tie distribution series to select
k, tie rating of tie forecast rating vector wk; making a unit
adjustment to Wk; and recycling to make further unit adjustments
until the required adjustment has been ecirpleted. Tie sum of
tie prpulations of the cells in the adjusted forecast rating
vector should r~~ equal the corresponding AIR~V total cell.

The adjusted forecast rating vector is used to redefine the
forecast array and NORMAL returns to AR!~1~.
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APPENDIX A
Probability Distribution Function Selection Within NO~~~L

Tie process of selecting the nost appropriate data series to
serve as the basis for developing a probability distrilxition function
within the !‘SJ1~~~~L subroutine is described in the following. Tie
process is primarily a series of decision logic and , fran each
decision point , a given alternative is follc~~~d to an end con-
clusion prior to pursuit of tie other alternative (s) . Persistent
referral to the accx rpanying flow diagram will aid in caiprehension
of this text .

(1) The process first tests tie previously derived value of d ,
the required adjustment, to determine if it is negative. A
negative value indicates that tie population in tie forecast
rating vector must decrease to reconcile it with tie ALNAV cell.

(2) If it is determine d that d is negative , the process att etpts
to cptiinize cutputer efficiency by recognizing that the
relative adjustment is very ~rall and avoiding excessive
iteration through the randan number generation. The relative
adjustment , z , is ccttputed as:

{
~

}

Since it has been determined that u < u”~, it follows that z < 1.0.
It is a progranu~ i function that if the M2~ V tOt al is less
than 5% of tie sum of tie forecast rating vector population ,
or if the AI2~AV total is very ~ nall (u < 2) , it will be nore
efficient to use a reverse rar&z’n distribution technique.
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(3) The reverse randczn distribution technique follows the
theory that for very &nal l relative adjustments it will
be nore efficient to simply distribute tie AT2~ V total
ra rri anly across tie rati ng vector , rather than distribute
the required-adjustment anong tie existing forecast rating
vector cells. The execution of this reverse rai~~~n dis-
tribution involves: (a) Developing a distribution series
fran the existing forecast rating vector , (b) ~~uating tie
contents of the forecast rating vector to zero, (c) ~~uat ing
the required-adjustment to the population of tie Afl~ V total ,
and (d) Distributing the redefined required-adjustment to
rarxlanly selected cells of the cleared forecast rating vector .
The reverse rarrian distribution nay be expressed as:

If z < .05 or if u < 2 , then: 114)
m

(a) (distribution series) = E Wk

w h e r e m= 1,2 ,...,number of ratings

(b) = 0, where k 1,2 , . .. ,nixnber of ratings

(c) dW = u

(4) If it was determined in paragraph (2) that the reverse
distribution is rct a ~~rthwhile opthnization, a rcrmal
randczn distribution of the required-adjustment to cells
of the forecast rating vector is executed. Tie forecast
rating vector is used as the basis for developing the
distribution function.

(5) If , in paragraph (1), it is determined that the required—
adjustment is positive, the process then tests to determine
whether or not tie base constraint is to be maintained.
The base constraint, as inposed in subroutine ARAB, provides
that no cell population within the rating vector may exceed
the PiLNAV total , u. If no attetpt to maintain the base

H-2
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constraint is to be made, the program continues as described
in paragraph (6) . If the base constraint is to be main-
tained, tie program ~~ itinues as described in paragraph (9) .

(6) If no att~ ipt to maintain the base cx~ straint is required,

~~~~~ tries to use tie forecast rating vector to develop tie
distribution function. A valid distribution function may be
developed if an adequate nui~ er of cells (currently five or
sore ) in the rating vector are populated (j~ 0) .  NOr~U~L,
therefore, counts the populated cells in the forecast rating
vector to determine adequacy. If sufficient cells of the
forecast rating vector are populated, it is used to develop
tie distribution function for the adjustment process.

(7) If , in paragrpah (6) , the forecast rating vector was found
to have insufficient populated cells to provide a valid
distribution function, NORMAL continues to search for a valid
basis for the distribution function by trying the forecast
I~3 total rating vector . As with tie forecast rating vector,
tie number of populated cells in tie forecast i~ total rating
vector are counted. If there are sufficient populated cells
(five or sore) , the program uses the forecast ~~ total rating
vector to develop tie distribution function for the adjustment
process.

(8) If as in paragraph (7),  the forecast ~~ total rating
vector is determined to be inadequate for tie purpose,
the program tests a user defined abort switch parameter
to cicose bets~ en the use of an equal probability dis-
tribution or a direct abort of tie att~ tpt to reconcile
the vector to the ALNAV cell.

14—3
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(9) If , as in paragraph (5) , it is determined that tie base
constraint is to be maintained, the program f irst tries
to use the forecast rating vector to develop the dis-
tribution function. As described in paragraph (6) , the
vector must have a sufficient ni~ther of populated cells to
be adequate as the basis for the distribution function,
If it is determined to be adequate, tie program carputes,
eW, tie adjustment-potential of tie forecast rating vector.

eW = E  (sk 
- wk) except where Wk 

= 0 (5)

where : n = number of ratings , and

Wk = cells in the forecast rating vector

The adjustment-potential is~then ccnpared to the required-
adjustment, d.

(10) If the adjustment—potential of the forecast rating vector
equals the required—adjustnent, the adjustments are allocated
directly .

If eW = d , then:

• w)~~~ = S~~, where k = 1,2 , . . . ,  number of ratings,
except where Wk =0 {6}

(11) If , as in paragraph (9) , the adjustment-potential is found
to be greater than the required-adjustment, the program uses
tie forecast rating vector to develop the distribution fun-
ction. Prior to developing the function, the program attaipts

• to optimize ccz~puter efficiency by trying to avoid excessive
iteration through the rarrian number generation. The relative
adjustment, z, is cxitputed as tie ratio of the required-
adjustment to the adjustment-potential, i.e.:

z = d / eW {7}
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If tie required-adjustment is 95% of tie adjustment-

potential , z > .95 , or if the difference betwaen tie

potential and tie required adjustment is ~nal1, (e”-d) < 2 ,

tie program optimizes cxsrp.zter cost by a~~lying the reverse
rarxlan distribution technique described in paragraph (3) .

(12) If , as in paragraph (9) , tie adjustment-potential of tie
forecast rating vector is found to be less than tie re-
quired-adjustnent, tie program tries to use the base
rating vector. The adjustment potential , eS, of tie base
rating vector is deter mined .

(s~~- w ~) except where wk = O  {8}

where: n = number of ratin gs
Wj( cells in base rating vector

The adjustment-potential of the base rating vector is
then caTpared to tie required-adjusthent~

(13) If the adjustment potential of the base rating vector
equals tie required-adjustment, tie adjustments are
allocated directly.

• ~~~~~~~~~ then :

= 5k’ where k = 1,2,... , n~ther of
ratings, except where W

k 
= 0 {9)

(14) If , as in paragraph (12) , tie adjustment-potential of the
base rating vector is found to be greater than tie required—

-
‘ 

adjustment, the program uses the vector to develop the dis-
tributiori series. Prior to developing the function, the

program attarpts to optimize ccnputer efficiency by the
means described in paragraph (9) , using tie formula :

z = d/e5 (10)
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If z > .95 or if (eS 
- d) < 2, the program optimizes

corputer efficiency by a~p1ying tie reverse randan dis-
tribution technique described in paragraph (3) .

(15) If , as in paragraph (12) , it is determined that the
adjustment-potential of tie base rating vector is less
than the required-adjustment, the program uses tie fore-
cast PG total rating vector to develop tie distributinn
function .

(16) If , as in paragraph (9) , it is determined that the .fore-
cast rating vector is inadequate, the program uses tie
rating vector to develop the distribution function. Pie
ntmter of populated cells in the base rating vector are
determir~~1.

(17 ) If , tie number of populated cells in the base rating
vector prove to be sufficient , the adjustment potential

• of tie vector is cclTplted.

=

~~~ 

(s~ - wk ) l  except where W
k 

— 0 1111)

where: n = number of ratings
W
k
= cells in base rating vector .

(18) The adjustment-potential of the base rating vector is
caipared to the required adjustment. If the adjustment-

- : potential of the base rating vector equals the required-
adjustment , adjustments are allocated directly.

I f e~~= d , then

= s
~
, where k = 1,2 , . . . ,  number of ratinga 1112)

except where Wk = 0

• 4 14—6
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(19) If , as in paragraph (17) , tie adjustment-potential is
determined to be greater than the required-adjustment,
tie base rating vector is used to develop the distri-
bution function. Prior to developing tie function, the
program att~ ipts to optimize c~.iiyiter efficiency by tie
means described in paragraph (9), using tie formula:

z = d/e5 1113)

If z > .95 or if (eS 
— d) < 2 , the program optimizes

cxitputer efficiency by apply ing the reverse randczn
distribution technique described in para graph (3) .

(20) If , as in paragraph (17) , the adjustment-potential is
determined to be less than the required-adjustment ; or if ,
as in paragraph (16) , the number of populated cells in
the base rating vector are determined to be insufficient
to provide an adequate basis for developi ng the distribu-
tion funciton ; then , the prog ram att ~ rpts to use the
forecast paygrade total rating vector.

(21) If the number of populated cells in the forecast PG tota l
rating vector are adequate, it is used to develop the
distribu tion function .

(22) If tie number of populated cells in the forecast PG total
rating vector are inadequate , the program att ~~pts to use
the base PG total rating vector to develop the distribution
function.

(23) If the number of populated cells in the base PG total rating

vector are insufficient to provide an adequate basis fran which
to develop the distribution funciton , the program tests the
suer defined abort switch. This switch determines whether the
program resprts to use of equal proba bility distribution , or
aborts the att aTp t to reconcile the forecast rating vector to
the AL~~V cell.
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