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1. IntroductIon

Thi s report describes a mathematical model and a set of associated Interactive

APE functions which are used to calculate an officer manpower plan for the United

States Marine Corps. This pl an is used during the budget preparation cycle

and represents the future forecasted and planned force structure by rank.

A complete plan can be calculated and printed in less than five minutes. This

is a considerable reduction from the times invol ved in hand calculations. This

increase in speed allows the planning officers to try many alternate plans in a

short period of time, and do sensitivity analysis on certain data elements such

as loss rates.

A brief summary of the method of calculation is given here. Details are pre-

sented in section 3. End strengths (by month) are given for ranks General through

Captain , as well as losses and gains to these ranks. From these the monthly num-

bers of promotions out of ranks Colonel through 1 -st Lieutenant are calculated .

For ranks Warrant Officer-I through 2-nd Lieutenant, the numbers of monthly pro-

motions are given, and thus the monthly end-strengths for these ranks are de-

termined. Finally, once promotions into and out of 1 -st Lieutenant have been

ca l culated , the monthly end—strengths are calculated for that rank.

Section 2 contains the mathematical formulation of the flow model which is

based on ideas presented in chapter 1 of reference [2]. Section 3 gives a de-

tailed description 0f the order in which the calculations are made. Section 4

describes a set of data input functions written in APE and intended for interactive

use in entering data. Section 5 describes a set of calculation and format func-
-
~ 

; -

tions written in APE and intended for calculation and display of the officer man-

power plan. Readers unfamiliar wi th APE should see reference [1]. Finally, section

6 shows a sampl e use of the functions and displ ays a pl an .

All the functions in this report are in a workspace called OF FIC ERPLAN in the

— 
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2. The Personnel Flow Model

In this section is described the mathematical flow model and how It is used

to determine the officer manpower plan . The model Is based on simple conservation

of flow equations (see chapter 1 of reference [2] for details of flow models).

Let the discrete planning time (typically the end of each month) be numbered

t = 0,1 ,2, ..., with t = 0 being the starting point. The time interval between

times t and t+1 we call period t+1. At each time t we count the number in

each rank and call it the stock level at time t. People are promoted, join,

or leave between the accounting time points, and these are called flows in period

t. Thus we can write

(1) Stock level = Stock level + Gains - Losses + Promotions In
at (t÷i) at t in (t+l ) in (t+l) In (t+1)

- Promotions Out
in (t+1)

To express (1) mathematIcally we use the following notation. Let

s~(t) = stock level at time t in rank j

g~(t) = gains in period t into rank j

= losses in period t from rank j

x3
(t) promotions in period t into rank j

y~(t) = promotions in period t out of rank j
The index j ranges over 1,2, ... , n, where n is the number of ranks which

are numbered in decreasing seniority. Thus rank 1 is the highest rank and rank

n is the lowest. Equation (1) now becomes

(2) s3(t+1) 
= s~(t) + g~(t+l) 

_ .e~(t+l) + x~(t+l) -

j = 1 ,2, ... , n, t >0 .

- 3
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Let s(t), g(t), ~(t), x(t) and y(t) represent the n-dimensional vectors

for s~(t)~ g~(t), £~(t)~ x~(t) and ~~(t) respectively. Then we can write

(2)as

(3) s(t+l) = s(t) + g(t+l) — £(t+1) + x(t+1) - y(t+1), t > 0.

Before this general model can be applied to the USMC officer corps, further ex-

planation is required of what we precisely mean by ranks, and for each rank, the

definition of gains and losses.

In the computer models described later in this report n has the val ue 11

and the ranks are:

Number (j) Rank

1 General (GEN)

2 Colonel (COL)

3 Lieutenant Colonel (LCOL)

4 Major (MAJ)

5 Captain (CAPT)

6 First Lieutenant (1LT)

7 — Second Lieutenant (2LT)

8 Warrant Officer-4 (CWO -4)

9 Warrant Off icer—3 (CWO-3)

10 Warrant Officer-2 (CWO-2)

j 1 1 Warrant Officer-i (WO-l )

For each rank, the sources of gains are:

Rank Sources of Gains

GEN None

COL-CAPT Returns from reimbursabl e billets

1LT-2LT Accessions into the commissioned officer corps

CWO -4 - CWO-2 None

140-1 Accessions into the warrant officer corps

4

________ —. • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~-



For each rank the sources of losses are:

Rank Sources of Losses

GEN Natural attri tion and retirement

COL-M~iJ Natural attrition, retirement and movement to reimbursable
billets

CAPT Natural attrition, those released from active duty, and
movement to reimbursable bi lle ts

1LT Natural attriti on and those released from active duty

2LT - WO-l Natural attrition

Promotions into a given rank are of course related t~ promotions out of lower

ranks. Since time periods are typically of one-month length, promotions of more

than 1 rank in a time period are assumed not to occur. An exception occurs in

• promotions from warrant officer status to l imit duty officer (LDO) in the rank

of 1LT.

For the ranks GEN through CAPT and for CWO-4 through CWO-2 , the promotions

into a rank are equal to the promotions out of the next lower rank. Thus

(4) x~(t) = y~~1(t), j = 1 ,2, ... , 5, t > 1 .
j = 8,9,10,

Note that y1(t) is zero (no promotions out of the highest rank).

Let z~(t) be the number in rank j promoted to iLl as LDO ’s, for j = 8,9,10,
V 

t > l .  Then

(5) x6(t) = y7(t) + z8(t) + z9(t) + z10(t), t >1 .

No promotions are possibl e into 2LT or WO-l , thus x7(t) and x11 (t) are both

zero.

V 
Equation (3) can now be simpl i fied by el iminating x(t+l). Let A be an

11 x 11 matrix of QI~ and 1 ’S where

5
0

L~~ . . 
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(i) the diagonal immediately above the main d iagonal has all elements equal
to 1 except for the one on row 6 which Is 0,

(ii) all other elements of A are 0.

Let B be an 11 x 11 matrix of 0’s and l’ s where

(I) elements in columns 8, 9, and 10 on row 6 are equal to 1 ,

(ii) all other elements are equal to 0.

Let z(t) be an 11—vector with z8(t), z9(t) and z10(t) in positions 8,

9, and 10 respectively, and all other elements equal to zero. Then from (4) and

(5)

(6) x ( t )  = Ay(t) + Bz(t), t >1 .

Substituting this into (3) gives

(7) s(t+~) = s(t) + g(t+1)-L(t+1) + (A-I)y(t+1 ) + Bz(t+1), t >0 .

Here I represents an identity matrix. Equation (7) can now be used to determine

the officer manpower plan.

6
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3. The Calculation Procedure

For ranks GEN through CAPT (1-5) the end strengths , gains and losses are all

given . Denote wi th a — the system comprising the first 5 equations in (7).

Since the 5 x 5 matrix taken from the upper left of B is a zero matrix, we have

(8) ~(t+l) = ~(t) + ~(t+l) - z(t+l) + (A-I).~(t+l), t >0.

The only unknowns In this equation are the elements of ~(t) for t > 1. Thus

we solve (8) to obtain

(9) ~(t+l ) = (I-A )~ [~(t) — ~(t+l) + ~(t+1) - ~(t+l)], t > o .

The solution of (9) gives the promotions out of ranks COL through iLl for each

period In the pl anning horizon .

For ranks 2LT to WO—l , the promotions out are gi ven , together wi th the gains

and losses. Denote wi th the system comprising the last 5 equations in (7).

• Then gi ven the starting stocks we determine ~(l) by

(10) ~(1) = 
~

(o) + ~(l) — £(1) + (A—I)9(I) +

then ~(2), ~(3) etc. recursivel y through the planning horizon . The only re-

maining rank for which calculations have not been made is ILT. For ranks above

this, end-strengths are given and promotions calculated . For ranks below iLl,

promotions are given and end—strengths calculated . For 1LT we have

s6(t+l) = s6(t) + g6(t+1) 
- ~6(t+l) + x6(t+l) - y6(t+l), t >0.

Starting at t = 0, s6(O) is given , as are g6(l) and t6(l). Promotions out,

y6(1), are calculated through equation (9), 
and promotions in , x6(1), are

calculated through (10) and (5). Thus the unknown is the end-strength s6(1 ).

Thi s and future period end strengths are calculated recursi vely over the p1~n-

ning horizon after equations (9) and (10) have been solved for all other ranks.

7
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4. APE Data Input Functions

The following page li sts eleven matrices and one vector which are used to

store input data required in computing the officer manpower plan. The results

of the calculations are also stored in these arrays.

There are eight APE input functions used to interactively enter data at a

remote terminal . Each one is described on the following pages together with a

listing of the function and an illustrative example of its use. Al ternative

methods of data input are illustrated . The use of the APE operator p can save

..ime when repetitive numbers have to be entered. See Gilman and Rose [1] for

details of APE operators.

8
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DATA ARRAYS

These arrays are stored as global variables .

APE Name Dimensions Description

BSM ii x 12 Matrix of beginning strengths, 11 ranks
(GEM - WO -l ), 12 periods

ESM 11 x 12 Matrix of end strengths, 11 ranks, 12 periods

11 x 12 Matrix of loss factors, 11 ranks, 12 periods

EM 11 x 12 Matrix 0f losses, 11 ranks , 12 periods

?4GU 11 x 12 Matrix of monthly gains , 11 ranks , 12 periods

POM 11 x 12 Matrix of promotions “out” , 11 ranks 12
periods

ESDOM 11 x 12 Matrix of promotions to LOG from warrant
officer ranks, 11 ranks , 12 periods

ARM 11 x 12 Matrix of numbers in reimbursable billets ,
11 ranks , 12 periods

TR!~J 11 x 12 Matrix of transfers to reimbursable billets ,
11 ranks , 12 periods

FTh’4 11 x 12 Matrix of transfers from reimbursable billets ,
11 ranks , 12 periods

11 x 12 Matrix of numbers released from active duty ,
11 ranks , 12 periods

TEyV 11 Vector of yearly losses from each rank, 11
ranks

Type )SAVE after data entry completion to ensure that new input data
• is not lost.

- - ~~~~~~~~~~~—-~~~~~~~~~~~~~-——
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BSINP UT (begin strength Input)

Syntax: Niladic , interactively asks for Input

Global Variables: It requires the error message !~j, the rank vector
RAAvJcZ, and the data matrix BS1.~.

Files: None

Functions: None

Purpose: This function allows the user to enter the numbers i~n each
of 11 ranks (GEN - WO-l ) at the beginning of a pl anning period and
store them as the first column of an 11 x 12 BS~.

Example:

B S IN P U T
BEG I ~V STRELVGTH ?

G~JN COt !J COL .%L4J CAPT iLl’ 2L T d- ~ W- 3  :1-2 ~‘-1

-

• 

67 573 1q71 2 9 0 9  4 3 L~ 3 ~O86 3381 199 79 L~11 5 O L ~

Function Listing:

V BS I N P ’J T [ D ] 7
V B S I V P U T ; X

C1~ L 1 : ’19E G 1N S T R E I V G Tf f ? ’ 0 R A N KZ
C2~ ÷(ll pX÷O)pL2 0 0 .11
[3] L2:BS~j[;1]÷X

V

V 
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ESINP(JT (end strength Input)

Syntax: Niladic, interactively asks for input

Global Variables: It requires the error message 5j, the month matrix
MONTEL, the rank vector R4EK~, and the data matrix S’?.

Fi les: None

Functions: None
Purpose: This function allows the user to enter the planned end
strengths for ranks GEN, COL, LCOL, MAJ , and CAPT for each of
the 12 planning months. These are stored in the first 5 rows of the
11 x 12 matrix ES~.

Exampl e:

E SI N P U T
END STRENGTH?

GEN
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
0:

57 57 67 67 67 67 67 67 6’ 61 61 6~
Cot

OCT NOV DEC -JAN FEB MAR APR MAY JUN JUL AUG SEP
0:

12p574
LCOL

OCT NOV DEC JAN FEB MAR APR MAY JUIV JUL AUG SEP

12p 1L 4 72
MA J

OCT NOV DEC J A N  F E B  MAR APR MAY JUN JUL AUG SEP
0:

(5p2910) ,2 912 ,6p2913
C A PT

H OCT (JOY DEC JAN FEB M AR APR MAY JUN JUL AUG SEP
-~~.

12pL ~8L~8

- - Function Listiflg:

VESINPUT [O]V
V E S IV P U T;X

• C i ]  ‘END STRENGTH ?’ 0 I~~O
[2] L i:RAN K ~~[(6x I)+t5] 0 .P 4O Pj T~~.’ ~V [3]  + ( 12 :p X . : ) p L 2  0 E~L 0 •L1
[‘i ) L 2 : E S~ [I+i;J ~ X 0 .+ ( L& �I. .I+l)pLi

V
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LFINPUT (loss factor input)

Syntax: Niladic , interactively asks for input

Global Variables: It requires the error message ~~~ the month matrixt4ONT~, the rank vector R4NK~ and the data matrix LF~. . V

Fil es: None

Functions: None
Purpose: This funct ion allows the user to enter the des ired loss
factors for each of 11 ranks (starting wi th GEN and ending with
W0-l)for each of the 12 planning months . The 12 month factors must
add to 1.0. These factors are used to spread yearly losses from
each rank by month. They are stored In the 11 x 12 matrix LFU.

Example:

LFI ’VPUT
LOSS FACTORS?

G E - i
OCT (J O Y DEC J A N  F E B  ‘f AR APR M A Y  .J U -’J JUL AUG SEP

•0~ .03 .02 .01 .06 .06 .06 .04 .05 .077

IN CORRECT INPUT
GEN

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
0:
.04 .03 .02 .01 .06 .06 .05 .05 .07 .31 .1 .2

Cot
V OCT N OV DEC J A? d’ F E B  M A R  APR MA Y  J ’J N J U L  AUG S E P

0:

OCT NOV DEC JA !i  FEB M A R  APR M A Y  .J U W J U . I  AUG S E P
0:

• .09 .16 .09 .05 .07 .04 .02 .01 .02 .07 .22 .16

Function ListIng :
V 

VLFI VPUT[0]V
V LFI,VPUT;I;Z

C i )  ‘LOSS FACTORS? ’ 0 1+1
[2 ]  L 1 : R A N K ~~[( 6xI—1 )+ t6] 0 ,MO”JT~~.’ ‘[3)  •(12 pX~~

)
~ L2 0 E~ 0 •Li

[4] L2 :LF~ (I ;)~ X 0 +( 11�Ii-I+1)~~L 1

12
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(IGINPUT (monthly gains input)

Syntax: Niladic , interactively asks for input

Global Variabl es: It requires the error message Z?~j, the rank vector
RANK1, the month matrix M7NTIL, and the data matrix MG~.

Fi les: None

Functions: None

Purpose: This function allows the user to enter the expected gains
In each of 12 months into the ranks W0-l , 2LT and 1LT respectively.
These are stored in rows 11 , 7 and 6 of the 11 x 12 matrix ?!~j.

Example:

. VGINPU T
MONTHLY GAIN S?

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
0:

0 0 0 0 250 0 0 0 0 0 0 0
2LT

OCT NOV DEC J.4N FEB ~4AR APR MAY JUN JUL AUG SEP

242 152 15 8 102 0 19 134 178 3 6 3  140 288 0
lEST

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL A uG SEP

2 1 3 2 6 0 0 2 0 3 0 5

Function Listing :

VZ’4GINPUTC0]V
7 M G I N P U T ; I ; M ; V ; X

[1] ‘ M ON THLY GAINS?’ 0 I~ 1 0 f . f~ 3 6 p (60+i6).(36+~ 6),30+t6 0 V~ 11. 7 6
[2 )  L2 :RANKZ [,M[ I;)J 0 ,M ON1’j4 ,’
[3] •(l2~ pX~ O)pL3 0 E~J 0 •L2• [ 4]  L 3 :MG~ [V [I ] ; ]~ X 0 ~ ( 3 � I # I + 1 J p L 2

V

13
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P OINP UT (promotions-out input)

Syntax: Niladic, interactively asks for input

Global Variabl es: It requires the error message E~, the rank vector
R4NKI, the month matrix ~VNT~, and the two data matrices PO~j  and EDO~ .

Files: None

Functions: None

Purpose: This function allows the user to enter the planned promotions
in each of 12 months out 0f ranks 2LT, and the warrant officers. These
are stored in rows 7 BWough 11 of the 11 x 12 matrix P0j. The function
then asks for the numbers in each 12 months who became l imited duty
officers (LDO ) from each of the 4 warrant ranks. These numbers are
stored in rows 8 through 11 of the 11 x 12 matrix LDOL .

Example:
POINPUT

P R O M O T I O N S  OUT?
2LT

OCT NOV DEC JAN FEB ‘IAR APR MAY . J U N  JUL AUG SEP
0:

0 415 14 1914 0 14 115 60 750 331 9 1~4

OCT NOV DEC JAN FEB M A R  APR MAY JUN JUL AUG SF?

12p0

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
0:

7 14 0 0 0 0 0 0 39 0 0 0
W-2

OCT NOV DEC J~ W FEB ~fAR - APR MAY JUN JUL AUG SEP
0:

o 0 0 0 66 0 0 0 0 0 0 0
V —1

OCT N O~ DE C J A Y  F E B  MAR APR MAY JUN JUL AUG SEP
0:

: ( L # o O ) . 2 3 4 .700
TO LDO?

OCT N O~’ DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
0:

0 0 0 0 0 0 0 0 2 0 0 0
V 1-3

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

(8p0),25.(3p0)

14
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OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

0: (8 p0 )  ,73,3p0
w-1

OCT NOV DEC JAN FE B MAR APR MAY JUN JUL AUG SEP
0:

12p0

Function Listing :

VPOINPUTCD]V
V POINPL/ T;I;M ;X

El) ‘PROMOTIONS OUT? ’ 0 I~-l
[2] L1.;RANK~ [(30+Ix6)+~ 6) 0 ,MO (JT~~.’
[3 ]  +(l2:pX4.O)~~L2 0 E~ 0 -~Ll
[14] L 2 : P O~ [I+G;]~-X 0 ~ (5�I’-I+1jpL1 0 I~ l 0 ‘ TO £00?’
[5]  £ 3 :R A NK ~~[(36+Ix6)+t6] 0 ,M ONTJL , ’
[6] + (12 pX÷D)pL14 0 E~ 0 -‘L3[ 7 ]  L 1 4 : LD 0~~C I + 7 ; ] ~~X 0 - ’~( 1 4 �I~ I + l) p L 3

V
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REIMINPUT (reimbursable Input)

Syntax: Niladic, interactively asks for input

Global Variabl es: It requires the error message ?~~, the rank vector
RANK~ , the month matrix !ONTH_ , and the data matrices TR(J and FR~J. • 

-

Fjlps: None

Functions: None

Purpose: This function allows the user to enter scores to and from
reimbursable billets for each of 12 months for the ranks COL. LCOL ,
rlAJ , and CAPT and store them in rows 2 through 5 of the 11 x 12
matrices TRV.~! and FR~ respectively.
Exampl e:

R E I M I N P U T
COt TO REIMB

OCT (JOY DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
0:

1 1 .lO pQ
COL FROM REI V% Th

OCT NOV DEC J A N  FEB M A R  APR M A Y  J U N  J U L  AUG S E P
U:

1.1 ipO
LC OL TO RE I M B

OCT NOV DEC J A N  F E B  M A R  AP R MAY J U N  J U L  AUG SEP
0:

V A L U E  E RROR
O l2pO

12p0
CAPT TO RE I MB

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

2 0 0 0 1 0 0 0 0 0 0 00
V 

CAPT FRO M RE I MB
• OCT NOV DEC .JA IJ FEB MAR APR MAY JUN JUL AUG SEP

0:
1 0 1 ‘ 0 0 0 2 0 0 0 0

16
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Function Listing :

VR E I ( 4 I N P U T C O] V
9 REI.tIINPUT;i4;X;I

[1] (44- 14 6 p 6430+RANKZ 0 1*1
[2]  L1:M[I;), ’ TO REIt’IB’ 0 ,I1ONT~ .’[3]  +( l2 pX~.~0)pL2 0 E~ 0 +L1
(14 ] L2:TR~ [I+i;]÷X
£5) L3:~tfCI;b ’ FROM REIMB ’ 0 ,‘4OPJT~~.’[6) •(l2 pX~-D)pL14 0 E~f 0 •L3
[7] L14:FRt~CI+1;]’-X[8) •(-14�I~I+1)pL1V

17
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RLDINP UT (released from active duty input)

Syntax: Ni l adic, interactively asks for input

Global Variables: It requires the error message ~~~, the rank vector
RANKj~, the month matrix 2t~NTf~, and the data matrix RUj. . -

Files: None

Functions: None

Purpose: This function allows the user to enter the numbers in each
of 12 months who will be released from active duty in the ranks CAPT
and 1LT. The data is stored in rows 5 and 6 of the 11 x 12 matrix
RIM .

Example:

RL~ INPU T
RELAD?

CAPT
OCT NOV DEC JAN FEB M A R  APR MAY JUN JUL AUG SEP
0;

14 16 14 6 2 9 14 7 9 8 14 12
lET

OCT NOV DEC J A N  FEB MAR APR MAY JUN JIlL AUG SEP
0:
55 55 90 41 35 62 28 148 90 48 62 76

Function Listing:

VR L D I N P U T C D ] V
V R L D I N P U T ; i ; M ; V; X

[1] ‘R E L A D ? ’  0 1.-i 0 M~- 2 6 p (214+tS ).(30+i6) 0 V~ 5 6
[ 2 ]  L l : R A N X ~~(i 4 [ I ; ] ]  0 , ‘4ONT ~~, ’
[3]  + (j 2 pX ..-O)pL2 0 &~ 0 +Ll
[4] L2 :RL (g[V [I];)~ X 0 ~(2�I~ I+1)pL1

18
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TLINPUT (total loss input)

Syntax: Niladic, interactively asks for input

Global Variabl es: It requires the error message R~, the rank vector
RA.NK~ , and the data vector TL~.

Files: None

Functions: None

V 
Purpose: This function allows the user to enter the losses from each
of the 11 ranks for the planning period, and store them in the 11-
vector TEl.

Example:

TL I N P U T
TOTAL YEAR LOSSES?

GEN COL TJCOL MAJ CAPT ItT 2LT W- 14 W-3 1-2 V i
0:

11 95 155 160 593 109 35 60 25 8 14

Function Listing :

V TL I N P U T C D ] V
V TLIN PUT

[ii Li :’ T O T A L  Y E A R  LOSSES?’ 0 RANX .~[2]  +(i1~ pTL~ ’-O )p0 0 E~ 0 -“El
V

I .

~~~~V.

V 
19
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5. APi Calcula tion and Output Format Functions

The calculation, Interactive czhanglng, and formatting of the officer manpower

plan require ten APE functions. These are listed on the following pages. Only

one Is specified by the user, namely OFP EAN. This function cal l s the other nine

at appropriate points and they remain invisibl e to the terminal user. ‘

J -
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OFPL4N (officer manpower pl an)

Syntax: Ni ladic, interactively asks for various changes in variables
and for the amount of detail to be printed .

Global Variables: The data arrays: BS~4, ES~ , LFj. ‘!G~1, PO~j, LDO~, TRI,
FR~J ,  RL~, and TEl.

Files: None

Functions: Requires the util ities AYN (answer yes or no) and DAT ’,
the formatting functions FMTI, ESREP , OF1E, OMPREP and ATREIMB,
and the calculation functions .CHG~1, CHGIM , P LAN1.

Purpose: This is the main interactive function for obtaining the
manpower plan. It is the only one (other than functions to input
data) that the user specifies when calculating a plan.

Function Listing : See next page.
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CHGFM

CHOFI-!

~yntax: Monadic, R ~ - CHGFM 14

Globa l Variables: It requires the error message E~J.

Fi les: None

Functions: None

Purpose: It all ows the user to change any elements in a fractional
matrix , and checks that the new entries are consistent wi th row sums
equal to 1.0. It is used only inside other functions.

Function Listing:

VC H G F M [ 0] V
V R”-CIIGFM M ;X;Y

Cl] ‘ENTER ZERO FOR RANK IF NO MORE C~IAN GES’[2] Ll : ’RANK NUMBER? ’ 0 -“(0~ X~ D)pL6 0 -“ (11�X )pL2 0 E~ 0 +Ll
[ 3 ]  L2 : ’CURRENT ’ 0 ,‘F6.2’ DFMT M IX;]
(14] L 3 : ’N E W ? ’  0 - “(l ~~+/ Y Q ) p L 1 4  0 ‘DO NOT ADD TO 1.0’ 0 -.‘L3
[5] L’4:4- (l2 p7 )pL5 0 ‘N E E D  12 N U M B E R S ’ 0 +13
[6] 15;M[X; ]- ’- Y 0 •Li
[7] L6 :R”-M

V
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CR0114

Syntax: Monadic, R CHGV.rZI II

Global Variables: It requires the error message, :~~~.

Files: None

Functions: None

Purpose: It al lows the user to change any elements in an i nteger
matrix. It is used only inside other functions.

V Function Listing :

VC H G I M [ 0) V
V R~ CFiG I. v M ; X ; V Y

Ci) ‘ENTER ZERO FOR RANK IF NO (lORE CHANGES’
[2 )  L1: ’RA iIK NUM BER? ’ 0 ~

( QX
~ O)p L6 0 + (1l�X)pL2 0 E~ 0 -“L I

[3] £2 :  ‘C U R R E N T ’  0 , ‘16 ’ 2P V ’dT ME ~~; I
[4] ‘NEW?’ 0 .(12:pY.. )0L4 0 1 VV E E D  12 7(PI BE RS ’ 0 +13
[5)  L 4 : M [ X ; ] ~~Y 0 L1
[6) 16:R.M

V V

p.

24
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PLAN1

Syntax: Niladic

Global Variabl es: It requires all the data arrays, BS~J, ESU, LF~J, L1 ,MG~, ~Vrj, iDaf, TRL~, FR~j ,  RI~j ,  and TLV~

Files: None

Functions: Requires the integer rounding function ROUND
V 

Purpose: This function performs all the calculations for the manpower
plan discussed in section 3.

Function Listing : See next page for both P EAN1 and ROUND .
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FMTF

Syntax: Monadic, R + FMTF M

Global Variables: It requires the month matrix MONTE and the rank
vector RANKI .

Files: None

Functions: None

Purpose: It formats the fractional matrix H wi th column and row headers.
It is used only wi thin other functions.

Function Listing :

V F/IT F C 0 1 V
V ?MTF 14

[I]  ‘ RAt /K ’ . ,(12 3 o ’ ‘ ) ,V?4 ON T ~~
[ 2]  (ii 6 p RA NK ~~),’F6.2 ’ OF IIT M

V

V
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Fz’fl’ I V

Syntax: Monadic, R +. FMTI /

Global Variabl es: It requires the month matrix :-IONTff and the rank vector
RANX1.

Files: None

Functions: None

Purpose: It formats the matrix M Into Integers wi th column and row
headers. It is used only within other functions .

Function Listing:

V F M T I C D ) V
V FMTI %f;.Y

I i )  N ’. - (p M) [ i )

[2 )  ‘ RANK ’ .,(12 3 p ’ ‘), ?IONTIL
[3)  ((N , 6)DRA NK Z), ’B1 6’ QFMT M

7

1-,
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I ESREP

Syntax: Niladic

-. 
‘ Global Variables: It requires the month matrix V’-!ONT~~p the rank vector

RANK1, and the data arrays BS~ and FSIJ.

. Files: None

Functions: None

Purpose: It formats the ‘ End Strength Report ” as part of the manpower
plan.

Function Listing:

V V ES R E P [ O) V
V ESREP ;MY A; X

[1] !d14~~(+/BS ~ +ES~~)+24[2 ]  ‘ BEGIN ’ ,’ GRAD E’ ,(,( 12 3 p ’ ‘), MO’VT~~), ’ (IYA’
[3] (‘16’ DFM T 11 1 +BS~~),(1l 6 p RANK I) , ’I6’ OFt4T(ES~~),MY A
[14] ‘ TOTAL’ ,, ’16’ OPMT+~ ES~jV

~
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OF1E

Syntax: Niladic

Global Variables : It requires the month matrix MONTH and the data
arrays BSU, E S U,  RII~J, and Lii.

Fi les: None

Functions: None

Purpose: It formats the “Officer lE Table ” as part of the manpower
plan.

Function Listing:

V O F 1E[Q]V
V O F 1 E ; X ; Y ; M ; V

CI) ~~~~~~~~ 6 12 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[2 ]  ‘ LOSSES I ’
[ 3 ]  ‘MONT!! BEGIN RELAD OTHER TOTAL GAINS END’
[4) (‘ ‘ ,M O N T f f , ’ ‘ ) , ( 1 2  2 p ’ ‘),‘B18’ CF/IT M
[5)  ‘TOTAL ‘,, ‘18’ O F M T ( M [ 1 ; 1 ] , ( 4 + 1 + V ) , M [ 1 2 ; 6 ] )

V
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OMPREP

Syntax: Niladic

Global Variables: It requires the month matrix HONTif , rank vector
RANK!, the formatting headers i~i, HIC , ~2, ~3, ~~~ ~j 5, ~6, ~7, ~8, ~9,

~1O, ~l1, ~12, ~13, and 1L114, the l ine  feed LF , and all the data arrays.

Files: None

Functions : None

Purpose: It formats the “Officer Manpower Plan ,” the main output -]
showing the monthly details of a yearly plan for each rank.

V 
Function Listing: See next page.
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ATREIMB

Syntax : Niladic

Global Variabl es: It requires the data arrays AR~, TR?~ and FRIJ .

• Fil es: None

Functions: None

Purpose: It formats the movement of officers at, to, and from reimbursable
billets as part of the manpower plan.

Function Listing :
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[5)  ‘ FROM ’ ,, ’IlOt DF~1T(+/FR~~)[1+tu]
[6] I E N D ’ ,,’I l O ’  OF 4 T ( + / TR ~~+AR~~—F R t ~) [ 1 + t 4 ]
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6. An Example

The next seven pages give an example of an officer manpower plan. This ex-

ampl e does not show every feature of the interactive capability, but should be

sufficient to illustrate the use of the model . A complete plan takes less than

five minutes of terminal time and less than 1 second CPU time on Scientific Time

Sharing’s APL+ system. Thus many iterations are possible in the planning cycle.

-t -~
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