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ABSTRACT

This dissertation is based  on a  project done for the U .S. Army 

Personnel Command (PERSCOM) in Alexandria, Virginia. W ith the recent 

dow nsizing of personnel in industry, hum an resource considerations have 

becom e obscured in the m any issu e s  of personnel hiring freezes, furloughs  

and layoffs. Em ployees are d isenchanted  and are taking a  m uch  m ore 

selfish  approach w hen dealing w ith the em ployers, particularly in  regard to 

em ployer practices.

The problem  of attracting, retaining, and training a  qualified  

workforce can be alleviated in the near to long term  by addressing  

a ccession  of new  em ployees and the aging o f the personnel inventory in  a  

qualitative and quantitative way. W ith the m odel developed for th is project, 

industry  can  more efficiently develop the em ployees they have, foster  

worker loyalty, and save m oney on personnel investm ent and training  

program s.

The m odel provides a  non-linear approach to solving the problem  of 

accessin g  and projecting the personnel inventory by skill and grade to m eet  

requirem ents over tim e. The benefit to personnel m anagers is  that they  

have an  optim ized accession  plan and projected inventory to m eet 

requirem ents.
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Chapter 1 

Introduction

1.1 Background Information

Attracting and retaining a qualified work force depends on more 

than  salaries. A working environm ent in  w hich an em ployee is  positively  

m otivated will prove to be industry’s  greatest a sse t. Industry, m uch  like 

the U .S. Government, is attem pting to attract and retain a  h ighly  

qualified work force to m eet the dem ands of an expanding global 

econom y and new  world order. Both in stitu tions rely on m arketing  

strategies that put their offerings in a  positive light. W orking against th is  

initiative, however, is  the recent dow nsizing o f the num ber o f personnel 

w ithin m any industries. H um an resources have becom e obscured  in the  

m any issu e s  of personnel hiring freezes, furloughs, and layoffs. The 

challenge lies in finding a w ay to m otivate the em ployees w ho rem ain, 

while ensuring fairness and sensitiv ity  towards th ose  w ho are released. 

This reality b ecom es a  particularly troublesom e area w hen  em ployees are 

released shortly after being acquired by a  com pany.

The age old adage that said if  you  are skilled, devoted and loyal 

you  will be rewarded w ith a  good salary, benefits, prom otions, and a  

retirem ent is rapidly eroding. R ecent events in  industry, su ch  as layoffs, 

dem otions, and early retirem ent program s, have produced em ployees 

w ho are d isenchanted  and w ho are taking a  m uch  m ore se lfish  approach  

w hen  dealing w ith their em ployer. More and m ore often, em ployees are



T-4471 2

now  looking out for them selves and questioning em ployer practices. 

Recognizing this, Citicorp, Apple Computer, the U .S. Government, and  

other large corporations have institu ted  program s to foster em ployee  

satisfaction1.

The key to solving the problem of keeping a qualified work force 

lies in how  the work force is  accessed  and the inventory aged over tim e. 

Som e of the more critical variables in  th is process are em ployee  

continuation  rates, survival rates, and prom otion rates. Other key  

indicators that are closely m onitored by em ployee organizations are 

increases in opportunity for job s w ith greater responsibilities, authority, 

and educational advancem ent.

Accepting the fact that industry and the U .S. Governm ent have  

released m any people from their job s by different m eans, w hether fair or 

unfair, th ese  sam e em ployers still need to hire new  em ployees in order to 

m aintain  a  credible and viable work force for the future. Their goal is  to  

achieve a steady-state environm ent w ith the accession s, lo sse s  and the  

continuing education  o f em ployees.

1.2 Research and Literature Search

Until recently, h um an  resource m anagem ent h a s b een  a  low  

priority for industry and governm ent agencies. W orkers’ loyalty and

1 Soloman, Charlene M. 1992. The Loyalty Factor. Personnel Journal (01 September): 
51.
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com m itm ent to their industry have been  taken for granted2. R ecent 

downsizing initiatives and forced job  reclassifications have been  referred 

to as n ecessary to rem ain com petitive econom ically. However, w hen  not 

m anaged properly, the resu lts can prove to be a  financial and hum an  

disaster. Secretary of Labor Robert Reich stated it well w hen  saying, 

“Over the long term, I believe firmly that w hen  you  cu t payrolls, you  end  

up reducing long term perform ance b ecau se  em ployees are worried, 

demoralized and often you  get rid of som e of the m ost experienced  

people”3.

An additional problem  facing som e industries is the perception of 

being reactionary rather than  proactive in respect to the com pany’s well 

being. Im m ediately after em ployee layoffs, stock  prices m ay tem porarily  

increase in value4. This is  a  direct resu lt of the com pany’s slim m ing  

down. Two problem s that the com pany is left w ith for the future are new  

em ployee retraining due to recent hiring or retraining, new  technology  

upgrades, and the loyalty of the rem aining work force due to th ese  

ch an ges5. An exam ple of th is is the defense buildup of the 1 9 8 0 ’s, 

followed by a  sharp downturn involving layoffs, and then  the su b seq u en t  

re-hiring of the laid off personnel a s the com panies took on new  

directions6.

2 Goddard, Robert W. 1989. Workforce 2000. Personnel Journal (01 February): 64.
3 Reich, Robert. 1994. Interview. The Washington Post (02 January): D-5.
4Managing Survivors. Information Week (15 July 1991): 10.
5 DEC Realigns Sales. Industry Week (03 August 1992): 15.
6Reich, Robert. 1994. Interview. The W ashington Post (27 December): 3.
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During the defense buildup of the 1980’s, rapid expansion  of the  

local econom y in the W ashington D.C. area w as described as substantia l. 

However, now  that the Soviet Union h as collapsed and the cold war is  

over, the U .S. m ilita iy  is getting sm aller. This h a s had the effect o f fewer 

w eapons system s being needed, w hich  translates to a reduced need  for 

defense contractors, su bcontractors, and su b seq u en t sp in -off work to 

related industries. The im pact in hum an  term s is  hard to m easure, b u t 

can be evaluated in term s of le ss  office space leased  and decreased  or 

elim inated research and developm ent projects. Indirectly, the im pact is  

also felt by the local econom y’s infrastructure and by the decreased  

valu es of com m ercial and residential real estate and service jobs.

Historically, m odels were developed to age and a ccess  the U .S. 

Army’s inventory, b u t at a  great cost. The Officer Projected Aggregate 

Levels System  (OPALS)7 m odel w as developed in  early ‘8 4  and the Officer 

Projection Specialty System  (TOPSS)8 m odel cam e out in  late ‘8 6  at a  

com bined developm ent cost o f over 6  m illion dollars. The early m odels  

provided valuable inform ation, b u t the personnel m anager had problem s 

m anaging the populations in  the Primary Military O ccupational Specialty  

(PMOS) level o f detail. A ssignm ent officers u sed  tabulation  paper and  

adding m ach ines or calcu lators to a ccess and project their inventory. 

M uch w as left to the assign m en t m anager’s intuition .

7 Officer Projected Aggregate Levels System. 1984. Developed by: General Research 
Corporation, Vienna, VA.
8The Officer Projection Specialty System. 1986. Developed by: General Research 
Corporation, Vienna, VA.
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1.3 Special Considerations and Approaches

Many industries have tried to have policies that were flexible and  

guaranteed no layoffs. However, w ith recent d isp lacem ents o f personnel 

from m any long standing industries, a new  breed of worker h as evolved. 

The worker now tends to be skeptical, seek ing job security, and looking  

for training that will m ake them  invaluable. Additionally, p ast recruiting  

strategies now are costing com panies m uch m oney. For exam ple, in  

1991 it cost $ 5 ,4 0 9 .0 0  to hire a new  em ployee. By 1992 the cost had  

escalated  to $ 6 ,6 2 4 .0 0  per em ployee, and it is  estim ated to be $ 7 ,3 5 0 .0 0  

for a  new  hire in 19939. C osts are for personnel con su ltan ts “h ead ­

h u n ters” who search  for and locate people w ith th ose sk ills desired by  

the com pany. C osts for the years ‘91 to 93  h aven’t been  adjusted  for 

inflation and do not reflect d iscounted  cash  flow rate of return on  

investm ent.

There have been  som e innovative approaches to the problem s of  

downsizing. One exam ple is the Foxboro industrial p lan t10. As 

industrial and governm ent jobs becam e technologically oriented, Foxboro 

em ployees took step s to improve them selves, their job s, and their  

com pany. They accom plished th is through job  retraining w ith  a  

concerted effort to hire qualified m inority and fem ale w orkers and place  

them  in jo b s m atching their abilities. W hile sim ilar in itiatives have been

9The W ashington Post. (02 January 1994): B-2.
10Foxboro’s  World Class Workforce. 1993. Modem Materials Handling (01 January): 50.



T-4471 6

taken by other industries, relatively few in itiatives have been  taken  to 

ensure the su ccess  of a person at the tim e of hiring.

Recently, in 1992, the sm all legal firm of W inston and Strawn  

dem onstrated that the dow nsizing coupled w ith new  access io n s could  

work 11. After laying off 25  partners, ten  of w hom  were in their mid fifties 

or older, they still dem onstrated that the cu ts m ade good b u sin ess  sen se  

and improved the firm’s bottom  line w ithin several years. This venture  

w as achieved by holding on to the goal o f their strategic plan, rather than  

to the personalities of their em ployees. For th is b u sin ess , dow nsizing  

with new  accession s w as a  su ccess . Conversely, several large industries  

including General Motors and Caterpillar, have attem pted to dow nsize  

w ith major problem s resu lting12. Em ployees w en t on strike and  

m alcontents rem ained w ithin the group of em ployees w ho kept their  

jobs. The survivors have now  been  placed into an environm ent of risk  

aversion and non-tolerance o f m istakes. In the U .S. Army th is  is  

com m only referred to a s “zero defects”. The im pact on the em ployees’ 

m orale is formidable, especially  w hen  hum an resources are scarce. 

R eactions to the fa irness o f the layoffs and ch an ges w ithin  the  

organization affect the em ployee and their am bitions. Q uestions surface  

as to job security, career prospects, and quality and quantity o f  

responsib ilities o f the survivors.

11 Barker, Billy. 1993. The American Lawyer (01 June): 70.
12Personnel Journal 100. 1992. Personnel Journal (01 December): 47.
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1.4 Research Results and Recommendations

The literature indicates that the problem of attracting and training  

a qualified work force can be adjusted in the mid to long term by  

addressing the problem of accession  of new  em ployees and the aging of 

the personnel inventory in a qualitative and quantitative way. This will 

ensure that m anagem ent is candid with all em ployees in regard to hiring  

practices and addresses expectations as to personal growth and  

developm ent. The com pany will then  develop the em ployees they have, 

foster worker loyalty, and save m oney on personnel investm ent and  

training programs. The m odel developed here will provide personnel 

m anagers w ith the tools n ecessary  to a ccess the optim al num ber of 

em ployees annually, adjust the size and determ ine the sk ills required of  

the work force in the out years, age em ployees by skill utilizing statistica l 

and analytical techn iques, and, finally, transition the right num ber of 

workers for additional training to m eet the dem ands of changing  

technology. To the em ployees th is will be viewed as a  system  th at will 

allow them  to see their future prospects w ith the com pany and to gauge  

their expectations for advancem ent.

Robert Reich, Secretary of Labor, m ade th is sta tem ent in an  

interview  w ith the W ashington Post: “The better route is  to upgrade not 

only their technology, b u t also  their em ployees13 The goal o f th is  

dissertation  is  to develop a  m odel so  that a s industry  develops its

13 Reich, Robert. 1994. The W ashington Post: (02 January): D-5.
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strategic plan to incorporate new  technologies, it will also have a u sab le  

tool to m anage personnel and their training.
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Chapter 2

Major Functions and Objectives of the Model

2.1 New Environment

Productivity and morale of em ployees are keys to any com pany’s  

su ccess . A m otivated work force h as helped the railroad industry recover 

from a  bad econom ic position to one of higher productivity14. Em ployees 

w ho survive layoffs will have a greater im pact on the future of the  

com pany in  m any different areas. Factors affecting the em ployees’ 

perform ance are the handling of the layoff, perceptions of th ose laid off 

and retained, and changes w ithin the organization. Difficult to m easure, 

b u t very im portant to the com pany and especially  the em ployee, are job  

security, career opportunity, new  job  responsibilities, and em ployee 

perceptions o f w hat is fair. S teps taken before, during, and after the  

layoff have a  direct im pact on the productivity and m orale of th ose  w ho  

rem ain15. S teps to improve the circum stances of the layoff are difficult at 

b est to address; however, a  work force that is m otivated and m anaged  

efficiently and fairly will help  to improve m orale and the perception of 

fairness.

D ow nsizing an organization is  done to ensure profitability and  

survival b u t com panies w hich  conduct poorly p lanned layoffs m ay be  

doing irreversible dam age by not m anaging personnel dow nsizing in  a

14People Power on Railroads. 1989. Modem Railroads (0 1 November): 16.
15Brockner, Joel. 1992. California Management Review (Winter): 9.
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system atic w ay16. Areas of concern are personnel w ith critical skills, 

workers who require specific training programs, and a work force that 

h a s a con stan t rate of attrition/h iring. Difficult to m easure and  

som etim es not given sufficient credibility are the attitudes of rem aining  

workers w ho will be key in m aking those “im portant” b u sin e ss  decisions  

and rem aining com petent in their jobs. The overall risk, and a  great 

concern to personnel m anagers, is  an em ployee w ho will not m ake a  

decision  b ecau se of a work atm osphere w here there ex ists a  “risk-averse  

work paralysis”17. W hen fear of doing the wrong th ing interferes w ith  

norm al decision  m aking, the em ployees’ reaction will be to delay a  

decision  or p a ss it on to m anagem ent. W hen th is  process is  done, 

resources have been  w asted  and m anagem ent m ay look for a  scapegoat 

to place the blam e, th u s perpetuating the perception of risk-adverse work  

paralysis w ithin  the workforce.

As the Am erican society  h as evolved, the im pact o f governm ent 

regulations, w orkers’ rights, and accountability  of em ployers and  

em ployees’ actions have done m uch  to improve the work place. W orkers 

today are better educated than  at any other tim e in history. Today  

greater num bers are seek ing a  p ost high school education  or are 

enrolling in trade schools. Though m any prospective em ployees lack  a  

formal education  or specific trade skills, there are large num ber of 

personnel w ho have industry-specific sk ills that are in  dem and.

16Rightsizing, Not Downsizing. 1992. Industry Week (03 August): 23.
17Rightsizing, Not Downsizing. 1992. Industry Week (03 August): 14.
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Technology h as outpaced hum an ability in m any areas, particularly the  

com puter w ith its trem endous applications. In som e ca ses  the com puter  

h as displaced workers. In other cases, it h as forced workers to need  

additional training. This training is an investm ent in the em ployee and  

in the com pany.

2.2 Shift in Personnel Management Philosophy

As technology im proves, com panies m u st m eet the challenge of a  

new  environm ent. There is a decreasing pool of qualified job  applicants  

as job s get more industry specific and depend to a  le sser  degree on a  

pure academ ic education. The goal for a  personnel m anager then  

b ecom es finding qualified applicants, training new  em ployees for specific  

job s w ithin the com pany, and aging the com pany’s personnel inventory. 

A ccessing  and aging the personnel inventory is the personnel m anager's 

m ost difficult job  in th ese  difficult tim es. Training program s cost m oney  

w hile the com pany m u st rem ain econom ically com petitive. M anagem ent 

is  expecting the personnel m anager to do all o f th is at the low est p ossib le  

cost w hile also  providing a  continuously  im proving work force. Taking  

advantage o f current operations research tools, the m odel developed here  

will a ss is t  personnel m anagers in m aking better b u s in e ss  decisions.

2.3 Impact of the Model

The m odel is  an  analytical algorithm  that tak es advantage o f 

current resources available to the operations research  analyst. The Excel
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5 .0  Spreadsheet package from Microsoft Corporation offers optim ization  

and resource allocation m ethods. Som e of the tech n iqu es available in  

the program are linear and non-linear optim ization, sensitiv ity  analysis, 

and m inim ization and m axim ization algorithm s. There are other more 

elaborate and significantly more expensive software program s available, 

b u t the in tent here is to be realistic and conservative w ith resources and  

to exploit readily available tools.

The m odel developed here helps personnel m anagers determ ine the  

b est u se s  of scarce resources so that goals and objectives can  be pursued  

realistically. In th is case, the objective is  to m inim ize the difference 

betw een personnel requirem ents and calculated end strength  w hile aging  

the work force and ensuring that the proper num ber of personnel are 

accessed  at the right time, given current constrain ts and history. 

Particular job s and other factors are included for the personnel m anager  

to consider. Exam ples w ould be transitioning em ployees w ith  certain  

sk ills to sk ill-enhancing training required for prom otion. Other 

considerations involved are factoring in different rates of personnel 

turnover su ch  as personnel continuation  rates and lo sses  from  

retirem ent or prom otion /n on-p rom otion .

2.4 Model Objectives

The purpose of the m odel is  to provide an  autom ated  m ean s o f  

accessin g  and aging a  personnel inventory by skill and grade to m eet an  

organizations personnel requirem ents over tim e. It can  be u sed  by
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personnel m anagers to determ ine personnel developm ent is s u e s  for the  

work force. Generally, the m odel is  run at the end of each  fiscal or 

calendar year, depending on how  the com pany’s reports are done. For 

th is dissertation, it will be done by fiscal year (12 m onth period from 01 

October to 30  September). Personnel requirem ents can  then  be  

determ ined and supported as needed. The m odel is  actually  a  series of 

relationships that produces personnel m anagem ent inform ation for the  

personnel m anager. The m odel con sists  of five principal com ponents  

w hich can be tailored for specific circum stances w ithin a  com pany. 

C om ponents used  here are

1. Current inventoiy

2. Personnel requirem ents by job type in each  of the forecasted  

years

3. Training program transition  m atrix (donor to receiver skills)

4. Promotion opportunity by job  type

5. Rate sta tistics (continuation, lo sses , prom otions, and training)

The m odel’s  output is a  series of End of F iscal Year projection

reports that are u sed  by the personnel m anager. Reports are projections 

by job  type o f end of fiscal year inventory, accession s, and the num ber of 

personnel to train for advanced jobs.

A ssum ptions u sed  in the m odel are com pany-specific; however, the  

m odel explained here and in  the W arrant Officer Corps exam ple given are 

based  on the following assu m ption s.

GOLDEN, CO 88401
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1. There will be a  need  for job-specific tech n ician s /s k ills  in  the  

future

2. Im provem ents in training and utilization can be achieved

3. Constrained resources are a factor

4. It is desirable to improve the capability o f the work force

5. Hiring and training practices follow governm ent gu idelines, e.g. 

gender, minority, or handicap anti-d iscrim ination  policies

6. The com pany h a s a uniform  prom otion system

As is u su a lly  the case w ith m athem atical m odeling, for a  specific case, 

m odifications to assu m p tion s m ay be necessary. Utilizing th ese  

assu m ption s, the m odel allow s the personnel m anager to incorporate 

personnel requirem ents into the com pany’s strategic p lans. In turn, 

clearly defined goals for facility and personnel im provem ents can  be  

addressed  in a  m anner that en su res overall fa irness to the em ployee and  

the com pany.

2.5 Benefits Derived from the Model

Strength m anagem ent o f personnel is  the first application to  

en su re a stable work force. O ptim ization of the m odel allow s the  

personnel m anager to have steady sta te a ccess io n s and training  

program s. Optim ization and sensitiv ity  analysis of the m odel given all 

constrain ts allow s for detailed analysis and develops analytical va lu es to  

predict changes and trends during the year. T hese trends, if  

unacceptable to m anagem ent, allow the personnel m anagers to intercede
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at the right p lace and tim e. An exam ple could be w hen  personnel from a  

particular job skill are leaving the work force at a rate higher than  

average.

T hese tools, w hen com bined with the com pany’s strategic plan, 

ensure fairness and understanding. As stated  in Chapter One, all 

personnel are affected by th is m odel. Equity is  ensured  since m arginal 

performers, w ho exist in every organization, can  be elim inated by non- 

prom otion or left in a  lower grade by their n on-selection  for advanced  

training or promotion.

T hese rules are easily  m odeled and provide the incentive for 

workers to work harder to achieve prom otions and advanced training. 

The work force will eventually achieve steady state ch aracteristics. For 

exam ple steady state en su res there are no senior grade level over­

strengths in the future. If the senior level population gets too large and  

voluntarily decides to retire, the larger num ber of retiring individuals 

cannot be replaced by the existing pool of m id-career personnel.

The steady state accession  and aging m odel h a s been  developed to 

m eet the total personnel requirem ents for a  com pany. Given the  

protective m ech an ism s and constraints from external and internal 

sou rces w e have the tools to sh ape the work force. Shaping is  done by  

grade level and job  skill, and is  requirem ents-based  in  order to build  a  

com petitive population and m eet future n eed s. U sing th is m odel w e can  

m anage the work force quantitatively based  on know n and projected  

requirem ents.
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Chapter 3 

Fundamental Principles of the Model

In developing an algorithm  to solve the problem  presented in th is  

dissertation, B anks and C arson’s step s o f a sim ulation  stu d y18 and  

W inston’s sim ulation p rocess19. Listed below  are the four p h a ses th at  

were followed:

1. Problem form ulation and setting  of objective and overall design;

2. Model building, data collection, coding, verification, and  

validation;

3. Experim ental design, production runs and analysis, and  

additional runs; and

4. D ocum entation of program and im plem entation.

T hese p h a ses allowed for a  m ethodical and system atic m ean s to quantify  

the problem .

3.1 Customer Satisfaction

For any m odel or application to be su ccessfu l it m u st first sa tisfy  

the n eed s o f three very different groups of people: top level m anagers w ho  

give gu idance and direction, m id-level m anagers w ho will im plem ent the  

m odel, and operations research  an alysts w ho will design  and analyze the

18Banks, Jerry and Carson, John S. II. 1984. Discrete-Event System  Simulation. 
Englewood Cliffs, New Jersey 07632: Prentice-Hall, Inc.
19 Winston, Wayne L. 1987. Operation Research: Applications and Algorithms. Boston, 
M assachusetts 02116: Prindle, Weber & Schmidt Publishers.
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specific model. All are concerned with the validity of the concept and  

application to current projects and practices. Each of the three groups 

will w ant som ething different from the m odeling project. Top level 

m anagem ent will be interested in the long term planning capability o f the  

model. Mid-level m anagers are searching for specific inform ation and  

recom m endations that they can im plem ent. Finally, the operations 

research analyst will need new  and improved w ays to look at m odeling  

is su e s  to enhance their research efforts.

The three groups differ in their knowledge o f the m aterial and in  

their b a sis  of perception. Top m anagem ent will be fam iliar w ith the  

concept b u t will w ant to know  how  the concepts are related and if  the  

m odel will work in practice. Mid-level m anagers will have to be 

convinced that the top level m anagers are supportive w hile the  

operations research  an alysts m u st be satisfied that the m odel is valid.

3.2 Systems View of the Model

The operations research analyst, working w ith the personnel 

m anager, is  the key to the su ccessfu l im plem entation o f the m odel. A lso  

im portant are top m anagem ent’s  support and the personnel m anagers' 

thorough understand ing of the concepts behind the m odel. The 

personnel m anagers’ n eed s can  be addressed  in the m odel by allowing  

them  the flexibility to adjust the m odel as the com pany’s situation  

changes. For exam ple, the personnel m anager can  adjust the budgeted  

end strength  (m axim um  num ber o f persons w orking at the end of a  fiscal
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year) in  the out years as the com pany adjusts to the m arket dem ands for 

products or new  equipm ent. T hese changes allow the personnel m anager  

to begin adjusting personnel accession  p lans and training program s.

Each year the personnel m anager will work w ith the operations research  

analyst to develop en hancem ents to the m odel based  on the previous 

year’s experience. The analyst will also change annual rates and verify 

the integrity of the m odel to ensure the m odel is doing w hat it is  

supposed  to do. This also  allow s for software upgrades and product 

en h an cem en ts.

D ata in pu ts to the m odel can  com e from m any different sources, 

su ch  as a m ainfram e, a m ini com puter, or paper records. S ince any  

system  is m ade up of inter-related processes; the only difference betw een  

com panies is  in  resources available. Com puter m odernization h as  

allowed u sers  of the personal com puter to take advantage o f highly  

com plex m odels and exploit recent technology developm ents in  

sp readsh eets and relational data b ases. R ecent im provem ents in  

software and com puting include optim ization, linear and non-linear  

m odeling, advanced m athem atical sim ulation, and probability and  

sta tistics.

Optim ization of personnel a ccess io n s is  key to the su c c e ss  o f a  

personnel m anager. The analyst, after working closely  w ith the  

personnel m anager, can  then  start to decide w hat is  essen tia l, w hat will 

be done in -h ou se, and w hat will be done by ou tside sou rces. At all tim es  

the personnel m anager should  be involved in  the m odel’s  developm ent



T-4471 19

since the personnel m anager is the one w ho will u se  it and m ake  

decisions based  on the m odel’s output. This allow s top m anagem ent to 

integrate outside resources tightly with the rest o f the system . The 

personnel m anager’s participation in developm ent allow s for con tinu ou s  

im provem ent o f the model. S ince decisions are being m ade by the  

personnel w ho have knowledge o f the overall system , the m odel h a s  the  

potential to influence the personnel process at its earliest stages.

By m axim izing each  person’s potential and capabilities, 

responsibility and accountability  have been  given to the people w hose  

decisions m ay be m ade in  a  tim ely and efficient m anner.

3.3 Validity and Usefulness of the Model

The validity of the m odel can  be determ ined by checking w hether  

the current personnel system  is  accurately represented. This is  achieved  

through com parisons w ith older m odels and new  in sigh ts gained from  

attem pts to improve the older model. The u sefu ln ess  of the new  m odel is  

determ ined by each  level o f m anagem ent. M anagem ent will w ant to see  if  

there is anything new  to learn and if  there is anything that can be  

applied to their own organization. Som e involved will be critical o f the  

new  approach taken  sin ce they  m ay not realize the capabilities of recent 

en h ancem en ts o f software and hardware. O thers will be afraid of 

change, b u t w ith top level m anagem ent’s support and a  concrete exam ple  

of a su ccessfu l application o f the m odels concept, m any o f th ese  fears 

will d issipate.
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To support the validity o f the specific exam ple of the m odel 

described in th is d issertation, three areas are closely exam ined.

1. D oes the concept m eet the com m on sen se  test?

2. Can the concept be extended and u sed  in real world 

applications?

3. Can current software and hardware replace older custom ized  

program s20 ?

This dissertation answ ers all three q uestions in the affirmative. 

The general m odel illustrated in  Chapter 4  and the specific exam ple for 

the U .S. Army W arrant Officer Corps in Chapter 5 are verification and  

validation o f the concept and its architecture.

3.4 Architecture of the Model

The m odel developed is  actually  a series of program s that produce  

personnel m anagem ent inform ation for top level m anagem ent and  

personnel m anagers. In its current form it co n sists  o f six  b asic  

com ponents.

1. Inventory

2. A uthorizations

3. Budgeted End Strength (BES)

4. A ccessions Optimization

5. Aging

20Holtz, Betty. 1980. Interfaces. (December): 37.
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6. End of F iscal Year O utputs

Inventory and personnel lo ss  files are extracted from a  database  

and used  to calcu late the sta tistics of continuation  rates (CRATE) and  

training, transient, holding and stu d en t rates (TTHS). CRATE and TTHS 

rates Eire used  later for the aging process. They are calculated as a  

weighted m oving average of historical data determ ined from the la st three  

years and exponentially sm oothed. Trends are relatively short, u su a lly  

only lasting  five to seven years, so th is technique h a s dem onstrated to be  

the b est for calculating rates.

A uthorizations are determ ined by top level m anagers working w ith  

the personnel m anager and com pany m odernization personnel. Job s are 

defined by u sin g  the previous year’s personnel projections and  

incorporating know n and p lanned changes to the com pany’s capabilities. 

The base authorizations u sed  should  project out 5 to 8  years and capture 

any changes planned in  the strategic p lanning docum ent.

Budgeted end strength (BES) is  a calculation  of the inventory and  

authorizations com ponents of the m odel. This num ber is  the total 

dem and by job skill and grade required for each  year in the projection  

m odel. The total num ber o f authorizations represents the am ount of 

personnel in training and personnel required to operate the com pany.

The BES actually  is  the ideal d istribution of personnel by job  skill and  

grade.

The accession  com ponent o f the m odel is  the key  to developm ent of 

the ideal state of access io n s required to su sta in  job  sk ills by grade over
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time. It incorporates all functions o f the m odel and, through the  

optim ization program, develops the steady state optim al num ber of 

personnel to a ccess  by year over the entire projection period. The term  

steady state is u sed  loosely but to the personnel education  system  the  

in tent is to have a  uniform  num ber of stu d en ts for each  class. S ince the  

m odel cannot determ ine if the accession  job sk ills are over or under  

represented, the analyst, w ith the personnel m anager, m u st ensure that  

the authorization com ponent represents the actual dem and for personnel 

needed. The sensitiv ity  analysis tool of the m odel allow s the an alyst to 

apply different statistica l approaches for different scenarios. The aging  

m odel does the actual year accession  plan and then  projects, by default, 

the steady state accession  plan for the out years.

The aging com ponent of the m odel projects the personnel inventory  

by job skill and grade over a  five year period. The aging procedure  

incorporates th ose asp ects o f the personnel system  required for the end  

of fiscal year projections. The m odel incorporates CRATE and TTHS 

rates, prom otion rates and opportunities, accession s, job  m igrations, 

authorizations, and budgeted end strength against a starting personnel 

inventory. It produces projected annual lo sses , operating strength, 

training strength, m igrations, and total inventory by grade and job  skill.

The m odel produces output that captures the inform ation required  

by the personnel m anager. Areas of the forecast projection ou tp ut by job  

skill and grade are authorizations, inventory, budgeted end strength, the  

difference betw een  BES and authorizations, adjusted BES, and
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calculated BES. Also, in other areas of the m odel are lo ss  rates, 

accession  p lans for the execution  year and forecast years. Specific skill 

categories can be included as in the W arrant Officer case  stud y  w ith the  

Aircraft Qualification Course (AQC) seats. The m odel can u se  either an  

optim ized transition matrix or one that is directed by m anagem ent. An 

exam ple of a  directed transition m atrix would be one lim ited by aircraft 

flight tim e available or by aircraft available. T his is  specific to the Army 

model; however, the sam e principle can  be applied to any industry  w here  

em ployees change jobs.

3.5 Personnel Requirements into Personnel Goals

The prem ise o f th is m odel is that each  of the com ponents can  be 

captured and statistically  evaluated by the Monte Carlo probability  

techn ique or som e other m ethod. The projections are only as good as the  

inform ation gathered from available data. U ncertainty in  each  variable 

can not be captured if changes occur outside the an alyst’s area of  

in fluence or knowledge. Sensitivity analysis can  determ ine w hich  

variables Eire key and sim ulations can  dem onstrate the im pact of 

ch an ges to the inventory over a  period of time.

Attrition amd a ccess io n s are key variables th at im pact the m odel 

greater than  any other vEiriables. To com pensate for th ese  ch an ges to the  

projection, the analyst, w ith top m anagem ent and the personnel 

msinager, can  in fluence the outcom e through several other program s.
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Som e areas that can  be influenced by com pany policy are prom otion  

rates, job  retraining program s, and retirem ents.

Another area is drawdown goals w hich  target specific job  sk ills for 

reduction or elim ination. To effectively m anage and shape the workforce, 

the entire population is m easured by job skill and BES allocation. The 

projections gained from the m odel allow personnel m anagers to quickly  

identify overages and adjust the optim ized a ccess io n s com ponent of the  

m odel. U nexpected reductions, su ch  as unforecasted elim ination of a  

particular job skill or unexpected  closing of a  departm ent, can  be 

handled by the m odel if  identified early in the analytical process. 

A djustm ents can be m ade by transitioning personnel affected into new  

job s through retraining or job  reclassification. Other options available to 

personnel m anagers include m andatory retirem ents, early retirem ents, 

contract buyouts, or as a  la st resort, layoffs.

3.6 Organizational Operation

R eductions m u st be handled efficiently and w ith the know ledge  

that their m ishandling m ay cau se  problem s a s d iscu ssed  in C hapters 1 

and 2. Everyone m u st be considered in a  drawdown to en su re equity  

and that the sh ape of the force doesn't deviate from the aging plan. An 

exam ple o f reduction m ishandling would be the situation  w here m any  

senior em ployees are asked  to retire and there are insufficien t younger  

personnel qualified to replace th ose  w ho leave.
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Aging the personnel inventory is difficult to accom plish  due to 

dynam ic tim es and situations. Governm ent regulations and an ever 

changing m arketplace cau se  problem s that are difficult at b est to m odel. 

C onstraints tied w ith m anagem ent’s strategic plan allow th is m odel to 

provide a  tool that will affect and age the work force. This m odel projects 

and prom otes personnel to m eet future needs, not only by specific job  

sk ills bu t also by grade and years at the com pany.

Past policies, continuation  rates, prom otions, and TTHS rates 

determ ine the shape of the current inventory. T his m odel w orks w ith  

th is inventory both during tim es of calm  and w hen  ch an ges are dynam ic. 

The optim ization of access io n s and the m anagem ent o f authorizations  

b ased  on earlier projections give the personnel m anager inform ation  

n ecessary  to develop a  valid work force aging m odel to m eet the n eed s of  

the organization.

3.7 Non-Linear Optimization

N on-linear optim ization is a  m athem atical technique that se lec ts  

the b est course of action to form a se t of feasible so lu tions. The problem  

is  illustrated in  the following way. Optimize the objective function  by  

m inim izing or m axim izing a  non-linear function  o f the independent 

variable and decision  variable, subject to a  series o f constra in ts involving  

the individual variable. The dependent variable is  the objective function  

and involves the econom ic concept of the m inim um  or m axim um  for a
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value. See figure 3.1 for the general form of the flowchart. The general 

equation of th is problem is represented below.

Minimize:
y

I
i=l

x

1
i=l

X

2
1=1

X

2i=l
x

2
i=l

2
J=i

2
j=l  Lk=l

.5
t
J=1

J=1 Lk=l

^2[(previous inventory)J k(CRATE)1 + (accessions)^ j
k=l

5^ [(promotion eligible)J k (CRATE)1]
k=l

^2 [(not prom otion eligible)j k (CRATE) ‘ ]
k=l

^ [(tra n sitio n  gains)1J k]
k = l 

z
^ [(tra n sitio n  lo sses)i k ]

Subject to:

1 = 5

1=5

2
J=i

t
j=i

^ [(p rev io u s inventory)J k(CRATE)1 + (accessions^  j k]
k=l

^  [(Authorizations)J k (1 + TTHS rate)1]
k=l

< 0 .

all variables are nonnegative  
i = years  
J  = grade 
k  = job  skill
x  = m axim um  num ber of years 
y  = m axim um  num ber of grades 
z  = m axim um  num ber of job  sk ills
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The b est general algorithm  for u sin g  iterative linearization is  the  

General Reduced Gradient (GRG) m ethod21. The GRG algorithm  is an  

extension  of the Wolfe algorithm  for linear constrain ts, modified for a  

non-linear objective function and non-linear constrain ts. This m ethod  

u se s  linear or linearized constraints, defines new  variables norm al to the  

constrain ts and exp resses the gradient in term s of the norm al b asis . In 

sim plified form, general case, the problem solved by the GRG m ethod.

Minimize: f(x) x=(x1,x2,...,xn)T

subject to: h(x)=0 j= l , . . . ,n

L, <Xi<U, i = l  m.

Lt (lower bound) and U1 (upper bound) restrict x,. The L, and U, are

treated as inequality constrain ts b ecau se of the techn ique u sed  to

calcu late step  length and direction o f search. N on-linear con stra in ts are 
taken care of by slack  variables, /z; (x)  =  g jj{ x ) - G  j 2 = 0 and letting the

b oun ds range from -œ  < a  y < -H».

U nique to th is problem  is  changing the objective function to zero. 

The objective function  (the dependent variable) is  represented in the  

general form ula a s  (aggregate budgeted end strength)- (aggregate 

projected strength). D ecision  variables (independent variables) are 

represented as (accession  by PMOS by year). Finally, the con stra in ts are 

the (end of fiscal year 1998 projected inventory)-(end o f fiscal year

21 Developed by Leon Lasdon, University of Texas at Austin and Alex Warren, Cleveland 
State University.
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budgeted end strength by PMOS by year by grade) < O, that is  the  

objective function should  be le ss  than  or equal to zero. The inherent 

difficulty of th is problem  lies in the large data se ts , num ber of 

calcu lations to perform, and lim itations o f hardware and software.

Utilizing the Generalized Reduced Gradient22 m ethod and the Excel

5 .0  spreadsheet, the analyst can  determ ine the optim al num ber o f people  

to a ccess  during the execution  year (next fiscal year) and each  of the  

projected years. The analyst, w hen  the optim ization routine is  

com pleted, will have the optim al accession  plan and projected inventories  

to give to the personnel m anager.

The gradient algorithm , w here the gradient search  procedure is

modified to keep the search  path  from penetrating any constrain t

boundary, is  u sed  for th is problem . U sing the step s o f the G eneralized

R educed Gradient Algorithm found in H im m elblau’s book23, the

optim ization process is  outlined in  its  general form. For all iterations it
d h(x)is  a ssu m ed  that a x D

is  non-singular. For notation  purposes.

/(* * ) = f k and h{xk) -  hk, where the superscript k den otes the iteration.

22Lasdon, L.S. and Warren, A.D., H.G. Greenberg. 1978. Generalized Reduced Gradient 
Software for Linearly and Nonlinearly Constrained Problems.. Design and 
Implementation of Optimization Software. Sijthoff an Noordhof, Alphem aan den Rijn, 
The Netherlands.
“ Edgar, T.F. and Himmelblau, D.M. 1988. Chemical Engineering Series. Optimization 
of Chemical Processes: McGraw-Hill Book Company, United States: 327.
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Phase I:

Determ ine the search com ponents for the independent variables. 

At iteration k linearize the constraint at the feasible point x k and  

com pute the reduced gradient. The subscripts D and I indicate the  

dependent and independent variables.

[d / ‘ I
T

[d /* ]
T

'd hk '
-1

"d hk ~
d 4 d 4 9 4 d x]

The search  directions of the independent variables are estab lished  

from the reduced gradient g Ri as follows:

a. If x, is  at one of its b ounds, the search direction com ponent is

A*=0; if the step  exceeds its bound, that is

A*=0 if  x k=[/,. gRi < 0

A*=0 if x k = L- g Ri > 0

b. If L, < x, < Uit the search  direction is the negative o f the

corresponding elem ent of the reduced elem ent of the reduced gradient,

A‘

P hase II:

D eterm ine the search  com ponents for the dependent variables to 

xDm aintain  feasibility w ith respect to the linearized constrain ts.
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Phase III:

Improve the value of the objective function. Minimize 

f i x )  + X*A*7,x kD + X k&kD) w ith respect to X(X > 0) u sin g  the quasi-N ew ton  

unidirectional search. Lambda (X) m u st be carefully ch osen  so a s to 

lim it the m agnitude o f X* since th is can  lead to an infeasib le point.

U se the quasi-N ew ton m ethod to regain feasibility o f the dependent 

variable. If som e of the points o f the objective function are infeasible, 

Newton’s m ethod will return from the infeasible point to one that will 

satisfy  all of the constraints. Several iterations m ay be n ecessary  to  

regain feasibility. Newton’s m ethod is

Convergence on New ton’s m ethod h a s four p ossib le outcom es.
1. x k+1 is  feasib le and f { x k+l, x kJ l ) < /(* * ,* £ ), adopt x k*1 and return to

w here x D is a  tentative point.

Phase IV:

d h f r î ^ Q T 1
9 4

d h(xk+\ x k+1)

Phase V:

p hase I.
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2. x k+1 is  feasib le bu t / 0 * +\x £ +1) > f ( x kj , x kD), reduce X and return to 

p hase IV. If after tw enty iterations Newton’s m ethod fails, reduce X, 

and start p hase IV again.

3. If the three aforem entioned strategies fail, change the b asis  by  

exchanging

the dependent variable w ith a  former independent variable.

4. W hen h its a bound it is  removed from the b asis , takes the

boundary value, and is replaced by a value from the se t xD. A  new  

iteration takes place.

Sim ilar to other com m ercial codes, stopping criteria fall into one of 

four categories. They are m axim um  time, m axim um  num ber of 

iterations, precision, and tolerance. Affecting each  of the stopping  

criteria is  the speed  of the m achine, operation in a  m ultitask ing  

environm ent, and settings of interim  resu lts. To improve speed  of  

solution , the com puter should  have com plete control o f the working  

environm ent. Turning off screen  savers or n ot printing will improve 

perform ance.
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Chapter 4 

The General Model 

4.1 Model Focus

This m odel h a s been  developed to accurately a ccess  and project a  

com pany's personnel inventory out to six  years. Projections can  be m ade 

further out, if necessary, b u t for th is exam ple seven  years is sufficient. 

The focus of th is m odel is  to ensure a  qualified workforce, even w hen  a  

com pany’s charter involves m inim izing the num ber of personnel needed  

to do required jobs. For the general m odel, relationships will be drawn  

from the specific m odel illustrated in Chapter 5 to lend clarity.

4.2 Evaluation Criteria

Evaluation criteria u sed  in the exam ple in  Chapter 5 m u st  

dem onstrate that it can  correctly a ccess  a  personnel inventory and  

provide sufficient inform ation to m anage an organizations personnel 

population.

4.3 Issues Relating to the Model

In developing th is m odel, certain assu m p tion s had to be m ade. 

T hese assu m p tion s were developed through d iscu ssio n s w ith personnel 

experts, working as an  analyst for the W arrant Officer Corps o f th e U .S. 

Army, and by reviewing existing  regulations and policies that are 

d iscu ssed  in Chapter 2. In developing the m odel, certain is s u e s  were
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d iscu ssed  that significantly influence its design. Issu es are presented  in  

no specific order.

1. Impact on the organizations personnel system .

2. Accuracy of inform ation.

3. Cost of u sin g  th is model.

4. A utom ation of model.

5. Minimize personnel inventory to the organizations desired end  

strength.

4.4 Steps of the Model

Listed below  are the step s u sed  to develop and execute the aging  

com ponent of the m odel.

Step 1: Gathering D ata and Other Information. The an alysts m u st  

develop techn iques that will allow gaining the inform ation needed  to 

develop and operate their unique m odels. The recom m ended techn ique  

is  to work as an a ssista n t and analyst to the personnel m anager. W hen  

an analyst h a s gained sufficient in sigh t to work independently, th en  the  

analyst is  able to begin gathering inform ation to develop the m odel. The 

cost o f learning how  to do som eone else's job  is  high b u t the penalty  for 

the m al-utilization o f resources is  m uch higher. For the personnel 

m odel, in  the general and specific case, th ese  variables are im portant 

contributors.
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Input Variables

1. C ontinuation Rate. The continuation  rate (CRATE) is  the  

percentage of people w ho stay  with an organization from year to year.

The technique of a three year m oving average is  u sed  to calcu late the  

CRATE for each fiscal year. To extract the data from the m ainfram e  

com puter u sed  at PERSCOM the SAS program m ing language w as u sed . 

Below is an exam ple of the code to calculate the CRATE from FY 1992 to  

FY 1993. The code is left in  its raw form to illustrate the techn ique u sed .

OOOOO1 / / ALKVXSL3 JO B (ZLP2P413 .6 N 6 1 ),,ZLP2P413/BATEMAN* CLASS=X,MSGCLASS=Y 
0 0 0 0 0 2 / /*  THIS IS AN INFORMATION PULLING ROUTINE FOR CONTINUATION RATES 
0 0 0 0 0 3 / /*  OF WARRANT OFFICERS 
0 0 0 0 0 4 //*
0 0 0 0 0 5 / /  EXEC SAS, OPTIONS=‘LS= 132 NOCENTER NONEWS PS=58’
0 0 0 0 0 6 / /WORK DD SPACE=(CYL. (50,40)., .ROUND)
0 0 0 0 0 7 / /*
0 0 0 0 0 8 / / START 
0 0 0 0 0 9 / /NEXTY  
0 0 0 0 1 0 //S Y S IN  
000011/ /
000012/ /
0 0 0 0 1 3
0 0 0 0 1 4
0 0 0 0 1 5
0 0 0 0 1 6
0 0 0 0 1 7
0 0 0 0 1 8
0 0 0 0 1 9
000020 
000021 
000022
0 0 0 0 2 3
0 0 0 0 2 4
0 0 0 0 2 5
0 0 0 0 2 6
0 0 0 0 2 7
00 0 0 2 8
0 0 0 0 2 9
0 0 0 0 3 0
000031
0 0 0 0 3 2
0 0 0 0 3 3
0 0 0 0 3 4

DD DSN=XXXXXX.XXX.XXXXXXXME9209.BACKUP.DISP=SHR  
DD DSN=XXXXXX.XXX.XXXXXXXME9309.BACKUP,DISP=SHR  
DD *

DATA ONE:
INFILE START:

INPUT RSCD $ 2 6 4 6  
TGRC $  42  

SSN  $ 1-9  
PMOS $  3 4 1 -3 4 4  
AFCS $  122-124:

MPC $ 10  
AFS 119-121  

NAME $ 11-26  
EADC $  9 6 -9 9

IF RSCD = ‘O' AND MPC = W ;  
YOS = INT(AFS/12)+1;
IF YOS >= 3 0  THEN YOS «  30; 
KEEP SSN:
DATA TWO:

INFILE NEXTY:

RSCD $  2 6 4 6  
PMOS $ 3 4 1 -3 4 4  
TGRC $ 4 2

IF RSCD = ‘O’ AND MPC = W ;

YOS = INT(AFS/12) + 1;
IF YOS >= 3 0  THEN YOS = 30:

MPC $  10 
EADC $ 9 6 -9 9  
SSN  $ 1-9;

AFS 119-121  
AFCS 122-124
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0 00035
0 00036
0 0 0037
000038
000039
00 0 0 4 0
000041
0 00042
000 0 4 3
000 0 4 4
0 00045
0 0 0 0 4 6
00 0 0 4 7
00 0 0 4 8
00 0 0 4 9
0 0 0 0 5 0
000051
0 00052
0 0 0053
0 0 0 0 5 4
0 00055 TITLE ‘CONTINUATION RATES FY 93':

LOST = 1; 
SURVIVED = 0:

END;

DATA MERGE:
MERGE ONE(IN=A) TWO(IN=B); 
BY SSN;
IF A;
LOST = 0:
SURVIVED = 1;
IF A AND NOT B THEN DO;

PROC TABULATE F=5. MISSING NOSEPS;
CLASS PMOS TGRC YOS;
VAR LOST SURVIVED;
LABEL PMOS ALL= AGGREGARE’, YOS = ‘YOS’ ALL= TOTAL’, TGRC=‘ '*
(ALL =*INV*N=‘ ‘ LOST*SUM=" * SURVIVED*MEAN=* ‘*F=7.4)
ALL= TOTAL-
(ALL =‘INV*N=* 1 LOST*SUM=* ‘ SURVIVED*MEAN=‘ *F=7.4) /  RTS=10 PRINTMISS;

To calculate the three year m oving average, a  SAS run is  done for 

each fiscal year (91-93). U sing a  SAS program sim ilar to the one above, 

develop a table of the three year m oving average for each  grade and  

primary military occupational specialty (PMOS). Once created the  

resu lting CRATE is  u sed  to age the inventory.

2. Transient, Training, Holdee, and S tu d en t Rate. The Transient, 

Training, Holdee, and S tudent Rate (TTHS) is  the percentage of 

personnel, by grade and job skill (PMOS), w ho at any tim e during a  year  

are in  a  TTHS account. T hese accoun ts are PMOS's 001 A, 002A , 003A , 

and 004A. The sam e technique u sed  in the CRATE ca lcu lations are a lso  

u sed  to count the TTHS rate. Listed below  is  the SAS code u sed  to 

calcu late the TTHS rate from FY ‘92  to FY ‘93. The code is  left in  its  raw  

form and show s the techn ique used .
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0 0 0 0 0 1 //ALKVXSL7 JOB (ZLP2P413,6N61 ),,ZLP2P413/BATEMAN* CLASS=X,MSGCLASS=Y 
0 0 0 0 0 2 / /*  THIS IS AN INFORMATION PULLING ROUTINE FOR TTHS RATES 
0 0 0 0 0 3 //*  OF WARRANT OFFICERS 
0 0 0 0 0 4 //*
0 0 0 0 0 5 / /  EXEC SAS, OPTIONS=‘LS= 132 NOCENTER NONEWS PS=58*
0 0 0 0 0 6 / /WORK DD SPACE=(CYL. (50.40),. .ROUND)
0 0 0 0 0 7 //*
0 0 0 0 0 8 / /START  
000009 //N E X T Y  
0 0 0 0 1 0 //S Y S IN  
O O O O ll//
000012/ /
0 0 0 0 1 3
0 0 0 0 1 4
0 00015
0 0 0 0 1 6
000 0 1 7
00 0 0 1 8
0 0 0 0 1 9
000020 
000021 
000022
0 0 0 0 2 3
0 0 0 0 2 4
0 0 0 0 2 5
0 0 0 0 2 6
0 0 0 0 2 7
0 0 0 0 2 8
0 0 0 0 2 9
0 0 0 0 3 0
000031
0 0 0 0 3 2
0 0 0 0 3 3
0 0 0 0 3 4
00 0 0 3 5
0 0 0 0 3 6
0 0 0 0 3 7
0 0 0 0 3 8
0 0 0 0 3 9
0 0 0 0 4 0
000041
0 0 0 0 4 2
000 0 4 3
0 0 0 0 4 4
0 0 0 0 4 5
0 0 0 0 4 6
0 0 0 0 4 7
0 0 0 0 4 8
0 0 0 0 4 9
0 0 0 0 5 0
000051
0 0 0 0 5 2
0 0 0 0 5 3

DD DSN=XXXXXX.XXX.XXXXXXX.ME9209.BACKUP,DISP=SHR 
DD DSN=XXXXXX.XXX.XXXXXXX.ME9309.BACKUP,DISP=SHR  
DD *

DATA ONE;
INFILE START:

INPUT RSCD $  2 6 4 6  
TGRC $ 42  
SSN $  1-9 
PMOS $ 3 4 1 -3 4 4  
AFCS $ 122-124

MPC $ 10
AFS 119-121  
NAME $ 11-26  
EADC $ 9 6 -99  
CT4CMF $ 3016-3019;

IF RSCD = ‘O' AND MPC = ‘W’; 
KEEP SSN;

DATA TWO;
INFILE NEXTY;

RSCD $ 2 6 4 6  
PMOS $  3 4 1 -3 4 4  
TGRC $  42

MPC $ 10 
EADC $ 9 6 -9 9  
SSN $  1-9;

AFS 119-121  
AFCS 122-124

IF RSCD = ‘O' AND MPC = W ’;
SCHOOL = N O T TTHS';
IF PMOS IN (‘OOIA* ‘002A* 003A' OO4A ) OR
CT4CMF IN ( 001  A" ‘002A ’ 003A' OO4A') THEN SCHOOL = TTHS ';

DATA MERGE;
MERGE ONE(IN=A) TWO(IN=B);
BY SSN;
IF A;
LOST = 0;
SURVIVED = 1;
IF A  AND NOT B THEN DO;

LOST = 1:
SURVIVED = 0;

END;

PROC TABULATE F=5. MISSING NOSEPS;
CLASS PMOS TGRC SHCOOL;
VAR LAST SURVIVED;
LABEL SCHOOL ALL= 'AGGREGARE', YOS -  YOS' ALL= TOTAL', TGRC=‘ '•
(ALL ='INV*N=' ‘ LOST*SUM=‘ * SURVIVED*MEAN«‘ "*F=7.4)
ALL=TOTAL**
(ALL =‘IN\T*N=‘ ' LOST*SUM=‘ ‘ SURVIVED*MEAN=‘ *F=7.4) /  RTS=10 PRINTMISS;
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0 0 0 0 5 4
0 0 0 0 5 5  TITLE TTHS RATES FY 9 3 ’;

To calculate the three year m oving average for the TTHS rate, a  

SAS run is done for each fiscal year (91-93). U sing a  SAS program  

sim ilar to the one above, a table of the three year m oving average is  

created for each grade and job  skill (PMOS).

Another technique will be u sed  w hen the drawdown is nearing  

conclusion , the m oving w eighted average of the la st two observations, 

w ith alpha (a ) being the w eighting factor24. The advantage of th is  

technique is that the data will be m ore descriptive of the tim e series sin ce  

the other m odel is more representative of the past.

New forecast = a  (current observation)+(l-oc)(last forecast).

3. Authorizations. A uthorizations for personnel is  done by year and  

reflect the overall job  skill (PMOS) distribution of the inventory. The 

aggregate accession  num ber is  directed by C ongress and is  fixed, b u t the  

D epartm ent o f the Army h as the flexibility to adjust the distribution  

betw een C om m issioned Officers, W arrant Officers, and Enlisted  

personnel. Listed is an exam ple from FY ‘95  show ing the d istribution o f  

personnel by grade and PMOS.

“ Nahmias, Stephan. 1989. Production and Operations A nalysis. Homewood, 111.: Irwin: 
54.
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0 0 0 A
0 0  1A
0 0 3A
0 0 4A
13 0 A
13 0 B 2713 1A

14 OB
14 OD
14 OE
151A

152 C
15 2D 176 ;

4. Budgeted End Strength. Budgeted End Strength (BES) is the total 

num ber of personnel authorized by C ongress to be on active duty  at the  

end of each  fiscal year. The com pany would refer to th is as the desired  

end strength determ ined by m anagem ent. The BES is represented a s the  

aggregate num ber that is  authorized. T hus 11 ,410  W arrant Officers are 

authorized for 1998.

| EO FY 94 95  : 96  : 97 98
[ B ES i 12,4 77 12 ,001  : 11524 ; 11410 : 11410

For th is m odel, budgeted end strength is u sed  to calcu late the  

distribution of personnel by grade and PMOS. A uthorizations are 

distributed by PMOS and then  m ultiplied by one p lu s the TTHS rate to 

distribute personnel by PMOS and grade. This calcu lation  en su res th at  

there are sufficient total personnel in  training and working in their job s. 

An exam ple o f th is is  illustrated a s  the FY 9 4  Projected End Strength of 

the grades WO 1 and CW2 by PMOS. The “A uth” colum n is  the  

authorized num ber o f personnel, the “Inventory” colum n is  the projected  

inventory of officers, “B E S” is  the authorizations m ultiplied by 1+TTHS
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rate (by PMOS and grade), and the “difiT colum n is the difference of the  

BES and Inventory colum ns. This overage of personnel, represented by  

the parentheses, and shortage o f personnel is the PMOS im balance that 

the analyst is attem pting to m inim ize.

PROJECTED N  V EN TO R Y A S 0  F EO FY 9 4
W O 1/C W 2
PM O S : Hventoi< B ES ; d if f
ÔÔÔA 0 ! 61 o : ■6 1;
001A 0 : 4 0 : I-; ;

'ÔÔ3A 0 i 6 0 i (£ :•
0 6 4 A 0 : 1 0 : •i;
13 OA 0 ! 0 0 : 0
BOB 0 1 0 : 0 ! 0
B  1A 52 68  : 56 : ■13 !
B 2 A 0 0 : 0 ! 0
14 0A 11 : 9 i 12 ; 3
14 OB 37 44  : 41 : 15 ;
14 OD 16 e •: 18 ! 12
14 0 E 73 79 : 78 : ■1;
151A ; 125 131 : B l  ; 1
152B /155 251 4 7 2  : 3 0 2  : •:.70 ;■
152 C ; 39 12 : 43  ; 31
152 d ; 129 2 0 4  ; 14 9 ; (55)

5. EOFY Inventory. The end of fiscal year inventory is  u sed  a s  the  

b a sis  of the aging and accession  process of th is m odel. The data  are 

extracted from each of the EOFY tapes. The SAS program m ing language  

is  u sed  to extract the data from the m ainfram e database. T hose  

personnel w ho will continue into the next fiscal year are determ ined by in  

the program show n below.

OOOOO 1//ALKVXSL6 JO B (ZLP2P413 .6 N 6 1 ).'ZLP2P413/BATEMAN .CLASS=X,MSGCLASS=Y 
0 0 0 0 0 2 / /J S 0 1 0  EXEC SAS.OPTIONS='NOCENTER NONEWS PS=58 LS=132'
0 0 0 0 0 3 / /*  THIS PROGRAM IS FOR COUNTING THE WARRANT OFFICER POPULATION 
0 0 0 0 0 4 / /*  CURRENT PULL: RAWOMF DD DSN=PPAZDP.UMV.ZDP65D7.DISP=SHR  
0 0 0 0 0 5 / /*  HISTORICAL PULL: RAWOMF DD DSN=PPAZDP.UM S,ZDP65T7.M E9310,DISP=SHR / / *  
0 0 0 0 0 6 //*
0 0 0 0 0 7 / /WORK DD SPACE=(CYL,(50 ,40 )...ROUND)
0 0 0 0 0 8 / /RAWOMF DD D SN =xxxxxx.xxx.xxxxxxx.M E9310,DISP=SH R  
0 0 0 0 0 9 //*RAW OM F DD DSN=xxxxxx.xxx.xxxxxxx,DISP=SHR  
0 0 0 0 1 0 //S Y S IN  DD *
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000011
000012
0 0 0 0 1 3
0 0 0 0 1 4
0 0 0 0 1 5
0 0 0 0 1 6
000017
0 00018
0 0 0 0 1 9
000020 
000021 
000022
0 0 0 0 2 3

00 0 0 2 4
000025
00 0 0 2 6  
00 0 0 2 6
000 0 2 7

00 0 0 2 8
00 0 0 2 9
0 0 0 0 3 0
000031
0 0 0 0 3 2

0 0 0 0 3 2
0 0 0 0 3 3
00 0 0 3 4
000 0 3 5

0 0 0 0 3 6
0 0 0 0 3 7

0 00038

0 0 0 0 3 9

0 0 0 0 4 0
000041
0 0 0 0 4 2
0 0 0 0 4 3
0 0 0 0 4 4
0 0 0 0 4 5

0 0 0 0 4 6
0 0 0 0 4 7
0 0 0 0 4 8

0 0 0 0 4 9

0 0 0 0 5 0
000051
0 0 0 0 5 2
0 0 0 0 5 3
0 0 0 0 5 4

DATA VER;
INFILE RAWOMF;
INPUT RSCD $ 2 6 4 6

CT5CMF $ 3 0 1 6 -3 0 2 0  
CONOR $ 3 5 7 6 -3 5 7 7  
TGRSEL $ 137  
AFS 119-121  

PMOS $ 3 4 1 -3 4 4  
ORCMD $ 8 5 8 -8 5 9  
ORDTGC $ 3 1 1 9 -3 1 2 4  

IF MPC = W AND RSCD -  O';
IF AREQID = RR’ AND ORDTGC <= 9 3 0 9 3 0  THEN DELETE; 
YOS = INT(AFS/12) + 1 ;

MPC $  10  
TGRC $ 42  

SSN $ 1-9  
SEX $ 501  

COMPT $ 77  
EADC $ 9 6 -9 9  
AREQID $ 2 8 2 9 -2 8 3 0  

OCMD $ 8 7 1 -8 7 2  ORIARC $ 860-861;

CT5 $ 3 0 1 6 -3 0 1 9  
AFCS $ 1 2 2 -1 2 4  

TGPGC $  3 2 5  
REDCAT $ 301  

MEL $ 3 9 8  
OPP $ 3 1 8

IF PMOS < 130 ' OR PMOS > 922A  THEN PMOS = CT5;
IF CT5 < 001A  OR CT5 > 922A  THEN CT5 = 001A  :
/*IF CT5CMF < T 3 0  OR CT5CMF > 923A  1 THEN CT5CMF = PMOS ; 
IF CT5CMF <= OOIA THEN CT5CMF = OOIA ;
IF SUBSTR(CT5CM F,5,1 ) = ' ' THEN SUBSTR(CT5CMF.5.1) = ’; * /

GRADE = XXX
IF TGRC IN {'X W ) THEN GRADE = CW 1/CW 2 ; 
IF TGRC = V  THEN GRADE -  CW3 ’;
IF TGRC = U' THEN GRADE = CW4 ’;
IF TGRC IN ( S' T )  THEN GRADE = CW5 ';

GRADEP = XXX
IF TGPGC IN ( X  W ’) THEN GRADEP = CW 1/CW 2 ; IF TGPGC = V  THEN GRADEP = CW3 
IF TGPGC = 'U' THEN GRADEP = CW4 ';
IF TGPGC IN ( S' T )  THEN GRADEP = CW5 ';

GRD = XXX ';
IF TGRC IN ('X' W ) THEN GRD = CW1/CW2'; 

IF TGRC IN ('U' V )  THEN GRD = 'CW3/CW4';

IF TGRC IN ( S' T )  THEN GRD = CW5

PROC FREQ;
TABLE PMOS TGRC TGPGC GRADE GRADEP SEX REDCAT; 

PROC TABULATE DATA=VER F=8. NOSEPS;
CLASS PMOS TGRC;
TABLE PMOS ALL, TGRC ALL /  RTS=12;
TITLE PMOS BY PERMANENT GRADE';

PROC TABULATE DATA=VER F=8. NOSEPS; 
CLASS PMOS TGPGC;
TABLE PMOS ALL, TGPGC ALL /  RTS=12;

TITLE PMOS BY PROMOTABLE GRADE ;

PROC TABULATE DATA=VER F=8. NOSEPS;
CLASS PMOS GRADE;
TABLE PMOS ALL, GRADE ALL /  RTS=12; TITLE 'PMOS BY PERMANENT GRADE ; 
PROC TABULATE DATA=VER F=8. NOSEPS;
CLASS PMOS GRADEP;
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00 0 0 5 5  TABLE PMOS ALL, GRADEP ALL /  RTS=12; TITLE 'PMOS BY PROMOTALBE GRADE';

0 0 0 0 5 6  /+  PROC TABULATE DATA=VER F=8. NOSEPS;
000 0 5 7  CLASS CT5CMF GRD;
00 0 0 5 8  TABLE CT5CMF ALL, GRD ALL /  RTS=12;
00 0 0 5 9  TITLE CT5CMF BY PERMANENT GRADE FOR GDP USE';

/*
/ /

6. Promotion Opportunity. Promotion opportunity is a  num erical 

probability that an individual will be selected for advancem ent to the  

next grade. The arithm etic m ean, of the entire population, is defined by  

a se t o f m easured resp onses and is  given by

Historically, the selection  rate h as a  m ean near the directed  

selection  rate, su ch  as prom otion to CW3 is 80%, w ith a  very low  

variance. The variance of the selection  rate is  calculated by a  se t of 

m easurem ents y1,;y2,...,;y„ u sin g  the average o f the square of the

deviations o f the m easurem ents about their m ean. The variance is  

represented by

Statistical va lu es of selection  rates at the aggregate level are le ss  

im portant and have been  held to w ithin  1% of the prom otion board's 

goal. To analyze the selection  rates o f su b se ts  o f the aggregate 

population the above statistica l technique m u st be u sed . An exam ple of  

th is  is  analysis o f selection  rates of African Am erican or Fem ale W arrant 

Officers w hen  com pared to other su b se ts  o f the personnel population. To 

m easure the difference of each  of th ese  su b sets , a ssu m e th at the
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distributions are norm al and the standard deviation is  the positive  

square root of the variance, 5 = Vô^\ The an alysis o f gender or racial 

distributions are not u sed  in th is exam ple b u t can be included later.

An analysis o f variance test can be conducted  on random ly  

selected variables o f each of the su b sets  of the population. The 

populations are assu m ed  to be norm ally distributed w ith equal variances  

5 2 and m eans Exact param eters can  be calculated  u sin g  the

entire population but a ccess to a software program su ch  as SAS/STAT  

and a m ainfram e m ay be necessary.

7. Promotion Eligible. To find the prom otion eligible population  the  

analyst m u st iso late that population that fits certain param eters for 

prom otion. D ates o f rank are determ ined for the zone o f consideration. 

The SAS program below  illustrates the technique u sed  to calcu late the  

num ber of personnel eligible at the EOFY ‘93.

OOOOOl//ALKVXSL8 JOB (ZLP2P413,6N69),,ZIP2P413/BATEM AN,.CLASS=0,MSGCLASS=Y  
0 0 0 0 0 2 / /*  THIS IS AN INFORMATION PULLING ROUTINE FOR WO PROMOTION ELIGIBILITY 
0 0 0 0 0 3 / /*  BY RANK AND MOS FOR CURRENT AND HISTORICAL TIMEFRAMES.
0 0 0 0 0 4 //*
0 0 0 0 0 5 / /*  FOR CURRENT PULL U SE xxxxxx.xxx.xxxxxxx,DISP=SH R  
0 0 0 0 0 6 / /*  OR USE FOR CURRENT PULL: xxxxxx.xxx.xxxxxxx,DISP=SH R
0 0 0 0 0 7 / /*  FOR HISTORICAL TAPE RUN USE: xxxxxx.xxx.xxxxxxx.M EYYM M ,DISP=SHR / / *  
0 0 0 0 0 8 //*
0 0 0 0 0 9 / /  EXEC SAS,REGION=5000K,OPTIONS»,SORT=4,WORK=T2,2'
000010//*R A W O M F DD DSN=xxxxxx.xxx.xxxxxxx.DISP=SHR
0 0 0 0 1 1//RAW OM F DD DSN=xxxxxx.xxx.xxxxxxx.M E9309.BACKUP,DISP=SHR
0 0 0 0 1 2 / /SYSIN DD *
0 0 0 0 1 3  OPTIONS NOCENTER LS= 132 PS= 58; /«
0 0 0 0 1 4  DATA VER; /*
0 0 0 0 1 5  INFILE RAWOMF;
0 0 0 0 1 6  INPUT RSCD $  2 6 4 6
0 0 0 0 1 7  TGRC $  4 2
0 0 0 0 1 8  TDOR $ 4 3 -4 8
0 0 0 0 1 9  TGRSEL $  137

SAS: PROMOTE * /  
* PROMOTIONS * /

MPC $  10
CT5CMF $ 3 0 1 6 -3 0 1 9  
AREQID $  2 8 2 9 -2 8 3 0  
PMOS $  3 4 1 -3 4 4

SEX $  501  
REDCAT $  301
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0 0 0 0 2 0  AFS 119-121  AFCS 122-124;
000021 IF RSCD = O' AND MPC = W ;
0 00022  IF TDOR >= 881 0 0 1  AND TDOR <= 8 9 0930; /*  DATE OF RANK * /
0 0 0 0 2 3  IF TGRC = V ; /*  RANKS ARE: CW1=X CW2=W CW3=V CW4=U * /
0 0 0 0 2 4  IF PMOS > 922A  OR PMOS < ' 130A  THEN PMOS = CT5CMF;
0 0 0 0 2 5  IF TGRSEL = OR TGRSEL = 0  ;
0 0 0 0 2 6  AFS = INT(AFS/12) ;
0 0 0 0 2 7
0 0 0 0 2 8  PROC FREQ;
0 0 0 0 2 9  TABLE PMOS TGRC AFS SEX REDCAT;
0 0 0 0 3 0
000031 /T R O C  TABULATE DATA-VER F =5.;
00 0 0 3 2  CLASS PMOS TGRC;
00 0 0 3 3  TABLE (PMOS ALL).(TGRC ALL) A LL /R TS-8;*/
0 0 0 0 3 4  TITLE PROMOTIONS BY ZONE':
0 0 0 0 3 5  /*
0 0 0 0 3 6  / /

The num bers generated from th is output would then  be aged, and  

the num ber of personnel eligible by PMOS and Grade for prom otion  

m ultiplied by the exponent of the difference o f the year. An exam ple for 

EOFY ‘96  prom otions by grade and job  skill:

Aged Promotion Eligible = (# eligible)(CRATE)(EOFY ’9frEOFY 93)

This forecasting technique allow s the projection m odule to b est estim ate  

the num ber of persons eligible for prom otion and ca lcu lates the num ber  

to elim inate as the difference of th ose selected for prom otion vs. th ose  

n on-selected  for prom otion.

8. Transition Matrix and Seat Table. D uring norm al b u sin ess  

operations there are going to be personnel w ho require additional 

training that upon  its conclusion  will require a  change in  the p erson ’s  job  

skill (PMOS). S ince som e o f the training program s are expensive or 

require a  lengthy training process, th is m ethod h a s  been  developed to 

transition  th ose people. A distribution o f positions is  done by grade and
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is  show n below. This illustrates that 85% of the transitions will go to the  

grade W 01/C W 2 and 15% to the grade of CW3.

( Sh a r e

W 0 1 / C V (j 0.85
C W 3 I 0.15

The m atrix itse lf is  only a tool that show s the donor job  sk ills  

(PMOS) along the colum n and receiver job  skill (PMOS) along the rows.

Receiver  A/C

152D 1 52 F 152G 153D 154C 1 5 5 0 155 E 156A
Donor 152B/3C 0.8 0 0.15 0.75 0 .20 0 .20 0 .30 0 .0 0 O.OC
A/C 1 52 F 0.0 0 0 .00 0.00 0 .00 0 .00 0 .00 0 .00 o.oc

152G 0.2 0 0 .80 0.00 0 .10 0.05 0 .20 0 .00 O.OC
153B 0 .00 0 .0 5 0.25 0 .70 0 .7 5 0 .50 0.0 0 O.OC
153D 0.00 0 .00 0.00 0.00 0 .0 0 0 .00 0.00 o.oc
154C 0 .00 0 .0 0 0.00 0.0 0 0 .0 0 0.0 0 0 .00 o.oc
155D 0.00 0 .00 0.00 0 .0 0 0 .0 0 0 .0 0 1.00 1.0C
Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0C

Finally, the distribution table sh ow s the transition  job  sk ills that  

are available for each  PMOS by fiscal year. A constraint to th is table is  

the “ALL” row. In th is  case, the ALL row is  the total num ber o f aviation  

job  sk ills available by fiscal year. For the general case  the sam e principle  

applies for the distribution o f personnel.
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Aviation Qualification Course  (AQC)
P M O S '94 ■95 '96 '97 '98
152B/3C 0 0 0 0 0
152C 0 0 0 0 0
1 52 D 99 136 170 112 112
1 52 F 72 50 40 40 40
1 52G 1 1 1 6 a 8 8
153A 0 0 0 0 0
153B 0 0 0 0 0
1 5 3 0 125 1 44 166 164 164
154C 23 25 50 50 50
155A 0 0 0 0 0
1 5 5 0 44 45 47 47 47
155E 66 90 52 44 44
1 56A 6 0 0 0 0
ALL 4 4 6 508 5 35 4 65 4 6 5

The calculation is a straight forward m ultiplication of (% share by  

grade)*(donor to receiver ratio)*(seats available for receiver 

PMOS)*(CRATE)1 to give the inventory adjustm ent by year, job skill 

(PMOS), and grade.

9. Additional C u ts/G a in s . The final variable is  one not directly

related to the accession  and projection m odel. Additional c u ts /g a in s  

have been  added to th is m odel to ensure that mid year ch an ges to 

personnel program s can  be adjusted and the im pact m easured  during a  

trial and error analysis. C uts and gains are directly added to or 

subtracted  from the execution  year inventory. The ch an ges can  then  be  

m easured  on the entire m odel. If the changes com e early enough  the  

m odel can  be re-run to again optim ize the accession  plan. In th is  

exam ple all va lu es are zero sin ce there haven't b een  any ch an ges to the  

plan.



T-4471 47

TO: C W 3 C W 4 C W 5
000A 0 0 0
001 A 0 0 0
003A 0 0 0
004A 0 0 0
130A 0 0 0
130B 0 0 0
1 31 A 0 0 0
132A 0 0 0

140A 0 0 0
1 4 0 8 0 0 0

1 4 0 0 0 0 0
1 40E 0 0 0
1 5 1 A 0 0 0
152B/3C 0 0 0
1 5 2 0 0 0 0
1 5 2 0 0 0 0

Step 2: Input Variables into Spreadsheet Model.

The u ser  in pu ts the variables, as listed in step  one, into the  

spreadsheet m odel. Variables can be placed m anually  by filling in the  

outline or can  be updated by utilizing the im port features o f the Excel 5 .0  

Spreadsheet or m ainfram e u sed  for th is exam ple.

Step 3: Extract the Projected Inventory from the Spreadsheet.

The analyst takes the aged inventory for each  of the projected  

years and u se s  them  a s  a  b a sis  for a starting point for the optim al 

accession  table. In th is exam ple the starting point is  the previous year’s  

accession  plan. This gives the algorithm  a  feasib le so lu tion  to start w ith  

and m inim izes com puting tim e.

Step 4: Optimize the A ccession  Plan.

This problem  h a s evolved into a  non-linear m odel for several 

reasons. During the iterative process changing cells are divided and
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m ultiplied by each other and exponentiation is u sed  w ith non-linear  

derivatives. By adjusting the decision  variables (accessions) as the  

constraints (difference of BES and projected inventoiy) are driven to 

values o f < 0, the previously selected  objective function  is  then  driven to 

zero. The m odel could have been  written as a  m inim ization to the  

budgeted end strength b u t given current constrain ts and the in tent of 

C ongress the m odel h a s been  forced to optim ize the difference of 

inventory and end strength. If the model had rem ained a trial and error 

problem with no optim ization required, then  the b ase spreadsheet w ould  

have been  sufficient for trial and error calcu lations. G uessw ork by its  

nature is feasible, if  done “a priori”, but m ay not give the b est solution. 

This m odel, u sin g  the GRG2 optim ization technique, provides a  

sophisticated  num erical analysis w hich allow s the com puter to arrive at 

an optim al solution  quickly. There is no guarantee of convergence for 

th is m ethod since th is non-linear program m ing problem  is  u sin g  

repeated linearization o f the objective function and constrain ts to  

estim ate the solution. To help  ensure optim ality the accession  plan  

should  start w ith a  feasible solution. By changing any su sp ect va lu es  

and re-running the program the optim al so lu tion  can  be found along a  

hyper-plane.

4.5 Sensitivity Analysis of the Model

Sensitivity analysis is  u sed  to stud y  the uncertain ty  of variables o f  

th is an a lysis and the associated  risks. T his techn ique allow s the
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identification of those variables that, if changed, could significantly affect 

the com pany’s bottom  line. The variables w ithin the accession  plan are 

the ones w hose values are changed to stud y  the uncertainty.

In m ost cases, the single m ost expensive resource that a  com pany  

h a s is personnel. The u n n ecessary  hiring and firing o f personnel ca u ses  

problem s well beyond em ployee resentm ent. For th is analysis, personnel 

accession s proved to be the critical variable in  the aging process. The 

related costs  o f salary, training, and benefits are resources a com pany  

can ’t afford to w aste.

4.6 Optimized Accessions

Utilizing the GRG optim ization program w ithin  the sp readsh eet the  

access io n s plan is  optim ized. As conditions change, the plan can  be  

modified to generate su b seq u en t so lu tions resu lting from financial or 

political problem s. This aged in ven to iy  will also  show  overages and  

shortages by specific job  sk ills included in  each  o f the projection years. 

Personnel can  be m oved to new  job sk ills and retrained or an elim ination  

program can  be developed for specific grades and job  sk ills.

4.7 Utility of the General Model

Historically, m odels were written in  program m ing lan guages th at  

few understood and had to run on m ainfram e com puters. N onlinear 

optim ization is  a  sufficiently robust code that is  efficient and is  able to  

work w ith  very com plicated non-linear m odels. C ost to develop the older
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m odels su ch  as TOPSS and OPALS have been  expensive and only the  

governm ent or large corporations could afford to undertake th ese  

projects25. Recently, m odem  desktop com puters have allowed analysts  

to execute and run com plicated program s m uch m ore conveniently and  

with le ss  expense. With the developm ent of the Generalized Reduced  

Gradient non-linear code26, com plicated optim ization can  be done on a  

desktop com puter. The technique developed here allow s a  com pany to 

have optim ization of their resources and still have the flexibility to 

develop the algorithm  on a desktop com puter u sin g  professional office 

software.

25 As of January 1994 the U.S. Amiy has invested $ 6 ,052 ,000  on development of these  
models. Additional m oney has been spent on hardware and CPU time.
26 Developed by Leon Lasdon, University of Texas at Austin and Alex Warren, Cleveland 
State University.
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Chapter 5

U.S. Army Warrant Officer Corps Example

The W arrant Officer M anagem ent Act (WOMA) becam e law  on 01 

February 1992 w hen an am endm ent to the D efense A uthorizations Act 

for fiscal years 199 2 -1 9 9 3  w as signed into law27. The law  provided a  

uniform  and com prehensive system  for appointm ent, prom otion, 

separation, and retirem ent of W arrant Officers. The gain for the  

personnel m anager is that WOMA provides a  life cycle m anagem ent  

system . This en su res that all warrant officers are afforded the  

opportunity for an Army career w hile providing the Army a  fully qualified  

W arrant Officer Force.

The exam ple show n here gives the W arrant Officer D ivision at U. S. 

Personnel Com m and (PERSCOM) and the W arrant Officer personnel 

m anagers at the Office of the D eputy C hief o f Staff for Personnel 

(ODCSPER) a  steady state accession  m odel that provides inform ation by  

w hich to m anage the warrant officer population. From the inform ation  

developed, decisions are m ade by the C om m ands for prom otions, 

a ccession  p lans, voluntary and involuntary separations, and sh ap ing  of 

the warrant officer in ven to iy  to m eet future requirem ents.

^Perspective. January-February 1992: 5.
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5.1 Model Architecture
W hile developing the algorithm , I had the option of writing a  

unique code utilizing a program m ing language that m ight be difficult for 

the W arrant Officer personnel m anagers or m y replacem ent a s  an analyst  

to update. Instead, for reasons of utility, I wrote an algorithm  u sin g  the  

Excel spreadsheet28, a  Solver29 utility program, and a  GRG230 

optim ization code. This m odel can  th u s be updated, a s circu m stan ces  

change, by a  non-program m er with a  strong m athem atical or statistica l 

an alysis background. S ince the U .S. Army at PERSCOM and ODCSPER  

are licensed  u sers of the Excel 5 .0  spreadsheets and other add on utility  

program s, I chose Excel 5 .0  for th is m odel. Additionally, I u sed  an  IBM 

3 0 9 0  and IBM 3 0 7 0  m ainfram e com puter to store and m anipulate  

inform ation. The m ean s to extract and m anipulate data  w as the SAS31 

language w ith the m odels o f SAS O perations R esearch (SAS OR) and SAS 

Statistics (SAS STAT).

P ro b a b ility  A n a ly s is  is  calculated  u sin g  the M onte Carlo sim ulation  

technique. P ro b a b ility  T h eo ry  allow s u s  to m easure the u ncertain ty  o f  

the occurrence of events that w e are considering. S ta tistics is  the  

m ath em atics’ o f the collection, organization, and interpretation of  

num erical data. T hese tools, w hen  u sed  w ith the m odel, im pact the

28 Microsoft Excel, version 5.0, Microsoft Corporation.
29Frontline System s, Inc.. Incline Village, Nevada.
30 GRG2 Optimization Code, Leon Lasdon, University of Texas at Austin.
31 SAS Institute, v. 6 .08, Cary, North Carolina.
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m odels’ events and their calcu lations involve the probability that the  

personnel forecasts will m eet the projections of the model.

5.2 Model Variables

To run the model, som e variables and tables are u sed  to generate  

calcu lations needed to determ ine the personnel inventory projections and  

accession  p lans. The variables and tables are explained below  to 

illustrate interactions w ithin the model.

Budgeted End Strength: Budgeted End Strength (BES) is  the total 

num ber o f personnel that C ongress h as authorized to be on active duty  

at the end of each  fiscal year listed. T hese end of year va lu es will be 

u sed  to determ ine the m axim um  num ber of personnel on active duty at 

the end of fiscal year (EOFY).

EOFY 94 95 96 97 98  '
BES ! 12 A H 12 X)01 11524 11410 11410 i

EOFY 1993 Inventory: The end of fiscal year 1993 in ven to iy  is  u sed  as  

the b a sis  of the aging and accession  process of th is  m odel. The in ven to iy  

is  displayed as a  table w here the prim aiy m ilita iy  occupational 

specia lties (PMOS) are displayed as rows and the grades are displayed as  

colum ns as show n in the exam ple below. The jun ior grade is  W arrant 

Officer One (WOl and W1 for th is example) and the m ost sen ior o f grades 

is  C hief W arrant Officer Five (CW5). The table d isp lays the actual



T-4471 54

num ber of CWOs on active duty on the last day o f the fiscal year by  

PMOS and grade.

CURR ENT M VENTORY A S OF EOFY '9 5
U p d  a ted  15 Feb ruary 19 9 4 • •
PM OS ; W 1/C 2 : C W 3 : m Æ 4 : c w  5 : T o ta l
0 0 0 A : 6 i  •: 0 •: o : 0 61
001A 4 : 0 : 11 0 : 5
0 0 3 A ; e : 0 ; o : 0 6
0 6 4 A : 1 : 0 : 0 : 0 1
13 0 A : 0 = 1 : o : 0 1
13 OB ! 0 ! 0 o : 0 0
13 1A 66 : 29 10 : 2 107
13 2 A ;• o ; 0 o : 0 0
14 0 A : 9 : 2 1 : 0 12
14 OB : 43 : 23 8 i 0 74
14 OB i 7 ! 4 6 ; 2 19
14 0E : 79 ! 17 8 i 0 104
151A : 13 6 : 58 3 i  ; 6 2 3 1
152B /15- 450  ; 10 5 66  i 6 6 2 7
152 C : 13 : 23 is  : 2 53
152 D ; 131 : 97 42  : 7 277

C ontinuation Rate: The continuation  rate (CRATE) is  the percentage o f  

warrant officers w ho stay  in the arm y from year to year. A three year  

m oving-average is  the technique u sed  to calcu late the CRATE for each  

projection fiscal year. S ince all data points are available by PMOS and  

grade, the m oving-average forecast is  m erely a  w eighted m oving-average 

of the la st three years. For th is exam ple the end of fiscal year  

populations are m easured  from FY ‘91 to FY ‘93 . The table d isp lays the  

actual percentages o f CWOs that stay  on active duty by job  skill.
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pm o  s  : W O 1Æ w: C W 3 CW 4 CW 5
0 0 0 A : LOGO : 1 0 0 0  : 10 0 0 10 0 0
0 0 1A : 10 00": 1 3 0 0  : 1 0 0 0 10  0 0
o o3 a  : 10 0 0 : l o o o  : 1 0 0 0 10 0 0
0 0 4 A : 10 0 0 : 10 00 : 1 3 0 0 10 0 0
13 0A ; l o o o  ; l o o o  ; 10 0 0 10 0 0
13 ÔB : 0 0 4 1 : 0 .714 : 0 .6 0 0 0 .6 0 0
131A : 0 .8 9 9 ; 0 3 0 0 : 0 3 8 6 0 3  86
13 2 A : 10 00 ; i o  oo ; 10 0 0 1 0 0 0
14 0 A : 0 3  18 ; 0 .72 2 : 0 .714 0.714
14 0B ; 0 3 7 7 ; 0 3 2 5 ; 0 3  67; 0 3  67
14 0D : 0 3 2 9  i 0 .74 2 ; 0 3  62 ; 0 3  62
14 0E : 0 3 0 1 : 0 3  0 8: 0 .73 3 : 0.73 3
151A : 0 3 8 6  : 0 .770 : 0 3  03 : 0 3 0 3
152B/155 0 3 2 5 ; 0 314 ; 0 3 2 4 : 0 3 2 4
152 C : 0 3 2 6 : 0 3  11: 0 3  81: 0 3 8 1
152 D : 0 3  15; 0 3  59; 0 3 9 5 ; 0 3 9 5

Training. Transient H oldees. and S tudent Rate: The training, transien t32, 

holdees33, and stud en t rates are the percentage of warrant officers by  

grade and PMOS in each o f th ese  four accounts. Like the continuation  

rate, th ese  percentages are calculated as three year m oving-averages by  

job skill and grade. The table d isp lays the actual percentages of CWOs 

that are in the training, transient, holdees, or stu d en t accou n ts b y  grade 

and job  skill

32 Transient Officers are those who are moving from one location to another. An 
example would be an officer moving from Ft. Bragg, NC to Golden, CO for attendance at 
the Colorado School of Mines.
33 Holdee Officers are those who are in a hospital or under confinement for a long 
duration, normally more than three months.
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; pm o  s :;w 1/C 2 : c w  3 ; M /W 4 ; AVG . \
iOOÔA : 0 .0 0 0 : 0 .0 0 0 : 0 .000 6 .0 0 0 !
: 001A : 0 .0 0 o : o .o o o ; o .o o o : o .0 o o ;
i 0 0 3 A : 0 .0 0 0 : 0 .0 0 0 : 0 .000 0 .0 0 0  i
: 6 6 4 A 1 0 .0 0 0 : 0 .0 0 0 ; 0 .0 0 0 : o' .0 0 0 3
: 130A ; o .o o o ; o .0 o o ; o .ooo ; o .o o o ;

: 131A ; 0 .0 6 7 : 0 .0 8 3 ; 0 20 0 : 0 .0  77;
: L32A : 0 .0 0 0 : 0 .0 0 0 : 0 . 0 0 0  ; o .o o o ;
: 14 0 A : 0 2.4 3 : 0 5 0 0 : o .o o o ; 0.191;
; 14CB ; 0 218 ; 0 .0 97; 0 24 3 : 0 212 5
: 14 0 D i 0 213 ; 0 .0 4 4 ; 0 225; 0 .0 9 5 ;
! 14 0 E : 0 .0 75i o 211; 0 267; 0 .0 8 7 !
: Î51A : 0 .0 55; 0 .12 3 ; 0 .0 73 ; 0 .0 76 ;
: 152E /3C; 0 .204 ; 0 20 3 ; 0 .0 78 ; 0 275;
i 152 C ! 0 211: 0 20 3 : 0 214 ; 0 2 3 1 !
; 152 D i 0 256 : 0 .0 73 ; 0 .0  59; 0 213 ;

A uthorizations : A uthorizations for W arrant Officers are by rank and  

PMOS and go six  years into the future. Currently the Army h a s a  

technique to develop the workforce of the future. They utilize a  notional 

force structure, in  th is case  NOF-3234, w hich provides the an nu al force 

structure to EOFY 1999 by PMOS and grade. This structure, w hen  

m ultiplied w ith the training, transient, holdees, and stu d en t rates  

(TTHS), will give the total budgeted end strength. The table d isp lays the  

actual num ber of CWOs by PMOS and grade for EOFY 1994

: PM o s  ; w 1/C 2 ; c w  3 iM C 4 ; c w  5 t o t a l
: oooa  ; 0 0 0 0 0
: 66 iÂ ; 0 0 0 o
i 0 03A  ; 0 0 0 : o
fôÔ i'À  : 0 0 b 0 v
1 13 0 A : 0 0 o 0
: 13 0B : 0 0 0 0 C
•î’i i iÂ 52 22 12 3 83
; Ü  2 A : 0 0 0 0
•14 0 A ! 11 4 2 1 18
; 14 6 B : 37 16 8 2
i 14 0D ; 16 7 4 1 27
i 14 0 E ; 73 31 17 4 124
•"isiA ;
: 15 2 B '/3 q 251 10 6 57 15 4 1: y
: 152 C ; 39 16 9 2 6 5
: 152 D : 12 9 54 29 7 2 1  ",

34 Notional Force number thirty-two.
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To read th is table, take PMOS 1 5 2B /3C  and grade CW3. The value 106  

of that cell is  the total num ber of authorizations for that grade and PMOS 

for EOFY ‘94.

A ccessions: The accession s table is a m ethod to dictate the num ber of 

officers by job skill to satisfy  the projected budgeted end strength. The 

m inim um  num ber of W arrant Officers are accessed  to m eet th is dem and. 

The optim ization procedure u sed  to a ccess the current force is described  

later in th is chapter.

PM O S

0 0  1A
0 0 3 A
0 0 4 A
13 0 A

13 2A

14 0 A

14 OD
14 0 E

• iS 2 B /3 c !
152C

To read th is table take PMOS 1 5 2B /3C  and year ‘95 . The value 111 o f  

th at cell is  the total num ber of accession s for that PMOS for EOFY ‘95 .

Promotions: With the estab lish m en t of WOMA, a  single prom otion  

system  w as created that gave the warrant officers standardized  

procedures for prom otions. Officers selected  for prom otion continue to 

serve in  their grade until prom otion w ithout having to be considered  for
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the sam e grade again. W arrant Officers w ho are twice n on -se lect35 for the  

next grade are retired or separated from active duty. W arrant officers 

will be considered for prom otion to CW2 at 2 years of warrant service, 

prom otion to CW3 at 8 years of warrant service, CW4 at 14 years of 

warrant service, and to CW5 at 2 0  years of warrant officer service. The 

table d isp lays the num ber of CWOs by PMOS and grade eligible for 

prom otion during FY ‘95.

OOOA
001A
0 0 3A

13 0 B
13 1A
13 2 A

14 OA
14 OB
14 0 D
14 OE

22
152B  /3C:
152 C

Prom otion Opportunity: The WOMA allows for a  standardized prom otion  

system  and hen ce the law  se ts  forth certain gu idelines for advancem ent 

to the next grade. Promotion opportunity refers to the statistica l 

probability o f one being selected  for advancem ent to the next grade. 

Those w ho are n on -se lect twice for a  grade m ay retire, if  they  have  

achieved tw enty years o f active federal service, or will be separated seven

35 Officers who are twice non-select for promotion have been looked at by a promotion 
board two separate times and rejected both times.
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m onths after the S ecretaiy  of the Army sign s the prom otion list. The 

table displays the prom otion opportunity for the warrant officer by grade.

Promotion Opportunity
rank: C W 3 C W4 C W 5
Rate 0 .600 0 .7 60 0.440

Transition Seats and Matrices: W ithin any organization there are th ose  

people w ho have critical sk ills that require additional training. The 

technique u sed  here is to develop a  m atrix show ing transition  from one  

job skill to another and a  d istribution by grade. T his en su res that the  

right num ber of personnel are available to work in specific job  sk ills. 

Aviation a sse ts  are the m ost expensive to train and therefore are 

m anaged very carefully w ithin the W arrant Officer Corps. For exam ple, 

the cost to train a  pilot in an advanced aircraft, su ch  as the A H -64  

Apache, can  cost upward of $ 1 ,0 0 0 ,0 0 0 . The table below  d isp lays the  

distribution by grade followed by the transition m atrix w ith donor job  

sk ills on the rows and receiver job sk ills on the colum ns. The Aviation  

Q ualification Course m atrix represents the total available sea ts  for each  

fiscal year. Finally, the working m atrix is  a  check  to en su re that the  

distribution by job  skill is  a  zero su m  gam e w ith the ALL row having zero 

valu es for each  fiscal year.

D istribution of grades:
w oiycw: 0 85
cw  3 ; 0 05
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Donor and Receiver Matrix:
152 D 152 F 152 G 153 D 154 C 15 5D 155E 156 A

152 B /3C 0 .8 0 0 25 0 .7 5 0 2 0 0 2 0 0 2  0 0 .0 0 0 .0 0
152 F 0 .0  0 0 .0 0 0 .0  0 0 .0 0 0D 0 0 .0  0 0 .0 0 0 .0 0
152C 0 2 0 0 2  0 0 .0 0 0 20 0 .0 5 0 2 0 0 .0 0 0 DO
153 B 0 .0 0 0 .0  5 . 0 2 5 ' 0 .70 0 .75 0 5 0 0 .0 0 0 .0 0
153D 0 .0  0 0 .0 0 0 .0 0 0 .0  0 0 .0 0 0 .0  0 0 .0 0 0 .0 0
154 C 0 .0  0 0.00 : 0 .0 0 : 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
155D 0 .0 0 0 .0 0 : o .o o  : 0 .0  0 o .oo : 0 .0 0 ; ID 0 ID 0
T o  t a l 1 j0  0 ID 0 ID 0 ID  0 ID 0 ID 0 ID 0 ID 0

A v i a t b n  Q u a h f t a n b n  C o u x s e  (A Q C ): :
PM OS : 9 4  : 9 5 9  6 9 7 9 8
152B /3Ci o : 0 0 0 0
152 C Ô : 0 Ô 0 0
152 D 9 9  : 138 170 112 112
152 F 7 2  = 50 4 0 4 0 4 0
152G u  ; 16 8 ; 8 8
153 A 0 ! 0 o : 0 0
153 B : o : 0 0 i 0 0
153 D ; 125 : 14 4 16 8 : 164 16 4
154 C 23 : 2 5 50 : 50 50
Î55A 0 : 0 0 = 0 Ô
155D 4 4  : 4 5 47 : 4 7 47
155E ! 6 6 9 0 5 2  : 4 4 4 4
156 A 6 • 0 0 = 0 0
A LL 4 4 6  i 50 8 53 5 i 4 6 5 4 6 5

W o d c h g  M a c r ix  : : : :
PM O S 9 4 9 5 9 6 9 7 9 8
5 2 b  nc 'Vi •2 0 1. ) ; 0 5 5 ;
152C 0 0 0 0 0
152 D 9 9 13 8 170 112 112
152 F 72 50 4 0 4 0 4 0
152G ■s » :• i7.o :■ (37)
153 A 0 0 0 0 0
153 B •14 5 i '13 •• i
153 D 125 14 4 16 8 16 4 16 4
154 C 2 3 2 5 50 50 50
155A 0 0 0 0 0
155D 02 8 ; (45) 3 3
155E 6 6 9 0 52 44 4 4
156A 6 0 Ô 0 0
ALL 0 ;C ; 0 0 0

Unprotected L osses or Gains: D uring the course o f the execution  year it 

m ay becom e n ecessary  to adjust projections due to unexpected  lo sse s  or 

cancellation  of voluntary or in volu nta iy  elim ination program s.

The capability to adjust the forecast allow s the personnel m anager  

alternatives to program s th at m ay be u sed . The table d isp lays the job



T-4471 61

skill by grade. In th is case  the va lu es are all zero, w hich  reflects no  

unexpected  lo sses  in FY ‘94.

i TO : : C W 3 : C W 4 ; c  w 5
i oo OA ; 0 ; o ! o
i 001A ! 0 0 : 0
i C 0 3 A  : 0 0 0
• 0 0 4 A  : 0 ; o 0
î 'Ü Ô Â  : 0 0 : 0
; 130B  i 0 0 : 0
: 1 3 1A i 0 0 0
i Î 3 2 A  I 0 0 0

j 14 OA ; 0 0 0
i 14 OB : 0 0 0

i 1 40D : 0 0 0
: 14 6 E : 0 0 0
i 151A 0 0 0
î  Î52Ë /3 C 0 0 0
: 152 C : 0 0 0
: 152 D i 0 0 0

5.3 Optimizing the Accession Plan

The goal of th is m odel is  to develop a  five year accession  and  

inventory projection plan for the W arrant Officer Corps. This objective is  

to ensure that sufficient W arrant Officers are accessed  to m eet the  

dem and of authorizations and budgeted end strength. The m odel 

described in  th is d issertation  is  significantly cheaper, in  relative term s, 

and achieves the sam e resu lt as the larger m odel. The benefits com e  

from improved hardware, new  software, and the m odel’s  resp on siven ess  

to “w hat i f ’ q uestions. To an assignm en t m anager or division chief, th is  

translates into the ability to find an optim al so lu tion  and con d uct their  

own sensitiv ity  analysis. If their accession  plan is  changed, the analyst 

can re-run the non-linear optim izer and create a  new  optim al so lu tion  for 

the personnel m anagers.
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The Personnel A ccession  and Inventory Projection Model for the  

W arrant Officer Corps of the U .S. Army is an optim ization and resource  

allocation program. U sing techn iques of non-linear and linear 

programming, the personnel a ccession s are optim ized to m inim ize total 

personnel based  on requirem ents and constraints se t by the Army or 

C ongress. T hese com bined techn iques constitu te a  powerful 

optim ization and resource allocation tool. They allow the analyst to 

determ ine the optim al accession  plan for the personnel m anager u sin g  

the algorithm entitled “Generalized Reduced Gradient Two”, a  non-linear  

code developed by Leon Lasdon, U niversity of Texas at A ustin  and Alex 

Warren, Cleveland State University. The Generalized R educed Gradient 

Two (GRG2) m ethod allow s the analyst to find the optim al value for the  

BES by adjusting the values of the accession s plan a s  the difference in  

the authorizations and projected inventoiy  that is  forced to zero. The 

m odel co n sists  of three m ain com ponents, w hich are fam iliar in linear  

and non-linear optim ization.

1. The objective function, in th is exam ple, is  the difference o f the EOFY 

‘9 8  BES and the EOFY ‘98  projected inventoiy. The goal is  to get a  

zero difference w hich  would m ean that the inventory m eets  

requirem ents. A negative value would be the shortage of in ven to iy  

com pared to the budgeted end strength.
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2. D ecision  variables are u sed  to achieve steady state a ccess io n s36. 

A ccessions are held constant for the years ‘9 5 -’98  to achieve th is goal. 

The principal reason for th is is  to ensure that resources (school sea ts, 

training dollars, and educators) are available on a  uniform  b asis. It 

also en su res that there w on’t be a  surge of officers by PMOS in any  

one year. This allows the Army to be proactive in  p lanning and  

distributing resources.

3. C onstraints are determ ined by lim iting the difference of the overage 

and shortage of officers in EOFY ‘9 8  to be le ss  than  or equal to zero. 

During the optim ization process the le ss  than  or equal to constrain ts  

allow the com puter to run m uch  faster and still allow the algorithm  to 

get an optim al solution. This will ensure that the personnel m anagers  

have the right num ber of officers available at the right tim e.

Lasdon's and W arren’s GRG2 non-linear code h a s  been  

incorporated into the m odel u sin g  the Excel 5 .0  spreadsheet. The code is  

sufficiently robust to allow th is large non-linear m odel, a  resu lt o f huge, 

disproportional relationships w ithin a ccession s and projections, to be  

solved on an advanced spreadsheet. In th is spreadsheet the m odel 

becam e non-linear for th ese  m ain reasons: decision  variables are 

m ultiplied and divided by each  other, exponentiation during the  

projection calcu lations, and logarithm ic fun ction s37 in the spreadsheet.

36A stable accession plein (condition) that does not change over time.
37 Savage, Sam L. 1993. Fundamental Alternative Spreadsheet Tools for Quantitative 
M anagement. New York: McGraw-Hill, Inc.: 157.
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5.4 Using the Generalized Reduced Gradient Method

The GRG2 m ethod for non-linear program m ing h as been  

dem onstrated to be a robust code that can handle large problem s quickly  

on a personal com puter38. W hat once took a  specialized code on a  

m ainfram e com puter is now  solved on a personal com puter. E ssentially , 

the GRG2 code solves a general non-linear problem  by linearizing the  

m odel and applying linear program m ing tech n iqu es to solve it.

Form ulation of the general m ethod is done by linearizing all 

constrain ts and objective function. The constrain ts are su ccessive ly  

linearized and improved. At each  feasible solution, the program  

im proves the preceding solution  until the so lu tion  becom es non-feasib le. 

U sing the previous solution, the problem  is  reform ulated and the  

program starts again. The functions are linearized in p iecem eal fash ion  

so that the su ccessive  set o f straight line segm ents are u sed  to 

approxim ate the objective function and constrain ts. W ithin the GRG2 

program, the so lu tion  process is  controlled by setting  certain  

specifications w ithin  the m odel and code. O ptions available to the  

analyst are:

1. Search techn iques. T hose included are the quasi -New ton and  

the conjugate gradient search  m ethods39. Each h a s  its  own

38 Edgar, T.F. and Himmelblau, D.M. 1988. Chemical Engineering Series. Optimization 
of Chemical Processes: McGraw-Hill Book Company, United States: 322.
39 Edgar, T.F. and Himmelblau, D.M. 1988. Chemical Engineering Series. Optimization 
of Chemical Processes: McGraw-Hill Book Company, United States.
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advantages and disadvantages. The quasi-N ew ton requires 

more m em ory with le ss  iterations while the conjugate gradient 

search  m ethod requires le ss  m em ory w ith more iterations to  

reach a particular point of accuracy. However, the conjugate  

gradient search  m ethod is preferred w ith larger problem s.

2. Derivatives. The analyst can u se  one of two sim ilar m ethods for 

approxim ating partial derivatives of the objective function  and  

constraints. The forward differencing m ethod h a s a  fixed step  

size and requires le ss  calcu lations w ithout a lo ss  in  accuracy. 

The central differencing m ethod for partial derivatives requires 

more calcu lations but achieves great accuracy. Central 

differencing is preferred b ecau se  it is  better for im proving  

solutions.

3. E stim ates. Initial estim ates of the b asic  variables are needed  

for each  of the single d im ensional searches. This can  be  

achieved through tangent estim ates w hich  u se  linear  

extrapolation from a tangent vector or through quadratic  

extrapolation estim ates. The quadratic extrapolation estim ates  

work better than  the tangent estim ates for h ighly non-linear  

problem s, su ch  a s  in th is exam ple.

Inherent to any optim ization problem  is the so lu tion  tim e. This 

depends on m any variables. Com plexity and size of the m odel contribute  

to the overall difficulty o f the problem . Having defined how  to solve the  

problem, a  m ethod m u st be determ ined how  to stop  the m odel. Sim ilar
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to other com m ercial codes, stopping criteria fall into one o f four 

categories. They are m axim um  tim e, m axim um  num ber of iterations, 

precision, and tolerance.

1. M aximum tim e is the tim e lim it for solution  process and is  

m easured in real time.

2. M aximum  iterations is the lim it o f the num ber o f iterations  

calculated; it is m easured by a com plete processing  cycle.

3. Precision determ ines w hen  a constraint m eets a value o f upper  

or lower bound specified and is m easured as a  function  o f the  

difference of values.

4. Tolerance is  the percent error allowed in the optim al so lu tion  

w here integer constraints are u sed  on any elem ent in the  

problem. A higher tolerance 5% vs. 1% for exam ple, w ould  

speed up the solution  process. Tolerance is  m easured  as a  

function of the percent difference of the constraint equations  

and the decision  variables.

Affecting each  of the stopping criteria is the speed  o f the m achine, 

operation in a m ultitask ing environm ent, and settin gs o f interim  resu lts . 

To improve speed  o f solution, the com puter should  have com plete control 

of the working environm ent. Turning off screen  savers or n ot printing  

will improve perform ance.

5.5 Building and Running the Model
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To run the m odel, the analyst creates the w orksheet m odel w ithin  

Microsoft Excel 5 .0 . Next the objective function, decision  variables, and  

constraints to be optim ized m u st be determ ined. In th is exam ple, the  

objective function is the BES for EOFY ‘98, decision  variables are the  

accession  plans, and the constraint is the difference of the projected  

inventory and the authorization. The analyst w ould now  call up  the add­

in program for non-linear optim ization and select the appropriate 

settings. Settings u sed  here are stopping criteria, type estim ate, 

derivative differencing m ethod, and search  technique. Finally, after the  

problem  is  defined, the m odel will find a solution.

The GRG2 code runs in  six  p h ases. It is  assu m ed  all prior 

conditions are m et, su ch  as the requirem ent that the H essian  m atrix  

being non-singular. The six  p h a ses are.

1. D eterm ine the search  com ponents for the independent  

variables.

2. Determ ine the search  com ponents for the dependent variables.

3. Improve value o f the objective function.

4. U se quasi-N ew ton’s m ethod to regain feasibility o f the  

dependent variable.

5. Check convergence to precision criteria.

6. If the m odel is  se t up correctly, the optim al so lu tion  will be 

obtained, and three reports will be generated.

In m any of the reports, it will be observed that there are va lu es of  

“#NA”. This is  only b eca u se  the objective function  w as se t to a  value le ss
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than  or equal to zero. If th is m odel had been  run as a  m axim ization or 

m inim ization problem  then  valu es w ould have appeared. Additionally, 

there are values of “# # ” in several o f the reports. This is  an early w arning  

to the analyst and is a reflection of an underlying problem  in the  

distribution of additional training sea ts, su ch  as having too m any people 

in the additional training matrix. Listed below  are the reports that 

sum m arize the resu lts o f the first attem pt at the m odel.

The sensitiv ity  report con ta ins two tables of inform ation  

dem onstrating how  sensitive a  solution  is  to ch an ges in the calculated  

m odel.
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Microsoft Excel 5.0 Sensitivity Report
W orksheet: (AGE NOF32.XLS )AGET WOS
R eport Created: 15 /2 /94  12:02

Cell N am e
F Inal 

Value
R ed u ced  
Gradient

$BD$188 000A '98 0 6 ) 0
$BD$189 OOIA‘98 (2) 0
$BD$190 003A '98 (2) 0
$BD$191 004A '98 CD 0
$BD$192 130A '98 CD 0
$BD$193 130B '98 (0) 0
$BD$194 131A '98 36 0
$BD$195 132A '98 CO) 0
$BD$196 140A '98 4 0
$BD$197 140B 98 7 0
$BD$198 140D '98 1 0
$BD$199 140E '98 23 0
$BD$200 151A '98 25 0
$BD$201 1 5 2 6 /3 0 9 8 111 0
$BD$202 152098 13 0
$BD$203 152D '98 0 8) 0

The reduced gradient m easu res the increase in  the objective 

function per u n it increase in  the decision  variable. “C hanging C ells” 

refers to the decision  variables. For PMOS 000A  w ith  an ex cess  to 

requirem ents o f 16 officers per year w ould m ean that th ese  people w ith  

PMOS 0 0 1 A m u st be m oved to another PMOS. For th is m odel PMOSs 

0 0 1 A to 004A  are th ose officers in  initial W arrant Officer training w ho  

h aven’t been  awarded a  PMOS. PMOS 140E h a s a  dem and o f 2 3  officers 

per year to m aintain  sufficient num ber of officers in  that job  skill (PMOS).
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Constraints

Cell Name
Final

Value
Lagrange
Multiplier

$DM$10 000A diff 1 0
$DM$11 001A diff 1 0
$DM$12 003A diff 1 0
$DM$13 004A diff 1 0
$DM$14 130A diff 1 0
SDMS15 130B diff 1 0
$DM$16 131A diff 1 0
$DM$17 132A diff 1 0
$DM$18 140A diff 1 0
SDMS19 140B diff 1 0
$DM$20 140D diff 1 0
$DM$21 140E diff 1 0
$DM$22 151A diff 1 0
$DM$23 152B/153C diff 1 0
$DM$24 152C diff 1 0
$DM$25 152D diff (23) 0

The Lagrange m ultiplier m easu res the increase in the objective 

function  of the corresponding constraint. The final value for PMOS 000A  

is  one, th is m ean s that it is  exactly at the constraint, w here PMOS 152D  

is  2 3  officers over the constraint b u t w ithin the 1% tolerance set.

The answ er report show s the relationship  o f the objective function , 

decision  variables, and constraints.
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Microsoft Excel 5.0 Answer Report
Worksheet: (AGENOF32.XLS)AGETWOS
Report Created: 15/2/94 12:01

Target Cell (Value Of)
Cell Name Original Value Final Value

$CT$90 EOFY FY '98 561 0

djustable Cells
Cell Name Original Value Final Value

$BD$188 OOOA'98 0 (16)
$BD$ 189 001A '98 0 (2)
$BD$190 003A '98 0 (2)
$BD$191 004A '98 0 (1)
$BD$192 130A '98 0 (1)
$BD$193 130B '98 0 (0)
$BD$194 131A '98 9 36
$BD$ 195 132A '98 0 (0)
3BD3196 140A '98 1 4
3BD3197 140B '98 6 7
SBD3198 140D '98 0 1
3BD3199 140E '98 8 23
3BD3200 151A '98 14 25
3BD3201 152B/3C '98 176 111
3BD3202 152C '98 0 13
SBD3203 152D '98 0 (18)

The final value in  the answ er report is  the actual accession  p lan  

needed for each  EOFY ‘9 5  to EOFY ‘98. The Target Cell refers to the  

objective function starting w ith  561 officers under the BES and achieving  

the final value of 0, or the BES directed by C ongress. A djustable cells  

refer to the decision  variables and the change from the FY ‘9 3  a ccession  

plan. The optim ized accession  plan changed from 8 7 7  personnel to 

1 ,063  people for the accession  years of FY ‘94  to FY ‘98 . In som e ca ses  

the ch an ges are m inor b u t in  others it is  dram atic. PMOS 1 5 2 B /3 C  is  an
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aviation skill w ith a FY ‘93  accession  plan of 176 and an optim ized plan  

for accession s, based  on requirem ents, of 111.  To train the additional 65  

officers would have m eant an additional cost of approxim ately 15 m illion  

dollars.

Constraints
Cell Name Cell Value Formula Status Slack

$DM$10 000A diff 1 $DM$10<=1 Binding 0
$DM$11 001A diff 1 $DM$ 11 <= 1 Binding 0
$DM$12 003A diff 1 $DM$12<=1 Binding 0
SDMS13 004A diff 1 $DM$13<=1 Binding 0
$DM$14 130A diff 1 $DM$14<=1 Binding 0
$DM$15 130B diff 1 $DM$15<=1 Binding 0
$DM$16 131A diff 1 $DM$16<=1 Binding 0
$DM$17 132A diff 1 $DM$17<=1 Binding 0
$DM$18 140A diff 1 $DM$18<=1 Binding 0
$DM$19 140B diff 1 $DM$19<=1 Binding 0
$DM$20 140D diff 1 $DM$20<=1 Binding 0
$DM$21 140E diff 1 $DM$21<=1 Binding 0
$DM$22 151A diff 1 $DM$22<=1 Binding 0
$DM$23 152B/153C diff 1 $DM$23<=1 Binding 0
SDMS24 152C diff 1 $DM$24<=1 Binding 0
$DM$25 152D diff (23) $DM$25<=1 Not Binding 24

The second part of the sta tu s report gives inform ation as to 

w hether a  variable is  b inding or not-binding. B inding m ean s that the  

final constraint value equals the constraint value and h a s  a  slack  value  

equal to zero. A not-binding constraint is  m et b u t does not equal the  

constraint value and h as a  non-zero slack  value.

The lim its report lis ts  the objective function, decision  variables  

w ith their values, lower and upper lim its, and the objective function  

values.
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Microsoft Excel 5.0 Limits Report
Worksheet: (AGENOF32.XLS)AGETWOS
Report Created: 15/2/94 12:02

Target
Cell Name Value

$CT$90 EOFY FY '98 0

Adjustable Lower Target Upper Target
Cell Name Value Limit Result Limit Result

$BD$188 000A '98 (16) (16) 0 #N/A #N/A
$BD$189 001A '98 (2) (2) 0 #N/A #N/A
$BD$190 003A '98 (2) (2) 0 #N/A #N/A
$BD$191 004A 98 CD (1) 0 #N/A #N/A
$BD$192 130A 98 0 ) (1) 0 #N/A #N/A
$BD$193 130B 98 (0) (0) 0 #N/A #N/A
$BD$194 131A '98 36 36 0 #N/A #N/A
$BD$195 132A '98 (0) (0) 0 #N/A #N/A
$BD$196 140A 98 4 4 0 #N/A #N/A
$BD$197 140B '98 7 7 0 #N/A #N/A
$BD$198 140D 98 1 1 0 #N/A #N/A
$BD$199 140E '98 23 23 0 #N/A #N/A
SBDS200 151A '98 25 25 0 #N/A #N/A
SBDS201 152B/3C '98 111 i l l 0 #N/A #N/A
$BD$202 152C '98 13 13 0 #N/A #N/A
SBDS203 152D 98 (18) (25) 24 #N/A #N/A

The lower lim it o f th is report is the sm allest value that a  decision  

variable can  take w hile holding all other decision  variables fixed and  

satisfying all constraints. Upper lim its are the sam e as lower lim its 

except they  refer to the largest value that a decision  variable can  take  

w hile holding all other decision  variables fixed and satisfying all 

constrain ts. Target resu lt is  the value o f the objective function  w hen  the  

decision  variable is  at its  upper or lower lim it.
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5.6 Finding the Solution

In any search  program there are only three possib le outcom es to 

the routine. They are:

1. A solution  is found;

2. or, a  current solution  is found b u t stopping criteria se t in the  

program ca u ses it to stop (m axim um  tim e or iterations criteria  

is  met);

3. or, the program fails.

Som e reasons for a  program failing are the objective function  is  

increasing or decreasing w ithout limit, integer constrain ts were u sed  and  

the tolerance is  too tight, or input va lu es are several orders o f m agnitude  

apart.
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Chapter 6 

Conclusion and Recommendations

This m odel h as significantly enhanced  the W arrant Officer Corps 

ability in determ ining an optim al access io n s program and inventory  

projections. For the first tim e, personnel and assign m en t m anagers have  

an optim al solution  to their accession  plan and an accurate projection of 

the personnel inventory. Flexibility of the m odel allow s them  to conduct 

their own sensitiv ity  analysis and lets them  answ er questions from the  

field in a  quantifiable m anner.

6.1 Impact and Implementation of the Model

In 1993, the accession  plan called for the accession  o f 9 7 7  W arrant 

Officers. The im pact w as an uneven  distribution of personnel resources  

across the Army. The sam e m ethodology w as u sed  in  earlier years and  

cau sed  certain sk ills to be over represented w hile others were under  

represented. The optim al accession  plan for FY 9 5  is  1 ,063  personnel 

identified by PMOS.

W hen the drawdown of FY ‘91 started, it w as realized th at certain  

PMOSs w ould take the brunt of the reductions w hile others w ould  n ot be  

reduced. This situation  w as uncom fortable and cau sed  resen tm ent 

am ong som e of the W arrant Officers. This m odel begins the p rocess of 

fixing earlier problem s and w orks tow ards ensuring an  equal d istribution  

of personnel by PMOS in  the future. W hat is  im portant to note is  the
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fundam ental change in philosophy from having more resources than  

n ecessary  to one of ensuring that the Army h a s exactly w hat it needs. 

This p laces the personnel m anagers in a position  to address questions  

related to other areas.

A com m on com plaint of W arrant Officer A ssignm ent Officers is  

that they  have no w ay to answ er q uestions from the field in a  

quantifiable m anner. Q uestions could range from w hat is the projected  

inventory by PMOS in FY ‘97  to how  m any people can  we send  to 

advanced aircraft training in  FY ‘96?

At the Officer Personnel M anagem ent Directorate (OPMD) and  

D eputy C hief of Staff, Plans (DCSPLANS) at the U .S. Army Personnel 

Com m and (PERSCOM), and the Office of the D eputy C hief o f Staff of 

Personnel (ODCSPER) at the Pentagon, personnel m anagers have begun  

the learning process of how  to u se  the m odel.

6.2 Implications for the U.S. Army Warrant Officer Corps

W ith the introduction of th is m odel, the m ethodology o f conducting  

W arrant Officer b u s in e ss  h as changed. The accession  p lan  h a s  been  

optim ized and the force will begin to shape itse lf to fit the BES directed  

by C ongress. The older m ethods had inventory im balances of over 25%  

of authorizations by grade in PMOS. This m odel by EOFY 1998 is  

projected to have the im balances reduced to le ss  than  10% by PMOS and  

grade. As the world situation  ch an ges and requirem ents for the W arrant 

Officer Corps change, so  will the accession  plan and projected
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inventories. Having the additional flexibility of th is m odel over the older 

m ainfram e m odels allow policy m akers to w eigh the effects of a  rapidly  

changing policy. Policy changes could include prom otion opportunity or 

how  and w hen personnel are accessed .

Personnel M anagers and A ssignm ent Officers now  have the  

additional tool o f th is m odel to a ss is t  them . Currently the m odel is  being  

u sed  by the W arrant Officer personnel m anagers and p a sses  the m ost  

im portant te st of all, that of custom er satisfaction .

6.3 Conclusion

This d issertation  ad dresses three types of aud iences. Top level 

m anagem ent, personnel m anagers, and assignm en t officers. T hese  

people have been  critical o f the theoretical approach and have exam ined  

the m odel from their perspective. M ost people don’t care about theory  

and the analytical approach but more about the function  and capability  

of the m odel. This m odel p assed  the evaluations of all three levels of 

m anagem ent. This isn ’t a  guarantee of su c c ess  b u t is  a  start to en su re  

the m odel is  u sed . The U .S. Army h a s incorporated the W arrant Officer 

m odel into current personnel actions and p rocesses. Concrete benefits  

have been  dem onstrated by the u se  o f th is m odel. The reduction  in force 

and selective early retirem ent boards were canceled  b eca u se  of the  

m odels ability to correctly project the force size. Programs that were 

u sed  to shape the W arrant Officer force due to im balances were 

voluntary separation incentive program s. Im m ediate cost sav ings are
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estim ated  to be around 12 m illion dollars for FY ‘95  due to the accuracy  

of the model.

6.4 Recommendations for Improvement

As the m odel evolves and experience is gained w ith its u se , 

en hancem ents will be m ade to ensure the m odel m eets expectations of 

the Personnel M anagers. C hanges w ould be the u pd ates to rates and  

inclusion  of specific su b  program s su ch  as gender and racial ethnic  

provisions. Applying updated tools and techn iques will en su re that the  

m odel doesn't becom e outdated quickly.
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Appendix A

Fiscal year ‘93  inventory u sed  as the b a sis  for the personnel 

inventory projections.
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CURRENTWVENTORY AS OF EOFY '93
U pdated 26 Oct. '93
PMOS W 1/C2 CW3 M/C4 CW5 Total
000 A 61 0 0 0 61
001 A 4 0 1 0 5
003 A 6 0 0 0 6
004 A 1 0 0 0 1
1 30 A 0 1 0 0 1
1300 0 0 0 0 0
1 31 A 66 29 10 2 107
1 32 A 0 0 0 0 0
1 40A 9 2 1 0 12
140 0 43 23 8 0 74
140 D 7 4 6 2 19
140 E 79 17 8 0 104
1 51 A 136 58 31 6 231
1520/15: 450 1 05 66 6 6 27
152 C 1 3 23 15 2 53
1 52 D 131 97 42 7 277
152 F 613 2 73 132 30 1.048
1 52 G 341 127 83 27 578
il 53A 190 0 0 9 1 99
il 53 0 631 209 161 33 1.034
153 0 1.018 399 235 35 1,687
154C 285 144 130 38 597
il 55 A 1 2 1 2 6
155 0 6 32 31 1 70
155 E 1 8 132 147 39 336
156 A 7 39 30 6 82
1 80A 214 104 2 0 320
210A 20 12 5 2 39
213A 0 0 0 0 0
2 15 D 20 15 3 0 38
250 A 102 91 37 3 233
2 50 0 37 1 6 1 0 56
2 5 1 A 40 47 13 0 100
256 A 181 96 41 1 319
311 A 206 123 59 a 396
35 0 0 49 39 15 i 104
350 D 45 31 9 0 85
350L 18 21 7 0 46
3510# 265 67 39 3 374
351 C# 45 20 10 3 78
351 E# 67 32 8 2 109
352C 89 43 8 0 140
352 D 10 3 1 0 14
352 G 49 12 8 0 69
352 H 12 8 1 0 21
3523 28 19 5 0 52
352K 10 4 0 0 14
353 A 36 18 2 1 57
420A 66 75 78 5 224
420C 21 16 10 1 48
5 50 A 30 21 9 0 60
6 00 A 33 25 12 0 70
640A 30 22 0 0 52
6 70 A 45 20 8 0 73
880A 43 17 1 1 4 75
681 A 60 21 10 1 92
910 A 53 36 16 0 105
911 A 1 12 8 3 24
912 A 56 25 12 1 94
913A 24 32 19 0 75
914 A 32 1 8 1 1 0 61
915 A 543 353 96 9 1,001
916A 11 1 1 4 0 26
917A 44 17 12 0 73
916A 22 9 4 0 35
919A 61 58 22 4 145
920A 198 157 66 4 425
9200 129 95 41 4 269
9 21A 20 15 7 0 42
922A 20 33 26 2 81
ALL 7,201 3.627 1.694 307 13.029
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Inventory projections for years 1994 to 1998.



T-4471 83

P R O J E C T E D  I NVE NT ORY AS OF EOFY ’Sa  1
W O W C W 2

invenrorv B E S invent ory BE S diti i nvent ory B E S inveni oi y B E S Tot  Autrt i nvent or y C - B E S A - B E S

6 1 ( 61) 0 (611
(4) ( V (5:
(6) f 61

004A i 1 ) (V
t 30A 0 0 (1) ( t :

1 3 06 0 0
1 3 t A 52 5 5 ( 13) 89

0 0 0 0 0 c
14 0A 12 3 7 5 2 2 2 1 8 2 2

MOB 37 4 t (3) 1 7 (2) 8 1 0 3 72

1 4 0D 3 (D d l
(1) 1 7 0 5 124 99 1 39 4 0

151A 125 131 4 5 1 4 29 5 2 2 1 3 2 0 9 2 3 3 2 4

152BV1S: 251 4 7 2 ( 170} 75 42 5 7 5 4 2 9 6 0 6 5 0 6 ( t o r

1 5 2C 39 (3) 1 3  M ( 2) 3

15 2D 129 ( 55) ( 50) 3 8  1 3 t (6) 2 2 0 25  1 (1051

1 52F 6 32 6 3 3 2 4 5 2 5 7 M2) 1 33 1 37 26 35 1 .06 2 38

15 2G 22 2 2 2 3 2 4 7 94 102 51 54 ( 13) 22 I *] 3 7 9 4 1 7 4 2 4

15 3A 5 7 152 6 9 ( 83) 24 24 1 3 15 15 7 (3) 9 8 1 1 3 (46]

T53B 451 ( 126) 2 0 3 ( 23) (91]
I S 3D 8 9 3 ( 82) 2 05 2 1 7 31

1S4C 141 130 ( 12) 65 6 7 ( 58) 36 (19) 5 2 0 (68]
155A 1 4 2 6 3 4 3 1 2 1 (1) 2 5

1 S5D (18} 50 2 5 (4) ( 11) 8 8 5 7

15 5E 1 37 7 3 156 6 9 ( 64) 31 ( 89) (24) 3 6 3 (901

2 3 36 ( 27) ( 21) 7 8 3 8 (401

180A 2 1 4 2 5 4 231 (22) 95 9 7 2 49 1 2 T2 1 2 351 3 9 7

210A 23 2 1 26 1 0 9 1 1 2 5 5 i i (0) 4 5

213A 0 0
m (4) [3]

2SOA i 11 105 1 3 4 7 5 0 1241 25 28 (3) 6 2 1 2 2 0 6 (61

2 SOB 4 7 4 2 49 7 2 0 22 5 3 5 9 85 2 6

251A 6 0 4 2 6 3 21 25 2 6 ( 12) 3 9 2 1 7

2S6A 1 47 185 1 57 ( 28) 78 ( 11) 34 32 3 5 3 8 2 9 6 2 73 (23]
2 3 5 2 M 2 5 0 36 99 1 07 54 4 3 5 6 9 40 1 3 6 3 4 2 8 4 3 5 7 2

35  OB 71 5 4 75 21 3 0 3 6 3 2 ( 4) 16 13 1 6 3 3 1 22 1 04 1 2 7 1 30 2 6

3 5 0 D 46 4 7 (2) 2 0 2 8 2 3 (5) 3 3 7 9 8 3 8 5

350L 1 2 1 3 (6)

3 5  I B 9 ( 63) 4 9 4 0 4 5 5 1 2 2 t 3 3 3 9

35  1C # 4 3 4 8 1 9 2 0 10 9 3 3 78 74 8 3 85

35  IE S 85 6 9 9 0 22 36 2 7 1 3 20 6 21 I S 2 5 1 46 1 04 1 5 7 1 60

3 5 2 C 9 7 9 5 104 3 5 22 7 2 8 7 1 65 1 36 161 1 85 4 8

35  2D 1 0 ( 6) (D 0 0 0 (7:

3 5 2 G ( 13) 7 2 2 ? 5 4 6 1 6 2 (3!
3 5 2 H 1 2 2 6 3 3 2 1 1 2 l 2 3 2 3

3 5 2 J 2 7 (4) 6 2 4 6 5 0 5 1 [O]
352K 1 7

3 7 28 ( 10) 1 3 ( 1) 2 4 5 5 4 4 9 (4]

420A 1 20 72 126 5 7 5 5 (2) 2 7 2 8 ( 38) 7 7 3 2 0 5 2 0 0 2 1 6 2 2 0 2 0

4 2 0 C 2 5 2 3 2 6 1 4 1 2 (2) ( 2) 2 4 2 4 7 4 5 4 6 (1]
550A 3 5 32 (3) 2 5 9

( 13) (9) 0 ( 8) O O [29]
1 4 (4) 7 0 7 2 2 2 S 3

6 70A 4 7 (0) 2 0 10 7 3 3 3 75 1 2
880A 5 0 2 3 I O 3 3 (0) 8 3 1 2

5 7 ( 10) 25 3

4 9 2 1 (7) ( 2) 0 8 6 (4]
(11 (9) (6) 2 (21 1 8 (is:

(H) (2) (1) 92 7 7 (is;
(8) 9 (7) 0 6 8 7 4

32 ( 0) 1 3 1 2 15 t 0 7 (3) 5 5 5 6 5 7

5 2 5 5 5 5 ( 8) 2 2 2 2 8 9 2 3 5 ( 53) 12 0 70 125 5 5 7 32 25 8 9 8 9 2 7 9 4 7 9 6 4 3 6
916A 18 1 3 1 9 8 1 0 ( 1) 3 0 31 2 5 3 3 3 3
91 7A 36 5 6 42 ( 14) 2 1 0 (2) 8 t 6 8 ( h ;
9 ISA 2 4 2 3 (1) 2 5 3 9
9 ISA 7 6 6 2 84 2 3 4 9 36 ( 13) 1 7 3 2 1 30 1 33 1 4 7

9 20A 2 2 8 2 0 7 2 4 4 37 96 1 2 7 1 05 ( 22) 52 5 : 5 7 3 4 2 0 4 2 8 3 9

9 2 0 6 t 54 1 17 1 73 55 6 5 7 7 71 IS) 35 3 3 3 9 3 7 2 6 3 2 3 0 2 9 2 2 9 7 6 7
3 0 31 1 3 1 2 1 3 7 8 C 2 5 1 5 5 5 6 1 6

2 8 5 2 20 2 7 2 1 ... - 1 6 ) 11 2 0 (8 ) 8 1 8 7 8 9 1 2
ALL 6. 61 9 7 . 3 7 4 7 . 2 0 9 ( 164) 2 . 7 9 5 3 . 1 2 5 3 . 0 3 2 ( 93) 1 . 5 8 6 1 . 60 9 2 3 261 1 1 . 3 1 5 1 2 . 2 5 8 1 2 . 4 7 7 131

FY ' 94 B E S  ‘94
C B E S 1 2 , 2 5 8 1 2 . 4 7 7
AljtM: 11 . 315

6 . 3 5 8 6 . 0 3 2
5 98 8 6 44 5

s  um 1 2 , 3 4 6 1 2 , 4 7 7
2xN S
B E S  ' 9 4 1 2 , 4 7 7 1 2 . 4 7 7
E O F Y  |  131 0
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PROl Ff ^ TT^ D I NVE NT ORY AS OF EOFY ' 95 |
W 0 1 / C W 2

i nveni or v i nventory i nvent or y B E S invent or y B E S To* Au’ h i nvent or y C- B E S A B E S
46 ( 46) 0 0 0 (46;

(31 m : «
(5) (s:
(11 u :

10} Ml o :
[0) (0) !0] 10]

(26} 16]

4

3 7 (6) (0) [0] 5 7 64 (<:
MOD (3) 0 12) 1 2 (2'
N OE 7 9 (61 2 1 5 1 25 139 2 8

15 1A 128 12 3 (5) 45

3 92 28  t (111} 1 5 4 8 9 46 2 (22:

1S2C 25 45 (2) 3 5 8 79 80 2 2
! 52D 27 6 2 0 3 [731 ( 36) (4] 4 4 6 3 3 7 3 4 0 H061
152F 5 1 2 59 9 5 5 9 (39} ( 40) Ml 94 6 (70]

152G 2 3 3 8 3 1 3 (7) M U
153A 5 7 1 53 68 (851 24 0 24 12) H 7 ]

1 5 3 8 3 98 5 8 7 4 5 4 ( 133) 168 109 179 ( 22) (S) 8 4 4 183]
1 5 3D 9 2 3 ( 20) 4 2 9 36 74

1S4C 2 9 7 5 8 128 ( 61) (27) 5 3 9 (24]

155* 6 2 2 ... M) 9 1 0

155D 1291 5 2 8 1 1 8 ■ t 5 i 2

155E 8 0 14 3 6 4 1 2 7 ( 63) [771 .. ( 30) 2 4 9
1 2 2 7 (221 ( 24) . . .  (5) 1 6 1 9 2 0 ( 4 3 ’

2 6 7 231 ( 35) 80 3 6 5 3 9 0 3 9 3 3 3
2 5 2 3 . A n u ) 3 6 3 7 4 0

0
2 1 5 D 1 7 (2) (4) LU 2 5 3 2 2 6 2 6 (S'
250A 9 9 106 (0) 60 ( 16) 25 (5) 1 69 1 99 181 1 8 3 <!*:
25  OB 4 7 4 7 2 0

25 1* 5 4 2 4 <5J 1 2 12 Mi 3 9 2 9 2 9 6 9 7
136 1 79 146 (33} 58 62 (2) 31 3 2 8 2 3 3 2 7 6 2 4 9 251 (25:

31 IA 23 2 2 2 9 2 4 7 1 8 98 <3) 5 3 38 5 6 1 3 381 4 2 2 4 2 6 4 5

35 OB 78 6 5 8 1 1 7 33 35 1 8 1 39 140 2 7

35 OD 5 3 22 25 ( 2) 1 2 7 1 2 3 9 3 94

35 OL 2 9 2 7 3 3 6 12 1 3 (2) 7 7 7 (0) 2 5 5 5 5
35  I B # 198 2 75 21 2 (63] 84 4 5 2 3 5 1 28 1 2 3 6 5 3 6 9
35 1C f 4 3 t 9 1 C 3 7 2 8 2 8 3

3 5 1 E  # 3 7 22 1 9 2 0 2 2 1 3 5 6 4 1 15 162 1 6 3 4 8
3 S 2 C m 4 2 31 1 3 2 3 2 9 22 6 7 7 148 188 4 2
3 5 2 0 (4) (0) 0 0 7 14'

4 9 36 (131 1 3 7 7 6 t (3
3 52H 1 2 1 3 1 3 10) 5 5 3 2 2 2 2
3 5 2 J 2 7 3 0 30 (0) 1 3 Ml 6 5 0 SO
352K (1) 3

(10) 4 7 4 8 (4
2 9 2 7 (29) m 2 0 5 2 0 7

(6) M) 4 2 ( 3
3 3 1 5 (2) 5 7 6 > 6 1

5 (3) (3) 0 6 (S) Ml 15 2 2 ( ( 2
35 (1) 1 3 (0) 7 3 5 t 5 6 5 7

4 3 4 9 (3) 1 8 1 0 9 7 3
5 2 42 ( 10) 1 7 1 9 6 1 0 3 ( i ) 7 0 7 4 7 5 (2

5 0 6 7 5 3 M<> 21 2 3 5 1 2 5 2 8 5 9 2 9 3 ( V
5 0 5 2 5 4 21 22 <0] 0 3 8 6 9 2 9 3

91 1A (21 2 (6) (51 3 0 13) ( 12
4 9 MO) 1 5 22 (5) (2) 2 2 2 ( 0) 6 2 6 6 ( 17'

913A 3 6 2 7 15 2 3 ( 7) (51 2 2 2 6 1 6 5
9 M A 2 8 3 2 <31 1 2 M l 2 2 5 3 5  1 (2

5 0 4 5 4 6 5 3 2 M3 ) 2 1 3 ( 811 5 7 12 0 6 3 86 2 9 1 7 ( V
916A 1 3 15 M) 5 <41 3 2 3 1 22 2 7 2 3 2 3 (3
917A 3 0 5 2 35 (16) 1 3 3 7 7 (41 2 2 5 2 74 5 8 5 9 (15:
9 ISA 1 8 2 2 1 8 (4) 0 4 4 1 1 30 32 32 (0
9 1 SA 6 7 6 0 75 28 ( 17) 15 15 ( 1) 1 15 1 29 12 8 12 9 (O’
92ÛA 2 1 9 2 1 7 2 3 4 1 6 92 M61 SO 4 7 5 4 1 3 5 3 7 3 3 8 5 40 2 4 0 6 2 1
9 2 0 8 15 4 1 7 3 22 6 5 8 3 5 3 0 3 9 5 2 6 3 2 9 2 2 9 5 4 6

3 0 2 6 3 1 1 3 2 2 5 1 42 5 5 55 1 3
5 6 5 9 62 2 4 2 0 25 5 1 6 ( 3) 3 2 3 66 98 1 0 3

A LA 6 . 4 2 2 7 . 3 1 5 6 . 99  2 ( 323 ) 2. 71 1 2 . 86  4 2 . 941 1.51 8 4 3 3 7 3 321 39 6 75 10. 9 7 7 1 2 . 0 1 7 1 1 . 8 9 0 (16

FY -95 B E S  ‘9 5
C B E S 12, 001

1 0 , 9 7 7
5 . 9 9  9 5 . 8 0 2
6 01 9 6 . 1 9 9

s ufn 12. 01 7 12 , 001
2 x N S
B E S  9 5 1 2 . 001 1 2 . 001
E O F Y 1161 ___L
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i nvent or y B E S i nvent or y B E S invent ory B E S i nvent or y B E S Tot  Aut h i nvent or y C - B E S A - B E S
( 30 0 (30)

(2) o :
(3) o ;

0
130A (0 _V J c :
130B (0) [01 (0) (0)
1 3 U 75 (41} 1 9 1 49

0

1 3 Î 2 (1) 22

3 3 42 3 7 i * ) 1*1 65 (2:
5 (2) [21 c

79 ( 12) 1 7 4

1 5 1 A 1 09 116 1 15 (0) (3) 25 ! U 2 0 4 2 0 4

1 5 2 B M 5 ' 160 2 8 5 1 93 ( 92) 65 3 7 ( 12) 3 52 3 2 3

1 5 2 C 42 3 3 6 6
( 68) t e r

152F 531 ( 17) 1 99 2 8 8 (801 1 33 ( 22) 2 7 2 9 28 Mi 981 8 6 i 8 7 5 u o 6 :

1 52G 1 67 1 20 1 86 6 6 71 72 5 3 ( 12) 1 0 2 ! 1 0 ( H I 2 6 6 3 1 5 3 2 0 5 4

15 3A 66 1 5 3 79 (75} 2 9 0 5 (01 158 12 7 1 29 (29;

15 3B 271 3 0 9 ( 181) ( 47) C 3 ) 7 1 0 ( t e a :

9 4 5 9 6 7 5 4 3 9 9 4 3 4 4 4 0 3 8 1 25

1 54C 2 7 3 199 2 8 7 115 1 37 125 ( 12) 62 1 36 64 ( 72) 4 5 ( 29) 5 1 8 4 9 3 (17:

155A 8 4 1 4 3 2 3 2 (1) 1 3 1 9

15 50 (4) 1 3 6 9 __ m 78 79

1 5 5E ( 58) 26 ( 80) ( 28) ( 97;

14) 1 2 20 5 ( I S) 2 7 2 ( 24) 1 (4) 4 7 2 0 ( 28:
2 7 3 2 3 t ( 42) 70 97 2 7 26 49 2 3 12 3 7 0 3 9 0 3 9 6 2 6

24 2 3 (1) . . (0) 38
0 0 0 0

roi (2) C ) 29 (3'
250A (3) 42 . 19] 2 3 17) 188 172 C <
2 5 OB (5) 1 9 1 0 68 7 5
25 1A (1) 23 C ) 9 3
256A ( 38) 5 9 29 30 7 2 2 5 9 2 3 5 2 3 9 (20:
31 1A 2 5 9 ( 12) 98 5 3 3 3 13 5 9 3 9 7 4 2 2 4 2 9 3 3

35 OB 72 8 0 32 1 7 1 8 (0), 2 2 1 2 3 136 1 38 15

3 5 0 D 5 6 5 2 ( 4) 21 1 2 8 8 9 3 5

350L 32 3 3 ... in
182 ( 75) 20 1 2 341 o :

35  1C • 3 7 3 9 ( 3) (2) 2 6 3 ta;
35  IE 1 77 8 2 ( 13) 5 1 32 2 0

3 5 2 C 102 ( 14) 1 2 22
(2) C l t*:

35  2G 36 ( 10) 6 7 6 3 6 1 6 2 (2
352M 13 (2) 2 3 2 0 2 2 2 2

3 5 2 J 2 9 (1) 1 2 2 6 (O) 4 8 4 9

(21 3
35 3A 2 7 ( 8) C ) 5 0 o :
42ÛA 1 1 7 4 7 33 51 5 2 ( 25) I D 2 0 4 201
4 2 0 C 2 3 1 6 (5) (3) (2:
S50A 34 3 3 (1) 9 ( D 5 5 56 5 7

(0) 0 (1) C ( 4) 0 0 (0) (6:
31 3 3 2 1 3 1 3 (4) 7 5 2 2 2 5 2 5 3 5 5 5 6 3
5 3 4 5 (fi) 1 8 1 9 1 0 8 2 2 2 71 72 76 7 7 5
5 2 4 2 ( 10) t 9 2 ( 2) c :

( 12) 2 1 2 3 3 (0
(5) 2 0 2 1 1 1 3

0 (3) 3 0 ( 3) 5 ( 5) 0 ( 2) 17.
35 3 3 4 1 6 CD 8 1 3 8 ( 5) 2 2 (0) ( 12
35 1 5 (5) (5) (0) to:
2 7 31 28 (3) 1 3 7 ( D ( 0) 4 6 4 9 5 0 (2

6 ISA 4 9 7 5 3 1 5 2 5 ( 6) 2 1 0 3 1 5 2 2 3 (921 5 6 1 18 6 3 2 9 30 22 8 5 0 91 1 8 9 6 9 11 0
916A 1 7 1 7 i e 7 9 ID 2 2 29 28 31 3
917A 2 9 4 3 (8) 1 2 (0) (4 ) SO 6 7 5 7 C O

(5) (D 31 2 8 (3
919A 6 3 7 1 2 7 3 0 CD 15 1 8 1 6 (2) 4 m 109 1 26 1 23 (3
920A 2 0 8 2 2 5 2 2 3 (3) 88 9 6 CO) 48 4 7 52 12 8 3 5 6 3 8 3 3 8 4 3 9 0 7
92  OB 149 1 72 1 6 7 (51 6 9 29 3 7 9 2 5 5 2 8 3 2 8 8 2 6

2 7 3 0 2 8 (11 3 46 4 9
72 79 (1) 3 0 1 7 3 2 1 3 4 4 1 35

6 . 1 2 8 7 . 0 9 2 2 . 5 8 8 2 . 7 7 5 2 80 6 1 . 5 4 2 ( 52) 35 6 3 7 8 11 . 524 ( 2 0 7

FY ' 96 B E S  *9 6
C B E S 11 . 3 3 8 11 . 524

10 , 4 7 6
5 , 6 7 6 5 , 5 7 2

Teer , 6 . 0 5 4 5 . 9 5 2
11 , 731 11 , 524

2 x N S
B E S  ' 96
E O F Y ( 207 )
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0 0 0 0

21 5 D 1 5 7 0 3 5 3 (2) 0 2 5 2 7 26 27 d
2 5 0 * 102 99 (3) 39 42 (1) 2 1 3 1 2 3 (7) 5 5 2 15 9 17 9 1 70 1 7 3 16

25 0 B 4 5 (<} 1 8 2 0 6 1 0 3 3 3 74 76

2 5 1 * (2) t 3 1 2 r i ) 3

127 161 1 36 ( 25) 55 3 2 7 30 7 7 (9:
31 1* 2 32 28 4 2 4 7 ( 37) 98 92 32 5 6 1 3 1 3 9 3 9 6 4 12 4 2 2 4 3 0

35 0 B 76 76 8 0 3 32 3 3 2 (2] 2 2 1 3 0 131 136 139
3 50D 5 8 (6) 2 1 21 2 8 7 90 92 94

3 3 (2) 12 (2) 55
192 ( 58) 76 t 8 29 3 06 3 2 8

3 9 ( 3) 1 6 (2) 7 6 3 6 7 o
( 23) 1 30

92 121 ( 22) 3 9 34 2 1 t 2 1 58 1 76
35 2D (1) (1) 0 7 7 e
3 52G 31 3 3 3 1 3 22 (8) 2 5 3 5 9 60 (2
3 52H 1 2 15 (2] 6 2 20 22

6 (2)
352K (2) 2 2 15 1 6
3 5 3 * 30 (4) 1 2 (2) 6 42 45 (?:
4 2 0* 129 (10) 5 2 2 9 26 ( 17) (4) 2 0 5 3

1 7 (4) (4) (0) <1
3 3 (3) (2) 54 5 6

(0) 0 (0) (3) (0) 3 (2:
36 3 3 (21 1 3 (1) 2 52 5 3
54 4 5 (9) 1 8 6 0 2 74

(6) 1 6 2 0 3 1 0 2 (2) <o:
8 8 1* 68 (14) 2 1 2 3 6 1 2 1 3 3 2 3 86 95
9 1 0 * 56 4 9 ( 7) 20 1 6 21 1 2 1 2 (0) 3 3 79 86
91 1* ( 6) 0 0 3 13) (4); 0 2 0 1 2 ) 0 1 3

3 5 2 6 ( 13) 1 2 (5) 3 (1) (?:
32 36 (6) 2 ( i ) 5 8 <0

914A 28 2 8 ( D 1 3 (1) (1) 2 2 0 45
9 1 5 * 5 3 9 5 1 7 ( 22) 2 0 7 281 2 1 9 ( 62) 112 75 1 1 7 42 28 2 8 21 8 3 7 <4
9 16* 1 9 1 8 (1) 7 (0) 29

(1) 1 6 (3) 1 0 (3) 4 8 60 (6:
15 (2) (2) 2 2 0 26 29 28 (I
6 3 6 6 7 0 2 7 3 5 3 0 (6) 1 7 (1) 5 ( D 108 124 1 19 122 (2:

20 4 23 8 2 1 8 ( 21) 86 9 7 9 4 (3) 4 2 6 12 3 4 8 3 8 2 374 381 n
1 94 161 ( 33) 6 1 6 7 2 0 2 4 6 2 71 2 7 2 2 7 8

31 28 (3) 1 1 1 2 3 2 1 1 49 50
70 9 8 7 7 ( 21) 29 31 1 0 1 7 7 2 2 1 IB 124 128 131

ALL 6 . 0 5 9 6 78 0 6 59 8 ( 192) 2 . 5 5 8 2 81 6 2 . 7 7 3 (43) 1 . 555 1 . 472 ( 83) 3 5 2 3 24 3 5 2 2 9 10 3 5 7 M . 475 1 1 1 8 6 11. 4 10
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10 35  7
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Appendix C

Historical accession  plan for 1994. Optimized accession  plan for 
projection years 1995 to 1998.
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Accessions
PMOS '94 '95 '96 '97 '96
000 A 0 (15) (15) (15) (15)
001 A 0 (1) (1) (1) (1)
003 A 0 (1) (1) (1) (1)
004 A 0 (0) (0) (0) (0)
130A 0 (0) (0) (0) (0)
1 30 B 0 0 0 0 0
131 A 9 37 37 37 37
132 A 0 0 0 0 0
140 A 1 5 5 5 5
140 B 6 6 8 8 8
140 0 0 2 2 2 2
140 E a 24 24 24 24
151 A 10 26 26 26 26
152B/3C 176 1 12 1 12 112 1 12
1 52 C 0 14 1 4 14 14
1 52 D 0 (22) (22) (22) (22)
152 F 0 (1) (D (1) (1)
152 G 0 56 56 58 58
1 53 A 0 31 31 31 31
1 53 B 202 165 165 1 65 1 65
1 53 D 0 (26) (26) (26) (26)
1 54 C 0 (42) (42) (42) (42)
155 A 0 3 3 3 3
1 55 D 0 29 29 29 29
155 E 0 (62) (62) (62) (62)
156 A 0 (7) (7) (7) (7)
160A 59 41 41 41 41
210A 3 5 5 5 5
213 A 0 0 0 0 0
215 D 2 2 2 2 2
250A 15 18 18 1 6 18
250B 5 6 6 6 6
251 A 6 15 15 15 15
256 A 23 21 21 21 21
3 1 1A 31 73 73 73 73
3 SOB 9 19 19 19 19
350 D 5 6 8 8 8
350L 6 7 7 7 7
351 B# 33 37 37 37 37
351 C# 0 2 2 2 2
351 E t 9 24 24 24 24
352 C 15 29 28 29 29
3 52 0 1 0 0 0 0
3 52 G 3 5 5 5 5
352 H 1 4 4 4 4
352J 4 3 3 3 3
352 K 1 2 2 2 2
3 53 A 4 4 4 4 4
4 20 A 16 39 39 39 39
4 20C 2 1 1 1 1
550A 4 5 5 5 5
6 00 A 0 (1) (1) (D (1)
640A 3 6 6 6 6
6 70 A 6 1 0 10 10 10
860A 9 7 7 7 7
661 A 10 9 9 9 9
910A 5 15 15 15 15
911 A 0 (2) (2) (2) (2)
912A 5 (1) (1) d ) (D
913A 4 8 8 8 8
914A 3 6 6 6 6
915A 63 110 110 110 110
916A 2 3 3 3 3
917A 12 (4) (4) (4) (4)
918A 2 0 0 0 0
919 A 6 15 15 15 15
920A 33 58 58 58 58
920 B 23 73 73 73 73
921 A 3 a 6 8 8
922A 13 36 36 38 38
ALL 677 1.082 1,082 1,082 1,082


