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O DEPARTM ENT OF THE ARMY
US ARMY CONCEPTS ANALYSIS AGENCY

BETHESDA MARYLAND 20014

IN R~~LY ~~~~~ TO

MOCA-MRC 1 2 APR ~~~

SUBJECT: Officer Dual Specialty Allocation System (ODSAS)

Deputy Chief of Staff for Personnel
Department of the Army
Washington , DC 20310

$ .

1. The US Army Concepts Analysis Agency (CAA) has completed the attached
study in response to your letter, DAPE-MPO-S, 14 February 1975, subject:
Study Directive : Officer Dual Specialty Allocation System (ODSAS).
The study directive requested that CAA:

a. determine the feasibility of developing a methodology to
analyze any given force structure and project, by grade level , an
officer inventory requirement with the proper composition of primary
and al ternate OPMS specialties to meet the force leve l , and if feasibl e,

b. develop a computer-based model to implement the methodology.

2. Fol l owing an investi gative and probl em analysis period in which
several approaches were considered, a network flow design was used to

• formulate the dua l specialty allocation probl em ; linear programing
techniques were employed for solution. The methodology was imp l emented
in an automated information system which features on -l i ne user inter-
action to facilitate review and analysis of intermediate and fi na l
results. The automated ODSAS methodology was designed for operation
on computing system hardware and software existing at the US Army
Military Personnel Center (MILPERCEN) . In this regard , full—sca le
system testing was conducted wi th data provided by the ODCSPER to
validate results in the user ’s operational environment. Throughout
the study, close contact has been maintained with officer personnel

• managers at MILPERCEN to insure understanding and acceptance of ODSAS
by i ts intended users .

- 1 3. The attached CAA report descri bes the ODSAS methodology , the automated
information system, and results of testi ng the system . The ODSAS is a
planning tool for use by officer personnel managers to eva l uate quantitatively

— the composition of the officer corps based upon Army force structure
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SUBJECT: Officer Dual Specialty Al l ocation System (ODSAS)

requirements; alternative officer management policies prior to
impl ementation; and the impact of projected force structure changes.
An additional docum ent , designed specifically for ODSAS automated system

-~ users will be forwarded directly to MILPERCEN.

1 m d  ,/ JOHN T. NEWMAN
as / Technica l Director

ii

x



_ _ _ _  ~~rc~~~ o~ ~~~~~~~~~~~~~~~~~~~
-: 

~~ IT r.:.~~
-
~-~

-- 
~~~~~~~~~~~~~ T T ~~

DEPARTMENT OF THE ARMY
OFFICE OF THE DEPUTY CHIEF OF STAFF FOR PERSONNEL

WASHINGTON. D.C. 20310

DAPE -MPO-S

SUBJECT : Study Directive: Officer Dual Specialty Allocation
System CODAS)

THRU: ~~~~~Cbief
of St

~U...Ca4~~~~ .15 rEt’~~
75

ngton, DC 20310

TO: Coninander
US Army Concepts Analysis Agency
8120 Woodmont Avenue
Bethesda, MD 2OO1~4

1. Attached directive for subject study (Inclosure 1) is forwarded for
action in accordance with paragraph L~3 AR 10-38, US Army Concepts
Analysis Agency.

2. Tasking has been undertaken in accordance with procedures contained
in AR 18-38. Informal coordination was accomplished with LTd David
Harpman, Resources Constraints Group, USACAA (ext. 295-0390).

3. Request subject study be accomplished by USCAA in accordance with
study directive at Inclosure 1.

FOR THE DEPUTY CHIEF OF STAFF FOR PERSONNEL:
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STUDY DIRECTIVE
FOR

STUDY : OFFICER DUAL SPECIALTY ALLOCATION SYSTEM (ODSAS )

1. Purpose. To provide a system which assists In the management of
Army officer asse ts by Officer Personnel Management System (OPMS)
spec ial ty and grade .

2. References.

a. AR 10-38, US Army Concept Analysis Agency .

b. AR 5-5, The Army Study System.

c. DF, DAPE-PBR , 2 Oc t 74 , subject: Proposed Study : Offi cer
Special ty Designation Under OPMS.

d. DA Pamphlet 600-3, 1 Mar 74.

3. Study Sponsor. DCSPER (DAPE—MPO). DCSPER point of contact -

MAJ Terence Henry, DAPE-ffO-S, ext. 695-2457.

4. Study Agency . US Army Concepts Analysis Agency .

5. Terms of Reference.

a. Problem. Under OPMS , the current system of managing offi cers
by career branch and grade is being repl aced by a system of managing
officers by prima ry/alternate OPMS specialty and grade . Each offi cer
will be designated a basic entry special ty as the primary specialty

• • upon entry to active duty . An alternate special ty will be formally
— 

•: designated at the eighth year of Active Federal Commissioned Service
al though tentative identifi cation may be made at any time prior to the
formal designation. A requirement exists to provide a system for the
procurement, training , and specialty designation of adequate numbers
of dual qualified officers at all grade levels to meet projected force
requ i rements . The system must have the capability to accept and analyze
various future force structures and generate the appropriate personnel
procurement and training requirements . The system must consider specialty
requ i rements for officers with less than eight years of Active Federal
Commissioned Service (AFCS). For officers wi th more than eight years of
AFCS , the system must insure the optimal mix of special ty pairings needed

* 
to m eet OPMS assignment criteria.

xii i
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b. Objectives.

(1) Determine by June 1975 the feasibility of developing a
methodol ogy to analyze any given force structure and project by grade
level an officer Inventory with the proper composition of primary and
al ternate OPMS special ties to meet the force l evel .

(2) If a feasible methodology can be derived , deve l op this computer-
based model by February 1976.

c. Scope.

(1) The study entails deriving a method of allocating authorized
Army commissioned officers controlled by the Officer Personnel Di rectorate
(OPD ).

(2) The study will deal with combinations of all 45 OPMS specialties
less those pairings judged mutually exclusive in DA Pamphlet 600-3. Any
dual specialty pai rings for which there are five or less requ i rements in
all grades will be treated as if the dual requirement did not exist.

(3) The system designed will address all requirements derived from
the TO&Es, ~IrO&Es an d TDAs normally found in any force structure analyzed.

d. Assumptions.

(1) Optimal represents the satisfaction of minimum levels of des-
ignated pairings of selected specialties , and minimization of the
officers that al ternate their assignments outside the limits of the
OPMS utilization ratios.

(2) The Structure and Composition System (SACS) will be used for
specification of special ty requirements .

(3) The Defense Officer Personnel Management System (DOPMS) will
- 

- be used for promotion opportunity and phase points .

(4) Continuation rates , to be furnished by DCSPER , will be used
to age the force.

(5) Specialties delineated in DA Pamphlet 600-3 as being incom-
patible with certain others will be excluded from consideration as a
possible pairing of primary and alternate specialties - all other
specialties are feasible.

- 

- (6) All authorized positions will be filled by officers of the
required grade , or 1 grade l ower.

I.

xlv
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(7) Specifi c schooling incident to skill acquisition as well as
the TPS account , are i nclude d i n the requi rements.

(8) The subjects of “short tour equity ” and “space imbalance ”
vis-a-vis CONUS and Overseas will not be addressed.

(9) The concept of average tour length will be used instead of
tour lengths associated with specifi c requirements.

(10) OPMS assignment criteria has as its goal a utilization ratio
whereby an officer alternates assignments between his two specialties
on a 1:1 basis. An acceptable ratio should fall between the limits
of 1:2 or 2:1. However , provisions should be made to allow for sensi-
tivity analysis beyond these l imits.

e. Essen tial Elements of Analysis (EEA).

(1) In any given year , based upon the requ i rements generated by a
jivem ’ f~rce structure , can the number of officers to be allocated spe-
cifi c speci..~ty pairThgs at each grade level not to exceed the utiliza-
tion r~t1o limits be determined?

(2) In any given year based upon the requ i rements generated by a
given force structure , can the total procurement of offi cers by basic
entry specialty be determined?

(3) In any given year based upon the requirements g~nerated by agiven force structure , can the training requirements for basic entry
and al ternate specialties to support the force be determined?

f. Time Frame. The system will address force requirements for a
stated point in time .

g. Models. System developed must be capable of being run on the

•1 
MILPERCE N UNIVAC Computers .

6. Support and Resource Requirements.

a. Support Requ i rements. ODCSPER , ODCSOPS and USA MILPERCEN will
provide support as require d by the study agency .

b. Resource Requirements. Four (4) CAA programmer analyst
technical manyea rs.

* 7. AdminIstration.

a. Study Title. Officer Dual Specialty Alloc ation System (ODSAS).

xv 
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b. Study Leader. David Harpman , LTC US Army Conce pts Anal ys i s
Agency , 295-0390.

c. Work Schedule. See Inclosure 1. H

d. Transfer of Model. To be accomplished after completion of the
study .

1 Incl
as
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- OFFICER DUAL SPECIALTY ALLOCATION SYSTEM

(ODSAS)

SUMMARY

1. Background
- 

. a. Under the Army Officer Personnel Management System (OPMS)
-
• established in 1974, members of the officer corps are managed and

assigned according to their primary and alternate specialties as
• well as by grade . Associated wi th each specialty pair are utiliza-

tion criteria designed to balance the pattern of assignments between
specialties -—consistent with the requirements of the force structure .
To realize the full potential of OPt4S, new officer management tech-
niques must maintain an officer ’s skills in each of his dual spe-
cialties and , concurrently, meet specific position requirements
within the Army force structure .

b. A large number of possible specialty pairings result from
the OPu S dual specialty concept. Additionally, time-varying force
structure requirements , by grade and specialty , and the explicit
utilization criteria combine to extend the dimensions and complexit y
of managing Army officer personnel

c. The growing complexity of officer resource management
signaled the need for decision-assisting tools to aid Army personnel
managers. Specifically, a systematic approach was needed to deter-
mine how many officers should be designated in each possible pair
of specialties. Consequently, the Office, Deputy Chief of Staff for
Personnel (ODCSPER) requested the US Army Concepts Analysis Agency
(CM) to provide analytic support in studying the new officer dual
specialty allocation concept under OPMS.

‘ 1
2. Purpose and Scope. - In the major support requirements out-
lined jointly by ODCSPER and CM, the following study elements were
considered.

a. Investigate and define the scope and structure of the
problem posed by officer dua l specialty allocation.

b. Explore and develop alta rnative methodological approaches
to address the dual specialty assignment problem --with particular
emphasis on future Army force requirements .
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c. Specify a methodology and associated data requirements for
development and application to the dual special ty assignment
problem.

d. Formulate and implement an automated information system
incorporating the specified methodology.

e. Provide a documented operational system to the US Army
Military Personnel Center to be applied by ODCSPER analysts and

4 managers in addressing key issues in dual specialty assignment.

3. Objectives. - CM was tasked to conduct this study in two
sequential phases:

a. To determine the feasibility of developing a methodology
to analyze any given force structure and project an officer re-
quirement by grade l evel , wi th a proper composition of primary
and alternate OPMS specialties .

b. If a feasible methodology could be derived , to develop a
computer-based model that would assist OPMS managers in satisfying
Army officer personnel requirements.

4. Essential Elements of Analysis (EEA). - Examination of key
personnel management issues and related problem variables led to
definition of the following study LEA .

a. In any given year, based upon the requirements generated by
a gi ven force structure , can the number of officers to be allocated
specific specialty pairings at each grade level not to exceed the
utilization ratio limi ts be determined?

b. In any given year, based upon the requirements generated by
- • a gi ven force structure, can the total procurement of officers by

basic entry specialty (BES) be determined?

c. In any gi ven year , based upon the requirements generated by
a given force structure, can the training requi rements for basic
entry and alternate specialties to support the force be determined?

(Response to each EEA is derivable from the study methodology . EEA
responses are included later in this suninary).

5. Methodology

• a. Problem AnalXsis. - The ser ies of ass ignments whi c h an
officer receives during his career form a complex path; assi gnments
can alternate between the officer ’s specialties , the length of the

2 
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assignments can vary, and the officer is subject to the influences
of attrition and promotion policies which further affect his assign-
ments. The number of assignments available to an officer is depen-
dent upon his OPMS specialties , grade , and the requirements of the
Army force structure . Force structure requirements can be satisfi ed
in many different ways, creating, in effect, competition among
officers for assignments. Considering the entire officer corps ,
a very large number of options can be postulated by which officers
al ternate assignments between specialt ies , either leave the service ,
become promoted , or remain in grade and sti l l meet the requirements
of the proj ected Army force structure .

b. Approaches 
-- 

ODSAS Model

(1) The movei ient of officers along the multitude of paths
defined by assignments against the time -phased force structure
requirements is simi lar in nature to flows in the paths of a large
network , e.g., communications or transportation . For example , the
patterns of message channel s in a communications network are analogous
to paths followed by officers alternating between assignments in
dual specialties . Further , communications channel capacity is
analogous to force structure requirements--precautions must be taken
to insure that message capacity is not exceeded , or corresp ondingly ,
that the number of required officers doe s not exceed authorized
strengths.

(2) In view of the foregoing analogy drawn between off i cer
flow and communications flow , it was rea soned that mathematica l
techniques appl i ed to optimize transmission efficiencies in a
communications network may be appl i ed to the flow of officers
within a time—varyin g force structure . Pursuit of this course of
analysis led to the followin g approaches:

(a) The officer dual specialty allocation problem
could be formulated as a network flow process.

(b) The network formulation yielded a mathematical
representation of the OPMS dual specialty al location pro b lem which
could be solved using advanced analytic techniques.

c. Solution Technique. - The solution of the officer network
probl em invol ved appl ying techniques for directing the flow of
officers between specialties in order to observe how projected
demands for dual qualif ied officers can be satisfied without exceed-
ing total authorized strength. In the ODSAS methodology , the net-
work solut ion techni que is embodied in linear programing (LP)—-a
systematic , mathematical approach which facilitates solution of
the conceptua l network fl ow problem. Linear programing involves

3
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an obje ctive function and a set of restrictions or constraints
expressed as simu l taneous linear equations. LP is suited to the
dual specialty fl ow probl em because force structure objectives
direc t and constra i n offi cer fl ow s . Si gnifican tly, LP was chosen
over other network solution methods because , to answer the EEA ,

• flows from any point within the network must be directed to specific
subsequent points . Because of its capability to handle th is
necessary d irectional condition , LP is uni quely suited for ODSAS

- 
4 methodology.

d. Impl ementation - Operational Considerations

(1) In addition to the methodological consideration s
di scussed above , other technical and managerial factors influenced
the develop ment effort , particularly with regard to implementation
of the solution technique . Prob lem s ize——based on the number of
mathema t ic al equations in the linear p ro g raming formula ti on -

required to represent the offi cer network--is a key consideration
in assessin g resource req ui remen ts and operat i onal proce dures for
solution . In th i s regard , ODSA S resources invo l ve computer
har dware and software facilities available at the US Army Mil i tary
Personnel Center (MILPERCEN ) where the automated system is to be
operated . MILPERCL .N employs UNIVAC 1108 large—sca le , th i rd genera-
tion computing systems .

(2) The UNI\ IAC Functional Mathematical Programing System
(FMPS)--a mat hei~jtica 1 software utility package operating on the
Model 1108--is used to sol ve the network flow problems. Pro b lem
size associ ated with the dual specialty allocation for the officer
cor p s enta i ls automate d LP p rocessin g requirements exceedin g
availabl e computing capacity . This condition required problem
segmentation by individual officer grade . The segmentation approach
resulted in several smaller linea r programing probl ems being
solv ed rather than one prohibitively large one. Further segmelita-
tion (w ith in grade) was established as a user option for operational
conve nience .

e. ~~p 1ic1 tio n . - The ODSAS solution is driven by require-
‘~ents assocJNt .~ -i l U a force structure specified by the user . The
~et hodo logy is employed to compute the optimu r~ number of of f icers
for al locat ion to spec i f i c  U1M S specialty pairings —— consistent with
the speci f ied f orce structure requirements . The system treats
o f f i cer  grades from Lieutenant throug h Colonel , inc lusively, for
annual time increments (up to 9 years). The solution for each
officer grade is coiiiputed in sequence , starting w ith the grade of
Colunel . Rttri t ion and promotion rates are appl ied to represent
quant i ta t ive ly the chaoci es in the composit ion of the off icer corps
expected to oc cu over tine .

4
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f. Solution Levels. - ODSAS is designed to address allocation
of dual specialties at macro or aggregate levels. Application of
ODSAS resul ts in requirements for the total numbers of officers with

-; specific dual specialties. The assignment of individual officers
to dual specialties remains the function of Army officer personnel
managers.

6. Automated Information System

a. The second objective of the study required that the ODSAS
methodology be incorporated into a computer-based model . To
achieve this objective , an automated information system was devel-
oped to implement the methodology and include data handling, compu—
tational and report generation facilities in support of officer
personnel managers. Information system design criteria were
established to take maximum advan.taQe of ADP capability to perform
rapidly and accurately the large number of computations required
to solve the ODSAS network through linear programing techniques.

b . The system provides for solution data to be stored in
readily accessibl e automated form. To enhance user utility and
facilitate interpretation of results , a direct access (man —ma chine)
information retrieva l and display capability is incorporated
as an integra l part of the automated system . Operating at a terminal
device connected to the MILPERCEN computing sytem, the ODSAS
user can selectively retrieve , aggregate , re-sequence and display
data in desired report format. This computer-assisted access
and retrieva l capability reduces the need for manual data extraction
from voluminous hard copy printouts. This special feature is
furnished to assist the user in sel ective analysis , interpretation
and evaluation of solutions to problems encompassing thousands
of variables.

c. In sum , the ODSAS automated information system is an organ-
ized col l ection of data files and handling routines , computational
model s and user-oriented access and retrieval facilities which work
in concert to aid the personnel manager in the dual specialty allo-
cation process.

7. Quality Assurance. - As indicated , the officer dual specialty
allocation process posed an analytical problem of extensive size
and technical compl exity . Consequently, intensive critica l reviews
of methodology development , automated system implementation , data ,
and testing were conducted throughout the study . Sunriarized at
Table 1 are major consti tuents of the overall quality assurance

t - activities associated with the ODSAS Study .
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TABLE 1 , Qual ity Assuran ce

Study So l ution Qua lity Assurance
Activity Technique Contribution /Utility

Problem Network Provides highly structured descriptive
Analysis Formulation means to illumi nate and assess problem

variables and interactions.

Solution Linear Establishes rigorous , proven and mature
Deri vation Programing solution method.

Automated Modular Enhances design validity and operational
Information Architecture flexibility by creation of five separate
System but interrelated processing modules:
Development - Linear equation generation

- Linear program solution
- Data base creation
- Data access and retrieva l
- Officer grade segment linkage .

Automated Modular and Insures system validity , reliability
Information Integrated and accuracy through methodical testing
System Approaches procedures:
Testing - Single module testing with validated

set of input data .
- Integrated testing to confirm proper

interacti on among modules.

Data Ed it and Assures validity of data set for compu-
Analysis Validation tation by use of:

- Automatic edits/checks , error
detection performed by the system
on force structure requirements data .

— Special printouts generated automa-
tically for data sampling, audit,
and historical files.

Validation Base Case Establishes operational capability and
Testing output validity predicated on user-

provided base case data .

Acceptance Sensitivity Enhances output validity , stability and
- - Testing Testing user understanding of system respon-
• siveness.

6
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8. Essential Elements of Anal ysis (EEA) Response

a. EEA 1

(1) Element. - In any given year, based upon the require-
ments generated by a given force structure , can the number of
officers to be allocated specific specialty pairings at each grade
l evel not to exceed the utilization ratio limits be determined?

(2) Response. - The number of off icers allocated to
specialty pairings is obtained from the ODSAS solution values
calculated for the grades of CPT through COL .

b. EEA 2

(1) Element. - In any given year, based upon the require-
ments generated by a given force structure , can the total procure—
ment of offi cers by basic entry specialty (BES) be determined ?

(2) Response. - The total procuremen t of officers by
BES is obtained from the ODSAS solution for the LT grade .

• c. EEA 3

(1) Element. — In any given year , based upo n the require —
• rnents generate d by a given force structure , can the training

requirements for basic entry and alternate specialties to support
the force be determined ?

(2) Response. - The training requirements for BES and
alternate specialties can be derived by comparing the actual officer
asset position to the optimum position determined in the ODSAS
solution.

9. Observations. - This study describes the ODSAS methodology,
the automated ir4formation system , and results of testing the system.
Based upon the work reported , the follow ing observations are pre-
sented .

a. The ODSAS can be used as a viable planning tool bj officer
personnel managers at MILPERCEN and ODCSPER to evaluate the follow-
ing:

(1) The optimum composition of the officer corps based upon
• perceived force structure requirements.

(2) Alternate officer personnel management pol icies prior - 
-

to implementation. 

•
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(3) The impact of projected force structure changes .

b. The use of ODSAS provides information to assist officer
personnel managers in determining the following:

(1) The number of officers , by grade , to be allocated
specific specialty pairings (answers EEA 1).

• (2) Tfie tota l procurement of officers by basic entry
specialty (answers EEA 2).

(3) The training requirements to support the optimum
composition of the officer corps (answers EEA 3).

c. The solutions for allocation of dual specialties to
officers are driven by whatever force structure requirements the
user specifies.

d. The large size of the linea r programing (LP) program was
recognized early in the formulation of the ODSAS methodol ogy . Any
attempt to solve the LP problem without segmenting the processing
would exceed the UNIVAC hardware and software capabilities at
MILPERCEN .

(1) For a 5—year projection period , the LIC and MAJ segments
approach the capacity of the U~1IVAC computer and LP software.

(2) The ODSAS contains options to employ additional seg-
mentatio i-within — g rade . These procedure s provide for processing
the grades in two parts and mitigate the hardware and software
limitations but iiii pose burdens on the interpretation of the sol ution.
Therefore , the additional segmentation -within -grade option is
generally not preferred .

(3) Experience gai ned through operational testi ng with
user suppl i ed input data indicates that sol ution time s are very
long. The t i e  required to obtain solutions of a grade segment
ranges tr - -- • 1 ~o 8 hours. Consequently, processing of all grade
segmeots is l i- e l y to occur during non—prime time ove r a 1 -week
per~-~ - -

e~ The uDSAS solutions are sensit ive to changes in the input
data . ihe impact of input changes on the solutions is affected by
the 4,000 to 6 ,000 constraints which act upon the LP problem for
each grade segment. Therefore , it is difficult to predict the
changes to the ODSAS solution resulting from changes in the input.

8
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OFFI CER DUAL SPECIALTY ALLOCATIO N SYSTE M

(ODSA S)

CHAPTER I
INTRODUCTIO N

1. Background

a. Officer Personnel Management. - I n c r e a s i ng  manpower

- • and materiel costs have made it imperative that the Army manage
its personnel resources more efficiently. Within the officer
corps , the Army adopted the Officer Personnel Management System
(OPMS) in 1974, replac i ng the earlier “career branch” system
under which the corps flad been managed for many ~ears. Genera l
Creighton W. Abrams , in referri ng to OPMS, wrote , “ . . . This
system will provide officers with the opportunity to develop the
professional skills that the leaders of tomorrow ’ s Army will need

(reference 1). Under OPMS, each officer is assigned two
specialties -—a basic entry specialty (BES) and an alternate . The
BES is designated when the officer enters on active duty , and nor-
mally constitutes the officer ’s primary skill/specialty throughout
his Army career. After the eighth year of active federal commissioned
service the second , or alternate , specialty is designated . This
dua l specialty concept is a fundamental element of the OPMS , and
influences the personnel management function from procurement
to sepa ration.

b. OPMS Goals. - The OPMS wi l l  provide officers wi th defined
specialties in which to concentrate and develop professionally.
Goals of OPMS include improving the match between the officer ’ s
qualifications and the Army ’ s requirements , and providing discrete
career development patterns for individual officers in both t h e
prima ry and alternate specialt ies. These goals can be obtained
only with considerabl e management effort; management of the
officer corps is now significantly more complex than under the
career branch management system because the number of specialt ies
(currently 46) represents more than a threefold increase from

-• the 14 career branches. This increase , coupled with the possibl e
specialty combinations an officer might have under OPMS , infl uenced
a reorganization of the Officer Personnel Directorate (OPD) in
May 1975. This reorganization not only segmented management
by grade , but also established procedure s for monitoring s pecialties

-

• - across all grades.

c. Study Orig in. - To insure that goals are realized ,
the OPMS must provide the correct composition of dual qualified
officers to meet Army posit ional requirements. Officer personnel

_ _  I 
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rianagers need a system, based on requ i rements , which provides
information on a proper composition of the offi cer corps . Toward
that end , the US Army Concepts Analysis Agency (CM) was tasked
by the Office , Deputy Chief of Staff for Personnel (ODCSPER )
to determ i ne the feasibility of developing such a requirements -
driven system .

2. Purpose.  - The purpose of this study was to expl ore methodol—
— ogies to assist in the management of Army officer assets by OPMS

specialty and grade ; sel ect a methodology ; and then design and
• develop an automated information system incorporating that methodol-

ogy .

3. Objectives

a. Sequential Objectives. - CM was tasked to perform this
study i n  two sequential phases:

(1) To determine the feasibility of developing a methodology
to analyze any given force structure and project officer requirements ,
by grade level , with a proper composition of primary and alternate
OPMS special t ies .

(2) If a feasible methodol ogy could be derived , to develop
a computer-based model that would assist OPMS managers in satisfying
Army offi cer personnel requirements .

b. Accomplishment of Objectives

(1) The series of assignments which an offi cer receives
during his career forms a complex path; assignments can alternate
between the officer ’s specialties , the length of assignments can
vary and the officer is subject to the influences of attrition
and promotion policies which further affec t his assignments. The
num ber of assignments available to an officer is dependent upon
nis OPMS specialt ies , grade , and the requirements of the Army force
structure. Those fo rce structure requirements can be satisf i ed

V many different ways , creating , in effect , competition among officers
for assignments. Considering the entire officer corps , a very
large number of options can be postulated by which officers alternate
assignmen ts between specialties , become promoted , remain in grade ,
or leave tne service , and still meet the requirements of the projected
Army force structure . The movement of officers along the multitude
of possibl e paths through the projected force structure can be
l ikened to the paths through a vast communicati ons network . The
patterns of the communication channels are analogous to paths
followed by officers alternating between assignments in their
dua l special t ies. The capacity of a communication channel is
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analogous to a force structure requirement--precautions must be taken
- 

- to insure that capacity is not exceeded (or that the number of
- 

- availabl e officers does not exceed requirements).

(2) Because of the analogy between officer flow and
commun ica tion flow , it was reasoned that methodologies appl ied
to optimize transmission efficiencies in a communication network
may be appl ied to optimize the flow of officers within a force
structure. The solution to this officer network problem involved
applying techni ques for directing the flow of officers between
special ties in order to observe how projected demands for dual
qualified officers can be satisfied without exceeding total autho-
rized strength.

(3) Several alternative approaches for solving the officer
dua l specialty probl em were investigated and eva l uated . Techniques
involving network flow algorithms , linear programing, and simulation
were tested to determine if they yielded solutions which were re-
quirements -driven reflecting promotion and attrition rates , variable
tour lengths and utilization policies for the specialty pairs.
In addition , the desired solution technique had to assist in the

• designation of alternate specialties for captains at their eighth
year of service (YOS).

(4) Following the period of methodology researc h and
eval uation , a network formulation utilizing linear programing
(LP) was sel ected . Linear programing was the only technique
that could represent the necessary control and direction of the
flow throughout the network. A prototype model using the LP
metnodology was demonstrated to the satisfaction of the Study
Advisory Group (SAG) in August 1975.

4. Scope. - This study entailed deriving an automated system
to assist in managing the allocation of authorized Army commissioned
officers controlled by OPD . Combinations of all 46 OPMS specialties

— are addressed except those dual specialty pairings judged m utuall y
exclusive (listed in DA Pamphlet 600—3) or those for which the

• total Army requirement in all grades is five officers or less.
The automated system was designed to address offi cer personnel

-

~ 

- requirements which may derive from tables of organization and equi p-
7 ment (TOE), Modification Tabl e of Organ ization and Equipment

(MTOE), and tables of distribution and al l owances (TDA) normally
found in any force structure .

5. Assumptions. - Four assumptions were used in formulation
of the probl em and solution technique .

I
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a. Attrition/Promotion. - All officers within a given grade
and year of service (YOS) population have an equa l opportunity
for promotion and are equally susceptibl e to attrition , without
regard to thei r specialties ; i.e., for a given grade , attrition
and promotion are functions of the YOS distribution only. This
implies that all YOS are represented proportionately in each specialty .

b. Applicability of Attrition /Promotion Rates, - Annual
attrition and promotion rates (percentages) are used to “age” the
population of a given grade across the time span being analyzed .

• In calculating the annua l rates, the attriti on and promotion rates
for a YOS within a given grade are assumed to be valid for any
population which attains that grade and YOS . For example , if an
attrition rate of 20 percent per year applies for COL5 with 22
YOS in the first year, that rate also appl i es 3 years later for
COLs who attain 22 YOS .

c. Assignment Policy . - The population servi ng in a given
specialty is assumed to be uniformly distributed according to the
length of time served in the specialty ; i.e., if the normal assign-
ment period is 3 years, one-third of the population will complete
the assignment in the first year, one—third in the second year,
and one—third in the third year.

d. Rea l Versus Integer-Valued Variables. - The numbers of
officers can be approximated within accepta ble limi ts by an algorithm
which computes real numbered values.

6. Essential Elemen ts of Analysis (EEA). - The essential elements
of analysis , as included in the study directive , are as follows :

a. In any given year, based upon the requirements generated
by a given force structure , can the number of officers to be
allocated spec i fic specialty pairings at each grade level not to
exceed the utilization ratio limi ts be determined ?

b. In any given year, based upon the requirements generated by
a given force structure , can the total procurement of officers by
basic entry specialty be determined?

c. In any given year, based upon the requirements generated by
a given force structure , can the training requirenmerits for basic
entry and alternate specialties to support the force be determined?

7. Contents of the Report. - The remainder of this report presents
a detailed exp lanation of the Officer Dua l Specialty Allocation
System (ODSAS), its functioning, and use. A discussion of the method-
ology and the rationale underlying the development and structuring

_ _  -j



of that methodology is presented in Chapter II. In Chapters III ,
IV, and V , respectively, the automated information system is described ,
the interpretation of ODSAS solutions is explained , and sensitivity
analyses are discussed . Certain unique aspects that merit additional
ex p lana tion, such as continuation and designation of alternate
specialties for company grade officers, are set forth in appendixes .

H
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OFFICER DUAL SPECIALTY ALL OCATION SYSTEM
(OD SAS)

CHAPTER II
SYSTEM METHODOLOGY

1. Development of the Methodology

a. General. To determine the al loca tion of officers to
various OPMS specialties , a methodology was selected for the ODSAS
involving the application of a linear programing (LP) solution
technique to a conceptual network flow problem . For reader con-
venience a brief sunnia ry of the key network and LP term s is provided
in subparagraphs (1) through (4) below.

(1) A simpl ified network is illuatrated at Figure 11—1 . In
this network there are three sources of a comodity denoted S1, S2,
and S3 with three destinations Dl , 02, and D3. (Both sources and
destinations are called nodes.) The quantities of the comnodity
available at S1, S2 , and S3 are 10, 20 , and 20, respectivel y, while
30 are required at Dl, 10 and D2, and 10 at 03. The lines connect-
ing sources and destination s are the only permitted flows (these
lines are called arcs). In this example , Sl can only su pply D1,
S2 can su pp ly e it her D2 or D3, and S3 can accommodate any destination.
The optimum flow in the example is shown by double lines with the
amount shi pped shown by the number above the line--no other flow can
meet the requirements.

FIGURE 11-1 , A Simp l ified Network 
m~~~
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• 
- (2) The preceding example can be expanded to include

intermediate destinations and different types of commodities. The
ODSAS network is such an expansion . In ODSAS , intermediate desti-
nations are created representing OPMS specialty requirements over
time . Fi gure 11-2 shows a network constructed to represent a span
of time . In the figure T0 is a base year , T1 is 1 year later , and

~ is some arbitrary year N years in the future . The OPMS specialty
numbers are shown in the nodes and the permissible flows are shown
by the lines or arcs connecting the nodes. Node requirements exist ,
but are not shown . For example , the requirements of specialty 14 at

would represent the requirement for officers to be serving in
specialty 14, lyear from T0. In ODSAS , officers are the commodities ;
they can represent multiple types of commodities because officers
can have dual specialties. The dual specialties add a complication
to the network because an officer with dual specialties 11 and 49
can be applied to fill a specialty 49 requirement and thus move along
an arc from 11 to 49; an officer with specialties 11 and 97 cannot
fill a specialty 49 requirement. The ODSAS methodology (linear
progran iing applied to a network flow problem) is designed to fi nd
the number of officers , by specialty pair , which represents the
maximum fl ow of officers through the network.
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(3) Linear programing* is a mathematical technique wherein
one linear equation (called an objective function) is maximi zed (or
minimized ) subject to a set of linear functions (called rows or
constraints) which constrain the range of values for the objecti ve
function . An LP probl em with m rows and n variables is typically
written in the followi ng manner:

— 
Objective Function :

n
Maximi ze or minimi ze ~ c~X~ = z

j =1

Subject to the following constraints :
n <

~ a~,jX,j = b
~ i = 1 , 2, . .  .m

j =1  ?

X~~~~~~~~~~ O j = 1 , 2 ,. .

where cj~ ajj~ and bi are coefficients and X,j and Z are variables .

The rows are of two types: an objective function and constraints .
Both types contain variables (e.g., X1, X2) with coefficients
(e.g., c1, b1, ~~~ The variabl es in ODSAS are comprised of the
fl ow in ~ach arc. The constraint rows have a constant on the right
side which represents a limitation on the variables (e.g.,
X1 + X

2 
= 10). The objective function has a unique vari able (“Z”

is commonly used) on the right side of the equation (e.g.,
2X1 + X2 = Z). In solving the linear program , the solution must
optimize the value of “Z” . In the ODSAS methodology , the objective
function was maximized subject to constraints representing the node
capacities , and necessary controls on the movement of flows wi thin
the network.

(4) Thus , through the LP technique , the ODSAS methodology
will find the maximum flow in the network, while satisfying a user-
defined force structure .

*For a detailed explanation of linear programing, see standard
texts suc h as Gass , Linear Programing (see Appendix B, Additional
References).

‘ ‘-3



_ _ _ _ _ _ _ _ _ _ _

p - - —
~~~~~

- - - - — - -- - - --V  -

b. Considerations in Selecting the Network Flow Algori thm. -

To answer the EEA it was nècessary to dètèrmine how many dual
qualified officers are needed to meet projected annual requirements
for up to N years into the future . Several network flow algori thms
were investigated for suitability as solution techniques . The
governing factor in selecting a LP solution technique rather than
al ternative network flow algorithms (i.e., trans—shipment , or
maximum flow) was that flows from any point wi thin the network
had to be directed because of dual specialty requirements . That
direction was determined by the arcs along which the flows had
traveled before reaching those points . In other words , since
officers in a dual specialty pair could only alternate between the
two specialties , di recting the flow representing the pair out of a
node required knowledge of the constraints on both specialties .
For example , officers with specialties 11 and 49 would rotate be-
tween assignments in 11 and assignments in 49. No other possibili-
ties exist for officers with this specialty pairing. Upon leaving
specialty 49, officers wi th specialties 11 and 49 return to specialty
11 , whereas officers wi th specialties 12 and 49 return to specialty
12. The only technique examined that could meet these requirements
involved linear prog raming.

c. Problem Size Considerations. - While LP was a feasible
approach , problem size required special consideration. With 46
specialties , six grades (second lieutenant (2LT) through colonel
(COL)), and a time span of up to 9 years to consider , an LP formulation
exceeded the capacity of the Functi onal Mathematical Programing
System (FMPS) (reference 2) LP package*. The FMPS has a stated
capacity of 8,162 rows but the problem , as described thus far ,
exceeds this size limi tation . In addition , there was no certainty
of the computer ’s ability to handle problems at or near the FMPS V

stated capacity . In this respect, the ability to solve the LP
formulation was problem-dependent and therefore not totally pre-
dictable.

d. Problem Segmentation. - For the above reasons , the
problem was segmented into logical components , fi rs t by grade , and
then within grade by subgroups of specialties . Segmentation in
this manner reduced the problem to smaller , more reasonable levels
(paragraph 2, below) and improved the quality assurance of the
model . An important MILPERCEN policy decision that significantly
reduced the size of the problem required personnel planne rs to
specify preferred specialty pairings (thereby excluding all

*FMPS is the LP package used at the US Army Military Personnel
Center (MILPERCEN) on the UNIVAC 1108 computers on which the ODSAS
Model must run.
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unspecified pairings from ODSAS). This policy decreased the total
number of possible permutations, and reduced the number of con-
straints needed to control specialty pairs . The mathematical
solution of the LP then more closely conformed to the planner ’ s
guidance on logical (or preferred) pairings .

e. Modifications to General Form of the Network. - To
determine how to meet the Army’s officer personnel requirements ,
the simple network described thus far and illustrated in Figure
II- was modi fied . That modifi cation is shown in Figure
11-3. At the far left , an interval from T~ to T0 has been added.The flow in the arcs in this leftmost interval represents numbers
of officers wi th two specialties (identified by the node numbers
at both ends of the arc) who enter the soluti on at the true begin-
ning of the system—-T0. The model solution for the flow associated wi th
the arcs in the T~ to T0 interval represents the number of officers
that shoul d be allocated to the specialty pairs at T~. Figure 111-3
illustrates this important concçpt. For instance , tPie flow in
the arc connecting node 11 at T~ and node 15 at T~ is the numberof officers of a particular grade who should have a primary specialty
11 and alternate specialty 15 at T0.

TIME Tc~ T~ T~ 12 13 TN

II f NUMBER OF OFFICERS WITH
~~~~~~ 7~~~ — tspEc !A L r I E s  1~ AND ~5

® ©
r

13 13 . . . . . 
~~~

—
~~ 14 14 

~6 SPECIALTIES

15 15 . . . . .
. .. .

~~~~ 4i

97 97 . . S S S

FIGURE 11-3 , Mu l ti-time Period Network with T~ Interval Added
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f. Sequential Processing of System Segments. - As show n at
Figure 11-4, ODSAS considers the allôcatioñ of officers , defined by
grade and YOS , to the authori zed OPMS specialties . Each officer
grade is a segment of ODSAS . The system consi ders all officer
grades in sequence starting wi th colonel (COL), followed by
lieutenant colonel (LTC), major (NAJ), captain (CPT), and
lieutenant (LI). First lieutenants (lLT) and second lieutenants
(2LT) comprise a single segment for purposes of this system. No
two segments are completely alike ; however , all segments do ass ume
officers as being distributed according to number of YOS. Attrition
and promotion rate data (furnished by the user) for each YOS and
grade are used to compute weighted average promotion and attrition
rates needed as input to the system . These averages are computed - 

-

for each year in the projection period and reflect the aging of the
officer population (Appendix D). During processing of the COL
segment , the number of COLs required to have particular specialties
will be computed for that grade ; the number of COLs that will
leave the network via attrition or promotion will also be computed.
Promotions to COL are computed in the LTC segment . If there are
any unfilled COL requirements * after the COL segment is processed
by ODSAS , these requirements are passed to the LTC segment. Annually,
startinq at T0, LTCs can ei ther be promoted to COL or remain in
grade; in either event , they will be attrited as a function
of the YOS . Any LTCs promoted are applied against unfilled COL
requirements . Those that remain in grade will either fill LIC
requirements or any remaining COL requirements (by grade substitu-
tion). Majors are treated in a similar fashion , i.e., promoted
MAJ s are applied against unfilled LTC requirements , while the re-
mainde r fill MAd requirements or LTC requirements by grade substi-
tution. Since CPIs and LIs have only one specialty up to their
eighth YOS , and two specialties thereafter , the CPT and LT segments
employ a modified methodology . These modifi cations are explained
in paragraph 3 below .

• *The term “unfilled requirements ,” as used throughout this re-
port , connotes that for a given grade , the flows representing the
population at T0 (as determined in the ODSAS sol ution ) cannot
satisfy the requirements in the force structure . The unfilled re-
quirements result from the effects of attri tion upon those flows
(the population at T~) and variations in the force structure in
the projection perioa. Those requirements which are unfilled in
one grade segment are passed to the next (lower) grade segment to
be filled by promotees or grade substi tuti on .
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FIGURE 11— 4 , Overview of Officer Representation in ODSAS

g. Required Input Data. - The methodology requires quantita-
tive input reflecting management policy on utilization ratios (ratios
of the number of tours in the primary specialty to the number in
the alternate specialty ) and length of tours for each preferred
specialty pair. In addition , attri ti on rates (stated as percent
of officers in a particular grade and YOS) for a reference population
and the number within the population (by grade and Yos) must be
specified by the user. The YOS distribution of the current officers
on active duty and the attriti on rates that would apply to them
would normally be used as the reference popul ation to derive the

- promotion and attrition rates used in ODSAS ; however , the current
officers on active duty do not have to be used as the reference
population . Some other reference population and rates may be used
as input.

h. Linear Prqgraming Problem Formulation. - The LP prob lem
for each segment is formul ated as a multitude of paths (a series
of arcs connected at ,the nodes which depict assignments for specialty
pairs ) starting at T~ 

and proceeding through the network according
to the utilization ratios and tour lengths specified. At Figure
11— 5 are examples of two of the many possib le paths . The paths
are determined by the utilization ratios , and the tour lengths

11— 7 
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Ii
- of the ~pecialty pairs . For instance , the path beginning at node

15 at T~ in Figure 11— 5 is constructed using a 1:1 ratio wi th a
2—year tour length in each specialty . The tour in specialty 15
begins with node number 13 at TO and is completed 2 years later at
T2 (node number 15 at 12). At 12, the arc connecting node 15 to
node 13 at 13 represents the first of 2 years in a specialty 13
assignment. The path would continue in this assignment pattern t c
TN . The l ower path (specialty pair 49/97) illustrates a 1:1 ratio

~ I with 1-year tour lengths in each specialty . Firs t assignment begins
with node 49, at l

~
, is completed at node 97, at T1, followed by

another 1—year assignment in specialty 49 and continuing in this
pattern to TN~ 

A refinement , not shown , is the capability to
phase the assignment of officers such that some are assigned to
their primary specialty and others are assigned to their alternate
at T~; others are assigned at T1, or 12, and so on. The paths
delineate ways that the preferred specialty pairi ngs would traverse
the network . For a given specialty pair , the path of office rs promoted
may differ from the path for those remaining in grade . Such di fferences
would reflect alternative utilization ratios and/or tour lengths
for the higher grade .

i. Types of Constraints. - The algori thm considers all
allowable paths through the network and , subject to constraints ,
determi nes how many officers can move along each path . The five
types of constraints are :

(1) Fl ow conserv ati on

(2) Node capacities

(3) Control of flows for dual special t ies

(4) Control of input to the network

(5) Key arc relationships

These five types of constraints are explained in detail in sub-
paragraphs k through o, below , respectively.

j. Name Convention for Variables. - A nami ng convention was
devised s~~That the variables in the constraints used in each grade
segment could be uniquel y identified with arcs and have an intrinsic
meaning. That naming convention for the variab les consists of four

11-9 
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fields , one alphabeti c followed by three numeri c subscripts , i. e.,
the genera l form is Ayfg . - Each term is explained as follows :

Al phabetic Year coming Specialty Specialty
identifier from number number

coming from going to

where A = W - identifier for arcs ’ in the T~ to TO interval only

X - i dentifier for officers remainin g in grade

V - identifier for offi cers promoted to higher grade

y =  0 - 9

f = O l  ~ 99~

g = O l  99*

For example , an arc connecting the specialty 25 node at T0, and the
specialty 36 node at T1, for a LTC in the LTC segment , would be

-

- X02536; for a LTC promoted to COL in the same segment and year , and
the same “from ” and ‘ to” nodes as the previous example , the arc would
be V02536.

k. Flow Conservation Constrai nts. - This constraint
specifies that ~11 flow entering a node must leave that node .

(1) The general form of the flow conservation constraint
upon each node is:

- (Node Input - Node Output) = 0

For each node,a , in year k , node input consists of all officers
newly assigned from all other specialties to specialty a at year
k—i , plus those remaining in specialty a at year k—i , and who will

• remain in that assignment at least unti l the following year (k).

*Incl udes only the currently authorized OPMS specialty numbers
(see Appendix F).

“

~~ _ V ~~~~~~~~~~~~~



- -  - 

6’ 
-~~~ ~~~~~~ ~~~~~

-‘- --
~

-

~ 

- — -  
-

~~~~~~~~~~~

Output consists of all officers in specialty a reassigned from
specialty a to another specialty at year k as wel l as those who
remain in specialty a in year k.

(2) This type constraint for specialty a, in year k , Is

(
~ x~~ X ) + (

~ x~~
_ 

V ) - \ (X + Y  ) 0
- - 

~ f~ 
(k—1 )fa 2 f~ 

(k-l)fa ~~ kag kag

where Y - ~ and 12 are the survi va l factors (1.0 - attri tion rate) that
are ap pl i ed to the nonpromoted and promoted population s, respectively.
The survival factors are derived from input data and vary with ti me
since the assumed starting popul ation distri bution ages. The terms
in the summation, (a and w) are, respectively, the first and last
members in the set of preferences of the primary s pecialty . For
example , all officers with specialty 15 as one of the specialty
pair , e.g., 41/15 or 15/41, who were assigned to specialty 15 at year
T1 and who have not been attri ted by year 12, must be reassigned
at T2 to their alternate specialty . Substi tuti ng this examp le into
the flow conservation equation above yields the following:

(
~ X ~~ X 1~ 15 ) + 

~ 2 X ~~~ Y]f1 5) - ~~ 
(X~~ g + 

~2l5 g) = 0
1 f=cx fa

1. Node Capac ity Constraints. - The fl ow conservation
constraints require equality of node input and output , whereas the
node capacity constra i nts place limi ts on the amount of input . The
node capacities are the requirements for specialties by grade and
year. A node ’ s capabitics are represented in two constraints .
One constraint restricts the arcs representing the number of
officers promoted to a higher grade (V arcs) to no more tha n
the unfilled higher grade requirements (computed fron the solution

~~ to the p rev i ous se gmen t , i f any). The other constraint l imits the
sum of the arcs represet ting the number of officers promoted plus
those remaining in qrade (V ~ X arcs) to the sum of the unfilled
higher c~rade re qu i rements , if any, plus the requirements for the
grade of that segment. The constraints for any specialty , a, are
expressed mathematically as foilows :

(A)

‘S Yyfa < C ta
f c z  L
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where C ta equa ls the unfilled requirements for specialty a of the
next higher grade at year t = y+l; J~ and ~ are , respectively, the
first and last members in the set of pre ferences of the primary
specialty . The constraints on V + X arcs are given as follows :

>~ ~yfa 
+ ~I Xyfa ~ Cta + C

~a

w here Cta is as def ined above, and C
~a is equal to the requirements

for the se gmen t g ra de at year t = y+1, in specialty a.

For i n s t a n c e , the V arc constraint limi ts the number of officers
who wil l  be promoted to the unfilled requirements of the higher
grade. Should the fl ows in the V arc s not be sufficient to satisfy
all the unfilled higher grade requirements , the Y + X arc constraint
provides that flows in the X arcs can satisfy the remaining
un filled higher grade requirements . Those flows in the X arcs that
satisfy the remaining unfilled higher grade requirements are an
example of fil ling positi on s by grade substitution. The r e m a i n i n g
fl ows in the X arcs are used to satisfy the requirements for the
segment grade ; if the X arc flows do not fu l fill all segment

— r e q u i r e m e n t s , the remaining requiremen ts are passed to the next
lower segment .

m . Flow Control Constrain ts

(1) These constraints restrict the flow in an arc to flows
re presenting off icers with both specialt ies of the “ from ” and “to ”
specialty numbers in the arc name . For example , at year y, officers
wi th s pec i alt i es 37 and 49 can only be represented by the flow in
arcs named Xy3749. X~493~ , Xy3737 , Or X~,4g4g .k By the methodology
of this study, toe now in an arc is depenoent on the flow in ante-
ce de nt arc s along the paths of the specialty pair. The mathematica l
notation ~or an X arc flow con trol constraint for special ty  pair
d/e is:

~yde = 
~(- ‘r de’ Xred )

~- --nere r is so ie \- ear Det1~-e y. Toe flow control constrai it for a
Y a rc  -i i~ h the  so ~e specia l ty  Hir is:

~
‘yde ~~

X sde~ 
X sed , 

~
‘rde ’ ~

‘red )

~The lat t e r two a rc s  (i .e ., \y ;737 and 
~v4~49) representofficers who ro n air in c-re special ly ~c-r cons~ecut ive tours.
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- In this latter equation the X terms refer to those officers

assigned at year s = y-l and promoted at year y, and the V terms
refer to those promoted before year y.

(2) Figure 11-6 illustrates the flow control imposed upon
an X arc. In this illustration , X32536 (the flow leaving specialty
25 at 13 and going to specialty 36) is a function of X22~~5 and- X23625. These latter two arcs are, in turn , functions of arcs in
the Ti to T2 interval .

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

FIGURE 11-6, Illustration of Flow Control Constraint

- (3) The assignment of officers to an alternate specialty
-
~ at T0 can reflect the condition that all officers do not complete

an assignment at the same time ; some fraction of officers is
reassigned at T0~ some at I~, etc., depending on how long officers

- would normally remain in a given specialty . The fractions are
determined by the utilization ratios and tour lengths. For in-
stance, for a specialty with an associated ratio calling for a
tour that is 2 years l ong , one-half of the officers leave the

I specialty at T~ and the remainder at 11. 
In this example, the
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equations for the flow control constraints for a d/e specialty
pair would be:

XOde = 0.5 x WOed (half of flow in W arc (from

specialty e to d) is reassigned at T~ from

specialty d to e)

X Odd = 0.5 x WOed (remaining half of flow in W arc

continues in specialty d)

(4) Some of those officers enterin g a node would
get promoted; therefore , the V arcs are also expressed as a function
of a preceding arc(s). An example for specialty pair d/e would be:

~yde 
= 0.05 x X (y~l)e d

The decimal , 0.05, is a computed promotion rate for year y. That
percentage of the flows in the X arcs (representi ng offi cers with
specialties e/d assigned at y-l to specialty d and surviving
at year y, equals the promotions into specialty e in year y. The
right side of the equation could also contain fractions of V arcs
whenever promotions occur in years where promotees from previous
years remain in the population.

n. Control of Network Input Constraints. - Con trol of input
to the network , the fourth type of constraint , is used to limi t
the network flow to authorized strength levels (as specified by
the user). These strength levels are the total authorized strengths
by grade, and the total authorized strengths for sel ected specialties
within grade. * These constraints are of two forms :

(1) For total authorized strengths by grade :

~ WOf g~~~CAUTH
f a  ga

*The selected specialties are only those that relate specifi-
cally to branch , e.g., specialty 11 is Infantry Branch , specialty
13 is Field Artillery Branch . There are other specialties , suc h
as 49 Operations Research/Systems Analysis (OR/SA), which are not
branch related .
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- Where the doubl e suniiiation of the W arcs (which represent all
officers in a grade at T0) must be equal to or less than the
authorized strength level , CAPT .

(2) For total authorized strength for selected specialties
within grade (e.g., specialty 15):

~~ 
W~i5g + ~~ ~ 

C’AUTH
f c z

where the left most su~i ation of ~~ arc flows represents officers with
specialty 1 5 as their prin ia ry and thr second su’-; ction of the W arc
f lows represents offi cers w :th specialty 15 as their alt~ r- ate.
To gether , the two summations of the W arc fl nwc ecual t- -- nunb er
of officers w ith specialty 15 at T~ . That sum nust be equa l tn
or less than the auc ho r ize~ stre -i cjtn for the sclected sr- e cialties
within that grade , C’AUTH .

o. Key Arc Relationships L nst’aints . - The i a~ t tyoe of
cons traint , key arc r-?la tion~~T f J ~ U~~J to relate the ficw th
one W arc to that in another W arc. Specif~ca1~y, tres~ cc-~s train ts
relate the flows in the two W arcs repre s~nting officers with
particular specialty pairs (i .e., the flows i n h~~- i235 and h 3~212
both represent officers with specialties 12 and 35). The utiliza-
tion ratio is used to relate toe two flows . For instance , if the
utilization ratio of specialty pair l? -’35 were 1:2. ther that iu~pl ies
that those officers will serve one tour in cuecialty 12 to two
tours in special ty 35; furthermore , for each year in the projection
period , the ratio impl i es that there should be twi ce as many 12/35
offi cers serv i ng in 35 ac there are 13 !35 offi urs s-~rvi ng ~nspecialty 12. The key arc relationshi p crestraints specif y this
type of relationshi p for each preferred sp ec alty pair at T0 (if
this relati on ship is established at T0 tee flow contrJ constraints

~~ wil l  insure that the relat i onsh ip wi ll hold tiiroughout the proje~ti onperiod ). The mathematical notation of the key arc relati unship for
any specialty pair a/b with a utiliza ti on ratio of r1:r2 is:

(r1 x WOa b ) - fr2 x 
~uL - a

) =

The following equeti on illu strat e s the ano licat ion ~~ f  this type
constraint for spec ialty pair 12/35 wi th a utilization ratio of 1:2:

(1 X w 01235) - (2 X w 03512 ) 0

Actually , a modi fication of th is relationship is i I ; ipl e I -~ etnd in the
methodolo gy. Rather than specify th c t the ‘eft side of the equation
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be equal to zero, the constraint is defined as less than or equal ,
and the coefficient on the right side is not zero, but a positi ve
number deri ved from the requirements for both specialties . As
presently implemented , the right hand side coefficient is 5
percent of the ari thmetic average of the requirements for the two
specialties at T~. The basic concept is to provide a tol erance for
the difference in the two flows to allow for force structure varia-
tion. Through the use of an LP procedure (called ranging on a
constraint), the right side coefficient is doubl ed, and that amount
subtracted from the origina l coefficient va l ue becomes a lower
limit for the tolerance . For example , using specialty pair 12/35
again , with a utilization ratio of 1:2, and the TO requirements for
specialties 12 and 35 are 122 and 102 officers , respectively, then the
following constraint would apply:

(1 x W3123~ - (2 x W03512) ~ 0.05 x (122+102)

(1 x W01235) - (2 x W0351~-~) 5 5.85

with the range specifying, in effect , that the left side be grea ter
than or equal to 5.85 - (2 x 5.85) or -5.85.

p. S o l u t i o n  Technique. - Once the constraints are established
the LP algorithm is used to compute a maximum va l ue for the flow in
each possibl e path in the network . The al gori thm considers all the
possibl e alternatives to satisfy each node capaci ty (i.e., require-
ments for a specialty ) while not exceeding the capaciti es of sub-
sequent nodes along the path . Thus , the allocation of officers to
the specialty pairs is requirements -driven because all specialty 9
requirements within the proj ection period are considered. Referri ng
back to Figure 11-5 , the sum of the flows in the arcs at the far
ri ght side of the network (those exiting the nodes at TF4) is the
objective function to be maximized . The va l ue of the objective
function does not directly answer any of the EEA; the function
is a mechanism by which the maximum flow through the network is
determi ned . The answers to the question , “How many officers do
we need to meet the Army ’s requirements?” are found in the va l ues
of the path segments (arcs). The determination of these answers ,
as wel l as an swers to the other EEA-related questions , are explained
in Cha pter IV , Interpre tation of Solution.

— 2. System Segmentation

a. General . - As originally conce ived , ODSAS was to consider
all permutations of specialt ies in six grades (2LT through COL)
for 9 years. Simple calculations indicated that the number of
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constraints would easily exceed 100,000 (46 specialties x 45
theoretically possible alternate specialty designations x 9 years
x 6 grades = 111 ,780 constraints). If the flow conservation and
node capacity constraints were included , another thousand
constraints would be added . Presently available computer hardware
and software cannot handle a problem of such a size and this
computational limitation log icall y led to segmenti ng the problem.
Another consideration was the implicit constrai nt that computer
run time increases as the number of rows , or equations , increases ;
the computer run time increases exponentially with probl em size.*
Thu s , run time became another im portant considerat ion in the decision
to segment the probl em .

b . Problem Size Reduction. — With the objectives of reducing
computer run time and defining a feasible range of probl em parameters,
several approaches were explored . Procedures for nodify ing the
parameters which contri bute to the problem size were developed .
These procedures included modifying the number of grades , years ,
specialties and specialty permutations to be eva l uated.

(1) The LP probl em was initially segmented by grade ; that
is , only one grade was run at a time . That grade segment considered
all the officers of that grade at T0 and their subsequent utiliza-
tion in the projection period , whe ther they were promoted to the
next higher grade or remained in grade . Unfilled requirement s
were passed down to the next lower grade to be filled by promotees
or by grade substi tution during processing of the next qrade segment.

(2) A 5-6 year projection could be used instead of the 9—
year projection in order to fu rther l i m i t  the size of the probl em .
A 5— 6 year planning cycle was deemed icc ep tabl e mi conve niently
corresponded with other Department ot the ;~~ ~ (DA) stat4 planning
cycles . This decrease in projection ti - ‘ -  l nwnred the ma ximum
size of the original LP proble m - - and therefore .d ~ced me degree
of segmentation which would L~ re~~mred .

*While software with more than twi ce the m w  c~~~city of UNi VA C ’ S
FMPS exists , this alternate p~~Hge (LM ’ s ~-1at eer--a t i ca l Pr~~raming
System—Extended (MPS—X), wnic h has a sta~’.d cap ?citv et l6.3~4constraints , is most c~ fi ci ent whe sol v i  n u  probi n- is t± less than
8,000 rows. The MPS-X is slower t i - FMP S in t of computer run
times needed to solve b r-ce I n c  i c - i s . The UNIVAC possesses severa l
specialized routines wit h H it - - FMP~ packa ie tha t p rovide accelerated
solution times (e.g., SPRINT).
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(3) The concept of logical preferences for specialty pairings
was al so introduced to further reduce the problem size. Logical
preferences limit the theoretically possibl e alternate specialty
designations to those which should be considered in the sol ution ,
e.g., if specialty 49, OR/SA , had historically been chosen by many
artillery officers , then 49 would be a logical preference, whereas
if artillery (specialty 13) officers had never wanted specialty
82, Food Management , then the combination 13/82, might be excluded
from the solution set.

(4) Finally, the LP problem was reduced through provisions
for segmenting within a grade . That is , solutions could be sequen-
tially deri ved for two subsets of specialties . The firs t subset
could include the combat arms specialties and combat arms-related
specialties , and the second subset would consider the rest of the
specialties. A solution could be obtained in the first subset
for preferred pairings of only the specialties specifi ed for that
subset . The specialty pairings specifi ed in the first subset would
then be excluded when processing the second subset. In effect,
such segmentation divided the preferences into two groups to allow
processing of smaller LP problems . When segmenting within a grade ,
the user may specify additional constra i nts on the solution. These
additional constraints specify upper limi ts on the amoun t of a
specialty ’s requirements that can be satisfied in the first subset.
Without this constraint , a subset 2 specialty ’s requirements (e.g.,
specialty 49) could be filled enti rely by officers with primary
specialties included in the first subset , and therefore , no officers
with primary specialties in the second subset could have specialty
49 as a primary or an alternate. Thus the optiona l constraint
capability can preclude totally filling a specialty ’s requirements
in the first subset. No addi tional constraints are required since
segmentation within a grade is a modi fi cation which uses the constraints
previously descri bed . The second subset requires no additional
constra i nts and considers only those spec~d1ti es not specified
i n the f i rst subset .

c. Segmentation Qptions for the User. - Segmentation -within-
grade is an optional procedure for the COL , LTC , and MAJ segments .
Utilization of the segmentation procedure depends upon individual
problem size ; problem size is a function of the officer grade being
evaluated , the number of years and specialties being considered ,
and the number of preferred pairings. If the problem segment would
exceed the sta ted or actua l capacity of FMPS , or too much computer
time would be required , then segmentation-within- grade would be re-
q~ired in order to reduce probl em size and computer run time .
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d. Problem Size Estimation. - At Appendix E a procedure is
presented for estimating a problem ’s size from known parameters .
This estimating procedure is used to determine whether the optional
segmentation discussed above is required. In addi tion , the pro-
cedure assists in evaluating the impact of certain parameter values ,
such as the number of years being played , on the time needed to
solve the LP problem .

3. Descript i on of Segments by Grade

a. General. - As mentioned in the methodology description
(paragraph ii), there are fi ve types of constraints that can be
used to define and limit the problem being addressed (flow conser-
vation , node capacities , flow control , contro l of input and key arc
relationships). Each grade segment considers the same time span ,
number of specialties and preferred specialty pairings . However ,
the logic used within each segment employs the different constraint
types select i vely. The control of input and flow conservation
con straints are comon to all grade segments , and the key arc
relationship constraints apply in all but the LT segment (para-
graph 3e(1)(a)). However , there is some variation introduced when
segmenting a f ield grade into t~~ subsets . W i thout segmen ti ng a
grade into two subsets of specialties , there is one glow conservation
constraint per node , constraints for total authorized strength
by grade and sel ected specialt ies within grade , and one key arc
relationship constraint for each preferred specialty pair. By
selecting segmentation -within-grade , the pre ferences and special t ies
are divided into two groups fc- r processing separately. That separation
causes the control of input and key arc rel ationship u to be applied
to two LP problems , and flow con servation constraints are i mposed
for onl y those specialties (nodes) represented in each subsegment.
The application of the other constraint types (node capacity and
flow control ) varies with the logic of the grade segments and is
explained in subparagraphs b throug h e below.

b. Colonel Segment. - The primary dif fe rence b etween the
COLs segment and other fi eld grade segments is that promotion to
the next higher grade is not explicitly considered ; rather , it is
considered along with normal attrition as a loss from the grade
of COL . This is because utilization of acne -al officers is not
within the scope of ODSAS . In other words, a CDL promoteci to general
officer , or retired , would no longer fill a COL requirement. This
implies two unique facets of the logic used in this segment:
only the X arcs (rep resenting COLs on active duty ) need to be considered
and controlled; and , the nodes have only one capaci ty--COL require-
ments. Thus , from T0 up to , but not including TN. there is one
capacity constraint per specialty . At TN, a logical upper bound
on the va l ue of the single arc leaving a specialty replaces the
capacity constraint , thus m inim i zing the number of rows required
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for the problem . Finally, since the percentage of COLs promoted
is included in the annual attrition rate for COLs, only the preferred
specialty pairs for arcs representing COLs remaining in grade (X arc)
are controlled.

c. Lieutenant Colonel and Major Segments. - Both of these
segments use the same log ic. The two segments differ only in the
Personnel Structure and Composition System (PERSACS) requirements
data val ues , the attri tion and promotion rates used , and the paths ,
all of which are grade dependent. In these two fi eld grade segments,
promotions to the next higher grade are explicitly considered.
Furthermore , once promotion is effected, the fl ows of promotees
are treated according to di fferent rules than the flows of those
not promoted (as explained in subparagraph (3) below) . Whereas
in the COL segment only one attrition rate per year is used , the
LTC and MAJ segments each need two attri tion rates and one promotion
rate per year. Figure 11-7 illustrates the application of these
three rates . The promotion rate is used at each node to determine
how r~any officers will move from one grade ’s path to a path for
the next higher grade . Then one attri tion rate is used for promotee
flows in the higher grade ’s path (V arcs) and the other attri tion
rate is used for flows of those not promoted (X arcs). Promotion
introduces three additi onal considerations.

(1) First , the unfilled requirements from the next higher
grade segment restri ct the sum of the flows into a node from all
incoming V arcs . In other words , the number of officers promoted
to the next higher grade must be less than , or equa l to the unfilled
requirements for that grade (which were computed in the previous
segment).

(2) Second , the sum of all incoming arcs (V + X) to a node
cannot exceed the sum of the unfilled higher grade requirements
plus the requirements for the lower grade . For example , if for
specialty 46 in the LTC segment , there are 10 unfilled COL require-
ments (as determined from processing the COL segment) and 40 LTC
requirements , at year 3, those requirements must be satisfied by
assignments in year 2. The node capacity constraints are therefore :

~ V2f46 10

~~
- ~2f46 

+ ~ X2f46 ~ (40 + 10)
f=c~ f a
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If the following rates are applied :

Promotion rate for promotion to COL - 0.05
Attrition rate for COLs from T0 - T1 - 0.10
Attriton rate for LTCs from T0 - T1 - 0.15

~ and if 100 LTCs with specialties 11 and 49 were serving in
- I specialty 49 at T0

T~ T0

then the following occurs:

0.05 x 100 are promoted to COL (V 04911 = 5)

(1 - 0.05) x 100 remain LTCs (X04949 + X04g11 = 95)

V04911 will attrit at the 0.10 rate and (X04g49 + X 0491 1 )
w i ii attrit at the 0.15 rate

Attrition
0 rate = 0.10

EL
~~/
/

~~

‘

~~~rition

0
FIGURE 11-7 , Example of Application of Promotion and Attrition

Rates

11-21

_ _ _ _ _  --- - -V  _ _ _  V---



_ _  

..

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

-“
UI

p.

The two equations provide for the grade substi tution effect. Since
the fi rst equation specifi es that the sum of the V arcs can be
less than 10, then the flow in the X arcs (offi cers not promoted)

-
- can fill by grade substi tution any of those 10 higher grade positions

not filled by V arc input. In this example , the 10 positions to
be filled are al so included in the 50 requirements composed of
40 LTC and 10 COL positions. In other words , if the flow in the
V arcs does not satisfy the COL requirements , then flow in the X
arcs is applied toward the unfilled requirements through grade
substitution.

(3) The third consideration of promotions is the different
treatment accorded to those promoted --the flows in the V arcs .
The ODSAS methodology provides for varying the utilization ratio
of a specialty pair by grade . Thus , upon promotion , t i e utiliza-
tion ratios and tour lengths that apply for the nex t hi gher gra de
will be used to define the path from the point of promotion . Promo-
tion is effected at every ncde coninencing at TQ and endin ’~ at TN_ i .An officer promoted while assigned to one of his dual specialties

- can remain in that specialty or be reassigned to his other specialty .
In ODSAS, the decision whether to retain an office~- in a specialty
at the higher grade or to reassign to the alternate specialty is
determi ned in the following way:

(a) If at the time of promotion , one tour length of
the specialty has not been completed , then promotion is made in
the same specialty .

(b) If at least one tour length has been completed ,
then promotion results in reassignment to the other specialty .

Unl i ke the CDL segment , promotions within both the LTC and MAJ
segments are explicitly modeled and thus flow control constraints
are needed for both the prornotees (V arcs) and those not promoted

- 
(X arcs). These two latter segments may also be processed in two
subsegments each . For the current user -defined parameter values
(46 specialties , 5 years , 6U0 preferences), segmentation-wi thin-
grade is highly desirable , and possibly mandatory , for reasonable
computer processing time .

a

d . Capta in Segment. - There are seven significant differe nces
in methodology between the CPT segment and the field grade segments .

- (1) At T0, there are flows that represent CPTs with only
one specialty , i.e., CPTs with less than 8 YOS . All field grade
officers and CPTs with more than 8 YOS have two specialties. The
CPTs with one specialty at T0 are represented by W arcs hich have
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the same specialty number in the “from” and “to” specialty positions ,
e.g~, WO2121 . This is the onl y segment where W arcs with identical
“from ” and “to” node identifi cations appear.

(2) The CPTs with less than 8 VOS have only one specialty
and that is one of the 30 basic entry specialties (BES). Only
CPTs with 8 or more YOS can have any of the other 16 specialties
for primary or alternate . The identi fi cation of the advanced entry
specialties (AES) is a system input , as are the populations by
VOS. The percentage representing CPTs wi th less than 8 YOS is
computed from the population data by comparing the population with 4
less than 8 YOS to the total CPT populati on .

(3) Promotion to next higher grade is not explicitly treated
for the CPT segment as it is for the MAJ and LTC segments. In the
CPT segment, the flow in the X arcs represents CPTs with less than
8 YOS, whereas the V arcs represent the CPTs that either started - “

at T0 with more than 8 VOS , ~r attained 8 VOS since that time .
The computation of the attri tion rates for the two categories of
CPTs (less than 8, and 8 or more YOS) considers that some CPTs are
promoted within the projection period. Thus , the flow in the V
arcs is attrited at a rate that is deri ved by exp licitl y consi dering
promotion to the next higher grade (see Appendix 0 for details).

(4) For CPTs, the transition of flows from the X arc s
to the V arcs (caused by designation of the alternate specialt ~for CPTs attaining 8 YOS) is treated as a residua l , rath er than
being computed for either of two specialties as is done for prom otion s
in the fi eld grades. CPTs in the eighth YOS are required to have
an al ternate specialty designated during that year , and that alternate
specialty should meet future specialty requirements . Such a designation
is assured by explicitly controlling the flow of the entire CPT
population except the percentage that is due for alternate specialty
designation. The percentage of CPTs with 8 YOS mu st be uniquely
identified . This va l ue is compute d from variable input data and
used in the designation of alternate specialties as shown in Figure
11— 8. The figure shows that the fraction of CPTs that would remain
with only a singl e specialty from 1 year to the next is specified ,
as is the reassignment of all CPTs who have two specialties . The
number of CPTs due to be des i gnated alternate specialties is the
residual of all the flows into a node . The allocation of the
residual —— designation of alternate specialties --depends upon the
computed requirements for the preferred alternates .
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Th i s group travels along ‘-~~ ~ (1 ’ d cat e d by dashed hnes ) s i nce the members of the group
are now dual qual if ied.

FIGURE 11-8, Representation of Captains with Less Than 8 Years
of Service

(5) As in the field grade segments , each of the 46 specialties
in the CPT segment has a node capaci ty constraint based upon total
requirements. However , when processing CPTs, all unfilled MAJ
requirements , by specialty , are used to specify minimum requirements
to be filled by CPTs. This , in effect establishes a mandatory
fill of any vacant M~ J requirements . This lower limit will be
met in order of priority : first, by flows representing CPTs pro-
moted to MAJ since TO; second , by dual -qualified CPTs with 8 or
more VOS; or third , by CPTs with less than 8 YOS possessing only
one specialty .

(6) The X arcs for CPTs are only constructed to the year
where all CPTs woul d reach the eighth yea r of service . As illustrat-

• ed in Figure 11-8 , if the most junior CPTs at T0 had 4-5 YOS (thisC would be specifi ed in the user ’s input), then in 4 years tha t YOS
group would have 8—9 YOS and thus would be due for desi gnation
of alternate specialties at T4. There are no X arcs in the T4 -

interva l (only V arcs) because the last YOS group is to be
designated alternate specialties and , as described in (4) above ,
those fl ows move along V arcs.
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(7) The fina l difference between processing CPTs and processing
field grade officers concerns control of the Y arcs. Whereas in

• the field grade segments, the flow control constraints are equaliti es
(as defined in paragraph im above), in the CPT segment some constra i nts

— are inequalities in order to provide for the alternate specialty
designation methodology described in (4) above . As detailed in
that paragraph and in Appendix G, the flow out of a node , along
a V arc , can include an unspecifi ed number of CPTs with 8 YOS due
for designation of alternate specialties . Therefore , because the
number is unspecifi ed, an inequality is used to allow the flow
out of that node to equal , at least , a specified fraction of an
earl ier flow.

e. Lieutenant Segment. - This segment employs logic simil ar
to that used in the CPT segment , since some of the LT population
at TO could expect promotions to CPT duri ng the projection period .
Additionally, some LTs would reach thei r eig hth VOS , and thus need
to receive an alternate specialty . As mentioned in paragraph if
above , the LT segment considers 2LTs and lLTs together . The PERSACS
requirements data refer to only one LI grade , and the ODSAS meth-

• odology was modified according to model flows representing the
combined population of 2LTs and 1LTs. The methodolo gy utilized
for LTs is explained in subpa ragraphs (1) through (6) below .

(1) There are fewer arcs in the LT network since , until
the eighth VOS , LTs have only one specialty and have repetitive
assignments in that specialty . This is modeled in ODSAS as
illustrated in Figure 11=9.

T0 T1

V04949
Xooo49

*~~~~~~iii~~~9
FIGURE 11-9, Representation of Lieutenants with Less Than

8 Years of Service
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(a), The ~: arcs (representing dual qualifi ed offi cers
at T~) and the T~-~ - ~ interva l are omi tted in Figure 11-9. Thus ,
the arcs at the ~ar left of th~ figure (e.g., arcs X~~~ 1 and XAAflA9)terminate at TO, rather than T~ as in the other segments . In tPP1~segment the X000nn arcs represent LTs with specialty “nn ” . Thus ,
the W arcs , and the interval in which they appear , are superfluous .
Consequently, the key arc relationship constraints do not apply in
the segment due to the absence of W arcs .

(b) The only X arcs for LTs in the interva l after
T0 are the ones in which the “from ” specialty number is the same
as the “to ” specialty number (i.e., arcs X02121 and X04g49 in Figure
11-9). This fact reflects the repeti tive assignments in a specialty
for LTs.

(c) The V arcs (e.g., arcs V 02121 and V0494g in Fi gure
11-9) represent LTs promoted to CPT. This reflects the repeti tive
assignments of CPTs before they attain 8 VOS . As explained in
subparagraph (4) below , when any of these newl y promoted CPTs reach
the eighth VOS , V arcs in the LI segment can connect different nodes
(specialties). In other words , in the LI segment , promoted officers
with at least 8 YOS become dual qualified and can be assi gned to
their alternate specialty .

(2) Promotion from 2LT to iLl is not explicitly represented
in the network; that promotion is considered in computing the weighted
average attrition rates used for the X arcs (which represen t all
LTs). First lieutenants promoted to CPT are represented in the net-
work by the V arcs (previous paragraph). An addi ti onal calculation
is performe d to determi ne when , and wha t fraction of , the LTs pro-
moted to CPT wo uld reach the eighth VOS . This calculation is
derived from user-input data and is explained in Append i x 0.

(3) There are only two arcs leavi ng a node (as shown in
Figure 11-9) until some of the newl y promoted CPTs attain 8 VOS .
Since the flow conservation constraint equates node input to node
output , only one flow control constraint on one of the two outputs
is needed . The second output is therefore uniquely defined without
constructing another flow control constraint , because the second
output has to equal the remainder of the input (or output). As
long as there are only two arc s leaving a node , and since the flow
in the V arc represents LTs promoted to CPT, any unfilled CPT
requirements (computed after processing the CPT segment) are specifi ed
as upper bounds on the va l ue of the fl ow in the V arc for the LI

- - segment . An upper bound is a logical technique used in LP that
saves creating a constraint for the maximu m va l ue that a variable
may attain (e.g., a logica l upper bo und of 50 on variabl e V02121
could repl ace the constraint V02121 ~ 50).
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(4) Once members of the LT population reached the eighth
YOS , then additional Y arcs are introduced to allow utilization in
al terna te spec ial ties (as mentioned i n para gra ph ( l ) (c )  above).
As an exam p le , if the LI population at T

~~ 
consisted of officers

having no more than 5 VOS, then after 2 years the most senior VOS
group would complete the seventh YOS , and begin the eighth VOS .
Figure 11-10 illustrates the example. The first year of alternate
specialty designations shown in the example is the 13 - 14 interval .The flow into node 21 at T3 is associated wi th arcs representi ng LTan d CPT with less than 8 YOS (arcs X 22-j21 and V22121 , respecti vely).
The fraction of the former input flow, representing LT5 promoted to
CPT upon attaining 8 YOS and who are due for alternate specialty
designation , is not specified in a constraint. The V arcs leaving
node 21 at T3, portrayed by dashed lines in Figure 11-10 , provide
paths for the officers to be designated alternate specialties. The
requirements for promotable Lis (established in the CPT segment)
determi ne what alternate specialties will be assigned the LTs wi th
8 VOS and the quantities required .

T 2 13 14

- • • 
_ r~\Prefe rred

- - • . 
. — Specialties

‘
~O2l2l Y1~~21 Y22121 -. Y32121—

802121 812121 ~22121 
832121 

~~~~~ Preferred

,~______A_____ .~ 
._____.A___ .__

~, . is...__.~~ , .~~~~~~~~ ,, 
.f Spec i~ 1 ties

YOS at T0~./ YOS at i~4/ yOS at T~~/ YOS at T0!/

ro-i years b-- I  years 10-1 years lb-i year~
11 — 2 years 11-2 years 11-2 years 1 1— 2 years !
12-3 years 12— 3 years 12-3 years 12-3 years~
13-4 years T3— 4 years 13-4 years j3—4 years~
14-S years 4-5 years j4.5 years 4-5 years~,
~j-6 year L~ -6 year j~-6 year 5-6 yearsJ

i/Arc s contain the ind icated YOS groups associated with the Li population at 10
(see subparagraph e (4)).

t WTh is is the YOS group to be designated alternate specialties. Divid ing the
number of Li, with 8 YOS by the total Li popul a tion elves the percentage due to be
designate d alternate specialties.

FIGURE 11-10 , Representati on of Lieutenants , and Lieutenants
Promoted to Captain , Upon Attaining 8 Vears of
Serv ice -

(5) When some of the newly promoted CPTs are due for alternate
specialty designation , the flow control constraints are constructed
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as i nequalities. This is similar to the treatment of flow control
in the CPT segment. The inequalities allow LTs wi th newly designated

- alternate specialties to be reassigned from their BES to their
- alternate . Figure 11-11 lists the constraints and illustrates their

interaction , as a continuation of the example shown at Figure 11—1 0 .
Constraint (1) specifies that the node input equal the node output
(the flow in the two input arcs must equal the flow in the four out-
put arcs). As shown , (1.0 - 0.25), or 0.75, of X22121 and (1.0 — 0.10),
or 0.90, of V22121 arrives at node 21 at T~. That input departs node
21 at T3 along the four arcs named . Equations (2) and (3) specify
where a portion of the input flows will depart. In equation (2), a
porti on of X22121 will continue as LT in specialty 21 from T3 to T4
(arc X3212l). This portion is computed in the model from the tour
length and attrition rate data input by the user--0.60 was chosen
for this example. The remaining X arc input (0.75 - 0.60 = 0.15)
representing LTs promoted to CPT at T3. This portion will move along
ar c V32121 in the T3 - T4 interval (shown in equation (3)). Simi-
larly, a portion of V22121 will continue as CPTs in speci~ 1ty 21 from
13 to 14 (representing CPIs with less than 8 YOS). The r’ rtion of
V22121 is also computed in the mode l from tour length and attrition
rate data--O.70 was chosen for this example (in equation C 3 ) ) .  A
portion of the V arc input (0.90 - 0.70 = 0.20) represents LTs
promoted to CPT and attaining 8 YOS . This group, which is due for
alternate specialty designation in the 13 - 14 interval , is included
as an input to node 21 at I3, but is not specifically identified as
an output. Constraints (4) and (5) identify the avai lable arcs along
which fl ows representing CPTs attaining 8 YOS can move (i.e., desig-
nation of either specialty 21 or 53 as an alternat~ for those CPTswith primary specialty 21).

(6) The last refinement required for processing ~he LIsegment imposes additional node capacity constraints onc€ alternate
specialty designation begins. These capacity constraints are for
the unfilled higher grade requirements (computed in the CPTs segment).
In the example at Figure Il-il , alternate specialties were assigned
in the T3 - T4 interval. Therefore the additional capacity constraints

• would be needed beginning at T~. Prior to the 13 - 14 interval
there was only one V arc entering a node , and a logical upper bound
was used to limi t the fl ow in that arc. From T4 on , in this example,
there can be more than one V arc entering a node , and therefore
a constraint is needed rather than a logica l upper bound.

4. Summary. - After evaluating alternative approaches , the ODSAS
study team selected a methodology which applied a LP solution technique
to a multi-time period network flow problem. Because of the problem
size , the resultant LP formulation required segmentation by grade , and
then segmentation-wi thin-grade . The latter segmentation scheme
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LT and CPT attrition rates are derived from user-supplied data .
The rates in this example are hypothetical . Assume for this
example that the preferred specialty pairings for specialty 21

- 
- 

are 21/15 and 21/53.

T
2 

I
3 1

4

CPTs attrition 
: 

15
rate = 0.10

. “22121 ._ — V~2121

_ _ __ _ _  —x22121 ._
~

__~.
X32i21

LTs attrition
rate = 0.25

Fl ow Conserva ti on:

(1.0 - 0.25) x + (1.0 - 0.10) x V22121 = (1)

X 32121 + V32115 + V32121 + V32153

Flow Control :

0.60 x X22121 = X32121 (2)

0.15 x X22121 + 0.70 x V22121 = V 32121 (3)

“ 32115 ? 0 (4)

V 32153 ? 0 (5)

FIGURE Il-li , Illustration of the Interaction of Constraints for
Alternate Specialty Designation in the Lieutenant
Segment
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is optional and can be used if the largest grade segments (LIC
and MAJ ) exceed hardware and/or software limi ts.

a. The methodology empl oys fi ve types of constraints: flow
conservation , node capacities , flow control , control of input , and

- - key arc relationships. All fi ve types of constra i nts are used
in each grade segment (except key arc relationship constraints do
not appl y in the LI segment) . Flow conservation constraints control
the input and output of individual nodes; control of input constraints
limit the total number of officers by grade—-and number for selected

-
~ I specialties within grade--that can enter the network. Node capacity

and flow control constraints are used selectively in the grade
segments depending upon the particular methodology of a segment.
Node capacity constraints limi t the input to a node to the annual
requirements for a specialty and also limit the number of promotees
to a h igher grade to the unfilled hi gher grade re quirements . This
important constraint allows for only enough promotions to meet
requirements. The flow control constraints specify the paths in
the network that each specialty pair may travel . Finally, key arc
relationship constra i nts rel ate the two flows representi ng a
specialty pair at T~.

b . For each g rade segment , the ODSAS system determines the
max imum number of officers that can be utilized in a user-defi ned
set of preferred specialty pairings consideri ng attri tion and promo-
tion throughout the time span being analyzed . Unfilled require-
ments , computed after processing one grade segment , are passed
to the next lower grade segment for use as limi ts on promotions
and/or grade substitution . The three fi el d gra de segments use
sim ilar logic; the CPT and LI segments diffe r signifi cantly from
the fi eld g rades because , most CPTs a-nd LTs have only one specialty
and , dur in g the projection per i od , an a l t e rna te  spec i a l ty  must
be designated to those wft attain 8 VOS .

c. In summa ry, the methodology addresses all three EEA . The
num ber of officers to be allocated specific specialty pairings
at each grade level (EEA 1) is the sol ution va l ue of the W arc s
in the CPT through COL segments . Designation of alternate specialties
to CPTs attaining 8 VOS is accomplished in the CPT and LI segments .
The total procurement of officers by BES (EEA 2) is determined
by computing the unfilled LI requirements at the end of the processing
for that segment. Finally, the train ing requirements for BES and
alterna te specialties (EEA 3) can be derived by comparing the actual
officer asset pos ition to what ODSAS computes the asset position
should  be .

a-
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OFFICER DUAL SPECIALTY ALLOCATION SYSTEM
(ODSAS )

CHAPTER I I I
AUTOMATED INFORMATION SYSTEM

1. System Design

a. General. — In August 1975, the Study Advisory Group
approved the methodology described in Chapter II , and di rected
that work begin on objective 2 of the study. That objective
specified that the methodology be incorporated in a computer-based
information system consisting of computational and data processing
components and associated data elements . The following overal l
design concepts were used in developing the automated system :

(1) Divide the system functionally. The capability to
specify and solve the linear programing problems is separated from
other data processing activities (e.g., editing of data).

(2) Utilize high—speed computer disc storage devices for
input and output of data.

(3) Retain the solutions in a machine-readable form for
analysis—-wi th computer printing to be on a selective basis.

Having established the overal l design concepts , the functional
divisions were identified and the appropriate computer programs to
accomodate the functional divisions were developed. These pro-
grams were combined to become the ODSAS system--a system that the
user could easily control .

b. Procedural Functions Included. - To imp lement the ODSAS
methodol ogy on the UNIVAC 1108 computer , applications programs were

4 
deve l oped , or incorporated , for the following functions :

(1) Computation of attrition and promotion rates for each
grade .

(2) Creation of edited input data files for all system
segmen ts.

(3) Generation of linear equations for each segment .

(4) Solution of the linear equations --UNIVAC ’s Functional
Mathematical Programmi ng System (FMPS) leve l 6.R1B , a standard

111—1



— —,--!-- 
- ~r;— 

- V - - -

p 
-
~~~~

-
~~~

-- —- - _____ 
V_  - - - —V —

program product that includes procedures for solving LP problems ,
was selected for this function .

(5) Specification of FMPS procedures to control the
processing while obtaining a solution (e.g ., speci fy i n g  a c t i o n s  to
take on encountering error conditions , or identi fying information
to be output).

(6) Linkage of one segment or subsegment to another (e.g.,
updating files to reflect solutions of previous segments).

(7) Interpretation of linear program solutions and produc-
tion of management reports .

c. System Phasing . - The automatic data processing (ADP)
system devel oped for ODSAS is comprised of an initialization phase
and a processing phase. In the initialization phase , the functi ons
listed in subparagraphs b(1) and (2) above are accomplished. The
initialization phase is executed only once . The processing phase
accomplishes the functions in subparagraphs b(3) through (7). The
processing phase is repeated for each grade segment or subsegment
specified by the user. Segmentation-wi thi n-—grade , if accomplished ,
requires modification to one input file containing user—su pplied
segmentation instructions . Based upon those segmentation instruc-
tions , the ODSAS ADP system generates and solves the appropriate
linear equations for the grade segment or subsegment specified.

(1) The Initialization Phas e. - Figure 111-1 is a
system fl ow chart of the initialization phase. As shown , there are
four user—su pplied input data fi l es needed for the ODSAS file
creation , data editing, and rates computation procedures . The
resulting output of those procedures are four computer disc files
and two printe d reports .

(a) Input Files

~~~
. The input data come from th ree sources .

Those sources and identification of all the data contained in the
input files are described in paragraph 2 below . The fi rst input
file (labeled input 1 ) on Figure Ill-i contains the policy (official
or test) on the utilization ratios and tour lengths (in all grades)
for preferred specialty pairs .

2. Input 2 is the Personnel Structure and Composi-
tion System (PERSACS) data file of present and future r e q u i r e m e n t s
by grade and specialty .

111 —2



-~~~~~~ -

~~~~~

-

Tii ~~~~~~~Tii 1r i~ ~~i UI

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

~ ;~~: 
_ _

\ / ~~~~~~~~4

Output 5 Output 6
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promotion rate requirements
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FIGURE 111-1 , ODSAS Automated Information System , Initialization
Phase
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3. Input 3 is the specifi cation of system para-
meters which help determine what size problems will be solved and
how they will be solved (e.g., the number of years to project and
segmentation instructions). This file also contains the data values
needed to control the input to the network (i.e., total number of
officers authorized by grade and specialty) .

4. Input 4 contains historical attri tion rates
and population data , by YOS , app licable to the officer population
that existed during the past year. Attrition and promotion rates
for future years are derived from these data .

(b) Initial i zation Procedures. - Three computer
programs perform the data editing, file creation , and rate computa-
tions . One program edits user-supplied input data on preferences ,
utilization ratios , and tour lengths and , if the data satisfies
programe d edit  checks , produces the specialty preferences file
(Output 1) . A second program selects and edits the data from the
PERSACS tape . This program also allocates requirements for non-
standard specialty numbers to valid specialty numbers , accor di n g to
predefined rules specified by ODCSPER (i.e., the file still contains
specialty identifications no longer used ——t his situation will
eventual ly improve with the complete conve rsi on of the PERSACS file
to OPMS specialty designations). The positional requirements file
and report (Outputs 2 and 6, respectively) are also produced by the
second program . The third program performs the rate computations
(explained in Appendix D) and writes out these rates to the appro-
priate file (Output 3). The third program also produces the input
para mete r fi le needed for the fi rst segment (Output 4) and the
attrition and promotion rates report (Output 5).

(c) Output Files. - As a result of the initializa-
tion procedures , out put disc f i l e s , numbered 1-4 in Fi gure 111 - 1 ,
are produced. Records within these files are utilized in the
processing phase procedures .

1. Output 1 , the specialt y preference f i le ,
contains the utilization ratios and tour lengths of all preferred
specialty pairi ngs , for all grades , arranged within grade and
specialty .

2. Output 2 contains the positional requirements
(i.e., requirements derived from the PERSACS input for all grades
and special ties in the years of the projection period).

3. Output 3 contains the computed attrition and
promotion rates for each grade per year of the projection period.

111-4 

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



4. Output 4 contains all the parameters and
rates needed as input for the processing of the first segment. The
input files for the subsequent segments are produced in the process-
ing phase as they are needed.

(d) Reports. — The two printed reports (Outputs 5
and 6 of Figure 111-1 ) are for veri fication and retention by the
user. The reports display the computation of the attri tion and
promotion rates and the requirements by grade , specialty , and year.

(2) The Processing Phase

(a) General. - Figure 111- 2 is a system flow chart
of the processing phase. The processing phase is comprised of fi ve
major activities --the fi ve blocks indicat ed by the dashed lines in
Figure 111-2.

1. Major activi ty 1 , the matrix generator ,
produces the LP equations in FMPS format.

2. Major activity 2, FMPS solution , solves the
equations and provides selected solution data for subsequent use.

3. Major activity 3, data base creation , creates
the input files and loads them on to the data base.

4. Major activity 4, an on— line inquiry system ,
permits the user to evaluate system output during processing .

5. Major activity 5, linkage , connects one seg-
ment or subsegment to the next , to provide continuity of process-
ing. The processing phase is done at least five times (once for
each grade—-COL through LI). If the segmentation—within-grade option
is selected for any of the field grades , up to three add iti onal
iterations of the processing phase would be required (one for each

-
‘ 

grade segment).

(b) Description of Major Activities

1. Matrix Generator. - The matrix generator ,
major activity 1 , is depicted at Figure 111- 3. Accessing data on
files created in the initialization phase , the matrix generator
programs produce an equation file organized according to the standard
format of UN IVAC ’s FMPS . Another file of selected data on the 

-constraints and variables is also produced. Data in the latter file
will become part of the records in the data base. A statistical
report is the third output , containing information on the ne twork
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structure and capacit ies an d the characteristics of the linear
- program to be solved (e.g., num ber of constraints , number of

variables).
2. FMPS Solu tion. - The functions of F~PS ,

major ac t iv i ty 2 , are shown in Figure 111-4 . The FMPS accepts the
equation file (output of the matrix generator) as input , and solves
the linear program with the FMPS software and a user—defined set of
implementing instructions (i.e., FORTRAN -like FMPS source statements).
The output is composed of three data files . One file is the standard
FMPS pr inte d solut i on an d post -optima lity anal ysis output that can ,

V select ively, be printed on a high—speed printer or analyzed wi th a
text editor via a computer terminal . The other two files contain
selected data i tems on the constraints and variables in the LP
problem ; one file supplies data to the data base and the other file
passes information on f i l led officer requirements to the linkage
act ivity , so tha t the re q u i rements i n the next grade segment
i n i t i a l l y ref lect  onl y u n f i l l e d req u i rements .

3. Data Base Creation. — The third major
activity of the processing phase (Figure 111— 5) involves accessing
in format ion  from two of the fi les p ro duce d i n the f i rst and second
major ac t iv i t i es , alon g w i th a f i le of the cu m u l a t i v e  resul ts of any
p rev i ous system se gmen ts . The cumul ati ve data base f i l e  i s fi rst
copied to a work -file for two reasons :

a . If  the ~-egment results are unacce ptable
as determi ned by the user during ndjor activi ty 4, then the actual
cumula t ive  fi le u p to , L~ut not including, the current  segment is
not  upd ated , an d will be available when the current segment is
processed again.

b. The cumula ti ve resu l t s , to i nc lu de the
current  segment , can be eva lua te d on t he ~-iork— file ~iithout inhibit-
ing fur ther  processing of the systr~~.

The two fi l e s  f ro~ i the firs t and second major activities are corn-
bined to produce a data base of information on the current segment.
A temporary file (a copy of the cumulat ive results ) is also up-
dated to produce a cumulative data b ase that  i n c l u des the current
segment resul ts . T he M r s h a l l  Space Fl i g h t Cente r In format ion
Retr i eval an d Dis p la y 1j ~~~tr t~ (-~I RAD S) (references 3 and 4) is used
to load the data base and :l - cpITn the information for the on—line
i n q u i r y  conduc t ed i n t~e fo~4 l - th -

-
~ jor act iv i ty .*

*MIRADS is a software package that was developed for the
National Aeronautics and Space Administration (NASA) by Computer
Sciences Corporation for use on IJ~J IV A C 1108 computers and was fur—
nishe d free of charge to CM and ~LPERCEN . 
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4. On-Line Inquir y . - The fourth major activity
(Fi gure 111—6) involves using i4IRADS query language to interrogate
the severa l data bases developed in the system . Each officer seg-
ment can be evaluated sepa rately and information on the cumulative

- results can also be retrieved . Several standard sets of query
language statements (described in the ODSAS Information System
documentation , published separately) were prepared for imp l ementation
by the ODSAS user . A standard query set, such as the set to display

4 the specialty pairings for a particular grade , can be processed by
spec i fyi ng one simpl e command (e.g., DO SPEC—PAIRS). Other queries

: can be formulated at a computer termina l by creating a set of rela-
tively simpl e statements (an example is shown in Figure 111—7) .
Based upon the user ’ s evaluation of the cumulative solutions , two
options are ava ilable: accept the cumulative results , or reject -

the current segment ’ s so lution. If the first option is selected ,
then the actual  cumula t i ve  resul ts  f i l e  is updated by cop ying the
work-f i le to it and proceeding to Major Activity No. 5. If t he
second opt ion is sel ected , the user chan ges policies and/or para-
meters (e.g., compo sition or number of preferences) and the
appropriate files are updated to reflect the change via the update
procedure , whereu pon the process i ng p hase for the current segment
is begun again.

QUERY , SPECIALTY = 1 1, (which means : Find all records
concerning s pecialty 11)

COMPU IE , $UiIFILLED-REQ = CAPAC iTY - FLOW-IN , ( for  each
specialty 11 record found , compute the unfilled require-
ments by su b tract i n g tne f low i nto the node from i ts
capacity , an d store the di f ference i n a var i a ble  named
$UNFILLED-REQ)

PRINT , SPECIALTY , CAPACITY , FLOW— IN , SU~FILLE D—REQ , ( p r i n t
the value of the the four variables found in each
record or computed therefrom )

FIGURE 111 -7 , Sar~iple MIRADS Query Set

5. Segment Linkaces. - Once tne  current  segment
i s accepted by the us er , th~~ i TTm~Tor act ivity (Figure 111-8 )
can begin. Tne linkage act iv i ty  uses tne solution results from the
current segment and computes how many requirements remain to be
filled by subsequen t seg ients. A new inp ut file is created for the
nex t segment in sequence and the requiremen ts file is updated to
reflect the un filled requirements through the current segment . The

- next step is to begin the processing phase again by performing Major
Activity ~o. 1 with the next st--gmei t or subsegment , in sequence. The

111 - 12
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processing p hase is repeated until the fi nal (LI) segment is sa t is—
factor i ly compl eted .

2. Input Requirements

a. Types of Input. - There are five general types of input
requ ired in the system :

(1) Force requirements.

(2) Management pol ic ies on utilization ratios for preferred
special ty pairings.

(3) Management policies on tour lengths for preferred
spec ialty pairings.

(4) Population and attrition/pro nxtion rate data applicabl e
to the referenc e starting population.

(5) System parameters .

Each of these types of input is described in sub paragra p h c , below.

b. Sourc e of Data T~p~s and Responsi bility for Accura cy. —

Data to be input to the ODVSAS sys tem are col lec ted from num erous
Department of the Army personnel agencies. The respective agencies
are responsibl e for p r o v i d i n g  current  and accurate data as in di cated
in Table 111 - 1 .

TABLE 111-1 , Data Input Responsibi l i t ies

Source of Data Responsibl e Organization

1 PERSACS ODCSPER (Man power Prog rams
D i v i s i o n )

2 MILPERCEN Officer Personnel Management
Directorate (MILPE RCE N )

3 PERSACS ODCSOPS (Force Accounting
Systems Division)

I - 4 Auto m atic Inter- Population - Officer Personnel
a cti on Detector - Manage ment Directorate
Off icers (A I D- O ) (MI LPER CE N)
and Centra l Rates - Personnel  In format i on
Inte grat i n g Mo del - System s Directorate
Officers (CIM-u) (tIILPERCEN )
RCS DCSPER 407 ODCSPER

5 MILPERCE N Personnel Information Systems
D i r e c t o r a t e  ( M I L P E R C E N )

II 1- 14
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c. Description of Input by Type

(1) Force requirement data for each type pos i tion (e.g.,
infantry battalion comander) are extracted from the PERSACS tape
file. Data elements for each type position include :

(a) Authorized grade .

(b) Primary specialty .

(c) Al ternate specialty .

(d) Effective date (date the position was/will be
authorized) .

(e) Termi nation date (date the position will be
terminated , if any).

(f) Number of officer posi tions authorized .

The aggregate requirements by grade , primary specialty , and year
are computed in the initialization phase by fi rst checking each
PERSACS record for grade and primary specialty . Then , after deter-
m i n i n g if the PERSACS termination date is later than the year of
interest (for example , if T2 is 1 979, and the termination date is
1979 or after), the number authorized is included for the appropriate
grade and specialty . The alternate specialty is present i n  a p or o x — - 

-
-

imately  15 percent of the records . If present , it indicates that the
positi ons are dual-coded and thus require an officer with both
specialties . The numbe r and descri ption of the dual -coded positions
are accumulate d and reported in the Positional Requirements Report
(Output 6 of the initialization phase). This information can then
be used to determi ne if the solutions satisfy requirements for
officers with dual specialties .

(2) Data records on management policies are entered as
input , on cards , by preferred specialty pairs . For each of the
approximately 600 preferred specialty pairs , the utilization ratio
of the specialty pair and the tour length of the primary specialty
are required for the grades of COL through MA]. Utilization and
tour length for CPTs with more than 8 YOS are the same as for MAJs.
CPTs wi th 8 or less YOS and LTs have repetitive assignments in the
prima ry specialty . Each card contains the following information :

(a) Primary specialty number .

(b) Preferred alternate specialty number for the
primary specialty of (a), above .

111—15
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(c) Utilization ratio for COLs in the primary and
preferred alternate specialty .

(d) Tour len gth for COLs in the pri mary specialty .

(e) Utilization ratio for LICs in the primary and
preferred alternate specialty .

(f) Tour length for LTCs in the primary specialty .

(g) Utilization ratio for MAJs in the primary and
preferred alternate specialty .

(h) Tour length for MAJ s in the primary specialty .

A preferred specialty pair is required in each of the field grades .
This assures a source of officers wi th special t ies “m” and “n ’ to
meet future requirements in those specialties .

(3) The starting population for all grades , 2L1 through
COL , must be described by a beginning year of service (BGNYOS )
indicating length of service of the most junior officer in that
grade , and an ending year of service (ENDYOS) indicating the length
of service of the most senior officer in that grade. A population ,
an attrition rate that includes promotion to the next higher grade ,
and an attrition rate that does not include promotion to the next
higher grade are required for each year of service in the interval
(BGNYOS through ENDYOS).

(4) Input parameters define the number of authorized OPMS
specialties and the number of years in the projection period .
Additional ly , if any or all of the fiel d grades are to be segmented ,
then the segments must be specified along with the additional input
associated with segmentation (i.e., desi gna t ion  of pr imary spec i a l t i e s
to be included in the fi rst subsegment , and l i m i ts on de gree of
fill in alternate special ties).

3. Reports Generated. - The system produces both standard and
optional output reports . In addition , reportin g of as-required
information to the user is provided in the form of an on-line
in qu i r y ca pab i l i t y .

a. Initialization Phase Reports. — In the initialization
phase , there are two types of standard output reports.

(1) The fi rst type contains the calculated requirements
by specialty and by grade . Figure 111- 9 is a sample of the report

111-1 6 
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on requirements by specialty and Figure 111-10 is a sample of the
report on requirements by grade.

(2) The second report type contains the derivation and
computations used to produce all the in put rates to the system.
An excerpt from that report for LICs is at Figure 111 -11 . The
numbers hi ghlighted in heavy lines are examples of the rates input
to the matrix generator. Both of the initialization phase reports
are for user verification of the derived input data.

b. Processing Phase Reports

(1) There is one standard report and one optional report
in the matrix generator activity . The standard report is a
statist ical summary , and the optiona l report contains the internal
programing codes used in the matrix generator.

(a) The statistical summary contains the key data and
characteristics of the problem to be solved. The fi rst part of the
statistical summary (Figure 111— 12) shows both the unfilled higher
grade requirements (passed down from the preceding segment) and the
requirements for the grade of the current segment. (The requirements
data values may be greater than the actual computed requirements
if the user opts to provide input directing that requirements may
be overfilled by a percentage of the authori zed value.) Requirements
values in this summary report are used as the capacities of the
nodes . Column 2 of the report (entitled [‘CT AUTH) contains the
maximum percentage fill allowed for a specialty in that segment.
The second part of the statistical summary (Figure 111-13) shows
the problem size , in terms of the total number of rows for each
constraint type , and a summation of all constraints (rows). This
total number of rows should match the matrix statistics produced by
FMPS descri bed in subparagraph (2) below . Additionally, the re port
displays key parameter values (number of specialties , num ber of
years in the projection period , and number of preferences ) appli-
cable to the current segment.

(b) The optional report (not shown here ) contains the
codes generated and used wi thin the matrix generator program . This
report is provided for use in changing or debugging the program .
Explanation of this report is in the ODSAS Information System
documentation , published separately.

(2) Most of the printed output froni the FMPS activity
consists of diagnostic messages concerning FMPS internal logic
at periodic intervals during processing , and is explained in the
FMPS documentat ion (reference 2). The two outputs of primary
concern are the matrix statistics and the detailed listing of the
solution .
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(a) A sample matrix statistics output is at Figure
111-14 . The number of rows should be the same as shown in the
s tatistical summary report frUII I the matrix generator activity .

(b) The detailed listing of the solution is normally
— written out to a computer di sc fi le for reten tion , possible future

printing , and user inquiry via a text editor. The solutio n is
wri tten in three sect i ons : id enti fier , rows , an d co lumns .

1. A sample i dentif i er sect ion is shown at
Fi gure 111 -15 . The figure reflects that the LP pro b lem had an
opt imal s ta tus , the objective function (OBJECTIV) had a maximum
value of 1814.444443, and 3043 iterations were required to solve
the problem.

1-’. 2. An excerpt of the rows section is at Figure
111-16. All the rows have unique names which relate to constraint
types . There are four formats for the row names .

a. Format 1 . - T hi s forma t cons i sts of
one al phabetic character for an identifier (N or ~

), on e nu m ber  for
year , two numbers identifying specialty , an d a four characte r
al phabetic name . For example , N0 llTP~i) is a constra int ~or year
T0, specialty 11 , for ih e total requirements capacity . There are
six possible four character names : GOZO , indicating fl ow conserva-
ti on; CINC , -i ndicati n g fl ow contro l for Y arcs ~‘;here “fron~” an d ‘to ”
specialty numbers are iden tical ; LINC , indicatin g f or  X arcs the
same as CINC indica tes for V arcs ; UBSG , ind i cat i ng cont rol of
i nput for s pecialt ies ; and , CREQ and TREQ , whic h are both ca pac ity
constr a ints .

b. Format 2. - This format is one alphabetic
charac ter “R” and a five character numer ic ide ntifier of an X arc .
For example , R01l21 is a flow control constraint upon arc
The R-named rows restrict the flow in X arcs.

c. Format 3. — This format consists of
three alphabetic characters “R~S’ and a five character n umeric
identi fier of a V arc. Fo r ex~~p le, RESO 11 21 is a flow con trol
cons tra i n t upon arc 

~o i i 21• 
Tu e uES_named rows restrict the fl ow

i n V arcs .

d. [o~-~d t 4. — Two al pha be ti c charac ters
“(JR and a four character nul ieni I~ identifier of a predefi ned
specialty pair , e.g., IJRl l2 l is a key arc relationship constraint
cons tructed using the utilization ratio for specialties 11 and 21.

11 1-2 3
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The control of input constraint for total authorized strength (per
grade segment) is called “TOTAUTH” . Other control of input con-
straints are named according to Format 1 , wi th year equaling 0,
the appropriate specialty number , and a four character name “lJBSG”
(meaning an upper limit in segment 1). The rows of primary interest
are those for node capacity (i.e., CREQ and TREQ), since all others
except control of input constraints are specified as equalities to
zero (for instance , fl ow conservation constraints require that the
node input , less the node output , be equal to zero). If the row
name ends in TREQ , then the capacity is for the current grade plus
the unfilled higher grade . If the name ends in CREQ , then the

4- capacity is for only the unfilled higher grade requirements . For
each row dealing with node capacities the activity is the number
of officers assigned to a specialty for a given year. The slack
activity is the difference between the activity and the upper limit
(node capacity ) shown in column 5. The l ower limit (column 6) woild
appear as a zero or “None” unless minimum level of flow into a node
has been specified. Such a minimum is used in the CPT segment to
require filling of at least the unf illed higher grade requirements .
The data values in the three rightmos t columns are used ~or post—optimality analysis.

3. The col umns section (Figu re 111-17) is
similar to the rows section in that there are corresponding columns
for name , activity , l ower and upper limits . For columns however ,
activity value represents the amount of fl ow (dual qualified
officers ) in a path segment described by the arc name . The input
cost is the coefficient of a var iable in the objective fur~ t ion .
A value other than zero would appear only for the variables repre-
senting the arcs exiting the network. The variables have unique
names , XN nn , where N indi cates the last year and nn is the specialty
or node number. The l ower and u pper l imi t columns conta in  the
minimum and maximum va l ues , respectively, that the fl ow in the arcs
may attain. The reduced cost values are used in post-optimality
analysis.

(3) All printed outputs are optional in the on-line inquiry
activity of the processing phase. By use of an appropriate set of
MIRADS instructions , selected information on the status of a solu-
tion or solutions may be displa yed on a computer terminal. If the
terminal display is to be saved , then that image on the te rmina l
display device can be printed. There are two general ty pes of
MIRADS statement sets : predefined and user—generated.

(a) The user may select a predefined Set of MIRADS
instructions , modify the predefined set , or compose a new set of
instructions depending upon information needs. The predefined
sets of instructions prov ide arswers to the following types of
questions :

1 11-26
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1. How many officers , by grade , should be in each
preferred specialty pair? (EEA 1)

2. How many CPTs with 8 YOS should be designated
specific alternate specialti ’~s?

3. How many officers , by grade and specialty
pairs , are assigned against a specialty requirement at a specified
t ime ?

4. How much grade substituti on is required for
a given personnel policy?

Excerpts of reports answering these types of questions are at
Figures 111— 18 through 111—2 1 , respectively.

(b) The user-generated type of MIRADS statement sets
is limited only by MIRADS capabil ities (explained in the MIRADS-2
Users Manual , published by Marshall Space Flight Center , NA SA
(re ferenc e 4) ) .

(4) One report is produced in the linkage activity of the
processing phase. That report contains the requirements for the
current grade and the unfilled higher grade requirements before and
after the current segment ’ s solution val ues have been determined
(Figure 111-22). Derivation of the unfilled requirements is
not a simple subtraction of a node ’s activity from its capacity ;
attri tion of those officers assigned at Ti also has to be considered - ‘

when computing the unfilled requirements at ~~~

111 — 2 8
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FIGURE 111-18 , Excerpt of MIRADS Report for Number of Officers by
Grade in Each Specialty Pair
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OFFICER DUAL SPECIALTY ALLOCATION SYSTEM
(OD SAS)

CHAPTER 1V
INTERPRETA T ION OF SOLUT I ON S

1. Genera l .  - A series of separate though interrelated evalua-
tions should be performed by the user in order to determine th~acceptability of an ODSAS solution. The first type of evaluation
involves each grade segment or subse gment . At this level , the
solutions of interest pertain to the officers in each grade at T0,
and how the officers would be utilized in thei r  dual  s pec i a l t ies
during the projection period. The second type of eva l uation involves
the complete offi cer segment across the entire projection period .
This involves analyzing from two to four segment solutions. For
instance , in order to evaluate the grade of COL , both the COL se g-
ment and the LTC segment have to be completed , sinLe the source
of COLs in the projection period includes the COLs at T0, and those
LTCs who are promoted to COL. A th ird type of evaluation considers
all grades for all the years in the projection period. This  la tter
is the overview where results of the interact ion of management policies
on att r i t i on , pron~ t i on , and utilization with the force structure
in the projection period are evaluated for appropriateness and/or
acce ptab i l i t y .

2. Interpretation of Optin iality

a. Idea l ly , a segment termi nates with an optimal solution that
represents the maximum flow through the network. * The optin la l
solution va l ue is stron gly influenced , if  not determine d , by the
smallest capac ity of any node through which the specialty pa i rs
mus t pass. The authorized strength input by the user (total and
by specialty ) also influences the optimal solution value when the
strengths ~re more constrainin g than the node capacit ies nentioned
above .

*There are three types of LP sol-utior s: 1) unbounded , 2 i ’ _

feasi ble , and 3) optimal. Unbounded solu tions (i.e.. no Ti-
the value of the objective function ) do not obtain in ~~~~~~~~~~ - -

the network flow is sufficiently constrained . Inf~as ihl -

in ODSAS can only occur in segments wnere low er bounds
replace constraints (i.e., in the CPT and LT seqmE - -

i ble solution can result when too high an input t- ’ ~~~~~ - -

specified by the lower bo unds . After t h e  use r a n a~ C . ’ 
-

tha t the lower bounds are too hi gh , an a pn ~~: ‘  1 ’’ - -

lower bound va l ue will pr oduce an optim al -

1v - I
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(1) The optimal solution should satisfy all requirements
at T0 with the flow values representi ng the number of officers
assigned to all the specialties . Such a solution indicates that
the authorized strength level s can satisfy T0 requirements and also
that the flows into the nodes at îü can traverse the network from
TO to TN~ 

Requirements beyond T~ may not be satisfied in a segment’s
solution , since the officers at T~ are subject to attrition and
promotion. Additionally, if the requirements at and beyond

— exceed those at T~ (i.e., if the smallest capacity is at T~)~ thenthose additional requirements can only be filled by promotions from
a lower grade, or by grade substitution.

(2) However, an optima l solution (i.e., maximum flow in
the network) could also be obtai ned in which T~ requirements areunfilled. The smallest node capaci ty in the paths and/or the autho-
rized strength levels (mentioned above) could cause T~ require-ments to be unfilled in an optimal solution . The ODSAS employs
a requirements-driven methodology ; therefore , it does not man i pulate
requirements to improve the mathematica l solution. Changing authori ”’d
strength level s in order to satisfy all T

~ 
requirements is a possib...

solu tion availabl e to the personnel manager. The ODSAS does not
depend upon level or increasing specialty requirements. If that
were the case, then the smallest node capaci ty would be at T~, 

and
then only authorized strength level s less than requirements would
be a problem .

(3) The changes in requirements over the projection period
imply that the utilization ratios , tour lengths , and attrition and
promotion rates should be synchronized to be compatible with the
changing requirements . If they are not synchronized , then the
smallest node capacity in a path creates what mi ght be called a
‘bottleneck” in the network . A “bottleneck” is defined as a point
in a path where the flow into a node either equals the total require-
ments, or exactly satisfies unfilled higher grade requirements without
satisfying total requirements. If a bottleneck is encountered ,
then the flow into previous nodes in the path is less than or equal
to that required. An illustration of a bottleneck is shown at
Figure IV-1. Bottlenecks exist at nodes 41, 49, and 53 at T1. The
dashed line arcs depi ct the paths that are affected by the bottlenecks
(dotted line arcs are explained later). Note that the requirements
(capacity) of specialty 49 at T3 (120 in this example) cannot be
met by the flow in the possible input arcs coming from specialties
41 and 53 (i.e., the flow i n arcs and W~~349 only equals100). Since the requirements of alT the possibTe specialties that
officers with specialty pairs 41/49 or 53/49 can go to are satisfied
at I

~ 
(the sum of all flows into nodes 41, 49 and 53 at T1 equals

2 the node capacities), the result is insufficient flow i nto a node
• preceding the bottleneck in the path of the specialty pairs 41/49

or 53/49 (i.e., node 49 at T0). One interpre tation of an LP solution

IV-2
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• involving a bottleneck is that more than the “optimal” number of
officers are needed at T~ In order to meet requ i reme nts from T0up to whenever the bottl~nec k occurs . In other words , there wo uld
eventually be an excess of offi cers if I~ requirements were exactly
satisfied and those fl ows continued in the network . Since an attrition
factor is used to age the officers (flows) through the projection
period, the excess would result in spite of expected attrition -

The existence of a bottleneck condition is revealed in the “Slack
Activity ” column of the printed solution for the node capacity
constraints at T0 (Figure 111—16 ). However , a bottleneck condition
can be best obser ved through interrogating the MIRADS data base
via the predefi ned query sets .

T i

cap: 80 • .
~~~~~ cap:180

sc 
—

..
.
.

~~~~~~~~~~~~~~~ ®
5O~~~~ cap: 120 ~~~

. .4~ cap: 50
~~

~~~~~~~~~~~~~~ ~~~ ~~ 5o
053 53 50

~~ 80

FIGURE IV-1 , Illustration of a “Bottleneck” in the Network

b. Upon identifying a bottleneck , the user could i nvesti gate
• the possibility of whether a change to one or more of the manage-

ment policies (input to the system) could resolve the situation .
For instance , preferences could be changed or the utilization ratio
for certain pairs could be altered to avoid or by-pass the bottle-
neck. As an example , referri n g to Figure IV-1 , a preference of

1V3
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specialty 11 wi th specialty 49 could be added (dotted line arcs)
with a utilization ratio such that 20 officers with specialty pair
11/49 would be in specialty 49 at T0 (and thus meet the node 49
requirement at Ta) ; all 20 could then be reassigned to specialty
11 (assuming that there is excess capaci ty in specialty 11 and that
no other constraints are violated). When an acceptable solution(s)
is obtained, the answers to the EEA can be derived via the on-l ine
inquiry capability and/or analysis of the FMPS solution reports.
The follow ing para gra phs deta i l how the three EEA and rela ted ques-
t ions are answered via the sequen tial process i ng of up to eig ht
large linear programing problems (one for each possibl e ODSAS segment).

3. Allocation of Officers to Specialty Pairs. - The answers to
the first EEA, concerning the allocation of officers to specialty
pairs , are found in the values of the arcs wi th a “W ” prefix. These
arcs represent the starting population at T0 wi th the specialtiesdescribed by the specialty numbers in the -arc ’ s name (e.g., the
flow in arc W04912 is the number of officers with specialties 49
and 12 serving in specialty 12 at T0).

a. In the fi eld grade segments , the solution values for the
W ‘rc s represent the number of offi cers in the segme nt/grade that
should be present at T~. An example using the ODSAS solution is
shown at Figure IV-2 . The solutio n shows a sampling of the W arcs
with their sol ution value in the activi ty column . At Figure IV-3
is a sample MIRADS displ ay . The MIRADS dis play shows only the W arcs
with an integer valued activity (ro unded) that is greater than zero .
Comparing these two fi gures illustrates the convenience offered
by MIRADS, since the ODSAS sol ution for a typical segment would
span 3-4 pages of printed output and display the desired answers
intermi ngled wi th other data . If any of the fiel d grade segments
are segmented within grade , then two FMPS solution reports would
have to be scanned to get a complete answer for all specialty pairs,
since the segmentation option divides the preferred specialty pairings
into two groups . The cumulative MIRADS data base (produced in major
activi ty 3 of the processing phase—-see Chapter III , paragraph lc(2)(b)3)
would have the info rmation combined and availabl e for on -line retri eval
and displ ay . A related question on the number and grade composition
of specialty pairings n years from T0 can also be answered via MIRADS
inquiry into the cumu l ative data base.

b. In the CPT segment, the solution va l ues for the W arcs
provide part of the answer to the first EEA . For CPTs some of the
W arcs (i.e., those whose subscr i pts for “from ” and “to” special-
ties are di fferent) represent officers with 8 or more YOS at T

~.The remaining W arcs (i.e., those whose subscripts for “ from ” and
“to” specialties are identical) represent CPTs with less than 8
YOS at T~. The solution values of the former group are answers

IV—4
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to the EEA . The latter group is the number of junior CPTs needed,
- 

- at I~, to fil l CPT and unfilled higher grade requirements in the
projktion period.

(1) Beginning at T~, some CPTs attai n 8 YOS and thus are
due to have alternate specialties des ignated. Although the deter-

• mination of how many officers to designate into which specialties
is not an EEA , it is an important ODSAS solution —— O DSAS provides
for designati ng alternate specialties according to requi rements .

• However, the number of offi cers designated specifi c alternate s pe-
cialties is not identifi ed separately in any W , X , or Y arc ,
because CPTs with newly designated alternate specialties (those
in their eighth YOS ) are included in the flow of Y arcs (which

- - represent CPTs with 8 or more YOS). The number to be desi gnated
each al ternate specialty is presented in the rows section of the
ODSAS pri nted sol ution (as illustrated in Figure IV-4). The va lues
in the activity col umn of the pri nted solution (Figure IV-4 ) for
the fl ow control constraints on the Y arcs ( row names begin with
“RES” followed by fi ve numbers identify ing the arc whose fl ow is
to be controlled) are the alternate specialty designations .

(2) The activi ty values can al so be found through inter-
rogation of the CPT segment data base via MIRA DS (Figure IV-5) .

• The concept used in the ODSAS methodology (as explained in Appendix
G) is to specify that the flow in a Y arc is at least equal to a
fraction of an arc representi ng CPTs with more than 8 YOS . If there

• . is any excess , then that amount represents the CPTs who were designated
alternate specialties that year. The excess appears as the activi ty
value of the appropriate flow control constraint. The identification
of specialties is found in the name of the V arc. For instance ,
assume that the following inequality was one of the constraints
in the LP probl em :

0.5 x W~4g11 < Y01149

This inequality impl ies : one—half of the CPTs with more than 8 YOS
at T0, who have specialties 49 and 11 (i.e., the left side of the
inequality), is equal to or less than the number of CPTs with 8
or more YOS who are reassigned at T0 from specialty 11 to s pecialty

-
• 

. 49. Another equation in the ODS AS so lution would specify that the
other half of W04g11 continued in specialty 11 from Tfl to Ti. If
the sol ution va lues for W ç~g11 and V01149 were 100 and 67 respec-
tively, then by substi tuting these va Tues into the above i nequality ,
the number of CPTs with specialty 11 to be desi gnated alternate

- )  specialty 49, would be the excess of V 01149 over (0.5 x W 04q11).
. Therefore , 67 mInus 50, or 17, equals the number of specialty 11

U CPTs designated alternate specialty of 49 at îü. This answer would
be found in the rows section of the printed soTution for the row
name “RESO1149 .”

I ,
- 
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I FIGURE IV-5, Excerpt of ODSAS Sol ution for Al ternate Specialty
Designations for Captains as Displayed in MIRADS
Output

(3) The above example illustrates alternate specialty
designation at T~; designations in other years are found in the
rows named RES~_ , where n is the year of interest, and the
dashes represent The specialty numbers . A predefi ned MIRADS query
set (set name is CPTDESIGN8) can be used to sel ect the appropriate
rows , and displ ay the solution. The MIRADS CPTDESIGN8 query set
is shown at Figure IV-6.

Q,ID = R and PREFIX = V AND YEAR GE 0 AND ACTIVITY GT 0
(whi ch means: Find all  row records for fl ow con tro l con stra i n ts

for years T0 to TN whose activity va l ue is greater
than zero )

S, YEAR , FROM, TO
(which means: Sort the row records found into specialty order

wi thin year)

P,YEAR ,FROM ,TO , ACTIVITY
(which means: Print the year , primary specialty number alter-

na te, specialty number to be designated , and
number to be designated the alternate specialty)

FIGURE IV—6 , MIRADS ’ CPTDESIGN8 Query Set

4. Procurement of Officers

a. The determi nation of the total procurement of offi cers
(EEA 2) , is computed by ODSAS at the completion of the LT segment.
At the comple tion of each grade segment or subsegment , the number

- - 
-I of unfilled requ i reme nts , by specialty , is computed and passed

down to the next grade segment. The unfilled requirements computed
F at the satisfactory comp letion of the LT segment reflect the effects

of the management policies on utilization , attrition , and promotion ,
and show the number of additional officers needed in each specialty .

IV-9



_ __ _ 
_

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

The ODSAS sol ution for the W arcs (the input at T0) represents how
the current officer inventory shoul d be aligned in the specialty
pairs . Any dispari ty between the actual (current or projected)
inventory and the ODSAS “optimal ” allocation is a training question ,
not a procurement question (see paragraph 5 below) .

b. The number of additi onal offi cers needed in the Tq - T1
interval is the unfilled requirements computed for Ij .  Figure IV-7
is an exampl e of the unfilled requirements report produced at the
end of the LI segment . The numbers listed under the column headed
“T-l” are the requ i remen ts that will be unfilled 1 year from T0
if there is no input of 2LTs in the T~ - T~ interval. Conversely,
that number represents the quantity o~ additiona l 2LT5 needed in

- to meet future requirements. The number to be procured
in future years (e.g., in the I~ 

- T2 interval) can be derived
using data it-i the same report ; however , any procurement in prior
years would have to be considered in arriving at the number to be
procured in the year of interest. For instance , the unfilled
requirements in the col umn headed “T-2” are computed on the basis
that the only availabl e so urces of satisfying the T2 requirements
are those existing at T0 and survivi ng to T2. Procurement in the
I - I~ interva l which would provide an addi tional number of offi cers
i~ not considered in the ODSAS computation of unfi lled requirements .
While the system does not consider the offi cer accessions in computing
unfilled LI requirements , the system could be modifi ed to accept
anticipated accessions and “age” them in arriving at unfill ed require-
ments n years from T0.

5. Insights into Determination of Trainin~ Requirements. 
- Deter-

mination of trainin~ requirements (EEA 3) is not exp licitly com-
puted by ODSAS . Nevertheless , ODSAS provides insights into the
training requirements question from three aspects.

a. The first insight concerns the training required for officers
with more than 8 YOS . The ODSAS solution is not constrained to a
know n asset position (the reference population data input by the
user is used only in the attrition and promotion rate computations);
rather , the solution represents a rec ommended asset position. If
the sol ution is acce ptable to the personnel managers in ODCSPER
and MILPERCE N , then any adj ustments to the actual inventory of dual-
qualified offi cers resulting from a compariso n wit h the ODSAS solu-
tion could necessitate retraini ng of some off icers--and thus affect
training requirements . The identification of specific off icers ,
and determination of the number to retrain are personnel management
actions outside the scope of ODSAS .

- 
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b. The second insight into training requirements is derived
from the solution values for specialty designations associated
with CPTs . The solution specifi es the number of CPTs , by BES , that
should be designated specific alternate specialties in a particular
year . With that i nformation , the personnel mana gers w ill have advan ce
knowl edge of the specialties in which CPTs (with less than 8 YOS )
should be trained and the time span to accomplish that training .
For instance , the number of CPTs to be designated each alternate
specialty in the T~ - I, interval is contained in the ODSAS solution;
this number indicates that, wi thin 1 to 2 years , the appropriate
number of CPTs who have 6—7 YOS at Tfl should be trained in the
alternate specialties indicated in tfie solution .

c. The third insight on traini ng requirements concerns the
number of 2LTs to be procured. The ODSAS solu ti on for LIs ( iLls
and 2LT5 are combined in ODSAS) provi des procurement needs by specialty .
Note that since procurement is, at present, legally restricted
to be accom p l i shed onl y by au thor i zed “branc hes ” (e.g., Infantry ,
Armor, Quartermaster), the procurement needs by s pecialty have to
be translated by the personnel managers to the branch procurement
needs. This information can be used to influence the sel ection
of the new 2LTs brought on active duty (i.e., unfilled requirements
indicate the skills needed by 2LTs). Advance information on needed
skil ls could also impact on both the training of 2LTs on active
duty and the training conducted before commissioning.

6. Operationa l Testing of ODSAS. - As a quality assurance mea-
sure, a test case with current actua l data and a realistic probl em
description was constructed and input to the ODSAS system to allow
the user to eva luate the system ’s performance. The input specified
that all 46 OPMS specialties be considered for a 3-year projection
period. The total number of preferred specialty pairings was 632
and T~ was specified by the user as 1 January 1976 . The processing
of th~ field grade segments did not employ the segmentation-within-
grade option . The size of the five LP problems and the computer
time required were as shown in Tabl e IV— 1 . The operational test
with real data was actually processed and analyzed over a 10-day
period . The observation was made that the amount of computer core
memory required by FMPS (i.e., 128,000 words of core memory are

I required if the number of rows exceeds 3,500 , otherwise 68 ,000 words),
and the computer time necessary to solve the LP problems , make it
desirable to schedule processing of the individual segments in non -
prime time at MILPERCEN (i.e., other than 0800-1630 hours) . The

— series of interrelated evaluations (paragraph 1 above) was conducted
to assess the strengths and weaknesses of the solutions . The
solutions to the segments were further analyzed via LP post-
optimality procedures to asses s the sensitivity of the solutions
to changes in syst~n input. The results of the testing are reported
in Chapter V, Sensitivity Analysis.
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TABLE IV-1, Summary Statistics of LP Problems Run During
- 

Operational Testing
-, Computer time

Grade segmen t Num ber of rows (Hr :m i n :sec )

‘ H  COL 2581 00:40:06
-

- LTC 4702 04:10:33

- ~- MAJ 4702 04:10:33

CPT 2689 02:00:00

LI 465 00:10:22
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OFFICER DUAL SPECIALTY ALLOCATION SYSTEM
(ODsAS)

CHAPTER V
SENSITIVITY ANALYSIS

1. Genera l. - Each ODSAS grade segment will usuall y terminate in
an optimal solution. (The exceptions and qualifications to an
optima l solution were explained in Chapter IV , paragraph 2 . )
Howev er, even the optimal sol ution(s) produced may vary depending
on the segmentation options selected. For example , segmentation -
within-grade is an optional procedure that can save computer time
and, in some cases, may be the only way to obtain a solution . But
a solution obtained without exercising the segmentation option may
be sign i ficantly different than a sol ution for the same grade
derived utilizing segmentation. In addition to the possible
variances due to segmentation options , an optima l solution may
also be sensitive to the input data. In this connection , variations
in the force structure and in the computed annua l attrition and
promotion rates were explored to determi ne thei r impact on the
optimal solution. Utili zing data suppl i ed by MILPERCEN , a base
case ODSAS solution was first obtained . Then sensitivity anal yses
were conducted to determine the impact upon the ODSAS solutions of
segmentation , force structure changes , and the computed attrition
and promotion rates. The results of those analyses are described
in this chapter.

2. Impact of Segmentation-Within —Grade on ODSAS Solutions

a. In concept , when segmenting within grade , one subse t  of
specialty preferences is processed in segment 1 , and the remaining
specialty preferences are processed in segment 2. This implies
that the primary specialties in segment 1 are treated as if they
compete among themsel ves for pairi ngs with alternate specialties ,
and simi larly , that the pri mary specialties in segment 2 are treated
as competing among themselve s for pairings with the alternate
specialties of that segment. Furthermore , the specialty pairings
which result from the ODSAS sol ution in segment 1 directly affect
the availability of specialties for designation as alternates in
segment 2--but segment 2 does not create a simi lar effect on
segment 1. In contrast , the unsegmented proce~sing mode provides
for the simultaneous determination of all specialty pairs during
one processing run. When utilizing the segmentation option , either
segment may be considered to consist of two specialty subsets:
primary specialties and specialties av ailabl e for designation as
alternates. If the primary specialties in ei ther segment do not
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have preferred pairings with any specialties of the other segment
(i.e., if specialties do not overlap), then the ODSAS solution
using the segmentation option will be identical to the unsegmented
sol ution. Identification and division of the specialties into two
nonoverlapping subsets require specifi c knowledge of the preferred
specialty pairings of each specialty , and a complex analysis to
ascertain the composition of the subsets . As the number of preferred
specialty pairings expands , there are increasing possibilities for
any one specialty to be a preferred alternate for more than one
other specialty . In the user-supplied base case data, it was
observed that each primary specialty was associated with an average
of 14 preferred alternate sp ecial t ies——with some s pecialties having
as few as four, and others having as many as 22 alternates . Two
subsets with the special nonoverlapping characteristics described
above could not be identified in the base case data since the
number of preferred alternate pairs (632), and the analysis of the
actual pairings specified , combined to prec l ude identi fication of
nonoverlapping subsets .

b. The ODSAS system is desi gned to compensate partially for
the variances in solution between the segmented and unsegmented
processing modes.

(1) Arbitrary upper bounds on the requirements for the
alternate specialties in segment 1 can be employed to reduce the
variation in the sequentially derived sol ution of the segmented
processing mode——compared to the unsegmented solution. Through this
procedure a limi t, lower than the specialty ’s actua l requirements ,
can be specified as the maximum to be satisfied during processing
of segment 1. This procedure guarantees that a minimum number of
requirements are wi thheld for use in segment 2. If the upper bound
was not reached in segment 1 , then there would be more than the
minimum availabl e for segment 2. In actuality , these upper bounds ,
expressed as a percentage of the total requirements for a specialty ,
are a user infl uence on the requirements that drive the solution .
If not selected carefully, the upper bounds can adversely affect
the solutions. Consequently, the user must carefully consider the

‘C specification of these arbitra ry upper bounds , and be prepared to
justify the values sel ected.

(2) As expected , testi ng problems with the base case data
resulted in different solution values for the W arcs (which answer
EEA 1) between the unsegmented and segmented processing modes. For
instance , a COL segment was run in both a segmented and an unseg-
mented mode (arbitrary upper bounds were not employed) and the

- - 
solution values for the W arcs in each mode were different , examples
are shown in Table V-l . In processing segment 1 (using the segmen-

~~~~~~~~~~~~~
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- were considered for that segment’ s seven primary specialties (infantry ,
-

- armor , field artillery, air defense artillery, engineer , law enforce-
ment, and finance). The flows in the arcs considered in segment 2

- were not a factor in arri vi ng at an optimal solution for segment 1.
- For severa l specialties , requirements were completely met by the

- 
- solution for segment 1. For example , at T0 all the requirements for

- COL with specialty 49 (which was not a primary specialty in segment
1) were met by flows in the paths that included s pecialty 49. Con-
sequen tly , only the primary specialties of segment 1 which preferred
specialty 49 were paired with 49 in the ODSAS solution for COLs.

- - 
The primary specialti es in segment 2 could therefore not be paired
with specialty 49 in the ODSAS solution , since that specialty ’s

-

- 
requirements were considered to be zero for segment 2.

TABLE V-i , Comparison of Sel ected Sol u tion Values for W Arcs
- Deri ved in an Unsegmented and a Segmented ODSAS

Processing Mode

Identification of Solution va lues
W Arc (specialty

pair ) Unsegmented mode Segmented mode

11/21 14.13 0.00

11/35 5.15 5.15

11/97 87 .24 3.56

12/45 125.99 93.62
— 

14/47 70.48 4.75

41/53 72.33 0.00

52.73 62.01 66.72

-
~~~ 77/51 73.83 0.00

- 
95/48 153.39 0.00

95/86 1.46 56 .34
- (3) Thus , the segmented mode provided different answers in

the sample problems becaus e the same constraints and interactions
did not apply in both the segmented and unsegmented processing

- 
modes. Some of the differences are shown in Tabl e V-i . Note

-~ that some so lution values for the specialty pairs vary little between
- - - 

- 
the two processing modes; whereas , for other specialty pairs , there
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V-3 
:~
‘ 

- - ~~~
- - - --. - 

LA



_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
-- -— ~~~-~~-- —C-- ~ —- ---- - 

-‘I,

are larger differences in the number of officers allocated. As
a result of testing and comparing the two segmentation options ,
it was determined that if segment 1 were increased in size (as
measured by the number of preferred alternate specialties), then
more interactions between specialty pairs would be introduced.
This increased interaction would i ncrease the simi l arity in solution

— values between the segmented and unsegmented processing modes .

3. Impact of Requirements and Computed Rates Upon the ODSAS
Solutions. - Force structure requirements data and the promotion
and attrition rates, the two primary user inputs , were eval uated
as sensitive parameters . Sensitivity of the ODSAS solutions to

— these two types of input was evaluated in order to: 1) determine
if selected changes in the force structure affect the base case
allocation of officers to dual specialties; 2) observe the effects
of changes in the attri tion and promotion rates; and 3) establ ish
procedures to answer “what if” type questions on possibl e changes
in personnel policies or force structures , such as changes in
promotion eligibility or expansion of specialty requirements in
the force structure . The techniques used to evaluate variations
in requirements and rates, and the results obtained , are explained
in the subparagraphs bel ow.

a. Sensitivity of ODSAS Solutions to Changes in Force Structure
Requirements. - By design , ODSAS is a requirements -driven method-
ology; sensiti vity of the sol utions to changes in the force structure
was evaluated to determi ne the effects induced by such changes.
Since an LP solution technique is employed in ODSAS , standard LP
post -optimality analysis procedure s were considered for interpreting
ODSAS solution sensitivity to changes in force structure requirements .
However , post-optimality analysis is performed on the optima l
solution va l ue and the optimal value of the objective function
does not address any of the EEA. Therefore, an analysis of the
sensitivity of the objective function does not reveal changes in
the answers to the EEA . Ar. optimal ODSAS sol ution represents the
maximum amount of flow that could traverse the network , measure d at
T11, subject to all the stated constraints . In ODSAS, given the
many possibl e inputs to each node (specialty), there may be many
ways to accomplish the allocation probl em . Poss i bly, more than
one of these ways could yield sol utions with the identical optimal

4 values (called alternate optimal solutions). Due to the possibilit y
of alternate optima l solutions , and the low utility of post-optimal -

-‘ 
-~ ity analysis on the ODSAS objective function , the ODSAS sensitivity

to changes in force requirements had to be eval uated using auxillary
LP procedures. These procedures invo l ved making modifications to
the constraints upon the base case solution. The modified probl em
could then be solved by taking maximum advantage of the computations
performed for the base case solution .
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(1) The ODSAS solutions for the field grades (unsegmented)
that were derived using the base case data were analyzed for sel ected
changes in the force structure . This testing was performed to verify
if, in fact, the sol ution was requirements-dri ven. If ODSAS were
requirements-driven , then the sol ution values should: 1) be
determined by the number of officers required in each specialty in
each year of the projection period; and 2) change if the force
structure changes. The results of the testing revealed that the
ODSAS sol utions do change whenever changes in force structure
re qu i rements occur , provi ded that the changes in requirements are

-
- not mitigated by the system constraints (e.g.. control of input) .

For exam p le , the base case COL segm ent was processed with the
result that the control of input constraint for total authorized
strength was a binding constraint. A constraint is “binding ” if a
change in the va l ue of the “righthand side ” of the constrai nt
(Chapter II, paragraph la(2)) affects the optimal objective function

= value. Excerpts of the solution values for selected W arcs of
that COL base case remain as shown in Table V— l . In the first
sensitivity test, the requirements for specialty 49 at T~ (arbitrarilysel ected) were increased by 20. The solution va l ues for the flows
in the W arcs did not change . The val ues did not change because
the control of input constraint precluded any increase in flow
representing COLs from entering the network to satisfy the i ncreased
requirement. The soluti on values for the W arcs 4n the LIC segment
did change , however , since the increased requirements for COL5 in
specialty 49 at T1 produced 20 additi onal unfilled requirements.
These requirements , in turn , were passed to the LTC segment where
they were satisfi ed by promotees or grade substitution . (The control
of input constraint was not bindi ng in the LIC segment for this
test.)

(2) The original requirements for COLs with specialty 49
at I, were then decreased by 20. The base case solution and the
sol ution of the modi fied problem for the affected W arcs are sho wn
at Table V-2. A consequence of this decreased requirement was that
the total of flows representing specialties paired with specialty
49 was decreased by 20. In the base case, the requirements for
specialty 49 at 11 were satisfi ed and all but six of the other
specialty requirements at T1 were also satisfi ed . The effect of
reducing requirements for specialty 49 at 11 was to reduce the flow
in the preferred specialty pairs , including specialty 49, by 20.
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TABLE V-2, Comparison of Solution Val ues for W arcs Derived
-, with Base Case Data and with Modified Base Case Data

Identification of Sol ution values
W Arc (specialty Modified

pair) Base Case (reduced requirement)

11/49 0.00 0.57

12/49 17.65 0.00

13/49 0.00 0.00

14/49 0.00 - 0.00

15/49 0.65 0.65

21/49 0.00 0.00

25/49 0.00 0.00

26/ 49 0.47 0.47

35/49 1.24 1.24

37/49 0.00 0.00

71/49 0.68 0.68

73/49 0.45 0.45

74/49 0.00 0.00

75/49 6.00 5.93

J 77/49 0.00 0.00

91/49 0.02 0.00

92/49 17.65 14.82

95/49 0.68 0.68

45.49 25.49
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(3) If , as in the base case , any of the specialty requirements
at T1 were not sati sf i ed, then a decrease i n spec ia l ty 49 requ irements
at 11 would appear in those preferred specialty pairs which include
49. But , because the LP algori thm maximi zes flow through the net-
work, there could be increases in the flows associated with nodes
that were not satisfi ed. In other words , the reduction i n one
specialty ’s requirements could cause a reallocation of network
flow i n order to meet other special ty requ i remen ts. As shown i n
Table V—2, signifi cant di fferences in solutions val ues caused by
reducing the specialty 49 requirements by 20 occurre d i n W arc fl ows
to specialty 49 from specialties 12 and 92. The flow from specialty
12 was reduced by 17.65, and from specialty 92 by 2.83. The result-
ing reallocation of flows from specialties 12 and 92 are as shown
in Tabl e V-3 (no other specialty pairings were affected). Note
that the reduction in the flow to specialty 49 from either specialty
12 or 92 i s not necessar i ly equal to i ncreases i n fl ows to other
specialties (e.g., the flow from specialty 12 to 49 was reduced by
17.65, whereas the combined flow into 41 and 71 i ncreased by 26.73).
This illustrates one of the characteristics of the LP solution
technique , i.e., that a singl e change to the constraints can cause
a series of related changes affecting many flows.

TABLE V— 3, Ex ampl e of the Real l oca ti on of Networ k Fl ows Resul ti ng
from Changes in Requirements

Primary Alternate Modifi ed
specialty specialty Base case (reduced requirements)

12 41 38.02 64.02

12 49 17.65 0.00

12 71 24.12 24.85

92 49 17.65 14.82
P -;

92 82 6.21 1.75

92 83 4.90 11.93

92 93 0.00 18.74

(4) The sensiti vity testing for changes in force l”vel
requirements included simultaneous changes in many specialty require-
ments. The above examples illustrate the results obtained . When
many changes are introduced at one time , the interpretation and
illustration of the result become more complex , since the effects
of one change can be mas ked by the effects of the other changes .

I - V— 7
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It is conceivable that even mi nor changes in requirements could
yield drastic changes in solution values. The effects of changes
can be channelized by establishing upper and lower boun ds ba sed
upon analysis of the origi nal solution flows. However, by analyzing
the results from introducing a limited number of changes , it was
observed that the ODSAS solu tion does chan ge as the requ i remen ts
change . Further , more than one grade segment solution may be
affected by those changes .

k b. Sensiti vi ty of ODSAS Soluti ons to Changes in Attrition
and Promotion Rates. - The objective of this analysis was to
test the sensitivi ty of the ODSAS solution to changes in the
attrition and promotion rates. The effects of changes in these two
types of rates, as employed in ODSAS, cannot be isolated from the
interaction of the set of constraints in the linear program for
eac h grade segment. Further, any changes to the ODSAS sol ution of
one grade segment resulting from a change in attri tion or promotion
ra tes, can produce a rippl e effect in the sequential processing of
the following grade segments . The i nteraction of the five types of
constraints (flow conservation , node capaci ties, flow control ,
control of input , and key arc rel ationships) strongly infl uence the
effects of changes in the promotion and attrition rates, as noted
bel ow.

(i) Effects of changes in the annual promotion rates are
subject to infl uences of the constraint set. The promotion rates,
in effect, control the transition of flows from the X arcs to the
Y arcs. However , two va l ues associated with specialty requirements
limi t the effects of the promotion rate: 1) the unfilled require -
ments derived from processing a grade segment impose an upper limit
on the number of officers that can be promoted in the next segment
to be processed , and 2) the requirements for a specialty in a grade

- - (e.g., the number of LIC spaces for specialty 11) equal the maximum
number of offi cers that can be promoted from that specialty . To
illustrate the first point , if the unfilled COL requirements for a

H specialty were 40, then no more than 40 LTCs could be promoted
and assigned to that specialty . No matter how much the promotion

- I rate were increased , the 40 unfilled requirements for the COL grade
is the limit , in that specialty , on the number of LTCs promoted; thus
beyond a point, the promotion rate has no infl uence on the ODSAS
solution for a specialty pair. Where the unfilled COL requirements
limit the promotions in one specialty , an increase in the promotion
rate could be effective for other specialties , up to the point where
all COL requirements are met ; then , no additional promotions are
permitted . Under these latter circumstance s, fur ther i ncreases i n
the promotion rate would have no effect on the ODSAS solution. To
illustrate the second point , for the same unfilled COL requirements
mentioned above , if the requirements for LTC were 100, and if the
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requirements were satisfied , then the promotion rate , multipl ied
by the requirement , i s the max imum number of LTC that could be
promoted. Assuming the annual promotion rate were 8 percent and
flows in V arcs (promotees) from four specialties (each with
requirements for 100 LTC) could possibl y satisfy the unfilled COL
requirements, then no more than 32 (8 percent x 400) could be pro-
moted . At least eight COL positions (40 unfilled COL requirements
minus the max imum of 32 promotees ) woul d therefore be fi l led with
LTC5 by grade substitution . In this instance , the ava il ab le sources
of promotees to COL were the limiting factors to the number promoted ,
and not the unfilled COL requirements.

(2) Effects of changes in the attrition rates are also
subject to infl uences of the constraint set. In a manner analogous
to the way changes in promotion rates are reflected in the ODSAS
solu tion , the synergisti c effects of requirements and flow control
constraints can produce instances where changes in attrition rates
have no effect on the ODSAS sol ution for a grade segment.
Additionally, some specialty pairs may be affected by a change in the
annual attrition rate, and others may not be affected at all due to
the infl uences of other constraints and/or requirements .

(3) Analysis of the effects of changes in attrition and
promotion rates must consider the possibl e miti gating conditions
described above . Selected base case attriti on and promotion
rates were changed to observe the effects of the changes when com-
pared with the base case solution . Analysis of the effects is
more compl ex and time consuming than analyzing changes in force
structure requirernents .* The complexity results from attempting
to isolate where the new solutions differ from expectations
because of the mitigating effects of the constraints. For example ,
in one test, the attrition rates for each year in the projection
period for the COL segment were increased by 10 percent of their
original computed values. The maximum flow through the network did
not change—-however it could have . For example , if a bottlenec k
condition had existed in the network then the increased attrition
would diminish the flow into the bottleneck node , and conceivabl y

*The process is more time consuming because each annual
attrition/ promotion rate is used as a component in the computation
of many coefficients for the linear equations. Thus , eva l uation of
changes in rates, in most cases, requires starting the solution
process from the beginning, as opposed to the advanced position
used in analysis of changes in force structure requirements (sub-
paragraph 3a above).
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increase the fl ow through the network . In this test, increased
attrition rates for COLs resulted in more unfilled requirements
being passed to the LTC segment. These, in turn , rel axed one of
the limits on promotions (paragraph (1) above). Thus , for those
LTC specialties with unfilled hig her grade requirements completely
satisfied in the base case increased attrition of COLs resulted in
increased promotion opportunities for LTCs. For those LTC
specialties in which promotees were limited by LTC requirements ,
the increased attrition of COLs had no effect. Al so , in the absence
of any logical bounds on the base case solution values , the test
case LP solution was observed to have redistributed and reallocated
some of the flows in the W arcs in order to arrive at the maximum
flow through the network .

(4) ~n LP solution of the size considered by ODSAS isneither transparent nor subject to simple analysis; it is not
within the scope of this study to interpret all the nuances
of the changes. Suffice it to say that all the changes in solutions
resul t from changes in input parameters; logical bounds can influence
the degree of change in solution values and the new solutions
derive from the interaction of 4000-6000 constraints acting upon
the problem input.

4. Summary

a. Segmentation Sensitivity . - Sensitivity testing has
revea l ed that the unsegmented processing mode is prefera bl e to the
segmented—within—grade mode . Differences in solution values
resulting from sequentially sol vi ng two smaller LP problem s versus
one large LP problem led to the preference for the unsegmer ited
mode. If the problem ’s size is too large to be processed in the
unsegmented mode , then by judicious selection of specialties and
arbitrary upper bounds for segment 1 (paragraph 2b), the segmented
processing mode can yiel d results that approach those of unsegmented
processing.

I
b. Input Sensitivi ty. — The analysis of sensitivity to

changes in input (force structure requirements and attrition/promotion
rates) revealed that ODSAS solutions change as the requirements change
(it is requirements -driven) and also the solution is affected by
changes in attrition and promotion rates. Additionally, the sensi-
tivity of ODSAS to changes in input is subject to the influence s of
the total constra i nt set and the optimization function of the LP
algorithm. In some instances , changes in input have a significant
effect on the solution , whereas in other instances the solution
does not change. The full i mpact of changes in input data is con-
trolled in a nontransparent manner by one or more of the 4000-6000
constraints which act upon the LP probl em for each grade segment.

V-b

-~~~~~ - - ---—~~~ C- -— - .C- - - - -~~~~~~~~~-—- --C-~~~~~~ - - —  



- 

- OFFICER DUAL SPECIALTY ALLOCAT I ON SYSTEM
(ODSAS)

CHAPTER VI
OBSERVATIONS

1. General

a. The first of two objecti ves for this study was to determ i ne
the feasibility of devel oping a methodology to analyze any given
force structure and project officer requirements , by gra de level ,
with a proper composition of prima ry and alternate OPMS specialties .
Fol lowing a period of research, it was determi ned that the question
of officer allocation was solvable by analogy to a network flow
pro blem and tha t l inear program i ng was an appro pri ate so l uti on
technique . The second objective was to develop a computer-based
model that would assist OPMS managers in satisfying Army officer
personnel requirements . Consequently, the ODSAS automated informa-
tion system was designed to be utilized at MILPERCEN utilizing
the UNIVAC compu ter hardware an d l i near program i ng software .

b. The ODSAS solution is dri ven by the requirements of any
force structure specifi ed by the user . The methodology is employed
to compute the optimum number of officers for allocation to specifi c
OPMS specialty pairings, consistent wi th the force structure require-
ments. The system addresses of ficer gra des, from LT throu gh COL ,
over a period of up to 9 years. The solution to each officer grade
is computed in sequence , starting wi th the grade of COL . Attri tion
and promotion ra tes are app l i ed to model , as realistically as
poss i ble , the changes in the composition of the officer corps expect-
ed to occur with the passage of time .

c. The ODSAS addresses the allocation of dua l specialties at
a macro level .  Tha t is, onl y the requirements for the total numbers
of officers with specific dual specialties are computed. The assign-
ment of individual officers to dual specialties is beyond the scope
of ODSAS; that action remains the responsibility of the officer
personn el mana gers at MILPERCEN.

2. Essential Elements of Analysis (EEA). - The EEA defined by
the study directive and the responses to the EEA follow:

a. EEA 1

(1) LEA Statement. - In any given year, based upon the
requirements generated by a given force structure , can the num ber

VI- 1
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of officers to be allocated specific specialty pairings at each
g rade level , not to exceed the utilization ratio limits , be determined ?

(2) LEA Response. - The number of officers allocated to
specialty pairings is the solution value of specific flows in the
networks representing the grades of CPT through COL . Desi gnation of
alternate specialties to CPTs attaining 8 YOS is accomplished in the
CPT and LI segments .

b. EEA 2

- ~- (1) EEA Statement. - In any given year based upon the
requirements generated by a gi ven force structure , can the total
procurement of officers by basic entry specialty (BES) be determined?

(2) EEA Response. - The total procurement of officers by
BES is determined by computing the unfilled LI requirements at the
end of the processing for that segment.

c. EEA 3

(1) EEA Statement. - In any given year based upon the
requirements generated by a given force structure , can the training
requirements for basic entry and alternate specialties to support
the force be determined ?

(2) EEA Response. - The user can derive the training
requirements for BES and alternate specialties by comparing the
actual officer asset position to the optimum positi on determ ined
i n ODSAS.

3. Observations. - During the conduct of this study severa l
important observations were made ; these observations are presented
below .

a. The ODSAS can be used as a viable planning tool by officer
personnel managers at MILPERCEN/ODCSPER to evaluate the following:

(1) The optimum composition of the officer corps based
upon perceived force structure requirements.

(2) Alternative officer personnel management policies
prior to impl ementation.

(3) The impact of projected force structure changes.

b. The use of ODSAS provides information to assist officer
personnel managers in determining the following:

VI-2

~~~

_ _ _ _ _ _  
- ——---C - - - —- - C - - C - C --- - - C- —-- - - - C- --- ~~~ -C-C-—--- ——----- - -- C--



_ _  

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

(1) The number of officers, by grade, to be allocated
specific specialty pairings.

(2) The total procurement of officers by basic entry
specialty .

(3) The training requirements to support the optimum compo-
sition of the officer corps.

c. The solutions for allocation of dual specialties to officers
is driven by whatever force structure requirements the user speci fies .

d. The large size of the linea r programing probl em was recog-
nized early in the formulation of the ODSAS methodology . Any attempt
to sol ve the LP probl em without segmenting the processing would
exceed the UNIVAC hardware and software capabiliti es at MILPERCEN.

(1) For a 5-year projection period , the LTC or MAJ segments
approach the capacity of the UNIVAC computer and LP software .

(2) The ODSAS contains opti ons to employ addi tional segmen-
tation—within—grade . These procedures provide for processing the
grades in two parts and miti gate the hardware and software limi tations
but impose burdens on the interpretation of the solution. Therefore ,
the additional segmentation -wi thin-grade option is generally not
preferred.

(3) Experience gai ned through operational testing with
user suppl i ed i nput data indicates that solution time s are very
long. The time required to obtain solutions of a grade segment
ranges from 1 to 8 hours . Consequently, processing of all grade
segments is likely to occur during non—prime time over a 1—week
per iod.

e. The ODSAS solutions are sensitive to changes in the input
data. The impact of input changes on the solutions is affected
by the 4000 to 6000 constraints which act upon the LP problem for
each grade segment. Therefore , it is difficult to predict the changes
to the ODSAS solution resulting from changes in the input.

*
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OFFICER DUAL SPECIALTY ALLOCATION SYSTEM
(ODSAS )

APPENDIX C
GLOSSARY

1. Abbreviations , Acronyms , and Short Terms

ADP au toma ti c da ta process i n g

AFCS active federal comissioned
serv i ce

CAA Conce pts Anal ys i s Agency

COL colonel

CONUS Continental United States

CPT ca pta i n

DA Department of the Army

DCSPER Deputy Chief of Staff for Personnel

DOPMS Defense Officer Personnel Man agemen t
System

EEA essential elements of analysis

H UMINT the intelligence collection function
which uses human beings as both
sources and collectors

LP Linear Programing

LT lieutenant

LTC lieutenant colonel

MAJ major

-: MILPERCEN United States Army Military Person-
nel Center

MTOE Modification Table of Organizati on
- 

I and Equipment
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NASA National Aeronautics and Space Adminis-
tration

ODCSOPS Off ice, Deputy Chief of Staff for
Operations and Plans

ODCSPER Office , Deputy Chief of Staff for
Personnel

OPD Officer Personnel Directorate

OPMS Officer Personnel Management System

ORSA Operations Research /Systems Analysis

pct auth percentage authorized

SACS struc ture an d compositi on system

SAG Study Advisory Group

TDA tables of distribution and allowances

TOE table(s) of organization and equipment

1LT fi rst lieutenant

2LT second lieutenant

2. Terms Unique to this Study

AES advanced entry specialty
-~ . BES basic entry specialty

H BGNYOS beginning year of service

CINC un i que suffix qualifier for name of one
type of flow control for Y arcs

CREQ un ique suffix qualifier for name of
capacity constraint on Y arc input to a
node

SPEC-PAIRS a standard MIRADS query set used to
display specialty pairings
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ENDYOS ending year of service

LINC un ique suffix qual i f ier for name of one
type of flow control for X arcs

NPREF total number of preferred, or logical ,
specialty pairi ngs considered in arriving
at a solution

NSPEC total number of authori zed OPMS
specialt ies

NYRS number of years in projection period

OBJECTIV objective function name

PROM promotion

TREQ unique suffix qualifier for name of
capacity constraint (X +Y input)

UBSG unique suffix qualifier for name of
control of input constraint for
specialties

YOS year(s) of service

3. Computer Models, Routines, Simulations , Related Terms,
and Definitions.

AID-O Automatic Interaction Detector-Officers .
~ model which provides data on attrition
rates and populations by grade and years
of service.

CIM-O Centra l Integrating Model-Officers . A
model which provides data on attrition
rates and populations by grade and years
of service.

FMPS Functiona l Mathematical Programing ~ys tem

FORT RAN Formula Transla ti on (a computer languag e
used In scientific applications)
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MIRADS Mars ha ll Information Retrieval and
D i splay ~ystem

MPS-X Mathematical Programing ~ystem-Extenc1ed

ODSAS Officer Dual ~pecialty Allocation ~ystem

PERSACS Personnel Structure and Compositi on ~ystem
SPRINT Specialized routine within FMPS which

accelerates solution time
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OFFICER DUAL SPECIALTY ALLOCATION SYSTEM
(ODSAS )

APPENDIX D
ATTRITION AND PROMOTION RATES COMPUTATION

1. Introduction. - The ODSAS methodology is designed to assist in
determining what the composition of the officer corps should be ,
by grade and specialty pairings , to satisfy a given force structure .
The composition of the officer corps over time is subject to changes
reflecting retirements , promotions , resignations , and similar occur-
rences. Thes-e chan9es are portrayed in the LP mode l via attri tion ,
promotion , and continuation rates derived from user-supplied input
data describing an officer corps population by grade and YOS.

2. Purpose. - This appendix contains descriptions of how attrition ,
promotion , and continuation rates are derived for the ODSAS system.
The descriptions include requirements for user-suppl i ed input data ,
an explanation of how the automated system computes the rates from
the input data, and examples of the output produced by the system .

3. Underlying Assumptions

a. The four assumptions on which the ODSAS system was based are
set forth in Chapter I, paragraph 5. The first two of those assump-
tions , reiterated bel ow, are appl i cable to the computation of attri-
tion and promotion rates.

(1) Attri tion/Promotion. - All officers within a grade
and year of service (YOS) population have an equal opportunity for
promotion and are equally susceptible to attrition , without regard
to their specialties , i.e., for a given grade , attrition and promo-
tion are functions of the YOS distri bution only. This implies that
all YOS are represented proportionately in each specialty .

(2) Applicability of Attrition/Promotion Rates. - Annua l
attrition and promotion rates (percentages) are used to “age ” the
population of a given grade across the time span being analyzed. In
calculating the annual attri tion and promotion rates , the rates
(input by the user) for a YOS within a given grade are assumed to be
valid for any population which attains that grade and YOS . For
example , if an attriti on rate of 20 percent per year appl i es for
COLs with 22 YOS in the first year (T1), that rate also applies
3 years later (14) for COLs who attain 22 YOS.
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b. The fi rst assumption above reflects one of the fundamental
precepts of the OPMS system--that all officers of a given grade
have equal opportunity for promotion and profession al development ,
regardless of specialties . As stated in the assumption , promotion
opportunity equity and equal suscepti bility to attrition necessarily
require that each grade and YOS group be represented proportionately
in each specialty .

c. The second assumption above specifies that, in the absence
of any foreknowl edge of changes in attrition/promotion pattern s,
experience gained with the reference officer population (as reflected
in the user input) regarding attri tion , promotion , and continuation
will be applicable in future years.

4. General Concept Used in Deriving Attrition and Promotion Rates

a. The network algori thm requires that attri tion and promotion
rates be applied as percentages of the total population leaving a
node within a particular grade segment. Since the total population
leaving a node is made up of offi cers with various YOS , the attrition
and promotion rates must reflect the relative proportion of each YOS
group. The ODCSPER ’s CIM-0 and AID-O model s provide data on attri-
tion rates and populations by grade and YOS . The ODSAS uses these
data to compute annual weighted average (by population density by
year) attrition and promotion rates. The concept of a weighted
average attrition/promotion rate, as opposed to a simple arithmetic
average , was employed to reflect 1) the varying sizes of the YOS
populations within the total officer grade population , and 2) vary-
ing proportions of the population represented by each YOS group
within that grade , with the aging of each YOS group during the
projection period. For instance , at T~, COLs with 20 YOS mayrepresent 15 percent of the total COL population , whereas at ~~ that
same group would have 21 YOS and mig ht comprise a different propor-
tion of the COL population . These time dependent differences are
reflected in the annua l attrition and promotion rates computed from
the user input in the initialization phase of ODSAS and are displayed
in the Attrition and Promotion Rates report (Chapter III , paragraph
3a(2)). The derivation of the rates is explained in paragraphs 5
through 8 bel ow. The examples used to illustrate the rate deriva -
tions for each grade reflect only the computation of the rates needed
in the T0 - I~ interval; however, the rates needed for each interval
in the projection period are computed by the same process and dis-
played in the Attrition and Promotion Rates report prod uced by ODSAS .

b. The general concept described above is appl i cable in computing
the rates for all grade segments , COL through LI; however , in three
grades ( i.e., CCL , CPT and LI) there are un i que characteristics which
require modification of the genera l concept. The application of the
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concept for each of the offi cer grades is descri bed in the following
paragraphs . Since the basic procedures to imp l ement the concept
apply in the case of the LTC and F4AJ grades , procedures for those
two grades are descri bed first; computations in the other grades
employ modifications to the basic procedures.

5. Derivation of Attri tion and Promotion Rates for Lieutenant
Colonel s and Majors

a. Inputs. - The user input required to compute the annual
attrition and promotion rates consists of the following data on a
refereRce population ; Table D—l is used as an illustration .

(1) Number of officers by grade and YOS (“YOS ” and “Starting
Population ” col umns in Table D-l) .

(2) Attrition rate, by YOS within grade , excluding promotion
as a form of attri tion . ( “Rate w/o Prom” column in Table 0-1).

(3) Attri tion rate , by YOS within grade , with promotion
included as a form of attri tion ( “Rate w/Prom” in Tabl e 0-1) .

TABLE D—l, Example of User Input for Grade 4
________________________ Cf f i ce r s  Gr ade 4 at T 0 - -
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b. Calculation for Year I.~ - Given these initial input data ,
the annual attrition and promotion rates are produced by a three-
step process:*

(1) In the first step, a weighted average promotion rate
and a weighted average attrition rate for each grade are computed .
Computations are descri bed in subparagraphs (a) and (b) below , and
are illustrated in Tabl e D— 2 , using the same input data as in
Tabl e D-1.

(a) Since the user-suppl i ed attrition “rate with pro-
motion ’1 represents the rate of loss due to all causes , while the
“rate without promotion ” represents losses due to all causes except
promotion , the di fference between the two rates is the promotion
rate. The weighted average promotion rate therefore is computed
by first multi plying the number of offi cers in each YOS group with-
in that grade by the difference between the two attrition rates , to
find the number promoted in each YOS . The promotions , by YOS , are
then sumed across all YOS represented , and divided by the total
starting population .

(b) The weighted average attrition rate , for those
remaining in grade , is computed by first subtracting the promotions
in each YOS group from the starting population for that YOS group,
and multiply ing the difference by the attrition rate without promo-
tion. The attrition for those remaining in grade is then sunined
across all YOS represented and divided by the total starting
population less the total promotions.

(2) In the second step, an attrition rate is computed
for officers who have been promoted to the next higher grade in
the interval T~ - I~. The computations are described below , and
are illustrated in Tabl e 0-3 (which is a continuation of the compu-
tations in Tabl e 0-2 for the annual rates used for the year beginning
at T~ and ending at T1).

(a) The new promotees in each YOS (computed in the
first step (subparagraph (1) above), and shown in the “Promotions

*The input data for the number of officers , by grade and YOS ,
is required as a basis for defining the relative proportions of the
YOS groups in the total officer population by grade , and is used
only in the initial year (T o — Ii) computations. For subsequent
years the populations remaining ~n the YOS groups are computed by
ODSAS. The input data for attrition rates , however , are used in
all computations to “age ” all officers attaining the grade and YOS
for which the rate applies.
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column in Tabl e 0-2) must be added to those officers who had already
been promoted to the next higher grade from T3 up to the year beingconsidered . Since the promotions cormience at T~ in this example ,
the values in the column “0-5 Promoted Before T-O” in Tabl e 0-3
are necessarily zero because the system considers that TO is the
beginning of all activity . However , the population values which
will appear in this column for subsequent years will reflect promotees
from earlier years. The tota l promotees at 

~ 
(“Total Prom ’ column )

are therefore comprised of only the “New-Promotees ” in each YOS
represented . The total number promoted , by Y OS, is then mu lt i p lied

- 

i
__ by the user-s uppl ied input attrit ion rate (“Attr . Rate for Grade-5”

- 
- 

Co lumn ) for offi cers of that grade and YOS , to compute  the  number
attrited in that grade and YOS (“Attri tion ” col umn).

(b) The values in the “Total Prom” and “Attrition ”
column s are each sunrned across all ‘(OS represented . The “Attrition ”
total (49.40 in Table 0—3) is divided by the “Total Prom ” sum
(1918.36 in Tabl e 0-3) to compute an attrition rate for those
officers promoted .

(3) In the third step of calculating attrit ion and promo -
t ion  rates , the starting popu lation at T fl must  be “aged” to ref lect
the attrition and promotion that occurred in the T0 — I~ i n t e r v a l ,
to arrive at the starting population at T1.

(a) This procedure consists of subtracting the promo —
tions and the attrition in grade from the T0 starting population ,
by YOS , to arrive at the amount of that YOS group remaining at I

~
.

Tab le 0—4 i l lustrates the “aging ” of the populations presented in
Tables 0-1 through 0—3 . In Tabl e 0—4, the “Starting Population ”
of 331. 7 MAJ s in their 11th YOS at T 1, represent the 343.0 “Starting
Population ” in their 10th YOS at T0 (in Table 0—2), less “Promotions ”
of 1.37 at T0 (in Table 0-2) and “Attrition - i n Gra de ” of 9.91 (in
Tabl e 0—2). Similarly the “Starting Population ” with 13 YOS at
T1 (Table 0-4), 2007.5 , represents  the  “Starting Population ” w i t h
12 YOS at T0 (Tabl e 0-2), 2156.0, less “Promotions ” of 99.18 and
“Attr ition in Grade ” of 49.36 .

(b) An exception to the “aging ” procedure is employed
for the last YOS represented in a grade ( i .e. ,  the 20 -21 YOS line
in Table 0—4). The va l ues on this line inc l ude that YOS and later
YOS , for computation purposes (which , in Table 0-4, are both zero
and are therefore not readily appa rent). When the va l ues on this
line are non-zero , in comput ing the start ing popu lation w i th  20
YOS and over , at T , that population is the sum of the start ing

I l ;  popu lat ions at T 0 ~ith 19—20 ‘(OS plus those wi th 20-21 YOS and
over, less promotions and attri tion in grade for both groups. For
examp le , if the “starting population ” of the 19—20 and 20-21 (and
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over) YOS groups at T0, in Table 0—2 , were 13.0 and 3.0, res pect i vel y;
- “Promotions ”, 0.12 and 0.00; and “Attrition in Grade ” 8.63 and
- 2. 06 , then the “Starting Populat ion ” for the 20-21 YOS group line

in Figure 0—4 (representing the population with 20 YOS and over)
would be 5.31 . This value would have been computed by adding
together  the  “Start ing Population ” of the 19 —20 and the 20—21 (and
over ) YOS groups  at T0 from Tab le D-2 ( i .e ..  13.0 + 3.0 = 16),

- - subtracting the combined “Promotions ” (0 .12 + 0.00 = 0.12), and the
combined “Attrit ion in Grade ” (8.63 + 2.06 = 0.69);  or (16.0 -

-
~ 0.12 — 0. 69 = 5.31). The value 5 .31 , the  “Start ing Popu lation ”

for the 20—21 YOS line , when rounded to the nearest one tenth ,
would be 5.3.

c. Ca lculation for Subsequer ~t Years . - Upon comp l e t i o n  of
the three—step procedure in b~~b~/e~~tTT at t r i t ion  and promotion
rates for each subsequent year in the p rojection period are computed ,
applying the same three—step procedure to the attrition rates
suppl i ed by the user and the starting populations derived in b .

6. Derivation of Attrition and Promotion Rates for Colonels. -

T The three—step procedure described in paragraph ~ for p roduc ing
annua l attrit ion and promotion rates for LTCs and MAJ s is modified
to a two -step procedure for COLs. Weighted average pru~ot ion rates
and attrit ion rates for COLs promoted to J~ rIeral off icer are not
needed for the COL segment , because general of f icer grades are not
inc luded in ODSAS. Consequently, the annual at t r i t ion rates for
COL are computed in a manner s i m i l a r  to the attr i t ion rate for LTCs
or MAJ s remaini ng in grade , except that the COL a t t r i t ion rate for
each ‘(OS represented incl uc~s promotion as a form of a t t r i t ion.
Attr i t ion rates for LTCs/ !-htJ s rei a ining in grade ao not include
promotion as a form of attrition (~-~~agraph 5b (1) (b) a~xvc ).

a. The first step is to tiu lti ply eden YflS population oy the
- corresponding rate with promotion. Co~IHtations are illustrated

at Table 0-5. The va l ues in the “Po p u l a t ion ” and “Ra te w/Pror,i”
co lumns , wh i ch are ex tende d as i npu t ~y the Ij~~- O  , ar e mult ip lied
to produce the attr i tion by ~‘tTh show’ ~n the Po pul at io n * Ra te

• 
- w/Pro m ” col u m n. The population va 1e~ arid the ~tt~- i ti on values

are summed across all ‘(OS re~ ,-t e r te2 . to p ud uce the colu m n totals
shown . Then the tota l ~At trit i~~n

I is divided 
~
y the “Population

-
~~ Slim ” to p rod uce the “At t r i t ion Rate ” in grade 6 for tha t year.

_

1
• b. The second step is the sa i- ic - as the thi rd step in the

- 
- process described in pa ragraph 5. Tha t is , the COL po pulation
- with n years of service , less the attrition of those with n years

of service , bec onies the COL population 1 year later , w ith n+1 YOS.
Ta ble 0— 6 illu strates the “ag ing ” of the COL pco~ l a t i o n  at T0 to
a point 1 yea- later (T1 ) .  (~ote : The last Y Ot  group (i.e., 29—30)
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TABLE D-5, Sample Report of Results of ODSAS Computation of the
Weighted Average Attrition Rate for Col onels
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is computed in a manner similar to that described for LTCs and MAJs
in paragraph 5b(3)(b) to include all COLs with 30 or more ‘(OS.

7. Deri vation of Attrition and Promotion Rates for Captains

-
~~ a. The same general concept as appl i ed for LTCs and MAJ s also

applies for CPTs; however, there are three signifi cant methodological
refinements empl oyed in the CPT segment , which in turn cause changes

-‘ in the procedure s for rate computations . The three refi nements are :

(1) The X arcs represent only CPTs rsith less than 8 YOS .

(2) Alternate specialty desi gnation for CPTs attaining
8 YOS imposes an additional requirement wh i ch must be represented
in the network.

(3) Promotion to MAJ is implici tly represented in the net-
work (Y arcs represent both CPTs with 8 or more YOS and CPTs promoted
to MAJ ; however the attri tion rates employed for the Y arcs are
computed by explicitly considering promotion rates from CPT to
MAJ and attri tion rates appl i cable to both groups).

b . Since the X arcs in the CPT segment represent only officers
with less than 8 YOS (and therefore with only one specialty), an
attrition rate that appl i es to the flows in the X arcs is needed
to “age” this portion of the CPT population. Therefore, in each
year of the projection period , starting at T0, a weighted average
attrition rate is computed for that portion of the CPT population .
The computations to derive this attrition rate for T0 are illustrated
at Tabl e 0-7. The va l ues in the “Population ” and “Rate w/Prom ” column s
are suppl i ed by the user for the T3 computations (the “Population ”
val ues for future years are deri ved in ODSAS, as previousl y described
in paragraphs 4 and 5). The “Population ” value for each YOS is
multipl i ed by the correspondi ng “Rate w/Prom” va l ue to compute
attrition by YOS as shown in the “Attrition ” col unri . The subtotal
of “Attrition ”, divided by the subtotal of “Population ” produce s
the weighted average attrition rate for CPTs with onl y one specialty .

c. To implement the alternate specialty desi gnation methodology ,
additional computations are needed to derive for each year the
proportion of the total CPT population which will have less than
8 ‘(OS.

(1) The computations for T’ and T0 are shown at TableD-8 (which includes the data in TabYe 0—7). The number of CPTs
in each ‘(OS group shown in the “Population ” col umn are considered
to have attained the ‘(OS interval indicated. Consequently, the CPTs
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who will have less than 8 ‘(OS beginning at TO (which equals the
“Subtotal s” of the ‘tPopulation ” col umn—— i.e., 13961.0 in Tabl e 0—8)
plus the number of CPT5 who will have 8-9 ‘(OS beginning at T0 (i.e.,
3613.0 in Table 0-8), must be sumed to find the number of CPTs that
have less than 8 ‘(OS in the T6 - TO interval. That sum , divided by
the total population for all YOS represented , equals the “Captains
Remaining 1-0 Prime Thru T-O” (0.71579). The correspondi ng rate
for TO through 1-~ is computed in a similar manner except that those
CPTs with 8-9 YOS begi nning at T0 (313.0) are not included in the -

numerator, since they will be designated alternate specialties in
the TO - 11 interval .

(2) The rates for subsequent yearly intervals are computed
after the population is aged , as in the third step described for
LTCs and MAJ s in pa ragraph 5b(3) above .

d. The third refi nement (implicit representation for promotion
of CPTs to MAJ ) requires computation of an attri tion rate to the
flows in the Y arcs . As defi ned in the CPT segment methodology,
(C hapter II , paragraph 3d(3)), flows in the V arcs represent CPTs
with 8 or more ‘(OS and CPTs promoted to MAJ . Therefore , the attrition
rate must account for both subsets of the population and for the
movement from one subset to the other (i.e., promotion). To compute
this attrition rate requires the following: 1) computing the number
promoted in year n , by ‘(OS; 2) adding the number promoted to those
promoted since TO and before the current year; and 3) determining
the attrition , by ‘(OS, for the total number of CPTs promoted
to MAJ and the non-promoted CPTs with 8 or more YOS (CPTs with
two specialties).

(1) The computations to fi nd the number promoted, by YOS,
are illustrated at Tabl e 0-9 (which is a further extension of
the data shown in Tables 0-7 and D-.8). The p romotions , by ‘(OS,
shown in the rightmost col umn (Promotions hl ) , are computed in
the same manner as previously descri bed for LTCs and MAJ s in
paragraph 5.

(2) The summing of all CPTs promoted to MAJ since TO,
and the computation of attrition wi thin this group , are illustrated
in the upper half of Table 0-10. In that table , the CPT5 promoted
to MAJ at TO are reflected in the “Prom to MAJ ” col umn . For
T0, the “FIAJ Remng ” va lues  are all zero, since no promotions
occur before T~ in ODSAS . The values in the “Tot.MAJ ” co lumn
are the sum of the promo tions to MAJ and the MAJ s remaining.

(3) The “Tot.MA1J ” values , by ‘(OS, are then multipl i ed
by the user -supplied attrition rate for grade 4 in the “Rate
w/Prom ” col umn to compute the attri tion va l ues shown in the

0- 16
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“Attrition ” col umn . The “Tot.MAJ ” values and “Attriti on ” values
are sumed across all YOS and are components of the denomimator and
numerator respectively in the attrition rate computations. The
reilaining components of the attri tion rate computations are
computed as shown in the lower half of Tabl e D-lO . The number
of CPTs with two specialties, i n each YOS , is multi plied by
the attrition rate for grade 3, which includes promotion , to
compute the attri tion by YOS . The number of CPTs wi th two specialties
at I0 i s summed across all  the YOS re presented, as is the attrition.
The ~Total Population ” value (10591.0) and the “Total Attrition ”
va l ue (2999.45) are the two remaining components needed to compute
the attrition rate for CPTs and CPTs promoted to MAJ , with two
specialties , shown at the bottom of Tabl e D-1O.

(4) The CPT populations in the two subsets in (3) above must
be aged for each succeeding year of interest , and attrition rates
again computed for each as described for LICs and MAJs in paragraph 5
above .

8. Derivation of Attri tion and Promotion Rates for Lieutenants

a. As wi th the CPT segment, modi fied procedures are necessary
for rate computations. The methodological refinements for the LI
segment are:

(1) The flows in the X arcs represent 2LTs and lLTs combin-
ed, but each of the two LT grades is subject to di fferent attri tion
rates by ‘(OS.

(2) Promotion to CPT is explicitly represented; however
the computed promotion rate must reflect the combined 2LT and ILT
population . The implication of this refinement is that the promotion
rate will appear to be lower than expected because a large proportion
of the combined LI population represents 2LTs whose promotion rate
to CPT is zero.

(3) Al ternate specialty designations for LTs attaining 8
‘(OS and LTs promoted to CPT and attaining 8 ‘(OS impose an
additional requirement which must be represented in the network .
(This is similar to one of the requirements in the CPT segment.)

b. Tu e user— supplied i nput data required to compute all the annua l
rates for the LI segment are shown at Table D-11. Derivation of
the attrition rates required by refi nement (1) and derivation of the
promotion rates requi red by refi nement (2) are illustrated at Tabl e
0-12 (which includes the data shown at Table 0-11). For each ‘(OS
represented , the promotions to CPT, promoti ons to 1LT , the attrition
for eac h grade , and the sum of the attriti on for both grades are
computed .
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TABLE D-11, Samp le of User Input Required to Compute Annual
Rates for the Lieutenant Segment
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(1) “Promotions to CPT ” in each ‘(OS represented are com-
puted by multiplying the corresponding 1LT “ Population ” by the
difference between the 1LT “Rate w/Prom ” and tne 1LT “Rate w/ o
Prom ” . For example , 1LTs with 3-4 ‘(OS in Tabl e D-1Z (3400.00)
multiplied by corresponding difference in the attri tion rates
(0.9370 minus 0.0000 ) equals the promotions to CPT (3185.80). The
promotions to CPT are summed across all ‘(OS represented and divided
by the sum of tue total 1LT and 2LT populations to p rod uce the
“Promotion rate for L i eutenants ” shown i n t he l as t  l i ne of Ta b le
D-12.

(2) “Promotions to 1LT” are computed in a similar fashion ,
using the popu lations and rates for 2LTs. A wei gh ted av era ge p ro-
motion rate for 2LT to 1LT is not com puted s i nc e tn i s  typ e p romo ti on
is not explicitly portrayed in the network; however these promotions
are used to com pute the 1LT pop u l a t i o n  1 year la ter at I

~
.

(3) The “Attrition ” for each grade (1LT and 2LT), by ‘(OS,
is computed by first subtracting the promotions out of the grade
population (e.g., tu e iLl population less promotions to CPT), and
then m u l t i p ly ing  that  dif fernece by the a ppr opri at e gra de ’s “Rate
w/o Prom ” . For exam p le , in Table D-12 , the “Attrition ” of 1LT5
with 2-3 YOS (1160.02) is equal to the 1LT “Population ” witn 2—3
‘(OS (4099.00), less “Promotions to CPT” (0.00), m u l t ip l i e d  by t ie-
iLl “Rate w/o Prom ” (0.2830). The total “Attrition ” in both grades ,
by YOS , is the sum of the iLl ano 2LT “Attri tion ” va lues . The
total “Attrition ” is theti summed across all YOS re prcsented . Tnat
sum (2031.77) is t~Ien divided by the total LT population at T0
(8100.00 + 10146.00), less the sum of “Promotions to C DT ” for all
‘(OS (3185.80) to derive the  “Attr i t ion Rate for Lieut6 na~’ts ”

0-20
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(0.114). Note that the “Promotions to CPT” are subtracted from
the LI population to derive the attrition rate , w hereas the
“Promotions to iLl” are not sub t rac ted , ref lecting that the latter
promotions result in no change to the LT population.

c. The al ternate specialty designation methodology used in the
LI segment (refinement (3)) requires computation of two rates eac h
year. One is an attrition rate for those Lis promoted to CPT, and
the second is similar to the rates computed in the CPT segment to
ref lect the portion of the CPI population attaining 8 ‘(OS.

(1) The computation of the attrition rates for LTs promoted
to CPT is simi l ar to tha t for LTCs an d MAJ s , i.e., those p romo ted
to the next higher grade each yea r must be added to the number who
were promoted since T~-~ and are rema in in g in  the current  year . This
is illustrated at Table 0-13. Since the example is for the interva l
beginning at T0, the “CPT Remaining ” column is comprised of all
zero values. tNote that the values in the “Prom to CPT” column are
those shown in the “Promotions to CPT ” column in Tabl e D-12) .
Therefore , the “Tot .CPT ” populations by ‘(OS (in Table D-13) is multi-
plied by the corresponding “Rate w/o Prom ” for grade 3 to fi nd the
“Attrition ” va lue for that ‘(OS . The “Tota l Attr i t ion” for al l ‘(OS
represented (2160.87) is then divided by4 the total “Prom to CPT”
(3185 .80) to derive the “Attr i t ion Rate in Grade 3” (0.3330), shown
on tne last line of Table 0-13.

(2) Computation of the portion of the CPT population attain-
ing 8 ‘(OS (the second rate required) is shown on the next to the
last l ine of Tabl e 0-13. This rate will equal 1.0000 as long as
t he  “Tot.CPT” popu lation includes only CPT s wi th less than 8 ‘(OS.
Since the user input specified that only LTs with as much as 5 ‘(OS
were to be included in the LI population , the com putations at T O
consequently consider that any of the LTs promoted to CPT would
necessarily h ave less than 8 YOS (and thus the required rate is
1 .0000). However , in years beyond I~, throug h t he ag i ng procedure ,

C there coul d be LTs with more than 8 ‘(OS promoted to CPT and , thus ,
-
- — the numera tor (representing CPTs with less than 8 ‘(OS) would be less

than the denominator (“Iot.CPT” summed across all ‘(OS) and the result-
ing “Captains Remaining ” rate would be less than 1 .0000. A rate less
than 1.0000 ii iplies that there are some CPTs due to be designated
al ternate spe c i a l t i e s .

d . The final consideration for the rate computations at T~ is
that the attrition and promotion rates input by the user must Be
used to “age ” the l~ populations to derive the starting populations
at T1. This is similar to the procedure used in all the other

I 

segments . One minor refi nement to this procedure is provided for
in the LT segment and reflects the promotion to 1LT , by ‘(OS, as

- 

. 1 
a loss from the 2LT population and a gain to the 1LT population.
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OFFICER DUAL SPECIALTY ALLOCATION SYSTEM
(ODsAS )

APPENDIX E
PROBLEM SIZE ESTIMATION

1. General . - The size of any linear programing (LP) problem is
measured in terms of the number of rows, or constraints , to be
considered . When the number of constraints exceeds the capacity
of availabl e computer hardware and/or software, LP solutions
can often be obtained by segmenting the problem. In the case of
ODSAS , the large size of the LP problem was recognized early in
the formulation of the methodology and thus the model was designed
to be segmented , as required.

2. Purpose. - This appendix provides the ODSAS user with a
procedure for estimating the LP problem size based upon the value s
of input parameters . Knowing the approximate problem size , the
user may then decide either to sel ectively apply segmentation -
within -grade options or to modify parameter values in order to
reduce the problem size.

3. Determinants of Problem Size

a. The key determinants of an ODSAS problem ’s size are the

L 
three parameters defi ned bel ow:

(1) NSPEC = total number of authorized OPMS specialties

(2) NYRS = number of years in projection period

(3) NPREF = total number of preferred , or logica l , specialty
pairings considered in arriving at a solution . (Note: A preference
for a specialty pairing of specialty ‘ rn” with ‘n ” is counted twice
when computing NPREF , since some officers allocated to the “rn/n ”
pair enter the system with a specialty “rn ’ assignment and some
start with a specialty “n ’ assignment .)

b. The computations for the actual number of rows in a LP
probl em for ODSAS are also influenced by the spec i fic preferences
and the va l ues of the utilization ratios and tour lengths input
to the system. Since all of the above will , by definition , be
variabl e, a precise calculation of problem size canno t be formulated
until a complete set of input data is specifi ed. Howeve r, a reasona bl e
estimate can be derived by the procedure s presented in the following
paragraphs . The actual number of rows for a probl em is computed
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within the ODSAS ADP system processing phase (matrix generator
activity), and is displ ayed in the statistical suniiiarj report
(Chapter III , paragraph 3b(i)).

4. Estimating Number of Rows by Constraint Type - Unsegniented
System. — The types of constraints to be considered are flow
conservation , node capacity , fluw contro l , control of input , and
key arc relationships ; (these are defi ned in Chapter II , paragraph
ii , of this report). The notation used for the years in the projec-
t ion period is described in Chapter II , paragraph la.

a. Flow conservation. — This type constraint is used in
each grade segment. There is one constraint for each node (specialty )
in each year, starting at I

~ 
and cont inu i ng throu g h the projection

period (i.e., T1 through TNYRS ) C -  Addit ional ly , each node at
and T

o 
requires a fl ow conservat ion constraint. The following

equation app lies for computing the number of fb i-, c o n s e r v a t i o n
constraints for each grade segment exce l- . LI:

(NSPEC) x (NYRS + 2) = number of rows for f~oi~ conservation

~n each grade se~ien t  except LT *

b. ReQuirements or Node Capaci t ies

( 1)  Each system segment has c~e total —require!’~erts constraintfor each specia lty in each year T (.1 t h r o u g h  T~~~~~1 ; a log i c a l
upper bound is p laced on t he f 1ow~ leaving tnc _~ I S I J L - S à~ I ~~~~~- a ’ I
is equal to the total number of requirements for a specia~t 3 1 ~tThe equation for calcu lat ing the nui’ibe-r of t~e s e - ~~~ I - I 4 1 11 e ~t s
cbñ~traints is as follows:

(NSPEC x N’(RS) = ml nii~um number of rows for total re~iu ire—
‘ients for each grade

(2) The LTC and MM segments each have one ~i~ iti ora l
constra i nt for each specialty ii years I~ t Ircu g h I v~~c~ 

These
constraints represent that portion of a ~pecia 1 t v 1

s1 t h~~o 1 require-
ments which was un filled in a higher grade seg in crt. The COL segment
does not require these additional constraints s ir lcu no unf i l led
hig her grade requirements are passed to that s ugne rt . Ihe equation
for calculating the number of these constraints L;

V

*Ihe numera l “2” in the express ion “~YRS + 2” accounts for
the nodes at T6 and T11. Since T~ 

is not useo in the LT segment ,
a “1” replaces the 2~ in the equation wnen computing the estimated
number of f low conservation constraints for the LI s e q r Ie nt .
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(NSPEC x NYRS) = additional rows for LIC and MAJ segment only

(3) The methodology in the CPT segment employs onl y the
tota l-requirements constraint; the unfil led hi gher grade re quire-
ments are empl oyed as lower bounds.

(4) The LI segment has additional capacity constraints
for each specia l ty , but onl y af ter LTs reach the ir ei gh th year

4 of service in the proj ection per iod. The po int where the additional
capacity constraints begin therefore depends on the years of service
represented in the LI population (input by user). The appropr ia te
equation is:

(NSPEC x NYRS ’) = additional rows for LT segment only. (NYRS ’
is normally less than NYRS , e.g., i f  t he
lieutenant ‘(OS distri bution input uy the
user ranged from 0 to 6 ‘(OS, the NY RS ’
would be 2 years (ei- ihth ‘(OS minus 6 ) before
any LTs would be due for designation of
a lternate spec ia l t ies . )

c. Control of X arcs. - Each year , the officers within a
preferred specialty pair can either stay in their primary specialty
or move to their alternate. There for e, con trol of the flows repre-
sen t ing dua l q u a l i f i ed off i cers mus t star t at T~-~ an d con ti nue
throug F~ ut the projection per iod . Note tha t th~re are no f low
contro l constraints in the To — T~ in terva l . In this initial
i n t e r v a l , the fl ow va lues ace determined by ~he re q u i remen ts i n
the paths (which start at T 0 and terminate at TN ’ ( R S )C -  W h e r e a s
the number of constraints for flow conservation and requirements
can be ca lcu la t e d from input  parameter va lues , the number of con-
stra i n t s  for control of X arc s can onl y be estinated—- unless the
exac t composition of the user -suppl i ed input files (i.e., specialty
preferences and rates/ populat ion f i les ) is known. The exact number
of X arc constraints depends upon the number o f s pec ia l t i es i nc lude d
as preferences , along with the u t i l iza ti on rati os and tou r len gths
for each specialty pair. However , an estimate can be determined
by sub~,titut inni pa rameter values into the following relationship:

(NY RS x NPREF) + NSPEC — number of rows for control of X arcs
for the COL , LTC , and M~~ se gmen ts.

The CPT segment require s less control than the field grade seg-
ments , because most officers in this grade have only one specialty .
Since the X arcs in the CPT segment represent only CPTs w i t h  less
than 8 YOS in the 30 bES , that imp l ies that there are fewe r flows
to contr nl . This is nct on ly because 30 , instead of 46 s pecial t ies ,
have to be considered , but also ueca use the f lows enter ing a node
can onl y exit via ~oe one X arc leading to t h e  sane node flu 
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(specialty ) 1 year later (i .e., CPTs with less than 8 ‘(OS have
repetitive assignments in the BES). If there would be CPTs with
less than 8 ‘(OS throughout the projection period (as determined
from user in put), the equation to determine number of fl ow control
constra ints for the X arcs would be:

(30 x NYRS) = number  of flow control constraints for X arcs
in  the CPI se gment *

The LT segment also requires less contro l than the fi eld grades ,
because the X arcs represent the LIs with on ly one specialty . Thus ,
the situation is sim ilar to that just described for CPTs , exce pt
that all 46 specialtie n are considered. The equa tion would be:

(NSPEC x hYRS) = number of flow control constraints for
X arcs in the LI segnlent**

d. Contro l of Y arcs. - Except for CUL , con trol of Y arcs
is required in all grade segments (for the same reason as for the
X arcs ). The Y ot-cs are not constructed in the COL segment because
promotees to brigadie r general in the  COL segment  are  not explicitly
represented. As w ith the X arc s , con trol of the flows representing
promoted dual qualifi ed officers must start at T 0 and conti nue
throug hout the projection period. The number of f low control con-
straints (for Y arcs) required for the LIC and MAd segments ust
be estimated --unless exact composition of input files is known .
An estima te can be de term i ned by su b s titut i ng parame ter va lues
into the following relationship:

(NYRS x N P R E F ) + ((NYRS—1) x NSPEC ) — number of flow control
constraints for Y arcs in
the LTC , MAd , and CPT sey—
men ts.

Note tha t this esti mating relat ionship wi l l  reflect a larger number
of constraints than the one used for X arcs (for LTCs and MAJs).
Th i s i s b ecause every X arc does no t nee d a f low contro l cons tra i n t

*J f there were CPTs with less than 8 ‘(OS in only some of the
years (e.g., NYRS-2) in the projection pericd , then ~YkS-2 should
replace the parameter value of NYRS in the equation .

**This equation applies as long as any of thc LI population
con tinue as LIs throughout the projection period; otherwise NYRS
is too lar ge a mul tip l i er , and should be replaced with the siial ler
value app ro p ria te for the number of years .
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(i.e., one output arc per node is logically redundant and there-
fore not created by the matrix generator program). There are fewer
rows needed in the LI segment , since V arcs do not appear in the
network until LTs begin reaching their eighth ‘(OS; this normally
occurs after T0. Thu s , for the LT segme nt, the relationship is
expressed as:

(NYRS”) x (NPREF + NSPEC) = number of flow contro l constraints
for Y arcs in the LI segment, where
N’(RS” is the number of years in
which Y arcs represent LTs with
8 or more ‘(OS .

e. Control of Input. - This type constraint appears in all
grade segments . In each grade segment there is one constraint
for each specialty in which the user wishes to restrict the amount
of input. The specialties normally included are the largest ones
in terms of authorized strength. In addition , there is one
constraint in each segment limiting the total amount  of i n p u t  to
an authorized strength level for the particular grade .

f. Key Arc R e l a tio n s h ips .  - This type constra int  appears
in all grade segments , except the LT segment. The number of this
type of constraint is equal to one-half of the total number of
preferred , or logical , specialty pairings considered in arriving
at a solution (the NPREF parameter). The fraction “one—half”
appl i es since this type constraint relates two of the preferred
specialty pairings to each other .

g. Estimation Example , Unsegrnented System. - E x a mp l e s  o f

computations to estimate the problem sizes for an unsegmented
system are shown at Figure E-1.

5. Modifications to Estimating Procedure s for the Segmentation -
Within -Grade Option

a. When the probl em size , as estimated from procedures in
paragraph 4 above , exceeds computer hardware or software capabi lities ,
the user must decide which of the two availabl e alternatives to
apply (i.e., segmentation —within—grade or modification of parameter
values). Frequently, the segmentation alternative is more desirable
because it allows for solving of the probl em as ori g inally defined
by the parameter values.
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b. When segmenting within grade , the same f ive types of con-
straints appl y (e.g., flow conservation , node capacity , fl ow control ,
control of input and key arc relationships). Additionally, the
user must decide which specialties should be inc l uded in subsegment
1 and , consequently, w hich ones wi l l  be included in subsegment
2. There is an optional capabilit y to spec i fy the percen tage of
the requirements that may be fille d in subsegment 1. If a percent
va lue is  not s p e c i f i e d , then the ODSAS system default a l lows as
much as 100 percent of a given spe cial ty ’ s requirements to be
satisfied in subsegment 1. (Note, however , that control of input
to the ne t~~rk prohibits totally filling all specialty requirements
in subsegment 1—-see Chapter I I , paragraph 2c(4).) As described
in Chapter  I I , paragrap h 3a , the control of input constraints is
employed differently when segmenting within grade . The author ized
stren gths for the primary specia l t ies  i n su bsegment 1 def i ne t he
upper l imits used for the only contro l of input constraints in that
segment. In subsegment 2 , the total authorized strength for a grade ,
minus the authorized strengt h of the primary special t ies in sub-
segment 1 , is the upper limi t used for the onl y control of input
constraint used in that subsegment .

c. Segmenting within grade also requires th~° introductionof three additional parameters , derived from NSPEC and NPREF. These
add it ional paran eters are def ined  as:

(1) NSPEC(-)  = number of spec ial t ies in subse gmen t 2.
(i.e., a l l  NSPEC spec i al ti es , less those
the user identifies to be included in sub-
segment 1)

(Note: When segmenting the fi eld qrades , subsegment 1 considers
all specialties in all years even thoug h some specialties may not
be preferred alternates. This results in the matrix generator
program constructing too many constraints; however , a lo gi ca~anal ysis is per formed within the FMPS programs , and the excess
constra ints are deleted . Subsegment 2 then excludes the nodes for
the primary specialties defined in subsegmen t 1.)

(2) NPREF 1 = number of preferred special ty pairs in
su bsegment 1.

(3) NP REF
2 

= number of pre ferred specia l ty  pairs in
su bsegment 2 .

The va lue for NPREF 1 is derived from the preferences f i le by
separating those preferences which have prii’iary s pecialty numbers
the same as the specialties defined by the user to be in subsegment
1. The value for NPREF 2 is the rema inder of the en tries i n the
preferences f i le .
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- d. The above three additiona l parameters are substituted i nto
the equations/relationships of paragraph 4, above , as fol l ows:

(1) NSPEC(—) is substituted for NSPEC when computing row
sizes for subsegment 2.

(2) NPREF 1 is substituted for NPREF when computi ng row
sizes for subsegment 1.

(3) NPRE F2 is substituted for NPREF when computi ng row
sizes for subsegment 2.

- 

- 

e. Estimation Example , Full y Segmented System. - The compu-
tations necessary to estimate the size of the LP problem where
each field grade is segmented are illustrated in Figure E-2 . (Since
CPT and LT segments cannot be segmented within grade , the computa-
tions for these grades remain as shown in Figure E—1.)

F - I

E-11

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



___I — - _ . ,  C- - - __
~~~~~~~~

- - - , - -
~~~~ 

-.- 
~ , 

~~~~~~~~~ ,.~Fl ,---r’- I--’-r’,I.- -. C-C-~~~~~’~ .5—-- -

rT~~~~~ r 
—-- - -  - -  - I C- I

~~ V hlI i I l n I  - 5

I O C ’ CL -Ic

) P RE F 600

$ 5 0 0 0 ) - )  4u (all spec ialt ies , e, e 1 1  11 , 12 . - - 0 3
- — a re III sI Lseg l erl t 1)

.PR L F 1
$ I ,,I~’ c - c I d  Is  I l - Ct ’ , pe .~35

o PRE F 4 =

o a) Ou ter ~f ~o~~o f o r  toe  C O L  se~~~ o I It

SuSsegiseICt 1:

) i )  F l u c -  C U C I O i C V O t ’ y f l

40 x 5 - 2 )
1 5 C C S

(2) 1401db c - y L a c i  t 1 1 0

‘- 230 
2

( 3) t a ,t r c l lof  X a e c o  ) d I I I C C 1  0 1 4 )

2 4 4 )  45

C I  C o s t ’ s )  of S a rcs

CO l I C ’ (I

(5) Ou CC 1 t ’ 0 i  0 l l I’st  tO I l i tCS _ ’ C

3 ) 0 lC Is C OOl

i i . 1~~. 13 . l ’s

(5 ) 7, 0 1 0  C C -  i 0 t ’ - , ’~ C C

~ 0 P t 1 1 I  ‘s t e  - I - - CIa i Ii-’ 01111 III I I I  I

0 — - ,t ’ t o - c- t I 3 2

SjI-se ‘ - c - ’  I

II l l I A C~~~,d l Q Y

3, - (5  - 2 )  - ‘

( 2 )  ‘ste a3 a s t  IC e s

13 )  CI2 ’ t~~0~~~~~ a l t O  t I C -  - - d l ’ .-

- It O )  - I. — I

- - ii 3

( 5 )  I 1 ‘ ‘~~~~ ‘ C ’ ~ C I ’

‘
Ii -i l  - 1, . t ’ lIII h’s _

~~C C - ’ -
I, iIId5 I- C 0 1 2 1 C - C

~~~C’
t e l  I t’- t - - , o e c i l l  I I C o  C I

5 0 i 1 1 , ,C Q , IlrIl t I

t 1; 0’ C- C lI~ t ’ I’Il bj[ S

C I I I

CI) ) - - t lt ~~~
• ‘ s l I C e c-1 L w 1 , I ’ ’  1$

(COI L s , b e 1 y eC I C — - - I

FIGURE E-2 , Estimation Examp le , Segmentation -Wi th~ n-~;)’ide(continued on next page)

~ 

~~lI 
A .:-



b) Number of rows for the LTC and MAJ segments

S ub segment_ 1:

(1) Flow conservation

46 x (5 ÷ 2) = 322’~sa me as
— I (2) Node capacities

(46 x 5) + (45 ~ 5) = 460

(3) Con tr ol of X arcs (approoimate )

(5  x 240) + 46 — 1246

(4) Con trol of Y arcs (Oppr uoll -l a te )

(5 x 240) + ( (5 -1)  o 46) —1384

(5) Control of input to nete~ rk

Same as for COL , su bsegment 1 4

(6) Key arc relationshi ps

~ 240

Approximate total n o r - O c r  of cons t ra in ts
for each grade (Lb or I4AJ Sub—
segm ent 1

Subseg men t 2 :

(1) Flow conserva tion

42 x (5 + 2) = 294

(2) iode 1ap a s t t i c ’ s

(42 x 5) (2 x 5) 4CC

(3) Co ntrol of X arcs (approximate)

(5 x 360) + 42 —154) 1

(4) Control of V arcs (ap proximate)

(5 x 360) + ((5—1) 42) —1968

(5) Control of Input

- - Same as COL , su bsegment 2 1
a
so (6) 

~!y~~rc re la t i o n s~!ps

5 x 360 = 180

Approx imate total number of Constraints
fo r each grade (LTC or MAJ S al ’ -
segment 2) —

FIGURE E—2 , Estimation Example , Segmentation -Within — Grade
(concluded)

C- -- ‘ - C ---  _ _ - -----C- — —-—--

~~~~~~~~~~~

’ -

~~~~~

_ _ _ _



-—  -

~~

_- 
- v--~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

p - - — C -  - - - I  - - — — - -C- 

,
. 

~1’I

C- 
- -

I , .

APPENDIX F

LIST OF OPMS SPECIALTIES
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OFFI CER DUAL SPE C IALTY ALLOCATION SYSTEM
(O DSAS )

APPEN D IX F
LI ST OF OPMS SPECIAL TIES

11 Infantry 
C

• 12 Armor
13 Field Artillery
14 Air Defense Artillery
15 Aviation
21 Engineer
25 Comba t Comunications—E lectronics
26 Fixed Telecommunications Systems
27 Communicat ions—Llectronics Enqineering
28 Audio -Visual Instructiona i Technology
31 Law Enforcement
35 Tactical/Strategic Intelligence C

36 Counterinte lligence/HUM1NT
37 Cryptology
41 Personnel Management
42 Personnel Administration
43 Club Management
44 Finance
45 Comptroller
46 Information
47 Education
48 Foreign Area Officer
49 Operations Research/Systems Analysis
51 Research and Development
52 Atomic Energy
53 Automatic Data Processing

i
t 54 Operations and Force Development

71 Aviation Materiel Management
Communications-Electronics Materiel
Management

73 Missile Materiel Management
74 Chemical
75 Munitions Materiel Management
76 Armament Materiel Management
77 Tank/Ground Mobility Materiel Manage-

men t
81 POL Management
82 Food Management
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83 Genera l Troop Support Materiel Manage-
ment -

86 Traffi c Management
C 87 Marine and Terminal Operations
- 88 Highway and Rail Operations

91 Maintenance Management
- 92 Suppl y Management

I 
93 Logistics Services Management

I 95 Transportation Management
97 Procurement

- 98 Logistics Management
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C APPENDIX G

METHODOLOGY FOR DESI GNATIO N OF ALTE RNATE SPECIA LT IE S

FOR COMPANY GRADE OFFI CERS
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O F F I C E R  DUAL S P E C I A L T Y  A L L O C A T I D ~ S Y S T E M
(ODSAS )

A PPENDIX 6
METHODOLOGY FOR DESIGNATION OF ALTERNATE SPEC IAL~ 1ES

FOR COMPAII~Y GRADE OFFICERS

1. Genera l. - A modifie c ~thodo1ogy from that ern p l o~~d in the
f i e ld  grade segmen ts is used in the CPI an d LI se~~ent~ to r- topresen t
t ( ~ designation of a lternate special t ies as o f f icers  att~i i n  8 YOS
i n  the projection per i od . Tne desi g n a t i o n  of al terna te s pec i a l t i es
is accomplisoed by first deriving statistics on the OPT 00 LT
popul ation ~~Iey - fo l- o lE3 d in the initialization phase and expi a i ni~d
in Appe l- dix ~~o i~ e user ’ s input data o~, the populations and
YOS r ep re sen ted  at T 0. Then those statistics are e :-rployed ~n
constructing tne cons t -aint s . The LP algorit ’r.m cons~ie~ ° the
interaction of these constraints and ~rod u c—S a solut ion tha t
includes the spec ia l ty desi r Inat ions fo r  c o r C ’a n y  grade o f f i c l r s .
An example is pr es Ll ts- I . in t I e  fo l l l w -i ng paraaraphs , us inc specia l ty
21 to il lus t ra te the process.

2. 5C~~~s p e ~~~re i c C r A lternat~ Ssccialty Designat ion. - T~e
perce nta nes of the OPT or LT ~~pJTa t io n in three YOS categor ies
are needed for the CPT and LT segments in addit ion to the requiree
attr i t ion and promotion rates. For the f i rs t  YOS category , the
portion of the popu lat ion at the beginning of each year ( i . e . ,
T~, T 1 throug h T ( :~~l) ) tha t represents CPT s a t ta i n ing 8 YOS has to
be computed so that that group can be designated alternate spec ia l t ies .
As mentioned above , the computatio n is done in the in i t ia l izat ion
phase , and entai ls identifying the portion of the CPT population
that has just completed 7 YOS , and is about to beg in the eighth YOS . C

as a fraction of the total number of CPTs w i th  less than 8 YO S .

a. As ar’i examp le , suppose the three fo l lowing percentages
1

= were computea fran user-supplied input data :

(1) The per cent of CPTs wi th  special ty 21 w ho wi l l  complete
t H e ir  seventh YOS at T~ = 10

(2) The percent of CPTs w i th  specia l ty  21 who w i l l  have
wI I,~~leto ’ i less than 7 YOS at T~ = 60

(3) Inc percent of CPTs wi th specialty 21 who will comp l ete
8 or - ore YOS at T0 = 30
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The total percentage of CPTs w ith specialty 21 for all YOS , is
the sum of the  three rates above , or 100 percent.

b. As mentioned above , a similar set of rates is computed for
T~ through T N- 1 - ~ 

Rates are computed by first aging the T
opopulations and then determining the percentages that would be in

the YOS groupings shown in the above example.

3. Interact ion of Constraints. — The interaction of the constraints

~ I 
can best be explained by referring to Figure G—1 . The portion of
the network of in terest is for specialty 21 in the CPT segment in
t he interva l T

~ 
to T1. Constraints in this interva l interact to

determine the alternate specialty designations for CPTs with BES
21. The labeled arcs are defi ned as follows (assume for this
exam ple that the only preferred specialty pairs are 21/53 and 21/49):

X00021 represents all CPTs with primary specialty 21 at T
~
.

~O2121 
represents CPTs with only specialty 21 and less than

8 YOS at T0 (includes CPTs that will be in the eighth YOS
in the T0 — T1 interval)

W04g21 represents CPTs, with 9 or more YOS a t T~, a l loca ted to
s pec ialty pair 21/49 .

N05321 re presents CPT s , with 9 or more YOS at T0, allocated
~o specialt y pa i r 21/53. - 

I

Y02121 re presents CPTs , with 9 or more YOS at T0, allocated to
etther specialty pair 21/49 or 21/53.

X02121 represents CPTs , with less than 8 YOS at T~ al loca ted
primary specialty 21 (does not include CPTs that will be
in the ei gh th ‘(OS in the T0 - T 1 in terval).

Y02149 represents CPTs , with 8 or more YOS a t T~, allocated to
specia lty pair 21/49.

Y 02153 represents CPTs , w i t h  ~ or more ‘(OS at T0, a) located to
spec ia l ty  pair 21/ 53 -.

6-4
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- dashed lines indicate that CPTs with 8 YOS , desi gnated
alternate specialties , are inc luded in the flow in
the arc

FIGURE 6—1 , Illustration of Flow for Company Grade Officer s Upon
Designation of Alternate Specialties

a. Using the rates calculated from the user-su pplied input
data , the fl ow control constraints direct the flows in two of the
arcs as shown in the following two equations:

0.70 x (X 00021) = W 02121 (6-1 )

6 x (W 02121) = X 02121 (G -2 )

Equation (G—1 ) specifies that the CPTs with less than 8 ‘(OS at
havin g only specialty 21 (W02121) be equa l to 70 percent of all
CPTs at TO with specialty 21 (X 00021 ). The 70 percent represents
the sum of the first two percentages computed in paragraph 2a above ,
and is the fraction of CPTs with less than 8 YOS at T0. The

• remaining 30 percent of X~~0~1 represents dual qualified CPTs and
does not directly affect this example. Whereas equation (6—1) set
the flow in W02~21 equal to a portion of the flow in another arc ,
equation (G-2J specifies tha t most of the fl ow (i .e., 6/7) in W02121
will go to arc X02121 at T0. The second equation expresses that ,
according to the rates der i ved from the input data , for every seven
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capta ins wi th only specialty 21 and less than 8 ‘(OS at T6, s ix of
them will con tinue to have only specialty 21 in the T0 - 

~1 
inter-

val . Therefore , 6/7 of the flow in W02121 wil l  move to arc
the remaining 1/7 is the residual , representing OPTs with exactl y 8
YOS at T0.

b . Equations (G-1) and (6-2) are required ~or the a lternat e
specia lty designation process which occurs for specia l ty  21 at
T0. Equation (6 —3) is the f low conservation constraint upon node
21 at T0.

(w 02121 + + W 05321) = (‘(0212 1 + Y 02 149 + X021~1) (6-3)

T~~ of the terms in the equation ( i .e , the input W 02121 and the
o u t p u t  x02121 ) appea r in equations (G —1) and (G—2) and are therefore
related to the va lues of other arcs. The underlying concept ~ f
ODSAS LP methodo logy is to es tab l ish  interre lat ionships bctwee i
the arcs , such tha t by maxi m izing the flow in one s~’all subset of
the arcs (that leave each node at TN), all flows in interrelated
arcs will also be r iaxir . ized . Equations (G—4 ) and (G —E )  are e~ asd :les
of re lat ionships between two inputs and two outputs:

0.5 x (W ~~921 ) < Y 0214g (G -4)

0.5 x (W05321) ~ 
‘(o~~is~~ 

(G—5)

These two ineo ua l i t ies state that one-ha~ f of t h e  OPTs wi th 9 or
more YOS at T0 w i l l  be reassi gned to their alternate spec ia l t y
(fraction value depends u p o n  tour length of the spec ia l ty  and
utilization ratios o~ tn e  special tv pa i rs ) .  In this example , each
special ty pair serves one 2 -year tour in spec ia l ty  21; thus at
T0, one — ha lf would be c -nsp leti ng the second year , and one —hal f
would be comp let ing the f i r s t  year in a spec ia l ty  21 assiqn s :Pnt .
Furthermore , the flow in the arcs where the rea ss i gnsients w i l l  be
reflected (‘(02149 and Y rI 13 1)  can exceed one-h~ lf of the f lo~-~ i n

-
- 

r W 04921 and N05321 . The exc e ss  is the CP~s w i th  8 ‘(OS at T0, and
special ty 21, for wh o i a l ternate spec i a l t ies  are being designated
in the T~ - I~ interval .  The rema ining one-half of the CPTs w i t h
9 or more ‘(OS renair in spec ia l t y  21 f rom T0 to T1 to cor-iplete

C their second yea r in special ty 21. This is shown in equation (G -~- ) .

0.5 x (N 04921) + 0 .50  x (w 05311 ) ~o2121 (G-6)

c. The six equations together account for all the input and
output flows at node 21 at T0. Note t ha t  the fraction (1/7.
mentioned in subp a ’ aq r ~i~’h 3a above ) re pre sc r lL ing  CPT s at taininn
8 ‘(OS at T0 is included as an input ( in arc -~0~~121 ). As an o u t p u t ,
the fraction is represented in arcs Y02140and ~

‘
0 2 1r 3  as the amount

C- (I
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t!Oi t exoSed s one—hal f of .I~~~~~
,i 050 ~1353~~ respect ive l y - T rie i lc -~s

in tee output arcs C I r c  ~imi oc~i by the ‘ec1u i r e~nents for 5O~L iultieS
49 ond 53 (risdc capacities) au T1 and beyono . In this t2, cr r a ~le , He

C - e c u i~~e v e n ~~5 for specialties 49 and 53 at Ii urd beyond dete~ 51 
C

r C

- toe direction and div isHo n of the residual. T PHS tP~ specia~~ydesi g nat ions for CPTs or LTs oith 8 ~OS and prii - ar ~’ s p ec ia l t y H. ore
rec~u I r  - c r .t - ,— driv en O I I J  W i l l  ap~ t~o~ i n an 0j345 sal ut oo as pC - r u  of
the 11 w in a Y at- c in the Ot T or LT se~~:ent .
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unspecified pairings from ODSAS ). This policy decreased the total
number of possible permutations, and reduced the number of con-
straints needed to control specialty pairs . The mathematical
solution of the 1..P then more closely conformed to the planner ’ s
guidance on logical (or preferred) pairings .

e. Modifications to General Form of the Network. - To
determine how to meet the Army’s officer personnel requirements ,
the simple network described thus far and illustrated in Figure
11—2 was modified. That modifi cation is shown in Figure
11-3. At the far left , an interval from T~ to T0 has been added .
The fl ow in the arcs in this leftmost interval represents numbers
of officers wi th two specialties (identi fied by the node numbers
at both ends of the arc ) who enter the soluti on at the true begin-
ning of the syste9i--T 0. The model solution for the flow associated wi th
the arcs in the îü to T0 interval represents the number of offi cers
that shoul d be allocated to the specialty pairs at T~. Figure II -3
illustrates this important concçpt. For instance , the flow in
the arc connecting node 11 at ~ and node 15 at T0 is the number
of officers of a particul ar grade who should have a primary specialty
11 and alternate specialty 15 at TO.

TItlE T~ T~ T~ T2 T3 - TN

®

—I———( 

NUMBER OF OFF ICE RS WITH
SPECIALTIES fl AND ~5

12 12 • • • • •

~~~~~ 13 13 . . • . .

— 14 14 G ~6 SPECIALTIES

1: ®

97 97 • • • • •

FIGURE 11-3 , Multi -time Period Network with 16 Interval Added

11-5 new page
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f. Sequential Processing of System Segments. - As shown at
Figure 11-4, ODSAS considers the alVocatioñ of olficers , defined by
grade and YOS , to the authori zed OPMS specialties . Each officer
grade is a segment- of ODSAS. The system considers all officer
grades in sequence starting wi th colonel (COL), followed by
li eutenant co l onel (LTC) , major (MAJ), captain (CPT), and
lieutenant (LI). First lieutenants (lLT) and second lieutenants
(2LT) comprise a single segment for purposes of this system. No
two segments are completely alike ; however, all segments do assume
officers as being distributed according to number of YOS . Attriti on
and promotion rate data (furnished by the user) for each YOS and
grade are used to compute weighted average promotion and attri ti on
rates needed as input to the system. These averages are computed
for each year in the projection peri od and reflect the aging of the
officer population (Appendi x D). During processing of the COL
segment, the number of COLs required to have particular specialti es
will be computed for that grade ; the number of COLs that will
leave the network via attrition or promotion will also be computed.
Promotions to COL are computed in the LIC segment. If there are
any unfilled COL requi rements* after the COL segment is processed
by ODSAS, these requirements are passed to the LTC segment. Annually,
starting at T~

, LTCs can either be promoted to COL or remain in
grade; in either event , they will be attri ted as a function
of the YOS. Any LTCs promoted are applied against unfilled COL
requirements . Those that remain in grade will either fill LTC
requirements or any remaining COL requirements (by grade substi tu-
tion). Majors are treated in a similar fashion , i.e., promoted
MAJs are appl i ed against unfilled LTC requirements , while the re-
mainder fill MAJ requirements or LTC requirements by grade substi-
tution . Since CPTs and LIs have only one specialty up to their
eighth YOS , and two specialties thereafter, the CPT and LI segments
empl oy a modified methodology . These modifi cations are explained
in paragraph 3 below .

4

*Ihe term “unfilled requirements ,” as used throughout this re-
port , connotes that for a given grade , the flows representing the
population at T~ 

(as determi ned in the ODSAS sol ution ) cannot
satisfy the requirements in the force structure . The unfilled re-
quirements result from the effects of attri ti on upon those flows
(the population at T0) and variations in the force structure in
the projection peri od. Those requirements which are unfi lled in
one grade segment are passed to the next (lower) grade segment to
be filled by promotees or grade substituti on .

11-6
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the same specialty number in the “from” and “to ” specialty positions,
e.g., WQ2~2j .  This is the only segment where W arcs with identica l
“from” and “to ” node identifications appear.

(2) The CPTs with less than 8 YOS have only one specialty
and tha t is one of the 30 basic entry specialties (BES). Only
CPT s with 8 or more YOS can have any of the other 16 s pecialties
for primary or al ternate . The identi fication of the advanced entry
special ties (AES) is a system input , as are the populations by
YOS. The percentage representing CPTs wi th less than 8 YOS is
computed from the population data by comparing the population with
less than 8 YOS to the total CPT population .

(3) Promotion to next higher grade is not explicitly treated
for the CPT segment as it is for the MA..) and LTC segments. In the
CPT segment, the flow in the X arcs represents CPTs wi th less than
8 YOS , whereas the Y arcs represent the CPTs that either started
at T0 with more than 8 YOS, or attai ned 8 YOS since that time .
The computation of the attri tion rates for the two categories of
CPTs (less than 8, and 8 or more YOS ) con s iders that some CPTs are
promoted within the projection peri od . Thus , the flow in the Y
arcs is attrited at a rate that is deri ved by explicitly considering
promotion to the next higher grade (see Appendix D for details).

(4) For CPTs , the transition of flows from the X arcs
to the Y arcs (caused by desi gnation of the alternate specialty
for CPTs attaini ng 8 YOS) is treated as a residua l , rather than
being computed for either of two specialties as is done for promotions
in the fi eld grades. CPTs in the eighth YOS are required to have
an alternate specialty designated during that year, and that alternate
specialty should meet future specialty requirements . Such a designation
is assured by explicitly controlling the flow of the entire CPT
population except the percentage that is due for alternate specialty
designation. The percentage of CPTs with 8 YOS must be uniquely
identifi ed. This va l ue is computed from variable input data and
used in the designation of alternate specialties as shown in Figu re
11-8. The figure shows that the fraction of CPTs that would remain
with only a single specialty from 1 year to the next is specified ,
as is the reassignment of all CPTs who have two specialties . The
number of CPTs due to be des ignated alternate specialties is the
residual of all the flows into a node. The allocation of the
residual--designation of alternate specialties--depends upon the
computed requirements for the pre ferred alternates .

11-23
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OS at VOS at 1~~! ~.0OS at TçjJ’ r00
~ 

at T ,~ J 1005 at

4-5 years 4-5 years 14-5 years1 14 - S years1 L4-~ years)5-6 years 5-6 years (5-6 ye arsl L5—6 year sJ 4-5 years.~J6-7 years 6-7 years L6-7 yearsJ b 5-6 yea r s~/7— 8 yearo 7-8 years 6—7 years—
8—9 years b/ 7-8 year s~J

3-9 years—

!~Ar cs contain the indicated 005 aroups associated wit s tie OPT population at T~ (see
paragraph d (6)).

~~Indlcates original SOS group designated alternate specialties in the interval shown.
Th,s group travels along 0-arcs (indicated by dashed lines) since the “embers of the group
are now du al qualified .

FIGURE 11-8 , Representation of Captains wi th Less Than 8 Years
of Service

(5) As in the field grade segments , each of the OPMS
specialties in the CPT segment has a node capacity constraint based
upon total requi rements. Howeve r, when processing CPTs , a bias is
introduced in the alternate specialty designati on logic to favor the
pairing of AES wi th BES rather than pairings of two BES . - The bias
specifies minimum levels for filling AES requi rements. These
minimum levels are percentages of the total requi rements for each
AES. The minimum fill requi rement for each AES varies by year,
wi th the minimum decreasing as time in the network increases (i.e.,
since the fl ows representing dual qualified offi cers are attri t ing,
there is less fl ow available to satisfy the AES requirements in
each succeedin g year). The pe rcentage used to compute the minimum
fill leve l in each year is computed by selecting the minimum
continuation rate for each year , and nultiplying that rate by the
minimum continuation rate in previous years (e.g., if the minirium
continuation rate for T0-T 1 was 0.80 , and for T 1-T 2 was 0.70 , then
the minimum fill for AES requirements at I~ wouTd 15e 80 percent
(continuation before T~ is not considered), and for T2 

would be 56
percent (0.80 x 0.70)). This l ower limit , or minimum fill , will be
met from one or more of the followin g network flows : (1) CPT’s
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promoted to MM since To~ 
and/or (2) du#, qualified CPTs wi th eight

or more YOS ; and/or (3) CPTs wi th less than eight YOS and possessing
only one special ty.

(6) The X arcs for CPTs are only constructed to the year
where all CPTs would reach the eighth year of service . As illus-
trated in Figure 11-8, if the mos t junior CPTs at T

~ had 4-5 YOS
(this would be specified in the user ’s input), then in 4 years that
YOS group would have 8—9 YOS and thus would be due for designation
of alternate specialties at T4. There are no X arcs in the T 4 -

15 interval (only Y arcs) because the last YOS group is to be
designated alternate specialti es and , as described in (4) above ,
those fl ows move al ong Y arcs .
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(7 ) The fi nal di ffe rence between processing CPTs and processing
field grade officers concerns control of the Y arcs. Wherea s in
the field grade segments , the flow control constraints are equalities
(as defined in.paragraph im above), in the CPT segment some constraints
are inequalities in order to provide for the alternate s pecialty
designation methodology descri bed in (4) above . As detailed in
that paragraph and in Appendix G, the flow out of a node , along
a Y arc , can include an unspecifi ed number of CPTs wi th 8 YOS due
for designation of alternate specialties . Therefore , because the
number is un speci fi ed, an inequality is used to allow the flow
out of that node to equal , at least , a specifi ed fraction of an
earl i er flow .

e. Lieutenant Segment. - This segment employs logic similar
to that used in the CPT segment, since some of the LI population
at I~ could expect promotions to CPT duri ng the projection period .
Additionally, some LTs would reach their eighth YOS , and thus need
to receive an alternate specialty . As mentioned in paragraph if
above , the LI segment considers 2LTs and iLls together. The PERSACS
requirements data refer to only one LI grade , and the ODSAS meth-
odology was modifi ed accordingly, to model flows representing the
combined population of 2LTs and iLls. The methodolo9y utilized
for LTs is explained in subpara graphs (1) through (6) below .

(1) There are fewer arcs in the LI network since , until
the eighth YOS, LTs have only one specialty and have repetitive
assignments in that specialty . This is modeled in ODSAS as
illustrated in Figure II-~9.

Y04g49

~~~~~~~~~~~ 
D

FIGURE 11-9, Representation of Lieutenants with Less Than
8 Years of Service
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(a), The W arcs (representi ng dual qualifi ed offi cers
at T~) and the T0 - To i nterval are omi tted in Figure 11-9. Thus,
the ~rcs at the far left of th~ figure (e.g., arcs X00~21 and XflflflAg)
terminate at TO, rather than T

~ 
as in the other segments . In ~PP1~segment the X000nn arcs represent LIs with specialty “nn” . Thus ,

the W arcs, and the interval in which they appea r, are superfluous.
Consequently, the key arc relationship constraints do not apply in
the segment due to the absence of W arcs .

(b) The only X arcs for LIs in the interva l after
are the ones in which the “from ” specialty number is the same

as the “to” specialty number (i.e., arcs X02121 and X~~g~g in Figure
11-9). This fact reflects the repeti ti ve assignments in a specialty
for LIs.

(c) The Y arcs (e.g., arcs V 02121 and V04949 in Fi gure
11-9) represent LTs promoted to CPT. This reflects the repeti tive
assignments of CPT5 before they attain 8 YOS . As explained in
subparagraph (4) below , when any of these newl y promoted CPIs reach
the eighth YOS, Y arcs in the LI segment can connect different nodes
(specialties). In other words , in the LI segment , promoted officers
with at least 8 YOS become dual qualified and can be assigned to
their alternate specialty .

(2) Promotion from 2LT to iLl is not explicitly represen ted
in the network; that promotion is considered in computing the weighted
average attrition rates used for the X arcs (which represent all
LIs). First lieutenants promoted to CPT are represented in the net-
work by the V arcs (previous paragraph) . An addi ti onal calculation
is performed to determine when , and what fraction of, the LIs pro-
moted to CPT would reach th~ eighth VOS . This calculation is
derived from user-input data and is explained in Appendi x D.

(3) There are only two arcs leaving a node (as shown in
Figure II-9) until some of the newly promoted CPTs attain 8 YOS.
Since the flow conservation constraint equates node input to node
output , only one flow control constraint on one of the two outputs
is needed . The second output is therefore uniquely defined without
constructing another flow control constraint , because the second
output has to equal the remainder of the input (or output).
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(4) Once members of the LI population reached the eighth
YOS , then additional V arcs are introduced to allow utilization in
alternate specialties (as mentioned in paragraph (l)(c) above).
As an exam ple, if the LI population at TO consisted of officershaving no more than 5 YOS , then after 2 years the most senior YOS
group would complete the seventh YOS, and begin the eighth YOS.
Figure 11-10 illustrates the example. The first year of alternate
specialty designations shown in the example is the T3 - 14 interval .The flow into node 21 at T3 is associated with arcs representing LIan d CPT with less than 8 VOS (arcs X22121 and Y22121 , respectively).
The fraction or the former input flow , representing LTs promoted to
CPT upon attaining 8 YOS and who are due for alternate specialty
designation , is not speci fied in a constraint. The V arcs leaving
node 21 at T3, portrayed by dashed lines in Figure 11-10 , provide

-s paths for the officers to be designated alternate specialties. The
requirements for promotable LIs (established in the CPT segment)
determi ne what alternate specialties will be assigned the LTs wi th
8 YOS and the quantities required.

To T i 12 13

— 
..\Prefe r red

- — — —~~JSpeclai ties
~O2l21 Y22121 —. 532 L2 1 — —

X O O O 2 1O D T L D~~~~D
~22 12 1 x 32121 -.. ...

Preferred

,_—._. —__-
‘ 

._ __

~~~~

__
~~

_

~ 
~_•_ _~A— -----___~ ,

~____~~~___~~~
, 

s~f  Specialt ies

SOS ~t Tg~/ SOS at Ttj~
/ SOS a t i~I SOS at

lb-i years ro-l years 0-1 years b- i year ~
11 -2 years 11- 2 years 1.2 years 1 1— 2 years (
12— 3 years 12-3 years 2-3 years 12-3 yea rs (

3—4 years 13—4 years 3-4 years I~
-
~ 

years(
14 -5 yea rs 4—5 years 4-5 years 14-S year gj,,
~~-6 year Ij-6 year .6 years 5-6 years—/

4/Arcs contain the indicated SOS groups associated with the Li po pulat ion at
(see subparagraph e (4)).

�/Thls is the YOS group to be designate d alternate specialties . Dividing the
number of Lie with 8 SOS by the total LI population gives the perc entage due to be
designated alternate specialties.

FIGURE 11-10 , Representation of Lieutenants , and Lieutenants
Promoted to Captain , Upon Attaining 8 Years of
Serv ice

(5) When some of the newly promoted CPTs are due for alternate
specialty designation , the flow control constraints are constructed
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as inequalities. This is similar to the treatment of flow control
in the CPI segment. The i nequalities allow LIs with newly designated
alternate specialties to be reassigned from their BES to their
alternate. Figure Il— il lists the constraints and illustrates their
interaction , as a continuation of the example shown at Figure 11-10.
Constraint (1) specifies that the node input equal the node output
(the flow in the two input arcs must equal the flow in the four out-
put arcs). As shown , (1.0 — 0.25), or 0.75, of X22121 and (1.0 - 0.10),
or 0.90, of Y22121 arrives at node 21 at 13. That input departs node
21 at T3 along the four arcs named. Equations (2) and (3) specify
where a portion of the i nput flows will depart. In equation (2), a
portion of X22121 will continue as LI in specialty 21 from T3 to 14
(arc X32121). This portion is computed in the model from the tour
length and attrition rate data input by the user--0 .60 was chosen
for this example. The remaining X arc input (0.75 - 0.60 = 0.15)
representing LTs promoted to CPT at T3. This portion will move along
arc V 32121 in the T3 - 14 interval (shown in equation (3)). Simi-
larly, a portion of V22121 will continue as CPTs in specialty 21 from
T 3 to 14 (representing CPTs wi th less than 8 VOS). The portion of

~‘22i2i is also computed in the model from tour l ength and attrition
rate data--O.7O was chosen for this example (in equation (3)). A
portion of the V arc input (0.90 - 0.70 = 0.20) represents LTs
promoted to CPT and attaining 8 VOS . This group, which is due for
alternate specialty designation in the 13 - T4 interval , is included
as an input to node 21 at 13, but is not specifically identified as
an output. Constraints (4) and (5) identify the available arcs along
which flows representing CPTs attaining 8 VOS can move (i.e., desig-
nation of either specialty 21 or 53 as an al ternate for those CPTs
wi th prima ry specialty 21).

(6) The last refinement required for processing the LI
segment imposes additiona l node capacity constraints once alternate
specialty designation begins. These capacity constraints are for
the unfilled highe r grade requirements (computed in the CPTs segment).
In the example at Figure 11-il , alternate specialties were assigned
in the 13 - T4 interval. Therefore the additional capacity constraints
would be needed beginning at I4. Prior to the T3 - 14 interval
there was only one V arc entering a node. From 14 on , in this example ,
there can be more than one V arc enteri ng a node , and therefore a con-
straint is needed rather than a logica l upper bound .

4. Summa ry. - After evaluating alternative approaches , the ODSAS
study team selected a methodology which applied a LP solution technique
to a multi -time period network flow problem . Because of the probl em
size , the resultant LP formulation required segmentation by grade , and
then segmentation -within-grade. The latter segmentation scheme
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LI and CPT attrition rates are derived from user-supplied data .
The rates in this example are hypothetical. Assume for this
example that the preferred specialty pairing s for specialty 21
are 21/15 and al/53.

12 T3

CPTs attrition 15
rate = 0.10 ~.,I

V22121 * Y 3~ 1~ 1 

X 2212~ ~~~~ -.. 32121

LIs att rition
rate 0.25

Flow Conservation:

(1.0 - 0.25) x X 22121 + (1.0 - 0.10) x V22121 = (1)

X 32121 + V32~15 + Y 32121 + Y 32153

Flow Control:

0.60 x X 22121 = X32121 (2)

0.15 x X22-j21 + 0.70 x Y22121 = Y32121 (3)

V32115 ? 0 (4)

“32153 ~ 0 (5)

FIGURE 11-11 , Illustration of the Interaction of Constraints for
Al ternate Specialty Designation in the Lieutenant
Segment
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is optional and can be used if the largest grade segments (LTC
and MAJ ) exceed hardware and/or software limi ts.

a. The methodol6gy empl oys fi ve types of constraints : flow
conservation , node capaciti es, flow control , control of input , and
key arc relationships. All fi ve types of constra i nts are used
in each grade segment (except key arc relationship constraints do
not apply in the LI segment). Flow conservation constraints control
the input and output of individual nodes; control of input constraints
limi t the total number of officers by grade—-and number for selected
specialties within grade—-that can enter the network . Node capacity
and flow control constraints are used sel ectively in the grade
segments depending upon the particular methodology of a segment.
Iode capacity constraints limit the input to a node to the annual
requirements for a specialty and also limit the number of promotees
to a hi gher grade to the un filled higher grade requirements . This
important constraint al lows for only enough promotions to meet
requirements. The flow control constraints specify the paths in
the network that each specialty pair may travel. Finally, key arc
relationship constraints relate the two flows representi ng a
specialty pair at T~.

b. For ear grade segment, the ODSAS system determines the
meximum number of officers that can be utilized in a user-defi ned
set of preferred specialty pairings consideri ng attrition and promo -F tion throug hout the time span bei ng analyzed . Unfilled require-
nients , computed after processing one grade segment , are passed
to the next lower grade segment for use as limits on promotions
and/or grade substitution . The three fi el d grade segments use
similar log ic; the CPT and LI segments diffe r signifi cantly from
the fi eld grades because , most CPTs and LIs have only one spec i alty
and , during the projection period , an alternate specialty must
be desi gnated to those who attain 8 VOS .

c. In suni~ ry, the methodology addresses all three EEA . The
number of officers to be allocated specifi c specialty pairings
at each grade level (EEA 1) is the sol ution va l ue of the W arcs
in the CPT through COL segments. Designation of alternate specialties
to CPTs attaining 8 YOS is accomplished in the CPT and LI segments .
The total procurement of officers by BES (EEA 2) is determined
by computing the unfilled LI requirements at the end of the processing
for that segment. Finally, the training requirements for BES and
alternate specialties (EEA 3) can be derived by comparing the actua l
officer asset position to what ODSAS computes the asset position
should be.
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on requirements by specialty and Figure 111—1 0 is a sample of the
report on requirements by grade .

(2) The second report type contains the derivation and
computations used to produce all the input rates to the system.
An excerpt from that report for LTCs is at Figure Ill-li . The
numbers highlighted in heavy lines are examples of the rates inr ut
to the matri x generator. Both of the initialization phase reç’orts
are for user veri fi cation of the deri ved input data .

b. Processing Phase Reports

(1) There is one standard report and one optional report
in the matri x generator activi ty. The standard report is a

* statistical summary , and the optional report contains the internal
programing codes used in the matri x generator .

(a) The statistical summary contains the key data and
characteristics of the problem to be solved. The fi rst part of the
statistical summary (Figure 111-12) shows both the unfilled higher
grade requirements (passed down from the preceding segment) and the
requi rements for the grade of the current segment. (The requi renients
data values may be greater than the actual computed requirements
if the user opts to provide input di recting that requirements may
be overfilled by a percentage of the authorized value.) Requirements
values in this summary report are used as the capacities of the
nodes . Column 2 of the report (entitled PIT AUTH) contains the
maximum percentage fill allowed for a specialty in that segment.
The second part of the statisti cal summa ry (Figure 111-13) shows
the problem size , in terms of the total number of rows for each
constraint type , and a summation of all constraints (rows). This
total number of rows should match the matrix statistics produced by
FMPS described in subparagraph (2) below . Additionally , the report
displays key parameter values (number of specialti es , number of
years in the projection peri od , and number of preferences) appli-
cable to the current segment.

(b) An additional part of the statistica l summary is
produced for the LIC and MAJ segments . The derivation of a revised
promotion rate (one that attempts to promote to fill all vacancies)
is displayed in the addi tional part. An example is shown at
Figure III— 13a . The TOTAL UNFI lLED REQU 1RE~ENTS” va l ue is computed
in the linkage activity . The “STARTING GRADE n POPULATION LAST YEAR”
is, initially , the budget authorized amount (input by the user) for
grade 0-5 or 0-4, and thereafter reflects the effects of attrition
and promotion on the initial population .
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(c) The optional report (not shown here) contains the
codes generated and used wi thin the matrix generator program . This
report is provided for use in changing or debugging the program .
Explanation of. this report is in the ODSAS Information Systeni
documentation , published separately.

(2) Most of the printed output from the FMPS activity
consists of diagnosti c messages concerning FMPS internal logic at
periodic intervals during processing, and is explained in the FMPS
documentation (reference 2). The two outputs of primary concern
are the matrix statistics and the detailed listing of the solution .
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column in Tabl e 0-2) must be added to those off icers who had already
been promoted to the next higher grade from T0 up to the year oeing
considered . Since the promotions commence at T0 in this exampl e ,
the values in the column “0-5 Promoted Before T-0” in Tabl e 0-3
are necessarily zero because the system considers that T~ is thebeginning of all activity . however , the population values whicn
will appear in this col um n for subsequent years will reflect promotees
from earlier years. The total promotees at T0 ( “Total Prom ’ col umn )
are trierefore comprised of only the “New-P romot~es ” in each YOS
represented. The total number promoted , by YOS , is tren multipl ied
by the user—suppl i ed input attrition rate (“Attr. Rate for Grade- ”
Col umn ) for off icers of that grade and YOS , to compu te  the number
attrited in that grade and YOS ( “Attrit ion ” column).

(b) The values in the “Total Prom ” and “Attrition ”
col umns are each swrnied across all YOS represented . The “Attr i t ior ”
total (49.40 in Table 0-3) is divided by the “Tota l Prom ” sum
(1918.36 in Table 0-3) to compute an attr i t ion rate for those
officers promoted .

(3) In the third step of calculat ing attr i t ion and pror:io-
tion rates , the starting population at Iç~ mus t  be “aged” to reflect
the attrition and promotion that occurred in the T0 - I

~ 
interva l,

to arrive at the starting population at I
~

.

(a) This procedure consists of subtracting the promo-
tions and the attrition in grade from the T 3 start in g population ,
by YOS , to arr ive at the amount of that YOS group remaining at T 1.
Table 0—4 i l lustrates the “agi ng ” of the populations presente d in
Tables 1)-i through 0—3 . In Tabl e D—4 , the “Start ing Population ”
of 331.7 MAJ s in their 11th YOS at T 1, represent the 343.0 “Start ing
Population ” in their 10th YOS at T~ ~in Table 0- 2) , less Promotions
of 1.37 at T0 (in Table u-2 ) and “attr i t ion in Grade ” of 9.91 (i~Table 0-2) .  Similarly the “Starting Population ” witr i 13 YOS at
T 1 (Tabl e 0—4 ) , 2007 .5 , represents the “Start ing Population ” w i t h
12 YOS at I

~ 
(Tabl e 0-2) , 2156.0 , less  “Promotions ” of 99.18 and

“Attrit ion ‘in Grade ” of 49 .36 .

(b) An exception to the “aging ” procedure is er pl c1ed
for  the last YOS represented in a grade (i.e., the 20-21 YOS lire
in Table 0—4). The va l ues on this line inc l ude that YOS and late
YOS , for computation purposes (whi ch , in Tabl e D-4, are bot~- zero
and are therefore not readily apparent ) .  ~-;hen the val ues on this
line are non—zero , in computing the star t i ng populat ion wi t~- 20
YOS and ove r, at T , that population is the sur- of t Iie sta rt inç
populations at T~ ~ith 19-20 YOS plus those w i t n  20 - 2 1 YOS and
over , less promotions and attri tion in grade for both groups. For
example , if the “starting population ” of the 1?-20 and 20-21 (and
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over) YOS groups at T0, in Table 0-2 , were 13.0 and 3.0, respec-
ti vely; “Promotions ,” 0.12 and 0.00; and “Attrition in Grade ” 8.63
and 2.06 , then the “Starting Population ” for the 20—21 YOS group
line in Figure D-4 .(representing the population with 20 YOS and
over ) would be 5.31. This val ue would have been computed by adding
together the “Starting Population ” of the 19-20 and the 20-21 (and
over) YOS groups at T~ from Table 0-2 (i.e., 13.0 + 3.0 = 16),

subtracting the combined “Promotions ” (0.12 + 0.00 = 0.12), and
the combined “Attri tion in Grade ” (8.63 + 2.06 = 0.69); or (16.0 -
0.12 - 0.69 = 5.31). The va l ue 5.31, the “Starting Population ”
for the 20-21 YOS line , when rounded to the nearest one-tenth ,
would be 5.3.

c. Cal culation for Subsequent Years. - Upon c o mpl e t i o n  of

the three—s tep procedure in b above , the attrit ion and promotion
rates for each subsequent year in the projecti on period are com-
puted , applying the same three-step procedure to the attrition
rates supplied by the user and the starting populations derived
in b .

d. Modi fication to Promotion Rates. - Since the promotion
rates for LTC and MAJ computed in the Tnitialization phase are
only estimates based upon past years , the ra tes are revised in the
matrix generator activi ty of the processing phase. The revised
rates are based upon results produced in previous segments of the
processing phase -—specifically, the unfilled requirements derived
from the COL or LIC solutions. Computation of the revised rate(s)
consists of divi di ng the total unfilled requirements that can be
filled by promotees in a given year by the total possible population
available for promotion .* The revised (recomputed) promotion rate(s)
is then used in the matri x generator activi ty , since the new rate is
a closer approximation to the concept of promoting to fill vacancies .

6. Deri vation of Attrition and Promotion Rates for Colonels. -

The three—step procedure descri bed in paragraph 5 for producing
annual attri tion and promotion rates for LTCs and MAJ s is modified
to a two-step procedure for COLs. Weighted average promoti on rates
and attrition rates for COLs p romoted to general offi cer are not
needed for the COL segment , because genera l officer grades are not
included in ODSAS . Consequently, the annual attri tion rates for
COL are computed in a manner similar to the attriti on rate for
LTCs or MAJs remaining in grade , except that the COL attrition rate

*The printed output of the matri x generator activity for LTC
and MAJ segments displays the derivation of the revised promotio i
rate for each year played in the model (see paragraph III-3b(1)(b)).

D-10new page
20 May 77

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



- i-.-i.~~—-- -“-----‘--.—----- ---- — --- ~~~~~~~~~~~~~~~~~~~ 
“

~~~; :~~~~~~~~~ i ’ ~~ ~~~~~~ :~~
-.~~

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

- -  - -

for each YOS represented includes promotion as a form of attrition.
Attrition rates for LTCs/MAJ s remaining in grade do not include —

promotion as a form of attrition (paragraph 5b(1) (b) above).

a. The first step is to multiply each YOS population by the
corresponding rate wi th promotion . Computations are illustrated
at Table D—5 . The values in the “Population ” and “Rate w /Prom ”
co l umns , which are extended as input by the user , are multiplied
to produce the attrition by YOS show n in the “P o p u l a t i o n  * Rate
w/Prom ” column . The population va l ues and the attrition values are
summe d across all YOS represented , to produce the column totals
shown . Then the total “Attrition ” is divided by the “Population
Sum ” to produce the “Attrition Rate ” in grade 6 for that year.

b. The second step is the same as the third step in the
process described in paragraph 5. That is , the COL popula tion
wi th n years of service , less the attrition of those with n years
of service , becomes the COL population 1 year later , wi th n±1 YOS .
Table 0-6 illustrates the “aging ” of the COL populati on at T0 to a
point 1 year later (T1). (Note: The last YOS group (i.e., 29-30)
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