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T h, scientt:ic personnel oupported in part by contract funds are

summarized in Appendix A. They consist of three Georgia Institute of

Technology faculty and a number of graduRte students. The graduate

students did not receive direct support from" the contrnct, but did

receive indirect support in travel and secretarial efsistance and
conducted their reseprch under the guidance of one of the three faculty.

During the support pcriod, 7 graduate theses were written, 4 papers

were presented at Naltonal meetings of ORSA (Operations Research Society

of America) or of TI£S (The Instituta of Management Science), and three

have been accepted for publication. Each paper was forwarded to ARO,

Durham at the tif. of submission. Abstracts from the theses and the papers

are included in Appendix B.

Research was conducted in three broad areas of 0perations Research

and Management Science. The specific problems studied and results obtained

are discussed in the follotin3 sections. The abstracts in Appendix B

"detail the specific problems and resultc.

The Administration of Research, Development, and Engineeri•ti Endeavors

A model of the resource allocation problem faced by research adminis-

trators in large organizations characterized by many hierarchial levels

was developed (Appendix Bl). For the special case where only three funding

levels arc considered for each alternative, e.g., minimal, anticipated.

and maximal funding, the out-of-kilter algorithm of network theory can be

used as a solu'ion methodology. The results of this work are presently being

evaluated for potential utilization by the Department of Army. A study team

from Northwestern University (Prof. W. 1Z. Souder, Project Leader) is evalu-

ating a modification of the model with respect to the budgeting and allocation

"decisions at the Divisi6n and Branch Chief level in the Recearch, Development

and Engineering Directorate of the Army Material Command, Headquarters. In

addition, Captain C. R. Shumway will be examining the applicability of the

model for utilization at the U. S. Army Air Mobility Research and Development

Laboratory, Ames Research Center.

The Dean-Hauser advanced material systems planning model has been extended-

to include a manpower planning model and information system (Appendix B2). A

paper was written which integrates recent behavioral research on creativity

with manpower and technological planning (Appendix B3). The result is a model

of a managumcnt infomation system which supports researcher inuovative

7 - _~, .. --. t,~ ',---
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behavior and which provides the input data for technical planning, project

-i.'ele•.lcon. andimaupower planning. Since its presentation by Dr. Baker as an

invited paper at the 38th Nat:onel Meeting of ORSA, over 200 copies of the

.paper have been distributed and the paper has'been accepted by Managemcnt

- ,enca for publicatiotn.

The following students have received advanced degrees for their research

,effort in this area:

-D6 is$-Attathed Thesis S u~ai
James R. Freeland M.S.I.E. Appendix B2

,.Major John It. Grimshaw M.S. Appendix B1

Letwork Theory/Analysis

Thereý are many network aitukatitis iti Viich khh aMount of flow into a

bode tadtivity) is not 64uil td thiaimoutit ieathtg the node. Examples of

such tietworki iticitiGe !uiet-iteVe Mintbdaide operdtions, information systems,

and health systems. Stch nat4otks are ref'red to At networks vith gains.

The special structure of a (directed) acyclic network with positive gAins was
utilized to develop an algorithm to determine maximal flow (Appendix B5). A

paper has been presented, and accepted by Operations Research, which reports

on this research (Appendix B6).

Other networks arise which haire the characteristic that all flow must

pass through some common node, called a funnel-node. The transport and dis-

semination of amunition in an established theater of operations is one such

problem. Another such problem is a communications systems within which all

comunications must pass through a common message center. The general concept

of funnel-nodes and funnel-flows, the resulting mathematical model, and an

algorithm for finding maximal flow were developed (Appendix B7). A paper was

read at a national meeting of the Operations Research Society of America and

accepted by Operations Research (Appendix B8).

In many applications of network theory/analysis, especially in transporta-

tion studies, a network exists. The research question then tecomes one of how

to best modify an existing network, perhaps in order to achieve some planned

result, while si--.ultaneously minimizing disruption to existing flows. Initial

work has been accomplished on this problem (Appendix B9).

The following students have received advanced degrees for their thesis

research effort in this area:
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Degree-Attained Thesis Sumnmar

Lt. Col. Anthony H. Jetior H.S. Appendix B5

_!t. Col. Duane D. Killer H.S. Appendix B7

Oscar MejiLa M.S. Appendix B9

Analys~isof-Manpower-Trairing Systems

-.&voidar a 6anpover trainift systetA Ohich accepts input of varying

quality and which-contains multiple training events all of which must be

successfully completed by an individual in order f or him to be certified

as trained.'The cumulative probability that an individual will pass an

*Vent it A function Of the i~tlo (quaiity) grou~p of which he is a member,

and It is a monotonically it~cr~db~itg NiI16tiott of'tinfh sjpenk (humber of trials)

in that Avent, .tf trainees are permitted' td 'advance to the next training

event as soon as the present event is passed$ and if tr~ainees are dropped

(failed) from the system it sUlccess ift ah1 event is not achieved (after some

fixad ia~bot of tfritits, then it is possible to improve system effectiveness
by trovgtiý 844dotictuj the' training events.

ftt'd6ot o~f operating such asystem. is measured as a function-of time,
2 ttio Oebability of failure, the magnitude and quality of input, and the

11taber of instructor hours per time unit. The performance criterion is

specified as instructor hours per graduate. A rule for optimally sequencing

the events is proven and a genara.k methodology for achieving the least cost,

constrained output from an input of given size and quality is constructed.

Using data provided by the, Human Resotirces Research Off ice, the proposed

system was applied to Basic Combat Training. It appears that the proposed

system may result in, a 58 percent savings in Basic Combat Training instructor

costs. However, the proposed system ;muld requive field testing before true

savings or losses could be accurately determined (Appendix B10). The analytical

results and solution algorithm were extended by subsequent research (Appendix B11).

Two advanced degrees were awarded for thevis research eiffort in this area:

Degree Attained Tei um

Major John E. Miller M.S. Appendix B10

Major David S. Grieshop M.S. Appendix Bll
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Dr. Norman R. Baker

Dr. John J. Jarvis

Dr. Vernon E. Unger

B. Graduate Students Degree Attained Thesis Summary

James R. kkeelahd IS.IE. Appendix B2

Major John .. Grimshaw M.S. Appendix Bi

Lt. Cot. Anthony M. Jezior M* Appendix B5
Lt. Col. Ddane D. Miiler M.S. Appendix B7

Oscar Mejia M.S. Appetdix B9

Major John E. Miller R.S. Appendix BIO

Major David S. Gries6bp H.S. Appendix BlI



APPEIDIX B

Papers and Theses Reusulting From the Project

31: Abstract of "The Development of a QUantitative Mco-el for Resource

-Alocation Within the Exploratory Development Category of the lzy .'la4torial
Comsnd" by Major John 14. Grimshav, H. S. Thesis, Georgia Institute of

Technolog', August 19TO-

A comprehensive analysis is conducted of a decisicn problem existing
vithin the early stages of military research and development (R and D). Three
Important areas are investigated: 1) a detailed description of the problem
envifonment; 2) analysis of three general approaches to project/task evalua-
tion; and 3) quantitative models of the decision problem and methods of
solution.

The problem investigated is one of the allocation of resources at the
Army Material Command (AMC) for the 6.2 exploratory development effort,
particularly at the division and branch chief level. Three general phases

"of the problem are identified: long range technical planning, preliminary
budget planning, and resource allocation. The decision problems are defined
and major constraints are specified.

Three approaches to measuring the ahticipated value of projects and tasks
are considered: successive comparisons, multiple criteria scoring models,
and planning-relevance trees. The advantages and limitations of each approach
for use at AMC are clarified. Although the planning-relevance tree approach
appears to have gained the videst recommendation vithin military R and D, recent
advances in multiple criteria scoring models suggest decided advantages over
the more popular planning-relevance tree approach.

The preliminary budget planning and resource allocation problems are

structured and mo= led mathematically. Dynamic programming (coarse grid
approach) and a linear programming approximation are used to establish an

r --d loc;mr bolmd on the optimal solution for the grid size specified. An
algorithm is constructed to search this bounded region for solutions vhich
improve the feasible, non-optiral and optimal, non-feasible solutions thus
determined. Infcr--.tion is generated %rith rezpect to trade-offs in value
for alternative funding patterns. This information can be utilized during the
budget specification process in order to identify and support unfunded reques.. .
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D2:s Abstract ot "A Model for Determining Skill Requirc~Acfts in a Research

.Oiguization" by Jamea R. Freeland, H4. 8. Thesis, Georgia. Iflttitute of

TaiholoOy,:JuL-e 1970

Skilled m =nýouper is a critical resource in a research or~ .riSzation;

however, : few quantiti.tive models have a~ppearzed which relate long-term orr~aniza-

tional objectives an"' skill reqtdiremenitd. The t~hesis develops ma~thema~tical

models which allocate skilled mar power to projects over tire in. order to

h-Aximi~e the expected contribution from the research efot

The fuxture organizational objectives can be zlre!~ to prejects, alterna-

tive techni cal a~pproaches. and tasks by pla-nning procc!-.=em -v.ch.L as the De-

partmient of Ar~r's Q=0 planning. The modelr developed in the thesis axe

extensions of and consistent with the work done by Dean, Ilauser, e.nd Roepake.

It is assumed that the success of a technical approach is de.pendent upon the

success of all1 member tasks,, but that the success of a project dependis only

on the success of at least one technical approach.

The overall =odel consists of four sequential models, called T, Ps V,

land M where models Tv Ps and V are solved by dynamic programming and M is

solved by linear programming. Given an amount of support available for all

projects, models Ts, P, and V identify the skill amounts. for each. task,

teihaical approach and project which ma.~imize total expected contribution.

Model M allocates the skills to the projects in the pattern specified by the

previous models so that project completion dates are met and the variation

in the size of the workforce is minimized.

The overall model provides information which can be used by the research

organization to develop viable and timel~y policies for maintaining the proper

mix of research s~kills.

3:Abstract of "Information and Innovation in Research Organizations",

* by Norman R. Paker and James R. Freeland, November 1970. Presented at 38th

National Meetiu- of ORSA, October 1970, Detroit, iMichiga."

* * fpircal work in industrial research organizations has provided data

sufficient to describe researcher behavior dur=ing Innovation. The role of

Information durina idea, creation and idea sutmission is describcei based on

these data. A model of a management information system is structured which

Is consistent with and supportative of re.coarchcr behavior and which irncludea

techn'.cal plainning, praj-2ct selecticn, atid cminpow._z- planning. 7lic crit..a

Rteproduced from
best available copy.



problems of ~ ino.to cexchaned d~ssemination are cx=1Cue. ,,Odt,

B4: Abstract of "Or. a !Two-Dimensiona2l R~esource Alllocation 1rcbleM,'` by
Jonathan S. Yor=.rk and tPro -.-J.rI 97.?oe:ntcd at

the 39th Nationa~l "eetinx 1f"O11 raAlaii 19Thi . .

A two dimensionml res'ource allocaticn proble-- is ccnti'3ered; ~crex----l:e,

allocationi Over activit~es nuid time period-z. Th~e = ~n~nead scnarat.. Ility

-~ retL'r.~ ~ ti¶~t~~eioc ~ is asnizcd. Mhe form of th1ae

mnodel is essentiall'r a Zeneralization of a r'onlinew.x c~srýittate4 tr~n sro:vta

tion problem. L~agrange mu~tipliers czre in~trc.3uced and. the Lngrxgan io zho'wr

to dectozoe irnto ai nec~uence of botund-d variable nonlLinear krvivaacke probltems,

arnenable to solut~on by dynamic progra-=ng. Sevcrr2. resul~ts aae proven. for

piecewise convex. retturn functions including (1) the --lece*.ise convemity of

the optima~l payroff" (k-nmpsack) ftvnction and (2) the structure of the admissibl.e

policies. The result (1) accelerate& the calculation of the knapsack func-

tions. The result (2) leads to (3) a closed, form solution under the assump-

tion of equal allocati.on bouads for an activity across time .

~:Abstract of "!a~ximal. Flow with Gains Through a Special Network" by Lt.

Colonel Anthony M. ,ezior, M. S, Thesis, Goorgia Institute of Technology,

October 1970.
The specia~l structure of a directed acyclic network with positive gains

is utilized to develop an extremely isimple and poverfuJ. algoritlm for ymaximnal

flow. Thie algoritlm uses a variation ofthe Ford-Fulkerson labeling procedure

in which each node receives at most one label during any iteration. Flow

changes are carried along and require -e "back-tracking" to the source node.

*Finiteness of the algorithm is achieved -t::ough a theorem chara~cterizing

basic feasible solutions for this special network. As a consequence of these

results, the algorithm is more efficient than Jewell's algorithm for the

general maximal flows with gains problem, i.e.*, not requiring an acyclic network

* vith positive gains.

Say al potential areas of application are identified, As an axample con-

eider a health system with several levels of treatment, e.g., nei&hborhcod

health stations, co~unity health centers, and urban hospitals. Iden~.ifying

the facilities at each level as nodes, the health system can be formulati.'1c ..:

a nC.ec-.wk ;rý:Uem whcre the flow is the patjer~. 7.e ;atienta flowing :.
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the aystem vould not all pass through all levels of the system. This

eharacteriatAc can be represented by a "los0 factor" which is positive.

hI- s ,Oite network is acyclic *with positive gains. Other potential arplica-

tlous 40in dO Multi-level maintenazce operations where not a.1l repairable

its PUss through all levels of r-aintenance, multi-level educational or

training- operations where not all students pass through all levels, and

zuiti-lIvel informatiom systems where not all queries pass through all

lerels of information sources.

b__ Abstract of ",s.; xi Flow With Gains Through A Special Network," by

John 3. Jarvis and Anthony M. Jezior, October 1970. Presented at 39th

sational Meeting of ORSA. May 1971, Dallas, Texas.

The Siedial itiotture of a (ditected) adyelic network with positive

gana-is utilized t6 develop an ettemisV aitpie and powerful algorithm

fir a-xiu4 fltbV. ?initiness bf bhe aigorithm is achieved thro,4h r. theorem

eharaoteriting Waid solttions for this special network.

&I Abstract Of "Maximal Funnel-Node Flows in an Undirected Network" by

Lt. Colonel Duane David Hiller, M. S. Thesis, Georgia .Institute of Technology,

-tJune 1970.

The research generates from the following type of problem. Consider a

logistical comander who is in .a recently established theater of operations

and who is receiving ammunition at an ocean terminal for immediate shipment

to a forward area. The only trucks available to transport the anmnition

are being received at another terminal for ultimate shipment forward. Since

there exists a road network of limited capacity, the problem As to route

the trucks to the atmnition terminal for loading and then to route the loaded

trucks to the front in such a way that the maximum amount of ammunition is

forwarded. Since all the trucks must pass through a common node (ammunition

. depot) which has. neither source (truck depot) nor sink (the front), the

network has a "funnel-node", namely the anunition node. Obvious analogous

Vrobler- exist in communic+tions netvorh.- wVerf; all mcssages pass tr".. -

co=on message center.
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The pgnerlL concept of funnel-nodes and funnel-node flows is dc:in:c and

the resulting mathematical model is formulated. An algorithm is precented

Vhich computes the maximal value of a funnel-node flow by three applications

of a "single-commodity, max-flow" algorithm and which determines the =sxit-.l

flow pattern by an additional application 'of a "single-cot=odity, mnx-1ol9"

algorithm and the application of - chain flow decomposition algorit'.rn.

Several example problems are defined and formulated. The algoritm is illus-

trated by solving sirple cases of the example problems.

38&. Abstract of "M.aximal Funnel-Node Flow in an Undirected Network," by

-John J. Jarvis and Duane D. Miller, April 1971. Presented at 39th

National Meeting of ORSA, May 1971, Dallas, Texas.

The "Funnel-Node, Maximal Flow" problem is formulated, examined, ani

solved for an undirected network. The solution procedure thus derived

requires only applications of the single-conemodity flow algorithm, and 1!3

therefore extremely efficient. Several applications are also presented.

Bg: Abstract of "A Sensitivity Analysis on Multicommodity Network Flowy"

by Oscar Heia, M. S. thesis, Georgia Institute of Technology, June 19T7..

This thesis presents an efficient method for finding the dual vari..bles

"associated with a new set of arcs for a given multicommodity network. Also,

a method is presented for adding the "best" set of arcs to a given network.

The methodology of this research utilizes the principles of linear progr6a-inC,

duality and the multicommodity flow algorithms.

R10: Abstract of "A Model of a Manpower Training System with Applications to
Basic Combat Training in the United States JAM" by Major John E. Miller,

H. .S. Thesis, Georgia Institute of Technology, June 1971.

Two performance criterion functions are developed and applied to a

simulat-ed manpower training system. The simulated system accepts inputs cf

varying quantity and quality. It contains multiple training events and may

1e operated such that each event has a probabilistic outcome. The c u,:lative

probability of success for an event is a monotonically increasing •fu•ncticn
of time spent in that event and is independent of the order of the events.
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An the s&mot of time in an event is constrained, the maximum achievable pro-
bability of suecess vithin an event is lessened. The co3t of operating the
System is presented US a function of time, the probability of feilure, the

sguitude add quality of input, and the number of instructor hours per tire
umit. The perforan-ce criterion for the simulated training system is in-
structer hours per graduate.

WTo different training procedures are compared using the system
Peslor=ance criterion of instructor hours per graduate. Within each
p•acedure general relationships between input quantity and quality, output
quantity, and cost of operaction are developed, proven and demonstrated.

A rule for optimally sequencing the events in one of the training
procedures is developed, proven and demonstrated. A general methodology
for achieving the least cost, constrained output tirom an input of given
size and quality is developed and demonstrated.

Bll: Abstract of "An Analysis of the System Effectiveness of a Sequential
Manpower Training Model" by Major David S. Grieshop, M.S. Thesis, Georgia
Institute of Technology, January, 1972.

Rules for efficiently improving the measure of system effect1_f:ness for
a sequential manpower training system &re developed, proven, and demonstrated.
The system permits trainees of varying aptitudes to train in a series of
events at a pace commensurate with their abilities. The cumulative probability
of success for an event is a monotonically increasing function of the number
of times the event is attempted and is independent of the"order of the event
within the sequence of all events. An incremental cost is incurred each time an
evant is attempted and accrues until a trainee either successfully completes the
system or is eliminated as a failure. The measure of system effectivenaes, the
efficiency index, is the expected cost per successful trainee.

An algorithm I's presented where the decision variables are the number of
times an event may be attempted and the sequence of the events. The cost of

training and probabilities of success are considered fixed. A sufficient
condition, which when satisfied insures the algEithm yields an optimal solution,
is developed and proven. An alternative method for solution improvem*ent is out-
lined when the suificiency condition is not satisfied.


