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I. INTRODUCTION

Problems associated with producing, storing, and distributing products
and materials afe fundamental to the military. They have motivated much of
the work in Industrial Engineering, Operations Research and more recently in
Computer Science. The increasing role of machinery and equipment over the
years has caused a shift of primary focus from a concentration on work
methods to a concentration on the design and operation of integrated systems
of people and equipment. The advent of computers has dramatically increased
the potential for designing, analyzing, measuring, and controlling these
systems.

It is interesting to note that in the past very little of the research
devoted to‘production and distribution has been directed toward the under-
standing or solution of the kinds of problems actually faced by practi-
tioners. The research effort has primarily concentrated on developing
mathematics for solving (a) very general models such as integer programming
which, if efficiently solvable, would allow us to better solve many of the
production and distribution problems and (b) very limited abstractions of
the actual problems, such as the single machine scheduling problems, which
could hopefully be generalized to more realistic situations.

Given the recent results relating the complexity of combinatorial
problems, one would have to be extremely optimistic to believe that
efficient solution methods for general integer programs can be developed or
that results such as those for siﬁgle machine scheduling can be extended to
realistic problems. One must conclude that these traditional research areas
do not.seem very promising in terms of developing better approaches for

attacking the actual problems in production and distribution.




with designing and operating production and distribution systems in order to
better define and understand the problem areas, (2) to set priorities for
research, and (3) to initiate a broad program of research in the areas of
highest priority.

The following sections describe the problem areas identified, the
research approach and research results. Appendices list Center research

reports, visits to Navy and related installations, presentations by Center

personnel and visitors to the Center.




While developing mathematical models in the abstract continues to
expand the tools we have to draw on, this is not enough. A fundamental
refocusing of research in production and distribution is required. This
should include: (a) primary concentration on the significant problems
actually faced by practitioners (b) development of mathematical structures
that enhance our insight into the problems themselves, and (¢) development
of models and methodology which can interface with people to generate
solutions to these problems.

The Production/Distribution Research Center was established in July
1980 to address these needs. The Center has become an important part of the
developing rapport among private industry, governmental and military insti-
tutions, and the academic community. The School of Industrial and Systems
Engingering (ISyE) at Georgia Tech houses the Center, whose primary origi-
nating funding source has been the Office of Naval Research (ONR). This
funding permitted the establishment of the Center and supports its
continuing development. Seven faculty members and 10 graduate students
currently pursue basic research related to understanding and improving
fundamental processes in production and distribution.

Long Range Scientific Objectives: The Production/Distribution Research

Center was established to accomplish three basic objectives: 1) to expand
our knowledge of the fundamental problems associated with designing and
operating Navy-related production and distribution systems, (2) to develop
new methodologies which can be used to improve these processes, and (3) to
provide a focal point for research in these areas.

Project Objectives: The major goals for the first two years of the project

were: (1) to establish contacts with military and civilian groups involved




II. PROBLEM AREAS

Research in the Production and Distribution Research Center addresses
basic questions associated with the configuration, operation, and assessment
of manufacturing systems, storage systems, and delivery systems. The re-
search is concentrated on problems related to movement and placement of
people and material. Because of the need to understand operational issues
before addressing the areas of configuration and assessment, most of the
research to date has focused on operations. However, quantitative metho-
dology may ultimately have its greatest impact in system configuration.

System Configuration. Fundamental issues include: how to relate system

objectives to design criteria; how to break the system into components; how
to interface the components with each other; how to determine and assess the
impact of acquisition strategy; how to size the system; how to select equip-
ment; and how to lay out the components of the system.

System Operation. Fundamental issues include: how to position units to

facilitate movement; how to group units for combined transportation; how to
route vehicles; how to schedule resources; and how to develop system
discipline.

System Assessment. Fundamental issues include: how to predict require-

ments; how to predict capability; how to measure performance in terms of
requirements and capability; and how to structure, validate, maintain, and
present information system data.

While the fundamental issues regarding placement and measurement of
people and material are essentially the same in manufacturing, storage, and

delivery systems, the specific problems vary widely depending on context.




For example, the problem of slotting material in a warehouse and of preposi-
tioning forces for rapid deployment both involve the issue of positioning
units to facilitate movement. However, because of their contexts, the two
problems are radically different. Since there is such a wide variety of
problem contexts, the number of problems associated with the fundamental
issues above is virtually limitless. A premise underlying the Center is
that the commonality of issues will ultimately lead to unifying approaches

for addressing these problems.




ITI. RESEARCH APPROACHES

Production/distribution systems are usually complex and not amenable to
exact global solution. Accordingly, we invoke the following basic philos-
ophy'of problem—solving: partition the system into more tractable but
natural subproblems, develop solution techniques for the subproblems, and
then develop methods of integrating subproblem solutions so that system-wide
performance is enhanced. Frequently, the subproblems correspond to physical
components of the system. For example, to increase the throughput of a
warehouse, we are lead to consider subproblems related to increasing the
throughput of individual component such as a carousel conveyor. Then we
must consider how to increase the throughput of a system of carousel con-
veyors, and, beyond this, how to integrate systems of carousel conveyors
into the overall functioning of the warehouse. Thus, as in this example, we
build from effective control of component subsystems to effective control of
the total system.

Some of the smaller problems are so tractable as to succumb to optimi-
zation techniques, which we develop as appropriate. Most problems, however,
resist such solution. For these more difficult problems we invoke one of
two general approaches, depending on the nature of the problem environment.
Operating decisions tend to be made frequently and allow little time for
reflection. For such problems we develop heuristics that require minimal
computational effort, yet provide solutions of acceptable quality. This
requires consideration of complexity, probabilistic analysis, and worst case

analysis of decision techniques.



Design decisions tend to be made infrequently but have long term, ex-
pensive implications for system operation. Thus, in-depth analyses can be
justified. For these problems the concept of "human aided optimization"
seems the most promising. This concept involves underlying mathematical
models (e.g., optimization, queueing, simulation), a computer graphics
interface and a human decision maker. The human guides the process, uti-
lizing primarily graphical information and makes the ultimate decisions.
The models suggest and help evaluate alternatives based on input from the
human decision maker. The research effort includes developing new models
and solution techniques, analyzing the proper role of the human decision
maker, and determining graphical interfaces which can provide the human with

the necessary insight to guide the process.




IV. SUMMARY OF ACCOMPLISHMENTS TO DATE

Our major goals for the first phase of the Production/Distribution
Research Center have been to establish priorities for research areas, to
inititate a broad program of research, and to gain visibility for the Center
within the Navy and in the private sector. We have also began to dissemi~-
nate our research developments using a variety of approaches including tech-
nical reports, seminars, short courses, demonstrations, and visits with
potential users.
Reports

Thirty three reports have been completed which describe faculty and
student work in the PDRC. A list of reports published to date together with
a brief abstract on each is given in Appendix A. The major thrust of the
various research initiations are summarized in Section V. The accomplish-
ments in these areas are an indication of the tremendous potential for re-
search in production and distribution. We feel that we have established a
solid base for a continuing research effort.

Interaction with Researchers/Practitioners in the Field

The PDRC has the potential to improve the interface between the experts
who are shaping the modeling methods and algorithms and the decision makers
in military, govermment and private industry who understand the situations
these models address. This interchange of ideas is fostered through semi-
nars, projects, visits and other exchanges for which PDRC is an effective
focus. The Center, in bringing together faculty, students and
practitioners, creates an atmosphere for development of practical directions
in university research and promotes greater appreciation among practitioners

for the applications of modeling and analysis.



We have established a wide range of contacts in the Navy and in private
industry. Briefs, seminars, and visits by PDRC personnel at Navy installa-
tions are described in Appendix B. This interaction has allowed us to ob-
tain input on significant research areas and to inform Navy personnel about
the activities of the Center. We have found these visits to be extremely
valuable as a part of our efforts to establish research priorities and to
gain visibility for the PDRC.

PDRC members have also been active in presenting papers and briefs on
PDRC activities to industry and at national meetings. A list of these
presentations is given in Appendix C.

Over 300 managers and engineers have visited the PDRC for live demon-
strations of our color graphics-based prototype systems for analyzing layout
and distribution problems and formal discussions with PDRC personnel. A
partial list of these visitors is given in Appendix D. Most of the visitors
came as a result of personal contacts with PDRC personnel. Others came as a
result of the three short courses given annually at Georgia Tech by members
of the PDRC which directly relate to ongoing PDRC resear;h activities. They

are Material Handling (1982 keynote address by Rear Admiral Philip

McGillivery, Commanding Officer, Aviation Supply Office, U. S. Navy Supply

Corps), Project Management and Transportation, Distribution and Logistics.

These short courses provide a valuable means of getting new PDRC
developments to the potential users.

Facilities and Equipment

The Center has acquired a laboratory and a significant amount of com-

puter equipment to aid in its research.




A Hewlett Packard model HP-1000 mini computer with a half dozen ter-
minals is located in the laboratory. The Center also has direct multiplex
communication to the Georgia Tech CYBER 170 computer for large algorithmic
processing.

The equipment available at the PDRC includes two high resolution color
graphics computers. The first is a Chromatics model CG 1999 which has 512 x
512 resolution and 48K Bytes of memory, dual 8 inch floppy disk drives,
digitizer and light pen input. The second is a very powerful Chromatics
model CGC 7900 which has 1024 x 1024 resoution, 128K Bytes of memory, dual 8
inch floppy disk drives, 10 megabyte hard disk, joy stick and light pen
input.

The Center has also acquired an Apple III microcomputer with 128K bytes
of memory and dual 5 inch floppy disk drives and three (3) IBM personal
computers with 128K bytes of memory, dual 5 inch floppy disk drives and
color graphics monitors.

New Research Initiatives

The existence and operation of the PDRC at Georgia Tech has stimulated
two other major research activities: a two year $460,000 study for the Joint
Deployment Agency and a Material Handling Research Center sponsored jointly
by private industry and the National Science Foundation.

The Joint Deployment Agency (JDA) recently came to the PDRC seeking
help with the design, development and implementation of models and algo-
rithms for deployment planning. As a result of discussions, the PDRC has
initated a major project to support JDA's efforts in this area.

The Joint Deployment Agency has reponsibility for planning and analysis
for inter-agency aspects of the defense deployment function. The JDA also

coordinates similar deployment planning/analysis functions within the
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various services - Army, Navy, Air Force and Marines. This effort requires
the use of sophistocated methodology and a high degree of computer implemen-—
tation,

The purpose of the PDRC effort is to examine the joint deployment
planning function and suggest new methodology and computer methods for
improving its effectiveness. The Center will:

(1) develop an understanding of the joint deployment functions; its

objectives, constraints, models and methods,

(2) identify new methodology and computer methods which have high
likelihood of application and improvement in the joint deployment
function.

(3) conduct detailed analyses of the applicability of this
methodology in the joint deployment function, and

(4) suggest specific methodologies and computer methods which should
be incorporated into the joint deployment function.

The study is planned for two years duration with a budget of $460,686.

The Bethlehem Steel Corporation has contributed $10,000 in each of the
last two years to purchase equipment and support faculty and student in-
volvement in the Center. An additional $10,000 contribution has been
received for the coming year. Several projects have demonstrated the cap-
ability for transfer of results produced in the Center to problems faced by
Bethlehem Steel. The two areas examined to date with Bethlehem Steel are
dry bulk vessel scheduling and aggregate production scheduling via inter-
active color graphics.

A major result of this and other involvement of industry in the PDRC
has been the creation of the Material Handling Research Center at Georgia

Tech. To meet the material handling research needs of U. S. industry, the
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National Science Foundation has selected Georgia Tech as the location for a
University/Industry Cooperative Research Center focusing on Material
Handling. A planning grant has been awarded by the National Science
Foundation to prepare for the University/Industry Material Handling Research
center.

The award of the planning grant serves as recognition of Georgia Tech's
current research emphasis and commitment to significantly broadgn and expand
research on material handling problems. Under the direction of Dr. John A.
White, Professor of Industrial and Systems Engineering and members of PDRC,
the Material Handling Research Center will conduct basic and applied re-
search on material handling related issues with the ultimate goal of
improving productivity in U. S. industry; at the same time, it will have as
a major objective strengthening university/industry relationships.

The Material Handing Research Center will be supported financially by
its member companies. Initially, some support will be provided by the
National Science Foundation. However, the Center must be capable of be-
coming financially self-sufficient through its industrial membership. To-
ward this end, the research agenda for the Center will be established by its

industry members.




V. RESEARCH CONTRIBUTIONS

Research areas receiving major emphasis during the first two years of
the PDRC have been delivery system design, facility layout, design of unit
load storage systems, design and operation of nonunit load storage systems,
and scheduling. The development of human-aided optimization as a method-~
ology for addressing most of the design problems has been given high prior-
ity. We shall briefly summarize the research accomplishments to date. A
list of techmnical reports is given in Appendix A, along with brief ab-
stracts of each.

Human Aided Optimization

The PDRC has devoted a major effort to continued development of re-
search within the area of human-aided optimization. Researchers in the
Center are addressing such questions as:

(1) Are some models more effective than others in their ability to
support and enhance human involvement in the algorithmic solution process?
(2) What information can be derived from production/distribution

models to present to the human?

(3) What information should the human provide to the computer?

(4) What principles can be derived that characterize the format and
method of information exchange for human involvement? This includes color
graphics displays, tabular information, light pens, joy sticks, etc.

(5) Arelthere optimum levels of human involvement? How much
should/will the human do?

(6) Which functions (e.g., pattern processing) are more effective for
the human component and which functions (e.g., number crunching) are best

performed by computers?
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(7) Aré some production/distribution processes amenable to human-
aided optimization while others are not? Can problem parameters be devel-
oped a priori which indicate that a human-aided optimization approach will
prove effective?

Current interactive optimization research at the Center is concen-
trated in interactive routing, interactive facility design and interactive
scheduling. The Center uses color graphics computer display terminals to
encourage the introduction of human insight and experience into the funda-
mental modeis, methods and algorithms of operations research and industrial
engineering. Researchers interface with the computer by calling up color
coded spatial representations of problems as visual aids in the decision
making process. Utilizing these aids, reseachers make intermediate
decisions that guide the optimization procedures programmed in the com-
puter. Routing problems are represented in transportation network
displays; scheduling solutions are approached through immediately ad-
justable bar charts; and layouts are designed and shaped on color graphic
floor plan displays.

Models and Algorithms are continually being developed which permit the
human/computer system to develop solutions in all of these areas. The
tremendous advantage of the kind of system and philosophy active at the
Center is that the color graphics display is open to immediate modification
by direct human input and instant analysis of the effects of human choices
is displayed. Modification of solutions and models continues until the
operator and the computer have arrived at some acceptable approximation of
optimality.

Research Reports 82-02, 82-15, 82-19, and 82-20 discuss specific de-

sign problems which have been addressed using human aided optimization

14




systems. Other human aided optimization systems to address designing
delivery systems with time windows, designing facilities with material
movement along a tree structure, and long range scheduling of ships are
currently in various stages of development.

Delivery System Design

Interactive optimization in delivery system design has been a con-
tinued interest within the center. Several research efforts have involved
routing. PDRC Reports 81-04, 81-10 and 82-07 considered the travelling
salesman problem and its application in distribution system modeling and
analysis. Reports 82-15 and 82-20 discuss interactive optimization models
and algorithms in delivery systems design.

In PDRC Reports 81-04 and 82-07, the travelling salesman proélem is
examined and new heuristics are presented for its solution. PDRC Report
82-07 presents a simple, yet elegant, travelling salesman heuristic based
on sorting techniques of computer science. It is demonstrated that the
algorithm is of order n log n and yields an average case bound of 1.25,
(i.e., it generates solutions about 25%Z longer than optimal).

PDRC Report 81-10 presents a travelling salesman model for order-
picking in a warehouse. It is shown that for certain warehouse configu-
rations a '"ladder" graph results. In this case the travelling salesman
solution can be obtained in linear time in the number of aisles plus
items,

The delivery problem has been the subject of much research in the
Center. PDRC Report 82-15 documents a computer model which employs human-
aided optimization to obtain high quality solutions for the case of a

single distribution center delivering items to a number of customers. This

third-generation development model generates solutions, equaling or



exceeding the best ones known, to all of the standard test problems. The
interactive optimization model is resident on a high quality color graphics
computer interfacing with a CDC Cyber 170.

PDRC Report 82-20 discusses the roles of fixed and variable routes in
delivery systems operation. Fixed routes are those which remain stable
over extended periods of time (e.g., one quarter or one year). Variable
routes are continually changing, and do not guarantee the same route for
each new visit to a customer. The research showed that while a system
discipline of variable routes tends to give slightly better quality (lower
total distance travelled) solutions, it has the detrimental effect of in-
creasing the need for buffer inventory to protect against stock-outs.

Also, this burden of buffer inventory is shifted to the customer.

Research on the pick up and delivery problem has addressed the devel-
opment of (1) models, (2) exact algorithms and (3) heuristic methods. PDRC
Report 82-21 presents a heuristic method for the pick up and delivery
problem which is based on the insertion technique. This heuristic has been
coded on the Cyber 170 and tested on several sets of randomized data. It
has also been applied to historical data supplied by the Navy Supply Center
(NSC) in Charleston, South Carolina. Thus far, results with the heuristic
appear favorable; it was able to improve by 11.8% on a previous computer
solution to the NSC-Charleston data.

Another system is currently under development to address routing
problems with time windows. This system also utilizes a color graphics
interface together with a network flow model to help generate solutions.

This work will be reported in the near future.
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Some innovative new approaches to develop approximate solutions to the
travelling salesman problem are discussed in Reports 81-04 and 82-07.
These developments will ultimately be used to support the interactive
rouﬁing system.

Computer Aided Facility Layout

A fundamental problem in the design of production systems is the
physical arrangement, or layout, of facilities. Over the past twenty
years, a substantial amount of research has been focused, directly or in-
directly on the development of computer aids for solving facility layout
problems. Despite the magnitude of earlier efforts, this remains a vital
research topic for several reasons.

First, almost all previous research on computer aided layout has been
"batch oriented," thus has ignored the possibilities for interactive
graphics or human aided optimization. The widely available computer aided
layout programs are for the most part, based on the quadratic assignment
problgm as the underlying model.

Second, the implementation technology for computer aided layout
problems has not advanced much beyond the original programs of the mid-
sixties. This is in sharp contrast to other problem solving techniques,
such as network flow analysis, where advances in computational techniques
have provided a breakthrough in problem solving capabilities.

Third, research in facility layout has not addressed the difficult
problem of criterion definition. It is well known that the traditional
closeness rating schemes are invalid from a utility theory perspective.
Moreover, while everyone recognizes the multiattribute nature of the layout

problem, research continues to consider only single attribute models.
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Finally, research in facility layouts has focused on a static version
of the problem. The problem of designing an evolving facility can at
present only be addressed by ad hoc methods using static models.

The Center has an active research program addressing a number of im-
portant issues in computer aided facility layout. In PDRC Report 82-11 the
most popular computer aided layout programs are given a critical appraisal.
These programs permit no human interaction, ignore the issue of multiple
criteria, and in general use crude computer implementation technology.

Explicit consideration of multiple criteria in the facility layout
problem is addressed in PDRC Report 82-11. The methodology developed in
this paper is based on the concept of two types of attributes: intrimsic
attributes such as temperature, noise level, etc., which are based on the
geographic location of an activity as well as the specific activities which

are adjacent; and flow attributes, such as trips per hour, which relate two

activities and are affected by the distance between them.
The two types of attributes are aggregated using the composite

criterion model of Srinivasan and Shocker (Psychometrika, Vol. 38, pp.473-

492, 1973) into a function of activity adjacencies and distances between
activities. The aggregation procedure requires interrogation of the
decision maker to elicit information that is used to estimate his utility
or value function.

A computer package for determining the aggregation coefficients is
described in PDRC Report 82-13. This is a general purpose software pack-
age, so it could be used for other applications of the composite criterion

model.
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A truly interactive system for block layout is discussed in PDRC
Report 82-02. A matching model is employed to capture certain character-
istics of the structure of a facility layout problem (e.g., strength of
association, certain size and shape parameters). The solution to this
model is then displayed on a color graphics terminal as a potential layout.
Human input is utilized to account for constraints not represented in the
matching model, and to guide the computer to a feasible layout. This
interactive process is continued until some criterion of convergence is
satisfied. This system is currently operational within the PDRC. Initial
testing indicates that it is much superior to anything previously
available.

Work is underway on a new system which tries to model "fixed route"
characteristics of much of the modern material handling equipment. This
approach is also interactive and utilizes the color graphics interface.
However, it is based on an optimum cut-tree rather than a matching model.

Computer-aided facility layout research in the Center has begun to
addressed the issue of multiple criteria in layout analysis. Work is con-
tinuing along this line, to refine the concept of attributes for layouts,
and to develop more effective methods for incorporating the multiple attri-
butes in the layout procedure.

In addition, several opportunities have been identified for developing
new computer implementation technologies for facility layout programs. On-
going work in this regard addresses data structures for representing and
manipulating layouts, and relational data bases for layout analysis.

Unit Load Storage Design

The storage requirements for the U. S. Navy are significant. Land

based storage systems have been observed at shipyards, supply centers,
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rework facilities, and general shore facilities. The storage methods ob-
served can be roughly divided into conventional and automated storage. It
can be further categorized as unit load versus non-unit load or small parts
storage. Research has been performed at the PDRC in each of these areas.

Block stacking is used frequently at Naval Supply Centers for both
food and paper items. Canned goods, such as soﬁps and vegetables, as well
as paper towels and office supplies, are usually stackable up to 3 or 4
tiers. The height of the stack is typically governed by load crushing
characteristics, building height, or lift truck limits. Lane depths
typically range from 2 to 3-deep to 20 to 25-deep. Such determinations are
generally based on rules~of-thumb, intuition, and/or judgement. Little, if
any, analysis has been used to determine the optimum lane depth. The
essential tradeoffs involved in the block-stacking problem are as follows:
the higher and deeper a storage lane the less aisle space per load stored;
however, honeycomb loss increases with increased height and depth.
Honeycomb loss occurs when empty storage slots exist in non-empty storage
lanes; such slots cannot be used if stock rotation is to occur. The
current state-of-the-art in research on block stacking is reviewed in PDRC
Report 82-18.

PDRC Reports 81-09 and 82-18 describe analytical models that have
been developed to aid in the design of block-stacking storage systems. The
results of the research will not only improve the design of block stacking
storage systems, but also will be relevant to the design of drive-in and

drive~through rack systems and automated deep lane storage systems, such as
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Litton's MOLE system, ACCO's REM system, and Interlake's SCATS system.
Additionally, the consideration of honeycombing provides additional insights
concerning the determination of the shelf height in an order picking
system, and the design of case flow rack systems.

The basic assumptions of the research included a randomized storage
policy; FIFO lot rotation; unit load storages and retrievals; no reware-
housing of stock; known lot sizes and known replenicshment schedules.

The research concentrated on block stacking to illustrate the method-
ology used and issues considered in the analysis of unit load storage
systems, Other storage methods investigated included single-deep pallet
racks, double-deep pallet racks, and deep lane systems. Analytical models
were developed and solution procedures were derived for a number of storage
problems not previously addressed in the literature. Previous research in
this area tends to be fragmented; hence, the research provided a unified
body of knowledge related to the storage of unit loads using block stacking
as a storage method.

Both single product and multiple product cases were analyzed. For a
single product, the topics investigated included the withdrawal rate, bulk
withdrawals, safety stock, lot splitting, space and handling costs, and
economic lot size determinations for block stacking. For multiple products,
the topics examined included aggregate space requirements, number of lane
depths, replenishment schedules, and product assignments. A "real world"
storage problem was used to demonstrate the application of the block
stacking models. The methodology used in the joint determination of lane
depths for multiple products was significantly different from previous

treatments of the problem.
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The models developed in the study can be used by warehouse planners to
improve storage system dsign and operational decisions. Computational
requirements for the algorithms are such that they can be implemented on
microcomputers currently available.

Over the past years, interest in automated storage/retrieval (AS/R)
systems has grown tremendously. Such systems have increased considerably in
number and probably will continue to do so in the future. As noted in PDRC
Report 82-06, the rapid growth in the interest in AS/RS systems can be
attributed to such benefits as lower building and land cost, labor savings,
reduced inventory level, and an improved throughput level, among others.

Much of the early work done to analyze AS/RS systems is based on simu-
lation. Using simulation in designing such systems has the obvious draw-
back of added computational effort, plus the possibility of stopping with a
badly suboptimum solution. The design variables for AS/RS systems typi-
cally can take on a wide range of values. Thus, simulating each feasible
design long enough to assure steady-state behavior is expensive computa-
tionally and undesirable at an early design stage where the user is mainly
interested in obtaining benchmark solutions.

In PDRC Report 82-04, closed-form expressions are developed to deter-
mine the expected travel time associated with each trip of the AS/RS
machine based on single and dual command cycles. An immediate application
of the travel time expressions is in designing AS/R systems and in measuring
the performance of AS/RS installations.

Travel time models were developed for automated storage/retrieval
machines under a number of randomized storage conditions. Results based on
order statistics were used to determine expected travel times for both

single and dual command cycles. Five alternative I/0 locations were
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addressed. Four dwell point strategies for the AS/RS machine were con-
sidered. Based on the analyses performed, a number of insights were ob-—
tained ;oncerning AS/RS design tradeoffs using the travel time models.
Among the important issues in the design of automated storage and
retrieval systems is the assignment of materials to storage locations.
Based on a combination of single command cycles and dual command cycles,

the resulting assigmment problem can be shown to be a quadratic assignment

problem. As described in PDRC Report 82-19 interactive approaches have
been used to solve the problem. A color graphics computer displays the
assignment of products to storage locations using either a time scale or a
distance scale. The designer may elect to interchange the locations of
pairs of products or the computer will search for the best interchanges
involving specified products.

Another approach to this problem is the work discussed in Report 81-13
regérding heuristics for the quadratic assignment problem. New quadratic
assignment heuristics based on branch and bound have been designed and
tested.

Nonunit Load Storage System Design and Operations

A number of alternatives exists for storing material in other than
unit loads. This includes bin scheduling, miniload systems, carousel
conveyors and flow racks. Picking mechanisms include pure manual, man-
aboard machines, and computer controlled trucks and cranes. Despite the
wide variation in equipment, many of the storing and picking problems have
the same mathematical form.

PDRC 82-08 has implications for design of effective configurations
when material movement is not in unit loads. A desirable configuration is

to store items near each other if they are often part of the same order.




In general, sets of highly correlated items may be identified that should
be stored together (e.g., in consecutive locations along a warehouse
aisle). This would permit more efficient, cheaper, and faster retrieval of
orders since the corresponding routing problems would have item locations
highly clustered. Thus one natural problem is to store all items so that
those highly correlated are ''nearly" consecutive in the warehouse, along an
aisle, on a shelf, on a carousel conveyor, etc. Alternatively, we may try
to store correlated items so that as many items as possible are exactly
consecutive. Both of these problems may be formulated as finding large,
specially structured submatrices of a matrix with a row for each type of
item, a column for each correlated set of items, and (i,j) = 1 if item type
type i is in set j. PDRC Report 82-08 shows that this problem, for any
network configuration of storage, is NP-complete and so 'certifiably dif-
ficult." Thus the appropriateness of heuristics established. (Inci-
dentally, PDRC Report 82-08 has quite far-ranging applications it estab-
lishes the difficulty of finding nice substructure in a host of matrix
related problems. For example, a corollary is that a general method of
effectively determining large exploitable substructure in integer programmi
unlikely to exist.)

A problem in high volume, standardized warehousing is the coordination
of periodic processes. For example, consider a single palletizer servicing
several accumulation lanes with items arriving continuously. Each lane
demands use of the palletizer periodically with known frequency. Demand
may be postponed to service another, competing lame, but queueing space
must be provided for items arriving in the deferred lane. PDRC Report
81-06 studies the synchronization of such periodic processes. It solves

several versions of the l-machine/2-job stream problem and then shows that
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the more general problem is probably unsusceptible to effective optimal
solution. Moreover, to aid in the design of heuristics, the complexity of
the problem is analyzed in detail.

To pick a single order from a warehouse, one must pick a collection of
items. The best way to retrieve a collection of items includes a
travelling salesman's tour of the storage locations of those items. Hence
we are led to consider the travelling salesman problem within a warehouse.
PDRC Report 81-04 emphasizes the need to take advantage of special
structure in atacking this problem since it shows that, for the general
problem, it is computationally infeasible to guarantee a tour within a
factor of even n® of optimal when retrieving n items.

PDRC Report 82-07 considers the special case of the planar travelling
salesman and makes a significant contribution to this much-studied problem.
It proposes a novel heuristic that is considerably faster (and easier to
code) than any other commonly considered heuristic. It is based on sorting
the inverse images of the points under a spacefilling mapping, and, since
based on sorting, this heuristic tour may be accomplished in only nlogn
steps. Thus the.heuristic solution is quickly calculated and easily modi-
fied. This makes it particularly appropriate for microprocessor based
control systems such as in modern AS/RS.

A very efficient solution procedure is developed in PDRC Report 81-10
for the order picking problem when the warehouse has crossover only at.the
ends of the aisles. This is one of the most common warehouse configu-
rations. The computational effort for this procedure increases linearly in
the number of aisles. The procedure has been successfully implemented on a
personal computer. Even on these small computers, it is tractable for

large warehouses.




Scheduling

The huge existing research literature on theory of scheduling seems to
have had almost no effect on industrial scheduling practice. The Center's
research program in this area is based on two guiding principles. The
first is that new models of the problems must be developed to incorporate
the complexities of real world planning and scheduling. This has resulted
in a program to develop a theory of scheduling which explicitly accounts
for the stochastic nature of the problems. PDRC Reports 81-02, 81-03, 81-
05, 81-08, 81-14, 82-05 and 82-09 deal with traditional scheduling problems
but under the assumption that processing times are stochastic. PDRC
Reports 81-07, 81-11, and 81-12 survey the state-of-the-art in stochastic
scheduling and analyze the complexity of these problems. This series of
technical reports comprises the seminal work in stochastic scheduling.

The second principle is that the solution technique must ultimately be
made useful to the practitioners. Scheduling techniques based on prece-
dence networks first appeared in the literature over twenty years ago. The
first simple methods were soon generalized to incorporate some notions of
resource availability. There followed a tremendous number of research
papers on algorithms for solving these project scheduling problems with
resource considerations. If one looks, however, at large scale projects,
(e.g., shipbuilding, submarine overhaul or nuclear power plant comstruc-
tion), one finds that this research has had virtually no impact on the
practice of project planning. Thus, this remains a viable subject for a

properly oriented research effort.
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Research now being conducted on this topic within the Center departs
in several ways from the mainstream of work appearing in the past decade.
For example, PDRC Report 82-16 examines four classical problems and
analyses the reasons why they have not been widely adopted and used in
practice. Four new research issues are defined, based on extensive inter-
action with planners in shipyards. These new problems are better represen-
tations of the types of problems that occur in practice.

As an example of this approach, a model is developed in PDRC Report
82-17 for a problem in which there are alternative definitions for some
activities. The context from which this model evolved was one of outfit
planning in new ship construction. The basic concept behind this new model
is to make the network synthesis a part of the decision process rather than
simply a given for the analysis.

A solution procedure has been developed for this new model and has
been evaluated on some realistic but randomly generated problems, with good
results. The technical report describing the solution methodology is cur-
rently being condensed for publication.

Another branch of the research effort in this area has explored the
development of interactive problem solution methods. A prototype inter-—
active program has been developed for the HP1000 minicomputer and has been
used in the Project Management short course. Experiments with this inter-
active program lead to the development of a new class of heuristics for the
classical resource constrained CPM problems. A report describing these
"delay regret"” heuristics is in preparation.

The development of interactive solution techniques depends heavily on
efficient storage and manipulation of the problem data. Project work to

date has resulted in the identification of an efficient set of data
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structures and associated algorithms for basic calculations. While not a
primary focus of the research, development of new implementation technology
will continue.

Future work in this area will continue to address the issues reviewed
in PDRC Report 82-16: technologies (such as group technology) for activity
definition and network synthesis; more realistic resource models, (e.g.,
life cycle type availability curves; and techniques for accommodating the
imprecise nature of the information available in the early stages of pro-

ject planning.
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VI. SUMMARY

There is a tremendous potential for research contributions in produc-
tion and distribution. Most of the problems are very difficult both in
terms of precise definition and solution. However, this only serves to
increase their importance as research topics.

The main focus of the research effort should be on expanding our under-
standing of the problems associated with the processes of design and opera-
tion of production and distribution systems and on the development of new
methodologies which can be used to improve these processes. This does not
mean that we should stop developing new mathematical models and methodology.
We simply need to develop the models based on a thorough knowledge of the
problems that need to be solved rather than on the basis of what can be
solved.

The research will require a continued interaction with practitioners
who must actually solve the problems. It will also require a very signif-
icant time commitment. However, there is no reasonable alternative if we
seriously wish to impact the state-of-the-art in production and distri-

bution.
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APPENDIX A

REPORTS TO DATE




PDRC Report Series
81-01 '"Engineering/Production Integration Workshop," L. F. McGinnis

This discussion paper has developed from conversations and presenta-
tions at the Production/Integration Workshop sponsored by MarAd and held in
Atlanta, Georgia, January 19-21, 1981, as well as contacts with a number of
individuals in several U. S. shipyards. The paper addresses the general
problems of U. S. shipbuilding productivity, their symptoms, and some
programs designed to remedy these problems. The opinions expressed are the
author's and not necessarily endorsed either by MarAd or the Office of
Naval Research.

81-02 "Minimizing the Expected Makespan in Stochastic Flowshops,” M. L.
Pinedo.

The optimization problem of minimizing the completion time in flowshop
scheduling is considered. Models with and without intermediate storage are
considered. The processing times are stochastic. Solutions for special
cases are found and based on these results, a more general rule of thumb is
obtained.,

81-03 '"On the Optimal Order of Stations in Tandem Queues,"” M. L. Pinedo

Consider m nonidentical service stations which have to be set up in a
sequence j;,jo,e.+,jy. At time t = 0 the system is empty and there
is an infinite number of customers waiting in front of station j;.
Customers have to be served first at station j;, after finishing service
there they have to go through station jz, etc. Both the cases of infi-
nite waiting room and of zero waiting room between the stations are consid-
ered; in the case of zero waiting room, blocking may occur. We study how

the output process depends on the sequence in which the stations are set
up.
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81-04 "A Note on Approximate Solutions to the Traveling Salesman Problem,"
J. J. Bartholdi, III.

An argument of Sahni and Gonzalez is strengthened to show that it is
NP-complete to solve the symmetric, non-euclidean traveling salesman
problem to within a factor of even nf.

81-05 "Minimizing Expected Makespan in Stochastic Open Shops," M. L.
Pinedo and S. M. Ross

Suppose that two machines are available to process n tasks. Each task
has to be processed on both machines, the order in which this happens being
immaterial. Task j has to be processed on machine 1 (2) for random time.
Xj(Yj) with distribution Fj(Gj)' This kind of model is usually
called an Open Shop. The time that it takes to process all tasks is nor-
mally called the makespan. Every time a machine finishes processing a task
a decision-maker has to decide which task to process next. Assuming that
Xj and Yj have the same exponential distribution we show that the
optimal policy instructs the decision-maker, whenever a machine is freed,
to start proceésing the task with longest expected processing time among
the tasks still to be processed on both machines. If all tasks have beep
processed at least once, it does not matter what the deicision-maker does,
as long as he keeps the machines busy. We then consider the case of n
identical tasks and two machines with different speeds. The time it takes
machine 1 (2) to process a task has distribution H; and Hy are assumed
to be New Better than Used (NBU) and we show that the decision-maker mini-
mizes the expected makespan in a class of non-preemptive policies when he
always gives priority to those tasks which have not yet received processing

on either machine.
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81-06 "Periodic Scheduling to Minimize Maximum Delay,'" J. J. Bartholdi,
III and A. S. Rosenthal

We minimize delay costs for two continuous or periodic, non-
preemptible job streams served by a single processor. For streams with two
jobs we characterize zero-delay schedules and "simple-delay" schedules.
Tight bounds are obtained for arbitrary schedules. The problem of n
streams is shown to be NP-complete in the strong sense.
81-07 "Comparisons Between Deterministic and Stochastic Scheduling
Problems with Release Dates and Due Dates,”" M. L. Pinedo

In this paper we consider stochastic scheduling models where the pro-
cessing times of the jobs are independent exponentially distributed random
variables. We consider release dates and due dates wi;h arbitrary distri-
butions. We show that these stochastic scheduling models with release
dates and due dates have a very nice structure, while their deterministic
counterparts cannot be solved in polynomial time.
81-08 "A Comparison Between Tandem Queues with Dependent and Independent
Service Times,”" M. L. Pinedo and R. W. Wolff

This paper considers tandem queues in which a given customer has equal
service times at each station. The case M/M/1 > M/1 is considered in de-
tail and the expected waiting time in the case where any given customer has
independent service times at the two stations is compared with the expected
waiting time in the case where any given customer has equal service times
at the two stationms. This comparison is based on theoretical results as
well as on simulation. Tandem queues with blocking (zero queue capacity
between the stations) are also considered and the waiting time and system
capacity in the case where any given customer has independent service times
are compared with the waiting time and systems capacity in the case where

any given customer has equal service times.




81-09 '"Storage System Optimizatiom," J. O. Matson and J. A. White

This report focuses on optimization procedures for the design and
evaluation of storage system alternatives, including block stacking,
single-deep and double-deep pallet rack, and deep lane storage. The devel-
opment and application of anaiytical models are demonstrated for the design
of storage systems based on floor space utilization and handling time
criteria.
81-10 "Order-Picking in a Rectangular Warehouse: A Solvable Case of the
Traveling Salesman Problem," H. D. Ratliff and A. S. Rosenthal

This paper addresses the problem of order-picking in a rectanguiar
warehouse where there are crossovers only at the ends of aisles. An algo-
rithm is presented for picking an order in minimum time. The computational
effort required is linear in the number of aisles. The procedure has been
implemented on a micro computer. A 50 aisle problem requires only about 1
minute to solve.
81-11 "On the Computational Complexity of Stochastic Scheduling Problems,”
M. Pinedo

In this paper we consider stochastic scheduling models where all rele-
vant data (like processing times, release dates, due dates, etc.) are inde-
pendent random variables, expomentially distributed. We are interested in
the computational complexity of determining optimal policies for these
stochastic scheduling models. We give a number of examples of models in
which the optimal policies can be determined by polynomial time algorithms
while the deterministic counterparts of these models are NP-complete. We
also give some examples of stochastic scheduling models for which there

exists no polynomial time algorithm if P # NP.
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81-12 "Stochastic Shop Scheduling: A Survey," M. L. Pinedo

In this paper a survey is made of some of the recent results in sto-
chastic shop scheduing. The models dealt with include:

(1) Open shops.

(ii) Flow shops with inifinite intermediate storage permutation flow

shops.

(iii) Flow shops with zero intermediate storage and blocking.

(iv)  Job shops.
Two objectives functions are considered: Minimization of the expected com-
pletion time of the last job, the so-called makespan and minimization of
the sum of the expectd completion times of all jobs, the so-called flow
time. The decision-maker is not allowed to preempt. The shop models with
two machines and exponentially distributed processing times usually turn
out to have a very nice structure. Shop models with more than two machines
are considerably harder.
81-13 "A Branch and Bound Based Heuristic for Solving the Quadratic
Assignment Problem," M. S. Bazaraa and O. Kirca

In this paper a branch and bound algorithm is proposed for solving the
quadratic assignment problem. Using symmetric properties of the problem,
the algorithm eliminates "mirror image" branches, thus reducing the search
effort. Several routines that transform the procedure into an efficient
heuristic are also implemented. These include certain 2-way and 4-way
exchanges, selective branching rules, and the use of variable upper

bounding techniques for enhancing the speed of fathoming.
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The computational results are quite encouraging. As an exact scheme,
the algorithm solved the 12 facility problem of Nugent et al and the 19
facility problem'of Elgshafei. More importantly, as a heuristic, the proce-
dure produced the best known solutions for all well-known problems in the
literature, and produced improved solutions in several cases.
82-01 "Applications of Duality and Stochastic Dominance in Reliability
Theory,"” M. L. Pinedo

In this paper we discuss a notion which is the dual of the failure
rate and is defined as f(t)/F(t). This concept has come up several times
in the literature, but has never been investigated in detail. In this
paper the name survival rate is used. We show that in many models of
practical interest the survival rates of certain random variables have nice
properties. This makes it possible to obtain bounds on the distribution
functions of these random variables. Moreover, we show that a form of sto-
chastic dominance based on the survival rates of the random variables has
some interesting applications.
82-02 '"Matching Based Interactive Facility Layout," B. Montreuil, H. D.
Ratliff and M. Goetschalckx

A gystem is discussed for for interactively generating a block lay out
for a facility. The system has three fundamental components: an
optimization model (matching) which generates basic configuration, a
colorgraphics display which allows prospective layouts to be displayed and
manipulated, and a human decision maker who imposes constraints on the

optimization model and directs the layout construction.
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82-03 '"Optimum Four Module Pallet Packing," H. D. Ratliff and T. Tran

A fundamental packing problem is to determine a pattern which maxi-
mizes the number of boxes of a given size which can be placed on a pallet.
As a practical matter the pattern must be simple enough to be easily
packed. For a particular class of such patterns, a procedure is presented
which effectively finds the optimum. The procedure is implementable on a
desktopvcomputer and on average procedure patterns better than those in
general use.
82-04 '"Material Handling: A Review," J. O. Matson and J. A. White

A number of material handling research areas are reviewed and oppor-
tunities for further research are identified. Included in the review is a
consideration of the following areas: robotics, conveyor theory, transfer
lines, flexible manufacturing systems, equipment selection, storage alter-—
natives, automated storage and retrieval systems, warehouse layout, pallet-
izing, and order picking and order picing and accumulation.
82-05 ™"On Flow Time and Due Dates in Stochastic Open Shops," M. L. Pinedo

In this paper we consider Open Shops where the jobs have exponentially
distributed processing times. We determine the policies that in the class
of preemptive policies minimize the expected Flow Time. We also consider
Open Shops where the jobs have random due dates. Under certain conditions
we determine the policies that maximize the expected number of jobs that
complete their processing before their respective due dates.
82-06 '"Travel Time Models for Automated Storage/Retrieval Systems," Y. A
Bozer and J. A. White

Travel time models are developed for automated storage/retrieval
(AS/R) machines. The S/R machine travels simultaneously horizontally and

vertically as it moves along a storage aisle. For randomized storage con-
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ditions expected travel times are determined for both single and dual com-
mand cycles. Alternative input/output (I/0) locations are considered.
Additionally, various dwell point strategies for the storage/retrieval
machine are examined.
82-07 "An O(NlogN) Planar Travelling Salesman Heuristic Based on
Spacefilling Curves," L. K. Platzman and J. J. Bartholdi, III

N points in a square of area A may be sorted according to their images
under a spacefilling mapping to give a tour of length at most 2 NA. If the
points are statistically independent under a smooth distribution, with N
large, then the tour will be roughly 25% longer than optimum (and a simple
enhancement reduces this to 15%). The algorithm is easily coded: a com-
plete BASIC program is included in the appendix. Since the algorithm con-
sists essentially of sorting, points are easily added or removed. Our
methods may also be used with simple dynamic programming to solve TSP path
problems.
82-08 "A Good Submatrix is Hard to Find," J. J. Bartholdi, III

Given a martix, it is NP-hard to find a "large'" submatrix that satis-
fies property , where is nontrivial, holds for permutation matrices, and
is hereditary on submatrices. Such properties include totally unimodular,
transformable to a network matriz, permutable to consecutive ones,and many
others. Similar results hold for properties such as positive definite, of
bandwidth < w.
82-09 '"Stochastic Shop Models with Jobs that Have Dependent Processing
Times at the Various Machines,” M. L. Pinedo

In this paper we consider stochastic flowshops, job shops and open
shops. Each machine has to perform on job j an amount of work w. where

J

LA is a random variable with distribution Fj. Machine i operates on




job j with a speed of Sij' Speed Sij is random with distribution Gj.
The time job j occupies machine i is Tij which equals Wj * 5ij3-
We determine for a number of special cases the policies of the expected
makespan.
82-10 "Optimal Lot-Sizing in Acyclic Multiperiod Production Systems," V. V.
Rao and L. F. McGinnis

This paper presents constructive, network-based proofs for the Wagner-
Whitin property and a generalized Nested Schedule property for optimal
production schedules in acyclic hierarchical multiperiod production
systems. Algorithms for obtaining schedules with these properties and
described and illustrated with examples.
82-11 "Computer Aided Layout Programs: A Contemporary Appraisal," L. F.
McGinnis

Widely available facility layout programs are discussed. The program
logic, data required, scoring methods and limitations are evaluated for
both construction and improvement programs. Implementation technology and
other areas of improvement are discussed.
82-12 "Multi-Criterion Layout Evaluation: The Value Measurement Problem,”
R. J. Graves, L. F. McGinnis and R. Joneja

This paper addresses the problem of explicitly incorporating multiple
criteria in the selection of a facility layout. The approach is based on
the composite criterion model of Srinivasan and Shocker [8] and utilizes
the concepts of intrinsic attributes, which are location-oriented, and flow
attributes, which are interaction-oriented. A methodology is described in

detail and 1llustrated by a small example.

39




82-13 "A Computer Package for the Composite Criterion Model," L. F.
McGinnis and R. K. Runyan

This report describes a general purpose computer package for analysis
of the composite criterion model of Srinivasan and Shocker (Psychometrika-
Vol. 38, No. 4, p. 473). A standard format allows data for a wide range of
applications to be analyzed using this package. The report describes the
development of the package, including the data base and the FORTRAN codes
for performing the analysis. The sample problem used by Srinivasan and
Shocker is analyzed to demonstrate the package.
82-14 '"The Factory of the Future," J. A. White

The factory of the future is examined from a material handling per-
spective. Opportunities and impediments for the Factory of the Future are
addressed. Three major parameters in justifying factory automation are
identified and assessed. Material handling objectives for the automated
factory are listed. Key issues in stepping up to automation are
discussed.
82-15 "IRG - Interactive Route Generator: A Narrative Description,'" F. H.
Cullen, J. J. Jarvis and H. D. Ratliff

IRG is an interactive color graphics based prototype model for
vehiclerouting. This paper discusses the basic concepts for the system and
gives a general overview of its operation.
82-16 "Project Scheduling with Resource Considerations,”" L. F. McGinnis

A great deal of research in activity network based project resource
management seems not to have found wide spread adoption. We briefly con-

sider why this is true and pose some new research problems.
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82-17 "The Outfit Planning Problem: Production Planning in Shipbuilding,"
R. J. Graves and L. F. McGinnis

Shipbuilding as currently practiced in U, S. commercial shipyards
employs little quantitative modelling or analysis in production planning.
This paper presents a brief discussion of the shipbuilding process and
focuses on one major component which is referred to as outfitting. The
outfit planning problem is described in detail and then formally modelled
as a generalization of the resource constrained project scheduling problem.
The value of the approach as well as barriers to its adoption are also
discussed.

82-18 '"The Analysis of Some Selected Unit Load Storage Altermatives," J.
0. Matson and J. A. White

The focus of the research is the development of optimization proce-
dures and techniques to aid warehouse planners in the design and evaluation
of selected unit load storage systems. The basic assumptions of the re-
“search include a randomized storage policy; FIFO lot rotation; unit load
storages and retrievals; no rewarehousing of stock; known lot sizes and
known replenishment schedules.

The study concentrates on block stacking to illustrate the methodology
used and issues considered in the analysis of unit load storage systems.
Other storage methods investigated include single-deep pallet racks,
double-deep pallet racks, and deep lane systems. Analytical models are
developed and solution procedures are derived for a number of storage prob-
lems not previously addressed in the literature. Previous research in this
area tends to be fragmented; hence, the study provides a unified body of
knowledge related to the storage of unit loads using block stacking as a

storage method.
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Both the single product and multiple product cases are analyzed. For
a single product, the topics investigated include the withdrawal rate, bulk
withdrawals, safety stock, lot splitting, space and handling costs, and
economic lot size determinations for block stacking. For multiple pro-
ducts, the topics examined include aggregate space requirements, number of
lane depths, replenishment schedules, and product assignments. A "real
world" storage problem is used to demonstrate the application of the block
stacking models. The methodology used in the joint determination of lane
depths for multiple products is significantly different from previoqs
treatments of the problem.

The models developed in the study can be used by warehouse planners to
improve storage system design and operational decisions. Computational
requirements for the algorithms are such that they can be implemented on
micro-computers currently available.

82-19 "The Interactive Design of AS/R Systems," J. S. Shieh and J. A.
White

Not yet published.

82-20 '"Service Level Consideration in Distribution," F. H. Cullen, E.
Frautchi, J. J. Jarvis and H. D. Ratliff

Not yet published.
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APPENDIX B

VISITS TO NAVY AND RELATED INSTALLATIONS




Panel SP-8 of the Ship Production Committee, January and June 1981, Dr.
Leon F. McGinnis,
Discussed research and development.

NSC, Norfolk, February 1981, Dr. John A. White.
Presented a three day seminar on Material Handling.

Newport News Shipbuilding Company, March 1981, Dr. Leon F. McGinnis.
Discussed research on shipyard production and explored the feasibility
of joint research efforts.

SURFLANT, Norfolk, March 1981, Drs. H. Donald Ratliff and Tom Varley.
Discussion of ongoing research in ship scheduling.

Capt. Phil McKnight

CDR Lee Pittman
Fleet Scheduler

Mr. Gary Lipsett
Science Advisor

NSC, Norfolk, March 1981, Drs. H. Donald Ratliff, John A. White, and Tom

Varley.
Tour of facilities and discussion of activities.

Rear Admiral J. E, McKenna
Commanding Officer

CDR James Blaylock
Planning Department

NARF, Norfolk, March 1981, Drs. H. Donald Ratliff, John A. White, and Tom

Varley.
Tour of facilities and discussion of activities.

Capt. Bill McClellan
Commanding Officer

Dr. A. Syed
Office of Advanced Technology

Mr. Bill Maxwell
Office of Advanced Technology

Mr. Dennis Bradshaw
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SURFLANT, Norfolk, March 1981, Dr. H. Donald Ratliff.
Presented a brief to Admiral Johnson and his staff on the roll of
color graphics in long-range fleet scheduling.

NSC, Oakland, April 1981, Dr. John A. White.
Presented a seminar on "Material Handling in the 80's" to
approximately 60 middle to upper management personnel.

NARF, Alameda, April 1981, Drs. H. Donald Ratliff, John A. White, and Tom
Varley.
Tour of facilities and discussion of activities.

Mr. Richard Cohen
Planning Department

NSC, San Diego, April 1981, Drs. H. Donald Ratliff, John A. White, and Tom
Varley.
Tour of facilities and discussion of activities.

Capt. Philip F. McNall
Commanding Officer

Capt. Richard P. Leisenring
Executive Officer

CDR Tod Barnes
Storage Officer

LCDR Ben McGuire
Planning Department

Mr. Art Senhan
NISTARS Program

NARF, San Diego, April 1981, Drs. H. Donald Ratliff, John A. White, and Tom
Varley.
Tour of facilities and discussion of activities.

Mr. David Richardson
ASKARS Program

Mare Island Shipyard, April 1981, Drs. H. Donald Ratliff, John A. White,
and Tom Varley.
Tour of facilities and discussion of activities.

Capt. Ernest J. Scheyder Mr. D. Spell

Shipyard Commander Head, Scheduling Section
Capt. John L. Sechler Mr. Roy G. Gergus

Supply Officer Head, Industrial Management
CDR Robert F. Zitzewitz Mr. David Runge

SEAMISTS Project Officer Superintendent




Mr. Darrel G. Graves Mr. William E. Cussins

SEAMISTS Project General Foreman

Mr. Al Hobson Mr. Max H. Church

SEAMISTS Project General Foreman

Mr. Marlin Forthun Mr. Ole Olejniczak

Head, Production Control Branch Head, Materials Center Branch
Mr. Bruce Balbin LTJG Lionel Munoz

Head, Scheduling Section Material Officer

MAT 0C4, June 1981, Dr. Leon F. McGinnis.
Discussed research needs within the Shipbuilding Technology Program.
Bill Holden

NAVSEC, June 1981, Dr. Leon F. McGinnis.
Discussed research in multi-criteria layout.

Mr. Craig Carlson
Ship Arrangements Branch

SURFLANT, Norfolk, June 1981, Dr. H. Donald Ratliff.
Brief Admiral Johnson on using color graphics in ship scheduling.

Naval Ship R & D Center, Corderock, July 1981, Drs. H. Donald Ratliff, John
J. Jarvis, John A. White and Leon F. McGinnis.
Preview of PDRC Research Program.

William Merckel Herb Lieberman
FMSO NAVSUP 043
Richard McNertney Myron Stern
FMSO 9323 NAVSUP 0421
CDR R. A. Lippert Maury Zubkoff
FMSO 93 DTNSRDC 1871
R. B. McClure Ray Melton
NAVSUP 0526 DTNSRDC 1871
CDR M. C. Hoyt Perry Prive
NAVSUP 052 DTNSRCD

Jim Smith Edward R. Eichelman
ONR NAVSUP 032231

Vick Carew
NAVSUP 032

Sea-90, July 1981, Drs. H. Donald Ratliff, Leon F. McGinnis, and Tom
Varley.

Reviewed a brief on the ship procurement program evaluation and
discussed the problem area and approaches that SEA-90 might use.
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Ship Production Committee Panel SP-8,

Industrial Engineering, Pascagoula,

Mississippi, October 28-29, 1981, Dr. Leon F. McGinnis.
Discussed research and development needs in shipbuilding.

Briefing to Defense Logistics Agency, November 20, 1981, Drs. Tom Varley,

H. Donald Ratliff, and John White.

VADM E, A. Grinstead, SC, USN
DLA-Director

BG C. F. Drenz, BG, USA
DLA-DD CAS Deputy Director,
Contract Adm. Services

J. F. Maclin
DLA-OD Supply Operations

L. Tambellini
DLA-OWP Supply Operations

CAPT. Bell, SC, USN
DLA-WI Installation Services
& Environment Protection

L. Yankosky
DLA-L Plans, Policies and
Programs

D. Zimmerman
DLA-L Plans, Policies and
Programs

L. Derdevanis
DLA-0S Supply Operations

H. Gavin
DLA-WH Installation Services
and Environment Protection

MG E. Bowers, USA
DLA-DD Deputy Director

BG M. A. Johnson, Jr., USMC
DLA-0 Supply Operations

Col. W. M. Hood, USAF
DLA-OWP Supply Operations

D. Gearing
DLA-OWP Supply Operations

G. Clark
DLA-L Plans, Policies and Programs

L. Zamarra
DLA-L Plans, Policies and Programs

L. Kohler
DLA-0S Supply Operations

N. Ramirez
DLA-WH Installation Services and
Environment Protection

C. Waters
Supply Operations

NARF, Norfolk, January 8, 1982, Dr. John A. White.
Briefed Capt. Billy L. McClellan on material handling state-of-the-
art; provided consultation to them on their ASKARS Program and on NARF

moderization opportunities.

NAVMAT Productivity Series, March 11,

1982, Dr. John A. White.

Presented a seminar for The Chief of Naval Material.

VADM E. B. Fowler
Commander
Naval Sea Systems Command

VADM. E. R. Seymour
Commander
Naval Air Systems Command
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RADM L. R. Sarosdy
Assistant Commander of Logistics/Fleet Support
Naval Air Systems Command

RADM J. P. Jones
Vice Commander
Naval Facilities Engineering Commander

RADM J. W. Lisanby
Principal Deputy Commander for Acquisition
Naval Sea Systems Command

RADM A. D. Williams
Commander
Naval Aviation Logistics Center

RADM R. E, Curtis
Vice Commander
Naval Supply Systems Command

Ship Production Committee Panel SP-4, Design/Production Integration, Harley

Hotel, Atlanta, Georgia, March 24-25, 1982, Dr. Leon F. McGinnis.

Joint Deployment Agency, McDill AFB, Florida, June 1982, Drs. John J.

Discussed research needs in U. S. shipbuilding.

Jarvis and H. Donald Ratliff.

National Defense University, Armed Forces Staff College, Norfolk, Virginia,
July 1982, Drs. John J. Jarvis and H. Donald Ratliff.
Attended JDS users conference on deployment modeling.

Military Traffic Management Command, Washington, D. C., July 1982, Drs.

Discussed deployment modeling.

John J. Jarvis and H. Donald Ratliff.

Military Sealift Command, Washington, D. C., July 1982, Drs. John J.

Discussed MTMC's deployment models.

Jarvis and H. Donald Ratliff.

Military Aiflift Command, Scott AFB, Illinois, July 1982, Drs. John J.

Discussed MSC's deployment models.

Jarvis and H. Donald Ratliff.

Command and Control Technical Center, Washington, D. C., August 1982, Drs.

Discussed MAC's deployment models.

John J. Jarvis and H. Donald Ratliff.

Office of Secretary of Defense, Washington, D. C., August 1982, Drs. John
Jarvis and H. Donald Ratliff.

J.

Discussed CCTC's deployment models.

Discussed deployment modeling.
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APPENDIX C

PRESENTATIONS TO INDUSTRY AND AT NATIONAL MEETINGS




ORSA/TIMS Joint National Meeting, Washingtom, D. C., "Optimum Designs of
Automated Storage/Retrieval Systems,”" Y. A. Bozer and J. A. White, May 1980.

SHARE Atlanta Meeting, "Interactive Optimization," F. H. Cullen, J. J.
Jarvis and H. D. Ratliff, August 1980.

Human Aided Optimization Conference, Philadelphia, Interactive Routing," F.
H. Cullen, J. J. Jarvis and H. D. Ratliff, August 1980.

Southeastern TIMS, Atlanta, "Interactive Routing," J. J. Jarvis, October
1980.

Computers and Industrial Engineering, Orlando, Interactive Layout Using
Color Graphics," M. Goetschalckx, B. Montreuil and H. D. Ratliff, October
1980,

REAPS Technical Symposium, Philadelphia, " The Outfit Planning Problem:
Production Planning in Shipbuilding," L. F. McGinnis, October 1980.

ORSA/Tims Joint National Meeting, Colorado Springs, "Multiobjective
Optimization and Its Applicability to Layout Design," and "Determining
Optimal Utilization Factors," L. F. McGinnis, November 1980.

ORSA/TIMS Joint National Meeting, Colorado Springs, "Interactive
Optimization in Constrained Routing," F. H. Cullen, J. J. Jarvis and H. D.
Ratliff, November 1980.

Southcon 1981 Conference, Atlanta, '"Color Graphics and Interactive
Optimization," J. J. Jarvis, January 1981.

IE Managers Seminar, AIIE, New Orleans, '"Material Handling: Its Vital Role
in the 80's,"” J. A. White, April 1981.

1981 National Material Handling Forum, Material Handling Institute, Chicago,
"Reducing In-Process Inventories through Materials Management and Production
Controls," J. A. White, April 1981.

1981 International Logistics Congress, San Francisco, ''Strategic Planning
for Material Handling," J. A. White, April 1981.

1981 International Logistics Congress, San Francisco, "Computer Aided Plant
Layout," M. Goetschalckx, B. Montreuil and H. D. Ratliff, April 1981.

72nd Annual Meeting of the Steel Service Center Institute, Atlanta, Georgia,
"Material Handling and the Bottom Line: Meeting the Service Requirements of
the 80's," J. A. White, May 1981.

CORS/TIMS/ORSA, Toronto, "Learning and Interactive Routing," F. H. Cullen,
J. J. Jarvis, and H. D. Ratliff, May 198l.

CORS/TIMS/ORSA, Toronto, "Modelling and Analysis of an Acyclic Multi-

Stage Production Planning Problem,”" and "Multi-Criteria Layout Evaluation:
The Value Measurement Problem,” L. F. McGinnis, May 1981.
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CORS/TIMS/ORSA, Toronto, "A Line-Balancing Heuristic Based on Bin-Packing,"
J. J. Bartholdi, III and H. D. Ratliff, May 1981.

Mobil 0il, New York, "Interactive Graphics Applications in Human Aided
Optimization," J. J. Jarvis, June 1981.

NATO Advanced Study Research Institute on Deterministic and Stochastic
Scheduing, Durham, England, "Stochastic Shop Scheduing: A Survey," and "On
the Computational Complexity of Stochastic Scheduling,' M. Pinedo, July
1981.

National Science Foundation Workshop on Modelling and Simulation on
Manufacturing Systems, University of Michigan, J. A. White, July 1981.

National Science Foundatin Workshop, University of Michigan, Ann Arbor,
Michigan, "Production and Distribution Research Needs," J. A. White, August
1981.

Graduate Seminar Linkoping Institute of Technology, Linkoping, Sweden,
"Production and Distribution Research Results," J. A. White, September 1981.

Exxon Research, Florham Park, New Jersey, '"Quantitative Methods in Physical
Distribution Systems," M. Pinedo, September 1981.

Westinghouse Education Center, Pittsburgh, Pennsylvania, "Material Handling
and Facilities Planning," J. A, White, September 1981 and February 1982.

4th International Conference on Automation in Warehouse, Tokyo, Japan,
"Optimizing Storage System Selection," J. W. White, N. A. DeMars, and J. O.
Matson, October 1981.

4th International Conference on Automation in Warehousing, Tokyo, Japan, J.
A. White, N. A. DeMars, and J. O. Matson, October 1981.

ORSA/TIMS, Houston, Texas, "Interactive Fleet Scheduling," B. B. Brownlee,
H. D. Ratliff, and B. K. Thorn, October 1981.

Farm Industry Equipment Institute Conference, Kansas City, Kansas,
"Increasing Productivity in Warehousing," J. W. White, November 1981.

General Motors Annual Material Handling Productivity Conference, Keynote
address, Detroit, Michigan, 'Integrated Material Handling Systems and the
Automated Factory,”" J. A, White, November 1981.

IIE/MHI Seminar, Santa Clara, California, "Technology of Systems Design," 1J.
A. White, February 1982.

IIE/MHI Seminar, Santa Clara, California, "Material Handling Hardware
Technology: A State-of-the-Art Review," J. A. White, February 1982.

IBM'S Manufacturing Technology Institute, New York, New York, "Integrated
Material Handling Systems," J. A. White, March and April 1982,
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Fourth National and First International Conference for Computers and
Industrial Engineering, Orlando, Florida, "Multiproduct Production
Allocation via Generalized Networks," L. F. McGinnis, March 1982.

Fourth IE Managers Seminar, Chicago, Illinois, '"The Automated Factory and
Integrated Systems in the 80's," J. A. White, March 17, 1982.

ORSA/TIMS National Meeting, Detroit, Michigan, "Comparisons Between the
Deterministic and Stochastic Problems,'" M. L. Pinedo, April 1982.

ORSA/TIMS Joint National Meeting, Detroit, Michigan, '""Modeling Automated
Storage/Retrieval Systems," Y. A. Bozer, J. S. Shieh, and J. A. White, April
1982.

ORSA/TIMS Joint National Meeting, Detroit, ''Service Level Considerations in
Distribution," F. H. Cullen, J. J. Jarvis, and H. D. Ratliff, April 1982.

ORSA/TIMS Joint National Meeting, Detroit, ''Modeling Automated
Storage/Retrieval Systems," Y. A. Bozer, J. S. Shieh, and J. A. White,
April 1982.

Long Island Forum on Technology Annual Conference, Long Island, New York,
"The Factory of the Future," J. A. White, April 1982.

Productivity Improvement in Marine Cargo Handling, Joint Department of
Transportation, Maritime Administration, IIE Conference, San Pedro,
California, "Improving Productivity through the Planning and Integration of
New Material Handling Technologies," J. A. White, April 1982,

Symposium on Industrial Engineering, Applications in the U. S. Shipbuilding
Industry, New Orleans, LA, "A Method for Establishing Useful Time Standards
for Production Planning and Control in Shipyards," L. F. McGinnis, May 1982.

AIIE Annual Conference, New Orleans, Louisiana, "Project Scheduling with
Resource Considerations," L. F. McGinnis, May 1982.

Annual Conference International Material Management Society, Keynote
Address, Atlanta, Georgia, J. A. White, June 1982,

EURO V/TIMS XXV Conference, Lausanne, Switzerland, "Analysis and Design of
Storage Systems,'" J. O. Matson, J. S. Shieh, and J. A. White, July 1982.

EURO V/TIMS XXV Conference, Lausanne, Switzerland, "Order Picking
Strategies," M. Goetschalckx and H. D. Ratliff, July 1982.

EURO V/TIMS XXV Conference, Lausanne, Switzerland, "Interactive Facility

Systems Design,”" M, Goetschalckx, B. Montreuil, and H. D. Ratliff, July
1982.
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APPENDIX D

VISITORS TO PDRC




VISITORS TO THE PDRC

Union Carbide - September 1980

Lyn Peacock

Texas Instruments - October 1980

Floyd Hollister

Tennessee Eastman - October 1980

Mark Lowe

Chinese Delegation -~ November 1980

General Motors - January 1981

Florida Power - January 1981

Gary Thomas

National Science Foundation - March 1981

Abe Haddad

Department of the Navy - March 1981

Captain Lynn Flach
Commanding Officer
-Navy Supply Corp School
Athens, Georgia

Commander Doug Falconer
Executive Officer

Navy Supply Corp School
Athens, Georgia

Commander Dan Robinson
Director, Education
Navy Supply Corp School
Athens, Georgia
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(Department of the Navy continued)

Lt. Commander Bob Gilbert
Instructor, Uniform Automated

Data Processing System
Navy Supply Corp School
Athens, Georgia

Commander Bob Grant
Planning Officer

Naval Supply Center
Oakland, California

Coca Cola - March 1981

P. E. Alvelda

Manager

Production Support Group - Americas
Corporate Production Services

H. Caceres
Assistant Director
Corporation Production Services

J. Kedzier

Engineer

Production Support Group - Europe and Africa
Corporate Production Services

E. F. Pearce

Engineer

Production Support Group - Americas
Corporate Production Services

T. L. Sadosky
Consultant
Corporate Production Services

J. F. Walker

Manager

Production Management Services
Corporate Poduction Services

Harold Berkessel
Vice President
Market Development

Bill Butterfield

Manager
USA Distribution
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(Coca Cola continued)

Mike Arpeo

Manager

Company Bottling
Operations — Distribution

Bob Foley
Manager
Merchandising and Distribution

Ed Kridakorn

Manager
Management Science

Bell Laboratories - April 1981

Ward Whitt

Stroh Containmer - April 1981

Walter Haught

Westinghouse Corporation - April 1981

Jerry Hudspeth
Vice President for Productivity

George Moore

Director of Education Department
and Executive Director of Westinghouse
Educational Foundation

Paul A. Ockerman
Director of Manufacturing
Industry Products Company

Howard Pierce

Director of Manufacturing
Power Systems Company

United Technologies - April 1981

Luis A. Chong
Director of Technical Planning
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Oldsmobile Division of GMC - April 1981

David C. Schmidt
Senior Administrator of Salaried Personnel
Oldsmobile Division of GMC

Jim Rucker
Assistant Comptroller
Oldsmobile Division of GMC

The Boeing Company - May 1981

Dr. George A. Schairer
Former Vice Presient
Consultant

William A. Walis

Chief of Technical Staff
Vertol-Boeing

TRW - May 1981

George Lehocky

Federal-Mogul - May 1981

Gus Carlson

Union Camp - May 1981

Peter Mani

Ft. Gordon - May 1981

Gen. Hilsman

Alcoa -~ May 1981

Frank Cormia

Kurt Salman - May 1981

Cecil Phillips
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German Delegation - May 1981

M. Kidrcher

Fraunhofer-Institut fiir Arbeitswirtschaft
und Organisation

Holzgartenstrabe 17

D-7000 Stuttgart 1

West Germany

U. P. Fahnrich

Dip.-Math.

Fraunhofer-Institute fir Produktionstechnik
und Automatisierung

Holzgartenstrabe 17

D-700C Stuttgart 1

West Germany

Detter Brunner

Dilp.~Jug.

Fraunhofer-Institute flr Arbeitswirtschaft
und Organisation

Holzgartenstrabe 17

D-7000 Stuttgart 1

West Germany

Corning Glass Works - May 1981

Martin R. Marine

Manager

Manufacturing and Engineering Planning
Division

Corning Glass Works

Corning, NY 14830

James R. Cochran, Jr.

Manager

Facilities Planning

Plant Layout and Material Handling
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Transportation/Distribution/Logistics Modeling Short Course - May 1981

Dan Acker

Manager — Logistics Planning
Ciba~-Geigy Corporation

P.0. Box 11422

Greensboro, NC 27409

Dave Aff

Planning & Development
Material Management Services
6701 Roswell Road, NE
Atlanta, GA 30328

Vicki M. Bergkamp

Director of Management Science
Kansas Newman College

3100 McCormick

Wichita, KS 67213

Allan A. Closson
Planning Analyst
Schneider Transport, Inc.
P.0. Box 2298

Green Bay, WI 54306

Sherman S. Cockrell
Operations Research Analyst
U.S. Army Logistics Center
ATCL-0SS

Fort Lee, VA 23801

Gerald DiGiacomo

Logistics Specialist

Lockheed Missiles & Space Company
1111 Lockheed Way

Sunnyvale, CA 94086

Crutcher K. Evans
Logistics Manager

Wang Laboratories, Inc.
Seven Dunwoody Park
Suite 120

Atlanta, GA 30338

Ashley E. Exum

Manager Corporate D.P.
City Products Corporation
P.0. Box 5938

Chicago, I1 60680

Donald B. Green

Distribution Computer Application
Supervisor

Del Monte Corporation

One Market Plaza

San Francisco, CA 94119

Spain W, Hall, Jr.

Senior Operations Aralyst

Joint, Deployment Agency (JDDV-P)
MacDill AFB, FL 33608

John M. Herreid

Manager, Logistics Planning
Scott Paper Company

Scott Plaza

Philadelphia, PA 19113

Charles L. Hughes

Distribution Analyst

Cdn. General Electric Co., Ltd.
1400 Castlefield Avenue
Toronto, Ontario
CANADA M6B 4C4

[

Wesley E. Hughes
Industrial Engineer
United Parcel Service
51 Weaver Street
Greenwich, CT 06830

William A. Kilinskas

Senior Engineer

Union Carbide Corporation
Linde Division

P.0. Box 44

Tonawanda, NY 14150

Larry King .
Consultatn |
Lockheed Georgia Coumpany
Department 72-91, Zone 419
Marietta, GA 30063

‘Hubert C. Maloney

General Manager/Transportation
Rayloc-Division Genuine Parts Co.
1020 Huff Road, NW

Atlanta, GA 30318




(short course continued)

Judy B, Miller Rosemary A. Tackas

Route Engineering Services, Inc. " Manager - Customer Services

240 West Passaic Street Route Engineering Services, Inc.
Maywood, NJ 07604 240 West Passaic Street

Maywood, NJ 07607
Robert G. Moore

Distribution Analyst Thomas E. Thompson

Cdn. General Electric Company, Ltd. Vice President

1400 Castlefield Avenue Optimal Decision Systems, Inc.

Toronto, Ontario 9333 Wynnecrest Drive

CANADA M6B 4Ch Cincinnati, OH 45242

Frederick J, Oleson Michael A. Troy

Industrial Engineer Assistant Manager - Distribution

Eastman Kodak Company Union Carbide Corporation, Linde Div.

901 Elmgrove Road 270 Park Avenue

Rochester, NY 14650 New York, NY 10017

Robert A. Peterson Jordan Tsolakides

Analytics Specialist University Professor

Procter & Gamble Company Governors State University

7162 Reading Stuekel Road

Cincinnati, OH 45222 ’ Park Forest South, IL 60466

Robert J. Popp ., Frank Vanliew

Senior Management Engineer . Hallmark Cards, Inc.

W. R. Grace & Company 2101 North Lightburne

1114 Avenue of the Americas Liberty, MO 64068

New York, NY 10036

) Jim Ward

Edward H. Principe Wang Laboratories )

Senilor Operations Research Analyst One Industrial Avenue

W. R. Grace & Company Lowell, MA Q1851

1114 Avenue of the Americas

New York, NY 10036 Larry A. Washington
Fuel Distribution Specialist

Louis V. Sabatini Southern Company Services, Inc.

Manager, Field Engineering _ P. 0. Box 2625

Mead Office Systems Birmingham, AL 35202

1307 Glenville Drive

Richardson, TX 75081 Steve Waters w
Planning and Development

Ronald G. Short ' Material Management Services .

Distribution Systems Manager 6701 Roswell Road, NE X

Hewlett Packard Atlanta, GA 30328

19310 Prunridge Avenue '

Cupertino, CA 95014 - Patricia V. Zimmerman

Vice President -~ Business Development

Route Engineering Services, Inc.
240 Vest Passaic Street

Maywood, NJ (7607
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{short course continued)

Thomas B. Berry

Vice President/Systems Development
Ran McNally - TDM

8255 North Central Park Avenue
Skokie, IL 60076

J. Keith Shiveley

President

Advance Manufacturing Services
P.0. Box 2097

Riverview, MI 48192

William Shirley

. Hillsborough Company Facilities
Maintenance Department

P.0. Box 1110

Tampa, FL 33601

Carl Wilburn

Senior Operation Research Analysis
Federal Express Corporation

P.0. Box 727, Department 36503

Memphis, TN 38194
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The Standard 0il Company - June 1981

Edward J. Frautschi

Project Manager

Productivity Consulting Services
600 Midland Bldg.

Cleveland, Ohio 44115

Walter A. Brys

Manager

Productivity Consulting Services
The Standard 0il Company

600 Midland Building

Cleveland, Ohio 44115

D. C. {Ron) Holzer

Management Science Products Manager
Standard 0il Company

600 Midland Building

Cleveland, Ohio 44115

P. P. Daru

Manager, Scientific Analysis
The Standard 0il Company

600 Midland Building
Cleveland, Ohioc 44115

L. G. Johnson (August)
Manager, Marketing Operations
The Standard 0il Co. (OHIO)
Midland Building, Room 1215-S
Cleveland, Ohio 44115

Bethlehem Steel Corporation - July 1981

K. L. Stott

Supervisor

Production and Manufacturing Systems
Horner Research Laboratories
Bethlehem Steel Corporation
Bethlehem, PA 18016

Johnson & Johnson Company - July 1981

Technical Analysis Corporation - August 1981

Waverly Graham

President

Technical Analysis Corporation
120 W. Wieuca Rd. N.E.
Atlanta, Georgia 30342
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{Technical Analysis Corporation continued)

Robert J. Zack

Director of Product Marketing
Technical Analysis Corporation
120 W. Wieuca Road N.E.
Atlanta, Georgia 30342

Armco, Inc. - August 1981

R. A. "Dick" Pierce

Works Industrial & Systems Engineer
Ashland Works

Armco, Inc.

Eastern Steel Division

P. 0. Box 191

Ashland, Kentucky 41101

L. Carroll Grimes

Corporate Director

Industrial & Systems Engineering
Middletown, Ohio 45043

Qubic - August 1981

Joe Ravenis

Mervyn's - September 1981
John Shields

25001 Industrial Blwd.
Hayward, CA 94545

Israel - September 1981

Dan Sipper

National Linen Service - September 1981

Thomas G. Weeks, Jr.

Director of Delivery Operations
1180 Peachtree Street N. E.
Atlanta, Georgia 30309
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Georgia Power Company - September 1981

Bob Cole
Transmission Data Supervisor

Glenn McFerren
SIS Project Leader (Substation Information System)

Department of the Navy - September 1981

LCDR George McLaughlin
LCDR George Carroll

LT Don Price

LT Bert Carrody

CW03 Arthur Powers
CWO3 Richard Caldwell
LCDR Warren Lippett
LTJG R. V. Crlenjak

Tektronix - October 1981

Luke Donnelly
Finanacial Analyst
{(Former IE)
Corporate Finance

Gerald E. Heppell, Ph.D.
Manager, Industrial Engineering
P. 0. Box 500

Beaverton, Oregon 97077

University of Montreal - October 1981

Jacques A. Ferland

Professor

Departement d'informatique et de
recherche operationnelle
Universite de Montreal

C.P. 6128, Succursale A
Montreal, P.Q. H3C 3J7

Guy Lapalme

Computer Science Department
University of Montreal
Quebec, Canada H2M 2C4
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Computer Graphics Group, Inc. - October 1981

Charles A. Batterman
Director of Software

P. 0. Box 450057
Atlanta, Georgia 30345

Kent Langseth
Research Scientist

568 l4th Street N.W.
Atlanta, Georgia 30318

Mathematisch Centrum, Amsterdam - October 1981

Dr, Jan Karel Lenstra

Japan Management Association IE-Study-Team -~ November 1981

Yokio Sato
Senior Vice President & Director
Nippon Electric Co., LTD.

Tamio Arai

Associate Professor
Faculty of Engineering
The University of Tokyo

Shigeru Sugiura

Manager

Production Engineering Dept.

Microwave & Satellite Communication Div.
Nippon Electric Co., LTD,

Shusaku Nagata

Deputy Manager

Production Management Sect,
Sumitomo Rubber Industries, LTD.

Shin'ichi Tsuyuki

Assistant Chief Engineer

Production Engineering Research Laboratory
Hitachi LTD.

Tsukasa Tanaka

Chief Consultant

IE Group

JMA Consultants, Inc.

Shigezo Fugii

Management

Production Control & Engineering Dept,
Nippon Electric Glass Co., LTD,
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(Japan Management Association IE-Study-Team continued)

Ichiro Kitamura

Manager

Engineering Development Connector Div.
Japan Aviation Electronics Industry, LID.

Kazumitsu Hironaka
Management

Automation Engineering Div.
Mitsubishi Corporation

Makoto Mizoroki

Coordinator

Technology Planning Dept.
Nippon Light Metal Co., LID.

Mikio Takashima
Production Automation Development Laboratory
Nippon Electrice Co. LID

Shoichi Saito

Chief Consultant
IE Group

JMA Consultant Inc.

Seiji Nakatani

Manager

Igetalloy 2nd Itami Plant
Sumitomo Electric Industries, LTID,

Hiroshi Murakami

Chief Engineer

Industrial Automation Div.
Anritsu Electric Co., LTD,

Akimitsu Hijikata

Manager

Plant & Production Systems Engineering Dept.
Sumitomo Electric Industries, LTD.

Masamitsu Watanabe
Production Engineering Dept.
Nippon Electric Co., LTD.

Akihiro Osono,
Management

Production Div.
Canon Co., LTD.
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(Japan Management Association IE-Study-Team continued)

Kazutomo Shimada

Manager

Production Engineering Dept.
New Nippon Electric Co., LTD.

Isao Yasue
Development Group
CKD Corporation

Hyoei Hirooka
Production Engineering Dept.
Nippon Suisan Kaisha, LTD,

Kiyoshi Suito

Management

IE Promotion Center

Japan Management Association

Ken'ichiro Higuchi
IE Promotion Center
Japan Management Association
Munemitsu Sugihara

Japan Travel Bureau, Inc.

Cornell University - November 1981

Professor William L. Maxwell

School of Operations Research and Industrial
Engineering

Cornell University

Ithaca, NY

Christopher Johs

Ph,D. student

School of Operations Research and Industrial
Engineering '

Cornell University

Ithaca, NY
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National Advisory Board < November 1981

Julius C. Shaw

Chairman

Shaw Industries, Inc.

P. 0. Box 429

Cartersville, Georgia 30120

Cecil J. Silas

Executive Vice President
Phillips Petroleum Company
17 Phillips Building
Bartlesville, OK 74004

Gilbert F. Amelio

General Manager

Micro Processor Division

Fairchild Camera and Instrument Corporation
3420 Central Expressway

Santa Clara, CA 95051

Eugene C. Gwaltney

President and Chief Executive Officer
Russell Corporation

Alexander City, AL 35010

John P. Hunter, Jr.

Vice Presient, Research and Development
Oxford Industries, Inc.

222 Piedmont Avenue

Atlanta, Georgia 30308

Edward A. Mason

Vice President, Research
Standard 0il Company (Indiana)
P. 0. Box 400

Naperville, IL 60566

R. Park Newton, Jr.
Chairman of the Board
Autodynamics, Inc.

P. 0. Box 1514
Orangeburg, SC 29115

Austin C. Thies
Senior Vice President
Duke Power Company

P. 0. Box 33189
Charlotte, NC 28242
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(National Advisory Board continued)

Victor G. Vaughn
President

Vaughan Associates
P. 0. Box 394
Chartley, MA 02712

Frank M. Warren, Jr.

President

Raymond International Builders, Inc.
P. 0. Box 22718

Houston, Texas 77027

John T. Williamson
President

Freeport Kaolin Company
200 Park Avenue

New York, New York 10166

Cooper Shackleford
President

Potter Shackleford Company
Greenville, SC 29606

Canadian National - November 1981

John Bland
Canadian National
Montreal

Paul N. Belshaw

Manager

Operational Research

O.R. & I.E. .

935 de La Gauchetiere S5t. West
Montreal, Quebec

H3C 3N4

John Henry Meddings

0.R. Project Office
Operational Research

935 de La Gauchitiere St, West
Montreal, Quebec

H3C 3N4
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Exxon Corporation - November 1981

Dr. Jeremy D. Sammes

Senior Project Analyst

Communications and Computer Sciences Dept.
Logistics, Engineering & Producing Systems Division
P. 0. Box 153

Florham Park, NJ 07932

Thomas E. Baker

Exxon Corporation

P. 0. Box 153

Florham Park, NJ 07932

Hitachi, Ltd. - November 1981

Hirosih Awane

Misashi Onari

Researcher

1st. Dept.

Production Engineering Research Laboratory
292 Yoshida-Cho, Totsuka-Ku

Yokohama 244, Japan

Sperry Univac, S.A. - November 1981

Jose M. Gomez Solaun
Applications Presales Manager
Sperry Univac, S.A.

Avda de America S/N

Madrid, Spain

American Hi-Tech Instruments, Inc. - December 1981

Akktar Kazi

Vice President

6980 Aragon Circle

Suite 7

Buena Park, California 90620

National Research Council Canada - December 1981

Leo K. Nenonen

Senior Researh Office

Division of Mechanical Engineering

Control Systems and Human Engineering Laboratory
Bldg. M3 Montreal Road

Ottawa Ontario K1A OR6

Canada
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Texas Instruments, Inc. - December 1981

Ramin Khoshatefeh

MS 1-45

Texas Instruments Inc.
34 Forest St.
Attleboro, MA 02703

MacDill Air Force Base -~ December 1981

5. W. Hall, Jr. (Woody)

Joint Deployment Agency

Deployment Systems Division (JDDX-SR)
MacDill AFB, FL 33608

Capt. Terry L. Vermillion, USMC
Joint Deployment Agency
MacDill AFB

Tampa, FL 33608

Georgia Power Company - January 1982

J. Mike McClure

Capital Budgeting & Planning Support Development
P. 0. Box Box 4545

Atlanta, Georgia 30302

Michael T. Casey

Capital Budgeting and Planning Support Department
P. 0. Box 4545

Atlanta, Georgia 30302

Wang Laboratories Inc. - February 1982

Crutcher K. Evans

Wang Laboratories, Inc.

8601 Dunwoody Place Suite 314
Atlanta, Georgia 30338

Charles L. Wise

Director of Logistics

Wang Laboratories Inc.

8601 Dunwoody Place Suite 314
Atlanta, Georgia 30338

Robert Bosch Corpdration - February 1982

Heinz Dieterle
P. 0. Box 10347
Charleston, SC 29411

John M. Blaich

P. O. Box 10347
Charleston, SC 29411
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ARMCO Natjonal Supply Company - April 1982

Lee Schiffauer

Supervisor

Office Systems and Procedures
1455 West Loop South
Houston, Texas 77027

John Ogle

Manager - Management Systems
1455 West Loop South
Houston, Texas 77027

W. F. Monteith
Manager _ IRM
1455 West Loop South
Houston, Texas 77027
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Rockwell International - February 1982

Dr. Richard Sogliuzzo
Executive Advisor
Rockwell International
Space Qperations Division
Downey, California 90241

Naval Ocean Systems Center - February 1982

Alvah T. Strickland
P. 0. Box 997
Kailua, Hawaii 96734

Lockheed Georgia Company - February 1982

Robert L. Rodgers

Operations Analysis Department

Marietta, Georgia 30063

Georgia Tech Research Institute - March 1982

Glen P. Robinson, Jr.
Chairman of the Board

H. G. Dean, Jr.
Asst. Secy/Asst. Treas.

E. A. Baillif (Dr.)
Trustee

R. K. Whitehead, Sr.
Trustee Emeritus

D. Grace
Assistant Secretary

J. W. Dees
Assistant Secretary/Treasure

W. H. Borchert
VP/General Manager

Chairman, E-Tech, Past President & Chairman
Scientific Atlanta

Associate Director EES

VP, Research Whirlpool

Past Pres./Chairman, Whitehead Diecasting

Director, EES

Director, OCA

(old sailor)
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Cobb County Public Schools - April 1982

Carroll Pitts, Jr.
Department of Transportation
Cobb County Schools

David Griffith

Director of Data Processing
47 Waddell Street

Marietta, Georgia 30060

Dr. Steve Salmon
Assistant Superintendent
for Support Services

358 Roswell Street
Marietta, Georgia 30060

NSF Workshop - May 1932

Dr. Al Bishop

Department of Iandustrial and
Systems Engineering

Ohio State University

Cleveland, Ohio 43210

Dr., Ralph Disney

Department of Industrial Engineering
and Operations Research

302 Whittemore Hall

Virginia Polytechnic Institute
and State University

Blacksburg, VA 24061

Dr. Richard Francis

303 Weil Hall

School of Industrial and
Systems Engineering

University of Florida

Gainesville, Florida 32611

Dr. John Ramberg

Systems and Industrial Engineering
University of Arizona

Tucson, Arizona 85721

74




MHRC Workshop Attendance List

Mr., William Dixon
Senior Engineer

Abbott Laboratories
1400 North Sheridan Rd.
Chicago, IL 60064

Mr. Carl Z. Sizemore

Project Manager, Tire & Industrial
Allied Corporation

P.0. Box 31

Petersburg, VA 23804

Mr. Bill Meade

Market & Product Planning Analyst
Bell & Howell

280 E. Riley

Zeeland, MI 49464

Mr. Dave Reinbold

Manager, Mill & Control Systems
Bethlehem Steel Corporation
Homer Research Labs

Bethlehem, PA 18016

Mr. Paul E. Wingrove
Consulting Engineer
Bethiehem Steel Corp.
Martin Tower
Bethlehem, PA 18016

Mr. Dennis D. Newhart
Engineer, Systems Analysis
Bethlehem Steel Corporation
Homer Research Laboratories
Bethlehem, PA 18016
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Mr. Patrick J. McCardle
Director, Competitive Analysis
Burlington Northern Railroad
176 East 5th Street

St. Paul, Minn. 55101

Mr. Phil Thomas

Manager, Automated Factory Systems
Burlington Industries, Inc.

P.0. Box 21207

Greensboro, NC 27420

Mr. A. Sniderman

‘Director, Advanced Technology
Burroughs Corporation
Burroughs Place

Detroit, Michigan 48232

Mr. Paul D. Vernes

Manager, Operations Analysis
Cheseborough-Pond's, Inc.

37 Concord Drive

Madison, CT 06443

Mr. John Kovack

Material Handling Engineering Spec1a11st
Chrysler Corporation

2675 East Duter Drive

Detroit, Michigan 48288

Mr. Bob Beckler
Principal Engineer
Coca Cola Company
P.0. Drawer 1734
Atlanta, GA 30301
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Mr. C. Lewis DeMasters
Manager, Physical Distribution
Contel Supply & Service

2580 Cumberland Parkway, N.W.
Atlanta, GA 30339

‘Mr. Tracey Zellmann

Director, Advanced Mfg. Technology
Data General Corporation

4400 Computer Dr., MS D232
Westboro, MA 01580

Mr. M. L. Rogers

General Manager, Technical Operations
Delta Airlines

Dept. 590

Atlanta, GA 30320

Mr. Edward G. Robinson

Buyer, Distribution Purchasing
Digital Equipment Company

30 Forbes Road, Building 5-L5
Northboro, MA 01532

Mr. Jesse Wilson

Southeast Zone Manager

Dow Chemical Company

Suite 2005, 20 Perimeter Center, East
Atlanta, GA 30346 :

Mr. C. D. Hewitt

TI02 Engineering Coordinator

E. I. Du Pont De Nemours and Company
P.0. Box 219

Mew Johnsonville, TN 37134
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Mr. Phil C. Elliott

Technical Specialist
Eastman Kodak Company
2400 Mount Read Blvd.
Rochester, NY 14650

Mr. Stephen G. Arthur
Chief Mechanical Engineer
Tennessee Eastman Company
P.0. Box 511

Kingsport, TN 37662

Mr. Paul J. Beck
Technical Advisor
Eastman Kodak Company
MSD B-56 KP
Rochester, NY 14650

Mr. Warren R. Johnson
Director of Material
Fairchild Republic Company
Conklin Street
Farmingdale, NY 11735

Mr. James K. Schultze
Director, Planning MH Group
FMC Corporation

200 E. Randolph Drive
Chicago, IL 60601

Mr. Charles Feltner

Manager, Manufacturing Processes Laboratory
Ford Motor Company

24500 Glendale

Redford, MI 48239
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Mr. D. G. Lee

Principal Staff Engineer
Ford Motor Company

24500 Glendale Avenue
Detroit, Michigan 48239

Mr. Allen Davenport
Chief Engineer

Freeport Kaolin Company
P.0. Box 37

Gordon, GA 31031

Mr. L. E. Scandlyn

General Product Supervisor
Freeport Kaolin Company
P.0. Box 37

Gordon, GA 31031

Mr. R. M. LaSalle
Manufacturing Technology Chief
General Dynamics

P.0. Box 748, MZ 6217

Forth Worth, TX x5450

Mr. E. C. Gray

Corporate Director of Material
General Dynamics Corporation
7733 Forsyth

St. Louis, Missouri 63105

Mr. J. B. Gibbons

Manager, Intelligent Machines System
General Electric Company

1 River Road

Schenectady, NY 12345



Mr. William Elden

Manager, MH Operation Services
General Mills, Inc.

P.0. Box 1113

Minneapolis, MN 55440

Mr. Al Thompson

Manufacturing Development
General Motors Corporation
General Motors Technical Center
Warren, MI 48090

Mr. Bob Finta

Manager, Industrial Engineering Development
General Motors Technical Center

MD-58, Department 14

Warren, IL 48030

Mr. Patrick J. Early

Director, Materials Management
General Motors Corporation
3044 West Grand Bivd.

Detroit, MI 48202

Dr. Cecil Alford

Professor, Electrical Engineering
Georgia Institute of Technology
225 North Ave.

Atlanta, GA 30332

Mr. Dale Atkins

Research Engineer, Engineering Experiment Station
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332
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~

Dr. John Bartholdi

Asst. Professor, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Or. John Berry

Professor, Mechanical Engineering
Georgia Institute of Technology
225 North Ave.

Atlanta, GA 30332

Dr. Ron Bohlander

Research Engineer, Engineering Experiment Station
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Mr. Richard Dobb

Legal Research Associate, Contract Adminstration
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Mr. Charles Estes

Research Engineer, Engineering Experiment Station
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Mr. Sid Firstman

Principal Research Engineer, Engineering Experiment Station
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332




Dr. David Fyffe

Professor, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Mr. Gerald Henry

Senior Research Associate, Contract Adminstration
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Mr. Bill Himes

Research Engineer, Engineering Experiment Station

Georgia Institute of Technology
225 North Ave.
Atlanta, GA 30332

Dr. Ruston Hunt

Asst. Professor, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Dr. John Jarvis

Professor, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Dr. John Kaatz

Assoc. Professor, Management
Georgia Institute of Technology
225 North Ave.

Atlanta, GA 30332




Dr. Leon McGinnis

Assoc. Professor, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave. :

Atlanta, GA 30332

Dr. Hugh Donald Ratliff

Professor, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Dr. William B. Rouse

Professor, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Mr. Mike Sinclair

Research Engineer, Engineering Experiment Station
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Dr. Albert Sheppard

Associate Vice President
Georgia Institute of Technology
225 North Ave.

Atlanta, GA 30332

Dr. Thomas Stelson

Vice President for Research
Georgia Institute of Technology
225 North Ave.

Atlanta, GA 30332
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Dr. Mike Thomas

Director, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave. -

Atlanta, GA 30332

Dr. William Underwood

Asst. Professor, Information & Computer Science
Georgia Institute of Technology

225 North Ave.

* Atlanta, GA 30332

Dr. John A, White

Professor, Industrial & Systems Engineering
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Mr. Rudy Yobs

Associate Director, Engineering Experiment Station
Georgia Institute of Technology

225 North Ave.

Atlanta, GA 30332

Mr. Russell E. Stout

Manager, Maintenance Engineering
Georgia Pacific Company

P.0. Box 105041

Atlanta, GA 30348

ir. Richard B. Opsahl
Director Technical Liaison
Grumman Aerospace Corporation
Mailstop: Al2-35

Sethpage, N.Y. 11714
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Mr. Alfred K. Larsen

Manager, Corporate MH Systems
Grumman Aerospace Corporation
MS A07-17

Bethpage, NY 11714

Mr. Kenneth Frerking

Manager, Corporate Industrial Engineering
Hallmark Cards, Inc.

P.0. Box 580

Kansas City, Missouri 64108

Mr. John A. Maddox

Director, Advanced Manufacturing
Harris Corporation CPD

P.0. Box 15247 .

Forth Worth, Texas 76119

Mr. Louis T. Svitkovich
Chief Systems Engineer
Harris Corporation

P.0. Box 15247

Forth Worth, TX 76119

Mr. Andrew C. McGregor

Director, Electronics Industry Marketing
Herman Miller Company

2855 44th Street

Grandville, MI 49419

Mr. Donald Pauser
Process Engineering
Hewlett-Packard Company
180 Green Pond Road
Rockaway, NJ 07866
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Mr. Thomas H. Nowack
Senior Administrator
IBM Corporation

740 New Circle Road

Lexington, KY 40511

Mr. David Entrekin

Engineer, Flexible Mfg. Systems
IBM Corporation _

700 West Hillsboro Boulevard
Deerfield Beach, FL 33441

Mr. Barry R. Klein

Manager, Flexible Mfg. Systems
IBM Corporation

700 west Hillsboro Boulevard
Deerfield Beach, FL 33441

Mr. Bob N. Stauffer
General Manager

Jervis B. Webb Company
560 Webb Industrial Drive
Marietta, Georgia 30062

Mr. Lynn Smith

Industrial Engineering Manager
Johnson & Johnson Company

Rt. 1, Box 1180

Winterville, GA 30683

Mr. Joe Engler

Supervisor, Warehouse Maintenance
The Kroger Company

" 1014 Vine Street

Cincinnati, OH 45201




Mr. David N. Keyser

Director, Purchasing & Equipment Analysis
The Kroger Company

1014 Vine Street

Cincinnati, OH 45201

Mr. Lloyd P. Robertson

Vice President, Marketing
Litton Unit Handling Systems
7100 Industrial Road ’
Florence, Kentucky 41042

Mr. Richard Markham

Material Handling Engineer, Senior
Lockheed Georgia Company

Dept 47-31, Zone 72

Marietta, GA 30063

Mr. Harold K. Reaves '

Manager, Fabrication Manufacturing Engineering
Lockheed Georgia Company

Department 47-31, 86 S. Cobb Drive

Marietta, GA 30063

Mr. Fred J. Cytacki

MH Systems Project Manager
Mead Office Systems

1307 Glenvilile Dr.
Richardson, TX 75081

Mr. Robert A. Patterson
Manager, Material Handling
Milliken and Company

P.0. Box 1926, M491
Spartanburg, SC 29304
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Mr. Ole B. Rygh
President

Munck Systems, Inc.

P.0. Box 9287

Hampton, VA  23560-0287

Mr. Alex Schwarzkopf

Program Manager

ISTI, Naticnal Science Foundation
1800 G. ST.

Washington, D.C. 20550

Mr. John H. Shaffer

Manager, Process Technology/Consumer Products
0lin Chemical Company

P.0. Box 248

Charleston, TN 37310

Mr. Jim Tenerovich

Controls Engineering Manager

Rapistan, Division of Lear Siegler, Inc.
2485 Park Central Blvd.

Decatur, GA 30035

Mr. David L. Coghlan

Systems Engineering Manager

Rapistan, Division of Lear Siegler, Inc.
680 Navarre Drive

Stone Mountain, GA 30087

Mr. James P. Kohls

Manager, Controls Operations
Rapistan, Inc.

507 Plymouth Road

Grand Rapids, MI 49505
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Mr. Richard A. Pluth

Manager, Mechanical Engineering
RISI Industries, Inc.

798 F. Street

Chula Vista, CA 92010

Mr. Phil Gee

Industrial Engineer

R.J. Reynolds Tobacco Company
First Union Bldg., Room 308
Winston-Salem, N.C. 27102

Mr. Thomas L. Peterson

Manager, Material Control

Rockwell International Corporation
1800 Satellite Boulevard

Duluth, GA 30136

Mr. Richard G. Abraham

Vice President, Manufacturing Technology
Sangamo Weston, Inc.

P.0. Box 48400

Atlanta, Georgia 30362

Mr. Parks H. Hicks

Territorial Distribution Manager
Sears, Roebuck & Company

675 Ponce de Leon Ave. NE
Atlanta, GA 303095

Mr. Robert H. Lauber
Operating Manager

Sears, Roebuck & Company
675 Ponce de Leon Ave, NE
Atlanta, GA 303095
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Mr. John G. Dorrance
Executive Vice President
SI Handling Systems

P.0. Box 70

Easton, PA 18042

Mr. James K. Allred
Consultant

SI Handling Systems
P.0. Box 70

Easton, PA 18042

Mr. Jim Cuthbert

Manager, Business Development
Sperry Corporation

Automated Material Systems
Great Neck, NY 11020

Mr. Ralph Garreth

Vice President, Marketing

SPS Technologies, Automated Systems Division
Townshipline Road

Hatfield, PA 19440

Mr. Ronald Miller

Vice President, Sales & Marketing
Stanley-Vidmar, Inc.

P.0. Box 1151

Allentown, PA 18103

Mr. Joseph Micek
Systems Department
Stanley-Vidmar, Inc.
P.0. Box 1151
Allentown, PA 18103
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AT,

Mr. Robert C. Angell

Manager, Materials & Process Development
Steelcase, Inc.

1120 36th Street, S.E.

Grand Rapids, MI 49501

Mr. James D. Callins

Manager, Material Managagement
Texas Instruments

P.0. Box 225474, Mail Station 389
Dallas, TX 75265

Dr. Albert J. Blodgett

Manager, Manufacturing Research Lab
Thomas J. Watson Research Lab {IBM)
P.0. Box 218

Yorktown Heights, NY 10598

Mr. William E. Harding

Director, Manufacturing Research Center
Thomas J. Watson Research Center {IBM)
P.0. Box 218

Yorktown Heights, NY 10598

Dr. Ira W. Pence

Vice President, Engineering
Unimation, Inc.

Shelter Rock Lane

Danbury, Connecticut 06810

Mr. R. Richard Bannister

Engineering Fellow

Union Carbide Company P
P.0. Box 8361

South Charleston, W. VA. 25303
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Mr. Francis J. Fennessy
Director, Manufacturing R&D,
United Technologies Corporation
United Technologies Building
Hartford, Conn. 06101

Mr. J. R. Grace

Vice President, Materials
Vought Corporation

P.0. Box 226114

Dallas, TX 75266

Mr. William T. Shirk
Material Handling Engineer
Western Electric Company
2000 Northeast Expressway
Norcross, GA 30071

Mr. Patrick J. McDonald
Industrial Engineer

Westinghouse Electric Corporation
P.0. Box 7002

Charlotte, N.C. 28217

Mr. Robert C. Camp

Manager, Business Analysis

Xerox Corporation

Joseph C. Wilson Center for Technology
Rochester, NY 14644

Mr. Michael Martindale

Manager, Assembly Technology
Xerox Corporation

800 Phillips Road, Building 207C
Webster, NY 14580 '
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Mr. Richard Price

Manager, Administrative Services
Digital Equipment Company

450 Whitney Street

Northboro, MA 01532
617-351-4714

Mr. Martin Lenow
General Manager
Interlake, Inc.

100 Tower Drive

Burr Ridge, IL 60521
312-789-0333

Mr. John Parkhurst
Materials Manager
Zenith Radio Corporation
2500 East Kearney
Springfield, MO 65801
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Corning Glass Works - May 1982

Warren D. Cole

Sr. Project Engineer
Manufacturing Systems Engineering
Corning Glass Works.

Corning, New York 14831

Defense Logistics Agency - May 1982

Maj. Tom Lampley

HQ DLA-DD

Cameron Station
Alexandria, VA 22314

General Bowers

Deputy Director

Defense Logistics Agency
Cameron Station
Alexandria, VA 22314

LinkSping Institute of Technology, Sweden - June 1982

Jan Linqg and

Bjdrn Ostlund

Department of Production Economics
Link8ping Institute of Technology
581 83 Linkdping, Sweden
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