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FPOREWORD

This task was carried out to comply with the objective in Memorandum
for Assistant Secretary of the Army, 16 January 1967: '"a survey of the
present status of computerized menu planning accomplishments and research.
Review of computer applications in Army, Navy, Air Force and Marine Corps,
Veterans Administration, Department of Agriculture, and civilian and
university hospitals which have a bearing on food service control."

The study consisted of two parts:

A Conference on Computer Procedures for Menu Planning and Recipe
Service for DoD Elements, held 4 and 5 April 1967 at U, 5. Army Natick
Laboratories. In attendance were representatives of the Food Service
Organizations of all DoD elements, of military, Public Health Service and
Veterans Administration hospitals and from universities. Accomplishments
and research plans were presented in formal papers and requirements for an
eventual computerized system for food service were developea in working
sesgsions.

A review of the Conference and of the technical literature was
performed, under Contract No. DAAG 17-67-C-0131, by Adams Associates,
Inc., to model a computerized system for menu planning and recipe service,
to determine the compatability of accompiishments with the modeled
system, and to discover gaps in knowledge and technology which might
impede development of the system.

The Proceedings of the Conference and the Review are presented in the
following report prepared by Adame Asgsoclates, Inc.

FERDINAND P, MEHRLICH, Ph.D.
Director
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APPROVED:
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Scientific Director
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Brigadier General, USA
Commanding
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ABSTRACT

"A survey of present status of computerized menu planning
accomplishments and research showed that no computerized menu planning
system now exists in any military service, and there are no present plans
to develop one.

The U. S. Navy and Marine Corps have no accomplishments in
computerization of food service which would have a bearing on the
development of a system,

Both U. S. Army and Air Force accomplishments are in the area of Food
Plan recapitulation and nutrient content and costing verification. These
are fully compatible withL the system model proposed,

The PFood Service Division, Walter Reed General Hospital, is
conducting research on a comprehensive food service system of which menu
planning i3 & minor and final part. Although specific for hospital use,
parts of the system may be useful for a general troop feeding system.

The Veterans administration computerized procedure, which develops a
78-day Pood Plan from which dietitians manually construct menus, may
pro' ide guidance for a DoD system.

Accomplishments and research in university hospitals are not directly
applicable to military feeding. They are directed toward a demand-based
stochastic system, whereas the military services use a plan-based
determinisgtic system.

The Pood Plan precedes and is more important than the menu. The Food
Plan changes relatively slowly, and much of the clerical routine i3 now
computerized. A model food service system has been presented which
includes a Planning subsystem and a Service subsystem and which interfaces
with a Supply system. Implementation of this system would result in a
"Continuous Pood Plan" which could materially shorten lead time in the
present food cycle. Optimization of the Planning subsystem requires
research tc codify and evaluate color, texture and preference factors and
the combinatorial effects of these with cther factors; evaluate frequency
limit restraints; investigate mathematical models which may be better than
linear programming; and develop improved computer "learning models" to
capitalize on man-machine interacticns,
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I. INTRODUCTION

A food service system to be used for the mass feeding of
the military is multi-faceted and will appear totally different
to a variety of people. The consumer sitting at a table in a
mess hall will have one view of the system, whereas the cook
will have another. The group doing procurement has its own
problems and will have an entirely different view of the over-
all problem, while the dietician preparing the menus will see
still another phase of it. Over this wide range of people
quite a variety of viewpoints will emerge and no single one
can be selected as being correct.

In any given case, the proper viewpoint for a system will
depend on the particular purpose intended. However, whichever
viewpoint is selected, the others must be taken into considera-
tion whenever the interfaces between the various people in-
volved are to be considered. For example, a dietician need
nct have the same viewpoint as the ultimate consumer, but due
to the various interactions, must be aware of his reaction.

This study is concerned with evaluating the on-going re-
search in the area of menu planning as it pertains to mass
feeding of the Armed Forces. The study is also concerned with
determining any technological gaps which may exist and could
hamper the development of an integrated food service system.

Therefore, for purposes of this study, a viewpoint taken
will be that of a systems analyst looking at the overall sys-
tem, but particularly concerned with the applications of menu
planning. The entire system of food service must be examined,
otherwise, the perspective may be lost. On the other hand,
the study must concentrate on the menu-planning aspects since
it is the techniques and procedures that have been developed
in this area that are of particular concern.

The overall system can be described as including a number
of separate phases, beginning with the formation of a food plan.
Prior to the preparation of the food plan. much work is required
to establish ingredients, recipes, criteria, and so forth, but
much of this can be classified as research. Following the food
plan is the menu-planning phase and a combination of procure-
ment and logistics involving the purchase of the food, its
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movement and storage. The next and final step in the overall
system is production, or the final preparation and serving of
the fcod. Each of these phases could be subdivided into a
number of sub-phases, and this will be done in some areas of
interest; but for those where the detsils are not under con-
sideration, further divisions will not be made.

The food plan is a list of all items to be procured along
with the quentities per standard unit of personnel and the
times at which the quantities are required. Preparation of
the food plan is a critical and complicated procedure and
involves the use of a large mass of information available from
a number of sources. Information on the characteristics of
the food, the availability of recipes, the preferences for the
individual recipes and the availability of the ingredients
must be used in preparation of the food plan. These various
inputs will come from a great number of sources and must all
be taken into congideration at this planning stage.

The prncurement logistics and inventory management phases
can be quite complex and have many close interactions with the
remainder of the system. However, since for the purpose of
the study this collection of activities will be considered a
"black box," the interior workings of it will not be detailed.
The various interfaces, both forwsard and in a feedback form,
will be considered as well as the specifications of the various
inputs to this phase and the outputs from it. In a complete
detailed systems analysis of the problem, the "black box" would
have to be opened so that a closer integratiun could be evaluated
as to its desirability.

Menu-planning consists of the establishment of combinations
of recipes to produce the menus for meals, days, and sequences
of days, based on available ingredients. This most critical
function takes into account such factors as availability of
foods, nutrient factors, preferences, physical characteristics,
and inter-action botween foods. In the more general sense, the
length of the sequence to be considered in the preparaticn of

a menu, e.g., whether it be for & day or for a month, may prove
to be somewhat immaterial.

Menus will be prepared prior to the production level,
either for use of a rigid plan to fscilow, or as a guide to
assist the food service people. At the local level, menu plan-
ning will occur when substitutions must be made or expected
ingredients are not available. It can be readily seen that

menu-planning will occur in many different areas of the overall
system.
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Production could also be referred to as "local management"
and includes the administration of food service on the local
level. For purposes of this study, the local level is con-
sidered to be the lowest production facility, such as a mess
hall on a base or a mess hall on a ship, or, depending on the
method of operation, the base or the ship itself. It is
assumed that at this level there is a certain amount of in-
ventory maintained, and the ability, in certain special cases
at least, to locally procure certain foods. The specific
details of any inventory management system available at the
local level were not considered pertinent, though it is
recognized that they would have to be interfaced.

This study will not be concerned with the problems of
selection of ingredients, or the preparation o= analysis of
recipes. Nor will it be concerned with the various techniques
available for forecasting manpower loading, or distribution
problems, or availability of foods. However, when forecasting
would provide feedback or information required, the necessary
techniques will be considered as existing or available. The
study is not concerned with the various research techniques
required to determine such characteristics as caloric content
or nutritionalized bits of foods, but it is concerned with
these values when they are serving as input to other stages of
the system.

Other areas which are of direct interest are the internal
workings of proc:arement, warehousing, transportation, and so
forth. Again, these systems will be interfaced with, though
the mechanics or internal workings or procedures will not be
considered.

One category which is not of concern is the procedures
for the local production facilities. Again, this is a matter
of interfacing rather than integrating, and is ot considered
a proper subject for this study.

To review what has been said previously, this study is
concerned with the overall problem of food service and with
particular applications 6f menu-planning. It is not expected
that a system will be designed, but rather that an analysis be
made of what is currently happening in this field and how
it may apply to the overall problem of mass feeding.
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IXI. SYNOPSIS AND ANALYSIS OF ON-GOING DEVELOPMENTS

A. Non-Military

Most of the information available on computer-assisted
menu-planning points to the efforts of four universities:
Tulane University, University of Florida, Carnegie Institute
of Technology and Ohio State University. Of these, only Ohio
State was represented at the Symposium in the person of Pro-
fesaor John Casbergue. Ohio State is also the only one of
the above to have not developed its own facility. Instead,
it 18 using the facility at Tulane via an on-line remote data
link. The emphasie at Ohio State is on teaching rather than
on development. The other efforts have primarily been directed
towards the application of computers to menu-planning using
state-of-the-art mathematical techniques.

At Tulane University, Dr. Balintfy's efforts have been
directed at developing a mathematical technique for solving
zero-one integer programming models. Using recipes as the
basic variables, Dr. Balintfy's model develops actual menus
over a period of time using nutrient, texture, color, preference,
and structural requirements, while optimizing or minimizing
raw food costs. This differs drastically from the standard
"Diet Problem" in that the model recognizes the structural re-
quirements of institutional menus, forcing the mathematical
technique to select, in combination, one item for each of a
fixed number of menu classes or groups. Dr. Balintfy admits
however, that maximization of personal preferences rather than
raw food costs, using the food costs as a budgetary constraint
would yield more palatable menus and should be considered a
more realistic approach. Because "... for relatively simple
conditions the menu problem poses excessive computational work
on computers with standard mathematical programming codes,"

Dr. Balintfy developed a special integer programming structure

incorporating a partitioned constraint matrix which oroduces
efficient and yet quite acceptable results. This modified
integer programming algorithm will yield optimal or near-
optimal solutions, whereas other techniques involving zero-one
integer programming models have been developed which will
converge on an optimal solution (Balas). However, Balintfy's
experiments indicate that the sacrifice of accuracy for the




sake of efficiency does not seriously affect the results. An
important extension of the mathematical synthesis of computer-
assisted menu planning is the option of on-line adjustments
made by a human dietician. The need for this option comes
from the inability of his model to incorporate some of the
subtleties of "such an irrational and sensitive human trait

as taste...". Although effort has been experded to minimize
the need for this form of adjustment, Balintfy visualizes a
joint man-machine decision-making activity.

Considerable effort by the researchers at Tulane is de-
veloping the model had the indirect result of forcing the
dieticians involved to take a rong,hard look at their own
operations. One outcome of this was the realization that the
computerized menu-planning function must include the ability
to retrieve the data base in a variety of formats and selection
criteria, e.g., in order of decreasing cost, nutritional value
or preference, to aid the dietician in choosing among alterna-
tives.

Some work has been done evaluating Balintfy's model used
as the basis of an interactive system with manual methods.
Since it is not necessarily true that preferences for individual
menu items are additive, the preference rating for a menu could
only be judged by human evaluation. For this reason, the results
were judged for overall acceptability by a panel of experts.
The differences in preferences were found to be statistically
significant although some variability was in evidence. From
this it can be assumed that computer-assisted menu-planning is
capable of producing menus that are acceptable to the consumer.
Furthermore, the computer-assisted menus were 18% less costly
ihan those prepared manually.

Results showed however, that computer-assisted menu-plan-
ning will require development of reliable quantitative measures
of overall menu acceptability before computer-assisted menu-
planning can be expected to exceed the acceptability of manually
prepared ones. Moreover, “he study showed that the type of
computer interface (menu p.esentation and adjustment facilities)
had a significant effect on the performance characteristics of
the menu-planning. It showed that dieticians using the on-line
interactive system nade more economical adjustments of the
original computer solution than did those using a totally off-
line system. Finally, it was noted that as dieticians became
more familiar with the computer, they tended to make fewer
changes in the initial solution. Since optimization tends to
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decrease as the number of changes increases, familiarity with
the system will lead to increasingly more optimized results.

The future of such a computerized model is seen as being
included into larger inventory control. systems where already-
stocked items could be used to advantage and its inclusion
would provide a fast turn-over of supplies with greatly reduced
inventories. Expansion of this model for large-scale nation-
wide use has the problem of standardization of menus due to
regional taste differences.

At the University of Florida, Dr. Ronald L. Gue has
expanded and redefined Dr. Balintfy's model to consider selec-
tive menu-planning. Specifically, Dr. Gue is investigating
whether the methods used in non-selective menu-planning by
Dr. Balintfy are applicable for use in selective menu-planning.
Using Dr. Balintfy's integer programming approach which in-
corporates the structural requirements of institutional menus,
selective menus are prepared with three goals:

1. The consumer must obtain the daily required nutrient
amounts.

2. The consumer is allowed a choice of items within
each menu item class (group).

3. The recipes selected must provide a reasonable degree
of variety at each meal and from day to day.

Thus selective menus differ from their non-selective counter-
parts in that the consumer is provided with a selection of
items within each class. Moreover, the optimization is sto-
chastic in that all variables are treated as random variables
and the probability of selection is based on selection fre-
quencies gathered in operation. If one assumes that the selec-
tion of items from each menu class is independent of one
another, the central limit theorem can be used in formulating
mathematical constraints. In many cases however, selections
from different classes are not independent, in which case the
central limit theorem does not strictly apply, although ignoring
this dependence for the sake of efficiency does not affect the
overall results. This stochastic integer programming model.
attempts to satisfy the nutrient constraints on inferences
about probable selection on the basis of past selection. 1In
experimental analysis, some combinations of items from each
class fail to fulfill one or more of the nutrient constraints,




however, the probability of their selection was on the order
of 10-°, an insignificant amount.

The inclusion of minimum and maximum intervals between
repetitions of a given menu item causes a sequential depend-
ency upon daily menu plans over a period of time. Planning
a sequence of daily menus individually over a period of davs
is not equivalent to planning the entire menu cycle at the
same time. In fact, planning daily menus individually can
be considered sub-optimization. This consideration has never
been formulated as part of the mathematical model, but only
artificially introduced into the model by monitoring the e. -
trance of items into the solution. Dr. Gue's research has
indicated that in general, cost savings for computer-assisted
menu-planaing are significantly smaller than those estimated
by Balintfy's non-selective model. This is primarily due to
the inherent uncertainty caused by the random nature of the
consumer's choices.

At the Carnegie Institute of Technology, Miss Ellen
Ekstein has developed a computerized menu-planning capability
involving a non-mathematical approach to food item selection.
The reasoning appears to be that this enables dieticians with
limited background to understand and evaluate the model and
its activites. Incorporated in an intecative system similar
to Balintfy's, it cannot and does not profess to reach an
optimal solution, but rather to provide recipe information
and some decision rules regarding item selection on a trial
and error basis. This approach and reasoning puts this system
in an entirely different category from those previously de-
scribed in that its treatment is strictly logical.

As previously stated, Professor Casbergue's use of the
Tulane Facility is based primarily on its use as a teaching
device for student dieticians. Professor Casbergue views
the concept of menu-planning as centered around the recipe as
the basic building block from which @1l information and menu-
planning procedures are based. 1Jsing individual portion
menus, he points out that less waste will be generated by
over-production when the expected number of portions is not
an integral multiple of somz stan”ard recipe portion size.
Further, data collected fi-om the field on the amount of
waste incurred (the difference between raw, edible and
consumed food volumes), can be used as a measure of control
over the requisitioning and preparation procedures, as well
as a measure of preference.




Other universities have been investigating other areas
of computer applicability to the food service functions.
The Kansas State University Department of Institutional
Management has started a pilot study of computer-planned menus
for their resideace halls. Emphasis has been placed on such
elusive factors as color, shape, texture and flavor. In the
future, it is expected that labor costs and equipment factors
will be includec. The University of Missouri Medical Center, the
Pennsylvania State University Institution for Food Research and
Services, and the University of Wisconsin Department of Foods
and Nutrition are mainly applying ccmputers to the inventory,
production and accounting functions of food service. In ad-
dition, the University of Wisconsin is applying computers to
maximize the utilization of cafeteria and personnel and to
balance seating capacity and consumer waiting time. Finally,
the University of Massachusetts has applied the method of
computer predictions to estimating the number of students
expected in the dining halls for each meal throughout the

school year.

Outside of the university environment, the only work
being done on the development of a computer-assisted menu-
planning function has been implemented by the Veteran's
Administration. Incorporating a food service function into a
number of its hospitals throughout the country, the V.A. has
adopted the basic idea of using a recipe and ingredient file
to produce an optimal selection of recipes chosen for optimal
preference for a continuous 28-day period. The model formulated
incorporates many of the features used by Doctor Balintfy,
such as preference, frequency of service ranges, nutritive
requirements and budgetary controls, but does not attempt to
produce an actual menu plan. Instead, the V.A.'s computer
model generates a list of recipes to be served with the cor-
responding number of times within the 28-day period it is to
be served, but without attempting to combine these into a
sequential menu plan. This frequency of service chart is then
used by trained dieticians who manually combine the selected
recipes into an ordered menu plen. It was felt by Miss
Brisbane that the subtle considerations required to structure
an actual menu are beyond the present capability of computers.
However, this recipe selection process is only part of a
larger system which incorporates the selected recipe list into
an inventory control and requisitioning formation. Based on
the selected recipes and their ingredients together with such
information as the hospital's census, requisitions of in-
gredients are automatically obtained.




Some novel ideas have been included in the systen.
Selection is made for a basic diet and several modified diets
which comprise the bulk of the feeding function. Using these
computer-generated lists as a starting point, manual modifi-
cations are made to suit the individual requirements of special
patients. In addition, the computer model is used to generate
a solution based on optimal preference or minimal cost. The
latter is designed to indicate how using preference as the ob-
jective function has tempered the selection of the minimal
cost solution, providing information useful for substitution

sziection.

It is interesting to note that the system has been in-
stalled in a number of hospitals, all with a great Jeal of
success. Furthermore, the selection model uses a svandard
linear programming computer program (M-3, written by Standard
0il of California) without recourse to experimental models
such as developed by Balintfy. This has the obvious ad-
vantage of not requiring the V.A. to incur the costs of de-
veloping an experimental system, while it has the disadvantages

of preventing full use of the data base available as demonstrated

by experiments reported at Tulane. Without the interactive
nature of a system such as d=veloped at Tulane, the dietician
does not have ready access to the data needed to combine the
selected recipes into a cohesive food plan. Moreover, the
dieticians' individual decisions can not he quickly evaluated
to aid in subsequent decisions. 0n the other hand, the V.A.'s
effort is particularly notewcrthy in that it is not a research
effort, but an outstanding example of a feasi'le solution to
an obviously complex problem.

B. Military

In contrast to the research efforts of the aforementioned
universities, the U.S. Military's use of computers in the
food service area has been tempered by the need to provide
immediate assistance to the most difficult task of relieving
some of the computational and clerical operations in the
reporting phase of the menu-planning function. Thus at this
point in time, the military's efforts have been limited to the
accounting and reporting functions which are ancillary to
experimental systems described earlier. In essence however,
much of the preliminary work has been cone in compiling and
coding the master menu file and an ingredient file.
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As outlined by Mrs. Gotschall's presentation at the
Symposium, the Air Force's involvement with computers centers
around its ability to retrieve data from several master files
in compiling a wide variety of management documents including
cost analysis, nutrient analysis and ration factor analysis
for each of the 25 separate requisitioning agencies.

The U.S. Army Food Service Center Office in Chicago has
a similar limited computerized food service facility. llsing
a Univac 1005 Card Processor, the facility's principle objec-
tive was designed to expedite the preparation of two basic
documents generated from the Annual Food Plan; the Master Menu
and the Recapitulation. This facility is very similar in
purpose and complexity to the facility used by the U.S. Air
Force. The principle purpose of this capability is to reduce
the amount of manual clerical effort necessary in producing
these documents by having the computer extract pertinent informa-
tion from the various master files, and combining them into
usable forms in a manner consistent with formerly used manual
procedures.

Undoubtedly tho mest comprehensive food service system
currently being undertaken by anyone is that proposed by
Captain Jane Sager of the Walter Reed General Hospital in
Washingten, D.C. Although still in its infancy, the plan being
pursued by the Production and Service Branch of the Hospital's
Food Service Division contains the essential features of a
total Food Service Information Svstem. The approach that has
been taken is to divide the project into three phases directed
toward a single goal. The first phase, concerned with recipe
expansion, uses a manually prepared menu and produces informa-
tion necessary to provide a basis for food ordering and the
development of a perpetual inventory system. The second phase
is a rather ambitious effort to tie together the remainder of
the total system exclusive of the actual menu-planning func-
tion. Labor costing, work scheduling, nutritional analysis
and an equipment information syvstem are included. These two
phases center around the Master Recipe File and a manually
prepared menu which is similar, but more expanded than the
U.S. Army and Air Force's primary data hase.

The third phase of the project will consist of the inclu-
sion of a selective menu-planning function. Details of what
is being planned are not available, but it appears that it will
include an interactive capability similar to what has been
developed at the Iniversity of Florida.

10




Using an overall integrated plan or goal, the Food
Service Division of Walter Reed General Hospital has segmented
and begun implementation of three distinct phases of the
planned food service information system in a logical order
based on the immediate and most pressing need. The rationale
for the order of implementaiion is based on the immediate
effectiveness of reducing the clerical task surrounding the
manually prepared menu. Since the cyclic rate of these menus
requires that a new one he prepared at most three times a year, i
the computerized menu-planning capability has been postponed '
pending completion of the more effective areas of computeriza-
tion.

A bR

In summary, the military's use of computers in the food
service function is initially geared towards reducing the
clerical operations surrounding the manually prepared menu,
and plans have been formulated in one instance for expanding
this capability to provide an overall integrated system span-
ning the food service function.
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ITII. APPLICABILITY OF ON-GOING DEVELOPMENT

A. System Model

The present system is divided into three main functions
as shown in Figure 1 on the following page. These functions
are: Planning which develops food plans for supply and menus
which it passes on to service, Supply purchases and distributes
foods in accordance with the food plan and,Service which
prepares the food in line with the menus and feeds the troops.
Information is also returned from supply and service to plan-
ning. This. includes preference data, menu approval, prices
and availability.

For purposes of this study,two ba. lc restraints will be
imposed. The first restraint is that the supply function will
continue to be performed by DPSC and this subsystem will be
treated as a"black box” Secondly. the overall system is and
will continve to be a plan-based deterministic system as
opposed to a demand-based stochastic system. The plan-based
system is one in which the plan is made and supply and service
follow the plan. whereas a demnand-based system has no plan,-
so that supply and service must anticipate and be able to
respond to the random demands of consumers. Although these
overall economic and organizational considerations should be o
an object of analysis, they are beyond the scope of the present
study whose major concern is with the planning and servicing
functions of the system. o

Although the question of whether or not the system should
be a plan-based system is not the consideration of the study,
some of the consequences of its being a plan-based system are
of interest. In an idealized steady-state environment,the plan
system could theoreticaliy work without any inventory at all,
i.e., planning decides well in advance what food is going to
be consumed. Service purchases and has delivered at the
proper date the required food, and service feeds it. In a
demand-based system an inventory is required because of the
randomness of the demand. 0On the other hand., the wecakness of
the plan-based system is that it does not have an inherent
mechanism for responding to changes as does the demand-basert
system which is predicated on randomness or change. T'lexibility

12
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and speed in responding to changes or variations is therefore
an important re-irement of a plan-based system, and is an
area in which cc¢: - ter applications are most promising.
Another consequenct of using a plan-based system is that the
supply function is not as interconnected with the other sub-
systems as would be the case in a demand-based system. Con-
sequently, treating the supply function as a "black box" does
not necessarily introduce the inefficiences sometimes associated
with optimizing subsystems independently of one another.
Planning also enables DPSC to purchase seasonally or on a
long term basis. This is a unique feature of the DoD system
as opposed to other menu-planning systems, e.g., hospitals
and the like.

In the following sections, a logical model of the food
service system is developed. This is not a proposed system
nor js it considered a definitive system. 1Its purpose is to
form a framework for discussing the applicability of ongoing
research to the needs of DoD. Capabilities to be expected of
a modern food service system are also outlined so that the
relevance of current research can be addressed to these con-
siderations. Again, the considerations enumerated are not to
be thought of as an exhaustive list or as specifications for
a proposed model.

Planning Subsystem - Capabilities

Because of the environment in which the planning sub-
system operates, it is required to respond to most of the
randomness and diversity to which the overall system is
subjected. Therefore, the salient features of a planning
system must be speed and flexibility. Outlined below are
some of the capabilities which could be incorporated into a
system. These capabilities are all by-products of the primary
requirement that the system have speed and flexibility.

1. It would be desirable to tailor food and menu plans
to particular needs or circumstances, thus servicing
necds more efficiently. In order to do this, plans
could be prepared for various classifications.

Among those classifications considered, might be
"theater of operation," as is done now by the Air
Force; facility size: refrigeration capacity per unit,
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and physical activity levels of base personnel.
Since troops in boot camp require meals considerably
different from those served to a regular guard
company, the last case would provide for meeting
those special requireinents. Ships could also be
considered, and the various classes of vessels could
be typed to reflect differing storage capacities,
cooking facilities, etc. The foregoing are only
some of the considerations which could be used to
classify facilities. It should be noted that the
classes mentioned are not mutually exclusive and
therefore the number of possible combinations may be
quite large.

The flexibility required to optimally determine at
the last minute how much of a commodity should be
purchased would be highly desirable. This capability
would allow the food service to perform their func-
tion in a more efficient manner than the current
system where the entire food plan lead time is based
upon the maximum commodity lead time and the lead
time for the most distant theater of operation. In

a flexible system, simultaneous decisions could
perhaps be made for beef to be delivered to NATO in
twelve months, beef to be delivered in the continental
United States within six months, apples for NATO in
eight months,and apples for the continental United
States in three months. Decisions that are made,
such as beef I[or NATO twelve months hence,would be
recorded by the system. Subsequent decisions wouid
take into account the fact that beef had already been
ordered for that time period. 1In this way, a more or
less continuous re-evaluation of a food plan would
take place with purchases being made only when re-
quired and with full knowledge of what had already
been purchased. Continuing this process until the
last item is decided upon would produce a food plan
for a short period of time, e.g., a month. The
monthly food plan may then be developed into a menu
plan. Note that such a food plan would be developed
for NATO perhaps six months before serving because
the last item must be purchased with a long lezd time
for shipping. It should also be noted that such an
operation involves developing many tentative food
plans before the final one is decided upcn, and thisg
must be done for the various theaters of operation
and other classifications.

15
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3. A system should be capable of responding quickly and
easily to changes required due to local or unusual
circumstances. For as mentioned previously, one of
the fundamental characteristics of a planned system
is that it does not have the inherent capability of
responding to changes; it therefore requires speed
and flexibility in planning.

4. Among the less tangible but nevertheless important
capabilities required of a system is the ability to
point out which restrictions are constraining solutions,
and the sbility to retrieve data from the field.

Formal and automatic methods of data retrieval from
the field will aid in the performance of medical
experiments and experiments conducted to test the
acceptability of new products. Such data from the
field will also aid in establishing preferences for
use in developing non-wasteful, selective menu plans.

Planning Subsystem - Model

The planning subsystem and its relationship to its en-
vironment are shown on Figure 2 on the next page. Central to
this subsystem is its data base, which includes the following
information:

1. Recipe File

Title

Weight

Color

Texture

Identification-Menu Course/Course Type/Basic
Ingredient/Ingredient Sub-class

Portion Size

Minimum Batch Size

Ingredient Names

Ingredient Amounts (Raw)

Ingredient Amounts (Edible)

Preparation Procedures

Preparation Time

Equipment Needs

Frequency Rating Limits

Preferer.ce
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Labor Cost for Preparation (this will become a factor
because of Project PRIME).

Factor Relating Preference of Menus and Combinations
for Selective Menus.

Prepared Factor®

2. Ingredient File

Name

Price Per Unit

Weight Per Unit

Unit of Issue

Shelf Life

Storage Requirements
Nutrients After Preparation
Percentage Lost in Preparation
Refuse Forecast
Availability

Source

Storage Volume

The data base must be maintained so that it will contain
the latest information. This maintenance function will require
feedback from service which will include data as to preparation
time in the kitchen and preference data. Preference data may
partially be arrived at by garbage measurements, but in the
case of selective menus other measurements may be required,
e.g., when two items are served in competition and one item
completely runs out, then probably the other item will be
served to the remaining people. Measurements of waste will
not show the preference, therefore data regarding the runout
point may have to be recorded and returned. This and related
data will be reduced and used to update the data base. New
medical data and new recipes should also be put into the data
base when required.

*This factor is used to determine whether or not an item is
prepared during serving or before serving, e.g., eggs are
prepared during serving, and if not selected,the unused eggs
would be returned to storage. However, an item which had to
be prepared in advance of serving would be wasted if unused.
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Using the data base, food plans may be prepared. In order
to perform this function, the food plan subsystem requires
feedback from the supply system of actual prices, predicted
prices and availability of commodities. For overseas opera-
tions, factors or constraints may be supplied which can he
combined with the volume of menus so that considerations of
transportation and/or storage may be entered. Supply will
also determine groupings which are meaningful from a supply
point of view, e.g., which areas are to be included in a
theater of operation.

With this information, food plans may be generated;
however, if it is desirable to have a continuous food planning
system (such as described previously), then supply must also
feed-back information regarding "lead time." The lead time
may be a function of commodity, theater of operation and time of
year. Continuous food plans may then be generated to the
supply subsystem that contain information as to what is to be
purchased consistent with the required lead times. Also, when
all the items have been ordered for a particular class of bases,
then the monthly food plan is submitted to the menu-planning
function. It coculd be submitted earlier in order to give the
field time to respond with comments.

The menu-planning function uses the monthly food plan and
information on the data base to prepare the menu for the par-
ticular class, and distributes this to the pertinent service
bases. It may also get feedback from the field as to the
changes requested in the menu.

Menu-planning could serve in a slightly different manner,
i.e., it could be used as the last stage of food planning. In
such a mode of operation the food plan would be developed for
all long lead-time items, but the final food plan would be
developed on a menu basis. This would insure that the recipe
selected could always be put into a set of menus for the month.
This mode of operation would also enhance the ease with which
menu plans could be sent to the field and returned with comments
before the final menu plan is developed

Service Subsystem-Capabilities

The service function (or base kitchen) contains within
itself most of the functions of a complete business system.
It has inventory control, consumer demand forecasting, cost
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reporting and production scheduling and control subsystems.
Although these systems are very complex, they are in some
cases so small that rule of thumb performance may be suf-
ficient. t is also to be noted that the requirements of sub-
systems can vary greatly between bases. As an example, the
inventory considerations on a vessel are considerable, whereas
for a land base near a DPSC warehouse the inventory problem
may be trivial. On the other hand, a ship at sea does not
have a great problem in predicting census, whereas this may
not be true for a land base. TFor these reasons, it is desire-
able that a base level system have a degree of modularity
which could be implemented at various levels of sophistication
d=pending upon the individual subsystem requirements within a
particular base, e.g., a subsystem for menu modification could
vary from a system which would have the capability of calculat-
ing the cost and nutrient values of a proposed menu, to a more
complex system which could aid in the optimization of menu
selections.

Service Subsystem-Model

Figure 3 on the following page shows a Model of the Service
Subsystem. Information from the planning subsystem in the
form of a menu plan is input to the service subsystem. Within
this subsystem, the menu is first operated on by the menu
modification function. The menu is modified to take advantage
of local conditions and prices. Menu modification is performed
using the recipe data base in order to insure that cost and
nutrient requirements are met. Finalized menus are passed on
to the operations function.

The operations function controls most ¢f the other functions
within the service subsystem. In order to pevform this control,
it requires predictions as to attendance and »references. The
operation function alsn requires data from the data hase,
particularly with respect to preparation time, cooling in-
structions, resource requirements and resovrce availability.

With this data. operaticns develops performance and scheduling
requirements for the subfunctions of inventory control, cooking
and feeding as follows:

1. Inventory control receives from operations information
regarding the amount of food required during a specified
period of time, and a schedule as to when these foods
are to be delivered to the pre-precaration room.
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Given these requirements, inventory conteol must
consult the base warehouse inventory and requisition
from DPSC or local merchants the foods required.
Inventory control keeps the appropriate accounting
records and if the food is stored for a long dura-
tion (as is the case with a ship), shelf life and
other warehousing problems must be considered. 1In
accordance with the schedule developed by operations,
inventory control delivers to the pre-preparation
room the foods required.

2. The operations function produces a schedule for use
within the pre-preparation room which will insure
that the proper ingredients are ready for cooking
when the kitchen requires them. In order to do this,
the operations function takes into consideration the
resources of laber and material which are available
in the pre-preparation room.

3. The "cook-and-feed-function" receives from the opera-
tions function schedules and resources to be used
Ffor the preparation and serving of each recipe. These
instructions could be no more than a list of ingredients
and the time required, or they could include batch
sizes, pots and other utensils, labor skills and the
time required for the various phases of recipe pre-
paration.

The base level services system is required to gather data
for feedback to the planning subsystem and to the predictive
functions on the base itself. Information is gathered on the
actual use and preferences displayed at each feeding. Actual
use data can be attained from waste measurements. However,
this will not necessarily pinpoint preferences in selective
menus. To ascertain preferences in selective menus, factors
such as run-cut time of competing items on the menu may have
to be retained. Data regarding the actual time irequired to
cook and serve items, and the labor invol °d in this process,
must be measured in order to develop more accurate data for
the recipe data base. The data cathered by this function can
also be used as labor cost data for input to the base management
information system.

Attendance and preference predictions must be made for
input to operations. The attendance prediction is entirely a
localized function, an’ the preference prediction made on a
national level may need to take local tastes into account.
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B. Coiparative Evaluation

Comparative evaluation of on-going developments as to
their applicability to the system model divides itself into
two major areas--planning and service. Most of these develop-
ments at universities and in hospitals are applicable to one
phase or another of the system model, and indeed, most of the
functions within the system model have been the object of de-
velopment in one or another of the on-going systems.

Planning Subsystem

Most of the on-going developments pertinent to the plan-
ning functions have taken place at The Veterans Administration
and at the Universities of Tulane, Florida and Ohio State,
and the Carnegie Institute of Technology. All of these systems
have data bases similiar to the recipe data base enumerated in
the model. Using these data bases, they try by one means or
another to arrive at a near-optimal selection of foods which
meet dietary and other restraints. The work of the universities
is directed primarily at computer-assisted menu-planning,
whereas the Veterans Administration's computer usage is directed
at developing a food plan which is then put into menus by
dieticians without computer assistance. The work of the V.A.
is quite pertinent to the food planning function in the system
model, whereas the work at the universities is applicable to
the menu-planning function in the system model.

With minor modification, the linear programming system
used by the V.A. would be directly applicable to the food plan-
ning function in the system model. The primary purpose of the
V.A. system, as would be the purpose of the food planning func-
tion, is to decide on what food needs to be purchased and to
give this information to the supply function in sufficient time.
In order to do this, the V.A. uses a data base similar to the
recipe data base in the model. It also receives feedback from
the supply function as to current or predicted prices and
availability. With this information,and using a large linear
programming system, the V.A. is able to develop a food plan
with a duration of approximately 28 days which will commence
approximately 4 months after calculation. This type of system
could be used with very little modification to give food plans
gor various theatres of operation and other classifications of

ases.
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One of the major differences between the V.A. system and
the continuous food plan which DoD may wish to use is that the
V.A. lead time is a constant for all commodities, whereas the
continuous food plan allows for varying lead times.

The generalized nature of the linear programming system
which the V.A. uses lends itself quite easily to the process
envisioned in the continuous food plan. After a group of
commodities has been selected fci- a particular food plan,
this information can be fed back for use in later calculations.
The information could be returned in the form of constraints
which would require that the commodities be used in subsequent
food plans. Alternately, the commodities previously selected
could be assigned a price of zero which would probably ensure
their selection in subsequent food plans. (The 0 price is only
for optimizing purposes. The true price must also be kept so
that the s aximum dollar value of the meal is not exceeded). Thus,
although some additional information handling will have to be
developed if DoD uses continuous food planning, the basic V.A.
system 1s nevertheless applicable.

The work of the universities has involved making menu plans
from which food plans are subsequently developed. This process
is the opposite of that envisioned in the model. Nevertheless,
there is a need in the model for computer-assisted menu-planning
which would aid the dieticians in selecting menus which do not
violate restraints; e.g., nutritional, cost, frequency, and
preparation time. The programs developed by the universities
could be used to do this. However, the facilities for selecting
optimal menus would not be used, since the selection will have
already been made by the food planning function.

In an alternate method of using the model, the menu-planning
function can be the last stage of food planning. Here, the food
planning function decides on all of the long lead-time items and
this information is inputted to the menu-planning function which
would select the short lead-time items and make menus for the
month. The menus thus selected comprise a final food plan. This
latter method of operation would allow for the menu functions to
develop a menu plan which could be checked and commented on by
the field.

If the menu function in the system model is used to develop
the final food plan, then all of the capabilities which have
been built into the universities' menu-planning systems would
be of use since final optimization would take place in the menu-
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planning function. Because most of the selections would be
performed in the food planning function, the precisfon with
which optimization takes place in the menu-planning section
would not be critical and therefore good approximation such
as the modified integer solutions developed at Tulane would

be most useful. The work at the University of Florida on
selective menus is most pertinent because selective menus
promise to meet preference requirements to a much higher degree
than standard menus would. However, the development of non-
wasteful, selective menus requires considerable time from
dieticians. Presently, the dietician's time is not a critical
factor, but with the envisioned use of the model, there would
be hundreds of menus to be planned.

Service Subsystem

The process of menu modification on the base level makes
use of the same computer techniques as does the process of
menu preparation in the planning system. Therefore, the com-
puter applications in menu-planning developed at the universities
will be applicable. Much of the optimization capability in
these programs will be unused.

Within the service subsystem there is a requirement for
predicting attendance and preferences. At the University of
Massachusetts, mathematical models have been developed to
perform these predictions.

In the service subsystem,the function of operations and
all of the functions controlled by operations, e.g., inventory
control, pre-preparation, cooking and feeding, comprise a pro-
duction operation which has been extensively studied by Captain
Sager of the Army Hospital Food Service. The first two phases
of Captain Sager's developments, the recipe expansion function
and the scheduling and resource allocation within the kitchen,
are most applicable to these subsystems. Captain Sager has
left menu planning to a third and last phase of development.
The total system praqposed by Captain Sager, when implemented,
would be a completely integrated and comprehensive service
system.

Thus, all of the functions outlined in the model are being
implemented by one or another of tte researchers mentioned.

25

-

[




IV. AREAS REQUIRING FURTHER TECHNOLOGICAL DEVELOPMENT

In reviewing the areas of applicability of on-going re-
search coupled with other well-defined computer techniques,
the conclusion can be drawn that there are no important tech-
nological problems imgeding the development of a fully inte-
grated food service information system. There is no question
that a system such as has been described here and in the
literature can be implemented leading to drastic improvements
in lead time, cost, overall performance and flexibility without
further technological developments.

However., when such a system is to be used in the context
of the needs of the armed forces, technological problems de-
velop whick are distinct from the application, but common
to every large-scale system. All of the research and develop-
ment activities which have been undertaken in the area of food
service information systems have limited their area of in-
fluence to relatively small consumer populations such as found
in hospitals or schools. No one research activity has imple-
mented a single system containing all or even most aspects of
a comprehensive food service information system. To expand
the area of influence to the proportions of the armed forces,
and to envision a comprehensive system in this environment,
introduces a change of scale of many orders of magnitude and
complexity which alters the emphasis of the problem to one of
sheer size.

Dr. Buck,in one of the working sessions, described a large- .
scale computerized information system which would be tailored
to the needs of a food service applicatiorn and stated that it
was already feasible! Althouszh conceptually the system is
feasible, no such system has ever been implemented. With the
present state of computer technology, the cost of the memory
and communicating equipment that would be “equired is prohibitive.
Furthermore. the vreliability and responsiveness that can be
expected from such a system would be well below those required
of the application. Recent efforts by IBM and other major
manufacturers in developing large-scale interactive systems
indicate that progress in these areas will continue to he slow
and costly without major breakthroughs in system performance.
It remains to be scen, based on the scope and depth of the DoD's
intentions in this area, whether a computerized food service
information system is feasible.
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In implementing a workable computerized menu-planning
function, the mathematical techniques employed in on-going
developments require supplementary man-machine interactive
adjustments in order to achieve a truly palatable menu.

Miss Brisbane defended her manual menu-planning procedure
with the argument that the state-of-the-art had not advanced
to the point where the subtleties of taste and overall pref-
erence could be included in any mathematical model. Further,
Dr. Balintfy has stated that "it is not necessarily true that
the preferences for individual menu items are additive."
These opinions imply that the underlying judgement of the
relative preference of an entire menu plan is considerably
more subjective than the use of individual preferences makes
possible. Before substantial improvements can be made in the
generation of computerized menu plans without substantial as-
sistance from a dietician, the codification and evaluation of
factors such as color, texture and prefer nce will have to be
developed and incorporated into a mathematical algorithm.
Moreover, the combinatorial effects of these and other factors,
and procedures to handle them must be developed in order to
provide a generally acceptable menu planning capability re-
quiring minimum intervention. Finally, in adapting current
planning research efforts to the use of the armed forces,
modifications will have to be made to provide for logistic
considerations such as the factors influencing the use of
carcass meats cited by Miss Bollman.

The on-going research efforts have centered their attention
around the use of linear programming as the mathematical model
of the menu-planning function. Because of its well-defined
nature and the availability of existing computer programs,
many assumptions and approximations have been made in formulat-
ing the model to fit the technique. Aside from the afore-
mentioned considerations of comb inatorial preference considera-
tions and logistics factors, several other factors can be cited
as contributing to sub-optimal rather than truly optimal
solutions. One of these involves the implementation of the
frequency limit constraints, Balintfy's model prohibits the
use of a menu item if its use would violate the minimum interval
restriction. It appears that a more efficient and optimal
method of handling this constraint could and should be found
without regard for the constraints imposed on the model by the
linear programming technique. 1In addition, current research
efforts optimize on an individual or daily basis. This again
is a restriction that is imposed by the linear programming
technique. Only through further investigation can it be
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determined whether improving this form of sub-optimization
is worth the price of increased model complexity.

With these considerations in mind, it appears that the
mathematical linear programming model used in current re-
search may not be adequate in providing a competent menu-
planning capability without substantial human adjustments.
Research is needed in this area to develop a more sophisticated
mathematical model capable of handling the considerations
deemed necessary for palatable menu-plan formulation. This
may result in a model for which there is no known solution,
requiring further efforts in either formulating its solution
or evaluating various methods of simplification. Even if a
method of solution is known or can be developed, it remains
to be seen whether its computer solution is feasible since it
may require excessive amounts of computer time or computer
memory, making it either totally unusable or prohibitively
expensive.

The expansion of existing mathematical techniques is
intended to increase effective optimization and reduce the
number of manual interactive adjustments required. As stated
earlier, most of the complex factors can be handled without
incorporating them directly into the mathematical model by
the use of an interactive adjustment procedure such as Balintfy's,
which supplements the computer's solution with a dietician's
judgement. However, as research at Tulane has indicated,
increased human interverntion decreases optimization so that,
in gen2ral, the simplifications embodied in current mathematical
models result in a twofold reduction in optimization. It
seems, therefore, that a totally different approach from the
one requiring extensive revision to present models could be
developed, taking advantage of the very interactions that the
revisions are attempting to reduce. It seems desirable, there-
fore, to allow these interactive modifications between dietitian
and computer to influence future computer-developed menus by
the dynamic formulation of generalizations and selection criteria
within the computer, as displayed by the pattern of these
interactions. Although "learning models" such as this are
well beyond the current state-of-the-art, there is no doubt
that they offer a most promising future in computer applications
requiring logical influences based on experience in the
exercise of human judgement.
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Ladies and Gentlemen, Good Morning ---

By taking your time to come to this conference to explore
Computer Procedures for Menu Planning and Recipe Service,
you demonstrate your interest in this new approach to planning
for group feeding for all the Armed Forces. 1 especially want
to thank those who have come from universities and non-military
government agencies for so generously giving of their time and
knowledge to assist our study.

The potential applications of menu planning by computer
are sufficiently well known to require only emphasis. These
applications include not only long-term planning of master
menus, but also rapid responses to changes in availability,
costs or requirements. Comparative evaluations of different
menu plans based upon user-specified requirements, and tests
of the effects of the introduction of new, experimental ration
items into the feeding system will also become possible.
Machine planned menus can be designed to interface directly
into EDP systems for scheduling procurement and issue and for
inventory contrcl. Undoubtedly, other applications will be
suggested by your comments during the course of this conference.

At least five henefits are expected to result from these
applications. These include:

1) More rapid accomplishment of the planning cycle with
consequent reduction in lead time.

2) Increased flexibi'ity in planning.

3) Increased ability to vary requirements or to alter
plans to meet new requiremnents.

4} Expansimn of planning criteria to include f{actors
now too difficult to use in manual planning. And

5) Especially, the eliminaticn »f routine manual effort
in all phases of menu planning and recipe service.
This will free our professional dietitians so that
they may perform other important professional tasks.

Certain assumptions, although not essential to the de-

velopment of a complete system for military use, should underlie
cur discussions. Our primary concern is large-group feeding
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with standard menus. The significant problems associated
with feeding in aircraft, smaller ships, or mobile units in
land combat will not be ignored, but rather deferred to a
second-generation development. Second, the over-all require-
ments, procurement, recipes, and monetary allowances will be
the same for all services. Working groups reporting to my
office are now studying this area, anc realization of the
goal is expected soon. Third, existing EDP procedures within
military food service organizations will be integrated into
any new system to the maximum possible extent. Finally,
current regulations will have to be considered applicable
until they are changed.

The purposes of our discussions are five:

1) To determine what the users expect of a system.

2) To determine the requirements of the menus to be
planned.

3) To discover what input information is needed, what
is presently available, and what reliability will
be necessary.

4) To establish the status of existing EDP procedures
and the extent to which compatibility between them
and a planning system can be maintained.

5) To begin, if possible, the modeling of a system to
fulfill these needs.

To accomplish these purposes we shall have formal pre-
sentations, followed by informal discussions. The presenta-
tions are intended to set the stage by depicting the rules
under which we must operate, some of our accomplishments, and
some of our expectations. In your discussion, you will
explore these areas in greater depth to insure that all
pertinent points of view are noted.

To assist in these explorations, we have with us Mr.
Roger Baust and Mr. Michael Hopper of Adams Associates Inc.,
who have been engaged to participate in the discussions, to
direct questions to insure that. all needed information is
brought to light, and, more importantly, to discover the gaps,
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