o eomencement of the design, ne less than a two-month
~course in the fundamentals of electronic computers and
. their programuming. The groups from the administrations
© ghould be under dual subordination, one line to the ad-
ministration and ouve line to the chief of the design group.
Such an organization of effort will ensure the preparation
- of problems that arc of actual worth to the sovnarkhoz.

. The first part of the design should be to agree upon a
- concrete list of problews that ean be solved on the com-
- puter with satisfactory elliciency. This will be a type of
~information moedel for the computer center.

The second part of work should be the formulation of a
~technical design. "T'hig will depend entirely upon the results
~of the applications prepared. In saccordance with the
~ characteristics of the “‘raw material” (e.g. the volume of
»data, the type of problems proposed for solution, the
~ distribution of these throughout the course of the year),
“it will be necessary to choose the computer required, the
~type of arrangement of individual blocks, the means of
“eommunieations and the physical plant.

Finally, it will be necessary to study the influence of
~'the computation center on the work and strueture of the
“apparatus of the sovnarkhoz. It will be necessary to insure,
“from the very beginning, a close and practical contact
- between these two.

. Tt would be advisable to include all of this in a concrete
_organizational plan for carrying out the design work.
"_' This plan should be controlled directly by the top man-

agement of the sovnarkhoz. The creation of a computer
center is 1ot an ephemeral problem that ean be delegated
indiscriminately; it is one of the fundamental responsi-
bilities of the top managers of the sovnarkhoz or enter-
prise.

At the present time, unfortunately, there is no unified
plan for accomplishing the task of management auto-
mation; and such a plan is acutely needed. It is extremely
important to determine, furthermore, the particular -
implementors of that plan who would direct this sort of
work on a state-wide scale. In addition to the All-Union
Institute of the Organization and Technology of Manage-
ment in Minsk, it is necessary, in our opinion, to create
similar institutes in a serles of large economic regions.
In these, design efforts should be carried out, and the
institutes should have the responsibility for implementing
their recommendations. 1t would be advisable to create
(more accurately to recreate) the journal, Technology of
M anagement, for the exchange of opinion. (Incidentally,
such a thing would help to overcome the kind of sensa-
fional publicity on computers that occasionally appears
in the popular press and which disorients readers.)

Electronies is a powerful fool, but it demands deep
knowledge, great rtesearch effort, and state leadership
and control.

TRawsLaTED FROM THE Russiaxy By R. W. Jupy, 10 May 1963;

TRANSLATION RECEIVED BY Communicalions of the ACM
EDITOR, NOVEMBEIR, 1963,

?Menu Planning by Computer

“Josepu L. Bavinrry
“Tulane University,* New Orleans, Louisiana

«: A computer code has been developed which plans menus
iby finding minimum cost combinations of menu items such
:fﬁ-thu'r the daily dietary, gastronomic and production require-
“ments can be satisfied for a sequence of days. A fast, special
linteger programming clgorithm is described which approxi-
_mates the theoretical solution to the problem, If necessary,
‘fiqny menuy can be changed online and then post-optimized.
Up to 30 percent saving on food cost is possible. A FOR-
.TRAN program for the IBM 1410 is available on request,
‘A considerable amount of data processing must precede
“the implementation of the system. :

Introduction

.~ Decisions allecting the nutritional qualities and cost
of food service in institutions are made in the form of
enn planning.”” The general objectives of menu plan-
‘ning are recognized as achieving palatable, nutritionally
f:'halanecd and economical diets, that is, satisfying a cor-
i'ﬁain set of simultaneous recuirements for which the deter-
‘mination of eoptimum conditions has long been identified
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85 a linear programming problem [1, 2]. Previous attempts
in the well.known form of “diet problems” generally
omitted the process of food preparation from the con-
ceptions of the models, and therefore failed to become
operational human-diet propesitions.

The ongoing research of the author and his associates
was based on the realization that decisions concerning the
service and consumption of food are made in terms of menu
items and not food items. The term menu item as used
here, is the name of the combination of food ttems (in-
gredients) called [or in the recipe. A menu item is either
monoingredient (such as orange juice) or polyingredient
(such as beef stew). On the menu the menu items are
classified as menw componenlts (such as appetizer, éntree,
ete.). This distinetion seems to be a necessary and suffi-
cient condition to establish the link between the opera-
tional objectives of menu planning and feasible mathe-
matical programming technigues.

Since menu items are prepared from food items accord-
ing to accepted recipes and hence can be regarded as
palatable per se, the objectives of palatability in menu
planning are carried through by imposing formal require-
ments on the structure of menu components and also_ on

This investigation was supported in whole by Public Health
Serviee Research Girant HM 00216-02, from the National Institutes

of Health.
¥ Sehool of Business Administration.
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the variety of menu items within the components. Ionas-
muel as these reguirements are combined with nutri-
tional and cconomic objectives, a new version of the classi-
cal dict problem, the “menu problem™ emerges. The menu
problem is concerned with finding the optinum com-
bination of menu items which satisfies specificd nutri-
tional, struetural and variety requirements for a sequence
of days. The aptimality condition can be the minimization
of cost or maxhmization of some measure of consumer’s
satisfaction, or both. The structural requirements are
the customary array of the components in menus. These
ean be for instance, appetizer, entree, cereal, bread and
beverage for breakfast, and appetizer, entree, starch,
vegetable  salad, dessert, bread and beverage for dinner
and similarly for supper. More or less of these com-
ponents make up the structure of menus depending upon.
the habits and standards of households and institutions.
Finally, the wvariety requircments arc satisfied cither
through selectivity, ie. offering more than one menu
item per component or by restricting the repetition of
items for u number of days or by the combination of hoth
procedures (cafeteria system).

Though several linear and nonlinear programming
models can be and have been constructed for different
menu problems, diseussion in this paper will be limited to
the solution of the simplest type of institutional menu
planning problen. This is the problem of planning non-
selective menus for a specified number of days which
satisfy at minimum cost the dally dietary requirements
and u desired degree of varicty. It has been found that
event with these relatively simple conditions the menu
problermn poses excessive computational work on compu-
ters with standard mathematical prograroming codes.
After some experimentation a short and fast computer
algorithm was developed for the programming of menu
planning which is deseribed below.

Dietary Information Processing

The solution of any menu preblem on a eomputer must
be preceded with the acquisition of data on items being
considered for the menus. A short description of the cor-
responding data processing work as it was done on the
author’s project is outlined here.

Several hundred menu itemns were numbered and elassi-
fied into mutually exclusive classes of menu components.
Deleting bread and beverage items, 15 components were
used in the experimental menus. Menu items were de-
liberately clussified as either dinner or supper components
to control color and consisteney requirements in their
possible combinations in the menus, The recipes of the
wenu items were “translated” into lists of food numbers
and cuantitics of food m a serving in 100-gm. units. This
list supplied all the information to caleulate the price
(eost) and nutrient eomposition per portion of menu
items, which were subsequently stored on a master tape
13]. The upper part of Figure 1 shows the secheme of data,
processing. A special feature of this prograrm is a fast and
independent subroutine which updates the master tape
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in the event of food price changes. For this purpose disk
storage might be preferred to tapes in actual operations.

Another necessary set of attributes for menu iterns wus
obtained through opinion sampling studies, aimed at the
determination of sornc measure to express preferences for
menu items and variety. It was found that the preference
and the desired frequency of serving of menu items are
correlated closely enough to arrive at palatable menpus
based only on the latter measure [4]. Hence statistics of
frequency ratings were ealeulated and stored on the master
tape for each menu item. These numbers indicate the thne
interval in days for which the same itemn should be re-
stricted from entering in the menus in order to preserve
variety and an implied level of palatability on the menu
plan. This concept of “entry restriction” defines an auto-
generated sequence of varying subsets of menu items
available for consideration cach day once the planning
process it started. Denoting the reciprocal of the fre-
quency rating of menu item j ju class & by fy, the condi-
tion of rotation is satisfied if > 7% /i = fr > L for all k.
An attempt was made to keep fi 22 8.5 for cach class of
items included in the experimental runs.

Summing up, the dietary information processing should
be based on standardized recipes, portion sizes and on the
classification of menu items according to the desired
number and strueture of meny components for meals per
day. After these prerequisites are met, the cost and the
nutrient composition of menu items can be caleulated
and stored. Finally the frequency rating of items is de-
termined and stored along with the other attributes on &
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master record. This record should be updated intor-
mittently due to price or rating changes. In this paper the
frequency rating 18 used as preference indieator bul
only for ifs stmplicity and not from necessity. Additional
direct measures of preference or acceptance as well as
food processing time and capacily data may complete
the records if it is so desired. Similarly, the nine nutrients
adopted in the present program may be extended to a
larger list including, for instance, the essential amino acids,
sodium, fatty acids and so forth,

Mathematical Formulation of the Menu Problem

In conlorwity with the concept of daily dietary re-
guirements [5] the formulation of the menn problem for
one day only will be diseussed. Let us denote the dietary
requirements by the custonmary m-component b-vector,
and the nutrient conmposition per serving of menu items
inclass £ k=1, 2 ---, L) by the Apmatrix, with
¢, denoting the corresponding cost vector, and 3, indi-
cating matrices with units in the kth row and zeros else-
where. With this notation the simplest menu problem
corresponds to the linear programming model (1) in re-
vised simplex [orm where z is to be minimized and each

;l;CL’! o ] (1,[ 0 ] |z ]

e o o - !

\ ! | .
R T e e A =W
U x -

of M) M. |- M, 0 11 |

variable, except the slacks, is bounded by the 0 < o, £ 1
mterval, such that x, = 0, 1. On the right-hand side the
" requirements veetor is partitioned into nutritional re-
quirenients & and “structural” requirements, represented
- by the sum wvector 1, which contains L unit components.
This specification states no more than the stipulation
that the optimum wmenu under consideration in this
. paper should be a minimum cost combination of menu
items such that cach eomponent is represented by one
menu item and the total nutrient content of the menu
for the day is greater than or equal to the nutritional re-
quirements.
- Even moderate size problems of this type lead to a
matrix tableau with a ninimum of 25 rows and 200 col-
Sumng, requiring & new solution every day. The present
-state of art in mixed integer programming would not
-make the applieation of the exact model ceonomically
feasible {6]. Standard L.P. codes, especially with the eus-
tomary two-phase technigue and on moderate size com-
" puters, are also out of the question for the same reason,
~although the regular simplex algorithm itself offers a
“good approximation to the problem. It turns out that
due to the upper bounds most of the nonslack variables in
the solution are integers and on the average less than
one fourth of them are fractions. This algorithm was used
to caleulate reference points for later comparisons (see
Fig. 2). In order to arrive at an efficient computer code for
the menu problent a new approach was needed and was
derived from the spectal structure of the L.P. problem as
represented by (1).
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Any feasible solution to the problem (1) would require
that all the structural constrains are satisfied. If this
solution happens to be in integers for all the L activity
variables, the basis has the following structure:
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since By is the same as B* with only the sign of s’
changed. Here B and ¢, correspond to I columns, one
from each of the & classes of (1) and z. represents the
vector of the nonnegative slack (surplus) variables.

Tt is easy to realize that at least one feasible configura-
tion similar to (2) exists with z = 2z and corresponds to
the optimum mixed integer solution. The approximation
of this optimum can be achieved with great simplification
if basis changes are performed with the preservation of
the structure of By and feasibility, once this form is
reached. In this ease, the criterion for the jth vector enter-
ing the basis is min; (z — ¢;) = minge (ex — o) for
negative differences and the new variable replaces the
old one in the same k-class at the unit level unless this
change violates the feasibility (x, = 0). These iterations
do not require matrix inversion and result in extremely
fast programs. The ond-result of the iterations is always a
feasible solution in integers—except the slack variables—
but it is not always the integer optimum, sinee the cxact
but complicated method of integer programming itera-
tions is deliberately bypassed in favor of speed and sim-
plicity. Experience has shown, however, that exchanging
accuracy for efficlency pays off because the above. de-
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scribed algorithm reaches the optimum integer solution
in the majority of the cases and produces good approxi-
mations in the remaining ones (see Fig. 2).

An important condition of suecess with this method is
finding a proper initial basis in the form of {(2). After some
experimentation it was found that a version of the dual-
simplex algorithm with the lmitation of basis changes
to the unit level provides the best results for this purpose
with a minimumn number of iterations. Tn many eases the
first feasible solution obtained by this method proves to
be the optimum without further iterations.

Computer Program

There are several reagsons why running speed and sim-
plicity should be highly preferred in programming menu
plans on a computer, Maybe the most impartant of them
is the human factor which necessarily remaius in charge
of ultimate judgment and responsibility in considering
menus. Such an irrational and sensitive human trait as
taste will defy eomputer logic for some time to come.
This condition implics that some of the computer opti-
mums will not ncecssarily pass as “optimum. menus,”
in the opinion of some dietary authorities. Though effort
can be made to minimize these occurrences, they never
can be eliminated by programs alone. Consequently, menu
planning on computers must be visualized as a joint man-
machine decision-making activity. The prime importance
is not that the computer can do a better job than 2 human
being in planning menus; what is important is the fact
that a human being, a dietary expert, can use a computer
1o help solve an extremely complex problem; that the
computer results can be accepted, rejected or changed
according to the objectives and standards of any indi-
vidual or institution. These considerations eall for a pro-
gram with the option of online adjustments.! The online
feature in turn limits the allowable time for caleulations
even on small computers to about a minute if it is to be a
routine operation. The program deseribed here works
within this limitation.

The general scheme of the program follows Figure 1,
and is based on the eondition that menu plans are made
for a number of days {usually two or more weeks) ahead
ol time. For menu planning runs, only the updated master
tape is necded and a card-input containing the nutrient
requirernents. The sign of this date may indicate the
type of incquality to be satisfied. The author’s program
was written for an IBM 1410 system (40K) which has
sufficient eapacity to place the upper part of (1) in the
memory from the tape at the beginning of the run. Once
input is provided, the program works in the following
phases,

1. Initial solution: setting the least expensive, nonrestricted
items in cach component elass, k¥ = 1, 2, .., L, to the
upper bounds. This arrangement usually leaves some of the b-
vector requirements unsatisfied (b < 0 for some 97s).

2. Initial Feasille Solution: change of vectors on the upper

! 'The'author is indebted to Dr. Andrew Vazsonyi for first recog-
nizing and suggesting this option.
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bounds following rules similar to the dual simplex algorithm by
observing the requirement thal vectors ure entering the basis at
unit level and are replacing meunu items only within their clagg,
The eriterion for vector a; in class & to enter is

winf (e — car)/Wigik — Goapk) | Gigji > Gy 10 C )] 4)
it :

where 4 18 determined from

be = min(b; | b:<0) )

Change of vectors goes on until all b; are positive and primal feasi.
bility is obtained. The result of these iterations already ie
optimum in many cases.

3. Optimum Feasible Solution: further change of vectors on the
upper bound as long a8 negative differences, min, s(es-¢p) can be
found such that (b + apm — am) = 0, le. the feasibility is not
violated.

4. Online Adjustmeni: the menu ig displayed on the printer as
shown in Figure 3, Through a reactive typewriter, changes can he
made, if needed, by foreing in desircd menu items until the quali-
tative character of the menu is acceptable (like fish on Friday).
Each change is followed by a post-optimization routine through
phases 2 and 3 if the balance of the nutrients was disturbed.

5. Updating Enéry Restricitons: i the menu 1s accepted, the
program marks entry restrictions on the items included in the
menu and caneels restrictions expiring on the following day. The
new menu is calculated {or the next day, starting at phase 1 again,
until planning is terminated.

Results and Conclusions

Fxperimental runs with the use of the above described
menu program were conducted in such a way that an
unbiased comparison between menu plans in general use
and those ealculated by the computer was possible. Figure
2 shows the results of the comparison of raw food cost per
day of menus planned by different techniques. The
average cost of food per day (less the cost of bread and
beverages) was 82.86 cents for a two-week menu cycle in
the hospital selected for the comparative studics. Apply-
ing the decision rules of the integer approximation in
the menu progran, deecreased the food cost to 58.55 cents
per day, equivalent to a 30 percent saving. It is also
worth mentioning that the nutrients were satisfied cach
day by the computer program, while in the hospital menu
plan deficiency was found in some nutrients (calories and
B vitamins) 6 times out of 14 days. Figure 2 also shows
the cost of the initial solution each day {end of phase 1)
and the cost calculated by standard L.P. code. As it
follows from the theory, the L.P. solution in fractions is
always lower n cost than the corresponding optimum
integer solution. The optimum integer solution eould not
be calculated by the exact method, but aceording to
Figure 2 there is no doubt that optimum was reached at
least 10 out of 14 times hy the integer approximation.
In any case the cost differential between the human and
computer techniques is much higher than that of the exact
and approximate solutions, and taking the running time
differential into consideration no economically feasible
substitute for the presented program could be found.

A Fortrax program for the IBM 1410 system is now
operational and available (at Tulane University Bio-
Medieal Computing System), and a similur program. for
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the 1440 system is under consideration. The program can
be easily adjusted to solve a large variety of menu prob-
Jems with different sets of objectives.
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Problems in Automatic Abstracting

H. P. EpMunpson
The Bunker-REamo Corporation, Canoga Park, California

A variety of problems concerning the design dand operation
of an cutomatic abstracting system are discussed. The purpose
is to present a general view of several major problem areas.
No attempt is made to discuss detdils or to indicate preferences
emoeng alternative solutions.

1. Introduction

Since automatic abstracting 18 in its infaney it is felt
that a paper covering the subject as a whole is apt to be
more helpful than one which pleads for a single course of
research. In many ways the present situation in auto-
matic abstracting in the United States is analogous to the
carly days of automatic translation. For example, only
two or three research teams, totaling 12 people, are pres-
ently working on the problem of automatic abstracting,
while a dozen téams with a total staff of some 100 re-
searchers are now studying automatic translation. More-
over, various United States government agencies have
invested several millions of dollars in automatic transla-
tion since 1953, while only several hundred thousand
dolars have been made available for research on auto-
matic abstracting since 1938.

Tn this cxposition the problems of automatic abstracting
are grouped into the following major classes: (1) concep-
tual problems, (2) input problems, (3) computer problems,
(4) output problems, and (5) evaluation problems.

Present systems of automatic abstracting are capable
of producing nothing more than extracts of documents,
i.e. a selection of certain sentences of a document. This is
not to say, however, that future automatic abstracting
systems eannot be conceived in which the computer
generates its own sentences by means of & suitable genera-
tive grammar program. Theoretically there is no linguis-
tic or mechanical reason why such a system could not be
designed and operated. The total system would then con-
sist of a program which operates on the original document
so as to produce an extract which in turn is fed into the
generative grammar portion that then generates its own
sentences using certain of the original sentences as grist
This system is depicted in Figure 1. Such a system, how-
ever, is apt to be costly both in time and money.

Since the creation of a suitable generative grammar
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