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Abstract. It is a problem that dietitians have a shortage of labor and a large
amount of work per person. The work of a dietitian includes menu planning, or-
dering meals, nutritional guidance, etc. Among them, menu planning is an im-
portant work. Menu planning is an advanced work that considers dietitians ad-
justment, safety and economic efficiency based on basic knowledge such as
cooking combination, food combination, appropriate amount for one-person, sea-
soning ratio, cooking method, etc. It is thought that reducing the burden on menu
planning will lead to more efficient work for dietitians. The subjects for which a
dietitian makes a menu plan are classified into managed meals such as those pro-
vided at hospitals and daily meals provided to healthy people in a company caf-
eteria. This paper proposes a menu planning method that meets the requirements
for menu plans for regular meals in the company cafeteria, which has more con-
straints than managed meals and is a complicated problem. The menu planning
is optimized by a DGA (Distributed Genetic Algorithm) using an evaluation
function that expresses the variations in menu orders.

Keywords: Genetic Algorithm * Menu Planning * Information Entropy

1 Introduction

It is a problem that dietitians have a shortage of labor and a large amount of work per
person. The work of a dietitian includes menu planning, ordering meals, nutritional
guidance, etc. Among them, menu planning is an important work. Menu planning is an
advanced work that considers dietitians adjustment, safety and economic efficiency
based on basic knowledge such as cooking combination, food combination, appropriate
amount for one-person, seasoning ratio, cooking method, etc. It is regarded as a
problem that dietitians have a large amount of work per person due to labor shortage
r. It is thought that reducing the burden on menu planning will lead to more efficient
work for dietitians.



The subjects for which a dietitian makes a menu plan are classified into managed
meals 21 such as those provided at hospitals and daily meals 37 provided to healthy
people in a company cafeteria. Table 1 shows the requirements for preparing menus for
managed meals and daily meals.

Table 1. Menu planning requirements for managed meals and daily meals

Managed meals | Daily meals
Diversity of dishes Considering the variety of dishes and the order of
serving so that the eaters will not get bored
Nutrition Adjusted based on Adjusted based on the

dietary intake standards | standards set for each
business establishment

Ingredient cost Considering of keeping | Considering by cost rate
within a limited budget
Menu style Considering the Considering many kinds
combination of one of dishes for one meal
meal

This study focuses on menu planning for daily meals in a company cafeteria. As shown
in Table 1, menu planning for daily meals is a more complex problem structure with
more constraints than managed meals.

Four decades ago, the need for computer-based methods for menu planning was
recognized. In 1964, Balintfys;applied linear programming techniques to build the first
computer-based menu planner, which optimized menus for nutritional adequacy and
budgeted food cost. Subsequently, menu planning methods using random sampling
techniques (5, interactive (s) and evolutionary computation (7] were proposed. In this re-
search, which has a complex problem structure with many constraints, a menu planning
method using GA (Genetic Algorithm) has been proposed (s, which is an algorithm that
only requires information to determine the degree of adaptation to a given environment
and requires little information about the nature of the problem to be solved, such as a
mathematical model.By expanding the method of the previous study (s), the developed
menu planning method is suggested that takes into account the variation in the
characteristics of dishes in consecutive days, the variation in the characteristics of
dishes in the same category provided on the same day, the event menu for each day of
the week, and the cost rate.

2 Menu planning using genetic algorithm

In this study, menus are planed from a cooking database using a genetic algorithm.



2.1  Target problem

The menu is for a company cafeteria where meals are served in a cafeteria style, and
the menu is planned for 20 days (4 weeks) only for lunch on weekdays. In addition, the
categories of dishes offered per day are main dish A, main dish B, main dish C, bowl,
curry, Japanese noodles, Chinese noodles, pasta, small bowl A, small bowl B, small
bowl C, salad and dessert.

The total number of dishes registered in the cooking database is 1770. The
information that each dish data has is "cooking number", "cooking name", "cost",
"characteristic 1", "characteristic 2", and "characteristic 3". Regarding the
characteristics of cooking, characteristic 1: main ingredients, characteristic 2: cooking
method, and characteristic 3: classification, are held as numerical values of each item.
The number of items for each characteristic differs depending on the cooking category.

2.2 Distributed Genetic Algorithm

Since the daily meals have more constraints than the case of the managed meals and
the search ability is not sufficient in the single-population Genetic Algorithm,
Distributed Genetic Algorithm (DGA) (o) having a higher search ability is used.The
flow of DGA is shown below.

Step 1. Generation of early individuals
Individuals are randomly generated until the default number of individuals is
reached.

Step 2. Fitness calculation
The fitness of the individual is calculated.

Step 3. Confirmation of the number of generations
If generations have not reached the default number, go to step 4. If they
reach, the calculation ends.

Step 4. Selection
Next-generation individuals are selected according to the evaluation value of
each individual. The best individuals of that generation remain in the next
generation.

Step 5. Migration judgement
If generations have reached the default number, proceed to step 6. If they
have not been reached, go to step 7.

Step 6. Migration
The number of individuals determined by the migration rate from each sub-
population is transferred to another population.

Step 7. Crossover
Two individuals are randomly selected and uniformly crossed with a certain
probability.

Step 8. Mutation
Each individual is mutated with a certain probability, return to step 2.



2.3  Gene Coding

The genetic coding is shown in Fig. 1. 20 pieces for each of the 13 cooking categories
(main dish A, B, C, bowl, curry, Japanese noodles, Chinese noodles, pasta, small bowls
A, B, C, salad and dessert) They are arranged one by one (5 days on weekdays x 4
weeks), and each is arranged according to the menu orders. Each individual holds the
dish number of the corresponding category. The information contained dish data, which
is not included in the gene, is linked to the dish number.

Main dish A ' Main dish B | Main dish C Bowl Curry Japanese Chinese
noodle noodle

- 3 |12|45 25|16§182 191| 7|10 6 [121)57 83 208[281 |265| 8 @

Men Tue fei |Mon Tue fri | Mon Tue fri |Mon Tue fri [Men Tue fri [Men Tue fri |Men Toe

Pasta Side dish A | Side dish B = Side dish C Salad Dessert

|7s 65)...[1s8[207240].. [2182s7)aad] .. uﬂfsﬂzao]... 215297|240 21ﬂ297|uo

Mon Tue Fri [Mos Tue Fri [WMen Tue Fri Mon Tee Fri [Men Tue Fri [ Mon Tue Fri

Fig. 1 Cording of individuals

24 Fitness function

The fitness function F consists of the evaluation value H of the variability of the order
of appearance of the features of a dish, the evaluation value S of the variability of the
features of the same category of dishes on the same day, and a penalty term p. With
reference to the calculation method of the evaluation function in the previous study 1o,
the entropy H,, ; for measuring the variation in the appearance order of the character-
istics for each dish of each category is calculated as the average of the all intervals,
shifting the intervals with the number of items /|, ; as one interval. The expressions
and the meanings of the characters in the expressions are shown below.
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—m=12,...,M : Cooking category

— i=1,2,..,I : Characteristics of cooking

— Jmi = 12,...,J;m; : Characteristic i item of dish type m

— t=1,2,...,T : Menu ordinal number (for T'days)

— Pym,; : Serving frequency ratio in one section from t of dishes with j,, ;

— Qjjm,; : 1/0 binary variable representing the serving / non-serving of dishes with the
feature j,; int

— H,,; : Average of entropy of characteristic i of all sections of dish type m

— Hp, ;: Maximum value of H,,,;

— Bijm,; © Number of types of item i of characteristics of dishes in category m on
day t

— Bt jm,: Maximum value of B, ; .., ;

— § : Evaluation index for variations in the characteristics of dishes of the same cate-
gory on the same day

— P: Penalty term when there is a constraint violation (if any of the constraints de-
scribed is violated : —10, if not : 0)

H,, ; is not considered for curry characteristics 3, Japanese noodles characteristics 1
and 2, small bowl A characteristics 2, salad characteristics 1 and 2, and desserts due to
data bias.

2.5 Constraints

The restriction that the event menu specified for each day of the week is included in
the target day of the week, the menu categorized as "high profit" is included once a
week, and the menu categorized as "popular TOP20" is included twice a week. The cost
rate is restricted so that the average cost rate falls within a certain range. Since there is
a target value for the usage ratio of the main ingredients (characteristic 1) for the main
dish and rice bowl dishes, the usage ratio of the main ingredients is set so that the error
from the target value is within + 5%.

3 Computer experiments

These experiments are conducted to create a menu using the proposed method and
verify its effectiveness by comparing it with the comparison method (single-population
Genetic Algorithm) and the menu prepared by a dietitian.

3.1 Experimental conditions

Use the cooking database in which the 1770 kinds of dishes described in Section 2.1
are registered. The number of trials was 10.
The parameters of GA and DGA are shown in Table 2.



Table 2. Experimental conditions

GA DGA
Population 1000 1000
Number of islands - 5
Number of genetically ma- 100,000 100,000
nipulated generations
Migration interval - 1000
Migration rate - 0.01
Target individuals for - Descending order of
migration fitness
Selection method Tournament selection | Roulette tournament
(Tournament size: 2) selection
(Tournament size: 2)
Crossing method Uniform crossing Uniform crossing
(crossing rate: 0.9) (crossing rate: 0.9)
Mutation rate 0.1 0.1

3.2  Experimental results

Comparative experiment between DGA and single-population GA

Table 3 shows the maximum, minimum, average, standard deviation of the evaluation
value F of the solution obtained in 10 trials and value F of menu prepared by a dietitian
used in the actual cafeteria.

Table 3. Comparison of the degree of fitness

F
Max. Min. Ave. Std.
Proposed method 26.36 25.69 26.10 0.21
(DGA)
Comparison method 25.10 17.00 24.12 2.51
(single-population GA)

From Table 3, it was confirmed that a solution with higher fitness was obtained using
DGA than single-population GA. The minimum value of fitness by single-population
GA is extremely low, and it can be confirmed that the search performance of the algo-
rithm is insufficient without getting out of the solution with the constraint violation. On
the other hand, the minimum value of fitness by DGA is 25.69, and it can be confirmed
that the search performance is improved.

Fig. 2 shows comparison of the diversity of solutions in the population. The hori-
zontal axis represents the number of generations, and the vertical axis represents the
type of solution in the population. For the single-population GA, it is confirmed that
the diversity of solutions within the population is lost and converges at an early stage.



For the DGA, the diversity of solutions is maintained, so the search performance is
improved and a solution with better fitness is obtained.
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Fig. 2. Comparison of the diversity of solutions in the population

Comparison with the menu prepared by dietitians
Table 3 shows the fitness of the menu obtained by the proposed method and the
menu actually prepared by the dietitian.

Table 3. Comparison of the degree of fitness

Proposed method Menu prepared by
the dietitian

F 26.36 14.29
Main dish A 2.32 1.84
Main dish B 2.32 1.82
Main dish C 2.40 1.98
Bowl 2.58 1.77
Curry 1.69 1.08
Noodle J 0.97 0.54
Noodle C 2.32 1.70
Pasta 2.44 1.32
Side dish A 1.90 0.00
Side dish B 2.63 0.51
Side dish C 2.76 1.09
Salad 0.97 0.00
Duplication 0.82 0.64




The proposed method has a higher fitness. Even when the objective function value
is divided into the degree of variation in each cooking category, the proposed method
gives a higher value in all cases. It can be confirmed that the fitness is increasing in the
proposed method even in the cooking category such as Side dish A, where diversity
was not taken into consideration when the dietitian made the menu.

From the discussion with the dietitian, it was suggested that the proposed method
would be useful in the real world, as it would be able to create menus with a variety of
cooking category that cannot be fully considered by humans.

4 Conclusion

This study proposed a menu planning method that considers the menu order so that
eaters will not get tired of dishes, targeting the daily meals in the company cafeteria
where food is served in a cafeteria format.

As a result of computer experiments, it was confirmed that proposed method could
search for the solution while maintaining the diversity of solutions within the popula-
tion and obtain the solution with a high fitness, compared with the single-population
GA. By comparing the menus obtained by the proposed method with the menus pre-
pared by the dietitians, the menus obtained by the proposed method had a more varied
order of appearance of the characteristics of the dishes. Although omitted in this paper,
it is confirmed that the proposed method can meet the restrictions that the registered
dietitian cannot meet.

Future prospects include consideration of the expiration date and inventory of ingre-
dients, and consideration of nutrients by establishing categories such as healthy menus.
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