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1. Introduction

People have many constraints concerning the food they eat. These constraints can be based on religious believes, be due
to food allergies or illnesses, or be derived from personal preferences or dislikes.

For instance, preparing the menus at a hospital can be really complex [1].

Another special situation arises when traveling abroad or simply when eating at a foreign cuisine restaurant: it is not
always enough to know the brief description in the restaurant’s menu or the explanation of the waiter.

For example, “calamares en su tinta” (squid in its own ink) is a delicious typical Spanish dish, not well-known abroad.
Its brief description would be “squid with boiled rice in its own (black) ink”. But an ingredient (included in a small amount,
in order to thicken the sauce) is flour, a fact very important for a celiac.

Another example is meat, sometimes marinated in milk before cooking (to make it tenderer), what is not specified in
the menu. This can be very important for people with allergy to milk and for Jewish.

Therefore, we consider that it would be very interesting to develop a knowledge-based system that addressed these
problems: it should have information about allergies, other diet requirements (vegetarian, vegan,...) and religious constraints,
know absolutely all the ingredients used by the chef when preparing the different dishes and check the situation for each
customer. As the knowledge is fixed and the constraints are known, a rule based expert system (RBES) whose underlying
logic is classic Boolean matches the task.
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e Fixed at the
designing step.

Fig. 1. The three blocks of rules of the package.

The key idea is to develop a RBES as comfortable as possible for both the restaurant and the customer. More precisely,
we distinguish:

- Fixed data: ingredients or ways of cooking discarded because of believes, allergies or other diet requirements and recipes
of the restaurant.
- Unfixed data: ingredients out of stock at a certain moment and customer’s data.

The package designed constructs a “personalized restaurant menu” using set operations and knowledge extraction, thanks
to an algebraic Groebner bases [2]| based inference engine (although other approaches could be used instead).

It has been implemented in the computer algebra system Maple 2016 (using its convenient “Embedded-Components”)
and can be run from computers, tablets and the iPad using Maple.

This paper extends talks presented at Applications of Computer Algebra 2015 (ACA 2015) conference [3] and the 5th
European Seminar on Computing (ESCO 2016).

2. Generalities of the system: about the fixed data

Regarding food, we distinguish three kind of items:

- ingredients and ways of cooking (note that the ways of cooking the food is considered by the system at the same level
as ingredients),

- intermediate products, that do not directly appear in the restaurant’s menu (a sauce, like “mayonnaise”, is neither an
ingredient nor a final product), and

- final products (like “seafood cocktail”), that are the dishes listed in the restaurant’s menu.

The rules derive directly from the “recipes” (that have to be specified by the chef) and only contain the information
about the required ingredients, way(s) of cooking and names of the dishes. The rules can be grouped in three blocks:

- the ingredients or ways of cooking discarded because of believes, other diet requirements or allergies are fixed at the
designing step,

« the information about how to obtain the intermediate products has to be manually introduced by the chef (as they can
depend on the restaurant), but it has to be done only one time (unless he/she changes any recipe),

« the information about how to obtain the final products also has to be manually introduced by the chef (as they can
depend on the restaurant), but, again, it has to be done only one time (unless he/she changes any recipe).

These blocks of rules are denoted RulesO, Rules1 and Rules2, respectively (Fig. 1).
When the menu is going to be computed:

« the restaurant has to precise the ingredients out of stock at that moment (if any), and,
- the customer has to introduce the religion, allergies and other restrictions due to illnesses or personal preferences.

3. Fixed data introduction

The connectives than can be used in the rules are

NEG, &AND, &O0OR, &IMP, &XOR

(in our implementation the unary one is prefix and the binary ones are infix ones).
As said before, the data introduction step is performed just by:

- storing rules that describe the forbidden ingredients (for believers, allergic reasons or other diet requirements) in set
RulesO,
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- storing the rules that describe the “recipes” of the intermediate products in set Rules1,
- storing the rules that describe the “recipes” of the final products in set Rules2.

These sets of rules are stored altogether in file RULES. TXT.

3.1. Data introduction at the designing step

The set of rules RulesO is fixed and defines the special requirements of allergies, believers and people with other diet
requirements. This is introduced at the “designing step” and, initially, is not supposed to be changed by the chef.

In this first prototype the following types of diets based on religious believes, allergies or other specific diet requirements
have been considered:

CELIAC, JEWISH, MUSLIM, VEGETARIAN, VEGAN

The rules in RulesO must be of the form:

CELIAC &IMP bread
(indicating that “bread” is forbidden to a “celiac”), and should not include any other logic connectives.

Regarding how animals are slaughtered, we distinguish, for instance, three kinds of lamb: lamb_j, lamb_m, lamb,
indicating that the Jewish (“kosher”) ritual animal slaughter [4,5], or the Muslim ritual animal slaughter (so that the meat
is “halal” [6]), or none special ritual animal slaughter has been followed (respectively). As the rules in set RulesO indicate
prohibitions, we include rules such as:

MUSLIM &IMP lamb

MUSLIM &IMP lamb_j
informing the system that lamb slaughtered following no special ritual or following the Jewish ritual is forbidden for a
Muslim.

Let us underline that VEGAN is more restrictive than VEGETARIAN. The system is able to avoid duplicating rules by
adding the following one:

VEGAN &IMP VEGETARIAN

This way, all restrictions introduced for VEGETARIAN are inherited by VEGAN (obviously, some other restrictions have
been included for VEGAN).

3.2. Data introduction by the chef - I

The rules in Rules1 are of the form:

(0oil &AND eggs &AND vinegar &AND salt &AND CRUDE) &IMP mayonnaise

(indicating how the intermediate product “mayonnaise” is prepared by the chef). They remain unchanged unless the chef
decides to change any recipe.

The antecedents of a rule are ingredients and way(s) of cooking, and the consequent is an intermediate product. The
ingredients could also include other intermediate products, as happens in the following example:

(mayonnaise &AND ketchup &AND orange_juice &AND lemon_juice &AND brandy &AND CRUDE)
&IMP pink_sauce

3.3. Data introduction by the chef - Il

The rules in Rules?2 are of the form:

(king_prawn &AND shrimp &AND lettuce &AND pink_sauce

&AND CRUDE) &IMP seafood_cocktail
(indicating how the final product “seafood_cocktail” is prepared by the chef). They remain unchanged unless the chef decides
to change any recipe.

The antecedents are ingredients, intermediate products and ways of cooking, and the consequent is a final product.

It is possible to use logical disjunctions in the rules detailing the recipes, for instance in order to include in a single rule
the Muslim and Jewish options. An example can be found in the following rule:

((beef &OR beef_j &OR beef_m) &AND salt &AND pepper &AND oil &AND GRILLED) &IMP
grilled_beef_steak

4. Unfixed data introduction
4.1. Data introduction by the chef — III

The chef also has to introduce the ingredients out of stock at each moment, if any. This set of ingredients will be stored
in variable INS.
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4.2. Data introduction by the customer

The customer can introduce, if desired:
- religion, allergies and other special diets (that will be stored in variable PCQO),
as well as:

- forbidden ingredients/ways of cooking (that will be stored in variable FIR),
- forbidden intermediate products (that will be stored in variable FIP), and
- forbidden final products (that will be stored in variable FFP)

(to forbid an ingredient, ways of cooking or product can be based on a diet, a dislike, etc.).

5. Description of the processes carried out

We can distinguish three processes within the package, that we have denoted:

» Preprocess
« Main Process
» Postprocess.

5.1. Preprocess

The package is intended to be as comfortable as possible. Therefore, the system obtains all the information included in
the rules, and the following data don’t have to be typed by the chef. This is carried out at this “Preprocess” step.

The set of possible intermediate products (those usable in the best case) are obtained from the consequents of the rules
in Rules1 and are stored in variable IP.

The set of possible final products (those offerable in the best case) are obtained from the consequents of the rules in
Rules2 and are stored in variable FP.

The set of ingredients and ways of cooking is obtained from the variables in Rules1 U Rules?2, excluding those vari-
ables in IP U FP. They are stored in variable IR.

The set of all the religious, allergies and other special diets considered are stored in set RAC, meanwhile all the ingredi-
ents that could be forbidden for these reasons are stored in set CBFI.

Finally, the variables involved in the rules in RulesO are stored in variable COV.

These processes take advantage of the possibilities of Maple for handling sets (the usual set operations are Maple com-
mands).

5.2. Main Process

5.2.1. Step i of the Main Process

The process begins by converting the set of variables involved, with their complete names in English (ingredients, in-
termediate and final products, and variables involved in the rules in Rules0), IR U IP U FP U COV, into a list,
denoted LSV_.

The package also builds a list of variables of the form x [j], of the same length as list LSV_, that will be used as internal
nicknames of the variables with complete names in English (in LSV_), for the sake of brevity of the algebraic computations
to be carried out. They are stored in list LSV.

It also constructs the ideal iI, that introduces idempotency in the polynomial ring where the inference engine works
(see Section 6).

5.2.2. Step ii of the Main Process: obtaining the usable ingredients

Forward firing is applied to the religious, allergies and special diet data of the customer (stored in PCO) and the rules in
RulesO (the latter describing the consequences of his/her believes, allergies or special diets).

To achieve this, we consider (see Section 6):

- ideal iK, generated by the algebraic translation of (the negation of) the variables in PCO,
- ideal iJ, generated by the algebraic translation of (the negation of) the rules in RulesO,
« and compute the “reduced Groebner basis” of ideal 1I+iJ+iK, denoted BO.

Now, of the products that could be forbidden, CBFI, we check, using command NormalForm, which are really forbidden
for this particular customer (and they are stored in variable INR).
Finally, of all the ingredients (IR) we exclude

- those not in stock (in INS),
- those forbidden by the customer (in FIR)
- and those not usable because of religious reasons/allergies/special diets (in INR),

obtaining this way the set of usable ingredients (UI).
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5.2.3. Step iii of the Main Process: obtaining the usable intermediate products
Forward firing is applied to the usable ingredients (in UI) and the rules in Rules1.
To achieve this, we consider:

- ideal iK, generated by the algebraic translation of (the negation of) the variables in UI,
- ideal iJ, generated by the algebraic translation of (the negation of) the variables in Rules1,

and compute the “reduced Groebner basis” of iI+iJ+iK, denoted B1.

Now, of the possible intermediate products (stored in IP) that are not forbidden (i.e., not in FIP), we check, using
command “NormalForm”, which can be prepared for this particular customer, starting with the allowed ingredients, and we
store the result in the set UIP (of usable intermediate products).

5.2.4. Step iv of the Main Process: obtaining the offerable final products

Forward firing is applied to the usable ingredients (stored in UI) and usable intermediate products (stored in UIP), and
the rules in Rules?2.

To achieve this, we consider:

- ideal iK, generated by the algebraic translation of (the negation of) the variables in UI U UIP,
« ideal iJ, generated by the algebraic translation of (the negation of) the variables in Rules2,

and compute the “reduced Groebner basis” of iI+iJ+iK, denoted B2.

Now, of the possible final products (stored in FP) that are not forbidden (FFP), we check, using command “NormalForm”,
which can be prepared for this particular customer, by starting with the allowed ingredients and intermediate products, and
store the result in set UFP (of usable final products).

5.3. Postprocess

After unassigning the names of the variables x [j], the postprocess consists of applying an auxiliary procedure that, for
each x[j] in UFP, looks for the jth element in the list of variables LSV_, recovering this way the “usual” names of the
products in the set of usable final products (UFP).

5.4. About “kosher” restrictions

According to the Jewish “kosher” prohibitions [4], meat and dairy products cannot be mixed in the same meal. Therefore,
the program has to be run twice in case the customer is Jewish, one time including “dairy” (a variable that is a set of
products, defined within the file Preprocess.mpl) in the forbidden ingredients (FIR) and the other including “meat”
(another set already defined). Other ingredients can be also included as forbidden.

Let us remark that the system only analyzes the ingredients and ways of cooking. The restaurant is responsible for
observing the correct rules regarding set of utensils, dishes, etc.

6. The algebraic approach to RBES

(This section can be skipped by readers aware of this approach.)
Let (C, Vv, A,—,—) be the Boolean algebra of the propositions that can be constructed using a finite number of proposi-
tional variables P, Q, ..., R. Let us consider the Boolean algebra (A, +, -, 1+, “is a multiple”), where

A=Z[p.q,....11/(P*—p.¢* —q.....T" =)

and pfq=p+q—p-q. Let us define:
@: (C, v, A, =, =) — (A, T, -, 1+,“is a multiple”) the following way; for propositional variables:

P—p

Q—q

R—r
and for any A,B e C:

AVvB— a¥b
-A— 1+a

Then, as an immediate consequence of the De Morgan laws:
AAB—a-b

and the correspondence ¢ turns out to be a Boolean algebra isomorphism.
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Moreover, if v is substituted by XOR in the left hand side and ¥ is substituted by + in the right hand side, a Boolean
ring isomorphism is obtained.
The main result translates “checking a tautological consequence” into a “polynomial ideal membership”:

Theorem 1. A propositional formula « is a tautological consequence of a set of formulae {B1, ..., Bm}, if and only if

p(—a) € (@(=B1). ... 0(=Bm))

Therefore “knowledge extraction” in a RBES can be performed in the polynomial model by checking whether the polyno-
mial that is the translation of the negation of the logic formula belongs to the ideal J, an ideal generated by the polynomial
translation of the negation of certain formulae (facts, rules and integrity constraints) in the polynomial ring A.

This can be checked with a computer algebra system by computing whether the normal form of the polynomial modulo
the ideal J is 0 or not in A.

Regarding RBES “logical inconsistency” (what happens when a statement turns out to be true and false at the same time),
it is translated in the polynomial model in the degeneracy of the quotient ring .4/J into a ring with only one element (a
ring where 0 = 1).

This can be checked with a computer algebra system by calculating whether the Groebner Basis of J in A is {1} or not.

Details of this model of Boolean and modal many-valued logics and of RBES whose underlying logic is one of these logics
can be found in [7-9]. These works extend previous works about performing effective computations in Boolean [10,11] and
modal many-valued logics [12,13]. We have used this approach in different expert systems, mainly devoted to diagnosis in
medicine [14-17].

We have chosen this approach because of our experience with it [18] and Maple’s possibility to easily deal with lists and
sets. Nevertheless, other approaches such as, for instance, logic programing (using Prolog) or answer set programing (using
Smodels) could have been used instead.

The algebraic approach has the advantage that, if during an advanced step it is decided to move to a modal many-valued
logic instead, few changes have to be made.

7. Examples

The prototype RulesO consists of 140 rules, Rules1 consists of 4 rules and Rules2 consists of 22 rules.
Two examples are included below as illustration. They are carried out interactively in a Maple Worksheet firstly. The
execution of both examples through a simple GUI is shown afterwards.

7.1. Example 1: the customer is a celiac Muslim and the restaurant declares two ingredients as out of stock

After introducing the data, the system computes the intermediate products that could be prepared in the restaurant that
day (according to the stock):

> read(‘Preprocess.mpl‘):

> FIR := {}: #forbidden ingredients

> INS := {lamb_m, oranges}; #out of stock

> PCO := {CELIAC, MUSLIM}; #religions, allergies, diets
> IP;

{lemon_juice, mayonnaise, orange_juice, pink_sauce}

The customer can now reject the intermediate products that he/she dislikes (in FIP) and the system then computes all
the final products that could be prepared in the restaurant that day (according to the stock and the intermediate products
rejected by the customer):

> FIP := {}: #forbidden intermediate products
> FP;

{ajoblanco, cheese_cake, creme_caramel, fried_calamari,
gazpacho, gazpachuelo, grilled_hake, mixed_paella,
russian_salad, seafood_paella, sponged_cake,
asparragus_gazpachuelo, eggplant_with_honey,
grilled_beef_steak, grilled_chicken_steak, grilled_pork_steak,
lemon_butter_baked_cod, seafood_cocktail, spanish_omelette,
squid_in_its_own_ink, vegetarian_paella,
lamb_in_veg_sauce_w_rosemary}
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Finally, the system computes the final products appropriate for that particular customer (after reading the possible final
products, the customer can still reject some of them, assigning variable FFP accordingly):

> FFP := {}; #forbidden final products
> read ‘Process.mpl‘:
> read ‘Postprocess.mpl‘;

[creme_caramel, gazpachuelo, grilled_hake, russian_salad,
seafood_paella, asparragus_gazpachuelo, grilled_beef_steak,
spanish_omelette, vegetarian_paella]
Let us underline that the final product lamb_in_veg_sauce_w_rosemary is not obtained since it contains the ingre-
dient 1amb_m, that is declared out of stock. Note that, although the ingredients 1amb and lamb_j are available, the final

product is not offered since the customer is Muslim.
The preceding example is carried out in a standard computer with an i5 processor in 16.24 s.

7.2. Example 2: the customer is vegetarian and informs that he/she does not like artichoke

In this case, the data introduction and knowledge extraction processes would be:

> read(‘Preprocess.mpl‘):
> FIR := {artichoke}: #forbidden ingredients
> INS := {}; #out of stock
> PCO := {VEGETARIAN}; #religions, allergies, diets
> IP;
{lemon_juice, mayonnaise, orange_juice, pink_sauce}
> FIP := {}: #forbidden intermediate products
> FP;

{ajoblanco, cheese_cake, creme_caramel, fried_calamari,
gazpacho, gazpachuelo, grilled_hake, mixed_paella, russian_salad,
seafood_paella, sponged_cake, asparragus_gazpachuelo,
eggplant_with_honey, grilled_beef_steak, grilled_chicken_steak,
grilled_pork_steak, lemon_butter_baked_cod, seafood_cocktail,
spanish_omelette, squid_in_its_own_ink, vegetarian_paella,
lamb_in_veg_sauce_w_rosemary}
> FFP := {}; #forbidden final products
> read ‘Process.mpl‘:
> read ‘Postprocess.mpl‘;
[ajoblanco, cheese_cake, creme_caramel, gazpacho, sponged_cake,
asparragus_gazpachuelo, eggplant_with_honey, spanish_omelette]

Let us underline that the final product vegetarian_paella is not obtained since it contains the ingredient

artichoke, that the customer has declared to dislike.
The preceding example is carried out in a standard computer with an i5 processor in 14.836 s.

7.3. Graphic user interface

For this prototype, a GUI has been implemented in Maple 2016 using its “Embedded-Components”. Figs. 2 and 3 show
Examples 1 and 2 (respectively) using this simple GUIL

The user only has to fill the spaces (if desired) and click the buttons (from top to bottom). At some steps the system
returns information (for example the intermediate products available).

8. Related works

There are very many works describing computer applications to food and nutrition. For instance [19] focuses on compu-
tations regarding nutrition.
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Preprocess

Ingredients in the recipes

(BAKED, BOILED, COOKED, CRUDE, FRIED, GRILLED, almond, beef, beef_j, beef_m, biscuit, brandy, bread, butter,
carrot, cheese, chicken, elam, cod, eream, eqqg, flour, garlie, hake, honey, ketchup, lamb, lamb__j, la)::b~:11,
leek, lemon, lettuce, milk, oil, onion, orange, paprika, parsley, pea, pee, pepper, pork, potato, pumpkin,
rice, saffron, salt, shrimp, squid, sugar, tomato, vanilla, vinager, water, yeast, artichoke, asparragus,
broceoli, chicken j, chicken m, cucumber, eggplant, green bean, green pepper, king prawn, olive oil,
red pepper, rosem._ary, tuna fish, wheat flour} - - - -

’ Click here when "Cooking / Ingredients forbidden" is filled I

’l amb_m, oranges Click here when “Ingredients not-in-stock™ is filled |

Religions and allergies considered by the system | ](C'ELIAC, JEWISH, MUSLIM, VEGAN, VEGETARIAN)

IMUSLIM Click here when "Religion™ s filled l
’C’ELI ac Click here when "Allergies” is filled |
Intermediate products in the recipies l i(lemon juice, mayonnaise, orange juice, pink sauce)

| Click here when "Forbidden intermediate products”is filled I

Final products in the recipies |

{ajoblanco, cheese_cake, c):eme_caramel, fried_calanmxi, gazpacho, gazpachuelo, grillen‘_hake, mixed_paella,
russian salad, seafood paella, sponged cake, asparragus_gazpachuelo, eggplant with honey,
grilled beef steak, grilled chicken steak, grilled pork steak, lemon butter baked cod, seafood cocktail,
spanish_omel_ette, squid in its own ink, Vegetarian_paelza, lamb in V;g sauce w ro_sema):y) B

| Click here when "Forbidden final products™is filled

Process I
Postprocess

[ereme caramel, gazpachuelo,
gri?lled_hake, m.ixed_paella,
russian salad,
seafood:paella,
asparragus_gazpachuelo,

Personalized Menu I grilled beef steak,
grilled chicken steak,
spanish omelette,

Vegetar}an_paella]

Fig. 2. Example 1 using the GUL

In [20] a menu is created using rough sets and the knowledge (information about preferences) stored in large databases
available from the Web.

Another example of applications is the location of the restaurant that fits best to the potential customer’s characteristics
[21,22].

A closer work to the one presented here is [23], an ontology-driven system for menu planning considering ingredients,
nutrition facts, prices, etc.

But we know of no other work with our approach: obtaining a taylor-made for each customer according to his/her
characteristics and preferences and the updated stock of the restaurant.

9. Conclusions

We have presented a prototype of what is, as far as we know, a new and useful application of RBES.

We do not pretend to have implemented a complete and detailed KBS on the topic, but a possible design and a simple
example of development of what could be done (as illustration). More recipes should be included and experts on allergies,
and on other diet requirements (vegetarian, vegan,...) as well as on Islamic and Jewish dietary laws should be consulted (this
is a prototype proposing an architecture, and only elementary bibliography on these topics has been consulted).

We would like to underline that many steps are completely automatized and, for instance ingredients or ways of cooking
do not need to be declared as they are obtained directly from the rules (recipes).

Please cite this article as: E. Roanes-Lozano et al., A prototype of a RBES for personalized menus generation, Applied
Mathematics and Computation (2016), http://dx.doi.org/10.1016/j.amc.2016.12.023
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Preprocess |

Ingredients in the recipes l

{BAKED, BOILED, COOKED, CRUDE, FRIED, GRILLED, almond, beef, beef 2 P beef - m, biscuit, brandy, bread, butter,
carrot, cheese, chicken, clam, cod, cream, egq, flour, garliec, hake, honey, ketchup, lamb, lamb _7, lamb > m,
leek, lemon, lettuce, milk, oil, onion, orange, paprika, parsley, pea, pee, pepper, pork, potato, pumpka.n,
rice, saffron, salt, shrimp, squid, sugar, tomato, vanilla, vinager, water, yeast, artichoke, asparragus,
broccoli, chicken j, chicken m, cucumber, eggplant, green bean, green pepper, king prawn, olive oil,

red pepper, rosemary, tuna fish, wheat flour}
[

Iartichoke Click here when "Cooking / Ingredients forbidden" is filled |

| Click here when “Ingredients not-n-stock”is fled |

Religions and allergies considered by the system l |(CELI AC, JEWISH, MUSLIM, VEGAN, VEGETARIAN}

IVEGBTART an Click here when Relgon”is filed |

l Click here when "Alerges”is fled |

Intermediate products in the recipies ll(.lemcm juice, mayonnaise, orange juice, pink sauce)

| Cick here when Forbidden ntermedate products™ s fled |

Final products in the recipies I

{ajoblanco, cheese cake, creme caramel, fried calamari, gazpacho, gazpachuelo, grilled hake, mixed paella,
russian salad, seafood paella, sponged cake, asparragus gazpachuelo, eggplant with honey,
grilled beef steak, grilled chicken steak, grilled pork steak, lemon butter baked cod, seafood cocktail,
spanish omelette, squid in its own ink, vegetarian paella, lamb in veg sauce w rosemary)

| Click here when Forbidden final products” s filed

L
Process I
=
Postprocess |

[ajobldnco, cheese_cake,
creme caramel, gazpacho,
sponged cake,
asparragus_gazpachuelo,
eggplant_with honey,

Personalized Menu I spanish omel ette]

Fig. 3. Example 2 using the GUL

The prototype uses an algebraic inference engine and is implemented in Maple, but neither using the algebraic approach
nor implementing it in Maple are necessary, they have been chosen because of the experience of the authors in this approach
and Maple’s friendliness.

In order the system to be used in restaurants, it could be advisable to port it to a free computational language. Using a
free CAS like CoCoA would be rather straightforward. Other related approaches such as, for instance, logic programing (using
Prolog) or answer set programing (using Smodels) could also be used. It would be advisable that the restaurants offered
tablets or small laptops so that the customers could introduce their data in order the computer of the restaurant to provide
the personalized menus (a waiter could alternatively introduce the data and bring back a printed personalized menu).
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