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Extractionof Naming Concepts
Based on Modifiers in Recipe Titles
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Abstract—On user-generated recipe-sharing sites such as| wodifier |

Rakuten recipe, various modifiers such as “Kid-friendly” and
“Simple” are often used in the titles of the recipes to signify
thier characteristics. Although a modifier is used in a number
of recipes’ titles, the underlying concepts utilized vary. In this
paper, we propose a method that extracts Naming Concepts
for recipes based on modifiers in their titles. Specifically, we
obtain typical ingredients and cooking utensils by summarizing

the recipes for a dish to extract the differences between the

elements of recipes and the typical elements in terms of addition,
deletion and exchangeability and extract additional information

from procedures. Then, we identify Naming Concepts for the
recipes by extracting feature patterns based on the differences
extracted and grouping them on the basis of the patterns. We

“Kid-friendly curry”

Kid-friendly

|“K|d-fr|end|y omelette”

also present a system that provides recipes with granted Naming
Concepts for readers.
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I. INTRODUCTION

Fig. 1. A modifier of recipes based on Naming Concepts

COOKING is one of the most important creative ac-I
tivities in daily life. Nowadays, we can obtain large
numbers of recipes from cooking websites. For example,
Rakuten recipe [1] provides over 740,000 user-generateé@ncepts: “Kid-friendly” is used in the title of a recipe in
recipes written in Japanese. COOKPAD [2], another famotlze first type of Naming Concept because soy milk, which
cooking website, provides more than 1,600,000 recipds. considered to be preferred by many children, is used
Although these websites have recipes that meet a wide an ingredient in carbonara instead of garlic and milk.
variety of users’ demands, they are difficult to find because the second type of Naming Concept, the same modifier
numerous recipes for any particular dish are available d¢h used from a procedure in each recipe because a mixer
the sites. For example, when we searched for recipes on ieadditionally used to mince the ingredients and enable
Rakuten recipe website using the query “carbonara,” we wegaildren to eat without difficulty.
presented with more than 1,300 different recipes. Thus, inln this paper, we propose a method that extracts Naming
order to find recipes that meets users’ demands, invariallBgncepts for recipes by identifying the characteristic ingre-
clear distinctions must be made among recipes. In this papdignts, cooking utensils, and procedure in each recipe using
we propose a method called to extract “Naming Concepttie following four steps: 1) extracting the typical ingredients
which can identify the features of each recipe. and cooking utensils for the dish, 2) extracting the differences
Each recipe on the Rakuten recipe website comprisedetween the typical elements of the dish and the elements
title, dish categories, an ingredient list, and a procedure ttedta recipe for the same dish, 3) extracting tips as additional
gives step-by-step instructions on how to cook the dish. Hefgformation, 4) grouping recipes with the same modifier by
recipe titles are typically represented in the form “modifiefeature patterns of the differences.
+ dish name.” For example, in the two titles, “Simple! car- The remainder of this paper is organized as follows:
bonara” and “kid-friendly omelette rice,” “Simple!” and “kid- Section |l discusses related work. Section Il presents our
friendly” are modifiers and “carbonara” and “omelette riceprocedure for extracting Naming Concepts from recipes in
are dish names. The modifiers are assigned after consideriegail. Section IV shows the Naming Concepts for some
the features of each recipe. In addition, the same modifiecipes and discusses experimental results obtained. Finally,
might be used in different ways. Fig. 1 shows Naminge conclude this paper and outline future work in Section V.
Concepts for recipes whose titles include the modifier “Kid-

friendly.” In the figure, there are three types of Naming
[l. RELATED WORK
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Tsukudaet al. [4] proposed a method that enables users to Modifier Dish
browse from the current recipe to a desired recipe by adding “Kid-friendly” “Carbonara”
one element into it or deleting one element from it. However, "Kiri-ufrriigd'v
they considered only element addition and deletion, whereas, “Very Kid- [id friendly

we consider both those factors along with element exchange- / "2, s/ “Kid-friendlyo

e . . arbonara
ability. Tsukuda et al. [5] also analyzed the typicality of Jaieline
an object from two viewpoints: target of analysis and type A'Kig;;rti?nrlmy N S—

of typicality. By contrast, we extract typical elements and “Kid-friendly c';pgﬂv/ elements

“Authentic/3

identify differences by comparing the elements of a particular IH p'zzaw;

recipe with the typical elements used for the dish. Yamakata

et al. [6] proposed a method that creates a typical cooking “Kid-friendly

procedure from multiple recipes by converting each recipe S apanese,
text into recipe trees and by integrating them. Then, they

extract features O_f each re_mpg b,y Compa””g with the typ.IC|§||g_ 2. Extracting typical elements and Naming Concepts based on relations
one. Although this work is similar to ours in terms of itSetween modifier and dish

attempt to define typicality and to extract recipe features on
the basis of typicality, our work differs in that our aim is to
extract recipe features based on modifiers.

Approaches focusing on modifiers include the method
proposed by Takahashi et al. [7] to measure relevancyl) Extracting elements that are typical in the recipes
between a web text and modifiers in its title by extracting 2) Extracting the differences of recipes
suitable words and conflicting words. The method determines3) Extracting additional information
whether modifiers are relevant to the contents or not by mea#) Grouping recipes based on feature patterns
suring information credibility. By contrast, our assumption i¥he steps used to extract Naming Concepts are described in
that recipes’ Naming Concepts based on maodifiers in th&ections 1lI-B — IlI-E, respectively.
tittes can be interpreted from multiple perspectives.

Chung [8] proposed an efficient method that finds related
words in a recipe domain using a data structure. Interesting®y, Extracting Elements that are Typical in the Recipes

their investigations revealed that people usually write the |, {his work, R is constructed from a set of recipes

main ingr_edient in the first posit?on of _the ingredients list ofeparated by dish categories. A recipg belongs to a dish
each recipe and that such an ingredient is strongly rem@&{)egoryj consisting ofM;, , I,,, andU,,. M;, is a set of
to the categories to which the recipes belong. Nanba gbdifiers included in the title of the recipe, . I, is a set
al. [9] constructed a recipe ontology based on Chungs ingredients of the recipe;,, andU;, is a set of cooking
method [8] and distributional similarity [10][11], which they iensils in the procedure of the recipg. Then, M, I, and

used for multi-recipe summarization. We utilize this ontologyr are universal sets of modifiers, ingredients, and cooking
to extract Naming Concepts. utensils, respectively.

“Carbonara
for adults”

We extract Naming Concepts as follows:

I11. EXTRACTION OF NAMING CONCEPTS BASED ON R= {Rl R. R }
- g eeedlyy eeedlm gy

i = g1y Tjrs=Tin sy Ti = ity Lis Vg
. Our Proposed ApproaC|I ! " " ’ - jlk bjk (]k(/
A Z\ljk C ]\47 Ijk Cc1, Ik

In this work, we define Naming Concepts as features .
of recipes that present concepts of modifiers. We assurrie — {mi,ma, .}, =iy, o}, U = {ug, up,...}

that a Naming Concept can be extracted by considering theIn this work, we assume that the Naming Concepts of

dlﬁerences n the various recipes for a d|.s_h and the pat.te%sédifiers are detected in the differences between a recipe and
of differences in the recipes of a modifier. On the ngh&
side of Fig. 2, the arrows indicate the differences betwe%

) ) a recipe for a dish. One recipe’s data is input, and we
typical elements of a dish and the elements of each recipg, ot ingredients..I’ and cooking utensils;.l". Here, t
For example, in the analysis focused on the recipe Wiﬁgaset of recipd%-ﬂéfacategory that one rejc.:ipe. belor;gjs to

itle “Kid-fri ne tract atypical . I ' . o

Fhe ml? Kid-friendly _carbonar_a r WE Can ex YPICAY 1 this work, we consider ingredients and cooking utensils
ingredients and coqklng utensils by.e.malyzmg the recipes 19l are frequently used as typical ingredients and cooking
carbonara.” Focusing on the modlf!ers qf the recipes, Whensils for a dish. Therefore, we extract ingredients and
extract the elements that can possibly signify the featur

. : ) ; ggoking utensils from a set of recipe; and calculate
of the recipes such as deletion of ingredients or exchanl%eCi e frequency (RJof each element. Thus, a set of typical
of cooking utensils. On the left side of Fig. 2, we extract P a y ' ' yp

elgmentstj consists of a set of ingredient$, which means

the pattern of differences between a set of recipes ba%ﬁatRF is o and over and a set of cooking utendilswhich
on a modifier. Consequently, our proposed method extraﬁs
[

Naming Concepts by extracting elements that are typical yeans thattF" is 7 and over, as follows:
used in the dish from recipes for the same dish, extracting the t; = (INU), ;€T

elements that are different from the typical elements in each

s typical elements. Therefore, we extract typical elements

R - -
recipe, extracting additional information from the procedures, tJ'I/ = {ulREG, By) > avir € I}
and grouping the recipes using feature patterns. t;.U" = {uo|RF(uo, Rj) > B,u, € Uj}
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C. Extracting the Differences of Recipes have no relations. Thus, we determine that elementsre

Next. we extract the differences between elements ofégditional elements and elementsare deleted elements.
reciper;, and the typical elements in the categoryR; to
which that recipe belongs. First, we extract a set of addition@l Extracting Additional Information
ingredients/,qq, & set of deleted ingredients.;, a set of  we consider that recipes’ features of modifiers can be
additional cooking utensilE,4q, and a set of deleted cookingextracted from cooking procedures. For example, recipes for

utensilsUy., as differences. “Kid-friendly” may have features such as “small cut” and
Taga = rod —t;.0I' “easy-t_o-eat size.” _Therefore, we extract thes_e features by
, analyzing the cooking procedures for the recipes. In order
laew = t.I —tp.d to extract them, we use word segmentation on the cooking
Ussa = muU—1t;.U procedures. Next, the cooking procedures are associated with
Uger = t;.U —t,.U word classes. We then extract additional information by

. . ) dependency parsing.
We determine the relation between the differences of the

extracted ingredients and the cooking utensils, becauseé'n
some cases one different element influences another different
element, or different elements are independent of each otheMVe define the feature patterns of recip€s, —based
making it irrelevant. Next, the element included in a set &N Viewpoints grouped by the relations between different
additional elements,4q andU,qq is represented by-, and elements in Section IlI-B. More specifically, we define them
then in a set of deleted elemerts; andU,; is represented based on a seF of six viewpoints: add[tional i.ngredieﬂag@_,
by —. For example, when we compare the ingredients ofdgleted ingredients,.;, exchangeable ingredients,, addi-
recipe with a title such as “healthy sweet and sour pork” thiPnal cooking utensild/,qq, deleted cooking utensilsc;,
has typical ingredients “healthy sweet and sour pork,” wahd exchangeable cooking utenslls,. Then, to simplify,

extract differenced,qq = {chicken, bambooshoot}, s, = W€ represent patterns using binary vectors: when the element
{pork, liquor}. Then, we use “chicken” instead of “pork,” count is one or more, we present “1”; when the element count

Grouping Recipes based on Feature Patterns

so we consider that these correspond. Conversely, “bamd®dero, we present “0.”

shoot” and “liquor” are only added and deleted; therefore, Py, = [bi(|Taaal), bi(|Laet]), bi(|La)),
they have no relation. Thus, in a scenario where an element . . .

+ is included inI,4q or U,qq and an element is included bi(|Uadal), bi(|Uae]), bi(|Uea])]
in Iz or Uge correspond mutually, we consider that they We group recipes that use the same modifier by the feature
have an exchangeable relation. Otherwise, we consider tpatterns of viewpoints that have up to 64 £°) patterns as

there is no relation between their differences. Naming Concepts of maodifiers.
In order to determine relations, we calculate the degree
of co-occurrence between different elements. In general, IV. EXPERIMENT

when two elements- and — are exchangeable, we conside paiaset
that they do not co-occur. Therefore, a recipe that contain
element+ does not contain element, and a recipe that
contains element does not contain element. Thus, when

the frequency of co-occurrence is low, we consider th

SWe conducted an experiment using a recipe dataset pro-
vided by Rakuten Data Release from Rakuten Institute of
%fchnology. From the dataset, we selected 192 recipes whose
il

elementst and— are exchangeable. Then, we pair elementd/€S included the modifier “kid-friendly.” We then extracted
+ and — and extract the pair as differénces in order tI(_pgredients and cooking utensils as recipe elements by con-

determine their relations. Consequently, we calculate tﬁ'%dering inconsistent spelling using a recipe ontology [9] that

degree of co-occurrence of the various pairs of elemenie constructed by integrating methods for extracting related

Next, we treat element (which is included as a typical words of a gi\{en word based on the. data structure of user-
element) and element (which is included in one recipe) generated recipes [8] and summarizing multi-documents. In

as denominators. In cases where only the degree of ﬁ%ger tp extract the typical ingredients and cooking utensils
occurrence based on a typical element and one recipe ared dish, we caIcuIat_ed%F (Rempe_ Frequency) of _aII the
lower than the threshold amount, we determine that thecipes used in ten recipes for the dish. In the experiment, we
different elements in the pair have an exchangeable relatigﬁ.t the yalues of thresholdsand 3 at 0.5. TAB.LE ! Presents
Therefore, a pair comprising different elements is added tot e typical elements extracted for three dishes: hamburger
set of pairs comprising exchangeable ingredidptsor a set steak, carbonara, and curry.

of pairs comprising exchangeable cooking uten&ilg, and ) .

the elements that fall undef,gy and I, or U,qq and Uy, B- Result: Naming Concept Extraction

are deleted. Then, the exchangeability relation of the differentWe extracted different elements by comparing the elements
elements are determined and signified as “-*% +**” in arecipe with the typical elements for that recipe. Examples
using the arrow. For example, we represent the recipe callgdthe recipes used to extract Naming Concepts are shown
“easy carbonara” that contains “+microwave” and “-pan” iin TABLE Il, and examples of the elements that differ
cooking utensils as “-pan—» +microwave.” On the other from typical elements are shown in TABLE IlIl. In order to
hand, when the degree of co-occurrence of different elemedttermine the relations between different elements, we made
is higher than the threshold amount, we consider that th# possible pairs of elements af and — from the set of
different elements in the pair are independent, and therefalifferent elements.
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TABLE |
TYPICAL ELEMENTS IN RECIPE CATEGORIES

hamhurger steak| carbonara curry Kid-friendly, Kid-friendly Beanscurry
onion egg curry powder excellent and simple carbonareof caneat
groundmeat pepper onion cheesen tunaand corn with children
breadcrumb salt water hamhurger steak
salt bacon rice +butter +milk +garlic
pepper spaghetti carrot +soy milk +Non-dairycreamer | +tomato
egg cheese cookingoil I qq | +wine +tuna +soy bean
I | nutmg water salt +cheese +corn +groundmeat
Worcester sauceg cookingoil | butter +lettuce +soy milk
ketchup fresh cream +tomato
milk garlic -nutmey -salt -rice
cookingoil Tiel -milk -bacon -carrot
-cooking oil -freshcream -salt
-butter
Ugdd +bowl +mixer
U | frying pan frying pan pan +frying pan
bowl Udel -pan
TABLE I TABLE V

EXAMPLE OF RECIPES

TABLE Il

ELEMENTS THAT DIFFER FROM TYPICAL ELEMENTS

Kid-friendly, excellent Kid-friendly Beanscurry . . . .
andsimple cheese in carbonaraof caneat recipetitles different elements | viewpoints
hamhurger steak tunaand corn with children +wine
groundmeat spaghetti onion o +cheese
onion cheese garlic Kid-friendly, excellent | +lettuce Tadd
butter egg tomato andsimple cheese | +tomato Tger
breadcrumb milk soy bean in hamburger steak | -cooking oil Ty
soy milk Non-dairycreamer | groundmeat -nutmey
I | egg pepper curry powder — +butter
salt cooking oil soy milk -milk _
pepper garlic water — +soy milk
wine tuna cooking oil +milk
sauce corn -salt I,44
ketchup water Kid-friendly carbonara| -freshcream Tger
cheese of tuna and corn — +Non-dairycream | I,
tomato -bacon Uger
U | bowl bowl mixer — ttuna
frying pan frying pan frying pan -bowl
+garlic
+tomato
+groundmeat Toydq
+soy milk Tge
Next, we calculated the ratio of co-occurrence of each pair Beanscurry can -rice Iex
+ and— in all the recipes for a dish. In the experiment, we eatwith children | -salt Uada
-butter Uex
set the value of the threshold at 0.1. Then, when the degree of —carrot
co-occurrence was lower than the threshold, we determined — +soy bean
the relation of the pair to be exchangeable. Conversely, when +f2':ef
the degree of co-occurrence was higher than the threshold, B +rying pan

we determined that no relation existed between the pair.

RESULTS OF EXTRACTED DIFFERENCE ELEMENTS AND FEATURES IN
THE THREE RECIPES

ISBN: 978-988-19252-5-1

TABLE IV presents the results of the determination of
the exchangeability relation using the typical elements in
TABLE | and target recipes in TABLE Il and calculating
the degree of co-occurrence. We calculated the number
recipes containing elements and — as the denominator,
and determined the exchangeability relation when the deg
of co-occurrence was lower than the threshold. We present _
the results for the extracted differing elements and features Discussion
in the three recipes. Then, we present the different elementsn our extractions, typical cooking utensils that are nor-
and viewpoints in TABLE V mally included in typical elements were not included. For
We grouped 150 recipes into feature patterns of diffeexample, when cooking carbonara, a pan is typically used
ences extracted from the experimental recipes, and extradedooil spaghetti. However, in the experiment, it was not
Naming Concepts for the modifier “kid-friendly.” The recipesncluded in the typical elements because there were few
were grouped into 21 patterns from the 64 patterns fecipes that had “pan” expressly written. When we extracted
Section llI-E. In TABLE VI, we present the feature patternslifference elements, cooking utensils were included in the
grouped as more than five percent. As a result, eight pattediference elements that were normally included in typical
included the featuré., and five patterns included the featureelements because cooking utensils were used in pictures, but
Tger. not included in the procedures. In the future, we need to

TABLE VIl presents recipe titles grouped into the top-
tl(yfee patterns. The recipes grouped by feature patterns do
not become unbalanced because of the dishes. Therefore,
Irg&ipes for the same dish are grouped by various patterns.
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TABLE IV
RESULTS OF CALCULATION OF CONFIDENCE FOR JUDGING THE RELATION

recipetitles pairsto determine relations | degree of co-occurrence  exchangeable
+ —_
Kid-friendly, excellent | +butter, -nutmeg 0.12 0.16
andsimple cheese | +butter, -cooking oil 0.06 0.05 O
in hamburger steak | +soy milk, -milk 0.00 0.00 O
+wine, -milk 0.00 0.18
+milk, -fresh cream 0.24 0.17
Kid-friendly carbonara| +Non-dairycream, -fresh cream 0.00 0.00 O
of tuna and corn +tuna,-bacon 0.00 0.00 O
+corn, -bacon 0.00 0.25
+garlic, -salt 0.13 0.23
+garlic, -butter 0.10 0.06
Beanscurry can +tomato,-carrot 0.04 0.13
eatwith children +soy bean, -carrot 0.00 0.09 O
+groundmeat, -carrot 0.00 0.15
+mixer, -pan 0.70 0.00
+frying pan, -pan 0.00 0.00 O
TABLE VI TABLE VII
NAMING CONCEPTS FOR'K ID-FRIENDLY” RECIPE TITLES GROUPED INTO THE TOPTHREE PATTERNS
appearanc pattern recipetitles
ladd | ldael | lex | Uadd | Uder | Uex ratio Kid-friendly! Sweet and sour pork of pork loin
pattern1 0 op 1 0 0 0 18% Smile for children 3 kinds of hamburger steaks
pattern2 0 1 1 0 0 0 18 % — -
pattern3 0 0 1 0 1 0 8 % Kid-friendly hamburger steaks of fish
patternd 0 1 1 1 1 0 7% Healthy, big and kid-friendly
patterns 1 1 1 0 0 0 6 % hamhurger steak with vegetable
pattern6é 0 1 1 1 0 0 5% patternl | Kid-friendly the curry with being grated up vegetable
pattern7 1 1 1 0 1 0 5% Chocolatein the curry for children
pattern8 1 0 1 0 0 0 5% Kid-friendly! Corn in the curry for children
The curry for children
The curry eat with children
Kid-friendly milk curry
. . . . The curry for children with a milk
improve the extraction of typical elements and determine Tomato in the sweet and sour pork Kid-friendly!
the exchangeability relations. Therefore, we consider that we The hamburger steak in Denmark! Kid-friendly!

: : ; : ; Kid-friendly hamburger steaks of tohu
can make up for cooking utensils by inferring the cooking Kld_fnendlz hamburger steaksT Not use flour and ebg

utensils used from the actions in the procedures. For example,pattern2 [Kid-friendly hamburger steaks

we can infer that “boil” means “pan” and “fry” means “frying with many kinds of vegetables
K I
pan,” and so on. For children don't like vegetables!

Hamhurg steak of green pepper

When we determined the exchangeability relation and Kid-friendlyT Curry with pork cutlet and mushroom
compared our results with the correct data, we found tha Kid-friendly Cheese hamburg steak
b f pairs had iatelv det ined th lati The curry for children!
a number o ] pairs ha appropr.|a ely de ?rmme € relaton; Kid-friendly sweet and sour pork with potato
However, with regard to cooking utensils, there are many| Kid-friendly and soft hamburg steak
recipes in which only actions are written (e.g. “boil” and Kid-friendly! Hamburg steak with hijiki

pattern3 | Kid-friendly! Raisin in dried curry

fry”). Therefore, C(_)oklng utensils tha_lt_ would not normally Simple and Kid-friendly curry in Keema
determine the relation of exchangeability here, do so because Kid-friendly Curry of Japanese radish and tohu
of the lowness of their degree of co-occurrence, resultin Kid-friendly mochi in the curry

from them not being cooking utensils are not expressly
written in recipes.

In TABLE V, we consider that the Naming Conceptaind extracted Naming Concepts, we found that recipes
for “kid-friendly” are addition, deletion, and exchange oincluded in the same category have various Naming Concepts
ingredients. For example, in the recipe for carbonara uch as those listed in TABLE VII. In this paper, we extracted
TABLE V, we could extract the exchangeability relation irNaming Concepts for “kid-friendly.” However, we need to
which “tuna” is used instead of “bacon” as the feature. Thugxtract more Naming Concepts for various modifiers. By
there are also many recipes that include cooking utensdémparing the difference between modifiers, we could ana-
as Naming Concepts. However, there are some extracigge the relations between modifiers. For example, when the
cooking utensil elements for which it is difficult to considekrends for Naming Concepts are similar between modifiers,
that the elements are Naming Concepts. For example, in they have similar relations.
recipe for curry in TABLE V, we extracted and used “frying Fig. 3 depicts a system that presents the Naming Concepts
pan” instead of “pan.” However, it is difficult to considerof recipes based on our method. In this system, when a
these elements as Naming Concepts. Therefore, we negér searches for recipes containing modifiers such as “Kid-
to consider whether extracted elements really present ffiendly” and “Simple”, it is difficult to understand the
concepts of modifiers or noise. features of the recipes because a list of search results often

In the results of grouped recipes based on feature pattesh®w only titles and pictures for the recipes. Therefore, if
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Fig. 3.

users want to know the features of the recipes, they look in[tlc?]
the details of each recipe. However, it is a really daunting task
and determining its features is a time-consuming proceé’s1.
Therefore, our system enables users to comprehend the
features of the recipes solely by checking the list of search
results.

V. CONCLUSION

In this work, we proposed a method that extracts Naming
Concepts for recipes, which are defined as characteristic
elements summarized by modifiers in the recipes’ titles.
We extracted different elements of ingredients and cooking
utensils, determined the relations between them by calcu-
lating their degree of co-occurrence and extracted Naming
Concepts by grouping the recipes based on feature patterns.
Further, we experimented with a real recipe dataset to extract
the Naming Concepts of given recipes.

In future work, we plan to enable the inferring of cooking
utensils that are not written expressly in procedures because
we found that typical cooking utensils tend to be omitted
in the procedures of recipes. For instance, although we
generally use a “frying pan” when “frying” something, it
is often omitted because users/readers can easily associate
the action “fry” with the cooking utensil “frying pan” in the
recipes. Therefore, we plan to infer cooking utensils from
procedures by considering actions in procedures.
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