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ABSTRACT 
Existing online recipe database systems fail to provide support on 
analyzing and comparing recipes, and practically on adapting 
existing recipes in order to generate similar dishes that best meet 
users' needs. In this paper, we present a user-centered adaptive 
recipe database system called Dish_Master to manage recipes in a 
novel way, which not only helps users learn basic cooking 
principles and skills but also provides users with a set of real-time 
solutions to solve problems that may arise in their cooking 
practice. A set of modeling constructs is proposed to effectively 
represent recipe data, constraints, and procedural actions, thereby 
laying down a foundation for validating properties and assessing 
the quality of recipes obtained from the Web. Dish_Master also 
offers facilities to ease the difficulties on identifying the 
uniqueness and similarity among recipes, which are instrumental 
to deep mining of recipe data. An experimental prototype system 
of Dish_Master is developed to demonstrate the feasibility of our 
approach. 

1. INTRODUCTION 
How to collect and effectively manage various kinds of recipes on 
the Web, ranging from purely text-based to multimedia-flavoured 
(with image/photo, audio and/or video clips), becomes a 
meaningful and important issue, especially for people who are 
interested in cooking and dining, and also for people who want to 
study cooking from academic/research perspectives.  
In comparison with traditional data types, recipes have their 
distinct characteristics which make most (if not all) of the 
conventional data models unsuitable/inapplicable for such data, 
including: 

• Loosely structured: recipes are usually semi-/loosely- 
structured data, with various levels of details and 
granularities. Some are more detailed/ wordy than others. 

• Behavior oriented: recipes are not only data-intensive, but 
also behavior oriented, in that the main part of a recipe is 

about the procedure to follow in cooking a dish.  
• Constraints bound: recipes are usually also bound by 

various constraints which are applicable to either individual 
actions or a sequence of actions. Such constraints often 
contribute to the “skillful” way in cooking a dish 
successfully.  

Aiming at providing practically useful services for users, we are 
engaged in developing an adaptive, personalized multimedia 
recipe database system. Figure 1 illustrates a layered view of the 
overall system architecture, which consists of three layers – Data 
Collection and Management Layer [1], Recipe Management Layer 
and User Interaction Layer. 

 
      Figure 1. Layered System Architecture: an Overview  

A user of our system may learn how to make a dish through 
studying a recipe retrieved from the database; he/she may also 
want to know if and how an existing recipe can be adapted so as 
to accommodate real-world situations (e.g., due to lack of some 
ingredients), or to better fit his/her own taste preference by 
replacing some cooking step or method. It would be more than 
desirable if some advices (on-line or via human experts) are 
available for people to consult in advance, so that many 
undesirable/erroneous actions can be avoided. Even better, if the 
system can work like a professional advisor to teach users how to 
identify a particular cooking style, a relevant cooking skill or how 
to evaluate one’s cooking craft, users will get more benefits. 

The main contributions of this paper include the following: 

• We describe our approach on recipe data modeling (which 
is the first such work to the best of our knowledge). This 
model encompasses static attributes as well as dynamic 
behaviours including cooking procedures and constraints. 

• We present a novel perspective of evaluating the “quality” 
of a recipe through constructing and analysing its cooking 
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graph, in which both action flows and data (ingredient) 
flows are captured.  

• An intelligent mechanism is advocated to handle real-time 
dynamic recipe adaptation cases so as to provide users 
with flexible and feasible solutions whenever an exception 
occurs. 

The rest of the paper is organised as follows. Section 2 reviews 
some related literature work. In section 3, the details of our 
Dish_Master recipe model are presented. Section 4 further teaches 
users to understand the cooking procedure by using our recipe 
model, and how the system helps when users meet difficulties 
during recipe execution and/or adaptations. We describe an 
experimental prototype in section 5, and conclude the paper with 
summary and future research directions in section 6. 

2. RELATED WORK 
Traditional database models are inappropriate for recipe 
management due to the distinct characteristics inherent in recipes, 
while existing workflow systems lack suitable mechanisms to 
meet dynamic user needs. 

2.1  Data Modeling 
The relational data model [10] and its various extensions [13] do 
not support the modelling of semantic constraints (such as “is-a” 
and “is-part-of” semantics) and many so called “semantic” data 
models including the ER model [12], the Functional Data Model 
[14] and the Semantic Data Model [5] don’t consider and support 
type-specific behaviours – an important part for media-rich data 
including recipes.  

Although OODB models [16,17] support behaviour modelling 
through encapsulation, the principle of “information hiding” 
prevents us from using methods to model cooking actions and 
associated constraints explicitly.  Unlike other types of data, users 
of recipes need to know and follow the cooking procedures in 
order to learn how to cook. Furthermore, OODB systems lack of 
expressive easy-to-use query languages like SQL, which is 
inefficient for query implementation [18].  

2.2 Systems with Exception Handling 
In the 1970s Goodenough [3] formed the foundation of exception 
handling models and techniques. Knudsen [4] generalized the 
concept of an exception as “a computational state that requires an 
extraordinary computation”. Nowadays most systems are 
equipped with some extent of exception handling [13, 8, 9]. 

Workflow management systems [6, 7] can capture the whole 
cooking procedure of recipes just like business processes, but it is 
not good at providing sufficient mechanism to discover whatever 
(cooking) users are interested in, particularly things like 
worldwide diverse cooking styles and skills for recipes. Users are 
able to invoke recipe adaptation at any stage of the cooking 
procedure, and ask for consultation from our recipe system. 
However, workflow systems do not provide such user-computer 
interaction support. Unlike the transaction process, the cooking 
procedure can’t be brought back to the original state whereas 
existing workflow systems still are unable to well handle this kind 
of exceptions. Our system aims to make appropriate real-time 
recipe compensation and remediation to efficiently improve the 
dish effect whenever user adaptation or exceptions (such as wrong 
cooking actions and lack of ingredients) occur.  

3. DISH_MASTER 
We disassemble the crawled recipe’s [1] cooking procedure into 
several basic actions. Table 1 shows the cooking procedure of a 
sample recipe named “Triple Cheese Pasta Primavera” and Figure 
3-1 illustrates parsing the procedure into actions and their related 
properties (such as the location where the action occurs, the 
temperature required and the duration needed). 

Step #  Recipe  cooking procedure in steps 
1 Dice bell peppers. Slice squash and mushrooms. 

2 Cook pasta according to package directions in unsalted 
water. 

3 
Meanwhile, in a large skillet melt butter. Add bell peppers; 
cook and stir occasionally until barely tender, about three 
minutes.  

4 Add squash and mushrooms; cook and stir occasionally until 
barely tender, about four minutes.  

5 Drain pasta; toss with vegetables in skillet.  

6 

In the saucepot in which the spaghetti was cooked, combine 
ricotta, mozzarella, milk, Parmesan, Italian seasoning, salt 
and black pepper. Over a medium-low heat cook and stir 
cheese mixture just until hot, about 1 minute.  

7 Add reserved pasta and vegetables; toss to coat; remove to 
a serving platter. 

Table 1. Cooking Procedure of “Triple Cheese Pasta 

Primavera” 

 
Figure 3-1. Parsing the Cooking Procedure 

3.1 Recipe Model 
In Dish_Master, a recipe R is modeled and represented by a tuple 
of three elements: 

R = <M, RP, SP> 

where (a) M={Mi | i = 1.. m} is a set of ingredients. An ingredient 
Mi is either a basic ingredient or a set of ingredients:  
• Mi = <MID, MP>, where MID is a unique identity for a 

member ingredient. MP is a set of member level properties 
(and functions) such as the name, quantity and image of the 
ingredient used in this recipe.  

An ingredient Mi belongs to one of the three classes: Main, Minor 
and Seasoning; 
(b) RP is a set of recipe-level properties (and functions) applied 
on R itself, such as the main cooking style, region, nutrition and 
images of the dish of the recipe; 
(c) SP = (V, E, Cons, Ingr) is a “Cooking Graph” (an example 
shown in Fig.3-2), which is a labeled directed graph describing 
the whole cooking procedure of making a dish by following the 
recipe R. In particular, 

1. V={vi | i = 1..n} is a set of nodes. Each vi represents a 
cooking action associated with a set of constraint conditions 
Cons(vi) that should be satisfied when the action of vi takes 



 

place. These constraints are called the “cooking action 

constraints”; they should be concerned with conditions on 
temperature and duration etc. 

2. E is a set of edges on V, which describes the temporal 
execution flow of the cooking actions. An edge <vi ,vj> 
indicates the action vj should take place after the completion 
of the action vi. These directed edges are named “action 

flows”. Each <vi , vj>∈E is associated with some constraints 
Cons(vi , vj) which indicate the conditions that should be 
satisfied for the flow to take place. We will refer to these 
constraints as the “cooking transition constraints” which 
can be specified in terms of time, texture, etc. of the food, 
and the format is the same as that of action constraints. 

3. Each node vi is associated with a set of ingredients Ingr(vi) 
that should be added when the action of vi takes place. The 
ingredients can be raw or the output of other actions; we use 
O(vi) to represent the output ingredients of vi. These inputs 
and outputs for the nodes are called “ingredient flows”. 

Mi of Main class represents the ingredient(s) that play a major 
role in the recipe such as pasta/ cheese in the “Triple Cheese Pasta 
Primavera”. Minor ingredients are less important and usually act 
as accessory or decoration (e.g. vegetables in the “Triple Cheese 
Pasta Primavera”). Seasoning ingredients are used to add pleasing 
flavor, get rid of disgusting taste or enhance appearance to the 
whole dish such as Shaoxing wine, ginger and garlic. 

 
Figure 3-2. Cooking Graph of “Triple Cheese Pasta 

Primavera” 

We now consider several basic properties on cooking graphs. The 
first of these, “reachability”, can be used to identify redundant 
parts of cooking graphs. The second, “consistency”, can be used 
to identify contradictory components. We also briefly discuss 
related concepts of “feasibility” and “minimality”.  

Definition 1. (Reachability) A cooking graph is defined as 
“reachable” if each of its nodes is “reachable”; a node is 
“reachable” if it is on a directed path from a starting node to the 
end node. 

Definition 2. (Consistency) A cooking graph is defined to be 
“consistent” if the conditions for each node/edge is consistent (i.e. 
there exists assignment to variables to make the conditions true).  

Unreachable parts of cooking graphs can occur due to recording 
mistakes; they do not contribute to the final dishes and hence 
should be removed. Inconsistent recipes should be flagged for 
user attention.  

Discussion: 

The properties defined above are syntactic, which allow 
algorithmic analysis. They can be generalized to become semantic, 
which may not allow effective algorithmic analysis. 

Observe that consistency is not the same as “feasibility” of 
cooking graphs. One can define a cooking graph to be “feasible” if 
one can actually make a dish by following the graph. We also note 
that reachability is not the same as minimality or non-redundancy 
of cooking graphs. A cooking graph can be defined to be 
“minimal” if one cannot remove nodes/edges from the graph while 
still producing the same dish with the same taste. None of 
feasibility and minimality can be tested algorithmically.   

3.2 Constraints and Rules 

We now consider another important mechanism being used by 
Dish_Master, namely, constraints (some kinds of constraints are 
mentioned in section 3.1) and rules (cf. Fig. 1). First, we give a 
couple of definitions. 

Definition 3. (Constraint) A constraint is a predicate [2] followed 
by one or more terms, enclosed in parentheses and separated by 
commas; a term is either a constant, variable or function 
expression. 

Example 1. A predicate such as Incompatible(SpinIncompatible(SpinIncompatible(SpinIncompatible(Spinaaaach, Tofu)ch, Tofu)ch, Tofu)ch, Tofu) is 
an example constraint (actually, an intra-recipe one), which says 
that the ingredients spinach and tofu are incompatiable and should 
not be cooked together. 

Constraints stored in the “Knowledge Base” (Fig.1) clearly 
specify all kinds of conditions or restrictions in the recipe model; 
they are divided into three categories: intra-recipe constraints, 
inter-recipe constraints and outer-recipe constraints. Intra-recipe 
constraints describe the constraints within a recipe such as 
ingredient combination, cooking action constraints and cooking 
transition constraints (cf. section 3.1). Inter-recipe constraints 
capture the relationship between/among recipes such as the 
nutrition balance for a table of dishes. Outer-recipe constraints 
respond to outside circumstances such as user’s profile, 
requirements, etc. 

Definition 4. (Rule) A rule is a logical implication [2] of the form 
“If Ф Then Ψ” (or, Ψ→Φ ), where Ф and Ψ are sentences. 

Example 2. A logical expression such as Over_Put(salt)Over_Put(salt)Over_Put(salt)Over_Put(salt) → 
AddAddAddAdd(vinegar|water)(vinegar|water)(vinegar|water)(vinegar|water) is an example rule, which says that if too 
much salt has been put into a dish, then we can neutralize the salty 
taste by adding either vinegar or water. 

In our system, rules of the recipe domain are stored in the 
“Knowledge Base” with three main purposes. One important 
purpose is to provide the inference engine with appropriate 
domain knowledge to validate the correctness of a recipe through 
reasoning and recognition process. A second purpose is to handle 
complex situations such as to make necessary adjustment or 
compensation once an improper cooking action occurs. A third 
purpose is to describe cooking skills that have been widely 
accepted and commonly used. Rules are applied in the “Constraint 



 

Satisfaction” module (Fig.1) to ensure the correctness and 
harmony of various constraints. 

4. APPLICATION IN REAL LIFE 
We will next present the usage of our recipe model in real life, 
which not only teaches users to learn the cooking principles and 
related skills but also provides users with consultation during the 
recipe adaptation. 

4.1 Recipe Pattern Identification 

 
Figure 4-1. Cooking Graph of “Kung Pao Pork” 

Fig.4-1 shows the cooking graph of the recipe “Kung Pao Pork” 
which is a famous dish from Sichuan Province of China [11, 15] 
and the cooking graph of another well-known dish “Simmered 
Lions-Head Shaped Meat Ball” [15] from Jiangsu Province of 
China is given in Fig. 4-2.  

2

  
Figure 4-2. Cooking Graph of “Simmered Lions-Head Shaped 

Meat Ball” 

The two dishes have very different tastes: The “Kung Pao Pork” 
tastes a little sweet-and-sour with deep chili piquancy and the 
“Simmered Lions-Head Shaped Meat Ball” is mild and juicy. It is 
interesting to ask “what causes these differences”, especially when 
both dishes use pork as the main ingredient. In the following, we 
give a definition of an important concept called “pattern”. 

Definition 5. (Pattern) Some subgraphs occur in one or more 
cooking graphs and they have certain significant influence on the 
cooking result (e.g. taste, appearance); such subgraphs are termed 
as “Patterns”.  

Observation 1. Cooking graphs of different recipes may share the 
same pattern.  
For example, in both recipes, pork is marinated after being cut and 
ingredients cornstarch and salt are used for marinating, which is a 
typical pattern (Fig.4-3) in Chinese cooking and forms a basic 
taste. Also when we analyze various recipes of the same cooking 
style (e.g. stir-frying, steaming) or same flavor (e.g. fish-fragrant 

flavor, five-spice flavor), we can find some interesting patterns 
which will be further discussed.  

Observation 2. Distinct subgraphs that determine the cooking 
effect (e.g. taste) should be identified.  

In the “Kung Pao Pork” dish [11], stir-frying chilies and Sichuan 
peppers brings out the piquancy and stir-frying the sauce gives a 
sweet-and-sour taste (Fig.4-1: action v6,v11). In the “Simmered 
Lions-Head Shaped Meat Ball” dish, stewing meat balls in broth 
leads to the delicious taste. Furthermore, even recipes of the same 
cooking style or close flavor may have some distinct subgraphs 
which make the cooking effect distinguishing and remarkable.  

In the following, several sample patterns are investigated (Fig.4-3) 
which frequently occur in Chinese cooking and Table 2 briefly 
explains the constitution (with specific ingredients or actions) and 
effect of each pattern. 

 

……

coat

……

e.g. starch, 
water, egg

Main 

Ingredient(s)

Seasoning 

Ingredient(s)
e.g. pork, 
chicken

 

         

 
Figure 4-3. Sample Patterns 

Pattern Action & Ingredient Effect 
Marinating Marinate main ingredient with 

seasoning ingredients (salt, 

Shaoxing wine, ginger, etc.)  

1. Dispel lingering raw tastes of the 

main ingredient (e.g. fish, meat) 

2. Enhance the taste 

Coating Coat main ingredient with 

starch (water, egg) 

1. Keep main ingredient(s) tender  

2. Preserve its juice/nutrients 

Passing Oil 
 

Fry the whole ingredient in a 

large amount of oil usually with 

coating. Then remove from oil. 

1. Improve main ingredient’s (e.g. 

meat, poultry) texture and color—

make the outside crisp and the 

inside tender with fragrance 

2. Shorten main cooking time 

Blanching Boiling Water Blanching: Place 

(leaf) vegetables or small meat 

in boiling water, boil again and 

simmer very briefly. Then 

remove from water.  

Cold Water Blanching: Place 

root/stem vegetables, large 

meats/ bones/ haslets in cold 

water, heat until boiling, 

simmer briefly and remove. 

1. Preserve vegetables’ color and 

destroy harmful enzymes. 

2. Dispel raw taste 

3. Dissolve out blood or impurities 

4. Adjust several ingredients’ 

cooking time to be coherent 

5. Shorten main cooking time 

Steaming Steam in a sealed container. 

Control temperature and 

duration based on ingredient’s 

texture and quantity. 

1. Preserve original taste/juice/ 

nutrient 

2. Pre-cook and shorten the main 

cooking time 

Thickening 
 

Starch Water / Sauce 

Thickening: Mix a little starch 

(and seasoning ingredients) 

with water.  Add it into the wok 

when the dish is almost 

cooked, stir a few times until all 

1. Let delicious sauce adhere to 

ingredients, thus well mix and uplift 

the taste. 

2. Enhance a dish’s luster and keep 

its fresh state 

3. Heat preservation 



 

ingredients are well mixed. 4. Outstand a dish’s character 

Table 2. Constitution and Effect of Patterns 

A style can be considered as one or more patterns occur 
simultaneously in more than one cooking graph with a certain 
sequence. For example, a “cooking style” is indicated in terms of 
cooking process (e.g. “cooked-frying”and “braising”) which 
points out its distinct character throughout the whole cooking 
process (samples in Table 3). A “regional style” is quoted in terms 
of different regions (e.g. “Sichuan style”), which represents 
prominent features for a region. 

Cooking Style Pattern with Dominating Action 
Soft Deep-frying Coating + Passing Oil + deep-fry 
Dry Deep-frying Marinating + Coating + deep-fry 

Cooked-frying Passing Oil/Blanching/Steaming+ stir-fry (+ 
Thickening) 

Slip-frying (Marinating + Coating) + Passing Oil + stir-
fry + Thickening 

Soft Stirring Blanching/Steaming+ stir + Thickening 

Braising Passing Oil/Blanching/Steaming + simmer in 
sauce (+ Thickening) 

Simmering Blanching + simmer in water/broth 
Table 3. Constitution of Cooking Styles 

Discussion:  Many styles haven’t been summarized or discovered 
whereas a large number of patterns still remain unknown. It is 
meaningful and useful to find these patterns and styles. Numerous 
cooking skills and rules varied from countries and race can be 
revealed based on the results of pattern discovery. We can tell the 
difference of recipes from various categories such as what 
distinguishing actions are involved or what unique ingredients are 
used. Once we have enough knowledge on patterns and styles of 
present recipes, we could make suggestions on what to do next 
when a series of specific actions occur. So this issue is one 
direction of our current work. 

4.2 User Adaptation 
With the help of a cooking graph, the user could make a dish by 
going through all action nodes in the graph. Each time when the 
user reaches an action node, the graph indicates what ingredients 
are needed and what kinds of constraints (instruction/restriction) 
are involved in this node.  

Adaptation Scenarios    

When the user makes an adaptation (e.g. modification and 
insertion) at a particular position of a recipe’s cooking graph 
either for his/her own purpose or due to real-world limitations, the 
system will check if the adapted cooking graph is feasible. 
Otherwise he/she may find it difficult to do the succeeding actions 
due to certain constraints which can not be satisfied and/or the 
semantic meaning entirely gets changed. The whole cooking 
process may be terminated because the cooking effect has been 
strongly altered or the good flavor has been destroyed.  

To avoid such unexpected situation, an adaptation algorithm 
shown in Fig.4-4 is devised to compensate and improve the  
cooking result (better than an awful one). Once the user points out 
which action he stops at and states where he modified the original 
cooking graph, the system will analyze and provide the user with 
a set of feasible subgraph templates stored in the cooking graph 
database. The user can choose one of the subgraph templates he 
likes to replace the remaining subgraph including all remaining 
action nodes. Then the template will be instantiated with 

substantial ingredients and constraints (Fig.4-4), so as to meet the 
needs of the actual situation. Also a checking mechanism is 
included to examine the adapted cooking graph and to help 
maintain the basic properties of “Reachability” and “Consistency” 
(cf. section 3.2).  In this way, the user could continue cooking by 
following the modified cooking graph. This scenario can be 
repeated for cases where the user does not meet the constraints.  

  

Figure 4-4. Template Selection and Instantiation 
Template Generation  
The system examines the part of the cooking graph that has been 
modified/ adapted by the user and analyzes what actions it is 
likely to follow. After calculation, the system will recommend a 
number of suitable templates according to the similarity between 
adapted graph and likely styles. 
For example, a user named Jack doesn’t have chili and Sichuan 
pepper when he prepares to cook the “Kung Pao Pork”. So Jack 
deletes the actions associated with chili and Sichuan pepper, 
letting the system check whether he can continue the cooking. 
Several suggestions are provided by the system, one of which 
being to go ahead with the original procedure, and another (better 
one) being to change the “Kung Pao Pork” to the “Garlic-fragrant 
Pork” by using “deep-fry” instead of “stir-fry” of the main 
ingredient. 

5. PROTOTYPE SYSTEM 
The overall design objectives of our prototype system (cf. Figure 
5-1) include the following: a) Users of Dish_Master should be 
able to select/import recipes from the global system area to his/her 
personal user space; b) In the personal user space, a user can 
reorganize recipes on his/her own purpose such as framing a 
recipe schedule for one week’s meal; c) A variety of local recipe 
adaptations are allowed to take place, so as to help users make 
modifications to existing recipes in order to cater for personalized 
preferences and/or other reasonable situations. 

 
Figure 5-1.  Global Space vs. User Space 



 

As a preliminary result, we have so far completed a prototype 
system named RecipeView which is the front-end mechanism, 
currently providing the user-level facilities of Dish_Master. These 
include browsing and searching to support versatile manipulation 
and management of recipes in an intelligent and adaptive manner.  

The service of adapting recipes enables users to customize their 
favorite recipes. Currently, the system can only provide users with 
simple adaptation scenarios and a straightforward interface, 
illustrated in Figure 5-2.  

 
Figure 5-2.  User Interface of RecipeView - Adapting Recipe 

Based on an existing recipe, a user can modify ingredients to form 
new recipes. For example, suppose that user Jack is interested in 
the Chinese bean curd (Tofu), so he finds and imports the recipe 
“Braised Tomato with Bean Curd” through RecipeView interface. 
However he only has some mushrooms and bean curd in hand, so 
he modifies the ingredient of the recipe—replacing tomato with 
mushroom. After submitting his adapted recipe, the system checks 
and tells Jack what dish his changes may lead to. Then Jack 
decides to go ahead with this adapted recipe. Being satisfied with 
the resultant dish, Jack creates a new recipe named as “Braised 
Mushroom with Bean Curd”, stores it in his local space, and later 
even publishes it at the global area of the RecipeView system. 

6. CONCLUSION AND FUTURE WORK 
In this paper, we have described a user-centered adaptive recipe 
database system called Dish_Master which is the first piece of 
work on recipe data modeling (to the best of our knowledge).  
Currently, we are further working on the pattern mining from 
cooking graphs, and the algorithm of template generation for the 
adapted cooking graph will be further strengthened and extended 
to fit various types of users. Furthermore, the issues of rule 
discovery, managing the constraints as well as facilitating the 

sharing and promotion of personally adapted/derived views to 
other peers, are also interesting to explore, which we plan to 
address in our subsequent studies. 
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