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ABSTRACT 
We describe a software architecture we have developed for a 
constructive containment checker of Entity SQL queries defined 
over extended ER schemas expressed in Microsoft’s Entity Data 
Model. Our application of interest is compilation of object-to-
relational mappings for Microsoft's ADO.NET Entity Framework, 
which has been shipping since 2007. The supported language 
includes several features which have been individually addressed 
in the past but, to the best of our knowledge, they have not been 
addressed all at once before. Moreover, when embarking on an 
implementation, we found no guidance in the literature on how to 
modularize the software or apply published algorithms to a 
commercially-supported language. This paper reports on our 
experience in addressing these real-world challenges. 

Categories and Subject Descriptors 
D.2.2 [Software Engineering]: Design Tools and Techniques; 
D.2.11 [Software Engineering]: Software Architectures; H.2.4 
[Database Management]: Query Processing 

General Terms 
Algorithms, Design 

Keywords 
Query, query containment, Entity Data Model, canonical instance 

1. INTRODUCTION 
 Query containment is a well-known problem, with many pro-
posed algorithms. However, when embarking on an implementa-
tion, we found no guidance in the literature on how to modularize 
the software or apply published algorithms to a commercially-
supported language. This paper reports on our experience in 
addressing these real-world challenges. 
 Our application of interest is compilation of object-to-relational 
mappings [10] for Microsoft's ADO.NET Entity Framework (EF) 
[1], which has been shipping since 2007. It uses containment tests 
to check that mappings round-trip, and hence do not lose 
information. Right now, the product uses a custom containment 
algorithm that is specific to the currently-supported mappings. We 
needed a more general algorithm because some extensions to EF 
require query containment tests that are not supported by the 
custom containment algorithm. Some extensions under considera-

tion are incremental mapping compilation (currently only full 
compilation is supported), optimizations of mapping compilation, 
and support for richer mapping expressions. 
 The implementation of our query containment checker is based 
on the Constructive Query Containment (CQC) method [8]. The 
original definition of this method is quite theoretical, and it is not 
clear how to implement it in a modular and efficient way. More-
over, the original CQC does not handle all the features of Entity 
SQL, e.g., type inheritance. In this paper, we have (1) decom-
posed CQC into implementable steps and (2) adapted it to support 
Entity SQL queries and schemas expressed in Microsoft’s extend-
ed ER model, EDM. The result is a modular implementation, 
which is easily extensible if new features need to be added to the 
query language. The language supported by the checker includes 
several features, such as type inheritance [3, 2, 9], key and foreign 
key constraints [13], null values [5], etc., that have been individu-
ally addressed by previous works, but have not, to the best of our 
knowledge, been addressed all at once before. Checking query 
containment in such a language is non-trivial. It requires dealing 
with multiple language features that may interact with each other 
and affect the result of the containment test. In addition to the 
aforementioned, other specific features that are particularly 
interesting and that are also supported by our checker are outer 
joins, arbitrary boolean conditions, and case statements. 
 Constructive query containment is aimed at building a counter-
example that shows that containment does not hold for the given 
pair of queries. That is, the containment test of Q1 in Q2—denoted 
Q1  Q2—will fail, if there is a consistent instance in which the 
answer to Q1 has a tuple that is not in the answer to Q2. The idea 
is that the checker has to explore the space of possible instances 
and look for such a counterexample. However, since the solution 
space is infinite, it reduces the exploration to a finite set of canon-
ical instances, each representing a fraction of the solution space. 
 The construction of the canonical instances is driven by the 
queries. Essentially, the checker has to consider the different ways 
in which Q1 can produce a tuple that Q2 does not return. In doing 
so, it has to infer tuples that must be of some type within the 
corresponding hierarchy, and must have a value for each of their 
attributes. Instead of trying all possible types and values, it ana-
lyzes the queries and schema to determine finite sets of relevant 
types and values that cover all possible cases; i.e., if no counter-
example can be built using these, then no counterexample exists. 
 Another approach to containment testing is to encode queries as 
boolean formulas and use a SAT solver to check for satisfiability. 
However, for the class of queries and constraints in our language, 
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the best encoding we know of produces an exponential blowup in 
the size of the boolean formulas. Therefore, such an exponential 
cost in the reduction would defeat the purpose of using a SAT 
solver, since the bottleneck would be the reduction itself. 
 The paper is structured as follows. Section 2 details the lan-
guage supported by the checker. Section 3 explains its modular ar-
chitecture. Section 4 reports on some experimental results. Section 
5 discusses related work, and Section 6 concludes the paper. 

2. SUPPORTED LANGUAGE 
 A schema in the Entity Data Model (EDM) is defined as a 
collection of entity and association sets. Each entity set stores a 
hierarchy of entity types, while each association set stores an 
association type. We will refer to the concepts of entity type and 
association type as entity and association, respectively, and we 
will refer to the instances of entity and association types as tuples 
of the corresponding entity and association. An example EDM 
schema is shown in Figure 1. It has two entity sets: Pset, which 
stores the hierarchy rooted at entity P; and Dset, which only stores 
entity D. The schema also has one association set Aset that stores 
association A. 

 
 Data is stored in the entities in the form of primitive-typed 
attributes (a.k.a. properties); our algorithm deals with strings, 
numbers (integers and reals), dates and booleans. Each entity must 
have a key defined by one or more attributes. A foreign key can 
be modeled as a special kind of association, one with a referential 
constraint attached to it. 
 The supported class of Entity SQL queries is that of unions of 
select-project-join queries, where a join can be an inner, left outer 
or full outer join. Case expressions are also supported (i.e., 
conditional expressions in the form of case when ... then ... else 
...). Boolean conditions in the queries may contain conjunctions, 
disjunctions and negations of atoms. In particular, the supported 
atomic conditions are: equality of an attribute with a constant, is 
null, is of (type), and is of (only type)3. A pair of Entity SQL 
queries is shown in Figure 2. 

 
 Supported queries also conform to the following restrictions: 
• The same entity or association set does not appear more than 

once in the from clause. 
• Joins are between a key and a foreign key, or between two keys. 

                                                                 
3 Condition is of (type) is true when the tested entity variable is of 

either the given type or a subtype. Condition is of (only type) is 
true when the tested entity variable is exactly of the given type. 

• Any condition on a key or foreign key member is either is null 
or its negation. 

• Key and foreign key members are of a primitive, non-boolean 
type. 

• A query returns a tuple projected from the underlying 
entity/association sets. 

This class of queries is general enough to cover the requirements 
of our application (incremental EF mapping compilation), with 
acceptable performance of the query containment checks. 

3. ARCHITECTURE OF THE QUERY 
CONTAINMENT CHECKER 

 As shown in Figure 3, the input to the checker is a pair of 
queries to be tested, and the output is a boolean that states whether 
containment holds or not. 
 In order to simplify the implementation of the query-guided 
construction of the canonical instances, we reduce the problem 
from containment of Q1 in Q2 to satisfiability of query Q = Q1–Q2. 
Using the constructive approach, we explore the space of 
canonical instances searching for an example that shows Q is 
satisfiable. The original containment test is true if and only if Q is 
not satisfiable. 
 The three main components of the checker’s architecture are: 
1. Computation of relevant types and values. 
2. Construction of the canonical instances using the relevant types 

and values. 
3. Evaluation of Q on the canonical instances. 

 
The checker’s answer will be false if Q has a non-empty 
answer on some canonical instance, and true otherwise. 
 We describe the components in the next subsections. 

3.1 Computation of Relevant Types & Values 
 To compute the relevant types and values, we need to analyze 
the query Q to see which entities and associations it refers to, and 
which types and values are compared with which entity sets and 
attributes, respectively. Our modular architecture assigns this task 
to a component that constructs a tuple with the signature of Q, 
fills it with variables, and then pushes it down the query tree of Q, 
annotating the tuples and variables with the types and values they 
are compared to. As an example, pushing the tuple (id) through 
the projection at the root of Q2’s tree, produces the tuple (id, attr, 
...), where attr,... are variables bound to the other attributes of P. 
Then, pushing this latter tuple down the selection annotates it with 
type F, i.e., the output is (id, attr, ...):{F}. If the selection had also 
compared an attribute with a constant, e.g., p.attr = 3, the 
corresponding variable would have been annotated, i.e., the output 
would be (id, attr:{3}, ...):{F}. At the end of the process, the 

Figure 1: Example EDM schema 

Figure 2: Example of a query containment test 

Figure 3: Architecture of the query containment checker 
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component has produced a set of annotated tuples that is passed to 
a second component that extracts from them all the necessary 
information and computes the relevant types and values. The 
workflow is shown in Figure 4(a). 
 Let us focus now on the second component. A set of relevant 
types is computed for each entity set in the schema. The idea is to 
partition each entity set into types that have the same behavior 
w.r.t. the satisfiability check. The partitioning depends on both 
query Q and the schema. Query Q induces a partition on each type 
hierarchy, which distinguishes the types that are mentioned in the 
query’s definition from the types that are not mentioned by the 
query. Consider for example the schema in Figure 1 and the 
containment test in Figure 2. Only the entity type F is mentioned 
in the queries Q1 and Q2. Therefore, Q induces the partition {{F}, 
{P,E,G}} on the type hierarchy stored in Pset. Similarly, each 
association in the schema induces a partition on the type hierar-
chies at the association’s ends, which distinguishes the type(s) of 
that end from the rest. In the example, association A induces the 
partition {{F,E,G}, {P}} in the hierarchy of P, where {F,E,G} are 
the possible end’s types. An agreement has to be reached between 
all the partitions of the same type hierarchy. We refer to the 
agreement of partitions P1,...,Pn as the partition P such that two 
types belong to the same set in P if and only if the two types 
belong to the same set in all the partitions P1,...,Pn. In the example, 
there are two partitions for the hierarchy of P: (i) {{F}, {P,E,G}} 
and (ii) {{F,E,G}, {P}}. The agreement of these two partitions is 
{{F}, {P}, {E,G}}. After obtaining an agreement, we must choose 
one arbitrary type from each set in the partition as a relevant type 
for the entity set in which the hierarchy is stored. Continuing with 
the example, the set of relevant types of Pset includes F and P and 
one type from {E, G}, e.g., E. It is obvious that the set of relevant 
types of Dset includes just D. 
 A set of relevant values is computed for each attribute of the 
entities and associations that are accessed by Q. The general rule 
is that the set of relevant values of an attribute includes the con-
stants which the attribute is compared to in Q plus an additional 
fresh value. The intuition is that if we have attribute X which is 
compared to 1 (i.e., X = 1), then, from the point of view of query 
satisfiability, to cover all cases it suffices to consider the value 1 
and some new value, e.g., 2. In our example, query Q1 compares 
attribute P.attr with value 5, so the relevant values for P.attr will 
be {5, fresh1}, where fresh1 denotes an arbitrary new value. 
 Computing relevant values gets trickier when Q has joins. In 
that case, we want to cover the case in which the attributes being 
compared in the join condition have the same value. To do this, 
we need to extend the general rule and, for each pair of attributes 
being compared in the join condition, add a single additional fresh 
value to the set of relevant values of both attributes. Continuing 
with the example, attributes P.Id and A.F (denoting the F end of 
association A, which references the key of entity F) must share the 
same value. Applying the general rule, each of the two attributes 

has only one relevant value in the form of freshi (since they are 
not compared to any constant in Q). With the new extended rule 
for join attributes, we create an additional fresh value and add it to 
the set of relevant values of both attributes. Thus, the relevant 
values of P.Id will be {fresh2, fresh4} and the ones of A.F will be 
{fresh3, fresh4} (note that fresh4 is shared by both sets). 

3.2 Construction of Canonical Instances 
 Once we have computed the relevant types and values, we can 
proceed with the construction of the canonical instances. The 
checker’s module responsible for this task works in two stages, 
depicted in the workflow in Figure 4(b). 
 In the first stage, the checker tries the different ways of building 
a counterexample for the containment test without taking into 
account the integrity constraints of the schema. The idea is that to 
satisfy a query Q in which all entity/association sets are distinct, 
we need at most one tuple in each entity/association set (recall 
that we consider only queries in which all entity/association sets 
are distinct). Note that, since our queries belong to the class of 
unions of select-project-join queries, if tuple t is an answer to Q, 
then t is a projection of a single tuple that results from the join of 
some underlying entity or association sets. Therefore, to build an 
instance in which Q is non-empty, we need to insert at most one 
tuple in each entity or association set. The type of each tuple is 
chosen from the corresponding set of relevant types, and the value 
of each of the tuple’s attributes is chosen from the corresponding 
set of relevant values. Choosing different types and values results 
in different instances being constructed. We refer to these 
instances as canonical seeds. 
 In our example, we need to insert one tuple in Pset and another 
in Aset. Recall that: relevant types of Pset are {F, P, E}, relevant 
values of P.Id are {fresh2, fresh4}, relevant values of P.attr are {5, 
fresh1}, relevant values of A.F are {fresh3, fresh4}, and relevant 
values of A.D are {fresh5}. Then, there is one canonical seed for 
each combination of these relevant types and values: {F(fresh2, 5), 
A(fresh3, fresh5)}, ..., {E(fresh4, fresh1), A(fresh4, fresh5)}. 
 In the second stage, the checker evaluates the integrity 
constraints on each canonical seed. Actually, since canonical 
seeds cannot violate the key constraints, what this second stage 
does is to enforce the foreign keys. That is, if a foreign key is 
violated, the checker tries to repair it by adding a new tuple of the 
referenced type. If values need to be invented for some of the 
attributes of the new tuple, distinct fresh values are used. If the 
new tuple causes the violation of some key constraint, this means 
that the canonical seed does not represent any consistent instance 
of the schema and, thus, it is discarded. Otherwise, the checker 
continues to enforce the foreign keys until the instance becomes 
consistent. The result of successfully enforcing the foreign keys 
on a particular canonical seed is a canonical instance. 
 Continuing with the example, consider the canonical seed 
{E(fresh4, 5), A(fresh4, fresh5)}. It violates the implicit foreign 
key from the D end of association A to entity D. Therefore, the 
checker inserts a new D tuple: D(fresh5) (if D had additional 
attributes they would be filled with distinct fresh values, e.g., 
D(fresh5, fresh6, fresh7, ...)). After this insertion, the instance 
becomes consistent; therefore, {E(fresh4, 5), A(fresh4, fresh5), 
D(fresh5)} is a canonical instance. 

3.3 Evaluate Query on Canonical Instances 
 Each canonical instance is a potential counterexample for the 
containment test. To determine whether a canonical instance ci is 
actually a counterexample or not, the checker evaluates the query 
Q on it. If Q returns the empty answer, then ci is not a 
counterexample. Otherwise, ci shows that Q1 produces a tuple that 
Q2 does not, which is precisely the tuple being returned by Q 

Figure 4: (a) Computing relevant types and values. 
         (b) Constructing canonical instances 

(a) (b) 

1171



 

(recall Q = Q1–Q2). This shows that containment does not hold in 
this case. Thus containment holds only if the empty answer is 
obtained as a result of evaluating Q on all canonical instances. 
 In our example, canonical instance {E(fresh4, 5), A(fresh4, 
fresh5), D(fresh5)} makes Q return tuple Q(fresh4) and shows that 
containment does not hold. 

4. EXPERIMENTAL EVALUATION 
 To study the performance of our query containment algorithm, 
we used a scenario that we designed to test those parameters that 
affect most significantly the algorithm’s running time. In this 
scenario, the schema is a grid of entities, where the entities in each 
row are connected by foreign keys, and the entities in each 
column form a hierarchy. In particular, each entity has a foreign 
key to the next entity in the row, and is a subtype of the entity 
above it in the column. Figure 5 shows a generic instantiation of 
this schema. Parameters N and M control the number and depth of 
type hierarchies, respectively. 

 
 The queries to be checked for containment are generated over 
this schema as unions of join queries: Q = Q1 ∪ ... ∪ QM, where 
Qi = Entityi,1  ...  Entityi,N, 1 ≤ i ≤ M. Parameters N and M 
control the number of joins and unions, respectively. To generate 
a pair of queries for the containment test, we start with a first 
query Q, with the above structure, and then generate a second 
query Q′ by applying a series of transformations on Q. When the 
transformations are containment-preserving, we know that Q will 
be contained in Q′. If the transformations do not preserve 
containment, then we know that Q will not be contained in Q′. 

 
 Figure 6 shows the running times of the checker for an increas-
ing number of joins and unions in the queries. The reported 
experiments focus on the case in which containment holds, with a 
variety of optimizations enabled4. Our implementation of the 
checker was done in C#. All the experiments were run on an Intel 
Core 2 CPU 2.40 GHz, with 4 GB of RAM, and Windows 7 
Enterprise SP1 x64 (build 7601). The .NET Framework version 
used was 4.0.30319 SP1Rel, and the Entity Framework version 
was “June 2011 CTP”. 
                                                                 
4 Details of the optimizations will be presented in the talk. 

5. RELATED WORK 
 Containment has been studied for a wide variety of query 
languages. The most well-known is the language of conjunctive 
queries (CQ) [4], which has multiple extensions: unions of CQ 
[11], CQ with arithmetic comparisons [7], CQ with negation [12], 
CQ under integrity constraints, etc. For the problem of checking 
containment under integrity constraints, many different kinds of 
constraints have been considered, including functional and inclu-
sion dependencies [6], and implication and referential constraints 
[13], among others. Containment of CQ under class inheritance 
constraints has also been considered [2, 3, 9]. However, published 
containment algorithms do not efficiently handle all the details of 
many practical languages, nor do they explain how to decompose 
the algorithm into software modules. 

6. CONCLUSION 
 We have proposed a software architecture we have developed 
for a query containment checker used in the compilation of object-
to-relational mappings for Microsoft's ADO.NET Entity 
Framework. The implementation of our checker is based on the 
Constructive Query Containment (CQC) method, which we have 
decomposed into implementable steps and adapted to support 
Entity SQL queries and EDM schemas. The result is a modular 
implementation, which is easily extensible if new features need to 
be added to the query language. 
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