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Abstract

We introduce a graph- and object-oriented
database query language, GOQL, inspired by a
number of characteristics of SQL. GOQL describes
a two-dimensional user-interface for constructing
queries and database transformations. We show
that GOQL compares favorably with SQL.

1 Introduction

During the past decade, database research has wit-
nessed the rise of quite a number of database mod-
els, based on a variety of modeling paradigms,
the most prominent of which are probably the
object-oriented, the deductive and the functional
approaches.

It was realized several years ago that in practice,
database systems based on new paradigms will only
be able to compete with commercial systems cur-
rently in use (especially relational DBMS) if the
gap to be bridged by the user is kept sufficiently
small. E.g., in [ABD%89] it is argued that future
object-oriented DBMS must provide the function-
ality of ad hoc query languages, allowing users to
pose simple queries to the database in a simple
manner. A declarative nature, efficiency and ap-
plication independence are mentioned as the three
most prominent characteristics of such a facility.
“Typical” relational queries are proposed as a yard-
stick for measuring the degree in which a newly
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proposed model comes up to this requirement. The
authors of [CfADF90] even make a stronger state-
ment by claiming that SQL [C*76] (which they re-
fer to as “intergalactic dataspeak”) has become so
universally accepted that it must not be overlooked
in the development of any novel OODBMS.

At the same time, the need for better and easier-
to-use database end-user interfaces is widely being
acknowledged. To this end, the two-dimensional
nature of a computer screen should be fully ex-
ploited. The most natural starting-point for the de-
velopment of a profound theoretical basis for such
two-dimensional interfaces is the usage of graphs as
the basic data type.

Graphs have indeed been an integral part of
the database design process ever since the intro-
duction of semantic and, more recently, object-
oriented data models [Ban88, HK87]. Their usage
in data manipulation languages, however, is more
recent [AH87, CM90, GPG90, PPT91].

The first graphical database end-user interfaces
were developed for the relational model (e.g.,
Query-By Example). Later on, many graphical
database end-user interfaces were developed for the
Entity-Relationship Model (as illustrated in the
series of Proceedings of the International Confer-
ences on Entity-Relationship Approach), as well
as for more complex semantic and object-oriented
database models [KKS88]. Although some pro-
posals also deal with recursive data objects and
queries [CMW8T], most interfaces using graphs as
their central tool are rather limited in expressive
power.
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Svnthesizing the above two observations, we be-
lieve that currently a need is felt for SQL-like
query languages for OODB’s, as well as for graph-
ical database user interfaces. The objective of
this paper is therefore the development of a sim-
ple object-oriented query language (primarily ori-
ented towards retrieval of information present in
the database), inspired by the relational query lan-
guage SQL on one hand, and by graph-oriented
database models on the other hand. In the lat-
ter category of models, a database is conceptually
looked upon as a graph, allowing the definition of
a natural graphical syntax for database operations.

We focus on the following SQL-concepts:

1. building queries modularly (cfr. nesting of sub-
queries); :

2. Group By- and Having-clauses;
3. join-select-project sequences;
4. aggregate functions.

From the area of object-oriented databases, we
support the concepts of class hierarchy, encapsula-

~ tion and message passing (or method calls).

We stress that this paper does not contain a fully
fledged operational specification for a query lan-
guage, but rather indicates some relevant concepts
and techniques. We present a number of ideas on
what a user-interface inspired by the ideas outlined
above should look like, although the language we
present may require some extensions and adapta-
tions in order to be fit to serve as the basis of a
complete end-user interface.

The rest of this paper is organized as follows.
In Section 2 we introduce the Graph- and Object-
oriented Query Language, using an elementary
data model. In Section 3 we illustrate how the most

prominent features of SQL may be expressed using
GOQL.

2 The Graph- and Object-
oriented Query Language

2.1 The Data Model

In this Section we introduce a very general model
for object base schemes and instances, that will fa-
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cilitate the development of the Graph- and Object-
oriented Query Language. It relies only on the
most basic object-oriented data modeling features
of classes and methods, hence the concepts to
be introduced in the sequel are largely system-
independent and generally applicable.

Our notion of object base scheme is quite com-
patible to what is used in most object-oriented
models introduced over the past few years in
both the area of databases and programming lan-
guages [Bee90]. Basically, we look upon a scheme
as a collection of class definitions, each of which
consists of three components:

1. a class name;
2. alist of names of the class’s direct superclasses;

3. alist of signatures of methods: such a signature
consists of the method’s name, a list of class
names for the arguments (as well as a proper
name for each argument), and the class name
of the resulting objects.

Figure 1 shows the object-base scheme we will use
as a running example throughout the remainder of
this paper. To clarify the applied notations, let’s
look at the signature of the method “teaches” in the
definition of class Employee, which can be used to
test whether an employee teaches a given course.l
In this signature, course is the proper name for the
argument, while Course is the name of the class
of objects for this argument (cfr. item 3 in the de-
scription of class definitions). Note also the ap-
plication of multiple inheritance in the definition of
class Working_Student, as well as its empty Meth-
ods section.

Since we focus on languages for data retrieval, we
restrict ourselves to side effect-free methods. Al-
though methods are the only means by which re-
lationships between objects can be modeled, it is
clear that attributes may be seen as a special kind
of methods:

Single-valued Attributes: Methods having no
arguments besides the receiver object (called
unary methods in the sequel) express a single-
valued property or attribute of that receiver;

1We assume that each scheme contains the classes
Boolean, String, Integer,....
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Class Person is
Superclasses:
Methods:

name: — String
street: — String
town: — String

Class Department is
Superclasses:
Methods:

name: — String
building: — String
president: — Employee

Class Employee is
Superclasses: Person
Methods:
function: — String
department: — Department
salary: — Integer
teaches: [course: Course] — Boolean

Class Course is
Superclasses:
Methods:
name: — String
department: — Department

Class Student is
Superclasses: Person
Methods:
department: — Department
takes: [course: Course] — Boolean
score: [course: Course, year: Integer]
— String

Class Working._Student is
Superclasses: Student, Employee
Methods:

Figure 1: An object-base scheme for Departments
and Courses.
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Set-valued Attributes: Methods with exactly
one argument besides the receiver, result-
ing in an object of class Boolean (called bi-
nary boolean-valued methods in the sequel) ex-
press arbitrary object-to-object relationships,
or, from the point of view of the receiver ob-
ject, set-valued properties. For instance, the
method “teaches” expresses a set-valued prop-
erty of employees. In this respect, it will turn
out convenient to make the following assump-
tions. For each such binary boolean-valued
method (viewed as a set-valued ‘attribute), we
assume the existence of a number of corre-
sponding unary methods (viewed as single-
valued attributes), which express certain prop-
erties of the set-valued attribute under con-
sideration. For example, for the set-valued
attribute “teaches” of class Employee, also a
single-valued attribute “countye, pes” is de-
fined, returning a natural number. If in addi-
tion, the objects in the set are values on which
simple arithmetic can be performed, we also
assume the existence of methods for the typ-
ical SQL aggregate functions like sum, max,
min and average.

Due to inheritance, methods of a class’s super-
class are applicable to all objects of that class. Con-
cepts such as overriding and overloading are not
considered in this paper, hence we assume that no
method name may appear in both the definition
of a class and one of its (direct or indirect) super-
classes.

Object-base instances over a given object-base
scheme are conceptually looked upon as directed,
labeled graphs. Two kinds of nodes are distin-
guished within the instance graph. First, nodes
representing objects are called object-nodes, and
are labeled by the name of their class. Sec-
ond, nodes representing method-calls are called
message-nodes, and are labeled by the name of
the method. Edges in the graph always go from
message-nodes to object-nodes.

Figure 2 (which shows a partial instance over the
scheme of Figure 1) illustrates the conventions used
for the graphical representation of instance-graphs.

Object-nodes are graphically represented by rect-
angles. Objects representing values (like strings,
numbers, bitmaps,...) may, in addition to their
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resident

result

Figure 2: An object-base instance of Departments
and Courses.

class name, be labeled by this value. Each value
may occur only once in an instance. For instance,
there is one node in the instance of Figure 2 repre-
senting the string “Jackson”.

Message-nodes are represented using diamonds.
The subgraph of the instance determined by such a
diamond and its outgoing edges must correspond
exactly to the signature of some method in the
scheme. Consider e.g., the message represented in
the bottom left corner of Figure 2, which represents
a call to the method “takes”, listed in the definition
of class Student. The diamond representing that
message has an outgoing edge, labeled receiver, to
a node in the instance labeled Student. Besides,
it has an outgoing edge labeled result to a node la-
beled Boolean, i.e., the class name of the resulting
objects, as well as an outgoing edge labeled course
to a node labeled Course. This means that the re-
sult of applying the method “takes” to the single
student in the database, with the designated course
in the database as argument, results in the boolean
value true.

2.2 The Query Language

As already mentioned, we wish to offer the possibil-
ity to model queries in a modular fashion. There-
fore, in general a GOQL-query consists of several
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query steps. Since graph-orientation is another ma-
jor design goal, GOQL offers a natural graphical
representation for the specification of such query
steps.

Patterns

A first question that arises is how to specify those
portions of the database to which a query step must
be applied, or that must be examined by the appli-
cation. For example, in the particular case of the
relational database model with an SQL-like inter-
face, the relevant database portions are specified
using From- and Where-clauses, while the actual
operations are expressed by, e.g., Select or Delete
commands.

Our answer is to use graph patterns as a natural
means for describing those parts of the database
the user wants to access. Syntactically, a pattern
is any subgraph of an instance. E.g., the pattern
of Figure 3 describes those employees that teach a
course to a student that studies at the same de-
partment they work for.

Department

Course

Student

course receiver

result

Boolean takes

true

Figure 3: An example pattern.

Informally, when a query step is applied to some
instance, it is applied to each occurrence or match-
ing of the pattern in that instance. More formally,
a matching is a mapping from the node-set of the
pattern to the node-set of the instance, that satis-
fies two conditions. First, labels must be preserved,
i.e., the image of a message-node must have the
same label as that message-node, while the image
of an object-node must be a member of the same
class as that node, or it must be a member of a sub-
class. Second, if an edge exists between two nodes
in the pattern, then an edge with tle same label
should exist between the images of these nodes in
the instance.
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The reader is invited to verify that there exist
two matchings of the pattern of Figure 3 in the
(partial) instance of Figure 2. Note that for one
of the matchings, the Student-node in the pattern
is mapped to a Working Student-node in the in-
stance.

However, Figure 3 also illustrates that, given the
limited number of modeling primitives available
(i.e.. object- and message-nodes), patterns may
rapidly become quite large and unsurveyable, even
if simple configurations are being modeled.

Therefore, we now introduce a number of syn-
tactical shortcuts for messages, which we believe
are useful in many situations, as well as a simple
extension of patterns to incorporate negation.

Single-valued Attributes in Patterns

In Section 2.1, it was already mentioned that
unary methods express single-valued attributes.
Since these are so often needed in patterns, we allow
a call to such a method to be specified by an edge
from the receiver node to the result node, labeled
by the name of the method. This way, the pat-
tern of Figure 4, top, describing persons and their
names, can be replaced by the pattern of Figure 4,
bottom.

receiver result

Person name

String

name
Person -

String

Figure 4: A shortcut for single-valued attributes.

An important feature of SQL from a practical
point of view is the possibility to apply aggregate-
functions to a set of values. Recalling the assump-
tion made in Section 2.1 about aggregate functions
of set-valued attributes, and using the shortcut for
unary methods, calls to such functions may now be
expressed in GOQL-patterns in a very elegant man-
ner. For example, the pattern of Figure 5 describes
those employees teaching exactly five courses.

Employce
countieaches

Integer

5
Figure 5: Using aggregate functions.
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Set-valued Attributes in Patterns

In Section 2.1, it was already mentioned that bi-
nary boolean-valued methods express set-valued at-
tributes. Therefore, in analogy to the shortcut for
single-valued attributes, we allow calls to binary
boolean-valued methods that evaluate to true, to
be replaced by an edge from the receiver to the ar-
gument, labeled by the name of the method. To
indicate that it is a shortcut for a set-valued at-
tribute, this edge must have a double arrowhead.
E.g., Figure 6 shows how the pattern of Figure 3
may be specified much more elegantly using the
shortcuts for both single- and set-valued attributes.

Department
department

department

takes

<
-

teaches

Bl
L e

Course

Student

Employee

Figure 6: A pattern using shortcuts for attributes.

Another concept that can be expressed in GOQL
patterns in an elegant manner using the shortcut
for set-valued attributes, is that of comparison be-
tween values. For instance, in object-oriented pro-
gramming [GR85], the comparison z < y is seen
as the boolean-valued result of sending a message
< to receiver z with argument y. Such a com-
parison may now be expressed in a GOQL-pattern
using an edge between the objects representing the
two values, labeled by the comparison operator un-
der consideration. E.g., the pattern of Figure 7
determines those employees that earn more than
employee Jackson.

salary name
Integer ¢ Employee > String I
ﬂ Jackson
>
salary
Integer -+ Employee

Figure 7: A shortcut for arithmetic comparison.

Negation in Patterns

Quite often, the specification of a method used
in a pattern will involve some form of negation. A
typical example is that of a method returning true
or false, depending on whether or not a relationship
between two objects does not hold. Although this
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is a very simple condition on object-to-object rela-
tionships, we cannot use the shortcuts introduced
earlier on in this Section because of the negation.
This motivates the introduction of an extra feature
for patterns, by allowing nodes and edges to be
marked as being negated,? on the condition that
the non-negated part still remains a syntactically
correct pattern. The embeddings of a pattern using
negation are those embeddings of the non-negated
part, that cannot be “extended” to embeddings of
the entire pattern.

E.g., the non-negated part of the pattern of Fig-
ure & (in which we use the shortcuts introduced
above), has two embeddings in the instance of Fig-
ure 2. since employee Jackson teaches two courses.
One of these embeddings however can be extended
to an embedding of the entire pattern, since one of
those courses is taken by a working student. Hence
the complete pattern only matches the courses
taught by employee Jackson, that are not taken
by a working student.

String ‘nume Employee
Jackson ;tuch“
Q T T T T 7] takes
) orkmg_Studcnl'- - Course

Figure 8: A shortcut for negation.

Operators

The first component being a pattern, the second
component of a GOQL query step is an operator,
which determines the actual operation to be ap-
plied to each of the matchings of the pattern of
the query step. This operator corresponds roughly
to the Select-clause of an SQL-query, or even to
the Update-, Modify- or Create View-clauses
of other SQL-statements. Since the major topic of
this paper is the development of a query language,
in this Section we only introduce two operators that
are necessary and sufficient to express a broad vari-
ety of queries. This conjecture will be exhaustively
illustrated in Section 3.

The main operator is CREATE SET. We first
illustrate its semantics using the sample application
of Figure 9. The effect of this operation is that first,

2Graphically, negated nodes and edges are represented
using dashed lines.
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for each employee who teaches a course, an object
of class Set of Students is created as a (single-
valued) “co-students”-attribute of that employee.
Moreover, this Set of Students-object has a set-
valued attribute “contains”, by means of which it
is linked to all students that take the considered
course and study at the employee’s department.

Department
department W‘
teaches takes
Employee B Course - Student

\ | contains
Set of Students

co-students
Figure 9: A sample application of CREATE SET.

More generally, a CREATE SET operation is
applied to two object-nodes of the pattern, called
its owner- and member-node (in the example these
are the nodes with respective labels Employee and
Student). The operation has three additional ar-
guments, being a single-valued attribute-name A
(“co-students” in the example), a class name C (Set
of Students in the example) and a set-valued

attribute-name S (“contains” in the example).?

The effect of the CREATE SET operation is as
follows. First, the matchings of the pattern are
grouped according to the database object to which
they map the owner node. Then, for each such
object, an A-attribute of class C is created, if it
does not exist already. Furthermore, the set of
all database objects to which the member-node is
mapped by a matching in the group correspond-
ing to the considered owner-object, is added as the
S-attribute of this owner-object.

We also allow certain arguments of CREATE
SET to be omitted. First, the owner-node may be
omitted. For example, the operation of Figure 10
groups all students taking the course on Databases
as set-valued attributes of a newly created object
of class Set of Students, unless an object of that
class already exists. In the latter case, all Student
objects in some matching of the pattern are added
as “contains” attributes to each Set of Students
object. This variation on CREATE SET allows sets

3Naturally, the signature of these methods should not
conflict with the original database scheme.
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to be added to the instance, even if they are not a
single-valued attribute of some other object.

If no member-node is specified, the database ob-
jects matched to the owner-node get a new A-
attribute of class C (unless such an object already
exists). This variation is useful for “tagging” ob-
jects that satisfy a certain condition (expressed by
the pattern).

Course }ﬂbl String ]

takes 1 Databases

contains

Student Set of Students

Figure 10: Grouping the database-students.

CREATE SET is the basic operator of GOQL. It
allows the addition to the database of all kinds of
derived information, by creating and manipulating
sets. At some point, the result of the query must
of course be presented to the user. In GOQL, this
is done as shown in Figure 11. In general, PRINT
may be applied to an arbitrary number of object-
nodes in the pattern. Its effect is that for each
matching of the pattern, some appropriate repre-
sentation for the database objects to which these
nodes are matched is presented to the user.

Student

name o PRINT

String

Figure 11: Showing students and their names.

We also allow several PRINT- and CREATE
SET-operations to be specified together on a single
pattern. This may render the formulation of cer-
tain queries in GOQL more concise. The semantics
of such a “combined” operation is that first, the
set of matchings of the pattern is determined, after
which the operations may be applied to this set in
any order. For example, the operation of Figure 12
associates to each department sets containing its
students and courses. In most cases, the order of
application is irrelevant.?.

“The only case where a problem may arise is in the singu-
lar case where two CREATE SET-operations create objects
of the same class. while exactly one of them has no member-
node indicated
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Student contains
department Y students Set of Students
Department
department A courses Set of Courses
Course contains

Figure 12: Multiple operations on one pattes

This concludes the introduction of GOQL q
steps. General GOQL queries are built by sin
sequencing query steps, where the pattern of -
step may use classes and methods from the orig
database scheme, as well as classes and metl
introduced by previous applications of CRE.
SET.

This close correspondence between patterns
schemes may well be exploited by an actual
interface in the way it lets the user specify que
If patterns can only be built by constantly “r
ring” to parts of the scheme, (syntactically) in
rect queries cannot be formulated.

For example, object-nodes might be added
pattern by picking class-names from a menu, v
message-nodes are added by picking method-na
from a menu corresponding to the class of a
ignated object-node. An alternative is to let
user copy and compose subgraphs from a gra
cal representation of the object-base scheme, u
the same conventions as introduced for insta
and patterns [AGP*+92]. A full treatment of :
techniques is outside the scope of this paper.

Consequently, graph-oriented object manip
tion formalisms that are pattern-based allow {
syntaz-directed way of working, in a much r
natural way than text-based interfaces.

In order to be fit to serve as the basis for a «
plete end-user interface, GOQL requires a nur
of extensions. By allowing operations to cal
bitrary methods, the GOQL-model may easil;
enhanced to incorporate other database operat
besides querying, such as updates, restructuri
view definitions,.... Besides an operator for
ating sets, a facility for creating tuples of ob
is also required for expressing arbitrary restruc
ings. In addition to our simple PRINT-operat
other means may be provided for I/0.
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3 GOQL compared to SQL

In this Section, we will show that GOQL is suffi- Select name

ciently powerful to express all prominent features From Student, Score

of SQL. Since GOQL uses an object-oriented data Where course="Databases’ and
model, while SQL uses the relational model, we use takes=course and

a straightforward relational representation of the receiver=name and
object-base scheme of Figure 1, shown in Figure 13 year not in

(all attributes are of type String, except “year” and (Select year

“salary” which are of type Integer). From Score

Where course="Databases’
and result="A’)

Person (name, street, town)
Student (name, street, town, takes, Number
department) Lz
Working_Student (name, street, town, takes, i yer
department, salary) < % oo Nl - @
Employee (name, street, town, salary, e
function, teaches, department) Y result name teceiver
Department (name, building, president) ' V
Course (name, department) Sine Sring —l Student
Score (receiver, course, year, result) 4 Databases mee
PRINT String

Figure 13: A relational scheme for the database of

Departments and Courses
Figure 14: GOQL compared to SQL.

Just to give an initial example, consider Fig-
ure 14. The SQL query shown at the top of the
figure returns the names of those students that got

some score on the Databases course in a year where Select name

nobody got an A on that course. Below it is shown From Student S

how this query is expressed in GOQL. In the re- Where takes in (Select teaches

mainder of this section, we will make clear that From Employee E
actually, SQL-queries can be translated to GOQL Where S.town = E.town)

in a systematic manner.

Consider the SQL-query of Figure 15, top. It Employee [ stdent
retrieves the names of those students that take a Teaches taught_near
course. taught by some employee that lives in the town fovn
same town as they do. This query illustrates how J c
GOQL deals with the nested subqueries of SQL. String Course Near Courses
The first operation, an application of CREATE ‘
SET, corresponds to the nested subquery. -

In the next example, we illustrate the use of set- PRINT
comparison operators. The SQL-query at the top of taught_near name
Figure 16 returns all pairs of employees in which the }; takes
first employee teaches at least all the courses the Near Courses sl  Course String

second employee teaches. This example also illus-
trates how the naming of subqueries (by means of Figure 15: Nested subqueries in GOQL
the class name His Courses), a feature not present
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Select El.name, E2.name
From Employee E1, Employee E2
Where (Select teaches
From Employee
Where name = El.name)
contains
(Select teaches
From Employee
Where name = E2.name)

. name

String - Employee

\ his_courses
name
teaches €
Employee - Course His Courses
His Courses |- Employee - String
is_courses name

Y is_courses name

His Courses |- Employee > String

Figure 16: Set Comparison in GOQL

in SQL, allows a form of “code-reuse”. In GOQL,
we can namely make full usage of the syntactical
similarity between the two subqueries of the SQL-
query, which has to be specified only once.

In the next example, we illustrate how GOQL
deals with the Group by- and Having-clauses as
well as the aggregate-functions of SQL. 5 The SQL-
query at the top of Figure 17 returns for each de-
partment its name and the average salary of its
employees living in Antwerp, on the condition that
the department employs at least hundred of these.

We now illustrate how the logical operands
and”, “or” and “not” are dealt with. The SQL-
query at the top of Figure 18 returns the pairs of
students and employees that either live in a differ-
ent town, or in the same town but in a different
street. For simplicity, we apply PRINT to the stu-

13

*For a correct treatment of duplicates in the computation
of aggregate functions, the semantics of methods as well as
of the procedure CREATE SET should be adapted to the
multiset-semantics as used in SQL.
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dents and employees, rather than to their names.

Select department, avg(salary)
From Employee
Where town = ” Antwerp”
Group By department
Having  count(employee)>100
€
Integer Set of Salaries
salary
salaries
Department
names
Employee department
name String Set of Names
€
town
String
Antwerp
Integer
S8 100
count,
Set of Names - Integer
names
H nvgc
Department Salaries Set of Salaries ! Integ:
name
String
PRINT

Figure 17: Grouping in GOQL

Note that conjunction can be expressed directly
in a GOQL-pattern, while for negation we explic-
itly extended the definition of patterns. Further-
more, disjunction cannot be expressed in a single
pattern at all. Similarly, universal quantification
cannot be modeled directly, but has to be “sim-
ulated” using negation and existential quantifica-
tion. The development of an appropriate graphical
syntax for all these features is a topic of recent re-
search [WMSB90].

In a final example, we illustrate how GOQL can
express set difference. The SQL-query at the top
of Figure 19 returns the names of students that are
not employees. Note that we assume in this query
that “name” is a key for persons.

Although it was our objective in this Section to
show how SQL queries can be systematically trans-



Downloaded from www.worldscientific.com
by Jan Van den Bussche on 05/13/26. Re-use and distribution is strictly not permitted, except for Open Access articles.

Select E.name, S.name

From Employee E, Student S

Where not (S.town=E.town) or
((E.town=S.town) and not
(E.street=S.street))

town

String Employee
street
treet PRINT
String -— Student
town
town Employee
String PRINT
~
~
town N Student

Figure 18: Logic in GOQL

lated to GOQL, GOQL can express certain queries
in a more concise way than SQL. It is namely pos-
sible in some cases to translate a query which can-
not be formulated in SQL without subqueries, into
a GOQL query consisting of a single query step.
The previous query (illustrating the translation of
set difference) may be used to illustrate this claim.

Select name

From  Student

Where name not in (Select name
From Employee)

name ] €
I Employee —}-—bl String l« Set of Names
Student
‘namc
€
Set of Names - Db( String PRINT

Figure 19: Set difference in GOQL

First, note that the one-step GOQL query of Fig-
ure 20 expresses exactly the same query as the one
of Figure 19. On the other hand, set-difference is
a non-monotonous operation, in the sense that it
does not preserve the inclusion of relations. Since in
SQL queries without subqueries, only monotonous
queries may be expressed, the SQL-representation
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Student

o

String

PRINT

Figure 20: The operation of Figure 19 in a single
GOQL query-step

of the considered query cannot be rewritten with-
out using subqueries.
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