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e) If there are several different supporting relationships from E to the same
entity set F, then each relationship is used to supply a copy of the key
attributes of F' to help form the key of E. Note that an entity e from
FE may be related to different entities in F' through different supporting
relationships from E. Thus, the keys of several different entities from F'
may appear in the key values identifying a particular entity e from E.

The intuitive reason why these conditions are needed is as follows. Consider
an entity in a weak entity set, say a crew in Example 20. Each crew is unique,
abstractly. In principle we can tell one crew from another, even if they have
the same number but belong to different studios. It is only the data about
crews that makes it hard to distinguish crews, because the number alone is not
sufficient. The only way we can associate additional information with a crew
is if there is some deterministic process leading to additional values that make
the designation of a crew unique. But the only unique values associated with
an abstract crew entity are:

1. Values of attributes of the Crews entity set, and

2. Values obtained by following a relationship from a crew entity to a unique
entity of some other entity set, where that other entity has a unique
associated value of some kind. That is, the relationship followed must be
many-one to the other entity set F', and the associated value must be part
of a key for F'.

4.3 Weak Entity Set Notation

We shall adopt the following conventions to indicate that an entity set is weak
and to declare its key attributes.

1. If an entity set is weak, it will be shown as a rectangle with a double
border. Examples of this convention are Crews in Fig. 20 and Contracts
in Fig. 22.

2. Its supporting many-one relationships will be shown as diamonds with a
double border. Examples of this convention are Unit-of in Fig. 20 and all
three relationships in Fig. 22.

3. If an entity set supplies any attributes for its own key, then those
attributes will be underlined. An example is in Fig. 20, where the number
of a crew participates in its own key, although it is not the complete key
for Crews.

We can summarize these conventions with the following rule:

e Whenever we use an entity set E/ with a double border, it is weak. The key
for F is whatever attributes of F are underlined plus the key attributes of
those entity sets to which E is connected by many-one relationships with
a double border.
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We should remember that the double-diamond is used only for supporting
relationships. It is possible for there to be many-one relationships from a weak
entity set that are not supporting relationships, and therefore do not get a
double diamond.

Example 23: In Fig. 22, the relationship Studio-of need not be a supporting
relationship for Contracts. The reason is that each movie has a unique owning
studio, determined by the (not shown) many-one relationship from Movies to
Studios. Thus, if we are told the name of a star and a movie, there is at most
one contract with any studio for the work of that star in that movie. In terms
of our notation, it would be appropriate to use an ordinary single diamond,
rather than the double diamond, for Studio-of in Fig. 22. O

4.4 Exercises for Section 4

Exercise 4.1: One way to represent students and the grades they get in
courses is to use entity sets corresponding to students, to courses, and to
“enrollments.” Enrollment entities form a “connecting” entity set between stu-
dents and courses and can be used to represent not only the fact that a student
is taking a certain course, but the grade of the student in the course. Draw an
E/R diagram for this situation, indicating weak entity sets and the keys for the
entity sets. Is the grade part of the key for enrollments?

Exercise 4.2: Modify your solution to Exercise 4.1 so that we can record
grades of the student for each of several assignments within a course. Again,
indicate weak entity sets and keys.

Exercise 4.3: For your E/R diagrams of Exercise 2.6(a)—(c), indicate weak
entity sets, supporting relationships, and keys.

Exercise 4.4: Draw E/R diagrams for the following situations involving weak
entity sets. In each case indicate keys for entity sets.

a) Entity sets Courses and Departments. A course is given by a unique
department, but its only attribute is its number. Different departments
can offer courses with the same number. Each department has a unique
name.

! b) Entity sets Leagues, Teams, and Players. League names are unique. No
league has two teams with the same name. No team has two players with
the same number. However, there can be players with the same number
on different teams, and there can be teams with the same name in different
leagues.
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5 From E/R Diagrams to Relational Designs

To a first approximation, converting an E/R design to a relational database
schema is straightforward:

e Turn each entity set into a relation with the same set of attributes, and

e Replace a relationship by a relation whose attributes are the keys for the
connected entity sets.

While these two rules cover much of the ground, there are also several special
situations that we need to deal with, including:

1. Weak entity sets cannot be translated straightforwardly to relations.
2. “Isa” relationships and subclasses require careful treatment.

3. Sometimes, we do well to combine two relations, especially the relation for
an entity set E and the relation that comes from a many-one relationship
from E to some other entity set.

5.1 From Entity Sets to Relations

Let us first consider entity sets that are not weak. We shall take up the mod-
ifications needed to accommodate weak entity sets in Section 5.4. For each
non-weak entity set, we shall create a relation of the same name and with the
same set of attributes. This relation will not have any indication of the rela-
tionships in which the entity set participates; we’ll handle relationships with
separate relations, as discussed in Section 5.2.

Example 24 : Consider the three entity sets Movies, Stars and Studios from
Fig. 17, which we reproduce here as Fig. 23. The attributes for the Mouvies
entity set are title, year, length, and genre.

Next, consider the entity set Stars from Fig. 23. There are two attributes,
name and address. Thus, we would expect the corresponding Stars relation to
have schema Stars(name, address) and for

name ‘ address

Carrie Fisher | 123 Maple St., Hollywood
Mark Hamill 456 Oak Rd., Brentwood
Harrison Ford | 789 Palm Dr., Beverly Hills

to be a typical instance. O
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Figure 23: E/R diagram for the movie database

5.2 From E/R Relationships to Relations

Relationships in the E/R model are also represented by relations. The relation
for a given relationship R has the following attributes:

1. For each entity set involved in relationship R, we take its key attribute
or attributes as part of the schema of the relation for R.

2. If the relationship has attributes, then these are also attributes of relation
R.

If one entity set is involved several times in a relationship, in different roles,
then its key attributes each appear as many times as there are roles. We must
rename the attributes to avoid name duplication. More generally, should the
same attribute name appear twice or more among the attributes of R itself and
the keys of the entity sets involved in relationship R, then we need to rename
to avoid duplication.

Example 25: Consider the relationship Owns of Fig. 23. This relationship
connects entity sets Movies and Studios. Thus, for the schema of relation Owns
we use the key for Movies, which is title and year, and the key of Studios, which
is name. That is, the schema for relation Owns is:

Owns(title, year, studioName)

A sample instance of this relation is:
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title ‘ year ‘ studioName
Star Wars 1977 | Fox
Gone With the Wind | 1939 | MGM
Wayne’s World 1992 | Paramount

We have chosen the attribute studioName for clarity; it corresponds to the
attribute name of Studios. O

title ‘ year ‘ starName
Star Wars 1977 | Carrie Fisher
Star Wars 1977 | Mark Hamill
Star Wars 1977 | Harrison Ford
Gone With the Wind | 1939 | Vivien Leigh
Wayne’s World 1992 | Dana Carvey
Wayne’s World 1992 | Mike Meyers

Figure 24: A relation for relationship Stars-In

Example 26: Similarly, the relationship Stars-In of Fig. 23 can be transformed
into a relation with the attributes title and year (the key for Mowies) and
attribute starName, which is the key for entity set Stars. Figure 24 shows a
sample relation Stars-In. O

Stars Movies
Contracts
Studio Producing
of star studio
Studios

Figure 25: The relationship Contracts

Example 27: Multiway relationships are also easy to convert to relations.
Consider the four-way relationship Contracts of Fig. 6, reproduced here as
Fig. 25, involving a star, a movie, and two studios — the first holding the
star’s contract and the second contracting for that star’s services in that movie.
We represent this relationship by a relation Contracts whose schema consists
of the attributes from the keys of the following four entity sets:
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1. The key starName for the star.
2. The key consisting of attributes title and year for the movie.

3. The key studioOfStar indicating the name of the first studio; recall we
assume the studio name is a key for the entity set Studios.

4. The key producingStudio indicating the name of the studio that will
produce the movie using that star.

That is, the relation schema is:
Contracts(starName, title, year, studioOfStar, producingStudio)

Notice that we have been inventive in choosing attribute names for our relation
schema, avoiding “name” for any attribute, since it would be unobvious whether
that referred to a star’s name or studio’s name, and in the latter case, which
studio role. Also, were there attributes attached to entity set Contracts, such
as salary, these attributes would be added to the schema of relation Contracts.
O

5.3 Combining Relations

Sometimes, the relations that we get from converting entity sets and relation-
ships to relations are not the best possible choice of relations for the given data.
One common situation occurs when there is an entity set E with a many-one
relationship R from E to F. The relations from E and R will each have the
key for F in their relation schema. In addition, the relation for F will have
in its schema the attributes of F that are not in the key, and the relation for
R will have the key attributes of F' and any attributes of R itself. Because R
is many-one, all these attributes are functionally determined by the key for F,
and we can combine them into one relation with a schema consisting of:

1. All attributes of F.
2. The key attributes of F.

3. Any attributes belonging to relationship R.

For an entity e of E that is not related to any entity of F, the attributes of
types (2) and (3) will have null values in the tuple for e.

Example 28: In our running movie example, Owns is a many-one relationship
from Movies to Studios, which we converted to a relation in Example 25. The
relation obtained from entity set Mowvies was discussed in Example 24. We can
combine these relations by taking all their attributes and forming one relation
schema. If we do, the relation looks like that in Fig. 26. O
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