
_ȩʕȘƇŏɾǞȩȘɯ ȩǀ +ȩȒɔʕɾƚɟ ëżǞƚȘżƚ
+ȩȒɔߥߜߝ

ĆȘǞʲƚɟɯǞɾʿ ȩǀ �ǞʲƚɟɔȩȩȀ
$ȩɟǞɯ �ȩȘƚʲ
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Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ
+ȩȒɔߥߜߝ _ȩʕȘƇŏɾǞȩȘɯ ȩǀ +ȩȒɔʕɾƚɟ ëżǞƚȘżƚ
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áƚŏƇǞȘǃ

4Ǟɯżɟƚɾƚ �ŏɾǕƚȒŏɾǞżɯ ŏȘƇ vɾɯ �ɔɔȀǞżŏɾǞȩȘɯ ࡏ� áȩɯƚȘࡈ +Ǖŏɔɾƚɟ ࡏߥ
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+ȩȘɾƚȘɾɯ

÷Ǖƚ +ŏɟɾƚɯǞŏȘ ɔɟȩƇʕżɾ
4ƚ˙ȘǞɾǞȩȘ ŏȘƇ ƚʾŏȒɔȀƚɯ
áƚɔɟƚɯƚȘɾŏɾǞȩȘ ȩǀ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘɯ ųʿ ƇǞɟƚżɾƚƇ ǃɟŏɔǕɯ
áƚɔɟƚɯƚȘɾŏɾǞȩȘ ȩǀ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘɯ ųʿ ȒŏɾɟǞżƚɯ
ÚɟȩɔƚɟɾǞƚɯ ȩǀ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘɯ
÷ɟŏȘɯǞɾǞʲƚ żȀȩɯʕɟƚ
CɛʕǞʲŏȀƚȘżƚ ɟƚȀŏɾǞȩȘɯ ŏȘƇ ɔŏɟɾǞɾǞȩȘɯ
ÚŏɟɾǞŏȀ ȩɟƇƚɟɯ ŏȘƇ ɾȩɾŏȀ ȩɟƇƚɟɯࡏ
ĆȘŏɟʿ ɟƚȀŏɾǞȩȘɯ
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�ȩɾǞʲŏɾǞȩȘ

vȘɾʕǞɾǞʲƚȀ ʿࡈ ɾǕƚɟƚ Ǟɯ ŏ ࢆɟƚȀŏɾǞȩȘࢅ ųƚɾʶƚƚȘ ɾʶȩ ɾǕǞȘǃɯ Ǟǀ ɾǕƚɟƚ Ǟɯ ɯȩȒƚ
żȩȘȘƚżɾǞȩȘ ųƚɾʶƚƚȘ ɾǕƚȒࡏ
Cࡏǃࡏ

ǀɟǞƚȘƇࢇ ȩǀ࢈
ŏ < ų
ȑ ƇǞʲǞƇƚɯ ȗ

áƚȀŏɾǞȩȘɯ ŏɟƚ ʕɯƚƇ ǞȘ żɟʕżǞŏȀ ʶŏʿɯ ǞȘ ȒŏȘʿ ųɟŏȘżǕƚɯ ȩǀ ȒŏɾǕƚȒŏɾǞżɯ
CɛʕǞʲŏȀƚȘżƚ
°ɟƇƚɟǞȘǃ

+ȩȒɔʕɾƚɟ ëżǞƚȘżƚ
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4ŏɾŏųŏɯƚɯ ŏȘƇ ɟƚȀŏɾǞȩȘɯ

� Ƈŏɾŏųŏɯƚ ɾŏųȀƚ ≈ ɟƚȀŏɾǞȩȘ
9.2 n-ary Relations and Their Applications 585

TABLE 1 Students.

Student_name ID_number Major GPA

Ackermann 231455 Computer Science 3.88
Adams 888323 Physics 3.45
Chou 102147 Computer Science 3.49
Goodfriend 453876 Mathematics 3.45
Rao 678543 Mathematics 3.90
Stevens 786576 Psychology 2.99

are represented as 4-tuples of the form (Student_name, ID_number, Major, GPA). A sample
database of six such records is

(Ackermann, 231455, Computer Science, 3.88)
(Adams, 888323, Physics, 3.45)
(Chou, 102147, Computer Science, 3.49)
(Goodfriend, 453876, Mathematics, 3.45)
(Rao, 678543, Mathematics, 3.90)
(Stevens, 786576, Psychology, 2.99).

Relations used to represent databases are also called tables, because these relations are often
displayed as tables. Each column of the table corresponds to an attribute of the database. For
instance, the same database of students is displayed in Table 1. The attributes of this database
are Student Name, ID Number, Major, and GPA.

A domain of an n-ary relation is called a primary key when the value of the n-tuple from
this domain determines the n-tuple. That is, a domain is a primary key when no two n-tuples in
the relation have the same value from this domain.

Records are often added to or deleted from databases. Because of this, the property that a
domain is a primary key is time-dependent. Consequently, a primary key should be chosen that
remains one whenever the database is changed. The current collection of n-tuples in a relation
is called the extension of the relation. The more permanent part of a database, including the
name and attributes of the database, is called its intension. When selecting a primary key, the
goal should be to select a key that can serve as a primary key for all possible extensions of the
database. To do this, it is necessary to examine the intension of the database to understand the
set of possible n-tuples that can occur in an extension.

EXAMPLE 5 Which domains are primary keys for the n-ary relation displayed in Table 1, assuming that no
n-tuples will be added in the future?

Solution: Because there is only one 4-tuple in this table for each student name, the domain
of student names is a primary key. Similarly, the ID numbers in this table are unique, so the
domain of ID numbers is also a primary key. However, the domain of major fields of study
is not a primary key, because more than one 4-tuple contains the same major field of study.
The domain of grade point averages is also not a primary key, because there are two 4-tuples
containing the same GPA. ▲

Combinations of domains can also uniquely identify n-tuples in an n-ary relation. When
the values of a set of domains determine an n-tuple in a relation, the Cartesian product of these
domains is called a composite key.
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°ɟƇƚɟƚƇ ɔŏǞɟɯ

4ƚ˙ȘǞɾǞȩȘ ÷Ǖƚ +ŏɟɾƚɯǞŏȘ ɔɟȩƇʕżɾ �× $ ȩǀ ɯƚɾɯ � ŏȘƇ $ Ǟɯ ɾǕƚ ɫƙɺ żȩȘɯǞɯɾǞȘǃ
ȩǀ ŏȀȀ ɔŏǞɟɯ (ŏ,ų) ʶǞɾǕ ŏ ∈ � ŏȘƇ ų ∈ ࡈ$ Ǟࡏƚࡈࡏ

�× $ = {(ŏ,ų) | ŏ ∈ � ŏȘƇ ų ∈ $}.

�ȩɾƚ ɾǕŏɾ (ŏ,ų) = (ż,Ɔ) Ǟǀ ŏȘƇ ȩȘȀʿ Ǟǀ ŏ = ż ŏȘƇ ų = Ɔࡏ

�ȩɾƚ

,ߝ} {ߞ = ,ߞ} {ߝ ųʕɾ ,ߝ) (ߞ ! ,ߞ) ࡏ(ߝ
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CʾŏȒɔȀƚ

�ƚɾ � = ,ߝ} {ߞ ŏȘƇ $ = {ŏ,ų, ż}ࡏ ÷ǕƚȘ

�× $ = ,(ŏ,ߝ)} ,(ŏ,ߞ) ,(ų,ߝ) ,(ų,ߞ) ,ߝ) ż), ,ߞ) ż)}.

$× � =
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áƚȀŏɾǞȩȘɯ

4ƚ˙ȘǞɾǞȩȘ � ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ ųƚɾʶƚƚȘ ɾʶȩ ɯƚɾɯ � ŏȘƇ $ Ǟɯ ŏ ɯʕųɯƚɾ Ú ȩǀ ɾǕƚ
+ŏɟɾƚɯǞŏȘ ɔɟȩƇʕżɾ �× ࡏ$

vǀ � = ࡈ$ ɾǕƚȘ Ú Ǟɯ żŏȀȀƚƇ ŏ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ ȩȘ ࡏ�
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CʾŏȒɔȀƚࡇ _ŏȒǞȀʿ ɾɟƚƚ

_ɟƚƇ ŏȘƇ �ŏʲǞɯ

�ȀǞżƚ �ƚȘ ŏȘƇ

�ŏȘƚ _ǞȩȘŏ �ȀŏȘ

�ȩǕȘ ŏȘƇ �ŏɟʿ

ëʕƚ �ǞǺƚ ÚƚȘȘʿ

ĦɟǞɾƚ ƇȩʶȘ

Ú = {(ʺ, ʻ) | ʺ Ǟɯ ŏ ǃɟŏȘƇǀŏɾǕƚɟ ȩǀ ʻ ࡔ{

ã = {(ʺ, ʻ) | ʺ Ǟɯ ŏ ɯǞɯɾƚɟ ȩǀ ʻ ࡏ{
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CʾŏȒɔȀƚ ߞ

ĦɟǞɾƚ ƇȩʶȘ ɾǕƚ ȩɟƇƚɟƚƇ ɔŏǞɟɯ ųƚȀȩȘǃǞȘǃ ɾȩ ɾǕƚ ǀȩȀȀȩʶǞȘǃ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘɯ
ųƚɾʶƚƚȘ � = ,ߝ} ,ߟ ,ߡ {ߣ ŏȘƇ $ = ,ߞ} ,ߠ ࡇ{ߢ

ý = {(ʺ, ʻ) ∈ �× $ | ʺ+ ʻ = ࡔ{ߥ

Ě = {(ʺ, ʻ) ∈ �× $ | ʺ < ʻ}ࡏ
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CʾŏȒɔȀƚ ߟ

�ƚɾ � = ,ߝ} ,ߞ ,ߟ ,ߠ ,ߡ ࡏ{ߢ ĦɟǞɾƚ ƇȩʶȘ ɾǕƚ ȩɟƇƚɟƚƇ ɔŏǞɟɯ ųƚȀȩȘǃǞȘǃ ɾȩ

Ú = {(ʺ, ʻ) ∈ �× � | ʺ Ǟɯ ŏ ƇǞʲǞɯȩɟ ȩǀ ʻ }.
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áƚɔɟƚɯƚȘɾŏɾǞȩȘ ȩǀ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘɯࡇ ƇǞɟƚżɾƚƇ ǃɟŏɔǕɯ

�ƚɾ � ŏȘƇ $ ųƚ ɾʶȩ ˙ȘǞɾƚ ɯƚɾɯ ŏȘƇ Ú ŏ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ ųƚɾʶƚƚȘ ɾǕƚɯƚ
ɾʶȩ ɯƚɾɯ ࡈࡏƚࡏǞ࡫ Ú ⊆ �× ࡏ࡬$
Ħƚ ɟƚɔɟƚɯƚȘɾ ɾǕƚ ƚȀƚȒƚȘɾɯ ȩǀ ɾǕƚɯƚ ɾʶȩ ɯƚɾɯ ŏɯ ʲƚɟɾǞżƚɯ ȩǀ ŏ ǃɟŏɔǕࡏ
_ȩɟ ƚŏżǕ (ŏ,ų) ∈ Úࡈ ʶƚ Ƈɟŏʶ ŏȘ ŏɟɟȩʶ ȀǞȘǺǞȘǃ ɾǕƚ ɟƚȀŏɾƚƇ ƚȀƚȒƚȘɾɯࡏ
÷ǕǞɯ Ǟɯ żŏȀȀƚƇ ɾǕƚ ƇǞɟƚżɾƚƇ ǃɟŏɔǕ ȩɟ࡫ ƇǞǃɟŏɔǕ࡬ ȩǀ Úࡏ
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CʾŏȒɔȀƚ

+ȩȘɯǞƇƚɟ ɾǕƚ ɟƚȀŏɾǞȩȘ Ě ųƚɾʶƚƚȘ � = ,ߝ} ,ߟ ,ߡ {ߣ ŏȘƇ $ = ,ߞ} ,ߠ {ߢ ɯʕżǕ ɾǕŏɾ
Ě = {(ʺ, ʻ) ∈ �× $ | ʺ < ʻ}ࡏ

ߝ

ߟ

ߡ

ߣ

ߞ

ߠ

ߢ

_Ǟǃʕɟƚ ࡇߝ ƇǞǃɟŏɔǕ ȩǀ Ě
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4ǞǃɟŏɔǕɯ ȩǀ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘɯ ȩȘ ŏ ɯǞȘǃȀƚ ɯƚɾ

� ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ ųƚɾʶƚƚȘ ŏ ɯƚɾ � ŏȘƇ ǞɾɯƚȀǀ Ǟɯ żŏȀȀƚƇ ŏࢅ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ ȩȘ
ࡏࢆ�

÷ȩ ɟƚɔɟƚɯƚȘɾ ɯʕżǕ ŏ ɟƚȀŏɾǞȩȘࡈ ʶƚ ʕɯƚ ŏ ƇǞɟƚżɾƚƇ ǃɟŏɔǕ ǞȘ ʶǕǞżǕ ŏ ɯǞȘǃȀƚ ɯƚɾ
ȩǀ ʲƚɟɾǞżƚɯ ɟƚɔɟƚɯƚȘɾɯ ɾǕƚ ƚȀƚȒƚȘɾɯ ȩǀ � ŏȘƇ ŏɟɟȩʶɯ ȀǞȘǺ ɾǕƚ ɟƚȀŏɾƚƇ
ƚȀƚȒƚȘɾɯࡏ

+ȩȘɯǞƇƚɟ ɾǕƚ ɟƚȀŏɾǞȩȘ Ě ⊆ �× � ʶǕƚɟƚ � = ,ߝ} ,ߞ ,ߟ ,ߠ {ߡ ŏȘƇ

Ě = ,ߝ)} ,(ߞ ,ߟ) ,(ߟ ,ߡ) ,(ߡ ,ߝ) ,(ߠ ,ߠ) ,(ߝ ,ߠ) .{(ߡ

ߝ ߞ

ߟ

ߠ

ߡ

_Ǟǃʕɟƚ ࡇߞ ƇǞǃɟŏɔǕ ȩǀ Ě­êêÜϓϟϟûûûϙ�ã�ϙÂ°úϙ��ϙï¿ϟд¿ÐÉ�úϟ�HAT΁΀Ή Úŏɟɾ ࡏߟ áƚȀŏɾǞȩȘɯ ߠߝ ࡕ ߠߡ
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_ʕȘżɾǞȩȘɯ ŏɯ ɟƚȀŏɾǞȩȘɯ

áƚżŏȀȀ ɾǕŏɾ ŏ ǀʕȘżɾǞȩȘ ƿ ǀɟȩȒ ŏ ɯƚɾ � ɾȩ ŏ ɯƚɾ $ ŏɯɯǞǃȘɯ ƚʾŏżɾȀʿ ȩȘƚ
ƚȀƚȒƚȘɾ ȩǀ $ ɾȩ ƚŏżǕ ƚȀƚȒƚȘɾ ȩǀ ࡏ�

bǞʲƚɯ ɟǞɯƚ ɾȩ ɾǕƚ ɟƚȀŏɾǞȩȘ Úƿ = {(ŏ,ų) ∈ �× $ | ų = ƿ(ŏ)}

vǀ ŏ ɟƚȀŏɾǞȩȘ ã ⊆ �× $ Ǟɯ ɯʕżǕ ɾǕŏɾ ǀȩɟ ƚʲƚɟʿ ŏ ∈ � ɾǕƚɟƚ ƚʾǞɯɾɯ ŏɾ Ȓȩɯɾ
ȩȘƚ ų ∈ $ ʶǞɾǕ (ŏ,ų) ∈ ãࡈ ɟƚȀŏɾǞȩȘ ã Ǟɯ ǀʕȘżɾǞȩȘŏȀࡏ

ëȩȒƚɾǞȒƚɯ࡫ ǞȘ ɾǕƚ ȀǞɾƚɟŏɾʕɟƚࡈ ǀʕȘżɾǞȩȘɯ ŏɟƚ ǞȘɾɟȩƇʕżƚƇ ɾǕɟȩʕǃǕ
ǀʕȘżɾǞȩȘŏȀ ɟƚȀŏɾǞȩȘɯ࡬ࡏ
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vȘʲƚɟɯƚ ɟƚȀŏɾǞȩȘ

4ƚ˙ȘǞɾǞȩȘ bǞʲƚȘ ŏ ɟƚȀŏɾǞȩȘ Ú ⊆ �× ࡈ$ ʶƚ Ƈƚ˙Șƚ ɾǕƚ ǝȗʮƙɛɫƙ ɛƙǿŏɺǝȧȗ
Ú−ߝ ⊆ $× � ųʿ

Ú−ߝ = {(ų,ŏ) | (ŏ,ų) ∈ Ú}.

CʾŏȒɔȀƚࡇ ÷Ǖƚ ǞȘʲƚɟɯƚ ȩǀ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏ ɑŏɛƙȗɺ ȧƿ ȩȘ ɾǕƚ ɯƚɾ ȩǀ ɔƚȩɔȀƚ Ǟɯ
ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏ żǔǝǿƆ ȧƿࡏ
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+ȩȒɔȩɯǞɾǞȩȘ ȩǀ ɟƚȀŏɾǞȩȘɯ

4ƚ˙ȘǞɾǞȩȘ �ƚɾ Ú ⊆ �× $ ŏȘƇ ã ⊆ $× ࡏ* ÷Ǖƚ ࡬ǀʕȘżɾǞȩȘŏȀ࡫ żȩȒɔȩɯǞɾǞȩȘ ȩǀ Ú
ŏȘƇ ãࡈ ƇƚȘȩɾƚƇ ųʿ ã ◦ Úࡈ Ǟɯ ɾǕƚ ųǞȘŏɟʿ ɟƚȀŏɾǞȩȘ ųƚɾʶƚƚȘ � ŏȘƇ * ǃǞʲƚȘ ųʿ

ã ◦ Ú = {(ŏ, ż) | ƚʾǞɯɾɯ ų ∈ $ ɯʕżǕ ɾǕŏɾ ŏÚų ŏȘƇ ųãż}.

CʾŏȒɔȀƚࡇ vǀ Ú Ǟɯ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏ ɫǝɫɺƙɛ ȧƿ ŏȘƇ ã Ǟɯ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏ ɑŏɛƙȗɺ
ȧƿࡈ ɾǕƚȘ

ã ◦ Ú Ǟɯ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏȗ ŏʑȗɺ ȧƿࡔ
ã ◦ ã Ǟɯ ɾǕƚ ɟƚȀŏɾǞȩȘ ǝɫ ŏ ǂɛŏȗƆɑŏɛƙȗɺ ȧƿࡏ
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