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ER Design Decisions 
•  Decision about domains.  

•  The use of an attribute or entity set to represent an object. 

•  Whether a real-world concept is best expressed by an entity set 
or a relationship set. 

•  The use of a ternary relationship versus a pair of binary 
relationships. 

•  The use of a strong or weak entity set. 

•  The use of aggregation – can treat the aggregate entity set as a 
single unit without concern for the details of its internal structure. 
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Entity versus Attribute 
Sometimes we have to decide whether a property of the world we want 
to model should be an attribute of an entity, or an entity set which is 
related to the attribute by a relationship set. 
 
A major advantage of the latter approach is that we can easily model 
the fact that a person can have multiple phones, or that a phone might 
be shared by several students. 

3 

instructor

ID
name
salary

phone
phone_number
location

instructor

ID
name
salary
phone_number

inst_phone



Entity vs. Attribute 

•  Should address be an attribute of instructor or an 
entity (connected to instructor by a relationship)? 

•  Depends upon the use we want to make of 
address information, and the semantics of the 
data: 

•  If we have several addresses per employee, address should 
be an entity set.  

•  If the structure (city, street, etc.) is important, e.g., we want 
to retrieve employees in a given city, address should be 
modeled as an entity.  
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Entity Sets vs. Relationship Sets 
•  It’s not always clear whether an object should 

be an entity set or a relationship set. 
•  Possible guideline is to designate a 

relationship set to describe an action that 
occurs between entities 
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Binary vs. n-ary relationship 

•  Example 
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Extended ER Features 



Extended E-R Features: Specialization 
•  Top-down design process; we designate subgroupings 

within an entity set that are distinctive from other 
entities in the set. 

•  These subgroupings become lower-level entity sets that 
have attributes or participate in relationships that do not 
apply to the higher-level entity set. 

•  Depicted by a triangle component labeled ISA (E.g., 
instructor “is a” person). 

•  Attribute inheritance – a lower-level entity set inherits 
all the attributes and relationship participation of the 
higher-level entity set to which it is linked. 



Specialization Example 
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Extended ER Features: Generalization 

•  A bottom-up design process – combine a 
number of entity sets that share the same 
features into a higher-level entity set. 

•  Specialization and generalization are simple 
inversions of each other; they are 
represented in an E-R diagram in the same 
way. 

•  The terms specialization and generalization 
are used interchangeably. 



Specialization and Generalization (Cont.) 

•  Can have multiple specializations of an entity set 
based on different features.   

•  E.g., permanent_employee vs. 
temporary_employee, in addition to instructor vs. 
secretary 

•  Each particular employee would be  
–  a member of one of permanent_employee or 

temporary_employee,  
–  and also a member of one of instructor, secretary 

•  The ISA relationship also referred to as superclass 
- subclass relationship 



Design Constraints on a Specialization/Generalization 

•  Constraint on which entities can be members of a given 
lower-level entity set. 
–  condition-defined 
–  user-defined 

•  Constraint on whether or not entities may belong to 
more than one lower-level entity set within a single 
generalization. 
–  Disjoint 

•  an entity can belong to only one lower-level entity set 
•  Noted in E-R diagram by having multiple lower-level entity 

sets link to the same triangle 
–  Overlapping 

•  an entity can belong to more than one lower-level entity set 



Design Constraints on a Specialization/
Generalization (Cont.) 

•  Completeness constraint -- specifies 
whether or not an entity in the higher-
level entity set must belong to at least one 
of the lower-level entity sets within a 
generalization. 
–  total: an entity must belong to one of the 

lower-level entity sets 
– partial: an entity need not belong to one of 

the lower-level entity sets 



Aggregation 
•   Consider the ternary relationship proj_guide, which we saw earlier 

•   Suppose we want to record evaluations of a student by a guide on a project 

project

evaluation

instructor student

eval_ for

proj_ guide



Aggregation (Cont.) 
•  Relationship sets eval_for and proj_guide 

represent overlapping information 
– Every eval_for relationship corresponds to a 

proj_guide relationship 
– However, some proj_guide relationships may 

not correspond to any eval_for relationships  
•  So we can’t discard the proj_guide relationship 

•  Eliminate this redundancy via aggregation 
– Treat relationship as an abstract entity 
– Allows relationships between relationships  
– Abstraction of relationship into new entity 



Aggregation (Cont.) 
•  Without introducing 

redundancy, the 
following diagram 
represents: 
– A student is guided by 

a particular instructor 
on a particular project  

– A student, instructor, 
project combination 
may have an associated 
evaluation 

evaluation

proj_ guide
instructor student

eval_ for

project



Summary of Conceptual Design 
•  Conceptual design follows requirements analysis,  

–  Yields a high-level description of data to be stored  
•  ER model popular for conceptual design 

–  Constructs are expressive, close to the way people think 
about their applications. 

•  Basic constructs: entities, relationships, and 
attributes (of entities and relationships). 

•  Some additional constructs: weak entities, ISA 
hierarchies, and aggregation. 
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Summary of ER (Cont.) 
•  Several kinds of integrity constraints can be 

expressed in the ER model:  key constraints, 
participation constraints, and overlap/covering 
constraints for ISA hierarchies.  

•  Some constraints (notably, functional dependencies) 
cannot be expressed in the ER model. 
–  Constraints play an important role in determining the 

best database design for an enterprise. 
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Summary of ER (Cont.) 
•  ER design is subjective.  There are often many 

ways to model a given scenario! Analyzing 
alternatives can be tricky, especially for a large 
enterprise.  Common choices include: 
–  Entity vs. attribute, entity vs. relationship, binary or 

n-ary relationship, whether or not to use ISA 
hierarchies, and whether or not to use aggregation. 

•  To ensure good database design, resulting 
relational schema should be analyzed and refined 
further. FD information and normalization 
techniques are especially useful. 22 


