
Instructor:	  Amol	  Deshpande	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  amol@cs.umd.edu	  



}  Database	  Design	  Process	  

}  En;ty-‐rela;onship	  Model	  (E/R	  model)	  
	  
}  Conver;ng	  from	  E/R	  to	  Rela;onal	  

}  Extra	  slides	  	  



}  Why?	  
◦  Difficult	  to	  directly	  create	  schemas	  for	  complex	  domains	  
◦  Need	  significant	  back-‐and-‐forth	  between	  the	  developer	  and	  the	  
users	  

}  Common	  Steps:	  
◦  Ini;al	  design:	  Characterize	  the	  data	  needs	  of	  the	  users,	  including	  
func;onal	  requirements	  (what	  types	  of	  queries/transac;ons)	  
◦  Choose	  a	  data	  model	  appropriate	  for	  the	  data	  needs	  
◦  Translate	  the	  requirements	  into	  a	  “conceptual	  schema”	  
◦  Logical	  Design	  Step:	  Convert	  to	  the	  logical	  schema,	  typically	  
rela;onal	  
◦  Physical	  Design	  Steps:	  Decide	  physical	  layout	  of	  the	  database	  

}  Normaliza;on	  (covered	  later)	  also	  deals	  with	  this	  issue	  



}  Database	  Design	  Process	  

}  En;ty-‐rela;onship	  Model	  (E/R	  model)	  
	  
}  Conver;ng	  from	  E/R	  to	  Rela;onal	  

}  Extra	  slides	  	  



}  Conceptual	  schema	  oVen	  done	  in	  the	  E/R	  Model	  
}  Why?	  
◦  Why	  not	  just	  use	  the	  rela;onal	  model	  directly?	  
◦  Rela;onal	  model	  too	  impoverished	  
�  Hard	  to	  understand	  what’s	  going	  on	  
�  No	  dis;nc;on	  between	  different	  types	  of	  en;;es	  or	  rela;onships	  

�  Everything	  is	  a	  table	  
�  Too	  much	  detail	  

}  E/R	  models	  have	  an	  associated	  diagramma;c	  representa;on	  
◦  Easier	  to	  work	  with	  in	  the	  ini;al	  design	  phases	  

}  At	  the	  end:	  easy	  to	  convert	  to	  a	  rela;onal	  schema	  (almost	  
mechanical)	  



- Key entities and “relationships” between them, all mixed up. 
-  Attributes appearing multiple times 

-  Complicated foreign keys 



282 Chapter 7 Database Design and the E-R Model

7.5.7 E-R diagram for the University Enterprise

In Figure 7.15, we show an E-R diagram that corresponds to the university enter-
prise that we have been using thus far in the text. This E-R diagram is equivalent
to the textual description of the university E-R model that we saw in Section 7.4,
but with several additional constraints, and section now being a weak entity.

In our university database, we have a constraint that each instructor must have
exactly one associated department. As a result, there is a double line in Figure 7.15
between instructor and inst dept, indicating total participation of instructor in inst
dept; that is, each instructor must be associated with a department. Further, there

is an arrow from inst dept to department, indicating that each instructor can have
at most one associated department.

time_slotcourse

student
ID
name
salary

ID
name
tot_cred

course_id
title
credits

time_slot_id
{ day

start_time
end_time

}
course_id prereq_id

advisor

teaches takes

sec_course sec_time_slot

grade

prereq

inst_dept stud_dept

instructor

department
dept_name
building
budget

section
sec_id
semester
year

course_dept

sec_class

classroom
building
room_number
capacity

Figure 7.15 E-R diagram for a university enterprise.

VS. 

Entities 

Relationships 
between them 



}  Two	  key	  concepts	  
◦  En##es:	  
�  An	  object	  that	  exists	  and	  is	  dis#nguishable	  from	  other	  objects	  

�  Examples:	  Bob	  Smith,	  BofA,	  CMSC424	  

�  Have	  a0ributes	  (people	  have	  names	  and	  addresses)	  
�  Form	  en#ty	  sets	  with	  other	  en;;es	  of	  the	  same	  type	  that	  share	  the	  
same	  proper;es	  
�  Set	  of	  all	  people,	  set	  of	  all	  classes	  

�  En;ty	  sets	  may	  overlap	  
�  Customers	  and	  Employees	  



}  Two	  key	  concepts	  
◦  Rela#onships:	  
�  Relate	  2	  or	  more	  en;;es	  	  

�  E.g.	  Bob	  Smith	  has	  account	  at	  College	  Park	  Branch	  

�  Form	  rela#onship	  sets	  with	  other	  rela;onships	  of	  the	  same	  type	  
that	  share	  the	  same	  proper;es	  
�  Customers	  have	  accounts	  at	  Branches	  

�  Can	  have	  a_ributes:	  
�  has	  account	  at	  may	  have	  an	  a_ribute	  start-‐date	  

�  Can	  involve	  more	  than	  2	  en;;es	  
�  Employee	  works	  at	  Branch	  at	  Job	  
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instructor

student

22222 Einstein

Katz

Kim

Crick

Srinivasan

Singh

45565

98345

76766

10101

76543

12345
98988

76653
23121

00128
76543

Shankar
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Chavez
Peltier

Zhang
Brown

44553

Two Entity Sets 

instructor
student

76766 Crick

Katz
Srinivasan

Kim
Singh
Einstein

45565

10101

98345
76543

22222

98988

12345

00128
76543
76653

23121
44553

Tanaka
Shankar

Zhang

Brown
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Chavez
Peltier

Advisor Relationship, with and without attributes 
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customer has 

cust-street 

cust-id 

cust-name 

cust-city 

account 

balance 

number 
access-date 

ID
name
salary

ID
name
tot_cred

date

instructor student
advisor

Alternative representation, 
used in the book in the past 



}  Details	  of	  the	  ER	  Model	  
◦  How	  to	  represent	  various	  types	  of	  constraints/seman;c	  
informa;on	  etc.	  

}  Design	  issues	  	  

}  A	  detailed	  example	  
	  



}  We	  may	  know:	  
�  One	  student	  can	  only	  have	  one	  advisor	  
�  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  OR	  
�  One	  student	  can	  have	  mul;ple	  advisors	  

}  Represen;ng	  this	  is	  important	  
}  Why	  ?	  
◦  Be_er	  manipula;on	  of	  data	  
�  If	  former,	  can	  store	  the	  advisor	  info	  in	  the	  student	  table	  
◦  Can	  enforce	  such	  a	  constraint	  
�  Applica;on	  logic	  will	  have	  to	  do	  it;	  NOT	  GOOD	  
◦  Remember:	  If	  not	  represented	  in	  conceptual	  model,	  the	  domain	  
knowledge	  may	  be	  lost	  



}  Express	  the	  number	  of	  en;;es	  to	  which	  another	  en;ty	  
can	  be	  associated	  via	  a	  rela;onship	  set	  

}  Most	  useful	  in	  describing	  binary	  rela;onship	  sets	  



}  One-‐to-‐One	  

}  One-‐to-‐Many	  

}  Many-‐to-‐One	  

}  Many-‐to-‐Many	  

instructor student
ID
name
salary

ID
name
tot_cred

advisor

instructor
ID
name
salary

student
ID
name
tot_cred

advisor

instructor
ID
name
salary

student
ID
name
tot_cred

advisor

instructor
ID
name
salary

student

ID
name
tot_cred

advisor



}  Express	  the	  number	  of	  en;;es	  to	  which	  another	  en;ty	  
can	  be	  associated	  via	  a	  rela;onship	  set	  

}  Most	  useful	  in	  describing	  binary	  rela;onship	  sets	  

}  N-‐ary	  rela;onships	  ?	  
◦  More	  complicated	  
◦  Details	  in	  the	  book	  
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instructor

ID
name
salary

student

ID
name
tot_cred

. . .
project

proj_guide

Figure 7.13 E-R diagram with a ternary relationship.

We can specify some types of many-to-one relationships in the case of non-
binary relationship sets. Suppose a student can have at most one instructor as
a guide on a project. This constraint can be specified by an arrow pointing to
instructor on the edge from proj guide.

We permit at most one arrow out of a relationship set, since an E-R diagram
with two or more arrows out of a nonbinary relationship set can be interpreted in
two ways. Suppose there is a relationship set R between entity sets A1, A2, . . . , An,
and the only arrows are on the edges to entity sets Ai+1, Ai+2, . . . , An. Then, the
two possible interpretations are:

1. A particular combination of entities from A1, A2, . . . , Ai can be associated
with at most one combination of entities from Ai+1, Ai+2, . . . , An. Thus, the
primary key for the relationship R can be constructed by the union of the
primary keys of A1, A2, . . . , Ai .

2. For each entity set Ak , i < k ≤ n, each combination of the entities from the
other entity sets can be associated with at most one entity from Ak . Each set
{A1, A2, . . . , Ak−1, Ak+1, . . . , An}, for i < k ≤ n, then forms a candidate key.

Each of these interpretations has been used in different books and systems. To
avoid confusion, we permit only one arrow out of a relationship set, in which
case the two interpretations are equivalent. In Chapter 8 (Section 8.4), we study
functional dependencies, which allow either of these interpretations to be specified
in an unambiguous manner.

7.5.6 Weak Entity Sets

Consider a section entity, which is uniquely identified by a course identifier,
semester, year, and section identifier. Clearly, section entities are related to course
entities. Suppose we create a relationship set sec course between entity sets section
and course.

Now, observe that the information in sec course is redundant, since section
already has an attribute course id, which identifies the course with which the
section is related. One option to deal with this redundancy is to get rid of the



}  Simple	  vs	  Composite	  
◦  Single	  value	  per	  a_ribute	  ?	  

}  Single-‐valued	  vs	  Mul;-‐valued	  
◦  E.g.	  Phone	  numbers	  are	  mul;-‐valued	  

}  Derived	  
◦  If	  date-‐of-‐birth	  is	  present,	  age	  can	  be	  derived	  
◦  Can	  help	  in	  avoiding	  redundancy,	  enforcing	  constraints	  etc…	  



instructor
ID
name

first_name
middle_initial
last_name

address
street

street_number
street_name
apt_number

city
state
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{ phone_number }
date_of_birth
age ( )

Multi-valued 

Derived 

Composite 

Primary key underlined 



}  What	  a_ributes	  are	  needed	  to	  represent	  a	  rela;onship	  
completely	  and	  uniquely	  ?	  
◦  Union	  of	  primary	  keys	  of	  the	  en;;es	  involved,	  and	  rela;onship	  
a_ributes	  

◦  {instructor_id,	  date,	  student_id}	  describes	  a	  rela;onship	  
completely	  

ID
name
salary

ID
name
tot_cred

date

instructor student
advisor



}  Is	  {instructor_id,	  date,	  student_id}	  a	  candidate	  key	  ?	  
◦  No.	  A_ribute	  date	  can	  be	  removed	  from	  this	  set	  without	  losing	  key-‐ness	  

�  By	  defini;on:	  there	  can	  only	  be	  one	  rela;onship	  of	  a	  given	  type	  between	  two	  
different	  en;;es	  

�  There	  may	  be	  two	  different	  rela;onships	  between	  two	  en;;es	  

�  e.g.,	  (instructor	  is	  member	  of	  a	  department)	  and	  (instructor	  is	  “chair”	  of	  a	  department)	  

◦  In	  fact,	  union	  of	  primary	  keys	  of	  associated	  en;;es	  is	  always	  a	  superkey	  

ID
name
salary

ID
name
tot_cred

date

instructor student
advisor



}  Is	  {instructor-‐id,	  student-‐id}	  a	  candidate	  key	  ?	  
◦  Depends	  

ID
name
salary

ID
name
tot_cred

date

instructor student
advisor

l  If one-to-one relationship, either {student_id} or {instructor_id} 
sufficient 
l  Since a given student can only have one advisor, she can only 

participate in one relationship 
l  Ditto instructor 



}  Is	  {instructor-‐id,	  student-‐id}	  a	  candidate	  key	  ?	  
◦  Depends	  

ID
name
salary

ID
name
tot_cred

date

instructor student
advisor

l  If one-to-many relationship (as shown), {instructor_id} is a primary 
key 
l  A given instructor can only have one advisee, but a student 

may have many advisors 
l  So the instructor_id is sufficient to uniquely identify a 

relationship 



}  General	  rule	  for	  binary	  rela;onships	  
◦  one-‐to-‐one:	  primary	  key	  of	  either	  en;ty	  set	  
◦  one-‐to-‐many:	  primary	  key	  of	  the	  en;ty	  set	  on	  the	  many	  side	  
◦  many-‐to-‐many:	  union	  of	  primary	  keys	  of	  the	  associate	  en;ty	  
sets	  

}  n-‐ary	  rela;onships	  
◦  More	  complicated	  rules	  



}  What	  have	  we	  been	  doing	  
◦  Try	  to	  record	  all	  the	  requirements	  and	  constraints	  

}  Why	  ?	  
◦  So	  we	  can	  design	  a	  faithful	  and	  easy-‐to-‐use	  schema	  

}  Understanding	  this	  is	  important	  
◦  Rest	  are	  details	  !!	  
◦  That’s	  what	  books/manuals	  are	  for.	  



}  Some;mes	  a	  rela;onship	  associates	  an	  en;ty	  set	  to	  
itself	  

}  Need	  “roles”	  to	  dis;nguish	  

course
course_id
title
credits

course_id

prereq_id prereq



}  An	  en;ty	  set	  without	  enough	  a_ributes	  to	  have	  a	  
primary	  key	  

}  E.g.	  Sec;on	  En;ty	  
}  S;ll	  need	  to	  be	  able	  to	  dis;nguish	  between	  weak	  
en;;es	  
◦  	  Called	  “discriminator	  a_ributes”:	  dashed	  underline	  
	  

course
course_id
title
credits

section
sec_id
semester
year

sec_course



}  Records	  the	  informa;on	  that	  any	  en;ty	  in	  an	  en;ty	  set	  
must	  par;cipate	  in	  at	  least	  one	  rela;onship	  of	  that	  type	  

course
course_id
title
credits

section
sec_id
semester
year

sec_course



person
ID
name
address

student

instructor
rank

secretary
hours_per_week

employee
salary tot_credits

Similar to object-oriented programming: allows inheritance etc. 



}  No	  rela;onships	  allowed	  between	  rela;onships	  
}  Suppose	  we	  want	  to	  record	  evalua;ons	  of	  a	  student	  
by	  a	  guide	  on	  a	  project	  

evaluation

proj_ guide
instructor student

eval_ for

project



}  Nothing	  about	  actual	  data	  
◦  How	  is	  it	  stored	  ?	  	  

}  No	  talk	  about	  the	  query	  languages	  
◦  How	  do	  we	  access	  the	  data	  ?	  

}  Seman;c	  vs	  Syntac;c	  Data	  Models	  
◦  Remember:	  E/R	  Model	  is	  used	  for	  conceptual	  modeling	  
◦  Many	  conceptual	  models	  have	  the	  same	  proper;es	  

}  They	  are	  much	  more	  about	  represen;ng	  the	  knowledge	  
than	  about	  database	  storage/querying	  



}  Basic	  design	  principles	  
◦  Faithful	  
�  Must	  make	  sense	  
◦  Sa;sfies	  the	  applica;on	  requirements	  
◦  Models	  the	  requisite	  domain	  knowledge	  
�  If	  not	  modeled,	  lost	  aVerwards	  
◦  Avoid	  redundancy	  
�  Poten;al	  for	  inconsistencies	  
◦  Go	  for	  simplicity	  

}  Typically	  an	  itera;ve	  process	  that	  goes	  back	  and	  forth 	  
	  	  



}  En;ty	  sets	  vs	  a_ributes	  
◦  Depends	  on	  the	  seman;cs	  of	  the	  applica;on	  
◦  Consider	  telephone	  

}  En;ty	  sets	  vs	  Rela;onsihp	  sets	  
◦  Consider	  loan	  

}  N-‐ary	  vs	  binary	  rela;onships	  
◦  Possible	  to	  avoid	  n-‐ary	  rela;onships,	  but	  there	  are	  some	  cases	  
where	  it	  is	  advantageous	  to	  use	  them	  

}  It	  is	  not	  an	  exact	  science	  !!	  



}  En;ty-‐rela;onship	  Model	  
◦  Intui;ve	  diagram-‐based	  representa;on	  of	  domain	  knowledge,	  
data	  proper;es	  etc…	  
◦  Two	  key	  concepts:	  
�  En;;es	  
�  Rela;onships	  
◦  We	  also	  looked	  at:	  
�  Rela;onship	  cardinali;es	  
�  Keys	  
�  Weak	  en;ty	  sets	  
�  …	  



}  En;ty-‐rela;onship	  Model	  
◦  No	  standardized	  model	  (as	  far	  as	  I	  know)	  
�  You	  will	  see	  different	  types	  of	  symbols/constructs	  
	  
◦  Easy	  to	  reason	  about/understand/construct	  

◦  Not	  as	  easy	  to	  implement	  
�  Came	  aVer	  the	  rela;onal	  model,	  so	  no	  real	  implementa;on	  was	  
ever	  done	  

�  Mainly	  used	  in	  the	  design	  phase	  



}  En;ty-‐rela;onship	  Model	  (E/R	  model)	  
	  
}  Conver;ng	  from	  E/R	  to	  Rela;onal	  

}  Extra	  slides	  	  



}  Convert	  en;ty	  sets	  into	  a	  rela;onal	  schema	  with	  the	  
same	  set	  of	  a_ributes	  

Customer 

cname ccity cstreet 

Customer_Schema(cname, ccity, cstreet) 

Branch 

bname bcity assets 
Branch_Schema(bname, bcity, assets) 



}  Convert	  rela;onship	  sets	  also	  into	  a	  rela;onal	  schema	  
}  Remember:	  A	  rela;onship	  is	  completely	  described	  by	  primary	  
keys	  of	  associate	  en;;es	  and	  its	  own	  a_ributes	  

Depositor_Schema(cname, acct-no,  
access-date) 

Account 

Customer 

Depositor 

acct-no balance 

cname ccity cstreet 

access-date 

Well… Not quite. We can do better. 
It depends on the relationship cardinality 

Customer_Schema(cname, ccity, cstreet) 

Account_Schema(acct-no, balance) 



}  Say	  One-‐to-‐Many	  Rela;onship	  from	  Customer	  to	  Account	  	  	  
	   	   	   	   	  à	  Many	  accounts	  per	  customer	  

Account 

Customer 

Depositor 

acct-no balance 

cname ccity cstreet 

access-date 

Customer_Schema(cname, ccity, cstreet) 

Account_Schema(acct-no, balance, 
cname, access-date) 

Exactly same information, fewer tables 



E/R Relational Schema 
Entity Sets  

E = (a1, …, an) 

Relationship Sets  
R = (a1, b1, c1, …, cn) 

 
     a1: E1’s key 
     b1: E2’s key 

     c1, …, ck: attributes of R 

Not the whole story for Relationship Sets … 

E1 

… a1 an 

E1 

… … 

… 

R E2 

a1 an 

c1 ck 

b1 bm 



Relationship Cardinality Relational Schema 

n:m   E1  =  (a1, …, an) 
 E2  =  (b1, …, bm) 
 R  =  (a1, b1, c1, …, cn) 

n:1  E1  =  (a1, …, an, b1, c1, …, cn) 
 E2  =  (b1, …, bm) 

1:n  E1  =  (a1, …, an) 
 E2  =  (b1, …, bm,, a1, c1, …, cn) 

1:1  
  Treat as n:1 or 1:n 

R 

R 

R 

R 

E1 

… … 

… 

R E2 

a1 an 

c1 ck 

b1 bm 



Acct-Branch Account Branch 

Borrower Customer Loan 

Depositor Loan-Branch 

Q. How many tables does this get translated into? 
A. 6 (account, branch, customer, loan, depositor, borrower) 

acct_no balance bname bcity assets 

cname ccity cstreet lno amt 



E/R Relational Schema 
Weak Entity Sets 

 E1  =  (a1, …, an) 
 E2  =  (a1, b1, …, bm) 
 

E1 

… … 

IR E2 

a1 an 
b1 bm 



E/R Relational Schema 
Multivalued Attributes 

 Emp     =  (ssn, name) 
 Emp-Phones  =  (ssn, phone) 
 
 
 
 
 

Emp 

ssn name 
001 
… 

Smith 
… 

Emp-Phones  

Employee 

ssn name phone ssn phone 
001 
001 
… 

4-1234 
4-5678 
… 



E/R Relational Schema 
Subclasses 

Method 1: 
 E  =  (a1, …, an) 
 E1  =  (a1, b1, …, bm) 
 E2  =  (a1, c1, …, ck) 
 
Method 2: 
 E1  =  (a1, …, an, b1, …, bm) 
 E2  =  (a1, …, an, c1, …, ck) 

E 

E2 

ISA 

E1 

… … b1 
bm c1 ck 

… a1 
an 



}  Subclasses	  example:	  
}  	   Method	  1:	  
}  	   	   Account	   	  =	   	  (acct_no,	  balance)	  
}  	   	   SAccount	   	  =	   	  (acct_no,	  interest)	  
}  	   	   CAccount	   	  =	   	  (acct_no,	  overdraV)	  

}  	   Method	  2:	  
}  	   	   SAccount	   	  =	   	  (acct_no,	  balance,	  interest)	  
}  	   	   CAccount	   	  =	   	  (acct_no,	  balance,	  overdraV)	  

Q:  When is method 2 not possible? 
A:  When subclassing is partial 


