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} SQL (Chapter 3, 4) – Remaining Stuff
◦ Triggers (5.3)
◦ Authorization (4.6), Ranking (5.5)
◦ Some Complex SQL Examples

} Project 1 discussion on Wednesday 

} Entity-Relationship Modeling

} Wednesday: Anatomy of a Web Application
◦ Project 2



} A trigger is a statement that is executed automatically 
by the system as a side effect of a modification to the 
database.

} Suppose that instead of allowing negative account 
balances, the bank deals with overdrafts by 
◦ 1. setting the account balance to zero
◦ 2. creating a loan in the amount of the overdraft
◦ 3. giving this loan a loan number identical to the account 

number of the overdrawn account



create trigger overdraft-trigger after update on account 
referencing new row as nrow                                                                                  
for each row
when nrow.balance < 0
begin atomic

actions to be taken
end



create trigger overdraft-trigger after update on account 
referencing new row as nrow                                                                                  
for each row
when nrow.balance < 0
begin atomic

insert into borrower
(select customer-name, account-number
from depositor
where nrow.account-number = depositor.account-number);

insert into loan values
(nrow.account-number, nrow.branch-name, nrow.balance);

update account set balance = 0
where account.account-number = nrow.account-number

end



} External World Actions
◦ How does the DB order something if the inventory is low ?

} Syntax
◦ Every system has its own syntax

} Careful with triggers
◦ Cascading triggers, Infinite Sequences…

} More Info/Examples:
◦ http://www.adp-gmbh.ch/ora/sql/create_trigger.html
◦ Google: “create trigger” oracle download-uk

http://www.adp-gmbh.ch/ora/sql/create_trigger.html


} Example: find which courses are a prerequisite, whether directly or 
indirectly, for a specific course 

with recursive rec_prereq(course_id, prereq_id) as (
select course_id, prereq_id
from prereq

union
select rec_prereq.course_id, prereq.prereq_id, 
from rec_rereq, prereq
where rec_prereq.prereq_id = prereq.course_id

)
select ∗
from rec_prereq;

Makes SQL Turing Complete (i.e., you can write any program in SQL)

But: Just because you can, doesn’t mean you should



} Ranking is done in conjunction with an order by specification.

} Consider:                 student_grades(ID, GPA) 

} Find the rank of each student.
select ID, rank() over (order by GPA desc) as s_rank
from student_grades
order by s_rank

} Equivalent to: 
select ID, (1 + (select count(*)

from student_grades B
where B.GPA > A.GPA)) as s_rank

from student_grades A
order by s_rank;



} GRANT and REVOKE keywords
◦ grant select on instructor to U1, U2, U3

◦ revoke select on branch  from U1, U2, U3

} Can provide select, insert, update, delete priviledges

} Can also create “Roles” and do security at the level of roles

} Some databases support doing this at the level of individual “tuples”
◦ MS SQL Server: https://docs.microsoft.com/en-us/sql/relational-databases/security/row-level-

security?view=sql-server-ver15
◦ PostgreSQL: https://www.postgresql.org/docs/10/ddl-rowsecurity.html

https://docs.microsoft.com/en-us/sql/relational-databases/security/row-level-security%3Fview=sql-server-ver15


} https://blog.jooq.org/2016/04/25/10-sql-tricks-that-
you-didnt-think-were-possible/
◦ Long slide-deck linked off of this page
◦ Complex SQL queries showing how to do things like: do 

Mandelbrot, solve subset sum problem etc.

} The MADlib Analytics Library or MAD Skills, the SQL; 
https://arxiv.org/abs/1208.4165

} https://www.red-gate.com/simple-talk/blogs/statistics-
sql-simple-linear-regressions/

https://blog.jooq.org/2016/04/25/10-sql-tricks-that-you-didnt-think-were-possible/
https://arxiv.org/abs/1208.4165


https://blog.jooq.org/2016/04/25/10-sql-tricks-that-you-didnt-
think-were-possible/

https://blog.jooq.org/2016/04/25/10-sql-tricks-that-you-didnt-think-were-possible/


https://blog.jooq.org/2016/04/25/10-sql-tricks-that-you-didnt-
think-were-possible/

Makes SQL 
Turing-Complete

https://blog.jooq.org/2016/04/25/10-sql-tricks-that-you-didnt-think-were-possible/


https://www.postgresql.org/docs/9.3/tutorial-window.html



https://www.red-gate.com/simple-talk/blogs/statistics-sql-simple-linear-regressions/



} Recursive algorithm to assign weights to 
the nodes of a graph (Web Link Graph)

} Weight for a node depends on the 
weights of the nodes that point to it

} Typically done in iterations till 
“convergence”

} Not obvious that you can do it in SQL, 
but:
◦ Each iteration is just a LEFT OUTERJOIN
◦ Stopping condition is trickier

} Other ways to do it as well

https://devnambi.com/2013/pagerank.html





} SQL (Chapter 3, 4) – Remaining Stuff

} Entity-Relationship Modeling
◦ Entity-relationship Model (E/R model)
◦ Converting from E/R to Relational

} Wednesday: Anatomy of a Web Application
◦ Project 2



} Two key concepts
◦ Entities:
� An object that exists and is distinguishable from other objects

� Examples: Bob Smith, BofA, CMSC424

� Have attributes (people have names and addresses)
� Form entity sets with other entities of the same type that share the 

same properties
� Set of all people, set of all classes

� Entity sets may overlap
� Customers and Employees



} Two key concepts
◦ Relationships:
� Relate 2 or more entities 

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

� Form relationship sets with other relationships of the same type 
that share the same properties
� Customers have accounts at Branches

� Can have attributes:
� has account at may have an attribute start-date

� Can involve more than 2 entities
� Employee works at Branch at Job
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customer has
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used in the book in the past

Both notations used 
commonly



} Details of the ER Model
◦ How to represent various types of constraints/semantic 

information etc.

} Design issues 

} A detailed example



} We may know:
� One customer can only open one account
� OR
� One customer can open multiple accounts

} Representing this is important
} Why ?
◦ Better manipulation of data
� If former, can store the account info in the customer table
◦ Can enforce such a constraint
� Application 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 entities to which another entity 
can be associated via a relationship set

} Most useful in describing binary relationship sets



} One-to-One

} One-to-Many

} Many-to-One

} Many-to-Many

Instructor advises Student

Instructor advises Student

Instructor advises Student

Instructor advises Student



} Express the number of entities to which another entity 
can be associated via a relationship set

} Most useful in describing binary relationship sets

} N-ary relationships ?
◦ More complicated
◦ Details in the book
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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 attribute ?

} Single-valued vs Multi-valued
◦ E.g. Phone numbers are multi-valued

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



} What attributes are needed to represent a relationship 
completely and uniquely ?
◦ Union of primary keys of the entities involved, and relationship 

attributes

◦ {instructor.ID, date, student.ID} describes a relationship 
completely
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Figure 7.7 E-R diagram corresponding to instructors and students.

• Rectangles divided into two parts represent entity sets. The first part, which
in this textbook is shaded blue, contains the name of the entity set. The second
part contains the names of all the attributes of the entity set.

• Diamonds represent relationship sets.

• Undivided rectangles represent the attributes of a relationship set. Attributes
that are part of the primary key are underlined.

• Lines link entity sets to relationship sets.

• Dashed lines link attributes of a relationship set to the relationship set.

• Double lines indicate total participation of an entity in a relationship set.

• Double diamonds represent identifying relationship sets linked to weak
entity sets (we discuss identifying relationship sets and weak entity sets later,
in Section 7.5.6).

Consider the E-R diagram in Figure 7.7, which consists of two entity sets, in-
structor and student related through a binary relationship set advisor. The attributes
associated with instructor are ID, name, and salary. The attributes associated with
student are ID, name, and tot cred. In Figure 7.7, attributes of an entity set that are
members of the primary key are underlined.

If a relationship set has some attributes associated with it, then we enclose the
attributes in a rectangle and link the rectangle with a dashed line to the diamond
representing that relationship set. For example, in Figure 7.8, we have the date
descriptive attribute attached to the relationship set advisor to specify the date on
which an instructor became the advisor.
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Figure 7.8 E-R diagram with an attribute attached to a relationship set.



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

◦ In fact, union of primary keys of associated entities is always a superkey
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} Is {student_id, instructor_id} a candidate key ?
◦ Depends
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} Is {student_id, instructor_id} a candidate key ?
◦ Depends

l If one-to-one relationship, either {instructor_id} or {student_id} sufficient
l Since a given instructor can only have one advisee, an instructor entity can 

only participate in one relationship
l Ditto student
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} Is {student_id, instructor_id} a candidate key ?
◦ Depends

l If one-to-many relationship (as shown), {student_id} is a candidate key
l A given instructor can have many advisees, but at most one advisor per 

student allowed
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} General rule for binary relationships
◦ one-to-one: primary key of either entity set
◦ one-to-many: primary key of the entity set on the many side
◦ many-to-many: union of primary keys of the associate entity 

sets

} n-ary relationships
◦ More complicated rules



} What have we been doing

} Why ?

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



} Sometimes a relationship associates an entity set to 
itself

} Need “roles” to distinguish

course
course_id
title
credits

course_id

prereq_id prereq


