
} Massively successful for highly structured data
◦ Two Key Concepts:
� Data Modeling: Allows reasoning about the data at a high level

� e.g. “emails” have “sender”, “receiver”, “…”
� Once we can describe the data, we can start “querying” it

� Data Abstraction/Independence:
� Layer the system so that the users/applications are insulated from 

the low-level details

} Data modeling
◦ Data model: A collection of concepts that describes how data is represented 

and accessed
◦ Schema: A description of a specific collection of data, using a given data 

model

◦ Some examples of data models that we will see
� Relational, Entity-relationship model, XML, JSON…
� Object-oriented, object-relational, semantic data model, RDF…

◦ Why so many models ?
� Tension between descriptive power and ease of use/efficiency
� More powerful models à more data can be represented
� More powerful models à harder to use, to query, and less efficient



} Probably the most important purpose of a DBMS
} Goal: Hiding low-level details from the users of the 

system
◦ Alternatively: the principle that
� applications and users should be insulated from how data is 

structured and stored
◦ Also called data independence

} Through use of logical abstractions

Logical
Level

Physical 
Level

View Level

View 1 View 2 View n…

How data is actually stored ?
e.g. are we using disks ? Which
file system ?

What data is stored ?
describe data properties such as 
data semantics, data relationships

What data users and 
application programs  
see ? 



Logical
Level

Physical 
Level

View Level

View 1 View 2 View n…
Logical Data Independence
Protection from logical changes
to the schema

Physical Data Independence
Protection from changes to the
physical structure of the data

Logical
Level

Physical 
Level

View Level

View 1 View 2 View n…
Logical Schema
students(sid, name, major, …)
courses(cid, name, …)
enrolled(sid, cid, …)

A “view” Schema
course_info(#registered,…)

Physical Schema
all students in one file ordered by sid
courses split into multiple files by colleges



} A DBMS is a software system designed to store, manage,
facilitate access to databases

} Provides:
◦ Data Definition Language (DDL)
� For defining and modifying the schemas
◦ Data Manipulation Language (DML)
� For retrieving, modifying, analyzing the data itself
◦ Guarantees about correctness in presence of failures and concurrency, data 

semantics etc.

} Common use patterns
◦ Handling transactions (e.g. ATM Transactions, flight reservations)
◦ Archival (storing historical data)
◦ Analytics (e.g. identifying trends, Data Mining)

} SQL (sequel): Structured Query Language

} Data definition (DDL)
◦ create table instructor (

ID char(5),
name            varchar(20),
dept_name varchar(20),
salary numeric(8,2))

} Data manipulation (DML)
◦ Example: Find the name of the instructor with ID 22222

select name
from instructor
where instructor.ID = ‘22222’



} Relational DBMSs
◦ Oracle, IBM DB2, Microsoft SQL Server, Sybase

} Open source alternatives
◦ MySQL, PostgreSQL, Apache Derby, BerkeleyDB (mainly a storage engine –

no SQL), neo4j (graph data) …

} Data Warehousing Solutions
◦ Geared towards very large volumes of data and on analyzing them
◦ Long list: Teradata, Oracle Exadata, Netezza (based on FPGAs), Aster Data 

(founded 2005), Vertica (column-based), Kickfire, Xtremedata (released 
2009), Sybase IQ, Greenplum (eBay, Fox Networks use them)
◦ Usually sell package/services and charge per TB of managed data
◦ Many (especially recent ones) start with MySQL or PostgreSQL and make 

them parallel/faster etc..

} Ongoing debate/issue 
◦ Cloud computing seems to eschew DBMSs in favor of homegrown solutions
◦ E.g. Google, Facebook, Amazon etc…

} MapReduce: A paradigm for large-scale data analysis
◦ Hadoop: An open source implementation
◦ Apache Spark: a better open source implementation

} Why ? 
◦ DBMSs can’t scale to the needs, not fault-tolerant enough

� These apps don’t need things like transactions, that complicate DBMSs (???)
◦ Mapreduce favors Unix-style programming, doesn’t require SQL
� Try writing SVMs or decision trees in SQL
◦ Cost
� Companies like Teradata may charge $100,000 per TB of data managed



} Bigtable-like
◦ Called “key-value stores”
◦ Think highly distributed hash tables
◦ Allow some transactional capabilities – still evolving area
◦ PNUTS (Yahoo), Apache Cassandra (Facebook), Dynamo (Amazon), and many 

many others

} Mapreduce-like
◦ Hadoop (open source), Pig (@Yahoo), Dryad (@Microsoft), Spark
◦ Amazon EC2 Framework
◦ Not really a database – but increasing declarative SQL-like capabilities are being 

added (e.g. HIVE at Facebook)

} Much ongoing research in industry and academia

} Data Models
◦ Conceptual representation of the data

} Data Retrieval
◦ How to ask questions of the database
◦ How to answer those questions

} Data Storage
◦ How/where to store data, how to access it

} Data Integrity
◦ Manage crashes, concurrency
◦ Manage semantic inconsistencies

} Not fully disjoint categorization !!



} We will be experimenting with occasional flipped classes
◦ Videos will be posted on schedule
◦ You will be able to refer back to these videos at any time.
◦ I will be available for a piazza Live Q&A at 10pm
◦ Most classes are not recorded, and I ask you not to record them 

yourself.

Professor: Pete Keleher
keleher@umd.edu



} Overview of modeling
} SQL (Chapter 3)
◦ Basic Data Definition (3.2)
◦ Setting up the PostgreSQL database
◦ Basic Queries (3.3-3.5)
◦ Null values (3.6)
◦ Aggregates (3.7)

} Relational Model (Chapter 2)
◦ Basics 
◦ Keys
◦ Relational operations
◦ Relational algebra basics

} IBM Sequel language developed as part of System R project at the 
IBM San Jose Research Laboratory

} Renamed Structured Query Language (SQL)
} ANSI and ISO standard SQL:
◦ SQL-86, SQL-89, SQL-92
◦ SQL:1999, SQL:2003, SQL:2008

} Commercial systems offer most, if not all, SQL-92 features, plus 
varying feature sets from later standards and special proprietary 
features.
◦ Not all examples here may work on your particular system.

} Several alternative syntaxes to write the same queries



} Data definition language (DDL): Defining/modifying schemas
◦ Integrity constraints: Specifying conditions the data must satisfy
◦ View definition: Defining views over data
◦ Authorization: Who can access what

} Data-manipulation language (DML): Insert/delete/update 
tuples, queries

} Transaction control: 
} Embedded SQL: Calling SQL from within programming 

languages

} Creating indexes, Query Optimization control…

} The schema for each relation.
} Keys
} The domain of values associated with each attribute.
} Integrity constraints
} Also: other information such as 
◦ The set of indices to be maintained for each relations.
◦ Security and authorization information for each relation.
◦ The physical storage structure of each relation on disk.

The SQL data-definition language (DDL) allows the 
specification of information about relations, including:



} Let K Í R (R is a set of columns)

} K is a superkey of R if values for K are sufficient to identify a 
unique row of any possible table
◦ Example:  {ID} and {ID,name} are both superkeys of instructor.

} Superkey K is a candidate key if K is minimal (i.e., no subset 
of it is a superkey)
◦ Example:  {ID} is a candidate key for Instructor

} One candidate key can be the primary key
◦ Typically one that is small and immutable (doesn’t change often)
◦ Chosen by app/user

} Keys are unique!

} CREATE TABLE <name> ( <field> <domain>, … )

create table instructor (
ID char(5),
name   varchar(20) not null,
dept_name varchar(20),
salary numeric(8,2),
primary key (ID),
foreign key (dept_name) references department

)

create table department (
dept_name varchar(20),
building varchar(15),
budget numeric(12,2) check (budget > 0),

primary key (dept_name)
);



} CREATE TABLE <name> ( <field> <domain>, … )

create table instructor (
ID char(5),
name   varchar(20) not null,
dept_name varchar(20),
salary numeric(8,2),
primary key (ID),
foreign key (dept_name) references department

)

create table department
dept_name varchar(20),
building varchar(15),
budget numeric(12,2) check (budget > 0),

primary key (dept_name)
);

} drop table student

} delete from student
◦ Keeps the empty table around

} alter table
◦ alter table student add address varchar(50);
◦ alter table student drop tot_cred;



} INSERT INTO <name> (<field names>) VALUES (<field values>)

insert into instructor  values (‘10211’, ’Smith’, ’Biology’, 66000);
insert into instructor (name, ID) values (‘Smith’, ‘10211’); 

-- NULL for other two
insert into instructor (ID) values (‘10211’); 

-- FAIL

} DELETE FROM <name> WHERE <condition>:

delete from department where budget < 80000;

◦ Syntax is fine, but this command may be rejected because of 
referential integrity constraints.

} DELETE FROM <name> WHERE <condition>

delete from department where budget < 80000;2.2 Database Schema 43

dept name building budget

Biology Watson 90000
Comp. Sci. Taylor 100000
Elec. Eng. Taylor 85000
Finance Painter 120000
History Painter 50000
Music Packard 80000
Physics Watson 70000

Figure 2.5 The department relation.

similarly the contents of a relation instance may change with time as the relation
is updated. In contrast, the schema of a relation does not generally change.

Although it is important to know the difference between a relation schema
and a relation instance, we often use the same name, such as instructor, to refer
to both the schema and the instance. Where required, we explicitly refer to the
schema or to the instance, for example “the instructor schema,” or “an instance of
the instructor relation.” However, where it is clear whether we mean the schema
or the instance, we simply use the relation name.

Consider the department relation of Figure 2.5. The schema for that relation is

department (dept name, building, budget)

Note that the attribute dept name appears in both the instructor schema and the
department schema. This duplication is not a coincidence. Rather, using common
attributes in relation schemas is one way of relating tuples of distinct relations.
For example, suppose we wish to find the information about all the instructors
who work in the Watson building. We look first at the department relation to
find the dept name of all the departments housed in Watson. Then, for each such
department, we look in the instructor relation to find the information about the
instructor associated with the corresponding dept name.

Let us continue with our university database example.
Each course in a university may be offered multiple times, across different

semesters, or even within a semester. We need a relation to describe each individ-
ual offering, or section, of the class. The schema is

section (course id, sec id, semester, year, building, room number, time slot id)

Figure 2.6 shows a sample instance of the section relation.
We need a relation to describe the association between instructors and the

class sections that they teach. The relation schema to describe this association is

teaches (ID, course id, sec id, semester, year)
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ID name salary dept name building budget

10101 Srinivasan 65000 Comp. Sci. Taylor 100000
12121 Wu 90000 Finance Painter 120000
15151 Mozart 40000 Music Packard 80000
22222 Einstein 95000 Physics Watson 70000
32343 El Said 60000 History Painter 50000
33456 Gold 87000 Physics Watson 70000
45565 Katz 75000 Comp. Sci. Taylor 100000
58583 Califieri 62000 History Painter 50000
76543 Singh 80000 Finance Painter 120000
76766 Crick 72000 Biology Watson 90000
83821 Brandt 92000 Comp. Sci. Taylor 100000
98345 Kim 80000 Elec. Eng. Taylor 85000

Figure 2.12 Result of natural join of the instructor and department relations.

of their dept name attributes are the same. All such matching pairs of tuples are
present in the join result. In general, the natural join operation on two relations
matches tuples whose values are the same on all attribute names that are common
to both relations.

The Cartesian product operation combines tuples from two relations, but unlike
the join operation, its result contains all pairs of tuples from the two relations,
regardless of whether their attribute values match.

Because relations are sets, we can perform normal set operations on relations.
The union operation performs a set union of two “similarly structured” tables
(say a table of all graduate students and a table of all undergraduate students).
For example, one can obtain the set of all students in a department. Other set
operations, such as intersection and set difference can be performed as well.

As we noted earlier, we can perform operations on the results of queries. For
example, if we want to find the ID and salary for those instructors who have salary
greater than $85,000, we would perform the first two operations in our example
above. First we select those tuples from the instructor relation where the salary
value is greater than $85,000 and then, from that result, select the two attributes
ID and salary, resulting in the relation shown in Figure 2.13 consisting of the ID

ID salary

12121 90000
22222 95000
33456 87000
83821 92000

Figure 2.13 Result of selecting attributes ID and salary of instructors with salary greater
than $85,000.

Instructor relationWe can choose what happens:
(1) Reject the delete, or
(2) Delete the rows in Instructor (may be a cascade), or
(3) Set the appropriate values in Instructor to NULL



} DELETE FROM <name> WHERE <condition>

delete from department where budget < 80000;

We can choose what happens:
(1) Reject the delete (nothing), or
(2) Delete the rows in Instructor (on delete cascade), or
(3) Set the appropriate values in Instructor to NULL (on delete set null)

create table instructor
(ID         varchar(5),
name       varchar(20) not null,
dept_name varchar(20),
salary     numeric(8,2) check (salary > 29000),
primary key (ID),
foreign key (dept_name) references department

on delete set null
);

} DELETE FROM <name> WHERE <condition>

◦ Delete all classrooms with capacity below average

delete from classroom where capacity < 

(select avg(capacity) from classroom);

� Problem:  as we delete tuples, the average capacity changes

◦ Solution used in SQL:
� First, compute avg capacity and find all tuples to delete
� Next, delete all tuples found above (without recomputing avg or 

retesting the tuples)



} UPDATE <name> SET <field name> = <value> WHERE <condition>

◦ Increase all salaries over $100,000 by 6%, all other receive 5%.
◦ Write two update statements:

◦ The order is important
◦ Can be done better using the case statement

update instructor
set salary = salary * 1.05
where salary £ 10000;

update instructor
set salary = salary * 1.06
where salary > 100000;

update instructor
set salary = salary * 1.06
where salary > 100000;

update instructor
set salary = salary * 1.05
where salary £ 10000;

X

} UPDATE <name> SET <field name> = <value> WHERE <condition>

◦ Increase all salaries’s over $100,000 by 6%, all other receive 5%.
◦ Can be done better using the case statement

UPDATE instructor
SET salary =

CASE 
WHEN salary > 100000 

THEN salary * 1.06
WHEN salary <= 100000 

THEN salary * 1.05
END;

DONE



} drop table student

} delete from student
◦ Keeps the empty table around

} alter table
◦ alter table student add address varchar(50);
◦ alter table student drop tot_cred;


