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Functions in Programming

• a subroutine associates a set of statements with a name
– may have one or more parameters
– may have a return value

• subroutines with a return value are called functions

• the header (or prototype) of a function defines its 
parameters and return value, including types

though this terminology is used sloppily – often any subroutine is called a 
function, and in object-oriented languages like Java, any operation 
defined on an object is called a method, whether or not it returns a value

int square ( int n ) {
  return n*n;
}

int mult ( int a, int b ) {
  return a*b;
}

square: int → int mult: int ✕ int → int
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Functions in Programming

• functions in programming are often not true mathematical 
functions

– many functions in programming are really partial functions which 
map a subset of A to B

– functions in programming don’t always return only a single value 
for particular parameter values

// n >= 1
int square ( int n ) {
  return n*n;
}

int random ( int n ) {
  …
}

square: int → int

random: int → int
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First-Class Functions

• in mathematics, the elements in a set can be anything – 
including other sets, ordered pairs, and functions

• some programming languages support first-class 
functions where

– a function can be passed as a parameter to a function
– a function can be returned from a function
– a function can be assigned to a variable and used later

just like any other type
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Applications of First-Class Functions

sum(square,1,100)

sum ( f, a, b ) {
  total = 0;
  for ( i = a ; i <= b ; i++ ) {
    total += f(i);
  }
  return total;
}

• e.g. define a function corresponding to the Σ operator

then

∑
i=a

b

f (i)



  

 

CPSC 229: Foundations of Computation  •  Spring 2026 69

First-Class Functions in JavaScript
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First-Class Functions (More or Less) in Java

can be approximated 
through functional interfaces
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First-Class Functions (More or Less) in Java

• newer versions of Java support lambda expressions
– can be subroutines – they don’t have to be true functions

and define a generic functional interface Function 
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First-Class Functions (More or Less) in Java
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Databases

• database
– the data – a structured collection of information

• structured data is highly organized and easily searchable
– conforms to a defined data model or schema

– relational model is based on tables (with rows and columns)
• most common
• general purpose

– object-oriented database stores objects (instance variables and 
methods)

• unstructured data lacks a defined data model or schema
– does not fit neatly into data tables (or some other predefined format)
– e.g. text, images, videos, documents
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Relational Databases

• a relation is a cross product of 
sets

• a relational database consists 
of tables
– data types define sets
– each table is a relation

• each row in a table groups 
together data values about a 
particular thing
– duplicate rows are not allowed 

(must differ by at least one value)
• primary key uniquely identifies each 

row – PK must be unique

– order of the rows doesn't matter
– order of the columns doesn't 

matter
– data values are atomic
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The Relational Model: Structure

acctNo type balance

12345 savings 12000

23456 checking 1000

34567 savings 25

Accounts

firstName lastName idNo account

Robbie Banks 901-222 12345

Lena Hand 805-333 12345

Lena Hand 805-333 23456

Customers

attribute

tuple

relation

string string int domains

Accounts(acctNo,type,balance)
Customers(firstName,lastName,idNo,account)

database schema
(with primary key)

primary 
key

primary 
key

relation schema
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SQL

• SQL is the standard language for interacting with 
relational databases
– supported by databases from many different vendors (though 

there are incompatibilities due to incomplete implementations and non-
standard extensions)

• technical detail: bags vs sets
– in the relational model, relations are sets

• no duplicate tuples
• order of tuples doesn't matter

– in practice, tables are implemented as bags
• order of rows doesn't matter
• duplicates are not automatically removed from query results
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Basic Queries

SELECT a1,a2,...,an
FROM R
WHERE C

• (only) table and column names are case-sensitive

• resulting table has
– the rows from R for which C is true
– the columns a1,a2,…,an

SELECT DISTINCT a1,a2,...,an
FROM R
WHERE C

– as the last step, remove duplicate rows (duplicates identified based 
only on columns a1,a2,...an)
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Basic Queries

SELECT
– can contain * (all columns), arithmetic expressions
– can rename individual columns of the result using AS

FROM
– can rename the whole relation using AS
– can contain R,S (cross product), R JOIN S ON C,                      
R NATURAL JOIN S

• JOIN keeps all columns of R and S – equivalent to FROM R,S WHERE C
• NATURAL JOIN keeps only one copy of each join column

– qualify column name with relation name or alias to disambiguate 
same-named columns

WHERE
– can contain arithmetic expressions, <, <=, >, >=, =, <>, AND, OR, 
NOT, IS NULL, IS NOT NULL, LIKE, NOT LIKE

• wildcards % (0 or more), _ (single character) allowed in LIKE/NOT LIKE 
patterns – used for pattern-matching within column values
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Data Modification

• insert rows into a table
•

INSERT INTO R(A1,…,An) 
VALUES (v1,…,vn)

– uses specified values for attributes listed and default values for 
the others

• delete rows from a table

DELETE 
FROM R 
WHERE <condition>

– all rows satisfying the condition are deleted
• without WHERE, all rows are deleted (but not the table itself)
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SELECT DISTINCT Dependent_name
FROM DEPENDENT
WHERE Sex=’F’

SELECT *
FROM DEPT_LOCATIONS JOIN PROJECT ON Dnumber=Dnum

SELECT *
FROM WORKS_ON JOIN PROJECT ON Pno=Pnmber
WHERE Plocation='Houston' AND Hours >= 10

SELECT Fname,Lname
FROM EMPLOYEE JOIN DEPARTMENT ON Super_ssn=Mgr_ssn
WHERE Dno=Dnumber

SELECT Fname,Lname,Dependent_name,Relationship
FROM EMPLOYEE NATURAL JOIN DEPENDENT

SELECT *
FROM DEPARTMENT NATURAL JOIN DEPT_LOCATIONS
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Assuming that all default values are NULL, are these legal 
INSERT statements?

INSERT INTO PROJECT(Pname,Plocation,Dnum) 
            VALUES ("ProductA","Austin",1)

INSERT INTO PROJECT(Pnumber,Pname,Plocation,Dnum) 
            VALUES (40,"ProductA","Austin",1)

INSERT INTO PROJECT(Pnumber,Pname,Plocation,Dnum) 
            VALUES (40,"ProductA",NULL,1)

INSERT INTO PROJECT(Pnumber,Pname,Plocation,Dnum) 
            VALUES (10,"ProductA","Austin",1)
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Assuming that all default values are NULL, are these legal 
INSERT statements?

INSERT INTO PROJECT(Pnumber,Pname,Plocation,Dnum) 
            VALUES ("ProductA",40,"Austin",1)

INSERT INTO PROJECT(Pnumber,Pname) 
            VALUES (40,"ProductA")
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Quiz

Assuming that all default values are NULL, are these legal 
INSERT statements?

INSERT INTO PROJECT(Pnumber,Plocation,Dnum) 
SELECT * FROM DEPT_LOCATIONS

INSERT INTO PROJECT(Pnumber,Plocation,Dnum) 
SELECT Dnumber+50,Dlocation,Dnumber FROM DEPT_LOCATIONS
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How many rows will be deleted?

DELETE FROM WORKS_ON
WHERE Hours < 10

DELETE FROM WORKS_ON W
WHERE NOT EXISTS ( SELECT * 
                   FROM DEPENDENT D 
                   WHERE D.Essn=W.Essn )


