SQL: Programming

CPs 116

Introduction to Database Systems

Announcements (September 29)

% Homework #2 due today
» Sarnple solution available next Tuesday
% Homework #1 graded
n Pleacrlveasbabenars b o e LY
" Se= e or Ming if you have further gqus=sticns
% Sample midrerm (from last year) available
= Solution svailable nect Taecday
% Midterm in class next Thursday
® Format similar to the sample midterm

» Corers svervthing up to a=xt Tos=sday's lacture
= Emphasizes on materials sxyeccisad in homesrocks

Motivation

4 Pros and cons of SQL

" Very high-level, possible to optimize

" Not intended for general-purpose compuration
4+ Solutions

" Augment SQL with construces from general-purpose
programming languages (SQL/PSM)

" Use SQL together with general-purpose programming
languages (JDBC, embedded SQL, etc.)

Impedance mismatch and a solution

% SQL operates on a set of records at a time
% Typical low-level general-purpose programming languages
ﬂP‘EmtEE ol ane IEEﬂ'f'd ata t“lfl'.I.E
+ Solution: cursor
* Cpen (2 table or 2 result table): position the cursor just before the
nrst row
= (Sat next: move the corsor to the next row and return that roo;
raise a flag if there is no such row

» Cloge: cl=an op and rel=ase DEMS resources

* Found in virtually svery databace langunasea/APT {mrhth slightly
differsnt syotaxes)

T Some support more cursor positicning and movement options,
modification at the current cursor position (analogous to the wew
update problem), =tc.

Augmenting SQL: SQL/PSM

4 PSM = Persistent Stored Modules

¢ CREATE PROCEDURE prxc mame ( pavamsrer declavations )
Local declazvations
procedure bady;

¢ CREATE FUNCTION femc mame ( pavemewr declovations )
RETURNS serawn sype
Local declavations
pvocedure bady;

@ CALL proc mame ( pavameserr )

4 Inside procedure body:
SET sarighle = CALL fumc mame ( povemeters )3

SQL/PSM example

CREATE FUMCTION SetMaxGPA{IN newMaxEPA FLOAT)
RETURNS INT
-— Enfarce newMaGPd; rcturn romber of comes micdificd.

BEGIN

DECLARE rowslUpdated INT DEFAULT Oy
DECLARE thisGPA FLOAT)

-- A porsor to rangc ovor all shodents:
DECLARE stwdentCurscr CUSOR FOR
SELECT GPA FRON Student
FOR UPDATEy
-- 5S¢t a2 flag whenerer there is 2 “not found" coocption:
DECLARE moMorefows INT DEFAULT Oy
DECLARE CONTIRNUE HARDLER FOR MOT FOUND
SET noMoreRaws = 1

RETURM rowsUpdated)
EMD




SQL/PSM example continued

-— Fctch the Brst sosalk sow:

OPEN studentCursorg

FETCH FROM studentCursor INTD thisGPA)
-- Loop over z2ll romlt rows:

WHILE noMoreRows < 1 DO

IF thisGPA > newMaxGPA THEM
-- Enforce newMaxGPA:
PDATE Student SET Student.GPA = newkaxGPA
MWHERE CURRENT OF studentCursorg

-— Tpdatc count:
SET rowsUpdated = rowsUpdated + 1
ERD IFy
—- Frtch tac ot sosalt sows
FETCH FROM studentCursor INTO thisGPag
ERD WHILEj
CLOSE stwdentCursory

Other SQL/PSM features

4 Assignment using scalar query results
= SELECT INTO

4 Other loop constructs
= FOR. REPEAT UNTIL, LOOP

& Flow control
= GOTO
4 Exceptions
= SIGNAL, RESIGNAL

Interfacing SQL with another language

4+ API approach
" 5QL commands are sent to the DBMS at runtime
u EE.'I!‘I'.I.PIE-E: JDBC, ODBC {for C/C++/VB). Perl DBI

" These AFPI's are all based on the SQL/CLI {Call-Lewvel
Interface) standard

4+ Embedded SQL approach

" SQL commands are embedded in application code

= A precompiler checks these commands at compile-time
and converts them into DBMS-specific APT calls

= Examples: embedded SOQL for C/C+ +, SQLJ (for Java)

Example API: JDBC

4 JDBC (Java DataBase Connectivity) is an API that allows a
Java program te access databases

J{ Usc the JTDBC packazc:

import java.sgl.*y

public class . |

static |
J/ Load the JTOBC derer:
Clazs.Torlame("COM.1bm.dbZ . jdbc.nat . DE20ri ver )y

Connections

I Comnection UBL is a DBEMS-spacific string:
String url =
"jdbc:dbZ: )/ frackd0.cs.duke.edu/dbocourse";
1 Making a connecton:
Connection con =
DriverManager.getConnection{url);

/[ Closing a connection:
con.close():
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Statements

J{ Croatc an abjoct for scnding SOQ1 shabonontbs:
Statement stmt = Con.createStatement()y
/{ Exooutc 2 gouory and get its rosults:
ResuliSet rs =
stmt.executeQuery("SELECT 510, name FROM Student")y
/{ “Wark oo thr romits:

J/ Excoute 2 modification (retems the namber af saws affectod):
int rowsUpdated =
EIHTr..EI'EEIltEU'I]dE.tE
("UPDATE Student SET name = 'Barney' WHERE SI0 = 142%)y
J{ Close the statement:
stmt.closs() g




Query results

// Excoubc a guery and gct its rosults:
Resultset rz =
stmt.executaQuary{"SELECT SI0, name FROM Student™),

// Loop throush all sosult saws:

while (rs.next()) |
/Gt columm valuos:
int sid = rs.getInt{l),
String name = rs.getString(2);
/{ Wk an sid and name:

]

#/ Closc the ResultSet:
rs.Clesel))
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Other ResultSet fearures

4+ Move the cursor (pointing to the current row)

backwards and forwards, or position it anywhere
within the Resul tSet

4+ Update/delete the database row corresponding to
the current result row
" Analogous to the view update problem
4 Insert a row into the database
= Analogous to the view update problem

Prepared statements: motivation

Statement stmt = con._creat=Statement();
for [int age=0; age<ldl; age+=17) {
Resultiet rs = stmt.executeluery
[TSELECT AVe(GPA) FROM Studemt™ +
" WHERE age == " = age = " AND age < " + [age+lQ]);
[/ ok on the romla:

Y

# Every time an 5L string 15 sent to the DBMS, the DBMS
must perform parsing, semantic analysis, optimization,
compilation, and then finally execution

4 These costs are incurred 10 times in the above example,
even though all strings are essentially the same query (with
different parameter values)

Prepared statements: syntax

' F'l'\-:_-|:|:|.|:|:!l'.l::l'_-|'5-=|1|:|:".'I TEm ) ::l_lu::.n-ﬂ::l;:l::llr'ntz.l'_‘lJ:l:Pu:l:l'lm:
FreparedStatement stmt = com.prepareStatement

["SELECT AYE(GPA) FROM Student WHERE age »= ¥ AND age < 77);
for [imt age=D; age<lQ); age+=10) {

J/ 5ct actnal parsmctor Tainc:

sttt .setInt(l, age);

stwt .setint[Z, age+ll}:

Resultiet rs = stmt.executeQuery();:

[/ ok on the corults:

]

4 The DBMS perfu::rma parsing, semantic a.n:a]yais.
optimization, and compilation only once, when it prepares
the statemnent

& At execution time, the DBMS nn]];' needs to checlk
parameter types and validate the compiled execution plan
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Transaction processing

& Set isclation level for the currear transaction
= con.setTransactionlsclationlevel {{);

= Wheee [ iz one of TRANSACTION SERIALIZASLE (defanlt),

TRANSACTION REPEATABLE READ, TRANSACTION READ COMITTED, and
TRANSACTION READ UNCOMMITTED

4+ Set the transaction to be read-only or read/write (defanlt)
= con.setReadOnly(true|false):
4 Turn on/off AUTOCOMMIT {(commits every single statement)

= con.setAutoCommit (true|false);

# Commit/rollback the current transaction (when
AUTQCOMMIT is off)
= con.commit{):
= con.rollback():

Odds and ends of JDBC

% Most methods can throw SQLException

= Malcs sure vour code catches theem
= getSQL5tate() returns the standard 3L error cod=

» getMezsage() returns the arroc message

# Methods for examining metadata in databases

4 Methods to retrieve the value of a column for all result rows
into an array without calling ResultSet.next() in a loop

% Methods to construct and execute a batch of SOQL

statemnents together

o




