SQL: Programming

cP51le
Introduction to Database Systems

Announcements (Seprember 23)

4 Heomework #2 due this Thursday
= Sulbmit to Yi—not through Jua's office doar
® Soluton available this weskend

% No class this Thursday

¢ Midterm in class next Thursday (Cotober 43
®» Open book, open notes

® Foeemat sienilar to the sample midtecs
* Lolotion smadhble thir wedeond

= Covers everything up to as=xt Tus=sdar's l=cturs
» Emphasizes materials exercised in homewoks
4 Project milestone #1 dus in 234 weeks

Motivation

% Pros and cons of SQL
" Very high-level, possible to optimize
" Mot intandad for gensral-purpose computation
# Solutions
" Augrment SQL with constructs from general-purpose
programming languages (SQL/PSM)

¥ Js= SQL together wath general-purpose progromming
lanzuagss {JDBC, ambeddad SQL, =2c.)

Impedance mismatch and a solution

4 S0L oparates on o sat of records at a times

4 Typical low-level genel-purposs programming languages
cperates on one recocd at o Hme
= Solution: curserc
® o (3 result tablch: position the corsor boforc the Grst rowr
" (>t noxt: mowc the corsor to the noxt sow and octien that cow;
raisc a flag if there is no swch row
= Closc dean vp and sclcase DEMS resonrocs
¥ Found in virtually crory databasc linguapc (AP
= %tk alightly EEoms pmises
¥ Somc support mocc positioning and mosancnt options,
maodification at the current posibion (anslogous o wicw opdatc), Che

Augmenting SQL: SQL/PSM

4 PSM = Persisteat Storad Modul=s

& CREATE PROCEDURE pror_mame | panameter_declantions )
il ot
prasdure Fadyy

% CREATE FUNCTION fum mowe [ pavamaior_declavalions ]
RETURNS sedurms iy
fici clactaratines
praedue_body;

@ CALL pvar mawe [ pawgmefeer )3

4 Lnside procedurs bodyr:
SET wareabd = CALL _i'i!lh'.'_l.ﬂ'ﬁ."‘ E;&mﬁ:ﬂ ::|:

SQL/PSM example

CREATE FURCTION SetMaxBFA[IN mewMaxGFA FLOAT)
RETURKS INT

-= Enfoezz PeeMaxbFL; coteem memiber o pomr mzdEScd

BEGIH

DECLARE rowsUpdated INT DEFALLT Q;

CECOLBRE thisGPA FLOAT;

== A cucsor to range ovar all stadents:

CECLARE stwd=ntlwrsor CURSOR FOR
SELECT GFE FADM Student

FOR UPDATE;

== Ec& o Hap whesceror there a2 "nof fogen d7

CEOLARE noMoreRows INT DEFSLLT O

CECLARE CONTIHMUE HAMDLER FOR MOT FOURD
SET noMorefows = 1;

o (zocneck alSds) ...
RETURR rowsUpdated;
END




SQL/PSM example continued

== Frtch the Ery® repels poee
OFEN stwd=ntlursor;
FETCH FROM studestCursor INTO thisGFA;

== Locp oo all comilt powrs
WHILE noMoreRows = 1 GO

IF thizbFA +» mewMaxGFE THEN
== Enfrzzz maaMauCRL.
LFOATE Stwd=nt SET Studest.GFA = newMaxbFA
WHERE CURRENT OF studentOursor;
== Thpdats count:
S5ET rowsUpdated = rowslipdated = 1;
ERL IF;
-- Ftdb the ot et oo
FETCH FROM stwd=ntCwrsor INTD thizsGPA;
EMD WHILE;
CLOSE stwd=ntlursor:

Other SQL/PSM features

4 Acognment usng scalar query results
= SELECT INTO
& Other loop constrocts
= FOR, REPEAT UNTIL, LOOP
4 Flow control
= GOTO
% Excephions
= SIGNAL, RESIGHAL

# For more DB2-specific information, check out
Duselgpeeg SOL ans Exfrenal Roud e

= Availablc a5 part of DBZ v& manual callccton, or dércctly as
frx-/ B paftorace i, com imypeodo dte'dh s ool el et e 7R A2 2l gadf

Interfacing SQL with another language

% API approach
¥ S0QL commands are s=nt to the DBMS at runtime
" Examples: JDBC, ODBC (for C/C++/VB), Perl DBI
® Thes= API's are all based on the SQL/CLI (Call-Lavel
[nterface) standard
¢ Embedded SQL approach
" SQL commands are ambedded in applicabion cod=

" A precompiler checls these commands at compile-time
and converts them into DBMS-specihic AP calls

" Examples: embeddad SQL for &/C+ 4+, QLT (for Java)

Example APIL: JDBC

4 TDBC {Java DataBase Connectivity) 15 an API that allows a
Java program to access da =1

[ sz the [OBC paclmpe
import jawa.sgl.™®;

public class _

static f
[/ Lezd tez IOBC defrar-
try |
Class . forlame ["com.ibn_dbZ  jec .DESDriver®);
1 catch [ClassHotFoumdException =) {

¥

[

Ll

Connections

// Conncction URL is a DBMS-spodific string:
String url =
"jdbc:dbZ:/ Mocalhost 50000, dbcourse®™;
// Making a connoction:
Connaction con =
Driverdanager.getConnection{url, user, password):
// Closing a connection:
can.close();

For clamty =c arc ignocng
oxoopiton handling for now

Statements

[ Crmtc an chjoct for sonding SO0 stabemonts:
Statement stmt = com.createStatemest();
II'._ul Excrute o goory sod ges ik renly:
Regultiet = =
sttt _ew=cuteQeery["SELECT 510, name FROM Student®™);
[ o on the comlte

II'._ul Excrutc 3 modiacsbion drotnon Hee mrombor of coen affcct )
imt rowsUpdated =
sitmt .executelpdate
("UFDATE S5tudemt 3ET name = "Barmey' WHERE 510 = 142%);
J{ Tcacthe tatomot-
stmt.close(];




Query results

/{ Exorotea gquorp and et ikn roeadh:
Resultiet s =
stmt.executeQuery ["ZELECT 310, mame FROM Studemt™);
/{ Locp Heroagh all roult coze
while [rs_mext(}) {

/| et coiume weino:
int sid = rs.getInt(l);
S5tring name = rs_get3tring(2):

.'I.'.- W otk on ed ang nEmo

i
[ Ooacshe Regul tSet:
rs.clos=({):

Other ResultSet features

# Move the cursor {pointing to the cucrent cow) backeracds
and forwards, or position it anywhere within the
Resultset

# Update/delets the database row corresponding to the

current result row
= Analogos to the wiow wpdate problom
# Insert a row into the database
= _Analogmx bto the wicwr wpdabc problom
4 Obtain metadata: rs.getMetalata() cetorns o

RezultietHetalata object descobing the output takle
schema (nember, ccder, names, types of columns, etc.)

Prepared statements: motivation

Statement stot = com.cresteStatement(];
for (ist age=0; ap==I03; age+=1D0}) [
Bsultset rFE = sttt EwerutElgery
["SELECT ANG(EFA)] FRIM Studsat® +
" WHERE ape == ™ = e + " ARD ape < " + [ap=+13]);
77 mrede on thecomele

4 Every time an SQL strng is sent to the DBMS, the DBEMS

paust perform parsing, sermantic analysis, optimization,
compilation, and then onally ex=cution

# Thess costs are incurred 10 times in the above exampls

% A opical application issuss many queriss with a small
numbar of partarns (wath differant parornetss values)

Prepared statements: syntax

?n-:l_l:-:n-:':h-::ll:l::u.-:n'l'. mi::-?:lp';la-ﬁ:l:lmﬂ:ru'bﬂm:
PregaredStatenent st = con.pregareStatement

["SELECT ANG(GFA] FRIM Stud=at WHERE age == T AND age < 7°);
for [int ape=0; ap=~1l0d; age==10} |
S mek adred parsmctr waloor
gtmt_setIngfl, ap=);
stmt.setinz(2, ape=lD};
PagultBat rs = stwt.ewecetefuery(l;
O ek on the semln

]

4 The DBMS performs parsing, samantic analysis,
optirization, and compilation only once, when it prepares
the skatement

& Ar sxecubion tume, the DEMS only needs to chack
oarametar types and validate the compiled execution glan

LT

(Odds and ends of JDBC

# Most methods can throw SOLEXCeption
= Afkec surc your codc cabdacs them
= Remember to closc Statement, ResultSet, cte., in fimally block
= gatiflitate() rcturns the standard SQL coroe codic
= gatMeszagel) rctorns the coror mossagc
% DataSource interface for establishing connections
= Bettor than through DriverManager
4 Methods for sxamining metadata in databasas
# Methods to retneve the value of o column for all cesult cows
into an array without calling Resultiet.next() in o loop

4 Methods to construct/execute a batch of SQL statements

JDBC drivers — Types I, II

% Type I (bridge): translate [DBC calls to a standard
AFI not native to the DBMS (e.g.. [DBC-ODBC
bridge)

¥ Dirver 15 easy to build using exasting standard AFT's
¥ Extra layer of API adds cvechead

4 Type Il (native AP, partly Java): translates JDBC
calls to DBMS-specific client AFPT calls

= DEMS-specific non-Jav dimms By needs to be

installed on =ach climnt

" Zood parformancs




