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Foreword

1(E)

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are

members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
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first edition of ISO/IEC 19075-4cancels and replaces ISO/IEC TR 19075-4:2015.

document is intended to beised in conjunction with the following editions of the parts of the ISO
b series:

[SO/IEC 9075-1, sixth edition or later;
[SO/IEC 9075-2,sixth edition or later;
[SO/IEC 9075-3, sixth edition or later;
[SO/IEC:9075-4, seventh edition or later;
[SO/IEC 9075-9, fifth edition or later;
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document was prepared by Technical Gommittee ISO/IEC JTC 1, Information technology, Subcom-

[EC

ISO/IEC9075-10, fifth edition or later;
ISO/IEC 9075-11, fifth edition or later;
[SO/IEC 9075-13, fifth edition or later;
ISO/IEC 9075-14, sixth edition or later;
ISO/IEC 9075-15, second edition or later;
ISO/IEC 9075-16, first edition or later.
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A list of all parts in the ISO/IEC 19075 series can be found on the ISO and [EC websites.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found atwww. i so. or g/ nenbers. ht Ml and ww. i ec. ch/ -
nati onal -conmittees.
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Introduction

The organization of this document is as follows:

1)
2)

3)

4)

5)

Clause 1, “Scope”, specifies the scope of this document.

Clause 2, “Normative references”, identifies additional standards that, through reference in this

document, constitute provisions of this document.
Clause 3, “Terms and definitions”, defines the terms and definitions used in this document.

Clause 4, “Routines tutorial”, provides a tutorial on the use of routines written in the ]ava“"1 progi

ming language within SQL expressions and statements.

Clause 5, “Types tutorial”, provides a tutorial on the use of user-defined types'written in the Jay
programming language within SQL expressions and statements.

am-

Java™ is the trademark of a product supplied by Oracle. This information is given for the convenience of users of this document

and does not constitute an endorsement by ISO or IEC of the product named.

© ISO/IEC 2021 - All rights reserved
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INTERNATIONAL STANDARD ISO/IEC 19075-4:2021(E)

Information technology — Guidance for the use of database language SQL —

Part 4:
Routines and types using the Java™ programming language

1 |Scope

D

Thiq document provides a tutorial of SQL routines and types using the Java™ programming languag
Thig document discusses the following features of the SQL Language:
— |The use of routines written in the Java programming language within SQI;expressions and statements.

— |The use of user-defined types written in the Java programming langtiage within SQL expressions
and statements.

© ISO/IEC 2021 - All rights reserved 1
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content consti-
tutes requirements of this document. For dated references, only the edition cited applies. For undated
refefences, the latest edition of the referenced document (including any amendments) applies.

I§0/1EC 9075-2, Information technology — Database languages — SQL — Part 2: Foundatign
(§QL/Foundation)

I§0/1EC 9075-13, Information technology — Database languages — SQL — Part 138QL Routines|and
Types Using the Java™ Programming Language (SQL/JRT)

Jdva Community Process. The Java™ Language Specification [online]. Java SE13 Edition. Redwood
Shores, California, USA: Oracle, Availableatht t ps: / / docs. or acl e. conlj,avase/ specs/j | s/ -
spl3/j1s13. pdf

Jdva Community Process. J]DBC™ 4.3 Specification [online]. Edition4.3-Redwood Shores, Californja,
USA: Oracle, Available at ht t ps: / / downl oad. or acl e. coml abn- pub/j cp/ -
jdbc-4_3-nrel 3-eval -spec/jdbc4. 3-fr-spec. pdf

2 © ISO/IEC 2021 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 9075-1 apply.

ISO pid TEC maintain terminotogical databases for Use in standardization at the following addressep:
— [IEC Electropedia: available at ht t p: / / www. el ect r opedi a. or g/

— [ISO Online browsing platform: available atht t p: / / www. i so. or g/ obp

© ISO/IEC 2021 - All rights reserved 3
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4

4.1

Routines tutorial

Context of routines

The
ISO

4.2

ISO

requirements for the material discussed in this document shall be as specified in ISO/IEC9075
IEC 9075-13, Java, and JDBC.

Technical components

IEC 9075-13 includes the following:

New built-in procedures.

e SQ.J.INSTALL_JAR— to load a set of Java classes in an SQL system.

e SQ.J. REPLACE_JAR — to supersede a set of Java classé€s in an SQL system.

e SQ.J. REMOVE_JAR— to delete a previously installed set of Java classes.

e SQ.J. ALTER _JAVA PATH— to specify a path for-name resolution within Java classes.
New built-in schema.

The built-in schema named SQLJ is assumed to be in all catalogs of an SQL system that impleme
the SQL/JRT facility, and to contain all of the built-in procedures of the SQL/JRT facility.

Extensions of the following SQL statements:

e CREATE PROCEDURE/FUNCTION — to specify an SQL name for a Java method.
e« DROP PROCEDURE/EUNCTION — to delete the SQL name of a Java method.

e CREATE TYPE —to specify an SQL name for a Java class.

¢ DROP TYPE= to delete the SQL name of a Java class.

e GRANT.%to grant the USAGE privilege on Java JARs.

¢ REVOKE — to revoke the USAGE privilege on Java JARs.

Conventions for returning values of OUT and INOUT parameters, and for returning SQL result s

T
‘p_\

nts

ets.

New forms of reterence: Qualitied references to the fields and methods of columns whose data types

are defined on Java classes.

Additional views and columns in the Information Schema.

© ISO/IEC 2021 - All rights res

erved
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4.3 Overview

Overview

This tutorial shows a series of example Java classes, indicates how they can be installed, and shows how
their static, public methods can be referenced with SQL/JRT facilities in an SQL-environment.

The

example Java methods assume an SQL table named EMPS, with the following columns:

— NAME — the employee’s name.

— |[ID — the employee’s identification.

— |JJOBCODE — the job code of the employee.

The

CREATE TABLE enps (

The

STATE — the state in which the employee is located.

SALES — the amount of the employee’s sales.

table definition is:

name VARCHAR( 50) ,
id CHARACTER( 5) ,
state  CHARACTER(20),
sal es DECI MAL (6, 2),
j obcode | NTEGER ) ;

example classes and methods are:
not use SQL internally.

spelling of state codes. The old and new spellings are specified by input-mode parameters.

Rout i nes2. best TwoEnps — A Java method that determines the top two employees by their sales

creates an SQL result set and procésses it internally.

Rout i nes3. or der edEnps —AYJava method that creates an SQL result set consisting of selected
employee rows orderedby-the sales column, and returns that result set to the client.

Over 1. i sOdd and Over 2. i sodd — Contrived Java methods to illustrate overloading rules.

Rout i nes4. j obl‘and Rout i nes5. j ob2 — Java methods that return a string value corresponding]
an integer jobcode value. These methods illustrate the treatment of null arguments.

Rout i nes®yj ob3 — Another Java method that returns a string value corresponding to an intege
jobcode-value. This method illustrates the behavior of static Java variables.

Rout i nesl. correct St at es — A Java methodthat performs an SQL UPDATE statement to correct

returns the columns of those two émployee rows as output-mode parameter values. This methpd

Rout i nesl. regi on — A Java method that maps a USstate code to a region number. This method ¢loes

the

and

]

ss otherwise noted, the

methods that

invoke SQL use JDBC. One of the methods is shown in bot
QL /0 e othe ' AZi

It is assumed that the import statementsi nport java. sqgl.*; andj ava. mat h. *; have been included in
all classes.

4.4 Example Java methods: region and correctStates

This clause shows an example Java class, Rout i nes1, with two simple methods.

© ISO/IEC 2021 - All rights reserved
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4.4

Example Java methods: region and correctStates

— Thei nt -valued static method r egi on categorizes 9 states into 3 geographic regions, returning an
integer indicating the region associated with a valid state or throwing an exception for invalid states.

This method will be called as a function in SQL.

— Thevoi d method correct St at es updates the EMPS table to correct spelling errors in the state column.

publ
I

This method will be called as a procedure in SQL.

ic class Routinesl {
An int nmethod that will be called as a function

pyblic static int region(String s) throws SQLException {

}
/

if (s.equals("MN') || s.equals("VT") || s.equals("NH")) return 1;
else if (s.equals("FL") || s.equals("GA") || s.equals("AL")) return 2;
else if (s.equals("CA") || s.equals("AZ") || s.equal s("NV')) return 3;
el se throw new SQLException("lnvalid state code", "38001");

A void nethod that will be called as a stored procedure

public static void correctStates (String ol dSpelling, String newSpel IN1Q)

4.5

The
with
will
a Jay

To u
SQL.

throws SQLException {
Connecti on conn = Driver Manager. get Connection ("jdbc: defaul t:connection");
PreparedSt at enent stnt = conn. prepar eSt at enent

("UPDATE enps SET state = ? WHERE state = ?");

stnt.setString(l, newSpelling);
stmt.setString(2, ol dSpelling);
stnt . execut eUpdat e() ;
stnt.close();
conn. cl ose();
return;

Installing region and correctStates in SQL

source code for Java classes such-as'Rout i nes1 will normally be in one or more Java files (i.e.,, files

file-type “java”). When they are compiled (using the j avac compile command), the resulting ca
be in one or more class files.(1e.,, files with file-type “class”). A set of class files is then collected
ra JAR, which is a ZIP-codéd collection of files.

se Java classes in SQI5 3 JAR containing them is loaded into the SQL system by calling the SQL
. INSTALL_JAR proc¢edure. The SQLJ. | NSTALL_JAR procedure is a new built-in SQL procedure th

makles the collection 6f]ava classes contained in a specified JAR available for use in the current SQL cat

For
M~/ C

SQL

bxample, assuime that the above Rout i nes1 class has been assembled into a JAR with local file n
| asses/ Routinesl. j ar”:

. I NSTACE_JAR('file:~/classes/Routinesl.jar', 'routinesl jar', 0)

The first parameter of the SQLJ. | NSTALL_JAR procedure is a character string specifying the URI

de
into

nt
hlog.
hme

L of

1 a JAD T - b H o111 &
LT SIVEITD JAIN TIHS Pdl dIIITLCT IS5 TITVET TOTUTU tU UpPPTT LdSt.

— The second parameter of the SQLJ. | NSTALL_JAR procedure is a character string that will be used as
the name of the JAR in the SQL system. The JAR name is an SQL qualified name, and follows SQL

conventions for qualified names.

The JAR name specified as the second parameter of the SQLJ. | NSTALL_JAR procedure identifies
JAR within the SQL system. That is, the JAR name specified is used only in SQL, and has nothing

the
to

do with the contents of the JAR itself. The JAR name is used in the following contexts, which are

described in later clauses:

e Asaparameter of the SQLJ. REMOVE_JAR and SQ.J. REPLACE JAR procedures.

© ISO/IEC 2021 - All rights res
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The[name of the INSTALL_JAR procedure is qualified with the schema name SQLJ. All builtsin proced
thhe SQL/JRT facility are defined to be contained in that built-in schema. The SQL] schema is assumed

of
to

Thelfirst two parameters of SQLJ. | NSTALL_JARare character strings, so if they aré specified as liter3
single quotes are used, not the double quotes used for SQL delimited identifiers.

Thelactions of the SQLJ. I NSTALL_JAR procedure are as follows:

After a JAR has been installed with the SQLJ. | NSFALL_JAR procedure, the static methods of the clasy
contained in that JAR can be referenced in the.CREATE PROCEDURE/FUNCTION statement, as descr

in

4

Befqre a Java method can‘be-called in SQL, that method must have an SQL name. This is done with n
optipns on the SQL CREATE PROCEDURE/FUNCTION statement. For example:

CREATE PROCEDURE\correct_states(old CHARACTER(20), new CHARACTER(20))

CREATE JFUNCTI ON regi on_of (state CHARACTER(20)) RETURNS | NTEGER

.6 Defining SQL names for region and correctStates

ISO/IEC 19075-4:202
4.5 Installing region and correctStates in
e Asa qualifier of Java class names in SQL CREATE PROCEDURE/FUNCTION statements.
e Asan operand of the extended SQL GRANT and REVOKE statements.
e Asa qualifier of Java class names in SQL CREATE TYPE statements.

1(E)
SQL

The JAR name may also be used in follow-on facilities for downloading JARs from the SQL system.

JARs can also contain deployment descriptors, which specify implicit actions to be taken by the
SQLJ. | NSTALL_JARand sQ.J. REMOVE_JARprocedures. The third parameter of the SQLJ. | NSTALL

JAR

procedure is an integer that specifies whether or not (indicated by non-zero or zero values, res
tively) the SQLJ. | NSTALL_JARprocedure is expected to execute the actions specified by a deployn
descriptor in the JAR.

bg present in each catalog of an SQL system that implements the SQL/JRT facility-

Obtain the JAR designated by the first parameter.
Extract the class files that it contains and install them into-thé current SQL schema.
Retain a copy of the JAR itself, and associate it with thevalue of the second parameter.

If the third parameter is non-zero, then perform theactions specified by the deployment descri
of the JAR.

the next Subclause.

MPDI FI ES SQL ‘DATA
LANGUAGE JAVA PARAMVETER STYLE JAVA
EXTERNAL-NAME 'routinesl_jar: Routinesl.correctStates';

NO SQb

pec-
nent

lires

Is,

ptor

es
bed

ew

LANGIAGE JAVA PARANMETER STYIE JAVA

EXTERNAL NAME 'routinesl_jar:Routinesl.region';

The CREATE PROCEDURE and CREATE FUNCTION statements specify SQL names and Java method sig-
natures for the Java methods specified in the EXTERNAL NAME clauses. The format of the method names
in the external name clause consists of the JAR name that was specified in the SQLJ. | NSTALL_JARprocedure
followed by the Java method name, fully qualified with the package name(s) (if any) and class name.

The CREATE PROCEDURE for correct _st at es specifies the clause MODIFIES SQL DATA. This indicates
that the specified Java method modifies (via INSERT, UPDATE, or DELETE) data in SQL tables. The CREATE
FUNCTION for r egi on_of specifies NO SQL. This indicates that the specified Java method performs no
SQL operations.

© ISO/IEC 2021 - All rights reserved
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4.6 Defining SQL names for region and correctStates

Other clauses that can be specified are READS SQL DATA, which indicates that the specified Java method
reads (through SELECT) data in SQL tables, but does not modify SQL data, and CONTAINS SQL, which
indicates that the specified method invokes SQL operations, but neither reads nor modifies SQL data.
The alternative CONTAINS SQL is the default.

The SQL procedure and function names that are define with such CREATE PROCEDURE/FUNCTION
statements are used as normal SQL procedure and function names:

SELECT nane, region_of(state) AS region
FROW enps

VWHERE regi on_of (state) = 3;

CALL correct_states ('CEO, 'GA');

Multiple SQL names for the same Java method can be defined:

CREATE PROCEDURE state_correction(old CHARACTER(20), new CHARACTER(20))
MPDI FI ES SQL DATA
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routinesl_jar:Routinesl.correctStates';

CREATE FUNCTI ON st ate_regi on(state CHARACTER(20)) RETURNS | NTEGER
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routinesl_jar:Routinesl.region';

The|various SQL function and procedure names for a Java method can be used equivalently:

SELECT nane, state_region(state) AS region
FROW enps

VWHERE regi on_of (state) = 2;

CALlLl state_correction ('ORE, 'OR);

The[SQL names are normal 3-part SQL names, andthe first two parts of the 3-part names are defaujted
as defined in SQL for CREATE PROCEDURE and:€REATE FUNCTION statements.

There are other considerations for the CREATE PROCEDURE/FUNCTION statement, dealing with
pargmeter data types, overloaded names; and privileges, which is discussed in later Subclauses.
4.7 AJava method with output parameters: bestTwoEmps

The[parameters of the regi‘on and cor r ect St at es methods are all input-only parameters. This is th
normal Java parameter‘convention.

11

SQL|procedures dlso’support parameters with mode OUT and INOUT. The Java language does not dir¢ctly
have¢ a notion.efoutput parameters. SQL/JRT therefore uses arrays to return output values for paramaters
of Jgva methaods. That is, if an | nt eger parameter is to be used to return a value to the caller, the typje of
that|paraineter is specified to be I nt eger [ ],i.e.,, an array of | nt eger . Such an array will contain onlylone

elementithe input value of the parameter is contained in that element when the method is called, apd
them

As seen in the following clauses, this use of arrays for output parameters in the Java methods is visible
only to the Java method. When such a method is called as an SQL procedure, normal scalar data items
are supplied as parameters. The SQL system performs the mapping between those scalar data items and
Java arrays implicitly.

The following Java method illustrates the way that output parameters are coded in Java. This method,
best TwoEnps, returns the name, i d, r egi on, and sal es of the two employees that have the highest sal es
in the regions with numbers higher than a parameter value. That is, each of the first 8 parameters is an
OUT parameter, and is therefore declared to be an array of the given type.
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The following version of the best TwoEnps method uses SQL/OLB for statements that access SQL:

public class Routines2 {
public static void best TwEnps (
String[ ] nl1, String[ ] idl, int[ ] rl, BigDecimal[ ] s1,
String[ ] n2, String[ ] id2, int[ ] r2, BigDecimal[ ] s2,
int regionParm throws SQLException {
#sqgl iterator ByNanes (String nane, String id, int region, BigDeciml sales);

N1[0] = "****". n2[0] = "****", jd1[0]= ""; id2[0]= "";
ot =0T2{ 0 =0—1f 0t ——ew Brgbecimat(0) 20— Tew BrgbDeci et 07
ByNames r = null;
try {
#sgl r = {SELECT name, id, region_of(state) AS region, sales
FROM enp

WHERE regi on_of (state) > :regi onParm
AND sal es 1S NOT NULL
ORDER BY sal es DESC};
if (r.next()) {
ni[ 0] = r.name();
idi[0] = r.id();
ri[ 0] r.region();
s1[ 0] r.sales();
}
el se return;
if (r.next()) {
n2[ 0] = r.name();
id2[0] =r.id();
r2[ 0] r.region();
s2[ 0] r.sales();
}
el se return;
} finally {
if (r '=null) r.close();
}

}
}

Note that since the above Java method uses SQL/OLB for SQL operations, it does not have to explicitly
obtdin a connection to the SQL-system. By default, SQL/OLB executes any SQL contained in a routing in
the fontext of the SQL statement invoking that routine.

For pomparison, here’s a version of the best TwoEnps method using JDBC instead of SQL/OLB:

publli ¢ cl ass Routines2 {

public statig)veli d best TwoEnps (
String[\{}~'nl, String[ ] idl, int[ ] r1, BigDecinal[ ] s1,
String[)] n2, String[ ] id2, int[ ] r2, BigDecinal[ ] s2,
i nt._\tegi onParnm) throws SQLException {

N1JOJ= "#****": n2[0] = "****". jdi1[0]=""; id2[0]="";

rdf0] =0; r2[0]=0; s1[0]= new Bi gDeci mal (0); s2[0]= new Bi gDeci nal (0);
Tava. sqiPreparedStatement—stmt——= Tt 15

try {

Connection conn = DriverManager. get Connecti on
("j dbc: def aul t: connection");
stnt. conn. prepareSt at enent
(" SELECT name, id, region_of(state) AS region, sales
FROM enmp
WHERE regi on_of (state) > ?
AND sal es |'S NOT NULL
ORDER BY sal es DESC');
stnt.setlnt(1, regionParm
Resul tSet r = stnt.executeQuery();
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if (r.next()) {
nl[0] = r.getString("nanme");
idl[0] = r.getString("id");
r1[ 0] r.getlnt("region");
s1[ 0] r.get Bi gDeci mal ("sal es");
}
el se return;
if (r.next()) {
n2[0] = r.getString("nanme");

-2 - 0}——+—get-St-hg—d—)~
r2[ 0] r.getlnt("region");
s2[ 0] r.get Bi gDeci mal ("sal es");
}
el se return;
} finally {
if (stmt !'= null) stmt.close()
}s

4.8 A CREATE PROCEDURE best2 for bestTwoEmps

Asstime that the SQLJ. | NSTALL_JAR procedure is called for a JAR eontaining the Rout i nes2 class with the

best TwoEnps method:

SQJ. I NSTALL_JAR ('file:~/classes/Routines2.jar'@, 'routines2_jar', 0)

As indicated previously, in order to call a method stch as best TwoEnps in SQL, the method must have an

SQL{name, defined using the CREATE PROCEDURE statement:

CREATE PROCEDURE best 2 (

QUT nl CHARACTER VARYI NG 50), QUF-idl CHARACTER VARYI N& 5),
QUT s1 DECI MAL(6, 2),

QUT n2 CHARACTER VARYI NG(50)%./OUT i d2 CHARACTER VARYI N&(5),
QUT s2 DECI MAL(6, 2), regitan*l NTEGER)

READS SQL DATA

LANGUAGE JAVA PARAMETER STYLE JAVA

EXTERNAL NAME 'routines2_j ar: Routi nes2. best TwoEnps' ;

For parameters that are-specified to be OUT or INOUT, the corresponding Java parameter must be gn

array of the correspending data type.

4.9 Calling the best2 procedure

Afte

sis =0l O 7 = 0 =

QUT rl1 | NTECER,

QUT r2 | NTECER,

ANUULDUREL €EXECULE fOI‘

best 2, the best TwoEnps method can be called as if it were an SQL stored procedure, with normal conven-

tions for OUT parameters. Such a call could be written with embedded SQL, CLI, ODBC, or JDBC. The fol-

lowing is an example of such a call using JDBC:

java.sql.Cal |l abl eStatenment stnt = conn. prepareCall (
"{call best2(?,?,?2,?2,?2,2,2,2,?2)}");
stnt.registerQutParameter (1, java.sql.Types. STRING;
stnt.registerQutParameter(2, java.sql.Types. STRING;
stnt.registerQutParanmeter (3, java.sql.Types.|NTEGER);
stnt.registerQutParanmeter (4, java.sql.Types. DECI MAL);

10
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stnt.regi sterQutParaneter (5, java.sql.Types. STRING ;
stnt.regi sterQutParaneter (6, java.sql.Types. STRING ;
stnt.regi sterQutParaneter (7, java.sql.Types.|NTECER);
stnt.regi sterQutParaneter (8, java.sql.Types. DECH MAL);
stnt.setInt(9, 3);

st nt. execut eUpdat e() ;

String nl = stnt.getString(1);

String idl = stnmt.getString(2);

int rl = stnt.getint(3);

- —gBecra-{4)-
Sfring n2 = stnt.getString(5);

Sfring id2 = stnmt.getString(6);

t r2 = stnt.getint(7);

gDeci mal s2 = stnt. getBi gDeci mal (8);

4.10 A Java method returning a result set: orderedEmps

SQL|stored procedures can generate SQL result sets as their output. An SQL tesult set (as defined in JDBC
and|SQL) is an ordered sequence of SQL rows. SQL result sets are not procéssed as normal function r¢sult
values, but are instead bound to caller-specified iterators or cursors,Wwhich are subsequently used to
progess the rows of the result set.

The|following Java method, or der edEnps, generates an SQL reSult set and then returns that result sgt to
the glient. Note that the or der edEnps method internally generates the result set in the same way as the

besy TwoEnps method. However, the best TwoEnps method processes the result set within the best TwoEnps
method itself, whereas this or der edEnps method returns the result set to the client as an SQL resul{ set.

To write a Java method that returns a result set to the client, the method is specified to have an additipnal
parameter that is a single-element array of eitherthe Java Resul t Set class or a class generated by ap
SQLY/OLB iterator declaration (“#sql iterator...").

Thelfollowing version of the or der edEnps procedure uses SQL/OLB to access the SQL server, and retfirns
the result set as an SQL/OLB iteratoy Sal esReport :

/'l #sqgl public iterator Sal esReport (String name, int region, BigDeciml sales);
public class Routines3 {
public static void orderedEnps (int regionParm Sal esReport[ ] rs)
t hrows SQLExceptyjicon {
#sqgl rs[0] = {&SELECT nane, region_of(state) AS region, sales
FROM enmp
WHERE regi on_of (state) > :regionParm
AND sal es |I'S NOT NULL
CRDER BY sal es DESC };
ret urn;
}
}

The Sal esReport iterator class could be a public static inner class of Rout i nes3. However, the above
example presumes existence of an “*. sql j ” file, named Sal esReport . sql j, in the same package as Rou-
ti nes3, containing the public definition of the Sal esReport iterator. That is, Sal esReport. sql j contains:

#sqgl public iterator Sal esReport (String nane, int region, BigDeciml sales);

Assume, for this example, that both class Rout i nes3 and the iterator Sal esReport are defined in a package
named cl asses.

For comparison, the following shows or der edEnps written using JDBC instead of SQL/OLB.
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publ

ic class Routines3 {

public static void orderedEmps(int regionParm ResultSet[ ] rs)

}
}

The
the
Javal
objd

Am

throws SQLException {
Connection conn = DriverManager. get Connection ("] dbc: default: connection");
java. sql . PreparedStatenent stnt = conn. prepar eSt at enent
(" SELECT name, region_of(state) AS region, sales
FROM enp WHERE regi on_of (state) > ?
AND sal es |'S NOT NULL
———ORPERBY—sal-es—DBESC)~

stnt.setlnt (1, regionParm;
rs[0] = stnt.executeQuery();
return;

method sets the first element of the Resul t Set [ ] parameter to reference the Java Resdl t Set contai
QL result set to be returned. The method does not close either the returned.Resul t Set objecto

cts.

statement object that generated the result set. The SQL system will implicitly close both of thoge

hing
" the

ethod such as or der edEnps can be called in Java in the normal maniieT; supplying explicit arguments

for hoth parameters. It can also be called in SQL, as a stored procedure that generates a result set tq be

pro

Each of the above or der edEnps examples has a single result s€f parameter; r s, in which only a single

resy

Not
the

essed in the SQL manner. This is illustrated in the following twoclauses.

It set can be returned. Multiple result set parameters cah.also be specified.

5QL/OLB iterator or Resul t Set, rs[ 0], or the JDBG PreparedStatement, st nt . For a result set to

returned from a stored procedure it must not be explicitly closed, which means, in the case of JDBC,

the

4.1

statement executed to generate the result set@also must not be explicitly closed.

1 A CREATE PROCEDURE rankedEmps for orderedEmps

e that, in comparison to the prior examples of best TwoEnps, thereisnotry...final | y block to dlose

be
that

Asstyime that the SQLJ. | NSTALL_JAR procedure is called for a JAR containing the Rout i nes3 class with the

or dd

SQL

As
callg
an H

r edEnps method:
. I NSTALL_JAR( 'féte: ~/classes/Routines3.jar', 'routines3_ jar', 0)

Fith previous niethods, an SQL name for the or der edEnps method must be defined before it can

XTERNAL:LANGUAGE JAVA clause to reference the or der edEnps method. The following is an

exammple CREATE PROCEDURE...DYNAMIC RESULT SETS for the above or der edEnps method:

CREA

\TEE- PROCEDURE r ankedEnps (regi on | NTECER)

READS _SO-_DATA
RENTO—O O Y7

be

d as an SQL‘procedure. As above, this is done with a CREATE PROCEDURE statement that specifies

DYNAM C RESULT SETS 1
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routines3_jar:classes. Routines3. orderedEnps';

A CREATE PROCEDURE statement for a Java method that generates SQL result sets has the following
characteristics:

— The DYNAMIC RESULT SETS clause indicates that the procedure generates one or more result sets.
The integer specified in the DYNAMIC RESULT SETS clause is the maximum number of result sets
that the procedure will generate. If an execution generates more than this number of result sets, a

12

warning will be issued, and only the specified number of result sets will be returned.
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The SQL signature specifies only the parameters that the caller explicitly supplies.

The specified Java method actually has one or more additional, trailing parameters, whose data types

are a Java array of eitherj ava. sql . Resul t Set or an implementation of sql j . runti me. Resul t Set
erator.

I't-

The CREATE PROCEDURE statement shown earlier in this Subclause could be used to reference either
an SQL/OLB-based or JDBC-based version of Rout i nes3. or der edEnps. When it is necessary to choose a
particular implementation, the Java method signature of the desired Java method is explicitly stated. For

the FQL/OLB-based or der edEnps:

CREATE PROCEDURE r ankedEnps (regi on | NTEGER)

And|

CREA

The
naty
vide
cl ag

It's
alloy
whi

diffe
The

4.1

Afte
has
aca
is, S

READS SQL DATA
DYNAM C RESULT SETS 1
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NANE
"routines3_jar:classes. Routines3. orderedEnps(int, classes. Sal esReport[])";

for the JDBC-based orderedEmps:

\TE PROCEDURE r ankedEnps (regi on | NTECER)
READS SQL DATA
DYNAM C RESULT SETS 1
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME
"routines3_jar:classes. Routines3. orderedEnps(int, java.sql.ResultSet[])';

only difference in the above CREATE PROCEDURE r ankédEnps statements is in the Java method
re’s description of the dynamic result set returned.dn both cases, a fully qualified class name is
d for, respectively, the SQL/OLB iterator (remember that Sal esReport is in the package named
ses) and the JDBC result set.

worth observing that the two CREATE PROCEDURE r ankedEnps statements above would not be
ved by SQL, because the names and signatures are identical and SQL would not be able to deter]
Ch one to invoke when requested by @n application. They could be permitted if they were create
rent schemas, however.

next clause will show an example invocation of this procedure.

2 Calling the rankedEmps procedure

I the Rout i pes3class has been installed in an SQL system and the CREATE PROCEDURE for r anked

1 could:be'written with any facility that defines mechanisms for processing SQL result sets — t
QL /CKI;JDBC, and SQL/OLB. The following is an example of such a call using JDBC:

been executed, the r ankedEnps procedure can be called as if it were an SQL stored procedure. Smch

sig-
pro-

nine
d in

ENps

at

j ava—sgi—CattabteStatement—stmt——=—conm prepareCatt{—{Tatt—TankedEmpst2)y )

st

nt.setint(1l, 3);

Resul tSet rs = stnt.executeQuery();
while (rs.next()) {

String nane = rs.getString(1l);
int region = rs.getlnt(2);
Bi gDeci mal sal es = rs. get Bi gDeci mal (3);

Systemout.print("Nane = " + nane);
Systemout.print("Region =" + region);
Systemout.print(S'ales = " + sales);

Systemout. printlin();

© ISO/IEC 2021 - All rights reserved
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Note that the call of the r ankedEnps procedure supplies only the single parameter that was declared in
the CREATE PROCEDURE statement. The SQL system then implicitly supplies, as applicable, a parameter
thatis an empty array of Resul t Set or an empty array of cl asses. Sal esRepor t, and calls the Java method.
That Java method assigns the output result set or iterator to the array parameter. And, when the Java
method completes, the SQL system returns the result set or iterator in that output array element as an
SQL result set.

4.13 Overloading Java method names and SQL names
Wheé¢n CREATE PROCEDURE/FUNCTION statements are used to specify SQL names for Javaymethods), the
SQL{names can be overloaded. That is, the same SQL name can be specified in multiple CREATE PROCE-
DURE/FUNCTION statements. Note that support for such SQL overloading is an optienal feature.
Congpider the following Java classes and methods. These are contrived routines intended only to illustrate
overloading; the routine bodies are not shown here.
publlic class Overl {

public static int isCQdd (int i) {...};

p;[blic static int isOdd (float f) {...};

puyblic static int testOdd (double d) {...};
}
publli ¢ class Over2 {

public static int isCQdd (java.sql.Timestamp t) {.\}}

p;[blic static int oddDateTine (java.sql.Date d)«{.>. .};

public static int oddDateTine (java.sql.Tine tp, {...};
}
Not¢ that the i s0dd method name is overloaded in'the Over 1 class, and the oddDat eTi me method name
is overloaded in the Over 2 class.
Assiime that the above classes are in a JAR ~/"cl asses/ Over . j ar, which is installed:
SQLJ. INSTALL_JAR ('file:~/classeshOver.jar', 'over_jar', 0)
To reference these methods in SQL; SQL names must be specified for them with CREATE FUNCTION
statements. These CREATE FUNCTION statements can specify SQL names that are overloaded. The
ovefloading of the SQL names’is completely separate from the overloading in the Java names. This i§
illugtrated in the following.
Recill that the sameJava method can be specified in multiple CREATE PROCEDURE /FUNCTION stateménts.
CREATE FUNCTIONrodd (I NTEGER) RETURNS | NTEGER

LANGUAGE. JAVA PARAMETER STYLE JAVA

EXTERNAE-NAME ' over _jar: Overl.isCdd';
CREATEFUNCTI ON odd (REAL) RETURNS | NTEGER

LANGUAGE JAVA PARAMETER STYLE JAVA

CREATE FUNCTI ON

\"A'A] _j Al . &CI 1. ; Omdl y
odd (DOUBLE PRECI SI ON) RETURNS | NTEGER
PARAMETER STYLE JAVA

TLININVAL T TVWVAIVIES

LANGUACGE JAVA

EXTERNAL NAME
CREATE FUNCTI ON
LANGUACGE JAVA
EXTERNAL NAME
CREATE FUNCTI ON
LANGUACGE JAVA
EXTERNAL NAME
CREATE FUNCTI ON
LANGUACGE JAVA

14

"over_jar:Overl.testdd ;

odd (TI MESTAMP) RETURNS | NTEGER
PARAVETER STYLE JAVA
'over_jar:Over2.isQdd';

odd (DATE) RETURNS | NTEGER
PARAVETER STYLE JAVA

'over_jar: Over 2. oddDat eTi ne' ;
odd (TIME) RETURNS | NTEGER
PARAVETER STYLE JAVA
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EXTERNAL NAME ' over_j ar: Over 2. oddDat eTi nme' ;
CREATE FUNCTI ON i s_odd (I NTEGER) RETURNS | NTEGER
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'over_jar: Overl.isQdd';
CREATE FUNCTI ON test _odd (REAL) RETURNS | NTEGER
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'over_jar: Overl.isQdd';

Note the following characteristics of these CREATE FUNCTION statements:

— |The SQL name odd is defined on the two i sOdd methods and the t est &dd method of Over 1, and falso
the i sodd method and two oddDat eTi me methods of Over 2. That is, the SQL name odd spans'both
overloaded and non-overloaded Java names.

— |The SQL names i s_odd and t est _odd are defined on the two i sadd methods of Overd./That is, those
two different SQL names are defined on the same Java name.

The(rules governing overloading are those of the SQL language as defined in ISO/IEC9075-2 in the fub-
claulses defining <SQL-invoked routine>s and <routine invocation>s. This includes:

— |Rules governing what parameter combinations can be overloaded. That\is, the legality (or not) pf
the following CREATE statements is determined by SQL language rales:

CREATE FUNCTI ON i s_odd (I NTEGER) RETURNS | NTEGER. . .
CREATE FUNCTI ON i s_odd (SMALLINT) RETURNS | NTEGER. .
CREATE PROCEDURE is_odd ( SMALLI NT)

— [Rules governing the resolution of calls using overloaded SQL names. That is, the determination|of

“«_n

which Java method is called by “odd( x) ” for some data item “x” is determined by SQL language rfiles.

The|EXTERNAL NAME clauses of the above CREATE\FUNCTION statements specify only the JAR name
and|method name of the Java method. For examyple:

CREATE FUNCTI ON odd (I NTEGER) RETURNS*[:NTEGER
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME ' over_jar: Overl.is@dd';

The|Java method signature (i.e., alist of the parameter data types) of a method can also be specified in
the EXTERNAL NAME clause. Feriexample:

CREATE FUNCTI ON odd (INTEGER) RETURNS | NTEGER
LANGUAGE JAVA PARANETER STYLE JAVA
EXTERNAL NAME 'over”jar:Overl.isCOdd (int)';

Thelgroup of eighit.example CREATE FUNCTION statements, shown earlier in this clause, do not reqpire
Javalmethod sighatures, but can be included for clarity. Subclause 4.15, “Java method signatures in the
CREATE statements”, describes cases where the Java method signature is required.

4.14 Java main methods

Java places special no requirements on any method named nmai n. However, a JVM recognizes a method
named mai n, with the following Java method signature, as the method to invoke when only a class name
is provided:

public static void main (String[ ]);
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If a Java method named main is specified in an SQL CREATE PROCEDURE...EXTERNAL statement, then
that Java method must have the above Java method signature. The signature of the SQL procedure can
either be:

— Assingle parameter that is an array of CHARACTER or CHARACTER VARYING. That array is passed
to the Java method as the String array parameter. Note: This SQL method signature can only be used
in SQL systems that support array data types in SQL.

— Zero or more parameters, each of which is CHARACTER or CHARACTER VARYING. Those N parameters
are passed to the Java method as a single IV element array of String.

4.15 Java method signatures in the CREATE statements

Conpider the following method, j ob1, which has an integer parameter and returns\a“st r i ng with th¢ job
corrlesponding with a jobcode value:

publli ¢ cl ass Routines4 {

/]A String method that will be called as a function
public static String jobl (Integer jc) throws SQ.Exception §
if (jc == 1) return "Admn";

else if (jc == 2) return "Sal es";
else if (jc == 3) return "derk";
elsg if (jc == null) return null;

el se return "unknown j obcode";

}
}

Note that the method name has been suffixed with%@ “1” in anticipation of subsequent variants of thie
method.

Assiime that this class has been installed in"SQL:

SQLJ. INSTALL_JAR ('file:~/classes/Routines4.jar', 'routines4_jar', 0)

An §QL function j ob_of 1 defined‘enthe j ob1 method can also be specified:

CREATE FUNCTI ON j ob_of 1(j ¢, TNTEGER) RETURNS CHARACTER VARY! NG 20)
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME ' roufisnés4_j ar: Routi nes4.jobl';

However, as writtemabove, this CREATE statement is not valid. Note that the data type of the parameter
of the Java methady ob1 is Java I nt eger (which is short for j ava. I ang. I nt eger ), and the SQL data type
INTEGER has-bgen specified for the corresponding parameter of the SQL j ob_of 1 function. Howevey, the
detdiled rules*for the external Java form of the SQL CREATE PROCEDURE/FUNCTION statement spedifies
thatithe.default Java parameter data type for an SQL INTEGER parameter is the Javai nt data type, ot
the |ava I'nt eger data type. Subclause 4.16, “Null argument values and the RETURNS NULL clause”,

describes-somereasons-why-the-speeifieationeffavatntegerrather-thanjavaint—might be-desirable.
If specification of an SQL CREATE PROCEDURE/FUNCTION statement for a Java method whose parameter
data types include Java types differing from their default Java types is desired, then those data types are
specified in a Java method signature in the CREATE statement. This Java method signature is written
after the Java method name in the EXTERNAL NAME clause. For example, the above CREATE statement
for the j obl method would be written as:

CREATE FUNCTI ON job_of 1(jc I NTEGER) RETURNS CHARACTER VARYI NG 20)
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routines4_jar: Routines4.jobl(java.lang.|nteger)"';
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If data types are specified in the Java method signature of a CREATE statement that specifies DYNAMIC
RESULT SETS, then the implicit trailing result set or iterator parameters in that Java method signature
are required. However, those trailing parameters are not included in the SQL signature. For example, the
CREATE of Subclause 4.11, “A CREATE PROCEDURE rankedEmps for orderedEmps”, is written as follows:

CREATE PROCEDURE rankedEnps (regi on | NTEGER)
READS SQL DATA
DYNAM C RESULT SETS 1
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routines3_jar:Routines3.orderedEmps (int, java.sql.ResultSet[ ])';

4.16 Null argument values and the RETURNS NULL clause

Congpider the Java method j ob1 and the corresponding SQL function j ob_of 1, whi¢h were defined in
Subglause 4.15, “Java method signatures in the CREATE statements”.

The|SQL function j ob_of 1 can be called in SQL statements such as the follewing:

SELECT nane, job_of 1(j obcode)
FROW enps
VWHERE j ob_of 1(j obcode) <> ' Adnin';

Suppose that a row of the EMPS table has a null value in the JOBCODE column. Note that the Java data
typg of the parameter of the j ob1 method is Java | nt eger (thatis,j ava. | ang. I nt eger ). The Java | nt ¢ger
datd type is a class, rather than a scalar data type, so its yalues include both numeric values, and alsa the
nulljreference value. When an SQL null value is passed’as an argument to a Java parameter whose data
typq is a Java class, the null SQL value is passed as a\Java null reference. Such a null reference can be
tested within the Java method, as shown in Rout.i(ies4. j obl.

Now consider the following similar method, which specifies its parameter data type to be the Java sqalar
datd type i nt, rather than the Java class I'it-eger .

publli ¢ cl ass Routines5 {
/]A String method that willy be called as a function
public static String job2.{#nt jc)

throws SQLExceptiop-§

if (jc ==1) return "Adm n";
else if (jc == 2)-‘teturn "Sal es";
else if (jc ==.3)~return "d erk";

el se return Judnknown jobcode";

}
}

Asstime thatthis class is installed in SQL:

SQLY.ACNSTALL_JAR( 'file:~/classes/Routines5.jar', 'routines5_ jar', 0)

T CLINCTLOMN— kL £ [ LANFEOER RETLINNG AOLIANDACTEND \ /AN N/ 20N\
' TOINCTT ON JOU_0T Z (] U T INTEOEy N TONNT O T VACTEN T VAUNT T INO 207

LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routines5_jar: Routines5.job2';

The SQL function j ob_of 2 can be called in SQL statements such as the following:

SELECT nane, job_of2 (jobcode)
FROM enps
VWHERE j ob_of 2(j obcode) <> ' Adnin';

When this SELECT statement encounters a row of the EMPS table in which the JOBCODE column is null,
the effect of the null value on the call(s) of the j ob_of 2 function is different than for the previousj ob_of
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function. Thej ob_of 2 function is defined on the method Rout i nes5. j ob2, whose parameter has the scalar
data typei nt, rather than the class data type j ava. | ang. | nt eger. The Javai nt data type (and other Java
scalar data types) has no null reference value, and no other representation of a null value. Therefore, if
the j ob2 method is invoked with a null SQL value, then an exception condition is raised.

To summarize:

— The following Java data types have null reference values, and can accommodate SQL arguments that
are null:

j ava. |l ang. String,java. mat h. Bi gDeci mal ,byte[ ],java.sql.Date,java.sql.Tine,
j ava. sql . Ti mest anp, j ava. | ang. Doubl e, j ava. | ang. Fl oat, j ava. | ang. | nt eger, j ava. | angy'Short,
j ava. | ang. Long, j ava. | ang. Bool ean

— |The following Java data types are scalar data types that cannot accommodate nulls.An exceptidn
condition will be raised if an argument value passed as such a parameter data type is null:

bool ean, byt e, short,int,l ong,fl oat, doubl e

Thelexception condition that is raised when an attempt is made to pass a nulllargument to a Java
pardameter that is a non-nullable data type is analogous to the traditional SQL exception condition that
is raised when an attempt is made to FETCH or SELECT a null column yalue into a host variable for which
a njil indicator variable is not specified. In both cases, the “receiving*parameter or variable is unable to

accqmmodate the actual run-time null value, so an exception condition is raised.

Wh¢n Java methods are coded specifically for use in SQL, Java‘parameter data types that are the nullgble
Javaldata types are usually selected. However, Java methods;in SQL that were not coded for use in SQL,

and|that are more likely to specify Java parameter data types that are the scalar (non-nullable) Java fdata
typgs may also be chosen.

Such functions can be called in contexts where nullvalues will occur by invoking them conditionally, e.g.,
in CASE expressions. For example:

SELECT nane,
CASE
WHEN j obcode |'S NOT NULL )THEN j ob_of 2 (j obcode)
ELSE NULL
END
FROW enps
VHERE CASE
VWHEN j obcode I(S)NOT NULL THEN job_of 2 (j obcode)
ELSE NULL

END<> ' Adm_ni#sStrator';

Suclh CASE expressions can be made implicit, by specifying the RETURNS NULL ON NULL INPUT option
in the CREATE\FUNCTION statement:

TE FUNCTI ON j ob_of 22 (jc | NTEGER) RETURNS CHARACTER VARYI NG 20)

RETURNS NULL ON NULL | NPUT
LANGUAGE JAVA_PARANETER STYLE JAVA

EXTERNAL NAME 'routines5_jar: Routines5.job2';

When an SQL function is called whose CREATE FUNCTION statement specifies RETURNS NULL ON NULL
INPUT, then if the runtime value of any argument is null, the result of the function call is set to null, and
the function itself is not invoked.

The following SELECT statement invokes the j ob_of 22 function.
SELECT nane, job_of 22(j obcode)

FROM enps
VWHERE j ob_of 22(j obcode) <> ' Administrator';
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This SELECT is equivalent to the previous SELECT that invokes the j ob_of 2 function within CASE
expressions. That is, the RETURNS NULL ON NULL INPUT clause in the CREATE FUNCTION statement
for j ob_of 22 makes the null-testing CASE expressions implicit.

The RETURNS NULL ON NULL INPUT option applies to all of the parameters of the function, not just to
the parameters whose Java data type is not nullable.

The convention that the RETURNS NULL ON NULL INPUT option defines for a function is the same con-
vention that is followed for most built-in SQL functions and operators: if any operand is null, then the
value of the operation is null.

Thelalternative to the RETURNS NULL ON NULL INPUT clause is CALLED ON NULL INPUT, whichk'ig the
defqult.

The[same Java method can be specified in multiple CREATE FUNCTION statements (i.es,"defining SQL
syndnyms), and those CREATE FUNCTION statements can either specify RETURNS NULL ON NULLINPUT
or CALLED ON NULL INPUT, as illustrated by the above j ob_of 2 and j ob_of 22.

If mpltiple SQL functions named j ob_of 22 (with different numbers and/or types’of parameters) ar¢
credted, there can be specifed (or defaulted to) CALLED ON NULL INPUT in setme of the CREATE FUNCTION
j obof 22 statements, and specify RETURNS NULL ON NULL INPUT in others:The actions of the RETURNS
NUIL ON NULL INPUT clause are taken after overloading resolution has'been done and a particulay
CREATE FUNCTION statement has been identified.

The|[RETURNS NULL ON NULL INPUT and CALLED ON NULL INRUT clauses can only be specified in
CREATE FUNCTION statements, that is, not in CREATE PROCEDURE statements. This is because thefre is
no gquivalent conditional treatment of procedure calls thatwould be as generally useful.

4.1|7 Static variables

Java|static methods can be contained in Java classes that have static variables, and, in Java, static methods
can poth reference and set static variables. For example:

publli ¢ cl ass Routines6 {
stlatic String jobs;
pt[blic static void setJobs (String js) throws SQLException {jobs=js;}
public static String-job3(int jc) throws SQLException {
if (jec<1]|| jc.5 > length(jobs)+1l) return "lInvalid jobcode";
el se return jobs.substring(5*(jc-1), 5*jc);
}
}

Assyime that<his class is installed in an SQL system:

SQL). INSTALL_JAR('file:~/classes/Routines6.jar', 'routines6_jar', 0);

aSsRoutiness hasastatic variable j obs-whichis set by the static method set Jobs-and refereniced
by the static method j ob3. A class such as Rout i nes6 that dynamically modifies the values of static variables
is well-defined in Java, and can be useful. However, when such a class is installed in an SQL system, and
the methods set Jobs and j ob3 are defined as SQL procedures and functions (<SQL-invoked routine>),
the scope of the assignments to the static variable j obs is implementation-dependent. That is, the scope
of that variable is not specified, and is likely to differ across SQL-implementations (and possibly across

the releases of a given SQL-implementation).

For example:

CREATE PROCEDURE set _jobs (js CHARACTER VARYI NG 100))
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LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routines6_jar: Routi nes6. set Jobs';
CREATE FUNCTI ON job_of3 (jc integer) RETURNS CHARACTER VARYI NG 20)
RETURNS NULL ON NULL | NPUT
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routines6_jar: Routines6.job3';
CALL set_jobs ('Admi nSal esC erk');
SELECT nane, job_of3 (jobcode)
FROM enps

WHERE—-0b—6#-3(-0beade)—<>—Adi-A:

Thiqd appears to be a straightforward use of the Rout i nes6 class in SQL. The call of set _j obs specifigs a
list ¢f job code values, which a user might reasonably assume is “cached” by the SQL-enviroriment gnd
usedl in subsequent calls of j ob_of 3. However, since the scope of the static variable j obs in\the SQL-
environment is implementation-dependent, the answers to the following questions regarding the values
pasged to the set _j obs procedure are likely to differ across implementations:

— |Is the set _j obs value visible only to the current session? Or also to concurrent sessions and to later
non-concurrent sessions?

— |Does the set _j obs value persist across a COMMIT? Is it reset by a ROLDBACK?

Thefimplication of this uncertainty is that classes that assign to static variables in SQL should not be ysed.
Note, however, that such assignments will not (necessarily) be detected by the SQL-implementation,
eithpr when executing CREATE PROCEDURE/FUNCTION or whén a routine is called.

Assignments to static variables in Java can be prevented by declaring them with the f i nal property

4.18 Dropping SQL names of Java methods

[

After SQL procedure or function names forjava methods have been created, those SQL names can b
droIped with a normal SQL DROP statenient:

FUNCTI ON r egi on RESTRI CT;

A DROP statement has no effect.on the Java method (or class) on which the SQL name was defined.
Dropping an SQL procedure/or-function implicitly revokes any granted privileges for that routine.
4.19 Removingjava classes from SQL

JAR ffiles cantbe completely removed with the SQLJ. REMOVE_JAR procedure. For example:

SQL). REMOVE _JAR ('routines_jar', 0);

As notedeartier; JARs tanm contaim deptoyrent descriptors, whith specify implicitactions to be taken by
the SQLJ. I NSTALL_JARand SQLJ. REMWVE_JARprocedures. The second parameter is an integer that specifies
whether or not (indicated by non-zero or zero values, respectively) the SQ.J. REMOVE_JAR procedure is
needed to execute the actions specified by a deployment descriptor in the JAR.

After the SQLJ. REMOVE_JARprocedure performs any actions specified by the JAR’s deployment descriptor
file(s), there must be no remaining SQL procedure or function whose external name references any
method of any class in the specified JAR. Any such remaining SQL procedures or functions must be
explicitly dropped before the SQLJ. REMOVE_JAR procedure is able to complete successfully.
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4.20 Replacing Java classes in SQL

Assume that a Java JAR has been installed in SQL, and some or all of the contained classes are to be
replaced, e.g., to correct or improve them. This can be done by using the SQLJ. REMOVE_JAR procedure to
remove the current JAR, and then using the SQLJ. | NSTALL_JAR procedure to install the new version.
However, one or more SQL DDL statements that depend on the methods of the classes to be replaced
have probably been executed. That is, one or more of the following DDL operations have been executed:

— [CREATE PROCEDURE/FUNCTION Statements referencing the classes.
— |GRANT statements referencing those SQL procedures and functions.

— |CREATE PROCEDURE/FUNCTION statements for SQL procedures and functions that invoke thgse
SQL procedures and functions.

— |CREATE VIEW/TABLE statements for SQL views and tables that invoke those SQL"procedures and
functions.

The(rules for the SQLJ. REMOVE_JAR procedure require that all SQL procedurey/functions that directly ref-
erenjce methods of a class must be dropped before the JAR containing the ¢lass can be removed. And,|SQL
rules for RESTRICT, as specified in the SQL <drop routine statement>, réquire that SQL objects (tables,

views, SQL-server modules, and routines whose bodies are written in-SQL) that invoke a procedure/flinc-
tion|/be dropped before the procedure/function can be dropped.

Thup, if the SQLJ. REMOVE_JARand SQLJ. | NSTALL_JARprocedures are used to replace a JAR, the SQL objects
that|directly or indirectly depend on the methods of the classes in the JAR have to be dropped before
thode items can be re-created.

The|SQLJ. REPLACE_JAR procedure avoids this requirément, by performing an instantaneous remove|and
instqll, with suitable validity checks. Thus, the SQLI* REPLACE_JAR procedure can be called without flrst
dropping the dependent SQL objects.

For pxample, in Subclause 4.5, “Installing region and correctStates in SQL”’, the class of Rout i nes1 wjs
installed with the following statement:

SQLJ. INSTALL_JAR( 'file:~/classes/Routinesl.jar', 'routinesl jar', 0)

That JAR can be replaced with(a)statement such as:

SQLJ). REPLACE_JAR( 'fil(e)~/revised_classes/Routinesl.jar', 'routinesl jar')

Not¢ that the JAR namieis required to be the same. [t identifies the existing JAR, and subsequently identifies
the replacement JAR) The URL of the replacement JAR can be the same as or different from the URL [of
the priginal JAR.

In the general'case, there will be classes in the old JAR that are not in the new JAR, classes that are in both
JAR$, and\elasses that are in the new JAR and not in the old JAR. These are referred to respectively as
unmatched old classes, matching old/new classes, and unmatched new classes.

The validity requirements on the replacement JAR are:

— There mustnotbe an SQL procedure or function whose routine descriptor’s <external routine name>
specified an <external Java reference string> that references any method of any unmatched old class
(since all unmatched old classes will be removed).

— Any CREATE PROCEDURE/FUNCTION statement that references a method of a matching class must
be a valid statement for the new class.

— There must not be an SQL user-defined type whose descriptor’s <jar and class name> references any
unmatched old class.
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— Every CREATE TYPE statement that references a method of a matching class must be a valid statement
for the new class.

If these requirements are satisfied, the SQLJ. REPLACE_JAR procedure deletes the old classes (both
unmatched and matching) and installs the new classes (both unmatched and matching).

4.21 Visibility

The|SQJ. | NSTALL_JAR procedure will install any Java classes into the SQL system. However, not all
methods of all classes can be referenced in SQL. Only visible methods of visible classes can be referenced
in SQL. The notion of visible classes and methods is based on the concept of mappable data'types. They
may] be summarized as follows:

— |A Java data type is mappable to SQL (and vice versa) if and only if it has a cornesponding SQL data
type, or it is an array that is used for OUT parameters, or it is an array thatds,used for result sets.

— |AJava method is mappable (to SQL) if and only if the data type of each-parameter is mappable, pnd
the result type is either a mappable data type or is voi d.

A Jaya method is visible in SQL if and only if it is publ i ¢, st at i ¢, and ;appable.

Only the visible installed methods can be referenced in SQL. Otherrmethods simply do not exist in SQL.
Attegmpts to reference them will raise implementation-defined/syntax errors such as unknown name.

Nonf-visible classes and methods can, however, be used by the visible methods.

4.22 Exceptions

SQL|exception conditions are defined forthe SQL/JRT procedures. For example, if the URL argumenit
spedified in calls to SQLJ. I NSTALL_JARO¥SQLJ. REPLACE_JAR (etc.) is invalid, an SQL exception condition
(i ava. sql . SQLExcept i on) with a specified SQLSTATE will be raised. These exception conditions arg
spegified in the definitions of the procedures. Java exceptions that are thrown during execution of ajJava
method in SQL can be caught within Java, and if this is done, then those exceptions do not affect SQI
prog¢essing.

Any|Java exceptions that-are uncaught when a Java method called from SQL completes will be returhed
in SQL as SQL exception conditions.

For pxample, in Subclause 4.4, “Example Java methods: region and correctStates”, the Java method Rou-
ti ngsl. regionWwas defined. And, in Subclause 4.6, “Defining SQL names for region and correctStates”
the PQL function name r egi on_of was defined for the Java method Rout i nes1. regi on.

wn

The[Javaimethod Rout i nes1. r egi on throws an exception if the argument value is not in a specified range
of values:

public class routinesl {
public static int region(String s) throws SQ.Exception {
if (s.equals ("MN') || s.equals ("VT") || s.equals ("NH')) return 1;
else if (s.equals ("FL") || s.equals ("GA") || s.equals ("AL")) return 2;
else if (s.equals ("CA") || s.equals ("AZ") || s.equals ("NV')) return 3;
el se throw new SQLException("lnvalid state code", "38001");
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Assume that the EMPS table contains a row for which the value of the STATE column is 'TX". The following
SELECT will therefore raise an exception condition when it encounters that row of EMPS:

SELECT nane, region_of(state)
FROM enps
WHERE regi on_of (state) = 1;

The call of the r egi on_of function with an invalid parameter ('TX") will raise the SQL exception condition
with the SQLSTATE of '38001". The SQL message text associated with that exception will be the following

strifpg:

"In

The
stat
an u

Whg
will
Java
the

alid state code'

message text and SQLSTATE may be specified in the Java exception specified in the Java't hr ow

ncaught Java exception is raised.

n a Java method executes an SQL statement, any exception condition raised'in the SQL stateme
be raised in the Java method as a Java exception that is specifically the SQLExcept i on subclass o
Except i on class. The effect of such an SQL exception condition on the outer SQL statement that cd
ava method is implementation-defined. For portability, a Java method that is called from SQL, t

itself executes an SQL statement, and that catches an SQLExcept i on from that inner SQL statement sh

re-t

nrow that SQLExcepti on.

4.2

Whg
TIO
durg

3 Deployment descriptors

na]AR containing a set of Java classes is installed into SQL, one or more CREATE PROCEDURE/FU
N statements must be executed before the static methods of those classes can be called as SQL pr
s and functions. And, appropriate GRANT statements for the SQL names created by those CREA

PRQCEDURE/FUNCTION statements shouldbe performed. When a JAR is later removed, correspon

DR(

P PROCEDURE/FUNCTION statements and REVOKE statements must also be executed.

IfaJJAR is expected to be installed in several SQL systems, the various CREATE, GRANT, DROP, and REV]

stat
acti

ements will often be the samefor each such SQL system. One way such installation and removal,
bns could be simplified are:

Provide methods called “af t er I nst al | ” and “bef or eRenove” to be executed as an “install script”
“remove script”, petforming such actions as the following:

e Theafterdnstall method: The CREATE and GRANT statements that are to be performed W
the JAR s installed.

¢ Thebef or eRermove method: The DROP and REVOKE statements (the inverse of the actions o
after | nst al | method) that are to be performed when the JAR is removed.

That is, the af t er I nstal | and bef or eRenove methods would use SQL/OLB or JDBC to invoke SQ

bment. If that exception does not specify an SQLSTATE, then the default SQL exception condition for

Nt

f the
lled
hat
buld

NC-
oce-
TE
ding

OKE

and

rhen

f the

|, for

the desired CREATE, GRANT, DROP, and REVOKE statements.

— Include the after I nstal | and bef or eRenove methods in a class, which might be called the depl oy

class, and include that depl oy class in the JAR to be distributed.
Instruct recipients of the JAR to do the following to install the JAR:

e (Callthe sQ.J. I NSTALL_JARprocedure for the JAR.

e Execute a CREATE procedure statement for the af t er I nst al | method, giving it an SQL name
suchasafter_instal | .Note thatthis “bootstrap” action cannotbe included intheafterlnstal |

method itself.
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Not

therjefore provides a mechanism, called deployment descriptors, that can be used to specify the SQL

stat

e C(Calltheafter_install procedure.

NOTE 1 — The af t er _i nst al | procedure will include a CREATE PROCEDURE statement to give the bef or -
eRenove method an SQL name such as bef or e_r enove.

Instruct recipients of the JAR to proceed as follows to remove the JAR:
e (all the bef or e_r enove procedure.

e Droptheafter_install andbef ore_renmove procedures. Note that this action cannot be included
T the betor eReMbve Procedure ItSett:

e (all the SQLJ. REMOVE_JAR procedure.

e that this simplification of the install and remove actions still requires several manual steps. SQL/JRT

bments that are to be executed implicitly by the SQLJ. | NSTALL_JARand SQLJ. REMWVE “JAR procedyres.

If the deployment descriptors in a JAR are to be interpreted when the JAR is installed and removed, then
nontzero value is specified for the depl oy parameter of the SQLJ. | NSTALL_JARprocedure and similgrly
for the undepl oy parameter of the SQLJ. REMOVE_JARprocedure. IfaJAR contains’a deployment descriptor,

thern) the SQLJ.INSTALL_]JAR procedure will use that deployment descriptor-to determine the CREATE

and

GRANT statements to execute after it has installed the classes of the JAR. The corresponding

SQLJ. REMOVE_JAR procedure uses the deployment descriptor to detefmine the DROP and REVOKE state-

mer]ts to execute before it removes the JAR and its classes.

A ddgployment descriptor is a text file containing a list of SQL. CREATEand GRANT statements to be execfited
when the JAR is installed, and a list of SQL. DROP and REVOKE statements to be executed when the JAR

is rgmoved.

For

pxample, suppose that have incorporated the above classes Rout i nes1, Rout i nes2, and Rout i ne$3

have been incorporated into a single JAR. The following is a possible deployment descriptor that might

be i
Not

SQLAactions[ ] =
"BEGQ N | NSTALL

24

ncluded in that JAR.
BS:

Within a deployment descriptor(file, the JAR name “t hi sj ar” is used as a placeholder JAR nam¢d in
the EXTERNAL NAME clauses of CREATE statements.

The various user names in this example are of course hypothetical.

CREATE PROCEDURE'correct _states (old CHARACTER(20), new CHARACTER(20))
MODI FI ES ,SQU DATA
LANGUAGE "JAVA PARAMETER STYLE JAVA
EXTERNALL NAME 'thisjar: Routinesl.correctStates';
GRANTEXECUTE ON correct_states TO Baker;
CREATE"FUNCTI ON r egi on_of (st ate CHARACTER(20)) RETURNS | NTEGER
NO SQL
FANGUAGE JAVA PARANVETER STYILE JAVA
EXTERNAL NAME 't hisjar: Routinesl.region';
GRANT EXECUTE ON regi on_of TO PUBLI C
CREATE PROCEDURE best?2 (OUT nl CHARACTER VARYI NG(50), OUT idl CHARACTER(5),
QUT regi onl I NTEGER, QUT s1 DECI MAL(®6, 2),
OUT n2 CHARACTER VARYI NG(50), OUT id2 CHARACTER(5),
QUT regi on2 | NTEGER, QUT s2 DECI MAL(®6, 2),
regi on | NTEGER)

READS SQL DATA

LANGUAGE JAVA PARAMETER STYLE JAVA

EXTERNAL NAME 't hisjar: Routines2. best TwoEnps' ;
GRANT EXECUTE ON best2 TO Baker, Cook, Farner;
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CREATE PROCEDURE or dered_enps (region | NTEGER)
READS SQL DATA
DYNAM C RESULT SETS 1
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 't hi sj ar: Routi nes3. rankedEnps';
GRANT EXECUTE ON ordered_enps TO PUBLI C
END | NSTALL",
"BEG N REMOVE
REVOKE EXECUTE ON correct_states FROM Baker RESTRI CT;
DROR—PROCEDURE—c-o++e6t—st-at-es—RESTRI-GF
REVOKE EXECUTE ON regi on_of FROM PUBLI C RESTRI CT;
DROP FUNCTI ON r egi on_of RESTRI CT;
REVOKE EXECUTE ON best 2 FROM Baker, Cook, Farmer RESTRI CT;
DROP PROCEDURE best2 RESTRI CT;
REVOKE EXECUTE ON or der ed_enps FROM PUBLI C RESTRI CT;
DROP PROCEDURE or der ed_enps RESTRI CT;
END REMOVE'

}

Asmme thatdepl oy_routi nes. t xt is the name of a text file containing the abo¢e deployment descriptor.
A JAR would be built containing the following:

— [The text file depl oy_routi nes. t xt.
— [The class files for Rout i nes1, Rout i nes2, and Rout i nes3.

— |A manifest file with the following manifest entry:

Nanme: depl oy_routi nes.txt
SQLJDepl oyment Descri ptor: TRUE

Thig manifest entry identifies the file depl oy_r outi*nes. t xt as a deployment descriptor in the JAR, for
thegQLJ. I NSTALL_JARand SQLJ. REMOVE_JAR procedures to interpret.

Deployment descriptor files can contain syntax errors. In general, any error that can arise in a CREATE
or GRANT statement can occur in a deployment descriptor file.

It mpy be desirable to install a JAR that contains a deployment descriptor file without performing the
deployment actions. For example;those actions may contain syntax errors, or may simply be inappropfiate
for gome SQL system. This can.be done by specifying a zero value for the depl oy parameter of the
SQLJ. I NSTALL_JARprocedure;and a zero value for the undepl oy parameter of the SQLJ. REMOVE_JARpro-
cedurre.

4.24 Paths

In the pteceding clauses, the example JARs and their Java classes referenced other Java classes in the
packdgesj ava. | ang and j ava. sql . The JARs and their Java classes that are installed can also reference
Java classes in other JARs that have been installed or will be installed. For example, suppose that there
are three JARs, containing Java classes relating to administration, project management, and property
management.

SQLJ. INSTALL_JAR ('file:~/classes/adnmn.jar', "admn_jar', 0);

At this point, CREATE PROCEDURE/FUNCTION statements can be executed that reference the methods
of classesin adni n_j ar. And those procedures and functions can be called. If, at runtime, the Java methods
of adni n_j ar reference system classes or other Java classes that are contained in adni n_j ar, then those
references will be resolved implicitly. If the adni n_j ar methods reference Java classes that are contained
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inproperty_jar (which are installed below), then an exception condition will be raised for an unresolved
class reference.

SQLJ. INSTALL_JAR ('file:~/classes/property.jar', 'property_jar', 0);
SQLJ. INSTALL_JAR ('file:~/classes/project.jar', 'project_jar', 0);

These calls of SQLJ. | NSTALL_JARinstall property jar and proj ect _j ar. However, references to the
property_jar classes by classes in admi n_j ar will still not be resolved. Similarly, references within
property_jar to classesin proj ect _j ar will not be resolved, and vice versa.

To summarize:

— |When a JAR is installed, any references within the classes of that JAR to system classes, ori to classes
that are contained in the same JAR, will be implicitly resolved.

— [References to any other classes, installed or not, are unresolved.

— |JJARs can be installed that have unresolved class references, and CREATE PROCEDURE/FUNCTIPN
statements can be used to define SQL routines on the methods of those classes.

— |When SQL routines defined on Java methods are called, exceptions fof unresolved class references
may occur at any time allowed by Java.

Invdking classes that contain unresolved references can be useful:
— |To use or to test partially-written applications.

— |To use classes that have some methods that are not appropriate for use in an SQL-environment| For
example, a class that has display-oriented or interactive methods that are used in other Java-enapled
environments, but not within an SQL system.

To resolve references to classes in other JARs, the;SQLJ. ALTER JAVA_PATH procedure is used.

SQLJ. ALTER JAVA PATH ('admin_jar', '(property.*,property_jar)

(project.*, project_jar)');

SQLJ. ALTER JAVA PATH (' property_jarly, '(project.*, project_jar)');

SQLJ. ALTER JAVA PATH (' proj ect_jlap®, '(*, property_jar) (*, admin_jar)');

The|SQLJ. ALTER JAVA PATHproeedure has two arguments, both of which are character strings. In ajcall
SQLJ. ALTER JAVA PATH(JX, _PX)):

— |JX is the name of the JAR for which a path is to be specified. This is the JAR name specified in th
INSTALL_JAR procédure.

D

— [PXis the path©f)JARs in which unresolved class names that are referenced by classes contained in

JX are to be.résolved. The path argument is a character string containing a list of path elements [(not
comma-separated). Each path element is a parenthesized pair (comma-separated), in which theffirst
item issapattern, and the second item is a JAR name.

Suppesethat at runtime, some method of a class C that is contained in JAR JX is being evaluated. An{d,

suppese that uathin tha avacution-aofclace C 3 raofarancatao-comaeaotharclacce namad YC 1 anecatintnd d
B Se-thatwWwithHtie-exe et to -0+ eSS oa-FeteFeRree+t0-Seohe-othereraSSshHame a A 1S eRecodhter )

such that no class named XC is defined in JAR JX. The path PX specified for JAR JX in the
SQLJ. ALTER JAVA PATH call determines the resolution, if any, of class name XC:

— Each path element '(PAT}, J;)' is examined.

— If PAT; is a fully qualified class name that is equivalent to XC, then XC must be defined in JAR J;. If it
is not, then the reference to XC is unresolved.

— If PAT; is a package name followed by an '*', and XC is the name of a class in that package, then XC
must be defined in JAR J;. If it is not, then the reference to XC is unresolved.

26 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=195e889403bf8490083f3328b55156d5

ISO/IEC 19075-4:2021(E)
4.24 Paths

— If PAT; is a single "', then if XC is defined in JAR J;, that resolution is used; otherwise, subsequent
path elements are tested.

The paths that are specified above for admi n_j ar, property_j ar, and proj ect _j ar therefore have the
following effect:

— When executing within adni n_j ar, classes that are in the property or proj ect packages will be
resolved in property_j ar and proj ect _j ar, respectively.

A N - ; - , 1 et

project_jar.

— [When executing within pr oj ect _j ar, all classes will first be resolved in property_j ar, and then in
adm n_j ar.

Note that if a class C contained in property_j ar directly contains a reference to a class,AC contained in
admi|n_j ar, then that reference to AC will be unresolved, since admi n_j ar is not specified in the path for
progerty_j ar.But, if that class C invokes a method pr oj ect . C2. Mof a class contained in proj ect _j ar,

and|pr oj ect. C2. Mreferences class AC, then that reference to AC will be resolved’in adni n_j ar, since
admi|n_j ar is specified in the path for pr oj ect _j ar. That is, while class C isheing executed, the path
spedified for property_j ar is used, and while class C2 is being executed, the-;path specified for pr oj ect | j ar
is uged. Thus, as execution transfers to classes contained in different JARs, the current path changeq to

the path specified for each such JAR. In other words, the path specified for a JAR ]J1 applies only to class
refefences that occur directly within the classes of ] 1, not to class,references that occur in some clags
contained in another JAR that is invoked from a class of ] 1.

The|path specified in a call of the SQLJ. ALTER_JAVA PATHprocedure becomes a property of the specjfied
JARJA given JAR has at most one path. The path (if any)®or a JAR applies to all users of the classes and
methods in the JAR.

Wh¢n the SQLJ. ALTER JAVA PATHprocedure is called, the path specified replaces the current path (if any)
for the specified JAR. The effect of this replacement on currently running classes and methods is imple-
meritation-defined.

When the SQLJ. ALTER JAVA PATH procedure is executed, the invoker must be the owner of the JAR
spedified as the first argument, and must have the USAGE privilege on each JAR specified in the path
argyment.

The|path facility is an optional feature.

4.25 Privileges

The[SQL privilege system is extended for SQL/JRT.

Firs, the SQL] build-in procedures are considered to be SQL-schema statements, and as such requite
imp|émentation-defined privileges to be invoked.

Second, the USAGE privilege is defined for JARs. USAGE is needed on a JAR in order to:
— Reference it in a CREATE PROCEDURE/FUNCTION/TYPE statement.
— Listitin an SQL-Java path in an SQLJ. ALTER_JAVA_PATH procedure call.

The user who installs a JAR is the owner of that JAR and implicitly has USAGE on the JAR, and can grant
USAGE to other users and roles. Only the owner can replace, remove, or alter the JAR.

USAGE privileges on a JAR is an optional feature.
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4.26 Information Schema

Additional views and columns are defined for the Information Schema to describe external Java routines
and external Java types:

— JARS lists the JARs installed in a database.

— METHOD_SPECIFICATIONS is augmented to include information about static field methods.

— |ROUTINES contains information about external Java routines.
— |USAGE_PRIVILEGES contains information on USAGE privileges granted on JARs.
— |USER_DEFINED_TYPES is augmented to include information about external Java types:

In agldition, the usage of JARs by routines, types, and other JARs is shown in a collection of new usage
vieys:

— JJAR_JAR_USAGE lists the JARs used in the SQL-Java path of a given JAR.
— |ROUTINE_JAR_USAGE names the JAR used in an external Java routine,
— |TYPE_JAR_USAGE names the JAR used in an external Java type.

Thepe Information Schema views are optional features.
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5.1 Qverview

Thig tutorial clause shows a series of example Java classes and their methods, and shows how'they tan
be installed in an SQL system and used as data types in SQL.

5.2l Example Java classes

Thig Subclause shows example Java classes Addr ess and Addr ess2Li ne.

— [The Addr ess class represents street addresses in the USA, with a str-eet field containing a streqt
name and building number, and a zi p field containing a postal code.

— |The Addr ess2Li ne class is a subclass of the Addr ess class. I adds one additional field, named | i|ne2,
which would contain data such as an apartment number.

— [The Addr ess and Addr ess2Li ne classes both have the‘following methods:
e A default niladic constructor.

e A constructor with parameters.

e AtoString method to return a strirfgrepresentation of an address.

— |The Addr ess and Addr ess2Li ne clasSes are both specified to implement the Java interfaces
j ava.io. Serializabl e andjava, sql . SQ.Dat a.

A Jaya class that will be used asa.data type in SQL must implement either the Java interface
javg.io. Serializabl e or theJava interface j ava. sql . SQLDat a or both. This is required to transfer ¢lass
instances between JVMs and-between Java and SQL.

It isjassumed that the iniport statementsi nport java. sqgl.*; andj ava. mat h. *; have been included in
all cJasses.

Thelfollowing is.the text of the Addr ess class:

publli ¢ class Address inplenents java.io.Serializable, java.sql.SQData {
publ iC” String street;
publtic String zip;
loubl i c—staticintrecommadedidih = 25
private String sql _type; // For the java.sql.SQ.Data interface
/1 A default constructor
public Address ( ) {
street = "Unknown";
zip = "None";
}
/'l A constructor with paraneters
public Address (String S, String 2) {
street = S
zip = Z
}
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/1 A method to return a string representation of the full address
public String toString( ) {
return "Street=" + street + " ZIP=" + zip;
}
/1 A void method to renove | eadi ng bl anks
/'l This uses the static nethod M sc.stripLeadi ngBl anks.
public void renpvelLeadi ngBl anks( ) {
street = M sc.stripLeadi ngBl anks(street);
zip = Msc.stripLeadi ngBl anks(zi p);

A

J

/1 A static nethod to deternmine if two addresses

/1 are in arithnetically contiguous zones.

public static String contiguous(Address al, Address a2) {

if (Integer.parselnt(al.zip) == Integer.parselnt(a2.zip)+1 ||
I nt eger. parsel nt(al. zip) == |Integer.parselnt(a2.zip) -1)
return("yes");
el se

return("no");
}
/1 java.sqgl.SQ.Data inplenentation:
public void readSQ. (SQInput in, String type)
throws SQLException {
sql _type = type;
street = in.readString();
zip = in.readString();

}
public void witeSQ (SQQutput out)
throws SQ.Exception {

out.witeString(street);
out.witeString(zip);

}

public String get SQ.TypeNanme () {
return sql _type;

}

Thelfollowing is the text of the Addr ess2Li ne class, which is a subclass of the Addr ess class:

publli ¢ cl ass Address2Li ne extends Address
i mpl ements java.i.o. Serializable, java.sql.SQData {
public String line2;
/1 A default constlructor
public Address2Libe () {
super () ;
line2 = "~
}
/1 A constiructor with paraneters
publ i e=Address2Line (String S, String L2, String 2Z) {
street = S;
lL.itne2 = L2;

Z2ipn = Z:
P y

}
/1 A nmethod to return a string representation of the full address
public String toString() {
return "Street=" + street + " Line2=" + line2 + " ZIP=" + zip;
}

/1 A void nethod to renove | eadi ng bl anks.
/1 Note that this is an inperative nmethod that nodifies the instance.
/'l This uses the static nethod M sc.stripLeadi ngBl anks defi ned bel ow.
public void renpvelLeadi ngBl anks( ) {

line2 = M sc.stripLeadi ngBl anks(1ine2);

super . renmovelLeadi ngBl anks() ;
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}
/1 java.sqgl.SQ.Data inplenentation:

public void readSQ (SQ.Input in, String type)
throws SQLException {
super.readSQ.(i n,type);
line2 = in.readString();

}
public void witeSQ (SQQutput out)
throws SQLException {

publ

5.3 Installing Address and Address2Line in an SQL system

Toi
spe
are
files
a UR
bei
“Ro

SQL

5.4 CREATE TYPE for Address and Address2Line

Bef
and

csunar i+t oSOy (At ) -
SHpeFr—wWHH-eSQ{-ou)
out.witeString(line2);

}

//An SQL function is not defined for this nethod.
ic class Msc {
/'l renmove | eading blanks froma String
public static String stripLeadi ngBl anks(String s) {
int scan;
for (scan=0; scan < s.length() ; scan++)
if ( !java.lang. Character.isSpace(s.charAt(scan)) )
br eak;
if (scan == s.length() ) return"";
el se return s.substring(scan);

}

nstall classes such as Addr ess and Addr ess2Li ne in an SQL system, Clause 4, “Routines tutorial”,
ifies the process to be used. The source«ode for the classes will be in files with file-type j ava, w|
compiled using the j avac command to-produce object code files with file-type cl ass. Those cl a
are then assembled into a Java JAR with file-type j ar, and that JAR is placed in a directory for wj
L. can be specified. Assume that 'l e: ~/ cl asses/ Addr Jar . j ar is such a URL. Now, the classes ¢
stalled into an SQL system by calling the SQLJ. I NSTALL_JARprocedure that was described in Clau
tines tutorial”:

. I NSTALL_JAR (' fil(e})=*/cl asses/AddrJar.jar', 'address_classes_jar', 0);

its fields and methods. This is done with extended forms of the SQL CREATE TYPE statement.

/1 The follow ng class and method is used only internally in the above Java)net hodyg.

re a Java class can be used as an SQL data type, SQL names must be defined for the SQL data type

1(E)
sses

hich
5S
hich
an
se 4,

An implementation of SQL/JRT may support these extended forms of the CREATE TYPE statement
explicitly as standalone SQL statements, or in deployment descriptor files, or may support an implemen-
tation-defined mechanism that achieves the same effect as the CREATE TYPE statement. Deployment

descriptor files are included in JARs, and executed implicitly during calls of the built-in SQL/JRT procedure
SQLJ. I NSTALL_JARthat specify a deploy action (third parameter non-zero). This is described in
Subclause 4.23, “Deployment descriptors”. In this Subclause, the CREATE TYPE statements are shown
as standalone SQL statements.

The following SQL CREATE TYPE statements reference the above Java Addr ess and Addr ess2Li ne classes:
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CREATE TYPE addr EXTERNAL NAME 'address_cl asses_j ar: Addr ess'

LANGUAGE JAVA

AS (
street_attr CHARACTER VARYI NG(50) EXTERNAL NAME ' street',
zip_attr CHARACTER(10) EXTERNAL NAME 'zip' )

STATI C METHOD rec_width ()
RETURNS | NTEGER
EXTERNAL VAR ABLE NAME ' r ecommendedW dt h'

CONSTRUCTOR _METHOD addr ()
A a e o oottt \W

CREA

The
ISO
EXT]
TIO
stat

In th

RETURNS addr SELF AS RESULT
EXTERNAL NAME ' Address',
CONSTRUCTOR METHOD addr (s_par m CHARACTER VARYI NG 50),
z_par m CHARACTER( 10))
RETURNS addr SELF AS RESULT
EXTERNAL NAME ' Address',
METHOD to_string ()
RETURNS CHARACTER VARYI NG 255)
EXTERNAL NAME 'toString',
METHOD r enove_Il eadi ng_bl anks ()
RETURNS addr SELF AS RESULT
EXTERNAL NAME ' r enpveleadi ngBl anks',
STATI C METHOD conti guous (Al addr, A2 addr)
RETURNS CHARACTER( 3)
EXTERNAL NAME ' conti guous';
A\TE TYPE addr_2_line
UNDER addr
EXTERNAL NAME ' address_cl asses_j ar: Addr ess2Lihe’
LANGUAGE JAVA
AS (
line2_attr CHARACTER VARY!I NG (100)y, EXTERNAL NAME 'l ine2' )
CONSTRUCTOR METHOD addr_2_line ()
RETURNS addr_2_|ine SELF AS RESULT
EXTERNAL NAME ' Address2Li ne',

CONSTRUCTOR METHOD addr _2_line (s_parm CHARACTER VARYI NG 50),
s2_par m CHARACTER( 100),
z_parm CHARACTER(10))

RETURNS addr_2_|ine SELF'AS RESULT
EXTERNAL NAME ' Addr esS2Li ne',

METHCD strip ()

RETURNS addr_2_|inesSELF AS RESULT
EXTERNAL NAME ' rienoveleadi ngBl anks' ;

e CREATE TYPE-statements are an extension of the SQL CREATE TYPE statement as defined in
IEC 9075-2, inthe definition of <user-defined type definition>. The above extensions add the
ERNAL clauses, which are patterned after the EXTERNAL clause of the SQL CREATE PROCEDURE/FU
N statemént, and the METHOD clauses, which are patterned after SQL. CREATE PROCEDURE /FUNCT
bments:

1iSdocument, the basic elements of these CREATE TYPE statements are described, and later sect

INC-
ION

ions

dis

53 the foltowing fess Imtuitive clauses:

— The Java static field r econmendedW dt h of the Addr ess class is represented in the SQL CREATE TYPE
by a static method with no arguments, named r ec_wi dt h. This is described in Subclause 5.15, “Static

fields”.

— The Java voi d method r enobvelLeadi ngBl anks of the Addr ess class is represented in the SQL CREATE
TYPE for the addr type by amethod, r enove_| eadi ng_bl anks that specifies RETURNS SELF AS RESULT.
The r enoveLeadi ngBl anks and st ri p methods of the Addr ess2Li ne class are treated similarly. This

is described in Subclause 5.16, “Instance-update methods”. The st ri p method is included to illustrate

32

that multiple SQL methods can reference a single Java method.
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— The other clauses of the CREATE TYPE statements are straightforward transliterations of the signa-
tures of the Java classes.

The EXTERNAL clause following the CREATE TYPE clause always references a Java class that is in its
identified installed JAR. This is referred to as the subject Java class, and the SQL data type is the subject
SQL data type.

If the EXTERNAL clause of a METHOD clause references a Java constructor method (i.e.,, a method with
no explicitly specified return type whose name is the same as the class name), then the SQL method name
mugtbe the same as the SQL data type name. Thatis, the same conventions for constructor function falls
are fised in SQL as in Java.

SQL|data types such as addr and addr _2_1 i ne that are defined on Java classes are referred to as extdrnal
Javd data types.

5.5 Multiple SQL types for a single Java class

More than one SQL data type can be defined on a given Java class. For example:

CREATE TYPE anot her _addr
EXTERNAL NAME ' address_cl asses_j ar: Addr ess'
LANGUAGE JAVA
AS (
zi p_part CHARACTER( 10) EXTERNAL NAME ' zi p',
street _part CHARACTER VARYI NG(50) EXTERNAL NANME 'street')
STATI C METHOD rec_wi dth_part () RETURNS | NFEGER
EXTERNAL VARI ABLE NAME ' recommendedW dt h',
CONSTRUCTOR METHOD anot her _addr ()
RETURNS anot her _addr SELF AS RESULT
EXTERNAL NAME ' Address',
CONSTRUCTOR METHOD anot her _addr _ ( s™par m CHARACTER VARYI NG( 50),
Z_par m CHARACTER( 10))
RETURNS anot her _addr SELF (AS-‘'"RESULT
EXTERNAL NAME ' Address',
METHOD string_rep ()
RETURNS CHARACTER VARYI*'NG 255)
EXTERNAL NAME 'toString',
STATI C METHOD contdig (Al anot her _addr,
A2 anot her _addr)
RETURNS CHARACTER( 3)
EXTERNAL NANE ' conti guous';

The|SQL datatype anot her _addr is a different data type than the addr data type. The two data typeg are
not fomparable, assignable, or union compatible. An SQL data type that is a subtype of the anot her _addr
typg for,“2-line” data can be included or omitted. If such a subtype is defined, with a name such as
anotlher “2_1 i ne, then instances of anot her _2_| i ne are specializations of anot her _addr, and not of gddr .

5.6 Collapsing subclasses

Given Java classes and subclasses such as Addr ess and Addr ess2Li ne, an application can either define
SQL data types for each such class, or for a subset of those classes.

Assume that in SQL one only wants to use the Java class Addr ess2Li ne. An SQL data type can be defined
for that class without a corresponding SQL data type for the Addr ess class. For example:

© ISO/IEC 2021 - All rights reserved 33


https://standardsiso.com/api/?name=195e889403bf8490083f3328b55156d5

ISO/IEC 19075-4:2021(E)

5.6

Collapsing subclasses

CREATE TYPE conpl et e_addr

Not
sup
CRE
clau
clas

The
assu
each

EXTERNAL NAME ' address_cl asses_j ar: Addr ess2Li ne'
LANGUAGE JAVA
AS (
zip_attr CHARACTER( 10) EXTERNAL NAME ' zip',
street _attr CHARACTER VARYI NG(50) EXTERNAL NAME 'street',
line2_attr CHARACTER VARYI NG(100) EXTERNAL NAME 'line2' )
STATI C METHOD rec_wi dth ()
—RETFURNSHNFECER

EXTERNAL VARI ABLE NAME 'reconmendedW dt h',

CONSTRUCTOR METHOD conpl et e_addr ()

RETURNS conpl et e_addr SELF AS RESULT
EXTERNAL NAME ' Address2Li ne',

CONSTRUCTOR METHOD conpl et e_addr (s_parm CHARACTER VARYI NE 50),
s2_par m CHARACTER( 100),
z_parm CHARACTER(10))

RETURNS conpl et e_addr SELF AS RESULT
EXTERNAL NAME ' Address2Li ne',

STATI C METHOD conti guous (Al conpl et e_addr,

A2 conpl et e_addr)

RETURNS CHARACTER( 3)
EXTERNAL NAME ' conti guous',

METHOD to_string ()
RETURNS CHARACTER VARYI NG 255)
EXTERNAL NAME 'toString',

METHCD strip ()

RETURNS conpl et e_addr SELF AS RESULT
EXTERNAL NAME ' r enpveleadi ngBl anks' ;

e that this CREATE TYPE includes attribute and. method definitions for attributes and methods o
brclass, Addr . Such superclass attributes and methods can be included in a CREATE TYPE only if}
ATE TYPE does not specify UNDER. That is;iif a CREATE TYPE specifies a supertype with an UN
se, then the CREATE TYPE can only include attributes and methods of its immediate subject Javi

D.

subsets of the classes that can be.specified in CREATE TYPE statements are restricted. For exa
me that a hierarchy of classes.Per son, Enpl oyee, Manager, and Di r ect or have been installed, w
| is a subclass of the preceding. SQL data types for the following subsets of the classes can be defi

Per son, Enpl oyee, Manager, and Di r ect or : This is the full subset. Each SQL data type can include
members of its subject’]ava class.

Any one of Persson, Enpl oyee, Manager, or Di r ect or. That type can include members from any of
superclasses,

Manager.and Di r ect or : The SQL data type for Manager can include members from Per son and Enpl d
The SQL data type for Di r ect or can include only members of Di rect or.

Efpl oyee, Manager ,and Di r ect or : The SQL data type for Enpl oyee can include members from Per

f the
the
DER

2l

ple,
ere
ned:
pnly
its

yee.

son.

I'ne SUL data types Ior Manager and Dx rect or Can include only members o1 those Classes.

Enpl oyee and Manager . The SQL data type for Enpl oyee can include members from Per son. The
data types for Manager can include only members of that class.

SQL

Per son, Enpl oyee, and Manager, or Per son and Enpl oyee. Each class can include only members of its

subject Java class.

The subsets that are not allowed are those that omit an intermediate level of subclass. That is, SQL data
types cannot be defined for (only) the following subsets of the classes:

34

Per son and Manager, or Per son, Manager, and Di r ect or .
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— PersonandDirector.
— Person, Enpl oyee, and Di r ect or, or Enpl oyee and Di rect or.

The rule is simpler than the explanation:

If a CREATE TYPE statement for SQL type S2 specifies “UNDER S1”, then the subject Java class of S1
must be the direct superclass of the subject Java class of S2.

Subclause 5.5, “Multiple SQL types for a single Java class”, describes how multiple SQL data types on a
single Java class can be defined. This also can be done for subtype hierarchies. For example, let P;E}, M;,

and[D; be SQL data types defined on Per son, Enpl oyee, Manager, and Di r ect or . For a given number, gach
typg is defined to be a subtype of the preceding i type. SQL data types can be defined, such,as:

— |E1 and M1, and P2 and E2. That is, M1 is defined to be a subtype of E1, and E2 is defined to be 3
subtype of P2. In this case, E1 and E2 are different types. Instances of E1 are not'specializationg of
P2.

— |P1,E1, and M1, and M2 and D2. That is, E1 is defined to be a subtype of R1, M1 is defined to be p
subtype of E1, and D2 is defined to be a subtype of M2. In this case, MAd.and M2 are different types.

Instances of M2 are not specializations of either P1 or E1, and instances’of D2 are not specializations
of either P1, E1, or M1.

5.7 GRANT and REVOKE statements for data types

Aftefr the CREATE TYPE statements shown in the preceding clause have been performed, normal SQL
GRANT statements can be performed to grant the SQL'USAGE privilege on the new data type:

GRANT USAGE ON TYPE addr TO PUBLI C,
GRANT USAGE ON TYPE addr_2 |ine TQ admi n;

The|syntax and semantics for GRANT-and REVOKE of the USAGE privilege for user-defined types arg as
spedified in ISO/IEC 9075-2, and are not further described by SQL/JRT.

5.8 Deploymentdescriptors for classes

It mpy be desirable toperform the same set of SQL CREATE and GRANT statements in any SQL systém

in which a given JAR of Java classes is installed, together with the corresponding SQL DROP and REVPKE
statements when that JAR is removed. This process can be automated by specifying those SQL statemfents
in afdeploymerit descriptor file in the JAR. A deployment descriptor file contains a list of CREATE and
GRANTstatements to be executed when the JAR is installed, and a list of REVOKE and DROP stateme¢nts
to bg éxecuted when the JAR is removed.

The following is an example deployment descriptor file for the above Java classes and SQL CREATE and
GRANT statements.

SQLActions[ ] ={
"BEG N | NSTALL
CREATE TYPE addr
EXTERNAL NAME 't hi sJar: Addr ess'
LANGUAGE JAVA

AS (
zip_attr CHARACTER( 10) EXTERNAL NAME ' zi p',
street _attr CHARACTER VARYI NG(50) EXTERNAL NAME 'street')

© ISO/IEC 2021 - All rights reserved 35


https://standardsiso.com/api/?name=195e889403bf8490083f3328b55156d5

ISO/IEC 19075-4:2021(E)
5.8 Deployment descriptors for classes

STATI C METHOD rec_wi dt h()
RETURNS | NTEGER
EXTERNAL VARI ABLE NAME ' recomendedW dt h',
CONSTRUCTOR METHOD addr ()
RETURNS addr SELF AS RESULT
EXTERNAL NAME ' Address',
CONSTRUCTOR METHOD addr (s_par m CHARACTER VARYI NG(50) ,
z_par m CHARACTER( 10))
RETURNS addr SELF AS RESULT
EXTFERNAL—NANE—Addes5—
METHOD to_string ()
RETURNS CHARACTER VARYI NG 255)
EXTERNAL NAME 'toString',
METHOD renove_l eadi ng_bl anks ()
RETURNS addr SELF AS RESULT
EXTERNAL NAME ' renoveleadi ngBl anks',
METHOD strip ()
RETURNS addr SELF AS RESULT
EXTERNAL NAME 'renoveleadi ngBl anks',
STATI C METHOD conti guous (al addr, a2 addr)
RETURNS CHARACTER( 3)
EXTERNAL NAME ' conti guous';
GRANT USAGE ON TYPE addr TO PUBLI C;
CREATE TYPE addr_2_|i ne UNDER addr
EXTERNAL NAME 't hi sJar: Addr ess2Li ne'
LANGUAGE JAVA
AS (

line2_attr CHARACTER VARY!I NG( 100) EXTERNAL NAME 'line2' )

CONSTRUCTOR METHOD addr _2_line ()

RETURNS addr _2_l| i ne SELF AS RESULT
EXTERNAL NAME ' Address2Li ne',

CONSTRUCTOR METHOD addr _2_line (s_parm CHARACTER VARYI N 50),
s2\ par m CHARACTER( 100) ,
z_par m CHARACTER( 10) )

RETURNS addr _2_l| i ne SELF ASLRESULT
EXTERNAL NAME ' Addr ess2Line’ ,
METHOD strip ()
RETURNS addr _2_l i ne SELF AS RESULT
EXTERNAL NAME ' renpvelLeadi ngBl anks' ;
GRANT USAGE ON TYPE,addr_2_line TO admi n;
BEND | NSTALL",
"BEG N REMOVE
REVOKE USAGE ONPYPE addr _2_I|i ne FROM admi n RESTRI CT;
DROP TYPE addr22_|i ne RESTRI CT,;
REVOKE USAGE,/ON TYPE addr FROM PUBLI C RESTRI CT;
DROP TYPE, addr RESTRI CT;
END REMOVE"

5.9 Using Java classes as data types

After a set of Java classes have been installed with the SQLJ. | NSTALL_JARprocedure, and the appropriate
SQL CREATE statements executed to specify SQL types defined on the Java classes, those external Java
data types can be specified as the data types of SQL columns. For example:

CREATE TABLE enps (

nane CHARACTER VARYI NGE 30) ,
hone_addr addr ,
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mai | i ng_addr addr_2_li ne

)

In this table, the name column is an ordinary SQL character string, and the home_addr and mai | i ng_addr
columns are instances of the external Java data types.

SQL columns whose data types are external Java data types are referred to as SQL/JRT columns.

Alternatively, if the implementation of SQL/JRT supports typed tables as specified in ISO/IEC 9075-2,
the SQI type can bhensed to create a rvppd table Qthertables can then reference the nhjprtq in the 7ped

tablp. This representation allows the objects in the typed table to be shared (i.e., referenced from multiple
objdcts).

For pxample, objects of type addr could be stored in a typed table addr esses and referencet.from ore or
morje other tables:

CREATE TABLE addresses OF addr (

REF |'S id SYSTEM GENERATED )
CREATE TABLE conpani es (

nanme CHARACTER VARY!I N& 100),
address REF(addr) SCOPE addresses

CREATE TABLE enps2 (

nane CHARACTER VARY!I N& 30),
hone_addr REF(addr) SCOPE addresses,
mai | i ng_addr addr_2_line

)

In aftyped table such as addr esses, each attribute of thetype becomes a separate column of the same
nanje in the typed table. In addition, the typed table has an implicit identifier column, which identifjes a
row|(i.e., an object) in the table. In the example abeve, the name of this column is i d and the values|for
the folumn are automatically generated by the database system. ISO/IEC 9075-2 supports additionpl
generation mechanisms for object identifiers; which can be defined through extended syntax in the
CREATE TYPE statement.

Refdrences to the objects of the addr egses table can be stored in columns of type REF( addr ) . The definition
for these columns also identifies the addr esses table as the scope of the reference column.

5.10 SELECT, INSERT, and UPDATE

After SQL/JRT columns such as enps. honme_addr and enps. mai | i ng_addr have been specified, the values
thatjare assigned4o those columns must be Java instances. Such instances are initially generated by talls
to constructormethods, using the NEwoperator as in Java. For example:

| NSERT A NFO enps VALUES ( ' John Doe', NEWaddr(), NEWaddr_2 line() )
| NSERT_I'\NTO enps VALUES ( 'Bob Smith', NEWaddr('432 Elm Street', '95123'),
l\lF\/\Iaddr_?_l i nn(' PQ RBox 99' _'attn: Bob Snith' —990678" ) )

The initial values specified for the SQL/JRT columns are the results of constructor method invocations.
Note the use of the NEwkeyword, whose role is the same in the facilities of SQL/JRT as in Java.

Values of such columns can also be copied from one table to another. For example, assume the following
additional table:

CREATE TABLE trai nees (
name CHARACTER( 30) ,
hone_addr addr,
mai | i ng_addr addr_2_line
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)
I NSERT | NTO enps
( SELECT * FROM trai nees
VWHERE nane IN ('Bill Baker', 'Chuck Mrgan', 'Frank Jones') ) ;

Inserting objects into typed tables uses the same syntax as for regular base tables. For example:

| NSERT | NTO addr esses
VALUES (' 1357 Ccean Blvd.', '99111")

Refgrence values can be obtained either directly from the referenced table (using the identifier column),
or from other reference columns. For example, the following statement obtains a reference value stpred
in the companies table and inserts it into the enps2 table. This results in a situations where the‘addr oiject
is “shared” by multiple referencing parties, thereby avoiding multiple redundant copies of the'same addr
objdct.

| NSERT | NTO enps2
VALUES ( 'Rob White', NEWaddr( '165 Oak Street', '95234' ),
( SELECT address FROM conpani es
WHERE nane = "eBiz Unlimted ) )

5.11 Referencing Java fields and methods in SQL

It is|possible to invoke the methods and reference and update the fields of SQL/JRT columns such a$
enpg. home_addr and enps. mai | i ng_addr using SQL field qualification.

SELECT hone_addr.to_string(), mailing_addr.to_string()
F enps

VWHE nane = 'Bob Smith';

SELECT nane, home_addr.zip_attr

F enps
VWHERE hone_addr. street_attr= '456.3horeline Drive';
UPDATE enps

SET hone_addr.street _attr = “457 Shoreline Drive',

home_addr. zi p_attr =199323'
VWHERE hone_addr.to_string() \tl KE ' %456%shor e% ;

It isfalso possible to access.columns of objects in typed tables and invoke methods on objects in typed
tables through references by using the dereference operator (“- >”

SELECT nanme, maid.ing_addr->to_string()
FROW enps2

WHERE nanme =\Bob Smith';

SELECT nanp®,Vvhail i ng_addr->street_attr
FROW enps2

VHERE.-maij'l i ng_addr->zip_attr = '99111';

5.12 Extended visibility rules

SQL data types on the Java classes Addr ess and Addr ess2Li ne have now been defined, and those classes
can be used as the data types of SQL columns.

Defining those SQL data types on the Java classes has one additional effect. Those SQL data types and the
Java classes that they are defined upon are now added to the list of corresponding Java and SQL data
types, so that Java methods whose data types are those Java classes can be used. For example:
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public class Wility {
/1 A function version of the renovelLeadi ngBl anks nmet hod of Address.
public static Address stripLeadi ngBl anks(Address a) ({
return a.renovelLeadi ngBl anks() ;
}
/1 A function version of the renovelLeadi ngBl anks nmet hod of Addr2Li ne.
public static Addr2Li ne striplLeadi ngBl anks(Addr 2Li ne a) {
return a.renovelLeadi ngBl anks() ;

Al
J

CREATE FUNCTION strip(a addr) RETURNS addr

LANGUAGE JAVA PARAMETER STYLE JAVA

EXTERNAL NAME 'address_classes_jar:Utility.stripLeadi ngBl anks';
CREATE FUNCTION strip(a addr_2_line) RETURNS addr_2_line

LANGUAGE JAVA PARAMETER STYLE JAVA

EXTERNAL NAME 'address_classes_jar:Utility.stripLeadi ngBl anks';

Not¢ that the CREATE FUNCTION statement has no syntax to indicate that the referenced method spedifies
SELF AS RESULT. Because the referenced methods omit that specification, thetwo st ri p functions both
retulrn copies of their input parameters.

5.13 Logical representation of Java instances in SQL

Subflause 5.10, “SELECT, INSERT, and UPDATE”, showed that the values assigned to such SQL/]JRT
columns are assigned from other SQL/JRT columns or ffom the results of calling Java constructors ¢r
othgr methods. Hence, the values assigned to SQL/JRT\columns are ultimately derived from values ¢on-
strulcted by Java methods in the JVM. Such values ate represented in SQL/JRT columns by a value that is
obtgined from either the Java interface j ava. i o"Seri al i zabl e or the Java interface j ava. sql . SQLD4t a.
Onelor both of those interfaces must be implemented by a Java class that is used as a data type in SQL.
The([value obtained from that interface is.effectively a copy of the Java instance.

For pxample:

| NSERT | NTO enps
VALUES ( 'Don Green', (NEWaddr('234 Stone Road', '99777'),
NEW addr _2_\ine() );

Thejaddr constructor method with the NEW operator constructs an addr instance and returns a refer¢nce
to it| However, since the'target is an SQL/JRT column, the SQL system uses the interfacej ava. i 0. Serial -
i zahl e orj ava. sgh,,SQLDat a to obtain data that is effectively a copy of the new Java value, and copig¢s
that{value into the new row of the enps table.

Theladdr _2-hki"ne constructor method operates the same way as the addr method, except that it retyrns
a default instance rather than an instance with specified parameter values. The action taken is, however,
the game'as for the addr instance.

Note that the values stored into SQL/JRT columns are copies of Java instances, not references. For
example:

I NSERT | NTO enps (nane, hone_addr)
VALUES (' Sally G een',
SELECT home_addr
FROM enps e2
VWHERE e2. narme=' Don G een');

This INSERT statement copies the home_addr column from the 'Don Green' row to the new 'Sally Green'
row. Note that the column value, which contains a copy of the Java instance, is itself copied. Thus, the
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hone_addr columns of the 'Sally Green' row and the 'Don Green' row are independent copies, not references
to a shared copy. In particular, the following statement has no effect on the 'Sally Green' horme_addr :

UPDATE enps
SET hone_addr.zip_attr = '94608'
WHERE name = 'Don Green';

The values stored in SQL/JRT columns are “reassembled” when a column is passed as a parameter to a
function that is defined on a Java method. For example:

UPDATE enps
SET hone_addr = strip(hone_addr)
VWHERE SUBSTRI NG( hone_addr.street_attr, 1, 1) ="

The|st ri p function is an SQL function defined on the Java static method Uti lity. stripleadi ngBl afks.
The|parameter data type of the function is the addr data type. When the hone_addr column is passef as
an afgument, the value in the current row is reassembled into the JVM, and a referenceto the reassempled
value is passed to the method Wi lity. stripLeadi ngBl anks. The result of that(function is of data type
Address, which corresponds with the SQL data type addr . The Java interfacedva. i 0. Seri al i zabl € or
j avq. sql . SQLDat a is applied to this returned value, and the result is copiedyback into the column.

Finglly, consider the role of SQL nulls. For example:

| NSERT | NTO enps (nhane)
VALUES (' M ke Geen');

The|INSERT statement specifies no values for the horre_addror mai | i ng_addr columns, so those columns
will|be set to the null value, in the same manner as any other SQL column whose value is not specifigd in
an INSERT. This null value is generated entirely in SQL,;and initialization of the mai | i ng_addr column
does not involve the JVM at all.

5.14 Static methods

The[methods of a Java class can be specified as either STATIC or non-STATIC. For example, in the Addf ess
clasp, the t oSt ri ng method is non*STATIC and the cont i guous method is STATIC.

The|METHOD clauses of SQI.CREATE TYPE statements can also specify that a method is STATIC or
nontSTATIC. For example,the CREATE TYPE for the addr SQL type specifies thatt o_st ri ngis anon-STATIC
method and cont i guets-is a STATIC method.

P

In Jgva and SQL, aynon-STATIC method is referenced by qualification on an instance of the class/typ
For pxample, assume that JAI and SAI are respectively Java and SQL variables of type/class Addr ess pr
addi. ThetoStyi ng ort o_st ri ng methods of those instances are referenced by the expressions
JAI |toString() or SAl.to_string() .

In Jgva;a STATIC method can be referenced by qualification on either the class or on an instance of the
class. For example, the conti guous method can be referenced as either Addr ess. conti guous(...) or as
JAl . contiguous(...).

In SQL, a STATIC method is referenced by qualification on the type, not on an instance. For example,
cont i guous method is referenced as addr: : conti guous(. . .).The SQL cont i guous method cannot be
referenced as (for example) SAI . conti guous(. .. ). Note that in SQL, static method qualification on the
type name specifies a <double colon> as the qualification punctuation, rather than a single <period>. This
avoids ambiguities with other SQL constructs.

NOTE 2 — In addition to referencing static methods by such field qualification, static methods can also be referenced by
specifying standalone procedures or functions, using the SQL routines facilities of SQL/JRT. For example:
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