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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
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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
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Introduction

The organization of this document is as follows:
1) Clause 1, “Scope”, specifies the scope of this document.

2) Clause 2, “Normative references”, identifies additional standards that, through reference in this
document, constitute provisions of this document.

3) Clayse 3, “Terms and definitions”, defines the terms and definitions used in this document.

4) Clayse 4, “Routines tutorial”, provides a tutorial on the use of routines written in the ]ava”"1 grogram-

ming language within SQL expressions and statements.

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

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

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

1 Scape

This doqument provides a tutorial of SQL routines and types using the Java™ programming language.
This doqument discusses the following features of the SQL Language:
— Thejuse of routines written in the Java programming language within SQL éxpressions and statements.

— Theluse of user-defined types written in the Java programming language within SQL expregsions
and|statements.
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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
references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 9075-2, Information technology — Database languages — SQL — Part 2: Foundation
(SQOL/fFoundation)

ISO/IEC 9075-13, Information technology — Database languages — SQL — Part 13:SQL Routines and

Types|Using the Java™ Programming Language (SQL/JRT)

Java Qommunity Process. The Java™ Language Specification [online]. Java SE-1:3 Edition. Redjvood
Shorep, California, USA: Oracle, Availableatht t ps: / / docs. or acl e. confjavase/ specsy/ j | s/ -

sel3

j1s13. pdf

Java Qommunity Process. /JDBC™ 4.3 Specification [online]. Edition#:3. Redwood Shores, California,

USA: Qracle, Available at ht t ps: // downl oad. or acl e. com@tn- pub/j cp/ -

j dbc}

4 3-nrel 3-eval -spec/jdbc4. 3-fr-spec. pdf
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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 and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia-avaitable at it tpr 77 Www. et ect Topedi a. or g7

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

© ISO/IEC 2021 - All rights reserved 3
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4 Routines tutorial

4.1 Context of routines

The requiirements for the material discussed in this document shall be as specified in ISO/IEC 9075-1,
ISO/IEC|9075-13, Java, and JDBC.

4.2 Technical components

ISO/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 classes 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 forname resolution within Java classes.
— New built-in schema.

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

— Extdnsions 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.
¢ |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 sets.

— New forms of reference: Qualified references to the fields and methods of columns whose data types
are defined on Java classes.

— Additional views and columns in the Information Schema.

4 © ISO/IEC 2021 - All rights reserved
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4.3 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:

The tablp definition is:
CREATE [TABLE enps (
nang VARCHAR( 50) ,
id CHARACTER( 5) ,
state CHARACTER( 20) ,
sal es DECI MAL (6, 2),
j obgode | NTEGER ) ;

The example classes and methods are:

NAME — the employee’s name.

ID — the employee’s identification.

STATE — the state in which the employee is located.
SALES — the amount of the employee’s sales.

JOBCODE — the job code of the employee.

Rout
not

Rout]

i nesl. regi on — AJava method that maps a US:state code to a region number. This metl
1se SQL internally.

Rout]

Rout
emp

Ove

Rout
an il

Rout]
joba

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

i nes3. or der edEnps — A Java method that creates an SQL result set consisting of selec
loyee rows ordered by the sales column, and returns that result set to the client.

1.is0dd and Over2! i sodd — Contrived Java methods to illustrate overloading rules.

i nes4. j obltand Rout i nes5. j ob2 — Java methods that return a string value correspon
teger jobcode value. These methods illustrate the treatment of null arguments.

ode yalue. This method illustrates the behavior of static Java variables.

hod does

i nesl. correct St at es — A Java method:that performs an SQL UPDATE statement to cofrect the
spelling of state codes. The old and new spellings are specified by input-mode parameters.

ales, and

retljrns the columns of those two employee rows as output-mode parameter values. This method
credtes an SQL result set and processes it internally.

ted

ding to

i nes6;j ob3 — Another Java method that returns a string value corresponding to an integer

Unless otherwise noted, the methods that invoke SQL use JDBC. One of the methods is shown in both
aversion using JDBC and a version using SQL/OLB. The others could also be coded with SQL/OLB.

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.
This method will be called as a procedure in SQL.

public class Routinesl {
/1An int nethod that will be called as a function
public static int region(String s) throws SQException {
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");

}

/1A vpid nethod that will be called as a stored procedure

publi¢ static void correctStates (String ol dSpelling, String newSpel {ing)
hrows SQLException {

Conpecti 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 = ?");

stm.setString(1l, newSpelling);

stm.setString(2, oldSpelling);

st . execut eUpdat e() ;

stm.close();

conf. cl ose();

retyrn;

—

4.5 Installing region and correctStates in SQL

The sougce code for Java classes such as\Rout i nes1 will normally be in one or more Java files (i.p., files
with fileftype “java”). When they are_ compiled (using the j avac compile command), the resultifg code
will be in one or more class files((i.e., files with file-type “class”). A set of class files is then collefted into
a Java JAR, which is a ZIP-coded collection of files.

To use Jdva classes in SQL, @)JAR containing them is loaded into the SQL system by calling the SQL
SQLJ. I NBTALL_JAR procedure. The SQLJ. I NSTALL_JAR procedure is a new built-in SQL procedure that

makes the collectionef]ava classes contained in a specified JAR available for use in the current SQI. catalog.
For example, assuirie that the above Rout i nes1 class has been assembled into a JAR with local f{le name
“~/ cl asges/ Ralti-nesl.jar”:

SQLJ. INBTALL_JAR('file:~/classes/Routinesl.jar', 'routinesl_jar', 0)

— The first parameter of the SQLJ. | NSTALL_JAR procedure is a character string specifying the URL of
the given JAR. This parameter is never folded to upper case.

— 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. I NSTALL_JAR procedure identifies the
JAR within the SQL system. That is, the JAR name specified is used only in SQL, and has nothing 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.

6 © ISO/IEC 2021 - All rights reserved
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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.

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. I 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, respec-
ada

t' N itha ooy 1 L ANCTALL AR racadiiratic avznmactad o Aot tbh o ookl oo oot d Ly 1 t
lve ‘yJ \2 94w \JYI_\J = T TNIT I-\I_I__\.II_\I\}JA uulLiluUuurvcviIo bAtJbbL\,u LU CACTCULU LITU Al lIivIlio Jl_}b\zlllbu LI] (<9 LA\,P Oymen

des¢riptor in the JAR.

The nanje of the INSTALL_]JAR procedure is qualified with the schema name SQLJ. All built-in pr¢cedures
of the SQL/JRT facility are defined to be contained in that built-in schema. The SQL] schema is 3ssumed
to be pre¢sent in each catalog of an SQL system that implements the SQL/JRT facility

The first| two parameters of SQLJ. | NSTALL_JAR are character strings, so if they ‘abe specified as literals,
single quotes are used, not the double quotes used for SQL delimited identifiers.

The actipns of the SQLJ. I NSTALL_JAR procedure are as follows:

— Obtain the JAR designated by the first parameter.

— Extract the class files that it contains and install them into the current SQL schema.
— Retdin a copy of the JAR itself, and associate it with the\walue of the second parameter.

— If thle third parameter is non-zero, then perform the.actions specified by the deployment d¢scriptor
of the JAR.

After a JAR has been installed with the SQLJ. | NSTALL_JAR procedure, the static methods of the flasses
containgd in that JAR can be referenced in the;€REATE PROCEDURE/FUNCTION statement, as described
in the ngxt Subclause.

4.6 Defining SQL names for region and correctStates

Before alJava method can(bé called in SQL, that method must have an SQL name. This is done wijith new
options pn the SQL CREATE PROCEDURE/FUNCTION statement. For example:

CREATE PROCEDURE\correct _states(old CHARACTER(20), new CHARACTER(20))
MODI F| ES SQL\DATA
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL ,NAME 'routinesl_jar: Routinesl.correctStates';
CREATE EUNCTI ON reqgion of (state CHARACTER(20)) RETURNS | NTEGER
NO SQL
LANGUAGE JAVA PARAMETER STYLE 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 7
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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
FROM enps

VWHERE region of (state) = 3;

CALL cofrect_states ('CEO, '"GA');

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

CREATE PROCEDURE state_correction(old CHARACTER(20), new CHARACTER(20))
MODI F| 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 varipus SQL function and procedure names for a Java method ‘can be used equivalently:

SELECT pane, state_region(state) AS region
FROM enps

WHERE r e¢gi on_of (state) = 2;

CALL state_correction ('ORE', 'OR);

The SQL{names are normal 3-part SQL names, and.the first two parts of the 3-part names are defaulted
as defin¢d in SQL for CREATE PROCEDURE and, CREATE FUNCTION statements.

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

The pargmeters of the riegion and cor r ect St at es methods are all input-only parameters. This s the
normal JJava parameter.convention.

SQL prog¢edures also support parameters with mode OUT and INOUT. The Java language does not directly
have a nption of- output parameters. SQL/JRT therefore uses arrays to return output values for parameters
of Java r{ethods. That is, if an | nt eger parameter is to be used to return a value to the caller, the type of
that parameter is specified to be | nt eger[ ],i.e,, an array of | nt eger. Such an array will containjonly one
element: the input value of the parameter is contained in that element when the method is called, and
the method sets the value of that element to the desired output value.

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] = "****"; jdi1[0]=""; id2[0]="";
ri1[ 0] =0; r2[0]=0; s1[0] = new Bi gDeci mal (0); s2[0]= new Bi gDeci mal (0);
ByNames r = null;
try[¥
#sql 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};
(r.next()) {
ni[ 0] = r.name();
idi[0] =r.id();
ri[ 0] r.region();
s1[ 0] r.sales();

e|lse return;

i1 (r.next()) {
n2[ 0] = r.name();
id2[0] =r.id();
r2[ 0] r.region();
s2[ 0] r.sales();

else 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
obtain ajconnection to the SQL system. By default, SQL/OLB executes any SQL contained in a routine in
the context of the SQL statemient invoking that routine.

For comparison, here’s aversion of the best TwoEnps method using JDBC instead of SQL/OLB:

public ¢l ass Routines2 {
publi ¢ statig¢™void best TwoEnps (
Stringl-}~"nl, String[ ] idl, int[ ] r1, BigDecinal[ ] s1,
String[)*] n2, String[ ] id2, int[ ] r2, BigDecinal[ ] s2,
ntf egi onParm throws SQLException {
N[ bf=—essst pAf Gl=—twxwsn. i ffl=—uu 4216
r1[ 0] =0; r2[0]=0; s1[0]= new Bi gDeci mal (0); s2[
java.sql . PreparedStatenment stnt = null;
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(1l, regionParm
Resul tSet r = stnt.executeQuery();

| Ea—
0] = new Bi gDeci mal (0);

© ISO/IEC 2021 - All rights reserved 9
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}

e
i

4.8 A CREATE PROCEDURE best2 for bestTwoEmps

Assume

best TwoEnps method:
SQLJ. I NBTALL_JAR ('file:~/classes/Routines2.jar\\ "routines2_jar', 0)
As indicated previously, in order to call a method such as best TwoEnps in SQL, the method must

SQL nanje, defined using the CREATE PROCEDURE statement:

CREATE

aut
aut
aut
aut

READS| SQL DATA

LANGUAGE JAVA PARAMETERNSTYLE JAVA

EXTERNAL NAME 'routipes2_j ar: Routi nes2. best TwoEnps' ;

For par

array of the corresponding data type.

4.9

f (r.next()) {
nl[ 0] = r.getString("name");
idl[0] = r.getString("id");

rif0] = r.getlnt("region");
s1[0] = r.getBi gDeci nal ("sal es");
| se return;

f (r.next()) {

n2[0] = r.getString("nanme");
id2[0] = r.getString("id");
r2[0] = r.getlnt("region");

Al ol P - =Y H L L L [TEAY
SZT ol — - getorgoecriar( sar s ),
se return;

nal ly {

if (stmt !'= null) stmt.close()

that the SQLJ. I NSTALL_JAR procedure is called for a JAR'eontaining the Rout i nes2 class

PROCEDURE best 2 (

nl CHARACTER VARYI NG(50), OUT'idl CHARACTER VARYI NG(5), OUT ri1 | NTEGER,
s1 DECI MAL(6, 2),

n2 CHARACTER VARYI NG(50)\:-"OUT i d2 CHARACTER VARYI NG(5), OUT r2 | NTEGER,
s2 DECIMAL(6,2), regi-on 1 NTEGER)

eters that are specified to be OUT or INOUT, the corresponding Java parameter must

with the

have an

be an

alling the best2 procedure

After the Rout i nes2 class has been installed in an SQL system and the CREATE PROCEDURE executed for
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 i

j ava. sq

"lc
stnt.
stnt.
stnt.
stnt.

10

s an example of such a call using JDBC:

| . Call abl eStatenment stnt = conn. prepareCall (

all best2(?,?2,2,2,2,2,2,2,?7)}");

regi sterQut Paraneter (1, java.sql.Types.STRING;
regi st er Qut Par aneter (2, java.sql.Types. STRING ;
regi sterQut Paraneter (3, java.sql.Types.|NTEGER);
regi sterCQut Par anet er (4, java.sql. Types. DECI MAL) ;
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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);

Bi gDeci mal s1 = stnt.getBi gDeci mal (4);

String n2 = stnt.getString(5);

Strin, o2—= .:tnT.gctStﬁng(G),

int rg = stnt.getlnt(7);

Bi gDe¢i nal 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'result set (as defined in JDBC
and SQL) is an ordered sequence of SQL rows. SQL result sets are not processed as normal functipn result
values, Hut are instead bound to caller-specified iterators or cursors, which are subsequently used to

process the rows of the result set.

The follgwing Java method, or der edEnps, generates an SQL result set and then returns that resylt set to
the client. Note that the or der edEnps method internally generates the result set in the same wa‘ry as the

best TwoEnps method. However, the best TwoEnps method ptocesses the result set within the best| TwoEnps
method |tself, whereas this or der edEnps method returns the result set to the client as an SQL r¢sult set.

To write|a Java method that returns a result set to.the'client, the method is specified to have an adlditional
parameter that is a single-element array of eitherthe Java Resul t Set class or a class generated by an
SQL/OLB iterator declaration (“#sql iterator:..").

The follqwing version of the or der edEnps-procedure uses SQL/OLB to access the SQL server, and returns
the result set as an SQL/OLB iterator, Sar esReport :

/1 #sql |public iterator Sal esReport (String nane, int region, BigDecimal sales);
publi ¢ class Routines3 {
public static void orderedEmps (int regionParm Sal esReport[ ] rs)
throws SQLException {
#5ql 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 };

=

bt L1

}
}

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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public class Routines3 {
public static void orderedEmps(int regionParm ResultSet[ ] rs)

}
}

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

ORDER BY sal es DESC');
stnt.setlnt (1, regionParm;
r s[ pF—=—stnt—exectuterery{
retyrn;

The method sets the first element of the Resul t Set [ ] parameter to reference the JavaResul t Set cqntaining
the SQL fesult set to be returned. The method does not close either the returned Resul t Set objdct or the
Java statement object that generated the result set. The SQL system will implicitly close both of|{those

objects.

A method such as or der edEnps can be called in Java in the normal mannerysupplying explicit arguments
for both|parameters. It can also be called in SQL, as a stored procedure that generates a result set to be

processé¢d in the SQL manner. This is illustrated in the following two-Clauses.

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

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

Note that, in comparison to the prior examples of best TwoEnps, thereisnotry. .. final |y blockto close
the SQL{OLB iterator or Resul t Set, rs[ 0], or the JDBC-PreparedStatement, st nt . For a result sgt to be
returned from a stored procedure it must not be explicitly closed, which means, in the case of JIDBC, that

the statdment executed to generate the result setalso must not be explicitly closed.

4.11 A CREATE PROCEDURE rankedEmps for orderedEmps

Assume fhat the SQLJ. | NSTALL - JAR procedure is called for a JAR containing the Rout i nes3 class|with the

or der edEnps method:

SQLJ. I NBTALL_JAR( 'fiNlLe:~/classes/Routines3.jar', 'routines3_ jar', 0)

As with previous meéthods, an SQL name for the or der edEnps method must be defined before it|can be
called aq an SQL procedure. As above, this is done with a CREATE PROCEDURE statement that dpecifies

an EXTERNAL..LANGUAGE JAVA clause to reference the or der edEnps method. The following is an
examplel CREATE PROCEDURE...DYNAMIC RESULT SETS for the above or der edEnps method:

CREATE PROCEDURE r ankedEnps (regi on | NTEGER)

READS SQ. DATA

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:

12

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
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 I t -
erator.

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 SQL/OLB-based or der edEnps:

CREATE PROCEDURE rankedEnps (regi on | NTEGER)
REAPS SQ. DATA
DYNAM C RESULT SETS 1
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NANE
"routines3_jar:classes. Routines3. orderedEnps(int, classes. Sal eSReport[])";

And, for|the JDBC-based orderedEmps:

CREATE PROCEDURE rankedEnps (regi on | NTECER)
REAPS SQL DATA
DYNAM C RESULT SETS 1
LANBUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME
"routines3_jar:classes. Routines3. orderedEnps(int, java.sql.ResultSet[])";

The only difference in the above CREATE PROCEDURE r ankedEnps statements is in the Java method sig-
nature’s|description of the dynamic result set returned:In both cases, a fully qualified class nanje is pro-
vided fof, respectively, the SQL/OLB iterator (remember that Sal esReport is in the package namped

cl asses) and the JDBC result set.

It's worth observing that the two CREATE PROCEDURE r ankedEnps statements above would nqt be

allowed py SQL, because the names and sighatures are identical and SQL would not be able to d¢termine
which ofe to invoke when requested by@n application. They could be permitted if they were crjeated in
differeng schemas, however.

The nexf clause will show an exdmple invocation of this procedure.

4.12 (alling the rankedEmps procedure

After thqRout i neés3 class has been installed in an SQL system and the CREATE PROCEDURE for r ankedEnps
has been) executed, the r ankedEnps procedure can be called as if it were an SQL stored procedufe. Such
a call colild be“written with any facility that defines mechanisms for processing SQL result sets (— that
is, SQL/CLBBGand SQLO0LBThe following isan-example-of sucha-callusing JDBG:

S I E=E = A= 5 o oS

java.sql.Call abl eStatenment stmt = conn.prepareCall( "{call rankedEnps(?)}");
stnt.setint(1, 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();
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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

When CILEATE PROCEDURE/FUNCTION statements are used to specify SQL names for Javaimethods, the

SQL nanjes can be overloaded. That is, the same SQL name can be specified in multiple CREATH PROCE-
DURE/FUNCTION statements. Note that support for such SQL overloading is an optional‘featu
Considef the following Java classes and methods. These are contrived routines intended only to jllustrate
overloading; the routine bodies are not shown here.
public ¢lass Overl {
publi¢ static int isCQdd (int i) {...};
publi¢ static int isCQdd (float f) {...};
publi¢ static int testOdd (double d) {...};
}
public ¢lass Over2 {
publi¢ static int isCQdd (java.sql.Timestanmp t) {.Z\};
publi¢ static int oddDateTinme (java.sql.Date d)<{{.v.};
publi¢ static int oddDateTine (java.sql.Tine t)h {...};
}

Note that the i sodd method name is overloadedsin'the Over 1 class, and the oddDat eTi me metho

is overlo

Assume

SQLJ. I N

To refer
stateme
overload
illustratd

Recall th

CREATE
LANGU
EXTER

aded in the Over 2 class.

that the above classes are in a JAR%/ cl asses/ Over . j ar, which is installed:

STALL_JAR ('file:~/classesl,Over.jar',

bnce these methods in SQL,"SQL names must be specified for them with CREATE FUNC
nts. These CREATE FUNCTION statements can specify SQL names that are overloaded. '
ing of the SQL names is completely separate from the overloading in the Java names. T
ed in the following:

"over_jar', 0)

FUNCTI.ON-0dd (| NTEGER) RETURNS | NTEGER
NGE (JAVA PARAMETER STYLE JAVA

d name

'ION
he
his is

ht the sameJavda method can be specified in multiple CREATE PROCEDURE /FUNCTION statements.

NALZ NAVE ' over _jar: Overl.isCdd';

CREATE |

LANGUACGE JAVA
EXTERNAL NAME

EUNCTH-ON-—odd(REALY RETURNS | NTEGER
PARAVETER STYLE JAVA
"over_jar:Overl.isQdd';

CREATE FUNCTI ON
LANGUACGE JAVA
EXTERNAL NAME

CREATE FUNCTI ON
LANGUACGE JAVA
EXTERNAL NAME

CREATE FUNCTI ON
LANGUACGE JAVA
EXTERNAL NAME

CREATE FUNCTI ON
LANGUACGE JAVA

14

odd (DOUBLE PRECI SI ON) RETURNS | NTEGER
PARAVETER STYLE JAVA
"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 also

the i codd mathad and two addbat aTi v mathodce of ovar2 Thatic the SOl nama odd enanc both
SO et ger vy oot e e e oS O S e ot St e oY pPett

ovelfloaded and non-overloaded Java names.

— Thel|SQL namesis_odd and t est _odd are defined on the two i sadd methods of Overq} Thatl|is, those
twoldifferent SQL names are defined on the same Java name.

The rules governing overloading are those of the SQL language as defined in ISOAEC9075-2 in|the Sub-
clauses (lefining <SQL-invoked routine>s and <routine invocation>s. This includes:

— Rulgs governing what parameter combinations can be overloaded. That is, the legality (or mot) of
the following CREATE statements is determined by SQL language rules:

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

— Ruldgs governing the resolution of calls using overloaded SQL names. That is, the determination of

“«_n

whith Java method is called by “odd( x) ” for some data item “x” is determined by SQL langugge rules.

The EXTIERNAL NAME clauses of the above CREATE’FUNCTION statements specify only the JAR name
and method name of the Java method. For example:

CREATE FUNCTI ON odd (I NTEGER) RETURNSMNSNTEGER
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'over_jar: Overl.is&dd';

The Javalmethod signature (i.e., alist of the parameter data types) of a method can also be speg¢ified in
the EXTERNAL NAME clause. For-example:

CREATE FUNCTI ON odd (I NTEGER) RETURNS | NTEGER
LANGURAGE JAVA PARANVETER STYLE JAVA
EXTERNAL NAME ' over- jar:Overl.isCGdd (int)';

The gronlp of eightiexample CREATE FUNCTION statements, shown earlier in this clause, do not require
Java method 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 N element array of String.

4.15 ]ava method signatures in the CREATE statements

Consider the following method, j ob1, which has an integer parameter and returns’a St ri ng with the job
correspgnding with a jobcode value:

public ¢lass Routines4 {
/1A String method that will be called as a function
publi¢ static String jobl (Integer jc) throws SQ.Exception™{

if {jc == 1) return "Admin";

else if (jc == 2) return "Sal es";

else if (jc == 3) return "derk";
else if|(jc == null) return null;

el s¢ return "unknown j obcode";

}
}

Note that the method name has been suffixed with:@’“1” in anticipation of subsequent variants pf the
method.

Assume [that this class has been installed in'SQL:

SQLJ. I NBTALL_JAR ('file:~/classes/Routines4.jar', 'routinesd4_jar', 0)

An SQL function j ob_of 1 definedon'the j ob1 method can also be specified:

CREATE FUNCTI ON j ob_of 1(4.6\ | NTEGER) RETURNS CHARACTER VARYI NG 20)
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'routimnes4_j ar: Routines4.jobl';

However, as writterabove, this CREATE statement is not valid. Note that the data type of the parameter
of the Jaya meth@d)j'ob1 is Java I nt eger (which is short forj ava. I ang. I nt eger ), and the SQL data type
INTEGER has-been specified for the corresponding parameter of the SQL j ob_of 1 function. However, the
detailedjrules-for the external Java form of the SQL CREATE PROCEDURE/FUNCTION statement gpecifies
that the defdult Java parameter data type for an SQL INTEGER parameter is the Java i nt data tyjpe, not
the Java I nt eger data type. Subclause 4.16, “Null argument values and the RETURNS NULL clause”,
describes some reasons why the specification of Java I nt eger rather than Java i nt 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(j c | 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

Considef the Java method j ob1 and the corresponding SQL function j ob_of 1, which were defined in
Subclauge 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 following:

SELECT pane, job_of 1(j obcode)
FROM enps
VWHERE j pb_of 1(j obcode) <> ' Adnin';

Suppose that a row of the EMPS table has a null value in the JOBCODE column. Note that the Jaya data
type of the parameter of the j ob1 method is Java | nt eger (thatis,j ava. | ang. I nt eger ). The Javall nt eger
data typg is a class, rather than a scalar data type, so itsvalues include both numeric values, and also the
null refefrence value. When an SQL null value is passed.as an argument to a Java parameter whgse data
type is a|Java class, the null SQL value is passed as ajJava null reference. Such a null reference cgn be
tested wiithin the Java method, as shown in Rout ixnes4. j ob1.

Now corlsider the following similar method, wWhich specifies its parameter data type to be the Jaya scalar
data typpg i nt, rather than the Java class I nt'eger .

public ¢lass Routines5 {
/1A Sfring nethod that wl}J-“be called as a function
publi¢ static String job2 ¢/nt jc)

nrows SQLExceptiont{

—

if {jc == 1) returp~"Admi n";
else if (jc == 2y return "Sal es";
else if (jc ==@)Treturn "derk";
el s¢ return Junknown jobcode";

}
}

Assume that this class is installed in SQL:

SQLJ. INSTALL_JAR( 'file:~/classes/Routines5.jar', 'routines5_ jar', 0)
CREATE FUNCTI ON job_of2 (jc I NTEGER) RETURNS CHARACTER VARYI NG 20)
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:

java.lang. String,java. mat h. Bi gDeci mal ,byte[ ],java.sql.Date,java.sql.Tineg,
java.sql. Timestanp, ] ava. | ang. Doubl e, ] ava. [ ang. Fl oat, ] ava. | ang. I nt eger, ) ava. | and. Short,
java. |l ang. Long,j ava. | ang. Bool ean

— Thelfollowing Java data types are scalar data types that cannot accommodate nulls.-An exc¢ption
conglition will be raised if an argument value passed as such a parameter data typ€ is null:

boollean, byt e, short,int,l ong, fl oat, doubl e

The excgption condition that is raised when an attempt is made to pass a null argument to a Javya
parameter 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 fpr which
a null indlicator variable is not specified. In both cases, the “receiving”parameter or variable is ynable to
accommjodate the actual run-time null value, so an exception condition is raised.

When Jaya methods are coded specifically for use in SQL, Java parameter data types that are the|nullable
Java datg types are usually selected. However, Java methods.ih SQL that were not coded for uselin SQL,

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

Such funlctions can be called in contexts where null'values will occur by invoking them conditionplly, e.g.,,
in CASE expressions. For example:

SELECT pane,
CASE
WHEN j obcode |'S NOT NURL_THEN job_of 2 (j obcode)
ELSE NULL
END
FROM enps
VHERE CASE
VWHEN j obcode [J'S_NOT NULL THEN j ob_of 2 (j obcode)
ELSE NULL

END<> ' Adm_ni~strator';

Such CABE expressions can be made implicit, by specifying the RETURNS NULL ON NULL INPUT option
in the CREATE FUNCTION statement:

CREATE EUNCTION job of22 (jc | NTEGFR) RFTURNS CHARACTER VARYI NG 20)
RETURNS NULL ON NULL | NPUT
LANGUAGE JAVA PARAMETER 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.

The altefnative to the RETURNS NULL ON NULL INPUT clause is CALLED ON NULL INPUT, whikh is the
default.

The sar;f Java method can be specified in multiple CREATE FUNCTION statements (i.e.,; defining SQL
synonyms), and those CREATE FUNCTION statements can either specify RETURNS NULEON NULLINPUT
or CALLED ON NULL INPUT, as illustrated by the above j ob_of 2 and j ob_of 22.

If multigle SQL functions named j ob_of 22 (with different numbers and/or typé€s of parameterg) are
created, there can be specifed (or defaulted to) CALLED ON NULL INPUT in same of the CREATE FUNCTION
j ob_of 2p statements, and specify RETURNS NULL ON NULL INPUT in othér’s: The actions of the RETURNS
NULL OIN NULL INPUT clause are taken after overloading resolution has-been done and a parti¢ular
CREATE|FUNCTION statement has been identified.

The RETJURNS NULL ON NULL INPUT and CALLED ON NULL INPUT clauses can only be specifi¢d in
CREATE|FUNCTION statements, that is, not in CREATE PROEEDURE statements. This is becausg there is
no equivalent conditional treatment of procedure calls that would be as generally useful.

4.17 S$tatic variables

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

public ¢lass Routines6 {
stati¢ String jobs;
publi¢ static void setJebs (String js) throws SQ.Exception {jobs=js;}
publi¢ static StringA4ob3(int jc) throws SQLException {
if {jc <1]|| jee* 5 > length(jobs)+1l) return "lInvalid jobcode";
el s¢ return jobs.substring(5*(jc-1), 5*jc);
}
}

Assume that¢this class is installed in an SQL system:

- Vg . : : ' ' : ; ' .
SQ_J||\I TALL 'IAD( fllc\.»-lr‘l:!CCQCID(\II"IT\C\CR.JIQF ; rnllflnnc{-‘._} aF— ﬂ),

The class Rout i nes6 has a static variable j obs, which is set by the static method set Jobs and referenced
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
VWHERE j ob_of 3(j obcode) <> 'Adnmin';

cifies a
ent and
used in Jubsequent calls of j ob_of 3. However, since the scope of the static variable j obs in‘the $QL-
environiment is implementation-dependent, the answers to the following questions regarding the values
passed tp the set _j obs procedure are likely to differ across implementations:

— Isthe set _j obs value visible only to the current session? Or also to concurrént sessions andl to later
nontconcurrent sessions?

— Doep the set _j obs value persist across a COMMIT? Is it reset by a ROLEBACK?

The implication of this uncertainty is that classes that assign to staticvapiables in SQL should not/be used.
Note, however, that such assignments will not (necessarily) be detected by the SQL-implementation,
either when executing CREATE PROCEDURE/FUNCTION or whena 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 for;Java methods have been created, those SQL names dan be
dropped with a normal SQL DROP statement:

A DROP statement has no effect on the Java method (or class) on which the SQL name was defiited.
ing an SQL procedure or. function implicitly revokes any granted privileges for that routine.

4.19 RemovingjJava classes from SQL

JAR files|can(be completely removed with the SQLJ. REMOVE_JAR procedure. For example:

SQLJ. REMOVEJAR(Toutines_jar , 0y,

As noted earlier; JARs can contain deployment descriptors, which specify implicit actions 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.

— CR
SQL

— CR
fun

The rul
erence
rules for
views, S
tion be d

Thus, if t
that dirdg
those itd

The sQ_{
install, W
droppin

For exan
installed

SQLJ. I N
That JAR

SQLJ. REl

TE PROCEDURE/FUNCTION statements for SQL procedures and functions that invek
procedures and functions.

TE VIEW/TABLE statements for SQL views and tables that invoke those §QL procedu
tions.

for the SQLJ. REMOVE_JAR procedure require that all SQL procedure/functions that dir
ethods of a class must be dropped before the JAR containing thelass can be removed.
RESTRICT, as specified in the SQL <drop routine statement>,reqlire that SQL objects
DL-server modules, and routines whose bodies are written inSQL) that invoke a procedu
ropped before the procedure/function can be dropped.

he SQLJ. REMOVE_JARand SQLJ. | NSTALL_JARprocedures are used to replace a JAR, the SQ
ctly or indirectly depend on the methods of the classes in the JAR have to be dropped H
ms can be re-created.

. REPLACE_JARprocedure avoids this requirenent, by performing an instantaneous ren
rith suitable validity checks. Thus, the SQ@."REPLACE_JAR procedure can be called with
b the dependent SQL objects.

1ple, in Subclause 4.5, “Installing region and correctStates in SQL”, the class of Rout i nes
with the following statement:

STALL_JAR( 'file:~/classes/Routinesl.jar', 'routinesl_jar', O0)

can be replaced with a statement such as:

PLACE_JAR( 'file:~/revised_classes/Routinesl.jar', 'routinesl jar')

Note tha

the JAR nameis required to be the same. It identifies the existing JAR, and subsequently i

the replacement JAR=-The URL of the replacement JAR can be the same as or different from the
the original JAR.

In the general-case, there will be classes in the old JAR that are not in the new JAR, classes that ar]

b those

res and

bctly ref-
And, SQL
(tables,

re/func-

. objects
efore

hove and
ut first

1 was

dentifies
JRL of

e in both

JARs, and cldsses that are in the new JAR and not in the old JAR. These are referred to respectiv
unmatched old classes, matching old/new classes, and unmatched new classes.

The validity requirements on the replacement JAR are:

ply as

— 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 SQ.]
methods
in SQL. The notion of visible classes and methods is based on the concept of mappable dataxtypges. They
may be yummarized as follows:

— AJaya data type is mappable to SQL (and vice versa) if and only if it has a corrésponding SQL data
typd, or it is an array that is used for OUT parameters, or it is an array thatds-used for resulf sets.

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

A Java mlethod is visible in SQL if and only if it is publ i ¢, st at i ¢, and-mappable.

Only the]visible installed methods can be referenced in SQL. Other methods simply do not existjin SQL.
Attemptp to reference them will raise implementation-defined syntax errors such as unknown pame.

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

4.22 Exceptions

SQL excéption conditions are defined for-the SQL/JRT procedures. For example, if the URL argument
specified in calls to SQLJ. I NSTALL_JAR Or'SQLJ. REPLACE_JAR (etc.) is invalid, an SQL exception condition
(j ava. sql . SQLExcept i on) with a specified SQLSTATE will be raised. These exception conditionf are
specified in the definitions of the procedures. Java exceptions that are thrown during execution|of a Java
method fn SQL can be caught within Java, and if this is done, then those exceptions do not affect SQL
processing.

Any Javd exceptions that are uncaught when a Java method called from SQL completes will be returned
in SQL ap SQL exception conditions.

For example, in.Subclause 4.4, “Example Java methods: region and correctStates”, the Java method Rou-
ti nesl. fegi enwas defined. And, in Subclause 4.6, “Defining SQL names for region and correct$tates”,
the SQL funetion name r egi on_of was defined for the Java method Rout i nes1. r egi on.

The Java method 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
string:

"Invalifl state code'

The megsage text and SQLSTATE may be specified in the Java exception specified in the Javat hrjow
statement. If that exception does not specify an SQLSTATE, then the default SQL exception condition for
an uncauyght Java exception is raised.

When a |ava method executes an SQL statement, any exception condition raised,in the SQL statement
will be rpised in the Java method as a Java exception that is specifically the SQ'Except i on subcldss of the
Java Except i on class. The effect of such an SQL exception condition on the outer SQL statement that called
the Java method is implementation-defined. For portability, a Java methed.that is called from SQL, that
itself exgcutes an SQL statement, and that catches an SQLExcept i on fromjthat inner SQL statement should
re-throw that SQLExcept i on.

4.23 Deployment descriptors

When a JAR containing a set of Java classesis installedinto SQL, one or more CREATE PROCEDURE/FUNC-
TION stqtements must be executed before the static methods of those classes can be called as SQL proce-
dures anld functions. And, appropriate GRANTstatements for the SQL names created by those (REATE

PROCEDURE/FUNCTION statements shouldbe performed. When a JAR is later removed, correfponding
DROP PROCEDURE/FUNCTION statements and REVOKE statements must also be executed.

Ifa]JARi$ expected to be installed in seyeral SQL systems, the various CREATE, GRANT, DROP, and REVOKE
statements will often be the samg€ for each such SQL system. One way such installation and removal
actions ¢ould be simplified are:

— Proyide methods calléd)“af t er | nst al | ” and “bef or eRenpve” to be executed as an “install script” and
“remove script”, petforming such actions as the following:

¢ [Theafterdnstal | method: The CREATE and GRANT statements that are to be performied when
the JAR s installed.

¢ [The'bef or eRemove method: The DROP and REVOKE statements (the inverse of the actions of the
affer | nst al | method) that are to be performed when the JAR is removed. OI

Thatis, theafterl nstal | and bef or eRenove methods would use SQL/OLB or JDBC to invoke SQL 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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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_renove procedures. Note that this action cannot be
in the bef or eRenove procedure itself.

included

e [Cattthe SQCo REMOVE_JAR PTOCEQUTE.

Note thalt this simplification of the install and remove actions still requires several manual steps.
thereforp provides a mechanism, called deployment descriptors, that can be used to specify the

SQL/JRT
5QL

statements that are to be executed implicitly by the SQLJ. | NSTALL_JARand SQLJ. REMOVE“JARprdcedures.

If the deployment descriptors in a JAR are to be interpreted when the JAR is installed and removyed, then

non-zer¢ value is specified for the depl oy parameter of the SQLJ. | NSTALL_JAR procedure and s

milarly

for the undepl oy parameter of the SQLJ. REMOVE_JARprocedure. IfaJAR contains a deployment dgscriptor,
then thelSQLJ.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 detérinine the DROP and REVO
ments tq execute before it removes the JAR and its classes.

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

For example, suppose that have incorporated the abogve classes Rout i nes1, Rout i nes2, and Rout
have begn incorporated into a single JAR. The following is a possible deployment descriptor the
be inclugled in that JAR.

Notes:

— Within a deployment descriptor-file; the JAR name “t hi sj ar” is used as a placeholder JAR 1
the EXTERNAL NAME clausesof CREATE statements.

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

SQLActipns[ ] ={
"BEG N | NSTALL
CREATE PROCEDWRE' correct _states (old CHARACTER(20), new CHARACTER(20))
MPDI FI ES _SQ= DATA
LANGUAGE\JAVA PARAMETER STYLE JAVA
EKTERNAL NAME 'thisjar: Routinesl.correctStates';
GRANT/EXECUTE ON correct _states TO Baker;

KE state-

bxecuted
the JAR

i nes3
t might

ame in

CREATEYFUNCTI ON r egi on _of (st ate CHARACTER(20)) RETURNS | NTEGER

NO SQL
LANGUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 't hisjar: Routinesl.region';
GRANT EXECUTE ON regi on_of TO PUBLI C
CREATE PROCEDURE best2 (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;
DROP PROCEDURE correct_states RESTRICT;
REVOKE EXECUTE ON regi on_of FROM PUBLI C RESTRI CT;

DL OT
FUINC T u\l 1 CUI UTl UI r\I_OIr\I \/I,

REVOKE EXECUTE ON best2 FROM Baker, Cook, Farnmer RESTRICT;
DROP PROCEDURE best 2 RESTRI CT;
REVOKE EXECUTE ON or dered_enps FROM PUBLI C RESTRI CT;
DROP PROCEDURE or der ed_enps RESTRI CT;
END REMOVE"

}

Assume fhatdepl oy_routi nes. t xt is the name of a text file containing the above deployment dejscriptor.
A JAR would be built containing the following:

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

— A mpnifest file with the following manifest entry:

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

This manifest entry identifies the file depl oy_r outirnes. t xt as a deployment descriptor in the JAR, for
theSQLJ |I NSTALL_JAR and SQLJ. REMOVE_JAR pracedures to interpret.

Deploynpent descriptor files can contain syntax errors. In general, any error that can arise in a C(REATE
or GRANT statement can occur in a deployment descriptor file.

It may bg desirable to install a JAR:that contains a deployment descriptor file without performipg the

deployment actions. For example, those actions may contain syntax errors, or may simply be inappropriate
for somg SQL system. This can be done by specifying a zero value for the depl oy parameter of the
SQLJ. I NBTALL_JARprocedure; and a zero value for the undepl oy parameter of the SQLJ. REMOVE |JAR pro-
cedure.

4.24 Paths

I th nnnnnnnnnnnnn thao avganla TADC o d +h At Towyo Aloccng pnfaranoand At A Togg Aloccng th
n e pl \.\.\.\.,{1115 \.IQMD\,O, CIIC \,AClllllJl\' Jﬂl\o dlTu LIIcIr J(]VCl CidooLo TUICIUIICUC U ULIIvT J(]VCl CIdooLC S n e

packagesj 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:

— Whe¢n a JAR is installed, any references within the classes of that JAR to system classes,@r'tp classes
that{are contained in the same JAR, will be implicitly resolved.

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

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

— Whe¢n SQL routines defined on Java methods are called, exceptions for'unresolved class refgerences
may] occur at any time allowed by Java.

Invoking 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
exalrple, a class that has display-oriented or interactive methods that are used in other Java;enabled
environments, but not within an SQL system.

To resolye 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_jarl), '(project.*, project_jar)');

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

The SQLJ. ALTER JAVA PATH procedure has two arguments, both of which are character strings.|In a call
SQLJ. ALTER JAVA PATH(JX, PX).:

— JXidthe name of the JAR for which a path is to be specified. This is the JAR name specified in the
INSTALL_JAR procedure.

— PXip the path©fJARs in which unresolved class names that are referenced by classes contdined in
JX are to be.resolved. The path argument is a character string containing a list of path eleménts (not
comma-geparated). Each path element is a parenthesized pair (comma-separated), in which the first
item) is.a pattern, and the second item is a JAR name.

Suppose that at runtime, some method of a class C that is contained in JAR JX is being evaluated. And,
suppose that within the execution of class C, a reference to some other class named XC is encountered,
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.
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— 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.

— When executing within property_j ar, classes that are in the pr oj ect package will be resolved in
project_jar.

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

Note that if a class C contained in property_j ar directly contains a reference to a class/AC contgined in
admi n_j ar, then that reference to AC will be unresolved, since adni n_j ar is not spécified in the path for
property_j ar.But, if that class C invokes a method pr oj ect . C2. Mof a class contained in proj edt _j ar,
and pr ojlect . 2. Mreferences class AC, then that reference to AC will be resolved’in adni n_j ar, fince
admi n_j ar is specified in the path for pr oj ect _j ar. That is, while class C isbeing executed, the path
specified for property_j ar is used, and while class C2 is being executed, the{path specified for pr ojlect _j ar
is used. Thus, as execution transfers to classes contained in different JARs, the current path chaphges to
the path|specified for each such JAR. In other words, the path specified for a JAR ]J1 applies only|to class
references that occur directly within the classes of J1, not to class'references that occur in somg class
containgd in another JAR that is invoked from a class of ] 1.

The path specified in a call of the SQLJ. ALTER_JAVA_PATHPptrocedure becomes a property of the gpecified
JAR. A gilven JAR has at most one path. The path (if any)-for a JAR applies to all users of the clasges and
methodg in the JAR.

When thle 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-
mentati¢n-defined.

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

The path facility is an optional.feature.

4.25 Privileges

The SQL|{privilége system is extended for SQL/JRT.

First, the S@Ebuild=inproceduresareconsideredtobe SQt=schemastatements;andassuchrequire
implementation-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 exte

rnal 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.

— US

— USER_DEFINED_TYPES is augmented to include information about external Java types.

In additi
views:

— JAR]
— ROU
— TYP
These In

E_PRIVILEGES contains information on USAGE privileges granted on JARs.

n, the usage of JARs by routines, types, and other JARs is shown in a collection'of new|usage

JAR_USAGE lists the JARs used in the SQL-Java path of a given JAR.
TINE_JAR_USAGE names the JAR used in an external Java routing,
E_JAR_USAGE names the JAR used in an external Java type.

formation Schema views are optional features.
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5.1 Overview

This tutiirial clause shows a series of example Java classes and their methods, and shows how they can

be insta

5.2

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

A Java clpss that will be used as a data type in SQL must implement either the Java interface

ed in an SQL system and used as data types in SQL.

Example Java classes

The|Addr ess class represents street addresses in the USA, with astx eet field containing a $treet
namle 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. Itradds one additional field, named | i ne2,
whith would contain data such as an apartment numbert

The|Addr ess and Addr ess2Li ne classes both have thefollowing methods:
e |A default niladic constructor.

e |A constructor with parameters.

e |AtoString method to return a stririgirepresentation of an address.

The|Addr ess and Addr ess2Li ne clasSes are both specified to implement the Java interfaces
java.io. Serializabl e andjava.lsgl . SQ.Dat a.

java.io|Serializabl e or the Java interface j ava. sql . SQLDat a or both. This is required to trangfer class

instances between JVMs andibetween Java and SQL.

It is assymed that the import statementsi nport java.sql.*; andjava. mat h. *; have been induded in

all classgs.

The follgwing is.the text of the Addr ess class:

public ¢lass Address inplenents java.io.Serializable, java.sql.SQData {

publLic String street:
public String zip;
public static int recommendedW dth = 25;
private String sql _type; // For the java.sql.SQ.Data interface
/1 A default constructor
public Address ( ) {
street = "Unknown";
zip = "None";
}
/1 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);

}
/1 A static nethod to deternmine if two addresses
// nIC ;II al;t:lllct;ba::y \,Ullt;uuuub LZUTITOS.
public static String contiguous(Address al, Address a2) {
i1 (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");
}

/'l Java.sql.SQ.Data inplementation:
public void readSQ (SQInput in, String type)
throws SQLException {

sfil _type = type;
sfreet = in.readString();
z{p = in.readString();

public void witeSQ (SQQutput out)
throws SQLException {

it . writeString(street);

it . writeString(zip);

o O

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

=

}

The follgwing is the text of the Addr esis2Li ne class, which is a subclass of the Addr ess class:

public ¢l ass Address2Li ne extends Address

i mpl ements java.i©Q.Serializable, java.sql.SQData {
public String line2;

/1 A default constructor

public Address2Line () {

iper () ;

ne2 = "X

- 0

}

/1 A constructor with paraneters

publi<€-Address2Line (String S, String L2, String 2) {
street = §;
line2 = L2;
zip = Z

/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 {
super.witeSQ.(out);
out.witeString(line2);

}

//The follow ng class and method is used only internally in the above Java\ netfhods.
//Ap SQL function is not defined for this nethod.
public ¢lass Msc {
/'l fenove | eading blanks froma String
public static String stripLeadi ngBl anks(String s) {
i pt scan;
br (scan=0; scan < s.length() ; scan++)
if ( !java.lang. Character.isSpace(s.charAt(scan)) )
br eak;
(scan == s.length() ) return"";
se return s.substring(scan);

—_ —

o —

5.3 Installing Address and Address2Line in an SQL system

To install classes such as Addr ess and Addr ess2Li ne in an SQL system, Clause 4, “Routines tutotial”,
specified the process to be used. The source.¢ode for the classes will be in files with file-type j a\a, which
are compiled using the j avac command to produce object code files with file-type cl ass. Thos¢g cl ass
files are then assembled into a Java JAR'With file-type j ar, and that JAR is placed in a directory fpr which
a URL cqn be specified. Assume thatf;i1 e: ~/ cl asses/ Addr Jar . j ar is such a URL. Now, the clasges can
be installed into an SQL system by calling the SQLJ. | NSTALL_JARprocedure that was described in Clause 4,
“Routings tutorial”:

SQLJ. I NBTALL_JAR ('fil'e:~/cl asses/ AddrJar.jar', 'address_classes_jar', 0);

5.4 CREATE'TYPE for Address and Address2Line

Before ajJava class can be used as an SQL data type, SQL names must be defined for the SQL datpa type
and its fields and methods. This is done with extended forms of the SQL CREATE TYPE statement.

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'
LANGUACGE JAVA

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

STATI C METHOD rec_wi dth ()
RETURNS | NTEGER
EXTERNAL VARI ABLE NAME ' r ecommendedW dt h' ,
CONSTRUCTCR METHCD addr ()
RETURNS addr SELF AS RESULT

1AL N !

Ej
CON

MVE

MU>mMIOu-dmMmxu-4ma

CREATE

S > mCcC

8,28

Rl
Ejl
MVET
Rl
Ejl
These C]
ISO/IEC

EXTERN
TION st

TLININAL T TNAIVE AUUT TO O 3y

STRUCTOR METHOD addr (s_par m CHARACTER VARYI NG 50),
z_par m CHARACTER( 10))

FTURNS addr SELF AS RESULT

KTERNAL NAME ' Address',

HOD to_string ()

ETURNS CHARACTER VARYI NG 255)

KTERNAL NAME 'toString',

HOD r enpve_| eadi ng_bl anks ()

FTURNS addr SELF AS RESULT

KTERNAL NAME ' r enoveleadi ngBl anks',

[l C METHOD conti guous (Al addr, A2 addr)

FTURNS CHARACTER( 3)

KTERNAL NAME ' conti guous';

'YPE addr_2_line

NDER addr

KTERNAL NAME ' address_cl asses_j ar: Addr ess2Liné’
ANGUAGE JAVA

5 (

p2_attr CHARACTER VARY!I NG (100)>, EXTERNAL NAME 'l ine2' )
STRUCTOR METHOD addr_2_line ()

FTURNS addr_2_line SELF AS RESULT:

KTERNAL NAME ' Address2Li ne',

STRUCTOR METHOD addr _2_line (s2parm CHARACTER VARYI N& 50),
s2_par m CHARACTER( 100),
z_parm CHARACTER(10))
FTURNS addr_2_1ine SELENAS RESULT

KTERNAL NAME ' Addr ess2Lli ne' ,

HOD strip ()

FTURNS addr _2_| i-ne~SELF AS RESULT

KTERNAL NAME ' rempveleadi ngBl anks' ;

REATE TYPE:statements are an extension of the SQL CREATE TYPE statement as defing
9075-2, inthe definition of <user-defined type definition>. The above extensions add
L clauses; which are patterned after the EXTERNAL clause of the SQL. CREATE PROCEDUR
emeént; and the METHOD clauses, which are patterned after SQL CREATE PROCEDURE/FU

stateme

d in

he
E/FUNC-
NCTION

NtS¢

In this document, the basic elements of these CREATE TYPE statements are described, and later sections
discuss the following less intuitive 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

that

32

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
must be the same as the SQL data type name. That is, the same conventions for constructor function calls
are used in SQL as in Java.

SQL dat3g types such as addr and addr _2_1 i ne that are defined on Java classes are referred t0 as|external
Java datg 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 exammple:

CREATE [YPE anot her _addr

EKTERNAL NAME ' address_cl asses_j ar: Addr ess'

LANGUAGE JAVA

AB (

zi p| part CHARACTER( 10) EXTERNAL NAME ' zi p',

street _part CHARACTER VARYI NG(50) EXTERNAL NANE 'street')
STAJI C METHOD rec_wi dth_part () RETURNS | NTEGER
EXTERNAL VARI ABLE NAME 'recommendedW dt,h™,
CONBTRUCTOR METHOD anot her _addr ()

RETURNS anot her _addr SELF AS RESULT

EKTERNAL NAME ' Address',

CONBTRUCTOR METHOD anot her _addr (§“par m CHARACTER VARYI NG 50),
Zz_par m CHARACTER( 10))
RETURNS anot her _addr SELF.AS“RESULT

EKTERNAL NAME ' Address',

METHOD string_rep ()

RETURNS CHARACTER VARYI NG 255)

EKTERNAL NAME 't oStking',

STAJI C METHOD conti g) (Al anot her _addr,

A2 anot her _addr)

RETURNS CHARAGTER( 3)

EKTERNAL NAME ' conti guous';

The SQL|data type anot her _addr is a different data type than the addr data type. The two data types are
not comparable, assignable, or union compatible. An SQL data type that is a subtype of the anot er _addr
type for[2]ihe” data can be included or omitted. If such a subtype is defined, with a name such|as

anot her _2_1 i ne, then instances of anot her _2_| i ne are specializations of anot her _addr, and not of addr .

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:
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CREATE TYPE conpl et e_addr
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 ()
RETURNS | NTEGER
EXTERNAL VARI ABLE NAME 'reconmendedW dt h',

CO\LSTRUCTG rV'I:T: iOD bUII}J: Ct c_au:dl ()
RETURNS conpl et e_addr SELF AS RESULT
EKTERNAL NAME ' Address2Li ne',
CONBTRUCTOR METHOD conpl et e_addr (s_parm CHARACTER VARYI NE 50),

> M 0

ST.

MmO

Note that this CREATE TYPE includes attribute and method definitions for attributes and metho

supercla
CREATE

clause, then the CREATE TYPE can only include attributes and methods of its immediate subjed

class.

The sub

assume that a hierarchy of classes'Per son, Enpl oyee, Manager, and Di r ect or have been installed

eachisa

—  Per{
mern]

— Any
sup¢

— Mang

ETURNS conpl et e_addr SELF AS RESULT
KTERNAL NAME ' Address2Li ne',
[l C METHOD conti guous (Al conpl et e_addr,

RETURNS CHARACTER( 3)

EKTERNAL NAME ' conti guous',
METHOD to_string ()

RETURNS CHARACTER VARYI NG 255)
EKTERNAL NAME 'toString',
METHCD strip ()

s2_par m CHARACTER( 100),
z_parm CHARACTER(10))

A2 conpl et e_addr)

ETURNS conpl et e_addr SELF AS RESULT
KTERNAL NAME ' r enpoveleadi ngBl anks' ;

ss, Addr . Such superclass attributes andsmmethods can be included in a CREATE TYPE or
TYPE does not specify UNDER. That ispif a CREATE TYPE specifies a supertype with an

subclass of the preceding’SQL data types for the following subsets of the classes can be

nbers of its subject]ava class.

one of Person, Enpl oyee, Manager, or Di r ect or. That type can include members from a
brclasses.

ger @nd Di r ect or : The SQL data type for Manager can include members from Per son and B

The

ds of the
ly if the
UNDER
t Java

ets of the classes that can be'specified in CREATE TYPE statements are restricted. For ¢xample,

, where
defined:

on, Enpl oyee, Manager, and Di r ect or : This is the full subset. Each SQL data type can include only

hy of its

npl oyee.

SQL-data type for Di r ect or can include only members of Di r ect or.

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

The

SQL data types for Manager and Di r ect or can include only members of those classes.

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

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

subj

ect 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:

— Person and Manager, or Per son, Manager, and Di r ect or.

34
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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 defmed This also can be done for subtype hierarchies. For example let P;, E;, M;,

and D; be 3 er 1, each
type is d flned to be a subtype of the precedlng i type SQL data types can be defmed such as;

— E13nd M1, and P2 and E2. That is, M1 is defined to be a subtype of E1, and E2 is defired tg be a
subtype of P2. In this case, E1 and E2 are different types. Instances of E1 are not specializations of
P2.

— P1,E1,and M1, and M2 and D2. That is, E1 is defined to be a subtype of P4, M1 is defined tp be a
subtype of E1, and D2 is defined to be a subtype of M2. In this case, M1 and M2 are differert types.
Insthnces of M2 are not specializations of either P1 or E1, and instanc€s of D2 are not specializations
of either P1, E1, or M1.

5.7 GRANT and REVOKE statements for data types

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

CGRANT| USAGE ON TYPE addr TO PUBLI C,
GRANT| USAGE ON TYPE addr _2_|ine TQO. adm n;

The synfax and semantics for GRANT and REVOKE of the USAGE privilege for user-defined typgs are as
specified in ISO/IEC 9075-2, and ar€ not further described by SQL/JRT.

5.8 Deployment descriptors for classes

It may b desirabl€ to'perform the same set of SQL CREATE and GRANT statements in any SQL pystem
in whichla given JAR of Java classes is installed, together with the corresponding SQL DROP and REVOKE
statements when that JAR is removed. This process can be automated by specifying those SQL st3gtements
ina deployment descrlptor flle in the JAR. A deployment descrlptor file contains a list of CREATE and
GRANTSskate stalled, and a lis REVOKE 3 R >

to be executed when the ]AR 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')
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STATI C METHCOD rec_wi dt h()
RETURNS | NTEGER
EXTERNAL VARI ABLE NAME ' recommendedW 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
EXTERNAL NAME ' Address',
METHOD to_string ()

RETLIRAG  OLIADACTCOS A AN/ A, O )
ML TUNNO - UHANVAUTEIN VAIRTT NGO 299

EXTERNAL NAME 'toString',

METHOD r enpve_| eadi ng_bl anks ()

RETURNS addr SELF AS RESULT

EXTERNAL NAME ' renoveleadi ngBl anks',

VETHOD 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 (
ine2_attr CHARACTER VARY!I NG(100) EXTERNAL NAME 'line2' )
CONSTRUCTOR METHOD addr _2_1ine ()

RETURNS addr _2_l| i ne SELF AS RESULT

EXTERNAL NAME ' Address2Li ne',

CONSTRUCTOR METHOD addr _2_l i ne (s_patrm CHARACTER VARYI NG 50),
s2, par m CHARACTER( 100) ,
2_par m CHARACTER( 10) )

RETURNS addr _2_l| i ne SELF AS“RESULT

EXTERNAL NAME ' Addr ess2Lixne’ ,

VETHOD strip ()

RETURNS addr _2_| i ne _SELF AS RESULT

EXTERNAL NAME ' renoveleadi ngBl anks' ;

GRANT USAGE ON TYPE @ddr_2_line TO admi n;
END | NSTALL",
"BEG N REMOVE
REYOKE USAGE ON“FYPE addr _2_I|i ne FROM admi n RESTRI CT;

DROP TYPE addr22_|ine RESTRICT,;

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 SQL type can be used to create a typed table. Other tables can then reference the objects in the typed
table. This representation allows the objects in the typed table to be shared (i.e., referenced from multiple
objects)

For example, objects of type addr could be stored in a typed table addr esses and referenced from one or
more other tables:

CREATE TABLE addresses OF addr (

REF| 1S id SYSTEM GENERATED )
CREATE TABLE comnpani es (

namg CHARACTER VARYI NG 100),

addfess REF(addr) SCOPE addresses
)
CREATE TABLE enps2 (

nang CHARACTER VARYI NG 30),
hong_addr REF(addr) SCOPE addresses,
mai |i ng_addr addr_2_line

)

In a typqd table such as addr esses, each attribute of the\type becomes a separate column of thg same
name injthe typed table. In addition, the typed table has an implicit identifier column, which id¢ntifies a
row (i.e.[, an object) in the table. In the example abéve, the name of this column is i d and the values for
the colujnn are automatically generated by the database system. ISO/IEC 9075-2 supports additional
generatipn mechanisms for object identifiers;which can be defined through extended syntax ir] the
CREATE|TYPE statement.

Referendes to the objects of the addr essestable can be stored in columns of type REF( addr ) . The definition
for thesg¢ columns also identifies theladdr esses table as the scope of the reference column.

5.10 $ELECT, INSERT, and UPDATE

After SQL/JRT columns such as enps. hone_addr and enps. mai | i ng_addr have been specified, the values
that are pssigned to those columns must be Java instances. Such instances are initially generated by calls
to constfuctor methods, using the NEwoperator as in Java. For example:

| NSERT | NTO enps VALUES (_ "John Doe'. NEWaddr(). NEWaddr_2 line() )
| NSERT | NTO enps VALUES ( 'Bob Smith', NEWaddr('432 Elm Street', '95123'),
NEW addr _2_|ine(' PO Box 99', "attn: Bob Smith', '99678') )

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")

Reference values can be obtained either directly from the referenced table (using the identifier column),

or from ptherreferencecolumnsForexamplethefellowingstatementobtainsareferencevalye stored
in the companies table and inserts it into the enps2 table. This results in a situations where the ad{ir object
is “shardd” by multiple referencing parties, thereby avoiding multiple redundant copies ofthe’sqme addr

object.

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

5.11 Referencing Java fields and methods in SQL

It is posgible to invoke the methods and reference and update the fields of SQL/JRT columns such as
enps. hofre_addr and enps. mai | i ng_addr using SQL field qualification.

SELECT hone_addr.to_string(), mailing_addr.to string()
FROM enps

VWHERE ngne = 'Bob Smith';

SELECT pane, hone_addr. zip_attr

FROM enps
VWHERE hone_addr. street_attr= '456 _Shoreline Drive';
UPDATE enps

SET| hone_addr. street _attr -=5457 Shoreline Drive',

home_addr. zi p_attr = ',99323'
VWHERE hone_addr.to_string() LIKE ' %56%shore% ;

It is also|possible to access ¢columns of objects in typed tables and invoke methods on objects i typed
tables tHrough references)by using the dereference operator (“- >”

SELECT panme, maidj-Ag_addr->to_string()
FROM enps2

WHERE nanme =<"Bob Smith';

SELECT papey,~/nuiling_addr->street_attr
FROM enps2

VWHERE mai | 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 striplLeadi ngBl anks(Address a) {
return a.renovelLeadi ngBl anks() ;
}
/1 A function version of the renovelLeadi ngBl anks net hod of Addr2Li ne.
public static Addr2Li ne striplLeadi ngBl anks(Addr2Li ne a) {
return a.renovelLeadi ngBl anks() ;
}
}
CREATE FUNEH-EN-—strpta—addr —REFORNS —=addt
LANBUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'address_classes_jar:Utility.stripLeadi ngBl anks';
CREATE FUNCTION strip(a addr_2_line) RETURNS addr_2_line
LANBUAGE JAVA PARAMETER STYLE JAVA
EXTERNAL NAME 'address_classes_jar:Utility.stripLeadi ngBl anks';

Note thaf the CREATE FUNCTION statement has no syntax to indicate that the referenced method gpecifies
SELF AS|RESULT. Because the referenced methods omit that specification, the two st ri p functipns both
return cppies of their input parameters.

5.13 Logical representation of Java instances in-SQL

Subclauge 5.10, “SELECT, INSERT, and UPDATE”, showed €hat the values assigned to such SQL/JRT
columng are assigned from other SQL/JRT columns or frtem the results of calling Java constructprs or
other m¢thods. Hence, the values assigned to SQL/JRT columns are ultimately derived from values con-
structed|by Java methods in the JVM. Such values.are represented in SQL/JRT columns by a valye that is
obtained from either the Java interface j ava. i o, Seri al i zabl e or the Java interface j ava. sql . §QLDat a.
One or both of those interfaces must be implemented by a Java class that is used as a data type n SQL.
The value obtained from that interface is effectively a copy of the Java instance.

For example:

I NSERT | NTO enps
VALLES ( 'Don Green', NEW addr('234 Stone Road', '99777'),
NEW addr _2 <i\ne() );

The addr| constructor method with the NEW operator constructs an addr instance and returns a reference
to it. Hoyever, since thetarget is an SQL/JRT column, the SQL system uses the interfacej ava. i o.|Seri al -
i zabl e drj ava. sgi¢"SQLDat a to obtain data that is effectively a copy of the new Java value, and ¢opies

that valye into the‘new row of the enps table.

The addi_2_I'"ne constructor method operates the same way as the addr method, except that it returns
a defaultinstance rather than an instance with specified parameter values. The action taken is, however,

the same 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 = stri p(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 ndBl anks.
The parameter data type of the function is the addr data type. When the hone_addr golumn is ppssed as
an argurhent, the value in the current row is reassembled into the JVM, and a referenceto the reassembled
value is passed to the method Wi lity. stripLeadi ngBl anks. The result of thatfunction is of ddta type
Addr ess|{ which corresponds with the SQL data type addr . The Java interface j'ava. i o. Seri al i zpbl e or

j ava. sq| . SQLDat a is applied to this returned value, and the result is copied back into the column.

Finally, donsider the role of SQL nulls. For example:

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

The INSERT statement specifies no values for the horre_addy or mai | i ng_addr columns, so thosecolumns
will be spt to the null value, in the same manner as any other SQL column whose value is not spé¢cified in
an INSERT. This null value is generated entirely in SQL,and initialization of the mai | i ng_addr cplumn

does nof involve the JVM at all.

5.14 $tatic methods

The methods of a Java class can be'specified as either STATIC or non-STATIC. For example, in the|Addr ess
class, the¢ t oSt ri ng method is non-STATIC and the cont i guous method is STATIC.

The METHOD clauses of SQE.CREATE TYPE statements can also specify that a method is STATI( or
non-STA[TIC. For example; the CREATE TYPE for the addr SQL type specifies thatt o_st ri ng is a non-STATIC
method pnd cont i guous.is a STATIC method.

In Java and SQL, atfon-STATIC method is referenced by qualification on an instance of the class}type.
For example, asstime that JAI and SAI are respectively Java and SQL variables of type/class Addrless or
addr. The t oSt ri ng ort o_st ri ng methods of those instances are referenced by the expressiong
JAl . toStnag() or SAl.to_string() .

In Java, a STATIC method can be referenced by qualification on either the class or on an instance of the
class. For example, the cont i guous method can be referenced as either Addr ess. conti guous(...) oras
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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