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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commlssmn) form the spemahzed system for worldw1de standardlzatlon Natlonal bodles that are members

established by the respectlve organlzatlon to deal W1th partlcular fields of techmcal act1v1ty ISO and 1EQ
techhical committees collaborate in fields of mutual interest. Other international organizations, goyetnmgntal
and pon-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information
techhology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

Thelprocedures used to develop this document and those intended for its further maintenance are describ

bd in

the ISO/IEC Directives, Part 1. In particular the different approval criteria needed forthe different types|of
docyment should be noted. This document was drafted in accordance with the editorial rules of the ISO/[EC

Dirdctives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of pafent
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights. Details of finy
patent rights identified during the development of the document will be ia the Introduction and/or on the [[SO

list ¢f patent declarations received (see www.iso.org/patents).

Any]|trade name used in this document is information given forthe convenience of users and does not
congtitute an endorsement.

For an explanation on the meaning of ISO specific terms‘and expressions related to conformity assessment, as

welllas information about ISO's adherence to the Wornld Trade Organization (WTO) principles in the
Teclnical Barriers to Trade (TBT) see the followingURL: www.iso.org/iso/foreword.html.

The|committee responsible for this document:isISO/IEC JTC 1, Information technology, SC 32, Data
management and interchange.

Thig fourth edition of ISO/IEC 9075-13.cancels and replaces the third edition (ISO/IEC 9075-13:2008), which
has been technically revised. It alsa.incorporates Technical Corrigendum ISO/IEC 9075-13:2008/Cor.1:2010.

A ligt of all parts in the ISO/IEC.9075 series, published under the general title Information technology —
Database languages — SQL, ¢an be found on the ISO website.

NOTE  The individual parts of multi-part standards are not necessarily published together. New editions of one or more parts
be pyblished without publication of new editions of other parts.

©ISO/IEC 2016 — All rights reserved Foreword

can

Vii


www.iso.org/directives
www.iso.org/patents
www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

| SO/IEC 9075-13:2016(E)

I ntroduction

The organization of this part of ISO/IEC 9075 is as follows:

1)
2)

3)

4)
5)

6)
7)
8)

9)

10)
11)

12)

13)
14)

15)
16)
17)

18)

19)

viii

Clause 1. “Qr‘nlnn”’ clnnrifine the scope of this part of ISQ/IEC 9075

Clause 2, “Normative references”, identifies additional standards that, through reference in this part
ISO/IEC 9075, constitute provisions of this part of ISO/IEC 9075.

Clause 3, “Definitions, notations, and conventions”, defines the notations and conventions tsed in this
of ISO/IEC 9075.

Clause 4, “Concepts”, presents concepts used in the definition of Java routines an@types.

f

part

Clause 5, “Lexical elements”, defines a number of lexical elements used in the’definition of Java roufines

and types.
Clause 6, “Scalar expressions”, defines the elements of the language thatproduce scalar values.
Clause 7, “Predicates”, defines the predicates of the language.

Clause 9, “Additional common elements”, defines additionakfanguage elements that are used in vari
parts of the language.

Clause 10, “Schema definition and manipulation”, definesthe schema definition and manipulation statem
associated with the definition of Java routines and types.

Clause 11, “Access control”, defines facilities far controlling access to SQL-data.

Clause 12, “Built-in procedures”, defines:iew built-in procedures used in the definition of Java routi
and types.

Clause 13, “Java topics”, defines the facilities supported by implementations of this part of ISO/IEC ¢
and the conventions used in deployment descriptor files.

Clause 14, “Information Schema”, defines viewed tables that contain schema information.

Clause 15, “Definitionl Schema”, defines base tables on which the viewed tables containing schema ir
mation depend.

Clause 16, “Status codes”, defines SQLSTATE values related to Java routines and types.
Clause 17;~*Conformance”, defines the criteria for conformance to this part of ISO/IEC 9075.

AnnexA, “SQL Conformance Summary”, is an informative Annex. It summarizes the conformance
reguirements of the SQL language.

us

ents

nes

D075

for-

Annex B, “Implementation-defined elements”, 1s an informative Annex. It lists those features for which
the body of this part of ISO/IEC 9075 states that the syntax, the meaning, the returned results, the effect

on SQL-data and/or schemas, or any other behavior is partly or wholly implementation-defined.

Annex C, “Implementation-dependent elements”, is an informative Annex. It lists those features for which
the body of this part of ISO/IEC 9075 states that the syntax, the meaning, the returned results, the effect

on SQL-data and/or schemas, or any other behavior is partly or wholly implementation-dependent.
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20) Annex D, “Deprecated features”, is an informative Annex. It lists features that the responsible Technical

Committee intend will not appear in a future revised version of this part of ISO/IEC 9075.

21) Annex E, “Incompatibilities with ISO/IEC 9075:2011 and 9075:2008”, is an informative Annex. It |
incompatibilities with the previous version of this part of ISO/IEC 9075.

ists

22) Annex F, “SQL feature taxonomy”, is an informative Annex. It identifies features of the SQL language

Specified mn this part of ISO/TEC 9075 by an identifier and a Short descriptive name. This taxonomy IS
to specify conformance.

23) [Annex G, “Defect reports not addressed in this edition of this part of ISO/IEC 9075”, is an.informat

Standard.
In the text of this part of ISO/IEC 9075, Clauses begin a new odd-numbered pagéeyand in Clause 5, “Lex

Annex. It describes the Defect Reports that were known at the time of publication of this part of this
International Standard. Each of these problems is a problem carried forward from the,previous editign of
ISO/IEC 9075. No new problems have been created in the drafting of this edition of-this Internationg|

Ised

ive

ical

elements”, through Clause 17, “Conformance”, Subclauses begin a new page.Any resulting blank space i not

signjficant.
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INTERNATIONAL STANDARD ISO 9075-13:2016(E)

| nfor mation technology — Database languages — SQL —

PartlB:
SQL Routines and Types Using the Java™ Programming L anguage (SQL/JRT)

1 |Scope

This

language as SQL-invoked routines and to use classes defined in the Java programming language as SQL

stru

part of ISO/IEC 9075 specifies the ability to invoke static methods written in'the’Java™ programmimng

tured user-defined types. (Java is a registered trademark of Oracle Corporation and/or its affiliates.)

©ISO/IEC 2016 — All rights reserved Scope 1
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2.1 1SO and |EC standards

Nor mative references

The
only
any

2.1

2.2

=l

[J

[J

hittp://docs.oracle-com/javase/specs/jvms/se7/jvms7 . pdf.

hittp://docs ofacle.com/javase/7/docs/api/index.html.

bmendments) applies.

| SO and | EC standards

SO9075-1] ISO/IEC 9075-1:2016, Information technology — Database languages — SQL — Part 1.
ramework (SQL/Framework).

SO9075-2] ISO/IEC 9075-2:2016, Information technology — Database [anguages — SQL — Part 2
pundation (SQL/Foundation).

bject Language Bindings (SQL/OLB).

Other international standards

LS] The Java™ Language Specification, Java SE 7 Edition.
tp://docs.oracle.com/javase/specs/jls/se7/jlIs7 . pdf.

\VM] The Java™ Virtual Machine Specification, Java SE 7 Edition.

avaAPI] Java™ Platform Standard Edition 7 APl Specification,

N
h
S

[

©ISO/IEC 2016 — All rights reserved

J dbcz-l .1-fr-spec.pdf.

avaSerialization] Java™ Object Serialization Specification.
tp://docs.oracle.com/javase/7/docs/platform/serialization/spec/-
rialToC.html.

following referenced documents are indispensable for the application of this document. For dated references,
the edition cited applies. For undated references, the latest edition of the referenced document (ineluding

S09075-10] ISO/IEC 9075-10:2016, Information technology >~Database languages — SQL — Part| 10:

S09075-11] ISO/IEC 9075-11:2016, Information technology — Database languages — SQL — Part| 11:
Information and Definition Schemas (SQL/Schemata);

DBC] JDBC™ 4.1 Specification

Normativereferences 3
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3.1 Definitions

3 Definitions, notations, and conventions

Thiq Clause modifies Clause 3, “Definitions, notations, and conventions”, in |SO/IEC 9075-2.

3.1l Definitions

Thid Subclause modifies Subclause 3.1, “Definitions”, in |SO/IEC 9075-2.

3.1.L Definitionstaken from [JLS]

For the purposes of this document, the definitions of the following terms given in [JLS] apply.
3111 block

3.1.1.2 classdeclaration
3113 classinstance
3114 classvariable
3115 fidd

3.1.1.6 instanceinitializer
3117 instancevariable
3.1.1.8 interface

3119 local variable
3.1.1.10 nested class
3.1.1.11 package

3.1.1.12 saticinitializer
3.1.1.13, ssubpackage

3.1.2 Definitionstaken from [JVM]

For the purposes of this document, the definitions of the following terms given in [JVM] apply.
3121 classfile
3.1.22 JavaVirtual Machine

©ISO/IEC 2016 — All rights reserved Definitions, notations, and conventions 5
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3.1 Definitions

3.1.3 Definitions provided in Part 13

For the purposes of this document, in addition to those definitions adopted from other sources, the following

hed

ined

ifest
De-

ava

fies

peen
JAR

or

ional
ment.

definitions apply:
3.1.3.1 default connection
JDBC CUI Il:'l.,tiUI I tU tht‘ CUrITcit It SQL'EI I I}J:CI Il |taﬁU| I, SQL'DCDDEUI I, dl Id SQL'tI al |aa\,ﬁU| I cata'u“
with the data source URL " jdbc:default:connection”
NOTE 2 — (See [RFC2368] and [RFC3986] for more details about URLS.)
3.1.3.2 deployment descriptor
one or more SQL-statements that specify <install actions> and <remove actions>to be taken,
respectively, by the SQLJ . INSTALL_JAR and SQLJ.REMOVE_JAR procedures:and that are contg
in a deployment descriptor file
3.1.3.3 deployment descriptor file
text file containing deployment descriptors that is contained in a JAR) for which the JAR's man
entry, as described by the java.util . jar section of [JavaAPI];Specifies SQLIDeployment]
scriptor: TRUE
3.1.34 external Javadatatype
SQL user-defined type defined with a <user-defined tyge definition> that specifies an <external |
type clause>.
3.1.35 external Javaroutine
external routine defined with an <SQL-invoked routine> that specifies LANGUAGE JAVA ang
either PROCEDURE or FUNCTION, or defined with a <user-defined type definition> that spec
an <external Java type clause>
3.1.3.6 installed JAR
JAR whose existence has been registered with the SQL-environment and whose contents have
copied into that SQL-envirgnment due to execution of one of the procedures SQLJ. INSTALL |
and SQLJ .REPLACE_JAR
3.1.8.7 JavaArchive (JAR)
zip-formatted file, @s)described by the java.util.zip section of [JavaAPI], containing zero
more Java class)and ser files, and zero or more deployment descriptor files
NOTE 3~==JARs are a normal vehicle for distributing Java programs and the mechanism specified by this Internaj
Standard te provide the implementation of external Java routines and external Java data types to an SQL-environ
3138 JVM
Java Virtual Machine, as defined by [JVM]
3.1.3.9 ¢« \&er file
file containing representations of Java objects in the form defined in [JavaSerialization]
3.1.3.10 subject Java class
Java class uniquely identified by the combination of the class's subject Java class name and its
containing JAR
3.1.3.11 subject Java class name
fully-qualified package and class name of a Java class
3.1.3.12 system class

6 SQL Routinesand Types Using the Java Programming L anguage (SQL/JRT)
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3.2

Thid Subclause modifies Subclause 3.3, “Conventions’, in |1 SO/IEC 9075-2.

3.2.

Buil

The
sym
that

3.2.

Dep

©ISO/IEC 2016 — All rights reserved

I SO/IEC 9075-13:2016(E)
3.1 Definitions

any Java class provided by a conforming implementation of this part of ISO/IEC 9075 that can be
referenced by an external Java routine or an external Java data type without that class having been

included in an installed JAR

Conventions

L Specification of built-in procedures

k-in procedures are specified in terms of:

Function: A short statement of the purpose of the procedure.

is to specify the procedure name, parameter names, and parameter types. The manner in which these 1
in procedures are defined is implementation-dependent.

Access Rules: A specification in English of rules governing.the accessibility of schema objects that {
hold before the General Rules may be successfully applied.

General Rules: A specification in English of the rufi-time effect of invocation of the procedure. Whe
more than one General Rule is used to specify the‘effect of an element, the required effect is that wh
would be obtained by beginning with the first;:Géneral Rule and applying the Rules in numeric seque
unless a Rule is applied that specifies or implies a change in sequence or termination of the applicatig
the Rules. Unless otherwise specified ar;implied by a specific Rule that is applied, application of Ger
Rules terminates when the last in the.sequence has been applied.

scope of notational symbolgTis'the Subclause in which those symbols are defined. Within a Subclause
bols defined in the Signature, Access Rules, or General Rules can be referenced in other rules provid
they are defined befor€ being referenced.

P Specification of deployment descriptor files

Joyment.descriptor files are specified in terms of:

Conformance Rules: A specificatioh of how the element shall be supported for conformance to SQL.

Signature: A specification, in SQL, of the signature of the proceduré:. The only purpose of the signafure

uilt-

hall

re
ch

nce
n of
eral

| the
bal

Function: A short statement of the purpose of the deployment descriptor file.

Model: A brief description of the manner in which a deployment descriptor file is identified within its

containing JAR.
Properties: A BNF specification of the syntax of the contents of a deployment descriptor file.

Description: A specification of the requirements and restrictions on the contents of a deployment
descriptor file.

Definitions, notations, and conventions 7
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3.2 Conventions

— Conformance Rules; A specification of how the element shall be supported for conformance to SQL.
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4 Concepts

Thig Clause modifies Clause 4, “Concepts”, in 1SO/IEC 9075-2.

4.1 The Java programming language

TheJava programming language is a class-based, object-oriented language. This part 6fISO/IEC 9075 ug
the following Java concepts and terminology.

A clpssis the basic construct of Java programs, in that all executable Java code-is contained in a Java clas
imition. A class is declared by a class declaration that specifies a possibly-empty set consisting of zero

the exception of the class java. lang-Object, each class is declared to extend (at most) one other ¢
a clgss not explicitly declared to extend-another class implicitly extends java. lang.Object. The decla
class is a direct subclass of the class-that it extends; the class that it extends is the direct superclass of the
declpred class.

Clags B is a subclass of class A if B is a direct subclass of A, or if there exists some class C such that B is
dire¢t subclass of C and.Cisa subclass of A. Likewise, class B is a superclassof class A if B is a direct super
of Af or if there exists some class C such that B is a direct superclass of C and C is a superclass of A. A sub
has all of the fields-and methods of its superclasses and an instance of class B may be used wherever an inst
of ajsuperclass of.B Is permitted.

A method is-an‘executable routine. A method can be declared static, in which case it is called a class met
otheywise,it is called an instance method. A class method can be referenced by qualifying the method na
withl either the class name or the name of an instance of the class. An instance method is referenced by qualif

S
or
ance

that
ared

the
ble.

able
ons

lass;
red

a
class
class
Ance

hod;
me

ying

the rmethod mame withaJavaexpressiom that esutts imaminstance of thetlassor, imthetase of aconstro
with “new”. The method body of an instance method can reference its class variables, instance variables,
local variables.

ctor,
and

The Java method signature of a method consists of the method name and the number of parameters and their

data types.

A package consists of zero or more classes, zero or more interfaces, and zero or more subpackages (a subpac

kage

is a package within a package); each package provides its own name space and classes within a package are
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41

The Java programming language

able to refer to other classes in the same package, including classes not referenceable from outside the package.
Every class belongs to exactly one package, either an explicitly specified named package or the anonymous

default package. A class can specify Java import statements to refer to other named packages whose classes
can then be referenced within the class without package qualification.

A class, field, or methods can be declared as public, prlvate or protected A publlc varlable or method can be

Ani
Zero

od that is not declared as public, private, or protected can only be called by methods declared by cla
in the same package.

[nterface is a Java construct consisting of a set of method signatures. An interface can be implemente

havg methods with the signatures specified by all of its declared interfaces.

The
betw
Jav
repr
obje

h. 10.0utputStreamand java. io. InputStream sections of [JavaAPRI].respectively, writing a persi

to rdconstruct the instance.

The
mat

The
Java
file

A sg
JAR
prog

4.2

This

4.2.

This

Java SQLData interface, java.sql . SQLData, as described‘in [JDBC] and [JavaAPl], defines a tran
on between a Java instance and an SQL user-defined data type.

is normally compiled to a byte coded instruction set-that is portable to any platform supporting Java.

t of class files can be assembled into a Java-archive file, or JAR (usually with a file extension of “.jar
is a zip formatted file containing a set of Java class files. JARSs are the normal vehicle for distributing
rams.

SQL -invoked routines

Subclause modifies‘Qubclause 4.33, “SQL-invoked routines”, in 1SO/IEC 9075-2.

1 Overview of SQL-invoked routines

ubelause modifies Subclause 4.33.1, “Overview of SQL-invoked routines”, in ISO/IEC 9075-2.

source for a Java class is normally stored in a Java filewith the file-type “java”, eg., myclass. java.

:SES

| by

or more classes, a class can be declared to implement zero or more interfaces, and a.class is required to

Uava Serializableinterface, java. io.Serializable, as described in [JavaAPH, defines a transformation
een a Java instance and a java. io.OutputStream or java. io. InputStréam, as defined by the

stent

bsentation of an instance of a Java object and reading a persistent representation of an instance of a Java
ct. This transformation retains sufficient information to identify the most specific class of the instanceand

sfor-

A

ontaining such byte code is normally stored in aglassfile with the file-type “class”, e.g., nyclass.class.

A
Java

|Rep|ace the lead text of the 11th paragraph i/—\ static SQL-Invoked method, whether or not 1T IS an external

routine, satisfies the following conditions:

4.2.2 Characteristics of SQL-invoked routines

Java

This Subclause modifies Subclause 4.33.2, ““Characteristics of SQL-invoked routines”, in ISO/IEC 9075-2.
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| Insert after the 2nd paragraph| External routines appear in two seemingly similar, but fundamentally differing,
forms, where the key differentiator is whether or not the external routine’s routine descriptor specifies that the
body of the SQL-invoked routine is written in Java. When the body of the SQL-invoked routine is written in
Java, the external routine is an external Java routine; some differences from other external routines include:

— For any other external routme the executableform (suchasa dynamlc I|nk I|brary or some run-time

routlne the executable form is prowded by a specmed subject Java routine that eX|sts in the SQL environ-
ment's catalogs in an installed JAR.

— |Because an installed JAR is not required to be completely self-contained (i.e., to have no reférénces {o
Java classes outside of itself), a mechanism is provided to allow a subject Java class to reference clagses

defined by class files contained in its installed JAR or in other installed JARs. See Suhclause 9.3, “<$QL
Java path>".

NOTE 4 — Once an external Java routine has been created, its use in SQL statements executed by the containing SQL-environiment
s similar to that of other external routines.

|Reqllace the 8th paragraph| There are three cases when selecting the SQL-invoked routine to be executed

— |Insert before list element2)|If the instance SQL-invoked method is an external Java routine, the term| “set
of overriding methods” is not applicable; for such methods, the capabilities provided by overriding methods
duplicate Java's own mechanisms and the subject routine execdted is the one that would be invoked When
no overriding methods are specified.

|Rep|ace the 13th paragraph| If the SQL-invoked routine is an‘external routine, then an effective SQL parameter
list is constructed before the execution of the <routine haody>. The effective SQL parameter list has differgnt

entries depending on the parameter passing style of the SQL-invoked routine. The value of each entry in the

effe¢tive SQL parameter list is set according to the General Rules of Subclause 9.4, “<routine invocationy”.

Whdn the SQL-invoked routine is not an externakJava routine, the values in the effective SQL parameter list

are gassed to the program identified by the <routine body> according to the rules of Subclause 13.5, “Dataltype
corrgspondences”, in [1ISO9075-2]; when the-SQL-invoked routine is an external Java routine, values in the
effe¢tive SQL parameter list are passed-to:the program identified by <routine body> according to the rules of
Subglause 4.5, “Parameter mapping”..After the execution of that program, if the parameter passing style of the
SQU-invoked routine is SQL, then the SQL-implementation obtains the values for output parameters (if gny),
the Yalue (if any) returned from the program, the value of the exception data item, and the value of the message
text [(if any) from the values assigned by the program to the effective SQL parameter list. If the parameter
passing style of the SQL-invoked routine is JAVA, then such values are obtained from the values assigned by
the program to the effective SQL parameter list and the uncaught Java exception (if any). If the paramete
passing style of the SQL-invoked routine is GENERAL, then such values are obtained in an implementatjon-
defiped manner.

4.3 “Java class name resolution

Typical JVMs provide a class name resolution, or search path, mechanism based on an environmental variable
called CLASSPATH. When a JVM encounters a previously unseen reference to a class, the members of the
list of directories and JARSs appearing in the classpath are examined in order until either the class is found or
the end of the list is reached. Failure to locate a referenced class is a runtime error that will often cause the
application that experiences it to terminate.

When JARs appear in the CLASSPATH, an ability exists for further effective extension of that CLASSPATH.
Additional JARs will be included in the class resolution process when a JAR in the CLASSPATH has a manifest

©ISO/IEC 2016 — All rights reserved Concepts 11
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specifying one or more Class-Path attributes. A Class-Path attribute provides relative URLs of additional
JARs. These Class-Path attribute URLS are relative to the source, for example, the directory, containing the
JAR whose manifest is then being processed. A full URL, for example a file:/ or http:// format URL, is
not allowed in a Class-Path attribute. The JARs enumerated by Class-Path attributes extend the CLASS-
PATH.

security associated with that control, a Class-Path attribute-like mechanism is defined to/be a property|of
the JARSs containing the Java applications, rather than as an environmental variable of the-Current session (puch
as, fpr example, CURRENT_PATH for dynamic statements). This mechanism, referredto-as a JAR's SQL-Java
path, provides a means for owners of installed JARs to control the class resolution proCess that the CLASSPATH
and Class-Path attributes give users and creators of JARs outside an SQL-enviranment. But, note that these
two mechanisms are only similar, they are not identical. If, while an external Java routine is being executed, a
previiously unseen class reference is encountered, that class is searched for ifrthe JAR containing the defin|tion
of the currently executing class, and, if it is not found, the class will be squght in the manner specified by|the
SQU-Java path associated with that JAR (if any).

An $QL-Java path specifies how a JVM resolves a class name when-a class within a JAR references a clagss
that Jis not a system class or not in the same JAR. SQLJ.ALTER>JAVA_PATH is used to associated an SQL-{Java
pathfwith a JAR. An SQL-Java path is a list of ( referenced item, referenced JAR) pairs. A referenced iter can
be e|ther a class, a package, or *' to specify the entire JARThe SQL-Java path list is searched in the ordey the
pair$ are specified. For each (referenced item, referenced-JAR) pair (RI, RJ):

— |If Rl is the class name, then the class shall be\défined in RJ. If it is not, an exception condition is raised.

— |If Rl is the package of the class being resolved, then the class shall be defined in RJ. If it is not, an exception
condition is raised.

— |If Rl'is " and the class is defined.in-RJ, then that resolution is used; otherwise, subsequent pairs are tegted.

4.4 SOQL result sets

Curgors, or SQL result-sets, appear to Java applications in two forms; the first, as an object of a class that
implements the inférface java.sgl .ResultSet as defined in [JDBC] and [JavaAPl], referred to as a JDBC
ResuiltSet; the seeond, as an object of a class that implements the interface sqlj - runtime .ResultSetlter-
atof as defined by ISO/IEC 9075-10, referred to as an SQLJ Iterator.

In [IISO9075-2], SQL-invoked procedures are declared to be able to return zero or more dynamic result sgts,
refefred’to as result set cursors. To be a returned result set cursor, a cursor's declaration shall specify WITH
RETURN, and the cursor shall be open at the point that the SQL-invoked procedure exits. While external Java
routines that are SQL-invoked procedures can likewise be declared to return zero or more dynamic result sets,
in some other respects, this part of ISO/IEC 9075's treatment of result set cursors differs from that of [1ISO9075-
2].

In a Java application, all JDBC ResultSets and SQLJ lterators are implicitly result set cursors, that is, their
underlying cursor declarations implicitly specify WITH RETURN. So, in this part of ISO/IEC 9075, to actually
be a returned result set cursor it is not sufficient that the corresponding JDBC ResultSet's or SQLJ Iterator's
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underlying cursor be open when the SQL-invoked procedure exits; the JDBC ResultSet or SQLJ Iterator shall
also have been explicitly assigned to a parameter of the subject Java routine that represents an output parameter.
As discussed in Subclause 4.5, “Parameter mapping”, and Subclause 9.4, “<routine invocation>", output
parameters are represented to a subject Java routine as the first element of a one dimensional array of a Java
data type that can be mapped to an SQL data type. For dynamic result sets, the array shall be of a class that
implements the interface java.sqgl .ResultSet or the interface sqlj.runtime.ResultSetlterator,

th DR Raci liCat Ay OV 1 liavatar chall Ihayv o ha nhicith anad-tao-tha fiv alamant of thaot oy d
€ JoioTEeSthtoet6f ot Trator ST riave Deeh CI\'JII\.:ILIy UOJIUIIUU otc |||o|. SreerRto1 |.||ou. (,uluy, an

that JDBC ResultSet or SQLJ Iterator shall not have been closed.

It islimportant to note that this difference in how a result set cursor becomes a returned result set CUrsor is
invigible to the calling application. As described in Subclause 9.4, “<routine invocation>", the calling application
will|be returned zero or more dynamic result sets in the order in which the cursors were opened, just as ir
[1ISQ9075-2]; the order of the parameters in the subject Java routine does not impact the-order in which the
calling application accesses the returned result sets.

4.5 Parameter mapping

Let 5T be some SQL data type and let JT be some Java data type.

ST ahd JT are simply mappableif and only if ST and JT are specified respectively in the first and second columns
of some row of the Data type conversion tables, Table B.1, entitled “JDBC Types mapped to Java Types”} in
[JDBC]. The Java data type JT is the corresponding Java data type of ST.

ST apd JT are object mappableif and only if ST and JT are.specified respectively in the first and second columns
of some row of the Data type conversion tables, Table'B.3, entitled “Mapping from JDBC Types to Java
ObjectTypes”, in [JDBC], or if the descriptor of ST"specifies that it is an external Java data type and the
desdriptor specifies JT as the <Java class namesin the <jar and class name>.

ST and JT are output mappable if and onlycif:

— |JT is a one dimensional array type with an element data type JT2 (that is, JT is “JT2[]”) and ST is either
simply mappable to JT2 or objeet mappable to JT2.

— |JTis java. lang.StringBuffer and its corresponding parameter in the augmented SQL paramete
declaration list is the save area data item.

=

An $QL array type with-an element data type ST and JT are array mappableif and only if JT is a one dimensjonal
array type with an_glement data type JT2 and ST is either simply mappable to JT2 or object mappable to JT2.

ST and JT are mappable if and only if ST and JT are simply mappable, object mappable, output mappablg, or
array mappable’

A Jgva data type is mappable if and only if it is mappable to some SQL data type.

A Java ctass 15 resuit serorfented 1fand only 1 it is either:
— A class that implements the Java interface java.sqgl .ResultSet.

— A class that implements the Java interface sqlj . runtime.ResultSetlterator.
NOTE 5 — These classes are generated by iterator declarations (#sql 1terator) as specified in [1ISO9075-10].

A Java data type is result set mappable if and only if it is a one-dimensional array type with an element type
that is a result set oriented class.

©ISO/IEC 2016 — All rights reserved Concepts 13
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A Java method with M parameters is mappable (to SQL) if and only if, for some N, 0 (zero) < N < M, the data
types of the first N parameters are mappable, the last M—N parameters are result set mappable, and the result
type is either simply mappable, object mappable,or void.

A Java method is visiblein SQL if and only if it is public and mappable. In addition, to be visible, a Java method
shall be static if used as the external Java routine of an SQL-invoked procedure or an SQL-invoked regular
function

A Jgva class is visible in SQL if and only if it is public and mappable.

[JDBC] contains JDBC's SQL to Java data type mappings defined in the JDBC type mapping tables: If S| is
an ekternal Java data type that appears in the INFORMATION_SCHEMA.USER_DEFINED 'TYPES vigw,
then|let JT be ST's descriptor's <Java class name> in its <jar and class name>. JDBC's data typ€ mapping tables
are gffectively extended. A row (ST, JT) is considered to be an additional row in Table B-3,-Mapping from
JDBC Types to Java Object Types, and a row (JT, ST) is considered to be an additional-tow in Table B.4,
Mapgping from Java Object Typesto JDBC Types.

4.6| Unhandled Java exceptions

Java exceptions that are thrown during execution of a Java methe®in’SQL can be caught, or handled, within
- if this is done, then those exceptions do not affect SQL processing. All Java exceptions that are uncaught
whep a Java method called from SQL completes appear in the:SQL-environment as SQL exception condit{ons.

The|message text may be specified in the Java exceptionspecified in the Java throw statement. If the Java
excgption is an instance of java.sql . SQLExceptian, or a subtype of that type, then it may also specify an
SQUSTATE value. If the Java exception is not an instance of java.sql . SQLException, or if that exception
doeq not specify an SQLSTATE value, then the default SQL exception condition for an uncaught Java exception
is rajsed.

Whgn a Java method executes an SQL statement, any exception condition raised in the SQL statement wifll be
raisqd in the Java method as a Java exception that is specifically the java.sql . SQLException subclas$ of
the Java class java. lang.Exception. For portability, a Java method called from SQL, that itself execytes
an QL statement and that catches an SQLEXxception from that inner SQL statement, should re-throw that
SQUEXxception.

4.7 Datatypes

Thig Subclause’maodifies Subclause 4.1, “Data types”, in 1SO/IEC 9075-2.

4.7.1 Host language data types

This Subclause maodifies Subclause 4.1.3, “Host language data types”, in ISO/IEC 9075-2.

|Rep|ace the 1st paragraph\ Each host language has its own data types, which are separate and distinct from
SQL data types, even though similar names may be used to describe the data types. Mappings of SQL data
types to data types in host languages are described in Subclause 11.60, “<SQL-invoked routine>", in [ISO9075-
2], in Subclause 21.1, “<embedded SQL host program>", in [ISO9075-2], and in Subclause 8.1, “<embedded
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SQL host program>”, in [1ISO9075-10]. Not every SQL data type has a corresponding data type in every host
language.

4.8

User-defined types

This

4.8.

This

Subclause modifies Subclause 4.7, “User-defined types™, in ISO/IEC 9075-2.

1 Introduction to user-defined types

Subclause modifies Subclause 4.7.1, “Introduction to user-defined types”, in | SO/IEC 9075-2.

[Inse

rt after the 1st paragraph\ User-defined types appear in two seemingly similar;but fundamentally diffefing,

forn|
sped
type]
attri
fron

s in which the key differentiator is whether or not the create type statement/for the user-defined type
ifies an external language of “JAVA”. When an external language of JAVA is specified, the user-defined
is an external Java data type and the create type statement defines a-mapping of the user-defined type's
butes and methods directly to the public attributes and methods of-a subject Java class. This is differgnt
user-defined types that are not external Java data types. The differences include:

For every other user-defined type, there is no requirement for-an association with an underlying class; gach
method of a user-defined type that is not an external Java-data type can be written in a different langyage
(for example, one method could be written in SQL andanother written in Fortran). Such user-defined tyypes
cannot have methods written in Java. By contrast,.all methods of an external Java data type shall be wrjitten
in Java, (implicitly) have a parameter style of-JAVA, and be defined in the associated Java class or one of
its superclasses.

For every other user-defined type, therelis no explicit association between a user-defined type's attributes
and any external representation of their’content. In addition, the mapping between a user-defined typg's

methods and external methods is made over time by subsequent CREATE METHOD statements. By
contrast, for external Java data types, the association between the user-defined type's attributes and methods
and the public attributes and'methods of a subject Java class is specified by the create type statement

For external Java data types, the mechanism used to convert the SQL-environment's representation of an
instance of a user-defined type into an instance of a Java class is specified in the <interface using clause>.
Such conversionscare performed, for example, when an external Java data type is specified as a (subjgct)
parameter in a.fmethod or function invocation, or when a Java object returned from a method or function
invocation is stored in a column declared to be an external Java data type. <interface specification> gan
be either<SERIALIZABLE, specifying the Java-defined interface java.io.Serializable (notto pe
confusedwith the isolation level of SERIALIZABLE), or SQLDATA, specifying the JDBC-defined
intetface java.sql -SQLData. See Subclause 10.4, “<user-defined type definition>".

nnnnnnnnnn 1 1av/n AA

Forevery-otheruser-defined-typetheredsro-expheitsupport-of staticattributesTor-external-Javaddta
types, the <user-defined type definition> is allowed to include <static field method spec>s that define
observer methods against specified static attributes ofthe subject Java class.

The scope and persistence of any modifications to static attributes made during the execution of a Java
method is implementation-dependent.
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User-defined types

— For every other user-defined type, the implementation of every method that isn't an SQL routine exists

externally to the SQL-environment. For external Java data types, the implementation of the methods

is

provided by a specified subject Java class that exists within the SQL-environment in an installed JAR.

External Java data types may only be structured types, not distinct types.

— Support for the specification of overriding methods is not provided for methods that are external Java

4.8.

This

routines.

NOTE 6 — Once an external Java data type has been created, its use in SQL statements executed by the containing SQL-in
nentation is similar to that of other user-defined types.

P User-defined type comparison and assignment

Subclause modifies Subclause 4.7.5, “User-defined type comparison and assigament™, in | SO/ EC 907

|Rep

in th

e user-defined type descriptor of the comparison type of T, if any.

|Reqd

lace the 6th paragraph| Two values V1 and V2 whose most specific types are user-defined types T1 an

are ¢
CT1
T2t
BLE
orR
cate

omparable if and only if T1 and T2 are in the same subtype family and each have some comparison t
and CT2, respectively. CT1 and CT2 constrain the comparison forms and comparison categories of T1

, then no comparison functions shall be specified for TXand T2. If the comparison category is either ST]
ELATIVE, then the comparison functions of T1 and“T2 are constrained to be equivalent. If the compa
jory is MAP, they are not constrained to be equivalent.

4.8.8 User-defined type descriptor

Thig Subclause modifies Subclause4.7.7, “User-defined type descriptor”, in | SO/IEC 9075-2.

|Augment 1st paragraph||add the-keyword COMPARABLE to the list in 4th list item|

— | Augment 1st paragraphﬂinsert following 10th list item|An indication of whether the user-defined ty
is an external Java.data type.

|Insqrt after the 1stjparagraph] If the user-defined type is an external Java data type, then the user-defined

desdriptor also includes:

The <jar-and class name> of the user-defined type.

ple-

5-2.

lace the 5th paragraph| Let comparison function of a user-defined type Tbe-the ordering function incljided

) T2

ype
and

D be the same and to be the same as those of all their supertypes. If the comparison category is COMPARA-

ATE
ison

pe

fype

The <interface specification> of SERIALIZABLE or SQLDATA.

— The attribute descriptor of every originally-defined attribute and every inherited attribute of the user-defined

type.

— If <method specification list> is specified, then, for each <method specification> contained in <method

specification list>, a method spec descriptor that includes:
e The <method name>.

e The <specific method name>.
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e The <SQL parameter declaration list>.
e The <returns data type>, and indication of SELF AS RESULT.
e The <result cast from type>, if any.

*  The package, class, and name of the Java routine corresponding to this method and, if specified,

Qioatiiro

its

JIUI iturv.,.

e Anindication of whether STATIC or CONSTRUCTOR is specified.
e If STATIC is specified, then an indication of whether this is a static field method.

e |fthisis a static field method, then the <Java field name> of the static field and the €Java class na
of the class that declares that static field.

e An indication of whether the method is deterministic.

e Anindication of whether the method possibly writes SQL data, possibly*reads SQL data, possib
contains SQL, or does not possibly contain SQL.

e Anindication of whether the method should not be invoked if apyargument is the null value, in w
case the value of the method is the null value.

e user-defined type is not an external Java data type, then the\user-defined type descriptor also includ

An indication of whether the user-defined type is a structired type or a distinct type.

descriptor of every originally-defined attribute ang-every inherited attribute of the user-defined type.

If the <method specification list> is specified;then, for each <method specification> contained in <me
specification list>, a method specification:descriptor that includes:

e The <method name>.

e The <specific method name>.

name SELF.
e The <language ‘name>.
» I the <language name> is not SQL, then the <parameter style>.
*  The <returns data type>.

e The <result cast from type>, if any.

If the representation is a predefined data type, then:the descriptor of that type; otherwise, the attributg

ne>

ly

hich

174

hod

e The <SQL parameter declaration list> augmented to include the implicit first parameter with paranpeter

*C~ An indication as to whether the <method specification> is an <original method specification> of

an

<overriding metnoa specitication>.

» If the <method specification> is an <original method specification>, then an indication of wheth
STATIC or CONSTRUCTOR is specified.

* An indication whether the method is deterministic.

er

¢ Anindication whether the method possibly writes SQL data, possibly reads SQL data, possibly contains

SQL, or does not possibly contain SQL.
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4.8

4.8.

The

tion

sQL

is, i

attri

User-defined types

e Anindication whether the method should not be invoked if any argument is the null value, in which

case the value of the method is the null value.

NOTE 7 — The characteristics of an <overriding method specification> other than the <method name>, <SQL parameter declaration

list>, and <returns data type> are the same as the characteristics for the corresponding <original method specification>.

1 Accessing static fields

n part, because of the difficulty in specifying the scope, persistence, and transactiohal properties of st

claupe defines a method name for a method with no parameters; its <external variable name clause> spec

the

isin

name of a static field of the subject Java class or a superclass of the subjectdava class. A static field me

Whather final or non-final, SQL provides no mechanism for updating_the values of Java static fields.

4.8.

Wh

b Converting objects between SQL and Java

need not be aware of the specific mechanism usedtg-achieve that conversion, the developer of the Java cl

itsel

or j

cony

hva.sql . SQLData). <user-defined type definition> introduces a clause for specifying the interface

mentioned above, a conversion from SQL:'to Java can potentially take place when an object that has been
sistently stored in the SQL database is.accessed from inside an SQL statement to retrieve attribute (or fie

valu

of a

or modified object, or an object’that is the return value of a method invocation, needs to be persistently st
in the database.

Thig International Standard supports these options to specify object state conversion in the <external Java
claupe>:

18

If the <uSer-defined type definition> specifies an <interface specification> of SERIALIZABLE, then
Java interface java.io.Serializable is used for object state conversion.

fields of a Java class can be defined to be either static or non-static. Static fields of a Java class’can a
lly be specified to be final, which makes them read-only. In Java, non-final fields are alloweth\to be updated.

lle application programmers or end users manipulating Java objects in the database through SQL staten
f needs to prepare for it in the form of implementing special Java interfaces (i.e., java.io.Serializ3

erting object state information betweenthe SQL database and Java in the scope of SQL statements. 4

idi-

's <user-defined type definition> does not include a facility for specifying attributes-to\be STATIC. This

tic

putes in a database environment. An external Java data type's <user-defined type definition> does, howgver,
provide a mechanism for read-only access to the values of Java static fields. The'<static field method spe¢>

fies
hod

voked in the normal manner for STATIC methods and returns the value of the specified Java static figfld.

ents
ASS
ble
for
\S
per-
d)

ps, or to invoke a method on-the object, or when the object is used as an input argument in the invocation
method. A conversion in the-epposite direction, from Java to SQL, may be required when a newly cre

ated
bred

type

the

If-the <user-defined type definition> specifies an <interface specification> of SQLDATA, then the Ja

va

Interrace Java.sql.SQLData defined In [JDBU] and [JavaAFI] Is used Tor object state conversion.

If the <user-defined type definition> does not specify an <interface specification>, then it is implementation-
defined whether the Java interface java.io.Serializable or the Java interface java.sql .SQLData

will be used for object state conversion.
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4.85.1 SERIALIZABLE

If the <interface specification> of a <user-defined type definition> specifies SERIALIZABLE, then object state
communication is based on the Java interface java.io.Serializable. The Java class referenced in the
<external Java class clause> of the <user-defined type definition> shall specify “implements
jJava.io.Serializable” and shall provide a niladic constructor.

In this case, the SQL object state that is stored persistently and made available to methods of the SQL. type is
defiTed entirely by the Java serialized object state. The attributes defined for the SQL type shall corfespond to
public fields of the corresponding Java class, which shall be listed in the <external Java attribute,clatise> pf
eacH attribute. Consequently, the SQL attributes define access to those portions of the object state that arg
intered to become visible inside SQL statements, but might not comprise the complete state of the objec

(which may include additional fields in the Java class).

—

4.8.p.2 SQLDATA

If the <interface specification> of a <user-defined type definition> specifies SQLDATA then object state
communicationis based on the Java interface java.sql . SQLData défined in [JDBC] and [JavaAPI]. The pava
class referenced in the <external Java class clause> of the <user-defined type definition> shall specify

implements java.sql.SQLData” and shall provide a niladic*constructor.

In this case, only the attributes defined in the statement comprise the complete state of the SQL object type.
Addjtional public or private attributes defined in the Java‘class do not become part of the object state defiped
by this part of ISO/IEC 9075. The Java object represeritation may be entirely different from the SQL objgct
attriputes, if desired. For example, an SQL Point type’may define a geometric point in terms of cartesian qoor-
dinates, while the corresponding Java class defines'it using polar coordinates. The only requirement to be|met
by the implementor of the Java class is that the implementations of the java.sql . SQLData methods readSQL
and fvriteSQL read and write the attributes in the same order in which they are defined in the <user-defined

typel definition>.

To improve portability, it is possikle\to also specify <external Java attribute clause>s for SQL attributes, gven
if an| <interface specification> of SQLDATA is specified. However, the <external Java attribute clause>s gre
ignared in this case, because they are not needed for implementing attribute access in SQL or for convert{ng
objerts between SQL and.Java.

=

4.8.6.3 Developing for portability

The[following guidelines provide maximum portability of Java classes across different implementations of this
part[of-1SO/IEC 9075 that may not support both the SERIALIZABLE and the SQLDATA options:

— The Java class used for implementing the SQL type should implement both java.io.Serializable
and java.sql .SQLData.

— The Java class should define the complete object state that needs to become persistent or has to be preserved
across invocations as public Java fields.

— The EXTERNAL NAMEs of the SQL attributes should be specified.
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The <interface using clause> should be omitted in the <user-defined type definition>, so that an implementation
that does not support both interfaces can default to the interface that it supports.

4.9 Built-in procedures

Thig part of ISO/IEC 9075 differs slightly from other parts of ISO/IEC 9075 in its treatment of the schen]a
objegt introduced to install the external Java routines and external Java data types in an SQL-envirgnmenf —
that|is, in its treatment of JARs. Rather than define new SQL-schema statements that (for example) add or firop
JARS using optional clauses to cause execution of their contained deployment descriptors, this tnternational
Standard introduces a set offour built-in procedures and a new schema in which those procedures are defined.

The|new schema — named SQLJ — is, like the schema named INFORMATION_SCHEMA, defined to gxist
in alll catalogs of an SQL system that implements this part of ISO/IEC 9075, and to‘contain all of the built-in
progedures defined in this part of ISO/IEC 9075.

Built-in procedures defined in this part of ISO/IEC 9075 are:

— |SQLJ. INSTALL_JAR — to load a set of Java classes in an SQL system.

— |SQLJ.REPLACE_JAR — to supersede a set of Java classes in-an,SQL system.

— |SQLJ.REMOVE_JAR — to delete a previously installed set.of Java classes.

— |[SQLJ.ALTER_JAVA_PATH — to specify a path for name resolution within Java classes.

4.10 Basic security model

Thig Subclause modifies Subclause 4.40; < Basic security model”’, in | SO/IEC 9075-2.

4.10.1 Privileges

Thig Subclause modifies.Sdbclause 4.40.2, “Privileges”, in ISO/IEC 9075-2.

|Augment the listin‘the 1st paragraph|
— PJAR

|Augmentithe list in the 11th paragraph|
— PAR

|Insert after the 11th paragraph| The privileges for facilities defined in this part of ISO/IEC 9075 are as follows:

— The privileges required to invoke the SQLJ . INSTALL_JAR, SQLJ.REPLACE_JAR,and SQLJ.REMOVE_JAR
procedures are implementation-defined.

NOTE 8 — This is similar to the implementation-defined privileges required for creating a schema.

— Only the owner of the JAR is permitted to invoke the SQLJ.ALTER_JAVA_ PATH procedure and the owner
shall also have the USAGE privilege on each JAR referenced in the path argument.
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— Invocations of <SQL-invoked routine> and <drop routine statement> to define and drop external Java
routines are governed by the normal Access Rules for SQL-schema statements.

— Invocations of Java methods referenced by SQL names are governed by the normal EXECUTE privilege
on SQL routine names.

It is implementation-defined whether a Java method called by an SQL name executes with “definer's rights”
Or " INVOKEr's rights” — that 1S, Whether It executes with the user-name of the user who performed thé
<SQL-invoked routine> or the user-name of the current user.

411 JARs

A JAR is a Java archive containing a set of Java class and ser files and optionallya,deployment descriptor
file.|Installed JARs provide the implementation of external Java routines and external Java data types to ah
SQU-environment.

JARE are created outside the SQL-environment. They are copied into the SQL-environment by the
SQLP. INSTALL_JAR procedure. No subsequent SQL statement or procedure modifies an installed JAR infany
way| other than to remove it from the SQL-environment, to replace itin its entirety, or to alter its SQL-Jaya
pathl In particular, no SQL operation adds classes to a JAR, remaves‘classes from a JAR, or replaces claspes
in aPJAR. The reason for this “no modification” principle for installed JAR is that JARs are often signed, and
oftepn contain manifest data that might be invalidated by modification of JARs by the SQL-environment.

Eaclp installed JAR is represented by a JAR descriptor. A\JAR descriptor contains:
— |The catalog name, schema name, and JAR identifier of the JAR.

— |The SQL-Java path of the JAR.

4.11.1 Deployment descriptor files

Whgn a JAR is installed, one of more <SQL-invoked routine>s that define external Java routines shall be exeduted
befgre the static methods af its contained Java classes can be used as SQL-invoked routines, and one or njore
<usgr-defined type definition>s shall be executed before its contained classes can be used as user-defined tyjpes.
In agldition, <grant privilege statement>s may be required to define privileges for newly created SQL-invpked
rout|nes and user-defined types. Later, when a JAR is removed, corresponding <drop routine statement>s
<drgp data type‘statement>s, and <revoke statement>s shall be executed.

If a JAR is to-be installed in several SQL implementations, the <SQL-invoked routine>s, <user-defined type
defipition>s, <user-defined ordering definition>s, <grant privilege statement>s, <drop routine statement>F,
<drgp-data type statement>s, <drop user-defined ordering statement>s, and <revoke statement>s will oftegn be
the same Tor each iImplementation. T0 assiSt the automation of repeated installations, depfoyment descriptor
files contain the variants of SQL-schema statements defined in this part of ISO/IEC 9075. These statements
are grouped into multi-statement install actions and remove actions respectively executed by

SQLJ. INSTALL_JAR and SQLJ.REMOVE_JAR procedures when deployment is requested. In addition, an
implementation-defined implementor block is provided to allow specification of custom install and remove
actions. Since the SQL-schema statements refer to their containing JAR in the <SQL-invoked routine>s and
<user-defined type definition>s, within a deployment descriptor file, the JAR name “thisjar” is used as a
place holder JAR name for the containing JAR.

©ISO/IEC 2016 — All rights reserved Concepts 21


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

| SO/IEC 9075-13:2016(E)
411 JARs

This part of ISO/IEC 9075 provides a mechanism to execute its variants of SQL-schema statements, namely
by requesting deployment during invocation of SQLJ. INSTALL_JAR and SQLJ.REMOVE_JAR procedures. A
conforming SQL-implementation is required to support either deployment descriptor based execution of its
SQL-schema statements (Feature J531, “Deployment”) or another standard statement execution mechanism
such as direct invocation or embedded SQL (Feature J511, “Commands™); a conforming SQL-implementation
is not required to support both mechanisms.
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5 Lexical elements

Thiq Clause modifies Clause 5, “Lexical elements”, in ISO/IEC 9075-2.

5.1| <token> and <separator>

Thig Subclause modifies Subclause 5.2, “<token> and <separator>"", in |SO/IEC 907552.

Function

Spegify lexical units (tokens and separators) that participate in SQL langéiage.

Folmat

<nonp-reserved word> ::=
Il Al alternatives fromlSQ|EC 9075-2
COMPARABLE

INTERFACE

JAVA

SQLDATA

<reserved word> ::=
'l Al alternatives frombSQO | EC 9075-2
| |IAR

Symtax Rules

No additional Syntax Rules.

Access Rutes

No additional Access Rules.

General Rules

No additional General Rules.
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Confor mance Rules

No additional Conformance Rules.
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5.2 Namesand identifiers

This Subclause modifies Subclause 5.4, “Names and identifiers”, in 1SO/IEC 9075-2.

Function

Spegify names.

Format

<jaf name> ::=
[ [<schema name> <period> ] <jar id>

<jar id> :-:=
<jdentifier>

<Javya class name> ::=
[ [<packages> <period> ] <class identifier>

<jaf and class name> ::=
<jar id> <colon> <Java class name>

<qualified Java field name> ::=
[ [<Java class name> <period> ] <Java field name>

<pag¢kages> ::=
<package identifier> [ <period> <packagepidentifier> ]...

<pag¢kage identifier> ::=
<Java identifier>

<class i1dentifier> ::=
<Java identifier>

<Jaya field name> ::=
<Java identifier>

<Jaya method name> ::=
<Java identifier>

<Java identifier>/::=
'l See the Syntax Rul es

Synmtax Rules

1) FrsertirissR HertifiersshatH b iderttif : tesof : tevical

analysis.

NOTE 9 — The rules of Java parsing and lexical analysis are specified in [JLS].

2) |Insert this SR| The character set supported, and the maximum lengths of the <package identifier>, <class
identifier>, <Java field name>, and <Java method name>are implementation-defined.

3) \ Insert after SR 18) | Two <jar name>s are equivalent if and only if they have equivalent <jar id>s and
equivalent implicit or explicit <schema name>s.
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Access Rules

No additional Access Rules.

General Rules

1) [Insert this GR|A <jar name> identifies a JAR.

2) [Insert this GR]A <jar id> represents an unqualified JAR name.

3) [lInsert this GR]A <Java class name> identifies a fully qualified Java class.

4) [Insert this GR| A <packages> identifies a fully qualified Java package.

5) [Insert this GR|A <package identifier> represents an unqualified Java package fiame.
6) [Insert this GR]A <class identifier> represents an unqualified Java class name.

7) |Insert this GR|A <Java field name> represents the name of a field within'a Java class.
8) [Insert this GR|A <Java method name> represents the name of a.method within a Java class.

Cophformance Rules

No additional Conformance Rules.
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6 Scalar expressions

Thigq Clause modifies Clause 6, ““Scalar expressions”, in |SO/IEC 9075-2.

6.1l <method invocation>

Thid Subclause modifies Subclause 6.17, ““<method invocation>"’, in | SO/IEC 9075-2¢

Function

Refgrence an SQL-invoked method of a user-defined type value.

Folmat

No additional Format itens.

Symtax Rules

1) |Insert after SR 2)| If UDT is an external Java data type, then <method invocation> shall immediately
contain <direct invocation>.

Acctess Rules

No additional Access Rules,

Geheral Rules

No additional-General Rules.

Confor marnce Rules

Ne-additional Conformance Rules.
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<new specification>

6.2 <new specification>

This Subclause maodifies Subclause 6.19, “<new specification>"’, in 1SO/IEC 9075-2.

Function

Invagke a method on a newly-constructed value of a structured type.

Format

No additional Formmt itens.

Synmtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

1)

constructor of an external Java data type is-implementation-defined.

Cophformance Rules

1)

Insert this CR| Without FeatureJ571, “NEW operator”, conforming SQL language shall not contain

<routine name> RN immediately contained in <routine invocation> immediately contained in the <n
specification> contains-a user-defined type whose user-defined type name is RN and that is an extern
Java data type.

<new specification> in which’'the schema identified by the implicit or explicit <schema name> of the

Insert this GR| If Feature J571, “NEW operator” is not supported, then the mechanism used to invoke a

bW
Bl
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Predicates

This

7.1

This

Ful
Spe

For

No 4

1)

AC(

Ge

Clause modifies Clause 8, “Predicates”, in ISO/IEC 9075-2.

<comparison predicate>

Subclause modifies Subclause 8.2, “<comparison predicate>", in 1SO/IEC 907542,

nction

ify a comparison of two row values.

mat

lddi ti onal Format itens.

itax Rules

NOTE 10 — | Replace Note 336 | The comparison form and comparison categories included in the user-defined type
descriptors of both UDT1 and UDT2 are constrained to be the same and to be the same as those of all their supertypes.

comparison category is COMPARABLE, then-no comparison functions are specified for T1 and T2. If the comparison cat
is either STATE or RELATIVE, then UDBT¥and UDT2 are constrained to have the same comparison function; if the co
ison category is MAP, they are not canstrained to have the same comparison function.

ress Rules

No additional Access Rules.

neral Rules

1)

Insert before GR 1)b)iv)3)| If the comparison category of UDTy is COMPARABLE, then:

a).”“The subject SQL data type shall be an external Java data type. Let JC be the subject Java class of

If the

bgory
mpar-

that

external Java data type.

©ISO/IEC 2016 — All rights reserved

NOTE 11 — Syntax Rules in Subclause 10.11, “<user-defined ordering definition>", require that JC implement the
Javainterface java. lang.Comparable. Theinterface java. lang.Comparab I e requires an implementing

Java class to have a method named compareTo, whose result data type is Javai nt.

b) Let XJV be the value of X in the associated JVM. Let YJV be the value of Y in that associated JVM.

) X=Y

has the same result as if the JVM executed the Java boolean expression
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XJV.compareTo(YJV) ==

d X<vY

has the same result as if the JVM executed the Java boolean expression

XJV_compareTo(YJV) < O

e) X <>V

has the same result as if the JVM executed the Java boolean expression
XJV.compareTo(YJV) 1= 0

fHl X>Y
has the same result as if the JVM executed the Java boolean expression
XJV.compareTo(YJV) > 0

g) X <=Y
has the same result as if the JVM executed the Java baolean expression
XJV.compareTo(YJV) <= 0

hy X>=Y
has the same result as if the JVM executed:the Java boolean expression

XJV.compareTo(YJV) >= 0

Confor mance Rules

No additional Conformance-Rules.
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8 Additional common rules

Thiq Clause modifies Clause 9, “Additional common rules’, in |SO/IEC 9075-2.
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8.1

Execution of array-returning functions

Execution of array-returning functions

This Subclause modifies Subclause 9.16, “Execution of array-returning functions”, in 1SO/IEC 9075-2.

Function

DefiLe the execution of an external function that returns an array value.

Sy

AcC

Ge

1)

itax Rules

No additional Syntax Rules.

ress Rules

No additional Access Rules.

neral Rules

Replace GR 6)|Case:

a) If P is an external Java routine then let PN and N e EN-FRN-2.
b) Otherwise, let PN and N be the number of values in the static SQL argument list of P.

2)

Replace lead text of GR 7)| If P is not an extérnal Java routine, then P has a list of EN parameters Pl

whose host language data types are determined as follows:

3)

Replace the lead text of GR 9)| If P-isiAot an external Java routine, and the call type data item has a v

of -1 (indicating open call), then:

4)

Insert before GR 10)| If P is afexternal Java routine, and the call type data item has a value of -1 (indic

open call), then P is executeg-with a list of parameters PD;, 1 (one) < i < EN, whose values are set as foll

appear in P's-declaration.

NOTE+12~— If any Java parameter is declared to be of an array class, then JPDL reflects that information.

b) Let JRPDT,; be the i-th Java data type in JPDL.
c) .Fori ranging from PN+1 to PN+FRN, let JP; be the component type of JPDT;.

Di

alue

ting
DWS:

a) Let JPDL be an-ordered list of the data types of the Java parameters declared for P in the order they

NOTE 13 — The component type of a Java array is defined in [JLS].

d) Fori ranging from 1 (one) to PN, if the value of ESP; is the SQL null value and if JPDT; is any of

boolean, byte, short, int, long, float, or double, then an exception condition is raised:
external routine invocation exception — null value not allowed.

e) Foriranging from 1 (one) to PN,

Case:
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If ESP; is a user-defined type, then let the most specific type of ESP; be U, let UIShe the
<interface specification> specified by the user-defined type descriptor of U, and let SICU be
the subject Java class of U.

Case:
1) IfUISis SERIALIZABLE, then:

i)

i)

i)

i)

f) Foriranging from PN+1 to PN+FRN:

g) For the save arga-dlata item, for i equal to EN-1.:

A) SICU's method readObject() is executed to convert the value of ESP; to a Jaya
object, the value of PD;.

B) The method of execution of the subject Java class's implementation of readObjegt()
is implementation-defined.

NOTE 14 — If UISis SERIALIZABLE, then, as described in Subclause 10:4,“<user-defined type| defi-
nition>", the subject Java class of U implements the Java interface java- 10.Serializablg and
defines that interface's readOb ject () method as described by [JavaAPI].

2) If UISis SQLDATA, then:
A) SICU's method readSQL() is executed to convert the value of ESP; to a Java ohject,
the value of PD;.

B) The method of execution of the subject Java class's implementation of readSQL() is
implementation-defined.

NOTE 15 — If UISis SQLDATA, then, asi@described in Subclause 10.4, “<user-defined type definitipn>",
the subject Java class of U implementsthe Java interface java.sql . SQLData and defines that
interface's readSQL () method as\described by [JDBC] and [JavaAPI].

Otherwise, the value of PD; is set-to the value of ESP; .

Let PAD; be a Java array of length 1 (one) and data type JP; initialized as specified in [JLS].

NOTE 16 — PAD;is a Java object effectively created by execution of the Java expression new JP;[1].

PD; is replaced py PAD;.

Case:

D~ If the Java data type JPDT; is an array class of java. lang.String, then let PAD; be a
Java array of length 1 (one) of java. lang.String, initialized as specified in [JLS].

NOTE 17 — PAD,; is a Java object effectively created by execution of the Java expression new
jJava.lang.String[1].

i)

2) Otherwise, create a java. lang. StringBuffer of the implementation- defined length
of a save area data item. Let LN be that implementation-defined length and let PAD; be

the Java object effectively created by execution of the Java expression new
java.lang.StringBuffer(LN). Theninitialize PAD; with LN null characters (U+0000).

PD; is replaced by PAD; .
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5)

6)

7)

8)

9

10)

Execution of array-returning functions

h) For the call type data item, for i equal to EN, the value of PD; is set to the value —1 (indicating open

call).

i) Let JCLSN and JMN be respectively the subject Java class name, and the subject Java method name

of P. The following Java statement is effectively executed:

101 SN INVNCPDy PDep )

routine and the first 2 characters of the exception data item are '01' (corresponding to the completion

Insert before GR 10)b)| If P is an external Java routine and the prior invocation of R.did not termina

with an unhandled Java exception, then set the call type data item to O (zero) (indicating fetch call).

Replace the lead text of GR 10)b)| If P is not an external Java routine and tfie Value of the exception

item 1s '02000' (corresponding to the completion condition no data):

unhandled Java exception that is an instance of the class java.sgl'-SQLException, or a subclass
such a class, and the result of invoking the method getSQLState () against that instance is a

element, ([0]), of PD; that is a Java null, then set"AR to the null value.

b) Set the call type data item to 1 (one) (indicating close call).

parameters PD; are set as follows:

Insert before GR 11)d)| If P is an éxternal Java routine, then P is executed with a list of EN paramet

PD; and whose values are set as follows:
a) Foriranging from 1,(0ne) to PN,

Case:

the subject Java class of U.
Case:
1) If UISis SERIALIZABLE, then:

Replace GR 10)a)] If either P is not an external Java routine and the value of the exception data-item
'00000' (corresponding to the completion condition successful completion), or P is not an external Jayva

dition warning with any subcondition), then set the call type data item to 0 (zero) (indicating fetch CTII).

Insert before GR 10)c)| If P is an external Java routine and the prioyinvocation of P terminated with|an

Replace the lead text of GR 11)a)\ If P is net an external Java routine, then the values in the list of EN

i) If ESP;S a user-defined type, then let the most specific type of ESP; be U, let UISbe the
<interface specification> specified by the user-defined type descriptor of U, and let SICU| be

is

con-

e

data

java. lang.String whose value is '02000' (corresponding+o the completion condition no data) then:

a) If each JP; for i ranging from PN+1 to PN+FRN that.is a Java class has an associated value in the|first

¢rs

A) SICU's method readObject() is executed to convert the value of ESP; to a Java

object, the value of PD; .

B) The method of execution of the subject Java class's implementation of readObject()

is implementation-defined.

NOTE 18 — If UIS is SERIALIZABLE, then, as described in Subclause 10.4, “<user-defined type defi-

nition>", the subject Java class of U implements the Java interface java. io.Serializabl
defines that interface's readOb ject () method as described by [JavaAPI].

eand
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2) IfUISis SQLDATA, then:

A) SICU's method readSQL() is executed to convert the value of ESP; to a Java object,

the value of PD; .

B) The method of execution of the subject Java class's implementation of readSQL() is

implementation-defined

b)

d)

e)

NOTE 19 — If UISis SQLDATA, then, as described in Subclause 10.4, “<user-defined type definitipn>",

the subject Java class of U implements the Java interface java.sql . SQLData and defines that

interface's readSQL () method as described by [JDBC] and [JavaAPI].

i) Otherwise, the value of PD; is set to the value of ESP;.

For i ranging from PN+1 to PN+FRN:

i) Let PAD; be a Java array of length 1 (one) and data type JP; initialized as specified in [JL
NOTE 20 — PAD; is a Java object effectively created by execution of the,Java expression new JP; [1].

i) PD; is replaced by PAD; .

For the save area data item, for i equal to EN-1:

i) Case:

1) If the Java data type JP; is an array class‘of java. lang.String, then let PAD; be a

array of length 1 (one) of java. lang-String, containing the value of the
java. lang.String returned byithe prior execution of P.

2) Otherwise, let PAD; be a java:Tang.StringBuffer of length LN containing the v
of the java. lang. StridgBuffer returned by the prior execution of P.

i) PD; is replaced by PAD;.

For the call type data item, for i equal to EN, the value of PD; is set to the value O (zero) (indicati

fetch call).

Let JCLSN and JMN- be respectively the subject Java class name, and the subject Java method n:
of P. The following'Java statement is effectively executed:

JCLSN.IJWN(\PD;, ..., PDen );

Replace thedlead text of GR 11)d)i)| If P is not an external Java routine and either the exception data

is '00000% (Corresponding to completion condition successful completion) or the first 2 characters are
(corresponding to completion condition warning with any subcondition), or P is an external Java rou
and, the prior invocation of P did not terminate with an unhandled Java exception, then:

[92]

1.

Java

alue

ng

\me

item
Ioll
fine

12) \Replace GR 11)d)i)3)A)| If P is not an external Java routine and each PD; for i ranging from

(PN+FRN)+N+1 through (PN+FRN)+N+FRN (that is, the SQL indicator arguments corresponding to the
result data items), is negative, then let the E-th element of AR be the null value.

13) [Insert after GR 11)d)i)3)A)| If P is an external Java routine and each JP; for i ranging from PN+1 to
PN+FRN that is a Java class has an associated value of the first element, ([0]), of PD; that is a Java null,
then let the E-th element of AR be the null value.
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14) \Replace GR 11)d)i)3)B)I)| If P is not an external Java routine and FRN is 1 (one), then let the E-th element
of AR be the value of the result data item.

15) \Insert after GR 11)d)i)3)B)I)| If P is an external Java routine, then for the result data items, for i ranging
from PN+1 through PN+FRN:

a) Case:

)] If ESP; is a user-defined type, then:
1) Let EST; be the most specific type of the value of ESP;.

2) Let SICE be the most specific Java class of the value of PD; [0], and let. STU be the dser-
defined type whose subject Java class is SICE and whose user-defined\type is EST; of is
a subclass of EST;.

3) Let UISbe the <interface specification> specified by the user<defined type descriptor| of
STU.

4) Case:
A) If UISis SERIALIZABLE, then:

)] SICE's method writeObject()1s executed to convert the value of PD; [[0]
to the value SC; of user-definedtype STU.

I1)  The method of execution‘of the subject Java class's implementation of
writeObject() is implementation-defined.

NOTE 21 — If UISis SERTALIZABLE, then, as described in Subclause 10.4, “<user-defined type
definition>", the descriptor's subject Java class implements the Java interface java. 10.Sgri-
alizable and defines that interface's wr i teOb ject () method as described by [JavaAPI].

B) If UISis SQLBATA, then:

)i SICE's method writeSQL() is executed to convert the value of PD; [0] tp the
value SC; of user-defined type STU.

1)) - The method of execution of the subject Java class's implementation of
writeSQL(Q) is implementation-defined.

NOTE 22 — If UISis SQLDATA, then as described in Subclause 10.4, “<user-defined type defini-
tion>", the descriptor's subject Java class implements the Java interface java.sql .SQLOata
and defines that interface's wr i teSQL () method as described by [JDBC] and [JavaAPI].

i) Otherwise, the value of SC; is set to the value of PD; [0].

b)~ Case:
)] If FRN is 1 (one), then let the E-th element of AR be SC;.

i) Otherwise, let the E-th element of AR be the value of the following <row value expression>:

ROW ( SV1, ---, SVern )

16) |Replace the lead text of GR 11)d)ii)| If P is not an external Java routine and the exception data item is
'02000' (corresponding to completion condition no data), or if P is an external Java routine and the prior
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invocation of P terminated with an unhandled Java exception that is an instance of the class

java.sql .SQLException, or a subclass of such a class, and the result of invoking the method getSQL-
State() against that instance is a java. lang.String whose value is '02000' (corresponding to the
completion condition no data) then:

17) \Replace the lead text of GR 12)\ If P is not an external Java routine, and the call type data item has a value

of 1 (one) (indicating close call). then P is executed with a list of EN parameters PD; whose values are set

as follows:

18) | Insert after GR 12)| If P is an external Java routine and the call type data item has a value of @) (ene)

(indicating close call), then P is executed with a list of EN parameters PD; and whose valuésare set @s
follows:

a) Foriranging from 1 (one) to PN,

Case:

i) If ESP; is a user-defined type, then let the most specific type of ESP; be U, let UISbe the
<interface specification> specified by the user-defined type.descriptor of U, and let SICU| be
the subject Java class of U.

Case:
1) If UISis SERIALIZABLE, then:

A) SICU's method readObject() isexecuted to convert the value of ESP; to a Jaya
object, the value of PD; .

B) The method of execution ofthe subject Java class's implementation of readObjegt()
is implementation-defined.

NOTE 23 — If UISis SERIALIZABLE, then, as described in Subclause 10.4, “<user-defined type| defi-
nition>", the subject Java class of U implements the Java interface java.io.Serializablg and
defines that interface’s readOb ject () method as described by [JavaAPI].

2) If UISis SQLDATA, then:

A) SICU's method readSQL() is executed to convert the value of ESP; to a Java ohject,
the value of PD; .

B)? The method of execution of the subject Java class's implementation of readSQL() is
implementation-defined.
NOTE 24 — If UISis SQLDATA, then, as described in Subclause 10.4, “<user-defined type definitipn>",

the subject Java class of U implements the Java interface java.sql . SQLData and defines that
interface's readSQL () method as described by [JDBC] and [JavaAPI].

i) Otherwise, the value of PD; is set to the value of ESP; .

b)

©ISO/IEC 2016 — All rights reserved

For i ranging from PN+1 to PN+FRN:
i) Let PAD; be a Java array of length 1 (one) and data type JP; initialized as specified in [JLS].

NOTE 25 — PAD; is a Java object effectively created by execution of the Java expression new JP; [1].

i) PD; is replaced by PAD; .
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c) For the save area data item, for i equal to EN-1:

i) Case:

1) If the Java data type JP; is an array class of java. lang.String, then let PAD; be a Java

array of length 1 (one) of java. lang.String, containing the value of the
java. lang.String returned by the prior execution of P.

2) Otherwise, let PAD; be a java. lang.StringBuffer of length LN containing thée-yalue
of the java. lang. StringBuffer returned by the prior execution of P.

i) PD; is replaced by PAD; .

d) For the call type data item, for i equal to EN, the value of PD; is set to the valug-1\(one) (indicating
close call).

e) Let JCLSN and JMN be respectively the subject Java class name, and the&ubject Java method nagme
of P. The following Java statement is effectively executed:

JCLSN.JMN( PDy, ..., PDey ):

Confor mance Rules

No additional Conformance Rules.
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9 Additional common elements

Thiq Clause modifies Clause 10, ““Additional common elements’, in |SO/IEC 9075-2.
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9.1 <language clause>

This Subclause modifies Subclause 10.2, “<language clause>"’, in | SO/IEC 9075-2.

Function

Spegify a programming language.

Format

<lapguage name> ::=
Il Al alternatives fromI|SQ|EC 9075-2
| | JAVA

Symtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

|Augment Table 18, “Standard programming fanguages”

Table 1= "Standard programming languages

Ljanguage Relevant standard
keyword
JAVA [LS]

Confor mance Rules

No adelitional Conformance Rules.

9.2 <Javaparameter declaration list>

Function

Specify the Java types of parameters for a Java method.
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Format

<Java parameter declaration list> ::=

<

left paren> [ <Java parameters> ] <right paren>

<Java parameters> :-:=
<Java data type> [ { <comma> <Java data type> }... ]

<Ja
!

a data type> ::=
I See the Syntax Rul es

Synmtax Rules

1)

“Parameter mapping”. The <Java data type> names are case sensitive, and shall be fully qualified wi
their package names, if any.

Actess Rules

None.

Geheral Rules

Co
1)

©ISO/IEC 2016 — All rights reserved

None.

pformance Rules
\Without Feature J631, “Java signatureS’; conforming SQL language shall not contain a <Java param

“Java routine signature determination”.

A <Java data type> is a Java data type that is mappable or result set mappable, as spécified in Subclausg 4.5,

bter

declaration list> that is not equivaléntto the default Java method signature as determined in Subclausg 9.5,
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9.3 <SQL Java path>

Function

Control the resolution of Java classes across installed JARs.

Format

<SQU Java path> ::=
[[<path element>... ]

<path element> ::=
<left paren> <referenced class> <comma> <resolution jar> <right paren>

<referenced class> ::=
[ <packages> <period> ] <asterisk>
[ <packages> <period> ] <class identifier>

<regolution jar> ::=
<jar name>

Synmtax Rules

None.

Actess Rules

None.

Geheral Rules

=

1) |When aJava class CJin @JAR Jis executed in an SQL-implementation, let P be the SQL-Java path from

J's JAR descriptor.
NOTE 26 — A JAR descriptor's SQL-Java path is set by an invocation of the SQLJ . ALTER_JAVA_PATH procedure.

2) |No Class-Pattyattribute affects class resolution. Every static or dynamic reference in CJ to a class with
the name CN-that is not a system class and is not contained in J is resolved as follows.

For each <path element> PE (if any) in P, in the order in which they were specified:

a)- ‘Let RC and RJ be the <referenced class> and <resolution jar>, respectively, contained in PE. Lef JR
be the JAR referenced hy Rl

b) If RJis not the name of an installed JAR, then an exception condition is raised: Java execution —
invalid JAR name in path.

NOTE 27 — This exception can only occur if the implementation-defined action taken for an
SQLJI.ALTER_JAVA PATH call that raised an exception results in leaving invalid <jar name>s in the SQL-Java
path.

c) If RCisequivalent to CN, then:
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)] If CN is the name of some class C in JR, then CN resolves to class C.

i) If CN is not the name of a class in JR, then an exception condition is raised: Java execution —
unresolved class name.

d) If RCsimply contains <asterisk>and simply contains <packages>, then let PKG be the specified
<packages> and let CI be the <class identifier> of CN. If the <Java class name> of CN is PKG.ClI,
then:

i) If CN is the name of a class C in JR, then CN resolves to class C.

i) If CN is not the name of a class in JR, then an exception condition is raised: Javaexecutign —
unresolved class name.

e) If RC simply contains <asterisk> and does not simply contain <packages>, then:
)] If CN is the name of a class C in JR, then CN resolves to class C.

i) If CN is not the name of a class in RJ, then CN is not resolved by the <path element> beifg
considered and the next <path element> in P is considered.

3) |If CNis not resolved after all <path element>s in P have been copsidered, then an exception conditign is
raised: Java execution — unresolved class name.

Cohformance Rules

1) |Without Feature J601, “SQL-Java paths”, conforming:SQL language shall not contain an <SQL Java path>.
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<routine invocation>

<routineinvocation>

This Subclause modifies Subclause 10.4, ““<routine invocation>"’, in |SO/IEC 9075-2.

Function

Invake an SQL-invoked routine.
Format

No 3dditional Format itens.

Sy

1)

AC(

Ge

itax Rules

Insert this SR|If SR is an external Java routine, then:

a) No <SQL argument> immediately contained in <SQL argumenblist> shall immediately contain
<generalized expression>.

b) Ifvalidation of the <Java parameter declaration list> has been implementation-defined to be perfor,
by <routine invocation>, then the Syntax Rules of Subelause 9.5, “Java routine signature determinat
are applied with <routine invocation> as ELEMENT, 0 (zero) as INDEX, and SR as SUBJECT.

ress Rules

No additional Access Rules.

neral Rules

1)

Insert after GR 3)b)ii)1)| If(Rjis an external Java routine, then let CPV; be an implementation-defined

null value of declared type.T;.

2)

Java method of R:
NOTE 28 “<The subject Java method of an external Java routine is defined in Subclause 9.5, “Java routine signature
mination%

3)

Replace the lead text of GR 4)| If Ris an external routine that is not an external Java routine, then:

4)

med
On”,

non-

Insert before GR 4)| iPRis an external Java routine that is not a static field method, then let P be the sulpject

eter-

Replace the lead text of GR 5)f)ii)| If Ris not a static field method, then:

5)

]Insert after GR 5)f)ii)| Otherwise, the following are copied from RSC to CSC:

a) The identities of all temporary tables.

b) The cursor instance descriptors of every open cursor.
c) All prepared statements.

d) All SQL descriptor areas.

44 SQL Routinesand Types Using the Java Programming L anguage (SQL/JRT) ©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

€)

I SO/IEC 9075-13:2016(E)
9.4 <routineinvocation>

Every currently available result set sequence RSS, along with the specific name of an SQL-invoked
procedure SP and the name of the invoker of SIP for the invocation causing RSSto be brought into

existence.

6) |Insert before GR 8)d)|If R specifiess PARAMETER STYLE JAVA, then

7)

8)

©ISO/IEC 2016 — All rights reserved

Case:

a)

b)

If Ris an SQL-invoked function that is an array-returning external function or a multiset-returaing

external function, then the effective SQL parameter list ESPL of Ris set as follows:

i) If R's returned array's element type or returned multiset's element type is a row type, then
FRN be the degree of the element type; otherwise, let FRN be 1 (one).

i) For i ranging from 1 (one) to PN, the i-th entry in ESPL is set to CPV;,

iii)  Fori ranging from PN+1 to PN+FRN, the i-th entries in ESPL are‘the’result data items.

let

iv)  Foriequal to PN+FRN+1, the i-th entry in ESPL is the save area'data item and for i equal to

PN+FRN+2, the i-th entry in ESPL is the call type data item:

V) Set the value of the save area data item (that is, SQL argument value list entry PN+FRN+(L) to

null and set the value of the call type data item (thatis; SQL argument value list entry
PN+FRN+2) to 1.

NOTE 29 — Initialization of the save area data item occurs.inSubclause 8.1, “Execution of array-returning functjons”;

for now, it is set to null.

Otherwise, for i ranging from 1 (one) to PN, letithe effective SQL parameter list ESPL of R be the list

of values CPV;.

Replace the lead text of GR 8)g)ii)1)| If Risnot an external Java routine and R s neither an array-retur

external function nor a multiset-returning external function, then P is executed with a list of EN param
PD; whose parameter names are PN;-and whose values are set as follows:

Insert before GR 8)g)ii)3)| If Ris an external Java routine and R s not an array-returning external fun

a)
b)

or a multiset-returning externalfunction, then P is executed in a manner determined as follows and v
a list of parameters PD; whose values are set as follows:

Let SRD be routine-descriptor of R

ning
bters

tion
Vith

If SRD indieates that R is an SQL-invoked method, then let SRUDT be the user-defined type whose

descripter.cantains SR's corresponding method specification descriptor MSD and let JCLSN be the

subject\dava class of SRUDT.
Case:
)] If SRD indicates that R is an SQL-invoked method and MSD indicates that R is a static fig

method;then:

1) Let JSF be the subject static field of R

d

NOTE 30 — The “subject static field” of an SQL-invoked method is defined in Subclause 9.5, “Java

routine signature determination”.

2) Let ERT be the effective returns data type of R.

NOTE 31 — “effective returns data type” is defined in the Syntax Rules of Subclause 10.4, “<routine

invocation>", in [ISO9075-2].
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3) Case:

A) If ERT is a user-defined type, then

)i Let SICE be the most specific Java class of the value of JSF, and let STU be
the user-defined type whose subject Java class is SICE and whose user-defined
type is ERT or is a subclass of ERT.

1)

2)

i) Otherwise:

i) Let UIShbe the <interface specification> specified by the user-defined,typ
descriptor of STU.

Case:

B) . @©therwise, the value of SSFV is set to the value of JSF.

4) <LCet RESULT be an arbitrary site of declared type ERT. The rules of Subclause 9.2, “§
assignment”, in [1SO9075-2], are applied with SSFV as VALUE and RESULT as TAR(
The result of the <routine invocation> is the value of RESULT. No further General R
of this Subclause are applied.

If UISis SERIALIZABLE, then:

a) The subject Java class SICE's writeObject) method is exec
to convert the Java value of JSF to the SQL: value SSFV of user-de
type STU.

b) The method of execution of the subject Java class's implementat
of writeObject() is implementation-defined.

NOTE 32 — If UISis SERIAKIZABLE, then, as described in Subclause
“<user-defined type definition>", the descriptor's subject Java class imple
the Java interface Java<io.Serial izable and defines that interf
writeObject () method as described by the [JavaAPI].

If UISis SQLDATA then:

a) The subject.Java class SICE's method writeSQL() is executed

U

ted
ined

on

10.4,
nents
ace's

to

convert theddava value of JSF to the SQL value SSFV of user-deflined

type STU.

b) The:method of execution of the subject Java class's implementat
of writeSQL() is implementation-defined.

NOTE 33 — If UISis SQLDATA, then, as described in Subclause 10.4, “4
defined type definition>", the descriptor's subject Java class implements the
interface Java.sql . SQLData and defines that interface's wr i teSQ
method as described by [JDBC] and [JavaAPI].

on

user-
Java

LO

tore
5ET.
ules

1) Let JPDL be an ordered list of the data types of the Java parameters declared for P in the
order they appear in P's declaration.

NOTE 34 — If any Java parameter is declared to be of an array class, then JPDL reflects that information.

2) If SRD indicates that Ris an SQL-invoked method and MSD indicates that Ris an instance
method or a constructor method, then prefix JPDL with the subject parameter as follows.

Case:
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A) If JPDL contains one or more Java data types, then prefix JPDL with JCLSN.

B) Otherwise, replace JPDL with JCLSN.

3) Let JP; be the i-th data type in JPDL.

4) Fori ranging from 1 (one) to EN, if JP; is of an array class, then let JP; be the component

Type of JP;.

Case:

Case:

1)

2)

2)

NOTE 35 — The component type of a Java array is defined in [JLS].

5) Foriranging from 1 (one) to EN, if ESP; is the SQL null value and if JP; is any-of boolg
byte, short, int, long, float, or double, then an exception condition'is raised:
external routine invocation exception — null value not allowed.

6) Foriranging from 1 (one) to EN,

A) If the declared type of ESP; is a user-defined type, then let the most specific typg
ESP; be U, let UIShe the <interface specificatiofi> specified by the user-defined
descriptor of U, and let SICU be the subjectidava class of U.

) If UISis SERIALIZABLE, then:

1) (_IFfUISis SQLDATA, then:
1) The subject Java class SICU's method readSQL () is executed to comvert

The subject Java class'SICU's method readObject() is executed tg
convert the valuesof ESP; to a Java object, the value of PD;.

The method 0Of execution of the subject Java class's implementation ¢
readObject() is implementation-defined.

an,

of

ype

—h

NOTE36'— If UISis SERIALIZABLE, then, as described in Subclause 10.4, “<usgr-

defined type definition>”, the subject Java class of U implements the Java interface

Java.io.Serial izable and defines that interface’s readOb ject () mdthod

as described by [JavaAPI].

the value of ESP; to a Java object, the value of PD;.
The method of execution of the subject Java class's implementation ¢
readSQL () is implementation-defined.

NOTE 37 — If UISis SQLDATA, then, as described in Subclause 10.4, “<user-defir
type definition>", the subject Java class of U implements the Java interface

=Y

ed

Java.sql .SQLData and defines that interface's readSQL () method as desq

ribed

by F3DBCamd fJavaAPtt:

B) Otherwise, the value of PD;, of the Java data type JP;, is set to the value of ESP;.

7) Foriranging from 1 (one) to EN, if P; is an output SQL parameter or both an input SQL
parameter and an output SQL parameter, then:

A) Let PAD; be a Java array of length 1 (one) and data type JP; initialized as specified

in [JLS].

©ISO/IEC 2016 — All rights reserved

Additional common elements 47


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

I SO/IEC 9075-13:2016(E)
9.4 <routineinvocation>

NOTE 38 — PAD; is a Java object effectively created by execution of the Java expression new
JPi[1].

B) If P is both an input SQL parameter and an output SQL parameter, then PAD;[0] is
set to PD;.

C) PD; is replaced by PAD;.

8)
)

10)

Let JPEN be the number of Java data types in JPDL.

If JPEN is greater than EN, then prepare the Java parameters for the DYNAMIC RESULT

SET parameters as follows.
For i ranging from EN+1 to JPEN:

A) Let PAD; be a Java array of length 1 (one) and data type JP; initialized as specified
in [JLS].

NOTE 39 — PAD,; is a Java object effectively created by execution of the Java expression neyv
JPi[1].

B) The value of PD; is set to the value of PAD;,

Let JCLSN, JMN, and ERT be respectively the Subject Java class name, the subject Java
method name, and the effective returns dataitype of R. The subject Java method of the
subject Java class is invoked as follows.

Case:

A) If Ris an SQL-invoked pracedure, then:

)i If JPEN is greater than O (zero), then the following Java statement is effectively

executed:

JCLSN.9NN ( PDy,
> PD3peN ) 3

I1) “_If JPEN equals O (zero), then the following Java statement is effectively gxe-
cuted:

JCLSN.IMN () ;

B) If Risan SQL-invoked method whose routine descriptor specifies STATIC or R|s an

SQL-invoked regular function, then:

)i If ERT is a user-defined type, then let SICE and SICEN be the subject Jaya
class and the subject Java class name of ERT, respectively.
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1)) If ERT is not a user-defined type, then let SICEN be the Java returns data type
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JCLSN.IJMN ( PDy, -...

PDjpen ) 3

IV)  If JPEN equals 0 (zero), then the following Java statement is effectively exe-
cuted:

SJICEN fnmpll =

JCLSN.JMN () ;

C) If Risan SQL-invoked constructor method, then:

)i If JPEN is greater than 1 (one), then the following Java statement is effectively
executed:

JCLSN PDy = new
JCLSN ( PDp , ...,
PDjpeN ) 3

1) If JIPEN equals 1 (one), then the following Java statement is effectively exectited:

JCLSN PD; =
new JCLSN () ;

D) Otherwise:

)i If ERT is a user-defined.type, then let SICE and SICEN be the subject Jaya
class and the subject Java class name of ERT, respectively.

1)) If ERT is not a user-defined type, then let SICEN be the Java returns data ftype
of the subject:Java method.

1)  If JPEN is/greater than 1 (one), then the following Java statement is effectjvely
executed;

SJCEN tempU =
PB; . IJWN (

PDy , ...,
PDjpeN ) 3

IV) If JPENequals 1 (one), then the following Java statement is effectively exectited:

SJCEN tempU = PD;

- IMN () ;
NOTE 40 — The Java method effectively executed by either the Java statement SJJEN
tempU = PD; . JW ( PD, , ..., PDjpen ) ; orthe Java statenpent

SJCEN tempU = PD; . JMN () ; isdetermined based on the value of PDy
according to Java's rules for overriding by instance methods, as specified in [JLS].

9) |Insertafter GR 8)g)ii)5)| If Ris an external Java routine, then the scope and persistence of any modifications
of class variables made before the completion of any execution of P is implementation-dependent.

10) \ Insert before GR 8)h)i)\ If Ris an external Java routine and the execution of P completes with an uncaught
Java exception E, then let EM be the result of the Java method call E.getMessage()
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a) Case:

i)

i)

If E is an instance of java.sqgl .SQLException, and the result SSof the Java method call
E.getSQLState() is a five-character string, then let C be the first and second characters of

SS and let SC be the third, fourth, and fifth characters of SS

Otherwise, let C be '38' (corresponding to external routine exception) and SC be '000' (corre-

b) An exception condition is raised with class C, subclass SC, and the associated message text EM.

sponding to no subclass).

11) |Replace the lead text of GR 8)h)ii)| If Ris not an external Java routine, then for i varying,from 1 (on

EN, the General Rules of Subclause 9.3, “Passing a value from a host language to the SQL-server”, i
ISO/IEC 9075-2, are applied with the language of Ras LANGUAGE, PT; as SQL TYPE; and the valu

PD; as HOST VALUE; let ESP; be the SQL VALUE returned from the application ©fjthose General R

12) | Insert after GR 8)i)i)3)] If Ris an external Java routine that is not a type-presérving function, then let

a) Case:

i)

be the effective returns data type of R. The returned value of P, tempU, isprocessed as follows:

If ERT is a user-defined type, then:

e) to
n
e of

iles.

ERT

1) Let SICE be the most specific Java class of the value of tempU, and let STU be the uger-

defined type whose subject Java class is, SICE and whose user-defined type is ERT of
subclass of ERT.

2) Let UISbe the <interface specification> specified by the user-defined type descriptor
STU.

3) Case:
A) If UISis SERIALIZABLE, then:

isa

of

1) The subject Java class SICE's method writeObject() is executed to comvert

theWava value of tempU to the SQL value SSFV of user-defined type STU!.

I1) ~ Fhe method of execution of the subject Java class's implementation of
writeObject() is implementation-defined.

NOTE 41 — If UISis SERIALIZABLE, then, as described in Subclause 10.4, “<user-defined
definition>", the descriptor's subject Java class implements the Java interface java. 10.S¢

type
ri-

alizable and defines that interface's wr i teOb ject () method as described by [JavajAPI].

B) If UISis SQLDATA, then:

)i The subject Java class SICE's method writeSQL() is executed to converft the

Java value of tempU to the SQL value SSFV of user-defined type STU.

i)

I1)  The method of execution of the subject Java class's implementation of
writeSQL(Q) is implementation-defined.

NOTE 42 — If UISis SQLDATA, then as described in Subclause 10.4, “<user-defined type defini-
tion>", the descriptor's subject Java class implements the Java interface java.sql . SQLData

and defines that interface's wr i teSQL () method as described by [JDBC] and [JavaAPI].

Otherwise, the value of SSFV is set to the value of tempU.

b) LetRVbe SSFV.
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13) \ Insert after GR 8)i)i)3)| If Ris an external Java routine that is a type-preserving function, then let ERT be
the effective returns data type of R. The returned value of P, PD4, is processed as follows:

a) Let SICE be the most specific Java class of the value of PD1, and let STU be the user-defined type
whose subject Java class is SICE and whose user-defined type is ERT or is a subclass of ERT.

b) LetUISbe the <interface specification> specified by the user-defined type descriptor of STU

Case:
i) If UISis SERIALIZABLE, then:

1) The subject Java class SICE's method writeObject() is executed to,convert the Jgva
value of PD; to the SQL value SSFV of user-defined type STU.

2) The method of execution of the subject Java class's implementation of writeObject()
is implementation-defined.

NOTE 43 — If UISis SERIALIZABLE, then as described in Subclause\10:4, “<user-defined type definitipn>",
the descriptor's subject Java class implements the Java interface java. io.Serial izable and dgfines

that interface's wr i teOb ject () method as described by [JavaAPI].
i) If UISis SQLDATA, then:

1) The subject Java class SICE's method writeSQL () is executed to convert the Java Value
of PD; to the SQL value SSFV of user-defined type STU.

is

2) The method of execution of the subjéct Java class's implementation of writeSQL()
implementation-defined.

NOTE 44 — If UISis SQLDATA, thenas described in Subclause 10.4, “<user-defined type definition>"}, the
descriptor's subject Java class implements the Java interface Java . sql . SQLData and defines that interface's
wr 1teSQL () method as described by [JDBC] and [JavaAPI].

c) LetRVbe SSFV.

14) | Insert after GR 8)j)ii)| If R specifies PARAMETER STYLE JAVA, then each parameter that is eithenan
output SQL parameter or bothvarn input SQL parameter and an output SQL parameter is processed as follpws:

a) Let P; be the i-th SQL-"parameter of Rand let T; be the declared type of P;.

b) EPV,; is set to-the'value of PD;[0].
Case:
i) If T; is a user-defined type, then:

1) Let SICE be the most specific Java class of the value of EPV;, and let STU be the usqr-
defined type whose subject Java class is SICE and whose user-defined type is T; or iga
subclass of T;.

2) Let UIShbe the <interface specification> specified by the user-defined type descriptor of
STU.

Case:
A) If UISis SERIALIZABLE, then:
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15)

16)

17)

18)

19)

20)

<routine invocation>

)] The subject Java class SICE's method writeObject() is executed to convert
the Java value of EPV; to the SQL value CPV; of the user-defined type STU.

I1)  The method of execution of the subject Java class's implementation of
writeObject() is implementation-defined.

NOTE 45 — If UISis SERIALIZABLE then as described in Subclause 10. 4 ‘<user- deflned

Ul:‘IIIIII.IUII) lIIE UEbLIIplUl S bU
alizable and defines that interface's wr i teOb ject () method as descrlbed by [Java

B) If UISis SQLDATA, then:

)i The subject Java class SICE's method writeSQL() is executed-to conver
Java value of EPV; to the SQL value CPV; of user-defineditype STU.

I1)  The method of execution of the subject Java class's implementation of
writeSQL(Q) is implementation-defined.

NOTE 46 — If UISis SQLDATA, then as described in Subelause 10.4, “<user-defined type d
tion>", the descriptor's subject Java class implements the/Java interface java.sql - SQLO
and defines that interface's wr i teSQL () method as described by [JDBC] and [JavaAPI].

i) Otherwise, CPV; is set to EPV;.

Replace GR 10)b)| If Ris not an external Java routine, then Tt OPN be the actual number of returne

result sets included in RSS

Insert after GR 10)b)| If Ris an external Java routine;then let RSN be a set containing the first eleme

each of the JPEN-EN arrays generated above for result set mappable parameters, let RSbe the eleme
of RSN that are not equal to the Java null valuegand let OPN be the number of elements in RS

Insert before GR 10)d)| If Riis an externaldava routine, then:

a) If the JDBC connection object that created any element of RSis closed, then the effect is implemé
tion-defined.

b) If any element of RSis notian object returned by a connection to the current SQL system and S(
session, then the effect(is)implementation-defined.

Replace GR 10)d)| If Ris not an external Java routine, then for each i, 1 (one) < i < RTN, let FRC; b

with-return cursor of the i-th returned result set RS in RSS, and let FRCN; be the <cursor name> that
identifies FRC;.

type
ri-
API].

t the

efini-
ata

nt of
nts

Pnta-

b the

Insert after'GR 10)d)| If Ris an external Java routine, then let FRC be a copy of the elements of RSthat

remain epen in the order that they were opened in SQL. Let FRC;, 1 (one) <i < RTN, be the i-th curs
FRClet FRCN; be the <cursor name> that identifies FRC;, and let RCS be the result set of FRC;.

Or in

result sets returned.

ing—

21) |Insert after GR 10)f)| If Ris an external Java routine, then for each result set RS in RS close RS and close

the statement object that created RS,

22) |Insert before GR 13)| If Ris an external Java routine, then whether the call of P returns update counts as

defined in JDBC is implementation-defined.
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Confor mance Rules

1) |Insertthis CR|Without Feature J611, “References”, conforming SQL language shall not contain a <reference
value expression>.

2) |Insert this CR|Without Feature J611, “References”, conforming SQL language shall not contain a <right

ALYO\>S.
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9.5 Javaroutine signature determination

Function

SpeC|fy rules for how aJava method S S|gnature is determlned ifitis not epr|C|tIy spec:|f|ed and how it is

a)

or on contents of descrlptors avallable When |nvok|ng an SQL routlne

Iitax Rules

Let SE, i, and SR respectively be ELEMENT (the syntactic element), INDEX (the method specificatig
index), and SUBJECT (the subject routine (if any)) specified in an application of this'Subclause.

Information needed by later rules of this Subclause is gathered based on the context in which this Subcl
is executed, as follows.

Case:

If SE specifies <SQL-invoked routine>, then:

Let JN, JCLSN, JMN, and JPDL respectively be the'<jar name>, <Java class name>, <Ja
method name>, and <Java parameter declaratioh.list> contained in <external Java referen
string>.

Let SPDL be <SQL parameter declaration list>.
If <SQL-invoked routine> contains&schema procedure>, then:

1) If DYNAMIC RESULT SETS N is specified for some N greater than 0 (zero), then Ig
DRSN be N.

2) Otherwise let DRSN)be 0 (zero).

If <SQL-invoked ¥autine> contains <schema function>, and <SQL-invoked routine> speq
an array-returping external function or a multiset-returning external function, then:

1) Let RDPL be aresult data area parameter list that specifies a comma-seperated list of <
parameter declaration>s that have <parameter mode> OUT; their <parameter type>s
defined to be those of the effective SQL parameter list entries PN+1 through PN+FR
defined in Subclause 11.60, “<SQL-invoked routine>".

2) Append to RDPL a <comma> and an <SQL parameter declaration> whose <data typ
character string of implementation-defined length and character set SQL_TEXT with
<parameter mode> INOUT.

n

ause

a

—

ifies

50L
are
N as

b> |S

2\ A nd-t Dl o conmnnn

BE> |S

nnan RP nd-a COl navamatar dAanlavatinns \hnen cdata 4y
J) PP LU o o-<€offta>-ahtrah T Part it Ut Ui o= WO S~ uUnta Ty |

an exact numeric type with scale 0 (zero) and with <parameter mode> IN.

4)

Append to SPDL a <comma> and RPDL, to create an <SQL parameter declaration list>
containing the input parameters, the result data item parameter(s), and the save area and
call type data items.

b) If SE specifies <user-defined type definition>, then:
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)] Let UDTD be the <user-defined type definition>, let UDTB be the <user-defined type body>
immediately contained in UDTD, and let UDTN be the <schema-resolved user-defined type
name> immediately contained in UDTB.

i) Let JN and JCLSN respectively be the <jar name> and <Java class name> contained in
<external Java type clause> contained in UDTB.

1) For the purposes of parameter mapping as defined In Subclause 4.5, ~Parameter mapping’}, the
remaining rules in this Subclause are performed as if the descriptor for the user-defined-type
defined by UDTD was already available in the SQL-session. That descriptor describes'the type
as having the name UDTN, being an external Java data type, and having the <jan-and clasp
name> specified in UDTD.

iv)  Let M§ be the i-th <method specification> in the <method specification-list> contained by
UDTB.

V) Let SRT be the SQL <data type> specified in the RETURNS clauseof MS.
vi)  Let DRSN be 0 (zero).

vii)  If M§ immediately contains <static field method spec>,(then:
1) Let QJFN be the <qualified Java field name>pfMS.

2) Let FI be the <Java identifier> contained-in'<Java field name> contained in QJFN.

—

3) If QJFN specifies a <Java class name>; then let S-C be that class name; otherwise, I¢
S-C be JCLSN.

4) Let SPDL be the <SQL parameter declaration list>

@)
viii)  If M§ does not immediately contain <static field method spec>, then:

1) Let IMN and3JPDL respectively be the <Java method name> and <Java parameter dgcla-
ration list> centained in <Java method and parameter declarations> contained in MS|.

2) Let SPDL be the augmented SQL parameter declaration list NPL; of MS.

3) AfMS specifies an array-returning external function or a multiset-returning external fungtion
then:

A) Let RDPL be a result data area parameter list that specifies a comma-seperated list of
<SQL parameter declaration>s that have <parameter mode> OUT; their <parampter

type>s are defined to be those of the effective SQL parameter list entries PN+1 through
PN+ERN as defined in Subclause 10 8 “<SQl -invoked routine>"

B) Appendto RDPL a <comma> and an <SQL parameter declaration>whose <data type>
is character string of implementation-defined length and character set SQL_TEXT
with <parameter mode> INOUT.

C) Appendto RDPL a <comma> and an <SQL parameter declaration> whose <data type>
is an exact numeric type with scale 0 (zero) and with <parameter mode> IN.
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D) Append to SPDL a <comma> and RPDL, to create an <SQL parameter declaration

list> containing the augmented SQL parameter list, the result data item paramete
and the save area and call type data items.

¢) Otherwise, descriptors are available.

r(s),

age,
ara-

bked

Java
ence

e's
am-
ther

nput

i) Let SRD be the routine descriptor of SR
i) If SRD indicates that the SQL-invoked routine is an SQL-invoked method, then:

1) Let SRUDT be the user-defined type whose descriptor contains SR's corresponding method
specification descriptor MSD, and let SRUDTD be the user-defined type descriptor of
SRUDT.

2) Let JN and JCLSN respectively be the <jar name> and <Java class-name> contained py
SRUDTD's <jar and class hame>.

3) Let SRT be the SQL <returns data type> specified in MSD.

4) Let DRSN be 0 (zero).

5) If MSD indicates that it is a static field method, then:

A) Let FI be the <Java identifier> contained-in the <Java field name> of MSD.

B) Let SFC be the <Java class name> of MSD.

C) Let SPDL be the <SQL parametefZdeclaration list>

o)

6) If MSD indicates that it is pet a static field method, then:

A) Let IMN and JPDL respectively be the Java method name composed of the pack
class, and name of the Java routine contained in MSD and the Java parameter dec
tion list contained in the signature contained in MSD.

B) Let SPDL be the augmented SQL parameter declaration list of MSD.

iii)  If SRD indicates that the SQL-invoked routine is an SQL-invoked procedure or an SQL-inv
regular fanction, then:

1) <etIN, JCLSN, IMN, and JPDL respectively be the <jar name>, <Java class name>,
method name>, and <Java parameter declaration list> contained in <external Java refer|
string> contained in the <external routine name> of SRD.

2) Let SPDL be an SQL parameter declaration list composed of the SQL-invoked routir
SQL parameters contained in SRD, specified with the descriptors list of the <SQL pa
eter name>_if specified, the <data type> the ordinal position, and an indication of wha
the SQL parameter is an input SQL parameter, an output SQL parameter, or both an i
SQL parameter and an output SQL parameter.

3) Ifthe SQL-invoked routine is an SQL-invoked procedure, then let DRSN be the maximum

number of dynamic result sets as indicated by SRD; otherwise, let DRSN be 0 (zero).
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If the SQL-invoked routine is an SQL-invoked regular function that is not an array-
returning external function or a multiset-returning external function, then let SRT be the
SQL <returns data type> specified in MSD; otherwise, let SRT be “void”.

If the SQL-invoked routine is an SQL-invoked regular function that is an array-returning
external function or a multiset- returning external function, then:

A) Let RDPL be a result data area parameter Tist that Specifies a comma-seperated-Tist of
<SQL parameter declaration>s that have <parameter mode> OUT; their <pardmgter
type>s are defined to be those of the effective SQL parameter list entries PN#Dthrough
PN+FRN as defined in Subclause 10.8, “<SQL-invoked routine>".

B) Appendto RDPL a <comma> and an <SQL parameter declaration>4whose <data type>
is character string of implementation-defined length and character set SQL_TEXT
with <parameter mode> INOUT.

C) Appendto RDPL a<comma> and an <SQL parameter declaration> whose <data type>
is an exact numeric type with scale 0 (zero) and with/<parameter mode> IN.

D) Append to SPDL a<comma> and RPDL, to create a<SQL parameter declaration flist>
containing the input parameters, the result datalitem parameter(s), and the save grea
and call type data items.

3) |Case:
a) IfIMNis “main” and SE does not specify <user-defined type definition> or contain <method invpca-
tion>, then:
i) If SE specifies <SQL-invoked routing>, then it shall contain <schema procedure> and shal| not

contain <returned result sets characteristic>.
i) If SE contains <routine invocatton> then it shall contain <call statement>.

iii)  IfaJava parameter declaration list JPDL is specified, then it shall be the following:
(ava.lang.String[])

iv)  If aJava parameter declaration list is not specified, then let JPDL be the following:
(avavlang.string[])

V) SPDL/shall specify either:
1)

A single parameter that is an SQL ARRAY of CHARACTER or an ARRAY of CHARAC-
TER VARYING. At runtime, this parameter is passed as a Java array of
jJava.lang.String.

NOTE 47 — This <SQL parameter declaration> can only be specified if the SOL system supports Fdature

2)

S201, “SQL routines on arrays”.

Zero or more parameters, each of which is CHARACTER or CHARACTER VARYING.
At runtime, these parameters are passed a Java array of java. lang.String (with possibly
zero elements).

vi)  Let JCSbe the set of visible Java methods of class JCLSN in JAR JN whose method names are
“main” and whose Java parameter data types list is JPDL.

NOTE 48 — “visible” is defined in Subclause 4.5, “Parameter mapping”.
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b) Otherwise:

i) Let SPN and JPN be, respectively, the number of <SQL parameter declaration>s in SPDL and
the number of <Java data type>s in JPDL.

i) If JPDL specifies a <Java parameter declaration list>, then:

(AN i avantar thaon O (oara) A A MS. oot 1o INICTANCE Ay OCANCTDIICTAND Ay of D
By o greatcr T o \l.blU} T IVI\.1 SPCCITMCS TINT T/ N U CONT TNNOTTON O Pl

indicates the SQL-invoked routine is an SQL-invoked method and MSD indicates. itis an
instance method or a constructor, then prefix the Java parameter declaration listJJPDL with
the necessary subject parameter as follows.

Case:

A) If JPDL contains one or more <Java data type>s, then prefix the-list of <Java data
type>s immediately contained in <Java parameters> immediately contained in JPDL
with

JCLSN ,
B) Otherwise, replace JPDL with the <Java parameter declaration list>
( JCLSN)

2) For each <SQL parameter declaration>&Prin SPDL, let ST be the <data type> of SPfand
let JT be the corresponding <Java datatype> in JPDL.

A) If SP specifies IN, or does nat,specify an explicit <parameter mode>, then:

1) If SP is not an SQL array, then JT and ST shall be simply mappable or object
mappable.

1)) If SPis anSQL array, then JT and ST shall be array mappable.
B) If SP specifies OUT or INOUT, then:
Case:

)] If SPDL has been augmented with a save area data item and SP is the SPIN-1-
th entry in the list (the save area data item), then JT and ST shall be outpyt
mappable or JT shall specify the class java. lang.StringBuffer.

I1)  Otherwise, JT and ST shall be output mappable.

NOTE 49 — “simply mappable”, “object mappable”, and “array mappable” are defined in Subclausg 4.5,
“Parameter mapping”.

3) Case:

A) If DRSN is greater than 0 (zero), then JPN shall be greater than SPN, and each <Java
data type> in JPDL whose ordinal position is greater than SPN shall be result set
mappable.

B) Otherwise, JPN shall be equivalent to SPN.

iii)  IfaJava parameter declaration list is not specified, then determine the first SPN members of
the Java parameter declaration list JPDL from SPDL as follows:
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1) For each parameter SP of SPDL whose <parameter mode> is IN, or that does not specify
an explicit <parameter mode>, if SP is not an SQL array, then let the corresponding Java
parameter data type of SP be the corresponding Java data type of the <parameter type> of
SP; if SPisan SQL array, then let JT be the corresponding Java data type of the <parameter
type> of SP, and let the corresponding Java parameter data type of SP be an array of JT,
that is, be JT[].

NOTE 50 — The “corresponding Java parameter data type” of SP is defined in Subclause 4.5, “Paraeter
mapping”.

2) For each parameter SP of SPDL whose <parameter mode> is INOUT or OUT, fet JT|be
the corresponding Java data type of the <parameter type> of SP, and let the corresponding
Java parameter data type of SP be an array of JT, that is, be JT[].

3) The <Java parameters> of JPDL is a list of the corresponding Java-parameter data types
of SPDL.

NOTE 51 — JPDL does not specify parameter names. That is, the parameter names of the Java mgthod
do not have to match the SQL parameter names.

iv)  The subject Java field of <static field method spec>s or theset.of candidate visible Java methods
are determined as follows:

Case:

1) If SE specifies <SQL-invoked routine> or«f*SRD indicates that the SQL-invoked roufine
is an SQL-invoked procedure or an SQL=invoked regular function, then:

A) If DRSN s greater than 0 (zero),'then:

)i Let SPN and JPN begrespectively, the number of <SQL parameter declaratipn>s
in SPDL and the.number of <Java data type>s in JPDL.

1)) If SPN is equivalent to JPN, then JPDL was originally not specified; let JCS
be the setof visible Java methods of class JCLSN in JAR JN whose methpd
names are JMN, whose first S°PN parameter data types are those of JPDL |and
whaose last K parameter data types, for some positive K, are result set mappable.

) C If'SPN is less than JPN, then JPDL was originally specified; let JCSbe thp set
of visible Java methods of class JCLSN in JAR JN whose method names gre
JMN, whose Java parameter data types list is JPDL.

B)~ If DRSN is 0 (zero), then let JCShbe the set of visible Java methods of class JCLN in
JAR JN whose method names are JMN, whose Java parameter data types list is JPDL.

2) If SE specifies <user-defined type definition> or if SRD indicates that the SQL-invoked
routine is an SQL-invoked method then:

A) Ifiis greater than 0 (zero) and MS contains <static field method spec>, or if M$D
indicates that it is a static field method, then:

)i FI shall be the name of a field of SFC. Let JSF be that field.
I1)  JSF shall be a public static field.
1)  Let JFT be the Java data type of JSF.

IV)  SRT and JFT shall be simply mappable or object mappable.
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NOTE 52 — “simply mappable” and “object mappable” are defined in Subclause 4.5,
“Parameter mapping”.
V)  JSFis the subject static field of the SQL-invoked method defined by MS.

NOTE 53 — The subject Java class may contain fields and methods (public and private)
for which no corresponding attribute or method is specified.

B)— ITTiS greater than O (Zero) and MS does not immediately contain <static field method
spec>, or if MSD indicates that it is not a static field method, then:

1) Case:

1) Ifiisgreater than O (zero) and MS specifies INSTANCE-ar CONSTRUC-

TOR, or if MSD indicates it is an instance method er.a constructor, then
JPDL contains the augmented Java parameter declaration list for this
method. Remove the subject parameter from the'\Java parameter declargtion
list JPDL to create the unaugmented Java parameter declaration list
UAJPDL, as follows:

Case:

a) If JPDL contains two or mere <Java data type>s, then copy all JPDL
to UAJPDL, omitting thefirst <Java data type> JCLSN, and its gsso-
ciated “,”.

b) Otherwise, set UAJPDL to the <Java parameter declaration list>

)
2) Otherwise copy JPDL to UAJPDL.

I1)  Using Javaeverloading resolution, specified by The Java Language Specifica-
tion, Second Edition, let JCSbe the set of visible Java methods of class JOLSN
in JAR'JIN or the supertypes of that class whose method names are JMN gnd
whose ‘Java parameter data types list is UAJPDL.

NOTE 54 — “visible” is defined in Subclause 4.5, “Parameter mapping”.

1)) - Ifi is greater than O (zero) and MS specifies STATIC, or MSD indicates tpat

STATIC was specified, then remove from JCSany Java method that is nog
static. Otherwise, remove from JCSany static Java method.

IV) Ifiis greater than O (zero) and MS specifies CONSTRUCTOR, or MSD |ndi-

cates that CONSTRUCTOR was specified, then remove from JCSany Jaya
method that is not a constructor. Otherwise, remove from JCSany Java method
that is a constructor.

4) The subject Java method is determined as follows:
Case:

a) If SE specifies <SQL-invoked routine> or if SRD indicates that the SQL-invoked routine is an SQL-
invoked procedure or an SQL-invoked regular function, then:

)] JCSshall contain exactly one Java method. Let JM be that Java method. The SQL-invoked
routine is associated with JM.

60 SQL Routinesand Types Using the Java Programming L anguage (SQL/JRT) ©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

I SO/IEC 9075-13:2016(E)
9.5 Javaroutine signature determination

i) JM is the subject Java method of the SQL-invoked routine.
b) If SE specifies <user-defined type definition> or if SRD indicates that the SQL-invoked routine i

San

SQL-invoked method then, if i is greater than 0 (zero) and MS does not immediately contain <static

field method spec>, or if MSD indicates that it is not a static field method then:

i) JCSshall contain exactly one Java method. Let JM be that Java method. The <Java method

name> is referred to as the corresponding Java method name of <method name>.
i) JM is the subject Java method of the SQL-invoked method.

5) [The result data type of the SQL-invoked routine is validated as follows:

Case:

a) If SE specifies <SQL-invoked routine> or if SRD indicates that the SQL-invoked routine is an SQL-
invoked procedure or an SQL-invoked regular function, then let JRT be the-Java returns data type of
JM.

i) If IM is an SQL-invoked procedure, then JRT shall be void:

i) If IM is an SQL-invoked regular function that is not an array-returning external function pr a
multiset-returning external function, then JRT and 8RT shall be simply mappable or object
mappable.

iii)  If IMis an array-returning external function éra multiset-returning external function, then|JRT
shall be void.

b) If SE specifies <user-defined type definition>‘or if SRD indicates that the SQL-invoked routine ifs an
SQL-invoked method then, if i is greater than O (zero) and MS does not immediately contain <satic
field method spec>, or if MSD indicates that it is not a static field method, then let JRT be the Jaya
returns data type of JM. If SELF AS RESULT is not specified then JRT and SRT shall be simply
mappable or object mappable.

NOTE 55 — “simply mappahle®-and “object mappable” are defined in Subclause 4.5, “Parameter mapping”.
c) Otherwise, let JRT be théJava data type of the subject static field. JRT and SRT shall be simply map-
pable or object mappable.
Acgess Rules
None.
General.-Rules
Nane

Conformance Rules
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10 Schema definition and manipulation

Thig Clause modifies Clause 11, ““Schema definition and manipulation™, in |SO/IEC 9075-2.

10.l <drop schema statement>
Thig Subclause maodifies Subclause 11.2, “<drop schema statement>"", in | SO/IEC 9075-2.

Function

Destroy a schema.

Folmat

No additional Format itens.

Symtax Rules
1) |Add JARSs to the list of objects in SR 4)|

Actess Rules

No additional Access Rules.

Geheral Rules

1) |Insert before GR™2)] If the SQL-implementation supports Feature J531, “Deployment”, then:

a) Let INShiea <character string literal> containing the qualified <jar name> included in the descr{ptor
of any JAR included in S

b) _The following <call statement> is effectively executed:

CALL SQLJ REMOVE JAR ( JINS, 1 );

2) |Insert after GR 12)] If the SQL-implementation does not support Feature J531, “Deployment”, then:

a) Let JNSbe a <character string literal> containing the qualified <jar name> included in the descriptor
of any JAR included in S

b) The following <call statement> is effectively executed:

CALL SQLJ.REMOVE_JAR ( JNS, 0 );
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Confor mance Rules

No additional Conformance Rules.
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10.2 <tabledefinition>

This Subclause modifies Subclause 11.3, ““<table definition>", in | SO/IEC 9075-2.

Function

DefiLe a persistent base table, a created local temporary table, or a global temporary table.

For

No 4

Sy

mat

lddi ti onal Format itens.

itax Rules

1)

Insert after SR 11)e)| ST shall not be an external Java data type whose descriptor specifies an <interface

AcC

Ge

Cophformance Rules

specification> of SERIALIZABLE.

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

No additional Conformance Rules.
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10.3 <view definition>

This Subclause modifies Subclause 11.32, “<view definition>"", in |SO/IEC 9075-2.

Function

DefiLe a viewed table.

Format

No additional Formmt itens.

Synmtax Rules

1) |Insert after SR 21)c)| ST shall not be an external Java data type whose @escriptor specifies an <interface
specification> of SERIALIZABLE.

Actess Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Cophformance Rules

No additional Conformance Rules.
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10.4 <user-defined type definition>

This Subclause modifies Subclause 11.51, “<user-defined type definition>", in 1SO/IEC 9075-2.

Function

DefiLe a user-defined type.

Format

<usg¢r-defined type body> ::=
<g¢chema-resolved user-defined type name> [ <subtype clause> ]
[ <external Java type clause> ]
[ AS <representation> ]
[ <user-defined type option list> ] [ <method specificatipn\l'ist> ]

<external Java type clause> ::=
<¢xternal Java class clause> LANGUAGE JAVA <interface using clause>

<interface using clause> ::=
[[USING <interface specification> ]

<interface specification> ::=
SQLDATA
SERIALIZABLE

<method specification> ::=
I'' Al alternatives fromI|SQ |EC 9075:2
<static field method spec>

<method characteristic> ::=
Il Al alternatives from|SQ@ HEC 9075-2
<external Java method clause>

<static field method specx )=

STATIC METHOD <method hame> <left paren> <right paren>
<static method returns clause> [ SPECIFIC <specific method name> ]
<external variable name clause>

<static method réeturns clause> ::=
RETURNS <datastype>

<external variable name clause> ::=
EXTERNAL\VARIABLE NAME <character string literal>

<external Java class clause> ::=
EXTERNAENAME =<ctaracter strimg Hiterat=

<external Java method clause> ::=
EXTERNAL NAME <character string literal>

<Java method and parameter declarations> ::=
<Java method name> [ <Java parameter declaration list> ]

©ISO/IEC 2016 — All rights reserved Schema definition and manipulation 67


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

I SO/IEC 9075-13:2016(E)
10.4 <user-defined type definition>

Syntax Rules

1) [Insert after SR 3)| If <external Java type clause> is specified, then UDT is an external Java data type.

2) |Replace SR 8)j)ii)| The <supertype name> immediately contained in the <subtype clause> shall identify
the descriptor of some structured type SST. UDT is a direct subtype of SST, and SST is a direct supertype
of UDT I UDT isan-external Java data type then SST shall be an-external Java data typeand-the subject
Java class of UDT shall be a direct subclass of the subject Java class of SST. If UDT is not an externalJava
data type, then SST shall not be an external Java data type.

3) [Insert before SR 9)| If <external Java type clause> is specified, then:

a) Let VJC be the value of the <character string literal> immediately contained in <eXternal Java class
clause>; VJC shall conform to the Format and Syntax Rules of<jar and class name>. The Java c|ass
identified by <Java class name> in the JAR identified by <jar id> in their immediately containing|<jar
and class name> is UDT's subject Java class.

NOTE 56 — The subject Java class of UDT can be the subject Java class of othérexternal Java data types. Each uch
external Java data type is distinct from other such data types.

b) UDT's subject Java class shall be a public class and shall implement the Java interface
jJjava.io.Serializable or the Java interface java.sgl<SQLData or both.

c) If an <interface using clause> is not explicitly specified,then an implementation-defined <interface
specification> is implicit.

d) If SERIALIZABLE is specified, then the subjectJava class shall implement the Java interface
java.io.Serializable. The method java.io.Serializable.writeObject() is effectively
used to convert a Java object to an SQL representation, and the method java.io.Serializ-
able.readObject() is effectively used'to convert an SQL representation to a Java object.

e) If SQLDATA is specified, then the subject Java class shall implement the Java interface
java.sql .SQLData as defined.in [JDBC] and [JavaAPI]. The method java.sql . SQL-
Data.writeSQL() is effectively used to convert a Java object to an SQL representation, and the
methodjava.sql . SQLData. readSQL() is effectively used to convert an SQL representation fo a
Java object.

f) <overriding method specification> shall not be specified.
0) A <representation> that is a <predefined type> shall not be specified.
h) SELF AS.LOCATOR shall not be specified.

i) <locatorindication> shall not be specified.

4) [Inserthefore SR 9)| If <external Java type clause> is not specified, then:

a)) <method specification> shall not specify <static field method spec>.

b) <method characteristic> shall not specify <external Java method clause>.

¢) The <language clause> immediately contained in <method characteristic> shall not specify JAVA.

5) |Insert after SR 9)a)| If UDT is an external Java data type, then it is implementation-defined whether vali-
dation of the explicit or implicit <Java parameter declaration list> is performed by <user-defined type
definition> or when the corresponding SQL-invoked method is invoked.
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ion>

6) \ Insert after SR 9)b)iii)6)| If UDT is an external Java data type, then the <Java identifier> immediately
contained in <Java method name> of MS shall be equivalent to the <Java identifier> immediately contained

7)
8)

in the <class identifier> immediately contained in <jar and class name> of UDT.

[Insert after SR 9)b)ix)4)B)| UDT shall not be an external Java data type.

Insert after SR 9)b)x)3)] UDT shall not be an external Java data type.

9

Insert after SR 9)b)xiii) | If MS specifies <static field method spec>, then:

a) MS specifies a static field method.

b) Let VSF be the value of the <character string literal> simply contained in <static figld method sp
VSF shall conform to the Format and Syntax Rules of <qualified Java field name>.
NOTE 57 — <static field method spec> defines a static method of the user-defined type that returns the value of

Java static field specified by the <qualified Java field name>. This is a shorthand that provides read-only SQL ac
to static fields of the subject Java class or a superclass of the subject Java class.

10)

Replace SR 9)b)xiv)1)| The <method characteristics> of MS shall contain at most one <language clad

at most one <parameter style clause>, at most one <deterministic characteristic>, at most one <SQL-
access indication>, and at most one <null-call clause>. If UDT is-anexternal Java data type then, wit
exception of the implicit <original method specification>s generated for the observer and mutator funct
of each attribute, the <method characteristics> of MS shall fgt contain the <method characteristic>s
<language clause> or <parameter style clause> and shall contain exactly one <external Java method clay
For an external Java data type, both <language clause>,and <parameter style clause> implicitly spec
JAVA.

11)

Insert after SR 9)b)xiv)1)|If UDT is an externalJava data type, then let VMP be the value of the <char

string literal> immediately contained in <external Java method clause>; VMP shall conform to the Fo
and Syntax Rules of <Java method and parameter declarations>.

12)

Replace SR 9)b)xiv)2)| If UDT is nat'an external Java data type and <language clause> is not specif

then LANGUAGE SQL is implicit.

13)

Replace SR 9)b)xiv)6)B)I) | If-<parameter style> is not specified and UDT is not an external Java dat
type, then PARAMETER-STYLE SQL is implicit.

14)

Insert after SR 9)b)xV) [If UDT is an external Java data type and validation of the <Java parameter d

AC(

ration list> has been implementation-defined to be performed by <user-defined type definition>, ther
Syntax Rules of-SUbclause 9.5, “Java routine signature determination”, are applied with <user-defing
type definitian>'as ELEMENT, i as INDEX, and no subject routine as SUBJECT.

ress Rules

£C>,

ithe
bess

se>,
data
N the
ions

se>.

fy

hcter
rmat

ed,

bcla-
the
d

Nao additional Access Rules.

General Rules

1) [Replace GR 1)g)xi)| The explicit or implicit <parameter style> if the <language name> is SQL or JAVA.

©ISO/IEC 2016 — All rights reserved

Schema definition and manipulation 69


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

I SO/IEC 9075-13:2016(E)
10.4 <user-defined type definition>

Confor mance Rules

1)

2)

3)

4)

5)

6)

Insert this CR |Without Feature J511, “Commands”, conforming SQL language shall not contain a <user-
defined type definition> that contains an <external Java type clause> that is not contained in a <descriptor
file>.

Insert-this-CRI\Without-FeatureJ591 “ﬂ\/nrlnndlng” r«nnfnrmn‘\n Qﬁl Iangnngn shall-hot-contain-a

<method specification> that contains a <method name> that is equwalent to the <method name> af-gny
other <method specification> in the same <user-defined type definition>.

Insert this CR| Without Feature J641, “Static fields”, conforming SQL language shall not contain a <static
field method spec>.

Insert this CR |Without Feature J541, “SERIALIZABLE” conforming SQL languagé,shall not contajn an
<interface specification> that contains SERIALIZABLE.

Insert this CR| Without Feature J551, “SQLDATA”, conforming SQL language shall not contain an
<interface specification> that contains SQLDATA.

Insert this CR| Without Feature J622, “external Java types”, conforming SQL language shall not conftain
a <user-defined type definition> that contains an <external Java type-clause>.
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10.5 <attribute definition>

This

Subclause modifies Subclause 11.52, “<attribute definition>", in | SO/IEC 9075-2.

Function

DefiLe an attribute of a structured type.

For

<attribute definition> ::=
<gttribute name> <data type>

<external Java attribute clause> ::=
EXTERNAL NAME <character string literal>

Symtax Rules

mat

[ <attribute default> ]
[ <collate clause> ] [ <external Java attribute clause> ]

1)

Insert after SR 1)| If the <attribute definition> is containedih a <user-defined type definition> that is

an external Java data type or is contained in an <alter type statement>, then <attribute definition> shz

not specify an <external Java attribute clause>.

2)

Insert after SR 1)| I the <attribute definition> iscontained in a <user-defined type definition> that spec

an external Java data type whose <interface specification>is SERIALIZABLE, then <attribute definit
shall specify an <external Java attribute clause>.

3)

Insert after SR 1)| If an <external Java-attribute clause> is specified, then let VFN be the value of the

on>

not
Il

fies
on>

<character string literal> immediately contained in <attribute definition>; VFN shall conform to the Fofmat

and Syntax Rules of<Java field\name>. The <Java field name> value of VFN is referred to as the cor
sponding Java field name of-the <attribute name>.

4)

[e-

Insert after SR 1)| If <attribute definition> is contained in a <user-defined type definition> that speciffies

an external Java data-type, then <attribute default> and <collate clause> shall not be specified.

5)

Insert after SR A)]If <attribute definition> is contained in a <user-defined type definition> that specifies

AcC

an external Java data type, and if the <data type> specified in the <attribute definition> is a structured
ST, then ST'shall be an external Java data type.

resS Rules

type

No additional Access Rules.

General Rules

1) [Insert after GR 4)e)] If the <attribute definition> contains an <external Java attribute clause>, then the

corresponding Java field name of the <attribute name>.
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2) |Replace GR 5)|An SQL-invoked method OF is created whose signature and result data type are as given
in the descriptor of the original method specification of the observer function of A. Let V be a value in

UDT.
Case

a) If Visthe SQL null value, then the invocation V. ANQ) of OF returns the result of:

CAST (NULL AS DT)

b) If UDT is not an external Java data type whose descriptor's <interface specification> specifies SERI-
ALIZABLE, then V.ANQ returns the value of Ain V.

c) If UDT is an external Java data type whose descriptor's <interface specification= specifies SERIAL-
IZABLE, then the readObject() method of the subject Java class SICE ofVjis effectively usqd to
obtain a Java object from the value of V, the Java field that corresponds to the attribute specified|in
<Java field name> contained by <attribute definition> is accessed. Let JV.and JCLSbe respectively
that Java value and its most specific Java class.

Case:
)] If DT is a user-defined type, then:

1) Let STU be the user-defined type whose subject Java class is JCLSand whose user-defjned
type is DT or is a subclass of DT.

2) Let UIShbe the <interface specification™ specified by the user-defined type descripton of
STU.

3) Case:
A) If UISis SERIALIZABLE, then:

1) The subjectJava class JCLSs writeObject() method is executed to comvert
the Java-value JV to the SQL value SV of user-defined type STU.

I1)  AFhe*method of execution of the subject Java class's implementation of
writeObject() is implementation-defined.

NOTE 58 — If UISis SERIALIZABLE, then, as described in Subclause 10.4, “<user-defined type
definition>”, the descriptor's subject Java class implements the Java interface java. 10.Sgri-
alizable and defines that interface's wr i teOb ject () method as described by [JavajAPI].

B) If UISis SQLDATA, then:

1) The subject Java class JCLSs writeSQL() method is executed to convert the
Java value JV to the SQL value SV of user-defined type STU.

1)) The method of execution of the subject Java class's implementation of
writeSQL(Q) is implementation-defined.

NOTE 59 — If UISis SQLDATA, then, as described in Subclause 10.4, “<user-defined type defi-
nition>”, the descriptor's subject Java class implements the Java interface java.sql . SQLData
and defines that interface's wr i teSQL () method as described by [JDBC] and [JavaAPI].

C) Otherwise, the value of SV is set to the value of JV.

4) V.AN(C ) returns the value of SV.
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3) |Replace GR 6)|An SQL-invoked method MF is created whose signature and result data type are as given
in the descriptor of the original method specification of the mutator function of A. Let V be a value in UDT

and let AV be a value in DT.

Case:

a) If Visthe SQL null value, then the invocation V. AN(AV) of MF raises an exception condition: data

)] Case:

B) Case:
1)

H)

exception — null Instance used In mutator Tunction.

b) If UDT is not an external Java data type whose descriptor's <interface specification> specifies Sk
ALIZABLE, then the invocation V. AN(AV) returns V2 such that V2.AN() = AV and for every (
observer function ANX of UDT, V2_ANX() = V.ANXQ).

c) IfUDT is an external Java data type whose descriptor's <interface specification= specifies SERI
IZABLE, then the readObject() method of the subject Java class SICE ofMis effectively use
obtain a Java object from the value of V. Let MST, JCLS and Jtemp be respéectively the most spe
type of AV, the subject Java class of MST, and the Java object obtained from readObject().

1) If MST is a user-defined type, then:

A) Let UlShbe the <interface specification> sgecified by the user-defined type descri
of MST.

If UISis SERIALIZABLE; then:

1

2)

If UISis SQLDATA, then:

1)

2)

The subject Java,class JCLSs readObject() method is executed tg
convert the value of AV to a Java object JV.

The method of execution of the subject Java class's implementation ¢
readobject() is implementation-defined.

NOTE 60 — If UISis SERIALIZABLE, then, as described in Subclause 10.4, “<usgr-

defined type definition>”, the subject Java class of U implements the Java interface

—h

RI-

ther

AL-
d to
cific

jptor

Java.io.Serializable and defines that interface's readOb ject () method

as described by [JavaAPI].

The subject Java class JCLSs readSQL () method is executed to corjvert

the value of AV to a Java object JV.

The method of execution of the subject Java class's implementation ¢
readSQL () is implementation-defined.

=

NOTE 61 — If UISis SQLDATA, then, as described in Subclause 10.4, “<user-defired

type definition>", the subject Java class of U implements the Java interface

Java.sqgl . SQLData and defines that interface's readSQL () method as described

by [JDBC] and [JavaAPI].

2) Otherwise, the value of JV is set to the value of AV.

i)  The Java field of Jtemp that corresponds to the attribute specified in <Java field name> contained
by <attribute definition> is assigned the value JV.
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iii)  The subject Java class SICE of V's writeObject() method is effectively used to obtain an
SQL value V2 from the Java value Jtemp.

iv)  The invocation V.AN(AV) returns V2.

Conformance Rules

No additional Conformance Rules.
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10.6 <alter type statement>

This Subclause modifies Subclause 11.53, “<alter type statement>"", in 1SO/IEC 9075-2.

Function

Chal

For

No 4

Sy

nge the definition of a user-defined type.

mat

lddi ti onal Format itens.

itax Rules

1)

AcC(

Ge

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

Confor mance Rules

No additional Conformance Rules.

Insert after SR 1)| D shall not be an external Java data type.
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<drop data type statement>

7 <drop datatype statement>

This Subclause modifies Subclause 11.59, ““<drop data type statement>"", in |SO/IEC 9075-2.

Function

Deslroy a user-defined type.

Format

No additional Formmt itens.

Synmtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Confor mance Rules

1)

2)

Insert this CR | Without Feature J511, “Commands”, conforming SQL language shall not contain a <

Java type and that is not cohtained in a <descriptor file>.

Insert this CR| WithoUt Feature J622, “external Java types”, conforming SQL language shall not con
a <drop data type statement> that contains a <schema-resolved user-defined type name> that identifie

external Java type:

drop

data type statement> that contains a <schema-resolved user-defined type name> that identifies an extgrnal

tain
s an
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10.8 <SQL-invoked routine>

This

Subclause modifies Subclause 11.60, ““<SQL-invoked routine>"’, in ISO/IEC 9075-2.

Function

DefiLe an SQL-invoked routine.

For

<paf

<ext
<J

mat

ameter style> ::=
11 All alternatives from I1SO/IEC 9075-2
JAVA

fernal Java reference string> ::=

ar and class name> <period> <Java method name>
[ <Java parameter declaration list> ]

itax Rules

1)

Insert after SR 3)| If <SQL-invoked routine> specifies LANGUAGE JAVA, then no <SQL paramete

declaration> specified in <SQL-invoked function> shall specify RESULT.

2)

Insert after SR 3)| If <SQL-invoked routine> spegifies LANGUAGE JAVA, then neither the <returng

clause> contained in <SQL-invoked function>nor any <SQL parameter declaration> contained in ar
<SQL-invoked function> or <SQL-invoked procedure> shall contain <locator indication>.

3)

Insert after SR 3) | If <SQL-invoked routine> specifies LANGUAGE JAVA, then <transform group

specification> shall not be specified:

4)

Insert after SR 3)|The maximum value of <maximum returned result sets> is implementation-define

5)

Replace SR 8)b)i)| Let UDTN'be the <schema-resolved user-defined type name> immediately conta

in <method specification‘designator>. Let UDT be the user-defined type identified by UDTN. UDT s
not be an external Java type.

6)

Replace SR 9)a)f<routine characteristics> shall contain at most one <language clause>, at most one

one <SQL-data access indication>, at most one <null-call clause>, and at most one <returned result

style> JAVA.

7)

Replace SR 9)|) |An <SQL mvoked routine> that specn‘|es or |mpl|es LANGUAGE SQL is called an

ine>

d.

ned
hall

<parameter style clause>, at most one <specific name>, at most one <deterministic characteristic>, at most

ets

characteristic>. If LANGUAGE JAVA is specified, then <parameter style clause> shall specify <paranpeter

8)

©ISO/IEC 2016 — All rights reserved

An external routlne that specmes LANGUAGE JAVA is called an external Java routl ne.

[Insert after SR 9)i)| If Ris an external Java routine, then the <external routine name> immediately contained
in <external body reference> shall specify a <character string literal>. Let V be the value of that <character
string literal>. V shall conform to the Format and Syntax Rules of an <external Java reference string>.

NOTE 62 — R s defined by [1SO9075-2] to be the SQL-invoked routine specified by <SQL-invoked routine>.
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9) \ Insert after SR 9)i)| If Ris an external Java routine, then the <Java method name> is the name of one or
more Java methods in the class specified by <Java class name> in the JAR specified by <jar name>. The
combination of <Java class name> and <Java method name> represent a fully qualified Java class name
and method name. The method name can reference a method of the class, or a method of a superclass of

10)

11)

12)

the class.

that is not an external Java routine, then PARAMETER STYLE SQL shall be either specified or imp

Replace the lead text of SR 9)x)iii)| If Ris not an external Java routine, then

Case:

Insert before SR 24)e)\ If PARAMETER STYLE JAVA is specified, then:

a) Case:

i)

i)

If Ris an array-returning external function or a multiset-returning.external function and t
returned array's element type or returned multiset's element typelis a row type, then let FR
the degree of the element type.

Otherwise, let FRN be 1 (one).

b) If Ris an array-returning external function or a multiset<fetdrning external function, then let AR
be 2. Otherwise, let AREF be O (zero).

c) If Risan SQL-invoked function, then let the effective SQL parameter list be a list of PN+FRN+A
SQL parameters, as follows:

jon
ied.

he
N be

==

REF

i) For i ranging from 1 (one) to PN, thei-th effective SQL parameter list entry is the i-th <SQL
parameter declaration>.

i) Case:
1) IfFRNis 1 (one), then effective SQL parameter list entry PN+FRN has <parameter m¢de>

OUT; its <paramieter type> PT is defined as follows:

A) If <resulf cast> is specified, then let RT be <result cast from type>; otherwise, lgt RT
be <returns data type>.

B) “4DRis an array-returning external function or a multiset-returning external functjon,
then let PT be the element type of RT.

C) If Ris neither an array-returning external function nor a multiset-returning exterpal
function, then PT is RT.

2) Otherwise, for i ranging from PN+1 to PN+FRN, the i-th effective SQL parameter ligt
entry is defined as follows:

A) Its <parameter mode> is OUT.

B) Let RFT;_pp be the data type of the (i—-PN)-th field of the element type of the <returns
data type>. The <parameter type> PT; of the i-th effective SQL parameter list entry
is RFTi_pN.

iii)  If Risan array-returning external function or a multiset-returning external function, then:
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ine>

1) Effective SQL parameter type list entry (PN+FRN)+1 is an SQL parameter whose <data
type> is character string of implementation-defined length and character set SQL_TEXT

with <parameter mode> INOUT.

2) Effective SQL parameter type list entry (PN+FRN)+2 is an SQL parameter whose <data

type> is an exact numeric type with scale 0 (zero) and with <parameter mode> IN.

d) IT R1s an SQL-InvoKed procedure, then et the effective SQL parameter NSt be a Nist of PN SQL

<SQL parameter declaration>.

13)

Replace SR 24)g)| If <language clause> does not specify JAVA, then every <data type> in.an effecti

sponding row in the host data type column is not 'None'.

14)

Replace SR 24)h)] If <language clause> does not specify JAVA, Ris an SQL-iriveked function, and

data type> shall specify a data type listed in the SQL data type column farwhich the corresponding
in the host data type column is not “None”.

15)

Insert before SR 25)|

NOTE 63 — The rules for parameter type correspondence when LANGUAGE JAVA is specified are given in Subclaus
“Parameter mapping”.

16)

Insert before SR 25)| If Ris an external Java routine, thernit is implementation-defined whether validg

of the explicit or implicit <Java parameter declarationdist> is performed by <SQL-invoked routine>
when its SQL-invoked routine is invoked.

17)

AcC

Insert before SR 25)| If Riis an external Java rduitine, and validation of the <Java parameter declarati
list> has been implementation-defined to be performed by <SQL-invoked routine>, then the Syntax R
of Subclause 9.5, “Java routine signature ‘determination”, are applied with <SQL-invoked routine> a
ELEMENT, 0 (zero) as INDEX, and_no subject routine as SUBJECT.

ress Rules

1)

Insert after AR 1)| If Ris anexternal Java routine, then the applicable privileges for A shall include US

Ge

privilege on the JAR referenced in the <external Java reference string>.

[1S09075-2].

neral Rules

1)

Replace GR 3)m)ii) | The routine descriptor includes an indication of whether the parameter passing

parameters. For i ranging from 1 (one) to PN, the i-th effective SQL parameter list entry is the'i-th

NOTE 64 — Thereferences to Rand A are defined in the Syntax Rules of Subclause 11.60, “<SQL-invoked routine>[,

e

SQL parameter list entry shall specify a data type listed in the SQL data type column férswhich the corre-

PARAMETER STYLE GENERAL is specified, then the <data type> immediately contained in a <returns

ow

£ 4.5,

tion
or

pn
ules

A\GE

Style

iISPARAMETER STYLE JAVA, PARAMETER STYLE SQL, or PARAMETER STYLE GENERAL.

2) [Replace the lead text of GR 6)a)i) | If Ris not an external Java routine and the <SQL-data access indication>

©ISO/IEC 2016 — All rights reserved
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Confor mance Rules

1) |Insertthis CR|Without Feature J511, “Commands”, conforming SQL language shall not contain an <SQL-
invoked routine> that contains a <language name> that contains JAVA and that is not contained in a

<descriptor file>.

.I“-" R Without-FeatureJ581—Output parameters”conforming-SQL-language-shall-netcontain
an <SQL-invoked routine> that contains a <language hame> that contains JAVA and that contains(a
<parameter mode> that contains either OUT or INOUT.

3) [|Insert this CR|Without Feature J521, “JDBC data types”, conforming SQL language shall not contaln a
<Java data type> that is not the corresponding Java data type of some SQL data type.

2)

4) |Insertthis CR|Without Feature J621, “external Java routines”, conforming SQL language shall not comtain
an <SQL-invoked routine> that contains a <language name> that contains JAVA.
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10.9 <alter routine statement>

This Subclause modifies Subclause 11.61, “<alter routine statement>"’, in 1SO/IEC 9075-2.

Function

Alter a characteristic of an SQL-invoked routine.

Format

No additional Formmt itens.

Synmtax Rules

1) |Insert after SR 1)| SR shall not be an external Java routine.
NOTE 65 — SRis defined to be the SQL-invoked routine identified by the <alter routine statement>.

Acctess Rules

No additional Access Rules.

Genheral Rules

No additional General Rules.

Copformance Rules

No additional Conformance-Rules.
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10.

10 <drop routine statement>

This Subclause modifies Subclause 11.62, ““<drop routine statement>"", in |ISO/IEC 9075-2.

Function

Deslroy an SQL-invoked routine.

For

No 4

Sy

1)

AcC

Ge

Cophformance Rules

1)

2)

mat

lddi ti onal Format itens.

itax Rules

Insert this SR| If SRis an external Java routine and <drop routine statement> is contained in a <descr

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

Insert this CR | Without Feature 3511, “Commands”, conforming SQL language shall not contain a <
routine statement> that contains a <specific routine designator> that identifies an external Java routing
that is not contained in.a <descriptor file>.

a <drop routine-statement> that contains a <specific routine designator> that identifies an external Ja
routine.

ptor

file>, then <drop routine statement> shall specify a <routine type> of PROCEDURE or of FUNCTIQN.

drop
and

Insert this CR |Witholt Feature J621, “external Java routines”, conforming SQL language shall not coftain

Va
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10.11 <user-defined ordering definition>

This Subclause modifies Subclause 11.65, ““<user-defined ordering definition>"’, in ISO/IEC 9075-2.

Function

DefiLe a user-defined ordering for a user-defined type.

Format

<ordering category> ::=
I'' Al alternatives fromI|SQ |EC 9075-2
<comparable category>

<conparable category> ::=
RELATIVE WITH COMPARABLE INTERFACE

Symtax Rules

1) |Replace SR 4)|If <comparable category>, <relative category>, or <state category> is specified, then UDT
shall be a maximal supertype.

2) |Insert before SR 6)| If <comparable category> is specified, then UDT shall be an external Java data type.
Let JC be the subject Java class of that external Javadata type. JC shall implement the Java interface
java.lang.Comparable.

3) |Replace the lead text of SR 6)b)] If <comparable category> is not specified, then:

Actess Rules

No additional Access Rules.

Geheral Rules

1) [|Insert before GR 3)c)| If <comparable category> is specified, then the ordering category in the user-defined
type descriptor-of UDT is set to COMPARABLE.

Conformance Rules

1) llnsert this CR|Without Feature J622, “external Java types”, conforming SQL language shall not contain
a <user-defined ordering definition> that contains a <schema-resolved user-defined type name> that
identifies an external Java type.

2) |Insert this CR|Without Feature J511, “Commands”, conforming SQL language shall not contain a <user-
defined ordering definition> that contains a <schema-resolved user-defined type name> that identifies an
external Java type and that is not contained in a <descriptor file>.
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10.

12 <drop user-defined ordering statement>

This Subclause modifies Subclause 11.66, ““<drop user-defined ordering statement>"’, in | SO/IEC 9075-2.

Function

Deslroy a user-defined ordering method.

Format

No additional Formmt itens.

Synmtax Rules

AcC(

Ge

Confor mance Rules

1)

2)

No additional Syntax Rules.

ress Rules

No additional Access Rules.

neral Rules

No additional General Rules.

Insert this CR| Without Feature J622, “external Java types”, conforming SQL language shall not con
a <drop user-defined ordering:statement> that contains a <schema-resolved user-defined type name>

identifies an external Java-type.

Insert this CR | Without Feature J511, “Commands”, conforming SQL language shall not contain a <
user-defined ordering-statement> that contains a <schema-resolved user-defined type name> that ident
an external Java-type and that is not contained in a <descriptor file>.

tain
that

drop
fies
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11 Accesscontrol

Thiq Clause modifies Clause 12, ““Access control™, in | SO/IEC 9075-2.

11.1 <grant privilege statement>

Thig Subclause modifies Subclause 12.2, “<grant privilege statement>"", in |SO/IEC 9075-2.

Function

Defipe privileges.

Folmat

No additional Format itens.

Symtax Rules

No additional Syntax Rules.

Actess Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Conhformance Rules

1) [Insertthis CR|Without Feature J511, “Commands”, conforming SQL language shall not contain a <grant
privilege statement> that contains an <object name> that immediately contains a <jar name> and that is
not contained in a <descriptor file>.

©ISO/IEC 2016 — All rights reserved Accesscontrol 85


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

I SO/IEC 9075-13:2016(E)
11.2 <privileges>

11.2 <privileges>
This Subclause modifies Subclause 12.3, “<privileges>"’, in ISO/IEC 9075-2.

Function

Spegify privileges.

Format

<object name> ::=
Il Al alternatives fromI|SQ|EC 9075-2
JAR <jar name>

Symtax Rules
1) |Replace SR 2)|If <object name> specifies a <domain name>, <collation name>, <character set namg>,

<transliteration name>, <schema-resolved user-defined type name>, <sequence generator name>, or|<jar
name>, then <privileges> shall specify USAGE. Otherwise, {USAGE shall not be specified.

Access Rules

No additional Access Rules.

Geheral Rules

No additional General Rules.

Confor mance Rules

1) [|Insert this CR|Without Feature J561, “JAR privileges”, conforming SQL language shall not contain|an
<object name> that.immediately contains a <jar name>.
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11.3 <revoke statement>

This Subclause modifies Subclause 12.7, ““<revoke statement>"’, in |SO/IEC 9075-2.

Function

Deslroy privileges and role authorizations.

Format

No additional Formmt itens.

Synmtax Rules

No additional Syntax Rules.

Acctess Rules

No additional Access Rules.

Geheral Rules

1) |Replace GR 5)b)i)3)D)|Pand D are both usage pfivilege descriptors. The action and the identified dom:ain,
character set, collation, transliteration, user-defined type, sequence generator, or JAR of P are the sane as

the action and the identified domain, character set, collation, transliteration, user-defined type, sequence

generator, or JAR of D, respectively.

2) |Insert after GR 24)b)| DT is an extéernal Java data type and the revoke destruction action would resulf in
Al no longer having in its applicable privileges USAGE on the JAR whose <jar name> is contained if the
<jar and class name> of the.descriptor of DT.

3) [Insert after GR 28)| LEEWIR be any JAR descriptor included in SL. JRiis said to be impacted if the revoke
destruction action wauld result in A1 no longer having in its applicable privileges USAGE privilege on a
JAR whose name:is contained in a <resolution jar> contained in the SQL-Java path of JR.

4) |Insert after.GR 29)s)| If RD is an external Java routine, USAGE on the JAR whose <jar name> is contgined
in <external‘Java reference string> contained in the <external routine name> of the descriptor of RD

5) |Insertafter GR 31)\ If RESTRICT is specified, and there exists an impacted JAR, then an exception gon-
dition is raised: dependent privilege descriptors still exist.

6) |Insert after GR 48)| If the object identified by <object name> of the <revoke statement> specifies <jar
name>, let J be the JAR identified by that <jar name>. For every impacted JAR descriptor JR and for each
<path element> PE contained in the SQL-Java path of JR whose immediately contained <resolution jar>
is J, the SQL-Java path of the JAR descriptor JR is modified such that it does not contain PE.
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Confor mance Rules

1) |Insertthis CR|Without Feature J511, “Commands”, conforming SQL language shall not contain a <revoke
statement> that an <object name> that immediately contains a <jar name> and that is not contained in a

<descriptor file>.

88 SQL Routinesand Types Using the Java Programming L anguage (SQL/JRT) ©ISO/IEC 2016 — All rights reserved


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

12

Built-in procedures

I SO/IEC 9075-13:2016(E)
12.1 SQLJ.INSTALL_JAR procedure

12.

Ful

Instd

I SQLJ.INSTALL_JAR procedure

nction

Signature

SQLJ

Whé

AcC

1)

Ge

1)

2)

3)

-INSTALL_JAR (

url IN CHARACTER VARYING(L),
jar IN CHARACTER VARYING(L),
deploy IN INTEGER )

re L is an implementation-defined integer value.

ress Rules

neral Rules

then the effect on the instal actions is implementation-defined.

invalid URL

Let J.bethe value of the jar parameter. Let TJ be the value of

TRIM ( BOTH * * FROM J )

Il a set of Java classes into the current SQL catalog and schema.

The privileges required to invoke the SQLJ=INSTALL_JAR procedure are implementation-defined.

The SQLJ. INSTALL_JAR progedure is subject to implementation-defined rules for executing SQL-schema
statements within SQL-transactions. If an invocation of SQLJ . INSTALL_JAR raises an exception condition,

The values of the uxLparameter that are valid are implementation-defined, and may include URLs whose
format is implementation-defined. If the value of the ur I parameter does not conform to implementation-
defined restrictions and does not identify a valid JAR, then an exception condition is raised: Java DDL —

If TJ does not conform to the Format and Syntax Rules of <jar name>, then an exception condition is

raised: Java DDL — invalid JAR name.

4) Let JN be the explicitly or implicitly qualified <jar id> specified in the <jar name> specified by TJ.

5)

If there is an installed JAR whose name is JN, then an exception condition is raised: Java DDL — invalid

JAR name.
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6) The JAR isinstalled and associated with the name JN. All contents of the JAR are installed, including both
visible and non-visible Java classes, and other items contained in the JAR. This JAR becomes the associated
JAR of each new class. The non-visible Java classes and other items can be referenced by other Java
methods.

7) A JAR descriptor is created that describes the JAR being installed. The JAR descriptor includes the name
of the JAR, and an empty SQL -Java path

8) |A privilege descriptor is created that defines the USAGE privilege on the JAR identified by the jar

parameter to the <authorization identifier> that owns the schema identified by the implicit orexplicit
<schema name> of the jar parameter. The grantor for the privilege descriptor is set to the special grantor
value “_SYSTEM?”. The privilege is grantable.

9) [If the value of the deploy parameter is not zero, and if the JAR contains one or mare ‘deployment
descriptor files, then the install actions implied by those instances are performed.inithe order in which the
deployment descriptor files appear in the manifest.

NOTE 66 — Deployment descriptor files and their install actions are specified in Subelause 4.11.1, “Deployment descfiptor
files”.

Conhformance Rules

1) |Without Feature J531, “Deployment”, conforming SQL langdage shall not contain invocations of the
SQLJ.INSTALL_JAR procedure that provide non-zero values of the deploy parameter.
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12.2 SQLJ.REPLACE_JAR procedure

Function

Replace an installed JAR.

SigLature

SQLJ

Whé

AcC
1)
2)

Ge

1)

2)

3)

4)
5)

-REPLACE_JAR (
url IN  CHARACTER VARYING (L),
jar IN  CHARACTER VARYING (L) )

re: L is an implementation-defined integer value.

ress Rules

The privileges required to invoke the SQLJ.REPLACE_JAR procedure are implementation-defined.

The current user shall be the owner of the JAR specified by the‘value of the jar parameter.

neral Rules

The SQLJ.REPLACE_JAR procedure is subject toimplementation-defined rules for executing SQL-sch
statements within SQL-transactions.

The values of the ur I parameter that are ¥aklid are implementation-defined, and may include URLs wi
format is implementation-defined. If thetvalue of url identifies a valid JAR, then refer to the classes
that JAR as the new classes. If thevalue of the url parameter does not identify a valid JAR, then an
exception condition is raised: Java DDL — invalid URL.

Let J be the value of the jar-parameter. Let TJ be the value of

TRIM ( BOTH * * FROM J )

If TJ does not conform to the format of <jar name>, then an exception condition is raised: Java DDL
invalid JAR name.

Let JN be-the-explicitly or implicitly qualified <jar id> specified in the <jar name> specified by TJ.

If there\is'an installed JAR with <jar name> JN, then refer to that JAR as the old JAR. Refer to the clg
in the'old JAR as the old classes. If there is not an installed JAR with <jar name> JN, then an except

ema

hose
in

SSes
on

condition is raised: Java DDL — attempt to replace uninstalled JAR. Equivalence of JAR names is d

pter-

6)

©ISO/IEC 2016 — All rights reserved

mined by the rules for equivalence of identifiers as specified in Subclause 5.2, “<token> and <separator>",

in [1IS09075-2].

Let the matching old classes be the old classes whose fully qualified class names are the names of new
classes and let the matching new classes be the new classes whose fully qualified class names are the names

of old classes. Let the unmatched old classes be the old classes that are not matching old classes and
the unmatched new classes be the new classes that are not matching new classes.

let
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7) Let the dependent QL routines of a JAR be the routines whose descriptor's <external routine name>
specifies an <external Java reference string> whose immediately contained <jar name> is equivalent to
the JAR name of that JAR.

8) If any dependent SQL routine of the old JAR references a method in an unmatched old class, then an
exception condition is raised: Java DDL — invalid class deletion.

R L. . res—Fhi o t
however, prevent deletion of classes that are referenced only indirectly by other Java classes.

9) |For each dependent SQL routine of the old JAR that references a method in a matching old class, let|CS
be the <SQL-invoked routine> that created the SQL routine. If CSis not a valid <SQL-invoked routihe>
for the corresponding new routine, then an exception condition is raised: Java DDL — invalid replacerment.

10) |Let the dependent SQL types of a JAR file be the external Java data types that have @s their subject Jgva
class a Java class contained in that JAR.

NOTE 68 — “subject Java class” is defined in Subclause 10.4, “<user-defined type definition>".

-

11) |If there are any dependent SQL types of the specified JAR file that are unmatched old classes, then a
exception condition is raised: Java DDL — invalid class deletion.

NOTE 69 — This rule prohibits deleting classes that are referenced by external'Java data types. This prohibition does|not,
however, prevent deletion of classes that are referenced only indirectly by.6ther Java classes.

12) [For each dependent SQL type, let CT be the <user-defined-type definition> that created the SQL typa. If
CT is not a valid <user-defined type definition> for the corresponding new class, then an exception cond|tion
is raised: Java DDL — invalid replacement.

13) [The old JAR and all visible and non-visible old classes contained in it are deleted.

14) [The new JAR and all visible and non-visible.new classes are installed and associated with the specified
<jar name>. That JAR becomes the associated JAR of each new class. All contents of the new JAR afe
installed, including both visible and non-visible Java classes, and other items contained in the JAR. The
non-visible Java classes and other itéms can be referenced by other Java methods.

=

15) [The effect of SQLJ.REPLACE .JAR on currently executing SQL statements that use an SQL routine ¢
structured type whose implementation has been replaced is implementation-dependent.

Conformance Rules

None.
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12.3 SQLJ.REMOVE_JAR procedure

Function

Remove an installed JAR and its classes.

SigLature

SQLJ

Whé

AcC
1)
2)

Ge

1)

2)

3)
4)

5)

-REMOVE_JAR (
jar IN CHARACTER VARYING (L),
undeploy IN INTEGER )

re: L is an implementation-defined integer value.

ress Rules

The privileges required to invoke the SQLJ.REMOVE_JAR procedure-are implementation-defined.

The current user shall be the owner of the JAR specified by the‘value of the jar parameter.

neral Rules
The SQLJ . REMOVE_JAR procedure is subject toimplementation-defined rules for executing SQL-sch

then the effect on the remove actions is implementation-defined.

Let J be the value of the jar parameter,-Let TJ be the value of

TRIM ( BOTH * * FROM J )

If TJ does not conform to the\format of <jar name>, then an exception condition is raised: Java DDL
invalid JAR name.

Let N be the explicitly-or implicitly qualified <jar id> specified in the <jar name> specified by TJ.

If there is not an-installed JAR with <jar name> JN, then an exception condition is raised: Java DDL
attempt to remove uninstalled JAR. Equivalence of <jar name>s is determined by the rules for equival
of identifiers’as specified in Subclause 5.2, “<token> and <separator>", in [1ISO9075-2].

Let JRbe the JAR identified by JN.

6)

Ifthe value of the undeploy parameter is not 0 (zero), and if JR contains one or more deployment

ema

statements within SQL-transactions. If an invogation of SQLJ . REMOVE_JAR raises an exception condition,

ence
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descriptor fites, therm the Temove actions imptied Dy thosSe mStances are performed im the Teverse of t
order in which the deployment descriptor files appear in the manifest.

NOTE 70 — Deployment descriptor files and their remove actions are specified in Subclause 4.11.1, “Deployment descriptor

files”.

NOTE 71 — These actions are performed prior to examining the condition specified in the following step.
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7) Let the dependent QL routines of a JAR be the routines whose descriptor's <external routine name>
specifies an <external Java reference string> whose immediately contained <jar name> is equivalent to
the name of that JAR.

8) If there are any dependent SQL routines of JR, then an exception condition is raised: Java DDL — invalid
class deletion.

R L. . res—Fhi o t
however, prevent deletion of classes that are referenced only indirectly by other Java classes.

9) [Let the dependent SQL types of a JAR be the external Java data types that have as their subject Java ¢lass
a Java class contained in that JAR.

NOTE 73 — “Subject Java class” is defined in Subclause 10.4, “<user-defined type definition>".

10) [If there are any dependent SQL types of JR, then an exception condition is raised-Java DDL — invalid
class deletion.

NOTE 74 — This rule prohibits deleting classes that are referenced by external Java data types. This prohibition does|not,
however, prevent deletion of classes that are referenced only indirectly by other Java'Classes.

11) |Let the dependent JARs of a JAR be the JARs whose descriptors specify an’'SQL-Java path that immediately
contains one or more <path element>s whose contained <jar name>(s‘equivalent to the name of that JAR.

12) |If there are any dependent JARs of JR, then an exception condition is raised: Java DDL — invalid JAR
removal.

13) [JRand all visible and non-visible classes contained in it'are deleted.
14) [The USAGE privilege on JR s revoked from all usérs that have it.
15) [The descriptor of JR is destroyed.

16) [The effect of SQLJ.REMOVE_JAR on currently executing SQL statements that use an SQL routine of
structured type whose implementation-has been removed is implementation-dependent.

Cophformance Rules

1) |Without Feature J531, “Deployment”, conforming SQL language shall not contain invocations of the
SQLJ.REMOVE_JARprocedure that provide non-zero values of the undeploy parameter.
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12.4 SQLJ.ALTER_JAVA_PATH procedure

Function

Alter the SQL-Java path of a JAR.

SigLature

SQLJ.ALTER_JAVA PATH (
jar IN  CHARACTER VARYING (L),
path IN  CHARACTER VARYING (L) )

Whare: L is an implementation-defined integer value.

Actess Rules

1) [The privileges required to invoke the SQLJ.ALTER_JAVA_PATH/procedure are implementation-defined.
2) |The current user shall be the owner of the JAR specified by the'value of the jar parameter.

3) [The current user shall have the USAGE privilege on each JAR referenced in the path parameter.

Geheral Rules

1) |[The SQLJ.ALTER_JAVA PATH procedure issubject to implementation-defined rules for executing SQL-
schema statements within SQL-transactions.

2) [Let J be the value of the jar parameter. Let TJ be the value of

TRIM ( BOTH * * FROM J )

If TJ does not conform to-the/format of <jar name>, then an exception condition is raised: Java DDl —
invalid JAR name.

3) [Let IN be the explicithy or implicitly qualified <jar id> specified in the <jar name> specified by TJ.
4) |Let JR be the JAR identified by JN.

5) [Let P bethefvalue of the path parameter. If P does not conform to the format for <SQL Java path>, [then
an exception condition is raised: Java DDL — invalid path.

NOTE 75 — The path parameter can be an empty or all-blank string.

6) The current catalog and SChema at the time of the call to the SQLJ - ALTER_JAVA_PATH procedure are the
default, respectively, for each omitted <catalog name> and <schema name> in the <resolution jar>s contained
in P. For each <path element> PE (if any) in P, PE's <resolution jar> is updated to reflect the defaults for
any omitted <catalog name>s and <schema name>s.

7) For each <path element> PE (if any) in P, let RJ be the <jar name> contained in the <resolution jar> con-
tained in PE. If RJis equivalent to JN, then an exception condition is raised: Java DDL — self-referencing
path.
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8) If P cannot be represented in the Information Schema without truncation, then a completion condition is
raised: warning — SQL-Java path too long for information schema.

NOTE 76 — The Information Schema is defined in [ISO9075-11].

9) The value of P is placed in the SQL-Java path of the JAR descriptor of JR, replacing the current SQL-Java
path (if any) associated with JR.

10) [If an invocation of the SQLJ.ALTER_JAVA PATH procedure raises an exception condition, then effe¢t on
the path associated with the JAR is implementation-defined.

11) [The effect of SQLJ . ALTER_JAVA_PATH on SQL statements that have already been prepared or-are curr¢ntly
executing is implementation-dependent.

Cophformance Rules

1) |Without Feature J601, “SQL-Java paths”, conforming SQL language shall net-Contain invocations of| the
SQLJ.ALTER_JAVA PATH procedure.
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13 Javatopics

13.L Javafacilities supported by this part of | SO/IEC 9075

13.1.1 Packagejava.sql

SQU systems that implement this part of ISO/IEC 9075 support the package java.'sql, which is the JDBC
driver, and all classes required by that package. The other Java packages supplied by.SQL systems thatimplement
this part of ISO/IEC 9075 are implementation-defined.

—

In an SQL system that implements this part of ISO/IEC 9075, the packagde java.sql supports the defau
conmection. The default connection for a Java method invoked as an SQL-routine has the following charagter-
isticp:

— |The default connection is pre-allocated to provide efficient:access to the database.
— [The default connection is included in the current session and transaction.

— [The authorization ID of the default connection is thecurrent authorization 1D.

— |The JDBC AUTOCOMMIT setting of the default connection is false.

Othgr data source URLSs that are supported by §ava.sql are implementation-defined.

13.1.2 System properties

SQU systems that implement this part of ISO/IEC 9075 support the following system properties for use by the
getProperty method efJava. lang.System:

Table 2 — System properties

Kley Description of associated value

1 j.defaultconnection If a Java method is executing in an SQL-implementation, then the
1

(7))

Qtring "jdbc-default-connection”

sqlj.runtime The class name of a runtime context class?

1 Otherwise, the null value.

2 This class is a subclass of the class sq 1 j . runtime . RuntimeContext. The getDefaultContext() method
of the class whose name is returned returns the default connection described in Subclause 13.1.1, “Package java.sgl”.
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13.2 Deployment descriptor files

Function

Supply information for actions to be taken by the SQLJ. INSTALL_JAR and SQLJ.REMOVE_JAR procedures.

M qdel

A dgployment descriptor file is a text file contained in a JAR, which is specified with the following propefty
in the manifest for the JAR:

Namg: fil e_nane
SQLJDeploymentDescriptor: TRUE

Properties

Theltext contained in a deployment descriptor file shall have the following form:

<degcriptor file> ::=
SQLActions <left bracket> <right bracket> <equals. operator>
{ [ <double quote> <action group> <double quote>
[ <comma> <double quote> <action group> <double quote> ] ] }

<action group> ::=
<install actions>
<remove actions>

<ingtall actions> ::=
BEGIN INSTALL [ <command> <semicolon> ]... END INSTALL

<refove actions> ::=
BEGIN REMOVE [ <command> <semicolon> ]... END REMOVE

<command> ::=
<SQL statement>
<implementor block>

<SQY statement> :i=
I'll See Descripgtijon

<implementor-block> ::=
BEGIN <implementor name> <SQL token>... END <implementor name>

<implementor name> ::=
<jdentifier>

<SQL token> ::=
I'l See Description

Description

1) <descriptor file> shall contain at most one <install actions> and at most one <remove actions>.
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3)

4)

5)

6)

7)

8)

9
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The <command>s specified in the <install actions> (if any) and <remove actions> (if any) specify the
install actions and remove actions of the deployment descriptor file, respectively.
An <SQL statement> specified in an <install actions> shall be either:

a) An <SQL-invoked routine> whose <language clause> specifies JAVA. The procedures and functions
created by those statements are called the deployed routines of the deployment descriptor file.

b) A <grant privilege statement> that specifies the EXECUTE privilege for a deployed routine.

c) A <user-defined type definition> that specifies an <external Java type clause>. The types ¢reated by
those statements are called the deployed types of the deployment descriptor file.

d) A <grant privilege statement> that specifies the USAGE privilege for a deployeditype.
e) A <user-defined ordering definition> that specifies ordering for a deployed type.

\When a deployment descriptor file is executed by a call of the SQLJ . INSTALI JAR procedure, if the|<jar
name> of any <external routine name> or an <SQL-invoked routine> in amxinstall actions> is the <jar
name> “thisjar”, then “thisjar” is effectively replaced with the jarparameter of the
SQLJ. INSTALL_JAR procedure for purposes of that execution.

An <SQL statement> specified in a <remove actions> shall be either:

a) A <drop routine statement> for a deployed routine.

b) A <revoke statement> for the EXECUTE privilege on a deployed routine.

c) A <drop data type statement> for a deployed type.

d) A <revoke statement> for the USAGE privilege on a deployed type.

e) A <drop user-defined ordering statement> that specifies ordering for a deployed type.

An <implementor block> specifies implémentation-defined install actions (remove actions) when specified
in an <install actions> (<remove actions>).

An <SQL token> is an SQL-lexical unit specified by the term “<token>" in Subclause 5.2, “<token>|and
<separator>”, in [ISO9075=2] That is, the comments, quotes, and double-quotes in an <implementor blpck>
follow SQL token conventions.

An <implementor.fiame> is an implementation-defined SQL identifier. The <implementor name>s specified
following the BEGIN and END keywords shall be equivalent.

\Whether am<implementor block> with a given <implementor name> contained in an <install actiong>
(<remove.actions>) is interpreted as an install action (remove action) is implementation-defined. That is,
an implementation may or may not perform install or remove actions specified by some other implernen-
tation.

MAOTE

NUT L 77 = ThC dC'J:UyI TCT It dCDbI ;ptl}l fI:C fUI Illﬂt CUTT CQPUI Idb tU thc muTT HCI 1T G: IIUt;UII Uf a |JI UlJCIt;CD fI:C QU'J'JUI |ng
indexed properties. Therefore, the deployment descriptor file can be used by the SQL-implementation to instantiate a Java
Bean, with an indexed property, SQLAcCtions. An application developer could then customize the resulting Java Bean
instance with ordinary Java Bean tools. For example, SQL procedures or permissions could be changed by changing the
routine descriptors stored in the SQLActions property. The SQL system can then use the customized Java Bean instance
to generate a modified version of the deployment descriptor file to use in a revised version of the JAR. Further information
regarding Java Beans can be found in The JavaBeans™ 1.01 Specification, http://java.sun.com/products/jav-
abeans/docs/spec._html.
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Confor mance Rules

1) Without Feature J531, “Deployment”, conforming SQL language shall not contain an <SQL statement>
that contains a <user-defined type definition>.

2) Without Feature J531, “Deployment”, conforming SQL language shall not contain an <SQL statement>

tHet

3) |Without Feature J531, “Deployment”, conforming SQL language shall not contain an <SQL statement>
that contains an <SQL-invoked routine>.

4) |Without Feature J531, “Deployment”, conforming SQL language shall not contain an <SQL" statemept>
that contains a <drop routine statement>.

5) [Without Feature J531, “Deployment”, conforming SQL language shall not contaiivan <SQL statemept>
that contains a <user-defined ordering definition>.

6) [Without Feature J531, “Deployment”, conforming SQL language shall net-contain an <SQL statemept>
that contains a <drop user-defined ordering statement>.

7) [Without Feature J531, “Deployment”, conforming SQL language shall not contain an <SQL statemept>
that contains a <grant privilege statement>.

8) [Without Feature J531, “Deployment”, conforming SQL language shall not contain an <SQL statemept>
that contains a <revoke statement>.
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14 Information Schema

Thiq Clause modifies Clause 5, ““Information Schema’, in |SO/IEC 9075-11.

141 JAR JAR USAGE view

Fumnction

Identify each JAR owned by a given user or role on which JARs defined in this.catdalog are dependent.
Definition

CREATE VIEW JAR_JAR_USAGE AS
SELECT JJU.PATH_JAR_CATALOG, JJU.PATH_JAR_SCHEMA, JJU.PATH_JAR_NAME,
JAR_CATALOG, JAR_SCHEMA, JAR_NAME
FROM ( DEFINITION_SCHEMA.JAR_JAR_USAGE AS JJuU
JOIN
DEFINITION_SCHEMA_.JARS AS J
USING ( JAR_CATALOG, JAR_SCHEMA, JAR_NAME ) )
JOIN
DEFINITION_SCHEMA.SCHEMATA_AS-S
ON ( ( JIU.PATH_JAR_CATALOG, (JJU.PATH_JAR_SCHEMA )
= ( S.CATALOG_NAME, S.SCHEMA_NAME ) )
WHERE ( S.SCHEMA_OWNER = CURRENT_USER
OR
S.SCHEMA_OWNER™ N
( SELECT ER.ROLE_NAME
FROM ENABLED_ROLES AS ER ) )
AND
JAR_CATALQG =
( SELECT)"1SCN.CATALOG_NAME
FROM=INFORMAT ION_SCHEMA_CATALOG_NAME AS ISCN ) ;
GRANT SELECJ-@GN" TABLE JAR_JAR_USAGE
TO PUBRIC WITH GRANT OPTION;

Conformance Rules

1) Without Feature J652, “SQL/JRT Usage tables”, conforming SQL language shall not reference INFOR-
MATION_SCHEMA.JAR_JAR_USAGE.
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14.2 JARSview

Function

Identify the installed JARs defined in this catalog that are accessible to the current user.

De’inition

CREATE VIEW JARS AS
SELECT JAR_CATALOG, JAR_SCHEMA, JAR_NAME, JAVA PATH
FROM DEFINITION_SCHEMA.JARS
WHERE ( JAR_CATALOG, JAR_SCHEMA, JAR_NAME, "JAR" ) IN
( SELECT OBJECT CATALOG, OBJECT SCHEMA, OBJECT NAME, OBJECTJTYPE
FROM DEFINITION_SCHEMA.USAGE_PRIVILEGES
WHERE GRANTEE IN
( "PUBLIC", CURRENT USER )
OR
GRANTEE IN
( SELECT ROLE_NAME
FROM ENABLED_ROLES ) )
AND
JAR_CATALOG =
( SELECT CATALOG_NAME
FROM INFORMATION_SCHEMA_CATALOG_NAME ) ;
GRANT SELECT ON TABLE JARS
TO PUBLIC WITH GRANT OPTION;

Cohformance Rules

T
@D

1) [|Without Feature J651, “SQL/JRT Iformation Schema”, conforming SQL language shall not referen
INFORMATION_SCHEMA JARS.

102 SQL Routinesand Types Using the Java Programming L anguage (SQL/JRT) ©ISO/IEC 2016 — Al rights reserved


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

I SO/IEC 9075-13:2016(E)
143 METHOD_SPECIFICATIONS view

143 METHOD_SPECIFICATIONS view

This Subclause modifies Subclause 5.36, “METHOD_SPECIFICATIONSview”, in I1SO/IEC 9075-11.

Function

Identify the methods in the catalog that are accessible to a given user or role.

D

inition

|Add

columns EXTERNAL_NAME and IS_FIELD in [ISO9075-11]]Add “, EXTERNALCNAME, I1S_FIELD”

to th

Conhformance Rules

e end of the outermost <select list> of the <view definition>.

1)

Insert this CR

Without Feature J651, “SQL/JRT Information Schema”, conforming SQL language shall

not reference |

NFORMATION_SCHEMA . METHOD_SPECIFICATIONS . EXTERNAL_NAME.

2)

Insert this CR

Without Feature J651, “SQL/JRT Informatio)Schema”, conforming SQL language shall

not reference |

NFORMATION_SCHEMA . METHOD_SPECIFICATIONS . IS_FIELD.

©ISO/IEC 2016 — All rights reserved Information Schema 103


https://standardsiso.com/api/?name=3efe38bdb0a90785f2a130dd2ded62d1

| SO/IEC 9075-13:2016(E)
14.4 ROUTINE_JAR_USAGE view

144 ROUTINE_JAR_USAGE view

Function

Identify the JARs owned by a given user or role on which external Java routines defined in this catalog are
depgreent

Definition

CREATE VIEW ROUTINE_JAR_USAGE AS
SELECT SPECIFIC_CATALOG, SPECIFIC_SCHEMA, SPECIFIC_NAME,
RJU.JAR_CATALOG, RJU.JAR_SCHEMA, RJU.JAR NAME
FROM ( DEFINITION_SCHEMA_ROUTINE_JAR USAGE AS RJU
JOIN
DEFINITION_SCHEMA.ROUTINES AS R
USING ( SPECIFIC_CATALOG, SPECIFIC_SCHEMA, SPECIFIC_NANE ) )
JOIN
DEFINITION_SCHEMA.SCHEMATA AS S
ON ( ( RJU.JAR_CATALOG, RJU.JAR_SCHEMA ) =
( S.CATALOG_NAME, S.SCHEMA NAME ) )
WHERE ( S.SCHEMA_OWNER = CURRENT_USER
OR
S.SCHEMA_OWNER IN
( SELECT ER.ROLE_NAME
FROM ENABLED_ROLES AS ER ) )
AND
SPECIFIC_CATALOG =
( SELECT ISCN.CATALOG_NAME
FROM INFORMATION_SCHEMANGATALOG_NAME AS ISCN ) ;
GRANT SELECT ON TABLE ROUTINE_JAR-USAGE
TO PUBLIC WITH GRANT OPTION:

Confor mance Rules

1) [Without Feature J652,,*“SQL/JRT Usage tables”, conforming SQL language shall not reference INFQR-
MATION_SCHEMA'ROUTINE_JAR_USAGE.
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145 TYPE_JAR_USAGE view

Function

Identify the JARs owned by a given user or role on which external Java types defined in this catalog are
depgreent

Definition

CREATE VIEW TYPE_JAR_USAGE AS
SELECT USER_DEFINED_TYPE_CATALOG AS UDT_CATALOG,
USER_DEFINED_TYPE_SCHEMA AS UDT_SCHEMA,
USER_DEFINED_TYPE_NAME AS UDT_NAME,
TJU.JAR_CATALOG, TJU.JAR_SCHEMA, TJU.JAR NAME
FROM ( DEFINITION_SCHEMA.TYPE_JAR_USAGE AS TJU
JOIN
DEFINITION_SCHEMA.USER_DEFINED_TYPES AS UDT
USING ( USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA,
USER_DEFINED_TYPE_NAME ) )
JOIN
DEFINITION_SCHEMA.SCHEMATA AS S
ON ( ( TJU.JAR_CATALOG, TJU.JAR_SCHEMA ) =
( S.CATALOG_NAME, S.SCHEMA NAME ) )
WHERE ( S.SCHEMA_OWNER = CURRENT_USER
OR
S.SCHEMA_OWNER IN
( SELECT ER.ROLE_NAME
FROM ENABLED_ROLES AS ERY) )
AND
USER_DEFINED_TYPE_CATALOG-=
( SELECT ISCN.CATALOG ‘NAME
FROM INFORMATION tSCHEMA_CATALOG_NAME AS ISCN ) ;
GRANT SELECT ON TABLE TYPE~JAR USAGE
TO PUBLIC WITH GRANT/OPTION;

Confor mance Rules

1) [Without FeatUreJ652, “SQL/JRT Usage tables”, conforming SQL language shall not reference INFQR-
MATION-SCHEMA.TYPE_JAR_USAGE.
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146 USER_DEFINED_TYPESview

This Subclause modifies Subclause 5.76, “USER_DEFINED_TYPESview™, in ISO/IEC 9075-11.

Function

Identify the user-defined types defined in this catalog that are accessible to a given user or role.

Definition

|Add columns to the USER_DEFINED_TYPES view in [ISO9075-11]| Add “, EXTERNAL. NAME,
EXTERNAL_LANGUAGE, JAVA_INTERFACE” to the end of the outermost <select list> of’the <view definitipn>.

Conhformance Rules

1) [Insert this CR|Without Feature J651, “SQL/JRT Information Schema”, conforming SQL language shall
not reference INFORMATION_SCHEMA . UDT_S . EXTERNAL "NAME.

2) |Insert this CR|Without Feature J651, “SQL/JRT Informatiof’Schema”, conforming SQL language shall
not reference INFORMATION_SCHEMA . UDT_S . EXTERNAL_LANGUAGE.

3) [|Insert this CR|Without Feature J651, “SQL/JRT Information Schema”, conforming SQL language shall
not reference INFORMATION_SCHEMA . UDT_S: JAVA_INTERFACE.
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This Subclause modifies Subclause 5.82, ““Short name views”, in I1SO/IEC 9075-11.

Function

Proyide alternative views that use only identifiers that do not require Feature F391, “Long identifiers™

Definition

|Regjlace the METHOD_SPECS view|

CREATE VIEW METHOD_SPECS
( SPECIFIC_CATALOG,

UDT_CATALOG,
METHOD_NAME,
I1S_CONSTRUCTOR,
CHAR_OCTET_LENGTH,
CHARACTER_SET_NAME,
COLLATION_NAME,
NUMERIC_SCALE,
INTERVAL_PRECISION,
RETURN_UDT_NAME,
SCOPE_NAME,
METHOD_LANGUAGE,
SQL_DATA_ACCESS,
TO_SQL_SPEC_SCHEMA,
EXTERNAL_NAME,
LAST ALTERED ) AS

SELECT

METHOD_NAME,

SOL_DATA_ACCESS,

EXTERNAL_NAME,
LAST _ALTERED

SPECIFIC_SCHEMA,
UDT_SCHENA,
IS_STATIC,
DATA_TYPE,
CHAR_SET_CATALOG,
COLLATION_CATALOG,
NUMERIC_PRECISION,
DATETIME_PRECISION,
RETURN_UDT_CATALOG,
SCOPE_CATALOG,
MAX_CARD INAL 1 TY
PARAMETER_STYLE;
I1S_NULL_CALLZ;
TO_SQL_SPEC' NAME,
IS_FIELD)

I1S_OVERRIDING,

SPECIFIC_NAME,
UDT_NAME,
IS_OVERRIDING;
CHAR_MAX S{LENGTH,
CHAR_SET_SCHEMA,
COLLATION_SCHEMA,
NUMERIC_PREC_RADIX,
INTERVAL_TYPE,
RETURN_UDT_SCHEMA,
SCOPE_SCHEMA,
DTD_IDENTIFIER,
IS_DETERMINISTIC,
TO_SQL_SPEC_CAT,
AS_LOCATOR,
CREATED,

SPECIFIC_CATALOG, SPECIEIC_SCHEMA, SPECIFIC_NAME,
USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA, USER_DEFINED_TYPE_NAME
IS_STATIC,
IS_CONSTRUCTOR, DATA TYPE, CHARACTER_MAXIMUM_LENGTH,
CHARACTER_OCTET\ LENGTH, CHARACTER_SET_CATALOG, CHARACTER_SET_SCHEMA,
CHARACTER_SETANAME, COLLATION_CATALOG, COLLATION_SCHEMA,
COLLATION_NAME, NUMERIC_PRECISION, NUMERIC_PRECISION_RADIX,
NUMERIC_SCALE, DATETIME_PRECISION,
INTERVALDPRECISION, RETURN_UDT_CATALOG, RETURN_UDT_SCHEMA,
RETURN_UDT_NAME, SCOPE_CATALOG, SCOPE_SCHEMA,

SCOPE_NAME, MAXIMUM_CARDINALITY, DTD_IDENTIFIER,
METFHOD_LANGUAGE, PARAMETER_STYLE,

INTERVAL_TYPE,

IS_DETERMINISTIC,
IS_NULL_CALL, TO_SQL_SPECIFIC_CATALOG,

TO_SQL_SPECIFIC_SCHEMA, TO_SQL_SPECIFIC_NAME, AS_LOCATOR,
IS_FIELD, CREATED,

FROM INFORMATION_SCHEMA.METHOD_SPECIFICATIONS;

|Replace the UDT_S view|

CREATE VIEW UDT_S
( UDT_CATALOG,
UDT_CATEGORY,
ORDERING_FORM,
ORDERING_ROUT_SCH,
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DATA_TYPE, CHAR_MAX_LENGTH, CHAR_OCTET_LENGTH,
CHAR_SET_CATALOG, CHAR_SET_SCHEMA, CHARACTER_SET_NAME,
COLLATION_CATALOG, COLLATION_SCHEMA, COLLATION_NAME,
NUMERIC_PRECISION, NUMERIC_PREC_RADIX, NUMERIC_SCALE,
DATETIME_PRECISION, INTERVAL_TYPE, INTERVAL_PRECISION,
SOURCE_DTD_ID, REF_DTD_IDENTIFIER, EXTERNAL_NAME,
EXTERNAL_LANGUAGE, JAVA_INTERFACE ) AS

SELECT USER_DEFINED_TYPE_CATALUG, USER_DEFINED TYFPE_SUHEMA, USER_DEFINED 1 YI"i:_I\I/-\ME 5
CATEGORY, IS_INSTANTIABLE, 1S_FINAL,
ORDERING_FORM, ORDERING_CATEGORY, ORDERING_ROUTINE_CATALOG,
ORDERING_ROUTINE_SCHEMA, ORDERING_ROUTINE_NAME, REFERENCE_TYPE,
DATA_TYPE, CHARACTER_MAXIMUM_LENGTH, CHARACTER_OCTET_LENGTH,
CHARACTER_SET_CATALOG, CHARACTER_SET_SCHEMA, CHARACTER_SET_NAMEg
COLLATION_CATALOG, COLLATION_SCHEMA, COLLATION_NAME,
NUMERIC_PRECISION, NUMERIC_PRECISION_RADIX, NUMERIC_SCALE,
DATETIME_PRECISION, INTERVAL_TYPE, INTERVAL_PRECISION,
SOURCE_DTD_IDENTIFIER, REF_DTD_IDENTIFIER, EXTERNAL_NAME,
EXTERNAL_LANGUAGE, JAVA_INTERFACE

FROM INFORMATION_SCHEMA.USER_DEFINED_TYPES;

Confor mance Rules

1) [Insert this CR|Without Feature J651, “SQL/JRT Information;Schema”, conforming SQL language shall
not reference INFORMATION_SCHEMA . METHOD_ SPECS . EXTERNAL_NAME.

2) |Insert this CR|Without Feature J651, “SQL/JRT Infermation Schema”, conforming SQL language shall
not reference INFORMATION_SCHEMA . METHOD_SPECS . IS_FIELD.

3) [Insert this CR|Without Feature J651, “SQL/JRT Information Schema”, conforming SQL language shall
not reference INFORMATION_SCHEMA~UDT_S . EXTERNAL_NAME.

4) |Insert this CR|Without Feature J651, #SQL/JRT Information Schema”, conforming SQL language shall
not reference INFORMATION_SCHEMA . UDT_S . EXTERNAL_LANGUAGE.

5) |Insert this CR|Without Feature.J651, “SQL/JRT Information Schema”, conforming SQL language shall
not reference INFORMATION_SCHEMA . UDT_S . JAVA_INTERFACE.
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15 Definition Schema

Thiq Clause modifies Clause 6, “Definition Schema™, in |SO/IEC 9075-11.

151 JAR_JAR_USAGE basetable

Fumnction

ThelJAR_JAR_USAGE table has one row for each JAR included in the SQL-Java.path of a JAR.
Definition

CREATE TABLE JAR_JAR_USAGE (

JAR_CATALOG INFORMATION_SCHEMA _SQL, IDENTIFIER,
JAR_SCHEMA INFORMAT ION_SCHEMA _SQL_MDENTIFIER,
JAR_NAME INFORMAT ION_SCHEMA -SQL_IDENTIFIER,
PATH_JAR_CATALOG INFORMAT ION_SCHEMA “SQL_IDENTIFIER,
PATH_JAR_SCHEMA INFORMAT ION_SCHEMA'._SQL_IDENTIFIER,
PATH_JAR_NAME INFORMAT ION_SCHEMA _SQL_IDENTIFIER,

CONSTRAINT JAR_JAR_USAGE_PRIMARY_KEY
PRIMARY KEY ( JAR_CATALOG, JAR,SCHEMA, JAR_NAME,
PATH_JAR_CATALQG) PATH_JAR_SCHEMA, PATH_JAR_NAME ),
CONSTRAINT JAR_JAR_USAGE_CHECK.REFERENCES_JARS
CHECK ( PATH_JAR_CATALOG.NOT IN
( SELECT CATALOG, NAME
FROM SCHEMATA )
OR
( PATH_JAR -CATALOG, PATH_JAR_SCHEMA, PATH_JAR_NAME ) IN
( SELECT,"JAR_CATALOG, JAR_SCHEMA, JAR_NAME
FROMNJARS ) ),
CONSTRAINT JAR “JAR_USAGE_FOREIGN_KEY_JARS
FOREIGN KEY ( JAR_CATALOG, JAR_SCHEMA, JAR NAME )
REFERENCES JARS

Degcription

1) The JAR_JAR_USAGE table has one row for each JAR JP identified by a <jar name> contained in an
<SQL Java path> associated with JAR J.

2) The values of JAR_CATALOG, JAR_SCHEMA, and JAR_NAME are the <catalog name>, <unqualified
schema name>, and <jar id>, respectively, of the <jar name> of the JAR (J) being described.
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3) The values of PATH_JAR_CATALOG, PATH_JAR _SCHEMA, and PATH_JAR _NAME are the <cat-
alog name>, <unqualified schema name>, and <jar id>, respectively, of the <jar name> of a JAR (JP) that
is in the <SQL Java path> associated with JAR J.
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15.2 JARSbasetable

Function

The JARS table has one row for each installed JAR.

Dejlnltlon

CREATE TABLE JARS (
JAR_CATALOG INFORMATION_SCHEMA _SQL_IDENTIFIER,
JAR_SCHEMA INFORMATION_SCHEMA _SQL_IDENTIFIER,
JAR_NAME INFORMATION_SCHEMA _SQL_IDENTIFIER,
JAVA_PATH INFORMAT ION_SCHEMA .CHARACTER_DATA,

CONSTRAINT JARS_PRIMARY_KEY
PRIMARY KEY ( JAR_CATALOG, JAR_SCHEMA, JAR_NAME ),
CONSTRAINT JAR_FOREIGN_KEY_SCHEMATA
FOREIGN KEY ( JAR_CATALOG, JAR_SCHEMA )
REFERENCES SCHEMATA

Description

1) [The values of JAR_CATALOG, JAR_SCHEMA, and JAR_NAME are the <catalog name>, <unqual|fied
schema name>, and <jar id> of the <jar name> ofithe JAR being described.

2) [Case

a) If the character representation of the-SQL-Java path in the descriptor of the JAR being described can
be represented without truncation, then the value of JAVA PATH is that character representatiory.

b) Otherwise, the value of JAVA: PATH is the null value.
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15.3 METHOD_SPECIFICATIONS basetable

This Subclause modifies Subclause 6.32, “METHOD_SPECIFICATIONS base table™, in 1SO/IEC 9075-11.

Function

The]METHOD_SPECIFICATIONS base table has one row for each method specification.

Definition
[Replace CONSTRAINT METHOD_SPECIFICATIONS_LANGUAGE_CHECK in [ISO9075-11]|

CONSTRAINT METHOD_SPECIFICATIONS_LANGUAGE_CHECK
CHECK ( METHOD_LANGUAGE IN
( "sQL®, “ADA", =C*, =coBOL",
"FORTRAN®, “MUMPS®, “PASCAL","PLI", “JAVAT" ) )

|Add two columns and three constraints in [ISO9075-11]| Add the following <table element>s to the <tab

element list> of the METHOD_SPECIFICATIONS base table:

EXTERNAL_NAME INFORMAT I10ON_SCHEMA . CHARAGTER_DATA,
IS_FIELD INFORMAT I0ON_SCHEMA . CHARAGTER_DATA
CONSTRAINT METHOD_SPECIFICATIONS_IS_FIELD_CHECK
CHECK ( IS_FIELD IN ( "YES", "NO" ) ).
CONSTRAINT METHOD_SPECIFICATIONS_METHOD .GOMBINATIONS
CHECK ( ( ( METHOD_LANGUAGE = "JAVA'(®)
AND
( EXTERNAL_NAME, 1S_F4EDD ) 1S NOT NULL )
OR
( ( METHOD_LANGUAGE. <> "JAVA® )
AND
( ( EXTERNAL.NAME, IS_FIELD )
IS NULL ) D)D)
CONSTRAINT METHOD_SPECIFICATIONS_FIELD_COMBINATIONS
CHECK ( IS_FIELD_="“NO" OR IS_STATIC = "YES" )

Description

1) |Insert this Desc.| Case:

external Java data type.

a) Ifthe method being described is an external Java routine, then the value of EXTERNAL_NAME
the'<Java method and parameter declarations> specified in the <external Java method clause> for

EiS
that

b) If the method being described is a static field of an external Java type, then the value of EXTER-
NAL_NAME is the <qualified Java field name> specified in the <static field method spec> of the

method.
¢) Otherwise, the value of EXTERNAL_NAME is the null value.

2) |Insert this Desc.| Case:
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a) If the method being described is a static field of an external Java type, then the value of IS_FIELD is
'YES'.
b) If the method being described is an external Java type, then the value of IS_FIELD is 'NO'.

c) Otherwise, the value of IS_FIELD is the null value.
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15.4 ROUTINE_JAR_USAGE basetable

Function

The

<eX+nrnn| laviarofoaraneca ctrina

ROUTINE_JAR_USAGE table has one row for each external Java routine that names a JAR in an

D

CREA

Des

1)

2)

3)

TTIOl JOUVTC TCTCTCTICT JI.I:IIH .
Inition

TE TABLE ROUTINE_JAR_USAGE (
SPECIFIC_CATALOG INFORMATION_SCHEMA . SQL_ IDENTIFIER,
SPECIFIC_SCHEMA INFORMATION_SCHEMA . SQL_IDENTIFIER,
SPECIFIC_NAME INFORMATION_SCHEMA . SQL_IDENTIFIER,
JAR_CATALOG INFORMATION_SCHEMA . SQL_IDENTIFIER,
JAR_SCHEMA INFORMATION_SCHEMA . SQL_IDENTIFIER,
JAR_NAME INFORMATION_SCHEMA . SQL_IDENTIFIER;
CONSTRAINT ROUTINE_JAR_USAGE_PRIMARY_KEY
PRIMARY KEY ( SPECIFIC_CATALOG, SPECIFIC_SCHEMA, SPECIFIC_NAME,
JAR_CATALOG, JAR_SCHEMA, JAR_NAME ),
CONSTRAINT JAR_JAR_USAGE_CHECK_REFERENCES_JARS
CHECK ( JAR_CATALOG NOT IN
( SELECT CATALOG_NAME
FROM SCHEMATA )
OR
( JAR_CATALOG, JAR_SCHEMA, JARINAME ) IN
( SELECT JAR_CATALOG, JAR SCHEMA, JAR_NAME
FROM JARS ) ),
CONSTRAINT JAR_JAR_USAGE_FOREIGN_KEY ROUTINES
FOREIGN KEY (SPECIFIC_CATALOG}-SPECIFIC_SCHEMA, SPECIFIC_NAME )
REFERENCES ROUTINES

Cr iption
The ROUTINE_JAR-USAGE table has one row for each external Java routine that names a JAR in
<external Java reference string>.

The values of SPECIFIC_CATALOG, SPECIFIC_SCHEMA, and SPECIFIC_NAME are the <catal
name>, <ungualified schema name>, and <qualified identifier>, respectively, of the <specific name>
the external Java routine being described.

Thewalues of JAR_CATALOG, JAR_SCHEMA, and JAR_NAME are the <catalog name>, <unqual

bg
of

fied
rnal

schéma name>, and <jar id>, respectively, of the <jar name> of the JAR being referenced in the exte

Java routine's <external Java reference string>.
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15.5 ROUTINESbasetable

This Subclause modifies Subclause 6.45, “ROUTINES base table™, in |SO/IEC 9075-11.

Function

The|ROUTINES table has one row for each SQL-invoked routine.
Definition

[Replace CONSTRAINT EXTERNAL_LANGUAGE_CHECK in [ISO9075-11]| Add “¢~ *JAVA™” to the <in
valug list> of valid EXTERNAL_LANGUAGE values.

Description

No additional Descriptions.

15.6 SQL CONFORMANCE basetable

Thig Subclause modifies Subclause 6.48, “SQL_ CONF@RMANCE base table”, in ISO/IEC 9075-11.

Function
The SQL_CONFORMANCE base table has-one row for each conformance element (part, feature, and subfeafure)
identified by 1SO/IEC 9075.
Definition

No additional Defiihtion.

Descr iption

NaoZadditional Descrintions
~NO-aaaHHoRa—eScHPHORS:

Table Population

1) |Insert this specification| There is one row in this table for every row in Table 5, “Feature taxonomy for
optional features”, in [ISO9075-13]. In each such row:

a) TYPEis'FEATURE'"
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b) ID isthe value of “Feature ID” from Table 5, “Feature taxonomy for optional features”, in [ISO9075-
13].

¢) NAME is the value of “Feature Name” from Table 5, “Feature taxonomy for optional features”, in
[1ISO9075-13].

d) SUB_ID and SUB_NAME are each a character string consisting of a single space.

e) IS_SUPPORTED, IS_VERIFIED_BY, and COMMENTS are as described by Description 4),
Description 5), and Description 7).
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15.7 TYPE_JAR_USAGE basetable

Function

The TYPE_JAR_USAGE table has one row for each external Java type.

De’inition

CREATE TABLE TYPE_JAR_USAGE (
USER_DEFINED_TYPE_CATALOG INFORMAT ION_SCHEMA _SQL_IDENTIFIER,

USER_DEFINED_TYPE_SCHEMA INFORMAT ION_SCHEMA _SQL_IDENTIFIER,
USER_DEFINED_TYPE_NAME INFORMAT ION_SCHEMA _SQL_IDENTIFIER,
JAR_CATALOG INFORMAT ION_SCHEMA _SQL_IDENTIFIER,
JAR_SCHEMA INFORMAT ION_SCHEMA _SQL_IDENTIFIER,
JAR_NAME INFORMAT ION_SCHEMA _SQL_IDENTIFIER,

CONSTRAINT TYPE_JAR_USAGE_PRIMARY_KEY
PRIMARY KEY (USER_DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA,
USER_DEFINED_TYPE_NAME, JAR_CATALOG, JAR-SCHEMA, JAR NAME),
CONSTRAINT TYPE_JAR_USAGE_CHECK_REFERENCES_JARS
CHECK ( JAR_CATALOG NOT IN
( SELECT CATALOG_NAME
FROM SCHEMATA )
OR
( JAR_CATALOG, JAR SCHEMA, JAR NAME ) IN
( SELECT JAR CATALOG, JAR_SCHEMA, JAR_NAME
FROM JARS ) ),
CONSTRAINT TYPE_JAR_USAGE_FOREIGN_KEY: USER_DEFINED_TYPES
FOREIGN KEY (USER_DEFINED_TYPE_EATALOG, USER_DEFINED_TYPE_SCHEMA,
USER_DEFINED_TYPELNAME ) REFERENCES USER_DEFINED_TYPES

Description

1) [The TYPE_JAR_USAGE table has one row for each external Java type.

2) [The values of USER-DEFINED_TYPE_CATALOG, USER_DEFINED_TYPE_SCHEMA, and
USER_DEFINED-TYPE_NAME are the <catalog name>, <unqualified schema name>, and <qualifjed
identifier>, respectively, of the <user-defined type name> of the external Java type being described.

3) [The valuesiof JAR_CATALOG, JAR_SCHEMA, and JAR_NAME are the <catalog name>, <unqual|fied
schemaname>, and <jar id>, respectively, of the <jar name> of the JAR being referenced in the extefnal
Java.type's <external Java class clause>.
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15.8 USAGE_PRIVILEGESbasetable

This Subclause modifies Subclause 6.64, “USAGE_PRIVILEGESbase table™, in 1SO/IEC 9075-11.

Function

=2

The|USAGE_PRIVILEGES table has one row for each usage privilege descriptor. It effectively contains
representation of the usage privilege descriptors.

Definition
|Replace CONSTRAINT USAGE_PRIVILEGES_OBJECT_TYPE_CHECK in[ISO9075-11]|Add “, "JAR™”
to the <in value list> of valid OBJECT_TYPE values.

[Replace CONSTRAINT USAGE_PRIVILEGES_CHECK_REFERENCES_OBJECT in [ISO9075-11]| Add
the following to the end of the <query expression> contained in the <in predicate>:

UNION
SELECT JAR_CATALOG, JAR_SCHEMA, JAR_NAME, "JAR"
FROM JARS

Description

1) [Augment Desc. 4)|

JAR The object to which the privilege applies is a JAR.
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159 USER_DEFINED_TYPESbasetable

This Subclause modifies Subclause 6.66, “USER_DEFINED_TYPES base table”, in ISO/IEC 9075-11.

Function

The|USER_DEFINED_TYPES table has one row for each user-defined type.

Definition

|Add three columns to the USER_DEFINED_TYPES base table in [ISO9075-11]]
|Add CONSTRAINT USER_DEFINED_TYPES_COMBINATIONS in [ISO9075-11]|

Add|the following <table element>s to the <table element list> of the USER_DEFINED_TYPES base table:
EXTERNAL_NAME INFORMAT ION_SCHEMA . CHARACTER_DATA}
EXTERNAL_LANGUAGE INFORMAT ION_SCHEMA . CHARACTER_DATA

CONSTRAINT USER_DEFINED_TYPE_EXTERNAL_LANGUAGE_CHECK
CHECK ( EXTERNAL_LANGUAGE IN ( "JAVA" ) ),
JAVA_INTERFACE INFORMAT I0ON_SCHEMA . CHARACTER_DATA
CONSTRAINT USER_DEFINED_TYPE_JAVA_INTERFACE, CHECK
CHECK ( JAVA_INTERFACE IN ( "SERIALIZABLE™,  "SQLDATA" ) ),
CONSTRAINT USER_DEFINED_TYPES_COMBINATIONS
CHECK ( ( ( EXTERNAL_LANGUAGE = "JAVA" )“AND
( EXTERNAL_NAME, JAVA_INTERFACE ) 1S NOT NULL )
OR
( ( EXTERNAL_LANGUAGE, EXTERNAL_NAME, JAVA INTERFACE )
IS NULL ) )

|Augment CONSTRAINT USER_DEFRINED_TYPES_ORDERING_CATEGORY_CHECK in [ISO9075¢11]|
Add“, "COMPARABLE"” to the <in value list> of valid ORDERING_CATEGORY values.

Description

1) [Augment Desc. 7){

COMPARABLE | Two values of this type may be compared with java. lang.Comparable's com-
pareTo( ) method.

2) |Ihsert this Desc. | Case:

a) If the user-defined type being described is an external Java data type, then the value of EXTER-
NAL_NAME is the <jar and class name> specified in the <external Java class clause> for that external
Java data type.

b) Otherwise, the value of EXTERNAL_NAME is the null value.

3) |Insert this Desc.| Case:
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