The following paper was originally published in the Proceedings of the USENIX 1996 Conference on Object-Oriented Technologies Toronto, Ontario, Canada, June 1996.

For more information about USENIX Association contact:

1. Phone: 510 528-8649 2. FAX: 510 548-5738 3. Email: office@usenix.org 4. WWW URL: http://www.usenix.org

Interlanguage Object Sharing with SOM

Jennifer Hamilton IBM Toronto Laboratory

Interlanguage Object Sharing with SOM

Jennifer Hamilton

C++ Compiler Development

IBM Toronto Laboratory

jenniferh@vnet.ibm.com

Abstract: Object-oriented programming languages may

encourage reuse at the source code level, but they

inhibit reuse at the binary object level. Differences in

object representation make it much more difficult to

share objects, even across different implementations of

the C++ language, than to share libraries between

different procedural languages such as C and Fortran.

IBM has addressed this problem through the System

Object Model (SOM). The purpose of this paper is to

provide a brief description of the SOM and the

mapping from SOM to the object models of several

languages: C++, Smalltalk, OO COBOL, and to discuss

how binary object interoperability can be achieved

through SOM.

1. Overview

The IBM System Object Model (SOM) was designed

with three major goals: to enable release-to-release

binary compatibility (RRBC) of classes, to provide a

state-of-the-art object model, and to facilitate inter-

languages sharing of objects [10]. While there has been

examination of the success of the first two goals, there

has been little investigation of SOM’s ability to support

mixed-language applications and to enable binary object

interoperability. Partly this is due to the fact that, until

recently, SOM support was only available for the C and

C++ languages, which have very similar language

models, so interoperability between these languages

cannot be considered generally conclusive. Recently,

however, SOM support has been introduced for two

additional languages: Smalltalk and OO COBOL.

There are two questions to be answered through this

paper. The first is whether binary object interoperability

is even possible through SOM among such diverse

languages as C++, OO COBOL, and Smalltalk. The

second, and more interesting, is to examine the

feasibility of using DirectToSOM C++ classes (SOM

support where classes are defined using the full C++

language syntax) from other languages. This is an

important issue because it would provide additional

markets for C++ class library vendors who ported their classes to DirectToSOM C++, thereby increasing the

set of class libraries available for use from other

languages.

2. Introduction

Object-oriented programming languages provide many

w e l l - e s t a b l i s h e d a d v a n t a g e s o v e r c o n v e n t i o n a l

procedural programming languages, in particular through

support for encapsulation, which groups data with

associated methods. However, this grouping also

introduces some problems, specifically in the area of

release-to-release binary compatibility and interlanguage

object sharing. The C++ language, arguably the most

commonly used object-oriented programming language,

suffers in particular from these problems.

With procedural languages, new versions of library

routines can be introduced without impacting existing

code, provided that the procedure signatures are kept

compatible and new procedure names don’t collide with

existing client names. While keeping signatures

compatible and avoiding name collisions can sometimes

be difficult, it is a relatively simple problem compared

to that of keeping class definitions compatible in

languages such as C++. The problem for C++ is that it

is a static language with a large amount of information

about the class, such as its instance size, the order and

location of methods, and the offset to parent class data,

compiled into client code. Thus adding a new data

member to a class, even a completely private member,

in most cases requires recompilation of client code,

including subclasses. In some cases, binary

compatibility can be achieved by carefully managing

class changes, but migrating a method up the class

hierarchy or inserting a new class in the hierarchy

always requires recompilation of client code.

Languages such as Smalltalk, where class information

is managed dynamically rather than statically, do not

have this problem.

Object-oriented programming languages also impede the

sharing of code between languages. It is relatively easy to call a C library routine from Fortran, or vice-versa,

but very difficult, if not impossible, to share objects

between languages such as Smalltalk and C++. This is

because each language introduces a specific, internal

structure for representing object data and associated

methods. There is no standard object representation,

such as operating system linkage conventions for

procedural languages, to enable the sharing of objects

across different languages. Even within a programming

language, object sharing is not readily achievable. This

is a particular problem for C++: there is no standard

object representation defined for the language, so each

compiler implementer must choose a layout. Unless the

layout is identical between two compiler vendors,

objects cannot be shared between these implementations.

Object-oriented programming is intended to promote

code reuse and allow changes to be made to class

implementations without affecting client code. This

source level solution leads to a new set of problems

with release-to-release binary compatibility and

interlanguage object-sharing. As there is much work

being done in the area of class libraries and frameworks,

it is particularly important to solve this binary object

problem so that class library providers can supply

updated versions of their classes without forcing

recompilation of existing client code. Further, class

libraries should be usable from different languages, or

at the very least different language implementations,

without requiring multiple versions of the library for

each target language or implementation.

3. SOM

The System Object Model (SOM) was designed to

address the two problems introduced by object-oriented

programming languages: release-to-release binary

compatibility and interlanguage object sharing. SOM

provides separation of interface and implementation

through a language-independent object model, allowing

the class implementation and client programs to be

written in different languages. SOM allows a new

version of a class to be supplied without requiring

recompilation of any unmodified client code. In

general, making a change to a SOM class that does not

require a source code change in a client, such as adding

new methods, instance variables, or even additional base

classes, does not require recompilation of that client.

SOM class interfaces are defined using the OMG

CORBA (see [2]) standard language called the Interface

Definition Language (IDL), which is language-

independent although loosely based on the C++ language. As an example, the following shows the IDL

definition for the SOM class Hello with a single

method sayHello.

#include <somobj.idl>

interface Hello : SOMObject

{

void sayHello();

};

The SOM IDL compiler generates language bindings

for the target client and implementation language

corresponding to an IDL class definition. Bindings are

language-specific macros and procedures that allow a

programmer to interact with SOM through simplified

syntax that is natural for the particular language. For

example, the C++ bindings allow SOM objects to be

manipulated through C++ pointers to objects. Currently,

the SOM IDL compiler generates bindings for C and

C++.

The SOM run time controls the layout and direct

manipulation of class instances. All manipulation of

SOM objects is performed through standard procedure

calls to the run time. The language bindings provide

mechanisms to map the native language syntax to SOM

run-time calls. As an alternative to defining SOM

classes using IDL, several compilers provide

DirectToSOM (DTS) support, which allows a class to be

defined and manipulated completely using the given

language, without ever generating IDL. For example,

the IBM C++ compilers for OS/2, Windows, AIX, and

MVS allow you to define classes in C++, which they

then map to SOM classes implicitly.

Figure 1 shows the relationship between the SOM class

description mechanisms and the run-time model.

Classes are described either using IDL or through native

language syntax with a DTS compiler. If using IDL,

the SOM compiler generates language bindings for the

client and the implementation, and the corresponding

language compilers are used to create binaries using the

language bindings. No special compiler support is

required to process the language bindings. A DTS

compiler generates the client and implementation

binaries directly. Note that a class client or

implementation could be written using a language for

which no language binding or DTS support is available

("other client" in Figure 1). SOM objects can be

accessed from any language that supports external

procedure calls and procedure pointers and that can map

IDL types onto the native language types. The client

and implementation interact through the SOM run time support. The arrow between the client and the SOM

run time is single-ended, representing a one-way

relationship, while the arrow from the SOM run time to

the class implementation is double-ended because the

SOM run time uses the implementation (for allocation,

initialization, and destruction of class instances, among

other things).

3.1 SOM Objects

Figure1 SOM Object Model

SOM objects are run-time entities that support a specific interface and have an associated state and implementation. The implementation is only accessible through the SOM object. SOM supports a model similar to that of Smalltalk, in that classes are not purely syntactic entities, as in C++, but are themselves SOM objects. SOM class objects are created at runtime as required by the client, and are used to create and manipulate instances. Class objects support a variety of methods for creating and querying objects, such as determining the size of class instances, whether a method is supported by a given class, and whether a given instance object is a member of that class. A class object is an instance of a special kind of class, called a

metaclass.

Methods may be invoked on a SOM object in several ways: offset resolution, name-lookup resolution, and

dispatch-function resolution. With offset method

resolution, the client code invokes the method through

a methodtoken found at a specific offset in a run-time

table. The method token offset is known at compiletime. Name-lookup resolution, by contrast, uses the name of the method to search for the method token. Dispatch-function resolution allows the receiving object to control how the method resolution is performed. Offsetresolutionisthemostefficientmeansofinvoking a method, because the method token is available statically, but the client code is dependent upon the location of that method token not changing. The fixed ordering of the method token table is established by the

releaseorder for the class.

Every class has a release order, which is simply an ordered list specifying all methods introduced by that class. A client using offset method resolution determines the offset for a method token at compiletime according to that method’s location in the release order (which is handled implicitly by language bindings). If a new method is added to the class, at the end of the release order list, it shows up at the end of the method token table, and thus will not impact existing client code. The release order list is the only dependency that a client has upon a corresponding class implementation.

For static clients using offset method resolution to invoke class methods, methods in the release order cannot be removed or reordered without breaking RRBC. New methods can be added only to the end of the release order. Dynamic clients that use name lookup or dispatch-function resolution have no dependencies upon the release order list, and will not be affected if the list is reordered. However, deleting a method from a class could result in a run-time error if that method were later invoked by a dynamic client, becuase that method would not be found.

3.2InterfaceRepository

The SOM compiler can optionally create a database, called the SOM Interface Repository (IR), which contains class information as supplied by the IDL description. The database can be queried through SOM APIs so that a at run-time a program can access any information available about a class interface. The interface repository content and programming interface conform to those defined by OMG’s CORBA Interface Repository. Among other things, the IR provides another mechanism for programming languages to

support interaction with SOM. Specifically, Smalltalk

language bindings are generated from the IR by the

Smalltalk SOM, while OO COBOL uses the interface

repository directly, instead of language bindings, to

access information about existing SOM class

descriptions.

Figure 2 summarizes how the various programming

languages that currently provide SOM support access

and create class descriptions through languages

bindings, IDL, and the interface repository. The next

few sections cover the SOM support for C++, OO

COBOL, and IBM Smalltalk.

3.3 DirectToSOM Support

Figure2 Language Access to SOM Class Descriptions

InsteadofdescribingaSOMclassusingCORBAIDL, DirectToSOM (DTS) support for a programming languageallowstheclasstobedescribedcompletelyin the native implementation language. The compiler generatestheappropriateSOMcallsandsymbolsfor the class implementation and clients. IDL can be generatedfromthenativelanguageclassdescriptionif required, or all SOM interactions can be done completelywithinthenativeprogramminglanguage. A subcategory of DirectToSOM, which we call DirectFromSOM, gives client-only capability using nativelanguagesyntax.

DirectToSOM support is currently supported by two programminglanguages:C++andOOCOBOL,while DirectFromSOMissupportedthroughIBMSmalltalk. As an example, the code segment below shows a definition for a simple DirectToSOM C++ class. A C++classismadeintoaDTSC++classbyinheriting from theclass SOMObject,whichisdefinedinthe headerfile <som.hh>. Theaccessspecifiersprivate, protected,andpublicaresupportedforSOMclassesand enforcedfollowingtheC++rules,asareconstructors anddestructorsandmostotherC++constructs. The DTSclassdefinitioncanbeuseddirectlybybothclass clientandimplementationprograms;noIDLdescription isrequired.

#include <som.hh>

class Hello : SOMObject {

public:

void sayHello(); }; 4. Using SOM with C++

C++programmerscandefineSOMclassesinoneof two ways: either through the C++ language bindings generatedfromanIDLdescription,ordirectlyinC++ usingaDirectToSOMC++compiler. Thecapabilityto generateC++bindingsfromanIDLdescriptionallows SOMobjectstobecreatedandmanipulatedwithany C++ compiler, gaining the advantages of the RRBC supportprovidedbySOM. Inaddition,thoseobjects canbesharedacrossdifferentC++implementationsor even with different languages such as Smalltalk. However,inusingtheC++bindings,youarelimitedto a subset of the C++ language, making migration of existingC++applicationsmoredifficult,andyoumust use two languages (IDL and C++) to define and manipulateobjects.

DirectToSOM (DTS) C++ compilers support and enforce both the C++ and the SOM object models, allowingC++programmerstotakeadvantageofSOM through C++ language syntax and semantics. This makes the use of SOM reasonably transparent and efficient. Instead of first describing SOM classes in IDL,theDTSC++compilertranslates C++syntaxto SOM. YoucanthenhavethecompilergenerateIDL fromyourC++declaration,oryoumayfindthatyou don’t need to deal with IDL at all and can work exclusivelyinDTSC++. And,becauseyouwriteC++ directly, you can use C++ features in your SOM classes that aren’t available through the language bindings,featuresliketemplates,operators,constructors with parameters, default parameters, static members, public instance data, and more. The DirectToSOM supportisofparticularinterestinthispaper,asitallows existing classes to be migrated to SOM within the confinesoftheC++language. Furtherdetailsabout theDirectToSOMC++supportcanbefoundin[4],[5], [6]and[7].

A C++ class is made into a DTS C++ class by inheritingfromtheclass SOMObject,whichisdefined

in the header file <som.hh>. You can do this

explicitly, as shown above, or implicitly, through compiler switches or pragmas that insert SOMObject as a base class. The access specifiers private,

protected, and public are supported for SOM

classes and enforced following the C++ rules, as are constructors and destructors and most other C++ constructs. You can create SOM objects statically or dynamically, as simple objects, arrays, or as embedded members of other classes, or anywhere else that the declaration of a C++ object is valid. Most of the C++ rules and syntax apply to DTS classes and objects, with some restrictions. Because the size of a SOM object is not known until run time, compile-time constant expressions such as sizeof are treated as run-time constant expressions. Such operators can still be used with SOM objects, but not in contexts that require compile-time evaluation.

A major inhibitor to RRBC with C++ is the fact that so much information about an object is statically compiled into client code, in particular the location of instance data and virtual function pointers. Data layout and method calling for a DTS C++ class are done using the SOM API, instead of the native C++ API. When you run a program defining a DTS C++ class, the compiler creates the corresponding SOM class object at run time and uses it to create and manipulate the object. As a result, unlike a standard C++ object, much of the information about a SOM object and its class, such as the instance size, is not determined until run time, when the class object is created. This enables class evolution without forcing recompilation of client applications.

C++ instance data members in a DTS class are regrouped into contiguous chunks according to access, in the order of declaration within the class. This regrouping gives efficient access to data members from client code, while enabling RRBC. The location of each chunk is determined at run time. If the declaration order of public and protected data within a class is not changed, and new members are added after any preexisting members of the same access, this scheme allows new data members to be added without requiring recompilation of any code outside the class (except for friends).

A DTS class also has a default release order. It contains, in the order of declaration, all member functions and static data members introduced by the class, including those with private and protected access. Using the default, you must add any new member functions or static data members at the end of the class. Instead of relying on declaration order, you can instead use the a pragma to specify the release order, in which case you can add new release order elements anywhere in the class, but you must add their names to the end of the list.

For DTS classes, instance data and the release order list are accessed through the SOM run time when manipulating SOM objects, rather than through the statically-defined compiler constructs used by standard C++. This approach provides for both RRBC and an implementation-independent object model. As long as the order of list elements does not change and new elements are added to the end of the list, you can add new data members and member functions without forcing recompilation of client code. In the same way, you can migrate a member function up the class hierarchy. This model solves the fragile base class problem, allowing changes to be made to a base classes without forcing recompilation of derived classes. Further details on the support and restrictions of the model can be found in [4] and [5].

5.Smalltalk

The Smalltalk support for SOM, Smalltalk SOMSupport, is currently available as client-only DirectFromSOM support through the IBM VisualAge for Smalltalk product. The SOM compiler does not create language bindings for Smalltalk from IDL, rather the Smalltalk SOMsupport uses the SOM Interface Repository to create native Smalltalk wrapperclasses for specific SOM objects. Wrapper classes are generated explicitly through a framework of classes provided with the SOMsupport. The wrapper classes can only be used to create and manipulate SOM objects as a client, there is no support for implementing SOM objects from within Smalltalk, either explicitly, or implicitly by inheriting from one of the wrapper classes. Further details about the constructor and the Smalltalk SOMSupport can be found in [9].

The generated wrapper classes have the same name as the SOM class, prefixed with the string SOM. In order to conform to Smalltalk naming conventions, underscores in class or method names are removed, and capitalization is changed (for example, the first letter of the class name or the letter after an underscore is capitalized). Once the wrapper classes are generated, they become part of the set of classes available to the application. These wrapper classes provide methods that can be invoked using standard Smalltalk syntax, but they map to calls to the SOM API. When an instance of a wrapper class is created, a corresponding SOM class

instance is also created. Methods invoked on the

wrapper instance result in the invocation of that method

in the corresponding SOM instance. As an example of

using a SOM class from within Smalltalk, the following

shows a Smalltalk code sequence that creates a SOM

object of class Hello,invokesthemethod sayHello,

anddeletestheobject.

| obj |

obj := SOMHello new.

obj sayHello.

obj somFree.

AmajorconsiderationinmappingfromSmalltalkto SOMismemorymanagement.WhenaSmalltalkobject is no longer in use, it is automatically freed by the Smalltalkgarbagecollector. SOMobjectsexistoutside the Smalltalk memory space, and thus must be destroyedexplicitlythroughthe SOMObject method

somFree. Becausetheabsolutememoryaddressofa

Smalltalkobjectcanchangeasthememorymanager reallocates storage, Smalltalk cannot pass the actual addressofanobjectasaparametertoaSOMmethod. Instead,itcopiestheobjecttoSOMmemoryandpasses theaddressoftheSOMmemorycopy. However,this copyexistsonlyforthedurationofthemethodcall,so SOMimplementationmethodscannotreliablystorethis addressanduseitlater. Thus,iftheobjectneedstobe referencedinthefuturefromwithintheimplementation, adeepcopyofitmustbemade,ratherthansimply storingtheaddress.

6. OO COBOL

TheproposedANSIOOCOBOLdefinition[1]extends COBOL-85 with support for object-oriented programming.TherearenoCOBOLbindingsforSOM, as there are for C++, which would allow any OO COBOLcompilertoaccessSOM. Instead,theIBM COBOLcompilersprovideDirectToSOMsupportby usingSOMasthenativeobjectmodelforimplementing theOOextensions. Nativelanguagesyntaxisusedto define SOM objects, as with DirectToSOM C++, althoughtheuseofSOMismuchmoreexplicitwith OO COBOL. Therefore, for the purposes of this discussion,languageinteroperabilitythroughSOM,the COBOLdiscussionisrestrictedtothesupportprovided byIBMOOCOBOL.

IBMOOCOBOLsupportsasubsetoftheproposed ANSIOOCOBOLdefinition.ThespiritoftheIBMOO COBOLdefinitionistoprovideessentialOObuilding blocksthroughnativesupport,buttotakeadvantageof theexistingsupportintheSOMAPIwhereverpossible. To that end, the language description for these extensions is fairly brief. Native language support, basedontheproposedANSIdefinition,isprovidedfor describingclassesandtheirmethods,definingobject variables,andmethodinvocation. Theobjectmodel itself, however, and most other object support, is implemented using SOM; for example, objects are createdanddestroyedbyinvokingSOMmethods. The followingisabriefoverviewofthenativelanguage support. Furtherdetailscanbefoundin[8].

6.1 Class Definition

Newnativelanguage syntaxisprovidedtodefinea class. Allclassesmustdirectlyorindirectlyinherit from SOMObject, which implies that a class must alwayshaveatleastonedirectparent. Followingthe SOMmodel,aclassisalsoanobjectwithametaclass of SOMClass, although the class definition may designate a different class as the metaclass. All metaclasses must derive from SOMClass. Multiple inheritance is supported, the detailed semantics of inheritancebeingdefinedbySOM.

Instancedataintroducedinaclassisaccessibleonlyby the methods introduced by that class and is private otherwise. Aclasscannotaccesstheinstancedataofa parentclassormetaclass. Thereisnoprovisionfor defining class data that is shared across all classes throughtheclassdefinitionitself,althoughthiscanbe donethroughametaclass.

IBM OO COBOL supports both the use and implementationofSOMobjects. Thecompilerusesthe SOMInterfaceRepositorytoextractinformationabout referencedclassestoperformcompile-timestatictype-checking,suchasensuringthataspecifiedobjecttype supportsagivenmethodandthattheparametersand argumentsarecompatible. Thecompileralsosupports generationofIDLdefinitionsforSOMclassesdefined intheCOBOLprogram. Thusaclassimplementedin C++, for example, can be used by an OO COBOL program,asanOOCOBOLclassimplementationcan beusedbyaSmalltalkprogram.

6.2 MethodsA class inherits all methods defined by its parent

classes. Thereisnomechanismforhidingamethod introducedbyaparentclass. Aclassmayintroduce newmethodsandoverrideoneintroducedbyaparent class to provide a different implementation. Name overloadingbymethodsignatureisnotsupported;all

methods introduced by a class must be uniquely named

within that class, regardless of case. When a parent

method is overridden, the signatures of the overridden

and overriding method must be compatible, which,

depending upon the parameter type, means that they

must be of the same class or one must be a parent class

of the other. If the same method name is introduced by

two different parents classes, the signatures for those

methods must be compatible and that of the leftmost

class in the hierarchy is used. This behavior can be

modified by overriding the method in the new class and

explicitly invoking the desired method by class name.

Method binding is performed dynamically using name-

lookup resolution.

There is no native support to automatically define

CORBA attributes, but this can easily be achieved by

introducing the appropriate _get and _set methods.6.3Initialization

No native support or syntax is provided for the creation

and destruction of objects. Instead, objects are created

by invoking the SOMClass method somNew against a

class object and destroyed through the SOMObject

method somFree. Objects can be automatically

initialized and deinitialized by overriding the

SOMObject methods somInit and somUninit.

To illustrate the OO COBOL support, the following

shows a simple example of a class definition, Hello,

and a client written in OO COBOL. The two programs

are compiled separately and then statically linked

together.

DefinitionofOOCOBOLClass Hello

IdentificationDivision. Class-id.HelloinheritsSOMObject. EnvironmentDivision. Configurationsection. Repository. ClassSOMObjectis"SOMObject" ClassHellois"Hello". ProcedureDivision. IdentificationDivision. Method-id.sayHello. ProcedureDivision. Display"HellofromCOBOL". EndmethodsayHello. EndclassHello.

Cleint of OO COBOL Class Hello

Identification Division. Program-id. Client. Environment Division. Configuration section. Repository.

Class Hello is "Hello". Data Division. Working-storage section. 01 obj usage object reference Hello.

Procedure Division.

Display "Calling somNew". Invoke Hello "somNew" returning obj Display "Calling sayHello". Invoke obj "sayHello". Display "Calling somFree". Invoke obj "somFree" Goback.

End program Client.

7. Defining Language-Independent DTS

C++ Classes

This section describes the basic considerations for designingDTSC++classesthatcanbeusedfromother SOM-enabledlanguages,andservespartiallytoexplain thecodingpracticesusedintheexamplesthatfollow.

7.1 Class and Member Names

One of the major considerations with interlanguage sharing of DTS C++ classes is name mangling. BecauseIDLiscase-insensitiveanddoesnotsupport nameoverloadingwithinaclass,C++memberandclass namesaremangledtoprovideuniqueIDLnames. In ordertoaccommodatethis,C++namesaremangled usingaSOMmanglingschemethatlooselyfollowsthe manglingschemeusedbymostC++compilers. In addition, uppercase characters are converted to lowercasebyprefixingthemwithalowercasez. z_is usedtomeanareallowercasez.SosomSayHelloZz becomes somzsayzhellozzz_.

Within DTS C++, name mangling does not pose a problem;however,themanglednamestendtobefairly longand unreadable,makingthemunsuitableforuse byotherlanguages. Thereareseveralpragmasthatcan beusedtoaffectDTSC++namemanglingforSOM:

SOMNoMangling, SOMMethodName,

SOMDataName,and SOMClassName.

SOMNoMangling preventsthenamemanglingofclass

membernamesandcanbeturnedonforaspecificclass orforarangeofclassesinthecompilationunit. Ifthe class has overloaded member functions, this causes collisions in the generated IDL, in which case the

SOMMethodName pragma is also required to give

specific names to overloaded members.

SOMDataName canbeusedtogivespecificnamesto

class data members. SOMNoMangling does not affectclassnames,whichareattheveryleastmangled tobecase-insensitivebytranslatingupercaselettersto the lowercase equivalent preceded by lowercase z. Templateclassnamesaremangledfurthertoincorporate typeinformation. Therefore,iftheclassnamecontains uppercase letters or is a template class, the

SOMClassName pragmashouldalsobeusedtoensure

thattheclassnameisnotmangled. NotethatIDLmatchesoverloadedmethodsbyname only, so if a name is not mangled initially, but is mangledlateron,thiswillbreakbinarycompatibility becauseitisequivalenttochangingthemethodnameor toremovingthemethodwiththeoldnameandadding a method with the new name. Methods cannot be deletedfromaSOMclasswithoutpotentiallybreaking binary compatibility. Therecommended approachif interlanguage sharing is likely to be required is to alwaysuse SOMNoMangling and SOMClassName, and to use SOMMethodName when necessary to handleoverloadedmembernamesorspecialnamessuch asoperators. Mangledornot,namesshouldcontainonlyalphabetic charactersordigits,andshouldbeginwithanalphabetic character. Underscores, while valid for IDL names, maycauseproblemsinlanguagessuchasSmalltalk,that removethemfromnames.

7.2 Data Members

Mostotherlanguagesdonothavetheabilitytodirectly accesspublicorprotecteddatamembersorstaticdata members. Thesimplestwaytoallowotherlanguages toaccesspublicdatamembersisbymakingtheminto CORBA attributes. This can be done using the

SOMAttribute pragma. The DTS C++ compiler

implicitlygenerates _get_member and _set_member

methods that return and set the member value respectively. Note that by default the backing data becomes private and all C++ access to the data members outside the class is through the attribute functions. For performance reasons, the backing data can be made public for direct access from DTS C++.

For public static data members, which are shared across all class instances, the recommended approach is to define a metaclass for the given class and make the static data member an attribute of the metaclass.

7.3Constructors

SOM requires that a class define a default constructor with no arguments. This constructor is mapped by the DirectToSOM C++ compiler to an override of the

SOMObject method somDefaultInit. C++ copy

constructors override one of four SOMObject copy constructor methods depending upon the method signature (somxxCopyInit, where xx is determined by the source object being const or volatile). Any other C++ constructors will have mangled names, becuase they are not mapped to any SOMObject methods, andshould explicitlybe givenSOM namesvia

the SOMMethodName pragma.

Through both OO COBOL and Smalltalk, somNew can be invoked to create objects. somNew implicitly calls

somDefaultInit as part of object creation, which in

turn calls the C++ no-argument default constructor. Object creation can also be performed in two steps by first creating an uninitialized object through invoking

the SOMClass methods SOMNewNoInit or SOMRenewNoInit against a given class object, and

then invoking somDefaultInit against the object.

This two-step mechanism can be used to call copy constructors, such as somDefaultConstCopyInit or other constructors, from OO COBOL or Smalltalk, which don’t have language mechanisms to implicitly call these copy constructors. All SOM constructor methods accept three parameters: the target object, an environment, and an initialization control vector. The initialization control vector is used to prevent a class constructor from being called more than once when a class appears multiple times in the inheritance tree, and it should always be supplied as a null pointer.

7.4Assignment

If an operator= method is not defined for the class, thecompilersuppliesoverridesofthefourSOMobject assignment methods (somDefaultxxAssign, where xx is determined by the source object being const or

volatile). One of these methods is called when an

assignment operator is encountered. If an operator= method is supplied, then it is called when one of the SOM assignment methods is invoked. The SOM assignment methods accept a first parameter that is an assignmentcontrolvector,followedbythesourceobject for the assignment. As with the initialization control vector, the assignment control parameter is always passed as a null pointer and is used to prevent a base from being assigned more than once when it appears multiple times in the hierarchy. This support is not available for operator=. So, a SOM assignment method should be defined in preference to an

operator= method.

8. Examples

Thissectionprovidesexamplesofsharingcodewith DirectToSOM C++ (IBM VisualAge C++ for OS/2 Version 3.0.), OO COBOL, (IBM VisualAge for COBOL for OS/2 Version 1.1) and Smalltalk (IBM VisualAgeforSmalltalkforOS/2Version2.0).Thefirst exampleisasimpleDTSC++class Hello,defined below. Note the use of the SOMNoMangling and

SOMClassName pragmas to control IDL name

generation. The SOMIDLPass pragmaisusedtoadd informationtotheIDLfilethatcannotbeexpressedin C++. Inthiscase,itisusedtoindicatethenameofthe DLLthatcontainsthecurrentclass. TheDLL nameis used by the SOM API when a class is dynamically loadedatruntimeratherthanstaticallyboundtothe application. SOMclassesshouldbedesignedforboth situations. ThecorrespondingIDLgeneratedbythe DirectToSOM C++ compiler is shown following the classdefinition.

TheC++clientprogramshowshowthisclassisusedin C++usingstandardC++syntax,followedbyexamples of using this class from OO COBOL and Smalltalk respectively. InOOCOBOL,the somNew methodis invokedagainsttheclassobject Hello,whichreturns aninstanceoftheclass Hello. Thenthe sayHello messageissenttotheobject,andfinallytheobjectis deletedvia somFree. Thesameapproachisfollowed for Smalltalk. Note that the SOM object must be explicitlyfreed;theSmalltalkgarbagecollectordoesnot handle SOM objects. The class implementation is shownatend,writtenusingstandardC++syntax.

Definition of DTS C++ ClassHello

#include <som.hh>

#pragma SOMNOMangling(on)

class Hello : public SOMObject {

#pragma SOMClassName(*, "Hello")

#pragma SOMIDLPass(*, "Implementation-End", "dllname = \"hello.dll\";")

public:

void sayHello(); }; GeneratedIDLforDTSC++ClassHello

#ifndef__hello_idl #define__hello_idl /**GeneratedonTueMay1612:08:561995

*Generatedfromhello.hh *UsingIBMVisualAgeCSet++forOS/2,Version3.00 */#include<somobj.idl> interfaceHello; interfaceHello:SOMObject{ void sayHello(); #ifdef__SOMIDL__ implementation{ align=0; sayHello:public,nonstatic,cxxmap="sayHello()",cxxdecl="voidsayHello();"; somDefaultConstVAssign:public,override; somDefaultConstAssign:public,override; somDefaultConstVCopyInit:public,override,init; somDefaultInit:public,override,init; somDestruct:public,override; somDefaultCopyInit:public,override; somDefaultConstCopyInit:public,override; somDefaultVCopyInit:public,override; somDefaultAssign:public,override; somDefaultVAssign:public,override; declarationorder="sayHello,somDefaultConstVAssign,somDefaultConstAssign, somDefaultConstVCopyInit,somDefaultInit,somDestruct";

releaseorder:

sayHello; callstyle=idl; dtsclass;

Page 9

directinitclasses="SOMObject"; cxxmap="Hello"; cxxdecl="classHello:publicvirtualSOMObject"; dllname="hello.dll"; };#endif

};#endif/*__hello_idl*/

C++ Client of DTS C++ ClassHello

#include <iostream.h>

#include "hello.hh"

int main(void)

{ Hello obj;

obj.sayHello();

}OOCOBOLClientofC++ClassHello

IdentificationDivision. Program-id."Client". EnvironmentDivision. Configurationsection. Repository. ClassHellois"Hello". DataDivision. Working-storagesection. 01objusageobjectreferenceHello. 01envusagepointer. ProcedureDivision. Call"somGetGlobalEnvironment"returningenv. Display"CallingsomNew". InvokeHello"somNew"returningobj Display"CallingsayHello". Invokeobj"sayHello"usingbyvalueenv. Display"CallingsomFree". Invokeobj"somFree" Goback. Endprogram"Client".

Smalltalk Client of DTS C++ ClassHello

tstHello"to test the SOMHello class"

| obj |

obj := SOMHello new.

obj sayHello.

obj somFree.

ImplementationofDTSC++ClassHello

#include<iostream.h> #include"hello.hh"

voidHello::sayHello() {cout<<"HellofromC++"<<endl;

}_{The second example illustrates the use of a range of}

C++ classmethods, such asconstructors and assignment

operators. The IDL generated by the DirectToSOM

C++ compiler is shown following the class definition.

The class GenericString contains a default constructor (which maps to an override or

SOMObject::somDefaultInit), a copy

constructor (maps to an override of

SOMObject::somDefaultConstCopyInit), and

a third, non-SOM, constructor that is given a SOM

Page 10

name of setInit. The C++ client shows these

methodsbeingusedimplicitlythroughstandardC++ syntaxandexplicitlybycallingsomResolveByName, which dynamically retrieves a pointer to a given method. The class GenericString also overrides

SOMObject::somDefaultConstAssign, which

iscalledfor operator= in theC++client. Following the C++ client are examples showing how these methodsareusedfromOOCOBOLandSmalltalk. For brevity,theC++implementationisnotshown,butit wouldbewrittenusingstandardC++syntax. Thisexamplealsoillustratesparameterpassingandthe useofCORBAattributes. Whenthe SOMAttribute isappliedtoaC++classdatamembersuchas length, the compiler implicitly defines and generates the methods _get_length and _set_length which retrieve and update the value of the member, respectively. ThisallowsC++datamemberstobe accessedfromotherlanguages,asshowninintheOO COBOLandSmalltalkclientprograms.However,these datamemberscanstillbeaccessedusingdatamember syntaxinC++,asshownintheC++client. Smalltalk generatesthegetandsetmethodsforattributesinthe Smalltalkstyleof member and member:,whichis illustrated in the Smalltalk client program. IDL parameterscanbepassedas in, out,and inout. In Smalltalk, out and inout parametersarepassedas arrays,wherethefirstelementinthearraycontainsthe resultingvalue. Themethods asOUTParameter and

asINOUTParameter canbeusedtocreateanarray

containing one object. OO COBOL has no direct supportforattributes,butthesemethodscanbecalled directlyusingtheirmethodnamesasshownintheOO COBOL client program. Note that OO COBOL requires that the CORBA environment parameter be passedexplicitlytothetargetmethod. Thisparameter ispassedimplicitlybybothDTSC++andSmalltalk.

Definition of DTS C++ Class GenericString

#include <som.hh>

#pragma SOMNoMangling(on)

class GenericString : public SOMObject { public: long length; #pragma SOMAttribute(length, readonly) char *data; #pragma SOMAttribute(data, readonly) GenericString(); GenericString(const GenericString&); GenericString(char *, long = -1); #pragma SOMMethodName(GenericString(char *, long), "setInit") GenericString& set(char *, long = -1); SOMObject *somDefaultConstAssign(somAssignCtrl *, const SOMObject*); void clear(); void display(); ~GenericString(); #pragma SOMClassName(*, "GenericString") #pragma SOMIDLPass(*, "Implementation-End", "dllname = \"genstr.dll\";") #pragma SOMReleaseOrder( \

length, data, \ GenericString(char *, long), \ set(char *, long), \ clear(), display()) }; Generated IDL for DTS C++ Class GenericString

#ifndef __genstr_idl #define __genstr_idl /* * Generated on Fri Jul 7 16:38:24 1995 * Generated from genstr.hh * Using IBM VisualAge C++ for OS/2, Version 3 */#include <somobj.idl>

interface GenericString; interface GenericString; #include <somobj.idl>

Page11

interface GenericString : SOMObject {

readonly attribute long length; readonly attribute string data; void setInit (inout somInitCtrl ctrl, in string p__arg1, in long p__arg2); GenericString set (in string p__arg1, in long p__arg2); void clear (); void display ();

#ifdef __SOMIDL__

implementation {

align=4; length:

cxxmap="length",offset=0,align=4,size=4,nonstaticaccessors,private,publicaccessors,cxxdecl="long length;";data:

cxxmap="data",offset=4,align=4,size=4,nonstaticaccessors,private,publicaccessors,cxxdecl="char* data;";somDefaultInit: public,override,init,cxxdecl="GenericString();";

somDefaultConstCopyInit: public,override,init,cxxdecl="GenericString(const GenericString&);";

setInit: public,nonstatic,init,cxxmap="GenericString(char*,long)",cxxdecl="GenericString(char*,long = -1);"; set: public,nonstatic,cxxmap="set(char*,long)",cxxdecl="GenericString& set(char*,long =

-1);"; somDefaultConstAssign: public,override,cxxdecl="virtual SOMObject*

somDefaultConstAssign(somAssignCtrl*,const SOMObject*);";

clear: public,nonstatic,cxxmap="clear()",cxxdecl="void clear();"; display: public,nonstatic,cxxmap="display()",cxxdecl="void display();"; somDestruct: public,override,cxxdecl="virtual ~GenericString();"; somDefaultConstVAssign: public,override; somDefaultCopyInit: public,override; somDefaultAssign: public,override; somDefaultVAssign: public,override; declarationorder = "length, data, somDefaultInit, somDefaultConstCopyInit, setInit, set, somDefaultConstAssign, clear, display, somDestruct, somDefaultConstVAssign";

releaseorder:

_get_length, s__P0, _get_data, s__P1, setInit, set,clear,

display, length, data;

callstyle = idl; dtsclass; directinitclasses = "SOMObject"; cxxmap = "GenericString"; cxxdecl = "class GenericString : public virtual SOMObject"; dllname = "genstr.dll"; }; #endif };#endif /* __genstr_idl */

C++clientofDTSC++Class GenericString #include"genstr.hh" #include<iostream.h> intmain(void) {cout<<"creates1staticallywithdefaultconstructor"<<endl; GenericStrings1; s1.display(); cout<<"sets1stringvalue"<<endl; s1.set("string1"); s1.display(); cout<<"creates2staticallywithstringconstructor"<<endl; GenericStrings2("string2"); s2.display();

cout<<"creates3staticallywithcopyconstructorfroms2"<<endl; GenericStrings3(s2); s3.display();

cout<<"clears3"<<endl; s3.clear(); s3.display();

cout<<"assigns1tos3"<<endl; s3=s1; s3.display();

cout<<"createobjdynamicallywithstringconstructor"<<endl; GenericString*obj=(GenericString*)GenericString::__ClassObject->somNewNoInit(); typedefvoid*(*mpt)(...); mptmp=(mpt)somResolveByName(obj,"setInit"); mp(obj,somGetGlobalEnvironment(),0,"obj",7); obj->display();

cout<<"createobj2dynamicallywithcopyconstructorfroms2"<<endl; mp=(mpt)somResolveByName(obj,"somDefaultConstCopyInit"); GenericString*obj2=(GenericString*)GenericString::__ClassObject->somNewNoInit(); mp(obj2,0,s2); obj2->display();

deleteobj; deleteobj2; }_{Smalltalk client of DTS C++ Class}

GenericString

tstString"to test the SOMGenericString class"

| obj1 obj2 obj3 ctrl |

obj1 := SOMGenericString new.

obj1 set: ’Smalltalk object 1’ pArg2: -1.

Transcript cr; show: ’After init & set: obj1 data is ’’’ , obj1 data, ’’’’.

ctrl := Array new: 1.

SOMGenericString somGetInstanceInitMask: ctrl.

obj2 := SOMGenericString somNewNoInit.

obj2 somDefaultCopyInit: ctrl fromObj: obj1.

Transcript cr; show: ’After somDefaultCopyInit obj2 data is ’’’ , obj2 data, ’’’’.

SOMGenericString somGetInstanceAssignmentMask: ctrl.

obj2 set: ’Assigned from Smalltalk object 2’ pArg2: -1.

obj1 somDefaultConstAssign: ctrl fromObj: obj2.

Transcript cr; show: ’After somDefaultConstAssign obj1 data is ’’’ , obj1 data, ’’’’.

SOMGenericString somGetInstanceInitMask: ctrl.

obj3 := SOMGenericString somNewNoInit.

obj3 setInit: ctrl pArg1: ’Smalltalk object 3’ pArg2: -1.

obj1 somFree.

obj2 somFree.

obj3 somFree.

OOCOBOLclientofDTSC++Class GenericString

IdentificationDivision. Program-id."Client". EnvironmentDivision. Configurationsection. Repository. ClassGenericStringis"GenericString". DataDivision. Working-storagesection. 01envusagepointer. 01str1usageobjectreferenceGenericString. 01str2usageobjectreferenceGenericString. 01str3usageobjectreferenceGenericString. 01objpusageobjectreferenceGenericString. 01txtpicX(25)value"string1fromCOBOL".

Page 13

01lenpics9(9)comp. 01pusagepointer. 01nullpusagepointervaluenull. 01somNewNoInitpicx(12)value"somNewNoInit". 01mpusageprocedure-pointer. 01bpics9(9)binary. Linkagesection. 01txt2picX(25). 01envMajpics9(9)usagebinary. ProcedureDivision. Call"somGetGlobalEnvironment"returningenv. SetAddressofenvMajtoenv. Display"CallingsomNew". InvokeGenericString"somNew"returningstr1 IfenvMajnot=0 Performerror-handler.

movelengthoftxttolen. setptoaddressoftxt. Display"CallingSet". Invokestr1"set"usingbyvalueenvbyvaluepbyvaluelenreturningobjp. Display"Calling_get_data". Invokestr1"_get_data"usingbyvalueenvreturningp. SetAddressoftxt2top. Displaytxt2.

Display"CallingsomNewNoInit". InvokeGenericString"somNewNoInit"returningstr2. Display"CallingsomDefaultConstCopyInit". Invokestr2"somDefaultConstCopyInit"usingbyvaluenullpstr1. Invokestr2"display"usingbyvalueenv.

Move"assignstring"totxt. setptoaddressoftxt. Invokestr1"Set"usingbyvalueenvbyvaluepbyvaluelenreturningobjp. Display"CallingsomDefaultAssign". Invokestr2"somDefaultAssign"usingbyvaluenullpstr1returningobjp. Invokestr1"display"usingbyvalueenv.

Display"CallingsomNewNoInit". InvokeGenericString"somNewNoInit"returningstr3.

Move"setInitstring"totxt. setptoaddressoftxt. move14tob. Display"CallingsetInit". Invokestr3"setInit"usingbyvalueenvnullppb. Display"Callingdisplay". Invokestr3"display"usingbyvalueenv.

Display"CallingsomFree". Invokestr1"somFree". Invokestr2"somFree". Invokestr3"somFree". Goback.

error-handler. call"somExceptionId"usingbyvalueenvreturningp. SetAddressoftxt2top. Display"major:"envMaj. Display"error:"txt2. call"somExceptionFree"usingbyvalueenv. Goback. Endprogram"Client".

9.CORBAandDSOM

The IDL generated by the DirectToSOM C++ compiler

is CORBA compliant, and can be used in a non-SOM

environment. While additional SOM-specific

information is generated, it is guarded by the

__SOMIDL__ macro, allowing the files to be used in

a non-SOM environment.

While the examples have not been tested in a distributed

SOM (DSOM) environment, they should work, as

successful testing has been performed with

DirectToSOM C++ and DSOM using the IDL generated

by the DirectToSOM C++ compiler. Note that

additional information can be supplied in the generated

IDL for DSOM support using the SOMIDLDecl and

SOMIDLPass pragmas. SOMIDLDecl allows the

programmertospecifytheIDLdeclarationthatshould begeneratedforagivenartifact(forexample,atypeor a member function). This is useful, for example, in specifyingthedirectionofparameters,whichdefaultto

inout foraddressparametersand in otherwise.The

SOMIDLPass pragma allows arbitrary strings to be

generated into the IDL. Further details on the IDL generation performed by the compiler, including the mappingofC++typestoIDLtypes,andDSOMsupport withDirectToSOMC++canbefoundin[5].

10. Restrictions and Semantic Differences

In general, DirectToSOM C++ supports most of the standard C++ constructs, including templates and pointers to members. This section covers the major restrictions when using DirectToSOM C++ and the semantic differences between standard and DirectToSOMC++classes.

•classhierarchy: AclasshierarchymustcontainallDirectToSOMor allstandardC++classes;amixedhierarchyisnot supported. Inaddition,onlyasingleoccurrenceof each non-virtual base class is allowed within a DirectToSOMhierarchy. SOMObject isaspecial case,asitisimplicitlytreatedasvirtual.

•inlinememberfunctions Inline member functions are currently generated out-of-linebythecompilersothatRRBCwon’tbe compromised. For example, if an inline member functionaccessedaprivatedatamember,anyclientin which that member function were inlined might requirerecompilationifanewprivatedatamember wereadded.

• sizeofBecausethesizeofaDirectToSOMC++classisnot

knownuntilruntime, sizeof isarun-timeconstant expression for DirectToSOM instances and is not allowed in contexts that require compile-time evaluation. Forexample,givenaSOMclass A,the declarationofaninteger initializedtothesizeofthe type A is correct because the size of type A can validlybedeterminedatruntimeinthiscontext. But accordingtotheC++languagerules,anarraybound mustbeapositiveintegralconstantexpression,so

sizeof(A) isnotvalidinsupplyingtheboundof

an array because the compiler cannot evaluate the expression until run time. Note that the value returned by sizeof is fixed within a given execution.

• offsetof_{offsetof} dependsonthedatamemberaccess,due

tothereorderingofdatamemberstoenableRRBC (see[4]or[5]fordetails).Publicdatastartsatoffset 0,whileprotectedandprivatetogetherstartatoffset 0.Inaddition,theoffsetisalwaysrelativetoclass that introduces it. offsetof(base,

base_element) is always equal to

offsetof(derived, base_element).

Therefore,youcannotusetheoffsetofadatamember withinaclasstogettothebeginningoftheinstance data.

•datamemberaddresses TheaddressesofnonstaticRRBCdatamembersare notcontiguouswithinaclass,oneofthefewareas whereDirectToSOMC++doesnotconformtothe C++standard. Thisisnecessarybecausethemember isimplementedandtreatedasareference,sowhen youtaketheaddressofanRRBCinstance,youget thevalueof thereference,whichistheaddressof theunderlyinghiddenstructure.

•initializerlist You cannot use an initializer list to initialize DirectToSOMobjects,becauseDirectToSOMclasses always inherit from the SOMObject class. (An initializerlistcannotbeusedtoinitializeanobjectof aclassthathasabaseclass).

•callingthroughaNULLpointer You cannot call a nonvirtual function through a NULL pointer to an RRBC instance, because the methodroutingmustbeperformedthroughtheSOM APIusingavalidclassinstance.

•casting Youcannotcastapointer-to-RRBCobjecttoarbitrary storageoranunrelatedtype(classpunning),because theSOM API dependsupon the underlying object layout.

•linking Allstaticdataandmemberfunctionsmustbedefined bylinktimebecausetheyareusedtoconstructthe classtables.

Page15

11.UsageConsiderations

Apart from the issues raised above, one of the major considerations when deciding to make a class a DirectToSOM class is performance. While DirectToSOM C++ gives you the power and flexibility of the SOM language-neutral object model, there is an overhead in using it. For interfaces involving many calls to very simple methods, this overhead can be noticeable. However, much ofr the overhead is not intrinsic to the SOM model, and will probably be alleviated in future releases of the product.

In terms of run-time performance, every SOM virtual method invocation currently requires an indirection through a pointer in the SOM class data structures to invoke the method. This is in the form of a call through a function pointer to a thunk, which is a small code sequence that performs a few setup instructions and branches to the target method. Nonvirtual and static member functions are also currently called through a function pointer.

In addition, instance data access, either from the client or within the implementation, currently requires a data

token function pointer call through the SOM class data

structures to retrieve addressability to that data. For access through the this pointer, one call is required within each method invocation. (For CORBA attributes, this calls is in addition to the _get/_set method call, if any is used, because the target method must also access the instance data through the data token. Note that, as mentioned earlier, instance data can be made into attributes to provide external access, but can still be accessed from DirectToSOM C++ directly through the data token without calling the _get/_set methods). A future release of DirectToSOM C++ will probably lessen this overhead by accessing instance data for the

this pointer through a supplied register value.

Backend support for specifying that the result of the data token function call as invariant can also improve performance by allowing optimizations such as hoisting data token calls out of loops.

With respect to run-time storage requirements, each SOM object contains a pointer at the beginning to the class run-time data structures. So, when a class is made into a SOM class, each object will increase in size by the size of the pointer.

In certain situations, defining a class as a SOM class can also result in an increase in the static object size. Because inline methods are currently generated out-of-line, the object size may increase noticably over using native C++ for classes with a large number of inline methods. In addition, prolog code is currently generated for each constructor to handle the initialization control vector that prevents multiple base class initialization. For classes with a large number of constructors, this additonal code can be discernable in the resulting object size.

In most cases, however, there will be a certain set of classes that are exposed in the interface, for which language neutrality support is required. Usually, there will be many more internal classes that do not require this additional functionality. Thus DirectToSOM and non-DirectToSOM classes can be mixed as the needs of the application dictate.

As with using C++ instead of C, or a high-level language instead of assembler, using DirectToSOM C++ for language neutrality support involves a tradeoff between programmer productivity and program efficiency. You can choose to manage language neutrality explicitly and probably produce faster code, but this gains will probably be acheived at the cost of language restrictions and increased program management, which can be both tedious and error-prone. Note also that there are additional advantages to using DirectToSOM C++ over just the language neutrality support, such as release-to-release binary compatibility (RRBC) and distributed object support (DSOM). For further information, see [4] and [5].

12.Conclusion

The SOM support for all three languages, C++, Smalltalk, and OO COBOL, is relatively natural and intuitive. In particular, the wrapper classes make the Smalltalk mapping to SOM almost invisible. The SOM model clearly provides a language-independent object model that solves the interlanguage object sharing problem in an almost seamless fashion. Although the examples in this paper are relatively simple in nature, they illustrate that a variety of C++ language features can be used effectively in a mixed language environment. It is therefore quite feasible that a C++ class library could be ported to DTS C++ and used from other languages through SOM.

References

[1]ANSICOBOL-97WorkingPaper,December 20,1994. [2]The Common Object Request Broker:

Architecture and Specification.Farmingham,

MA:ObjectManagementGroup,1992. [3]Danforth,S.,P.Koenen,andB.Tate, Objects

for OS/2.NewYork:VanNostrandReinhold,

1994. [4]Hamilton,J."ReusingBinaryObjectswith DirectToSOMC++." C++ Report,March1996. [5]Hamilton,J. Programming with DirectToSOM C++.NewYork:JohnWileyandSons,tobe publishedin1996. [6]Hamilton,J.,R.Klarer,M.Mendell,B. Thomson,"UsingSOMwithC++", C++

Report,July/August1995.

[7]IBM VisualAge C++ for OS/2 Version 3.0

Programming Guide. IBMDocumentS25H-

6958,1995. [8]IBM VisualAge for COBOL for OS/2 Version

1.1 Programming Guide.IBMDocument

SC26-8423,1995. [9]IBM VisualAge SOMSupport Guide,1994. (OnlinedocumentsuppliedwithIBM VisualAgeforSmalltalkforOS/2Version2.0). [10]SOMObjects Base Toolkit User’s Guide Version 2.0.IBMDocumentSC23-2680,1993.

Page17