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Preface

About This Manual

This manual describes GemBuilder™ for C — a library of C functions that provide a bridge
between your application’s C code and the application’s database controlled by GemStone.
These functions provide your program with complete access to a GemStone database of
objects, and to a virtual machine on which to execute GemStone Smalltalk code.

This manual describes the classic GemBuilder for C interface, which is not thread-safe. A
newer, thread-safe interface is provided by gcits.hf. This is not described in this manual;
see the C header file, SGEMSTONE/include/gcits.hf, for usage details.

Prerequisites

This manual assumes you are familiar with the GemStone Smalltalk programming
language, as described in the Programming Guide for GemStone/S 64 Bit. In addition, you
must know the C / C++ programming language. Finally, you should be familiar with your
C compiler, as described in its user documentation.

You should have the GemStone system installed as described in the GemStone/S 64 Bit
Installation Guide for your platform.

Terminology Conventions

The term “GemStone” is used to refer to the server products GemStone/S 64 Bit and
GemStone/S, and the GemStone family of products; the GemStone Smalltalk
programming language; and may also be used to refer to the company, now GemTalk
Systems, previously GemStone Systems, Inc. and a division of VMware, Inc.
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Technical Support

Support Website

gemtalksystems.com

GemTalk’s website provides a variety of resources to help you use GemTalk products:

» Documentation for the current and for previous released versions of all GemTalk
products, in PDF form.

» Product download for the current and selected recent versions of GemTalk software.

» Bugnotes, identifying performance issues or error conditions that you may encounter
when using a GemTalk product.

» Supplemental Documentation and TechTips, providing information and instructions
that are not in the regular documentation.

» Compatibility matrices, listing supported platforms for GemTalk product versions.

We recommend checking this site on a regular basis for the latest updates.

Help Requests

GemTalk Technical Support is limited to customers with current support contracts.
Requests for technical assistance may be submitted online (including by email), or by
telephone. We recommend you use telephone contact only for urgent requests that require
immediate evaluation, such as a production system down. The support website is the
preferred way to contact Technical Support.

Website: techsupport.gemtalksystems.com

Email: techsupport@gemtalksystems.com

Telephone: (800) 243-4772 or (503) 766-4702

Please include the following, in addition to a description of the issue:

» The versions of GemStone/S 64 Bit and of all related GemTalk products, and of any
other related products, such as client Smalltalk products, and the operating system and
version you are using.

» Exact error message received, if any, including log files and statmonitor data if
appropriate.

Technical Support is available from 8am to 5pm Pacific Time, Monday through Friday,
excluding GemTalk holidays.

24x7 Emergency Technical Support

GemTalk offers, at an additional charge, 24x7 emergency technical support. This support
entitles customers to contact us 24 hours a day, 7 days a week, 365 days a year, for issues
impacting a production system. For more details, contact GemTalk Support Renewals.
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Chapter

Introduction

GemBuilder™ for C is a library of C functions that provide access to the GemStone/S 64
Bit™ repository and the GemStone Smalltalk programming language from C applications,
or from other environments that can invoke C functions.

The GemBuilder for C functions are provided by shared libraries that are distributed with
the GemStone/S 64 Bit product. These shared libraries are used by the GemStone/S 64 Bit
topaz interface, and by the GemBuilder for Smalltalk and GemBuilder for Java products.
These libraries can be used from any environment that allows you to invoke C libraries,
including Smalltalk implementations such as Dolphin and Pharo, and other languages
such as Ruby and Python.

The GemStone object server contains your schema (class definitions) and objects (instances
of those classes), while your GCI client program provides the user interface. Logic may be
implemented on the client, server, or both; the GemBuilder functions allow your GCI
application to create, read, and write objects in the GemStone repository either by invoking
Smalltalk code or by using structural access and basic C data types.

The following interfaces allow your GemStone application to invoke C functions:

» GCI Application —a standalone application in C, C++, or another language, in which
the C APl is invoked according to the rules for that environment, and the final
application is compiled or packaged for use according to the rules for that language.
This manual describes using C or C++ to invoke GemBuilder functions, and provides
compile and link information for C/C++.

» User Actions — user actions provide a way for GemStone Smalltalk to invoke C/C++
code that you have compiled into shared libraries. This is similar to the concept of
“user-defined primitives” offered by other object-oriented systems. The functions
themselves are written as for a standalone GCI application, although there are some
differences in handling objects. This manual provides information on how to define
the API and compile and link User Action libraries.

» Foreign Function Interface (FFI) —the GemStone FFI interface allows you to interface
to C/C++ libraries. This interface is designed to invoke third-party libraries, although
it can be used to invoke the GemBuilder C functions. The FFI interface is described in
the Programming Guide, and is not covered in this manual.
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1.1 GemBuilder Application Overview

Figure 1.1 illustrates the role of GemBuilder in developing a GemStone application. In
effect, developing your GCI application consists of two separate efforts: creating Smalltalk
classes and methods, and interacting with C code.

Figure 1.1 The Role of GemBuilder in Application Development
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We recommend the following steps for developing your hybrid application:

Step 1. Define the application’s external interface.
GemBuilder-based applications must manage the user interface using language-
specific modules. GemStone and GemBuilder for C have no graphical user interface.
Step 2. Decide where to perform the work.

Applications that are a hybrid of client-side code and GemStone Smalltalk classes pose
interesting problems to the designer: Where is the best place to perform the
application’s work? Is it better to import the representation of an object into C data
types and perform the work on the client, or to send a message which invokes a
Smalltalk method on the server?

Step 3. Implement and debug the application.
After you've developed a satisfactory design, you can implement and test the client
functions using language-specific techniques and tools.

Step 4. Compile and link the application.

For instructions about compiling and linking your application, please see
Chapter 5, “Compiling and Linking” For full details, see your C compiler user
documentation.
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1.2 Deciding Where to Do the Work

As mentioned above, you will need to decide how much of the application’s work to
perform in C functions on the client and how much in Smalltalk methods on the server. The
following paragraphs discuss both approaches.

Representing GemStone Objects in C

You may choose to implement C functions that access GemStone objects for manipulation
in your C program. In such cases, a representation of each object must be imported from
GemStone into your C program before the C function is executed.

By import, we mean that memory is allocated within your C program to contain the C
equivalent of the GemStone Smalltalk object. You could also say that these values are
cached in your application; rather than having a reference to the object by identity (OOP),
we have the contents of its instance variables. The object in its permanent form still exists
in the repository, and the cached values in your application may become obsolete if other
sessions commit changes to this object.

Exporting is the reverse of importing - you create a GemStone Smalltalk object that holds
the equivalent to your C data, or update an existing GemStone Smalltalk object with the C
data in your application.

GemBuilder provides functions for importing objects from GemStone to your C program,
creating new GemStone objects, directly accessing and modifying the internal contents of
objects, and exporting objects to the GemStone repository.

Of course, if you import an object to your C program and modify it, or if you create a new
object within your C program, your application must export the new or modified object to
GemStone before it can commit the changes to the repository.

Here are some advantages of using GemBuilder structural access functions to modify
objects:

» It may be more efficient to perform a function in C than in Smalltalk.
» The function may need to be closely linked with I/O functions for the user interface.

» The function may already exist in a standard library. In this case, the data must be
transported from GemStone to that function.

The section “Structural Access to Objects” on page 31 defines exactly how objects are
represented in C as address space, and defines the GemBuilder functions for exchanging
these structures between GemStone and C.

Smalltalk Access to Objects

In many cases, you will choose to perform your GemStone work directly in Smalltalk.
GemBuilder provides C functions for defining and compiling Smalltalk methods for a
class, and for sending a message to an object (invoking a Smalltalk method).

Here are some advantages of writing a function directly in Smalltalk:
» The integrity of the data encapsulation provided by the object metaphor is preserved.

» Functions in Smalltalk are more easily shared among multiple applications.
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» Functions in Smalltalk may be easier to implement. There is no need to worry about
moving objects between C and Smalltalk or about space management.

» The overhead of transporting objects between C and Smalltalk is avoided.

» Classes or methods may already exist which exhibit behavior similar to the desired
behavior. Thus, less effort will be required to implement a new function in Smalltalk.

The section “Performing work in GemStone” on page 28 defines GemBuilder functions
that allow applications to send Smalltalk messages to objects and execute Smalltalk code.

Environments

The GemStone server includes multiple execution environments, although normally
Smalltalk applications exclusively use the primary environment, environment 0.

The GCI functions that support an environmentld argument include GciExecute* and
GciPerform®, and non-blocking variants of these, that have names with a trailing
underscore. These functions allow you to access other environments. These further
environments were primarily intended to support Ruby applications, and are not
described in this manual. Examine the header file SGEMSTONE/include/gci.hf for
details.

1.3 Objects in GemStone and C data

An important feature of the GemStone data model is its ability to preserve an object’s
identity distinct from its state. Within GemStone, each object is identified by a unique 64-
bit object-oriented pointer, or OOP. Whenever your client application attempts to access or
modify the state of a GemStone object, GemStone uses its OOP to identify it. Both the OOP
and a representation of the object’s state may be imported into the client.

Your client application can only use predefined OOPs, or OOPs that it has received from
the GemStone server; it cannot create new OOPs directly.

Since the client application accesses objects only via the OOP, the terms "OOP" and "Object"
are used interchangeably in this manual, in function names, and in header comments. This
differs from GemStone Smalltalk code and other GemTalk manuals, in which "OOP" is
generally used to distinguish the numeric pointer value associated with an object from the
object itself.

1.4 Garbage Collection

18

GemStone performs automatic garbage collection via several mechanisms, which are
discussed more fully in the System Administration Guide for GemStone/S 64 Bit, in the chapter
titled “Managing Growth”.

Garbage Collection includes

» in-memory garage collection of non-persistent temporary objects in each client
process

» on the server, periodic sweeps of the entire repository to detect persistent objects that
are no longer referenced.
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In-memory garbage collection

In-memory garbage collection occurs regularly in the Gem process, to ensure memory is
available for ongoing needs. If newly created or temporary objects are not referenced, they
run the risk of being garbage collected and disappearing prematurely during in-memory
garbage collection. While you may have a reference the OOP of a temporary objects from
data structures in your GCI application, this does not by itself prevent the actual object in
the Gem process from being garbage collected. In-memory GarbageCollection can occur at
any time, particularly if the GemStone session is in active use.

To avoid this problem, GemStone uses several internal sets in the Gem process, including
the PureExportSet, that hold objects that need to be preserved from garbage collection.
Before removing any objects, the GemStone in-memory garbage collector checks the
PureExportSet in the Gem’s workspace. Any object in this set is considered to be referenced.
User actions maintain their own export set, and objects in that set are also protected.

The garbage collector does not remove objects that are in these sets, and