FORCES 1

A common set of forces is identified for all of the callback implementations so that all implementations can

be evaluated against the same criteria.

ˇ Automatic: U sers should be able to use the library without writing extra code, even when adding new clients

and servers to their system. Flexibility should be in the library, not in adapters written by users.

ˇ Flexible: The library should support callbacks to functions, function objects, and member functions of

objects.

ˇ Loose Coupling: Libraries should be independent of client code.

ˇ Not Type Intrusive: Users should not have to alter their class hierarchies to use the library. This is important

for users trying to use two different libraries they don´t have source code for. Type intrusion only occurs in

statically typed languages such as C++.

Callback Implementations in C++

Copyright © 1996 by Paul Jakubik. Copying for PloP distribution permitted.

patterns and complete source code available at http://www.primenet.com/~jakubik/callback.html

Abstract: This paper decomposes the callback solution proposed in [Hickey] to show all

of the patterns involved in transforming a simple solution for having two separate objects

talk to each other to a sophisticated callback solution. After exposing all of the patterns

in Hickey´s callbacks, the paper shows how the decomposition exposes a decision point

where a more common pattern could be applied. By applying this pattern, the solution

evolves into a different callback library that, while slightly less efficient, is simpler and

more flexible than the callbacks presented in [Hickey].

INTRODUCTION

Callbacks are most easily described in terms of the telephone system. A function call is analogous to calling

someone on a telephone, asking her a question, getting an answer, and hanging up; adding a callback changes the

analogy so that after asking her a question, you also give her your name and number so she can call you back with

the answer. In this paper, the original caller is the client , and the callee who calls the client back is the server .

Callbacks have a simple goal , but a wide variety of implementations . All callback solutions allow the server

to call back to a wider variety of clients without the server needing hard coded kno wledge about the client.

This paper does not describe callbacks as a general pattern, instead it focuses on showing a varie ty of callback

solutions and the patterns used to create them. A more general discussion of callbacks can be found in [Berc zuk] .

Some examples of where callbacks are useful can be found in [Lea], and [Schmidt95a].

T he range of callback solutions is or ganized as an evolution . First the paper shows how a simple client and

server interaction can be evolved , by applying patterns , into the callback solution presented in [Hickey]. The

paper then shows how alternative patterns can be applied to form a new branch in the evolution that leads to a

simpler and more flexible solution. Finally the paper compares Hickey ´s solution with the simpler solution to

determine w hich solution is better , and thus which patterns lead to better solutions .

Many of the callback solutio ns presented in this paper are ideal solutions for different contexts. Most of these

solutions are specific to C++. F eatures of C++ such as static typing , automatic type coercion , manual memory

allocation and de allocation for heap based objects , poin ters , references , and value semantics lead to challenges

and solutions that won´t be found in most languages.

The assumed goal is to create a callback library that can be used to allow library code to call client code. A

further goal is for the callbacks themselves to be re usable so that many different librar ies could use them. All of

the callback solutions are for use within a single process; inter-process communication and persistence are beyond

the scope of these patterns.

1

Saturday, August 10, 1996

1 Many of the forces identified here were originally identified in [Hickey] as requirements for a generic callback

mechanism.

OVERVIEW

Figure 2 shows the patterns in the order that they are applied in this paper .

Aut oma t i c al l y De te ct T yp es

Abs tra ct Cl i e nt

E xte r nal P ol y mor ph i s m

Pa r a mete r i ze Me t ho d N ame

Ada pt e r

Man ua l Pol y mor phi sm

Fa c t or T emp l at e

Dua l P ur pose C l a ss

Cou nt e d B od y

Han dl e B o dy

Se p ara te C al l er a nd C al l ee Co nc er ns

Nul l O bj ec t

Co mm on P a tt e rn s

P at t er ns f o r S impl e r C a l lb ac ks P at t er ns f o r H ic ke y ’ s C a llb a ck s

Fi gure 2: Order of pattern application showing alternate solutions as branches.

A NOTE ON GLUE OBJECT S CENARIOS

This paper uses GLUE object scenarios to show the design of the callback solutions. Figure 2 shows examples ,

m ore can be found in [ Huni ]. Some changes were made to the GLUE object scenarios as seen in [Huni]: the

notation was extended so that pointers to functions and member functions could be shown explicitly, the notation

was altered to make it eas y to draw with Corel FLOW . GLUE object scenarios were chosen to show

implementation details without includ ing all of the source code in the body of the paper.

a Fo o myB a r_ 1 a Ba r

An i n sta nc e of c l a ss Fo o ca l l e d aF oo