before main() is called. C++ sets up the executable this way, however, the order of invocation of the constructors is not defined. So, if one global object's initialization depends upon another there are potential ordering problems.

We did not have any global objects, in part because we used a pointer based programming model, so we never encountered the ordering problem. However, another group in SunPro did encounter this problem and warned us about it.

4.2 Copy Constructors

Copy constructors are used when an object is copied. For example, if a class has a char * field where each instance has its own copy of the string, then, when this object is copied, thechar* field should be duplicated rather than just copying the pointer. Copy constructors provide this mechanism.

This is another situation which the pointer based programming model seems to avoid.

4.3 Static Member Fields

Static member fields are fields which are shared across all instances of an object. They can be considered global data which is scoped by a class, that is, they can be accessed only through an instance of a class.

4.4 Static Member Functions

Static member functions are member functions which are not passed a this pointer. Like static member fields, they can be considered global functions which are scoped by a class.

4.5 Const

Const is new to ANSI C and to C++. Unfortunately it is somewhat different in the two languages. We were coming from a K&R C world without consts.

We never gave consts much thought. Looking back we do not recall any situations in which consts would have saved us. Still, they seem like a reasonable feature, especially in interfaces to class libraries. If an interface rigorously uses consts in its declarations, then users can know which parameters may be modified by which routines. This looks like another feature which is more valuable when producing a public API.

5.0 Conclusions

The TeamWare group felt that using C++ was an advantage and that using C++ helped reduce development time and increase the quality of our code. We found the single largest advantage to be required function prototypes. We converted two existing C programs^{12} to C++ and in both cases function prototypes found one or two latent errors. Required function prototypes eliminate an entire class of errors which occur in C and give programmers much more confidence. However, function prototypes alone are not sufficient reason to use C++ as an ANSI C compiler which enforced the use of prototypes would be a more sensible choice.

We were very pleased with C++’s object model. This includes classes, constructors, destructors, single inheritance, member functions, virtual functions and abstract base classes. We found these features of the language easy to adopt and easy to understand. C++’s object model encourages the good programming practices of modularization, well defined interfaces and code sharing. The object model provides valuable functionality which sets C++ apart from ANSI C.

One significant disappointment with C++ is that it does not separate a class’s interface from its implementation. Abstract base classes are nice as they provide an interface specification. However, if the class also has private member functions, they must be defined along with the public ones. If a private member function is added to a class, its interface has not changed but, in the world of make, the header file has changed and all files including that header will be recompiled.

Unfortunately, the object model includes multiple inheritance and, consequently, virtual base classes. Most examples of multiple inheritance found in C++ books are contrived and should be replaced with aggregation. They do not provide good models to follow. Multiple inheritance adds complexity to a program. It should only be used if the is-a relationship is satisfied for each inheritance and if the result is simpler than aggregation. We believe that groups which follow this advice will rarely, if ever, use multiple inheritance.

Second only to multiple inheritance is the decision regarding a pointer based programming model versus an object based programming model, or whether or not to use reference parameters. C programmers tend to gravitate towards the pointer based programming model as it is familiar to them. While we favored the

12. filemerge and make.