























Differences in the representation of numbers can always cause problems when moving between two
machines. We attempted to simulate Macintosh precision and accuracy with PL/1 variables. The libraries on
the main computer check for inconsistencies and try to correct them. Although close, we know of
situations where the different representations of integers and floating point numbers could cause

problems.

mmunication Enfor i

Because we are using a message-passing semantics for procedure calls, we had to alter Pascal semantics
slightly. First, all procedures that use VAR parameters (pass by reference) actually use value-result
mechanisms. This is a standard technique for remote procedure calls [Birrell 84]. However, problems could
occur in situations where several VAR parameters are aliased to each other. Second, we never pass
pointers directly. As necessary, our distributed system exchanges small integers between the
communications program on the Macintosh and the libraries on the main machine. The small integer is
used to index a table of pointers on the Macintosh, where local data structures resides. Thus pointers can
be interpreted only through the use of calls provided by the libraries. Direct pointer manipulation is not
allowed. Our techngiue is a simplification of the more general pointer reconstruction techniques

discussed elsewhere. [Herlihy 80]

Sample Projects

Several projects have used this system to develop prototype Macintosh applications. One is an

implementation of the word game Boggle® that pits a player against the computer. With the large

dictionary and fast disk of the main computer behind the prototype, we believe that the distributed version



runs better than will the final version on the Macintosh alone. Two modeling programs, one for an economy
and the other for automobile traffic, were also developed. All three programs heavily used the graphics

facilities of the Macintosh to illustrate program operation and status, and graphs evaluating various results.

A fourth project, providing speech for the handicapped, used many more of the facilities. For example, the
program presented several dialogs that were used to control the MacinTalk speech synthesizer [Apple 3].
Severely paralyzed patients were able to use this program (along with a special mouse replacement) to

communicate with other people.

The student programmers on these projects used the same PL/1 facilities that they had learned in class

and had little trouble writing Macintosh programs in the environment.

Conclusions

We have been using the current system for nearly a year now and are satisfied with it. The libraries have
been transported from our DCTS machine and PL/1 to a Vax/Unix system and C, and various projects are
using the new facilities at Dartmouth and Carnegie-Mellon University. Several new projects are using the
software and our system provides a natural path for translating programs that only ran on the main

computer into native Macintosh applications.

Although we have not seen anything published, a group at Brown University is building a similar system for
Unix where the libraries and emulator are called Harold and Maude . Apple has developed something
similar internally [Zarakov 86]. Therefore, we conclude that the techniques we used to create our
development environment, namely the building of the libraries, the terminal emulation program, and the

protocol definition, seem to be a practical way to quickly bootstrap a realistic development environment for



a new personal machine. Although an exact match to a native system is not possible, we can get a

reasonable good approximation for relatively little effort.
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