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Abstract

The unit of concern for most development tools is
the file: Text editors open files; Compilers compile
source contained in files; Version control systems
keep track of changes made to files. Yet, for many
tasks, the disposition of code in files is not the best
for what developers want to accomplish, but tools
do not allow them to change it easily. We call this
the tyranny of the file decomposition and propose
to replace files with smaller code units, arranged dy-
namically into code views by the development envi-
ronment under the guidance of the developer. This
permits code arrangements better suited for differ-
ent tasks, improving development productivity.

1 Introduction

The development of large software systems is a com-
plex task that begs for good software engineering
techniques. One such technique—the separation
of concerns (SoC) approach—was identified long
ago as a fundamental principle [Parnas, 1972], yet
proved difficult to be put into practice. Many of
the advances in programming languages improved
on the support given to the SoC approach. Unfor-

tunately, development tools did not keep the pace
with this development: Unlike programming lan-
guages, current development tools are not much dif-
ferent than what we had thirty years ago. Yet, they
play a central role in modern software engineering.
Even more so with the advent of aspect-oriented
programming (AOP) [Kiczales et al., 1997].

Using AOP we can develop programs by con-
sidering only some concerns (aspects) of the prob-
lem at a time. When done properly, this approach
will yield concerns simple enough to be well under-
stood and, therefore, developed. This means that
large and complex systems will have a huge quan-
tity of such concerns. Although they may be devel-
oped independently, they must be put together to
build the whole system. To navigate among all this
code, a developer needs a helpful development en-
vironment. Unfortunately, current environments are
rather poor.

Consider, for example, a very simple program in
Aspect] [Kiczales et al., 2001] where we have a class
to represent rectangles and one aspect, as shown in
figures 1 and 2.

Now, assume that a programmer has to look at the
setUpLeftX method, perhaps to change it some-
how. To understand what it does, she /he has to look
also to the advice introduced by the UpdateScreen



class Rect {
int upLeftX;

void setUpLeftX(int ulx) {
upLeftX = ulx;
}

Figure 1: Rectangle class

aspect UpdateScreen {
pointcut changesFigure():
receptions(void Rect.setUpLeftX(int));

after(): changesFigure() {
DisplayManager.invalidate();

Figure 2: Aspect

aspect. Ideally, the programmer should view simul-
taneously both the method and the advice, and noth-
ing else. But each one of those is in a different file,
with additional code. This means that, to accom-
plish such a simple task, the programmer will have
to: (1) realize that there is a separate advice for the
method; and (2) open both files to view them simul-
taneously, assuming a window-based environment
which supports such things. In such a simple exam-
ple this is not that hard, but not very productive, ei-
ther. However, this approach does not scale well for
large systems. Two distinct problems prevent that:

e In general, with a large code base the program-
mer will not be aware of all the aspects that are
relevant for a particular method.

o If there are several aspects there will be, corre-
spondingly, several windows (one for each file),
which means that the programmer spends most
of the time managing windows and jumping
between them than in understanding the code.
Moreover, each jump to a new window is a con-
text switch that needs an extra effort to find the
relevant code and ignore the surrounding irrel-
evant code.

Clearly, this is an issue to be handled by the devel-

opment environment. The first problem was already
addressed by the Aspect] developers. They provide
extensions to some development environments that
inform the programmer of the aspects that are rel-
evant for a given method. Yet, the second problem
remains and it is the more difficult to solve properly.

We would like to view, in a single window, all
the relevant code for our task: the method and all
the (possibly) relevant aspects. Unfortunately, de-
velopment tools and files prevent us from doing this.
Spreading code over different files according to a
particular criteria hinders all the tasks that need a
different arrangement of the same code. We call this
the tyranny of the file decomposition! and will ex-
pand on this in the next section.

2 The tyranny of the file decom-
position

We put the emphasis on the file organization be-
cause files are the editing unit in development en-
vironments, i.e., they are the only unit of code most
tools can handle. Unfortunately, files group code to-
gether into a unit that is rather large, too small, or
just plain wrong for many development tasks. We
cannot dismiss this problem by saying that it is just
a matter of choosing a good decomposition to start
with. The problem is that there is no single best de-
composition.

2.1 Why code arrangement matters

The way code is put together is of utmost impor-
tance for many tasks of the software development
process:

e When editing a class, the developer wants to see
all the class code.

e When documenting the program and its design,
code should be presented in an order that pro-

1This is, in fact, a particular case of what Tarr et al. [1999] call
the tyranny of the dominant decomposition, applied to the con-
cerns of the development process.



motes its understanding at different abstraction
levels.?

e Compilers pose restrictions on the code se-
quence (for instance, definition of functions be-
fore their use) and may be able to optimize code
if all the relevant code is contained in a compi-
lation unit.

e During a debugging session, the most relevant
code is the active methods within the program
current execution.

e Before a program change, like adding a param-
eter to a function, evaluating the consequences
of the change is best accomplished if all the rel-
evant code fragments (in this case, all the call
points) can be examined.

The above list is not exhaustive. However, it
is enough to the conclusion that different arrange-
ments of code are desirable but, in many cases, they
are incompatible with each other. Unfortunately,
when we write the code for the first time, we commit
ourselves to a particular file decomposition, which
becomes cast in stone, therefore making the other
tasks more difficult.

3 Code views

As we saw, there is no single code arrangement
that works well for every task. Instead, different
tasks would benefit from rearrangements of code.
Therefore, we argue that a central requirement for a
helpful development environment is that it provides
ways to generate code views dynamically. We call
code view to a sequence of small code fragments: the
code units.

The code units should be the smallest fragments
of code that are still meaningful to a developer:
Fragments such as methods or field declarations, in-
stead of whole classes.?

2For instance, as taught by the literate programming disci-
pline.

3The use of the term “source code” in this text includes, obvi-
ously, its documentation.

Likewise, code views will usually correspond to a
meaningful arrangement of code units, suitable for a
particular task. For instance, in a debugging session
a useful code view during a breakpoint would be the
sequence of methods active in the current execution
point ordered by their calling sequence.

Actually, according to this definition, files are just
particular code views. The code shown previously
in figures 1 and 2 are two particular code views.
These code views are suitable to feed to the As-
pect] compiler, but also as meaningful abstractions
to the developer. However, if a developer wants
to concentrate on what is executed during a call to
setUpLeftX , the code view shown in figure 3 may
be more appropriate. As a matter of fact, it may be
even more perspicuous to see the method as a com-
bination of the method body and all its advice, as
shown in figure 4.

void setUpLeftX(int ulx) {
upLeftX = ulx;

after(): changesFigure() {
DisplayManager.invalidate();

Figure 3: Code view for the setUpLeftX method

void setUpLeftX(int ulx) {
upLeftX = ulx;
DisplayManager.invalidate();

Figure 4: Code view for the combined setUpLeftX
method

The code views discussed so far are just a few ex-
amples of the many ways that developers want to
look at code. Some of these code views may be pre-
defined in the development environment. For in-
stance, all the calls of a given function. However,
it is not reasonable to expect that all the relevant
code views are preprogrammed in the environment.
Therefore, the developer should be able to query the
environment to produce the desired code views.



4 Related work and concluding
remarks

Back in the eighties, both the Interlisp-D [Teitel-
man and Masinter, 1984] and the Smalltalk-80 [Gold-
berg, 1983] programming environments separated
the editing, displaying and use of code units from
their file representation (for backup and sharing pur-
poses). Code was manipulated using code browsers
and editors that managed the code repository on be-
half of the developer.

Nowadays, programming environments strongly
depend on files. In itself, this is not bad. The prob-
lem, as we saw, is when that dependency constrains
what developers can do because the only view of the
code they have is the file view.

More recently, proposals for programming envi-
ronments already acknowledge the need for differ-
ent code views. For instance, the white-paper for
the Gwydion programming environment [Fahlman,
1993] mentions that a program should be a complex
linked data structure stored in an object-oriented
database. Moreover, they advocate the use of multi-
ple ways of viewing and editing code, customized to
match the user’s preferences and immediate needs.
Unfortunately, the Gwydion project was canceled
before it accomplished all its goals (delivering only
a prototype [Sheets programming environment]).

Many reasons concurred to the demise of sophis-
ticated programming environments, e.g., their mar-
ket model, the computational power they needed,
and the programmers expertise required to operate
them. Currently, most of these reasons are no longer
valid. Therefore, the time is ripe to rethink interac-
tive programming environments.
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