


4.2 Version Control

Our version control system has two major goals. First,
we want to provide facilities that allow programmers to
create, select, and use versions in terms of subsystems.
Second, we want to simpli& the access to old versions
while still minimizing the space they occupy.

In terms of version control, we classi& software units
into jiked versions and active versions. A tied version is

an immutable copy, an active version is a writable work-
ing copy. An active version provides a snapshot operation
that generates an fixed version as its predecessor. A fixed
version provides a revise operation that creates a new
active version as its successor. In the beginning, every new
software unit is created as an active version. By repeatedly
applying snapshot and revise operations, we can create a
version history tree for each software unit. This is illus-
trated in Figure 8.

m------cl
Version 1.1 Version 1.2

Snapshot Version 1.2

m----- *------+lz
Version 1.1 Version 1.2 Version 1.3

Revise Version 1.2

----.-*,-----Q
Version 1.1 Version 1.2’ * ~verslon 1.3

u( Version 1.2.1.1 J

Figure 8: Version control of a single software unit

In our model, invoking the snapshot operation or revise
operation on a software unit X will affect the whole sub-
system S(’). When the snapshot operation is invoked, our
model generates fixed versions for all the modified sotl-
ware units in S(X), and connect them together in the same
way as in the original version. When the revise operation
of a active software unit is invoked, our model will create
a subsystem that contains active software units in the local
workarea and fixed software unit in remote workareas.
The revise operation does not create active versions in
remote workareas because remote workareas are usually
owned by other programmers, and usually we do not want
to directly modify the code owned by other programmers.

Figure 9 shows the effect of revise and snapshot opera-
tions on a subsystem. Notice that since we do not modifJ
C and X in Figure 9(c), no new snapshots are created for
them in Figure 9(d). However, although D is not directly
modified either, a new snapshot of D is created because it
uses a modified version of Y

Figure 9: Version control of a subsystem

In our model, a fixed soflvvare unit designates a fixed
subsystem. We insure that if a software unit X is fixed,
then all the software units in S@) are also fixed. By having
this property, we can guarantee that given the same argu-
ment in build operations, S(X) will always generate the
same derived objects.

Like the system building process, the revise and snap-
shot operations on a subsystem are carried out by the col-
laboration of individual software units. When revising a
subsystem, the revise message is propagated along the link
until it hits the boundaries of a workarea. Each software
unit then uses its own revise operation to process its data
attributes. The snapshot operation on a subsystem is car-
ried out similarly by propagating the snapshot message.

Our model to handle composite objects is similar to that
of PCTE [10] [4]. But there are two major differences.
First, while all the attributes of a stable object in PCTE are
immutable, a fixed software unit in our framework may
modi@ its attributes internally. For example, it may delete
its derived objects and compress its source objects to save
space. The only requirement is that each Iixed software
unit should keep enough information so that the same
derived objects can be regenerated. Second, instead of
using the same predefine operations for all objects, we
allow different software units to have different implemen-
tation of their revise and snapshot operations. This is nec-
essary because different classes of software units may
have different data attributes.

In our framework, the selection of versions is made in
terms of subsystems. When we make a uses_interface or
t_uses_interface link to a certain version of software unit
X, we are also choosing a certain version of S(X). We do
not have to know which versions of software units SW
contains, or whether different versions of SW use differ-
ent sets of software units.

Compared with DSEE and SHAPE, version selection in
our framework is more hierarchical. The selection of ver-
sions is in terms of subsystems instead of files, and each
software unit hides the selections of its subsystems from
its parent sollsvare unit. In DSEE and SHAPE, versions of
files are selected by selection rules. Selection rules may
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get files that are not compatible, since two reliable files do
not imply that their combination are also reliable. While
this problem is less likely to happen in our fmrnework, we
have to insure that only one version of a software unit is
used by a subsystem. For example, in Figure 9(b) we have
to insure that C’ and D‘ use the same version of X. A pos-
sible solution to this problem is to detect these conflicts
during the system building process, and let users set some
rules to resolve them.

Our framework also aims to simpli~ the access to old
versions, while reducing the space they occupy. To save
space, a software unit may delete its derived objects and
check-in its source code in its snapshot operation. But we
require that all these space conserving actions be hidden
from the users, so that a fixed version can be accessed in
the same way as an active version is. For example, if a
fixed software unit checked in all of its source code into
some version repository, then when its edit operation k
invoked, it should check out its source code internally
before loading the code into editors. We also require that
the snapshot operation not change the semantics of a sub-
system. In other words, a fixed subsystem should keep
enough information so that it can regenerate the same
derived objects.

Since a fixed sotlware unit may check out its source
objects and regenerate its derived objects internally, we
need an operation to remove these objects when the fixed
software unit is no longer used. We define a clean-up oper-
ation for this purpose. A clean-up operation reduces the
space occupied by a subsystem without affecting its
behavior. Again, we propagate the clean-up messages
along links, and let individual software units decide what
to do with their data attributes. The clean-up operation
may be invoked either explicitly by programmers, or inter-
nally by the system. When a workarea is short of disk
space, it may invoked the clean-up operations of its least-
recently-used software units.

4.3 Discussion

Our framework draws its power from two principles.
First, we organize software artifacts at the conzguration

management level in parallel with the modularization at
the source code level. A software unit plays two roles at
the same time. It represents a fimction or a class in source
code, and it corresponds to a configuration in configura-
tion management. Since we use the same decomposition
structure, the gap between handling source code and man-
aging configurations is narrowed. Additionally, since we
represent the relations between modules explicitly as
links, programmers can examine and traverse them
directly without looking into the source code. This helps
programmers to understand the general structure of a pro-

w.
Second our approach applies the principles of modular-

ization and encapsulation to configuration management. It
is well known that modularization and encapsulation are
very useful in managing source programs. Similarly, they
can help greatly in handling configuration management.

As pointed out by Osterweil [19], software processes can
be considered as special programs that are enacted by both
human and computers. The data used by these special pro-
grams are software artifacts like source code, derived
objects, system models, documentation, version history
files, etc. By applying the principles of modularization and
encapsulation on these sofiware artifacts, we can simpli@
configuration management greatly. modularization helps
us to decompose the configuration management tasks into
manageable units. Encapsulation helps us to hide the dif-
ferent configuration management requirements of individ-
ual subsystems.

5 Implementation

As illustrated in Figure 10, the architecture of POEM is
composed of a user interface layer and an o[y”ect layer on
top of the file system. The object layer is where the soft-
ware units are stored. Currently we are using an obj ect-ori-
ented database system called ObjectStore [13] to
implement this layer. ObjectStore is basically an extension
of the C++ language that supports persistent objects. It
allows multiple clients to work on the same database
simultaneously in a distributed environment, and it sup-
ports transaction facilities to serialize the operations on
objects.

Figure 10: The architecture of P’OEM

To increase the flexibility of this environment, we sup-
ply an interpretive language that allows users to define
new classes of software units, or change the definition of
individual software units. Since most activities in POEM
are carried out by the operations of software units, defin-
ing new classes of software units has the effect of tailoring
the whole environment.

In POEM, users do not directly access files and directo-
ries of the underlying file system. But instead of storing
everything in the object layer, POEM still stores large soft-
ware artifacts like source code, object cocle, and docu-
ments as files in the underlying file system. Doing so
makes POEM more open to the outside world. Existing
tools like editors, compilers, and debuggers can be
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invoked by the operations of software units to process
these files. We can also utilize existing code and documen-
tation by creating software units that reference existing
files.

The purpose of the user interface layer is to let program-
mers access software units in the object layer. This layer is
fairly simple because most fimctions of POEM are already
supported by software units in the object layer. Its major
responsibilities are to display the contents of software
units, to let users invoke operations of software units, and
to show the relationship between software units. A graphi-
cal user interface can easily be built, since software units
and their links map naturally to icons and edges. Opera-
tions of a software unit can also be represented as items in
a pop-up menu.

The implementation of POEM involves about 8,000
lines of C++ code on top of Motif, ObjectStore, YACC,
and LEX, and about 1,000 lines of code in the script lan-
guage of POEM. Considering the rich functionality POEM
supplies, the implementation is rather easy. This is possi-
ble because our model is rather simple, and because we
utilize many existing tools.

6 Related Work

MAKE [9] is the most commonly used system building
tool, but it has rather weak support for the modularization
of makefiles. There is no formal channel of communica-
tion between makefiles. If we want to use multiple make-
files in a large project, then the passing of arguments has
to rely on implicit protocols. The lack of formal arguments
also makes the reuse of makefiles more difficult. The
VESTA configuration management system [15] aims to
solve these problems by the modularization and parame-
trization of system models. It uses a functional language
to describe system models, and emphasizes the modular-
ization and parameterization of system models. However,
since the nature of system building requires lots of param-
eters for each system building functions, and since it is
impractical to supply all these parameters on each call to
these fimctions, VESTA has to introduce a complex bind-
ing mechanism to manage the parameters of system build-
ing fimctions. Our framework shares the same goals with
VESTA in system building, but uses an object-oriented
approach instead of a fictional approach. The parameters
for system building are stored on sofhvare units instead of
passed as arguments to functions.

Early version control systems like SCCS [20] and RCS
[24] handle the versions of files only. CVS [3] enhances
RCS by letting programmers handle versions of directo-
ries. DSEE [14] allows version selection in terms of
threads that refers to files or other threads. ClearCase [1]
enhances the functionality of DSEE and runs on several
platforms without special supports from the underlying
operating system.

POEM controls versions in terms of software units,
which are objects. Version control in terms of objects is
studied in the area of software development environments
as well as in the area of computer aided design (CAD).

Zdonik describes an object-oriented database system that
includes a built-in version control mechanism [25],
PCTE+ [4] supports operations to manage versions of
composite objects. Katz surveyed version modeling in
engineering databases, and proposed a unified framework
[12].

Users of POEM do not have to manage derived objects
by themselves. Several other systems also aim to free pro-
grammers from the management of derived objects. Cedar
[23] and DSEE [14] use source oriented system models.

Derived objects are not directly managed by programmers,
but programmers still have to address them indirectly by
some fictions. VESTA hides the management of derived
objects by passing them as the results of building func-
tions.

Users of POEM do not have to write makefiles. Most
existing configuration management systems, in contrast,
use separate makefiles to describe the system building pro-
cess. CaseWare [6] stores the information about how to
build a particular type of object on the object type defin-
ition itself, and places the build context information on
objects. But the compositions of configurations are still
described by separate collections called assemblies.

Our framework aims to narrow the gap between han-
dling source code and managing configurations. In Ada
[1], since packages and subprograms are units of source
code as well as units for compilation, the gap between
handling system building and managing source code is
smaller than in other languages. Besides, an Ada environ-
ment is responsible to decide which units need to be re-
compiled based on the logical relations between them [5].
However, Ada organizes compiled packages in libraries,
which have flat structures and thus cannot directly capture
the relationship between packages and subprograms. Ada
also needs additional mechanisms to handle a mapping
between versions of libraries and their elements. CMVC
[18] presented one of such mechanisms.

Gandalf [ 11] uses a module concept where a set of ver-
sions implement a single interface. Adele [8] extends this
model so that interfaces themselves may have versions. It
also describes the relation between interfaces and imple-
mentations as an ANIYOR graph. Compared with our
framework, Adele is more flexible to handle variants of
versions, but it is also more complicated.

Rumbaugh [21] proposed a framework to control the
propagation of operations between objects. The propaga-
tion policy is based on attributes associated with relations.
Our framework also relies on the propagation of opera-
tions to handle composite objects. But instead of using the
full power of that rather complicated model, we found that
treating all operations equally and using workareas to con-
trol the propagation is sul%ce to meet our requirements.

7 Conclusion

The major goal of this research is to find a t%mework
that makes configuration management simple yet power-
ful. We have shown that it is possible to provide a pro-
gramming environment that handles system building and
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version control according to the logical structure of source
code. This makes programming easier because program-
mers no longer have to maintain the mapping between the
structure of source code and that of the physical softsvare
artifacts. Our framework also handles derived objects
automatically, and allow programmers to handle large sub-
systems as a single unit.

While the basics of this framework is established, there
are still many problems to be solved. We are developing a
formal model to describe the mechanisms in our framew-
ork, and prove the properties we claimed. We are also
working on mechanisms to manage variants of sub-
systems, so that programmers can switch between them
more easily.

We also need more fieldtest on our ideas. Until now, our
experience with POEM has been more than satisfactory.
But limited by the resources we have in a university, we
have not use POEM on real-life projects. The largest pro-
gram we have tried to develop under POEM is POEM
itself, which contains only several thousand lines of source
code. We are especially interested in seeing how the work-
ing patterns using workareas in POEM will be different
from those using workspaces in existing programming
environments.
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