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Abstract

Traditional software development environments have
been tool-centered. Artifacts of a software system are
usually grouped according to the tools that handle
them instead of logical units. This makes the devel-
opment, maintenance and reuse of software difficult.
Besides, since the software development process is di-
vided into smaller tasks according to the tools being
used, this approach suffers great performance deterio-
ration when the software scales up, as each tool has to
manage a larger amount of data.

In this research we present an alternative approach
to designing programming environments, in which soft-
ware artifacts related to a software component are or-
ganized as an object, and then the software develop-
ment process is centered around this kind of objects.
With this approach, programmers will be able to or-
ganize a software system according to the logical rela-
tions between its components. Software reuse and co-
operative programming will be more natural and the
performance of the programming environment will not
deteriorate as badly as in the traditional environments.

In this paper, we describe the model of this new
approach, and compare it with the traditional ones.
We also present an programming environment called
POEM, which is being developed at Brown University
to verify our ideas. Compared with existing environ-
ments, the framework we present here is a paradigm
shift from the procedural approach to the object-
oriented approach.

Key Words: Software Engineering Environment,
Delegation, Version Framework, Distributed Object-
Oriented System

1 Introduction

In traditional programming environments, software de-
velopment process is centered around a set of tools.
Different aspects of software engineering are carried
out by different tools, and different tools usually have
different views of a software system. An editor sees a
system as a set of files; a building tool sees it as a de-
pendency graph with source data and derived objects;
a manual browsers sees it as a collection of function-
alities; and a visualization tool may see i1t as a set of
interrelated software components. Most of these views
do not reflect the logical structure of a software system,
and the mappings between these views are complex but
implicit. It 1s usually the programmer’s responsibility
to map different views used by different tools.

Besides, in a large software system, software arti-
facts are usually organized according to the tools that
manage them. Source programs are usually put into
the same directory because they are managed by edi-
tors; binary files are put into another directory because
they are all generated by compilers and used by link
editors and loaders; document files are put into yet an-
other directory because they are managed by document
browsers. Under this kind of organization, directories
and files are the major organizers, but they do not nec-
essarily correspond to a clear-cut software component.
Different parts of an abstract software component, like
its source, its binary code, and its documents, are scat-
tered 1n several locations.

This kind of organization makes the development
and maintenance of software more difficult. On one
hand, related data and information are not brought
together. Special effort should be paid to find all parts



of a software component. This makes software reuse
and cooperative programming more complex. On the
other hand, vast amount of irrelevant information may
distract programmers from solving the real problems
at hand. Most users of an on-line manual system have
experienced getting lost in manuals with too many ir-
relevant details, or wasting time reading information
that is already known. It is also common to feel frus-
trated when trying to find the definition of a function
in a large program.

To solve these problems, we propose a new frame-
work for building programming environments in an
object-centered style. In this kind of environments,
things are organized around individual software com-
ponents instead of a set of tools. Each software com-
ponents is represented as an object with a set of at-
tributes. These attributes include data items, like 1ts
source code, object code, and documentation. They
also include the operations that manages the software
components, like editing source files, generating ob-
ject files from source code, and fetching the associated
manuals. The development of software is carried out
by manipulating these objects.

This approach has several advantages over tradi-
tional ones. First, by encapsulation, the internal com-
plexity of a software component is hidden from its
client. A cleaner and more standard interface of soft-
ware components makes reuse easier. Potential reusers
can access the documents without knowing their in-
ternal format, generate object code from source code
without knowing the process of making, and incorpo-
rate them into new systems without knowing the loca-
tions of individual header files, object files, and manual
pages.

Second, by using links as attributes of these objects,
the organization of software systems is more flexible.
Different structures can be imposed on the same set of
software components simultaneously. A software com-
ponent can be reused by multiple projects, or shared
by different programmers working on the same project.
We can also define different kinds of links on the same
kind of objects, so that programmers may have multi-
ple logical views on the same program.

Third, the performance of such an environment will
not deteriorate like traditional ones do when the target
software system scales up. Because the complexity of
software modules are hidden behind simple interfaces,
it will not add up as more modules are used in a soft-
ware system. Each module sees only the submodules
it directly uses. All the indirectly used modules are

hidden from it. In other words, programmers and tools
can view a program at different level of abstraction. At
each level only the related information is presented.

Fourth, this object-centered approach also makes the
customization of a programming environment easier.
Because the interface and the implementation are sep-
arated by encapsulation, different tools with similar
functionalities can replace one another without affect-
ing other parts of the environment. Because inheri-
tance allows incremental modification with backward
compatibility, new environments can be built upon ex-
isting ones while ensuring that they can communicate
with each other. This allows an environment to be
tailored for different people and different working pat-
terns.

And last but not least, this approach makes program
visualization easier, as the mapping between internal
and graphical representations is inherently simpler in
the object-oriented paradigm. It is easier to design a
graphical interface that allows programmers to browse
and manipulate a software system graphically.

Although this framework works in a object-oriented
style, it i1s not limited to object-oriented programming.
It can be used for other programming paradigms as
long as the software components in those paradigm
can be represented as objects in the environment. For
example, an object in the environment can be used to
represent a function in the C language or a class in the

C++ language.

2 An Overview of POEM

To give readers some ideas about how a program-
ming environment designed with our approach will
look like, we begin our discussion by giving an overview
of POEM. POEM (for Programmable Object-centered
EnvironMent) is a programming environment cur-
rently under development at Brown University to ver-
ify our ideas.

The design of POEM is based upon two observa-
tions. First, an effective software development is best
accomplished by decomposing a software system into
recursively contained modules. Second, software is
more than the source programs. A complete software
system also contains specifications, source programs,
binary code, documents, development history, statisti-
cal data, and so on.

In POEM, all software artifacts that are directly re-
lated to an software component are organized into an



object called software unit. A software unit has an
identity and contains a set of attributes. An attribute
can be either a data member or an operation. Exam-
ples of operations are source code, header files, manu-
als, and object code; examples of operations are edit,
compile, make, and read-manual. Programmers de-
velop and utilize a software unit through its operations
instead of directly accessing its data members.

Figure 1 illustrates a simple software unit that repre-
sents a C function. It contains some links that point to
files and other software units, and a set of simple data
members that describe its properties. It also contains
a set of operations that operate on its data members.

A software unit may use other software units as its
submodules. This relation i1s kept by the cheld links.
With the child links, a large system can be organized as
a set of interconnected software units. Figure 2 shows
an example. The root software unit solve_equations
represents the whole system. All the other software
units are its direct or indirect children.

The source file associated with a software unit may
be a logical file that maps to parts of a physical file. A
physical file is partitioned into atomic spans, and then
sets of spans form these logical files. Figure 3 shows
the relation between logical files, spans, and physical
files. A client of a software unit sees only the code that
is directly related.

In POEM, building a software system is carried out
in a recursive fashion. The making of derived objects is
carried out by the make operation associated with each
software unit. When invoked, this operation sends a
make message to each child of the software unit.After
all the child software units finished their own make op-
erations, the parent’s make operation builds its derived
objects from its local data and children’s derived ob-
jects. Figure 4 illustrates this procedure. It is equiva-
lent to a post-order traversal of a directed acyclic graph
(DAG).

Version control in POEM is also done in terms of
software units. There can be multiple versions of the
same software unit, and a versioned software unit can
use other versioned software units as submodules. Fig-
ure b illustrates the versions in a software system.

A software unit can reuse another existing software
unit simply by creating a child link that points to it.
By doing so, the whole submodule represented by the
existing software unit is reused. This includes not only
the source code and object code, but also the docu-
ments, the associated operations, and all the submod-
ules, etc. If the reused software unit is versioned, the
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Figure 6: Reusing a submodule.

reuser also gets all the versions. An example of reusing
a software unit is shown in Figure 6.

Developing a large system usually requires the co-
operative work between multiple programmers. Using
software units also helps in this case. Figure 7 shows
an example in which two programmers are developing
a software system cooperatively. In this example, each
programmer is responsible for a major submodule; and
uses a separate software unit to represent his view of
the whole system. A programmer will usually choose
to use the experimental version of his own submodule,
and the older but more stable version of the other’s
submodule. By doing so, the workspace of each pro-
grammer 1s insulated from the frequent changes of the
other ones.

In this example, a third software unit is created to
represent the workspace of the group. It uses the sta-
ble versions of both submodules and keeps the common
data for the whole system. The ”common data ” may
include the executable, the documents that describe
the whole system, and the source code and object code
of the main procedure that coordinates the operation
of the submodules. Since the same kind of informa-
tion is also required by the workspaces of individual
programmers, the main software units used by both
programmers are actually ”"shadows” that delegates to
the main software unit of the group. Delegation lets a
software unit to share others’ data while allowing lo-
cal modification. The mechanism of delegation will be
discussed in more details in next section.

3 The Framework

The framework of POEM is a three level structure, as
illustrated in Figure 8. At bottom, the data layer is
where the unstructured software artifacts are stored.
In the middle, the object layer consists of virtual ob-
jects that reference items in the data layer and the
object layer. At the top, the application layer contains
interfaces to the external world.

The data layer is basically the file system of the un-
derlying operating system. Source code, object code,
documents, and other data items are stored in files and
directories. POEM also has mechanisms to support the
use of logical files, which reference parts of a textual
file.

The virtual objects in the object layer are mainly
software units. We call them virtual objects instead
of simply objects because they usually do not directly
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contain data. Instead, they organize the raw infor-
mation and data within a programming environment,
and present the organized information as encapsulated

objects.

The application layer contains user interfaces and
interfaces to other systems. They are clients of the ob-
jects in the object layer. New interfaces can be added
at any time. A user interface lets a programmer manip-
ulate objects in POEM. An interface to other systems
makes the data in POEM available to other programs.

3.1 Virtual Objects and Classes
Software units are virtual objects. Definition of virtual
objects in our framework is similar to that of object in
most other object-oriented systems. Each of them has
a unique identity and contains a set of attributes. An
attribute may be either a data member or an operation.
The internal state of a software unit is determined col-
lectively by all of its data members, while its behav-
ior by all the operations. Software units communicate
with each other through messages. A message is ac-
cepted by an software unit if and only if it matches one
of the software unit’s operations.

Virtual objects differ from the
jects in that their data members may be links that ref-
erence data in the data layer, and their operations usu-
ally work directly on these referenced data. Because a
referenced data item may be referenced by other vir-
tual objects as well, it is not really hidden from outside
accesses. Sharing of data between software units plays
an important role in POEM. It is not only a way to
save space, but also a method of communicating be-
tween software units.

“conventional” ob-

Software units belong to classes. A class is a tem-
plate from which objects are created. All software
units of the same class have the same set of attributes.
To increase flexibility, we provide users with the mech-
anism to define new classes instead of a fixed set of pre-
defined classes. Different classes of software units may
be defined to meet the need of different programming

languages and different CASE tools. A programmer



may also customize software units to meet his special
needs.

Definition of classes can be reused through inher:i-
tance. Inheritance 1s not only a method to eliminate
repetitive work, but also a mechanism to guarantee
compatibility between difference classes. Classes de-
rived from the same ancestor class are ensured to con-
tain the operations defined by their common ancestor.
This guarantees the compatibility between customized
software units.

An software artifact referenced by a link of an object
can be either a source data item or a derived data item.
Source data items contain the essential information of
an object. Deletion of an source data item leads to loss
of information. Derived data items are derived from
other source data items referenced by the same object.
Deletion of a derived data item can be recovered by
processing the source data items; it does not involve
information loss. Derived data items can sometimes
be considered as the performance optimizers.

3.2 Relation between Software Units

Software units may reference one another through
links. Different kinds of links can be defined to repre-
sent different relations between software components.
For example, a software unit representing a class may
contain a link that represents the inheritance relation,
and other ones that represent the part-of relations. If
multiple links are defined in software units of a pro-
gram, multiple views are available for programmers.
Empirical study shows that multiple-view software de-
velopment may promote productivity significantly [1].

Among the possible links that can be defined, child
link, as described in the previous section, plays a spe-
cial role in our framework. It defines the structure
used by system building and version control, and cor-
responds to the module-submodule relation in software
decomposition.

As there 1s no definite way to decompose a software
system[2], there is no definite way to define the child
links. We only impose the restriction that the child
links should not form cycles, and the structure formed
by the child links should reflect the process of building
a software system.

Since the child links cannot form cycles, all the soft-
ware units and their child links together form a di-
rected acyclic graph (DAG). In our framework, a mod-
ule is defined as the set of all software units that are
reachable through child links from a certain software

unit. According to this definition, each software unit
uniquely decides a module, and each module consists of
a connected DAG of software units. The software unit
that decides a module is called the module’s root soft-
ware unit. Software units that are directly referenced
by the root software unit correspond to the module’s
direct submodules.

In procedural languages, this relation usually coin-
cides with the calling relations between procedures, but
they are not always the same. for example, a proce-
dure that calls itself 1s not considered as a submodule
of itself; two procedures that call each other are con-
sidered as sibling submodules instead of a parent-child
pair. Therefore, if we want to keep the calling rela-
tions in a software system, we should represent 1t as a
separate attribute of each software unit.

In object-oriented languages, parent-child relations
usually run in parallel with the part-of relations and
inheritance relations. A class used as a part of a new
class definition is considered as a submodule. A par-
ent class in the inheritance hierarchy, interestingly, will
usually be considered as a child.

Other than software units representing submodules,
a software unit usually directly reference a set of soft-
ware artifacts in the data layer. These artifacts may
be source and object code of the main routine, or doc-
uments that describe the whole module. We call these
artifacts the local data of a software unit.

Operations of a software unit usually form pairs, one
of which applies to its local data and the other applies
to the whole module. for example, the compile oper-
ation builds the local derived objects; the make oper-
ation builds derived objects of the whole module. A
local_copy copies a software unit along with its local
data; a module_copy copies all software artifacts of a
module. Operations that operate on the whole module
can be defined in a recursive style. Messages request-
ing the same operation are sent to all the child software
units.

To build the derived objects of a certain module, the
root software unit usually needs the local data of its
child software units, which include header files, object
files and libraries. The root software unit can get the
location of these objects by sending query messages to
its child software units. Sometimes, a submodule also
needs the local data of its parent module. For exam-
ple, constants and global variables of a module may be
defined in a header file which is shared by all its sub-
modules. A submodule can similarly get the location
of these shared objects by sending query messages to



its parent.

Modules that do not need data from their parents
are called autonomous modules. An autonomous mod-
ule 1s ready for reuse. It 1s not necessary to rebuild
its derived objects when it has a new parent. On the
other hand, a non-autonomous module uses data of its
parent. It needs an explicit link pointing to its parent
so that it knows where to get the necessary informa-
tion. Its derived objects have to be rebuilt when the
module is reused.

3.3 Delegation

If we directly reuse a non-autonomous software unit, its
contents usually become invalid for the original system,
as its derived objects will be rebuilt and its parent link
must be modified. If we copy the whole software unit
before reusing, extra space will be needed, and updates
on the original software unit will not be known to the
reuser even when it 1s desired. Ideally, we should create
a shadow software unit that shares most data with the
original software unit but has its own copy of parent
link and derived objects. This kind of shadow software
units are also very useful in a cooperative programming
environment. As shown in the example of Figure 7,
a programmer usually needs to “reuse” the modules
developed by other members of a programming team.
To capture the behavior of these shadow objects, the
delegation model [3] [4] [5] is a natural candidate. The
delegation mechanism is proposed as an alternative to
the mechanism of classes and inheritance. An instance
may share data and behavior with the prototype 1t del-
egates to while having its own local modifications.
Delegation gives us great flexibility. It enables in-
cremental modifications at the object level, allows de-
pendencies between objects, and decreases the stored
information by sharing. However, it usually results
in a chaotic and inefficient environment. Firstly, be-
cause instances can redefine the attributes of the pro-
totypes, there is no guarantee of “upward compatibil-
ity.” That is, what is true of the prototypes might
not be true of the instances. Secondly, the seman-
tic complexity of the system will increase greatly. Be-
cause all objects can serve as prototypes, and the pro-
totypes have no knowledge about the existence of their
instances, modifications of any existing objects might
cause some unpredictable changes of behavior of other
objects. Knowing where the value of a certain attribute
is stored becomes important, but it is hard because the
value might be embedded deeply in arbitrary levels of
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Figure 9: The hybrid model with both inheritance and
delegation.

delegation. Thirdly, a delegation system will be slower
than an inheritance system, because the stored values
of attributes should be found at run-time, and there
might be multiple levels of indirections (delegations)
between an object and the stored values.

In contrast, the class-inheritance model gives users
more manageability at the expense of flexibility. It dis-
cerns the roles of classes and those of objects. Classes
separate structure and behavior concerns from that of
run-time computation. All objects of the same class
are guaranteed to have the same behavior pattern.
However, even with the class variables supported by
some inheritance systems, the sharing of data at ob-
ject level is quite limited. Without using class vari-
ables, sharing of data between two objects has to be
implemented by creating a separate object that stores
the common values; using class variables, all objects of
the same class have to share a single value. The in-
heritance model does not support asymmetric sharing
either.

Since neither the delegation model nor the inheri-
tance model will fulfill our requirements, our solution
to this predicament is to use a hybrid model. We im-
pose the restriction that delegation only be applied to
the instance variables, but not to the operations. That
18, an object can delegate the values of its instance vari-
ables to another object and thus share the variable, but
it cannot delegate its operations to another object to
share the behavior. Furthermore, all the operations
should be defined on classes. Objects are not allowed
to define their own operations. Figure 9 illustrates
the relation between objects and classes in this hybrid
model.

Under this model, the incremental modification and



sharing of values are done at the object level, while
the incremental modification and sharing of behavior
are done at the class level. While the values can be
managed flexibly, the behavior of objects are still pre-
dictable because operations are stored in the classes,
which are defined at the design time and are not sub-
ject to frequent changes. Besides, all the objects of a
class have the same behavior pattern.

3.4 Logical Files

One of the major goals of our framework is to let pro-
grammers work directly with logical units. When ex-
amining the source code of a software unit, what the
programmers see should be the source code of the soft-
ware unit, and nothing else.

One way to achieve this goal is to store each logical
unit in a separate file. For example, if a program con-
sists of several procedures, we can store each procedure
in a separate file. This approach 1s simple and straight-
forward, but it has some disadvantages. Finer granu-
larity usually causes overhead in system building, and
it fails for programming languages with nested scop-
ing. In a language like Pascal, because logical units
may include one another, it is impossible to store each
logical unit in a separate file.

Therefore, we still keep several logical units in a sin-
gle file, but use a logical file system to create the illusion
of files with single software unit. The logical file sys-
tem 1s a mapping mechanism built on top of current file
systems. It logically divides a physical file into several
mutual exclusive spans, and then maps each logical file
to a set of spans. When reading from the physical file,
it filters out the irrelevant information; when editing
the content of logical files, it maps the modification
back to spans in the physical file.

The disadvantage of this approach i1s that we need
a specially designed editor to manipulate these logical
files. This editor should use services from the logical
file system instead of the underlying physical file sys-
tem. It should also help mapping from logical files to
spans.

3.5 Version Control

Since our framework is aimed to support a logical or-
ganization of software systems, it is necessary that our
version control framework is defined in terms of soft-
ware components instead of files and directories. As
stated in section 3.2, software units of a module and

their child links form a DAG rooted at a single soft-
ware unit. Consequently, our version control frame-
work 1s defined in terms of this DAG structure.

Our version control framework begins with the ver-
sioning of atomic objects in the data layer. An atomic
object is a software artifact that does not contain or
reference any other versioned object. It cannot overlap
with other atomic objects, either. Object files are ex-
amples of atomic objects. For a source program or doc-
ument, if no logical file is mapped into it, the whole file
is considered an atomic object. Otherwise, the spans
defined by the logical files are atomic objects.

The versioning of atomic objects is straightforward.
A fized version is a semantically meaningful snapshot
of an object. Applying a checkout operation on a
fixed version generates a new active version. The new
active version 1s said to be derived from the fixed ver-
sion. It correspond to the present time and is muta-
ble. Applying a checkin operation on an active ver-
sion turns it into a immutable fixed version. Multiple
checkout operations can be applied on the same fixed
version to create branches. Two fixed objects on dif-
ferent branches can be merged to create a new active
version. In short, all version instances of an atomic
object with their is-derived-from relations form a
DAG, in which all internal nodes are fixed versions
and leaf nodes can be either fixed versions or active
versions.

We also define the is-a-descendant-of rela-
tion as the reflexive and transitive closure of
is—derived-from. Formally,

Definition 3.1 For an atomic object, an version X is
a descendant of another version Y if and only if

1. X equals to Y, or

2. X is derived from Y, or

3. X is derived from Z, and 7 is a descendant of Y

Atomic objects are referenced by software units ei-
ther directly or indirectly through logical files. In
terms of version control, logical files can be thought
of a special case of software units. They reference
atomic objects and are referenced by other software
units. Therefore, all the following discussions and def-
initions about software units also apply to logical files.

A version of a whole module can be represented by
a version of its root software unit. In this framework,
links between objects are represented as (object name,
version ID) pairs. Each of these pairs uniquely de-
cides a version instance. Then, since a software unit



uniquely decides a module, a version of a software unit
also uniquely decides a version of the module it repre-
sents.

Properties and operations of a versioned software
unit are defined in terms of the objects it references.

Definition 3.2 A version of a software unit is a fized
version if and only if

1. the contents of its data members, which include
links, are immutable.

2. all the local data and software units it references
are of fixed versions.

Otherwise, it 1s an active version.

Again, a fixed version of a software unit represents
an immutable snapshot of the whole module; an active
version represents the present time and is subject to
changes. A checkout operation can only be applied to
fixed versions. A checkin operation can be applied to
both active versions and fixed versions, but i1t has no
effect in the latter case.

Definition 3.3 Applying a checkin operation on a
software unit is equivalent to:

1. applying checkin operations to all the local data
and software units it references, and

2. make its data members immutable.

Definition 3.4 Applying a checkout operation on a
software unit is equivalent to:

1. applying the checkout operation to all the local
data and software units it references, and

2. creating a copy of the software unit and make all
its links point to the versions newly created in step 1.

Definition 3.5 For two versions X and Y of a soft-
ware unit U, X is a descendant of of Y if and only if
1. For each local data item P referenced by Y, the cor-
responding object P’ referenced by X is a descendant
of P.

2. For each child software unit S of Y, there is a cor-
responding software unit S’ which is a child of X and
is a descendant of S.

This definition implies that if X 1s a descendant of
Y, the DAG of the software artifacts rooted at X is
isomorphic to the one that rooted at Y, and each node
in the X’s DAG is a descendant of the corresponding
node in Y’s DAG.

This version framework is similar to that of
PCTE+[6]. But while PCTE+ uses stable links to con-
trol the updates of objects, fixed version and active

version are properties directly associated with objects
in our framework.

4 Comparison

Object-oriented paradigm has attracted much interest
because it achieves data abstraction, scalability, and
code reuse in a natural way. It also makes coarse-grain
concurrency easier. Although our framework some-
what deviates from the “standard” object-oriented
paradigm, most of these properties are retained. In
this section, we examine how these principles can be
applied to the design of a programming environment,
and compare this object-centered approach with the
traditional approaches.

4.1 Structures of Software Systems

Software units are the information organizers in our
framework. A software unit corresponds to an abstrac-
tion, and it brings together all the related software ar-
tifacts. Because software development is carried out in
terms of these units, programmers are directly dealing
with logical units like functions, classes, and modules.
In contrast, in traditional environments programmers
have to deal with physical entities like tools, files, direc-
tories, and line numbers. The necessity of dealing with
these things only distracts programmers from solving
the real problems.

Attributes of a software unit provide different views
of an abstraction. For examples, documentation gives
the informal description, header files correspond to a
formal specification, source code is the implementa-
tion, and object code is in a directly usable form. Prop-
erties like the development status, the underlying pro-
gramming language, target machine architecture, and
keywords can also be defined as simple attributes. All
the information helps a programmer to understand a
software unit.

Our approach also helps to get rid of irrelevant in-
formation. By using logical files, programmers can
work on an individual function or class without being
bothered by other code that happens to reside in the
same source file. By encapsulating submodules into au-
tonomous software units, their implementation is hid-
den from the development consideration at a higher
level.

The lack of associations between related software ar-
tifacts in traditional environments has long been rec-



ognized. A popular approach to solving this problem is
to use a hypertext system [7] [8]. A hypertext system
has the flexibility to establish links between any two
arbitrary software artifacts. However, too many unre-
stricted links in a software development environment is
just like too many goto statements in a program, they
bring the navigation problems and cognitive overhead.
Compared with this hypertext approach, our approach
organizes software in a more hierarchical way. A soft-
ware system 1s first decomposed into software units,
and then into individual software artifacts. All the
links leading to individual software artifacts originate
from the software units instead of other software arti-
facts.

4.2 Scalability

The key to manage complexity is divide-and-conquer,
that is, dividing a large task into smaller ones and en-
capsulating the internal complexity of these smaller
tasks with simple interfaces. This is important not
only for programmers, but also for the performance of
a programming environment. It reduces the amount of
data to be managed at the same time.

In traditional environments, the software develop-
ment process is divided into smaller ones according to
the tools used. Editors, compilers, build systems, ver-
sion control systems, and CASE tools all carry out a
portion of the development process. As a software sys-
tem becomes larger, the number of subtasks, which is
equivalent to the number of tools used, does not in-
crease. Each tool thus has to manage a larger amount
of data with a more complex structure. This causes
performance deterioration.

In contrast, in our framework the software develop-
ment process is divided into the development of indi-
vidual software units. As a software system becomes
larger, there will be more software units but each soft-
ware unit does not become larger. A software unit
sees only 1ts parent software unit and the child soft-
ware units 1t directly uses. The internal complexity of
submodules is hidden behind the abstract operations
of software units.

Some advanced programming environments use a
large centralized database to keep information and
data of software systems being developed [9] [10] [11].
These environments usually support more and better
functionalities than traditional ones. But as the tar-
get software system becomes larger, the database also
becomes larger. This simply leads to more overhead.
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That is the reason why some such environments work
very well for small and medium size projects, but not
so well for larger ones.

In our framework, not the whole system is necessary
to be loaded in at once. If we are working on a mod-
ule, only its corresponding software unit and those of
its submodules are essential. The loading of other soft-
ware units can be done in a lazy-evaluation style. If
searching of information is required, the DAG of soft-
ware units that represents a module gives a natural
boundary of search space.

4.3 Concurrency

The demand for concurrency in a programming envi-
ronment comes from two sources. For individual pro-
grammers, concurrency is desired because it speeds up
the execution of tasks. For cooperative programming,
concurrency is required to allow multiple programmers
to work simultaneously.

Software development involves a lot coarse but
rather independent tasks. Editing, compiling, and
linking all have relatively long life span. These coarse
grain tasks are ideal for parallel execution as there is
not much communication between them. Each task
can be bound to a process and executed concurrently
as long as they do not access the same data items.

Object-oriented paradigm makes concurrency easier.
The autonomy of objects makes them a natural unit
for concurrent execution. Since data members are local
to an object, each object can execute its operations in-
dependently. By replacing synchronous messages with
asynchronous messages, an object-oriented system can
be parallelized without much modification.

Concurrent execution in our framework is further
simplified as a software unit cannot directly contain
other software units. If we impose the restriction that
only one thread of control be allowed in a software
unit, operations on the same data can be effectively
serialized.

However, some extra mechanism and restriction are
required as the result of our deviation from the stan-
dard object-oriented model. Because software artifacts
referenced by links are not directly contained in soft-
ware units, they are not really hidden from outside
accesses. To guarantee correct concurrent executions,
we should either restrict the sharing of these data or
use some locking mechanisms.



4.4 Graphical User Interface

Graphical interfaces enable users to grasp the big pic-
ture of a complex system quickly. During the devel-
opment of a software system, 1t helps to understand
the structure of software and the relationship between
concepts.

Designing a graphical user interface for an object-
oriented system is easier than for a procedural sys-
tem. The mapping between internal representations
and graphs is basically one-to-one. A software unit
can be represented as a node in a graph. Its at-
tributes, such as type, language and owner, can be
represented as graphical attributes of the node, such as
color, shape, and size. The relations between software
units can be represented as edges between the nodes.
Operations of a software unit can be represented as the
items in the associated pull-down menu.

Because this mapping is one-to-one, using a graph-
ical user interface to edit the structure of a module is
as straightforward as to browse it. A programmer can
graphically build the skeleton of a module by creating
a DAG of software units. Flesh of this skeleton can be
filled in later by invoking operations associated with
each software unit.

4.5 Other Related Work

Field [12] and SoftBench [13] allow a programmer
to browse an existing software system in terms of log-
ical units. Users can also visualize the interaction be-
tween abstractions at run time. But in these systems,
software is organized in the traditional way instead
of around these logical units. The mapping between
logical units and programs is achieved through special
mechanisms.

Versioning of composite objects is not common in
existing programming environments, but has been
well discussed in the design of computer-aided design
databases. Katz gave a good overview of these re-
searches in [14]. In these systems, components of a
composite object are associated by individual links in-
stead of links from a single object. This leads to a
more complex version control framework.

There are also languages and systems aimed to sup-
ply a generic environment for the development of dis-
tributed object-oriented systems. Emerald [15] is a
strongly typed object-oriented language that supports
location-independent invocation and object migration.
DOWL [16] supplies similar features but claims to ex-
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cel by some rather subtle advantages. Amber [17]
augments a subset of C++ with primitives to manage
concurrency and distribution. PCTE and PCTE+
supply a public tool interface to support the con-
struction of software engineering environments. These
works address several issues that are important in the
implementation of POEM.

5 Conclusion

We have presented the basic ideas of an object-centered
approach to designing programming environments. We
illustrated how an object-centered programming envi-
ronment should look like, discussed its models, and
compared it with the traditional environments. We
also presented some of the potential challenges to this
kind of programming environments.

Compared with the traditional tool-centered ap-
proach, our object-centered approach is just in its in-
fancy. There is still a long way to go before it can attain
the same level of maturity as the traditional ones have.
But with the inherent advantages as discussed in this
paper, we believe that the object-centered approach is
very promising, and it will become a major player in
the world of software engineering.
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