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4.2 An Abstraction-Based Environment
An abstraction-based environment is the prototypical realization of a software product
factory.1 {Such a factory was developed in 1984-88 as a precursor to the concept of a
domain-speci c environment.}
An abstraction-based environment provides mechanisms for specifying, generating, and
evaluating a software product based on a generic descriptive model of its composition.
The products it can be used to build are implicit to the concepts that comprise this
model and are expressed in an underlying product design and associated set of
adaptable components that are suf cient to realize a software product.
The appropriate use of previously built components, whether xed or adaptable, can
reduce the cost of development. However, each component must be chosen with
consideration of its t with other components and other elements of the product model
and the cost of potential future change. A more comprehensive approach, built on the
systematic reuse of components, entails systematic reuse at the product model level.
With this approach, elements of a software product model are built for reuse in deriving
a customized product (i.e., not just software but all elements of a product including
speci cations, deployment and evaluation materials, and user documentation and
training materials).
An abstraction-based environment has four essential elements:
• A de nition of a generic descriptive model for specifying the composition of a
product that can be built with this factory and the associated content that a
developer must specify in order to complete the description and derive a
particular product;
• A conceptual architecture that de nes the components needed to build the
elements of a product consistent with the concepts of the descriptive model and
how these components are organized to realize a particular product;
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• A collection of “raw materials”: abstractions, each expressed in the form of an
adaptable component, and a mechanism for extracting instance components from
each of them;
• A process that prescribes how developers, by specifying required model content,
can derive and evaluate a product that properly realizes the resulting descriptive
model to exhibit envisioned behavior.
<—————- below content is incomplete & unre ned

The Organization of an Abstraction-based Environment
An abstraction-based environment conforms to a minimal set of requirements:
• It must support the four above stated elements of such a factory.
• The products that can be built must be able to be described in terms of the
concepts and associated content de ned by the generic descriptive model;
further limitations in derivable products must be described in general terms in
developer guidance on specifying a product and in speci c terms in the
operation of the factory.
• The factory must implement criteria that can identify any incompleteness in
elements of a speci cation and prevent inconsistency in content among elements;
an incomplete speci cation can still result in a partial product if all inconsistent
elements can be resolved in some fashion or expunged.
With reference to these requirements, the environment has an internal and an external
structure. The internal structure is the software architecture to which the factory is built.
The external structure is the view presented to a developer by the factory for building a
product.
Internal Structure
The internal structure of the factory has three levels: the product speci cation level, the
software services level, and the virtual hardware level.
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The product speci cation level de nes the conceptual capabilities and external behavior
of the factory.
The software services level provides services needed to implement product speci cation
level capabilities.
The virtual hardware level provides access to hardware capabilities (the computational
platform and interface devices) by means of which factory capabilities are realized.

Figure 4.2-1. A Hierarchical Conception of Product Derivation in a DsE Environment

External Structure
The external structure of the environment is represented by a product development
process that has two primary elements [Figure 4.2-2]: a product speci cation element in
the terms of the generic descriptive model and a product generation element that
references the product speci cation to generate an instance product.
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Figure 4.2-2. A Product Development Process

< gure: concepts of capab avail to products, notional std arch (semantic data model, data
deriv strat, devices/intfcs, process control)>

An Example Abstraction-Based Environment
Brie y, the following describes the construction of the Spectrum environment as a
software product factory. The capabilities of Spectrum were limited due both to lack of
precedence and to the capabilities of 1980’s computer technology. Spectrum was based
on the concept of a generic family of “generic” software products and was envisioned as
an abstraction-based environment for which a product was a composition of instances
of a hierarchy of three generic abstractions:
• virtual hardware
–

a computer (data types, sequential processing, concurrency, communication)

–

a set of logical devices (user displays, printers, data storage, network access)

• software services
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–

data abstraction (application data types, semantic data storage)

–

logic abstraction (knowledge representation and inferencing, strategy control)

–

user interfaces (textual documents, structured forms, graphical forms,
interaction control)

–

code generation (modules, component instantiation, product con guration)

• product behavior
–

function de nition (world model, external interface) {speci cation,
generation, validation of a product)}

–

shared functionality (user state, user assistance, interaction conventions,
speci cation elements)

The hardware and software services abstractions were used to build both applications
and Spectrum itself. Lacking an integral focus on a product family, the products that
could be built with Spectrum were determined “bottom-up”: the capabilities a product
could be given depended on the functionality that existing components provided;
adding new capabilities required both building new or revising existing abstractions
and extending the application behavior abstraction to specify, generate, and validate the
associated capabilities for a product.
The Spectrum user interface for specifying an application had two primary elements: a
world model and an external interface. The world model was a semantic data model
consisting of a set of object classes in a specialization hierarchy, each class having an
associated collection for each member object of typed “value” attributes and classlinked “relation” attributes that identi ed related objects. Class and attribute de nitions
could have associated knowledge-based strategies for determining or modifying class
membership or attribute values, automatically maintaining dependency consistent as
related information changed.
The external interface was organized as a set of “logical” devices, each being realized by
means of an identi ed physical device (e.g., user displays, data storage, or network
access). A logical network access device provided the means to send and receive
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messages corresponding to the content of a speci ed world model class. Similarly, a
logical data storage device provided the means to share data stored in the world model
with an external database. These logical devices included a user display device for each
of a set of user roles; a user role corresponded to a set of window-based displays whose
content presented information represented in the world model. Each display was
presented the information content of one or more objects in its designated world model
class and other objects accessible via its relation attributes. Information was displayed
in any of several user interface formulations (e.g., text-based documents or structured
forms). The customized content of each particular display was generated in the
application software to re ect the content and structure of the world model information

Spectrum
Levels of Definition
being displayed.

The Operation of the Spectrum Abstraction-based Environment

Domain-specific Specifications
Spectrum Specifications
Generic Components

Generic (Adaptable) Components

Virtual Devices: PRT CRT STR DBD NET
Data Abstractions: OBJ TYP RDB
Logic Abstractions: KRC STC
User Interface: FRM EDF SEF CTL IAC

SG Components
Virtual Computer
Target hdw/sw

SG Components: TRF CMP CFG

Figure 4.2-3. Levels of Product Representation in the Spectrum Environment

Envisioning an Environment for Ds
Grady Campbell, 17 June 2009
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Figure 4.2-4: Process for building a software product in Spectrum
In this factory, the product is described from two perspectives: (1) a speci cation that
de nes the product’s information content corresponding to the knowledge its needs
about the static and dynamic nature of the world it is meant to affect and (2) a
speci cation of what mechanisms the product uses to detect the world, informing its
internal dynamic model of that world, in order to determine what actions it will take to
effect that world using mechanisms it has available.
World Model Speci cation
(information space: natural/arti cial environment, entities)
< gure: WM conceptual structure>
External Interface Speci cation
(logical devices/entities: hardware, system, user)
< gure: EI conceptual structure>
———————->
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