!N�/VERVIEW�OF�4HE�4OTEM 3OFTWARE�%NGINEERING�-ETA %NVIRONMENT

!RNDT�VON�3TAA^�

ARNDT INF�PUC RIO�BR

$EPARTAMENTO�DE�)NFORM¡TICA 0ONTIF›CIA�5NIVERSIDADE�#AT‡LICA�DO�2IO�DE�*ANEIRO � �2IO�DE�*ANEIRO�2* "RAZIL

$ONALD�$�#OWAN

DCOWAN CSG�UWATERLOO�CA

#OMPUTER�3CIENCE�$EPARTMENT 5NIVERSITY�OF�7ATERLOO 7ATERLOO�/NT� #ANADA .�,� �’�

05# 2IO�)NF-##�

.OVEMBER�

!"342!#4

This report presents an overview of Totem’s functionality. Totem is a computer aided software engineering meta-environment. It may be used to build software development processes, representation languages and tools, as well as to execute according to these tools and control execution according to these processes.

Totem operates on a net of workstations, each containing an environment instance. Each of these environment instances provides tools to support some of the activities of a specific software development and maintenance process. The collection of environment instances supports virtually all activities of a given development process.

Totem stores fine grained objects in a distributed repository. The semantics of this repository as well as the definition of user interfaces, representation languages and processes are kept in a definition base. Definition bases are derived from an environment base which contains all facts about supported methods, tools and processes. The environment base is used by the environment builder to create and maintain processes, representation languages and repository definitions.

One of the basic aims of Totem is to compose code from high level specifications. For this purpose Totem has its own internal programming language. This language is used to construct specific tools, such as editors, code composers, representation transformers and representation validators. The programming language allows, also, to build the definitions of all representation languages available.

Keywords: definition base, meta-environment, repository, representation language, software engineering environment, software development process, software quality, software quality assurance.

1 Supported by: CNPq - 201183/93-5

ii

2%35-/

Este relatório apresenta uma visão geral da funcionalidade do meta-ambiente de engenharia de software Totem. Este meta-ambiente pode ser utilizado para projetar e implementar processos de desenvolvimento de software, linguagens de representação e ferramentas de apoio ao desenvolvimento de software, onde estes elementos formam um todo coerente e integrado dirigido pelo processo de desenvolvimento.

Totem opera em uma rede de estações de trabalho, cada qual contendo uma instância do ambiente.

Cada instância provê um subconjunto dos processos, linguagens de representação e ferramentas necessários para a execução das tarefas planejadas a serem realizadas na estação de trabalho. O conjunto de todas as instâncias de ambiente suportam virtualmente todas as atividades do desenvolvimento, da manutenção e da gerência do desenvolvimento de software.

Totem armazena objetos de pequena granularidade em um repositório distribuído. A semântica deste repositório, a definição das interfaces de usuário específicas para uma instância de ambiente, a definição do processo de desenvolvimento, a definição das linguagens de representação e a definição das ferramentas disponíveis é mantida em uma base de definição. A base de definição é criada a partir de uma base de ambiente. Esta contém a definição dos diversos processos, linguagens de representação e ferramentas disponíveis no meta-ambiente. A criação de novos componentes de ambientes se faz nesta base de ambiente.

Um dos objetivos de Totem é permitir a composição e a manutenção de código a partir de especificações de alto nível. Para atingir esta meta, Totem dispõe de uma linguagem de programação interna.

Esta linguagem permite a criação de ferramentas, linguagens e processos. Através desta ferramenta são configurados os editores, validadores, transformadores, geradores de documentação, compositores de código e a interface de usuário necessária para operar Totem.

Palavras chave: bases de definição, meta-ambientes, repositórios, linguagens de representação, ambientes de engenharia de software, processos de desenvolvimento de software, qualidade de software, garantia de qualidade.

4ABLE�OF�CONTENTS

1. Introduction.............................................................................................................1 1.1 Totem�s goals.........................................................................................................1 1.2 Goals of the Totem project......................................................................................3 1.3 Background............................................................................................................4 1.4 Overview of this report............................................................................................5 2. Functional overview.................................................................................................6 3. Environment requirements......................................................................................8 3.1 Abstract interface....................................................................................................8 3.2 Environment interface.............................................................................................9 3.2.1 Software engineering environment users....................................................9 3.2.2 Environment instance interfaces...............................................................10 3.2.3 Composition of environment instances.....................................................11 3.2.4 Representation languages ........................................................................12 3.2.5 Representations........................................................................................14 3.2.6 Reuse .......................................................................................................18 3.2.7 Integration with foreign tools.....................................................................19 3.3 Software development process.............................................................................20 3.3.1 Software development activities................................................................20 3.3.2 Quality assurance.....................................................................................21 3.3.3 Application generators and transformers..................................................24 3.3.4 Reverse engineering and re-engineering..................................................25 4. The architecture of Totem.....................................................................................27 4.1 Meta-editors..........................................................................................................27 4.2 The Repository.....................................................................................................30 4.3 The Definition Base...............................................................................................32 4.4 The process base .................................................................................................33 5. Building the meta-environment.............................................................................34 6. Epilogue................................................................................................................36 Acknowledgements...................................................................................................37 References ................................................................................................................38

�)NTRODUCTION

The technology and process surrounding software development present a moving target to both developers and organizations involved in producing software; constant change and adaptation are key issues. As stated in the CASE’90 Report [CASE90]:

Among the greatest challenges lying ahead is the need for tighter integration among tools in a manner that supports openness to a variety of methods, notations, processes, tools, and platforms.

Understanding the software development process and getting developers to use software engineering techniques correctly and consistently will remain a problem, especially in the face of evolving technology. A more disciplined approach to software process engineering employing metrics, feedback and continuous improvements is needed. Management will have to take a long-range economic perspective, modify objectives and incentives, and incorporate principles of Total Quality Management to ensure the ultimate success of CASE.

A major reason for the difficulty of developing and maintaining software is its inherent complexity

[Brooks86]. Software can be viewed as a collection of documents such as executable computer program code, initial data bases, source code, engineering documents, user documents, training documents, help files and executable tutorials. All of these widely different documents are interdependent and must be consistent one with the other.

In addition to supporting openness in the face of constant change, software engineering environments must conform to the software class being developed. For example, the environment required to develop a large command and control system significantly differs from the environment required to develop a commercial application. Thus, software environments must not only adapt to changing methods, processes and tools, they must also adapt to the target system classes developed.

Creation of a software engineering meta-environment that would be a collection of tools for producing environments for specific methods, processes and classes of software could provide a solution to many of the problems just described. In addition, since software development is still not a welldefined discipline, such a meta-environment could support experimentation with the software process.

Ideally the time required to learn and use the meta-environment effectively should be small in order to encourage its use in both production and to support experimentation.

Totem is a software engineering meta-environment directed toward these and other goals, that can be used to instantiate software engineering environments for development and maintenance of target software systems. A software engineering environment produced using Totem is strongly computer assisted in that it will contain tools that interact using a repository and support most of the development, maintenance and management operations. Many of the supported operations will occur without operator intervention. As a consequence of using a repository, creating or changing some fact in a document will automatically propagate that change to all other related documents including diagrams, code segments, indexes and cross-references. In such an environment inconsistencies are unlikely to occur and accumulate. Because of these and other properties we expect that Totem will reduce the cost and time to build an effective and efficient software engineering environment. Consequently, we will be able to study in more depth the pragmatic aspects of software development, adapt tools to increase their effectiveness, as well as build environments acceptable to industry.

�4OTEM S�GOALS

The set of goals can be partitioned into two major groups. The first addresses goals of the Totem meta-environment itself. The second addresses goals of the development process used to develop and maintain Totem. In this section we will state the goals of the environment.

Goal 1: Totem shall support the creation and evolution of computer aided software engineering environments.

Building working and useable environments, or better, populating them with reliable tools and processes, is a major effort. This effort is virtually endless, since environments must adapt to the kind of software being developed. This is so since software development and maintenance steps correspond to specific projects, even if no formal planning is performed. Also when software is composed from standard components, each system is the result of a specific project. Thus, environments must be adapted to each system being developed and later on maintained.

Ideally environments should be composed from a set of already existing tools and allow adding new tools whenever necessary. The set of tools itself should be adapted and fine tuned in order to fit the needs of a specific project, or to encompass new acquired definitions about software development techniques and processes.

Software development environments contain several components which must be adjusted one to the other and which aim at the development and maintenance of software. Optimizing some of these components not necessarily optimizes the environment. It is our experience that it is not sufficient to populate an environment with an INTEGRATED set of tools, i.e. tools which obey a well-defined interface. It is necessary that these tools INTERACT, that is they must inter-operate in such a way that the effect of one tool propagates to other tools and the corresponding result propagates back to the initial tool. On the other hand, as stated by Lehman and Belady in [BL85], we know that system evolution is an intrinsic property of software and, hence, cannot be avoided even with the best possible development processes.

Goal 2: Environments generated with the aid of Totem shall be capable of economically producing high quality software.

A fundamental goal of any environment is to produce faster software of better quality, otherwise nothing would be gained when compared to unaided development. It is our aim that Totem produces software compliant with the ISO 9000 series of standards. It is also our aim that development processes based on the use of Totem should qualify for acknowledged standards, such as level 5 of the CMU/SEI Process Capability Maturity Model [PCCW93]. Note that this does not mean that with the use of Totem these standards will be assuredly be satisfied. It does mean, however, that Totem must not create obstacles to conforming to such standards, and indeed Totem should make it easier to achieve conformance.

Goal 3: Totem shall act as a laboratory to perform applied research in software engineering.

It has been recognized that software development processes must change dramatically, if development and maintenance costs are to be reduced and if, simultaneously, the quality of software is to be increased [Brooks86]. Thus, tools must be built to fit smoothly with these development processes and not the other way round. In other words, trying to build an environment from a set of tools will not result in significative changes in cost and quality. However, defining a process and building tools which fit this process is expected to have a great impact on productivity.

The development process depends on the nature of the target system to be built, on the tools and techniques which may be used to build them, and on the technical background of people involved in developing software. Thus, similar to conventional software systems [BL85], development processes interact with themselves in the sense that changing the development environment to better suit a given development process will also entail changes to this very development process. Consequently, completely specifying software engineering environments which provide adequate support to some development processes is a difficult if not impossible task. However, EVOLVING by continual enhancement to a well established and mature process and its supporting environment seems to be feasible. But, in order to adequately evolve, controlled (measured) experiments must be made[Basili95], some of them certainly will lead to blind alleys. Obviously these experiments must not take too much time and they must not require a large amount of resources.

In [Fenton93] Fenton states that evidence of the effectiveness of already proposed solutions is often unrealistically assessed and is frequently based more on guesswork than on proven facts. In

[Fenton94] he then defines a basis to conduct software measurement. Clearly, experiments performed in laboratory contexts, although necessary, do not provide sufficient feedback, since the peopleware found in laboratories is quite different from that found in industry. Thus, it is important that experiments using proposed solutions are made not only in a research laboratory set up, but also in industrial contexts. However, to achieve this, tools and processes must be used and assessed in industrial contexts and, hence, must be of industrial quality.

New representation languages are being created almost every day. Seldom, though, their effectiveness is thoroughly assessed. Most often they are adopted on the base of belief. On the other hand, performing controlled experiments, changing tools as a result of the findings of these experiments are far too costly and time consuming to be of practical value. We expect that with the aid of Totem we will be able to significantly reduce this cost, at least in a laboratory setting.

Goal 4: Totem shall support reverse engineering and re-engineering of existing systems.

Few totally new systems are being developed. Most of the systems are evolved from already existing systems, most of which are already inconsistent with existing specification and design documents.

These systems should be internalized into the computer aided environment. In order to achieve this there must be tools and processes which allow the reverse engineering. These tools should also allow selective re-engineering in order to improve or evolve the refurbished systems. A significative part of the existing code is not touched when evolving reverse engineered systems. Hence code generation from the repositories should be capable of reproducing this code exactly as it was before the reversal.

In other words, we do not aim simply at transforming legacy code into better structured code possibly written in a new different, we aim at absorbing legacy code into the environment allowing it to be maintained in a reasonable way once absorbed.

Goal 5: Totem shall provide means for the effective reuse at high levels of abstraction.

Reuse is one of the most promising ways to increase productivity by orders of magnitude and, simultaneously, increasing quality. However, to achieve this increase of productivity, reuse should be performed at high levels of abstraction and not just at the detailed design level. Furthermore, reuse should be performed by reusing components as they are without any changes. Copying existing elements and then changing them, although a form of reuse, duplicates the amount of code or design to be maintained. A better form, though harder to achieve, is to reuse by referencing directly to the reused element without any change whatsoever.

One interesting form of reuse which is becoming more widespread is achieved over computer networks, in particular by means of ftp and WWW services. Here it may be interesting to establish links between repositories over networks. Interesting problems arise when considering evolution, version and configuration control.

�’OALS�OF�THE�4OTEM�PROJECT

In this section we will state the goals of the software engineering environment used to develop Totem.

Goal 6: The software process to be used to develop Totem shall provide a consistent set of metrics.

A basic characteristic of process based development is measurement, and process assessment and improvement based on these measurements. Metrics of past projects should be used to direct the planning of new projects. Metrics should also be capable of providing clues to detect process, representation and tool deficiencies. By acting on the causes of such deficiencies one expects to improve the processes [Humphrey 89, Humphrey95, Basili95]. Thus a reliable project history data base must be set up. Using this data base to compare metrics of new projects, it is possible to assess the impact of changes in processes and the use of new tools. It is then of fundamental importance to collect project

data in order to assess the impact of Totem once it becomes available. We will establish and populate the project history data base while developing Totem itself.

Goal 7: The software process to be used to develop Totem shall evolve to a ISO 9000 compliant environment.

One of Totem�s goals is to establish an ISO 9000 compliant software development environment. In order to achieve this, a solid experience in working in ISO 9000 compliant environments must be achieved. This experience will be used to assess and review Totem�s implementation. Furthermore, while developing Totem, data will be gathered which will be used to review and redirect the goals of Totem itself whenever necessary in order to achieve this goal. Although we aim at becoming ISO 9000 compliant, we will not attempt at obtaining a ISO 9000 compliant certificate.

Goal 8: The process shall result in a pre-industrial version of Totem satisfying the goals stated in the previous section.

By a pre-industrial version we understand a version which is reliable and satisfies high engineering standards, but which not necessarily satisfies high marketing standards or expectations. In other words, it is not our intention to produce and maintain a marketable software product.

�"ACKGROUND Totem is an evolution of Talisman [Staa93]. The following are some of Talisman’s features:

• it is an integrated CASE tool supporting several activities of the software development process, such as: requirements specification, system specification, system design, modular design and implementation, work break down based planning, document generation.

• all tools interact via a repository. This repository is a special purpose data base. It stores project objects of small granularity. Coarse granularity objects – REPRESENTATIONS –, such as source code files, diagrams, and user documents, are built whenever they are needed. Representations are built by composing and formatting a selection of small project objects into these large objects.

• the repository provides a basic set of data base functions, such as crash recovery and access optimization.

• it uses an internal programming language, the FORM�PROGRAMMING�LANGUAGE. This language directs how to compose textual representations from the contents, graphical or not, of the repository. This language is used, among others, to define how to compose source code from the repository’s contents, how to define representation verifiers capable of generating quality control reports, how to implement representation transformers used to partially convert from one representation to another.

• it allows building code generators. Among these generators are form programs capable of generating data base applications from extended data models. Some of these generators are now being used in several corporations to develop and maintain business applications.

• it allows building code composers (linearizers). These are form programs capable of building sequential code from the contents of the repository. They have been used to develop Talisman itself. Presently all of the modules which comprise the Talisman project are composed from Talisman repositories.

• the set of editors, i.e. text editor, structure editor and diagram editor, are all definition-base-driven meta-editors. This allows for the addition and evolution of representation languages without having to change the code of the meta-environment itself.

• the set of editors provide a hyper-document like navigation capability.

• it is a meta-environment prototype. Existing representation languages can be dynamically adapted. New representation languages can be added.

• Talisman was originally designed to run on a simple PC, which it does quite well. In general the response of the system, even on a PC, is sufficiently fast in order not to annoy developers while browsing or updating repositories.

The experience gained with the development and use of Talisman led to the proposal and development of Totem. Thus, in a sense, Talisman is a prototype of Totem.

�/VERVIEW�OF�THIS�REPORT

In Section 2, we will provide an abridged functional overview of Totem and introduce some of the terminology used throughout this report. We briefly describe how Totem is used to create and maintain processes, representation languages and tools. How environment instances are built by assembling selected processes, representation languages and tools into specific environments, which are then partitioned into several environment instances. We also provide a brief overview of the organization of the repository.

In Section 3, we will state some of the requirements which should be satisfied by software engineering environments assembled with the Totem�s support. We will examine solely the services provided by these software engineering environments, without examining how to satisfy these requirements.

We will be using a narrative style instead of the requirement list style frequently found in requirements documents.

In Section 4, we describe Totem�s high-level architecture. This architecture is process, representation language and tool independent. Data contained in the definition and process base define the specific behavior required in order to implement an environment instance. This organization allows the construction of virtually any environment, without needing to reprogram any of Totem’s components.

In Section 5, we will briefly describe how we are planning to implement Totem. Similar to building compilers, Totem will be built in several steps using a bootstrapping approach. That is, components of the Totem system will be built in such a way that the result of a given development step provides tools to build the components of the next step. In this way, components will be systematically evaluated in practical use right after they are made available. We expect that in this way Totem will quickly converge to a reliable and useful system. In fact we are following recommendations by

Brooks [Brooks86], in the sense that systems should be systematically grown. Furthermore we are following a spiral model of development [Boehm ], in the sense that the result of each step can be viewed as a prototype to be assessed and which will direct the development of the next step. Different from the spiral model, we expect that the Totem system will be ready when completing the last cycle and, hence, will not require a full conventional development process in order to build the final accepted system.

Finally, in Section 6, we present a brief wrap up of this report.