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0 THE ARMY ADA* EDUCATIJN PROGRAM

0Dennis J. Turner

Center for Tactical Computer Systems (CEtrACS)
U.S. Army Cammunications-Electronics Canisand (CBXXOM)

Fort Monmouth, New Jersey

-In behalf of the U.S. Army, CENTACS is pursuing a of progranmers and technical managers. The ALS
comprehensive and aggressive Ada program. An baseline system (VAX host) is scheduled for cum-
important aspect of that program is the develop- pletion by the fall of 1984 and additional tools in
ment and transfer of public dcmain Ada educational support of targeting to the Army's Military
and training materials which are focused on the acnputer Family (MCF) by December 1985.
needs of the academic, industrial and government
camunities. This paper provides an overview of Representatives have also been participating in
the Army's Ada education and training program and the service activities aimed at the development of
summarizes the products and materials which are a Common Ada Interface Set (CAIS), and the Joint
being produced under contracts with Softech, Inc., Service Software Engineering Environment (JSSEE)
New York University and Jersey City State College. Ccmnittee under the Software Technology for Adapt-

able Reliable Systems (STARS) initiative.

Sumary of the CENTACS Ada Program CTACS is sponsoring a research effort which is
developing a prototype 3ystem (called GANDALF) for

CE2NTACS has been actively supporting the DOD Ada experimentation with syntax directed editors,
initiative since 1975. Activities have been intelligent work stations and distributed process-
focused in five complementary areas: language ing, all in an Ada context.
definition, program support environments, method-
ology, education and training, and Policy. The development and evaluation of powerful support

environments are essential if we are to maximize
Lanauage Definition the productivity of programmers.

CENVTACS provided the Army representative to the Methodolc
DOD High Order Language Wrking Group (HOLWG)
which developed the initial language requirements. CENTACS has been pursuing a variety of methodology
Crmpetinq designs led to the selection of the so investigations since the early 70's. This impor-
called GREEN language which was later to become tant topic is the focus of a great deal of
Ada, as now defined in MIL STD 1815A. CENTACS research and is a major thrust of the STARS initi-
contracts with Softech, Inc., Teledyne-Brown ative. The Army is strongly motivated to advance
Engineering and New York University have been the state-of-the-art in this area in order to
instrumental in the development of the test reduce costs thru effective methodology which can
suite which is now used by the DOD Ada Joint be applied uniformly across systems.
Program Office (AJPO) to validate that compilers
are implementing the language definition correctly. Education and Training

Program Support Environments The Ada language and its supporting environments
and methodologies are, obviously, of little value

CENTACS has participated in the development of if the workforce is not able to put then to
requirements for Ada Program Support Environments effective use. CENTACS has recognized the need
(APSE's). These requirements are currently for education and training and initiated a campre-
embodied in a docu ent known as the STONEMAN. hensive program to provide academia and industry

with necessary curriculums and materials to meet
In June 1980, CEXX3M awarded a contract to Softech, that need. Since this is the topic of this paper,
Inc. to develop an Ada Language System (ALS) it will be described in greater detail below.
which cambines the Ada and SNEMAN initiatives.
The ALS is a government owned, production quality Policy and Objectives
Ada support environment which includes a rich set
of powerful tools (in addition to a compiler) The DOD has established Ada as the standard
which will dramatically improve the productivity programming language to be used across all defense

*Ada is a registered trademark of the Department of Defense, Ada Joint Program Office, OUSDRE (R&AT)



systems. CTL'M and its parent Ci-rnand, DAWtI{IM, ot tw, c.ourses and the establishient of an Ada
are also rcquLiring the use of Ada as a Prograr.i Technology Center.
LSesign La-nquag (PDL) for Army sy'stems. The Arm,
seeks, further, to establish the ALS as a ccumrin The two courses - one undergraduate, one
support environment to be used across all Battle- graduate - address Ada philosophy and concepts,
field Autcniate:d S% sters (BAS's) . The overall syntax, semantics an-d provide ecripementary
obective is clear: ccrmlon languge, corTun support exercises ard hands-en experience using Ada/Ed on
environments, comon methodology and cormmon a VAX-I1/780. The undergraduate course focuses on
e ducation/training. With software costs continuinq Ada fundamentals while the graduate course provides
to grcw at ai alanming rate, cominonaiity is not advanced topics such as "taskig" and "generics".
1 ,;st dcsireabl< - it is essential.

The graduate course was taught at Fort Moruouth
Ada Education and Traininq Initiatives over an eight week period (2 hours, twice a week)

with C]NTACS personnel serving as the evaluators.
CL'PACS activities in this area have been focused The undergraduate course was given at Jersey City
on the separate neds of the academic ccamunity State College with students majoring in computer
(education) and those of Industry and Covernment science serving as evaluators. Both courses have
(training). The ccfmnn theme in both arenas is been favorably received and suggestions from the
the timely development of Ada materials and prod- evaluations have already been incorporated.
ucts which can be used to cultivate widespread Ada
literacy and skills. Course materials include lesson plans, teachers

guides, student guides, and viewgraphs. Again, all
Education Initiatives materials will be placed in the public domain and

will be accessible through the NTIS.
The "Ada/Ed" Translator/Interpreter

An Ada Technology Center has also been
When the Ada language first began to emerge, established at Jersey City State College. It

CENTACS recognized the need for an implementation currently includes a VAX-11/780 and eight DEC GIGI
that could be used for experimental but, primarily, terminals. The center was established to serve as
educational (thus Ada/Ed) purposes. This project, a friendly site to government, industry and acidmna
which has been performed under contract with the personnel pursuing Ada research, training or educa-
Courant Institute of New York University, was tion.
initiatived at a point when the Ada language was
not cinpletely defined and has culminated in the Future activity with Jersey City State College
first fully validated ANSI-Ada translator. will include the development of additional courses

and an attempt to automate the courses (via the
Ada/Ed was written in a very high level "set" DEE "Course Authoring System") so that they can be

language (called SETL). This approach enabled the both self-paced and portable to other sites.
translator to be implemented in roughly one-fifth
the time that might otherwise have been expected. Training Initiatives
However, rapid implementation via this approach
was achieved at the expense of execution speed Initiatives for Government and Industry
(Ada/Ed is slow).

In considering the development of ur 70a
Ada/Ed runs on a VAX-11/780 and, despite its training program for Industry and Covenzwk~nt,

slowness, has been widely acclaimed as a valuable CENTACS, with strong contractual support frcrn
education tool, with a particularly friendly user Softech, Inc., chose a very s -stecrtic approach.
interface. Three distinct data gathering activities were

initiated as a means to formulate training require-
Ada/Ed has been placed in the public domain ments.

and can be acquired from the National Technical
Information Service (NTIS), U.S. Department of The first involved the use of Ada in the
Ccrtirce, 5185 Port Poyal Poad, Springfield, VA redesign of selected portions of the AN/TSQ-73
221f1, Phone: (703) 487-4650, for a nominal and the AN/TYC-39 by Control Data Corporation and
(reproduction) fee. General Dynamics, respectively. In the course of

these "case studies", Softech monitors were able
A continuation contract with NY U is currently to identify the issues (language, environment and

focused on maintenance, efficiency improvements methodology) which are of greatest concern (i.e.,
and re-validation through the AJPO. candidates for training emphasis) in approaching

the use of Ada on real Army systems.
Initiatives for Academia

The second activity involved a survey of the
If Ada is to be truly successful, we must industry and goverrment workforces in an attempt

address the need to educate member of our future to identify and understand the functions which
wrkforce as they advance through our academic are performed by personnel working on the develop-
institutions. CENTACS recognized this need and Ment of large-scale embedded ooriputer systems.
has sponsored a contract with Jersey City State Each identified job category was characterized by
College which has thus far led to the development the associated duties and the required technical

and educational backqround.
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The third activitv involved a survey of
industrial t-aining methods and practices. Hkere,
SL\ ]large corlorations, each with extensive
involveir.nt in large-scale systoms, were queried
to determine the most effective training approaches.

The results of the case studies, the workforce
and training rethods surveys were analyzed and 15
generic job categories (see figure 1) were identi-
fied with suggested course sequences within an
overall model 1da training curriculum. Courses
in te mdel Mda curriculum can be divided into
three basic categories: Ada language, software
engineering methodologv and Ada program support
environment. The courses (35 in all) within each
category are identified in figure 2. CENTACS and
Softech are currently developing 15 of these
courses as summarized in figure 3.

In addition to these 'generic" Ada training
materials, CE'TACS is ale developing material
unique to the Ada Language System (ALS). Included
here are a Users course, an ALS textbook, an ALS
Administrator Nianual and an ALS administrator
course.

All of these materials, when complete, will
also be placed in the public domain and be
accessible through the NTIS.

Future activities here will include the
developnent of additional courses within the
model curriculum and the pursuit of the automa-
tion of selected Ada and AL training material.

Through primary contracts with Softech, Inc.,
New York University and Jersey City State College,
CINTACS has produced a great deal of educational
and training material in support of the Ada
language. While much has been accrplished, a
great deal remains and the Army intends to remain
active in this irnportant arena to help insure the
elt Mato success of Ada.

Biographical Sketch

Mr. Dennis J. Turner holds BSEE and MSEE degrees
from j Monmouth College, R-kst Long Branch, New
.Vrsey. He has been a member of the U.S. Army
Communications-EMectronics Ccrtmand for twelve
yejrs and is currently the Chief of the Software
Technology Development Division within the Center
for Tactical Ccaruter Systems (C]ZNACS).

Mr. Turner has held industrial positions with
DIVA Incorporated, Electronics Associates
Incorporated and Frequency Engineering Iabratories.

Hfis mailing address is:

.S. Army CDMM
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GENERIC JOB CATEGORIES
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METHODOLOGIES ORDER LANGUAGES
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FIGURE 2

COURSE CATEGORIES

NO. TITLE DURAT[ 0 -N
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FIGURE 3
COURSES UNDER DEVELOPMENT
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o THE U. S. ARMY MODEL ADA*

0 TRAINING CURRICULUMn.
IPutnam Texel

SofTech, Inc.

ABSTRACT The modules of the curriculum differ in one
or more of the following dimensions: area, depth,

This paper describes the U. S. Army Model Ada and viewpoint. Each of these dimensions is dis-
Training Curriculum, developed by SofTech, Inc. cussed below.
for the U. S. Army, Ft. Monmouth, N.J. The curric-
ulum consists of individual modules which can be 1.1 Area
grouped together to form the courses and training
plans that best satisfy the needs of specific Each module identifier starts with a letter.
organizations. The paper describes the modules in This initial letter indicates the area with which
terms of content, prerequisites, and status, as of the module is to be associated. Modules beginning
the date of this conference. Finally the paper with the letter L address the Ada language. Mod-
addresses how a manager might go about using this ules beginning with the letter M and E address
curriculum to satisfy the training needs of his methodology and programming environment
organization, respectively.

1.2 Depth
Section 1

Because each individual does not require the

BACKGROUND same degree of knowledge of a specific area, mod-
ules in the curriculum differ in terms of depth of

The U. S. Army Model Ada Training Curriculum material presented. The depth is indicated by the
defines a comprehensive set of training modules, first digit occurring in the module identifier. A
or building blocks, which can be connected in a level-l module, indicated by the digit 1, is a
variety of ways to form the courses and training module having no prerequisites within the curric-
programs that best satisfy a given set of Ada ulum. A level-l module may have some prerequisites
training needs (see Figure 1). in terms of general computer science knowledge not

related to Ada. For example L103, Introd"ction To
It is well recognized that software develop- High Order Languages, has no prerequisites within

ment does not depend solely on a language, even the curriculum. The objective of L103 is to intro-
Ada. Ada must be used in conjunction with a good duce assembly language programmers to the concept
methodology and systems must be developed within of high order languages, not to introduce a novice
the framework of a rich and integrated programming to the world of computing. Consequently L103 does
environment. Consequently the modules of the U. S. require experience in assembly language program-
Army Model Ada Training Curriculum cover three ming as a prerequisite.
areas: the Ada language, methodology (both design
and coding), and the environment. The modules Level-2 modules, indicated by the digit 2,
within each of these specific areas are listed in have prerequisites that can be satisfied by
Tables 1-3, along with brief descriptions.[lI level-i modules, and so on.

1.3 Viewpoint

Whereas a programmer needs detailed instruc-
tions on using the tools within the programming
environment, a system administrator needs to know
what demands those tools make on system resources.

Ada is a Registered Trademark of the Department The fact that different individuals have different
of Defense (Ada Joint Program Office) views of a specific subject matter, is addressed

by the curriculum. As the module level increases,
1
IJC. L. Braun "Ada Training Considerations" the viewpoint changes. Level-i modules basically

2nd AFSC Standardization Conference. Dayton, address managerial needs. Level-2 modules address
Ohio. Dec. 1982. programmer needs, and so on.

5



U.S. Army Model Ada1 ... , MoXtk

Training Curriculum OM301 - I ir".. Cr

M 10 1. #M 302 .o, s, Modu

- .M202 k, C

M102 *M303 -

*M304
*M201:

T L302

L 0L303 jL401
;L201

.L304

LL301L101
-:M401 #M402

L102 '°E101
01-202 L500

oE102-

L103 - -- :L305

L104 #E201 - -E301 -E302 .E305 U.S' A-y Mo"Training Curriculum

E103 --- - :E304 °E401

-..E303-- *E306- E402

Figure 1. U. S. Army Model Ada Training Curriculum

Section 2 for a specific organization. When selecting a

course, the following must be kept in mind.
CURRENT STATUS

3.1 Define the Viewpoint
Currently SofTech, Inc. is under contract to

develop a selected subset of the modules. Module Who needs to be trained in your organization?
development follows the software engineering proc- Managers and practitioners? Once the viewpoint is
ess. A Preliminary Design Review (PDR) is con- selected, look for the modules that can be pack-
ducted with the government. Upon government ap- aged together to train that viewpoint. Managers
proval of the design, development begins. Upon courses tend to be shorter and more concept ori-
completion of development a Critical Design Review ented than programmers courses. But do not assume
(CDR) takes place at Fort Monmouth. Basically the that the managers courses are therefore superfi-
CDR is the first teaching of a module and func- cial; in many cases the emphasis on concepts (as
tions as an acceptance test. At the conclusion of opposed to details) makes the manager's courses
the CDR, government feedback, along with student deeper than any practioner's course.
and instructors' suggestions, is considered for
inclusion in the final product. 3.2 Define the Level

The specific modules under development, their The lower level courses contain the concept
length and expected completion date are shown in material required for managers. As previously
Table 4. stated they are prerequisites for the higher level

modules. However for software managers who influ-
ence software without actually writing any code,

Section 3 or for QA personnel, consultants, analysts, etc.,
the higher levels are also appropriate.

PACKAGING
3.3 Identify the Main Course

It is important to realize that one module
can not satisfy the needs of an organization. After having satisfied the prerequisites, an
Modules are packaged together to create a course entry level programmer probably only needs L202 to

6



Table 1. Environment Modules

NO. TITLE DESCRIPTION DURATION

El01 APSE Concepts for broad overview of APSE emphasizing 1 day
Technical Managers how it supports s/w life cycle

E102 APSE Overview for broad overview of APSE for software 1/2 day
Programmers developers

E103 Basic APSE Operation introduction to APSE concepts, 1/2 day
basic editing, etc., for people who
will not be real users

E201 User's Introduction to basic use of the APSE database, file 3 days

the APSE system, command language; tool
overview

E301 Command Language command language, substitutors, I/O 1 day
redirections

E302 Program Development Compiler, linker, exporter, loader 2 days

E303 Database files, directories, attributes, 2 days
associations, access control, node
sharing, program libraries, etc.

E304 Debugging debugger, timing analyzer, frequency 1 1/2 days
analyzer

E305 Assembling and Importing assembly language, importer 1/2 day

E306 Configuration Management tools to support CM and PM, example 3 days
and Program Management tools one might build

E401 How to Add Tools programming with the command 2 days
language, KAPSE tool interfaces,

examples of useful tools

E402 System Administrator's user authorization and protection, 3 days
Course installation, backup, system support

Table 2. Ada Language Modules

NO. TITLE DESCRIPTION DURATION

LI01 Ada Orientation for overview of development and 1/2 day
Managers features of Ada

L102 Ada Technical Overview overview of language-introduction 1 day
to language features in more
depth than above

L103 Introduction to High key HOL concepts for assembly 1 day
Order Languages language programmers

L104 Beginning Programming introduction to computer 4 weeks
programming in an Ada context

L201 Ada for Software use of Ada for good systems design; 3 days
Managers packages, types, generics,

portability features, etc.

L202 Basic Ada Programming essentially the Pascal subset 1 week

L301 Using the Ada Language how to use the alarm effectively 2 days
Reference Manual as a reference
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Table 2. Ada Language Modules (continued)

NO. TITLE DESCRIPTION DURATION

L302 Use of Ada for Ada as a requirements definition 2 days
Requirements language

L303 Real Time Concepts real time design concepts for 1 day
technical managers

L304 Ada Reader's Course reading an Ada design or program 1 day
for its key points and overall
structure

L305 Advanced Ada Topics packages, access types, private 1 week
types, discriminated records,
generics, basic tasking, basic
algorithms

L401 Real Time Systems everything about tasking, external 1 week

in Ada interfaces, low-level features

L500 Specialty Courses numerical analysis, hardware varying
diagnostics, man/machine interface
database management, etc.

Table 3. Methodology Modules

NO. TITLE DESCRIPTION DURATION

MI01 Software Engineering software life-cycle, top-down 1 day
for Managers concepts, documentation, testing

M102 Introduction to Software life-cycle, top-down concepts, 2 days
Engineering overview of various methodologies

M201 Software Engineering thorough coverage of major 1 week
Methodologies methodologies

M202 Overview of a Specific overview of an organization's 1/2 day

Methodology selected life-cycle methodology

M301 Requirements Methodology requirements definition techniques 1 week
and methodology

M302 Design Methodology how to do design, with required 4 days
methodology

M303 Coding Methodology structured programming, coding 2 days
standards, programming style, etc.

M304 Software Review Walkthroughs, code reading 1 day
Methodology

M401 Introducing Ada to Your how to use the recommended 1 day
Organization curriculum to meet specific needs

M402 Psychological Aspects techniques for overcoming resistance 1 day
of Retraining to change
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Table 4. Module Completion Dates

MODULE/COURSE LENGTH (IN DAYS) AVAILABLE TO TEACH

LI01 Ada Orientation for Managers 1 Now

L102 Ada Technical Overview 1 Now

L103 Introduction to High Order Languages 1 Now

L201 Ada For Software Managers 3 Now

L202 Basic Ada Programming 10 Now

L301 Using The Ada Language Reference Manual 2 Now

L302 Use of Ada for Requirements 2 April 84

L303 Realtime Concepts 1 April 84

L304 Ada Reader's Course 1 March 84

L305 Advanced Ada Types 10 Now

L401 Realtime Systems In Ada 10 May 84

M101 Software Engineering For Managers 1 Now

M102 Introduction To Software Engineering 2 Now

M201 Software Engineering Methodologies 5 Now

M303 Coding Methodology 2 April 84

E300* ALS Users Course 10 April 84

E402 ALS Administrator's Course 3 April 84

*E300 encompasses the majority of the E modules.

become productive. A designer, on the other hand Additionally each pair listed may be taught
needs to progress on to L305, and the real time sequentially or in parallel.
system programmer/analyst/designer should take
L401. Ideally each of the pairs should be comple-

mented by a third course from the environment.
For top level managers, L101 is appropriate. Currently environment courses are fewer in number.

For senior QA personnel, program monitors, soft- As a consequence L202 is usually supplemented with
ware managers, etc. L201 is appropriate. a brief introduction to the basic tools needed to

develop homework assignments.
3.4 Search for Related Courses

3.5 Do Not Forget the Prerequisites
A language course without parallel courses in

methodology and environment is like a car without One common mistake is to focus on the modules
an engine. The only reason that language courses that include exercises to be coded and executed,
appear in isolation is because different organiza- such as L202 and L305. These two modules have
tions use different methodologies and different prerequisites.
environments. It is also possible that an organi-
zation may be proficient in software engineering Another common mistake is to select the

and only need training in a specific language. "meaty" modules, such as L201 and M201. Unless it
is guaranteed that the students have the prerequi-

The point is that once a main course is iden- sites, the students should take a few low level
tified, look for related courses. For all inten- modules first.
sive purposes, the following courses are
indivisible. 3.6 Consider an Acceleration

* L101 and M101 In many cases an organization is faced with
* L102 and M102 stringent time constraints. In these cases several
* L202 and M303 of the modules in the low level may be compressed,
* L305 and M302 with additional explanations and/or exercises
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supplied, where appropriate, in the higher level Section 5
modules. As a general rule however, acceleration
is not a recommended practice. DEVELOPING AN ADA TRAINING PROGRAM

3.7 A Couple of Exceptions The curriculum is not the starting point for
a complete training program. The real starting

The curriculum has a few exceptions. For point for an organization in developing a training
example L301, Reading the Reference Manual, can be program is to analyze the training requirements in
viewed as a stand alone course. A solid under- terms of
standing of Ada is really the only prerequisite
for this course. How that understanding has been * number of levels to be trained
acquired is not relevant.

0 number of individuals at each level
The prerequisite for M201 is really a good

solid understanding of software engineering. level of expertise required for each
Again, how this has been acquired is not relevant, individual

M303 can be taught after L202, during L202, • current skill level
or in parallel with L202.

0 customization of course materials

Section 4 0 cost and time constraints

ISSUES NOT ADDRESSED BY THE CURRICULUM * supplemental training materials desired

The curriculum does define a set of prec- Once these issues have been analyzed, courses
edences among the modules, as shown in Figure 1. must be scheduled. Generally it is effective to
The intended interpretation of Figure 1 is as train managers before staff, designers before
follows: inputs to a given module define the pre- implementors.[2 Management commitment to the
requisites for that module. The Figure does not concepts of Ada is essential to its acceptance by
recommend paths through the curriculum. The line employees. Designers can be designing while train-
from L202 to L305 means that if there is interest ing the implementors is taking place. The imple-
in L305, L305 should be taken after L202. The line mentors have the support of the designers and have
does not mean that after taking L202 an individual the motivational level required.
must procede to L305.

The cirriculum does not state how these mod- Section 6
ules are to be packaged into a course. There are
distinct courses that belong together. However SUMMARY
each organization has its own needs and therefore
will create its own "packaging" of modules into a Transition to Ada is a non-trivial process
course. requiring a great deal of thought. Many individ-

uals may find they are transitioning to Ada with-
The curriculum does not state how much train- out really realizing it. The potential for the

ing is required by each individual within an U. S. Army Model Ada Training Curriculum to aid in
organization or the total set of skills to be this transition is unlimited.
taught within an organization.
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0 CONFIGURATION MANAGEMENT

0 WITH THE ADA* LANGUAGE SYSTEM

IRichard M. Thall

SofTech, Inc.

ABSTRACT environment that supports the development of
large systems in Ada. The ALS provides the

Three characteristics of large software underlying facilities necessary to coordinate

projects and five basic configuration management programmers working in teams. The ALS was

capabilities are identified. The design of the developed by SofTech, Inc. for the U.S. Army
Ada Language System (ALS) is then described in using the Stoneman Requirements [BUXT] as a

terms of these Dasic capabilities. The ALS is a guideline.

computer programming support environment for Ada..
This paper first identifies three major

aspects of large team-oriented projects which
Section I differentiates them from small one-man efforts.

The ALS features which support such projects are

INTRODUCTION described.

The emergence of software engineering as a

distinct discipline has fostered examination of Section 2

the methods used to program computers. This, in
turn, has led to the development of a number of CHARACTERISTICS OF LARGE SOFTWARE PROJECTS

unified environments to aid programmers and im-
prove their productivity. Many of these envi- Large team-oriented software efforts have
ronments have viewed the programmer as an auton- three characteristics which differentiate them
mous inoivioual producing self-contained soft- from small individual-oriented projects.
ware. However, in most industrial, military, and
commercial applications, it is much more reason- * Large projects are usually developing a
able to view the programmer as a member of a family of similar programs rather than
team producing software that must be precisely a single program.
matched to the software produced by other
members of the team. This fact has been ac- 0 Configuration management is of critical
knowledged in the Ada programming language, importance.
where emphasis has been placed on the production
of an entire coordinated software system rather a Close coordination of many programmers

than a collection of loosely coordinated modules, is necessary.
The Ada Language System (ALS) is a programming

Although the discussion of these issues is

separated, they are all heavily interrelated.

The work described in this paper is being per- 2.1 Families of Programs

formed under US Army CECOM Contract No. DAAK8O-
80-C-0507. Software is aptly named. It is the soft

part of any computer system; it is the most
This paper is a revision of a paper entitled malleable, easily changed part of the system; it

"Large-Scale Software Development with the Ada is the part that is expected to adapt to
Language System" which appeared in the changing requirements and changing hardware. In
Proceedings of the ACM Computer Science fact, the software is often specifically design-

Conference, February 1983. ed to be adapted to differing situations. It is
the part that can be altered most rapidly at the

least expense, provided changes are made in an
*Ada is a registered trademark of the Department orderly fashion. Even a perfect piece of soft-

of Defense (Ada Joint Program Office) OUSDRE ware with no errors will still tend to accum-

(R&AT). ulate changes for the following reasons:
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" the requirements of the original software may reduce the need to apply fielo
application have changed, upgrades to bring hardware into conformance with

a standard. With strong support for program
* the hardware configuration has changed, families, the software could be custom-generated

or to adapt to each hardware configuration.

* the software is to be incorporated into
a new application. 2.2 Configuration Management

A change in the original requirements can result Configuration Management (CM) is the "con-
from a change in the external world or the iden- sistent labeling, tracking, and change control
tification of a shortcoming in the requirements of the ... elements of a system" [BERS]. There
au originally conceived. Hardware changes occur are a number of economic and technical forces
for many reasons: the correction of hardware which mandate increasing emphasis on CM for
problems, improved capacity and performance, industrial grade software. Among these are:
reduced cost, production ano supply problems,
etc. Software is often designed at the outset 0 reliability requirements,
to run on a variety of hardware to accommodate
various sized applications. In general, each a complexity, and
hardware configuration requires a different copy
of the software even though the difference in a ongoing support requirements.
the software might be as minor as the adjustment
of a compile-time constant. Finally, bits and A growing number of computer applications have
pieces of software tend to migrate from one exceedingly high reliability requirements. I.
application to another, from one computer to such applications as aircraft and spacecraft
another, changing in some way each time a migra- control, automotive control, weapons control,
tion occurs, and medical systems, software failure can result

in personal injury or loss of life. In such

Every change to a software component that cases, strong CM is necessary to ensure that all
can aftect its operation must be regarded as operational software has been fully tested and
creating a new component with different prop- that unproven alterations do not find their way
erties. It is a serious error to assume that into delivered systems. In very complex systems,
the significance of a change is related to the the change control aspect of CM is used during
amount cf source text altered. A single char- development simply to ensure that the elements
acter alteration can be just as devastating to of a system are kept stable enough over time to
the final operation of a system as a 10,000 be successfully integrated. In applications
character alteration. However, programs differ- where software corrections and improvements are
ing textually by only a small amount are related to be provided on an ongoing basis to remote
and should be treated as such. It is important field locations, CM is necessary to assure that
to maintain the identity of such families of delivered software is appropriate to the hard-
programs because an error in one member of the ware configuration at that site.
family is likely to exist in many members of the
family. Members of a family may also be tex- CM is usually achieved by the creation of
tually unrelated; e.g., they may be coded in one or more "baseline" copies of the software.
different programming languages. However, if Each baseline has some official status. There
they are functionally similar, they may share can be working baselines updated frequently by
errors. A program family may be loosely defined the programming team, frozen baselines pre-
as those modules which have evolved from a serving exact copies of software delivered to
common source text. The source text is often, field locations, etc. CM is obtained by
but not always, the compilable text of a pro- management review of proposed changes to
gram; it may be the definition of an algorithm baselines and monitoring and recording of actual
or pseudo-code. In general, the members of a changes. In order to perform CM, one must be
program family will all perform similar func- able to:
tions LCARG] [TICH]. The notion of a program
family is supported in the ALS by a database 0 absolutely identify the elements of a
teature called a "variation." baseline at any point in time,

Program ,amilies inevitably arise wherever 0 absolutely identify the elements of a
there must be ongoing software support for mul- system placed in revenue service,
tiple field installations. Unless the field
installations are all identical and never a account for and control all changes to
change, there will be differing software for the a baseline,
various hardware configurations. Given the rate
of change in the computer industry, it is incon- a recreate exactly a system that existed
ceivable that any product would not undergo in the past or exists at a field site,
design changes for cost reduction alone. Many and
classes of products can be expected to undergo
continuous field upgrades which require software a control the corresoondence between
alteration. The ability to control families of tested and delivered systems.
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r-v trio, h uompanies and projects have it is easier to correct the present system than
,;ivnre methous for performing CM, there are reconstruct a clear historical picture of what
t~itn cgxoiiities oavic to all CM. Tnese are: caused the problem. If an erroneous chanqe

finds its way into many systems, there can b6
Ibuolutc ioentification, many parallel efforts to icentify ar, correct

the same error.
S ,'hange ioentification,

A major part of this problem can be alle-
a chande tracking, viated by incorporating a revision number in

file names. Every time a file is changed, the
* inventory control, and revision number is incremented. Icertification

of changes is then readily accomplishei; by re-
* access control, cording the names of files built into c system.

The differences between two builds of a system
Aovolute identification is the ability to can then be quickly identified by comparing the

reiiaby associate a name with a componen' of a revision numbers of the components. Such visi-
system, usually stored in a file. When a bility of changes is fundamental to the notion
component changes, no matter how small the of absolute identification. Every change or
cnange, a new component with a different name is closely related group of changes must be viewed
credted. Cornge identification is the ability as creating a new object with a distinct name.
to reaoily recognize wnen a change has In short, the name must identify the object
oucurreu. Change tracking is the ability to abso- lutely. (A single object may have several
record and review the sequence of changes to a names, but one name must refer to a unique
,-mponent. Inventory controf is the ability to object throughout the lifetime of the name.)
recoro exactly wnat components constitute a
system at any point in time. Finally, access A revision numbering capability supplies, at
control is the ability to guarantee that all one stroke, both change identification and
criangus to a baseline are authorized and tracking mechanisms. As long as a new revision
documented, is created every time a change is made in a

baseline, changes are easily identified by the
A capability fundamental to all CM is ab- high visibility of new file revisions. The

solute identification of software components. numbered sequence of revisions for each file
Most conventional file systems fail to provide provides a change tracking mechanism upon which
the oacic unuerlying support for absolute ioen- tracking mechanisms for entire baselines can be
tification. Typically, the source code for a readily constructed.
component, say a sine routine, is stored in a
file that might be named SINE.SRC. Another file, Even with revision numbers, problems arise
SINE.OBJ, usually holds the object code. in absolutely identifying components when names
SINE.OBJ might oe bound into any number of have been changed. Component names should be
executable images with unrelated names. CM highly mnemonic. But it is desirable to allow
problems occur when a change is made. Typi- mnemonic names to be changed so thny stay
cally, the change is introduced by in-place mneionic as software development progresses.
editing of the source file. The name of the This broaches the possibility rf renamino or
source file remains unchanged after the deleting a file and then creatino aonther file
alteration. A revi- sion history may be part of with the clc name. This can result in twe
the source file, but the person inserting the distinct components havino the same name ant
change may not possess enough self-discipline to revision number. To avoid arn Possirility ct
note the change, par- ticularly when the change confusion, it is necessary to have a ;~econdar
is viewed as minor. The altered source is naming mechar,isr where renam mc an reuse of
subsequently recompiled with the new object names is not posile. if, the AL(, thesm
replacing SINE.OBJ. Since the file name is not secondary name,. are calleo ni ue identifirs.
altereo, the change is invisible to programmers The mnemonic quality of unilue ijertifiers is
incorporating SINE.OBJ in their systems. sacrificed for tne uniqueness [rupcrty. T(

absolutely identify a component, it is resiraole
If the change engenders an unexpected prob- to record both the mnemonic name and tfe unique

lem, identification of the problem may be very identifier. The mnemonic name, while not
time-consuming. In general, recompilation from absolutely necessary, helps numan users. The
source followed by file comparison is necessary unique identifier is used mostly by configura-
to determine if a change in SINE.SRC was ever tion control tools, to avoid the ambiguity
applied to SINE.ObJ. Determining if a given which could otherwise arise if mnemonic: names
system has the new or old version of SINE.OBJ were used Lu compare contigurations.
involves keeping explicit recorus of when the
change to SINE was applied and when the system Inventory control is the ability to create
in question was last rebuilt. Such records are and store a complete list of all the components
selom kept. Partial rebuilds of systems com- nf a baseline at some point in time. Saved
plicate the situation even further. Very often inventory lists can be subsequently compared to
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oetermine the changes in a baseline over some allows for little programmer freedom or the
interval, or find the differences between an opportunity to apply changes experimentally.
iistoiieu system ano tne current baseline. Even in a two-programmer team, total snaring may

be unworkable.

Access control is the ability to guarantee

tn4 t no u noocumente or unauthorized changes The private copy scenario solves the prob-
find tneir way into a baseline. The term can be lems of sharing, but does not provide any co-
inore aroadly interpreted to encompass ordination. With private copies of the base-
examination as well as modification of line, each programmer works independently. The
baselines. Of course, no guarantee can ue longer a programmer works in his private area,
dsolute. Most computer systems can be the greater is the chance that his software
penetrated by sufficiently clever and malicious diverges from software developec by others. On
users. In addition, hardware or software the other hand, the programmer has total freedom
faiiure can always compromise access control, to make chdnges, even to components which are
It is assumed, here, that ALS users are friendly the purview of others. A programmer working
nu the hardware and software are sufficiently with an isolated copy of the system does not
reliable. benefit from improvements introduced by other

team members.
Toe problem of supporting many installations

with sligntly differing configurations requires In practice, some combination of the two
CM fur families of programs. The inability to scenarios is used to prevent the divergence of
ou this effectively usually results in software the software. Typically, this involves the use
which must dynamically reconfigure itself or of private work areas for incremental devel-
woicn must be completely rebuilt at each field opment. When an element is completed and
site. CM mechanisms must be able to deal with tested, it is then integrated with the official
Qounitional compilation or macro expansion baseline. The integration is very often
techniques used to generate family members. In performed in a private area and the new system
tne ALS, revisions ann derivations combine with tested before it is placed in the project
variations to support CM for families of baseline. In addition, there are often
pruorams. administrative proceoures for controllino

baseline changes and for preventing changes to
components one is not authorized to change. The

2.3 Coordination of Programmers ALS orovides a general sharing mechanism as well
as conventional copying to facilitate almost any

in multi-person projects, the effective co- scenario for programmer coordination. In addi-
urdidtion of programmers is vital. Lack of co- tion, the Program Library services of the ALS
ordination results in costly redesign and retro- gives programmers a totally isolated work area
fits ouring system integration. In complex pro- for building and modifying systems starting from
jects, the lack of adequate coordination can a baseline copy.
jeopardize tne successful conclusion of the pro-
ject. An official working copy or baseline of Although the examples in this paper are con-
the software is usually used to coordinate the fined to the source ann object forms of computer
-TtLtS of tne programmers. There is a spectrum programs, the discussion is equally valid with a
of scenarios for using such a baseline. At the more comprehensive interpretation of the word

of tr,. spectrum are: "software." The same problems occur with all
types of documentation, e.g. requirements spe-

0 the total sharing scenario, and cifications, design specifications, user refer-
ence manuals, tutorial materials, etc. All of

0 the private copy scenario, these should be included under the umbrella of
the term "software." Similarly, although the

Jider total sharing, all incremental changes are discussion is illustrated by examples of soft-
i;TUc;1efdtely applied to the working baseline, ware in the development phase, all arguments
The-system is periodically rebuilt from the apply equally well to the maintenance phase of
wurkinq caseline. Such a rebuild or relink the software life-cycle. Indeed, there is no
Jsuaily occurs frequently, on the order of once qualitative difference between the development
or twice d day. Under the private copy sce- and maintenance phases in relation to the issues
naro, each programmer has his own copy of the treated here.
Laseline which he can modify or rebuild at will.

TNe problem with sharing is that programmers Section 3
interfere with each other, each making changes
thit jffect the other. Much time is lost keep- ALS CAPABILITIES
ing up with alterations made by other program-
mer_. :ingfe -end to proliferate, one change This section describes the features of the
engenipring others which engender still more ALS specifically designed to support large-scale
cl nge,. The rate of change and lack of testinq orogramming projects. The user's view of the
,if chanes seriously reduces the chances of ob- AIS database is presented in some detail. The
tirJirg ,, sy,.tem toat works corIectly. Sharing use of these capabilities as they relate to
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Figure A. Directories and Revision Sets

program families, CM, and programmer iatio , headers, and other directories. Figure A
cooririndtionr is treated in tr6e next section. gives an example. Every ALS has exactly one
Information on ALS features not relatec to CM connected file structure with one root directory.
car. ue founu in [WULFJ ann [THAL]. (Strictly speaking, the root node is anonymous;

however, it can be referenced with the name ".'.)
The root node of our example possess a single

3.1 Nodes node named "math_pac". The reader is free to
think of node names as being properties of

The ALS provides users with a database capa- either the node or the link to the node. HOW-
oility teat can be viewed as either a sophis- ever, because of node sharing, a single node may
ticateu file system or a rudimentary database acquire aliases. Thus, it is more accurate to
mafdgeient system. The database is a collection think of the names as properties of the links.
of objects called nodes. There are three Putting it another way, the name resides in the
vwrieties of nodes: parent directory, not in the node itself. To

avoid any ambiguity, the diagrams snow node
0 files, names on the links. In the example, "math par"

is the child (or offspring) of "." which i- the
1 directories, and parent of "math pac". A parent node is said to

contain its offspring.
a variation headers.

The "math pac" directory has three off-
-iles correspond to the usual notion of a named spring, the directory "source" and the files
data collection. Directories and variation "documentation" and "tests". "Source" in turn,
neader nodes are used to create groupings of has five offspring: the files "sin", "cos",
nooes. All nodes in the database pissess de- "taylor", "exp", ano "factorial". Directories
scriptors called attributes and associations. An are shown as ellipses; and tiles are shown as
attribute describes the node which possesses it. squares. Just as in Ada, the identity of an
Associations establish relationships between object depends upon its position in the whole
nodes in addition to the relationships estab- structure. The full name of an object is known
lished by virtue of the groupings under direc- as the pathname and is constructed by tracing
tories ann variation headers, the path to the object from the root ann naming

the links traversed along that path. The
pathname of math pac is ".math pac". The name

3.2 Node Naming and Structuring of the factorial subprogram is ".math pac
.source.factorial". Several pathnames are shown

Hierarchical data structures are built by in Figure A. Users are encouraged to view the
using directories to group nodes. Directories data structure as a tree; however, due to
ared ied to group any combination of files, var- sharing of nodes, the structure is not strictly
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rr-e,_, it i , . irectetj acyclic graph. The ALS script i+ s~ specified, t he latest frozen
r~xcuie cicles from tne structure. in other revision is referenced. IThe latest frozen

w~ca Gsrector,, may not contain a suttree that revision is either tohe last revision or the
cntaiins that same Llirectory. next-to-last revision. Toe use of subscript

notation promotes the view that the revision set
is an array possessing elements that are the

3.3 Revision Sets inoividual revisions. icre A snows the
pathn'ames of three different7 revisions.

Evtry file in tne ALS catabase is, in
Q, L1 IIt Idr1 MebelJ of a revision set. Toe

ruvision set tracks toe changes maue to a fiie 3.4 Unique Identifiers

y,et time. act, membier of a revision set is a
MIl~psr&u t ~ toe file u. it exlstea at some point The ALS automatically assigns each node an
ill vime. The members, called revisions, are identifier which is temporally and spatially
)iuer-u in cnronolcgi~al sequence ano are auto- unique. In other words, once assigned, no other
matinaily numuereu in orujer starting from one. node in any cther ALS database will1 ever nave
Vna mct rtcent revision superseoes all previous the same identifier, unless it is a copy of the
r' vi- Os. Aitnougri a revision is most often a original. Moreover, once assigned, the identi-
luudii form <nH or e previous revision, this fier cannot be changed. These identifiers are
eitionsriip is not imposed. in some cases, a called unique identifierf or Ul~s. UIbs have

rf-visiu ri, ma rit from a revision thlat predates three fields:
;flImproiate 1reoecessur in the same revision

tn r so me utner source entirely. Most 0 object serial numbier (10 bytes),
,_iprat ions sucr) as opDenina , reading, writing,

ie <Lnq, ;,prly to individual revisions of a 0 ALS database identifier (7 bytes), aod
1:Viiln set . Onajr irng, nowever can only be

,- lr ;t,eti &cr to~e revi sion set as a whole. 0 organization ioentifier (ill bytes),
itr~t I 4 revisinn Sf i set is deleted, the

t-ut r..a h ten toe next revision is An orject serial number is assigned
itroa automaticaily by toe ALS each time a node is

createo. To tnat is appended toe database
T c-,vileo ausalute idientification, in-place identifier which is unique for each database

It to rr~vs is, restrictec. Only toe within an organization. Finally, the organi-
--itt-st iiewibr if reVis ion set may Ue modified zation identifier, naming the organization

itritr nly uocr certain conoitions. o)wning toe c;acanase, is appenoeo. bataoase
Toe sonst ,_,,_Cot rei,ion supersedes all previous identifiers are administratively assigned by a
ftevi ion Tr~t i itsL revisioni cain also be specifically appointec perscn within each

~. ly frucen, ate _ nic it ma!o not ble urganizatiun) to which the ALS has been
F.i~ er>r l cbooe 0 0v(looitiabie leiiverec. O)rganization identifiers are

hAj toree reaso~ns: assigned bjy the government agency responsible
tcir Mt or uit inn mard0 ement and distribution of

* it wa ysiit I, fraen IV th, u,.et Ur 'he i4 I ne name space i s large enough to
jivitd~,,w ftt terat inn t% 1l,000 nodes per secono

t I , nPuvt t, mill1ion years in each of 8
* it is nit, tns latest revision , Or t Ii Ii 101r ;,it ,t it 00.0 of 14UO trillion

( on;Z~tnmi Ai th simple compression
0 it has been usedo to generate onother to hon ioeI niI lo byte cout of the fuil '27

,it ect whlco is, uouer con iruratioo I tS e_ - stcrern tot each nonle.
noot to I.

Tt, "L i. ~le, tu i S for copyino nodies
Only in toe last case, when toe deriveo object f rom, one ALS da taba se to any other ALS
i rt-muveu from toe database, Carl an uneoul- database. when files are copiedl in tmis way,
fiaole revision again biecome modifiable. In the the uriginal and the copy are automatically
uther caetne action of freezing is irrevo- frozen. In, toe receiving database, copies are
caole. In toe tirst two cases, the revision is created with tne same uIDs as the original. It
S did to re f~rozen. urtmodifiability applies only is therefore possible to compare baselines on
to toe text of a revision; it ooes not liM.L two hosts by comparingi only the blbs of the
chdNge t(- attributes or associatic . Each re- files in the basE 'i as. Because botn the
vision po)ssesses a distinct set of attributes original and copy are frozen, there is a
inr c a0.,cultior's. k evisions from whlich files reasonable level of confidence that toe file~s

jr0aCr cunfi~uratiun management have been derived are the same. Without thlis capability, it would
fl-i, ri,, tt removeli fiom toe database until the be necessary to transmit tne entire contents of
ljetiv-ni tile has b~een removeo. all the files in the baseline to one of the

hosts where an exhaustive file comparison would
kry rVision can bOp named Ly attaching a have to be run. Reccrdinu the lIDs of files

ui-OOen~eA tvinC. number subscript to tne from which an installed system is built provides
Voahname thte file. If no subscript is gjiven, a similar level of control for delIivetecI
ti Thte re~vision, is assumeo. it toie sub)- software which may ot reside or a host .
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3.5 Variation Sets in patriaimes , reference_ u -Ui- P[ u-,

appear in parentleses ratnt tha- beP -
To reprnsent families of programs, the ALS rated [y cots f ron the ,re 'r , .r

p)rviue0  construct callo the variation set. In this respect, the mever, sT va T cr
Memoers of variation sets are functionally are viewec as array elements ,nere e --

±i>izar software components teat cit er in their are nameo rather tanuster
implementat ion details. Since variation set fow pathnames with var iat TrV-efrn-5
memers Cu not suptrseoe one anutter, toey are nestec variation reference- i-e . o't-c.
named, not numered. Nodes called variation set empty parentheses are specitied nn 1 a,
nedoers are uses to represent variations sets in vsria' "On nas been t'esicnar- toe cfau t
the ALS oatabase. A variation set heaoer can variatian will be selected.
Occur anywhere a airectory nooe can occur except
at the root of the database. The members of a
variation Oet appear as offspring of the 3.6 Node Sharing
variation set header node. The members can be
revision sets, other variations sets, ordinary To ensure that the ALS car :esciiv sup? -rt
suotrees (i.e,, directories), or any combination many scenarios for programmer coordination,
of these. A default variation can be designateo. toere is a sharing mechanism in acition to the

usual copying capability. Any noce may ue shareI
Figure B shows an example of the use of providec the sharing does not introduce a cycle

vdriatiu1 sets. variation set heacers appear as into t c) databaso structure. In es-sence,
hexagors. In this example, the source for sharing a noce creates an alias for that noce.
math pat exists in, two variations, one for inte- A noce may have two rinos of parents, true
ger rardware and another for computers with parents and foster parents. A true parent Is
fisLoi n P ot '.rodare. The floating point the directory (or v-,r>atien bearotr) in w-c the
variation is ftsrtner divideo into variations for node was originally oreated. Every node fas
lon;g worus n short word. Variation set exactly one true parent. A fester parent i ,
heacers are similar to directories except that directory ( or variation header) toat suase-

math pac

documentation tests

source

Smath pac. source(iteger ).,a r

mathh ac. source{ integer) tayloro fa to, al-,facorir
.math~~at pa~oreitee)ty acourc l pt(Ing tay o, (ia

Figure B. Variation Sets
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long short

Figure C. Node Sharing

quer ares an existing node. 4 node may commas. Figure D show an alternate orcanization
nave ri 1 Ltrjry number of tester parents, for the example of Figure R. In this case,
Fip iiP j noos oe leg situation. In instead of nesting variations, there is unly one
tnOs tshot word lengtn variation of variation header with variations named "va",
'mM m tr,e "t> ,","ces", ann "series" "vb", ann "vc". Variation "va" of "source" nas
f'iit i

t
n Ite long word length variation, an attribute named "mode" with a value "intener".

i t,,t ttits t~yler neries procedure has two Variation "vb" has an attribute named "mode"
names, ". tn pac.source(flt pt)(long).taylor" with value "fit pt" ann another attribute namec
dnJ "..T ... surce (fit )osnurt) series". "size" with value "loo". Finally, variation "vc"
it i-, tie samwn rwvision set, but shared with a has an attribute named "mode" with value "fit Pt"

tJn ti e lin . individual elements ann an attrioute named "size" with v,iue "short".
E vi iin set cannot ne sharen, only the Figure U shows two examples of variation selec-

* 1rctrie can variationi headers tion with attribute values. Additional varia-
ma, tions and selection attributes can be added

uynamically as the scftware configuration
3.7 Attributes evolves. If attribute selection is used, the

specification must select a single variation
Ai ,triofe dmeu caracter string unambiguously.

;t ] l tie e wich possesses ton
i . m .y ave an arbitrary numner

' r A w 'vuss neit in attributes 3.8 Access Control
, .dtdit ap nd restricts the use of

r 'rodrams Can rclate, delete, ALS access controls are baseo upon a
,i r, '?ter attrluutes, suuject to the conventional lock and key mechanism. Uisers and

, ,.~ri~[ . t i , O- olubai list trograms have keys and natahase objects have
,r reistratir procedure for locKs. The user and program keys must match the

ijtr moan ttie aftrimutes uses for appropriate lock in order to obtain access.
ja na.je 'nntrel, there, are ni att ibutes that Attrinutes are used to store the locks and keys.
-I', I! ), mt os'e ss. The v-dues of attri-

i,-! inos whicht can be u; to 644K char- Each user has two 5
eys: a user name ann aj

9, t )h<, team name. The user name is determined when the
uase enters tne ALS from the host operating

Ottrit(tes ,can be used to select varia- system. The team name may be chosen by the user
J{ Th[,j is accumplished Ly giving a ae- from a roster of team names ann team members

,0cc vi ,name:>value) pairs in place of the controlled administratively. he key of an
S l hv. it pairs are sprateeeunton ropa~

~Im is rtained from an attribute
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documen tal ion source ( tests

mode ~>integer v 1 iitV oe-ftp

math pac. source (mode- -integer).taylor mathyPac. source (mode -'J1t -pt size short).taylor

Figure D. Attribute Variation Selection

narrm- u aciLs r rro ai t ta cne-c to tne hidS file The v ia lauck i Iows the - rearti cn uf 1,, t i
worio the execOLOLi injr-m of the program 00ects that can oce accessedi orj y y Droe-r.ir"
reP ,t intecleclr fo~r that purpose. If trp H i nt,

riot empty, then the key of the pr,r'u ti-
F t- -ciacu to- uach oat0 aa 00 ojcot acrem toe 00 cci. rpuat sat v -Ii'C

W "r _ ~ ifjr eal, appu.u, rNIi teu, oven if tir via AoK, is
OKIro -Xt--utf- , -rr via. Thc values of~ user name or the tc, ,T naime r-,ust stilt I

t t- a tt ist of te Ke which trI lock a pr r r ia t tro tn e I ' c(
iiI f-F i 1 Toe luck oari ht- ,utisfied niesirero. If the via lock is iull dn cq-pri

t, n , n me or toet j e n -m .H hOi [Piy n' uo , p roVif-, co alcc ' t it r
usecO to rwatch a suistlingof all urrnme. This feature is utilized, fr ednol'-

- F H i ,toe mmL "dnrritr. will rntch topee tt, user ftrim 1- It r ini Prt-t
t itii -ikey enurdiiu ir "Smitth . Ti e cey ruoucco Dy toie Ala o-ompie

KtY Aley. It tire reaD] ,ok is
F t isfi,; thien toe user may examine the file or

rThyj rI tf e offspring uf a dIirectory or 3.9 Associations
r iot iur cete. If the appeno look is

- H erF toe user may aco to trie end of a Associations are similar to ottri[te> A
Ii , LI entries to a Directory or variation used to ojocomnt toe relotiorr ,ips le

t
w,'o

roIH If tie write lack is satisfied, tfiern noues. Toe value of an assuciaitior i:> H 11f o<

ot user mdy ohnrge a file or 800 ann oulete pathoames. The ALl en-; in s that the elemrtF', r§
erti its, if c;iieotory or vdriition neauct . I f toe i st are syntact io--liv v-on A
tri ;itt r mnge lock is SSat ist iciJ then the user otherwise performis no valilotirir Or mrfnn
i11oy dite ri values of atti ir~tfys 000 assucia- oni tne list, ho exaimple of tire F-t- se >0--

tLion', ao -i0u and delete attrihutes ancn assn- t ions is the Ada compi ler which ro'uc's
, d Ltirn . I f trio executet looP is s'atiolf leo,' tile rces oif prev iousl y corpilI c monkles t e 

0

iser say TIoec: the executahle- irmage or cnn'mait during a cotmpilat inn in an assoo ciatiuun rmF
loTut irt ,'uiri.'eoer riDon'l. Thics assay ~iis i r i,,s ruhiHoerrt lv
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j,ec o tre linKer to enforce tne Ada cumpila- de r ived f rom
,icrt orc-ering roles by checking that no module
n~amed itt a 'dlepends on" association has been This is a special 555uftidtiur! tr;ut tttt,-jios,
compilenl later than the module which possesses ot pathnnames, bit toe LriQuie l'Uentif er,, c
too2 a sociaticn. tne fi les rameo 41 F to e ageo i irtut S

association. by Lisin order ived f ror tohe
files named in the terivaticn Cat, L-e foun

3.10 Derivations even if they nave Leen rettartet ft: S is
usec by t 'e A L 6'aOt i ierement ri

TMe Stoneman calls for tne generation of derivation -counts.
jetailed histcries or objects undier configura-
tion manaoement. The ALS noes tnis by means of other- inpots
jierivations. Any ALS file can, potentially,
pu Stcss S Oerivitifrt. A uerivatlon is a com- Thiis iissoc iation lto th, psatnrtames cf
Lination o f attributes and associations that files that were open unt( read by t he
uucunenz tne circumstances under which a file creating tool, tut were not entered in toe
was created, or moified. Comparison of deriva- logged -inputs association because the,
t i no sto~ws, vny files Liffer rather than the citation was explioitly supipressed.
exact text OT the differences. Although References in other inputs nc riot engender
Ot:ivjtl Uts art tot intendec or used for incrementation of Fhne dei vat iocncount of
databuse njacktou, thev contait enougn information the named file.
tn tost toet ontonts of .file can be exactly
recreatec fItir tnie lerivatlun if the files nameo
irt tnt, Jt-Iv~j u t xist, Files which have Leeh cameo itt tne

logged inputs association of the derivationt of
xils in. 'tie AL-' databiase can only oe created one or more other files possess ai cited tcy

,i 25utiedL nnrinq tne execution of some program association and a derivationt count attribuute.
clei:%n -e oting tooil. The derivation is an Cited Tby contains the bID's Of the files that

dccu * r~ ' r- cnitions under which the name this file in their derivations. These are
creati,, ttri -xeouten. The name of the program, the hack-links of the derived -from
thu pcssu to, the program, and files associations. In other words, cited by refers
cpetueo ano ea,- oy tne programt are automatically to those files that have been createcT from the
re[ uteu tt trte Ger ivzt ion. The creating tool file possessing the cited by association.
cat nonif tneotexsvotion based on specific Derivation count is, simply, the number of
K' x, ou-t t,1 a portikLilrr input is insignifi- entries in the cited by association. Cited by
cant ,i ttnt s rve oter ,nrecoraeo information and derivation count are managed automaticaTly

is Iric AL3 internally maintains by the ALS ann are not subject to cirect
tOhe itirtatlot reqduired fcor de~riva tions. When- alterations by tools or users. Entries in

tvlif, file is (-lo-ed, the information cited-by are removed when the named file is
is Itiot if lerivuti sl ave been enabled by deleted. A revision cannot oe deleted if it

Jji. possesses a positive derivation count. Since
this makes deletion very complicated, the use of

Stn U iL 3t tte attributes derivations is recommended only for baseline
1 t t 7r* toie associations objects under configluration mananement.

J, 1ilek t11Dtt , e I IveO fron ann other-inputs.
TO&,i ads ,oialohs collectively

-e uerivat jor.. berivations are Section 4
- I'e KAPSo attd cannot be modified

r ',u i,, LL too. Tte functions of USE OF ALS FEA~TURES

This section describes how the features of
i the ALS can be used to overcomp some of the

problems faced in large-scale software efforts.
t.iti,, t nvty, ttte name of the tools For discussion purposes, the use of variations

mnuc ien tone file, the para- will be illustrated 4r) toe context of providing
,utio tnnse tols, anti annota- support for program 'families; the use of revi-
[JIy truce tool, sions, access control, and derivations will he

outlined in relation to CM; and the use ,f
sharing will be coucoed in the discussion ,if
programmer coordination, However, in reality,

-ciat ion lists the patinames of the partitioning is not as clear. Variations are
t tt pndand; read by toe alsoi necessary for CM; access control isz nec--

S1' too. References in this sary for programmer coordinit ion; annl all aspeo to
engender tre incrementat ion of of -M arc- iltimattely relattec tc programme-r -i

t In jri1vmt iurttount u' the hatted file, ordinal ion.
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4.1 Program -amilies structure of the raselinu. It a single vari ,-
tion header were used, it would have to

Ail changes to software components fall into placeu so nigh if" the structure that mdny CoOmur

tuo classes: components woulo appear in the subtreE -,f tre
variation header. In such cases, it is better

0 chances that make previous versions of to use multiple variation heaoers for a single
toe component obsolete, and functional change. However, each of the result-

ing variations shoulO either be given the sane
0 changes that do not cause previous name, or shouli all have common ilentifyirri

versions to become oosoiete. attributes. For example, if a variation is
introduced in a system to support double preci-

The first class of change is calleo revision; sion arithmetic, then all components that are
the second is termed variation, specific to single precision shoulc be namec

"single" ano components specific to dounle
Examples of changes of the first class are precision should be namec "double." Using the

error corrections. Once an error is discovered variation notation, this woulc yield names like
ano corrected, there is no reason, other than sine(single), cosine(single), etc., in one case,
historical investigation of failures, to use ano sine(double), cosine(oouhle), etc., in the
old, erroneous, versions of a component in any other case. Alternatively, attribute variation
new systems. The latest version supersedes all Selection could be used, in which case the
older versions. Revision sets are used to repre- corresponding component names would be sine
sent this type of change in the ALS database. (precision=> single), cosine(precision=> single),
Revision does not give rise to families of pro- sine(precision=> double), and cosine (precision=>
grams. It all components are changed by super- 0ouble), respectively. Several attributes can
seding the previous revision, then at any given be usec for selecting a sincle variation, e.g.,
time, trere is only one current copy of' the soft- sine(precisiun> oouble, tarcet=> 8086). In this
ware incorporating all of the latest reyisions way, variations with different names can be
of all components. selected with a common set of attributes.

Examples of changes of the second class are The ALS supplies these capabilities so that
changes in. the function or implementation of a tools for constructin individual members of a
component. One common source of variation is program family can ne readily cevelope. Such
testing. A program may have some components tools would be given the attribute values or
useo only curing testing and other, similar but variation names to use in selecting components
not identical, components useG in production from a baseline sDntaininrg many variations. Tne
variations of the system. In this case, the tools would then collect the necessary compo-
existence of a test variation does not make a nents and in the together to form an execut-
proouction variation obsolete; the variations able program. Combinations of many attributes
legitimately exist simultaneously. An error in anu variation names could be used to generate a
one variation may or may not appear in another very large number of family members closely
variation. Variations may also exist because of matched to the requirements of individuAl appli-
differences in implementation of ioentical cations. Such a "custom tailoring" approach to
functions. Our SINE routine, for example, might software is often avoidec simply because corven-
be coded in any number of languages for different tional nethods for dealing with program families
computers. There may be a separate variation are cumbersome anu expensive.
fur computers that lack floating point hardware,
or a separate double precision variation, etc. The proper use of variations can lead tc suh-
ALS variation sets are use to represent changes stantial cost savings during maintenance. Con-
of this type. It is variation that gives rise to vntiortaily, members of a program family arn
families of programs because multiple systems maintained in entirely separate baselines, often
-ar, be contructed by incorporating the latest by entirely separate staff, rnis tends to en-
revision of one or another variation of a courage the continued divergence of the family
component in each of the systems. members, even when it is un;ecessary . by usind

variations, a family of programs can be stored
Variation set headers mark the places in the in a single baseline. This approach seeps the

suftware where evolution of the families di- evolution of the software from divergino to the
verges. Components above variation headers are point where a separate maintenance staff is re-
s ;rieo by all members of the family of programs. guired. Since all variations are readily visible,
components below variation set headers are grouped under a single header, it is much easier
spu( ific to some subset of family members. In to assess the effect of a software change on all
jer:eral, it is best to nave the variation set members of a family. It is also much easier to
neucrs as low in tre structure as possible so prevent unnecessary divergence and easier to
trat shared comporent, do not appear below vari- apply error corrections to all approriate varia-
utiow heuls. In tr 5sense, the example in tions.

iijure L, is ln s than ideal.
It is true that the notion of variations

A single fLuncutiofnai variation often results could have been supported by usin0 directories.
. r. Iy .rd 11e citributed trugLhuut the However, it is the author's view that the concept
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"i I .Iif :I w -,, , -sfjl I d'), ;j- r~mer I' are l ist a t t t, rv is iart s incurpuratec. For "ar?'
ir -1I, . 'k " A t, tp,t I', f'wetf' ruipt rret, t i ~t cK.j t din,_ t tif ful I ti I n,,rts

teV L ar i.v .! i. C, d3 t hr'tie- riue InC la j i(t e,-to rev ision numhter ane ac1  vi s l
I) ' .~,. 4 2 ttltef ilt (;fiId wlv'trtr rtun e, ir I Ltip nIL. fvry sy sterr iiist rr te i

r1 -~ itn- -I 1 1, it l()i riduo must restinq dna every system gent-ratedi fur reve-rt[J"
TO1 . ' tillt i .oi liGut srrvIce has its component list dttdifl.,. TI'q

n'-~ eik-ereits If any system can oie reacHly i ltntli fl
11y LA~m,irtic ts~ ompcnent Iit
oraourammer needs to examine the snirre text c,

4L Configuration Management toe system, he merel, uisolays toe :ontents, ut
toe revi siana spec itiec'r th artscn

A dJeslign acoil of Ite )kius was tr( sva thep Since the revisions citfo wr tfe cColltounent list,
1 It I I xi i T - - nri si ms t Uier tr to Ln- jpn frozenr, thiere, is no rjurst inri th~at the ;

0
nut' P

SIJui,3 i on roaaoerrent . It *wd5 recignizec that text I 1 exactly tnat aspo to qenefldi& tohe
tnie- re in-ny alt f-cr f ,, -d na . fur '-m ant: 7'ystPit. Any change c etweter the >1 yven system aor
manV touls inat n-,un implementet: tu, support the current baseline can Le rapicly icieritifiel
Ltt Sne he r~i th tti~ an imtjust' oni e t id vY L'ofiparioc top Ft. isicn numbe rs and, Jlbs in
tic ALS sukilieS tohe fundamen t a Ic-apa ili t ie s tohe componenrt l ist with the latest revis io-n
vwiith Fat'- dii _'M too>~l ea-i, to imblemve t . kult- numte r- c ana s ir the base lop.e Toe cy stpt
-lierttrv CM tacis LAF Ie implementec. alrectly in cani ne exactly recreated try extrattino from the
ictrl As cmmarR. ldtItlu-je witnout writing acom- iseIline, t he rn-v i ,i,o.n, d i e; inr the cotrpohent
otter Program i1n the corivcnt i da I sense. An i st . F inal Iy , trie cor re spondlence aetween a
isnruteritur ct YN tools is likely to rely anon te't SyStcff rl, ada pauc~t ic r system c an he
the following AuS mechanisms: easily verifier! by comparino the uomponerht lists

trtot- syt etrs.
* revisions,

In a L:i't icrf tC 5> Stem tLi ~inh tools, CM
" unique lojentifiers, typically entail's toe re.,,tion of many tools for

ju fIta i" "A irsttilatinn ann accocunt ino oJf
* variations, biaselIne coanqes , tracting of error reports,

iractnafl ait Project status, basel ine inventory
* aitrlnutes, anti aucit, error Iiagnosis, etc. Toils of this

naiture rifteir require soLxiliary information about
* derivations, anti tne objects in the baseline, e.g. installation

sitte, a3uthor, pernc -hanqes, systems in which
* access control. toe otJeci was use-c, etc. AbS attributes are

used in, conveniently store such auxiliary infor-
Revisions ann unique identifiers give the AbS mation.
user the means to ab~solutely identify software
components. The use of variations has been Aitriatites are a mietrico of attachioc tie-
treated i n toe previous section. Attributes scriptive information toc an orjeci witnout
suJ[ply a meto of atta-ching descriptive modifyindi thre contents of an otjiect. witnut
informat ion to an, abject. Derivations provide a attributes, there are itree cnoices: nodify thie
ittaiiei accounting o)f how an oject was created object, b)uil auxiliary files to contain toe tie-
a;s e-;Nhy it t;it fers f rum a 'imilar object. scriptive information, or use naming conventions.
Fir,-1, Ithe A-to at Ce-,S control services give Madi'fica t irr of the otrject is very inflexit)it
toe LM tools flexibility in retitn ces since it affeots the programs thatm ipae
to Oaseinhes. toe *iojcct. This approach leans to such aber-

rations as higfly coded control information em-
Revision sets and UiDs are thie keys to bedded itt nomments in source cone. Ne-minn con-

at solip lientifination; and absolute veritiions are inatdeguate for the amoiunt oif lnor-
iilentificatian is the key to cortfiguration mation necessary for c-onfiquratian madnaqement.
-Itahl-Oqement. Changes to baselines are made by It auxiliary files are used, each) procram that
aptieniling revisclans to revision sets and then tuses them must btuilId dn ntai ntain trte da ta
fret-zirt tne latest revision. From then on, the structure of the auxiliary file. Hy l)rrtvidirta

name of the revision, say sine(6), stands for attributes, mach Of the data manipulation burdien
tlrt 'inject ann that object only. Any change to is removed frnm, the anfi4ta armarrage )ment
sinte would result in a new, highly visible, programs. Attribute values can oe gtuite larqle,
P esiolt named smnell), which has a new urn. up to 64K characters. Attriniutes are ustrl where

the information is to te kept with tte it lent
Aevi, ian sets facilitate the comparison of tieirtq destril'er. Auxiliiry tile- will -till taF

t5,a iia with atlter oasel inea anti instal led used where loformatnr b tatntt niatty '0 it_,ct i, ti;
systensc, two funnamental CM operations. Suppose be colleCteo1 in tine plat p.
'trtt itie exists, ia ns eIi ne from which is
wrerait'- a nusber of variants of a systemt. T he Der ivationis ire, til reiv t the r ela
systhrts ire canstructed by a tool such ;Is In essence, they are a eemi-automait it e't for

It'stapo in thte previous sect ion . As a system inc rementalI ly t rat-i vi the ht i'd ry it st Ai r 4
is - nntst riotedl, the tonol proocecs a ca:mpanent ccnpouet s t. fIn fact , top t t rman n-e Ir "Pi
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"r[i-y it Jt iLtte. "' rn AL& irrIeenr ttlor or uFor source coce, most coordinatioi. will rt
Jeri 'dt LJlb n. siMiUdr t Gt"oe i(ip 1e me n t i~f done by the use of baselines. Source uoseu

If, L~i n re Ao Suppurt )sttrl U tu(c -, i- more than one programmer will be stored in,
Olete(f ;11 tle U)K i -TEtJ. A corrrrur LM operation controjlled baseline. A4ny modifications to tnnf
;U I o., 2  oprerc .ierif n source will he accomplished by first locking the

oifferenct-, uetwer. tO, previous '-oftoare thrt code to be modified, performing the mocifica-
otu'li~eul LUEreoty JrL: t r it:r rer sojf t w dIt2 tions and testinq them in a private area, then,
*hat majlfunctions. Jr fortunately, Jirect tex- installing the mooifications in the baseline,
bta 3r~r~~n rtr seles-,. or example, after suitable notice has been given. to al 1
the textuai Lo~mpdrisor, ot bjeot mcoules will interested parties. Locking prevents more than
,juuJI , est.Llist- tt~at a difference exists, rot one person from moulifying a component sirnultrj-
rarely yielo5 a clue duoult the significance uf neously. It also serves to alert other J~er"
tire Gi fferenos:. Textual cumparisun if source that a nocificaticin miy soon be applien,.
may (ot ire mucn more enlighteninrg about t he
reievunct. Of dny differences discovered. How- Treo jaseline ran ue used in thfee wd,-0
ever, comparison of tne derivations of two com-
pur~erlt,, car. reveal tnat cifterert revisions or 0 souuue tiles can :e oupiec' f-r'off tlf
variatiuns of source were used to obtain object baselIine,
xrcoui -, o~r tnat different compiler options,
e.g. optimization, were used in each case, etc. a any su.btree can te shared, or
CM tools can post any relevant information in
tne oerivutior, text attrioute. This mion ;t in- 8 the baseline car! simply be referencedi.
cluue a compunent list, or a short dlesoriptior,
cr a cmange erntered try toe programmer OuLrirro irl If source is ropied, ther t he procrammur is
eauit operation. This type of i n f urfrat ior i s insulated from any changes that occur. He' i 5
s igrii ficant ly more U~efui tU an textual also cut off fromr any -rrcr cnr rect ionn1  cr
comparison by itself. improvements. if the source is shared', ne.

revisions of toe source files will auomatically
Aiccess to baselines must be controlledi to appear in the snarer's area, potentil witnout

e: s~ru tnlt nu orntnurizec crrdrges are applied. notice, if the source is referenceo, then, therte
The /405 u5C5 a relatively conventional paradigmr are a number of choices, references to explicit
for ancPS nontrol. For CM, tne via lock is rev isions and variations, re ferences tc toei
especially useful. Witn the via lock, it is latest revision or latest frozen revision, and'/
possi.-t, t, credtt sut'trees in the /405 databdse or references to the default variatior, . l
that ca r, biyLe accessed tniroogn the services punct references provide isolation, generdi
or a t~oi or group of tools. In tnis way, references do not.
access to baselines can be controlled by LM
t(ouis _:reited for toie purpose. boon tocis are Sharing prevents unn~ecessary di~errience cf
used to ensure tridt changes are applied in an software. In more conventional systems, sharing
orderiy fashion, trrat all recording of changes is accomplished by copying. But once copied,
is duly performed, that changes have been the evolution of software components is likely
authurizeo, anu so fortrh. This feature is used, to diverge because tne copy will ne overlooked
for example, by toie /4LS A4da compilers to deny during maintenance. VWith sharing, there is only
users dirtfct access to program. libraries where one copy to maintain. If changes for ore snarer
object mooules are stored. In this way, the are inappropriate for all, then a variation
user is prevented from circumventing t ne snould be introduced tc document the civercence.
recompoilation ordering rules of the A4da Keeping all the source logically in the baseline
Language. ano only referencing it during compilation is a

good compromise. Isolation can bre achieved by
using explicit revisions and variations, but the

/4.3 Coordination of Prograrmmers divergence of evolution is less likely, However,
with referencing, deletion of old revisions must

This discussion will be limited to program- be controlled to avoid deletion of source text
mner coordination during the manipulation of that is still in use. In some sense, this is an
source ano object code. There are many other abrogation of the obsolescence property of re-
aspects of programmer coordination not Lieated visions, and therefore should rot be used in
her -because the /4LS currently provides no place if variations. In other words, explicit
;pec iflc. toolIs for interface control, design revision references should only appear when
coo rdi1.n at io n, requirements analysis, etc. Some there is an intent to track the evolution of the
of thre u prolems are addressed by the A4da source component; otherwise, a variation shouldl
iarguage; others will be addressed by tools be created.
written, for toe ALS. It is expected that the
features, of the /4LS already outlined will The /4LS supplies much stronger support for
sImplify toe implementation of such coordination programmer coordination at the object code level.

SMa'-y of triese tools will follow the CM All A4da object code must be placed irr a structure
pirarfi tins established for baseline control. called a Program Library. In general, there is
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,int: Program Library (PL) for each variation of 0 explicit nameo variations,
an executaole program. A PL is a collection of
iirecturint and revisions in one subtree. Via 0 freezing of revisions, and
loCks are used to restrict access to PLs. Pro-
iranmer are encouraged to think of PLs as 0 derivations.
buckets into which they place components of a
system. when all components are in the PL, they The notion that there is a qualitative difference
can be linkeo together to form an executable between revision and variation has been inde-
progrdm. Revisions are used inside PLs so that pendently proposed by two other investigators,
one PL can be repeatedly used for recompilation Cargil and Tichy. The ALS will test the value
and relinKing during the system development. Ada of this model by exposing the idea to a large
recompilation ordering rules are enforced by all number of software engineers in production

tools that operate on PLs. situations. In the author's opinion, the dis-
tinction between revision and variation will

Components can be placed into a PL by com- prove to be a fundamental notion.
pilltion or by acquisition from another PL.
Suppose, for example, that an Ada package exists
for trigonometry. The package can be initially REFERENCES
compileu into a publicly available PL. Program-
mers who use the package can then acquire the [BERS] E. H. Bersoff, V. 0. Henderson, and S.
object code directly without recompilation. G. Siegel, "Software Configuration
This is done by using a tool named LIB, short Management: A Tutorial," Computer
for library. Acquisition is accomplished by Magazine, January 1979, IEEE, pp 6-14.
reference, so that duplicate storage of the
object code is avoided while maintaining isola- [BUXT] J. Buxton, Department of Defense
tlion of PLs. Changes in the acquired-from PL do Requirements for Ada Programming
nut automdtically appear in the acquired-to PL. Support Environments "STONEMAN;" U.S.
The addition of a subscription capability is Department of Defense, February 1980.
antiLipated. with this mechanism, the owner of
an acquired-to PL would be notified if any [CARG] T. A. Cargil, A View of Source Text for
changes were made in the aqcuired-from PL. He Diversely Conf-uable Software;
couli tnn reacquire at his option. PLs provide University of Waterloo, Dept 3f
the isolation of copying without the duplication Computer Science, 1980, lOOp.
,f storage. Acquisition can be done frcm a base-
line to a private PL to establish a private work [STEN] V. Stenhing, et al., Ada Support System
drea. The acquisition mechanism provides a Study; System Designers Limited and
metnou for easily sharing while still preserving Software Sciences Limited, 1979 and
some isolation. The guiding philosophy behind 1980.
PLs is that neither a baseline nor a private PL
can be altered without explicit action by the [TICH] W. F. Tichy, Software Development
owner. Control Based on System Structure

Description; Carnegie-Mellon
University, Computer Science

Section 5 Department, Jan 1980, 1a8p.

CONCLUDING REMARKS [THAL] R. M. Thall, "The KAPSE for the Ada
Language System;" Proceedings of the

A major technical contribution of the ALS is AdaTEC Conference on Ada; October,
the support for large-scale software projects. 1982, ACM, pp 31-47.
The ALS is one of the first production-quality
programing environment to offer native, rather [WOLF] M. Wolfe, W. Babich, R. Simpson, R.
than tacked-on, support for configuration manage- Thall, and L. Weissman, "The Ada
ment of program families. Specifically, it is Language System;" IEEE Computer
the first environment to offer: Magazine, Jt;ne 1981, pp 37-45.

0 differentiation of revisions and
variations,
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o LEARNING THE ADA INTEGRATED ENVIRONMENT

George Snyder

Intermetrics, Inc.
Cambridge, Massachusetts

The Ada Integrated Environment (AIE) is 2. COMMAND LANGUAGE
designed to be easy to learn and easy to
use. It will be powerful, efficient, and The MAPSE Command Language (MCL)
friendly. This paper describes how these [Shenker] is the primary interface
goals are addressed in the design of the between a user and the AIE. The funda-
Ada compiler, the MAPSE Command Language, mental role of the MAPSE Command Proces-
and the Program Integration Facility. sor is to invoke programs, in response to
Plans for future tools are also a user's MCL commands. The overall philo-
described. sophy of the MCL is similar to that of

UNIX (R) [Bourne], a widely used and fam-
iliar system. Because MCL syntax is
based on Ada end UNIX, users will find it

1. INTRODUCTION easy to learn.

The Ada* Integrated Environment (AIE) The MCP uses a "toolkit" approach,
provides support for the development of whereby a number of generalized tools can
Ada programs. A good environment should be easily interconnected for a particular
provide the power and flexibility to make purpose. All tools are available at the
program development as easy as possible. command level, or in scripts containing
It should also be friendly and easy to MCL commands. Because tools are pro-
use. grams, rather than being embedded in the

command processor or operating system,

An environment must meet all these cri- the tool set can be expanded or modified.
teria if it is to be easy to learn. Pro- Following this philosophy, the MCP itself
gram development tools which are slow or is a tool.
produce poor output discourage the user
from learning by experimentation. Lack Like Ada, MCL may be typed in free for-
of flexibility in tools frustrates a mat. Because MCL is primarily an
novice user, and often force experienced interactive language, Ada syntax rules
users into arcane methods which are have been relaxed to reduce the typing of
unreliable and difficult to maintain, punctuation such as parentheses, commas,
Friendliness and ease of use help users and semicolons.
get started in the environment. However,
a user advancing into unfamiliar areas
should not be hampered by unneeded 2.1 Program Invocation

This paper describes the major user A program is invoked by typing its name.
interfaces currently being developed for Suppose there is an Ada procedure:
the Ada Integrated Environment: the Ada
compiler, the MAPSE Command Language
(MCL), and the Program Integration Facil- procedure Compile ( Source: string;
ity (PIF). The MCL is part of the Minimal Library: string);
Ada Programming Support Environment
(MAPSE)

This program could be invoked with a com-
mand like the following. Any combination
of positional and named parameters may be
used:

SAda is a registered trademark of the

U.S. Department of Defense (AJPO). compile Mysource Library => Mylib
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2.2 Pipe 2.5 Script

The Ada predefined text input/output A frequently used sequence of MCL com-
files STANDARD_ INPUT and STANDARD-OUTPUT mands may be saved as a script, resulting
can be redirected either to disk files or in a new tool. A script may specify
to other programs via "pipes." Programs parameters, like an Ada procedure or
connected by pipes execute concurrently. function, and the parameters may have
In the following example, Sort reads its default values. A powerful aspect of this
input from File] and passes its output to approach is that an Ada subprogram and an
Unique, which reads the result as its MCL script are invoked in exactly the
input and places its output in File2: same way. Thus frequently used scripts

can be converted to Ada without having to
change scripts which use them. Here is a

Sort -< Filel -I Unique -> File2 script which performs a bubble sort:

%Data : ( 5, 2, 4, 0, 1, 3
2.3 Language Elements

put "Unsorted Data: ", %Data
MCL provides a number of Ada-like con-
structs, as well as all Ada operators, for %i in reverse l..(%Data'length-l)
Literals and implicitly declared vari- loop
ables may be of type integer, float, for %j in 1..%i loop
boolean, or string. Quotations around if %Data(%j) > %Data(%j+l) then
string literals are optional. A variable %Temp := %Data(%j+l)
may also be given an aggregate value; its %Data(%j+l) := %Data(%j)
components may then be specified either %Data(%j) := %Temp
by number (as an array) or by name (as a end if
record). Certain attributes are defined end loop
for MCP variables, such as 'TYPE and end loop
'LENGTH. The following examples illus-
trate some of these features: put "Sorted Data: ", %Data

%varl := 4
%var2 (A => 9, B => "Series 9") 2.6 Helo Facility
%result := 5.0 + 3 * (4 / %result)
put %var2'type A help facility is provided, which allows
put %var2.B'length the user to get information about any

program or MCP script. Help is also
available for a program's parameters,
simply by typing a question mark where

2.4 Control Structures the parameter would normally be speci-
fied.

Control constructs include if-then-else,
case, loop, and begin-end. These con-
structs may be nested, and may be invoked 2.7 Other Commands
either from the keyboard or from a
script. When a compound command is being Any command may be executed in the back-
entered from the keyboard, MCP prompts ground by terminating the command with
with line numbers until the command is "-&". The user will be informed when the
completed. A compound command's output background command completes. The WAIT
may be redirected. The following example command causes MCP to wait until a speci-
sorts a list of colors and places the fied background command completes. A
result in SortedColors (a colon is the background command can be terminated with
normal MCP prompt): the ABORT command.

for %color in : comp:
2/ (green, blue, red, yellow) loop 2/ compile Myfile Library => Mylib -&

3/ put %color COMP EXECUTING
4/ end loop -I sort -> SortedColors : abort comp

COMP ABORTED
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A user may end his MCP session with and revisions are treated on a catalog
either LOGOUT or SUSPEND. In the latter basis. A user can link to the latest
case, the session may be later resumed at revision of a catalog, or to a particular
the state in which it was suspended, revision number.

A version of an object involves signifi-
cant changes, usually including unit

3. PROGRAM INTEGRATION specifications. A new version of a cata-
log is created by copying it to a new

The purpose of the Program Integration name, and changing a library's links to
Facility (PIF) is to create & manage pro- it. A revision is typically a change in
gram libraries with minimal direction implementation. A user creates a revi-
from users. In addition to the usual sion of a catalog by deriving from it a
library support functions, PIF provides catalog with same name but a new revision
configuration management, including ver- number. Such catalogs can later be pro-
sion control and automatic reconstruction moted to resource catalogs, and thus made
of library objects. visible to other catalogs.

3.1 Library Sumoort 3.3 Obiect Reconstruction

Multiple libraries can be maintained in The PIF makes sure that every object in a
the AIE, and one or more libraries may be catalog is up-to-date when it is refer-
available to each user. One of the enced either directly or indirectly.
parameters to the Ada compiler is the This applies not only to Ada units, but
name of the library into which the compi- to other kinds of objects. A user can
lation is to be placed. If the library change the rules and tools by which an
does not exist, it is automatically object is updated.
created. More than one user can access
the same library, so that members of a
team can share program units. 3.3.1 Initial For A library object may

be present in more than one processing
In order to save space, a set of related stage, or form, such as "source,"
library units which are frequently used "abstract syntax tree (AST)," "DIANA,"
can be stored in a catalo . In order to "object module," "executable," "documen-
save space, catalogs can be shared tation," etc. Each object in the library
between libraries in a manner analogous has an initial form, which is not derived
to a traditional library of object from other objects in the libraty. The
modules. The interface catalogs (specs) initial form of an Ada compilation unit
are maintained separately from implemen- might be Ada source, or Abstract Syntax
tation catalogs (bodies), and multiple Tree (AST), for example, depending on how
implementations of an interface can coex- it was initially submitted to the
ist. Users can specify which interfaces library.
and implementations are to be used for a
particular library. Every other object in the library is a

generated form, and is derived from one
or more initial forms. A generated form

3.2 Configuration Management becomes out-of-date when one or more of
its initial forms is replaced. An advan-

The PIF supports numbered revisions and tage of this scheme is that intermediate
named versions of catalogs. Users can forms can be deleted from a library to
check catalogs out for modification, and conserve space, without causing generated
check them back in afterwards. Inter- forms to become obsolete.
dependencies of objects in a library are
tracked, and objects are reconstructed as 3.3.2 Rules Rules are used to describe
needed so that any referenced object is how to generate one form of a library
up-to-date. object from another. The general form of

a rule is:

3.2.1 Versio Control Since Ada units precursor -> target: operation
are heavily interdependent, maintaining
revisions on a unit basis is impractical. Users can modify or add rules to cover
A change in one unit's source may cause a other forms, such as foreign language
change in the DIANA of every unit that conversions, documentation, and problem
depends on it. For this reason, versions reports.
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3.3.3 Appoved Ooeratio Operations With careful design, a programmer should
are maintained in a list, which identi- be able to remove nearly all such checks.
fies for each operation a tool name and In fact, an implicit constraint check may
revision. Thus tools can be updated or often be taken as an indication of a flaw
replaced, without changing the list of in coding.
rules. Because a target-form implicitly
depends on the version of the tool that
creates it, updating a tool may cause 4.1.2 Inlin Subprograms: The AIE com-
some objects to become out-of-date. piler fully supports inline subprograms,

and optimizations are applied after such
subprograms are expanded. Thus optimiza-
tions span the subprogram interface.

4. ADA COMPILR
4.1.3 Taskin Optimizations: The AIE

A compiler may be a programmer s most tasking implementation is optimized in
important tool. The AIE compiler is several ways. Nearly all scheduling
designed to produce high quality code in overhead is eliminated for the second
a friendly and efficient manner. A number task of a pair entering a rendezvous,
of optimizations are used to make the since the other task is already waiting
generated code efficient. Friendliness and one of the two must be the highest
is achieved primarily through informative priority runnable task. The rendezvous
error messages and a powerful syntactic is executed on the caller's runtime
error recovery (parse fixup) scheme, stack, so that parameters are passed with

the same efficiency as a procedure call.
The static link, which would normally

4.1 Compiler Optimizations point to the innermost invocation of the
enclosing subprogram in the caller's
stack frame, is adjusted to point to the

Compared to other languages, Ada presents called task's stack, so that up-level
four major areas of difficulty in produc- references refer properly to the scope
ing optimized code. Constraint checks, containing the accept body.
several of which may occur in one state-
ment, may create significantly more code In addition, the user may declare a task
than the programmer expected. Inline which does nothing important outside of
subprograms expanded in a simple way may accept bodies to be a "monitor" task.
make modularity expensive, thus defeating For such tasks, even more scheduling
one of Ada's primary purposes. Tasking, overhead and nearly all stack space is
if naively implemented, may be too inef- eliminated.
ficient for some synchronization needs.
Expansion of generics must be optimized
to avoid time wasted in recompiling gen- 4.1.4 Optimizing Generics: Generics are
eric bodies and space wasted by redundant stored as DIANA (an intermediate tree
code. representation), and are therefore not

recompiled for each instantiation. Where
possible, code is shared among instantia-

4.1.1 Constraint Che Elimination: The tions, to minimize redundancy.
AIE Ada compiler eliminates many con-
straint checks at compile time, by keep-
ing track of information known about each 4.2 Error Reporting
object. For example, a simple assignment
of one variable to another of the same Accurate diagnosis of syntactic errors is
subtype does not require a constraint doubly important. First, the location
check, because the source variable must and nature of the error must be reported
already contain a valid value. A use of accurately. Second, the parser must
a variable which was declared with an recover from the error in such a way that
initial value does not require a con- artificial errors are not introduced. In
straint check, since the initial value addition, reporting a good parse fixup is
has already been checked. The sum of two often more helpful to a programmer than a
integers of discrete range need not be good error message. The AIE compiler
checked for integer overflow, unless the uses the syntactic error diagnosis and
dis..rete ranges are large, recovery method described by Burke and

Fisher [BF]. Used in the NYU Ada-Ed com-
Implicit constraint checks which cannot piler, this method has correctly diag-
be removed are flagged at compile time. nosed over fifty errors in an Ada
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compilation of IlI lines. Some typical [Fisher] Gerald A. Fisher, Jr., private
messages are shown in figure 1. communication to Len Tower.

Semantic errors from the AXE compiler are [LRM Reference Manual for the Ada
designed to be as helpful as possible. Proqrammi!g Lanouage, MIL-STD
Each such message will highlight the 1815, March 1983.
erroneous portion of the source line,
describe the nature of the error, and [Shenker) Abraham Shenker, "A MAPSE Com-
give a reference to the relevant section mand Language," Journa of Pas-
and paragraph of the Ada Language Refer- cal and Ad, January-February
ence Manual [LRM]. 1983, pp 35 - 39.

The semantic error handling mechanism is
modular and flexible. The compiler
defines semantic errors at the levels of
declarations, statements, and expres- 7. ABOUT THE AUTHOR
sions. There is a unique exception for
each semantic error, so that an error can George J. Snyder has been a member of the
be handled at any of several levels. Ada Systems Division of Intermetrics
Since an error handler can reraise the Inc., 733 Concord Avenue, Cambridge, Mas-
same exception or raise a different sachusetts 02138, since June 1982. Pre-
exception, there may be responses on more viously, he was Software Project Leader
than one level. An error in an expres- in the Electron Beam Lithography Division
sion, for instance, might cause the of Varian Associates Inc., in Gloucester,
statement in which it occurs to be Massachusetts. He received BS degrees in
skipped. tsponses to an error can be physics and architecture from Mas-
easily changed. For example, messages sachusetts Institute of Technology in
describing possible causes of a semantic 1972, and an MS degree in computer sci-
error and suggestions for fixes might be ence from Boston University in 1980. He
added, is a member of the ACM, and the IEEE Com-

puter Society.

5. SUM

The ATE is a powertul, easy-to-use
environment for the development of Ada
programs. It provides a powerful command
language based on Ada and Unix. Its pro-
gram integration facility supports shared
code, and helps to automate revision con-
trol and object reconstruction. The AXE
compiler is production-quality too] which

produces optimized code and and helpful
diagnostics.
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Figure 1. Example Syntax Error Messages

25 subtype c is range 1..30;

* Syntax Error: "TYPE" expected instead of "SUBTYPE"

39 x : = x + 2;

* Syntax Error: ":=" expected instead of ":" "

46 begin
47 declare
48 x: integer;
49 for i in 1 .. 2 loop

* Syntax Error: "BEGIN" expected before this token
50 b(i) := 0.0;

Syntax Error: "END LOOP;" inserted to match "LOOP" on line 49 at column 27
* Syntax Error: "END;" inserted to match "B OOIN" on line 48 at column 21

51 end;
52
53 function DAYS_ INMONTH(M: MONTH IS-LEAP: BOOLEAN) retLurn DAY is

* Syntax Error: ";" expected after this token

91 K: SHORTINT = 1;

* Syntax Error: ":=" expected instead of "

106 elseif z > w then

* Syntax Error: Reserved word "ELSIF" misspelled
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0 TEACHING Ada AT THE US MILITARY ACADEMY

Major Kevin J. Cogan

Department of Geography and Computer Science
US Military Academy
West Point, NY 10996

AN APPROACH TO ADA

ABSTRACT--A five year history of teaching

Ada' with the NYU Ada/Ed translator has Ada education at West Point began in
evolved into an effective methodology for the summer of 1979 when the academy was
teaching top-down engineering design selected as one of the trst locations to
simultaneously with a bottom-up conduct an Ada workshop. Recognizing the
presentation of the Ada grammar. With impact that Ada programming was to have
emphasis on embedded hardware systems, on the software industry as well as the
students are confronted with successively direct applicability of Ada for the
more difficult design problems which must Department of Defense, a course in Ada
be written and executed on a VAX-lI/780. programming was offered for cadets in
Exposed to the Ada features of packages, August 1980. As many readers of this
concurrency, generics, and exception article are aware, any syllabus for a
handling, students design, write and course in Ada has been largely
execute an extensive term project experimental to date. A good case for a
simulating a real-time embedded system bottom-up approach to Ada education can
using Ada. Projects approach the 1000 be made by those who profess that toe
lines of source code limitation of the language is large and complex and must be
translator. Reusability of code is digested at the syntactical level before
stressed by importing a previous year's the concepts unique to Ada -an be
package when feasible. introduced. Proponents of a tup-down

Ada course argue that programming in Ada
*Ada is a registered trademark of the requires the student to be reoriented in
U.S. government, Ada Joint Program order to grasp the findamental aspects of
Office. data abstraction and packaging in Ada

first, and then master the syntax which
should be a simple process. The correct
approach may ultimately be decided by the
textbook most widely used. In the last
year many new Ada texts have been

The United States Military Academy published since the Ada language
is located fifty miles north of New York definition was approved as an ANSI
City on the Hudson River at West standard in Februaury 1983.
Point. Every year nearly one thousand
young men and women receive a Bachelor of The primary objective of Ada education at
Science degree and are commissioned West Point is to determine the framework
second lieutenants in the Army. Like for Ada as an undergraduate elective
many other educational institutions course concurrent with providing a rich
throughout the country, an increasing and rewarding programming language
number of West Point cadets enroll in the experience for cadets. This effort has
academy's rapidly expanding computer been in cooperation with the US Army's
science curriculum each year. Over the "enter for Tactical Computer Systems
last five years Ada has been part of that (CENTACS) at Fort Monmouth, New Jersey.
curriculum. The Department of Defense AS the prime contracting agency for the
chose the Ada programming language as its Army's first production compiler, CENTACS
weapon to combat the software crisis for has provided West Point with successive
embedded computer systems for the 1980's versions of Ada/ED, an Ada translator
and beyond. It is a natural result that which can be implemented on a VAX
West Point, the Army's "college," has minicomputer.
added Ada to its arsenal of computer
science studies.
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THE ADA'ED TRANSLATOR systems. Therefore, it was reasoned

.. . .that a course in Ada must somehow embody
Ad,, EID s a product of New York these concepts and make them an integral

n ty's curint Institute of part of the course structure.
M n-Iat is under cont ract for the
ArTv. N. itten in SETTL whi-h itself was In January 1982 the course name
1, l t ,r NYU, Ada ED serves as an changed to Ada Concepts and Programming.
intr -T ear ning environment for Ada until This placed emphasis on the fact that
'pleAd and released. To Ada's concepts were on a par with
Lit', CEN'A"S has provided the US Military programming as required learning
', 17, wlth five versions of objectives. Cadets must demonstrate that

AdI ED - .4, .5, 16.3, 17.2 and ANSI they understand the concepts of Ada as a
AdA ED ll versions have been key to solving the embedded computer
implement-i on the Department of Geography system software crisis. They must
and ompjt, r ocience's research computer, understand that the projected defense
3 VAX-11 '780 minicomputer. Each software budget of $36 billion for 1990
ZAccess , version has resulted in faster can be significantly reduced by fully
translation and richer semantic error utilizing the concepts of Ada.
jetect lor messages. Access to Ada/Ed has
put an important and exciting tool in the INTEGRATION OF CONCEPTS WITH PROGRAMMING
hands of ca ets. ANSI Ada/ED 1.1 was the
first compiler or translator to receive a Presently the course strives to
validation certificate from the Ada Joint integrate the key concepts of Ada with
Program Office. Validation certifies that hands-on programming. It neither purports
a produut fully complies with the ANSI Ada to be a top-down nor a bottom-up approach
language definition. ANSI Ada/ED can to Ada, but rather a weaving of these two
translate 100 lines of Ada source code in approaches throughout the forty lesson
approximately 200 seconds, complete with attendances. To accomplish this, syntax
syntax error highlighting and semantic learning objectives are coupled with wnat
error messages, when might be an actual embedded computer
appropriate. Although a production Ada system application.
compiler will be several orders of
ragnitude faster than this, ANSI Ada/ED For instance, during an hour lesson
nas provided the necessary feedback for devoted to arrays and the block-if, the
cadets and Instructors to assess the well-known problem of counting change is
learning skills acquired in the classroom, used. The basic purposes of loops and if
West Point's findings pertaining to statements are already known by cadets
undergraduate Ada education have teen having had FORTRAN and Pascal
valuable to CENTACS and, hopefully, to Ada previously. The notion of strong and
education in general. enumerated typing in Ada is encountered

before this particular lesson. Therefore,
COURSE FRAMEWORK to count change in Ada (see Figure 1.)

requires only mastering the new
The first course in Ada at west Point syntax. An opportunity exists at this

was simply titled Ada Programming. An point to expand the problem for any
assessment of student background waa made monetary system based on 100 as in 100
betore deriving the first syllabus fo- a cents/dollar or 100 pfennigs/W. German
course never pre;iously taught. Cadets mark. An immediate problem is the fact
choo ;ing Ada Programming as an elective that not all countries based on 100 have
ojd, as .a minimum, a course in FORTRAN six distinct coins. Further it might be
prorramminq during freshman year (required desirable for the coin machine to prompt
for all freshman cadets regardless of the user with a voice synthesis module for
their academic major) and Structured the specific unit of currency. At this
Progr mnming In Pascal during sophomore point Figure 1 is obsolete.
year. Accordingly, cadets were well
"r,'par-d f,,r Ada as another language. But Figure 2 leads (almost) to a generic
it was realized also that Ada is more than solution, although the students'

tner programming language and not acquaintance with Ada generic units has
lis -nxt-rision of Pascal. The birthj of not yet been firmly established. Of

Ala ,-neric, package, exception, and particular note in this solution is the
l 'mn constructs requires a new FOR LOOP in the procedure body. Type
i, n 3 dI o rgrmin if the full COINS is the range governing the number of

., Ada is going to be iterations of the loop. It no longer is
I'- readability, reiiability, dependent on the integer range 1. .6 given

, nd portabi ity to be in Figure 1, but only on the number of
"-. es concepts wert the genesis values enumerated for type COINS according

D~partment'o pursuit Of a to the nations monetary
iir l.ni age for embedded computer system. Concurrently, because the loop

index implicitly takes on the type and
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current value of the range, execution of devoted exclusively to using the Ada ED
the statement PUT(N) outputs the current translator on the VAX. Of necessity, the
coin denomination desired followed by a treatment of input/output in Ada, chiefly
user input to that coin prompt. Thus to in terms of package TEXT_ 10, is moved to
convert this program for West German use, the beginning of the course syllabus at
the programmer changes only three about the sixth lesson so that students
statements in the procedure specification may interact with the execution of their
making substitutions as follow: program. There is a twofold advantage in

this approach. Not only does this allow
type COINS is (ONE PFENNIGS,TWOPFENNIGS, students to run programs early in the

FIVE PFENNIGS,TEN PFENNIGS, course requiring syntactically pure
FIFTY PFENNIGS,ONE MARK, solutions, but it also allows for the
TWO MARKS, FIVE MARKS); early introduction of the concept of

type MONEY is (MARKS,PFENNIGST; packages in Ada. Package TEXT_ O in
VALUE : constant array(COINS) of INTEGER Chapter 14 of the language reference

(ONE PFENNIGS => 1, TWO PFENNIGS => 2, manual is rich in Ada style and diversity.
FIVE PFENNIGS => 5, TENPFENNIGS => 10, By requiring its use early in the course
FIFTY PFENNIGS => 50, ONE MARK => 100, of instruction, users get a rudimentary
TWO_MARKS => 200, FIVE MARKS => 500); application of such constructs as generic

This time there are eight enumerated package instantiation, subprogram default

values for type COINS resulting in eight parameters - NEWLINE vs. NEWLINE(3),
iterations of the loop, but this should be overloading procedure and function names,
abstract in the bind of the and implementation defined values for
abstrac . ie e te m of the example. The WITH and USE statements must
programmer. The executable part of the be introduced as well, thus providing a

procedure requires no modification. Eight nat romen for th utii a
coi pomtswil b i Grmn.natural environment for the utility and

coin prompts will be in German. application of the Ada package. Here is
the essence of weaving the top-down and

The pedagogical advantages of this bto-p apoc olann d. Mr

program should be clear. First there is bottom-up approach to learning Ada. More

the benefit of the problem solution details of subprograms, generics, and

itself. Secondly, aside from the issues packages come later in the course, but by

of reliability, the classroom example lesson 9, having learned the minimal set

embodies the conceptual goals of Ada. it of control structures to solve any

is readable with virtually no problem, students are ready for their

documentation by the novice Ada programmer first hands-on application of Ada. A

by selecting meaningful names for types representative problem statement is stated

and objects. It is maintainable due to as follows:

the mere three statements that need to be
altered for a different country. It is A computer terminal manufacturer

transportable, not only from the Ada recognizes that terminals will continue to

language standardization point of view, progress from computer terminals to

but also physically transportable from a communications terminals. Products such

geographical and linguistic sense with a as direct connect modems should allow the
minimum of recoding. During a recent user to directly dial a telephone number

visit by an Australian official, the three from the keyboard. A telephone handset
statements mentioned above were quickly would be connected to the terminal for

altered to reflect the five subunits of voice communications when desired. A
the Australian dollar (1,5,20,50,100) and typical complaint from users, however, is
thus a little bit of Ada is now at work that keyboards are not labeled with the
"down under". A basic tenet of Ada is alphabetic letters also found on the
that there should be a minimum of recoding telephone dial or touch-tone pad. If a
,ffort when changes are required. PRa ders mnemonic such as ARMY is dialed from the
Ian 1 r w itn Ada 's qenf r 1c const r ict *n West Point prefix 938, a tape recording
note how this rose xample prnolsm can t<. for Army sports is connected. The user is
mod ! feI and wi it ton :ater in a tener c hard pressed to remember the numhrs
package. associated with A, R, M, and Y as 2, 7, 6,

and 9 respectively. Further , terminals
HAND-oN T

5
A7NING should be intelligent enough for this to

. be transparent to the usr. A typical
1-w oii it,)[ in 'osput-r proarammin telephone dial or pad is irrayed as

lan';uages coui d refute the bcenef its ,f fol lows:
itua- y r inn ing progr ams in the languaole

It ng taught. Teaching Ada should not t ,Al\ 1Ff' r ti' f IKI,
in except ion f) th is philosophy. 1 2 3 4 1
Accordingly it n been found to be

xt resmI./ advant ig- us Io get st idJnt s MNO 11PR TUV WX Y
utilizing the t ransl ,1tr as guic kly as 6 7 8 9 0

poss ib1e . One is:;o n the rylly is LS
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The manufacturer desires to market systems which can stress the advantages of
terminals with embedded software written an Ada problem solution. The luxury of
in Ada which allows the user to dial having the Ada/ED translator available to
through a direct-coupled modem by either fully exploit the education process has
numeric or alphabetic values as found on been an invaluable tool fer instructors
the array above. Write a program which and students alike. Programs emulating a
has two separate procedures to accomplish robotics application for optically
the following tasks: (1) Enter a four recognizing resistor color codes and a
digit number from the terminal and output self-service package mailing station for
to the terminal on separate lines an array the post office have been written and
of dots corresponding to the number of successfully run by cadets. Stimulating
each digit dialed; (2) Enter on separate problems such as these spark the
lines four alphabetic characters (Q and Z imagination and reveal the power of Ada.
not allowed) from the terminal and output Solving the software crisis of tomorrow
to the terminal on separate lines an array requires sowing the seeds of Ada education
of dots corresponding to the number today.
associated with that letter.

An student's solution from this
year's course is at Figure 3. It
represents what can be accomplished by the
tenth hour of instruction in a hands-on
course in Ada. Readers apprehensive about
the size and complexity of the Ada
language may take some relief at this
point. The student is in his junior year,
with prior experience in FORTRAN and
Pascal. By lesson 20 subprograms,
packages, library units, separate
compilation, and exception handling have
been described. A problem statement is
formulated by the instructor which
incorporates and necessitates these
constructs in the problem
solution. Similarly, after Ada tasks and Major Kevin J. Cogan, Department of
generics are taught, another hands-on Geography and Computer Science, US
exercise is required. With approximately Military Academy, West Point, NY 10996.
10 hours of instruction remaining from the Major Cogan was commissioned in the US
40 hours allocated, students formulate Army Signal Corps. He received a BS
their own term project in consultation degree in 1971 from the US Military
with their instructor. Term projects may Academy and an MS degree in Electrical
produce a useful package such as for Engineering in 1981 from Columbia
trigonometric functions which may University. He has served in various
subsequently be used by future student command and staff positions in the US and
projects (this has already been done). in Europe. Presently he is an assistant
Term projects also may emulate a present professor of computer science and the Ada
or future embedded computer system such as course director at West Point.
an auto-rotation procedure to safely land
an incapacitated helicopter or a drone
reconaissance aircraft's sensor systems.
Both of these projects lend themselves
nicely to Ada's task mechanism for
concurrent processes. Term projects are
not technically complete, but they do
emulate such systems from a design
viewpoint and typically rangp from 500 to
800 lines of code which must be execjted
on Ada,'ED.

CONk i )[,.N

West P,int is
pu r so i1t t )o f f oI t Ad i d ,)1
It requires tr ik in I .In<', :' W,-:n
student capabh 1t les and i I IT I.
introduction of -nc'p S .n Ada . I
rrix of the t op-down and tot t m- p ap.rnai
to I-arning Ada has -v vd s i ns te
mechanism of -xample probloms for embdded
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Hiowever ,t th tw~it 3i iy iru r n as t ho tl i 13
r< 11.....yet mi+u: nit pro I iiii~ih josrct sthow t

rjr owi , nm the iC even hew construct s suLc h a s t :i j
Ci 2; .. LO i itl Wi ti d' ht be imp] ementudc ii fo the I i st r I bht '

1.7t i -t .;. I i jt re r jIl the so wi r u tenv ironment. The implenrentit in' l ch ciiu

x!, .tir A iIiij )er'' f cipigto tlte will impact the way the tentt Ib
101 iti i--ri , q etA iri :97 tn, .ji L d tii t write prigrams. FjILt t ,j ph 0 + t

A'rir i n in.? ;ed., cooIV ti the f t ieh r a I re zsed pro-i, r ims i t !e I rm
1 *.f...iiti-i,.- t . e r. pcf )riici. r~ pr)ce. n-! memo ry nanaqea I lw,

forocit isjL compiters in a needed once the other is ,: ave I
nih !'.' m, 'p n- mnlie r. Th us;, ttii r esolIved . F inall Iy , s o fiit:- rw71,

w .: - !. j - reud, si ;neud eacht, time a ;sigjn ing( so f tware ,cui it t . 1 .

Il 3>2 1-11 i r i ; ddi . needed.

*Ada .oa r ej i s t re - Ir ad e ma rk ('if thle IJ . u verr meLnt ( Ada
I i . P roir in,. ff i c,.

3!'r 1) .8 4 1)y tIi-jbh's A i re ra-itL Cm; 71;
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tit . i , t' 1n it:, I !

!it i . r ' - 1 ~I , . I U.t

o~~~~ ~ ~ ~ ~ t8iiIIIitC 1r ;t

st tri , rwio I c t;-

-,t~ i 1 c '' 1 lti i' t te-d .i ( 'I i str ib i teti
i - :L te: : -1 the Lace ofL Add a~' ::

5 a gr r Tii amr iiiilij u r ut t alt ine
n-l,, I-ie fa (I det ec- --

i r ci it r- uc r ,iy t-~ hnn1igie s wh ich alIlow
ttlie 53s t., ' e 3 i ijtid ra cefull1y , ana, 5'

cv i i a iuo vc2 r hecads atf the Add n etwo rk PRCESN P~SI N
a~ ie r, >paol i Iti re s goa st dIe sc ribed) 432 I11

St i i ' I t he pi pe2r desc r ibe ; the
ho'Ar iii 12 )tnf Ij G r &t i on a nd tne f ac iIi t ie s

on v lp sof tt-wa re . Theu t h itr( s ee-
in 0 I S s ome of thle motivations anad OMM,NA' ION ME ,1 M

r ft r d oisrriboticg- software in a
caI i ctwirk if lousily coupled process--

2i . e t c t ion 4 descr ibes the FLgure 1. AdaNet and Host Computer
mri so' tj d;liP Ite Ada projrans

etwot', iai. fially, the lost
''a-~ Ice:L I cn ten It s o1 t Ie,

Al-ij Nftw,)r k I a rdw ure-nfi~joti in-__

i r ie ot wt is crtfgoe a:c nE sat local t

I scel2 4 3 2'67% yo;t ens, and on Ethernet L
-')Tit,2tiO) bus as5 te 'onmunicatiun L- -J

r:I i-in. Esonl 4 3 2/ c,7 U system will be
tofeiri toi tia; a 432 if oceu: irij elemnrt

tihe tact thit i 43.,6i7fi system <-on-
- viii r. t olt.ec pric r urr. One of the 432 1
on 011 S~liig k Ieit i L s -onnec ted to

n it r i )ccs';- E, itv - I ome i't st ati it ( , M UbS).
, n.vKn~ is d - one on the FLgure 2. One LAPX/432 ProcessLng

M D: i JiJ -i, t ioooued. " t o I ad a nd E lement
:' -nag " 4> 3 ;y1 tw Theu MDCS i s -o n -

J ti VAX !1,-,80 where t ie Ado c'om-
il , t~ f i t

Vit: A P it s i de IS 6/1A s-ho-.:t oit. r
i RMX8ii operating1, system . TneAP i : 1h(t i

ilhit ect ore if tie: iAPX/432 i s iAX4)yttii will t-OcO.
i i fet:rei rt from conventional coin- tilic'nspo-sf it i U

r[7,9] . An iAPX/432) -'-it tire to send ond I receuive mufosjes Cc

f r -il t.: i ensn l d IIa ta pr ocesso rs te tiie rn et. S ofLtwan r i th - 2A i
r- t-f acepr it: cesojr s ais, and fI f ,epe JI in PL/ M o r 31)3i, i~~Li 1.

I p we n-rs APs) . The att 4 ltied Thet-- i re two) IF:;, ine- fit itira ]t

,r he-fe coni be many) man -j, iny ttiec 80/l.,A, and tie otnjet Ion r -ut:

v plr lices in the system; )ne A~ it w it lime Ml> lit fIsI(je, in te MDX>
f to n t ii t le IF , x I t i t

- f p, r11 I riphe ra i.; ins soime- L o to h

F* r ted t~ an a per iphieral molbsy-s- th!e DP:3, .nd tue AP . F i 21I ly T e u

P.; j j ii tier e can h~e many) two CUI P;. It in possible- t JtepXi- tiieo2e1
U-'''' -. -sos they exe-- >;,; is wli; efi; ifh nr to ISs i A'

i-I e - Af 3tme 1-t aTi'' MM: eXIon [It- t'n 1-l'if.
- t, I' t it, API . in oir -11- ii y f wh. ' contai In:; so tw ze

4'. I, ''it iiO 1'deipnt 4 is u Ir tn 8h V: i" P1. M
n i, : (. : ee l 1 coplr rtr~ lir r, and I iadtr. T ie

I- er i n ii v C m1-7i- mo)nit.r; i t Is
ris.1 to '- the i wi. i te -e ,iv, A.



Ai :. t r b. LI to Uc (I S ie S teoM . A s sh1,o wn ais.v i
I tt ' r, I5 A'. 'L"IJ t. ft" r -t swore resou rces a re dec ent r a Iiizted.

lP:. et 'ir t 'p I E'~ te' !,~', k'20u5 i t r em-ins to dev ise a method f ,r
v ,iVA X' 11 onotroct ing aecentril ized softLws-r.

h, TP r 'A inL r> : r' One me t hod( ad voc- a ted by rccar eit
I f ,: 1 t rh, 4~ i l t' us.-i Mc'i [ i or decentralizing the control ioj Jlia

."A. i r Ir srr vpi ,r src tu r es o f s oiftwoareu is toa canal - tact,
wtic, r Is 'AX 'xsj progqrams as coll iec:tions of auo noVI'oca A

11, ~ ~ ~ ~ ~ ~ M ma 'ij 'W! inicatirig processes [1,2, 1,4,6] . T he(
Nc'processes are des i~jned tor be autonomous

entities since they may be on separate
'itir lir 5.5 Ye 5: .j1 processors. I nt e rac tion s be tweeon

,rmpu t ,r_ r e V, Ai i ]1iji p, -an' ur tacisses are wellI def ined, and independent
"5cri used -- ' h iAdX 4s 3i 1o atl ~ t Lo the actual distribution. Btween
few syst ens &h r ,t Icn am rp l's z; ,nd interactions, processes on separate pro)-

M )te '.APX/432 sas .,ortwlre' sr.tisparetL cessors are capa.ble of running in parol-
moIl It il'races" il3 aapau~il i t ie s. T ra nspa r,,n t e1I1. Thu(s , I h pr ocess r equ ir es no cen-
mT iI' i pfae; 1  i n3 rot'L roi to the fict tsiar i t t r alIized onii and i s the so ftwa re un it-

iws po -;s i bIe to i Jd mr e jDPs t o tmhe 4 32 of distribution anid parallolism.
sytmbyls luji3the boar Is into

thte bekp' one. The software will automst- Coordination between autonomous
:cally 'nprtetenwpoesrna processes to perform soefunction

,tSS 3FA PLs pae ' 3ij to0 i t. home other reqouires the abilIi ty to exchange informa-
featar(-s .f the 432 are: (1s hardware-t Lio n .because the runs time confi juration
a~ptrating system primilives, anid (2) fault i., variable (g.in the case of
talerant aaahiiitie-. -ome operating ao') the cta.configuration shou-ld!
system pr imitives hav- seen, incorporated be transparent toc interprocess cammonico-
ift. tnt hardware in as attempt to: ( Is ) nonr. This goal '-an be ach-ieveo bi pass-
improve their performance, (2) accuel'r~ite in-3 neasages between processes.
the <sot t,,are development process, anid '3)
st cridar dice such oper at ifi yie ' i Becaoa.e processes Ore autmnomous arnd
L !v e S. Pooult tslersint. capabilities e2xist ltn et~i~ otosm en

it icouple of forms. If' the- isrple'-t mst t)' prosvided 5 ,r proces.s sj-nchroniza-
I rsho iii one if the prtac. fs fsl. Fi eXAMPle, process W'xl:h SeivUS

(within a lprjc'_-sifs element), the a.. !(ovilc, .dlr cst have, co-n
t
: soI over

.'f twa re w ill d tec,:t t he s'1rIs tio 10' oj d use wi,' -. it- acce;, pt r' .juoestc- , pt-r hap saW riny
r-Lj the rema i nig C, DF'. It is Ii1 pocs- ACS '. ''7 ,.sr.:V't . A .ii /11 p
ti to fcc';' miore( Sop1istia e cp tl 1ii- cis's :; 1t.Ij t he- 1 s er',i'e ;-I q tit. 'tI to w I i

u 5 I O i 3 Intel L .p Fi W . Pr IS A iris 'pei<i 5fati.i.

to r -i ,jd. rip I na- I ti .it r 105.1 t n ,s. ' 7y 'M ic j fsl

'fsha "4 'j . . rad:Uwi so wh "Iw p ri'':t Ifs .bs ic..t, t is'sIi: aI ti t.l f.
.5)r cM -'Xe' 'ae tie' Sam, _' ite .Ifcc dete 'r .ily jr rac esM: 'arsrst hi pr''o't'd di' t f
A ia;repUIIsai s bIx'. niec', . !Mk is1; wh-sc I fi](t trt' r c'u exs~ 'f :.t 'r) 5 o S

thor, ox' t tw,) p~a a i r .- oi 'ni Sra oi'n i'c i5 S ,e's- 'ess;ing t'I tst~ eac wits t i r

')t-cer I l; vt'. I t the iaster de'ects i proct ss cannot hce predi-t , 'i r
A sr 'rt'-P'icy1 , then th titsa,:ste r 'i ahlecI s the t iis rg of interact ion.; t, t-s-
I' '-.e t anld ,hu 5;1 av, becomes the, seow mao - processes . For example, ;i r c ' lo.i

Thi,' icent 4 , syoteri has1 aosfsIe ne w is to be used by sev-rali other p'
I.if.i: thj. ire not cffe.red by morte con- cannit always goarant -c bet cr,

v "'' i'iputter s ordering of requests. This
predict or guarantee a a
means that decentrali zed

5. 'st.ivcii-ns for Ada Network Software software is iriherentl v io','Jt'-r, i'i
- ~and a distributed fsystem,, I son is i

A-, nrest i )re) , tf .rc, distributed! Coin- dea.ignod to tolerate scm'' Ik I i

t ' /t 'i, he p)teritial faor determinism in the 50t~r ,t
I -,l ysAit v erI- ainj Ie p r o C-s - processes.

r -y'';t -'', i r i, r t n t i ssys's .1 e 'is

I r wt W itr. I csis Adf 'ass't Iwsi n ciiiII

2 ste Al s, c'''&w r. prs Tf i'~'''. Is i ' S K

i I Pr i x 1 1 f ,I- i r I E t. '
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- ' It Tt 'f I 'ari t h a, 1 Ado ' A '. p I

* tI : t 1 t Ii - !t ' ' -7 ; i tt ra ..._

* ~ I 'r r I' 'f. t 1'.r

tt a t jr r tr it a 'i tt 2 Ad
ti. ip ttu, j a at'... : 's' t t : :.; *!.- jr, : .: -r

Ii 'H a ''' hu tIop 1 xr L; i tt n p1 1,I :.-'.' ftI' t ht Jf " 'i

''"'t iut p Ii~ a O t t' 'it uho 4.3 Ada I- d f' s 'a to w e

"'A, r t 1 asto f tro'r'L '~ec t A d pt'teftry Aj r ti ,t aiat ''itP ['
ft ft.' ft. j , i ift. t i ari u t t jraQx ns i n e'e'ttt r et' L;~t 'ft a j it' f i ii

I"'"C iftin '3 -1 -1 II h ixt__'ided toP iapt~ -_.p sf 'r4 t' t) ae n k-tr , '.oa tu
t ronjh

t ' r i t at i e rs. The uwprt ft i t tn I" ' t't i . i N t11 il ]ur
It ''a t: . ep 1 r 5n ie' tarthen4iss i s t t Ptf -r iqK ar0 out "i tt r.'i-rtatrtd

"'X T.'- 1 -)ntai nj a ft r t u c e t'i in m ttemo s An yltr a it'. "talc>~ ;jj-r i r tt tb, itts
!I t .n( ' hs t o pr r a i :;t't' t -p t>.t I i )f'ffi, ! er41t ha I t'" r i j' tha are ,)11

Ala ptaj In e e e t T' (xat ft-i't'. i L;ti. Ada1 rot ': je r't mu SIt'-
",' Iincr''; f I p '' ext 'nde ktorrie o r eltoiric-'t. ta tir P.tn sa e m.'xtfijft . A t .mr g

ft~ t 'j "m'' ft F.. i .t' it A h i s .. j ss 3 esj sbeimtweenthj o t i.. in ai In aren-;t thea
i .m "tt'*c t. 'o ntt r, ei ft as: nrrit -at ;t it t snei af to : Lz idefinermp a C'. tt'

iftftip~ fif"l. '' ' [t o t he ftrnm i'Iot ion't'mo i fi cThis )norvas" no. i n the ta m he

1ftj' ' ;oe Ii ii tIn u-: A.i' ntt . erro r. at ' oh adaarajef to aIsum rir(jte
r r s n r, da n ,t wo ik thys typ of mp ,)n er ,~ n t 'e ',n th. i s t at are

1h oiInrfor T i-flt""'r inCg istIrbute wol be etr u air , a task , but M ieret" waad

I.l 3rn j!tt ttO " kea. r el Ado noleent rIo naorder rt ' 'x~ rg dat or>

p-r fj.t' o,' At" -i littbn I am '(ho im tia messaes beitweent t'. -- ,o H- th~ issuest ro

in n a r j on t(4 t1ii5 i t t he s ent of 'j rtamsriftta i s.'' f jees aO r Jo d i e maco v n

''' w t- U ;t t jp.:- i.r 'tO'nt 'K t ' , n .. "'. is..i''; tr..so' ir''tl'ynso iabe
Ttie ) t, r.i ' N t' t Ir i [.r irat' t he "',ft'd by t e Aa'4V i f r y t x o

r:, ~ ~ ~ ~ ~ i iti' ''Iq &l.. o h r ro s h aja ti o a s m n

a ), p a for imstei n dit. rib td-o l be easiut Lo t..tA It tt~

tit. 'f.' A' ram ' s th" a single Ada lnc s ,tn ae'',ar iny Ad~e'a td

ft r e a l~ g k K i them nic Ausc iu .iu i.''. :..rhoatv. thea irss

ft ne 'a ' w' . ' p t ,s rt v u 1) It af, i !-" 1t e ": i.f t I ' ', 1 ti t t, . ft w1 r , .t

ft I ft I':':''to t ', ii, t h 'e ra i- t a : t t : 4 rho t~ a' ;tri2l I t t I !-It> it

'f f.- t Dt r' ' t' ' te I' e pi l ri pr ati m i e-ntype atik N p er ret n ii o--

t f v u; i , 1 J1u- t' . "I I. Is 1W en s e'' Lta :'w man' t, fv t

i r but ttp jt ' r 7,t s it Ada.n i

.258 i r r 1 , ,i



------- ----

1 ' I PROCESSING ELE" NT X

.O'v :u : > i;[! ''ti~lj , di tt i ut IP:A- AS

it 1 i U ot__

U t LrI L, 'I~

I U r 1 j 2 i-n[ r ~ I ai -- t i,

1.lt !1t1 rt I, to r [;[ '! t :l' J.; Mutch t[ the

A t! 7i r c- sil a] s-. pu s Cl
-  

- ]c iEi( J o -; i bL) e. 'IIIe LEGENLI'

p r i r s u.;,- p r t~ c tod ro suc h a imiode 1 E f. ----- , A O

,1 PPAM> F Ci'G.

tw' so t wJ .c ,in'ce the .iititit._ on

p,,a .t }ro <ki ri I e e n rts a re 1;)oj d lS r- -, , -.I. sN 7,
1 1) Lt 'V' ma agement a 1 C _ .

A i.:,,, L 'U t h o n b asie t-
rA n hi j takwI FL ure 3. Normal ADA Rendezvous

A d estina tin n £ F : ULL _'

t Lte sriobUonize at

1' 1i p -ts{ c' v (.AL md AluC P"' state-
m,:,t:;. The~a'i, task A, specQitie an tia;; name at thie inii d q t s , ,

L:tv' 0 oint ' ,:,tIL t -Lr'k, 'i Wh' U task wait for Lt9t 0e;li : :0t07 , ,:,,',

I-; I ': i *t ., sn cr uoint (in (status a id oat par .t,
A. :. -voa tthes will then t retrne t

'it -- t an ie pas , destination name ope I e I
1'> : ' ;, Oi :ame [) 'ts i . i take place gate procwdilL 1 tie T]h: f < r' ;

<irver t-k)r. lal e so aotheo tpO.

'' . A , L fi t U t ir gat ,all r - ,
IL'" t -+ (.> ;. -. 1 i h n j C It-ri< to i r " We," ' to-'- ' , "ou]x:;

t1 (2 3t e w '

Li a :;]ftd , t' oat'-,.[l l -i W- ' t: o ]! i ; F o i'':, t:L :' [ -

- A 't'i;l''' '0 ' I.L ' : 'l i> Lii- ,;lif ; l 'Ft' F a [ [ ;+]J th [::,l ! ; T,

>0'>< 0,ji , E; .]i S r ) > i t th : in :i-Z

[i t, !- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --)rn -

>1 i'i,) i : l/ f c t ] > ' ; ; t t C t ; l: -
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,t- iIi A'i OM*4iiNiCA>TIONS ]
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Figure 4. Distributed Pseudo Rendezvous
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tC -I Z 1 .IS 1 n30I, )'OtiC a ;oc i it '0j isap rt software that are
it-r' ''' Sw~' d Ii'rLut entry 'ur i nt1I1  v ,oiIile have Supposed that ai.

E."oLasti'1 a! latws Ajiro jram Wi 11 muut' e ttn a single,
!,ut wa'r 3195 tne Sa, acut liu ' or a wi'_i ij re ~'j system wVi *t.

Ta"t thor., "och CallI It ;q a rt ttte M1r ! . 'Phwo a 'attte, a&lled a
W I'll pe id r '- sa oh t' p5-ide r, flU02>00, haw been propesed wich

3 r ,lI , a:111 ' <U. > K toil'*t wil A il low Ada piojrans an dif ferent pro-
a>iij)" idd Lf t' -us mgn e ltst to exctian'ge data Ii a

A i 11 a ) satI loa ' '-- na hie r t ha t p reser veso thne Ad a semanlt ic s oft
hitr il alP ' , s ff r ne i 1. mp rendezvous. 'Fhit; allows the Ala

) Ii K ,rea :h -'Ot Stilt> 'in&'woxk t) ib itttIpIem,-ernti'i with Ini th e
toe 1 ' ttiis dd r 'o' A ')t 1, r 7 project s t ine and resoatrce o'ns t ra i ntL,

r ''t I:I; k I tti C at>. wr Wi II S upp'ttrt t he e'O 1Ji lati'lot of thle
pt.rfotioance ov~, rad., oco,;ciatet! wi tt

' ''tJ '3.> pr irt e'tIS, the Law rng Ad a a nd d iost rit bt i nq so ftware2.
a1e S tilt <I rId 11 1Vu 1 roiJ iin g a dit-

U *1r I -'''aU otait pr ovaide for tit
i '3 ti I-)t i t exceptions . I f the

I 'r a ;' h x- pt io n duLir 1 13 a r td ez -
v~ ~ ~ a sv ropaatd to the our-

it' 1 _r w ican then request the RELFERENCES
a tvnrvcr to raise it in the

P1 r~ riniIc bH han sen, , P .,L "ist.r ib u ted
Processes: A C o rcIr e n t PFr og r amin n-gw

ti let~ is killed during a ren- 9Ac-pt1 ,.'nol-to fteAM
''n se rver will be unaffected as 211," (Nov. '90) , pp. Q491

1 . ' 1 the sohnet may be burdened
'coagJ" J t hat Will n -ever be read . A Enow , 11., Wha t i s a D i st r ibut ed

i 'I .t 'an bes ma about the case :>.,ta Pr. ceasing Syateel-" , Cenputer,
foKAWs ere or after (J, a, n. 1 )7) 8 p. 1'3.

'07t. owhi-l the request ia
trii't .rwill be necessary 3:ioat, C.A.., "Communicatrng.

t Cl;I 'a~t' 910 subtler to t ilnc out equent i ii Processes" , Cotot'unia

* t ''n I '92 at]dn op any rmla ins. Any t, inns of the ACM, 21,58, (Augj. 1978)

it. tt'' u' .' in wi IoIbe appi icat ion pp. i'6-6o 7 7.

4t Jonres, A.K. , and K. Schwans, "Tok
t'. f,;Itt the sam"e sortt Forces: Distribute - Software for

x mniIr i,'- 5t1i0 n15 ef f ec- Stolving Problems or Substantial
)! i ii.,r tV>h* sune t9tt -mice" , Proceedings of the 4th

11>1 this tao( and ti tthe Inter,,atirinal Confere'nce at_)s w t

k3 t ii.it u, liveni a disconnected Eraiginelor n], Munichi, ierman,', U"Z'(t.
11473) , pp. 315 -o3J.

I i 'in toe case of a 'rio- [5] -- Refierence. N'anial for the. AlA r,-
t 1 z -''': 13t preserve noirmnal Ada gi anrung I isj iaj,, .~'

wTi ttie tasks it'v>olved it; the ohf Due'fe tise , 11 S3
'hi>'; Ire on dihferent processing

L!, 13 r the psi'udo rendezv:tus [ii Iisko>, B,"H Priro t ivet f )ID:'i -
IA 1' ' . Ve'3' tholl ac slarrogatt> task bused Comiputingj",Prc-'113 t-

r r 0- ' ;, - 1 40> ) _ c Id ed fo r LtIne siig n a- 7 thI S y mp )s ium t 1r - p er it it'- .'' tt

It t 'it> _-ntry be ing handled, 'IrW cod- Principles, P-i0It-ic lmceo,,', 2 c
it tI r- 3 is fairly simple, and 109), pp. 33-42.

[7 -- iAPX 4 32 Gieneral Data Prlio
A rch it ec tuire uRe fe r ence Mod ',

-n r1 orporation, Qoc. 1)1P.

' op r .a.; d!- _,r I i'] a ' Al ne t- [5 -- lntr duti!onr Lh_ the It . 4.
A I t 11 I:t I 2s'tem di ''ii''l to Cros 0 etel ijtteont - t''-te?., I i

P P ; !tih1ie t' 1 ;Iftwa r, conc.'pto S po raiotiota, (tDe;'. 1018 1.

i Lit r i-a-tit'' enbeddi' I ;ys- -

tt iSI n ! to writ, ~ Iirn te I (otr po ra t- I, (D ec .i'A1S

51 it't 2 VU 11) 'ua iy oft n
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PI r c 2k n t th , Ar~ A - I- -

i )n ftte nc e o n Cn ja t r -, Inr
r, i , rf r t ~ .9i ,

r, t i !- FullIe r a on . If~ e

- l~ s t: f r om the 91n v'< , r U :a 11tr

rk elIe> anrid 0111 h
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o DCP EXPERIENCE IN BOOTSTRAPPING AN ADA ENVIRONMENT

O STEVE PARISH AND ANDRES RUDMIK

ABSTRAC eX~csieOR, d~ .es~ "1., 'tL paper are based cr.

noottwele 2.1. c-nrof o -, on te prcecl duor-
a curo-c- - r e.xoeroences on. developooc on sO- ,- rsxty thousand lns of Ada

eAS:" car enoonieerono Coorol) prc F_ co";e '.ave 'we riyocced. The project is
_ss The 0Po a po rtable dostrobsed -'xpe'e.' ant ther year durong whoch

A_ , ,o-.anmnqenvoro-.nent tha t orovones ' t ler t~~ .4 paoliloes will be devel-
or- a ien prc-' ma~aement and con-trol faci_&

w..e.ae ar- off-the-shelf Ada c ompo 1e
--~ce ,evelr-omer-rtools._ A coal of the Tir- ceciT of '-e D<"' heavz' I' onfluenoed by the

S0pzr h reuse oif Ada programs ad 7ee p oI e'v"-2 -- fo r te entore Software
toZ ,' e~- ora cr t 'ee rlIife -' 'ry c-t c a rt coar empoha so-s or.
- nonar i esoroton Cr~ andln the devel onrert orcoess .

ursec to ct ooocackaie X f ~ 'he C':-e - Ada env~roottent activoties are
-- an- mre non3coorv os beoino ceoteren_ aroundl the comooler with emrphasis on, sup
-- .eve cc-en .tOf reusable pcrtonog thec code d evelopment chase. The DC? sys-

a: as e__ a meo-coav for- tem qoes beyoocl the Stoneman- recuocemert*s or. that
oD x- S, - aces . The it takes a bro~aderad more ge:.eral voew of pro-

- -a-nc en v oo oo crcorneenvr-ure~'a' ambo-,yctn and supccrtoog-
t~e hee database and the coorlete o otecrated process of program desogn

7iThr- no eop-rent methodolor'g and evolution Stoea eto . The DC?
oa i bin Lse- to deve op te pr-a--' a'crres that adenuate proarammrriz support

The methodolo- too ls woll be avaolable and that they oar, be onte-
F e Z:r -- manual con-trols and grated into the DC? woth minimal effort.
as'r .D7 capab - toes are real-

-- w i)r 7eEacec; c au omated controls The approach taken. emohasozes toez caontenance ann.
D e~a E. smanagement of onifcrion about the developmnent

.:ooess and t~he ohiects under developmenit. Tyo
-:of these onf~crciatoon reurmnsare the do-

zuments whoch descrobe the system, the acouracy of
th ese docoor;enos, nonu tne odenroficatoon, of reusa-
._e ob',ects suon as pao-anes and theor assooc:atec

r iS coorronenits acros nan. proects, - s~lysra
- - acS dr-foeot (develoorrment hocsts, and possobly,

,loznc offeonahardware.
7 1,~~ ~ ~ aua--u i D,: P oe-

aE -s f- _sers al--d car, fe -r: 'r Teh ?rlvrie is a stear that supports the
S e1F:-- ae., . om - the develocoent of tools and1 applocat-oos on, Ada . Our

A- - -P -h0 a i o co _ach! to develrho the DCF was to manuall- per-
scc r. irep- a- Svs*ems frmr the oceralons, whicon we cill ultimate'.v. de-

iterfacesi :,, de- liver . This has allowed us to exercise the DC?
re-s:r :=pcne-' s A_ a des: o- -: o ~cects early and has onmany, oa~ses allowed for

:=)Arams o:.Ada a-' A-e PL; chang'es proor to -development. Also, when the DCP
a- - a;d rehiooes fr caoabilotv ch.7h the manuial process has beer sup-

sr- ea-'-'-b' -ponot. Te ortio; is dev.eloped, the data necessary to pop-
late the DC? database os already avaolable. An
example of thos 1s our Use of ADA ?DL; each pack-
age we develop contains the PD1 information that

fh er no's un-ed -2y theP IB PW-M can be extracted and put into the database when
o contract a r, these extractoon tools become available.
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TO OHEF

NETWORK NODES

ADA CO1PAND - PORTABLE HOST
LANCUASE, MENUS, NETWOK VIRTUAL, DEPENDENT

ORAPHICS, HELP :NTEPAE INTERFACE TOOLS

DOCUMENT-
DCP DATABASE i ION TOOLS

S ENCYCLOPED I A

- LIBRARY

DIRECTORY DCP TOOLS

DATABASE INTERFACE I

CONFIGURATION MANAGEMENT I AA

COMPILER

USER INTERFACE TOOL INTERFACE

USER S

Fioure L.

" FZ(-TETUc rate coc-umentation, ty suorort d. evelopment

hod z. and tr e:.orce or:-ct standards.
.ere: -cotte"t_-e as -iiustlateo The encicooeola infoomatuon zs structured t -

S D2 s a datacase port the reuse of packaaes ,. m.l-iple Aa cr-
t -t.s ard 7fcrm7,at!c out the qrams, to nrcV'.I _ _,- .'Sm . u tro teir

.... ., ano tne reuse, anu tc coort the a- acc' rrc pcse
7:" D F daaase can be chances aa ist pa caoes.

oI o , .eda-abase
c. E- :nir- The DOC library ob-ects ilxud eo7oment

dtaoase ac- test, and the data derived these f rs

-esscs wS e ollec co o scn as cbiect and Load modules, and c-"-eteo no-
at -a' a DE? user ca. :ra, ete,accu- cuments. The cblects are typic ' stored i host

rate, and current descr i,:,os c' applicatuons, files usino host ob-:sroal names,
a-: their parts nd he s between

their pa-ts. Conze:, tuai.' --e D:- tabase car The director', allo'ws DOP users a.- 5 to re er
b c -wed ic thre kn f onforra- to DCP obiects in a host tran sparent man.ner by
tcn: maintaining a mapping between lo-ical and physical

file names. The DCP user coomuncates with the
A_,. -cyc ooced a which matai: descr.o- DCP usina logical file names and invokes D:P tools
tins of the DF -cts and reiatiorshLps usuno these names. The tool interface is respon-
be-weer the.7, sible for converting these logcal names into phy-

sical file names and then dorectons the tools to
A _ibrary which con

t
ains these objects, operate on these files. The DP has adopted this

approach so that the system would support a dis-
A eor whc maintains a mapping bet- tributed development environment where the user

w ee- ic -a ob-ect names and host depen- would not be concerned with wnere the files are

eaMes. stored and how they are accessed-

" , "; -. lcr:" and the do- Surrounding the database, there Is a portable da-
r-e as sara

t
e Ln.c7s, tabase interface' that allows the DE to os ported

e are a' oar f a single database, to other hosts where there may be diff erent but

n *se terrs a ';d to s rowde a handle by which compatible databases. The database interface will
d 0 , t cateourocs of database data can ne de- provide uniform access operations to al of the

s--ba DCP faclii es, and a standard query interface to

all DZP users. These same ite.faces can be used
The e;',c-:o's--loa ::.forsat:on is used to manage and by applicatron programs to provie r portabLe on-

r, DOT obiets, to' aen- terrace to ao.rlcato.n dataoses
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0u:.- of te database, we have buil a roo-f IgUra- sto: sro.:.us.
7.aeowen ester, to ensure that all appluca- c .'>K>'

a r 'saoase o~esuon.s oeve-rec usno the DCF test and development. The me -an -crr

ru- 'ane e-.1. a consustent ftour. The desicin rprovudes for the orderly to t-c. Ce
raunmanazement syste7 uses the ween these duiffcerent pos.1:tu ,

;3oa-se n Mnaoe all the unrformatuon. about the
c e -umnents of a document or a program. The cuter la,.er of the DIP.......

man.aement tools will allow users to terao to te D-? users an-: -
u :7fQration, to add co.mponents, f et.ch user Interlace s urports t P. as 5a 3:

C7en s, s or:e coopon ents, compile programs mand language, a full screen mper 5y s emT a nelp
e'. These toozls will contain logic to ensure facility, and an on-line dcume-ta'oor uapani.iy

th at the DCF user is performing a valid operation Some of the tools are host de penu.cent and wll
an snot vuolatino the prclect development therefore be different on each ho,:st, tn whuch

.r-e'dures and standards, case, the tool interface would,- be modified to ac-
commodate these tools. The DOS user in'e-'ace _

acn oh-ct in the DCP database us identified by the tool would remain the same with toe or I"u-
ucnate, the rev: Lion of a s- ,Istem un which ut re- ferences occurrino when, toe user us toteractunq

cves-,c m-ifcan ubeand aop- dirctl wihth 3 example the hotedi-

views
users

CsCtems
DCP subsystems

skills-
OBJECTS relations

programs

packages 
-]

package specuf-,cations-~-
package bodies

main suoprograms-
executabl.es.

domains -

documents
document seamen-sI

databases
chance_- requ'est -

acceptpromotion----------------------X X X
add chuld-------------------
add pcl extractuon------
add aut hrelatuonnshi --
broasr------------------------- -- X x Xy

- --.~" satus-------------- -
--- -------------

create -------------.. ... 1... .. .. .. .
cre ate exeoutabl ------ Y

-dlt-----------------------.. . . . . .

C execute-----------------------------x

S fetch -------------------------------- x I XX
format -----------------------
cener at ec ewpaceage ----
ooaify desoript ion --------- ---------.

Print-------------------------,

reduest _cmotiron -------- X X X
wu.thdraw promtuon ------ X >1 X1

zoure'"e I i5c-cS and ternerat1-nIs
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tar. Even these dif erence can be eliminated on car De Lased to searcn for paoaaes. The DCF .ses
time as portable ta=ls are developed in Ada. both of these approaches placing a heavy emphasis

on how packaes are designed and then extracting
The initoal DCP sYster. consists of tools to sup- the necessary niformatoor. from the packages tC
port oonfiguratin management, Ada program devel- build the encyclopedia.
cpment, and an Ada command language interpreter.
Some of these tools have been developed specifi-
cally for the DC system as well as incorporating An object oriented desogn methodClo-:" as described
exustono host supplied tools. Figure 2 is a ma- by Booch adopted and an Ada PD supporting this
trox of DCP obiects and the operations which the methodology was developed. In developona this
user can perform on these objects. An operation methodology special consideration was given to
Os odentofoed by an 'V of it as part of the ini- supporting the design and implementatoon cf resua-
tial automated DCF syst_ and by an - if it s bie packages. We feel that it is cf ut ocs po-
part of the a more complete system. tance to desogr, packages with reuse in minc if the

itntended obiective is tc reuse then it other p-
Given the initial DC? toclset, along with manually olications. This approach has some far reac i
entered and contrlcled data, it is possible tc ex- omplications on the use of Ada PDL, the design
ecute a stable base cf these development functions methodology, and the documentation support tools.

-t---i- - incrementally on trat base. This on- We feel that an approach that forces the desiner
cremental approach demonstrates the viability of to develop packages that onolement slmle aostra-
the DCP desoen, allows for early use and evalua- -lns with well understood properties is the ke
tloof -he -clies, ato supports he evolution to the development of reusaole packages. By for,-
of the o:toaI system onto a production quality ing the designer to categorize the kind of ao-
orodot . straction represented by a package, we can define

guidelines to complete the remaining package de-
Ever. though the onotoal system is not complete, i sign descriptions to conform to the selected cate-
orovodes suffocoent project management control to gory. The primary advantage of this approach is
sopport effective development of medium scale pro- that it produces packages that have well under-
ects such as the DC. Adequate onformation is stood properties and that are singular in their

maitt .ned on the encv clopedia to track the const- function, thereby promoting their reuse in other
_tuents of a chanze, the constotuents of a load applications.

mroc..ie, and where-csed for a package or smaller
E .cC compoent. Our methodology incorporates the use of structured

comments to provide additional descriptive infor-
croach tc building the DCP is to maximize mation in Ada PDL. Some of these comments are ex-

e -se z' ff-the-sheif tools and concentrate our tracted and stored in the encyclopedia to support

1 - -t5Dn hldino an ontegrated environment by library searching and for documentation purposes.
olnterfaces between the tools, We are currently storing the following kinds of

t e, , an! heDCF database. A network inter- information in the encyclopedia:
ther DCP development hosts to be

e -ed provide a distributed develop- 1. Package category: All packages must be ca-
et ooloty. The distributed properties of tegorozed into one cf five categorles: dec-

*he D:P wii be fully realized when the dostribut- aratoon orour, oreratoonal abstracto.,
ad database capability is available. state macnine, abstract tone ad abstract

obect.

ES:INC REUSABLE COMPONENTS IN ADA 2. Keywords: Each package will have a set cf

keyworos assccoated with ot tr assist i:.
The DCP addresses the goal of Ada package reus- oaton.; packages.
acoot, by loth encouraging the development of
reusable packages and by providing a documentation :. Sunmary': Each oackaoe will contaon a oroef
a atabase that supports the identification of pack- summary of the servoces provoded by the
ages for reuse. or gcal in building the DCP was package.

to maxomize the reuse of packages in the DCP in-
terfaces and tools. Consequently, the design 4. Cescrootoon: A, esnanjed descrontion of
methodoiogy and the Ada PDL used in the project the services provoded by the package.
empnasized the development of reusable packages.
The fcllowong is a descroption of some of the les- . ata Flow: Packaoes that transform data
sons5 'earned in 'his pro~ect. ,operatoonal abstractions and state ma-

chines will have data flow descriptions
Firs , Ada packages must be designed and document- that help to identify and describe the
ed with the otertove of pr -oc ong reusable pack- transformatoncs performed and the data
aies. Havli a design methodology that encourages types tnat characterize these data flows.
the development f reusable packages is important
on that, even though Ada has direct language sup- e. Packaoe Specilicat scn: Each packaze si-eic.
pzr' for reusability, it does not enforce the con- flicatlo . a doc-meot trat t-toes ,s .-:
- -. . of reusanle pacraes. Second, one can a'lee aq& detailed doscronto:.: 0 :., as
extract from the oackar text informatoon to sup.- ae -ocudong the data

"t re.ise b,, pro'voo:ino data an wnich queries 1:5;- a- hr o- dot: :e:c ".

65



Ohe~ u, cn:ways 'he en'yoX>-.,-.a ou.u- a eparate programs WE musot pr:otu*de a mechan Sr..
rc o upport t n searotuino fo reu saule 0: alrW *,hr- parametrs to be passed' as Ad a tyIed

scftware components and documents. Onesuc at -T :aes A po-.le7 mna! we encountered, was t6,uat
rcac i s throuqh the use o' keyword s to cateaur,- ~ f f erent hC st 5s "ens pcvude duif fe:ren' ways tna*
-ce packages by function and applicationr. Even rarameter unforrtatio car, ne passed to the invoked
thouqoh this seems like a reasonable approac:h th~ere prcgram. i r.cst cases, *his unformatuc. :s
are Some difficult proolems ui. defun _ng a set or passed as strings, but some systems may Impose
Keywords that can be used tc describe packaises. restrictions on. strinc length and iru some cases
At tempts to generate a standard set of keywords c nen: . We wanted to def~ne at. interface tc 'he
have run unto duffucultues because of the comrpr-on,- DCP tool: set wnuch wc--'d be host unde;Denden- and:
ise between the requirement that a keywo-rd be but>, ir. addutuon provide Ada type checking across the
general enough to be widely applicuable, and si e- interface. we identified several protlei-.s that
cofuc enough to effectively limit the search. must be addressed.
Keywords must have read-Il, avaulable meanungs and
this implies maInta-ning a dictionary, of valid 7ne Ada 1,RX states the "eaoh main program acts as
keywords. Also to be effective the keywords must if called b,,. sore- envi-ronment task; the means by
be validated two ways, first, against the keyword wnooih execution, is initiated are not prescribed by
dictionary, and second, against the code they de- the language definition. An implementation may
scribe. This latter validation requirement im- Impose certain require-ments on the parameters and
plies that one can check consistency, betweer. the or. the result, if any, of a main program.", The
uey'words and the code being described. description' of how pro~rams interface to the com-

mand language must be descrubed in Appen~dix F of
Another way, to partition the encyclopedia descrup- the Ada LIK, which defines the 'mplenenoaouon de-
lions of packages is by the descriptions of the pend ent charanterusroos for: each Ada ucolersienta-
data flows from a package to its environment. - :. The roe taons raises IS tnat we
When one attempts to build a new program by reus- cannot count or, the compiler to somport a
Inc exustinQ packages it is necessary that the particular proara,7 invocation protocol.
--a-a flows be consistent within this new program.
Dr.e measure of data flow consistency is that the The D.C? soluticor. w:as to- define sore standard6 Ada
d!atat& e associated with the data flow out off ccka;es that wlh: e used b,,. eac7h I?? n-c to az
one- package and into anotner pacwage be the same. ness n ar-ameter valuePs fton coro-and : ovocalion.
The Ada P01 idertifues the package data flows, These packaces wol ~ h -CF hu.st dependent
crc--ode a textual descrocruon of the data, and as- rE-presentauo.i of! the paracieters and provide Ada
socuates the data flows with Ada data types . Some type compatible values to the proqr-am. if one
of th-e mo re difficult issues that must be ad- uses Ada as a ==..and lanojaae the. the commsand
dressed are data flows that result iron the use of parameters are t yped ' rte s-me wa that th!,ey
r e a tu cna 1 and non-rearuonal fules. Ir. this would he wuthu:. the 00ale Frqam. compatl1-
case, the designer must specufy these data flows bulito'. between the zormnac _r a~iete: a the pro-

in '.c ackage specufucatuon. gram. conmmano in nu t-5 P-seve-7 by sn3cing the
package that defunes "nesi d~aa e! ,ne the
command and applica~ion pron'-ams.

PEINN DPTA_ CDMPDNENTS IN ADA
In transporting the D0: - . c ther host

1-ne : rCisIended to rovudre a cot-table devlop sytems, we woul . av d ~ - oso h
e7 : e.-nmen, P:t*ahI,_ury us !ak.en- to mean command interface packa~es, but art* th e 'rroorars

ca." -a be easuly ut-stalled or. duffe-ert that use t hemr. Thu s aprraoh has mad]e the DCP
th e user interfaces to t!he DCP rn tool set independent of the "martucular host comt-

rtn*P Cn - h hct mand parameter passina mechausr.

- d~a uu r.and1- rt1 l Ada devel- Not only did we want to be able to port the DC? to,
u-n: e I amet y supportiung toe use of Ada as other hosts, but we aso wanted to co-t exustinn:

ie. aig ane, as an urnoementatuon language tocls not necessaruly wrurten un Ada unto the DC?
a- a o.-a*l ianguage. As part of the DCP s-stem. .An obvicus tool' that needed to ce uncuoc-

e-,WE are develupTing a portable Ada command ed was an Ada zcmpuierY It. atteT-cun- to do ons,
a e uner. -eter, that allows the user to de ~ we encountered furthrcolm. ufrn d

d_-a comian: Programs in the same manner that compilers made dufferent assumptcons on how the
Id _l coostrot his applucatuo. progr am. Arn Ada lubr-arues were umrlIemenoed and used. itn the

d
0
-aaae Of this approach Is that packages can be DCP, we were recuired to support mulouple versions

S arbetween command programs and applucation of the lubrary ob'ez+.s, with multIple develoers
;7o.iems provuding a consistent development envi- crearung ob-eots at dufferent development sItes.

rmptwhere complete type checking can be per- In addutuon, we needed to Support mult-ple levels
fo-med between command programs and the unyoked of these librarues for development, testung, and

aIcation program . As a consequence of thus production. ToolIs were required to retriec ob-
IA. -oach, the DCP presents a consistent Ada based Ceots from different libuarues dependent on some

e .,rnment to the software developer. search path specified by the developer. W e fouL;nd
some of the existing Ada library designs to be in-

n .er to support type checking between the com- adequate to meet these requirements In a natural
ma% d application programs which are developed and efficient manner. To further encourage too-
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Lty and catacase transprtac iutv to code requiring rework is the cackage nody' of the
:;f . proe a ne envr nen -s, t 1S -all level interface.
::eC-sary that 'he aca 1:baey e e Qen-

- a X" . The descrnti ons of both the DCP database ano user
databases are held in the DCP col. cy edia. Tools

Z':s & -e aaase, a are provided tc interface with the underlying DBMS
database to support the database admuizstratuon coeratuors

t D-h such as definung tables and views, and restructur-
es, ra , d aoounus- nv the database. These tools provide air uform

rat :_7*LnC:IcDs. The DPC p: ect is us i user unterfaoe which is ilenendent of the Ian-
ea re a, on:Ia Catabase, fur the enc.-clo.e zuace of the underlying DBMS.
ue t trvudes a pu.'erfu oroaruzaton C:

,;a. woh :. cable of oodellun both hierarchs- The DCP project experience irdicates that tool
c 3 netork databases. Ir. order to use the portability can be achieved by definrnq the appro-
database we nad to morstruct a portable Ada inter- prsate interface packages. Our approach is Sums-
face. lar in concept to that defined by the Common APSE

interface Set ,CAISn<
The usual approach to interfacing a programming
lan'uaae to Ingres is to use a precompiler which Some of the portabult and trarsomotaouiit'" prob-
processes specially marked statements in the lems that we encounterec were due to the close
source and generates modified source containing coupling between the comnuler and the Ada library.
calls to the DBMS interface routines. Thus pre- in conclusion, great care must be exercised to eo-
cam-iler approach places a source level dependency sure that these interfaces are not tc technoloov
on the underlyr.o D.MS which compromuses portabil- dependent or that 'heir use does not signifcantry
it7. For example, each DBMS will have a di.fferent affect performance.
form of database direotive in the source for the
crecompier using different query languages. A
s:lution to this probem is to define a standard EXPERIENCES USING ADA
DBMS call level interface to be used by all tools
and applications. Even though the DCF system, us a medium scale oro-

Tect, we have learned a number of lessons that are
-he call level interface was achieved by examining applicable to both medium and large scale proects
toe source -eve- expansions preduced by the Ingres and we have identified some areas for further in-

oecomo p:e: '7r other languages and analyzing the vestugatior..
cata cc:ene. i htgnraten coce. For op-
eaton T. ow deLni- an lnres database, Training is a more extensive problem wuth Ada than
toe 7:.1' da c y ia rerueval opera- with some other languages. It requires a consid-
tu w:. c a .e one attrubute at a erable amount of time and effort to train program-

, a we wst- express the view being mers to become crCficent in Ada and in the use of

se as a r rd, therefore we have developed ob-ect oruentec nesuon methodolog}'. Most of thea f' h . a 'n hic bios onus record from neocle who are wor'kuna on the poloect had a strong
t nli','dsa atr~bte o he vuew. The coo- Pasoai backgrouind and in gen~eral had consuderable

"es kowledge of the crogram.ing experience. we foun d that ut toos
the "ew definutuon and the Ada about three months for these progratmers to become

7a _. e record. All other opera- fluent in Ada and able to think and design effec-
e.p"" '-e delete, and select, tuvely using the powerful abstracton mechanism,

'he of "he 'iew and are not sen- Ada. Some prograioers sill ha'e probleos in ef-
-. 'e -e -ata :ntert the view. One of fectuve use -f aib5raooon cncecits. In sime cas-

S tools s a view pacvkae generator whuch es rograns were cverdesivned, r esrn ng in pack-
exr acts a vuew descr----n from the DCP database ages that were too complex and very inefficient.
a .] enera-e a- Ada packaue suoporting that view, it seems that it will take considerable experience

a r evcal operatson on that view, and an Ada re- before one can make elfectuve tradeoffs between
representino the viw. The venerated view efficiency and elegance in desuon.

package addresses *he data sensitive portion of
e BMa unterface. This package together with a lo using Ada, there are a number of areas that

a BME pcka7e c-,iia.!, the data unsens:- need tc be cons-dered further. For example, what
e.atns f' erlace to the DBMS design methodology and design duscuplune must be

intrcduced to control the use of "with" clauses in

structuring programs. In the past, the design of
a,-.- DaMo we have -xan ee ces a call the program architecture included the specifica-

.e]erface w,
. 
oh; ca:, he us ireot', or a ton of the various dependencies that program mo-

:sb a to t!,at of 'nrres wh'ch can be dules had on each other. These dependencies were
a:.ai'z- in ns sae way The fcrmal parameters defined carefully and controlled during develop-

. r . t:ac can he ta aed eas:- ment. On the other hand, Ada allows one to in-

- r a ltM' Ss e-. Orae, IE, cude "with" clauses on both the package specufi-
means that if the D"CP s insta, .ei cations and the bodies as part of the Ada text.

a a a which does not support inqes, but These "with" clauses essentially define the pack-
"a" an- -h nn a cIl database, then -he only ave dependencies. A development environment ana
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e ccozo- " s c o:. h se r Ce "with" es, snot by fun:' .onal reau rements. However
cwa>ses n es: L ut_ orc i *n an, or- 5sice 1>e .IeCW pa7KaQe Qeneratr accesses these
7a.z_:ec a:.c r Kn ; em Oan.eZ . t , es whet. . 3e:.er :. a" -W, arn s : e ! ac;as e

'he oes~un ald ofetatlon at medium to large . 'rntc . .e
sae sattcare systems remores more additional de'melor the ontcn whiw: >c_'t wzes a yackae .
suppart than is :.rma-y provided o" tonmaI Ada unrterv:.1 types on a Ier praz as.
prograrmnt-,u ort envlronment. Simply the tact
tnat all the A-a packaces are under conficura'ic
,arlageMen c:.t:C> reauires that the Ada compiler D P DEVE OPMENT ENV N DNMEN'T

must orv~oe ccns dera-le flexobX1-ty o., how Ada . . . ..
obect.>orarles -a. be structure<! anad mair.taoeo. ThL DOE is being developed us.gu VAX Il
.n the DCP 2r ect we encourtered a number of ca'ed at Eglin AFB Elorida running VMS. . w-o
rcblerrs where the comoiers view of thle Ada pro- baud lines are used both fo: -ermnal conrecto::.

gram libcarv was toz restriztive for the DCP task. and for remote print ng voa an RZE cortecto:. t:
T.e DOE recuores that man' levels of Ada libraries an IBM mainframe. The irvine Ada comooler is use'
0e maintained and that the compiler can easily e for development. This compiler is not validated
direzted tc the aoproorrate lobrarses and packages and does not currently support full Ada, bat was
withi' these libraries. Furthermore, these i;- chosen because it supports oar interfae t, :nares
tra:.eS ma'y be distribu'ted oetween different host and has a more flexible library interface. Soe I
:aotatet ste.irong thit the compiler library in- and VAX macro routines have bee> developed for
,rtaoe ne hatled cv the DOE tot o!ntertace, system dependent operations,

qncther characteristic of large scale development
is that the proramono support envirnment mut SUMfI'RY A1D CONCLUSIONS
prcvde more support for documentation, desg;n and
:.lecen.tatloo to er.sre that these procram de- The approach presented on this paper has helped us
sc:t n be mainta-.ce' t. a c.nsis'e:' stte. achieve our goal of buildino a portable Ada devel-
Dc tnLs reas.n the D- encyoopedia eaintn> s ew opment environment. This approach oncluded the de-
cesc:n information that suppor'ts consistency velopment of virtual interfaces to the database
checkong, impact analysis and traceability between ano the host cPerating syste., the use f a data-
%.arous development phases. For example, the DCP base to manage the development process, the devel-

database tracks the use of data types by identify- opsent of a methodology incluino ocect oroenten
ing the package in which a type is defined, and design and Ada ?aL, and the develooment , a. Ada
the packages and programs that depend on that de- command language interpreter with a portaile typed
tonotion. Thos concept also handles the tracking onterface to Ada programs.

of database "views".
Ada has supported this effort well. Where tois

Since Ada relational DBMSS da not exist at this or capabilities are not yet avaoiable onterfaces
time, only limited Ada type support can be applied have been successfully implemented tC non-Ada arc-
to the database. For example, in Ingres, only cesses, including the database, the text editr,
character strings, integers, dates, and float are and the host operating system.

supported. Enumeration types do not mop to data-
base umplerentations since the action of the type We have addressed the software reusabiloty goal of
in a program is changed when a new member is added Ada by supporting a methodology for both develop-
to the list at compile time; whereas addong a new ing and using reusable components. This methodol-
entry in a database would affect the action of the oncludes object oriented design, and the use
'':e as a run time operation. of Ada PDL. The DCP provides tools tc extract ir-

formation from design specifications, and to popu-
Arc ther database proble- relates to Ada reouoring late the DCP encyclopedia which provides on-lone
the unoue odentofocatoon of a twoe. Several cam- documentation and supports queries.
mon Ada types .iy exist --. dfferent :e.atoons or
views in a dataoase and it is difficult tc manage it deveicon: the DOP we have identofoed some po-
the attribute type defonitions because dofferent tn.,l troclem areas. Ada -omplers ortertace tn
programs require different subsets of the types. treor Ada libraroes in coffereno wa'rs. ca:.
Two extreme approaches are possible, first, place make it difficult to oncorp-rate an arbitrary Ada
each discrete type in its ow. package, possibly compiler in a development envirnment. Thos trob-
wthut an': operatins, or secono rlaoe all the lea would be reduced of a staridar. method af in:'
tvoes _r. the database i. one package. The forst terfacong with the Ada comoiler were defi e-d
sototi. involves prc:teraton of "with" clauses
bu;t provodes good granularity against change. The Finally, Ada makes -r itec dematS .n sve.--: os
secona ssutuon is easy to implenent, but unless than some other lan-uages and .t takes se-eta.
agaressively managed is expensive in recompila- months before developers become productive. As a
tuon. Possobly, the best approacn os to be aware consequence of our experience we feel that mare
of the underlyono '-pes needed by a program and to :nvestlqation and development of des.Qn methaodclo-
ienerate a packaae for each program, based on the cies is needed to better understand and utiize
simp e types that it needs. Our solution on the the Ada languaqe concepts.
DCP is to place all database tpes in two packag-
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0 LiiLP~eCV 4TH ADA FoP Ti PHL At. KTKc. fYTuY

rathiren Ji lroy

and to a im lIn ae su se ofd th Iry dtda 1 arms,(J e wri r cenfo,'c' to
'ra it i Ada. I prset ani ovrve ut tas' Kie n i *ri n "d Co'5)r dc Ito iJr

crovelepiser of theic LCWL sotae cindi it Xa~ 'Cus
,,,asd. r decr~etne effort tl'coo' Liidc cr5 ri'-she?

o cot-odn anays ioesr i re coonAii 1 htu drccu;ned an hopf utrbindin:o an ttye ahcod em an resolve(d ns' e mon i- sc 'c to on('tT or the leson drpeina fruisti efphe GK. tonefie lins th m, on issdae Th Ue to
ItV n A a. t p ese ts a ov rvi w o sv i f i zi' le e ai nd i'( any lainiua s2 re oo' t ed t

Add )roj~t, iscuses omeof te isues (anal yf is snow iltnat- so el- of tnosed t AN4 5

hitroductio amale t d rpeentation iniy agu e

few of these Ada Ilanquaco i mes aire di sc.ur t- i r

Th 1.xphica 1 rirnel S ystem ,i 4is a pro- t~ ~pr
mm:~ld national ii it tornadt lena standard for an The pcoetyp t ,t vlr was devyt I cd i

a ic anesn 1, -! inter face lo a giraphics system. II iroconiPu to-r In te r raced to ' :a, si' s rcci teeT
n, c)v de s decv iLe- it rdependenrit s upport f or 'nest a partiadl ir pl er etat e n ' o ! ' I teO on 1

sin ipiictins wie sebiit rnon~development systegI TOE rOtcV[7 Il "Pr ian OcO
17'o sile outuet "rimitives to cmlxinter- trl nAa n ostao c1 ,i

atI, teanis The set of (;K, functions is PirgramingAd jande!ontre, ) eoii'its ino~

" r ' , be Ornplenientaol e in miany prograriing ent and machirso 1rnde' ndrrr waeirei
Alanciuaqe binding defines the syntac- in im, lomentinq the setwaire, arid laWc of , ,r :UI

itot ace to 3KS froni graphics proeiranis- foi fll Aoa resenti d 'O!nl ' rebiem- in the d i
.IIt P in at langquage. Buindings to ANSI lan- inent effoit. The ''rotot"ml o te, ivnile oerta~r'.

ijitar nol uded as : art of the 31KS standard. valid Ada, was limited to s h u51, or the-'li i, '
'mdirdizatios of the cindings promotes port- feair supi oitoo by if 0 1 r p'1
1ui i ,y of bothi 'reorn and prograimors ,and* rdiilar[rnt,

UnJ 1i i tatk-n val idationi of an implemertation of a c c -Ldino analysis cf t S idn ie rtt
sp)eci f icatrens ni 5i 1 'ht tioo di t r- 11 h in
of the lanquaije undJor tn two~ a,,ir ri 01.h

of'e Project orseribed i n thi s caper was part (.Urciew '9 5l ' a[Oii 1l ' 'rr 1stci"J t  Uf uti phastd GS3 Ada effort to develeo Ada
a ', ' >iab ilI t ies. conf orm ing to snanoa rds 7she Gra')i 1 .,n 'vste dn 'ri- )

u ,n 't I b i i .Idc( elo eed b y thoP Amner i cadn N at rnal 1 aIcjuagoe inItd e ende' nc ionrev So 'I
:nd a ro d n 1st itutc fANS6I and the ,ntennatrionalI i nt u r farce t o a two -d I en s ienra Ie(te0r I,afddrs aswat'er ( -0 .ITis firrc pharu, s ncaoicdi o

rre b y hr Worldc Aide Mil itar y Cemmnd and e 'ict oi t prouion iln ,Aaino
CAntico ,v tom >,WMCCs, Inform'ation iv tor A; one ntr7outo n n 1to ' IIr>rora 'aa n l c vet allows device- tunii-i to bent er 'mov tri o 'c,I ' 'r roia Ira c (ilMii), irovidec of aiicir doie iir- a particula ild licat irii.ir -ida larvs aq i .ndis.,, to tifr inaphi'aI Keniel A' a stacjard, Pin teomotn ten )tabilit, etfXJ '!

wa. .. itn Ad cots ir )vdv cc Ioirndccd nt re reinF 1-r ait ates th' dc vl elns~ie n tof- ;11 I-wa i 4d bt devc(- nduenf~~t nd tinn , and provides '.uidclI irro' to lonufd( t ci '0
en I-o ed,,Ist ' '.,, On "nt r tsi c-aLalbilI i t fjtuic, device oa''abi Itie. - s sup;ot- (s

3rphics 'pd Icat ieis aild dcvi v Les ' , i ) 1 -

<i 5a 'i' ori I r, "s- -!d. ' citrens for, whijch Ph> t-Oul' be e"n:Iloyed irA Ac
Aim CAI, iriaemerit 'rm ' m

*mnAd'drn ()1 a di off Hioe. and 'o'ic'criq De'i'ices Nriicii ' i itit be" ''''il
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J, I'U TINPUT L-VEL
VE L AC

No i.~.~qt ocSa'tpe and event -,cde.
klini-al conitrol. Initialization.
Subset output. No pic, input.
Individial attrib~tes.

Basic coertrol. Viewport input oriority.

O recjefinci bundles.
Uoltiple normialization

transform ations.

Full bundles. Pick input.
Basic seqnmertation.
':etafile workstations.

,orkstdtion Indepenident
Segriert Storage.

GCK Ada Virtual Device Metafile provides for device-inde-
;'endent storage of graphical picture information

a ,a "-ultipnased effort to devulo-) for later recreation of pictures on the same or a
ca-pabilities, incliodinq dpvelo r~n different system. Pletafile generation and inter-

i' tandard bindinq of Cv-' to the Adv pretation are accomiplished through the VDM. A
or a producinclugal it, impiecentation of suite of netafiles could be used to validate a DOS

funct ional ity a i oite of AN I-Aaipemnain Althougn not shown in this
gi 7- vfl iit, u GK validationI a. uite figure, the VDI and VDM are both directly access-

d1 c d;-,rdc-rt software d-ivern nho oKbl<SAos fbIe to Ada programs for use in other Qral hi os
Lac trifr sent of qrics di odards sstem.

P'~~0'~1 hoW~> a cs Loi on3t I Dii acoclshen ts of P ha se 1 o f tnis effort
included ,oduction of the Ada Bindingi Interfa~u.

A re' odel Fcigure J.0-1-i Shows currently adraft ANSI standard, and a prototype
ac t11 Ir 1 tr~ tn, 5 1 [11 Ucitation of GKS to Level Da. whicon demoen-

- w wtv, tr' wo n-r ,trited tie feas ib ili ty of the GKS/Ada concepts
I t o- n, c a;l,!!iu t a(,,cL ~it hov be~r defined. The following two sections

A- g~0 1>dii o~cr c~L c~x<disc~ us'he bindingi and prototv;,me in mrn detail.
in''r, ii Kacr (AM-I, hi.

15j1 (' t1(l 1 kr Pn i P'1 irsng n, Interface
fr1 I' t id, rd Te h P____

ii r f' ei n i nq ji e t ii( 'Sc ajo emphasis of the GK1,Ada 'proe 1 , wa~
rid inrcl; De's Itt h( wlopsort of an, Ada languafie binding to thr

i j 0r! i ~ !- I i ia ret sy t Ei. [Lvery effort was made to
b"he t'rphil osopihieos expressed by the (C tO tand-

,ir I and then AN6I Langiage Biiidi ng subcomrt,,ete
to silo'in ton' bindingj. The bindling comit

I - rti ,ap (5 l~ji i icjf ic-a t ions ,orta in i n a I 0o1
i 11: * t, f d, i es sbirngrriis , and exYcep~t i n, o no It

I i ittlilfrIce with I ("K' syhter' i;iiltmren~ d iii Ada.
ho lbiidiri j- -urn valO l k Io i
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4 ,~ 7j1] "ode I

cilldI LS _i;n cS n s e p c e o n e g h [ aL I it e r viel, d

1 , I 1i agenda, an~i d~j_ is d pem td to nde o an jThwe prorarii cac abil side ty th.d
I te, I r *ti ,on a (. binding and n languae issutes are nug 'o esot et.data

er i s (sadb1 tnese stanard oranzaios Iit s wepatb e it wit Ad W yhSutUIon L)s
ove-, r ol ed th ramethod. ayo oeo

0~~~~ ~ ~ ~ ~ 1h hLbniqsol etrm otbe ~ i r isud i e shou be a in ana

oh da lan- ro u a-le binin r o to n I an i onee rormn prtbliy
I tel ti~ o to Gsm or iijn altferntiv iterfaceii S'IIf~ t~O

Ha 'on' Thi e 'pnl s f were 'l ot alway ', fa onr i'
h,, ~ ~ ~ ~ ~ b n 1 orod an trad offi Iai if 

t hetrl-.e j-sr~litfrac dtOj~ht
* Thie, bind I sould be tasu rtab m ile imilpartsses are disctusese nh~ r i of,

s-inr 9! 0 0to rapi tO r('iiost lo ar ooali imph Ihn- anuceph lsihy

, ntat r" dmlel A dton s at dis( ird ores systemia dod trigt spep icaio
recionzi be ttnh' 'ed n" i

0 he indif~j shuld suport he ( -, he no ,raplieof T h en di p a c , r vat 1,

* nr lh bindin nulwid s e en t ibe. Up- t d cfoir ath ough(:ra cteqric l t c atioit
grae If Cul reul iI'snialioporats someo teanrs iuh artk~ i in r K,,

0 hr 1o to grannnuIeds uI pporf c ti ) p ai s wit thi Ad r anug ehi nth t5 n]
and i3,aimplementations, attAti aso totlo

I Tue j bnig ould, sup11port t~tne mnefo aition. TseK Datagps te Aa,'''vo
tVI: rtooe wiht -its thi intf ace vent ofe th' d riucg.n~ t

Cn c of 1~ edo1  upwars cpat i ld he sente fo ,t the i g Iea t iak t- de 01t i rt:Ih
; O" t~jb I I j ty .c los~ai( b ty.d eri ha t ,In t j( t k dI t aId "5 '';I t

* ( ('K , sln Isu d su! d((f I ortab 1 it ilnentciIn

* Tno ;n) 1 id ri, h uId fo I ori / is , i. tat o ; .Ma;r v s t Alpue ra c.,, r i dai,- h i

c.f !i 'a' gaolv wror 'a' r bo. o. of tfi55 '~ I9 t unticton andt data ,t retjt.'. 1t,
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* . " ut: .' :t'rlbutt problent, although the sefaitiis of their u.- was
, in onsistent with the intention of the bind n(I

i,: RliCation. Li itations on symbol table size
S1 ',l til tit ItO presented tlroblenss in attempting to corpile

GDS as a singl packafie. We ended ur dividin'; GKS
."° rl d a sini :1e into five separate packagcs. Ore package contined
,,, tn .,pedetined all of the GKS interface data types, and each of

k et, : jrk.r types, two the others contained a subset of the GKS functions.
, , , , -le ' ' , l lr , width,

-,, tI bl - 1, .. [he Device Dependent Software
t I' ' dld ' , -, ult any set tab 1 e

, '::The device driver software interface was de-
signed to prototype the capabilities of a draft

'' , ir ter- th DKS systeii standard for the Virtual Device Interface. The
,, , .,' * li.. r it t:a~lces were 0'- prototype VDI contains routines for initialization

• " ,i. : of the workstation, clearinq the screen, drawini a
line, drawing a hollow or filled rectangle, drawing

' ., '' 'r,. lt, i pc systeon r hollow or filled circle, displayinq a marker, and
, lue ot the operatini writine a line of text.

The device driver software was translated into
" (: Table. oni- per- system, Ada fron exstinj prograis written in the lan-luaoe

I- , , '! icn about availability C. This code pertormed the machine and device
, , . deendent functions, such as initializini values

of reqisters and memory addresses, defining bit
"' , st, one

, 
per system, holds patterns for character sets and lire styles, and

'' , itt , workstation independ- performing data format conversions.
I, - I. In a full implementation

1 1 t t t also includes the input The package SYSTEM was incomplete, and hard-
ware addressing had to be accomplished through the
use 8086 package supplied by TeleSoft. We also

',., t'i Description Table, one per had to work around the lack of representation
!. , .te available in the imple- specifications.

.. . in. le .ribes the capabilities

- - ' . r1 
1  

!- iif .,annot Lancaall- Issues
... i. m byed bi a' dr:ll ication progran.

This section discusses issues identified
* ' orkstatlor State List, one per during development of the GKS/Ada software, and

try open workstation, contains the which may be applicable to various Ada applications
urr t settinos of workstation de- and other Ada standardization efforts.

cdfr'. attributes.

mxtensions
S n, reor ',tate 1ist, one per system,

Iforriation including the current It is the capabil :ty in Ada to declare
?-O1, statc. programmer-defined" operations that proiipts this

issue:

P , d vi nde endent softsare was

jn . a r e urrently wilth the development of the Should the bindin, (or other interface)
• -,i, 1nterface. but the ;,i specification provide for the definition of bisic

, rcin to conforr to limitations operations approeriate to the data type,
u, '- _o' hiler. For examiple, the bindin ; but which are properly extensions to the

a, - ',, tve of an opject from the Normal ized functionality required by GKS (or other
,. .. ,, ter a, 'Iollows: interface requiremients).

i-c, it-_, dlits PRLCISIoN uxampoes of such operations from the GKS
r . . i nd int are:

lowii, I'llaritien had to be substi- function +" C FT, RIGHt : POINT)
" ' ,T :,to ,t -ode, si rce p i titiri- return POINT;

,' ., f 10 tin .'it types were rot 3u1crted: urction IS IN (ITLM : TEM TYPc1
THL I :ST : LIPT OF)

,b~ :,N'L :-Y ,i_ is FIoA,,rTu n /o L N

'' dat a t i,,,: fatilities wnich were lJnless the data type is private or litlited
j-. i 0. but 3 1 uTt, ed in(luded irte'jer type i ivat' (tirl whih case all needed o perations

i n' t . de, i 4ed I 'es, re.ord typ in, invo Iv- shou Id bi prov ided) , the user of the type could
i -1 ,tlirantt,, anid airra. aiqreltes. We Jefine his own routines to performinq such opera-

- , . 1 ' itd r n he . edefi ed data typet and tions. Howe:ver, it is advantageous to standardize
i , ' t ;' ' ic' t , ' work around thi (ofUl'OFl operations for i' ulr ses of portabilitv.
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-!. I Ivrit aqc e _-Tse t EY th 'IoAt( t ioftAI i ' : h ki X.~ ;tui nini i'' t Ii' I,~'
la1 1 m11Ct '[' i- or.t I U et anfd -'a tof t , k Ii r -i tjt I ''f I' t'- s I' ''' j,

i rhr t iA 5js, I t a t, i r,. i -. et tudtc U i rr'nT 1 TC' 6 'u
''5 Eli a 'Gobliv witi i- f iI:

,riot'l e I~ r 1. ''tin, iinoir-ie, Iu irt'G tdt k-.xiclt ion clinch isto tt~'trd El, a I.'
'"pIc: -'r t at i o'If' f Ie n tdiC to ,. rct expre-ss the true nature ut tnlt- a 0'"

t-i'ioi' condition.
nhlc] mvfl trter t ,e,_s aillow thne intro-

!u i ( 2 rt 1 -: rtq a El d iipIu L t n-D~

4hi ice approach better pro" oti->..uita
eGO 1, I t ror the Ada El Ini ri i ti: I itte :Ada prog1raiHs , use of program'ri- deft I'' Ok ~ Eu td y;

or predefined data types?
possible operations or) objects0
t'dC ,K'M ITEM TYPE For exaimpl e, a proora2 tool d uo>' ewe

the declarations:
>.aop funct tone or' 6enera iized

ivno i iivt,e NUMERIC TYPE A is new FL-',
type -NUMERIC TYPE B is di lits ~lI

It these declarations arc allowed in the
s~,itication, then it is no longr 'stadadrd'' for r-;rqain which uses '1c is net JUradt t d

n.. f val idatton, An altfernadtive whier is tnat PRECISION diits of attUYrat4 are! su; tort-i bp
i' i tiy or the e-scapes and GDP 's is p1 acinq every ii'p 1ecientat ion. 'A' is ;uaratt-- to

t'ie, inH ' eel;akg. iowever,. feintin1; so-e iim-lemientation or' every iaeni rie, bit a ;i,.
o; erutio ir -o ivsate types to be in an external i-i 1'-vimentation nay not be avpro;.i'iate U>( the rteim,

cait' vdes ' t resn w itht the concept of encar su- -.1 tnt- irotrai Another con Jeidr at icr is Et 7
ati'on of types ind operationrs. It also "-ares is, imitl(eyter ei, but in an ineffici tWay. tIt

'elr'erltation. of the operat ions awkward. Anotn-er a>>uv eud tnat 'A' would employ trie "io't ft ic ie r
i1t ti-ir nat ive i s to na ve C u' n: exntensi on, ' conta iniG ivri Irm~iunta t Iii.

a ;4d(- ape eLX ES IJNS wi tnin1 the ;jaqe of
in' l-" n, Th is way , te uiser of the e xtens ions Antfer it 'ue of i ntere,,t is t ihti'- s. e dt

'iriw every use cot the elIement w ith the word typ urt'.
T, 1' INV. or m'< t expIi c itly' indjite use of the

2' .' l , tt,- en] this How streeply ty~ped should Yi'oTh arotner
n,, 1 - osen0dItiati !~rt~ . 'neo b ,' 'w oC ''h.

I t :b I i ty of 1 t he de ceIa r jt ioi1 o t j r t- i p-
i ,o o 1v cd .I t I ; oi beI e to Get1 ire tne i'a tcK oe

eat~rtetet s' 1i menl a Way th:at a max. t rm! anew)r c
L ti I rsLheL r)n; 'ce ,'isntfoi'i e, on pa rat':eters ern Ottr Ga ta

Ob~ects. Lph -aits i intenided on detectijng lo,;ic
-,n' r_-it tice sujqestS, that a ii inimalI f-iions a t comp ile t pie, Out run ti;e chethiti: woul d

'-;'e i A iif teri nt evectAions be decl1ared by a ii < be ;erfcrred. The streni data typing, of A a
Ivan vne ; ni losophy of FAX suonests that the al lowed us to off-load check in.; for riany of the GS

r, i o 'its vie dcripi ion) provided throune ai errors on to the compiler. This see's to or a good
1 nf: rtro distinct excep-tion conditions titi ;, Out in order to implement it to the riaxcinuri

_x'qt yent *e' o of o'-il if- t wi th 3 (,)tent, the 'ciirdtn would be lost in a sea of data
j" , " si~lle e~xce'tioes. Sype declarations which would be cciifusn at 'cist.

There one two pociets of view to consider as wellI
.1 r irticbend under what e intut- Thnc a , i teatirn p)ro-tre desires assurance that thr

Ai '! iunttion pi for-is, as, rnmied, and the- GFK p'e
iventatioti ri ot Aaly.Iv cheek t Ine V a ' id iti .) the ,

Ar fv' I '<-. the' bindin : in whic.h tinsel I- ; at aieter valdus. Fotn desire te ut -loin a> 'r a,
diI ui I) o1 "a~ 1 ii nro r ' ond It i ons unde r one(- extel - eneckin-, as possiole) on the coy; ilIe'r>
* orl i, dt- trabl- is te' state e'rroi. GOf define-
, i~t. possttbl,,vce in which a state error would Aitothe~r considetation is "who" ditiet- the

01- reci oteG, nih tby Ded c- ri -l/byO' Pu- e r ror, For cmv; Ic, the value of at inteqer t,e
Sn:j e cu tot..'i ar A* d laf it up I",, ra') cIi cation no- 'arar-eter should fall in thte range 1 . he typet
ird" I f a' V cr1' of these eta te eirents were to of tue ;-anaii eten iJ itnt be a subtype dei 1 arat ion

'' f .; 7ivinate1 !) sei cm lojic error in the which restricts to tnts nnit'. In this cite , ai
nris ,. rae t ier, hand lensr weald ifhave to theek val ue out , ide that ranige would 'ce i a ted is, a

Il 'ii :nt ci theF exeeptione to detect if a I P1TLRPiO'xepio to tne. cal1 lie,: unit.
t-1e error naG d onure i. lt i s -,&qesteti tna t a anti the cal led tuirietier n,- le ts _ontrol -

in Ur c p i n LTT i kRtA, is wrnt apprel; idt at t intively , the tI>e eif tnt' ptnameti r Couldt L',

- o I vd be voted that because of tnt' way in li-ft is, an itciaid tnt vailue of tntlae lt
Ati- G S' tir-finec, -rror nantli tu, the error hard- ciii' yinGli of) ont:n the funet ioe. In thisj s-

r njYoutine 4ould nadve nit Way of kroitiiii the'- tn' fin Finn could ratee a nitri cit 5 ttttire and
ortext in wnit~h the tall ' ausiro tee iner wD i tntv e isc sl~~rXII.

-iadc, anid mus;t treat errors uniformly. In Ada,
tnt 't :aniir-del rr insthe cottet it) wh I Ic
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2 1 'd I' PI ,' ' t 'c r tatc!] I' o I ') t i

j arnd ufipl]il i t ior) r v ri i

Ia ti l i a t c ' It'r 1c ,7 rtt. t ttc' id i t "r i I' LIt I t

'i w, e' Va 1 ,eltlA 4 U 0 * it'*.i ftra tu i' en t, kn i i l Iii r ''

1 l ' t f C'-f I ' 1 rcI ' d~ 1 0cdit i oi 'r 5, Ic val ti i, I r- Ir 1 L f

A ' ' 2 c r ijii I j a Inttt url ni a01 Loic~ r te. n ,
tc Ii on of t' ~ k): r r(a I 4 i 01! t. ..c .. ..1 1

aF].i ji ote It ar i 1h 1 l i1 1 t it t ti 1 ii I a t ti s i

it Ods I'sI'ie to at tI bni I tL o]tb
* ~ Ie no,n ti i s in the riA spcii Ise sihiy etc r, c~dn~ f th dat tc

* ' to tl 'i 0 i l Ivi I t ct r in r t jot of thefi~ Ado a niag Prcaiise it ec'tt
it :1 it Ii J a ' esoIriL I ui needed.I ascoIi(-odate ,ryc , suse con ii ' Tbie I .- '

I 1 it- w id t il st str f Most of til differences ann , in nn Ic f i

tn, 'a tJi n' l var ciLt o, gene t~ in tu bidn ui soe til ni; lo It
q o rn , d' e- u sa i no e L seon o'r declara in o f .ay oi ioa 1 d w ta t r~c 'e tiras

n ii idO Toe tn i a eri ot th optd ion acr ir stnrto of patskaj u to nrd rIaIIuat ' vIf' 5o !r
i ir, -ir , it t s ,i q) I 'r cii lt ' i n ] i t o t ii it ic'> ''-' el a S

1 l ft , wi IC ti th firs od eon an woetle ttyi ayofeili the yt Os of tic iJ I,,i ti
Jtn nTs or sr sate ty sne It ad ses enrc isatton at nel'ssanis c 0 IL id

5' A dk and tr tn ifor till t i te tyes asd hoe er.i ile tao e in c i-a o ted toe da ty d to d0 )a

7'> j irO' tyrers Pnobded d wit this are level imp] cie te for tne dpn riotot ypu c;( . fs.t 1
natan Orin i tvl ll i] .nithetos-ainions oi l ions n edi type, iat typo> L1 izi

' ot> to t ter''rne wiltn eo sr altv f osihie cor-eoirIra to tyl s loon tilore he avily, as sow it

ifA ' Of and tse t nt 4  
t rin t pant Tal 4.4-2. te ifeecs r i h ,eo

I, "caO .o > c" ani rs ofe ths ondi of aredfndvrssir~rrrirdf e at ye.
0 ] i it will- vait o of th f nnet i c s Con he b ~ i n ad jketja owendath ins ~

t d I 'f ,i't ,e atiL sK '" ', e sd type declara-e r no in d tiodIdt y.e h-
'on dd Tiot .i d i out p The fore lntrit ong pcons 10 ior icn o d aw 4 't r

tn e a lf ) an t Il s expe r ince it rfda 1r tl , [i- j " t c i l

r, u itto' ta, t d re t() dha 1 be no t a *er Adaot, 5 sasnesfcilv b o-dt rp , tan t
K.oi c n a ids mt no ftet 1'"> tiui5] Itf'd i k bindisil graphits appd iction at v HudI tne, theI1! ia hne;-C

1-v I uft ~ a', dit th.e fis op in, wheilatho- t o ondeMa t and mh r an- l ode d endet 1 tve
'c-ivatet cypest cc t -o aleratie ses Wild- isdiitonde io i (sirl ~d

c) Lt )t- tie sand I; a fgaon hwvr, e a rntyest , a Goevrap hc pna isenI iiitodto var d ioss epi r
i,,ct in or, h d an-la' m i-- oaring oat ra ions anm eaes shooad LOa, ir that oftv

L, ,r o ni 1da ta reors and it ly rs sonh tin Aa kindl i npl mIntef rfane, and to e oth an
,,at en sal~ n id i s on- ie n ian acala ie t forC allin roblnis rillte bnd io Tsies a p xt-

wilic to 500 l - I1u whcntP tf -,v a p -It l at o- enveertion ro-aliwh'h ore han' ttvna to w -M'

r oy tone al~ e tt-S ',eat no adrc i o onio td. Tabl rate-2 /d l e wite o ia r n
r eto i icst 'asir, n slof t is 5  o ld be fewt h rttp Ieiite idt

'citoni'oclj-io and 1RK i> 1 1 ' tftlIn b aI cn cile

ior Tha wciJl Ii iw siio onno on Iut-e,) i 2G chiul do, dtrdin ffi cocibl ut
cc ics. veroadngon asknci Si n s 'aprtei o itr fcuAdd'fo, islait on; Ihiat it lit

d.. id- f f ha e - . ot Ic o .stha it et i lini i with his GApI di itio n.
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;! r'pwtindiftcatioro atn /ot r'itrid-

tvrzerfernmed later.

U . - .? ] 1*T 1] SL[) Ort urvi r'-nprrt
I t I er 12r i cwt'1r1t . A nr v'i'ltdade
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''It I ''j il.i teatu en, 11 K@]y to be nee-ded (Ii'.rnot

'a I carnted .The samie )nI for >un;,irt
v i I. ion Ar;i Kae w gallidtlOn aloe deS rot

it] I t he 1 i f '21,i atritee thait th li- un- ii, 1; sc te '" 'or-

1 jr .n de- the necsiry .up ot-t 4'ur i
II r I i ii I''' it- te~iri 't ictli

*t',v di' r We ,ri 'r'~ n ope i e r'r irir t I n rj'o.]rit

1 1r 1't3 i tflil i:" t't I o I a2' I : it
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Sindi ng
I nc I.idi ny generi c-ally

B3irid i w- i rst antiiated tyos)

'e rcen t Percent
umber of Total %u-Oer of Total

3,)LIAN 11 0 0 0 .0I
CHAPACTEP 0 S. 0 2.0
Other enjrneratto-- type 41 45.1 42 17.5

A1 --G 1 1.1 37 15.4
P1 SiT IV E 0 0). 0 0 2. 0
'AP;P-.AL 0, C.D 11 2.0
Sther integer type 11 1 .1 1 0.4

FLCAT 0 2.0 C 0.3,
ther floating-po int type 11 12.1 17 7.1

Sf 1',3 2 2.2, 2 0.
cthr .r constraileid array 5 0 .2 52 21 .7

Other cjrnstrained array 1I . 1 0.4

Pecord i to di scriri inant
ilariant part 4 4.4 4 :.7
So variant part 6 6.6 52 24.2'

Other record 7 7.7 19 7.9

lrivate type 7 7 .7 72 -2.9--

TOTALS 91 100.1 240 100-7

Types --,3 91.2 229 95.4

Soibtypes 0 3.0 0 3.

Sensed types 0 0.0 3 1.3

T T,,L' 91 100.0 240 120rj.0

redefilleo types 3 3.2 3 1.3

ser-def 'eo" typos nO 96.7 237 98.7

T h 0T-L1 130.2 240 122,. 0

TABLE 4.4-2

A~ata Type .1istrioution for 7- rcing
(all levels)

S >-dukdOCP fTM ind kUpeno v. F Poferences
1 luj d. 'o r Pu;port frr

'ai r-,, ,r dterit iclO re 1 . Schmacker , Sparks , Post , Jour rev, Satrnrt,
Prehoivi, Carson, French, and Soall no "-1

o.w 1d;-'t 1 dnquagO Bindingts of OKS,.' futture issu
IEEE Computer Graphics and A;g 1 ittens ,

'h1 d,,e tni, risul t t, work erformed proposed panel session of SlupPeH 19v34.
-,d otr riot rumhe,, F4964z -3- 0j, s; onsoreri

b, n c' A d W Ond 1 i Ii -ry LGI rIand adl Control . Graprhiral Kernel Oyster' (GrIt) ivtri7..
wA~~~~~t~ )frito 'ot~ 10n draft proposed AmericanNainl tndr

ft 1. tian~idol pidnod by Anne )it an of 150/D15 7942, ANSI dlccument Xo3 13 325R!
idt ,Ldptnda rds', it, (A",I 134. t 10 ANSI Projec t 362. 1", MuY 1983.
Ii.arBinir-. 3,d Cnno'ar _fL ' r~ tei

ti h, Gra nnhesc T enotcal Lo( rt 1itt e TnEt auth '- J KtS Binding to A da, draft Amer ican National
a]1rw o to AnnnowleO( ;o the non ribtiions, or )andard , ANSI! documient UH? '113-95 ,1>, Utinbc

r- i i innert , 'ai elar~bagh , and Srec 'aunoetru Si
ri, o inons, --xtrw:,wdi in this, 'ani) a

inrl tooet i-N A 4, Ade Prngjravrin: Ian~uaqet-, ASMI-Y-5'
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0 ~~~IITRxiY I A M Il" FUIAMILY OPER IAT'ING SYSTEM: AIN ADA. APII( 'LA'IO N

1-rl~i-irik F. tYiwhkiri

NlM 1 restl in -t'xv -1ev-u-v

a ni nl' cvBrief Djescription of the MILT Machines-

'li, Mi~arx mpitrFirniI 'lii The~Q N w ilitarN ('(tilltter Forikl Prigrini heian in 44

Pr' rm , rxriteireStIrIL! Adi4 ipplicit in i'tict Not oniv v ien the des~g itofan Inst rucian Set Archoiectnrc ISA wiii

Il h e i tOi,(irk.(i ippii- unetae b CnreiMlo (nivers ity 'ucnder Armi%
,i- Intt I '- ti-i (it opa pertilu! %4tn toer it ri,. itnii sponsorship. The ISA is a 32-it gel -rai-register ,it-(cliiec-

'0 iihine a- ~ lre wth hte-atddrtesiahIe mecmlir\ This ircite~-cIure.

-i~ ~ ~ ~ ~ ~ h hnelspid -iiilr edd eir \i knoi is NEB[*IA aond specified is Mil. STI) 1,28 ha-

0o. 1ir-t Via p rogriun dlesivned tii be a firm alix verittlei the: tuliing fieatures'

niit ilexicur \-ltf-rl. Tii inihiiu- but comnleteiv Tw dli-cnex ;tt
11111 tilralli xxi I ertitirii stretch the state of ili, it ViIdl eI ll . tc

ADIA irot-initin. it telot U~IIix advance it, This paper 0 Mapped rierniirY xvith aiccess protection
xii .e- ni 'tI II, :\(ia r ues that havi- a nmajorl Impaict in * \aiahie-Iength instruct un with o~rii alirI p-

Nl t %Ft IS proi1 trani. erands

Inotroduto UC t's ofu privileged instructtns for resaource contrl

0 Vectorled Iii'vilii and exit liln-
III .iigii.t 1()S2, the, V S .Ariv ( oii nicalion-' and Eiec- * Virtual I () x kiti I IIproce--sors

trliiic I ''1111iarii CI Ft I 'o t Mornmoiuth ;i rded ti Wa

comitii%- \ dntiu. rals tI a liliirv Comtputer Famnii t per- * Fxpliii addresrrrg it all instructilin operands

ating -tiil M( HlISP ['it, txl Intrictirs4 %kh hegan it * Prricedure-ha~ed control -tructure with aI iiicai ti-a-hr
it lxllhiill1tioni arid ~l ipiia - e Wil RCA iiid set tor each plocediirt-

TIRW\1 lfIt - NI( H Ft IT r;li litii ri-ili ed I It i lilt ilin and tllli-

ilti-gn liit excVia t h :(ilIu~it xS\te-ir Tlii- lihe %II Iit ar -NCmuu iikcnvt f lia rit rnillltr-. .1

Tot,' h-MiI- rniiji 1- Ph iii -n to afl-I ri-juirid tit( ihii- linapti- I, siiitvfill- ii ize sciIl-. ich as tolrliiriid
toin airid tllp-iicie di-sit it titlrild i opertiic Vseloitrl and ciintriil. large phased 11111ii 'aclar' -i-iind iritili-
the NUT 'Fr';wicim--li-M 'I I S xatIill x'Idc-' furct~ill p111cc daii handiintT sveti.'l- rlicraccliputer I, ill-
liipalllt t Iiiipplort th-, v'ti itr o aplicaitjions proirana- tetiuled for smlalle-r ttihedded applJ)icatilti scich Las fi1r Corl-
lurre-rilk ii the Arrnv' ti.n ittir, arid tholse priijecti-d fir titi tiii. %ehrcie conttrl. lr ni-tmlrked comn~rIicationtt The sin-
IItI Ire- 'F If, MI ' )S, tt IS w l i Wr it te (in II Ada anitd. Ilf c, ursi "I it bltrdill I Crilc.l I t erY i I c'inIiit I He Ii chItine I n't(itId

to uppolltjjh 0i~~i~l1111S %iritifri in Ada and targeted Sir the toic cl- itt emibedcded Wiponts clintroil. backpac k radio con-
%I( F rnihiri- Phi ICIFt S t,; rnili is; Ill slipplrt Ohe comi- lIi ari i tr IIt Cei1en t dataI etittrx% sxI'Istlx
pi- mnrig d I i-ir'v Irc-ti'errIrlS. inrcluding a tnodilei'

A-I criti, II thi- Dill (0lrntter Sil-lutvt FV%;iItiOii (OWi the riTiivI
tar Thli~v 'rirla tl-luire riichiti. illllll iithe desi k111-

11>11io Ill- w(i-u a- cii citipliaiice itssciance AlillugIl
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LINKED/EXPORTED to satisfy the security policy. This -proof' is a manual proc-
_ _ _ _ _ ess that relies on proof rules that reflect the semantics of'the

RSL RSL data structures and control constructs of the high-order lan-
MI NUCLEUS guage used. Proof rules for Ada have not yet been published,

_but the work done by Odyssey Research Associates shows
BU VAX that Ada is verifiable if its usage is restricted. Such rest rc-

BLUOE CODE INTEFACE INTERFACE NEBULA tions do not violate the "thou shall not subset' command-BOOK COMPILEB SEN, U #2
CONKSTRUCTS ROLM ment. They represent a self-imposed discipline with the

_. _ same status as an in-house program development

TABGET methodology.
ARCHITECTURE
INDEPENDENT The restrictions chosen have been assembled from a variety

Figure 1. Ada ('onstruct-to-execution Flow. of sources, and although they are not optimum. they do pro-
vide a baseline. If during implementation it is found that the

programs, operating under the MCFOS, communicate restrictions are too stringent, they will be reviewed
through the machine-independent portion of their RSLs to
an operating system. That operating system is an Ada pro- On the basis of the study conducted hv Odyssey. a set of nine
gram that must verify and interpret the request and trans- restrictions will be used. It is felt that Ada programs written
mit the desired action to the n cleus RSL for execution. That using the discipline listed here can be proved correct:
Ada program, called MCFOS. must control the application
Ada programs its supports. 1. No aliasing that is --

0 do not use a global variable as an actual parameter
The NEBULA architecture, is an excellent ithough not per- in a subprogram or entry call.
fect, instruction set architecture for the implementation of 0 In calls. distinct actuals should be used for distinct

Ada.A masue o' te eficenc v a 'v b taen romtheformals, of mode out or in out, and no such act ualsnumber of instructions that must be executed to suppoi an should be used within an expression bound to a for-
Ada request such as task execution, task termination, mal in parameter.
memory request, etc. To do this an Ada RSL has been con-
structed and instrumented to provide statistics related to the 2. No variant records.
executiin of Ada programs on an MCF computer, The statis- N0 generics with subprogram pataneteia
tics consist of instruction counts and response times for each

of the requested Ada operations. Table 1I shows sample va- 4. Documentation of exception propagation and exception
lues collected for a multiple Ada program implementation, handling: no handling of the task failure execution

5. No shared variables between tasks, i.e.. all tasks con-
TABLE I1 ADA PERFORMANCE ESTIMATE municate explicitly through entry calls and accept

statements.
Average

Process Instructiot, Count 6. No access variables as formal parameters to entries

7. No dynamic tack creation using task types and task
Program Initiation 99 access variables.
Task [nitiatin 185Easnit(ao 25 8. No delay statements or condit aal entry calls or timedEntry Call 27

entry calls.Accept :36

Rendezvous Initiation 28 9. No real types.
Rendezvous ('ompletion 34
Task Scheduling 108 'urrent Status
Task Termination 22

The MCFt)S prograin has completed the ioncept Defiiition
Phase. with the top-level desimg The second phase. cbout l

Although it isexpectedthat there will be some improvetnent tart. will be tht- Interim Operating Sys. in phs,, Thli-
in these figures. analysis shows that an order-of-magnitude phase will invol-.' buliding an interin secure operating, ss-
improvement will not occur These types of statistics will teni that will 1-- a :subset of the MW'FO)S, targeted for the
definitely influetice various factors considered iii the an hi- Mt 'F Advanced Development Model machines. Also du,-ki,
tectore of an Ada program this period the foirmal specificatmion and securt verificat, i

the multilevel >, lwrk operating 'k st ill be acconiti-, i

Security and the detailed design co inpleted

Since th,, M1 1-1 )S it' i - \ I imltihvtt settr- op-r- During this pvriod the RSI.s tor the MtWF inlpleitntilt,,il
atung i . i . , -,of ' r ' '.. ''- ',itr ls ',rifidc anl rna- will b, u'mp'tu'd and 1he real performanct, ot o f ill %de
ihin-ti ~l'iiD I ...' -. -t* ,'ii

t bi'lo hi, hfilu ArIa iniplurnri ation can lit' :ssuss'd
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o AN ADVANCED HOST-TARGET ENVIRONMENT FOR THE

0MILITARY COMPUTER FAMILY

IHal Hart
Ruth Hart

Isabel Muennichow

TRW
Redondo Beach, CA 90278

Ad& and MCFOS
Abstract

The MCFOS project uses Ada in several different
As part of the Military Computer Family ways. First, MCFOS itself is written in Ads. Second,

Operating System (MCFOS) project, extensions to the MCFOS supports Ada applications. An applications
Ada Language System (ALS) are being constructed program can interface with MCFOS in three different
which allow software for the MCF computers to be ways: through Ada language semantics such as tasking
developed and tested in a host/target environment, or exception handling, through Ada standard packages
These extensions are collectively known as the ALSE. such as those for input/output, and through MCFOS
ALS facilities are used for editing, compiling, linking, packages which provide capabilities beyond those which
and exporting Ada programs, while ALSE facilities are are part of Ada. Therefore, MCFOS serves as a
used to download the software into a connected MCF replacement for and extension of the runtime support
computer and execute the software on the MCF, thus library provided with the Ada compiler. It should be
providing state-of-the-art high level debugging and noted that the real-time and security requirements
performance monitoring facilities in an embedded target imposed on MCFOS require that much of the ALS
environment. This paper describes the components of runtime support library be replaced.
the ALSE from a user viewpoint, concentrating on how
an applications programmer would use MCFOS and the The Ada Language System Extensions
Extended Ada Language System to develop software. The Extended Ada Language System consists of

the Army's Ada Language System (ALS) augmented by
the Ada Language System Extensions (ALSE).
Together. the ALS and ALSE provide facilities for

Introduction developing Ada programs targeted to an MCF

In August 1982, TRW was awarded a contract by computer. To do this, a host/target configuration is

the U.S. Army Communications-Electronics Command used, in which the host cemputer is a VAX 11/780 and

(CECOM) to develop requirements and top-level design the target computer is any one of the three computers

of two operating systems for the Military Computer in the Military Computer Family - an AN/UYK-41,

Family (MCF) computers. Both operating systems were AN/UYK-49, or the Single Module Computer. As

to be written in Ada and were to be designed to support many as four MCF computers can be connected to the

real-time Ada applications. The Dedicated Secure

Operating System was to be run in either a dedicated or
system high mode, and was to be optimized for The ALSE has three components: target

efficiency, while the Multilevel Secure Operating System dependent tools, software development monitors and a
was to be designed to support multilevel secure VAX/MCF link. The target dependent tools consist of

applications, the MCF/Ada Symbolic Debugger, MCF/Ada Timing
Analyzer, MCF/Ada Frequency Analyzer, and ALSE

As part of this Military Computer Family Profile Display Tool. There are two software

Operating System (MCFOS) contract, extensions to the development monitors: a Single User Monitor to support
Army Ada Language System (ALS) were to be designed a single application executing on a bare MCF machine,Armyh Aoldaanguage Sstem we to bevelop an desie and a Virtual Machine Manitor to provide a multiuser
which would allow the user to develop and test software capability for Ada program development in the

for the MCF computers using the facilities of the ALS. oargt er Ade rg/m l in ts
Togeher th Extnde Ad Laguag Sytemand host/target environment. The VAX/MCF link consists

Together, the Extended Ada Language System and of a hardware connection between the VAX and the
MCvFOS provide support for all phases of software MCF, software to support the link, and the VAX/MCF
development: design, codin dedebugging, optimization, Loader, which downloads MCFOS/applications software
testing, and deployment, from the VAX into the MCF.
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Figure I shows the Extended Ada Language from which it can be loaded onto, an N(F in the' f,, d

System, with shading indicating the ALSE components These operations are depicted in Figures '. 5,. and 7
to be developed as part of the MCFOS project.

The VAX/MCF Lo ader alWo pro,,ir J , ,,*-.r:il
Software Development Monitors. control (on the VAX sidel between el,.ni ,f tOw

The ALSE has two types of Software ALSE and responds to user commands That is ,th,.,

Development Monitors, a Single User Monitor (SUM) ALSE tools such as the M('F/Ada Symbolic l).#,ugg,r

and a Virtual Mtachine Monitor (VMM). Both monitors the MCF/Ada Timing Analyzer, and the NI('F/ la

provide a bare machine interface to Ada programs Frequency Analyzer are invoked is a

executing on an MCF computer, support the other subcommands.

ALSE tools being used for Ada program development
on the MCF, and provide for simulation of unavailable After the M(FOS/applications load module hw:s.

peripheral devices. The Virtual Machine Monitor also been loaded it is ready to be executed. It can either be

provides a multiuser capability for Ada program executed directly, with or without timing and frequlenc.

development in a host/target environment. The analysis, or it can be executed under control of the

monitors execute primarily on the MCF, with the MCF/Ada Symbolic Debugger. This tool is functionally
peripheral simulation function executing on the VAX. identical to the ALS VAX/VMS Symbolic Debugger It

allows controlled, incremental execution of the target

All software developed using the Extended Ada program, symbolic display of the state of the program,

Language System will run under control of one of the symbolic display of program entities, and symbolic

monitors. The VMM provides the capability of modification of program variables. Figure 8 shows the
simultaneously running one or more Ada applications operation of the Debugger within the ALSE.

for debugging or testing purposes. The SUM provides a
more efficient capability for debugging or testing a If the software is to be executed directly, a
single Ada application, different loader subcommand is specified. Parameters

to this subcommand indicate if timing analysis and/or
Developing Software With MCFOS and frequency analysis are to be performed. The MCF/Ada
ALSE. Timing Analyzer is functionally identical to the ALS

In this section, we illustrate how applications VAX/VMS Timing Analyzer. It monitors the execution

software would be developed and tested using the time characteristics of Ada programs executing on an

facilities provided by MCFOS and the Extended Ada MCF computer, by counting how often each block in an

Language System. It is assumed that the applications Ada program is in control at the end of a specified time

software is designed to run under MCFOS. interval. Likewise, the MCF/Ada Frequency Analyzer
is functionally identical to the corresponding ALS

First, already existing facilities of the Ada VAX/VMS tool. It monitors the execution frequency

Language System are used to develop the software on characteristics of Ada programs executing on an MCF

the VAX 11/780, as shown in Figures 2 and 3. These computer, by counting how many times each block in
facilities include the ALS Editor, the Ada compiler with an Ada program has been executed. In both cases, the
MCF code generator, the MCF Linker, and the MCF collected timing and frequency data are stored in an
Exporter. The MCFOS SYSC EN function then ALS file (on the VAX system) whose name is specified

combines the exported load module with MCFOS to on the execution command. This data can then be

produce a tactical system suitable for loading into the displayed by the ALSE Profile Display Tool, which

MCF computer. Note that this MCFOS function executes entirely on the VAX and produces histograms
executes on the VAX rather than on the MCF. Figure which measure how often or how many times a
eects onthe VAXcess rather tn o thetiMals Figur particular subprogram or block was executed. Like the

4 depicts the process of building a tactical system. other ALSE target dependent tools, it is functionally

identical to its corresponding VAX/VMS tool. Figures
Thenl outpuafrom t GE hardsae lnow rto e 9 and 10 show the operation of the Timing and

downloaded across the hardware link into the MCF Frequency Analyzers and the Profile Display Tool,
computer. This is accomplished by the VAX/MCF respectively.
Loader. Three types of loads across the link can occur.
First, the Software Development Monitors can be Summary
loaded onto a bare machine. Later, applications
software that is to run under control of a Software Together with MCFOS, the Extended Ada

Development Monitor can be loaded onto the MCF. Language System provides support for all phases of

Finally, a system ready to be deployed can be loaded software development, from design through deployment.
through the MCF directly onto an MCF peripheral, It allows a programmer to develop, debug, and test Ada
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r o' i..igned t,, be run on an MCF computer
, n '10 -m gratmId s ,tem, and allows software to

I n , a raIl k( V computer instead of being
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among others, that has prhmitted the devel ,mnent
of the IT'NPA'K routines. This paver demonstrates

ABSTRACT" ;an apnroach at re-edi np the L,!NPACK routine, that

.reiuires minimum re-arientatinn bv -urront LftNA'V

Fhe anthors demonstrate the fearibilitv of users

convert ing the Linpack routines for analzing
and solving sstems of linear equations from MT7l10i)il 01 CONI'RSTO

O'(RA'RAN to Ada. This is done with minimal al- ----- -

teration of the original nrogram structure, thus There are thrtlee approaches o the rocotin of

requiring very little re-orientation Iv current the 1.1 NPA(CK rout ines which seem obv ions and st rat -
users a I.TNPACK. ght forward . The first approach is to merel insert

the appropriate codes for tile various tLAS routines
in the various places where the subroutine calls
are made. This would reduce the work required in
performing the conversion. The e'feet of this in-
sertion on execution time should he minimal since
no extra code is being executed. In fact, the

overhead of the subroutine call is saved. However,
it would significantly increase the space recuire-

ments for the nrogram code. It would also destrov
the modularity and the readibilitv of the routines.

The second anproach is to process the matrices
and vectors prior to the lItAS subroutine call and

TNTRODUCTTON postprocess them after the BILAS subrout inc cal I.
- - The preprocessor would remove the appropriate nor-

tio of the column of the matrix or the appropriate
A number of questions have been raised as to portion of the vector. This approach is plarei

whether Ada is an appropriate language for gene- hackiin itstplacecinrthTmatrix or vector.pTaied
ralscintficcomutt ins Inordr or daback in its place in tlhe matrix or vector. "h i:ral scientific compttations. to order for Ada approach maintains the readibility and modularity

to be so used, it is required that a number of of the program. tle increase in space reoui re-

software packages now used in FORTRAN be adaptable moos is minimal in that only four short routines

to Ada. One software package that is widely used

aol big are needed in addition to the usual ones. The
increase in time requirements is also minimat since
the only thing these routines do is transfer seve-t.TNPAICK is a collection of FORTRAN subrou- radtaieshcanlft.

tines which analyzes and solves various systems

of simultaneous linear algebraic equations. It
is the aim of this paper to demonstrate the fea- T t a proc is to dfe the tr tosihl iy o reodig te LNPAK ruties o re be an array of vectors. After the matrix to he
Adalanuae, ot UPused is properlv defined the anropriate vector is
Ada languape, sent to the RIAS subroutine. In order to use this

It has been ninted out (see Morris 2)technique the vectors to be transferred must be
It asben pinedout(se orrs 2)the columns of thn matrix, Tbis may require a tion-

that a deficiencv in the Ada language is its
ai lure to include internal representat ion of tine to compute the transnose of the matrix before

arras. The FORTRAN standard requires that proceeding. Therefore, the increase in space re-
(nirements and in execution time should he minimal.

arrav be stored in column maior form, that is, The Ada concept of slices maw prove useful in this
columns are storedl together one after the other. approach
"Tiiis standard along with the absence of strong

tvoing allows the programmer to access the ele-
mfnts of a matrix as if it wore a vector and al-
ways get the right element. It is this standard
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W I''lly'11NTArT-TON

!rst iltertiat joe was dismi-sd as binig l imitations of AI)AEII, especiail l its vxe ition

te1i itt rit joe aliternative. The second al- speed,. afo real testing must await .1 compilter.
ceinn-irel to he the easiest to implement Nevertheless, it is clear that the routtines can

qt I i t'uI.in so was co(nsid(Iered fi rst. The thi rd fa ir]%, easi lv recoded in Ada. The cost., incurr'.

Sternt.t iv i-s ,resontilv being pursued, in this recoding cannot be determined at this; Timc.

Other approaches mav also be avail able 1)esi dis tr he
1 n 'rdcr to imlemenC t the second alternatives, oines' inTId iCa-teVd abhove . The third il ternatilye mav

I ' TAtE and ?l'I.AS rou't ines for a general syste'm were be thc best of the three. There are, indeed tin-
,- din Ada. Yb e changes made in the programs answered quest ions, but we mnnst t-en ci tde that it is

we re o'two tv\'ns . The First type of changes sim- feasible to salvage at least a iport ion na- "nuiar-

tiNc invo vol the use of structured programming ter century accumulation (if logic and -dc.''
ocho i Ott mik inn use, of control structures not

tnt,,I I15 t ' i n I 1 RTR AN. The second type of change BVIIIOGRAPHY
involvod writinog Four new routines rail CONVRTM1,

Net C' I lONVR~I' , and !NEC0N).'RTV . The first two 1. lDongarra, 1.1. , LINPACK - ser s td.S a rs
routine,; work oin matrices. CON'RTM takes a given Philadelphia. PA., 171).
!nttrt ion ,f a column from a matrix and stores it in

Vi vetor. SlFCtNVRTM takes a portion of a column 2.Morris, A.Il. , Jr., "Can Ada Replace FOTRAN It or

romIitvcottor aind replaces it in a matrix. The N'tmerical Computat ion?" A\CM, Si go Iar Nor ices,
other two, routines do similar things for a vector. Vol. 16, number 12, (Dec. 1981).

!'Ite rMtti ties a re used in cool unctionA With the IILAS

rottnets nts tol lot s

Fhe iSIN,1AN stat ement CAl., SAX\PY (N-K, T, A (K+ I , K)

,ll(K+ 11 1)
i s replited I~v the Ada sequence

R[tON\'RTV (N-K,K4-,B,Y);

thec srictuire of the Ada package titat implec-

mented the IINACK routtines is listed below. The
hakg od!ies were coded tunder ADAED, versi on

I(o. I.Eciiw of thte nature of AI)AED), extens ive
test inii is not possihble. A simple system of five

eciitions in l-iv' unknowns took 30 minutes of CPL'
time to etimoiii' and execute.

l'ACKAI2E 1.1NIACK IS
FT*NCTION ISANY: V(N: INDEX;N: VECTOR) RETURN INDEX;
FENCTItIN SAS N" (N : INDEFX ;'N:\'ECTOR) RETURN REAl.;

!"CI ON StT(:1N):;,:VTO)RETURN REAL;

l'SOtIl"llR! 017''( IP' 5 v:IXI U VECTOR);

CgiEiCEtY'VR*l (N, K, L: INDtEX; A: MATRIX ;V : OUT VEfCTlOR
INC: INDEX) ;

PROCE~rtPRE RECOWXRTM (N.K.L: INDEX ;A:OU'T MATRIX ; V:

VIECTOR; INC: INDEX) ;
l'RlaC~F.i'RF : lORTV '(N,E: INDEX;BI:VEC(:'tR;V':Ilt! VECTOR);
PRO1CEDURNE RECOINVRT,' (N,K: INDE-'X.' I: OUT VECTOR; V :UCTOR)
PRICIPDIRE SCESI'.(A:IX 01iT MAfTRI.DA,N:TI)F.EX;IPT:*

IN 01' INTVEC (;Il: N 01U' V'ECTOR ;ltll:TINDEX);

PROCEPIRCESCTEEA(A: IN OUT MATRIX; l.DA,N.' NI)IEX; PVT:
IN OrrTNITVFC: INFO: OUT INIIE.)

END L.TNP,\CK;

liiI'it may not be possible to retain all of
the i iracter is tics if the I.TNPA(:K rout ines in a
-on'.'i'rsion tit Ada, it htas bern demonst rated that

stilth aI iovrs Ion i-s possiblIe. Because of thte

103



0Y)
N

0
0AIA 'ASKINC IN NINERICAL ANALYSIS

.IJohn J . um t*

Math mat ical an,' (,mputer S, ion, es
Y-instI'own State L'niv(rsitv

), ingstown, Oi o 4t,5

Abstrac t problem i ino i t iv.-point di! ir-nc -qu.tion.
.......ai, W'. 5(pi rimpot m(-sh (it htori 7on tal ind v.rt i( al

-aRecentlv the interests in the use of iter- lines ov,-r th, r,.-i ,n wih i t oil-r : . i n,, 
ative methods for the solution of Partial Di fer- Ii = M- I

, Ior sm, i tlt-,v-,r . I.e , ,.k tE, !,,t,-rmin,
ential Equations has been revive-!. Also, the IptoOximate, 'alto--- ,I il×,,. It t- mi-!,-i.
advent of multiprocessor computer svstems/will anId s.- th ,. ipr'×io.t iT -.
lead many to reformulate much of the existing 2
theory of numerical analysis. It is felt that -_ [U ox i ..l (X4! t , 

1  
,-;.

Ada's portability and rich resources will play X
an important role in this rekindled interest.
The purpose of this paper is to discuss three !, j,.s.,',' -'+tiw,. - ',,{to , 1 } .
different implementations of a classical iter- .v-
ative methods for the solution of a numerical RI-pla-ink! th,. tart iil i hri% t ie,- - ii l o
problem using several Ada tasks.., malti, lviog' b% -It so tbt.lil t-li t rtn, c- a-

t i on

(x, -t ( x+1 , V )- -I, -11 , v4h -tl x, -b)

1. Introduction. u(x )- (x v h - ( , - - ( h v -, x-h v
=-h (:(x~v)

In this paper we shall comment on some o p i f vti

methods for solving linear systems of the form w e the situation shown in Figtr, I. We seek

Au=b (1) a e vaes of on ,n I ri I

where A is a given real NxN matrix and b is a approximate values of ul= 1 ) Ior i 1 ....,.

given real column vector of order N. The values of u at the points labeled 5,6,...
We shall describe three different implement- are determined by (3). Thus we have u5=g",

ations of an elementary iterative method for sol- etc. From (6) we obtain
ving (i) which uses Ada tasking. Such methods 4uU2 -_ -u -u 6=0
appear to be ideally suited fo: problems involv- 2
ing large sparse matrices. 2u -Ull-U-Ul-u5 0

In order to illustrate our discussion we 4u - -u u -u 0 (2)
shall consider the following model problem: let u3-u - cl 

0

1(x,v) and g(x,y) be continuous functions defined 4u 4-1112-t]10-13 -2=0.
in the interior, I, and on the boundary, B of
the unit square 0<x'

,O
<y<l. We seek a function II. Vector Product.

u(x,y) continuous in I+B, which is twice contin- Let us consider the following example for a
uously differentiable in I and which satisfies moment and recall the multiplication of a matrix
Pc2sson's equation, A(i,j) by a vector u(j) where i=1... n,j=l. ..m

u u u and perform the matrix operation Axu. This ma-+ a + = (xy) (2) trix operation is performed by multiplying each

ix 7
ixl v I vw row of the matrix A by the vector u. It is part

we a isbounstant. u theof the folklore in mathematics that these opera-
On the boundary, u(x,y) satisfies the tions can be performed in parallel.

condition A partial Ada solution is the following code
I (x v)=g(x,v). (2) presented here only for a proper historical ap-

If ((x,v)=O and a=0, then (2) reduces topoah

laplace's equation preach.

2 Example

~ . () type Matrix Row is arra(integer range '-)

-2 1 of float;r x oy type Pointer is acctss MlatrixR,,w
We shall be concerned with the linear system type int r is
arising from the numerical solution of the model task type Vector Proojuct is

eiitry Receive Va lueii -. out float);
* Pedicated to Bernard .I. Yozwiak on the occasion entry Send Value (Vectorl,Vector2:
oif his sixtvfifth birthday, lul 5, 1984.
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in Ma atrix Row); 1.) Solve for u(T,k+i).
end Vector Product; 2.) Send ult,k+l) to its logical neighbors.
Task body Vector-Product is 3.) If there Is no significant difference

Product : float; between the present and past iterates
Vector Pointerl Pointer; raise this node's convergence flag
Vector Pointer2 Pointer; i.e. [ u(T,k+I)-u(T,k) <e for some

begin e>0.
accept Send Value(VectorlVector2: 4.) If all tho tasks have raised their con-
in Matrix Row) do vergence flags, then it is finished else

Ve(ctor Pointerl := new Matrix Row' continue.
(Vectorl); 5.) Accept u(N,k+l) from task T's logical
Vector J'ointer2 :=new Matrix Row' neighbors N.
(Vector?); The equations for the updates at the interior

end Send Valu ; nodes were given in (7). Notice how the tasks for
Product:=O.O; neighboring nodes located at 1 and 4 must send
for i in Vectorl all'range their updated values to that task associated with

loop the node 3 etc...
Product:=Product+(Vectorl(i)*Vector2(i)): The Ada code for such a system is for the

end loop; most part straightforward with the more chal-
accept Receive Value(P : out float) do lenging port~on being the design of the commun-
P:=Product; ication paths between the various tasks and -ie

end ReceiveValue; protection of the convergence flag. Figure 2 illus-
end Vector-product; trate the communi,ation channels used. Both of
Although such an algorithm is interesting, these ideas ca:. trace their origins to Hibbard

for large matrix problems many of the entries are et all
6 .

zero (sparse) and the non-zero entries are banded It is worth noting that it is necessary
along the diagonal. This motivated Karush for the coordinator to accumulate all the neces-
et all8 to derive a procedure for matrix multi- sary updated values from all neighboring tasks
plication by diagonals suitable to certain paral- before they are sent to the proper interior
lel processors. See also Jordan

7 
and for other node task which the coordinator is coordinating.

related work Kowalik et all
9
. Furthermore, the convergence flag is maintained

in a protected task and it's code may appear as
Ill. Synchronous Approach. follows:

The prospect of using a multiprocessing Example 2.

computer system to solve linear problems is task-type Protected Convergence-Counter is
quite appealing and appears to date back to t y Prtected Convergence-Counter)i
Rosenfeld et all

10
. If one considers Figure 1, entry lnitiaiizeCounter(Z : in integer);

one obtains a grid point stencil of the follow- entry IncrementCounter(Z: in integer:=l);

ing form; entry Decrement Counter(Z: in integer:=l);
end Protected Convergence Counter;
task body Protected_ Convergence Counter is
Convergence_ Counter: integer;

begin
accept InitializeCounter(Z: in integer)
do

Figure (a). ConvergenceCounter :=Z;Figur (a).end;

If wegenerate anmany tasks as there are interior

grid points, each interior point and its associ- lect

ated stencil of components could be assigned one accept Increment Counter(Z: in

Ada task i.e. i=l....4, as in Figure 1. The integer:=l) do
boundary nodes are not assigned any tasks, but Convergence Counter:=Convergence-
instead their values are stored in the tasks that Counter + Z;
need them, see Figure 1. The data rendezvous end;

between tasks is performed using other coordi-
nator tasks,. gefore considering a draft of the ataccept Decrement_ Counter(Z: in
algorithm necessarv to solve this problem, let us integer:=) do
consider the following definition: ConvergenceCounter:=Convergence

Definition. Assume T is a task assigned to Counter - 7;an interior node. Any other task is said to be end;
a logical neighbor ot T if and only if it shares or
data with task T. accept ReadCounter(Z; out integer:

Notice that in the above example, refer to =1) do
Figure 1, the task at point I and at point 2 are Z:=Convergence Counter;
loIgical neighbors hut the task at points I and 4 end;
are not logical neighbors. An algorithm may now or
h, given terminate;

A _lEorithm. For k=l ... itvration-lImit end select;
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i, t 1,4 k lltwe-vr, Oil- tasks rtt~t cortmunit-at,-
tPIt td I wi th i -- 0 liaI task wlit-r, th pi' 1roL t Cd-conv,- r-

t~, t i Ii - 11, V. "u I;Tt to t *, 1, -1,t'tott,-r r,-s id es . [his fosters the n(id for
, ,IlIil, 1d I I -it !il 1. thle, it-,rdit.tor task for i-i-P task. Figure 4 Lo--

I out t Wil ~i ns t h is common i cat i on .
'ca, .1.-, K -lv ill ipr 2, In l r, 'I ii, cnmunit-lt ion wi th eacit of the toordi-

* t-w- < is n, i- l---itt ti-ik, !'- 1- ntIor , asL de- 1i1c t d i n Figure 4 can get more in-
nt -0I,.- i, -tnI I I t ,,trc com volv-d', as the st,-n,- I i s more involved ats in
"r tpI t 1) -lIit ic tlarIt i I I iIt t Lr- FI-our, (ht). Note that the coordinator task is not

Tt11 "iti in t ii- i'i I2 ) i tl J i 112, r-IsLo i red to rendezvous wi th the o ther reg ion t asks
1 1tca h I. ii ;is in Figutre 2. SIill Le all thet region tasks access

the shared disc ret i zed valu[tes ii(i .1) wi thout any
add it ional protocol, tlh is may lead to some unfore-
seen difficulties. The effects of simultaneous

acesto a shared variable are discussed in
si-ct ion 9.11 of the Ada languac, reference manual4
where strong words of warning are given to those
whto vi olate tie assttmp tions given there in. Sptec-

Figure (b) . if icallv, some shared variables whil1e being roadl
w,, r , ht t,-rior nod,- has eighit ne-ighors. by one tasik may be readi incttmpletet,ly due ttt the
if, n, t I, i, lnile vous process b coImes more in- fcct titat it is alIso hbeing writ ten by anot titr
o lvd and perha. ps more t ittt c tnIuming de~pend- task. Heonce-, I to read may receive a valute thtat
it-- )n til t,,, t of a ren(e-,vottS in Ada. i .. ,i neititer the Itrevious Value of the variable nor
tk r-. ir, *i It vtical nt icititri with whi,-t a rtelt new value. (lbviouit v, for tite solution to bo

t t- ,, r I in t c)r mlit-t IIa Ve rUT tth- 7% ttiSed pr itor t It re-asonabtle reqJuires titat' thte operation of reading
i-,tt-is with thte t tsk ttr whticlt it is antd writing thte shtared variable be indivisible

etord tnit ing. wiith respect to tacit othier. iThere are other dif-
or liore spatt-iotls probIlMS, itttt,-r s-liar,- foi(ul ties Wi th thtis sitared variable approacht.

rC,rions ar,. USed raither titan nod,-s. 1i,- co4--- See Hibbtard et all(.
t r ic tpicture witiCit wiould appi-ar as IPitt Fiei-

whterLe tie inter ior lotts ilIlustrate interior V. tl t-i-Ctlori-1ttj-
nod,-' of t1h, interior reLgions. In ot- Itr-viotis Consider tite motlel problem (4), partitioned
,-xanipil tach int,,rior node is a regiotn. as n F-igture 1, the g~rid titts by the h,'d/lilack

V. Asv nelt-ronitis Appro0aCi. SCiteMes as shtown in Figutre S. The Red to mrs; are
nutmbered from left to r ight, hottttm to top fit -

i tit rte, tundeorstanding rthat tite abctve so1- lowcd ivto ho Black grid ptoints in tih- same fasit-
ltion was compl icated byv the extensivoe ilP ion. A s i n Yitting 1 2 [it. 22711 , rthe di f ft-rence ctua-
,ia i ng of tin- botindar ieis iof ;he region, a second t i onLs mav be writ tt-n in the part it ionteil matrix

ap roa, It was taken by llaudet-. Form
M ot ivate-d by prey iots work on chtaoti c re-[ ci lt b1

I axi I ion 3', lito developed an asyncitronotis IT 1 r = r j(8)
alppitacit to rte, sttlutionotf (2). Briefly, tite C ] bt h
idea is to perform various computations in wiet, 1) is rthe iliapIonal matrix anti it antiu
paral1101 andtito iut ilize shtared memory in orde-r to r h
aivoid rthe mIrn% task rondi-zvttts. The bentefit Otf ili-nit the vVCtttr. of uitknowns a-sotittd with the
stict an aptproacit is t-e avotidance of the ove-r- ri-t anti black griii pint ni-spect ively . The iter-
iteaid ttsei itv tasks, witen a rendezvous is per- at ion schiteme can be i-as i Iv written as
formeil - Te cttst is thtat ont- task may run lsig- Du it - T' r + ,(9

ni ficintlv faster thant thei other r(9)rngina

tiu aIntumiter ,,f extra compulttions. Dr =-Cu b hr
1,1 rh this in minid ltit s conside-r Ilatdet '5 and tacit tart of (9) Call h- i-f fCt-tivel V imli-ment-

-- iution (if tilt- LaPlace equation as mod ifi-ti itv til by Ada task. Aga in, the cotordi nartor approacit
iHibbardl .t all(). In this approach, acess is is atiopted with a tommunicationt pattern as in
t--ai able to' all1 the variable-s of the matrix Figutre 6 whir- th- istial Ct-n1tral lv lotcate-d pro-
(shir-t) and updates are dosne at will. An al-vo- ti-ctiv- couinter is titilizid.
ri ibm fctr titis appirotach is the fol lowing: An ilgosritihm wltere C is a cotlor anti N is an

Algori th. For k=I . .. iteratinn-limit. do adjiingt colotr is
1.1 Solve- for tt(T,k+I). Altrlitmll 3. L h~r kl ,2 . i tt-ra tion- I im it it)
2.) 1f tit r L i s no s ign if ic an t (II f Ie -r-net- I . ) SoIti, fotr t ( k+lI ,)

betwee-n th iprtesient and past itt-rate 2. 1Senti iiikS-i C) to ai logiical nt-ightbor' s
raise- the cotnvergence flag for thttt coordni nator.
rei 1 tn.. I Reci-ive u(k+I .N) frttm rte risk's, twn

I I al I Ithe regyion's ctnve-rge-nce flIags ctiril I nator.
art- raisetid thten it is I inisti-t i-is,- 4.1 if titer, is nit ,ignif icant diiffect-e

i ot-i nlit. hi-twi-ti lk]+l ,C) atid ttik,C) rais- rte'
in,- ti,,- array ti( I ar- shtare-t virialI-s -,tv'-tt, flag.
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1 A 1 tasks have rai sed thle ir ConVLerg- S ot t' ("( p~i iPe' 5,

flag:;, '., it is fin ished el se S115 (I.Informa t ion Proce-ss i op 68, North, Iol l and
en t meno. Publishing Co.

[he -st -ncfIl oft figure (h) mav also he oiler- (11I) V'arga, R. (1962). "Matrix Iterative.
L cith a rest/black coloring while more compli- Analysis." Prentice-Hall. Englevwood Cliffs, N.J.

tetd Stnc i s may reqJUire more Complicated color- (12) Young , D. (1971) . "Iterati%,e Solution
i ng patterns, of Large Linear ;vstems." Academic Press, New

it course., we have just touched the surface York.
of the coloring approach for more complicated
s-tenrils oine derives more complicated coloring.
The nuti-coloring approach has been puursucd b%'
I.Adams I in what seems to be the start of a huge
project. In that thesis, various iteration meth-

o , 0 ( StIR and SSOR among others are consid-

,-red. The Numerical experimentation was done 2
on the F in ite-FlIement Machine.-

VI . (Co nc j us i on .
8 1 9 10 11

Pit' abfove methods aire intended for use with

an implIementat ion of Ada on a mult iprocessor 7* 3 4 12
system, that will have some number P of prcess-

Ors . Ouir N Ada tasks (2r4-1 where r is the num- 62 13
ber of regions/colors) will be scheduled onto
these p roec-sors ti the under lvi ng Ada svs tom.

Suppose, thait P' is less than N, or even thatP IX

IS equal,1 to 1 . The aibove methods can be execut- 16( 15 1,

,,, correcLt1Ic #rrogardless of the, number of pro- Figure I
eessors thit itrsdevoted to a prorram and even

executed en ai sinigle processor. Furthermore, if

this be' thti eis:e then the re'sl tse -,n be inter-

pretesi in sueb a was as to guairantee the results

whekn the costs is moved to annothe r svstem. '
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(2) Iaudet, G. (1978). Aoichuceo'ti I t ici Coordinatorl EIodia
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Ada and Statistics

Arthur M. uloles

Morehouse College

one of those two poles, despite the diligent

Tbis demonstrates a method by which a small efforts of his department to promote some balance

college computer science department can intro- between them. By the time he graduates, the

duce Ada into the curriculum without the burden student who prefers applications to theory is
at costly additions to its faculty. It is sug- usually a programmer delux, who hacks away at his

gested that such a department should enlist stylized code in a dialect that only he can fully
the support of non-computer science departments comprehend. Now, if Ada can successfully modify

as conveyors of Ada in the Problem domain, such behavior among the practical software de-

velopers, then surely it must be of some benefit
Thc example cited here illustrates Ada as a to the student before his poor habits are formed.
vehicle to describe a statistical problem in
dats analysis. It is suggested here that, first and foremost, the

computer science major should he trained to be-

come a good problem-solver, tie should he well-

informed that though his solution maw be cast in
a computer science context, his problem usually
has roots :n mathematics, science, engineering,

or business. Vlith this approach it not nlv will
encourage the computer science major to develop
a stronger appreciation for non-computer science
subject matter, but it may also pursuade the

computer science department to forge strong r tie.,
with other departments. The introduction of Ada
and software engineering techniques into th,

Tils is intended t, address the challenge to the undergraduate curriculum may provide the impetus
and the opportunity to implement this strategy.

computer science program of the small college
presented by the technological changes brought It is suggested here that the computer science

forth bv the Ada programming languages. Undoubt- department in the small college targets Its
edly the introduction of Ada will spawn sweeping initial Ada training program to the mathematics,
changes in software technology, for otherwise business, and science faculty members. Emphasis

the Ada initiative will hove been a massive fail- withshould be put on the design goals of Ada, wt
ule . .5mall colleges will he hard pressed to in- some hands-on experience with Ada as a programming
stantlv accommodate such program perturbations language. The comouter science department should

without an increase in faculty size. provide numerous examples from each irea of pro-
blems t, be specified in Ada. By so doing, the de-

A close examination of the situation, however, prmnwt h upr fohrfcly a
sugess tatth oU~ok ay otbeas isalpartment, with tihe support of other faculty, can

suggests that the outlook say not he as dismal immediately place Ada in the problem domain for

as it appears on the surface; to the contrary, thedstent The sden the brin to
Adam~i idee frceLI todevlo a uricuumthe student. The student would then bring to

w the computer science course some knowledge of the

which will better Serve the interest of the stu- structure of Ada as well as a readiness to apply
dent and the nit ion at large. Traditionally the Ada in the solution domain.

computer science department at a small liberal

arts college has grappled with the dual mission: Statistics courses; which computer science majors
It t, educatec the student with sufficient hread th
aIt,, Set inlie terit ith ufm rficient cimuth e are generally required to take, are cited as an
nd ,,.pth in th- theoretical fram'.oik of computer example of fertile ground for this kind of appli-

sri ene ,, that he/she can cope with graduate cation. Ada may be used to describe the problem,

schoiil; 2U to provide practical experience in the data base and the associated analytical
ipp I icait ions ,u I ic icot to) prepare the studenttedaahsanteasoied nlycl

models. The instructor may do this without im-frl irasedite employment. Ytet, in man'; case~s,
cati graitia Ic end t st n yard pairing his freedom to specify a met hod of solu-

t ion. ie may specify that the problem be solved
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C) ADA AS A PROGRAM DESIGN LANGUAGE - HAVE THE MAJOR ISSUES BEEN

0 ADDRESSED AND ANSWERED?

hobert M. Blasewitz
RCA Government Systems Division

Missile and Surface Radar
Moorestown, New Jersey

Summary 2. communication complexity is reduced since the PDL fa-

cilitates communication at the proper level and in the
Department of Defense requirements to use tbe higher order required detail throughout its use
language Ada

' 
will create challenges to developers of mili- 3. a single notation can be utilized that expresses design

tar,, software that encompass these major concerns: 11l de- throughout all phases of the software life c dcle
veloping a core of Ada software personnel, 121 achieving
productivity and software gains that have been targeted as 4. software quality gains are facilitated by the early detec-
Ada life-c, tie objectives, and 1:3 transitioning to a language tion and correction of errors in the design process.

that embodies a capability to express software solutions elo-
quentlv, clearly, reliably and efficiently. Ada is more than a Although most PDLs consist of a mixture of language-ori-
programming language, it is the basis for a modern perspec- ented control key words and English-like statements to con-

tive of software design and engineering. The IEEE working cretely describe an abstract design and concurrently support
group on Ada as a PDL has been addressing the issues in- the above goals, other support objectives can also be noted:

volved with the use of Ada as a design mechanism for nearly

two years. This working group has recently generated a 1. focus attention on appropriate levels of design detail
draft guideline that addresses the key issues. without becoming overwhelmed with minor issues

2. provide a process that is amenable to the creation of
The extent of industry's involvement with Ada PDLs and the well-structured programs
status and final form of the IEEE product will substantially 3. replace flowcharts and other difficult software tools
impact both the a-ceptance of the Ada language and the with an efficient approach to software production
efficiency and correctness of its use....

4. provide a natural transition from high levels of logic
Introduction - Program Design Languages and Ada abstraction into detailed code

During the past several years. industry has seen an explo- 5. facilitate program logic documentation and mainte-

sion in the cost of generating and maintaining software, cou- nance.

pled with a decline in the quality and reliability of the soft-
ware product. A need for a radically different approach to the Although not all PDLs accommodate support by tools, some
development of software is readily apparent. provide listings indented according to the logic and program

structures, cross-reference listings for names and subpro-
One of the first tools for documenting software-the flow- grams, and detection of structure delimiters. In the past.
chart- was developed from the belief that a program should many different classes of design aids have been referred to as
be documented after it is written. Today, the view is that PDLs. These include graphic approaches such as HIPO and
program design and documentation, at the very least, must structured flow charts; requirements oriented tools such as
precede coding. the Software Specification Language and the Problem State-

ment Language: mathematical representations of design
A current tool for software design and documentation is the such as Higher Order Software Specification and the P and V
program design language iPDL). PDLs are based on a com- notations; and programming language-oriented tools such as
mon theme of software engineering that complextechnical the Caine, Farber and Gordon PDL, the IBM PI)L, and the
developments require an iterative approach. Other noted Program Design and Documentation Language. Most of
reasons for the use of PDLs include: these approaches can be eliminated from consideration as

true PDLs, except for the classes involving graphic represen-
1. productivity is increased, since the PDL can be used as a tation and programming language-oriented methods

design documentation that can be used by ancillary
tools to check for completeness and consistency

Both of these methods place primary emphasis on describing

Ada s a registered trademark of the U S (Government Ada Joint Pro- software algorithms or data. Programming language-or-
gram (ffice A.JP0, ented PDLs are a special class in themselves, in that they
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are easily adapted to a computer-based development scheme. This group is directing its efforts to avoid any damaging
PDL descriptions can be easily entered and refined with a effects on present corporate investments in PDL design.
simple text editor. In fact. if the PDL is based on the imple- However, the IEEE guideline will be directly influenced by
mentations programming language, the source code can be the lessons learned from these developers and will hopefully
created directly from the PDL description using the text edi- bring together the wide scope of work in the PDL area. The
tor. availability of a PDL tool in the Ada Programming Support

Environment will also foster development of DoD software
The work that has been initiated by the IEEE working group throughout the life-cycle of the software, if such an end prod-
on Ada as a PDL has focused on resolving the issues associ- uct can be realized in a timely fashion. (Some of the technical
ated with using Ada as a program design language. Ada is a problems associated with the IEEE effort will be detailed
prime candidate for a PDL since it meets most, if not all, of throughout this report.)
our requirements for a PDL as stated previously. It is also of
importance because of recent government direction to use Program Design Languages - Why a Common Ada PDL?
Ada-based PDLs in responding to RFPs. The IEEE product,
at the present time, specifies the features or characteristics The major issues of modern software development stem from
of a design language that is based on the syntax and seman- the costs of software development, use and maintenance. The
tics of the Ada programming language (ANSI/MIL STD growth of the software development process has shown a
1815A. A design language, as deiined by the working group, chaotic pattern from the beginning. Even now, after 25
is a textual language for the precise and concise expression years, we find little conformity in the specifics of software
of program design and one which provides a friendly vehicle development. It is also clear that there are not enough
for communicating and expressing software designs. The de- trained software professionals to meet today's demand. And
sign language is a tool to be used throughout the life cycle of this situation is steadily growing worse. These issues have
the product; it must be simple, human engineered, precise, become increasingly clear in recent years, virtually crying
verifiable, and supportive of existing program methodologies out for an intelligent, planned approach to the problems. The
to the same extent that Ada supports these design concepts. United States Department of Defense, largely because of the

visibility of its needs in this area, took the lead in the mid-
The current Ada as a PDL guide includes direction on the 1970s by sponsoring development of the Ada language.
following major issues involved with program design: which directly addressed the major "software crisis" issues.

The objectives of the Ada language aie summarized here to
* life cycle support illustrate the common thread of interest between the ration-

ale for the Ada language and a common program design* methodology of support for life cycle language based on Ada.

* features

* properties DoD initiated the Ada program to save taxpayer money
through standardization. These savings will come from the

• support mechanisms portability of reuse of operational software, more effective

* language issues use of support software (such as program design languagei.
improved programmer productivity, and reduced software

* development support environment maintenance. There is little question that the entire soft-
" human factors issues ware industry is in need of a modern, efficient, and highly

portable system-implementation language and toolset. Tech-
* management issues nical arguments about which language is best really miss
* PDL alternatives the point, for only Ada and its accepted toolset will benefit

from DoDs investment in standards enforcement.
The present product does not specify the following elements:

Traditionally, a Program Design Language iPDLi has been a
* a single Ada design language syntax means for program description and recording. It is now be-

lieved that a PDL need not be limited to these two activities.* the programming language or group of programming The scope of the PDL should be expanded to include correct-
languages in which the system described in the design ness assessment and possibly the reusability of designs.
language text is to be implemented Ada's strong typing, packaging mechanism for interface def-

* any system methodology to be adopted under the Ada inition, and scope and visibility rules provide for increased
design language checkability of design. Therefore. the increased analysis pro-

* the system or method by which design language text is vided by an analyzer of a rigorously defined PDL based on
represented, stored or processed Ada should result in both increased reliability and main-

tainability of delivered systems, while fostering a superb
The selection of either a guideline, recommended practice, or means of communicating the design process. The incorpora-
standard is accomplished by means of a consensus of techni- tion of increased analysis of a PDL emphasizes the incre-
cal opinion within the IEEE working group mental validation or at least verification of a design during
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the design process. The need for such aid need not be re- The generic is a reusable structure with an abstract parame-
peated here; it is obvious that early detection of design errors ter list in its definition. It can be viewed as an extension of'
in the software life cycles is critical to schedule and cost the familiar "macro" concept. Generics provside a general
constraints. facility for establishing translation time parameters for pro-

Ada is new and relatively untested as a PDL. but neverthe- gram units, thereby promoting reusability. The concept of

less meets most of the requirements of a design language. reusability portability promoted by generics is valuable for

Although Ada programs are not particularly easy to write, many reasons, including:
the complexity of the language exists largely to enforce good 1. tested generic programs are stable and reuseable
programming practices. 2. they provide the concept of an Ada components industry

The major progam design features supported by Ada include: 3. generic programs need never be redesigned or retested.

* packages All of these features illustrate their value in a design process

* subprograms - designs tend to become more stable as the use of tested
and stable components are used as the basis for design.* generics

* tasks and task types Other features of Ada that support design include exception
handling handling and tasking. Exception handling provides a com-

exception hplete description of a software system under error conditions

* comments as well as the system's response to these error conditions. It

* pragmas encourages a designer to define and to handle error condi-
tions. The Ada tasking model, including rendezvous, task

* types elaboration and activation, and allocators, provides a natu-

" stubs ral means by which real-time systems can be described.

These features are extremely important to the support of the Tasks can be viewed as independent, concurrent operations
design process, but it should be noted that it is the total that communicate with each other by passing messages for
collection of these features and their interaction that pro- real-time applications. Ada provides this strong facility for
vides for potential improvement in the existing design proc- multi-tasking or for logically parallel threads of execution
ess. In the interest of brevity, only a few of these support that can cooperate in a controlled manner.
mechanisms will be explained here.

The concept of the Ada package is thought to be the Ian- Last, but not least, is the Ada commenting mechanism
guage's principal contribution to the programming science, which provides an indispensable means for adding annota-
Packages permit a user to encapsulate a group of logically tions to the language. Extensions provided by the comment
related entities. Through the use of two package components mechanism have the advantage that an Ada compiler can be
(the specification and body), packages directly support the used to process the design language text: the design docu-
software principles of data abstraction, information hiding, mentation can also be combined with its implementation
modularity, and localization. Programmers can apply these and conveniently updated during maintenance and design.
principles in other languages, but Ada packages encourage In summary, the use of English within an Ada PDL provides
and enforce these principles. Since the specification and body representation of high-level design information that can be
may be compiled separately, it becomes an easy matter to later refined to a more detailed description. There is, how-
create the specification early in the software design process ever, a substantial amount of debate remaining on both the
and then later to add the body as details about the low level substance of allowable comments and their syntax, This is-
operations are specified. Possibly most important, Ada pack- sue will be addressed in the "Outstanding Issues" section of
ages aid in the process of controlling the complexity of soft- the paper.
ware solutions by providing a mechanism with which to
physically partition related entities into a logical groupings. This short overview has illustrated how the same features

that make Ada so desirable as a languae also enforce its
Ada's strong typing mechanism allows a user to define a set choice as a design language. Ada is very rigorous: therefore
of values that objects may assume as well as the set of opera- using it in the early phases of the life cycle provides the
tions that may be performed on them. capability of enforcing analysis and desig-n compliance at a

time when the most costly errors are propagated. As far asThe effects of strong typing enable both domain and opera- possible, the system architecture should be described using

tion checking at compile time. rather than at execution time. , the st p rovi e stead oe eschesive
The oal ofstrog tpin fo a lnguge ppivdirctl to the constructs provided by Ada instead of the less cohesiveThe goals of strong typing for a language apply directly to

form provided by comments.
the design language also. These goals include factoring of
properties, abstraction, and reliability. The interested There is a real danger that highly detailed commentary may
reader may read of these goals directly from the DoD's Ra- actually lull the reader into the dreaded "tar pits" of having
tionale For The Design of the Green Programming Lan- code that does not match the intent of the programmer -
guage that is. a design that can be interpreted in more than one
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way and is termed ambig uous or imprecise. Since Ada is In a design language that is to be compatible with Ada corn-
machine analyzable, the syntax and static semantics speci- pilers. comments provide an indispensable mechanism for
fed by the language rules can be checked and analyzed by adding new constructs to the language Two forms of con-

an Ada compiler alone A stronger statement along these ments are possible
lines wll illustrate that an Ada PDL also provides early
prototyping. dynamic semantic checking and automatic sim- 6 structured - identified by special characters to highlight
ulation since it is an executable language. the comment as belonging to the formal structure of the

PDL
The final solution to the basic problems of the software crisis

lies in applying modern software methodologies, such as * unstructured - used for natural language explanation of
PDII. that are supported by a higher-order language, such statements made in Ada
as Ada. that encourages and enforces these principles. The
coupling of Ada with an Ada-based PDL offers the software Associated with these issues an tho semantic rules mdicat-
industry a significant inroad into the solution of the software ing which constructs. if any, are allowed after the identifica-
crisis and its inherent problems. tion of a comment Presented in a different manner, should

Outstanding Issues Involving Ada-Based PDLs the Ada PDL exactly correspond to Ada syntax and seman-

tics at all Ivels of design or not? That is, can the comment

It can be safely said that the current PDL efforts using Ada fields be followed by text which in itself is Ada?
as a base language vary in the degree of rigor with which
they use Ada. They vary in form from Ada with comments Or should it be fully conformant to Ada syntax? This very
iwhere the semantics and non-procedural description are in- issue is being discussed and analyzed with possible resolu-

cluded in the comments) to Ada intensive descriptions. Al- tion occurring at the meeting to be held in April. Proponents

though there is clearly no agreement, as yet, on the exact of the rigorous approach to Ada extensions contend that any-
firm of a unique Ada-based PDL. there is general enthusi- thing that i, inserted in the comment field resembling Ada

asm and agreement that key elements of the Ada language can be accomplished in the spirit of Ada via another Ada
directly support program design. mechanism such as procedures or packages. Others contend

that enforcing such rigor increases the level of effort to de-
Advocates for using a subset of Ada as a PDL usually en- velop the design, modif\' the design and maintain the design.
dorse the inclusion of English descriptive phrases in the PDL
descriptions. The syntax and semantics for the English de- The present product of the group is a draft guideline that has
scrtptions can vary greatly. thereby loosening the rigor and evolved over a period of two .'ears. It can be driven to a
ncreasing the possibility of ambiguity. The exclusion of fea- recommended practice or even a trial standard, depending

tures from the subsets is also a touchy affair, for possibly the on the group consensus. It is presently intended to be used as
very features eliminated in the subset may be required for a a document that provides useful information during the
particular design. process of evaluating a design language and its associated

tools. It is also useful to deveopers of design languages and
Another area of concern is the use of annotations. Annota- tools in evaluating issues such as features to be included,
tions usually fall into two distinct categories: those that sup- tool support, life cycle support, and management concerns
port a methodology, and those that support a design tool, The and practice.
Ada PDL descriptions with annotations generally try to stay
within the bounds of Ada syntax so that the PDL descrip-
tions can be compiled The annotations are generally forms
of Ada comments and have semantic restrictions relative to
other Ada language elements. PDLs described with annota- Conclusions
tions for tools are also specified such that the annotations
art' in Ada comments. Processing can then be accomplished The Ada programming language provides a means for bridg-
by another tool as well as by an Ada compiler. ing the gap in software development methodology. Ada, by

To summarize the IEEE working group's consensus at the means of introducing formalized constructs such as pack-

present time, the major issues facing Ada as a PDL revolve ages, generics, concurrent tasks, exceptions, and separate

around the use of Ada extensions. The alternatives for aug- program unit specifications, provides design representation.

menting Ada with constructs fall into two distinct classes: The use of Ada as a P)L is not only a realizable goal. but one

those that are compatible with Ada compilers 'comments that has been achieved by a number of organizations at this

and pragmasi, and those that are not (pseudo-code and free time.

text . Extensions that use comments andior pragmas have
the advantage that an Ada compiler can be used to process The IEEE Ada as a PI)L working group has been chartered
the design language text, and that the design documentation to generate, at the very least, a guideline document for Ada-
can be combined with its implementation. Although pseudo- based PD[Lsi. The derivation of a guideline by the IEEE
code or natural language may 1-ove its place, such a lan- working group will add to the momentum of the Ada effort
guage will require special tools and will present an added and should help ensure both the acceptance of the Ada lan-

burden to the overall problem of software management. guage and its efficient use as a learning mechanism.
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Also in May 1982, the Naval Avionics Center high-level programming language lies in the use of
awarded a study to SofTech for an "Ada Programming narrative text (e.g., English) embedded directly
Design Language Survey" (N00163-82-C-0030). The within PDL statements." [7]
resulting report in October of that year recom-
mended that "the Navy not adopt a single Ada POL One can therefore conclude that the definition
but rather, promote the use of an Ada-based PDL and of Ada DL should be a language that combines the
adopt guidelines for developmlent of PDL's." [3] vocabulary of English and the overall syntax of Ada
This effort also determined that there was "no to provide a means for software engineers to com-
cIonsensus on what an Ada PDL should consist of or municate their design ideas.
now it should be used." [3]

Herein lies the problem. The term "Ada DL"
Two years of debate since the flurry of ac- has been interpreted by many individuals and com-

tivity in May 1982 has not resulted in an Ada DL panies to produce a widely varying set of Ada DL's
standard being generated, nor even approved, which range from very Lnglish-like to exactly Ada.
Guidelines are not emerging from the IEEE and Navy Many of the Ada DL's have been used for the devel-
efforts (though work is continuing). The growing opment of deliverable code and have proven their
list of Ada DL dialects has grown to include those effectiveness. Several companies have developed or
of at least sixteen corporations and half a dozen purchased tools to support the usage of their Ada
universities. Dozens of papers have been pub- DL.
lished on the subject, elaborating, but rarely
irtroducing new issues. This article summarizes the different inter-

pretations of the term "Ada DL" relative to several
Most blame these disappointing results oii a key issues: life cycle applicability of an Ada DL,

lack of maturity, indicating that "much more ex- information expressed by an Ada DL, relationship of
perience in the use of Ada-based PDL's is an Ada DL to the Ada language, extension of the Ada
needed... ' [4] This paper reflects the authors' langua - through structured commentary and annota-
concern over the seemingly s~ow progress in the tion, ano relationship between methodology and Ada
standardizatior of Ada DL's and examines key lan- DL.
',oage issues, focusing on areas of community di-
vergence. Finally tne paper will examine the Life Cycle ApIicability of an Ada DL
underlying reasons for the diverQence and test the
hypothesis that Ada OL's are still immature. The DoD has made a maior investment in the

development of the Ada language and therefore
Definition of anAda DI would likf tW encourage the application of Ada

throughout the development life cycle rather than
A single, concise definition of the phrase limiting its applicability to the implementation

"Ada Design Language" has not been accepted by the phase. The degree of Ada's applicability to system
Ada community. Since Ada Design Language (DL) is requirements, system design, prel iminary software
a merger of two languages used by software en- design, detailed software design, and hardware de-
gineers, Ada and PDL, a definition of "Ada DL" can sign is a controversial issue. The application of
be determined by examining the definitions of Ada Ada early in the development of a system which will
and PDL. not be implemented in Ada has also been contro-

versial.
Ada is a computer language which has been

developed by the United States Department of De- Virtually everyone agrees that an Ada DL
tense. It is defined by the Ada Language Refer- should be used for detailed design of software.
ence Manual [4]. Druffel has identified the Some feel that an Ada DL should be used strictly
qualities of Ada which support good software en- for detailed design: "...designs should be ex-
(;ineering practices: "Since Ada was designed by pressed in Ada when they have reached a stage where
,oftware engineers who intended to use the lan- they will require no more restructuring, out only
juaqe, it is not surprising to find a number of refinements. For the structured analysis and de-
Ada features which support modern software engi- sign methodology, this stage is achieved after
'geering practices. Specifically, Ada provides for structure charts have been developed, but not
,tructured programming, strong data typing, sepa- before." [8]
,ate compilation, information hiding, data ab-
stractmon, encapsulation, separation of specifica- Some authors have felt that an Ada DL is also
tion from implementation, separation of logical applicable to preliminary design: a DL may be used
and physical concerns, and readability. Not sur- during early design to "relate the emerging archi-
prisingly, software engineers are discovering that tecture to the mission and performance require-
Ada provides for natural expression of design." ments" which "may require dynamic as well as
[51 static checking to compare design to performance"

which would result in "automated traceability to
PDL as defined by Uaine and Gordon is a mission requiremonts and system parameters."

'pidgin' language in that it uses the vocabulary
of one language le.g., English) and the overall ANNA, a language for ANNotating Ada programs,
syntax of another (i.e., a structured programn'in; extends Ada to allow the formal specification of
language)." [6] Pressman in his book on software the intended behavior of Ada programs at all
engineering adds to this definition the following stages of program development. ANNA can be used
',tatement: "The difference between PDL and a real "not only for formal veri i.ation but also lor
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specification of program parts during program de- arise in practice, a feature of Ada used in a de-
siqn and development.... Such specification may sign may not map at all cleanly into the imple-
allow the simulation of interfaces at the develop- mentation language. This will probably lead to
ment stage and provide the basis for a proof of confusion or arbitrary choices during implementa-
correct use of a subprooram or package independent tion, unless designers are prohibited from using
of and prior to implementation, as well as a oroof that feature of Ada; in that case, it is question-
of correct implementation." [10] able whether the PDL is still Ada." [16]

Ada-based languages were used by General Implementation of an Ada-based DL in Jovial
Dynar':ics on a case study funded by the Army. Ada has been researched by Bein. He recognized that
was used for the specification of requirements, "certain Ada features do not translate 'nicely'
design, and implementation of the system. In into Jovial. Either the use of these features
particular, the Ada Requirements Methodology (ARM) needs to be constrained, or the goal of close
developed as part of the case study combined the correspondence between design and implementation
use of data flow diagrams, a data dictionary, a needs to be sacrificed to some extent." [17]
logical data structure model, and an Ada-based
stru cured Engl ish. They concluded that ARM could The IEEE Working Group on Ada as a PDL has
bt "usud to state and graphically illustrate made the following recormendation: "While an Ada
syster requirements (both functional and non- DL must support the design of systems implemented
tunctional) .... From experience gained in this in Ada, it should not preclude developments not in

roet, toe researchers felt that ARM could re- Ada. The Ada DL should support implementacions in
Sla1e tntr id rilitary A-specification document, other languages provided that proper user instruc-
wf h nIred ursuitabl' in adequately documenting tions are available. A Coding Standards document
the 'iessaqe .witch r:odified by this project." [11] is recommended which describes in detail the recom-

miended implementation for the various DL statements
The use o Ada as a system design language and constructs." [14]

, articularly for enibedded systems has been de-
cr ibed by Wheeler. He concluded that the use of in summary, the degree of applicability of Ada

as i syste- design language encourages de- throughout all phases of the development life cycle

'vfner; to use current practices to develop better is still being debated. Yet our research has shown
'uctures for their systems, aad its subsequent that Ada-based specification languages including

Ls5r to im;:lerent the systems preserves those Ada DL's have been demonstrated to be applicable in
structres il the product. [12, "ost phases of the life cycle and with several

implementation languages.
An Ada-ased language has even been used to

desiqr hardware. A Universal Asynchronous Information lxpressed bX an Ada DL
Receiver Transmitter (UART) designed by SofTech
using an Ada-based language resulted in the follow- Historically, PDL's have expressed only algo-
inq conclusions: "Ada can describe hardware, Ada rithmic design information. Ada's influence a-1
can do hardware design," and "Ada can specify advances in software engineering have led to a
interfaces without knowing the hardware software broadening of the scope of information expressed in
boundary." [:S a DL. The complexity and size of software systems

beinq designed currently require expre-sing the de-
Ps a r-esult of these experiences in applying sign of parts of the system in comprehensible de-

an Ada-based language to various phases of the sign units rather than in a monolithic design. De-
life _ycl ., the 1EEL Working Group on Ada as a PDL sign units stated in an Ada DL must contain two
has '.oncluded that the primary phases of the devel- types of information: connectivity with other de-
ocrient life cycle which an Ada DL is intended to sign units and a description of the design unit.
->u'i~ort are syster desicn, software requirements,
and software desigin. The use of Ada L's for The connectivity among design units describes
other ;uirposes suh as sPecification of cystem and the interrelationships such as external data ref-
hardware requirerients is not ruled out. [14] erences and external procedure calls. Explicit

expression of the coupling between design units
,'irtually everyone agrees that an Ada DL supports evaluation of the complexity of the de-

should be used when the implementation language is sign. The two types of connectivity which must be
Ada. The use of an Ada DL with other implementa- expressed in design are horizontal connectivity
tions languages has been supported by Hart: among units at the same level of design elaboration
Transliterations of Ada-based design (rather than and vertical connectivity between units at difff'r-

a design expressed in syntactically correct Ada) ent levels of design elaboration. [181
into currently available languages will be easier
bOcause the design contains less syntactic con- Horizontal connectivity among units at the
structonn which must be changed into the differing saie level of design elaboration summarizes ref-
ynta, of another language; a tailored Ada PDL erences to externally defined data, externally de-

,.u ld evn incorporate some syntactic construc- fined process units (procedures, functions, and
tion of another implementation language." [15] tasks), and other external interfaces such as

interfaces with input/output devices and hardware
Problems which may arise when Ada is not the interrupts. Based on this information, the coupl-

ii[,be',-.mtmtln language have been described by ing of this design unit with the rest of the systei
:r many eases which l"ay be expected to can be measured.
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subset of a progrmminq lanquage while still re- normal y do not prevent the PDL ru"- oir n, ,ro-
taining the concepts needed for design (rather cessible s an Ada corr.piler- noa',.vor, th.' co' iler
than a programming) language." [I] in reality, will not be able to (heck the val iditY of the ar no-
there is very little conceptual differences be- tations." [ 2]
tween the purist view and this, particularly if
one views coding as merely the final elaboration Because tne extensions ano annotatio, s to Ari
of a design, "replacing abstractions with target represent a major point ot contention, a "or,.
languale statements." [I] thorough discussion of structured commentary and

annotations is provided in a followir section.
Whether by exclusion or convention, only cer-

tain Ada constructs are applicable to the early Ada DL Compilation and Exe-cution
tages of design. The problem arises on deter-

rining which ones. The Navy survey found "a Because of the potential automration advanta ,_
definite lack of consensus on the exclusion of in using existing Ada language tools, tne coMpila-
any language feature.' [221 Because they found tion and even execution of an Ada DL specificatio
that the "omitted features were small in number" seems attractive. Compilability of Ada DL is
it was concluded that "there is little advantage cuirently the most comnionly used contractual dif-
gained, either in encouraging design level docu- inition of Ada DL's. Compilability is certainly
mrentation or in reducing the complexity of a PDL related to compatibility with Ada syntax and sear-
:rocessor, by omitting these features." [2] tics but the advantages and disadvantages of coe-

piling designs are still being discussed.
It one accepts that the subset issue is merely

one of applicat ion, the next major issue arises on A requirement to be compilable can certainly
whether the Ada language alone is sufficient for be met by Ada DL's which use exactly (or a subset
all levels of design. of) legal Ada syntax. "This directly does not m-re-

cdude the use of Ada DL syntax which is not forral
"Deviations from full-syntax Ada for design Ada, but merely forces all such instances where the

are mainly founded on the expectation that ex- DL departs from Ada to be coded as Ada comments."
cessive syntax restrictions will not be accepted [14] Hence, a large number of those Ada DL's which
by the large veteran populations of software de- extend Ada with commentary and annotations are
signers. This will be particularly true when those indeed compilable.
encumbrances (which support no role of software de-
sign) distract a designer's attention down to such "Execution of an Ada DL is indeed another
a ::etty level of detail as to remove his perspec- natter. This means that upon conclusion of the d-
tiae from the needed global and abstraction planes. sign specification phase, a validated and verified
Final design refinements and coding (which may be- prototype program already exists. indeed, the two
come synonymous using Ada) are proper times for are largely one and the sale." I2D] While design
conversions of syntax simplifications into proper execution provides the ultimate in validating soft-
Ada, and can be achieved by trained coders without ware designs, opponents of execution of an Ada D,
impacting basic, early-arrived-at design cite the human factors problems involved in devel-
decisions." [15] oping a rigorous executable design. "There is a

trade-off between ease of use and "achine process-
indeed most current Ada PDL's provide capa- ibility. In order to be machine processible, in-

bilities to embed English narrative and mechanisms formation must be expressed formally in a syntax
Ior extending the Ada language using annotations. which may be unambiguously interpreted by the cor-
Lindley reports: "The inclusion of English narra- puter. Yet as a syntax becomes rore rigorous arid
tive is a key factor in the use of the PDL design complete, the effort to learn and become proficient
rather than code. It is also important in pro- in the syntax increases." [14]
viding the designer with the freedom to be cre-
ative. Tnese advantages outweigh the fact that the The authors have previously cautioned: "It is
inclusion of English narrative in situations where generally agreed that an intermediate design step
comments are not legal renders the PDL non-compil- prioi to coding promotes more accurate orobleni
able." [22] analysis.. .would it riot be just as foolhardy to

directly code Ada from scratch (as it was with
lhe primary issue regards the use of sore FORTRAN or PASCAL) without the benefit of this in-

classic structured English to describe the function termediate step?" [18]
of a program unit's body in place of legal Ada syn-
tax. 'While not riorous, this approach more In summary, it appears that the major issues
closely follows the original intent of PDL's to regarding the relationship of an Ada DL to the Ada
dlescribe a ' level of design [which] can be under- language are clear. Subsets of Ada in an Ada DS_
stood by people other than designers." [6] "Anno- should riot be defined, thouih convwentions on usa 4e
tations aiffer from English narrative in bein an may not make full use of the longuage. Exten orr,
addition to leqal Ada constructs rather than re- a-e also clearly needed. Corpilation is reo-
il. .in. them. Thus, they can be more formally de- rended, thouqh the level of interpretation and
fired in both syntax and semantics. They are in- effectiveness of compiler outiut larit Iy depynds

, 
0'

iOrtant, as with Engliso narrative, in encouraging other issues. More work is needed to assess Ada [I
desi;n and in aidinq the use of the PDL description eyocution.
a-. doc 4"ertdtior. Since annotations are frecquently
i'-il-ented a,, seecific for- s of comments, they
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cadtes Leat tme scope of a traditional POL has been *-

broadenied by tne addition of information content. A
Thu information wnich mast be expressed by an Ada ADA DL IS A 'SUPPSA F ADA
L inc.ludes niot only algorithmic design but alsoAA
data, -omiiplementary inforriation required by mnethod- ~,
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ening of tnhe scope of PDL's to the scope of current
-,da [DL's. has resulted in confusion about terloin- FIGURE I
ologjy and applicability. Ada D[L and Ada Intersection lossibi I ities

Relationship of Ada DL
to-the Ada Languaye Another group of authors feel that a subset of

tne Ada language is appropriate as a DL. "Probably
he Ada cormmunity has clearly diverged in the greatest advantage to a design language wnich

generating a standard pidgin language merginq Ada is a subset of a target language is that 'iinten-
with Eiiglish. The issue centers oil how Ada-like ance of a design can easily (and probably must and
or how Lnglish-like an Ada DL should be. T-here should) be part of maintaining the actual program.
are- two la;jor issues: Normal tools which support programm[Ting languages

are available for checking the syntax of the de-
a. Intersection of the Ada DL with sign, for miodifying the design, etc." [1] By using

Ada syntax and semantics (almost) pure Ada as our design language we can
enjoy many of the benefits provided by the Ada coil-

J. ability to ,omipile and even execute piler and the Ada Language System kALS), as well as
,-" Ad DIt ')ecification integrating the DL programr descriptions with other

software development tools.Standard compiler
[h, iltferritive, in eden Of theset ar-eas are dis- options such as automiatic indentation ('[pretty

cussedLit] i~ .printing' ), cross reference listing, and Ada syntax

Adc, ,,itd andchecking are obvious benefits." 21]

it is questionable however, whether every Ada
Asl depicted in F i 'lure. I , the Iiriterst'ct ion of ,otiottut t is needed durn g design. Saiet, W augh

'I A.da IIl .1th t he Adai 1 argout ;r 'Tidy take manmy aud Reiiter reliort that in IBMl'1's case "therfe w as a
for,,, The to. 'twho t ev t ibe thnit the- )yntax c lea rcut decrision to use Ada to obta in the dual

md t '''. 0 a' "i 2 h~v~'101' ' t y1 Adat beinefits of having a des iq go I anqg which was a
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tructured Commertary dnd Annotations tailed constructs. At the end of the design pro-
cess, when all e capes are refined to Ada code, we

lhe ELE workinq Group on Ada as a PDL has have the equivalent of full syntax Ada PDL." [23]
recoInized that two types of comments are used to Similar approaches to embed English phrases using
extend Ada. "These are unstructured comments and the " : "" notation may be found in many of the
structured Lomments. Unstructured comments ... can Ada DL's defined in the industry today.
be used to indicate any information required in
the design process without the need for a formal Privitera identifies the need to defer design
structure. These comments cannot normally be pro- decisions on types, assignments, processing and
cessed by a mechanical process. The structured addresses. He proposes the addition of "certain
comment is a much more formal structure and is 'TBD' declarations to the package STANDARD (hence
identified by having an 'escape character' imme- making them globally visible)." [8] Specifically,
diately following the Ada comment symbol '--', these include TYPE TBD, VALUE TBD, PROCESSION TBD
e.g., '--i', '--@', or '---' he escape character AND ADDRESS TBD. This convention provides for such
has two functions. The first is to highlight this decisions to be deferred while still being legal
comment as belonging to the formal structure of the Ada.
Ada DL and thus the information is easily obtain-
able by a reviewer or other people required to be Keywords
aware of DL information. The second function is
to indicate to DL tools that the comment is a Keywords are defined to augment Ada with two
structured Ada DL comment and that the tool is re- primary mechanisms: to allow the use of structured
quired to act on this information." [14] English body descriptions and to label important

sections of text and Ada declarations. Of those
Across the realm of existing Ada DL's there Ada DL's which prescribe the use of structured

is a wide variety of structured commentary and English, appropriate Ada keywords are combined with
annotations defined. These serve to extend the English narrative in the classical pidgin language.
Ada language to better serve the design process in These naturally include Ada block constructs such
the following areas: as:

a. deferred design features begin ... end;
if ... then ... end if;

b. keywords for structured English while ... loop ... end loop;
descriptions for ... loop ... end loop;case ... end case;

c. representation of complementary Additionally, application-specific keywords
design details (e.g., SORT, DISPLAY, POLL, TRANSFORM) may be de-

d. formal assertions and annotations fined in many strucutred English approaches. The
Harris Ada PDL [18] formalizes these keywords to be

e. tool directives action verbs of the form:

The following subsections discuss the various -_ verb NOON/OBJECT (optional modifiers);

issues and approaches involved for the various Structured English is defined in an Ada DL
structured commentary mechanisms. either as a commentary (as with Harris' above) or

D eterredDesign Details by extending the Ada syntax with additional BNF
definitions. Norden's NPDL/Ada defines "an
ENGLISH EXPRESSION which parallels Ada's EXPRESSION

Privitera suggests: "In design, and even and an ENGLISH STATEMENT which is a SIMPLE STATE-

coding, there are often many decisions that one MnT an [2]

would like to postpone. Devices for expressing

deferred decisions are used when Ada would nor- Both Intermetrics' Byron and Harris' Ada PDL
mally require us to express more than we actually define keywords to label important sections of a
know. The opposite situation can also occur! We design specification. Byron's keywords, labeled
may know more than Ada allows us to express, or at directives, are recognized by the presence of the
least express conveniently. In these situations d ini:
we usually rely upon comments. However, there are following:
situations that recur with such regularity that
they should be handled by uniform methods." [8] -- (keyword): (text)

Gabber proposes to handle deferred design The (text) part of a directive includes any text
through the addition of a new lexical element appearing on the same line as the keyword, as well
called "escape" to the Ada syntax. "The escape apparion thef sme line s t , sel
lexical element consists of any free text enclosed asnByro text o s e ines [4 Thein curly brackets.. It can replace almost any Ada content of the text is defined by the keyword used
sntctly cets, cep amst ey to identify it. Twelve Byron directives are de-
syntactic entities, except program structure key- fined including ALGORITHM, EFFECTS, ERRORS, INVARI-
words ('ik PP1TuIDURE, WHILE, IF, END, etc.), ANTS, MODIFIES, NOTES, OVERVIEW, RAISES, REQUIRES
progra iuni" names and parameter lists. As the de- AND TUNING.
sign -" esses, the user refines the crude design
of -. '1 stages by replacing escapes by more de-
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Because the Harris Ada PDL defines all commen- the state of the external world can clarify the
tary in a rigid structure, special delimiters are function carried out by a processing segment. Fur-
not necessary to distinguish between forms of anno- thermore, assertions can state the effect of a pro-
tation. Keywords are defined to "efficiently or- cessing segment not yet designed; this ability is
ganize the specification information while being surely an aid to a modular design methodology.
Ada language compatible in both syntax and order- This problem may be restated as the inability of
ing." [18] Here, the keywords serve to organize Ada to specify requirements at a low level ." [16]
subsections of both comentary and Ada language
definition. Harris specification keywords include ANNA (ANNotated Ada) by Krieg-Bruckner and
labeling of PROGRAM REFERENCES, DATA REFERENCES, Luckham, is such a "proposed extension tu Ada to
EXTERNAL INTERFACES, SOFTWARE UNIT, IDENTI- include facilities for formally specifying the be-
FICATION, DATA TYPE and OBJECT DEFINITIONS, and havior of Ada programs (or portions thereof) at all
EXCEPTION DECLARATIONS. Other keywords define sub- stages of program development. Formal comments in
sections to enhance the definition to serve as an ANNA consist of virtual Ada text and annotations...
on-line Unit Development Folder, including PRO- the inclusion of Ada text as formal comments--
GRAMMING LANGUAGE, TIMING AND SIZING INFORMATION, called virtual Ada text--gives a powerful comment
SPECIAL TEST REQUIREMENTS and COMPLIANCE. facility without affecting the execution behavior

of the underlying Ada program." [10]
Complemen tary Design Details

ANNA defines Ada extensions in the form of a
In addition to satisfying a set of functional formal first order annotation language. The lan-

requirements, a software design must satisfy guage includes:
numerous other complementary requirements as the
design is elaborated or tracing design elements or a. declarative annotations (for variables,
details back to the source requirements. subtypes, subprograms, and packages)

Privitera, for instance, stated that "require- b. statement annotations
ments tracing is an important part of design vali-
dation, but Ada includes no mechanism for relating c. exception annotations
system modules to the requirements they are meant
to satisfy. " [8] As a result, many Ada DL's in- d. visibility annotations
clude provisions to support the allocation and
traceability of requirements. The IEEE Working e. state and state transition annotations
Group identified several areas of potential impact:

Both virtual Ada text and annotations are entered
a. Performance which includes critical in the form of structured Ada commentary.

timeliness, frequencies, capacities,
utilizations and limits. IBM's PDL/Ada uses a similar annotation for

state machine representation and for specifying the
b. fault Tolerance which includes relationship of state variables.

error detection, diagnosis, handling,
backup and recovery, reliability and Tool Directives
redundancy.

Virtually all Ada DL's prescribe the use of
c. Security which includes multi-level Ada DL support tools in addition to an Ada com-

security constraints, set/use access piler. As a result, the need often arises to pro-
restrictions, breach detection and vide a mechanism to embed tool directives within
handling, the Ada DL specification (similar to pragmas in

Ada). Candidate impacts to the Ada DL syntax to
d. Distribtuion which includes geo- support automation are:

graphical distribution of processing,
data storage and access. a. Inclusion of start/end delimiters.

e. Adaptation which defines the need to b. Special embedded tool directives.
provide flexibility for environment
operation or user adaptation. c. Formatting directives inline.

f. Quality including those requirements d. Special format requirements on Ada
relating to usability, integrity, DL presentation.
efficiency, correctness, reliability,
maintainability, portability, test- For example, Byron defines a set of flags to
ability, flexibility. provide directions to the Byron analyzer. "Byron

constructs are distinguished by the prefix "--".
Formal Assertions and Annotations To the Ada compiler, this is a comment; to the

Byron processor, it indicates something of inter-
Alstadt noted: "Ada does not include a est. Flags take the form of a single special

rsiftlod of making assertions. When intelligently character immediately following the prefix. They
interspersed with algorithmic statements, asser- include "--! " and "--! " for code extraction,
tions about the state of the computation or about "--'-" and "--!+" to control output formatting.E24]
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Th Navy study found that "no set of annota- press a program unit's relationships, both to other
tions was tne same and rarely did two sets provide programi units and to data objects, results in a
tne aT', tun~tion In a PDL desci iption. " [2] The program organization in which prograi units can be

n oeed to0 xtensions and annotations is clear, but arranged in any desired order." [19] This
,'o .onveroence on a standard set of extensions approach certainly impacts the specification of
o ,":s possible due to influence by the host horizontal connectivity of design units.
"etncdolo:v

All of the previously discussed types of in-
k]atior si i Between Metfhodologyand Ada Dl formation which must be describable by an Ada DL

may be affected by the host methouology. Vertical
Desiqn Languaqes have historically been connectivity is dependent upon the methodology's

Metnodoloqy independent. Current research indi- technique for partitioning the system into design
cates that this may not be the case for Ada DL's. units and whether a top-down or bottom-up approach
,arious relationships between methodology and Ada is used. Horizontal connectivity information is
l'K. have been explored by different authors, impacted by the methodology's choice between nest-

free and nested program structures. Data descrip-
Privitera has clearly stated that Ada itself tions and algorithmic descriptions may be impacted

i not a methodology: "In our experience, Ada does by a recommended style (e.g., naming conventions
not satisfy the requirements of a methodology. It for data types) and by the means for deferring de-
_ertainly provides no insight on how problems are sign information (e.g., the use of { } as discussed
to be analyzed and, while there is guidance of a earlier). The complementary information typically

iot in the desire to use Ada's system structuring contains very methodology-dependent information
teatures eftectively, Ada alone says nothing about such as IBM's state-machine representations. A
now to strucutre a system hierarchically, only Methodology which supports stepwise refinement may
that hierarchy can be expressed; it says nothing require the DL to support the use of English
about where we should look to find our system statements early in the design which are progres-
:rodules, only that, once found, they may be con- sively refined into syntactically correct Ada.

venientl'y written as program units; and it says
rothinq about what parts of a module belong in its The Navy survey concluded: "Many of the dif-
interface and what parts in its implementation, ferences in the definitions of a POL came from each
only that, once identified, these parts can be individual's or each company's appraoch to program
ke; t separate.' [8 design." As a result, the following impact on the

DL was recognized: "For a highly structured,
METHODMAN clearly states that a methodology tightly integrated methodology, changes to the PDL

is independent of the implementation language: may well affect the entire process so that the de-
indeed, many of the requirements for a software sign of the PDL is to a large extent a result of

developrent methodology are largely independent decisions made about other parts of the software
of the target programming language." [25] design process." [2] Due to the increased scope of

Ada DL's, the DL is no longer independent of the
What then is an Ada-based methodology? The methodology. In fact, the DL may be strongly de-

one characteristic that clearly identifies a pendent upon its host methodology.
iethodology as Ada-based is the use of an Ada-
based specification lanquage for recording design Conclusions
and/or requirements information. Because of the
close relationship between a methodology and its There is clearly an industry divergence on the
associated specification languages, the method- Ada design language issue which is perhaps even
ology may have a notable impact upon the syntax widening after three years of intense study and
and semantics of the specification languages. The debate. This paper has investigated major lan-
dependency of a specification language (Ada DL in guage concerns in five areas; our conclusions are
particular) upon its associated methodology has as follows:
been recognized by several authors.

LIFL CYCLE APPLICABILITY: There have been suffi-
For example, IBM's PDL/ADA was designed to cient investigations to demonstrate the feasibility

support their state-machine based methodology as of applying an Ada DL over the entire life cycle.
shown by the following quote: "The prime techni- Widespread acceptance of this evidence is due to a
cal focus of the work has been to replace an ex- lack of maturity in applying Ada DL's early in the
isting design language and notation which supports life cycle.
a specific design methodology with a design lan-
gua'je based on Ada without impacting the method- INFORMATION EXPRESSED IN AN ADA DL: The continued
ology. " [1] confusion in this area is due to a fundamental

resistance to change. The rescoping and redefi-
Clarke et al proposed a nest-free design nition of a DL has naturally occurred. There is no

methodology using the Ada package feature. They technical basis for significant debate.
summarized their recommendation in the following
statement: 'We contend that a nest-free program RELATIONSHIP TO ADA: Ada subset debate is strictly
organization also improves the readability of Ada one of application with no inherent language con-
programs and facilitates program development. cerns. The need for compilability has been clear-
Jsinq packages and context specification to ex- ly demonstrated; differences are primarily motiva-
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ted by a res stance to chan qe. Most Ada DL [3] Add Programng Desigin Language Survey, Final
definitions which are not compilable could use Report," Naval Avionics Center. October 1982, pp.
other proven mechanisms which would provide equiva- 1-1, 5-1, 6-1, 6-3.
lent extensions without precluding compilation.
Maturity of application is an issue regarding [4] J. S. Kerner, "The Purpose of a Work.ing Group
execution of an Ada DL. on Ada as a PDL," Ada Letters, Volume I, Number 4,

Jan/Feb 1983, pp. 11-4.12, 13.
STRuCIURLD COMMLNTARY AND ANNUTATION: Extensions
of this form are clearly needed. The Lurrent [5] Military_ Standard AdaPro9ra viin _nLanquaye,
diversity in approaches is largely due to differing ANSI/MIL-STD-1815A, U.S. Department of Defense,
methodologies. Clearly the detail to which much January 22, 1983.
structured commentary is developed indicates con-
siderable maturity -- not iimaturity. A level of [6] L. E. Druffel, "The Potential Effects of Ada
convention could be standardized which would allow on Software Engineering in the 1980's," Software
methodology-specific extensions. En neerinjNjotes, Vol. 7, No. 3, July 1982, p. 5.

METHODOLOGY RELATIONSHIP: A large amount of resis- [7] R. S. pressman, Software Enaineering: A
tance to an Ada DL standard is due to the method- Practitioner's Approach, McGraw-HiTl Book Company,
ology dependencies in the various approaches. An 1982, p. 253.
Ada DL standard does have the potential to impact
one's way of doing business. Yet other successful [8] Dr. J. P. Privitera, "Ada Design Language for
specification standards have been developed which the Strucutred Design Methodology," Proceedings of
have not been unduly constraining. Objectiveness the AdaTEC Conference onIAda, Oct. 1982, pp. 77,
could result in a workable standard being developed. 78, 89.

The authors conclude that the hypothesis that [9] M. S. Gerhardt, "Description Languages
Ada DL's are immature is largely false Isave the Throughout the System Life Cycle," Notes of IEEE
specific issues identified above). The primary Working Group on Ada as a PDL, January 1913,
problem lies in a basic resistance to change and in
methooology sensitivity. If anything, our maturity [10] B. K. Bruckner, D.C. Luckham, ANNA: Towards
in methodologies has hindered standardization of an a Language for Annotating Ada Progrars,' SIGPLAN
Ada DL. Notices, Volume 15, Number 11, Nov. 1980, [n,.

129.
Bogdan, representing the DoD's point of view,

',as stated: "From a government point of view, it is [11] H. C. Ferguson, M. B. Patrick, "Use of Ada in
imperative that we have one standard." [26] The System Desi :n: A Case Study " Generai Dynamics
authors agree that an Ada DL standard is not only Data Systeis Division, Ft. Worth, Tx., 191 .
feasible, but overdue. 3, 10.
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Summary

-The principal aim ofhe e Ada effort is overhead of coordination and
economi. - particularly the enhancement communication among lead-design groups
of iiesgner/programmer productivity in within a large design team.

a -tarts of the software life-cycle. A
-'ft 'n system design practice to The promotion of the Ada language by its
wllespr-aw use of off-the-shelf large principal sponsor, the U.S. Department
scale A! software components would of Defense, has emphasized standard-

t in productivity gains exceeding a ization in the interest of reduced
fctor of ten - far more than likely to duplication of effort. Ada is unusual in

result from use of productivity that a standard has been approved before
qnhdnc ng software tools. To achieve the appearance of widely accepted produc-
widespread use of ot-the-shelf Ada tion compilers for the full language. By
omponents7 requires establishment of a promoting industry-wide use of Ada, the
soft.e omponents industry, and a DoD is also helping to reduce duplica-
shnift 'n 4ttitudes about education of tion of training. This should help to
system designers to use Ada. This paper ensure that designers, managers, and
reviews progress to date. supporting programmers can all talk with

each other on the same terms.

Rationale
Ada 'bject.ives Component-Based Design

Jean Ichbiah, principal designer of Ada,
Readers of these proceedings are has said repeatedly that Ada was
familiar with the principal aims of the designed to become the basis of a new
Ada 'anguage development effort. Those software components industry. He refers
aims generally relate to improvement of to the introduction of this concept by
productivity in all aspects of planning, M.D.Mcllroy at the NATO conference in
development, installation, and Garmisch in 1968. To date, the
maintenance of software intended to be components industry objective seems

embedded in systems with life-cycles largely to have been ignored in DoD
measared in years or decades. Even the planning and promotion of the language.
objective to make possible greater
reliability of the embedded system The concept of component-based design of
software translates into a productivity a large system can perhaps best be
aim, since improved reliability implies understood through analogy with
gre-ater designer/maintainer effort, and electronic design as it is practiced
greater -ffort by those who manage the today, and as it has evolved over the
designers and maintainers, last 25 years. In the early 60's, most

electronic equipment was constructed
The design of the Ada language itself from scratch using discrete components
addre'ssc especially the development of such as resistors, capacitors, and
systems large enough to reqaire the transistors. The concept of plug-in
attention of teams of tens, hundreds or modules had been introduced with printed
thousands of designers. This objective circuit boards, but there were no
led to t e PACKACE construct of Aij, and accepted standards on interconnection of
to relaed constructs which make circuit boards made by different manufac-
possibl- the factoring of complex turers. The benefits of interconnection
designs into modules that are nearly standards were, of course, understood by
inddpn.Ien' of each other. The better the industry, as illustrated by the
the fa'toring, the better is the standards on electron tube models and
pos)ch<tiity to minimize the high pinout conventions.
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sit . iket : * I "s t- I IIsIw i it Is ittt'rttttt ott w Ill ott t I iIk I ansl whethe'r o'r not. a tps It to( rie ss'

r ~ ~ ~ ~ ~ ~ ; t t:o, Sos r' -s'--o- ll'iiv t' r i ttssts i ttI or -t- ion

sht'ut \oistr Is rtttintil -s istt. SUL1is l ittto t I I

s-s s-t--ss'sl t itt-, (PP Lt'to, l~risr-il' ttud

prii I -- s i so Ivai t hise
xlS IIw Ir Lt tstt lisp1

p avs-s Ito- Is--: I o! Ws s-s

tl Isl I IM .s l A!,. -~ 1~'s A, Is, o tt I~i
wIil !55 ts ' iIC',st j tt t Ls srs'tt l t' !) ilts

Ils- .It 2 hitk 'sk ip ttIlsSllssw Itit a I I d tsk qutsili irs- itt s't s-st )t
;- 1 1 it l i tt tn 'I I -l, )i I rsti t it, Ils dis i t - is,- t it i sottitttttt w ill '~I s ltss ho

~tt I st't't-tsl itt-,Issr n'.- ttan\ blssstks ssf st uoa oro ar i lotwed tst lpsro, ss

Io, I ts, t- si t -,r s - hoI l itt k-s-i ng i tt I tt Itttst h0 IV - I strp tttlv hatrvto,]. I ti i t 1),

s tt 511 % Al I tt it t 1 0t Otte rio ot i-itil tnumbter L rts-kotl ho thse t t ill' It1it t

k ii's' Itrporltro n It lost tI loes Itt lppll' Hill1- ill Lll

,t; ;,5 plitIs. Ot tt' vt Show SVStstTI-kl l C-I I ol'1 l S 1 Pesostit l
tr1-1 It II Dil P A s w III It h i(Th lstt-o - -

ii-d. I knows' int ortdtr tos l Pt tr' t-s umpttllt ion ittn rIs iont ;)!,outI tA I prLt~ 5 155C5

It ~ ~ ii d i rcs-st~ 
t ~ s ttrlt- jrs- no-w des- t-irrCttt IV rttttttlttt. It! thte oxSt CMt Il jlr '-isil tt

s ow rssPontstt -,I thi s 't 11 t s o it,'1 to - 1ts'd (ss
4iltsd ott wit ishIt pr ccs i- tIn(Ito 1 t tt 1 tos 1 I It- Vos S o Ltil.
'rIT is I (Iis ItS It It ;I s hoI be siOs to w1) s~t (1 L t Ct 1)1st-

1-s I , t h i tsstttttittt ) lrttV iis.t 4rt'-, )tI - bastchs jobl.

1 1 . 111C ' t its sn lit5 -l ls- ti I t itst ill t i e I, Sltss urrC'-s Il'sts s I t log l tt sft l t I i I tLe r -

t s - t ;Its , i )t 1w - s-d-s is -l o lis t ss 1 t st Ios ITs' r- sITIirpott llabIc. t tggos i ts ls O

Its t i, r I -,'l docs -stt - f , s l st'l ti

ii stIs .sttstt -'Its it t "rt st'II ill' itt l Is I I I t Pt S l I itno s-p d-ool,
S- I I i Il I I ''ll I T sdccl lltw ,m t u; l I o i, l' ~ i.m tl ?~ 1t Tr1 Is ,, I - 1 1ls tittt tbsp Irs- , t T o~i~ wst

i It t i t I l it is' t t -- itio 1li; 1t- l'ts-Is'tI- 1~s 117t~ sHt- Itl j''-

l..1I'l w titi; I t - t I ''ts w 'it lststt rs-t s-PsIt(t's or p, rm i- 't
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1 it 'li d'. '. ' i l i.' . aol or ii.. wrl Il in t 'Si .' I 11 I-

", ~ ~ ~ , I " A 1 , , it,! t t11 I, t' I i rit i ii ) , I r rr I r l
t, sc t,' 'I* ,Ik , !- ''r tb h 'l i " I I w r It. I !1t tlit, Ir its % ~ c I Ii % ~ ' .. I* O
w, oil, , ad rI-p.'. .'i t ln ,- iii. i.sswordl. i,', IL'tcLr t I L r 01l,11lli1lit ' tht t he .I I i w~ 11 it

eit . ~-w,.rd ir( o t d 111 the, ,,r n.'l'011IiI cm ltd 01Or .i-Ml. 't I'll iiii',irrc',t I %
ioill tit o 110W !C'c~llknso "I 1 iv, Ot IV IMIc'I It L'lV. IDlNT i s lin iblrCV LItiIn ofI ti. III p

-word i ' 1),t .icvil Ict Ii cl',ir L nxt tnl lI t i SL it 1 1ll mLI-age'. l':'rs VAX , Ijut,
cIIIolI% I tn 011 ".i s't I'MrcO I:~i~cr (lIn 11iaVC a SVst I'Mr Mi-ssigs ind Rt.L >v 1 . 'r% 1,r -

.t 1)1 ihtI t -AlI loin t lit, ilstr tc o tlianKc' t lit' I'ndiircs Moinun I t c, is I st inI dei-n I,,, .\ t .Ill
I it 1 t!ui r - L rcv at wilse 1 5r his aimsiis
i r- I ,rN -I r-a i r, Tdit ili flip csvr.i I sujb-

I r-m ! oIr i I'-., t i I ct- I Iiminit. cs Iii.. lc.sit c L Vi 0 i- LOIICAL. NAMES AM) SyMbOLjs
hI I, !d ' i ll i I l, i-t ocr- flubm wheni t vp i rig ji n c i I I-

iii. 1: ro,,r 'c irt. oti wr I ttui -n toLhat th lini- Logical Namce,
I Ii Il 1 ' t I Ir -r Mut be the Samt' -is t he d j rnctorv Ibhis , (,i', pt is i form oit iirm.it iciiIn~lp

I i 1 i n tl' iiiyciii ind/ or out lint f Ies . app I id by Lteu VMS developers 1_n systLem' dc.vi, I-
Sot ProIt oct inn-Al Ilnws t 1w user to restrict names . B%. cons istent_ use of I opica I names, Lil

or il Iow I, sLo ili I e~s owned by th itpro- user iii; ji(55es a I i in or pirogram an--wbc-rI- ill t he(
I' -. i t ut-n-, o~nO SSFT PROTECTIIIN/DEFAULT is systemu (if allinwed by f i IT protnut inn) wi thouit I

ii n i I I i Io ,uib -;, jnit Iv I-rc-:it d lv t he pro- need tO know oni which actuial invite it i i-. st Irc'
w I I r o en , t in, lone I ni hIpt o'ct in i n- 'Flu. s\'stum manager mliv thus , with no imput nn

, a it-cl. tie usenr, Move (Ii rect or ies Ifrom one. d isk to)
anot hnr merol v by ruin fi ning thle l og icalI norml

I liithu disk, If this capabil ity didi not. exist,
ii i I II owsol t1"W fli' us.r to, runame ally every user program would have to ho ro-wr ittl eit

I' or 'roT 0,)''! I III- OWnc-ld liv tint pirocess . it tine usnr directorv wern mioved. Logical names ir,,
ike> thtn !ri-i S R NANE ohit] f ile name establ ishod by using var ions forms of tfile

niw I~ i I" $DEFINE or $ASSIGN DCI. commands.

De< I e. I SymbolIs
Al lIows t in user to d,-Inet e a f i Inv or group Mostuisers f Ind long command 1 inos dtIi fficLuIl

I4 i I L' ! rm tl IT, di rI'ut nrc'. I f the form to typo in without error, and thu sy stem insists
$DiFI .l'C/li is usod , t tic s''stnm dtisplayvs thlt onl it complInte retyvpinog if an erroir is comiiitted.

Lio nI I in t otnl If thin fiiri $DELETIRJ Tbis is port icularly frustrating when thoe ommondli
CiONFIRM ;15 Usedt, te nSVSte npWill diisla y te til1inn is used f riltLiuntI. .A symbol cin ho do himt
i1.11ii olf I In tiefore it is ineleted and ask as a shorthiand. expression for tile command 1 inn.
or ) Yes. or N,. from thu user Os to whe-Itier it allowing it to ho invoked bv typing lita n

llculc oli mielId. Tti somnmand is made htaract ors. lor UXaMp In, SCAT is mnuch -.isier
miore power fui I i% ulse of a 'w it dnar ctuharauteor, than $0 IRIICTORY /SIZE/DATE1 PROTECT ION if ai ii.. n
thcin stcri:,ck (*). 11 olin waulti, to itelete (or do ciomplete itirectnrv listing is desired. \'cnill
i111v other ip.plicihic opcruition Lt) i group iif koan also tin itef irled to eXccut n aii 'lit i ro-muin
tic I us inii some pairt olftine f i I lime in coimmonl, irocnetirn_'
th, asteri sk I,- tuibc,t ittit- ci or tlit cI mmon part,

II mw icu TIT inut i re Igroip oI f ii s o n. u t LogII el I.1ii Command Pro. nure
wit tti s tipng ,It 'nc Lommimh . I-or exaumle, the Thu Must uminvellient way to def inn useful
IoimM;iclm i-l-ici ao sb SII ITI:S l'-S.* ; " ill delete jilt svmtiol s and loicl nae sb sing a login
curs ion.s -iiu~l .i II tc.-, of tInsi nalmc TIEST, command procedure . All VAN iiistal latinns uso a

svstom-widtn logiii command procedure to oist ab isti
Pci r g IlcalI svmboIi s, tc. Among lithier tthinugs, tit,

'fli 1 ommauid dvlt.1 t n all bcit ttu tiighest system login prioceidure looks iii ttie user dtirct i'V
iuiimlbnred, (Most ronni'lt ) vt'rsionl of tin tiles givunj for a f iIe caiIlled ClIPIN.COM and CmuCUtL's it if

1a; paramete r, or in tic-t 1 deacilt Ifl ocrc it it- is found. Ali\, iScr maiy create- i persolu
n( piri-tvt-r is pgiven. If ince whit s to knup morn 1.0(1IN. COM wtiichi contci ins any instruct ions to ttit'
tl1111 one curs in, titn I orm $l. Rl;E/KFI-:Lh it ma A System t hat ame dI-i r.it to hie Xct iAl' cit I op iii
i.-.., whomrl "n" si gnu fjns thc niiih i'i IIverslins t ime . Ani codtit innil p~asswordt or Inc sthorthuand
to, tin kepit .symbols Mac tin iii. I(Idid to p~r1v i~Ln cmuitjhucu

eniv i roume lit.
SYSTEM MESSAIS

SYSIl:M SECURITY
In the. [iro>. ,s of workinig with tilt VMS

syst em, tilt,- user wit re pcceic v Steni messages Usc-r Auttor-izition I-i In
rom t fin.' t ., t i mc. They al ways tLake tti same Echitiuser Juiisoie recordt fi tilt User
Irs - u, ilt ;ir,,e i stiia I. iuidetort cinditi I I , tint somce- Actlit()r i-c-it i (iu I'i In I, AI-') W it i 1contL i 1iu tJInL'
imlntic-te calls.' more coin. (-it hianf 1112USSatV Usernameo tiossworci . r ivi il-ces resoirc'. QOtiS,

I i tikc' thn Iorm 7FACIIIl'f'-I.-lDFNT, TEXT ilotaulL dit rc, indt ill otther tiiscr-iuijiic
will r I- t tii' F I I' i I it v is tlie- 01 ii t % , I I mponent , o r informat ion that lu."Inruis thu( actjioiis tit. user Sicjj
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i,-, lit c I r I tl~ I r I it itit cI k z ITe op u cit I t C- i t W1 i 'iC tttm~i i lit Il

rc-r ,d i tiiho - ,titt .l C tc wctin-iits andW lii-i'Tl t Criiw C-.i i~lttiscs i lii o II Iiitl it

ut it ill,, !, - low tIii - c ist I 1l1t'' iliv i t int- t I M II: I tt-1S I -I\ rc !irmi I n :,; -

I, t I - r o'iI'ij'Ivt cmIlltitl iti tlisks i/ti" i'ltt'C iir tiltJ imttittiPIt i

Ii thts t 'i ;101: 1 'M-'.'t it i' I i l 1) eit riit.L I1 1 vc I miP. tit- it- it b 1 It i t 1 1 - i I L

11 1 1 '' tin It -t X 'it it Iii I iti ' .ttt niIil' ltl Wt-s 1 l 1- iltitt i s v' s i't t em i

C~~~~~~ 111i)it' Lii ii i'Iii.ii t ijit'llt- i IC it 11 s

ti~~~~ ts) Irn t' Siillt tI is Iii It i iI It i-ili ttt Ii I lit r 'ii 1-i t li i'

P' sit t Ii 5 PT - i ti , t I tli a''t- I I -l itI Tilll it Ii I' ' I t itr

'ii~~~ ins it it55 Li I'tit- ti IC lit ItS S'itt'- rit Ii I I Lt t !i pi li t
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z ii ii, it v re' iL''t'tL I t urh it!'1 1 1 bocks Outers wit lout, goiL it i 1ing IiL( r swipp'I'LL
-'i,'" Wll must of tihe ust'rs are worki 1 illi I Pa.t 1i ,I-

Ada, necedfing 50l-100O or moire paigcs it wintIryI

.~ri..'o hy imposs i 1) i it> L N I gv ig cvcrtltc it I ItliC
hi 'cot im~port ant con, "ijt it mt'mtlr man,!ge- memory thecy want Can bt' sCIIn Tiii illi : t It'Ll

it 'Xtk111 'ct tit'cimi~li t! a Il umoybetomes out(' of paging o swapp i ng . ItI workn
CX process at Ili\ iicic L imt' Tin' set s art cii lowed tit grow very large i- li in-

r it i Ih A" 'itt75 lilt 0mat ica lx'II a ciiijst> sa proc ess Is diviual process can work more elfiticntl lv is
' 'KiL it wit ili iicl Iishe'i I imit S a ..... rd iii; long as ft i s i n memory,, bui if it needis tO be

to tic-!tt!>! tite irOLt'ss and tilt' Lit her ont swapped, the ent ire process must he moved,
,At V vI i .,I tilt'1 cys ec. ViiC \'It IrM ntlciicr tall cinsumintg g;reat cimont s ilL system resilLt'S With

-11, L -to l thet wirk ilt 1 sict I imit sa ta Ilver- no product iVitV i'xccpt to free' upl memory.
ti I vX'tecm , y* r at il finlix'idhcil prcil S Purl Lu'rmore, when the prolcess getLs to thle head
Ic '1 o (f tIe CPL quieuie, ft- most be i'imple eiciyt t rans;-

IkoSMtX- Fiiis I.'. Ix sittt~ fC c~i!tttr thLit ferred bock from the disk, consuming More on~-
tnrio , t ihe miix imum wttrkinbc csi that ainy pro- p rodUict iV yeSyst em re! ources . Swapping is

icc lix hive. Itiid it'ilI pro>' 55,cc mix hit' generally undesirable if it can he avoided. I f
Wi I I twdA smlleI r wo rk in se,,,t , hott I ltiV mcix onf tIhe other hand, working sets are limited too

leecxceed WSMAX. muciL, tile System will spenil so much time tpigintg
Ii'SIFFi 'l is 1Al' (i~llitJ Lstt,ltl i IlIeS thft' t hat no ilrici'i x work gets done. Getteral lv, ci

<irk inc set thlot .1i ivi x'iil I r licss, s-tacrt c good syst em manager will experiment, withL working
.lilt. -Sets to obt ain the best compirom ice betLweenl paging

ltI iSOtI'A-TiiS FAY dli rv cc-tihcbIi skes the and swapping. If tis still does not produce
xLIm iIc' '<'ri i rig, ct t iiat- 1 1) rI1 lies> tAV ilaxe accept able performance, the o~nly remaining

Withou~t reini to, any other priteesses oi tinte solot ions are to limit the number of processes
IxM. in Fit' user is gucircintCCII t1) bei c[iic allowed to run at any one time or to buy more

ci-Lhtlis mchi memorx' if it is nteded . memoiry
145 LXI' I-ii ris LAP ct ry est ubIi sliles thie

Tix imrin working set available to at user it SYSTEM UTILITIES
sI~ I t 'll mmtix'resoiurces ire iiaiflilc. It

iiiW- tIcs user t,) 
t
birrow" mcmiirv it fl'edi ;is Al ytm aea nirr f programs

til1'ci th iiVsstem is I i gLt I1% oie! calledi utilities which exii" for the convenience

ill tilt system manager or system users. Many oil
Puinc_ xn Swcipp il 1  them ;ire integral parts of the VMS operating

I'ag inLg-Witn I trilci's nevi'.c irru sx'Stcm software, some are written Ioalv ;I'3 I ndl
-i'ZImiLlt ir ilita notit current I\' ill its wiorking mcmx' are obtained through the Digital Equipment-

sit , t Il' sx'St' eM xcu LteUSJ "i Page I Ic";It di 'Computer iseir' s Society (DECIIS) . PcI lowing cu re
hr ing S ill incother page I rum eititir i hi' disk or triet descript ions ctf a few of the Standacri
tri)m ti~elitttom of the Fret' P1ita' List or uitilIitIIS:
td i lieu IcceList inl mem-ory. It i proucess is at

L111 1 it tlt' si/i' limits tin workinig 5t , tiht Mu1 II
t'i g ii i ci hoc aCen in the working set I itgoctL The MIail utility allows a user toc send

Wil 1-Iii pu~shed 011t toc mcake rile. It w i I e I pt'lIt mt'ssciges to aicnotiier user or list nf users ton

Oiltoi te C tij) 0ll the Free or Mud itIt'll Pive List tt' e system, If tile addressee is currently'
deend 'i ,,i n;l wiiet her it haS liii' M-ltuit iii ilici' Iloggedi ito tilt sx'stem, a message annoutic Lug
hv' ing brougiht in from tile ilisk. If t iuit pallt'e irr iva x'iof at mii I grant appears Ill ihis screen .
is ci Still in the List- when the prolgram needs it If th iic ddiressee is not logged in it the t i mi'
;ili !Ii, it can ie cibtained very qjuickly. It tot .) L trinsmissiun, tile cinnoucemtetnt cippt'irc duiritg
amuichilonger disk I/0I iperat Ioin is requiire'd. tiehiL t n Itilgin. Toi inytike this tit i litv>, t he

Swappingl-If more prolcesse's art' in memur' i timmcillt is $MAII,ciltt er wlij ( h t iIV lIt i I it x' givi's
tin it wi I I hold , and tliext are ci] 1 using tilt' ir at lrllr11pt for ciuthier coimmcund. At tltic point
W4Sli('l'lA sit tile system i'annuot reiltct' thin'ir wiirkitlyg t xli ti 111.1P wi I Iret ri eve the tin-I intihi it'lti

,its, onte or more of them most be Out Swcipped to Io n exp I iitt itig tile var ioius MAiI. Ililit tons.
till' disk. Thle system will normal Ix Select tilt'
Lic~it ict lye processes to be swapped unt i I the Pilitne

1one 1' left in memory can get enoughl memitry to ii Ti tit f I it v iil lotws twii users to l carry 011
liunct iotn. u1 conx'irscit ioin itc'twecit thir I erminuils mlucih cis

'I i) co to Swcip?-A system mancager is t itix'' Wii iii ilut' ti CI tilint. It is invioketi

tempteid tci simply give everyont' cii I tilit mt'mtlrx w it Ii t Ili' , (,iiatcilt $PiII)NF , tI It t
t
r whiic ItIt' ltttrmci I

they need, avoiding the memory mancagement is ccIii Hil, tit, I itv x' l bci e cicc'sseI. In tiit' illtc'rtci
tnt. i rely v. This might bi' workable in ci syst,'m 'cue- i 1 i lis ietmiul ts'i
with 'iI cirge camouint of memoitry antl iisi'r., wilrk in thl s us~'c'ied 1111 tit' tt'I tplioie : il) ci ; , AnsWeir,
w Iti FIIRTRtAN w icli will run iticely Ii 200-2'50 ll(ilii ( iii The Phont' ut flit yShtoutld he tistli

;,tgt' of rttmorx'. Even at thait, when~ nle kniowc, wit oni til crutifotn. Wihin i user diali scit iinli'r,

ilc-it VMS needs 7501-I1000 pages of t'IlIIOrx' . i t is, t1li, .iinnuil t t'mi-i't it t t - c i I I I I aiSiL'S till t it'
Isx' Ito0 see. t hat ca A-Mhtt' CMJi'i IC (800011 'lgex t I I c it irt %cI -el rcixivry 10 Se onds 1'r SOi

(Il memiury) will auciummodtatei only- ihinit 28-1.) tilL ti't -ill i, ittswi'rc'd tir tilt ;ililtr stlps
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the ring. This -an he most irritat ing if the act ions ot the system. Synt ax I, 1 tie I >omarids

, clIed party is in the middle o something and other opt ions not discIu,;sed tier, ( ll't

reijairi ig concejit rat ion. It might he worth found in tIle help library or in the c ompI t c

knowinig that if a user executes the command $SET system doe umentat ion. Broad knowledgt of tue-

TEKMINAI,/NOBROADCAST , t he announcement messages topics hel p iny user t o work more i'f t ic cnt I v
(and All others) will be inhibited. and partiL'ipate iffeetive!y in the overall mani !-

merit of tit syst em for th benefit of all uIsers.

Mon i t o r
rh is ut il it v prov ides another way of tinding RI:ERENCE

out what is .going on in the system. It is in-
yoked is I IDCL command with a wide variety of 1. Digital Equipment Corporation, VAX/VMS

paramet e rs and qua I if i ers. Each command produces Prim.,r, Maynard, MA, May 1982.
a terminal display giving a composite view o,

the activity (If concern. A sequence to invest- 2. Digital Equipment Corporation, VAX/VMS
igat . tbe cause of a system slowdown might pro- Command LanuEReterence Manual
Ceed is follows: 1) Enter $MONITOR STATES to Maynard, MA Mac 1982.
find out if processes are being bottlenecked
waiting for the CP'U as indicated by a large 3. Digital Equipment Corporation, VAX/VMS
number in COM or COMO state. 2) Enter System Manager's ;uide, Maynard, MA
$MONITOR PROCESS/TOPCPU to find out which users May 1982.
'Ire monopolizing the CPU. 3) If the CPU
doesn't seem to be the problem, enter SMONITOR 4. Digital Equipment Corpoation, VAX/VMS
PROCESS/TOPFAULT to find out if many processes Utilities Reference Manual, Mavnird, MA%,
are doing an excessive amount of page faulting, May 1982.
ani which ones they are. Monitor can be used
to check a great many other system conditions.
$HELP MONITOR will show the other options. AUTHOR

Backup Donald C. Fuhr, Director of Computer Servites,
This is the utility used by the system Tuskegee Institute, Alabama 36088. Received

manag:er to take a "dump" of the disk period- BS degree in Electrical Engineering Irom Oregon
icall, to insure file integrity and restore- State University in 1961, MS degree in Ingineer-
ability. In some systems, the user is res- ing Management from the University of ,aska in
ponsihle for backing up his files, in which 1973. Retired from the U.S. Air Force with the
case detailed instructions should be available, rank of Major in 1981 after 20 years In various

Backup is also the only way to copy files from communications, system development, and data
one disk to another in a multi-disk system, communications positions. Has been a VAX/VMS
Otherwise, the normal user needs to know that a system manager for 2 years. Attended tie 1.S.
properly managed backup scheme will ensure that Army-sponsored Ada Education and Training Summer
at least one copy of every file exists on tape, Program in 1983 Is Assoc liate Principal
and that it can be found in a few minutes if Investigator for Tuskegee lustitute's Ada

necessary. Education and Research Program.

AccountinZ
This utility is of very little use to the

normal user, because almost all the functions
require high privilege to look at the records
ofether users. It is worth while, however, to
know that the system manager can use this
tit ility to obtain detailed resource consumption

data for any user or group of users for any

length of time desired. This is useful to
someone responsible for managing a group of
users or to a user in a system in which resource
utilization is the basis for billing.

CONCLUS ION

This has been a brief discussion of some
features of the VAX/VMS operat ing system that do
not appear in the Primer, but which someone
doing extensive work on a VAX might find

useful . It was not intended to be an exhaustive
treatment, but to provide pointers to
potent ially usefulo functions and aid in under-

Standing some of the performance-determining
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